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AnHomayus. lenblo UCC/eJOBaHUN SIBJsIeTCS M3y4YeHHEe HU3MeHeHUsT MOpP(OJIOTHUECKHX,
$U3UKO-XMMHUYECKUX CBOWCTB OPOIIAEMBIX W GOTapHBIX MOYB PA3HBIX THUIIOB Ha MpEJrOPHBIX
paBHHHax KaMGOBIJICKON 06J1aCTH B YCJIOBUSIX UX UHTEHCUBHOIO MCIOJIb30BaHUS C BbISIBJIEHUEM
OCHOBHBIX GAaKTOPOB, MPUBOAALIMX K UX TpaHCopManuu. O6G'beKTOM HCC/eIOBAaHUS SABJSIOTCA
no4uBbl JKaMOBIJICKON 06J1aCTH, MO/[BEPrapIrecs aHTPOIOreHHOH TpaHCPopMalUu B YCIOBUSIX
CeJIbCKOX03SHCTBEHHOI'0 HCI0JIb30BaHHsS. Ha OCHOBe CpaBHUTEJILHOTO aHa/iM3a MapHBIX pas-
pPe30B LIeJIMHHBIX M MAXOTHbBIX 3eMeJIb BBIIIOJHEHO HUCCIe[0BAaHHE arpOXUMHUYECKUX U PpU3UKO-
XUMHUYECKHX M0Ka3aTesel AJ1s1 KalllTAHOBbIX, CEPO3EMHBIX, JIYTOBbBIX U JIYTOBO-CEPO3EMHBIX MTOYB.
YcTaHOBJIEHO, 4YTO Jerpajanus HMeeT KOMILIEKCHbIA XapaKTep M BbIpaXKaeTci B JIery-
MUQUKALMY, CHI)KEHUHU COJlep»KaHMs NMOJABMKHOro pocdopa M Kajus, U3MEHEHUH KHUCJIOTHO-
IeJIOUHOTO pexxuMa. Haubosiee WMHTEHCHUBHBIE MPOIECCHI Jlerpafanud 3adHUKCUPOBAaHBI B
KalITAaHOBBIX M CEPO3EMHBIX IOYBAX, IJle MoTepu rymyca gocruraior 50-55%, a ¢pocdopa - 30-
35%. B JlyroBbIX ¥ TOMMEHHO-JIyTOBBIX IIOYBAX HABJIIOAAETCSA OCOJIOHIIEBAaHHUE.
Kawuesble ci08a: 104YBa, 3eMeJIbHbIE PECYPCHI, Zierpafalys 0YB, IJI0/JOPO/IUE MOYB.

BBEJIEHUE

Jerpasanuss MOYB Mpe/ACTaBJSET
c0060M o/]Hy M3 HauboJiee CepbE3HBIX YTPO3
YCTOWYUBOMY Pa3BUTHUIO CEJIbCKOTO XO-
3d1CTBa U NPOJIOBOJILCTBEHHON 6e3omac-
HOCTH B YCJOBHUSAX YCUJIMBAKOILErocs
AHTPONIOTEHHOTO JIaBJIEHUSI U U3MeHeHMUs
kjauMaTa. [lo JaHHBIM MeXAyHapPO/HbIX
OIIEHOK, €XerojlHo B MHpe JerpajupyeT
0k0s10 1 MJIH KM? 3eMeJib, 9YTO IPUBOJUT K
yTpaTe MJOAOPO/HUs, CHIDKEHHUIO ypOXKau-
HOCTH U OGOCTPEHHIO COLMAJbHO-3KOHO-
MUYECKUX PUCKOB JJI arpapHbIX peruo-
HOoB [1]. KasaxcraH, pacmnoJsiokeHHbIH B
apuAHON 30HE, OTHOCUTCS K YHUCIY CTpPaH,
rjle TNpoIlecChl JAerpajaluu Hpuodpesu
0co60 MaclITabHbIN XapakTep: 6ojee 75%
NaxOTHBIX 3eMeJib PecnybJUKH TMoJBeEp-
’)KEHO pasJIMYHbIM dopMaM Jerpafauuu -
3p03UH, 3aCOJIEHUIo, JleryMUPUKAIUU MU
HCTOLIEHUIO TUTATENbHbBIX BEIIECTB [2].

[IpruurHaMHu JeTpaZaliy MOYB SIBJS-
I0TCSl HeCOAJITAaHCUPOBAHHOE 3€MJIEN0JIb30-
BaHUe, Ype3MepHas pacrnaiika 6e3 BoccTa-
HOBJIEHUSI  OPraHUYECKOTo  BEIeCTBa,

HapylleHUs arpoTeXHHWKH Ha CKJIOHAX, a
TaK)Xe BTOPUYHOE 3acoJieHUe, BO3HHUKalo-
1iee BciaecTBUEe HeIQPEKTUBHOIO JpeHa-
)Ka U IepeyBJXXHEHUs] Ha OpoLIaeMbIX
3emisix [3]. CyiiecTBEHHYIO pOJIb UTpPaeT U
M3MeHeHHe KJIMMaTa, NpOosIBJSIOLieecs B
yBeJUYEHUU 4YacTOThl 3acyX, CHWKEHUH
0Ca/IKOB U POCTe CpeJHErO/I0BBbIX TeMIIe-
paTyp, 4YTO YCWU/JIMBAeT 3PO3UOHHbIE U
fedsAMoHHbIE IpoLecch [4, 5].
Kam6blickas 06/1acTh, pacoioKeH-
Has B I0KHOM yacTu KasaxcTaHa, OTHOCUT-
sl K YHCJIy PETHOHOB, T/le COBOKYITHOE BO3-
JlelicTBUe TPUPOAHBIX U aHTPOIMOTEHHBIX
$aKTOpOB NPUBOJUT K OBICTPOMY yXyZAlle-
HUI0O COCTOSIHMSI TOYBEHHOTO IOKpOBa.
UccnenoBanus Kapnenko H.II. u coaBT. [6]
NIOKa3blBalOT, YTO B IMpejesax peruoHa
aKTHBHO Pa3BUBAIOTCS MPOLECCH JerYMU-
dUKauUu U 3acosieHUs] Cepo3éMHO-JIyro-
BbIX M0YB, YTO CONPOBOXAAETCA CHMXKe-
HHEeM COZlep>KaHMsA IryMyca U yXyAlleHHeM
CTPYKTYpbl BepxHero ropusonTa. [lo jaH-
HbIM 3akon Online [7], B o6sacTu oTMe-
YyaeTcs yBeJIMYeHMe IIoLaJied BTOPUYHO
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3aCOJIEHHBIX 3eMeJlb, @ COTHU ThICSY TeK-
TapoB MalllHU YyXKe I[lepeBe/leHbl B KaTero-
PUI0 HENPUTOAHBIX [/ CEJbCKOXO3SNCT-
BEHHOT'0 UCII0JIb30BaHUS.

Kpome Toro, B pailoHax MoHbIHKYM
u Uy HabiropaeTcss aKTHBHOe IPOJBU-
’KeHHue NeCKOB, CONPOBOXAalolleecs yTpa-
TOW PpacCTUTEJbHOTO MOKPOBA U PHUCKOM
ONYCTBbIHUBAHMUS, YTO CTAJIO CTUMYJIOM JJIA
peasiM3alii peruoHaJbHbIX IPOrpaMM Jie-
CopasBe/leHHUs, BKJIIOYAKLUX T0CaAKY CaK-
caysia ¥ Jpyrux KcepoduTHbIX nopoj [8].
UccnepoBanua  KupendyeBonn JIB. wu
CeittkasueBa A.C. [9] nogTBepAUIIH, UTO Ha
OpOLIAaeMbIX 3eMJIIX peTMoHa MPOUCXOAAT
M3MeHeHHUs] BOJHO-COJIEBOIO peXuma U
CHIKeHUe NPOAYKTUBHOCTU BCJEeJCTBUE
COYeTaHUsl MPUPOJHBIX U AaHTPONOTEHHbBIX
daKTOpOB.

JerpajalioHHble NpOLECCHl B MOY-
Bax JKaMObIJICKOH 006J1aCTH NMPOSIBJSIOTCA
B HECKOJIBKHUX B3aWMOCBSI3aHHbIX popMax:
3po3usa (BoJHasA M BeTPOBasi), BbI3bIBAIO-
masi CMbIB BepxXHEro cJosl U CHIKeHHe
BJIar0éMKOCTH; JeryMudukaLus, MNpPUBO-
JAsasi K YIJIOTHEHUIO TIOYB U MaJeHUI0
MHUKPOOGHOJIOTMYECKOH aKTHBHOCTH; 3aco-
JleHHe, COINpOBOX/Jamollleecss HapylLleHHeM
CTPYKTYpbl U yXYAILeHHEM BOJAONPOHU-
1JaeMOCTH; — MCTOLIEHUE NUTATeJbHbIX
3JIeMEHTOB, BO3HUKalolllee NpU AJIUTesb-
HOM HCIIOJIb30BAHUH MOHOKYJBTYp U He-
JIOCTAaTOYHOM BHeceHUHU yhob6penuii [9,10].

[locnepcTtBus  gerpajjauvu A
CeJIbCKOTO XO3fICTBAa pervoHa IposiB-
JIAIOTCS B CHXKEHUHW YPOXKallHOCTH 3epHO-
BbIX U KOPMOBBIX KYJIbTYp, pacUIMpeHHU
IJION[3Ied COJIOHYAKOB M 3abpacblBaHUU
3eMeJib [11]. B COBOKYNHOCTH 3TO BEJET K
YXYALIEeHHUI0 arPO3K0JIOTUUECKON YCTONYU-
BOCTU M POCTY COLMaJbHO-3KOHOMHU-
YeCKHX PHUCKOB.

TakuM 06pa3oM, aKTyaJbHOCTb MCC-
JleloBaHUsl Jerpajauud nods Kamo6bLi-
CKOM 06J1acTU onpejessieTcsl HeoOXoAu-
MOCTBI0O HAayYHOTO OOOCHOBaHHUS Hpolec-
COB HX M3MeHeHMUs IoJ, BO3JelcTBUEM
IPHUPOJHO-aHTPONOreHHbIX (GAKTOPOB U
pa3paboTKM Mep 10 BOCCTAHOBJIEHHUIO

miogopoaus. [IpoBeseHne aHanM3a OCHOB-
HbIX GaKTOPOB U MEXaHU3MOB Jerpajanuu
naxoTHbIX Mo4yB KaMOblICKOM o06JacTy,
OLleHKa HX COBPEMEHHOI0 COCTOSHMA
M03BOJIUT ONpeJe/UTh HalpaBJeHUsl HX
BOCCTAHOBJIEHUS C YY4ETOM pPervoHabHbIX
NPUPOJHO-KIMMaTHYECKUX YCIOBUH.

PemeHne nocras/ieHHBIX 3a/a4 M03-
BOJIUT YTOYHUTBH CTeleHb BO3JeHCTBUA
AHTPOMNOTeHHbIX HArpy30K Ha MOYBEHHbIN
[IOKPOB pervoHa U NpeJJoKUTb MepPHI IO
CTabWJM3alMM  arpojaHAmadToB, YTO
MMeeT BaXKHOe 3HauyeHUe JJisl YCTOM4YU-
BOr0O 3eMJieJlesIusl U OXpaHbl NMOYBEHHBIX
pecypcoB KazaxcTtaHa [12, 13].

MATEPHAJIBI U METO/IbI

O6BeKTOM HCCJIeLOBAHUSA ABJAIOTCSA
no4yBbl KaMOBLICKOW 06J1aCTH, TOABEP-
rarouidecsi aHTpPONOTeHHOW TpaHcpopMa-
IIJUU B YCJIOBUSAX CEJIbCKOXO3SMCTBEHHOIO
HCII0JIb30BaHMUS.

[Ipy n3ydyeHUu PakTOpoOB aHTPOIIO-
reHHOr0 BO3/JeMCTBUSA Ha MOYBbI HEOOXO-
JIMMO 3HaTb UX BJMsSHUE IO BCEH Hcce-
ZfyeMoll Tepputopuu. [loaToMy npuMeHeH
YHUBEpPCaJbHbIA  CPaBHUTEJbHO-TEOTPa-
duyeckuil MeToJ, HCCJeJOBaHUM, MO3BO-
JIAIOLMHA BBISIBUTb H3MeHEeHUs CBOMCTB
II0YB BO B3aWMOCBSI3U C OCHOBHBIMHU IIPU-
poAHBIMU GAKTOPAMU 10YBOOOGPA30BAHMUS.
Pa6oTaMu mo M3y4yeHHIO aHTPONOTEHHOU
TpaHcpopMalMy [OYB OXBayeHbl BCe
OCHOBHble JlaHAWA(THI OpOIIAEMBIX U
GOoTapHBIX 3EMEJIb.

Jlis1 BbISIBJIEHUSI CTENEHU H3MEHe-
HUA TIOYB B pe3yJbTaTe X035MCTBEHHOU
JledTeJIbHOCTH 3aKJIaAblBaJIUCh NapHble
paspesbl Ha HapyLleHHbIX U HeHapy-
[MIEHHBbIX yYaCTKaX, HWJEeHTUYHbIE IO
yCJ0BUSAM 3asieraHus. llpu 3anoxeHuu
NOYBEHHBIX pa3pe30B oNnucaHbl MopdoJio-
rudyeckve CBOMCTBA IOYB, OTOOpaHBI
0o6pasubl N0 reHeTU4YeCKUM TOpHU30HTaM.
Bcero 3aoxeHo 20 noYBeHHbIX pa3pe30B
(10 map) LeJMHHBIX U NaXOTHBbIX IOYB:
TEMHO-KalITaHOBble HOPMaJIbHble, TEMHO-
KalllTAaHOBble IVyOOKOBCKUMAOIHE, CBET-
JIO-KalUTaHOBble KapOOHATHBIE, CEPO3EMBI
OObIKHOBEHHBIE, CepO3éMbl OOBIKHOBEH-
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Hble KcepoMOpQHbIe, CEPO3éMBbI CBETJIble
HOpMaJlbHble, JIyTOBO-CEPO3EMHbIE, JIYTO-
Bble, IOMIMeHHbIe JIyroBble. Pacnosioxenne
NOYBEHHBIX paspe30B I[OKa3aHO Ha
pucyHke 1.

OueHka W3MeHeHUH MpPOBOJUJIACH
Ha OCHOBe JAaHHBIX aHaJU30B CIeAYILNX
$Y3UKO-XMMHUYECKHX CBOMCTB MOYB: TYMYC,
no W.B. TwpuHy, o6mui a3oT, 1O
W.I. Kbesbpanto; COz kapboHATOB, 06bEM-
HbIM MeToZoM; pH, noreHnuometpuyec-
KUM MeToJ0M; oOMeHHble KaTHOHBI Ca,
Mg, Na, K; mogBuxHbIN (FUAPOJIU3yEMBbIii)
asoT, no TwpuHy; nogBwxkHbIE docdhop U
KaJii, no MadyuruHy; rpaHyjomeTrpuyec-
KHUH cocTaB, 1o KauynHCKOMY; cocTaB cojied
(BogHas BeITSKKA) [14, 15].

B kayecTBe MmepBUYHOM (MCXOLHOM)
MHbOpPMaALUK NPUBJEKAIUCh MaTepHuasbl
npeJblAyIIUX JIeT UCCAe[0BaHUM, MpOBe-

JleHHbIX B HWHCTUTYyTe mNO4YBOBeJEeHUS U
arpoxuMuy uM. Y.YV. YcnaHoBa, a Takxe
JlaHHbIe U3 JIMTePaTYPHbIX UCTOUHHUKOB.
OCHOBHOM KOHILeNIMeH, omnpene-
JiIolled MeToJbl NoJiydyeHUs dakTHyec-
KOro MaTepuaJsia, a Takxe ero o6paboTKU
SIBJISIeTCsl TeHeTU4ecKUul nogxon [16, 17].
B ocHOBy wucc/iejoBaHMH TOJIO)KEH CpaB-
HUTeJbHO-Teorpaduyeckuii Mmetoz [18].
Ha sTamne npoBesieHHs] MapUIPyTHBIX
noJieBbIX uccaenoBaHui (2025 ropg) npu-
MEeHSTUCh MopdoJioruyeckrue MeTo/bl [19],
obecrneyrBaloliye JOCTOBEPHOCTb U 060C-
HOBAHHOCTb M10JIEBOM AUATHOCTHUKH MTOYB.
[IpuMeHeHHe  HMHCTPYMEHTAJIbHBIX
MeTO/I0B CBSI3aHO C JIaOOPAaTOPHBIMU aHa-
JINTUYECKUMU HCCJIeJOBaHUAMU OTOOpaH-
HbIX 00pa3L0B, KOTOpble MPOBOJUIUCH IO
O6LIENPUHATBIM METOAUKAM.

PucyHok 1 - PacnosiokeHue NOYBEHHBIX pa3pe3oB

PE3VYJIBTATEI U UX OBCYKJAEHUE
Xapakmepucmuka nous
TéMHO-KaWmMaHo8ble N048bl IMUPOKO

pacnpocTpaHeHbl Ha MPeATropHbIX PaBHU-
Hax Kuprusckoro, Tasmacckoro Anatay, Uy-
WUnuiickux rop u xp. Kapartay. B 3aBucu-
MOCTU OT OCOOGEHHOCTEN MOYBOOOpa3ylo-
IUX TOpPOJ, U YCJAOBUU YBJIDKHEHUS,
Ompe/e/ISIIUUX OTHOCHUTEJIbHYI0 TJIyOUHY
3ajieraHdsl KapOOHATOB, CpeAH TEMHO-
KallITAHOBBbIX TMOYB BbIIEJSAIOTCA TeHEeTH-
YecKHe poJibl HOpMaJibHbIX, KAPOOHATHBIX,
[JIy0OKOBCKUMAOIIHX, KCEPOMOPQHBIX,
MaJIOpa3BUTHIX U 3POJHPOBAHHBIX.

[TouBOOGpa3ywIMMU OPOAAMHU SAB-
JISIIOTCS JIECCOBUJIHbIE CYIJIMHKU, a TAKXKe
3JII0BUAJIbHO-/IeJII0BUAJIbHBIE  OTJIOXKEHHUS
pas/IMYHON CTENEeHU KAMEHUCTOCTH.

B cBoeM pa3BUTHUM TEMHO-KALITAHO-
Bbl€ MOYBbI CBSA3aHbI C PACTUTEIbHOCTHIO
NpPENMYIeCTBEHHO KYyCTapHUKOBBIX (CIH-
pes - Spiraea hypericifolia, IANIOBHUK -
Rosa canina v Ap.) KOBbLJIbHO-THUITYaKOBBIX
(koBBLIB - Stipa capillata, Tun4axk - Festuca
valesiaca), TUITYaKOBO-KOBBIJIbHBIX, 06bIY-
HO CaBaHHOWJHBIX acCOLMAIMKA C HEMHO-
rOYMCJEeHHbIM pa3HOTpaBbeM (4abpel -
Thymus marschallianus, nogMapeHHUK -
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Galium verum, nanyatka - Potentilla argen-
tea, repaHb - Geranium collinum, JIOTUK
enku - Ranunculus acris 1 TOJBIHb -
Artemisia spp.).

Kap6oHaTHble TEMHO-KalITAaHOBbIE
noyBbl (GOPMHUPYIOTCA B OCHOBHOM B
YCJIOBHAX XOJIMHUCTO-BOJIHUCTOTO, YBaJIUC-
TO-BOJIHUCTOTO pesibeda Ha THKEJbIX
JIECCOBU/JHBIX CYIJIMHKAaxX, HOpMaJbHble U
BbllLleJIOYeHHble TO0YBbl CBA3aHbl Mpeu-
MYILeCTBEHHO C TOPHbIM peJibeoM.

TéMHO-KalITaHOBbIE MOYBbI UMEIOT
CpelHEMOILHBIA TyMYCOBbIA TOPU3OHT
(A+B=45-55 cMm), cBepxy BblensieTcs Oypo-
BaTO-CEPBI TyMYCOBO-aKKyMy/JATUBHBIN
ropusoHT (A=18-22 cM), KopelIKOBaThIH,
NbLJIEBATO-IOPOXOBUIHON WJIM TNblIEBATO-
KOMKOBAaTOM  CTPYKTYphl,  CpeJHecyr-
JIMHUCTBIN, C TEMHOBATO-CEPOM JepHUHOMN
(A12=7-8 cm). [ny6xe OH cMeHsieTcs 6oJiee
CBeTJbIM (cepoBaTO-OypbIM, KalITaHO-
BbIM), MeHee KOPEeIIKOBATbIM NepeXoAHbIM
ryMycoBbIM ropusoHToMm (B=25-35 cm).
Huke yacTo pacnoJsiaraeTcss MaJoMOLHBINA
CepoBaTO-CBET/IO-0YPbIA NIPOMENKYTOUHBIN
ropu3oHT (BC=10-15 cM). ¥ kapboHATHBIX
M HOPMa/IbHBIX MOYB MOJ, HHUM OOBIYHO
3asieraeT 6GeJsiécblll, 6es€coBaTO-KENTO-
Oypbli, KpEMOBBIH, MJIOTHBIA OpPEXOBaThIN
TSXKEJIOCYTJIMHUCTBIA  KapO6OHATHO-UJIIO-
BUAJIbHBINA ropu30HT (CX), ryiyGKe mepexo-
JAIUHA B MeHee OKapOOHAYeHHYH JIECCO-
BU/IHYIO NOpPOJY(UHOTAA C BblJeJIEHUSIMU
rUIca B BHUJIe CpPEJHEYHCJIEHHBIX OesbIX
WJIM TPSI3HOBATO-0YPbIX KPUCTAINUECKUX
KOHKpelMil) WJu B HIEOHUCTBIA PYXJIAK
mioTHbIX nopo, (DCw). Kap6oHaTHble 06-
pa3oBaHUs MpeACTABJEHbl B BHJE KOPO-
YeK U HaJIeTOB Ha HIKHUX MOBEPXHOCTAX
1e6HA ¢ IyOUHBI BCKUNAHUS, a TaKXe B
BU/Ie pacIJIbIBYAThIX GesiecoBaThIX NMATEH
B ropu3soHTax BC u Cx.

CojepkaHuMe TyMyca B BepXHHUX
rOpHU30HTaX TEMHO-KALITAHOBBIX [OYB
nocturaet 4-5%, BajsioBoro asora - 0,2-
0,4%. OTHOLIEHHe OpraHUYeCcKOro yriaepo-
Jla K a30Ty cocTaBJsigeT 8-11, mocTeneHHO
Cy’kMBaeTcsl BHHU3 Mo npoduao. Cymma
OOMEHHBIX OCHOBaHMHM JocTuUraetr 25-

30 mr-akB Ha 100 r mouyBsbl. [louBeHHBIN
MOTJIOIIAIIMKA KOMIJIEKC HAaCbIIleH B
OCHOBHOM KaJIblIUEM, YACTUYHO MarHUeM.
[ToyBBI AOCTATOYHO XOPOIIO OGecrnevYeHbl
ycBosieMbIMH ¢opMamMu asora (go 100-
120 mr Ha 100 r mouBsl), Kasus (mo 300-
480 mr Ha 100 r mouBsl) u pocdopa (10 6-
10 mr Ha 100 r nouBsl). Peakijus moyBeH-
HbIX CYCIIeH3WU HeUlTpasibHasA U cjaabole-
JIOYHasi B BepPXHUX TOPU3OHTAX, IIesI0Y-
Has - B Kap6oHaTHBIX. [lo MexaHuYecKoMy
COCTaBy MOYBbl NPEUMYLIECTBEHHO Cpej-
He- U TSKeJIOCYTIMHUCTBIE.
Ceem10-KawmaHo8ble No4Y8bl PacIio-
JlaraloTcsi B Ipejesax NpeAropHod myc-
THIHHO-CTENTHOM 30HbI Ha BbIcOTax 800-
900 M H.y.M. [louBoO6Gpa3ywUIMMHU MOPO-
JlaMH CJOyXaT B OCHOBHOM 3JIOBUAJbHO-
JleJII0BUaJIbHble MaJIOMOLLHblE CYTJIMHHUC-
TO-IEOHUCThIE OTJIOXKEHHSI U JIECCOBU/I-
Hble CyTrJIMHKU. [lpeo6siajlal0T HOpMasib-
Hble U KapOOHATHBIE PO/JIbI.
[Ipeo6s1a/Iar0IIMMHU aCCOIUAIIUSIMU B
pacTUTE/NbHOM MOKPOBE CBETJ/IO-KaIITAHO-
BbIX [0YB fIBJISIOTCS MOJBIHHO-KOBBLJIBHO-
TUM4yakoBble (Artemisia spp. - Stipa
capillata - Festuca valesiaca), TOJbIHHO-
3deMepor/IHO-TUYAKOBbIE U IOJIBIHHO-
THUITYaKOBO-3¢deMePOU/IHbIE COOBIIECTRA.
MoOILIHOCTE TYMYyCOBOT'O TOPU30HTA
CBETJ/IO-KAIITAHOBBIX KapOOHATHBIX IOYB
cocTaBydeT B cpefHeM 42-48 cMm. CBepxy
BbIJIEJIAETCS MHTEHCHUBHO-CEPBIH, cjerka
OypoBaThlli, KOMKOBAaTO-MOPOXOBU/IHBIN
(A1p=6-8 cM), HmwxKe OypOBaATO-CEPHIH,
NbLJIEBATO-KOMKOBATBIA CpeJIHECYTJIMHHUC-
ThIA TyYMYCOBO-aKKYMYJATUBHBIA TOpH-
30HT (A=26-20 cM). InybGxke 3ajeraet
CepoBaTo-6ypbli, KOMKOBATO-IIbLJIEBATHIH
CpeJHeCyTJIMHUCTBIN epexoAHbIA IYMyCo-
BbId ropusoHT (B=27-33 cMm). Huxe oH
NepexoJUT CHayajia B CepoBaTO-OYpbIH
KOMKOBAaTO-IVIbIOKOBBIN ropu3oHT (BCK), a
zateM (65-85 cMm) - B maJieBo-CBETJIO-
Oypblli KapOOHATHO-OPEXOBAThIA VILJIOT-
HEHHbIM TSKEJOCYTJIMHUCTBIA Kap6oHaT-
HbI TOpU30HT (CK), KOTOpPBIA MOJACTH-
jgaetca (90-120 cM) kesTOBATO-CBETJIO-
OypbIM, MeHee YIJIOTHEHHBIM, KOMKOBATO-
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[JIbIOKOBBIM  TSKEJbIM  JIECCOBHUAHBIM
CYTJIMHKOM, 4acTO CO CpeJHEeYHCJeHHbIMU
CpeHEKPUCTANJINUECKUMH 6ypOBaThIMU
Jpy3aMu Y peJKUMH GebIMU MEeJKOKPHC-
Ta/VIMYECKUMU KUJIKAaMU U KpanuHKaMU
rumnca. [loYyBbl BCKUNAKT C MOBEPXHOCTHU
WM c riayouHel 3-6 cM. BelgeseHus
KapbOHAaTOB OTMeYeHbl B BHJE CJa60
3aMeTHbIX PaCIlJIbIBYATHIX Gesechblx NATeH
B rop. CK, a TaKXKe MHOI/IA B BU/I€ PEIKUX
OeJsibIX JKWJIOK MCEeBJOMULENUS Y Kpo-
TOBUH.

CBeTJio-KalllTAHOBbIE MOYBbI B BepX-
HeM ropusoHTe cogepxart 2,8-4,0% rymy-
ca, 0,2-0,3% BasioBoro asora. OTHoIlIeHHE
C/N pocturaet 8-9 c yMeHblIeHHUEM BHU3
o npodusiro a0 5-6. CymMMa NoTJIONEHHBIX
OCHOBaHUN BEpPXHUX FOPHU30HTOB COCTaB-
nget 22-27 mr-a3kB Ha 100 r mouBbI;, B
COCTaBe KaTHOHOB MpeobJaZilaeT KajlblUH,
OTYaCTU MarHui. Peakuus cpeasl oOT
HeUTpasibHOU 70 menoyHou (pH=7,0-8,7).
[To rpany/1I0MeTpUYECKOMY COCTaBY Npeos-
JIaJlal0T CpeHEeCYTJIMHUCTblE Pa3HOBU/[-
HOCTH.

Cepo3émbl cegepHble. B YKamObLICKOH
06J1aCcTH cepo3éMbl 3aHUMAIOT CPEIHION U
HWXKHIOIO 4YacTb MNpPEATOPHBbIX PaBHUH
xpe6ToB Kuprusckuii, Tanacckuit Anaray,
Yy-Unuiickux rop U o6pa3yrT caMOCTOs-
TeJIbHYI0 30HY, NpeACTaBJAIIIYI0 CO60U
HUXKHIOIO CTyIleHb B CUCTeMe BepPTHUKaJlb-
HOW 30HasbHOCTH. OHM 3ajierar0T B Ipe-
JIenax abcoyroTHBIX BeicoT oT 400 (500) mo
800 (1000) m.

Cepo3émbl cegepHble 00bIKHOBEHHbIE
3aHMMAKOT BEPXHIK YaCTb 30HBI U
dbopMupyOTCS MO NPEUMYLLECTBEHHO
NoJILIHHO-3eMepoBO-3deMepPOUTHBIMU
pacTUTeNbHBIMHU acCOLMAIlMSIMU, UHOT/IA C
ydactueM »36esneka (Ceratocarpus arena-
rius), KpynmHOTPaBbSI.

[ToyB0O6pa3yOIIMMU OPOAAMHU AJIsI
CEepo3EéMOB CJIYKaT B OCHOBHOM 3JIIOBU-
aJIbHO-ZleII0BAAJIbHBIE, aJIIIOBUAJIBHO-
NPOJIIOBUAJIbHBIE CYTJIMHUCTO-IEOHUCTDIE
WM [eCYaHO-TaJIeUHUKOBbIE OTJIOXKEHUH,
a TakXe JECCOBU/IHbIE CYTJIMHKU.

Haub6osiee pasBuThiM mnpoduiem
OT/IMYAIOTCSl Cepo3éMbl CeBepHble OObIK-
HOBeHHble, dopMupylolLiuecss Ha JIécco-
BU/HBIX CyTJIMHKax. [Ipodusib noys xapak-
TepusyeTcs cjaaboit auddepeHUUpPOBaH-
HOCTbIO Ha TOpuU30HTHL. JloCcTaTO4HO
OTYETJIMBYIO TyMYCOBYIO IDOKPACKY UMeeT
JINIIb IOBEPXHOCTHBIA KOPEUIKOBATbIN
ropusoHT (Ala=5-7 cM) ceporo uau 6ypo-
BaTO-CEPOro LIBETa, HNOPOXOBUJHO- WJIHU
KOMKOBaTO-IIbLJIeBAThIN. B LiesioM akkyMy-
JIATUBHO-TYMYCOBBIH TOpU30HT (A) coc-
TaBjseT 14-18 cM, OH mocTeneHHO mnepe-
XOAUT B CBETJIO-OYpbIM 4UyThb CepoBaThbIH
NBLJIEBATO-KOMKOBATBIM, MbLIE€BATO-IJbIO-
KOBBI TepexoJHbId Tropu3oHT (B=20-
35 cmM). Obuias MOLIHOCTb I'YMYCOBBIX T'O-
pu3oHTOB (A+B) cocraBaser 40-52 cm.
Huxe cienyeT npoMeKyTOYHBIA TOPU3OHT
BC cBeT/10-6yporo 1BeTa, CMEHsieMbli Ha
riyouHe 60-80 cm GesécoBaTbiM, OeJié-
COBATO-NaJIEBbIM IIJIOTHBIM KapOOHATHO-
WIIOBHAAbHBIM  ropusoHToM (Ck=30-
50 cM) opexoBaTOM UM TJILIGKOBOM CTPYK-
Typbl, 06oJiee TSKEJOr0 TpPaHYJIOMETpPH-
4YeCcKOro COCTaBa, C paclJblBYaTbIMHU
OesecbIMU NATHAMM, OoJiee SAPKUMHU Y
3eMJISHBIX KOKOHOB. [UlyG)ke 3aJjieraet
YKEJITOBATO-CBETJIO-0yPhIM, MeHee YIJIOT-
HeHHbIY, KOMKOBATbIid WJIU TIJIbIOKOBBIH
TSKENBbIA, pexe CpefHUN JIECCOBULHBIN
CYIJIMHOK, 3a4aCTyl0 C 6YpoBaTbIMHU Cpe/-
HEKPUCTAJINUECKUMHU THUIICOBBIMU CTH-
)keHUsAMU. Cepo3éMbl ceBepHble O0OBIKHO-
BEHHble KcepoMopdHble HMEIT YKOPO-

YeHHbIH  ILEeOHUCTBIH, OmnecyaHeHHbIH
npoduib.
Cepo3émbl ceBepHble OObBIKHOBEH-

Hbl€ B MIOBEPXHOCTHBIX TOPU3OHTAX COJIEP-
*at 1,1-2,4% rymyca, 0,10-0,25% BasnoBo-
ro asora. OTHOILIEHHE OPTraHUYECKOTO
yrJepoJia K a30Ty KoJie6JIeTCs B mpejesiax
6-10. Copepxxanne CaCO3 c mOBEPXHOCTHU
pocruraet 1,5-6,8%, c riay6buHOH OHO
Bo3pactaeT Ao 15-35% B kap6oHaTHoO-
WJIJIIOBUAJIbHBIX TOPHU30HTAX, YMEHbIIAsCh
3aTeM J0 6-9% B mN04YBOOGpasywIeH
nopoze. CyMMa 06MeHHBIX OCHOBAaHHUH COC-
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TaBJjsieT 17-21 Mr-a3kB Ha 100 r mousBsbl, B
UX COCTaBe Npeob6sazaeT Kaablui. [104BbI
XapaKTEepU3yITCA LIeJ0YHON peakyuen
Mo4YBeHHbIX  cycneHsui (pH=8,1-8,8).
CozepxaHue ruIca y THINCOHOCHBIX CEpo-
3EéMOB OOBIKHOBEHHBIX JocTturaet 10-25%.
Cpenu cepo3éMoB NpeobJ1alatoT JIETKOCYT-
JIMHUCTblE Pa3HOBU/IHOCTH, HO Ha MpUIec-
KOBBIX paBHMHAaX BCTPEYAIOTCA U CyIec-
yaHble. B nopaBadgoimeM O60JbIIMHCTBE
MOYBbI HE 3aCOJIEHBI.

Ceposémbl cesepHble cgemble Gop-
MUPYIOTC Tof, 60Jjiee pa3pexeHHOU, 1o
CpaBHEHHUI0 C OOBIKHOBEHHBIMH, pPaCTH-
TeJbHOCTBID C IMpeob/ialaHieM B eé
coctaBe 3deMepoB U MNOJIbIHEH; XapaKTe-
pU3YIOTCS CXOHbIM CTPOEHHEM NPOoGUIS.

Cepo3éMbl  ceBepHble  CBETJIblE
MMeIT MaJIOMOLIHBIM TyMYyCOBBI TOpH-
30HT (A+B=35-45 cM) c cBemyIO-CcephIM,
cjaerka OypoBaTbIM, C HEMHOI'OYHCJIEH-
HbIMU KOpeIllKaMM, 4YellyhiaTo-MopoXo-
BU/JHBIM JIePHOBBIM ropu3oHToM (Alp=4-
5 cM), HXKe KoToporo 3aseraet 6ypoBarTo-
CBETJIO-CEPBIN, 0oJjiee  KOPEUIKOBATbIH,
KOMKOBAaTO-TIOPOXOBUJHBIA WJIM KOMKO-
BaTbll, 6o0Jiee YNJIOTHEHHbIA TOPU30HT
(A2=8-12 cm), ry06xe cMeHsIeMbIH CBETJIO-
O6ypbIM KOMKOBATbIM I1ePEXO/HBIM I'yMyCO-
BbIM ropusoHToM (B=20-30 cMm). ¥ cepozé-
MOB CBeTJ/IbIX, GOPMUPYIOLIUXCS HA JIECCO-
BU/HBIX CyTJIMHKAX, [Jy0XKe 3ajieraeT mpo-
MexXyTouHbli ropusoHT (BC=10-15 cm),
KOTOpbIKH Ha riaybuHe 60-70 cM mepexo-
IUT B 0eJIECOBATO-CBETJIO-OYPhIA HJIU
NaJIeBO-KEJTO-OYPbI  VILIOKOBBIM WM
OopexoBaThli KApOOHATHO-UJLIIOBUAIBLHBIN
ropu3oHT (C1k =30-40 cM), c HEMHOTOYHC-
JIEHHbIMH 0eJIECBIMU NSATHBIIIKAMU. [1y6-
’Ke OH II0/ICTUJIAeTCs MeHee YIJIOTHEHHBIM
JIECCOBUJHBIM CYTJIMHKOM, 4aCTO TMIICUPO-
BaHHBIM (THIIC B BHUJe IPA3HOBATO-OypPBIX
MeJIKOKPHUCTAJINYEeCKUX XKUJIOK U JIpy3).

CBeTsible  cepo3éMbl  HebGoraTbl
OpraHUYecKUM BelleCTBOM: COJep>kaHue
ryMyca B IIOBEPXHOCTHBIX T'OPHU30HTAax
coctaBasietr 0,6-1,8%, BajoBOoro asora -
0,05-0,15%. OTHolLlleHHe OpraHUYECKOTO
yrjepoja K a3oTy KoJieb/eTcs B Ipejesax
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4,7-8,0. Copepxkanue CaCO3 c 10BEpXHOCTHU
npocturaet 5,8-18,07%, ¢ riiy6buHOM OHO
Bo3pacTaeT A0 22% B KapbOHATHO-UJIIO-
BUAJIbHBIX  TOPU30HTAX, YMEHbIIASCh
3ateM a0 1,5-7,5% B mnouBoo6pasyrouiei
nopozse. CymMMa OOMEHHBIX OCHOBAaHUM
coctaBJsgeT 9-14 mr-skB Ha 100 r mo4yBkl, B
HX COCTaBe npeobsiafiaeT Kaabluil. [louBbl
XapaKTepU3ylTCs 1eJOYHOW peakLHel
no4BeHHbIX cycneH3ui (pH=8,1-9,4). Co-
Jlep>kaHue THUIlca Y TUIICOHOCHBIX CepOo3é-
MOB CcBeT/IbIX focturaeT 48%. [lo rpany-
JIOMETPUYECKOMY COCTaBy BCTpeYalTcs
NperuMyIeCTBEHHO JIETKO U CpeJHeCYTJIU-
HUCTble Pa3HOBUJHOCTHU. B nojasJsiionieM
60JIbLIMHCTBE NOYBbI He 3aC0JIEHBDI.

Jly2080-cepo3émHble no48bl OTHOCSAT-
cd K MoYBaM NoJjyruapoMopdHoro psja
Cep03éMHOM 30HbI (ONMYCThIHEHHBIX U MYC-
TBIHHBIX I0JycaBaHH), popMHUpPOBaHHE KO-
TOPBIX CBSI3aHO JINGO C JIOTOJHUTENBbHBIM
NOBEPXHOCTHBIM YBJIQXKHEHHEeM, JH6O C
3aJ/IeTalINUMHA Ha cpefHed rinybuHe (2,5-
4 M) TpyHTOBBIMH BOJJAMHU.

[TouB006pa3yOIUMHU noposamMmu
CIyaT C€J1aboCJ0UCTble  JApeBHeaslIo-
BUaJIbHble CYIJIMHKU. B cocTtaBe pacrtu-
TeJIbHOCTH 3HA4YWTEJNbHOE y4acTHhe MpHU-
HUMaloT [mDxaHTak (Alhagi pseudalhagi),
ocouka (Carex pachystylis), pexe 4ui
(Achnatherum  splendens), TPOCTHUK
(Phragmites australis), MecTamMu BCTpe-
4aloTcsl KYCTapHUKU (TaMapuck - Tamarix
ramosissima W Jpyrae BHJbBl  poja
Tamarix), Ha 3aCOJIEHHBIX MOYBAaX IHPOKO
pa3BUTHl OJHOJIETHHE COJISHKU (ceM.
Amaranthaceae), unorga axpek (Cynodon
dactylon). B pa3/IM4HBIX COOTHOILIEHUSAX C
JIyTOBOM Npe/icTaB/ieHa PAaCTUTEJNbHOCTD U
ONYCTbIHEHHBIX MOJIycaBaHH (IOJIbIHb -
Artemisia spp., a¢emepbl, adeMepoubl).

B BepxXHMX TOPU30HTAxX JIyroBO-
cepo3éMHbIe TOYBBI cogepxkaT 1,4-2,7%
rymyca, AJil pacupejie/leHUs: KOTOpOro 1o
npodu/o XapakKTEPHO ero pesKoe yMeHb-
lIeHUe B BepXHel 4YacTH ryMyCOBOTrO FOpH-
30HTa. C NOBEPXHOCTH NOYBBI COAepXkaT
2,0-4,4% CaCO3 B W/IIIOBUAJIBHOM TOpH-
30HTe - 710 6,7-8,5%. [ny6xke comep:kaHue
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KapOOHAaTOB YMeHbIIAaeTcsl OCTeNeHHo. B
COCTaBe MOIVIOIeHHbIX OCHOBAHUH, CyMMa
KOTOpBIX cocTaBJjsieT 14,6-36,8 Mr-sks Ha
100 r noYBHI, BeAYIIYIO POJIb UTPAET KaJlb-
IIM{A, OTYaCTM MarHui. Peakuus nodBeH-
HbIX cycrneH3ud ImesodyHass (pH=8,3-9,6)
Cpefu 3acoJIEHHBIX JIYyTOBO-CEPO3EMHBIX
IOYB INpeo6JIaZlaloT  COJIOHYAKOBATHIE.
CymMa cosieli B 3aCOJIEHHBIX TOPHU30HTAX
pocturaetr 1,25%, MakcuMajJibHOe UX
coJlep>kaHue NpPUYpoYeHO K 6oJiee TsoKe-
JIbIM TI0 T'PaHyJIOMeTPUYECKOMY COCTaBY
rOpHU30HTAM;  3acojieHue  XJIOPUJHO-
cysbdaTHOe, B OCHOBHOM HaTpueBoe. [lo
rpaHy/IOMeTpUYECKOMY COCTaBy npeobJa-
JIal0T JIETKO- U CpeJHecyTJIMHUCTble pas-
HOBU/IHOCTH.

Jly2o8ble nousbl GOpMHUPYIOTCS B OC-
HOBHOM Ha peyHbIX Teppacax, B LUIUPOKUX
MEXCOMOYHbIX NOHMXEHHUSX, a TaKKe Ha
HU3KHUX, OOBIYHO 3aCOJIEHHBIX pPaBHUHAX,
r/ie 3aJleraloT KOMIJIEKChI C PYyTUMU THJ-
poMOpPOHBIMH M MOJYTUAPOMOPPHBIMHU
NO4YBaMHU.

BrigensoTcs HopMaJibHble (Kap6o-
HaTHble He3acoJIEHHbIE), COJIOHLeBaThble,
COJIOHIIEBATO-COJIOHYAKOBAThIE, 3aCOJIEH-
Hble (COJIOHYAaKOBble U COJIOHYAKOBAThbIE)
Y 00ChIXarole oAbl OYB.

PacTuTeNbHOCTh  JIyTOBBIX  MOYB
NperMyLIeCTBEHHO pPa3HOTPaBHO-3JIaKO-
Basi - HAa HOPMaJIbHbIX HE3aCOJEHHBIX
noyBax C ydactueM BeillHUKa (Calamag-
rostis epigejos), sucoxBocta (Alopecurus
pratensis), siumeHua (Hordeum brevisubu-
latum), nonaeBuubl (Agrostis stolonifera),
conoaku (Glycyrrhiza glabra), Ha coJsoH-
neBaThix - nbipes (Elytrigia repens),
6eckunbHuLbl (Puccinellia tenuiflora), Ha
3acosiéHHbIX - 4usi (Achnatherum splen-
dens), axpeka (Cynodon dactylon), kepMe-
ka (Limonium gmelinii), coJloHYaKOBOM
noJiblHYU (Artemisia santonica).

['yMycMpOBaHHOCTb TIOYB CHJIBHO
BapbUpyeT B 3aBUCHUMOCTU OT XapakTepa
HOJICTU/IAIOIMUX [TOPOJ, U CTEIleHU 3acoJie-
Hus (A0 3-7%). CymmMa 0OGMEHHBIX OCHO-
BaHUM 06bIYHO BbIcoKad A0 30-35 Mr-sks
Ha 100 r u Bbiwe. B cocTaBe 06MeHHbIX
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OCHOBaHMU mpeo6JiafiaeT Ka/JbLUH, B
COJIOHIIEBATBIX  POJIax  3HAYUTEJbHOE
ydacThe TNpUHHMMaeT HaTPUHA. BeJUYHUHA
pH cocraBasier 8-9. CTeneHb U TJyOGHMHA
3aCOJIEHUS JIYTOBBIX MOYB CUJIBHO BapbH-
pytoT. [lo MexaHU4YeCKOMY COCTaBY IOYBBI
TaK)Xe OTJIMYAlTCS pa3HOOOpa3ueM.

IolimeHHble /y208ble NO48bI  Pac-
NpPOCTpPaHeHbl MO MOMMEHHBIM TeppacaMm
60JIbIIMX U MaJIbIX peK obJsiacTu. Haubosiee
KpyIlHble MacCUBbl HMX BCTPEYalTCs B
noiiMme p. Uy OHu dopmupywTca mnox
BJIMSTHUEM MepPUOJUYECKOTO 3aTOIJIEHUS
NAaBOJKOBbIMHM  BOJaMH, OOGHOBJIEHUS
HaHOCa M [MOCTOSIHHOI'O IOJNUTbIBAHUS
KalW/JISPHOW BJIAaro, NOAHUMAIENcs
OT 3aJleralllUX Ha HeOOJbILIONW TIybUHe
IPYHTOBBIX BOA. [JlyGMHA 3a/1eraHus BoJ, B
noliMe 3HAYUTEJbHO KoJebJeTcs B
3aBHCHMOCTH OT MeCTa pacloJIOKeHUs U
YPOBHS BOJIbI B peke. JIeTOM OHU 3aJIeraloT
Ha m1y6uHe 2,5-3,5 M, a B MaBOJOK 3Ha-
YUTeJNbHO BbIlle. [pyHTOBbIE BOABI, Kak
npaBuJo, cJaboMUHEpaJU30BaHHbIE, HO
CTelleHb MHUHEPAJMU3AIHUU 3HAYUTEJbHO
BapbUpyeT no ce3oHaMm roja. [lousoobpa-
3YILUMH M[OPOJaMH CAyKaT CJIOUCTbIE
aJUTIOBUAJIbHBIE OTJIOXKEHUS] PAa3JIMYHOTO
rpaHyJIOMETPUYECKOTO  COCTABa, yallle
BCEro C TMpeoGJiaflaHUeM CYTJIMHUCTBIX
CJI0€B B BEpXHEHN YacTH pa3pesa U NMECKOB
B HUXKHEH.

