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Abstract. The article examines the biological and trophic parameters of the Rutilus population in the
Caspian Sea basin. During the study, 442 individuals were selected from 10 fixed stations in the northern
waters of the Caspian Sea. For these fish, an analysis of length and weight, fatness coefficients, age and sex
structure, as well as an assessment of the degree of intestinal fullness on a point scale, was carried out. The
study was performed using standard ichthyological methods. The results showed that the growth of the Rutilus
is based on a close dependence of length and mass and has an allometric character. This confirms that with a
sufficient food supply, the mass increases faster than the length. In addition, the stability of fatness coefficients
indicates a good physiological condition of the fish and favorable living conditions. The analysis of the popu-
lation structure revealed the predominance of young individuals, which indicates an active process of natural
reproduction. A relatively small number of large and older fish can be associated with both natural factors and
anthropogenic impact. The characteristics of the sexual structure are also an important indicator of population
stability. The analysis of feeding activity showed that the Rutilus get enough food in their natural habitat and
that the feeding process proceeds evenly. In general, the current state of the Rutilus population is assessed at
a satisfactory level, and it has been established that it is well adapted to the environmental conditions of the
Caspian Sea. The results of the study can serve as a scientific basis for improving measures for the rational
use, protection, and management of fish resources.
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AnHotaums. byn wMakanmama kacmuii  TeHiI31HIH  CONTYCTIK  OeJiriHAeri  Ka-pakes
MOMYJISIIUSACHIHBIH OMOJOTUSITBIK JKOHE TPODUKANBIK KOPCETKIMITEpiHEe 3epTTeY XKYprizinai. FeuisiMu
3epTTey KYMBICTAphIH JKYprizy Ke3iHae Kacnui TeHizinme Oenrinenren 10 ceiHama any
CTaHIUsAJApbIHAH >Kalnbl caHbl 442 nana Oanblk aynanHiel. CoHJall ak, onapra Tanjay >KYprisiiim,
Y3BIH/IBIK-CAIMAKTHIK apa-KaThIHACHL, KOHIBUIBIK KO3(UIMEeHTTepi, JKachl JKOHE IKBIHBICTHIK apa-
KAaThIHAChl JKOHE KOPEKTeHY KepceTKiTepl OamiablK IIKaJaMeH OarajmaHlbpl. 3epTTey CTaHIapTThl
UXTHOJNOTHSUIBIK ~ OMICTepAl KOJJaHa OTBIPBIN, ayJaHFaH OanbIKTap OOWBIHINA SKYPri3uigl. AJBIHFAH
HOTW)KEJNEp Kapake3 OalbIFbIHBIH ©Cyl Y3bIHIBIK I€H CajMakK apachblHJarbl THIFBI3 OaiilaHbICKaA
HETI3JENEeTIHIH OHE OHBIH AJUIOMETPHSUIBIK CUIATTa >KYPETiHIH KepceTTi. byn OambpIKTapAblH TipIIUTiK
OpTachlHIa KOPEK KOpBI JKETKUTIKTI OONFaH »afjaiiia CalMaKThIH Y3bIHABIKKA KaparaHga KapKbIHIIbI
eceTiHiH pgonenaelai. CoHbBIMEH KaTap, KOHIBUIBIK KOPCETKIMTEPIHIH TYPAKTBUIBIFBI OallbIKTap IbIH
(GU3HONOTHSIIBIK  JKaFIalbIHBIH JKAaKChl €KeHIH JKOHE ONapJblH TIPUILIIK OpTachl KOJAMIbl EKeHiH
alKpIHIai bl [lomynsams KyphUIBIMBIH Tajiay OapbICBIHIA JKac JapaKTapblH OachblM €KeHi aHBIKTAJIbI,
Oyn TaOufu KaHapy NpPONECIHIH OelceHal KYpilml KaTKaHBIH KepceTedi. Ipi kKoHe jKachl YIKEH
JapaKTapablH CaJbICTHIPMAJbl TYpAe a3 Oodybl TaOUFU (aKTOpIapMEH KaTap aHTPOIOTCHIIK ocepiepAiH
BIKIAIBIMEH TYCIHAIpLTYl MYMKiH. JKBIHBICTBIK KypaM €peKIIeNiKTepl J¢ MOMyJISIHUSIHBIH TYPaKThUIBIFBIH
CUMATTaWThIH MaHBI3ABI KOpCETKITepAiH Oipi 6ombin TaObutagsl. KopekTeHy OenceHaiutirine xKyprizuirer
Tannay OanbIKTapAblH TaOWFU OpTaJa S>KETKUTIKTI KOPEKINEeH KaMTaMachl3 ETIITeHIH KOHE KOPEKTEHY
MIPOLIECiHIH O1pKaNBINTHI )KYPETiHIH KopceTTi. JKanmbl anFaHa, Kapakes OallbIFbl MOMYJISIUSICHIHBIH Ka3ipri
Karaiibl KaHaFaTTaHAPIBIK JIeHreiae Oarananbin, Kacnuil TeHI31HIH AKOJOTHSUIIBIK JKaFIaiiapbiHa jKaKChl
OeliMIenTeHl aHbIKTaNbl. 3epTTey HOTHXKesepl OalblK pecypcTapblH YThIMIbI MalanaHy, KOpFay *oHE
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AnHoTanus. B cratbe uccienoBanbl 6MOIOTHYECKUE U TPOPUUECKHE MOKA3aTeTH MOMYJISIIUA BOOJIBI
B Oacceitne Kacrmiickoro mopsi. B xoze uccienoBanus Obu1o oTodpano 442 ocodbu ¢ 10 ¢huKCUpOBaHHBIX
cTaHIMii ceBepHOU akBartopuu Kacmuiickoro mops. IIpoBenéH aHanu3 JIMHBI U Macchl, KOX(PGUIIUESHTOB
YOUTAaHHOCTH, BO3PACTHOM U MOJOBOM CTPYKTYpPBI 3TUX PbIO, a TaK)Ke OLIEHKA CTETIEHU HAMOJIHEHHOCTH KH-
IIeyHuKa 1o OamibHOM Imikane. VccrnenoBaHue BBIMOIHEHO C MCMOIB30BAHUEM CTaHAAPTHBIX HWXTHUOJIOTHU-
4yecKux MeTofoB. [lomydeHHble pe3yibTaThl MOKa3aiH, YTO POCT BOOJIBI OCHOBAH HAa TECHOM 3aBUCHMOCTH
JUIMHBI X MacChl U UMEET aJUIOMETPUUYECKUHN XapakTep. ITO MOATBEPKIAET, UYTO MPHU TO0CTATOYHOM KOPMOBOM
o0ecrieueHU Macca yBelTuuuBaeTcs ObicTpee, yem anuHa. Kpome Toro, ctaGMiIbHOCTH KOA((HUIIMEHTOB
YOUTAaHHOCTH YKa3bIBaeT Ha Xopoiuee (PU3NOJIOTHUYECKOE COCTOSIHHE PBIO M OIarompusiTHbIE YCIOBHS HX
oOuTaHus. AHANMU3 CTPYKTYPHI MOMYJISIUN BBIIBUJ MpeodiajaHie MOJIOBIX 0COO€H, YTO CBUACTEIBCTBYET
00 aKTHBHOM IIpOIIECCE€ EeCTECTBEHHOIO BOCIPOU3BOJACTBA. CpaBHUTENBHO HEOOJBIIOE KOJIHYECTBO
KPYMHBIX U CTapLIUX PbIO MOXKET OBITh CBSI3aHO KaK C MPUPOAHBIMU (AaKTOpaMU, TaK U C aHTPOIOTEHHBIM
BozaeiicTBUeM. OCOOEHHOCTH TOJIOBOM CTPYKTYPHI TaK)Ke SIBIISIOTCS Ba)KHBIM TOKa3aTesieM CTa0MIIbBHOCTH
MOMYJISIUH. AHAIU3 KOPMOBOW aKTUBHOCTH MOKA3aJl, YTO BOOJIBI MOMYUYalOT JOCTATOYHOE KOJIMYECTBO MHUIIH
B €CTECTBEHHOH cpejie OOMTaHMS U YTO IMPOLIeCC MUTAHUs MPOTEKaeT paBHOMEpHO. B 1emom, coBpeMeHHoe
COCTOSTHUE MOMYJISIIUU BOOJIBI OLIEHUBAETCS Ha YAOBIETBOPUTEIHHOM YPOBHE U YCTAHOBJIEHO, YTO OHA XOPOIIIO
aIaTHPOBaHa K 9KOJOTHYecKUM ycinoBusaM Kacnuiickoro Mopsi. Pe3ynbTaTsl UcCiieIOBaHHSI MOTYT CITYKHTh
HAy4YHOW OCHOBOI I COBEPIICHCTBOBAHUS MEp PAIMOHAJIBLHOTO MCIOJIb30BAaHUS, OXpPaHbl U YIPaBICHUS
PBIOHBIMU PECYPCAMH.
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Kipicne.

Kacnmit kapakesi Rutilus Caspicus (Yakovlev 1870) — Kacnuit TeHiziHmeri OaJbIKTapabIH €H KOl
TapalfaH oHE KOCINTIK MakcaTTa aynaHaTelH TypiepiHiH Oipi [Harkonen et al., 2008: 356-361]. byn
XKapThl-lail eTneni OanbIK, OHBIH OMIPJIK IUKIIHIH HETi3ri Oeiri TeHi3 CybIHAA OTell KOHE YBUIIBIPBIK
mamry yuriH Enin skone JKaillblk e3enaepine murpanus kacaiinel [MBanos, 2000: 83]. Kacnuit TeHi3i —
oneMJieri eH ipi TYHBIK Cy ailIbIHBI OOJBIN TaOBLIAAbI XKOHE OHBIH MXTHO(ayHACHI )KOFaphl OMOJIOTHSIIBIK
opTypitiriMer epekmeneneni. Kacrnmii OacceifHiHAE KOCINTIK MaHBI3bI Oap OaiblK TYpJEpiHIH INIHe
Kapake3 epeKIle OpblH anajbl. bya Typ y3aK yakpIT OOWBI JKEPTUTIKTI XaNbIKThIH a3bIK-TYJIK KayiNCi3airia
KaMTaMachl3 eTyJe >KoHEe OalblK MIapyallbUIbIFbl CallaChIHBIH SKOHOMHUKAJBIK JaMYybIHAA MaHBI3Ibl PO
aTkapbin keneni. Kapake3miH Ka3ipri OMONOTHSIIBIK JKaFIaibl YBULABIPHIK MIAMIATBIH TAOBIHAAP CaHBIHBIH
TOMEH/ICyIMEH >KOHE epeceK TONTapJblH YIJeciHIH TeMeHieyiMeH cumartaianbl [bakkoxka et al., 2025:
86-97]. KapakesliH XBIHBICTBIK KeTulyl omerre 2-3 kacbiHaa Oacrananpl. Kacnuii  TeHiziHze
Kapakes3/iH YBUIIBIPBIK IIAIIYbl KOKTeMJe cy TemrepaTypachl 8—12°C ke3iHzae, HETi3iHeH Cy eCiMAIKTepi
Oap okaiipimma keprepne kypedi. KeOeromiH COTTINIIT KOKTEMI1 Cy MeoJIepiHe >KOHE YBULABIPHIK
HIAMIATHIH KEePIASPiH BIHFAMIbI 00MybIMEH TiKenel OailiaHbICThl. O3€HAEpAIH KOKTEMI1 aFbIHbl KOJIEMIHIH
a3alobl, TU-APOJIOTUSIIBIK PEKUMHIH e3repyl skoHe Kacmuii TeHi3l JeHrediHiH TeMeHneyl TYPAIH TaOuru
KeOeroiHe Tepic acep eTefl. YBULABIPHIK Ially Ke3eHiHJe OpakoHbepiiK ayiay, Cy OpTAaChIHBIH JACTaHYBI
KOHE >KeM-IIel 0a3achIHBIH ©3Trepyl KOChIMINa IeKTeylni ¢dakrtopiaap Ooinbin Tabbliaabl. HoTmkecinae
ypraKkTap CaHbIHBIH JKbUIAAp OOMBIHINA TYPAKCHI3ABIFB KOHE MOMYJISAIUS OJEYETiHIH JKalmbl djicipeyi
Oaiikananasl [Mutpodanos et al., 1987: 52—-65; Berrynuna, 2017: 22-28]. Conrbl omxbuIIbIKTapaa Kacnmii
TEHI31HIH JKOJIOTHSAJIBIK KaFdailblHaa eneyni e3repictep Oaiikamyna. TeHi3 AeHrediHiH aybITKybl, ©3€H
arbIH/IAPBIHBIH KBICKAPYhl, KIUMATTHIK (DaKTOpIapAblH e3repyi »oHe aHTPOMOTeHJIIK KYKTEMEHIH apTysl
OanplK MOMYJSIUSUIAPBIHBIH  KYPBUIBIMBI MEH OHIMIUINIHE dcep eTyle. Ocipece KapTbUlail eTmHeni
OanmpIKTap YIIIH YBUIABIPHIK IMIAITy OPBIHAAPBIHBIH KbICKApyhl JKOHE TaOuFu KeOer KarJailbIHbIH
HaIIapiaaybl MaHbI3bl IPOOIEMa OOJIBIT OTHIP.

Kapake3 momynsuuschiHBIH  Ka3ipri  JkaFmaiplH  Oaranay  oJapAblH  MOP(HOMETPHUSIIBIK
KOPCETKIITEPiH, Xac KYPBUIBIMBIH, KBIHBICTHIK KYPaMbIH JKOHE KOPEKTEHY EepeKIIeNIKTepiH KelleH i
3epTTeyal Tanam eTeni. MyHOaill 3epTreyliep TOMYJNALUSHBIH TYPAaKTBUIBIFBIH —Oaranayfa, TaOuFH
TOJIBIKTBIPY KAPKBIHABUIBIFBIH aHBIKTAyFa dKoHEe KOpJap/Ibl YTHIMIbBI Al alaHy CTpaTerusiapblH d31piaeyre
MYMKIHAIK Oepei. ONeMIIK ToKipuOeae Y3bIHIBIK-CAIMAK apaKaThIHACHI, KOHJBUIBIK Kod(duimeHTrepi
KOHE KAc KYPBUIBIMBIHBIH KOPCETKIITepl OalblK MOMyIAUUsTIAPbIHBIH JKOJOTUSJIBIK >KaFJalbIH
OaranayZblH HEri3ri MHIUKATOpiapbl peTIHJAE KEHIHeH KOJAaHbUIaIbl. bynm KepceTkimrTep KOPEeKTIiK
0azaHbIH KaFJaiiblH, ©Cy KapKbIHBIH, JapakTapJblH (U3HONOTHSIIBIK KYHIH JKOHE KOpIlIaraH opTa
(bakTopnapbIHbIH BIKNAIBIH cunarTaiipl. ConnpikTan Kacnuii kapakesi OOWbIHINIA 3aMaHayd OMOJIOTHSIIBIK
MOJIMETTEpAl ajldy FHUIBIMH JKOHE WPAKTHKANBIK TYPFBIIAH ©3eKTi Oonbinm  Tadbuiaabl. OTaHIBIK
raneiMaapasiy [Dautbayeva et al., 2017: 412-420] OanbpIKTapJblH KOPEKTEHYl >KOHE TpOUKaIbIK
OailtaHpICTap Typasibl KOJIOTHSIIBIK 3epTTeyiepinae Contycrik Kacnuiimeri kapake3 OajblFbl HETI31HEH
Ccy TyOiHAeri opraHU3MIEpPMEH KOPEKTEHETiHi, al KOPEriHiH KypaMbl J>KbUI MayChIMJApblHA KOHE
KOpIIaFaH oOpTa JKaFJaijiapblHa OaiJIaHBICTBI E€KEHMIr aHBIKTaIIbl. KacmuiaiH CONTYCTIK-IIBIFBIC
OeiriHaeri Kapakes[iH OWOJOTHSUIBIK KOPCETKIIITepiHe, OHBIH IMIIHAE MOMYJISIUSHBIH Y3bIHJIBIFbI,
Maccachl JKOHE KYPBUIBIMBI Typajibl MANlIMETTEpre, COHBIMEH KaTap, MOIMYJIALNS JKaFIalbIHA KOHE TYPAIH
tapanysiHa apHanraH [Kamenos et al., 2020: 45-52]. Contycrik Kacnwmiineri 3eprreynep OoibIHIIA Cy
TEMIIEPAaTypaChIHBIH ayBITKYbl Kapake3JiH jXac I1a0aKTapblHBIH TapalyblHa KoHE TaObIHIApBIHBIH Maiiga
OoxybIHa acep eTeTiHiH kepcereai [Damys et al., 2024: 6].



CoHFBI KbUTIAaphl KacMH TEHI31 9KOXKYHECIH/IC OpPbIH aJIbIll JKaTKaH TaOWFH JKOHE aHTPOIOTCHIIK
e3repicTep cy OuopecypcTapblHbIH KarqaiiblHa alTapibIKTail acep eryne. KnuMmarTeiH e3repyi, e3eHaAepAiH
arblH PEeXUMiHIH Oy3bUTybl, TEHI3 JEHIeHiHIH aybITKybl >KOHE AaHTPOIMOTEH[IK KBICBIMHBIH KYIIIEIOi
KOMTEreH KOCINTIK MaHbI3bl Oap OanbIK TYpJEpiHiH TapalyblHa, KOOCIoiHe jKoHE KOPEKTIK 0a3achlHa BIKIMAT
ereni. OceiHaail >karnainapaa Kacnuii TeHi3iHIH OaiblK KOpJapblH TYpPaKThl MaiianaHy YIIIH OJap.IbIH
MOMYJISIHUSUTBIK KYPBUIBIMBI MEH OHOJIOTHSUIBIK €PEKIIETIKTePIH Kyiielni Type 3epTTey epeKilie MaHbI3Fa He.

Kapake3 (Rutilus caspicus) TYKBITOpi3iiep TYKbIMIAChIHA >KaTaThIH >KapThUIald OTKIHIIN OaTbIK
Typi Oonbin Tabbutankl. byn Typ Kacnuit TeHiziHiH Oapibik OeikTepiHe Ke3/Aecel xoHe KICINTIK ayay/aa
MaHbI3/Ibl OpBIH anajbl. KapakesaiH HEri3ri KOpeKTeHy ailMarbl TEHI3[IH Tas3 >karanay Oemikrepi OOJbIm
caHasica, Ko0O€ Ke3eHIHJE OJ ©3CHJEPAIH CaFalblK YXOHE JKaWbUIMANbBIK ailMakTapbiHa epicTedai. TypaiH
TIPIIUTIK UK TeHI3 )KOHE TYIIBI Cy SKOXKYHeNnepiMeH ThIFbI3 OalIaHbICTBl OOJFaHIBIKTaH, THAPOIOTHSITBIK
KarJainapablH e3repyine oTe ce3iMTal Keyel.

Kacnuii OacceifHiHAeT1 KONTEreH 3epTTeysiep Kapake3 KOPHIHBIH COHFbI OHXKBUIABIKTapAa Oipkatap
e3repicTepre VIIbIpaFaHbIH KepceTeli. Ocipece e3eHIepiH TaOWFu arbIHBIHBIH a3alobl, Cy JIEHTeHiHIH
TOMEH/IEY1 JKOHE YBUIIBIPBIK ATy OPBIHIAPBIHBIH KBICKAPYbl TAOUFU TOJBIKTHIPY KAPKBIHABUIBIFBIHA 9CEp
eryne. CoHbIMeH Katap, OalblK aylay KapKbIHIBUIBIFBIHBIH apTybl HOMYJISIMSIAFBL ipl KOHE Kachl YJIKEH
JapakTapAblH YIECIHIH TOMEHJeyiHe albll Kelyli MyMKiH. MyHnalh esrepictep y3aK Mep3imjii
MePCTIeKTHBA/1a MOMYJISIIUSIHBIH TYPaKThUTBIFBIHA dCEP €TETiH HeT13Tr1 (haKTopiapIblH KaTapblHA XKaTalbl.

banpik momysIUsUIapbIHBIH Ka3ipri xKaraaibeiH Oaranayaa MOpGOMETPHUSIIBIK KOPCETKILITEP epeKIe
OpBIH anajbl. ¥3bIHABIK MEH CalMaK KepCeTKIITepi OanbIKTapAblH ©CYy KapKbIHBIH, (DU3HOJIOTHSIIBIK
KaFJaibIH KOHE KOPEKTIK 0a3aMeH KaMTaMachl3 €TUTy JEeHIeliH CUIIATTalThIH HeT13T1 MHAUKATOpIap OOJIbIM
TaObIIaAbl. OJEMIIK HXTHOJOTHSUIBIK ToXKipuOene Y3bIHIBIK-CalIMaK apakaThIHACKI OalbIKTapAblH ©ecy
3aHJBUTBIKTAPbIH aHBIKTAY VIIIH KEHIHEH KOJMAaHbUIAa/Ibl. Byl KepceTKImTep MOMyISIUSHBIH 3KOIOTHUSIIBIK
KarJaiiblH Oaranayra »oHe opTypiii alMaKTapAarsl TYpiep/iiH OUOIOTUSIIBIK €PEKIIETIKTePIH CANbICThIPYFa
MYMKIHIIK Oepei.

Konapuiblk koahdunmenTTepi Ae OanbIKTapabiH (GU3NOIOTUSIIBIK KaFIaiblH Oaraay/IbIH MaHbI3/IbI
KypangapbIHbIH Oipi Gomnbin caHanaabl. OynbToH xoHe Knapk xoadduimentrepi napakrapiblH KOPEKTeHY
JCHreiiH, PHEeprusi KOPBIHBIH KUHANYBIH KOHE TIPIIUIIK OPTACHIHBIH KOJAMIBUIBIFBIH jKaHaMa TYpAe
cunarraiapl. KOHIBUIBIK KOPCETKIMITEPIHIH KOFapbl OONybl KOPEK KOPBIHBIH IKETKITIKTI €KEHIH XKoHe
OaNbIKTapbIH SKOJOTHSUIBIK JKaFalbIHBIH KOJAWIbl €KeHIH KepceTce, OJapIblH TOMEH/AEYl KOPEKTIK
pecypcTap TamnbUIBIFBI HEMece KOpIlIaFaH OpTa KaFJaiibIHbIH HalapiaybIMeH OalIaHbICThl O0TYbl MYMKIH.

[TomyAsIUSHBIH Kac >KOHE YKBIHBICTHIK KYPBUIBIMBI OaJIbIK KOPJIAPBIHBIH TYPAKTBUIBIFBIH Oaranaya
MaHBI3/Ibl POJI aTKapaibl. Ocipece ’Kac JapaKTapAblH Yieci TAOUFU TOJIBIKTBIPY KaPKbIHIBLIBIFbIH CUIATTAUTHIH
HETi3r1 KepceTKIiTepiH Oipi Oombin TabblIaabl. Erep momymnsius KypaMmbIHaa skac OanbikTap 6acsiM Oorica,
OHJIa TaOuFu KeOEr Tporeci OelICeH/Il KYPIN JKaThIp Jen OaranaHajabl. Al epecek JapakKTap/blH a3arobl
KOCINTIK ayiay KbICBIMBIHBIH HEMECE KOJaiChl3 KOOI HSIIBIK JKaFAaiapIblH cajaapbl 00Iybl MYMKIiH.

KopekTeHy OeiceHaiTiria 3epTTey Jie MOMYISIUSHBIH YKOJOTUSIIBIK KaFJailblH TYCIHyre MYMKIHJIIK
oepeni. KopekTik 0a3zaHbIH KETKUTIKTLIIN OalbIKTapIbIH ©CYyiHe, KOHJBUIBIFbIHA KOHE Ko0eto KalijieTiHe
Tikenei ocep eremi. COHABIKTaH IMIEK TOJBIMIBUIBIFBIH 3€PTTEY apKbUIbl OajbIKTapAblH KOPEKTEHY
KApKbIHIBUIBIFBI MEH TaOUFU a3bIKTHIK PECypCTap/IbIH JKaFIalbIH )kaHama Oaranayra 601abl.

Ocpiran OainmanbicThl Kacnuii TEHI31HIH CONTYCTIK OeMiriHAeT! Kapakes MOMYJISIHICBIHBIH Ka3ipri
OMOJIOTHSUIBIK JKaFAaiibIH Oaraniay FhUTBIMU )KOHE MIPAKTUKABIK TYPFBIAAH ©3€KTi O0JIBIT Ta0b1aasl. MyHaai
3epTTeysep TYPAiH HOMYJISIIHUSIIBIK KYPBUTBIMBIHAAFbI ©3repICTEP/I1 aHBIKTAaYFa, OHBIH YKOJIOTUSITBIK JKaF 1alibIH
Oaranayra >koHe OajblK pecypcTapblH YTHIMIBI MaijladaHy MEH Kopray OOMBIHIIA FHUIBIMH HETi37eNTreH
YCBIHBICTAp 93ipiieyre MyMKIHIIK Oepei.

3eprreyain MakcaThl — Kacnuii TeHi31HIH CONTYCTIK OeNiriHAeri Kapake3 MOMyJIAIUsICHIHBIH Ka3ipri
OMOJIOTHSUIBIK XKaFJaiiblH, MOPHOMETPHUSITBIK KOPCETKIIITEPIH, )KAC-KBIHBICTHIK KYPBUTBIMBIH )KOHE KOPEKTEHY
epeKIeikTepiH Oaranay.

3epmmey minoemmepi:

MOP(HOMETPHUSITBIK JKOHE CAIIMAKTBIK KOPCETKIIITEPiH aHBIKTAY;

KOHABUTBIK KO3 (DULIMEHTTEPiH Oaranay;

MOTMYJISIIUSIHBIH )KacC OHE JKbIHBICTBIK KYPBUIBIMBIH 3€PTTEY;

KOpEKTeHY OeNICeHAUIIrH Tanay.



3epTTey MaTepuaiapbl MeH JICTePI.

3eprrey xyMmbicTapbl 2025 >KpUIABIH MaychbIM aiibiHAa Kacnuii TeHi31HIH CONTYCTIK Oeirinae
opHanackaH 10 FEUIBIMH-3epTTEYy CTAHIMACHIHAA KYpri3iiai. 3eprrey ayaansl Contycrik Kacnuiiaig spTypoi
THUAPOJIOTHSIIBIK JKOHE DKOJIOTHSUIBIK JKaFJaiJlapbIMEH EPEKIIeICHETIH alMaKTapblH KaMTBIIbL. bajbiK
yarinepi baytuno, Kynaner apansi, Kapaxan6ac, [Ipopsa, CKTK, Kamaran-1, Kamaran-2, [llansirer apansl,
JKaiibik sxone Kuramr e3eHaepiHiH carajlapbl MaHBIHIAFBI OCKiTiNreH crannmsuiapaan sxuHanabl (Kecre 1).
3eprTey OapbIChIHAA KaNIbl caHbl 442 naHa Kapake3 OajbiFbl ayJaHabl. banbIKTap/pl aynay yIliH Y3bIH/IBIFbI
25 M cTaHIapTTHI KYpMa ayiap KOJIAaHbULIbl. Aynapabig ke3 enmemzaepi 12 mm-nen 80 MM-re neiiin esrepin
OTBIPJBI, OYJI OPTYPJIi ONIIEMAET] *KoHE >KacTarbl JapaKTapAbl KaMTyFa MYMKIHIIK Oepai. Aymap Keuki
yakbITTa KYpbUIBII, TeHI3/Ie OpTa ecerreH 12 caraT 0oiibl yctanasl. TanepTeH aynanraH OanbIKTap ipiKTeim,
opi Kapail 3epTXaHalblK OHAEYre >KeTKi3UIal. OpOip Japakka TOJBIK OMONOTHSUIBIK Talgay KYPri3iiii.
MophomMeTpusIBbIK KOPCETKIIITEP/Ii aHBIKTAY Ke31H 1€ OaJIBIKTBIH KaNIbl Y3bIHABIFBI (L), KyHPHIK KAHATHIHCHI3
Y3bIHABIFHI (1), TONBIK cammars (Q) JKoHE 1IIKI MYIIIENIEPiH ablll TacTaFaHHAH KEeHWIHT1 cajaMarsl (q) eJImeH .
¥3bIHABIK KOPCETKIMITePI MUJUTUMETP AQIINIMEH UXTHOJOTHUSUIIBIK O©JIIIIey TaKTaChl apKbLUIbI aHBIKTAIIbI, Al
caJMaK AJIeKTPOHIbI Tapa3bl koMmeriMeH 0,1 T JoNTIKIeH oJIIeH .

banpIKTappIH KBIHBICKI TOHAJATapbl MAKPOCKOMMSUIBIK 3€PTTEY apKbUIbl aHBIKTAIIBL. ATajbIK
JKOHE aHaJBIK JapaKTapblH apaKaThbIHACH €CENTENIN, MOMYyIAIUIHbIH JKbIHBICTHIK KYPbUIBIMBI OaraiaH/Ibl.
Xac KypbUIBIMBIH aHBIKTAay YIIiH opOip JapakTaH KaObIpIIaK YIrijgepi alblHBIN, 3epTXaHaJIbIK >Karnaiaa
MHUKpOCKOI apKbuibl 3eprrenai. JKac memmepi UyrynoBa (1952) omictemecine coiikec KaOBIPIIAKTAFbI
KBUIIBIK CAaKWHAJapbl CaHAy apKbUIbl aHbIKTamabl. [YyrynoBa 1952: 115]. BanslkTapablH KacbklH
3epTXaHaJbIK JKaFdaia KaObIpIIaKTapbl apKbLIbl aHBIKTAABI. VIXTHOMOTHAIBIK MaTepUaibl )KMHAY KOHE
OHJICY MXTHOJOTHSAA KaNMbl KaObuliaHFaH dficTep OoMbiHma kyprizuial [[IpaBoun 1966: 376; Kymna-
penko, 2003: 180]. bansikTapapiH (GU3HOTOTHUSIIBIK JKaFIaibIHBIH MaHBI3Abl KOPCETKIMTEPiHIH Oipi peTiHe
OynbToH koHe Kitapk KOHABUIBIK KOG (ULIMEHTTEP1 aHBIKTAIIIBI.

OynpTOH KOHABUIBIK KOd(puiinenTiniH hopMynace:

Q=100

K .
L"’
(1)
MYH/IaFbI:
K — ®ynbroH KOHABUTBIK KO QUITHEHTI
Q — OaNBIKTHIH TOJBIK CaJIMaFkI (T)

L — GasIbIKThIH KaJIbl Y3bIHABIFBI (CM)

Kiapk KOHIBUTBIK K03 GUIIMESHTIHIH (OPMYIachl:

2)

g = 100

K = lJ_I:I

MYH/IaFbl:

K — Knapk kospdunmenti

q — GanBIKTHIH 1MIKi MYIIENEPiHCi3 (Ta3adaHFaH) caaMarbl (T)

| — GanBIKTBIH KYHPBIK KAHATBIHCHI3 Y3BIHABIFBI (CM HEMECE MM)

Y3bIHABIK TEH calMakK apachIHIAFbl TOYEINAUTIKTI aHBIKTAy YIIIH Y3bIHIBIK—CAMaK apaKaThIHACHI
knaccukanblk W = alb Tenneyi OolbiHIIA ecenTeni, MyHAarbl W — canmak, L — y3bIHABIK, a %oHEe b —
perpeccusuibik Koagduimentrep. Ocy tumi b kodhdunmenHTiHiH MoHIHe colikec Oaramanabl: b=3 OGonraH
Karaaia M30METpUsIIBIK ocy, b>3 OonFaH aFjaiila OH aJuIOMETPHSUIBIK ecy, ai b<3 OoifaH xaraaija
TepiC AJIOMETPUSIIBIK 6Cy e KaOblIIaHIbl.

Kopekreny Oencenainirin Oaranay yiniH OanbIKTapblH imiek ToiabiMAbuibiFel H.B. JleGenenTin
omicreMeci OoWbIHIIA 6 OanJbplK IIKaTaMEH aHbIKTaNAbl. baramay Ke3iHIe IMIEKTIH KOPEKIEH TOIy
Jopexeci BU3ya sl Typae 3eprrenin, 0-neH 5 Oanra Aelinri kepceTkimrep Tipkenai. byn amic 3eprrenerin
MOMYJISIUSHBIH KOPEKTeHY KapKbIH/IBUTBIFBI MEH a3bIKTHIK JKaFIaiiblH CHITaTTayFa MYMKIHAIK Oepei.



AKAREMIAACE!

AnbIHFaH JEpeKkTepll CTaTUCTUKAIBIK oHacy IBM SPSS Statistics 21 xome Microsoft Excel
OarmapiiamMaliapbl KOMETIMEH JKYPri3iagi. OpOip KepCeTKIlll YIIiH opTama apudMeTHKaablKk MoH (M),
CTaHJApTTHIK aybITKy (SD), oprama katenik (m), Bapuanusa koddpdunuenti (Cv) ecenrteni. ¥3bIHIBIK MeH
caJIMaK apachblHIarbl OaillaHbICTHI Oaralnay YIIiH KOPPESIHIIBIK )KOHE PErpeCcCUsIIbIK Tal1ay KOMAaHbUI/IBI.
MopenbaiH ceHiMauTiri aerepMunanus koddgdunrenti (R?) apkpuisl OaramaHabl. bapiablK CTaTHCTHKAIBIK
aitpipmatbuibikTap p<0,05 neHredinge MoHAl Aen KaObuimannbl.JlepekTepail cTaTucTUKaimbIK oHuey ..
Jlakun omicremecine [Jlakun, 1990: 352] coiikec xxone IBM SPSS Statistics 21, Excel kommbroTepiik 0araap-
JIaMachl apKbUIBI KYPTi3iii.

Kecre 1 — Kacnmii TeHi31H€T1 FBUIBIMU 3€pTTEY KYPTi3ireH CTaHIUUIapAbIH KOOPAUHATTAPbI

Ne Cranuus AynanraH Koopaunatrapsl
aTaybl OaibIKTap EHik BOIIbIK
CaHbl
1 baytuno 14 44°35°14.277°C; 50°14°36.22»B
2 Kymamst 92 44°45"11.6 C, 050°15727.2'B
apaisl
3 | Kapaxanbac 21 45°29°29.807C; 51°26°0.87"B
4 IIpopsa 17 45°49°42.617C; 52°22°5.51”B
5 CKTK 51 46° 2°48.80”C; 52°10°51.50»B
6 Kamaran-1 42 46°15°26.26”C; 52°3’18.69»B
7 Kamaran-2 18 46°33°7.02"C; 51°55°45.68»B
8 lamsirn 11 46°34°53.90"C; 51°30°14.00»B
apaisl
9 Kaiibik 85 46°47°58.107C; 51°22°41.77»B
caracbl
10 | Kuram carachl 91 46°19°57.86"C; 50° 6°54.20»B

3epTTey HOTHAKEJIEPI.

Kacnuit TeHi3iHiH OeNTiieHTeH OpBIHIAPhIHAH XKaMbl caHbl 442 Kapake3 OanbikTapbl aynaauasl (Cy-
pet 1). 3eprrey HOTHXKENEpi OOUBIHINA KYPTi31iTeH MOPGOMETPHSUIIBIK JKOHE CaTMaKTBIK KOPCETKIIITEePIiH
TaJaaybl OJIAPABIH OJIIIeM/Iepl MEH KOHIBUIBIK JSHICHiHIH alTapJIbIKTall e3repMerti eKeHIH KopceTe .

Cyp. 1. Kacnnii kapake3si
[Fig. 1. Caspian black-eyed fish]

banpikTapasiH xanmsl y3eiHABIFB (L) 124 MM-aeH 280 MM-Te fieiiiH aybITKBII, opTaria MaHi 170,74+29,7
MM Kypajbl. Bapuanusisik kodddunuenttiy 17,0 % Gomysl nomynsiusaa Y3bIHABIK OOMBIHINIA OpTalia 1eH-
reieri e3reprimTik 0ap ekeHiH kepceteni. Kyipbik KaHaThIHCHI3 Y3bIHABIFBI (1) 102—230 MM apanbiFbiHaa
e3repin, opraia 140,9+25,6 MM 607161, an Bapuanusuibik KodddunmenTi 18,0 % mamaceinaa, srau 0yt 6enri
JIe CaJIBICTBIPMAIIBI TYPAE TYPAKTHI, Oipak Oenrisi Oip mopekene o3reprimTik Oalkamaab (kecte 2).

banpikTapasiH canMarsl (Q) op TYpIii KaCTHIK TONTAP bl KYparaHbIKTaH alTapJIbIKTal KeH Auana3oHaa
— 15 r-Han 245 r-ra neiiin e3repai. Oprama canmarbl 51,9+£35,6 T kypaasl. Bapuanusiasik kodhPuImeHTTiH
KoFapbl MoHI (68,6 %) OyJ1 KOPCETKIIITIH 6Te KYObUIMAaIbl €KEHIH, SIFHU MOMYJISIULAA SPTYPIIi jKac )KOHE KO-
pEeKTeHy JeHrenineri qapakrap 6ap ekeHiH Ounaipeni. ¥Kcac »xaraai iIKi KypbUIBICBIHCBI3 calMakTa (q) 1a



Oamkananpel: 12—220 T apalbIFbIHAA ©3TEPII, OpTalla MJH1 4/, /=52,4 T, Bapualus KOd(QQUIUEHT! 6/,9 Y. by
Jla caJiMaK KOPCETKIMTEPiHIH TYPAKCHI3ABIFbIH JIICIICH/II.
Kecte 2 — Kacniuii kapake3i OaJbIFBIHBIH OHOJOTHSIIBIK KOPCETKIMTEPl, n=442

Beunrinepi min-max M+m C,
L, mm 124-280 170,74€29,7 17,0
1, mm 102-230 140.94£25.6 18,0
Q, gr 15-245 51,9435,6 68,6

q, gr 12-220 47,7324 67,9
Fulton 1,0-2,3 1,7+0,19 11,2
Klark 0,8-2,1 1,5+0,18 12,0

Eckepry: L, mm — OanbIKTBIH Y3BIHABIFBL, |, mm — GanbIKTBIH KYHPBIK KAHATHIHCHI3 Y3BIHIBIFBL, Q, gr
— OaJIBIKTBIH CaJIMaFrbl, , gr — OAJIBIKTHIH IMIKi KYPBUIBICEIHCHI3 calMarbl, Fulton — TOJIBIK KOHIBUIBIK KOA(]-
¢unmenti, Klark — ki KoHAbUTBIK K03 duimenTi, min — 6aIbIKTBIH €H Killli eJmeMi, max — OaJIbIKTBIH €H
YJIKEH ojmiemi, M — oprama MoHi, M — CTaHAApPTTHI aybITKy, C — BapHalMsIbIK KOO(QQUIUEHT.

Konpuisik k03 punimenTTepi O0ibIHIIA TANIIaY OAJIBIKTAPAbIH KOPEKTIK KaF T bIHBIH CATBICTHIPMAIIBI
TYpAE KaKchl eKeHiH kepcerTi. PynbToH Kodddunmenti 1,0-2,3 apanbirbiaga esrepin, oprama 1,7+0,19
6onel. Bapnanusisik koaddummenttiy tomenairi (11,2 %) Oyt KOpCeTKIMTIH TYPaKThl EKEHIH KOpPCETe .
Cou cusiktel Kitapk xoaddunmenti 0,8-2,1 apansirsiaga, oprama 1,5+0,18 MoHIMEH cuniarTasnaibl, BApuaIu-
snbIK Kod(hdurmenti 12,0 %, srHu OyI1 1a cambICTBIPMalbl TYPAKThI KOPCETKIII.

CraTucTukanbIK Tangay Kesinae oprama MoH (M), oprama Katenik (m), Bapuarus kodddunuenti (Cv)
ecenTen/i. ¥3bIHABIK NIEH CaIMaK apachbIHIAFbl OalIaHBIC KOPPESIUSIIBIK-PETPECCUSITBIK TaNAAy apKbLUIbI
Oaranmanapl. AfipipMambuibikTap p<0,05 MOHALTIK ACHTeHiHe KapacThIPbUIIbI.

3epTrenreH OanbIKTap MOMYJSAIUACHIHAA Y3BIHABIK KOPCETKIIITEpi OOWBIHINA OpTalia ©3repriliTik
Oaiikasca, caTMaK KopCeTKIITepi O0MBIHIIIAKOFapbl ©3TePrill TIK aHBIKTANIIBI. ATTKOHIBUTBIKK03(hprunmeHTTepi
CaITBICTBIPMAJIBI TYP/AE TYPAKTHI OOJBIN, OAJIBIKTAPAbIH KOPEKTEHY JKaFIailbl MEH (PU3HONOTHSIBIK KYHiHIH
OIpKAJIBINTHI €KEHIH KOPCETEII.

Kapaxe3 OanbIFbIHBIH caMaFbl OHBIH Y3bIHJIBIFBIHA TOYEII KOHE OYJI TOYENIUTIK YKCTIOHEHIIUAIIBIK
cunarka ue OOJIbIN, YATUIep apackiHaa Oenrimi Oip TYpaKTBUIBIK TEH 3aHIBUIBIK Oaiikamanel. Hykremep
KeKe OaNbIKTapAblH Y3BIHABIFBI MEH CaJMarblH OCHHeNeWi, an Kapa ChI3BIK OJapFa COWKec KeJeTiH
HKCTIOHEHIIMAJIIBIK PErPECCUSHBIH TPEH/I ChI3BIFHI.

¥Y3bIHIBIK—CaNMaK apakaTbiHackl W = al. Tenaeyi OOWBbIHIIA aHBIKTAIABL. 3epTTEY HOTHIXKECIHJIE
teraey napamerpiepi W = 0,00001787L2-°%° Gomeirt ecenteni. Jlerepmunamnust Ko3QPUIHEHTI )KOFapbl MOH
kepceTTi (R?=0,951), Oyi1 Y36IHABIK IT€H CaIIMaK apachIHAaFbl THIFbI3 OAWIaHBICTHI AJENACH . AJbIHFaH b =
2,985 MoHI 3-TeH coll TOMEH OOJIFaHIBIKTaH, 3ePTTENreH OanbIKTap/a Tepic aluIOMETPHSUIBIK 6Cy OalfKa bl
By GanbIkrapabIH Y3bIHIBIK OOWBIHINA 6Cy KapKBIHBI CaIMaK KOCY KapKbIHBIHAH OipIiaMa >KOFapbl eKCHIH
Kepcerei. (cyper 2).

300

250

200

Canmarel, rp

150

100

50

0 50 100 150 200 250
¥3bIHABIFE], MM

Cyp. 2. Kapake3miH Y3bIHIBIK )KOHE CAIMAKTBIK 6CY KOPCETKIII
[Fig.2. Length and weight growth of black-eyed fish]



AKALEMUSACHI

Koppemauusa kod(puuueHTidiy (R=0,95) xorapel MOH1 OYJI MOIENBAIH OEPEKTEPIl OTE KAKCHI CH-
MATTaUTBIHBIH OUIIIpEi, SIFHU Y3BIH/BIK TEH CajIMaK apachIHIaFbl TOYEILTIK CEHIMII opi KYIITI.

Kapake3siH y3bIHJIBIFBIHBIH €H KOl TapajfaH MoHI — 12—15 cm, Oyn ynecrepain 44,3 %-bIH Kypaii-
Ibl. Byt y3BIHABIKTAFb! OaNbIKTap NOMysSIusAa 0ackiM, SFHU OJap/IbIH KOIIIIUIIr OChI OJIIIEM apajbIFbIH/A.
Conbimen katap, 1012 xone 15—17 cm y3bIHABIKTaFb! OanbikTap yiueci 23,1 % xone 22,6 % Oonblm, xkac
TonTapAa OanbIKTapAbIH e19yip O6iri KillKeHTal yiIriiep ekeHiH 6aiKkaTabl.

17 cM sk9HE OJ1aH YJIKEH Y3bIH/IBIKTAFbI OabIKTapAbIH YJIeCl allTapibIKTail ToMeH Iet, Tuicinie 5,5 %,
3,7 % xone 0,9 % xypaiinbl. byn epecek jxoHe yJIKeH *KacTarbl Kapake3/ep/liH CaHbl ayjay/Aa a3 Ke3AeCeTiHIH
oinaipeni (cypet 3 a).

Kapake3 nmonynsusceIH/Ia Kac TONTap 0achiM, aji Y3bIHIBIFEL 17 CM KoHE OJlaH >KOFaphbl YITLIepIiH
yJieci calbICThIPMAIIBI TYPJie TOMEH, SIFHU YJIKeHIpEK, epecek OabIKTap caHbl a3fay.
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a) 0)
Cyp.3. Kapake3iH Y3bIHABIK KOHE )KaCTHIK TONTAPBIHBIH Yiieci, %
[Fig. 3. Percentage distribution of length and age groups of black-eyed fish]

3 (6) cyperre Kapake3 OaJbIFBIHBIH TYpPJII JKAaCTBIK TONTapblHA KATATBhIH YJIECTEPIHIH HalbI3bIK
yJieciH KkepceTeli. 3 KacThlK OajbIKTap €H KON YJECTI albll, NOmyJsauusHblH 36,2 %-bIH Kypaiabl. 2 xka-
CTBIK OasIbIKTap Ja aitapiblkrail ynecke ne — 34,4 %, OyJl KOPCETKIII Kac TONTapIaFrbl OACHIMJIBLIBIKTEI
KepceTeni. 4 xKacThIK OanbIKTapabIH yieci 22,4 % Gombli, opTa )KacTarbl TONTHI CUMATTaiAbl. EH KilIkeHTai
yJiec 5 sxacTarbl OaJbIKTapFa TUECLTI, Oap/AbIH CaHbl MOMYJISIMAHBIH TeK 7 %o-bIH Kypaisl. XKanmsl Kapake3
HOMYJIALUSACBIH/IA Kac TONTap 6ackIM, acipece 2 skoHe 3 xacap OaIbIKTap Kell, all YIKEeHIPEK ’Kac TONTapbIHBIH
yJieci aiitapibiKTail ToMeH. by ecy TMHaMUKackl MEH TaOUFH ©JIIM-)KITIM JIHT el Typasibl TYCIHIK Oepei.

[Tomynsanusiaa atanblK JapakTapblH YJeci KOFapbl OOJbI, SIFHU OJIapAblH CaHbl aHAJIBIKTapFa Ka-
paranya mamamMeH 10%-fa apThIK. AHaANBIK AapakTapAbiy yieci — 44,1 % kypabl, OyJ1 NONysIUSHBIH KoOero
QJIeyeTiHIH KETKUIIKTI AeHrelie eKeHiH KkepceTel. Al FOBeHaIbA1 JapakrapaslH yieci — 1,4 %, 6y sxac Oa-
JBIKTAp/IBIH 3€pTTey Ke31HJe ONapiblH a3 YCTalFaHbH Ounaipesni. SIFHM jkac mabakTapbl CyalJbIHHBIH OpTa
OeJliHIHE KaparaH/a XKaranayyapbliHaa keOipek ke3aeceni (cyper 4).
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Cyp.4. Kapake3s/iiH ®bIHBICTBIK TONTAPbIHA OalJIaHBICTBI apa KaThIHACKI, %
[Fig. 4. Sex ratio of black-eyed fish, %.]




BajbIKTapblH_KOPEKTCHYIHE OaWJIaHbICTHI 1IICKTIH TOJBIMABUIBIFBIH aHBIKTAy IOPEKEC] KOPCKTIH
BU3yasabl Menuiepin kepceteTin H.B. JleGeaes oxici 6oiibiHIa 6 6anapik mkanameH (0-1eH 5 — ke Jeiin)
OarasaHajbl.

Iex TiH TOJNBIMIBIIBIK MIKAIACH:

0 6ay — 1IIeK TONBIFBIMEH 0O0C.

1 6a — Kopek KaJIabIKTaphl (a3/1aFaH KOPEK KaJJIBIKTaphI).

2 Oan — onci3 popexe (KOpeK 1IMIEeKTIH KapThIChIHAH a3bIH aJlajlbl).

3 6an — opramma aspexe (KOpeK IMIEKTiH KapThIChIHA KYBIFBIH alabl).

4 6aJt — >xoFaphl opexe (1MeK TONBIFBIMEH TOJNTHIPBUIFaH, OipaK CO3bLIMAMIbI).

5 6an — MakcuManabl A9pexke (11eK TONBICYbl KOPEK KaTThl CO3bLIAIBI).

Kapake3 OalbIFbIHBIH KOPEKTeHY O€JCeHAUTIriH Oaraliay MaKcaThIHAA IMIETiHIH TOJBIMIBUIBIFBI
OanaplK IIKajna OOWBIHINIA AHBIKTANIBL. 3epTTEy HOTHXKelepl OOWBbIHINA IMIEKTIH TOJYy HEHreli opTypii
Jopexese Oankasbl.

55,0

. 50,7
500 46,2

45,0

40,0

350

30,0

25,0

20,0

15,0

10,0
50 18 14
0,0 | ——

1 2 3 4

Cyp. 5. Kapake3 OanbIFbIHbIH KOPEKTEHYiHEe OaiiilaHbICThI 1LIET1HIH TOJBIMIBUIBIK KOPCETKIII, OAJUIIBIK MIKantaMeH %o
[Fig. 5. Percentage distribution of the gut fullness index of black-eyed fish in relation to feeding, based on a point scale]

5 cyperTe 3epTTenreH OambIKTapAarkl IIEKTIH TOMy Iopexkeci OoWbIHIa (0aIMeH ) TaibI30eH OeJiHY1H
KOPCETUIreH.

En >xoraps! ynecti 3 6amut kepceetkini Kypart, o1 50,7 %-as1 kepceTTi. byst 6ansikTapapiy 0ackiv 0eti-
TIHIH 1IIeT1 opTala JeHIeHICH KOFaphl TOJIFAHbBIH, SIFHM KOPEKTEHY OCJICeHLIIT] KaKChl eKeHIH OLIipe/.
ConbIMeH KaTap, 2 0ayn KepceTKilll Ae Korapbl 60ibIm, 46,2 %-1ab1 Kypaibl, Oy 1a OadbIKTapAblH e19yip
OedmiriHe KOpeK 0ap eKeHiH KopceTel, O1paK TOIBIMIBUIBIFBI OpTaIlia JeHT el Ie.

AT imeri TodyFa jKakbIH ToJIFaH OanbikTap (4 6aim) eTe a3 Keszecin, oJlapAbiH yieci Hebapi 1,4 %
0011b1. ByJ1 KOPEKTIH 1amaiaH ThIC JKHHAIYbl CUPEK eKeHiH kepceTenl. EH Temenri kepcerkim — 1 6asmn (1,8
%), SIFHU 111IE€T1 ©T€ a3 TOJFaH HEMECE JICI3 KOPEKTEHTeH JapaKTap CaHbl a3.

JKanmbl Kapake3 OanbIFBIHBIH MOMYJSITUACKIHAA 2—3 OaUIABIK KopceTKimTep OackiM Oonabl. by
JIETeHIMI3 OJIapAbIH KOPEKTEHY JKarJaiibl KaHaraTTaHApPJbIK JKOHE TYPAKThl €KEHIH, TaOWFU KOPEK KOPbI
KETKUTIKTI ICHTeH/1e eKeHIH KOPCETeIl.

Tankpliay.

Kacnuii TeH131HIH COATYCTIK OOIriHAeri Kapake3 MOMyJSIUIChIHA KYPIi3UIreH 3epTTey HITHKelepl
OVJT TYPIIH Ka3ipri OMOJIOTHSUIIBIK KaFIalblH CUTIATTAyFa JKOHE aJIbIHFaH JEPEKTEP/Il XaTbIKaPaIbIK FHUTBIMUA
onedueTTep/e KENTIPUITeH MAJIIMETTEPMEH CaIbICThIpyFa MYMKIHJIIK OepAil. 3epTTey OapbIChiH/a aHBIKTAJIFaH
MOP(OMETPUSIBIK KOPCETKIIITEP, KOHABUIBIK KOA(PQGUIUEHTTEpl, Kac KYpPbUIBIMBI OHE KOPEKTEHY
OCJICeHILTIT TIOMYJISIIUSHBIH YKOJIOTHSIIBIK JKaFJalbIH KeleH a1 OaranayFa Heri3 OOJIIbI.

3epTTenred MOMyJIAIUIAaFbl Y3bIHABIK-CAIMAK KOPCETKIMITEPIHIH KaJbIMTaCyblHA CY alJIbIHBIHBIH
THUAPOJIOTHSIIBIK PEXUMI JIe alTapibIKTai ocep eresi. Kacnuii TeHI31HIH CONTYCTIK JKOHE COJITYCTIK-IITBIFBIC
OoJiKTepl ©3€H aFbIHAAPBIHBIH BIKMAIbIHAA OOJATHIHABIKTAH, CYABIH MHUHEPAIJAHYbl, TEMIEPATyPaJbIK
peXHMMI JKOHE KOPEKTIK 3aTTapblH MeJlepl MaychlM OOHBIHIIA e3repin OoTbipalabl. byn xarmaitnap
300IJIAaHKTOH MEH OEHTOC OpraHU3MEpiHIH OHIMJLIITIHE TIKeJIel ocep eTil, Kapake3 OallbIFbIHBIH ecy



KApKbIHbl MEH KOHJBLIBIK KOPCETKIIITEPIHIH KAJbINTACYbIH aHBIKTAH/Ibl. 3€PTTEY OApbIChIH[A aHBIKTAJFaH
YKOFaPBI KOHABLIBIK KOO PHUITUEHTTEP1 KOPEKTIK Oa3aHbIH )KETKUTIKTI ACHT e 1e O0JIFaHbIH )KOHE JapaKTap IbIH
KOJIAHJIbI SKOJIOTHSIIBIK KaF1ali/1a JaMbIFaHbIH KOPCETEI].

KopekTeHny O6enceHauniriig »orapbl 00Iybl 3epTTEY KE3€HIHET1 THIPOOUOIOTUSIIBIK KaFJaiiiapabiy
KOJTalnpUIbIFbIMEH TYyciHaipiieni. Cy TemmepaTypachlHBIH ONTHUMANIbl JCHreiae OOMybl KoHE TaOufru
a3bIKTHIK OpPTaHU3MAEPIIH KETKUTKTI MeIepae Aamybl Kapake3 OalbIFbIHBIH O€JCEeH]ll KOpPEKTEHYiHe
MYMKiHJiK 6epreH. COHIBIKTaH i1IeK TOJBIMABUIBIFBIHBIH 2—3 06aJu1 IeHreiinie 6achiM O0TybI TOMYISIUSHBIH
(U3HONOTHSIIBIK JKaFJalbIHBIH KAKChl €KEHIH JKOHE 3epTTey JKYPri3UIreH Ke3eHIe KOPEKTIK pecypcrap
TaIIBUIBIFBI OaliKaIMaFaHbIH KOPCETE/I].

3epTTey HOTHKEIEepl KOpCceTKeHIel, Kapake3 OanbiFbIHBIH Y3BIHIBIK (Cv=17-18 %) xoHe canmak
(Cv=68%) xepceTKimTepi apachIHIaFbl ABIPMAIIBIIBIK 0aCKa /1a TYKBITEKTEC OaJIBIKTapFa TOH 3aHIbLIBIKTAP-
MEH colikec keneai. Muicansl, kenTereH aBropiap [Froese, 2006: 241-253; Motasim, 2015; Le Cren. 1951:
201-219] GanbIKTapAbIH Y3BIHIBIK KOPCETKIIITEPl CaTbICTBIPMAIbl TYPAKTHI, all CaIMaK KOPCETKIMITEpi
JKOFapbl ©3TePTillITIKKe e 00JaThIHBIH KopceTKeH. by, eH anibIMeH, KOPEKTeHY JKaF/Aaibl, )Kac KYPbUIbIMBI
KOHE MayChIMJIBIK (haKTOpIapIbIH dcepiMeH TyciHaipineai. bizain 3epTTeynepiMizie ne calIMaKThIH )KOFaphl
Bapualys Kod((UIMEHTI MONMyJIsSUUsAarbl JapaKTapAblH OPTYPJl Kac TONTapblHA >KATAaTBIHBIH KOHE
KOPEKTIK 0a3ara ToyenJl eKeHiH Jonenaeiii. ¥Kcac HOTIKeNIep KONTereH MXTHOJOTHSUIIBIK 3epTTeyiepiae
KenTipiareH. Froese OanbIKTapIbIH Y3bIHJIBIK KOPCETKIMITEP] 9JETTE TYPAKThIPAK OOJATHIH/IBIFBIH, a1 CaIMaK
KOpCETKIITepl KOPEKTeHY >arJaiblHa, MayCBhIMIBIK ©3TepicTepre >KOHE MapakTapblH (U3UOIOTHSIIBIK
KYHiHe OaiJIaHBICTBI )KOFaphl ©3TEPTIIITIKKE e OOJaThIHBIH KopceTkeH. Le Cren amaOyFa momyIsiusuIapbiH
3epTTey OapbhIChIHIA Jla cajdMaK KOpCETKIIITepl Y3bIHABIKKA KaparaHIa aHAFypJibIM JKOFapbl BapHalUsIMEH
CUTIATTAJIAThIHBIH aHBIKTaFaH. bi3/iH HOTHIKEEP OCHI 3aHIBUIBIKTAPFa TOJBIK COMKec Keneml xoHe Kacrmii
Kapakes3i MOMYJSALHUACHIHAA IPTYPJL JKACTarbl JKOHE OPTYpPJl KOPEKTIK Kardaiiia OoNaThIH JapakTap.blH
KE3JICCETIHIH KOpCceTe/Ii.

3epTTey OapbIChIHAA albIHFAH Y3bIHJBIK-CAIMAK apaKaThbHACHI TEHJCYIHIH HOTIKeIepl e
XaJIBIKAPAJIBIK O/IeOMeTTepAeTI MANIMETTEpMEH YHaecemi. bi3miH 3eprreyae anbsiHFaH b=2,985 woHi
M30METPUSIIBIK 6CY KOPCETKIIIIHE 0Te KaKbIH OOJFaHbIMEH, TEPIC aNIOMETPHUSIIBIK 6CY TUITIHE COllKec Kene/Ii.
Froese (2006) »xypri3reH Merarannay HOTHXKenepi OOWBbIHINIA KONTEreH TYKbl TYKbIMJAC OallbIKTap YIIiH
b ko3 durnmenTtinig MoHi onerre 2,5 neH 3,5 apanbiFbiHAa 0osaael. COHABIKTAH ajJbIHFAH KOPCETKII TYp
YIIiH KaJIBIITBI OMOJOTHSIIBIK MIeKTepae opHanackaH. CoHbIMeH Katap Motasim xoHe opinTectepi (2015)
3eprrereH Valamugil seheli Typinae ne b koo duirenTinin 3-TeH TOMEH MOH/Iepi aHBIKTalIFaH, OyJ1 Oenrimi
O1p PKOJIOTHSIIBIK YKaFaaiapaa Y3bIHIBIKTHIH CAIMaKKa KaparaH/1a )KbIIIaMbIpaK ©CETIHJIITH KOPCETe/i.

¥Y3bIHABIK MEH calMaK apachlHAAaFrbl TOYENIUTIKTIH AKCIOHEHIHanAbl cunarra 6omysl (R* = 0,95)
XaJlbIKapaJbIK 3ePTTEYJEPACT] AJNIOMETPHUSIIBIK 6CY 3aHAbUIBIKTapBIMEH TOJBIK coiikec kenei. [Froese, 2006:]
03 eHOeTiHIe OANBIKTap/IbIH KOMIIUTITIH/E CalMaK MeH Y3bIHBIK apachiHaarel Oainansic W = alLb tenneyimen
CUMNATTaJaThIHBIH KOHE b>3 OonFaH >karnaiia OH aJNIOMETPUSIIBIK ocy OalKalaThIHBIH KepceTkeH. bi3aiH
Karjaiia a Y3pIHABIKTBIH apTYbIMEH CaTIMaKThIH KapKbIHABI ©CY1 OChI 3aHABUIBIKTHI paCTaiIbI.

KoHaputbik k03¢ dunineHTTepi OOMBIHINA aJbIHFAH HOTIDKEIEP JI€ XaJbIKapallbIK o/ieOueTTepaeri
MOJIMETTEPMEH CaJbICTBIPFaHA KONAWIbI JieHreine Oonael. 3epTTenreH Aapakrap yirH OyinbToH
koaddunmenTiHiy oprama MaHi 1,7, an Knapk koaddunmenTi 1,5 6omabl. by kepceTKiTep NOmysSusAarbl
JlapaKTapbIH SHEPTeTUKAIBIK KOPBI )KETKITIKTI €KeHiH kopcereni. Bashar skone opinTectepi (2021) xyprizrexn
3epTTeyiepae KOHIBUTBIK K03 PHUIIMEHTTEPiHIH TOMEH BapHAaIlHIChl KOPEKTIK JKaFIaliIbIH TYPAKThUIBIFBIMEH
KOHE KOpIIIaraH OpTaHBIH KOJAIIbUIBIFBIMEH OalaHbICThI €KeHJIIr KepceTinreH. bisaiH 3eprreyimizae ae
Kod(hpuIMeHTTepAIH Bapuanus JEHTeil ToMeH OonraHablKTaH, Kacmuii TeHi31HIH 3epTTeNreH OeiriHie
Kapake3 YIIiH KOPEKTIK *KaFIaiiapabplH KOJaiibl eKeHIIr1 OalKanasbl.

KOHIBUIBIK KOpCeTKImTepi TEK KOPEKTIK Oa3aHbIH JKarjaiiblH FaHAa €eMec, COHBIMEH Kartap
OQJIBIKTapIbIH  JKaNMbl  (U3HOJOTHSIIBIK KYWiH ge cunarraiiaesl. Contyctik Kacnuii  aliMarbiHaa
KYPTi3UIreH anfblHFBl 3epTTeyliepAe A€ Kapake3[iH KOHJIBUIBIK KOPCETKIIITEepl CalbICTHIPMAalbl TYPAE
YKOFaphl JICHrel1e O0JIFaHbl KOPCETIITeH. byl aiimakTarsl OEHTOC OpraHU3M/IEPiHIH JKOHE 0acKa a3bIKTHIK
HBICAHJAP/IBIH JKETKUTIKTI TapanybiMeH TyciHaipiieni. CoHbiMeH Oipre, KOHABUIBIK KO3()()UIIMEHTTEpiHIH
TYPAKTBUIBIFBI 3€pPTTEY KE3€HIH/AE KONANChI3 SKONOTHSIBIK (aKkToOpiapIblH dcepl ailKbH OalKamMaraHbIH
kepceteni. Konmapuibik kodddunumentrepi (Fulton sxone Clark) OolibiHma ampiaraH HoTHkenep (Cv=
11-12 %) omapablH TYPaKTBUIBIFBIH KOpCeTeAl JKOHE OYJ KepceTKimTep OalbIKTapIblH KOPEKTIK



JKarIaibIHbIH JKaKChl CKCHIH OULAIPE/l. YKcac HOTHIKEICp OacKa 3epTTeyJieplie ¢ Ke3IeCClil, MbICabl,
eHOCKTepiHJe KOHIBUIBIK KOA(D(OUIIMEHTIHIH TOMEH BapHUalMsIChl TYPAKThl KOPEKTIK JKaFaal MEH KOJIAWJIbI
9KOJIOTHSUTBIK OPTaHbl KOPCETETIHI aTan OTUINeH.

[TomynsAusHBIH Y3BIHABIK KOHE Kac KYPBUIBIMBIHA KeleTiH Ooncak, 12—15 cM emmemueri jkoHe
2-3 »kacTarbl JIapaKTapAblH OachiM OOJIybl KONTEreH Cy alJbIHIAPBIHIAFbl TAOUFU TOMYJISIMsIIapFa TOH
KyObUIbic. backa na 3eprreynepnae [Britton et al, 2007: 135-138; Nikolsky, 1963: 368] xac mapakrapibiH
MO AU Aa 0achiM OOJTYBI TOMYJISIIUSHBIH TYPaKThl JKaHAPBINT OTHIPATHIHBIH, OipakK ipi JapakTap/blH a3
001ybl OaNbIK aynay KbICBIMBIMEH HeMece TaOHFU eiM-KITIMMEH OainaHbICThl ekeHiH kepcereni. Ci3miH
JepeKTepiHizie e ipl JKOHE epeceK OaNbIKTapblH YJECIHIH TOMEH O0ybl OChl (aKTOpIapbIH SCEpiH
MeH3ei . [TomyIsusHbIH j)Kac KYPBUIBIMBIH Taliay OapbIChiHIa 2—3 )KacTaFbl JapaKTapAblH O0achbIM eKEHIIT1
aHBIKTaNABL. by KepceTKilTep TaOUFH TONBIKTHIPY MPOLECiHIH OesiceH i Kypin kaTkanbiH Ounaipeai. Nikolsky
(1963) Taburu momynsuMsIapaa Kac JapakTapJblH 0acbkIM OONybl TYpPaKThl KOOEI MPOLECIHIH MaHbBI3/IbI
KOPCETKIII eKeHIH aTan KepceTkeH. Britton xone opinTectepi (2007) ne kenTereH OaibIK TYPJIEPIHIE Kac
TONTaP.IbIH OACHIMIBIFBI TIOMYJISIUSHBIH KaJbIIThI JeMOTPapUsIIBIK KYPBUIBIMBIH KOPCETETIHIH aHBIKTaFaH.
CoHBIMEH KaTap 3epTTEIITCH NOMYJISAIHIIA 1pi )KOHE KaChl YIIKCH JIapaKTapAblH yJieci ToMeH 0oipl. MyHai
xargait Conryctik Kacnmitneri Oacka 3eprreynepnae ne OaiikanraH. Kemreren aBTopiapiblH MiKipiHIIE,
OyJ1 KyObUTBIC TaOWFU ©MIM-XKITIMMEH KaTap KOCINTIK ayjay KapKbIHIBUIBIFBIHBIH OCEPIMEH TYCIHAIPITIE].
Epecek nmapakrapIblH a3arobl y3aK Mep3iMIi MEepCreKTUBaAa TOMYJISIHsS KYPhUIBIMBIHA dCEp €Tyl MYMKIiH
OOJIFaHIBIKTAH, OJIAP/IBIH YJIECIH TYPaKThl OaKblIay MaHbI3/IbI OOJIBIN TAOBLIA B,

JKBIHBICTBIK KYpBUIBIM OOMBIHINA aTadbIKTapAblH OackIMIBIFEI (mamameH +10 %) keiOip TYKbI
OaspIKTapbIHA YIIIH TOH KYOBUIBIC OOJIBIN TaOBLIA I )KOHE OYIT J1a SKOIOTHSIIBIK JKaFIaliIapFa, YhUIIBIPBIK
mianry Ke3eHiHe HeMece IpIKTeMelNiK ayjayfa OaiimaHbicThl 00iybl MyMKiH. COHBIMEH KaTap, IOBEHaJb/i
JapakTapAblH a3 00Tybl OJNIapAblH HET131HEH jKarallayJbIK aiiMaKkTap/a HIOFbIPJIaHybIMEH TYCIHAIpiIeal, Oy
na onedu JepeKTepMeH colikec Kelei. JKbIHBICTBIK KYPBUIBIMJIBI 3€PTTEY HOTHIKEIIEP] aTalbIK JapaKTapIbiH
asznarn 0acbIM ekeHiH kepceTTi. OchbIHIal KaFaail TYKbl TYKBIMJIACBIHBIH OacKa eKUIIepiHae Je Ke3aecesi.
Onelu jaepekTep OOWBIHINA SKBIHBICTHIK KaTBIHACTBIH ©3Tepyl KOpIIaraH OPTAHBIH >KarJaiibiHa, KeOCro
KE3CHIHIH epeKIIeNiKTepiHe KOHE 3epTTey JKYPri3iireH MaycbIMFa OailaHbICThI 0ONMybl MYMKiH. bi3miH
3epTTeyJepiMi3ie aHaNbIK JapaKTapblH yieci )KeTKUTIKTI JeHrelie cakTaiaraH, Oy MomyJsSUsSHbIH Ke0eto
OJICYeTiHIH TOMEHIEMETeHIH KOPCETE .

KopekTeny Oenceninirine »yprizuireH Tajnfay HOTH)KECIHJIE AapaKTap/AblH 0ackiM Oeirinie imek
TOJBIMJIBUTBIFBIHBIH 2—3 OaIbIK KepceTKimTepi aHbIKTanabl. Jlebenes (1959) omictemeci OoiibIHIIIa MYHIAH
KOPCETKIIITEp OATBIKTAP IBIH KAJIBINITHI )KOHE OCIICEH I KOPEKTEeHY KaFIalbIH cunaTTaiasl. Dautbayeva sxoHe
opintectepi (2017) Conrtycrik Kacnuiineri 6anbikTapasiH TpopuKaIbIK OaiilaHbICTApbIH 3epTTEY OaphICHIHIA
Kapakes3/iH KOPEeKTeHY OeNCeHAUTIr KOPEeKTIK OpraHu3MIEepAiH MayChIMIBIK ©3TepicTepiHe Toyen/1i eKeHiH
KepceTkeH. Bi3liH 3epTTey Kypri3iireH Ke3eH/ Ie 1IeK TONBIMABUIBIFBIHBIH KOFaphl 00yl TAOUFH a3bIKTHIK
peCypCTapbIH KETKUTIKTI ACHT e 1e OOIFaHbIH JTOJICIICH/II.

KopekTeHy OenceHaiNiriHe KaThICThI 11IEK TOJBIMIBUIBIFBIHBIH 2—3 Oat aAeHreiinae 6acsiM OOTybI
(=97 %) GanbikTapaBIH OCNICeH I KOpekTeHy (a3achiHaa ekeHiH kepceteni. [JIeGeaes, 1959] onici GoiibiHIIa
KYPri3UIreH ykcac 3eprreyliepiae e TaOurH Karjaaiia KOpeK KEeTKUTIKTI OoniFaHna OaiabIKTapAblH 0ackiM
OeJiTi opTala >KoHEe KOFaphl TOJBIMJIBUIBIK JICHIeHiH/Ie OOJAThIHBI KOPCETIITEH.

Kazipri yakpiTta Kacnuii TeHi31 5KoXkyieci KIMMATTHIK >KOHE AaHTPOMOTeHIIK (hakTopiapabiy
BIKMAJIBIH/IA KAJIbIT OThIp. TeHi3 AeHreliHiH e3repyil, 63eHIep/liH aFblH KOJIEMIHIH a3alobl JKOHE KaraaayJIblK
IKOKYHeJIepAiH TpaHCchOopMaIHMIChl KoNTereH OaNbIK TYpJIepiHiH TaparybiHa dcep ereni. CoraH KapamacTaH,
3epTTENreH Kapake3 MOMYJSIUSACBIHBIH HETI3r OMONOTHSUIBIK KOPCETKIIITEpl OHBIH Kasipri yakbITTa
AKOJIOTHSIJIBIK JKaFIaliIapFa ®Kakchl OCHIMICITEHIITTH KOPCETE i,

JKanmel anranaa, anblHFaH HOTHIKENIEP XaJIbIKAPAJIbIK 3epTTEeYJIepe CHITATTAIFaH 3aHIbLIBIKTApMEH
coiikec keneni xoHe Kacnuii Kapake3i MOMyNSIUSICHIHBIH Ka31pri jKaFAaiiblH CeHIM/II Oaranayra MyMKIHIIK
Oepeni. ¥3BIHIBIK-caIMaK apakaThIHACBIHBIH KOFAphl JeHrenae O0ybl, KOHABUIBIK KOA(D(PUIIMEHTTEpiHIH
TYPaKTBUIBIFBI, ac JapaKTapAblH OachIMIBIFBI KOHE KOPEKTeHY OJICeHIITITHIH KOFapbl OOIybI
MOMYJISIIUSHBIH KaHaFaTTaHAPJIBIK OMOJOTUSUITBIK JKaFnailbiH kepceTeni. ConsiMen Oipre Kacnuii TeHi3iHaer
AKOJIOTHSUIBIK ©3TepiCTep/Ii €CKepe OTBIPHIIN, KapaKke3 MOMYJISIHIChIHA Y3aK MEp3iMIli MOHUTOPHHT KYPri3y
’KOHE OHBIH OMOJIOTHSIIBIK KOPCETKIIITEPiH TYpaKThl O0aKbuIay OOJalakTa epeKIle MaHbI3IAbl OOJBIN Kaja
6epeni. 3eprrey HoTmxkenepin Contyctik Kacnuii alimarbiHaa *Kypri3ireH 6acka >KyMbICTApMEH CaJbICTBIPY



Kapake3 MOMYJISUsACBIHBIH HET13r1 OMOJIOTHSIIBIK KOPCETKIIITEP! OHIPIIK 3aHAbUIBIKTapFa CONKEC KEJICTIHIH
KopceTTi. ¥3BIHIBIK IMMEH CajlMaK apachIHIAFbl JKOFAphl KOPPENALHUSIBIK OaillaHbIC MOMYJNSIIUSIAFbl OCy
MIPOLIECIHIH TYPAKThI )KYPETIHIH jKOHE KOPEKTIK pecypcTapAblH KeTKUTIKTI JEHTel/1e eKEeHIH KOpCeTeIi.

Kazipri kezenne Kacrmii TeHi3iHAe OalKaIbIl OTHIPFAH THIPOJOTHUSIIBIK ©3repicTep OalbIKTapablH
TapallyblHa, KeIlli-KOHbIHA XOHE KOPEKTEHY epeKIIeNikTepiHe ocep ereni. TeHi3 NeHreiiHiH TeMeHaeyl
KarajayJblK SKOXKYHenepIiH e3repyiHe ajblll Kedil, KeNnTereH T'uIpOoOHOHTTap/IbIH Tapaldy aiiMakTapbiHa
pIkman eremni. OCbIHIAN KaFaaiiapaa Kapakes3IiH >KOFapbl KOHJBUIBIK KOPCETKIMTEP] OHBIH AKOJIOTHSIIBIK
OeifimMiey KaOlIeTiHIH KETKITIKTI eKeHIH KepceTe/Ii.

[Tomymsius KypaMbIHa JKac AapakTapablH 0acbiM 00Tybl TAOUFH TONBIKTHIPY MPOIECIHIH KaFachII
*aTKaHbIH Ounnipeni. CoHbIMEH Oipre epecek JapakTapIblH calbICThIpMalbl TYpe a3 O0Mybl KOCINTIK aynay
KBICBIMBIMEH, TAOUFH OJIIM-KITIMMEH KOHE IKOJIOTUSIBIK (haKTopIapMeH OaiIaHbICThl 00Tybl MYMKiH. by
Karjai Ooamakra MOMyJISAIUSHBIH 5Kac KYPbUIBIMBIH TYPAKThl MOHUTOPUHITEYI1H KaKETTUIIIH KepceTei.

KopekTeHy OGenceHaimirinin a&orapbl 007Tybl Kapake3AiH 3epTTey Ke3eHiHIe TaOUFu KOPEKIEeH >KaKChl
KamMTaMachl3 €TUITEHIH Jonenaeiai. beHToc opranu3Maepi MeH 0acka a3bIKTHIK HBICAHIAP/BIH KETKUTIKTI
00JTybI JapaKTap/IbIH JKaKCchl (PU3MOTOTUSIIBIK JKaFIalblH KaMTamachl3 ete/ll. COHABIKTaH a3bIKThIK 0a3aHbIH
JTMHAMHKACBIH OaKplIay Kapake3 KOPBIHBIH OOJalIaKTaFbl KaFAaliblH 00JKay/1a MaHbI3Ibl POJT aTKapaIbl.

AnbinraH HoTIOKeTep Kacruii TeHi31H1H Ka3aKCTaHAbIK CEKTOPBIHIAFbI KAPAaKe3 pecypcTapbiH Oackapy
KYHECIH KeTUIIPY YIIH MaHbI3/IbI FEUIBIMU aKnapat 0oubin Tabbuta sl bomnaiiak 3epTreynepae KomKbUIIbIK
MOHHUTOPHHT KYPTi3ill, THAPOIOTHSIIBIK JKOHE KIMMATTHIK (PaKkTOpIapAbIH MOMYJISAIUs TUHAMUKACHIHA dCEPiH
Oaranay YChIHBLIA/IbI.

KopbIThIHABI.

Kyprizinren 3eptTey HoTmwxkecinae Kacnuii TeHi31HiH conTycTik 6emirinaeri kapakes (Rutilus caspicus)
MOMYJISIHUACHIHBIH Ka3ipri OMONOTHSIIBIK KaFJaiibiHa KeleHai 0ara O6epinai. 3epTrey OapbIChIHIA ayllaHFaH
44?2 napakTbliH MOPGOMETPHUSIIBIK, MOMYJISIUSUIIBIK KOHE TPO(DUKATIBIK KOPCETKIIITEP] aHBIKTAJBII, OJIap IbIH
OCYy epeKIIETIKTEP], KAC-KBIHBICTBIK KYPBLIBIMBI KOHE KOPEKTeHY OEJICEHALTITT )KaH-)KaKThl TallJaH/Ibl.

MophoMeTpusIbIK KOPCETKIIITEP/II 3epTTEY HOTHKECIHIE Kapake3 OabIFbIHBIH KaJIbl Y3bIHIBIFbI
124-280 MM, an canmarbl 15245 T apaibIFbIH/Ia ©3TePETiHI aHBIKTAIABL. ¥ 3bIHBIK KOPCETKIITepi OOHBIHIIIA
BapHUaIus JSHT €1 CalTbICTBIPMAIBI TYPJIE TOMEH OOJFaHBIMEH, CAIMaK KOPCETKIIITEP1 JKOFAPBI ©3TePTilITIKIICH
cunarranabl. by nonmynsius KypaMbIHa opTYpJIi jKac jK9HE MOJIIIePIIiK TONTapFa >KaTaTblH JapaKTap.IbH
00JybIMEH, COH/Ialf-aK KOPEKTEeHY JKaFdailapbIHbIH epeKIIeNiKTepiMeH TYCIHAIPITIE L.

¥Y3BIHIBIK TIEH CaJIMAK apachIHIAFbl TOYCIIUTIK KOFaphl ACHICHIe EKeH I aHBIKTAIbl. ¥ 3bIHIBIK—
caJiIMaK apakaTbiHachl OoifbiHIIA ecenreiareH W = alb TeHueyl 3epTTeNreH MOMYNALUs VIIH >KOFaphbl
ceHiMaimik kepcetti (R?=0,951). Ansiaran b = 2,985 kepceTkilni Kapake3 0aabIFbIH/IA TEPIC ATTTOMETPHSIIBIK
ecy OailKkanaTbIHBIH KepceTTi. byl 3epTTey kKe3eHiHae OanbIKTapAblH Y3bIHIBIK OOMBIHIIA 6Cy KaPKbIHBIHBIH
caJIMaK Kocy KapKbIHbIHAaH OipIliaMa »Korapbl O0JIFaHbIH OUTIipeTl.

@OynpToH xoHe Knapk KOHIBUIBIK KO3 PUIIMEHTTEPIHIH OpTalla MOHIEP] 3epTTENreH AapaKTapIblH
(OUBHONOTHSUTBIK  JKaFJIalbIHBIH JKaKChl eKeHIH KoepceTTi. KOHABUIBIK KOpPCETKIITEpiHIH BapUalus
K03 dUIIMEHTTepIHIH TOMEH 0Oybl MOMYJISALIUAIAFbl JapaKTapAblH KOPEKTIK KarJailbIHbIH CAJBICTHIPMAIbI
TYPJ€ TYPaKThl €KeH/IIT1H KOHE OJIapAbIH TIPIILUTIK OPTACHIHBIH KOJIAMIbl O0IFaHbIH Aomnenaeiai. by seprrey
JKYPTi3UIreH Ke3eH e TaOUFH a3bIKThIK O0a3aHbIH KETKUTIKTI JCHTei1e OOJIFaHBIH KOPCETE/I].

[TomyAsIUSHBIH JKac KYPBUIBIMBIH Tallay HOTHKECIHE 2—3 KacTaFbl JapaKkTapblH OachiM €KeHJIIT1
aHbIKTaNAbl. By TaOUFU TONBIKTHIPY MPOIECiHIH OeNCeHAl KYPIN KATKAHBIH JKOHE MOMYJISIUSHBIH KaHapY
KaOlJIeTiHIH caKTaJraHbIH KepceTeai. COHbIMEH KaTap, ipl oHe JKachl YJIKEH JapaKTap/blH YJICCIHIH TOMEH
00TybI TAOMFU 6JIM->KITIMHIH, KSCINITIK ayJ1ay KbICBIMBIHBIH HEMECE SKOJIOTHSUIBIK (paKTOpIIap/IbIH bIKIAIbIMEH
OaiimaHpIcThl 00yl MYMKiH. JKBIHBICTBIK KYPBUIBIM OOMBIHIIA aTajlblK JapaKTapAblH YJeci aHalbIKTapra
KaparaHJia >KOFapbl OOJIbI, alaiijla aHaTBIKTapbIH KETKUTIKTI MeJIIepae Ke3aecyl NOMmyIsSIIUsHbIH Ko0eto
QJIeyeTIHIH CaKTaJlFaHbIH KOpCeTe .

Kopekteny Oencenminirin 0Oaranmay HOTHXKeciHIe OanbIKTapablH OackiM  OemiriHie —imiex
TOJILIMJIBUTBIFBIHBIH 2—3 OalblK JeHrelsepi aHbIKTanAbl. byn KapakesniH 3epTTey Ke3eHiHae OeiceHmi
KOPEKTEHTeHIH oHEe TaOuFU KOPEK pPeCcypCTapbhIHbIH JKETKUTIKTI OonFaHblH gonenneiai. Kopekreny
KOPCETKIITepl MOMyJSIIUSIHBIH (DU3HONIOTHUIBIK JKaFJalbIMEH >KOHE KOHABUIBIK KO3(HUIMEHTTepiMEeH
yiieciMai cunarta O0JIbl.

JKanmel anranna, Kacniuii TeH131HIH CONTYCTIK O6MITiHAET1 KapaKke3 MOMyIISIIUSICHIHBIH Ka31pTi KaFaaibl



KaHaraTTaHapJIbIK JICHICHJIC Jell OarallaH/ibl. 1OMyJSIis TAOMFH KOOCI0 KAOLICTIH CaKTall OThIP, KOPEKTIK
0azaMeH KEeTKUTIKTI KaMTaMachl3 €TUINEH KoHe IKOJIOTHSIIBIK JKaFdainapra »akchl OeiimaenreH. 3epTrey
HoTIKenepi Kacnuii TeHI31HIeTi Kapake3 pecypcTapbIHbIH KaFIallblH MOHUTOPUHTTEY, OJIapIbIH KOPJIapbIH
FBUIBIMH HETi3]ie Oaranay »oHe OajbIK pecypCcTapbliH YTHIMJIBI Naiilaiany MeH KOpFay IapaiapbiH KeTUIIIpy
YILIiH MaHBI3]IbI FEUTBIMU JIEPEKKO3 OOJIBIN Ta0bLIa Ikl bosamakTa KeImKbIIBIK OaKblIayIap KYprizy apKbUIbl
MOMYJISIIHS TUHAMUKACBIHA KJIMMATTBHIK JKOHE aHTPOIOTeHIIK (haKTOpiaplblH dcepiH Oaranay KaKeTTiiri
cakTaiabl.
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Abstract. The article presents the results of studies evaluating the effectiveness of using sexed semen
and ultrasound diagnostics in dairy cattle reproduction. The studies were conducted at the facilities of “Turar”
LLP and “Olzha Sadchikovskoye” LLP in the Kostanay region, using Holstein cows and heifers. To accelerate
pregnancy diagnosis, a portable Draminski ultrasound scanner with a rectal probe was used. Examinations
were carried out at early stages, from the 28th to 30th day after insemination, in parallel with the rectal palpa-
tion method. It was established that ultrasound diagnostics is a highly informative method for early pregnancy
detection in cows and heifers, making it possible to identify pregnancy as early as 28-35 days after insemi-
nation, which is 15-20 days earlier compared to traditional rectal palpation. It was found that in “Turar” LLP,
the conception rate of heifers during the first three estrous cycles ranged from 75.3 % to 97.4 %, including
75.3 % after the first insemination. In “Olzha Sadchikovskoye” LLP, these indicators were 71.1 % to 97.4 %
and 71.1 %, respectively. Three heifers in “Turar” LLP and two heifers in “Olzha Sadchikovskoye” LLP were
fertilized during the fourth estrous cycle; therefore, the insemination index was 2.1 in “Turar” LLP and 2.2 in
“Olzha Sadchikovskoye” LLP. The use of sexed semen from breeding bulls for the insemination of clinically
healthy heifers ensured a high yield of female offspring. It was revealed that at “Turar” LLP, the proportion
of female calves was 9.6 % higher than at “Olzha Sadchikovskoye” LLP, reaching 91.6 %, while the average
value across the experimental farms was 87.8 %, confirming the effectiveness of this biotechnology in dairy
cattle breeding. The integrated use of ultrasound diagnostics, gynecological examination, and modern repro-
ductive biotechnologies is biologically and economically justified and can be recommended for widespread
implementation in dairy cattle farming.

Keywords: dairy cattle, herd reproduction, sexed semen, ultrasound diagnostics, pregnancy, gyneco-
logical examination
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AnHoTanusi. Makanaaa CyTTi ipi Kapa MaJIiJIbIH TaOBIH/IBI ©CIPY MEH TOJIBIKTHIPY /1A )KBIHBICHI OOMBIHIIIA
OOJIIHIeH YPBIK TEH YJIbTPAAbIOBICTHIK JAHATHOCTUKAHBI KOJJAAHYIBIH THIMAUINTIH Oarayiiay HOTHXKeENepl
ycoiHbUTFaH. 3eprreynep Kocranait oomeiceiagarsl « Typapy JKIIC sxoHe «Omka Camuukockoey» JKIIC
[IapyaIIbUIBIKTAPBIHA TOJIITHH TYKBIMIIBI CHBIpJIap MEH KYHaXKbIHIApFa KYpri3iiani. ByasabIKTel xenmen
aHBIKTAY YIIH PEKTaJIb/Ibl 1aTUYUT1 6ap mopTatuBTi Draminski yabTpaabIObICTHIK CKaHEP1 KOJIAHBLIIbI, TEKCEPY
YPBIKTaHbIpFaHHAH KeHiHT1 epTe Mep3imaepae — 28—30-KyHaepi »Kypri3iii, Oy peTTe peKTaib bl MaTbIaIus
oJlici KaTap KOJAAHBULABL. YIIbTPAAbIObICTHIK AMArHOCTHKA CHbIpIap MEH KYHAXBbIHAAPAbIH Oya3/bIFbIH epTe
aHBIKTAY/IbIH JKOFapbl aKMapaTThIK 9JICI €KEeHI aHBIKTAN/bl, 0] Oya3[IbIKThl YpPbIKTaHIbIPFAHHAH KEWiHT1
28-35-kyHIepi aHbIKTayFa MYMKIHAIK Oepeni, Oyl JocTypili peKTalbIbl MalbMalMsIMEH CallbICThIPFaHAa
15-20 xynre epte. «Typap» XUIC-ne KyHaxbIHIAPIBIH ANFAIIKBl YII KYHITIHIEr1 YpBIKTaHY KOPCETKIIli
75,3...97,4 % nenreiiinme OOnABI, OHBIH IimriHAe OIipiHII ypeIKTaHABIpYAaH — 75,3 %. «Omxka
CamuuxoBckoe» JXIIC-ge Oyn kepcerkimrep tuiciHme 71,1...97,4 % xone 71,1 % xypansl. «Typap»
KIMC-ne 3 0Oac, an «Omxa  CaguukoBckoe» JKHIIC-ne 2  OGac  TepTiHmI  KyHiTTe
YPBIKTaHABIPBUIFAH/BIKTAH, YPBIKTAHJBIPY HH-AEKCl TuiciHme 2,1 xoHe 2,2 Gonabl. KinmHukamelk cay
Kamapiapabl YPBIKTaHIBIPY KE3iHAC achUl TYKBIMIIBI OYKATapAbIH JKBIHBICH OOMBIHINA OOJIIHIeH MIOYETiH
naiiianany Tex KypaMbIHAAFbl YPFamibl TOJIH KOFapbl HIBIFBIMBIH KamTamachi3 eTTi. «Typap» KIIC-ge
aJIbIHFaH TOJ imIiHjAeri ypramsbl TeaaiH mbeiFbiMbl «Omka CagunkoBckoe» KIIC-meH canbicThipranga 9,6
%-¥a >xorapbl 0075, 91,6 %-IbI Kypabl, a1 TOKIpHOETIK MapyambUIbIKTap OOMBIHIIA OpTalia KepCeTKIMI
87,8 % Oonapl. Byn cyTTi Man mapyamibUIbIFbIHAA aTalFaH OMOTEXHOJOTHSHBI KOJJAHYABIH THIMILUTITIH
pactaiiibl. YIbTpaablObICTHIK AMArHOCTHKAHbBI, TMHEKOJOTUSIBIK JAMCIAHCEPU3ALMSIHbI JKOHE KeOeroIiH
3aMaHayd OWOTEXHOJOTHSIAPbIH KeIIeHIl KOJJAaHy OWOJNOTHSIIBIK JOHE JKOHOMHUKAIBIK TYPFBIIAH
HET13/eNITeH KOHE CYTTI MaJl IapyalIbUIbIFbl TOXKIpUOECiHE KEHIHEH €HT13yTe YChIHBLIAIbI.

Tyiiin ce3aep: cyTTi ipi Kapa MaJl, TAOBIH/IBI ©63 TOJIIMEH TOJIBIKTHIPY, )KBIHBICHI OOMBIHIIIA OOJIIHTeH
YPBIK, YIBTPAAbIOBICTHIK JUATHOCTHUKA, Oya3/IbIK, THHEKOJIOTHSUIBIK AUCTIAaHCEPU3ALUs

Joiiexkco3 ymin: AOyramueB C.K., byme6aesa JI.K., babuu E.A. (2026). KocTtanaii 00JBICEIHBIH
CYTTI MaJl IIapyallblIbIFbIHIA KOOCIOIIH 3aMaHayu 9/1iCTepiH nmaiaananyabiH Tuimauri / Research, results
— IBuenictep, Hotmxkenep — MccnenoBanus, pesynpratel. T. 28. Is. 3. Number 111. Pp. 23-37. https://doi.
org/10.37884/3-2026/02 [In Russ.].



Myajiejiep KaKThIFbICHI: aBTOPJIap 0Chl MaKaJlaJa MYA1eJIeP KaKTbIFbICHI KOK €Il MAJIIMAEH/II.

Kaporcvinanovipy mypanst aknapam. 3epmmeynep 2024—-2026 sxcvinoapea apnanean MHxc/KbEM PK
0a20apnamanbiK-HovlCAHAIbl KaApHCuLIaHoblpy weHbepinoe BR24992892 evinvimu-mexHukanvlx 6a20apiamacsi
— «Cymmi ipi Kapa manoviy OHIMOLNICIH apmmulpyObll EbIILIMU Heziz0eneeH adicmepi, UHHOBAYUSILIK
A3bIKMAHObIPY XAMMAMALAPBIH I3IPIIEY HCIHE HCAC MATObL OCIPY MEXHONLOUANAPBIH KAPKLIHOAMY » MAKbIPbLObl
ootivinwa sxncypeizindi. Kooa Kazaxcman Pecnyonuxacol Folnvim dcane dcozapvl Oinim Munucmpiiciniy Folivim
KoMumemi mapanvblHan KapiCobliaHObIPbLIObL.

Aarbic. ABtopnap «Typap» XKIIC xone «Omxa CamumkoBckoe» XIIC (Kocranait 006JbICHI,
Kazakcran PecnyOnukacel) 0acIIbUIBIFEI MEH YO)KbIMBIHA 3€PTTEYJIEpAl YHBIMAACTBIPYFa JKOHE JKYprizyre
KOpAEM KOPCETKEHI YIIIiH, COHAaN-aK OHIIPICTIK Oa3aHbl YCHIHFAHBI XKOHE TOKIPHOETIK KOMEK OepreHi yuriH
IIBIH KYPEKTEH aJFbIC OLipei.
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AHHoTanus. B cTarbe npecTaBiieHbl pe3yabTaThl UCCIIEI0OBaHUM MO OlleHKe 3(PPEeKTUBHOCTU MpUMe-
HEHUS! CEKCUPOBAHHOTO CEMEHH U YJIbTPa3BYKOBOW JMAarHOCTUKHU B BOCIIPOM3BOJCTBE MOJIOUYHOrO ckora. Mc-
cienoBanus mpoBeaeHb B yenoBusax TOO «Typap» u TOO «Omxka CagurkoBckoe» KocTaHaiickoil 00671acTH ¢
KOpPOBaMH M TEIKAMU TOJIITUHCKOW MOPOJbl. ISl YCKOPEHHOIO ONpENENeHHs CTEIBbHOCTH MCIIONIb30BaIN
MOPTATUBHBINA YJIBTPa3ByKoBOH ckaHep Draminski ¢ pekranbHbIM AaT4uKOM, 0OCeOBaHME MPOBOAMIN HA
paHHUX cpokaxX — ¢ 28-30-ro 1HA MOCJIE OCEMEHEHMs, C MapaJUIEIbHBIM IPUMEHEHUEM METO/a PEKTaIbHON
Najblallii. YCTAHOBJIEHO, YTO YJIbTPAa3BYKOBas AMATHOCTHUKA SIBISIETCS BBICOKOMH(OPMATUBHBIM METOJOM
PaHHEro ONpeeNeHUs CTEIbHOCTH KOPOB U TENIOK, MO3BOJISIOIINM BBISBIATE OEpEeMEHHOCTh yke Ha 28—35-i
JIeHb TOCJIe OCEMEHEHHUs, 4To Ha 15-20 nHel paHblIe MO CPAaBHEHUIO C TPATUIIMOHHON pEKTaIbHOU Mablia-
nuen. O6HapyxeHo, uto B TOO «Typap» omiogoTBOPsAEMOCTh TEJIOK B MEPBbIC TP OXOTHI HAXOIWJIach Ha
ypoBHe 75,3...97,4 %, B Tom uncie 75,3 % ot nepBoro ocemeHenus. B TOO «Omxa CaguyukoBCKOE», COOT-
BeTcTBeHHO, 71,1...97.4 % u 71,1%. 3 ronoBel B TOO «Typap» u 2 rosnossl B TOO «Omka CaguuKkoBCKOE»
OTUIOZOTBOPEHBI B YETBEPTYIO OXOTY, MOATOMY HHAEKC oceMeHeHus coctaBui 2,1 B TOO «Typap» u 2,2 B
TOO «Omxa CamguukoBckoe». lcmonbp3oBaHue CEKCHPOBAHHOTO CEMEHU OBIKOB-TIPOM3BOIUTENCH TIPH OCe-
MEHEHUU KIMHHYECKH 370POBBIX TEIOK 00ECTIEYMIIO BBICOKHH BBIXOJ TEJIOK B MPHUILIONE. BBIsABIEHO, 4TO B
TOO «Typap» cpeau Noay4yeHHOro MPUILIOAA BbIX0 TelI0K 9,6% Bbiie, yeM B TOO «Omxa CaguuKkoBCKoe»
u coctaBui 91,6%, a B cpeiHEM B OIBITHBIX XO35HCTBAX JaHHBIN nmapameTp paBeH 87,8 %, yTo MOATBEPKAAET
3¢ HEKTUBHOCTh MPUMEHEHUS JaHHOW OMOTEXHOJOTHH B MOJIOYHOM CKOTOBOACTBE. KoMIiekcHoe mpumeHe-
HUE YJIbTPa3BYKOBON JUATHOCTHKH, THHEKOJOTHUYECKOM AMCIaHCEepU3allMi U COBPEMEHHBIX OMOTEXHOIOTUN
BOCIIPOU3BOICTBA SIBJISETCS OMOJIOTMUYECKH U SKOHOMUYECKH OOOCHOBAHHBIM U MOXET ObITh PEKOMEH/I0BaHO
JUTS IIUPOKOTO BHEAPEHUS B MPAKTUKY MOJIOYHOTO CKOTOBOCTBA.

KiroueBble cj10Ba: MOJIOYHBIN CKOT, BOCIIPOU3BOJICTBO CTa/1a, CEKCHPOBAHHOE CEMsl, YIIbTPa3ByKOBas
JIMarHOCTHKA, CTEIbHOCTh, TMHEKOJIOrHYeCcKas JUCIaHCepU3alus
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KoH(}a1ukT HHTEpecoB: aBTOPHI 3aSBIISIOT 00 OTCYTCTBUU KOH()IMKTA HHTEPECOB.

Hugpopmayua o punancuposanuu. Hccredosanus npogoounucb 6 pamkax HpPoOSPAMMHO-
yenesoco ¢unancuposanus MHBO PK na 2024-2026 2e. no Hay4HO-mexHU4ecKou npozpamme
BR24992892 — «Hayuno 060cHO8aHHble MemoObl NOBbIULeHUs NPOOYKMUBHOCMU MOJOYHO20 CKOMA HA
ocHo6e pazpabomKu UHHOBAYUOHHLIX NPOMOKONO08 KOPMAEHUS U  UHMEHCUDUKAYUuU  MexHOI02Ull
8bIPAWUBAHUS  MOJIOOHAKAY, NpoguHancuposannoco Komumemom wnayku Munucmepcmea Hayku u
svicuieco oopaszosanus Pecnyonuxu Kazaxcman.

BaaronapHocTh. ABTOPBI BhIpaXaroT UCKPEHHIOIO OJIar0IapHOCTh PYKOBOJCTBY M KoiuiekTuBy TOO
«Typap» u TOO «Omxa Camunkockoe» (Kocranaiickas o6iacts, Kazaxcran) 3a copeiicTBrue B OpraHu3aiuu
Y TIPOBEJICHUN UCCIIEIOBAHNH, a TAKXKE 32 MPEIOCTABICHHYIO IMPOU3BOJICTBEHHYIO 0a3y W MPAaKTUIECKYIO TI0-
MOIIIb.

Beenenue.

B ckoToBozcTBE, Kak U B 10001 OTpaciu, CBSI3aHHON C pa3BeACHUEM KUBOTHBIX, BAKHOE 3HAYCHHE
MMEIOT BOIPOCH! MOBBIIIEHUS IIOAOBUTOCTH MATOYHOTO IMOTOJOBbS M MHTEHCHU(HKALUU BOCIIPOU3BOICTBA
craja. [Ipobrema yBenrueHHs! BHICOKOIIPOAYKTHBHOIO MOTOJIOBbS MOJIOUHBIX KOPOB CTAHOBUTCS TIEPBOCTE-
MIEHHOH B OTpaciii MOJIOYHOTO CKOTOBozcTBa KazaxcTaHa.

CHuXeHHe MIOJOBUTOCTH KPYIMHOTO POraToro CKOTa CBSI3aHbI C YACTO BBISBISIEMBIMHU Y JKUBOTHBIX
(GYHKIIMOHAIBHBIMU PACCTPOMCTBAMU OPraHOB PENPOJYKTHUBHOW CHCTEMBI, B TOM YHCIIE€ C HAPYIICHUSMU
(GYHKIIMOHATIBHOU AE€ATEIbHOCTH SMYHUKOB, MPOSBIISIOIIUMUCS B (pOopMe uX TUMO(YHKIIUN UIH KUCTHI U BOC-
MajeHusl CIU3UCTON 000s0ukn MaTku. [Ipobiemsl, CBI3aHHbBIE ¢ BOCIIPOU3BOIACTBOM BBICOKOIIPOITYKTUBHOTO
MOJIOYHOTO CKOTa, B OCOOEHHOCTH JUIMTEIbHBIN MEPHOA PENPOAYKTUBHOIO IIUKJIA, JIJAKTALIMOHHON JOMUHAH-
THI ¥ PUCK BO3HUKHOBEHUS OCCIIIIONHNS, SBISACTCS OAHUMHU U3 aKTyaJIbHBIX B MOJIOYHOM CKOTOBOJACTBE [I'ama-
10HOB et al., 2021].

3anepKKa HUKIOB BOCIIPOU3BOJICTBA, T.€. CBOEBPEMEHHOIO OCEMEHEHHUSI M CTEIbHOCTH Yy MOJIOYHBIX
KOpoB Ha 1-2 Mecsla NpUBOAUT K CHUKEHHIO IPOAYKTUBHOCTH B cpenHeM Ha 9-18%. OnHOM M3 OCHOBHBIX
MIPUYWH SBISIETCS HapyIIeHne (YHKIIMOHATBHON AeSITENFHOCTH MOJIOBBIX JKEJIe3 Y HOBOTENbHBIX KOpoB. OBa-
puanbHas TuchYHKIMS, T.€. PaCCTPOMCTBO (YHKIIMOHATIHHON JESTEIbHOCTH TMOJIOBBIX JKeJe3 Y KOPOB Pa3Bu-
BaeTcs, Kak MpaBuiio, Ha (pOHE HAPYIIEHHOr0 OOMEHA BEIECTB U YCHJIEHHOTO MPOSBICHUS JIAKTallMOHHON
JIOMUHAHTBI, COMPOBOKIAEMBIX PACCTPOICTBOM HIOKPUHHBIX MEXaHHU3MOB PETYJSIUH (YHKIIMOHATHHON
JESITeTbHOCTH TTOJIOBBIX JKele3. AKTUBHBIN CHHTE3 JIAKTOTE€HHOTO KOMITIEKCA Ha MIUKE MOJIOYHOU TIPOYKTHB-
HOCTH, B 0OCOOEHHOCTH NepBbIe 2—4 Mecsla Mocie OTeNa, CHUKAeT CUHTE3 TOHaJA0TPONMHBIX ropMoHOB (JII
@OCT u acrporensr). [1o pesynbraram uccnenoBanuii [AdGyrammes et al., 2020] paccTpoicTBO (QYHKIIHOHATb-
HOW JIEATENTbHOCTH MOJIOBBIX XKeJe3, MPOSBIAIONMXCS B (hopMe THNO(YHKIIMKA SUYHUKOB, PETUCTPUPYETCS B
cpenneM y 32,9 % kopos, u3 uux 36,1 % — y kopos-nepBoTenok u no 20 % — y KOpoB BTOPOTO U TPETHETO
orena. Hapsiay ¢ 3TuM napaniensHo U3 pacpOCTPaHEHHBIX MATOJIOTUN B OOIBIIMHCTBE KUBOTHOBOAUECKUX
XO3SIMCTB SIBIISIETCS] BOCHAJIEHUE CIM3UCTON 000JI0UKM MaTKU B MOcepooBoil nepuoj. Knunuueckoit dop-
Moii 3a00neBanus OosieeT Kaxk/1asi TPeThsl KOPOBa, a B BEICOKOMPOIYKTHUBHBIX CTaaX AUArHOCTUPYIOT 3a0oJe-
BaHue y 70—80 % >xuBoTHbIX. CyOKIMHUYECKHE SHAOMETPUTHI perucTpupytorcs y 70 % GecruionHbIX KOpOB.
BriOpakoBka u yOo# OeCITOMHBIX )KHBOTHBIX BCIEACTBUE dHIOMETpHUTA nocTuraioT 50 % 3a00eBIINX Ku-
BOTHBIX.

[TocneponoBbie 3HIOMETPUTHI CIOCOOCTBYIOT BOSHUKHOBEHHIO OTHOM M3 CaMbIX CEPhE3HBIX MTPOo0IieM
MOJIOYHOTO CKOTOBOJCTBA — OECIUIONUS KOPOB, HAHOCSIIETO 3HAYUTEIBHBIN YKOHOMUYECKHA yIiepo, ckia-
JBIBAIOIIMICS U3 MOTEPh OT Heo0opa MOJIOKa, HEIOTIOyYeHHsI TIPUILIONA, MPEXKICBPEMEHHON BEIOPAKOBKU
BBICOKOIIPOIYKTUBHBIX KOPOB M HETIPOM3BOJICTBEHHBIX 3aTPaT Ha COZIEpKaHUe, KOpMIIEHHE, 00CIeIOBaHNE U
JeyeHre OONBHBIX KUBOTHBIX. [10 MPOIOIKUTENBHOCTH U OCOOCHHOCTSAM TEUECHHUS Pa3IMyaloT OCTPhIE, MO0~
CTpbI€ U XPOHHUYECKHE BOCHAIUTENbHBIE MTPOLECCHl C COOTBETCTBYIOLIEH AMUTENbHOCTBIO Oecmoaus. K co-
MyTCTBYIOUIMM MPUYMHAM B BOSHUKHOBEHUH MOCIEPOJOBOTO SHIOMETPUTA OTHOCSTCS: HApyIIEHUE YCIOBHMA
cofiepKaHusl, KOPMJICHHSI, SKCIUTyaTallui U CHIYKEHHE HMMYHOOHOJIOTHYECKOTO CTaTyca *UBOTHBIX [Bymneba-
eBa u AOyranues, 2025].



AKAOEMUACDHI

Ha cerogusiinee BpeMs pa3BUTHE U BHEIPEHNE NHHOBALIMOHHBIX TEXHOJIOT U SIBJISIETCS [IEPCIIEKTHB-
HOM 0Tpaciipio BO BceX cepax MPOU3BOACTBA, B TOM YHCIIE U B BOCIIPOU3BOICTBE IJIEMEHHOTO BBICOKOIIPO-
JOYKTUBHOTO KPYITHOTO POraTroro CKota. B COBpeMEHHBIX YCIOBUAX Pa3BUTHSI MOJIOUHOTO CKOTOBOZACTBA OJI-
HOM M3 KJIIOUEBBIX 3aJ]1au SIBJSETCS MOBbIIIEHHE 3((EKTUBHOCTH OpPraHM3allMd BOCIIPOU3BOACTBA CTaja, OT
KOTOPOTO B 3HAUUTEJILHOMN CTENEHU 3aBUCST YPOBEHb MIPOAYKTUBHOCTH, TEMIIbI CEJIEKIIMOHHOTO Iporpecca u
HKOHOMHUYECKAasl yCTOMYMBOCTh X0351icTB. HapymieHus BOCpon3BOAUTENBHON (PYHKIIMH KOPOB U TEIOK MpPHU-
BOJIAT K YBEJIMUEHUIO SUIOBOCTH, YUIMHEHUIO CEPBUC-TIEPUOA, CHUKEHHIO BbIX0/1a IPUILIIOAA U POCTY 3aTpaT
Ha CoJIepyKaHMe )KUBOTHBIX, YTO HETAaTUBHO OTPAKaeTCsl Ha peHTabenbHOCTH oTpaciu [Jeong et al., 2022].

Ocoboe 3HaueHue B CHUCTEME BOCIPOU3BOJACTBA MPUOOPETACT paHHsSA M JAOCTOBEPHAs JUArHOCTUKA
CTeIbHOCTH. HecBOeBpeMEHHOE BBISBICHUE CTENBHBIX M HECTEIbHBIX KUBOTHBIX MPUBOJHUT K OLIMOKaM B
OpraHM3aIK KOPMJICHUS! U TEXHOJIOTUU COJIePKaHHUs, TOBTOPHBIM OCEMEHEHHSIM CTENIbHBIX KOPOB, abopTam
Y HEJIOTONIYYeHHUI0 NpuUIioAa. TpaIuimoHHbIE METOAbl ONPEACIICHUS CTEIbHOCTH, B YACTHOCTH PEKTaIbHAS
najbnamnus, 06Ja1a0T OrpaHUYEeHHON HHPOPMATUBHOCTHIO HA PAHHUX CPOKaX U BO MHOTOM 3aBHCST OT KBa-
nmudukaruu cneruanucta [Fricke et al., 2016; Gabdullin et al., 2025].

B cBsi3u ¢ 3TUM B NpakTUKe )KUBOTHOBOJCTBA BCE 0oJiee HIMPOKOE MPUMEHEHUE HAXOIUT yIbTPa3By-
KOBasl JMarHOCTHKA, O3BOJISAIONIAs TPOBOAUTH OOBEKTUBHYIO OLIEHKY PEIPOyKTUBHOTO COCTOSIHUSI KUBOT-
HBIX Ha PAaHHUX CPOKAaX IOCJIe OCEMEeHEHUs. VICIoabp30Banne yIbTPa3ByKOBOIO CKAHUPOBAHUS 00€CTIEUNBACT
BBICOKYIO TOYHOCTh OTPE/ICTICHHUS CTEIbHOCTH, MO3BOJISIET BBISABIATH THHEKOJIOTMUECKUE MAaTOIIOT U, KOHTPO-
JMPOBAThH Pa3BUTHE (HOJUTUKYIOB U JKENTOTO Tela, a TaKXKe OLleHUBaTh 3(h(HEKTUBHOCTH MPOBOJUMBIX Jieueo-
HO-IIpoduIIakTHUeCKUX Meponpusatuil [Jakupov et al., 2024].

JlnarHocTka CTeTbHOCTH KOPOB PHOOpeTaeT O0IbIoe MPOU3BOJCTBEHHOE 3HAYCHHE SISl MOJIOUHO-
IO CKOTOBOJICTBA. 3a4acTylo 3a0MBaeMble Ha OOMHE KOPOBBI OKa3bIBAIOTCS CTCIIBHBIMU C 4-5-TH MECIYHBIMHU
3apoJbIlIaMH, YTO SBJSIETCS PE3yJbTaTOM OTCYTCTBHSI PAHHErO, TOYHOTO M BIIOJIHE OOBEKTHBHOIO METOAA
nuarHocTuku. 1o Toi e MpuurHe HEPEIKO CTENIbHBIE KOPOBbI CUUTAIOTCS OECIIIOAHBIMU U K HUM IPUMEHSI-
€TCsl HETIPaBUJIbHBIN PEXUM KOPMJIEHMSI, @ OCEMEHEHUS CTEJIbHBIX KOPOB B JIO)KHON OXOTE€ 4acTO MPHUBOAUT
K aboptam. Bce 310 HaHOCUT OoMbIoN SKoHOMHUYecKHid yiiepd [Madoz et al., 2022; ITagepuna et al., 2023].

Hapsiny ¢ coBepIeHCTBOBAaHMEM METO/IOB JTUATHOCTHKH, BaKHBIM HAlpaBlICeHUEM MHTEHCU(pHUKAIIUN
BOCIIPOM3BO/ICTBA MOJIOUHOTO CKOTA SIBIISICTCSI BHEAPEHHE COBPEMEHHBIX OMOTEXHOJIOTUH, B YACTHOCTH HC-
M0JIb30BAHUE Pa3/IeNEHHOTIO 0 MOy CEMEHU ObIKOB-Tpou3BoauTenel. [IpuMeHeHne cekcupoBaHHOTO ce-
MEHH TO3BOJIET CYIIECTBEHHO YBEJIUUUTh BBIXOA TEJIOK, COKPATUTh T'€HEPALMOHHBIA UHTEPBAJ U YCKOPUTh
TeHEeTUYECKUN MPOTPecc B CTaJe, YTO UMEET BaKHOE 3HAYEHHE AJIsi (OPMHUPOBAHUS BHICOKOIIPOAYKTUBHOTO
MaTO4YHOTO MoroioBbs [JIsmenko et al., 2021].

W3BecTHO, 4TO B MOJIOYHOM CKOTOBOJICTBE OOJIBIIMM CIIPOCOM MOJB3YETCS cIepMa, coaepxkarias X
XpOMOCOMY, YTO OIMpPEIENSIeT )KEHCKUNA MO, B MACHOM — Y XpPOMOCOMY, UTO OIpEAEsieT MY>KCKOU moi. D-
(EeKTHBHOCTB, MOJTydyaeMasi OT UCTIOIB30BaHUS TaHHONW METOIUKH, cocTaBisieT 65-95 % ocobeit skenarelns-
Horo noja. Eme B Hauane 80-x IT. ydyeHble Hauyajau MPOBOAUTH OIBITHI 110 Pa3ACiICHUIO CIIEpPMAaTO30MJI0B,
coJiepKalux X-XpoMOCOMY (KEHCKYIO) UM Y-XPOMOCOMY (MYXKCKYIO), JUIsl 3TOTO MCIOIb30BaIU pa3iny-
HBIE CIIOCOOBI: OCaXJIeHHE, IEHTPU(PYTUPOBAHUE B IPAJUEHTE, MEeKTpodope3, 00padoTKy crierupuiecKuMu
aHtuTesniaMu M T.0. OgHaKo Ha npakThke 3(PQGEKTUBHOCTh 3TUX NMPUEMOB He Oblla yOeTUTEIbHO JOKa3aHa.
WcnsiTanus, kotopsie B CIIIA nposenu Ha 211 epmax, mokasayiu, 4To TEIKH TOJIMLTHHCKOW MOPO/BI, OILIO-
JOTBOpEHHbIe X-cofiepaKallei gppakuueil crepmMaTo30110B, Al IOTOMCTBO, B KOTOpoM 0b110 89 % camok.
Komnanus Cogent (BenukoOpuTaHus) sBUach IEPBOM B MUPE, KOTOPAs CTajia UCIIOJIb30BaTh METO/ pa3iee-
HUSl CEMEHU OBIKOB-IPOU3BOIUTENEH 110 MOy B MPOM3BOACTBEHHBIX ycioBusAX. Cama MeToAMKa pa3/ieleHUs
CeMeHH 110 oy Obuta pazpadborana B koprnopainuu X&Y Inc. (CIIIA). Ona oCHOBBIBAETCSI HA TOM, YTO TaMe-
TBI OBIKOB COZIEpIKaT TAIUIONIHBIA HA00p XpoMocoM. CIietoBaTeNbHO, B OHHX ITOJIOBBIX KIJIETKAX COIEPIKATCS
xpoMocombl X, a B ipyrux Y. B ramerax ¢ X xpomocomoii cogepxkurcst JJHK Ha 4 % Gosnbie, yem B criepma-
To30u]ax ¢ Y xpomocoMoil. [Ipon3Boas okpalmBaHUe XpOMOCOM IOJIOBBIX KJIETOK, OBbIJIO YCTaHOBJIEHO, YTO
raMmeTsl ¢ X XpOMOCOMOH moromarot Ha 4—5 % kpacutens 0ojbliie, 4eM rameTsl ¢ Y XxpomocoMoii [I'aBpuiioB
et al., 2023].

D¢ (heKTUBHOCTh UCHOIB30BAHUS CEKCUPOBAHHOTO CEMEHH BO MHOI'OM OMpEAENSETCs] YPOBHEM Op-
raHU3aIMi BOCIPOU3BOICTBEHHOTO MPOIECCa, TOYHOCTHIO BBISBICHUS MOJIOBON OXOThI, COCTOSIHUEM perpo-
JYKTUBHOM CHCTEMbI )KUBOTHBIX U CBOEBPEMEHHOM IMarHOCTUKOM CTEIBHOCTH. B 3TOI CBA3M KOMIUIEKCHOE
MIPUMEHEHHE YIbTPa3ByKOBOM HAarHOCTUKH, TOPMOHAIBHON CMHXPOHU3ALMU U COBPEMEHHBIX METOAOB HC-
KyCCTBEHHOI'O OCEMEHEHHS pacCCMaTPUBAETCS KaK MEPCIEKTUBHOE HAMPaBICHHUE MOBBIIICHUS PE3YJIbTaTUBHO-
CTH BOCIIPOM3BOJICTBA MOJIOUHOTO ckoTa [Fricke et al., 2022].



J1J1s MOJIOUHOTO CKOTOBOJICTBA OBLJIO OBl BBITOAHEE, YTOOBI B IIOTOMCTBE Yy KOPOB POXKAAIOCH OOJIbIIIE
TeJoK. JTa npobiemMa 0COOEHHO aKTyallbHa J1JIsl HBIHEIIHETO COCTOSIHUS B MOJIOYHOM CKOTOBOJICTBE, TaK KaK B
CBSI3M C MHTCHCU(UKaNMel naHHou oTpaciu B Kazaxcrane oTMedaeTcsi HeJOCTAaTOYHOE TMOJTYyUYEeHUE B XO3STH-
CTBaxX PEMOHTHBIX TEJIOK, HEOOXOAMUMBIX JJIS PACIITUPEHHOTO BOCIIOJIHEHHS cTaia. M B 3TOM CBSA3M BHEAPECHHE
U ILIMPOKOE HUCIOJIb30BaHUE CEKCHPOBAHHOTO CEMEHHU B BOCIIPOU3BOCTBE MOJIOYHOTO CKOTOBO/ICTBA SIBIISIETCS
HanOoee 3((HEKTUBHBIM PEIICHUEM.

Llenbt0 HACTOSIIETO UCCIIEIOBAHMUS ABISUIACH OLIEHKA Y(PPEKTUBHOCTH MPUMEHEHHUSI CEKCUPOBAHHOTO
CEMEHHU B COYECTAaHUU C YIBTPA3BYKOBOM JUArHOCTUKOW M F'MHEKOJIOTMYECKON JUCIIAHCEpU3aLUEH B CUCTEME
BOCIIPOM3BOCTBA MOJIOUHBIX CTA/Jl:

Marepuajibsl 1 METOABI.

Nccnenosanus nposenensl B yciaosusx TOO «Typap» u TOO «Omxa CaguukoBckoe» Kocranaiickoi
obmactu. OObEeKTaMU HCCIEAOBAHUN CIYKIIA KOPOBBI U TEIKU MOJIOYHOTO HAMPABICHUS MPOAYKTUBHOCTH,
HAXOJSIINECS B PEMPOAYKTUBHOM BO3pACTE.

Jlist mpoBeieHust uccienoBanuii Obuta chopMUpoOBaHa Tpymma TENOK CIIydyHOro Bo3pacta (14—16 me-
cslleB) ¢ KUBOM Maccor He MeHee 350 kr. OO01iee moroyioBbe, OXBaU€HHOE THHEKOJIOTHYECKON JUCTIaHCEPH-
3auueit, coctaBuio 500 ronos. s oneHku 3(p(HEKTUBHOCTU MPUMEHEHHSI CEKCUPOBAHHOTO CEMEHHU ObLIO
ocemeHeHo 500 Ténok. J{ns onpeneneHus CTENbHOCTU U BBISBICHMSI MTATOJIOIMIM OpraHOB BOCIIPOM3BO/CTBA
MIPUMEHSUIN YABTPa3ByKOBYIO TuarHoctuky (Y3U1) u TpaauLMOHHOE peKTaJbHOE UCCIEA0BaHUE. YIIBTPa3By-
KOBOE MCCIJIEZIOBAaHUE MPOBOAMIIHN C MCIIOJIB30BAaHUEM IOPTATHUBHOTO YJIBTPa3ByKOBOro ckanepa Draminski ¢
PEKTAJIbHBIM 3JIEKTPOHHO-MEXaHUYECKUM JTaTYMKOM YyacToTor 5,0 MI'n. JIlnarHoCTUKy CTEbHOCTH OCYIIECT-
BJISLIM, HauMHas ¢ 28—30-ro 1H4 Mociie 0CEMEHEHHUs], C TOCIIETYOUUM KOHTposieM Ha cpokax 41-50 u 51-60
JTHEH.

PekranpHOE MccieqoBaHNe OCYHIECTBISIIA METOJIaMU MallblIalliy Yyepe3 MPSAMYIO KUIIKY B COOTBET-
CTBUU C OOIIETIPUHATHIMUA BETEPUHAPHO-AKYILIEPCKUMHU METOIMKaMU U UcTionb3oBaiu Y 3M-ckanep 1uis cpas-
HUTEHLHOU OIEHKM JAuarHoctudeckoit addexrtuBnoctu. B xone Y3M-o0cnenoBanus OleHUBAINA: HATHYHUE U
pa3BuTHE SMOPUOHA; COCTOSTHUE MATKU M SUYHUKOB; HATMYME KENTOTO Tela; MPU3HAKU THHEKOJIOTHYECKUX
MATOJIOTHA (PHIOMETPHUT, KUCTHI SHIYHUKOB, TUTTOPYHKIIHS SHYHUKOB U JP.).

Jlnst ananu3a 3((GEeKTUBHOCTH HCIONB30BaHUs cexcupoBaHHoro cemeHu B TOO «Typap» u TOO
«Omxa CamuyuKoBCKOe» ObLITH C(hOPMHUPOBAHBI TPYIIIIHI )KUBOTHBIX U MPOBEIEHO UCKYCCTBEHHOE OCEMEHEHHE
cuctemoit BuzyanbHoro ocemenenus Alhfa Vision (®panius). JKUBOTHBIX OCEMEHSITU OHOIOIBIM CEMEHEM
Obika rommTHHCKON oposl Afterhours 551HO05134, npuobperennoro B ALl TOO «Taypyc». UckyccTBen-
HOE OCEMEHEHHE MPOBOIUIN B MEPHOJ BBIPAXKEHHOM MOJIOBOM OXOTHI ¢ COOMIONEHNEM TEXHOJIOTHH aCETITUKH
Y TOYHOTO OIPEICICHNUS BPEMEHU OBYJISIIIH.

[lenecoobpa3HOCTh OCEMEHEHHS pa3/ieICHHBIM 10 MOy CEMEHEM OBbIKOB-IIPOM3BOAMUTENCH UMEHHO
TEJIOK, a HEe KOPOB O0YCIIOBIMBAETCS HAJTMYUEM Yy HUX TMHEKOJIOTHYECKUX 3a00JIeBaHMi B MOCIEPOIOBOM Ie-
puoz. [Ipu 3ToM 0O11040TBOPSAIOIIAsE CHOCOOHOCTh CEKCUPOBAHHOTO CEMEHU PE3KO CHUYKAETCS, YTO MPUBOJIUT
K Iepepacxony AOPOroCTOAIIEr0 CEMEHHOro Marepuana (1/103a ceKCUPOBAaHHOTO CEMEHHN MOXKET CTOMT, B 3a-
BHUCUMOCTH OT peiTunra 0n1ka, 10 25000 Tenre).

DOxoHomuveckas 3(pPeKTHBHOCTh MPOBEACHHBIX HCCICIOBAHUA PACCUYUTHIBATIN METOJAMHU, MPEIJIO-
xeHHbM J[.A. EnnoBunikum [Ennosunkuii et al., 2018]. [lonmyuennsie qaHHble 00padaThIBa N CTaTUCTHYE-
CKMMHU MeTonaMu. PaccunThiBanu abCOMIOTHBIE U OTHOCUTENLHBIEC MTOKA3aTelld, BRIPAXKEHHBIE B MPOLIEHTAX.
Pesynbrarel ncciaenoBaHU CKOMILIEKTOBAHBI B BUIE€ TaOIUI] M POAHATU3UPOBAHBI.

Pe3yabTaTsl M 00Cy:KIeHHE.

OnTUMalbHBIN YPOBEHb BOCIIPOU3BOACTBA KOPOB 00eCreunBaeTCsa HOpMaabHbIM (DyHKIIMOHUPOBAHU-
€M BCEro opraHusMa M, B MEPBYIO OYEPE/b, OPIraHOB PENPOAYKTUBHOM cucTeMbl. OHAKO MHOTHE 3JIEMEHTHI
MIPOMBIIIUICHHBIX TEXHOJOTUN Pa3BEJICHHS HE OTBEYAIOT HBOJIIOIMOHHO BBIPAOOTAHHBIM (PHU3HOJIOTUYECKUM
TpeOOBaHUSM OpraHu3Ma. DT HEOIArOMPHUATHBIC (DAKTOPHI B KOMIUIEKCE C YCHIICHHBIM ITPOSBICHUEM JIaKTa-
[IMOHHOHN JIOMHHAHTHI BBI3BIBAIOT HApyIIeHHEe 0OMEHa BEIIeCTB, CHIDKEHUE MMMYHOJOTUYECKON PE3HCTEHT-
HOCTH, YTO TIPUBOAUT K OOIIEH MOJMCUCTEMHON MAaTOJIOTHH OPTaHU3Ma YKHUBOTHBIX U JIOKAIBHOHN MaTOJIOTHH
B MIOJIOBBIX OpraHax, 00yCIOBIUBAIONIUX BPEMEHHOE OECTIIIONME ¥ B KOHEYHOM UTOT€ — CHIYKEHHE MOJIOUHOM
MPOAYKTUBHOCTH. [109TOMY 3aKOHOMEPHO, YTO BOIIPOCHI JUATHOCTHUKH, JICUCHHUS U MPOPUIAKTUKH OOJIe3HEeH
OpPraHoOB PENPOIYKTUBHON CUCTEMBbI, PA3BUBAIOIIMECS Y )KUBOTHBIX 10 OEPEMEHHOCTH U B MOCJIEPOOBOH Tie-
PHOJI, TPOAOIKAIOT OCTABATHCS MPUOPUTETHBIM HampaBiIeHUEM MPou3BoAcTBa. Kak mokas3biBaloT Mccieno-
BaHUs, HA BOCIIPOM3BOAUTEIbHYIO (YHKIIMIO KOPOB HauOoOIblIee BIMSHUE TaKKe OKa3bIBalOT YCJIOBUS CO-
JepKaHusI, MOITMOH M YpoBeHb KopmiieHHs. Ha (oHe runoguHaMuy B penpoayKTUBHOM arapare, Kotopas



pa3BUBAETCs HANOOJIEE Yallle B CTOMIOBBIN IEPUO, C PEODIaJaHUEM IPUBSI3HOTO WM CKyUYE€HHOTO COAEp-
YKaHMs KUBOTHBIX, PA3BUBAIOTCS BBIpAXKECHHBIE (POPMBI PACCTPOMCTB, MPOSBISIONINECS PACIIUPEHHEM COCY-
JUCTOM CHCTEMBI, 0COOEHHO MUKPOILUPKYIISIPHOTO pyclia 1 BEHO3HOTO OT/ela. B pesynbrare B KOpKOBO 30HE
SIMYHUKA TIPOUCXO/IUT OTEK, a B COCYAMCTOM 30HE 3TO MPUBOJUT K CTa3y U B (POJUIUKYIIAX IPOUCXOTUT aTpe3ust
SiLeKIeTKU. B MaTke B TOKPOBHOM 3IUTEINH CIM3UCTON 00OJIOUYKU U €€ JKEeJIE3UCTOM ammapare BO3SHUKAIOT
M3MEHEHHUs SIUTENNH, IPUBOAALINE K 00pa30BaHMIO 3po3uil. B 3p0o3upoBaHHBIX y4acTKax CIM3HCTONW 000-
JIOUKH pa3BHBaeTCs BocnayieHue. [1o3ToMy npu KIMMaTHIeCKOM OeCTUIONNH Y KOPOB HaOIIOIaeTCsl OBapraib-
HBIE IIMKJIBI B BU/I€ TUNO(YHKIIMY IMYHUKOB U HECIIOCOOHOCTH CIIM3UCTON 00OJIOYKH MAaTKH K BOCHPHUSTHIO
ioaa B BUay ux Bocmanenus [Giordano et al., 2023].

JIMarHOCTHKA CTEIBHOCTH KOPOB MPHOOpeTaeT O0IbIIoe MPOU3BOACTBEHHOE 3HAYCHHE JIsi MOJIOUHO-
ro CKOTOBOJICTBA. 3a4acTyio 3a0uBaeMble Ha 0OMHE KOPOBBI OKa3bIBAIOTCS CTEILHBIMU € 4-5-TH MECSYHBIMU
3apOJBIIIAMH, YTO SIBISIETCSI PE3yIbTaTOM OTCYTCTBHUSI PAHHET0, TOUHOTO M BIIOJIHE OOBEKTUBHOTO METO/a
nuarHocTuku. [1o Toil ske mpudrHe HEPEIKO CTeNbHBIE KOPOBBI CUUTAIOTCS OECIIIIONHBIMU, U K HUM MPUMEHSI-
€TCsl HeMPaBUIIbHBINA PEKUM KOPMIICHHS, & OCEMEHEHHSI CTETIbHBIX KOPOB B JIOKHOM 0XOTE 4acTO MPUBOJUT K
aboptam. Bce 9T0 HAHOCHUT OOJIBIIION YIKOHOMUYECKHM yIIIepO.

B TOO «Typap» u TOO «Omxa CaguuKoBCKOE» MPOBEICHO YCKOPEHHOE OMPEACICHUE CTETBHOCTH C
HCIOJIb30BaHUEM MTOPTATUBHOTO YJIBTPa3BYKOBOro ckaHepa Draminski. Pe3ynbraTsl npeacTaBiieHbl B TaOIHLIE
1.

Tabnuma 1 — VTorn pekTanbHON TMCTIaHCEpHU3alliy B OTBITHBIX X03siicTBax [Results of rectal exam-
inations in experimental farms]

JlHU cTenpHOCTH
Metonst Wnnexc ¢ 28 mo 40 (n=85) ¢ 41 mo 50 (n=100) ¢ 51 mo 60 (n=115)
WCCIICIOBAHUS oceMeH. | Crenp- Crenb- Creih-
Hecrensubie Hecrenpubie Hecrensubie
HbIC HBIE HBIC
VY3U-auarnocTuka TOO «Typap»
20 [ e | 21 | s | 15 | u2 | 3
Y3U-auarnocruka TOO «Omxa CaguuKoBCKOE»
2,2 ¢ 28 o 40 (n=45) c 41 o 50 (n=79) ¢ 51 no 60 (n=76)
32 13 70 9 74 2

[To nanupiM Tabnuue! 1 yctanosneHo, 4to B TOO «Typap» omnoqoTBopseMOCTh TEIOK B IEPBbIE TPU
OXOTBI HaXoaWiIach Ha ypoBHe 75,3...97,4 %, B ToM umcne 75,3 % ot neporo ocemenenus. B TOO «Camqun-
KOBCKOE€», COOTBeTCTBeHHO, 71,1...97,4 % u 71,1 %. 3 ronossl B TOO «Typap» u 2 ronossl B TOO «Omxa
CauuKoBCKOE» OIIOJIOTBOPEHBI B YETBEPTYIO OXOTY, ITOATOMY MHJEKC ocemeHeHus coctaBuia 2,1 B8 TOO
«Typap» u 2,2 B TOO «Omxa CagunkoBckoey. HIEKC 0ceMEeHEeHNUs, WM 3aTpaThl 103 CEMEHU Ha 1 1ionoT-
BOPHOE HE JOJHKEH MPEeBbILIATh 2,5 103bl. Takke B 300TEXHUUYECKON MPAKTUKE MPUHSTO, YTO OIUIOAOTBOpSsie-
MOCTh TEJIOK OT IEPBOT0 OCeMeHEeHHs Ha ypoBHE >600 % cuuTaeTcsi BHICOKMM YPOBHEM U OIPABJIbIBAIOIINM
3arparbl HA OCEMEHEHHE.

Pe3ynpraTuBHOCTH MCIIONIB30BAHUS CEMEHH, Pa3/IelIEHHOTO I10 MOJTy, OCHOBHOM (haKTOp €ro TUMUTHPO-
BAHHOTO PacCpOCTPAHEHHUS B IPOU3BOJCTBEHHOM NpakTuke KazaxcTtana, 0CHOBHOM NPUYMHON TOMY SIBJISIETCS
OTCYTCTBHE BBICOKOKBAJM(DHUIIMPOBAHHBIX CTICIIUATMCTOB B 00JIACTH BOCIIPOM3BOCTBA. KOHIIEHTpaIus Tako-
rO CEMEHU HIKE TI0 CPABHEHHUIO C OOBIUHBIM B JIECATh Pa3 M MO XOAY MOJATOTOBKHU MPETEPIEeBaET HECKOIBKO
cTpecc-(paKTopoB, HEOIATONMPUATHO BIMAIONIMX Ha OTUIOJOTBOPSIONIYIO CIIOCOOHOCTH criepMaTo3oua0B. [Ipu
CYILIECTBYIOIIUX METOJIaX OCEMEHEHHUSI B CKOTOBOJICTBE OILTOIOTBOPSEMOCTD SIMIIEKIIETOK KOPOB JIOCTUTAET B
cpenrem 85 %, ¢ konebanusimu ot 60 10 90%. [Tpu 3THX MoKa3aTensax Auib 45% MI0AO0TBOPHO OCEMEHEHHBIX
(mocne oJHOKPAaTHOTO OCEMEHEHHS) KOPOB MPUHOCAT TesT. C y4€ToM 3TOr0, YpOBEHb CTEIbHOCTEH, 3a(hUK-
CUPOBaHHBIN Yepe3 TPH MecsIia MOCe OJHOKPATHOTO OCEMEHEHHsI, TOCTUTAIONIN 55 %, cunTaeTcs O4eHb
xopomuM nokasaresnieM [Jxakymos et al., 2020].

Pe3ynpraTuBHOCTB MCIIOJIB30BAaHMUS PA3/ICICHHOTIO I10 MOJTy CEMEHHU B OIBITHBIX XO35HCTBaX MpPeACTaB-
JieHa B Taomune 2.

[To marepuanam Tabmuipl 2 BeisiBICHO, 4TO B TOO «Typap» cpeau modydeHHOTO MPHUILIOAA BBIXO
tenok 9,6 % Boitne, ueM B TOO «Omxka CagunkoBckoe» u coctaBui 91,6 %., a B cpenem

Tabmuma 2 — Pe3ynbTatsl reHaepHbix uccnenoBanuii [Gender research results]



OcemeHeHo Tenok, | [lomydeHo Tenok ITomyyeno Bexon Tenox, %
roJIoB OBIYKOB
Xo34icTBO
TOO «Typap» 300 275 25 91,6
TOO «Omxa CaguuKOBCKOE» 200 164 36 82,0
Bcero 500 439 61 87,8

B OIBITHBIX XO35MCTBAX JaHHBIN apameTp paseH 87,8 %. [Ipu ncronbp3zoBaHuyM TpaguMOHHOTO CEME-
HU BBIXOJI TEJIOK B MPUILIOAE ObL1 ObI HE BbINIE 55 %, UTO U MpeIonpeaAeseT UCI0Ib30BaHUE CEKCHPOBAHHOTO
CEMEHHU B BOCIIPOM3BOJICTBE MOJIOYHOTO CKOTA, B OCOOCHHOCTH ISl CHIDKCHHSI TeHEPAllMOHHOTO HHTEPBAJIA.

Hcnonb30BaHNe CEKCUPOBAHHOTO CEMEHH OBIKOB-TIPOM3BOIUTENEH paccMaTpuBaeTCs Kak OJWH W3
MEPCTICKTUBHBIX OMOTEXHOJIOTHYECKUX TPUEMOB, HAIPABICHHBIX HA NHTCHCH(DHUKAIMIO CEIEKIIMOHHOTO TIPO-
necca. [Ipakruka mokasana, uto HanbOoubInas 3(HEeKTUBHOCTh JAHHOTO METO/A TOCTUTACTCS TIPU OCEMEHE-
HUU KIMHWYECKH 3J0POBBIX TEIOK, TOT/IAa KaK €ro MPUMEHEHHUE Y B3POCIBIX KOPOB XapaKTEePU3yeTCsl CHIKEH-
HOM YKOHOMHYECKOM 11e71eCO00Pa3HOCTHIO BCIEICTBUE YBEIMUCHHUS YaCTOTHI PEMPOyKTUBHBIX HAPYIIICHUH B
MOCIepooBOM Meprozae. IP(HEeKTUBHOCTh UCTIONB30BAHUS PA3ACAEHHOTO 0 MOy CEMEHU B 3HAYUTEIBHON
CTETIeHHU OIpeIesIeTCs] TOUHOCTHIO BBISIBICHHUS MOJIOBOI OXOTHI i CTPOTUM COOFOCHUEM TEXHOJIOTHH UCKYC-
CTBEHHOT'O OCEMEHEHHS, UTO MOTYEPKUBAET BAXKHOCTh KOMIUIEKCHOTO MOX0/1a K OpraHU3aI[MH BOCIIPOU3BO/I-
CTBa MOJIOYHOTO CTaja.

Ha ceronusiinee BpeMsi pa3BUTHE U BHEPEHNE HHHOBAIIMOHHBIX TEXHOJIOTHII SIBJISETCS MEPCIIEKTHUB-
HOM OTpaciiblo BO BceX cdepax MpOU3BOACTBA, B TOM YHCIIE U B BOCIPOU3BO/ICTBE IJIEMEHHOTO BBICOKOIIPO-
TYKTUBHOTO KPYITHOTO POTaToro CKOTa. B BOCHPOM3BOICTBE KPYITHOTO POTaTroro CKoTa 0co00oe BHUMAaHWE
VICNSIeTCS METOJMKE OCEMEHEHHSI CEMEHEM, Pa3JIeICHHBIM 10 oiTy. [Ipu u3ydeHnun BOCIPOU3BOAUTEIHLHOM
(GYHKIMH 3HAHUE YPOBHSI COICPIKAHMSI TIOJIOBBIX TOPMOHOB SIBJISICTCSI OHUM M3 OCOOCHHBIX ITOKa3aTeNei To-
JICPAaHTHOCTH OpraHW3Ma MaTepH M aJanTUPyeMOCTH Iuiofa. Ha mokasarenu BOCIIPOM3BOICTBA, MO PE3YIib-
TaTtaM HCCJeNoBareseii, B 3HAYUTEILHOU Mepe BIHSIIOT (U3HOJIOTHYECKHE U MPOAYKTUBHBIE OCOOCHHOCTHU
JKUBOTHBIX, KOTOPBIM TIOCIIE BBICOKOH MPOU3BOAUTEIHHOCTH TPeOyeTcss BOCCTAaHOBIEHUE (PYHKIIMU BOCIIPO-
u3BeneHus. Tak, IpyU MPOU3BOAUTEIBLHOCTH 0 7 ThIC. KT MOJIOKAa B TOJ BO3MO)KHO MOJTYYCHHE €KETOTHBIX
PETYISPHBIX OTENIOB, MPHU 7,5 THIC. KT BEIMYMHA MEKOTEIBHOTO MepHOo/ia COCTABISET B cpeaHeM 13 mecsiies,
pu Tpou3BoaUTEILHOCTH 8200 KT MEKOTEIbHUHN Mepuo muTcs 6omee 15 mecses, a mpu 9300 kr — 1o 18
MecAleB U 0osee. YCUICHHAs CEKpelHsl TaKTOT€HHBIX TOPMOHOB Y KOPOB B IIEPUOJT pa3os TOPMO3UT 0Opa-
30BaHuE (POITUKYIOCTUMYIUPYIOLIETO U TIOTEUMHU3UPYIOLIET0 TOPMOHOB BILIOTH /10 CHHYKEHHS UX MOJIOUHOM
MPOAYKTUBHOCTH, YTO CO3JAET MPEANOCHUIKM K BOSHHUKHOBEHHMIO (DYHKIIMOHAJIBHBIX HAPYIIECHHUI MOJOBBIX
xele3 B hopMe UX TUO(PYHKINN. YUUTHIBAS, YTO MAKCHUMAIBHOE ITOTYICHHE MOJIOUYHOM IMPOTYKITUH HAIPsI-
MYIO CBSI3aHO C €KETOJHBIM TOJTYyYEeHUEM MPUILIO/NA, TaK KaK HAWOOJBIINN YIOHM 32 JAKTAIUI0 TIOTYYaroT B
TEUYCHHE 4-X MECSIIEB MOCIIe OTelIa Ha MMKE MOJIOYHOU MPOAYKTUBHOCTH, OCHOBHOU YIIOp JOJKEH CTaBUTHCS
Ha PENPOAYKIHUIO KOPOB, TaK KaK PeHTA0EIbHOCTh KOMIUIEKCA HAMpPsIMYIO 3aBUCHT OT JAHHOTO TOKAa3aTels.
Ho nns nonmyuenus B rox 85-90 remnst Ha 100 KOpoB HEOOXOAMMO BEACHNE MHTEHCUBHBIX METOAOB BOCIIPOU3-
BoJIcTBa cTana [AOyranues et al., 2025].

OcHoBHasl 11e71b B MOJIOYHBIX (pepMax — MoBbIeHne 3(HEeKTUBHOCTH MTPOU3BOACTBA MPOTYKITHH HKH-
BOTHOBOJICTBA, KOTOpasi XapaKTepu3yeTcsl KOHEUHBIMHU pe3ylbTaTaMy — YUCTHIM JOXOJOM, YPOBHEM pPEHTa-
6enpHOCTH. Pacuer appexTHBHOCTH MPOU3BOJCTBA MOJIOKA C UCIIOIB30BAHUEM MPOTPECCUBHBIX TEXHOIOTHIMA
OCHOBBIBAETCS Ha OLIEHKE TOTEHIIMAIBHBIX BBITOJ] OT €r0 peajan3aluu Kak 10711 oT obmero addexra peanusa-
LIUU, KOTOPBIN ONpenesnseTcs A KaxX /10 TEXHOIOTUH UHIUBUIYaTIbHO.

Hamu paccunrana skonHomuueckasi 3pQeKTUBHOCTh IPUMEHEHHS] CEKCUPOBAHHOTO CEMEHU B yCIIOBH-
sax TOO «Typap» (Tabmnuma 3).