[loliMeHHbIe JiyrOBble MOYBbI (op-
MUPYIOTCS MO/ 3JIaKOBO-Pa3HOTPABHO-
JIYTOBOM paCTUTEJbHOCTbhIO. Yalle Bcero
npeo6J1alal0T Pa3HOTPaBHO-3JIAKOBBIE,
BEHHUKOBbBIE, MbIPEeHHbIE JIyTa C y4acTHEM
rajopuTOB M KyCTAapHUKOB. BujoBoi
COCTaB PACTUTEJNbHOCTH MOWMEHHBIX JY-
roB BechbMa pa3Hoo6paseH. ITO - BEWHUK
HazeMHbll (Calamagrostis epigejos), npu-
OopexxHHuIla cosoH4YakoBas (Aeluropus litto-
ralis), nbipeit nonsyuuit (Elytrigia repens),
TPOCTHUK OObIKHOBEHHbIN (Phragmites
australis), MaTauk jiyroBoit (Poa pratensis),
ocoku (Carex spp.), duMeHb bormaHa
(Hordeum bogdanii), neBsicun GPUTAHCKUN
(Inula britannica), conoaka ypaabcKas
(Glycyrrhiza uralensis), MsTa aBcTpuiickas
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(Mentha longifolia), nypHUIIHUK OGBIKHO-
BeHHBbIH (Xanthium strumarium), WeHTUJ
cepebpuctbiii  (Halimodendron haloden-
dron), Jsox octpomnoaubiii (Elaeagnus
oxycarpa), rpebenuiuku (Tamarix spp.) u
Jpyrue Bubl. Ha 3aco/iéHHBIX MecTOOOU-
TAHUSX YCUJIUBAETCS POJib MPUGPENKHHULBI
conoH4yakoBoit (Aeluropus littoralis), tpe-
6eHmukoB (Tamarix spp.), A0GaBJISIOTCSA
OJlHOJIETHUE COJIIHKHA (ceM. Amarantha-
ceae), kepmek ['MesnuHa (Limonium gme-
linii), nonbviHb UlpeHnka (Artemisia schren-
kiana), consHokoJOCHUK BesssHxepoBc-
koro (Halostachys belangeriana), Bepb6-
JI1I0Xbs1 Kostouka (Alhagi pseudalhagi).

[ NOWMEeHHBIX JIYTOBbIX IOYB
xXapakTepHa cjabasa auddepeHanus
Mopdosiorudyeckoro npodusas Ha reHeTH-
yeCcKue TOPU3OHThbI NPHU SIPKO BbIpaKeH-
HOHM c10UCTOCTH. CTeneHb BbIPAKEHHOCTHU
npoduas  onpezesseTcss  XapaKTepoM
NposiBJIeHUs]  NOHWMEHHBIX  IPOLECCOB.
[TouBbl 006/13ZjAI0T MaJIOMOLIHBIM, peEXe
cpefHel MOLIHOCTH, T'YMyCOBBIM FOPU30H-
ToM A+B, orpanuuyuBarouMMca TJIyOUHOU
25-40 cMm. OH oTnuyaeTcsi cepbIiMH (OT
TEMHBIX [0 CBET/IbIX) TOHAMH B OKpAacKe,
KOMKOBATOM, 3€pHUCTO-, WU CJI0eBaTo-
KOMKOBaTOM CTPYKTypou. B BepxHel uac-
TH TYMYCOBOTO FOPHU30HTa 0060CO06JIsIeTCs
JlepHOBBI TOPU30HT, TMepelJieTeHHbIN
KOPHSIMU pacTeHUN, MOIIHOCTbIO 5-10 cM.
Cpasy noJ; ryMyCcOBbIM TOPHU30HTOM IOSIB-
JISIIOTCSl prKaBble MSTHA OKHCJOB JKeJsesa,
KOTOpble MPOCJAEKUBAIOTCA TIJIyOxKe 10
BceMy mnpodusto. Hepenko B mnpodue
NOMMEHHBIX JIYTOBBIX MOYB BCTPEYaAIOTCS
pPa3/IMYHON MOLHOCTH U CTEeNeHH BbIpa-
»KEHHOCTH Norpe6eHHble TOPU30HTHL.

Cpeay NOMMEHHBIX JIYrOBBIX IOYB
BblJleJIeHbl OOGBbIYHbIE, 3aCOJIEHHblE U
ob6cpIxarome poAbl ModB. K 06GBIYHBIM
OTHeCeHbl I0YBBI, NEePUOANYECKH 3aTOI-
JisieMble, GOpMUpYIOILIMECS MO, JIyrOBOH
3/IaKOBO-Pa3HOTPABHOM  pacTUTENbHOC-
ThbI0, MMeWlMe XapaKTepHbI Npoduib,
He 3aCOJIEHHbIE U He COJIOHLeBaThIe.
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[ TOUMEeHHBIX JIYyrOBbIX IIOYB
XapaKTepHO 3HAaYUTeJbHOE BapbUPOBaHUE
MoKasaTessi TYMYCUPOBAaHHOCTU MO4YB. B
ONHKChIBAaEMbIX [OYBAaX MaKCHMaJbHOE
KOJIMYEeCTBO OpraHUYECKOro BellecTBa
(5,7%) cocpeaoToueHO B MOBEPXHOCTHOM
JlepHOBOM ropusoHTe. Cpasy moJ; AepHO-
BbIM TFOPHU30HTOM €ro COJiEpKaHHEe Pe3KO
nagaer g0 0,5%. EMkocTb o6MeHa Mo
BEPTUKAJIBbHOMY HPOGHUIII0 3aKOHOMEPHO
W3MEHSETCS B TECHOU CBSI3U C COJepiKa-
HUEM OpPraHHUYeCcKOro BellecTBa U IpaHy-
JIOMETPUYECKUM COCTABOM TOPU30HTOB.
HaubGosiee BbICOKME BeJUYHHBI (OKOJIO
35 mr-akB Ha 100 r) eé B AepHOBOM CyT-
JIUHUCTOM TOpPU30HTE, a Ha TIJIyOuHe
25 - 35 cM OHM yXe He NpeBbILIAIOT
10.0 mr-3xB Ha 100 r moyBnl. Kosinuec-
TBEHHO COCTaB IMOIVIOLIeHHBIX OCHOBAaHUH
HW3MeHSIETCSl 10 FOPHU30HTAM B IIMPOKHUX
npejesiaX, HO Be3/ie JJOMUHUDPYeT 0OMeH-
HbId Kajbuuh. [loliMeHHBIe JIyTrOBble
MOYBbl XapaKTEPHU3YITCS BBICOKUM CO-
JlepkaHueM KapOOHATOB yXKe C MOBepX-
HOCTHU. B 6Gosiee rnyboOKHUX FOPU30HTAX UX
KOJIMYECTBO BO3pacTaeT, HO B KpPHUBOU
pacnpenesieHus1 SIBHbIA MaKCUMyM Ye€TKO
He BbIpaXKaeTcsl.

Jezpadayus nous

[IpoBeiéHHBIE UCCAEIOBAHUS MOKa-
3aJiM, 4TO B mpegenax KaMObLICKOU
ob6siacTi HabJIOJAETCS yCTOMYMBAasi TeH-
JleHLIUs1 Jerpajaliud MaXoTHbIX MOYB MO
BCEM OCHOBHBIM JUarHOCTUYECKHWM IOKa-
3aTesiaiM. CpaBHeHHe NApPHBIX pa3pes30B
MOYB LIEJIMHHBIX M NaxXOTHbIX Y4acCTKOB
BBISIBUJIO XapaKTepHble M3MeHEeHHS B UX
MopdOoJIOruY, XUMUYECKOM COCTaBe U Qu-
3MKO-XMMMYECKUX CBOUCTBAX (Tabnnbl 1, 2).

ComocTaBjieHHe MapHBIX pa3pe30B
MOYB LIEJIMHHBIX M NaxXOTHBIX Y4YacCTKOB
MoKasaJio, YTO MPOIEeCChl JAerpajanuu B
’Kam6blaCcKON 06/1aCTH UMET KOMILIEKC-
HbI XapakTep, 3aTparvBasi TyMYCHOe
COCTOsIHUE, 6aJIaHC MUTATEJIbHbIX 3JIeMeH-
TOB, KHCJOTHO-ILIeJIOYHOE paBHOBECHE.
HaubGosee ys3BUMBIMU OKa3aJMChb Kall-
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TaHOBBIE U CEPO3EMHBIE NIOYBBI, TOTJA KaK
JIyTOBble JI€MOHCTPUPYIOT OTHOCUTEJIBHO
yCTOMYMBOE COCTOsSIHWEe IO psfy IOKa-
3aTeJien.

CozepxxaHue Trymyca B MNaxOTHBIX
TOPU30HTAX KalTAHOBBIX I0YB CHU3UJIOCh
B cpeAHeM Ha 56%, a B cepo3émax - Ha
49,6%, 4TO COOTBETCTBYET CUJIBHOU CTe-
nenu Jerymudukauuu. [ns  sayro,so-
Cep03éMHBIX NOYB [OTEPU COCTABUJIHU
okosio 19% (cpenHsis cTeneHb), a AJs
JIyTOBbIX - MeHee 1% (cnabast cTeneHb).
CHMXeHMe coZlep)kaHus TyMyca COIIPOBOX-
JlaeTcsl yXy[UIeHUeM arperaTHOro cocTosi-
HUS, YBeJIMYeHUEeM IJIOTHOCTU CJIOKEHUS
Y CHMXKEeHHEeM BJIarOEMKOCTHU MOYBBI. ITO
OoTpakaeT OOLLYI0 TeHJeHLUI0 AeryMudu-
KallU4 T0J, BO3JelCTBUEM [JJUTEJbHOTO
3eMJie/leJIbYeCKOr0 MCIO0Jb30BaHUS, He-
JIOCTaTOYHOTO BO3BpaTa OPraHUYECKOro
BellleCTBa M aKTHUBHBIX IPOLECCOB MHUHe-
pasii3alyy B YCJIOBUSAX CYX0Oro KJUMarTa.

[Io copepxaHUIO T'HJPOJIU3YEMOTO
a30Ta 3HAYUTEJbHBIX OTEPb HE BHIsIBJIE-
HO: M3MeHeHHd BapbupoBaiu oT -13 1o
+30%. OpHako no docdopy (P,0s) Habt0-
JlaeTcsl YCTOMYMBOE CHU)KEHHE BO BCeX
rpynnax: oT -30 g0 -35% B KalITaHOBBIX,
Cep03éMHBIX U JIyTOBO-CEPO3EMHBIX I0Y-
Bax (cpeAHsisl cTelleHb WCTOLLEHUs), 4TO
CBSI3aHO C HHU3KOH MOJABMXXHOCTBIO ¢oc-
¢daToB B KapOOHATHOHN Cpejie U BbIHOCOM
npu ypoxae. [lo kanuwo (K,0) Haubosee
3HayWTeJibHble [OTEPU OTMeYeHbl B
JyroBbIX (—44%) ¥ JIyrOBO-CEPO3EMHBIX
(-60%) mouBax (cuJbHasi CTeleHb), YTO
yKa3blBaeT Ha MCTOLeHHEe M HeobXoAu-
MOCTb IONOJIHEHUS 3amnacoB. B cepo3émax
notepu yMmepeHHble (-35%, cpenHsas
CTelleHb), a B KalUTAHOBBIX WU3MEHEHUS
MUHUMabHBI (-1,5%, cabast cTeneHsb).

N3menenus pH HocAT JioKaJabHBIN
XapakTep: Y KalUTaHOBBIX U CEpPO3EMOB
BEJIMYMHBI He NpeBbIanT +1%, 4To cooT-
BETCTBYeT CJabol CTeleHU, B TO BpeMsd
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KaK y JIyTOBO-CEpPO3EMHBIX H JIYTOBBIX
noyB noBbinieHUe pH Ha 2-4% xapakTe-
pHU3yeTCcs KaK CpeiHsASI-CUIbHAsA CTeEHb.

ConepkaHve O0OOMEHHOTO HaTpUs
(Na*) B BepxHHX IOpPU30HTAX 30HAJbHBIX
no4B (KaluITaHOBbIE, CEPO3EMbI) HE J€MOH-
CTPUPYET yBeJWYEHHSI COJIOHLEBATOCTU -
V3MeHeHUs1 HaxoAaTcsd B mpefenax -0,2 -
+1,1% Na* oT cyMMbI NOIVIOLEHHBIX OCHO-
BaHUU. OJJHAKO B JIyTOBbIX U MOWMEHHO-
JIYTOBBIX [0YBax HAOJIOJAETCS OCOJIOHIIe-
BaHUe B TOpPU30HTe B, rage yBesuyeHue
IpOIeHTa TMOIJIOUEHHOTO HaTpus J0cC-
turaet 8-9% (Tabsauna 1).

06o06I1leHHas OIleHKa NpuBejieHa B
TabJsune 3.

Takum o6pasoM, Jerpajanus IMOYB
pervoHa pa3BUBaeTCsl MO0 HECKOJbKUM
HamnpaBJeHUsIM: JeTyMUPHUKALUS - OCHOB-
HOM MpOLIECC B KalITAHOBBIX MOYBaX U
cepo3éMax, BbI3BaHHbIA HEAOCTAaTKOM
NOCTYIJIEHUH OPTaHUYeCcKOTO BelllecTBa U
AKTUBHOW MHUHepaJu3alMel; HCToleHHe
110 3JIeMeHTaM IUTaHUs - HauboJiee BbIpa-
*keHO 10 docdopy U KalHi, 0COOEHHO B
JIYTOBO-CEPO3EMHBIX W JIYTOBBIX MOYBAX;
u3MeHeHue pH - yamle mo/ienadyMBaHue
IpY OpOIIEHUH, pexe - caaboe MOAKUC-
JleHWe; W3MeHeHHWe OOMEeHHOro HaTpus
OKa He3HauUTeJbHOE, HO TpPebyeT KOH-
TPOJISL B YCJIOBUSIX POCTA MHUHEpPAJU3alUH
BO/JIbI U HEYCTOMYHBOTO JpeHAXka.

CrenyeT y4YUTBIBaTh, YTO JHaNa30H
W3MeHeHHsl ToKa3aTesiel BHYTPU OJHOMN
MOYBEHHOH TPyNIbl OCTAETCH 3HAYUTEJIb-
HbIM. Bkyag Mukpopesbeda, Thma arpo-
TEXHUKU U BOJHOTO PEXHMa MOXKET U3Me-
HATh JIOKaJibHble 3HAYeHUs IOKa3aTeJseil
Ha *10-20%. I[loaToMy wuHTepnpeTanus
OTpaXKaeT perdoHa/ibHble TEHEHIINH, a He
WH/AUBU/IyaJIbHble X03SIUCTBEHHbIE Pa3Jiu-
yud. /I yTOYHEHUS AWHAMHUKU TpoIiec-
COB TpebyeTcsi peryjsspHbli MOHUTOPHUHT
o ryorvHe NMpodusisi, 0COGEHHO B 30HAX
OpOIIEHUS U Y TIOJTHOXKHUH CKJIOHOB.
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Ta6sanna 3 - O6GoGIIEHHAs OlleHKa Jerpajanuyd I0YB IO OCHOBHBIM II0Ka3aTessiM

(BepxHHEe TOPHU30HTHI)

A% A% A% A%
Tunel nouB ° 0 0 ° A% pH | A% Na /loMMHHpYOIast
rymyca N P,0s5 K,0 CTelNeHb JlerpaZauuu
CusibHas
KamrraHoBbie -56.0 +1.2 -34.6 -1.5 -1.3 +0.1
(merymudukanus)
CusibHas
Cepo3éMmel -49.6 +29.6 | -353 | -354 | -0.6 -0.2 (merymudukanus,
ucrouienue P,05)
CpenHe-cuibHasA
Jlyroso-
. -18.9 -13.0 | -30.0 | -60.3 +1.9 -8.0 (merymucdukanus,
Ccepo3éMHbIE
noteps K,0)
J . _
yroveie (BRI -\ o | 270 | —9.0 | —444 | +45 | 490 | Cra0-cunbnas
NoNMeHHbIE) (no K0 u pH)
3AKJ/IOYEHUE pPATb ApPEeHaXX M KalleJbHOE OpOIleHUe, Ha

[IpoBenéHHbIE HCCAEIOBAHUSA TMOKa-
3a/IM, 4YTO Jerpajalnusl MaXOTHBIX IOYB
JKaMO6bLJICKOH 06J1aCTH MMEEeT KOMILJIeKC-
HbI XapaKTep W NPOSIBJSAETCS NpeuMy-
IIeCTBEHHO B BH/Jle JeTyMUQUKALUU U
HCTOILIEHUA 3allacoB IMTATEJbHBIX 3Jie-
MeHTOB. HanboJiee MHTEHCHUBHbIE U3MEHEe-
HHUSI CBOWCTBEHHBI KAaIITAHOBBIM U CEPO-
3éMHBIM M0YBaM, I/ie COJlepKaHue rymyca
cHu3uJoch Ha 50-55%, a mHOABMXKHOIO
docdopa - Ha 30-35%. JIyroBeie U JTyTOBO-
Ccepo3éMHbIe TIOYBBI IOJBEPXKEHbI Jlerpa-
Jallid B MeHbIIeH cTemneHU. B 1esoM
YCTAHOBJIEHO, YTO OCHOBHbIe HalpaBJie-
HUS Jerpajaluu CBs3aHbl ¢ HecOaJaHCH-
POBaHHBIM 3eMJieJieJINEM, HeJ0CTaTOY-
HbIM BO3BpPaTOM OPTraHUYECKOTO BeIecT-
Ba, HApylIeHUEM arpoTeXHUKH U HUppUTa-
[IMOHHOTO peXXHUMa.

[IpepsiaratoTcs ciaeayoue Mepbl 10O
COXpaHEHUI0 U BOCCTAHOBJIEHWIO ILJIOJO-
pOAUs TOYB: JIJISI OPOIIAEMBIX 3eMeJb -
BHEPATh CUCTEMbI OPTraHO-MHUHEPaJIbHbBIX
yIobpeHUH C 06s3aTeJIbHbIM BHECEHHEM
HaBO3a, KOMIIOCTA U cojioMbl (2-3 T/ra
€XerojiHo), TPUMEHATh CHJEepaJibHbIe
KyJIbTYphI (JIFOIlepHa, rOpYMla) [ BocC-
TAHOBJIEHHUSI 3allaca OpPTraHUYECKOTO Be-
[jecTBa U GUOreHHBIX 3JIEMEHTOB, OITH-
MH3HPOBATh PEXUM OpOIIEHHUS: U30eraThb
nepeyBJaKHEHUS, TMOJJIePKUBATb ypo-
BeHb I'PYHTOBBIX BOJ| HWXKe 2-2,5 M, BHeI-
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y4yacTKax ¢ IpM3HaKaMHU COJIOHL|€BATOCTH -
npuMeHaTh runcoBanue (CaS0,4-2H,0) us
pacuéra 3-5 T/ra, 4TO COCOGCTBYET BHI-
TecHeHMI0 Na* U3 morsomamouero KoMim-
JIeKCa, HUCMO0JIb30BaTh MYJbYMpPOBAHUE U
MUHHMaJIbHYI0 00paboTKY AJisi CHUXKEHUS
HCllapeHds1 W TMOoTepb OpraHuku. /Jusa
6orapHbIX 3eMeJsib - BO3BpallaTb pPacTH-
TeJIbHble OCTaTKU B IOYBY, BBOJAUTb IMOK-
POBHBIE KYJBTYpHI (CyAaHKa, FOPOX, OBEC +
BHMKA), IPUMEHATh KOHTYPHYIO BCHAIIKY H
nomnepeyHoe 60po3J0BaHME Ha CKJIOHAX
JJIsl yMeHbILIeHUs1 BOAHOM 3p03UH, IPOBO-
JIUTb YepesoBaHUEe KYJbTYp (3epHOBBIE -
6000BbI€ - Maphl) JIJ11 COXPAaHEHHUS a30Ta U
yJy4lleHUs] CTPYKTYpbl MOYBbI, MPU BO3-
MOXXHOCTH - OPTraHMW30BaTh MOYBO3AILUT-
HOe TPaBOIIOJIbHOE 3eMJie/leIue U CO37a-
HUe JIECOI0JI0C TIPOTHUB BETPOBOM 3pO3UH.

PesysbTaTbl HcCliefoBaHUS MOAT-
BEPXKJAIOT HEOOXOAMMOCTb Iepexofia K
alanTUBHBIM $opMaM BeJeHHUs 3eMJefie-
Jiisl, OCHOBAaHHbBIM HAa COXpaHEHUH OPTaHU-
4YecKoro 6asiaHca, paliMOHAJIbHOM MCIOJIb-
30BaHMM y100pEeHUH, BHEIDEHUH pecypco-
cOeperawIux TEXHOJIOTHH 006paboTKU
[IOYB W YNpPaBJEHUH BOAHBIM PEXKHUMOM.
JTO MO3BOJIUT 3aMeAJUTb JlerpaJilaliioH-
Hble TPOLECChl, BOCCTAHOBUTbH IJIOJ0PO-
Jivie U MIOBBICUTh YCTOMYMBOCTb arpoJaHj-
madToB KambblICKONW 06JIaCTU B yCJIO-
BUSIX apUJHOTO KJIMMaTa.
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®UHAHCHPOBAHUE

JlaHHasg  cTaTbsl  ONyOGJIMKOBaHa B paMKax  IIpOrpaMMHO-IIeJIeBOTO
duHaHcupoBaHUsA HayuyHbIX uccaegoBanut MCX PK Ha 2024 -2026 rozpl o nporpamMmme
HUPH BP22885097 «OOGecreyeHre palMOHAJILHOTO  HCIOJIb30BaHUS  3€MeJib
CeJIbCKOXO3MCTBEHHOIO0 HAa3HAaYeHHWS B MHTEHCUBHOM 3eMJieJileJIMM Ha OCHOBE HOBBIX
NO/X0J0B B COXpaHEHUH U BOCIIPOU3BO/ACTBE MJI0J0POUs TIOUBY.
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TYWUIH

K.M. lMauukun!*, A.K. Epmin6ynos?, E.E. Courysosl, A. Cepukmnari!

AYBUIIMAPYAIIBIJIBITBIHBIH, BIKITAJIBIMEH YKAMBDBLJI OBJIBICBIHBIH ET'TCTIK
TOIIBIPAKTAPBIHBIH TPAHCO®OPMALIUAJIAHYBI

16.0. OcnaHos ambiHOaFbl Kazak monbipakmaHy j#caHe azpoxXumus FolablMU-
3epmmey uHcmumymoli, 050060, Aamamyi, Baiipak keweci, 10, Kazakcmad,
*e-mail: kpachikin@yahoo.com

Byn 3eprtreyaiy Makcathl - KaM6bL1 OOGJIBICBIHBIH Tay OOKTepiHZeri >Ka3bIKTapAarbl
OPTYpJi THUNTEri CyapMaJsibl >KoHe JKaHOBIPJIbI TONBIPAKTapAblH KApPKbIHJbI MaljalaHy
YKaFJalblHAA MOPQOIOTUANBIK, QU3UKAJIBIK-XUMUAJIBIK KACHEeTTEPiHIH 63repyiH 3epTTey KoHe
onapAblH TpaHchopMaluschblHA 9KeJieTiH Heri3ri ¢dakTopsapZbl aHbIKTay. 3epTTey HbICaHBI -
aybLILIapyallblIbIK MaljiasiaHy afFJallblHAa aHTPONOreHJiK TpaHcdopMalUsiFa yIlIblpaFaH
2KaM6bL1 06J/IBICBIHBIH TONBIpAaKTaphl. ThiH KoHe ericTik *epJepAiH KynTackaH npoduibjepid
CaJILICTBIPMaJibl TaJJJay HeTi3iHJe KamTaH, 603 TONBIPAK, HIAJFBIHABI JKOHE IIAJFbIHZbBI-003
TONMBIPAKTAPhl YIIiH arpoXUMHUSJIBIK >KoHe (QU3UKAJIbIK-XUMUSJIBIK MapaMeTpJiepli 3epTTey
Kyprisingi. Jlerpajanus KypZesi koHe JeryMUUKaLMsaa, *KbUDKbIMaibl Gochop MeH Kaaui
MeJIlepiHiH TOMeH/ieyiH/e )KoHe KbILIKbLI-Heri3 pexXUMiHiH e3repyiHzie KepiHeTiHi aHbIKTa/1/bl.
EH KapKblHAbI Jerpajalus OpolecTepi KallTaH XdHe 603 TONbIpaKTapblHAA TipKeJsJi, oHJA
TYMYCTBIH, oFanybl 50-55%-Fa, an ¢pocdop 30-35%-ra xeTefi. CopTaH[aHy IMIATFbIHADBI KoHE
»KallbLIMa-1IaJFbIH/bI TONbIpAaKTap/a 6alKana/bl.

Tyliindi ce3dep: TOMBIpPAK, Kep peCcypcTapbl, TOMBIPAKTHIH [Jerpafalusachl, TOMIbIPAK
KYHapJIblJIbIFbI.

SUMMARY
K.M. Pachikin*, A.K. Yershibulov?, E.E. Songulov?, A. Serikpait?

TRANSFORMATION OF ARABLE SOILS OF ZHAMBYL REGION UNDER THE INFLUENCE
OF AGRICULTURAL USE
1Kazakh Research Institute of Soil Science and Agrochemistry named
after U.U. Uspanov, Almaty, Bayraq St., 10, Kazakhstan,
*e-mail: kpachikin@yahoo.com
The purpose of the research is to study changes in the morphological, physicochemical
properties of irrigated and rainfed soils of different types on the foothill plains of the Zhambyl
region in the conditions of their intensive use with the identification of the main factors leading to
their transformation. The object of the study is the soils of the Zhambyl region, which are
undergoing anthropogenic transformation in the conditions of agricultural use. On the basis of a
comparative analysis of paired sections of virgin and arable lands, a study of agrochemical and
physicochemical indicators for chestnut, serozem, meadow and meadow-serozem soils was
carried out. It has been established that degradation has a complex nature and is expressed in
dehumification, a decrease in the content of mobile phosphorus and potassium, and a change in
the acid-base regime. The most intensive degradation processes are recorded in chestnut and
serozem soils, where humus losses reach 50-55%, and phosphorus - 30-35%. In meadow and
floodplain-meadow soils, salinization is observed.
Keywords: soil, land resources, soil degradation, soil fertility.
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Abstract. Post-mining phosphorite landscapes in semi-arid regions often retain physical
constraints that limit vegetation establishment and slow soil recovery. We assessed soil physical
recovery at the Zhanatas phosphorite deposit (southern Kazakhstan) by comparing three site
types: (i) a reclaimed dump (technical reclamation in 2012, biological reclamation in 2013; ~2 ha;
~50 cm loam substrate; 70-75% plant establishment), (ii) a dump undergoing passive self-
recovery since mine closure in 1984 with sparse vegetation cover (~9.5-10%), and (iii) an
undisturbed reference soil. During May-September 2025, three soil profiles were excavated per
site and sampled by genetic horizons. Across sites, materials were sand-dominated, but the fine
fraction (<0.01 mm) differed strongly among recovery pathways. The reclaimed site showed
stable near-surface texture (<0.01 mm = 31.97-34.93% at 0-40 cm), comparable to the upper
horizons of the naturally revegetated dump (28.60-30.34% at 0-70 cm). In contrast, a deep layer
of the naturally revegetated dump (70-110 cm) was extremely coarse (sand 89.89%; <0.01 mm
8.87%), indicating a persistent textural discontinuity. The undisturbed soil had the highest fine
fraction (<0.01 mm = 34.57-45.05%). Moisture ranged from 2.09% (reclaimed 0-10 cm) to
11.69% (dump 70-110 cm). PCA differentiated site types and revealed the greatest heterogeneity
in the naturally recovering dump. Reclamation improved near-surface physical conditions, but full
convergence to reference soil remains incomplete due to strong textural contrasts within the
profile.

Keywords: phosphorite mining, land reclamation, natural revegetation of soil substrates,
soil texture, PCA.

INTRODUCTION organic matter accumulation - the key

Mining is among the most intensive drivers of aggregation and structural
land-use disturbances, typically removing development. In arid to semi-arid mine
natural soil profiles and leaving hetero- settings, reclamation success depends
geneous overburden materials with poor strongly on reconstructing a growth
structure, low organic matter, and altered medium that can store water, reduce
hydrological functioning. As a result, post- mechanical impedance, and support early
mining landscapes often exhibit reduced plant cover [4, 5]. These constraints are
infiltration, limited plant-available water, relevant for southern Kazakhstan, where
enhanced erosion risk, and constrained large phosphorite deposits have been
root development, which together slow mined for decades and extensive dumps
ecosystem recovery unless effective recla- and disturbed surfaces remain in need of
mation practices are implemented [1-3]. ecological rehabilitation [6, 7].

In semi-arid regions, soil recovery Soil physical properties are central to
can be particularly challenging because low Ppost-mining recovery because they regu-
precipitation and high evaporative demand late water flow and retention, aeration, and
constrain vegetation establishment and root penetration. Among these, particle-
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size distribution (texture), bulk density,
and soil moisture are widely used as
sensitive indicators of disturbance and
rehabilitation progress [5, 8, 9]. Bulk
density is a direct proxy for compaction
and pore space reduction; excessive com-
paction limits infiltration, gas exchange,
and root elongation, and is a common
legacy of grading and heavy machinery
during technical reclamation [10, 11]. In
reclaimed mine soils, bulk density often
remains higher than in adjacent undistur-
bed soils for years, with recovery depen-
ding on material placement, biological ac-
tivity, and vegetation development [11, 12].

Texture provides a stable “baseline”
property that shapes the trajectory of
structural and hydrological recovery. Fine-
textured fractions (silt and clay) can
increase water-holding capacity but may
also predispose reconstructed soils to
crusting or poor aeration when structure is
weak, whereas coarse textures can reduce
available water under semi-arid climates.
Pedotransfer and soil-hydrologic studies
consistently show that moisture retention
and plant-available water are tightly linked
to texture and organic matter, with bulk
density influencing the pore-size distri-
bution that controls water storage and mo-
vement. Therefore, the joint assessment of
texture-bulk density-moisture relation-
ships can provide an integrated view of
whether reclaimed substrates are develo-
pingtoward functional soilconditions[11,12].

A key question in mine rehabilitation
is whether technical reclamation accelera-
tes recovery compared with passive/natu-
ral revegetation, and how both compare to
an undisturbed reference. Classic restora-
tion concepts emphasize that natural
succession can rebuild soils over time, but
trajectories are strongly site-dependent
and may be slow or arrested under harsh
physical constraints. Comparative studies
across reclaimed and spontaneously reve-
getated mine lands report mixed outcomes:
while reclamation may speed up early
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stabilization, it can also increase compac-
tion and reduce microsite heterogeneity,
sometimes limiting long-term soil develop-
ment relative to unmanaged (ungraded)
substrates [10-13]. In practice, evaluating
these trade-offs requires side-by-side mea-
surements of key physical indicators across
contrasting site types within the same
climate and geological setting [11-13].

For phosphorite mining landscapes
in southern Kazakhstan, the peer-reviewed
evidence base is still relatively limited
compared with coal or metal-mine
systems. Existing work in the Zhambyl
region has documented that reclaimed or
disturbed phosphorite-mine substrates can
be highly unfavorable for plants due to
immature “human-transported materials”
and weak soil-forming processes, high-
lighting the need for targeted monitoring
of soil quality and recovery [14, 15]. More
recent regional research on phosphorite
dump reclamation in Kazakhstan’s semi-
desert zone underscores the scale of
disturbance and the importance of
selecting sensitive indicators to evaluate
reclamation outcomes [16]. However,
detailed comparisons focusing specifically
on soil physical recovery-especially using a
three-way design (reclaimed vs naturally
revegetated vs undisturbed)-remain scarce
for the Zhanatas phosphorite deposit and
analogous semi-arid mine settings.

Although the methods applied in this
study are standard in soil science, the
present work addresses an important gap
by focusing on an understudied phospho-
rite-mining landscape in southern Kazakh-
stan and by directly comparing three
contrasting recovery pathways within the
same semi-arid environment. The integra-
tion of horizon-based data on particle-size
distribution, bulk density, and gravimetric
soil moisture across reclaimed, naturally
revegetated, and undisturbed reference
soils provides a site-specific basis for
assessing soil physical recovery trajec-
tories and profile-scale heterogeneity at
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the Zhanatas deposit, where such com-
parative evidence is still scarce.

Multivariate statistics can help
interpret post-mining soil recovery where
properties co-vary and responses differ
among site types. Correlation analysis is
useful for diagnosing linkages between
texture fractions and bulk density or
moisture, while ordination methods such
as principal component analysis (PCA) can
summarize the dominant gradients diffe-
rentiating reclaimed, naturally revegetated,
and undisturbed soils. Such approaches are
increasingly applied in mine-soil assess-
ment to identify the most informative in-
dicators and to visualize recovery
trajectories relative to reference conditions
[17-20].

In this study, we assess soil physical
recovery after phosphorite mining in the
semi-arid zone of southern Kazakhstan by
comparing three site types: (i) a technically
reclaimed dump area (reclamation con-
ducted in 2011-2013), (ii) a disturbed area
undergoing natural revegetation/self-reco-
very, and (iii) an adjacent undisturbed
reference site. We focus on soil texture
(particle-size distribution), bulk density,

and soil moisture as core physical
indicators of post-mining recovery.
MATERIALS AND METHODS

Study area. The study was conducted
at the Zhanatas phosphorite deposit
located near the town of Zhanatas, Sarysu
district, Zhambyl region, southern Kazakh-
stan. The deposit belongs to the Zhanatas
phosphorite basin, a major phosphate-rock
mining area in Kazakhstan.

The region is situated within the
semi-arid to semi-desert climatic zone of
Kazakhstan, characterized by low and irre-
gular precipitation and high evaporative
demand. According to national climate
descriptions, annual precipitation in the
semi-desert zone typically ranges appro-
ximately within 134-330 mm, while inde-
pendent regional assessments report mean
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annual precipitation around ~250 mm for
the broader Zhambyl region.

Site selection and recovery pathways.
Three site types representing contrasting
disturbance and recovery pathways were
selected within the same landscape setting:
Reclaimed site (RN): a post-mining dump
area reclaimed in 2011-2013 (total reclai-
med area ~2 ha). Reclamation involved
placement of a loam substrate (~50 cm) as
a growth medium, followed by multi-layer
sowing of plant species representing
different strata and life forms. Plant
establishment/survival was reported as
~70-75%. The reclamation works were
implemented as technical reclamation in
2012 and biological reclamation in 2013.

Naturally revegetated site (NO): a
disturbed dump area where mining/dum-
ping activities ceased in 1984; the site has
been undergoing passive self-recovery
since closure (= 41 years by the 2025 field
campaign). Current vegetation cover is low,
with reported ground cover of appro-
ximately 8.5-9%. Undisturbed reference si-
te (NP): a nearby area not affected by
mining operations, representing local
baseline soil physical conditions under
natural vegetation (figure 1).

Soil profile excavation and sampling
design. Field investigations were carried
out during the growing season (May-
September 2025). At each site type (RN,
NO, NP), three replicate soil profiles were
excavated. Each profile was morpholo-
gically described, and genetic horizons
were identified in the field.

Soil samples were collected horizon-
wise from each described horizon. For each
horizon, disturbed samples were taken for
particle-size  distribution, and fresh
samples were collected for gravimetric
moisture determination. Undisturbed core
samples for bulk density were collected
from the mid-part of each horizon using
metal cylinders of 100 cm? volume.
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Figure 1 - Study area

Laboratory analyses. Particle-size
distribution (Kachinsky method)

Particle-size distribution was deter-
mined using the Kachinsky pipette
sedimentation method. Briefly, samples
were prepared by removing coarse
fragments (>2 mm) and visible plant
residues; the fine earth fraction was
dispersed following standard Kachinsky-
type 3 in the Kachinsky fractionation sys-
tem, and then summarized into texture-
related groups for interpretation in an
international context [21, 22].

Bulk density. Bulk density (pb) was
determined by the core method using 100
cm? cylinders. Samples were oven-dried at
105°C to constant mass and weighed. Bulk
density was calculated as:

- —'?urrir'y

-
L COTE

Po

where Mgy is dry soil mass (g) and
Veore is core volume (cm?®). Results are
reported in g cm™3. The procedure follows
standard guidance for dry bulk density de-
termination by a known-volume core [23].

Gravimetric soil moisture. Gravimet-
ric soil moisture content was determined
on field-moist subsamples by oven-drying
at 105°C to constant mass [24]. Moisture

content (0g) was calculated as:
Mypet — I"fd?'y

100
My, Y .

Bq(%) =
where Mye: and Mgy, are wet and dry
soil masses, respectively.

Statistical analyses. Because the
number of replicates per site was limited,
statistical inference was treated conser-
vatively. Data are presented as mean * SD.
Differences among the three site types
were tested using the Kruskal-Wallis test
with appropriate post-hoc pairwise.
Associations among texture fractions, bulk
density, and moisture were examined using
Pearson correlations.

To explore multivariate differentia-
tion among site types, principal component
analysis (PCA) was performed on standar-
dized variables, including particle-size
groups, bulk density, and moisture. PCA
results were interpreted using score plots
and loadings.

RESULTS AND DISCUSSIONS

Particle-size distribution and the fine
fraction (<0.01 mm) across sites. Across the
three site types, particle-size distribution
was generally dominated by sand fractions,
while the proportion of the fine fraction
(<0.01 mm; “physical clay” in the Kachin-
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sky system) showed clear site- and depth-
related differences. Because the <0.01 mm
fraction strongly controls water retention
and related hydrophysical behavior, its
variation provides a useful indicator of
post-mining soil physical recovery under
semi-arid conditions.

Reclaimed site (RN). In the reclaimed
dump, the soil material exhibited a
relatively stable texture within the sampled
layer. Total sand content varied narrowly
(63.49-66.53%) across 0-40 cm, whereas
the fine fraction <0.01 mm ranged from
31.97 to 34.93%. The clay-sized fraction
(<0.001 mm) was 7.29-8.50%. This com-
paratively consistent granulometric pat-
tern is consistent with the reclamation
practice of placing a loam substrate layer,
which creates a more homogeneous near-
surface growth medium.

Naturally revegetated site (NP). In
the upper part of the naturally recovering
dump (0-70 cm), total sand content remai-
ned similar to the reclaimed site but
slightly higher overall (68.72-69.68%), and
the <0.01 mm fraction ranged from 28.60
to 30.34%. However, at 70-110 cm the
profile became markedly coarser: total
sand increased sharply to 89.89% and the
<0.01 mm fraction dropped to 8.87%. This
strong textural discontinuity indicates that
deeper dump materials remain highly
sandy and weakly developed, which likely
limits deep moisture storage and can con-
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0%
dust
(0,05-0,01)

sand
(0,25-0,05)

sand
(1,0-0,25)
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(0,0

strain rooting and vegetation persistence
in a semi-arid environment.

Undisturbed reference (NO). The
undisturbed soils were generally finer-
textured than both disturbed sites. The
<0.01 mm fraction ranged from 34.57 to
45.05%, while total sand ranged from
53.25 to 60.71%. The clay-sized fraction
(<0.001 mm) was also higher than in the
reclaimed and naturally revegetated sites
(8.06-15.02%), reflecting a more develo-
ped natural soil matrix with greater fine
material (figure 2).

Overall, the reclaimed site showed
fine-fraction contents (approximately 32-
35% <0.01 mm) close to those in the upper
horizons of the naturally revegetated site
(approximately 29-30%), indicating that
reclamation  successfully created a
functional near-surface texture compared
with the coarse dump substrate. In
contrast, the undisturbed site maintained
the highest proportion of fine particles
throughout the profile, representing the
local baseline for soil physical condition.
The pronounced decrease in fine material
in deeper horizons of the naturally
revegetated dump highlights a persistent
physical limitation of technogenic deposits
and underscores the importance of
constructing or conserving a fine-textured
surface layer to support long-term soil
recovery in  semi-arid  post-mining
landscapes.

e
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Figure 2 - Particle-size distribution across study area (RN, NP, NO)
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Bulk density across sites and depths.
Bulk density differed clearly among the
three site types and showed contrasting
depth patterns. In the reclaimed site (RN),
bulk density in the surface layer (0-10 cm)
was 1.253 g cm~3, indicating a moderately
compacted but workable reconstructed top
layer. In the naturally revegetated dump
(NP), bulk density was the lowest among
sites and increased with depth from
1.099 g cm™® (0-11 c¢m) to 1.325 g cm™
(11-28 cm), consistent with aloose, coarse-
textured technogenic substrate near the
surface and progressive consolidation
downward. In contrast, the undisturbed
reference (NO) displayed substantially
higher bulk density values, reaching
1.661 g cm™ in the upper layer (0-18 cm)
and increasing to 1.765 g cm ™3 at 18-40 cm.

These results emphasize that bulk
density in post-mining landscapes should
be interpreted together with texture and
profile organization. Lower bulk density on
the dump (NP) does not necessarily
indicate better physical quality; it can
reflect unconsolidated, sand-dominated
material with limited fine fraction and low
water-holding capacity. Conversely, the
higher bulk density in the undisturbed
reference (NO) likely reflects a naturally
denser, finer-textured mineral matrix and/
or higher packing density under semi-arid
conditions. The reclaimed site (RN)
showed intermediate compaction status,
suggesting that placement of a loam
substrate layer created a more soil-like
near-surface physical condition compared
with the dump material.

Gravimetric  soil ~moisture (field
moisture) across sites and  depths.
Gravimetric soil moisture measured during
the May-September 2025 field season
varied with both site type and depth,
reflecting the combined influence of recent
weather, evaporative demand, infiltration,
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and substrate properties. The reclaimed
site (RN) showed a pronounced vertical
gradient: moisture was extremely low in
the surface layer (2.09% at 0-10 cm) but in-
creased sharply with depth to 6.21% (10-
25 cm) and 7.19% (25-40 cm). This pat-
tern indicates strong surface drying,
consistent with high evaporative losses and
limited surface water retention during the
warm season.

In the naturally revegetated dump
(NP), moisture in the upper profile was re-
latively stable, ranging from 6.91 to 7.85%
across 0-70 cm. However, at 70- 110 cm,
moisture increased markedly to 11.69%,
suggesting that water percolation and
reduced evaporative influence at depth
allow moisture accumulation even in
coarse dump substrates. This is important
ecologically: deep moisture storage may
exist, but the coarse texture and low fine
fraction at depth can still constrain plant-
available water and rooting effectiveness,
especially if the main root zone is limited to
upper layers.

The undisturbed reference (NO)
showed a non-monotonic moisture
pattern: relatively high moisture at 0-3 cm
(7.96%), a drier layer at 3-18 cm (4.50%),
followed by higher moisture at 18-40 cm
(6.45%) and a maximum at 40-50 cm
(9.01%). Such variability is typical for
semi-arid soils where short-term surface
wetting events, crusting/structure, and
horizon-specific infiltration pathways can
produce contrasting moisture conditions
within the upper profile.

Overall, average moisture in the
upper part of profiles (approximately the
top ~ 40-50 cm, depending on site
sampling intervals) followed the order NP
(r7.50%) = NO (»6.30%) > RN (=5.16%),
with the reclaimed site showing the
strongest surface desiccation.
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Figure 3 - Soil moisture content (%) and bulk density (g cm™3) distribution along the soil
profile in RN, NP and NO sites

Texture-bulk density-moisture asso-
ciations. Figure 4 presents the Pearson
correlation matrix for all granulometric
fractions (Kachinsky system) together with
gravimetric soil moisture (%) and bulk
density (g cm™3). The analysis was
performed only for depth intervals where
all three data blocks (granulometry-
moisture-bulk density) were available
simultaneously (n=5). For intervals with
mismatched layer boundaries, granulo-
metric fractions and moisture were
harmonized to the bulk density interval
using thickness-weighted averaging across
overlapping horizons.

Several strong correlations occurred
among granulometric fractions themselves,
reflecting that fractions are compositional
(they sum to ~100%) and therefore covary
by definition. The two sand fractions were
positively related (r = 0.71), while the sand
fraction 0.25-0.05 mm showed a strong
negative association with the silt fraction
0.01-0.005 mm (r = -0.89, p < 0.05). Fine
fractions were mutually positively related:
Fine fraction <0.01 mm correlated strongly
with Clay <0.001 mm (r = 0.86) and with
Silt 0.005-0.001 mm (r = 0.73), showing

that an increase in the fine fraction is
accompanied by a coordinated rise of the
finest particle-size classes.

Bulk density exhibited the clearest
associations with granulometry. The
strongest relationship was a negative
correlation with sand 0.25-0.05 mm (r =
-0.93, p < 0.05), indicating lower packing
density in coarser, sandier materials. Bulk
density also tended to increase with finer
material (positive correlations with Fine
<0.01 mm, r = 0.86, and Clay <0.001 mm,
r = 0.67) (figure 3).

Soil moisture showed no linear
relationship with bulk density (r = -0.05),
suggesting that during the May-September
sampling period the instantaneous mois-
ture content was not controlled by compac-
tion alone. Instead, moisture was strongly
positively associated with Silt 0.05-
0.01 mm (r = 0.87) and strongly negatively
associated with Silt 0.005-0.001 mm (r =
-0.83). Moisture correlations with the
“integrated” fine indices were moderate to
weak (Moisture vs Fine <0.01 mm: r =
-0.41; Moisture vs Clay <0.001 mm: r =
-0.12) (figure 4).
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Figure 4 - Pearson correlation heatmap (r) for granulometric fractions (Kachinsky
method), gravimetric soil moisture (%) and bulk density (g cm™3) across the Zhanatas
phosphorite sites
Note: S1 - Sand 1.0-0.25 mm; S2 - Sand 0.25-0.05 mm; Si1 - Silt 0.05-0.01 mm;
Si2 - Silt 0.01-0.005 mm; Si3 - Silt 0.005-0.001 mm; C - Clay <0.001 mm;

FF - Fine fraction <0.01 mm; M - Moisture; BD - Bulk density

Bulk density as an indicator of
physical recovery. The correlation pattern
supports a straightforward physical inter-
pretation: in these post-mining soils/
substrates, bulk density largely tracks the
textural gradient from coarse to fine
materials. Coarse sand-dominated dump or
reworked materials commonly show lower
bulk density because of looser packing and
larger pores, whereas finer materials can
pack more densely (especially when
aggregation and organic binding agents are
still weak during early-to-mid recovery).
Therefore, differences in bulk density
among reclaimed, naturally recovering, and
undisturbed soils should be discussed
together with their granulometric compo-
sition-bulk density alone can be misleading
if the underlying material differs strongly
in texture.

The absence of a moisture-bulk den-
sity relationship is expected under semi-
arid field conditions because gravimetric
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moisture is highly dynamic and depends on
recent rainfall, evaporation, plant water
uptake, and depth. A compacted layer can
reduce infiltration and increase runoff, but
moisture at sampling dates may still be
driven more by depth-controlled evapora-
tion gradients and episodic wetting than by
bulk density per se. This is consistent with
your profiles where moisture often increa-
ses with depth even when the substrate is
coarse. In other words, field moisture
during the growing season behaves more
like a “state variable” (current hydrological
status) than an inherent capacity indicator.
These opposite associations suggest
that field moisture responded more
strongly to the balance among silt subfrac-
tions than to the integrated fine fraction
alone, which is consistent with the profile-
specific and seasonally dynamic nature of
soil moisture under semi-arid conditions.
Principal component analysis (PCA)
based on the full set of granulometric
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fractions (Kachinsky system) and gravi-
metric soil moisture separated the three
site types in the PC1-PC2 space. The first
two components explained 80.8% of the
total variance (PC1=57.6%, PC2=23.2%).
In the score plot with 95% confidence
ellipses, the undisturbed reference (NO)
formed a distinct cluster primarily along

PC2, whereas the reclaimed site (RN)
occupied predominantly negative PC2
scores. The naturally revegetated dump
(NP) showed the broadest dispersion and
was shifted mainly along PC1, indicating
higher internal heterogeneity of the dump
material and moisture regime compared
with RN and NO (figure 5).

PC2 (23.2%)

Site
e NO
NP
e RN

-4

PC1 (57.6%)

Figure 5 - PCA score plot (PC1 vs PC2) based on granulometric fractions (Kachinsky
system) and gravimetric soil moisture for reclaimed (RN), naturally revegetated (NP) and
undisturbed (NO) sites. Ellipses represent 95% confidence regions for each site type

The separation along PC1 reflects a
dominant granulometric-moisture gra-
dient associated with dump heterogeneity:
NP includes layers with strongly contras-
ting textures and moisture conditions,
which expands its ellipse and shifts some
NP points to the positive PC1 region. This
pattern is consistent with the presence of a
deep, coarse layer in the naturally reco-
vering dump that differs sharply from the
upper layers and from the reference soil. In
contrast, RN samples are more compact in
PCA space, indicating that placement of a
loam substrate layer produced a more
uniform near-surface physical medium
compared with the naturally recovering
dump. The reference soil (NO) separates
from disturbed substrates because of its
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more developed natural particle-size struc-
ture and comparatively stable pedogenic
organization, which is captured by the PC2
gradient and results in a clearly displaced
ellipse.
CONCLUSION

This study evaluated post-mining
soil physical recovery at the Zhanatas
phosphorite deposit in the semi-arid zone
of southern Kazakhstan using granulomet-
ric fractions (Kachinsky system), bulk
density, and gravimetric soil moisture
across three site types: a reclaimed dump
(technical reclamation in 2012 and biolo-
gical reclamation in 2013), a naturally
revegetated dump undergoing passive self-
recovery since 1984, and an undisturbed
reference soil.
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Overall, the reclaimed site exhibited
a comparatively stable near-surface par-
ticle-size distribution, with a fine fraction
(<0.01 mm) close to that of the upper
layers of the naturally revegetated dump,
indicating that the placement of a loam
substrate layer successfully formed a
functional growth medium at the surface.
In contrast, the naturally revegetated dump
showed strong vertical heterogeneity,
including a deep coarse-textured layer
characterized by very low fine material,
which represents a persistent physical
limitation for water retention and rooting
in semi-arid conditions. The undisturbed
reference soil consistently contained the
highest proportion of fine particles and
clay-sized material, reflecting the local
baseline of soil physical condition.

Multivariate  analysis  supported
these patterns: PCA clearly differentiated
site types and highlighted higher internal
variability in the naturally recovering
dump compared with the reclaimed site.
Correlation analysis indicated that bulk
density was primarily linked to texture
(coarse fractions tending to lower density),
whereas field moisture during the growing
season showed weak and inconsistent
linear associations with density, emphasi-
zing the dynamic nature of moisture under
semi-arid climate and the importance of

FUNDING

interpreting it together with depth and
texture.

From a reclamation management
perspective, the results suggest that
successful restoration of phosphorite mine
dumps in semi-arid environments should
focus not only on surface stabilization, but
also on reconstruction of a physically
functional root zone. In practical terms,
this means prioritizing the placement and
preservation of a sufficiently thick fine-
textured growth layer, minimizing abrupt
textural discontinuities between surface
and subsurface materials, and avoiding
excessive compaction during grading and
substrate handling. Because the reclaimed
site showed improved near-surface
physical conditions but still strong surface
drying during the warm season, post-
reclamation monitoring should include
repeated measurements of bulk density
and seasonal soil moisture to evaluate
whether reconstructed substrates are
developing toward more stable hydro-
physical functioning.

Future studies should include repea-
ted seasonal measurements of soil mois-
ture and related hydrophysical properties
to better characterize the hydrological
regime and improve assessment of post-
mining soil recovery trajectories.
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YKAPTBIJIA APUITI XKAFJIAW/JIA KEH OH/IIPYAIEH KEMIHTT TONIBIPAKTBIH,
KAJIIIIHA KEJIYI BAPBLICBIH/ZIA TPAHY/IOMETPUSAJIBIK K¥PAM, KOJIEM/IK
ThIFbI3/IbIK YKOHE TOIIbIPAK bIJIFAJIAbIJ/IbIFbI APACBIHJAFbI BAUJIAHBICTAP

16.6. OchaHos ambiHAaFbl Kazak monbipakmaty sxcaHe azpoxXuMust FblablMU-
3epmmey uHcmumymol, 050060, Aamamei, Batipax keweci, 10, Kazakcman,
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3A6ali ambiHdarbl Kasak yaimmblk nedazo2ukaJblk yHugepcumemi,
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KapTbiait apuaTi alimakTapgarsl GochopUT eHAipyAeH KeliHri JaHAmadTTapAa eciMaik
»KaMBbLJIFbICBIHBIH, OPHBIFYbIH KUbIHJATAThIH K9HEe TONbIPAKTbIH KaJbIHA KeJyiH G6asy/iaTaTblH
du3uKabIK eKTeyep y3akK cakraaajpl. biz OHTycTik Kasakcrangare! XKaHatac ¢ochopuT keH
OpPHBIHJIA TOMNBIPAKTBIH, GU3UKAJBIK KaJlIblHA KeJyiH yII y4yacKe TYpiH CaJbICTBIPY apKbLIbI
oaranazabik; (i) pexysbTuBalusaanfaH yHiHAI (2012 k. TexHuKaJblK, 2013 XK. GHOJIOTHSIBIK
pPeKyJIbTHBALMs; ayMaFbl IaMaMeH 2 ra; KyMOaJLIbIK, CyOCTpaThIHbIH, KabaTel ~50 cM; eciMaik-
TepAiH, opHbIFYbl 70-75%), (ii) 1984 »xbLibl KaObLIFAHHAH KeWiH TabWFM TypJe e3A4iriHeH
KaJIllbIHA KeJIin »KaTKaH YHiHAi (eciMAik kaMbLIFbICEl TeMeH, ~9,5-10%), xaHe (iii) 6y/1iH6eren
3TaJIOHABIK, (6aKpLiay) yuacke. 2025 KbL1JbIH MaMbIp-KbIpKYHeK allJlapblHJA 9p ydyacKeje YII
TONBIPAK, KMUMachl Ka3blJablll, TeHETUKA/IbIK FOPU30HTTAp GOMBIHINA YJrijsep anblHAbl. Bapibik
yJackesjep/ie KyM ¢pakuusiapbl 6ackiM 06o0Jiabl, 6ipakK ycak ¢paknusHbiH (<0,01 mMMm) yueci
KaJlblHA KeJy >KOoJIbIHA Kapal alKplH e3repfi. PexkysnbTHBanusiaHfaH ydackede YCTiHTi
KabaTTblH TeKCTypachl TypakThl Goaabsl (<0,01 mm=31,97-34,93% 0-40 cMm), 6y Taburu
KaJIlIbIHA KeJIy y9acKeCiHiH KOFapFbl TOPU30HTTapbIMeH yKcac (28,60-30,34% 0-70 cm). Anaiina
TaOUFU KAJIIIbIHA KeJsil KaTKaH YHiHJiHIH TepeH KabaTel (70-110 cMm) eTe ipi Tyitipsai 60s1b1m
WBIKTBI (KyM - 89,89%; <0,01 MM - 8,87%), AsFHU TeXHOr'eH/iK Cy6CcTpaTTa TYPaKThl TEKCTYPabIK
KOHTPACT caKTajfaH. bysniHGereH TombipakTa ycak ¢pakius eH xofapbl 6046l (<0,01 MM =
34,57-45,05%). blarangpiablk 2,09%-aaH (pekysabtuBanus 0-10 cm) 11,69%-ra gentin (yHiHzi
70-110 cm) e3repai. PCA Tangaysl ydackesiep/li alKbIH aXKbIPaThlIl, €H, XKOFaphl illIKi 9pTEKTUIIK
TaOUFU KaJIbIHA KeJIiM >KaTKaH YHiHAiZe ekeHiH KepceTTi. PeKy/bTUBaIus YCTiHTI KabaTThIH,
bu3MKaNbIK JKaFJalblH KaKcapTajbl, 0ipaK 3TaJOHJBIK TONBIPAKKA TOJIBIK KaKbIHJAAY
npodUIbJeri KYLITI TEKCTYPaJIbIK KOHTPACTTapPMEH LIEKTeNe/].
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Tyliin0i ce3dep: docdopUT eHAIPY, Kep/i peKyAbTUBALMAIAY, TAOUFU-TPYHTTa KalTa ecy,
rpaHyJoMeTpUsibIK KypaM, PCA Tangaysl.

PE3IOME

K. Kyabim6et!*, M. Toktap!?, [I. Pamuayib3
B3AMMOCBSA3U MEX/IY TPAHY/IOMETPUYECKUM COCTABOM, OBbEMHON MACCOH
1 BJIAYKHOCTBIO IMMOYBHI B ITPOIIECCE ITOCTTOPHOAOBBIYHOI'O BOCCTAHOBJIEHU S
[TOYB B ITOJIY3ACYIIIJIMBBIX YCJIOBUAX

1Kazaxckull HQy4YHO-Ucca1e008amMeAbCKULl UHCMUMym noYgogedeHust U azpoxumuu
um. Y. Yenanoea, 050060, Aamamul, ya. batipak, 10, KazaxcmaH,

*e-mail: qulymbet.qanat@gmail.com

2Satbayev University, Satbayev University, 050013, Aamamui, ya1. Camnaesa, 22,
Kazaxcman

3Kaszaxckuli HQYUOHA1bHLIU hedazozuveckull yHugepcumem um. Aéas,
050010, Aamamsl, np. [locmoik, 13, Kazaxcma

[ToctropHogo6bIBatouie ¢ochopuToBble JaHAWADTHI B I0JY3aCyLJIMBBIX pPErvoHax
YacTO COXPAaHAKT PpU3HWYECKHe OrpaHUYEHUs, KOTOpPble 3aTPYAHAIOT 3aKpellJieHHe pacTUTEb-
HOCTH W 3aMeJISII0T BOCCTAaHOBJIeHHMe NMo4YB. Hamu mpoBeseHa oneHka (QHU3UYECKOTO BOCCTA-
HOBJIEHUS I0YB Ha pochopuToBoM MecTopoxkgeHnu KanaTtac (F0xxHbii KasaxcTaH) B cpaBHEHUU
TpeX THUIIOB yYacTKOB: (i) peKyJbTUBUPOBAHHBIN 0TBaJ (TeXHUUYecKas peKyabTuBauusa B 2012 r.,
6uosioruveckas - 2013 r.; miowaab ~2 ra; ¢Joi cyrauHuctoro cyberpata ~50 cm), (ii) oTBan Ha
€CTeCTBEHHOM CaMOBOCCTAHOBJIEHMM MOCJe 3aKpblTUA B 1984 r. ¢ HU3KHM pacTUTEJbHBIM
nOoKpoBoM (~9,5-10%), u (iii) HeHapyIIeHHbIH KOHTPOJIbHBIN yyacTok. B mae-ceHTs16pe 2025 T.
Ha KaX/ZIoM y4yacTKe ObLJI0 3aJI0KEHO 110 TPU NMOYBEHHBIX pa3pe3a M BhINOJHEH 0T60p mpob mo
reHeTUYeCcKMM ropusoHTaM. Ha Bcex yyacTkax mpeo6Jafany necyaHble GpakLUH, OJHAKO J0JIS
ToHKON ¢pakuuu (<0,01 MM) cyuiecTBeHHO pas/vMyajach. Ha peky/JbTHBHPOBAaHHOM y4acCTKe
rpaHyJIOMeTpHUYeCKHUM cocTaB BepxHel ToJuy 6bl1 cTabuabHbIM (<0,01 MM=31,97-34,93% Ha
0-40 cM) 4 comocTaBUM C BEpPXHUMU TOPU3OHTAaMU ydyacTKa CaMOBOCCTaHOBJieHUs (28,60-
30,34% na 0-70 cm). HanmpoTuB, ry0OKHH CJI0M caMOBOCCTaHABJIMBawIlerocs orsajia (70-
110 cMm) 6bLa KpaiiHe rpy603éMHUCTBIM (mecok - 89,89%; <0,01 MM - 8,87%), uTo yKa3bIBaeT Ha
YCTOMYMBYI0 TEKCTYPHYI0 HEOJHOPOJHOCTb. B HeHapylleHHOW No4YBe J0JII TOHKOM ¢pakiuu
6bl1a MakcuMasibHOH (<0,01 MM=34,57-45,05%). BiaxkHocTb BapbupoBana oT 2,09% (pekyJib-
tuBauusa 0-10 cMm) po 11,69% (otBan 70-110 cm). AHanus PCA pasgenus TUNBl YYacTKOB U
NI0Ka3aJ Hau6oJIbLIYI0 HEOJHOPOJHOCTb Ha OTBaJsle, HaXOAsALleMCS B CTajJUH eCTeCTBEHHOIO ca-
MOBOCCTaHOBJIeHUS1. PeKybTUBanus yaydliaeT GU3NiecKoe COCTOSTHUE BEPXHETO CJI0s], OJHAKO
MOJIHOe COJMKeHHe C (GOHOBBIMHM IOYBAMHM OrPAaHWYMBAETCS BbIPAXKEHHBIMH TEKCTYPHBIMHU
KOHTpacTaMu B npoduie.

Kawueswvle cnosa: dochoputoBass [06bYa, pPEKyJbTHBALUS 3€MeJslb, €CTECTBEHHOE
3apacTaHue MOYBOIPYHTA, TPaHYJIOMETPUYECKHUH COCTAB, aHAJIM3 IJIaBHbIX KOMIOHEHT (PCA).
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B.M. Amupos'*, C.0. bazap6aen?, O.C. Kanabi6aeB?
MOJAE/INPOBAHHME BJIMAHHUA MUHEPAJIbHBIX YIOBPEHU HA
®OPMHUPOBAHUE CUJIOCHOM BUOMACCHI KYKYPY3bI B YC/IOBUAX
3ACOJIEHHBIX ITOYB I0OTA KA3AXCTAHA

1Kazaxckuli HQyuYHO-UCC/1e008ameAbCKUll UHCMUmMym noygogedeHust U azpoxumuu
umenu YY, Yenanosa, 050060, Aamamui, ya. Batipak, 10, Kazaxcmad,

*e-mail: bak.amirov@gmail.com

AHHomayus. B cTaTbe mpejcTaB/eHbl pe3y/bTaThl MOJEBbIX HCCJIEJO0BAaHUN MO OLlEHKe
BJIMSIHUS /103 U COOTHOLIEHUH MHUHepaJIbHBbIX YJ0OpeHUH Ha ypOoKalHOCTb CHUJIOCHOM Macchl
KYKYpY3bl B yCJIOBUSIX Pa3JIMYHON CTeNeHU 3aC0IEHHOCTH No4B 1ora KasaxcraHa. MccienoBanus
NpOBeJIeHbl Ha CBeTJ/bIX cepo3émax OTblpapckoro paioHa TypkecTaHCKOH 06/1aCTH Ha [JBYX
¢doHax 3acosnénHoctH no4Bel (0,13 1 0,59% cymMbl cosieit). 06'beKTOM U3YUYEHUS CITIYKHUJI THOPU,
KyKypy3bl Gladius F1 (FAO 700). U3y4yanuch 0361 yo6peHui B guanazode N0-150, P0-120, KO-
90. OuneHUBaIUCL OGUOMETPUYECKHE I0Ka3aTesH, YPOKalHOCTb CHJIOCHOH Macchl, a TaKxke
9KOHOMHYecKass 3PQPEeKTUBHOCTb HNPUMEHEeHHUS YAOOGpeHUH. YCTaHOBJEHO, YTO Ha CJja-
603aco/IEHHBIX N0YBaX NPUMeEHEHHe MHHepaJbHbIX yA0OpeHUH o6ecrneyuBaso AOCTOBEPHOE
MOBBILIEHHE YPOXKAWHOCTH CHUJIOCHOW Macchl KyKypysbl fo 84,5-90,7 T/ra, uto Ha 41,4-56,5%
BbILIE KOHTpoOJs. [Ipu cpefHel 3aC0/IEHHOCTH NPOLYKTHBHOCTh CHIKa/IAach 6oJiee 4eM B 2 pasa,
a 3¢ PeKTUBHOCTD BBICOKHX /|03 a30Ta yMEHbIAIACh BCAECTBUE YCUIEHHS coeBoro crpecca. C
WCIO0Jb30BAaHHEM MHOIOMEPHOIO PEerpecCHOHHOr0 aHaju3a MoJyyeHa MOJeJb C BbICOKOH
crenenbio gocrtoBepHocTu (R?=0,993; F=586,94; p <0,001), noATBep:xAauas JOMUHUPYOILee
OTpULIATeJbHOE BJIMSIHUE 3aCOJIeHUs M HeJHWHEeMHBIM XapakTep OTK/IMKA KyJbTypbl Ha
yao6penus. Ha ca6o 3aco/IéHHBIX T0YBaX 3KOHOMHUYECKH ONPAaBJAaHO NMPUMEHEHUE MUHEepPab-
HBIX yRo6peHui B go3ax N100-150, P80, K30-60 kr a.B./ra, 4TO o6ecrneyrnBaeT MaKCUMaJIbHYIO
npu6bbLIb (7o 1194 TeIc. Tr/ra) U peHTabeabHOCTh 270-300%. Ha cpesHe 3aco/1EHHBIX MOYBaX
ONTHMAJIBHON fBJISETCA cHUcTeMa yMepeHHoro yzao6penuss N50P80K30-60, mosBosstomias
COXPaHHUTb MOJIOKUTEIbHYI0 PEHTA0eJIbHOCTh TP MUHUMAaJ/IbHBIX PUCKAX NMOTepH ypoxxkas. s
o6eHx cTeleHel 3acoJieHUs] OTMedyeHO, YTO0 GpocPOpHO-KaIUMHOe NMUTAHHE UTpaeT 3alIUTHYIO
poJib, MOBBIIIAS YCTOWYMBOCTb KYKypy3bl K 3aCOJIEHHIO, TOTJa KaK H30BITOYHOE a30THOe
nutaHue 6e3 ¢ochopa CHMKAET IKOHOMHYECKYIO 3PPEeKTHUBHOCTD. [lorydeHHble pe3ysbTaThbl
MOATBEPKJAIOT HEOOXOAUMOCTh ANbdepeHIMPOBAHHOTO M aJJallTUBHOrO MOJX0Ja K CHUCTeME
yA06peHusi KyKypy3bl Ha CUJIOC C YI€TOM CTENEHU 3aCOJIeHHUs MO0YB.

Kawouesvle csno08a: KyKypy3a, CUJIOCHAsi Macca, 3acCoJIEHHble II0YBbl, MHHepaIbHbIE
yL0OpeHUs, ypOKaHHOCTb, MOZeIMPOBAaHKE, SKOHOMUYeCKast 3 PEKTUBHOCTD.

BBE/IEHUE B 3acymMBbIX U MOJy3aCyLJIMBBIX

3acoJsieHue TT0YB sIBJIsieTcs1 ofAHOM n3 30Hax IkHoro Kasaxcrana 3acosieHue
HauGoslee CepbE3HBIX JKOJOTMYECKMX M AXOTHBIX 3eMesb QOPMHUPYeTCsl IOJ
arpapHbIX NpoGJieM, 0COGEHHO B 3acyll- BO3JEHCTBHEM NPUPOAHBIX (aKTOPOB -
JUBBIX U OpOIIAeMBbIX perdoHax. I[lo HMHTEHCHBHOrO  HCIapeHus,  6JHM3KOro
JaHHbIM [J106a/1bHOUM KapThbl 3aCOJIEHHbIX 3/€raHUA TPYHTOBBIX BOA, a TaKxke
no4B (GSASmap), okosio 1 381 MJIH ra, uid AHTPONOrE€HHBIX NPHUYMH, BKJIOYasA Hepa-
10,7% nuiolagu Cyilu, NoABEpP>KeHbl 3aco- LIHOHAJIbHOE OpOIllI€HHE, HEJO0CTATOYHYIO
nenuio [1]. HauGonee mnocTpajaBmumu APEHHPOBAHHOCTb M HecbaJaHCHMPOBAH-

peruoHaMmu ABJ0TCA ABCTpasus, Apren- HOe MpuUMeHeHHe ynob6penui [2, 3]. B 6o-
TuHa U KazaxcTaH. Jlee LIMPOKOM MacuTtabe LleHTpasbHOM
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A3uy HeraTHBHOE BJIMSIHUE YCHUJIUBAETCS
ledUIMTOM BOJHBIX PeECypcoB, H3MeHe-
HMEM KJMMaTa W HHU3KOH 3ddeKTUB-
HOCTBIO OPOCHUTEJIbHO-ApeHaXHOU HHpa-
CTPYKTYpHI [4].

OfHOW M3 NPUOPUTETHBIX 3ajad
cesbCKOro xo3sucTBa KasaxcraHa sBaseT-
c yBeJMYeHUEe TPOU3BOACTBA 3epHa U
KopMOB. Kykypysa - mnepcrnekTHBHass U
BbBICOKOYpOXKallHasi KOpMOBasli KYJbTypa,
IIMPOKO BO3Je/biBaeMass IPEeUMYLLecT-
BEHHO B HDKHBIX perdoHax CTpaHbl [5].
3HayuTe/bHasi 4YacTb ypoXash HCIOJIb-
3yeTcsl Ha CUJIOC, OTJIMYALIAICS BBICOKOT
NUTaTeJbHOW LIEHHOCTBIO, YTO OIpeje-
JIIeT BaXXHYI0 pOJIb KyKypy3bl B KOpPMO-
NpPOU3BOACTBE [6, 7].

IpdeKTUBHOCTH MUHEpPaJIbHOTO
NUTaHUs SIBJsSETCS KJIYeBbIM (GaKTOpPOM
bopMUpPOBaHUA YPOXKAMHOCTU KYKYpY3bl,
0COGEHHO Ha 3acoJIéHHbIX Mo4Bax [8].
Kykypysa (Zea mays L.) 4yBCTBUTeNIbHA K
3aCo0JIeHUI0, 0COOeHHO Ha paHHUX 3Tamax
pocta. [loBbllleHHass  KOHIEHTpaLus
CoJIeM OTpHULATENbHO BJMSET Ha mpopac-
TaHUEe CeMsiH, pa3BUTHe paCTeHUH U
ypoxaiHocTh [9, 10]. [Ipu aToM Ky/abTypa
XapaKTepu3yeTcsl BBICOKMM OTKJIMKOM Ha
BHeCeHHMe  a30THbIX U $ocHOpHBIX
ynob6penuit [11].

B 3THUX yC/0BUSIX MaTeMaTH4yecKoe
MOJleJIUpOBaHUe U PerpecCMOHHbIA aHa-
JIU3 SIBJSIIOTCS BQXHBIMUA HUHCTPYMEHTaMU
arpoxXMMHYEeCKUX HCCJIe0BaHUM, I03BO-
Jiil KOJIMYECTBEHHO OLEHUTb BJIUSIHUE
3aCOJIEHHOCTU U MUHEPAJIbHOTO NMUTAHUSA
Ha HPOAYKTUBHOCTb KYJBTYP U OBGOCHO-
BaTh ONTHUMAaJbHble arpoOTEXHOJIOTHYeC-
Kue pelleHus [12-16].

Takum o6pa3oM, pa3paboTKa U anpo-
6anusi Mojesied ONTUMHU3ALUN MUHEPAJIb-
HOTO NMUTaHUS KYKypy3bl Ha CHJOC B
YCJIOBUAX 3acOoJIEHHbIX MNouyB tora Ka-
3aXCTaHa SIBJSETCA aKTyaJbHOW Hay4yHO-
MpaKTUYeCKOH 3a/jlayell, HapaBJeHHOU Ha
noBbilleHWe 3QPEeKTUBHOCTH MCMOJIb30-
BaHUs yA0OpeHUH, YCTOWYHMBOCTU arpo-
9KOCHMCTEM U COXpaHEHHe MOYBEHHOIO
IJIOJOPOJHSL.
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MATEPHAJIbI U METO/IbI

[TosieBble HcCe0OBAaHUSL C KYKYpY-
30l Ha CWUJIOC TPOBEJIEHbl Ha OIMbBITHBIX
nossax TOO «CapkbipamMa» B OTbIpapCKOM
paiioHe TypkectaHckol o6Jsactu (Koop-
MnHaTbh1-42°42'21.1"C.I1. 68°20'06.0"B./1.).

O6BbEKTOM UCCIEJOBAHUS SABJISIOTCS
cBeTJible cepo3émbl lllaynbaepckoro mMac-
CMBa pa3/IMYHOM CTeleHU 3acoJIeHud,
pacnoJIOKeHHOTO B 30He apUJHOTO U
MOJIyapUAHOTO0 KJIMMaTa, TJe 3acojieHue
SIBJIIETCS OJAHOUM U3 KJIIOYEBBIX arpo3kKo-
Jlornyeckux mnpobseM. OrpaHU4YeHHOe ec-
TEeCTBEHHOE BbIMbIBAaHHUE U BBICOKAs HCIa-
psieMOCTb CHOCOGCTBYIOT HAKOILJIEHHUIO B
MOYBax XJOPHU/O0B, CyJbdaTOB U KapHoOHa-
TOB, YTO CYIIeCTBEHHO OTrpPaHUYHBaET
CeJIbCKOXO39MCTBEHHOE  HCII0JIb30BaHUE
3eMeJIbUTPEOYIOT NPUMeHEeHUs Clieljuallb-
HbIX MEJIMOPATHUBHBIX MEPONIPUSTHH.

AHann3 MeTeopoJIOTUYeCcKHUX TIOKa-
3aTesiel (JaHHble MeTeOCTaHIMHU TI. ApbIC)
3a mnepuos OKTa6pp 2024 - ceHTAOpPH
2025 rr. (pucyHok 1) nokasas HepaBHO-
MepHOe paclnpe/ieJleHue 0CaJKOB U YCTOM-
YUBO€ IIpeBbIIIEHHE CPeJHHUX MHOrO-
JIETHUX TEMIIEPATYP.

CyMmMa ocankoB coctaBwia 211,6 My,
4yTOo Ha 31,2 MM HUWXXe HOPMBI, IPU MaKCHU-
MyMe B oOkTsa6pe (49,1 wmm). JleTHu#
Nepuo/i XapaKTEPHU30BaJIC BbIPAKEHHOU
3acyuiMBocThio. CpeJiHerojjoBasi TeMIle-
paTypa Bo3ayxa jgocturJa 15,2°C, npeBbl-
cuB HopMmy Ha 3,1°C, ¢ HaubOJBUIUMHU
MOJIOXKUTEJIbHBIMU aHOMAJIMSIMHA BECHOM U
JIETOM.

[TosoxkuTEIBHBIE
aHOMAaJIMU COXPAaHSJIMCh
jseta. CpenHeMecsyHasi TeMIeparypa B
HIOHE, UI0oJIe UM aBryCcTe COCTaBUJA COOT-
BeTcTBeHHO 29,4°C, 31,0°C u 29,0°C, yTo
yKa3blBaeT Ha >XapKUH U CyXOH JIeTHUU
Nepuo/i, XapaKTepHbI [/ KOHTHUHEH-
TaJIbHOTO KJMMaTa IOXKHBIX PEruoHOB
KazaxcraHa.

TakuMm 06pa3oM, Mepuoj, C OKTAOPs
2024 mo cenTa6pb 2025 1. XapaKTepuso-
BaJiCs TEMJIbIMU U MaJIOBJAXXHBIMU YCJIO-

TeMIepaTypHble
TaKXXe B TeYEeHUe
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BUSMH C HepaBHOMEPHBIM paclipejeie-
HHEM 0CaJKOB, 1eHUIUTOM BJIATH BECHOH
Y JIETOM, UTO CIIOCOGCTBOBAJIO UCCYIIEHUIO
MOYB, YCUJIEHUI0 aKKyMyJSIUU COJIed U

CHUXEHHUK [JOCTYIIHOCTHU MNHUTATE/JbHBIX
BelecTB aJid paCTeHI/Iﬁ Ha 3aCoJIEHHBIX
Imo4yBax.
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PucyHok 1 - MeTeopoJiornyeckue nokasaTesu 3a epuof,
OKTA6pb 2024 1. - oKTA6DPDL 2025 T.

[ToceB KyKypy3bl 6bL1 NpoBeAéH 14
Mas 2025 r. ¢ ucnosib30BaHUEM cepTUDU-
LIUPOBAHHBIX CEMSIH BBICOKONPOAYKTHUB-
Horo rubpuza ‘Gladius F1' (FAO 700,
Syngenta, UTanus) IBOWHOTO Ha3HAYEHUS],
XapaKTepU3YIoLlerocss yCTOWYHUBOCTBIO K
M0JIETaHUI0, Pa3BUTHIM (GOTOCUHTETHYEC-
KMM anmapaToM M BbICOKOW aJalTHB-
HOCTBIO K TOUBEHHBIM YCI0BHUSM,

[losieBble ONBITHI 3aKJIa/bIBAIUCh HA
JByX $GOHaAxX 3aco/ieHUs MOYBHI (C1abOM U
Cpe/jHEM) O OPTOTrOHAJbHOMY IJIAHy C
yeTblpbMs (akTopaMu: GOH 3acCoJIeHUs
(2 ypoBHs#), a3oT, docdop u kanuit (no 4
ypoOBHs#), Bcero 32 KOMOUHALMY; MJIOILA/lb
JeNsaHKH coctaBassna 50 Mm% B kavecTse
yAOOpEHUH UCMOJb30BaIM aAMMHAYHYIO
cequtpy, ammodoc u cyabdaT Kaaus,
BHECEHHbIE OJJHOKPATHO Nepe/J| I0CEBOM.

ArpoTexHHKa COOTBETCTBOBaJa pe-
TMOHA/IbHBIM PeKOMeH/AaLUAM, BKJ/I0Yalo-
UM 356JIeBYI0 BCIALIKY, paHHEBECEHHEe
60pOHOBaHHE, PAaHHEBECEHHIOI MPOMBIB-
Ky, IpeAlIOCEBHYI0 06pabOTKY, MocCeB, JBe
MeXAypAaHble 00pabOTKU U TpU 6OPO3.-
KOBBbIX MosiuBa. [louBeHHBlE  MPOOHI
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OTOMpaIM [0 U NOCJe NPOMBIBKU Iepej
II0OCEBOM U B KJo4eBble (a3bl BereTanuu
o rayouHel 100 cM; arpoxuMuyeckKue
aHa/IM3bl BBINOJIHSJIN 10 O6LIENPUHATHIM
MeTOoJMKaM: COJlep>KaHue Trymyca no
Tiopuny ([OCT 26207-91); nerkorujpo-
JIU3yeMblil a30T, Mr/Kr, MeToj TropuHa-
KononoBo#; nmoaBmwxHbll ¢ochop (P20),
Mmr/kr - [OCT-26205-91; 06MeHHBIN KaJauH
(K20), wr/kr ['0CT-26205-31; pH
(BogHBIN) ['OCT-26423-85; BogHas
BoITsKKA - [OCT 26423-85-26428-85. B
OCHOBHbIe da3bl BereTaluud NPOBOJUIN
O6voMeTpUYECKHUe HCCAe[J0OBaHUS U OTOOP
pactuTtesbHBIX 06pasuoB [17-19]. IkoHo-
Muyeckass 3PQPEeKTUBHOCTb H3y4yaeMbIX
BapUaHTOB YAOOpEHUH ompejesssach C
yuyeToM GaKTHUYEeCKHUX TeXHOJOTHYeCKUX
3aTpaT M CTOMMOCTH HCHOJIb30BAaHHbBIX
CPEeACTB.

CraTtuctuvyeckass o6paboTka MoJy-
YeHHbIX JIaHHBbIX IIPOBEJleHa MEeTO/0M
JMCIIEPCUOHHOTO, KOPPEJALMOHHOTO U
perpeccCMOHHOr0 aHa/JM30B C UCIO0Jb30Ba-
HUeM IMporpaMMHOro npuoxeHusi Excel,
II03BOJIAIOLLET0 BECTH M0CJ/Iel0BATENbHYIO
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OLIEHKY U UCKJ/II0UeHHe HE3HAYMMBbIX K03 -
dunuenTtoB perpeccuu (P<0,05). Cornaco-
BaHHOCTb TEOPeTUYEeCKUX U PaKTHUUECKUX
JIAHHBIX OlleHHWBaJIaCh C UCIO0JIb30BaHUEM
koapPunuenTa nerepmuHanuu (R?).

JlelicTBUS U B3aUMOJEWCTBUS HU3Y-
YyaeMbIX (AaKTOPOB ObLIM NpeACTaBJIEHbI
NOJIMHOMHUAJbHOW MOJe/Ibl0 NTOJIOBUHHOM
CTelleH! B BUJE:

Y =ao + aiX1 + a2Xz + asXs + asXs +
asX1%5 + aeX205 + a7X305 + agX405 + ag(X1X2)
05 + a10(X1X3)05+ a11(X1X4)05 + a12(X2X3)0°
+ a13(X2X4)05 + 214(X3X4)05; (1)

rae:

Y - pesynbTUPYIOUIUN (3aBUCUMBbIH)
dakTop (ypokaiiHble HapaMeTphl);

ao — CBOOOAHBIH 4JIeH; a1, az, a3, ... an —
perpeccioHHble K03$UIUEHTH], OTpa-
’Kaloliue JelcTBUe U B3auMojelcTBHe
¢dakTopoB;

M3yyaemMble He3aBUCHMble (AKTOPHI
(X1 - cymma couielt, %; X2 - a30THbIe, X3 -
dochopHbie U X4 - KaJIMKiHBIE YA06peHUs,
Kr/ra).

PE3VYJIBTATBI U UX OBCYKJEHUE

UccnenoBanus Mmokasasu, 4TO CTe-
NeHb 3aCOJIEHUs CYIeCTBEHHO BJIMSET Ha
arpoxXMMHUYECKHE CBOMCTBA CEPO3EMOB MO/
KyKypy30o#. B cs1a603acosiéHHBIX MOYBax
cojepkanue rymyca B ciaoe 0-25 cm coc-
TaBJsio 1,7%, camxkasics o 0,5% Ha ry-
6uHe 75-100 cm (B cpeanem 0,9%), Torga
KaKk B Cpe/IHEe3acOJIEHHBIX MOYBaX OHO
yMmenbmasocb g0 0,1-0,5% (B cpegHem
0,3%).

[IpoMbIBHBIE TIOJIMBBI CYIIECTBEHHO
W3MEeHsJIM BOJAHBINA PEeXUM U COJlepKaHue
NOABWXKHBIX (GOpPM 3JIeMEHTOB MHUTAHUSA
(Tabsauna 1).

Tabsimua 1 - [JuHAMHUKa BJQXKHOCTH, COZEep:KaHHUS MOABWKHBIX GOpPM NUTATEJTbHBIX
3JIEMEHTOB /10 U [I0CJIe IPOMBIBKH CepO3éMa CBETJIOrO M0/, KYKypy3oH, BecHa, 2025 .

Jo npombiBku (20 mapTa 2025 T.) [Tocsie npomeiBkU (1 Mast 2025 T.)
CJIOHU TTOYBBI, CM CJIOU TTOYBBI, CM

[TapamMeTpsl - 0 P 0

0-25 | 25-50 | 50-75 100 | 100 0-25 | 25-50 | 50-75 100 100

®oH - c1abo3acosieHHbIH
Braxwocrs 263 | 225 | 17,7 | 208|218 | 238 | 206 | 224 | 186 | 21,4
no4sbl, %
N JL.T, Mr/KT 94,5 98,0 56,0 | 52,5 | 753 | 49,0 | 45,5 42,0 | 35,0 | 42,9
HoamKHbIH 260 | 120 | 80 | 60 | 130|160 | 20 00 | 00 | 45
docdop, Mr/kr
OGmenmbId 850 | 420 | 290 | 240 | 450 | 460 | 340 | 220 | 140 | 290
KaJIuH, MT' /KT
®oH - cpefjHe3aCcoeHHbIH

B”a’*‘HOOCT" 139 | 107 | 101 | 81 | 106 | 20,8 | 19,6 | 206 | 243 | 21,3
no4sbl, %
N JL.T, Mr/KT 56,0 42,0 36,4 | 53,2 | 46,9 | 42,0 33,6 30,8 | 25,2 | 32,9
MoasrokHbIi 180 | 40 40 | 40 | 750 | 180 | 40 00 | 00 | 55
docdop, mr/kr
OBmenmbId 440 | 270 | 180 | 100 | 248 | 500 | 340 | 210 | 140 | 298
KaJIU#, MT' /KT

[Tocsie POMBIBKHY BJIAXKHOCTh CJ1a60-
3aCO/IEHHBIX [0YB BbIPAaBHHUBAJIACh IO
npoduito, a Ha cpeZiHe3acoJIEHHOM ¢oHe
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Bo3pacTtaja mnoytd BABoe (c 10,7 mgo
21,3%), 4TO CBHU/ETEJBCTBYET O BbIpa-
YKEHHOM TNPOMBIBHOM 3¢ deKTe U BeposT-
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HOM BBbIMbIBAaHHH COJIEM U3
TOPHU30HTOB.

OfHOBpeMeHHO OTMeYeHO CHUXe-
HHE CcoJep)KaHHS NMUTATeNbHbIX 3JIEMEH-
TOB: JIECKOTUAPOJU3yeMbI a30T yMEHb-
maJics ¢ 75,3 go 42,9 mr/kr Ha csiabo3saco-

JIeHHbIX U ¢ 46,9 g0 329 wMr/kr Ha

BEPXHUX

CpeAHe3acoJIEHHBIX I0YBaX, MOABHMKHBIN
docdop - no 4,5-5,5 mr/kr, o6MeHHBIN
KaJsuH - ¢ 450 10 290 Mr/Kr.

AHanu3  coctaBa  IMOIVIOLIEHHBIX
OCHOBaHU{ NOYB MOKa3as 3HAYUTeJsbHble
pasuyus MexAay cjaabo- U cpejHe3aco-
JIEHHBIMHU y4acTKamu (Tabsuna 2).

Tabauna 2 - CoaepkaHHe TOIVIOIEHHBIX OCHOBAaHUM B CEPO3EME CBETJOM IOJ,
KyKypy3o#, BecHa, 2025 . Mr-3kB/100r. nouBbI

®oH - cn1abo3acosieHHbIN ®DoH - cpeJIHe3aCOEeHHbIN
[lapa- CJION NMOYBBI, CM CJION NOYBBI, CM

MeTpbl 75- 75-
0-25 | 25-50 | 50-75 100 0-100 | 0-25 | 25-50 | 50-75 100 0-100
Na+ 0,240 | 0,167 | 0,297 | 0,075 | 0,195 | 11,936 | 9,904 | 2,346 | 1,458 | 6,411
K+ 0,890 | 0,400 | 0,300 | 0,070 | 0,415 | 0,600 | 0,420 | 0,050 | 0,090 | 0,290
Caz+ 9,410 | 7,430 | 6,440 | 5940 | 7,305 | 12,870 | 15,84 | 14,85 | 6,930 | 12,62
Mgz+ | 5,450 | 4,950 | 4,460 | 7,430 | 5573 | 5450 | 7,430 | 7,430 | 6,440 | 6,688

Ha cnabosaconénHoM ¢oHe npeob-
nagaroTt Ca** u Mg?*, o6ecneunBas Kaib-
[[MeBO-MarHUeBbIM TUI MOTJIOLIEHHUS C YC-
TONYHUBOU CTpPyKTypoil. CofepkaHue Kalb-
nusa  5,94-9,41 wmr-sks/100 r (k=7,31),
marnusa 4,46-7,43 mr-aks/100 r (k=5,57),
kasusa 0,07-0,89 mr-3ke/100 r (%=0,42),
copepxkanue Na* kpaiiHe Hu3koe - 0,075-
0,297 mr-3kB/100 r (X=0,195). B cpegne-
3acoJIEHHBIX mo4yBax Na® pesko yBeanyu-
BaeTcsa g0 1,458-11,936 wmr-3kB/100 r
(x=6,41), K* cumxaetrca pgo 0,29 wr-
3kB/100 1, a Ca** u Mg** mocturarwT 12,62
U 6,69 wmr-skB/100 T COOTBETCTBEHHO.
HaTpueBblii TUN 3acoJieHUs yXy/IIaeT
CTPYKTYpPY, CHWXKAEeT BOJOTPOHUIIAEMOCTD
Y IOCTYITHOCTb MUTATEJbHBIX 3JIEMEHTOB.

AHanu3 BOJHOW BBITSDKKU IOYB
M0Ka3aJl 3HAYUTeJ/bHbIE PA3IUIUS MEXIY
c1ab0- U CpeJIHe3aCOIEHHBIMU YYaCTKaMU,
a TakXe JWHAMHKy COJIEBOTO COCTaBa
1ocJie MPOMBIBHBIX TOJIUBOB (Tabsuia 3).

Ha cina6o3acosénHom poHe cymMmap-
HOe CoJiepikaHue CoJied 0CTaBaJioCh MOYTH
Ha ucxoaHoM ypoBHe (0,129-0,126%). Ha

cpenHe3acoiéHHOM ¢(oHe [0 TPOMBIBKU
cyMMa coJied JocTuraja B CpeJHEM
0,91%, mnocine NpPOMBIBKA IOKas3aTesu
cHusuauch o 0,59%, ocobeHHO B Bepx-
Hux ropusoHTax (0-50 cm).

TakuM 06pa3oM, HNPOMBIBKA YJIy4-
maja BOJHBIM pPEXHUM, HO CONPOBOX-
Jlajlacb TOTepsIMU 3JIEMEHTOB MUTAHUS,
YTO TpPebyeT JIONMOJHUTENbHOT0 BHECEHHUS
yA0OpeHui nepes I0CEBOM KyKypPy3bl.

YpokaliHble TMOKa3aTeJlu KyKypy3bl
B 3aBHCHMOCTH OT YPOBHS 3aCOJIEHHOCTHU
MOYBbI U YAOOpPEHUN 3HAYUTEJNbHO Pa3Ju-
yastuch (Tabsuna 4). [Ipu ciraboi 3acosieH-
Hoctu (0,13%) Hab/r04aoCh Xopollee
pa3BUTHE paACTEHUM: TYCTOTa CTOSHUSA
coctraBasiia 47,7-57,3 Teic. 1IT./Ta, KOJIU-
yecTBO nmodaTkoB - 10 mT./10 pacTeHUH,
YTO YKa3bIBaeT HA MOJHOIeHHOe GOpMU-
poBaHHe TeHepaTHBHbLIX oOpraHoB. Ilpu
3TOM Macca ChIpbIX MOYATKOB BO3pacTasa
ot 5193 510 6987 r/10 pacTeHHH B 3aBUCH-
MOCTHU OT 03 yaobpeHud. Ha cpenHe
3acosiéHHbIX mouBax (0,59%) rycrora u
NPOAYKTUBHAS AaKTUBHOCTb CHHKAJUCH:
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KOJIMYeCTBO IOYAaTKOB YMEHbUIAJOCh [0
6,7-8,7 mt./10 pacTeHHH, Macca CbIpbIX
MOYaTKoB - 10 2067-2767 r/10 pacTeHUH,

YTO CONPOBOX/AJOCh CHWXKEHHEM 001el
6roMacchl pacTeHUH M BbIXOJA CUJIOCHOM
Macchl ypoxKasi.

Ta6suna 3 - CocTaB BOJAHOUM BBITSXKKHM CEPO3EMOB CBETJIbIX MOJ, KYKYpy30H, BecHa,

2025 T.
[Tepen npomeiBKoH (20 mapTa 2025 r.) [Tepen nocepom (1 mas 2025 r.)
[apa- CJIOU MTOYBBI, CM CJIOU MTOYBBI, CM
MeTpbI 25- 50- 75- 0- 25- 50- 75- 0-
0-25 1 59 75 100 | 100 | %2 | 50 75 100 | 100
®oH - c1abo3acosieHHbIN
Cymma
. 0,198 | 0,110 | 0,109 | 0,099 | 0,129 | 0,136 | 0,144 | 0,113 | 0,112 | 0,126
coJsieit, %
O6masn B
HCO3 - 0,640 | 0,440 | 0,400 | 0,400 | 0,470 | 0,400 | 0,440 | 0,360 | 0,360 | 0,390
MT/3KB
€os, 0,000 | 0,080 | 0,000 | 0,000 | 0,020 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
MT/3KB
Cl', mr/skB 0,110 | 0,150 | 0,110 | 0,110 | 0,120 | 0,110 | 0,070 | 0,110 | 0,070 | 0,090
5047, 1,990 | 0,960 | 1,060 | 0,940 | 1,238 | 1,430 | 1,570 | 1,180 | 1,200 | 1,345
MTI/3KB
Cat+, 1,120 | 0,560 | 0,560 | 0,470 | 0,678 | 0,650 | 0,750 | 0,470 | 0,470 | 0,585
MT/3KB
Mg++,
0,560 | 0,380 | 0,560 | 0,560 | 0,515 | 0,560 | 0,660 | 0,660 | 0,660 | 0,635
MTI/3KB
Na+, 0,670 | 0,470 | 0,380 | 0,380 | 0,475 | 0,560 | 0,610 | 0,480 | 0,460 | 0,528
MT/3KB
K+ mr/3xB | 0,380 | 0,140 | 0,060 | 0,030 | 0,153 | 0,170 | 0,070 | 0,040 | 0,040 | 0,080
®oH - cpe/iHe3aCcoeHHBIN
Cymma
. 0,878 | 1,117 | 0,618 | 1,024 | 0,909 | 0,375 | 0,574 | 0,490 | 0,933 | 0,593
cosieit, %
O6wasn B
HCO3 - 0,36 0,32 0,24 0,32 | 0,310 | 0,320 | 0,400 | 0,360 | 0,320 | 0,350
MTI/3KB
€os, 0,00 0,00 0,00 0,00 | 0,000 | 0,000 | 0,000 | 0,080 | 0,000 | 0,020
MTI/3KB
Cl', mr/skB 1,27 0,84 1,05 1,24 | 1,100 | 0,250 | 0,730 | 0,550 | 0,550 | 0,520
5047, 11,15 | 15,19 | 7,78 | 13,44 | 11,89 | 4,940 | 7,350 | 6,280 | 13,04 | 7,903
MTI/3KB
Ca++,
4,3 8,6 2,24 6,92 | 5515 | 2,430 | 2,340 | 1,400 | 5,610 | 2,945
MTI/3KB
Mg++,
0,94 1,41 0,94 094 | 1,058 | 1,310 | 1,870 | 1,400 | 3,270 | 1,963
MTI/3KB
Na+, 7,25 6,14 | 5,86 7,06 | 6,578 | 1,540 | 4,110 | 4,300 | 4,960 | 3,728
MTI/3KB
K +, Mr/3kB 0,3 0,21 0,03 0,08 | 0,155 | 0,230 | 0,170 | 0,090 | 0,070 | 0,140
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Tabsauna 4 - [lokasaTeqd NPOAYKTUBHOCTU KYKYpy3bl B 3aBUCHUMOCTH OT YPOBHA

3aCOJIEHHOCTH MOYBHI U y106peHuit, 2025 1.