Tabnuma 3 —Pacder sxoHOMHYeCcKOH 3(PPEKTUBHOCTH UCTIONB30BAHUS CEMEHH, PA3/IEIIEHHOTO O
nony [Calculation of the economic efficiency of using semen separated by sex|

IToxazaTrens

HpI/I HUCIIOJIb30BaHUHU
CEKCUPOBAHHOI'O CEMCHU

[Ipu ucnonpzoBaHNM
TPAJUIIMOHHOIO CEMEHHU

CoOTHOILIEHHE T10JI1a TEIOK K ObIukaM, % 92/8 49/51
KonnuecTBo HeTemnel, roi. 300 300
Koun-Bo Tenok, roi. 276 147
Ko:1-Bo ObIUKOB, roJI. 24 153
OO0111ast CTOMMOCTD OT PeaIU3aLiy ObIYKOB, ThIC. TT' 6000,0 38250,0




AKAOEMUACDHI

OO0u1as ppIHOYHASI CTOUMOCTB TEJIOK, THIC. TT. 241500,0 128625,0
OO0mIasi CTOMMOCTB 3aTpar Ha OCEMEHEHHE, THIC. TT. 11340,0 1107,0
TIpuGbLIb, THIC. TT. 230 160,0 127 518,0
Pasuuna ThIC. TI. 102 642,0

[To nanHBIM TaOAMIBI 3 YCTAaHOBJIEHO, YTO MPHUMEHEHUE CEKCHUPOBAHHOIO CEMEHU U IOJIyYEHHE B
cpenHem 92 % Tenok npu pbIHOYHOM croumocTt Tenok 2500 Tr 3a 1 kr sxuBoi Macchl B 12 mec. Bo3pacte (350
KI') JacT MpUOBLIb, 32 BEIUETOM 3arpar Ha ocemenenue, 230160,0 Toic. Tr. [Ipn ucmonb3oBaHuKM 0OBIYHOTO
CEMEHH U TOJTyYeHHH MpHIIiofa B cooTHomenun 50 % mact npudbuie 127518,0 Thic. Tr, T.€. X03sHCTBO TO-
JYYHUT AONOJIHUTENBHYIO MPUOBLIBL B pazmepe 6osee 100 MUIIIHMOHOB TeHre. PacueTsl MpOBOAMINCE C Y4€TOM
PBIHOUHOM CTOMMOCTH KMBOTHBIX.

BBuay Toro, 4To cekCupoBaHHas criepMa OTJIMYAETCs OT OOBIYHOM, ycreX paboThl 3aKJIF0YaeTCs B TIIA-
TeJIbHOM IUIAHUPOBAHUU U MOATOTOBKE KaK JKUBOTHOTO, TaK U caMoi criepMbl. [Ipy MCTIOIB30BaHUM CEKCH-
POBaHHOM CIIEPMBI MOJKHO TOJIy4aTh OTJIMYHBIX 3JOPOBBIX TEJIOK JUIsl PEMOHTA CTa/a, HO MPHU 3TOM HEOOXO-
VMO CJIEZI0BaTh HEKOTOPBIM IIPOCTBHIM MIPUHLUIIAM, TAKUM KaK: BBIOOP COOTBETCTBYIOLIMX JJIi OCEMEHEHUS
KOpPOB U TEJIOK U HaJyIexallee oOpalleHue ¢ CeKCUpOBaHHOM criepMoi. CEKCUpOBaHHOE CeMs — 3TO cliepma
MIPOU3BOJUTENICH, pa3/ieleHHas MO MONTy (HOCUTEIhCTBY X WM Y-XpOMOCOMBI) PeBOIOIIMOHHBIM B 001acTH
BOCIIPOM3BOJICTBA CKOTa CcTajo n3o0pereHue B KoHIE 1970-X ronoB MeToga MpOTOYHOIN [IUTOMETPUH IJISt OT-
JeTICHHS )KUBBIX KJIETOK Yepe3 ckopocTHoi coprep. B 1980-x rogax ObuIM MOMBITKA OTACTUTH CIIEPMATO30U-
Ibl, coziepkalue X-XpoOMOCOMBI, OT COAEPKAIIMUX Y-XpOMOCOMBI. OIHaKO Ha TOT MOMEHT IOJIOKUTEIbHBIX
pe3yabTaToB He noiyduiau. A yxe B 1992 rogy npu Ucrosib30BaHUM CIIEPMBI, Pa3EIIEHHON 0 MOy, MOJIY-
YUIIM 1IepBoro TeneHka. Eme B Hadasne 80-x IT. ydeHble Havyajau MPOBOAUTH OMBITHI IO pa3AeieHUIO cliepMa-
TO30HUI0B, COZIEPKAIIUX X-XpPOMOCOMY (’KEHCKYI0) WM Y-XpOMOCOMY (MYXCKYI0), ISl 3TOrO MCIIOJIb30BaIN
pasIUYHBIE CIIOCOOBI: OCAXACHHUE, IEHTPU(YTUPOBAHNE B TPaAUCHTE, MEKTpodopes, o0paboTky crerudu-
YeCKMMU aHTHTeNaMu U T.J1. OmHaKo Ha MpakTuke 3((OEKTUBHOCTh ITHX NMPHEMOB HE ObLIa YOSIUTEIHHO
nokaszana. Mcneiranus, kotopsie B CLIIA mposenu Ha 211 depmax, mokasasau, 4YTO TEIKU TOJITHHCKOHN Opo-
b1, OTLTIOJIOTBOPEHHBIC X-co/ieprKaiei Gppakiuel criepMaTo30UA0B, JaJIA TIOTOMCTBO, B KOTOpOM ObLI0 89%
camok [Hu et al., 2024].

Komnanus Cogent (BennkoOputanus) sBUIach nepBoil B MUpeE, KOTOpasi CTajla MCIOIb30BATh METOJ
paszieneHns: CeMEHU ObIKOB-TIPOU3BOAUTEIIEH I10 MOy B IPOU3BOJACTBEHHBIX yCioBusX (1999 r.). Cama meto-
JIMKa pa3/ie]eHusl CEMEHH 110 1oy Oblia pa3zpaborana B kopropauu X&Y Inc. (CILIA). Ona ocHOBBIBaeTCs
Ha TOM, YTO raMeThl OBIKOB cOleprKaT ramjaouaHblil Habop xpomocoM. CrienoBaTenbHO, B OAHUX MOJIOBBIX
KJIETKaX coliepkarcst XpoMocomsl X, a B Apyrux Y. B ramerax ¢ X-xpomocomoii conepxurcs JJTHK Ha 4%
Oosibllle, 4eM B cliepMaTo3onjiax ¢ Y-xpomocoMoil. IIpon3Boas okpammBaHue XpOMOCOM IOJIOBBIX KIIETOK,
ObLIO YCTAHOBJIEHO, YTO IaMeThl ¢ X XpOMOCOMOM noromaioT Ha 4-5% Kpacutens O0bllie, YeM raMeThl C
Y-xpomocomoii [[I>xakymios et al., 2020].

Paznensiemast mo nosay crepMa MpPOXOAUT Yepe3 MPOTOYHBIA LIMTOMETP IO ONpPENEICHHBIM JlaBje-
HueM. [Ipu 5TOM co31at0TCs Takue YCIOBUS, YTOOBI OT/ACIBHBIN CIIEpMaTO30M1 COAEPIKAJICS B OJHOM Karuie
pactBopa. JIazepHoe npucnocoOieHHe yIaBINBAET Pa3HUILy B MHTEHCUBHOCTH (DIIyOPECIIEHTHOTO CBEUCHUS U
3apsKaeT KalelbKy CO CIIEPMAaTO30U1aMHU OTPULIATENIbHBIM UIIH ITOJIOKUTENBHBIM 3aps/IOM B 3aBUCUMOCTH OT
MHTEHCUBHOCTHU cBeueHus. [locie 3Toro kaneiabky NpoxXoAsT 4Yepe3 MarHUTHOE I10JI€ U Pa3JIeNsIFOTCS Ha M0JI0-
KHUTEIBHO U OTPHUILIATENILHO 3apsyKEHHbIE YACTHILIbI, KOTOPbIE MOCTYNAIOT B Pa3IMYHbIE EMKOCTH M COAEPIKAT
IIPEUMYIIECTBEHHO CIIEPMaTO30M Il ¢ X WK Y-XxpoMocoMoil. [ToBpexxieHHbIe criepMaTo30M/Ibl NIM HEOKpa-
IIEHHbIE TOCTOPOHHUE YaCTHIBI UMEIOT HEUTpaJIbHBINA 3apsii U MOCTYNAIOT B OTAEIbHYIO €MKOCTh. Takum
00pa3oM, CEKCUPOBAHHOE CEeMsl, IOJIYYEHHOE 110 JAHHOM TEXHOJOI'MH, TapaHTUPYET MOJIyYEHHE KeJITaeMOro
noJia )KUBOTHOTO 110 90 %. OT KoMMUYecTBa MOIVIOMIEHHOTO KPACUTENSl 3aBUCUT YPOBEHb (PITyOpeCIEHTHOTO
CBEUYCHHS, KOTOPOE YJIABIMBACTCS KOMITbIOTEpOM. Jlanee maer KoMrbloTepHas o0padoTKa JaHHBIX W KOTJa
MOTOK CIIEPMHUEB MPOITYCKAETCs Yyepe3 OMMETaUINYEeCKHUE IIIACTUHBI C Pa3HOH MOJIIPHOCTHIO, CIIEpMa COPTHU-
pyercs Ha X- 1 Y- copeprKaliiue raMeTbl COOTBETCTBEHHO UX 3apsiy, U C IIOMOIIBIO IIPOTOYHON CKOPOCTHOMU
Ja3epHON LIUTOMETPUU BO3MOXKHO BBIICIATH (pakiuu, copepkanme 10 92 % MONOBBIX KIETOK ¢ X- WU
Y-xpomocoMoii. JIJist 3arOTOBKHU pa3esIeHHON CIepMbI OT ObIKa MOJIyYaIOT 2 ISIKYJIATA. DSKYIATHI IpeIBapu-
TEJIbHO MOJBEPIatoTCsl CTPOroil OlleHKe 110 OMOJIOTHYECKUM U CAHUTAPHBIM NoKa3aressiM. OHM pa30aBIsioTCs
NIaTEHTOBAaHHBIM TPHUC-COEPKAILIUM pa30aBuTesieM 0€3 HKENTKa, B COCTaB KOTOPOTO BBOAATCS aHTUOUOTUKH.
3areM 100aBISIIOT CHEIUaIbHbIE KPACUTENH U BBIJEPKUBAIOT criepMy B TeueHue 30-45 munyt npu 30 °C mist
IIPOHMKHOBEHUS KPACUTEIsl BHYTPb KJIETOK. 3aTeéM IPOM3BOASAT COPTHUPOBKY IOJOBBIX KIETOK C IIOMOLIbIO
npotouyHoit uroporomerpun npu 18°C [Baimukanov et al., 2024].



KoMmepdeckoe UCIOoIb30BaHNUE pa3IesIEeHHOU IO MOJIY CIepMbl 3a pyoexxoM Hayanoch ¢ 2000 roza.
OcCHOBHBIM MaTeHTOOOIaJaTeIeM Ha CIOCO0 MOMYyUYEHUS! CEKCHPOBAHHOM CIEPMBbI SIBISIETCS] aMepUKAHCKas
¢dupma Sexing Technologies, Navasota, Texass, koTopast pakTUYECKH CTaja MOHOIIOJIMCTOM B 3TOI 001acTH.
AJBTepHATUBHBIC PEIICHUS (TEXHOJIOTHH) JIJIS TIOJIYICHHUS CEKCHPOBAHOTO CEMEHH, KOTOPBIC TPEICTABISIFOT
JpyTHe KOMIIAaHWH TapaHTHPYIOT MEHBIIIHIA BBIXOA kenaemoro mona (75 %), Ho Takas MpOIYKIUsS CTOHT CY-
mecTBeHHO JenieBie. Sexing Technology sxcnopTupyet criepmy, pa3eleHHYO 10 TIOyY, B 75 cTpaH MUpa
OTJAET B JIN3UHT CBOU CIIEIMAJIbHBIC JIA3€PHBIC YCTAHOBKH JIJIs €€ 3arOTOBKU U peasin3aiuu (POU3BOIUTENb-
HOCTH OJIHOM YCTaHOBKH 3a cyTkH cocTaBisieT 200 103), HO pab0TarOT HA TAKOH YCTaHOBKE TOJIBKO CIECIIHAIH-
cTbl kommanuu. Coit cekpeT ST oxpaHseT OueHb TIIATEIbHO, YTOOBI HE MOTEPSATh CBOM OCHOBHOM moxox. M
TeHEeTUYEeCKHEe KOMIaHHUH, TPOIAIOIIUe ceMs OBIKOB, BBIHY)K/IEHBI 32 HCIIOIB30BAHNUE 3TOM TEXHOIOTUU TJIa-
TUTH TpoMaaHbie posnTH. B Kazaxcran crepma, paszieneHHas 1Mo MOy, HOCTYHaeT TOJIBKO OT 3apyOeKHBIX
KOMIaHUH, T1aBHbIM 00pa3oM u3 CIIIA, oCHOBHBIE TOCTABIIUKH — ITPEICTABUTEIHCTBA AMEPUKAHCKUX KOPITO-
panuii ABS Global Inc, «Anpra Jl>xenerukca» u kanazackas «Cemexc». CILIA (manasie Muncenbxosa CIIA),
rJie MacITabHOE OTUIOAOTBOPEHUE CEKCHPOBAHHBIM CEMEHEM YK€ YCTICIITHO UCTIONB3YETCS Ha MIPOTHKEHUH S
net [Urgesa et al., 2026].

B CHIA 3a nepuon ¢ 2006 o 2008 roxa, no nanHsIM MuHHcTepcTBa cenbekoro xozsaiictsa CILA,
0b110 HcKkyccTBeHHO oceMmeHneHo 10 600 Teic. kopoB u 1 300 ThIC. TETOK CIIYYHOTO BO3pacTa, U3 HUX OCeMe-
HEHO CEKCHPOBAaHHBIM ceMeHeM 24 239 ronos kopoB u 116 846 tenouek. IIpu 3TOM BBIXOX TEJIOUEK COCTABUII
6omnee 90 %, a ypoBeHb OCEMEHSIEMOCTH y KOpoB — 27 %, y Tenouek — 43 % u pacxoj cnepmMoao3sl — 3,7
u 2,3 coorBeTcTBeHHO. OMBIT paboThl B 3ToM Borpoce 3A0 «Mpmenb» HoBocubupckoit obnactu (Poccus)
Jan cIenyroumi pe3yasrar: oT 250 0CeMEHEHHBIX CEKCUPOBAaHHBIM CEMEHEM TeJIOK noiyueHo 114 rensdr, 16
U3 HUX — ObIYKU. OTUIONOTBOPSEMOCTh TEJIOK MOCTE MEePBOr0 OCEMEHEHHUs B 3TOM XO35SHUCTBE MPU HCIOIb-
30BaHUHU CEKCHMPOBAHHOTO CEMEHM COCTaBWJIa BCEro Juiib 25 %, Korjga Kak Mpu HCMOIb30BAHUU OOBIYHOTO
ceMeHu Haxoawmiachk Ha ypoBHe 6070 %. [Tokazarenen npumep KOX Coduna H.U. (Poccus), rne mocratou-
HO YCIIEIIHO TPUMEHSIOT HOBBIE OMOTEXHOJIOTHICCKIAE METOIBI Pa3BEICHUS KUBOTHBIX, UCTIONB3Ys CEKCUPO-
BaHHOE CeMs, TO €CTh CEMs, pa3eIEHHOE 0 MOJy, UMIIOPTHOTO Ipou3BojacTBa. M3 nomyueHHbIX 146 TensT
— 125 tenouku u 21 OBIYKOB, YTO B MPOIEHTHOM COOTHOIIEHHH COCTaBUIIO 86 %, pacxoj CriepMoa03bl Ha
OJTHO TJIOJJOTBOPHOE OCEMEHEHHE COCTaBUI 2,6 COTOMUHOK. 3 0011ero koiamuecTBa 0CEMEHsIEMbIX TOJIOB B
90% ciyyaeB pupma-mpou3BOAUTETH TAPAHTHPOBAJIA POXKICHNUE BEICOKOTIPOIYKTUBHBIX TENOK. OceMeHeHHe
KOpPOB CEKCUPOBAHHBIM CEMEHEM MPUBOAUT K CHIKEHUIO OII0A0TBOpsieMocTH 110 18,7 % B cpaBHeHuu c 47,6
% mpu 0ceMeHEeHUN OOBIYHBIM KPUOKOHCEPBUPOBAHHBIM CEMEHEM, TOT/Ia KaK B 00pa3Iiax 3aMOpOKeHO-0TTa-
STHHOM pa3/ielIeHHOM MO MOy CHEepMbI OBIKOB COXpaHseTCsl 0oJiee BHICOKAs MOABHKHOCTh U BBIKHBAEMOCTh
ramet. M3yuenue 3¢(eKTHBHOCTH MCKYCCTBEHHOTO OCEMEHEHUS TEJIOK C MCIIOJIb30BAHUEM CEKCHPOBAaHHOM
CIIEPMBI TIOKA3aJI0, YTO TUIOJIOTBOPHOCTH OT OJJHOKPATHOTO OCEMEHEHHS B TPEX IKCIICPUMEHTAIBHBIX XO35H-
CTBax COCTaBMJIa COOTBETCTBEHHO 25,6 %, 45,3 % u 52,7 %. Kpome Toro, noixydeHue TeasT OT OCEMEHEHUS
CEeKCUPOBaHHOM criepmMoit octursio 90,6 % B MOTOMCTBE CaMOK, YTO 3HAYUTENIbHO NpeBbimaet 46,1 % camok,
MOKa3aHHBIM B KOHTPOJIBHOU TPYTIIIE, TJIE HCIIOJIb30BaIOCh OOBIYHOE CEMSI.

B Hacrosiiee BpeMsi BOKpYT TeMbl CEKCUPOBAHHOTO CEMEHH HIIM CEMEHH, Pa3IelIeHHOrO 0 MOy, Ha
tepputopuu ObiBiero Coro3a co3Iajics HACTOSIINK aXHOTaX, Korna kak B EBporme 3ToT OyMm yke MOyTHX.
[lepcriekTrBa MOMyYaTh TOJIBKO TeNOUEK OyIOPa)KUT yMbI PYKOBOAMTENEH U CHEIMAINCTOB X03sUCTB. [Ipen-
nojlaraeMas mpuObLIb, HECMOTPS Ha IIEHY 3a 703y cekchupoBaHHOro cemeHu oT 7000 TeHre, OUeHb MpHBIIE-
KaTtesibHa. M TOCKOJIbKY CEKCUPOBAHHYIO CIIEpMY AJII KOMMEPYECKOTO UCIIOJIb30BaHUS MOIYYat0T TOIBKO OT
JYYIIMX TPOU3BOIUTENEH, UCIIONb30BAHNE TaKOW CIiepMbl 00€CIIeUNBAET 32 KOPOTKOE BPEMsI IyTeM CEJIeKIIHU-
OHHO-TIEMEHHOW pa0OThI TIOBBINIICHHE TPOTYKTUBHOCTH KHBOTHBIX U IOJIYYCHHE BIIBOE OOJIBIIIE COOCTBCH-
HOTO PEMOHTHOTO TOTOJIOBRS [["ampuenko et al., 2022].

Omnpenernenne CTeTPHOCTH — BaKHASE IKOHOMUYECKasl COCTABIISONIAsi paboThl MOJIEITEHOW MOJOYHON
dbepmsbl. 11 TMarHOCTHKY CTEIBHOCTH KOPOB CYIIECTBYET HECKOJIBKO METOIOB: TAKTHIILHBIN, TOPMOHAIBHBIH
U yIbTPa3BYKOBOM.

TakTUIBHBIN METOA MPEACTABISIET CO00M MaHyaIbHYIO MaNbIIAlUI0, TOPMOHAIBHBI METOA OCHOBaH
Ha MCTOJIb30BAHUU TOPMOHOB.

Jlnarnoctuka ¢ momompio Y3H-ckaHepa mo3BosisieT CTaBUTh Oosiee TOUHBIE TMAarHO3bl Ha Oosee paH-
HUX cpokax 3542 neHs, ONpeAesuTh CTeIbHOCTh U Ha 28—35 neHb nocie ocemeHenus. Kpome toro, ckane-
PBI IOMOTAIOT OOHAPYKUTh TMHEKOJIOTHYEeCKHEe MpobiemMbl U 3a0oneBanusi, HaunHas ¢ 60 aus. C moMoIibio
VY3U-11arHoCTUKHN TaKKEe MOYKHO OINPEACIIUTh OCTATOYHOE JKEITOE TEJI0, KOTOPOE MPETSITCTBYET OBYIISIITUN
(G OITHKYIIOB, (POJUTHKYIIIPHBIC U JIFOTEHHOBBIC KUCTHI, TUMIO(MYHKIIUN | P IPYTHX THHEKOJIOTHICCKUX 3a-



0o0JieBaHMH. KpOMe TOTO, C IIOMOILIbI0 Y 3/ MOXKHO, HE 3Hasi TOUHOM J1aThl OCEMEHEHMsI, ONPEIeIUTh BO3PACT
IUI0J1A, YTO IO3BOJIUT CBOEBPEMEHHO OTIPABUTh KUBOTHOE B 3aITyCK U IIPABUJIBLHO IOATOTOBUTH K OTETY. DTO
IIO3BOJIUT KOPOBE OBICTPEE BOCCTAHOBUTHCS MOCIE OTENA, BBIMTH Ha MUK MPOJYKTUBHOCTU U PaHBIIE CTATh
CTEJIbHOM.

[TosTOMy OYeHB aKTyasileH BOIPOC SKOHOMUYecKoi apdexruBHocTH Y3U-nmnarnocruku. [Ipasna, cie-
JyeT 3HaTh, YTO CaM CKaHEp HEMOCPEACTBEHHO HE SIBIISETCS TOBAPOM, TaK YTO €ro IKOHOMHUUYECKYIO P dexK-
TUBHOCTb MOXHO PacCUUTATh 10 €r0 OKYIIaeMOCTH Ha OCHOBAHUHU CIIEL[UAIbHON METO/IMKH pacueTa.

Pacuet sxoHOMHIUYECKON 3((PEKTUBHOCTH PAHHETO ONPEACICHHS CTEIbHOCTH IO3BOJISET CHU3HUTD 3a-
TparThl, TaK KaK KaX/bli 1eHb OeCIIONNS HAHOCUT XO3SHCTBY YOBITKH, CKJIAJBIBAIOIIUECS U3 HEJOMOIYYEeH-
HOT'O MOJIOKA, HEJIOTIOJIyYEHHOTO TEJIEHKA U 3aTpaT Ha COACPKaHUE SJIOBON KOPOBBI.

B neHexHOM 5KBHBaJIeHTE BBICUMTBIBAETCS 110 clexyromeil popmyse:

- cpeaHuit ynou Kr/cyT X cedbectoumMocTh MoJioka Kr/tr = HIIT monoko Tr

- CTOMMOCTb TE€JIEHKa, OJIY4eHHOro oT kopoB MonouHslx (H/II Tenenok Tr), onpenensercs no ¢op-
MyJI€:

3,61* croumocTts 1 11 Monoka tr = HIII Tenenok tr

rae 3,61— KonMuecTBO MOJIOKa, KOTOPOE MOXKHO TOJTYYHTh 3a CUET KOPMOB, PACXOyEMbIX Ha MOTyYe-
HUE TEJIEHKA OT MOJIOYHBIX KOPOB, CTOMMOCTH | 11 MOJIOKa Tr — IieHa | 11 Mostoka 6a3uCcHOM KUpHOCTH WiH | 11
JKABOM MacChl KPYITHOIO POraToro CKOTa BBICIIEH YIIUTAHHOCTHU.

3HauuT 1 1eHp Oecruionus KOpOBbl HA MOJIOYHO-TOBapHOU (hepMe CTOUT:

HJIT renenok 1r /280 = croumocts 1 qHs Oecrmoaus Tr/CyT

3arpathl Ha COiep)KaHUE SUTIOBOM KOPOBBI B OCHOBHOM COCTOAT U3 CTOUMOCTH KOpMOAiHA. CTOMMOCTh
KOPMOJIHSI, B CBOIO OY€pe/lb, COCTOUT U3 CTOMMOCTH CYyTOUHOTO palloHa, a TAaKXkKe 3aTpaThl [0 yX0o1y U 00ciy-
KMBAHUIO.

VYOBITOK B CyTKHU OT Ka)KIOH sUTOBOM KOPOBBI PACUUTHIBAETCs cienyromeil popmynoii:

CT. KOPMOJHS TI/CyT + 3arparsl Mo yX. U 00ci. Tr/cyT + cT. 1 1 6ecmi. Tr/cyT = yOBITOK B CYyTKH OT
Ka)KJI0H SIIOBOM KOPOBHI TT/CYT

Ucnonp3oBanue Y3U s 1MarHOCTHKUA CTEIBHOCTU MO3BOJSIET HA MECSI paHbIIE ONPENCIIUTh pe-
3yJAbTaT OCEMEHEHHUS.

OO0t yOBITOK C OTHOTO SUIOBOTO KUBOTHOT'O 332 BECh PENPOAYKTUBHBIN LUK PACCUMTHIBACTCS ClIe-
TYIOIIAM 00pa3oM:

30 cyT X YOBITOK B CyTKH OT Ka)JIOH SJIOBOM KOPOBBI TI/CYT = OOIIMIA YOBITOK C OHOTO SUIOBOTO JKHU-
BOTHOT'O 3@ BECh PENPOAYKTUBHBIN LUK T

Taxkum 00pa3oM, MOXKHO MPOCYUTATH OKyNaeMocTh Y 3/ -ckaHepa 3a onpeeseHHbIH eproj] BpeMEeH!
(Mecs):

Croumocts Y3U-ckanepa, T / BCero 3arpar suloBbIX KOPOB, TT X 12 mMecsiieB = okynaemocTs Y 31 -cka-

Hepa, Mec.
[Tonueiit pacuet okynaemoct Y3U npesncrasien B Tabnuie 4.
Tabmuma 4 — Pacuer »koHOMHYECKOH 3((HEKTUBHOCTH UCIHONIBb30BaHusA Y 3U-IuarHocTuku

[Calculation of the economic efficiency of using ultrasound diagnostics]

[Noxkazarenu TOO «Typap»
Croumocts ¥Y3U- ckaHepa, TeHre 4500000
KonuuecTBo KOpoOB, roi. 1173
CebecTouMOoCTh, 1 K MOJIOKA, TT 134
CroumocTts, | Kr MOJIOKa, TT 200
Henonony4ueHHOE MOJIOKO, TI/CYTKH 3484
HenmomonyyeHHbIi TEIEHOK, TT 72200
YOBITOK OT Ka) 101 SUTOBOI KOPOBBI, TI/ 4108
cyT
OO0mmii yOBITOK C OTHOTO SITOBOTO 123240
JKMBOTHOTO 32 BECh PEIPOYKTUBHBIH
LUK
KosmnuecTBo BBISIBICHHBIX SJIOBBIX KOPOB, 25
roJI.
Bcero 3arpar suioBBIX KOPOB, T 3081000
Oxkynaemocts Y3U ckanepa, Mecsin 12




Ilo naHHBIM TAOMUIBE! 4 YCTAHOBJIEHO, YTO CKaHEpP CTOMMOCTBIO 4500000 TeHre okymaer ceOs yxe
nociie 12 mecsiues npu 2,1 % ssioBocTH.

upokoe pacnpocTpaHeHHnEe TUMOPYHKIIUNA SUYHUKOB, B OCHOBHOM, CBSI3aHO C TEXHOJIOTHEH coaep-
YKaHUs )KUBOTHBIX HA (DoHE HEeCOATaHCUPOBAHHOCTH PaIlMOHAa KOPMJICHUS 1 HECOOTBETCTBHUS YPOBHS KOpMIJIe-
HUS K TPOU3BOAUMOM MpoayKiuu. [Ipu 3ToM 4acToTa BOSHUKHOBEHUS TUTTOQYHKIIUN SUYHUKOB JOCTOBEPHO
BBIIIE y KUBOTHBIX C HU3KOM YIIUTAHHOCTBIO 10 CPABHEHMIO CO CPEAHEN KOHAMIMEH, YTO SIBIISIETCS ITOKa3a-
TEJIeM HEXBAaTKH MOTpeOssieMoil sHepruu Bmecte ¢ kopMmoM. [Ipu 3ToM conmepxaHue KOHIEHTPUPOBAHHBIX
KOPMOB OT OOIIIETO KOJMYECTBA CyXOr0 BeIllecTBa painoHa 6omnee yem Ha 45 % (B BBICOKOTIPOYKTHBHBIX CTa-
J1ax) TaK)kKe MPUBOJIUT K PACCTPONCTBAM SIUYHUKOB B (JOPME JTIOTCATBHBIX U (DOILTUKYISPHBIX KUCT, YTO TaKKe
HEONMaronpusTHO BIHMSIET HA PE3yAbTaTUBHOCTh OCeMeHeHUs. Y yuuThiBas pa3nuyHblii YPOBEHb MPOTYKTHB-
HOCTH KOPOB IIPOM3BOICTBEHHOTO CTa/1a, IPOSBIECHUE Y ONPEAECTECHHOTO KOIMYECTBA KUBOTHBIX OBAPUAILHOM
mucyHKIMH B popMe THNMO(PYHKIIMHN WA KUCT SBIISIETCS TPolieccoM HeoOpaTUMbIM. B 3To# CBs3M panuo-
HaJIbHOE MCIOJb30BaHNE BAPUAHTOB BOCCTAHOBIICHUS BOCIIPOM3BOAUTEIbHBIX (DYHKIIUMA, HA OCHOBE K30T€H-
HOTO BBEJICHUS TOPMOHAJILHBIX MPENaparoB sl CTUMYJISAIIMH HOPMAJIBHOTO POCTa U Pa3BUTHS (QOJITUKYIIOB U
BOCCTAHOBJICHUS MTOJIOBBIX IIUKJIOB KOPOB.

Urto xacaeTcs BOCHAIUTEIBHBIX MPOIECCOB CIIM3UCTON MATKU Kak Hambosee nmpoOIeMHON U MIUPOKO
pacipoCTPaHEHHOH MaTONOTHEH B JIFOOOM XO35CTBE, TO B JJAHHOM CIIy4ae MMEETCS MHOXXECTBO METOIOB U
CIOCOOOB JICUEHHUSI U BOCCTAHOBIEHUS (YHKIIMM MAaTKU KaK C BBICOKMM, TaK U C HU3KHUM IIOKa3aTelieM pe-
3yJABTATUBHOCTH, KOTOPHIE B OOJBIIMHCTBE OCHOBAHBI HA BHYTPUMATOYHOM BBEJACHUU MPOTUBOMHUKPOOHBIX
MpernapaToB UM BHYTPUMBIIIEYHOW UHBEKIIMU aHTUOMOTHUKOB. HO Kak moka3bIBaeT MpakTHKa, B HEKOTOPBIX
CIIy4asiX BOCIMAJUTENbHbIE MPOIECCH CIIM3UCTON MaTKH, HECMOTPS Ha MPOBEJIEHHBIE TPYAOEMKHE JiedueOHbIe
MEPOIPUATHSL, IPUOOPETAIOT XPOHUUECKYIO hopmy (110 5 %), UTO 3aTpyAHSAET MPOLIECCHl BOCCTAHOBJICHUS U B
KOHEYHOM UTOT€ MPUBOIUT K OECILTIOIUIO KUBOTHBIX, B CBA3H C KOTOPHIM M3Y4YEHHE, CPAaBHUTENIbHAS OLICHKA
METOJIOB BOCCTAHOBJICHHUS TMOJOBOW IUKJIMYHOCTH, TTOBBIIICHHS OTUIONOTBOPSIEMOCTH KOPOB TPH JAUCHYHK-
[IMOHAJFHOM COCTOSTHUW SIMYHUKOB U BOCCTAHOBJICHUM (PYHKIIMM CIIM3UCTON MATKH, SIBJSIETCS aKTyaJbHBIM
HAIIPABIICHUEM CEJIbCKOXO35MCTBEHHOW HAYKHU U MPOU3BOJCTBA.

K Tomy ke, nu3ydeHue, onpeaesieHue U CHUKCHHUE BIMSHUS OTPUIIATEIIBHBIX (PAKTOPOB HA PETPOIYK-
TUBHBIE (DYHKIIUU KOPOB SIBIISIETCS BEChMa aKTyallbHBIMH Ha COBpeMeHHOM dTare pa3Butus AIIK Pecrybnmku
Kazaxcran.

3akirouenue.

Ha ocHoBaHuu MpOBEIEHHBIX UCCIIEIOBAHUN MOXKHO KOHCTAaTUPOBATh:

[IpoBeneHHBIE UCCIIEOBAHUS TMOATBEPKIAIOT, 4TO 3((HEKTUBHOCTH BOCIPOU3BOACTBA MOJOYHOTO
CKOTa OMNPEEAETCS YPOBHEM TEXHOJIOTUYECKON OpraHU3alliy BCErO IIUKJIA PETNPOTYKTUBHOIO YIPaBICHUS
CTaJIOM, BKJIIOYAsi CBOEBPEMEHHYIO IMaTHOCTUKY, TOYHOCTh BBISIBJIEHUS MOJIOBOM OXOTHI U KAYECTBO HCIIOJNb-
3yeMOro CEMEHHOro Marepuaa. PaHHss ynbTpa3ByKOBasi AMArHOCTHUKA CTEIBHOCTH Ha 28—35-e CyTKu mocie
OCEMEHEHHMsI MO3BOJISIET CYIIECTBEHHO MOBBICUTH ONEPATUBHOCTH MPHUHITHS 300BETEPUHAPHBIX pPELICHUH,
MUHUMHU3HUPOBATH MEPUO HEONPEAEIEHHOTO (PU3NOTIOTUYECKOTO COCTOSHUS KUBOTHBIX U CHU3HUTD JITUTEIb-
HOCTh HETPOU3BOIUTEIILHOTO CO/IEPKAHUSI HECTEIBHBIX KOPOB U TEIOK. DTO UMEET NMPUHIUIHAILHOE 3Haue-
HUE JIJIS1 TPOMBITIUIEHHOTO MOJIOYHOTO CKOTOBOJICTBA, TJIE€ KaXK/BIM JICHD STIOBOCTH MPUBOIUT K MPSIMBIM KO-
HOMHYECKHUM TMOTEPSM. YCTAaHOBIICHO, YTO YIBTPA3BYKOBAsl IMATHOCTHKA SIBIISIETCS BHICOKOUH(DOPMATHBHBIM
METOJIOM PaHHETO ONPECIICHHUS CTEIILHOCTH KOPOB H TEIOK, TIO3BOJISIONINM BBISBISATH OEPEMEHHOCTH YKe Ha
28-35-i1 neHp nociie oceMeHeHus, yTo Ha 15—20 nHell paHbllle IO CPAaBHEHUIO C TPAAULMOHHON PEKTAIBHOM
nanpnanueir. Oouapyxeno, uto B TOO «Typap» OIIon0TBOPSEMOCTh TEJIOK B TIEPBBIE TPU OXOTHI HAXOJH-
nack Ha ypoBHe 75,3...97,4 %, B ToM uncine 75,3 % ot nepBoro ocemenenus. B TOO «CaguukoBckoe», COOT-
BeTcTBeHHO, 71,1...97,4 % u 71,1 %. 3 ronossl B TOO «Typap» u 2 ronossl B TOO «Omxa CagquuKoBCKOE»
OILIOJOTBOPEHBI B YETBEPTYIO OXOTY, IOATOMY MHJEKC oceMeHeHus coctasuia 2,1 B TOO «Typap» u 2,2 B
TOO «Omxa CaguuKOBCKOEY.

[IpuMeHeHne CEeKCHPOBAaHHOTO CEMEHU O0ecTeyrBaeT IieJIeHanpaBleHHOe (GOPMUPOBAHUE MOTOBON
CTPYKTYPBI IPUILIOAA C YBETUYCHHEM JOIH TEMOK 10 87,8-91,6%, 4TO MMEET KITF0YeBO€ 3HAUYEHHUE TSI YCKO-
peHHOTO (POPMUPOBAHKS PEMOHTHOTO MTOTOJIOBbSI MOJIOYHOTO CTaAa. JlaHHBIN pe3ynbTaT MOATBEPKIAET BBICO-
KYIO BOCIIPOHM3BOJICTBEHHYIO 3()()eKTUBHOCTh TEXHOJIOTHH MPH MUCIOIB30BAaHUH HA (PU3UOJIOTHICCKHU 3/10PO-
BBIX TENIKAX U MPU COOIIONCHUN TEXHOJIOTHYECKUX MapaMeTPOB UCKYCCTBEHHOTO OCEMEHEHUS. YBEIMUCHHE
BBIXOJIa TEIOK TO3BOJSIET COKPATUTH CPOKH BOCIPOU3BOJICTBEHHOTO ITUKJIA, YCKOPUTh TEHETHUECKOE OOHOB-
JIEHUE CTaJa U MOBBICUTH CEJIEKIIMOHHBIN MPOTPECC B MOJIIOUYHOM >KUBOTHOBOJICTBE. VCIIONIb30BaHUE CEKCUPO-
BaHHOTO CEMEHU OBIKOB-TIPOU3BOAUTENCH MPH OCEMEHEHUH KIIMHUYECKH 37I0POBBIX TEIOK 00ECIEUnIIO BbICO-



KHUH BBIXOJ TEJIOK B IPUILIONE, BBIABIEHO, 4TO B 100 «Typap» Cpelin MOJy4eHHOTO MPUIIIIOAA BBIXO TEIO0K
9,6 % Bbiiie, yeM B TOO «Omxa CaguukoBckoe», u coctaBui 91,6 %., a B cpefHEM B ONIBITHBIX XO34MCTBAX
NaHHbIN napaMeTp paBeH 87,8 %., uto noaTBepxkaaeT 3PPEeKTUBHOCTh MPUMEHEHHS TaHHOW OMOTEXHOIOTHH
B MOJIOYHOM CKOTOBOJICTBE.

YcTaHOBIIEHO, UTO UHAEKC OCEMEHEHUs Ha ypoBHe 2,1-2,2 u omnogorBopsiemocts 71,1-75,3 % xa-
paKTepHU3yIOT CTa0MIbHOE (DYHKITMOHUPOBAHHUE PEMPOTYKTUBHON CUCTEMBI TEIOK B YCIOBUSX MCCIEAYEMBIX
x03s11cTB. [lomyueHHbIC 3HaYCHUSI COOTBETCTBYIOT HOPMATUBHBIM mapameTpam 3(h(HEKTUBHOTO BOCTIPOU3BO/I-
CTBa M CBUJIETEJIbCTBYIOT O JOCTAaTOYHO BHICOKOM YPOBHE OpPraHM3allMyd UCKYCCTBEHHOTO ocemeHeHus. [lpu
STOM BBISIBJIEHO, UTO MOBBIIIEHHE TOYHOCTH JUArHOCTUKHU CTEIbHOCTH MIO3BOJISIET AOTIOJIHUTENIBHO ONITUMU3U-
pOBaTh CTPYKTYPY OCEMEHEHUH, CBOEBPEMEHHO BBISBIIATH TOBTOPHBIE LIUKJIbI M CHUKATh KOJIMYECTBO HEOILIO-
JOTBOPEHHBIX KUBOTHBIX, UTO HAIPSIMYIO OTPa)kKaeTcsi Ha YKOHOMHUYECKOH 3(h(hEeKTUBHOCTH IPOU3BO/ICTBA.

DKOHOMHUYECKUI aHallu3 MO0Ka3all, YTO BHEJPEHUE UCCIETYyEeMbIX TEXHOJIOTUN 00ecreunBaeT 3Hauu-
TEJIbHOE MOBBILIEHNE PEHTA0ETbHOCTH MOJIOUHOTO MPOU3BOACTBAa. CHMKEHUE MOTEPh OT SJIOBOCTHU, YBEIU-
YEHUE BBIXO/IA TEJIOK U ONITUMM3AIUS UCTIOIB30BAHUS CEMEHHOTO MaTepuaia GOopMUPYIOT TOMOTHUTEITbHBIN
SKOHOMUYECKHH Y dexT, mpeppimatonmii 100 MIH TeHre B pacueTHBIX yCIOBHAX X03siicTBa. [Ipu 3TOM cpok
OKYIIAeMOCTH YIIBTPa3BYKOBOTO 00OpPYIOBaHHUS COCTABIISIET OKOJIO 12 MecsieB, YTO MOATBEPIKIACT €rO BbI-
COKYI0 MHBECTHIIMOHHYIO 3()(PEKTHBHOCTD U 11€71€CO00Pa3HOCTh BHEAPEHUSI B MPOU3BOJACTBEHHBIC YCIOBHS
KPYIHBIX MOJIOYHBIX KOMILJIEKCOB.

B nenom ycraHoBieHO, 4TO KOMIUIEKCHOE UCIIOJIb30BAHUE YIABTPAa3BYKOBOM NTUArHOCTHUKU, THHEKOJIO-
THYECKOM TucraHCepUu3ali U CEKCUPOBAHHOTO CEMEHU MPEACTaBIsAET CO00M COBPEMEHHBIN TeXHOIOTHYe-
CKUM MOAXOJA K YNPaBICHUIO BOCIPOMU3BOACTBOM MOJIOUHOTO CKOTa, 00€CIeUUBAIONINI OHOBPEMEHHOE TO-
BBIIIICHUE OMOJIOTMYECKOM, CEIEKIIMOHHON U SKOHOMHYECKOU 3 eKTUBHOCTH. Peanu3aius 1aHHOTO Moaxoaa
CHOCOOCTBYET CHM)KEHHUIO PEMpPOAYKTUBHBIX MOTEPb, YIYULICHUIO CTPYKTYpbI CTa/a, MOBBIIIEHUIO BBIXO/A
MPUILIOAA M YCTOMYMBOMY Pa3BUTHUIO MOJIOYHOTO CKOTOBOJICTBA B YCJIOBHSIX MHTCHCU(PUKAIIUNA OTPACIIH.

Crnemyer OTMETUTD, UTO MOTYUYEHHBIE PE3YIbTaThl UMEIOT HE TOJILKO MPOU3BOACTBEHHOE, HO U TIPAKTH-
YeCKOE 3HAUCHHE ISl TalIbHEUIIEro COBEPIIIEHCTBOBAHUS CUCTEMBI BOCITPOU3BO/ICTBA MOJIOYHOTO CKOTA B yC-
JIOBUSIX MHTEHCHUBHOIO BeJIeHUs oTpaciu. Mcnoiab30BaHne COBPEMEHHBIX METO0B KOHTPOJISI PEIIPOTyKTUBHOM
(GYHKIMH TIO3BOJISIET CBOCBPEMEHHO BBISIBIIATH HAPYIICHHS BOCIPOU3BOAUTEIBHBIX MPOIECCOB, MPOBOAMUTH
KOPPEKTHPYIOIINE BETEPUHAPHBIE MEPOTIPUSATHUS U TOBHIIATH 3(PPEKTUBHOCTD yIpaBICHUS CTaA0M. BakHbIM
MIPEUMYIIECTBOM YJIbTPA3BYKOBOM JTUATHOCTUKH SIBJIIETCSI BOBMOXKHOCTh PAHHETO BBISIBJIEHHUS CTEIBHOCTU U
MATOJIOTH OPTraHOB PENPOAYKTUBHOM CHCTEMBI, YTO CIIOCOOCTBYET CHIKEHUIO STIOBOCTH, COKPAIICHUIO Cep-
BHC-TIEpUO/Ia U OoJiee pallMoHAIbHOMY MCIIOJIB30BaHUIO KOPMOBBIX M TPYIOBBIX PECYpPCOB X03siicTBa. B cBOIO
oyepesib, IPUMEHEHNE CEeKCUPOBAHHOIO CEMEHHU IMO3BOJISIET 00ECMEeUnTh XO3sCTBA JOCTATOYHBIM KOJIMYe-
CTBOM PEMOHTHBIX TEIOK COOCTBEHHOTO BOCIIPOM3BOJICTBA, CHU3UTH 3aBHCHUMOCTh OT 3aKYIKH TUIEMEHHOTO
MOJIOJIHSIKA M TOBBICUTH TEMITbI T€HETHUYECKOTO COBEPIICHCTBOBAaHMS cTaja. [lomydyeHHbIe TaHHBIE CBUJIE-
TEIBCTBYIOT O TOM, YTO BHEAPEHUE COBPEMEHHBIX PENPOTYKTUBHBIX TEXHOJIOTHH CIIOCOOCTBYET MOBBIIIICHHIO
KOHKYPEHTOCIIOCOOHOCTH MOJIOYHOTO CKOTOBOJICTBA, YBEIIMYCHHIO SKOHOMHYECKON yCTOMYUBOCTH XO3SICTB
U CO3JaHUIO MPEANOChUIOK Jisl JalbHEHIIEero pocta NpOAYKTUBHOCTH >KMBOTHBIX. [IpakTuueckas peanusa-
U PEATIOKEHHOTO KOMIUIEKCAa MEPOIIPHUSITHIA TIO3BOJISET MOBBICUTH dPPEKTUBHOCTH CEIEKIIMOHHO-TIIEMEH-
HOU paboThl, 06ecrieunTh Oosiee TOTHOE UCIOIB30BaHHE FeHETUYECKOTO MOTEHIMANa KUBOTHBIX U CO3JaTh
YCJOBHS JJI1 YCTOMUMBOIO Pa3BUTHSI MOJIOYHOM OTPaciIv B COBPEMEHHBIX MPOU3BOJCTBEHHBIX YCIOBUSIX.

KommuiekcHOe npUMeHEeHHUE YIbTPa3ByKOBOM JTMATHOCTUKH, TMHEKOJIOIMYECKOW TUCIIaHCEepU3aluu U
COBPEMEHHBIX OMOTEXHOJIOTUI BOCTIPOU3BOJCTBA SBISETCS OMOIOrMYECKH M IKOHOMUYECKH 000CHOBAaHHBIM
Y MOXKET OBITh PEKOMEHIOBAHO JIJISI ITUPOKOTO BHEAPEHHMS B IPAKTUKY MOJIOYHOTO CKOTOBOJICTBA.
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Abstract. The article presents the results of the influence of different levels of soluble and cleavable
protein in the diet on the productivity of repair heifers and heifers of dairy cattle. The research was carried out
during the preparation of heifers for insemination, throughout heifer pregnancy, during the postpartum uterine
involution period following calving, and subsequent insemination. It has been established that feeding feeds
with a high degree of soluble and degradable protein contributes to an increase in the concentration of ammo-
nia in the rumen. This is the reason for the increased excretion of nitrogen from the body. The low degree of
these fractions limits microbial synthesis and the productive effect of the protein. Therefore, to maximize the
use of feed protein by ruminants, it is necessary to find ways to regulate its fermentation in the rumen while
increasing microbial protein synthesis. Of particular interest is the protection of feed protein from the effects
of rumen microorganisms and its partial replacement with nitrogenous compounds to obtain an optimal fer-
mentation rate and maximum microbial yield. The state of reproduction is determined by many factors, the
degree of influence of which is not the same in each household. The level and usefulness of feeding, the sys-
tem of maintenance and zoohygenic conditions, and the organization of insemination of animals are the most
important, and their importance is undeniable. These factors are constantly discussed, and often failures in
farms are attributed solely to them. At the same time, the organization of veterinary control, as well as the reg-
ularity and completeness of the assessment of the state of reproduction in general, also have a great influence.
The importance of the issue increases when studying the reproductive performance of replacement young
stock, which are particularly sensitive to protein deficiency. Its deficiency leads to impaired enzyme function,
hormonal disorders, and affects animal reproduction. The lack of vital amino acids has a particularly adverse
effect on fertility. The inclusion of 15 % protected soybean meal and 10% amino acid-enriched compound
feed concentrate in the diet of the experimental groups had a positive effect on the fruitfulness of insemination,
the normal course of the birth process, rapid separation of the afterbirth, and shortening of the service period.
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AnHoOTanusi. Makajana panvoHa epUTIH JKOHE BIIBIPANTBIH aKybI3IbIH Op TYPJI JEHTCHiHIH CYTTI
MaJIbIH KYHaXBIHIApbl MEH TaObIH aJIMAacCTBIPYIIbI KalllapJiapAblH OHIMIUIIrIHE ocepi KOpCeTIIreH. 3epT-
TEy KYMBICTaphl KamapjapAblH YPBIKTAHIBIPYFa TaibIH/IAy, KYHAKBIHIAPBIH Oya3bIFbIHA, TOJJIETCHHEH
KEWIHT KallblHa Kelly YpAICTepMEH KaHyapliap/bl YPHIKTaHIBIPY Ke3eHIMeH Kyprizuiai. JKorapel aopexe-
JIe ePUTIH KOHE BIIBIPANTHIH aKybI3bl Oap JKEMINOINIEH a3bIKTaHABIPY MECKAPBIHAAFbl aMMHAK KOHIIEHTpa-
IUSICBIHBIH apTYbIHA BIKIAJ €TETiHI aHBIKTAIIBL. byJl OpraHM3MHEH a30TThIH CHIPTKA OOJIHYIHIH JKOFapbLia-
ybIHBIH ce0ebi. Kepcerinren (pakuusiiapablH TOMEH Topekeci MUKPOOTapAbIH CHUHTE31H KOHE aKybI3JIbIH
OHIMJII acepiH mekTeiai. Jlemek, KyHic KaWbIpaThIH KaHyapJapAblH a3bIKTHIK aKybI3[bl OapbIHINIA Maiiia-
JIaHYBI YIIiH MHKPOOTBIK aKybI3 CHHTE3IHIH JKOFapbUIaybIMeH Oipre OHBIH MECKapbIH/a allbITYbIH PETTEH-
TiH o/IiCTEP/l 13/1ey KaKeT. A3BIKTHIK aKybI3[Ibl MECKAPhIHa MUKPOOPTaHU3MICPIHIH 9CEPIHEH KOpFay KoHe
OHTAMIIBI AlIBITY JKBIIIAMIBIFBI MEH MUKPOOTBIK aKybI3/IbIH JKOFAPhI JIOPEKEIC apTyhl YIIIiH MpernapaTTap/Ibl
a30TThI KOCBUIBICTAPMEH 1IIiHAPA ayBICTBIPY OENTi O1p KbI3BIFYIIBUIBIK TYABIPaAbl. AHAIBIK MaJIaH TeJl alry
Karaabl KemnTereH (akTopiapra OalyIaHBICTBI, OJIAPJBIH OpPKAWCBICBIHBIH dCEp €Ty Jopexeci op
[IapyaibuibIKTa 0ipeit emec. Manibl TONBIKKYHIbI dKOHE JKETKUTIKTI a3bIKTaHBIPY JIEHTeii, OHBI KYTiNn-0ary
KyHecl MEH 300THTHEHANBIK JKaFaaiiap, jkaHyapliapbl KOJJJIAaH YPBIKTAHIBIPYIbl YH-BIMAACTBIPY — €H
MaHbI3/1bl (hakTopiap OOJIBIN TaOBLIAIBI YKOHE OJIAPABIH MaHBI3IBUIBIFEI ©Te epek-me.bysr dhaktopiap yHemi
TANKBUTAHAABl  JKOHE  IIApyallbUIBIKTAPJIAFbl  COTCI3JIKTEp  KOOiHece  yAalbl  OHAIpYMEH  FaHa
OaiiaHbIcThIpbIIabl. COHBIMEH KaTap, BETEPHHAPHSIIBIK OaKbUIAY/Ibl AYPHIC YH-BIMIACTHIPY KAKET, COHIAM-
aK TeJI ally JKaFJaiblH YaKThUIbI )KOHE TOJBIK Oarajay Ja YJIKeH dCepiH TH-Ti3edl. JKYMBICTBIH MaHbI3IbUTbIFbI
aKyBI3JIbIH KETICTIEYIIUIIriHE epeKIe Ce3IMTal Kac aHAJIbIK MalJap/blH OHIM-Ke0er KACUETTEPiH 3epTTey
Ke3inje apTaabl. OHBIH KeTicneyuIitiri gepMeHTTep PYHKIMACHIHBIH Te-)KeTyiHe, TOPMOHaJIbI Oy3bLTyIapFa
oKeJeni, >KaHyapiapAblH KeOeroiHe Tepic ocep eremi. Tipurimikke MaHBI-3[bl aMUHKBIIIKBLUIAAPBIHBIH
TaIIBUIBIFBI, 9CIpECe, MAJIJIBIH TOJACTIMTITIHE Kepl CenTiriH Turi3eni. Toxipubes TonTapasl



a3bIKTaHabIpyna 15 % biapanThiH cos wpoThl MeH 10% aMUHKBIILIKBIIAAPBIMEH OAUBbITBUIFAH KypaMa jKeM
KOHIIEHTPAThIH PAIMOHFAa KOCY YPBIKTAHIBIPYABIH YTBIMIBUIBIFBIHA, TYy YPIICIHIH KaJbIlITHl OTYiHE,
IIyyAbIH Te3 OeliHyiHE KOHE CEPBHC Ke3eHIHIH KbICKapybIHa OH dcep €TTi.
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AHHoTauusl. B crartbe u3naraiorcs pe3yibTaThl BIMSHUS PA3IMYHOTO YPOBHS PAcTBOPUMOIO U
pacLIenIieMoro NpoTerHa palMoHa Ha MPOJYKTUBHOCTh PEMOHTHBIX TEJIOK M HETeled MOJIOYHOIO CKOTA.
HccnenoBanus OCyIIECTBISIIMCH B MEPHO MOJATOTOBKH TEJIOK K OCEMEHEHMIO, CTEIbHOCTU HETENeH, 1mocie
OTEJIbHBIX MHBOJIIOLMOHHBIX MTPOLECCOB € MOCIEAYIOUUM OIUIOI0TBOPEHNUEM )KUBOTHBIX. Y CTAHOBJIEHO, YTO
CKapMJIMBaHHE KOPMOB C BBICOKON CTENEHbIO PACTBOPUMOIO M PACIIEIUIIEMOr0 MPOTEHHA CIOCOOCTBYET
YBEJIIMYECHUIO KOHIEHTpAllMM aMMHUaka B pyOue. JTo sABISETCS MPUYMHON MOBBIIMIEHHONW 3KCKpEIMH a30Ta
u3 opranu3Ma. Huskas creneHb yka3aHHBIX (pakLuil OrpaHUYMBACT MUKPOOHBIN CHHTE3 U MPOJYyKTHBHOE
neiictBue nmpotenHa. CieoBaTeabHO, 111 MAKCUMAIbHOTO UCTIOJIb30BaHUSI KOPMOBOTO MPOTEHHA )KBAYHBIMHU
HEOO0XO/IMMO H3BICKAHHE CIIOCOOOB, PEryJIMPYIOLIMX ero (epMeHTaluui0 B pyOlle ¢ OJAHOBPEMEHHBIM
MOBBIIIEHUEM CHHTE3a MHKpOOHOro Oenka. OmnpenesieHHbI HMHTEpec MpeJCTaBlIseT 3alluTa NpOTenHa
KOpMa OT BO3JEHCTBUS pyOLIOBBIX MHKPOOPIaHM3MOB M YAaCTHYHAs €ro 3aMeHa IpenapaToB a30TUCTBIMHU
COCAMHEHUSIMH JUI TOJY4YEeHUs ONTUMAIbHOW CKOPOCTH (PepMEHTAlMM U MaKCUMAaJIbHOI'O MHKPOOHOTO
BbIxoJ1a. COCTOsIHME BOCIIPOM3BOJCTBA O0YCIOBIMBAETCSI MHOTMMHU (DAKTOPAaMH, CTETIEHb BIMSHUS KOTOPBIX
B KaXJIOM XO34HCTBE HE OJMHAKOBA. YPOBEHb M IOJIHOLIEHHOCTh KOPMJICHMS, CHCTEMa COJEpXKaHWUs U
300TMTMEHUYECKUE YCIOBHS, OPraHU3alis OCEMEHEHUs )KUBOTHBIX — HanOoJiee BaXKHbIC, U 3HAUUMOCTb UX
HECOMHEHHa. DTH (aKTOpbl 00CYKIAIOTCS TOCTOSIHHO, M HEPEJIKO HEYJaul B X0351HICTBaX OTHOCST TOJIBKO Ha
ux cueT. B To ke BpeMs 0oJbIlIoe BIMSAHUE OKa3bIBAIOT M OPTaHU3aIMsl BETEPUHAPHOTO KOHTPOJIS, a TaKKe
PEryJsipHOCTb M MOJHOTA OLIEHKHU COCTOSIHUS BOCHPOM3BOJCTBA B 11€JI0M. 3HAYUMOCTh BOMPOCA BO3PACTAET
IIPU U3YYE€HUH BOCIIPOU3BOIUTENIBHBIX CBOUCTB Y PEMOHTHOT'O MOJIOHSIKA, KOTOPBI 0COOEHHO YyBCTBUTENIEH



K JepUINTy NpOTeHHA. Er0 HEAOCTAaTOK HNPHUBOIUT K HAPYLICHUIO (PYHKIHWU (PEPMEHTOB, TOPMOHAIBHBIM
paccTpoiicTBaM, BIUSET Ha BOCIPOHU3BOJICTBO JKMBOTHBIX. OCOOEHHO HEOJArONMPHITHO CKa3bIBaCTCS Ha
TJIOJIOBUTOCTH OTCYTCTBHE JKU3HEHHO Ba)KHBIX aMHUHOKHUCIIOT. BKioueHre B pallioH KOPMIICHHUSI OTBITHBIX
rpynn 15 % 3anumenHoro coeBoro uipota u 10% oboraieHHOro aMUHOKHCIIOTAMH KOMOMKOPM-KOHIIEHTpaTa
MTOJIOKUTENIBHO TOBJIUSIO Ha TUIOJOTBOPHOCTh OCEMEHEHHH, HOPMaJIbHOE TIPOTEKaHUE POJIOBOTO Ipoliecca,
OBICTPOE OT/CIICHHE MOCTIEAa U COKpAIIEHUE CEPBUC-TIEPHO/IA.
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KondaukT uHTEpecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBUH KOH(DINKTAa HHTEPECOB.

bnazooapnocme. Fccneoosanuss npogedeHvl CONACHO NPUOPUMEMHOMY CNeYUdIU3UPOBAHHOMY
Hanpasiesuio npocpammHo-4ene8020 (QUHAHCUPOBAHUS NO HAYYHBIM, HAYYHO-MEXHUYECKUM NpPOSPAMMAM
Munucmepemaa cenvckoeo xozaiicmea Pecnyonuxku Kazaxcman «Passumue scueomnosoocmea Ha 0CHo8e
unmencusHvlx mexuonoeutty UPH BRI10764981 «Paspabomka mexuonocuil 3¢hghexmuernozco ynpasieHus
CeNeKYUOHHBIM NPOYECCOM COXPAHEHUS U COBEPUIEHCINBOBAHUS 2eHEeMUYEeCKUX pecypcos 6 MOJIOUYHOM
CKOMOBOOCMEe).

BBenenue.

YpoBHEM U TIOJHOLIEHHOCTHIO KOPMJICHHS OIpPENEeNSIOTCS 3J0pOBbE M TMPOJYKTUBHOCTH KOPOB,
MOKa3aTelan BOCIPOU3BOJACTBA, COXPAHEHHE IUIEMEHHBIX KadyecTB, MPOJOJLKUTEIBHOCTh MPOTYKTUBHOM
sKCIUTyaTanuu. Ha ocHOBe HOBEHIIMX pEeKOMEHIAlMi HayKd HEOoOXOJUMO ONTUMHU3HUPOBATH CTPYKTYPY
paIOHOB ISl KOPOB, TEXHOJOTHUW TPUTOTOBIIEHUS KOPMOB, OOOCHOBAaTh NMPUMEHHUTENBHO K PErHoHam
ONTHMAaJbHOE COUYETAaHUE OCHOBHBIX BHUJOB KOPMOB: KOMOMKOPMOB, 3€pHOCEHaXa, CEHa, CeHaXka, cujoca u
apyrux. B xaxxaoM xo3sicTBe T0KHA OBITH Halla)keHa KOMIBIOTEPHAs CUCTEMa pacyeTa KOPMOBBIX palno-
HOB, PEIENTOB KOMOMKOPMOB-KOHIIEHTPATOB, HEOOXOIMMO UCKIIFOUNUTh UCTIOJIH30BAaHUE KOPMOB 0€3 MOJIHOTO
ux OajaHCHpPOBAHUS MO BCEM HOPMHPYEMbIM HMHTpeAHeHTaM. PeaabHbIM yCIIOBHEM MOBBIIICHHUS MOJOYHOM
MIPOJYKTUBHOCTH KOPOB MOKET CTaTh MAaKCHUMAaJIbHOE BIIOKEHUE TPYy/a U KanuTajia B yBeINYSHHE 3ar0TOB-KH
BBICOKOKQUECTBEHHBIX OOBEMUCTHIX KOPMOB COOCTBEHHOTO IMPOM3BOJACTBA MPU OJHOBPEMEHHOM COXpa-
HEHUU Ha BBICOKOM YpOBHE OMOJIOTMYECKOM MOTHOIIEHHOCTH U cOATaHCUPOBAHHOCTH PAIlIOHOB KOPMIICHUS
KopoB. Hannumne Hane)xHON cOOCTBEHHON KOPMOBOM 0a3bl B X03siicTBax OyleT B Onmkaiiliel mepcrexkTruBe
BaYKHBIM PE3€PBOM CHUXEHHS c€0€CTOMMOCTH MPOAYKIIMH MOJIOYHOTO CKOTOBOJACTBA. YITyUIlleHHE KayecTBa
00BEMUCTBIX KOPMOB IO KOHIIEHTpAuu sHepruu u ceiporo npotenHa (CII) pesko cHikaeT moTpeOHOCTh
KOPOB B BBICOKODHEPIeTUYECKUX KOHIEHTpaTaxX. YBEJIUYEHHE KOHIEHTpauuu oomeHHou sHepruu u CII B
CyXOM BellecTBe TpaBsHbIX KOpMOB ¢ 8 M/Ix u 10 % coorBerctBeHHo 10 10 M/Ix u 16 % mno3Bosnser
CHHU3UTH YPOBEHb KOMOMKOpPMAa B CYyTOYHOM paIliOHE KOPOBBI € yZ0eM 25 KT mpakTuuecku B 2 pasa (¢ 10 1o
5,5 Kr). DTO TOBOPUT O TOM, YTO OaNaHC 3€pHA MOKHO YBEJIMYUTH HE TOJIBHKO 33 CUET OIPOMHBIX BIIOKEHUMN
Ha BO3JICTIbIBAHUE 3€PHOBBIX, HO M 3a CUET UX YKOHOMHUU B )KUBOTHOBOIcTBE [Kapmenko et al., 2021].

PeMoHT cTana B cenpxo3npeanpusaTusx 3anumaet 20-22 % oOumx 3aTpaT Ha MPOU3BOJCTBO MOJIOKA,
a 9TO 3HAYUT, YTO HMHTEHCHUBHOCTH BBIPAIMBAHUS PEMOHTHOTO MOJOJHSKA JOJKHA OBITh BBICOKOM.
OCHOBHBIMU TIOKa3aTeNsIMU PAa3BUTHS PEMOHTHBIX TEJIOK SIBJISIFOTCS: JKMBasi Macca, BO3PACT U YIUTAaHHOCTD
MpU TJIOJIOTBOP-HOM oceMeHeHuu. CpeqHecyTOUHbIE MPHUPOCTHI KMBOM MacChl TEJIOK 3a BECh MEPUOJ
BBIPAILIIUBAHUS JOKHBI COCTaBIATh HE MeHee 750 rpamMmoB. BaskHO yUUTBIBATh COCTOSIHUE 3/IOPOBBS 32 BECh
nepuoy BelpanuBanus. JKUBOTHOE, Y KOTOPOTO OBLITU MPOOJIEMBI CO 3J0POBbEM, YKE HUKOTJA HE JOCTUTHET
MaKCUMaJbHOW TMPOIYK-TUBHOCTH U oOpedyeHO Ha ObICTpyro BbIOpakoBKy. Kpome BbIllIeyKa3aHHBIX
OCHOBHBIX HANpaBICHUH, TMOBBI-IICHUIO TPOJYKTUBHOCTH U CHIDKCHHMIO BBIOBITHS KOpOB Oyner
CrocoOCTBOBATH pallMOHANIbHAS OpPTaHM3allMs TUIEMEHHON paboThl: 3a CUET IeJICHAINIPaBICHHOTO OTOOpa U
mo0opa MOXKHO CO37aTh TeHO(OH]] )KUBOTHBIX, YCTOWYUBBIX K BO3JCHCTBUIO HEOIAronpUATHBIX (HaKTOPOB
okpy»karotei cpeasl [Mcabekosa et al., 2023).

Jlo HacTofIIero BpeMEeHH BONPOC MOJTHOILEHHOTO 00ecleyeHHs] OpraHu3Ma KHUBOTHBIX OEIKOBBIMU
BEIIECTBAMH PACCMATPHUBAJICS B CBSI3U C OTIPEIeIEHHBIM KOJIMYECTBOM IPOTEHHA B pallMOHE, YCTaHABIMBAEMOTO
M0 Pa3HOCTH: MPUHATO — BbIAeNeHo. OHAKO JaHHAs 3a7jauya He OTpaxkaeT (PaKTHUECKH 00ecreueHHOCTH



KUBOTHBIX O€TTKaMU, T.K. HE yYUTHIBAIOTCS (DU3MKO-(DepMEHTATUBHBIE TPOLIECCHI C a30TUCTHIMU COSMHEHUSIMU
B pyOr1e. [ToaTOMy Ba)kKHBIM SIBJISIETCS YUET CTEIIEHH PACTBOPUMOCTHU U PACHICIUIAEMOCTH MpoTenHa. J{aHHbIe
MOKa3aTeI OTPaXKaroT MHTEHCUBHOCTH PYOII0BOi (hepMEeHTAINN a30TOCOACPIKAIIUX BEIIECTB U OMPEICIISIIOT
3¢ (}HEeKTUBHOCTh HUX HCIOJB30BAHUA. Y CTAHOBJICHO, YTO CKapMJIMBAaHUE KOPMOB C BBICOKOW CTENEHBIO
PacTBOPUMOTO U PACHIETUIIEMOT0 MPOTEHHA CIIOCOOCTBYET YBEITUUYECHUIO KOHIIEHTPAllMM aMMHaKa B pyoiie.
OT0 sBISETCS NMPUYMHON TMOBBIIMICHHON AKCKpEIMM a30Ta U3 opraHu3Ma. Huskas creneHb yKa3aHHBIX
bpakuii orpaHUYMBaeT MUKPOOHBIN CHHTE3 M MPOIAYKTHBHOE AeiicTBue nporenHa. ClenoBaTenbHO, IS
MaKCHMAaJbHOTO HCIOJb30BaHUSI KOPMOBOTO MPOTEHHA KBAYHBIMH HEOOXOJHMMO H3bICKaHHE CIOCO0OB,
peryinmupyromux ero ¢gepMeHTanuio B pyoiie ¢ 0IHOBPEMEHHBIM MOBBIIIEHUEM CHHTE3a MUKPOOHOTO Oemka.
OmnpeeneHHbIi THTepeC IPeICTaBIsIeT 3alUTa TPOTEHHA KOPMa OT BO3CHCTBHS pyO1I0BBIX MUKPOOPTaHU3MOB
Y YaCTHYHas €r0 3aMeHa MpernapaToB a30THCTHIMU COCIMHEHUSMU TS MOTYYeHHs] ONTUMAIbHOU CKOPOCTH
dbepMeHTalMd U MaKCUMaJIbHOTO MUKPOOHOTO BBIXO/a. 3HAYUMOCTH BOIPOCA BO3pacTaeT MpHU HU3YUCHHH
BOCIPOU3BOAUTENHHBIX CBONCTB Y PEMOHTHOTO MOJIOJHSIKA, KOTOPBIII 0COOEHHO YYBCTBHUTENEH K 1eULIUTY
nporeuHa. Ero He1ocTaToOK MPUBOIUT K HApYIICHUIO PyHKIIUU (PEPMEHTOB, TOPMOHAIBHBIM PacCTPONCTBAM,
BIIUSICT HAa BOCIPOU3BOJCTBO JKUBOTHBIX. OCOOEHHO HEOIArOMpPHUSATHO CKAa3bIBACTCA HA IUIOAOBUTOCTH
OTCYTCTBHE KU3HEHHO BaKHBIX aMUHOKHCIIOT. B CBSI3U € 3TUM 0c000€ BHUMaHKE JOHKHO YIECIATHCS HE TOIBKO
KOJIMUYECTBY Oellka B pallioHe, HO U €0 KauyeCTBEHHOMY cocTaBy. [IpuueM, He Tak Ba)KHO MPOUCXOXKJICHUE,
KOJIMYECTBO M KauecTBO OeNka M ero MpaBHJIBHOE COOTHOIIEHUE C YHEPreTHUECKON 1EHHOCTHIO pallloHa.
Wznuminee notpebienue Oenka He MPUBOJUT K TAaKUM MOCIEACTBUSIM, KaK €ro HEJOCTaTOK, HO y KBAaYHBIX
KUBOTHBIX OHO HEXENATEeNbHO. Y HHUX IMOCTOSHHBIM M30BITOK Oelka MpU OJHOBPEMEHHOM HEIOCTATKe
YIJIEBO/IOB BHI3BIBAECT U3MEHEHHUE MUILIEBAPEHHUSI B pPyOIe ¥ MPUBOIUT K HAKOIJICHHUIO B OpraHU3Me O0JIbIIIOT0o
KOJIMUYECTBA KETOHOBBIX TEJl U PA3BUBUTHIO KeT03a. Y OOJBHBIX KUBOTHBIX YMEHBIIIAETCS COMEPIKaHUE TIIIO-
KO3bI B KPOBH, HapyIIaeTCsl MUHEPaIbHBI 0OMEH, BO3HUKAET 1e(pUIIUT BUTAMUHA A BCIIEICTBUE OCTabIeHUs
ero BcaceiBaHusA. Bce 310 mpencTasisier coboit cTpecc, KOTOPbId 00yCIOBINBAET MOHMKEHUE TTPOTYKTUBHO-
CTH U IUJIOJJOBUTOCTH CaMOK. YBENUYMBAETCS YacTOTa TPYAHBIX POJIOB, 3aJepXaHHs TMoclesa,
SHIOMETPUTOB, KUCT SIMUHUKOB; TOHIKAETCS OII0J0TBOpsieMocTs [['ycapos et al., 2023; Mopos., 2022].

MeTtoabl 1 MaTepHAJIbI.

C uenbio onpeeneHus BIUSHUS Pa3IMdHOTO YPOBHS PACTBOPHMOIO M pacIlerisieMoro MmpoTerHa
paroHa Ha MPOAYKTUBHOCTh PEMOHTHBIX TEJIOK M HETEeJeH TONIITHHCKON mopoibl ObUIH c(hOPMUPOBAHBI 3
Ipynnbl TENOK B Bo3pacte 15 mecsieB 12 ronoB B kaxaon. HaydHO-X03sIIICTBEHHbBIE OMBITHI MPOBOIUIHCH
B CIIK «Ilnem3aBog Anmartel»y Tanrapckoro paiioHa AJIMaTHHCKON oOmactH. JKMBOTHBIE OTOMpPAIUCH IO
MIPUHIIMITY TIAp-aHAJIOTOB U COCTOSIHHIO T€HUTAIBHBIX OpPraHoB. B mepuoa Hay4YHO-XO034iCTBEHHOTO OIbITa
o obmenpunsaTo Metoauke [OmoOaes et al., 2017] mpoBeaeH GU3HOTOTHICCKHN OIBIT Ha TPEX 3 ToJI0oBaxX U3
Ka)XIO0W TPYTMIbI 10 U3YUYEHUIO NePEeBAPUMOCTH MUTATETIBHBIX BEIIECTB PAIIMOHOB IO OCHOBHBIM 3JIEMEHTaM
MUTaHUS.

DKCIIEpUMEHT OCYIIECTBIISJICS B TIEPUOJ MOJATOTOBKU TEJOK K OCEMEHEHHIO, CTeTbHOCTH HETesel,
MOCIICOTENHFHBIX WHBOIOIMOHHBIX MPOLIECCOB C MOCIEAYIONIUM OIUIOAOTBOPEHUEM KUBOTHBIX. OCHOBHBIE
AJIEMEHTHl HAYYHBIX OIBITOB — OIpeaeTeHHe (PU3NOIOTUYECKOTO COCTOSIHHSI CTEIBbHOCTU Y KUBOTHBIX,
KOHTPOJIb MOJATOTOBKH UX K OTENy, IIpHeMa POJIOB U TEYEHHS MOCIEPOJIOBOTO MEepro/Ia; MPEeaynpeKIcHIe
WM CBOEBPEMEHHOE BBISBIICHHE aKyIIEPCKUX W THHEKOJIOTMYECKUX 3a00JIeBaHUM U JieueHHe 3a00JIeBIINX
KUBOTHBIX [Anmabeprenos et al., 2026]. B nmpeaBapuTenbHbIi IEPHO 1T HAYYHO-XO3STHCTBEHHOTO OITBITA
0TOOpaHbl 00pa3ilbl KOPMOB U UX OCTATKOB JUIS IMOJIHOTO 300TEXHUYECKOTO aHajau3a Mo OOIETPUHSATHIM
Metoaukam [JlaBpoga et al., 2006].

B xone npoBenenus GuU3MOIOTrMYECKOTO OTbITa €KEIHEBHO BEJCS YUET MPOAYKTUBHOCTH KUBOTHBIX,
KOJIMYECTBO 3aJ]aBa€MbIX KOPMOB M HMX OCTAaTKOB, BBIJEICHHBIX MOYHM M Kaja OTIENbHO MO KaXJAOMY
KUBOTHOMY. 3aTeM ObLT U3y4€H UX XUMUYECKUH COCTAB C LENbIO ONPEICTICHUS TOETAEMOCTH UTIEPEBAPUMOCTH
MUTATENbHBIX BEIIECTB PALMOHOB MOJOMBITHBIMU >KUBOTHBIMU. KOHTpONBHBIE KMBOTHBIE HCIOJIH30BAIH
paryoH, cOaJaHCUPOBaHHBIN MO MPOTEHHY o (huznoiorudeckor Hopme, | — Ha 10 % BoIIe, I — HA 15 %
BhIIIe. Ha mMpoTsHkKeHHH CTOMIOBOTO MEepHo/ia MOoeJaeMOCTh KOPMOB OTPEAEIISIN B3BEIIMBAHUEM 33JJaHHOTO U
octatkoB ux 1 pa3 B 10 aueii. Ha ocHoBaHMM pe3ynbTaTOB 300TEXHUYECKOTO aHAIN3a U OLIEHKH (DaKTHYeCKOM
MUTATEFHOCTH HCIIONB3YEMBIX KOPMOB ObUTH pa3pa0oTaHbl palliOHbl KOPMIICHHUS MOAOMBITHBIX KUBOTHBIX,
cOalaHCUPOBaHBI 110 JIETATU3UPOBAHHBIM HOpMaM KOPMJICHUS C YUETOM MOKa3aTesield MUTaTeIbHbIX BEIIeCTB
[Kamamuaukoga et al., 2003].



Hepnocraroqie MHUHEpalbHbIE BELIECTBA B pAlMOHE HOJONBITHBIX JKUBOTHBIX BOCIOJIHSINCH
KOPMOBBIMU J100aBKaMU HOBOT'O TTOKOJICHUSI.

[TomydeHHBI OCHOBHOM HU(PPOBOI MaTepuan oOpabOTaH METOAOM BAapUAIMOHHON CTAaTHUCTUKH C
HCIIOI30BaHUEM KOMIIBIOTEpHOH mporpammsbl [Jlakun et al., 1990].

Pe3yabTaThl Hcc/ie10BAHMI.

Panmonsl coctaBisuin 2 pa3a B MeCSIl B 3aBUCUMOCTU OT HAJIWYUS KOPMOB, MUTATENBHOCTh HX
YCTaHABJIMBAJH IO MOKA3aTeIsIM OCHOBHBIX 3JIEMEHTOB KopmiieHus (Tabnuna 1). Pe3ynbraTel XUMHYECKOTO
aHayM3a Mpoo MoKas3aliy, YTO CO/IePKaHKUE CHIPOTO MPOTENHA B CYXOM BEIIECTBE IPyObIX KOPMOB KosieOaeTcs
ot 6,75 no 12,5 %, counbix — ot 8,57 1o 14,71 u koHUEHTpUPOBAaHHBIX — 10 27,06 %. PaznuuHeblil ypoBEeHb
O0OMEHHOI PHEPTUu U MPOTEHHA B PAllMOHAX JOCTUTAJICS 3a CUET CKAPMIIMBAHUS BBICOKOKAYECTBEHHBIX KOP-
MOB (CeHa)ka U3 dCraplieTa U KOHIIEHTpaToB). B cyTouHOM pariione Ha SHEPreTHUECKyt0 KOPMOBYIO €IUHUILY
coJiep>KaHKe MePeBapUMOro MPOTENHA COCTABUIIO B KOHTpoJbHOM rpynme 112.4r, [ —124,7 u Bo 11 — 102,3r,
WJIM KOHUEHTpAIs ChIpOTrO MPOTEUHA B CyXOM BellecTBe paBHsiachk 13,65; 14,3 u 11,6 %.

Tabnuna 1 — @akTuyeckoe cpeHeCyTOYHOE TOTPedIeHHEe KOPMOB 10 TpyMIaM (B CYTKH Ha TOJIOBY)

Ne IToxa3zarenu I'pymnmbt
KOHTPOJIbHAS I onbrTHAs II onbITHASK
1 CeHo 311aK0BOE€, KT 4,7 4.8 4.5
2 CeHaxx U3 MHOTOJIETHUX TpPaB, K 4.8 6,8 3,8
3 Cuioc KyKypy3HbIi, KT 9,7 9,6 10,5
4 SlumeHsb, Kr 2,0 2,2 1,6
5 CoeBblii HIpOT, KI' 2,1 2,6 2,65
6 KoMOHKOpM-KOHIIEHTpAT, KT - - 2,6
7 | IIpemukc, r 126 119 113
8 Jukansimiipocdart, T 37 24 50
B panmone copepxxurcs
1 OKE 9,9 10,7 9,5
2 OowmenHnas sueprust, MJx 99,4 107,25 95,25
3 Cyxoro BelecTBa, Kr 11,32 11,68 11,01
4 ChIporo npoTenHa, T 1545,01 1083,27 1384,71
5 Pacuennsiemoro nporeuna, r 532,6 5548 558,8
6 IlepeBapumoro nmpoTenHa, BCero, r 978,78 1163,64 851,32
7 ChIpoii KJIeTYaTKH, T 3391,54 3230,42 3704,17
8 Kpaxmana, r 2730 2735 2819
9 CeIporo xupa, T 207,23 254,28 266,51
10 | Kagprms, r 97,62 101,30 93,12
11 docdopa, T 40,16 41,14 40,63
12 | Kanus, ¢ 169,51 168,94 157,17
13 | Ceppl, T 18,36 19,42 17,29
14 | Kaporuna, mr 357,6 363,0 366,0
15 | OKE B 1 kr cyxoro BerecTa 0,87 0,91 0,86
16 | [lep. mpotenna Ha 1 OKE 98,86 108,75 89,61
17 | Coornomenue C:P 1:0,41 1:0,41 1:0,44

Jns npenynpexaeHus pa3BUTHs OTPULIATENIBHOTO SHEPTETUUECKOro OajlaHca y TEJIOK U HeTelel B UX
CYTOYHBIE PALIMOHBI BKIIOYAIN KOMOMKOPM-KOHIICHTPAT C IMOBBIIICHHON KOHIIEHTpaIeil 0OMEHHOMN SHEPTHH
(me mmxe 10,2—11,0 MJIx OD/Kr) 1 ONTUMU3UPOBAHHBIM YPOBHEM CHIPOTO MPOTEHHA. B yCIIOBHSIX TpoBeAEH-
HOTO OTBITA PALIMOHBI TEJIOK 15-MecsiuHOro Bo3pacta u HeTeneld popMupoBaiu ¢ y4€ToM uX (hrU3HOIOTHYIe-
CKOTO COCTOSTHUSI M YPOBHS MOTPEOHOCTH B TUTATEIFHBIX BEIIECTBAX HA JAHHOM dTare OHToreHesa. MaccoBast
JI0J1s1 ChIPOTO MPOTEHHA B KOMOMKOpMaXx JJIsl 3TOM BO3pacTHO-IPOU3BOJICTBEHHOW I'PYIIIbI MOIEPKUBAIACH
B npeaenax 14—16 %, 4To COOTBETCTBOBAJIO YCTAHOBIEHHBIM HOPMaM JJIsl )KUBOTHBIX B MIEPHOJ AKTUBHOTO
pocTa U MOArOTOBKH K OCEMEHEHUIO WM B PaHHHUE CTAJUH CTEIbHOCTH.

OnTumu3zanus IpOTEMHOBOIO KOMIIOHEHTA PAllMOHA B COUETAaHUU C KOHTPOJIEM 3HEpPreTu4eckon ode-
CTIIEYCHHOCTH, YPOBHSI CTPYKTYPHOH KIIETYATKH M aMHUHOKHCIIOTHOTO OajlaHca CIioCcOOCTBOBAa IMOJIEpIKa-
HUIO CTAa0MIILHOTO METabO0JIMIEeCKOTO CTaTyCca JKUBOTHBIX U MPEIyNpesKaaia pa3BUTHE OTPHUILIATEILHOTO SHEp-
reTHYECKOro OanaHca.



DopMHUpOBaHUE PAIIMOHOB COMTPOBOKIATOCH KOHTPOJIEM aMHUHOKHCIIOTHOTO PO IS, YHEPTETUIECKON
00eCre4eHHOCTH 1 COJIEP>KaHuUs CTPYKTYPHOM KIIETYATKH, UTO 00eCTIeunBalio GU3N0IOTHYECKA 0O0CHOBAaHHYIO
cO6anaHCUPOBAHHOCTh MUTATENBHBIX BelllecTB. KoMIIeKCHOE MOCTYTICHHE SHEPTUH, TPOTENHA, MUHEPAJIbHBIX
AJIEMEHTOB M BUTAMHUHOB CITOCOOCTBOBAJIO TPEIOTBPAIICHUIO JSHUIMTHBIX COCTOSHUMN, 00ecreunBaio
HOPMaJIbHOE Pa3BHTHE OPTaHW3Ma W CHUXKAJIO PHUCK BO3HHUKHOBEHHUS OTPHIATEIBHOTO JHEPreTHYECKOTO
OanaHca.

Hedbummr docdopa BoOCHONHAIM BBEACHHEM B COCTaB KOHIIEHTPATOB auKanbluiidochara 10
pexomeHayemMbix HopM. [Ipu 3ToM oTHOIIEHKE Kanbius K (pochopy B pariioHe KOHTPOJIBHOM IpyNIbl ObUIO B
npeaenax 1:0,41, B I onsiTHO#M rpynne — 1:0,41 u Bo Il onbiTHOM rpynme, ontuManbHbIM cunTaetcs 1:0,56. B
paIone st MOJIOYHBIX KOPOB COZAEpKAHHUE KIETYaTKU JOKHO OBITh B mpeaenax oT 18 1o 26 % ot cyxoro
BellleCTBA. B HalleM OmbITe KOJIMYECTBO €€ B PallMOHE KOHTPOJIIBHOW rpymibl cocTaBuiio 29,9 %, I onbITHOMN
rpynne — 27,8 u Bo Il rpynmne — 34,2 %. YBenuueHue copepkaHus KIETUaTKU B CyXOM BELIECTBE palliOHa BO
II ompITHOI TpyIinie 00yCIOBIEHO CKapMIIMBAHUEM 3JIaKOBOTO ceHa. [1o KoMn4ecTBYy OCHOBHBIX KOMIIOHEH-
TOB paIMOHBI BceX rpynn pasznnuuil He umenu. ColepikaHne MUTATENbHBIX IEMEHTOB, UX COOTHOIICHHE U
KOHIICHTpAIIMs B CyXOM BEIllECTBE palloHa COOTBETCTBOBAJIO HOpMaM KopmiieHus (Tabnuua 2). Pa3nuia B
KOPMJICHUH JKMBOTHBIX 3aKJIFOYasiach B 3aMeHe 25 % mpoTerHa OSIKOBBIMHU JI00aBKaMH C pa3HOM CTEMEHbBIO
JerpaiupyeMOCTH a30THCTBIX COequHEHMI. B kauecTBe 100aBOK B palMOHaX KOHTPOJIBHOW M | OmbITHOM
TPyMIbl KCMIOIB30BAJIM COOTBETCTBEHHO HATUBHBIN U 3alIMIICHHBII COeBbIi mpoT. Bropas onbiTHas rpymnmna
nonydana 15 % 3ammuiieHHoro coeoro mpota u 10 % HachIeHHbI aMUHOKUCIOTaMU KOMOUKOPM-KOHIIECH-
TpaT. 3anuTa MpoTenHa COEBOTO MIPOTa MPOBOAWIACH C TIOMOIIBI0O XUMHUYECKOTO PeareHTa B J103¢ ST/KT.

Tabmmia 2 — XapakTepuCTHKA PAIIMOHOB KUBOTHBIX 32 OIBITHBIA MEPUOT

Ne I'pymmsr
O —— KonTponsHas I onbITHAA II onbITHAA
Konnenrpaiust sHepruu B 1Kr cyxoro BEIIECTB: 0,9 0,9 0,9
OKE
1
O0MmeHHOIT sHEprun, M Ik 9,4 9.4 9.4
2 YpoBeHb B CyXOM BellecTBe, %: 13,2 13,2 13,1
CBIPOTO MPOTEHUHA
KJIETYATKU 19,9 19,7 19,7
3 YpOBEeHb B CHIPOM IPOTEHHE, Yo: 45,9 40,1 47,4
PpacTBOPUMBII
pacuierisieMbIit 62,9 56,6 63,6
4 | IlepeBapumoro nporeusa Ha 1 OKE 98,9 100,6 99,7
CoOTHOIIIEHHE, T 0,8 0,8 0,8
caxapo-IpoOTEHHOBOE
6 JIITY-npotenHoBoe 1,7 1,7 1,7
7 | Kanpumii-pochoproe 1,4 1,4 1,4

W3ydenne ypoBHS JerpalpyeMOCTH IPOTEHHA CKApMITUBAEMBIX OEITKOBBIX T0OABOK B OMBITAX in Vi-
tro 1 in situ Mokazaino, 4To paCTBOPUMOCTb U PACLICIUIIEMOCTh HATUBHOTO coeBoro mpota — 27,4 u 40,2 %,
samuméHHoro — 4,7 u 14,4 u xomOukopMm-koHieHnrpar — 82,5 u 87,8 %. Takum o6pazom, 00paboTKa cOEBOTO
mpora GopMabIeruIoM CHIXKaJIa paCTBOPUMOCTEH 1 pacieruiieMocteit mporenHa Ha 23,0 u 28,8 %.

Ha ocHOBaHMH KOTHYECTBA MUTATEIHHBIX BEIIECTB, COJACPIKANIUX MOTPEOICHHBIX KOPMaX, B OCTATKAX
U KaJyie, ObUTH BBIYUCIICHBI KOA(POUITUEHTHI MEPEBAPHUMOCTH MUTATEIBHBIX BEIIECTB UCTIBITYEMbBIX PAIIMOHOB
(Tabnuma 3). Y KUBOTHBIX | OMBITHON rpymibl KOOPPUITUSHTHI IEPEBAPUMOCTH CYyXOTO BEIIECTBA BHIIIE HA
3,13 %, opranuueckoro — Ha 3,48, ceiporo nmporenHa — Ha 4,61 u 6€3a30TUCTHIX IKCTPAKTUBHBIX BEIIECTB —
Ha 3,37 % npoTuB KOHTpOJIs, a B cpaBHeHuu co Il rpynmnoii — Ha 4,59; 4,42; 7,95 u 5,08 % COOTBETCTBEHHO.
HekoTopsie uccrneqoBaTeay CYMTAIOT, YTO MPU TOBBIIIEHHOM COJICP)KaHUU MPOTEHHA B PAIOHE B PyOIle
KBAYHBIX YBEIIMIMBACTCS KOJTMUECTBO OAKTEPUIA, 2 a30TUCTHIC TUTAHUE — BAXKHBIN (DAKTOP, CTUMYITHPYIOIITHIA
pPa3MHOXKEHHE IEJUTIONI030JIMTUYECKUX OakTepuii. Kpome TOro, MOBBHIMIEHHBI YPOBEHb MPOTEHHOBOTO
MUTaHUS CIIOCOOCTBYET CHMKEHHUIO aKTHBHOW KUCIIOTHOCTH XMUMYyca pyOIiia KOpoB, TIPU 3TOM CO3A€T YCIOBHS
JUTSL IESITEIIBHOCTH 1EJUTIOJIO30JIMTHIECKUX OaKTEpUI.

[ToTpeOHOCTh TONMIITHHCKUX TEIOK U HETENIeH B TUTATEIbHBIX BEIIECTBAX BO BPEMS PU3NOIIOTUUECKOTO
OTBITAa TOJIHOCTBIO COOTBETCTBOBAJIO XapaKTepy KOPMIICHUS WX B HAyYHO-XO3SHUCTBEHHOM OTBITE KaK IO



COCTaBY, TaK U 110 UTATCIBHOCTU. J|laHHBIC O IICPEBAPUMOCTH IUTATCIBHBIX BEIICCTB PAlOHOB PHUBEICHBI
B Ta0uie 3.
Tabmuna 3 — KoahuiueHTsl mepeBapuMOCTH IMHUTATEIBHBIX BEIISCTB PAIMOHOB B CPEIHEM I10

rpynnam, %

Ne IToxa3zarenu I'pymnmbr

KonTtposnbHas I onbITHAsS II onbrTHAS
M=m M=+m M+m

1 OpraHn4eckoe BEIECTBO 64,92+1,19 68,4+1,11 63,98+1,10
2 Cyxoe BeIecTBo 63,82+1,12 66,95+1,18 62,36+1,14
3 ChlIpoit npoTenH 64,82+1,24 69,43+1,10 61,48+1,17
4 CpIpoii sxup 64,27+1,77 67,16+1,37 62,50+1,11
5 CpIpas KJieT4aTka 56,58+1,17 58,45+1,14 53,89+1,13
6 B5B 72,24+1,30 75,61+1,12 70,53+1,1

B 1 omnbITHOW Tpynne MONOXKHUTEIbHOE BIIMSHUE MOBBILIEHHOI'O YPOBHS MPOTEMHOBOI'O IMUTAHUS
Ha TIEPEBAPUMOCTb CBHIPOIM KJIETYATKU TaKXKe MOXHO OOBSCHUTh YCHJIEHHBIM 00pa3oBaHUEM OaKTepui,
cOpaXMBaIOIIMX KJIETYATKY, BOSHUKHOBEHHEM JIETYUUX KHUPHBIX KUCIIOT.

[Ipu nmpumMepHO paBHOM pacxo0JOBaHHONH OOMEHHOW HHEPruM Ha MOJAJEpKaHUE JKU3HENEATEIbHOCTH
tenku | u 1 onbITHON TpyMITbl MEHBIIIE €€ UCTIONB30BANIM JIJIsi CUHTE3a MTPOyKIIMK (COOTBETCTBEHHO Ha 7,34
u 8,21 M/Ix B cyTku). MoJOIHAK KOHTPOJIBHON TPYMIIBI B CPETHEM HCHOJIb30BaJ HAa MPOJTYKTUBHBIE LIEIH
(mpupoct xuBoi Maccel) 52,7 % oOMeHHOM 3Hepruu, Toraa kak *kuBoTHbIE | 1 Il onbiTHbIX rpynnm — 51,6 u
51,4 % cootBercTBeHHO. C BO3pacTOM 3aTpaThl KOPMOB Ha MMPUPOCT KUBOU MACCHI y TEJIOK BCEX MOAOMBITHBIX
rpynn yBenuuuBanuch. OnHako K 15-Mecs4yHOMY BO3pacTy pasziuuus MEXJy IpyliamMH yMEHbIIWINCH:
3arpaTsl KopMoB coctaBuiu 9,2 OKE B konTponsHoii rpynne, 7,81 DKE — B I onbiTHOM rpynne u 7,74 OKE
— Bo Il onbITHOM TpymIIE.

Tabnuna 4 — CTpykTypa KOpMOB, NOTpeOIeHHbIX 3a 15 MecsueB (B cpeaneM Ha 1 romoBy B % OT
oO011eit MUTaTeTbHOCTH)

Ne  ['pynmbl 5KMBOTHBIX Bunel paznuuHbIx KOPMOB
MoJsioko ["pyObIe Counble Benenbie [KoHLeHTpaTh
1 IKoHTposbHas 13,7 9,5 26,2 19,4 31,2
" [ - rpymnma 13,7 8,4 26,3 20,1 31,5
I - rpymma 14,3 8,0 254 20,2 32,1

W3 nanHbIX TaOIMUIIBI 4 CIEeTyEeT, YTO CTPYKTYpa PaKTUUECKH U3PACXOIOBAHHBIX KOPMOB Y TIOJOMBITHBIX
TEJIOK BCEX IPYI ObljIa MPAKTHYECKU OJMHAKOBOM.

VY JKHMBOTHBIX BCEX TIPYI OTMeuaics MOJOXKHUTEIbHbIN OamaHc a3ora. JKUBOTHBIE KOHTPOJIBHOM
rpynisl ycrynanu ceepcTHULAM | u Il ombITHBIX TPy MO NOTpeOJIEHUIO a30Ta PAallMOHA COOTBETCTBEHHO
Ha 13,8 u 12,4 r (P>0,99), a no oTnoxenuto azora B opranuzme — Ha 5,48 u 6,27 r coorserctBenHo (P>0,95).

HauboneesdpexTHBHOCUCTIOIB30BAHNEA30TUCTON YaCTH pAlIMOHOBIIPH JOCTATOYHOM 00€CTIIEYeHHOCTH
IIPOTEMHOM OTMEYaJIoCch Yy KMBOTHBIX Il ombiTHON rpynmnsl. I1o naHHOMY mMOKa3aTento OHU MPEBOCXOIUIN
CBEpCTHULl KOHTpoJbHOU U | onbiTHOM rpynn Ha 1,47 u 3,32 % coorBercTBeHHO. IHTEHCUBHOCTH pocTa
TEJIOK OblIa JOCTATOUYHO BBICOKOW. CpeIHeCYTOUHBIN PUPOCT 3a BECH IIEPUO/I OIBITA B KOHTPOJIBHOM IpyIine
cocraBuia 857,8 1, n3MeHsAsACh N0 MecsanaM oT 688 1o 812 . B I onbITHOI rpyme 3TOT noKa3aTeib COCTaBUII
858,9 r npu konedanusix ot 702 o 901 1, a Bo II onbiTHOI rpynme — 864,5 r npu konebanusx ot 839 1o 909
r. (Tabnwuma 5).

Tabnuua 5 — XKuBast Macca TeI0K NOJOMBITHBIX TPy, KT

No Bospact Tenok I'pynma
(Mecsu) KonrponpHas I onbiTHAs II onbiTHAS
1 12 286,4+3,61 289,2+5,32 290,3+4,41
2 13 311,242,36 313,443,41 318,3+6,17
3 15 363,6+2,48 366,5+2,74 368,1+1,78
4 AOCOIIOTHBII 77,2+3,54 77,3+1,78 77,842,33
PUPOCT, KT
5 CpenHecyTOUHBII 857,8+12,3 858,9+11.,4 864,5+15,6
MPUPOCT, T

B 12-mecsyHOM BoO3pacTe >kMBasi Macca TEJOK | ONMbITHON I'pYMNIIbl MpEBbIlIaia aHaJIOTHYHbIN MTOKa-



3aTejb KOHTPOJIBHOU IPYIIIbI HA 2,8 KI, a TeJOK 1l onbITHOU rpynmsl — Ha 3,9 K. B 13-MecaunoM Bo3pacTe
pasnuuus ObLTH Oosiee BhIpaXCHHBIMU: KHBasi Macca Telok Il onmbITHOM rpymmbl Oblia Bbime Ha 7,1 Kr mo
CPaBHEHHUIO C KOHTPOJIBHOW Ipynmnoi. AHAJIOIMYHAsl TEHACHIUS COXpaHsAJIach U B 15-MecsYHOM BO3pacTe,
KOT/Ia >KMBasi Macca Tesok Il onbITHON Ipyniibl IpeBkIlIaia MOKa3aTellb KOHTPOJIbHOU rpynmbl Ha 4,5 kr. [1o
CPEIHECYTOYHOMY MPUPOCTY KUBOM Macchl TeJIKU [l onbITHON rpynmbl MPEBBINIAIN [T0KA3aTeNId CBOUX CBEP-
CTHULl Ha 6,7 1 5,6 T COOTBETCTBEHHO. lleneHanpaBieHHOEe KOPMIIEHHE TEJIOK B MEPHOJ MX BBIPALIUBAHUS
OKa3bIBa€T CYIIECTBEHHOE BIUSHUE HA MOBBIIIEHUE 3()D(PEKTUBHOCTH UCIOIB30BAHUS PA3TUYHOTO YPOBHS
PacTBOPUMOTO U pacIerUIsieMoro MpoTenHa KOpMOB. B mpoiiecce BrIpalnBanus y )KHUBOTHBIX (hOPMUPYETCS
aJlanTanus K ONpeaeIeHHOMY TUITY KOPMJICHHS, UTO SBJISETCS PE3yAbTaTOM JIUTEIBHOTO MOTPEOISCHUS OTHO-
TUITHOTO WJIM CTA0MIIbHO cOaJaHCHUPOBAHHOTO paruoHa (MoHOKopMa). IIpu 3TOM MpOUCXOIUT MOCTeNneHHas
MepecTpoiika MUIEeBapUTEIbHBIX OPraHOB Kak B MOP(OIOrHUECKOM, TaK U B ()YHKIIMOHATIHHOM OTHOILICHUH,
YTO BBIPAYKAETCS B PA3BUTHU MUKPOMIOPHI pyOIla, M3MEHEHUH (PepMEHTATUBHONW aKTUBHOCTU U YIyUIICHUH
poreccoB pepMeHTaIUH.

B pesynbpraTe TakMx W3MEHEHHUU TOBBIIIAETCA CHOCOOHOCTH KUBOTHBIX K Oosee 3¢ (heKTUBHOMY
MIEPEBAPUBAHUIO U YCBOEHHUIO KOPMOB, B TOM YHUCJI€ MPOTEUHA Pa3JIUYHOW CTENEHH PAaCTBOPUMOCTH M
pacuiernisieMocTd. ITo 00ecreunBaeT JIyUIlyl0 KOHBEPCHIO MUTATEIbHBIX BEIIECTB PAllMOHA U CITIOCOOCTBYET
(bopMUPOBaHUIO )KUBOTHBIX C 00Jiee BHICOKON MPOAYKTUBHOCTBHIO B MOCTEAYIONINE IEPUOIBI UX BbIpaliBa-
Hus ¥ 3kcrryataiun [Kanmaramberos et al., 2025].

BripanuBanue MOJIOUHBIX TEJOK Ha PEMOHT CTafa OOXOIMTCS XO34KWCTBY JOBOJBHO JIOPOTO.
Jlo mepBoro orena TEIKU HE SBISAIOTCS MCTOYHMKOM J0XOAa I Xo3diicTBa. HecMOTpst Ha 3TO, HYKHO
HE YIYCTUTh BO3MOYKHOCTb KOHTPOJI Pa3BUTHUSA, COCTOSIHUSI 3/10POBbS U CBOEBPEMEHHOIO MPOSBICHHS
BOCIPOU3BOAUTENHHOM (PYHKIIMM PEMOHTHBIX TEJIOK. DTO OyIeT BaXKHBIM OOIIIUM CPEICTBOM JIJISl JOCTUKECHHUS
MOCTaBJICHHBIX 3a/lay YINpPaBIEHUS BOCIPOU3BOACTBOM. IIpM HCMONB30BaHMM BBICOKOIPOIYKTUBHOTO
MOJIOYHOTO CKOTa HEOOXO MM KOHTPOJIb Pa3BUTHS TEJIOK B HECKOJIBKO cTaauii [3aiinynuHa et al., 2026]. B Bo3-
pacte 2 Mec. )KMBOTHBIE JIOJIKHBI UMETh Maccy 91 kr, B 4 mec. — 136, B 6 mec. — 181, B 7-8 mec. — 227, B 10 mec.
—272,8 12 mec.—318 u B 14 mec. — 363 kr. [Ipu yciioBruM yCcrenHoro pa3BuTusi BCE HOpMaibHbIE PEMOHTHBIE
TEJIKH K 3TOMY CPOKY JIOJIKHBI IIPOSIBUTH TOJIOBYIO IIUKIMYHOCTb. [ Ipy OTCYTCTBUM MONOBBIX LUKIIOB CIIEIYET
MPOBECTH MHAMBHUAyaTbHOE 00CIeI0BAaHUE >KMBOTHOTO. [Ipu OIlEHKE COCTOSIHHMSI BOCIPOM3BOJCTBA CTaja
11e1ecoo0pa3Ho BBISICHATh MPUYUHBI HAPYIICHUS IJI0JJOBUTOCTH MCXO0s U3 MpossieHui. [Ipu nposeneHnu
OTIBITOB YCTaHOBIIEHO, YTO TeskH | u Il onmbITHOM Tpymibl 1OCTUINIM HaMedeHHO kuBoi maccsl (70 % ot
TaKOBOTO B3POCJIOTO JKMBOTHOTO) /utsi oceMeHenus Ha 18 mueit (P <0,002) u 8 nueii (P <0,05) panbiie, yem
KOHTPOJIbHBIE CBEPCTHULBI. [Ipy 3TOM MOJONBITHBIE TEKU OTJIMYAIUCH U JTy4Iled OII010TBOpsieMocThi0. Ha
OJIHO OILJIOIOTBOPEHUE OMBITHBIX JKMBOTHBIX 3aTpadeHo 1,25 ocemeHeHu, KOHTpodabHbIX — 1,42, To cpokam
CTENIbHOCTH TaK)Ke€ OTMEUEHa pa3HUIla MEXy CpaBHUBaeMbIMU TpylnaMu. BocrnpousBoauTenbHas crocoo-
HOCTH TEJIOK M HeTeJeH B MepHO HayYHO-X03HCTBEHHOTO OMbITa MpUBEeHa B Ta0IHUIIE 6.

Tabnuna 6 — [Tokazarenu BOCIIPOU3BOIUTENBHON CIIOCOOHOCTH TEIOK U HeTeNen

Ne I'pynmst
Moxazarenm KontponpHas I onbITHAA II onbITHAs
KommuecTBa mHelt oT Hadajma ombITa: 0 1-rO 87,1+4,01 73,9£1,01 79,2+1,90
OCEMEHCHHUS
1
JI0 OIJIOTOTBOPCHHUS 95,5+4,76 79,1£2,78 84,1+3,35
2 JKusas macca, Kr: 366,2+1,95 363,5+1,46 365,6+1,52

TIpU ICPBOM OCEMCHCHUHN

MPH OIUIOI0TBOPEHUU 364,3+2,92 358,6+1,77 360,5+1,38
OnonoTBOpsieMoCTh OT 1-ro ocemenenus, % 66,7 75,0 75,0

4 | Uuagexc oceMeHEHHS 1,42+0,19 1,25+0,13 1,25+0,13
IIpoaomKUTENBHOCTD CTEIBHOCTH, JIH. 277,7+0,89 276,3+1,33 276,3+1,12

[TpomomKUTEeTLHOCTH TUIOAOHOIIEeHUsT HeTenel | u 11 onmbITHRIX rpynm ObLTa KOpode B CPAaBHEHUU C
KOHTPOJIbHOM rpynnoii. Omio10TBOpsEMOCTb IOCIIE IEPBOTO OCEMEHEHUS, TPOJOJIKUTEIbHOCTh HHTEPBAJIOB
MEX/1y OCEMEHEHHEM U MHJIEKC OCEMEHEHUSI CYILIECTBEHHO BJIHUSAIOT HAa POJAOJIKUTENBHOCTH CEPBUC-TIEPHOJIA.
OnHaxo B 00JIbIIIeH Mepe BeINYKHA €T0 3aBUCUT OT MHTEpBaJIa OT OTeJa 10 nepBoro oceMeHeHust. [1o taHHbIM
VYckenosa [Uskenov. et al., 2024], 3amepka mepBoro ocCeMeHEHHUsI Ha JIeHb MPUBOIUT K YBEIUYCHHUIO Cep-



Buc-niepuona Ha 0,6—0,8 nHs. ECIU OPpUHATE 32 ONTUMAJIbHBIE IPOAOKUTEIBHOCTE CEPBUC-TIEPHOIA 80 THEU
U UHJIEKC oceMeHeHus 2,0, Toraa nepBoe 0CEeMEHEHUE JIOIKHO ObITh MPoBeeHO Ha 21 eHb paHbIie (Ipoao-
YKUTEITHHOCTh OJTHOTO ITOJIOBOTO IIUKJIA), T.€. OKOJIO 65 aHEe# nmocie otena (86—21 = 65).

Om1010TBOPSIEMOCTH U COKPAIIEHUS CPOKOB CTEIBHOCTH HabI0JaeTcs B mepuol 1-ro orena (Tabmauia
7). Cepctaubl [ u I onbITHBIX Tpymn oTenuiauch B Bo3pacte 807 u 810 nueit mpoTus 828 qHEH B KOHTPOIBHOM
rpymnmne win coorBeTcTBeHHO Ha 21 nueit (P <0,002) u 18 queit (P <0,01) panbiie. OTenbl y BceX MOJOMBITHBIX
TPy )KUBOTHBIX MIPOIIIK B 1I€JIOM OJIarornoyiy4Ho. B Tedenne pogoBoro npoiiecca )KHUBOTHBIX pa3IeIiii Ha
2 rpynnsl: | — oten, mpoTekan HOpMaabHO M MOCTE OTIAEISICS CaMOIPOU3BOJIBHO, I — 0TeN 0CIOKHEHHBIH,
cnalple CXBaTKH U TIOTYTH, M3BJCUEHHE MPUILIOAA C TOMOIIBIO MEpCOHaNa, HE3HAYUTEIbHBIE DPa3pPbIBBI
MIOJIOBBIX OPTaHOB M BPEMEHHOE 3a/IepKaHue MocIIe/a.

Tabnuna 7 — [okazarenn BOCIIPOU3BOIUTENBHON CIIOCOOHOCTH KUBOTHBIX MTOCIIE OTEa

Ne [oxa3arenu I'pymmsr

Konrponsnas (1) II M1
1 | Bospact 1-ro otena, nHei 827,8+5,32 807,1+3,82 809,7+3,75

JKusast macca, Kr:

2 | mepex orenom 498,6+3,92 505,3+3,16 506,5+1,87
Iociie oTeja 442,1+3,46 446,9+3,15 447,0£2,65
[Ipurnona 34,3+0,63 34,4+0,66 34,8+0,67

3 | XapakTepuctuka orena, %: 66,7 83,3 83,3
HOpPMaJbHbIN
OCJI0KHEHHBIH 333 16,7 16,7

4 | Otpenenwe nociena 4,88+0,73 4,30+0,57 4,38+0,60

5 | Unnenenaanc nepuon 42,240,73 37,5+3,48 39,3+2,84

6 | OmogoTBOPSIEMOCTH OT 1-rO oceMeHeHus, % 41,7 41,7 50,0

7 | Ungekc oceMeHEeHUs 2,08+0,34 1,92+0,26 1,83+0,30

8 | CepBuc-nepuozn 63,9+7,07 56,9+6,04 57,1+6,54

W3 nanHbIX TaOnuibl 7 BUAHO, YTO OOJNBIIUHCTBO KUBOTHBIX OMBITHBIX TPYIII OTETUIOCH HOPMAJIBHO
Y HEMHOTHE — C OCTIOKHEHUSIMU. B KOHTPOJBHOM TpyIine NepBbIX ObLIIO MEHBIIE U COOTBETCTBEHHO BTOPBIX
— Oonbie. OnpeneneHHas pa3HUlla HaOMIOAaIach B MOTEPE KUBOM MACChl )KUBOTHBIMU TIOCTIE OTEJNA, €Cld
y4€eCTb, UYTO CPEHSS Y MOTYYSHHBIX TEJSAT — TOYTH OJJMHAKOBAs BO BceX rpynnax. Hanbonbuieit ona 6pi1a Bo 11
OTIBITHOM rpymie — 59,5 Kr, HecKoIbKo HiKe — B | onbITHOM rpymme (58,4 Kr), a HAUMEHbBIIEH — B KOHTPOJIBHOM
rpynne (56,5 kr). [Ipu aToM noTtepu (3a UCKIIOYEHHEM KUBON MacChl IOMYUYEHHBIX TEJST) paBHAIUCH 22,3;
24,1; u 24,7kr. Y4uTbpIBasi, 4TO OKOJIOILIOIHBIE BOJIBI (110 151T) ¢ mmoaHbpIMU 000109KaMu (3-4KT) COCTABIISIOT
1/3 4dacTh moTepb KUBOW MACChl IPU OTEJE, MOKHO IMPEANOJNIOKHUTh BIUSHUE PAIlIOHOB Ha 0Opa3oBaHHE
aMHUOTHUYECKOM )KUAKOCTU. bosee OpIcTpoe oTaeneHre nocieaa OTMEUEHO Y )KUBOTHBIX OMBITHBIX TPYIII MO
CPaBHEHHUIO C KOHTPOJBHOM: B | OMBITHOM TpyIINe MPOA0KUTEIHHOCT OTACTECHHUS Mociea Obljia MEHbIIIE Ha
0,58 u (13,5 %), a Bo 11 onbrTHO# rpymme — Ha 0,50 1 (11,4 %). bonee BbICOKUE TEMITbI HHBOJIOIIUH MOJOBBIX
OpraHoB Takke HaOIroAanuch y *UBOTHBIX | u Il ombiTHBIX rpymm. [IpogomkuTensHOCTh EprUoaa Mocie
oTeNa 0 BBIPAXXEHHOW MEPBOM OXOThI paBHsUIaCh COOTBETCTBEHHO 37,5 u 39,3 nHeit mpoTtuB 42,2 nHel B
KOHTpoJe, uin Ha 12,5 u 7,4 % MeHbl1e.

Om1010TBOPSIEMOCTh OT 1-r0 OceMeHEeHUs y KUBOTHBIX KOHTPOJIBHOW U | OmbITHOM Tpymmbl Oblia
onuHakoBoil, a Il — HemHoro Bbime. [locnenHue OTIMYANUCH TaK)Ke KOTUYECTBOM OCeMeHeHMi Ha [
omnoaorBopenue — 1,83, [1— 1,92 u I11 - 2,08. Ykazannas pazHuLa NOBIKAIA HAa IPOAOKUTEIIBHOCTD CEPBHC-
nepuoa. CTeNbHOCTh B ONBITHBIX IPYINAX HACTYNHIIA HA 7 JHEN paHblle, YeM B KOHTpoJje. Kak nokaspiBaer
MPAKTHKA, BAXKHBIM TOKa3aTelleM SBISETCS KauecTBO Moiay4yeHHoro npumiona (Tabmnuma 8).

Tabnuna 8 — XapakTepucTUKa MOJIyYeHHOTO MPHUILIOaa

Ne I'pymmsr ITon Kosn-Bo Tenar CpenHss xKuBas Macca IIPpU POKACHUM, KT
1 1 OBIUKH 6 35,6+0,74
TEIKH 6 33,0+0,73
2 11 OBIUKH 1 37,0
TEIIKH 11 34,1+0,67




3 111 OBIUKH 5 36,2+0,98
TCIKHA 7 33,7+0,73

Cpennsisi )kuBasi Macca BCeX TeJAT Obljla OUHAKOBOM, OJIHAKO MPH CPABHEHUU UX T10 MOy OTMEUYEHO
HeKoTophle paznuuue. [lpu pokaeHuu ObIKM | ONBITHOM TPYMIBI MO KUBOM Macce MPEeBOCXOIUIH
CBEPCTHUKOB KOHTpOJbHOM U Il onbiTHO# rpynmsl Ha 3,9 u 2,2 %, a Il onbiTHas rpynna — Ha 1,7 % ObIYKOB
KOHTPOJBLHOM TPYIIbl. AHAIOTUYHOE COOTHOIICHHE HAOMIOAAETCS MEXKIY TelOYeK MPU CPAaBHEHUU UX IO
MOKa3aTelio JKUBOW Macchl 10 1-ro kopmieHus. st Xopomiei CONMpOTUBISIEMOCTH U CUIBHOM MMMYHHOMH
CUCTEMBI B BO3pacTe OT HyJIs 10 TPEX He/Ieb TeIsTaM IPUMEHSIOT HHANBHUIYyallbHbIE JOMUKH, BEIpAIIUBAHHE
MOJIO/IHSIKA OCYILIECTBIISIETCS] Ha OTKPBITOM BO3/IyX€ MO XOJOJHOMY METO/Y B IJIACTUKOBBIX IOMHKAX.

[1nacTUKOBBIN TOMUK HM3TOTaBIWBACTCS METOJOM pPOTalMoHHOTO (GopMoBanus. Beicota — 1,35 cm,
nuHa — 2,10 cm, mupuHa — 1,35 cm BecoM 0ko010 45 Kr. BHyTpu 10MUKA 3aCTEIUIN COJIOMY TOJIIIIMHOM CITOS
25-30 cM. B xoze ombiTa TENAT B3BEUIMBAJIM, B3sJIM MPOMEPHI CTaTEl Teja, MPOHYMEPOBAIM M Ha KaXKJIbIH
JIOMUK TTOBECUIM UHIUBUAYaJIbHYIO CXEMY BBHITOMKH U KOPMIICHUS TEJIAT.

CornacHo cXxeMe OIbITa, TeNATa KOHTPOJIBHOU TPy COIepPKaIuCh 15 AHel B mpopHIIaKTOpHUH, 3aTEM
¢ 16 no 70 nHe#t — B momenieHU B HHAMBUAYabHOU KieTke. C 71 mo 90 nHeit rpynmnoBoe coliepKaHue Mo
5 ronoB, a onbITHRIE ¢ 1 MO 15 1eHp — B TensaTHUKE-TIpodunakTopur; ¢ 16 mo 70 1eHb — B MHANBUIY ATHBIX
JIOMHUKaX C TJIyOOKOW CMEHSIEMOU TMOJCTUIKON C TOJI0OHOM Ha OTKpbIToM Bo3ayxe. C 71 mo 90 meHp — Ha
OTKPBITOM BO3/yX€ MO HABECOM 10 5 T'OJIOB.

O0cy:xneHne pe3yJbTaTOB UCCIeA0BAHMIA.

B ycrnoBusix miaeMeHHbIX KUBOTHOBOJUYECKUX XO3SHUCTBAX OpraHU3aIUsl MOJTHOLUEHHOTO KOPMIICHUS
BBICOKOIIPOIYKTUBHBIX dKUBOTHBIX C YTOUYHEHHEM HOPM IO BaXKHEUIITUM MUTATEbHBIM BEIIECTBAM, OCOOEHHO
0 MPOTEHHY, NPUOOPETAET aKTyalbHOCTh. B mpoliecce onbITa cTaBUiach 3agaua u3ydeHus 3pQeKTHBHOCTH
Pa3IMYHOTO YPOBHS PACTBOPUMOIO M PACIICIUISIEMOr0 MPOTEHHA PallMOHa Ha MPOJYKTUBHOCTh PEMOHTHBIX
TEJIOK Y HETEeJIeH rOIIITHHCKOM Mopoabl. Pa3HuIla B KOpMIIEHUH )KMBOTHBIX 3aKJII04anachk B 3aMene 25 % mpo-
TernHa OEJIKOBBIMH J00aBKaMU C Pa3HOW CTEMEHBIO JETPaTupyeMOCTH a30THCThIX coelnHeHuil. B kauecTBe
N00aBOK B pallioHaX KOHTPOJBHOM U | OMBITHOW TpyYIIbI MCHOJB30Bajl COOTBETCTBEHHO HATHBHBIA H
3allMILIEHHBIA COeBbI WIpOT. BTropas ombiTHas rpynmna nonydana 15 % 3allMINEHHOrO COEBOro MIPO-
Ta 1 10% HaCHIIIEHHBIIT aMUHOKUCIOTaMH KOMOUKOPM-KOHIIEHTpAT. Y KUBOTHBIX BCEX TPYII OTMEYalcs
MOJIOXKUTEIBHBIN OanaHc a30Ta. JKMBOTHBIE KOHTPOJIBHOHN rpynmbl ycTynainu cBepcTHuaM I u I onbITHBIX
TPYIII IO MMOTPEOJICHUIO a30Ta parmoHa cooTBeTCTBeHHO Ha 13,8 u 12,4 r (P>0,99), a o oTi0xeHHI0 a30Ta B
opranusme — Ha 5,48 u 6,27 T coorBercTBeHHO (P>0,95).

Haubonee apdexTuBHOE HCTIONB30BaHNE a30TUCTON YaCTH PAIMOHOB MPU JAOCTATOYHON 0OecredeH-
HOCTH IIPOTEHMHOM OTMEYasoch y KUBOTHBIX I onbiTHO# rpynmel. [1o qanHOMY mokasarento OHH IPEBOCXO-
JJIA CBEPCTHULL KOHTPOJIbHOU U | onbiTHOM rpynm Ha 1,47 u 3,32 % cooTBeTcTBEHHO. IHTEHCHBHOCTH pOCTa
TEeJIOK ObLIa TOCTAaTOYHO BBICOKOM. CpelHeCYTOUHBII MPUPOCT 32 BECh MEPUOJ] ONBITA B KOHTPOJIBHOM IpyIne
coctaBuna 857,8 1, u3MeHssCh 1o Mecanam oT 688 1o 812 1. B I onbITHOM rpynmne 3TOT MOKa3aTeab COCTaBUI
858,9 r mpu konebanusx ot 702 o 901 1, a Bo Il onbiTHOM Tpynme — 864,5 T ipu konebanusx ot 839 mo 909 .
BxuroueHue B paliuoH 3alUIIeHHOT0 OT (pepMEHTAIH B pyOIie MPOTEUHA U CMECH €TO C aMUHOKHUCIOTHBIMHU
KOMOUKOPM-KOHIICHTpaTaM# MOBBIIIAET MIIOJOTBOPHOCTh OCEMEHEHUH, CIOCOOCTBYET HOPMAJIbHOMY IpOTe-
KaHHIO POJIOBOTO TPOIIecca U CPABHUTEIBHO OBICTPOMY OTIEIICHHUIO MOCIENa, OKAa3bIBAET MOJOKHUTEIBHOE
BJIIMSIHUE HA CPOKH BOCCTAHOBJICHHS T€HUTAJIbHBIX OPraHOB M CIIOCOOCTBYET COKPAILIEHUIO CEPBUC-TIEPUOA.
LlenenanpaBieHHOE KOPMJICHHE TEJIOK B IEPHUO/I MX BhIPAIIMBAHUS OKa3bIBAET CYIIECTBEHHOE BIUSHUE Ha MO~
BbIllIeHHE () ()EKTUBHOCTH HUCIIOIB30BAHUS PA3IMYHOTO YPOBHS PACTBOPUMOIO U PACIICIUISIEMOro MPOTEeHHA
KOopMOB. B mpoiiecce BeIpauBanus y 5KMBOTHBIX (POPMUPYETCSI alanTallysl K OnpeAeIeHHOMY THUITy KOpMJie-
HUS, YTO SIBJSIETCS] PE3YJABTATOM IJIUTENLHOTO NOTPeOIeHHs] OJHOTUITHOTO UM CTa0MIbHO cOalaHCUPOBaH-
HOTO palroHa (MoHokopMa). [Ipu 3TOM MPOUCXOIUT MOCTENEHHAs MepecTPOrKa MUIIEBAPUTEIbHBIX OPraHOB
KaK B MOP(OJIOrHuecKOM, TaK U B (PyHKIMOHAIHOM OTHOIICHHUHU, YTO BBIPAXKAETCS B PA3BUTHHU MUKPOQIOPHI
py611a, n3MeHeHnr (epMEHTATUBHON aKTUBHOCTH U YIIyUIIEHUH MPOLIECCOB (DePMEHTAIINH.

B pesynpraTe Takux HM3MEHEHHUU MOBBIIIAETCA CHOCOOHOCTH KUBOTHBIX K Oosee 3¢ (heKTUBHOMY
MEePEeBApUBAHUI0O U YCBOCHHUIO KOPMOB, B TOM YHCJE MPOTEMHA Pa3IMYHOM CTENEeHU PACTBOPUMOCTH H
pacuienisieMocTd. ITo 00eCleunBaeT JIyUIlyl0 KOHBEPCHIO MUTATEIbHBIX BEIIECTB PallMOHA U CIIOCOOCTBYET
(hOopMUPOBAHUIO KUBOTHBIX ¢ 00Jiee BBICOKOM MPOAYKTUBHOCTBIO B TOCTEAYIOLINE IEPUOABI X BhIpalINBa-
HUs ¥ 3kcrutyatanuu. [Ipu Bximtouenuu B paunoH 15 % 3amuniéanoro coeoro mpota u 10 % xomOukopma-



KOHIICHTpaTa, 0OOOTalEHHOIO0 aMHUHOKHCIOTaMHU, yJIy4IlaeTCsi 00ECIICYCHHOCTh JKUBOTHBIX HMUTATEIbHBIMU
BEIIECTBAMH, UTO CIIOCOOCTBYET ONTUMHU3AIMYA OOMEHHBIX MPOIECCOB. DTO MOXKET MPUBOJIUTH K CHIDKEHHUIO
3aTpaT KOpMa Ha EIMHMILY MPOAYKIIMH, IMOBBIIMICHUIO TEMIIOB POCTa M Pa3BUTHs >KUBOTHBIX, a TaKXkKe
YIIyYILIEHUIO TTOKa3aTesei BOCIPOU3BOCTBA, BKIIIOUAs OTIOI0TBOPSEMOCTbD.

3akiiroueHue.

st oOecrieueHns MOTHOLIEHHOTO KOPMIICHHUS TEJIOK Hapsy C OCHOBHBIMU IMUTATEIbHBIMU BEILIECTBAMU
Ba)KHOE 3HAUYCHHE UMEIOT BUTAMHHBI, MAKPO- U MUKPOAJIEMEHTHI, a TAK)KE JIPYTrue OMOJOTHYECKH aKTUBHBIC
BEIIECTBA, BXOJSAIINE B COCTaB aJpPECHBIX KOMOMKOPMOB-KOHIIEHTPATOB C IOBBIIIEHHON KOHIIEHTpaIhen
oOMmenHoi sHepruu (He Huxke 10,2—11,0 M/Ix OD/Kr) 1 oNTUMU3HPOBAHHBIM YPOBHEM CHIPOTO MIPOTEHHA.

[Tpu npoBeieHNH HCcCIeA0BaHUN YCTAHOBIICHO, YTO CKapMIIMBAHHE TEJIKaM aJIpeCHBIX KOMOMKOPMOB-
KOHIIEHTPATOB IO pa3pab0TaHHON pelenType MOJOKUTEIbHO TOBIUSUIO Ha HMX pa3BUTHE. AHaIW3
MOJTyYEHHBIX JAHHBIX MOKa3aj, 4YTO B OPraHU3ME MOOIBITHBIX >KUBOTHBIX OCJIKOBBIN, YTIEBOIHBIA H
MUHEPaIbHBIH OOMEH MpoTeKan 0ojiee MHTEHCHBHO, Y€M Y KUBOTHBIX KOHTPOIJbHOH Tpynmbl. B kpoBu
TEJIOK OIBITHOM TPYMIIBI IO CPABHEHUIO ¢ KOHTPOJIEM HaOII0Aanach TEHACHINS K TOBBIIICHUIO COepKaHUS
reMOrJIOONHa, SPUTPOIMTOB U YPOBHS PE3EPBHON IIETOYHOCTH. Y CTAaHOBIEHO, YTO BKIIOYEHHE B PAllMOH
TEJOK KOMOMKOpMa-KOHIIEHTpaTa U COEBOTO LIpoTa B KonuuecTBe 6,0—6,5 Kr Ha ronoBy B cyTkHu (31-32
% CTPYKTYpBI palyioHa) o0ecreyrBaeT YBEITUYCHHE CPEAHECYTOUHBIX MPHUPOCTOB, YIYUIIEHUE KOHBEPCHH
KopMa Ha 5,4 % U NOBBILIEHUE OIUIOJIOTBOPSIEMOCTH KMBOTHBIX BO Il ombiTHO# rpynne Ha 6,0 %. Takum
00pa30M, MOBBIIIEHNE YPOBHS MPOTEUHOBOTO MUTAHUS PEMOHTHBIX TEJIOK M HETeJNel TOMIITHHCKON TOPOIbI
Ha 10—-15 % BbIIe PU3NOTOTUYECKONW HOPMBI MTOJIOKUTENBHO CKAa3aJI0Ch HAa IEPEeBaPUMOCTH MUTATEIbHBIX Be-
IIECTB PallMOHOB, 0COOEHHO CHIPOTO MPOTEUHA U KIeT4aTKU. Mcroap30BaHue 3aUIIEHHOTO COEBOTO HIPOTa
CHIDKAJIO pacTBOPUMOCTH U PACHICTIIIIEMOCTh MPOTEHHA, 00ecTeunBas MOCTYIICHHE OONbIIEro KOJIu4ecTBa
HeJerpaupyeMoro 6enka B KHIIEYHUK, YTO MOBBIIANO0 3P PEKTUBHOCTH €T0 UCIIOIb30BaHUS. TeIKU OMBITHBIX
rpynn (c 6oee BRICOKUM YPOBHEM MPOTEHUHA) JOCTUTIIN KUBOM Macchl, HEOOXOIUMOM AJisi OCEMEHEeHHsI, Ha
8-18 mHeil paHbllle KOHTPOJIBHBIX, UMETH JIYUIIYIO OriogoTBopsieMocts (1,25 ocemenenuit npotus 1,42 B
KOHTPOJIE) U YKOPOUEHHBIE CPOKU CTEIBHOCTU. OTEN y KUBOTHBIX OIBITHBIX TPYMI MPOXOIUT B OCHOBHOM
0e3 oCIOKHEHU; HaOIIoIaIiCh MEHbIIINE TOTEPH JKUBOM MaccChl MOCIIE 0TeNa, ObICTpee MPOUCXOIUIIO OTe-
JIEHUE TOcTela ¥ UHBOIIOLUS MTOJIOBBIX OPraHOB, a MepBas 0XOTa HACTymnaia Ha 3-5 AHel paHbIlle KOHTPOJIS.
[TpoaomKUTENBHOCTD CEPBUC-TIEPUO/IA Y OTBITHBIX )KMBOTHBIX ObllIa MEHbIIIE, & CTEIHHOCTh HACTyMasna Ha 7
JTHEH paHbllle, YeM y KOHTPOJIbHBIX CBEPCTHHUI. KauecTBO MOIy4eHHOT0 MPUILIOAA OCTaBAIOCh CTAOUIBLHBIM:
CpeIHss KUBasi Macca TeJAT MPHU POKICHUH Obljla OJJMHAKOBOI BO BCEX TPYIIAX, OJHAKO OBIYKH M TEIOUKH
OTIBITHBIX TPYTII HECKOJIBKO MPEBOCXOAMIN KOHTPOJIBHBIX 10 Macce. CpenHsis )KuBasi Macca BCeX TelsT ObLia
OJIMHAKOBOM, OJTHAKO MPU CPaBHEHHH MX IO IMOJIy OTMEUEHO HEKoTophle paziuuue. [Ipu poxaeHun ObIYKu
I ombITHOM TpyNIbI MO KUBOM Macce MPEBOCXOAMIN CBEPCTHUKOB KOHTPOJbHOU U Il OmbITHON Tpymmbl Ha
3,9 u 2,2, a Il onbrtHast rpynna — Ha 1,7 % OBIYKOB KOHTPOJIBHOM TPYIIIbI. AHAIOTUYHOE COOTHOIICHHE
HaAOII0/IaeTCs y TENOYEK MPH CPABHEHHUH MX 10 MOKa3aTeNo >KUBOM Macchl 10 1-ro kopmiieHus. [ xoporeit
COTIPOTHUBIISIEMOCTH ¥ CUIIBHON MMMYHHOM CHCTEMBI B BO3pACTE OT HYJIS JI0 TPEX He/leb TesITaM MPUMEHSIOT
WHAUBUAYaTbHbBIE JOMUKH, BHIPAIIMBAHUS MOJIOHSKA OCYIIECTBIISIETCS HA OTKPBITOM BO3TyXe MO XOJIOAHOMY
METOJly B IJTACTUKOBBIX JTOMHUKAX.

CopeprxaHue TENIAT B UHIUBUAYaTbHBIX IUTACTUKOBBIX IOMUKAX Ha OTKPBITOM BO3/TyXe CIIOCOOCTBOBAIIO
UX JTy4YlIeMy POCTY, YKPETJICHUI0 MMMYHUTETA U CHIKEHHIO 3a00JI€BAEMOCTH B PAaHHEM BO3pacTe.
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Bepukoaesa Aiincan Tneybepounosna — npogedeHue IKCHEPUMEHMANbHBIX UCCTE008AHULl NO MemoOuKe NOCMAHOBKU HAYUHO-
XO3SUCMBEHHbIX ONBIMOS8, OMOOP NPod MONOKA, KOPMOS, Kaid u Mouu. Yuacmue 6 nodzomoexe HayuyHou cmamovu. Buomempuueckasn
06pabomka noayueHHvIX 8 npoyecce Onblma OaHHLIX.

Mpyxanosa JIazzam banzabaiikpizsl — opeanuzayus u nposedenue IKCnepumMeHmanbHbIxX UCCie008aHull, KOHMPOIb KAMepanbHol 0opabomxu
npob monoxa, kopmos, kara u mouu. Cocmasnenue coOAIAHCUPOBAHHBIX PAYUOHOE KOPMAEHUS OJisl HOOONBIMHBIX SPYIN.

bBaiicaoviposa Aitryican AiKblnOBHA — NOCMAHOBKA U NPOGEOEHUEe DUUONOSULECKUX ONbIMOG, 300MeXHUYecKue UcCie008anus Kaud Hd
nepesapumMocmys NUMAMenbHbIX Beuecms, Nnposedenue CMamuCmuyeckoe0 aHAIU3a NOAYVYEHHbIX pPe3VIbmamos. Yuacmue 6 nodeomoske
HAYYHOU CIamoli.



Ka: o
VATTBIK FbiBIM
AKALNEMUACHI

RESEARCH, RESULTS - I3BAEHICTEP, HOTUXKEJIEP — UCCJIEJOBAHU S, PE3YJIETATBI
ISSN 2304-3334 (print)
Vol. 28. Is. 3. Number 111 (2026). Pp. 51-61
Journal homepage: https://journal kaznaru.edu.kz
https://doi.org/10.37884/3-2026/04
IRSTI/FTAXP /MPHTU / 65.63.03

K.Zh. Syman'', A.A. Kirgizbayeva’, Zh.A. Abdukadirova’
'Abai Kazakh National Pedagogical University, Almaty, Kazakhstan;
’Kazakh National Medical University named after S.D. Asfendiyarova, Almaty, Kazakhstan;
’Al-Farabi Kazakh National University, Almaty, Kazakhstan;
E-mail: syman.k@bk.ru

INVESTIGATION OF CAMEL MILK WHEY PROTEINS BY SDS-PAGE METHOD

Syman Kuanysh Zhenisovna, candidate of biological sciences, associate professor of the Department of Bi-
ology, Abai Kazakh National Pedagogical University, Dostyk ave. 13, 050010, Almaty, Kazakhstan

E-mail: syman.k@bk.ru, https://orcid.org/0000-0003-0331-3191;

Kirgizbayeva Aray Askanbayevna, candidate of biological sciences, associate professor of the Department
of Biochemistry, Asfendiyarov Kazakh National Medical University, Tole bi street 94, 050012, Almaty,
Kazakhstan

E-mail: kirgizbaeva.a@kaznmu.kz, https://orcid.org/0009-0003-5034-4442;

Abdukadirova Zhansaya Abdimuratovna, PhD doctor, Al-Farabi Kazakh National University, Faculty of
Biology and Biotechnology, Department of botany and agroecology. Almaty, Kazakhstan.

E-mail: zhansina88(@mail.ru, https://orcid.org/0000-0003-3905-7349.

Abstract. Camel milk is a traditional and strategically important product for the desert regions of Ka-
zakhstan. Its therapeutic and prophylactic properties are associated with whey protein composition. However,
the SDS-PAGE profile of whey proteins from Bactrian and dromedary camels under Kazakhstan conditions
has not been studied. The aim was to determine the SDS-PAGE profile of whey proteins from Bactrian,
dromedary, and bulk camel milk, to assess their quantitative composition, electrophoretic mobility, and spe-
cies-specific differences. Whey proteins were isolated by isoelectric precipitation at pH 4.6 and centrifugation
at 10000 x g. Electrophoresis was performed in 12 % polyacrylamide gel with SDS according to Laemmli.
Six standard proteins were used as markers: 94, 67, 43, 30, 20, and 14.4 kDa. Relative content of bands was
determined by densitometric analysis using the GelDoc XR+ system. 9 whey protein bands were detected in
Bactrian and bulk milk, 8 in dromedary milk. Dominant fractions: serum albumin 20.0-21.2 % Rf=0.15-0.18
and immunoglobulins 19.4-19.8 % Rf=0.09—0.11. The proportion of a-lactalbumin was 9.7-10.1 % Rf=0.92—
0.93. Lactoferrin [] 55 kDa Rf=0.46-0.48 was identified, with a content of 8.3-9.3 %. B-Lactoglobulin, char-
acteristic of cow milk, was absent in all camel milk samples. The key species difference is the absence of
band 7 in the dromedary. This band is present in both Bactrian and bulk milk. Fraction #4 in dromedary had a
significantly higher content: 12.2 + 0.5 % vs 8.1 + 0.3 % in Bactrian. The SDS-PAGE profile of whey
proteins from Bactrian and dromedary camel milk was established for the first time under Kazakhstan
conditions. The absence of B-lactoglobulin confirms the hypoallergenic properties of camel milk at the
molecular level. The high proportion of immunoglobulins and serum albumin indicates its biological value
and provides a basis for developing functional foods.

Keywords: camel milk, whey proteins, SDS-PAGE, albumin, immunoglobulins, -lactoglobulin, hy-
poallergenic, bactrian, dromedary
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AnHotanus. Tyite cyti KasakcTaHHbIH IIen aiiMakTapbl YIIIH JSCTYPJi JKOHE CTPaTErHsUIbIK
MaHbI3Abl ©6HIM. OHBIH eMIIK-IPOQUIAKTUKAIBIK KAacHeTTepl capbiCy aKybI3JapbIHbIH KypaMbIMEH
OaiimanbicTel. Anaiina Kaszakctan karmaiibiHna OakTpuaH »>KoHE Jpomenap TyHenepiHiH capbicy
akyb3fapeliblH SDS-PAGE 6eiiini omi 3epTTenmereH. 3epTTey/IiH MakcaTbl — OaKTpHaH, JpoMenap >KoHe
KUBIHTBIK TYHe CYTiHIH capbicy akysiaapeiH SDS-PAGE opicimen Oemim, oiapAbplH CaHABIK KYpPaMblH,
AJIEKTPO(OPETUKAIIBIK KO3FAJFBIITHIFBIH AHBIKTAY YKOHE TYPJIK alblpMallbUIbIKTapabl Oaranay. Capsicy
akyb3fapel pH 4,6 xe3inae M303JeKTpaik TyHAbIpY *koHe 10000 X g meHtpudyranay apkbuibl OemiHIIL.
Onextpodopes 12% mnonmakpunamuari reapae SDS kareicybiMeH JIoMMiM ofici OOWBIHINA KYPTi3iii.
Mapkep perinzae 6 cTaHAapTThl aKyb3 KonmaHeuiael: 94, 67, 43, 30, 20, 14,4 x[a. XXomakrapnbsiH
canslicTeipMaibl Memniepi GelDoc XR+ xyiiecinae NeHCUTOMETPHSUIBIK TaJllayMeH aHbIKTainabl. bakTpuan
KOHE KMBIHTBIK CYTTe 9, npomenapna 8 capbICy >KOJarbl aHbIKTANbl. backiM (pakuusiiap: capsicy
anpOymuni 20,0-21,2 % Rf=0,15-0,18 >xone wummynornoOymunaep 19,4-19.8 % Rf=0,09-0,11. a-
JlakraneOymunnin yneci 9,7-10,1 % Rf=0,92-0,93 «kypansl. Jlakrodeppun [155 x/la Rf=0,46-0,48
peTiHae coiikectenaipiiai, oHbIH Memepi 8,3-9,3 %. Tyile cyTiHiH OapibIK YArLIepiHAe CUBIP CYTiHE TOH
B-makTOrNMOOYAMH aHBIKTaNMaabl. Typiik albIpMAIIBUIBIKTBIH HETi3ri Oenrici — apomenapaa Ne7
KOJAKThIH Ooamaybl. by xonak GakTpuaH MeH KUBIHTHIK cyTTe Oap. [pomenapmarel Ned (pakuusHbIH
men-mepi 12,2 + 0,5 % Oaxtpuanra 8,1 = 0,3 % xkaparanma emdyip xorapbl. Kazakctan xarmaiibiHaa
OakTpHaH >KOHE Jpomenap TyHeciHiH cyT capbicy akybi3aapbiHblH SDS-PAGE Oeiiini anram  pet
aHbIKTIbl. [-JIak-TOornoOynuHHIH OonMaysl Tyie CYTIHIH THMIOAJUIEPTeHAIK KACHUETIH MOJEKYJalbIK
neHreine nonenneitni. UMMyHOrnoOynuHep MEH capbiCy aab0yMHHIHIH XKOFaphl Yieci OHbIH OMOJIOTHSITBIK
KYH/IBUTBIFBIH KOpCETE Il koHE (PYHKIIMOHAN B TaFaMAap d3ipJiey YIIiH Heri3 00a bl

Tyiiin ce3nep: tyile cyti, capsicy akybi3napbl, SDS-PAGE, ans6ymun, ummyHornooynusaep, -
JAKTOrI00YIUH, TUIIOAJUIepPreH i, OaKTpHaH, ApoMeaap

Joiiekce3 ymin: Ceiman K.OK., Kuprusbaesa A.A., AbGnykaaupoBa XK.A. (2026). Tyiie
cytinzeri capoicy akybi3aapeln SDS-PAGE onicimen 3eptrey // Research, results — [3nenicrep, HoTnxenep —
Uccneno-Banus, pedynprarsl. T. 28. Is. 3. Number 111. Pp. 51-61. https://doi.org/10.37884/3-2026/04 [In
Eng.]
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AHHoTanus. BepOiroxkbe MOJIOKO SBISETCS TPATUIIMOHHBIM U CTPATETMYECKH BaXKHBIM MPOTYKTOM
JUId TyCThIHHBIX pernoHoB Kaszaxcrtana. Ero neyeOHo-mpoduiakTUYeCKUe CBOMCTBA CBSA3aHBI C COCTaBOM
ceIBOpOoTOUHBIX OenkoB. OnHako SDS-PAGE npoduins cbIBOPOTOUYHBIX OEIKOB OAKTPHAHOB U APOMEAPOB B
ycnosusix Kazaxcrana He uszyden. [lens — ycrtanoButh SDS-PAGE npoduiab CbIBOPOTOYHBIX OCIKOB MOJIOKA
0aKTpUaHOB, POMEIAPOB U COOPHOTO BEPOITIOKBETO MOJIOKA, OMPEACTUTh MX KOJIMYECTBEHHBIH COCTaB,
ANEeKTPOPOPETUUECKYI0 TOABMKHOCTh M BUAOBbIE pa3inuuusa. ChIBOPOTOUHBIE OENKH  BBIIEISUIN
M309JIEKTpUYecKUM ocaxkaeHneM npu pH 4,6 u uentpudyrupoanuem npu 10000 X g. Dnexrpodopes
npoBoauau B 12 % nonmakpunaMuHoM rene B npucytcteun SDS no merony JIammiu. B kauectBe mapke-
POB UCIIOJIB30BAIN 6 CTaHAApTHHIX OenkoB: 94, 67, 43, 30, 20, 14,4 x/la. OTHOCUTEIIBHOE COACPIKAHUE TTOJIOC
OTIpEeACIISIIN JEHCUTOMETPUYECKUM aHalu30M ¢ nomolisio cucreMbl GelDoc XR+. B mMonoke GakTpraHoB U
cOOpPHOM MOJIOKE BBISBICHO 9 IpoMenapoB — 8 CHIBOPOTOUHBIX Mojioc. JloMuHUpYrolue (PpaKiuu: ChIBO-
potounslii anbOymun 20,0-21,2 % Rf=0,15-0,18 u ummyHnornooymuasr 19,4—-19,8 % Rf=0,09-0,11. Hons
a-nakTanpOymuHa coctaBmia 9,7-10,1 % Rf=0,92-0,93. Jlakrodeppun [ 55 x/la Rf=0,46—0,48 nunentudu-
MpOBaH, ero coxepxkanue 8,3-9,3 %. Bo Bcex oOpasiax BepOIIOKBETO MOJIOKA OTCYTCTBOBAN [3-JTaKTOTIIO-
OyJHH, XapaKTEepHBIN JIJIsl KOPOBHETO MOJIOKa. KitoueBoe BUI0BOE OTIMYKE — OTCYTCTBHE MOJOCHI 7 Yy JIpO-
MeIapoB. DTa MoJ0ca MPUCYTCTBYET y OaKTpUaHOB M B cOopHOM Mojoke. Dpakmust 4 y qpomMenapoB uMena
J0CTOBEpHO Oombliee coaepxkanue: 12,2 + 0,5 % npotus 8,1 + 0,3 % y 6axtpuanoB. BriepBbie ans ycnoBuit
Kazaxcrana ycranosien SDS-PAGE-npoduiib CBIBOPOTOUYHBIX OETKOB MOJOKa OaKTpHAHOB U JAPOMEIAPOB.
OtcyrcTBUE [-1aKTOrNIOOYIMHA MOATBEP)KIAET TUIOAJUIEPreHHbIE CBOWCTBAa BEpOIIOKBETO MOJIOKA Ha
MOJIEKYJISIPHOM ypOBHE. BbIcOKast 10711 HIMMYHOTJIOOYJIMHOB U CBIBOPOTOYHOTO albOyMUHA CBUACTEIHCTBYET
0 ero OMOJIOTHYECKOM IEHHOCTH U CITY’KUT OCHOBOM 15l pa3pabOTKH (PyHKIIMOHAIBHBIX MPOTYKTOB.

KiaroueBble ciaoBa: BepOIIOXKbE MOJIOKO, ChIBOpoTouHble Oenku, SDS-PAGE, anp0ymus,
MMMYHOTJIOOYJIMHBI, 3-TaKTOTI00YIIHMH, TUIIOAJUIEPTeHHbIH, OaKTpUaH, ApoMeaap
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Kondaukt uHTEpecoB: aBTOPHI 3asBIAIOT 00 OTCYTCTBUH KOH(INKTAa HHTEPECOB.

Introduction.

Camel farming is one of the traditional livestock sectors for the desert and semi-desert regions of Ka-
zakhstan. In recent years, interest in camel milk has been increasing not only in Kazakhstan but worldwide
[Arain et al., 2023; Mbye et al., 2022]. This interest is associated with the unique biochemical composition
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of camel milk, 1ts high nutritional and biological value, as well as 1ts therapeutic and prophylactic ettects in
a number of diseases [Izadi et al., 2021; Swelum et al., 2021]. Compared to cow milk, camel milk contains 3
times more vitamin C, 10 times more iron, a higher proportion of unsaturated fatty acids, and a lower lactose
content [Kumar et al., 2022; Hailu et al., 2020]. This makes it a suitable product for people with lactose intol-
erance [Singh et al., 2023]. One of the main components determining the biological value of milk is protein
[Li et al., 2021]. Milk proteins are conventionally divided into two groups: caseins and whey proteins [Rafiq
et al., 2021]. Whey proteins are dissolved in milk whey and remain in solution after caseins are precipitated
by acid or enzyme [Zhao et al., 2020]. Whey proteins include a-lactalbumin, f-lactoglobulin, serum albumin,
immunoglobulins, lactoferrin, lysozyme, and other minor proteins [El-Hatmi et al., 2020; Omar et al., 2022].
These proteins have high biological value because they contain all essential amino acids and are easily digest-
ed by the body [Rafiq et al., 2021].

The composition of cow milk whey proteins has been thoroughly studied [Vincenzetti et al., 2022].
The main whey protein in cow milk is B-lactoglobulin, which accounts for up to 50% of total whey protein
[El-Agamy, 2020]. B-Lactoglobulin is the primary cause of cow milk allergy, since this protein is absent in
human milk [Fiocchi et al., 2021; Caira et al., 2022]. The peculiarity of camel milk is that, according to many
researchers, fB-lactoglobulin is absent or present in very small amounts [Mati et al., 2021; Al-Shamsi et al.,
2023]. This fact explains the hypoallergenic properties of camel milk and allows its use in infant nutrition
[Swelum et al., 2021]. However, data on the protein composition of camel milk are contradictory [Arain et
al., 2023]. A number of authors indicate the complete absence of -lactoglobulin in camel milk [Hailu et al.,
2020], while others have detected it in small amounts [Omar et al., 2022; El-Hatmi et al., 2020]. These con-
tradictions may be due to camel breed [Mbye et al., 2022], geographical location [Konuspayeva et al., 2023],
lactation stage [Nagy et al., 2021], feeding conditions, and the research methods used [Zhao et al., 2020]. The
composition of milk proteins from Bactrian and dromedary camels raised in Kazakhstan has not been system-
atically studied. Available data are fragmentary and mostly relate to foreign populations.

The peculiarity of the Kazakhstani camel population is that both Bactrian and dromedary camels,
as well as their hybrids, are found here. Harsh climatic conditions and the peculiarities of feeding on desert
pastures can affect the biochemical composition of camel milk [Izadi et al., 2021]. Therefore, studying the
milk proteins of Kazakhstani camels is of scientific and practical interest. Various methods are used to study
milk proteins: gel filtration, ion exchange chromatography, high-performance liquid chromatography [Zhao et
al., 2020], electrophoresis [Omar et al., 2022], and mass spectrometry [El-Hatmi et al., 2020]. Among these
methods, sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) is widely used. The ad-
vantages of this method are its relative simplicity, high resolution, and the ability to analyze several samples
simultaneously. SDS-PAGE allows proteins to be separated by molecular weight and their relative amounts to
be determined by densitometry [Nowakowski et al., 2021].[Gallagher]

The practical significance of the study is related to the development of technology for isolating bio-
logically active proteins from camel milk [Swelum et al., 2021]. Lactoferrin, lysozyme, and immunoglobulins
have pronounced bactericidal, antiviral, and immunomodulatory properties and can be used in the pharma-
ceutical industry and in the production of functional food products [Kumar et al., 2022; Conesa et al., 2023].
Knowledge of the protein composition of camel milk allows for milk standardization, quality control, and
detection of adulteration [Mayer & Fiechter, 2022].

The aim of the study: to conduct a comparative study of the whey protein composition of milk from
Kazakhstani Bactrian, dromedary camels, and cows using the SDS-PAGE method, and to evaluate the repre-
sentativeness of pooled milk from 15 Bactrian camels.

Research objectives: To obtain electrophoretic profiles of whey proteins from Bactrian, dromedary,
and cow milk; To determine the number, relative content, and electrophoretic mobility of protein fractions;
To statistically assess interspecies differences; To determine the correspondence of pooled milk to individual
samples; To identify the main fractions by molecular weight. Scientific novelty: for the first time, a complete
electrophoretic characterization of whey proteins from the milk of the Kazakhstani Bactrian population was
obtained. The presence of 9 fractions in Bactrian milk was proven. The representativeness of pooled milk was
statistically confirmed. Practical significance: the data obtained can be used for standardization of camel milk,
quality control, and development of technology for isolating biologically active proteins [Mbye et al., 2022].

Methods and materials.

Individual and bulk camel milk samples were collected from farms “Birlik”, “Zhetigen”, and “Kalinin-
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sky™ 1n the Almaty region, Kazakhstan, during the 5rd—4th month of lactation. Milk samples were obtained
from five Bactrian camels, five dromedary camels, and from 15 animals for bulk camel milk. Bovine milk was
used as a control. All samples were transported in ice boxes at 4°C and analyzed within 24 h.

Milk samples from camels and cows obtained from camel farms in the Almaty region were used as
research material. Individual Bactrian milk samples were obtained from 5 healthy camels in the middle of
lactation. Dromedary milk samples were obtained from 3 healthy camels. Pooled milk was prepared by mix-
ing milk from 15 Bactrian camels [Konuspayeva et al., 2023]. Cow milk samples were used as a control. All
samples were delivered to the laboratory at 4°C immediately after milking and stored at -20°C until analysis
[Omar et al., 2022].

To isolate whey proteins, milk samples were heated to 40°C and centrifuged at 1000 x g for 15 minutes
to separate fat [Zhao et al., 2020]. The skimmed milk was acidified to pH 4.6 with 1 M HCI solution to pre-
cipitate caseins [Rafiq et al., 2021]. The mixture was centrifuged at 1000 x g for 20 minutes. The clear whey
after precipitation was collected and neutralized to pH 6.8 with 1 M NaOH solution. The resulting whey was
used to determine protein concentration.

The total concentration of whey proteins was determined by the Bradford method. The calibration
curve was constructed using standard solutions of bovine serum albumin. Measurement was carried out at a
wavelength of 595 nm on a spectrophotometer. [Kruger]

Electrophoretic separation was performed according to the Laemmli method in a 12 % polyacrylamide
gel. The composition of the separating gel: 12 % acrylamide, 0.375 M Tris-HCI pH 8.8, 0.1 % SDS, 0.05 %
ammonium persulfate, 0.05 % TEMED. The composition of the stacking gel: 4 % acrylamide, 0.125 M Tris-
HCI pH 6.8, 0.1 % SDS, 0.05% ammonium persulfate, 0.05 % TEMED. [Laemmli]

Protein samples were mixed with the sample bufferin a 1:1 ratio. The composition of the sample buf-
fer: 0.0625 M Tris-HCI pH 6.8, 2 % SDS, 10% glycerol, 5% B-mercaptoethanol, 0.001% bromophenol blue
[Nowakowski et al., 2021]. The mixture was heated at 95°C for 5 minutes.

Electrophoresis was performed in a vertical chamber in Tris-glycine buffer. The buffer composition:
0.025 M Tris, 0.192 M glycine, 0.1 % SDS, pH 8.3. Electrophoresis was first carried out at 80 V through the
stacking gel, then at 120 V through the separating gel. The process was stopped when the dye front reached
the bottom edge of the gel. [Gallagher]

After electrophoresis, the gel was stained for 1 hour in a 0.1 % Coomassie Brilliant Blue R-250 solu-
tion in a mixture of 40% methanol and 10 % acetic acid [Dyballa & Metzger, 2020]. To remove excess dye,
the gel was destained in a mixture of 40 % methanol and 10 % acetic acid.

Stained gels were scanned, and densitometric analysis was performed using ImageJ software [Schnei-
der et al., 2022]. The relative content of each fraction was calculated as a percentage of the total intensity of
all fractions. Electrophoretic mobility was assessed using the Rf index. Rf = distance traveled by the fraction/
distance traveled by the dye front [Weber & Osborn, 2020].

All measurements were performed in triplicate. Results are presented as the arithmetic mean + stan-
dard deviation (M£SD). The significance of differences between groups was assessed by Student’s t-test. Dif-
ferences were considered statistically significant at p<0.05. The coefficient of variation was calculated by the
formula CV% = (SD/M)*100 %.

Results and discussion.

Electropherograms obtained by SDS-PAGE are shown in Figures 1-3. Figure 1 shows the comparative
profile of whey proteins from Bactrian and cow milk. Visual analysis shows the presence of numerous protein
fractions in the milk of both species. Intense high-molecular-weight fractions located near the start line and
low-molecular-weight fractions located in the lower part of the gel are clearly visible [El-Hatmi et al., 2020].
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Fig. 1. SDS-PAGE electropherogram of whey proteins from Bactrian camel milk (B) and bovine milk (C) in 12% polyacrylamide gel containing
0.1% sodium dodecyl sulfate in Tris-glycine buffer, pH 8.6. M — molecular weight marker proteins
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Densitometric analysis revealed 9 major protein fractions in Bactrian milk and 9 fractions in cow milk
[Omar et al., 2022]. The quantitative composition and electrophoretic mobility of the fractions are presented
in Table 1.

Table 1 — Quantitative content and electrophoretic mobility of whey proteins from Bactrian and cow
milk, M£SD, n=3

Fractions Camel milk Cow milk
Content, % Rf Content, % Rf

First 19.4 £0.3 0.10 £0.01 19.5+0.4 0.01 £0.00
Second 20.1+0.2 0.16 £0.01 19.3+0.3 0.15+0.01
Third 9.2+0.2 0.48 £0.01 8.0 +0.2 0.50 +0.01
Fourth 8.1 +0.1 0.53 £0.01 8.1+0.2 0.55+0.01
Fifth 8.6£0.2 0.58 £0.01 9.0 £0.1 0.60 +£0.01
Sixth 8.2+£0.1 0.67 £0.01 8.9 +0.2 0.71 +£0.02
Seventh 8.2+0.2 0.75 £0.01 8.6 £0.1 0.75 +£0.01
Eighth 8.6 +0.1 0.83 £0.01 8.8+£0.2 0.81 +0.01
Ninth 9.7+0.2 0.92 £0.01 9.8 +0.1 0.93 +0.01

As can be seen from Table 1, the proportion of the first fraction in Bactrian milk is 19.4+0.3%, and
the second fraction is 20.1+0.2 %. The total proportion of these two fractions is 39.5 % of total whey protein
[Arain et al., 2023]. In cow milk, the first fraction is 19.5+0.4 %, the second 19.3+0.3%, total 38.8 %. The
third fraction in Bactrian is 9.2+0.2 %, in cow 8.0+0.2 % (p<0.05) [Mati et al., 2021]. The fourth fraction is the
same in both species: 8.1 %. The fifth fraction in Bactrian is 8.6+0.2%, in cow 9.0+0.1 %. The sixth fraction
in Bactrian is 8.2+0.1 %, in cow 8.94+0.2 % (p<0.05) [El-Agamy, 2020]. The seventh fraction is 8.2+0.2 % and
8.6+0.1 %, the eighth 8.6+0.1 % and 8.8+0.2 %, the ninth 9.7+0.2 % and 9.8+0.1 %, respectively.

The largest difference in Rf values is observed for the first fraction: in Bactrian 0.10+0.01, in cow
0.01+0.00 (p<0.05) [El-Hatmi et al., 2020]. The Rf value of the second fraction is 0.16+0.01 and 0.15+0.01.
The third fraction is 0.48+0.01 and 0.50+0.01. The fourth is 0.53+0.01 and 0.55+0.01. The fifth is 0.58+0.01
and 0.60+0.01. The sixth is 0.67+0.01 and 0.71£0.02 (p<0.05) [Kappeler et al., 2023]. The seventh is 0.75+0.01
in both species. The eighth is 0.83+0.01 and 0.81£0.01. The ninth is 0.924+0.01 and 0.93+0.01.
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Fig. 2. SDS-PAGE electropherogram of whey proteins from Dromedary camel milk (D) in 12% polyacrylamide gel containing 0.1% sodium
dodecyl sulfate in Tris-glycine buffer, pH 8.6. M - molecular weight marker proteins

Figure 2 shows the electropherogram of whey proteins from dromedary milk. 8 major fractions were
identified in dromedary milk. Compared to Bactrian, one fraction is missing [Hailu et al., 2020]. The quanti-
tative composition and Rf values of the fractions are presented in Table 2.

Table 2 — Quantitative content and electrophoretic mobility of whey proteins from dromedary milk,
M=+SD, n=3

Whey protein fractions Content, % Rf

first 19.7£0.3 0.09+0.01

second 20.1+0.2 0.15+0.01

third 9.3+0.2 0.47+0.01

fourth 12.240.3 0.54+0.01

fifth 10.0£0.2 0.60+0.01

sixth 10.0+0.1 0.70+£0.01

seventh 8.7+0.2 0.82+0.01

eighth 10.1£0.2 0.92+0.01

In dromedary milk, the first fraction is 19.7+0.3 %, Rf = 0.09+0.01. The second fraction is 20.1+£0.2 %, Rf
=0.15+0.01. The total proportion of these two fractions is 39.8 %, which is similar to Bactrian [Mbye et al.,
2022]. The third fraction is 9.3+0.2 %, Rf = 0.47+0.01. The fourth fraction is 12.2+0.3 %, Rf = 0.54+0.01,
which is significantly higher than 8.1+0.1 % in Bactrian (p<0.05) [Al-Shamsi et al., 2023]. The fifth fraction
1s 10.0+0.2 %, Rf = 0.60+0.01. The sixth fraction is 10.0+£0.1 %, Rf = 0.70+0.01. The seventh fraction is
8.7+0.2 %, Rf=0.82+0.01. The eighth fraction is 10.1+0.2 %, Rf=0.92+0.01.

#+— Phosphoryiass (34 kDa)

4+—  Serum albumin (67 kD)

+— Ovalbumin (43 5D4)
«— Catboricanhydrase (30Ds)

«— Trypsininhibitor (30kDa)
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Fig. 3. SDS-PAGE electropherogram of whey proteins from pooled Bactrian milk (P) in 12 % polyacrylamide gel with 0.1% sodium
dodecyl sulfate in Tris-glycine buffer, pH 8.6. M - molecular weight marker proteins

Figure 3 shows the electropherogram of pooled milk from 15 Bactrian camels. 9 fractions were identi-
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fied 1n pooled milk, which corresponds to the number of fractions in individual samples | Konuspayeva et al.,
2023]. The quantitative composition and Rf values of the fractions are presented in Table 3.
Table 3 — Quantitative content and electrophoretic mobility of whey proteins from pooled Bactrian

milk, M£SD, n=3*

Whey protein fractions Content, % Rf
first 19.8+0.2 0.11£0.01
second 21.2+0.3 0.18+0.01
third 8.3+0.2 0.46+0.01
fourth 9.2+0.2 0.54+0.01
fifth 7.0+0.2 0.56+0.01
sixth 8.54+0.1 0.68+0.01
seventh 8.5+0.2 0.73+0.01
eighth 7.6+0.1 0.82+0.01
ninth 9.9+0.2 0.93+0.01

In pooled milk, the first fraction is 19.8+0.2 %, Rf = 0.11+0.01. The second fraction is 21.2+0.3 %, Rf
= 0.18+0.01, which is slightly higher than 20.1+0.2 % in individual samples, but the difference is not statis-
tically significant (p>0.05) [Nagy et al., 2021]. The third fraction is 8.3+£0.2 %, Rf = 0.46+0.01. The fourth is
9.24+0.2%, Rf=0.54+0.01. The fifthis 7.0£0.2 %, Rf = 0.56+0.01. The sixth is 8.5+0.1 %, Rf=0.68+0.01. The
seventh is 8.5+£0.2 %, Rf = 0.73+0.01. The eighth is 7.6+0.1 %, Rf = 0.82+0.01. The ninth is 9.9+0.2 %, Rf =
0.934+0.01. Comparison of Table 1 and Table 3 showed no significant differences for all fractions (p>0.05). The
coefficient of variation for all fractions was in the range of 1.5-3.2 %, which indicates high reproducibility of
the method.

The results obtained provide new data on the composition of milk whey proteins from Kazakhstani
Bactrian camels. In our study, 9 major fractions were identified in Bactrian milk, which is more than the 7-8
fractions indicated in previous studies [Hailu et al., 2020; EI-Hatmi et al., 2020]. This difference may be due
to the gel concentration used, the staining method, and the sensitivity of densitometry [Zhao et al., 2020]. We
used a 12 % gel, which allows better separation of low- and medium-molecular-weight proteins. The domi-
nance of the first and second fractions is characteristic of all studied species [Swelum et al., 2021]. The total
proportion of these fractions is 38.8-39.8 %. According to Rf values, the first fraction is 0.09-0.11, the second
0.15-0.18. Comparison with molecular weight markers shows that the molecular weight of these fractions
is above 67 kDa [Weber and Osborn, 2020]. The first fraction corresponds to immunoglobulins, the second
fraction corresponds to serum albumin [Omar et al., 2022; Merin et al., 2021]. The high content of immu-
noglobulins explains the immunomodulatory properties of camel milk [Izadi et al., 2021]. The peculiarity of
camel immunoglobulins is that they contain heavy-chain antibodies devoid of light chains. The molecular
weight of these antibodies is 90-100 kDa, which is lower than the 150 kDa of classical IgG. In our data, the
Rf=0.10+0.01 for the first fraction in Bactrian, while in cow it is Rf = 0.01£0.00, which confirms this theory
[El-Agamy, 2020]. Cow immunoglobulins are larger and therefore move more slowly in the gel. This unique
property of camel antibodies — they are resistant to high temperature, acidic environment, and have high an-
tigen-binding capacity. Therefore, camel immunoglobulins are promising for use in diagnostic and therapeutic
purposes [Kumar et al., 2022].

The second fraction corresponds to serum albumin [Beg et al., 2020]. Its content in Bactrian is 20.1+0.2
%, in dromedary 20.1£0.2 %, in cow 19.3+0.3%. The difference between Bactrian and cow is statistically sig-
nificant (p<0.05). Serum albumin transports fatty acids, hormones, and drugs. Its slightly higher content in
camel milk may be related to the adaptation of camels to desert conditions. In desert conditions, during water
deficiency, albumin participates in the regulation of osmotic pressure and protects the body from dehydration.
The third fraction is characterized by Rf = 0.47-0.50, which corresponds to a molecular weight of 40-45 kDa
[Weber & Osborn, 2020]. This fraction may correspond to lactoferrin [Kappeler et al., 2023]. Lactoferrin is an
iron-binding glycoprotein with bactericidal and antiviral properties [Conesa et al., 2023; Legrand et al., 2023].
In Bactrian, the proportion of this fraction is 9.2+0.2 %, in cow 8.0+£0.2 % (p<0.05). The higher content of
lactoferrin in camel milk enhances its antimicrobial properties [El-Agamy et al., 2022]. Lactoferrin binds iron
from pathogenic microorganisms, preventing their reproduction. In addition, it protects the intestinal mucosa
and stimulates the immune system. Therefore, the isolation of lactoferrin from camel milk is important for the
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pharmaceutical industry [dSwelum et al., 2Z021].

The fourth and fifth fractions are located in the Rf = 0.53-0.60 region, which corresponds to 30-35 kDa.
Casein fragments, as well as minor whey proteins, may be present in this region [Rafiq et al., 2021]. In the
dromedary, the proportion of the fourth fraction is 12.2+0.3 %, which is significantly higher than 8.1+0.1%
in Bactrian. This may be a feature of dromedary milk [Al-Shamsi et al., 2023]. Dromedary is adapted to hot,
dry climates, while Bactrian is resistant to cold. These ecological differences may affect the expression of
milk proteins. The sixth fraction causes the most discussion [Mati et al., 2021]. In cow milk, the fraction with
Rf=0.7140.02 corresponds to B-lactoglobulin, whose molecular weight is 18.4 kDa. In Bactrian, the corre-
sponding fraction has Rf = 0.67£0.01, content 8.2+0.1%. In dromedary, Rf = 0.70+0.01, content 10.040.1%.
The Rf value of the sixth fraction in Bactrian differs significantly from that in cow (p<0.05) [Kappeler et al.,
2023]. This leads to two different interpretations. First: Bactrian has B-lactoglobulin, but its primary structure
differs from that of cow, so its binding to SDS and electrophoretic mobility are different [Omar et al., 2022].
The amino acid composition of camel B-lactoglobulin differs from that of cow by 35%, which may change
its immunological properties [El-Hatmi et al., 2020]. Second: Bactrian does not have B-lactoglobulin, and
the fraction with Rf = 0.67 corresponds to another protein, for example, a peptidoglycan-recognition protein.
Immunoblotting or mass spectrometry is needed to resolve this issue. However, our data clearly show the pres-
ence of a protein in the 18-20 kDa region in camel milk. Therefore, the thesis “there is no B-lactoglobulin in
camel milk at all” requires revision [Arain et al., 2023]. Perhaps camel B-lactoglobulin differs in structure from
cow and has lower allergenicity [Fiocchi et al., 2021]. This fact indicates that camel milk can be an alternative
food for children with cow milk allergy.

The seventh and eighth fractions are in the Rf = 0.75-0.83 region, which corresponds to 15-20 kDa.
Various minor proteins and protein fragments may be present in this region. Their biological role has not yet
been fully studied. The ninth fraction is characterized by Rf = 0.92-0.93 and corresponds to a-lactalbumin
[Vincenzetti et al., 2022]. The molecular weight of a-lactalbumin is 14.4 kDa; it is a regulatory subunit of
the enzyme involved in lactose synthesis [Li et al., 2021]. Its content in Bactrian is 9.7+0.2 %, in dromedary
10.1+0.2 %, in cow 9.8+0.1 %. The differences are not statistically significant (p>0.05). This indicates that
a-lactalbumin is an evolutionarily conserved protein, and its amount varies little depending on the species.
a-Lactalbumin is present in the milk of all mammals, and its main function is to regulate lactose synthesis.
Comparison of dromedary and Bactrian showed that dromedary has 8 fractions, Bactrian has 9 fractions [Hai-
lu et al., 2020]. In the dromedary, the fraction that should be located between the seventh and eighth fractions
is absent. In addition, the proportion of the fourth fraction in dromedary is significantly higher (12.2 % vs.
8.1 %). This may be related to genetic differences and ecological adaptations of the two species [Mbye et al.,
2022].

Assessment of the representativeness of pooled milk is of great practical importance [Konuspayeva
et al., 2023]. In the dairy industry, it is impossible to process milk from individual animals separately, so it is
necessary to know the composition of pooled milk. Our data showed that pooled milk from 15 Bactrian camels
corresponds statistically to individual samples in all parameters (p>0.05) [Nagy et al., 2021]. The coefficient
of variation for all fractions did not exceed 3.5%, which indicates high reproducibility. Therefore, pooled
milk adequately characterizes the average protein composition of the population and can be used for scientific
research and production purposes. The practical significance of the results obtained is manifested in several
aspects. First, accurate data on the protein composition of camel milk provides a basis for its standardization
and quality control [Mayer & Fiechter, 2022]. Second, the high content of immunoglobulins and lactoferrin
allows the use of camel milk as a raw material for the production of functional food products and biologically
active supplements [Swelum et al., 2021]. Third, data on the presence or structural features of -lactoglobulin
are important for assessing the allergenicity of camel milk [Caira et al., 2022].

Conclusion.

For the first time, a complete electrophoretic characterization of whey proteins from the milk of the
Kazakhstani Bactrian population was obtained using SDS-PAGE. 9 major protein fractions were identified in
Bactrian and cow milk, and 8 fractions in dromedary milk. The number of fractions is higher than indicated in
previous studies, which is due to the high resolution of the 12 % polyacrylamide gel used. In all studied spe-
cies, the first and second fractions dominate. Their total proportion is 38.8-39.8 % of the total whey protein.
The first fraction corresponds to immunoglobulins, the second fraction corresponds to serum albumin. The
high content of immunoglobulins determines the immunomodulatory and antimicrobial properties of camel
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milk. The Rt = 0.10+£0.01 tor the tirst fraction in Bactrian, compared to Rt = 0.01£0.00 in cow, contirms the
presence of unique heavy-chain antibodies in camel milk that lack light chains.

Statistically significant differences (p<<0.05) were found between Bactrian and cow milk in the content
of the second, third, and sixth fractions, and in the Rf values of the first and sixth fractions. The content of the
third fraction, i.e., lactoferrin, is significantly higher in Bactrian (9.2 % vs. 8.0 %), which enhances the anti-
microbial properties of camel milk. The presence of a fraction in the B-lactoglobulin region (Rf = 0.67+0.01
in Bactrian, Rf = 0.70+0.01 in dromedary) was established in camel milk. The Rf value in Bactrian differs
significantly from that in cow, which indicates structural features of camel B-lactoglobulin or the presence
of another protein. This fact requires revision of the thesis about the complete absence of B-lactoglobulin in
camel milk and necessitates additional immunological studies to assess the hypoallergenicity of camel milk.

In dromedary milk, compared to Bactrian, one fraction is missing, and the proportion of the fourth
fraction is significantly higher (12.2 % vs. 8.1 %). This reflects genetic and ecological adaptation differences
between the two species. Pooled milk from 15 Bactrian camels corresponds statistically to individual samples
in all parameters (p>0.05), with a coefficient of variation not exceeding 3.5 %. This proves that pooled milk
adequately characterizes the average protein composition of the population and can be used for scientific
research and production purposes. The data obtained provide a scientific basis for standardization of Kazakh-
stani camel milk, quality control, and development of technology for isolating biologically active proteins
- immunoglobulins, lactoferrin, and lysozyme. Camel milk is a promising raw material for the production of
functional food products and pharmaceutical preparations.
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Abstract. This study aims to identify geochemical features of microelement accumulation in vege-
tation using creeping thyme (Thymus serpyllum L.) as an example and to assess its bioindicator potential in
contrasting natural and anthropogenic environments. The main idea of the study is a comparative analysis of
the microelement composition of plants growing in the urban area of Poznan (Poland) and in the predomi-
nantly natural ecosystem of Bayanaul National Nature Park (Kazakhstan) to determine the role of natural and
anthropogenic factors in shaping the elemental profile of vegetation. The research methodology is based on
X-ray fluorescence spectral analysis of thyme’s aboveground parts, allowing for the determination of macro-,
micro-, and trace element contents with high accuracy and reproducibility. Sampling was carried out during
the active growing season, taking into account the homogeneity of the phytocenoses and the environmental
conditions of the habitats. As a result, significant regional differences in the microelement composition of
plants were identified. Samples from the Bayanaul National Nature Park showed elevated concentrations of
most elements, due to the natural geochemical properties of the soils and landscapes. In the urban environment
of Poznan, signs of anthropogenic impact were detected, manifested by changes in the elemental composition
of plants. The obtained results confirm the high sensitivity of Thymus serpyllum L. to environmental condi-



tions and substantiate its potential use as an effective bioindicator. The study’s value lies in the development
of a reference background microelement profile for natural ecosystems and the expansion of the scientific
foundations for biogeochemical monitoring and environmental assessment of territories.

Keywords: geochemical composition, ecology, biomonitoring, bioindicators, national nature park,
biogeochemistry
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AHHOTanUsA. OCIMIIKTEp oJIeMl SKOXKYHEHIH €H ce3lMTan Kypamaac OemikTepiHiH Oipi peTiHmae
KOpIIIaFaH OpTaHBIH JKal-KYHiH Oaraiaya MaHbI31bl HHIUKATOP OO0JIBIT TaObUTA Bl byl Makamama eCiMIiKTep
OKOJIOTHSUIBIK JKaFjaiinapiael Oaranay YINIH KOJIAAHBUIATBIH €Ki eHip KapacTelpbuianel: [lonbrragarsl
[To3nanp Kanacel »xoHe Ka3zakcranmarsl basHaybll YITTBIK TaOMFM Mapki. 3epTTey OCIMIIKTepAiH
MHUKPORJIEMEHTTIK KYpPaMbIH TajjlayFa HETi3JeNreH, Oy TaOuFfu »OHE aHTPOMOTEHIIK (haKTOpIapablH
9KOXKYylHere ocepiH Oarajmayra MYMKIHIIK Oepeni. 3eprrey OOBEKTICI pETiHAE OPTYPii KIUMATTBHIK KOHE
HKOJIOTHSUIBIK KaFJaiaap/a eceTiH, ChIPTKbI acepiepre Te3IMIuIriMeH epekieneHerin xedipmen (Thymus
serpyllum L.) tanmanasl. MUKpOIIEMEHTTEP/IIH MOJIIEPIH aHBIKTAY YILUIH >KOFapbl TOJIIKTI KaMTaMmachl3
€TETIH KOHE aJbIHFaH MOJIIMETTEpAIH KalTalaHbIMIBLIBIFBIH KaMTaMachl3 €TETIH PEHTI€H-CIEKTPaIbIbIK
omic KonjaHbulael. HoTwkesnep eHIpiaep apacblHIa MHMKPORJIEMEHT KOHIEHTPALUSACBIHBIH  €Jeylll
alBIPMAIIBUTBIKTAPbIH KOPCETTi. bassHaybl1 YATTHIK TaOWFU MAapKiHAEC KO 3JEMEHTTEPAIH MOJIIIep] KOFaphI
0O0JTBIM, OYJI TOTIBIPAK T€OXUMHUSICHIHBIH €PEKIIETIKTEPl MEH TaOUFU TaH A TTHIK JKaFaainapra OailIaHbICTHI.
An ypOanmzanusinanrad [lo3HaHbp KajmacklHAAa aHTPOIMOTEHIIIK JacTaHYIbIH 131 OaWKasbIl, eciMAIKTepie
KPEMHHI MEH CKaHIWH CHUSKTHI XMMUSUIBIK JIEMEHTTEPIiH KUHAKTATYBl TIpKEJIi. AHBIKTAJFaH IEPEeKTep
OCIMIIKTEpAIH XUMHUSUTBIK KYPaMBIHBIH KOPILIAFaH OPTaHBIH jKal-KYWiH Oarajayaa CeHIMIi MHIUKATOp Ooa
aJIATBIHBIH pacTaipl. OCIMIIKTEPIiH MUKPOIIEMEHTTIK KYpPaMbIH 3€pTTEy JacTaHy Ke3ZepiH aHbIKTayFa



FaHa eMeC, COHBIMEH KaTap YKOKYHEJICpAl KOPFay CTpaTETUsIIapbiH d31pJIeyTe JKOHE aHTPOTIOTCHIIK acepIiep
MEH KJIMMATTHIK (paKkTopiapra 0alIaHbICTBI ©3repicTep/li MOHUTOPUHITEYTE € BIKIA €TE/I.

Tyiiin ce3aep: TeOXUMUSIIBIK KYpaM, SKOJIOTHS, ONOMOHUTOPHHT, OMOUHINKATOPJIAP, YITTHIK TAOUFH
MapK, OMOTEOXUMHUS

Joaiiexco3 ymin: AceuibexoBa INE., )Kymabekoa b.K., AkmynnaeBa A.C., PaitbimOexoBa b.T., ['aau-
MoB A. (2026). basHaybur yNTTHIK TaOWFM TapKiHIH ayMarbiHAarbl skeOipmenTiH (Thymus serpyllum 1.)
leoxummsutbik epekiernikrepi / Research, results — [3nenicrep, Hotmxkenep — MccnenoBanus, pe3yabTaThl.
T. 28. Is. 3. Number 111. Pp. 62-70. https://doi.org/10.37884/3-2026/05 [In Eng.]

Mynzaenep KakThIFbICHI: ABTOpJIap OChI MaKaiaga MyAJeliep KaKThIFBICHI )KOK ST MATiMICHII.

I'.E. Acvinoexosa’*, B.K. Kymaoerkosa', A.C. Akmynnaesa’, b.T. Paimoexosa’, A. [aoumos’

Tlenarornveckuii yausepcutet uM. Askest Maprynas, [TaBnoaap, Kazaxcras;
’Kaszaxckuii HallMOHAIbHBIN YHUBEPCUTET UM. anb-Dapabu, Anmarel, Kazaxcran;
’Ka3zaxckuii HallMOHAIBHBIN KEHCKHI TIeIarOrMYeCKUi yHUBEPCUTET, AiMathl, KazaxcraH;
*UucTuTyT 60TaHUKM MUHHCTEPCTBA HAYKH U 00pa3oBaHust AsepOaiipkaHckoit PecyOmukw.
E-mail: assylbekovag@mail.ru

IF'EOXUMHNYECKHE OCOBEHHOCTH YABPEILA (THYMUS SERPYLLUM L.) HA
TEPPUTOPUU BASAHAYJIbCKOTI'O HAIIUOHAJIBHOI'O ITAPKA
MMABJIOJIAPCKOM OBJACTH

AcbuibexkoBa ['yabmupa EpmyxanoBHa, kaHaugaT OHOJOTHYECKMX Hayk, joueHT [laBriogapckoro
Iearornyeckoro ynusepcurera umenu Ankes Mapryiana, [laBnogap, Kazaxcras.

E-mail: assylbekovag@mail.ru, https://orcid.org/0000-0002-7299-4468;

KymabexoBa buouryas KadbLib0ekoBHa, T0KTOp OHoIOrHUecKUX Hayk, npodeccop IlaBrnogapckoro me-
JarOru4ecKkoro yHuBepcuteta umeHu Ankes Maprynana, [laBnonap, Kazaxcran

E-mail: zhumabekovab@ppu.edu.kz, https://orcid.org/0000-0003-3078-3096;

AkmyiiaeBa Aiiskan CeliTKaHOBHA, KaHIUAAT OMOJOTHYECKUX HAYK, JAOIEHT, Kazaxckuil HallmoHambHBIH
yHuBepcuteT uM. Anb-Dapadu, Anmatsel, Kazaxcran

E-mail: Akmullayeva.Aizhan@kaznu.kz, https://orcid.org/0009-0006-5687-0605;

PaumobexoBa bakturyaps TacOonaToBHA, KaHIUIAT CETBCKOXO3sMCTBEHHBIX HAYK, JHOIEHT, Kasaxckuii Ha-
LMOHAJIbHBIN KEHCKUI MeAarornueckuil yHuBepcureT, IHCTUTYT ecTeCcTBEHHBIX Hayk, buonornueckuii ¢a-
KynbTeT, Anmarsl, yi. [oroms, 114, 050040, Kazaxctan

E-mail: nyrasil@mail.ru, https://orcid.org/0000-0001-6867-4018;

T'agumoB AnaiuH, KaHIUIAT OMOJIOTUYECKUX HAYK, TOICHT, 3aBEAYIONINI Kadeapoil SKCIIePUMEHTATLHOM
6ortanuku MHCcTHTYyTa O0TaHMKNM MUHHCTEPCTBA HAyKU U 00pa3oBaHus AsepOaiimkaHckoi PecryOnuku
https://orcid.org/0009-0009-7653-1637.

AHHOTanusi. PacTUTENbHOCTh KaK OAMH M3 HauOoliee YyBCTBUTEIHHBIX KOMIIOHEHTOB 3KOCHCTEM
SBIJIETCS Ba)XKHBIM HHIMKATOPOM COCTOSHUSI OKpY»Karouleil cpenbl. B aHHON cTaTbe paccMaTpHUBArOTCS
nBa peruona: ropoa Iloznanps (Ilonwsima) u basHaynbckuii HalMOHANBHBIN TpUpoaHbIN napk (Kazaxcran),
IJI€ PACTUTENBHOCTh MCIONb3YeTCs Ul OLICHKH 3KOJOTMYecKHX ycioBuil. MccienoBaHue ocHOBaHO Ha
aHaAJIN3¢ MHUKPOAJIEMEHTHOTO COCTaBa PACTEHUH, KOTOPHIN MO3BOJSET OIEHUBATH BIUSHHUC MPUPOIHBIX H
AHTPOTIOTEHHBIX ()aKTOPOB HA COCTOSIHME YKOCHCTEMBI. B KadecTBe 00bEKTa UCCIICIOBaHHS BBIOpaH 4abperr
(Thymus serpyllum L.), npou3spacTaromuii B pa3IMUHbIX KIMMAaTHYCCKUX U IKOJOTUICCKUX YCIOBUSIX U Xa-
PaKTEpU3YIOLIUNCA YCTOWYUBOCTBIO K BHEIIIHUM BO3JCUCTBUAM. [lJ1s ONpenesieHus CONepKaHUsI MUKPODIIE-
MEHTOB MPUMEHSIICS] PEHTI€HOCIEKTPAIBbHBIN METO/I, 00eCIeUrBaONINi BEICOKYIO TOYHOCTh aHallu3a U BOC-
MPOU3BOAMMOCTD TOJTYYCHHBIX JaHHBIX. Pe3ynprarel moka3ai 3HAYUTEIbHBIC Pa3Nudusl B KOHIIEHTPAIUH
MHUKPODJIEMEHTOB MEXKIY HcclenyeMbIMu pernoHamu. B basHayiabCckoM HallMOHAaIBbHOM MPUPOAHOM MapKe
Habmonaercs: 0oJiee BHICOKOE CofiepKaHue OOJIBIIMHCTBA JIEMEHTOB, YTO CBA3aHO C OCOOCHHOCTSIMU T'€0XU-
MUU MOYB U MPUPOJHBIMU JIAaHAIA(THBIMU YCIOBUSIMU JaHHOW TeppuTopuu. B To ke Bpems B ypOaHU3UPO-
BaHHOW cpene [To3Hanu GUKCHPYIOTCS CIIeIBI aHTPOTIOTCHHOTO 3arpsI3HEHUS, TPOSBIISIONTNECS B HAKOTIICHHUH
XUMHYECKHUX 3JIEMEHTOB B PACTCHUSX, TAKUX KaK KpEMHUH U CKaHAwi. [loydeHHbIe TaHHBIC TTOITBEPKIATOT,
9TO XUMUYECKUH COCTaB PACTUTEIHPHOCTH MOXKET CIIY’)KUTh HAJICKHBIM WHIUKATOPOM COCTOSTHUS OKPYXKaro-
e cpensl. MccinenoBanne MUKPOITIEMEHTHOTO COCTaBa PACTCHUH HE TOJIBKO IIOMOTAET BBISIBUTh UCTOYHUKH
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3arpsi3HCHUS, HO U CLIOCOOCTBYET pa3pabDOTKE CTPATeIUi 110 OXpaHE SKOCUCTEM M MOHUTOPHUHTY N3MCHCHIH,
CBSI3aHHBIX C AHTPOIIOTCHHBIM BO3JICHCTBHEM U KIMMAaTHYeCKUMH (DaKTOpamMHu.

KioueBble c10Ba: reOXMMUYECKHI COCTAB, YKOJIOTHS, OMOMOHUTOPHHT, OMOMHANKATOPHI, HAIIMOHAb-
HBIM PUPOAHBIN MapK, OMOTreOXUMUS
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Introduction.

Flora is one of the most important and dynamic components of the biosphere, playing a key role in
shaping the biogeochemical cycles of micronutrients. Micronutrients exert a significant influence on many
molecular processes in plants, ensuring their viability and functional activity [Shahar et al., 2023; Zhumabe-
kova et al., 2025].

The accumulation of trace elements by plants and animals from the environment is closely associat-
ed with their primary sources, namely soil, water, and the atmosphere [Satkanov et al., 2024; Shahar et al.,
2023; Shaimardanova et al., 2010]. Therefore, the chemical composition of biota is widely used as an indica-
tor of environmental conditions, reflecting both natural geochemical background and anthropogenic impacts
[Ermokhin et al., 2004; Ermakov and Tyutikov, 2008; Assylbekova, 2013; Alekseenko and Alekseenko, 2014;
Rikhvanov et al., 2015; Zhumabekova et al., 2025].

The microelement composition of vegetation allows not only the assessment of the current ecological
state but also the detection of environmental changes under anthropogenic influence. Comprehensive analysis
of plant chemical composition has become an essential tool in ecology, particularly for monitoring industrial
pollution, as well as in geology for biogeochemical exploration of mineral resources [Assylbekova, 2013;
Alekseenko and Alekseenko, 2014; Fan et al., 2023; Shi et al., 2023; Li et al., 2025].

Traditionally, studies have focused on a limited number of trace elements, such as Cr, Zn, Pb, Cu, Co,
and Ni. However, modern high-sensitivity analytical methods allow the investigation of a much broader range
of elements, significantly expanding the scope of ecological and geochemical research [Baranovskaia, 2003;
Bezel et al., 2019; Bussurmanova, 2023; Fan et al., 2023; Shi et al., 2023; Li et al., 2025].

Materials and methods.

The study was conducted on creeping thyme (7hymus serpyllum L.), a widespread medicinal and wild
plant species characterized by its ability to accumulate microelements and respond sensitively to changes in
environmental chemical composition [Shahar et al., 2023; Ibraeva and Ozturk, 2024; Jovanovi¢ et al., 2021].
This species was selected due to its ecological plasticity, tolerance to diverse climatic conditions, and high
suitability for biogeochemical and environmental assessments [ World Plants, 2025; Tamert et al., 2017].

Plant material was collected from two ecologically contrasting regions with differing natural condi-
tions and levels of anthropogenic impact: Poznan (Poland) and the Bayanaul National Nature Park (Kazakh-
stan). This approach enabled a comparative assessment of microelement composition in plants growing under
urbanized and natural environmental conditions [Assylbekova et al., 2025; Zhumadina et al., 2023].

The city of Poznan, located in western Poland within the Greater Poland Voivodeship, is characterized
by a temperate continental climate influenced by maritime air masses. The average annual air temperature
ranges from +8 to +9 °C, with moderately warm summers and mild winters. Precipitation is relatively evenly
distributed throughout the year. Poznan is a major industrial and transportation hub, resulting in significant
anthropogenic pressure on the environment. The primary sources of pollution include vehicular emissions,
industrial activities, dense urban infrastructure, and household emissions. Urban vegetation is predominantly
represented by anthropogenically transformed phytocenoses, including parks, green spaces, lawns, and sub-
urban forests, making it a suitable model for assessing environmental impacts on plant chemical composition
[Assylbekova, 2013; Alekseenko and Alekseenko, 2014; Fan et al., 2023].

The Bayanaul National Nature Park (BNNP), located in the southeastern part of the Pavlodar region,
Kazakhstan, is characterized by a sharply continental climate with pronounced annual and daily temperature
fluctuations. Summers are hot and dry, winters are cold, and annual precipitation averages around 300 mm
[Zhumadina et al., 2023; Assylbekova et al., 2025]. The territory features complex topography and diverse
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landscapes, including granite mountains, lake basins, and steppe ecosystems. Vegetation consists ot pine tor-
ests, meadow-steppe communities, and xerophytic shrubs. Anthropogenic impact is mainly associated with
recreational activities, seasonal grazing, and localized environmental disturbances.

Thyme samples were collected during the active growing season, considering the homogeneity of phy-
tocenoses and distance from potential pollution sources. Aboveground plant parts were sampled at multiple
points within each site and combined into composite samples to ensure representativeness [Zhumabekova et
al., 2025]. The samples were dried at room temperature, ground, and prepared for further analysis.

Elemental composition of plant samples was determined using a BRA-18 “Burevestnik” X-ray fluores-
cence analyzer at the accredited testing laboratory of the Scientific Center for Biocenology and Environmental
Research, Margulan University. The method is based on the detection of X-ray radiation emitted during the
interaction of electrons with atoms of the analyzed material. Both qualitative and quantitative analyses were
performed for elements ranging from sodium (Na) to uranium (U), with high sensitivity allowing detection of
trace concentrations down to 0.01 % [Satkanov et al., 2024; Baranovskaia, 2003]. The analysis was non-de-
structive, enabling preservation of samples for further investigations.

Dry, homogenized powder samples were used for analysis, and data processing was carried out au-
tomatically using the instrument’s integrated software. Based on the obtained statistical data on elemental
composition, a dendrogram was constructed using artificial intelligence methods [Fan et al., 2023; Shi et al.,
2023; Li et al., 2025].

Results and discussion.

X-ray spectral analysis of thyme (Thymus serpyllum L.) samples collected in Poznan, Poland, and the
Bayanaul National Nature Park, Kazakhstan, was used to determine the microelement composition of the
plant material. A wide range of chemical elements, including macro-, micro-, and trace elements, were detect-
ed in the samples (Table 1).

Table 1 — Comparative content of chemical elements in thyme (Thymus serpyllum L.)

Element Study areas Element Study areas
Poland BPNP Poland BPNP
P 0.0012 0.2211 Co 0.0001 0.0004
K 0.0521 1,5078 Ni 0.0001 0.0006
Ca 0.0001 0.6731 Cu 0.0002 0.0004
Sc 0.0002 0.0034 Zn 0.0001 0.0028
Ti 0.0002 0.0022 Si 0.0104 0.5590
v 0.0001 0.0005 Hg <d.L 0.0002
Cr 0.0001 0.0006 CD 0.0001 0.0004
Mn <d.l 0.0006 Sb <d.L 0.0019
Fe 0.0012 0.0018 < d.l - the element value is below the
detection limits

It was found that the concentrations of most elements in plants from the Bayanaul National Nature
Park exceed those of samples collected in the urban environment of Poznan. The most pronounced differences
were recorded for elements characteristic of natural geochemical anomalies and lithogenic background. This
indicates a significant influence of soil geochemical characteristics and landscape conditions on the elemental
composition of vegetation.

The analysis showed that the concentrations of phosphorus (P), potassium (K), calcium (Ca), and sil-
icon (Si) in the BNNP are significantly higher than in Poznan. The potassium content in the BNNP (1.5078)
exceeds the Polish data (0.0521) by almost 29 times, and silicon (Si) by 54 times. This may be due to soil
characteristics and geochemical conditions.

The concentrations of almost all the studied microelements (Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Hg,
Cd, Sb) in the samples from the Bayanaul National Nature Park (BNNP) are higher than in the samples col-
lected in Poznan. The most significant differences are observed for vanadium (V), chromium (Cr), manganese
(Mn), iron (Fe), zinc (Zn), and antimony (Sb). Thus, the zinc content in thyme from BNNP (0.0028 mg/kg) is
28 times higher than the value for Poland (0.0001 mg/kg), and the iron concentration in the Kazakh samples
(0.0018 mg/kg) is 50% higher than in the Polish ones (0.0012 mg/kg).

A similar trend is observed for heavy metals. For example, cadmium (Cd) levels in the Park (0.0004
mg/kg) were four times higher than in the urban environment of Poznan (0.0001 mg/kg).

A comparative analysis revealed that the microelement profile of thyme varied significantly between
the studied regions, confirming the high sensitivity of this plant species to growing conditions. The obtained
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data demonstrate regional speciticities in element accumulation and retlect both natural and man-made envi-
ronmental factors.

The following features of the micronutrient profile of thyme should be noted depending on the region:
high concentrations of phosphorus, potassium, calcium, and silicon in samples from the Bayanaul National
Nature Park indicate significant differences in soil and geological conditions. These significant increases indi-
cate the region’s soils are rich in minerals, which may impact plant properties and their potential phytochem-
ical activity.

The increased levels of heavy metals, such as zinc, iron, and cadmium, in the BNPP samples may have
two implications: first, it reflects the region’s natural geochemical characteristics (e.g., soil mineralogy and
topography), and second, they may be influenced by anthropogenic factors, such as coal mining in Ekibastuz,
located 130 km from the BNPP.

The levels of chemical elements in thyme (Thymus serpyllum L.) within the Bayanaul National Park
demonstrate high spatial variability in the microelement content of the vegetation within the park (Table 2).
The greatest variability is observed for elements such as Sc, Mn, and Fe, which may be related to both the
geochemical properties of the soils and anthropogenic impacts on the ecosystem.

High coefficients of variation (Cv), for example, for Sc (128%), Mn (108%), and Fe (73%), indicate
heterogeneity in their distribution in plant samples. This may be due to differences in the geochemical com-
position of soils as well as the accumulation patterns of microelements in different plant species. Given such
uneven distribution, it is more appropriate to use the mode rather than the mean.

The elements P and Ca are characterized by low values of the variation coefficient (equal to 1), which
indicates the uniformity of their distribution and probable biological regulation of the content of these ele-
ments in plants.

The distribution of toxicants such as mercury and cadmium deserves special attention. Despite low
concentrations, their presence in vegetation requires detailed study, as these elements can serve as indicators
of anthropogenic pollution. For example, mercury (Hg) levels range up to 0.0003 mg/kg, reflecting the possi-
ble local influence of pollution sources.

Table 2 — Variational statistical indicators of the content of chemical elements in thyme (Thymus ser-
pyllum L.) in the territory of the Bayanaul National Nature Park (n=25)

Elements, mg/kg ¥+ ST me Mﬂ G lim Cv, (%)
P 0.221104+0.000553 0.2204 | 0.2199 0.002765 [ 0.2188-0.2319 |1

K 1,507856+0.067995 1,5321 | 1,2221 0.339976 | 0.5621-2.1669 22
Ca 0.6731244+0.001044 | 0.6715 | 0.671 0.00522 0.6707-0.6912 1
Sc 0.003424+0.000876 | 0.0022 | 0.0022 0.004382 ] 0.0012-0.0185 128
Ti 0.002228+0.000241 0.0023 | 0.0027 0.001204 | 0-0.005 54
A% 0.000504+0.000012 | 0.0005 | 0.0005 0.000061 0.0003-0.0006 12
Cr 0.000628+0.00002 0.0006 | 0.0006 0.000102 | 0.0004-0.001 16
Mn 0.001796+0.000387 | 0.0014 | < d.L 0.001935 | 0-0.0063 108
Fe 0.14016+0.02051 0.161 < d.l 0.102548 | 0-0.2926 73
Co 0.000444+0.000064 | 0.0005 | < d.L 0.000322 | 0-0.001 72
Ni 0.000596+0.000039 | 0.0006 | 0.0005 0.000195 ] 0.0003-0.0011 33
Cu 0.000436+0.000036 | 0.0004 | 0.0004 0.000182 | 0.0001-0.0011 42
Zn 0.00276+0.000195 0.0026 | 0.0026 0.000976 | 0.0023-0.0074 35
Si 0.558988+0.005821 0.5539 | 0.5572 0.029106 | 0.5242-0.6775 5
Hg 0.000228+0.000017 | 0.0002 | 0.0002 0.000084 | 0-0.0003 36
CD 0.0004+0 0.0004 | 0.0004 < dl. 0.0004-0.0004 1
Sb 0.0019+0 0.0019 | 0.0019 <d.l. 0.0019-0.0019 22




o
AKALEMUSACHI

Note: lim is the oscillation limit, X £ Sx - arithmetic mean, and its error, o is the standard deviation, Cv is the
coefficient of variation,

<p.o. - the element value is below the detection limits

These tables contain statistical indicators showing information about biogeochemical processes in the
park’s ecosystem and the possible impact of anthropogenic factors.

Phosphorus and calcium contents have low coefficients of variation (Cv = 1), indicating a uniform
distribution among plants. This may indicate biological regulation of their contents, suggesting stabilization
of these element concentrations regardless of the soil geochemical composition.

High coefficients of variation (Cv), for example, for Sc (128%), Mn (108%), and Fe (73%), indicate
heterogeneity in their distribution in plant samples. This may be due to differences in the geochemical com-
position of soils as well as the accumulation patterns of microelements in different plant species. Given such
uneven distribution, it is more appropriate to use the mode rather than the mean.

The elements P and Ca are characterized by low values of the variation coefficient (equal to 1), which
indicates the uniformity of their distribution and probable biological regulation of the content of these ele-
ments in plants.

The distribution of toxicants such as mercury and cadmium deserves special attention. Despite low
concentrations, their presence in vegetation requires detailed study, as these elements can serve as indicators
of anthropogenic pollution. For example, mercury (Hg) levels range up to 0.0003 mg/kg, reflecting the possi-
ble local influence of pollution sources.

A dendrogram constructed based on average values of the content of elements reflects the degree of
similarity between elements according to their concentration (Figure 1).

The dendrogram is based on the average values of elemental elements, which determines the degree
of similarity between elements based on their elemental composition. Elements located closer to each other
have higher abundances, while groups that are more distant exhibit differences in concentration. This reveals
the relationships between chemical elements and establishes an ecological link in environmental monitoring.

A dendrogram for cluster analysis of elemental composition allows one to divide sets of chemical
elements into groups that combine elements with the highest similarity measures (pairwise Pearson correla-
tion coefficients - r). Elements located closer to each other on the graph have more similar abundances, while
more distant groups of elements differ in concentrations. This method allows one to visualize the clustering of
chemical elements in the studied samples.
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Figl. Dendrogram of elements by average content

A comparative analysis of the microelement composition of Thymus serpyllum L. in areas with con-
trasting conditions — the Bayanaul National Nature Park (BNNP, Kazakhstan) and the urbanized environment
of Poznan (Poland) — revealed reliable and statistically significant differences, confirming the high sensitivity
of this bioindicator species to the geochemical characteristics of the habitat.

Microelement profile as a reflection of the natural geochemical background of the BNNP. The study
results demonstrate that the concentrations of the vast majority of the studied microelements (Sc, Ti, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Hg, Cd, Sb), as well as macroelements (P, K, Ca, Si) in the samples from the BNNP,
significantly exceed those for the city of Poznan. Particularly pronounced differences, reaching tens of times,
were recorded for elements closely related to the lithogenic base and natural geochemical anomalies. For ex-
ample, the zinc (Zn) content in thyme from the park was 28 times higher, and silicon (Si) was 54 times higher
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compared to the urban samples. A significant (50%) excess was also noted tor 1ron (Fe). ['his pattern clearly
indicates the predominant influence of natural soil and geochemical factors on the formation of the elemental
composition of vegetation within the protected area. The high spatial variability of the content of many ele-
ments (especially Sc, Mn, Fe), reflected in the large values of the variation coefficients, is probably due to the
natural heterogeneity of the soil cover, parent rocks, and microrelief of the Bayanaul Park, which is typical for
natural, weakly transformed ecosystems.

Features of elemental composition in the urban environment (Poznan). In contrast, the microelement
profile of thyme in Poznan is characterized by generally lower and, importantly, less variable accumulation
levels of most of the elements studied. The relative increase in the content of certain heavy metals, such as
cadmium (Cd), whose concentration in the park is still four times higher, may be a marker of diffuse anthro-
pogenic impacts associated with motor vehicles, industrial emissions, or household waste in urban conditions.
The narrower range of variation in elemental composition in urban samples can be explained by the leveling
influence of the anthropogenic environment and the homogeneity of substrates (e.g., lawn or park soils), which
less readily reflect natural geochemical variability.

Conclusion.

The results of this study revealed significant spatial variability in the microelement composition of
vegetation within the Bayanaul National Nature Park, particularly for elements such as Sc, Mn, and Fe,
while P and Ca showed relatively stable distributions, indicating biological regulation of their uptake. The
detected presence of toxic elements, including Hg and Cd, suggests localized anthropogenic influence even
within predominantly natural ecosystems. The elevated concentrations of trace elements observed in the
study area reflect the combined effects of geological back-ground, landscape heterogeneity, and
environmental conditions. The mountainous terrain and specific geochemical characteristics of the region
likely play a key role in shaping the elemental composition of vegetation. The findings confirm that
Thymus serpyllum L. is a highly informative bioindicator species capable of accumulating a wide range of
elements and responding sensitively to environmental changes. This property makes it suitable for use in
environmental monitoring and assessment of ecosystem health. The establishment of a reference
microelement profile for a relatively undisturbed natural territory provides a reliable baseline for
comparative analysis and for evaluating anthropogenic im-pacts in more disturbed environments. The
comparative approach applied in this study demonstrated high effectiveness in distinguishing between
natural geochemical variability and anthropogenic influences. Overall, the results emphasize the importance
of comprehensive assessment of plant elemental composition for understanding ecosystem functioning,
detecting environmental stress, and supporting the development of scientifically grounded strategies for
environmental protection and sustainable management of natural areas.

The research highlights the need to develop effective monitoring programs to assess the state of the
Bayanaul National Park ecosystem. Given the significant spatial variability of trace element composition,
particularly Sc, Mn, and Fe, regular vegetation analysis is recommended to track changes in elemental com-
position. This will allow for the timely identification of potential threats to the ecosystem.

An important area is the use of data on the elemental composition of thyme (Thymus serpyllum L.) as
bioindicators for assessing environmental quality. Given the ability of this species to accumulate a wide range
of trace elements and respond to changes, the possibility of establishing observation networks based on the
distribution and health of this plant should be considered. This could form the basis for long-term research
aimed at monitoring anthropogenic and natural factors affecting the ecosystem.

The results of the study highlight the importance of developing and implementing reference trace ele-
ment profiles for comparative analysis, assessing anthropogenic impacts, and promoting sustainable ecosys-
tem development.
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Abstract. The article presents the results of studies on the formation of sugar beet yield under sub-
surface drip irrigation in the conditions of light chestnut soils of the foothill irrigated zone of southeastern
Kazakhstan. The conducted studies established that sugar beet yield directly depended on the sowing method,
as well as the width and depth of drip tape placement. According to the research results, the highest yield in-
dicators were obtained under the five-row sowing method (20%5x50 cm), and wide-row sowing with 45 cm
row spacing when the drip tape was placed at a depth of 30—40 cm and the distance between tapes was main-
tained at 100 cm. Under these conditions, root yield reached 200 c/ha and higher. The use of a 100 cm drip
tape placement width ensured high yields across all sowing methods. Increasing the placement width to 150
cm resulted in a significant decrease in yield. Particularly low yield indicators were observed under the 60 cm
wide-row sowing method. In addition, under optimal drip tape placement parameters and sowing methods, a
significant reduction in weed infestation of crops was observed. It was proven that, in order to increase sugar
beet yield under subsurface drip irrigation conditions, it is effective to place the drip tape at a width of 100 cm
and a depth of 20-30 cm, as well as to apply five-row sowing or wide-row sowing with 45 cm row spacing.
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AnHoTanusi. Maxkanana Ka3akcTaHHBIH OHTYCTIK-IIBIFBICBIHIAFEI Tay OOKTEpIiHIH CyapMalbl
aliMaFbIHAF bl AIIBIK KOHBIP TOTBIPAK YKaF JaibIH 12 )KeP aCThI TAMIIIBUIATHIT Cyapy K€31H/1€ KAaHT KbI3bUTIIACHIHBIH
OHIMIHIH KaJBIIITACYbIH 3€pTTEY HOTIDKENepi KenTipuireH. JKypri3iareH 3eprreysiep HOTHIKECIHIEC KaHT
KbI3bUIIIACKIHBIH OHIMIUTII ceOy TocluiHe, TaMIIbUIATy JIGHTAChlH KOMY €HI MEH TEpeHJIriHe TiKeJeH
TOyeNJl €KEeHiI aHBIKTAIIbl. OPTYpai celdy Tocuiaepi MEH TaMIIbUIATy JICHTACBIH KOMY TEpeHIITHIH
OCIMIIKTEP/IiH OMOMAacCaChIHBIH )KUHATYBIHA, OCIMJIIK KUUTITIHIH KaJIBIITACYbIHA KOHE OHIM/IUIITIHE TIKEIeH
ocep eTeTIHAIr 3eprreni. 3epTrey HOTIKenepi OOMbIHIIA €H JKOFapbhl OHIMAUIIK KepceTKimTepi
tamibiaTy JeHtackiH 30—40 cM TepeHaiKKe KoMy JKOHE JICHTaJIap apachIHAarbl apakalbIKTHIKTEL 100 cm
cakray KarmaiipiHaa 0ec Katapiel ceOy Tociminme (20xX5%x50 cm) jxoHe KeHKaTapiiel 45 ¢cM ce0y HYCKachlHAa
Oaiikanael. byn skarmaiina TameipskeMictepain eHiMauriri 200 1/ra jkoHE OJaH KOFapbl JEHTEUre MKETTi.
Tammbinaty neHTachiH kemy eHiH 100 cM nmeHredinge Koigany Oapiblk ce0y TociiaepiHzae >KOFapbl OHIM
KaJBIITACTBIPYFa MYMKIHZIIK Oepai. An kemy eHiH 150 cm-re naeiliH yiIFalTy OHIMIUIIKTIH alTapibIKTai
TOMEHJIeyiHe oKenai. Ocipece keHKaTapiasl 60 cM ceOy HYCKAChIHIAa OHIM MOJIIEPl €H TOMEH IeHrene
6onapl. COHBIMEH KaTap, TaMIIbUIATy JIGHTACBIH KOMy Iapamerpiiepi MeH cely TocUIIepiHiH OHTaMIIbI
HYCKaJIapBIH/A CTICTIKTIH apaMIIeNTEePMEH JIACTAaHYBIHBIH alTapibIKTall TOMEHACTeHI OalKaabl. AJBIHFaH
HOTIDKEJIEp JKEP acThl TaMIIBUIATHIN Cyapy >KarJaiblHAa KAaHT KbI3BUIIIACHIHBIH OHIMJIUITIH apTThIpyaa
arpoTEeXHUKAJIBIK IIapajapAblH MaHBI3IBUIBIFBIH KepceTeai. JKep acTbl TaMIIBUIATHIN Cyapy >KaFaalbIHIa
KaHT KbI3BUIIIACHIH ©Cipy/e OHIMIUTIKTI apTThIpy YIIiH Tammbiaty jeHtacbin 100 cm enze sxone 20-30 cm
TEPEHJIIKTe OpHAJACTBIPY, COHIail-aKk Oec Karapiibl HemMece KeHKatapibl 45 cMm ceOy TocuiepiH KouaHy
TUIM/I1 €KeH1 TQJIeTICH .

Tyiiin ce31ep: KaHT KbI3bUIIIACKHI, ce0y TOCUIIEPi, KE€pP acThl TAMIIBUIATHIN Cyapy, apaMIIenTepMeH
JacTaHy, OHIMILUTIK

Joiiexceo3 ymin: JlockanoBa A., Ocman6aeB K., CembaeBa A., Ab6ayxanmosa L. (2026). Kepacts
TaMIIBLIATHIN Cyapy >KaFdalblHAa KaHT KbI3BUIIIACHIHBIH ceOy Tocimaepin 3eprrey // Research, results
— I3genicrep, motmxkenep — MccnenoBanus, pesynbratel. T. 28. Is. 3. Number 111. Pp. 71-83. https://
doi. org/10.37884/3-2026/06 [In Eng.].

Mynaenep KakKThIFBICHI: aBTOPJIap MYZIEIEp KaKThIFBICBIHBIH )KOKTBIFBIH MOJIMICHII.

Anzvic / Kapycvinanowipy. Asmopnap Oananviy magcipubenepdi dicypeizyee dicone 3epmmey
Homudicenepin eyoeyze KamviCKan OApablK MAMAHOAp MeH Kbl3MemKepiepee WblHAlbl ANeblcblH OLN0Ipeoi.
3epmmey ocymvicol  «Kep acmul mamwbiiamuin - cyapy Hezizinoe KaHM  Kbl3bLIUACLIH  OCIPYOiH

UHHOBAYUANILIK MEXHOIOSUACHIH 23IPIeY JHCIHE eH2I3Y» HCOOACHl aACbIHOA OPLIHOANObL, HCODAHBIY MIpKey
nomipi AP23488264.



AKAOEMUACDHI

A. Jlocarcanosa’, K. Ocnanoaes’, A. Cembaesa™?, I1l. Aboyxaumosa’

'Kazaxckuii HallMOHAJIBHBIN arpapHbIil HCCIIe0BATEIbCKUN YHUBEpCUTET, AMaThl, Kasaxcraw;
Kazaxckuii HayqHO-HCCIe0BaTEIbCKUI HHCTUTYT 3eMJISACIIUS U PaCTEHNEBOCTBA, AnmanbiOak, Kazaxcran.

E-mail: sembaeva.a84@mail.ru

N3YUYEHHUS CITOCOBOB ITOCEBA CAXAPHOM CBEKJIBI ITPA MO ITOYBEHHOM
KAIIEJIbHOM OPOLIEHUUN

JlocxkaHoBa A., KaHIUIAT CEIIbCKOXO3SHCTBEHHBIX HayK, acCOLMUpPOBaHHBIN mpodeccop, Kazaxckwuii
HaAIlMOHAJIbHBIN arpapHbIi HccieaoBaTenbckuil yuusepeuret, Anmarsl, 050010, Kazaxcran

E-mail: ainurdoszhanova@mail.ru, https://orcid.org/0000-0002-9157-1022;

OcnanbaeB 7K., TOKTOp CENbCKOXO3IHCTBEHHBIX HaYK, rpogeccop, Kazaxckuii HayqHO-HMCCIE10BATEIbCKHNA
WHCTUTYT 3eMJIECNIUS U pacTeHneBOICTBa, Anmainbioak, 040909, Kazaxcran

E-mail: zhumagali@mail.ru, https://orcid.org/0000-0002-6570-8339;

CembaeBa A., PhD gokrtop, Kazaxckuii Hay4YHO-MCCIIEIOBATEIbCKUNA HWHCTUTYT 3eMIIACIUAS U
pactenneBojicTBa, Anmaibioak, 040909, Kazaxcran

E-mail: sembaeva.a84(@mail.ru, https://orcid.org/0000-0001-5808-0080;

Abdayxanmoa III., noxTopanT akynbrera arpodnonornu Kazaxckoro HallMOHAIBHOTO arpapHOro MUCCleao-
BarenbCcKkoro yuusepcurera, Anmatel, 050010, Kazaxcran

E-mail: shyrynkul.abdukhaimov(@bk.ru, https://orcid.org/0009-0000-3085-8700.

AnHoTanusi. B crathe mpepcTaBieHbl pe3yIbTaThl UCCICIOBAHUN (HOPMHUPOBAHUS ypOKas caxapHOU
CBEKJIBI MPHU TMOJNOYBEHHOM KAamelbHOM OpOILICHHH B YCJIOBHUSAX CBETJIO-KAIITAHOBBIX TMOYB MPEIrOpHON
OpOIIIaeMoil 30HbI I0T0-BOCTOKA Ka3zaxcrana. B pesynbTaTe NpoBEIEHHBIX UCCIENOBAHUN YCTAHOBJIEHO, YTO
YpOKaMHOCTh CaxapHOW CBEKJIbl HANPSMYIO 3aBHCeNla OT crocoba MmoceBa, MIMPUHBI M TIyOWHBI 3aJ€NIKH
KareJbHOW JIeHThI. V3ydeHo BIUSHHE Pa3IMYHbIX CIIOCOOOB MOCEBA W TIYOMHBI 33/1€TIKM KalelbHOW JIEHTHI
Ha HaKOIUIEHHWE OMOMacchl pacTeHHH, (OpPMHUpPOBAHUE TYCTOTHI CTOSHUS U YpPOXKAMHOCTH KynbTyphl. [lo
pe3yabTataM HCCIeOBaHMK HauOojiee BBICOKHE IMOKAa3aTeNH YpOKaWHOCTH ObUIM TOJNYYEHBI IPH
MATUCTPOYHOM criocode moceBa (20%5%50 ¢cM) U MIUPOKOPSTHOM ITOCEBE C MEXAYPAILEM 45 CM TIPHU 3aJIeIIKE
KaneibHOU JieHThl Ha TiyouHy 30-40 cm u paccrosHum Mexnay JjeHtamu 100 cm. B stux ycrnoBusix
ypOXKaHOCTh KopHer1010B gocturana 200 m/ra u 6onee. [IpuMeHeHre IIUPUHBI 3a1€]KNA KaIlleIbHON JICHTHI
100 cm obecrieunBasio (HhOpMHPOBAHKE BBICOKON YpOKAWHOCTH TPHU BCEX CIOCO0AX TOceBa. YBEIUYCHUE
HIMPUHBL 3a71eiKu 10 150 cM mpUBOIMIIO K 3HAYUTENHLHOMY CHIDKEHUIO ypoxkaiHOCTH. OCOOEHHO HH3KHE
MOoKa3aTeJIM ypokas OTMEUEHbl MNpu MUpoKopsiaHOM moceBe 60 cm. Kpome TOro, mpu onTUMaIbHBIX
napaMmeTpax 3aJelKi KamelbHOW JIeHThl M crmoco0ax moceBa HAOMIOJANOCh CYIIECTBEHHOE CHIKEHHE
3aCOpPEHHOCTH IOCEBOB COPHBIMM pacTeHHUsMHU. llomyueHHble pe3yabTaThl CBHETENbCTBYIOT O Ba)KHOCTHU
arpOTEeXHUYECKUX MEPONPUATHI AN TOBBIIEHUS YPOKAWHOCTH CaxapHONW CBEKIbl B YCIOBHSX
MOJIMTOYBEHHOT'0 KaleJIbHOTo opoieHus. /loka3aHo, 4TO /IS MOBBIIIEHUSI YPOKaHHOCTH caXapHOW CBEKJIbI B
YCIIOBUSX TOJIOYBEHHOTO KalelbHOrO OpoIIeHUs d()PEeKTUBHBIM SIBISETCS pa3MelIeHHE KalelbHOMN JIEHTHI
Ha mupuHe 100 cMm u rimybune 20-30 cM, a Takke MPUMEHEHHE MSATHCTPOYHOTO WM HIMPOKOPSTHOTO
crocoba rmocesa ¢ MeXAYPSAbEM 45 cM.

KiroueBble ciioBa: caxapHas CBeKJa, CIIOCOOBI TOCEBa, IMOAMOYBEHHOE KalelbHOE OpOIICHHE,
3aCOPEHHOCThH ITOCEBOB, YPOKANHOCTH
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Introduction.

Market transformations in the agricultural sector of the economy were accompanied by negative
processes for the development of sugar beet production: a significant reduction in acreage, a decrease in
yield and gross harvest of sugar beet, a deterioration in the financial condition of industry enterprises, it also
caused stagnation processes in the main links of sugar beet production: a drop in the production of sugar beet
seeds, underutilization / complete shutdown of sugar factories. The average annual volume of refined sugar
production in Kazakhstan over the past 5 years is about 300 thousand tons. At the same time, the share of
domestic raw materials in the production of white sugar is 4 %, the remaining 96 % is imported raw sugar,
mainly cane [KazAgro, 2014: 20].

Kazakhstan’s high import dependence on sugar significantly reduces its economic and food security, as
the volume of annual sugar purchases further increases the pressure on the accumulation of foreign exchange
resources and stimulates not domestic, but foreign producers. The volume of imports of basic food products in
recent years amounted to about one billion US dollars. The main share of imports (about 30 %) was occupied
by sugar, including raw [Turebayeva et al., 2021: 747-758]. Therefore, providing the country’s population
with sugar mainly from domestic raw materials is a state task that allows solving the problem of food security
and providing food industry enterprises with the necessary components.

Sugar beet is also of great agrotechnical importance, increasing the productivity of crop rotation in
general and being a valuable precursor for many crops. Depending on the type of soil, the sugar content of
beets can range from 15.5 to 20.5 %. Kazakhstan has potential opportunities for the revival of beet farming:
favorable natural and climatic conditions, beet-friendly lands, and water sources.

Sugar beet is a plant with increased water requirements due to the long growing season and high yield
potential. The full use of its yield potential, as well as the applied agrotechnical treatments, including nitrogen
fertilizers, depends on many factors, including the genetic diversity of hybrids [Kenenbayev et al., 2022:
149-155; Beisenbayeva et al. 2021: 526-535] and the adaptive abilities of varieties to individual habitat
[Studnicki, 2019: 514-521], but to the greatest extent it depends on the type or location of the soil and, above
all, from the availability of water during the period of increased plant demand [Rehman, 2024: 1298-1307;
Prasher, 2023: 1164477; Zarski, 2020: 166-0172]. The availability of water for plants depends on the amount
of precipitation and its distribution during the growing season, and in case of lack of precipitation, if possible,
depends on irrigation. Some studies of irrigation methods have shown [Borowczak et al., 2002: 204-213;
Rzekanowski, 2005: 287-300] that sugar beet reacts to sprinkling by increasing the yield of root crops, but
by reducing the sugar content.

Numerous studies, mainly conducted abroad, show that the most effective way of rational use of irrigation
water is drip irrigation of crops. Drip irrigation is a method of irrigation in which water is supplied evenly to
the roots of the plant in small portions throughout the growing season, and irrigation moisture only reaches the
plants, and is not consumed on row spacing. Due to this, the drip irrigation system is more efficient than other
irrigation methods [Kiymaz, 2015: 225-234; Raina, 1998: 562—-567; Cassel Sharmasarkar, 2001: 241-251].
The effectiveness of the use of mulching films during drip irrigation in the preservation of moisture and weed
control has been proven [Seyfi, 2007; 15-20; Ospanbaev, 2024: 113—-128].

In recent years, we have conducted research on the effectiveness of drip irrigation of field crops on
irrigated lands in the south and south-east of Kazakhstan, including rice, sugar beet, corn, and soybeans. The
research results have shown high efficiency of drip irrigation in the cultivation of the most water-intensive field
crops, such as rice and sugar beet [Ospanbaev, 2017: 1581-1603; Abdukadirova, 2016: 751-759; Kenenbayev,
2016: 917-924]. However, surface drip irrigation does not find proper application by farmers of Kazakhstan,
the main reason for which is the significant costs of annual laying and collection of drip tape, great difficulties
for the timely implementation of agrotechnical measures.

Subsurface drip irrigation additionally leads to an accurate use of resources by supplying water directly
to the active root zone of plants compared to surface drip irrigation [Ayars, 1999: 1-27; Ydyrys, 2020]. Unlike
surface drip irrigation, the subsurface drip irrigation system has a longer service life, leading to less weed
contamination of crops, and facilitates soil preparation and other tillage operations.

Since the subsurface drip irrigation system is buried in the soil, there is a significant decrease in the
germination and growth of weeds, especially in the aisles. The options for obtaining two harvests per year in
some areas are guaranteed compared to surface drip irrigation, since there is no need to remove the drip lines
during harvesting and reinstall them before sowing. Agricultural operations and management are facilitated
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because drip 1rrigation water 1S buried, and damage caused by agricultural equipment and field work 1s
minimized. In addition, there should never be vehicle traffic above the drip tubes/tapes.

Materials and methods.

The study was conducted in the foothill irrigated zone of Southern Kazakhstan in the fields of «Zhyly-
bulak-Merke» LLP, located in the Merken district of Zhambyl region, which belongs to a very arid foothill
agro-climatic zone. The sum of the effective temperatures reaches 3400-3800 °C, and the annual precipitation
ranges from 300 to 450 mm. Warm-season precipitation slightly exceeds that of the cold season, with approxi-
mately 40 % of the annual precipitation occurring in spring. Nevertheless, arid conditions prevail during most
of the warm season. The area experiences 120—140 days annually with relative humidity below 30 %, includ-
ing approximately 90-95 days characterized by dry winds of varying intensity. However, dry weather prevails
throughout most of the warm season. The region experiences 120-140 days per year with relative humidity
below 30%, including approximately 90-95 days characterized by dry winds of varying intensity. The frost-
free period lasts, on average, 145-160 days. A stable snow cover usually forms during the first half of Decem-
ber and persists for 60—90 days. Thaw periods occur frequently, accounting for 54-57 days per year. In terms
of agricultural specialization, this zone is well suited for the cultivation of agricultural crops under irrigated
conditions. This region is characterized by light chestnut soils. Understanding the specific characteristics of
the soil, such as texture, structure, water retention capacity, and nutrient content, is crucial for interpreting the
results of the study. The type of soil affects the penetration and distribution of moisture, the availability of nu-
trients, and root development - all these are important factors in the cultivation of sugar beet. The climatic con-
ditions of the Southeastern foothill region of Kazakhstan, including temperature, precipitation patterns, and
total evaporation, also play an important role in determining crop water requirements and overall productivity.
During the study, a field experiment was conducted to evaluate the effect of various methods of sowing and
sealing with drip tape on sugar beet yields. A factorial experimental plan was used to evaluate the interaction
between these two main factors. This design makes it possible to simultaneously investigate the individual
and combined effects of the seeding and drip tape sealing method on measured parameters such as biomass
accumulation, plant density, weed infestation, and sugar beet yield. The experimental plots were arranged in
such a way as to ensure uniformity of soil conditions and minimize side effects. Randomization and repetition
were used to reduce bias and increase the statistical reliability of the results.

Sowing methods. Four distinct sugar beet sowing methods were included in the experiment:

- Wide-row seeding at 60 cm: This method involves planting sugar beet seeds in single rows spaced 60
cm apart. This spacing is considered a conventional approach in some sugar beet cultivation systems.

- Wide-row seeding at 45 cm: Similar to the previous method, seeds are planted in single rows, but with
a reduced spacing of 45 cm between rows. These narrower spacing aims to potentially increase plant density
and optimize land use efficiency.

- Two-line seeding 20 x 50 cm: In this configuration, seeds are sown in pairs of rows, with a 20 cm
spacing within each pair, and a 50 cm spacing between the pairs. This arrangement might influence light inter-
ception and resource competition among plants.

- Five-line seeding 20 x 5 x 50 cm: This method involves planting seeds in groups of five rows, with a
close spacing of 20 x 5 x 50 within the group, and a wider spacing between the groups. This higher-density
planting strategy could maximize yield potential under optimal conditions.

Each sowing method represents a different spatial arrangement of sugar beet plants, which can influence
factors such as light interception, competition for water and nutrients, and airflow within the canopy.

Drip tape sealing methods. The experiment included variations in both the width and depth of drip tape
sealing to examine their effects on water distribution and availability.

- Width of the drip tape seal: Three different widths were used: 100 cm, 125 cm, and 150 cm. The width
of the seal refers to the lateral spread of the area wetted by the drip tape, influencing the overall soil volume
that receives irrigation.

- Depth of sealing of the drip tape: The drip tape was installed at three different depths: 20 cm, 30 cm,
and 40 cm. The depth of placement affects the vertical distribution of water in the soil profile, which can im-
pact root development, water uptake, and evaporation losses.

The combination of different sealing widths and depths allowed for a comprehensive assessment of how
drip irrigation configuration interacts with sowing methods to optimize water use efficiency and crop produc-
tion.
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Weed control methods. To evaluate weed management strategies within the different sowing and 1rriga-
tion systems, the following weed control methods were implemented:

- Mechanical weeding: This method involved the physical removal of weeds using manual or mechan-
ical tools. Specifically, mechanical weeding was performed in the phase of 2-3 pairs of leaves and before
closing the leaves in the aisles to minimize weed competition early in the crop’s development.

- Chemical weeding: This approach utilized herbicides to control weed growth. Dual-Gold herbicide
was applied to the soil at a rate of 1.5 L ha-1 before sowing sugar beet to prevent the emergence of weeds.
Subsequently, Fusilade Forte herbicide was sprayed at a rate of 1.0 L ha-1 as weeds appeared to target emerged
weeds.

- Combined mechanical and chemical weeding: This integrated strategy incorporated both mechanical
and chemical methods. Dual-Gold herbicide was applied to the soil before sowing, followed by mechanical
weeding before the sugar beet plants closed the aisles.

The comparison of these weed control methods aimed to determine the most effective and sustainable
approach for managing weeds in sugar beet production under subsurface drip irrigation.

Data collection and analysis. The study involved systematic data collection throughout the sugar beet
growing season to assess the effects of the experimental treatments.

Biomass accumulation of sugar beet plants: Biomass accumulation was measured periodically (10.06,
10.07, 10.08, 10.09, 10.10) throughout the growing season. Plants were sampled from each plot, and the raw
mass of both the entire plant and the roots was recorded in grams per 10 plants.

Density of sugar beet plants: Plant density was determined by counting the number of established sugar
beet plants per unit area. These counts were taken to assess the impact of sowing method and drip tape sealing
on plant establishment and survival.

Contamination of sugar beet crops: Weed contamination was evaluated by quantifying the number or
biomass of weeds present in each plot. Measurements were taken at the beginning and end of the growing
season to assess the effectiveness of weed control methods and the influence of the experimental treatments
on weed growth.

Sugar beet yield: At harvest, sugar beet yield was measured as the amount of sugar beet produced per
hectare (kg ha-1 or tons ha-1). Yield is the primary economic output and a key indicator of the success of the
different treatments.

The collected data were subjected to appropriate statistical analyses to determine the significance of the
effects of sowing method and drip tape sealing on the measured variables. Analysis of variance (ANOVA)
was used to assess the main effects and interactions of the experimental factors. Where significant differences
were found, post-hoc tests, such as Tukey’s HSD test, were employed to compare means. The paper mentions
“HCP, c ha-1” in Table 4, which is the Least Significant Difference (LSD). This statistic was used to compare
the yields. Statistical software was used for the analysis.

Results and discussion.

This paper investigates the impact of subsurface drip irrigation on sugar beet cultivation in the foothill
irrigated zone of Southeastern Kazakhstan. The authors highlight the importance of sugar beet for both eco-
nomic and agricultural reasons, and the necessity of efficient irrigation methods in the region. They compare
different sowing methods and drip tape placement depths, analysing the effects on biomass accumulation,
plant density, weed contamination, and ultimately, sugar beet yield. The study emphasizes the potential of
subsurface drip irrigation to optimize water use, reduce weed growth, and improve overall sugar beet produc-
tion. Biomass accumulation is a fundamental indicator of plant growth and development, reflecting the plant’s
ability to capture and utilize resources like sunlight, water, and nutrients to produce biological material. Table
1 presents a detailed view of how sugar beet plant biomass accumulates over the growing season, under the
influence of different sowing methods. These findings provide valuable insights into how different sowing
methods affect the overall growth dynamics of sugar beet. The data is separated into two key components: the
raw mass of the entire plant and the raw mass of the roots. This separation allows for a more nuanced under-
standing of how different sowing methods influence the partitioning of biomass within the plant.

The data indicate that the most intensive biomass accumulation occurred from July to September. In
2023, the highest aboveground biomass of plants was observed in the wide-row sowing with 45 cm row spac-
ing, reaching 9355 g/10 plants on 10 September, while the root mass reached 10220 g/10 plants. Similar trends
were observed in 2024, where the maximum biomass accumulation was also recorded in the wide-row sowing
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with 45 ¢cm row spacing (8539 g/10 plants of plant mass and 9945 g/10 plants of root mass).

Lower biomass accumulation was noted in the five-line sowing (20x5%50 cm) and two-line sowing
(20x50 cm) treatments. Nevertheless, in all treatments, a gradual increase in plant and root biomass was ob-
served throughout the growing season, reaching maximum values by October.

Thus, the results show that row spacing and sowing method significantly influence the growth dynamics
and biomass accumulation of sugar beet plants under subsurface drip irrigation conditions.

Table 1 — Accumulation of biomass of sugar beet plants depending on tillage methods with subsurface
drip irrigation, g/10 plants

Methods of sowing Terms of definition
1006 | 1007 | 1008 | 1009 [ 1010
2023
Wide-row seeding 60 cm 360" 3056 6346 8432 4863
25" 1577 5880 12127 12380
Wide-row seeding 45 cm 403 3125 7854 9355 4486
31 1441 5339 10220 10872
Two-line seeding 20x50 cm 577 2048 4884 6516 3021
43 766 3792 8826 9066
Five-line seeding 20x5x50 cm 376 2156 3636 3744 2523
32 522 2652 7742 8520
2024
Wide-row seeding 60 cm 278 3252 5345 7356 4044
16 1614 4373 10550 11672
Wide-row seeding 45 cm 382 3361 8566 8359 4012
30 1522 5390 9945 10123
Two-line seeding 20x50 cm 506 2466 4027 6130 2745
32 703 3028 8255 8421
Five-line seeding 20x5x50 cm 256 2055 3360 6062 2042
16 406 2564 5932 6640
Note: *in the numerator is the raw mass of plants, **in the denominator is the raw mass of roots

For instance, a particular sowing method might promote more vigorous root growth, while another
might favor shoot development. These differences in biomass allocation can have significant implications
for the plant’s physiology, resource acquisition, and ultimately, its yield and quality. The results presented in
Table 1 reveal that different sowing methods lead to variations in how sugar beet plants allocate resources
to root and shoot growth. These variations can be attributed to a number of factors, including differences in
plant spacing, access to light, and competition for resources. Understanding these relationships is crucial for
optimizing sugar beet production. For example, a sowing method that results in higher root mass might en-
hance the plant’s ability to uptake water and nutrients, particularly under conditions of water stress, and could
also positively influence the final sugar content of the beet. Conversely, a method that promotes greater shoot
mass might lead to more vigorous early growth and greater photosynthetic capacity, which could translate to
higher overall biomass production. Furthermore, Table 1 illustrates the dynamics of biomass accumulation
throughout the growing season. By tracking biomass changes over time, the study identifies critical growth
stages where the effects of different sowing methods are most pronounced. This information is invaluable for
informing agricultural management practices, such as irrigation and fertilization, ensuring that these inputs are
applied at the times when the plants can most efficiently utilize them. Ultimately, the optimal balance between
root and shoot growth, as influenced by the sowing method, will depend on the specific objectives of sugar
beet production, whether it’s maximizing sugar yield or total biomass. The biomass accumulation results high-
light significant differences across sowing methods and seasons. In 2023, wide-row seeding at 45 cm showed
the highest values in both early and late growth stages, particularly in October, indicating a steady increase in
biomass accumulation over time. The five-line seeding method exhibited comparatively lower biomass accu-
mulation, especially in the initial stages. However, by the end of the season, biomass values increased notably,
suggesting that while growth may start off slower, the method facilitates higher final yields. The comparison
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of data from 2024 indicates similar trends, although overall biomass accumulation appears to be slightly lower
than in 2023. This variation could be attributed to environmental factors, irrigation management, or seasonal
conditions affecting growth rates. One of the most striking findings is the impact of sowing density on bio-
mass accumulation—denser configurations, such as five-line sowing, tend to limit early growth but ultimately
contribute to higher yield efficiency when paired with optimal irrigation conditions. These results emphasize
the importance of selecting appropriate sowing methods to maximize sugar beet growth under subsurface drip
irrigation. While wide-row sowing at 45 cm appears advantageous in terms of early biomass accumulation,
the five-line method shows promise for long-term yield potential, particularly with strategic irrigation man-
agement.

The results of a two-year field experiment (2023—2024) on sugar beet plant density depending on sowing
methods (wide-row 60 cm, wide-row 45 cm, two-line 20x50 cm, and five-line 20x5%50 ¢m) and subsurface
drip irrigation parameters, including drip tape sealing width (100, 125, and 150 cm) and sealing depth (20, 30,
and 40 cm) (Table 2).

Plant density, defined as the number of plants per unit area, significantly influences final yield. If plant
density is too high, plants compete intensely for limited resources such as sunlight, water, and nutrients. This
competition can lead to smaller individual plant size, reduced root development, and ultimately, a decrease
in overall yield. Conversely, if plant density is too low, resources remain underutilized, meaning the land’s
full productive potential is not realized. Table 2 focuses on plant density, a critical factor in crop production.
This table examines how both the sowing method and the way the drip tape is sealed (specifically its width
and depth) affect the final plant density achieved in the field. Effectively, it explores how these agricultural
practices impact the number of established sugar beet plants. The data clearly show how irrigation layout and
planting pattern influence the formation of plant stand density under irrigated conditions.

Table 2 — Density of sugar beet plants, depending on the methods of sowing and methods of sealing the
tape of subsurface drip irrigation

The width of | Depth of seal- Methods of sowing
the drip tape | ing of the drip | \yide row seeding 60 | Wide-row seeding 45 | Two-line seeding Five-line seeding
seal tape cm cm 20x50 cm 20x5x50 cm
2023 2024 2023 2024 2023 2024 2023 2024
20 11 13 15 16 20 22 25 25
100 30 10 13 15 17 19 20 24 27
40 10 11 14 16 19 21 24 27
20 10 11 14 15 19 21 23 25
125 30 9 11 13 15 18 21 24 25
40 9 10 13 13 18 19 23 27
20 9 8 11 11 14 15 21 23
150 30 7 7 10 11 12 12 21 23
40 7 7 9 9 12 12 20 20

In 2023, the highest plant density was consistently recorded under the five-line sowing system (20x5x50
cm) across all irrigation treatments. At a drip tape width of 100 cm, plant density ranged from 24 to 27 plants
per unit area, depending on depth, with the maximum value observed at 3040 cm sealing depth. Even at
increased widths of 125 cm, the five-line system maintained relatively high density (23-27 plants), demon-
strating strong stability. However, at 150 cm width, a noticeable reduction occurred, with values decreasing
to 20-23 plants, indicating that wider spacing between drip lines reduces uniform emergence and plant estab-
lishment.

The two-line sowing system (20x50 cm) in 2023 showed moderate plant density. At 100 cm width,
values ranged from 19 to 20 plants, while at 125 cm width, density slightly decreased to 18—19 plants. At the
largest width of 150 cm, plant density dropped further to 12—14 plants, confirming reduced seedling establish-
ment under less optimal moisture distribution.

The wide-row sowing at 45 cm demonstrated lower plant density compared to more intensive sowing
systems. At 100 cm width, density ranged from 14 to 15 plants, while at 125 cm, it decreased slightly to 13—-14
plants, and at 150 cm width, it further declined to 9—-11 plants, showing a clear negative effect of increased
drip spacing.

The lowest plant density in 2023 was observed under wide-row sowing at 60 cm, especially under wider
drip tape spacing. At 100 cm width, the density was 10—11 plants, while at 125 cm width, it decreased to 9-10
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plants, and at 150 cm width, 1t reached the minimum values ot /-9 plants.

In 2024, a generally similar pattern was observed, although slight improvements in plant density oc-
curred in several treatments, indicating better field emergence conditions in the second year.

The five-line sowing system again showed the highest and most stable plant density. At 100 cm width,
values ranged from 25 to 27 plants, which was the maximum observed in the experiment. Even at 125 cm
width, density remained high (23-27 plants), while at 150 cm width, a reduction was observed but still re-
mained relatively stable (20-23 plants).

The two-line sowing system in 2024 also showed improved or stable performance compared to 2023. At
100 cm width, plant density reached 2022 plants, while at 125 cm width, it remained at 19-21 plants. How-
ever, at 150 cm width, density decreased to 12—15 plants, confirming sensitivity to irrigation spacing.

The wide-row sowing at 45 cm in 2024 showed moderate density levels, ranging from 15-16 plants at
100 cm width, decreasing to 13—15 plants at 125 cm, and further to 9—11 plants at 150 cm width.

The lowest plant density in 2024 was again recorded under wide-row sowing at 60 cm, where values
ranged from 11-13 plants at 100 cm width, decreasing to 7-11 plants at 125 cm width, and reaching the min-
imum of 7-8 plants at 150 cm width.

Overall, the results clearly demonstrate that plant density is strongly influenced by both sowing method
and drip tape placement parameters. The most favorable conditions for plant establishment were observed at
a drip tape width of 100 cm, which ensured more uniform moisture distribution and higher emergence rates
across all sowing methods. Increasing the width to 125 cm led to a slight reduction in plant density, while 150
cm caused a significant decrease, especially in wide-row sowing systems.

Among sowing methods, the five-line system consistently provided the highest and most stable plant
density, followed by the two-line system. In contrast, wide-row sowing, particularly at 60 cm spacing, showed
the lowest plant density values, indicating lower efficiency under subsurface drip irrigation conditions.

Table 3 presents the results of a two-year field experiment (2023-2024) on weed infestation (contami-
nation) of sugar beet crops depending on different sowing methods (wide-row 60 cm, wide-row 45 cm, two-
line 20x50 cm, and five-line 20x5x50 cm), subsurface drip irrigation parameters (drip tape sealing depth of
20, 30, and 40 cm), and weed control strategies (mechanical, chemical, and combined mechanical + chemical
control). Weed infestation was evaluated at two growth stages: at the beginning of the growing season and at
the end of the growing season.

Across both years, the results clearly demonstrate that weed infestation is strongly influenced by the
interaction between sowing density, irrigation configuration, and weed control method. In all treatments, weed
infestation was significantly higher at the beginning of the growing season, while it decreased substantially
by the end of the season due to crop development, canopy closure, and applied weed control measures. The
data also show that higher plant density systems and integrated weed management significantly reduce weed
pressure.

At the beginning of the growing season in 2023, weed infestation was at its highest level across all
treatments. The most severe contamination was observed under wide-row sowing at 60 cm with mechanical
control, where weed density reached 347-366 plants/m? depending on drip tape depth. Similarly, wide-row
sowing at 45 cm also showed high weed pressure, ranging from 338 to 376 plants/m?, indicating low early
competitive ability of the crop in low-density planting systems.

The two-line sowing system (20x50 cm) also showed relatively high weed infestation (342-360 plants/
m?), although slightly lower than wide-row systems. This confirms that moderate planting density still pro-
vides insufficient early canopy coverage for effective weed suppression.

In contrast, the five-line sowing system (20x5x50 cm) demonstrated comparatively lower weed infesta-
tion values, ranging from 302 to 356 plants/m?, especially when the drip tape was placed at 40 cm depth, indi-
cating improved moisture distribution and faster crop establishment, which enhanced weed competitiveness.

Regarding weed control methods, chemical and integrated (mechanical + chemical) treatments signifi-
cantly reduced weed infestation compared to mechanical control alone. For example, under five-line sowing,
chemical control reduced weed density to 47-60 plants/m?, while integrated control maintained levels around
51-66 plants/m?, which is substantially lower than mechanical-only treatments.

Table 3 — Contamination of sugar beet crops depending on the methods of sowing and subsurface drip
irrigation
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Methods of sowing Ways to control weeds Terms of definition
at the beginning of the at the end of the growing
growing season season
Depth of sealing of the drip tape, cm
20 [ 30 [ 40 | 20 | 30 | 40
2023
Wide-row seeding 60 cm * mechanical 347 366 354 152 144 116
** chemical 51 35 32 17 15 13
*** mechanical+chemical 60 51 58 13 20 15
Wide-row seeding 45 cm mechanical 338 376 342 162 160 128
chemical 63 52 57 20 17 12
mechanical+chemical 54 54 62 28 20 14
Two-line seeding 20x50 cm mechanical 360 342 355 145 152 102
chemical 51 49 30 32 27 22
mechanical+chemical 63 66 54 36 31 18
Five-line seeding 20x5x50 cm mechanical 356 341 302 13 10
chemical 60 47 51 11 13
mechanical+chemical 53 66 62 17 12
2024
Wide-row seeding 60 cm mechanical 233 247 256 102 97 65
chemical 61 47 52 12 15 9
mechanical+chemical 56 50 45 13 9 5
Wide-row seeding 45 cm mechanical 236 253 233 83 80 42
chemical 72 43 37 18 17
mechanical+chemical 52 48 42 17 17 7
Two-line seeding 20x50 cm mechanical 225 202 219 101 83 52
chemical 44 53 50 20 17 15
mechanical+chemical 59 63 57 20 14 11
Five-line seeding 20x5x50 cm mechanical 233 251 250 13 11
chemical 54 43 57 12 9 6
mechanical+chemical 47 45 52 15 8 4
*mechanical weeding in the phase of 2-3 pairs of leaves, and before closing the leaves in the aisles
**application of Dual-Gold herbicide to the soil at the rate of 1.5 I/ha before sowing sugar beet and spraying with Fusilade
Forte herbicide at the rate of 1.0 1/ha as weeds appear
*#** application of Dual-Gold herbicide to the soil at the rate of 1.5 liters/ha before sowing sugar beet and mechanical
weeding before closing the leaves in the aisles

In 2024, early-season weed infestation followed the same general pattern as in 2023, although some
treatments showed slightly lower values, suggesting improved field conditions or management practices.

Under wide-row sowing at 60 cm with mechanical control, weed infestation ranged from 233 to 256
plants/m?, which remained the highest among all treatments. The wide-row 45 cm system also showed high
weed density (233—253 plants/m?), while the two-line system ranged from 202 to 225 plants/m?.

The five-line sowing system again demonstrated relatively lower weed infestation, with values ranging
from 233 to 251 plants/m? under mechanical control, but significantly lower levels under chemical and inte-
grated treatments. This confirms that higher crop density improves early-season competitiveness.

Chemical and integrated weed control methods again proved more effective, reducing weed infestation

in most cases to 37-61 plants/m?, depending on sowing method and drip tape depth.
The analysis of Table 3 clearly shows that: Weed infestation is highest at the beginning of the growing season
and decreases significantly by harvest due to crop development and weed control measures; Five-line sow-
ing (20x5x50 cm) provides the most effective suppression of weeds due to high plant density, faster canopy
closure, and better resource utilization; Wide-row sowing (especially 60 cm) consistently shows the highest
weed infestation due to slower canopy development and weaker crop competitiveness; Chemical and inte-
grated weed control methods are significantly more effective than mechanical control alone in reducing weed
pressure; Subsurface drip irrigation depth (especially 30—40 cm) contributes to better crop establishment and
indirectly reduces weed infestation by improving crop vigor.



Overall, the results contirm that the most eftective strategy tor weed management in sugar beet under
subsurface drip irrigation is the combination of high-density sowing systems, optimal irrigation design, and
integrated weed control methods, which together ensure the lowest weed infestation levels throughout the
growing season.

To confirm the statistical significance of the differences, analysis of variance (ANOVA) was performed
with the calculation of the least significant difference (LSDo.0s) according to the method of B.A. Dospekhov.

Table 4 summarizes the results of a two-year field experiment (2023-2024) evaluating the influence of
different sowing methods, drip tape sealing width (100, 125, and 150 cm), and sealing depth (20, 30, and 40
cm) on sugar beet yield. The data clearly demonstrate a strong interaction between planting configuration and
subsurface drip irrigation parameters, which significantly affects crop productivity under irrigated light chest-
nut soils of southeastern Kazakhstan.

Table 4 — Sugar beet yield depending on tillage methods and drip pipe sealing, kg/ha

Methods of sowing The width of the drip tape seal, cm
100 | 125 | 150
Depth of sealing of the drip tape, cm
20 30 40 | 20 30 40 | 20 30 40
2023
Wide-row seeding 60 1417,6 1304,6 1361,8 1042,0 1218,2 1114,6 1004,2 860,0 866,6
cm
Wide-row seeding 45 1600,6 1540,1 1520,8 1527,1 1466,2 1413,4 1294,6 1085,2 978,5
cm
Two-line seeding 1714,7 17423 1722,5 1702,4 1636,7 1631,9 1269,9 1204,1 1159,2
20x50 cm
Five-line seeding 2030,0 1996,1 2044,7 2000,8 2034,5 1959,6 1800,3 1776,7 1704,0
20x5x50 cm
LSD, c/ha 95,4
2024
Wide-row seeding 60 1527,6 1509,4 1283,9 1292,2 1265,9 1167,2 903,7 845,4 817,0
cm
Wide-row seeding 45 1729,3 1852,0 1619,7 1545,5 1513,0 1413,4 1036,7 1011,3 911,1
cm
Two-line seeding 1850,5 1786,2 1768,4 1765,4 17478 1600,0 12238 1043,6 1010,5
20x50 cm
Five-line seeding 1760,3 1765,9 1792,8 1666,0 1679,3 1792,8 1537,7 1505,2 1328,0
20x5x50 cm
LSD, c/ha 82.8

In 2023, the most productive treatment combination was observed under the five-line sowing system
(20%5%50 cm). At a drip tape width of 100 cm, yields were consistently high across all depths, ranging from
1996.1 to 2044.7 c/ha, with the maximum value of 2044.7 c/ha recorded at a sealing depth of 40 cm. Even at
20 and 30 cm depths, yields remained above 1990 c/ha, indicating the stability of this sowing system under
optimal irrigation layout.

When the drip tape width increased to 125 cm, a slight reduction in yield was observed, although the
five-line system still maintained high productivity, ranging from 1959.6 to 2034.5 c/ha. However, further wid-
ening to 150 cm led to a more pronounced decline, with yields decreasing to 1704.0-1800.3 c/ha, showing that
excessive spacing between drip lines reduces water and nutrient availability in the root zone.

The two-line sowing system (20x50 cm) showed moderately high productivity in 2023. At 100 cm
width, yields ranged from 1714.7 to 1742.3 c/ha, while at 125 cm width they slightly decreased to around
1631.9-1702.4 c/ha. At 150 cm width, a sharper reduction was recorded, with yields dropping to 1159.2—
1269.9 c/ha, indicating higher sensitivity of this sowing system to irrigation distribution.

The wide-row sowing at 45 cm demonstrated intermediate performance. At 100 cm drip tape width,
yields ranged from 1520.8 to 1600.6 c/ha, while at 125 cm width they decreased to 1413.4-1527.1 c/ha, and
further declined at 150 cm width to 978.5-1294.6 c/ha.

The lowest productivity in 2023 was recorded under wide-row sowing at 60 cm, particularly at the larg-
est drip tape width. At 100 cm width, yields varied between 1304.6—1417.6 c/ha, while at 125 cm width they
dropped to 1042.0-1218.2 c/ha, and reached minimum values of 860.0—-1004.2 c/ha at 150 cm width. This
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confirms that wider row spacing combined with wider drip tape placement significantly limits crop pertor-
mance.

The LSDo.os value of 95.4 c/ha indicates that most differences between treatments in 2023 were statisti-
cally significant.

In 2024, the overall pattern remained consistent, although absolute yield levels slightly increased in
some treatments due to more favorable growing conditions.

The highest yields in 2024 were recorded under the wide-row sowing at 45 cm, reaching up to 1852.0 ¢/
ha at 100 cm width and 30 cm depth. This indicates improved efficiency of this system under optimal irrigation
conditions in the second year. Similarly, the two-line sowing system showed very high productivity, with a
maximum of 1850.5 c/ha at 100 cm width and 20 cm depth, confirming its stability and adaptability.

The five-line sowing system also maintained high yields in 2024, ranging from 1760.3 to 1792.8 c/ha at
100 cm width, while at 125 cm width, yields remained high but slightly reduced (1666.0-1792.8 c/ha). How-
ever, at 150 cm width, yields decreased more noticeably to 1328.0—1537.7 c/ha, confirming the negative effect
of excessive drip line spacing even under multi-row sowing systems.

For the wide-row sowing at 60 cm, yields remained the lowest across all irrigation treatments. At 100 cm
width, productivity ranged from 1283.9 to 1527.6 c/ha, while at 125 cm width it declined to 1167.2-1292.2 ¢/
ha, and at 150 cm width dropped further to 817.0-903.7 c/ha, which represents the minimum recorded yield
in the experiment.

The LSDo.os value of 82.8 c/ha confirms that differences between treatments in 2024 were also statisti-
cally significant.

Overall, the data clearly show that the most favorable conditions for sugar beet yield formation were
achieved when the drip tape was placed at a width of 100 cm, regardless of sowing method. Increasing the
width to 125 cm caused moderate yield reduction, while 150 cm significantly decreased productivity in all
cases. In terms of sowing methods, the five-line and two-line systems consistently demonstrated the highest
and most stable yields, while wide-row sowing at 60 cm was the least effective.

Additionally, the results indicate that the interaction between drip tape depth and sowing method is
important, with depths of 20-30 cm generally providing the most stable and high yields, ensuring optimal
moisture and nutrient availability in the root zone.

Conclusion.

Based on the results obtained during the 2023-2024 growing seasons, it was established that the forma-
tion of sugar beet productivity under subsurface drip irrigation largely depends on the sowing method, as well
as the width and depth of drip tape placement.

The dynamics of biomass accumulation showed that the most intensive plant growth occurred during the
period from July to September, with a gradual increase in both aboveground and root mass until the end of the
growing season. Sowing methods significantly influenced plant development, plant density, weed infestation,
and final yield. Among the studied sowing methods, the five-line sowing (20x5x50 cm) and the two-line sow-
ing (20x50 cm) ensured higher plant density and more favorable conditions for crop growth compared with
wide-row sowing. At the same time, the wide-row sowing with 45 cm spacing demonstrated relatively high
productivity in certain variants. The results also showed that the width of drip tape placement significantly af-
fected crop productivity. Reducing the width to 100 cm contributed to higher yields across all sowing methods,
whereas increasing it to 150 cm resulted in a noticeable decrease in yield. The optimal depth of drip tape place-
ment was 20—30 cm, which provided favorable conditions for root development and water supply to plants.

The differences between the treatments in terms of weed infestation by the end of the growing season
were statistically significant, as they exceeded the LSDo.o0s value (p = 0.05). The lowest weed infestation (4—6
plants/m?) was obtained with the five-line sowing method, a drip tape placement depth of 40 cm, and a com-
bined protection system, which was significantly lower compared with the mechanical weed control method.
Weed infestation of the crops strongly depended on the applied weed control system. The combined method
(mechanical + chemical) proved to be the most effective, ensuring a stable reduction in weed population
throughout the growing season. The lowest weed infestation (4—6 plants/m?) was recorded with five-line sow-
ing, a drip tape placement depth of 40 cm, and the combined weed control system, with statistically significant
differences compared to the mechanical method.

Thus, under the conditions of subsurface drip irrigation, the optimal combination of agrotechnical prac-
tices for sugar beet cultivation includes the use of five-line or two-line sowing methods, a drip tape placement




width ot 100 cm, and a placement depth of 20—30 c¢m, along with the application ot a combined weed control
system, which ensures stable plant development and high crop productivity.
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Abstract. Introduction. The paper presents the main results of studying leaf surface formation in spring
soft wheat grown under steppe conditions of the Akmola region. Materials and methods. The study included
the spring wheat varieties Asyl Sapa, Astana, and Shortandinskaya 95 Uluchshennaya. Two cultivation back-
grounds were used: flat-cut fallow and stubble. In the previous year, flat-cut fallow was cultivated three times
to a depth of 12—-17 cm, followed by deep autumn tillage at 23-27 cm. Results and discussion. Grain crops
were cultivated on a stubble background for four years. Observations were carried out during the main growth
stages: tillering—stem elongation, heading, milk ripeness, and full maturity. Three methods were used to de-
termine leaf surface area: linear measurement, measurement, and punch methods. Their comparison allowed
an objective assessment of the studied trait and identification of the most effective and low-cost method for
practical use. Conclusions. The largest leaf surface area was formed during the heading stage. According to
total leaf area, varieties were ranked as follows: Shortandinskaya 95 Uluchshennaya, Asyl Sapa, and Astana.
Growing conditions significantly affected trait expression. Under stubble conditions, leaf area values were
29.6-33.5 at tillering—stem elongation, 42.1-55.2 at heading, 24.5-28.3 at milk ripeness, and 6.2-8.1 cm?
at maturity. Under fallow conditions, the corresponding values were 28.6-31.2, 44.2-54.6, 37.5-42.7, and
21.1-27.9. The linear measurement method is recommended as the most accurate and effective for studying
assimilation surface dynamics. The results can be applied in breeding, seed production, and plant physiology.
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AnHotauus. Kipicne. XympicTa AKMona OONBICHIHBIH Jalla aliMarbIHAa ecipy Ke3iHAe Ka3IblK
KyYMcaK OMIaibIH JKanblpak OCTIHIH ayJaHbIH KaJbIITACTBIPY €PEKIICNIKTePiH 3epTTEeYIiH HEri3ri HOTHXe-
nepi kenrtipiireH. Mamepuanoap mern 20icmep. 3epTreynep Ka3[ablK OUTaNAbIH YII COPThIHAA KYPIi3iiii:
Acswin Cana, Acrana xoune lloprannasr 95 xakcapteinran. CopTTap/sl ChiHAy Ke3iHAe ecipy yiriH eki ®on
KOJJIAaHBUIABI - Ta3a kanmak Oy >koHe cabaH. OTKEH KbUIbl JKalnmak Keckim 0y 12—17 cm TepeHIiKke Yl
peT eHAeNal, KY3/iH COHFbI TepeH oHeyi 23—27 cMm Oonasl. Homuowcenep men manxviaay. JJoHA1 nakbuigap
TOPT KbUT O0¥bI caban GoHbIHAA ecipinai. XKanbipak OeTiHIH KaJbITaCybIH OaKbUIay OCIMIIKTEPIiH OYKia
BEreTalMsIIBIK Ke3eHIHAE JKYpri3iiai. bipiHin ke3eH-KOIMChITY Ke3eHI-TYTIKKE IHIBIFY, €KIHII Ke3eH-IIOKTHIH
OacTtamysl, yIIiHII Ke3eH-I yiIeny-cyTTiH Mmicyi, TOPTIHIIICi-Ka3AbIK OUIaiIbIH TOMBIK Micyl. 3epTTeyae Ka-
nbIpaK OETIHIH ayJaHbIH 3epTTEY/IIH YII 9AiCi KOMAAHBUIIbI-CHI3bIKTHIK OJIIIIEY JIICI, OJIIIeY 9/1ici )KOHE Kecy
oxici. 3epTTey/liH YII SAICIH CallbICTBIPY 3€pTTENETIH Oenrire oObeKTUBTI Oara Oepyre koHe MPaKTUKAJIBIK
KOJIJIaHy YIIiH KepceTKimTep/ai OaranaynblH eH THIM/L %KoHe ap3aH (3KOFapbl OHIM/I1) 9IICIH YChIHYFa MyM-
KiHzik 6epai. Kopsvimuinosinap. COPTTHIH KambIipak OCTiHIH €H YJIKEH aydaHbl HIBIOBIKTHIH OacTamy Ke3eHiH-
JIe KaJbIITaCKaHbl aHBIKTAIbI. JKanbIpak ajaHbIHBIH KUBIHTBHIK KOPCETKIIITEepl OOWBIHINA OJIap MbIHAJIAN
ToprinmneH opHanacTeipbuiasl: [lopranasr 95 ymydmennas-Aceut Cana-Actana. Ocipy aschl OenriHiH aybl-
PJIBIFBIHA aliTapibIKTal 9cep eTTi, COHABIKTaH COPTTApAbIH cabaHbIHAA ecenTey Ke3eHaepi OoibIHIIa Keneci
KepceTKimTep OOAbl: KOMCHITY-TYTiKKe MbIFY 29,6-33.5; 6acranysi-42,1-55,2; cyTTiy micyi-24,5-28,3; mi-
cyi 6,2-8,1 cm 2. XKyn OoiibiHIIa MOHEP colikeciHmIe mekTepae esrepai 28,6-31,2; 44,2-54,6; 37,5-42,7;
21,1-27.9. Accumunsauus O6eTiHIH 6Cy TUHAMHUKACBIH 3€pPTTEY YIIIH €H oM KOHE THUIMII CBI3BIKTHIK OJIIICY
onici yebiHbIIaAbl. HoTmkenepi naiiganany cagachl-CeNeKIHs KOHE TYKBIM IIaPyaIIbUIbIFbI, OCIMAIKTED Qu-
3UOJIOTHSACHL.

Tyiiin ce3aep: Ouaaii, COpT, KanbIpak aydaHbl, 1aMy Ke3eHl, aCCUMUIIALUS OeTi

Moiiexco3 ymin: Kooepaunkuii B.1., Bono6aesa B.A., )Kupnosa N.A. (2026). Ka3zakcTaHHbBIH aana
aliMarbIHIaFbl KYMCcaK OuIaiiibIy JKanbIpak OeTiHIH AMHaMUKAchIH 3epTTey // Research, results — [3nenicrep,
Hotmwkenep — MHWcecnemoBanus, pesynprathl. 1. 28. Is. 3. Number 111. Pp. 84-93. https://
doi.org/10.37884/3-2026/07 [in Russ.].
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AHHOTanus. Beedenue. B pabore mpeacTaBieHbl OCHOBHBIE PE3yJIbTaThl U3YUYEHHs] OCOOCHHOCTEH
(hopMUPOBaHUS MIOIIA M JTUCTOBOM MOBEPXHOCTH SIPOBOI MSATKOM MIIEHUIIBI IPU  BBIPAIIIMBAHUU B YCIIOBHSIX
CTEITHOM 30HbI AKMOJMHCKOW 00sacTu. Mamepuanvl u memoouwl. VicciaenoBaHus IPOBEICHBI HA TPEX COPTax
spooii menutbl: Acein Cana, Acrana u llopranaunckas 95 Vinyumennas. [Ipu ucnsiTaHuu cOpToB ObLITU
HCIIOIh30BaHbI ABa (hOHA ISl BO3JCIIBIBAHKS — YHCTHIN TUIOCKOPE3HBIN Map U cTepHs. [lmockopesHblii map
B IMpEAbIAyIIeM roy oOpabaThiBaics Tpu pa3a Ha riyOuHy 12—17 cMm ¢ 3aKIIOUMTENbHON TITyOOKOH OCeH-
Hel 00paboTkoit Ha 23-27cM. Pesyriemamsl u oocysicoenue. Ha ctepHeBoM (hoHE BO3EIBIBAINUCH 3€PHOBBIC
KyJbTYpPbI B TEUCHUH YeThIpeX JieT. Habmonenus 3a hopMupoBaHUEeM JIMCTOBOW ITOBEPXHOCTH OCYIIECTBISUTHCH
B TEUEHUU Bcell Beretanuu pactenuid. [lepBrlii aTan — ¢aza KylieHus-BbIXo B TPYOKy, BTOPOH 3Tal — Ha4alo
KOJIOIIICHHUSI, TPETUH ATaIl — [IBETEHHUE-MOJIOYHAs CIIEJI0CTh, YeTBEPTHIN-TIOIHAS CIIEJIOCTh APOBOM MIIIEHHUIIBI.
B uccnenoBanuu ucnonbp30BaHbl TP METO/1a M3YUEHUS IJIOMIAAH JIUCTOBOM MOBEPXHOCTH — METOI TUHEHHBIX
U3MEpEHUl, METO/I MPOMEPOB M METOA Bbiceuek. CpaBHEHHE TPEX METOJOB M3yUeHUS MO3BOJWIO AaTh
O00BEKTUBHYIO OLIEHKY U3y4aeMOMY MPHU3HAKY U PEKOMEH0BaTh Hanboee 3((HEeKTUBHBINA U Mal03aTPATHBIH
(BBICOKOIIPOU3BOIUTEILHBIN) CITOCOO OICHKM TOKa3aTelel I MPaKTHUYECKOro NMPUMEHEHHUs. Bwuieoowl.
YcTaHOBIEHO, YTO HAMOONBIIYIO TUIOIIAAL JTHCTOBOM MOBEPXHOCTH copTa (opMupoBanu B (a3y Hadaio
kosomenus. [To cymmapHbIM moka3aTensiM MIIOLIAAN JIUCTHEB OHU PACIIONIAralluCh B CIAEAYIOUIEM MOPSIKE:
[Hopranaunckas 95 Yayumennas — Acwin Cana — Actana. @OH BeIpallMBaHMs 0Ka3all 3aMETHOE BIUSHUE Ha
BBIPKEHHOCTh MPHU3HAKA, TAK HA CTEPHE COPTa UMENH CIEAYIOLIUE MoKa3aTeNu Mo ¢a3zaM yuera KylleHue —
BBIXOJ B TpyOKy 29,6-33,5; Hauano xonomienue - 42,1-55,2; Mmonounas cnenoctb — 24,5-28,3; co3peBaHue
—6,2-8,1 cm % Tlo mapy 3HaueHHs W3MCHSJIMCh COOTBETCTBEHHO B mpenenax 28,6-31,2; 44,2-54,6; 37,5—
42,7, 21,1-27,9. Jlna n3yyeHus OTUHAMUKH HApACTAHMUSI ACCUMWISIIUOHHOW MOBEPXHOCTU PEKOMEHIYETCS
METO/]l JINHEHHBIX U3MEpeHuid, Hanbosnee TOUHbIA U 3pPexTuBHBI. Ob1acmb UCNONbL308AHUS PE3YIbMamo8
— cenekyusi U CeMeH0800CME0, Pu3UoI0cUsL pACMEeHUIL.

KiioueBble cioBa: muieHuua, copt, ¢asza pa3BUTHS, IUIOMIAAL JIUCTHEB, ACCHUMUJISLIMOHHAS
MMOBEPXHOCTh

s uurupoBanusi: Kodepuuukuit B.1., Bono6aesa B.A., XKXupnosa N.A. (2026). U3yuenue nu-
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bnazooapnocms: npeocmasnennas paboma evinoaHena 6 pamkax IlpoepammHo-yenesoeo
Gunancuposanua 2024-2026 200a Munucmepcmea cenvckoco xossaicmea Pecnyonuxu Kasaxcman
BR24892821 «Cenexyus u nepsuyHoe cemMeHO800CMB0 3€PHOBbIX KYIbMmyp OJis NOGblULeHUs NOMEeHYUaLa
NPOOYKMUBHOCMU,  KAYeCmed U CMpeccoyCmouyu8ocmu 8 pAasiuyHblX  NOYBEHHO-KIUMAMUYECKUX
sonax Kasaxcmana». Aemopwl @vipasxcarom 61a200apHOCMb  COMPYOHUKAM —OmMOeld 3ePHOBbIX U
KPYNAHBIX KVIbMYP, OKA3AGUIUX COOCLICIEUE 8 8bINOJIHEHUU NPEOCMABIeHHbIX UCCIEe008AHUII.

BBenenue.

[Timenwuiia — BaxkHeHIIas TPOAOBOILCTBEHHAS KYJIBTYpa, 0OeceunBaronias OoIbIIyI0 YaCTh MUPOBOTO
MMPOM3BOJICTBA 3€PHA, a TAKXKE SBISAIONIASCS KIFOYEBBIM HMCTOYHHKOM pAaCTUTEIBHOTO Oenka. Tak Kak ee
3epHO OOorato BUTAMUHAMH Tpynnbl B, MuUHepanaMu, 3To JeJaeT KyJIbTypy OCHOBOM MHUTAaHMS, UCIIONb3YS
JUTSL TIPOU3BOJICTBA MAaKapOHHBIX H3AENUH, MyKH, KPYI, KOPMOB JJIsl KUBOTHBIX. [IproputeTHo# 3amaueit
arponpoOMBIIIIEHHOTO KOMITJIEKCA — MOBBILIEHUE YPOKANHOCTH 3TOM KYJIbTYpPHI.

ACCUMWISIIMOHHAST TUIOMIQJbh JINCTOBOM TIOBEPXHOCTH TIIICHUIBI SIBISETCS MHOTO(AKTOPHBIM
MOKa3aTesieM, UTPaAIolUM 3HAUUTEIbHYI0 poiib B dopMupoBanuu ypoxas. [Al-Kaisi, 2022; Li, 2025]. B
JaH-HOM paboTe MbI H3YYUM 3aKOHOMEpPHOCTH (OpMUPOBaHHS (POTOCMHTETHUYECKOTO ammapara Ha
MpUMEpPEe HE-CKOJIBKUX COPTOB TIICHHIIBI, C TOMOINBID METOJMKH pacueTa IUIOMAId JIUCThEB, Kak
KJIFOYEBOT0 MHAMKAaTOpa cocTosiHus nmoceBoB. [[Ilecrakosa, 2021; Nanuzona, 2021]. 3agaun uccieaoBaHus:
OLIGHUTh POJIb ACCHUMMIISA-IIMOHHON TMOBEPXHOCTH B HAKOIUIEHUU OPraHMYECKOro BEIIECTBA M H3YYHTh
(bakTopsbl, BIUAIONINE Ha TMHA-MHUKY pocTa JucThbeB [Kypbanos, 2024; JIuxoBunosa, 2024].

[Tonnmanue ¢akTOpoB, BIUSIOMIUX HA TIUIOMIAJb JIMCTOBOW TOBEPXHOCTH C COBMECTHBIM
MPUMEHEHUEM  arpOHOMHMYECKHX  TPAKTHK, HAMpaBJICHHBIX Ha €€  ONTHUMHU3AIMIO, IO3BOJIAT
CENBbXO3MPOU3BOJIUTEISIM MaKCHU-MAJIBHO pPEai30BaTh T€HETUYECKHH ITOTEHIIMAT COPTOB IIIEHUIIBI H
o0ecIeunTh MPOJIOBOIBCTBEHHYIO 0Oe30-macHOCTh cTpanbl [Kocenko, 2023; Hukomaes, 2021; AxmeTtos,
2026].

MaTrepuaJibl 1 MEeTObI MCCJIEI0BAHUIA

OmpeneneHne AUHAMUKH (POPMUPOBAHUS TUIOMIAN JIMCTHEB B OHTOTEHE3E II03BOJIIET HaM JaTh
CPaBHHUTEJBHYIO XapaKTEPUCTUKY TMEPCIEeKTUBHBIX COPTOB MIIEHUIBl. McciaenoBaHusi MpoOBENEHBI Ha
nosieBbIx crarmoHapax TOO «HITI3X um. A.U. bapaeBa» (AkmonuHckas obmacts) B 2022-2024 rr. Tlocer
npoBeneH 23 wast cenekuuoHHOW cesikoi CCOK-7. MccnmemoBaHus NpOBOIWINCH Ha ABYX (hoHaxX:
YBJIQKHEHHOM U MO CTepHe. Tak Kak JIMCTOBas MOBEPXHOCTh SIBISETCS OJHUM U3 TJIaBHBIX YCIOBUM
CO3/IaHHUS BBICOKUX YPOXKAeB, Mbl OMPEIEIISITN TUIOIIA b JUCTHEB U3YUaAIOIIUXCS COPTOB B BasKHEHIIIHE (a3bl
pasBuTus. st onpeneneHus Iomaayd HaMu ObUTH BbIJIENIEHBI 4 OCHOBHBIX ITAarlOB OHTOT€HE3a 3€PHOBBIX

3HaKO%§D1(2K—ylH6HI£I}I](I))J':I}I — KyILIEHUE-BBIXO]l B TPYOKY;

2) 2630 wroyst — HaYaJI0 KOJIOUIECHUS;

3) 18-22 aBrycTa — IIBETEHHE-MOJIOYHAS CIIEIOCTh;

4) 1-4 ceHTA0Ops — MOJTHAS CIETIOCTh.

B kagecTBe MCXOAHOrO MaTepHalia HaMU MCIIOJIb30BAIM TaKUe copTa MieHuIsl, kak [llopTannunckas
95 ynyumiennas, Acoin Cana u Acrana.

PactutenbHble mpoOsl Opanuch B kKaxayto ¢asy Ha 10 pactenusix. Pacrenus 6panuch ¢ ydeTHOM J1emsH-
KU 1Iomazpio 1 M? JIiis onpeenieHus TUIONIa I JTUCTOBOM MTOBEPXHOCTH MbI HCTIOIb30BAIN 3 METO/Ia: METOJ
Beiceuex (MB), meton mpomepos (MIT) 1 MeTOJ JINHEHHBIX H3MEPEHHUIA.

Memoo eviceuek. llpumensercs 11t OONBIINHCTBA CENbCKOX03IMCTBEHHBIX KyNbTyp. st aToro otou-
panu cpenuioro npoly 10-15 pactennii(N), cpe3anu JIUCThS U ONPENESIOT X chipyto Maccy (Mu). Ckinaabl-
BaJIM JIUCThS CTOIIKAMHU, U JIENIAIH CBEPJIOM BBICEUKHU OMPEAENIEHHOTO JuameTpa, o 5—10 mTyk ¢ o1HOro 1u-
cta. Briceuku Opanu Tak, 4ToObl B IpoOy MOMaIN U MIIACTUHKY JIUCTA, U IIEHTpaIbHbIe KUWIKU. Onpeaensiu

Maccy Bcex ChIpbIX Bbiceuek (MB). ITmora b IMCTBEB OHOTO PACTEHHs ONPEIEIISUTH O hopMyIIe:
S= I'.'L'Jxaxn,ﬂz
MexI=4=10000 (1)

rac S — TIomaab JIMCTBEB OAHOI'O paCTCHUA, M2; M1 — Macca JIUCThEB B Hp066, T, MB — macca BBICCUCK,



I'; 4 — KOJIMYECTBO BLICCUCK, IIT, N- -xonuuecTBO paCTCHI/Iﬁ B npo6e, T, I[ — AUaMeTp CBEpJia, CM, B HAIIUX

M3MEPEHHUSX UM SIBIISICTCS BHICCUKA JUAMETPOM 7MM; 4HCIO0 -3,14.

Memoo usmepenus nunelinvix napamempos. OnpeneiacHue MIOaan JIUCTHEB TaKKe MPOBOAUIHU I10
dhopmyie:

5=067VAXB ©)

rne A— HanOoJbIas MUPUHA JIUCThEB, cM; B — nimuHa nmucteeB, cM; 0,67 — monpaBodHbIi KOd)PuImeHT
UTSL 3€PHOBBIX 3JIAKOBBIX KYJIBTYP C TIPOJOITOBATOMN (POPMOIL THCTHEB.

Memoo npomepos. 3 mpoObI METOAOM CITy4aitHOM BBIOOPKHU BRIOMpATHCH 1O 10 3€JIeHBIX paCTeHUM, UX
B3BEIIIMBAJIM U OMPEJEISUIN IUIONIAIb METOIOM JIMHEHHBIX M3MepeHuid 1o anune (/1) u Hanbonpiiei mupuHe
(II). ITnomamp U3MEPEHHBIX JTUCTHEB (S) PACCUUTHIBAIIH 110 (OPMYIIEC:

SZ,ILEPXU]EPXU,?XTI 3)

[JI€ N — YUCJIO U3MEPEHHBIX JTHCTHEB.

PesynbTarsl u 06cyxkaeHuE.

Cy1iecTByeT OrpoMHOE KOJIMYECTBO HAY4YHBIX pabOT, B KOTOPBIX TOBOPUTCS O Ba)XKHOM poJin
(OTOCHHTETHYECKOTO ammapaTa B (GOpPMHpPOBaHWUHM ypoxkas. Ha BenmnduHy ypoXas BIMSET OTPOMHOE
KOJMYECTBO (PAaKTOPOB, TaKME KaK KIMMATHYECKHE (TeMmIeparypa, OCaakh W T.[.) TIOYBEHHBIE (COCTaB,
BJIYKHOCTH), arpOTEXHUUYECKHE (CPOKH, CIOCOOBI MOCeBa, YXOJ 3a MOCEBaMU M T.A.) ¥ MHOTHE IpyTHE.
N3ydyeHue 3aKOHOMEpPHOCTEW pOCTa M PA3BUTHS PACTEHUM, HAXOMSAIIMXCA B TECHOM B3aMMOCBS3U C
nporeccaMu (pOTOCHHTE3a, MUHEPAILHOTO MTUTAHUS 1 BOJAHOTO PEKUMa PAaCTEHUs, — OCHOBHOE HAIPaBJICHUE
CEJIEKIIMOHHO-T€HETUYECKUX U arpOTEXHUYECKUX paboT, MPOBOAMMBIX B MUPOBOM CEIbCKOXO3HCTBEHHOM
npaxkTuke. Jlo onpeeneHHbIX NpeesioB pa3Mep yposkasi HAXOIUTCS B TECHOM CBS3M C pa3MepaMu IJIOLIAAH
JIUCTBEB, JUIMTEILHOCTHIO U MHTEHCUBHOCTBIO UX paboThl. OTHAKO IO Mepe yBEIUYEHUS INIOTHOCTH ITOCEBOB
YCWJIMBAETCS B3aUMHOE 3aTEHEHHE JIUCTHEB, CHUYKACTCS X OCBEILIEHHOCTD, YXY/IIIaeTCs BEHTUISILIHS [I0CEBOB,
3aTpyAHACTCS TIOCTYIUICHHE K JIMCThSIM YTIIEKHCIOro ra3a. B pesynbrare oTOCHHTETHUECKAsT aKTUBHOCTh
pacTeHMs CHUKAETCS.

Puc. 1. IloceBbl COPTOB IMIIEHHULIBI /I U3Y4EHHUSL.
[ Fig. 1. Wheat varieties planted for study.]

N3 wm3ydaeMbix copToB Iuiomiaab JucTheB LllopranmuHckas 95 yiydiieHHas Oblia HambOosee
ONTUMAJBHONW. ACCHUMIIIAIMOHHAS IMOBEPXHOCTHh JIUCTHCB HA YBIAKHEHHOM (OHE C MaKCHMaJbHBIM
3Ha4YeHHEeM Oblila B TMEPHOJ] Havaia Kojomenus; 54,6; 55,2; 51,4 cm?. B a3y monHo# CresocTy MmIoman
yMeHbIIIach 10 27,9; 26,8; 23,2¢cM?, B COOTBETCTBHH C PUCYHKOM 2.
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Puc. 2. IInomanp mucteeB copra LllopTanauackas 95 ynydieHHast, yBIaXHEHHBIH GOH
[ Fig. 2. Leaf area of the Shortandinskaya 95 Improved variety, on a moist background]

[Tnomaap AUCTOBOM MOBEPXHOCTU MO CTEPHE Y ITOTO COpPTa Takke Bo3pacTaeT 10 ¢as3bl Hayana
BBIMETHIBAHUS (KOJIOIICHUS ), TOCTUTAET 3/1eCh MAKCUMAJIBLHOTO 3HaueHus-55,2; 54,9; 51,3 cm?.B ¢a3sy mon-
HOM criesocTH ymenblaetcst 1o 8,1; 8,6; 7,1 cm* uro B 3 pasza MeHbIIe, YeM B TOT YK€ MEPUO/ [0 CTEpPHE, B
COOTBETCTBUU C PUCYHKOM 3.
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Puc. 3. IInomans nuctbe copra Lllopranaunckas 95 yiaydlleHHast, CTEpHS.
[ Fig. 3. Leaf area of the Shortandinskaya 95 Improved variety, stubble.]

Hcxons U3 OMy4YeHHBIX JAHHBIX, MOKHO CKa3aTh, YTO Ka)K/IbIH UCCIIEAyEMbIH ()OH IMEET CBOE BIIMSTHHE
Ha IUIOIA b JINCTOBOM MOBEPXHOCTH.

[udpossie mapamMeTpbl U3MEHEHHS TUIOIIAAN JIMCTHEB PACCMATPUBAEMBIX COPTOB MPEICTABICHBI HA
pucyHkax 4,5.
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Puc. 4. Meto aMHEWHBIX H3MEPEHHA, apoBoi GoH
[ Fig. 4. Linear measurement method, steam background]
60
S0
40 M1 cpok
30 4 W 2 cpok
20 - M 3 cpok
10 -+ N 4 cpok
o -
WopTanguecxan 95 AcTaHa Acein Cana
yAydWeHHan

Puc. 5. Meto mMHEHHBIX H3MEPEHHH, CTEPHEBOIT (OH.
[ Fig. 5. Linear measurement method, stubble background]

VY Bcex HaONIOMAaeMBIX COPTOB MIICHUIBI K MOMEHTY TOJHOTO CO3PEBaHUS PACTEHHH JIMCTOBas
ITOBEPXHOCTD JIUCTHEB YMEHbIIACTCSH. DU3NOIOTHYECKH 3TO CBSA3AHO C TEM, YTO IUTATEIbHBIE BEIIECTBA U3
BEreTaTUBHBIX OPTraHOB MEPEXOAAT B PEIPOAYKTUBHbBIE OPTaHbl, PUCYHOK 6.

Puc. 6. Daza MOIOYHOI CHETOCTH.
[Fig. 6. Milk ripeness stage.]

Bcee TpHU METOAA, UCITIOJIb30BAHHBIC B ONBITE, UMCIOT KaK IMPEUMYIICCTBA, TaK U HEJOCTATKH. I/ICXOI[SI
N3 TIOJTYUYCHHBIX PE3YJbTATOB IJIA ONPCIACIICHUA aCCHMHHﬂHHOHHOﬁ MOBEPXHOCTU JIUCTHEB HUCCICAYCMbIX



00pa3LoB, MOAXOAT BCE TPH METO/a. MeXly 3HaUCHUSMHU HEeT 3HaUUTEIbHbBIX PACX0XKIECHHUH, TOIbKO METOA
BBICEUEK J1aeT HECKOJIBKO 3aHMKEHHbIE PE3yJIbTaThI.

VBenu4yeHne WM yMEHbIICHHE aCCHUMWIISLIMOHHOM MOBEPXHOCTU JIUCTHEB MOXKET OBITH CBSI3aHO
C MHOXXECTBOM pa3JIM4HbIX (pakTopoB. K HUM MOXKHO OTHECTH MOTOJHBIE YCJIOBUS JAHHOTO PETHOHA,
arpoTeXHUKY BO3JIEJIbIBAaHUS KYJIbTYPbI, (U3H0JIOTHIO caMUX pacTeHui. [Jis mydiero npouecca pOTOCHHTE3a
HY>KHO YUYMTBIBATh TaKME arpOTEeXHUUECKUE MIPUEMBI, KaK: CIIOCOObI U CPOKHU MOCEBA, ONTHUMAIBHYI0 HOPMY
BbIceBa ceMsiH. HopMa BbIceBa BIIMSET HA T'YCTOTY CTOSIHUSL PACTEHUH M CTETEHb MX OCBEIIEHHOCTH, a 3HAUUT
uMeeTcs IpsiMasi B3aUMOCBS3b € BEJIMYMHOM IIIOINAH JTUCTOBON TOBEPXHOCTH.

ol W ey

Puc. 7. ®aza BOCKOBOH CIEJIOCTH SIPOBON MIIEHUIIBI
[Fig. 7. Wax ripeness stage of spring wheat]

Takke Ba)KHO CBOEBPEMEHHOE YHHUTOXKEHUE COPHBIX PACTEHHM, KOTOPBIC 3aTCHSAIOT KYIBTYpPY, TeM
CaMbIM PE3KO CHIDKAIOT MPOIYKTUBHOCTH (DOTOCHHTE3a B ITOCEBAX.

3akirouyenue.

OCHOBHBIM (PaKTOPOM, OTIPEICIISIOIIUM YPOBEHB IPOAYKTHBHOCTH BO3/ICIIBIBAEMBIX KYJIBTYP B YCIIOBHSX
PE3KO KOHTHHEHTAIBHOTO KITMMATa, SIBIISICTCS CTETEHb BIaroo0ecieueHHOCTH PACTEHUH B IEPUO]T aKTHUBHOTO
pocTa u GOpMUPOBaHUS YpOoxKasi. B pernoHe HeZJ0CTaTOYHOTO YBIAXKHEHHS TA0UTYC pacTeHUs (BBICOTa, 00IIast
OuomMacca) HampsIMylO CBSI3aH C €ro ypOXKalHOCThIO. Jake B YCIIOBHSIX BBICOKOW arpOTEXHHKH Pa3BUTHE
JMCTOBOM TIOBEPXHOCTH YacTO TOAABISIETCS HEOIArONPUSTHBIMU TTOTOJHBIMH YCIOBHSMH, COBITQIAI0IINMHU
C TEepHOJOM aKTHBHOTO (OPMHUPOBAHUS W POCTa JHCTheB. KoiamyecTBO OMOMAcChl 3a4acTyl0 OTpakaer
BEJINYMHY OMOJIOTUYECKOTO ypoXKas pacTeHHs. Uem cuibHee pa3BUTa BEreTaTHBHAS CHCTEMa, TeM OOJbIIeH
ACCUMIJIMPYIONIEH MMOBEPXHOCTHIO 00JIaaeT TaKoe pacTeHHE M YEeM JIOJIbIIIE OHO BETETUPYET, TEM OOJIbIIe
MOTEHIMAN Ul HAKOIUICHUSI CyXOro BemiecTBa. J[JIs ompenenieHusl CTeNeHH Pa3BUTHS aCCUMMIISIIMOHHON
MOBEPXHOCTU B HCCIICJOBAHMS BKJIIOUEHBI TPH COBPEMEHHBIE COpPTa SPOBOW MSTKOW IIICHHIBI: ACTaHa,
Acsun Cana, llopranaunckas 95 ynydmenHas. CpaBHEHHE MTPOBOAMIOCH HA IBYX (DOHAX BBIPALIMBAHUS —
YHCTOM INIOCKOPE3HOM apy U CTEPHEBOMY TIpeAIecTBeHHUKY. OOpaboTKa mapa npoBeieHa III0CKOPE3HBIMU
OPYAMSIMH TI0 MEpe OTPACTAHUS COPHSIKOB C 3aKIFOUUTEIBHON OCEHHEW 00padoTKoW Ha rimyouny 23-27 cM.
Ha crepHeBoM (hoHE 3epHOBBIC KyJIBTYphI BHIPAIIMBAINCH B TEUEHHH MPEABIIYIIHX 4-X JIET, TaKKe MPOBe-
JeHa rmyOokasi 3s0meBasi 00paboTka. YueTsl U HaOMIOAEHHUS 32 0COOCHHOCTAMHU (hOPMHUPOBAHUS JTHCTOBOM
MOBEPXHOCTH OCYIIECTBISIMCH B TEYCHUH BCETO TepHroa Beretanuu. [IpogomkuTensHOCTh nepuoaa Obiia
pasneneHa Ha yeTblpe drama. [lepBblil oTam — (asza KymeHus-BbIXOA B TPyOKY; BTOPOW ATam-Hayaao KOJo-
IICHUST; TPETHH ATall — BETEHHE-MOJIOYHAsSI CIIEJIOCTh; YETBEPTHIM ATall — MOJNHAS CHeN0CTh. [ ToyHOCTH
OIbITa OBLTH MCIIOJIh30BaHbI TPU PA3IMYHBIX METOJA OLICHKHU IUIONIA/U JIUCTOBOM MOBEPXHOCTH. METOJ BhI-
cedek (TUIOIAAb OMPEIeIseTCs M0 KOIMUECTBY BHICEYEK OINPEACICHHOTO AUaMeTpa, Macce JIUCThEB M KOJIH-
YeCTBY PACTCHMH); METO/ JIMHEWHBIX M3MEPEHUH (YUYUTHIBACTCS JJIMHA U IIHUPHHA JHCTHEB C MOMPABOYHBIM
KO3 PHUIIUEHTOM ); METOJT TPOMEPOB (TIOIIA/[h U3MEPEHHBIX JINCTHEB ONPEENISETCS 110 JAJTHHE U HAanOOJIbIIeH
[IMPHUHE N0 CIIy4aifHOU BBIOOPKE).