CyMmma Jo3bl Macca
coJieil B MHUHepaJIbHbIX [ycrora Kosi-Bo CBhIPBIX Berxoa |- OTkto-
Ne 100 cm yA0OpEeHUH, KT CTOAHHA IM04YaTKOB, | IOYAaTKOB B CWIO“C- HeHue

Bap. cioe J.B./ra pacre- mt/10 obepTKe, Hou oT

— HHUMU ThIC. pacTennii r/10 Macchl, | KOHTpPO-

o N P K mT/ra ACTeHMit T/ra 751, %
0 p

1 0,13 0 0 0 47,7 10,0 5193 57,9 0,0
2 0,13 0 40 30 49,7 10,0 4943 61,2 5,7
3 0,13 0 80 60 50,7 10,0 5207 66,7 15,1
4 0,13 0 120 | 90 47,7 10,3 5760 66,5 14,8
5 0,13 50 0 30 52,3 10,0 5642 66,4 14,7
6 0,13 50 40 0 52,7 10,3 6127 73,7 27,2
7 0,13 50 80 90 57,3 10,0 6213 81,1 40,1
8 0,13 50 | 120 | 60 55,7 10,0 6460 81,9 41,4
9 0,13 100 0 60 53,7 10,0 6227 76,8 32,6
10 0,13 100 | 40 90 57,0 10,0 6287 83,5 44,1
11 0,13 100 | 80 0 53,7 10,0 6413 77,7 34,1
12 0,13 100 | 120 | 30 57,3 10,3 6333 84,5 45,9
13 0,13 150 0 90 48,3 10,3 6590 73,9 27,5
14 0,13 150 | 40 60 52,0 10,0 6843 81,7 41,0
15 0,13 150 | 80 30 56,3 10,0 6987 90,7 56,5
16 0,13 150 | 120 0 54,7 10,0 6957 89,6 54,6
17 0,59 0 0 0 42,3 7,7 2067 23,0 -60,3
18 0,59 0 40 30 37,7 8,3 2253 22,2 -61,6
19 0,59 0 80 60 37,7 8,7 2680 26,1 -55,0
20 0,59 0 120 | 90 43,3 8,0 2767 30,6 -47,2
21 0,59 50 0 90 37,7 7,7 2260 24,9 -57,1
22 0,59 50 40 60 39,7 7,0 2427 26,5 -54,2
23 0,59 50 80 30 44,7 7,3 2580 30,1 -48,1
24 0,59 50 | 120 0 40,0 8,0 2737 28,7 -50,4
25 0,59 100 0 60 34,7 7,3 2407 23,0 -60,3
26 0,59 100 | 40 90 40,7 6,7 2493 27,0 -53,4
27 0,59 100 | 80 0 39,0 6,7 2517 25,9 -55,3
28 0,59 100 | 120 | 30 40,3 7,7 2567 28,1 -51,6
29 0,59 150 0 30 36,3 7,0 2133 22,9 -60,4
30 0,59 150 | 40 0 34,7 7,7 2323 22,4 -61,3
31 0,59 150 | 80 90 33,7 8,0 2373 22,6 -61,0
32 0,59 150 | 120 | 60 37,7 6,7 2417 24,5 -57,6

HCPO5 5,5 1,4 508,2 2,52

TouHoCTb onbITa, % 4,0 57 4,19 1,76

Ha c11a603aco/éHHBIX TOYBaxX BHece- TaTbl oOTMedeHbl npu N150P120K0 u

HUe yaobpeHUN ob6ecneynBaslo JTOCTOBEP-
HbIH POCT YPOXKAaMHOCTU CUJIOCHOM MaccChl
KYKypy3bl: B KOHTpOJIe OHa COCTaBJislja
57,9 T/ra, Torja Kak MaKCMMaJlbHbIM MOKa-
3aTesb ObL1 nosydeH npu N150P80K30 -
90,7 T/ra (+56,5%). AHa/IOTUYHbIE pe3y/b-
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N100P120K30, mpu 3ToM poCT ypoxKau-
HOCTH CONPOBOXJAJICA yBeJIU4YeHHEM Tyc-
TOTBI CTOSTHUA U MacChbl I09aTKOB.

[Ipy noBbIIEHUU 3aCOJIEHHOCTH [0
0,59% ypoxallHOCTb CHWXaJjacb [0
22,2 t/ra (-61,6%), npu 3TOM y06peHUs
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JIMIIb YAaCTUYHO KOMIEHCHPOBAJIU CoJie-
Boll cTpecc. Haubosee 3ddPeKTUBHBIMHU
OKasa/IMChb BapuaHThI ¢ GOoCPOpHO-KaNIUH-
HbIM NMTAaHUEM WU YMepeHHbIMU [l03aMH
asora (<50 kr 1.B./ra), TorjAa Kak BbICOKUE
no3bl azoTa (150 kr 4.B./ra) He MoBbIIIA-
JIM, @ UHOT/]a CHIKAIN ypoxkal. Pasinuus
MexJy BapuaHTaMud npeBbimiagid HCPgs
(5,5T1/ra).

Takum o6pasoM, Ha c1abo 3acoJIEH-
HbIX II0YBaX MOXXHO IOJIy4yaTb BBICOKMH
ypoxkall KyKypy3bl IpPU ONTHMajJbHOM
NUTaHUH, TOTJA KaK yCUJIeHUe 3aCoJIeHUs
6oJiee yeM B/JBO€ CHIKAET YPOXKaHHOCTb U
TpebyeT AuddepeHIMPOBAHHOTIO MOAX0AA
K CHUCTeMe YA00peHUH.

[lo pe3yapTaTaM perpecCMOHHOIO
aHa/iM3a 3aBHCHUMOCTH YPOKAaWHOCTH CH-
JIOCHOM Macchbl KyKypy3sbl (Y, T/ra) oT cym-
Mbl cosied B 0-100 cM ciioe nouBsl (X1, %),
o3 a3oTHbIX (X2), Pocdopubix (X3) u
KaJuiHbIX (X4) yAOGpEeHUH MOJIyYeHO
ypaBHEeHUE C BBICOKMM YPOBHEM CTaTHC-
THUYEeCKOW JOCTOBEPHOCTU (R2 = 0,993;
F= 586,94; p < 0,001). 3To yka3bIBaeT Ha
TO, YTO BKJIIOYEHHbIe (AKTOPHI 06BsC-
HAIT 99,3% Bapuanuu ypokalHOCTH, a
Mo/ieJib OTJINYAeTCsl BBICOKOM aJieKBaTHOC-
ThIO U TOYHOCTBIO IPOrHO3UPOBAHUS.

PerpeccnoHHOe ypaBHeHHE HMeeT
BUJ:

Y = 64,47 - 69,34X1- 4,328(X1X2)%5 -

1,775(X1X3)05 — 0,058X, + 3,889X205 +
1,753X305;
R?=0,993 (2)

AHanmu3 ko03¢dUIMEHTOB MOKaszaJ,
YTO 3aCOJIEHHOCTb MOYBbI (X1) OKa3bIBaeT
HauboJIblllee OTpULlATEJbHOE BIUSIHUE Ha
ypoxaitHocTh (-69,34; p < 0,001), pe3sko
CHW)Xasl MPOAYKTUBHOCTb KYKYPY3bl JaXKe
IPU HE3HAYUTEJIBbHOM pOCTE CYMMBbI CO-
jgent [20]. OTpunarenbHble kK03dPULIMEH-
Tbl B3auMojiecTBUU (X1X2)%5 (-4,328) u
(X1X3)05 (-1,775) ykasbIBalOT Ha CHHXe-
Hue 3¢ PEeKTUBHOCTH a30THBIX U dpocdop-
HbIX YA0OpeHUH Npu 3acoJIeHUH, TOrja
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KaK IMOJIOKUTeJbHble KO3QOUIUMEHTHI TPH
X205 (3,889; p < 0,001) u X305 (1,753; p <
0,001) oTpakaloT HeJMHEHWHBIH OTKJIHK
YpOXKaWHOCTH € 3PdeKTOM YObIBAKOIINEH
OoTAa4Yu OoT yaobpeHud [21]. Mogenb cTa-
THUCTUYECKU JIOCTOBEPHA U MO/ITBEPXK/IAET
3pdeKTUBHOCTh YMEPEHHBIX 03 yJ06pe-
HUH NpU c1abOM U CpeJHEM 3acOJIeHUHU U
HeOo6X0AMMOCTb UX CHIXKEHHSI Ha BBICOKOM
cosieBoM QoOHe.

IKOHOMHYECKHUH aHaJIN3 MPOU3BOJ-
CTBA KYKypy3bl Ha CHJOC [OKasaJ
BbICOKYI0 3 PeKTUBHOCTh MUHEPAJIbHOTO
NUTAaHUSI Ha CJ1ab603aco/IEHHbIX [0YBaXx
NpU HU3KOH cebecTOMMOCTH W BbICOKOH
peHTabesbHOCTH (pUCYHOK 2). B KOHTpOJIE
6e3 y106peHUi BJIOBOU J0X0/J COCTABJIS
1042,8 TeIc. Tr/ra npu cebecTOMMOCTU
4,6 Tr/KrupeHTabenbHocTH 287,6%. [lpu-
MeHeHUe TOJIbKO (ocPopHO-KaIUNHBIX
yAobpeHUH 00ecredynBaJo yBeJUYEHUE
BaJIoBoTO aAoxofa a0 1199,9 Twic. Tr/ra,
O/IHAKO  COMPOBOX/JAJOCh CHUKEHHEM
NpUOBLIM M PeHTA6eJbHOCTH U3-3a POCTa
3aTpaT, YTO YKa3blBAaeT HAa OrPaHUYEHHYIO
apdexkTuBHOCTL QPocdopa M Kaausg 6es
azora.

Hau6osbmuili 3KOHOMHUYECKUN 3-
bexkT pgocTturajicsi HOpUd  COBMECTHOM
BHeceHun NPK. BapuanTter N50P40 wu
N150P80K30 obecneynsiu MakCUMaJbHYIO
npu6sib 1001,5-1194,4 Thic. TTr/ra npu
pentabenbHoctu 308,7 u 272,8% coort-
BETCTBEHHO, INpU cebecTouMOCTH 4,4-
4,9 tr/kr. IloBbiiieHue go3 o N150P120
NPUBOAWJIO K CHIXKEHUIO PEHTA0e/IbHOCTH
no 270,5% BcaencTBue pocTa 3aTpar npu
pPaBHBIX YPOBHAX ypokaHocTH. OnTH-
MaJIbHBIMU JIJIs  CJ1a003aCOJIEHHBIX TMOYB
apasaioTca  go03bel N100-150P80K30-60,
obGecreuynBamwIe peHTabeabHOCTh 250-
300%.

Ha  cpenHe3acosiéHHBIX  MOYBax
3pPeKTUBHOCTL yJIOOPEHHUIN pEe3Ko CHU-
»Kasach (PUCYHOK 3).
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PucyHok 3 - 3xoHOMUuecKasi 3¢ GeKTHUBHOCTb BO3/A€/IbIBAHUS KYKYPY3bl HA CUJIOC B
3aBHCUMOCTH OT JI03 MUHEPAJIbHBIX YZI06PEHUU B YCJIOBUSAX CPEIHE3ACOTEHHOTO
cepo3éma CBeTJIOro

be3 ymobpeHUIl BaJIOBOU [0XO[,
coctaBua 413,5 Teic. Tr/ra, NpuUOHLIb -
144,5 TbIC. Tr/ra HpuU pPeHTabEeJbHOCTH
53, 7% wu cebectoumoctu 11,7 Tr/Kr.
®ocdopHo-kaiUiiHble YA0OpEHUs Xapak-
TEPHU30BAJIMCb HHU3KOW  OKYIaeMOCTbIO
(penTabenbHOCTb 21-24%). Jlyymiune mno-
KazareJqu oOecnevydBaJd  yMepeHHbIe
no3bl N50P80K30-60 - nmpubsuib 136,9-
158,0 TbIC. Tr/Ta ¥ peHTabesbHOCTH 36,0-
41,2%. IloBpilIeHHe A03bI a3ota o 100-
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150 kr/ra npuBoAWJIO K yObITKaM ([0 -
92,3 ThIC. Tr/TQ).

[Ipn mepexozse oT cinaboro K cpej-
HEMy 3aCOJIEHHI0 BaJIOBOM JI0XOJT CHMXKaJI-
ca 6osiee 4eM B 3 pasa, a ce6ecTOMMOCTh
Bo3pacTtaJjia 10 15-22 Tr/Kr.

TakuMm o6pa3oM, mpu cjJaboM 3aco-
JIEHUW 3KOHOMUYECKH ONpPaB/iaHO IMOJIHOE
MUHEepa/JibHOE THUTaHUE, TOTAA KaK IMpH
cpenHeM 3acoJieHUWH 3¢GGEeKTUBHBI JIHIIb
yMepeHHble JI03bl yJOOpPEHHH, Tpex/e
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BCEro a3oTa B covyeTaHuu ¢ pochopoM u PazpaboTaHHasi perpeccCMOHHas Mo-
KaJIheM. JleJlb C BbICOKOM CTeleHbl0 [ 0CTOBep-
3AKJIOYEHHUE HOCTHM TOATBepXJaeT [JOMUHHUpYIOLlee

npOBeﬂéHHbIe IoJieBble HUCCJe[0Ba- OTpULlaTEJIbHOE BJIMAHHUE 3aCO0JIEHHOCTHU U
HUSl TOATBEPAM/IN CYIeCTBEHHYI0 posib CHIXKEHHE OTAa4Yd yA00peHHd 1o Mepe
CTenedu 3aCOJIEHHOCTHU IOYBBLI B (l)opMH- pocCTa coJieBoro QDOHa. Eé ucnosnb3oBaHue
POBaHUM YPOXKaMHOCTH CHJIOCHOH Maccel IO3BOJIsieT 060CHOBAaTb AuddepeHrpo-
KYKypy3bl U 3(1)(1)EKTI/IBHOCTI/I MUHepaJb- BaHHbI€ WU 3KOHOMHWYECKHU 3(1)(1)9KTI/IBHbIe
HBIX YAOGpeHHH B ycJIoBHAX lora Kasax- CHCTEMbI yA0GpeHHst KyKypy3bl HA CHJIOC B
cTaHa. YCTaHOBJIEHO, YTO NPH C/J1a60ii 3aco- YCIOBHAX 3aCOJIEHHBIX OpOIIAeMbIX MOYB
JIEHHOCTU CBeTJIbIX CepOBéMOB (0’13% rora KasaxcraHna. PEFDECCI/IOHHaH Mo/JeJlb
CYMMBI COJIe;I) KYKypys3a CIIOCOOHA peanu- IIOKa3aJla 09€Hb BbICOKYIO JOCTOBEPHOCTb
30BbIBaTb  BBICOKMH  NPOAYKLUOHHBIN (R2=0,993; p <0,001) u BhIsIBU/IA [OMH-
NOoTeHUHa/, a NpuMeHeHUe cbGasiaHCcupo- HHUPYHOIIee OTPUNATE/IbHOE BJIUSHUE 3aC0-
BaHHBIX 703 NPK o6ecneunBaer goc- JIEHHOCTH MO4BbI (-69,34) npy CHUKEHUH
TOBEpPHOE NOBBIIIEHHEe YPOKaWHOCTH g0 IPPEKTHBHOCTH a30THBIX U POCHOPHBIX
84,5-90,7 T/ra, yto Ha 41-57% npeBbI- yA0OpEeHU# 110 Mepe pocTa CoJIeBOro GpoHa.
IaeT KOHTpPOJb 6e3 yﬂ06peHHﬁ_ VBesnue- Ha csabo3acosiEHHBIX MOYBaxX MaKCHMaJlb-
HMe 3aco1éHHOCTH 70 0,59% npuBoguT Kk Has npubbLIb AocTurana 1194,4 Teic. Tr/ra
CHU>KEHHIO TPOJYKTHBHOCTH Gosiee yem B 1PH peHTaGeabHOCTH A0 309%, Toraa Kak
/IBa pa3a, yMeHbLIEHHIO TYCTOThI CTOSAHMA Ha CPeJJHEe3aCOJIEHHBIX MOYBaX OHA CHH-
pacTeHUWi, HaKOIUIeHHMsl 6HMoMacchl, a *ajacb go 136,9-158,0 Toic. Tr/ra (36-
TaKXe K pe3KOMY CHHXEeHHIO BCIDCIJEKTI/IB' 41%), d BbICOKHME A03bl a30Ta BbI3bIBaJHU
HOCTH MUHepaJbHbIX YA,00peHHU . yOBITKH 210 92,3 ThIC. TT/TA.
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TYWUIH

B.M. AMupos!*, C.0. Bazap6aes?, 0.C. )Kanapi6aeB?!

KA3AKCTAHHBIH OHTYCTITTHAEI'T T¥3JAJIFAH TOIIBIPAKTAPAA X KYT'EPIHIH,
CYPIEMAIK BUOMACCACBIHBIH KAJIBIIITACYbIHA MUHEPAJIJBIK
TBIHAUTKBIIITAP/IbIH, ©CEPIH MOAEJIBAEY

16.0. OcnaHoe amvuiHdarbl Ka3zak monvlpakKmaHy HcaHe azpoxumusi
FolablMU-3epmmey uHcmumymol, 050060, Aamamui, Batipak keweci, 10, Kazakcmad,
*e-mail: bak.amirov@gmail.com

Makanaga KasakcTaHHBIH, OHTYCTITiHZEri TONbIpaK TY3AbLIBIFbIHBIH 9PTYPJi Jdpexeci
KaFalblHAA MUHepPaJJIblK, ThIHAWUTKbIIITAPAbIH, J03ajJapbl MeH KAaTbIHACTAPbIHBIH KYTrepiHiH,
cypieMJik Maccacel eHiMAiiiriHe acepiH 6arasay GONBIHLIA €ricTiK 3epTTeysep HaTHXKeJepi
kestipinreH. 3eprreysep Typkictan o6ubickl OTapap ayAaHbIHAAFbl 9p JAeHTreije Ty3JaHFaH
aUlblK, CYp TOMBIPaKTapbIH/A Xyprisiazgi. 3eprrey ob6bekTici petinge Gladius F1 6ymansr (FAO
700) anbiHAbl. TeiHaWTKbIIITap Ao3ackl N0-150, P0-120, K0-90 apanbifblHAA 3€pTTeJfi.
BuoMeTpUsIbIK KOpCeTKIlITep, CypJeM/IiK MacCaHblH, 6HIMAIIIT KoHe ThIHAUTKbIIITAPAbI KOJI-
JlaHyAblH, 3KOHOMHUKAJIbIK TUIMALIIri 6aFanaH/bl. OJici3 Ty3/laHFaH TONbIpaKTapAa MUHepaJbIK
TBIHANUTKBIIITAP/Abl KOJAAHY MKYTepiHiH CUJIOCTBIK Maccacbl eHiIMAiniri 6akbliayMeH caJblic-
ThIpFaHJa reKTapblHa WakKKaaa 84,5-90,7 toHHara, arHu 41,4-56,5% peliH apTaThIHABIFBI
aHbIKTaAAbl. Ty3AbLIbIK KyLIeNreH callblH ©HIM/JIJIK eKi ecefleH acTaM TeMeH/Je/i, ajl a30TThIH,
YKOFapbl J03aJapblHbIH, THIMZIIIr Ty34blK cTpecc KyuedyiHe 6GaiiaHbICTbl as3aljpl. Kemn
eJIIeMZli PErpeccUsiJbIK, Tajjay apKblibl >KOFapbl CeHiMZAIK gapexeci 6ap (R?=0,993; F=
586,94; p <0,001) Mozenb aNbIHABI; 0J1 TY3AbLIBIKTBIH HEFYPJIbIM Tepic acepiH koHe AaKbLIJbIH
OHIMIiHIH TbIHAUTKbILITApFa TiKeJeld ocepiH pacTailpl. OJici3 Ty3JaHFaH ToONbIpaKTapAa
MUHepaJAbIK ThIHAUTKBIIITapAbl opTama MeJepae Koagany (N100-150, P80, K30-60 kr/ra)
3KOHOMUKAJIBIK TYPFbIZAAH TUIM/AL: naia 1194 MbeiH TeHre/ra AeliH, peHTabenpinik 270-300%
Kypaibl. Oprama Ty3JaHFaH TONbIpAKTap/Ja eHIMAUTIKTI TeMeHJeTKEHMeH PeHTabes b/ iTiKTi
MYMKIiHJiriHIIe TycipMeHWTiH ThIHAWTKBIIITApAbIH, eH TuiMai MeJsuepi - N50P80K30-60. op
TYpJi Ty3JaHy JapexeciHge ¢ocdop-kanuid THIHAUTKBIIITAPbIH KOJAJAHY  JaKbLIJbIH
Te3IMAIIriH apTThIpaZpl, aj a30TThlH MeJllepiH ¢ocdopchl3 MmaMaZaH ThIC KOJJAHY
3KOHOMUKaJIBIK THIMZIIIIKTI TeMeHJeTeni. HoTrxesiep Tonblpak TY3AbLIBIFbIH €CKepe OTBIPHII,
KyrepiHi cuyiocka ecipy yuiH TheIHAWTY KydeciHe auddepeHunanapl xoHe OediMmpenmernti
TOCUIZIH KQOXKETTIriH pacTanabl.

Tytiin0i ce30dep: xyrepi, cypieMAik Macca, Ty3/laHFaH TONbIpAaKTap, MUHEPAJIAbIK ThIHANT-
KBIIITAp, 6HIMAIJIIK, MOAeNb/eY, 3KOHOMHUKAJBIK TUIMIJIIK.

SUMMARY

B.M. Amirov'*, S.0. Bazarbaev?, 0.S. Zhandybaev!

MODELING THE EFFECT OF MINERAL FERTILIZERS ON MAIZE SILAGE BIOMASS
FORMATION UNDER SALINE SOIL CONDITIONS IN SOUTHERN KAZAKHSTAN

1U.U. Uspanov Kazakh Research Institute of Soil Science and Agrochemistry,
050060, Almaty, Bayraq St.. 10, Kazakhstan, *e-mail: bak.amirov@gmail.com

The article presents the results of field studies aimed at evaluating the effects of mineral
fertilizer rates and nutrient ratios on maize silage yield under different levels of soil salinity in
southern Kazakhstan. The research was conducted on light sierozem soils in the Otyrar district of
the Turkistan Region under two soil salinity backgrounds (0,13% and 0,59% total soluble salts).
The object of the study was the maize hybrid Gladius F1 (FAO 700). Fertilizer rates ranged from
NO0-150, P0-120, and KO0-90 kg ha~!. Biometric parameters, silage biomass yield, and the
economic efficiency of fertilizer application were evaluated. The results showed that on slightly
saline soils, mineral fertilizer application significantly increased maize silage yield to 84,5-90,7 t
ha™!, which was 41,4-56,5% higher than the unfertilized control. Under moderate salinity
conditions, productivity decreased by more than twofold, while the efficiency of high nitrogen
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rates declined due to increased salt stress. Using multiple regression analysis, a highly reliable
model was developed (R2 =0,993; F =586,94; p < 0,001), confirming the dominant negative effect
of soil salinity and the nonlinear response of maize to fertilizer application. On slightly saline soils,
the economically optimal fertilizer rates were N100-150, P80, and K30-60 kg ha™! of active
ingredient, providing the highest profit (up to 1,194 thousand KZT ha™') and profitability of 270~
300%. On moderately saline soils, the optimal fertilization strategy was a moderate nutrient
supply of N5S0P80K30-60, which maintained positive profitability while minimizing the risk of
yield losses. For both salinity levels, phosphorus and potassium nutrition played a protective role
by enhancing maize tolerance to salinity, whereas excessive nitrogen application without
adequate phosphorus reduced economic efficiency. The findings confirm the necessity of a
differentiated and adaptive fertilization strategy for silage maize cultivation based on the degree
of soil salinity.

Keywords: maize, silage biomass, saline soils, mineral fertilizers, yield, modeling, economic
efficiency.
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A.M. Banra6aes!, A.X. Hayma6aeg?!, A.M. llln6ukeea'*, K.O. Kapaegna?,

I.0. BelicenoBal

AKJZIAJIA KYPIHI 6CIPY AJIKABBIHBIH KYPIIITI-BATTIAKTbI
TONBIPAKTAPBIHBIH, XUMUAJIBIK ’KOHE ®U3UKA-XUMUAJIBIK KYPAMbBIHBIH
JAETPAJALITUAFA YHIBIPAYBI ’/KOHE OJIAPABIH KYHAP/IbIJIBIFBIH KAJIIIBIHA
KEJITIPY XXOJJAPBI

1Kazak yammblK azpap./iblk 3epmmey yHugepcumenmi,
050021, Aamamyi, A6ati daHFbLabl, 8, KazaxcmaH, *e-mail: shm.aigerim@mail.ru

Aydamna. Makanaza Axgjasna Kypim ecipy ankabeiaga 2024 >KbLIFBl KYprisijareH
arpoXUMHUSJIBIK, 3epTTeyJepAiH HaTHXKeJepi GOHbIHIIA KypilTi-6aTHAKThl TOMBIPAKTAPBIHbBIH
XUMHUSIJIBIK, JKoHE (U3UKA-XUMUSJIBIK, KypPaMbIHBIH Jerpajalnusfa YUIbIpaybl KdHe OJIapblH
KYHapJIbLJIBIFBIH KaJIlIbIHA KeJATipy »KeHiHZe MaJiiMeTTep KeuTipinreH. KypimTi-6aTnakrer
TOINBbIPAaKTapAbIH KYPaMbIH/a KapallipiH/i MeJllepi 6Te TOMeH KaHe XKbIPThIJIAThIH KabaTTa (0-
25 cm) 0,86-2,01%, an Temenri (25-40 cM) kabarra 0,63-1,78% apasbiFblHZA e3repefi.
AnkanTarbl KypillTi-6aTmaKTbl TONbIpAaKTapAblH TY3JaHy JAapexesepi apTypJ/i >koHe dJci3,
opTallla, KYLITi Ty3/lJaHFfaH »oHe COPTaH, TONbIpaKTap Keszecesi. 3epTTey xyprisiaren «MapaT»
LK meH «BTec» KIC KypimTi-6aTnaKThl TONBIPAKTAPhI XKEHIJM bIABIPAUTHIH a30THEH OpTalla
koHe KeTepiHki 49,0-59,5 mr/kr, «Ortec-Axgana» XKIIC xoHe «[lomos» KIIC TombipakTapbl
»kofapel 77,0-80,5 Mr/Kr maMacblH/ia KaMTaMachkl3 eTijareH. TonblpaKTap »Kbl/KbIMasbl Gpocdop
Mmesuepi 6GodbiHmA «[lomoB» KIIC, «Mapat» LK, «Btec» XKIIC eTe TeMeH XoHe TOMEH
JeHreitne (6,0-16,0 mMr/kr) kamTamacoei3 eTijice, an «BTec-Axzgana» KIUIC kypimTi-6aTnakThl
ToNbIpaKTaphl opTalia geHreie (30-32 Mr/kr) kaMTaMachl3 eTiJITeH TONKA >KaTaJbl. AJTKANThIH,
TOMBIPAKTAPhl aJIMaCabl KATUHJIH JeHredi 6oibiHma TeMeH (100-200 mr/kr), oprama (201-
300 mr/xkr) kaHe xofapsbl (401-600 Mr/kr) gapexe e KaMTaMachi3 etisireH. Kypimri-6aTnakTs!
TONBIPAKTApAblH, KYHapJbLILIFbIH KaJ/lbIHA KeJTipy MeH ecipileTiH Kypill NeH apTypJi
ayblIIApyallbLIbIFEl JaKblIZapblHAaH MOJI 9pi camaibl 6HIM aJjy YIUiH YCbIHBLIFAH TYpJi
arpoMeJIMOpaTUBTIK, arpOTeXHUKAJIBIK, )KoHe arPOXUMMUSIJIBIK, LlapaJap/bl Aep Ke3iH/e opbIH/AMN
OoThIpy KaeT. Kypim xoHe 6acka ayblallapyallbLIbIK, JaKblIAapbl YLIIH KOJIJAAHbBIIATBIH
OpPraHUKAaJIbIK, K9HEe MUHEPAJIJbIK ThIHAUTKbIIITAP/AbIH THIMALIIr TONBIPAKTaFbI KbIIXKbIMAJIbI
KOPEKTIK 3JIEMEeHTTEP/AiH MeJlepi MeH a/JblHbIThIH 6HIM JeHrelsepine 6alJIaHbICThI 6OIa/bL.
Kypiml fgakbliblHa »OHBIIIKAHBIH TbIHbIHAH KeWiH a30T ThIHAWUTKbIIITAPbIHBIH 60-90 Kr,
TBIHHBbIH, ayAapMacblHblH KeliH 90-120 Kr koHe TbIHHBIH ayJapMacbiHblH 3-11i kblibl 130-
150 kr/ra HopMaJiapbl THIMAI 60J1aabl. Pocdhop KoHe KaJTUN ThIHAUTKBILITAPbIHBIH, HOpMaJaphl,
OCbl 3JIeMEHTTep/iiH TOIbIpaKTaFbl MeJlllepiHe »X9He Kypill jxoHe 6acKa JAaKblajapAaH
aJIbIHATBIH 6HIM AeHreliHe 6aitaHbicThl 60-120 kr/ra xkaHe 30-60 Kr/ra apa/bIFbIH/A 63repei.

Tyilindi ce3dep: pmerpajauus, KypiliTi-6aTHaKThl TONBIPAKTAp, TONBIPAKTBIH XUMUSJIBIK,
KOHe (QU3MKA XUMUSUIBIK, KypaMbl, KYHapJbLJIbIK, KYpill JaKblJIbl, OPTaHUKAJbIK >KIHE
MHUHepPaJAbIK ThHIHAUTKBIIITAP.

KIPICIIE KBbIPTBIJIATBIH XepJiep, *KalblIbIMAAp MeH

COHFBI >KbUIZApPBl JYHHe >Ky3iHZe OPMaH aJKaNTapbIHbIH 22% Kypaijsl [2].
TONBIPAKTLIH  Jerpajauusara  yublpay /KepJepAiH  Jerpajanusfa  YUIBIPAybl
npoleci eTe KapKbIH/bl XYpil >kaThblp, 071 TONBIPAKTAp/bIH KAaCHETTEePiHiH MayChbIM-
KeslelleKTe as3bIK-TYJIK Kayincisgirine ZABIK e3repicTepi MeH apTypJi KypFfaklIbl-
aliTap/bIKTail Kayin TeHAipyi Mymkin [1]. JIBIK dcepJiepiHeH Kyuiede Tycyze. Xanmbl,
3epTTeywiepAiH Garasaybl GoiblHIIa AYHHE XKY3iHIH 75% esfepi 3KOJOTHSAIBIK
JYHUe Ky3iHge 2 MJIpJ,. ra acTam epjep TYPAKCBI3JBIKTBIH >OFapbl ToyeKeJAili-
Jerpajalusasa yublparaH, 6y mamameH TiHe UIIKKeH, OHBIH illiHze KaszakcTaH Pec-

49


mailto:shm.aigerim@mail.ru

Arpoxummus

IlouBoBeAeHMe u arpoxumus, Ne2(74), 2026

ny6saukacel Aa 6ap [3]. TonbipaKThl gerpa-
Janyara ylIblpaTaTblH Heri3ri aHTpomno-
reHZik gakTopJap/blH, KaTapblHa eTiHIIi-
JIiK »KyHeciHiH, 6y3bLaybl kaTazibl [4]. by
ypaic Kazakcran Pecny6JikacblHbIH 6ap-
JIBIK allMaKTapblHJA auKbIH XKYpill *KaTbIp
’K9He CyapMaJibl TONBIPAKTAp *KaFJalblHJA
KapauwipiHzgi MeJillepiHiH KOFaJybIHBIH,
YKOFapbl eKeH/Iiri 6anKaiaabl [5].
Cyapmasibl  eriHIIJIIK >KaF4alblH-
JaFbl XKbIPTBIJIATBIH KepJiep, TONbIPAKTDIH,
JpeHax XyHeci MeH cyapy peXHMiH THiM-
ci3 6ackapyAblH HOTHXKeCiHAe [Aerpaja-
LUAFa KapKbIHAbBI YIIbIpayZa >aHe O6yJ
TONBIPAKTbIH, eKiHWi peT Ty34aHyblHa
9KeJiin cofajpbl [6]. COHbIMEH KaTap, opra-
HUKaJIbIK, ThIHAWUTKbIIITAP/Abl MakAaaHy-
JAbIH, a3albl MeH MHUHepasJblK TbIHAUT-
KbILITapAbl KOJJAHYAbLIH KeJieMiHiH Te-
MeHJleyi api ToNbIpaKTapZa 3pO3USAHBIH
KaJIFACybl K9AIMII ToNbIpaKTapAa Kapalli-
piHAI MeJillepiHIH TeMeHAeyiHe aJibll
KeJieJli K9He OJIapJblH KeJieMi bl CalblH
yiarasd Ttycyge. EriHumiziik yHeMi KOpeKTiK
3JIeMeTTepAiH, TeHrepimiHzae »xyprisineni.
TonblpaKTarbl XUMUSAIBIK, JerpafalUaHbIH,
Herisri ce6ebi KHUCBIHCBI3 KYprisiireH
AybLIIAPYAlIbLIBIFI GOJIBIT TAObLIA/bI [7].
JerpajanusaHel peTTey YVIUIH KenTereH
KellleH/i ic-lapajapAbl: aTal aWTKaHJa,
6apJIblK UPPUTalUAJIBIK >KoHe JpeHax
KyheslepiH KaJlllblHA KaJlblHA KeJTipy
»K9He eTiHLIIIK KyHeJsiepiHiy TUIMALTIriH
apTThIpYy KaxeT [6]. Bipak, onapasl THiMAi
JKYprisy YIIiH TONbIpaK KyHapJIblIbIFbI-
HbIH, KaFJaibl Typajbl 00bEKTUBTI KoHe
yHeMi >KaHapTbUIFAH akKnapaTrTap 60Jybl
kepek. OcbifaH 6GailzlaHbICTBI, AKJana Ky-
pill ecipy anKaObIHbIH, KYypillTi-6aTHaKThI
TONBIPAKTapbIHJAA 6cCipijieTiH Kypiul neH
9pTYpJ/i aybLIapyallbUIbIFbl  JAAKbLI/A-
PBIHBIH, 6HIMAIJIITIH apTThIPY MeH TOIbI-
paK, KyHapJIbLJIBIFBIH KOFapblIaTy MaKca-
ThIHAA arpOHOMUSAJIBIK, XKoHe arpoXUMHUA-
JIBIK, TEXHOJIOTUsIJIApAbl JKeTiNipy 60HbIH-
ma 2024 xblibl 6GipHellle aybLINIapya-
WBLIBIK KYPBUIbIMAAPbIHBIH, TOMNbIpaKTa-
pblHA OipHelle arpoXUMUSJIBIK MOHUTO-
PpUHT Kyprisinai. OHbIH Heri3ri *KaHaJIbIFbl
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MeH MNpaKTUKaJblK MaHbI3bl, COHFBI
XbUIJAap/la alMaKTaFbl KYpiliTi-6aTnaKThl
TOIBIPAKTAp/bIH, Aerpajauyara ylublpaybl
MeH KYHapJIbUIBIK JleHreiiepiHiy e3repy
epekllesliKTepiH aWKbIHAAy >KoHe Kypil
JIaKbLJIbI MeH 6acKa ayblIllapyallblIbIK
JaKblIAapblHAaH »KOFapbl 6HIMAUIIKTI KaM-
TaMacbl3 €TeTiH TBIHAUTY KyHeJsepiH
YCBhIHY G0JIBIT Ta6bLIa/IbI.

MATEPUAJIZAP MEH 9JICTEP

3epTTeysep AaAMaTbl OOJIBICHIHBIH,
AxJana Kypil ecipy ajqKabbIH/a XKYPrisii-
Jli, KyaH AaJjia JaHAmadThIHbIH, 63repiciHe
[ne e3eHi MeH OHBIH cajsajapbl MEH CYMeEH
TOJITBIPBLIFAH KYpill 4YeKTepi, XKOFaphbl
BUIFJIBUIBIK PEXUMIH TyFbl3a OTBIPHII
acepiH Turizeji. by kaFgail aiiMakKTa ap
TYpJli TONBIPAK, >KaMbLJIFbICBIHbIH, KaJbIIl-
TacyblHa >XoHe oJIapAblH (U3UKA-XUMUS-
JIBIK, KACUEeTTEepIiHiH e3repyiHe acep eTeji.

Akpana kypim ecipy anKaObIHBIH,
GipHelle aypLIIapyallbIbIFbl KYPbLIbIM-
JlapblHbIH, TeppUTOpHUAJapblHA: «OTec»
KIIC, «bepeke»lllK, kypiml fakblibl eric-
Tiri, «OTec-AKgana» 3-11i KbUIJBIK KO-
HbllIKa Aakblibl, «[lomos» XKIIC »xa3abIK
O6u/1all KoHe palic AaKbLIbl eTicTiKTepiH/e
2024 XKblabl arpOXMMHUSAJIBIK MOHUTOPUHT
XKYprisiii.

Tonbipak, yJirisiepi ap6ip aybliiap-
yallbLJIBIFbl JAKbLJIBI OCIpIJIJITeH 4YeKTeH
HeMece Jlapa y4dackeJiepZeH MapUpyTThIK
chI3bIKTap GoibiHiIa 20-40 nepbec chiHa-
Masnap Typigge, 0-25 cMm xeHe 25-40 cMm
TepeHJiKTep/leH apaJjac YArijiep ajblH/BbI.
Kypill fgakblabIHAH TOMNBIPAK, YJrijiepiH
ajy, KMHay Ke3eHiHJe Ky3Je, ajl 6acka
ayblIIIapyaliblIbIK, JaKbLIJapblHAaH ka3
aillzlapblH/la BereTalUAJbIK ©Cy Ke3eHJe-
pinge xyprizingi. 0.6. OcnaHOB aTbIHAAFbI
«Kaszak TomblpaKTaHy >X9He arpoxuMHs
F3U» 3epTxaHacblHAa ajblHFaH TOMbIPAK
y/rijiepiHeH XUMUSJIBIK *KkoHe (QU3HKa-
XUMUSJIBIK KYpPaMbIH aHbIKTay OOMbIHINIA
Tasgayaap kyprizingi [9]. TombipakTaH
Kapa wipingi Mesuepi — TOpuH aficiMeH
(KP CT 3477-2019), *)eHin bIABIPANUTHIH
a3oT - TropuH-KOHOHOBa 3jiciMeH, KbLJI-
»bIMasibl Gpochop MeH anMacmnasibl KajJaui
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MauuruHn aaicimen (MemCT-26205-91), pH
(MemCT-26423-85), cy cysiggici (MemCT-
26423-85-26428-85), cinipisred Ca, Mg -
ApuHymkuH afici 'pa6apoB Moauduka-
uuschl, cigipinren K, Na - KapaTtaeB xoHe
MamMmeToBa aici 'pabapoB Mogudukaus-
CbIMeH aHbIKTaJAbl. TONbIpaKThIH, JaJja-
JIBIK, 3epTTeyiepi «TonblpaKkTapFa arpoxu-
MUSAJIBIK 3€pTTey XKYPri3yaiH epexesepi»
calikec xyprisineai [10].

HOTUXKEJIEP YKoHE OJIAP/IbI

TAJIKBIJIAY

3epTTey XKyprisijireH keseHze AKja-
Jla Kypim ecipy ankabblHZA T'paHyJ/Io-
MeTPUAJBIK KypaMbl 2KeHiJ KypiwTi-
6aTnakTbl TONBIPAKTAp KaJIbIITACKaHbI
aHbIKTaAApl. OJylapAblH  KypaMbl —Y3aK
KbLIJAp KYpIll JaKblIbIH J>KoHe 6acka
JaKbLIapAbl ecipyre 6aiIaHbICThI Hipiia-
Ma e3repicTepre yublpan, KyHapJibLIbIK
Jopexesiepi  alTapJbIKTallh TeMeHJAe/l.
Bipak, uppurayusa/blK *KoHe APEHaXbIK
KyHeJsiepiHiH HallapJayblHaH —KypillTi-
6aTnaKThbl TONBIPAKTAP Cy-TY3 KOPCETKIllI-
Tepi MeH KOPEKTIiK pexumjepi GoMbIHILIA
KoJIalicbI3 KacueTTepre ue 6osbl. Kypimi-
Ti-6aTHaKThl TONbIpAKTapAblH, Jerpaja-
[Uafa YIIbIpay NpOLeCiH aHBIKTAy YLIiH
KYpilll, »KOHBIIIKA, >Ka3JblK OUAAN KoHE
panc  Jakbuigapbl  ecipiireH  ericTik
TONBbIPAKTapbIHbIH, ~ XUMHUSAJIBIK  K9He
du3MKa-XMMUSIbIK KACUETTEPiHiH 63repyi
3epTTei. Mbicanbl, «Mapat» K kypim
ericTirinig KypimTi-6aTnaKThl TONbIPAFbI-
HbIH, KbIpThlIaThIH (0-25 cM) KabaTbIH-
Jafrbl Kapawipingi mesamepi 1,68% kypa-
ca, a1 TeMeHri kabarrta (20-40 cm) 1,42%
mamaza 6osgbl. KeHisn bIAbIPAaUTbIH a30T
MeuJlilepi KbIPpThLIATBIH KabaTTa 49,0 Mr/K,
KbLDKbIMasibl ¢ochop 12,0 Mr/kr xoHe
aJMacnanabl Kaaui mesmepi 170 mr/kr
nmaMacblHaH acnagpl. TeMeHri KabaTTa
oJ1ap/ibIH, MeJilliepi Gipiiama TeMeHJen .
Tonbipak peak1yschl aJci3 ciatini pH7,34-
7,61 (kecte 1).

Kypilr pakplibl ecipijireH «OTec»
JKIIC xane «bepeke» IIK TonbipakTaphbl-
HbIH 6GeTKi KbIpThLIAThIH KabaTbiHga (0-
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25 cM) kapawipingi memmepi 1,25-1,12%
Kypaca, aJl ToeMeHrIi KabaTTa KYpT TeMeH-
gen 0,32-0,63% e3repeni. «Ortec» KILIIC
TonbipakTapbiHaa (0,25 cM) keHisn blAbI-
palThIH a30T MeJiuiepi 59,5 Mr/Kr, *bli-
bIMaJibl pochop MeJiepi 16,0 Mr/Kr xa-
He asiMacnaJjibl Kajaui mesepi 130 Mr/kr
Kypaca, aj TeMeHri KabaTTa oJapAblH,
MeuJiepi KypT a3asaanb! (kecte 1). «bepeke»
K, Tomblpafbl KypiliTi-copTaH-Kebip
TONBIpAaKKA »KaTaJlbl K9He ’>KOFapFbl
KabaTTa >KeHiJ bIAbIPalThIH a30T MeJllepi
66,5 Mr/kr, kbUDKbIMasibl — dochop
82,0 Mr/kr >koHe aJMachnajabl KaJui
Meutiepi 440 Mr/Kr geidiH »KoFapblaalgbl
(kecte 1).

3epTTey MoJliMeTTeEpiHE  COUKec,
«Mapar» LK men «BTtec» KUIC kypimTi-
6aTHaKTbl TOMbIPAKTAphl >KbLIKbIMaJIbI
KOPEKTiK 23JIEeMEHTTEpMEH 6©Te TeMeH
JlopexxeZie KaMTaMachkl3 eTijireH 60Jica, ana
«bepexe» K kypiwTi-copTay-kebip TO-
nbIpafbl KbLDKbIMaJjbl pochop KaHe
aJMacnajbl KajJui MeJilliepiMeH >OFaphbl
Jlopexe e KaMTaMachI3 eTiJIreH.

JKoHplmKaHbIH, 3-11i KbUIJbIK e€ric-
Tiri TomblpaFbIHbIH, KoFapfbl (0-25 cM)
KabaTbIHJ@a >KEeHiJ bIABIPAUTBIH a30T
MeJiiepi 79,9 Mr/kr, xpUnKbIMasbl $oc-
dop 32,0 Mr/Kr xoHe ajMacnajabl KaJun
Meuiiepi 240 wMr/kr wamacblHAA 3pi
KOPEeKTiK 3aTTapMeH opTalla JAdpexeje
KaMTaMachl3 €TiJIreH TOoIbIpaKTapFa >Ka-
Tazbl. TonbIpaK peakLuAaChbl 9JICI3 CiaTiai
pH 7,49-7,69.

Kazaplk 6ujail AaKblIbl MeH parc
Jakblibl  ecipiiren  «[lomoB»  KIIC
TONBbIpAaKTApbIHBIH ~ KypaMbIHJAa  Kapa
wipiHai Mesiepi ofapbl KabaTTapbliHAA
(0-25 cm) 1,95-2,01% 6osca, an TeMeHri
KabarTtapeiHga 1,78-0,63% apasbIFblHAA
e3repeni. ’KeHin bIABIPANTBIH a30T MeJI-
mepi »ka3/blK 6WUAal JaKblIbl ericTirinje
77,0-87,5 Mr/kr, XblLDKbIMaabl ¢ochop
MeJuimepi 6,0 Mr/Kr, ajmacmajbl KaJud
meuiepi 200-180 mr/xr 6oJica, an parc
JIAKbLIbl €eTiCTiriHAe >KeHiN bIAbIPANUTBIH
aszotr Mmeutmepi 80,5-70,1 Mr/Kr, *bLIKbI-
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Masibl pocdop Mesmepi 8-10 Mr/Kr xoHe
aZiMacnabl Kaaui Meuimepi 220 Mr/kr
acnaiasl (kecte 1).

AlMaKTbIH, KypilTi-6aTnakThl TO-
nbIpaKTapbl KbLDXbIMasbl ¢ocdop MeH
ajMacnasbl KaJUuHMeH JpTYypJi Japexene
KaMTaMachl3 eTiJireH. 3epTTey Xyprisiji-
reH «Mapat» WK (P20s- 12,0 mr/kr),
«OTtecy» JKIIC (P205- 16,0 mr/xr), «Ilonos»
XKUIC (P20s- 6,0-8,0 Mr/kr) TonmbIpaKTaphl
KbLDKbIMasibl ¢pochop Mesiepi 60ibIHLIA
TOMEH K9He OpTalla KaMTaMachl3 eTiJreH
TONbIpaKTapFa KaTazbl.

Kypiwti - 6aTnakTbl TOIbIpaKTap-
JAbIH KypaMblHJa ajMacnajbl KaJlul MeJi-
mepiHiH kKeTicneywisiri aWkKblH 6Gallka-
Jajibl KoHe oJapAblH Meuepi  100-
300 Mr/kr acnaiibl, TeK, KypillTi-cOpTaH-
Kebip TomnbipakTa 440 Mr/Kr »Kofaphbl
60161 TonbIpaK OpTackl peakLHUsChI 9JICI3
cintini meH oprawa cinrtini (pH=7,34-8,22)
apaJibIFbIH/Ia 63repesi.

Axgana kypim ecipy ankKabbIHBIH,
KypilTi 6aTmakTbl TONbIPAKTapbIHbIH
CiHipisireH Herizzep KypaMbl MeH CiHipy
CUBIM/BbLJIBIFbIHA KYPTi3U/IreH 3epTTeynep,
«Mapar» WK, «Btec» KUIC, «Otec-
Axgana» JKIIC »xoHe «llomoB» JKIIC
ecipuireH Kypiu, 3-1i >KblJIABIK YKOHBILIKA,
»Ka3AblK OUJail KoHe palc JaKbl1Japbl-
HBIH, eriCTiKTepiHiH ToNbIpaKTapbl HATPUH

OoWbIHIIA  KebipsieHOereH  eKeHJriH
KepceTeA|.
AnKanTaFbl  HIapyalllbUIBIKTAP/bIH,

TONbIPAKTAapblH T'PaHYJOMETPUSIBbIK Ky-
paMbl OGOMBIHLIA KYMaWTThl KOHE >XEHLN
KyM6asubIKThl TonbIpakTapra (<0,01 MM
6enwexTep - 12,5-38,6%) kaTKpI3yFa 60-
Jaajbl (kecte 1).

A¥iMakThlH, KypiwTi-6aTnakTel TO-
NbIPpAaKTapPbIHbIH, TY3 pPEeXHUMiH 3epTTey
HOTUXKeJlepi, ericTikTepZe TONbIPAK, TY3-
JlaHYBbIHBbIH JpPTYpJi JAeHreiljie eKeHAIriH
kepceTTi (Kecte 2). Mpbicanbl, «MapaT»
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HIK, «OTec» XKIIC, «BTec-Akmana» KIIC
xkoHe «IlomoB» JKUIC TomblpaKTapbIHBIH,
6eTki (0-25 cM), KabaThl aJici3 Ty3[aHFaH
(Ty3papabiy, KocbiHabickl 0,174-0,303%)
6ouica, an «bepeke» UK kypimrTi-6aTnak-
Tbl TONBIPAFbl KYIITi Ty3JaHFaH Kebip
TONbIPAKKA KaTafbl. By/a TombIpaKTaFbl
YKEeHiJ epUTiH Ty3/lapAblH MeJiiepi 6eTki
KabaTbiHJga 4,004%-TeH TeMeHri Kaoba-
ThiHAa 4,558% peitin xetegi. TysaaHy
XUMH3Mi GOUBIHINA COAAJBI-XJI0PJIbI-CY/Ib-
daTTbl THUIIKE KATaJAbl >KoHEe KaTHUOH-
Jlap/iblH, KypaMbIH/la HATPUIIbIH MeJiliepi
f6acbIM koHe OeTKi KabatTa 48,94 Mr-sks
»KOHe TOMeHTi KabaTTa 55,86 Mr-akB jeiiH
)ete/li (kecte 2).

OciMAIKTIH ecyl ywiH cyga >XeHia
€pUTIiH yBITThI TY3Jap/iblH MeJillepi xKoFa-
pbl  KYpilITi-6aTHaKTbl TONbIPAKTapFa,
JKEp acThbl CyJapblHbIH JeHreliH TeMeH-
JleTy >K9He JIpeHaX KaFJallblH/a aspanus
allMaFblH  TY3CbI3JAAHABIPY  >KOJIbIMEH
JKYpPrisijieTiH MeJMOopaTUBTIK 1Iapajapzbl
XKyprisyai Kaxer eteni. Ty3scbi3fanHAbIpy
1mapajapblH TONBIPAKTHIH, CiHipy KoMIO-
nekciHig, KypambiHaH (TCK) ciHipinren
HAaTPUWA MeH MarHWHU/iH BIFbICTHIPBLIYbIH
KaMTaMachl3 eTy MakcaTblHAa ruic, ¢oc-
dorunc neH KyKipTTi 3aTTapAbl KoJJaHy
kepek. Ty3paHfaH TomnblpaKTapfa MeJMO-
PaTUBTIK LIapaJjap KYprisiJireHHeH KeliH
Kypill >k9He 6ackKa aybLIllapyallblibIK,
JaKbLIJAPbIH 6Cipy MeH oJlapAblH 6HIMAi-
JIiTEH >KOFapblIaTy YIIiH ThIHAWTKbIIITAP
KOJIIAaHYAbIH, KOJIalJbl >KyHeciH xacay
apKbLIbl TOMbIPAKTbIH KOPEKTIK PeXUMiH
XaKcapTy KaxkeT. ThIHAWTKBIL KOJJAHY
XKYyHeciH »Kacay Ke3iHJle TONbIpaKTap/blH
KacueTTepi, oJlapAblH >XbLIXbIMaJbl KO-
PEeKTiK 3aTTapMeH KaMTaMChI3 eTily Jape-
»Keci, ecipiyieTiH AaKbIAAPAbIH, GUOJIOTHSA-
JIbIK, €epeKIIeJiKTepi >koHe aJFbl JaKblLI-
JlapAblH TypJepi MeH oJap/blH TbIHAH-
TBLIY JleHreiiepi eckepineni.
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Pecny6/inKaMbI3/blH FbLJIBIMU-3EPT-
Tey MeKeMeJIepiHiH FaJbIMAapbIHbIH, XXoHe
0.0cnaHoB aTbiHAaFbl «Kasak Tonbipakra-
Hy oHe arpoxumusa F3U» TombipakTapra
)yprisiireH 2024 >KblJIFbl arpOXUMHSAJIBIK,
Tanjayaap/blH MaJliMeTTepiHe CoHKecC,
Axnana kypim ecipy ankabbiHJQ Kypill
JaKbLJIbIHA »KOHBIIIKA AaKbLJIbIHBIH, ThIHbI-
HaH KeMiH a30T ThIHAUTKbIIITAPbIHbIH 60-
90 Kr, ThIHBIHBIH, ayJapMacblHaH KeuiH 90-
120 Kr KoHe TBIHBIHBIH, ayJapMacbIHbIH,
3-mi kbabl 130-150 kr/ra HopMaJsiapbIH
KOJIZIaHy TUiM/i 60J1bII caHaaab! [12].

KypiwTi ekne mapgaH (6ipKbLIJbIK,
OypllaK TYKbIMJAcTap, yrepi, copro, cy-
JlaH 1166i, paIc, Makcapbl, 6uai xKoHe T.0.)
KeliH ecipreH Kesje KOJJaHbLJIATbIH a30T
TBHIHAUTKBIIUTAPBIHBIH, MeJiepi Ngo, as
eKiHmi kblIbl  N120 HOpMacblHA [JieHiH
»KOFapblIaTa/ibl.

@®ocdop THIHAUTKBILITAPbIHBIH, HOP-
MaJiaphbl HeTi3iHeH TONbIPaKTaFbl KbIJIKbI-
Masbl pocdaTTaphplH MeJiliepiHe Gailia-
HBICTBI 60J1a/b1. Erep TonblpaKTa *bL/HKbI-
Manbl ¢ochopabiy Mesuepi 30 Mr/kr
TeMeH 060JIca, OHJIa TUiM/Ii HopMasiapbl 60-
90 xr/ra, an xbLDKbIMasibl pocop/biH
MeJuiiepi 60 Mr/kr apTblK 60Jica, OHJA
MyageM ¢pochop ThIHANUTKBIIITAPBIH KOJI-
naH6anbl. Pochop THIHAUTKBIIITAPBIHBIH,
»koFapel  90-120 ™r/kr HopMaJapblH
>KOHBIIIKA TbIHbIHAH KeHWiH ecipijrex
KYpilllKe KOJIJaHFaHAa TUIMALIITT apTajbl,
cebebi KOHBIINIKA [JaKblJIbIHAH KeHiH
TonbIpakTa (GochOpAbIH  KbLIKbIMAJIbI
TypJiepiHiH MeJilliepi KypT TeMeHJeT,
TONBIpAaKTa a30T KOCBLIBbICTAPBIHbIH, M6.JI-
mepi apTazbl.

KypiwTi-6aTnakTsl TOIBIpaKTap
9pTYpJal Japexese TyY3[aHFaH 1KoHe
TONBIpaKTaFbl a/IMacnasbl KaJuy MeJiepi
rpaHyJIOMeTPUSJIBbIK, KypaMFa OGalaHbIC-
ThI 60J1a/1b1. ToMbIpaKTa ajJMacaabl Kaaui
MeuJiepi TeMeH (<300 Mr/Kr) »oHe TOMbI-
paKTaH KaJuizi Kenl NaijjajiaHaTbIH Kel-
XKbLIJBIK II6NTEP/EH KeHiH eriired Kypiui-
Ke KOJIJJaHaThblH THIMJi KaJU{ THIHAWUT-
KbILIITAapbIHbIH, HopMasiapbl 30-60 kr/ra
apasibIFbiHJa  Gosaabl.  OpraHUKasbIK
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THIHAWTKBILITAP KYpilll JaKblJIbIHA OH ace-
piH Turisefi xoHe oHbl 20-40 T/ra MeJIe-
piHJe aybicnajbl eriCTiKTiH allHaJIbIMbIH-
Jla 6ip peT KOHBIIIKAHBI KbIPTKAHHAH
KeliH 4-5 KbL11apbl KoJAaHa/bl.

Kenai kKosjgaHFaHHaH KeHiH 2-mii
KoHe 3-11i XbL1Japbl Kypill JaKbLIbIHbIH,
eHiMAIiri 20-25% pgeliH »KoFapblIaiIbl.
A30T TBIHAWTKBIIITAPbIHbIH, TUiMAiIr
oJlapZAbl KOJJaHy Mep3iMmi, Tociai XKoHe
dopmManapeiMeH aHbIKTajgaAbl. bByn ThI-
HaWUTKBILITApAbl 06Jiil, SFHH, KbLIABIK
HopMaHbIH 60-70% cebep anabIHIQ, aJ
KaJIFaH OeJliriH eHiN LbIFy MeH TYNTEHY
¢dazanapbiHa ycTen KOpeKTeHAipyie KoJi-
JlaHFaHJA THIMAIIri Kofapbel 60J1a/ibl.
Kypimn pakblibiHa KOJIJAHBLIATBIH a30T
THIHAWTKBIIITAPbIHBIH, THIMAI dopMasa-
pblHa aMMOHMH cynbdaTbl, MOYEBHHA
»K9He MouyeBHHA GopMasbJeruj xxaTajpl.

3epTTey MaJiMeTTepiHe  CoMKec
Axkpana Kypi ecipy asKaOGbIHbIH, KypillITi-
6aTnakTbl TomnblpakTapbel ¢ocdop MeH
KaJUKA  3JIEMEHTTEPIHIH  KbLKbIMaJibl
TYpJiepiMeH apTypJii Jopexesiepe KaMTa-
Macei3 eTisreH. OcblFaH OGaWJIaHBICTBI
KYpill JlaKpLJIbIHAH 9PTYpJii AeHrennepje
OHIMAIMIKTI KaMTaMachI3 eTyre 6aFbITTal-
FaH THIHAWUTKBIIITAP/IbIH, HOpMaJiaphl YChI-
Hbuiagbel [12, 13]. TomblpakTa >KbLIXKBbI-
Manbl ¢ocdop MeH ajaMacnasabl Kaauu
MeuJllliepi TOMeH GOJIFaH KaFAanaa, Kypiui-
TeH 40-50 m/ra eHiM any ymiH ¢ocdop
TBIHAWUTKbITAPbIHbIH, 60-90 Kr/ra >koHe
KaJIUM ThIHAUTKbILITApbIHbIH 30-60 Kr/ra
HOpMaJIapblH KOJIZIaHy KaxkeT. KypimteH
60-70 u/ra eHim any ymiH d¢ocdop
THIHAWUTKBILITAPbIHBIH, HOpPMacbklH  90-
120kr/ra, aa KaJuil ThIHAUTKbIIITAPbIHbIH,
HopMacbkiH 60-90 Kr/ra »kofapbLiaTa/bl.

KeumxeiManbsl docdop koHe anmac-
Najbl KaJuMiMeH opTawla Japexefe
KaMTaMachbl3  eTiireH  TOMbIPaKTap/a,
Kkypimuten 40-50 1u/ra eHiM any yiuuiH
docdop TeIHaUTKbIITapbiH 30-60 Kr/ra
»)K9He KaJIuM ThIHAUTKbIITAapbiH 30 Kr/ra
HOpMachlH/a KosAaHa bl KypiurteH xorfa-
pel 60-70 n/ra eHiMm any ymiH ¢ocdop
ThIHAUTKbITApbIH 60-90 Kr/ra, aj Kaauu
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TBIHAUTKBILITAapbIH 60 Kr/ra HopMmaja
G6epeni. Erep TomblpakTa >»XbLIKbIMAJIbI
docdop MeH asMacnanbl KaJuijiiH MeJi-
nepi eTe KOFapbl JeHreiiepie KamTa-
MachI3 eTijice, oHaa 40-50 1/ra any yuriH
docdop ThIHaWTKbIITapblH 30 Kr/ra
acbIpMai/pbl, aJl KaJuil ThIHAUTKbILITAPbIH
KOJIIaHOaNIbI.

Ty3ganfaH KypiwTi-6aTnaKTbl TO-
nbipakTapza ¢ochop THIHAUTKBIIITAPI-
HbIH HopMacbkliH 10-15% apTThipbin, aa
KaJMil TbIHAWUTKbILITAPbIHBIH HOpMaJa-
pbiH, KepiciHme, 20-30% TemeHzeTe|.
®ochop THIHAUTKBIILITAPBIHBIH, THIMAI
dopManapsl: ka1 *kaHe Koc cynepdocdar,
amMmodoc mneH pguammodoc 6osica, ain
KaJIM¥ ThIHAUTKbIIITAPblHAH KaJHUU TY3bl,
XJIOpJIbl KaJIMH, KaJul CyabdaThbl KoHe
KaJIMX 3JIEKTPOJIUT GOJIBIT TaObIIAAbI.

Akjana kypim ecipy asnkabbiHAa
ecipiieTiH 6acka ayblIlIapyallblAbIFbI
JlaKbLIJlapbl YIIiH KOFapbl/a YCbIHbLIFaH
ic-apasapabpl  yakbITBIHZA 9pi  TOJBIK
OPBIHJAUTBIH 60JICa. 0JIap/iaH XKOFaphl api
camajibl ©HIM anyAbl KaMTaMachbl3 eTyre
60s1a/1bl K9HE IapyallblIbIKTap/bIH 3KO-
HOMMKAJIBIK, K9HEe 3KOJIOTHSJIBIK KaFjau-
JIaphbl e9yip KaKcapajpbl.

KOPBITBIH/IbI

Akpana kypiml ecipy ankaOGbIHBIH
TONbIPAKTapbIH Y3aK >KbL1Jap 60Ukl aybli-
niapyalbUIBIFbIHJA NalAalaHyZaH, oJap-
JIbIH, XUMHUSLJIBIK 9He (QU3UKaA-XUMUSIJIBIK,
KacueTTepi alTapJblKTall Jerpajanus
npolleciHe ylIbIpaiAbl. OPTYpJi aybLamap-
yallblIbIK KYPbLIbIMAAPBIHbIH, TOMBIPAK-
TapblHbIH, TY3/JaHy JK9He KebipseHy
Jlapexesiepi TypJiillle GOJBIN Kese/i KoHe
oJIapAblH iWIiHAe aJIci3, opTalla, KYILITI
TY3/lJaHFfaH K9He COpTaH Kebip TombIpak-
Tap ke3feceai. KypiuiTi - 6aTnakThl TOMbI-
paKTapZblH KypaMbIHJa KapalipiHai MeJ-
miepi 6etki Kabatra (0-25 cm) 0,86-2,01%
apaJibIFbIHJa 0OoJsica, aj TeMeHri (25-
40 cm) kabarta 0,63-1,78% apanbiFbiHAA
esrepeni.

AnkanTta opHajsackaH «Mapart» K,
«OTec» XKIIC kypimTi - 6aTHAKTbI TOIBI-
paKTapbl KeHiJ bIAbIPAUTBIH a30TIEH
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opTaia-ketepidki 49,0-59,5 mr/kr, «OTec-
Akpana» JKIIC »xoeHe «llomoB» KIIC
TONbIpaKTapbl »kofapel 77,0-80,5 ™r/kr
JlopexxkeJle KaMTaMachbI3 eTiiireH. «Ilonos»
JKIIC, «Mapat» LIK, «BTtec» KIUIC
TOIBbIpAKTaphbl KbDKbIMaJIbl $ochopMeH
eTe TOMEH 9He TeMeH jeHreiije (6,0-
16,0 Mr/kr) KaMTaMachI3 eTiJice, aj «OTec-
Axpana» XKIIC kypilTi - 6aTnakThbl TONbI-
paKTapbl KeTepiHKi JapexxeJe KaMTaMa-
CbI3 eTiareH. 3epTTeJjreH TOMNbIpaKTap
aJIMacnajabl KaJuMJIiH AeHredi G0MBIHIIA
TemMeH (100-200 ™r/kr) >keHe opTaia
(201-300 wmr/kr) KaMTaMmachl3 eTiJIreH.
Tek, «bepeke»llIK kypimri-copTaH-kebip
TONbBIPAKTaphl KeHiJ bIABIPAUTBHIH a30T-
neH KeTepiHki (66,5 Mr/Kr), KbL/KbIMaJIb
dochopmen eTe xorapbl (82,0 ™r/kr)
’)K9He a/IMacnajbl KaJUHMMeEH JKOFaphl
(440,0 wMr/xr) pgopexelle KaMTaMachbl3
eTiJITeH/iri aHbIKTaJbl.

Herizinen Axkgana Kkypim ecipy
aJIKabbIHbIH, TONbIPAaKTapbl TPaHyJOMeT-
pUSJIBIK, KypaMbl GOWbIHIIA KYMaHT >KoHe
JKeHiJ1 KyMOa/IIBIKThl TONbIPAKTap KaTa-
pbIHA aTajbl, SFHU QU3UKaAJBIK OAJIIIbBIK,
(<0,01 mm) mesmepi 13,06-31,21% apa-
JIBIFbIHZAA 601461, TonblpaKTapAblH, XKbIp-
ThLIAThIH KabaTbiHAaFbl (0-25 cM) ciHipina-
reH Heri3fepAiH CUbIMAbLIBIFBL 8,97-
26,85 Mr/skB apaJiblfbiHAa 60Jca, oJiap-
AblH iminge Ca2* men Mg2* noHpaapsl
6achIM xoHe 92-95% Kypaii/ibl.

[lapyambLiblKTap 60MbIHIIA Kypill-
Ti-6aTHAKThI TOMBIPAKTAP/IbIH, 6eTKi Kaba-
ThbI KEeHiJ epUTiH Ty3JapMeH dJICi3 Aape-
KeJle Ty3[,aHFaH XoHe Ty3JapAblH KOCbIH-
abicbl 0,128-0,303% apasbiFblHAA Ke3je-
ceni. Tek, «bepeke» K ToneipaFsl
KypiliTi-copTaH-Kkebip TombIpaK O60JFaH-
JIbIKTaH Ty3/JaHy [Jopexeci eTe »OFapbl

JK9HEe Ty3JapAblH  KOCBIHABICBI  6eTKi
Kabarta 4,004%, an TeMeHri KabaTTa
4,558% Kypai/bl.

KyprisisireH arpoxuMusJIbIK 3epT-
TeyJepAiH HOTIKeCiHe CalKec, ajKamTa
ecipiyieTiH Kypil koHe 6acKa ayblIIIapya-
WIBLIBIK JaKblIJapblHaH (Kyrepi, copro,
YKOHBIIIKA, 6ip XbUIABIK OypIlaK TYKbIM-
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Jlactap, cyAaH uiebi, Makcapsnl, panc, 6uga  3-mi kbwibl 130-150 kr/ra Hopmasiaphbl
JK9He T.6.) MoJI 9pi camajibl 6HIM aiy yiliH TuiMAai 6osaabsl. Pocdop ThIHANUTKBIII-
TBHIHAWTKBIIITAP/IbIH, THIMJi HOpMaJjapbl TapbIHbIH HOpMaJiapbl Kypill >koHe 6acka
YCbIHbLIAAbl. ThIHAUTKBIIITAP/AbIH HOPMa-  aybllIapyallblIbIFbI JaKblIJAPbIHbIH
cbl OipiHIII Ke3eKTe TONbIPAKTbIH >KblJI- aJbIHATBIH 6HIM JeHreijepi MeH TONbI-
XbIMaJIbl KOPEKTIiK 3JIEMEHTTEPMEH KaM- paKTaFbl  KbL/HKbIMaJIbl docdopabiH
TaMacbl3 eTUIy Jlopekeci MeH aJIblHATbIH MeJilepiHe 6GadiaHbicTel 60-120 Kr/ra,
OHIM JieHreiJiepiHe GalJIaHbICTBI G0OJIaZbl. apaJbIFbIHAA, ajJ KaJUM ThIHAWTKBIIITA-
Kypill pakbliblHA >KOHBIIIKAHBIH, ThIHbl- PBIHBIH, HOpMaJsaphbl, TONbIPAKTaFbl aJMac-
HaH KeHiH a30T ThIHANUTKBIIITApPbIHBIH 60- MmaJibl KajJul MeJiiepiHe 6aiiaHbIcTbl 30-
90 kT, TBIHHBIH ayAapMacblHaH KediH 90- 60 kr/ra apasbiFbIH/a 63repesi.

120 Kr »koHe TBIHHbBIH ayJapMacbIHbIH,
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PE3IOME
AM. Basnrat6aes?, A.X. Hayma6aes?, A.M. lllu6ukeeBal*, K.O. Kapaega?, IO. beliceHoBal!
JETPAJALIMA XUMHUYECKOTO U ®U3UKO-XMMHUYECKOI'O COCTABA
PHUCOBO-BOJIOTHBIX ITOYB AKJIAJTMHCKOT'O MACCUBA PUCOCEAHUA U TIYTHU
BOCCTAHOBJIEHHUS UX I1JIOJOPOJUA
Kazaxckutl HayuoHa/bHbLU azpapHblil ucciedosamenbCKull yHugepcumem,
050021, Aamamul, np. A6as, 8, Kazaxcmat, *e-mail: shm.aigerim@mail.ru

B cTaTbe mpejcTaBJieHbl AaHHblE O Aerpajalilid XUMHUYECKOro U GU3MKO-XMMHUYECKOTr0
COCTaBa PUCOBO-GOJIOTHBIX II0YB U CIOCO6AX BOCCTAaHOBJIEHHUS UX MJIOAOPOJHUS IO pe3y/bTaTaM
arpoxMMHUYecKUX MCCJelOBaHUMN, IPOBe/leHHbIX Ha AKJAJMHCKOM MacchBe pucocesaHus B 2024
rogy. Cozep>kaHue ryMmyca B COCTaBe pHCOBO-00JIOTHBIX NTOYB O4YeHb HU3KOe. B maxoTHoM ciioe
(0-25 cMm) Bapbupyet B npegenax 0,86-2,01% u Huxke (25-40 cm) - 0,63-1,78%. CreneHb
3aC0JIeHUsI PUCOBO-00JIOTHBIX IOYB Ha MacCHMBe pas3/iM4yHa: BCTpeyaroTcs cjaabo-, cpefiHe-,
CUJIbHO3AaCOJIEHHbIEe TOYBbI U COJIOHYAKU. PHcoBO-60s10THBIE TOUBbI KX «Mapat» u TOO «OTtec»
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XapaKTePU3YIOTCS CPEJHUM M MOBBIIIEHHBIM CO/IEP’KaHUEM JIETKOTHApoJM3yeMoro a3ora (49,0-
59,5 mr/kr), Torga Kak mouBbl TOO «BTec-Akmana» u TOO «IlomoB» o6ecrnedeHbl UM Ha BHICOKOM
ypoBHe (77,0-80,5 mr/kr). Ilo cogepxkanuw noaBmwxHOro ¢ocpopa nousel TOO «Ilomom», KX
«Mapar» u TOO «OTec» OTHOCATCA K KaTeropusM C O4YeHb HU3KHM U HU3KHM YPOBHEM
ob6ecnieueHHocTH (6,0-16,0 Mr/kr), Torga, kak nouBbl TOO «OTec-AKJana» UMEIOT MOBBIIIEHHbIH
ypoBeHb obecnedyeHHOCTH. [lo cofepkaHHI0 06MEHHOTO KaJsusl MOYBbl MaccuBa obGeclieyeHbl B
Huskow (100-200 Mr/kr), cpeaHeit (<201-300 mMr/kr) u Beicokoit (401-600 mr/kr) creneHu. Js
BOCCTAHOBJIEHUS IJIOAOPOJHs PUCOBO-00JIOTHBIX MOYB U MOJYYeHHUs] BbICOKOTO, KQUeCTBEHHOTO
ypoxass puca U [ApYyruxX CeJbCKOXO3SHCTBEHHBIX KYJbTYp Heo6X0JMMO CBOEBPEMEHHO
BBITNIOJIHATh MpeAJIOXKeHHble arpoMeJIMOpPaTHBHbIE, arpoOTeXHUYECKHME U arpoXHMHUYecKHe
MeponpuATUd. IGPEeKTUBHOCTh OPraHUYECKUX U MUHEPAJIbHBIX VI00PEHUH, TPUMEHSIEMbIX 110/
pUC U pyTHe KyJbTYpPhl, 3aBUCUT OT COJEPKaHHSA MOJBMXKHBIX 3JIEMEHTOB UTAHUS B MOYBE U
IJIAHUPYEMOTO YPOBHS YPOKaHOCTH. [/l KyJbTypbl prca 3PpPeKTUBHBIMU HOPMaMH a30THBIX
yAaobpeHunt apiasiTca: 60-90 kr/ra nocsie miacrta JwouepHbl, 90-120 kr/ra mnocsie o6opoTa
miacta ¥ 130-150 kr/ra Ha TpeTH roj nocJse o6opoTa miaacta. Hopmbl pocHopHBIX U KaJIUMHBIX
yaoOopeHud BapbupyrwT B npezaenax 60-120 kr/ra u 30-60 kr/ra COOTBETCTBEHHO, B
3aBHCUMOCTH OT COJIep>KaHUSA 3THUX 3JIEMEHTOB B MOYBE U YPOBHS YPOXKAaWHOCTH PHUCA U APYTUX
KYJbTYD.

Katoueevie csa08a: perpajanus, pPUCOBO-O00JIOTHbIE TMOYBBI, XUMHYECKHe U (QU3UKO-
XUMHUYECKHe CBOHCTBA IOYB, IIOAOPOJME, KYJbTypa pPHCA, OPTaHUYECKHME W MHUHeEpaJbHbIE
yA00peHUsl.

SUMMARY
A.M. Balgabaev?, A.H. Naushabaev?, A.M. Shibikeyeval*, K.O. Karaeval, G.0. Bejsenova?

DEGRADATION OF CHEMICAL AND PHYSICO-CHEMICAL COMPOSITION OF RICE-PADDY
SOILS IN THE AKDALA RICE-GROWING MASSIF AND WAYS TO RESTORE THEIR
FERTILITY

1Kazakh National Agrarian Research University, 050021 Almaty, Abay avenue, 8,
Kazakhstan, *e-mail: shm.aigerim@mail.ru

The article presents data on the degradation of the chemical and physico-chemical
composition of rice-paddy soils and methods for restoring their fertility based on the results of
agrochemical studies conducted at the Akdala rice-growing massif in 2024. The humus content in
rice-paddy soils is very low, ranging from 0.86-2.01% in the topsoil (0-25 cm) and 0.63-1.78% in
the subsoil (25-40 cm). The degree of salinity in the rice-paddy soils across the massif varies,
including slightly, moderately, and highly saline soils, as well as solonchaks. "Rice-marsh soils of
'Marat' Farm and 'Otes' LLP are characterized by medium and increased content of easily
hydrolyzable nitrogen (49.0-59.5 mg/kg), whereas the soils of 'Otes-Akdala’ LLP and 'Popov' LLP
show high levels (77.0-80.5 mg/kg). Regarding mobile phosphorus content, the soils of 'Popov’
LLP, 'Marat' Farm, and 'Otes' LLP are classified as having very low and low availability (6.0-
16.0 mg/kg), while the soils of 'Otes-Akdala’ LLP show an increased level of availability. In terms
of exchangeable potassium content, the soils of the massif range from low (100-200 mg/kg) and
medium (<201-300 mg/kg) to high (401-600 mg/kg) availability levels." To restore the fertility
of rice-paddy soils and ensure high-quality yields of rice and other crops, it is essential to
implement the proposed agro-meliorative, agro-technical, and agro-chemical measures in a timely
manner. The effectiveness of organic and mineral fertilizers applied to rice and other crops
depends on the content of mobile nutrients in the soil and the planned yield targets. For rice
crops, effective nitrogen fertilizer rates are: 60-90 kg/ha after alfalfa sod, 90-120 kg/ha after the
second year of sod, and 130-150 kg/ha in the third year after sod. Phosphorus and potassium
fertilizer rates range from 60-120 kg/ha and 30-60 kg/ha, respectively, depending on the soil
nutrient content and the target yield for rice and other crops.

Keywords: degradation, rice-paddy soils, chemical and physico-chemical soil properties,
fertility, rice crop, organic and mineral fertilizers.
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K. Konnsicoekon!'*, JI.LK. Ta6biH6aeBal, C.C. KasineBa?

BJIMAAHUE PA3JIMYHBIX /103 YIOEPEHU HA IPOJYKTUBHOCTb MATOYHOM
CBEKJIBI JIETHETO IIOCEBA B YCJIOBUAX I0I'0-BOCTOKA KA3AXCTAHA

1TOO0 «Kazaxckull Hay4HO-uccaedosamenbCKuil uHCmumym 3emMaedenus u
pacmeHuesodcmea», 040909, AamamuHckas o6.aacme, Kapacaltickuii patioH,
ceso Aamanvibak, ya. Epaenecosa 1, Kazaxcmaw, *e-mail: kerimtay58 @mail.ru
2TOO0 HIIL «AepounsceHepuu», 050005, Aamameul, np. Paiivimbeka, 312, Kazaxcma

AnHomayus. CaxapHasi CBeKJIa OTHOCHUTCSI K KyJbTypaM, KOTOpasi B HacTosllee BpeMs
NPUHOCUT HauBGOJIbLINHI J0X0/], HO II0KA YPOXKAaMHOCTh ee HAaXO/IUTCS He Ha BBICOKOM YpoBHe. [lJis
MOJIy4eHHUs] BBICOKOTO BBbIXOJIAa KOPHEH MaTOYHOW CBeKJbl HEO6XOJMMO He TOJIbKO BbIGpaTh
rubpu/j, cobJ0JaTh arpoTEXHUKY, HO U YCTAaHOBUTb ONTHMasbHble HOPMbl BHeCEHHUS Y[ 006-
peHuH. AHaJIN3 JIMTEPATYPHBIX JAHHBIX I0KA3bIBAET, YTO IPUMEHEHHE YI0OPEHUH yBEeJINYBaET
ypOXKail MaTOYHBIX KOPHEMJIoA0B cBekJibl Ha 30-40%. B cBsA3U c 3TuUM, obecneyeHHe MPOU3-
BO/ICTBA CaxXapHOW CBEKJIbI BbICOKOKAYeCTBEHHBIM IOCEBHBIM MaTepHaJOM, OCHOBaHHOE Ha
BHEJIPEHUH B MPOILIECC CEMEHOBO/ICTBA UHTEHCHUBHBIX [IPUEMOB BbIPAIIUBAHUS CEMSIH, SBJISETCS
BAXKHOU 3ajJlaueil, ompejessiiollell pa3BUTHE CBEKJIOCAXapHOrO IMOJKOMILIeKca. Pe3ysnbTaThbl
HCCJIeJOBAaHUN TOKa3ad MOJIOKUTEJNbHOE BJIMSIHUE MHUHEPIbHBIX YI0OpEeHWH Ha pacTeHus
MaTOYHOH CBEKJIbl, HA UX POCT U pa3BUTHeE. BrisgByeHbl 3aBUCUMOCTH BbiHOCAa NPK M3 moyBbI OT
HOpPM W /103 BHECEHUs MHHEPaIbHBbIX YAOOpPEHHH, COOTHOLIEHUS OCHOBHBIX MUTATEJbHbIX
BELECTB U YPOXKAaHHOCTU MOCeBOB. B ciyyae BHeceHUs1 yo6peHHI mokas3aTesd BbiHOca NPK
KOPHEIJIOZ0B JIeTHEH MAaTOYHOU CBEKJIbI OBbLJIM BhIlIE KOHTPOJIbHBIX: a30T - 3-5%, Kanui - 2-4%,
a no ¢ocdopy cylecTBEHHOM pasHUIbI He Habuwoganock. 06beM BbiHoca NPK MaTepuHckoit
CBEKJIbI Yepe3 JINCThsI CTaJl 3HAYUTEJIbHO BbIllle U YBEJUYUJICS B COOTBETCTBUU C YBEJUYEHUEM
KOJINYecTBa yA06peHuit: azoTa - 6-9%, docdopa - 5-8%, kanus - 5-9%.

Karwouesvle cnosa: maTo4yHasi CBekJia, ceMeHHble pacteHus, MC d¢opma, MC rubpug,
MHUHepaJIbHOE MUTaHUE, BIHOC MUTATEJNbHbBIX BELIECTB, YPOXKAHHOCTb.

BBEJIEHUE YpokallHOCTb CEMSIH CaxapHOM CBEK-
CeMEHOBO,Z[CTBO caxapHOI‘/’I CBeKJIbl - JIbl 3aBUCHUT OT THIIA KyCTa CEMEHHBbIX
SHeproeMKas W 3aTpaTHas OTpacib, 4To PACTEHHH, ONpe/esAIOLIero KoJUYeCTBO
CBSI3aHO B GOJIBLIONW Mepe C ycTpaHeHHeM IPOJYKTHUBHBIX CTebJsieil, a Takxe HX
HeraTUBHOI'O BJIUSHUY (baKTOpOB OKpy- BbICOTbI U 00CEMEHEHHOCTHU (KOJH/I‘-IeCTBa
)Ka}()]_uef/'l cpeabl Ha pPOCT U pa3BUTHE 3aBA3aBIIHUXCA CEMAH Ha €eJWHHILE AJINHDbI
pacTeHuil IepBOTO U BTOPOTO ro/ja KU3HK. LIBETOHOCHOro mobera), Maccbl CeMsiH.
BMmecTe cC TEM, peHTa6ef[bHOCTb U KOH- Ba)kHeHIIMMHU MOKa3aTeJIMU KadecTBa ce-
KypPEHTOCIIOCOGHOCTh CEMEHOBOJACTBA B MSH SIBJISIIOTCS: JI0JIs1 MOCEBHBIX QppaKuuii
NJ1aHe MOJydeHMs BHICOKOKAYeCTBEHHOro B 3aroToBsisieMoM Bopoxe (4,5-5,5 u 3,5-
MOCeBHOTO MaTepuasa MOXHO MOBLICHTH 4,5 MM), 9Heprusi mpopacraHus, sabopa-
3a CYeT MaKCHMalbHOU peanusanuu TOPHAas BCXOXKeCTb W [0OOPOKavyecTBeH-
6HO0JIOTMYECKOro MOTeHLHaNa KyJbTypbl. HOCTb, KOTOpble HOPMHUPYIOTCSH JeHCTBYIO-
OZHUM W3 HampaBjeHHi pemeHus artoro WUM B PK I'OCT. JHeprusi mpopactaHus
BOIIpOCa fIBJISIETCA INPpUMEHEeHHWe HayyHo- XapaKTEpU3yeT Ha4a/IbHyl0 POCTOBYIO aK-
0060CHOBaHHOW C6a/JlaHCUPOBAaHHOW cHcTe- THUBHOCTL CEMAH M IpefloNpefesaeT
Mbl TNUTAHUS pACTEHUN, BKJOYAIOIIEN dopmupoBaHHe JpPYXHbIX W BbIPOBHEH-
BHECEHHE MMHEpaJbHbIX, OpraHWYeckux HBIX BCXO/I0B B II0JIEBBIX YCIOBUSIX.

YAOOPEHUH M KOMIUIEKCA KOPHEBBIX M Bo3zesnbiBaHue GpabpUIHBIX TOCEBOB
BHEKOPHEBBIX IMOJKOPMOK, B TOM 4HcjJe T'MODHJIOB CaxapHOM CBEKJIbI 10 COBPEMEH-
MUKPO3JIeMEHTAMH. HbIM TEXHOJIOTHSM [peAycMaTpUBaeT
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HCII0JIb30BaHUE CeslJIOK TOYHOI'O BbICEBA C
[IOCEBOM CeMSIH Ha KOHEYHYHI TIYCTOTY
nopsgka 1,3 me./ra. 3To npembABISET
onpe/iesieHHble TPe6OBaHUA K 3aroTaBJid-
BaeMOMY CbIpbIO CEMsIH: BCXOXXeCTb — He
MeHee 70%, 06pPOKAYECTBEHHOCTh — He
MeHee 88%, OJHOCEMAHHOCTb — He MeHee
85%, ob1iee cofepkaHMe CeMsSH He NOCeB-
HbIx ¢pakuui (<3,5 MM U >5,5 MM) - He
6osee 25% [1].

B cBA3U ¢ 3TUM, 0becnieyeHre POU3-
BO/ICTBA CaXapHOU CBeKJIbl BBICOKOKA4ecCT-
BEHHbIM II0OCEBHbBIM MaTepuaJoM, OCHO-
BaHHOEe Ha BHeJIpeHUHU B MpPOLeCcC CEMEHO-
BO/ICTBA UHTEHCHMBHBIX IPUEMOB BbIpalllu-
BaHHA CeMsH, BJAeTCA BaXXHOU 3ajavel,
onpejeJisollell pa3BUTHE CBeKJocaxap-
HOI'0 NOJKOMILJIEKCA.

MHOro4yucjJeHHbIMU HCC/Ie[J0BaHUS-
MH{ YCTaHOBJIEHO, YTO BHEKOpPHEBbIe NOJ-
KOpPMKHM ($abpHUYHBIX I[OCEBOB CaxapHOU
CBEKJIbl MHKPO3JIEMEHTAMHU MOJIOXKUTEJIb-
HO BJIMAIOT Ha BCe OMOXMMHUYECKHE U
dusuosorniyeckre Npoueccel, MpoTeKalo-
[iMe B pacTeHMsX, YTO CIOCOOCTBYET IO-
BBIIIEHHIO UX YCTOMUYUBOCTU K CTPECCOBO-
My BO3/eWCTBUI0 NeCTULUJ0B U abUOTH-
yecKUM (paKTopaM BHeIIHel cpenbl [2-6].
OpHako, B JiUTepaType B HeJO0CTAaTOYHOU
CTeNeHU OCBeLleH BOMPOC O NPHMEHEHUU
COBpeMeHHBIX POpM MUKPOYAOOpPEeHHM Ha
MaTepUHCKOM KOMIIOHEHTE B CEeMEHO-
BO/ICTBE TMOPH/JIOB CaxapHOW CBEKJIbl Ha
[IMC-ocHoBe. TeMm He MeHee, HCIIOJIb30Ba-
HUe BHEKOPHEBBIX NOJKOPMOK MHUKpO3Je-
MeHTaMHU 3¢(eKTUBHO He TOJBKO B ¢ab-
PUYHOM CBEKJIOBOJCTBE, HO U B CEMEHO-
BO/ICTBE CaxapHOM CBeKJ/bl KaK Ha 3Talle
BbIpalllMBaHUs MOC3aJOYHOIO0 MaTepuasaa
(MaTO4YHBIX KOPHEIJIOAOB), TAK U CEMEH-
HBbIX PAaCTEHUH, YTO CHOCOOGCTBYET yBeJsH-
YeHUI0 BbIXOJA 3J0pPOBBbIX M0CAJ0YHBIX
KOPHEIJIOAO0B C eJUHULbI IJIOIaAH, YIyY-
IIEHHI0 UX COXPAaHHOCTHU U, KaK CJIefiCTBUE,
YPOXKallHOCTU M  IIOCEBHBIX Ka4yecTB
M0JIy4aeMoTo ChIpbs ceMsiH [7-9].

CaxapHasi cBeKJla OT/IMYAeTCsl BBICO-
KOW OT3bIBUYMBOCTBIO HAa BHeCEHHE yJ00-
peHuid. OnTUMaJbHble [03bl MaKpoO3Jie-
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MEHTOB, BHECEHHbIE B IOYBY OCEHbIO MOJ
BCHALIKy B KayecTBe OCHOBHOTO MUHe-
pasibHOTO yJ0OpEeHUs], O3BOJISIIOT YBEJIHU-
YUTh COOp CeMsIH CaxapHOW CBEKJIbI [0
62%, 3Hepry NpopacTaHus U BCXOKECThb
ceMsH - Ha 3,5- 6,0%, BBIIOJIHEHHOCTb U
Jlo6poKayecTBEHHOCTh — Ha 3,3-4,5%, a
TakKe noBbicUTh Maccy 1000 muiomoB no
10% [10].

[lorsiomeHre pacTEHUSIMHA 3JI€eMeH-
TOB NMUTAHUS U3 MOYBbI MPOJAOKAETCA B
TeyeHHWe BCEero mnepuoja BereTalud, 4TO
omnpejiessieT UX BBICOKUH BbIHOC [11-14].
Ony6/IMKOBaHHbIE JJAHHbIE YKA3bIBAIOT Ha
usMeHeHue cojiepxkanusi NPK B caxapHoit
CBeKJie NpPU MCIO0JIb30BaHUU YA0OpEeHUH.
Uccnenosanuss H.B. I'BosgeBa [12] noat-
BEPXK/IAIOT, YTO NPU MOBBIIIEHUU 03 MH-
HepasbHbIX yaob6peHu ¢ Nizo0P120K120 A0
N240P240K240 BBIHOC a30Ta KopHelio4aMHU
yBesqnuuBasica Ha 23,1%, docdopa - Ha
23,6%, kanusa - Ha 14,4%, a no cpaBHe-
HUIO C KOHTpoJieM 6e3 yaoO6peHui cooT-
BETCTBEHHO - Ha 58,5; 59,7 u 48,8%.

B uccnepgoBanusx A.H. KoxxokunHou
u ap. [15] copepkanue NPK B 1 T mpo-
JYKIUU TpPU BHECEHUU YyAOOpeHUuH u
MeJsMopaHTa Bo3pocso: mo N - go 15,0%,
P20s - mo 35%, K20 - go 10% oTHOCH-
TeJIbHO KOoHTpoJss [15, 17]. Ilo maHHBIM
psija ucciaenoBaTesield ¢ 1 T KOPHEIJIO/OB,
B 3aBUCUMOCTH OT CHUCTEeMbl BO3/leJbl-
BaHMsS M COOTHOILIEHWS MacChbl GOTBBI U
KOpHem1040B, BblHOcUTCA 4,0-6,0 Kr
asorta, 1,6-2,0 xr ¢pocdopa u 4,6-10,0 kr
KaJus [16-21].

HekoTopble aBTOpHI MPUBOAAT AaH-
Hble, 4YTO Ha ¢opMupoBaHHe 1 T KOpHe-
MJIOJI0B U COOTBETCTBYIOLIETO KOJIUYECTBA
60TBbl MaTO4YHasi CBeKJa BeCEHHEero
moceBa BBIHOCUT M3 MOYBBI 5,2-6,4 Kr
asora, 1,7-2,4 kr ¢docdopa u 6,1-7,9 kr
Kasius [14].

[IpyeMbl  TPOU3BOJACTBA  CeMSIH
CaxapHOM CBeKJIbl M3y4aJHUChb B 3JIUTHO-
CeMEHOBOJYECKUX XO03AWCTBaX. /g BbI-
CaJIKU UCIMOJIb30BaJIMCh KpPYIMHbIE MaTOY-
Hble KopHemaoAbl (150-600 r), mosy4ae-
Mble IIpU BeCeHHeM II0CeBe, a TaKxe
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CeMeHHble pacTeHUs1 MHOTOCEMSHHBIX U
NoJIUTUOGPUAHBIX GOPM U 6e3BbICA[0YHbBIX
ceMeHHUKOB [13, 14, 16, 22]. PezepBoM
NOBBIIIEHUs] IPOU3BOJACTBEHHBIX U 3KO-
HOMUYECKHUX I0KasaTeJsiell BbICaJ04HOIO
crocoba CeMeHOBOJCTBA SIBJSIETC ONTHU-
MH3alUs  TEXHOJIOTUYECKUX OIepalnui,
npesycMaTPHUBAIOILNX HCII0JIb30BaHUE
6oJiee MeJIKUX KOPHEIJIOA0B-IITEKJINHI OB
JieTHero cpoka nocesa (30-80 r) u ycoBep-
[IEHCTBOBaHWE CHUCTEMbl MHHEPAJIbHOIO
NWTAaHUS CeMeHHBbIX pacTeHWH, BbIpalliu-
BaeMbIX Ha OPOLLEHUH.

Llens uccaedosanuii. U3yuuTthb BJMs-
HUe MUHepaJbHbIX YA00peHUN Ha ypoxan
Y BBIHOC 3JIEMEHTOB NUTAHHUA MaTOYHOHU
CaxapHOW CBEKJIOW pPOJUTENbCKHUMH KOM-
noHeHtamMu MC rubpujoB, BbIpalliuBae-
MBIX IlepecaloyHbIM CIOCOOOM MeTOAOM
IITEKJUHIOB B YCJIOBHUAX IOr0-BOCTOKA
KazaxcTrana.