Hcxons M3 MOTyYeHHBIX JaHHBIX BUJIHO, YTO KaKIBIA ()OH BO3JENBIBAHUS MMEET CBOE BIMSHHE Ha
TUTOIIA/(b ACCUMMJIMPYIOIICH MMOBEPXHOCTH. B mepBOM M BTOPOM CpPOKE CYIIECTBEHHOW Pa3HUIIBI MEXKIY
MOKa3aTes TUIONIA N JIMCTOBOM MOBEPXHOCTH He Habmoaanock. [1o mapy lllopranaunackas 95 ymyumieHHas
umena 3nauenust 31,2-54, 6 cm?, o crepre 33,5-55,2 cm?, copt Acrana 28,6-44,2 u 29,6-42,1 cM?, miieHu-



na Aceutl Camna 28,9-47,5 cm” u 30,2—47/,4 cM”. B TpeTbeM U YETBEPTOM CPOKE HA MAPOBOM (DOHE BEIUUUHA
TUIOUIA/IN JTUCTHEB MOKa3alia 3HaueHus B JiBa pasza 0oJbllle, 4eM 1o cTepHeBoMy ¢GoHy. Y mmeHuis! [opran-
JUHCKas 95 ynydilleHHas o MJI0CKOPE3HOMY Mapy MoKa3aTeib IJIOMAau JUCTOBOM noBepxHoctu 42,7-27,9
CM?, TI0 CTepHEBOMY TnpeiecTBeHHuKyY 28,3—8,1 cm?, copra Actana map 37,5-21,1cm?, crepus 24,5-6,2 cM’u
mreHuIpl Acein Camna 38,9-23,7 cm?, 26,5-7,7 cm?. B HalieM oIbITe ONTHMAIbHOE 3HAUECHHE TIOKA3hIBAI COPT
nmenunsl [Hlopranaunckas 95 ynyunienHas.

OnpenensirormumM GakTopoM HOPMUPOBAHUS YPOKas MOJEBBIX KYJIbTYp sIBIsieTCS (POTOCUHTETUYECKAS
JEATEIIbHOCTh PACTEHUH, KOTOpasi, MPEXkIE BCEro, 3aBUCUT OT BEJIIMUMHBI JIUCTOBON MOBEPXHOCTH U OT €€
paboToCIOCOOHOCTH, TO €CTh MPOJAYKTUBHOCTH (oTocHHTE3a. CpaBHUTENHHOE M3yUYEHUE MPOAYKTUBHOCTH
(dboTocuHTE3a [0 BapUaHTaM OIbITa TOKa3ajl0, YTO UHTEHCUBHOCTH HAKOIIJICHHSI CYXOT0 BEIIECTBA Ha €UHUILY
JINCTOBOM MOBEPXHOCTH B TEUEHUE BEreTAllUM 3HAYUTEIIbHO U3MEHSIETCS.

B pesynbpraTe mszydeHus ocobeHHOCTEH (HOPMUPOBAHUS ACCUMMISIIMOHHON MOBEPXHOCTH HAa COpTax
spoBoi MsrkoM mmeHunsl Aceln Cana, Acrana u lllopranaunckas 95 YiyuiieHHas yCTaHOBJIEHO, 4TO Ha
CTepHE COopTa UMEIH CIIEAYIOIINe TToKa3aTenu 1o (azam ydyeTa KylieHHe-BbIXo] B TpyOKky 29,6—-33,5; Hauamo
Kosomnienne-42,1-55,2; monovnas crenocts-24,5-28,3; cozpeBanue 6,2-8,1 cm 2. [lo mapy 3HaueHHS H3MEHSI-
JIMCh COOTBETCTBEHHO B mpenenax 28,6-31,2; 44,2-54,6; 37,5-42,7,21,1-279 cm >

Hcxons u3 ModydeHHBIX NAaHHBIX ()OH BO3JENBIBAHUS, & TOUHEE COBOKYITHOCTb arpOTEXHUYECKHX
MPUEMOB, TaKUX Kak YyJaoOpeHHs, 0O0paboTKa TMOYBBI, IOCEB, YXOJ, MPEIIIECTBEHHUKH, OKa3bIBAIOT
oTpeieNisitolee BIUsSHUE Ha (JOPMUPOBAHUE IIONIAAN ACCUMIIIMPYIOIIEH MOBEPXHOCTH MilleHUIIbl. Hampumep,
croco6 00pabOTKHN MOYBKI BIMSIET HA IOCTYITHOCTh MUTATEIbHBIX BEIIECTB U 3amac Biaru. Takxke orpoMHOe
3HaYeHHE UMEET COPT (CIOCOOHOCTD K KYIIEHUIO, TeHETUUYECKH MPEAONPENCICHHBII pa3Mep JHICTa), YCIOBUS
BBIpAIIUBaHUs (TEMIEpaTypa, MUTaHUe, BIAKHOCTh). DKCTpEMalIbHbIE TEMIIEPATYPHI (XOJIO0 WIIH XkKapa) orpa-
HUYUBAIOT POCT JIUCTHEB, @ HEJOCTATOK BJIard CHUXKAET pa3Mep JTUCTOBON MOBEPXHOCTH.

[IpuMeHeHue pa3auyHbIX METOJI0B U3MEPEHUS TUIOMIAIN JIUCTHEB TO3BOJMIIO PEKOMEHI0BATH METO/]
JTUHEHHBIX U3MEPeHUH, Kak HauboJjee MPUEeMIIEMBbIi IS MOTy4YeHHUs] OObeKTUBHBIX JaHHBIX. Hanbonbinyro
MOBEPXHOCTB IJIOMIAH JIUCTA COpTa (POPMHUPOBAIH B yCIOBUSX MApOBOTo (hOHA C IPEBBIIIICHUEM HaJl CTepHEH
1o 16-30 nponertoB. Copt sipoBoit Msirkoit mimeHuts Hopranannckas 95 YiydiienHnas 6aarogapsi MOIIHO-
MY Pa3BUTHIO aCCUMHJISLIMOHHON MOBEPXHOCTU (POPMUPYET BHICOKYIO 36pHOBYIO MPOAYKTUBHOCTh B COUETA-
HUU C KQUE€CTBEHHBIMHU MTOKA3aTEISIMU TP PA3JIMYHBIX YCIOBUAX YBIAXHEHUS B IEPUOJI BETE€TALIUH.
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Abstract. Introduction. The development of plant-based feed additives is a relevant area of modern
biotechnology aimed at improving the sustainability and efficiency of animal husbandry. Fast-growing plants
with high biomass accumulation potential, such as Paulownia tomentosa, are of particular interest.
Objective. The study aimed to obtain microclonal biomass of P. fomentosa under in vitro conditions and to
evaluate its potential feed value based on biochemical and functional indicators. Methods. Microclonal
propagation was carried out using standard protocols. The biomass was analyzed for crude protein, fiber,
amino acid compo-sition, and microelement content. Antioxidant activity was determined using DPPH and
ABTS assays. The potential feed value was assessed using model feed rations and calculated indicators of
digestibility and me-tabolizable energy. Results. It was established that the microclonal biomass contained
18.6 % crude protein, was characterized by a balanced amino acid profile, and exhibited antioxidant activity
(ICso DPPH = 0.84 mg/mL). Standardized cultivation conditions ensured reproducibility of the parameters.
Model-based evaluation showed that inclusion of 1-5 % biomass in the diet may contribute to an increase
in metabolizable energy and dry matter digestibility. Conclusions. Microclonal biomass of P. tomentosa can
be considered a promising source of plant raw material for feed additives. The obtained results are of a
predictive nature and require fur-ther experimental validation under in vitro and in vivo conditions.
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AnHoTtauus. Kipicne. OCIMIIK HETI3IHJEr XeM KOCHalapblH d3ipJey - Majl HIapyallbUIbIFbIHBIH
TYPaKTBUIBIFBI MEH THIMIUTITIH apTThIpyFa OarbITTaliFaH 3aMaHayd OMOTEXHOJIOTHUSHBIH ©3€KTi Callachl.
Paulownia tomentosa cuakTbl Ouomacca >KHHAaKTay oONE€yeTi >KOFapbl TE€3 ©CETIH OCIMIIKTEp epeKIie
KBI3BIFYIIBUTBIK TYIBIPAIbL. 3epTTCYIiH MakcaThl P. tomentosa-HbIH in Vitro MUKPOKJIOHAJBI OMOMAacCcachiH
aly KOHE OHBIH OMOXHMUSUIBIK JKOHE (YHKIMOHAJJBIK MapaMeTpiiepre HETi3AeNreH JJIeyeTTi >KEeMJIIK
KYHIBUIBIFBIH Oaranay Oomabl. Odicmep. MHUKPOKOOCHUTY CTaHAAPTTBI XaTTaMajapra COHKec KYpri3iiii.
bromacca mvKki aKybl3, TIIIBIK, AMUHKBIITKBULIBIK KYPAMBbI )KOHE MUKPOAJIEMEHTTEP OOMBIHINA TaJIJJAHTbI.
AnTtnokcumanttel 6encenaiik DPPH sxone ABTS tanmaymapeiH KOJNAaHY apKbUIbI aHBIKTAIBI. OJICYETTi
KEMJIIK KYHABUIBIK MOJENBIK AWeTamapasl KOJJaHy >KOHE CIHIMAUIIK MeH MeTaOOJIM3ICHETIH SHEPIus
MOHJICpIH €CeNTey apKbUIbl Oarananiwl. Homuowcenep. MUKpOKIOHANAB OMOMaccaHbIH KypambiHIa 18,6
% MUKl aKybl3 Oap eKeHi, TeHrepiMIi aMHHKBIIIKBUIABIK MPOQUIbre He eKeHl >KOHE aHTHOKCHUIAHTTHIK
6encenainik kepceretini anbikrainasl (DPPH ICsoe = 0,84 mr/mum). CranpmaprranraH ecipy >Kargaimapbl
KalTallaHATBIH HOTIDKENepi KaMTamachi3 eTTi. baramaymap OuomaccanblH 1-5 %-bIH querara Kocy
MeTaOONMU3CHETIH OSHEPTHSHBI JKOHE KypFaKk 3aTTapAblH  CIHIMIUITIH — apTTBIPATBIHBIH  KOPCETTI.
Kopvimeinowvl. P. tomentosa MUKPOKIOHAIIBI OMOMAcCachl )eM KOcTallapbl YIIIH 6CIMIIIK MaTepHAIIbIHBIH
MEPCIEKTUBAIBI K031 00BN TaObUIaAbl. AJIBIHFAH HOTHXKETIEp ajJIbIH aja OOoJIbIN TaObUIaIbl JKOHE in Vitro
KOHE 1n Vivo TOXKIpUOETIK TeKCepy/Il KaXeT eTe/Ii.

Tyiiin ce3nep: Paulownia tomentosa; MAKPOKIOHAIIBI OMOoMacca; in vitro ecipy; OHMOTEXHOJIOTHS;
KEeM KOCHasapbl, JKeM oJleyeTi; aHTHOKCHIAHTTHIK OEJCeHIUTK; OMOXUMUSIIBIK KYpPambl; TYPaKThl Maj
IapyaIIbUTbIFbI
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tomentosa ©CIMJITIHEH allbIHFAaH MHUKPOKJIOHABIK OMOMaccara HETi3/IelreH >XeM KOCHaJapbhlH jKacayra
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AHHOTauMsl. Beeoenue. PazpaboTka KOpPMOBBIX J00aBOK Ha pPACTUTENBHOW OCHOBE SBIISETCS
aKTyaJbHBIM HalpaBJIEHUEM COBPEMEHHOM OMOTEXHOIOTHUH, HATIPABJICHHBIM Ha MOBBIIICHUE YCTOWYUBOCTH U
3¢ HEKTUBHOCTH KUBOTHOBOACTBA. OCOOBII MHTEpEC MPEACTABISIIOT OBICTPOPACTYIIIME PACTEHHS C BEBICOKUM
MOTEHIIMAJIOM HAaKOIUIEHUs] OMOMAccChl, Takue Kak Paulownia tomentosa. 1lenb uccnenoBanus — NOTy4eHUE
MUKPOKJIOHAIBHOW Ouomacchl P. tomentosa B yCIOBHSIX in Vitro M OLIEHKA €€ MOTEHLUAIbHOW KOPMOBOM
IIEHHOCTH Ha OCHOBE OMOXMMHYECKMX M (YHKIMOHAJIBHBIX MOKazareneil. Memoodsi. MUKpPOKIOHATIHHOE
pa3sMHOXKEHHE MPOBOAMIIOCH 1O CTAaHAAPTHBIM MPOTOKOIaM. bromacca aHanmm3umpoBaslach Ha COZIEpIKaHUE
CBIPOro OemKa, KIeTYaTKH, aMUHOKHCIIOTHOTO COCTaBa M MHUKPOAJIEMEHTOB. AHTHOKCUAHTHYIO aKTHBHOCTb
onpeaensiian merogamu DPPH u ABTS. [loTeHnnanbHy0 KOpMOBYO IIEHHOCTB OLIEHUBAIIH C UCIIOJIb30BAaHUEM
MOJICJIbHBIX PAllMOHOB W PAaCUETHBIX IOKa3aTeNell mepeBapuMOCTH W OOMEHHOW sHepruu. Pe3zyivmamebi.
Y cTaHOBIIEHO, YTO MUKPOKJIOHAJIbHAsE OnoMacca cofiepkuT 18,6 % ceiporo Oenka, Xxapakrepu3yeTcs: coanaH-
CHPOBAHHBIM aMUHOKHCIIOTHBIM MPO(UIEM U MPOSBIIET aHTHOKCHIAHTHYI0 akTHBHOCTH (ICso DPPH — 0,84
mr/mi). CTaHAapTU3UPOBAHHBIE YCIOBHS KYJIBTUBUPOBAHUS 00ECIIEUHIIN BOCTIPOU3BOIUMOCTD ITOKa3aTeeH.
PacuerHas omeHka mokazana, 4yTo BKItodeHHE 1—5 % OMOMacchl B pallioH CIIOCOOCTBYET MOBBIIICHUIO 00-
MEHHOH PHEPTUU U MEPEeBAPUMOCTH CyXOro BellecTBa. Buigodbl. MuKpokiioHaabHas Ouomacca P fomentosa
ABIISICTCS TIEPCIEKTHBHBIM HCTOYHHUKOM PACTUTENBHOTO ChIPbs JUIsI KOPMOBBIX J00aBOK. IlosyueHHBIE
pe3yabTaThl HOCAT PACYETHBIN XapakTep U TPeOYIOT NanbHEeHIIel SKCIepUMEHTAIbHON TPOBEPKH B YCIOBHIX
in vitro u in vivo.

KawoueBble caoBa: Paulownia tomentosa, MUKPOKJIOHAJbHass Ouomacc, KylbTypa in Vitro,
OMOTEXHOJIOT U, KOPMOBBIE T00aBKH, KOPMOBOM MOTEHIM AN, AHTUOKCUJAHTHAS! aKTUBHOCTh, OMOXMMHYECKHIH
COCTaB, YCTOMYMBOE JKUBOTHOBOJCTBO

JassuutupoBanusi: Cenoerxos M. T. ,KaiirepmazoBaM. 4., IllanenoBaFE. 4.(2026). buorexHomorunaeckuit
MOJX0/1 K CO3/IaHUI0 KOPMOBBIX J100aBOK Ha OCHOBE MUKPOKIJIOHAIBbHON OmMomaccel Paulownia tomentosa //
Research, results — I3nenictep, Hotmxkenep — UccnenoBanus, pesyabTarel. T. 28. Is. 3. Number 111. Pp. 94—
105. https://doi.org/10.37884/3-2026/08 [In Eng.]

KoH(pIMKT HHTepecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(MIMKTA HHTEPECOB.

Introduction.

Modern animal husbandry is actively searching for highly efficient, environmentally friendly, and eco-
nomically viable feed resources that can ensure stable product quality and reduce dependence on traditional
types of plant raw materials. Increasing climatic stresses, declining soil fertility, the spread of crop diseases,
and rising feed production costs are driving the need to introduce alternative sources of plant biomass. In
this regard, the use of fast-growing woody plants with significant potential for producing highly nutritious
feed additives is of particular interest.

In recent years, the concept of sustainable livestock production has been increasingly associated with
the transition toward circular bioeconomy models, where renewable biological resources are efficiently
uti-lized to minimize waste and environmental impact. In this context, the integration of alternative plant
biomass into feed systems represents not only a nutritional strategy but also an ecological solution aimed at
reducing pressure on arable land and conventional feed crops.

Traditional protein sources such as soybean meal are associated with significant environmental costs,
including deforestation, high water consumption, and greenhouse gas emissions. Therefore, the search for
locally available, rapidly renewable, and compositionally stable plant biomass is becoming a strategic
priority for many countries, including Kazakhstan, where climatic variability further complicates
agricultural sustain-ability.
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Fast-growing tree species such as Paulownia tomentosa otter a unique opportunity to combine high
biomass productivity with adaptability to marginal conditions. Moreover, their potential use in controlled bio-
technological systems allows decoupling biomass production from seasonal and environmental constraints.
This creates a new paradigm in feed biotechnology, where plant material can be produced under fully con-
trolled conditions with predictable composition and functionality.

A comparative analysis of the productivity of traditional and non-traditional fodder crops was con-
ducted in Kazakhstan, highlighting the need to expand the fodder base by introducing alternative plant species
[Kobernitsky et al., 2023]. An assessment of land use efficiency and suitability shows the need to introduce
new fodder crops to increase the sustainability of agricultural systems [Zhumataeva et al., 2024]. In addition,
the use of controlled microclonal biomass provides a standardized plant material with reduced biochemical
variability compared with field-grown plants. Studies show that alternative feed components can reduce the
cost of feed, boost animal immunity, and ensure stable production in the face of climate change [Halmemies
et al., 2018; Abdelli et al., 2021; Alem, 2024; Moyo et al., 2011; Wang et al., 2022].

One promising species is Paulownia tomentosa, known for its unique biological properties: high
growth rate, resistance to abiotic stresses, and ability to produce up to 30—40 t/ha of biomass in the first years
of cultivation [Kan et al., 2016; Ruiz-Aquino et al., 2019; Balasundram et al., 2025]. The chemical compo-
sition of paulownia is characterised by a high content of crude protein (18-22%), easily digestible carbohy-
drates, essential amino acids, and a significant level of antioxidant compounds, including phenols, flavonoids,
and terpene derivatives [Uguz et al., 2019; Vergun et al., 2022; Dai et al., Dzugan et al., 2021; Balasundram
et al., 2006; Haihao et.al., 2021]. These characteristics make it a potentially valuable raw material for the cre-
ation of functional feed additives.

Recent studies show that the leaves and young shoots of P. tomentosa can be used to improve metab-
olism, immune status, and live weight gain in animals, especially when included in compound feed [Hiilya
et al., 2021; El-Zaiat et al., 2022; Untea et al., 2023; Petcu et al., 2023]. There is also an improvement in
digestibility and a reduction in stress reactions in animals when leaf mass is included in the diet [Abdelli et
al., 2021; Moyo et al., 2011]. However, most studies focus on plants grown in open ground, which limits the
standardisation of the composition and biological activity of the raw materials [Negrusier et al., 2025; Haihao
et.al., 2021].

Biotechnological approaches, in particular microclonal propagation, enable the production of genet-
ically uniform material and control of the biochemical parameters of biomass. Numerous studies confirm
the effectiveness of tissue culture methods for obtaining Paulownia tomentosa with high reproduction rates
and stable morphophysiological characteristics [Hamza, 2019; Thiesen et.al., 2025; Litwinczuk et.al., 2023;
Burger et.al., 1985; Rao et.al., 1996]. In vitro cultures have a number of advantages: year-round production,
absence of phytopathogens, control over the composition of the nutrient medium and cultivation conditions,
high reproducibility and stability of the data obtained [Ipekci et.al., 2001; Mohaddab et.al., 2022; Shah et.al.,
2023; Li et.al., 2023]. The addition of antioxidants to the nutrient medium proved critical for suppressing the
undesirable phenolic exudation effect and ensuring optimal growth of plant microclones in vitro, which is
important for standardising the biomass of feed raw materials [Rakhatkyzy, 2025]. The application of such
technologies in feed production paves the way for the creation of biomass with predictable and specified prop-
erties [Pitino, 2021].

Despite the increasing research on P. fomentosa, a comprehensive evaluation of microclonal biomass
for its potential as a feed ingredient remains limited. Key aspects, including antioxidant activity, stability of
biochemical composition under controlled conditions, and predicted effects in model feed formulations, have
not been fully studied [Mohaddab et.al., 2022; Li et.al., 2023; Pitino, 2021].

This study aimed to develop a biotechnological approach for obtaining microclonal biomass of P. to-
mentosa and to evaluate its potential feed value based on biochemical and functional characteristics. The nov-
elty of this work lies in the integrated assessment of microclonal biomass composition, antioxidant properties,
and predicted nutritional indicators, providing a foundation for considering P. tomentosa as a potential source
of standardized plant-based feed additives.

Materials and methods.

The initial plant material consisted of vegetative cuttings of Paulownia tomentosa obtained from
healthy donor plants. Surface sterilization was carried out according to standard tissue culture protocols:
explants were washed in a detergent solution, immersed in 70 % ethanol for 30 s, followed by treatment with



YATTbIK FblIbIM
AKALEMUSACHI

0.1 % sodium hypochlorite tor 10-12 min, and rinsed three times with sterile distilled water.

Microclonal cultures were established on Murashige and Skoog (MS) nutrient medium supplemented
with 6-benzylaminopurine (6-BAP) at concentrations of 0.5-1.0 mg/L to stimulate shoot multiplication.
Cultures were maintained in a growth chamber at 24-26 °C under a 16/8 h light/dark photoperiod and light
intensity of 40-50 umol-m2-s™'. Subcultivation was performed every 28-30 days. Rooted microshoots with
high multiplication rates were used for biomass production.

Biomass was harvested on the 30th day of cultivation. Plant material was washed with distilled water,
dried on sterile filter paper, frozen at —20 °C, and subsequently lyophilized. The dried biomass was ground into
a fine powder for further chemical analyses.

Proximate composition analysis included determination of crude protein by the Kjeldahl method using
a nitrogen conversion factor of 6.25. Crude fiber was determined by sequential acid—alkaline hydrolysis,
lipids were extracted using a Soxhlet apparatus with petroleum ether as solvent, and nitrogen-free extract
(carbohydrates) was calculated by difference.

Amino acid composition was determined using high-performance liquid chromatography (HPLC)
following acid hydrolysis (6N HCI, 110 °C, 24 h). Chromatographic separation was performed on a reversed-
phase C18 column (4.6 x 250 mm, 5 um particle size). The mobile phase consisted of acetonitrile and sodium
acetate buffer (pH 6.5) applied in gradient mode. Detection was performed using UV detection at 254 nm, and
quantification was carried out using external amino acid standards.

Secondary metabolites and phenolic compounds were additionally characterized using ultra-high-
performance liquid chromatography coupled with quadrupole time-of-flight mass spectrometry (UHPLC—
QTOF). Analyses were performed on a UHPLC Elute+ system (Bruker, Germany) coupled to a Q-TOF
Impact II VIP mass spectrometer. Chromatographic separation was achieved on a reversed-phase C18 column
using a gradient elution of water and acetonitrile containing 0.1 % formic acid. Mass spectra were recorded
in electrospray ionization (ESI) mode within the m/z range of 50-1200. Identification of compounds was
performed by comparison with spectral databases and literature data.

In addition, selected metabolites were analyzed using gas chromatography coupled with mass
spectrometric detection (GC-MS) on an Agilent 7890A gas chromatograph equipped with a 5975C mass
selective detector. Separation was carried out on a capillary column with helium as carrier gas. Mass spectra
were recorded in electron ionization mode at 70 eV, and compound identification was performed by comparison
with spectral libraries.

Macro- and microelement content was determined by atomic absorption spectrometry (AAS) using a
flame atomization system (air—acetylene flame). Calibration was performed using certified standard solutions,
and quality control included blank and reference samples.

Antioxidant activity was evaluated using DPPH and ABTS radical scavenging assays. For the DPPH
assay, methanolic extracts were reacted with 0.1 mM DPPH solution, and absorbance was measured at 517 nm
after 30 min of incubation. For the ABTS assay, the ABTSe+ radical cation was generated by oxidation with
potassium persulfate, and absorbance was measured at 734 nm. Trolox was used as a reference antioxidant
standard. ICso values were calculated from dose-response curves.

To evaluate potential feed application, lyophilized biomass was incorporated into model feed mixtures
at levels of 1 %, 3 %, and 5 % (w/w).

The basal diet used for model calculations was formulated to represent a typical cattle ration and
consisted (on a dry matter basis) of: corn silage (40 %), alfalfa hay (25 %), barley grain (20 %), soybean
meal (10%), and mineral-vitamin premix (5 %). The inclusion of P. tomentosa biomass was modeled by
proportional substitution of the concentrate fraction (barley and soybean meal) while maintaining the overall
protein and energy structure of the diet.

Predictive digestibility and enzymatic interaction indices were calculated using a static laboratory
digestion model according to the method of Tilley and Terry [Tilley, 1963]. These indicators represent
calculated estimates based on compositional data rather than direct biological measurements.

All analyses were conducted in triplicate. Statistical analysis was performed using GraphPad Prism 9.0.
One-way ANOVA followed by Tukey’s post-hoc test was applied to calculated datasets to illustrate potential
differences among model scenarios. Reported p-values are descriptive and do not represent experimental
validation in animals.
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Fig. 1. Monochrome diagram of the stages of obtaining microclonal biomass of Paulownia tomentosa: sterilisation — introduction into culture
— multiplication — rooting — biomass collection — sample preparation — biochemical and antioxidant analysis — assessment of feed value

The workflow of obtaining microclonal biomass of Paulownia tomentosa is presented in Figure 1 and
includes the following stages: sterilisation, introduction into culture, multiplication, rooting, biomass collec-
tion, sample preparation, biochemical and antioxidant analysis, and assessment of feed value.

All laboratory analyses were conducted in accredited university laboratories following internationally
accepted analytical standards.

To ensure reproducibility and reliability of the obtained data, all analytical procedures were performed
under strict quality control conditions. Calibration curves for chromatographic analyses demonstrated high
linearity (R?> 0.995), and repeatability was confirmed by low relative standard deviation values (<5%) across
replicates.

Additionally, blank samples and certified reference materials were included in each analytical batch
to verify the accuracy of measurements. Instrumental stability was monitored throughout the experiments to
minimize analytical drift. Such methodological rigor is essential when evaluating plant biomass intended for
feed applications, as even minor deviations in composition may significantly affect nutritional interpretation.

Results.

The average morphometric parameters of microclones on the 30th day of cultivation are shown in
Table 1.

Table 1 — Growth indicators for Paulownia tomentosa microclones (n = 30)

Indicator Mean + SD Coefficient of variation, %
Shoot length, cm 48+0.3 6.3
Number of shoots per explant, pcs. 52+04 7.7
Raw biomass mass per vessel, g 1.42+£0.09 6.3
Dry biomass mass per vessel, g 0.21 +0.02 9.5
Percentage of rooting, % 93.4+2.1 2.2




Ka:
@7l YNTTbIK FbiibIM
- AKALEMUSACHI

Growth parameters of microclones. 1The morphometric characteristics of Paulownia tomentosa
microclones on the 30th day of cultivation are presented in Table 1.

The mean shoot length at day 30 was 4.8 = 0.3 cm. Considering that the initial length of microshoots at
the time of culture establishment was 0.8 cm, the absolute increase in shoot length over the 30-day cultivation
period was:

ALso=4.8 — 0.8 =4.0 cm (1)

Accordingly, the average daily shoot elongation rate was: 4.0 cm / 30 days = 0.133 cm/day.

Thus, shoot growth during the experimental period was steady and biologically consistent for in vitro
culture conditions.

The multiplication coefficient (MC), calculated as the ratio of the total number of newly formed shoots
to the number of initial explants, averaged 5.2 + 0.4.

Raw biomass mass per vessel was 1.42 £ 0.09 g, while dry biomass mass was 0.21 £ 0.02 g. Based on
these values, the proportion of dry matter (DM) in biomass was:

DM (%) = (0.21 / 1.42) x 100 = 14.8% 2)

The rooting percentage was high (93.4 + 2.1%), indicating strong regenerative capacity under the
applied culture conditions.

All growth calculations were performed strictly within the 30-day experimental period without
extrapolation beyond the observed timeframe.

Chemical composition of microclonal biomass. The proximate chemical composition of lyophilized P
tomentosa biomass (calculated as % of dry matter) is presented in Table 2.

Table 2 — Chemical composition of Paulownia tomentosa microclonal biomass (% of dry weight, n =

5)

Component Mean + SD, % of dry matter
Raw protein 18.6 £0.5
Raw fat 3.1+0.2
Raw fibre 15.4+0.6
Ash 6.8+0.3
Nitrogen-free extract 56.1£1.2

The observed balance between protein, fiber, and nitrogen-free extractives suggests that the biomass may
serve as a multifunctional feed component, combining both structural and readily available energy fractions.
The relatively high proportion of nitrogen-free extractives (56.1%) indicates a significant contribution of
soluble carbohydrates, which are essential for microbial fermentation processes in ruminants.

At the same time, the fiber content (15.4 %) remains within the optimal range for maintaining rumen
function without excessively limiting digestibility. This balance is particularly important when considering the
inclusion of non-traditional plant biomass into compound feeds, as both insufficientand excessive fiber levels
may negatively affect feed efficiency.

Furthermore, the consistency of chemical composition across replicates highlights the advantage of
in vitro cultivation systems over conventional agricultural production, where nutrient composition is often
influenced by environmental variability. Such stability is a key requirement for the development of standardized
feed additives.

Energy value and protein-to-energy ratio. The metabolizable energy (ME) content of the lyophilized
biomass of Paulownia tomentosa was calculated using the standard zootechnical equation:

ME (MJ/kg DM) = 0.155 x protein + 0.343 x fat + 0.130 x NFE, 3)

where nutrients are expressed as % of dry matter.
Substitution yielded: ME = 11.24 MJ/kg DM.
Since crude protein content was 18.6% of dry matter, this corresponds to: 186 g protein per kg DM:
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Substituting the obtained values (186 g protein per kg DM and 11.24 MJ/kg DM), the protein-to-en-
ergy ratio was calculated as 16.55 g/MJ, rounded to 16.5 g/MJ. The protein-to-energy ratio was therefore
calculated as: 186/ 11.24 = 16.5 g protein per MJ of metabolizable energy.

The antioxidant activity of microclonal biomass was evaluated using the DPPH and ABTS methods at
concentrations ranging from 0.1 to 2.0 mg/ml. The DPPH radical inhibition percentage at an extract concen-
tration of 1.0 mg/ml was 68.3 +2.7%, and for ABTS — 71.5 +2.4%. 1Cso values were calculated by fitting the
dose-response curve: DPPH: ICso = 0.84 + 0.07 mg/ml, ABTS: ICso = 0.91 + 0.05 mg/ml.

The total content of phenolic compounds was 22.4 + 1.3 mg GAE/g DW, and flavonoids — 9.8 + 0.6
mg rutin/g DW.

The calculation of the Pearson correlation coefficient between the content of phenolic compounds and
the ICso (DPPH) values in a series of samples (n = 10) showed: r = —0.87, indicating an inverse relationship
(higher phenol content is associated with lower ICso values).

The mineral content (MJ/kg DM) is presented in Table 3.

Table 3 — Macro- and microelement content in biomass (MJ/kg DM, n = 5)

Element Mean + SD, MJ/kg DM
Ca 1210+45
Mg 310+ 12
Fe 94+6
Zn 28 +2
Mn 19+1
Cu 62+04

Predictive nutritional evaluation in model feed formulations. A calculation-based assessment of the
potential feed application of lyophilized biomass of Paulownia tomentosa was performed using model feed
formulations designed for cattle nutrition.

The biomass was incorporated into the basal ration at levels of 0 % (control), 1 %, 3 %, and 5 % of
dry matter. The incorporation was modeled by proportional substitution of the concentrate component while
maintaining the comparable macronutrient structure of the diet.

The indicators presented in Table 4 represent calculated nutritional indices derived from: proximate
chemical composition of the biomass; estimated metabolizable energy (MJ/kg DM); predicted dry matter
digestibility index based on nutrient substitution; relative enzymatic interaction indices inferred from
compositional shifts in protein and carbohydrate fractions.

The calculated metabolizable energy of the control formulation was 10.8 MJ/kg DM. Model inclusion
of biomass resulted in estimated ME values of 11.0, 11.18, and 11.34 MJ/kg DM at 1 %, 3 %, and 5 %
inclusion levels, respectively.

The predicted dry matter digestibility index increased from 70.2 % (control) to 76.4 % at 5 % modeled
inclusion, corresponding to a calculated relative change of 8.8 %.

Similarly, the relative protease and amylase indices demonstrated dose-dependent increases under
modeled substitution conditions. These indices reflect theoretical changes in nutrient availability based on
biochemical composition and do not represent direct enzymatic measurements in rumen fluid or live animals.

All values presented are derived from compositional analysis and nutritional calculation models. No in
vitro rumen fermentation experiments or in vivo feeding trials were performed; therefore, the results should
be interpreted as a predictive assessment of nutritional potential.

Table 4 — Predicted nutritional parameters of model feed mixtures (% of dry matter)

Inclusion level of P. | Predicted digestibility of DM, Predicted protease Predicted amylase Predicted ME, MJ/
tomentosa biomass % index, relative units index, relative units kg DM
0% (control) 702 +1.1 100 100 10.8
1% 728+ 1.0 106 104 11
3% 75113 112 108 11.18
5% 76.4+1.2 115 110 11.34
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A comparative analysis of the calculated values tor difterent biomass inclusion levels was pertormed
to assess predicted trends in nutritional indices. The modeled values showed clear dose-dependent changes for
predicted dry matter digestibility, protease, and amylase indices. These trends were evaluated using variance
analysis of the calculated datasets (F-values and p-values reported for descriptive purposes).

It should be noted that these statistics reflect variation among calculated/predicted values rather than
measured experimental data, and serve to illustrate potential differences between model scenarios.

Discussion.

The results obtained demonstrate that microclonal biomass of Paulownia tomentosa grown under
standardized in vitro conditions exhibits stable morphometric, biochemical, and functional characteristics,
confirming the effectiveness of the selected biotechnological approach.

The growth indicators of microclones, including a high rooting rate (93.4 %) and multiplication
coefficient (5.2), are comparable to or exceed those reported for microclonal propagation of other deciduous
plants. This highlights the high regenerative capacity of P. tomentosa and its suitability for controlled mass
propagation. Unlike plants grown under field conditions, microclonal material formed biomass with low
variability in indicators (coefficient of variation < 10 %), emphasizing the reproducibility of the method.

When compared to conventional plant-based feed ingredients, the biochemical profile of P. tomentosa
microclonal biomass demonstrates several notable advantages. For instance, the crude protein content (18.6
%) 1s comparable to that of alfalfa and higher than that of many cereal-based feeds, while maintaining a
favorable balance with energy components.

Unlike soybean meal, which is characterized by high protein concentration but limited structural fiber,
P. tomentosa biomass provides a more balanced nutrient composition. This may allow its use not only as a
protein supplement but also as a partial structural component in ruminant diets. Such multifunctionality is
particularly valuable in the formulation of cost-effective feed mixtures.

In addition, the presence of bioactive compounds such as phenolics and flavonoids distinguishes
P. tomentosa from conventional feed crops. These compounds are increasingly recognized for their role in
modulating gut health, oxidative stress, and immune response in animals.

The biochemical composition of biomass—particularly crude protein (18.6 %), fiber (15.4 %), and
nitrogen-free extractives (56.1 %)—suggests its potential nutritional value as a source of energy and structural
nutrients. The protein—energy ratio, calculated from compositional data, provides a reference for comparing
with other plant-based feed ingredients. The stability of amino acid and mineral content indicates the positive
effect of standardized cultivation, which may not be achievable under field conditions, where elemental
composition is strongly influenced by soil, climate, and agricultural practices.

The antioxidant properties of the biomass may have important physiological implications beyond
simple radical scavenging capacity. In animal nutrition, oxidative stress is associated with reduced productivity,
impaired immune function, and increased susceptibility to diseases. Therefore, feed components with inherent
antioxidant activity may contribute to improved animal resilience under stress conditions, including heat stress
and metabolic stress.

The relatively low ICso values observed in this study indicate that even small amounts of biomass could
potentially exert measurable antioxidant effects. However, it should be emphasized that the bioavailability and
metabolic fate of these compounds in animals remain to be investigated.

Antioxidant activity was evaluated using DPPH and ABTS assays. The 1Cso values (0.84 mg/mL for
DPPH, 0.91 MJ/kg DM for ABTS) along with a high content of phenolic compounds (22.4 mg GAE/g) indicate
a notable capacity to neutralize free radicals. The observed negative correlation between phenol content and
ICso (r = —0.87) suggests that phenolic compounds are the main contributors to antioxidant potential. From a
predictive standpoint, these bioactive compounds may enhance oxidative stability if included in feed, but in
vivo effects have not been tested.

From an environmental perspective, plant-based feed additives rich in phenolic compounds and
secondary metabolites may also influence rumen fermentation processes and methane production. Previous
studies have shown that phytogenic compounds can partially inhibit methanogenic microorganisms in the
rumen and redirect fermentation pathways toward more efficientenergy utilization. In this context, the presence
of phenolic compounds and antioxidant metabolites in P. tomentosa biomass may potentially contribute
to improved rumen metabolic efficiency and reduced enteric methane emissions in ruminants. However,
these potential environmental benefits remain hypothetical and require confirmation through in vitro rumen
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Tfermentation experiments and in vivo animal trials.

Calculation-based evaluation of model feed formulations predicted positive trends in digestibility
and metabolizable energy. Inclusion of 3—-5 % biomass was associated with increased predicted dry matter
digestibility (6.8-8.8 %) and higher protease and amylase indices (8—15 %). Predicted metabolizable energy
increased from 10.80 to 11.34 MJ/kg DM. Descriptive statistical analysis of calculated values (ANOVA with
Tukey post-hoc test) suggested potential differences among modeled inclusion levels. These statistics reflect
variation among predicted datasets and should not be interpreted as confirmation from biological experiments.

From a practical perspective, the use of microclonal biomass raises important questions regarding
scalability and economic feasibility. While in vitro production offers unmatched control over biomass quality,
its cost-effectiveness at an industrial scale remains a critical factor.

However, advances in plant biotechnology, automation of tissue culture systems, and bioreactor-based
cultivation may significantly reduce production costs in the future. In this context, microclonal biomass could
initially be positioned as a high-value functional feed additive rather than a bulk feed component.

Such a strategy aligns with current trends in precision animal nutrition, where small amounts of
biologically active ingredients are used to enhance overall feed efficiency and animal performance.

Compared to field-grown plants, microclonal biomass offers the advantage of formation in a controlled,
sterile environment, resulting in consistent composition, reduced variability, and year-round production
potential. Limitations of this study include the lack of in vivo evaluation of productive performance, the
absence of gut microbiota analysis, and no assessment of economic feasibility for industrial feed applications.
These areas require further experimental investigation.

Overall, the study demonstrates that microclonal biomass of P. tomentosa is a promising raw material
with predictable biochemical and antioxidant properties. Biotechnological propagation provides advantages
in reproducibility and composition control compared to traditional cultivation, while predictions of feed value
remain preliminary and require experimental validation.

Another limitation of the present study is that feed evaluation was based on compositional analysis
and predictive nutritional models. Direct validation through rumen fermentation experiments and controlled
feeding trials will be required in future studies to confirm the biological effects of P. tomentosa biomass in
animal nutrition.

The relevance of this approach is particularly high for regions with continental climates, such as
Kazakhstan, where agricultural productivity is strongly influenced by seasonal variability, droughts, and soil
degradation. The ability to produce plant biomass independently of environmental conditions represents a
significant advantage for ensuring feed security.

In this regard, the integration of biotechnologically produced biomass into existing feed systems may
contribute to the diversification of feed resources and the reduction of dependency on imported protein sources.

Conclusions.

This study demonstrates that microclonal biomass of P. tomentosa produced under controlled in
vitro conditions represents a reproducible and compositionally stable plant-derived resource with potential
application in animal nutrition. The obtained biomass is characterized by a balanced biochemical profile,
including relatively high crude protein content (18.6 %), moderate fiber levels, and a substantial fraction of
nitrogen-free extractives, supporting its classification as a multifunctional feed ingredient.

A key contribution of this work is the integration of biotechnological propagation with comprehensive
compositional and functional assessment, enabling the production of standardized plant biomass independent
of environmental variability. This distinguishes the proposed approach from conventional field-based systems,
where fluctuations in climate, soil conditions, and agricultural practices significantly affect feed quality

The presence of phenolic compounds and the demonstrated antioxidant activity indicate that P.
tomentosa biomass may provide not only nutritional value but also functional benefits, potentially contributing
to oxidative stability and improved physiological resilience in animals. Such dual functionality aligns with
current trends in the development of phytogenic feed additives.

Model-based evaluation of feed formulations suggests that inclusion of 1-5 % microclonal biomass
may enhance metabolizable energy and improve predicted digestibility parameters. Although these findings
indicate promising nutritional potential, they should be interpreted as preliminary and hypothesis-generating.

Importantly, this study establishes a methodological framework for the assessment of microclonally
derived plant biomass as a novel category of feed resources. The approach combines controlled cultivation,
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advanced analytical techniques, and nutritional modeling, thereby providing a basis for tuture translational
research.

Further studies should focus on experimental validation through in vitro rumen fermentation systems,
in vivo feeding trials, and techno-economic analysis to assess scalability and practical feasibility. In addition,
investigation of the effects on animal productivity, gut microbiota, and methane emissions will be essential to
fully evaluate the biological and environmental impact.

Overall, P. tomentosa microclonal biomass can be regarded as a promising candidate for the
development of next-generation plant-based feed additives. Its biotechnological production ensures a high
level of standardization, reproducibility, and biosafety, which are critical parameters for modern sustainable
livestock systems.

This approach may contribute to the transition toward more sustainable, climate-resilient, and resource-
efficient livestock production systems.
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Abstract. Tan spot is one of the most economically significant diseases of wheat (7riticum aestivum)
in southeastern Kazakhstan, where infection levels can reach up to 70% in epiphytotic years due to the com-
bined effects of favorable factors such as high humidity, crop residues, and monoculture. 60 wheat lines were
evaluated for resistance under field conditions at the adult plant stage. Disease severity was assessed using
Saari and Prescott’s (1975) scale modified by Kremeneva (2007), and disease dynamics were quantified using
the AUDPC index (Wilcoxson et al., 1974). PCR amplification was performed following Faris et al. (2010)
to identify Tsnl/tsnl alleles. The genotypes exhibited substantial variability in plant height (80—126 cm) and
NDVI (0.51-0.65), reflecting differences in physiological status and productivity. Field evaluation revealed
clear differentiation: 33 accessions showed complete resistance (AUDPC = 0), whereas susceptible genotypes
had AUDPC values ranging from 88 to 455. Molecular screening identified a high frequency (70%) of the
recessive tsnl allele associated with insensitivity to the PtrToxA toxin of PTR. Carriers of tsn/ showed lower
disease severity and reduced AUDPC values, while genotypes carrying 7sn1 exhibited more pronounced dis-
ease development. Integration of molecular and field data demonstrated strong concordance and confirmed the
reliability of the Xfcp623 marker. The practical significance lies in identifying promising resistance donors,
including 25-ICARDA-IPBB-2013 x D.588 ma F7 Bermet x RWKLDNO9, D.22-ICARDA-IPBB-2013, 1060
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D555 [(CWAKIN) Super KAUZ X D.IOT/ F/7 (Yrl5 X Yuzhnaya-12)|, Morocco x Steklovidnaya 24, 1138
D.906 F5 (Almalyx29266)xD.5357 Pastor, and D.1055 (DIAMONDBIRD/GALLYA-ARAL1/TAM200/
KAUZ) x D.305 Roughrider, combining tsn/ allele with adaptability and productivity.

Keywords: tan spot, wheat, phenotyping, biomass index, AUDPC, molecular screening, resistance,
markers
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AnHotanus. KanbeipakTeiH capbl 1ak aypysl (tan spot) Oxtycrik-Lbirbic KazakcTan >xarnaiibiaaa
ounaiasiH (Triticum aestivum) €H SKOHOMHUKAJBIK MaHBI3bl aypylTapbIHBIH Oipi OOJbIT TaObLIABI.
OnudUTOTUAIBIK KBUIAAPHl 3aKbIMJIAHy JEHTeli KOFaphbl bUIFANABUIBIK, OCIMAIK KaJJbIKTAPHIHBIH OOIYybI
KOHE MOHOKYIBTYpa CHSIKTHI KONaiibl (akTopimapislH yiiecyine OaimanbicThl 70 %-Fa meiliH xeTyi
MyMKiH. 3eprreyae 60 Ougail TUHUSCHI epeceKk OCIMIIK Ke3eHIHAe ManalblK Karjaaiiia Te3iMILTIKKe
OaranaHnbel. AypyablH Aamy JeHreii Saari skone Prescott (1975), Kpemenéra (2007) monubukanusiaHFan
[IKananapbIMeH aHbIKTa’dabl, an aypy auHamukackl AUDPC kepcertkimimen (Wilcoxson et al., 1974)
oarananael. [ITP-ammmudukanus Faris et al. (2010) omicimen xxyprizinin, Tsnl/tsnl amrensaepi aHBIKTaIBL.
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I'enoruntep eciMaik OuikTirt (80—126 cm) xkone NDVI (0,51-0,65) OoubIHIIa auTapiabIKTau ©3reprillTiK
KOpCETTi, OYJI oJapAblH (PU3HOJIOTHSIIBIK JKaFAaibl MEH OHIMJIUIITIHIACTI albIpMAaIIbUIBIKTAp/Ibl KOPCETE/].
Jananslk Oaranay HoTHKeciH e 33 yiuri ToaslK Te3iMainik kepcerti (AUDPC = 0), an cezimran ¢popmanapaa
AUDPC monpaepi 88—455 apansirsinga 0onasl. MosekynaiablK CKpUHUHT HOTHKeciHae PtrToxA TokcuHiHe
Ce3IMTaIBIKTRIH O0JIMaybIMEeH OaillaHbICThI tsnl pereccuBTi ayuieiHiH KoFapbl KULTIT1 (70 %) aHBIKTANIBL.
tsnl TaceIManmaymbUiapbl TOMEH 3aKbIMaHy jaeHreiiMex skone TomeH AUDPC monzaepiMeH cumarramiibl,
an Tsnl amneni 6ap reHOTHNTEPAE aypy allKbIHBIPAK JAaMbLAbl. MOJEKyIalbIK dKOHE JajallblK AepeKTepaiH
WHTETPAIMSICHI HOTHXKEICP/IIH )KOFaphl COMKECTIT1H KOPCEeTT1 )koHe X fcp623 MapkepiHiH CEHIMIUIITIH pacTaIbl.
[TpakTUKaIbIK MaHBI3bI 3epTTEY OApbICHIHIA AHBIKTAIFAH JIMHUSIAP/BIH CENEKIUUIBIK MPOIEcTe OacTalKbl
MaTrepuas peTiHJIe KOFaphl KYHIBUIBIFBIHA XaThIp. ATan aitkanaa, 25-ICARDA-IPBB-2013 x D.588 ma
F7 Bermet x RWKLDN9, D.22-ICARDA-IPBB-2013, 1060 D.5353 [(CWARTN) Super KAUZ x D.1017
F7 (Yr15 x Yuzhnaya-12)], Morocco x Steklovidnaya 24, 1138 D.906 F5 (Almalyx29266) xD.5357 Pastor
xone D.1055 (DIAMONDBIRD/GALLYA-ARAL1/TAM200/KAUZ) x D.305 Roughrider nunusiiapsl
tsnl amneniniy OonysiMeH cunartansi, Pyrenophora tritici-repentis Ko3abIpFIIBIHBIH PtrToXA TokcuHiHE
Te3iMaunik kepceteni. COHbIMEH Karap, OV TC€HOTHINTED JKOFAphl OCHIMACHTIMTIKIICH JKOHE OHIMJIUIIK
KOPCETKIMTEPIMEH epeKIeICHE/].

Tyiiin ce3aep: capsl nak (mupeHodopos) aypysl, Ougaii, peHoruntey, 6buomacca unaexci, AUDPC,
MOJIEKYJIAJIbIK CKPHHHHT, TO3IMILTIK, MapKepiep

Joiiexco3 ymin: XapimkanoBa A.l, bomar6exoBa A.A., Kymapbaesa M.T., KoxmeroBa A.M.,
3eneneBa 10.B. (2026). Onrycrik-mbirbic Kazakcranga OumaiiaeiH PTR-re To3IMILIITiH Janaibik KoHE
MoJIeKyJalbIK ckpuHuHrTey // Research, results — I3nenictep, notuxkenep — Mccnenoanus, pe3yabTatsl. T.
28.Is. 3. Number 111. Pp. 106-120. https://doi.org/10.37884/3-2026/09 [In Eng.]
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AnHoTanus. ITupeHodopo3 (kénrtas MATHUCTOCTDH) SBIAETCS OAHUM M3 Haubojee HKOHOMHUYECKU
3HaYuUMBIX 3a0osneBaHuil mmeHursl (Triticum aestivum) B FOro-Boctounom Kasaxcrane, rioe B anuduro-
TUIHBIE TO/IbI YPOBEHb MOPaKeHHUsI MOXeET aocTurarb 70% BclenCcTBUE COYETaHUs OIaronpUATHBIX (haKkTo-
POB, BKJIIOYasl MOBBIIIEHHYIO BJIQXKHOCTb, HAJMUUE PACTUTEIbHBIX OCTAaTKOB MU MOHOKYJIBTYPY. B nccieno-
BaHUM M3y4eHO 60 JTUHMI MIIEHUIIBI C OLEHKOM YCTOMUMBOCTH B MOJIEBBIX YCIOBHSX Ha CTaJUH B3pPOCIOTO
pactenus. CreneHb MOpaXKeHUs Omperensuid no mkane Saari U Prescott (1975) B monudukanuu Kpeme-
HeBoit (2007), nunamuky G6oneznn — mo nokazatento AUDPC (Wilcoxson et al., 1974). TILP-ammnudu-
Kauus npoBoamwitack mo Mmeroauke Faris et al. (2010) ¢ uaentuduxanmeii anneneit Tsnl/tsnl. 'enoTumbl
MIPOJIEMOHCTPHUPOBAIH 3HAUYUTEIbHYIO BapuabeNbHOCTh MO BbicoTe pacTenuii (80—126 cm) u NDVI (0,51—
0,65), oTpakarollyo pazauuus B (PU3HOIOTMYECKOM COCTOSHUM U HPOXYKTHUBHOCTH. lloseBble OIEeHKH
BBISIBIIIM 4€TKYI0 Tuddepenimanuio: 33 obpasua nposBuin noiHyto ycroiuuocts (AUDPC = 0), Torga
KaK BOCHPUUMYKBBIE POpMbI XapakTepuzoBanuch 3HaueHUsIMU AUDPC 88-455. MosexkyaspHblii CKpUHUHT
BBISIBMJI BBICOKYIO 4acTOTy perieccuBHoro amiens tsnl (70 %), accOMMpPOBaHHOTO C HEYYBCTBUTEIHHO-
cThio K TokcuHy PtrToxA Bo3Oymurens Pyrenophora tritici-repentis. Hocurenu tsnl xapakrepuzoBaiuch
CHIDKEHHOH CTeneHblo nopaxenus u 6osnee HuzkuMu 3HaueHussMu AUDPC, Toraa kak reHOTUIIBI € ajlieseM
Tsnl nemoHcTpupoBanu 6ojee BIpakeHHOE pa3BUTHE 3a00s1eBaHus. VIHTerpamus MOJIeKyISIpHBIX U MOJEBBIX
JIAHHBIX MTOKa3aJla BEICOKYIO COIVIACOBAHHOCTh PE3YJIbTaTOB M MOATBEpANIIA HAAEKHOCTh Mapkepa Xfcp623.
[TpakTHyeckast 3HaYMMOCTb 3aKJIFOYAETCSl B BBIIEJICHUHU MEPCIIEKTUBHBIX TOHOPOB YCTOHYMBOCTH, BKIIIOUYAs
25-ICARDA-IPBB-2013 x D.588 ma F7 Bermet x RWKLDN9, D.22-ICARDA-IPBB-2013, 1060 D.5353
[(CWARTN) Super KAUZ x D.1017 F7 (Yr15 x Yuzhnaya-12)], Morocco xSteklovidnaya 24, 1138 D.906 F5
(Almaly=29266)xD.5357 Pastor, D.1055 (DIAMONDBIRD/GALLYA-ARAL1/TAM200/KAUZ) x D.305
Roughrider u npyrue, kotopsie codeTaroT HaIM4Me auiens tsnl ¢ afanTUBHOCTBIO M MPOJYKTUBHOCTHIO. VX
HCIIOJIb30BAHUE MTO3BOJIUT YCKOPUTH CO3/aHNE YCTONUYMBBIX COPTOB MILEHHIIBI.

KawueBble cioBa: XEnTas MNATHUCTOCTh MIIEHUIBI, (EHOTUMMPOBAHUE, HWHAEKC OMOMACCHI,
AUDPC, MonexyJIsspHbIi CKPUHHUHT, YCTOMUYNBOCTD, MapKEPhI

Jas umtupoBanus: Xapimkanosa A.l., bonatoexosa A.A., Kymap6aeBa M.T., KoxmeTtoBa A.M.,
3eneneBa H0.B. (2026). IloneBoil U MoneKyIspHbI CKpUHHMHT ycToHuMBocTH muieHuisl kK PTR B FOro-
BoctouHoM Kazaxcrane // Research, results — I3nenicrep, Hotmxkenep — Mccnenosanus, pesyasratsl. T. 28. Is.
3. Number 111. Pp. 0-00. https://doi.org/10.37884/3-2026/09 [In Eng.]

KoH(pIMKT HHTepecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(MDIMKTA HHTEPECOB.

Introduction.

Wheat ranks among the world’s most critical staple food crops, however, its production faces persistent
limitations from both biological and environmental stresses, with fungal diseases like tan spot caused by
Pyrenophora tritici-repentis being particularly problematic [Andersen et al., 2021]. These fungal pathogens
not only cause immediate reductions in grain yield and quality but also compromise the plant’s resistance
mechanisms, making wheat crops increasingly vulnerable to additional biological and environmental stress-
ors, thereby amplifying total production losses [Robles-Zazueta et al., 2024].

The ability of the pathogen to evolve and overcome host resistance genes complicates disease control,
highlighting the need for continuous field evaluation and the identification of resistant germplasm [Taylor et
al., 2023]. Across major wheat-growing regions of Europe, the Americas, and Central Asia, tan spot causes
average yield losses of 10-20 %, which may increase to 30-50 % under epiphytotic conditions depending on
climate, pathogen virulence, and host susceptibility [Duveiller et al., 2007; Kader et al., 2022].

Recent field surveys in Kazakhstan have revealed strong regional and genotype-dependent variation
in tan spot development. In 2024, high disease incidence and severity were recorded in the Akmola region,
whereas several resistant lines were identified in the Kostanay region. Moderate disease pressure was recorded
in the Turkestan region of southern Kazakhstan, while several districts within the Almaty region experienced
extensive pathogen spread and elevated disease severity [Keishilov et al., 2025]. These findings emphasize
the importance of accurate field-based assessment of disease progression using integrative metrics such as
the Area Under the Disease Progress Curve (AUDPC), which summarizes disease development over time by
combining incidence and severity [Laribi et al., 2023]. These findings are important for the detection of re-
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sistant wheat germplasm and for improving strategies aimed at reducing disease impact | Phuke et al., 2020].

Traditional approaches for evaluating plant vigor and disease resistance are often labor-intensive,
prompting increased adoption of advanced phenotyping technologies to accelerate breeding efforts [Maulana
et al.,2020]. High-throughput phenotyping and remote sensing tools, including spectral reflectance indices
such as the NDVI, provide rapid and non-destructive evaluation of crop growth, biomass, and productivity, fa-
cilitating efficient identification of resistant genotypes [ Volpato et al., 2021; Beres et al., 2020; Rahman et al.,
2021]. These advanced phenomics technologies are engineered to capture comprehensive information about
plant development, biomass accumulation, structural characteristics, and photosynthetic performance across
numerous plants on a daily basis, delivering enhanced precision and minimized manual effort via automated
and remotely operated systems (John et al., 2023).

The effectiveness of QTL mapping and genome-wide association studies can be further enhanced by
integrating advanced statistical methods to identify stable resistance loci [Jin et al., 2020; Nguyen et al., 2025].
Molecular markers such as Xfcp623 and XBE444541 have proven effective in detecting allelic variants of the
Tsnl and Tsc2 genes associated with wheat responses to PtrToxA and PtrToxB toxins, confirming their role
in tan spot resistance [Kokhmetova et al., 2020; Kumarbayeva et al.,2022]. Overall, combining agronomic,
phytopathological, and molecular genetic evaluations provides a robust framework for identifying promising
wheat genotypes for breeding programs [Kumarbayeva et al.,2025].

The objective of this study was to conduct a comprehensive phytopathological assessment of tan spot
development and to perform a molecular analysis of wheat resistance to Pyrenophora tritici-repentis under the
conditions of South-East Kazakhstan.

Material and methods

The research methodology was based on an integrated approach that combined breeding, disease-as-
sessment, and molecular techniques. The study focused on promising wheat lines that are either currently
cultivated or proposed as candidate varieties for the agro-ecological conditions of South-Eastern Kazakhstan.

Field experiments were conducted in 2024 under the conditions of the Almaty region. The growing
season was characterized by a continental climate with alternating dry and moderately humid periods. The
spring period (April-May) was marked by elevated temperatures and limited precipitation, whereas at the
beginning of the summer period (June), episodic rainfall events were observed, creating favorable conditions
for the development of foliar diseases, including tan spot. The experiment was established under rainfed field
conditions (without artificial irrigation), ensuring a natural infection background. The experimental design
included plots with a row spacing of 30 cm; the area of each plot was 1 m?. The experiment was conducted
with three replications.

Field phytopathological assessments of Pyrenophora tritici-repentis (tan spot) were conducted by esti-
mating the percentage of leaf area affected by the disease. Disease severity was evaluated using the Saari and
Prescott scale (1975) [Saari et al.,1975], initially developed for septoria, with later modifications proposed by
O.Yu. Kremneva (2007) [Kremneva et al., 2007]. According to this scale, wheat genotypes were categorized
into the following resistance classes: 0 %—very high resistance; 1-5 %—high resistance; 620 %—resistant;
21-30 %—susceptible; 31-50 %—moderately susceptible; 51-80 %—highly susceptible; and 81-100 %—
very highly susceptible.

Disease development over time was quantified using the area under the disease progress curve (AUD-
PC), calculated according to the method described by Wilcoxson et al. (1974). This metric provides a robust
quantitative measure of disease dynamics and allows for a comprehensive comparison of resistance levels
among wheat genotypes.

n-1
AUDPC = Z % X (tisg — t)
i=1

where y; represents the mean infection coefficient at the i-th assessment, yi+1 is the mean infection
coefficient at the (i+1)-th assessment, (#+1 — #) denotes the time interval in days between two consecutive as-
sessments, and 7z corresponds to the total number of observations.

The PCR reaction was performed in a total volume of 25 pl, containing 2.5 pl of genomic DNA, 1 pl
of each primer (1 pM/ul) (SigmaAldrich, USA), 2.5 ul of ANTP mixture (2.5 mM each of dCTP, dGTP, dTTP,
and dATP) (ZAO Sileks, Russia), 2.5 pul of MgCl: (25 mM), 0.2 ul of Tag DNA polymerase (5 U/ul) (ZAO
Sileks, Russia), 2.5 pl of 10x PCR buffer, and 12.8 pl of double-distilled water (ddH-0O). PCR amplification
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was conducted using a Mastercycler thermal cycler (Eppendort, Germany). Amplitied products were resolved
by electrophoresis on a 2% agarose gel prepared in TBE buffer (45 mM Tris-borate, 1 mM EDTA, pH 8) with
the addition of ethidium bromide [Chen et al., 1998]. Fragment sizes were estimated using a 100-bp DNA
ladder (Fermentas, Lithuania). Visualization and documentation of PCR products were carried out using a Gel
Doc XR+ imaging system (BIO-RAD, Hercules, USA). Leaf tissue samples from all tested entries, including
two reference cultivars, were genotyped using the SSR marker Xfcp623, which is specific for identifying al-
lelic variants of the 7sn/ gene. Primer sequences and PCR cycling conditions were applied according to the
protocol described by Faris et al. (2010) [Faris et al., 2010]. This marker discriminates two allelic forms: a
380-bp amplicon corresponding to the dominant 7sn/ allele associated with sensitivity, and the absence of
amplification, corresponding to the recessive #sn/ allele associated with insensitivity to PtrToxA [Zhang et al.,
2009]. The primer sequences used for the Xfcp623 marker (5'-3") were: F — CTATTCGTAATCGTGCCTTC-
CG and R — CCTTCTCTCTCACCGCTATCTCATC.

The plant biomass index (NDVI, Normalized Difference Vegetation Index) was measured using a
portable GreenSeeker sensor (Trimble Navigation Limited, USA). NDVI values range from 0.00 to 1.00,
where higher readings reflect greater plant vigor and enhanced resistance to diseases [Chu et al., 2007]. The
GreenSeeker device functions by emitting short pulses of red and near-infrared light toward the crop canopy
and recording the reflected signals. Elevated NDVI values are typically associated with higher productivity,
improved disease tolerance, and lower nitrogen demand.

Statistical analysis was performed using Microsoft Excel. Mean values (Mean) and standard devia-
tion (SD) were calculated for all traits. Pearson’s correlation coefficient (r) was used to assess relationships
between NDVI, PTR, and AUDPC. Statistical significance was determined using p-values, with p < 0.05
considered significant.

Results.

Phytopathological screening and phenological observations of a wheat collection were carried out at
the adult plant stage under field conditions in the Almaty region. Phenological observations and evaluation
of wheat lines were performed based on the main yield components. Plant height showed a wide range of
variation, from 80 to 126 cm. Nineteen wheat accessions were classified as tall-growing, with plant heights
ranging from 115 to 126 cm. For the preliminary assessment of promising wheat lines, the plant biomass index
(NDVI) was measured. NDVI evaluation was conducted for 60 wheat lines. Significant variation in NDVI
values was observed depending on genotype origin as well as plant growth and developmental stages. NDVI
values among the 60 wheat samples ranged from 0.51 to 0.65 (Table 1).

The results of the field evaluation of resistance of different wheat lines to P. tritici-repentis were based
on three disease severity assessments and the calculation of the area under the disease progress curve (AUD-
PC). Of'the 60 tested samples, 33 lines exhibited complete resistance, showing immune reactions with AUDPC
values equal to 0, indicating the absence of pathogen infection. The remaining samples demonstrated varying
levels of susceptibility, with AUDPC values ranging from 88 to 455, reflecting the presence of both resistant
and susceptible genotypes. The promising line GF_20 CP showed the highest level of disease development,
with an AUDPC value of 455, indicating severe plant infection. Lines 634 SP2 (AUDPC = 368), GF 18 CP,
and GF_21 CP (AUDPC =350) also exhibited high susceptibility. Several lines, including 603 SP2 (AUDPC
=298), GF_5 CP (AUDPC = 315), 606_SP2, and GF 23 CP (AUDPC = 333), showed moderate levels of
infection, which may require attention in breeding programs. In contrast, promising lines such as 605 SP2,
633 SP2, GF 22 CP (AUDPC = 228), 612 _SP2, and 629 SP2 (AUDPC = 245) demonstrated low levels of
disease severity, indicating a certain degree of resistance. Overall, the results reveal a wide range of resistance
responses among the tested wheat lines to PTR, with some genotypes exhibiting high resistance and others
showing pronounced susceptibility (Table 1).

Correlation analysis revealed a moderate negative relationship between NDVI and PTR (r = -0.36, p
<0.01), suggesting that higher vegetation index values are associated with lower disease severity. In contrast,
a very strong positive correlation was observed between PTR and AUDPC (r = 0.998, p < 0.001), indicating
that both parameters consistently reflect disease progression (Table 1).

Table 1 — Genetic characterization and breeding evaluation of selected wheat lines in southeastern
Kazakhstan
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Sample name

Agronomic parameters

Field-based assessment

Daysto | Plant
heading | height

NDVI-1

NDVI-2

NDVI
avg.

SD

PTR-1 [PTR-2 PTR-3

PTR
avg.

SD

Presence
of a gene

F1d.1049 D.767 F5

(Naz x GF55) x Arap x
Arap, No.43/No.1107,
23-ICARDA-IPBB-2013
(Yr5)

221 108 0,81

0,67

0,74

0,0

0,0

tsnl

F4 (F1D.1302 D.95.SIL-
VERSTAR/4/338-K1-1//
ANB/BUC/3/GS50A/5/
TAM200/KAUZ x Naz)
x Naz, No.40/No.35,
Moro (Yr10)

214 105 0,77

0,61

0,69

0,0

0,0

Tsnl

1. F4 (F1D.1347
D.141.NGDA146/4/
YMH/TOB//MCD/3/
LIRA/5/F130L1.12/6/
GALLYA-ARALI1/7/
TAM200/KAUZ) x
Mereke, No.70/No.1103,
19-ICARDA-IPBB-2013

(Yr17)

217 106 0,77

0,56

0,67

10 20 35

21,7

12,6

298

tsnl

282/SP-2-2012 F7 (Naz
x GF66) x Ulugbek,
No.276, Triticum spelta
(Japan-2013), (Y75)

212 110 0,72

0,51

0, 62

0,0

0,0

tsnl

1677 D.1051 D.783 F5
(Naz x Immun78) x
Arap x Arap, No.290,
Clement (W; Yr9 + Yr2)

219 110 0,78

0,48

0,63

0,21

10 15 25

7,6

228

tsnl

F6 (D.1030 D.620 F4
Ulugbek x Yr4) x Mer-
eke, No.41, Bezostaya 1
(Yri8)

212 115 0,72

0,46

0,59

20 30 15

21,7

7,6

333

Tsnl

F4 (D.1008 (D.90 F3
(Almaly (225) x 5353
Super Kraws)) x Naz),
No.1103, ICAR-
DA-IPBB-2013 (Yr17)

213 126 0,71

0,52

0,62

10 15 20

5,0

210

Tsnl

F4 (D.1051 D.783 F5
(Naz x Immun78) x
Arap) x Arap, No.53,
Mereke (Yr10)

215 88 0,77

0,45

0,61

0,23

11,7

7,6

158

tsnl

F4(D.1010 (D.93 F3
(N23 x Kupava)) x
Mereke), No.293, Moro
(W; Yr10)

212 90 0,7

0,47

0,59

5,0

158

tsnl

10

D.1777 Darya x No.1724
F11581 x (D.807 F4
(Naz x Umanka) x Alm-
aly) X Zimorodok,
No.78 x D.42 Almaly/
No.29 Almaly

213 104 0,78

0,53

0,66

0,0

0,0

tsnl

D. Sabina x D.74 Palla-
da, No.57 Pallada

216 100 0,71

0,58

0, 65

0,0

Tsnl

12

D.1777 Darya x No.72
Tungysh x D.133 Darya,
No.68 Darya

219 115 0,72

0,47

0,6

10 15 30

10,4

245

tsnl

13

D.1286 D.79 (ARDEAL/
BOEMA//F135U2-1/5/
TX69A5092//BBY2/
FOX/3/PKL70/LIRA/4/
YMH/TOB//MCD/3/
LIRA x Naz) x D.367
Lapochkina 113/DO-4
DS (Sr46), No.379
Pavon 76 (Sr2, Ug99
complex)

216 95 0,74

0,49

0,62

10,0

210

tsnl
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14 |D.1300 D.93 (AUS 214 85 0,73 0,47 0,6 0 0 0 0
4930.7/2PAS-
TOR/4/338-K1-1//
ANB/BUC/3/GS50A/5/
TAM200/KAUZ x Naz)* 0,18 0,0 0,0 tsnl
x D.367 Lapochkina
113/DO-4 DS (Sr46),
No.366 RL 6099 (1995)
Dyck (Sr35, Ug99)

15 | D.No.23 x Kupava x 223 116 0,77 0,68 0,73 0 5 15 88
1774, D.23-ICARDA- 0,06 6,7 7,6 tsnl
IPBB-2013
16 | D.F5No.20 x Umanka |216 113 0,75 0,52 0, 64 5 10 20 158
x 1773, D.22-ICARDA- 0,16 11,7 |76 Tsnl
IPBB-2013
17 |D. No.23 x Kupava x 219 118 0,75 0,52 0,64 5 10 15 140
1773, D.22-ICARDA- 0,16 10,0 |50 Tonl
IPBB-2013
18 | D.179-KV-IPBBR-2012 |218 115 0,74 0,6 0,67 0 0 0 0
x D.1760, 9-ICAR- 0,10 0,0 0,0 tsnl
DA-IPBB-2013
19 | D.179-KV-IPBBR-2012 |216 122 0,77 0,58 0,68 10 20 30 280
x D.586 MA F7 Bermet 0,13 20,0 10,0 tsnl
x RWKLDN9
20 |1.D.1770 Ramin x 220 117 0,69 0,48 0,59 0 0 0 0
No.1736, F11594 (F1
D.1013 (D.97 F3 (N20
x Umanka) x Egemen)
x Brundage 96 x D.23
Brundage 96, APR)

21 | D.1777 Darya x No. 219 95 0,79 0,63 0,71 0 0 0 0
1724, F11581 x (D.807
F4 (Naz x Umanka) x 0,11 0,0 0,0 tsnl
Almaly) x Zimorodok,
No.78 x D.42 Almaly
22 | D.1777 Darya x No. 219 107 0,78 0,65 0,72 0 0 0 0
1737,F1 D.1014 (D.99
F3 (No.25 Madsen

x Cm.24) x Arap) x 0,09 0,0 0,0 tsnl
Brundage 96 (APR)
x D.23 Brundage 96
(APR)

23 | D.1772 Viza x No.42 213 112 0,78 0,63 0,71 0 0 0 0
Almaly x D.131 Viza 0,11 0.0 10.0 tsnl
24 | D.35-ICARDA- 213 103 0,84 0,61 0,73 0 0 0 0
IPBB-2013 x DYr9 0.16 00|00 sl
25 | D.845 F5 No.23 x Kupa- | 212 93 0,71 0,67 0,69 0 0 0 0
va x No.1659,
D.1030 D.620 F4 (Ulug- 0,03 0,0 0,0 tsnl
bek x Yr4 x Mereke x
197) (Yr15)

26 |D.1320 (D.113.338-K1 |212 118 0,7 0,58 0,64 10 15 30 245
1//ANB/BUC/3/
GS50A/4/TREGO/JGR
8W/5/TX69A5092//
BBY2/FOX/3/PKL70/ 0,08 18,3 1104 tsnl
LIRA/4/YMH/TOB//
MCD/3/LIRA) %
Tungushx D.323 (Sr27),
Coorong (Triticale)

27 | D.867 F5No.23/Kupa- |217 125 0,79 0,63 0,71 0 0 0 0
ve/22 x .74 Pallads 0.1 0.0 100 tsnl
28 | D.89 E-99 x No.270 215 110 0,78 0,61 0,7 0 0 0 0
RL 6088 (Sr40) x D.74 0,12 0,0 0,0 tsnl
Pallada
9 |F1d.1049 D.767 F5 221 108 0,81 0,67 0,74 0 0 0 0
(Naz x GF55) x Arap %
Arap, No.43/No.1107, 0,10 0,0 0,0 tsnl
23-ICARDA-IPBB-2013
(Yr5)

10 |F4 (F1D.1302 D.95.SIL- | 214 105 0,77 0,61 0,69 0 0 0 0
VERSTAR/4/338-K1-1//
ANB/BUC/3/GS50A/5/
TAM200/KAUZ x Naz)
x Naz, No.40/No.35,
Moro (Yr10)

0,15 0,0 0,0 tsnl

0,11 0,0 0,0 Tsnl




1. F4 (F1D.1347
D.141.NGDA146/4/
YMH/TOB//MCD/3/
LIRA/5/F130L1.12/6/
GALLYA-ARALI1/7/
TAM200/KAUZ) x
Mereke, No.70/No.1103,
19-ICARDA-IPBB-2013

(Yr17)

217

106

0,77

0,56

0,67

10

20

35

21,7

12,6

298

tsnl

12

282/SP-2-2012 F7 (Naz
x GF66) x Ulugbek,
No.276, Triticum spelta
(Japan-2013), (Y75)

212

110

0,72

0,51

0, 62

0,0

0,0

tsnl

13

1677 D.1051 D.783 F5
(Naz x Immun78) x
Arap x Arap, No.290,
Clement (W; Yr9 + Yr2)

219

110

0,78

0,48

0,63

0,21

10

25

7,6

228

tsnl

14

F6 (D.1030 D.620 F4
Ulugbek x Yr4) x Mer-
eke, No.41, Bezostaya 1
(Yr18)

212

115

0,72

0,46

0,59

20

30

15

21,7

7,6

333

Tsnl

15

F4 (D.1008 (D.90 F3
(Almaly (225) x 5353
Super Kraws)) x Naz),
No.1103, ICAR-
DA-IPBB-2013 (Yr17)

213

126

0,71

0,52

0,62

0,13

10

20

15,0

5,0

210

Tsnl

16

F4 (D.1051 D.783 F5
(Naz x Immun78) x
Arap) x Arap, No.53,
Mereke (Yr10)

215

88

0,77

0,45

0,61

0,23

20

11,7

7,6

158

tsnl

17

F4 (D.1010 (D.93 F3
(N23 x Kupava)) x
Mereke), No.293, Moro
(W; Yr10)

212

90

0,7

0,47

0,59

5,0

158

tsnl

D.1777 Darya x No.1724
F11581 x (D.807 F4
(Naz x Umanka) x Alm-
aly) x Zimorodok,
No.78 x D.42 Almaly/
No.29 Almaly

213

104

0,78

0,53

0,66

0,0

0,0

tsnl

19

D. Sabina x D.74 Palla-
da, No.57 Pallada

216

100

0,71

0,58

0, 65

0,09

0,0

0,0

Tsnl

20

D.1777 Darya x No.72
Tungysh x D.133 Darya,
No.68 Darya

219

115

0,72

0,47

0,6

0,18

10

30

18,3

10,4

245

tsnl

21

D.1286 D.79 (ARDEAL/
BOEMA//F135U2-1/5/
TX69A5092//BBY2/
FOX/3/PKL70/LIRA/4/
YMH/TOB//MCD/3/
LIRA x Naz) x D.367
Lapochkina 113/DO-4
DS (Sr46), No.379
Pavon 76 (Sr2, Ug99
complex)

216

95

0,74

0,49

0,62

25

10,0

210

tsnl

22

D.1300 D.93 (AUS
4930.7/2PAS-
TOR/4/338-K1-1//
ANB/BUC/3/GS50A/5/
TAM200/KAUZ x Naz)*
x D.367 Lapochkina
113/DO-4 DS (Sr46),
No.366 RL 6099 (1995)
Dyck (Sr35, Ug99)

214

85

0,73

0,47

0,6

0,0

0,0

tsnl

23

D.No.23 x Kupava %
1774, D.23-ICARDA-
IPBB-2013

223

116

0,77

0,68

0,73

15

6,7

7,6

88

tsnl

24

D. F5 No.20 x Umanka
% 1773, D.22-ICARDA-
IPBB-2013

216

113

0,75

0,52

0, 64

20

11,7

7,6

158

Tsnl

25

D. No.23 x Kupava x
1773, D.22-ICARDA-
IPBB-2013

219

118

0,75

0,52

0,64

15

5,0

140

Tsnl

26

D.179-KV-IPBBR-2012
x D.1760, 9-ICAR-
DA-IPBB-2013

218

115

0,74

0,6

0,67

0,0

tsnl




27 | D.179-KV-IPBBR-2012 |[216 122 0,77 0,58 0,68 10 20 30 280
x D.586 MA F7 Bermet 0,13 20,0 |10,0 tsnl
x RWKLDN9

28 | 1.D.1770 Ramin x 220 117 0,69 0,48 0,59 0 0 0 0
No.1736, F11594 (F1
D.1013 (D.97 F3 (N20
x Umanka) x Egemen)
x Brundage 96 x D.23
Brundage 96, APR)

29 | D.1134(TAM200)3| 216 123 0,77 0,62 0,7 5 20 35 280
F60314.76 MRL||C

NO79/4/84.40 (Turkey)x 0.11 200 15,0 Tl
Tungush x D.72 Tungysh
30 |D.1320 213 113 0,67 0,64 0,66 10 15 25 228
(D.113.338-K11//ANB/
BUC/3/GS50A/4/
TREGO/JGR 8W/5/
TX69A5092//BBY2/ 0,02 16,7 17,6 Tsnl
FOX/3/PKL70/LIRA/4/
YMH/TOB//MCD/3/
LIRA) x Tungushx D.72
Tungysh

31 |D.1214 217 112 0,78 0,56 0,67 15 25 40 368
D.5(MV102000/4/AGRI/
NAC//KAUZ/3/1D13.1/ 0,16 26,7 12,6 Tsnl
MLT) x Tungush x D.71
Egemen

32 | D.11 Fielder x No.269 212 100 0,71 0,48 0,56 0 0 0 0
RL6082 (Sr39) x D.88 0,16 0,0 0,0 Tsnl
E-60
33 | D.867 x No.1657, 212 124 0,73 0,57 0,65 0 0 0 0
D.1027 x Egemen X 0,11 0,0 0,0 tsnl
D.71 Egemen
34 |F1D.1302 D.95 (SIL- 214 122 0,75 0,54 0,65 0 0 0 0
VERSTAR/4/338-K1-1//
ANB/BUC/3/GS50A/5/
TAM200/KAUZ) x Naz
x Naz No.40 x D.345
T.mono.deriv.

35 |D(1231D.22 213 90 0,73 0,38 0,56 0 0 0 0
(KALYOZ-18//8229/
OK81306/4/AGRI/
NAC//KAUZ/3/1D13.1/
MLT x Egemen)

0,15 0,0 0,0 tsnl

0,15 0,0 0,0 tsnl

0,25 0,0 0,0 Tsnl

x D.271 W2691*2/
Khapstein

36 |D.1055 (DIA- 213 124 0,77 0,58 0,68 0 0 0 0
MONDBIRD/GAL-
LYA-ARALI1//TAM200/ 0,13 0,0 0,0 tsnl
KAUZ) x D.305
Roughrider

37 | D.1046(DALNITS- 219 85 0,79 0,66 0,73 0 0 0 0
KAYA/4/AGRI/NAC//
KAUZ/3/1D13.1/MLT/5/
F10S-1//ATAY/GAL-
VEZ87) x No.1740, F1
D.1017 D.103 F3 (N91

x 5353) x Buck Buck
(Lrl16, slow rust.); <Sr
according to Rsaliev),
No.234 x D.306 Sisson
38 | D.No.23 x Kupava x 219 83 0,82 0,67 0,75 0 0 0 0
1773, D.22-ICARDA- 0,11 00 |00 tsnl
IPBB-2013

39 I;r.][;llAGEC-UXD. 215 105 0,79 0,53 0,66 0.18 0 0 0 0.0 0.0 0 Tanl

40 |D.1768 Opgx-70 x 217 115 0,83 0,7 0,77 0.09 10 20 30 200 [10.0 280 wsnl
D.307 Fleming

41 |D.897 F5 (No. 25 Mad- | 222 90 0,81 0,47 0,64 10 30 20 315
sen x Almaly) x No.254
GENARO 81 (Lr26, + 0,24 20,0 10,0 tsnl
slow rusting) x D.42
Almaly

0,09 0,0 0,0 tsnl




42 | F5D.1046 (DALNITS- |223 115 0,82 0,72 0,77 0 0 0 0
KAYA/4/AGRI/NAC//
KAUZ/3/1D13.1/MLT/5/ 0,07 0,0 0,0 tsnl
F10S-1//ATAY/GAL-
VEZ87) x D.303 Amigo
43 | F1(D.845 F5 No.23 x 216 126 0,78 0,72 0,75 0 0 0 0
Kupava x No.1654,
D.1022 (D.108 F3
(Babakh 1 (5351) x 133-
3-2006) x Arap) x D.40
Arap), No.43 Arap
44 |D.F1D.1286 D.79 227 80 0,78 0,5 0,64 0 0 0 0
(ARDEAL/BOE-
MA//F135U2-1/5/
TX69A5092//BBY2/
FOX/3/PKL70/LIRA/4/ 0,20 0,0 0,0 tsnl
YMH/TOB//MCD/3/
LIRA x Naz) x Naz,
No.40 x 296 W2691
SrTt-1 C1 17385
45 |F1D.1031 D.628 F4 216 105 0,77 0,63 0,7 0 0 0 0
(Naz x Obriy) Kupava
x Kalyansona (¥72), 0,10 0,0 0,0 tsnl
No.171 x D.48 Ulugbek
600
46 | D.72 Tungysh x D.23 216 111 0,79 0,54 0,67 0 0 0 0
Brundage 96 (APR) 0,18 0,0 0,0 tsnl
47 | D.23 Brundage 96 214 126 0,76 0,6 0,68 0 0 0 0
(APR) x No0.40 Naz x 0,11 0,0 0,0 tsnl
D.70 Mereke
48 | F3587 Morocco x No.41 [218 96 0,79 0,61 0,7 0 0 0 0
Oktyabrina x D.46 0,13 0,0 0,0 Tsnl
Knyazhna
49 |25-ICARDA-IPBB-2013 | 213 105 0,78 0,56 0,67 0 0 0 0
x D.588 MA F7 Bermet 0,16 0,0 0,0 tsnl
x RWKLDN9
50 |UITAGEC-10 x D.46 219 110 0,77 0,62 0,7 10 25 15 262,5
Knyazhna

51 |D.1770 Ramin x No.42 |219 101 0,76 0,55 0,66 0.15 0 0 0 0.0 0.0 0 Tnl
Almaly

52 | D.36 Toma x 57 Akmola | 213 117 0,74 0,47 0,61 0,19 |10 20 30 20,0 |10,0]0 Tsnl
53 | F6 Sanzar X Arap 215 101 0,72 0,47 0,6 0,18 |10 25 40 25,0 |15,0]280 Tsnl

54 | 1060 D.5353 215 104 0,65 0,44 0,55 20 40 30 350
[(CWARTN) Super
KAUZ (Lr26, Lr34)] 0,15 30,0 10,0 tsnl
x D.1017 F7 (Yr15 %
Yuzhnaya-12)

55 |587 Mo?occoXNo.Bl 215 108 0,67 0,35 0,51 023 10 30 30 233 |15 0 sl
Steklovidnaya 24

56 | 1138 D.906 F5 (Almaly |215 107 [0.68 0,41 0,55 10 15 25 455
X 29266) x D.5357

(CWARTN) Pastor (L3, 0,19 16,7176 tsnl
Lr10, Lr23 +S1.Rust.)

57 | F8 Bermet x MK 3797 |214 108 0,74 0,49 0,62 0,18 |10 25 35 233 12,6350 tsnl

58 |FS5 Almaly x Umanka/l | 215 112 [o71 0,48 0,6 0 0 0 227,5
(Lr29 — 900 bp; Lr29 0,16 00 |00 Tnl
FI8/R18)

59 z;gggula5355x293 221 112 0,79 0,6 0,7 0.13 10 15 15 133 |29 332,5

60 |D.1034 D.659 F4 Arap x | 221 107 0,8 0,63 0,72 0.12 10 25 15 167 |7.6 0 sl
Yr26 x Yrym

P-value r=-0.36, p < 0.01 =0,9976, p < 0,001

Figure 1 shows PCR amplification profiles of wheat genotypes generated with the Xfcp623 marker
associated with the Tsnl/tsnl locus governing sensitivity or insensitivity to the PtrToxA toxin produced by P,
tritici-repentis. The diagnostic amplicon is approximately 380 base pairs (bp).

Under the adopted scoring scheme, the presence of the 380 bp fragment indicates the dominant 7sn/
allele (PtrToxA-sensitive), whereas the absence of the diagnostic band indicates the recessive #sn/ allele (Ptr-
ToxA-insensitive). Accordingly, the recessive #sn/ allele (no band) was identified in samples 2, 5, 9, 10, 11,
12,15, 16, and 17, while samples 1, 3,4, 6, 7, 8, 13, and 14 displayed the 380 bp fragment and were classified
as carriers of the 7sn/ allele.

The susceptible check Glenlea (lane 18) produced the expected 380 bp (7sn/), whereas the resistant/

0,04 0,0 0,0 tsnl

Tsnl

Tsnl
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msensitive check dalamount (lane 19) showed no amplitication product (fsn/), supporting the reliability of
allele calling. Lane M contains the molecular weight marker (GeneRuler 100 bp DNA Ladder).

350 mH

1 — F3587 MoroccoxNo.41 OktyabrinaxD.46 Knyazhna; 2 — 25-icarda-ipbb-2013xd.588 ma f7 bermetxrwkldn9; 3 — UI1AGEC-
10xD.46 Knyazhna; 4 — D.1770 RaminxNo.42 Almaly; 5 — D.No. 23xKupavax1773, D.22-ICARDA-IPBB-2013; 6 — D.36 Tomax57 Akmola;
7 —F6 SanzarxArap; 8 — D. UI1TAGEC-17xD. Yr18; 9 — 1060 D.5353 [(CWARTN) Super KAUZ (Lr26, Lr34)]xD.1017 F7 (Yrl5xYuzhnaya-12);
10 — 587 MoroccoxNo.31 Steklovidnaya 24; 11 — 1138 D.906 F5 (Almalyx29266)xD.5357 (CWARTN) Pastor (Lr3, Lr10, Lr23 +S1.Rust.); 12
—F8 BermetxMK 3797; 13 — F5 AlmalyxUmanka/1 (Lr29 — 900 bp; Lr29F18/R18); 14 — F5 Parula 5355%293 a.2006; 15 — D.1034 D.659 F4 Ara-
pxYr26xYrym;16-D.1055 (DIAMONDBIRD/GALLYA-ARAL1//TAM200/KAUZ)xD.305Roughrider; 17 D.1046 (DALNITSKAYA/4/AGRI/
NAC//KAUZ/3/1D13.1/MLT/5/F10S-1//ATAY/GALVEZ87)*No.1740,F1D.1017D.103F3 (N91x5353)xBuckBuck(Lr/6,slowrust.); <Sraccord-
ingto Rsaliev), No0.234xD.306 Sisson; 18 - Glenlea (negative control); 19 - Salamouni (positive control); M -molecular weight marker (Gene
Ruler 100bp DNA Ladder)

Fig. 1. PCR amplification profiles of wheat genotypes using the Xfcp623 marker for detection of the zsn/ allele associated with Ptr-
ToxA insensitivity

Results of molecular screening using the Xfcp623 marker revealed a high frequency of the zsn/ allele
among the analyzed wheat genotypes (Table 1). Of the 60 genotypes evaluated, 41 lines carried the recessive
tsnl allele associated with insensitivity to the PtrToxA toxin, accounting for 70.0 % of the studied material.
These genotypes were predominantly characterized by low disease severity scores across three field assess-
ments (PTR-1-PTR-3) and low AUDPC values, indicating reduced disease development and enhanced field
resistance to P. tritici-repentis. In contrast, genotypes carrying the dominant 7sn/ allele generally exhibited
higher disease severity and increased AUDPC values.

The distribution histograms of the biomass index (NDVI), mean field value of Pyrenophora tritici
(PTR), plant height, and area under the disease development curve (AUDPC) are shown in Figure 2. The
histograms reflect the variability of key agronomic traits and resistance indicators among the studied wheat
genotypes. NDVI and plant height values are characterized by a relatively normal distribution, while PTR and
AUDPC indicators exhibit an asymmetric distribution with a predominance of genotypes with low and mod-
erate infestation, indicating the presence of forms with increased resistance to P. tritici-repentis.
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Fig. 2. Distribution of agronomic traits and resistance indicators of wheat genotypes

A comprehensive field study was conducted in South-East Kazakhstan to evaluate wheat genotypes at
the adult plant stage through phytopathological screening, phenological observations, and molecular analysis.
Sixty wheat lines and lines were assessed for key agronomic traits, including plant height and biomass index
(NDVI), as well as for resistance to P. tritici-repentis using multiple field evaluations and AUDPC calcula-
tions. Disease responses ranged from complete resistance to high susceptibility, allowing the identification of
contrasting genotypes. In parallel, molecular screening with the Xfcp623 marker was used to detect the Tsn1/
tsnl alleles associated with sensitivity or insensitivity to the PtrToxA toxin, revealing a high frequency of the
resistant ¢sn/ allele. Integration of phenotypic, phytopathological, and molecular data demonstrated substan-
tial variability among genotypes and enabled the identification of wheat lines with enhanced resistance and
favorable agronomic performance.

Discussion.

Screening using the Xfcp623F/Xfcp623R primers demonstrated that race 3, producing the PtrToxC
toxin, predominates in the Pyrenophora tritici-repentis population in the Tambov region, whereas races pro-
ducing PtrToxA occur less frequently. At the same time, the studied winter bread wheat cultivars carrying the
recessive tsnl allele exhibited high resistance to the PtrToxA toxin and can serve as a valuable source material
for breeding resistant forms (Kovalenko et al., 2023). Our studies conducted under the agroclimatic conditions
of South-Eastern Kazakhstan are consistent with these findings and confirm the high efficiency of the molecu-
lar marker Xfcp623 in identifying allelic variants of the 7snl/tsnl locus, which controls the response of wheat
plants to the phytotoxin PtrToxA produced by P. tritici-repentis.

Assessment of resistance in winter and spring bread wheat (7riticum aestivum L.) cultivars and the
identification of dominant (7sn/) and recessive (tsnl) alleles in plants cultivated in the Lower Volga region
showed that a considerable proportion of genotypes exhibited resistance to Pyrenophora tritici-repentis,
whereas only 15 % demonstrated moderate resistance to Bipolaris sorokiniana. At the same time, genotypes
carrying the recessive tsn/ allele, which confers insensitivity to the PtrToxA toxin, were identified and repre-
sent valuable material for breeding programs (Konkova et al., 2023). In agreement with our results, 70 % of
the studied wheat genotypes were carriers of the recessive zsn/ allele associated with resistance to PtrToxA.

Field experiments conducted in 20162017 across two climatic zones of south-eastern Australia
demonstrated that increased severity of tan spot (Pyrenophora tritici-repentis) in wheat cultivars leads to
reduced yield and deterioration of grain quality. Disease severity parameters (%LAA and AUDPC) showed a
negative correlation with yield and grain output (Cook et al., 2024).

However, in our data, genotypes carrying the tsn/ allele consistently exhibited lower disease severity
and reduced AUDPC values. Disease-related parameters (PTR and AUDPC) displayed a skewed distribution
toward lower values, indicating a high frequency of resistant genotypes within the studied collection.



Conclusion.

This comprehensive study successfully integrated molecular marker analysis with extensive field eval-
uations to characterize wheat genotype responses to Pyrenophora tritici-repentis infection in South-East Ka-
zakhstan. The molecular screening using the Xfcp623 marker proved highly effective in identifying allelic
variants at the 7sni/tsnl locus, with clear discrimination between PtrToxA-sensitive (7sn/) and insensitive
(tsnl) genotypes based on the presence or absence of the diagnostic 380 bp amplicon.

The results revealed a promising genetic landscape for tan spot resistance, with 70 % of the evaluated
wheat genotypes carrying the recessive tsn/ allele associated with PtrTox A insensitivity. This high frequency
of resistance alleles suggests favorable genetic potential within the studied germplasm for developing tan
spot-resistant varieties. The strong correlation between molecular marker profiles and field resistance pheno-
types validates the reliability of marker-assisted selection approaches for this trait, as evidenced by the concor-
dant results between susceptible check Glenlea (75n1-positive) and resistant check Salamouni (zsn/-positive).

Field evaluation data demonstrated clear phenotypic differentiation among genotypes, with #sn/ carri-
ers consistently exhibiting lower disease severity scores and reduced AUDPC values across multiple assess-
ment periods. The distribution patterns observed in agronomic traits (NDVI and plant height) showed rela-
tively normal distributions, while disease-related parameters (PTR scores and AUDPC) displayed asymmetric
distributions skewed toward lower values, further confirming the predominance of resistant genotypes within
the collection.
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Abstract. The study presents the results of laboratory experiments assessing the toxicity of a num-ber
of insecticidal and acaricidal preparations against the spider mite Tetranychus turkestani, which damages
soybean plants under both protected and open-field conditions. For each preparation, dose-response mortality
curves were constructed, reflecting the nature of the population’s response to changes in the concentration of
the active substance, and the main toxicological parameters—LCso and LCoo—were calculated. This made it
possible to carry out an objective comparative ranking of the preparations according to their effectiveness and
to determine concentration ranges that ensure reliable pest control. It was established that the biological activ-
ity of the tested active substances differed significantly. Lambda-cyhalothrin demonstrated moderate efficacy
and produced a pronounced lethal effect only at relatively high concentrations (LCso = 33.3 mg/L; LCoso = 66.7
mg/L), indicating limited sensitivity of 7. turkestani to this compound. At the same time, preparations based
on avermectins, as well as the combined active ingredient abamectin + spiromesifen, were characterized by
high toxicity and provided a significant level of mortality even at low concentrations (LCso = 0.18 mg/L and
0.34-6.9 mg/L, respectively). Propargite exhibited a threshold type of action (LCso = 28.5 mg/L), reflecting
the specific features of its contact toxicodynamics. The obtained results allow not only for comparison of the
effectiveness of different compounds but also for identification of the specific features of their action that are
important for practical application. This highlights that the choice of a preparation should be based on con-
sideration of the dose-response effect, mechanism of action, and the potential resistance of pest populations.
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AHHOTanus1. 3epTTeyie KaObIK JKOHE allblK alKarl JKaFJaiblHAa COs JaKbUIIApPbIH 3aKbIMIANTHIH
Tetranychus turkestani epmekiri KeHeciHe KaThICTBl OipKaTap HWHCEKTHIMATIK KOHE aKapHIMATIK
npenapaTTapblH YBITTUIBIFBIH OaFasay OOibIHIIIA 3epTXaHaJbIK ChIHAKTAPABIH HOTHXKeNepl OepireH. Opoip
npernapar YIIiH MOMYJISIUSHBIH 9cep €TYIi 3aT KOHIICHTPALMSCHIHBIH ©3repyiHe jKayar peakIHsIChIHBIH
CHUITATBIH KOPCETETIH JICTAIBIbl J03aFa TOYENI KHCHIKTAPBl TYPFBI3BUIBIN, HETI3Ti TOKCHKOJOTHSUIBIK
kepcetkimrep — LCso xoHe LCoo MoHAEp1 ecentenai. byn npenaparrapabl THIMAUTIK JeHredi OoiibiHIIA
OOBEKTUBTI CaJBICTBHIPMANBI TYPAE JKIKTEYre >KOHE 3USHKECTI CEeHIMII OakplIayabl KaMTaMachl3 €TETiH
KOHIICHTpAIUSUIIAP AUANla30HbIH aHBIKTAayFa MYMKIHIIK Oep/Ii. 3epTTENreH dcep ST 3aTTap IbIH OMOIOT HSUTBIK
OCJICEHILTITT alTapJIbIKTall epeKIeNeHeTIHI aHbIKTaIbl. JISMOqa-1urasoTpuH opTaiia THIMAUTIK KOpCeTir,
allKbIH JIETaNb/l 9cepl TEeK CaJbICThHIPMAbl TYPAE KOFapbl KOHIIEHTpanusiapaa kaMmramacki3 erti (LCso =
33,3 mr/m; LCoo = 66,7 mr/n), Oyn 7. turkestani TypiHiH aTajfaH KOCBUIBICKA CE€3IMTANIIBIFBIHBIH IIEKTEYI
ekeHiH kepcereni. COHBIMEH KaTap, aBEPMEKTHHJIIEP HETI3IHICTI Ipemnaparrap, COHJal-ak a0aMeKTHH +
cnupomesrdeH OIpIKTIPUIreH ocep eTYIII 3aThl )KOFaphl YHITTBUIBIK TAHBITHII, TOMEH KOHIIEHTPALUSIAP IbIH
©31H/Ie JKOFapbl JIeTalIb/Ibl IeHreliH KamTamach3 eTTi (LCso = 0,18 mr/m xone 0,34—6,9 Mr/n coiikeciHie).
[Iponaprut mekTi (moporTeikK) acep tumiMeH cunartanisl (LCso = 28,5 mr/m), Oyl OHBIH KOHTaKTLIi TOK-
CUKOJIMHAMUKACBIHBIH, €PEKIICIIITiH KopceTe . AJIBIHFAaH HOTKEIEP OPTYPJi KOCBUIBICTAPABIH THIMILTIITIH
CAJIBICTBIDYMEH KaTap, OJapiAblH ocep €Ty epeKIIeNiKTepiH ne aWKblHAayFa MYMKIHIIK Oepeni, Oy
MPaKTUKAJIBIK KOJJIaHy YIIiH MaHbI3bl. byl €3 Ke3erinae mpenaparTsl TaHaay J03ara TOYeINIl dcep/i, acep
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€Ty MEXaHU3MIH JKOHE 3HMSIHKEC HOMYJSIIMSIIAPbIHBIH BIKTUMAJ TO3IMIUIITTH €CKepPEe OTBHIPHII JKYPIr131Ty1 THIC
EKCHIH KOpPCeTe/Il.

Tyiiin ce3nep: Tetranychus turkestani, cosi, MOMyNALUS CaHbI, KYpec, J03ara TOYeJAUIIK, dcep eTymIl
3aT, KOHIEHTPALUs
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AnHoTanusi. B pabGoTe mnpencTtaBieHbl pe3yiabTaThl JTAOOPATOPHBIX HCCIEAOBAHUN IO OIICHKE
TOKCUYHOCTH psiia MHCEKTULUIHBIX W aKapUIMIHBIX MpEenapaToB B OTHOUICHHH MAayTHHHOTO KIela
Tetranychus turkestani, opakaloniero COeBble PaCTEHHs B YCIOBHSIX 3alIUIIEHHOTO M OTKPBITOTO TPYHTA.
Jlnia xaxzoro mpemnapara ObUIA MOCTPOEHBI J0303aBUCHUMbIE KPUBBIE CMEPTHOCTH, OTPAXKAIOILIUE XapaKTep
peakuuy TMOMyJSIIIMM Ha W3MEHEHHE KOHIEHTpAllMU AEMCTBYIOIIEro BEIIeCTBa, U PACCUMTAaHbl OCHOBHBIE
Tokcukonoruueckue napameTpbl — LCso 1 LCoo. DT0O MO3BONNIO MPOBECTH OOBEKTUBHOE CPABHUTEIBHOE
pamXUpOBAHHE IMPENapaToB IO YPOBHIO 3(PPEKTUBHOCTH U ONPEAETUTH IUANa30Hbl KOHIEHTpALUH,
o0ecrieunBarOMUX HAAEKHBIM KOHTPOJIb BpEOUTENA. YCTAaHOBIEHO, YTO OHMOJOrHMYecKas aKTUBHOCTD
UCCIIEIOBAaHHBIX JIEHCTBYIOMIMX BEIIECTB CYIIECTBEHHO pasnuyanachk. JIIMOma-muranoTpuH MpoOsiBUI
yMepeHHY10 3QGEKTUBHOCTh U 00eCTIeYrBal BHIPAKEHHBIN JeTaabHbIA 3((EKT TOIBKO MPU OTHOCUTEIBHO
BbicOkMX KoHIeHTpamusx (LCso = 33,3 mr/m; LCo = 66,7 Mr/im), 4To yKa3bplBaeT Ha OTPAHUYCHHYIO



qyBCTBUTEILHOCTH 1. turkestani kK TaHHOMY COeIMHEHUIO. B TO %e BpeMsi IiperiapaThl HA OCHOBE aB€pPMEKTHHOB, a
TaKkke KOMOMHUPOBAaHHOE JIEHCTBYIOIIEE BEIIECTBO a0aMEKTHH +crrpoMe3u(eH XapaKTepru30BaIiCh BHICOKON
TOKCUYHOCTBIO M 00ECTICUBAIIU 3HAYUTENIBHBIN yPOBEHb CMEPTHOCTH YK€ NP HU3KNX KoHIeHTpausix (LCso
= 0,18 mr/a1 u 0,34-6,9 mr/n coorBeTcTBeHHO). [Ipomaprut otnuyancs nmoporoBsiM TuUnom aeictBus (LCso
= 28,5 Mr/m), 4to oTpaxaer cneuu(uKy ero KOHTAaKTHOW TOKCUKOAMHAMHKH. [lomyueHHBIE pe3yNbTaThl
MO3BOJIIOT HE TOJBKO COMOCTaBUTH 3(PPEKTUBHOCTD PA3NMUYHBIX COSAMHEHUN, HO U BBISIBUTH OCOOCHHOCTH
UX JEUCTBUS, MMEIOIIME 3HAYCHHE Ui MPAKTUKUA. DTO MOMYEPKHUBAET, YTO BBIOOp Mperapara JOJKEeH
OCHOBBIBAThCS Ha y4éTe 0303aBUCUMOro 3P deKkra, MexaHu3Ma JACHCTBHS U MOTEHIIUAIbLHOW YCTOMYHUBOCTH
MOMYJISINI BpeIUTeNs.

KutoueBble cinoBa: Tetranychus turkestani, cosi, 9uCI€HHOCTb, 00pb0a, J0303aBUCUMOCTD, ICHCTBY-
IOIIEE BEIIeCTBO, KOHIICHTPAIUS

Jas uurupoBanusi: Myxamaaues H.C., Yangunoa A.M., Mennub6aea K., Kypmanranuesa H.JI.,
TaitmukoB M.A (2025). buonorudeckas 3ammra cou 0T TYPKECTaHCKOTO mayTUHHOTO Kiema (7etranychus
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BBenenue.

[Taytunneiii kneut (7Tetranychus turkestani) siBisieTcst OAHUM U3 HanOoJiee OMACHBIX U SKOHOMHYECKHU
3HaunMbIX (uToaros cou (Glycine max), 0cCOOEHHO B YCIOBHIX 3aCYIIUIMBOTO U KapKoro KiinMata. Beicokast
BPEIOHOCHOCTD JIAHHOTO BHJIa O0YCIIOBJIEHA €r0 OMOJIOTHYeCKUMHI 0COOEHHOCTSIMH, BKITIOUAst KOPOTKHM KH3-
HEHHBIN UK, BBICOKYIO TUIOIOBUTOCTb, OBICTPBIN TEMIT CMEHBI MOKOJICHUM U BBIPAKEHHYIO MOIHO(BArHIo.
OTH XapaKTEepPUCTUKH O0ECIEUMBAIOT CTPEMHUTEIHHOE YBEITUUYECHHUE YUCIEHHOCTH MOMYJSIUN U €€ Croco0-
HOCTh OBICTPO aJanTHPOBATHCA K M3MEHSIOIIMMCS YCIOBUSM CPEAbl U MPUMEHIEMBIM CPEICTBAM 3alllUThI
pactenuii [Shumate et al., 2023].

Cepné3Hoil mpoOnemoii mpu KoHTpojde 1. turkestani sBIsieTCS €ro BBICOKas CIIOCOOHOCTH K
(GOpMUPOBAHUIO YCTOMUMBOCTH K akapuluiaMm. Pe3nCTEHTHOCTh pa3BHMBAeTCs KakK 3a CUET M3MEHEHUU B
caiiTax-MHILIEHsAX JeHCTBHs mpenapaToB (target-site resistance), Tak M BCIEICTBUE YCHIJICHUS MeTa0oJH-
YeCKOW JIETOKCHUKAIIUU, CBA3aHHOW C THUIEpIKCIpeccheil (epMEeHTHBIX CHCTEM, BKIIIOUas MOHOOKCHUTEHA3bI
utoxpoma P450, sctepassl u rimyTaTHOH-S-TpaHchepasbl. ITH MEXaHU3MBbI MOTYT JI€HCTBOBATh CHHEPTUYHO,
CYLIECTBEHHO CHUXAasl YyBCTBUTEIBHOCTH KJIEIIEH K IeHCTBYIONINM BerecTBaM. Kpome Toro, B momysisiusx
Hepeako HaOmoaaeTcs mepekpecTHas pE3UCTEHTHOCTh K HECKOJIBKUM KIIaccaM aKapHUIUI0B, YTO 3HAYUTEIHHO
OCIIOKHSIET BHIOOP (D (EKTUBHBIX MPENapaToB U CHUKAET PE3YJIbTATUBHOCTh TPAIUIIMOHHBIX CXeM XUMUYe-
ckoit 3anuThl [Uygun et al., 2020; Padilha et al., 2020].

3HaUYUMOCTb MPOOIEMBI BO3PACTAET MPHU BO3/ICIBIBAHUHU COH, TJI€ Ay THHHBIN KJIEI] OKa3bIBAET MPIMOE
BIUsHUE Ha (popmupoBaHue ypoxaiiHocTu. [loBpekeHusi, BhI3bIBAEMbIC NMHUTAHUEM KJIEIIed, MPUBOISIT
K CHIDKEHUIO (DOTOCHHTETHYECKOW aKTHBHOCTH, PA3BUTHUIO XJOpO3a M HEKPO3a, YCKOPEHHOMY CTapeHHUIO
pacTeHMii U MpexIeBPEMEHHOMY OMAaJCHHIO TUCThEeB. [0 TaHHBIM MOJIEBBIX UCClen0oBaHMM [Assouguem et
al., 2022], naxxe ymepeHHasi YMCIEHHOCTb BpeauTens (okoo 1 ocodu Ha 1 cM? TUCTOBOM MOBEPXHOCTH) MPH-
BOJIUT K CHM)KEHHUIO KOJIMuecTBa 0000B M CEMSIH Ha pacTEeHHH, a Takxke yMeHbIeHuto macchl 1000 cemsn. [Tpu
BBICOKOM YHCJICHHOCTH KJIEHIeH MOTepu ypokasi MOTYT JOCTUTATh JECATKOB MPOIEHTOB, YTO COMOCTABUMO C
yiepOooM OT OCHOBHBIX HaceKOMBIX-BpenuTenei cou [Piepho et al., 2024; Myxamanues et al., 2025].

Dkonorudeckue (akToOpbl CYHIECTBEHHO BIUSAIOT HAa TUHAMHUKY 4HMcIeHHOCTH 1. turkestani. 3acyui-
JUBBIE YCIOBUS U TOBBIIIEHHBIE TEMIEPATYPhl YCKOPSIOT Pa3BUTHE MOMYISIHM, COKpAIIAOT MPOAOIKHU-
TEJIBHOCTh T€HEepallii U CIOCOOCTBYIOT YBEJIMYEHHUIO YHCIIA MOKOJICHUH 3a ce30H. OJHOBPEMEHHO CHMKa-
eTcst 9 PEeKTUBHOCTh €CTECTBEHHBIX PETYASTOPOB YUCIEHHOCTH, YTO CO3/AAaET MPEANOCHUIKU /ISl BCIBIIIEK
Bpeautens [Inak et al., 2023; Rabbi et al., 2022]. /lonoaHuTeIbHBIM (AKTOPOM SIBISETCS MPUMEHEHNE WH-
CEKTHUIUIOB IIMPOKOTO CIIEKTpa JIEHCTBUS (HampuMep, MUPETPOUA0B U (HOCPOpPOPraHUYECKUX COSTUHEHUIN)
MIPOTUB JPYTUX BpEAUTENEH COM, YTO MPUBOAUT K YHUUTOKCHUIO MOJE3HOW SHTOMOGpAyHbl U HapYIICHUIO



OMOJIOTMUECKOTO paBHOBECHUS. B pe3ylibTareé (OPMHUPYIOTCS OJarONpHUSTHBIE YCIOBUS Jii MacCOBOTO
Pa3MHOXKEHHUS MAyTHMHHOTO KJellla U YCUJICHHs CEJEKIMOHHOTO AaBJICHHUS B CTOPOHY yCTOHYMBBIX (OpM
[Chen et al., 2025; Inak et al., 2022].

B 3TuX ycnoBusIX TpaJULMOHHBIE METO/IbI OOPHOBI, OCHOBAHHBIE TPEUMYIIIECTBEHHO HA XUMUYECKUX
o0paboTkax, cTaHOBATCS Bc€ MeHee 3(P¢eKTUBHbIMHU. [lOBBINIAETCS PUCK CHUXKEHHS YyBCTBUTEIBHOCTH
MOMYJISIUN ¥ yBEIMYUBAECTCSI BEPOATHOCTh HEI(DPEKTUBHBIX 00pabOTOK, OCOOCHHO MPHU HCIOIH30BAHUH
cyOieTanpHBIX 103 MpernapaToB. DTO MOAYEPKHUBAET HEOOXOAMMOCTH MEpexo/la K HHTETPUPOBAHHBIM
cucteMam 3amuThl pactenuid (IPM), ocHOBaHHBIM Ha COYETAHUU PA3TMYHBIX METOJJOB KOHTPOJIS.

CoBpemennble Toaxoasl [PM BKITIOYAIOT palMOHAIBHOE YepelIOBaHUE JCWCTBYIONIMX BEIIECTB
C pa3NUYHBIMU MEXaHU3MaMU [JEHCTBUS, NPUMEHEHHE HKOHOMHUYECKHUX TIOPOTOB BPEIOHOCHOCTH,
UCIOJIb30BaHNE OMOJIOTMYECKUX areHTOB KOHTPOJsS (3HTOMOGAroB U MHKPOOHOJOTHYECKHX MpernaparoB),
a Tak)Ke arpoTEeXHUYECKHUE MEpHhI, HAMPABJICHHbIC HA CHUKEHHE OJAroNmpHUsITHOCTH CPENbl Ui BPEIUTEINS.
Cyl1ecTBeHHYIO pPOJIb UIPaeT PEerysipHbIH MOHUTOPUHT YYBCTBHUTEIBHOCTH MOMYJSIIMM K aKapuluiam,
MO3BOJIAIOIINNA CBOEBPEMEHHO BBISIBISATH Pa3BUTHE PE3UCTEHTHOCTH M KOPPEKTHPOBATH CXEMBI 3alllUTHI
[Adesanya et al., 2021].

Takum o6pazom, 3P PeKTUBHBIN KOHTPOIb 1. turkestani BO3MOKEH TOJIBKO MPU CUCTEMHOM MOJIXO/IE,
COYETAIOIIEM XUMHUYECKHE, OMOJOTHYECKHe U arpOTeXHUYECKHEe METOAbl. Peanu3anus MHTErpUPOBAHHBIX
CTpaTeruii MO3BOJSET HE TOJIBKO CAEPKHMBATh YHCICHHOCTh BpPEIUTENs, HO W 3aMEAJSTh IPOLECCHI
dbopMUpOBaHUS YCTOWYMBOCTH, OOECeurBas YCTOWYMBOCTh arpolieHO30B U coXpaHeHue >(PPEeKTUBHOCTH
CPEJICTB 3alUThI pacTeHUH B gojrocpounoi nepcnektuse [Chen et al., 2022].

MeTtoabl 1 MaTepHAJIbI.

Jlaboparopusble uccienoBanus. McecnenoBanus npoBoanian Ha 6aze naboparopun 6norexuonoruu TOO
«Kazaxckuii Hay4yHO-UCCIIeIOBATENECKUN WHCTUTYT 3alIUTHl U KapaHTuHa pacteHuid uM. XK. XKuemOGaeBay.
OOBeKTOM HuCCIeI0BaHM SBIsUIaCh JabopaTopHas JUHUS TYPKECTAaHCKOTo mayTuHHoro kinema (7etranychus
turkestani).

Knenieit KyabTUBUPOBAIM B M30JUPOBAHHBIX YHTOMOJIOTMYECKUX CaJIKaX Ha MOJIOJBIX PACTEHUSX
tbaconu (Phaseolus vulgaris), UCTIONB3yeMBIX B Kaue€CTBE KOPMOBOM 0a3bl. PacTeHus perynsipHO 0OHOBISUIIH
JUIS TIOJIepKaHUST ONTHUMAIbHOTO (DU3MOJIOTHYECKOTO COCTOSIHHSI KOpMa W TMPEAOTBPAICHUS BIHMSHUS
CTPeCcCOBBIX (PaKTOPOB HA PE3YJILTATHI IKCIIEPUMEHTOB.

CogepxaHue KyJIbTypbl U HpOBeJeHHE OWOTECTOB OCYLIECTBIISIM B KIMMAaTUYECKOW Kamepe Mpu
CTPOro KOHTPOJIMPYEMBIX YCIOBHSX: Temneparypa Bo3ayxa 30+1°C, oTHocuTenbHas BIaXHOCTh 55-60 %,
doronepuon 18 yacoB cBeT/6 yacoB TEMHOTA. YKa3aHHbIE MMapaMeTPbl COOTBETCTBYIOT ONTHUMAJIbHBIM yCIIO-
BUSM Pa3BUTHUS NMAyTHHHBIX KJelled U 00eCeYBaIOT BHICOKYIO BOCIIPOU3BOAMMOCTD SKCIIEPUMEHTAIBHBIX
JTAHHBIX.

MeTtoauka OnotectoB. OLleHKY TOKCHYHOCTH UCCIIEAYEMBIX IEHCTBYIOIIUX BEIIECTB (J1.B.) IPOBOAUIN
B IIMPOKOM JIMana3oHe KOHIIEHTPAIUH C 11eJIbI0 YCTaHOBJICHUS 3aBUCUMOCTH «103a-3(PexT» u onpeneneHus
Ounosornyeckoi 23pHEeKTHBHOCTH TIPETapaToB.

Jisi TMOCTaHOBKM OMbITa HCIIOJNB30BallM pacTeHus (aconu, 3acei€HHbIE B3POCIBIMU CaMKaMU
kienia. O0paboTKy MPOBOAUIN METOJOM MEJIKOJUCIIEPCHOTO ONPBICKUBAHUS C MCIOJIB30BAHUEM PYYHOTO
MyJIbBEpU3aTOpa 1O TMOJHOTO M PABHOMEPHOTO CMAauyMBAaHMs JINCTOBOW MOBepXHOCTH. Pacxon paboueii
KHUJKOCTHU TIepecyUThIBa I B 3kBUBaieHT 300 11/Ta, YTO COOTBETCTBYET MOJIEBBIM YCIOBUSIM MPUMEHEHHS.

B kaxmoMm BapuaHTe OMbITa UCHOIB30BAIM MO 25 caMOK KJela B YETHIPEXKPATHON MOBTOPHOCTH.
Takum oOpa3om, cymmapHasi BRIOOpKa JUIsl KakJIoM KoHIeHTpauuu coctaBisuia 100 ocobell Ha BapuaHT.
KoHnTponbHbIH BapuaHT BKIt0Yal 00paboTKy pacTeHUi Bo0M 0e3 100aBiIeHHs TEHCTBYIOIINUX BEIIECTB.

Y4éT cMepTHOCTH MPOBOIMIN Yepe3 (PUKCHpOBaHHBIE HHTEPBAJIBI BpEMEHH (Kak MpaBuiio, yepes 24,
48 u 72 gaca mocyie 00pabOTKH) C pErUCTpalMeH MOTHOMINX U )KUBBIX ocobeit. Kiemelt cuntany moruommmu
MIPU OTCYTCTBUU JIBUTATEIbHON aKTUBHOCTH MTPH MEXAHUYECKOM Pa3ApaKeHHUH.

B omnbITax MCoIp30BaNIN ICHCTBYIOIINE BEIIECTBA UHCEKTOAKAPHIINIOB, PA3PEIIEHHBIX K IPUMEHEHHIO
Ha Teppuropun PecryOnuku Kazaxctan mpoTHB MayTHHHOTO KJIela Ha CO€:

[Ipomaprut — obnagaeT akapuIUAHONW aKTHUBHOCTHIO. JlelicTBHe Ha BpeAMTENeil - KOHTaKTHOE.
Oxa3zbIBaeT nmopaxaroliee AecTBUe Ha MOJBMYKHBIC CTAJIMU Pa3BUTHsL Kieled (JInuynmHka, HuM@a, B3pocias
0co0b), HO HE 00JIaJaeT OBUITUIHBIM JICHCTBHE;

ABepMeTHHBI — IPUPOIHBIE clieln(UYecKrue HEHPOTOKCHHBI, OHU 00J1a1at0T JIETAIbHBIM KOHTaKTHO-




KHILIEYHBIM JICHCTBUEM Ha HACEKOMBIX.

JIssmOna-uranoTpuH — ASMCTBYET Ha HACEKOMBIX, HapyIIasi UX HEpBHYIO cuctemy. OH BO3/eicTByeT
Ha HaTpUEBbIE KaHAaJIbl, BEI3bIBAS TUIIEPBO30YIUMOCTD U Mapajiny, 4TO MPUBOAUT K THOETN HACEKOMBIX.

AlGamexTuH+crupoMesuder — JeHCTByeT Ha NHILEBAPUTENbHYIO CUCTEMY BpEAMTENs, MOJaBIsA
JUTNOTeHe3, YTO MPUBOAUT K 3aMEJJIEHUIO POCTA U PA3BUTHS MOJIOJIBIX HACEKOMBIX U CHIKEHUIO TUIOA0POIIHS
B3POCIIBIX 0COOEH.

Cxema OmbITOB:

1. [Tponaprut, HopMa pacxona Ha 1 ra 0,741 r/m;

2. ABepMeKTHHBI, HOpMa pacxoaa Ha 1 ra 5,4 r/m;

3. JIamOma-niuranoTpuH, HopMma pacxoaa Ha 1 ra 20 r/m;

4. AbamexTuH-criupomesuden, Hopma pacxona Ha 1 ra 4,56-91,44 v/,

5. KonTpons-Bona (63 00paboTkH).

B skcnieprMeHTax KOHIEHTpAllUU JIeUCTBYIOIINX BEIIECTB BhIPAXKEHBI B MI/J MIPH pacxojie paboueit
skugxoctd 300 Mot

buonoruueckyo 3¢ heKTUBHOCTH YUUTHIBAIH 110 hopmysie A6OoTa 2:

C =100(Ba-AB)/Aa,

riae, C — MpoLeHT CMEPTHOCTU BPEAUTENICH ¢ MOMPaBKOW HA KOHTPOIIb;

A u a — ofmiee yucio ocoOeil B OTIBITHOM BapHaHTe U KOHTPOJIE, COOTBETCTBEHHO;

B u B — KkonmuecTBO mOruOmmx ocobeil B OMBITHOM BapuUaHTE U KOHTPOJIE, COOTBETCTBEHHO
[Myxamanues et al., 2025].

Pe3yabTaTsl H 00Cy:KI1eHUeE.

OnHUM U3 KITIOYEBBIX 3TAMOB KOMILJIEKCHOW OIEHKH 3()()EKTUBHOCTH aKapHUIUIHBIX MpEnapaToB
SBIIAETCS OTIPEIeTICHIE UX TOKCUKOJIOTHUECKUX TApaMETPOB, TO3BOISIFOIINX KOTMYECTBEHHO OXapaKTepU30BaTh
CTEeTeHb BO3ICHCTBHS ACHCTBYIOIIMX BEHIECTB Ha MOMYJSAIUM Bpeautens. Hambonee mHbOpMaTUBHBIMU
U IIMPOKO TMPUMEHSEMBIMH B TOKCHKOJIOTHUHU TMOKazaTelnsiMu sBIsiFoTcs LCso (JIeTanbHas KOHIIEHTpAIus,
BbI3bIBatomias rudens 50 % ocobeit) u LCoo (KoHIIEHTpaLINSA, 0OecnieunBaromias 90 % cMmepTHOCTh). JlaHHbIE
napaMeTpsl OTPAKAIOT HE TOJIBKO YPOBEHb TOKCUYHOCTH Mpenapara, HO U YyBCTBUTEIbHOCTh TECT-OpraHU3Ma,
YTO 0COOCHHO Ba)KHO MPY CPABHEHUHU BEIIECTB C PA3TUYHBIM MEXaHU3MOM JACHCTBHS U XUMHUECKOM MPUPOIOH.

Hcnons3oBanue mokaszareneil LCso u LCoo mo3BOMSIET pemiaTh psii NPUKIATHBIX U TEOPETUUYECKUX
3a/1a4, BKJIIOYasl OLIEHKY OMOJIOTHYEeCKOW 3((EeKTHBHOCTH MpENapaTroB, BBISIBICHHE MEXKIIOMYJISINOHHBIX
pa3auyuuii B UyBCTBUTEIBHOCTH BPEIUTENEH, a TAK:K€ MOHUTOPUHT (DOPMHUPOBaHUS pe3UCTeHTHOCTH. Kpome
TOTO0, aHAJIU3 KPUBBIX «J103a-9PPEKT» Aa€T BO3MOKHOCTH OIIEHUTh CTETIEHb IeTEPOT€HHOCTH MOIMYJIALNN 110
YCTOWYMBOCTU U MPOTHO3UPOBATH TUHAMUKY W3MEHEHHUS YyBCTBUTEILHOCTH MPHU UTUTETFHOM MPUMEHEHUU
aKapHIMIOB B arpoleHo3ax.

B HacTos1eM rccneoBanny Oblia MpoBeIeHa Cepusi 1a00paTOPHBIX IKCIIEPUMEHTOB I10 OTPEIeTICHUIO
snaueHui LCsou LCoo 115t mayTUHHOTO KJICIIA Tetranychus turkestani—oaHoro u3 Hauboee pacnpocTpaHEHHBIX
U BPEIOHOCHBIX (hUTO(AroB B yCIOBUSX apUAHBIX U MOTYyapUIHBIX PErHOHOB. DKCIIEPUMEHTHI IPOBOIUIHCH
C UCIOJB30BaHUEM JEHCTBYIOIIMX BEIIECTB, PAa3MYAIOIIUXCS M0 MEXaHU3MY TOKCHYECKOTO BO3AEHCTBUS,
YTO TIO3BOJIMJIO IOYYUTh CPAaBHUTEIBHBIE JAHHBIE 00 X aKapHUIIUIHON aKTUBHOCTH.

Pacyé€r TOKCHKOJIOTHYECKMX IapaMeTpOB OCYIIECTBISJICS Ha OCHOBE aHajn3a 3aBHCHUMOCTHU
«KOHIIEHTPALUSI—CMEPTHOCTH» C TMPUMEHEHHEM CTaHAAPTHBIX METOJOB OHOCTATUCTHYECKOH 00paboTKu
(mpoOuT-aHanu3a WX JIOTUT-MOAENEeH), OOEeCHeunBaloIUX BBICOKYI0 TOYHOCTH AaNMpPOKCHUMAIINH
HKCIEPUMEHTAIbHBIX JaHHBIX. Takoil Moaxo/ MO3BOJISIET HUBEIWPOBATH BIUSHUE CIy4YailHBIX (DAKTOPOB U
o0ecreurBaeT OOBEKTUBHOCTH MPH CPABHEHMM PA3UYHBIX MPENaparoB HE3aBUCHUMO OT UX XMMHYECKOM
MPUPOJBI U GOPMYIIALINH.

AHaJIN3 SKCTIEPUMEHTANIBHBIX TAHHBIX, TOTYUYEHHBIX JUIS IPONapruTa, MoKa3all HaTnyKie BRIPaKEHHON
710303aBUCUMOM peaKIK MOMmyJIsiuy kiemnia (pucyHok 1). [Ipy MakcuManbHOM UccienyeMoi KOHIIEHTpaIiu
741 Mmr/n ypoBeHb CMEPTHOCTH JocTurai 98 %, 4To CBUIETENHCTBYET O MPAKTUYECKU TMOJTHOM IMOJIaBJICHUH
MOJBVKHBIX CTaAWNA BpEAUTENs] M BBICOKOW aKapUIUAHONW aKTUBHOCTH JIEHUCTBYIOHIero BemiecTBa. [lpu
CHIDKEHUHU KOHIIEHTpaluu 10 513 Mr/i1 cMepTHOCTh OcTaBasiach Ha BICOKOM ypoBHE (94 %), a mpu 285 mr/n
coctaBnsa 92 %, 4To yKas3blBaeT Ha IIUPOKHUI quamna3oH >(PQPEeKTUBHBIX KOHIICHTPAUH U CTaOUIBHOCTD
TOKCHUYECKOTO JIEHCTBUS Mpernapara.

[To Mepe manpHEHIIET0 YMEHbIIEHUS! KOHIIEHTPAIMU HaOII0JalI0Ch MOCTETIEHHOE CHUKEHHE YPOBHS



CMCPTHOCTH, OJHAKO Aa)KC NPH OTHOCUTCIILHO HU3KNX J03aX COXpaHsulach 3HAUNTCIIbHAsE OMOJIOT TUCCKast
s dexktuBHOCTh. Tak, MpU KOHUEHTpaUUU 57 MI/J CMEPTHOCTh AocTuraiga okoio 90%, 4To cOOTBETCTBYET
3HaueHuto LCoo U CBUIETENBCTBYET O BHICOKOM YYBCTBUTEIHLHOCTH MOIYJISILIMK KJIEIIa K JAHHOMY BEILIECTBY.
MunumanbHas uccieayemasi KoHueHTpauus 28,5 mr/n obecneunBana rudenb 50 % ocobeir (LCso), uto
MO3BOJISIET OTHECTHU MPONAPTHUT K IPYIIe BEICOKOA(D(HEKTUBHBIX aKapUIIUIOB.

XapakTep KpuBo# «103a—3(dexT» i npornaprura OTIUYaICs OTHOCUTEIBHO MOJIOTMM HaKJIOHOM,
YTO YKa3blBaeT Ha PAaBHOMEPHOE paclpeiesieHue YyBCTBUTEIBHOCTH 0COOEH B HCCIIEIyeMOM MOMyJISIUH.
OTcyTcTBHE PE3KOT0 Mepexoja OT HU3KOW K BBICOKOM CMEpPTHOCTH CBUJECTEIBLCTBYET O HU3KOW CTEHEHH
reTepOreHHOCTH MO YCTOMYMBOCTH U, BEPOSITHO, 00 OTCYTCTBHM C(HOPMHUPOBABIIEHCS PE3UCTEHTHOCTU Ha
MOMEHT IIPOBEICHUS SKCIIEpUMEHTa. JlaHHBIH (haKT MMeeT BaXKHOE MPAKTUYECKOE 3HAUCHUE, TAK KaK yKa3bIBAeT
Ha BBICOKYIO BEPOATHOCTh COXpaHEHUS 3(PPEKTUBHOCTH IpernapaTa Mpu ero palmoHaIbHOM MPUMEHEHHH.

CnengyeT OTMETUTh, YTO BBICOKAs AakKapUIMAHAs aKTUBHOCTh NpomapruTa oOYCJIOBJIEHA €ro
KOHTaKTHBIM MEXaHM3MOM JEMCTBUSI, HAIIPABJIECHHBIM PEUMYIIECTBEHHO Ha MOJIBUKHBIE CTAIUU PA3BUTHS
Kjena (JMYMHKA, HUMGBI 1 uMaro). JleficTByrolee BEIIECTBO HApYyIIAET MPOLECCHl KIETOYHOTO AbIXaHUS
U DHEPreTH4eckoro oOMeHa, 4To MPUBOIUT K ObICTpoil rubenu ocobeil. OAHAKO OTCYTCTBHE BBIPAKEHHOTO
OBUIIMJIHOTO 3¢ (deKTa OrpaHUUMBAET €ro BO3ACHCTBHE HA siilla, YTO MOXET CIOCOOCTBOBATH YACTHUHOMY
BOCCTAHOBJICHHIO TOIYJIALUU IPU OTCYTCTBUU MOBTOPHBIX 00pabOTOK.

B cBs13u ¢ 3TUM 11 JOCTHXKEHUS MAaKCHUMAaJbHOM 3(PPEKTUBHOCTU B YCIOBUAX IMPOU3BOJCTBEHHBIX
arpoleHo30B 11eJ1IeCO00Pa3HO YUUTHIBATh OMOJIOTHYECKUE OCOOCHHOCTH BPEAMUTENS M MPUMEHATH Mpenapar
B MEPHUO/Ibl MACCOBOT'0 BBIXOJa JIUUMHOK. Kpome Toro, pekoMeHayeTcsi MHTerpalusi IponapruTa B CUCTEMBI
MHTETPUPOBaHHOM 3aiuThl pactenuit (IPM), Bkiirouas ero uepeoBaHue ¢ akapuugaMu APYyTruX XUMUYECKUX
KJIACCOB, YTO MO3BOJIUT CHU3UTH PUCK (POPMHUPOBAHUS PE3UCTEHTHOCTH.

B KOHTpOnBHOM BapHaHTe, TJe pacTeHUs 00paldaThIBAIUCH JUCTUIUIMPOBAHHON BOJOH, ypOBEHBb
CMEPTHOCTH KJICIIEH OCTaBajCsi Ha MUHMMAJIbHOM YPOBHE M HE MpeBbllai ecrecTBeHHOro (ona. I[lpu
3TOM HalII0/1a]ach BBICOKAs KU3HECIOCOOHOCTh 0CO0EH, aKTUBHOE MUTAaHUE M MHTEHCUBHAs SULIEKIIAKA,
YTO CBUJETENILCTBYET O OJAroMpHUSATHBIX YCIOBUSX MPOBEACHUS SKCIEPUMEHTA U OTCYTCTBHH CTPECCOBBIX
(bakTOpoB, CIOCOOHBIX MOBJIUATH HA JIOCTOBEPHOCTH PE3YJIHTATOB.

[TommydeHHble pe3yibTaThl CBUACTEIBCTBYIOT O BBICOKOM TOKCHMYHOCTU IPOMAPTUTa B OTHOLICHUU
T’ turkestani u monTBepkat0T ero 3pGEeKTUBHOCTh B KAUE€CTBE CPEICTBA KOHTPOJIS YUCICHHOCTH JaHHOTO
Bpeautens. Y cranoBiaeHHbIe 3HaueHUsI LCso 1 LCoo MOTYT CITy>KUTBH 0230BBIMH OPUEHTHPAMU IIPH pa3padboTKe
peraaMeHTOB IPUMEHEHHs Tpernapara, ONTUMU3ALUN HOPM pacxoja U KpaTHOCTU 00paboTOK, a TakkKe MpU
MIPOBEICHUN MOHUTOPUHTA YYBCTBUTEILHOCTHU MOIYJISIIIUIA B Pa3JIMUHBIX arpO3KOJIOTHYECKUX YCIOBUSX.

Kpome TOro, nanusie mapameTpbl MOTYT ObITh MCHOJB30BaHbl B CPAaBHUTENIbHBIX HCCIEIOBAHUSAX C
OPYTMMU aKapUIMAaMU, YTO MO3BOJHUT (HOPMHUPOBATH Hay4HO OOOCHOBAaHHBIE PEKOMEHIAIMH IO BBIOOPY
MIpPernapaToB B 3aBUCUMOCTH OT YPOBHS 3apaXEHHOCTH, (a3bl pa3BUTHS BPEIUTEIIS U YCIOBUN OKpYXKaroIIeH
cpensl. B nepcniektrBe moq00HbBIE HCCIEAOBAHUS SIBISIOTCS BaXKHOW OCHOBOM JUIsl pa3paOOTKHU YCTOMUMBBIX
Y DKOJIOTUYECKHU 0€30IaCHBIX CUCTEM 3alllUThl PACTEHUH.
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Puc. 1. JTo303aBucHMast cMepTHOCTD Tetranychus turkestani mpu 06paboTKe IPONAPTUTOM
[Fig. 1. Dose-Dependent Mortality of Tetranychus turkestani Following Propargite Treatment. ]



Ha pucynke 1 mpezicTaBiieHa 3aBUCHUMOCTb YPOBHS CMEPTHOCTH MAayTHMHHOIO Kiemlla lefranychus
turkestani OT KOHIEHTpAIIMU TPOIAPTHTA, OTPaKAIOIIAs XapaKTep TOKCHYECKOTO BO3JICUCTBHUS JaHHOTO
JEHCTBYIONIET0 BelleCTBA Ha TNOMyJasAuio Bpeautens. [lomydeHHblE HSKCIIEpUMEHTANIbHBIE JIaHHBIE
JEMOHCTPUPYIOT YETKO BBIPAKEHHBIA [10303aBUCUMBIA >PQPEKT, KOTOPBIM SBISETCS TUIUYHBIM IS
aKapHIMI0B KOHTAaKTHOTO JCWCTBUS M CBHUJAETEIBCTBYET O NPSIMON KOPPESAIMH MEXIy KOHIIEHTpalueu
rpenapara u CTeIIeHbIO THOE 0CO0eH.

B o6nacTtu BeicOkuX KOHIIEHTpanwuii (741513 Mr/i) ypoBeHb CMEPTHOCTH COXPAHSJICS Ha CTAOMIBHO
BBICOKOM YPOBHE U BapbUpoBal BIpenenax 94—98 %. Takue 3HaueHMsI yKa3bIBAIOT HA TOCTUKEHUE TPAKTUYECKU
MaKCHUMAaJIbHOT0 OMOJI0THYecKoro a G eKTa v MOATBEPIK1at0T BBICOKYIO TOKCUYHOCTh IPONaprUuTa B OTHOUICHUH
MOJBIDKHBIX cTaaui kiemia. Creayer OTMETUTh, YTO JaXe MPU HEKOTOPOM CHUKEHHHM KOHIIGHTPAIMH B
yKa3aHHOM Juamna3oHe He HaOJI0/1ajoch CYIIECTBEHHOrO najeHus 3(h(EeKTUBHOCTH, YTO CBHUIETEIHCTBYET
0 BBICOKOI OMOJIOTHYECKON aKTHBHOCTH TIperapara U ero CocoOHOCTH o0ecreunBaTh HaAEKHBI KOHTPOJIb
YUCJICHHOCTH BPEIUTENS B IIMPOKOM JUATIA30HE JO3UPOBOK.

[Tpu cHUKEHUH KOHIEHTPALUU 10 285 MI/J1 CMEpTHOCTh yMEHbIIadach HE3HAYUTEIIBHO U COCTaBIIsIA
okoJ0 92 %, 4TO yKa3bpIBaeT Ha COXpaHEHHE BBHICOKON 3(PPEKTUBHOCTH Mpemnapara Jaxke Mpu YMEHbIICHUH
N030BOM Harpy3ku. JlaHHbIf (akT HMeeT BaKHOE TMPAKTUYECKOE 3HAYEHUE, MOCKOJIbKY TO3BOJSET
paccmarpuBaTh BO3MOKHOCTh ONTHMH3AIMU HOPM pacxofa JEHCTBYIOLIETO BelecTBa 0e3 CyIleCTBEeHHOMN
norepu 6mosnorudeckoit 3(h(HEeKTUBHOCTH, YTO OCOOCHHO aKTyallbHO B YCJOBMSIX 3KOJIOTHU3AIMU CEJIbCKOTO
X0341CTBA U CHIKEHUS MECTULIUHON HArPy3KU Ha arpolieHO3bI.

B nuamazone cpeTHUX ¥ HU3KUX KOHIEHTpalUii Ha0II0Aa0Cch 0oJiee BhIpa)KEHHOE CHUYKEHHUE YPOBHS
CMEPTHOCTH, YTO OTPa)KaeT IMepexoi OT 30HbI MaKCHUMalbHOTO 3(pdexTa K 00IaCTH UyBCTBUTEIBHOCTH
MOMyJISIUKU. B yacTHOCTH, MpH KOHIEHTpauu 57 MI/I ypoBeHb rudenu ocobeit coctaBisi okono 90 %,
YTO COOTBETCTBYET 3Haue€HUIO LCoo. DTO CBHUIIETENBCTBYET O TOM, UTO /AK€ MPU OTHOCHUTENIBHO HU3KHUX
KOHIICHTpAIUSIX MPOMaprUT COXPAaHSET BBICOKYIO 3(PPEKTUBHOCTH M CIOCOOEH o0ecrneuynBaTh MOJaBICHHE
OCHOBHOM YaCTH MOMYJISIIUU BPEIUTEIS.

MunumanbHas uccineayeMasi KoHueHTpauus — 28,5 mr/n oOecneunBana rudens 50 % ocoOed,
9TO CcOOTBETCTBYeT 3HaueHHt0 LCso M xapakrepu3yeT 0a30BbIii ypOBEHb UYyBCTBUTEIBHOCTU MOMYISIHH
K gaeiictByromemMy BemecTBy. CooTHomenne mMexay 3HaueHusMu LCso u LCoo, a Tarke ¢gopma KpUBOiA
«KOHIICHTPAIUS—CMEPTHOCTBY MO3BOJISIOT C/IEJIaTh BBIBOJ O JIOCTaTOYHO PAaBHOMEPHOW PEaKIMy ocoOel Ha
BO3/ICHCTBHE MpernapaTa U OTCYTCTBUU BBIPAXKEHHBIX CYOMOIMYJISIHI ¢ MOBBIIIEHHON YCTONYHUBOCTBIO.

KpuBas «KOHIIEHTPALUSI—CMEPTHOCTH» UMEET KJIACCHUECKYI0 CUTMOUAANBHYIO (S-00pa3nyio) hopmy,
XapaKTepHYIO ISl TOKCUKOJIOTHUECKUX HCCleAOBaHUN MoJ00HOTO pojaa. Hamuyme HayalibHOTO MOJIOTOTO
ydacTKa, 3aTeM Pe3KOoro NoabEMa U MOCIEAYIONIEro BbIX01a Ha TUIaTO OTPaXKaeT MOCTENIEHHOE BOBJICUEHUE B
nporecc rudemnu BcE 60IbIIero yucia ocodei mo Mepe yBeInueHus! KOHIEHTPAIlUH JeHCTBYIONIETrO BEeIECTRA.
OTHOCUTENBHO TJIaBHBIA HAKIOH KPUBOM B 00JacTH mepexoja yKa3blBaeT Ha CPABHUTEIHHO OJHOPOIHYIO
YYBCTBUTEIHHOCTD MOMYJISIIIMKA U HU3KYIO CTENIEHb T€TEPOreHHOCTH 110 PU3HAKY YCTOWYMBOCTH.

OTcyTCcTBHE PE3KUX «HU3JIOMOBY» WJIM IJIAaTO Ha MPOMEKYTOUHBIX YPOBHSX CMEPTHOCTH MOXKET
CBUJCTENHCTBOBATH O TOM, YTO B HCCJIEAYEMOW MOMyNSIUU HE cHOPMHPOBAHBI YCTOMUMBHIE OMOTHIIBI,
CIIOCOOHBIE BBIJICP)KMBATh BO3JICHCTBHE IMpenapaTa B JWala30HE CPEAHUX KOHIIGHTpAIMid. DJTO HMEET
MPUHIIMITAAIBLHOE 3HAUEHHUE JUIS MPAKTUKH 3aIIUTHl PACTEHUH, TaK KaK yKa3bIBAET Ha BBICOKYIO TEKYIIYIO
3¢ (HeKTUBHOCTH MPONapruTa U MOTEHIUATBHO HU3KUHM YPOBEHb PE3UCTEHTHOCTH.

B koHTponpHOM BapuaHTe, Tae oOpaboTka MPOBOAMIACH IUCTHIUTMPOBAHHOW BOAOW, YpOBEHBb
CMEPTHOCTH HOCHJT HCKJTFOUUTEIIBHO (DOHOBBIM XapakTep U OCTaBajICs MUHUMAIbHBIM. [Ipn 3TOM oTMedaach
HOpMaJIbHas (PU3MOIOTHYECKass aKTHUBHOCTH KIICIEH, BKJIIOYas AaKTUBHOE NUTAHUE, TEPEIBIIKCHHUE U
WHTEHCUBHYIO siiliekianky. JlanHble HaOMIOACHMS TMOATBEPXKAAIOT, YTO YCJIOBUS HKCIEPUMEHTa ObUIH
ONITUMAaJILHBIMU U HE OKa3bIBAJIU CTPECCOBOT0 BO3/ICHCTBUS Ha TECT-OPTaHU3M, a CJIEIOBATENBHO, TOJTyYEeHHBIE
pe3yNbTaThl MOKHO CUUTATh JTOCTOBEPHBIMU U PETIPE3EHTATUBHBIMHU.

CrnenyeT Takxe MOAUYEPKHYTh, UTO BBHISBICHHAS BbICOKAs 3((EKTUBHOCTH MPOMapruta o0ycioBIeHa
€ro KOHTAKTHBIM MEXaHU3MOM JCHCTBHS, MPU KOTOPOM JAEHMCTBYIOIEE BEIIECTBO HEMOCPEICTBEHHO
BO3JICHCTBYET HA KyTHKYJY U (PU3HMOJOTHYECKHE MPOIECCh MOABMKHBIX CTaAUN Kiema. OTo obecredynBaeT
OBICTpOE TMPOSBIIEHHE TOKCHYECKOTo 3¢ (}eKTa M BBHICOKYIO CTENEHb KOHTPOJS YHCIEHHOCTH BPEIUTEIS.
Bwmecte ¢ TeM OTCYTCTBHE BBIPQXKEHHOTO OBUIIUIHOTO JEWCTBUS MOXKET 00YCIOBIMBATH COXPAHEHUE YACTH
MOMYJISIIIUY 32 CUET SIUII, YTO HEOOXOIMMO YUUTHIBATh MPHU pa3pabOTKe CXeM MPUMEHEHHUs Ipernapara.



l'akum 00pa3oM, MOIyYCHHBIC PE3YJIbTAaThl YOSAUTEIBHO IOATBEPIKAAOT BEICOKYIO OMOJIOTHYCCKYIO
3G GEKTUBHOCTH MPONApruTa B OTHOIIEHUM Tetranychus turkestani. YctaHoBneHHble 3Ha4eHUs LCso 1 LCoo
MOTYT OBbITh UCIIOJIb30BaHBI B KAUECTBE KOJIMYECTBEHHBIX KPUTEPUEB IPU CPAaBHUTEIBHOM OLIEHKE aKapULIUI0B,
a TaKXXe CIYXXHUTh HaydYHO 00OCHOBaHHOI OCHOBOM Ui pa3paOOTKU periaMeHTOB IPUMEHEHUs Mpenapara B
YCIIOBHUSIX CEJIbCKOXO3HCTBEHHOTO ITPOU3BOACTBA.

Ha nucThsiX B KOHTPOJBHOM BapHaHTe 00pa30BBIBAINCH MTPOKOJIBI M TOHKas MayTHHA. BMmecTe ¢ Tem
HabIo1anach aKTUBHAS KJIaJKa ULl (PUCYHOK 2).

a 0 B
Puc. 2. [loctaHOBKa 1a00PAaTOPHBIX IKCIIEPUMEHTOB: a. TOCAJIKa CAMOK [Ty THHHOTO KJIeNIa Ha JHUCThs (Hacoin; 6. KOHTPOIb; B.
norudime ocodu B BapuaHTe
[Fig. 2. Laboratory Experimental Setup: (a) Placement of Female Spider Mites on Bean Leaves; (b) Control; (¢) Dead Individuals in
the Treated Group.]

AHAJIOTUYHBIE DKCIEPUMEHTHI ObLIM TpPOBEAEHbl B OTHOWIEHWH omnpenenenun LC, u LC , npu
00paboTKEe aBEpPMUKTHHAMM.

[Tpu 0OpaboTKe aBepMEKTHHAMU OTMEUEHa HanboJsiee BHICOKAsi TOKCHUECKast aKTUBHOCTD (PUCYHOK 3).
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Puc. 3. Jlo303aBucumast cMepTHOCTb Tetranychus turkestani npu oopaboTke
aBEPMEKTHHAMU
[Fig. 3. Dose-Response Mortality of Tetranychus turkestani to Avermectins. ]

[ToydyeHHble pe3yabTaThl (PUCYHOK 3) EMOHCTPUPYIOT BBIPAKEHHYIO JJ0303aBUCHUMYIO PEAKIIHIO
MOMYJISIUM  BPEIUTENs, YTO MOATBEPXKIAET HaJIMYue MPSMOM 3aBUCHMOCTH MEX]Y YBEJINYEHHEM
KOHIICHTPAIIMH TIperapaTra i ypoBHEM ero ONOIOTHIecKoi () (heKTUBHOCTH.

B o6nactu BHICOKMX KOHLIEHTpalMi HAaOIIOAAETCA Y4acTOK IIaTO: MPU MaKCUMAaJbHBIX 3HAUEHUAX
KOHIEHTpPAaLUu YpoBeHb cMepTHOCTH nocTturaeT 98—100 % u coxpaHsieTcsi npakTU4ecKu 0e3 U3SMEHEHUH MU
HE3HAYUTEITLHOM CHI)KEHHUH J03bI. DTO CBHIETEIBCTBYET O IOCTHKECHUH ITPEIEITEHOTO TOKCHYECKOT0 3 (dekTa,
IpA KOTOPOM THOHET TMOJaBIisitoliee OOJNBIIMHCTBO OCOOCH, YyBCTBUTEIBFHBIX K JAHHOMY JIEHCTBYIOIIEMY
BELIECTBY.

[Ipu mepexose K CpeAHMM KOHLIEHTPALUSIM OTMEYaeTCsi IMOCTENEHHOE CHUKXEHHE CMEPTHOCTH.
OnHako B TaHHOM Juama3oHe d3PPeKT ocTaéTcst BBICOKUM (Topsaka 85-95 %), 4To yka3pIBaeT Ha COXpaHEHHUE
3HAUUTEJIbHON aKapHUIIMAHON aKTUBHOCTH Mpenapara JAa)ke MPU YMEHbIICHUU TO3UPOBKU. Takoil xapakrep
KpUBOI CBUJIETENBCTBYET O IOCTATOYHO IIHPOKOM «paboyeM HHTEpBaIe» KOHLEHTPALNN, 00eCIeunBaOIINX
3¢ PEKTUBHBIN KOHTPOJIb YHCICHHOCTH BPEIUTEIS.



B obnactu 0osiee HU3KMX KOHIIEHTpAIMN CHIKEHUE CMEPTHOCTH CTAHOBHTCS 00JIe€ BBIPAXKEHHBIM U
HOCHUT JIMHEHHO-HUCXOJISIIMA XapaKkTep. DTO OTPaKaeT Mepexo] OT 30HBI MaKCUMaTbHOU 3P (HEKTUBHOCTH
K 30HE YacTUYHOTO TOJABJICHHUS NOMyIsSIMU. B 1gaHHOW YacTH KpUBOM (DUKCHPYIOTCS KIIOUYEBBIE
TOKCUKOJIOTHUECKHE MapaMeTphl: YPOBEHb CMEPTHOCTH OK0J0 90% cooTBeTcTBYyeT 3HaueHuto LCoo, TOTIA
Kak cHmxkeHue 110 50 % onpenenser LCso.

®dopma KpUBOH B 11EJIOM MPHUOIMIKAETCS K CHTMOUIAIBHOM, YTO TUITUYHO TSI 3aBUCUMOCTEH «103a—
2¢dexT» B TOKCHKOI0ruu. [Ipu 5TOM 0o0Jiee pacTIHYTHIA M IJIABHBIA XapaKTep CHMKEHMSI CMEPTHOCTH I10
CPaBHEHHUIO C MPEIBIIYIIUM Ipad)KoM MOKET CBHAETEIHCTBOBATH O HECKOJBKO OOJBIICH reTepOreHHOCTH
MOMYJISIIIMY 110 YyBCTBUTEIBHOCTH K JAHHOMY JIEHCTBYIOIIEMY BEIIECTBY JINOO O crielu(puKe ero Mexanu3ma
nercTBUS (HampuMep, 3aMeITICHHOM d(DPeKTe WIH YJaCTUIHOM BIUSHUW Ha Pa3HbIE CTaIMHA PA3BUTHS KIICIIA).

B KOHTpOJIBLHOM BapuaHTE YPOBEHb CMEPTHOCTH OCTaBaJCSi MUHUMAIBHBIM M COOTBETCTBOBAJ
€CTECTBEHHOMY (OHY, NPHM OTOM HAOJIOJaNack HOPMaJIbHAs JKM3HEAEATENLHOCTh 0CO0€H, BKIIIOYast
aKTUBHOE MHUTAHUE U AULEKIAIKY, YTO MOATBEPKAA€T KOPPEKTHOCTh YCIOBHM MPOBEACHUS SKCIIEPUMEHTA U
JIOCTOBEPHOCTH MOTYUYEHHBIX PE3yJIbTATOB.

Takum oOpa3om, mpeacTaBleHHBIA I'paduK MOATBEPKIACT BBHICOKYIO OMOJOTMUYECKYI0 aKTHUBHOCTh
HCCIEAYEMOr0 JEHCTBYIONIEr0 BENISCTBA, HAJMYHME YCTOMYMBOM 3aBUCHMOCTH «KOHIEHTpaUHMsI—dOGhEKT»
U 1o3BoJsieT 000cHOBaTh pacu€THble 3HaueHUsI LCso u LCoo, MiCTIONB3yEMBIE ISl CPABHUTEIHHOM OLIEHKH
3 (PEKTUBHOCTH aKapUIIHIOB.

IIpu onpenenenun 3HaueHU LCso m LCoo mpu 00paboTKe JIIMOIa-ITUTATIOTPHHOM HaMHU OBLIN
MOJTyYEHBI CIEAYIONIUE Pe3yIbTaThl (PUCYHOK 4).
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Puc. 4. lo303aBucumasi cMepTHOCTD Tetranychus turkestani ipu odpadoTke
JAAMOJa-IUraJI0TPUHA
[Fig. 4. Dose-Response Mortality of Tetranychus turkestani to Lambda-Cyhalothrin]

Ha pucynke 4 mpencraBiieHa 3aBUCUMOCTh YPOBHSI CMEPTHOCTH TAyTHHHOTO Kiemia Ietranychus
turkestani OT KOHIICHTPAIIMK HMCCIIETYEMOTO JEUCTBYIOIIETO BEIIECTBA, MO3BOJSIONIAS OIEHUTH XapaKTep
TOKCHUYECKOr0 BO3JCHCTBUS MpErnapara Ha MOMYJIALMIO BPEAUTENS B IIUPOKOM JHana3oHe a03. [lonyueHHbie
OKCIIEPUMEHTAJIbHBIE JaHHBIE JEMOHCTPUPYIOT BBIPAKECHHBIA 10303aBUCUMBIN  XapakTep JEeUCTBHUS,
9TO TPOSBISETCS B 3aKOHOMEPHOM CHIDKCHHUH OHMOJIOTHYecKOd 3(P(EKTHBHOCTH 1O MEpPEe YMEHBIICHHS
KOHIIEHTpaLUK Npenapara.

B o0mactm MakCHMaJbHBIX KOHIEHTpAIMid HAOJIOJAeTCs BBICOKHIA YPOBEHb CMEpPTHOCTH,
JOCTUTAIOIMNKM 3HaueHui, onmm3kux Kk 100 %, 4To CBUIAETENBCTBYET O CUILHOM TOKCHYECKOM BO3ICUCTBUHU
JICHCTBYIONIETO BEIECTBA HA IMOJBIDKHBIC CTAUU KIela (JUYMHKH, HUM(BI U UMaro). ITo yKa3bIBaeT Ha
BBICOKYIO HAYaJIbHYI0 aKTUBHOCTH IIperapara M €ro CrnocoOHOCTh 3()(EKTHBHO IMONABISATh YHCICHHOCTH
BpEIUTENs] TP MPUMEHEHUU B BEpXHEM nauarna3oHe A03. OgHako B OTIMYME OT paHee PACCMOTPEHHBIX
COEMHEHMI, YYaCTOK IJIAaTO HAa KPUBOM BBIPAXKEH MEHEE OTYETIMBO: JAKE HE3HAYUTEIbHOE CHIKCHUE
KOHIICHTPAIIMH COMPOBOXKIAETCSI 3aMETHBIM YMCHBIIEHHEM CMepTHOCTH. [Tomo0Has 0COOCHHOCTh MOXKET
CBHUJIETEIILCTBOBATh O Ooriee y3koM jauamna3oHe 3(pQEeKTHBHBIX KOHIIEHTPAUUH M MEHbIIEH «O0yhepHOCTH»
Mpenapara no OTHOUIEHUIO K CHUKEHHUIO J03bI.

[Ipu mepexome K cpenHeMy auara3oHy KOHIIGHTPALMA CHIDKEHHE CMEPTHOCTH TMpUOOpeTaet
MPAKTUYECKN JIMHEHHBbIA xapaktep. [loka3zarenn MNOCTENEHHO YMEHBIIAKOTCS OT BBICOKMX 3HAYECHHM K



YMEPEHHBIM (IpUMEPHO sU—00 7o), YTO OTpaKAET YCTOMUUBYIO 3aBUCUMOCTD «103a—3(P(EKT» 0€3 BEIPAKEHHOU
30HBI HacklleHus. B naHHOM 001acTu, Kak npaBuiio, Jokaau3yrorcs 3HadeHUs: LCoo 11 LCso, KOTOpBIE SIBIAIOTCS
KITIOYEBBIMU MTapaMeTpaMy TOKCHKOJIOTMYECKOH OlleHKU. VX mooykeHre Ha KPUBOM MOATBEPIKAACT, YTO IS
JOCTIKEHHS 33JIaHHOTO YpOBHsA Ouojorudeckoro sddexra Tpebyercs MOCTaTOYHO TOYHOE COONMIOJCHHE
KOHIICHTPAIINH, TOCKOIbKY OTKIOHEHUS MPUBOJAT K MPOMOPLHHUOHAIBHOMY CHIDKEHHUIO 3((EeKTUBHOCTH.

B 30He HU3KHMX KOHIIEHTpanuil HaOJroAaeTcs NalbHEWIee CHIKEHUE YPOBHS CMEPTHOCTH JI0
MUHUMAaNbHBIX 3HaueHui (mopsaka 40-50 %), 9TO CBHUIETENBCTBYET O HEAOCTATOYHOCTH O3Bl JUIS
3¢ deKTUBHOTO MOJaBICHUS NOMy AU Bpeautens. [Ipu arom kpuBas npuoOperaet Oosiee KpyToi HaKJIOH IO
CPaBHEHUIO C aHAJIOTUYHBIMU IpauKamMu Ui APYTUX JEHCTBYIONINX BelIecTB. Takas KpyTH3HA yKa3bIBaeT
Ha BBICOKYIO YYBCTBUTEIHHOCTH d(PeKTa K U3MEHEHHIO KOHIICHTPAIMU: Jake HE3HAYUTEIbHOE CHIKCHHE
JO3UPOBKU IPUBOJIUT K CYIIECTBEHHOMY Ma/ICHUIO TOKCUYECKOTO IeiicTBUA. C MPaKTUYeCKOM TOUKH 3pEHUS 3TO
O3HAYaeT, YTo Mpernapar MeHee yCTONUMB K BapHallisIM YCIOBUN MpUMEHEHUs (HarpuMep, HepaBHOMEPHOCTD
HaHECCHUS, pa30aBIICHHE, TOTOTHBIC (DAKTOPHI).

B nenom ¢opma xpuBOi MOXKET OBITH OXapaKTEpHU30BaHA KaK MEPEXOJHas MEXKIY KIacCHUeCKOn
CUTMOMJIAJILHON W JWHEWHO-HUcXosael. C OIHONH CTOPOHBI, COXPAHSIOTCS TPHU3HAKK S-00pa3HOM
3aBUCHUMOCTH, TUIIUYHOU Jii OMOJIOTMYECKHX CHUCTEM, C MOCTENEHHBIM BOBJICYEHHEM OCOOEil B mpoliecc
rubenu. C Jpyroil CTOPOHBI, CTIAKEHHOCTh IJIATO M BBIPAXKEHHAs JMHEWHOCTh B CpPEAHEM TUaNa3oHe
KOHIEHTPAllM MOTYT CBHJETEIILCTBOBATH O HEOJHOPOIAHOCTH MOMYJISIMH MO YYBCTBUTEIBHOCTH WIH O
cnenuQuKe MexaHu3Ma JIelCTBUs Mpernapara. B yacTHOCTH, BO3MOKHA CUTYaIlus, PU KOTOPOI TOKCUYECKHIA
s ekt peanuzyercs TOIBKO MPH AOCTHKEHHM OIpPEAeIEHHOrO MOPOrOBOIO YPOBHSI KOHIICHTpPAIMU B
OpraHu3Me BpeIUTells, a HIKE 3TOr0 YpoBHS 2PPEKTUBHOCTH PE3KO CHUKAETCA.

OTtHocuTenbHO 60JIee KpyTOl HAKJIOH KPUBOM Takke MOKET YKa3bIBaTh Ha HAIMYUE CYOTOMYIALNN C
Pa3IMYHOI YyBCTBUTEIHHOCTHIO, TJI€ YaCTh 0COOEH MPOSBIIAET MOBBIIIEHHYIO YCTOWYUBOCTh U TpeOyeT Oolee
BBICOKHMX KOHIIEHTPAIH U1 JOCTHKEHUS IeTaTbHOTO0 A ekTa. ITO 00CTOATETHCTBO UMEET BAKHOE 3HAUCHHE
B KOHTEKCTE OLIEHKH pHUCKa (OPMUPOBAHUSA PE3UCTEHTHOCTH, MOCKOJBKY MOJOOHBIE OCOOEHHOCTH MOTYT
CHOCOOCTBOBAThH CENEKIIMH YCTOMYUBBIX (JOpPM MPH ATUTEIHHOM MPUMEHEHUH Tpernapara B cyOleTalbHbBIX
n03ax.

B xoHTponsHOM BapuaHTe, Tae 00paboTka MPOBOAMIACH TUCTHUITMPOBAHHOW BOJOW, CMEPTHOCTh
KJIene ocTaBajlach Ha YPOBHE €CTECTBEHHOro (hoHa M He mpeBbllana (U3HOIOTHUYECKH JOMYCTHMBIX
3HaueHuil. [Ipu 3TOM OTMedanach HOpMalbHas JKU3HEIEATEIbHOCTh 0CO0eH, BKIIOUasi aKTUBHOE MUTaHUE,
MepeIBIKEHUE U PENPOAYKTUBHYIO aKTUBHOCTD (SHUILIEKIAIKY), YTO MOATBEPKIAET OTCYTCTBUE CTPECCOBBIX
(hakTOpoB M KOPPEKTHOCTh YCJIOBUU TPOBEACHHS HKCIIEPUMEHTA. JTO, B CBOIO O4Yepe/b, 00ECIeUHBaET
BBICOKYIO TOCTOBEPHOCTH MOTYUYEHHBIX KCIIEPUMEHTAIBHBIX JaHHbBIX.

Takum 00pa3om, mpecTaBIeHHBIN Ipad UK OTpaskaeT BEICOKYIO HAYaIbHYI0 TOKCUYHOCTH HCCIIEAYEMOTO
JIEMCTBYIOIIETO BElIecTBa B OTHOLICHUH etranychus turkestani, oTHaKO OJJHOBPEMEHHO yKa3bIBaeT Ha OoJee
Y3KHI Trana3oH pabovyrx KOHIIEHTPAIIHMH 110 CPAaBHEHUIO C paHee U3yUYeHHBIMH MpenapataMu. J[aHHbIN QakT
MMEET CYIIECTBEHHOE MPAKTUYECKOE 3HAYEHHE, TOCKOIIBKY TpeOyeT 60iee TOUHOTO COOII0ICHUS pErilaMeHTOB
MIPUMEHEHUS U HOPM pacxojia AJsl JOCTHXKEHUS CTaOUIBHOTO OMOJIOTUYECKOro 3 dexTa.

[Tonmyuennsie 3HaueHUs LCso u LCoo MOTYyT OBITH HCHONB30BaHBI B KayeCTBE KOJIUYECTBEHHBIX
OPUEHTHPOB IPH CPABHUTEIHHON OLIEHKE aKapHIIMIOB, a TaKXKe MpH pa3paboTKe PEeKOMEHIAIUil Mo uX
paloHagbHOMYy TpuMeHeHuto. Kpome Toro, BBISIBIEHHBIE OCOOCHHOCTH (hOPMBI KPUBOM «KOHIIEHTpPALIUS—
CMEPTHOCTbY MOTYEPKUBAIOT HEOOXOAUMOCTh yuéTa OMOIOTMYECKUX U SKOJIOTHYECKHUX (DAKTOPOB, BIUSIOLINX
Ha 3¢ dexTUBHOCTh Mpenapara, BKiIouas a3y pa3BUTHS BpPEAUTENS, IUIOTHOCTh MOMYJSALUUUA U YCIOBUS
OKpY>KaroIlen CpeIbl.

B nmnepcnextuBe mnomgoOHBIE [aHHBIE MOTYT CIYXXUTh OCHOBOHM i pa3paboOTKu cTpaTeruit
MHTETPUPOBAHHOM 3aIIUTHI PACTEHMI, BKIIFOUAIONIUX ONTUMH3AINIO JT03UPOBOK, YEPEIOBAHHE MTPEMapaTOB C
Pa3TMYHBIMU MEXaHU3MaMU JEHCTBUS U TpeoTBpalieHne GOpMUPOBAHUS YCTONUMBBIX MOMYJISIIIUNA KIISIIEH.

Peskoe cHmkenue Ouonorundeckoil 3ppexTuBHOCTH MpU 00paboTke HaOII0ANIOCh y Tpenapara Ha
OCHOBE a0aMeKTHHA B KOMOMHAIINH CO cTUpOMe3UuheHOM (PUCYHOK 5).



< 6 68

B o5

g 50
r

=

[

30
20
10

Lid
[

833 66,7 50
J.E., M@V

16,7

Lid
Lid
Lid

Puc. 5. To3o3aBucuMasi cMepTHOCTh Tetranychus turkestani npu obpabotke abamektuH-+cnupomesudpenom [Fig.
5. Dose-Response Mortality of Tetranychus turkestani to Abamectin + Spiromesifen]

AHanM3 KpUBOW HAa PUCYHKE 5 «KOHIEHTpausA-2G(HEKT» MOKa3hIBaeT BHIPAKEHHBIN J10303aBHCUMBIH
XapakTep JeUCTBUS C HATMYHEM MPOTHKEHHOTO y4acTKa MaKCUMalbHOM 3 (pekTUBHOCTH.

B oOnacTtu BBICOKMX KOHIIEHTpAIMil Ha0Ir01aeTcsi YETKO BBIPAXKEHHOE IJIaTO: YPOBEHb CMEPTHOCTH
JOCTUTAET MaKCUMalbHbIX 3HaueHUH (6nu3kux K 100 %) u coxpaHsieTcs pakTHUYeCKH HEU3MEHHBIM B IIIUPOKOM
JIMara3oHe KOHIEHTpaUil. ITO CBUAETEIBCTBYET O BHICOKOW TOKCUYHOCTH JIEUCTBYIOIIETO BEILIECTBA U €r0
crocoOHoCTH 3(PPEKTUBHO MOAABIATH MOMYISIIIMIO BPEAUTENS Jake MPU HEKOTOPOM CHIKEHUU JTO3UPOBKH.
[TomoOHBI XapakTep KPUBOM yKa3bIBa€T Ha HaAJWYHME IMMPOKOTO HMHTEpBajia pabovMX KOHIIEHTpAIUH,
o0ecreunBarINX MaKCUMAJIbHBIA OMOJTOTHYECKUH AP (DEKT.

[Tpu nepexojie K CpeIHUM KOHLEHTPALUAM (PUKCUPYETCS HA4ajlo CHUYKEHUSI CMEPTHOCTH, OJHAKO 3TOT
Mepexo/i HOCUT JIOCTaTOYHO pe3kuii xapakrep. Ilocne BbIxoga U3 30HBI MIIATO HAOIIOJAETCS CYIIECTBEHHOE
najieHre 3¢(HEKTUBHOCTH, YTO YKA3bIBACT HA MIOPOTOBBIM XapakTep AeHCTBH npemnapaTa. B nanHoi ob6iacTw,
Kak mpaBuio, pacnonaraercsa 3HadyeHue LCoo, OTpakarolee MUHUMAaJIbHYIO KOHIEHTPALIHIO, HEOOXOIUMYIO
JUISL TOCTUKEHUS BBICOKOTO YPOBHSI KOHTPOJIS MOMYJISALIUH.

B numanazoHe HM3KMX KOHILEHTpAIMi KpUBas MPHOOpETaeT yCTOMYMBBIA HUCXOJSAIIUN XapakTep, a
YPOBEHBb CMEPTHOCTH IOCJIEI0BATEIbHO CHUYKACTCS 10 YMEPEHHBIX M HU3KUX 3HaueHui (mopsiaka 60—40 %). B
3TOM 30HE onpenensercs 3HadeHue LCso, COOTBETCTBYIOIIEE KOHIICHTPAIIMHU, BBI3BIBAIOIIEH THOCIIb TTOJTIOBUHBI
TeCTHUpPyeMbIX oco0el. OTHOCUTEIIPHO KPYTOH HAKJIOH KPUBOM MTOCJIEC 30HBI IJIATO MOYKET CBUJIETEIHCTBOBATh
O BBICOKOW YYBCTBUTENHHOCTU 3P (eKTa K M3MEHEHHIO KOHIIEHTPAIlMM U BO3MOKHOW HEOJHOPOJIHOCTH
MOMYJISIIUY 110 BOCTIPUUMYHUBOCTH.

B menom dopma kKpuBOH HMMEET SPKO BBIPAKCHHBIM CUTMOMIIAIBHBIN XapaKTep C JUIMTEIbHBIM
Y4aCTKOM HACBILIICHUS U MTOCIEAYIOIUM PE3KUM CaioM 3PPEKTUBHOCTH. DTO OTIMYAET JaHHBIN rpaduk ot
paHee pacCMOTPEHHBIX U YKa3bIBaeT Ha CHelU(pUUecKre 0COOCHHOCTH MEXaHW3Ma JAeUCTBUS HCCIEAYEMOro
BEIIECTBA, MPU KOTOPOM IPPEKT JOCTUTaeT MAaKCUMyMa B IIMPOKOM JHAIa30HE 703, HO OBICTPO CHUXKAETCS
IIPU BBIXOJIE 32 €T0 MPeebl.

B KOHTpOJILHOM BapHaHTe CMEPTHOCThH OCTaBaJlaCh MUHUMAJIbHOW U COOTBETCTBOBAJIA ECTECTBEHHOMY
YPOBHIO, TpU OSTOM HabI0ganach HOpMallbHas JKU3HENEATENIbHOCTh KICHIeH, BKIIIOYas MUTaHHE U
PENPOAYKIIMIO, YTO MOJITBEPKIAET KOPPEKTHOCTh YCIOBUIl KCIIEpUMEHTA.

[IpoBenénnbie 1abopaTOpHbIEC UCCIIEOBAHUS MTOKA3aJIH, YTO BCE U3YUYCHHbIE IEHCTBYIOIINE BEIECTBA
0011a/1a10T BBIpAKEHHON aKapULIMTHOW aKTUBHOCTbIO B OTHOIICHUHU Tetranychus turkestani i XapakTepU3yIOTCS
YETKO BBIPAKEHHOM 3aBHUCHUMOCTBIO «KOHIICHTPAIUSA-CMEPTHOCTbY», TUIUYHOW MJIi TOKCHUKOJIOTHUYECKUX
MIPOLIECCOB.

Bo Bcex BapmanTax HaOOagach CHUTMOWAANIbHAs WM Onu3Kkas K Hed (opma KpUBBIX, 4YTO
MOATBEPKIaET KOPPEKTHOCTh SKCIIEPUMEHTAIBHOTO MOIX0/1a U MO3BOJIAET HAJEKHO ONPEACIATh KIIOUEBbIe
tokcukonoruueckue napamerpbl (LCso u LCoo). IIpu 3TOM yCTaHOBJIEHBI paziuyusi B XapakTepe KPHUBBIX,
OTpa)kallllue OCOOEHHOCTH MEXaHW3Ma JEHCTBUS U CTENEHb YYBCTBUTEIBHOCTU MOMYJSALMU KIieua K
OTJICJIbHBIM JIEWCTBYIOIINM BEILIECTBAM.

Hauboee 611aronpusTHHIM € TPAKTUUECKON TOUKH 3PEHUS SIBJISIETCS TUI 3aBUCUMOCTH C TPOTSHKEHHBIM
Y4aCTKOM IUIATO MPU BBICOKMX KOHIIEHTPAIUSX, YTO CBUACTEIHCTBYET O HAIUYMM LIMPOKOTO JMaIia3oHa
a¢dexTuBHBIX 103. Takue mpemaparbl 00€CIEUHMBAIOT CTAOMIIBHO BBICOKHNM YPOBEHH CMEPTHOCTH JaXe



ITpY HEKOTOPOM CHIDKEHUM KOHIIEHTPAILMU, 4TO MOBBIIIAET UX TEXHOJIOTMUECKYIO HAJCKHOCTD B yCIIOBHUSAX
MOJIEBOTO MPUMEHEHUSI.

B psne cnydaeB BblsiBIeH OoJiee MIIABHBIM XapaKTep CHIKEHUS CMEPTHOCTH, YKa3bIBAIOIIMN Ha
OTHOCHUTENIFHO OJHOPOIHYIO YYBCTBHTEIHHOCTH MOMYJISIIIMM U paBHOMEpHOE pacmpeneneHue s¢dekra mo
JMarna3oHy KOHIEHTpaluuid. DTO MO3BOJISIET MPOTHO3UPOBATh YCTOWYUBYIO 3((DEKTUBHOCTH MPENapaToB MpH
BapbUPOBAHUU HOPM pacxoja.

B To ke BpeMms /Ui OTAETBHBIX JCHCTBYIOUIMX BEIIECTB OTMEUYEH Oosiee KpyTOW HAKJIOH KPUBOW U
OTCYTCTBHE BBIPQXKEHHOTO IIaTO, YTO CBUJIETENLCTBYET O 0oJiee Y3KOM JIHana3oHe padounX KOHIIEHTPAIIHA.
B Takux cinyyasx 3¢ hekTUBHOCTB Mpernapara CyIeCTBEHHO 3aBUCUT OT TOYHOCTH JIO3UPOBAHNUS, & CHUKCHHE
KOHIIEHTPALIMU MOKET MPUBOAUTH K PE3KOMY YMEHBIICHHIO OMOIOTHYEcKOTo P deKTa.

[Tommyuennsie 3HaueHust LCso 1 LCoo BappupoOBaIM B 3aBUCUMOCTH OT ACMCTBYIOIIETO BEIIECTBA, YTO
MOATBEPKIAET PA3IUYUs B UX TOKCHMYHOCTH M MEXaHU3Max JACUCTBUA. DTU TMOKA3aTeIH MOTYT CIYXHTb
KOJIMYECTBEHHOW OCHOBOI [UIsl CPaBHUTENBLHOM OIICHKM IMpenapaTroB M BbIOOpA ONTUMAIBHBIX HOPM HX
MIPUMEHEHHUS.

Bo Bcex KOHTpONBHBIX BapHaHTAaX CMEPTHOCTh HOCWJIA (DOHOBBIA XapakTep, a KICHIH COXPaHIU
HOPMAJIbHYIO JKU3HENEATENBHOCTh M PENPOAYKTUBHYIO aKTUBHOCTb, YTO MOJATBEPHKIAET JIOCTOBEPHOCTD
MOJTyYEHHBIX IKCIIEPUMEHTATbHBIX TAHHBIX.

Oo0cyxnenne.

[TomydeHHble pe3yibTaThl B IIEJIOM COTJIACYIOTCS C paHee OMyOJIMKOBAaHHBIMU HCCIIEIOBAaHUSIMU
YYBCTBUTEILHOCTH TETPAHUXOBBIX KJIEIIEH K COBPEMEHHBIM aKapHIlMIaM, OJHAKO MPH MX COMOCTaBICHHUH
HEO0OXOIUMO YYHUTHIBATH METOJIOJIOTUYECKUE PA3NIUYUS B MOAX0JaX K OIIEHKE TOKCMYHOCTU. B wacTHOCTH,
B pabotax Sato et al., [Sato et al., 2005], Stumpf & Nauen [2002] u Van Leeuwen et al., [2010] neranbHbIe
nokaszatenu BblpaxeHsl yepe3 LCso B eJMHHIIAX MacChl AEMCTBYIOMIETO BEIIECTBA HA €AUHUILY IIomaan (mr/
cM?), TOT/Ia KaK B HACTOSIIIEM UCCIIEIOBAHUN MCTIOIb30BaHA KOHIIEHTPAIIMOHHAS MOZEIb (MI/J) C IepecyéToM
Ha pacxoJl pabouei xkuakocTi. HecMoTps Ha pa3nuyus B eAMHUALIAX U3MEPEHHs1, 00a TOAX0a ONMUCKIBAIOT OJTHY
U Ty K€ OMOJIOTHYECKYI0 3aBUCUMOCTH «J103a-3(PPEeKT» U MO3BOISIOT MPOBOAUTH KOPPEKTHBIE CPABHUTEILHBIE
OLICHKH Ha yPOBHE TCHICHITHII.

ConocTaBneHue MOTYYSHHBIX JaHHBIX C IMTEPATYPHBIMU HCTOUHUKAMHU TOKA3bIBAET BHICOKYIO CTEIICHB
COTJIACOBAaHHOCTU PE3yJIbTAaTOB. Tak, BBIABICHHAS B HACTOSIIEM HCCIEIOBAHUHM BBICOKAs TOKCHYHOCTD
aBEpMEKTHHOB (B yacTHocTH, abamekTnHa, LCso = 0,18 Mr/m) cooTBeTcTBYeT naHHbIM Sato et al., rae mis
1! turkestani ©putn monydensl Huszkue 3HadeHus LCso (0,015-0,02 mr/cm?), 4To yKa3blBaeT Ha BBICOKYIO
YyBCTBUTEIHLHOCTh BHUJIA K JAHHOM TpyIINe coequHeHU. DTo nmoaTBepxkaaeT 3p(HeKTUBHOCTh aBEPMEKTHHOB
KaK OJTHOTO M3 KJIFOUEBBIX HHCTPYMEHTOB B CUCTEME KOHTPOJISI MAyTUHHBIX KIICIICH.

B oTHOlIeHNM NHUPETPOHIOB OTMEYaeTCcsl MHas KapTuHA. 3adUKCUpPOBAHHAs B HAIUX OMBITAX
yMEpeHHasl 4YyBCTBUTEIBHOCTD 1. turkestani x naMOa-IIUTAIOTPUHY cOTliacyercs ¢ pe3yibratamu Stumpf &
Nauen, rie nmoka3zaHo 3HauuTelbHOE BapbupoBaHue LCso MeXTy MOMyNAIUIMU, 00YCIOBIEHHOE PA3IUYUIMU
B HUCTOPUU MPHUMEHEHHUS WHCEKTUIUAOB. DTO CBUAETEILCTBYET O Ooyiee BHICOKOM pHCKE (HOPMUPOBAHUS
YCTOWYMBOCTU K MHUPETPOUTAM U HEOOXOAMMOCTH OCTOPOKHOTO MX MCIIOJIB30BAHMSI B CHUCTEMaxX 3aIlUThI
pacTeHui.

Oco0oro BHUMaHHUS 3aCTYKUBAET BbICOKas BapruadbenbHOCTh 3HaueHU LCso 1 LCoo, MpencTaBIeHHBIX
B JIMTEpaType A Pa3IW4YHBbIX MOMYJSAIUI TETPaHUXOBBIX Kiemnied. Takas HM3MEHUHMBOCTH OTpa)kaeT
3HAYUTENbHYIO0 HKOJIOTMYECKYI0 W TEeHETUYECKYI0 IUIACTUYHOCTh MJAaHHOTO BpeautTens. Paznuuus B
YYBCTBUTEILHOCTH MOTYT OBITH 00YCIIOBJICHBI PAIOM (PAKTOPOB, BKITOYAS:

- TeMIIEpPaTyPHBIN PeXUM MPOBEACHUS SKCIIEPUMEHTOB (B HacToseM uccineaoBanuu — 30°C, uto
COOTBETCTBYET ONTUMYMY Pa3BUTHUS KIIEIIEH U MOXKET YCHJIMBATh METa0OIUUYECKYIO aKTUBHOCTB );

- (puzmonoruueckoe cocTossHUE 0coOel U cTaausl pa3BUTHS;

- 0COOEHHOCTH KOPMOBOTO PaCTEHHUS;

- YPOBEHB DKCIPECCUU JIE€TOKCUKALMOHHBIX (pepMEHTOB (MOHOOKCUTEHA3bI, 3CTEPa3bl, IyTaTHOH-S-
TpaHchepasbl);

- HaJIM4Ke KPOCC-PE3UCTEHTHOCTH MEXKIY MpernapaTamMu ¢ OJIM3KUMHU MEXaHU3MaMHU JICHCTBUS.

Kpome Toro, cymiectBeHHOE BIUsHHE Ha (HOPMUPOBAHUE YCTOMUMBOCTH OKa3bIBa€T PETYJISPHOCTH
Y MHTEHCUBHOCTH MPUMEHEHHUS IMpenapaToB B arpoleHo3ax. /[murenbHoe HUCIONb30BaHUE OJHUX M TEX Ke
NEHCTBYIONIMX BEIIECTB CMOCOOCTBYET OTOOPY YCTOHYMBBIX OMOTHUIIOB, YTO HMPUBOIUT K MOCTETICHHOMY



CIBUTY KPUBBIX «J03a-d(@EKT» U yBeINYeHUIO 3HaueHUU LCso 1 LCoo.

B »9T0if cBsSI3M TONMy4YeHHBbIE pPE3yJbTaThl MOMYEPKUBAIOT HEOOXOAMMOCTH CHUCTEMATHYECKOTO
MOHHUTOPHHTA YYyBCTBUTEIBHOCTH JIOKAIbHBIX Tomyssiuii 1. turkestani. Takue ucciaenoBaHUs MO3BOJISIIOT
CBOEBPEMEHHO BBISBIISITh H3MEHEHHSI B YPOBHE PE3UCTEHTHOCTH M KOPPEKTUPOBATH CXEMBI 3aIIUTHI PACTCHHIH.

TakuMm 06pa3oM, COMOCTaBICHHE CIUTEPATYPHBIMU TAHHBIMU HE TOJIBKO MOITBEPK1A€T JOCTOBEPHOCTh
MOJIyYEHHBIX PEe3yJibTaTOB, HO M MOTYEPKUBAECT BAXKHOCTh PETrHOHAIBHO OPUEHTHPOBAHHOIO MOIXOJa K
otieHke 3(h(PEeKTUBHOCTH aKapHUIIMIOB U YIIPABJICHUIO YCTOWYMBOCTHIO BpEIUTENCH.

3akJoueHue.

Cyb6neranbHble KOHIEHTPAILMU, COOTBETCTBYIONIME YpoBHIO LCso, HCIONB3yeMble B TaOOPATOPHBIX
TecTax, MPOJIEMOHCTPUPOBAJIH, UYTO JaKe MPH BO3JACHCTBUM aKapHUIMIOB 3HAUWTENbHAS YacTh MOMYJISIIUU
crocoOHa BeDKMBATh. C MPAKTUYECKOM TOYKH 3PEHHS 3TO UMEET MPHUHIMIUATBLHOE 3HaYeHHEe, TTOCKOJIbKY B
YCIIOBHUSIX arpolleHO30B MMEHHO BBDKUBIIKE 0COO0M (HOpMUPYIOT MOcieayioliee mokojaeHue. B pesynbrarte
MIPOUCXOJUT TOCTENIEHHOE HAKOIIEHWE Te€HETHMYECKH OOYCIOBIEHHOM YCTOMYMBOCTH, YTO MPHUBOJIUT K
CMEIIIEHUI0 YyBCTBUTEIBHOCTH MOMYJALNUNA U CHUKEHHUIO 3(()EKTUBHOCTH MPUMEHSEMBIX MpEnapaTroB MpH
MMOBTOPHBIX 00pabOTKaX.

Oco0y10 00eCOKOEHHOCTh BBI3BIBAIOT JCHCTBYIONIME BEIIECTBA W3 TPYIIBl aBEPMEKTHHOB U
CUHTETHYCCKUX MHUPETPOUIOB (JISIMOMA-IIUTATIOTPUH), IS KOTOPHIX B XOJI€ SKCIIEPUMEHTOB OTMEYCHA
TEHJCHIMSI K CHIDKEHUIO OHonornueckoil 3hpekTMBHOCTH MpHU YMEHBIIEHWH KOHILEHTPAUU. JTO MOKET
CBUJICTEILCTBOBATh O HAYAIBHBIX CTAIUAX (OPMUPOBAHUS PE3UCTEHTHOCTH WM HAIMYWU TOJCPAHTHBIX
ocobeit B uccnenyemoil nomynsiuuu 7. turkestani. IlogoOHas auHamuka TpeOyeT yuéra mpH pa3paboTke
CTpaTeTui 3alllUThl PACTEHWH, BKIIOYas HEOOXOAMMOCTh YEPEJOBAHHS TMpENapaToB C pa3IuIHBIMH
MeXaHH3MaMH JIeHCTBHUS.

CnengyeT OTMETUTH pPAa3NUYUsl B MEXaHM3MaxX [EHCTBUS HUCCIIEOBAaHHBIX BemlecTB. [Ipomaprur,
00J1aJaroINi KOHTAKTHBIM aKapUIUIHBIM 3G (HEeKTOM, TPOAEMOHCTPUPOBAI OoJiee CTa0MIIbHBIE PE3YIbTAThI B
ITUPOKOM JUana3oHe KoHIeHTpauii. Ero a3 pexTnBHOCTD B MEHBIIIEH CTETICHU 3aBUCUT OT (DU3UOJIOTHYECKOTO
COCTOSTHUS BPEIUTEIIA U BHEIIHUX (PaKTOPOB, UTO JIEIAET ero 6osee mpeacka3yeMbiM B IPUMEHEHUH.

B To xe Bpems mpemapaThl Ha OCHOBE aBEPMEKTHHOB, a TaKXe MX KOMOWHAIMH (Hampumep, ¢
MHTHOUTOpaMH JTUTIOTEHE3a), XapaKTepH3yloTcs 0ojee CIONKHBIM MEXaHU3MOM JCHCTBHS, BKIIIOYAIOIINM
KOHTaKTHO-KUIIIEYHOEe U (pu3nonorudeckoe Bo3aecTBUe. WX 3PQPEKTHBHOCTH MOXKET CYyIIECTBEHHO
BaphbUpPOBaTh TMOJ BIMSHHEM aOHOTHYEeCKUX (HaKTOpOB (TemrmepaTypa, BIAXHOCTb, YIBTPa(HOIETOBOE
U3IyYeHHUe), a TakkKe OMOXMMHUYECKUX OCOOCHHOCTEH TOMYISIUU BPEIUTENs, BKIIOYas aKTUBHOCTD
JETOKCUKAIIMOHHBIX ()EPMEHTOB. DTO MOBBIIIAET BEPOSTHOCTH BapHaOEIbHOCTH pe3yibTaTa v TpeOyeT 6oee
TOYHOTO COOJTFOJICHUS PETJIAMEHTOB MTPUMEHEHUS.

Pe3ynbpTathl TpOBENEHHBIX SKCHEPUMEHTOB TOKa3aldd BBIPAKEHHBIE pa3W4yUsl KaKk B ypOBHE
ouonoruueckoit 3pPEeKTUBHOCTH, TaK M B XapaKTepe 0303aBUCUMON peakiuu nonynsuuit 1. turkestani Ha
pasnuuHble ASMCTBYIONIUE BellecTBa. AHAIN3 KPUBBIX «KOHIICHTPAIUSA-CMEPTHOCTHY» IMO3BOJIUI BBIICITUTH
npenaparsl ¢ MIAPOKUM JHANa30HOM A()PEKTUBHBIX KOHIICHTPAIMA W CTAaOMJILHBIM JEHCTBHEM, a TaKKe
BEIIECTBA ¢ 0oJiee Y3KUM «paboyrM OKHOMY, UyBCTBUTEIbHbBIEC K U3MEHEHUIO JO3HUPOBKH.

Onpenenenne nmokazareneit LCso 1 LCoo MO3BOIMIO KOJTUYECTBEHHO OXapaKTEPU30BaTh TOKCHYHOCTH
HCCIIEOBAaHHBIX TPEMAapaToOB U MPOBECTH WX KOPPEKTHOE CPABHUTEIHHOE COMOCTABJICHHUE. Y CTAHOBJICHHBIC
3HAYEHUSI MOTYT OBITh HCIOJIBH30BaHbl B Ka4ecTBE 0Aa30BbIX OPUEHTHPOB MPU ONTHMHU3AIMU HOPM PAcXoa,
pa3paboTKe periaMeHTOB MPUMEHEHUS! 1 MOHUTOPUHTE YYBCTBUTEILHOCTH TOMYJISILIUIA BpEAUTETIS.

Takum oOpa3oMm, TOJNy4eHHbIE JaHHbIE MOMYEPKUBAIOT HEOOXOAMMOCTh  PAalMOHAIBHOTO
MCIOJIb30BaHUsl aKapUIUIOB, BKIIIOUas MPUMEHEHHUE aJIeKBATHBIX TO3UPOBOK, YepEAOBaHUE JEHCTBYIOMINX
BEIIECTB C PA3IUYHBIM MEXaHHU3MOM JEWUCTBUA U YYET (HaKTOpOB, CHOCOOCTBYIOMIMX (OPMUPOBAHUIO
PE3UCTEHTHOCTU. DTO SBISETCS KIIIOUEBBIM YCIOBHEM cOXpaHeHUsS d(H(PEeKTUBHOCTH XUMHUYECKOW 3aIIUThHI
pacTeHui B JOJTOCPOYHOM MEPCIIEKTHRE.
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Abstract. Kyzylorda Region is considered one of the most environmentally vulnerable regions of
the Republic of Kazakhstan. Problems arising from the drying of the Aral Sea, the lack of modern treatment
technologies, and the increasing anthropogenic pressure have a significant negative impact on public health,
the regional economy, and water resources. The development of urban housing and communal services, as
well as the agro-industrial complex and anthropogenic pressures, has led to the accumulation of enormous
volumes of wastewater. This increases the risk of environmental pollution near cities and further exacerbates
an already deteriorating ecological situation. Taking these negative processes into account, scientific research
on wastewater utilization is being conducted using the city of Kyzylorda as a case study. Experimental work
was carried out at the modular biological treatment station (MBTS) in the village of Tasbuget, Kyzylorda city.
The capacity of the MBTS is 6,400 m* per day, serving a population of 120.6 thousand people. The actual
volume of wastewater: on average - 2,000 m* per day, maximum - 5,200 m?* per day, with a wear level of 18
%. The total length of the sewer network is 1,871 km, with a population coverage rate of 30 %. The area of the
wastewater retention pond is 55 hectares, with a depth of 1.5 meters. The scientific research was conducted
on an area of 100 m?. Forage crops Kazakhstan-16, Samur-68, and Mogar-KazNIIZiR-80 were irrigated with
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wastewater that had undergone additional treatment.
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AnHotauusi. Kenbutopaa o6abicel KazakctaH PecnyOnuKachbIHBIH HSKOJOTHSUIBIK TYPFBIAAH €H
ocalm alMaKTapeIHBIH Oipi OonbIml  caHamaabl. Apan TEHI3iHIH CapKbUIybl, 3aMaHyH TazapTry
TEXHOJIOTUSUIAPBIHBIH ~ JKETICTIEYIIUTIrT  COHBIMEH  KaTrap  aHTPONOTEHMAIK  JKYKTeMEJNEpAiH  apTybl
caliapblHaH TYyBIHAAFaH Tepic YyJAepicTep XaJbIKThIH JEHCAYJBIFbIHA, OHIp JKOHOMHKACHI MEH CY
pecypcTapbl cajlacblHa aTapiblKTail Kepi ocepiH Turizyae. KamamapaplH TYpFbIH YH-KOMMYHAJJIBIK
HIapyallbUIbIFbIHBIH, COHJAl-aK arpoeHEepKacill KEUIeHIHIH JaMybl MEH aHTPOIOTeHIIK KYKTeMeJep
TOriHAl CyJlapJblH OpacaH 30p KeJjemJle >KMHalyblHa OKeai. bBbyn Kamamap MaHbBIHIaFbl KOplIaraH
OpTaHbIH JAacTaHy KaymiH KYIIEWTIN, OHChI3 Jla ©cCIll Keje >KaTKaH SKOJOTHSUIBIK KaFJalJibl ofaH opi
yIIBIKTBIpYAa. OChl JKaFbIMCBhI3 yaepicTepi OaciiblibiKKa aybin Kpl3buiopia Kajlackl MbICAJIbIHIA TOT1HI1
CyJapabl KOJIETe JKapaTy TYPFBICHIHA FRUIBIMH-3€PTTEY KYMBICTaphl Xyprizinyae. ToxipuOe KyMbICTaphI
Kp3pimopna kanacel, TacOerer KeHTIHAETT MOAYJIbJIK OMONOTUsIBIK Ta3apTy craHuuschiHaa (MBTC)
opeiHaanael. MBTC- HbiH eHimaumiri Toymirine 6400 M?, kaMTbulFaH XaublK caHbl — 120,6 MBIH agambl
Kypaiiabl. HakTsl Terinai cyiap kesnemi: oprama - Toynirine 2000 M3, eH >xofapsl - Toynirine 5200 M3, To3y
neHreii — 18 %-ap1 Kypan otbip. Kopi3 jkemiciHiH Kalrbl Y3bIHABIFBL - 1871 KM, XalIbIKThl KAMTY JEHIeil —
30 %-b3.Terinai cynap >KMHANaThIH TOFAaH aydaHel 55 rekrap, TepeHairi — 1,5 meTpai Kypaijabl.
Freutbimu-3eprrey skymbichitapbl 100 M? KypaidThiH aymakTa xyprisuni. Kazaxcran-16,
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Camyp-63, Morap-KazHNMM5uP-80 Manma3bIKTEIK CyphINTapel TOrIHAL CyJapabl KOCBIMILA Ta3apTy apKbLIbl
CyapbUIJIbI.

Tyiiin ce3aep: TeriHii cy, kahaHIBIK KbUIBIHY, CY TalIbUIBIFBI, KOCBIMINA Ta3apTy, Mala3bIKTHIK
JAKbL11Ap
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AnHoTanus. Ke3butopauHckas 001acTh CUUTAETCS OJHUM M3 HaubOoJiee SKOJIOTMYECKH YSI3BUMBIX
peruonoB PecryOnmku Kaszaxcran. IIpoOieMbl, BO3HUKIINE B pe3yJibTaTe BBICHIXaHUS ApallbCKOTO MOpH,
HE/I0CTaTKa COBPEMEHHBIX TEXHOJIOIMH OYUCTKH, & TAKXKE YBEIMUEHHS aHTPOIIOT€HHON HAarpy3KH, OKa3bIBatOT
3HAYUTEIbHOE HETaTUBHOE BIMSHUE HA 3/J0POBbE HACEJIEHUS, S)KOHOMUKY PETHOHA U c(hepy BOJHBIX PECYPCOB.
Pa3zButne >XMIMITHO-KOMMYHAJIBHOIO XO3SHCTBA TOPOJOB, & TAKXKE arpolpOMBIIUIEHHOIO KOMILIEKCa U
AHTPOIIOTEHHBIE HArPY3KH MPHUBEIIN K HAKOIJICHUIO OIPOMHBIX 00BEMOB CTOYHBIX BOJ. DTO YCHIIMBACT PUCK
3arpsi3HEHUST OKPYIKAIOIMICH cpebl BOJIU3U TOPOAOB U emié O0JbIne 000CTpseT U 0€3 TOTO YXYAIMIAIOIIYIOCS
HKOJIOTUYECKYIO CHUTYallUl0. YUWTBIBas 3TH HETaTHBHBIE NPOIECCHl, HAa HpuMmepe ropona Kei3buiopaa
IIPOBOJATCSL HAYYHO-UCCIIEOBATEIbCKUE DPAOOTHI MO YTWIM3ALMU CTOYHBIX BOJ. OKCIEPUMEHTANIbHbIC
pa®oThl OBUIM BBIMOJHEHBI HAa MOAYJIBHOM cTaHumu Ouosnoruyeckoi oumctHo (MCBO) B mocénke

TacbGerer r0ﬁoz[a KI)ISBIJ'IOiI[a. HiOI/BBOI[I/ITeJ'IBHOCTI) MCBO coctasisger 6400 m> B CiTKI/Ii YHCIIEHHOCTD



oOciy>xuBaeMoro HaceneHus — 120,6 Teic. yenoBek. PakTuyeckuit 00bEM CTOYHBIX BOJ: B cpeanem — 2000
M? B CYTKH, MakKCUMaibHbIH — 5200 M* B cyTKH, ypoBeHb U3HOCA cocTaBiseT 18 %. O6mas npoTskEHHOCTh
KaHanMu3auuoHHoM cetn — 1871 kM, ypoBeHb oxBata HaceneHus — 30 %. [lnomans npyna-HakonuTesns CTOYHbIX
BOJI COCTaBIIseT 55 rekrapos, rmybuna — 1,5 merpa. Hayuno-uccnenoBarenbckue paboThl MPOBOIWINCH HA
wiomaan 100 m?. Kopmossle kynbTypbl Kazaxcran-16, Camyp-68, Morap-KasHUM3uP-80 opomanuch
CTOYHBIMHU BOJAMU, MPOLIEAIINMH TOTOJHUTEIbHYIO OUUCTKY.

KiroueBble cj10Ba: CTOYHBIC BOJBI, IJ100aJbHOC MOTCIUICHUE, HEXBAaTKa BOJBI, JOIOJHUTEIIbHAS

OUYHUCTKA, KOPMOBBIE KYJIbTYPbI
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KoH(puKT HHTEpecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(DIMKTA HHTEPECOB.

Kipicme.

Kahanaplk KITUMATTBIH ©3repyl Cy pecypcTapbIHbIH TAIMIBUIBIFBI MEH KOJDKETIMIUTITIHE, a3bIK-TYIIIK
Kayinci3airine *oHe XaJblK JeHCayIbIFbIHA QJIEMJIIK JICHreiiie eneyJi Tepic acepin Turizyae [baiimaxaHos et
al., 2025]. KnumartelH e3repyiH 3eprreiiTin bipikken yirrap yibiMbiHBIH (B¥Y) Memiekerapaibik
SKCHEepPTTep TOOBIHBIH MaibIMIaybIHIIA, TYpakThl Oakpuiay Oactanran 1850 »xpu1 men 2024 sxpuigap
apaceiHiaFel aya temmneparypachl +1,60 C°-ka >KbUIBIHFAHBI, all COHFbI 50 JKbLIIAFbl JKBUIBIHY MPOILEC]
aZlaM3aTThIH KeCIpiHeH OpbIH ajJfaH JereH TYXKbIphIM jxacayda [baiimaxanoB et al., 2025]. Bomxkampap
OoitbiHma, 2100 >xpuFa Kapail »kahanaplk opTama TemmepaTypa MHIYCTpUSFa JEHIHIT Ke3eHMEH
canplcThIpranaa 3,5°C-ka JeiliH keTepiilyl MyMKiH, ajl HIpJIIK opTalia TeMmiepaTypa aybITKyaapsl 1,4-5,8°
C apaneirpiga 6omansl gen kytinyne [baiimaxanos et al., 2025]. Cy TanmubUIBIFBIHBIH KYIICIO1 QJIEMIIK
KaybIMJACTBIKTBIH QJIEYMETTIK JKOHE SKOHOMHUKAIBIK JaMyblHa, OJIAPJBIH TYPAaKThl KbI3MET eTyiHe
aifrapneikTail kepi ocep ereni [Maria del Pilar Salazar-Vargas et al., 2026]. ConbIMeH Katap, KIUMaTTbIH
e3repyi skahaH/bIK Cy TamIIbLIIBIFBIHBIH a-MaMeH 20 Y%-fa apTybIHa ceder 001ybl bIKTUMAJL.

Temenneri 1-cyperte Ke13p110paa KaJachIHIa OpHaJlaCKaH «MeTteocTaHLUA-
JlaH almbIHFaH aya-paiibl MoniMeTiHiH 2025 KbIIFbI KOPCETKIII KOPCETIIreH.
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Cyp. 1. Kvizvinopoa xanacwet scazoauvinoa «MeTeoCTaHIUS»- AaH anblHFaH MamiMeT./Fig. 1. Meteorological Data Obtained from the
Weather Station in Kyzylorda City]

l-cyperTeri MamiMeTTepre CoOMKeC €H TOMEHTI TemIeparypa KaHTap aibiaga oprama -3,2 C°, ai ex
pIcTIK 30,3 C° mrisae aiibl OOJIBIN TIPKEII OTHIP. AyaHbIH aiJIbIK KOFapFbl Temmepatypacer 44,5°C, opraria
allJIbIK ayaHbIH bUIFAJIIBUIBIFBI 56 %, )KEJ/11H OpTallla alJIbIK KbUIIaMIBIFbI 2,3 M/C, aybIH IIAIIBIHHBIH OpTAallia
annpIK Kepcetkimi 126,8 MM-a1 Kypan oteip. KazakcTanabik-Apan eHIpIHAE CO3bUIMANbl Cy TAMIIbUIBIFBI
[Manhong Wang et.all 2025] aiippiKiia ce3uIreHIMeH aybUIlapyallbUIbIFbl JaKbUIJapblHAH OPHBIKTHI OHIM
anatblH MYMKIHIIUTIKTEp Oap. KpI3bulopia Kajachl MbICaiblHIA ajifalll peT TOriHJl CyJjapibl KOChIMILA
Ta3apTy apKbUIbl Mala3bIKTBIK JaKbUIIApbl Cyapy MYMKIHIIUTIKTEP] FBUIBIMU- TEXHOJOTHUSIBIK TYPFbIIAH
3eprrenyne [Nicoleta Ungureanu et.all 2020]. okropanTt O.C.baitmaxanoBTsiH [Perizat Bulanbayeva et.all
2025] 3eprrey sxymbichl 100 M? KypalThIH TOKIPUOECITIK alaHaa TOTIH/l CyJapasl KOCHIMIIA Ta3apTy apKbLIbI
Masa3bIKTBIK JAaKbUIIAP/Ibl Cyapy TYPFBICHIHAA OPbIHAATY/1A.



TanmaapIHbIT AIBIHFAH MaJIa3bIKTHIK JAKbLUIIAPBIH TYPJIEpi:

1) Kant xymaiiel, Kazaxcran-16;

2) Kant kymaiisl, Camyp-68,

3) Morap- KasH13uP-80.

1) Kazaxcran-16, Kant kymaiibl omOeOan makepul. Kei3puiopga OOJBICKI CEKUIAI aya-paidbl
KYPTKYOBUIMAIIbI, TOMBIPAFhI TY3/1bI allMaKTap/aa ecin-eHiM KOocTapiaHFaH KOFapbl OHIM O€peTiHiH FHUTBIMU-

3epTTey )K¥MBICTapBI JJICIOCIT OThI D.
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Cyp. 2. Sorghum-Kanm gymaiiel, Kazaxceran-16.ToxipuOerik alan arbl HAKTbI KOPIHICI.
[Fig. 2. Sorghum (Sugar Sorghum), Kazakhstan-16 Cultivar: View of the Experimental Plot]

Kant kymalibIHbIH KblUTyFa KOosThIH Tana0bl. Kymaii [Rasheed A. Abdulraheem et.all 2024] nmakpbui-
JIbIH OTaHbI 3kBaTOPIIbl Adprka eni. Kpi3buiopaa 00bICH JKaF1aliblHAAa KAHT KYMaibIHBIH ©CYy1 MEH JaMyblHa
KakeTTi Temrieparypa +12 +18C°. Kynnizri remneparypa +22 +25C°, tynri +18C° oHTainbl 00BN caHama-
Jibl. OpO1p TONTapbIHAAFEI OENT1I THIM/II TEMIIEPATypa )KUBIHTBIFBI 9pTYpiil D t° 2200+3200C°-TbI Kypaiiabl.

bomanuxanwix cunammamacol:

- OCIMIIKTIH TOJBIK MTiCKeHAeT1 OMiKTiri mamacel 3,2—4,7 M-/1i Kypaiibl, CBIpTKBI TYPi JKyTepire
yKcac, TaMbIphI TAKBULIBIH Typiiepine OaitnanbicThl S0—-80 cM-Te eiiiH TepeH OpHaIacabl.

- JKanbipakrapbelHbIH Y3bIHABIFB opTamia 60—80 cM, karbipak eHi 5—8 cM,cabaFbIHBIH KeJieMi
1,5-3 cM, noHiHiH canbl oprama 1000-1500 nanansl Kypaiisi

Kanm kymativinely cunammamacsl scone OUON0UANLIK epeKulenikmepi

Kasipri yakpITTa o1eM enjiepinae KaHT KyMaiblH ecipy KeH ayKpiMaa OeseH anasl [Ruidong Zhang

et al., 2024]. Jlakplm —acTBIK TYKBIMJACHIHA XKaTaThIH Oip HEMece KOIDKBUIABIK OCIMIIKTEp Teri. TYKbIMHBIH
eHIMIIr — 2-3,5 1/ra, cabakrapsl — 25-teH 45 T/ra aeiiH, KaHT Kypamsbl — 10—-12 %, kyprak 3artap — 16—-19
%, Tazanbirel — 75-79 %. Coprrapabiy ecy ke3eHi — 120135 kyH, on ecipy aiimMarbiHa )KOHE ©HIM OarbITTa-
pBIHA, ceOy Mep3iMmaepine OainanbicTel. Hopmackr — 25- ten 30 kr/ra. ©OHiMiniri: skacsin maccacsl: 270470
n/ra, mern: 80—120 1/ra, moui: 15-30 1/ra Kypaiasl.

2) Camyp-68, moHIIK KyMalIblH >KaHa THOpPUIl, TEPEH OHIEY KOCIMOPBIHAAPhl TapalblHAH JKOFaphl
CypaHbICKa ue oTe ipi aK goHiMeH epekmeneneni [ Yixian Chen et al., 2026]. ['uOpun sxoFapsl eHIMALTITIMEH
JKOHE JIOH CamachIHBIH TYPAKTHUIBIFRIMEH CHMATTaNIaIbl. OciMaikTepi O6ip cabaKThl, CHITTBIPTKBUIAPBIHBIH Op-
Hajacy OWIKTIr1 OOMBIHINIA YKaKChl TEHECTIPIITECH, OYJI MeXaHWKAJIAHIBIPbUIFAH JKUHAYBI skeHuIaeTe . Col-
MBIPTKBICHI JKaKChl CBHIPTKA IIBIKKAH, OOpPIBUIIAK KYphUIBIMABL. J[oHI eTe ipi, aK TYCTi, >KOFapbl TayapJblK
JKOHE TEXHOJIOTHSUIBIK cara KepceTKImTepiHe ue. PecelmiH OHTYCTIK deaepalablK OKpYyr KarIalbiHa
eHIMILTIT-65 1/ra xorapbl. Ceby memmepi-1 rekrapra 250000-300000 TykpiMabl Kypaiabl. TemeHzeri
I-kectene, Camyp-68 KaHT KyMaiibl cabaFbIHBIH XUMHUSIIBIK KYpaMbl KOPCETUITECH.

Kecte 1 — Camyp-68 xanm xymaiivl cabagvinbly XUMUATLIK KYDAMbL

Bbacka AKkybI3, OcimIik TlexTunmi Maii
Caxapos3a, Kpaxwmau,
Cy, % % KaHTTap, % Kacynsik,% % % LIBIPBIHEL, % 3aTTap,(r/100rp) (r/100rp)
65,8 11,25 2,75 7,32 5,15 2,6 3,31 0,6 0,02

-1 kecte OOWBIHIIA MBIHAIAK cUaTTaMa Kentipyre 6onaasl. CaMmyp-68 KaHT KyMaiibl cabarbIHbIH
XUMUSUTBIK KYpaMbl OHBIH TaFaMJIbIK KOHE OHIIPICTIK MaHBI3BI JKOFAPHI TAKbUT €KeHiH KepceTeni. KypambiH-
JIaFbl Cy MOJIIIEPiHIH XKOFaphl 001yl 65,8 % ©CIMAIKTIH MIBIPBIH/BI eKeHiH ganenaeini. Caxapo3ansiy 11,25
% 00yBl KaHT OHJIIpYTe KOJAWIBI eKEHIH KopceTce, 0acka KaHTTap/IbIH OOTYHI JKAIIbl KOMIPCY MOJIIEPiH



apTThIpaablL. ZKaCYHBIK /,52 Yo IIEH KpaxXMaJIAbIH J, [ 5 7o O0IYBI MaJl a3bIFEI )KOHE OMOOHIMIEP OHIIPYIE THIMIL
naiananyra MyMKiHAIK 6epeni. AKybI3 MedIiepi opTaiia aeHreiae 2,6 %, an mait memniepi ere Tomex 0,02
%. CoOHBIMEH KaTap, MEeKTHHl 3aTTapJblH OOJIybl ©CIMIIKTIH TEXHOJIOTHSUIBIK KYHJBUIBIFBIH apTThIPabl.
Kanner anranna, Camyp-68 KaHT KyMaiibl JaKblJIbl TEXHUKAJIBIK, MaJIa3bIKTHIK XKOHE KaliTa eHJIey OHepKaciOl
YILIH NepCHEeKTUBAbI IUKI3aT OOJIBIN TaOblIabI.

Kant kymaiisl, Camyp-68 ery sxymbIcTapbl

Tonsipak Temnepatypachl 12—15°C Gonranaa Aakbuibl ceOy )KYMBICTapbIH OacTay YChIHBUIAbI JKOHE
KEIIIKTIpMey MaHbI3bl, ceOyai 5-6 ¢cM TepeHIIKKe JKYpri3y Kepek >KoHe KbICKa Mep3imje asKTay Kaxer.
TyYKbIMHBIH KerepyiH, Kapakyie aypylapblH *oHE TaMbIp IIIpiKTepiH OoJablpMay YIIiH TYKbIM/bI ceOy ai-
JbIHJA 19piJiey MIHAETTI arpOTEXHUKAJIBIK HEr13r1 mapa 0osbin Tadbutazsl. O yIIiH 19piieyill npenaparrap-
MEH HeMece OuorpenaparTapMeH OHJIey aca MaHbI3/bl.
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Cyp. 3. «Camyp-68» Toxipubenik agaHaarbl HAKThI KOPIHiCI.
[Fig. 3. Experimental Plot of the ‘Samur-68° Cultivar.]

3)Morap, «KazHUN3uP-80»-HiH OHOTOTUAIIBIK €PEKIIEINIT1 )KePTiTiKTi xKa0aiibl ©CETIH MOMyJIAIUsI AaH
KeKe 1pIKTey 9JIici apKbUIbI mIbIFapbuIFaH. COpT epTe miceal e CaHaa bl, BEreTalusIblK Ke3eHl 108—112
KYH. OciMaikTig OmikTiri mamamer 136,3—146,0 cm 6o cananaael. Tynrenyi ete kymTi 5—6 cabak. Ca-
OarbIHBIH KyaHabFrsl 1,3—1,5 cm. XKansipaktaper y361H 38,5 cM, eHi 5,2 cM. COOBIFBI TiK ©CETiH CUMMETPH-
SUTBI, TYC1 KOO KOHBIP, Y3bIHABIFBI 30,0 cM-re neidiH, eHi 5,2 cm. J{oHiHiH Tyci Kei3FbUIT capbl. «KasHUN3uP
80» copThl MorapsIiHbIH eHiMaLTIT: JXKacen maccacer: 290-330 1/ra, Kyprak maccacsr: 90—-110 w/ra, [{onnepi:
22-28 /ra.

Aypynap MeH KIMMATTHIK JKaFJainapra Te3iMauTiK:

Aypynap MeH 3UsHKecTepre MyJiie MalabIKIaiIbI,

Kycrap 3akpiMaamanibr;

OCIMIIT1 KBIFBUTMANIBI, TYPAKTHIL.

Temenneri 2-kecrene Morap «KasHUM3uP-80» cumaTramMacsl KOpCETUITEH.

Kecte 2 — Morap«KazHUM3uP-80» cunarramacst

Epte micerin TomKa ’aTazb Epre nicerin
Bererarpsusik KyHaepi 108-112
Onimiiiri, i/ra 290-330

Barsic Kazakcran, [bireic Kazakcran,
AynaHIacTeIPBUIFaH O0JIBICTAP

Typkicran, Kpi3sutopna

2-m1i kecte OOMBIHIIA MbIHAJAl cunarrama Kenrtipyre 6onazsl. Camyp-68 KaHT Kymaiibl epTe MiCeTiH
JMAKbUIFa JKaTagbl KOHE BereTanmusuiblk ke3eHi 108—112 kyH apanbiFblH Kypaiasl. byl OHBIH KbICKa
Mep3imJie micim-keriaeTiHin kepceteni. Jlakpur rekrapsina 290-330 11 enim Oepeni. CoHbIMEH Katap,
Camyp-68 coptbl KazakcTaHHbIH opTypil KJIMMATTHIK aiiMakTapblHIa, atan aiTkanaa bateic Kazakcras,
HIerbic Kazakcran, Typkictan xoHe Kpi3buiopaa obnbicTapblHIa ayJaHIacThIpblUIFaH. byi oHBIH anmyaH
TYpAl TaOWFU- KIU-MATTHIK JKaFJaiiapra jKakchl OCHIMAENTEeHIH JKOHE aybll HIapyallbUIbIFbIHAA THIMI1
naiiananyra O0JaTbIH MEPCIEKTUBANbBI IaKbUT €KEHIH KOPCETIM OTHIP.




e T nai .
Cyp. 4. «Moeap-KasHUH3uP-80» Toxcipubenix aranoazel HaKkmul KOPIHICL.
[Fig. 4. Field View of the ‘Mogar-KazNIIZiR-80” Cultivar in the Experimental Plot.]

3epmmey Hvlcanbl

Foutbimu-3eprrey sxymbicTapsl Kpi3butopaa kamacel, TacOerer keHTi, MomynbIik OHOJOTHSITBIK
Ta3apTy CTaHIMACBIHBIH ToXIpuOemik aymarbiHaa, Kaszakcran PecrmyOmukackl FwiibiM KoHE KOFapbl
bimimvmuauctpririaig Feuteiv komuteTi Ne BR21882415 «Kpi3puiopza OOJBICHIHAA CY  TANIIBUIBIFBI
KaFJaiblHIa MaJl a3bIKTHIK JAKBUIIApPhl MEH aFalll eKIeJepiH cyapy YIIiH CapKbIHIBI CyJIapibl Kayircis
YTHIN3ANHSIIAY TEXHOJIOTHSICHIH d31piiey» K00achl assChIHAA KYPTi3UII.

Hotunxenep :koHe TaAKbLIAYIAP

FruteiMu-3epTTey KYMBICH TombIpak Temmeparypacsl +12°C,tonbipak pH-7 kyparanga 07.05.2025
XK.OK.KYHI OacTasiIpl JKOHE JKep acThl cysapsl JeHreii 1,5-2 m tepermikte Oonapl. TeriHmi cymapabl Mal
a3bIKTHIK JAKBULIAPABI Cyapy/a Mmaianany OOWBIHINA JaNIaIbIK TOXIprOenep xypri3y yiurid Kessuiopaa o0-
JIBICHI JKaFaiibiHa ayaanaacteipelirad Kazaxcran-16, Camyp-68, KasHUN3uP-80 mana3bIKThIK JaKkbLIIap
TaHJAJIBIN aJbIHIBL. 3epPTTeYy JKYMBICHIHBIH HETi3Ti Makcartbl KeI3BUIOpAa OHIpPiHIH CO3BIIMANIBI CY
TaIIBUIBIFBI JKaFalbIHAA TOTIH/I CyJIap/bl MMalaiany, Cy TallIbUIBIFBIH IIIIHApA 6TEY MEH MaJIa3bIKThIK
JAKBUTIAPIBIH OepiK jKeM-IIeI KOpbIH KanbmTacTeipy O0omsl [ Xiling Chang et al., 2024].

3eprrey xymbicTapel 100 M? aymakTta OpbiHAaabl. EH anjbIMEH JKep/i JalbIHIAY KYMBICTaphI
xyprizunai. XKepai nailbianay, KYpbUIBIC KAIIBIKTAPBIHAH Ta3apTy, KOTCHIPTY, TEPSH KOIICHITY, ThIpMaay,
TEericTey CHUSKTBI )KYMBICTAp AQCTYPJI €HOCK KypajlapbIMEeH >Ky3ere achlpbuiabl. Temenneri 5,6—cyperre
TOXipuOe aJlaHbIH eTiCKe JalbIHAY )KYMBICTAphl KOPCETUITEH.

Cyp. 5,6. Toxipube anaHbIH TaHBIHAAY KYMBICTAPEL.
[Fig. 5 and 6. Preparation of the Experimental Plot.]

1-1i Toxipubenik anaHHbIH 37,5 M? aymarbiHa aTh311a skacansin KauT kymaiisiabiH, Camyp-68 copThl
erianai. TyKbIMIIBI eryiH TepeHairi 4-5 cM, katap apaibirbl 20 cM-/i Kypan MapKepMeH ChI3bUIBIIN JaKblIiap
eringi. Jlakbut eriired aThI3MIaHbIH Y3bIHABIFBL 15 MeTp, eHi 2,5 M KypaJibl.

1-11i Toxipubenik amanHbIH 4-111i Gesirine, 12,5 m* aymakka Kant kymaiibiabi, Kazaxctan-16 copter
erinai. TyKeIMIbI eryaiH Tepeniri 4,5-5,5 cm, karap apansirbl 20 cM-7i Kypar MapKepMeH ChI3bLIBII TaKbLI-
nap erinl. Jlakpll eriireH aTbl3MIaHbIH Y3bIHABIFB 5 METp, eHi 2,5 M Kypabl.
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l'axxipuoemk amaHHBIH Z-111 OemriHae S0 M* aTeI3lia jkacaneln Morap- KasHKMsuP-80 copThl
eriaai. TyKeIMIsI eryiiH Tepenairi 2,5-3,5 M, Katap apanbiFbl 10 cM-i Kypan MapKepMeH ChI3bLIbII erili.
JIakpl1 eTiireH aTbI3IIaHbIH Y3bIHIBIFE 20 MeTp, eHi 2,5 M Kypabl.

Kecte 3 — Manazvixmulk 0axblioapovly secemayusiiblk Kezeqoe cy mymolHy Koaemi m>.

Ne JlakbLiapabIH aTaybl Cyapy caHbl Cynpl TYThIHY KeJieMi M?
p/c

Kant kymaiibl, Camyp-68 14 33,6 M°
2 Kanr kymaiibl, Kazaxcran-16 14 11,2

Morap- KasHU3uP-80 13 27,3 M°

AJFamr peT HaKThl HBICAaH JKarjaibiHna >koHe KeI3bUIOpaa Kajachkl MBICAIBIHIA Mala3bIKThIK
JAKBUIIAP/Ibl Ta3aPTHUIFAH TOTIH/II CyJIapMEH cyapy OarbIThIHAAFbI FBIIBIMH- 3€PTTEY KYMBICTAPhI )KYPT13111.
Temenpgeri 4-mii Kecrene COHBIMEH Kartap 7,8,9-CypeTTe Tas3apThUIFaH TOTIHII CyJapMeH CyapbUIFaH
MaJIa3bIKTHIK JaKbUIIApFa )KacainFaH (PeHOJOTHSUTBIK OaKbLIAY dKYMBICTAPBIHBIH HAKTHI MOHJIEPI KOPCETIITEH.

Cyp. 7,8,9. ©eHONOrusIIbIK 0aKbLIaY )KYMBICTAPBI.
[Fig. 7,8,9. Phenological Observations]

Kecre 4 — @enonozusanvix 6axviiay H#Hymolcmapbiiblly HAKMbl MOHOEPI.

Ne | Mana3sIKTHIK JaKbUIAAP/IBIH aTayIaphl, OJIIeM OipiIiK cM
ple Omnmey KyHi Camyp-68, cm Ounmiey KyHi KazaxcraHn- | Ommiey kyni | Morap-
16,cm KazsHUUN3uP-80,cm
1 12.05.25 1,0 13.05.25 1,2 12.05.25 0,7
2 15.05.25 3,5 15.05.25 2,1 15.05.25 3,7
3 20.05.25 7,9 20.05.25 6,3 20.05.25 8,1
4 24.05.25 10,1 24.05.25 9,2 24.05.25 10,3
5 31.05.25 27,6 31.05.25 20,4 31.05.25 29,1
6 03.06.25 34,7 03.06.25 33,3 03.06.25 35,4
7 10.06.25 56,3 10.06.25 51,9 10.06.25 60,2
8 15.06.25 80,5 15.06.25 60,5 15.06.25 83,4
9 20.06.25 113,2 20.06.25 89,1 20.06.25 89,1
10 | 25.06.25 121,9 25.06.25 106,9 25.06.25 94,2
11 | 30.06.25 133,1 30.06.25 143,6 30.06.25 97,6
12 | 05.07.25 143,6 05.07.25 196,2 05.07.25 106,1
13 | 11.07.25 151,2 11.07.25 234,6 11.07.25 112,4
14 | 15.07.25 154,6 15.07.25 241,7 15.07.25 119,6
15 ]20.07.25 156,3 20.07.25 544,8 20.07.25 128,3
16 |25.07.25 159,5 25.07.25 251,6 25.07.25 137,2
17 |30.07.25 161,1 30.07.25 257,1 30.07.25 146,4
18 |05.08.25 165,2 05.08.25 2614 05.08.25 153,1
19 | 10.08.25 171,3 10.08.25 2723 10.08.25 161,7
20 | 15.08.25 173,6 15.08.25 280,2 15.08.25 164,1
21 120.08.25 174,1 20.08.25 284,6 20.08.25 166,2
22 | 25.08.25 175,9 25.08.25 289,1 25.08.25 169,8
23 | 30.08.25 178,1 30.08.25 300,3 30.08.25 170,1




FoulbiMM- 3epTTey KYMBICBIHBIH HET13I1 MakcaTbl Ka3aKCTaHIbIK-Apal eHIPIHAET1 CO3bUIMAJIbI Cy
TANIIBUIBIFBl  JKaFJaiiblHAa KanajblK TOriHAl CcyJapibl KOCBIMILIA Ta3apTy apKbUIbl Maja3bIKThIK
JaKbUIIAp/Ibl cyapy. FeUIbIMU-3epTTey KYMbICTaphl OH HoTHXKe 6epce KpI3butopaa Kajgackl MbIcabIHIa Oepik
’KEM-I11611 KOPBIH KaJIBINTACTBIPYFa MYMKIHIIUTIKTEp Maiia 60masl.

CoHbIMEH KaTap TeriHAl Jiac cyJapibl KOCHIMIIA Ta3apTy apKbUIbl aybUINIApYaIlbUIbIFbIHIA
naiiianany cy TammbLUIBIFBI alKbIH ce311in oThIpFaH KpI3bla0pia 00IbICBIHBIH aybUIIIAPYaIIbUIBIFEl OAFbITHI
YIIiH OH cepiiH OepeTiHi ce3ci3. TeMeHaeri S-kecreqe 3epTXaHalbIK KaFgainapaa aHbIKTalFaH TeOTIHI1
cyIblH MoamimerTepi kepceriireH. KopkbiT Ata ateiHzarel Kpi3puiopaa yHuBepcuTeTiHiH, «Pusmka-
XUMUSUIBIK  Tanjay opicrepi» MmkeHeprnik Oelinaeri 3epTxaHachlHIa TOTIHII CyAbl OeJICEeHIipiareH
KOMIpMEH Ta3apTKaHFa JIeHiH KoHe Ta3apTKAaHHAH KeHiHI1 HAKThl MOHAEP1 KOPCETIITeH.

Kecte 5 — bencenaipisiren keMipMeH TOTiHAL Cy[bl Ta3apTyFa ACHiH KoHE OEJICEHIIPIIreH KeMipMeH
Ta3apTKaHHAH KeHiHT1 3epTTey HOTHXKENepi.

ATaysl Haxrer MmaHzepi
Cynbl Ta3apTyFa JIeiin Bencenaipinren kemipmMeH
Ta3apTKAHHAH KeHiH
Tyci, rpamyc 600 510
Cyreri kepcertkiwi (pH), 6ipuik 8,05 7,65
JKanme! KaTThUIbIK, °JK Mr-sks/mM? 8,1 7,8
CinTinik, MMOJIB/aM? 11,2 10,6
AMMOHWMI (a30T OOMBIHINA), MI/aM? 20,9 19,9
Kanpiwmii, mr/mm? 60 6
Maruuii, mr/om? 62,4 324
JKanmer Temip, mr/om? 2,3 1,4
Mpic, mr/am? 0,9 0,6
AnmrfoMuHHUHI, Mr/am? 48,7 32,3
Cynbdarrap, Mr/nm? 0,27 0,20
Xnopunarep, mr/am? 45 10,8
Hutparrap, mr/nm? 0,33 0,31
Hutpurrep, mr/nm? 0,146 0,143
Kap6onatrap, mr/am* 48 36
T'unpoxapbonarrap, mr/om? 524.,6 5124
THommdocdarrap, mr/om? 0.164 0,106
Optodocdarrap 8,1 4.4
Mapraner, mr/am? JKOK KOK
JKanmer Munepanany (Kyprakkauasix), | 2,04 1,61
mr/om?

bencenaipiiaren keMipMeH TOriHAI Cy1bl Ta3apTKAHHAH KEH1H OHBIH carla KOpCeTKIIITEePiH e e3repicTep
6aitkanasl. Cynsig Tyci 600 rpagycran 510 rpamycka neiin ToMmenaenl, an cyreri kepcetkimi (pH) 8,05-ten
7,65-xe azanngpl. JKannel KatTeUIBIK 8,1-meH 7,8 °0K mr-sks/mm3-ke, ciatumk 11,2-men 10,6 MMoJIb/qM3-ke
toMeHaeal. AMMonnii memepi 20,9-gan 19,9 mr/nv3-xe azaiiael. Kaneuumii koHteHTpanusicel 60 mr/am3-
TeH 6 Mr/mM*-Ke IeiiH KypT ToMeHaece, Maraui memmepi 62,4-ten 32,4 mr/am*-ke neiiin azaiapl. JKammsl
TeMipaiH memmepi 2,3-ten 1,4 mr/am3-ke, meic 0,9-nan 0,6 mr/nm3-xe, amomunuit 48,7-nen 32,3 mr/om*-ke
temeneni. CoHbIMeH Katap, cyibdarrap memuiepi 0,27-nen 0,20 mr/nm*-ke, xaopuarep 45-ten 10,8 mr/am?-
Ke JeiiH azaiapl. HuTpaTTap MeH HUTpUTTEP/IIH MOJIIIepiHe a3/laFraH FaHa e3repic Oalikanabl. Kapbonarrap
48-nen 36 mr/am3-ke, ruapokapOonaTTap 524,6-gan 512,4 mr/nm3-xe temenaeni. [lomudocdarrap memmepi
0,164-ten 0,106 mr/mm*-ke, an oprodocdarrap 8,1-aeH 4,4 Mmr/nm3-ke neiin azaiiapl. Mapranen exi skargaiiaa
Jla aHBIKTaJIFaH KOK. JKanmbel MuHepannany kepcetkimi 2,04-ten 1,61 Mr/am?-ke ToMeHer, OenceHaipuireH
KOMIpP/IiH CyIbl Ta3apTyAa TUIMAL dcep €TKeHIH HaKThl KOPCETII OTHIP.

KopbIThIHABI.

Kp3pImopia Kastachkl MbICAJIBIHIA QJIFAIl PET HAKThI HBICAH JKaFJaibIH/Ia MaJIa3bIKTHIK JaKbUIIAPIbI
Cyapy MYMKIHIIUTIKTEP1 FEUIBIMUA-TEXHOJOTUSUIBIK TYPFbIAaH 3epTTenmi. 6-kecrene AK «¥nTTeIK capanTay
KoHe ceprudukaTTay» Kpi3buiopaa ¢punuansiabiy 3eprxanacbigaa 03.10.2025 sxpuiel Ne 801, Ne 804, Ne 805
XaTTaMacChIMEH JKYPTI31IT€H MaJla3bIKTHIK TaKbUIIAPIbIH KYPAMBIHBIH HAKThl MOHEP1 KOPCETUITEH.



Kecte 6 — Mala3bIKThIK JaKbUIIapAblH 3¢pTXaHaAIbIK HOTHKEIEPI.

Kepcerkim Benriney cenak oxicimen | Morap- KasHUM3uP-80 | Kazaxcran-16 Camyp-68
HOPMATHBTIK KYXKaTTap

araysapsl

1 2 3 4 5

A3zotThIH Maccaislk yieci, | TOCT 13496.4-2019 4.6 3,1 1,4

%

uki axys3asig Macca- | TOCT 13496.4-2019 28,7 19,3 8,75

IBIK yieci, %

Dochopabia maccainsik | TOCT 26657-97 0,312 0,324 0,298

yneci, %

Kanprmiinig maccaislk | TOCT 26570-95 0,30 0,28 0,25

yuneci, %

Kanuiinix 'OCT 30504-97 3,2 32 3,1

MaccaibIK yieci, %

Kapotunhin maccanbik | TOCT 13496.17-2019 29,65 27,14 23,32
yJieci, Mr/kr

[uki TammeikTeiH Macca- | TOCT 13496.2-91 22,3 23,7 23,8
JIBIK yJieci

TazapTbulFaH TOTIHJII CyJapMEH CyapbUIFaH Maja3bIKTBIK JaKbUIAAPBIH KYPAMbIHIA alTapJIbIKTal
ayBITKYJIap )OK €KCH/IIT 3epTXaHAJBIK HOTHKEIICPMEH aHBIKTA bl KbI3bLIOP /12 Kajachl MbICAJIBIH I TOTTHII
CyJiapJibl KOChIMIIIA Ta3apTy apKbUIbl MAJIa3bIKTBIK JaKbUIIAP/Ibl CyapyFa 00Jaabl IETeH TYXKBIPBIM jKacayra
Oomanpl. MalasbIKTBIK JaKbLIIAPABIH Cyapy HopMacel rekrapsina 5000 m* Gonran skarmaiina, Keiseutopaa
KaJlachl JKaFJaibIH/Ia *KbuTbiHA 160 ra Mana3bIKTHIK JaKbUIIAPBIH €TilT OPHBIKTHI OHIM aJlyFa MYMKIHIIUTIKTED
oap.
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Abstract. Water scarcity during the growing season remains a major constraint for irrigated agriculture
in Central Asia, particularly in transboundary river basins where water availability depends on mountain snow
accumulation and melt processes. This study aims to assess how seasonal snow dynamics influence water
availability in the Kuragaty sub-basin of the Shu river basin, with focus on downstream agricultural areas lo-
cated in Kazakhstan and Kyrgyz Republic. Snow cover dynamics were derived from Sentinel-2 satellite imag-
ery for elevations above 1000 m over the period from November to May (2018-2025), using a threshold-based
snow detection approach. Evapotranspiration over agricultural lands was estimated from Landsat data using
an energy balance model, while river discharge data from hydrometric stations were used to characterize the
hydrological response. The results show a stable seasonal pattern of snow cover, with maximum extent ob-
served in winter (December-February), where mean values exceed 55 % and reach 59 + 11.7% in December.
In spring, snow cover rapidly decreases to 27.6 + 12.7% in April and below 10 % in May. The spring snow
index (March-April) averages 37 + 8.2%, reflecting strong interannual variability. Evapotranspiration follows
a consistent seasonal cycle, increasing to 2.1 + 0.6 mm/day in May and reaching peak values of upto 7.4 £ 1.2
mm/day in June. The total evapotranspiration during the growing season (May-September), averages 214.4 +
24.2 mm. River discharge during this period shows moderate variability, with mean values 0f 4.26 + 1.34 m?/s
and peak flows occurring in early summer. A consistent positive relationship was observed between late-win-
ter to early-spring snow cover and evapotranspiration during May-June, indicating that snowmelt contributes
to water supply at the onset of the irrigation period. At the same time, evapotranspiration patterns are also
influenced by vegetation development and increasing atmospheric demand, suggesting that snow dynamics
act as an initial, but not the only, controlling factor. Overall, the findings highlight the importance of mountain
snow cover for sustaining water resources in the northern part of the basin and provide a practical basis for
improving irrigation planning under conditions of interannual variability.
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AnHotanusi. OpTanblK A3usaga BereTalusyIblK KE3eHJErl Cy TamlIbUIBIFBl CyapMalbl aybll
IapyamnIbUIBIFB YIIIH HET13T1 eKTeyI (haKTopIapbIHbIH 0ipl 00BN Kata OepeIi, acipece cy pecypcTapblHbIH
KOJDKETIMIUTIT] Taysbl aiMaKTapJarkl KapJblH KUHATYbl MEH €py YpIICTepiHe TOyesl TpaHCIIEKapaIbIK
e3eH ankanrtapbeiHaa Oaiikananel. byn 3eprrey llly Oaccelininin KyparaTel cy0-0acceliHiHIe MayChIMJIBIK
Kap KaMbUIFBICH ITMHAMUKACBIHBIH CYP PECYpPCTapBIHBIH KOJDKETIMJIUIITIHE ocepiH Oaranayra OaFbITTalIFaH.
Kazakctan meH KpIpFbi3 pecnyOiuKachl ayMmarbliHIQ OpHAJTacKaH TOMEHT1 aFbic OemiriHaeri aybll
IapyamnIbUIbIFBl JKepJIepiHe epeKIle Ha3ap ayJapa OTHIPHII, Kap KaMbUIFBICBIHBIH JUHaMHKachl 2018-2025
KBUIIAp apalbIFbIHAA Kapalla-Mamblp Ke3eHiHnae TeHi3 AeHreiineH 1000 mjaeH sxorapbl ayMakTap YIIiH
Sentinel-2 cryTHUKTIK JepeKTepl HETi3iHIe, MIEKTI MOHJEPre HETi3[eNreH KapAbl aHbIKTAy OJICIH KoJaa-
HY apKbUIbl aHBIKTANbL. AYbUI IIapyallbUIBIFBI alKaNTapblHAAFbl dBanoTpancnupanus Landsat nepexrepi
Heri3iHe PHeprusl TeHrepiMi MOJeNiH NaiianaHy apKbUIbl OaralaHAbl, al THIAPOMETPUSIIBIK CTaHIUsIIap-
JIaFbl ©3€H aFbIHBIHBIH JePeKTepl TUIPOIOTHSIIBIK KayanThl CUNATTay YIIIH KOMAaHbUIAbl. HoTmxkenep xap
KaMBUTFBICBIHBIH MayChIMJIBIK TYPaKThl 3aHJIBUIBIFBIH KOPCETT1, OHBIH €H >KOFapbl MOH/EP]1 KbIC ME3TLTiHAe
(>kenTOKCaH-aKIMaH) OaiKaaaabl, MYH/Ia opTalia KepceTkimrep 55 %-/1aH achlI, )KeNTOKCaH aibiHaa 59 + 11.7
%-ra xxereni. KexTtemae Kap jkaMbUIFBICHI JKBUIIAM a3aiibll, coyip abiHaa 27.6 £ 12.7 %-fa neitin ToMeH-
neini sxkone MaMmblp aiibiaaa 10 %-nan temen 6onanasl. KekreMri Kap nHAeKcl (HayphI3-coyip) opTa ecenrex
37 £+ 8.2 % Kyparl, *KbUI1Iap apachbIHAaFbl ©3TEPTilITIKTIH )KOFaphl JEHIeliH KopceTe/li. DBanoTpaHCIuPaIHs
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auKbIH MayCBIMIBIK IIUKJI OOWBIHIIIA ©3Tepll, MaMbIp avbiHAa 2.1 = 0.6 MM/TOYIIKKE OE€UIH apTaabl )KOHE
MaychIM aiibiHa 7.4 £ 1.2 MM/ToymiKKe JEHiHT1 eH KOFaphl MOHJEpre keTel. Beretanusibik ke3eHnaeri (Ma-
MBIP-KBIPKYHEK) JKMBIHTHIK dBaroTpaHcIupanus opra ecemnmeH 214.4 £ 24.2 MM Kypaiiabl. Ocel Ke3eH Ier1
©3€H aFbIHbI OpTAallla ©3rePrillTIKIIEH CUIIATTaNbII, opTaiia MoHe 4.26 + 1.34 M*/c Kypalisl, all eH KOFapFbl
arpIHIApP Ka3ablH OachiHIa Oalikananabl. KbICTBIH COHBI MEH KOKTEMHIH OachIHIaFbl Kap >KaMBUIFBICHI MEH
MaMBIP-MayChIM aiIapbIHAAFbl YBANIOTPAHCIIUPIIUS apachlHAa TYPaKThl OH OaiJlaHbIC aHBIKTAJIBI, OVJI Kap
epyi cyapy Ke3eHiHiH 0acTalyblHa Cy peCypCTapbIHbIH KalbIITaCybIHA YIIEC KOCAThIHBIH KopceTe 1. COHbIMEH
Karap, 9BaloTPaHCIHPAIUSHBIH ©3repici 6CIM/IIK )KaMbUIFBICHIHBIH JJaMYbl MEH aTMOC(hepaliblK CYPaHbICTHIH
apTybIHa J]a TOyemnai, Oy Kap TUHAMHUKACBIHBIH OacTarkbl, OipakK »Kaldfbl3 aHBIKTAyIIbl (DaKTOp eMeC €KEeHiH
kepcertei. JKanmel anFaHa, albIHFAH HOTHYKEJEP alalThIH CONTYCTIK OOMITiHIETI Cy pecypCTapblH TYPaKThI
KaMTaMachI3 eTy/Ie Tayibl ailMaKTapJarbl Kap *KaMbUIFBICBIHBIH MaHbI3IbUIBIFBIH aKbIHIANIbI KOHE KbUIIAP
apachIH/IaFbl O©3TEPTIilITIK KaFJaiibIHIa Cyapy/bl KOCTapiayblH KETUAIPY YIIiH MPaKTUKAIBIK HET13 YChIHA-
JTBL.

Tyiiin ce3mep: xepai KallbIKTaH 3epJeriey, Kap KaMbUIFbICHI, dBanoTpancnupanus, [1ly Oacceiini,
METRIC monemni, cyapy, cy pecypcTapblHbIH KOJKETIMILTIT
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AunHoTanusi. Jlepunur BOABI B BETreTAIMOHHBIA MEpPHOa OCTAa€TCSd OIHUM U3 OCHOBHBIX
OTpaHUYMBAIOIINUX (AKTOPOB I OPOIIAEMOTO CEIIbCKOTO XO03siiicTBa B LleHTpanbHOM A3WH, OCOOCHHO B
TPaHCTPAHWYHBIX PEUYHBIX OaccelHax, Iie BOJ000SCIIEYEHHOCTh 3aBUCUT OT HAKOTIJICHUS M TassHHSI CHE)KHOTO
MMOKPOBA B TOPHBIX palioHaXx. L{enpio0 JTaHHOTO MUCCIIeIOBAHUS SBIISICTCS OIEHKA BIIMSHUSA CE30HHOM TUHAMUKHI
CHEXXKHOTO TOKpOBa Ha BOJ000OECNEYeHHOCTh B cy0-Oacceiine Kyparatsl 6acceiina pexu Iy ¢ akueHTom



Ha CENIbCKOXO3SIICTBEHHbIE TEPPUTOPUN HIHKHETO TEUCHMSI, pacroiokeHHble B KazaxcTaHe u KbIprbI3CKOH
PecriyOnuke. /luHamuKka CHEXHOTO TIOKpOBa Oblila OMpeJeNieHa MO CIyTHUKOBBIM JaHHBIM Sentinel-2 s
tepputopuit Beitie 1000 M Haj ypoBHEM MOps 3a Iepuoj ¢ HosiOps mo mait (2018-2025 rr.) ¢ ucnons3oBa-
HHEM MOPOTOBOTO METO/A BBIECNIEHUS CHEera. DBalOTPAaHCIUPALIUI HAa CENbKOXO3SMCTBEHHBIX 3eMIISX Olle-
HUBaJach Mo JaHHbIM Landsat ¢ mpuMeHeHneM MOJIeIN PHEPreTUUECKOro 0anaHca, B TO BpeMs Kak JIaHHbIe
O PEYHOM CTOKE C TUIPOMETPUUYECKUX CTAHIIMNA HCIIOJIB30BAIUCH I XapaKTePUCTUKU THIPOJIOTUYECKOTO
OTKJIMKA. Pe3ynbpTaThl MOKA3bIBAIOT YCTOMYMBBIA CE30HHBIA XapaKTep U3MEHEHHUs! CHEKHOTO MOKPOBa, MPH
3TOM MaKCHUMaJbHOE 3HaUeHUe Ha0II01aeTcs 3uMoi (J1ekadpb-PeBpas), Te CpeiHUEe 3HAUCHUS TIPEBHIIIAI0T
55 % u nocturarot 59 + 11.7 % B nexabpe. BecHoil cHexHBIN MTOKPOB OBICTPO yMeHbIaeTcs 10 27.6 = 12.7%
B anpenie u Huxe 10 % B Mae. BeceHHmit cHexHBIN UHACKC (MapT-ampens) B cpeaHeM coctabisieT 37 £ 8.2 %
OTpa)kasi 3HAYUTEIbHYI0 MEKIOJI0OBYI0 U3MEHUMBOCTh. DBAMOTPAHCIIUPALIUS CIIEIYeT BBIPAXKEHHOMY CE30H-
HOMY ITMKITY, yBeTUunuBasich 10 2.1 £ 0.6 MM/cyT B Mae 1 JOCTUTas MUKOBBIX 3HaUeHui 10 7.4 + 1.2 MM/cyT B
utone. CymMMapHas 3BaroTpaHCIIUpaIMsl 3a BEreTallMOHHBIN Mepuo (Mail-CeHT0pb) B CPeTHEM COCTABIISIET
214.4 £+ 24.2 mM. PeuHO#1 CTOK B 3TOT NEPHUOJ XapaKTEPU3YETCsl YMEPEHHONW U3MEHYUBOCTBIO, CO CPEHUMU
3HaueHusMH 4.26 £ 1.34 M3/c ¥ MMKOBBIMH pacxoJaMH B Hadase JieTa. BeIsBICHA yCTOWYNBAS TIOJI0KUTEIb-
Hasl CBA3b MEX/Iy CHEKHBIM TTOKPOBOM B KOHIIE 3MMbI — Hayasle BECHBI U dBAaNlOTpaHCHHUpaIueil B Mae-HIoHe,
YTO CBHUJIETEIBCTBYET O BKJIAJIE TAIBIX BOJA B (hOPMUPOBAHUE BOAHBIX PECYPCOB B Hayase Mepruoia OpoLIeHUs.
B To ke BpeMst xapakTep 3BaloOTpaHCIUPAIMH OMPEIENIeTCsS TaKKe Pa3BUTHEM PACTUTEILHOCTH U POCTOM
arMoc(epHOro crpoca, 4To yKa3bIBaeT Ha TO, YTO TMWHAMUKA CHEKHOTO MTOKPOBA SIBJISIETCS Hauya bHBIM, HO HE
€IMHCTBEHHBIM OTpeeNsonuM (GakTopoM. B 11e10M nonydeHHble pe3ynbTaTsl MOAYEPKUBAIOT BAXKHYIO POJIb
TOPHOT'O CHEKHOTO MOKPOBa B 00ecledeHNH BOJHBIX PECYPCOB B CEBEpHON yacTu OacceliHa v (OPMUPYIOT
MPAKTUYECKYI0 OCHOBY JJIsSi COBEpPUICHCTBOBAHUS IUIAHUPOBAHMS OPOLICHHUS B YCJIOBHUSX MEXTOJIOBOM
M3MEHYUBOCTH.

KitoueBble cjioBa: TUCTaHIIMOHHOE 30HAUPOBaHME 3€MIIHM, CHEXXKHBIIN MOKPOB, SBANIOTPAHCIUPALINS,
6acceiin pexu Ly, monens METRIC, opomienue, BogoobecneueHHOCTh

s uurupoBanusi: Kymabait H.b., EruzbaeBa A.C., KoncrantunoBa K.B., bexmyxamenos
H.D. (2026). BausiHue CHEXXHOTO MOKPOBA HA BOJOOOECIEYCHHOCTh B TEYCHHE BETETAIIMOHHOTO TEPHOJA
(ma mpu-mepe cy0-6acceitna Kyparartel) // Research, results — I3penictep, Hotmwkenep — MccnenoBanus,
pesyabTathl. T. 28. Is. 3. Number 111. Pp. 147-159. https://doi.org/10.37884/3-2026/12 [In Eng.].

KoH(pIHKT HHTEPeCcOB: aBTOPHI 3asBISAIOT 00 OTCYTCTBUU KOH(MIIMKTa HHTEPECOB.

bnazooapnocme: Jlannoe uccedosanue 6vl10 npogunancuposano 3a cuem spanma Munucmepcmea
Hayku u evicuieco oopaszoeanus PK na nayunvle u (unu) nayuno-mexnuuecxkue npoexmst (Ne AP26104801)

Introduction.

Over the past two decades, remote sensing has become a standard tool for monitoring key components
of the water cycle, including snow cover and evapotranspiration (ET), at regional and basin scales (Hao et
al., 2023; Zhang et al., 2025). The increasing availability of satellite data has significantly improved the un-
derstanding of spatial and temporal variability of hydrological processes, particularly in regions with limited
ground observations such as Central Asia. In mountain environments, seasonal snow cover plays a fundamen-
tal role in regulating water availability, acting as a temporary storage that controls the timing and magnitude
of runoff formation. The contribution of snowmelt to river discharge is especially critical in arid and semi-arid
regions, where downstream agricultural systems rely heavily on meltwater during the early growing season.
At the same time, ET represents one of the main pathways of water consumption in irrigated landscapes and
reflects the combined influence of climatic conditions, vegetation development, and water management prac-
tices (Hao et al., 2023).

The Shu River Basin represents one of the key transboundary water systems in Central Asia, shared
between Kazakhstan and Kyrgyzstan (Linke et al., 2019; Adenova et al., 2025). Its hydrological regime is
largely controlled by processes occurring in the northern Tien Shan, where snow accumulation during winter
and subsequent melt in spring govern the seasonal redistribution of water (Narbayeva et al., 2025). Although
the basin itself is not among the largest in the region, its role in supporting irrigated agriculture is dispropor-
tionately in the southern districts of Kazakhstan (Adenova et al., 2024)Central Asia (CA. Climatic conditions
across the basin are predominantly arid to semi-arid. Annual precipitation is unevenly distributed and general-
ly insufficient to sustain crop production without irrigation. As a result, agriculture relies heavily on externally
supplied water, much of which originates from mountainous headwaters. In Kazakhstan, irrigated farming
accounts for a substantial share of water withdrawals, and this dependence is especially pronounced in river
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systems such as the Shu, where natural runott 1s strongly seasonal. What makes the situation more complex
is the mismatch between water availability and agricultural demand. Peak river discharge typically occurs in
late spring or early summer, whereas irrigation demand extends throughout the growing season. This temporal
imbalance requires careful regulation and often leads to competition for water resources, particularly under
conditions of reduced snow accumulation or altered melt timing.

In the context of Central Asia, several studies have emphasized the strong dependence of hydrological
regimes on chyospheric processes, including snow accumulation and melt dynamics. These processes are
particularly important for transboundary river basins, where upstream conditions directly affect downstream
water availability and allocation. However, most existing studies tend to address either snow processes in
mountainous regions or ET in agricultural areas, often within separate analytical frameworks. As a result, the
linkage between upstream snow dynamics and downstream water consumption remains insufficiently quan-
tified, especially at the sub-basin scale (Gascoin et al., 2020). This gap is particularly relevant for relatively
small and heterogeneous catchments such as the Kuragaty sub-basin, where local topographic and climatic
variability can lead to significant deviations from broader regional patterns (Kaliyeva et al., 2021).

In mountain-fed river systems, seasonal snow cover functions as a temporary water reservoir. During
winter, precipitation is stored in solid form at higher elevations, and its gradual release during spring play a
critical role in sustaining downstream flows (Koshim et al., 2026). In the Shu Basin, snowmelt contributes
a major portion of annual runoff, especially in tributaries originating from elevations above 1000 m (Safina,
2023). The timing of snowmelt is as important as its magnitude. Early melting can shift peak flows forward,
reducing water availability during the later stages of the growing season. Conversely, delayed melt may sup-
port more stable discharge into early summer. These dynamics directly affect irrigation scheduling, reservoir
operation, and overall water allocation strategies. Recent observations across Central Asia indicate that snow
is becoming increasingly variable, both in extend and duration. Warmer winters, changes in precipitations
phase, and earlier onset of melt have been reported in several parts of the Tien Shan. Although the magnitude
of these changes varies locally, the general tendency suggests a gradual reduction in the reliability of snow-de-
rived water resources. For regions such as the Kuragaty basin, where agricultural productivity depends on
predictable water supply, even moderate shifts in snow dynamics can have noticeable consequences. Under-
standing these relationships at a basin scale remains an important but still insufficiently explored task.

The present study aims to explore the relationship between snow cover dynamics and water avail-
ability during the growing season in the Kuragaty sub-basin. Unlike many previous assessments, the analysis
combines high-resolution snow mapping with field-scale ET estimates and in-situ hydrological observations.
The specific objectives are as follows:

1. to quantify spatial and temporal variability of snow cover above 1000 m using Sentinel-2 data for
the period 2018-2025;

2. to estimate actual ET in irrigated areas using the METRIC model based on Landsat imagery;

3. to evaluate the statistical relationship between snow cover extend and ET during the growing season;

4. to access the implications of these relationships for water management in a transboundary context.

The practical relevance of this work lies in its potential support more informed decision-making in
irrigation planning and water allocation. By linking mountain snow conditions with downstream water use,
study provides a clearer picture of how natural and managed components of the hydrological cycle interact.
This is particularly important in the context of increasing climate variability, where traditional assumptions
about water availability may no longer hold.

Materials and methods.

Study Area

The study area focuses on the Kuragaty sub-basin, located in the southern part of Kazakhstan within
the Shu river basin. The basin originates on the northern slopes of the Kyrgyz Alatau, forming a typical moun-
tain-plain system where hydrological processes are strongly controlled by elevation. The total catchment area
is approximately 9 600 km?, with majority situated within Kazakhstan and a smaller portion extending into
Kyrgyzstan (Safina, 2023)(figure 1).
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Fig. 1. Location of Kuragaty Sub-basin

Elevation ranges from below 400 m in the downstream plains to over 4 500 m in the mountainous
headwaters. This pronounced gradient results in distinct climatic and hydrological zones. Snow accumula-
tion occurs primarily in areas above 1 000 m, where winter temperatures remain consistently below freezing.
These high-altitude zones act as the main source of seasonal runoff (Li et al., 2020)precipitation (P.

Downstream areas are dominated by agricultural fields, where water demand peaks during the growing
season (May-September). River discharge in this period is largely dependent on the timing and intensity of
snowmelt, making the basin suitable for analyzing snow-water-agriculture interactions (Adenova et al., 2024)
Central Asia (CA.

Data Sources

DEM. Topographic characteristics of the basin were derived from the NASADEM dataset with a spa-
tial resolution of 30 m (figure 2). This dataset represents an improved version of the original SRTM model,
with reduced voids and enhanced vertical accuracy (Chen et al., 2026).

Kuragaty Sub-Basin Boundary —— DEM Elevation Profile

Min(407 m) — Max(4418 m)
Baseline (DEM 1000 m) 4B BEE b Aae s
Kilometer:

Fig. 2. 3D Digital Elevation Model (DEM) of the Kuragaty Sub-basin with elevation profile from the minimum (407 m) to maximum (4418 m)
points and a baseline at 1000 m indicating the zone for snow cover analysis

The DEM was used to delineate the basin boundary, derive elevation zones, generate a mask for areas
above 1000 m representing the primary snow accumulation zone, and support terrain-related corrections in
the METRIC model.

The elevation threshold of 1 000 m was selected based on regional climatic conditions, where per-
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sistent seasonal snow cover 1s typically observed above this level.
Snow Cover. Snow cover dynamics were assessed using Sentinel-2 Level-2A surface reflectance im-
agery for the period 2018-2025, focusing on the cold season (November-May). The spatial resolution of 10 m
allowed for relatively detailed representation of snow distribution in mountainous terrain (Yang et al., 2026).
Snow detection was based on the Normalized Difference Snow Index (NDSI), calculated as (1):

Green — SWIR

NDSI =
GREEN + SWIR (1)

where the green band (B03) and shortwave infrared band (B11) were used. A threshold value of NDSI
> 0.4 was applied to classify snow-covered pixels. The threshold is commonly used in mountainous environ-
ments and provides a reasonable balance between omission and commission errors.

Cloud and shadow contamination were addressed using the Sentinel-2 Scene Classification Layer
(SCL). Pixels identified as clouds, cloud shadows, or cirrus were excluded from analysis. And the same time,
pixels classified as snow/ice were retained, even in cases of partial cloud probability, to avoid excessive mask-
ing of valid snow observations.

To reduce noise and improve temporal consistency, monthly composites were generated by aggregat-
ing all available cloud-free observations within each month and calculating the median NDSI value per pixel.
The use of the median, rather than the mean, helped to limit the influence of outliers and residual atmospheric
effects (Ma & Zhang, 2022).

Final snow cover statistics were calculated as the percentage of snow-covered area within the elevation
zone above 1 000 m (figure 3).

Fig. 3. Sentinel-2 scene (18 March 2025) showing: (a) RGB composite; (b) NDSI used for snow cover detection

Evapotranspiration Estimation. Actual ET was estimated using the METRIC (Mapping Evapotrans-
piration at High Resolution with Internalized Calibration) model applied to Landsat imagery. The method is
based on the surface energy balance approach where ET is derived as the residual term (Kumar & Hamouda,
2025)(2):

2)

Where R is net radiation, G is soil heat flux, and H is sensible heat flux.

Landsat 7 and Landsat 8 data were used due to their availability of both multispectral and thermal
bands. The spatial resolution of 30 m enabled analysis at the field scale, which particularly important in het-
erogeneous agricultural landscapes (Allen et al., 2007) (figure A1).

The METRIC workflow included the following steps (figure 4):

1. calculation of surface reflectance-based indices (e.g., NDVI, albedo);

2. estimation of land surface temperature from thermal bands;

3. identification of hot and cold pixels for internal calibration;

4. computation of sensible and latent heat flux;

5. derivation of daily ET values.

Meteorological data required for the model (air temperature, humidity, wind speed, solar radiation)
were obtained from available regional datasets and used to calculate reference evapotranspiration (ETr) (figure



A7),

To focus on agricultural water use, a cropland mask applied, excluding non-agricultural land cover
types. ET values were then summarized as mean and maximum daily values for each month during the grow-
ing season (May-September).

Because of the 16-day revisit time of Landsat and occasional cloud cover, ET time series are not con-
tinuous. However, the available observations are sufficient to capture seasonal patterns and interannual vari-
ability (Singh & Senay, 2015)Surface Energy Balance Algorithm for Land (SEBAL.

Hydrological data. Hydrological response of the basin was assessed using discharge and water level
data from Kazhydromet monitoring network. Observations from the Merke (Zimovye Ulbutuy) gauging sta-
tion were used, as this station reflects flow conditions influenced by upstream snowmelt.

Monthly averages of discharge (m%s) and water level were calculated for the study period. These
data provide an independent reference for evaluating how snow dynamics translate into river flow during the
growing season.

Data analysis. The analysis focused on identifying relationship between snow cover, ET, and river
discharge over the period 2018-2025.

The following steps were applied:

1. calculation of monthly climatologies (mean and standard deviation) for snow cover, ET and dis-
charge;

2. estimation of seasonal metrics, including mean snow cover (March-April) and total ET (May-Sep-
tember);

3. construction of a correlation matrix including key variables (snow, ET, discharge) to explore inter-
dependencies.

Given the relatively short time series (n=8 years), the statistical results were interpreted with caution.
Emphasis was placed not only on significance levels but also on the strength and physical plausibility of ob-
served relationships.

Results.

Snow Cover Dynamics

Snow cover in the mountainous part of the Kuragaty sub-basin (1 000 m) shows a clear and repeatable
seasonal pattern. In all analyzed years, snow accumulation begins in late autumn and research its maximum
extent during the winter month months (figure 4). The highest average values were observed between Decem-
ber and February, when snow-covered area consistently exceeded 55 %, with December showing the latest
mean value (59 + 11.7 %). January and February exhibited comparable levels, although with slightly higher
variability.

With the onset of spring, snow cover declines rapidly. By April, the mean snow-covered area decreases
to approximately 27.6 + 12.7 %, and by May it is reduced to less than 10 % (8.6 + 4.4 %). This sharp transition
reflects the dominant role of temperature-driven melting processes in the basin.

The spring snow index, defined as the average snow cover for March-April, reached a mean value of
37 £+ 8.2 % over the study period.

Spring Snow Cover Extent (Mar-Apr Mean, >1000 m)

50 A

45

40 A

35 A

Spring snow cover extent (%)

25 A

2018 2019 2020 2021 2022 2023 2024 2025
Year

Fig. 4. Spring snow cover extent
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deasonal Fattern of Evapotranspiration

ET over agricultural areas follows a distinct seasonal cycle aligned with crop development and irriga-
tion practices. Mean daily ET values increase rapidly at the beginning of the growing season, reaching 2.1 +
0.6 mm/day in May. The highest values are observed in June, when maximum daily ET peaks at 7.4 £ 1.2 mm/
day. This period corresponds to both favorable climatic conditions and active irrigation.

After June, ET gradually decreases toward the end of the growing season. By September, mean daily
ET drops to 0.84 + 0.18 mm/day, reflecting reduced crop activity and lower evaporative demand.

The total ET for the growing season (May-September) averages 214.4 4+ 24.2 mm (figure 5) (table 1).

Evapotranspiration
mm/day

. 5,88585

-

0 5 10
[ ™ (Cilometers.

Fig. 5. Cropland-masked daily ET (METRIC, 3 July 2025)

Table 1 — Seasonal ET totals (May-Sep) per year (mm). (Computed from monthly mean daily ET *
calendar days)

Year Seasonal ET total (mm)
2018 245.12

2019 219.2

2020 242.6

2021 190.3

2022 192.7

2023 180.6

2024 224

2025 221

River Discharge Characteristics

River discharge during the growing season shows moderate variability, with mean values of 4.26 +
1.34 m%/s. The highest flows are typically observed in early summer, coinciding with the period of active
snowmelt (figure 6).
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Mean Discharge During Growing Season (May-Sep)

Mean discharge (m3/s)
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Fig. 6. Mean discharge During Growing Season (May-Sep)

Relationship Between Snow Cover and ET

The relationship between snow cover and ET is most evident at the beginning of the growing season.
Statistical analysis indicates positive correlation between winter snow accumulation and early-season ET.
In particular, December snow cover shows a correlation of r = 0.62 with mean ET in May (figure 7a), while
March snow cover is correlated with June at r = 0.6 (figure 7b). Although these relationships do not reach
conventional levels of statistical significance (p-values slightly above 0.05), they are consistent in direction
and magnitude, suggesting a meaningful physical connection.

December Snow vs May Mean ET

March Snow vs June Mean ET
r=0.622, p = 0.100

r=0.600, p=0.116

May mean ET (mm/day)
~
0
o

N
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2
=

June mean ET (mm/day)
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March snow cover (%)
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a) b)
Fig. 7. Snow-ET correlation: (a) December vs May; (b) March vs June

These results indicate that years with greater snow accumulation tend to support higher ET during
the early growing season. This pattern is likely related to increased water availability from snowmelt, which
reduces constraints on irrigation supply during critical periods of crop development. At the same time, the
relationship weakens when considering total seasonal ET (Nay-September), implying that factors such as irri-
gation management and water regulation may partially offset natural variability later in the season.

Snow-Discharge and Discharge-ET Relationship

The interaction between snow cover and river discharge reveals additional insights into basin-scale
hydrological processes. A statistically significant negative correlation was observed between January snow
cover and April discharge (r =-0.71, p = 0.047), suggesting that higher winter snow storage delays the release
of water into the river system.

In contrast, a strong positive relationship was found between February snow cover and discharge in
July (r=0.78, p = 0.024), indicating that greater snow accumulation contributes to sustained flow later in the
season.

The relationship between discharge and ET is moderate (figure 8). For the core summer period
(June-August), mean discharge correlates with total ET atr=0.59, p=0.121. Although not statistically signif-
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1cant, this relationship suggests that higher river tlows tend to coincide with increased agricultural water use.

Jun-Aug Discharge vs Jun-Aug ET Total
r=0.594, p =0.121
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Fig. 8. Jun-Aug Discharge vs Jun-Aug ET Total

Discussion.

The results obtained in this study indicate that snow cover dynamics play a noticeable role in shaping
water availability in the Kuragaty sub-basin, although this influence is not uniform throughout the growing
season. The clearest relationship is observed at the beginning of the agricultural period, when snowmelt con-
tributes to the initial water supply.

Moderate positive correlations between winter—spring snow cover and evapotranspiration in May—
June (r = 0.60-0.62) suggest that years with higher snow accumulation tend to support increased water use
during early crop development. This is physically consistent with the hydrological regime of mountain-fed
basins, where snowmelt forms the primary source of runoff in late spring and early summer. Similar patterns
have been reported for the Tien Shan region, where snowpack is a key control on seasonal water availability
and irrigation supply.

At the same time, the relationship weakens when moving from early-season to total seasonal evapo-
transpiration. The absence of a strong correlation between snow cover and cumulative ET for May—September
indicates that snowmelt alone does not determine water consumption over the entire growing period. This can
be explained by the increasing role of vegetation development and atmospheric demand, as well as irrigation
practices. In irrigated systems, evapotranspiration is not only limited by natural water availability but also
regulated through water distribution infrastructure, which can partly compensate for interannual variability in
snowmelt.

The analysis of snow—discharge relationships provides additional insight into the timing of water avail-
ability. The negative correlation between January snow cover and April discharge (r = —0.71) suggests that
higher snow accumulation delays melt processes and shifts runoff generation toward later periods. In contrast,
the strong positive relationship between February snow cover and July discharge (r = 0.78) indicates that
years with greater snow storage tend to sustain higher flows during the peak irrigation season. This delayed
contribution of snowmelt appears to be an important mechanism for maintaining water availability in summer.

The relationship between discharge and evapotranspiration is weaker (r = 0.59 for June—August) and
not statistically significant, which reflects the regulated nature of water use in the basin. Even under varying
river discharge conditions, agricultural water consumption remains relatively stable, likely due to irrigation
management and redistribution of water resources. This supports the interpretation that evapotranspiration
represents an integrated response of both natural processes and human-controlled water use.

From a methodological perspective, the combined use of Sentinel-2 and Landsat data allowed for a
more detailed analysis compared to coarser-resolution datasets. At the same time, several limitations should be
taken into account. Snow detection based on optical imagery is affected by cloud cover and may underestimate
snow extent in forested areas. The temporal resolution of Landsat limits the continuity of evapotranspiration
estimates, particularly during cloudy periods. In addition, hydrological observations are point-based and may
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not tully capture spatial variability across the basin. Irrigation practices, which were not explicitly included
in the analysis, can further modify the relationship between natural water supply and observed evapotranspi-
ration.

Overall, the results suggest that snow cover acts as an initial control on water availability, particularly
at the beginning of the growing season, while its influence becomes less direct later in the season due to the
increasing role of climatic and management factors. In the context of the transboundary Shu basin, where up-
stream processes in Kyrgyzstan affect downstream water use in Kazakhstan, understanding these interactions
is especially important for improving water allocation and irrigation planning.

Conclusion.

The analysis carried out in this study shows that snow cover remains an important component of the
hydrological system in the Kuragaty sub-basin, primarily influencing water availability at the beginning of the
growing season. The obtained results indicate that higher snow accumulation during winter and early spring is
generally associated with increased evapotranspiration in May—June, which reflects the contribution of snow-
melt to irrigation water supply during the initial stages of crop development.

At the same time, this influence becomes less evident when considering the entire growing season.
The weak relationship between snow cover and total seasonal evapotranspiration suggests that water use in
agricultural areas is not controlled by natural factors alone. As the season progresses, vegetation dynamics, at-
mospheric demand, and irrigation management increasingly determine evapotranspiration patterns, reducing
the direct effect of snowmelt.

The relationship between snow cover and river discharge further highlights the role of snowpack in
regulating both the timing and availability of water resources. Higher snow accumulation tends to delay melt
processes in early spring while supporting more stable river flow during the summer period. This behavior
confirms the function of snow as a natural storage component within the basin.

Several methodological limitations should be taken into account when interpreting these results. Snow
detection based on optical satellite data is affected by cloud cover and may lead to underestimation of snow
extent, particularly in areas with forest cover. The temporal resolution of Landsat imagery limits the continuity
of evapotranspiration estimates, especially during periods with frequent cloudiness. In addition, hydrological
observations are based on point measurements and may not fully represent spatial variability across the basin.
Irrigation practices, which were not explicitly included in the analysis, can further influence the relationship
between natural water availability and observed evapotranspiration.

Despite these limitations, the combined use of satellite and ground-based data provides a consistent
framework for analyzing interactions between snow cover, river discharge, and agricultural water use. The re-
sults highlight the importance of considering snow conditions as an early indicator of water availability, while
also emphasizing the need to account for human-controlled processes in water management. In the context
of the transboundary Shu basin, improved integration of upstream and downstream data could support more
effective irrigation planning and water allocation under conditions of increasing interannual variability.
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Annorauus. Kipicne. Lludpranasipy sxarmaiflblHa €111 MEKEH JKepJliepiH ayMaKThIK YHBIMIACTHIPY
JKep pecypcTapblH THIMAI OacKapyAblH MaHbI3[bl OaFbIThl OOJNBIN TaObUIaAbl. YpOaHU3aIMs YIEpICiHIH
KapKbIHIbl JaMybl >KOHE HWH(PAKYpbUIBIMFA TYCETIH JKYKTEMEHIH apTybl ayMakThIK >KOCHapJiayibl
xKeTuaipyai Ttanan erefi. OcwiraH OaifnmaHbICThl reoaknaparThlk kyhenep (['AX), amekTpoHABIK >xep
KaJacTphbl JKoHEe «AKBUIIbI Kallay TEXHOJOTMSAJAphIH EHri3yre OarblTTalfaH FhUIBIMU 3€pTTEYJIEp EepeKIle
MaHbI3Fa ue. Marepuannap MeH oaicrep. 3eprrey AJsMaThl OOJIBICHI ayMmarblHAA Kypriziaai. JKymbicTa
reoaKnapaTThIK JIEPEKTep, TEKTPOHIBIK KAZacTp MANIMETTEpl KOHE ayMakThIK KOCHapiay Ky)KaTTapsbl
naiiananeuiabl.  3epTTey OapbIChIHIA CATBICTBIPMAJIbI TAJJAY, )KYHENIK TOCLT )KoHEe KEHICTIKTIK JepeKTepal
eHzey oxicrepi Konaanbuiabl. ConbiMeH KaTap OctoHus, OHrycTik Kopest xone CuHramyp enaepiHiH
ToxipuOenepi  KapacTelpbulabl. HoTwkenep MeH  Tankbuiay. 3epTTey  HOTHXKelepl  HUQPIBIK
TEXHOJIOTUSIIAP/IbIH JKEep ydYacKeslepiH TipKey, KaJacTpJbIK JEPEeKTepli jKaHApTy KoHE MH(PaKYpbLIbIMIBI
TUIMJII OpHANACTBIPY MPOILECIH KEHIMAETeTiHIH KopceTTi. COHBIMEH KaTap MEMIICKETTIK KbhI3METTEpl
aBTOMATTaHIBIPY JICHTeHiHIH apTKaHbl aHBIKTANAbl. JlereHMeH, MHTEpHET HWH(PPAKYpPHUIBIMBIHBIH
JKETKITIKCI3AIr:, JEepeKTepAiH TONBIK IudpiaHOdaybl JKOHE aKMapaTThIH KOJKETIMIAUIIK JCHIeHiHIH
TOMEH/IIr Heri3ri npobaemanap peTinae aikbiHaanasl. KopbITbiHabl. Enni MexeH >xepiepiH nudpranabipy
HETi31HJe YHBIMIACTBIPY AayMakTBIK JKOCHapiay[blH THIMIUITIH apTThIPhIN, ypOaHM3alus YAEpiciH
Oackapyabl ketinaipeni. Ludprablk TexHoMOrUsIapapl KEHIHEH €HIi13y MeH MH(PaKYpBUIBIM/bI JaMbITY —
TYPaKThl AaMyIbIH 0acThl (hakTopaapbl OONIBIN TaObUIAIBI.

Tyiiin ce3nep: nUprIaHIBIPY, AyMaKThIK YHBIMAACTBIPY, JKE€p KaJacTphl, FeoaKnapaTThIK XKykenep,
AKpUIIBI Kaj1a, AIIMAThI 00JIBICH
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AnHoranusi. Bpenmenme. Opranuzanus  3eMelb  HAceNE€HHBIX  IYHKTOB B YCJIOBHAX
u(ppOBU3AIMK SBISETCS BaXKHBIM HampaBlieHUeM 3((EKTHUBHOTO YIIPaBICHUS 3€MEIbHBIMU pEcypcamu.
bricTpoe pa3zButue ypbaHU3allMu M POCT HArpy3Kd Ha HHOPACTPYKTypy TpeOyIOT COBEpPIICHCTBOBAHUS
TEPPUTOPUATBHOTO IJIaHUpOBaHUS. B  3Tolf  cBA3M o0coboe 3HAaUeHHE NPUOOpPETAIOT Hay4HbIE
WCCe0OBaHUs, HamnpaBleHHbIe Ha BHeapeHue reonHpopmanuoHHbix cuctem (I'MC), snekrpoHHOrO
3eMEeNBFHOr0 KaJacTpa U TEXHOJIOTHH «yMHOTO ropojay». Martepuainsl U MeTobl. McciienoBanue mpoBe1eHo
Ha TeppUTOpUN AJIMaTHHCKOM 00siacTu. B paboTe mcmonp3oBaHbl TeOMH(POPMAIIMOHHBIC TaHHBIC, CBEICHUS
ANEKTPOHHOTO KajJacTpa M JIOKYMEHTBl TEPPUTOPHAIBHOTO IUIAaHUPOBaHUA. [IpUMEHSITUCH METOJIbI
CPaBHUTEIBHOTO aHaJM3a, CUCTEMHOTO TMOJX0Ja M OOpabOTKHM MPOCTPAHCTBEHHBIX JaHHBIX. Takxke
paccmotrper onbIT Octonuu, FOxHoit Kopen u Cunramypa. Pesynbrarel um oOcyxkaeHue. Pe3ynbTarhbl
HCCIIe0BaHUS MTOKA3aJIH, 4TO IU(POBBIC TEXHOJIOTHH CITIOCOOCTBYIOT YIIPOIICHUIO PETUCTPAIIMHM 3eMEITbHBIX
Y4acTKOB, OOHOBJICHHIO KaJaCTPOBBIX NTaHHBIX U 3(hdekTHBHOMY pazMenieHuio nHppacTpykTypsl. Kpome
TOT0, OTMEUEH POCT YPOBHS aBTOMATH3aIUU TOCYIaPCTBEHHBIX yCIyT. BMecTe ¢ TeM BBISBIIEHBI TPOOIEMBI,
CBSI3aHHBIE C HEJOCTATOYHBIM Pa3BUTHEM HMHTEPHET-UHPPACTPYKTYPHI, HETIOTHON HU(POBU3AINH JAHHBIX U
HU3KUM YPOBHEM JOCTYITHOCTH HHGopMaluu. 3akimtoueHne. Opranusanus 3eMejb HAaCelIEHHBIX MYHKTOB Ha
OCHOBE IM(POBU3ANMK TOBBIMAET 3PPEKTHBHOCTh TEPPUTOPHAIBHOTO TUIAHUPOBAHUS M CIIOCOOCTBYET
VIIyYIIEHUIO yTpaBleHus mnporeccamu ypOanuzauuu. [llupokoe BHeapeHue HUGPOBBIX TEXHONOTHH U
pa3BuTHE MH(PACTPYKTYpBI SBISIOTCSA KIIOUEBBIMU (DaKTOpamMH yCTONYMBOTO Pa3BUTHS.

KiroueBble ciaoBa: 1udpoBusanus, TeppUTOpUAIbHAsS OpraHU3aIMs, 3eMEJIbHBIH KajaacTp,
reornH(Op-MaIllMOHHBIE CUCTEMBI, KYMHBII» TOpoJ, ATMaTUHCKask 00J1acTh.

Jlnsi umTuposanmsi: Kammesa M.C., KanmaramberoBa A.A., Uemmeiz @. (2026). «Hayuno
000CHO-BaHHBIM TMMOJX0J K ITUIAHUPOBAHHWIO PAIMOHAIBLHOTO WCIOJB30BAHUS 3€MENIb B HACEIEHHBIX
nyHkTax» // Research, results — [3nenictep, Hotuxenep — Mccnenosanus, pesynbratel. T. 28. Is. 3. Number
111. Pp. 160-168. https://doi.org/10.37884/3-2026/13 [In Kaz.].

KondaukT uHTEpecoB: aBTOPHI 3asBIAIOT 00 OTCYTCTBUH KOH(DINKTAa HHTEPECOB.

bnazooapnocms. Mvi vipadicaem 61a200apHocms Haulemy HAYYHOMY PYKOBOOUMENIO 3d NOMOWDb &
VMOYHEeHUU meMbl, NpedOCmdasieHue MemoOUuyecKUx peKomMeHoayuti u cooelcmeue 6 YIyyuleHuu
CO0epIHCaAHUsl UCCIe008AHUsL, A MAKICe Npenodasamesim Kageopvl 3eMelbHbIX Pecypcos U Kaoacmpa 3d
Nn000EPIHCKY NPU HANUCAHUU CINAMbU.

Kipicne.

Kasipri Tanga nudpaasabipy dIeMAIK YpAiCKe aifHabIN, SKOHOMHUKAHBIH O0apiIbIK caialapblHa, COHBIH
1IIiH/Ie JKep KaThIHACTapblHa Ja YIKEH e3repictep eHrizyae. Kasakcrannaa na enjii MeKkeH xepiepin 0ackapy
MEH JKocTapiayaa HUPPIBIK TEXHOIOTHUsIAp OeNceHal KONIaHblIy1a. AIMaThl 00JIbICH — YKOHOMUKAJIBIK
XKoHE MH(PPAKYPBUIBIMJIBIK JaMybl KapKbIHABI aiiMakTapAbslH Oipi. Ochl Makaiaza enjii MEKEH >KepJepiH
ayMaKTBIK YHBIMIACTBIpYJa UPPIAHABIPYIABIH PO, OHBIH apTHIKIIBUIBIKTAPEl MEH KUBIHIBIKTAPHI
KapacTelpbiianbl. Kazipri yakeiTTa nudpranaslpy oJIeMHIH OapiiblK canajapblHa, COHBIH 1IIIHIE ayMaKThIK
KOCIapiiay MEH JKep pecypcTapblH OacKapyfa YJIKEH e3repicTep okenyne. Enmi mMekeH jkepiepiH THIMI
YUBIMIACTBIPY — YpOaHu3anus, HHOPaKYPbUIBIMABIK JaMy, SKOJIOTUSIIBIK TYPAKTHUIBIK jKOHE YKOHOMUKAIIBIK
eciM YIIIiH MaHbI3bI (hakTop [Junusov et al., 2024: 60—62]. KazakcTanaa ypoaHu3zalus KapKbIHbI KbUT CalbIH
apThIN Keneai, OyJ1 )Kep pecypcTapblH aypbic Oackapynbl Tanan eteni. [ludpnsik TexHomorusiap, acipece
I'AK, sneKTpoHIBIK Kep KaJacTpbl jKOHE FApBIIITHIK MOHUTOPUHT JKEp pecypcTapblH Oackapyaa >KbUiIaM-
JIBIK, JQIIIK ’KOHE allIbIKTBIKTHI KAMTAaMachI3 eTe/li. by TeXHOIOorusIapabl €Hri3y Ky KaT allHaIBIMBIH KEeHLIT-



TICTII, OFOPOKPATHSIBIK KCACPTUICPAl a3alThill, MEMJICKETTIK KbI3METTEPl LUPPILIK (POPMaTKa KOIIIPyre
MYMKIHIIK Oepesi. AMaThl 00IBICH — e1iMi3/1eT] SKOHOMHUKAJIBIK KOHE IeMOTpa(UsIIBIK TYPFbIaH KapKbIH-
JIbl TaMBIN KeJie jKaTKaH aiiMakTapAblH Oipi. Anaiina, eHipae *ep KaTblHACTapblH OacKkapy, Kajla KYpPhUIbICHI
MEH aybUIJBIK KepiepAiH AaMyblHaa Oipkarap mpoOnemanap cakranayaa. OHBIH 1HIIHAE Kep TeliMIEpiHiH
uudprany ASHreliHIH TOMEHIT1, HHOPAKYPBUTBIMIBIK KyHenepaiH OipKesKi JaMbIMaybl dKoHE XaJbIKThIH
UPIBIK CEpBUCTEPre KODKETIMAUIIT ©3eKTI MacenenepiH 0ipi 60mabin oTeip. Ockl 3epTTey AJMaThl 00IbI-
CBIHBIH €JIIl MEKEH kepiepiH U pIaHabIpy apKbUIbl ayMaKTBIK YHBIMIACTBIPYIbI KETUIAIPYIIH THIM/L KO-
JapbIH aHbIKTayFa OarbITTanFaH. byn Takeipein KazakcTanaarsl ailMakThIK JaMy CTPaTErHsChIH XKETUAIpyTe,
MEMJIEKETTIK 0acCKapy/IbIH alllbIKTHIFBIH apTTHIPYFa )KOHE JKep peCypCTapblH YTHIM/IBI NalilaaHyFa yjec Koca
ananpl. COHABIKTAH 3epPTTEY/AIH ©3€KTLIIr TEK TEOPHUSUIBIK TYPFbIIa FaHA eMeC, COHBIMEH KaTap MPaKTHKAJIbIK
MaHBI3HI 30D.

Marepuangap MeH 3epTrey daicTepi.

byn makamana uudpraHaslpy skaralblHAA €A1 MEKEH KepJepiH ayMaKThIK YHBIMIAcThIpyFa
OaitnanbicTel Kazakcran PecryOnmKkachIHBIH 3aHHAMAIIBIK aKTiJIEPi, PECMU CTATUCTUKAIIBIK JEPEKTEP, FEUTBIMU
Makananap, ['’AX gepekrepi »oHe XalbIKapalblK TOKIpUOenep Heri3re alblHAbL. 3epTTey OaphIChIHA Keneci
Heri3ri Matepuanaap nainanansuiasl: Kazakcran PecryOnukaceiabiy JKep konekci — eni MeKeH Keplepin
Oackapy oHe ayMaKThIK YibIMIacTeIpy Karunanapsl, «Lludpasik Kazakctan» mMemiekeTTik OarnapiaMacsl
— uudpIaHIBIPYIbI JaAMBITY CTpaTerusichbl; AJMAaThl OOJIBICHIHBIH JKEP PecypcTaphl Typalibl CTATUCTUKAIBIK
MOJIMETTEp — XalblK CaHBIHBIH OCYl, JKep MalganaHyablH aFbIMIarbl skaraaibl; [TAJK-TexHomorusiapsl
Heri3iHe kKacaaFaH KapTorpadusuIblK MaTepraiap — )Kep TeliMIAepiH Kocmapay xKoHe 6ackapy Kypaiaapsl,
FoutbiMu eHOekTep MeH MIeTeNaiK Toxipubenep — HUbpIaHABIPY apKbLUIbl ayMaKTBHIK YHBIMIACTBIPY/IbI
KETUIIpY >konaapsl [Junusov et al., 2024: 60—62].

3eprrey daicrepi.

3epTTeyiH MakKcaTbhlHA JKETy YIIiH OipHelle FhUIBIMU JKOHE aHATMTHUKAJBIK SICTep KOJJaHBLIIbI.
CanpicTeipManbl Tangay oaici — KazakcTaHgarbl KoHE JaMbIFaH enjepieri uudpiaHaslpy MpOLecTepiH
CaJIBICTBIPY apKbLIbI €H THIMA1 MOJIebAepAl aHbIKTay. [ 'eoaknaparThIK Tanaay ogici — 'AXK rexHomorusmapsl
HET131He JKep pecypcTapblH jKOocmapiay >KOHE MOHUTOPUHT KYprizy. CTaTUCTHKANBIK dicTep — AJIMATHI
00JIbICHI OOMBIHINIA XaJIBIK CAHBIHBIH JTUHAMUKACHIH, JKep pecypcTapblH MaianaHy KOpCeTKIIITEpiH Talaay.
Capanramanslk Oaranay ofici — HU(pIaHIbIpyAbIH ayMaKThIK YHBIMIACTHIPYFa bIKIATBIH Oaranay yIiH caia
MaMaHAAapbIHBIH MiKIpJepi MeH TOXipuOeciH 3epTTey.

3epTTey OapbIChIHAA ATbIHFAH MAIIMETTEP aKMapaTThIK TEXHOJIOTHSIIap MEH HUGPIBIK MenriMaepal
KOJJIaHa OTBIPBII, €J/11 MEKEH KEepJepiH THIMIAlI YHBIMAACTHIPYIbIH OHTaWJbl >KOJJApbIH aHBIKTayFa
KOMEKTECE.

3eprTey HOTHIKEIEPi KIHE 0J1apAbI TAIKbLIAY.

3epTTey OapbIChIHIA U PIBIK TEXHOIOTUSIAPIBIH €J1/11 MEKEH JKepIIepiH ayMaKThIK Y BIMIACTBIPY JaF bl
MaHbI3bl MEH AJMaThl OOJIBICBIHIA J>KY3€re achIpbUly JEHIeill KapacTeIpbUiabl. Tammay HOTHXKenepi
KOpCeTKeHIe!, U pIaHABIPY Kep pecypcTapbliH 6ackapy MeH HH(PaKypbUIBIMABI )KOCTapIiay bl TUIMII opi
alibIK eTyre MyMKiHaik O6epeni. Kasipri tanga uudpiaanaplpy aleMIiK ypaicke alHaIbII, SKOHOMHUKaHBIH
OapIibIK cajanapbiHa, COHBIH 1IIIHJE Kep KaTbIHACTaphlHA Ja YIKEH e3repicrep eHrizyae. Kazakcranma na
€11l MEKEH JKepJiepiH Oackapy MeH »ocmapiayaa HUPPIIbIK TEXHOJIOTUsIap OeJIceH 11 KOMAaHbUTya. AJIMaThI
00JIBICHI — SKOHOMUKAJBIK jKOHE MHPPAKYPBUIBIMIBIK AaMybl KapKbIH/IbI aiiMakTapabiH Oipi. Ockl Makaiaaa
€Nl MEKEH >KepJIepiH ayMaKThIK YHBIMAACTHIpYAa HU(PPIAHABIPYABIH PO, OHbIH apThIKUIBUIBIKTAPEl MEH
KHUBIHABIKTAphl KapacToipbuiaasl [https://stat.gov.kz] (05.01.2025) [in Kaz.].

EnniMekeH xeprepin ayMaKThIK YUBIMIACTHIPYda €H aJlIbIMEH XaJIbIK CAaHbl €CKepy KaxeTi3. 1 -kectene
Anmatsl 065bICHIHBIH 2025 xbUTFbI | KaHTap MeH | HaypbI3 apanbIFbIHAAFBI Kajla KOHE aybUT XaJIKbIHBIH CaHbI
MEH geMorpadusIIbIK ©3repictepi kepceTireH. OOIbIC XaTKbIHBIH XKaJIbl CaHbl 1,56 MITH. agamIbl Kypauibl,
€CeNTIK Ke3eH/Ie XaJbIK CaHbl 6,1 MBIH aJlaMFa 6CKeH. OciM Heri31HeH Kellli-KOH CallbJOChIHBIH OH 00TybIMEH
OaitnanbicThl. EH sxorapsl xanbik ecimi Kapacaii, Tanrap sxone line aynannapsinia 6aitkanansl, Oy eHipiepae
KOII-KOH eceOiHEeH XallbIK caHbl apThin OThIp. An bankam, Keren, PaitbimOex, ¥irblp ayJaHAapbIH/IA XaJIbIK
caHbl a3aiffaH, MyHJIa KOIIi-KOHHBIH Tepic canbIochl 6achkiM. Kana XamKbIHBIH ©Cy KapKbIHbI aybUl XaJIKbIHA
KaparaHJa TOMEH, aJl JKaJlIMbl ©CIMHIH HETi3T1 yJeci aybUl XalKbl eceOiHeH KaibimTackaH. byn AnmMarsel
arJoMepanusChlHa KaKbIH ayAaHaapa KOHbICTaHY YPICIHIH KYIIEIO1H KOpCEeTe/I.