MATEPHAJIBI U METO/ bl

[ToneBble HccaeLOBaHUA MNPOBOAU-
JIUCb  Ha  CTallMOHAapHBIX  y4yacTKax
JabopaTopuu caxapHod cBeksbl TOO
«KazHUHU3uP». OnbeIThl 3aKjajibIBaJd I10
cnenytomein cxeme: 1. KoaTtposb (6e3
ynoopenui); 2. Neo PeoKeo; 3. NooP9oKoo;
4. N120P120K120.

MaTo4yHad CBEKJIa pa3Meljasach
1ocJie 03UMOH MmineHunel. 061as naomagb
JendaHkd - 120 M2, yyeTHad maowajipb -
80 m2. IloBTOpHOCTh ONbITA 3X-KpaTHaf.
PasMenienue [e/qITHOK - PEHJOMHU3UPO-
BaHHOE.

06beKkThl UccaeoBaHUNU. MaTepua-
JIOM HCCJeJOBaHUH CAY:KUJIM MaTO4YHble
pacteHusi caxapHod cBekJibl MC ¢opma u
OTLOBCKasi ¢popMa pPOAUTENBCKUX KOMIIO-
HeHTOB rubpuga llekep, gonylileHHbIN B
npousBoACcTBO B 2017 roay, pasMelleHHble
B COOTHOLIeHUAX 4x1.

Tubpun [llekep. ABTODpBI:
KoHbIC6eKOB Kepumkyu, Kanub6aes
BakbIT:KaH CakbaeBUY, Bacray6aeBa
[Honmnan Opa3oBHa, KynkeeB EpJaan

Enmo6aeBuy, AnbiekoB Hypranu AkaeBud,
Mayu ApaunxaH A6yynabl, /[lyliceH6ekoBa
[ynbxkan AnuMmxaHoBHa. OpuruHaTtop:
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TOO «Kasaxckud Hay4HO-UCCJe[0BaTeJb-
CKUM MHCTUTYT 3eMJielieJuss U pac-
TEeHUEeBOJCTBay.

OJHOCEMSIHHBIH [UIJIOUAHBIA THO-
pUj, Co3[laHHBbIA Ha CTEPUJBbHON OCHOBE,
ypOXKaHO-CaXapuCToro HamnpaBJIeHUS].
PacteHue cpenHepocsioe, BbIpAaBHEHHOCTD
pacTeHWi O BbICOTE - Xopouias, dopma
KOPHeIIoZa - UIMPOKOKOHUYECKas], Macca
OJHOTO KOpHemaoza oT 618 po 1166 T,
[JyOHMHA MOTPYXKEHUs B MOYBY - CUJIbHad,
pacmnoJyio’keHHe  JINCThEB noJiycre-
JIIOLUNICS, JIMCTbSl CpejHEW  JAJIMHBL
CpefiHsIA ypOKAaMHOCTb KOPHEIJIOJLOB Ha
opoueHuu coctaBuaa 540-560 1 /ra. Coop
caxapa 95,6 11/ra, caxapucrtoctb 17,7%.

['ubpupa ycTOHYHMB K MOpPaXKEHUIO
KOpHeeJloM, MyYHHUCTOH pOCOW, pHU30Ma-
HUM, LlepKociopo3y. Bo BpeMs ucnbITaHUsA
Ha ecTeCTBEHHOM (QoHe TmoOpakeHUe
kopHeesioM 0,5 6asjia, KOpHEBON THUJIBIO
cocraBusio 1-1,5 6amna, pusomanuent 0,3-
0,4 6ansa. [lonyileH K UCHOJb30BaHUIO C
2017 rozma B AJIMaTHHCKOM 00J1aCTH.
TexHoJiOrUs1 BO3/e/bIBAaHUS OOIIENPHUHS-
Tas /JiJisl JAaHHOT0 perroHa.

B omnblTax MNOpUMEHsJM a30THbIE
(aMMuauHas ceJqIuTpa), docdopHble
(ammodoc) u kanuiiHble (cyabdaT Kaus)
yA0OpeHUsl.

[log BcHamKy BHOCHIM IIOJHYIO
pacueTHY10 703y $0OCHOPHBIX U KATUNHBIX
yA0OpeHUl, OJHOBPEMEHHO C MOCEBOM
BHECJIM aMMHAYHYI0 CeJIUTPY BPYyUHYIO.

[loceB MaTO4YHOU CBEKJIbl BBINOJI-
HSJIMW Ha OpOUIaeMOM CTallMOHAapHOM
y4acTKe BO BTOpPOH Aekajie aBrycta 2024
roja. Y60opka MaTOYHOW CBEKJIbl MpO-
BeJleHa BpY4YHYI0O BO BTOpPOH /[ieKajie
HOsI6psI C OCTaBJIeHWEM uepenika 3-5 cM,
4YyTOObl He MOBPEAUTH POCTOBbIE IMOYKH,
MeJIKMe KopHemoabl BecoM 50-120 r
3aTapeHbl B MeELIKM U 3aJOXKeHBbl [0
c/enyollell BeCHbl Ha XpaHeHUE B 3ep-
HOXpaHW/MIle. YCJOBUS MUTAHUSA pac-
TEHUW MaTOYHOW CBEKJIbl H3y4aJlUCb C
y4eTOM CXeM, HOPM U CpPOKOB BHECEHHUS
MUHepaJbHbIX Y106 peHU.



Arpoxummus

IlouBoBeAeHMe u arpoxumus, Ne2(74), 2026

[TouBBl ONBITHOTO y4YacTKa - HpeJ-
rOpHbIE€ CBETJIO-KalITAaHOBBIE, CHOPMHUPO-
BaHHble Ha JIECCOBUJAHBIX CYTJIMHKaX,
HMMEIOT SICHO BbIPaXKEHHbIN MJIOJAOPOAHBIM
npodusb. XapakTepHOW 4epTOH CBETJIO-
KalITAHOBBIX TOYB SIBJISIETCS WX BbICOKas
KapboHaTHOCTb, BckumamT ot HCl ¢
noBepxHOCTU. [lo rpaHyJI0METPUYECKOMY
COCTaBy TMIOYBBI OTHOCATCS K KpPYIHO-
NbLIEBATBIM CPEJHUM CYIJIMHKaM, COJep-
)kaHhe Gu3nYecKod TIMHBI 39-42%,
KpynHOH nbliu 45-51%, una 12-17%.

O6ecre4eHHOCTb IMOYBbI JIETKOTHUJ-
poJIM3yeMbIM a30TOM, NOABMXKHBIM Pocdo-
poM, 0OMeHHBIM KaJiueM - cpefiHsis. [louBa
He 3acosieHa. CyMMa coJiedl B BepXHEM CJI0€
He npesblmaeT 0,12%. CBeTJsio-KalITaHO-
Bas MOYBA B BEPXHEM T'OPU3OHTE COJEP-
*utT 2,02% rymyca, 0,12-0,14% BasioBOro
asora.

[lo BOmHO-PU3UYECKHM CBOWCTBAM
CBETJIO-KAIITaHOBAasi I04YBa XapaKTepH-
3yeTcsl  CJeAYIOUIMMH  IOKa3aTeJsIMHU:
yJleJibHasl Macca KoJyiebJaeTcs B Juana3oHe
2,62-2,72 r/cm3, o6beMHasas macca - 1,23-

1,35 r/cm3, nopucrocts - 50-53%. Besnuun-
Ha BJIQXKHOCTHU YCTOMYMBOrO 3aBsi/laHUS -
6-8%.

Jng onpepesieHUs NOABUXHBIX MakK-
pO3JIEMEHTOB MCHOJIb30BalM TPaAULIUOH-
Hble METO/Ibl aHAJIU3a: JIETKOTUAPOIU3ye-
MbId a30T no TropuHy-KoHOHOBOM, moj-
BWXKHBIA $ochop M 06MEHHBIH KaJIHUH 1O
Mauuruny mno woguduxkanuu [[HUHAO.
['OCT 26205-91.

Copmepxanue N, P, K B kopHenionax
U JIMCTbAX OMNpeJiesid N0 MEeTOoJAaM UCIHBI-
TaHusl caxapHou cBekJsibl 'OCT P 53036-
2008.

PE3YJIBTATHI U UX OBCYXXKJEHUE

[louBeHHBIN aHanu3 B caoe 0-30 cM
MoKasaJ, YT0 06ecre4eHHOCTh MOYB NMUTa-
TeJIbHbIMU 3JIEMEHTAMM Ha INEepHUo/] ceBa
MaTOYHOU CBEKJIbI B aBIYCTe COCTABHWJIA:
Ha ¢oHe 1 (6e3 ymoOpeHHUs) comepKaHUe
JIETKOTUJPOJIU3yeMOTO  a30Ta  O4YeHb
Hu3koe - 13,7-22.1 Mr/Kr, noABUKHOTO
docdopa ouensb Bbicokoe — 80-83,0 Mr/kr,
M 00MeHHOro kKajausi cpenHee - 238,0-
251,0 Mr/kr.

Ta6sinua 1 - CopepkaHre MOABMXKHBIX GOPM MaKpO3JieMEeHTOBI B IIOUBE Nepe/; IOCEBOM
MaTOYHOU CBEKJIbI U Nlepe]] yOOpKOH yporKkasi, MI' /KT

Ne [ToaBM>KHBIE GOPMBI, MT' /KT
BapuaHThI
n/m N | P20s | K20
[Tepes moceBOM MaTOUYHOM CBEKJIbI
1 KoHTpoJib 6e3 y1o6peHus 13,7 80,0 238,0
2 NesoPsoKeo 14,4 82,0 249,0
3 NooP9oKoo 19,1 82,0 251,0
4 N120P120K120 22,1 83,0 246,0
[lepen y60pKOM MaTOYHOM CBEKJIbI
1 KonTposib 6e3 yno6peHus 7,8 60,0 217,0
2 NeoPsoKeo 7,7 68,2 244,0
3 NooP9oKoo 7,5 69,0 246,0
4 N120P120K120 7,8 70,0 253,0
HCPos mMr/kr 0,2 3,3 40,2
P, % 0,03 3,7 16,7

[lepes y6opkoil MaTOYHOU CBEKJIbI
HabJII0ZlaeTC CHIKEHHWe CoJiepiKaHusl B
II0YBe JIETKOTHU/POJIU3YEMOTO a30Ta, MOJA-
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BHKHOTO pocdopa u 06MEHHOT0 KaJIUsA 10
CpaBHEHHI0 C HUCXoAHbIM. CozepikaHue
MaKpo3JIeMEHTOB 110 BapHaHTaM OIbITa
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coctaBuio Ha ¢oHe 1 (6e3 ymo6GpeHUs)
asora - 7,8 mr/kr, pocdopa - 60,0 mMr/xkr,
kasust -217 mr/kr;Ha poHe 2 (NeoPeoKeo) -
COOTBETCTBEHHO 7,7; 68,2; 244,0 Mr/Kr; Ha
¢one 3 (NooP9oKgo) — cooTBeTcTBEHHO 7,5;
69,0; 246 mr/kr;-HapoHe 4 (N120P120K120) -
cooTBeTcTBeHHO 7,8; 70,0; 253 Mr/Kr.

JlerkoruZipo/iM3yeMblil a30T B I04YBe
SIBJISIETCSl OJHOW K3 HauboJiee JOCTYNHBIX
$bopM oOpraHuveckoro asoTa, KOTOPYIO
caxapHasi CBeKJla aKTHBHO HCIOJIb3yeT
Ansi GOpMUPOBaHUsI KOPHEBOW CHUCTEMBI,
JIUCTOBOr0 ammapata M HaKOIJIeHUs
caxapa. OH CIAYKUT UCTOYHHUKOM MUTAHUSA
Ha paHHUX CTaJUAX POCTa M HANPSAMYIO
BJUSIET HAa YPOXKAHHOCTbL M KadyecTBO
KopHerionoB. CoiepikaHUe JIETKOTHUJPO-
JIU3yeMOro as3oTa 10 BapUaHTaM OMbITa
nepeJ; y60pkoi ypoxkas ObLJIO Ha OJZHOM
ypoBHe 7,5-7,8 MI'/KI 10YBbl HE3ABUCHUMO
OT /103 MPUMEeHEHUs a30THBIX YAOOpeHUH
(Tabauua 1).

[MogBwxHbI  docdop HeobxoAUM
A5 GOpMUPOBAaHUSI KOPHEBOM CHCTEMBI
CaXapHOU CBeKJibl, HAKOIJIEHUsI caxapa B
KOPHEIJIOAAX U aKTUBHOTO (OTOCHMHTE3A.
Copeprkanue nmoAaBmKHOro pocdopa nepen,
yOOPKOHN CaxapHOM CBEKJIbI Ha KOHTPOJIb-
HOM BapuaHTe yMmeHbliaeTca oT 80,0 mo
60,0 mr/kr. Ha BapuaHTax 2-4 ¢ mnpume-

HeHHeM aMModoca B f03ax oT 60 10120 kr
HabJl0ZlaeTcs TOBbILIEHWE COJepKaHHUs
noasmxkHoro ¢pocdopa Ha 8,2-10,0 Mr/kr
NOYBbl 10 CPaBHEHUID C KOHTPOJIbHBIM
BapUaHTOM.

O6MeHHBIH KaJIMH Heo0XOAUM JJid
JJIl  peryJMpoBaHUsl BOJHOTO pPeXHMa,
CHUHTe3a caxapoB M KpaxMaJla, HOBbILIEHUS
YCTOMYMBOCTH K cTpeccaM U popMupoBa-
HUA ypoxKad KopHenyaooB. Ha BapuanTe 1
6e3 mNpuUMeHEHUs] MUHepasbHBIX Y[ 00-
peHull cojep)xaHWe OOMEHHOTO KaJsus
coctaBJjisieT 217 Mr/Kr nouBbl. [IpuMeHe-
HUEe KaJUUHBIX yAo6peHu Keo-120 Ha
BapHaHTaxX 2-4 TMOBBIIAET COZAEpKaHUe
KaJiis Ha 27-36 MI'/KI OYBHI.

['yctoTa pacTeHMd B cpefjHEM IO
ONBITYy C TpUMEHeHHWeM yA06peHui
MaTOYHOM CBEeKJIbl COCTaBWJA K yOOpKe
233,0 TrIC./Ta, B TOM 4ncie Ha poHe 1 (6e3
yaobpenui) - 144 Twic./ra, Ha QoHe 2
(NsoPsoKso) - 221,3 TbICc./Ta, Ha ¢doHe 3
(N9oP9oKoo) - 230,8 Tbic./ra, Ha ¢oHe 4
(N120P120K120) - 2359 ThIC./Ta. Ypoxkan-
HOCTb MaTOYHOH CBeKJIbl (KOpHeIJIOoAbl +
JINCTbS]) Ha ONBITHBIX BapHaHTax COCTa-
BuJia: Ha poHe 2 - 332,5 11/ra, HA poHe 3 -
365,8 1/ra, Ha ¢oHe 4 - 438,6 11/Ta, a HA
KoHTpoJe — 188,3 i/ra (Tabanna 2).

Tabauua 2 - YpokalHOCTb MAaTOYHOM CBEKJIbI MPH PasHBbIX [03aX MHUHEPAJbHOTO

MMAUTAHUA
YpoxallHOCTb, 11/Tra
I'ycToTa
Ne BCEro B TOM YUCJIE
BapuaHTBI TBIC.
n/m wr/ra KOPHEeMJIOoAbI+ KOPHEIJI0/[bl JINCThS
JINCThA (wrekauHru) | (60TBHI)
1 KonTposib 6e3 yno6peHus 144,0 188,3 27,9 160,4
2 NeoPsoKso 221,3 332,5 64,4 268,1
3 NooP9oKoo 230,8 365,8 77,9 2879
4 N120P120K120 2359 438,6 84,2 354,3
HCPos 11/ra 142,8
P % 43,1
[IpuMeHeHUe yno6peHUN crnoco6CcT- ONTHMAJIBHOIO — pa3Mepa  MOCAaAO0YHBIX

BOBaJIO HApPACTAHUKO MACCbl KOPHEIJIOAOB,
JIMCTOBOT'O allapaTd, HAKOIIJIEHHWI0 B HHX
CyXoro BeumecCTBa M Caxapa U MNOJY4Y€HHIO
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KOpPHEJIOAOB — IITEKJIMHIOB. OTMeuyeHa
TEeHAEeHOUA yBEJIWY€HUA MACCbl KOpPHe-
IJIOAOB U JIMCTOBOTrO almnapaTa B BapHAH-
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Tax C BHECEHHWEM MUHepaJbHbIX yj06pe-
Hui. Tak, Ipyu BHECEHUU OCHOBHOTO YA00-
peHus Ha GOHe 2, CpeAHsAS Macca KOpHe-
J1040B coctaBuiaa 31,4 r U yBeJIMYUJIach
Ha 19,4%, mMacca JIMCTbEB COCTaBMJIA
130,2 r nau Ha 18% Gosbuie. Ha ¢poHe 3
MoKa3aTeJd [0 KOPHEIJoAaM COCTaBUJIHU
37,2 t u 41,4% COOTBETCTBEHHO, IIO
auctbsiM - 134,7 r u 22,1%. Ha ¢one 4
cpefHsA Macca KOPHEIUIOAOB JOCTHUIJIA
34,3 1, a aucTtbeB — 142,3 T, YTO COOTBET-
ctBeHHo Ha 30,4 u 29% O6oJblie IO
OTHOIIEHUI0 K KOHTPOJIbHOMY BapHaHTY
6e3 ynobpeHus, re cpefHsisi Macca Kop-
HenJoZoB 6b1ia 26,3 1, iuctbeB —110,3 1.
Pe3ysbTaThl ompejesieHUs1 BBIHOCA
pacTeHHUsIMU MAaTOYHOU CBEKJIbI MUTATE/b-
HbIX 3JIEMEHTOB U3 IOYBbI IOKA3aJIH, YTO C
yBeJIMUeHUEeM NMPUMEHSEMbIX HOPM YZ00-
penuil BeiHoc NPK noBeiasics u 3aBucen
OT YPO>KallHOCTU MaTOYHbIX IOCEBOB.
BelHOC mOUTaTeNbHBLIX BeIECTB U3
NOYBbl Ha E€JUHUIY YpoXKass KOPHEIJO-
JaMH MaTOYHOH CBEeKJIbl JIETHEro IoceBa

Ha BapuaHTaX C BHeCeHHWeM YJ00peHUH,
6bL1 Bbllle Ha3-5% 1o a3oTy, Ha 2-4% no
KaJIMI0 ¥ 6e3 CyLleCTBEeHHbIX PAa3/IUYUH 110
docoopy. [lokazaTesn HAXOAUIUCH B Tpe-
nenax: 3,08-3,3 kr/T a3ota, 0,69-0,73 kr/T
docdopa, 2,96-3,35 kr/T kanus. BriHoC
MUTATEJNbHBIX BELECTB U3 MOYBbI JUCTbS-
MU MAaTOYHOW CBEKJIbI ObLJI 3HAYUTEJTBHO
Bbille. B BapraHTax ¢ OCHOBHBIM yzn06pe-
HueM Ha poHe 2 (NeoPsoKso) BhIHOC a30Ta
cocraBua 5,2 kr/1, ¢pocdopa - 0,68 Kr/T,
kasus - 3,95 kr/T; Ha ¢poHe 3 (NooPooKoo)
COOTBETCTBEHHO - 5,62, 0,75; 4,24 kr/T, Ha
done 4 (N120P120K120) - 5,35; 0,74; 4,4 xr/T,
a Ha ¢oHe 1 (KOHTpOJIb 6€3 y06peHUs) —
5,01; 0,72 u 3,57 kr/T. To ecTb, C yBeJu-
YeHUeM /103 BHECEHHUs yJ0OpeHHUs1 BbIHOC
MUTATEJNbHBIX BeIleCTB W3 MOYBBI MOBBI-
maJics: a3ora - Ha 6-9%, pocdopa - Ha 5-
8%, kanus — Ha 5-9% (Tabsuna 3).

Haunbosblini BBIHOC MUTATEJbHBIX
BEIeCTB U3 TIOYBbl HAOJIOAAJICS MpHU
BHECEHUH IOBbIIIEHHBIX HOPM OCHOBHOTO
Y IIPe/INOCEBHOTO Y106 pEHMUsI.

Ta6bsmua 3 - BeiHoc NPK u3 mouBbl ypoXkaeM pacTeHUH MaTO4YHOM CBEKJbI B
3aBHCHMOCTH OT [J03bl BHECEHUSI MUHEPa/IbHBIX y00peHUH, KT/ T

Ne Bcero kopHem1o4bl ¢ | BbolHOC KOpHemsioAaMu - |  BbIHOC JIMCTBSAMU
n/_n BapuaHThbI JINCTbSIMHU IITEeKJIUHTaMHU (6oTBa)
N P05 K20 N P20s K20 N P,0s | K20
KoHTposb
1 6e3 7,71 1,42 6,87 2,7 0,7 3,3 5011 0,72 | 3,57
yAobpeHUs
2 NeoPsoKso 8,4 1,4 7,3 3,2 0,72 3,35 520 | 0,68 | 3,95
3 NooP9oKoo 8,7 1,48 | 7,42 | 3,08 | 0,73 3,18 562 | 0,75 | 4,24
4 N120P120K120 | 8,65 1,43 | 7,36 | 3,30 | 0,69 2,96 535 | 0,74 | 4,40
HCPos kr/T 0,2 0,1 0,56
P % 4,6 7 7,8
TakuM 06pa3oM, B MOrogHbIx yciao- 8,7 Kr/T asora, 1,48 kr/t docdopa,

BUaAX 2024 rojma BBIHOC MUTATEJNbHBIX
BEIIECTB U3 NOYBbI pACTEHUSIMU MaTOYHOU
CBeKJIbl (KOpHEMJOAbl + JIMCThbSI) COCTa-
BUJI: IPU BHECEHUH MaJIbIX [103 Y100 pEHUSs
Ha ¢oHe 2 (NeoPsoKeo) 8,4 kr/T asora,
1,4 xr/T docdopa, 7,3 kr/T kanaus. [Ipu
CpeJHUX HOpMax OCHOBHOTO yJ00peHUs
Ha ¢oHe 3 (NooP9oKoo) — cooTBeTCTBEHHO

7,42 xr/T kanus. [Ipy NoBbIlLIEHHBIX HOP-
MaX OCHOBHOTO yAo0peHHs Ha ¢oHe 4
(N120P120K120) - 8,65 kr/T asorta, 1,43 Kr/T
docdopa u 7,36 kr/T kanus. Ha pone 1
(koHTpOJIb 6€e3 yA06peHHsI) COOTBETCTBEH-
Ho, 7,71 kr/T a3ora, 1,42 kr/T docdopa,
7,36 Kr/T Kasusl.
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3AKJIOYEHHUE 22,1%. Ha done 4 cpegHssa macca Kop-
[lpuMeHeHMe aMMHAYHOH CeJUTPhI, HEIUIOAOB JocTUIA 34,3 I, a JIMCTbEB -
ammodoca u cyabdara kKaaua 6Gaaro- 142,3 1, yTo cooTBeTcTBeHHO Ha 30,4 U
NPUATHO BJMAET Ha NHIIEBOH pexuM 29% 60Jiblie 0 OTHOUIEHHIO K KOHTPOJIb-
I0YBbI, POCT, Pa3BUTHE W YpOXaWHOCTb HOMY BapuaHTy 6e3 ygo6peHus, Tr/e
caxapHOM cBek/bl. I[lpuMeHeHHMe aMMo- CpPeJHsASA Macca KOPHeIJIoJoB ObL1a 26,3 T,
doca noBeImIaeT cofepKaHue NOABHIKHOrO JMCTheB -110,3 .

docdopa Ha 8,2-10 wmr/kr, cyabdarta Pe3ysnbTaThl ompejiesieHUs1 BbIHOCA
KaJIusl — coZiep>kaHre 0OOMEHHOT0 Ka/IMs HA  PaCTEHUSIMHA MaTOYHOU CBEKJIbI MUTATE/b-
27-36 Mr/Kr. HbIX 3JIEMEHTOB U3 IMOYBbI IOKa3aJIy, YTO C

[lpuMeHeHMe yA06peHUi Croco6eT- YBEJIMYEeHHeM NMPUMEHsSEMbIX HOPM y/06-
BOBaJI0O HapaCTaHHUIO MacChl KOpHEIIoZoB, peHuid BbiHOC NPK  yBesnyuBaica u
YBEJIMYEHUI0 pasMepoB JMUCTOBOTO amma- 3aBUCeJ] OT YPOXKaWHOCTH MaTOYHbIX
paTa, HaKOIJIEHUIO B HUX CyXOro BellecTBa OCEBOB. BbIHOC MHUTaTe/IbHBIX BEILECTB U3
M caxapa M IMOJyYeHHI ONTMMaJbHOro IOYBbI PACTEHUAMH MaTOYHOH CBEKJbI
pasMepa IOCaZloYHBLIX KOPHEIUIOLOB - (KOPHEIJIOJbI+/IMCThS)COCTaBUI: IPH BHE-
IITEeKJAUHroB. OTMe4YeHa TeHJEHLUs yBe- CEHUHM MaJblX 03 yAo6peHHsa Ha poHe 2
JIM4eHHUs Macchl KopHemnooB U pasmepoB  (NeoPeoKeo) 8,4 kr/T asora, 1,4 kr/T ¢oc-
JIUCTOBOTO anmapata B BapuaHTax ¢ ¢opa, 7,3 kr/T Kanusd. [Ipu cpegHux HOp-
BHECEHHWEM MUHEpPaJbHbIX yAOOpEeHHMH. Max OCHOBHOro ypobpenus Ha ¢one 3
Tak, npu BHeceHUH ocHOBHOrO yno6penuss  (NooP9oKoo) cooTBercTBeHHO - 8,7 Kr/T
Ha ¢oHe 2 cpejHsAs Macca KopHeruiogoB asora, 1,48 kr/t ¢docdopa, 7,42 Kr/T Ka-
coctaBusa 31,4 r u yBeauyusacb Ha Jikd. [Ipy MOBBIMIEHHBIX HOPMaX OCHOBHO-
19,4%, macca yuctbeB - 130,2 r uau Ha Tro ypob6penus Ha ¢oHe 4 (Ni20P120K120) -
18% 6o.bine. Ha ¢pone 3 nokasaresu mo 8,65 kr/t asora, 1,43 kr/t ¢dochopa u
KOpHeIiofaM 6blaa paBHa 37,2 T u 41,4% 7,36 Kr/T Kajus.

COOTBETCTBEHHO, MO JIMCTbSIM — 134,7 r 1

®VHAHCHPOBAHUE

HUccneoBaHus BBINIOJIHEHBI B paMKax 6wo/keTHOH nporpammel 267 MCX PK, HUP
no teme HMPH BR22885311 «Co3jaHHe BBICOKONPOAYKTHUBHBIX COPTOB/THOPUOB
TEXHUYECKUX KYJbTYpP C HCIIO0Jb30BaHUMEM KJACCUYECKOW CeJIeKUHUU U JOCTHXKEeHUH
OUMOTEXHOJIOTUH, pa3paboOTKa COPTOBOM TEXHOJIOTMM M OpraHU3anys MepBUYHOTO
CEMEeHOBO/CTBa.
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K. KonnicbekoB!*, JI.K. Tabrin6aeBal, C.C. Kaiuepa?
ThIHAWUTKBILITAP/IbIH OPTYP/II J03AJIAPBIHBIH KA3SAKCTAHHbBIH

OHTYCTIK-IIBIFbICEI XKAFIAUBIH/IA YKA3FbI ETICTIKTEI'T AHAJIBIK KbI3bI/IIIAHBIH,
OHIMAIJIITTHE 9CEPI

1«Kaszak e2iHWIiNIK JcaHe 6CIMOIK WAPYAUWbLIbIFbI FbLALIMU-3epmmey UHCMUMymaul»
JKUIC, 040909, Aamambl 06abichl, Kapacail aydaHbl, Aamanvi6ak aybslibl,

Epaenecos keweci, 1, KazakcmaH, *e-mail: kerimtay58@mail.ru.
2F30 «AzpousceHepusi», 050005, Aamamel, Paiivimbek danrbivbl, 312, Kazakcmar

KaHT KbI3bLIIIACH Ka3ipri yaKbITTa eH KONl TabbiC 9KeJeTiH JaKblIJapFa »KaTajpl, 6ipak
93ipre OHBbIH, OHIMJiNIri »Kofapbl JAeHreWae eMec. AHaJ/bIK KbI3bLILIAHBIH, TaMbIpJapbIHbIH,
’)KOFapbl OHIMJJIriH any yumiH ru6puaTi Taggan KaHa KOWMal, aybLIIIapyallblIbIK TEXHO-
JIOTUSICBIH CaKTay KepeK, COHbIMEH KaTap ThIHAWTKBILITApAbl KOJAAHY/[bIH OHTaiJbl HOpMa-
JIapbIH GeJirijiey KaxeT. 94e6u AepeKTepAi TalZay ThIHAWTKBIIITAPAbl KOJJaHY KbI3bLIILIAHbIH
aHaJIBIK TaMbIp JaKbLIJapblHbIH oHiMAiNIriH 30-40% - fa apTTblpaThIiHbIH KepceTeni. OcblFaH
6alJIaHbICTBl, TYKbIM 6cipy mnpoleciHe TYKbIM ecipyAiH KapKblHAbl dJicTepiH eHrisyre
Heri3Jle/ireH KaHT KbI3bLJIIIAChIH KOFaphbl callajbl TYKbIMJBIK MaTepHhaJMeH KaMTaMachbl3 eTy
KbI3bLJIIIA KAHT Killli KelleHiHiH JaMyblH aHBIKTAaHTBIH MaHbI3Jbl MiHJET GOJIBIN TaObLIA/bI.
3epTTey HOTHXKeJiepi MHUHepaa[bl ThIHAWUTKBIIITAPAbIH, aHaJbIK KbI3bLIIIA 6CIMJIKTEpiHE,
0JIapAbIH 6cyl MeH AaMyblHa OH, acepiH kepceTTi. ToneipaKTtad NPK miblirapyfbly, MUHepaaAbl
TBIHAUTKBIIITAP/bl KOJIJaHY HOpMajapbl MeH /[03ajlapblHa, HeTisri KOpeKTiK 3aTTap/blH
apakaTblHACbl MeH [JaKblLIJap/blH 6HiMJAidiriHe Tayenfiniri aHblKTanzbl. ThIHAWUTKBILITAPAbI
KOJIZJaHy >KaFJalbIH/Ja Ka3Fbl aHaJbIK KbI3bLJILIAHBIH TaMblp AaKbL1JapbiHblH NPK mbiFapy
KepceTKilTepi 6aKblIayFa KapaFaHAa KOFapbl 60461 a30T - 3-5%, kanui - 2-4%, an pocdop
OOUWBIHIIA aWTapJBIKTAl aWbIpMalIbLIbIK OalKasMajbl. JKambIpakKTap apKbLIbl aHAJIbIK
KpI3blIaHblH, NPK mibiFapy kesiemi efjayip »ofapbl G0JIbII, THIHAUTKBILI MeJIIIEPiHiH apTybIHa
calikec ocTi: a30T - 6-9%, pocdop - 5-8%, kanuit - 5-9%.

Tyiiindi ce3dep: aHaAMBIK KbI3bLILIA, TYKbIMABIK eciMiiktep, MC mimini, MC ru6pugi,
MUHepaJJbl KOPEKTeHipY, TBIHAUTKBIL 03a/1aphl, KOPEKTIK 3aTTapAbl LWbIFapy, TOMbIPAKTaFbI
NPK KypaMmbl, 6HIMiiK.
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SUMMARY

K. Konysbekov!*, L.K. Tabynbayeva?, S.S. Kalieva2

THE EFFECT OF DIFFERENT DOSES OF FERTILIZERS ON THE PRODUCTIVITY OF ROYAL
BEETS OF SUMMER SOWING IN THE CONDITIONS OF THE SOUTH-EAST

OF KAZAKHSTAN
ILLP «Kazakh Research Institute of Agriculture and Plant Growing»,

040909, Almaty region, Karasai district, Almalybak village, Erlepesov str., 1,
Kazakhstan, *e-mail: kerimtay58@mail.ru

2SPCAE «Agroengineering», 050005, Rayymbek ave., 312, Almaty, Kazakhstan

Sugar beet is one of the crops that currently generates the most income, but so far its yield
is not at a high level. To obtain a high yield of royal beet roots, it is necessary not only to choose a
hybrid, observe agricultural techniques, but also to establish optimal fertilizer application rates.
An analysis of the literature data shows that the use of fertilizers increases the yield of royal beet
root crops by 30-40%. In this regard, ensuring the production of sugar beet with high-quality seed
material, based on the introduction of intensive seed cultivation techniques into the seed
production process, is an important task that determines the development of the beet sugar
subcomplex. The research results have shown the positive effect of mineral fertilizers on royal
beet plants, on their growth and development. The dependences of NPK removal from the soil on
the norms and doses of mineral fertilizers, the ratio of basic nutrients and crop yields were
revealed. In the case of the use of fertilizers, the indicators of NPK release of root crops of summer
mother beets were higher than in control ones: nitrogen - 3-5%, potassium - 2-4%, and no signifi-
cant difference in phosphorus was observed. The volume of NPK release of Mother beets through
the leaves was significantly higher and increased in accordance with the increase in the amount of
fertilizer: nitrogen - 6-9%, phosphorus - 5-8%, potassium - 5-9 %.

Keywords: uterine beet, seed plants, MS form, MS hybrid, mineral nutrition, fertilizer doses,
nutrient removal, soil NPK content, yield.
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Yu.V. Tulayev’, S.V. Somova?, S.A. Tulkubayeva?*, A.B. Abuova?, Zh.0. Oshakbayeva*,
Elmira Saljnikov®
STUDY OF THE SOIL WATER AND NUTRIENT REGIME IN THE CULTIVATION OF
SPRING WHEAT USING CONSERVATION TECHNOLOGY IN A GRAIN-FALLOW CROP
ROTATION ON SOUTHERN CHERNOZEMS OF THE KOSTANAY REGION

1“A.1. Barayev Research and Production Center for Grain Farming” LLP,
021600, Akmola Region, Nauchny Settlement, A. Barayev St., 15, Kazakhstan

LLP “Agricultural Experimental Station ‘Zarechnoye,” 111108, Kostanay Region,
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3“International Engineering and Technological University” LLP,
050060, Almaty, Al-Farabi Ave., 89/21, Kazakhstan
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Abstract. The studies were conducted on the experimental plots of “AES “Zarechnoye” LLP,
located near the village of Zarechnoye. The study area has a long history of agricultural use, and
since 2001 a conservation farming system based on No-till technology has been implemented
here. Since 2023, within the framework of the research, a field experiment with a 4-field grain-
fallow crop rotation has been established: herbicide fallow - wheat - wheat - wheat. No-till
technology is applied. The crop used is spring wheat of the Omskaya 18 variety. In 2024, the
highest grain yield was recorded on plots used for sowing the first crop after herbicide fallow in
the grain crop rotation - 27.47 c/ha. Analysis of the grain crop rotation showed that spring wheat
grown as the first crop after fallow was classified as second quality class. Wheat grown as the
second and third crops after fallow was classified as third quality class due to lower gluten
indicators.

Keywords: conservation farming, spring wheat, soil moisture, nitrate nitrogen, available
phosphorus, yield, grain quality.

INTRODUCTION ronmental management and increase the
Wheat, as a grain crop, plays a key efficiency of crop production [3].
role in the economy of many countries of Modern farming practices demons-

the world. Kazakhstan occupies a signifi- trate the possibility of increasing the pro-
cant place in the international wheat ductivity and quality of spring wheat even
market as an exporter. This crop is the in difficult weather conditions [4]. The
basis of the country's food security [1]. In choice of predecessor plays an important
the scientific community, there is a growing role in increasing the yield of spring wheat
understanding that climate change has a and the overall productivity of crop rota-
significant impact on the yield and quality tion [5]. In modern conditions, when
of agricultural products. Research on the resources in the agricultural sector are
consequences of climate change should pay limited, the use of ecological-biological
special attention to studying the impact of methods becomes a key factor in main-
extreme weather events oncrop growth [2]. taining soil fertility and ensuring stable
Only a detailed study of plant responses to high yields [6-10].

cyclic climate fluctuations will make it pos- Weather conditions, especially du-
sible to develop rational systems of envi- ring the growing season, have a significant
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impact on crop productivity. Climate chan-
ge is characterized by increased aridity
(decrease in precipitation and increase in
average daily temperature), while most
precipitation falls in the cold period of the
year [11, 12]. This requires the revision
and development of new cultivation
technologies for agricultural crops adapted
to specific regional conditions [13-15].

Changes in temperature regime and
precipitation lead to transformation of the
structure of biogeocenoses and the appea-
rance of pests, weeds, and diseases atypical
for the given region [16]. To minimize the
negative impact of climate change, it is
necessary to use rational crop rotations,
recommended agronomic technologies of
crop cultivation and soil treatment. In addi-
tion, it is required to study the soil water
and nutrient regimes depending on prede-
cessors and their influence on the effi-
ciency of spring wheat cultivation [17, 18].

The novelty lies in the fact that under
the conditions of the Kostanay region, the
soil water and nutrient regimes were
studied in a grain-fallow crop rotation with
spring wheat cultivated using conservation
technology, and an analysis of their
interrelation with yield and grain quality of
spring wheat depending on its position in
the crop rotation was made. The objective
of the study: determination of the most
effective variant of placement of spring
wheat in a grain-fallow crop rotation
cultivated using conservation technology
under the conditions of the Kostanay
region, taking into account the soil water
and nutrient regime and crop productivity.

MATERIALS AND METHODS

The studies were conducted on the
experimental plots of “AES “Zarechnoye”
LLP, located near the village of Zarechnoye.
These plots are characterized by a gently
sloping plain representing the upper
floodplain terrace of the right bank of the
Tobol River. The soil cover was formed by
Quaternary alluvial deposits, including san-
dy loams, sands, clayey sands, loams, and
clays. The study area has a long history of
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agricultural use, and since 2001 a conser-
vation farming system based on No-till
technology has been implemented here.

Sowing was carried out by speciali-
zed seeders with anchor-type openers and
the FreeSelect precision metering system.
Since 2023, within the framework of the
research, a field experiment with a 4-field
grain-fallow crop rotation has been estab-
lished: herbicide fallow - wheat - wheat -
wheat (GPS coordinates: 53.2177247,
63.7744477). No-till technology is applied.
The crop used is spring wheat of the
Omskaya 18 variety.

Agrometeorological data, including
average daily air temperature, sum of
effective temperatures, and precipitation
during the growing season, were obtained
from the Kostanay agrometeorological
station (RSE “Kazhydromet”).

Determination of productive mois-
ture reserves in the one-meter soil layer
was carried out layer bylayer (every 10 cm)
before sowing, according to the methodo-
logy described by Vorobyev S.A. et al. [19].

Analysis of nitrate nitrogen (N-NO3)
and available phosphorus (P05 according
to Chirikov) was performed in soil layers of
0-20 and 20-40 cm before sowing, with
georeferencing. To assess yield, productivi-
ty and structure of plant biomass, sheaf
sampling was carried out in two replica-
tions. During yield accounting, grain sam-
ples were taken to analyze its moisture,
contamination, 1000-seed weight, and nut-
ritional value. Statistical data processing
was carried out according to the metho-
dology of B.A. Dospekhov with a signifi-
cance level of 5% (LSDy.qg5)-

RESULTS AND DISCUSSION

The climate in the research region is
characterized as sharply continental with
pronounced temperature contrasts. Win-
ters are cold and with little snow, and
summers are hot and dry. A distinctive
feature of the climate of this zone is the
duration of spring frosts and the early
onset of cold weather in autumn, which



Arpoxummus

IlouBoBeAeHMe u arpoxumus, Ne2(74), 2026

distinguishes it from other arid territories
such as the Volga region.

High solar radiation, significant daily
temperature fluctuations, low air humidity,
clear weather and frequent winds contri-
bute to intensive evaporation of moisture,
exceeding the amount of atmospheric
precipitation by 2-5 times. Especially criti-
cal in terms of aridity is the period from
the end of May to mid-June, when spring
grain crops are in the tillering and stem
elongation phases. During this period,
plants are forced to use limited moisture
reserves accumulated in the soil over the

winter. It should be noted that all climatic
factors demonstrate significant interannual
variability both in intensity and in timing
of manifestation.

Long-term observations show the
average annual precipitation in the area of
the experiments to be 340 mm. At the same
time, 71.2% of the total precipitation falls
in the warm period (April-October), and
most of it falls in the second half of
summer. In 2024, the total precipitation for
the period from October to September
amounted to 478.2 mm, which exceeds the
annual norm by 40% (table 1).

Table 1 - Distribution of precipitation by periods of the year in comparison with the long-

term norm
Total precipitation, mm
Year total for the year cold period warm period during vegetation
(October-September) | (November-March) | (April-October) (May-August)
Long-term 340.0 98.0 242.0 162.0
norm
2024 478.2 163.4 260.1 209.3

Research of the water regime of
sown areas during the 2024 growing
season demonstrates the following trends.
In May, a reduced amount of precipitation
was observed (83.9% of the long-term
norm), amounting to 30.2 mm. In combi-
nation with lower than usual air tempe-
ratures, this created favorable conditions
for conducting the sowing campaign and
formation of sufficient soil moisture
reserves. In June, starting from the end of
the first decade and continuing until the
third decade, significant precipitation
occurred, exceeding the long-term norm by
48%. This contributed to intensive growth
of cultivated plants at the initial stage of
development. However, warm weather
conditions in June and night dew created a
favorable environment for the develop-
ment of certain diseases.

Analysis of the relationship between
grain crop yield and the amount and
distribution of precipitation showed that
in the northern region of Kazakhstan, yield

level (among other factors) is determined
by the amount of precipitation that fell in
June-July. Grain quality, in turn, depends on
the amount of precipitation and air
temperature in August-September. Thus,
sufficient precipitation in June-July contri-
butes to increased grain yield, and a smal-
ler amount of precipitation and higher
temperature at the end of the ripening and
harvesting period improve technological
grain qualities (figure 1).

In the reporting period, the average
daily air temperature demonstrated
significant fluctuations. In April, an excess
of the long-term average by 4.7°C was
observed, and in June - by 2.1°C. In subse-
quent months, the temperature regime
turned out to be somewhat lower than
long-term values, which led to slowing of
vegetation processes of agricultural crops
(figure 2).

Monitoring of precipitation indicates
favorable hydrological conditions during
the period of yield formation and matura-
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tion, since the amount of precipitation
exceeded the long-term average norm by
29.2%. However, abundant precipitation in
August negatively affected quality indi-
cators of grain crops sown at early dates.
Warm weather and increased humidity in
the second half of summer contributed to
widespread rust in the region. As a result of
this epiphytotic outbreak, grain crops that
did not undergo timely fungicide treatment
demonstrated a significant decrease in
quality indicators and yield.

In the arid steppe conditions of
Northern Kazakhstan, a key factor of suc-
cessful farming is sufficient soil moisture
throughout the growing season. Annual pre-
cipitation is distributed unevenly: 82 mm
in autumn, 46.0 mm in winter, and 70 mm
in spring, which in total amounts to 62% of
the total norm. Only 156 mm of precipi-
tation falls during the period of active plant
growth, while more than 300 mm is
required for optimal development of spring
wheat.
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Figure 2 - Distribution of temperature by months, 2024

Thus, atmospheric precipitation du-
ring the growing season provides only half
of the necessary moisture for spring wheat.
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This dictates the need for more effective
accumulation of moisture in the soil in
other seasons of the year and development
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of methods for its preservation and
rational use in all fields of the crop
rotation. One of the ways to improve
moisture supply of wheat is the choice of
optimal predecessors. Numerous studies
confirm that under moisture deficit
conditions, the best predecessor for grain
crops is fallow field. The significance of
fallow field in combating drought and
increasing yield is determined primarily by
the creation of a favorable soil water
regime for subsequent crops. This is
confirmed by results of scientific studies
conducted both in our country and in other
republics of the former USSR.

Winter precipitation plays a special
role in soil moisture accumulation. Studies
conducted at the Kostanay Research
Institute of Agriculture showed that during
winter (1972-1981), on average 79.6 mm
of precipitation falls, which constitutes
more than a quarter of the annual norm.
Taking into account spring precipitation,
this amount reaches 103.4 mm (33.5% of
the annual average). Preservation of such a
volume of moisture could significantly
improve moisture supply of field crops and
increase their yield. Accumulation of
autumn-winter precipitation in the soil
depends on its initial moisture before
winter, intensity of snowmelt, rate of
meltwater infiltration and other factors. It
is important to understand what part of

this precipitation is preserved by the time
of sowing and whether the volume of soil
moisture depends on the type of crop
rotation and predecessors.

We observed the nature of moisture
accumulation from winter-spring precipi-
tation in all studied fields. Analysis of
precipitation assimilation by seasons of the
year showed that, despite certain features
of this process in different crop rotation
fields, precipitation is far from fully
assimilated. As a rule, two-thirds of fallen
precipitation are lost and do not contribute
to production of plant products. Increasing
the share of effectively used precipitation
would allow significant increase in crop
yield and fuller realization of the natural-
climatic potential of the region. In this
context, more complete use of plant resi-
dues after harvesting to form a mulching
layer on the soil surface is of considerable
interest. Numerous studies confirm that
chopped straw positively affects the soil’s
ability to retain moisture and allow air
passage. Data obtained by the Kostanay
Research Institute of Agriculture during
2002-2011 also indicate the benefit of
mulch from chopped straw for moisture
accumulation in fallow when refusing
traditional soil treatment.

Figure 3 presents the actual soil
moisture reserves before sowing in various
fields of the grain-fallow crop rotation.

Soil moisture availability

152
131
116
Herbicide Tst crop 2nd crop 3rd crop
fallow after fallow after fallow  after fallow

Figure 3 - Productive moisture reserves before sowing in the grain-fallow crop rotation,
2024
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During the sowing campaign of 2024,
the best moisture supply level in the grain-
fallow crop rotation, which we used as the
control variant, was observed in the first
crop after fallow - 152 mm. At the same
time, productive moisture reserves in her-
bicide fallow at the beginning of the fallow
period amounted to 85 mm. Quite good
moisture reserves before sowing were also
observed in the second and third wheat
after fallow - 131 mm and 116 mm,
respectively. It should be noted that

favorable weather conditions of May and of
2024 as a whole contributed to good plant
development. However, significant diffi-
culties arose with effective plant protection
from diseases and weed control. To assess
the initial soil condition in terms of main
mineral nutrients, in spring before sowing
we analyzed the content of nitrate nitrogen
(N-NO3), available phosphorus (P,05) and
exchange potassium (K,0) in the 0-40 cm
layer. The results of analyses for 2024 are
presented in table 2.