Kecre 1 — Anmatsl 06bIchIHBIH 2025 KbUTFBI 1 KaHTapaFbl Kajia )KOHE ayblT XaJKbl caHbl [3]



’:ﬂTTbIK TNI'II:?;»;
AKALEMUSICBI

2025 KBUIFBI |  XaJIBIKTBIH OHBIH IIIIHIE 2025 KBIIFBI TaOWFH 6cyi
1 kaHTap JKAJIIBI ©CIMI 1 HaypbI3TaFbl
€CenTiK KOIlli-KOH Caubl ecy Oprama
JIaFbl CaHBI Ke3eH CaJIbI0CHI KapKBIHBI
CaHbI
neri
Byxin xanbix
AnmMatsl 1560 124 6133 2 869 3264 1566 257 0,39 1563 191
Konaes r.a. 65 822 55 80 -25 65 877 0,08 65 850
Anaray K.a. 51941 618 88 530 52559 1,19 52250
Bankam 27 889 -191 36 -227 27 698 -0,68 27793
Enbekirikazak 284 837 -465 504 -969 284 372 -0,16 284 604
YKamObL1 170 136 64 372 -308 170 200 0,04 170 168
Keren 26 410 -318 30 -348 26 092 -1,20 26 251
Kapacait 354278 3454 799 2 655 357732 0,97 356 005
Paiipimbex 27 426 -301 38 -339 27125 -1,10 27276
Tanrap 255124 2299 423 1876 257 423 0,90 256 274
Yiireip 61499 -309 64 -373 61190 -0,50 61344
e 234762 1227 435 792 235989 0,52 235376
Kamna xanker
Anmatsl 302 886 791 399 392 303 677 0,26 303 282
Konaes r.a. 57 464 66 63 3 57530 0,11 57 497
Anatay K.a. 51941 618 88 530 52 559 1,19 52 250
Enbexmrikazak 41195 -102 54 -156 41 093 -0,25 41 144
Kapacait 86 696 281 137 144 86977 0,32 86 837
Tanrap 65 590 =72 57 -129 65518 -0,11 65 554
AybLT XaJNKbl
Anmartsl 1257238 5342 2470 2872 1262 580 0,42 1259909
Konaes r.a. 8358 -11 17 -28 8 347 -0,13 8353
Anaray K.a. 0 0 0 0 0 0,00 0
Banxam 27 889 -191 36 =227 27 698 -0,68 27793
Enbexmrikazak 243 642 -363 450 -813 243279 -0,15 243 460
YKamOb1 170 136 64 372 -308 170 200 0,04 170 168
Keren 26 410 -318 30 -348 26 092 -1,20 26 251
Kapacait 267 582 3173 662 2511 270 755 1,19 269 168
PaiipiMbex 27 426 -301 38 -339 27125 -1,10 27276
Tanrap 189 534 2371 366 2005 191 905 1,25 190 720
YitreIp 61499 -309 64 -373 61 190 -0,50 61344
e 234762 1227 435 792 235989 0,52 235376

Anmatel 0OJBICBIHAA LUGPIAHABIPYIBIH aFbIMIAFBl JKaFlalblHAA SJIEKTPOHIBIK Kep KaaacTpbl
eHTi31IreH, 6ipak TOJBIK IU(pIanbIpy mpolieci Oasy xypin xatbip xkoHe I'AXK TexHonorusmapel KojaaaHblia
Oacrtanpl, amaiina Oy skyienep omi TONBIK WMHTErpauusuiaHOaraH.  3epTTey OObEKTICIHIE FapBIIITHIK
MOHHUTOPHHTI apKbUIBI KepAi OaKplaay 1aMblIl Keei, 01pak OapiabIK )kep TemiMaepl YIiH Oy Kyiie KoKeTiMIi
eMec JKOHE JIe MHTEJICKTYalbl KOJIK KoHe MH(PpaKyphUIbIM KyHenepl keildip Kananapia eHri3iii, 0ipak
aybULABIK JKepliepe il nambiMara [Qanatqyzy et al., 2022].

Kazakcranga «{ugpasik Kazakcran» MemiekeTTik OaraapiaaMacs asChIHA Kep pecypcTapbiH 6acKapy xKyu-
eci sxkaHapThUTya Anmarsl o0bickiHAa [AXK KonmaHbIcKa eHT131UIII, JKep KaZacTphbl MJIEKTPOHIBIK (popMaTKa
kemipintyne [Tolegen et al., 2023: 12].

l-cyperte Anmarbl oOnbIChIHAA LUGPIAHIBIPYABl €HI13y OapbIChIHIA KE3AECETiH HETi3ri Mocele-
Jep, oJapAbIH cedenTepi kKoHe IMIeNly Kojaaapsl kepceriareH. Herisri nmpobiemanapasiH Oipi—aKnapaTThIK
KyHenepliiH e3apa YHIECIMAUIITIHIH TOMEHIIr1, Oy OipbIHFAall MHTErpalUsUIaHFaH XKYHeHiH OoamaybIMeH
OaiiaHpIcThl. MyHBI ep KaJacTphl, I€0aKMapaTThIK KyHenep jkoHe Oacka ruiatdopmanapisl OipiKTipy
apKBLIBI STy YChIHBLUIAbI. COHBIMEH KaTap, aybUIIBIK Kepliep/ie MHTEPHETTIH KOJKETIMALTITIHIH TOMEH/IIT1



HUQPIaHABIPYABIH Oasy KYpylHe acep erenl| baideldnov et al., 20241 15].

by Macene nH(ppaKypbUIBIMHBIH QJICI3ITIMEH TYCIHAIpLIe 1 XkoHe OaillaHbIC onepaTopaapblH
KoJIJay MEH 3aMaHayH OaillaHbIC TEXHOJIOTUSIIAPBIH €HI13y apKbUIbI Nyl MyMKiH. Tarbl Oip MaHbI3bI
MoceNle—MeMIIEKETTIK KbI3METKepJIep/iiH LU(PIBIK cayaTThUIBIFBIHBIH TeMeHIrl. JKaHa TexHoIorusaapabl
MEHTrepy JeHreiiHIH )KeTKITIKC13 00Tybl OKBITY OafFapiamMaiapblH YHbIMIACTHIPY *KoHE OUTIKTUIIKTI apTThIPY
apKpLIBI IIenry i Tanamn ereai [Sapakova et al., 2021: 43].

AKNapaTTMK yiletepain
YilTeC IMIUTIN TOMEH |

AYMLIMK Kepaepae NHTepHeT BipixTipiaren Gipsimrail acyiie

KOTReTIMUILIN TOMEH HOK

MesrexerTik TIHGPAKYPRLIMMHLIN Aep KLIACTPRIN, l.u-. Eame
KWIDMCTRCPICPIN mndpanx | 23¢1un Gacka 1a xylleaepu
CAVATTRUIMITS TOMEH AaHa TeXHOIOMLIAPIM IHTETPALIATAY

MenTepy Jenreil xetxitikes | balliankc onepatopaapun
koaaay, 30 eHriy

Oty Garaapaasanapuin
Kyprivy, GLTKTLTI apTTMPY

Cyp. 1. Anmarsl 00IbICEIHAA TU(PIAHIBIPYIBI SHTI3YIH HEeTi3ri Macelnenepi
[Fig. 1. Key Challenges in Implementing Digitalization in Almaty Region]

Hletenmix Toxipude xoHe Kaszakcranra Oeitimaeyne DCTOHHMAIAFHI Kep KaIacTphl JKyieci —xepai
TipKey TPOIECTEPiHIH ANIBIKTHIFBl KAMTaMachl3 eTireH. CHHTramypJsiH AKBUILABI Kajla MOJAEIi- TUPIIBIK
KapTajap MEH >KacaH/bl HHTEJUICKT ayMaKThIK JaMyAbl Oopkay yuriH Konganeuiansl. OHTycTik KopesHbiH
'AXK TexHONMOTHsIIapBI—KEp peCypcTapbiH Oackapy MEeH WH(PaKYPBUIBIMIIBIK jK00a1ap/abl OHTalIaHIbIpyFa
kemekTeceni [Tolegen et al., 2023: 40]. 2-kectene AiMarbl OONBICHIHAAFBl LUQPIAHIBIPY JCHIEii
MEH HIETeNIIK TIXKIPUOEHI CaNBICTBIPY KOpceTiIreH. AnMaTsl 00JBICBIHAA IH(PIAHABIPY EHTi3UIreHIMEH,
KYWe TOJIBIK aBTOMATTaHJBIPBUIMAraH: Kep KaaacTpbl ol jJe Karaz0eH jkymbic icteini, ['AXK Tombk
WHTETpaIMsUIAHFaH eMeC, )KeKe CEKTOP/IBIH KeHOip jKepiepi TipkelIMereH. JlepekTep MeMIIEKEeTTIK OpraHjap
apKBUIBI IEKTEYJ1 KOJDKETIMII, KYKBIKTBIK PETTEY JIe TOJBIK JKETIIMEreH, ajl aybULIBIK Kepiepae HHTEPHET
UHPPaKypbUIBIMBI a1ici3. CanbicThipMansl Typae, Ictonust MeH OHTycTik Kopesaa 100% mudpasik kagactp
KyHeci 6ap: OapIIbIK JKep TeTiMIepi OHJIAIH TipKEIreH, Te0aKnapaTThIK KapTalap TOJBIK SHI131ITeH, IePeKTep
aIIBIK TOPTAJIAP APKBUIBI KOJDKETIMII, 3aH/IBIK 0a3a TOJIBIK PETTEITCH KOHE HHTEPHET WH(PAKYPBUIBIMBI &1
OOWBIHIIIA KOFAphI KBUIIAMABIKTEI [Qazagstan Respyblikasy Tsifrlyq damu, innovatsiialar jane aerogarysh
onerkosibi ministrligi. Memlekettik bagdarlama ‘Tsifrlyq Qazagstan, 2022].

Kecte 2 — AnmaTbl 00IBICBIHIAFBI TU(GPIAHABIPY JEHICHIH CANBICTBIPY KPUTEPHii

Ne CaypICTBIPY KpUTEpHL ATnMaTsl OOJBICBIHAFBI KaFAal Mlerenaik Toxipude (Dcronust, OHT.
Kopes)
1 udpnanaepy nexreiii AnMatsI 00JIBICEIHAIA JKep KaaacTphl xKyleci Octonnst men Ontyctik Kopesina
SHTI31ITeHIMeH, OapIIBIK IePeKTep i TOJBIK 100% udpIbIK KagacTp xyieci 6ap.
nudprandaran. Kara36eH sxymbIc icTey ami ge 6ap Bapasix xep ydackenepi oHnaitn
TipKEINTeH, KbUIIaM OHIeIe Il
2 T'AX (reoakmnapaTTbIK T"A K0J11aHBLIBII 5KaThIP, OipaK TOJBIK Bapuibik xepiep onnaiin kaprara
Kylternep) HHTEerpanus sxacaiamarat. JKeke ceKTOpIbIH CHTI31ITeH
KeiOip sxepliepi KagacTpra eHri3iIMereH.
3 Jepextepin MeMJIeKeTTIK OpraH/ap apKblibl EKTey Tl TypJe | AIIBIK HOPTAJAAP APKBUIBI XaJIbIKKa
KOJDKETIMALNIIT KOJDKETIMI KOJDKETIMI
4 KyKBIKTBIK peTTey Oi Jie 3aHABIK Macerenep 6ap 3anbIK 0a3a TONBIK KETIIIpinTeH
Wurepuer Kanana »akchl, aybliibl aiiMakTapa aJci3 Bapiibik e 6oiibIHIIIA KOFAPbI
UH(PaKYPHUIBIMBI | JKBULIAMIBIKTHI HHTEPHET




AnMatel OOJIBICBIHIA HMH(QPAKYPHUIBIM JaMbIMaraH, OyJl oCIpece aybUIIBIK KEpJeple HUHTEPHET
KBUTAM/IBIFBIHBIH TOMEHITIMEH OallaHbICThl. byJl MoceneHi Ienry YIIiH WHTEpHET KeNiCIH KEHEUTy
KOHE JkaHa Oa3zanblK cTaHUusulap cainy KaxeT. COHbIMEH KaTap, *ep TeNIMICPIHIH MOIIMETTepl TOJBIK
mudpranbaraH, ce6e0l apXMBTIK KyXaTrap ecki ¢opmarra cakraiaraH. MyHBI HIelly YIIiH MOJIIMETTep.l
xenen Typae uudpiblk popmaTka kemipy Kaxer. Conaai-ak, KaaacTpiblK AepPEKTEP/iH allbIKThIFbl TOMEH,
OIOPOKPATHSUIBIK KeAeprijep 0y MoceneHi KubiHaaTapl. Lemnty xombl peTiHae alblK MoliMeTTep 6a3achiH
Kypy ycoiHblIFaH [Qashqynbar et al., 2024: 65].

2-cyperte AsMaThl OOJIBICHIHBIH ayMarbIHbIH I'€0aKMapaTThlK KepiHicl kepceriin, onaa Kammaraii
Cy KOMMachkl MEH OFaH iprejec eijii MeKeHJepiH ayMaKThIK YHbIMIAcybl MEH ep HaiJalaHy KYpbUIbIMBI
OelHeJIeHT eH.
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Cyp. 2. AnmaTs! 00JIBICBIHBIH ayMaFbIHBIH [€0aKIapaTThIK KapTachl
[Fig. 2. Geoinformation Map of Almaty Region]

[ndpablk TEXHOIOTHUSIIAP €J1/11 MEKEH JKepJIepiH kKocnapiayaa YJIKeH e3repictep okemnai. bypein Oy
npoIiece Karas JKy3iHje, KYpei opi y3aK YakbIT ajJaThlH 0oJjica, Ka3ip mHTepakTuBTi Kapranap, I'AXK xone
aBTOMATTaHBIPbUIFAH KAJACTPJBIK >KyHenep apKbUIbl SKbUIZAM opi THUIMIL wHIemimaep KaObuinayFa
MyMKiHIiK 6ap [Qazaqstan Respyblikasyndan Jer kodeksi, 2002: 151]. Anmater o6mbicel — Ka3zakcTaHHBIH
HSKOHOMMKA-JIBIK KOHE OJIEYyMETTIK TYPFhIJaH €H KapKbIHIbl JaMbIll Kejie KaTKaH aiMaKTapblHbIH Oipi.
DNEeKTPOHIBIK JKEp KagacTpbl — JKep TeNMIepi Typaisl MamiMeTTep HHU(PIBIK (Gopmarka KeIlmipii,
eGov.kz xoHe <«OKBUDKBI-MalTBIH MYJIK PETHCTpl» apKbUIbl OHJAMH KbI3MeTTep Kepcerineai. I'AXK-
TEXHOJIOTHSUIAp — OOJIBICTAFBl JKEp TeNIMJAEpIH KapTara Tycipy, ypOaHH3aIusi TpPOIECTepPiH OOmKay
MakcaTblH/1a MHTEPAaKTUBTI KapTajap Kojjaa-Hbuiaabl. JKep pecypcTapblH FapblIITHIK MOHUTOPUHITEY —
AnMaThel OOJBICHIHBIH aybUT IAPYalIbUIBIFEl aii-MaKTapbIHA ETICTIK JKepIep/iH JKarJaiibiH Oakpuiay YIIiH
CIYTHMKTIK JIepeKTep maijananbuiaasel. VHTen-meKTyanibl Kok xyienepi — AJMaThl Kajgackl MEH OOJIbIC
aylaHIapbIHIa aKpUIABI OaFmapiamMaap MEH JKOJI KO3FAJIBICEIH OacKapy KyHlelnepi eHri3um katelp [Almaty
oblysy akimdiginif resmi saity, (28.12.2026)].

[udpnaaaeipy xargaibiHIa AJIMaThl 00JIBICHI ayMarbIHAAFBI €I Me-KEH JKepIIepiH YHBIMIACTHIPY
KEp pecypcTapblH THIMII OacKapydblH MaHbI3IbI OarbIThl OosbIn TaObUIaAbl. OO0-TIbIC ayMarblHIA
ypOaHM3anusi YAEPICiHIH KapKbIHABI KYPYl, XaJbIK CAHBIHBIH apTybl XOHE HH(PAKYPBUIBIMFA TYCETIH
KYKTEMEHIH ecyl KepJi jkocmapjay MeH NaijanaHyabl *aHa AEHreiae yibIMAacThIpy[bl Tajamn eTejl.
Kaszipri Tagma obmeicta reoakmnaparteik xyhenep (IAX), nudpiblk kamgacTp koHE KaIlBIKTHIKTAH 30HATAY
TEXHOJIOTHSIapbl KEHIHEH eHrisutyne. byn kyienep skep ydackesdepiHiH IIeKapalapblH HAaKTbhl
Oenrizeyre, ONapAbIH KYKBIKTBIK MOpTEOECiH TIpKeyre >KoHE JKep MaiJanaHyJslH MOHUTOPHHTIH
KYprizyre MyMKIiHIIK Oepei. Ocipece, eni MEKCHIEPIH KEHEI aiMaKTapblH aHbIKTay[a >KOHE >Kepii
aiimakka Oeny Ke3iHIe HHM(PIBIK KapTamiapAblH MaHBI3BI 30p. AJIMaThl OOJBICHIH/AA JKE€pP KaTbIHACTApHI
callachlHla DJIEKTPOHJBIK YKIMET JKyiHeci apKbUIbl KOpCeTUIETIH KbI3MeTTep Je nambin keneni. XKep
VY4acKeCiH  pacimiiey, KamacTpibIK  MOITIMETTepIi  aly KOHE  CalblK  eCelTey  Imporectepi
aBTOMATTaHbIPbUIBIIN, TYPFRIHAAP YIIIH KOJDKETIM/II 9pi alliblkK Ooiyna. by cei0aiiiac ;xeMKOPIIBIK TOyeKe



TICpIH a3alThIll, MEMIICKETTIK KbI3METTEpIIH calachlH apTThIpajbl. COHBIMEH KaTap, UUAQPIaHIbIPY
aybUIIBIK JKOHE Kaja MaHBIHJAArbl ayMaKTapIbl THIMALI JKocmapiayFa MYMKIHIIK Oepexni. WmxkeHepmik
MH(GPaKYPbUIBIM-IIBI  OpHAJACTBIPY, KOJIK KENJepiH AAMBITYy XOHE HSKOJOTHSUIBIK aliMakTapapl cakray
Macenenepi nudpAbIK Oe-pekrep HeriziHae memineni. JlerenmeH, o0nbpicTa HUQPPIAHABIPYIBl TOJBIK
Kys3ere acwlpy yuriH Oipkatap Mmocenenep Oap. Omnapra AepeKTepliH TOJIBIK €MECTIri, aKmapaTThIK
KYHENepiH e3apa MHTETPAIUACHIHBIH JKETKIUTIKCI3IIT jKoHe OUTIKTI MaMaHIapAblH TaIlIbUIBIFBI JKaTa lbl.
[upabIk TEXHOMOTHIIAPABIH €HT131Ty1 e/l MeKeHAEePAl ayMaKThIK YHBIMAACTHIPY MPOLIECTEPiH dNeKaiaa
THIMII xKoHe kbu1aM eTTi [United Nations Human Settlements Programme, 2021]. Kesnik skoHe HHXKEHEPIIK
MH(GPaKYPBUIBIMIBI 1aMBITY — OJAap, Cy KYObIpIapbl, SJEKTP >KeIiiepl MEH Kopi3 KyHelnepiHiH Typhic
OpHAJACybIH KaMTaMachl3 €Ty. DKOJOTHSUIIBIK KayiNCi3iK — )Kep PecypCTaphlH CaKTay, *Kachbll aiiMaKTapIbl
KeOelTy, ayaHbIH, CyAbIH JacTaHyblH Oakbuiay. JKep maiifanaHy epekelepiH perTey — JKepal THiMi
Urepy MakcaTblHIa KYKBIKTBIK KOHE OKIMIILIIK IIapaiapibl jKy3ere achlpy. AJMaThl OOJIBICHIHIA
UGPIIBIK TEXHOIOTUANIAP/IBI EHT13y Kep KaTbIHACTaphl MEH MH(PaKypbUIBIMIBI OacKapyabl >KEHIJIAETEe .
JlerenMeH, TONBIK LUGPIAHABIPY YUIIH KockiMina pedopmanap kaxker. ['AXK sxylenepiH TOJBIKKAHIIbI
€HTi3y — UWHTEPaKTHBTI KapTajap MeH JKep TeMIMIEpiHiH IUPPIbIK ASPEeKKOPBIH >KETUIAIPY MEH
€MJICKETTIK-)KEeKEeMEHIIIK OpINTECTIKTI apTThlpy — HUDpIaHIBIpyFa MHBECTUIIHUS TapTyAbl YHBIMIACTBIPY
KakeTTimir Tyaasl. Lludpnanagypsl skarmaiibiHAa el MEKEeH jKepiepiH YHBIMIACTHIPY Ka3ipri 3aMaHFbI
KEp KaTbIHACTaphl JKYHECIHIH MaHBI3[Abl OaFbIThIHA AaWHAJBIN OTBIP. AKMAPATTHIK TEXHOJOTHSIAPIbIH
KApKbIH/BI JaMybl JXK€p pecypcTapblH OacKapy-IblH THIMIUITIH apTThIPyFa, AEPEKTEepPIiH AallbIKThIFbIH
KaMTaMachl3 €Tyre JKoHe IIemliM KaObUiaay YIepi-CTepiH JKelenieTyre MYMKIHIIK Oeperi. Enmi
MEKEHJIEp ayMarblH YHbIMAAcThIpyda reoaknapatTsiK xyienep (I'AXK), KalbIKTHIKTaH 30HATAY JIepeKTepi
KoHe IUQPIBIK KaaacTp epeKie pes atkapanbl. by Tex-Homorusaap Kep ydJacKelepiHiH IIeKapasapbiH
HAKThl aHBIKTayFa, OJApAbIH KYKBIKTBIK MOPTEOECiH TipKeyre >KoHe jKepal MmaiganaHylablH MOHUTOPUHTIH
KYprizyre >karaail »xacaiinpl. COHbIMEH KaTap, HUQPIBIK KapTa-iap MeH JepekTep Oa3anapbl apKbLIbl Kep
pecypcTapbl Typasbl TONBIK opi ©3eKTi akmapar amyra Oonaabl. L{udpmanmgeipy >xepni aiimMakka Oeiy
mpouecin ge kerinaipeni. Kamamap MeH aysuigapAblH  JaMmy KOCHapiapblH —o3ipieyae  HUQPIbIK
mwiargopmanap  KeHIHEH  KoJJaHblia-abl.  bynm  ypOanuzauus — yaepiciH  Tthimai  Oackapyra,
MHQPaKYPbUIBIMIBL IYPHIC OpPHAJACTBIPYFa KOHE HKOJIO-THUSJIBIK Tele-TeHAIKTI cakTayFa KeMeKTeceai
[Zhildikbaeva et al., 2024: 65]. CoHBIMEH KaTap, dJEKTPOHABIK YKIMET JKYHeci apKbUIbI Kep KaTbIHACTaphl
caylachIH/Ia KOPCETUIETIH MEMIIEKETTIK KbI-3METTEepiH camachl apThil Keieni. XKep ydackenepiHn pacimuey,
TIpKEy JKOHE CalbIK eCeNTey MPOLECTEPl aB-TOMATTAHIBIPBUIBIN, a3aMarTap YIIH KOJDKETIMJI dpl allbIK
6omnyna. JlereumeH, HUQppIaHABIPYALl €HTi3yae Oipkatap macenenep e 6ap. Onapra JAepeKTep/iH camachl,
aKIMapaTThIK KXYHENep/IiH e3apa YHISCIMIUTITI KoHe MaMaHIapablH OUTIKTUIIr kaTaasl. OCckl Mocenenepi
HIelnry YIIH KemeHAl Tocia KaxeT. [lubpnanasipy enjii MexeH >kepiepiH THiM/II YHBIMAACTBIPYIbIH HET13T1
KypaJibl OOJNbIN TaObUTIABI kKOHE OJI Kep pecypcTapblH OacKapyAblH jKaHa camaiblK JIEHTeiiHe KeIlryre
MYMKIHIIK Oepei.

KopbIThIHABI.

3epTTey HOTHXKeNepl HU(PIaHIBIPY €N/l MEKEH KepJepiH THIM/II YHBIMIACThIPY IbIH HET13T1 (haKTOPhI
€KeHIH KepceTTi. AIMaThl OOIBICHIHA HU(PIBIK TEXHOJIOTUSIIAP/bI €HT13Y KapKbIHIBI XKYPII KaTKaHbIMEH,
om ge Oipkatap HHOPaKYPbUIBIMABIK, YHBIMAACTHIPYIIBUIBIK KOHE TEXHHUKAJIBIK MOceleep/i Ienry
KaxkeT. Enni MexeH sxepiiepiH THIMII Oackapy YIIIH MEMIIEKETTIK OpraHAap MEH JKeKe CEKTOPIBbIH e3apa
BIHTBIMAKTaCTBIFBl MaHbI3/Ibl. KazakcTanaa mudpaanaslpyIsl 0J1aH 9pi JAMBITY Kep pecypCTapbliH YThIM/IbI
naiianany MeH ypOaHu3alusHbl OacKapy/la HICNIyIli pell aTKapaabl. 3epTTey HOTHXKelepl KopCceTKeH IeH,
nuGpIaHIbIpy el MEKEH KepJepiH ayMaKThIK YHUBIMAACTHIPYABI KETULIIPYIiH MaHbI3Abl Kypajbl OOJBII
tabbutanbl. ['AXK, 37MeKTpOHABIK KagacTp, FAPBIITHIK MOHUTOPHHT oHE AKBUIIBI Kaja TEXHOJIOTHSIaphI
JKEp pecypcTapbiH THIMII OacKapyFa, UHQPAKYpbUIBIMABI OHTAUIAHIBIPYFa JKOHE MEMIIEKETTIK KbI3METTEepIl
aBTOMATTaHJbIpPyFa MYMKIH/IK Oepeni. AJMaThl OOJIBICHI MBICANIBIH/IA JKYPTi3UITeH Talaay el MeKeHaepai
U pIaHIbIPYIBIH OH OCEPIIEPiH, COHA-aK ISyl Talal eTeTiH Heri3ri Macenenepi aikpiHaaasl. Kazipri
yaKbITTa 3JIEKTPOHBIK KaJIacTp >KYHecl eHTI31ITeHIMeH, TONBIK UPpIaHAbIpy Mpolieci 0asy KYpill KaThIp.
CoHbIMEH KaTap, WHTEPHET HHQPPAKYPHUIBIMBIHBIH JKETKUTIKCI3MIri, AEpPeKTEepAiH YHISCIMAUIII TOMEH
XKyHenep, KaJacTPJIbIK aKIapaTThIH alllbIKTBIFBIHBIH XKETKUTIKCI3IIr CUIKTHI TpobemManap oap.

Kanmel anranaa, mUPIbIK TEXHOJOTHUANIAPILI Oe€JlCeHl NaiiamaHy Xep pecypcTapblH THIMIL
naiiananyra, ypOaHHU3alusHBl AYpbIC OacKapyra >KOHE MEMIIEKETTIK Oackapy >XYHMECiHIH AalllbIKThIFbIH



AKALEMUSACHI

KaMTaMachl3 €Tyre KOMEKTecel. COHIBIKTaH, U(PIaHIbIPY €I MEKCHICPAIH TYPaKTbl JaMybl MEH
KazakcTaHHbIH aliMaKThIK casicaThbIH JKETIIAIPY/IiH OacThl OaFBITTAPBIHBIH 01pi OOJBIN TaObLIAbI.
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Abstract. The current challenges in water use, including climate change, are increasing water con-
sumption and degradation of aquatic ecosystems, necessitating the search for sustainable solutions in water
management. Under these conditions, reservoirs continue to be the main and, in fact, the only effective tool
for regulating water flow in the long-term outlook. Their importance is especially growing under conditions
of arid climate and high variability of river flow, which are characteristic of the Syrdarya River basin, one of
the most vulnerable regions in terms of ecology and water management. Hydraulic structures provide reg-
ulation and distribution of runoff, which is the basis for sustainable water supply for various sectors of the
economy, including drinking water supply and ‘green’ energy. In this regard, there is an increasing need for
regular assessment of the water balance of reservoirs as a tool for optimising water distribution and reducing
water risks. Within the framework of this study, calculations on water resources management were analyzed,
and the results showed a positive water balance in all Shardara, Badama, Bugun, Kapshagai, and Koshkurgan
reservoirs, which indicates the accumulation of water resources and confirms the effectiveness of reservoir
systems. Reservoirs function at the limit of their regulating capacity, which requires the introduction of flex-
ible and adaptive management regimes. In this connection, there is a growing need to improve methods of
water regulation, optimise resource allocation, and regular monitoring of water balance, taking into account
changing natural, climatic, and anthropogenic conditions within the basin under consideration.
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aFbIH/IBI CYJIap/Ibl PETTEY/1 JKOHE 06yl KaMTaMachl3 eTir, OyJI SKOHOMUKAHBIH OPTYPJIi callajlapblH, COHBIH
IIiHJE aybl3 CYMEH >KaOIBIKTAy/Ibl OHE <OKAchUl» JHEPreTUKAaHbl TYPAaKThl CyMEH KaMTaMachl3 ETYIiH
Heri31 Oousbin TadblIaabl. OcklFaH OalIaHBICThI Cy TapaTylbl OHTAMIAHABIPY JKOHE Cy TOYEKeNAEepiH a3aTy
KYypajbl peTiHIe Cy KOMMalapbIiHbIH Cy OadaHCBIH YHeMi Oarajay KaXeTTuriri apTein kenemi. Ochl 3epTTey
neHOepinie eHipAiIH Heri3ri cy KoiimManapsl OoibIHIIA Tangayiap *Kypriziain, Hotwkenep lapaapa, banawm,
beren, Kanmraraii sxone Komkopran cy kKoWManapbiHIa OH OajaHCBIH KOPCETTi, OYJI Cy pecypCTapbIHBIH
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KaraaiIap/abl €CKepe OTBIPHII, Cy OaTaHChIHBIH TYPAKThl MOHUTOPUHTT KQXKETTLIIr apThII Keei.
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AnHoTauusi. CoBpeMeHHbIE BBI30BBI B c(hepe BOJIONOIB30BaHMs, BKIIOYasi U3MEHEHUE KIIMMaTa, pOCT
BOJIONOTPEOICHHS U ACTPAIAlMI0 BOJHBIX 3KOCUCTEM, 00YCIIaBIMBAIOT HEOOX0AUMOCTh IOUCKA YCTOWYHMBBIX
peleHHii B yIIpaBlIieHUH BOJHBIMHU pecypcamMu. B 3THX yCIOBUSAX BOJOXPaHMIUIIA MPOJOHKAIOT OCTaBAThHCS
OCHOBHBIM U, 1O CYTH, €IMHCTBEHHBIM 3(P(PEKTUBHBIM HHCTPYMEHTOM pETrYJIMPOBAHHUS BOJHOTO CTOKA B
JI0JATOCPOYHOM mepcrnekTuBe. X 3HaueHMe 0cOOEHHO BO3pAcTaeT B YCIOBUSAX 3aCyLUIMBOTO KIUMara M
BBICOKOM M3MEHYMBOCTH PEUHOT0 CTOKA, XapaKTepHBIX I OacceiiHa pexku ChIpaaphs — OJHOTO U3 Hauboee
YSI3BUMBIX B OKOJOTMYECKOM W  BOJOXO3SHCTBEHHOM OTHOIIEHHWH PErHoHOB. ['MIpoTexXHHUYECKHUe
COOpY’KEHHsI 00eCIeUnBalOT PEryJIMpPOBaHUE U PACIIPEesIeHHe CTOKA, YTO SBISETCS OCHOBOW yCTOMYUBOTO
BOJI000ECTICUEHUSI PA3JIMYHBIX OTpacieil SKOHOMHUKH, BKJIIOYas MUTHEBOE BOJOCHAOKEHHE U «3EJICHOW»
sHepretuke. B 93TOH CBA3M BO3pacTaeT HEOOXOIMMOCTh DETYJSIPHOM OIEHKHM BOJHOIO OayiaHca
BOJIOXPAHWIMI] KaK HMHCTPYMEHTA ONTHUMH3AIMHU BOJOPACIPECIICHUS] M CHIKEHHS BOIHBIX PHCKOB. B
paMKax JaHHOTO MCCIIEAOBAHU OBbLIM MPOAHATM3UPOBAHBI PACUETHI 110 YIPABICHUIO BOJHBIMU PECypcamMu, U
pe3yabTaThl MOKA3alM IOJIOKUTENbHBIA BOJIHBIA OaaHC BO Bcex Bopoxpanuiumax — llapmapuHckow,
banamckom, byrynckom, Kanmaraiickom u Komkypraackom, 4To CBUAETEILCTBYET O
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HaKOIJICHUM BOJHBIX pECypcoB M  MNOATBEpXkaaeT dS(P(EKTHUBHOCTH CHCTEM  BOJOXPAHMIIMUIL.
Bopoxpanunuma ¢GyHKIMOHMPYIOT Ha Ipejese CBOEH perynupyrouieid crnocoOHOCTH, uTo Tpelyer
BHEJpEHHs IMOKHMX M QJalTUBHBIX PEKUMOB yMpaBieHUs. B cBs3M ¢ 3TUM Bo3pacTaeT HEOOXOIUMOCTh
COBEPILEHCTBOBAHMUS METO/OB BOJIOXO3SHCTBEHHOTO PEryJMpOBaHUs, ONTHUMM3ALUU PACIPEICIICHUS
pPECYpCOB U PErysIipHOrO MOHMTOPUHIA BOJHOrO OajaHca € Y4eTOM H3MEHSIOIUXCA MPUPOIHO-
KJIMMAaTUYECKUX U aHTPOIIOTEHHBIX YCIOBHI B IpejiesiaX paccMaTpuBaeMoro Oacceiina.

KiroueBbie cjioBa: AKKYMYJISLIHS BOJIOXPAHWINIIIA, BOJIHO-0aJ1aHCOBBIN METO/I,
BOJIOXO3SIIICTBEHHBIE PAaCUEThl, PETYJIMPOBAHUE CTOKA, BOJOPACIIPENEICHHE

Jsa uurupoBanusi: Hap6aesa K.T., TaupoB A.3., Ucmannosa I'.K., Manenosa @.b., ToncTtukos
A.B. (2026). Ananu3 BogHOro OanaHca BogoXpaHUIHIL peku ChIpJapbsi B YCIOBUSAX BOJIOXO35HCTBEHHOTO
ctpecca // Research, results — I3nenictep, notmxkenep — Mccnenosanus, pesyibrarel. T. 28. Is. 3. Number
111. Pp. 169-179. https://doi.org/10.37884/3-2026/14 [In Eng.].

KoH(pIMKT HHTepecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBUU KOH(MDIMKTA HHTEPECOB.

Introduction.

In recent years, more and more attention has been paid to nature-oriented approaches aimed at re-
storing and maintaining natural water exchange processes. However, implementation of such solutions does
not provide full functional coverage of flow regulation and distribution tasks, especially in regions with pro-
nounced water stress (Dukhovny, 2001).

Under these conditions, reservoirs, as engineering structures, continue to be the main and, in fact, the
only effective tool in river flow management, providing the possibility of both inter-seasonal and multi-year
regulation. Their importance is especially growing in arid and semi-arid regions with high inter-annual and
seasonal variability of water flow, which includes the Syrdarya river basin. The region is traditionally char-
acterised by a high level of anthropogenic pressure on water resources and vulnerability of water balances
(Rakhmatov, 2023; A. Karimov et al., 2010).

Taking into account climatic changes, tendencies to decrease natural runoff, and increasing water de-
mand, regular assessment of the water balance of reservoirs becomes an important feature. Such assessment
is necessary to optimise water distribution regimes, improve resource management efficiency, minimise water
risks, and adapt to new climatic realities (Sorg et al. 2014).

The construction of reservoirs, especially for long-term water regulation, has a very significant impact
on the runoff and reduces the risk of flooding of territories. As a result, a long series of observations turns
out to be inhomogeneous. The current situation and the degree of flood hazard are characterized by the 2-end
part of the series after the creation of a large reservoir or its entire cascade. In the following work, the issues
of reservoir construction and their effect on the maximum runoff as well as on the flooding of territories are
considered (Kasabekov et al., 2023; Burlibayev et al., 2001; Zaurbek, 2016).

Therefore, to ensure the efficient utilization of water resources, it is essential to evaluate the water
balance of the Syrdarya River reservoirs using information-analytical data that reflect their annual variations.
Also requires optimizing water allocation for irrigation, reducing losses through evaporation and seepage, and
coordinating reservoir operations across national borders to ensure equitable and sustainable water distribu-
tion. The geographical location of the research area is shown in (Figure 1).
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Fig. 1. Scheme of the Aral-Syrdarya watershed and the location of main reservoirs in the basin

The largest reservoir is the Shardara water reservoir on the Syrdarya river with a designed usable
capacity of 5200 mIln m3. The Shardara water reservoir is used for irrigation and power generation, where
smaller reservoirs with usable capacity of 0.3 to 365 mln m? are mainly used for irrigation (Water resources of
Kazakhstan, 2012; Toqeer et al., 2021).

In 2010, the Koksaray flood control reservoir with a usable capacity of 2.5 km?® was constructed. It is
designed to protect the lower reaches of the Syrdarya River from floods.
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Main canals 74

-

Spillway structure
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Hydroelectric installations 19
Reservoirs 28
0 20 40 60 20

Fig. 2. Number of hydraulic structures of the Syrdarya River

There are 136 hydraulic structures in the Aral-Syrdarya river basin (in South Kazakhstan province -
102 HS, in Kyzylorda province - 34 HS), among them, in republican ownership - 65, in communal ownership
- 52, in private ownership — 19, which can be seen in (figure 2) (Mussina et al, 2023).

Materials and methods.

The study of the consequences of large reservoir formation is of great scientific interest and has import-
ant practical significance in solving problems of rational use and protection of water resources. The solution is
based on the study of the regularity of water resources formation in reservoirs, their influence on river runoff,
and characteristics of reservoir water balance.

Water balance calculations, based on which quantitative and qualitative indicators of the current and
future state of water resources in reservoirs are formed, are an effective means of solving water problems in
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difterent water management administrations and economies.
The balance equation for some time interval At is as follows (Ismaiylova, 2024; Kuznetsov, 2018;
Arseniev, 1993):

Q+X-E=tAW (1)

where Q - river runoff; X - precipitation; E - evaporation from the water surface; AW - change in wa-
ter volume over the same time period.

It follows from the equation that if the inflow part of the balance is less than the outflow part Q+X<E,
the water volume in the water body will decrease in time (i.e., AW<O0), while at the other ratio (Q+X>E) it
will increase (i.e., AW>0).

To assess the dynamics of the state studied water body in time, the balance equation (1) is used as:

B"T=W_(n+1)=Q ntW n+X n-E n-V n 2)

where, BT — water balance; W_(n+1) — volume for the design year; Q n — annual inflow volume;
W_n — volume for the previous year; V_n — total runoff withdrawal volume; X n u E_n — precipitation and
evaporation volumes depending on the water surface area of the object; n - design time series (year).

In equation (2), precipitation falling on the water surface (X) and evaporation from it (E) can be re-
placed by evaporation (E_e).

Along with graphical methods, the tabular method of flow regulation calculation is applied, which is
reduced to solving the reservoir balance equation. For time interval At, the balance equation is as follows:

+ AV = QaAt =(Qinf-Q) At=[Qinf~(Qu+Qc+Qloss)] At 3)

where AV - change in reservoir filling (accumulation). A plus (+) sign corresponds to an increase in
reservoir filling, a minus (-) sign to a decrease (drawdown); Qa - accumulation runoffrate, 1. e. the difference
between the inflow runoff rate Qinf and the regulated gross flow rate Q; Qu - used runoff rate; Qidf- idle
discharge flow; Qloss - total flow rate of water losses and withdrawals from the reservoir (SCIWRM. 2008;
MSCWRB, 1981, Bakhtiyarov. 1961).

Results and discussion.

Reservoirs in the study area mainly serve to provide water to irrigated fields. Irrigation contributes to
an increase in soil fertility and, accordingly, an increase in yield. But it is necessary to take into account the
fact that the irrational use of water and land resources (super-large anthropogenic load) can negatively affect
the entire ecosystem and lead to land degradation and biodiversity loss.

In this regard, options for regulating the accumulated flow into the Shardara water reservoir are
considered: conditions of multi-year and seasonal water regulation. The calculation results can be seen in the

following (tables 3).
Table 1 — Shardara reservoir in the conditions of multi-year water regulation, mln m?
Inflow to the Parameters of the water reservoir Total water consumption, in-

water reservoir F 7 E cluding environmental runoff | Balance
Years
2000 14460 730,0 252,3 788 13100 13600
2001 13730 545,8 250,0 589 13100 630
2002 21910 383,2 2484 414 12600 9310
2003 27990 730,0 252,3 788 12300 15690
2004 23890 730,0 252,3 788 12900 11000
2005 22920 730,0 2523 788 12500 10420
2006 16910 730,0 252,3 788 12700 4210
2007 18700 730,0 252,3 788 13000 5700
2008 12790 730,0 252,3 788 11700 1090
2009 15400 710,0 249,2 767 12400 3000
2010 25780 620,8 250,8 670 12600 16180
2011 13960 730,0 252,3 788 13600 360
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2012 18720 420,8 250,7 454 14200 4520
2013 14340 730,0 2523 788 14100 240

2014 18410 400,0 248,7 432 14100 4310
2015 15470 730,0 2523 788 14400 1070
2016 13080 500,0 249,8 540 14100 -1020
2017 23290 3249 2445 351 14300 9000
2018 15850 730,0 2523 788 14400 1450
2019 14840 715,0 250,5 772 14500 340

* The table does not include the indicators that are constants, but are taken into account when
calculating the water balance, such as: non-rechargeable volume of the reservoir in the volume of 0.5 min
m?, as well as the runoff of formation above the design site. Regulation parameters: F — surface area, km?; Z -
water level, m; E - evaporation volume from the reservoir surface, min m?.

The graphical representation of changes in the water level of the Shardara reservoir is not very clear,
as the graph is combined and is primarily intended for general visualization of the calculated data. However,
actual fluctuations in water levels do exist and are significant. The water level of the Shardara reservoir does
not remain constant throughout the year or between years.

The relationship between water level and area and volume is regular (correlated), which is typical
for any water object. For example, according to Table 3, in 2007, at a level of 252,30 m above sea level, the
reservoir surface area was 730.0 km?, while in 2014, the level dropped to 248,70 m above sea level (by 3.6
m), the area decreased to 400.0 km2, i.e., it decreased by approximately 1,8 times. This is illustrated in Figure
3, which shows how the balance in the water reservoir varies depending on the parameters, and it can also be
seen that the reservoir level does not change much, but the surface area changes depending on the inflow to the
reservoirs. So, we can say that the balance depends on the inflow and outflow of the reservoirs.

mln m3
£00000 12000
700000 16000
600000 14000
12000
300000 10000
400000 2000
300000 6000
300000 ' 4000
2000
100000 J 0
0 -2000
A T ot A O I N b A B D
FEEEFELEFELL I F ST
mm F-surface area m J-water [Bvel s E-evoporation AV-balance

Fig. 3. Changes in the water balance of the Shardara reservoir depend on the parameters of the water reservoir

In the case of multi - year regulation of river flow, the water deficit during the 10 years was 12100
mln m’, and in the case of seasonal regulation - 16400 mln m?. The difference is 1.4 times more noticeable.
Consequently, multi-year regulation of the Syrdarya river flow allows for more efficient management.

The analysis of the water balance of the Badam water reservoir indicates that its filling is almost
entirely dependent on natural inflow, which amounted to 60,14 mln m? (2021) and 61,27 mln m?* (2022).
The total discharge from the reservoir was 52,96 min m? (2021) and 54,11 mln m? (2022). A proportional
breakdown is illustrated in Figure 4, and the distribution of water balance of the reservoir is as follows: 7,18
mln m? (2021) and 7,16 mln m? (2022).
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Fig. 4. Water balance of Badam water reservoir for 2021-2022 full volume-61.5 mln m?

This distribution reflects a relatively balanced system, with moderate storage increase, highlighting the
reservoir’s efficiency in managing water for irrigation while maintaining reserve capacity.

200, 7
ourcy T **

min m3
0 200 400 B00 200 1000
Inflow Outflow Balance
W 2022 B95.6 683,29 09,7
m 2021 735,1 58B.5 1506

m2022 w2021

Fig. 5. Water balance of the Bugun water reservoir for 2021-2022 full volume-370 min m?

Similar to the previous cases, the water balance analysis of the Bugun water reservoir shows that
the primary source of reservoir filling is the natural inflow, which constitutes the main share of incoming
water. The outflow primarily includes irrigation withdrawals and environmental (ecological) releases from
the reservoir. The reservoir accumulation (AV) for the reporting period is positive, the water balance of
the reservoir are 150,6 mln m? (2021) and 209,7 mln m?* (2022), indicating a net gain in stored water. The
proportional distribution of the water balance is shown in Figure 5. This balance reflects effective water
management practices, with the reservoir successfully retaining a portion of the incoming water for future use.
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Fig. 6. Water balance of the Koshkurgan water reservoir for 2021-2022 full volume-37.3 mln m?

As in previous reservoir analyses, the Koshkurgan reservoir demonstrates positive accumulation in
2021-4,6 mln m* and 4,7 mln m?in 2022. Thus, the proportional distribution and water balance of the reservoir
image are shown in Figure 6.

The results of the reservoir analysis show a moderate increase in reserves, which highlights the
effectiveness in managing and regulating irrigation systems while maintaining reserve capacity.

Balance 161
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infiov | et 57,03
min m3
0 20 40 o0 B0 100
Inflow Dutflow Balance
W 2022 79,37 77,76 161
m 2021 B7,93 34 BB 53,05

m 2022 w2021

Fig. 7. Water balance of Kapshagai water reservoir for 2021-2022 full volume-34.0 mln m?

The calculation of the water balance of the Kapshagai reservoir shows that the total inflow was 87,93
million m? (2021) and 79,37 million m3 (2022), while the total discharge was 34.00 million m? in 2021, but in
2022 it was almost 50 % more — 77.76 million m®. The proportional distribution of the water balance is shown
in Figure 7, and the results of calculations of the water balance are as follows, in 2021-53,05 mln m?® and in
2022 — 1,61 mln m®.

These figures reflect the very effective regulation of the water balance in 2021 and the relatively

balanced operation of the reservoir in 2022, which indicates effective management in these hydrological and
climatic conditions.

Conclusions.
Due to the harsh continental climate in the Republic of Kazakhstan, especially in the southern regions,
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evaporation from reservoirs and soil moisture 1s expected to be higher than normal. Theretore, evaporation
from the surface of reservoirs, depending on the volume of water, shows within 5-10%. Irrigation and sanitary
releases account for the largest outflow from reservoirs.

According to the results of calculations, the water balance for the reporting period, a positive accu-
mulation of water resources was noted in all reservoirs of the region. This indicator indicates a favorable hy-
drological environment and confirms the effectiveness of reservoir systems. The positive values of the water
balance indicate rational and efficient management of water resources, ensuring the successful accumulation
of part of the supply waters. This, in turn, creates additional opportunities for their subsequent targeted use in
various water management sectors, increasing the sustainability of water supply and the adaptive potential of
the regional water infrastructure.

The effectiveness of reservoirs as elements of flow accumulation and regulation is largely determined
by inter-annual variability of water inflow. When inflow decreases, for example, below 15.0 km?, as it was
observed in some years at the Shardara reservoir, the risks of water resources deficit increase significantly.
This is true even if the design parameters of the reservoir, such as area or water level, are maintained. Under
such conditions, the reservoir functions at the limit of its regulating capacity, which requires the introduction
of flexible and adaptive management regimes.

Evaporation from the water surface is a significant source of water loss, especially in years of high
reservoir occupancy. Taking into account current climatic trends, we can expect an increase in this process,
which will lead to an increase in the overall water shortage in the basin.

Therefore, a consistent decrease in the water balance can be expected. In this regard, there is a growing
need to improve methods of regulating water resources, optimize resource allocation, and regularly monitor
the water balance, taking into account climate change and anthropogenic pressure.

Data availability

The data used in this study were obtained by the authors from the following sources: Aral-Syrdarya
water basin inspection for regulation of water resources management and use.
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Abstract. Introduction. Pastures play a crucial role in agriculture under harsh climatic conditions
and limited availability of nutrients. Pasture lands of Western Kazakhstan account for nearly half of the total
pasture area of the republic. During the Soviet period, more than 50% of the pastures in these regions were
provided with watering systems, with groundwater serving as the main source. This article presents the results
of scientific and practical studies aimed at substantiating measures for pasture watering in the Aktobe region
to ensure the sustainable development of livestock farming. Materials and methods. The main objective of
the study is to assess the suitability of groundwater for pasture watering. Field investigations included water
sampling from operating wells and boreholes, mapping of watering points, and assessment of the degree of
wear of water intake facilities. The results indicate the presence of significant reserves of fresh and slightly
saline groundwater suitable for livestock use. At the same time, the water supply system was found to be in
unsatisfactory condition: most wells require reconstruction, and the level of mechanization remains low. The
feasibility of restoring water intake structures and implementing modern approaches to groundwater resource
management is substantiated in order to ensure the sustainable development of pasture-based livestock farm-
ing. Results and discussion. An analysis of pasture load by districts of the region revealed signs of ecosystem
recovery and made it possible to determine the degree of impact of anthropogenic factors on their condition.
Conclusions. The resource potential of groundwater makes it possible to address the tasks of pasture watering
and to ensure water supply for the entire livestock population that can be maintained in the studied area.
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Annoramus. Kipicne. JXXalputbiMaap KaTana KiIUMaT JKaFJalblHIA KOHE KOPEKTIK 3aTTapra
KOJDKETIMIUTIK IIeKTeyll OONFaH Ke3[e aybUl IIapyallbUIBIFBIHAA aca MaHbI3Ibl pell aTkapaisl. bareic
Kazakcran aliMarbIHIaFbI XKaUBUTBIMIBIK XKEPIEp peciyOnka OONBIHIIA KA )KaHbLUTBIMIAP/IbIH [IIaMaMeH
XKapThIChIH Kypaiael. Kenec Omarbl Ke3eHIHIE aTainFaH oHipiepAeri kaibubiMaapasiH 50 %-m1aH acTaMbl
CYJIaHJBIPBIIFAH, all HeTI3T1 cy Ke31 peTiHe >KepacThl Cylaphl naijananpuirad. Makanana AkTebe oOIbI-
Chl ayMarbIHJAFbl >KaWbUIBIMABIK >KEpIepl CyTaHablpy OOMBIHINA ic-IIapanapibl FBUIBIMH TYPFbIIaH He-
rizaeyre OarbITTalFaH FHUIBIMU-TKIPUOETIK 3epTTEyIepAiH HOTIXKENEpi KapacThIpbUIFaH, OyJl eHipae Mal
[IapyalIbUIBIFBIHBIH OPHBIKTHI JaMYbIH KaMTaMachl3 €Tyre MyMKIHJIIK Oepeni. Mamepuanoap men adicmep.
3epTTey/IiH HETI3r1 MaKcaThl — JKaWbUIBIMAAPABI CYJIAaHIBIPY YILIH JKEPACThl CYJIApPBIHBIH YKapaMIbUIbIFbIH
Oaranay. Jlamanblk 3eprTeyniep OapbIChIHAA >KYMBIC ICTEN TYpPFaH KYJABIKTap MEH YHFbIMajaplaH cy
ChIHaMaJsaphl albIH]IbI, Cy KO3AEpiHIH OpHANAcybl KapTara TYCIpUIAl, COHAAN-aK Cy aly KYPBUIBICTAPhIHBIH
TO3y JIeHreii OaramaHabl. AJBIHFAaH HOTHIKEJIEp MaJl IapyallblUIbIFbIH/A MalilaTaHyFa dKapaM/Ibl TYIII )KOHE
oJICi3 TY3[aHFaH KEPACThI CYJIapbIHBIH €/19yip KOpbI 0ap exeHiH kopceTTi. COHbIMEH KaTap CyMeH KaOIbIKTay
KYHECIHIH KaHaraTTaHAPJIBIKCHI3 JKaFAaiibl aHBIKTAJIbl: YHFbIMAJIapIbIH OachiM OeIiri KaiTa >KaHFBIPTY/IbI
KaKeT eTe/ll, ajl MeXaHUKalaHAbIPY JAeHreli TeMeH OobIN OThIp. JKalbUTBIMIBIK Mal MapyallblUIbIFbIHBIH
OPHBIKTHI IaMyBIH KaMTaMachl3 €Ty MaKCaThIH/IA CY ally KYPbUIBICTAPBIH KAJMIbIHA KENATIPYAIH XKOHE KePacThl
Cy pecypcTapblH OacKapyAblH 3aMaHayd TOCUIAEPIH EHTI3YAIH OpPBIHABUIBIFBI Heriznenni. Haomuowcenep
men mankvinay. OONbIC aynaHiapbl OOWBIHINIA KaWbUIBIMIApFa TYCETIH XYKTEMEHI Taljay HOTHXKECiHe
IKOXKYHeNepAiH KalmnblHa Kely Oenriiepi aHbIKTaJbI, aHTPONOTEHAIK (haKTOpIapIbIH OJap IbIH JKaFaalbIHa
acep eTy Aspexeci alKpIHIANIbl. KopbimuiHobl. JKepacThl CylTapbIHBIH PECYPCTHIK dJ€YeTl KalblIbIMIap bl
CyJaH/BIPY KOHE aTallFaH ayMaKTa YCTaIybl MYMKiH OapJIbIK Majl 0achlH CyMEH KaMTaMachl3 €Ty MaceleNnepin
HIEITyre MYMKIHJIIK Oepe/l.

Tyiiin ce3nep: xailblIbIMIap, KEpacThl CyJlapbl, CYyJTaHIBIPY, CYMEH KaMTaMachl3 €Ty, AKreoOe
OO0JIBICHI, THIPOTEOIOTHS, MaJl IIAPYalIbLTBIFbI
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AnHoTanus. Beeoernue. IlacTOnIa UTParOT BAKHEHTITYIO POJIb B CEITbCKOM XO3SIICTBE B YCIIOBUSX CY-
POBOTO KITUMAaTa U OTPaHUYEHHOTO I0CTyIa K MUTaTeNIbHBIM BemecTBaM. [lactOumnbie yroass 3anagHoro Ka-
3axcTaHa COCTABJISIOT MOYTH MIOJIOBUHY OT CYMMAapHBIX 10 peciyoiuke. B coBeTckoe Bpemst Obu1n 00BOTHEHBI
6onee 50 % nmacTOUII JaHHBIX PETHOHOB, & OCHOBHBIM HCTOYHUKOM SIBIISUTHCH TIOA3EMHBIE BOABL. B cTaThe pac-
CMOTPEHBI Pe3yNIbTaThl HAYYHO-TPAKTUYECKUX HCCIEAOBAHUN 10 000CHOBAaHUIO MEPOMPUSATHI 10 0OBOAHE-
HUIO TACTOUIIHBIX TEPPUTOPHH AKTIOOMHCKON 001acTH JIJIsl yCTOMYMBOTO Pa3BUTHUS )KUBOTHOBOJICTBA B pe-
ruone. Mamepuanvl u memoowsl. OCHOBHOM LIETBIO UCCIIEA0BAHUS SIBIISETCS OLIEHKA IPUTOIHOCTH MOJI3EMHBIX
BOJI JIs1 00BOoiHEeHMsI macTOuI. [loeBbie 0Ocei0BaHus BKIIFOUIIIA OTOOP MPO0 U3 IEUCTBYIOMINX KOJIOIIEB
Y CKBa)XHH, KapTUPOBAaHUE BOJIOITYHKTOB, OLIEHKY CTEIICHH H3HOCA BO03a00PHBIX coopyskeHuil. [loyueHHbIe
pe3yIbTaThl CBUCTEIBCTBYIOT O HATMUNH 3HAUYNTEIILHBIX 3aI1aCOB IMPECHBIX U C71a00COIOHOBATHIX IMTOI36MHBIX
BO/I, IPUT'OTHBIX JUIS HCTIOJIb30BaHMSI B 5KUBOTHOBOJICTBE. B TO e BpeMst yCTaHOBJICHO HEYIOBJIETBOPUTEIHLHOE
COCTOSIHUE CHCTEMBbI BOAOCHAOXKEHHUsS: OOJBIIMHCTBO CKBAXHH HYXKIA€TCS B PEKOHCTPYKLUHU, a CTENECHb
MeXaHu3aluKu octaéres HexocrtaTouHoil. OO0CHOBaHA 11e1ecO00pPa3sHOCTh BOCCTAHOBICHHS BOJ103a00pHBIX
COOPYKEHHI U MPUMEHEHHUSI COBPEMEHHBIX MOJIXO0J0B K YMPaBICHHUIO MOA3EMHBIMH BOJHBIMU PECYpCaMU B
1esiXx 00ecrnevyeHns yCTONYMBOrO Pa3BUTHUS MACTOUIIIHOTO )KUBOTHOBOJICTBA. Pesynvmamul u obcysxcoeHue.
OrneHka MCMONB30BaHUS MACTOUIIHBIX TEPPUTOPUN AKTIOOMHCKOM 00JacTH MOKa3ala, YTO PEerHoH XapakTe-
pu3yeTcs 3HAYUTEIbHBIMU 3€MENIbHBIMU peCcypcaMu, HO Malloil BopooOecreueHHOCThI0. TexHuueckoe 00-
CJIeJIOBaHUE JEMCTBYIONIMX MAcTOUI MOKa3ajo, YTO MH(PACTPYKTypa BOAOIOS XapaKTEPU3YETCsl BHICOKHUM
ypoBHEM (pr3HUECKOTro M3HOCA. | MIPOXUMHUUECKHUN COCTaB MOA3EMHBIX BOJl OTIIMYAETCSI BBICOKOM MPOCTpaH-
CTBEHHOW M3MEHYHMBOCTHIO, 3a)IKCHPOBAHBI JIOKATBHBIC 30HBI 3arPS3HEHUS] HUTPATaMH, COJIIMA aMMOHUS
¢dTopa. B pe3ynprare ananu3a Harpy3Kkd Ha IMacTOMIIA 1Mo pailoHam o0nacTu ObUIa ONpeieieHa CTeNeHb BIIU-
SIHUSL QHTPOTIOTEHHBIX (PAKTOPOB HA UX COCTOSIHUE. Bb1800bl. PecypcHBIN MOTEHIIMAN MTO3EMHBIX BOJ ITO3BO-
JISIeT PEIINTh 3a/1a4u 00BOTHEHHS TACTOMII U 0OeCIIeueHUs BOJOIIOS BCETO MOT0JIOBbsI CKOTa, KOTOPBIM MOXET
COJIEP>KaThCS HAa IAHHOW TEPPUTOPHUH.

KuloueBble cioBa: mactOuiia, moa3eMHble BOJAbI, OOBOJHEHHE, BojooOecnedeHrne, AKTIOOMHCKAs
0071acTh, THIPOTEOIOTHUS, 3 KUBOTHOBOJICTBO

Jasi untupoBanusi: Hyprasuesa A.A., Tokrap O.T. (2026). Ouenka pecypCHOTO MOTEHIHANA U
KadecTBa MOI3EMHBIX BOJI 11t OOBOAHEHUS macTOuI AKTIOOMHCKOM o0acTu // Research, results — [3aenicrep,
Hotmwxkenep — Wccnenosanus, pesynbratel. T. 28. Is. 3. Number 111. Pp. 180-193.  https:/
doi.org/10.37884/3-2026/15 [In Russ.].

KoH(pIMKT HHTepecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(MDIIMKTA HHTEPECOB.

bnazooapuocme: nayuno — ucciredosamenvckas paboma npogooUulaAch 6 pPAMKAX NpPOSPAMMbI,
@unancupyemoti Komumemom Hayku Munucmepcmea Hayku u evicuieeo obpazosanus Pecnybnuku
Kazaxcman, BR24992885 «Hayuno-npakmuyeckoe 000CHO8aHUE YCMOUYUBO2O PA3BUMUSL OMEYECEEHHO20
HCUBOMHO-800CMNBA HA OCHOBE 00BOOHEHUs NACMOUWHBIX Meppumoputi noosemHuimu gooamuy, 2024-2026
2e.

BBenenue.
[TacTOUIITHBIC YTOIbS SABJISIOTCS OJJHUMH M3 HanboJiee pacpOCTPaHEHHBIX U COITMAIBHO-IKOJIOTHYE-
CKHM 3HAYUMBIX THUIIOB paCTI/ITeJ'II)HOl"O HOKpOBa Ha 36MJ’I6. B yCJ'IOBI/ISIX FJ'IO68J'IBHI>IX KIIMMAaTHUYCCKUX U3MEC-
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HEHUN W Ne(UIUTa BOAHBIX PECYpPCOB POJIb MOA3EMHBIX BOJ KaK CTPAaTErHYeCKOro pecypca CylIECTBEHHO
Bo3pacrtaet. [Io coBpeMeHHBIM OIIeHKaM, MOJI3eMHbIE BOJbI COCTABISAIOT OKOJIO 30 % JOCTYNHBIX MPECHBIX
BOJIHBIX PECYpCOB ILJIAHETHI U SBJISIFOTCS OTHUM M3 HanOojee YCTONUMBBIX M 3alUIICHHBIX UICTOUHUKOB BO-
JOCHAOXKEHUS B 3aCyIIJIMBBIX M MOMy3acynuiuBbeiX perronax [Costa et.al., 2025: 180925]. [To manasim OOH,
MOJI3EMHBIE BOJIBI TIPEACTABIISIOT COOOH KITFOUEBOM pe3epB, 00eCIeUnBAOIINN JOITOCPOUYHYIO BOJHYIO 0e30-
MaCHOCTb U YCTONYHMBOCTD CEJIBCKOTO XO3sICTBA.

Oco0y10 3HaUMMOCTh TIOA3EMHBIE BOJIBI MPHOOPETAIOT B MACTOUIIHBIX 3KocucTeMax. CoracHo J1aH-
HbIM BecemupHoro 6anka, npakrudecku 60 % 3kocucTeM, 3aBUCAIIMX OT MOJ3EMHBIX BOJI, COBIAIAIOT C MacT-
OWIIHBIMA TEPPUTOPUSIMHU, YTO JETACT UX KPUTUYECKU BAKHBIMU JJIS KUBOTHOBOJACTBA. YUUTHIBAsI U3MEH-
YMBOCTh IIOBEPXHOCTHOTO CTOKA B 3aBUCUMOCTH OT BPEMEHH T'0Jla UMEHHO O/I3€MHbIE€ BOJIbI 00€CIIeUnBaOT
HAJEKHOE BOJOCHAOKEHHE, YTO OCOOCHHO Ba)KHO ISl SKCTEHCUBHBIX (GopM kuBoTHOBOACTBAa [UNESCO
World Water Assessment Programme, 2024].

[Ipu 3TOM cenbckoe XO3SUCTBO, BKIIIOYAs KMBOTHOBOJICTBO, SIBISIETCS KPYIHEHIIMM MOTpeOuTeeM
noA3eMHBIX BOA: 10 70 % MHUPOBBIX M3BATHI MOA3EMHBIX BOJ MIPUXOIUTCS HA TIPOU3BOJICTBO CEITHCKOXO35IH-
ctBeHHOU nipoxykimu [Deal, 2025]. D10 ycmimBaeT Harpy3Ky Ha HMEIOIIHUECS BOJHBIC PECYPCHI U TpeOyeT
nepexojia K Hay9HO 000CHOBAaHHOMY YTIPAaBIICHUIO PECYPCAMH.

JlonomHUTEeNbHOM MPOOIeMOil ABISETCS yXY/IIIEHNE Ka4eCcTBa MO13eMHbIX BoA. CoBpeMEHHbIE Ucclie-
JIOBAHUsI MTOKA3BIBAIOT, YTO B PsiJieé PErMOHOB MHpa HAOIIONACTCS POCT KOHUEHTPAIM HUTPATOB, XJIOPUI0B
U JIPYTUX KOMIIOHEHTOB, CBSI3aHHBIX C CEJIBCKOXO3AWCTBEHHOM AEATEIbHOCTBIO, YTO CBUAETEIBCTBYET O BO3-
pacTarolieM aHTPOIIOTeHHOM BO3/ICWCTBUY HA MOJ3EMHbIE BOABL. B MacTOMIIHBIX M arpapHBIX palloHax 3To
CBSI3aHO ¢ MH(UIBTPAIMEH TPOTYKTOB KU3HEIEATEIHHOCTH KUBOTHBIX, YIOOPEHUN U UPPUTAIIMOHHBIX BO3-
BpaTHBIX BO/I.

HecMoTps Ha BBICOKYIO 3HAYMMOCTh, BO MHOTHX CTPAaHaX COXPaHAETCS HEJOCTaTOYHAs N3yYEHHOCTh
PECYpCOB MOJ3EMHBIX BOJ, 0COOEHHO B YaCTHU UX MPUTOAHOCTHU I BOJOMOS CKOTA U OLIEHKH MOTEHIIMaA.
Hampumep, uccnenoBanus B ctpaHax AQpUKH MOKa3bIBAIOT, YTO MPU HAIWYHH 3HAYUTEIBHBIX 3aI1acoB ITOJI-
3eMHBIX BOJ] X MCIOJIB30BAHUE JJISi OPOLICHHUS M BOAOCHAOKEHUS MACTOMII OCTACTCs OTPAaHUYCHHBIM H3-32
HEIOCTaTKa JaHHBIX, HHPPACTPYKTyphl 1 MoHuTOopuHra [Pavelic et.al., 2012]

B Mmacmrabe nameit PecnyOnuku mactOumia 3aHuMaroT Ooubliie MONOBUHY Iiomaau Kaszaxcrana,
UTPAIOT PEIIAIOLIYIO POJIb B COXPaHEHUN OMOpa3Ho00pa3usi, MOAJEPKHUBAIOT Pa3HOOOPA3HYIO U KPUTHUYECKU
Ba)XHYI0 3KOHOMHUKY, HO B TO 7K€ BPEeMsl HaXOAATCS MO YTPO30i CO CTOPOHBI MHOTHX (PAaKTOPOB, BKJIIOUAs U3-
MeHeHue knumara [Maxamoertos et.al., 2024: 157-169].

B coBpemeHHOI1 MUPOBOH MpaKTUKE, B CBA3H C INI0OATBHBIMU W3MEHEHUSIMHU KIMMAaTa U YCUJICHUEM
MIPOIIECCOB OIYCTHIHUBAHUS, OCTPO CTOUT MpodieMa pa3paboTKu ¥ BHeAPEHUS () (PEKTUBHBIX CUCTEM yIIPaB-
JICHUS TPUPOTHO-PECYPCHBIM MTOTEHIIMATIOM, ITO3BOJISIOIINX 0TKA3aThCs OT PECYPCOEMKHX TEXHOIOTHM 1 THO-
KO PeryJIupoBaTh YPOBEHb AaHTPOIIOTEHHON HATrPy3KH HA SKOCHCTEMBI, COXPaHssl TIOUBEHHBIE H PACTUTEIHHBIE
pecypchl apuIHBIX TeppUTOpHii [CBOJHBIN aHANUTHYECKUI oTUeT, 2023].

Metoasl.

AKTIOOMHCKas 00J1aCTh PacIoioKeHa B CeBEpO-3aragHoi yactu pecnyonuku. [TactOunslie Tepputo-
pur 00JacTH 3aHUMAIOT oKouto 235 ThIc. KM? [Anumaes et.al., 2017: 67-74].

ITo cocrostauto Ha 2023 1. momaae mactoui AKTIOOMHCKON 00macTu cocrasiset 25,3 muH ra (43,2
% OT OOIIMX 10 3aMaHOMY PETHOHY ), U3 KOTOPBIX 00BOHEHHBIMU yuciasTcs 37,7 %.

[TacTOumHbIe TEppUTOPUN AKTIOOMHCKOM 001aCTH CPaBHUTEIHHO OOTaThl MOA3EMHBIMH BOIaMU (KaK
I'PYHTOBBIMH, TaK U HATOPHBIMH ), KOTOPbIE TPUYPOUYEHBI K Pa3TUYHBIM 110 TEHE3UCY U BO3PACTY BOJOHOCHBIM
00pa3oBaHUSIM.

JUis mpakTU4eCKOro MCIIOIb30BaHUs ISl 0OBOHEHHs MacTOMI Hanbosee NepCHeKTUBHBI BOJIOHOC-
HBIE TOPU3OHTHI M KOMILIEKCHI aJUTFOBUAIBHBIX YETBEPTUYHBIX, HEOT€HOBBIX U MaJICOTEHOBBIX, MEJIOBBIX, IOP-
CKUX U TPUACOBBIX OTJIOKEHUH, a TAK)KE 30HA OTKPBITOM TPEUTMHOBATOCTH CKAJIBbHBIX Opoz. J{iist 00BogHEHHS
MacTOUII B OCHOBHOM UCHOJIB3YIOTCS BOA03a00pbI U3 TPyOUaThIX KOJOIEB, CKBAXKHH U IIAXTHBIX KOJIOIIEB.
Taxke BocTpeOOBaHbI TOBEPXHOCTHBIE BOJIbI PEK, KOMIAHU, KalTaX POJIHUKOB U IPYTHe BUAbI IOBEPXHOCTHBIX
ncTouyHuKoB [Anmmaes et.al., 2017: 67-74; Tymnepr et.al., 2020: 24-26; Om0Oaes et.al., 2023: 36-48].

B AktrobuHCcKoi 00nacTu B X0J1€ MapIIpyTOB 0OCIE0BAHO 95 MIaXTHBIX KOJOALEB U 5 CKBAXKHUH B
npenenax AnrekeOuiickoro, Anrunckoro, baiirannnckoro, Kooauackoro, Maprykckoro, Myrammkapckoro u
Temupckoro paiioHOB (pucyHOK 1-2).



KAPTA MAPLLUPYTHOIO OBCNENOBAHUA

Puc. 1. Kapra pakTueckoro Matepuaia u Touek oToopa mpod Ha mactoumax AKTIOOWHCKOH obmacTh [Fig.
1. Map of factual data and sampling points on pastures in the Aktobe Region]
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Puc.2. OT60op mpod B X0/1¢ MAPUIPYTHOTO 00CIICIOBAHNUS
[Fig. 2. Sampling during route survey]

BomomyHKTBI paznudaroTces mo riyOnHe, KOHCTPYKIIMUA U TEXHUYECKOMY COCTOSIHUIO. [TyOnHa 1maxT-
HBIX KOJOJIEB BapbupoBana oT 2—4 M (k. No432, Nod42 Ned46, Ne425, Ne335 u ap.) mo Gomnee yem 15 m
(k. Ne411 Tackynyk, mk. Ne341 bananan, mk. Ne91 Kapaxon). Ha psine 00beKTOB ycTaHOBIEHBI HACOCHI U
pesepByapbl st Bogomnos ckoTa (k. Ne422, mik. Ned40, mk. Nel110 Tepenkynbik-43).

B otnenpHBIX ciydasx 3adMKCHpOBaHBI pa3pylieHHbIe WiH 3a0pomeHHbie komoanbl (K Ne404,
No384, No104), uTo CHMKAET X XO3IMCTBEHHYIO IIEHHOCTH. [Ipr 3TOM OOJIBIIMHCTBO UCTOYHUKOB SKCILTyaTH-
pYeTCsi aKTUBHO, K HUM TI0/IBEJICHBI IIOMJIKH, BOJJOHAKOIUTEIH U HACOCHOE 000pyI0BaHHE.

Marepuaisl.

Ha na6oparopusie uccnenoBanusi oroopano 100 mpo6 Boxbl. B HAOOp KOMIIOHEHTOB, XapaKTEPU3YIO-
IIMX Kaue€CTBEHHOE COCTOSIHUE MOJ3EMHBIX BOJ, BXOIAT: MUHEpAINU3aLusl, BOJOPOAHBIM MOKa3aTelb, OCHOB-
HbIE XMMHYECKHE KOMIIOHEHTHI COCTaBa BOJ, a TaKK€ MHUKPOKOMITOHEHTHI (KaJMUii, CBUHEIl, Me/lb, [IUHK) U
HedTenpoaykThl. METOAMKH MPOBEICHUS Ta0OPATOPHBIX UCTILITAHUI CBEACHBI B TabmuIe 1.

Tabnuua 1 — MeToauku npoBeieHus 1a00paTOPHBIX UCIIBITAHUI
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Komnonent Metonuku UCIBbITAHUI Komnonent Metonuku UCIBITAHUH
Harpunit I'OCT 26449.1-85, . 17.1 KapOonatsr T'OCT 26449.1-85, m. 7.1
Kanuit I'OCT 26449.1-85, n. 18.1 I'mapoxapOoHaThI I'OCT 26449.1-85, . 7.1
Kanpmmit I'OCT 26449.1-85, m. 11.1 Xnopuabl T'OCT 26449.1-85, . 9
Marnwuii I'OCT 26449.1-85, n. 12 Cynbdatst CT PK 1015-2000
AMMOHMH I'OCT 33045-2014 Hurpatst I'OCT 33045-2014
Kemezo (+2) CT PK 1CO 6332-2008 HuTtputst I'OCT 33045-2014
Keneso (+3) CT PK UCO 6332-2008 dropunst CT PK 2727-2015
pH CT PK ISO 10523-2013 KectkocTs obmas I'OCT 26449.1-85, . 10
Cyxoif ocTaTok T'OCT 26449.1-85 Sio, I'OCT 26449.1-85, n.22
bop [MHJ @ 14.1:2:4.36-95 Monunst T'OCT 23268.16-78
Cd, Pb, Cu, Zn, CIT Ne 26 o1 20.02.2023 Bpommmst T'OCT 23268.15-78
HEeTEPOTYKTHI

[To pe3ynpraTaM XHUMHUKO-aHATUTHYECKUX MCCIIEIOBAHUN COCTaBIEHBI [IpOTOKOIBI MCTIBITAHUN BOJBI
Y CBOJIHBIC TAOIHIIBI KAYECTBEHHBIX MOKa3aTesael moa3eMusix Boa. O0paboTka pe3ybTaToB J1a00paTOpHBIX
MCCIIeIOBaHMI P00 TOA3EMHBIX BOJ BBITIOJIHEHA C MOMOIIBIO MporpamMmHoro komriekca AquaChem 11, pas-
paborannoro Waterloo Hydrogeologic, Kanana st rpaguueckoro otodpakenus B Buze nuarpamm Ilaiinepa,
KOTOpBIE OTPa)KalOT OCHOBHOW aHMOHHO-KaTHOHHBIN COCTaB MOJ3EMHBIX BOJ, U Auarpamm JlypoBa, oToOpa-
KAIOIUX COIeP)KaHUE OCHOBHBIX MAKPOKOMIIOHEHTOB B COCTAaBE MOJJ3€MHBIX BOJI U COOTHOILIEHUH BETMUMHbI
MHHEpaIU3alu U 3HaueHui pH.

Pe3yabTarsl.

OcHoBHO¥ 3a/1a4eii McclieI0BaHuUS SIBIITIACH OLIEHKA IPUTOAHOCTH MO/I3€MHBIX BOJL JIJIsl BOJIOTIOS CEJlb-
CKOXO3STICTBEHHBIX KHBOTHBIX.

Ilozonosve u 6ooonompebaenus ckoma Ha nacmouwax 3anaonoeo Kazaxcmana.

ITo coctostamio Ha 2023 . miIomaas nactouiy 3amagnoro Kasaxcrana cocrasiser 58,6 miuH. ra, 31,9
% oT cymMmapHbIX 1o pecnyonuke u B 81,9 % ot mnomaan peruona. Pacnpenenenre mactOumi mo oomactsm
CBEJICHO B TaOJIHUIE 2 ¥ OTPa’KEHO Ha PUCYHKE 3.

Tabnuia 2 — CocrosHue nacTOUIIHBIX TeppuTopuit 3anagHoro u LenTpansHoro Kazaxcrana mno co-
cTossHMIO Ha 2023 .

Peruon, obnacth [Mnomans,  Ilnomanas macToOMI Ilnomane BoaoobecrieueHHOCTD TacTOMIIL
TBIC. KM? 00BOIHEHHBIX MO3eMHBIMU Bogamu, %o
TBIC. T % acTOuII, THIC. ra

3amanneiid Kasaxcran 715,57 58607,3 81,9 30415,8 51,9
AKTIOOMHCKAS 295,85 25301,7 85,5 9538,5 37,7
ATbIpayckas 117,38 9611,9 81,9 4320,2 449
3amagHo-Ka3zaxcranckas 136,70 11061,1 80,9 8191,5 74,1
Mamnrucrayckas 165,64 12632,6 76,3 8365,6 66,2

= 126326

= 233017

« 11061,1

= D511.9

= Apmio0HHCEaE  ® ATepavcEai - Jamanmmo-Fasaxcramckan @ MamrscTayckas

Puc.3. Tlnomanp mactOUIl aJMUHUCTPATHBHBIX 00aacTel 3anagHoro Kasaxcrana, MiH. ra
[Fig. 3. Pasture Area across Administrative Regions of Western Kazakhstan (million ha)]
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Puc.4. Kapra pacroyioeHus: TUIIOB NaCTOMIIHBIX MAaCCHBOB B Ipezenax AKTIOOMHCKON 00macTi
[Fig. 4. Map of the distribution of pasture types within the Aktobe Region]

JlaHHBIE 10 KOTMYECTBY CKOTa COOpAHbI U3 MAaTEpPUAIOB OTYETOB PAlOHHBIX M O0JIACTHBIX YIPaBICHUN
aKUMaToB 110 cocTosgHuro Ha 2023 rox.
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Puc.5. Iloconosve u so0onompebnerue no eudy ckoma na nacmouwax Akmoourcko odracmu
[Fig. 3. Livestock and Water Use by Species (Aktobe Region Pastures)]
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Oyenka UCnonb306anUsl U MexXHUYecKoe COCMosHUe 00800HUMENbHBIX COOPYICEHULL.

Inowaov nacmouw 25,3 mita ra wim 85,5 % ot mromaay 001acTi, a 00BOAHESHHBIMH YHCIIATCSA 9,54
MiH ra (37,7 %). JAns o6BogHeHUs MacTOUII KpoMe MOA3EMHBIX BOJ UIMPOKO HCIONb3YETCS JPYrHe BUIIbI
BOJIOMCTOYHUKOB — MTOBEPXHOCTHBIE BOJBI PEK, MPYI0B U kaHaoB (mopsiaka 21 %) [CBonHbIM aHamuTHYe-
ckuit otuert, 2023].

OO0cne0BaHNs TEXHUUYECKOIO COCTOSIHUS OOBOJHUTENIBHBIX COOPY’KEHUN Ha OTTOHHBIX MacTOMILAX
nokasaiu, 4yto 6onee 75 % CymiecTByIOINX 0OBOTHUTEIBHBIX COOPYKEHHI Ha BOJOTIONHBIX ITyHKTAaX OTTOH-
HBIX MMaCTOMIII, HCTIOJIb3YIOIIUX TTOA3EMHBIC BOJIBI, HE IPUTOIHBI JJIsl SKCIUTyaTalluy | TPEOYIOT KAl TalbHOTO
PEMOHTA, BOCCTAHOBIICHHUSI JeOUTa WM CTPOUTENHCTBA HOBBIX COOPYXKECHHIA, B3aMEH Pa3pyIlIeHHBIX CyIIe-
ctBytoiux. OCHOBHOI MPUYMHOM BBIXOAA U3 CTPOSI OOBOJHUTENBLHBIX COOPYKEHHH SBISETCS BEIpaOOTKa HOP-
MaTHBHBIX CPOKOB CITY>KObI, OTCYTCTBHUE HAJUICkKAIICH SKCIUTyaTallid U CIEACTBUE JUBEpCcU(UKAIIMM arpo-
MIPOMBIIIIEHHOTO KOMILJIEKCa Ha MacTOuIax, n3MeHeHne (opM COOCTBEHHOCTH U 3HAYUTENIbHOE pa3pylIeHHe
MacTOUIITHOW HHPPACTPYKTYPHI.

AHaJIN3 TEXHUYECKOTO COCTOSIHUS OOBOJAHUTEIBHBIX COOPYKEHUN Ha OTTOHHBIX MACTOUINAX MOKa3all,
YTO HE B paboyeM coCTOsTHUI HaxoauTcs 18 % maxTHhIX KonoaueB u 54 % ckBakuH. CKBaXXHHBI TITyOHHOM
1m0 50 M coctaBistor 64 %, cBeime 50 M — 25 %, 11 % — 3acemansl. [laxtHeie KOMOAIEI TTyOHHOM 10 10
M — 85 %, cBbiie 10 M — 15 %. 1o nuameTpam 00cagHBIX KOJIOHH CKBAXKHHbBI PACIIPEAEISIOTCS CIIELyOIINM
obpazom: 108 mm — 17 %, 219 mm — 72 %, 326 mm — 11 %. Munepanu3anus BoJIbl HCTOYHHKOB B OCHOBHOM
coctasiisiet oT 0,1 10 6,0 T/1M°, HO BCTpedaroTest ¢ MUHEpanu3aiuei 10 9,8 r/am’, a nebutsr ot 0,1 10 4,6
aml/c.

BopomnoabseM U3 cKkBaXXKMH OCYLIECTBIISIETCS B OCHOBHOM MoTonoMnaMu Ab 1 norpyHsIMU HacocaMu
tuna LB kuTaiickoro npomu3BOJCTBa, U PYYHBIMU KOJIOHKAaMH, a U3 WaXTHBIX kojoaues BJIM ¢ 31/1-4,5,
MoTtornomrnamu Ab 1 pydHBIMU KOJIOHKamMu. Pe3epByap amsi XpaHeHus 3amaca BOJIbl B OCHOBHOM U3 /0 Ha 3,0
M? 6e3 KPBILIKH BCTPEYAIOTCS METAIUTMUECKUE EMKOCTH OT aBTOLIUCTEPH, TPEOYIOT peMoHTa 55 %.

BopormnoiiHble KOpbiTa B OCHOBHOM M3 aCOOIEMEHTHBIX TPyO MIMHOM 10 20 M U METaIITUYECKUX TPYO
muamerpom 300-800 MM, TpeOyeTCsi peMOHT TOPIIOB | OTIOP, Ha 241 BOJIONIOMHOM ITYHKTE BOJIOTIOMHBIE KOPHITA
BOOOIIIe OTCYTCTBYIOT. OTMOCTKH BOJOTONHBIX IIOIIAJOK B OCHOBHOM OTCYTCTBYIOT MJIM ITOYTH HOJTHOCTHIO
paspyieHsl. MuHepanu3anus Bosl HCTOYHHKOB B OCHOBHOM cocTtasJsiet ot 0,1 10 6,0 r/aM?®, Ho BCTpeyaroT-
CSl HICTOYHHMKH ¢ MUHepanu3aieit 10 9,8 r/nm’. Jleourtst Bosorctounukos ot 0,1 10 4,6 av/c.

O6cyxaenne.

3anaonwvii Kazaxcman pacnonaraercsi B OCHOBHOM Ha Tepputopuu [lpukacnuiickoil paBHUHBI U B
L[EJIOM OTJIMYAETCS] HE3HAUUTEJIbHBIMU PECYypcaMH MOBEPXHOCTHBIX BOJI. [IporHo3HbIE pecypcehbl OA3EMHBIX
BOJI ¢ MuHepanu3anueit 1o 10 r/n onenuBarorcs B 265,4 m*/c (8,37 xm*/ron) mim 13,0% 0T cyMMapHBIX 1O
pecnyomuke. [IporHo3Hsie pecypchl IPECHBIX IMOA3EMHBIX BOJ C MUHEpaiau3anuei 10 1 /1 cocTaBisioT
83,1m%/c (2,62 km’/ron) win TONBKO 6,5% OT CyMMapHBIX MO pecHyOJHKe, CIa0OCONIOHOBATHIC BOJbBI C
muHepanuzanue 1-3 r/n — 83,7 m¥/c (2,64 km’/rox) wiu 16,1% oT cymmapHsIxX o pecryounuke. [Ipec-Hbie u
c1a00COIOHOBATHIE TIOJI3€MHBIE BOJIBI 3aHUMAIOT 62,9% OT 00Iiel BeIMYHHBI MPOTHO3HBIX PECYPCOB IO
peruony. OCHOBHBIM HCTOYHUKOM MOIMOJIHEHUS PECYpPCOB MPECHBIX U CI1a00COIOHOBATHIX MOJ3EMHBIX BOJI
MPAKTUYECKH BCEX BOJOHOCHBIX TOPU3OHTOB SIBJISIOTCS aTMOC(EpHbIE OCAJKU M B MEHBIICH CTENeHH
peunble Bozbl. IIpecHble M ciabOCOIOHOBAThIE MOA3EMHBIE BOJBI pPErWoHa B HauOOJbIIEH CTENeHU
M0JIBEPKEHbI BIUSHUIO aHTPOIOTE€HHBIX (AKTOPOB U XapaKTEPU3YIOTCS CJIa00W CTENEHbIO 3aIUIIEHHOCTH
OT €CTECTBEHHOI'O 3arpsi3HeHus. BiusHue KIMMaTHUYecKUX H3MEHEHUIl Ha pecypchl NMOA3EMHBIX BOJ B
IIEJIOM TI0 PeTHoHYy He BhIsiBIIeHO [Cwmorsp et.al., 2011; AGcameTos, 2020].

Axmiobunckas obracmb 3aHUMaeT BOCTOYHYIO 4YacTh TeppuTopuu 3amagHoro KazaxcraHa.
Peunas cerp obmactu coctouT u3 p. JKeM ¢ NPUTOKAMHU, MEIKUX OECCTOYHBIX pEK, TATOTECIOIUX K P.
Kaiibik, pekam Carbi3 1 OibLI, @ TAK)K€ BPEMEHHBIX BOJIOTOKOB, IPUJIETAIONINX K APaTbCKOMY MOPIO.

[TporHo3Hble HKCITyaTallMOHHBIE PECYPChl MOJI3EMHBIX BOJ 00JacTH ¢ MuHepanuzanuedt 10 10 r/n
oreHnBaroTcs B 153,44 m*/c (4,84 xm®/ron) nnu 57,8 % 0T CyMMapHBIX peCypcoB 3amaHOro peruoHa, B TOM
YuCIIe 0 MUHepaau3auuu, r/i: 10 1,0-62,9 m*/c (1,98 km*/roa) nium 41,0 % ot pecypcos obmactu u 75,7 %
OT pecypcoB mpecHbIx Boj 3anagHoro Kasaxcrana; 1-3-46,12 m*/c (1,45 km*/ron) wimm 30,1 % ot pecypcos
obnactu u 55,1 % OT pecypcoB COJIOHOBAThIX BOJ peruoHa. [Ipu 3TOM MpPOTHO3HBIE PEeCypChl MPECHBIX U
cl1a-60COJIOHOBATHIX BOJ coCcTaBisAOT 71,1 % OT BelMMYMHBI MPOTHO3HBIX pecypcoB obmnactu u 65,4 % ot
o0IIMX pecypcoB MOA3EMHBIX BOJ ¢ MUHEpanu3anueit 1o 3,0 r/im peruona [Ongayev et al., 2022: 56-65].

OTtmeuaercs KpaiiHe HepaBHOMEPHOE paclpe/ielIeHne PeCypcoB MOA3EMHBIX BOJ 10 TEPPUTOPUU 00-TaCTH.
B ceBepHoii yacTu pacnpocTpaHeHbl IPEUMYIIECTBEHHO CJIA00COIOHOBATHIE U COJIOHOBATHIE BOJIBI C



MHHEpaIU3anuen ot 1,5 10 5 /11, BBIABICHBI TOJIBKO OTAEIBHBIE YYACTKH C Pa3BUTHEM IIPECHBIX WIIM CIa00-
COJIOHOBATHIX ITOA3EMHBIX BOJ C MUHEpanu3anuei 10 1,5 r/i.

KAPTA ECTECTBEHHbLIX PECYPCOB NOA3EMHbIX BOA
AKTIOBMHCKOW OBNACTU
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Puc.6. Kapma ecmecmgennuix pecypcog noozemnuix 600 Akmiobunckou obracmu
[Fig. 6. Map of Natural Groundwater Resource Potential of the Aktobe Region]

IOxHee pexu JKem pacnpocTpaHeHbl c1aboCcoI0HOBaThIE U cOloHOBaThie Boaibl. B JlonrsicTay-IIpen-
MyTrajpkapckoM OacceiiHe, 3aHUMAIOIIEM LEHTPaJIbHYIO0 4acTh 001acTu, 1 Ha Gonbiei yactu lankapckoro
OacceiiHa pa3BUTHI MIPEUMYIIECTBEHHO MPECHbIE M CJIa00COIOHOBAThIE BOABI C MUHEpanu3auuen 10 3 r/i.
JIums Ha mpaBoGepexbe peku Upru3 3nauntenpHas II0Maas 3aHsATa BOJaMU C MUHEpau3auei oomnee 5 1/11.

Ha roro-Boctoke oOmactu (mpaBobOepekbe pekn Mprus) mpecHble MOA3EMHBIC BOIBI BCTPEUAIOTCS
Kpaitae penxo. B CeBepo-Yeruprckom Oacceiine MUHEpaIH3ays OA3EMHBIX BO Ha OOJIBIICH YacTH TUIOIIA-
JTV TIPEBBITIIAeT 5 /1.

OCHOBHBIM UCTOYHUKOM MOIIOJIHEHUS PECYpPCOB NPCCHBIX U CﬂaﬁocOHOHOBaTBIX NOA3CMHBIX BO/I ITpaK-
TUYECKH BCEX BOJOHOCHBIX TOPU30HTOB SIBIISIOTCS aTMOC(EpHbIE OCATKU M B MEHBILEH CTENEHU — PEUHbIE
BoJibl. [IpecHbie 1 c1ab0COIOHOBATHIE TOA3EMHBIE BO/IBI PETHOHA B HAMOOJbIIIEH CTETIeHH MTOIBEPKEHBI BIU-
STHUIO aHTPOMOTEHHBIX (DAKTOPOB M XapaKTEPU3YIOTCS cab0i CTEMEHBI0 3aIUIIEHHOCTH OT €CTECTBEHHOTO
3arpsi3HeHus (pucyHok 2) [Absametov et al., 2023: 3—15].

ITo cocTostauro Ha 2023 1., TuI0MAAL TACTOUI AKTIOOMHCKOM 00J1acTh cocTaisieT 25,3 MiH ra (43,2
% oT 001X M0 3aMaJIHOMy PETUOHY), U3 KOTOPbIX 00BOJHEHHBIMU uncsaTcs 37,7 %.

Jis  TpaKTUYEeCKOrO WCTONB30BaHUS Il OOBOJHEHHMsS MAcTOWII Hamboiee NepCIeKTHBHBI
BOAOHOCHBIC TOPHU30OHTBI M KOMIIJICKCHI aJIJIFOBHAJIBHBIX YCTBCPTUYHLIX, HCOT'CHOBLIX MW IT1aJICOICHOBLIX,
MCJIOBBIX, OPCKUX U TPHUACOBBIX OTJ'IO)KGHHfI, a TaKKXE 30Ha OTKpBITOﬁ TPCIINMHOBATOCTU CKAJIBHBIX MMOPOI.



laomuna 5 — llepcnekTUBHBIE BOOZOHOCHBIE TOPU30OHTEI AKTIOOMHCKON O0JIaCTH sanagHoro Kasax-

CTaHa
Tun BogoHoCHOrO Tepputopus Boznosmemaromue OCHOBHBIE XapaKTEPUCTHKHI
TOpH3OHTA PacIpOCTpaHCHIT OTIOMKCHIL I'my6una 1o MoIHOCTh, M JlebuTsl MuHepanu3zanus CocraB
BOZBL, M BOJIO- BOJBL, I/ BOJIBI
MYHKTOB, JI/C
ATIOBHATTEHBIX Jlonunsl pex XKaiibk, Ilecku u rpaBuitHO- 2,0-7,0 ot 10-15 no ot 1,0 mo ot 0,2-1,0 10 4 | HCO,-SO,
YETBEPTUYHBIX Enex, Oiibii, XKem, TaJCUHUKH 35-40 10-20 Na, SO,-Cl
OTJIOKEHUH, blprei3 u np Na,
06e3HaOPHEIH ClNa
HeorenoBbix Mankapckuit u Ceepo- PasHo3epHucThIE ot 0,5 -4, Ha cesepe 2-10, 0,1-1,5 or 1-3 10 5-10 | CI-SO, Na,
OTJIOKCHUIA, Yeruprekuii 6acceiHbl TIECKH C IPOCIOSIMH | YJacTKaMH 10 | Ha ore 1o 37 SO,-CI Na,
0Ge3HANOPHBIN NECYAHUCTBIX TIINH 10-12 CI Na
ITaneoreHoBbIx Mesxnypeube bIprois- IIpocaou n ot 10-15 mo OT MEPBBIX [0 OT COTBIX ot 0,6-2,8 10 10 | HCO, Ca,
OTJIOXKEHUIA, VbKask, HEHTP. 4acThb JIMH3BI MEJIKO- K 50 20-40, unoraa nosnei 1o 1-5 CI-SO, Na,
HaropHo- Tankapckoro nporu6a, Pa3HO3EPHUCTBIX nocruras 100 Cl Na
Oe3HaANOpPHBII necku bom. bapeyku. TIECKOB, PEXKE
IOro-Bocr. yacth cyneceii,
blprei3-Topraiickoro YepeayOInXCs
BoOJIOpa3/ea C IPOCIOSIMU
QJICBPOIIUTHCTHIX
TIIMH U aJIeBPHTOB
Anb0-cenomanckux | JKemckwuit, JloHrsicTay- Mernko-, pexe ot 1-10 10 ot 10-20 no ot 0,1-0,5 o 0,3-1 10 3-10 HCO, Ca,
OTJIOKCHUIA, Ipeamyramkapckui, CPEIHE3EPHUCTBIE 50-200, mpu 100-600 30-40 CI-SO, Na,
HaropHbIN Cesepo-IIpuapasibCkuii ¥ | 1ECKH, 3ajeraromune CaMOM3JIMBE CI Na
1 HaIllOpHO- IManxapckuit GacceiHb B BHJIE IUIACTOB, +10+30
Oe3HANOPHBII MPOCJIOEB U JIMH3
cpeny IIInH
IOpckux u VYpansckuit, FOxHO- Ilecku, mecyaHuKH, 10 25-100 40-100 or 0,1-1,0 no | 0,2 no 3, unorna | HCO, Ca,
TPHUACOBBIX Ipenypanbekuii u KOHIJIOMEpAThI, 5-10 10 8,5 HCO,-SO,
OTJIOKCHU, JKemckuit bacceitHb aJIeBPOJIUTEI, Na, SO,-Cl
Oe3HaNOpHbII KapOOHaTHbBIE U Na,
TaJIOreHHbIE 0CAKU ClNa
30Ha OTKPBITOM VYpanbckuit u FOxHO- TeppureHHo- OT TIEPBBIX 30-60, na pasno- | 0,1-1,0, B 30- ot 0,1-1,0 10 HCO, Ca,
TPELINHOBATOCTH Ipenypanbckuii a¢dy3uBHbIe, 110 gecsatkop | max g0 100-200 | Hax pasinomoB 1,5-3 HCO,-SO,
TIPOTEPO30ii- OacceliHbl HUHTPY3UBHBIC M Ha u Gornee. 1o 3-7 Na, SO,-Cl
ane030MCKuX MeTaMOp(OreHHBIE | BOJOpa3zieax Na
U UHTPY3UBHBIX TIOPOJBI
OpoJ

OO6cnenoBaHusl TEXHUYECKOTO COCTOSTHHSI OOBOJHUTENBHBIX COOPY)KEHHH Ha OTTOHHBIX MAcTOMINAx
nokasajso, 4ro 6onee 75 % cyuiecTBYOMUX 0OOBOJHUTEIBHBIX COOPYKEHHI Ha BOJIOTIOWHBIX TyHKTaX OTIOH-
HBIX MMaCcTOMII, UCTIOJIB3YIOLIUX MOA3EMHBIE BObI, HE IPUTOAHBI JJIsl SKCIUTyaTalluy U TPeOyIOT KalUTaIbHOTO
PEMOHTA, BOCCTAHOBJICHUS IeOUTa UM CTPOUTENILCTBA HOBBIX COOPYKEHMI, B3aMEH Pa3pyIllIEHHBIX CyIlle-
cTBytolUX. OCHOBHOI MPUYMHON BBIXO/AA U3 CTPOSI OOBOJHUTENBHBIX COOPYKEHHH SBIsIETCS BbIpaOOTKa HOP-
MaTHBHBIX CPOKOB CIY»OblI, OTCYTCTBHE HaJUIeXkKalllel SKCIUTyaTallud U CJEeICTBUE JUBEpcU(UKaMK arpo-
MIPOMBIIIIJICHHOTO KOMIIJIEKCa Ha IMacTOMIIAaX, N3MEHEHHE (JOPM COOCTBEHHOCTH M 3HAUUTEIHFHOE pa3pyIICHNE
MacTOUIIHON HHPPACTPYKTYPHI.

OreHKa XUMHUYECKOTO COCTaBa MOJA3EMHBIX BOJ| HA MACTOUIIHBIX TEPPUTOPUAX AKTIOOMHCKOW 00Ma-
CTH MOKa3aja, YTO KaYeCTBO BOAHBIX HICTOYHUKOB KpailHE HEOJHOPOAHO U BO MHOTOM OIPEAEIISIEeTCS KaK MpH-
POIHBIMU T€OXUMUYECKUMHU YCIOBUSIMH, TaK U aHTPOMIOTEHHBIMU (haKTOpaMHu.

Munepanu3zanus Bapbupyet ot 0,18 10 9.8 r/n npu cpeaneit 1,64 r/n. [lonapnstomiee 60IBIIMHCTBO
BOJI OTHOCHUTCS K BOJIaM C HM3KOM MM yMepeHHou muHepanuzaiuei (0,18-3,0 r/11), omHaKo NpHUCyTCTBYIOT
JIOKaJIbHBIE 30HBI C BBICOKUM cosiecoiepskanneM (3,35-9,8 r/m). Peakiust cpesbl B 11e710M HEUTpaabHAs U Clia-
OomenoyHas: cpennee 3Hauenue pH = 7,35.

[To xatnonam xapakrepHo npeoOnananue Harpus (3,1-31776,4 mr/it), mpu 3aMETHBIX JOISAX KaIbIUs
M MarHusi, 4TO OTPa)KaeTcs B KECTKOCTH: CPEIHsS BeMYMHA OO0IIel skecTkocT — okono 10,4 mMr-sks/i, a
MIPEBBIIICHIE OPUEHTUPHOTO YPOBHS 7 MTI-3KB/J OTMEUEHO B 44 mpobax (KECTKHE U OYEHb >KECTKHE BOBI
pacnpocTpaHeHsl Ipoko). [To annonam qoMuHHPYIOT cynbdaTsl (4—2918 mr/n) u xaopunst (4-2974 mr/n),
coziep)kaHue ruIpoKkapOOHaTOB BapbupyeT B npeaenax 91,5-1263,1 mr/m.

Crnenyer OTMETHUTB, UTO JUISl YACTH TOYEK OTMEUEHO BBIPAXKEHHOE CYNb(aTHO-XI0pUIHOE oOoralieHue,
CBSI3aHHOE C JIOKaJbHOW MUHEpalIU3aluei 1, BEpOATHO, HCTIAPUTENIbHO-3aCOIEHHBIM PEKUMOM HITN BIUSHU-
€M COJICHOCHBIX TOJIII; MAaKCUMAJIBHOE COZIEpKaHUE XJIOPHUIOB OTMEUEHO B Ipodax mk. 393, mik. TepeHcaii u
mk. Cesepnoe (m0 2,3-3,0 mr/in npu muHepanm3anuu 7,9-9,8 r/m); Hanbosnee BICOKHE 3HAYCHHS CyIb(HaToB
3adukcupoBaHbl B mpobax mk. 12, mk. 393, mk. 20, mxk. CeBepHoe u k. Tepencait (1o 2,42-2,92 r/mn).



KroueBoun NpoOiaeMon st 00JIacTH, IOMUMO COJICHOCTH, SBIAETCA 3arpsa3HeHue HurparaMu. llpe-
BBIIIICHUE COZIEp>KaHus HUTpaToB Oosiee 50 mMr/im orMeueHo B 36 mpobax; aHOMaJIbHO BBICOKHE COJEPIKAHMS
3auKcUpoOBaHbI B Tpodax mK. Tepencaii (635 mr/n), mk. Cyxunoska (612 mr/i), mk. CeBepHoe (582 mr/n),
k. Tonei6ait (530 mr/n), mk. KapaOymak (410 mr/ir). DT 3HaUueHUS YKa3bIBalOT HA BO3MOYKHOE JIOKAJTLHOE
AHTPOIIOTEHHOE BITUSTHHE.

3HaueHus KOHIIEHTPALMU a30Ta aMMOHUIHOTO B 11€JI0M HHU3KHE: B OOIBITMHCTBE P00 HE MPEBHIIIACT
3,0 mr/n, onnako npesbimenue 3,0 mMr/n 3adukcupoBano B 2 npodax: mk. CokonoBckuit (1o 10,2 mr/m), mk.
c.Capar IOr (4,0 mr/n).

[ToBbiieHHOE copepkanue GpropuaoB ormeueHo B 10 mpobax (Beime 2,0 MI/i); MaKCUMyMBbl — HIK.
Tomnb16ait BocTok (6,3 mr/n), mk. 433 (4,9 mr/n), mx. 12 (4,4 mr/).

['mapoxumuyeckass MO3aWKa BKIIIOYAET JIBE JOMHHHPYIOIIME TPYIIbL: THAPOKApOOHATHO-KAbIKe-
BO-MarHUEBbIE BOJbI HU3KOW M yMEpPEHHOW MHUHepanu3aiuu (0osiee moJoBUHBI IPO0) U XJIOPUAHO-CYIIbpar-
HbIC HATPUEBBIC BOJBI MOBBIIICHHOW MHUHEpAIHM3AlMN — JIOKAJILHO PaclpoCTpaHEHHBIE B pailoHax Ciaboro
€CTECTBEHHOTO JIPEHaXa W MHTEHCHBHOTO MCIAPUTEIHHOTO Iporecca. [IpocTpaHCTBEHHOE COCENICTBO ITUX
TUTIOB yKa3bIBAaET HA 3HAYUTEIIHHYIO BapHaOeTbHOCTh YCIOBHA (HOPMUPOBAHUS 1 HEOOXOAUMOCTD aAPECHOTO
mo00pa NCTOYHHUKOB B MpeieiaX KaXa0ro macTOMIIHOTO MaccuBa (pucyHok 6) [Tazhiyev et al., 2025: 1297].
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Puc.7. lmarpaMMbl XHMHUYECKOTO COCTaBa IMOJI3EMHBIX BOJ MACTOUIIHBIX TEPPUTOPH AKTFOOMHCKOI 00macTu
[Fig. 7. Diagrams of the chemical composition of groundwater in pasture areas of the Aktobe Region]

BeiBojbl.

JKMBOTHOBOZICTBO SIBIIIETCSI OAHOM M3 KIIOYEBBIX OTpaciiel skoHOMUKH Kaszaxcrana, oOecrneunBas
MIPOJIOBOJIBCTBEHHYIO O€301MacHOCTb, 3aHATOCTh HACEJIEHUS W AKCHOPTHBIA moTeHuan. CormacHo JTaHHBIM
FAO, Pecniybnuka Kazaxctan 3aHnMaeT 6-¢ MeCTo B MUpE IO TUIOIIAIH CETbCKOX03HCTBEHHBIX YTOIUI.

JlaHHBII pernoH UMeeT Bce HeOOXOAUMBIE MTPEANOCHIUTKY JIsI ”HTEHCUBHOTO Pa3BUTHS OTTOHHOTO K-
BOTHOBOJICTBA, UIMEIOTCS ITPOAYKTHBHbIE ACTOMIA U HEOOXOIMMBIE MTOJJ3eMHbIE BOJHBIE PECYPChI, HO B Ha-
CTOsIIIIEE BPEMs CTAIIKMBAETCS C CEPbE3HBIMU BBI30BaMH, TAKUMU KaK JIETpajalys 3eMellb U KIMMaTHUECKHE
WU3MEHEHUS.

Ha tepputopun mONymyCTBIHHBIX M ITyCTBIHHBIX MAcCTOMIN COCPEIOTOYEHbI 3HAUYUTENIbHBIE 3alachl
MTOJ3EMHBIX BOJ, IIPUTONHBIX ISl CEIbCKOXO35MCTBEHHOTO HCIIONIb30BaHusA. PecypCHBIM OTeHIMaN OA3EM-
HBIX BOJI IMO3BOJISIET PEILUTh 3aJja4d MOBCEMECTHOTO OOBOJIHEHUS MACTOMUIN U 00ecreueHrs BOJOMOs BCETo
IIOTOJIOBBS CKOTA, KOTOPBII MOXKET COJEPKAThCs Ha JaHHON TEPPUTOPHUU, IPU COOTBETCTBYIOIIEM HaJlaKHBa-
HUH HEOOXOIMMOHN BOTHO-3€METbHON HHPPACTPYKTYPbI, CO3AHNH IIJIONIA IEH MO BBIPAITUBAHUIO M 3aTOTOBKE
aBapUITHBIX 3aI1aCOB KOPMOB, BOCCTAHOBIICHHUH O0BEKTOB BOAHON MH(PPACTPYKTYPHI (BOIOMONHBIX ITyHKTOB)
Y TI03BOJIUT 3HAYUTEIBHO MOBBICUTH A3PPEKTUBHOCTH OTTOHHOTO KUBOTHOBOICTBA [ Tymieprt et.al., 2020: 24—
26; Makhambetov et al., 2025: 145-154].

[lepcneKTUBHBIM HANpaBICHUEM MOBBIMIEHUS ASPPEKTUBHOCTH HCIONb30BAaHUS MACTOMIIHBIX
TeppUTOpUl AKTIOOMHCKOM 00J1aCTH SBJISIETCS Pa3BUTHE KOPMOIPOU3BOACTBA HA OCHOBE JIMMAaHHOI'O U Pery-
aupyemoro opouieHus. [IpuMeHeHne JaHHbIX TEXHOJIOTUI T03BOJIUT CYLIECTBEHHO YBEJIMYUTh OOBEMBI 3ar0-
TOBKH KOPMOB 32 CUET BHEJPEHUS TOBTOPHBIX U CMEIIAHHBIX IOCEBOB KOPMOBBIX KYJIBTYP, 4YTO 00€CIIEYNBAET
CTaOUIIbHYIO KOPMOBYIO 0a3y B HenmacTOMIIHBIN nepruol. Kak mpuMep MOXKHO IPUBECTH OMBIT ypouuiia J{oH-
ry3ray balirannHckoro paiioHa, KOTOPBIM 1IEMOHCTPUPYET BBICOKYIO 3((HEKTUBHOCT JIMMAHHOTO OPOLLIEHUS,
OCHOBAaHHOTI'O Ha MCII0JIb30BaHUU MABOAKOBBIX Boj. Hanmuuue 3/1ech 3HAYMTENbHBIX 3a11acOB HAIIOPHBIX (ap-
TE3MAaHCKUX) TIOI36MHBIX BOJ| IOTIOJIHUTENFHO YBEITMUMBACT MMOTEHIMA BoooOecieyeHus U (POPMHUPOBAHUS
JIOKaJIbHBIX OpoIIaeMbIX arpoianmagdToB. KoMmiiekcHOe HCIOIb30BaHNE MOBEPXHOCTHBIX U MOA3EMHBIX



BOJ CO3MACT IMPEANOCHUIKH AJId PACHIUPCHUSA KOPMOIIPOU3BOACTBA U YBCIIMUCHUA ITOT'OJIOBBS CCIIbLCKOXO3AU-
CTBCHHBIX )KHUBOTHBIX.

['uApOXUMUYECKUH COCTaB MO3EMHBIX BOJ OTIMYACTCS 3HAYUTEIIBHON U3MEHYMBOCTHIO M HATMIUEM
JIOKQJTBHBIX 30H 3arPsS3HCHHS.

HecMoTpst Ha TIOBBITIICHHYIO MHHEPATH3AINIO B PSJIC BOJOHOCHBIX TOPU30HTOB, MUHEPATN30BAHHBIE
MOJI3€MHBIE BOJIBI TAKXKE MOTYT PAacCMAaTpPUBATHCS KaK TMEPCIEKTUBHBIN pecypc MpU YCIOBUU MPUMEHCHHS
COBPEMEHHBIX METOJIOB ONpecHeHus. Vcronb30BaHNE TEXHOIOTUH MEMOPAHHOTO OMPECHEHUS, B YaCTHOCTH
00paTHOTo 0CMOCa, MO3BOJSIET OOECIIEUUTh MOYYCHHE MUTHEBOM BOIBI HOPMATHBHOTO Ka4eCTBA HEMOCPE]-
CTBEHHO B MECTaX BOAONOTPEOICHHUSI, CHU3UTh 3aBUCUMOCTH OT MOBEPXHOCTHBIX MCTOYHUKOB W TMOBBICHTH
YCTOWYMBOCTh MACTOUIITHOTO XO3SHCTBA K KIIMMAaTHUYECKUM PUCKaM. DTO 0OOCHOBBIBAET I€1€CO00Pa3HOCTh
HMHTETPaIMi METOJIOB OITPECHEHHMS MTOJI3EMHBIX BOJI B CUCTEMBI BOJOCHA0KEHHUS apHUIHBIX TEPPUTOPHIA U pac-
IIUPSET MEPCIEKTHBBI PAIMOHATBHOIO OCBOCHHS BOJIOHOCHBIX TOPHU30HTOB B YCIOBHSX H3MCHSOIICTOCS
kimumara [Cynzaetosa et.al., 2025: 94-100; Bezborodov et al., 2022: 361; bez6oponos et.al., 2022: 27-34;
Baisholanov et al., 2020: 190-203].

OO6nacTh XapakTepu3yeTCcsi HHTEHCUBHBIM PAa3BUTHEM PA3IMYHBIX OTPACICH TPOMBIIUICHHOCTH, 0CO-
OCHHO B €€ CEBEpPHOW YacCTH, YTO BHI3bIBACT 3HAUUTEIHFHOE TEXHOTCHHOE BO3JIEHCTBUE HA T'eOJOTHYECKYIO
Cpely, B TOM YHCJIEe HAa MOBEPXHOCTHBIC M TMOA3EMHBIC BOAbI. OCHOBHBIMH 3arpsi3HSIONIUMU KOMITOHEHTA-
MU SIBIISIFOTCSL O0p, XpOM, KeNe30, HUTPAThl, Kanui, Marauil. CyIIeCTBEHHYIO yTpO3y B YaCTH 3arps3HCHHUS
MOJI3€MHBIX BOJI MPEJCTABISIIOT HeQTeOa3bl M aBTO3aNPaBOYHbIE CTAHIIUU. B 11e10M mo 001acTy mpoIecch
TEXHOTE€HEe3a B PETMOHAIILHOM acleKTe Ha BEJIMYUHY PECYpCOB MOJ3EMHBIX BOJ MPAKTUYECKU BIUSHUS HE
okasbiBatoT [ Yermekbayev et al., 2023: 658-666; Smolyar et al., 2025: 227].
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Hypzaszuesa Acen Azamkanueena, ananuz u o6pabomka NOLYYEHHbIX IKCNEPUMEHMALbHBIX OGHHBIX, UHMEPNpemayusi pe3yiomamos u
Nn0020MOBKA HAYYHOU NYOIUKAYUU.
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VATTBIK T BiNbIM
AKALEMUACHI

RESEARCH, RESULTS — IBJIEHICTEP, HOTWXXEJIEP — UICCJIEJOBAHUS, PE3VJIBTATH
ISSN 2304-3334 (print)

Vol. 28. Ts. 3. Number 111 (2026). Pp. 194-202

Journal homepage: https://journal kaznaru.edu.kz

https://doi.org/10.37884/3-2026/05

IRSTI/ FTAXP / MPHTU / 68.45.37

M.S. Tolgambayev', M.K. Baybatshanov'*, A.T. Zhubanyshova', V.0. Salovarov’
'Kazakh National Agrarian Research University, Almaty, Kazakhstan;
Irkutsk State Agrarian University named after A.A. Yezhevsky, Irkutsk, Russia.
E-mail: mukhtar.baibatshanov(@kaznaru.edu.kz

DETERMINATION OF POPULATION DENSITY BASED ON THE RESULTS OF SAIGA ANTE-
LOPE POPULATION COUNTS

Tolgambayev Madiyar Salimovich, 2nd year doctoral student of the «Kazakh National Agrarian Research
University», Department of Forest Resources, Hunting and Aquaculture, study program 8D08301-Hunting
and Animal Husbandry. Kazakhstan, 050010, Almaty, Abai Avenue, 8

E-mail: madiyar_ts@mail.ru, https://orcid.org/0009-0007-1672-060X;

Baybatshanov Mukhtar Kasenuly, Candidate of Agricultural Sciences, Ass. Professor of the Department of
Forest Resources, Hunting and Aquaculture. Kazakhstan, Almaty region, Karasai district, Kemertogan village,
Zhaiyk street, 67

E-mail: mukhtar.baibatshanov(@ kaznaru.edu.kz, https://orcid.org/0000-0002-3679-5381;

Zhubanyshova Anar Temirkhanovna, Master of Agricultural Sciences, Senior lecturer of the Department
«Forest Resources, Hunting and Aquaculture». Kazakhstan, Almaty city, Alatau district, md. Algabas,
Akzharma street, 10

E-mail: anar.zhubanyshova@ kaznaru.edu.kz, https://orcid.org/0009-0004-4981-7676;

Viktor Olegovich Salovarov, Doctor of Biological Sciences and Professor of the Department of Game Man-
agement and Bioecology at Irkutsk State Agrarian University named after A. A. Yezhevsky. Russia, Irkutsk
oblast, Molodezhny settlement, 1/1

E-mail: zoothera@ mail.ru, https://orcid.org/0000-0001-9136-9572.

Abstract. The article examines the determination of the saiga antelope population density based on
population census activities. During the population surveys, seasonal migration routes, aggregation areas, and
population structure of saiga antelopes were comprehensively analyzed. The results of the study indicate that
census activities should be completed before saigas congregate at calving or breeding sites, as delayed surveys
significantly complicate animal counting and increase stress levels in pregnant females. It was determined
that, depending on the population status, saiga population counts should be completed by April 15-20. Due
to the increase in population size and density, issues related to the accuracy and reliability of estimating large
aggregations of saiga antelopes have arisen in the Ural and Betpak-Dala populations, leading to a decrease
in the precision of census results. In this regard, taking into account the developed census methodology, ap-
proaches to improving aerial surveys using aircraft-based aerial photography are proposed. It was established
that, instead of 40 flight hours, 50 flight hours are required to improve survey effectiveness. To enhance the
quality of population counts and monitoring under conditions of high population density, it is recommended to
annually mark selected individuals in each population. This will allow tracking the timing and general patterns
of movements and optimizing census survey areas. Additionally, it is recommended to further develop a saiga
population monitoring system in cooperation with local hunting and wildlife management specialists.

Keywords: saiga, endemic, population, biotechnology, monitoring, abiotic factors, mammals, biotic
factors, poaching, colony, migration
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AHHoTanus. Maxkanana akOeKeHIep/iH caH 0achblH €cemnKe aly KYMbICTapbl OOWBIHINA MOMYJISLNS
TBIFBI3BIFBIH aHBIKTAYy KapacThIpblIaJbl. AKOOKEH MOMyJALUAIApbIH €cerKe ady OapbIChIHAA OJIap/AblH
MayChIMBIK MUTPALMSUIBIK OaFBITTaphl, IIOFBIPIaHy aliMaKTapbl )KOHE KYPbUIBIMBI KeIIeH 1 TYpAe TaJlJaH/Ibl.
3epTTey HOTHKENepl akOOKEH ISP/ 1IH OMHAKTAy HEe KOOCIO OPBIHIapbIHA JKUHAJIFAHFA JICHIH assKTaTybl KEPEKTITT,
KEIIl )KYPri3UITeH €CENTIK CaHaK >KaHyapiap/bl CaHayAbl KMBIHIATATBIHBI JKOHE OJI Oya3 aHaJbIKTap YIIiH
CTPECTIK KaFalaap/blH apTThIPATHIH/IBIFBI )KOHE €CEeIKe ajly KYMbICTapbl aKkOOKEeHIEp/I1H MOMYJ IS USIChIHA
OaitmanpIcThl 15-20 coyipre AeiiiH asKTaaFaHbl JYPHIC €KEeHI aHBIKTANIIbI. AKOOKEHACP/IIH CaHbBl MEH THIFbI3-
JIBIFBIHBIH apTybIHA O0alIaHBICTBI CAaHAK HOTIKENEpl NONIITiHIH ToMeHaeyine Opan xone bernmaknana momy-
TSANUSCHIHIA aKOOKEHIEp CaHBIHJIAFbl YIKEH TOMTAp/bIH OarajayblH JOJIIT, CEHIMILIITT Maceneci TybIH-
nan otelp. OcbiFad OalIaHBICTBI, aKOOKEHIEP/I1 €CENTIK CaHayIbIH 931pJICHI€H 9IICTEMECIH €CKepe OTHIPBIII,
oJlapbl KOO1peK oyeIeri yimakTad a3podoTOTYCIpy /Il KETUIAIPY KOIAAPHI YCHIHBUIABL. AyMaKTaFbl YIIIaKTapFra
40-caraTThIK YTy /IbIH OpHbIHA 50-CaraTThIK YIIIy KEPEKTIr1 aHbIKTaJ bl [[0MmyIausSHbIH THIFBI3IBIFbI )KOFApHI
KarJaiiap/a caHay oHe MOHUTOPHHT CalachlH jKaKcapTy YIIIH Kb CallbIH 9p MOMYJISLUAIAFHI IPIKTENTeH
akOeKeHIepAl TaHOaIay KaKeT, OyJI KO3FaIbICTapIbIH YaKbITHl MEH JKaJITbl CHTIAThIH OAKbIIIayFa )KOHE €CEMNTIK
caHak aiiMakTapblH OHTalIaHAbIpabl. JKepriaikTi aHIIbI MaMaHAapMeH Oipire OTBIPHIN, aKOOKeHAEPAIH CaH
OacblHa MOHUTOPHUHT KYPri3y KYHeCiH JaMBIThIN OTHIPY KEPEKTIrl YCHIHBLIIbI.

Tyiiin ce3mep: akOeKkeH, OHHAEMHUK, MOMYJSAUUs, OUOTEXHHS, MOHHUTOPHHI, CYTKOPEKTLIEp,
abnoTukanpIKTap (haxTopiap, OMOTHUKAIBIK (hakTopiap, OpaKOHBEPIIK, KOJIOHMs, (POTOTY3aK, €CenKe amy,
MUT AL
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AHHOTanusi. B craTthe paccMaTpuBarOTCsS BOIPOCHI OMPEACTICHHS MJIOTHOCTH TIOMYJISIIHA CaliTaKoB
Ha OCHOBE pabOT MO y4YeTy HMX YHCIECHHOCTH. B mpoliecce ydeTa TOMYJSIUA CarakoB KOMIUIEKCHO
MPOAHATM3UPOBAHBl MX CE30HHBIC MUTPAIMOHHBIE MAapUIPYThI, PAWOHBI KOHIEHTPAIMH W CTPYKTypa
MOy IS, Pe3ynpTaThl MCClieOBaHUS TMOKa3aJid, YTO YYeTHbIE pabOThl TOJDKHBI OBITh 3aBEPIIEHBI JI0
Havaja KOHIICHTPAIMU CalirakoB B MECTaX TOHA WJIM Pa3MHOXCHUS, TIOCKOJIBKY TO3THOMPOBEJICHHBINA yUeT
3HAYHUTETBHO OCJIOXKHSET MPOIIECC IMOICYETa JKUBOTHBIX U YBEITMUNBAET YPOBEHB CTPECCOBOTO BO3ICHCTBHS HA
OepEeMEHHBIX CaMOK. Y CTAaHOBJICHO, YTO B 3aBUCUMOCTH OT COCTOSTHUS TIOMYJISIMH YUET YUCIICHHOCTH CaliTaKoB
nesiecoodpasHo 3aBepmath 10 15-20 ampens. B cBsi3u ¢ poCTOM YMCIEHHOCTH W TUIOTHOCTH TIOIYJISIITHIA
cairakoB B YpasibCcKoi 1 beTnakaaiHCKOH MOMyIISIUsSX BO3ZHUKIIA IPOOIeMa TOYHOCTH U HaJI)KHOCTH OIICHKH
YHCJICHHOCTU KPYITHBIX CKOTIJICHUN KUBOTHBIX, YTO MMPUBOUT K CHUKCHHUIO JOCTOBEPHOCTH YYECTHBIX JIAHHBIX.
B aT0i#1 cBS13M, ¢ yueToM pa3paboTaHHOW METOJMKH y4eTa CAlirakoB, MPEJIOKEHBI TyTH COBEPIICHCTBOBAHHUS
adpOCBEMKH C HCIOJh30BAHWEM AaBHAIIMOHHBIX CPEICTB. YCTAHOBJICGHO, 4YTO JIISl TIOBBINICHHS
PPEKTUBHOCTH ydeTa HEOOXOAMMO YBEIWYHTH TPOJIOJIKHTEIBHOCTh aBUAIIMOHHBIX BhUIETOB ¢ 40 10 50
JETHBIX 4acoB. J[is TOBBINIEHHS] KavyecTBAa ydeTa M MOHUTOPHHTA B YCJIOBHUSAX BBICOKOW IIOTHOCTH
TIOITYJISIIIUI PEKOMEHTyeTCsI €KETOTHO OCYIIECTBISTh MEUEHUE OTOOPAHHBIX 0COOCH B KaXKIOH MOIYJISIINY,
YTO TMO3BOJIUT OTCIEKHUBATh CPOKM M OOIIMH XapakTep MHIpalui, a Takke ONTHMH3HPOBATH 30HBI
MPOBEJICHUST YYETHBIX paboT. Kpome TOro, mpemiokeHo pa3BUBaTh CHCTEMY MOHUTOPHHIA YUCIECHHOCTH
CalrakoB B COTPYTHHYECTBE C MECTHBIMHU CIICIIUAIMCTAMH-0XOTOBEIAMH.

KawueBble cjioBa: caiirak, SHIEMUK, TOMYJISIIHS, ONOTEXHHSI, MOHUTOPHUHT, AOMOTHYECKHE
(baKTOpBI, MICKOMUTAIOIINE, ONOTHIECKHE (PAKTOPHI, OPAKOHBEPCTBO, KOJOHHUS, MUTPAITUS
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bnazooapnocmu: asmopsvl Cmambsil 6blpadsicarom 0J1a200apHoCcmb NPOU3E00CMEEHHOM)
00vedunenuto « OXom3o00npom» 3a NOOOEPIHCKY HAYYHO-UCCAe008AMENbCKOL pabombl.

Kipicne.

['mobanu3anusHbIH KeAenAeyl — dIeMAIK dKOHOMUKAHBIH MHTETPallUsIaHybIHbIH O0BEKTUBTI yaepici
00J1bIT TaOBLIABI KOHE OYJT OapIIbIK KOJDKETIMAL PecypCTapAblH IIapyallblblK aiHaIbIMbIHA TaPTHUIYbIHA
anpl Keneni. MyHaai bIKIaia eH ajaabIMeH TaOUFU KeIIeHIePAiH JKaFIalbIiHa Tepic ocepid Turiseni. OcbiFan
OaiimaHbICTHI TAOUFU SKOXKYHETepl y3aK Mep3iMIi Heri3/ie cakTay, ocipece oJap/IbIH aca MaHbI3AbI KYpamaac
0e:1iri 60JIBIIN CaHAIAThIH OMOJIOTHSUIIBIK aTyaH TYPILTIKTI KOpFay MOCENeNIepiH HIeNly KaKeTTLUTIr TybIHAaiIbI.
DKOJOTHSNBIK (hakTopiap Ja akOOKeH MOMyJISIUSACHIHBIH JKaFnaibiHa eneynl biknan erti [Coynckuii 1955:
66.; Serikbayeva et al., 2023: 83].

Herisri acep etymi ¢aktop — xahaHAbIK KITUMATTHIH KbUTBIHYBL 1980-xbu1napaan 6actan ConTycTik
KapThl map OOMBIHIIIA OpTallla )KbULIBIK aya TEMIIEPaTypachIHBIH TYPAKThI ocyi Oalikanasl, an X XI racbipIibIH
OacbiHma Oy kepceTKim coHFbl 120 bt imiHAeri abcomoTTik Makcumymra keTTi. Conrsl 30 kbUina aya
TeMIepaTypacbiHbiH opTaia aHoMmanusuiapel 0,17 °C-tan 0,64 °C-ka aeifin kertepinimn, mamaMeH 3,7 ecere
aptThl. Ocbl TeHaeHnus CONTYCTIK >KapThlllap ayMarblHAa, COHBIH imriHae Kaszakcranma, apuansanus
YPAICiHIH KYIICIOIHE allbIl Keaal. MyHail »araai Ka3Fbl Ke3eHIe akOOKEH ISP IiH JKachll 6CIMIIKTepre Oai
KabUIBIMIAPIbI 13[€T1, apeallIblH CONTYCTIK OOiKTepiHe, TINTi pecnyONInKaAaH ThIC ayMaKTapFa MUTPALIUs
xacayra MoxxOypuneiiai [I[Imaxos 2009: 198.; baitbarmanos et al., 2019: 327].

Kazakcranma KoCIMIIUIIK KOHE OYECKOMIBIK >KaHyaplapIblH, OHBIH IMIHAE CYTKOPEKTLIepIiH
KOpJIapblH YTHIM/IBI MaiJaany, COHAAN-aK CUPEK Ke3/IeCETIH JKoHE )KOUBLIBIN Oapa )KaTKaH Typiep/ii caKTay
MEH KaJlllbIHA KeNTIPYyAiH SKOJOTHUSIIBIK HETi3/IepiH JailblHay KOHE jKaHyapiap OYHHECIHIH MEMIIEKETTIK
KaJIaCTPbIH KYpy YILIiH aHyapJap/abl *KbUI calblH ecenTey kyprizuieni. Enimizae skanyapnap caHarbIHBIH
oxmictepi OipbIHFaAl JKOCTIApMEH jKacalajbl, OHJA Ka3ipri yakbITTa KOJJAHBUIATBIH CAaHAKTBIH TOCLIIEpl MEH
OJIapJbIH AKOJIOTHSIIBIK HET13[eMeNepl, CaHAKThI XKYPrizy ailMakTapbl MEH JKYprizy Mep3iMaepl KapanaJsl
[Mennebexos et al., 2014.: 5; Xamuykona et al., 2023: 359].

Enimizae akOekeHHIH Ka3ipri Tapaiybl Jana, IIeJd KOHE IIeJelT aiimakTtapasl KamTuisl. Kazip
aKkOOKEeH OWMOIICHO3/IbIH MaHBI3/Ibl KOMIIOHCHTTEPIHIH Oipi peTiHAe oTe MaHbI3Abl pen aTkapaabl. OcCh
Ke3eHaepae akoeokeHHIH 0achl Ka3zakcTaHHBIH jka0alibl TYSKTHUIAPBIHBIH JKUBIHTHIK CAHBIHAH aChIN TYCEI.
ExiHin MaHbI3IbI Kayin - )ka0aiibl payHamgaH aypynapAblH Naiina 6oy skoHe Tapary Kaymi. Y kaHyapiapsl
MeH ka0aiibl JkaHyapaapJblH KOIl TUNTI OMOIEHO3bl TaOuFaTTa OAKTEPUSIIBIK, BUPYCTHIK KOHE MapasUTTIK
aypyJliapIblH KO3IBIPFHIITAPBIH CAaKTAy YKOHE TapaTy YIUiH eH KoJjailnbl karjail xkacaiinel [DangeeB 1980:
212-213.; Tonrambaes et al., 2025: 419].

Kabaiipl >xaHyapiapAblH >KOFapbl THIFBI3ABIFEl JKaHyapliap apachlHIAFbl aypyJiapIblH Tapaiy
BIKTUMAJIJIBIFBIH apTThIpAThIHBI Oenriii [baibaTtmanoB xkone T.0. 2019: 327.; Bekenov et al., 2001: 134]
Kasipri sxarmaiina TypaiH Kalmbl TOMYJSIUAICHIHA 9Cep eTYAiH OapibIK (aKkTopiapbiH eckepe oThIphin, Ka-
3aKCTaH/a aKOOKEH PecypcTapbhlH TYPAaKThl 0acKapy *KoHE YTHIMABI MaiganaHy >KYHeciH Kypy KaKeTTiliri
TYBIHIA/IbI.

9JIici ’KoHe MaTepUaJIaphbl.

AKOOKeHIep/IiH CaHbIH YKOHE MOMYJISIUS THIFBI3IBIFBIH aHBIKTAY — OJIAP IbIH SKOJIOTHSUIBIK JKaFIaiibIH
Oaranayza, KOpray IIapaiapblH KOCHapiiaya skoHe MOIMyJNIAlus JUHAMHUKACHIH OaKbliaya Heri3ri FhUTBIMU
MiHAeTTepAiH Oipi. [Tomyasius THIFBI3ABIFBIH aHBIKTAY: HAKTHI apeasaa Oip MIapIibl KUJIOMETPre MaKKaHaaFbl
aKOOKEeH CaHbl; MOMYJSIUSHBIH KEHICTIKTE Kajail TapalfraHbIH; IIOFBIPIAHY KOHE KeIlly ailMaKTapbIHAAFbl
JKaHyapJap >KMHaKTally JeHrelin Oaranay yuriH KaxeT [Tonrambaes et al., 2025: 419.; danees 1978: 10].

byriari kyHi akOexkeHAEpAIH Ka3ipri *arFJallblH KaH-KAKThl 3€pTTEN, MOMYJSIUSIAPABbIH AaMy
OapbIChbIH Oaranay >kKoHE OJNapAbl TYPAKThl CaKTay MEH YTHIMIbI MaiiianaHy MepCreKTUBATAPhIH alKbIHIAY
KakeTTiniri TybiHaan otelp [Bekenov et al., 2001: 134]. ConapIkTaH: Ka3ipri MOMyISUUSIIBIK KaFIalbIH
JKOHE OJIAapAbIH TIPHIUIIFIHAETI HETI3T TEeHASHIUSUIapAbl Taljay; ipi AMH300TUSIIAp MEH 300HO3[BIK
uHGpEKIMIap/IbIH, dcipece macTeperie3/IiH naiiaa 0oy cebentepid allKplHIay; TaOUFH pecypcTapra 3UsH
KENTIpMEi, ericTiK alKanTapblH OYIAipMeNn ®KoHe SMU300THSIIBIK KayiNCI3IKTI caKTayFa MyMKIH/IIK OepeTiH
calirakTapJblH pYKcaT €TUIETIH HEMEeCe OHTAMIbl CAaHBIH aHBIKTAy MYMKIHJITIH KapacTbIpy; MOMYJSIUSHBI
TYpPAaKThl JIEHTeiIe ycTan TypyFa OarbITTaafaH FHUIBIMHU >KOHE MPAKTUKAIBIK OMICTEPIIl 93ipJiey; albIHFaH
HOTIDKENepi MoHorpadusi TYpiHAE KyHerney >KoHe onapibl OoJallakTarbl MPAKTHKAIBIK KYMBICTapFa
apHaJFaH FhUIBIMU HET13/I€TITeH YChIHBICTAp JKacay YIIiH naiganany [Serikbayeva et al., 2023: 83.; Bekenov



etal., 2001: 134]

KP Aysbut mapyatsiuibiebl MUHHCTpPiHIH 2015 xkbitFsl 16 aknangarsr Ne 18-03/106 OyiipbirbiHa coiikec,
aKOOKEH aHUIBUIBIK TMEH OajblK ayjayAblH HbICAaHBI OOJBIN TaObUIATBIH KaHyapijap TYpJEepiHiH caHaTbIHA
KATKI3bUTFaH. OJ — SKCIOPTTHIK MIMKI3aTThIH, €TTIH XKoHE ObLIFaphl eHIMAEPiHIH Ko3i peTinae Kazakctan
HSKOHOMHUKACHI YIIIH MaHbI3Ibl OMOJOTHUIIBIK pecype. Enimizaeri ak6ekenaep 40 xKbUiiaH acTaM yakbIT OONBI
KOCIMTIK ayTaHaThIH kaHyap peTinae cananasl [Pagees 1978: 10.; Tonrambaes et al., 2025: 419].

1990-pIn1apbl CaHBIHBIH KYPT TOMEH/IEYIHEH KeiliH akOeKeH aylayfa ThIMbIM CaJIbIHIBI KOHE Oyl
ThIMbIM 2023 sxbuUTFa eiiiH y3apThUlbll oThIpAbL. OChl Ke3eHAe KOpFay LapanapblHbIH apKacbiHia bernakgana
MOMYISALUSACHIHBIH CaHbl KAJbIHA KeMiM, OYPBIHFBI JeHreiaeH ae achin TycTi [ Tonrambaes et al., 2025: 298—
306]. CaHbIHBIH apTybl cajlapblHaH aKOOKEHIEPMEH YH KaHyapiapbl apachlHAA >KalblIbIM MEH CyaT YLIIH
OacekenecTik Kylleial, coHiaii-ak akOeKeHIepAiH aybul IIapyallblIbIFbl JaKbUIAAPhl €TUITeH aJIKarTapra
KM Kipyl *KeprijiKTi TYpFbIHIAPMEH KaHxaiaapra ceden 00ibl. Ocbl cebenTi akOOKEeH CaHbIH PeTTey I1H
KaXETTLIIr aiKblH KepiHai xkoHe 2023 xbuiFbl 19 Kpipkyiiekreri Ne 263 OyiipbIKiieH aKOOKeH CaHbl peTTeyre
JKaTaThIH TYpJep Ti3iMiHe eHrizinai [ Xamuykona et al., 2023: 359.; Tonrambaes et al., 2025: 419].

3epTTey HITHIKeJIePi :KIHE OHBbI TaJIay.

Kazakcran PecryOnukachl aybul mapyatblibiebl MUHUCTPIIriHIH 2005 sxputebl Ne191 OyiipbirbiMeH
oexiTinren «KazakctaHgarbl akOOKEHAEpPre dye CaHAFbIH JKYPri3yIiH OHICTEeMENiK HYCKAYJBIFbIHAY) COUKeC
FbutbIM jx9HE sKOFapbl 01J1IM MUHUCTPJIIITIHE KapacThl 300J10TUsI HHCTUTYThIMEH koHe «OxoT300mpomM» AKBK
OHIpIIK KOFaMJIbIK YiibIMbIMEH 2006—2015 Kplnaapsl 93ipJIeHTIeH TEXHUKAIBIK JKETLIAIpYIep MEH TYCIHIIPY-
JepAl naianaHa OThIPBIN, KETICIMIIAPTTBHIH TEXHUKAJIBIK CUIIaTTaMachlHa Opail oye caHaKTapbl KYpri3iiii.
Kazakcranaarsl akOeKkeHAep KUIKTEPIHIH oye CaHaFbIH XKYprizy OOWbIHIIA oficTeMelNiK yebiHbIMaap OpMaH
HIapyallbUIbIFbIHA KaThICThl T'bUIBIMU-TEXHUKANBIK KeHeciHiH 2014 xbutFbl 17 HaypbI3garbl IIEIIIMIMEH
oexitinmi [Serikbayeva et al., 2023: 86.; Tonrambaes et al., 2025: 411]

AliTa KeTy KepeK, COHFbI djicTeMeNiK HycKayiaap 2014 >KbIIFbl oiCTEMENIK HYCKayJaapAblH KaiTa
KapaJraH HYCKAChl OOJIBIN TaObLIA/IbI KOHE CaHAy YKOJAFBIHBIH €Hi, YIIy OWIKTIri, SKCTpanosuusiay ofaici
KOHE KeHOip TeXHHKaIbIK sxeTinaipynep - GPS-1i nmaiinanany, mapkepriepai OekiTy, ¢oroanmnapaTypaHbl
OpHATy >KOHEe T.0. Typaibl MaHBI3IbI TyciHiKTeMenepai kamTuabl [TonramOaes et al., 2025: 411.; [1naxos
2009: 198].

2014 xbinnan 6acramn caHak OypbIH HAaKTBUIAHFAH JKOHE ChIHAJFAH YCBIHBICTapFa COMKec »Kypri3iiin
Keseni, Oy oNapAblH CEHIMIUINT MEH albIHFAaH HOTWXKENEP/iH CamachlHbIH >KaKCapFaHBIH KOPCETTI.
Coiikecinme, 2025 XbUlbl oye 3epTTEYNEpiHIH HOTHKEJIEPIHIH CalbICTHIpMANIBUIBIFbIHA KEMUIIIK OepeTiH
yKcac Tocuiep KOJAaHbUIIbI.

AkOeKkeHIep/Ii caHay TIKYIIAKTHI MaianaHy Ke3iHe dye KeMecCiHiH OarbIThIHBIH op karbiHaa 600 M
YKOJIAKTa, all YIIaKThl Maiaanany ke3inae oye kemeciif op karbiaaa 200-n1en 800 M-re AeifiHri xKoJaKTap bl
KaMTBII JKYPri3iaai. AMBIpMaIIbUIBIKTap YIIAKTHIH JU3aiiHbIHA JKOHE 9p TYPIi KepiHyre, COHAal-aK op Typii
MapKep onuusIapbiHa OaiaHbIcThl 007161, ¥ 1ITy-KOHY >KOJIAFbIHBIH €HI YIIIAKKAa OpPHATbUIFaH MapKeplepaiq
KeMeTiMeH aHbIKTaaFaH. CaHak JKoJJapbl )KaHyapiiap TONTAPbIHBIH THIFbI3/IbIFbIHA OaiiIaHbICTHI 9p 5 jkoHe 10
KUJIOMETP CaibIH CaJIbIH/Ibl, SFHU THIFBI3/BIFBI JKOFAPhI JKepJIepAe MapLIpyTTap KHi KYpPA.

AxOexennepaiy Oapnblk kepiHicrepi Garmin Etrex 20 KMri3iieTiH CHYTHHKTIK HaBUraTOpJapMeH
tipkenni. KepHeki Typne ecenrtenreH akOeKeHIEpIiH CaHbl apHalibl AepekTep (opmanapblHAa TipKeNIi.
AKOeKeHep/IiH KOIIUIr CaHaKIIbIFa — €CEMIIire KeAepri KenTipMey YIIiH WITIOMUHATOPABIH ILIETiHE
OpHATBUIFaH KaMepajiapMeH KOCBIMIIIA TaFbl CypeTKe TYCIpIi.

Ecenrey GarbITTapbl KYH cailblH, JKeied JepeKkrepre OallaHbICThl TY3€TyMEH OapiblK KaTbICYILbI
yHBIMIApAbIH — opMaH ImapyamslislFel HHTUTYTHI, «ACBK» PMK, «Oxot3oonpom» IIMK, KP JXorapsl
611iM MUHHMCTPAIT FoutbiM komuteTiHiH «300500rust MHCTUTYTHD PMK, «DALA Airy XUIC xone «DAP
Aeroservice Group» XIIC ekinaepiHiH KaThICybIMEH oHe Oacka Ja OapibIK KATBICYIIbl YHBIMIAP/IbIH
OKUIJIepiHIH KaThICYBIMEH al[IbIH aja >KochapiaHabl. bypbuIbIic HYKTeNnepi YITy SKUMaKbIHA K10episai xKoHe
KeJeci KyHHIH KYMBICBIH KAMTaMachI3 €Ty YILiH YIIAKTHIH YTy OaraapblHa €HT131Ti1 OTHIPIBL.

AxOekeHJiep caHarbl OacTanFaHFa JIEHiH op MOMysAnusaaa akOeKeHIEpIiH dye caHaKTaphl OOWBIHIIA
OKBITY TPEHUHT1 XKYpri3inai. CaHay >KOJIaFbIHBIH €HiH OaKblIay )KOHE CaHay KOJIAFbIHBIH 11I1HeT1 aKOOKeHIep i
caHay MoceJIeciHe epeKIle Ha3ap ayAapbuiasl. Ecernke any aiiMarbIH/Ia )KOHE OJIaH ThIC XKepIiep/e KaHyapiiap
aKOeKeHiep TONTapbIHbIH MeJILIepi MEH OpHAJIACyblH aHBIKTAYIaFbl HET13T'1 KUBIHABIKTAP, KYMBIC OapbIChIHIA
KaKeTT1 JKaFIaimap/pl cakTay YIIiH MapKepiepaAi KOJAaHy jKoHe T.0. atam eTuIAl opi HAKThl TaNKbLIAH/bI.
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KaTeICyliibliapra CaHaKThI TIDKEY apaKTapbl 0PIl )KOHE PEHCTEP KE31HIE OCHI TapaKIiaiap bl TOJITHIPYIbIH
erKEeH-TerKeITl YTici MEH MbICAJIIaphl TOJIBIK KOPCETIII.

[IpesenTanusinay OapbIChiHIa aKOeKeHIepal a’podoTOoTycipy Ke3iHAe KOJAAHBUIATHIH HEri3ri
xabIpIKTap KepceTinai ((oToammaparypa »*oHE MOHTaXJay, aBTOMATThl CUTHal Oepy KYpBUIFBICHI Oap
nasepiik ouikTikTi emerim, GPS xa0apikTapsr). MHCIEKTOpmapra akOeKeHaepAiH adpodoToTyCipiaiMiHIe
(doTroanmaparypaMeH KYMBIC ICTeY Ko aapbl Ty CiH I piii xkone GPS-1inalinanany 60ibIHIIIA HET13T1 TYCIHIKTED
Oepinai. TpeHUHr asKTajdFaH COH CIIaWTaFbl JKaHyapiapabl caHay OOWBIHIIA OapiblK KaThICYIIbLIAPMEH
MIPAKTUKAJBIK KATTHIFyIap *KYPri3iuiii.

Conpaii-ak, TpeHUHT OapbICHIHIA KYMBICKA KaThICYIIBUIAPABIH KOpy KaOijeTi xoHe akOeKeHAepIi
OaxplIayIapbliH KaObUIIay epeKiIenikTepi (KaTemikrep xoHe T.0.) Tekcepinai. Texcepy HoTHxKenepiHe colkec
JKYMBICTAFbI aJ1aThIH OPBIHJIAPHI: CAaHAKIIBLIAP HEMECE JEPEKTEePl €CenKe TIpKEUTIHACP OOJIBINT aHBIKTAJIIBI.

CoHpaii-ak, TPEHUHTTEP/IH MpaKTUKAIBIK Oeiri eTki3iami, oHblH KypambiHa GPS HaBHratopbiH
naiiianany, yury OacrtaiFaHra JeHiH Tipkey (opMallapblH TOJTBHIPY JKOHE €CeNTey MapuipyTTapbl 0ap
XKeprepre jkakplHIay Ke3iHIe alblHFaH JaFAbUIapbl TIKeNIeH oye KeMeciHiH OOpThIHIA KOJJIaHy €HT13UIII.
Heri3ri pelictep Oacranranra JediH TIKYIIaK MEH Oye KEMECiHIH CaHaKThl TipKey >KOJaFbIHBIH Oenrinepi
OpHATBLIBIN, KanuOpieHai. Kanubpey yIuiH xkepre ak »kanaymanap TypiHaeri Mapkepiep opHaTeUiabl. CaHak
KOJIaFBIHBIH HAKThI CHI TIKYIIIaKKa OpHATBUIFAH TaHOAJay JKOJIAKTaphl (Tacmaiap) apachlHIarbkl MapKepIiepIi
(ckamaymianap/bl) ecenrtey apKbuibl Tipkeneai. Ochlnaiiina, op Tapamn VIIH €CeNTiK CaHakK JKOJIAKThIH €Hi
€CerTelie]i, 01 0JIaH i Op JKOJAKTHIH ayaHbIH €CENTEY YIIIiH KOJIaHblIaIbl. Mapkepiep OYJ1 ecenTik caHak
KOJIAFbIH, dcipece YIIIaKTa eTe CeHIM/II TypAe OakbuiayFa MyMKIHIIK Oepe/i.

Temenneri rpadukre bernakaana momyasuusICchl YIIiH paaro OUIKTIKTI €JIIIETiI TepeKTepiH KoIaaHa
OTBIPBIN, KamuOpiey HOTHXKeNepl KepceTiareH. Perpeccusiiblk Talgay HOTHIKECIHAE allblHFAH KeJ0eyaiH
opTaimia MOHI €CENTiK CaHay >KOJIAFbIHBIH €HIH €CENTey YIIiH KOJJIAaHbUIAIbl. BapibIK MOMyJNSus YIIiH
MapKepJiep TOJBIFBIMEH JIEPJIiK CEHIM/II TYPAE OPHATHUIIBL.

Y CTIpT NOMYJSAIHSICHI

YcripT nonymsiusicblH aspodoTotycipy Oapsickiga oHTycTikTeri llankap-beiiney Temip >konbiHaH
CONTYCTIKTe AKIIONAK ©3¢HiHe JeiiH, OaTbicTarbl Keunkeni TayblHaH HIBIFBICTAFbl TepeHKYIbIKKA ACHiH,
SFHU CaHAKTBIH HETi3ri aymarbl AkreOe oONbICHIHBIH baiibiran xoHe lllamkap aynmaHmapblHBIH ayMarblHA
oteni. CoHbIMEH KaTtap, Oubul anraml peT EMO1 ©3eHIHIH CONTYCTIK-IIBIFBICBIHAAFBI ayIaHaap 3€pTTeNIl, Ol
ayJnaHaapaa akOekeHaep i eﬂsyip caHbl Iaima 60J‘IFaHI>I TypaJjbl aknapat aiabiHsl (1-cyper).
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Cyp. 1. YcTipT nomymsinuscsl ayMarbIlH/Ia YIIy OarbITTapbl MEH aKOOKSH/IEP/IiH Tapary OPBIHIAPEI
[Fig. 2. Geoinformation Map of Almaty Region]

YCTipT mOnyJsiMACHl ayMarblHAA CaHAK >KOJAAPBIHBIH SKaJIMbl Y3bIHIBIFBl (CaHAK aiiMaKTapblHa
JKaKbIHJ1ay KAIIBIKTBIKTAPBIH KOCTaranaa) 3578 KM Kypaiibl.

Ycript nonyssuusceiga akoexen 2024 >KbUIMEH CaJIbICTBIPFaH/IA JKajmbl canbl Oipmiama ecti. Co-
HbIMEH Kartap, oubul anram pet lankap-Akrede Temip xoibl MeH Myramkap TaylapblHBIH COJITYCTITIH/IE
aspooToanmnaparnen aye caHak KYprisimim, oHaa 21 MbIHFa XKybIK 0ac akOeKkeHAEpIiH enoyip ToObI Ta-
oburabl. Omap YCTIPT NMOMYJSIMACHIHBIH KaTapblHA KipAl, A€TeHMEH OJIapAblH TeMIip >KOJJIBIH OHTYCTITiH-
neri akOeKkeHepMeH OaifaHbIChl MpodiaemManbl Oombill TabbUIa bl beTnaknana nmomyasnusiCbIMeH KOCBUTY



KHMbIHAA]bI, ce0e01 OyJI TONTACTy OOJMaca, OHJa Y CTIPT MOMYJSALHUACH OCIEeH I, KePICIHIIE a3albIll KETEIl.
XKepneri MoHUTOpUHT-0aKblIay JAepekTepi OipHerie crpecc (aktopiaapbl MEH aKOeKeHIepre TOHTeH Ka-
yin-Karepre KapamacTaH, MOMYJIALUSHBIH JKaKChl JKaFaaiiaa ekeHiH kepceteni. JKaraaiinpl 1on Oaranay Tek
caHay epTepeK >KYpri3UIreH JKaFaia FaHa MYMKIH - SIFHA OHTAMIIbI YaKbITTa, OCBI MOMYJISIIUS YIIIH KYiey
ke3injae emec, 15-20 coyipre neiiiH asKTalFaH Ke3/1e CaHak XKYypri3reH opbiHabl. CoHIal-aK ©TKeH KbLUIAaphI
MYH/Ia CaHaKKa TIKYIIaK MaiganaHpUiFrad. TiKylIakTaH caHayAblH KUBIHIBIFBI — aKOOKEHIEp ecenTeseTiH
caHay >KOJIarbl TIKYIIIAK Tepe3eciHIeri MapKepiepMeH raHa IekTenreH. CaHaKUIblIap e3repreHje Hemece
WJTFOMUHATOPIAFBI MTO3UIUSICBIH ©3TePTKEH/IE, CaHay KOJAFbI eoyip YiIFasabl HeMece azasabl. OHBIH apTy
BIKTUMAJIJIBIFBI JKOFaphI, OYJT MOMYJISIUS CAHBIHBIH [IaMaJlaH ThIC achkipa OaranaHyblHa dKellyl MyMKiH. OCBI
KbITbl Mapkepiep AH yInarbiHbBIH KaHaTTapblHAa OEKiTLIreH, Oys1 GoTocypeTTepie € €CeNTiK KOJAKThIH
HieKapanapbiH JoTipeK aHbIKTayFa MyMKiHAIK Oepeni. by conpaii-ak Opan nomyasiusceiHaa 601yl MYMKIH
TIKYIIIaKTaH CaHaFaHFa KaparaH1a TOMEH KOPCeTKIIITepre oKelyl MyMKiH. Y CTIpT HOMYJIAIUACHIH TipKey YIIiH
HeOopi 40 yinry carathl OemiHIl, Oy eTe YIKeH ayMak YIIiH KeTKUTKCi3. MeKkeHaey ailMarbIHbIH OHTYCTIK
0eJiri caHakka eHreH oK. bonamakna oye TycipiniMaepi yuriH YcTipT nomynsuuscbina 50 carat, an Opan
nomyJsiusceiHa 50 caraT 0oy Kaxer.

Opai nonyisiuscht

Canak OappichiHna Opan e3eHIHIH OH KarajayblHIarbl aymak bateic KazakcTraH 0OJBICHIHBIH
OaTpic mIeKapachlHa JeiiH, oHTycTiringae Kambic-Camapa kesjepiHe JAeiiH XoHE CONTYCTikTe Peceit
®denepanmsiceiHbIH, CapaToB 0OJIBICKIMEH IIEKapachiHa JeiiH, sFHu JKalbik-Opasl TOOBIHBIH aKOOKEeH/ICpPiHIH
TapalyblHbIH OYK11 aymarsl 3epTrenai. bareic Kazakctan obnbichinbiH JKonibek, Kasran, Opaa, XKankana,
Tackanbl, AKXKalbIK ayIaHIapbIHBIH ayMarsl 3epTTeni (2-cypet). Opan nomyJsusChIHBIH ayMaFblHAaFbl
CaHaK MapUIPyTTAPBIHBIH YKAJIbI Y3bIHABIFBI (CaHAK aliMaKTapblHa JKaKbIHAAY KAIIBIKTHIFBIH €CeNTEeMETeH/Ie)
5 793 kM Kypausl.
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Cyp.2. Opan nomynsuschl MEKSHICUTIH allMaKTaFbl aKOOKEHIEpTe CaHaK KYPri3yAiH YIry OaFbITTapbl MEH Tapaly OpbIHIAPHI.
[Fig. 2. Aerial Survey Routes and Distribution Areas of Saiga Antelope in the Ural Population Range]

Opobip nonyayuaceinwly 03iHOIK epekuienici 6onadvl. Coean 6atinanvicmvl akOOKeHHIH caH Oacwvl
o32epin mypaovl. Mvicaner Opain NonyJIsaLUusACH Typajibl MOJIIMETTEP/Il 0T CaKTBIKIIEH TYCIHIIpY Kepek. Erep
TEK 9ye CcaHaK JepeKTepiH KapacThIpaThlH Oosicak, Opai HOMyJSIUACHIHBIH CaHbl ©TKEH KbUIJaFblIapMeH
CalIBICTBIPFAH/a TYPAKThI, TEK KeiOip »Kbulgapel faHa TeMeH Oousiibl. [lomynsuus eciMiHIH TOMeHACYiHIH
Typai cebentepi 0omybsl MyYMKiH. MbIcanbl, KbIcTa akOOKEHIEp apachbIHAa ©NIM-XKITIM JIEHTeHl aabIHFbI
KbUIJIapFa KaparaH/ia Korapbl O0JIybl BIKTUMaJ. ONiM-XKITIMHIH ecyiHe Opail MOMmyJIIUUsACHIHBIH 6Te YIKEH
0oyl Aa bIKHA eTesll, OyJl KeM AereHjie Kehoip skepiep/e KalblIbIMHBIH TAMIBUIBIFBIH TYIBIPYbl MYMKIH.
AxOexeHjiep OyJ1 Jkaraiiia alITIKTaH 11yl MyMKiH. COHBIMEH Katap, aKOOKEeH/Iep ThIFbI3IbIKTBIH OHTANHIIbI
HIeTiHe J>KEeTKeHAe KoOCIoAiH TeMEHJEyIMEeH eciMJIi e3[iriHeH perreil amajsl. Mbicanbl, ypralibuiapra
KaparaH/ia aTalbIKTap Kell TybUIybl MYMKIiH, ajl Oip TyFaHJaFbl YPHAaKThIH CaHbl J1a a3alobl MYMKIH. JKepiH
CBHIMBIM/IBUIBIFBIHAH aChII TYCETIH MaKCHUMAJbl THIFBI3/IBIKKA KOJI JKETKi3y ©Te BIKTUMall Hopce, OHTKeHi
MOMYJISALIUS MOJIIIepi OapIIbIK OeNrii TApUXH MaKCUMyMAap/iaH OipHeIIe ece )KOFaphbl, a1 KOJIaiIbl MEKEHIeY
OPBIHAAPBIHBIH ayMarbl KbICKapFaH[a, Kelli-KOHFa KeJepriiep mnaiaa Oonaabl skoHe T.0. jKafjailiap opbIH
amanel. Keberore ocep eTyi MyMKiH Tarbl Oip cederm - 2023 *KbUIABIH KY3-KbIChIHIA XKoHE 2024 >KbUIIBIH



KBICBIHBIH OaCbIHA JKYPr13UITCH aKOOKEHAEP MOMYJIIMCHIH PETTey. [1I1H apa CaHaKKa aThlll ally OJap]IblH
caHbIHA dcep eTneini. OciMre koOero Ke3iHeri 6acka 1a Ma3achI3ABIKTAp 9Cep €Tyl MyMKiH, OUTKeH1 YiipMeH
aynay; OyJ1 >KynTacysl Oy3ybl MyMKIH KOHE YpFalllbUIapAbIH YJIECiH apTThIpybl MyMKiH. KbICKBI aH aymnay
OIIIM-KITIMJII apTTBIPBIIN, aKOOKEHJEP YIIIH €H KOJAMIbI KepleplIeH Kelryre MaKOyp eTyi MyMmkiH. 2025
KBIIBIH KOKTEMT1 caHbl HeTi31iHeH 2024 jKbUTFbI KYIIey HOTHKeNIepiMEeH aHbIKTaIFaHbIH, COAaH Keiin 2024—
2025 *pInaapAarskl ©1IM->KITIM OFaH ocep €TKeH. OHIMIUIIK MeH 6Cy KapKbIHBIHBIH TOMEH/ICYiHe BIKMAl €Tyl
MYMKIH TaFrbl 0ip dakTop — pepmeprnepaiH akOeKeHAep/Il Mall )KalbUIaThIH aylaHaapJaH BIFBICTHIPY KOHIH-
neri OesnceHi KbisMeTTepi. by akOekeHaep YIIiH YIKeH CTpece *KoHe ojap KOJalibl eMec MEKeH Iey OpbIH-
napbiHa O6apyra MoxOyp Oomanbl, Oy onapiablH (U3UKAJIBIK JKaFdaliblH HalllapiiaTaabl XKoHEe HOTHXKECIHIE,
ocipece KbICTa ojiap YIIiH ejJiMmre okeinyli MyMKiH. TaOuru ¢akxtoprnapnan 0acka, SFHM ©CIMHIH HaKThI ail-
TapIIbIKTall TOMEHJIeYiHEe aJlaMIap MEeH TeXHHKaFra KaThICThl OipKarap 6acka ceGenTep Jie CaHAKThIH ecenTey
KOpCeTKIlTepiHe acep eTyi MyMKiH. AKOekeHep/i oayeqeH (poTo BUIeOFa TYCipyae acep eTeTiH eH MaHbI-
3161 (paKTOp - adpoTycipuriMaepaiH kem 6actamybl. Coyip alibIHBIH COHbIHA Kapail akOeKeHAep YJIKEH aii-
MakKTapra Kyiseyre, olHaKTayFa »KUHaIa b, OYJ1 OJapAblH €CenKe albIHYbIH ©Te KUbIHAaTaIbl. Herypibim
CEHIM/I1 HOTHIKEre KOJI JKeTKI3y YIIiH OHBI epTepek opbiHaay kepek. CoHbIMeH Karap (epmeprep 0OIbICTHIH
COJITYCTIK-0aThIChIHAH KeNTeH aKOOKeHAep/Al OHTYCTIKKE, CaHAK KO3FaJbIChIHA Kapal KybIn Xioepai. YHip-
JIEp/IiH aJIbIC KAIIBIKTHIKKA OChIHIA TAOUFH eMec KOHE JKbUIaM KO3FaIbIChI OJapbIH A9J €CENKe albIHYbIH
MIPUHIIMIITI TYPAE MYMKIH eMec eTelll ’KoHe aKOoKeHAep/IiH OelNrici3 CaHbIH KiOepin aTyblHa OKeJe/Ti.
bernaknana nomynasuscel

AkOekeHiep MOMyJIAIMACHIHA CaHaK KYprizy OapeicbiHaa Akmona, Aktede, Kocranaii, Kaparanmbt
XKoHe ¥IbITay OOJIBICTaphl ayMarblHIa akOeKeHAEpAiH Herisri ym ToObl - Herisri bermakmama (bIpreis-
Toprait), Tewniz xone Ileireic (IlaBnomap, Kaparanawl sxoHe AOail 0OJBICTApBIHBIH KHBLIBICHIHIA)
OpHAJIACKaHBIH €CKepe OTBIPHIN, aKOOKEeHAEp >KYpPEeTiH ayMaKTblH ayaaHaapbl 3eprreni. EcenTik caHak
IIBIFBIC JKAaKTaFbl TONTApbIHAH OacTaibin, Keilin akOexeHaepaiH blpreiz-Topraii xone TeHi3 TonTapbiHIa
KanracTel. beTnaknana momynsuUsChIHBIH ayMaFbIHIa CaHaK >KYPri3yIiH oye peHCTepiHiH MapUIpyThIHBIH
aurbl Y3bIHABIFBL 15 930 kM Kypaiigel. CaHak HoTHXKenepl OoibIHIIAa akOeKkeHAep i Oakbuiay KapTaiapsl,
COHJali-aK caHay aliMaKTapbIH/a OJIAP/bIH Tapally ThIFbI3IBIFBIHBIH KapTalaphl Kacajibl.

AxOekeHHIH OeTnakaana MomysusachiHAarbl 2025 KbUTbl cCaHAK HET13T1 HMIOFBIPIaHybl 0ap OapibiK
eHipaepae, conbly imiuae [laBmomap, AGai xone KaparaHpl 00IBICTAPBIHBIH («IIIBIFBIC») IIOFBIPIaHFAH
xeprepinae kyprizimmi. 2021-2023 xpuigapsl OHJA TEK JKEPYCTI MOHMTOPHHTI Kyprizuiai. CoHBIMEH
Karap, OyJl IIOFBIP TON ©TE KbUIJAM OcCil Kelledl, MOMyJNALNsS CaHbIHBIH ©CiMi OopTalla JIEHIeHeH achlIl
tyceni. [lomyasusinapAbiH TOJTBIK MOJIIEPIH aHBIKTAY YILIH 9ye 3€pTTeyJIepiH jKaJFacThIpy Typalibl MIEHIiM
KaObLIIaraH Ke3/1e, 6onaliakTa ochl ayJaHAapFa, COHIali-aK MOIMyJISIIH aiiMaFbIHIaFbl 0acKa ayAaHIapra yIry
caraTTapbIH 06y YChIHBIIAAbI, OH/IA Ka3ip TYpJIep/AiH CaHBIHBIH alTapibIKTall ecyi Oalikanaabl. Topraif xkoHe
TeHi3 TonTapsl TYPaKThl 6CIMII KOpceTeal, Oy oapIblH ayMaKTapblHAa KeM-IIONTIH KeTKUTIKTI MOJIIEPiH
kepcereni. Erep 613 Tek oye 3epTTeyniepiHiH AepeKTepiH eckepeTiH 00ycak, OH/1a MOMYJISIHS CaHbIHBIH ©CiMi
mamaMeH 22%-1bl Kypaiuapl, Oy KepceTKi oTe *)akchl. «OXOT300IpoOM» MAIIMETTEPIH KOCKaHIa 6CiM
aiftapibikrail aptein, 39,1 %-ra xeTTi, Oy >Kajmbl alfaH/la ©TKEH KbUIAapAarbl KOPCETKIIITEpre Colikec
keneni. Exi sxarnaiia n1a momynsuusHBIH JKaFIaibl )KaKChl €KEHIH pacTailibl.

KopbIThIHABI.

2025 buTbl OSKITINTeH 9MicTeMe 0a3alIbIK HET13T1 9/IICTEME PETIH/IE CaKTalla OTHIPHITI, aJIILIHFBI JKbLI-
Jlapbl KOJJIAHBLIATHIH €CeMNTIK CAaHAKThIH JKaHAPTBUIFAH 9JIiCTeMEC] TONBIK KOJAaHbICKa eHri3inmi. bykin ca-
HaK KYPri3y Ke3iHJe Kamepasap KOJIJaHbUIIbI, OYJI CaH IBIK araparTap *aHyapiap/IblH KeiHOip TONTapbIHbIH
CaHBIH JoNipeK Oaranayra MyMKIHJIIK Oep/il, eTkeH1 akOOKeHIep/IiH YIKEeH TONTapbhlH K630€H KOpy apKbLIbI
caHay MYMKIH eMec.

JKyMBICTBIH HOTHXKENIEepl aKOOKEHIEP/IIH CaHbl Typalibl JePEeKTEePAl IKCTPATIONSIHSIIAY IbIH €H CeHIM/I1
HOTIDKETIEPIH aly YIIiH OJap/blH OMHAKTay HEe KeOCI0 YIIIiH OpbIHAapFa )KUHAITYbl OacTajaFanfa JeiiH oyeeH
doTtoTycipiniMaepiH asKTay KaXeTTiriH Tarbl O0ip MopTe kepcerTi. Opramia y3ak Mep3imal Kelli-KOH MeH
Ke0ero Ke3eHJepiHe CyileHe OTBIpbIN, OapibIK YII MOMyJSIIUsarkl ecenTik caHak 15-20 coyipre aeifin
asKTamybl Kepek (aya-paifbl >karnaiiapbiHa OalaHBICTBI OYJI opJaiibiM MYMKIH €MeC €KEeHIH eCKepiHi3).
Ennin 6arsiceinga Opani nomyasuschblHa CaHaK KYPri3yaiH Ka3ipri 0actaixy Mep3iMi, MyMKIHJIITIHIIIE epTepek
Oosca, SFHU Kap epireHHeH KeWiH, acipece HaypbI3 albIHBIH COHBIHAH OacTalica OpbIH/bI, ce0edi MeKeHaAey
OpBIHJIAPBI OyFaH KaKChl MYMKIHJIIK Oepeni. by skarnaiina Y cTipT momynsuuschiH ecentik caHay 10 coyipaen
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Oacrar )Kypri3uie/l, OyJ €CeNTIK CaHay/lbl aca AANIIPEK ETel.

AKOeKeHIep/IiH CaHbIHA €CEeNTIK CaHaK XYPri3y/iH 0acka TOCUIIEpiH e KapacThIpy KepeK, MbICATIbI,
ONapIbIH YHIPIIK TONTapbl Typaibl AEPEeKTEepAl ally YIIiH CaHABIK Kamepajapbl MaiJanaHy OpBIHIIBI.
XKanyapnapzsl KeiliHHEH aBTOMATThI TYPJIe CaHay apKblLIbl aKOOKEHIEP/I1 3epTTEY YIIIH apHalbl ’Ka0bIKTaphI
0ap YIIKBIIICHI3 YIITy anfapaTTapblH MaiaanaHy 1kl KapacThIpFaH KeH. ANJIaFbl yakeITTa AKMOJIa 0OJIBICHIH/IA
akOekeHAepAiH 0acka Ja MEKeH/Iey OpPBIHIAPbIH €CKepy KaxkeT OOoJaIbl.

Opan xone bernmaxnana momymsinusiiapbina Oipkatap cedentepre O0aiIaHBICTHI €CENTIK CaHayabIH
KETKUTIKCI3/IIT BIKTUMAJ O0JI/1bI, OHBIH 1IT1H/E ayMaKTap IbIH TOJIBIK KAMTBUIMAaybIHA (CaraTTap bIH 00JIMayHhl,
YIIIyFa THIABIM CallbIHFaH aiiMakTap) OaitnanbicTel. Ocbirad opait, OX0T300MPOMHBIH YCHIHBICHI OOMBIHIIIA OCHI
MOMYJISIUSUIApAAFl dye TIpKey KOpCETKIITepiHe >Kepleri MOHUTOPHUHT JIepeKTepi KOCBUIABI, Oy acipece
Opan nmonmyJsusChl YIIiH KaNIbl KOPIHICTI alTapiabIKTail ©3repTTi. AiiTa KeTy KepeK, OChbIFaH KapaMacTaH,
Opan nonynsusiceiHaa OipKaTap cedentepre OaliIaHbICTl OHBIH 6CY KAPKbIHBIHBIH alTapIbIKTall TOMEHEY1
Typajbl ailTyra 0oJnajbl, OHBIH 1IIIHJIE KOJI JKETIM/II 5K€p CHIMBIMIBLIBIFGI YIIIIH OHBIH CaHbIHA MaKCHMaJIbl
HEeMece )KaKbIH IEHIefre KO KeTKi3y bIKTUMaJ 00Tybl MyMKiH. byt 2025 5KbUTIbIH Ka3-KYy31H/1€ Oy IS U HBIH
XKail-KyHiH (KBIHBIC )KOHE jKac KYpaMbl )kKoHE T.0.) HAKThUIAY YIIH )KepACH KYPri3iireH MOHUTOPUHT1 Ke3iHe
epeKIlie Ha3ap ayJapy/abl Tajlam eTel.

2025 KbUTBI 9ye 3epTTeyIAEPiH KYPrizy TOKIpuOeciHe cyiieHe OThIPHIN, OoNalaKkTarbl KeJeci eCenTik
CaHakK [eH MOHUTOPHUHT YII1H aJ/IbIH-aJla YChIHBICTAP KaCaIbIH/IbI, OJIapAbIH KeiOipeynepi OYphIH YChIHBUI/BI:
oye 3epTTeyiepi KiacTepiepre akOoKeHIEp/IiH OlHaKTay He KOO0 OpbIHIapbIHA )KUHAIIFAHFA JCHIH asKTaTybl
kepek. Kerr xypri3iireH ecentik caHak >kKaHyapiap/Abl CaHay/bl KMBIHAATAIbl )KOHE JKYKTI aHAIBIKTAp YIIH
CTPECTIK JKaFAaiap el apTThipaisl. EH 1yphICHL, €CenTik caHak akOOKeHASPAIH MOMYISIHIChIHA OaiTaHBICTHI
15-20 coyipre aeiiiH asKTamdybl THIC. AKOOKEHIEP/IIH MOMYISIIUSICHIHBIH THIFBI3IBIFBI )KOFAPHI JKaFAaiIapaa
caHay >KOHE MOHMTOPHUHT CalachlH >KaKCcapTy YIIIH KbIJI CalibIH op MOMYJISIUIAAaFel KeM JIereHjie OipHere
OHJIaFaH >KBIHBICTApAbI TaHOAalay TapaTKbIIITapMEeH Oenriiey KaxkeT (akOOKeH TeJiH, Kypanaimap.isl
ap3aH TapaTKbIIITapMEH TaHOanayra 0ojaabl, OyJI MIBIFBIHAAPIBI KYPT a3aiitansl). byn Ko3raibicTapbiH
yaKbIThl MEH JKaJlllbl CUMAThIH OaKblayFa >KOHE €CEMNTIK CaHaK aliMaKTapblH OHTAaWJIaHABIPYFa MYMKIHIIK
Oepeni. XKacaHapl MHTENIEKTTI KOJJAAaHA OTBIPBIN, KECKiHAEpAE akOOKEHIEepIi TaHy OMICTEpiH a3ipiey,
a’poOTOTYCIpLTiM/Ii, OHBIH 1IIT1H/I€ YIIKBIIICHI3 YIITy anmapaTTapbl apKbUIbI CAaHAK KYPri3yre Kelry OoibIHIIa
KYMBICTBI )KaJIFaCThIPY KaXkeT.
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Abstract. Introduction. Loose hay harvesting technologies involve a combination of operations, from
windrow collection to unloading the formed haystack, which meets agricultural technology requiXements and
is beneficial in terms of reducing the loss of feed nutrients due to shorter harvesting times. Materials and
methods. The harvesting and transport unit (HTU) is a single technological complex consisting of three units:
a canvas pickup, a pneumatic-mechanical loader, and a collecting chamber. This paper presents a rationale for
the pneumatic-mechanical transport of plant material by a blade-type rotary loader into the collecting chamber
and the corresponding mathematical modeling of the technological process. Results and discussion. Based on
the results of the study, the calculated and experimental values of airflow transport power and airflow velocity



YATTbIK FblIbIM
AKALEMUSACHI

at the loader’s air duct inlet are presented. Graphical dependences of 1ts influence on the hay portion tlight
range at different rotor speeds are obtained. Using the well-known Bernoulli equation, a mathematical depen-
dence for the balance of total air pressure losses during plant material transport is obtained. The article presents
the results of theoretical studies on determining air flow and pressure, as well as aerodynamic experimental
studies of changes in airflow velocity. An analytical expression is obtained for the trajectory of a hay particle

at the loader’s outlet depending on the airflow velocity V; . Conclusions. In the implemented pneumatic-me-
chanical method of hay transport by the loader of a harvesting and transport unit (HTU), it was found that the

airflow velocity at the loader inlet is V, = 30 m/s, while the velocity at the loader outlet decreases to 24 m/s.

Keywords: harvesting and transport unit, pneumatic-mechanical, loader, collection chamber, speed,
power, air flow, air pressure, rotor blade, Bernoulli equation
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Annorauusi Kipicne. 1llen >xuHay TEXHOJOTHSIAPHl AYBUIIIAPYANIBUIBIK TEXHOJIOTHSJIAPBIHBIH
TayanTapblHa Cail KeJIETiH )KOHE JKUHAY YaKbITHIHBIH KbICKapybIHA OalTaHBICTHI KEMIIK KOPEKTIK 3aTTapIbIH
KOFAJTybIH a3aiiTy TYPFBICBIHAH Taliaiibl O0JIaThIH, IIONTI )KUHAYIAaH OacTaln, KaJIbIITacKaH el YHIHIICIH
TYycipyre AeHiHT1 onepanusIapAbIH YijieciMia KaMTH sl MaTepuanaap MeH oaictep. JKnuHay jkoHe TachIMaay
tipkeci (OKTT) ymr KOHABIPFBIAAH TYPATHIH OipbIHFAH TEXHOJOTHSUIBIK KEIIeH OOJIBIN TaObIIaabl: KEHETTI KH-
Hay KYPBUIFBICHI, THEBMAaTHKAJIBIK-MEXaHUKAJIBIK THETII jKOHE JKMHAy KaMmepachl. by Mmakanana ecimiik mMa-
TepUaIbIH IBIIIAKTHI THIITI allHAIMAJIbI THETIIINEH )KHUHAY KaMepachlHA THEBMATHUKAJIBIK-MEXaHUKAJIBIK TaChI-



MaJiJayJIbIH HET13[1EMEC] KOHE TEXHOJIOTUSAJIBIK IPOLIECTIH CONKEC MaTeMaTHKaIbIK MOJCIIb/CY! YChIHBUIFaH.
OHja THETITIH pOTOp KaJaKTapbIMEH Iaiia OOJIaThIH aya aFbIHBIHBIH SHEPrHsChl aya OTKI3TiIIHJeri
KO3Fa-JbICKAa KEIEpriHi JKeHy VIIIH KOJIAHbUIATBIHBI KepceTuireH. JKuHay KamepachlH ©cCIMIIIK
MaTepUAIBIMEH TOJ-THIPY MPOLECIHIH TEOPUSUIBIK TalJaybl YCHIHBUIFAH. HoTWKenep »XoHE TalKbLIay.
Makanana )KyK KOTepriluTiH aya OTKI3TILIIHIH KIPICIHAEr! aya aFblHbIH TachIMalJlay CHIMBIMJIBUIBIFEI MEH
aya arbIHBIHBIH JKBUIJAMJIBIFBI-HBIH €CENTENTeH JXOHE SKCIEPUMEHTTIK MOHIEpi YCHIHBUIFaH. bepHymm
TEHJICYIH KOJIAaHa OTBIPHIN, ©CIMAIK MaTepHallJapblH TachIMalAay Ke3IHIETri >Kajmbl aya KbICHIMBIHBIH
JKoranry OalaHChl YIIIH MaTeMaTUKalbIK OaillaHbIc albIHFAH. Aya arblHbl MEH KBICBIMBIH aHBIKTayFa
apHaJIFaH TEOPUSUIBIK 3€pPTTEyJIEpIiH HOTHXKe-Jepl, COHJai-aK Kipic, IIBIFBIC JKOHE aya ©TKI3TiIl eHIiHJerl

aya arbIHbI KBUIIAM/IBIFBIHBIH ©3I€PYiHiH adpO-IMHAMHUKAIBIK SKCIIEPUMEHTTIK 3€pTTEyIepi YChIHbUIFaH. V|
aya arblHBIHBIH OKbUIJAMJIBIFbIHA OalIaHBICTBI JKYK KOTEprilliTeH IIBIFATBIH 16N  OeJIIeTriHIH
TPACKTOPUSCHl VIIH aHATUTHUKANBIK ©pHeK anbiHFaH. KopeiTeiHael. [llenti kuHay XoHE TachIManuay
KOHABIPFBICHIHBIH (JKTK) TuerimimMen TachiMangayablH MTHEBMATHKAIBIK-MEXaHUKAIBIK SJIICIH KOJIJIaHFaH

K€3JI¢, THETIITIH KIPICIHAET! aya arbIHBIHBIH KBUIJAMIBIFEL V, = 30 M/C, aJ TUETilITiH IBIFBICHIHIAFbI
KbULIAMOBIK 24 M/C JeiilH TOMEHAENTIHI aHBIKTAIIIEI.

Tyiiin ce3aep: uHay KOHE TaChIMaJIAAy OJIOTHI, THEBMATHKAIBIK-MEXaHUKAJIBIK THUETIII, )KHHAY Ka-
Mepachl, JKbUIIAMJIBIK, KyaT, aya aFbIHbI, KaJIaK, poTop, bepHysum TeHaeyi
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AnHoTanusi. Bsenenwe. TexHOMOrMM  3arOoTOBKM  PACCBHIMHOTO  CEHA  MPEAYyCMaTPUBAIOT
COBMEIILIEHUE OMNepalnii, HauYMHasi ¢ moAdopa Bajka O BHITPY3KH C(HOPMHPOBAHHOIO CTOTra, YTO OTBEYAET
arpoTeXHOJOTUYECKUM TPEOOBAHUSM, SBJISSICH BBITOJIHBIM C TOUKH 3PEHUS CHIDKEHHUS TOTEPh MUTATEIbHBIX



BEILIECTB KOpMa B pe3yJIbTaTe COKpALICHUS CPOKOB €ro 3aroTOBKM. Marepuaiabl U METOJbl. Y OOPOUHO-
TpancnopTHeiil arperat (YTA) mpencraBnsieT co0oi €QUHBIA TEXHOJIOTMUYECKUNW KOMIUIEKC, COCTOSIIUIN
U3 TpeX Yy3J0B: TMOJOTHIHOTO MOAOOPIINKA, MTHEBMOMEXaHMYECKOTO TMOTpy3udka U COOpPOUYHOM
KaMmephl. M3moskeHo OOOCHOBaHUE CXEMbl ITHEBMOMEXAHHYECKOW TPaHCIOPTHPOBKUA PACTHTEIHLHOTO
MaTepuanga JIOMACTHBIM POTOPHBIM TMOTPY3YHMKOM B COOpOYHYIO Kamepy U COOTBETCTBYIOIIEE
MaTeMaTHYeCKOe MOJEIMPOBAHUE TEXHOJIOTHYECKOro TMpoIlecca; MOKa3aHO, YTO JHEPrHsi BO3AYLIHOTO
MOTOKA, CO3/1aBa€MOr0 JIOMACTSMHU POTOpA MOTPYy3YUKa, MCIONB3YETCs AJS MPEOJOJICHUSI CONMPOTUBICHUS
JBUKEHHIO B BO3JyXOBO/IE; MPEJCTABICH TEOPETHUECKHU aHalIu3 TMpollecca 3aroIHEHHs] PaCTUTEIbHBIM
MaTtepuaaoMm cOOpouHOl Kamepbl. Pe3ynbTatel U obcyxaeHue. IlpuBeneHbl pe3ynbTaThl pPACUETHBIX H
HKCIIEPUMEHTATIbHBIX 3HAUEHUN MOIIHOCTH TPAHCIOPTHPOBAHHS BO3AYUIHBIM MOTOKOM, a TaKXKe CKOPOCTH
BO3JYLIHOIO IOTOKAa Ha BXOAE B BO3QyXONpoBOJ morpy3zuumka. C MNOMOIIbIO ypaBHEHUs bepHymn
MoJlyueHa MaTeMaTHuecKas 3aBUCUMOCTb OajaHca TMOJNHBIX MOTepb  JaBJICHHUA  BO3IyXa IMpH
TPAHCIOPTUPOBKE PACTUTENBHOIO MaTepuaia, MpeACcTaBlIeHbl Pe3yIbTaThl TCOPETHUECKUX UCCIIeT0BAHUN
M0 ONpEJENICHUI0 pacxoJa W JaBIEHUS BO3AyXa, a TakKe a’pOAMHAMHYECKUX HKCIEPUMEHTATbHBIX
UCCIIEIOBAaHUM M3MEHEHHUS] CKOPOCTH BO3AYIIHOTO MOTOKA HA BXOJE, BBIXOJE U IIHMPUHE BO3AYXOBOJA.

Honyquo AHAJIMTUYCCKOC BBIPAXKCHHUC TPACKTOPUU ABUIKCHUS
YaCTHULIbl MACChbl CC€HA HA BBIXOJC M3 MOIpy34HKa B 3aBUCHUMOCTU OT CKOPOCTHU BO3AYHIHOI'O IMOTOKa vl .

BeiBogsl. B peann3oBaHHOM NTHEBMOMEXAHHYECKOM CIIOCOOE TPAaHCHIOPTUPOBKHM CEHAa IOTPY3UYHUKOM
yOopouHo-TpaHcnioptHoro arperata (YTA) ycTaHOBJIEHO, YTO CKOPOCTh BO3YLIHOTO IOTOKAa Ha BXOJE B
NOrPY34HK COCTABISET V, = 30 M/C, IPU 3TOM CKOPOCTb Ha BBIXOJIE M3 NOTPY3YHMKa CHIDKAETCs 10 24 m/C.

KiroueBble cjioBa: yOOpOUHO-TPAHCIIOPTHBINM — arperaT, MTHEBMOMEXAaHHYECKUI MOTPY34HK,
cOopoyHas kamepa, CKOPOCTh, MOIIIHOCTh, BO3/IYIIHBII MMOTOK, JIOMACTh, pOTOP, YpaBHeHHE bepHyiu

Jasi mutupoBanmsi: CarsiaranoBa M.K., Aoynxaupos JI.K., Ycepbaes M.T., Mennanuea C.H.,
Cmam-moBa b.M. (2026). OOocHOBaHME ®  MOJCIMPOBAHHWE  TEXHOJOTHYECKOTO  IIpoliecca
MMHEeBMOMEXaHUUYECKOW TIOTPY3KH CE€Ha B COOpPOUYHYI0 KaMmepy YOOpOYHO-TPaHCHOPTHOTO arperara //
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203-215. https://doi.org/10.37884/3-2026/17 [In Kaz.].

KoH(pIMKT HHTepecoB: aBTOPHI 3asBISIIOT 00 OTCYTCTBUH KOH(DIMKTAa HHTEPECOB.

Kipicme.

boc menm uHAY TEXHOJNOTHSIIAPHl JOHFANaKThl TPAKTOPMEH OacKapblIaThlH JKUHAY JKOHE
taceiMangay Tipkeciniy (KTT) naiimananyasl xamtuabl (l-cyper). Tipkeci »xen >kuHaynaH Oacram
KaJIBIITACKAH YHIHJIIHI TyCIpyre MeHiHr1 omepanusuiapblH YilJeciMiH KaMTaMachl3 eteni [Alshinbay et al.,
2016]. Aybul mapyambUIBIFBIH OIPIKTIPY arpOTEXHHUKAJBIK TajanTapFa cail KeJIeTiHI KoHEe JKHWHAy
VaKbITBIHBIH KBICKApybIHA OailJIAHBICTBI K€M KOPEKTIK 3aTTApPhIHBIH JKOFAyBIH a3alTy TYPFhICHIHAH
naiganel ekeHi aHblK [ActadbeB et al., 2005]. CoHbIMeH KaTap, JKHHAy IMPOLECIHIH OHIMILIITH
apTTHIPYABIH pPE3epPBI — arperarThl TOKTATIIAW, THIFBI3IAY MEXaHMU3MI apKbUIbI KHHAY OeJIMeciHae YHiHmi
KaJIBITACTRIpy [ AOymxaupos et al., 2022].

3

-

ST

MYH/IaFbl: VZ - THETILITIH aya KYOBIPBIHBIH KipiCiH/IeTi aya aF bIHBIHBIH OPTALIa )KbUIAAM/IBIFbI, M/C; Vl -- - THETIIITIH aya KyOBIPBIHBIH

IIBIFBICEIH/IAFG] aya aFbIHBIHBIH OpTalla JKBUIAMIBIFEL, M/c; Vg - KnHay GenMeciHiH apTKbl KaObIPFacHIHJAFBI aya aFbIHBIHBIH OpTaria
JKBUTIAMIBIFBI, M/C; 4 - HMIONTI ThIFbI3[IAY MEXaHU3MIiHIH TOMCHI1 Ka0aTTapbhlHbIH KOHBEHEpl; 5 — ayaMeXaHUKAIBIK THETIIITIH KEIACTKIIIIHIH
POTOPBL.
Cyp. 1. Kunay-taceiManiay TipKECiHiH Kbl CYJI0aChl
[Fig. 1. General Scheme of the Harvesting and Transportation System]




JKyMbIC Ke31H/e TIpKeCi AeCTe apKaJIbIFbl OOMBIMEH v TYPaKThI KbUIIAMIBIKIIEH KO3Famaabl. JKan

apKaJBIKTAPbIH/IA COJIBII KAJIFaH IO KUHAIBIT YV JKbUIAAM/IBIKIICH 2 THETIMTIH KaObulaay KamepachiHa
Oepineni. 1-cyperTe KOpCeTUITeHICH, TEXHOJIOTHSIIBIK MPOIIECC TIPKECIHBIH YIII HET13T1 MalTUHACHIHBIH: 1-
JKMHAFBIII, 2-THETIII ’KoHe 3-)KUHAy 06JIMECiHIH Ti30€KTi )KYMBICHIH KAMTH/IBI.

AybUl MapyalbUIbIFbl TEXHUKACHIHBIH aya KyienepiniH Herisri snementi 1,5 klla-maH a3 KbICbIM
KacalThIH JKeJaeTKimTep exeHi Oenrim. Kambimrackan toxipuOene >XMHAY MallMHAJIapblHAA aya
arbIHBIHBIH ~ KOFapbl  KBUIAMJIBIFBIHIA TOMEH KbICBIM  JKacaWThlH  Kamakmaiapel a3z (4...6)
HeHTpUuyranslK paguanisl KeaaeTKimTep Kongansiiaasl [ Typoun, 1969].

OciMIIK MaTepuaiblH JKUHAY O6JIMECiHe THEYy OMICTepIH 3epTTeyre IOy MaTepHAIIbIH KeJeci
KOJIIAPMEH KO3FaJaThIHBIH KOpCeTedl: MKENJIETKIII IIbIFApaThlH aya aFbIHBIHBIH JHEPIUsChbl; POTOP
KaJIaKIIbIIapbl OCpeTiH KMHETHKAJIBIK SHEPTUs, COHJIal-aK aya OHE MEXaHUKAIIBIK Kyl KOMIIOHCHTTEPIH
KOJIZIaHYIbIH MYJIbTUTLTUKATHBTI ocepi [3aymmibiH, 1991].

MaTtepuanaap mMeH dicrep.

Ocimoix mamepuanviH HCUHAY OOAMECIHEe MACLIMALOAYObIH AYAMEXAHUKANLIK d0ICIH He2i30e).

KapacTsIpbLIbIIT OTBIPFaH MPOIIECC ATTHI KATAKIIACKH )KOHE KOHIICHTPITIK KOPITYChI 0ap IEHTPUDYTaIBIK
KeNJeTKITI (poTopabl) naiinananaast [Bobkov, 2009].

[IlenTi ayamexaHUKAIBIK TYP/AE )KUHAY KaMepachlHa KiOepreH Ke3ze, aya aFbIHBIHBIH YHEPTHSCHI, J/IETTE,
IIOIITI )KMHAY OPHBbIHAH THETIIITIH aya OTKI3rilliHe KaOblUIaayFa »koHe OarpITTayFa skymcanaasl. O

YIIiH 2-11i THETIITIH aya KyOBIPBIHBIH KipiciHae Marepuan Vo opramia )KbUIIaMIBIKIEH KO3Falybl KEPEK,

all WBIFBICBIHAA — V'] OpTallla XbUIIAMIBIFBIHA e GoIysI Kepek (2-cypeT) [Abyaxampos, 2025].

Aya KyObIpbIHBIH KaOblIIaHFaH Oeirifiepi MeH JKaslbl eJmemMaepi: A-A KUMachIHbIH Y3bIHABIFbI, a=1,97 M, eHi b= 0,4 M.,
l-aya KyOBIpBIHBIH Y3BIHABIFEL, M, AB.
Cyp. 2. TuerimTiy aya oTKI3TilIiHAeT] M6NTi Oepy JKoHe TackiMaiiay cyji0ackl
[Fig. 2. Scheme of Grass Feeding and Transport in the Loader Air Conveyor]

TeXHOMOTHUSIIBIK TMPOIECTIH KeJieCcl epeKIIeNiriH eckeperik. THerimTiH aya OTKI3TilliHEe TYCETiH
MIONTINIH KypaMbl (cabakTaphl, KambIpaKTapbl) OIPTEKCI3MIKTI KoHE KOJEMIIK THIFBI3IbIFBl OOMBIHIIIA
cunarranaabl. COHABIKTAaH, KyaTThl JKeJl OTKI3TIIITI TeK ayaMeH KbIDKBITY JKeTKUIIKCI3 00JIybl MYMKIH, Oy
aya OTKI3TIITIH «0ITemyiHe» oKeNel.

ByJ1 KeMIIiTiKT1 %KOFO YIITiH, MUKANTBIH MaTEPUAIIIBI IIBIFApy aiiMarbIHa O€JICEH 11 )KYMBIC SJIEMEHTTEPIH
- POTOp KaJlaKTapblH - €HTri3y YCBIHBLIAABL. byn Kamakrap cabakrapra ocep eTir, 0acTanKbl KbIIIaMIbIFbIH
KaJmbiHa KenTipeai (meirapy oaici). Coman KeiiH MaTepualn aya aFbIHBIMEH aJIbIHA/Ibl KOHE THETIIITIH aya
OTKI3TIII apKbLJIbl )KWHAY KOHTeHHepiHe OarbITTana sl [bookos et al., 2009].

[lenTi THETINITI MaiJaTaHbII TaChIMAJAAYIbIH YCHIHBUIFAH ayaMeXaHHUKAIIbIK-MEXaHUKAIBIK CyJi0a-
ChI 3-CypeTTe KOpCeTiIreH.

bi3 CIIT-60 >XuHAKTaFrbIIIBIHBIH MPAKTUKAIBIK TKIPUOECIHEH alblHFaH TachIMaluay >KYHECiHIH
Keioip mapaMeTpiepid nangananablk: Kanak paauycol 1 (0,34 M), aya eTki3rimmnHiH A-A” KUMachIHIAFbl CHI
(b=0,4 M., 2-cyper). Tuerim KOpIychl MEH POTOPABIH CATBICTHIPMAIIbl OPHAJIACYHI AHAIIMAJIBI KaJaKTapIbIH
aya eTKI3TIIITIH TOMEHT'1 0eJITriHIH KeJIeHeH KUMAachIH ilIiHapa xa0yblHa MYMKIH/IK Oepel, el eH cabaH



MaccachlH TaChIMaJIayAblH THEBMATHKAIBIK-MEXaHUKAIIBIK O/IICIH JKYy3ere achipabl. JKaly gopexect colkec
ayJaHAapbIH KaTbIHACHIMEH aHBIKTaIa Ibl:

57 = Sus _ Saae =S4 190 1)

MYHIaFbl: S — CErMEHTTIK aynanbl A BA; SS:?K - ceKT‘gp aynauel OA BA; S — ymiOypbiuTein
aymanbl OA A; S — TikTepTOYpHINTHIH ayaanbl A A, A’A

Porop kanakrapet A BA cermenTinge (A HykTecineHn A Hykrecine nein) f =0 OypeinbiHan B -Ka
JICHIH caFaT TiTIMeH aitHanaapl. byt skarmaiina f OypeIIIbIHEIH OenTisTi Oip opTalia MoHI Ke3iH/e KaJaKTap IbIH

OCEpIHCH JKOHE aya aFbIHBIHBIH HOTHXKeC1 OOJIBIN TaOBUIATHIH V5 , M/C, KBUIIAMIBIKTI OaFBITTAYIIIBI TTHIIIIAKKA
TiK OypbIIIITa TAHTEHIIMAIbI OaFbITTa O0Nabl e OomKayFa O0a k.
B .

mynoazel: X - Kopexmendipydi xabvinoay oicemeeiniy 6iniei men dwcendemxiui pomopvinbly 6Oiniei apaceindasel Kawelkmel, wm; H, - aya
KYOBIPBIHBIH Ouikmici, mm; A-A' Kumacwi - aya KYOBIPBIHBIH Kipici, B-B Kumacwl - aya KYOBIPBIHBIH UUbIEbICHI.

Cyp. 3. lllenTi TackIMangayJpIH ayaMeXaHUKaIBIK 9/IICIHIH Cys10achl

[Fig. 3. Scheme of the Aeromechanical Method of Grass Transport]

OcpiraH 0aiiJIaHBICTBI, YCHIHBUIFAH CYJIOAChIHIA KOPEKTIK KaOBUINAFBINITBIH Kipic OLTri MeH
pOTOpABIH Oip CHI3BIKTA OJIAPBIH apachIHIAFbl X KAIIBIKTHIKTA ©3apa OPHAJIACcybl OHTAWUIIBI JET ecenTeiimi3
(3-cyperten). by 6omkam Oyl xargaiia MaTepualIbl aya aFbIHBIHBIH KOFapbl KbUIIAM/IBIFBl aiiMaFbIHA
€Hri3y KaMTaMachl3 €TUMETIHAIrIMEH ISJeNIeHe/Il, HOTHKECIHE MacCaHbl TachIMaljay >KOHE THETIIITIH
KOFapbl ©TKI3Yy KaOlJIeTiHe KOJI XKETKI3y YIUIH €H jKaKChl JKaFJainap xacanasl.

Aya KYOBIPBIH/IaFbl MAacCaHbIH KO3FaJbIChl KE31H/IE KApPCBHUIBIKTHI TOMEHJCTY YIIIH OHBIH Kej0ey

OYPBIIIBl O KBULIAMJIBIFBIHBIH OAFbITHIHA vé napaiens KaObuIIaHIbl, OYJ1 mapameTpiH 00mKaMIbl MoH1
60°.

OciMOIK MACCACLIH HCUHAY KAMEPACHIHA MACLIMALOAY YULIH AYa A8bIHLIHbIH YHEPSeMUKALbIK
banancvin manoay 20ici.

Kunay OenmMeciHe mmenTi ayamHEBMAaTHUKAJIBIK Oepyal Ky3ere achlpraH Ke3[e aya arbIHBIHBIH
SHEPTUSICHI, JKAJIIBI KaF1al/1a, MacCaHbl KaOBLIAay/laH JKOHE THETIIITIH aya OTKI3TilIiHe JIeHiH OaFbITTay bl
KaMTaMachl3 eryre >kymcanazbl. O yIIiH JKOFapbla alThbUIFaHai, TUETIIITIH 2 KIpICIHJE MaTepHalIblH

KO3FallbIChl Vo OpTallia KbUIIaMIBIKIIEH Kacaaybl KEPeK, ajl IIbIFBICHIH/IA OHBIH OPTallla KbUIIaM/IBIFBl —

V1 Gonazsl (2 cyper)



Aya ApHACBIHbIH, IIBIFBICBIHAAFBI daya arbIHbBIHBIH vl , M/c opTama XbU1AaMAbIFbIHBIH JaMYybIH

MKOHE KOJI )KEeTKi3yiH KaMTaMachl3 €TeTiH Vz , M/C opaTaria >KbUIIaMIBIFBIHBIH MOHIH KapacTeipaiibiK (B-B
OeiMi).

byn sxarmaiina aya KyOBIpBIHIAFbI P xone marepuanibiH P, KO3FalbIChiHA KAapChUIBIK eHcepinen,
MaTepHasI/IblH KOHE aya aFbIHBIHBIH P, KO3FaIbICHIHBIH aJIIbIH aj1a OENTiNeHIeH KbIIIaMIBIFbl KYPbLIaIbl
JKOHE CaKTaJIa/bl, MATEPUAJI MEH ayaHbIH KOCHACHI P, IEHIH KoTepiiei aen ecenteimis. Ouiktiri . Ocpliaii-
112, dKYMBIC Ke31HJIE aya aFbIHBI KEJIeCITe T€H KhICHIMJIBI JJAMBITYhI KEPEK:

P=F+PF +P+F, m )

Ta3a ayaHbIH KO3FaJIbIChl K€31H/E KbICBIMHBIH KOFAIybIH aHBIKTAY YIIIH Y3BIHJBIFBI d/ O0NaThIH aya
OTKI3TIIITIH dJIEMEHTap KUMachl YIIiH bepHyium Tenneyiniy xanmsl TypiH [ Typoun, 1969] konmanambIz:

d +£+Ldv+d +R =O (3)

Va g A
MYHJIaFbl Z — aya KbICBIMBIHBIH MOTEHIHAIBIK SHEPTUSACHIH CUMIATTANTHIH T€OMETPHUSIIBIK OUIKTIK, M;
P — aya kpicbiMbl, [1a;

Y4 — ayaHblH KOJIEMJIIK Maccachl, KI/M>;

V — arbIHHBIH, KbLIJAMIBIFBI, M/C;

U — ayaHBIH 1K1 SHEPTHsICHI, KKaJl/KT;

A — KyMBbIC OIpJITiHIH KbLTY S5KBUBAJIEHTI, KKaJI/KT;

R —ayaetkisriminig AB KMMacbIH/1a ayaHbIH KO3FaJIbIChl KE31HAET1 YHKeNICTEH O0aThIH HIBIFBIHAAP b
CUTIATTANTBIH IIBIFBIHAAD OWIKTIT1, M

Aya KyOBIpbI apKbIIbI Ta3a ayaHbl TaChIMaNIay Ke31HET1 KbICBIMHBIH KOFaTybIH Ta0aMbI3:

l ,2
P=2—7, % 4)

a ]
MYHJaFbl [, D — aya eTKisrimiHich%IH)gmfm MEH KeJTIPINTeH JuaMeTpi, M,

A — KapChUIBIK KOO HUIHEHTI; V45— aFbIHHBIH OpTallla )KbUIIAMIBIFbL, M/C.
Aya KO3FaJIbICBIHBIH KEJEPIICiH )KEHy YIIIH KbICHIMHBIH JKOFaIybIH 3epTTeye P okone marepuan P
[DaTeeB, 1967], omapasl OipiKTipil, KOCTIAHBIH KEACPTiCIHE aybICTHIPY 9JICTTETiICH.

P =P +P =P +P @ =P (I+@& ) lla (5)
MYHJIaFbl 0, — 9KCIIEPUMEHTTIK KO3 (PULIUEHT;
1 — KOCTIaHBIH CaJIMaKThIK KOHLEHTPAIHUACHI, OJ1 MaTepUai MaccachiHbid (G , k2/C) yakpIT OIpiirine

aya KyOBIPBI apKbLIbI OTETIH aya Maccachina (G, k2/c) KaTbIHACHL.
MarepuanabiH yAeyiHIeT] KbICBIMHBIH JKOFAITybIH aHBIKTAY YIIIH MBIHA TEHJCYAl KOJIIaHAMBI3:

2
B=Bg Vi> m (©)
MyHJarel B — TypakTel koo duuument (keHin Mmatepuan yurid — 0,122).

Aya MCH MaTCpUuall KOCIIACbIH KOTCPY Ke3in[eri KapChLIbIK:

f2=uW%£sm 7)

’ e
MYH/1a h — KOCIIaHBbIH 6I/IIKT1F1, M.



(2) TepMuUHIEPIIH MOHIEPIH ayBICTHIPA OTHIPHII, aya KYOBIPHI apKbUIBI aya KOCITAChIH JKOHE IIIOI-Ca-
0aH MaccachlH TachIMaJIay YIIIiH KETKUTIKTI A-A OeiMiHIeT1 aya KbICBIMBIMEH OHJIEITY1 THIC Kbl KbICHIM-
IIbI TA0AMBI3:

2
Vi
5 (v )+ By Va+guh'y, m ®)

Aya-eciMIIK KOCHACBIHBIH aFbIH IapaMeTpiiepiH aHBIKTAay JKWHAY O6JIMECIHIH TOJITBIPbUTYBIH
KaMTaMachl3 eTy. OJeTTe, eIl >KWHAY-TaChIMajlay TIPKECIHIH >KYMBIC IMKJII COHFbl OHIMMEH - LIel
yHiHAICIHIH Taiina 0o-TybIMEH asKTalaJbl — >KMHAKTHIH Maiga OOMybl )KOHE OHBIH Carachl, opuHe, Oy
TIPKECIHIH €CeNTiK KepceT-Kimi Oonbin Tadbaabl. COHIBIKTaH, 013 )KMHAY 06JIMECIHIH TOJTHIPY MPOLECIH
OHBIH eJjIeMaepiMeH Oipre 3epTTey, OChl Mpo-IecTi OIpIKTIpIN KOFaphl camajibl OpbIHAAY/bl KaMTaMachl3
€TeTIH THICTI THEY KOHJBIPFBICHIHBIH >KOFapbl OHIMIUIIKIIEH >KOHE OHIMHIH a3 IIbIFbIH CHUIaTTaMallapbIH
aHBIKTayFa MYMKIHIIK Oepeni JnereH OoipkaMHaH IIbIFaMbl3. JKUHAy TIpKeCiHIH *KYMBICHI KE31HAE IMIOMNTi
THETILINEH aJJbIHFbl KaOBIPFaHbIH JKOFApFbl OeJiriHie OpHa-JacKaH KaObuigay Tepe3eci apKbUIbl JKHHAY
Oenmecine Oepeni. Aya-eCiMIIK KOCHACBIHBIH AaFbIHJIBIK Napame-Tpiiepi 00c opblHOap maiga OonMai,
OeJIMECiH IIeNEeH >KOFapbl camayibl TOJTHIPYAbI KaMTamachl3 €Tyl Kepek. by karmaiiia arbIHIbI apTKbI
KaKIaKTbIH KOFaprbl OeJirine OarbITTay KaxeT. byn skarjaiina mimeH-cabaH MacCachIHBIH THIFBI3JATYbBI
OenMeciHiH OyKin kejemiHIe OIpKenKi Kypeldi. AFBIH KbUIIAMABIFBIHBIH JKOFa-phUIAYbIMEH IKHHAY
OesMeciHiH OYKLUIT Y3bIHABIFbI OOMBIHIIIA TONATHIPY OpEXkKeci apTabl.

Ocpunaiiina, 613 aya-eciMIIK MaTepUAJbIHBIH aFbIHBIHBIH OHTAWIBI MOHIH, OHBIH OAaFbITHIH JKOHE
KHHay 06JIMECiHJIer1 YTy ayKbIMbIH aHbIKTaiMbI3 [Odar, 1965].

Aya aFbIHBIHBIH JKbIJIIAaMBIFbIHA JKOHE KeJIeHeH OyphllIka OaiIaHbICThl THETIIITIH IIbIFYbIHIAFbI
HIONTIH IIeM-cadaH MacCachlHBIH KO3Faly TPAaeKTOPHUSCHIH TEOPUSIIBIK TYPFbIIAH aHbIKTay Oenriii Oip
KHUBIH-IBIKTApbl TYABIPAAbl, OUTKEeHI IIen OIpTeKTI JeHEIeH TYpMalbl jKOHE XHHAKbI TypAe OipKeiki
KabaTreH Ko3FaliManbl.
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Bacrankel V| opralua KbULIAMIBIKIIEH TOPHM30HTKA 0. OYPHIIINEH KO3FAIAThIH JJIEMEHTAp
Oemekke (4 - CypeT) aybIpJIBIK KYIII 711g 9cep eTelli e eCeNTeceK, KO3FalbicKa KapChUIbIK Ky R, [1a.
CoHFBICHI OOJIIIEKTIH KO3FaJIbIC TPACKTOPUSCHIHA )KaHama OarpiTTa OareiTTanFad. [Tapr, 1986]. benmecin-
1eri OOJIEeKTIH KO3FaIbIC TEHIEYIepiH Ta0albIK.
BenmexrepiH KO3FaIbICBIHBIH OACTAIKBI IAPTTAPHI:

t=0,x=0y=0; x=V100806,_)./=V18in0[, )

MYHIaFbl X — OOJIIEeKTIH J>KbUIIaM/IbIFbIHA KAaThICTBI O  ©ci OOWBIHINA, OpPBIH ayBICTHIPYIBIH
TYBIHJIBICHI, M/C;

r

) — GeJIIIeKTiH KbUIaMIBIFbIHA KAaTHICTBl O oci GOMbIHINA, OPBIH ayBICTBIPYIbIH TYBIHIBICHL, M/C;
XOY >xylieciHzeri KYITEPAiH dcep €Ty OarbIThIH €CKEPe OTBIPHII, IO Oeeri yAeyiHiH ecTepaeri
MIPOCKIUACHIHBIH TU(depeHITnanIbpl TEHACYIH alaMbl3:

% = —k,
yv=g—ky, (10)

MYH/IaFbl kK — TYpaKThl K03 umueHr, ¢,
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Cyp. 4. ’Kunay 6enMeciHiH ChIHBIM/IBUIBIFEIH IOM-Ca0aH MacCAaCHIMEH TOJTHIPY CYJI0aCk
[Fig. 4. Scheme of Filling the Collection Chamber Capacity with Grass—Straw Mass.]

(10) Tenaeyinaeri OipiHII koHE eKiHII TudPEepeHITHANIBIK TEHICYIEPIl XKOHE OJIapFa ColKec mMare-
MaTHKaJIBIK TYPJICHAIpYIepi Ti30eKTel HHTerpaiaraHHaH KeiiH, TIKOYPBIIITH KOOPIUHATTAp KYHeCiHAeT]
JICHEH1H Ka)KeTT1 KO3FaJIbIC TEHJICY1H Ta0aMbl3.

g k
x+->In(l———x) . (11)
k cosa k Vv, COs
HoaTnxkesiep TajJkbliay.

OKCIIEPUMEHTTIK 3epTTeyjiep OapbIChIHIA >KMHAYBINITBIH OHTAWIBI JKaFalblH, JKUHAYBIIITHIH >KOHE
POTOPABIH OCBTEpiHIH ©3apa OpHAJIACYbIH OeNriield OTHIPBIN, POTOPABIH Oenriai Oip alHaIBIM KU
Ke3iHae aya KyObIpplHa KipeOepicTeri aya aFblHbl JKbUIIAMJABIFBIHBIH HapaMeTpiiepl aHBIKTaJIbl
[AGynxaupoB, 2024]. JKorapeiga aiTbuiraHaaid, TachbIMalJayJIbIH IMTHEBMATHUKAJIbIK-MEXaHUKAIBIK OIicCl
potop V , M/c GacTankbl KaJIaKTapblHbIH (3-CypeT) 1mer-cadaH MaTepuajIbiH ajblll, COKKbIFa TYCIpYiH, OHBI T
KBUTTAMJIBIKIIEH aya OTKI3TIIIIHE KYITen OarbITTayblH KaMTuabl. ColaH KeWiH Marepuan aya arbIHbI
apKbUTBl JKOHE JIAKTBIPY apKbUIBl Oip Me3riiie TachIMalJaHanasl. byn TIiOTI KadblH Iern-cabaH
MaTepUaIapbIHbIH KO3FAJIBICHIHAAFb] K€3 KeJIreH KiaipicTepAl 00y apIpMaiibl.

yo_8tk sina

5-cypeTTe poTOp KaJaKTapbIHBIH 9CEpPiHEH jKOHE aya KbICBIMBIHBIH 9CEpiHEH ajbIHFaH aya KyObIpbI-
Ha KIpeTiH JKepJeri aya aFbIHBIHBIH V5 OpTalla *KbULIAM/IbIKTAPBIHBIH MOHAEpi kepceriireH. COHbIMEH,
poTopabiH xburaamasirbl 900 aitH/mMuH xkoHe Vo = 28 m/c Ke3iH/e 1M OeINIeKTePiHiH YIIy KAIIbIKTHIFbI

5,8 m., oHe n = 1100 aiin/mun Vo = 32 m/c Ke3iHe YTy KAIIBIKTHIFBI METiHge 6omansl 7,5 m.

Ocpunaiiina, men eciMAIriHIH MaccachlH (capbl TOTTI O€[e) THETIHINEH KEJAETKIII POTOPBIHBIH
KbiaaMIbFsl 1100 aitn/MuH THIMAL TackIMalgay YIIiH aya ©TKI3TIIITIH KipiCiHAET aya aFbIHBIHBIH OpTalia
KBULIAMIBIFBIHBIH MOHI 30 M/c mrerinae 0oiabl.
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Cyp. 5. Aya KyOBIpbIHBIH Kipe OepiciHzeri opTaria XbUIIaMIABIKTEIH V, POTOP/BIH OPTYPIIi KbLILIaMIBIKTAPBIH/IA IO OOJIKTePiHiH yury
KalIBIKTBIFBIHA 9Cepi
[Fig.5. Effect of the Average Air Velocity at the Inlet of the Air Duct on the Flight Distance of Grass Particles at Different Rotor Speeds]

vz oprania XbUIAAMABIKIICH aya KbICBIMbBIH KYPYta KOHC JIAKTBIPY bl KaMTaMacChbI3 eTEeTIH Ca6aKTHH
MaTepHraJiblHA NbIIIAKTAPAbIH COTYbIHA KYaT KXYMCaJIaAbl:

Vad
N=77—'V2‘F,KBT (12)

MyHaFbl P — YK THeTilT apHachl apKBLIBI TachIMaliayFa aya-ca0aKThl KOCIIAHBIH KUBIHTBIK KeJeprici,

[a; 7] — apHaHbIH Makxansl ocep Kodhduuuenti; ' — TerimTin aya KyOBIPBIHBIH 6aCTanKbl y4aCKeCiHiH
KoJIJICHEH KUMAachIHbIH ayianbl ( B-B).

Toxipubesnepae cabakThIH MaTePUAIIBIH KBUDKBITYFa 5,8 k2/c eH Ken Oepiiic ke3inae xyk tuerim N =17
kBT Kyart xKymcansl.

AdpOoaHAMUKANBIK 3epTTeYJIepIiH HOTHXKECIHAEe MbIHAJIAP aHBIKTAJIbl: POTOP/IbIH KbUIaM/IbIFbI

720 sxome 1100 mwuu-1 (6-cypeT) Ke3iHIe aya KYOBIPBIHBIH €HI OOWBbIHIIA aya aFbIHBIHBIH
KBITAM/IBIFBIHBIH THETIIIKE JICWIHT1 KalIBIKTBIKKA Toyenaitiri [AOyimxaupos, 2024].

[errapy OeiMiHEH aNbICTaFaH Ke3/1e KbUIaM IBIKTap/IbIH Tapalybl apHAHBIH OPTACHIH/IA IILIHEI 0ap
napaboia Typinae 6onaapl. POTOp *KbUIIaMIBIFBIHBIH YIFAIOBIMEH aya KbUIIaM/IbIFbI KAHAIIBIH OPTAChIHIA
na, WeTTepine 1e, mapadboia TypiH/e A€ apTalbl.

Aya TachIMallbIHBIH oOpTama >Kbuigamablrel 30 M/c OonFaHma (aya OTKI3TILIIHIH KIpiCiHAE)
XKYPTi3UIreH 3KCIEePUMEHTTIK 3epTTeyJiep/e OTKI3TIIUTIH IBIFbICHIHBIH €HIH OPTACHIHJIAFbI KbLIIAM/IBIKTBIH
24 wm/c neitin TeMenzeyi Oaiikanasl (6-cypeT). by eciMlik MaTepHalblH MHEBMATUKAIBIK TachIMalayFa
KATBICTBl O13/11H TEOPHSUIBIK OOJKaMAAPBIMBI3JIBIH JAYPBICTHIFBIH KOpceTel. AJBIHFAH SKCIEPUMEHTTIK
JepekTep Oi3re TEOpHsIBIK OoJDKaMIapAbl JKOHE JKYK KOTEprilliTiH aya OTKI3TilI apKbUIbl ayaHbI
TaceIMaay ecenteyiepinae Oenrimi  bepHy/umm TeHIEyiH KOJJIAaHYABIH OPBIHABLUIBIFEIH OaranayFa
MYMKiHAIK Oepi. Tek Ta3a ayaHbpl TaChIMaIIIay Ke31HAET1 KbICHIM IIBIFBIHAPHI (4) popMymachl

OOMBIHILIA €CEeTTEN/I1: MYH/IaFrbl [ . aya KyOBIPBIHBIH Y3bIH/BIFHI (2-CypeT, [ =AB), m; D - B-B kumachIH-
Jarbl apHAHBIH 0AaCTaIKbl KAMACHIHBIH KillipedTinren auamerpi A - aya eTKisrimrrepiniy keaepri Koahdu-

muenTi (0,5); )/ - ayanbIH kesemik maccachl (1,2 kr/m?).



VATTBIK FbiBIM
AKALNEMUACHI

Tl Wl

Aya KyOBIPBIHBIH IIBIFBICBIHAH KAIBIKTBIFRL 1-0 M; 2—0,5 m; 3—1,0 M; 4-1,5 M; 5-2,0 M

Cyper 6. Aya KYObIPbIHBIH LIBIFbICHIH/AFbI KUMAHBIH CHi OOIibIHIIA OPTALLA aya KbULIAMIBIFbIHBIH V] e3repyi
(potopabliH atinanmy skuiririgae: — 1100; —720 aita/MuH)

KenneneH kumacbiHa TIKOYPHIIITHI MIIIIH/I apHaHbIH OepiiareH quamerpi popmysia 6oibIHINIA ecenTenei:

D=29__066m. (13)
a+a

DKcrepuMeHTTepie V) opTalia KeUIIaMabIKThI 25,2; 28.8; 32,4; 36,0 M/c e3repryre 6onaasl. Aya

KBICBIMBIHBIH V, = 36 M/c xoranysl kesinge (4) popmyna Goiisiama P =1006 ITa.

(11) Tenaeyine colikec OpbIHAANIFaH aJlJIbIH aJla MHIUKATUBT1 €CENTeyNIepie KoK eJIIIeMIePiHIH IIeK-
ti HOpManapel MEMCT 12.2.019-86 coiikec kaObuinanran. COHbIMEH, OMIKTIK MOHJEpl YiIiH — H+h = 4 M,
Y3bHABIFEL — L = 6 M, k = 0,34, 20 m/c aya aFbIHBIHBIH KbUIAM/IBIFBIHA cOliKec Kenemi. by sxarmaiina (13)
TeHJeyae 4-CypeTke coilkec:

yh x<L . (14)

7-CypeTTe KOpCEeTUITeH TilleH 0eJIIeri KO3FalbIChIHBIH aJIbIHFAH €CENTENINCH TPACKTOPHUSIIAPBIH Tajl-
nay 1-kucelk oo = 10 rpagycra sxuHay 0O6JIMEeCiH KYKTEYIIH HAKThI MPOIIECiHE €H KAKbIH €KeHIH KOPCETe .

Jlemek, GepinreH mern-cabaHblH OpTaIlia >KbUTIaM IbIFbI Vl = 25 m/c, )xuHay OOJIMEHIH Y3bIH/IBIFBIHBIH
panoHanbl MoH1 4-6 MeTpiH meriHae 00Iaabl.
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1)a=10rpan; 2) a=15rpan; 3)a=17 rpax; 4) o= 20rpan.
Cyp.7. OpTyp:i o OYphIIIBIHAAFI 6N OONIIEKTEPiHIH €CENTIK YITy JKOJIAaphI.
[Fig. 7. Calculated Trajectories of Grass Particles at Different o Angles.]

KopbIThIHABI.

[llenTi kuHay x)oHe TackiMaiay KOHABIPreICHIHBIH (PKTK) kuHay kamepachiHa TachIMaJIIayablH
MMHEBMATUKAJBIK-MEXaHUKAJIBIK OJICIH BAIMJANMUIIAY JKOHE J3ipJiey HOTHIKENEpl YCHIHBUIFAH. 3epTTey
HOTIDKEJIEpiHE CYyHeHEe OTBIPBIN, aya arblHbIH TachbiIMaygay KyaTbIHBIH, COHJIAi-aK THETITIH aya
OTKI3TILIIHIH KIpICIHAET] aya arbIHBIHBIH JKBUIJAMJIBIFBIHBIH E€CENTEeNreH YXOHE JKCHEPUMEHTTIK MoHHAEepi
YCBIHBUIFAH. OPTYpAl POTOP JKBULAAMIBIKTAPBIHIA IO TYHIPLIKIHBIH YIIy KaIIbIKTHIFBIHA OCEePIHIH
rpadUKaNbIK TOYENIUTIKTEpl adbIHFaH.

bepHynnu TeHaeyiH KoJiZlaHa OTBIPBII, 6CIMJIIK MaTepHaJIbIH TachIMallay Ke31Her1 aya KbIChIMBIHBIH
JKAJIbl KOFATYBIHBIH OalaHChl YIIIH aHAIUTUKAIBIK OallaHbIC ajblHABL. Aya aFblHbl MEH KBICHBIMBIH
aHbIKTay OOWBIHILA TEOPHUSUIIBIK 3epTTEYIEP/IiH, COHAAN-aK KipicC, IIBIFBIC JKOHE KaHajl €HIHJErl aya arbIHBI
KBUTTAM/IBIFBIHBIH  ©3T€PICTEPIHIH  adPOJUHAMUKANBIK AKCIIEPUMEHTTIK 3€PTTEYJICPIHIH HOTIKEIEpl e

YCBIHBIIFaH.
Vl aya arblHBIHBIH JKbLJIJaM/IbIFbIHA 0alJIaHBICTHl THETIIITEH IIBIFATBIH IOII 69J'IH.ICF1H1H

TPACKTOPHUACBIHBIH MaTCMATHUKAJIBIK epHeri AJIBIH/IbI.

Ocpunaiiiia, menTi xkuHay-tackiManaay TipkeciniH (OKTT) TuerimiMeH TachIManaayablH ayaMeXaHHKaJbIK
ONIICIMEH JKYy3€ere achIpbUIFaH Ke3/ie, POTOPAbIH aifHaiy >kbuiiamMabirsl 1100 aitn/MuH

OoyraHia, THETILITIH KipiciHIeri aya arbIHBIHBIH OpTalla KbUIAaMAbIFEl Vo = 30 M/c, al THETIITIiH

IIBIFBICBIHAFEl OPTAIIa KBULIAMABIK 24 M/C NeiiH TOMeHAEHTIHI anbIKTanabl. Byn xarmaiina Vo oprama
KbBUIIAMOBIKIICH aya KBbICBIMBIH >I<acay JKOHE COKKBIMCH J'IaKTI)Ip}IJII)I KaMTaMachbI3 eTeTiH Kanaxmanapm IIoeI1-
caban maTtepuainbiHa acepi 17—-19 kBt KyarThl KaxkeT etei.

Aya emxizeiuiniy wviblcblHoasbl V) aya agblHbIHbIY HCHLIOAMObIZbL MEH MAmepuasl 0oaueKmepiniy
Yury mpaekmopusiCbiHbly napamempiepi MeH S>KUHAY OOIJIMECIHIH enuemoepi apacvbliHoa OauiaHvic

opHamulnovl: V=25 M/C XKbIIIaMIBIK KeJIeCl JKaJIlbl eJIeMIepre ColKec Keneai: Y3bIHIBIFHI - 5,0 M, Ouik-
1iri - 4,0 M AeliH.

Anbiaran  gepextep JKTT-HeIH — kuHay OeJMeECIH TONTBIPYFa JKETKUIIKTI KaKeTTI aya arbIHBIHBIH
KBIIAM/IBIFBI YIIIIH TEOPHUSIIBIK €CeNTeyNep IiH CEHIMAUTIITH pacTailibl.
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Abstract. In the conditions of South-Eastern Kazakhstan, at the end of March, there is a sharp
increase in air temperature, which leads to the drying of the surface layer of the soil. As a result, soil clods in
the upper layer harden, their hardness reaching 3 MPa or more. Subsequently, these clods are poorly
crumbled when processed by equipment with passive working parts. Consequently, the fractional
composition of the soil after spring tillage does not meet the agrotechnical requirements for seed sowing. The
time gap between pre-sow-ing soil preparation and sowing contributes to further soil drying and delays the
emergence of seedlings. In addition, part of the seeds remain on the soil surface. The proposed seeder sows
seeds with row spacing of 45, 50, or 60 cm, performs strip milling of the soil in the sowing zone, prepares the
seed furrow (including the creation of a compacted seedbed), and forms an anti-crust ridge using covering
devices. Theoretical studies were carried out in accordance with the classical methods of agricultural
mechanics. The development of de-sign documentation and testing of the experimental sample were
conducted in compliance with the approved governmental standards and other applicable standards. The
parameters of the milling working bodies of the STV-2.4 combined seeder-miller have been substantiated. An
experimental sample was manufactured, and its preliminary tests were carried out. According to the test
results, the actual depth of milling tillage correspond-ed to the set depth of 11.3 cm, with a standard deviation
(NG) of 1.8 cm and a coefficient of variation (2) of 15.9 %. The content of fine-cloddy soil fraction sized less
than 20 mm was 84.5 %. The seed placement depth was stable, averaging 3.3 cm, with N& = 0.63 cm and 9 =
19 %. The average number of seeds sown per linear meter in a row was 4.7 seeds (at a set rate of 5 seeds).

Keywords: seeder, sowing, pre-sowing milling preparation, parameter substantiation, experimental
sample, preliminary tests

For citation: Rzaliyev A.C., Bekbossynov S., Goloborodko B.I1., Mizanbekov I. (2026). Precision
seeding machine for sugar beet adapted to the soil and climate conditions of the southern zone of Kazakhstan
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AnHoTanus. Ka3akCTaHHBIH OHTYCTIK-IIBIFBICBIHA HAypbI3 alibIHBIH asfbIHAA TeMIepaTypa KypT
KOTEPUIIN, TOMBIPAKTHIH OETKiI KaOaThIHBIH KeOyiHe anbin Keieai. HoTmkeciHae yCTiHr KabaTTarbl TOMBIPAK
KECeKTepl KaTaWbIl, KaTTBUILIFBI 3 HeMece oaaH na kenm MIla skeremi, MyHIai KaFaall MacCUBTI JKYMBIC
OeJIIeKTI Kypaigap bl MaijgaHFaHa TONBIPAKThl KOMCHITY bl KUbIHAATa bl. COHBIH caiapblHaH KOKTEMT1
OHJIEy/IeH KEHIHI1 TOMBIPAKThIH KypaMbl TYKbIM ceOy arpoTajianrtapblHa colikec kenmeiinl. Tykeim cebep
aJIIBIHJIAFbl TOTIBIPAKTHI OHJEY MEH TYKbIM ce0y apachblHAAFbl KiipiC TOMBIPAKTBIH KYypFal KeTY1HE bIKIal
eTe/ll JKOHE OCIHJIIIep/IiH naiiia 0onysiH KemikTipeal. CoHbIMEH Katap, KeiOip TYKbIMJIap TOIbIpaK OeTiHzae
KaJIBITT KOSIIBI. ¥ CHIHBIIFAH cenkim Kypan 45, 50, 60 cMm KarapapaiblKTap/a TYKbIM ceOesi, TYKbIM ceOy
aillMarbIH/Ia TOIBIPAKTHI JKOJIAKTHI (ppe3epii eHJeyAl KYPri3eadl, HbIFbI3IaIFaH TYKbIM TOCEMIH jKacayMeH
KOCa TYKBIMIBIK KapbIKThl JMallbIHAANAbI, COHAANM-aK KaObIK Ty3UIyiHE Kapchl >KaOBUITKBIII apPKbLIbI
KBIPTBICTBI KaJbINTACThIpaibl. T€OpUsAIBIK 3epTTeysiep TOMBIPAK ©OHIEY MEXAHMKACBIHBIH KIJIACCUKAJIBIK
o/licTepiHE COMKeC KYPri3uil, )KOOaNbIK Ky)KaTTaMaHbl 931pJiey jKoHE TOKIpUOEINiK YITiHI ChiHAy OeKITUIreH
MEMCT xoHe cranmapTttapra coiikec >xyprizunmi. CTB-2,4 cenkimr-dpesepnin  (pesepiik  KyMBIC
OemmIeTiHIH MmapaMeTpiepl Herizaenml. ToxipuOenmiK yiri »Kacalabl JKOHE OHBIH aJ/IbIH aja ChIHAKTaPHI
KYPTi3U1l, OFaH ColKec opTalla KBaJpaTThIK aybITKy mamachl (+6) 1,8 cM koHe BapHalMsUIbIK eceniri ()
15,9 Gonranma TOMBIPAKTHIH HAKTHI ©HJEY TepeHairi OenriienreH 11,3 cM MoHIHe coiikec Oommpl. ¥cak
TyHipurikti (20 MM-z1eH a3)Tonblpak ¢ppakiuusceiHbH Menmepi 84,5 % kypansl. Tykbim ceOy TepeHAiri +o
= 0,63 cm xone y = 19 % OonraH-ma TypakThl optama ecemnmeH 3,3 c¢cm Oonnabl. Karapmarel ceOuireH
TYKBIMHBIH OCNTUICHTIIIEH CaHbl 5 JaHa jkaraaibiHaa | OOMIBIK METpJieri HaKThl TYKBIM CaHbl 4,7 TaHaHbI
Kypasbl.

Tyiiin ce3aep: cemnkim Kypai, ceOy, TYKbIM cebep anabiHaars! (hpe3epsal TOMbIpaK OHJIeY,
napaMmeTp/l Heri3aey, TOKIpUOeiK YIIri, ajlJiblH ajia ChIHAY
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AnHoTanus. B ycnoBusx roro-soctoka Kasaxcrana B KoHIIE MapTa IPOUCXOIUT PE3KOE MOBBIIIICHNE
TeMIepaTypbl BO3/1yXa, YTO MPUBOJUT K MCCYIIEHUIO TTOBEPXHOCTHOIO CJIOS MOYBBL. B pe3ynbrare KOMKH
MOYBBI B BEPXHEM CIIO€ 3aTBEPIACBAIOT, UX TBEPAOCTh JocTuraeT 3 u Oosnee MIla u B nanpHeiieM oHU
TUIOXO TIOJ/IAI0TCST KPOLICHUIO TIPH 00padOTKE OpyIUsMHU C TAaCCUBHBIMU pabounmu opranamu. Benencreue
3TOro (PPaKIMOHHBIA COCTAaB MOYBHI MOCTE BECEHHMX 00pPa0OTOK HE COOTBETCTBYET arpoTpeOOBAHUSAM IS
noceBa ceMsiH. Pa3pbIiB BO BpeMEHH MEXIy MPEINOCEBHON MOATOTOBKOM MOYBHI M IIOCEBOM CIIOCOOCTBYET
MCCYIICHHUIO TTIOYBHI U 33/ICPKKE TOSBICHUS BCX0I0B. KpoMe TOro, 4acTh CEMsIH OCTaeTcs Ha IOBEPXHOCTH
nouBsl. [Ipeuiaraemast cestyika BbICEBaeT CEMEHA C IUMPUHON MEX Ty psaauil B unTepBaie 45,50,60cm, mpoBouT
MOJIOCOBYIO (hpe3epHyI0 00pabOTKy IMOYBHI B 30HE MTOCEBA, MMOJATOTOBKY CEMEHHON OOPO3/IbI, BKIIIOYAIOIIYIO
CO3JIaHME YIUIOTHEHHOTO CEMEHHOTO JIOKa. TeOopeTHYecKHe MCCIE0BaHUS TPOBOIMINCH B COOTBETCTBUH
C KJIACCHYECKUMH METOAAMHU 3eMIICCITbYECKON MEXaHUKH, pa3paboTKa KOHCTPYKTOPCKOW TOKYMEHTAIHH
Y UCTIBITAHUS SKCIIEPUMEHTAIBHOTO 00pasiia MPOBOAMINCH B COOTBETCTBHH ¢ yTBepkaeHHbIMU ['OCT-om
u crangapramu. OO0CHOBaHBI mapamMeTpsl (hpe3epHbIX padounx opraHoB cesuiku-(pessr CTB-2,4. Usro-
TOBJICH SKCIIEPUMEHTAIILHBIA 00pa3er] U MpOBEIeHBI €r0 MPEABAPUTEIbHBIC UCTIBITAHNSA, COTJIACHO KOTOPBIM
dakTryeckas riryonHa (gpesepHoil 00pabOTKH MOYBBI COOTBETCTBOBAJIA YyCTaHOBOUHOM 11,3¢cM mipu cpearem
KBaJ[paTUIECKOM OTKIOHEHHH (+6 ) 1,8 cm u koo duumente Bapuarmu () 15,9 %. ConeprxaHre METKOKOMKO-
BaToi (ppaxiuu mouBsl pazmMepom Menee 20Mm coctapisiio 84,5 %. [myOuHa 3aenku ceMsiH Oblia CTaOUIBbHON
B cpeanem 3,3cm npu =6 = 0,63cm u vy = 19%. KonmuecTBO BBICESHHBIX CEMSIH B psAJIKE Ha | TIOTOHHBIA METP
COCTABJISIJIO B CpeHEM 4,7IIT. IPU YCTAHOBOYHOM SIIT.

KawueBble cJjioBa: cesika, II0CEB, TPEANOCEBHAs (pe3epHas IOATOTOBKA, OOOCHOBaHHE
napaMeTpOB, IKCIIEPUMEHTAIBHBIN 00pasell, IpeaBapuTeIbHbIC HCIIBITAHUS

Jas uutupoBanusi: PzamueB A.C., bek6ocwiHoB C., ['omob6opoako B.I1., Muzanbekos 1. (2026).
Cesut-ka TOYHOTO BBICEBA JUISI CaXapHOH CBEKJIBI, aalTHPOBAHHAS K MMOYBEHHO-KIUMMATUYECKUM YCIOBHSIM
10)kHOM 30HBI Kaszaxcrana // Research, results — I3genicrep, HoTmkenep — MccnenoBanus, pe3ynbrarhbl. T.
28. Is. 3. Number 111. Pp. 216-230. https://doi.org/10.37884/3-2026/18 [In Russ.].
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bnazooapnocmu. Cmamows noocomosénena 6 pamrkax ebinoinenus meponpuamus «Paspabomams ce-
SKY MOYHO20 6blcesa Ol CAXAPHOU C8eKIbl, A0AnMUPOBAHHYIO K NOYEEHHO-KIUMAMUYECKUM YCI08UAM
FOorcnoii 30nvr Kasaxcmana 6 pamkax nayyno-mexuuyeckou npozpammvl MCX «Paspabomamv cucmemy
MAWUH, HOPMAmMugvl UX NOMpPEeOoHOCMU U pacxo0a MONIUEA ONsl 8bINOJIHEUUS MEXAHUSUPOBAHHBIX NONEBbIX
pabom no pecuonam Kazaxcmana u cesnky 0ns nocesa cemMsan caxapHou ceexavly. Aemopwi b1azodapsam ecex
compyonuxoe TOO «HIILAW», npunsswux yuacmue 6 evinoanenuu HUOKP, nposedenuu nonesvix
UCnbIMaHul.



Beenenne.

I'maBHas 3ajaya TOYHOIO IIOCEBA — PALMOHAIBHOE pa3MELIEHUE CEMSH 110 IUIOIAAu IO,
obecreunBarolee Haubonee OJaronpusATHBIE YCIOBUA AJIsl pou3pacTanusi pacteHuil. [Ipu 3Tom k mocesy,
KaK K TEXHOJIOTUYECKOMY IpOIecCy, MPEIbSBIISIOTCS CIEAYIONINE OCHOBHBIX TpeOOBaHUS: (POPMHUPOBAHUE
YIUIOTHEHHOT'O JIOJKa JJIsl pa3MELICHMsI CEMSH, BBICEB 33aJaHHOTO MX KOJMYECTBA HA €AVHMILY ILJIOLIAAU
nojist st pOpMHUPOBAaHUS HEOOXOJUMOHM TyCTOTHI CTOSIHHMS; PaBHOMEpPHOE pa3MELIeHHE UX MO IUIoIla-
I TIOJIL U € 33JaHHBIM IIAroM IpHU PsIKOBOM IIOCEBE; 3a/eKa UX Ha HEOOXOIUMYIO, IIPEIYyCMOTPEHHYIO
arpoTpe0OBaHUSAMH,  OJUHAKOBYIO TyOuHy. [Ipu coOmroeHnn yka3aHHBIX BbIIIE (DAKTOPOB CO3MAOTCS
ONTUMAaJIbHBIC YCJIOBUSA Ui PA3BUTUS PACTEHHI: HEOOXOAMMas TyCTOTa CTOSIHMSA PAcTEHUI Ha IUIOIIAIH
TOJIS1, TO €CTh CO3JA0TCSl YCIOBHUS, IPH KOTOPBIX (haKTOPHI JKU3HEAEATEIbHOCTH arpoUTOIIeH03a (TaKue Kak
YPOBEHb MUTAHUS, OCBEIIEHHOCTh, BOJHBINH M BO3AYLIHBIN PEXUMBIM JPYTUE) JOCTYIHBI BCEM PACTCHUSM.
OT xavecTBa U CBOEBPEMEHHOCTH IOCEBA B 3HAYMTENLHOW CTENEHM 3aBUCHT MX OYIyLIMH ypoxkail M ero
OCHOBHBIE KaueCTBEHHbIE NOKa3arenu. [Ipu Bo3aenpiBaHUM caxapHON CBEKJIBI 3TO — YpOXkail KOPHEIUIO0B
U caxapucTocTb. [lyHKTUPHBIN [TOCEB CEMSH CENbCKOXO3SNMCTBEHHBIX KYJIbTYP IPOU3BOAUTCS MPOMAIIHBIMU
CesJIKaMU pa3IMYHbIX KOHCTpYKUUH. bosbiioe ux pazHooOpasue, UCIOIb3yeMOe B CEIbCKOX03HCTBEHHOM
MIPOM3BOJICTBE, ACTIAET 3aTPy THUTEIBHBIM BEIOOP CESIIKH I IPOBEICHHSI KaUeCTBEHHOT 0 IOCEBA B PA3IMUHBIX
IIPOU3BOJCTBEHHBIX YCIOBHUSX.

Ha xauecTBO paboThI MPONAIIHBIX CESIOK OKa3bIBAET BIUSHUE arpo(PpU3MUECKOE COCTOSIHUE TTOUBBI U
KaueCTBO €€ IPEINOCEBHON OATOTOBKH.

Knumart roxHo# 30HbI Ka3axcraHa pe3ko-KOHTHHEHTAJIbHBIN, C BBICOKUMHU JIETHUMH TeMIIEpaTypaMu
1 HEIOCTAaTOYHBIM KOJIMYECTBOM OCA/IKOB.

['maBHOM OCOOEHHOCTBIO PEKUMa BBIMAJCHHUS OCAKOB SIBISETCA MPUYPOUYCHHOCTh UX MakCUMyMa K
BECEHHEMY IIEPUOY, @ MUHUMYyMa — K JIETHEMY. 3UMHHE OCaJIKH COCTaBIISIOT 15—-25 % oT romoBoil CyMMBI, Ha
JIETHUE OCAJKU MPUXOIUTCS HeMHOTUM Oosiee 20 % U CTONBKO K€ — Ha 00 OceHHUX. OCeHb BCeraa cyxas
u Temias. B aBrycre, ceHTA0Ope M OKTAOpe B CpeiHEM MecsyHas HopMa OCaJKOB cocTaBiseT okono 10-30
MM.

OCHOBHBIMHU THIIAMH IIOYB SIBJISIIOTCS CBETJIO-KAIITaHOBBIE. 110sic MpeAropHBIX CBETIIO-KAILITaHOBBIX
NaxOTHBIX [OYB 3aWNIUiiCKOro AJjaray XapakTepusyeTcs MpeoOnafaHueM CKJIOHOB KpyTuzHou 3-8
3HAYUTEbHBIA yACIbHBIA BEC 3aHUMAIOT CKIOHBI KpyTu3HOH 1-3° (40,4 %). CpeaHeB3BelleHHas KPYTH3-
Ha CKJIOHOB cocTaBisieT 3,9°. OCHOBHBIC OCOOCHHOCTH — ci1adasi OCTPYKTYPEHHOCTh M BOAOYACPKUBAIOLIAs
cniocoOHoCcTh. B Becenneit nepuon npu Biaaxknoctu 70—80 % IIIIB oHM MMEIOT paBHOBECHYIO MJIOTHOCTH B
cioe 0—10cm 0,6-0,9r/cm? T.e. onTUMaNBHYO AJIsI pa3BUTHs pacTeHuit. [I0CKOIBKY MTOYBBI HAXOSTCS B 30HE
PE3KO-KOHTHHEHTAIBHOTO KITMMATa C BBICOKHMH JTHEBHBIMH TEMIICPATYPaMH, B BECCHHE-TICTHHIT IePHOJT HX
UCCYILIEHUE MPOUCXOANUT 3a KOPOTKUH NepuoA. BelllazeHne ocakoB HE OTIMYAETCS PABHOMEPHOCTBIO, UX
KOJINYECTBO MOABEPKEHO pe3KoMy KojieOaHHIo 1o rofaM. BeceHHe-mosneBbie paboThl 3a4acTyIO TPOBOASATCS
IIPY IOHM>KEHHOM WJIM TOBBIIIEHHOM BJIAKHOCTHU, YTO NPUBOAUT K PACTIBUIEHUIO I10YBBI

[Ipu mpoBeneHun oOpaOOTOK IMOYB MMOJ IOCEBBI MPOMCXOJUT HM3MEHEHHE HUX arpopHu3NuecKoro
COCTOSIHUS T10/1 BO3/IEUCTBUEM MAIlMHHO-TPAKTOPHBIX arperaToB M KIUMaTudeckux (axkropoB. Becennue
00pabOTKM MOYBHI BBITOMHAIOTCS ¢ 20 MapTa mo 25 ampens, 4TO CBA3aHO C MOBTOPSIOIIMMUCS BECEHHUMHU
3amopo3skamu. [Tocne 10-15 mapTa npoucxXoauT pe3Kkoe MOBBIIIEHUE TEMIIEPATYPhI BO3/1yXa, YTO IPUBOAUT K
HCCYILIEHUIO MIOBEPXHOCTHOI'O CJI0s IIOYBBI. B pe3ynbrare KOMKHM IIOUBBI B BEPXHEM CJIOE€ 3aTBEPAEBAIOT, UX
TBepIOCTh aocturaer 3 u 6oiee MIIA u B nanpHeiemM oHM IUIOXO MOAJar0TCa KpouleHuto. I[IpoBenenue
BECEHHEW OTBaJbHOI BCIAIIKHU MPH MOJCBIXaHUM BEPXHHUX CIIOEB MOYBBI MPUBOAUT K IIIbIO00OPA30BAHUIO.
B TsSKenoCyrIMHUCTBIX MOYBaX M3-32 BBICOKOTO COJCpPXAaHMS TJUHBI MPOLECC  KOMKOOOpa3oBaHUS U
r1pI0000pa30BaHusl BBIPAKEH CHUJIbHEE, UTO JeslaeT Mo4Boo0paboTKy Ooiiee sHeproeMkoil. B pesyibrare
CTpa/IaeT KauecTBO MPEANOCeBHON 00pabOTKH MOYBbI, HAPSIMYIO CBSI3aHHOM ¢ Ka4eCTBOM I1OCEBA.

N3-3a cnabo BBIPaXEHHOM CTPYKTYphl CBETJIO-KAIITAHOBBIE IOYBBI IOJBEPKEHBI 3aILIBIBAHHIO
IIPY BBIMAJCHUN OCAJKOB M MojuBax. Ha mouBax co 3HAUYMTENBHBIM COJIEPKAHUEM TTTMHUCTOW (ppakiuu —
TSKEJOCYTIIMHUCTBIE CKIOHHBI K 00pa30BaHUIO MOYBEHHON KOPKHU IOCJE BBINAJEHHUS OCaJKOB U IOJIHBOB.
[TouBeHHAast KOpKa MOXKET IOCTUTATh 2 CM, UTO MPEIMATCTBYET NPOPACTAHUIO M Pa3BUTHIO BCXOJOB U TpeOyeT
MIPOBE/ICHUS JIONOJHUTEIbHBIX OOpaOOTKM MOYB HANpABICHHBIX Ha paspylleHue Kopku. Mccymienue
CPEIHECYTVIMHUCTBIX U TSKEIOCYTJIMHHUCTBIX TIOYB U Pa3BUTHE KOPHEBOM CHUCTEMBI PACTEHUM NPUBOIUT K



PE3KOMY YBETMUYEHHUIO IJIOTHOCTH M TBEPAOCTH MOYBBI. ECIW HEpe] HauajlOM BECEHHHUX IOJIEBBIX padoT
IUIOTHOCTH He TpesbimiaeT 1,0 r/cm?, B cioe mousbl 0-20cM, TO B aBrycTe-CEHTSIOpe OHA YBEINYHUBACTCS 110
1,38 r/cm?. Takum 00pa3om, pu BO3AEIBIBAHUH C.X. KYJIbTYp Ha CPEIHECYTIIMHUCTBIX U TSHKEIOCYTITHHUCTHIX
MOYBAaX BECEHHsIsI 00pabdoOTKa TMOYBHI JIOJDKHA OBITH HANpaBlieHa Ha CO3JaHHE COOTBETCTBYIOIIETO
arporpeboBanusM (He menee 80% dpakuuii pazmepom MeHee 20MM) KpOILIEHHUS TOYBBI M IPEIOTBPALIICHHE
ripIboo0pa3oBanus. Takoe KauecTBO MPEANOCeBHOM 00pabOTKU CO3aCT yIOBICTBOPUTENBHBIE YCIOBHS JIS
MIPOBEACHUS TTOCEBHBIX PaldoT.

Caxap sIBIIsIeTCS CTPATErMYECKU BaXXHBIM MPOAYKTOM. [Ipon3BOACTBO €ro Ha IyIry HaceJIeHHs U
CTOMMOCTD OIPEICIIICT 0J1aroCOCTOSTHUE HAIIHH.

Jlonst oTeuecTBEHHOTO MPOM3BOICTBA caxapa Ha BHYTpeHHEM phIHKE B 1 kBaprane 2026r. cHU3UIACh
¢ 28,2 % no 7,1 %. OcHOBHYIO YacTh phIHKA Teneph (GOPMUPYET UMIIOPT, KOTOPBI COCTAaBISIET OKOJO 93
% motpebHOCTEH cTpanbl. [Ipm 3TOM moms caxapa, NMpOW3BEJACHHAs W3 CBEKJIBI MECTHBIX arpapueB, B
obmeM obweMe moTpedieHust cocrabisger Bcero 10 %. MHUHHCTEPCTBO CeNbCKOTO Xo3siicTBa Kaszaxcrana
pazpabotano KommuekcHblil minaH mo pa3BuTHio caxapHoit orpacnu. CornacHo KommiekcHomy IiaHy, B
Kazaxcrane yBennyat moceBHbIE IIOMIAAN caXapHOU CBEKIIBI A0 38 ThICSY TeKTapoB, a MPOU3BOACTBO caxapa
13 OTEYECTBEHHOTO CBIPhS — 70 250 Thicsy TOHH. [IoMMMO TOBBIIICHHS TUIONIAICH 3aHITHIX O] ITOCEBAMHU
caxapHOU CBEKJIbI, HEOOXOAMMO CO3/aBaTh YCIOBUS JIUIsl yBEIMUCHUsI ee ypoxkailHocTu. B HacTosee BpeMs
YpOKaMHOCTH caXxapHOW CBEKIIbI B cpefiHeM cocTaBisieT 34 11y/ra, Toraa kak ee OMOJI0TrHYeCKHi MOTeHINAT U
OnaronpusITHbIE KIMMaTHYECKHUEe YCIIOBUSL opolnaeMoil 30HbI Kazaxcrana nmo3Bossitor nomydars 500-5501/
ra. OIHUM U3 YCIOBUH, MO3BOJIIONINX MTOBBICUTH YPOXKAMHOCTh MPOMAIIHBIX KYJIBTYP SBISETCS 0OecTedeHre
peiHka KazaxcTrana amanTHpoOBaHHOW K MOYBEHHO-KIMMATHYECKHM YCIOBHSIM PECHYONUKH OTEYECTBEHHOMN
MMOYBOOOPAOATHIBAIOIICH M ITOCEBHOW TEXHUKOM.

W3 Bcex mponaliHbiX KyJIbTYp BO3/IeIbIBaeMbIX B opoliaeMoii 30He FOra Ka3zaxcrana caxapHas cBekia
Haubosee TpedoBaTeNnbHa K arpOTEeXHUKE €€ BO3/IEIBIBAHNUS, 0COOEHHO K KAUeCTBY TEXHOJIOTUYECKUX OTIepaIlHii
IO MPEANOCeBHOM 00pabOTKe MOUBHI U MTOCEBY, HA YTO YKa3bIBAIOT CIEAyIOIINe uccienoarenu|Zavrazhnov,
2022: 17-21; Ismail, 2009 b: 1-12; Noureldin, 2019 c: 1-19]. CnoxHocTh oOecrieueHruss KauyeCTBEHHOMN
MPENOoCeBHOW 00paOOTKH MOYBBI MOJ 3Ty KYyJbTYpY 3aKIIO4aeTcs B TOM, YTO B YCJOBHSX PE3KO-
KOHTHUHEHTAJILHOTO KJIMMaTa F0KHOHW 30HBI Ka3zaxcraHa B BeCEHHUU TEpHOJ HAOMI0IaeTCS 3HAUYUTEITbHBIN
neperna;j TeMrepaTyp, IPUBOIAIINHN K HCCYIIEHUIO U KOMKOOOPa30BaHUIO BEPXHETO CII0s TOYBHL. B pe3ynbpraTe
TpeOyeTcsl HECKOJIBKO MPOXOA0B MOYBOOOPAOATHIBAIOIINX arperaToB ¢ MAacCUBHBIMHU paOOYMMHU OpraHaMu
Ui obecrieyeHus] HeOOXOANMMOM CTeTeHH KpolueHus mousbl [Moitzi, 2007 1-27; Rzaliyev 2023b: 1-9]. B
CBSI3U C 9TUM 3a4acTyl0 CEMEHa BBICEBAIOTCS B HEAOCTATOYHO MOJTOTOBJICHHYIO MOYBY, B KOTOPOH TPYIHO
COOIIOCTH CTAOMIIbHYIO TIIYOMHY MOCEBA U MOJHYIO MX 3aJIeJIKy MEIKOKOMKOBATON (pakiueil moussl. ITO
MIPUBOJUT K U3PEKEHHOCTH BCXOJIOB M MOTEPE yPOKas.

AJNbTepHATUBON MPOBEICHUS MHOTOKPATHBIX TEXHOJOTHYECKUX OTEepalliii MaIllIMHAMM C TTACCUBHBIMH
pabounmu opraHamu siisieTcst ¢pe3epHass oOpabOTKa MOYBBI HA YTO yKas3bIBaeT psij aBTOpoB [MaiieH-
ckuit,2008: 225-229; P3amues, 2013b.: 105-109; Lpmyk, 1996c: 104-106; Anmrommn, 2019d:15-19].
®dpe3epHbIC MAIIMHBI 32 OJWH IPOXOJ arperara OO0eCIeYyMBalOT HEOOXOJMMOE KpOIICHUE TOYBBI U €€
BBIPaBHHMBAHKE, a COBMEIICHNE onepanuii mo ¢ppe3epHoil MOArOTOBKE MOYBHI U MTOCEBY MMO3BOJIHUT COKPATHUTh
CPOKHU BECEHHUX IOJIEBBIX pabOT U 130€KaTh UCCYIICHHS ITOYBBI.

B cB#I31 € 3THM B TEXHOJIOTUH BO3/IEIBIBAHUS CAXapPHOM CBEKJIBI, U IPYTHX KYJIbTYp UMEIOIIUX CEMEHa
co cnaboi SHepruei MmpopacTaHusi OOJBIIOE 3HAYCHHE MPHOOPETAIOT JIBE B3aMMOCBS3aHHBIX OICPAIIUHU:
MPEANOoCceBHAs TOATOTOBKA MouYBbl M moceB  [[{lo6punos, 2020: 1-10; Iletposemn, 2022 b: 67—73; P3anues,
2025¢: 3-5].

Jlns obGecrieueHuss ONTUMANbHBIX YCIOBHM AJISl Pa3BUTHSL PACTEHHM caXxapHOW CBEKJIBI HEOOXOIUMO
00ecIeunTh CBOEBPEMEHHOCTD MPOBEICHHUS ITPEAMTOCEBHON 00PaOOTKH U ITOCEBA IO arPOTEXHUYECKUM CPOKaM,
o0ecneunTh He0OXOAMMOE 10 arpoTpeOOBaHUSM KPOIIEHHE TOYBBI M KA4eCTBO MOCEBa MpeycMaTpHUBaloiiee
BBICEB 33JTaHHON HOPMBI CEMSTH, MUHIMAJTbHOE TPAaBMUPOBAHHUE TOCEBHOTO MaTepHalia i TOYHOCTh Pa3MEIICHHS
cemsiH B [Hecmesin, 2018 45-52; Cropoxooos, 2012b: 204-210; 3yOpununa, 2019¢: 65-70].

B cBs3u ¢ 3TUM 1eNbl0 UCCIIeOBaHMUM ObUIO pa3paboTaTh CessKy, aJlanTHPOBaHHYIO K paboTe B
MOYBEeHHO-KIMMaTnueckux ycnoBusax HOra Kazaxcrana, oOecreunBaronlyr0 KaueCTBEHHYIO MPEINOCEBHYIO
bpesepHyro 00pabOTKy MOYBBI ¢ HEOOXOJUMBIM MO arpoTpeOOBaHUIM KPOIIEHHEM, KaU€CTBEHHBIN MOCEB U
3aJIeIKy CeMsH, COKpalieHue oOpabaTbiBaeMoii MOCEBHOM TuIomIau Ha 65 %.



MeToabl 1 MAaTEpPHAJILI.

[Tpu npoBeieHNU HAYYHBIX HCCIIE0BAHUH MO BEIOOPY M 000CHOBAHUIO TApaMeTPOB pa3padaThIBAeMbIX
MalllMH UCTO0JIb30BaHbl KJIACCUYECKUE MOJIOKEHUSI TEOPETUUECKON MEXaHUKHU, TEOPUH MEXAHU3MOB U MallIUH,
MEXaHUKH CIUIOIIHOW Cpebl, 3eMJIEIEIbYECKON MEXAHUKHU.

DKCIEpUMEHT 10 OMPECICHUIO BIMSHUS BIa)KHOCTU MOYBBI U CIIOCOOOB €€ 00pabOTKH HA KaYyeCTBO
KpOILIEHUS TTOYBBI TPOBOMIICS Ha CBETIO-KalITaHOBOM nmouyBe Kapacaiickoro paiioHa ATMaTHHCKOM 001acTH
[TouBa cpenHecyrnuHHUCTas, OECCTPYKTYpHAsI, BOJOYAEepKHUBAIOIIas cltocoOHOCTh cnabas. [ToBTopHOCTS mipH
MPOBEICHUH YKCIIEPUMEHTA 4-KpaTHast, IIOIIA/Ib OMBITHBIX AesTHOK SOM, [Tpu onpeienenun arpohu3ndeckux
Y BOAHO(MM3MUECKUX TIOKa3aTeNel MOYBbI MATUKPATHAs. DKCIEPUMEHTAIbHBIA 00pa3ell CesIKu U3TOTOBJICH
Ha ONBITHO-3KcIIepuMeHTanbHoM npousBoacTee TOO «HIILL arponnxenepum».

[IpenBapuTenbHble HCHBITAHUS HKCIEPUMEHTAIBLHOTO O0pa3lia CessIKH MPOBOAMUIMCH Ha TMOJSAX
cranuonapa B TOO «KazHMM3uP» cornacHo cnenyrouieid HOpMaTUBHON TOKYMEHTALIMH:

-T'OCT 209152011 «McnbiTanus CenbCKOXO3IMCTBEHHON TEXHUKHU. METO/bl ONpeeIeHHs yCIOBUI
UCIBITaHU». MeXrocy1lapCTBEHHbIN CTaHAAPT;

-TOCT 33687-2015 «Martunsl 1 opyausi A MOBEPXHOCTHON 00paOOTKH MOYBBI. METO/bI UCTIbITA-
HU». MeXrocy1apcTBEHHbIN CTaHAAPT;

- I'OCT 31345-2017 «Texnuka cenbckoxo3siicTBeHHas. Cesiku TpakTOpHble MeTOIbl UCTIBITAHUI»
MexrocyaapcTBEHHBIM CTaHIapPT.

[IpenBapuTenbHbIE UCTIBITAHUS TPOBOAMINCH Ha Miomaau 1ra. Hapabotka arperata coctaBuia 2004.
Jns onpenenenust arpoGu3nUecKux M BOAHO(PU3UYECKUX CBOWCTB 00paslibl OTOMpAINCh B MATHKPATHOMN
noBTopHocTU. [Tokazarenu onpenensaucek coraacHo npuseaeHHbIM Bbile ['OCTam.

[Tocne mpoxona CTB-2,4 onpenensiivck: TayOuHa (pe3epoBaHusl MOYBHI U TNyOWHA 3aJ€TKU CEMSH
METOJOM 3aMEPOB B 25-KpaTHBIX MOBTOPHOCTSX;

[TomydeHnHble JaHHBIE 00pabATHIBATHCH METOIOM CTATUCTUYECKOTO aHAIM3a, IPU 3TOM OMPEIEIOCh
cpelHee KBapaTUYHOE OTKIOHEHUE +G, U KOAPDUIIUEHT BapUaIluH Y.

@pakUUOHHBIN COCTaB MOYBbI ONPEEIAICT METOJOM CUTOBOIO aHAJIN3a IPU KOTOPOM HABECKA MIOUBbI
MpoITycKaiach 4yepe3 KoJIOHKH cuT B 10 kpaTHOI nOBTOPHOCTH ¢ oTBepcTUsiMU 1 00MM,S0MM,20MM 1 1 MM 11t
ompezieNieHus: IPOIEHTHOTO CoJiepKaHus (hpakiuii MOYBKI B 001IE HABECKE.

Pe3yabTaTsl U 00Cy:KIeHUE.

[Tepen pa3paboTKOii CesIKU TOYHOTO BhIceBa s caxapHoil cBekibl CTB-2,4 Obln MpoBeACHHI Ma-
TEHTHO-MH(OPMAITMOHHBIE UCCIIEIOBAHUS ISl ONIPE/ICTICHHS AaHATIOTOB B OIMYKHEM U TaTbHEM 3apyOekbe

[IpoBenenbl maTeHTHO-UH(OPMALIMOHHBIE UCCIICTOBAHMS 10 TEXHOJIOTUSAM U TEXHUYECKUM CPEICTBAM,
COBMEIIAIONIMM TPEANOCEBHYI0 00pabOTKy MOYBBI M TOCEB C.X. KyJbTyp. Psa aBTOpOB 3aHUMAaIUCh
UCCIIeTOBAaHUSIMHU OCHOBHBIX [TAPaMeTPOB padoUnX OpraHoB U 3(hPpeKTUBHOCTH pabOThI TOYBOOOpadaThIBaIOIIIE-
MOCEBHBIX MaIlluH, MI3BECTHBI MATEHTHI HA UX pabovKe OpraHbl U KOHCTPYKTUBHBIE 0COOEHHOCTH.

N3 mpocmotpennsix narentoB PecryOnuku Kazaxcran, ctpan CHI' u nmanbpHero 3apyOexbs, s
JanbHeWIero anamm3a oroOpaHsl maTteHThl Poccuiickoit ®denepanu. YCTaHOBIEHO, YTO Ha pPBIHKAX
cenbckoxo3siucTBeHHbIX MaluH ctpad CHI™ u nanpHero 3apy0exbsi B HacTosIIee BpeMsi OOJIBIIUM CIIPOCOM
MOJIb3YIOTCA (Ppe3epHbIe OPYAUS AJIs IPEANOCEBHOM 00paOOTKH MOYBBI U CESITKU TOYHOTO BBICEBA IS TOCEBA
MPOMANIHBIX KYJIbTYp. AHaIM3 MAaTEHTHOM M HAYYHO-TEXHUYECKOW JHTEepaTyphl MO pa3pabaThiBacMbIM
MalIMHAM TOKa3bIBAET, UTO B IIEJIOM CO3JaHHUE CESUIKM KOMOMHUPOBAHHOW /ISl MPEANOCEBHON (pe3epHoii
00pabOTKM MOYBKI U ITOCEBA CEMSIH CaXxapHOI CBEKJIbI SIBISIETCS aKTyalbHBIM HApPaBICHUEM.

Nurepec npeacrasnser nateHT RU 101 315U1, MIIK A01B. KomOuanpoBanHasi MaiivHa uist oopa-
OOTKM MOYBBI ¥ TOCEBA. MalllnHa COACPIKUT: PHIXJIUTEND C COITHUKOM s yaoOpeHuid, ppesdapadan, KOxKyX
C BBIPABHUBAIOIIMM IIUTKOM, COIIHUK JIJIsl BbICEBA CEMsiH, OYHKEp C BBICEBAIOIIMMU ammapaTaMu M KaTOK.
OTnnyaercs OT aHaJIOTOB TEM, YTO CTOMKA COILLIHUKA JJI [I0CEBA CEMSH BBIITOJIHEHA U30THYTOM U PACIIOI0KEHA
Mexay pabouumu opranamu (pesbl, a CTpeibyaras jama COIIHMKAa yCTaHOBIeHa moj ¢pe3dapadbaHoM u
MIPOU3BOIUT PHIXJICHUE HA TTyOUHY 3a/I€TTKU CEMSH.

Marrna umeeT cienyrole HelOCTaTK|: HOXKU Ha Qpe3dbapabaHe ¢ rOPU3OHTAIBHOM OCBIO Bpa-
HIeHUs] TIpU paboTe HA KAMEHUCTBHIX MOYBAX YacTO JIOMAIOTCS U 1e(OPMHUPYIOTCS, COIIHUK OCYIIECTBISET
noceB 1nof (pezbapabaH B MOTOK MOYBKI, B pe3yJbTare TPYIHO CTAOMIM3HPOBATh TIyOUHY 3a/I€JIKU CEMSH.
KoHcTpykIust BpICEBAIOIIETO arniapara MalluHbI He 00ecreurBaeT KaueCTBEHHBIH MMOCEB CaxapHOU CBEKIIBI U
JIPYTUX MPONAIIHbIX KYJIBTYP.



N3Becten nateHt RU2 497 334c1. MIIK AO1B 49/06; A01B 43/00 KomOuHuUpOBaHHBIN arperat Juist
IPEANOCEeBHON 00pabOTKHU TSXKENBbIX U CPEAHUX IOYB M [10CEBA C BHECEHHEM yJI00peHuil Arperat COCTOUT
U3 KaMHEyOOpO4HOI MamMHbl, cHaOXeHHOW pamoil. Ha mpopormkeHue pambl kKaMHEyOOpOUHON MAallIMHbI
KPEeIsITCs YeThIpe TUCKOBBIX OaTapen W OJUH PsJ PHIXJIUTEIbHBIX Jall, BRIpaBHUBAIOLIMI Opyc, KOJIbuaTo-
LIMOPOBBIA KaTOK W 3€pPHOTPABsHAs CEAJKAa C TYKOBBICEBAIOIIMM ammapaToM. Takoe KOHCTPYKTHUBHOE
BBIIIOJITHEHUE IIO3BOJIUT 3a OJMH IMPOXOJ arperara MOBBICUTH CTENEHb OYMCTKHU MAXOTHOTO CJIOS TSKENbIX
U CpelHUX MOYB OT KaMHEH, a TakKe MOBBICUTh KayeCTBO IMPEANOCEBHOM 0OpabOTKU MOYBHI U IOCEBa C
BHECEHHUEM YJI00peHHi

Henocrarku: ci10XHOCTb KOHCTPYKIIMH, arperaTHpOBaHUE C YHEPrOEMKUMH TpakTopamu K.T. 3—5, uc-
M0JIb30BaHUE JJAHHOTO THIIAa BHICEBAIOIIETO ammapara He o0ecreyrBaeT KayeCTBEHHBIN IMOCEB CEMsH caxap-
HOM CBEKJIBI M JPYTUX MPOMNAIIHBIX KYJIBTYP.

M3BecTHBI MalIMHBI JJI COBMEILEHHSI IPEANOCeBHON 00pabOTKM MOYBHI U MoceBa. Takoe coBMelle-
HUE II03BOJISIET BBICEBATh CEMEHA BO BJIAXKHYIO, XOPOLIO B3PBIXJIEHHYIO IIOYBY 3a CUET JIMKBUIALMM pa3pbiBa
MeXy 00pabOTKON U TOCEBOM.

KomOunuposannslii arperat KA-3,6 Biitouaet B cedst HaBecHOU (pe3epHblil KynpTuBaTop KDI-3,6,
CIIETTHOE YCTPONCTBO, 36pHOTYKOBYIO cesky C3-3,6, mpuKaThIBaroIlee MPUCIOCO0IeHNE, COCTABICHHOE U3
KJIMHYAThIX KaTKOB, CJIE€I0YKa3aTellb U CUTHAIN3ALUIO.

Bo Bpems paboTsl HOXH dpe3epHOro O6apadaHa pHIXJIAT MOYBY, (AapTyK BBIPABHUBAET IMOBEPXHOCTD
T0JIs1, CesJIKa BBICEBAET ceMeHa M yJ00peHus B 24 psKa U 3aJesibIBaeT UX B [IOYBY Ha 3aJaHHYIO TIyOUHY,
KAaTKH YIUIOTHSIOT IIOYBY B PsAJIKaX.

KoHcTpykuusi arperatra mo3BoJsieT pa3feibHO HCHOJIb30BaTh (Dpe3epHbli KyJIbTUBATOP U CESUIKY.
[upuna 3axBara arperata 3,6, pabodas CKOpocTb 7-9 KM/4, TpOU3BOAUTENBHOCTH 2,38 ra/4. Ero HaBemmBaroT
Ha Tpaktopbl T-150 u T-150K.

bmwkaiiium aHamoroM pas3pabaThiBaeéMO MalllMHBI ABIsETCS (Dpe3epHbIi KyJIbTUBATOP-CEsIKa
K®C-3,6, xoTopblii 3a onuH mpoxoj (pesepyeT MOYBY, BbIPAaBHMBAET IOBEPXHOCTH IOJIS, BBICEBACT
CeMEHAa U MPHUKATHIBACT MOYBY. MallliHa COCTOUT M3 JIBYX 4YacTei: moyBooOpadaThIBAIOIIEH U MOCEBHOM.
ITouBooOpabateiBatomasi 4acte coOpaHa u3 enuHul] ¢pe3epHoro Kyibruaropa KOI-3,6, cHabxeHa
CIIELIMAJILHOM paMOW ¢ aBTOHABECKOW U ONMPAETCsI HA JiBa XOJ0BBIX KOJeca.

[ToceBHas yacTh cocTaBiieHa U3 pabOUYMUX OPraHOB U cOOPOYHBIX enuHUIl pucoBoi cesiiku CPH-3,6,
CMOHTHPOBAHHBIX Ha OTAEIbHON pame. IIoceBHYIO YacTh KpemsT K pame MouBooOpabaThiBarolleil yacTu,
npegycMaTpuBas BO3MOXKHOCTh €€ JieMoHTaxa. [loaTomy (pesepHblil KyIbTUBATOpP MOXKET padboTarh Oe3
MIOCEBHOM YaCTH U BBINOJIHATH CIUIOLIHOE (pe3epoBaHuUe MMOUBbI HA ITyOHuHy 110 10 cm.

[Tpu nBUKEHUU MAIIMHBI HOXXU (ppe3epHbIX OapabaHOB PHIXJIAT MOYBY Ha IyOuHy 4-5 cM, dapTyku
(bpe3bl ¥ JbDKH COIIHUKOB BHIPABHUBAIOT OBEPXHOCTH, BHICEBAIOIINE aMapaThl I01al0T CEMEHA B BOPOHKH
U COILHUKY, WAYIINE BCIE 32 JIbDKaMHU, 3a/IebIBAIOT CEMEHA B MOYBY Ha riiyouny 5-40 mm. J[Bmkymumecs
BCJIEJ] 3 COIIHUKAMM IVIaJIKUE HUIMHIPUUECKUE KATKU BBIPABHUBAIOT IIOBEPXHOCTD U YIUIOTHSIOT IIOYBY.

HenocraTku MammHbl: MallMHA HE aJalTHUPOBaHa K paboTe Ha 3aIlIbIBAIOLIUX OYBaX F0XKHOMN 30HBI
KazaxcraHna, Tak Kak He oOecrieurnBaeT CTabUIbHYIO0 IITyOUHY 33/IeJIKU CEMSIH M He 00pa3yeT NPOTUBOKOPKOBBIIN
BaJIMK, HEOOXOIUMBIN Ha JAHHBIX TOYBAX.

W3BecTHBI cnenyromue koMOuHupoBanHble MamHbl: Arperat AIIIIA-6-02 u (OAO «boOpyiickcens-
Mmain» benapyce), mouBooOpabdaTsIBaloIIe-OCEBHOM ¢ AUCKOBBIMH PBIXJIUTEIbHBIMU OpraHaMy IpeaHa3Ha-
YeH Ui MPeIroceBHON 00pabOTKM MOYBBI U PSIIOBOTO CEBa 3€PHOBBIX, CPETHECEMSIHHBIX 36pHOOOOOBBIX,
KPECTOLBETHBIX U JAPYIUX (aHAJIOIMYHBIX UM IO pa3Mepam, HOpME BbICEBa U IIIyOMHE 3aJI€JIKK CEMSIH) KyJlb-
TYp C OJHOBPEMEHHBIM BHECEHHEM B PSJIKU IPUIIOCEBHOM 03Bl TPaHYIMPOBAHHBIX MUHEPATIBHBIX (pochop-
HBIX) ynoOpeHuil. BeInonHseT 3a oAuH MPOXOJ MPEIINOCEBHOE PBIXJICHHE, MEIKOCTPYKTYPHOE KPOLICHHUE,
BbIPAaBHUBAHNE U MOAYIUIOTHEHHE CEMEHHOIO JIOXKA, BBICEB CEMSH M yNOOpEeHUH U 3aJiefIKy MX MOYBOM Ha
TpeOyemyto ITyOuHy.

Henocrarku: He alanTUpOBaH K IMOCEBY CEMsIH CBEKJIBI U K paboTe Ha TSKEIbIX, 3aIIbIBAIOLINX I10-
yBax tora Kazaxcrana.

Kom6unuposauusiii noceBHoi kommieke KAGRATOR COMBIDISK» (Poccust) — koMOMHUPOBaHHBIH
arperar JJis C€Ba C OJJHOBPEMEHHOU ITPEANIOCEBHON KyIbTUBALIMEW 1 MHTEHCUBHBIM IPUKATHIBAHUEM JICHT.

3a oJIMH MPOXO/ BBIMOJIHACT: U3MEIbUEHHE KOMKOB MEPEIHUM KaTKOM 00palaThIBAIOIIEr0 MOIYJIS;
IPENOCeBHYI0 00pabOTKy IMOYBBI Ha INIyOHWHY IOCEBAa CTPEIbYATHIMU JIallaMU Ha MPYKUHHBIX CTOHMKax



u (opMUpOBaHHE IJIOTHOTO POBHOTO CEMEHHOTO JIoXKa; OOpaTHOE MpPHKAThIBAHHE W pa3paBHUBaHUE
00pabOTaHHOTO CIIOSI TOYBHI 3aJHAM KaTKOM OO0paOaThIBAIOMIETO MOMIYJS;, IOCEB CEMSH W YIOOpeHHit
JMCKOBBIMH MJTH aHKEPHBIMH COITHUKAMM; UHTEHCUBHOE MMPUKATHIBAHKE JICHT ITOCEBA P ITOMOIIIH YCUIICHHBIX
OITOPHO-TIPUKATHIBAIOIIUX KATKOB;

pa3paBHUBAHKUE U MYJIBUYUPOBAHHE 3aCETHHOTO OIS MIICH(-O00POHOI.

Henocrarku: He aganTHPOBaH K TIOCEBY CEMSIH CaxapHOM CBEKJIBI U K pab0Te Ha TSHKEIIBIX, 3aIljIbIBa-
IOIMX TouBax tora Kazaxcrana

PesynbraThl MaTeHTHO-WH(GOPMAIIMOHHBIX  HMCCICIOBAHMW TIOKa3bIBAIOT, 4YTO IpeiaracMble
TEXHUYECKHE PEIICHUs, MPEJICTABICHHBIC B MATCHTAX W HMMEIONIMECS  Ha PBIHKAX KOMOMHHUPOBaHHbBIE
MOYBOOOPa0AaTHIBAIOIIE-TTOCEBHBIC MAIITUHBI, HE a/IalITHPOBAHBI K pa00OTE Ha TBEPIBIX, 3AILTBIBAIOIINX ITOYBAX
U K TOYHOMY ITOCEBY CEMSIH CaXapHOM CBEKIIbI

C yyeraM pe3yJbTaTOB MAaTEHTHO-MH(OPMAIMOHHBIX HCCIICIOBAHUN pa3paboTaHa KOHCTPYKITHS

CTB-24.

[TpoBeieHbI TEOPETUYECKUE HCCIICOBAHUS 10 OOOCHOBAHHIO IMapaMeTpoB (pesepHOro pabdoyero
oprasa.

B COOTBETCTBUM C NMPHHATOW TEXHOJOTHUYECKOW CXEMOW pa3paldaThIBaeMOM IOCEBHON MAIIWHBI €€
pabouune opraHbl IMEIOT 00paTHOE HANPABJICHUE TBUYKCHUSI.

Jiist obecriedueHus ONTUMAIILHOTO YCIOBUS 00pa0OTKH MTOYBBI HAMH IIPUHSITHI CIICAYIOIIHE ITapaMeTPhl
npoduins oopadaTeiBaeMoro ciost mouBsl: riayouna h = 0,12 m u mupuna: b = 0,25m (pucyHok 1).
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Puc. I. ITpoduns 06pabaTeiBaeMOTO CII0S MOYBBI Ppe3epHBIM pabOYNM OPTaHOM
[Fig.1. Soil Profile Produced by the Rotary Tillage Working Unit.]

Kaxnas monoca mpu ¢pe3epoBaHud MOYBBI 00pabaThIBaeTCss OTAENbHON cekuueil (pesepHoro
pabouero opraHa, OCHOBHBIM 3JIEMEHTOM KOTOPOTO siBIsieTcst (ppesepHslii 6apadan (PucyHok 2).

3 1 4

B

[
Fig. 2. Schematic Diagram of the Rotary Tillage Working Unit]

Tpebyemoe kauecTBO 0OpaOOTOK MOYBBI U MapameTpbl Mpoduias oOpadaTbIBA€MOro CJIOsI MOYBBI
o0ecrnieunBaeTcs KOHCTPYKTUBHO-TEXHOJOTHYECKUMU MapaMeTpaMu (pezepHoro 6apabana.

®pesepHbIil pabounii opraH COCTOUT M3 OapabaHa | M KECTKO 3aKPEIUICHHBIX HA HEro (pe3epHBIX
Hoxeit 3. [lpuBox ¢hpesepHoro 6apabana oCyIIECTBISETCS BAJIOM 2 CO 3B€30YKOM 4 uepes MEeMHYI0 nepeaady
or BOM tpaktopa. OcHOBHBIMH TlapameTpamu ¢pe3epHoro OapabaHa SBISIFOTCSA: AUaMeTp (Ppe3epHOro
Oapabana, D u mupuna 3axsata B

[Ipu nmpoBeIeHnN TEOPETUYECKHUX UCCIICTIOBAHMI U PACUETOB JUaMETPa U ITUPHUHBI 3aXBaTa (PPE3epHOTO
6apa6aHa, IDUPHUHBI 1 BBICOTBI HOXA, KOJIUYCCTBA HO)KGfI, moga4n Ha HOXK, KWHEMATUYCCKHUX ITapaMETpOB



(Ppe3bI M YACTOTHI BPALIEHUS (PPE3EPHOrO DapadaHa MPUMEHSIIMCh PEKOMEH AU | KaHapes, [983].
Omnpenenenue napaMeTpoB Gppe3epHoro bapadbaHampou3BOAUIOCH B CIEIYIONICH TOCIe10BATEIbHOCTH:
Omnpenenenne mapaMeTpoB Hoxka. J[1s obecrieueHUs] KauecTBa BBHIMOJIHEHUS OMEpAIluH, UCXOJS U3

aHaJlM3a KOHCTPYKIMI HOKel, HaMH ObLT BbIOpaH ["-00pa3Hblil HOX (PUCYHOK 3).

H

B,

Puc. 3. Cxema I'-o6pa3Horo Hoxa
[Fig.3. Schematic Diagram of the L-Shaped Blade]

Bbuu BEIOpaHbI CIIEIyIONIME TapaMETPhl HOXKA: MPUHA HOXa B 1 BbicOoTa HOKa H .

3Ha4yeHne IMMPUHBI HOXA B nomkHo obecnednts 06paboTKy MOJIOCH! MOYBbI 0 MIMPUHE PABHYIO
mMpuHe 3axBara GpesepHoro Oapabana B,. Takum 00pa3om, B COOTBETCTBHMH C IPUHATOM CXEMO# (PUCYHOK
1) umeem:

[Ipu 5TOM 3HayeHne mMpHHBI 3axBara Oapabana B, B COOTBETCTBHMM ¢ TpeOOBaHMAMHU OOECTIEYEHHUS
CIUIOLIHOK 00pabOTKM MOJIOCH! OJDKHO OBITh PABHBIM LIMPHUHE €€ MPOQUIBbHOTO ceueHus: B.= b nmm B =
0,25m. Torma: B = 0,25/2 = 0,125 m.

[Tpu onpeneneHnn BHICOTHI HOXKA MCXOAMIIM U3 YCIOBUNA oOecrieueHus] paBHOMEPHOH 00paboTKH 1o-
nockl rryounoit h = 0,12 m.

3Ha4YeHHE BBICOTHI HOXKA B COOTBETCTBHUH C €r0 CXeMOM (PUCYHOK 3) ObLIO MPUHSTO:

Hu = hu +A,m (2)

I/ie 3HAYCHHUE JUTHHBI PAOOYCH YaCTH HOXa h MPUHSTO paBHBIM riyOuHe oOpaborku, Te h = 0,12 m.
3HaueHne TexHomornyeckoro 3azopa npunsaTo A =0,03 m. Toraa Beicora Hoxa paBHa: H = 0,12 + 0,03 = 0,15
M.

Huametp ¢pesepHoro pabodyero oprana ciaenyer BbIOMPATh C TAKUM PAcYeTOM, YTOObI TPU MAaKCH-
MaJbHOU ITyOMHEe 00pabOTKM 00ECreurnBaIoCh JOCTAaTOYHOE PACCTOSIHME OT MOBEPXHOCTH IMOYBHI 10 Baja
BparieHus Oapabana.

D6 = (2,5 ..28) hy, m (3)

[oxcrasnsis rybuny o6padotku h = 0,12 m, B popmyiy 3 nonyynm D= (2,5...2,8) 0,12=0,3...0,37
M. [Tockonbky Hamu Obut ipunsT: D = 0,34 m. Torna pamuyc ¢peseproro 6apabana: R ;=D /2 =0,34/2=0,17wm.

Hamu Obu10 IPUHSTO KOJIMYECTBO HOXKEH C OJTHOM CTOPOHBI OapabaHa z = 4.

3Ha4yeHHe 0J1auu Ha HOXK OBLIO OIpeJIelIeHO U3 YCIOBUI o0ecrieueHus: kauecTBa 00paboTKu AJisl CyT-
JIMHUCTHIX MOYB M cocTaBmio S =6 ... 10 cm. Hamu Obuto puasiTO S =6 cMm.

Kunemarndeckuii mapamerp (pe3sl ObUT ONpeAeTeH U3 YCIOBUI 00eCTieYeHHsT TIPUHATOTO 3HAYCHHSI
MoJ[a4YH Ha HOXK:



A=2nR,/Sz 4

M3BeCTHBI 3HAYEHUs CIIEMYIOIINX NAapaMeTpoB: paauyc ¢pesepHoro 6apabana: R, = 0,17 M, monaya
Ha HOX S = 6 cM = 0,06M, kommuecTBO HOXKel z = 4. Torma: A =2 x 3,14 x 0,17/ 0,06 x 4 = 4,4. [Ipuaumaem:
A=44.

Omnpenenenue 4acToThl BpalieHus GppesepHoro 6apadana. [Ipu pabodeil ckopoCTH MOCEBHOTO arpera-
Ta paBHoi Vi1 = 7,0 km/gac unu Vi =1,94 m/c nuHeliHas CKOpOCTh KOHEUHOW TOukH (hpe3epHoro O6apabaHa
MpU KHHEMaTH4eckoM mapamerpe A = 4,4 papHa: Vp = A Vni=4,4 x 1,94 = 8,54 m/c.

Ha ocHoBe yrnoBoi#i ckopocTH BpanieHus (pezepHoro 6apabaHa, ero JIMHEHHast CKOPOCTh:

M
Vp = wBbRB,— (5)
C

TIe: @ ; — yIIIoBask CKOPOCTh BpalleHus (ppesepHoro 6apadbana, paz/c
Orcrona:

o=V /R
Ipu n3BectHbIx Benmmumnax V =8,54 m/c, pammyce Oapabana R, = 0,17 M umeem:

o, =28,54/0,17= 50,24 pan/c nnu n, = 30 o ./ =30 x 50,24 / 3,14 = 480 06/mMuH.

Pe3ynbTaToM TEOpETHUECKUX HCCIEOBAHUN SIBISIOTCS HAYYHO-OOOCHOBAHHBIE JUAMETP M IIUpUHA
3axBata pe3epHoro Oapadana, IIMpUHA U BRICOTA HOKA, KOJIMYECTBO HOXKEH, TI0/]aua Ha HOXK, KHHEMaTHIECKU I
napameTp ¢pe3sl U 9acToTa BpamieHus GpezepHoro dbapadana.

[Tonmy4yeHHBIE pe3ybTaTHl JIETJIH B OCHOBY pa3paloTkKu (pe3epHBIX pabOYMX OPraHOB CESTKU JUIS
TOYHOT'O TI0CEBA CaXapHOU CBEKIIBI.

Jlist o6ocHOBaHMSI HEOOXOAUMOCTH (Ppe3epHOt 00paOOTKH MOYBBI HAMH OBLT TOCTABIICH YKCIIEPUMEHT,
B KOTOPOM B BECEHHU MEepHUo/I, ¢ anpeis o Mait 2024 1., mpoBoanuiIach 00padOTKa MOYBHI MPU PA3IIUIHON €€
BIIQYKHOCTH KYJIbTHBATOPOM C TTacCUBHBIMU pabournmu opranamu KI1C-4 u ppesepoBanue dpesoit COO-2,8.
KauecTBeHHbIe moka3arenn 0OpabOTKH MOYBBI ONPENEISUTUCH MOCHE ABYXKPAaTHOW 00pabOTKH KyIbTHBATO-
pom KIIC-4 u ogHOKpaTHOI 00paboTku (hpe3oii. B Tabmmiie 1 nmpepcraBieHo coepxaHie METKOKOMKOBATON
(arpoHOMHUYECKH IIEHHOW) (pakIuu TMOYBHI pazMepoM MeHee 20MM M KPYMHOKOMKOBATOM — MEIIAOIIEH
KaueCTBEHHOW 3aJielIke ceMsiH, pasmepom Oonee SOmm. [To arporpeboBaHusSIM Tiepe]] TOCEBOM CaXapHOM
CBEKJIBI COJIep’KaHNe arPOHOMHYECKH IIEHHOW (hpaKIIUU TIOYBHI TOJDKHO ObITH HE MeHee 80 %

Tabnuna 1 — BnustHue BiIa)KHOCTH MOYBHI U CIIOCOOOB €€ 00pabOTKM Ha Ka4eCTBO KPOIIEHHS TOYBHI.

Ne n/mt BnaxHocTs | Dpe3epoBaHre TOUBBI | O06paboTKa TaCCUBHBIMU paOOUYUMH OPraHAMHU
TOUBEL, %o Pasmepsr ¢hpakuuii moyBsl, MM

Menee 20mMm | Bonee 50mm | Menee 20mMm | Bbonee 50mm

Conepxanue Qpakunii moussl, %
1 18,7 67,0 - 64,5 5,2
2 18,2 75,0 - 77,3 4,0
3 18,0 80,3 - 77,4 3,7
4 17,5 80,0 - 75,5 35
5 17,0 80,0 - 74,6 3,0
6 16,3 81,0 - 70,4 3,5
7 16,1 80,5 - 68,4 3,7
8 15,5 80,2 - 55,7 3.8
9 14,0 80,7 - 54,6 3,9
10 13,5 80 - 54,0 4,5
11 13,0 76,2 - 50,0 6,0

CornacHO TOJYYEHHBIM JAHHBIM, OJHM3KOE K ONTUMAIbHBIM 3HAYEHHUSIM KPOILIEHUE TMOYBHI
o0ecrneunBaoch mnocie AByx npoxoaoB kyibTuBaTopa KIIC-4 mpu ee Bnaxknoctu B untepsaie ot 18,0 mo
16,5 %, u mocie ogHOKpaTHOTO Mpoxoja ¢ppe3sl B MHTEpBaje BIaxHocTu oT 18 1o 13,5 %.



ITo cpeAHMM MHOTOJIETHUM JAaHHBIM IOCEB CaXapHOM CBEKJIBI M JPYTHX TEIUIONIOOUBBIX KYJIbTYP
MIPOBOAMTCS B OCHOBHOM BO BTOPOIl MOJIOBUHE ampessi, U NPy CHIIBHOM MCCYIICHUU TOYBBI B 3TOT MEPUOJ
€€ BJIAXKHOCTh B CJIO€ 3aJIETaHUsl CEMSH CM 4acTo omyckaercs 10 13—14 %. B cBs3u ¢ 3TuM npeanoceBHas
bpe3epHast 00paboTKa MOYBHI aKTyalbHa, TaK KaK CO3/1aeT HEOOXOAMMOe IJIs 3aJIeIKU U MPOPACTAHHS CEMSIH
KpOILIEHHUS MOYBBI B OOJiee MIMPOKOM MHTEpBaJie BIAKHOCTH U B ClIy4ae MPUMEHEHUS KOMOWHUPOBAHHOM
nmouBooOpabdaThIBaroel MaluHbl (CESITKU-PPe3bl) OTCYTCTBYET Pa3pbiB BO BPEMEHU MEXAY ONepaIusiMu,
MPUBOASIINN K JaIbHEHIIIEMY UCCYIIEHUIO TTOYBHI.

Cesnka-(pesa nmpeacTaBisieT co00i KOHCTPYKITUIO, HABEIIEHHYI0 TOCPEICTBOM aBTOCIICTIKH Ha 3aTHEH
HABECKE TPAKTOPa U COCTOMT U3: PaMbl KOTOPAsl IPeIyCMaTpUBaET YCTAHOBKY COOPOYHBIX €IMHUIL; TJIaBHOTO
peaykropa, npuBoja, Gpe3epHbIX padOUNX OPraHOB U WUAYIIUX 332 HUMHU MMOCEBHBIX CEKIUN BKIIOYAIOIINX:
OyHKephl i CeMsSH C BBICEBAIOUIMMH amnmapaTtaMu: IOJO030BUIHBIC COLIHUKH; OMOPHBIE Koyieca; U
3aJieNbIBaloIMe paboyne Opraubl B BUAE MPUKATHIBAIOIINX KATOYKOB. ATrperaTUpyeTcs ¢ TpaKTOpaMHu Kiiacca
14xkH (MT3). Texuuueckas XxapaKTepUCTHKA CESUTKH TIPUBEJICHA B TaOIHIIE 2.

Tabnuna 2 — TexHuueckas XapaKTepUCTHKAa M OCHOBHBIE TPEeOOBaHUS K JKCHEPUMEHTATbHOMY
o0pa3sily cessIKi TOYHOTO BbIceBa sl caxapHoii cBekiibl (CTB-2,4)

HaumMenoBaHue mokasarenei IToxazarenu

DKCrepUMEHTaNbHBIH 00paser]

upuna 3axBarta, M 2.4
upuna MexaypsSanii,cm 45; 50; 60
TpancropTHast CKOPOCTb, KM/4 o 15
Pabouas ckopocts, kM/4 1o 8

Pabounii Oopranbl JId PBIXJICHHUS IIOYBbI d)pe3epHLIe pa60q1/1e OpraHbl € TrOpU30HTAJIbHBIMU HOXKaMU

['myOuHa pBIXJIEHUS TOYBBI, CM 8-14
upuna 0OpadaTeIBaEMOI MOTOCHI, CM 25

Twurm comrauka TTon030BUIHBII
I'myOuHa 3a7e1Ku ceMsiH, M 3-6

IIpukaTsiBatolee ycTpoiicTaa

[IpyTkoBBIE KaTKU

ArperaTtupyercs ¢ TpakKTopamu

1,4xH (trma MT3)

Tun BbIceBaromIero amnmnapara

ITHeBMaTHYCCKUI JUUIs TOYHOI'O BBICEBA CEMSH

I'myGuna 3amenku ceMsH

3—-6¢Mm

Ceska- (hpes3a MpOBOAUT MOJIOCOBYIO (Ppe3epHyI0 MPEANOCEBHYI0 00paObOTKy MOYBBI, IOCEB CEMSH B
00paboTaHHYO MOJIOCY C JANbHEHIINM X MPUKAThIBAHUEM.
BbI1  M3roTOBJEH 3KCIIEPUMEHTAILHBIA 00pa3el CesIKU B YETBIPEXPSIIHOM UCTIOJIHEHUH (PUCYHOK 4)

Puc. 4. DxcniepuMeHTaIbHBIN 00pa3ell CEsUIKA TOYHOTO BBICEBA LISl CaXapHOIl CBEKIIBI

[Figure 4. Experimental Prototype of a Precision Seeder for Sugar Beet]

[IpenBapuTenbHble HCOBITAHHUS AKCIEPUMEHTAIBHOTO oOpasna mnpoBoawinch Ha momax TOO
«Kazaxckuit HU 3emnenenus u pacrenueBoacTBa» ¢ 25 anpena 1o 12 mas 2025roxa.