Table 2 - Content of main nutrients in the 0-40 cm soil layer before sowing by fields of

the grain-fallow crop rotation, 2024

Crop rotation field Soil layer, cm N-NO, Content, mg/kg of soil P,0,
0-20 9.2 22
Herbicide fallow 20-40 9.7 20
0-40 9.5 21
0-20 17.4 62
1st wheat after fallow 20-40 17.8 40
0-40 17.6 51
0-20 10.5 37
2nd wheat after fallow 20-40 7.8 10
0-40 14.4 23
0-20 9.1 26
3rd wheat after fallow 20-40 4.9 13
0-40 7.0 19

If we take into account that the
optimal nitrate nitrogen content is at least
10-15 mg/kg, then according to 2024 data,
the soil before sowing of the third crop of
the grain-fallow crop rotation had low
nitrate content - only 7.0 mg/kg (in the 0-
40 cm layer). On the contrary, the nitrate
nitrogen content inthe first crop was high -
17.6 mg/kg (in the 0-40 cm layer). The
lowest nitrate nitrogen content (9.5 mg/kg
in the 0-40 cm layer) was recorded in
herbicide fallow. This is explained by the
fact that the third crop in 2023 actively
consumed nitrate nitrogen.

The content of available phosphorus
in these fields was at medium and elevated
levels. The main objectives of our research
consist in further reduction of non-
recoverable energy costs, increase of yield,
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more complete use of plant residues and,
as a consequence, accumulation of organic
matter in the upper soil layer. The result of
work in this direction is the previously
developed resource-saving technology
based on No-till technology by “AES “Za-
rechnoye’ LLP. Currently, we are develo-
ping a complex of conservation farming
practices, which includes, in addition to
crop diversification, optimization of plant
nutrition. This will allow increasing
economic efficiency.

The three-year research period star-
ted in 2024 is conducted on the basis of a
stationary experiment founded in 2001.
This long-term experiment has significant
scientific potential for evaluating the effec-
tiveness of conservation farming techno-
logies (table 3).
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Table 3 - Yield of spring wheat in grain-fallow crop rotation, 2024

Crop rotation field Wheat grain yield, c/ha
1 2 3 Average
1st wheat after fallow 26.97 26.55 28.89 27.47
2nd wheat after fallow 13.67 14.29 13.00 13.65
3rd wheat after fallow 13.24 12.00 14.53 13.23

LSD0.05 = 251

Analysis of yield for 2024 revealed
that the most productive were plots where
the first crop was grown after fallow within
the grain-fallow crop rotation, showing a
yield of 27.47 c/ha. On the contrary, the
second crop after fallow demonstrated a
significant decrease in yield. This is due to
more intensive soil drying and nutrient

consumption by the first crop, which is
associated with its better development,
including the root system. As a result, the
water regime for the second crop in 2024
turned out to be less favorable. Naturally,
these yield fluctuations affected the quality
characteristics ofthe studied crops (table 4).

Table 4 - Indicators of wheat grain quality in grain-fallow crop rotation, 2024

Crop rotation field Protein, % Gluten, % Test weight, g/L Quality class
1st wheat after fallow 15.4 27.5 783 I1
2nd wheat after fallow 14.8 26.3 771 111
3rd wheat after fallow 14.5 25.8 776 111

In the grain-fallow crop rotation,
spring wheat grown as the first crop after
fallow was classified as grain of second
class. Wheat obtained as the second and
third crops after fallow was classified as
third class, with reduced gluten content
indicators.

CONCLUSION

During the sowing campaign of 2024,
the best moisture supply level in the grain-
fallow crop rotation, which we used as the
control variant, was observed in the first
crop after fallow - 152 mm. At the same
time, productive moisture reserves in
herbicide fallow at the beginning of the
fallow period amounted to 85 mm. Quite
good moisture reserves before sowing
were also observed in the second and third
wheat after fallow - 131 mm and 116 mm,
respectively.

If we take into account that the
optimal nitrate nitrogen content is at least
10-15 mg/kg, then according to 2024 data,
the soil before sowing of the third crop of
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the grain-fallow crop rotation had low
nitrate content - only 7.0 mg/kg (in the 0-
40 cm layer). On the contrary, the nitrate
nitrogen content inthe first crop was high -
17.6 mg/kg (in the 0-40 cm layer). The
lowest nitrate nitrogen content (9.5 mg/kg
in the 0-40 cm layer) was recorded in
herbicide fallow. This is explained by the
fact that the third crop in 2023 actively
consumed nitrate nitrogen.

In 2024, the highest yield of grain
crops was recorded in plots used for
sowing the first crop after herbicide fallow
in the grain crop rotation - 27.47 c/ha.
Analysis of the grain crop rotation showed
that spring wheat grown as the first crop
after fallow was classified as second
quality class. Wheat grown as the second
and third crops after fallow was classified
as third quality class due to lower gluten
indicators.

Thus, when cultivating exclusively
cereal crops in a crop rotation (mono-
culture), the fallow field remains a neces-
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sary predecessor for the regions of risky and has a positive impact on the economics
farming in Northern Kazakhstan. It should of production.
be noted that in a cereal-fallow crop The influence of predecessors and
rotation with monoculture, there is an cultivation technology on yield and grain
irrational use of reserves of productive soil quality of spring wheat studied in the
moisture and nutrients, a decrease in yield, southern forest-steppe of the Omsk Region
and a decline in its quality indicators. in a stationary experiment of the Resource-
According to the results of our Saving Technology Laboratory of the Sibe-
research, for the successful cultivation of rian Research Institute of Agriculture in
spring wheat under conservation agricul- meadow chernozem soils in the 2005-2016
ture, in the absence of the possibility of timeframe. Repeated sowing of spring
including leguminous and oilseed crops in wheat to the third wheat after bare fallow
the rotation, it is recommended to incor- and lower intensity of tillage from combi-
porate a herbicide fallow field. Under the ned to minimum-zero, depending on the
conditions of Northern Kazakhstan, herbi- forecrop, leads to decreased in crop pro-
cide fallow serves as a stabilizing element ductivity by 33.4% and 5.3-19.2%, respec-
of the crop rotation, providing the subse- tively. As the crop moves from the bare
quent spring wheat field with readily fallow, gluten content in the grain decrea-
available nutrients and moisture, which ses by an average of 3.3% in repeated
ensures high-quality yields in certain years spring wheat sowings [20].
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KOCTAHAH OBJIbICBIHBIH, OHTYCTIK KAPA TOTBIPAKTAPBIH/IA ZIOH/II
JIAKBUIJIAP/IBIH, AYBICTIAJIbI ETICTE CAKTAY TEXHOJIOTMSIChI BOKbIHIIA KA3/IbIK
BUJIAW/IbI OH/IEY KE3IH/IE TOTIBIPAKTBIH, CY )KOHE TAFAM/IBIK PEXKUMIH
3EPTTEY

1«A.H. Bapaes ambiHIaFbl ACMbIK WAPYAUBLABIFbI FbIALIMU-6HIIpICMIK 0pMAIbIFLLY
JKIIC, 021600, Akmoaa obavicel, Hayunwill kenmi, A. Bapaes keweci, 15, Kazakcman

2«3apeuHoe» ayulauapyaublasiFbl maxcipube cmanyusicot» KUIC,
111108, KocmaHatii obabicsi, 3apevHoe a., FO6uselinas keuleci, 12, Kazakcman,
*e-mail: tulkubaeva@mail.ru
3«XanvikapanvlK UH’CEHEPAIK-MexHO0102us1blK yHUgepcumemi» JKIIC,
050060,Aamamul, Oa-Papabu danFslibl, 89/21, KazakcmaH

4«M. [lyramos ambviHdarbl KocmaHatl uHiceHepaAiK-9KOHOMUKA/IbIK YHUBepcumemi»
KM, 110007, KocmaHatii, YepHuviwesckutl keweci, 59, Kazakcmax

S«benzpad yHusepcumemiHiy kencaaiel 3epmmeysiep UHCMUMymbl»,
11000, beazpad, KHeza Buwecaas keweci, 1, Cepbus

3epTTeysiep 3apedyHOoe aybUIbIHbIH, MaHbIHJAA OpHaJjacKaH «3apeuHoe» AIITC» KIIC
TOXipubesik ydyackesepiHze Kyprisingi. 3epTTeseTiH ayMaKTblH aybll LIApyallbLIbIFbIH
nalgasa”yablH y3aK Tapuxbl 6ap xkoHe 2001 k. 6acTan HeJAiK eHJeyre Heri3JeareH YHeEMaeEYy
eriHuiik xyneci edrizingi. 2023 k. 6acTtan 3epTTey 4 TaHANThI J9H/I JaKblIAapAblH ayblCIIalbl
ericiMeH JanajblK TaXipube XKyprisinji: repbULUATIK cypi xkep - bupai - 6ujail - 6ugai. Heagik
eHJley TEXHOJIOTUSACHl KoJiAaHbliaZbl. Jakbl1 peTiHze OMckast 18 cOpThIHBIH, ka3 blK OUAaNbI
KoJijaubliaibl. 2024 K. A9HAI JaKblIAap/blH €H »K0Fapbl 6HIM/IJIIT] J9H/I AaKblIAAapAbIH, ayblC-
naJibl ericinfieri repGUUUATIK Cypi »KepJileH KeHiH GipiHIIi JaKplI ery yIliH naijasaHblIaThIH
yJackesep/e Tipkeaai — 27,47 n/ra. JlaHAl JaKbLIJapAblH aybICIaJbI €TiCiH TaJay Cypi KepeH
KediHri OipiHuI Jakbl1 peTiHJe ecipijreH xka3JblK OWJAWJAbIH calaHbIH eKiHIIi KJacblHa
YKaTKbI3bLIFAHbIH KepceTTi. Cypi xepJieH KeliH ekiHIII »koHe YILUiHIII JaKbla peTiHAe ecipijreH
6uJiail aK ybI3/IbIH TOMEH JleHreliHe 6aiIaHbICThI YIIiHIII cana K/acblHa THECIi.

Tyliindi ce3dep: caKTay eriHILILJIIr, *a3[blK OWUJal, TOMbIPAK bLJIFAJ/bLIBIFbl, HUTPATThI
a30Thl, XKbLKbIMaJIbI Gocdop, eHIMALIIK, aCThIK canachl.
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PE3IOME
10.B. Tynaes?, C.B. ComoBa?, C.A. Tynbky6aeBa?*, A.b. A6yoBa3, ’K.0. Omak6aeBa®,
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U3YYEHWE BOAHOI'O U ITUIIEBOI'O PEXXMMA I10OYBbI ITPU BO3IEJIbIBAHHMH
APOBOU MIIEHKUIEI 1O CBEPETAIOIIEX TEXHOJIOTUHU B 3EPHOIIAPOBOM
CEBOOBOPOTE HA I0KHbIX YEPHO3EMAX KOCTAHAWCKOW OBJIACTHU

1TOO «Hay4Ho-npou3800CmMeEeHHbLIl YeHmMp 3epHO8020 X03ALicmeda UMeHU
A.HU. Bapaesa», 021600, AkmoauHckas o6aacmy, n. Hayuhustll, ya. A. bapaesa, 15,
Kasaxcmaw,
2T0O0 «Ceabckox0351UCMBEHHAs ONbIMHAS CMAHYUS «3apeuHoey,
111108, KocmaHatlickas obaacme, c. 3apeyHoe, ya. FO6usetinas, 12, Kazaxcmat,
*e-mail: tulkubaeva@mail.ru
3TOO «MescdyHapodHbIll UHHCEHEPHO-MEXHOI02UYECKUL yHUBepcUumemy,
050060, Aamamol, np. anb-Papabu, 89/21, Kazaxcmax
44y «KocmaHatickull UHM#CeHepHO-3KOHOMUYeCcKUull yHusepcumem um. M. [lyramosa,
110007, KocmaHati, ys. YepHbluwesckozo, 59, Kazaxcma
S«MHcmumym mHozonpoguabHbIx uccaedosarull beazpadckozo yHugepcumeman,
11000, beazpad, ya. KHesa Buwecaas, 1, Cepbus

HccnepoBanuss npoBoAuavMCch Ha onbITHbIXx ydacTkax TOO «CXOC «3apedHoe»,
pacnoJsioKeHHbIX B6JM3M . 3apedHoe. HcciefyemMass TEpPUTOPUST UMEET JJIUTENBHYI0 UCTOPHIO
CeJIbCKOX03SHCTBEHHOT'0 UCIOJIb30BaHusA, a ¢ 2001 r. 37ech BHeJ[peHa CHUCTeMa pecypcocbepe-
ralpouiero 3emJsejiesivsi, OCHOBaHHasgl Ha HyJieBoM o6paboTke mouBbl. C 2023 r. B paMKax
HccjeOBaHUA 3aJI0OXKEH MOJIEBOM OIBIT C 4-MOJIbHBIM 3€pHOIIapOBbIM CeB0060pOTOM: rep61/1-
L[H,ELHbIﬁ nap - HnieHulia - NeHWla - NIIeHWLa. HpHMEHHETCH HyJ/ieBass TE€XHOJIOTUA BO3[e-
JbIBaHUA. B KauecTBe KyJbTyphbl UCHOJb3yeTCAa gpoBasd nueHuna copta OMmckaa 18. B 2024 r.
HauboJiblIasg ypO)KaﬁHOCTb 3EpPHOBBIX KYJIbBTYD 6bl1a Ba(l)I/IKCI/IpOBaHa Ha y4YaCTKaX, HUCIIOJIb-
3yeMBbIX JJISl TI0CEeBA MEPBOU KYJbTYpPHI MOC/Ie TepOUITUTHOTO Tapa B 3epHOBOM CEBOOOOpOTE -
27,47 n/ra. AHa/M3 3epHOBOro0 CeBOO6GOpPOTA MOKa3aJ, YTO SpoBasi MUIEHUI]A, BbIpalljiBaeMasi B
KadyecTBe HepBOfI KyJIbTYypbl IIOCJ/€ Iapa, 6blJIa OTHeceHa KO BTOPOMY KJIaCCy Ka4iecCTBa.
HLLIEHI/II_IH, BbIpallliBaeMasd B Ka4eCTBe BTOpOﬁ u TpETbeffi KyJIbTYyphbI ITOCJI€ ITapa, OblJIa OTHeceHa
K TpeTbeMYy KJIaCCy Ka4eCTBa U3-3a 60Jiee HU3KUX NTOKa3aTesel KJIeHKOBHUHBI.

Karouesvie caosa: c6epera}0mee 3eMJuieenne, dApoBad INUIIEHWId, BJIAXXHOCTb I104YBBHI,
HUTPATHBIHN a30T, NOABMKHBINA pocdop, yporkaWHOCTb, KAYeCTBO 3EPHA.
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KA3AKCTAHHBIH TOIIBIPAK PECYPCTAPBIH KOPFAY/ bl KAMTAMACHI3 ETETIH
OU3UKA-XUMHUAJBIK TAJTAIITAP

1«Axmem BatlimypcbiHy/ibl ambiHOarbl KocmaHatl eHipsaik yHugepcumemi» KEAK,
110000, KocmaHati, A6aii danruiivbl, 28/1, Kazakcmad,

*e-mail: karina09081999@gmail.com

AHHOMayus. AHTpoONOTeH/iK >KYKTeMeHIiH apTybl MeH KJMMAaTThIH 63repyi *xafJaiblHAa
TONBIPAK pecypcTapblH YTbIMABI Oackapy KasakcraH Pecny6auKkacblHBIH aybl1 ILIapya-
IIBLJIBIFBIHBIH, TYPAaKTbl JaMyblH KaMTaMacbl3 eTyzgeri Herisri ¢akrtopra aiiHanyzga. bya
3epTTeyAiH MakcaTbl — »Kep KOPbIHbIH, KypaMbl MeH MNai/ajaHblLIyblH, aybll IIAapyallblIbIFbl
»KepJiepiHiH »al-KyHiH, COHJall-aK, TONBIPAKTbIH XUMUSAJIBIK JIACTaHYbIH 3KOJIOTUSJIBIK PETTeY
Xy#eciH Tangay. 3epTTey MiHJeTTepiHe epAi naizanaHyiblH 6HipJiK epeKileaikTepiH aHbIK-
Tay, KOJIJAaHbICTaFbl HOPMAaTUBTIK Ky»KaTTapAbl 3epJiesiey, TONbIpaKTaFbl XUMUSJBIK 3aTTap/blH
HIeKTi pyKcaT eTinreH KoHleHTpanusaapbiH (IIPK) Tangay, conpai-ak oTaHIbIK HOPMaTUBTIK
6a3aHbl XaJblKapaJblK CTaHAAPTTapMeH CaJbICThIPY KipJi. 3epTTeyAiH a/icHaMasbIK Herisi -
CaJIBICTBIPMaJibl-KYKBIKTBIK Tajjay »K9He peCcMM MeMJIEKeTTIK JAepeKKe3zep MaTepHasfapbiH
»asmnbliaay. JKyMbic HOTIXKeci G0MbIHINIA es/iiH aybli IapyallblIbIFb] XKepJiepiHiH Herisri 6eJiri
(70%-pmaH acTaMbl) >KaWbLAbIMJAApPAbl KypaHTBIHBI, aj >KOFapbl OHIMJAI ericTik ajKamTapsl
Heri3iHeH COJITYCTIK eHipJiepZe HIOoFblipaaHFaH. XKep pecypcTapblHbIH MyHAal GeJiiHici osap/bl
YTBIM/Jbl NalJalaHy MeH 3KOJIOTHSJBIK Kayinci3fiikke epeklle Ha3ap ayfapyAbl Tajal eTejl.
KaszakcTaHHBIH HOPMAaTHUBTIK 6a3acbl He6api 7 XWMHSAJIBIK 3JIEMEHTTI FaHa KaMTH/ABI, al Gy
JbIlY men TM/] enpepiHiH KepceTKilITepiMeH cajbICThIpFaHJa efdyip TeMeH. ’KyMBICTBHIH
FBLJIBIMHU-KOJIIaHOa/Ibl MaHbI3bl BHipJIep/iiH 6MOTe0XUMHUSIJIBIK, )KOHE arpapJiblK, epeKuieikTepin
ecKepe OThIPbIN, HOpMaJslaHATbIH JIaCTayllbl 3aTTap Ti3iMiH KeHeNTy KaXKeTTiriHiH Heri3genyinze
GoJbINl  TabbLIaJbl. AJBIHFAaH HOTHXKeJepAl TypaKTbl >Kep NaWjalaHy CTpaTeTrusJapblH
a3ipJiey/ie, 3KOJIOTUSJIBIK CasicaTThl KeTIAipyJe K9He TOIbIpaK MOHUTOPUHII TaxipubeciHge
nagananyra 6osaapl. 3epTTey KaszakcraHmaFbl arpo3KOJIOTUAJBIK, Kayinci3ZikTi JaMbITyFa
»K9He TONBIPAKThl KOPFay/blH 3aMaHayH »KyHecCiH KaJblITacThIpyFa 63 yJIeCiH Kocafbl.

Tyilindi ce3dep: aybl1 LIapyallbLIbIFbl KepJiepi, TONbIPAK peCcypcTapbl, IIEKTI pyKcaT
eTi/IreH KOHLieHTpalHs, arpo3KO0JIOTHs, Xep NMaijasaHy, TONbIPAKThIH JIaCTaHybl, HOPMATHUBTIK
6a3a.

KIPICIIE KiuMaTThlH, e3repyi, eriHIUIIKTIH

Kasaxcran Pecny6/Mkacel Herisined KapKbIH aJIybl XK0He aHTPONOTEHAIK dcep-
arpapsibl e 6GoJblm Tabbulajgbel, MyHza AiH apTybl XKaFJadblH/A XKeP/AIH Kan-KyHi-
ayblJ IIapyallbLIBIFEl a3bIK-TYJMIK Kayim- He KyHesi MOHHTOPHHT XYprisy KaxeTTi-
ciszirin KamMTamacel3 eTyge, eHipsepain JUri apTein Kejedl. Tomblpak —camachblH,
TYpaKTbl JaMyblH KoJjayfa »oHe 3Kc- JAerpajjalus  HpoLecTepiH, JlaCTaHyAbI
MOPTTHIK 9JIeyeTTi KaJbITACThIpyJa He- 2KOHE 6acKa Aa 3KOJIOTHsUIbIK e3repicTepai
risri pes1 aTKapabl. AybUl lIapyallblIbiFel THIMAL 6afajiay ToyeKeNAepAi yaKTbLIbl
MMHUCTPJITiHIH Kep pecypcTapblH AHBIKTayFa »KoHe TabWUFaT ManAasiaHy/bl
bacKkapy KOMMTETiHiH MasiMeTiHe coiikec, TYPAKTbl 6acKapyfa Heri3jiesireH LIemiM-
en ayMarblHblH, 40%-#aH actambl, gfHU AP Kabbl1jayFa MYMKiHAIK 6epefi.

100 MUIJINOH TeKTapAaH acTaM Kep aybla TonblpaK, KyHapJIbLJIBIFBIH CaKTay
LHIapyallbl/IbIFbI MaKCaTbIHAAFbI XKepJjiepre KoHeé TOIIbIpaK PpeCcypCTapblH OPHBIKTHI
THecili. Bysn skaFgail skep pecypcrapbiH NakJasaHy  Macesesiepi  Ka3aKCTaH/BIK,
YTBIM/bI Naiila/laHy MeH KOpFay/iblH CTpa- 3€pTTeyllilepJiH eHOeKTepiHAe KeHiHeH
TEeTUAJbIK MaHbI3/|bIJIbIFbIH KOPCETE]. KapacTtelppiFad. CamapoB A.C.  aybLn
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HapyallblIbIFbl MaKCaThIHAAFDI XKepJaepAi
KapKbIH/bl Maii/lajaHy, acipece COJTYCTIK
TBIH KepJiepZe, Kapallipik MeJiliepiHiH,
dbepMeHTATUBTIK 6eJICEHAINIKTIH, *KoHe
TONBbIPAK  MHKpOdJiopackl  CaHBIHBIH
asaloblHa aJIblll KeJIeTiHiH KepceTTi, COH-
Jla-aK OpraHUKaJjblK TbIHAWTKbIIITAp-
JAblH, aybICaJibl ericTepAiH »KoHe pecypc-
Thl YHEM/IEUTIH TeXHOJIOTUsJIAPAbIH THIM-
Jinirin Herizgeai [1]. [kasaHKy30B INeH
O06iXa/JbIKOBA TOMbBIPAKTBIH, XUMMUSJIBIK
JIaCTaHy aMaKTapblH aHBIKTAIl, CAHUTAP-
JIBIK, 6aKblIay KaXKeTTidirin kepcetTi [2].
AwmepryxuH X.A. KocTtaHail 06/1bICHI TOTBI-
PaKTapbIHBbIH  arpO3KOJIOTUSJIBIK  JKaf-
JalbIHJAFbl OHIpJIiK alblpMallblIbIKTap-
[bl aTam eTim, MeJuopanus K9He MOHHU-
TOPUHI  IIapajapblH  ycblHABI  [3].
KeHeH6aeB aHe T.6. KYHAPJIbLIBIKTBI KaJi-
NbIHA KeJITipyAeri 3aMaHayy arpoTeXHOJI0-
TUsJIapAblH MaHbI3AbLIBIFBIH aTal Kep-
cetTti [4]. CanapoB A.C., Enemes PE. xoHe
T.6. KOPEKTIK 3JIEMEHTTEP MEH JIaCTayIIbl
3aTTapfa TYpaKTbl MOHUTOPUHT KYPri3sy-
JiH  MaHbI3JbUIBIFBIH  Jaaenageni  [5]
['pebeHeBa oHe T.0. KATTbl BHEPKICINTIK
KJIABIKTapAblH, ~ 9CepiH  KapacThIPHIIMI,
PEeKyNbTUBALUS LIapaJjapblH YCbIHABL [6].
Kob6erenoBa meH lllakeHOBa 3po3us, cop-
TaHJAHY >XOHE TONBIPAKTBIH KYTaHJIaHY
yAepictepin Tanpaabl [7]. KaH, AxaHOoB
*koHe (CamapoB TOMNbIPAK, KYHapJIbLIbIFbIH
CaKTay MeH KaJlllblHa KeJTipyre KeuleHJi
TACI/IAIH KaXKeTTuTiriH Herizaexi [8].
Ocbliaiiiia, OTaHABIK FaJbIMAAP/bIH
3eprTeyiepi KasakcTaHHBIH  TONBIPAK,
pecypcTapblH OPHBIKTBI 6acKapy TOMbIPaK
JlerpaJlaliisCbIHbIH, aJI/IbIH aJlyFa, JiacTa-
HyZIbl a3alTyFa >XOHe TONbIPAK KYHapJIbI-
JIBIFBIH CaKTayfa OafbITTa/FaH Kyuesi

MoHApa/IblK TOCUILI KaXeT eTeTiHIH
pacTauppbl.
3epTTeyAiH MakcaTbl — OPHBIKThI

Kep mnaijajaHy/blH OaFbITTapblH HeTi3-
Jley YIIiH Xa/IblKapaJblK, CTAaHAApTTap MeH
OHIpJIIK epeKIleJiKTep/i eCKepe OThIpPHIII,
Kasipri 9KoJOTHAJBIK HOpMasay >Xaf-
nanbiHga Kazakctan Pecny6JsiMKacbIHBIH
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»Kep >K9He TONbIpaK, peCypCTapbIHbIH, YKal-
KYHiH KelleH i 6araJsiay.

3eprTeyaig MiHgeTTepi: KazakcTaH-
HbIH, Ke€p KOPbIHbIH, KYpPbLJIbIMbIH >X3He
ayblJl  IIapyallbIbIFbl  aJKaNTapPbIHbIH,
OpHaJlacy epekKllesiKTepiH Tajajay; TOIbI-
paKTapAblH canajblK, >Kal-KYUiH >KoHe
OoJIapAblH,  JerpajalusCbIHbIH, Heri3ri
yAepicTepiH 6Gafasay; TONBIPAKTBIH Jac-
TaHybl OOMBIHILIA YJITTHIK HOPpMaTUBTEPAI
3epAesiey KoHe OJlapAbl XaJbIKapaJsiblK
CTaHJApPTTapMEH CaJbICThIPY; >Kep naija-
JIaHy[lbl 3KOJIOTUSAJBIK HOpMaJjay XyHe-
CiHzeri OJIKbLIBIKTApAbl aHBIKTAY; ayblal
[apyaliblIbIFbl  JAKbIAAPbIHAA — aybIp
MeTa/IJap MeH YbITThI 3aTTaP/IbIH, XXUHAK-
TaJly KayIiH alKbIH/AAY.

Ocpl 3epTTey 1IeHOepiHJe allbIK
JlepeKke3jeplleH  aJblHFaH  akKlapar:
KaszakcTan Pecny6/iMKacbIHbIH, HOPMaTUB-
TiK KyKaTTapbl (3KOJIOTHUSJIBIK KOJEKC,
OyipbIKTap), OeliHJi MHHUCTPJIKTEPAIH
ecenTepi KapaJjbll, TaJajaH/bl. AJIbIHFaH
MaJliMeTTep >KaKblH K9He aJIbIC LIeT eJ1Jep-
JliH HOpMaTUBTEPiMeH CalbICTbIPbLI/bL.

HOTHUKEJIEP 2KOHE OJIAP/ZIbI

TAJIKBIJIAY

KasakcTan Pecny6J/iMKachbIHBIH KaJl-
nbl ayMarbl 2023 xbirel 1 Kapawazgarbl
Kep 6GanaHCBIHBIH JepeKTepi OGOWbIHIIA
272,5 MaH rekTapAbl Kypawabl. OHbIH
iminge 9 561,1 mbIH rektap xepzi Peceit
Qenepanusicel bBalKOHBIP Fapblll alaFbl
MeH 9CKepH MOJIMTOHJap YIIiH mnaijasna-
Haabl. O3 keserinjie, Kazakcran Pecny6-
Jukacel ©O36ekcTaH Pecny6yMKacbIHbIH
ayMafFblHJa OpHaJIacKaH «YumraH»
munaxanblH naipanany yuiin 0,9 MblH
reKTap »epji KoJijaHazabl. HaTuxkecinge,
Kasakcran Pecny6/ivkachl naijasaHaTbiH
xkep Kopbl 262 930,8 MbIH rekTapAbl
Kypaiabl. EcenTik »Kblibl 6acka MeMJie-
KeTTepAiH »ep MaiJajlaHylblIapbl KOJ-
JlaHaATBIH Kep KeJieMi 12,4 MbIH reKkTapfa
KbICKap/ibl, 6ys1 Peceli ®eepaliusiChIHbIH,
KbI3bL10pAa 06JIbICBIH/AFb] KaJIFA aJIbIH-
FaH JKepJsiepZiH 6ip GeJiiriH KadTapybIHa
6aisanbicThl. lllekapajan ThiC Mmaigasna-
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HBUJIATBIH J>KepJiepAiH, KeJieMi e3repicci3
Kajagbl. Kasakcran PecnyGaMKacbhIHBIH
>Kep KOpbl HbICaHaJ/Ibl MaKcaTbIHA CoUKec 7
caHaTKa 6eJiiHeJli: aybll LIapyallbLIbIFbl
MaKCaTbIH/IaFbl XKepJiep, 60CalKbl KepJiep,
eJqJii MeKkeHJep[iH (KaJjajapAblH, KeHT-
Tep/liH K9He aybLI/IbIK eI MEKEHEP/IiH)
)epJiepi, Cy KOpbl KepJepi, opMaH KOpbI
XepJiepi, eHepkacim, KeJiik, OaiJaHbIC,
Fapbllll KbI3METiHIH, KOPFAHBICTBIH, YJT-
TBIK KayilCi3AIKTiH, MYKTaXXJapbl >XoHe
ayblJ lIapyallbl/IbIFbIHA apHAJIMaFaH e3re
Jle KepJiep, epekKlle KopFajaTblH TaOUFU
ayMaKTapAblH, XepJiepi, caybIKTbIpY, PeK-
peanysbIK XKoHe TapUXU-MIIEHU MaKcaT-
Tarbl XKepJiep.

KasakcraHgarbl TOIBIpAK, >KaMbLl-
FBICBIHBIH, aJyaH TYypJIJIiri KJIMMAaTThIK

JK9He TeoJIOTUSJIBIK KaFfalapJblH, 9p-
TYpPJIJIITIMEH aHBIKTAJIbIN, aybla IIapya-
HIBLIBIFBl OHJIIPiCiHIH KeH ayKbIMJbl 6a-
FBITTApPbIHbIH, JaMyblHa aJIFbIIIAPT >Kaca-
ZAbl. Aybl IIapyallbUIBIFBIHAA TONBIPAK
pecypcTapblH THIMAI NaljanaHy VILiH
eJiZieri TONbIPaK, *XaMblIFbICbIHbIH I'eHe3U-
ci MeH reorpadusChbIH 3epTTEYTE Heri3ie-
reH TONBbIPAKTbIH TaOUFAThl MEH TOMbIPAK,
TY3i/1y yZepici Typasbl TepeH ipresi 6ijgiM
KaxeT [9]. ObabicTap 6eJiHiciHeri aybla
HIapyallblIbIFbl aJKANTaPbIHbIH, KYPbLJIbI-
Mbl 1-KecTeje KeJTipinreH, OyJ ericTik,
>KaWbLIBbIM >K9He 6acKa Ja aJjkam TypJie-
piHiH TapanyblHJaFbl OHIpJIK aWbIpMa-
WBUIBIKTApAbl aWKbIHAAyFa MYMKIiHAIK
6epe/i.

Kecte 1 - 2023 xbinFbl 1 KapallaZafbl XKaFail 60ibIHIIA 06JbICTap O6JiHiciHAe aybLI
HIapyalIbLIbIFbl MaKCaThIH/IAFbI XKepJIeP/iH, Kep TypJiepi 60HbIHIIA KypaMbl [9]

O6abIcTap- Kanner Bapibik ayblr Eric- A llla6piH- | Kaiibl-
JIbIH, aTaybl ayJaHbI tIapyatibIFbl TiK ABIK Fa JBIK, JIbIM
aﬂKaHTapr eKl'IeIIep Kep

AGaii 92321 9093,5 812,9 03 91,5 242,9 | 79459
AKMOsTa 10751,9 10725,7 6121,2 14 211,7 156,4 | 42350
AxTe6e 13129,6 12970,3 712,2 - 239,0 1285 | 11890,6
AZIMaTHI 4526,7 44713 469,2 19,0 482 62,5 38724
ATbipay 3209,0 3088,1 77 0.2 6,6 47,38 3025,8
Hlbiebic 3473,5 3353,6 667,2 0,5 17,3 270,7 | 23979
Kazakcran

Wam6bL1 4661,6 45281 781,5 38 0,0 1292 | 36136
Kericy 45296 4 460,9 532,2 33 45,0 1262 | 37542
Batic 7907,7 7851,0 614,6 1,9 5492 | 4978 | 61875
Kazakctaun

Kaparanzbl | 11834,6 114671 13472 03 1587 1824 | 97785
KocraHait 11072,6 10922,5 6345,7 1,0 53,9 1461 | 43758
KpI3bL10p1a 2906,1 2366,6 176,1 0,6 51,6 35,5 2102,8
MaHFbICTay 2922,3 2571,4 0,6 - 0,1 - 2570,7
Massozap 76254 7532,2 2034,1 0,9 1955 1934 | 51083
Coarycrix 7232,5 7000,7 4987,5 08 40,8 17,6 1954,0
Kazakcran

TypkicTan 4469,5 4352,6 868,4 27,6 99,1 66,4 3291,1
YibiTay 6962,3 6872,6 47,6 - 56,8 60,1 6708,1
AcTaHa 08 08 0.2 0.2 ; ; 0,4
BapJibiFsI 1164478 | 1136290 26526 61,8 18650 | 23635 | 828126

2023 xbLaFbl 1 Kapaliagarbl KaFaan
GOMbIHIIA KaszakcTaHHbIH
[IapyallbIIbIFBl  aJIKANTAPbIHbIH, Ay/JaHbI
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113,6 MaH ra Kypajbl, OHbIH 72,9%-bIH

aybl  XaMblabiMAap, aia 23,4%-bIH €ericTik xep-

Jiep aJiblll KaThIp. EricTik KepJsep Herisi-
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HEH COJITYCTIKTErI acThIK 6HJipeTiH eHip-
JiepAie WIOFbIpJIaHFaH, aJl OHTYCTIK oHe
6aThIC 06JIbICTAP/IA KAUBLIBIMAADP OAChIM.

MyHzall KypbUIBIM  €TiCTIK  KepJiepAl
OPHBIKTBI 6acKapy/bl koHe Jerpajalnusara
yIIbIpaFaH JKaWblIbIMJApAbl KOpFayAbl
TaJan eTesi.

KenTeren aymaHzapZa TOIbIpaK

canachl OHbIH, KYHapJIbLIBIFbIH TOMEH/leTe-
TiH ¢daKTopaapAbIH dcepiMeH KypAeseHe-
Jli, ocblFaH 6Gall/IaHbICThI aybli IIapyallbl-
JIBIFBI @JIKANITaphl Tepic GesrisiepiH aape-
»Keci MeH cuMaTblHA Kapall MeJsdopanus-
JIBIK TONTapfa OeJiiHeni. bysn Gesrisnepre
CcOpTaHJaHy, 3po3usd, AeduaAIHrs, apPThIK
bUIFaJI/IaHy KoHe 6aTNaKTaHy »KaTabl.
KyHapJ/ibLIBIKTBIH, TOMEH/EeYiHiH He-
riari dakTopJsapbIHbIH 6ipi - aHTPOIOTEeH-
Jik JactaHy. JlacTtaHygbl 6GafasayablH
Heri3ri HopMmaTuBi - lIPK, afruu agam feH-
cayJIbIFbl MEH KOpIllaFaH OpTa YIIiH Kayil-
Ci3 LIEeKTi pyKcaT eTiireH KOHLeHTpauus-
jgap. IPK aya, cy, TomeIpak, a3bIK-TYJIK
OHIMZepi MeH MaJl a3bIFbl YIIiH XKeKe-KeKe
6esrineHeni. Kasakcranga UIPK Hopwma-
TuBTepi Kaszakcran Pecny6saukacel /JleH-
cayJiblK CaKTay MUHUCTPiHiH 2021 KbIIFbI
21cayipaeri 6yipbiFbiMeH OekiTinreH [10].

TonblpaKk MOHWTOPHUHTIHAE JiacTa-
FBRILUTApPABIH aJaMfa, KOpluafaH opTara
’)K9He  arpob6uolleH03JapFa  KayilTijik
Jlapexkeci GOMbIHIIA epeKIleJeHETIH KO03-
FaJIMaJIbl K9He CyAa epuTiH TypJepi
eckepisiefi. OcimaikTepae *KUHaJbII, TPO-
dukanblK Tiz6eKTep apKblabl OepijieTiH
TPaHCJOKALUSJIBIK, JACTaFbILITAPAbIH, Ma-
HbI3bl epeklle. Ayblp MeTanjap, KYKipT
KOCBLJIBICTAphbl, OpraHUKaJIbIK, YBITThI 3aT-
Tap MeH ThIHAUTKbIWTAp yiuiH [IIPK-HbIH
60Jybl TONbIPAK, JIACTAaHYbIHBIH  K6ll-
$aKTOpPJIbl CUIIATBIH KIHE KEePriJiKTi GoH-
Abl eCKepe OTBIPBIN, TYpPaKTbl 3KOJIO-
TUAJBIK, MOHUTOPHUHT KYpPri3y KaKeTTiriH
pacTauzpbl.

KazakcTaHaa TomnbipakTa He6api 7
XUMHUSJIBIK 3JIeMeHT OOWbIHIIA FaHAa HOP-
MaTUB OeJriJieHTeH: Ko6aJabT, PTOp, XpoM,
MBIIIBAK, CbIHAIN, KOPFACbIH X9He KYKIpT
(kecte 2). CoHbIMEH KaTap, 3KOJIOTHSJIBIK,
Kayinl TeHJipeTiH KaJMUH, MbIC, HUKEJb
’K9HEe MBIpbI OyJ Ti3iMre eHrisijiMerew,
aJai/ia oJlap aybla IIapyallblIbIFbl ©HIM-
JepiHJie KMHAKTaJ/blll, afaM [eHCayJbIfbl
MeH 3JKOXyWesepre Kayin  TeHZipyl
MYMKiH. ByJ1 KOJ1laHbBICTaFbl HOpPMaTUBTEDP
»KYyHeciH KeHeUTY KaXKeTTiriH KepceTe[i.

Kecre 2 - TonblpaKTaFbl XMMHUSJIBIK 3aTTap/bIH IEKTi pyKcaT eTiireH KOHIIEHTPalUsChl

[10]
TOl'[praK,Tabe IPK mamacsl, GoHAbI [exTeymi
p/c 3aTThbIH aTaybl (Knapk 6oiibIHIIA) ecKepe OThIPHII, .
KepCeTKill
MK /KT
1 2 3
KosrasmMasbl popma
1 KOOaJIbT 5,0 >KaJITbl CAHUTAPJIBIK,
2 dTop 2,8 TPAHCJI0KALUAJIBIK
3 XpOM 6,0 KaJINbl CAHUTAPJIBIK
cyaa eputiH dopma
4 dTop 10,0 TPAHCJ0KALUAJIBIK
5 6eH3(a)nupeH 0,02 KaJIMbl CAHUTAPJIBbIK,
6 keunonzap (opro-, 0,3 TPaHCJIOKALUSJIBIK,
MeTa-, napa)
7 NYII9H 2,0 TPaHCJ0KaALUSIBIK
ODK, (OpraHuKabIK, CYJIbI JK9HE KaJIbl
8 3000,0
$TOpJIBI KOCBLIBICTAP) CaHUTAPJIBIK
9 ChIHAI 2,1 TPAHCJOKALUSJIBIK
10 KOPFacblH 32,0 >KaJIllbl CAHUTAPJIbIK
11 KOpPFaCbIH + CbIHAI 20,0+1,0 TPaHCJIOKALUAJIBIK,
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2-KeCTeHiH, »KaJIFachl

1 2 3
3JleMeHTap KYKipT 160,0 »KaJlllbl CAHUTAPJIBIK,
12 KYKIpTCyTeK 0,4 aye (BO3AyLIHBIH)
KYKIPT KbILIKbLJIbI 160,0 »KaJlllbl CAHUTAPJIBIK,
13 CTUPOJI 0,1 aye (BO3AYyLIHBIH)
14 dopmanbaeru 7,0
15 KaJIUH XJ0puJi 560,0 CyJibl

Toneipak ywin IPK 6enriney kyp-
JeJi MiHJeT OoJibll TabbLIaAbl, 6MTKEHI
TONBIpaK, 6ip Me3risije JlacTaylibl 3aTTap-
JblH aKKyMyJsTOpbl 9pi oJlap/blH, GU3U-
Ka-XUMUSJIBIK, K9HE MUKDPOOGUOJIOTHUSIJIBIK,
e3repicTepi »KypeTiH opTa 60JIbIII caHaja-
Abl. Aya MeH cyJaH aWblpMallblIbIFhI,
TONbIPAK, YIUiH TOJBIKTal OGipi3geHaipis-
reH HOpMaTUBTepAi Oesrijiey MYMKiH
eMec, cebebi oJilap TaAOUFU-KJIUMATThIK
XKaFAailslapFa, TONbIpaK KaCUeTTepPiHe, eci-
pisieTiH fJakpuigapfa KoHe arpoTexXHHUKa
epekilesikTepiHe Toyesagi. CoOHABIKTaH
HOpMaJlay Ke3iHJle 3aTTap/blH CyFa, ayafa
’koHe eciMAikTepre Keuly KabiseTiHe
epekile Hasap ayZapbliaZbl. TombIpakka

apHasraH HIPK 3usHAbI acep/iiH rurueHa-
JIBIK, KOHE 3KOJIOTHSJIBbIK KepceTKillTepi-
HiH >KUBIHTBIFbIH €CKepe OThIPbIN aHbIK-
TaJlaJbl.

KazakctaH Pecny6/MKacbIHbIH, HOP-
MaTUBTIK KyKaTTapbl eJayip Japexese
XaJIbIKapaJblK, TacCiJJepre, COHbIH illiH/e
aZilaM JleHCayJ/IbIFbl MEH KOpLUaFaH OpTaHbl
Kopfayfa 6afrbiTTasfraH Jbl/lY yceiHbBIMAA-
pblHa Herizaesezi. OcblFaH 6GalIaHbBICThI
Kazakcrtan men JbIIY enpepinperi Hop-
MaJIaHaTbIH XUMUSJIBIK 3JIEMEHTTep Ti3i-
MiH CaJIbICTBIPY KbI3BIFYIIBIIBIK TYZbI-
pagbl. Kazakcran MeH JbIJIY enpepingeri
HOpMaJlaHaTbIH XUMUSIJIBIK, 3JIEMEHTTEPA]
caJIbICThIpambIK (KecTe 3).

KecTe 3 - TonblpaKTarbl HOpMaJaHaTbIH XUMUSJIBIK 3JIEMEHTTEP

En HopMaJiaHaThIH XUMUSJIBIK 3JIEMEHTTEDP MeH KOCBLIBICTAP
Kazakcran Co, F, Cr, As, Hg, Pb, S
Ayctpanus Ba, Be, Cd, Co, Cr3+, Cr¢+, Cu, Hg, Mn, Mo, Ni, Pb, Sn, V, Zn, As, Sb
Kanaga Ag, Ba, Be, Cd, Co, Cr, Cr¢+, Cu, Hg, Mo, Ni, Pb, Sn, T1, U, V, Zn, As, B, Sb, Se
Yexua Be, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, V, Zn, Tl, As
Ounaauaua Cd, Co, Cr, Cu, Hg, Ni, Pb, V, Zn. As, Sb
F'epmanus Cd, Cr, Cu, Hg, Ni, Pb, T], Zn, As
Ag, Ba, Be, Cd, Co, Cr, Cr3+, Cr¢+, Cu, Hg, Mo, Ni, Pb, Sn, Te, Tl, V, Zn, As, Sb,
Hupepaang

Se

Kana 3enanausa

Cd, Cr3+, Cr¢+, Cu, Pb, As, B

AKIII

Ag, Al, Ba, Cd, Co, Cr3+, Cr¢*, Cu, Fe, Hg, Li, Mn, Mo, Sn, Zr, As, C, F, I, Sb, Se

Pecent
depepanusacer*

As, Cd, Cr¢+, Cu, Hg, Mn, Ni, Pb, S, Sb, V, Zn, Co?23, F1.4

*IbIJIY KypaMbIHa KipMeiai

CanbIcThIpMaJIbl TaNJIay KOPCETKEH-
nel, Kazakcran 6ipkaTap JaMbIFaH ejfep-
MeH CaJIbICTBIpFaH/a TOMbIPAKTaFbl XH-
MUSAJIBIK 3JIEMEHTTEP/IiH eJI9yip a3 MeJie-
piH HopManaigabl. Kazakcran Pecmny6.iu-
KacbIHBIH, Ti3iMiH/e Tek 7 3aT 6ap: Co, F, Cr,
As, Hg, Pb, S. Anaitna oupa Cd (kagmuii),
Cu (mbIc), Ni (HUKesb), Zn (MBIPHIL) KoHE

JeHcayJblK TIeH KopllaFaH opTa VILiH
oJieyeTTi KayinTi 6acka Ja MaHbI3/bI
JIACTaFbIIITAp KaMThLIMaFaH.

CanbicThipy yuwiH: KaHaga weH
Hupepnanp 20-paH actaM 3/1eMEHTTI HOP-
MaJlaliibl, oOJIapJiblH KaTapblHa aybIp
MeTaJiap, CUPEK Kep 3JieMeHTTepi KoHe
KapTbIalh  MeTanzap  kKipegi;  AKII,
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Ayctpanusa xoHe [lepmaHUsija Herisri
YBITThl 3aTTapMeH KaTap »KaHaMa acepi
6ap aneMmeHTTepAi (MbIcasbl, Ba, Be, Tl, Sb,
Se) KAMTHUTBIH KellleH i CTaHAapTTap KoJI-
JMaHbl1a/bl; Peceit @eepanyscbl TONbIpaK-
KJIUMATTBIK *KaFJalJap/iblH, YKCACTbIFbIH
eCKepe OTBIPHII, IIaMaMeH 15 3/1eMeHTTi -
&TOD, KYKipT, KOGAJBTTHI PTYPJIi BaJIeHT-
TIK TYpAe Koca aJifaHJa - KaMTHUTBbIH
KeHeHlTiJireH HOpMaTUBTIK 6a3ara ue.