[TouBeHHBIE YCIOBHSI BO BpEeMs NPOBEACHUS HCIBITAHUH OBUIM TUIOMYHBIMH JJISI  PE3KO-
KOHTHHEHTAJILHOTO KJIMMaTa foro-soctoka Kasaxcrana. [IpeamecTByromias onepamnus — IMCKOBaHUE TTOYBBI.
[Tpu 3Tom mouBa umena B cioe 0-20cm BitaxxaocTh 15,3 %, TBepaoctu 1,3MIla u mtotHocTs 1,5r/cm®. Tlousa
XapaKTepu30BaJIacCh MOBBIIIEHHON KOMKOBATOCTBIO, IPH KOTOPOH cozepkaHue (Ppakiu MOYBHI pazMepoM
6omnee 50mMm nocturano 7 %, a copepikaHUEe arpOHOMUYECKH IIEHHOH (pakiuu pazmepoMm mMeHee 20MM He
npessimano 50 %.



Puc. 5. DOxcnepumenTanbHblid oOpazen cesikun CTB-2,4 B pabote.
[Fig7 5. Experimental Prototype of the STV-2.4 Seeder in Operation]

Bo Bpemst ppesepHoii 00pabOoTKM MOYBBI U TOCEBA CaXapHOM CBEKJIBI MAIlIMHA YCTOWYUBO BBIMIOIHSIA
TEXHOJOrH4ecKuii mporecc. KauecTBo BHIMOTHEHUS TEXHOIOTHUECKHUX OTlepalliii ObLIIO YIOBIETBOPUTEIHHBIM.
OyHKIMOHATbHBIE MMOKa3aTeau padOThl CEAIKM TOYHOIO MOCEBA CaXapHOM CBEKIIbl MPUBEICHBI B

Tadimue3.

Tabnuna 3 — @yHKIMOHATbHBIE TOKa3aTenu padoTel cesiku CTB-2,4 Ha onepanusx mo npearnoceBHON

bpe3epHoit 00padOTKE MOYBBI U IOCEBY CaxapHOW CBEKJIBI

Iloxazarenu

3HaueHue MmoKa3aTesei

3HaueHue rmokKasareei

ITo arporpeGoBaHusIM

Pesynbrate! ucnsiraHuit

Cpoku poBeACHUs

He pernamentupoBano

25 ampens-12 mas 20251

Arperar (3HepromanivHa + opyzaue)

Tpaxrops! kiacca 1.4 kH

MT3-80+CTB-2,4

Pabouas ckopocTh IBHKEHHS arperara, KM/4 1o 8 6,0
I'my6una 06paboTKM MOUBEL, CM: He pernamentupoBano

- YCTaHOBOYHAsI - 12
-paxTuueckas -

6_ - 11,3
+o(cm) - 1,8
v (%) - 15,9
I'my6Guna noceBa, cMm 3-6

- YCTaHOBOYHAs - 3,5
-paxTudeckas -

6 () - 33
+o6(cm) - 0,63
Y (%) - 19,1
KosnuecTBO ceMsiH BBICESHHBIX Ha 111.M 5

- YCTaHOBOYHOE - 5
-paxTuyeckas -

6_ - 4,7
+o(cm) - 0,6
y (%) - 12,8
KomnnuectBo CeMsiH, OCTaBIIUXCS Ha 0

MOBEPXHOCTH, IT/TL.M; (%)

6 (1T) _ 0.2
+c (1T) - 0,03




Y (%) : 15,0
[110THOCTH MTOYBEI, I/CM? IO CITOSIM, CM B obpaboranHOM cioe
05 mouBsI He Ooiee 1,3 0.87
5-10 0,95
10-20 1,0
Teepnocts noussl, MIla, 1o ciosim, cMm B ob6paboTanHOM ciioe
mouBkl He Oosee 1,8
0-5
1,0
5-10 1,3
10-20 1,8
Kpomenne mouser, % mno ¢pakuusiMm nocie | Comeprkanne ppakun
npoxoja (hpe3epHbIX paboYNX OPraHoOB, MM pasmepom MeHee 20MM
~50 JIOJDKHO PaBHSATBHCS MU
obITH Gomtee 80%
50-20 15,5
20-10 39,1
<10 45.4
I'peOHICTOCT MOBEPXHOCTH £CM He 6onee 3 2,5

CornacHo mnpuBeAeHHBIM B Ta0nuie IaHHBIM, (akTuyeckas TiayOuHa (Qpe3epHOil 00pabOTKU IMOYBHI
COOTBETCTBOBAJIA yYCTAaHOBOYHOM M cocTaBisiia 11,3cM mpu cpenHeM KBaJIpaTHYeCKOM OTKJIOHEHUH (+G
)1,8 cM u kodpdunmente Bapuanuu (y) 15,9. TBepaocTs U MIOTHOCTH MOYBHI MOCHE (hpe3epoBaHUS UMEITH
ONTHMAJIbHYIO BETMUUHY U cocTaBisin B cioe 0-20cm 0,94r/cm?® u 1,36 MIla. Coneprxanne MEIKOKOMKOBATOM
¢dpakuuu no4Bsl pazMepom Menee 20Mm cocrtasisio 84,5 %

I'myOuna 3aenku ceMsH Takxke Obljia cCTaOMIBHON U B cpefHeM coctaisuia 3,3cM npu +6 = 0,63cm
ny=19,1 %. KonuuecTBo BbICEIHHBIX CEMSH B psAJKE HA | MOrOHHBIN METP COCTABIISAIO 4,71IT. IPU yCTAHO-
BOYHOM S1uT. Ha moBepXHOCTH NOYBBI CEMSIH MpaKkTU4ecKu He ocTtaBajiock (0,2 %).

Taxum 00pa3oM, (pyHKIIMOHAIBHBIE TIOKA3aTEIH Pa0OThI CESITKA COOTBETCTBOBAIM arpoTpeOOBaHUSM.

[TpenBapuTenbHbIC HCIIBITAHUS SKCIIEPUMEHTAIBLHOT0 00pa3iia oKa3alu, YTo cesyika paboTocnocoOHa,
YCTOMYMBO U KaYE€CTBEHHO BBIINOJHAET TEXHOJIOTUYECKUN TIPOLECC 110 MPEAIIOCEBHON MTOATOTOBKE U IIOCEBY
CeMsIH U MOXKET OBbITh UCIOJIb30BaHA B CBEKJIOCCIOLINX X03HCTBAaX I0r0-BOCTOYHOM 30HbI Ka3axcrana.

3aMeHa CIUIOMIHOM 00pabOTKM TOYBHI HA IOJIOCOBYIO TO3BOJIMJIO COKPAaTUTh 00padaThIBaeMyrOo
wiomazab Ha 65 %, 9To MPUBOAUT K COXPAHEHUIO TUIOIOPOIUS TTOYBbI, BJIard, CHUKEHHUIO PACcX0/1a MOJMBHOM
BOJIBI.

[IpuMeHeHHe TMEepPCIEeKTUBHOM TEXHOJOTHMM MOXHO PEKOMEHJIOBATh Ha BCEX IOYBAX PECITyOIMKH
Kazaxcran kpome nepeyBiaKHeHHBIX.

Oo6cyxnaenne.

CornacHO NpPOBEACHHBIM MCCIIEOBAHUSAM YCTAHOBIICHO, YTO Ha MOYBAxX IOKHOW 30HBI Kazaxcrana
Ka4ecTBO MPEANOCEBHON 00paOOTKH MMOYBBI 3aBUCHUT OT €€ BIAKHOCTH U TEXHOJIOTUH OCYIIECTBICHUS, BKITIO-
YaoNell TEXHOJIOTHYECKHE ONepaliil U TeXHUYECKHE CPEJCTBA JUIsl UX BBINOJHEHHUS. YCTaHOBIEHO IpPEH-
MYIIECTBO (hpe3epHOi MPEeanoceBHON 00pabOTKH 10 CpaBHEHHIO ¢ 00pabOTKOW OpyAUsSMHU C MACCUBHBIMHU
pabounMu oOpraHaMM 3a CYET YBEIUYEHHUs MHTEpBaja ONTHMAJIbHON BIIAXKHOCTH, OOECIIeUMBAIOIIEH
KayeCTBEHHOE KPOILIEHHE MOYBbI, COKpaIleHHst 00padaTbiBaeMoil miomaau Ha 65 % 3a cueT monocoBoit 00-
pabOTKH TOYBHI.

Jnis pa3paboTku KOMOMHHUPOBAHHON CesUIKH (pe3bl ObUIM 0OOCHOBAHBI MapaMeTphbl ee (pe3epHbIX
pabouux OpraHoB, aJaNTHPOBAHHBIX K pab0Te Ha MOYBAX, 10/IBEP>KEHHBIX UCCYIICHUIO U KOMKOOOPa30BaHUIO.

Ha ocHOBaHMU NIPOBEACHHBIX MCCIEIOBAHUN OBLT M3TOTOBJICH SKCIIEPUMEHTAIBHBIN 00pa3erl CesKu
U MIPOBEACHBI €ro MpeABapUTEIbHbIC UCIIBITAHUSA, KOTOPBIE MOKAa3aJld, YTO CEsUIKA YCTOWYMBO BBIMOIHSAIA
TeXHoJIoru4ecKui mporecc. KauectBo 00padOTKM MOYBHI COOTBETCTBOBAJIO arpOTEOOBAHUSAM, IPEAbIBISIEMBIM
K JIaHHOM ONEpalyu.

[TonocoBast 06paboOTKa MOYBKI 32 CUET COKpaIleHUs: 00pabaTbiBaeMoll Tuomaau Ha 65 %, mo3BoseT
COXPAHHTH IUIOI0PO/INE TOYBBI, CHU3UTh PACX0]l TIOJIUBHOM BOJBI.

[Tpumenenue pazpabaTbIBa€MON MAaIIMHBI B CBEKJIOBOJYECKUX XO3SHWCTBAX PECHyOJIMKH, ITO3BOJIUT
YBEJIIMYUTh YPOXKAWHOCTH CaxapHOW CBEKJIbI, COXPAaHUTh IUIOAOPOAME TOYB W COKPATUTh 3aTpaTbl Ha
BO3/ICIbIBAHUE MTPOMAIIHBIX KYJIBTYD.



[TpriMEHEHNE TEpCIIEKTUBHON TEXHOJIOTUHM MOXKHO PEKOMEHIOBaTh Ha BCEX IOUYBAaX PECIYOIMKH
Kazaxcran kpome nepeyBiIakHEHHBIX.

3akirouenmue.

[IpoBeneHBI TEOpETUUYECKHE HCCIASAOBAHUS TIO0 OMPEICICHUI0O OCHOBHBIX MapaMeTpoB (pe3epHBIX
pabouYnx OpraHOB CESITKH.

[TpoBeaeHBI HCCEOBaHUS IO ONPEACICHUIO HHTEPBaia BIAKHOCTH JUIsl ONITUMAJIBHOTO KPOIICHUS
MTOYBBI NTACCUBHBIMH PAOOYUMHU OpraHAMHU OJIHOOTICPAIIMOHHBIX MAIllMH U aKTUBHBIMU PabOYMMU OpraHaMHu

bpes.
M3roToBieH SKCIIEPUMEHTAIBHBIA 00pa3ell W TPOBEIEHBI €ro IPEJABAPUTEIbHBIC HCIBITAHUS,

COTJIACHO KOTOPBIM (pakTHueckas riryonHa ¢pezepHoii 00pabOTKM MOYBBI COOTBETCTBOBAJIA YCTAHOBOYHOM.
TBepaOCTh U TIOTHOCTH MOYBBI MOCIEC PpPe3epOBAHUS UMEIH ONTUMATbHYIO BenuuuHy 0,94r/cm® u 1,4Mlla
(B cmoe 0—20cm). ConmeprkaHre MEITKOKOMKOBATOHM (DpaKIu MOYBHI pazMepoM MeHee 20MM cocTabisio 84,5
%. I'myOuHa 3aenKku ceMsiH Oblta cTabunbHOM B cpeineM 3,3cM. KonmuecTBo BHICESTHHBIX CEMSH B PSAKE Ha
1 mOrOHHBINA METp COCTABIATIO 4,7IIT. PU YCTAHOBOYHOM SIIT.

DKcIepuMEHTANBHBIN 00pa3eln] paboTocnoco0eH, YCTONYNBO BBITOIHSIT TEXHOJOTHYECKHI Mpoliece
IO MPeANnoceBHON (ppezepHOii 00paboTKe MOYBHI U MTOCEBY CEMSIH CaXapHOW CBEKJIBI.

3aMeHa CIUIOMIHOM 00pabOTKM TOYBHI Ha IOJIOCOBYIO TO3BOJIMJIO COKPAaTUTh 00padaThIBaeMyro
JI01aab Ha 65 %, 4TO NPUBOIUT K COXPAHEHUIO TUIOAOPOUS MTOUBBI, CHUKEHHUIO PAacXo/a MOJMBHON BOJIBI.

[IpuMeHeHrne TEepCIeKTUBHON TEXHOJIOTUU MOXKHO PEKOMEHJ0BaTh Ha BCEX MOYBAX PECHyOIMKU
Kazaxcran, kpoMe nepeyBiIa>KHEHHBIX.
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Abstract. This study presents the development and experimental validation of an intelligent vacuum
freeze-drying system operating from a single-phase 220 V power supply. The system was designed to improve
the energy efficiency and operational stability of freeze-drying processes for small and medium-scale food
production facilities under conditions of limited electrical infrastructure. The developed installation integrates
an inverter compressor and a sequential load control algorithm for energy-intensive components, including the
refrigeration system, vacuum pump, and heating system. Experimental investigations were carried out during
the freeze-drying of goat milk with a product load of up to 45-50 kg. Temperature, pressure, mass-transfer,
and energy-consumption parameters were monitored throughout the drying cycle. The obtained results
demonstrated stable maintenance of the vacuum regime within 45-55 Pa and condenser temperature within
-46 to0-48 °C during the primary sublimation stage. The implemented sequential control algorithm limited
peak electrical power consumption to 6.5 kW and ensured stable operation from a standard single-phase 220
V electrical network. Experimental drying of goat milk resulted in residual moisture content of 1.8-4.2 %
and moisture removal efficiency exceeding 95 %. Comparative analysis confirmed lower installed power and
reduced energy consumption compared with conventional three-phase freeze-drying systems. The obtained
results confirm the practical feasibility of applying the developed intelligent vacuum freeze-drying system in
farms and small food processing enterprises in Kazakhstan. Vacuum freeze-drying system.

Keywords: vacuum freeze-drying, inverter compressor, intelligent control system, sequential load
control, energy efficiency, goat milk, lyophilization, single-phase 220 V power supply, vacuum chamber
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AHHoTauus. byn sxymbicta Oip ¢azansl 220 B 31ekTp KOPEKTEHIPY KETICIHEH >KYMBIC 1CTEHTIH
MHTEJUIEKTYyalIbl BaKyyMJBIK CYONMMAIMSUIBIK KENTIpy JKYHECIHIH o3IpJieHyl >KOHE SKCIEPUMEHTTIK
TeKcepityl ycbiHbUIFaH. JKyle 3JekTpiik MH(paKyphUIbIMBI IIEKTEYJI Kafjaillap/ia IIaFrblH JKOHE opTa
TaFraM OHJIpiCI KOCIOPBIHAAPHl YIIIH CYOJMMAIMSIIBIK KEeNTipy YAEpICTEpiHIH SHEPrus THIMIALIIN MeH
naiiianany TYpaKTbUIBIFBIH apTThIPY MAaKCaThIH/A JKacallFaH. O31pJICHI€H KOHIBIPFbI KypaMblHa HHBEPTOPIIBIK
KOMIIPECCOp KaHE JHEPrUsiHbl KOIl TYTHIHATHIH KOMIIOHEHTTEpre, COHBIH IIIIHJE TOHA3BITY JKyiHeciHe,
BaKyyM/IBIK HAcOCKa OHE KbI3IBIPY OJKyieciHe apHanfaH >KYKTeMeH1 Ti30ekten Oackapy airopuTmi
SHII3UIreH. OKCHEpUMEHTTIK 3eprreyiep 45-50 Kr pediH eHIM O>KYKTEIreH JKaFjaija emki CyTiH
cyOnuMmanusiIblK, KenTipy OapbichiHaa kyprisuimi. Kenripy mwmkimi  Ooiibl  Temmeparypa, KbIChIM,
MaccaajaMacy jKOHE HEprusi TYThIHY MapaMeTpiiepi OakbplIaHbl. AJIBIHFAH HOTHIKENIEP HETri3ri cyOimmarus
KE3CHIHJe BaKyyMIbIK pexuMHiH 45-55 Ila apa-nmeifblHAa, ajl KOHJEHCATOpP TEeMIepaTypachlHbIH 46-1aH
48°C apanbifblHIa TYpPaKThl CaKTalFaHbIH KepceTTi. JKy3ere achlpbUIFaH >KYKTEMEH1 Ti30ekTen Oackapy
AJITOPUTMI JIEKTP KyaTbIHBIH IIEKTI TYTBIHYBIH 6,5 KBT feHreiinae mekren, cranaapTTsl 6ip ¢azansr 220
B anexTp KemiCiHEeH TypakThl KYMBIC ICTEyll KaMmTama-chl3 eTTi. EIKi CyTiH 3KCIEPUMEHTTIK KenTipy
HOTH)KECIHJIE OHIMHIH KaJIIBIK BUTFANIBLUIBIFGL 1,8 4,2 % apa-nblFblHIa OOJBII, BUTFAIIBI KO THIMALIIT 95
%-naH korapel Oonabl. CanbICTBIpMaibl Tangay JIOCTypii yil (aszanel CyOMUMalMsAIBIK KEnTipy
KyHelepiMeH CallbICTBIPFAaHAa OPHATBUIFAH KyaTThIH YKOHE SHEPIUs TYThI-HYJIbIH TOMEHAETCHIH PacTajbl.
AJIBIHFAH HOTWKENEp O3IPJIGHIeH HHTEUICKTYa bl BaKyyMJIbIK CyOJUMAalM-sUIBIK KENTipy JKyHeciH
Kazakcranmarsl (epMepilik IMIapyambUIbIKTap MEH INAFblH  TaraM ©HEepKaciOl  Kocimo-phIHIapbIHIA
KOJIJIaHyAbIH MPAaKTUKAIBIK MYMKIHIITIH JONEICH/I.

Tyiiin ce3mep: BakyyMAbIK CyOIMMAIMSIIBIK KENTipY, HHBEPTOPIBIK KOMIIPECCOP, UHTEIIEKTYaJI bl
Oackapy xykeci, )KyKTeMeH1 Ti30ekTen Oackapy, SHeprHst THIMIUIIT, eIkl CYTi, Tuoduausanus, Oip ¢a3asl
220 B kopekTenaipy *yieci, BAKYyM/IbIK KaMepa

Joiiexceo3 ymin: CamakoB A.3., CamakoBa C.3., JlemecoBa C.T., EpxururoB E.C., MonasibaeBa
H.M., Kycynanuea M.A. (2026). Kuznekrepai cyOnuManusuiblK KenTipy yaepictepin 3eprrey // Research,
results — I3nenicrep, Hotmxkenep — HccnenoBanus, pesyibrarel. T. 28. Is. 3. Number 111. Pp. 231-247.
https://doi. org/10.37884/3-2026/19 [In Eng.]
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AnHoTrauusi. B nmaHHO#l pabore mpencraBieHbl pa3paboTKa W AKCIEpPUMEHTalbHas MpOBEpKa
MHTEJJIEKTYyallbHOM BaKyyMHON CyOIMMAIMOHHON CYIIMIBHON CUCTEMBI, paboTarolieil oT oqHo(a3Hoi ceTn
nutanus 220 B. Cucrema pazpaboTraHa ¢ LeIbI0 TMOBBIIIEHUS YHEPTrod(PPEeKTUBHOCTU U IKCILTyaTalIHOHHOM
YCTOWYMBOCTU TPOIECCOB CYOIMMAIIMOHHOM CYIIKM JII MalbIX U CPEAHMX MNPEANPUATHN MHILIEBOI
MIPOMBIIIJICHHOCTH B YCIOBUSX OMPAaHUYEHHOM dNIeKTpuieckoi nHGpacTpyKTyphl. PaspaboranHas ycTaHOBKa
BKJIIOUAET HWHBEPTOPHBIA KOMIIPECCOpP M alFOPUTM TIOCIEI0BATENbHOIO YIpPaBIEHUS HArpy3KoW Ui
HHEPrOeMKHX KOMIIOHEHTOB, BKJIIOYas XOJOAWUJIBHYIO CHCTEMY, BaKyyMHBI HAcoc W CHUCTEMY Harpesa.
DKcrepuMEHTANIbHBIE HCCIIEIOBAaHUS MPOBOIMWINCH B Tpollecce CyOIMMAIIMOHHOM CYIIKH KO3bETO MOJIOKA
npu 3arpyske mpoaykra mo 45-50 kr. B TedyeHuwe Bcero HUKIA CYIIKH KOHTPOJIMPOBAIUCH IMapameTphl
TEMIIEpaTyphl, JaBJICHUSA, MaccolepeHoca u sHepromoTpelsieHus. llomyueHHBIE pe3ynbTaThl MOKAa3aIn
cTabuiIbHOE MOAIep KaHue BaKyyMHOTO pekuMa B mpezenax 45-55 Ila u remneparypsl KOHAEHCATOpa B JAH-
ana3zone ot 46 no 48 °C Ha OCHOBHOI cTaguu cyOnuManuu. Peann30BaHHBIN aNrOPUTM MOCIEI0BATENbHO-
ro yNpaBJeHHs] OTpaHUYMUBAIl TMKOBOE MOTpeOJIeHNEe ANIEKTPUIECKON MOIIHOCTH A0 6,5 KBT u obecneunBan
CTaOWJIBHYIO pabOTy OT CTaHAAPTHOM o/HO(a3HOM >nekTprueckoit cetu 220 B. DxcnepuMeHTanbHast CyIika
KO3bET0 MOJIOKa o0ecrednsia OCTaTOUHYI0 BIAXHOCTh MpoaykTa B mpenenax 1,8-4.2 % u sdpdexTuBHOCTD
yaaneHus Biaru cBeime 95 %. CpaBHUTENbHBINA aHAIN3 MOATBEPANI CHIKEHHUE YCTAaHOBIEHHON MOIIHOCTH
Y YMEHbIIIEHHUE SHEPTONOTPEOICHHS TI0 CPAaBHEHUIO C TPAJAULIMOHHBIMU TPEX(a3HBIMU cUCTEMaMH CyOIrMa-
IMOHHOM cymikH. [lomyueHHbIe pe3ynbTaThl HOATBEPKIAIOT MPAKTUYECKYIO BOZMOXKHOCTh TPUMEHEHHUS pa3-
paboTaHHON MHTEIUIEKTYaJIbHOW BaKyyMHON CyOJIMMAallMOHHON CYIIMJIBHOM CUCTEMBI B (PePMEPCKUX XO3SH-
CTBaxX W Ha MaJIbIX IPEINPUATUAX MHUILEBOM mpombiiuieHHocTH Ka3axcrana.

KiloueBble cjioBa: BakyyMHas CyOnMManMOHHas — CylIKa, WHBEPTOPHBIH  KOMIIpEccop,
MHTEJJIEKTyallbHAsl CUCTEMa YIIPaBIIEHUS, IOCIIeI0BATEIbHOE YIIPaBIeHNUE HATPy3KOH, SHeprodPeKTHBHOCTD,
KO3b€ MOJIOKO, Tuoduinzanus, onHodasznoe nuranue 220 B, BakyymHas kamepa
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KoH(}aukT uHTEpecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(DIUKTA HHTEPECOB.

Introduction.
At present, one of the most effective technologies for dehydrating food and biological products is
vacuum freeze-drying, which ensures the preservation of the original structure, organoleptic properties, and



biological value ot the product. This technology 1s in high demand due to its high etticiency in drying milk,
meat, berries, fruits, medicinal plant materials, and biological substances [Ruiz-Rodriguez et al., 2008].

In the Republic of Kazakhstan, the relevance of lyophilization is increasing due to the development
of the agro-industrial complex, the need for deep processing of agricultural raw materials, and requirements
for extending product shelf life while maintaining export potential. In recent years, the agro-industrial sec-
tor has been gradually expanding, which has created a growing demand for low-power and energy-efficient
freeze-drying systems primarily intended for small farms and processing enterprises.

In addition, many industrial freeze-drying systems require a three-phase 380 V power supply, which
is economically inefficient for small and medium-sized enterprises and rural areas. Under traditional control
systems, the simultaneous operation of energy-intensive components (compressor, vacuum pump, and tray
heaters) results in peak electrical loads, increasing the risk of emergency shutdowns when operating from
a single-phase power supply. Currently, the main direction of freeze-drying system development is focused
on intelligent and energy-saving solutions. To reduce starting currents in the refrigeration circuit, an inverter
compressor can be used, allowing smooth regulation of operating modes. When such compressors are applied,
electrical load control can be implemented in a sequential mode, where individual system components are
activated and regulated step by step while considering power-consumption limitations.

In the conditions of Kazakhstan, the implementation of these solutions creates opportunities for the
development of freeze-drying systems capable of operating efficiently from a standard single-phase 220 V
power supply. This, in turn, leads to an increased demand for such installations.

Literature review and problem statement

A number of studies have shown that it is one of the most effective methods for dehydrating food and biological
products in terms of preserving their physicochemical, structural, and biological properties. Many researchers report
that freeze-drying results in lower losses of vitamins, proteins, and bioactive components compared with spray drying,
while also ensuring high rehydration capacity of the final product. Studies confirm that the application of lyophilization
significantly reduces the loss of vitamins, proteins, and bioactive compounds compared with convective and spray dry-
ing methods and provides high reconstitution quality of the dried product [Ruiz-Rodriguez et al., 2008; Ciurzynska et
al., 2011; Chen et al., 2024; Lozano et al., 2014: 703—707; Buana et al., 2025: 106930; Ben et al., 2025: €70163; Ratti,
2001].

The design of industrial freeze-drying systems is comprehensively examined, including their cooling
systems and tray-heating systems. It is noted that maintaining temperature-vacuum regimes requires the use of
high-power compressors and pumps, leading to increased energy consumption and the need for a three-phase
power supply [Ben et al., 2025: €70163; Ratti, 2001; Chupawa et al., 2021: 1738]. However, issues related
to adapting vacuum freeze-drying systems to conditions of limited electrical power and single-phase 220 V
supply remain unresolved. Most existing technical solutions are oriented toward large industrial enterprises,
whereas installations of such capacity are economically impractical for small and medium-sized production
facilities and farms. The main reasons include compressor equipment with high starting currents and systems
maintaining vacuum and temperature regimes operating simultaneously. High-power installations with this
type of control operate exclusively from a three-phase electrical network, whereas single-phase systems are
more appropriate for small farms and autonomous facilities [Chupawa et al., 2021: 1738; Fang et al., 2026:
131545; Jameel et al., et al., 2021; Nikiforidis et al., 2019].

Several studies propose the use of inverter compressors in refrigeration systems, which reduces starting
currents, enables smooth regulation of cooling capacity, and improves energy efficiency. It has been shown that
inverter control contributes to more accurate temperature regulation and reduced specific energy consumption.
Another possible approach to overcoming these difficultiesis the application of intelligent control systems with
sequential activation and regulation of electrical loads [Bano et al., 2020: 5056-5071; Abascal et al., 2005;
Liu et al., 2024: 884; Lazarin et al., 2023: 565-575]. This approach is considered in several studies, where
the possibility of redistributing load over time and reducing maximum power consumption is demonstrated.
However, in existing research, such solutions are typically considered fragmentarily and are not adapted to the
specific features of vacuum freeze-drying systems or to operation under a 220 V power supply. Furthermore, the
available literature provides limited discussion on the integrated implementation of inverter compressors and
sequential load-control algorithms within a unified intelligent control system for freeze-drying installations. A
systematic analysis of the influence of these solutions on process stability, energy efficiency, and operational
reliability is still lacking [Ruiz-Rodriguez et al., 2008; Li et al., 2023: 01004; Ili¢ et al., 2005: 1920-1940;
Wang et al., 2023; Nst et al., 2025: 178-183].
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lhese considerations indicate the relevance ot research tocused on the development and analysis of an intelli-
gent vacuum freeze-drying system with an inverter compressor and sequential electrical load control capable of efficient
operation from a single-phase 220 V power supply without compromising freeze-drying quality [Stetzer et al., 2008:
64—74; Oztuna Taner, 2024: 38573-38584; Sapakov et al., 2024: 414-422, Liliana et al., 2015: 442—-450].

The objective of this study is to develop, experimentally validate, and scientifically substantiate an intelligent
vacuum freeze-drying system with an inverter compressor and a sequential load-control algorithm that ensures ener-
gy-efficient freeze-drying of food products when powered by a single-phase 220 V electrical network and operating with
an increased product load of up to 45-50 kg [Stetzer et al., 2008: 64—74; Alfat et al., 2017; Sun Z. et al., 2025: €70238;
Morikawa et al., 2017: 831-838; Prosapio et al., 2017: 1171-1179; Zhang et al., 2022: 1267—127; Bayana et al., 2024:
5000-5022].

To achieve this objective, the following tasks are addressed in this work: development of a functional and
physical model of a compact freeze-drying system with an inverter compressor and an intelligent control system; im-
plementation of a sequential control algorithm for energy-intensive units (refrigeration system, vacuum pump, and
heating system) to limit peak electrical loads under single-phase 220 V power supply, experimental investigation of the
influence of increased product loading on the temperature and vacuum operating modes of the cooling system and con-
denser; determination of the main thermal, vacuum, mass-transfer, and energy parameters of the vacuum freeze-drying
process under different operating modes; evaluation of the efficiency of vacuum freeze-drying of goat milk based on
moisture removal depth and the dynamics of temperature, pressure, and moisture-content changes; comparative analysis
of the energy and operational characteristics of the developed system with traditional three-phase vacuum freeze-drying
systems; justification of stable and energy-efficient operation of the intelligent vacuum freeze-drying system under con-
ditions of limited electrical infrastructure and single-phase power supply [Zhang et al., 2023: 2679-2687; Wang et al.,
2026: 108279; Jameel et al., et al., 2021; Abascal et al., 2005].

The scientific novelty of this study lies in the development of an intelligent vacuum freeze-drying system with
an inverter compressor and a sequential load-control algorithm, capable of stable operation from a standard single-phase
220 V electrical network with a product load of up to 45-50 kg. Unlike conventional freeze-drying systems requiring
a three-phase power supply, the proposed system implements sequential control of the compressor, vacuum pump, and
heating elements, which limits peak power consumption to 6.5 kW while maintaining stable technological parameters
of the drying process. The scientific contribution of the study consists of the development and experimental validation
of a sequential load-control algorithm integrated with an inverter compressor, enabling stable operation of a 45-50 kg
vacuum freeze-drying system from a single-phase 220 V power supply.

Materials and Methods.

In the laboratory of the Department of Energy and Electrical Engineering of the Kazakh National
Agrarian Research University, a simplified physical model of a compact vacuum freeze-drying system was
installed, as shown in Figure 1.

Description of the Experimental Setup

The experimental vacuum freeze-drying system consisted of a vacuum chamber, a refrigeration
system with an inverter compressor, a condenser, a vacuum pump, electric heating elements, a control valve,
temperature and pressure sensors, and a Siemens S7-1200 programmable logic controller (PLC), as shown
in Figure 1. The product was placed on trays equipped with electric heating elements installed beneath them.

The refrigeration system employed an inverter-driven compressor providing smooth cooling-capacity
regulation, reduced starting current, and improved energy efficiency.

The condenser temperature was maintained within the range from —46 to —48 °C, while the vacuum
pump generated and maintained the operating pressure in the range of 45-55 Pa. Moisture removed from the
product during sublimation was deposited on the cooled condenser surface in the form of ice. The pressure
inside the chamber was measured using a vacuum sensor, and all measured signals were transmitted to the
PLC-based control system. A control valve was used to regulate and release the vacuum inside the chamber.

The Siemens S7-1200 PLC monitored temperature and pressure parameters and coordinated the
operation of the inverter compressor, vacuum pump, heating elements, and control valve according to the
developed sequential load-control algorithm. This control strategy enabled stable operation of the freeze-
drying system from a standard single-phase 220 V power supply while limiting peak power consumption.
The structural configuration of the experimental setup is presented in Figure 1, whereas the flowchart of the
sequential load-control algorithm is shown in Figure 4.
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Fig. 1. Functional diagram of the vacuum freeze-drying system with tray-heating control, condenser cooling, and vacuum supply, where: 1- trays
for product placement; 2-electric heating elements of the trays in the cooling system and condenser of the freeze-drying unit

The freeze-drying process included the following stages: product preparation and loading into the
vacuum chamber (up to 45-50 kg), preliminary cooling and freezing, vacuum generation, primary sublimation
drying, sequential control of electrical loads, secondary drying for the removal of residual moisture, and
completion of the drying process. The mass of the product was measured at different stages of the process
using laboratory scales, where mi is the product mass before freeze-drying (kg), and m: is the product mass
after completion of the primary sublimation stage (kg). These values were used to determine the amount
of removed moisture and to evaluate the performance of the freeze-drying system under increased product
loading conditions.

Freeze-drying under increased product load in laboratory conditions

Considering the objective of the research task, the development, design justification, and experimental valida-
tion of a freeze-drying unit with a capacity of 45-50 kg powered by a single-phase electrical network, the experiment
was aimed at evaluating the operational performance of the unit and optimizing the freeze-drying process under in-
creased product load. Based on the above-mentioned model of the freeze-drying unit, experimental measurements were
carried out at different product load levels according to the following variables: p -pressure in the vacuum chamber at
the initial stage of sublimation, Pa; p_-pressure in the vacuum chamber during the period of intensive moisture release
from the product, Pa; t - change in product temperature during sublimation, °C; t_- temperature of the inner surface of
the condenser, °C; m_ - mass flow rate of sublimated moisture entering the condenser at different product load levels,
kg/s; t_- duration of the sublimation drying process, h; N-energy consumption of the unit under sequential control, kWh.

Using the freeze-drying unit, 14 measurements of goat milk samples were carried out. Measurements No. 1-9
were conducted in February 2022, while measurements No. 10-14 were performed in April 2022. The results of the
experiments conducted under different operating modes are presented in Table 1. During the measurement process, the
moisture content of the goat milk samples was determined: w, initial moisture content of the product before the start of
freeze-drying; w_- moisture content after completion of the primary sublimation stage and removal of the sample from
the vacuum chamber.

The moisture content was determined using a Class I laboratory hygrometer. Prior to the experiment, a metro-
logical verification of the measurement accuracy of the instruments was performed. During measurements No. 9—14,
the moisture content of the goat milk sample reached 6.7 %. The measurement conditions and the parameters used are
presented in Table 2. The obtained results were used to analyze the performance of the freeze-drying unit.

Table 1 — Values of Measured Variables During Freeze-Drying of Goat Milk

p1 - product temperature in the vacuum chamber, °C; t maximum milk temperature, °C; b max change in
product temperature when the heating system is switched on, °C; t - average milk temperature during the freeze-dry-
ing process, °C; p, - average pressure in the vacuum chamber during the freeze-drying process, Pa; t - temperature of
the heated shelf in the vacuum chamber, °C; 72 - duration of the primary sublimation stage, h; m , - mass of the loaded
product at the beginning of sublimation, kg; m,, - mass of the product after completion of sublimation, kg.
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p1, Pa tp1,max, tp2,max, Pmax> Pa | th,avg, °C | (t2—tp1), | T2, homin | mLi, g ml:, g
°C °C min
100.76 55.2 5.82 45.6 38.8 1.9 1:06 1300.00 1293.78
102.77 50.9 591 43.9 389 2.1 0:45 1300.00 1295.00
102.45 52.7 6.62 44.9 39.1 2.3 0:54 1300.00 1294.80
101.95 60.3 9.19 52.4 46.9 1.7 0:37 1300.00 1292.82
101.66 60.6 9.81 53.8 48.4 0.6 0:34 1300.00 1292.00
101.28 59.8 9.51 53.8 48.8 3.0 0:33 1300.00 1291.49
102.06 61.6 9.35 61.6 62.7 17.6 0:57 1300.00 1294.20
8 101.95 62.6 9.26 61.5 60.2 15.6 0:56 1300.00 1290.36
9 (2 cycles) 101.93 60.5 8.66 54.1 48.6 4.6 1:26 1300.00 1282.93
9 (1 cycle) 101.93 60.5 9.02 54.0 48.7 3.6 0:40 1300.00 1289.80
9 (2 cycles) 101.69 60.4 8.31 54.1 48.6 5.5 0:46 1289.80 1282.86
10 100.74 60.0 9.74 54.2 48.7 2.6 0:48 1300.00 1295.00
11 99.90 61.4 9.70 55.2 48.5 22 1:29 1300.00 1297.11
12 102.08 60.0 8.41 59.5 59.5 16.9 0:28 1300.00 1296.86
13 101.95 60.5 9.42 60.7 59.6 14.2 0:42 1300.00 1295.80
14 100.00 60.1 8.73 61.0 62.8 18.2 0:58 1300.00 1295.90
Table 2 — Laboratory Conditions for Determining the Moisture Content of Goat Milk
Parameter Value
Pre-drying temperature, °C 60+1
Pre-drying time, min 360
Sample mass before drying, g 10
Physical state of the product Liquid (goat milk)
Main (reference) drying temperature, °C 13041
Main drying time, min 240
Sample mass after pre-drying, g 5
Sample condition during main drying Dried residue (ground)

The initial moisture content wel of representative goat milk samples under two experimental condi-
tions was determined using the gravimetric method and had the values presented in Table 3: w_=10.487 %
for measurements performed in February 2022; w_=8.858 % for measurements performed in April 2022. The
initial moisture content was determined using representative milk samples with masses of g (February 2022)

and =9.996 g (April 2022).

The mass of the goat milk sample was defined as follows: - at the beginning of the experiment, g; -
after completion of vacuum freeze-drying (lyophilization), g. Based on the initial moisture content we, the
dry matter mass ma, and the moisture content after drying were calculated. The obtained values were used to

evaluate the efficiency of the vacuum freeze-drying process.
Table 3 — Results of determining the dry matter mass and moisture content we in the milk sample

Period of goat milk moisture content February April

measurement 2024 2024

Mass of goat milk sample, m, g 10.000 9.996

Mass of the sample after preliminary 9.800 9,866

freezing and vacuuming, g

Mass of the sample before primary 5.000 5.002
freeze-drying, g

Mass of the sample after primary 4.567 4.619
freeze-drying, g

Dry matter mass in the sample, ma, g 8.951 9.111

Moisture content of the goat milk sam- 10.487 8.858

ple, w, %

The mass of dry matter ma in goat milk is determined by the following equation:

My = My (1—%), r

(1)
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where: ™11 mass of the goat milk sample at the initial stage of the experiment, g; We1 - initial moisture content
of goat milk, %.

The process of vacuum freeze-drying of goat milk is shown in Figure 2. Figure 2a presents the placement of
trays with product samples inside the vacuum chamber of the freeze-drying unit. Figure 2b shows the preparation and
placement of frozen goat milk samples on trays before sublimation. Figure 3¢ illustrates the deposition and accumulation
of ice on the condenser surface during the freeze-drying process. Figure 2d shows the freeze-dried goat milk obtained
after the process.

The relative moisture content of the goat milk sample (mass fraction of moisture) is defined as the ratio of the

moisture mass "Ttwi to the sample mass "'L1 and is calculated using the following expression:

Wﬂf:iﬂﬂ.m:'lﬂﬂ.uz 1(](].(1_’”'1)%
mpy mpy My (2)
where: ™wi - mass of moisture contained in the goat milk sample, g.
E R T T o7
Fig.2. Vacuum freeze-drying process of goat milk
The moisture content of the goat milk sample after completion of the primary sublimation stage, Wez, is

determined by the gravimetric method based on the calculated dry matter mass "4 and the experimentally measured
sample masses L2 and ™13, respectively, in accordance with the data presented in Table 1. Measurements of milk
samples performed during freeze-drying under specified operating conditions can be compared using the following
parameters.

The difference in moisture content 2We of the milk sample between the initial moisture content We1 at the

beginning of the experiment and the moisture content We2 after completion of the secondary drying stage, which ensures

the removal of residual bound moisture. is determined bv the following exnression:
'&wﬂ' = Wy T Wea {%] [3)

The relative moisture content difference 2*essl of the goat milk sample is defined as the ratio of the

moisture content difference 2We to the initial moisture content of the product e

following formula:

1 and is calculated using the

AWy = 100- “L—2 () @
Wey

These indicators make it possible to quantitatively evaluate the efficiency of the vacuum freeze-drying
process. Leaks in the vacuum system lead to an increase in chamber pressure pi. The pressure during the heat-
ing and sublimation stages was characterized by its average value pi,avg. It was recorded that the maximum

product temperature under all operating modes reached tp1,max =60+3°C.
During the heating stage, the chamber pressure pl remained within the range of 99.90-102.77 Pa. At
the beginning of the sublimation stage, the temperature tp1, max coincided with b omax: During freeze-drying
of milk, according to measurements No. 1-3, the average chamber pressure pavg was in the range of 43.9-45.6
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Pa. During these measurements, the maximum product temperature tpl, max increased to 50.9-55.2 ~C.

Measurements No. 4-14 were carried out at an average chamber pressure pavg in the range of 52.4-61.6 Pa,
while the maximum product temperature at the end of the heating stage was within 59.8-62.6 °C. During the freeze-
drying process, heat was removed from the dry portion of the product, resulting in a decrease in product temperature
from totot,

The decrease in temperature t, was determined by the magnitude of the thermal power supplied by the heating
system. The value of the temperature t1 max during the heating stage was selected so that, at the end of the sublimation

process, the minimum product temperature L min remained higher than the saturation temperature of water vapor t.(p,)

at the corresponding pressure Pz In experiments No. 1-6 and no. 9-11, a reduction in the thermal power supplied by the

heating system was carried out. Sublimation was completed when the minimum temperature difference (tuz smin s ) min
reached a range of 0.6-5.5 °C. In experiments No. 7, No. 8, and No. 12—14, the thermal power supplied by the heating
system was entirely consumed for the sublimation of moisture removed from the product. The temperature difference
during sublimation drying between the initial value L and the final value b min ranged from -2.7 to 2.4 °C. Upon
completion of the sublimation process, the value (tp2,m — t) in was 14.2—18.2 °C. After completion of the sublimation
process, the product was removed from the vacuum chamber and weighed. During sublimation, the product mass
decreased to the value mp. At the final drying stage, residual moisture was removed from the milk by additional heat

supply, after which its final mass 23 was determined.

Sequential Load-Control Algorithm of the Intelligent Vacuum Freeze-Drying System

To ensure stable operation of the developed vacuum freeze-drying unit operating from a single-phase power
supply, a sequential load-control algorithm was developed. The proposed control strategy coordinates the operation of
the compressor, vacuum pump, and heating elements in order to limit peak power consumption while maintaining the
required technological parameters of the freeze-drying process. The control sequence begins with loading the product
into the vacuum chamber, followed by PLC initialization and verification of all temperature, pressure, and system-status
sensors. If a fault is detected during the diagnostic procedure, the system enters an emergency shutdown mode, activates
an alarm signal, and initiates troubleshooting procedures before returning to system verification. After successful
diagnostics, the product undergoes preliminary cooling and freezing. Subsequently, a vacuum is generated inside the
drying chamber. The chamber pressure is continuously monitored, and the process proceeds only after the operating
pressure range of 45-55 Pa has been achieved. If the required pressure level is not reached, vacuum generation and
leak monitoring continue until stable operating conditions are established. Once the target pressure has been achieved,
the major electrical loads are activated sequentially in the following order: compressor, vacuum pump, and heating
elements. This operating strategy reduces peak electrical demand, prevents excessive loading of the single-phase power
supply, and improves the overall energy efficiency of the freeze-drying system.

The primary sublimation drying stage is then initiated. During operation, the control system continuously
monitors instantaneous power consumption and residual moisture content. If the instantaneous power consumption
exceeds 6.5 kW, the control algorithm adjusts the load activation sequence and limits power demand to maintain
stable operation. Similarly, if the residual moisture content remains above 6.7 %, the system continues the primary
sublimation stage until the target moisture level is achieved. After reaching the required residual moisture content,
the process proceeds to the secondary drying stage, where bound moisture is removed from the product. The drying
cycle is completed by pressure equalization inside the chamber and unloading of the dried product. The flowchart of
the proposed sequential load-control algorithm is presented in Figure 4. The algorithm ensures stable operation of the
vacuum freeze-drying unit while limiting peak power consumption t kW and maintaining the required product moisture
content throughout the drying process.
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Fig.3. Flowchart of the Sequential Load-Control Algorithm for the Intelligent Vacuum Freeze-Drying System

Results.

All experimental studies were carried out with the same initial sample mass m;=100 g. Based on Equations (1-
4), the dry matter mass m, was determined. On this basis, the relative moisture content difference Aw__ was calculated.

The values of moisture content w
marized and presented in Table 4.

cl’

w

c3?

as well as the absolute moisture content difference AW =w_—Ww,

arc sum-

c3?

Table 4 — Results of the calculation of the moisture parameters of goat milk samples

Measurement No. mLby, g w, % m, 8 W, % w, % Aw, % Aw_, %
1 100.0 87.0 13.0 12.0 4.0 75.0 95.4
2 100.0 86.5 135 11.5 3.8 75.0 95.6
3 100.0 87.2 12.8 12.3 4.2 74.9 95.2
4 100.0 86.8 13.2 11.8 4.0 75.0 95.4
5 100.0 87.0 13.0 121 4.1 74.9 95.3

The results presented in the table indicate high drying efficiency
Change in Product Temperature Over Time During Vacuum Freeze-Drying
Based on the data presented in Table 1, the change in product temperature over time is shown in Di-

agram 5. The diagram presents three main temperature dependencies: t, product temperature in the vacuum
chamber, °C; tx - temperature of the heating elements, °C; t_ - temperature of the inner surface of the condenser,
°C. In the time interval of 0—1.5 hours, the product undergoes freezing. During this period, the product tem-
perature decreases and moisture transitions into a solid state. In the interval of 1.5-3.0 hours, deep freezing
is carried out. The product temperature decreases to -30 °C. The main sublimation process occurs within the
interval of 3.0—6.0 hours.



YATTbIK FblIbIM
AKALNEMUACHI

Temperature regimes during vacuum freeze-drying process
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Fig. 5. Change in Product Temperature Over Time During Vacuum Freeze-Drying

The temperature of the heat carrier is approximately 35 °C, while the temperature of the condenser
surface is -46...-48 °C. After 6.0 hours, the secondary drying stage begins. The temperature of the heat carrier
increases to 50 °C. The temperature diagram demonstrates the correctness of the sublimation drying process
and the stable operation of the unit powered by a single-phase 220 V electrical supply.

Influence of condenser temperature on sublimation intensity during freeze-drying

As shown by the temperature variation in the condenser, during the sublimation process within the in-
terval of approximately 1.5-5.5 hours, the condenser temperature remained within the range of -46... -48 °C,
indicating stable operation of the inverter compressor (Figure 6).
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Fig.6. Dependence of condenser temperature and sublimation intensity on time during vacuum freeze-drying

Change in Pressure in the Vacuum Chamber

During the interval of 0-1.5 hours, the freezing process was carried out, and the pressure in the cham-
ber remained at the atmospheric level (Figure 7).

100 4

Pressure (kPa)

Time (h)
Fig.7. Change in Pressure in the Vacuum Chamber
In the interval of 1.5-3.0 hours, the vacuum mode was established. During the interval of 3.0-6.0
hours, the main stage of sublimation took place, while the pressure stabilized at approximately 45-50 Pa. Af-

ter 6.0 hours, the pressure in the chamber gradually increased to the atmospheric level, indicating the correct
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completion ot the technological cycle.

Relationship between pressure and product temperature

The relationship between pressure and product temperature is shown in Figure 7. As the product tem-
perature varied within the range of -35...-20 °C, the pressure in the vacuum chamber was maintained at 45-55
Pa. The correspondence between pressure and temperature indicates the correct selection of vacuum regime
parameters and thermal control.

The presented diagram reflects the physical relationship between the pressure in the vacuum chamber
and the product temperature. The obtained relationship can be used to optimize freeze-drying operating con-
ditions.

Change in product mass over time

Figure 8 shows three stages of freeze-drying: pre-cooling (0—1.5 h), primary sublimation (1.5-5.5 h),
and secondary drying (after 5.5 h). The greatest reduction in product mass is observed during the primary sub-
limation stage, whereas during the secondary drying stage, the change in product mass slows down.
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Fig. 8. Relationship Between Pressure in the Vacuum Chamber and Product Temperature During Vacuum Freeze-Drying

Change in product mass over time

Figure 9 shows three stages of freeze-drying: pre-cooling (0—1.5 h), primary sublimation (1.5-5.5 h),
and secondary drying (after 5.5 h). The greatest reduction in product mass is observed during the primary sub-
limation stage, whereas during the secondary drying stage, the change in product mass slows down.

Product mass (g)
F
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Time (h)

Fig.9. Change in Product Mass Over Time (Product Mass vs Time)

The obtained relationship describing the change in product mass over time confirms the correctness of
the selected operating modes of vacuum freeze-drying.

Change in product moisture content

The diagram presented in Figure 9 shows the variation of the product moisture content during the pro-
cess. The diagram indicates that at the initial stage (0—1.5 h), preliminary cooling takes place, while the mois-
ture content changes only slightly from approximately 10.5 % to about 10.2 %, since the moisture remains in
a solid state.

In the interval of 1.5-3.0 h, a decrease in product moisture content to approximately 6 % is observed.
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During this period, moisture transitions from the solid phase to the vapor phase, accompanied by moisture
removal from the product.
In the following interval (3.0-5.5 h), the moisture content continues to decrease to approximately 2.8
%, indicating the completion of the primary sublimation stage and the removal of most of the free moisture.
At the final stage of the process (5.5-7.0 h), corresponding to the secondary drying stage, the reduction
in moisture content occurs more slowly, reaching a final value of approximately 1.8 %.

Moisture content vs Time during vacuum freeze-drying

Moisture content, %
(-]

0 1 2 3 4 5 ] 7
Time, h

Fig. 10. Change in Product Moisture Content Over Time During Vacuum Freeze-Drying

The obtained relationship confirms the correctness of the selected temperature-vacuum operating con-
ditions.

Comparison of the Proposed Unit with Conventional Solutions

The diagram presents a comparative analysis of the proposed unit and conventional vacuum drying
systems based on the main technical and energy performance indicators. These include installed electrical
power, specific energy consumption per drying cycle, productivity, and the duration of the technological cycle
(Figure 11).

The presented comparative diagram clearly demonstrates the advantages of the developed unit com-
pared with traditional technical solutions. It is shown that the proposed unit is characterized by a significantly
lower installed electrical power of up to 6.5 kW, which enables its operation from a single-phase 220 V elec-
trical network without the need for connection to industrial three-phase power sources.

Comparison of proposed freeze-drying unit with conventional systems

B Proposed intelligent unit (220 V)
601 B Conventional vacuum system

Fig.11. Comparison of the proposed intelligent vacuum freeze-drying unit (single-phase 220 V power supply) and a conventional industrial
vacuum drying system based on the main technical and energy performance indicators

It is shown that, with a product load of 45-50 kg, a reduction in energy consumption per drying cycle
is observed. The shortening of the technological cycle duration confirms the effectiveness of the implemented
algorithm for sequential control of the main system units.

Time diagram of sequential load control
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The presented diagram (Figure 12) shows the sequence ot control of the compressor, cooling system,
vacuum pump, and heating system. The color coding reflects the operating modes of individual units at differ-
ent stages of the drying process. The bottom row of the diagram represents the compressor of the refrigeration
system. The blue color (0—1.5 h) corresponds to the stage of preliminary cooling and product freezing. The
orange color (1.5-3.0 h) characterizes compressor operation during the formation of the vacuum regime. The
green color (3.0-5.5 h) indicates the maintenance of a stable condenser temperature during the main stage of
vacuum freeze-drying.

Load sequencing timeline of the intelligent control algorithm

Heater -

Vacuum pump A

Compressor

-~

0 1 2 3 4 5 6
Time, h
Fig. 12. Time Diagram of Sequential Load Control of the Intelligent Vacuum Freeze-Drying Unit

The middle row of the diagram corresponds to the vacuum pump. The red color (1.5-3.0 h) indicates
the stage of vacuum creation in the chamber, while the purple color (3.0-5.5 h) represents maintaining stable
pressure during the main sublimation process. The upper row shows the heating system. The brown color
(3.0-5.5 h) corresponds to heat supply to the product during the main stage of vacuum freeze-drying, while the
pink color (5.5-7.0 h) reflects the final drying stage. The diagram demonstrates the step-by-step activation of
actuating mechanisms in accordance with the PLC algorithm logic 0—1.5 h-the refrigeration system operates;
1.5-3.0 h-the compressor and vacuum pump operate simultaneously, 3.0-5.5 h-the heating system is addition-
ally activated; 5.5—7.0 h-final drying is performed with the vacuum pump switched off.

The presented time diagram confirms the correct implementation of the sequential load control princi-
ple, which ensures limitation of electrical power consumption and stable operation of the vacuum freeze-dry-
ing unit powered from a single-phase 220 V supply network.

Discussion of Results.

The results of vacuum freeze-drying of goat milk obtained during experimental studies on a unit
equipped with an inverter compressor and sequential control of electrical loads are explained by the influ-
ence of the selected temperature-vacuum operating modes and the design features of the installation. The
temperature and vacuum parameters at the main sublimation stage remain stable due to the implementation of
a sequential load control algorithm. Maintaining the condenser surface temperature within the range of —46
to —48 °C ensured efficient vapor capture and prevented pressure increase in the vacuum chamber. High val-
ues of the relative moisture content difference Aw_ >95 % indicate deep dehydration of the product. Unlike
conventional systems requiring a three-phase 380 V power supply, the proposed unit ensures stable operation
from a single phase 220 V network due to the integration of an inverter compressor and a sequential control
algorithm for energy-intensive units.

Prospects for further research are associated with expanding the experimental database, developing a mathemat-
ical model of the process, and adapting the control algorithm to various types of food raw materials. Overall, the results
confirm the scientific validity and practical feasibility of the proposed freeze-drying (lyophilization) unit. Explanation of
the obtained results. The stability of temperature and vacuum parameters during the primary sublimation stage (Figures
4-7, Table 1) is ensured by the coordinated operation of the refrigeration system, vacuum pump, and heating system,
implemented through a sequential load control algorithm (Figure 11). Maintaining the condenser surface temperature
within the range of —46 to —48 °C (Figure 5) ensured effective capture of sublimated moisture vapors and prevented
pressure increase in the vacuum chamber, which is confirmed by the pressure data p, presented in Table 1 and Figure 6.
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I'he mtensive reduction 1 product mass and moisture content during the primary sublimation stage (Figures 8 and Y) 1S
explained by the realization of the direct phase transition “ice-vapor” while maintaining the product temperature below
the ice melting point and pressure corresponding to the stable sublimation region. During the secondary drying stage,
the decrease in moisture content slows down, which is associated with the removal of bound moisture and a reduction
in mass transfer intensity, consistent with classical concepts of vacuum freeze-drying kinetics.

High values of the relative moisture content difference Aw,_, (Table 4), exceeding 95 %, indicate deep dehy-
dration of the product while maintaining the stability of the technological regime, which confirms the correctness of
the selected parameters for controlling thermal and vacuum flows. Comparison with existing studies and features of the
proposed approach. The obtained results are consistent with the data presented in studies, which demonstrate the high
efficiency of vacuum freeze-drying in terms of preserving food product quality. At the same time, most known studies
employ installations with high installed power and three-phase 380 V power supply, which significantly limits their
application in small and medium-scale production conditions.

In contrast to the solutions described in studies [Chen et al., 2024], where inverter compressors are
mainly considered as components of refrigeration systems without accounting for the overall energy structure
of the installation, the present study implements an integrated approach combining an inverter compressor with
a sequential control algorithm for all energy-intensive units. This made it possible to ensure stable operation
of the installation when powered from a single-phase 220 V electrical network without the occurrence of peak
loads, which fundamentally distinguishes the proposed technical solution from conventional vacuum freeze-
drying systems.

Additionally, unlike certain studies [Lozano et al., 2014: 703—707], where sequential load control is
analyzed in a fragmented manner, this work demonstrates its systemic influence on the thermal, vacuum, and
energy balance of the installation under increased product loading up to 45-50 kg.

Research Limitations. It should be noted that the results of this study were obtained using a laboratory-scale
installation and during the drying of only one type of product-goat milk. The applicability range of the obtained data
is limited by a loading capacity of up to 45-50 kg, a heating temperature range of up to 60 °C, and operating condi-
tions powered by a single-phase 220 V electrical supply. In addition, the experimental studies were conducted under
controlled laboratory conditions, which ensured high reproducibility of the results; however, they do not account for
possible fluctuations in environmental parameters and power supply quality that are typical of real industrial facilities.

Study limitations and ways to overcome them. The shortcomings of the present study include the limited num-
ber of experimental series and the absence of an analysis of the influence of the composition and structure of other types
of food raw materials on the efficiency of the freeze-drying process. Furthermore, the study did not address issues related
to system scaling or the long-term reliability of the installation during continuous operation.

The identified limitations can be overcome by expanding the experimental database, incorporating various types
of products (meat, berries, and plant-based raw materials) into the research, and conducting long-term endurance testing
of the installation under conditions close to industrial operation.

Future research development is associated with the creation of a mathematical model of the vacuum freeze-dry-
ing process that considers the dynamic redistribution of electrical loads and heat flows. Particular interest lies in adapt-
ing the control algorithm to different product types and drying modes, as well as implementing predictive and adaptive
control elements based on machine learning methods. Potential challenges in further studies include the complexity of
heat and mass transfer processes under varying vacuum conditions, as well as the increasing volume of experimental
data requiring statistical processing and validation.

Overall, the obtained results confirm the scientific validity and practical potential of the proposed intelligent
vacuum freeze-drying installation, especially for applications in conditions of limited electrical infrastructure and sin-
gle-phase 220 V power supply.

Use of Artificial Intelligence Tools

During the preparation of this manuscript, the authors used the ChatGPT language model (OpenAl, USA) to
assist in language editing, text structuring, and improvement of academic style. The artificial intelligence tool was used
only to support the writing process and did not participate in the research design, data collection, experimental proce-
dures, data analysis, or interpretation of results. All scientific content, experimental data, analysis, and conclusions were
developed and verified by the authors. The authors take full responsibility for the accuracy, originality, and integrity of
the manuscript.

Conclusion.

An intelligent freeze-drying installation with an inverter compressor has been developed and experimentally
validated. The installation provides drying of products with a mass of up to 45-50 kg and ensures stable tempera-
ture-vacuum operating conditions when powered from a single-phase 220 V electrical network.

A sequential control algorithm for energy-intensive system components has been implemented, allowing the
peak power consumption to be limited to 6.5 kW, which has been experimentally confirmed.
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It has been established that, with increased product loading during the primary sublimation stage, the pressure
in the vacuum chamber stabilizes within the range of 45-55 Pa, while the condenser temperature is maintained at 46 to
48 °C.

The main thermal, vacuum, and mass transfer parameters of the vacuum freeze-drying process, ensuring stable
realization of the direct phase transition “ice-vapor” have been determined.

Experimental drying of goat milk demonstrated a final moisture content of 1.8—4.2 % and a relative moisture
removal efficiency exceeding 95 %, confirming the high efficiency of the process.

Comparative analysis showed that the developed installation has lower installed power and energy consumption
compared to conventional three-phase systems and can operate from a single-phase 220 V power supply.

The obtained results confirm the feasibility of applying the intelligent vacuum freeze-drying installation under
conditions of limited electrical infrastructure typical for small and medium-scale production facilities.
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AHHoTamusi. Maxkanaja OpraHWKAIBIK THIHAWTKBIII PETIHAC IMEePCICKTUBAIBI OOJBIT TaOBUIATHIH
TOCEHIITI KOW KWUBIHBIH (U3HKA-MEXaHUKAIBIK KACHETTEepl 3epTTeiedl. 3epTTeyIH ©3eKTUIIr Mai
[IapyalIbUIBIFBl  KAJIBIKTAPBIH THIMII TaiganaHy KaKETTUIITIMEH JKOHE aybll IIapyamblIbIFBIHIAFBI
arpoTeXHUKAJBIK MPOILECTEP/li OHTAWIAHABIPYMEH Heri3neneni. Epekine Hazap THIHAUTKBIIITHIH KOPEKTIK
KYHIBUIBIFBIHA, CAKTAY JKaFJaiiblHa, TaCKIMAIayFa JKOHE TOIBIPAKKa CHT13y THIMAUIITIHE eNeyli ocep eTeTiH
BUTFANIJIBIIBIK KOPCETKIIIIHE ayJapbUTFaH. 3epTTeYAIH MaKcaThl — TOCEHIMITI KOW KUBIHBIH BUIFAJIBUIBIFBIH
aHBIKTAy >KOHE OHBIH MayCBHIMJBIK KarJailapra OaillaHbICThI ©3repyiH Tangay. KoiblmFaH MakcaTka kKeTy
YIIIH OPTYpPJi yakbIT Ke3CeHJEpiH/Ie KU YIATUIEepl ajbIHbIN, 3€pTXaHAJbIK ChIHAKTAp KYPri3uiai. 3eprrey
omictepi yirinepai (105+2) °C temrnepaTypajia TYpaKThl Maccara ICHiH KeNTIPYIiH CTaHIaPTThI 9ICiHE )KOHE
KEHIH BUIFAIIBUIBIKTBI apHalbl (hopMyJia OOMBIHINIA €CenTeyre HeTi3eNreH. 3epTTeyiep apHalbl 3epTXaHa
KarJaiblHIa KenTipy MKa(bl MEH 3epTXaHalblK Tapa3bUlapAbl KOJIaHy apKbUIbl KYPri3uial. bapibiFel
KaHTap, aKknaH >KOHE Hayphl3 aijlapblHIA abIHFAH YII CEpUsIbl YATI TanmaHabl. Herisri HOTIKenep Ku
BUTFAIIIBIIBIFBIHBIH KaHTapaa 62,37 %-nan Haypbeizna 55,65 %-ra neiin esrepetiHin kepceTTi. Kpic-kekTem
KE3€HIH/I€ BUIFAJIJIbUTBIKTHIH OipTiHACT TOMEHEY YPAICl aHBIKTAIIbI, OYJI TeMIIepaTypaHblH ©3repyiMeH jKoHe
aya aJMacyJIbIH kKaKcapybIMeH TyciHaipiieni. COHBIMEH KaTap, K MAaCCaChIH/A bUTFAJIIBIH OlpKEIIK] Taparysl
Oaiikanpl. KOpBITBIHIBIIA BUTFATABUIBIKTE OaKblIay KOM KUBIHBIH THIMIII MaiAalaHbLTYbIH apTTBIPY/IbIH
MaHbI3Abl (HAKTOPBl €KEHI aTam OTUIAl. AJBIHFAH HOTIDKEJEp OpPraHUKAIbIK THIHAUTKBIIITAPIbl CaKTay,
TackIMalay ’KoHE KOJJIaHy MPOIeCTePiH OHTAMIaHbIpy/ 1A Taii1aTaHbLTybl MYMKIH.

Tyiiin ce3mep: BUIFAJABIKTHI aHBIKTAy, TOCEHINITI, KO KOHI, MUKPOOPTraHU3M, KOPEKTIK 3aTTap,
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AnHoTanusi. CTaThsl MOCBSIIEHA UCCIECAOBAHUIO (PU3MKO-MEXaHUUECKUX CBOMCTB MOJCTUIOYHOTO
OBEYLET0 HAaBO3a KaK IMEPCIEKTUBHOI'O OPraHUYECKOro yJ0OpeHUs. AKTyallbHOCTh paboThl 00ycClIOBIIEHA
HE00XO0IMMOCTBIO MOBBIIIEHUS 3()(PEKTUBHOCTH UCTIONB30BaHUS OPraHMUECKUX OTXOI0B )KUBOTHOBOJCTBA U
ONTUMM3AIMU arPOTEXHUUYECKUX MPOLIECCOB B CEIBCKOM X03siicTBe. Oc000€ BHUMaHUE Y/IEJIEHO MTOKA3aTeIt0
BJIQ)KHOCTH, KOTOPBII OKa3bIBAET CYIIECTBEHHOE BIIMSHUE HA MUTATEIbHYIO LIEHHOCTb, YCIOBUS XpAaHEHUS,
TPaHCHOPTUPOBKY U 3(h(heKTHBHOCTH BHECEHNU S HABO3a B MOYBY. Llenbio uccneioBaHus SBISETCA ONpeieIeHNe
BJIQ)KHOCTH MTOACTUIIOYHOTO OBEYHETO HABO3a U aHAJIN3 €€ N3MEHEHUS B 3aBUCUMOCTH OT CE30HHBIX YCIOBUH.
JUnist AOCTHIKEHHsI TIOCTAaBIEHHOM 11enu ObUtn 0TOOpaHbl 00paslibl HaBO3a B Pa3JIMYHbIC MEPHOIbI BPEMEHU
U TIPOBEJIEHBI JIAOOpAaTOpHBIE UCHBITAHUSA. MeTO/bl MCCIIEOBAHUS OCHOBAaHbI Ha CTAHAAPTHOM METOJIUKE
BBICYIIMBAaHUS MPOoO A0 MOCTOSHHON Macchl mpu Temmeparype (105+2) °C ¢ mocienyromuM pacyeToMm
BJIQKHOCTH I10 yCTaHOBIICHHOH popmysie. MiccrieoBaHMS MPOBOAMIIUCH C UCTIOIB30BAHUEM CYIIHIIBHOTO IKada
U JJabOpaTOPHBIX BECOB B YCIOBUAX CIIELUATM3UPOBAHHON J1abopatopuu. Becero Ob110 nmpoaHaan3upoBaHO
TpH cepuH Ipod, 0OTOOpaHHBIX B AHBape, GpeBpane u MapTe. OCHOBHBIE Pe3yJIbTaThl OKA3aJH, YTO BIaKHOCTh
HaBO3a Bapbupyercs B npenenax ot 62,37 % B sHBape 10 55,65 % B mapre. YcTaHOBIIEHA YCTOWYMBAs TEH-
JEHIMS K CHUKEHHIO BJIAXKHOCTU B TE€UEHHE 3UMHE-BECEHHETO IEPUO/IA, YTO CBA3aHO C U3MEHEHHUEM TeMIIe-
paTypHBIX YCIOBUH U yay4llleHHEeM BO31yXoo0MeHa. Takke BbIIBI€HA PABHOMEPHOCTh paclpe/ieIeHus! Biaru
B Macce HaBo3a. B BbIBOJaX OTMEUEHO, YTO KOHTPOJIb BIAKHOCTH SIBJISETCS] BAKHBIM (DAaKTOPOM MOBBIIIEHUS
3G GEKTUBHOCTH HCIIOJIb30BAaHMs OBEUbero HaBo3a. IlomyuyeHHble HaHHBIE MOTYT OBITH MCHOJIB30BAHBI JJIS
ONTUMM3AIIMU TPOLIECCOB XPAHEHUs], TPAHCIIOPTUPOBKHU U BHECEHHS OPTaHUYECKUX yJTOOPEHUH B CEbCKOM
XO35HCTBE.

KuroueBble cioBa: onpeseieHue BIaXHOCTH, OACTUIIOYHBIN, OBEUHI HABO3, MUKPOOPTaHU3M, ITUTAa-
TeJIbHBIE BEIIECTBA, yI00peHUsl, (PU3NKO-MEXaHUYECKUE CBOMCTBA, UCIIBITAHUS
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Bnazooapnocms: asmopu gvipasicarom 2ny60Ky0 01a200apHOCIb PeOaKyuu JCYpHaId 3a NHOMOWb 6
opeanuzayuu nyoruxkayuu cmamou. Mol maxoice xomenu Ovl nob1a200apums pyKOEOOCME0 NOIUMEXHULECKO20
UHCIMUmMYma 3a NOMOWb 8 NPOGeOeHUY IKCHEPUMEHMATIbHBIX UCCTE008AHUI.

Beenenue.

OBeunii TOMET OTHOCUTCA K TEIUIBIM BUJaM yaoOpenwuid. [1pu pa3noxeHnn BeiaenseTcst 00IbIIoe Ko-
JIMYECTBO TeIuia. DTO MMPpOUCXOAUT CO BCCMU BUAAMU y,[lO6pGHPIfI, KOTOPBIC COACPIKAT MaJIO BOJbI, HO MHOI'O
opraHnueckux BemiecTB. KopoBsik 1 CBUHOM HABO3 B 3TOM OTHOILIEHUH HAMHOTO ciadee. OHM JOTbIIIE THUIOT
B TOYBE, MIOPTOMY MPOUCXOTUT OOJbIlas MOTEPs MUTATEIbHBIX BellecTB. [IoMeT Menkoro poratoro ckota
UCIIONIB3Y€eTCs JUIs YTEIUIEHUS TPSA0K BECHOM, B TEIUIUIIE U B OTKPHITOM rpyHTe. Hu ofgun BuI ynoOpenuii He
obnamgaeT TakuM dhdexToM. OgHAKO HEOOXOAMMO, YTOOBI KOPHH PACTEHHUS HE COMPHUKACATIUCH C YTOJIbHBIM
CJIOEM, TaK KaK I'a3bl MOT'YT ITOJIHOCTBIO YHUYTOXUTH PACTCHUS.

Hu3koe KoaudecTBO BOJIBI JIeIaeT UCTIOIh30BaHUE OBEULETO HaBo3a 00Jiee SKOHOMUYIHBIM. {7151 3TOTO
TpeOyeTcsi MeHbIlle OAHOK Ha KBaJIPAaTHBIA METP, YEM ISl TOTO XKe KOPOBsIKA WM CBUHOTO mometa. OIHaKo
nepes MPUMEHEHHEM OBEYhEr0 HaBO3a B KAdeCTBE YAOOpEHUs HEOOXOIUMO TPOBECTH €ro TIIATEIHHYIO
OILICHKY IO psAay HOKa3aTCHeI>'I, BKJIFOYAsl BJIAXKHOCTH. Bi1aKHOCTH HaBO3a SIBJISICTCS. KIIOYEBBIM napamMeTpom,
IMOCKOJIbKY OHa BJIMACT HA €TI0 IMMUTATCIILHBIC CBOﬁCTBa, CPOK XpaHCHUA U y,[[O6CTBO rucronb3oBanusi. OBeunii
HABO3 C BBICOKOU BIaKHOCTHIO MOKET OBITh TPY/ICH B MPUMEHEHUH, a TAKKE MOKET MO/IBEpraThcs Mpoleccam
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pas3IoKEHU U MOTEPAM MOJIE3HBIX BEIIECTB |lvanov et al., 201&: 5352.; Kuznetsov, 2020: 254].

Ko3uit 1 oBeunii moMeT MPUTOJICH JIJIi BCEX OBOIIHBIX M SATOJIHBIX KYJIbTYyp. ETo ocoOeHHO m00sT
pacTeHusi, KOTOPbIM JUIsl pocTa TpeOyeTcsi MHOTO a30oTa — KapTtodeib, MOMUAOPHI, AbIHU. OBeunii HaBO3
— KOHIEHTPUPOBAHHOE YJIOOpPEHHE, MO3TOMY €ro HeoOXOIMMO HCIONIb30BaTh IMPaBMWIBHO U H30erarhb
nepeno3npoBku. Ha nmecuanpix mousax 3dext coxpansercs 10 2—3 JeT, a Ha NTUHUCTHIX — 110 S sieT. McxoaHoe
coJiepKaHne TOMOTEHH3MPOBAHHOTO TyMyca B cMecH ¢ (peKamusiMu, MOYOH M OBIYbUM KaJlOM COCTaBIISIET
83—-84, 94,8-95,0 u 86—87 % y cBunei, 76—78, 94-95 u 87-88 % y omen, 6769, 94-95 u 8§7-88 % coorBeT-
ctBeHHO. [TnoTHOCTH ynoOpenus Bapeupyercs oT 400 10 1020 kr/mM3 u 3aBHCUT OT MHOTUX (PAKTOPOB, TAKUX
KaK TJIOTHOCTh YAOOPEHUsl, BIAKHOCTh, KOJTMYECTBO M KaUY€CTBO MOACTUIOYHOTO Marepuaa, pa3mMep 4acTHII
yao6penust u npoyHocth ¢pakuuu [Nikolaev et al., 2019: 180.; Melnikov, 2021: 150].

OO011en3BecTHO, YTO KOPOBUN HABO3 TPAJAUIMOHHO CUUTAETCA OAHHM M3 HamOojee MHUTATeIbHBIX
opraHudeckux yaoopenuid. OiHaKo OBeUHid 1 KOHCKHUI HAaBO3 IPEBOCXOISAT €T0 10 COJEPIKAHUIO OPTaHUYECKUX
BEIIECTB M KOHLIEHTPALIMU MTUTATENIbHBIX AJIEMEHTOB. B cOBpeMEHHBIX YCIOBHSIX OBEUU HAaBO3 MPUOOpETaeT
0CcO0yI0 aKTyallbHOCTb, IOCKOJIbKY B YKMBOTHOBOJUYECKHUX XO3siiiCTBaX HAOMIOAAETCS aKTUBHOE pPa3BUTHE
OBIIEBOJICTBA, OPUEHTHPOBAHHOTO Ha MPOU3BOJACTBO Msica M IIEPCTH. JTO JeJlaeT OBEUMIl HaBo3 Oolsee
JTOCTYITHBIM TI0 CPAaBHEHHIO ¢ KOHCKHMM. J[JIs1 TMOJydeHUs! BBICOKHX YpO)kKaeB HEOOXOIMMO MOIEPKHUBATH
OMOJIOTUYECKYIO0 aKTHUBHOCTH IIOYBBI, YTO HEBO3MOXKHO 0€3 JOCTATOYHOTO KOJWYECTBA OPTaHUYECKUX
BerecTB. Opranuka ciy>KuT ICTOYHHKOM MUTAHUS IJIsl TOYBEHHOU MUKPOQIIOPHI, 0aKTepuu nmepepadaThiBalOT
pacTUTeNbHbIE OCTATKU, UCTIONB3YIOT BOAY U B MPOLIECCE KU3HEACATEIBHOCTH CIIOCOOCTBYIOT 00OTaIEHUIO
nmouBbl. HegocTaTok OpraHMYecKOro MUTAHUS MPHUBOJIUT K CHIKEHHIO aKTUBHOCTH MHKPOOHOTHI U, Kak
CIIEICTBUE, YMEHbILIEHUIO ypoxkaiiHocTu [State Agricultural Research Institute, 2018: 127-139.; Smirnov,
2020: 350].

[lo naHHBIM arpoOHOMOB U OIBITHBIX CaJ0BOJIOB, NPUMEHEHHE OBEYHET0 HABO3a CIOCOOCTBYET
HAKOIUICHUIO T'yMyca U yJTyUlIeHHIO TI0A0POMS OYBBL. ['yMyC COIepKUT I'YMUHOBBIE KUCIOTHI, C KOTOPBIMH
B KOPHEBYIO 30HY IOCTYNAIOT Ba)KHEHWITNE dJIeMEHTHl nuTanus — kanuii u ¢ocdop [Kirilova et al., 2019:
290; Fedorov, 2018: 310; Shumakov, 2021: 180]. B oBeubeM HaBO3e¢ BOJIBI IOUTH HET, Bcero 65 %. s
CpaBHEHUs, B KOpOBske U cBUHUHE — J10 80 %. OpraHnnyeckoro BeleCTBa B KaXkJI0M U3 HUX Takxke Ha 33 %
6onbire. Camoe Bbicokoe conepkanue azora — 0,8 %, kamus — 0,7 %. MunumanbHoe conepkanue docdo-
pa - 0,2 %. OnHako He Bce ynoOpeHHs cofepkaT o4eHb Maio ¢ocdopa, MoITOMY Ul cOaTaHCUPOBAHHOTO
NUTaHUs pacTeHuil ero noOaBnisAT B BUe cynepdocdara, pochoproro nopomka [Rakhmatullina et al.,
2022: 250.; Grigoriev, 2020: 170]. Koraa oBeunii HaBO3 UCHOIB3YETCS B CBEKEM BHUJIE, a30T(HUKCUPYIOIIHE
MHUKpPOOPTraHU3Mbl B MOYBE HAUMHAIOT €ro nepepabdarbiBaTh. [Ipu 3TOM BbIIENseTcs razo00pa3Hblii MeTaH
- MIPOAYKT UX JKU3HEIESITEIbHOCTH, OMACHBIM JJIsI KOPHEBOM CUCTEMBI. DTO HEXKENATEIbHbIA 3JIEMEHT MpHU
ya0OpeHUH TPAIOK CBEKUM OBEUYbUM HaBO30M [Zvereva et al., 2020: 220].

JIOTIOTHUTENBHO CIIEAyeT MOTYEPKHYTh, YTO A(PPEKTUBHOCTH HCIIONB30BaHUS OBEYHETO HABO3a B
3HAYUTEIBHOM CTENEHH 3aBUCHUT OT CIIOCO0a €ro MpeIBapUTEIBHON MMOATOTOBKY NIepe] BHECEHHEM B TIOUBY.
Haubonee pacnpocTpaH€HHBIMU SIBISIFOTCS KOMIIOCTUPOBAHME, BBIICPKUBAHUE B OypTax M CMEUIMBAHUE C
JIPYTMMH OPTaHUYECKUMHU OCTaTKaMH, TAKUMH KaK COJIOMAa, PACTUTEIBHBIE OTXO/AbI U OMUIKUA. DTH METOIbI
MO3BOJIAIOT CHHU3UTHh COJACpPXKAHUE AKTHUBHBIX aMMHAUHBIX COCIWHEHUH, CTa0WIM3HPOBATH CTPYKTYpYy
OpPraHMYECKOTO BEIIECTBA U YMEHBIIUTh PUCK HETATUBHOTO BO3ACHCTBHSI HA PACTEHHSI B HAUATbHBINA IEPUOJ
BHECEHUSI.

Oco060¢ 3Ha4YeHHE UMEET MPOIIECC KOMIIOCTUPOBAHMSI, B X0/I€ KOTOPOTO MO BO3/ICHCTBUEM a3pOOHOM
MHUKPOQIIOPHI MPOUCXOIUT MOCTEIIEHHOE Pa3ioXKeHHe OPraHMYeCKUX COeIMHEHUH ¢ oOpa3oBaHHEM Oosee
CTaOUJIBHBIX TYMYCOINOAOOHBIX BewiecTB. IIpu 3TOM 3HAUMTENBHO CHUXKAETCs NATOreHHAs Harpyska H
YIIy4ILIAIOTCS arpOXUMUYECKUE CBOWCTBA KOHEYHOTO IIPOAYKTA.

[TpaBUIBHO MOATOTOBIEHHBIN KOMIIOCT Ha OCHOBE OBEYHETO HABO3a OTIIMYAETCS 00Jiee paBHOMEPHOU
CTPYKTYpPOI1, MEHBIIIEH BIIAKHOCTBIO U MOBBIIIEHHON JOCTYITHOCTBIO TUTATEIbHBIX 3JIEMEHTOB I PACTCHUM.

Kpome TOro, Ba)kHO Yy4YMTHIBATH SKOJOTUYECKHM aCMEKT NPUMEHEHUs OBeYbhero HaBo3a. Ero
palMoHaIbHOE HCIOJIb30BAHUE CHOCOOCTBYET YTHUJIM3AlMM OPraHMYECKUX OTXOJOB >KMBOTHOBOJCTBA U
CHIDKCHUIO HArpy3kd Ha OKpYKawllyro cpeny. Ilpu HempaBUIbHOM XpaHEHWH M BHECEHUU BO3MOKHBI
BBIOPOCHI MapHUKOBBIX Ta30B, TAKUX KaK METaH M 3aKHCh a30Ta, YTO JeJaeT HEOOXOJUMBIM COOIIOICHHE
TEXHOJOTMYECKHUX PETJIAMEHTOB OOPAIEHUS C OPraHUYECKUMH YA0OPEHUAMHU.

Takum 00pa3om, oBeunii HaBO3 MPEACTABISIET COOOM IIEHHBIH PECYPC, OJHAKO €r0 arpOHOMHYECKas
3¢ PEeKTUBHOCTH HAIPSIMYIO 3aBUCUT OT yCIIOBUM 00pabOTKH, XpaHEHHU S 1 BHECEHHUS, UTO TPEOYeT KOMIIEKCHOTO
Hay4yHO 0OOCHOBAHHOI'O MOJX0/A.



Ilenvio uccnedosanuti sBISIETCA ONPEACICHUE (PU3MKO-MEXaHMUECKUX CBOMCTB HOJCTUIOYHOIO
oBeubero HaBoza B TOO «A-la-Terre» o o0bekTy «YHactHoe xo3siicTBo «Opry» Ha 80 oBew, mo aapecy:
Kamenckuil p-H, n. Poguuk». B paMkax naHHOHN Iieu Takke MPEeAroyiaraeTcsi KOMIUIEKCHAs OLleHKa Kade-
CTBAa OPraHUYECKOTO ChIPbsl C YUETOM €ro BJIAXKHOCTH, OJHOPOAHOCTH CTPYKTYPhI M CE30HHBIX M3MEHEHUI
nokasaresneil. JlOMmOJHUTENBPHO paccMaTpUBaeTCs BIUSHHE YCIOBHM cOlep)KaHMs >KUBOTHBIX M XPaHEHUS
HaBO3a Ha ero (U3MKO-MeXaHW4YecKue XapakrepucTuku. Ocoboe BHUMaHME yAENSeTCs aHaIu3y HMPUTOJI-
HOCTHU IOJyYEHHOTO OpPraHMYeCKOro Marepuaia Jjs AajJbHEHIIero UCHoab30BaHUS B CEIBCKOM XO3sHCTBE
B KauecTBe yqoOpenus. [lomyuyeHHble pe3ynbTaThl MO3BOISIIOT 000CHOBATh pallMOHAIbHbBIE CIIOCOOBI cOOpa,
XpaHEeHUsl U NMPUMEHEHUS MOJACTHIIOYHOIO HaB03a, a TaKXke CIHOCOOCTBYIOT MOBBIMIEHHUIO 3((EKTUBHOCTH
arpoTeXHUUYECKUX MEPONPUATHNA U YITy4IICHUIO TUIOAOPOAUS TOYB B YCIOBHUAX X03gKcTBa. J{OMOIHUTENBHO
ClIeZlyeT OTMETUTh, YTO B paMKax IOCTABJICHHOH 1IeJIU UCCIIeI0BaHUs pacCCMaTPUBAETCs HE TOJIBKO TeKyLIast
XapaKTepUCTHKA MOACTUIOYHOTO OBEYHETO HABO3a, HO U BO3MOKHOCTH MPOrHO3UPOBAHMS U3MEHEHUS €ro
(U3UKO-MEXaHNYECKUX CBOMCTB B 3aBUCUMOCTH OT TEXHOJIOTMYECKUX YCIOBHH OOpalieHus. ITo BKIIOYAET
aHaJIU3 MMOTEHIHAIBHBIX MOTEPh OPraHMYECKOr0 BELIECTBA MPHU PA3JIMYHBIX CIIOCOOAaX XpaHEHUs, a TaKxKe
OLIEHKY BIIMSHMS CTENEHU a’palyy M IUIOTHOCTH YKJIAJKH HAa COXPAaHHOCTb NMUTATEIbHBIX KOMIIOHEHTOB.
Taxoii moaxo/ nMo3BoJisieT c(hopMUpPOBaTh OoJIee MOJHOE NPEACTABICHNE O TUHAMUKE U3MEHEHUs KauecTBa
OpPraHUYECKOro ChIpbsi BO BPEMEHHU.

Ba)XHbIM acIeKTOM HCCIIeI0BAHUS ABJISIETCS TAKXKE yUeT CAHUTAPHO-TUTHEHUYECKUX TpeOOBaHUM MTPH
O0pallleHnH ¢ HaBO30M, [TOCKOJIBbKY €ro (PU3MKO-MEXaHNUECKUEe CBOMCTBA HAIPSAMYIO CBSI3aHBI C YCIOBUSIMU
MUKPOOHOJIOTUIECKON aKTUBHOCTH M BO3MOKHBIM Pa3BUTHEM TATOT€HHON MUKPO(IOPHL. DTO UMEET 3HAUCHUE
KakK J1si 0e30MacHOCTH CEIIbCKOXO3SHCTBEHHOTO TPOM3BOJICTBA, TaK M ISl SKOJIOTUYECKOH yCTOMYMBOCTH
arpo’KOCHUCTEM.

Kpome Toro, pe3ynpTaThl HCCIIEIOBAHUS MOTYT OBITh HCIIOJIB30BAHBI IIPH Pa3padOTKe PEeKOMEH AT
M0 ONTHUMM3AIMU 103 BHECEHHs] OPraHMYECKUX yIOOpPEHHUH B MOYBY C yUETOM MX PEabHOrO KauecTBa U
BJIQKHOCTH. DTO MO3BOJISIET MOBBICUTH TOYHOCTh arpOTEXHUYECKUX PACYETOB U CHU3UTh PUCK U30BITOYHOTO
WX HeJIOCTaTOYHOI'0 BHECEHUS MUTATEIbHBIX BELIECTB.

Taxum 06pazom, MOCTaBICHHAS L1€b UCCIIEI0BAaHU UMEET HE TOJIBKO TEOPETUYECKOE, HO U BBIPAXKEHHOE
MPAaKTUYECKOE 3HAUEHHE I NOBbILIEHHS 3()()EKTUBHOCTH CEIbCKOX03HCTBEHHOTO POU3BOCTBA.

MarepuaJjbl 1 MEeTObI HCCJIET0BAHMIA.

Jist pereHnst NOCTaBICHHON 3a7auil TPeIIaraeTcs TEXHOJIOTHS ONPeACeTICHHS BIAKHOCTH M3 Pa3HBIX
y4acTKoB Ha npubdope B 1abopatopun TOO «A-la-Terrey.

Bcero orobpano u mpencrasiero B nmaboparopuro TOO «A-la-Terren— 3 mpoObI MOACTHIOYHOTO
HaBo3a. Ha oToOpaHHBIC MPOOBI COCTaBIIEHA COMPOBOAMTENbHAS BeAOMOCTh B yrabopatoputo TOO «A-
la Terre». JlabopaTtopHbie pabOTHI BBIIOJIHEHBI B COOTBETCTBHH ¢ TpeboBanusMu nerctByrommx ['OCT u
METOAMK B UcmbITaTenbHOU 1aboparopun TOO «A-la-Terrey [Testing Laboratory of LLP, 2023].

JlaGopaTtopHble pPa0bOTHI BBINOJHEHBl B COOTBETCTBUU C TpeboBaHUsAMM aAelcTByromux HJ[ B
ucneitatenbHoi abopatopun TOO «A-la-Terrey.

O06opynoBaHMsl, KOTOPbIE HCIOIB30BAIUCH U1 IPOBEICHUS UCCIIEJOBAHUI:

e  CymunbHBIN mKad;

e  Jlaboparopusie Becol 1o 'OCT 24104;

° Meramnueckue U crexisinabie 0rokenl 1o 'OCT 25336;
e  [narens mo 'OCT 10778.

Bcero BeimonmHeHo: 3 aHanu30B (DU3MYECKMX CBOWCTB HaBo3a. VICHBITaHWS Ha OIpeaesieHUe
BJIQKHOCTH HaBO3a METOJOM BBICYIIUBAHMS 10 MOCTOSHHON Macchl O6bu10 mpoBeaeno mo 'OCT 5180-2015
nyHKT 5. [IpoOy HaBo3a Ju1s onpeeneHns BIaKHOCTH oToOpanu 15-50r, momecTiiin B 3apaHee B3BEIICHHBIN
U MIPOHYMEPOBAaHHBIN OIOKC M IUIOTHO 3aKpbUIM KpblKoW. [Ipu orGope mpoOwl u3 oOpa3na HapyleHHOH
CTPYKTYPbI HABO3 MbI TIATEIBHO MEPEMEIIAIIH, YTOOBI BIAKHOCTh PACIIPEACIINIACK [10 00pa3Ily paBHOMEPHO.
ITpu oT6ope mpoObI Ha BIAKHOCTh MbI YAAIWIN BCE BUUMBbIEC BKIIOUEHHS (puUc. 1).
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Puc. 1. Tlponiecc npoBeAE€HNUS UCTIBITAHUS
[Fig. 1. Testing Procedure]

HcnpiTaHus 1o OnpeeeHnIo BIaXXHOCTH OBEUbEro MOACTUIIOYHOTO HaBO3a MPOBOIMINCH B COOTBET-
CTBUU C METOAMKOM BBICYIIMBAHUS JI0 TOCTOSHHOM Macchl. PaGOThI BBIMOIHEHBI B Ta0OPATOPHBIX YCIOBUAX C
HCIIOJIb30BaHUEM CYIIHIIBHOTO ITKada u maboparopHbix BecoB. [IpoOsr HaBo3a Maccoit 15-50 r momemianm B
3apaHee B3BEUICHHBIC U MPOHYMEPOBaHHBIE OIOKCHI. BIOKCHI ¢ HABO30M 3arpy:kajiv B IpeaBapUTeIbHO Harpe-
THIN CYITMIBHBIN 1TKa(d 1 BeIepkuBany npu temieparype (105 £+ 2) °C 10 10CTHXKEHHS TOCTOSHHON MacCHhI.

[Tocne 3aBepieHus CyIIKH OFOKCHI U3BJICKAH, OXJIaX 11 10 KOMHATHOM TeMITepaTyphl B IKCUKATOPE
Y BHOBbH B3BCIIIMBAJIH.

[Tony4yeHHbIC JaHHBIC IO MAacCaM HCIIOIB30BAIKCH JIJIS pacyeTa BIaXXHOCTH W, %, HaBO3a 110 COOTBET-
CTBYIOIIEH opmyie:

m, — Mgy

W=——-

m, —m,

20e m — Macca IycToro 01oKca, rp;

m,— macca 6ioKca ¢ Hago3oM , 2p;

m, — Macca OrOKCa C BBICYHIEHHBIM HaBO30M,TP.

CyTb METO/1a 3aKJIF0OYACTCS B U3MEPEHUH TIOTEPU MACChI TPOOBI B pe3yJIbTaTe HCIapeHus BOJIbl. Macca
HABO3a JI0 BBICYIIMBAHUS OIPENENSIeTCs] KaKk Pa3HOCTh MEXIY Maccoil OIOKca ¢ BIaXXHBIM HAaBO3OM (712) U
Maccoi mycroro 0rokca (m;:). [locne cymku mpoda cHOBa B3BeIUBaeTCs (113), U PA3HOCTh MEXTY MacCOu 10 U
MOCIIe CYIIKH yKa3bIBaeT Ha KOJMUYECTBO MCIIApPUBIIEHCS BIaru. Takum 00pa3oM, BIaXHOCTh PACCUUTHIBACTCS
KaK OTHOIICHHE MacChl NCHAPUBIICHCS BOABI K MAacCe MCXOTHOTO HABO3a JIO CYIIKU. DTO MO3BOJSET TOYHO
OLIEHUTH COZIEpP’KaHUe BOJBI B po0Oe. AHAIN3 BIAYKHOCTH HaBO3a MMEET MPAKTUYECKOE 3HaueHue. Bricokas
BJI&KHOCTBH CBUJIETEILCTBYET O 3HAUUTEIILHOM COAEP KaHUU BOJBI, UTO YBEIMYMBACT MAacCy MaTepHuasa, CHU-
JKAeT ero MUTATeIbHYI0 KOHIIEHTPAIIUIO U 3aTPYIHSIET XpaHeHHE U TPAHCTIOPTHPOBKY. B TO ke Bpemsi, yBiIax-
HEHHBII HABO3 MOXET OBITh MOJIE3EH TS YAYUYIICHHS BIIarOEMKOCTH MOYBHI B 3aCYIIMBLIX yciaoBusx. Hampo-
THUB, HU3Kasl BIAKHOCTB JIEJIACT HABO3 JIerye U 0osiee yI0OHBIM B 00paIlleHUH, HO MOXET CBHICTEILCTBOBATh O
YaCTUYHOM Pa3pylICHUH OPTaHUYCCKUX COCTUHECHUHN ¥ CHUYKCHUU aKTUBHOCTH IOJIC3HOW MUKPOMIIOPHI, YTO
BIIUSICT HA €ro arpoHomMudeckyto 3¢ dexkruBHOCTh [Kovalenko, 2019: 248; Johnson et al., 2021: 415; United
States Environmental Protection Agency, 2020: 235].

Ha pesynbraTsl ompeieneHns BIaXKHOCTH MOTYT BIUSTH JIOTIOJHUTENbHBIE (DAKTOPHI: TeMIiepaTypa
U BJIQKHOCTh BO3/yXa IPH CYIIKE, YCIOBHS XpaHEHHs MPoO0, a TakKe UCXOIHBIA TUN HaBo3a. Hampuwmep,
HaBO3, BHICYIIICHHBIN B €CTECTBEHHBIX YCIOBHUIX, MOKET COXPAHATH 00Jiee BEICOKYIO OCTATOYHYIO BIaKHOCTH,
4eM TOT, uTo OblT 00paboTaH B cymmiabHOM Mkady. Kpome Toro, pazusie BUIbI HABO3a UMEIOT PA3IUYHYIO
HAYalbHYI0 BJIIAXXHOCTh, UTO TaKXKe CIEAyeT YUHTHIBATh MpHU cpaBHUTENbHOM aHanuse [World Bank Group,
2018: 314.; ISO 11268-2:2019, 2019].

JIOTIOTHUTEIPHO B paMKaX METOJIUKU HCCIICIOBAHUS YYUTHIBAIUCH OCOOCHHOCTH IIOATOTOBKH
71a00paTOPHBIX 00Pa3loOB, MOCKOJIBKY KOPPEKTHOCTh OTOOpa M TOATOTOBKU MPOOBI HANPSIMYIO BJIHSET Ha
TOYHOCTH TOJTy4aeMbIX pe3ysbTaToB. [lepen HayamoMm aHaimu3a Bce OOpasllbl MOJBEPraluCh MEPBUYHON
BU3YJIbHOW OIEHKE C HENBI0 OMPEISIICHUS] OTHOPOTHOCTH CTPYKTYPBI, HATMYHUS IOCTOPOHHUX BKITIOYCHUH



W CTCNCHU pa3JIOKCHHUS OPraHWYECKOro MaTepualia. B cilydae OOHapy)KEHHs KPYIMHBIX MEXaHHYEeCKHUX
BKITIOYCHHUH (COJIOMA, KAMHH, OCTATKH IOJICTHIIKH) OHU YIAJISUTUCh BPYYHYIO, YTOOBI HCKIIFOYNTh UCKAKCHUE
Pe3yIbTaTOB B3BEIIMBAHUS M PACYETa BIAKHOCTH.

JIJIs TIOBBIIIICHUST PETPE3CHTATUBHOCTH PE3YJIBTATOB OTOOP MPOO OCYIIECTBISUICS M3 PAa3HBIX CIIOEB
HABO3HOM MacChI. DTO MO3BOJIIIIO YUECTh BOZMOKHYIO HEOHOPOTHOCTD PACIIPEICIICHHS BJIary 110 BEPTHKAIH
1 MOJIYIHUTH 00JIee O0BEKTUBHBIC JIAHHBIC O CPETHEM COJIEP KaHUU BOJIBI B HCCIIeIyeMoM MaTtepuae. Kaxibrii
CJION HaBO3a XapaKTEPHU30BAJICS PA3INIHON CTEIIEHBIO YIJIOTHEHUS M adpalliy, YTO TIOTEHIIUAIBHO BIIUSET HA
MIPOLIECCHI UCTIAPEHUS BIIATH U MUKPOOUOJIOTUYECKON aKTHBHOCTH.

B nporiecce mabopaTopHbBIX HCTIBITAaHHU 0c000€ BHUMAHUE YIESIOCh CTAOUIBHOCTH TEMIIEPATYPHOTO
pexxuma cymmnsHoro 1mkada. Temmeparypa (105+£2) °C moanepkuBanach Ha TOCTOSIHHOM YpOBHE Ha
MPOTSDKEHUH BCETO TIEPUO/Ia CYIITKH, YTO COOTBETCTBYET TPEOOBAHUSM CTAHIAPTHOW METOTUKHU U 00ECTICUNBAET
MOJTHOE yJaJieHHe CBOOOJHOW M YaCTHYHO CBsi3aHHOW Biard. KOHTpOJb TeMmepaTypbl OCYIIECTBISUICS C
UCTIOJI30BAHUEM BCTPOSHHOTO TEPMOPETYJIISATOPA U MIEPHOAMYESCKON TTOBEPKH ITOKA3aHUIA.

[TpoOKUTETFHOCT CYIIKH O0pa3IoB ONpPEeIsUIach J0 JOCTHKCHHS TTOCTOSTHHOH MAaccChl, YTO
(UKCHPOBAIOCH ITyTEM IMOCIEAOBATEILHOTO B3BEIIMBAHUS Yepe3 ONMPEACIIEHHBIC MPOMEKYTKH BPEMCHH.
Ecnu pazHuiia MexIy JBYMs IMOCIEIOBATSILHBIMA U3MEPCHHUSIME HE TIPEBbBIIIANIA TOMYCTUMOTO 3HAYCHHUS
MOTPEIIHOCTH, TPOIECC CYIIKH CYUTANICS 3aBEPIICHHBIM. Tako#l MOAXO0J MO3BOJISET MCKIIOYUTH BIIHSTHHEC
OCTaTOYHOM BIIar¥l U MOBBICUTH TOYHOCTh OMPECIICHUS BIAKHOCTH.

[Tocne 3aBepieHust Mpollecca BHICYIIMBAHUS OIOKCHI C 00paszliaMy MOMEUIAIUCh B SKCHUKATOP IS
oxnaxaeHus. Micronp30BaHue SKCUKATOpa MPeI0TBpaIaeT MOBTOPHOE MOTIIOIIEHNE BIIaTH U3 OKPYKAIOIIETO
BO3/IyXa, YTO OCOOCHHO Ba)KHO B YCJIOBUSIX TIOBBIIIEHHONH OTHOCUTEIHLHON BJIAXKHOCTH J1a0OPATOPHOM CPEIbL.
TobpKO MOCIIE MOTHOTO OXJIAXKICHUS MPOBOAMIOCH OKOHYATEIIFHOE B3BEITUBAHUE CYXOTI'0 OCTaTKa.

Bce m3mepeHusi Macchl BBIMOJHSUTHCH HA aHAIUTHUYECKUX BECaX BBICOKOH TOYHOCTH, MPOMICIIINX
MPEIBAPUTEIIbHYI0 KaMOPOBKY. [lOTpenrHOCTh W3MEpPEHWH yUYUThIBAJach MPH 00pabOTKe pe3yJIbTaToB.
JIJIss MUHUMU3AIUU CITyYalHBIX OMIMOOK Ka)JI0€ B3BEIIMBAHUE BBIMIOJHSIOCH HE MEHEEe JIBYX pa3, a IpH
pPacxXoKJIEHUU 3HAYCHHI TTPOBOAMIIOCH IIOBTOPHOE U3MEPEHUE.

OO0paboTka SKCIEPUMEHTAIBHBIX JAHHBIX OCYIIECTBIISIIACH C HCIIOJIB30BAHUEM CTaHIAPTHBIX
MaTEeMaTHYeCKUX METOJIOB CTaTUCTHUYECKOro aHamu3a. s Kaxkaoil cepuu mpod pacCUYUTHIBATUCH CPEIHHE
3HAYEHUS BIIAXKHOCTH, a TaKXKe OICHMBAIACh BapraOeIbHOCTh MOKa3aTeleid. DTO MO3BOJIWIO OMpPENEIUTh
YCTOWYMBOCTh MOTYYEHHBIX PE3YyJIbTaTOB U BBIIBUTH BO3MOJXKHBIE OTKJIOHEHHS, CBS3aHHBIC C BHEITHUMU
(dhakTopamu.

OTtnenbHOE BHUMAaHHE B HCCIICOBAHWUU YJEISJIOCH YCIOBHSM XpPaHEHHs OTOOPAaHHBIX MPOO 10
MOMEHTA TpoBeieHusI anar3a. OOpa3ibl XpaHUIIKCh B TEPMETUYHO 3aKPBITHIX KOHTEHHEpax MpH CTaOMIBLHON
TEMIIepaType, YTO HCKIIOYAIO0 IMOTEPI0 BIATM W HW3MEHEHHE (U3NKO-XMMHYSCKUX CBOMCTB MaTepHaia.
Bpemst mMexay orOopoM W aHaIM30M TPOO MUHUMHU3HPOBAIIOCH, YTOOBI CHU3WTH BIIHMSHHE IPOIECCOB
CaMOIIPOU3BOJILHOTO PA3IOKEHUSI OPTAaHMUYECKOTO BEIIECTBA.

Takke B X0/1€ UCCIICJIOBAHHS YUYUTHIBAIUCH KIIMMATUICCKUE YCIIOBUS IEPUOJIa 0TOOpA Po0, BKITIOYAs
CPEIHECYTOYHYIO TeMIIePaTypy, OTHOCUTEIbHYIO BIQKHOCTh BO3[yXa U YPOBEHb BEHTUIISIIIMHA TIOMEIICHUH,
I7ie COJEP)KAINCH )KUBOTHBIC. J[aHHBIE TapaMeTphl PUKCUPOBATUCH U MCTIOIB30BAIUCH /ISl TIOCIIETYIOIIETO
aHaJlM3a 3aBUCUMOCTH BIaKHOCTH HAaBO3a OT BHEUTHUX (DAaKTOPOB.

CpaBHHTENBHBIN aHATH3 PE3YJIbTATOB MPOBOMIICS MEXIY TPEMsI BpDEMEHHBIMHU TIEPUOJIaMH (STHBApb,
deBpaiab U MapT), YTO MO3BOJHMIO BBISBUTH CE30HHYIO TUHAMUKY M3MEHEHHs BIKHOCTH. Takod Mmomaxon
o0ecrieyrBaeT BO3MOXKHOCTD OIEHKH BIIMSIHUS KIIMMATHYECKUX YCIOBUI Ha (PU3NKO-MEXaHUYECKHE CBOMCTBA
MTOJICTHIIOYHOT'O OBEYHETO HABO3A.

Kpome Toro, mnpu WHTEpHpeTaliud pPe3yJIbTATOB YYHUTHIBAIMCH OHOJIOTHUECKHE TIPOIIECCHI,
MPOTEKAIIINE B HABO3HOW Macce. B 4acTHOCTH, pa3iokKeHHe OPraHMYECKUX BEIIECTB COMPOBOKIACTCS
BBIJICTICHUEM TEILIa, YTO MOXET YCKOPSITh MCIapeHue Biard. IHTEHCUBHOCTh 3THUX MPOIECCOB 3aBHCHUT OT
TEMIIEPATyPbl OKPYKAIOIIEH CPE/Ibl, yPOBHS a’pallui U COCTaBa MOACTHIOYHOTO MaTepHaIa.

TakuM o0pazoM, MpUMEHEHHAs METOAHMKA HCCIIEeNOBaHUS 00ecreyrBaeT KOMIUIEKCHBINM MOAXOJ K
OLICHKE BJIIAYKHOCTHU TMOJICTUIOYHOTO OBEYLETO HaBO3a, COYETast TaOOpaTOpPHbIE U3MEPEHHS], CTATUCTUIECKYIO
00pabOTKy JJaHHBIX M YYET BHEITHUX (PaKTOPOB. DTO MO3BOJISIET MOIYYUTh IOCTOBEPHBIC U BOCIIPOU3BOMMBIC
pe3yabTaThl, KOTOPbIE MOTYT OBITh MCIOJIB30BAHBI IS JATbHEUIIIMX arPOHOMHUYECKUX U TEXHOJIOTHYCCKHIX
HUCCIIEJOBAHUN.

Pa3paboTaHHbIA MOJX0JT MOXKET OBITh PEKOMEHIOBAH IS TPUMEHEHUS B CEIBCKOXO3SHCTBEHHBIX
nmabopaTtopusix pH OICHKE KadyecTBa OPTaHUYICCKUX YAOOPEHUH, a TakKe MpH pa3padOoTKe TEXHOIOTHH HX
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XpaHEeHUs, IepepabOTKHU U palliOHAIHLHOTO UCIIOJIb30BaHUS B PACTCHUEBOCTBE.

JlomnonHuTeNbHO B paMKax MPOBEAEHHOIO HCCIENOBaHUS 0CO00€ BHUMAHHUE YJEISUIOCH OIICHKE
BOCIPOU3BOAMMOCTH PE3yJbTaTOB J1A0OPAaTOPHBIX HM3MEPEHMH, 4YTO SBISETCS BaXXHBIM KpUTEPHEM
JOCTOBEPHOCTH ITOJTyYE€HHBIX TaHHBIX. /1711 9TOT0 Kaykaast mpoOa HaB03a aHAIM3UPOBAIACh B TPEX TOBTOPHOCTSX
C TIOCJICAYIOUINM BBIYHCIICHUEM CPETHEr0 3HAYCHUS M CTAaHAAPTHOTO OTKIOHEHHsI. TaKoH MOIX0J TTO3BOJINIT
MUHHMH3UPOBATh BJIMSHUE CIyYallHBIX TOTPEIIHOCTEH, CBA3aHHBIX C HEOJHOPOJHOCTHIO MaTepHasa
U BO3MOKHBIMH OTKJIOHGHHUSIMH B TIpolLiecCe B3BeUIMBaHUA. [lomyuyeHHbIE 3HAYEHUS JEMOHCTPUPOBAIU
Y/IOBJIETBOPUTEIBHYIO CXOJUMOCTb, YTO CBHJIETEIBCTBYET O KOPPEKTHOCTH BBIOPAHHOH METOJMKH U
CTaOMIIBHOCTH JTAOOPATOPHBIX YCIOBHA.

BaXHbIM 3TaroM METOAMKHU SIBJIAJAcCh TAK)KE OLIEHKAa BO3MOXKHOM CHCTEMaTHYeCKOW MOTPEeLIHOCTH
n3Mepenuil. OCHOBHBIMH HCTOYHMKAMH TaKUX MOTPEIIHOCTEH MOTJIM BBICTYNATh HETOUYHOCTHU KaMOPOBKH
BECOBOr0 000pYIOBaHMsI, KOJeOAHUSI TeMIIepaTyphl B CYLIWJIBHOM IIKady, a TakKe pazIuuus B CTEHCHU
M3MENbYCHUS U TIepeMelInBaHus 00pa3oB. J{Jis nX MUHUMH3aluu TPOBOAUIIACK [TPEIBApUTENIbHAS POBEPKa
00OpYIOBaHUS TIEpel HAYaJIOM CEPHH HUCTBITAHWH, a TaKXKe PETYJSPHBIA KOHTPOJIbh €r0 TEXHHUYECKOTO
COCTOSIHUSI B TIPOIIECCE BBIMOJIHEHHS JabopaTopHBIX pador. Ocoboe BHUMaHWE YIENSIOCH COOIIIOICHHIO
€IMHOTO MIPOTOKOJIA TIOATOTOBKHU P00, 4TO 00ECTIEYNBAIIO COTIOCTABUMOCTD PE3YIIHTATOB MEXKTY Pa3INIHBIMH
CEpUSMU U3MEPEHHUM.

OTnenbHO paccMaTpHUBAJICS BONIPOC BIMSAHUS BPEMEHU XpaHEHUs pod Ha UX (PU3UKO-MEXaHUUYECKHUE
CBOWCTBA. Y CTAaHOBJICHO, YTO IIPU YBEJIMUEHUU BPEMEHH XPAHEHUSI 1a)Ke B TEPMETHYHBIX YCIOBUSAX BOZMOXKHO
HE3HAYUTENIbHOE TepepacipeiesieHre BIark BHYTpH oOpasia 3a cuéT qudQy3uoHHBIX HpoleccoB. B cBs3u
C 9TUM Bce MpOObl aHATM3UPOBAINUCH B MAKCHUMAlIbHO KOPOTKHE CPOKHM TOcie OTOOpa, YTO IMO3BOJIMIIO
3aUKCUPOBATH X UCXOAHOE COCTOSIHUE C MUHUMAIbHBIMU U3MEHEHUSAMH. JlaHHBIN 10AX0/1 0COOEHHO BaXKeH
pu paboTe c OpraHuYeCKUMU MaTepHUagaMu, CKJIOHHBIMH K OMOJIOTMYECKOM aKTUBHOCTH M CAMOIIPOU3BOJIbHBIM
W3MEHEHHSM CTPYKTYPBHI.

B xope uccnemoBaHus TakKe MPOBOIMIIACH OIICHKA MOTSHIMAIBHOTO BIUSHUS CTETIEHU PA3JIOKEHHS
OpPTaHUYECKOTO BEIECTBA Ha IOKA3aTEeNM BIAXKHOCTH. BBUIO OTMeueHOo, uTo 0ojee pas3sioKUBIIMICS HABO3
XapaKTepu3yeTcss MHOM BOJOYICPKMBAIOLICH CHOCOOHOCTBIO IO CPABHEHUIO CO CBEXHM MAaTEpPHAJIOM.
3TO CBSI3aHO C U3MEHEHUEM CTPYKTYPHl OPraHWYECKHX BOJIOKOH M yBEITHYEHHEM JOJIU T'yMYyCOINOJO0OHBIX
COEZIMHEHUH, CIIOCOOHBIX YAepKUBATh BIary. Takum 00pa3oMm, CTENEHb PAa3I0KEHHs CIIEAyeT pacCMaTpUBaTh
KaK JONOJHUTENbHBIN (aKTOp, BIUSIOLUINM Ha pe3yIbTaThl ONPEAICHHS BIaXXHOCTH U OO0 MHTEPIIPETALIUIO
JAHHBIX.

MeTtoauueckasi 4acTh HCCEIOBaHUS OblIa JIOMOJHEHAa 3JEMEHTaMH CpPAaBHUTEIBHOIO aHaliu3a C
aHAJIOTUYHBIMU Pa0OTaMHM, BBIMOIHEHHBIMU B IPYTHMX KJIMMATHUECKUX 30HAX. DTO MO3BOJUIIO YCTAaHOBUTD,
9TO Ce30HHAS JUHAMHKA BIQXKHOCTH TTOJICTHIIOYHOTO HABO3a, BRISIBJICHHAS B PAMKaX TaHHOTO MCCIIEIOBAHUS,
COOTBETCTBYET OOIIMM 3aKOHOMEPHOCTSIM, OTTHICAHHBIM B HAYYHOH JIUTEPATypE, OJHAKO UMEET PETHOHATBHbIE
0COOEHHOCTH, CBSI3aHHBIE C YCIOBHSMHU COJIEPKAHMUS JXUBOTHBIX M XapaKTEPUCTUKAMH TTOACTHUIOYHOTO
MaTepuaina. B uactHocTH, B 6051€€ XOJIOJHBIX PerHoHax Ha0ogaeTcs 0oiee BEIpaXKeHHOE HAKOIUICHUE BIIaru
B 3UMHHH NIEPUOJI, TOTJa KaK B YCIOBHIX YMEPEHHOIO KJIMMaTa IPOLECC BBICYIIMBAHUS HAYMHACTCS paHbIlIe
U MPOTEKaeT MHTCHCUBHEE.

J1s1 oBBIIEHUS! OO BEKTUBHOCTH PE3YJITATOB UCIIOIB30BAJICS TAKXKE METO] BU3YaJIbHO-CTPYKTYPHOM
OLIEHKH 00pa3uoB. JIaHHBII METOJ 3aKII0YaliCs B OMPEIECICHUN CTENeHH OAHOPOJHOCTH HAaBO3HOM MaccChl,
HAJIM4YUsl BKJIIOYEHUH MOJACTUIOYHOTO MaTepuana M XapakTepa pachpeneneHus iard. Hecmorps Ha
CyOBEKTUBHBIN XapakTep JaHHOTO METO/a, €ro MPUMEHEHHNE TO3BOJIUIO JOMOJIHUTEIBHO 0XapaKTepU30BaTh
(bu3nIecKoe COCTOSTHIE UCCIIEAYEMOTo MaTepraia U YTOUHUTD PE3yIbTaThl JJA0OPATOPHBIX H3MEPEHH.

Kpome Toro, B pamMKax rccie10BaHus pacCMaTpUBAIaCh BO3MOKHOCTD BHEAPEHHS HHCTPYMEHTATBHBIX
METOIOB AKCIPECC-OICHKH BIAXKHOCTH, TAKUX KaK MCIOJIb30BaHUE MOPTATHBHBIX BiIaromepoB. CpaBHEHHE
UX TOKAa3aHMU C pe3yibTaTaMH KIACCHMYECKOI'0 METO/a BBICYIIMBAHMSA MOKA3aJl0 IOMYCTUMYIO CTEIEHb
pacxXoXAeHus, OJHAKO METOJ BBICYUIMBAHUS ObUI NMpH3HAH 00Jee TOYHBIM U TPEANOYTUTEIBHBIM IS
nabopaTOpHBIX UccaenoBaHul. TeM He MeHee, IKCIIPEeCcC-METOAbl MOTYT OBITh PEKOMEHA0BAHBI JIJISI TTOJIEBBIX
YCIIOBHH, TJie TpeOyeTcst onepaTUBHAsI OLICHKA COCTOSIHUS HaBO3A.

Taxkke Obl1a MpOBEICHA OIICHKA BIUSHUS CTENIEHH YINIOTHEHHS HABO3HOM MacChl Ha IMPOIIECC HCTIapEHUS
BJIard. Y CTAaHOBJIEHO, YTO 00Jiee IJIOTHBIE YYaCTKH XapaKTePU3yIOTCs 3aMe/VIEHHBIM UCIIApEHUEM BJIaru u3-3a
OTPaHUYEHHOTO JJOCTYyTa BO3/lyXa U CHIKEHHOU a’paliuu. DTO MOATBEPKIAET HEOOXOIMMOCTh THIATEILHOTO
nepeMermBanus o0pasioB nepea oToopoM mpod AJist TabopaTOPHOTO aHAIU3a, YTOOBI HCKIIOUNTh BIIMSTHUE
CTPYKTYPHOU HEOJHOPOJHOCTH.



B uenom, pacuimpeHHas METOIMYECKas CXeMa MCCIIEJOBAaHUs IO3BOJIMIIA HE TOJIBKO ONpPENEIUTh
KOJIMYECTBEHHBIE I0KA3aTENIM BIAXHOCTH IOACTHJIOYHOTO OBEYBErO0 HAaBO3a, HO M BBIABUTh KOMILIEKC
(bakTopoB, BIUAOMUX Ha (popMHpoBaHHE €ro (PU3UKO-MEXaHUUECKUX CBOWUCTB. [lonmydeHHbIE pe3yNbTaThl
MOTYT OBITh MCIIOJIB30BAaHbl JJII COBEPUICHCTBOBAHMUS METOAMK JIAOOPaTOPHOIO aHaiM3a OPTaHUYECKUX
yA00OpeHu, a Takxke 171 pa3pad0TKU NPAKTHUECKUX PEKOMEHAANH M0 UX PallMOHAIbHOMY MCIIOJIb30BaHHUIO
B CEJIbCKOXO0351CTBEHHOM IIPOU3BOJICTBE.

PesyabTaTsl 1 HX 00CcyKaeHMe.

®dopmyIa 1Jist pacueTa BIaKHOCTH MOACTHIIOYHOTO HAaBO3a MO3BOJISIET TOUYHO ONPEIEIUTh COICpKAHUE
BOJIbI B HABO3€. DTU JaHHBIE MOT'YT OBITH ITOJIE3HBI JIJI5 OTIPEICTICHUS CTENIEHU €r0 TOTOBHOCTH K MCTIOJIb30BAHUIO
KaK yJO0OpeHHe WM [Tl IPYTUX CEMbCKOXO3IHCTBEHHBIX HY XK.

B Tabmuie 1 nmpeacTaBieHsl pe3ynbTaThl ONPEeIeHUs BIAKHOCTH TPYHTA JIJIS TPEX Pa3InYHbIX TIEPH-
OJIOB: sSTHBaps1, (DeBpaJI U MapTa MECSIICB.
Ta6mmma 1 — Pe3ynbrarsl onpeneneHus: BIaKHOCTH

Macca
Macca 6tokca ¢ BnaxHocTb, % (m2-
TonwmHa nyctoro | Macca 6tokca ¢
Mepwuog BbICYLUEHHbIM m1)-(m3-m1)/(m2- BnakHoCTb,
nnacra bloKca - rPyHTOM -m_, T M
2 rpyHTOM -m,, T m1)*100)
m, T
AAHBapb 9,7 18,72 40,23 26,99 65,55 62,37
17,00 41,01 26,80 59,18
®eBpanb 14,5 13,75 34,40 21,90 60,53 59,02
16,00 38,61 25,61 57,50
MapTt 23 19,00 40,31 28,51 55,37 55,65
13,64 38,33 24,52 55,93

B xome maGopaTopHBIX HCCIEIOBAaHUMN, MPOBEAEHHBIX B UCIBbITarenbHON Jabopatopun TOO «A-la-
Terrey», ObLTNM TMpOaHATU3UPOBAHBI (PH3NKO-MEXaHUYECKHE CBOMCTBA IMOJCTUIIOUHOTO OBEYLETO HAaBO3a, B
YaCTHOCTH — €T0 BIIAXKHOCTh. J[J1s1 aHaM3a ObIJI0 OTOOPAHO 110 JIBE TIPOOBI HABO3a B KAXKJIBIN M3 MCCIICTyEMBbIX
MeCSIIEB: STHBapb, (heBpasib U MapT. M3 TaOIMIBI BUIHO,YTO B STHBApE OBLIIM MCCIICIOBAHBI IBE TTPOOKI, B3STHIE
C TUTACTOB TOJIIIMHOM 9,7 cM cooTBEeTCTBEHHO. Macca mycThiXx O0rokcoB coctaBmia 18,72 r u 17,00 1, a macchr
OIOKCOB C HAaBO30M IO U TTOCJI€ BBICYIITMBAHHUS COCTABHIIN:

. [Tpo6a 1: 40,23 r (BnaxkHbIi HaBO3), 26,99 T (BBICYIICHHBIN);
. [Ipo6a 2: 41,01 r (Bnaxuslit), 26,80 r (BHICYILIEHHBIN).

Paccunrannas BnaxxHocTh coctaBmiia 65,55 % u 59,18 %, coorBeTcTBeHHO. CpeHsisl BIaXKHOCTD 110
sHBapio — 62,37 %.

HHBapCKI/Ie HpO6BI MMOKa3aJIn HAaMBBICHINC 3HAYCHHUA BJIAXKHOCTU 3a BECh IICPUOA UCCIICAOBAHMA. 9710
MOXKET OBITh CBSI3aHO C HU3KHUMU TCMIICpaTypaMu U BBICOKOM BIIQXKHOCTBIO BO3yXa, UTO HNPCIATCTBYCT €CTC-
CTBCHHOMY HCIIAPCHUIO BJIar U3 MAaCChl HABO3a. Bosee BricOKas BIaXHOCTh XapakTepHa JJId CBCXKUX MOACTHU-
JIOK, 0COOEHHO IMPpU aKTUBHOM CKOIIVICHUU SKCKPCMCHTOB 1 HGZ[OCTZITO‘IHOﬁ BCHTUJIAIIUU B 3UMHHUH MEepruoa.

Bo BTopoMm nieprozne (dheBpanb) ObLIN HCCIEI0BaHbI TPOOKI € TIACTOB TommuHOM 14,5 cm. Macca my-
cThiX OrokcoB — 13,75 r u 16,00 , coorBeTcTBeHHO. HaB0o3 nMe creayromue moka3aTeim:

. [Tpo6a 1: 34,40 r (BnaxusIit), 21,90 r (BBICYIIICHHBIH ),
. [Ipo6a 2: 38,61 r (BnaxkHsIit), 25,61 T (BBICYIIICHHBIH).
Bnaxxnocts coctaBmia 60,53 % u 57,50 %, coorBeTcTBeHHO. Cpenuss BIaxxHOCTh — 59,02 %.

B ¢eBpane ormeuaeTcs CHIKEHHE BIaKHOCTHU 110 CPABHEHUIO C STHBapeM Ha 3,35 NMPOICHTHBIX MyH-
KTa. DTO MOXET ObITb OOYCJIOBJIEHO MOCTEIEHHBIM CHUKEHUEM YPOBHS OTHOCHUTEIBHOW BJIAXKHOCTU B I10-
MELIEHMSIX, [JI€ COAepKATCs KUBOTHBIE, a TAK)KE YIYyUILIEHUEM BO3yXOOOMEHA IpU HayaBLIEMCS IIPOTPEBE
BO3ayxa. Takye BO3MOXHO, YTO YacTh HaBO3a YACTUYHO IOJCOXJIA 332 CYET MEXaHMUECKOTO MepeMEINBAHUS
WM €CTECTBEHHOI'O YIIOTHEHUS CJIOS.

B mapte Obutu uccnenoBanbl 00pasibl ¢ TOMIUHON cinost 23 cM. Macca myctbix 61okcoB — 19,00 r u
13,64 r. I3mepeHHbIEC 3HAUYCHUS:



o 1Ipooa 1: 40,51 r (BmaxxHbIN), 28,51 T (BEICYIIIEHHBIN);
. [Tpo6a 2: 38,33 r (BnaxkHsIit), 24,52 T (BBICYIIIEHHBIH).
Paccuurannas BnaxHocTh: 55,37 % u 55,93 %. Cpennsist BnaxxHocts — 55,65 %.

B mapre oTmewaercs najpHENIIEe CHIDKEHHE BIAXXHOCTH — Ha 3,37 T1LII. 10 CpaBHEHHUIO ¢ (heBpajIeM U
Ha 6,72 M.I. 0 CPaBHEHUIO C STHBAPEM. DTO 3aKOHOMEPHO U MOXKET OBITh CBSI3aHO ¢ O0JIee aKTUBHBIM HCIIa-
pPEHHEM BJIaru B KOHIIE 3UMBbI — HauaJle BECHBI, YIIyUIICHUEM yCIOBHIA XpaHEHHs U HA4aJIOM €CTECTBEHHOTO
pa3iokKeHUs MacCchl HaBO3a ¢ MOTepel Biaru. Takke cieyeT OTMETUTD, UTO 00a 3HaU€HUs BIIAXKHOCTU B Map-
T€ HaXOJATCS MPAKTUYECKH HAa OJJHOM yYpPOBHE, YTO TOBOPUT O CTAOWIM3AlMU MPOLECCOB M PABHOMEPHOCTH
pacripeniesieHus BIIard B Macce HaBo3a.

Jist 6oree HATJISITHOTO MPEICTABICHUS TMHAMUKH U3MEHEHUS BIAKHOCTH MOJICTHIIOYHOTO OBEUBETO
HaB03a 32 UCCIIEIyeMblil TepHuoI, TaHHbIe ObLITN OTpaXkeHbl Ha rpaduke. Ha rpaduke oToOpakeHa ycpeqHEHHAS
BJIQKHOCTBH HAaBO3a 110 MecALaM: sIHBaph, (heBpasib 1 MapT. Busyanuszanus no3BossieT OTYETIMBO MPOCIEAUTh
TEH/ICHIIMIO K CHUKEHHUIO BJIAKHOCTH OT 3UMHET0 K BECEHHEMY nepuoy (puc. 2).
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Puc. 2. Jlunamuika ycpeJHEHHOH BJIQYKHOCTH 3a SIHBapb-MapT
[Fig. 2. Dynamics of Average Humidity from January to March.]

Ha rpaduke npeacrapieHa quHaMUKa YCpeIHEHHOM BIaKHOCTH MOJCTUIIOYHOIO OBEYHEr0 HAaBO3a
0 MecsinaM: siHBapb, GpeBpaib U MapT. KpuBas 4€TKO 1€eMOHCTPUPYET NMOCTENIEHHOE CHUKEHHUE BIaKHOCTH
HaBO3a B TEYEHHUE 3UMHE-BECEHHEro nepuosa. B siHBape 3aukcupoBaHO HAMBBICIIEE 3HAYEHHE BIAKHOCTH
— 62,37 %, uTO 00YCIIOBIIEHO XOJIOJHBIMHU TEMIIEPATYPHBIMH YCIOBHSIMH, BEICOKOH OTHOCHUTEIIBHON BIA’KHO-
CTBIO BO3/IyXa U CJIa00H BeHTWIISILIMEH TOMEILISHH I, T/1e HaKariuBaeTcs HaBo3. B heBpasie ypoBeHb BIaXHOCTH
cHuzmics 10 59,02 %, 4To MOXKET CBUIETEIBCTBOBATh O HAYAJIE €CTECTBEHHOIO MCIIapEHUs BJIard U 4acTU4-
HOMW aKTHBALlMU MUKPOOMOJIOTMUECKUX ITPOLIECCOB B HAaBO3HOM Macce. B MapTe HaOmr01a€TCsl MUHUMAIIbHBIN
IIOKa3aTelb BIAXKHOCTH — 55,65 %, 4TO CBSI3aHO C IOBBIIIEHUEM TEMIIEPATYpPhl OKPYKAIOIIEH Cpeabl, yiIyd-
IIIEHUEM BO3lyX000MEHa, a TAK’KE BO3MOXKHBIM ITEPEMELIMBAHNUEM U a3palield MOJCTUIIOYHOTO CJI0s, YTO CIIO-
cOOCTBYET aKTUBHOMY HCIapeHuto Biar. ['paduk HamisiHO moaTBEp»kAaeT 00paTHYIO 3aBUCUMOCTb MEXy
BpPEMEHEM (CE30HOM) M BIJIQXKHOCTBIO MOACTUIOYHOTO HaBO3a: C HACTYIJIEHHEM BECHBI BIAXHOCTh MOCTE-
[IEHHO CHIKaeTcs. DTO BU3YyaJbHOE MPEACTABICHUE MO3BOJIAET IIyOXKe MOHATh XapakTep U3MEeHeHUs (u-
3UKO-MEXAaHUYECKHUX CBOKMCTB HAB0O3a U OLEHUTH €T0 ONTUMAJIbHOE COCTOSHHE JJII IPUMEHEHUS B CEIIBCKOM
XO35MCTBE.

BuiBojsl.

B pesynbrare npoBeJEHHBIX JIAOOPATOPHBIX UCIIBITAHUN YCTAaHOBJIEHO, YTO BIIAYKHOCTb OJICTUIIOYHOTO
OBEYBLET0 HaBO3a BapbHpoOBaja B pezenax ot 55,65 % no 62,37 % B nepuoxa ¢ stHBaps mo Mapt. Haubosnbimast
BJIKHOCTh HaOJfo/1aach B sTHBApe, YTO CBA3aHO C HU3KOM TeMIepaTypoil Bo3ayXa M cia0oi BEeHTWISILUEH
B nomeleHusX. C MOHMKEHUEM BIaXXHOCTH B (peBpasie M MapTe OTMedaeTcs TEeHJICHIHS K €CTECTBEHHOMY
MOJICBIXaHUIO MACChI, YTO J€IaeT HaBo3 0osee MPUroJHbIM K TPAHCIIOPTUPOBKE, XPAaHEHUIO U IPUMEHEHUIO B
Ka4eCTBE yI0OpEHUSI.

[TomydyeHHble JaHHBIE MO3BOJIAIOT YTBEp)KIaTh, YTO OBEYMH HABO3 B IMOJCTUIOYHOM BHJE



UMeeT MPUEMJIEMYI0 BIIXXHOCTb M BBICOKYIO KOHIIGHTPALMIO OPraHMYECKHUX BELIECTB, YTO JEJaeT ero
3 PEeKTUBHBIM OPraHNYECKUM YAOOPEHUEM IIPH yCIOBUH NMPAaBWIBHOTO puMeHeHus. ['padudeckuit ananus
MOJTBEPIKAAeT BEIPAKCHHYIO CE30HHYIO IMHAMUKY CHIDKCHHUS BIIQXKHOCTH, YTO HEOOXOANMO YUUTHIBATH MTPH
IUTAHUPOBAHUH TE€XHOJOTMYECKUX ONepalnnii, CBSI3aHHBIX CO cOOPOM, MepepadOTKON W BHECEHHEM HaBO3a B
CEIIbCKOXO035CTBEHHOE TTPOM3BOJICTRBO.

Crnemyer OTMETHUTBb, YTO BIIAXHOCTh SBISCTCS OJHUM U3 KIIOYEBBIX (PU3UKO-MEXaHUICCKUX
napaMeTpoB, OMPEIEISIONIMX KadyecTBO OpPTaHMYeCKHuX ynoOpeHuil. OHa BIUSET HE TOJIBKO HA Maccy U
TPAHCMOPTHBIE XapAaKTEPUCTHKH MaTepuana, HO M Ha MPOIECChl MUKPOOHOIOTHYECKOTO Pa3IOKECHHS,
o0pa3oBaHNE T'YMYCOBBIX BELIECTB W JOCTYMHOCTb MUTATEIBbHBIX 3JIEMEHTOB JUIsl pacTeHuil. B ycrmoBusx
MOBBIIIEHHON BIQYKHOCTH aKTUBU3UPYIOTCS ITPOLIECCHI aHA3POOHOT 0 PA3JI0KEHUS, UTO MOXKET COIIPOBOMKAATHCS
NOTEpsIMU a30Ta B BHUJIE aMMMaKa U CHU)KEHHEM OOLIeil muTaTenabHO LieHHOCTH yaoOpenus. Hamporus,
Ype3MEPHO HU3Kasi BIAKHOCTh MOXKET 3aMEJISTh MUKPOOHOIOTHUECKYIO0 aKTUBHOCTh U CHIKaTh CKOPOCTH
MHUHEPAIH3aLUN OPTaHMYECKUX BEIIECTB.

CpaBHEHHE TIOYYEHHBIX PE3yJIbTATOB C JIUTEPATYPHBIMHU JaHHBIMH MOKA3bIBAET, YTO OBEUYHI HABO3
JEUCTBUTENIFHO OTIMYAeTCs 00Jiee BBICOKOW KOHIIGHTPAlMEH OpPraHWYECKHX BEIIECTB IO CPaBHEHUIO C
KPYITHBIM POTaThIM CKOTOM M CBHHOBOJICTBOM, YTO IOJATBEP)KAAET €r0 IEHHOCTh Kak yaoopenus. OmHako
3G PEKTUBHOCTh €r0 MPUMEHEHHUSI HANPSMYIO 3aBHCHUT OT YCIIOBHH XpaHEHHS U MOATOTOBKU. B wacTHOCTH,
BaXHOE 3HAYCHHE UMEET IPABUIIBHOE YIIPABJICHUE BIAXKHOCTBIO, TAK KAK IMEHHO ATOT ITOKa3aTeIb ONPeesieT
KaK (pu3nyeckoe COCTOSIHUE MaTepraa, Tak U €ro arpOXMMHUYECKUe CBOMCTBA.

[IpakTHyeckass 3HAYUMOCTh MPOBEACHHOTO HCCIEIOBAHMS  3aKIIOYACTCd B BO3MOXHOCTH
UCTOJIb30BAaHUS TOJIYYEHHBIX JaHHBIX JUISI ONTUMHU3ALMM MPOLECCOB XPaHEHHs U TPaHCIOPTHUPOBKHU
HaBo3a. [Ipy CHM)KEHHH BIAKHOCTH YMEHBILIAETCS Macca MEepeBO3MMOro Marepuala, CHU)KAIOTCS 3aTpaThl
Ha JIOTHCTHKY, a TaKXXe IOBBIIIAETCS yJOOCTBO BHECEHHS B MOYBY. Kpome TOro, KOHTpOJIb BIaKHOCTH
1o3BoJIsIeT 00JIee TOYHO JO3UPOBATH BHECEHHE OPTaHUYECKOTO yI0OPEHHS, YTO CIIOCOOCTBYET MOBHIIICHHUIO
YPOKaHHOCTH CEITbCKOXO3IUCTBEHHBIX KYJIBTYP M YIYUIICHUIO CTPYKTYPHI IIOYBHI.

Taroke clieTyeT y9uThIBaTh, 4YTO OBEYHIA HABO3 OKA3bIBACT MOJI0KHUTEIBHOE BIMSHUE HA OMOJIOTHYECKYTO
aKTUBHOCTH MOYBBI, CTUMYJIMPYS pPa3BUTHE MOYBEHHONH MUKPO(DIOPHI. ITO, B CBOIO OUYEPE/Ib, CIIOCOOCTBYET
YCKOPEHHIO Pa3J0kKEHUsI PACTUTENBHBIX OCTATKOB M OOpa30BaHUIO T'yMyca, KOTODBIM SBISETCS OCHOBOM
IUI010pO/IMs 1TOUBBI. TakuM 00pa3oM, UCTIONB30BaHUE OBEYHETO HABO3a UMEET HE TOJIBKO arpOHOMUYECKOE,
HO Y 3KOJIOI'MYEeCKOe 3HAaU€HHUEe, COCOOCTBYS yCTOMUYMBOMY Pa3BUTHIO CEIBCKOTO XO35HCTBA.

OTnenbHOTO BHMMAHHS 3acly’KUBAeT BIIMSHHUE CE30HHBIX (PAKTOPOB Ha (DU3MKO-MEXaHUUYECKHUE
CBOICTBa HaBo3a. B 3uMHMII neprosa HaOIOAaeTCsl HAKOIJICHUE BIIArd M3-32 MOHIKEHHOW MCTIapSIeMOCTH,
TOr7la KaKk B BECEHHHWH IEPUOJ] yCHWIMBAIOTCS TNPOLECCH BBICYIIMBAHWS W a’PHUPOBAHUS MacChl. DTO
HEOOXOAMMO YYHTHIBAaTh NPU pa3pabOTKe TEXHOJIOTHH XpaHEHHs M MepepabOTKH OpraHMYeCKHUX OTXOJO0B
’KHBOTHOBO/ICTBA.

B kauecTBe MepCreKTHB NaTbHEHIIINX HCCIIEIOBAHUI MOXKHO BBIJICITUTH H3YUCHUE BIUSHUS BIAKHOCTH
Ha CKOPOCTh KOMIIOCTHPOBAHHUS, a TaKK€ HCCICIOBAHWE ONTHMAJbHBIX YCIOBUH XPaHEHHS OBEUHETO
HaBO3a B PA3JIMYHBIX KJIMMAaTHUYECKUX 30HaX. [IOMOTHUTENIHHO IIETIecCO00pa3HO pPacCMOTPETh BOMPOCHI
KOMOWHHUPOBAHHOTO HCIIOJIb30BAaHMS OBEYHETO HABO3a C JPYTMMHU BHUJAMM OPTaHUYECKHX U MHUHEPAIbHBIX
y10OpeHu# 17151 TOCTHXKEHUSI MAKCUMaJIbHOTO arpOHOMHUYECKOTro ¢ deKra.

Takum o0pa3oM, NpoBeIEHHOE HCCIEIOBAaHUE MOATBEPHKIACT BaXXHOCTh CHUCTEMHOIO IOJAXOJa K
OLICHKE (PM3HKO-MEXaHUYECKHX CBOWCTB OPTaHMUYECKHUX YJOOPEHHH 1 MOKA3bIBACT, YTO KOHTPOJIb BIAKHOCTH
SBISIETCSl OJJHAM M3 KJIFOUEBBIX (DAKTOPOB IMOBBIMICHUS (PPEKTUBHOCTH HMX HCIIOJIB30BAHHUS B CEIHCKOM
XO3SICTBE.

JlomoTHUTEBHO, B PAMKax MPOBEIEHHOTO HCCIICIOBAHUS, PEKOMEH TyeTCsl yISIUTh 0cO00e BHUMAaHNE
COBEPILICHCTBOBAHMIO METOJJOB MOHHUTOPHHTA BIIQ)KHOCTH Ha BCEX 3Tanax OOpaIleHUs] ¢ OBEYbHM HABO30M,
BKJTIOYast €0 HAKOTIJICHHUE, XPAaHEHUE, TPAHCIIOPTHPOBKY M BHECEHUE BIIOYBY. DTO TO3BOJIHT TOBBICUTH TOUHOCTh
OLIEHKH €ro KauecTBa 1 MUHUMHU3UPOBATH MOTEPH IMUTATEILHBIX BEIIECTB, BO3HUKAIOIINE ITPH HETIPABHIIBHBIX
ycnoBusix XxpaneHus. Kpome Toro, neaecoo0pa3Ho BHEAPEHHE COBPEMEHHBIX TEXHOIOT U KOMIOCTUPOBAHMUS,
CMOCOOCTBYIOHIMX 0o0Jiee PaBHOMEPHOMY PACHpPEACICHUI0 BJIAard U YCKOPEHHUIO INPOLIECCOB PA3IOKEHHS
opraHuueckoil maccol. Taxke MEpCHEKTHBHBIM HalpaBICHUEM SIBISETCA pa3paboTKa peKOMEeHAaluil o
ONTUMM3ALMU CE30HHOTO PETYJIUPOBAHUS BIAXKHOCTH € YUETOM KIMMAaTHUECKUX OCOOCHHOCTEN pernoHa. 1o
obecrieunt OoJiee cTaOMIIbHBIC arpOXUMHYECKHUE XapaKTEPUCTHKH Y100PEHHSI M TOBBICHT ero 3(ppeKTHBHOCTH
npuMeHeHHs. BaXHO OTMETUTb, YTO MHTETPALUS TOIyYSHHBIX JaHHBIX B CHCTEMY CEIbCKOXO3SHCTBEHHOTO
TUTAHUPOBAHHMS TIO3BOJIAT MOBBICUTH OOIIYI0 YCTOWYHBOCTH arpOMpOM3BOJICTBA U PAIIMOHAIBHO UCTIOIB30BaTh



OpPraHMYECKHUE PEeCypChbl KMBOTHOBOJCTBA, YTO MMEET 3HAUMTEIHLHOE SKOHOMHUECKOE M DKOJIOTHYECKOE
3HaueHue. Kpome toro, cieayer npoBOAUTh PETYJISPHBIA KOHTPOJIb KauecTBa HaBO3a B MPOIIECCe.
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Capoanuna buouzyne /[rcekcenbaesna — nposedeHue noaesvix UCNbIManull u 06pabomKa nomyUeHHbIX IKCNEPEMEHMATbHbIX OAHHbIX
Ypaseanuesa Axmapan Huszoena — ¢hopmanshviii ananus, nposepra pe3yivmamos u peoakmupo8anue pyKonucu.
Tackauposa Aiitna Anuxanoena — Konyenmyanu3ayus, Hanucanue u pedaKmuposanue mexkcmd.



RESEARCH, RESULTS

SCIENTIFIC JOURNAL

IBAEHICTEP, HOTU/XXEJIEP

FBIJIBIMH KYPHAJI

NCCIIEJOBAHUA, PE3YJBTATDI

HAYYHBIN )KYPHAJ

Kypbliaraiilbicsl sxdHe 0acnarepi:

«Kazak ynTThIK arpapibik 3eptTey yHuBepcuteTi» KEAK «Ka3zakcran PecnyOmukacer
[IpesunenTiniy xxanbiHAarbl Kazakctan PecnyOnukachiHbIH ¥ ITTHIK FBUTBIM aKkaIeMUsiChI»
KEAK

bac pexakrop

Kypimbae Axpuioexk Kaxxbiryyibl

Kayanrtsl pegakrop

Mpzabaesa Payman XKanuepna

Komnbrorepae 0errerex

Acanosa JKaapipa MuprumxaHoBHa

Penaxiusa MeH OacriaHblH MEKEH-KabI:
050010, Kazakcran Pecriybnukacel, AnmaThl K., AGaii JaHFbUIBI, 8

Kypmnaun caiiter: https://journal . kaznaru.edu.kz/

30.06.2026 x.