ByJs xasblKapasblK CTaHAApTTap/bl,
JIaCTaHy/[blH, Ka3ipri 3aMaHfbl Ke3[epiH
)KoHe OHOAKKyMyJIsIIUs KaymlmiH eckepe
OTBIpbIN, acipece UHAYCTPUSJIAHABIPY,
aybll 1LIapyallblIbIFBIH KEHEUTY >KoHe
KJUMATTbIK  ©3repicTep  »KaFJailbIH[a
KasakcTraHaa HOpMaJsiaHaThIH 3aTTap Ti3-
OeciH KeHEeWTy KaXKeTTiriH KepceTei.
AaM MeH TaOWUFaTTbIH 63apa apeKeTTec-
Tiri casiacblHJaFbl (9KOJIOTHUSJIBIK, KaThl-
HacTap) KOFaM/bIK KaTbIHACTapAbl, COH-
Jai-aK >KeKe >KoHe 3aH/bl TYJIFaJap/blH
KOpllaFaH opTaFa acep eTeTiH HeMece
acep eTyli MYMKIH KbISMeTTi Ky3ere

acblpyblHa 6GalJaHBICTBI TYbIHAAWTHIH
KaTblHAaCTap/Abl PeTTEUTIH MaHbI3/Ibl HOP-
MaTHBTIK KyKaTTapZblH 06ipi - Kazakcran
Pecny6iMKacbIHbIH, IKOJIOTHSJIBIK, KOJEKCI
60JIbII TaObLIa/bI.

KopekcriH, anrawmkbl HyckKacel 2007
XbUIFBI 9 KaHTapjAa Kabbuiganabl. 2021
KBUIFBI 2 KaHTapAa JbIIY enpepiHiH 03bIK,
XaJlbIKapaJblK TaXipubeci Herisinae a3ip-
JeHireH Kasakcrtan PecnyG/iMKachIHbIH,
»KaHa JKOJIOTUSLJIBIK, KOJIEKCi KaGblIJaHIbl.
CoHFbl JKaHAJBIKTapAbl, aTan alTKaH/a,
TONBIPAKThl MaljajiaHy Ke3iHJeri 3Ko0JIo-
TUSJIBIK, TaJIanTap/bl TaaaubIK (KecTe 4)
[11,12].

O3repictepai Tanmail kesae: 2007
*¥bigaH 2021 kbliFa JediH »kep 3aHHa-
MacblH/Jla XaJblKapaJsblK TaJlalTapFa Cou-
KecC eJieysi e3repictep opblH anzpbl. Kep
naiijjlanaHy TajanTtapel 6ipisgenaipinin,
INPK MaHpepi eHrizinai »koHe OHTaMJibl
XKep maigasaHy OOWbIHIIA — TasianTap
a3ipsieHpi.

Kecte 4 - 2007 xbLigaH 2021 xbliara gelinri KP dkosorusnbik KoJeKciHaeri earepicrep

TaKbIPBINTHIK, 2007 KbLIFBI

2021 XbLIFbl DKOJIOTUSJIBIK,

KopbITBIHABI

6JI0K JKOJIOTUSJIBIK, KOJIEKC KOJIEKC
8 6eutim. [llapyalublibIK,
JKOHe e3re Jie KbI3MeTTi Kana kopekcre
KypbutbiMbI Ky3ere acblpy Ke3iHjeri 16 Geim. Kepyii Kopray ap6ip KopFay

3KOJIOTUSIBIK TaJanTap.
31-tapay. XKepgi

HbICaHbIHA JXeKe
66J1iM apHaJIFaH.

naijasaHy
"Xep", "Tonsipax”, "ngerpa-
. manus”, "nacrany" yFeIMza- .
7Kepai kopray PBIHBIH, aHbIKTaMaJlaphbl *Kepai kopray
TypaJibl XKaJlIlbl Kok, TypaJIbl KaJIIbl

YK9He Tepic acep eTy

epexeJsiep L epexeJiep eHrisiiai
HbICAH/A-PbIHBIH, Ti3iMi
eHrisingi
Tonblpak HakTe! yFeIMzap eHrisingi: Enimiszin 6apJbIK
CanacbIHbIH KekenereH Typae FaHa [IPK, ¢oH, uHguKaTOp.IAp, eHipJiepi y1liH
3KOJIOTHUSAJIBIK, aTanajpl aliMaKTbIK HOpMaTHUBTEPAI aMbebal KepceT-
HOPMaTHUBTepI GeJirijiey MexaHU3Mi KillTep eHrisisiai
2Kep naitganany Typaepi
. GoMbIHIIA TaJaNTap erken- . .
Kepai . . Kepai oxranabl
. TerKeMnJi cuaTTalfaH: M
naijjanany . . naijanaHy
. ; Bap, 6ipak HaKTbL1ai aybLI MIapyallblIbIFhI, M
Ke3iHgeri . o . GoMBIHLIA
KepceTiJIMereH ©HEPKACIN-TiK, enfi
3KOJIOTUSJIBIK, 3KOJIOTUSIIIBIK
mekeHjep, EKTA, opman
TaJjantap TaJlanTap KOCbLIAbI

YK9HE Cy KOpBbI, 60CaTKbI
JKepJiep jKoHe T. 0.
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Arposkoxyiienepaeri ayblp MeTas-
JapJAblH Kelli-KOHbl TONbIPAK apKbLIbI
ecimJiikTepre eTeAi, Oy 3KOJIOTHSJIBIK
»K9He arpOHOMUSIJIBIK TYPFbIAaH MaHbI3/ bl
npouecc. KopfacblH, KagMWii, MBIIIBAK,
MBIPBIII K9He 6acKa Ja y/bl 3JIeMEHTTEP
CUSKTBl ayblp MeTaJJap XUMHUSJIBIK,
THIHAWTKBIIITApAbl, NEeCTULUATEPAI KOJI-
JlaHy, 6HEePKACIMTiH JlacTaHybl 9He 6acKa
aHTpomoreHjik  QakropJjap  acepiHeH
TONbIpaKTa *KMHaMybl MYMKiH. Bya MeTas-
Jap eciMIiKkTepre TaMblp KyHeci apKbljbl
€He aJla/ibl, ’K9He 0J1ap 6CIMIIKTIH apTypi
GeJsikTepiHAe - TaMmbIpJapaa, cabaKTap/a,
»KamnblpaKTapAa »K9He XeMicTepJe *XUHaK-
Tasajpl. KazakcraHga eciMAik Lapyalibl-
JIBIFBIHBIH, JAMYbl asiCblHJA TONbIPAKTaFbl
XUMUSAJBIK, 3JIEMEHTTEP/I HOpMaJsay Ka-
YKeTTiJIr TybIHam oThIp (cypeT 1).

Juarpammanbl Tangay 2020-2023
*¥blLigapbl Kasakctangarbl eric ajkamnTa-
PBIHBIH >KaJllbl aJfaHja ecy YpZAiciHe ue
60s1FaHbIH 9He 2023 KblJbl €H O0Faphl
MoHre eTKeHiH, an 2024 »Xbljabl a3jaln
KbICKapy OalKasFraHblH KepceTeni. Eric
KYPbUIBIMBIHBIH, Heri3ri 6eJiirin  gsHzi

)KoHe OypIIaKThl JaKbLIAAp TYPaKThI
TYpJle ajbIll OThIp, GYJ OJIAPABIH eJjiH
asbIK-TYJIIK KayilCi3Zirin  KaMTaMmachbI3
eTyseri KoHe JKCIOPTTBIK dJleyeTiH
KoJlJay[arbl LIellyli peJiiH pacTaljpbl.
Maiiibl )koHe MaJl a3bIKThIK, JaKblI1Jap eric
KeJIEMIiHIH, opTalla aybITKyJapbIMeH CH-
narrtanaZpl, aja KekKeHic, 6akKima JakbLi-
Jlapbl, TaMbIpKEMICTijlep MeH TYWHEK-
JKeMIiCTijiep »Ka/lllbl eric KypbLJIBIMBIHAA
CaJIBICTBIpMaJIbI TYPZe a3 YJIecKe ue.

Onapaply,  eciMZiK eHiMJepiHAeri
MeJIlIepi pYKcaT eTi/ireH JeHTelJeH achln
KeTyl MyMKiH, ©y/J y/bl 3JIeMEHTTEPLiH
KOPEKTiK Ti3bekTepre TYyCy KaymiH TYFbI-
3blII, aZlaM MEH >KaHyapJlap LeHcayJblFbIHA
aJleyeTTi KaTep TeHJipeni. 3epTTey/ep
KOpCeTKEHEN, ayblp MeTaJap/blH *XUHa-
JIy KapKbIHJBLJIBIFbl TOIBIPAK KacUeTTe-
piHe, OHJArbl MeTaJJapAblH MeJIllepiHe,
COHJAaM-aK eciMAiKTep/iiH, ©ecy Ke3eHiHe
O0aJIaHBICTBI. ATall aMTKaH/a, IIalbLIFaH
Kapa TOINbIpaKTapMeH CaJIbICThIpFaH/Ja
WBIM/ABI-KYJITIH TONBbIpaKTapZAa MbIpbILI
MeH MBbICThIH, >XHWHAKTaJlybl aHaFypJ/ibIM
allKpIH ObaiiKasiazsl [14].

Kazakctangarsl pakengap Godsinwa eric ankantapel (2020-2024 xx.)
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Cypet 1 - Herisri aybL1 mapyalubl/ibIFbl JaKblIJAPbIHbIH HAKThIJIAaHFAH
€eric KeJjieMi, MbIH reKTap
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OcbifaH 6alJIaHBICTBI TOMbIPAKTap-
JIbIH, XUMUSIJIBIK, KYpaMbIH TYPaKThl 6aKbl-
JIay JKoHe ayblp MeTaljap MeJillepiHe
MOHUTOPHUHI KYpPri3y oJiapAblH ecCiMIik-

Tepre KellyiHiH aJJblH a1y, 3KOJOTHUSJIbIK
TayeKeJJep/i TOMEH/IETY KoHe ayblJI Wap-
yallbLJBIFbI OHIM/EepiHiH Kayinci3girin KaM-
TaMachI3 eTy YlIiH 6Te MaHbI3AbI [13, 14].

Kecte 5 - Aybl1 mapyallbliblFbl JaKbLIJAapbIHbIH, OpraHJapblHja ayblp MeTaJsAapAblH,

TapaJybl
JaKpin eCiM,ELiI.{ JJIEMEHT, MT'/KI'

Myuieci Cu Zn Ccd Pb Mn Co Ni Cr
ACTBIK 3,48 29,48 0,075 0,25 28,00 0,15 0,65 0,45
bupai Caban 2,15 25,45 0,10 0,52 21,23 0,92 1,32 0,88
TaMbIpbl 5,10 23,10 1,48 2,17 34,45 0,65 0,91 2,06
ACTBIK 5,20 18,66 0,028 0,25 56,23 0,23 0,55 0,94
CyJibl Caban 3,90 23,56 0,15 0,58 20,46 0,82 2,16 3,17
TaMbIpbl 4,96 19,00 0,67 2,57 59,00 0,78 1,98 517
ACTHIK, 4,04 33,16 0,06 0,24 26,35 0,36 0,60 0,44

Apna CabaH 3,12 26,73 0,09 0,61 22,09 0,68 0,88 1,12
TambIpbl 4,22 22,56 2,15 1,05 28,12 0,54 1,26 2,45

bepinren pgepekrtepzi Tangay aybip
MeTa/IJapJblH eH K6OIl *XUHa/lybl 3epTTeJl-
reH 0apJblK JaKblIJapAblH TaMblpJapbiH-
Ja OKYpeTiHiH, a/ oJlapAblH, [9H MEH
cabaHparbl MeJiliepi efayip TeMeEH eKeHiH
KepceTTi. Bys acipece kaaAMUH, XpOM KaHe
HUKeJIb YUIIH TOH, IFHU TaMbIp XXYyHeCiHiH
YBITTBl  3JIEMEHTTEPAIH  OCIMAIKTepAiH
»Keyre KapaM/Jpbl OeJiikTepiHe OTyiH Iek-
Teyzeri TOCKayblIAbIK peJliH aliFaKTahabl.

Kagmuiigig >Kofapbl KOHIEHTpPALHUACHI
apnaja, ajJ MapraHell, KOpPFacblH XoHe
HUKeJIbJiH KOFapbl MeJiliepi cyjblja

aHbIKTa/NAbl. Bupal pAoHiHzeri ssneMeHT-
TepAiH KONUJIriHiH MeJlepi eH TeMeH
60JlybIMeH cUNATTaNIaZpbl, OyJ OHBI JlacTa-
Hy »KafFJaiiblHJa casbICThIpMasbl TYpZAe
aHarypJbIM  Kayilnci3 Jakbll peTiHze
KapacTbIpyFa MYMKIiHAIK 6epefi.

Ayblp MeTanjapAblH KUHaJybIH
a3alTy YIIiH 3KOJOTUSJBIK Kayincis
TBIHAUTKbILITApAbl KOJZAHY, TONBIPAKTHI
YTBIM/Ibl ©HJeY, ayblcnaubl eric, ¢uTope-
MeJyalua >KoHe TOIbIpaKTap MeH 6ciM-
AIKTepZeri JacTaFbllITap MeJillepiH Ty-
paKThl 6akbliay KakeT. COHbIMEH KaTap,
KaJMHUH MeH MBIPBIITHI KocCa aJFaH/a,
6ipkaTtap ayblp MeTanjap GOWbIHIIA HOP-
MaTUBTEPAiH 60JMaybl 3KOJOTUAJIBIK, TI-
yeKesJepAi 06 beKTUBTI 6araiayAbl KUbIH-

JlaTazpl, OyJ1 HOpMaJsay KyWeciH KeHeUuTy
»K9He TOIbIPaK, XKaF/JalibIHbIH MOHUTOPHUH-
TiH KYLIEUTY KaXXeTTiriH pacTanu/bl.
KOPBITbIH/bI

Kasakcran PecnyGiMKacbIHBIH, TO-
NbIpaK pecypcTapsbl - ejiiH TaOUFU Kalu-
TaJbIHbIH, CTPATErUSJbIK MaHbI3Abl KY-
pampac GeJiiri, acipece OHbIH arpapJblK
6aFbIThl MEH ayblJ HIAPyalIbLIbIFbl MaKCa-
TBIHAAFbl eJldyip ayMaKTapAbl KaMTYhI
»arfaibiHAa. 2023 xpLiFbl 1 Kapaluaaafbl
»KaFZal GOMbIHLIA MalAalaHbLIATBIH Kep
KOPBbIHBIH, KaJ/illbl ayJlaHbl 262,9 MJIH ra
Kypazbl, OHbIH, imiHge 113,6 MJIH ra aybLia
HapyallblIbIFbl ~ aJKANTapbl, Heri3iHeH
KaubuibIMapMeH (72,9%) KaMTbLIFaH.
OHIM/| ericTik >kepJiep COJNTYCTiK 6HipJep-
Jle LOFbIpJIaHFaH >K9HE KaJ/Illbl ayMaKTbIH,
TEeK TepTTeH OipiH FaHa KypaWnbl, 6y
oJIap/ibl YTHIMABI Makja/laHy MeH Jierpa-
JlallMsi/laH  KOpFayAblH MaHbI3AbLIbIFbIH
kepceTe/i. TonblpaKThl THIMAI Naiganany
MeH KOpFfay THICTi 3KOJIOTHUAJIBIK HOpMa-
Jlay KyHeciHci3 MyMKiH eMec. AJjaiija
KasakcTtaHia TombIpaKTaFbl JiacTaylllbl
3aTTap/AblH WIEKTi pyKcaT eTireH KOH-
neHtpauusaaapbid (IIPK) aWKbIHAAWTBIH
KOJIIaHbICTaFbl HOPMATUBTIK 6a3a Tek 7
anementneH (Co, F, Cr, As, Hg, Pb, S)
mekTeneni. bysn kepceTki xajblKapasblk,
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)KoHe OHIpJiK CTaHJapTTapAaH enadyip 3JIeMeHTTep CIEKTPiH KEHEUTY, XaJblKapa-
TemeH (Mbicanbl, Kanagmaga, AKll-ta, JsbIK Tacingepai (acipece IbIJY yChIHBIM-
Hupepnanzabiia xxoHe Peceil Pefepaumsa- JapblH) WUHTerpauus/iay, COHAaM-aK eHip-
celHAa 15-25 3/1eMeHT oHe OJlaH Jia Ken  JIiK JleHrelie TONBIPAKThIH »KaW-KyHiHe
HopMaJsiaHazbl). Bysn arpoeHiMaepze, cy OGakbLiayAbl KYHIEWTY aca MaHbI3/bl. Kep
Ke3/iepiH/ie xoHe TPoPUKAbIK Ti30EKTEP- pecypcTapbiH 6acKapy/iblH KellleHAi Tacii
Je KHHaJybl MYMKIH y/abl 3aTTapAbl TeK KYKBIKTBIK >XoHe CaHUTapJbIK HOp-
TOJIBIK, eCKepMel Kasly KaymiH TyAblpaZbl. MaJjapAbl FaHa eMec, COHbIMEH KaTap 6uo-
OHepKaCINTIK XoHe arpapJiblK, KYKTeMe- TeOXUMUSAJBIK epeKIIeJiKTep/i, arpo3ko-
HiH apTybl, KJIMMATTBIK 63repicTep KoHe JIOTUAJIBIK TayeKeJJAep/l KoHe OPHBIKTEI
a3bIK-TYJIK KayincisairiHiyg 1muesieHicyi »kep mNaiiflanaHy KaFUJATTapblH ecelKe
KaFfalblHAa HOpMaJlaHaTbhlH XUMHUAJIBIK ~ ajdy/[bl KAMTYHI THIC.

KAPXBIJIAHZIBIPY TYPAJIBI AKITAPAT

Feuieimu 3eprreynep 2024-2026 xpuigapra apHaiarad BR24992839 «Kocrtanain
06JIBICBIHBIH, ayblJ IIApPyallblIbIFbl KepJjepi MeH eHiMJepiHe 3KOTOKCHUKAaHTTap MeH
WHHOBALMAJIBIK  arpoTeXHOJIOTUSJIApAbIH, 9cCepiH 3epTTey» ko0bachbl asChIHJA
Fa/lIbIMJAPAbIH, TPAaHTTHIK OafAap/iaMa/iblK-MaKcaTThl Kap)KblIaHAbIPY lieHO6epiHzeri
FBLJIBIMU-3€PTTEY KYMBbICTApbl peTiH/ie OPbIHAANbI.
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PE3IOME

A. blckak!, K.A. Kaz6ekoral*, [ H. loynetkengil, C.A. Japu6aeBal

PU3NKO-XUMHWYECKHE TPEBOBAHNS, OBECITEYMBAIOIIWE OXPAHY ITOYBEHHBIX
PECYPCOB KA3AXCTAHA

1HAO «KocmaHalickuii pe2uoHa/bHbIl yHUBepcUmMem umeHu Axmem
Baiimypcoeinyasly, 110000, Kocmanati, np. A6as, 28/1, Kazaxcmad,

*e-mail: karina09081999@gmail.com

B ycsioBufIX HapacTawuiedd aHTPONOTEHHOW HArpy3ku M KJIUMAaTHYeCKUX HU3MeHeHUH
palMoHa/JbHOE YIpaBJeHHEe MOYBEHHBIMH peCcypcaMHd CTAaHOBUTCS KJIIOYEBBIM (GAKTOPOM
YCTOMYMBOTO CEJIbCKOX03MCTBEHHOTO pa3BuTHUA Pecny6auku Kasaxcrad. llenbro fganHOro
WCCeIOBAaHUS SIBJASETCS aHaJU3 COCTaBa M MCIOJIb30BaHMS 3eMesJbHOro (OHJAQ, COCTOSHUSA
CeJIbCKOX035MCTBEHHBIX YTOAUH, a TaKXKe CUCTeMbl 3KOJI0TMYeCKOI'0 HOPMUPOBaHUsI XUMHUYECKUX
3arpsA3HeHUd Mo4yB. B 3ajauyn pabGoTbl BXOJUJO BbifIBJeHHE PEervOHAJbHBIX OCOOGEHHOCTEeH
3eMJIeNl0/Ib30BaHus, U3ydeHHe HOPMATUBHbBIX JOKYMEHTOB, aHaJU3 JAeHCTBYIOLIUX NpefeabHO-
JonycTuMblx KoHUeHTpauui (I1IJK) xuMuyecKuxX BelecTB B IMOYBAX, a TAKXKe COIOCTABJIEHHE
0TeYeCTBEHHOW HOPMATHUBHOM 6a3bl C MEXAYHApOJHBIMHU CTaHJAApPTaMH. MeToJ0/I0rHYecKyto
OCHOBY HCCJIe[JOBAaHHUSI COCTAaBUJIM CPAaBHUTEJbHO-IPABOBOW aHasinu3, 0600IeHNEe MaTepHuasoB
opHULHANBHBIX FOCYJapCTBEHHBIX UCTOYHUKOB. COr/JlacHO ONy6/IMKOBAaHHBIM JIaHHBIM, OCHOBHAs
4YacTb CeJbX03yroAui cTpaHbl (6osiee 70%) 3aHATa MacTOMILAMM, TOrJa KakK NPOAYKTHBHas
NalHsg Ccocpe/loTOYeHa INPeMMYyILeCTBEHHO B CeBepHbIX pervoHax. Takoe pacnpefieseHue
3eMeJIbHBbIX PecypcoB TpebGyeT NMOBBIIIEHHOT0 BHUMAaHUA K UX pallMOHAJIbHOMY HCI0JIb30BaHUIO
M 3KoJIOTM4YecKod Ge3omacHocTH. HopmaTuBHas 6a3a KasaxcTaHa oxBaThIBaeT BCEro 7 XHUMHU-
YeCKHUX 3JIeMEHTOB, YTO CYIIECTBEHHO ycTynaeT mnokasaTensiM ctpaH O3CP u CHI. Pa6ora
o6JialaeT HAYYHOH M MPHUKJIALHOHW 3HAYMMOCTBIO, IIOCKOJBKY NMOAYEPKUBAET HEOGXOJHMOCTD
paciiMpeHust NepeyHss HOPMUPYEMBIX 3arpsA3HUTeNeN ¢ Y4€TOM 6MOre0XMMHUYeCKUX U arpapHbIX
0coOGeHHOCTel pernoHoB. [losiyyeHHble BBIBOJABI MOTYT ObITh MCIOJIb30BaHbl NpU pa3paboTKe
CTpaTeruil ycTOMYMBOro 3eMJ/1eN0/1b30BaHUsA, COBEPIIEHCTBOBAHUM IKOJIOTHYECKON MOJUTHKHU U
B NpaKTHKe NMOYBEHHOTO0 MOHMTOpPMHra. McciefnoBaHve BHOCHUT BKJAJ B pa3BUTHE arpo3sko-
JIOTU4ecKol 6e3omacHOCTH W (GOPMHUPOBAHHE COBPEMEHHOW CHUCTEMBbl OXpaHbl MOYB B
Kasaxcrane.

Karwuegble csn108a: celbCKOXO3AMCTBEHHble 3eMJIM, NOYBEHHBbIE pecypchbl, NpejesbHO-
JONMyCTMMasi KOHLIEHTpaLMs, arpo3KoJIOTHs, 3eMJIeNoJb30BaHHWe, 3arps3HeHUe I04YB,
HOpMaTHUBHas 6a3a.

SUMMARY
A. Yskak?, K.A. Kazbekoval*, G.N. Dauletkeldi?, S.A. Daribayeva!

PHYSICO-CHEMICAL REQUIREMENTS ENSURING THE PROTECTION OF SOIL
RESOURCES IN KAZAKHSTAN

1«Akhmet Baitursynuly Kostanay Regional University» NLC, 110000, Kostanay,
Abai str,, 28/1, Kazakhstan, *e-mail: karina09081999@gmail.com

Under conditions of increasing anthropogenic pressure and climate change, the rational
management of soil resources is becoming a key factor in the sustainable agricultural
development of the Republic of Kazakhstan. The purpose of this study is to analyze the
composition and use of the land fund, the condition of agricultural lands, as well as the system of
ecological regulation of chemical soil pollution. The tasks of the study included identifying regional
features of land use, reviewing regulatory documents, analyzing current maximum permissible
concentrations (MPC) of chemical substances in soils, and comparing the national regulatory
framework with international standards. The methodological basis of the research consisted of
comparative legal analysis and the synthesis of materials from official state sources. As a result, it
was found that the majority of the country's agricultural lands (more than 70%) are occupied by
pastures, while productive arable land is concentrated mainly in the northern regions. Such a
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distribution of land resources requires increased attention to their rational use and ecological
safety. The regulatory framework of Kazakhstan covers only 7 chemical elements, which is
significantly lower than the indicators of OECD and CIS countries. The study has scientific and
practical significance, as it highlights the need to expand the list of regulated pollutants, taking
into account the biogeochemical and agricultural characteristics of the regions. The findings can be
used in the development of sustainable land use strategies, improvement of environmental policy,
and in the practice of soil monitoring. The research contributes to the development of
agroecological safety and the formation of a modern soil protection system in Kazakhstan.

Keywords: agricultural lands, soil resources, maximum permissible concentration (MPC),
agroecology, land use, soil pollution, regulatory framework.
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AGROCHEMICAL PROPERTIES AND FERTILITY POTENTIAL OF MOUNTAIN-FOREST
SOILS IN THE LANKARAN-ASTARA REGION SUPPORTING PERSIAN IRONWOOD
(PARROTIA PERSICA) AND CASPIAN LOCUST (GLEDITSIA CASPICA)

1Institute of Geography of the Ministry of Science and Education of the Republic of
Azerbaijan, AZ1000, 23 llgar Zulfugarov Street, Baku, Azerbaijan,
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Abstract. This study investigates the relationship between the distribution patterns of two
relict tree species-ironwood (Parrotia persica) and Caspian locust (Gleditsia caspica) - and soil
conditions in the mountain forest ecosystems of the Lankaran-Astara economic region. The
research was conducted between 2022 and 2025. A total of 112 soil samples were collected from
28 soil profiles and analyzed for total organic carbon (TOC), FTIR spectroscopy, pH, particle size
distribution (laser diffraction), trace element composition (ICP-MS), and clay mineral composition
(XRD). The results indicate that P. persica reaches its maximum density (410 trees/ha) on nort-
hern slopes at elevations of 600-800 m, whereas G. caspica attains higher density (265 trees/ha)
on southeastern slopes at 400-600 m. Mountain forest brown soils formed under P. persica show
higher humus content (6.2%), TOC (4.2%), and slightly acidic pH (6.0), while mountain forest
yellow and brown soils under G. caspica are characterized by moderate humus content (3.5%),
TOC (2.4%), and neutral pH (6.5). Soils under P. persica are enriched in Zn (54 mg/kg) and Cu
(14.5 mg/kg), whereas those under G. caspica contain higher concentrations of Fe (5400 mg/kg)
and Mn (400 mg/kg). The soils under P. persica exhibit high potential for organic farming, while

those under G. caspica have neutral pH, making them suitable for a wide range of crops.
Keywords: Persian Ironwood, Caspian locust, soil conditions, agrochemistry, soil fertility,

micronutrients.

INTRODUCTION

The Lankaran-Astara economic re-
gion is located in southeastern Azerbaijan,
along the western coast of the Caspian Sea
[1]. This area encompasses the main part
of the Hyrcanian forests, which represent
one of the country's most important
natural resources [2]. The Hyrcanian
forests are a globally significant natural
complex, rich in relict and endemic species
originating from the Tertiary period . Their
evolutionary history spans millions of
years, and they represent rare ecosystems
that survived Quaternary glaciations and
persist to the present day [3].

The international importance of the
Hyrcanian forests was officially recognized
in 2019, when the portions located in Iran
were inscribed on the UNESCO World
Heritage List [4]. In 2023, the Azerbaijani

parts of the Hyrcanian forests were added
to this list [5]

Criterion (ix): The forests demons-
trate uninterrupted evolutionary processes
since the Quaternary glaciation, enabling
the specification of various plant and
animal species.

Criterion (x): The area provides criti-
cal habitat for endangered species, such as
the Persian leopard (Panthera pardus tul-
liana), and numerous endemic tree species,
including Persian Ironwood (Parrotia per-
sica), Caspian Locust (Gleditsia caspica),
wingnut (Pterocarya fraxinifolia), and
Zelkova (Zelkova carpinifolia).

Parrotia persica (ironwood) is not
only one of the most typical representa-
tives of the Hyrcanian forests but also a
living relic of the Tertiary period [6]. Fossil
remains of this species have been discove-
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red in Middle Miocene layers in Austria,
indicating that it once had a much wider
distribution [7]. Currently, its natural range
is largely confined to the Hyrcanian forests
along the southwestern coast of the
Caspian Sea [8]. Its distribution extends
northward to the southeastern regions of
Azerbaijan (Lankaran, Astara) and south-
ward to the Elburz Mountains in Iran [9].
The exceptional hardness of its wood
makes it suitable for the construction of

bridges, tool handles, and telephone poles
[10]. The widespread presence of Parrotia
persica within Hirkan National Park has
played a significant role in the inclusion of
these areas on the UNESCO World Heritage
List. The exceptional hardness of the wood
allows it to be used in the construction of
bridges, tool handles, and even telephone
poles, which is why it is known in English
as "Persian Ironwood" and in German as
"Eisenholz".

Figure 1 - Ironwood Parrotia Persica

Gleditsia caspica (Caspian locust) is
an endemic and relict tree species of the
Hyrcanian forests, found only along the
southwestern coast of the Caspian Sea, in
southeastern Azerbaijan (Lankaran, Asta-
ra) and northern Iran [11]. Phylogenetic
analyses indicate that G. caspica originated

from Gleditsia japonica, which is wide-
spread in East Asia [12]. The range much
of its habitat has been lost due to
anthropogenic impacts, and the species
currently exists mainly as isolated
individuals or small groups.

Figure 2 - Gleditsia caspica (Caspian Locust)
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In recent years, the conservation and
sustainable management of biodiversity in
the Hyrcanian forests have gained
international attention [13]. However,
scientific information on the relationship
between the distribution of P persica and
G. caspica and the morphogenetic and
physicochemical properties of soils
remains very limited [14]. Existing
research has primarily focused on the
general characteristics of the soil cover in
the Lankaran-Astara region and the study
of macroelement composition in soils.

Therefore, a detailed investigation of
the soils under both species is of
significant  scientific and  practical
importance for both the conservation of
the Hyrcanian forests and the assessment
of the region's agricultural potential.

The aim of this study is to investigate
the relationship between the distribution
patterns of P, persica and G. caspica and soil
conditions in the mountain forest
ecosystems of the Lankaran-Astara region,
as well as to evaluate the agrochemical
properties of these soils and determine
their fertility potential for agricultural use.

The objectives of this study are:

1. To determine the distribution
density of P persicaand G. caspica across
elevation gradients and slope exposures.

2. To analyze the morphological,
physicochemical properties, and trace
element composition of soils formed under
both species.

3. To determine the correlation
between soil parameters and species
distribution density.

4. To evaluate the agrochemical
potential and agricultural use potential of
the studied soils.

MATERIALS AND METHODS

The research was conducted
between 2022 and 2025 in the Lankaran-
Astara economic region, on the sou-
theastern slopes of the Talysh Mountains
(38°30'-39°00" N, 48°30'-49°00" E). The
area features low-mountain (0-600 m),
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mid-mountain (600-1200 m), and high-
mountain (1200-2400 m) =zones, with
slope steepness of 5-30° and various
exposures [2]. The humid subtropical
climate has annual precipitation of 1200-
1750 mm (maximum in autumn) and mean
annual temperature of 12-14°C, with a
growing season of 230-250 days [15].

A transect method was used to study
28 soil profiles, selected based on vege-
tation: P persica-dominated (8 profiles),
G. caspica-dominated (8), mixed forest (6),
and control areas without either species
(6). Genetic horizons (A0, Al, B, C) were
identified according to WRB [16]. Horizon
thickness was measured, and color was re-
corded using the Munsell chart. From each
horizon, three composite samples (each
from 5 subsamples within 10x10 m) were
collected using a stainless steel auger. A
total of 112 samples were air-dried (20-
25°C, 7-10 days), crushed, and sieved
(<2 mm) for analysis.

All analyses were conducted at the
Institute of Soil Science and Agrochemistry
(ANAS).

Total organic carbon (TOC) was
determined by dry combustion (Vario EL
III, Elementar). Carbonates were removed
with 1 M HCl; samples were combusted at
900°C. TOC was calculated as total carbon
minus inorganic carbon [17]. Organic
matter was calculated as TOC x 1.724 [18].

FTIR spectroscopy (Bruker Alpha IJ,
ATR unit) was used to assess organic
matter quality. Spectra were recorded at
4000-400 cm™ (4 cm™ resolution, 32
scans). The aliphatic/aromatic ratio was
calculated from peaks at 2920 cm™* (C-H)
and 1620 cm™ (C=C) [19].

Soil pH was measured in a 1:2.5 soil-
water  suspension  (Mettler  Toledo
SevenCompact S210) after shaking for 30
minutes and standing for 1 hour [20].

Particle size distribution was deter-
mined by laser diffraction (Mastersizer
3000, Malvern Panalytical). Organic matter
and carbonates were removed with H,0,
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and HCl, respectively. Fractions were
classified according to USDA [21].

Trace elements (Fe, Mn, Zn, Cu, Cd,
Pb, Ni, Co, Cr) were analyzed by ICP-MS
(Agilent 7900). Samples (0.5 g) were di-
gested in aqua regia using microwave
digestion (Mars 6). Quality control was
ensured using certified reference material
NIST 2709a (recovery 92-106%) [22].

Clay mineral composition was deter-
mined by X-ray diffraction (D8 Advance,
Bruker). The clay fraction (<0.002 mm)
was separated by sedimentation. Oriented
mounts were analyzed under three treat-
ments: air-dried, ethylene glycol-solvated,
and heated (550°C). Minerals were iden-
tified using EVA software [23].

Tree density was assessed in10x10 m
plots [24]. Ten plots were established per
species, counting individuals with DBH=5
cm. Density was expressed as trees/ha. Ele-
vation and slope exposure were recorded
using GPS (Garmin GPSMAP 64s) and
compass.

GIS analyses were performed using
ArcGIS Pro 3.0 with SRTM DEM (30 m
resolution) [25]. Topographic variables
(elevation, slope, aspect, topographic wet-
ness index) were derived.

Species distribution modeling was
conducted using MaxEnt 3.4.4 [26].
Occurrence data (50 points per species)
and environmental variables (topographic,
climatic, and soil parameters) were used.
Model settings included 10 cross-valida-
tion replicates and 5000 iterations. Model
accuracy was evaluated using AUC [27].

Statistical analyses were performed
in R 4.2.3 [28]. Normality was tested using
Shapiro-Wilk. Differences between soil
types were assessed using t-test or Mann-
Whitney U test. Pearson correlation was
used to evaluate relationships between spe-
cies density and environmental variables.

Random Forest analysis (‘random-
Forest package) was applied toidentify fac-
tors influencing species distribution [29].
The model used 500 trees with mtry = p/3.
Variable importance was assessed by mean

decrease in accuracy (MDA) and mean dec-
rease in Gini (MDG). Statistical significance
was setat o = 0.05.

RESULTS AND DISCUSSION

Our study, using GIS analyses and
MaxEnt modeling, determined that P, per-
sica reaches its maximum density
(410 trees/ha) on northern slopes, while
G. caspicais more common on southeas-
tern slopes (265 trees/ha). This difference
is related to the water regime require-
ments of the two species. Northern slopes
receive less solar radiation throughout the
day, leading to longer soil moisture reten-
tion. P, persica, as a mesophytic plant,
thrives under these conditions. Southeas-
tern slopes receive more solar energy,
resulting in faster soil drying, whereas
G. caspica, as a xeromesophyte, is adapted
to these conditions. Soil moisture was
found to range between 25-30% on
northern slopes and 15-20% on southern
slopes, explaining the observed differences
in species distribution.

Differences in distribution were also
observed along the elevation gradient.
P persica occurs at elevations of 200-
1600 m,with anoptimal zone at 600-800 m.
Within this elevation range, air humidity is
optimal (annual precipitation 1400-
1600 mm), and temperature fluctuations
are minimal (mean annual temperature 12-
13°C). Above 800 m, the density of P, per-
sica gradually decreases, with only scatte-
red individuals found above 1600 m. G. cas-
pica occurs at elevations of 200-1200 m,
with an optimal zone at 400-600 m. Above
1200 m, the density of G. caspica sharply
decreases, which can be explained by its
sensitivity to low temperatures. In the
400-600 m interval, the mean annual
temperature is 14-15°C and precipitation
is 1200-1400 mm, which is optimal for the
species.

Random Forest analysis showed that
the most influential factors for P persica
distribution were slope exposure (34.2%),
elevation (28.7%), and humus content
(18.3%). This result indicates that
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topographic factors play the primary role
for P, persica, while soil humus content is of
secondary importance. The high influence
of slope exposure reflects the species’
sensitivity to light and moisture regimes,
while the significant effect of elevation
indicates its adaptation to temperature and
precipitation gradients. For G. caspica, the
most important factors were iron content
(31.5%), pH (24.8%), and slope exposure
(19.4%). This result shows that G. caspica
is more sensitive to soil chemical proper-
ties, particularly iron content and acidity
level. The high influence of iron is related
to the specific iron requirements of the
Gleditsia genus.

The accuracy of MaxEnt modeling
was AUC = 0.892 for P persica and AUC =
0.874 for G. caspica. These values, close to
0.9, indicate that the models fall into the
"very good" accuracy category. Based on
these models, projections were made
according to climate change scenarios (RCP
4.5 and RCP 8.5).

The results indicate that by 2050, the
range of P, persica will shift to elevations of
400-1200 m, while the range of G. caspica
will shift to 200-600 m. Range contraction
will be more severe under the RCP 8.5
scenario. These projections highlight the
need to create new protected areas for
both species.

Table 1 - Ecological characteristics of ironwood and Caspian locust

Characteristic P. persica (ironwood) G. caspica (Caspian locust)
Ecological type Mesophyte Xeromesophyte
Optimal elevation (m) 600-800 400-600
Elevation range (m) 200-1600 200-1200
Preferred slope exposure North, northwest South, southeast
Maximum density (trees/ha) 410 265
MaxEnt AUC value 0.892 0.874
Random Forest main factor 1 Slope exposure (34.2%) Iron content (31.5%)
Random Forest main factor 2 Elevation (28.7%) pH (24.8%)
Random Forest main factor 3 Humus content (18.3%) Slope exposure (19.4%)

Our results show high consistency
with studies conducted in the Iranian
Hyrcanian forests. Sagheb-Talebi et al. [30]
reported that P persica in the Iranian
Hyrcanian forests is mainly concentrated
on northern slopes at 400-1200 m
elevation, with AUC values ranging from
0.85 to 0.91, which aligns well with our
result of 0.892 Pourmajidian et al. [31]
stated that G. caspica prefers warmer and
sunnier slopes in the Mazandaran province
of Iran, with AUC values ranging from 0.82
to 0.89. Kooch et al. [32]identified slope
exposure, elevation, and organic matter as
the main factors affecting P persica
distribution, which fully agrees with our
Random Forest analysis results.

Physicochemical Properties of Soils:
Soils formed under P, persica belong to the
mountain forest brown soil type. These
soils have a humus layer (A+AB horizons)
with an average thickness of 55 cm, ave-
rage humus content of 6.2%, TOC of 4.2%,
pH of 6.0, and physical clay content of
52.5%. The high humus content and thick
profile of these soils indicate their high
fertility potential. The slightly acidic
reaction (pH 6.0) is optimal for most forest
plants. The heavy mechanical composition
(clayey) ensures water retention in the soil
but simultaneously complicates drainage.
Profile analysis showed that humus thic-
kness is inversely proportional to slope
steepness: on steep slopes (>15°), humus
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layer thickness is 40-45 cm, while on
gentle slopes (5-15°), itis 55-65 cm.

Soils formed under G. caspica belong
to the mountain forest yellow and brown
soil types. These soils have a humus layer
with an average thickness of 30 cm, ave-
rage humus content of 3.5%, TOC of 2.4%,
pH of 6.5, and physical clay content of
38.5%. Compared to soils under P, persica,
these soils have a thinner humus layer,
lower humus content, and lighter mecha-
nical composition. The neutral pH (6.5) is
favorable for most plants. Mountain forest
yellow soils have a yellowish color throu-
ghout the profile, indicating the predomi-
nance of hydrated forms of iron com-
pounds. Iron-manganese concretions are
frequently encountered in the illuvial
horizon of these soils.

FTIR spectroscopy results showed
that soils under P persica exhibit intense
peaks in the aliphatic C-H (2920 cm™) and
aromatic C=C (1620 cm™) regions, indica-
ting the predominance of stable forms of
humus [19]. This stable organic matter
remains in the soil for a long time and sig-
nificantly contributes to carbon sequestra-
tion. The aliphatic/aromatic ratio was 1.2
in soils under P persicaand 0.8 in soils
under G. caspica, indicating that organic
matter in soils under P persica is more
decomposed and in a more stable form.
Soils under G. caspica showed more inten-
se carboxyl C=0 (1720 cm™*) and hydroxyl
O-H (3400 cm™) regions, reflecting the
less stable, readily decomposable nature of
the organic matter [19].

Table 2 - Physicochemical properties of soils under ironwood and Caspian locust

Parameter Soils under P. persica Soils under G. caspica
Soil type Mountain forest brown Mountain forest yellow and
brown

Humus layer thickness (A+AB), cm 55 30

Humus content (A1), % 6.2 3.5

TOC (total organic carbon), % 4.2 2.4

pH (H»0) 6.0 6.5

Physical clay (<0.01 mm), % 52.5 38.5

Texture Clayey, heavy clayey Clayey, medium clayey
Aliphatic/aromatic ratio (FTIR) 1.2 0.8

The high humus content (6.2%) and
thick humus layer (55 cm) observed in
soils under P persica are consistent with
findings by Kooch et al. [32] in the Iranian
Hyrcanian forests (humus 5.5-7.5%, thick-
ness 45-65 cm). Khormali et al. [33].
reported TOC values of 3.8-5.2% in soils
under P persicain Iran's Gilan province,
which aligns with our results (3.5-4.8%).
The humus content (3.5%) and TOC values
(2.4%) found in soils under G. caspica
correspond to values reported by Pourma-
jidian et al. (humus - 2.8-4.2%, TOC 1.8-
3.0%) [31]. Our FTIR spectroscopy results
are also consistent with those reported by
Ellerbrock and Gerke [19].

Trace Element Content and Vertical
Distribution: ICP-MS analysis determined
the content of nine trace elements (Fe, Mn,
Zn, Cu, Cd, Pb, Ni, Co, Cr). Concentrations of
heavy metals (Cd, Pb, Ni, Co, Cr) were
below background levels in all samples,
indicating that the soils are free from
anthropogenic contamination. Cd concen-
trations ranged from 0.1-0.3 mg/kg, Pb
from 8-15 mg/kg, Ni from 20-35 mg/kg,
Co from 5-10 mg/kg, and Cr from 40-
60 mg/kg, all below the maximum permis-
sible concentrations (MPC).

In mountain forest brown soils
formed under P persica, Zn and Cu reach
maximum concentrations in the upper
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horizon (A1) and decrease with depth. Zinc
was 54 mg/kg in the Al horizon and
45 mg/kg in the B horizon. Copper was
14.5 mg/kg and 11.5 mg/kg, respectively.
This distribution pattern indicates biogenic
accumulation: Zn and Cu absorbed by
plants from deeper layers are returned to
the upper soil layer through leaf litter. Zn
concentration in leaf litter was found to be
80-100 mg/kg, and Cu concentration 20-
25 mg/kg, explaining the enrichment of
these elements in the upper horizon.
Fe and Mn were relatively evenly distri-
buted throughout the profile (Fe - 4550-
4680 mg/kg, Mn - 335-365 mg/kg). The
relatively even distribution of these
elements indicates their derivation from
parent material and the absence of

intensive migration within the profile.

In mountain forest yellow soils for-
med under G. caspica, Fe and Mn concen-
trations increase with depth, reaching
maximum values in the B horizon. Iron was
5150 mg/kg in the A1l horizon and
5400 mg/kg in the B horizon; manganese
was 380 mg/kg and 400 mg/kg, respec-
tively. This distribution pattern indicates a
leaching (lessivage) process: iron and
manganese compounds are washed from
the upper horizons and accumulate in the
illuvial horizon. This process contributes to
the yellowish coloration in the profile of
mountain forest yellow soils. Zn and Cu
were relatively higher in the A1l horizon
(42 mg/kg and 11.0 mg/kg, respectively).

Table 3 - Distribution of trace elements across soil profile (mg/kg)

Horizom P. persica (mountain forest brown soils) G. caspica (mountain forest yellow soils)
Fe Mn Zn Cu Fe Mn Zn Cu
Al 4550 365 54 14.5 5150 380 42 11.0
4620 350 50 13.0 5400 400 38 9.5
4680 335 45 11.5 5300 390 35 8.5

XRD analysis determined the compo-
sition of clay minerals. Soils under P, per-
sica are dominated by illite (45-50%), kao-
linite (25-30%), and smectite (10-15%).
The predominance of illite indicates that
these soils are relatively less leached and
that physical weathering processes prevail.
[llite is rich in potassium and serves as an
important potassium source for plants.
Soils under G. caspica are dominated by
kaolinite (40-45%), illite (30-35%), and
vermiculite (10-12%). The predominance
of kaolinite indicates that these soils are
more intensively leached and subjected to
higher degrees of weathering [23].

Zinc (54 mg/kg) and copper
(14.5 mg/kg) concentrations in soils under
P, persica correspond to values reported by
Kooch et al. [32], (Zn 45-60 mg/kg, Cu 10-
18 mg/kg). Iron (5400 mg/kg) and
manganese (400 mg/kg) concentrations in

soils under *G. caspica* correspond to
values reported by Pourmajidian et al. (Fe
4800-5800 mg/kg,Mn 340-450 mg/kg) [31].
The differences observed in the vertical
distribution of trace elements also align
with international studies. Khormali et al.
showed that Fe and Mn compounds
accumulate in the illuvial horizon of yellow
soils, while in brown soils, trace elements
are concentrated in the upper horizon [33].
Our clay mineral composition results also
agree with those reported by Moore and
Reynolds [23].

Agrochemical Potential and Agricul-
tural Use Potential: Mountain forest brown
soils formed under P persica are charac-
terized by high humus content (6.2%), high
TOC (4.2%), and rich trace element content
(Zn - 51.5 mg/kg, Cu - 13.5 mg/kg). If these
soils are used for cultivation, the need for
organic fertilizers would be significantly
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reduced. The slightly acidic pH (6.0) is
suitable for many crops (e.g., legumes and
vegetables). The high cation exchange
capacity of these soils (25-30 cmol/kg)
enhances their ability to retain fertilizer
elements and release them gradually to
plants. The high organic matter content
improves soil water-holding capacity (field
water capacity 35-40%) and structure.
Soils formed under G. caspica, parti-
cularly mountain forest yellow soils, have
neutral pH (6.5), which is optimal for most
agricultural crops, including cereals, vege-
tables, and industrial crops. These soils al-
socontain high amounts of Fe (5300 mg/kg)
and Mn (390 mg/kg). While iron is essen-

tial for chlorophyll synthesis, excessive
concentrations can be toxic to some plants.
Irrigation management requires careful
attention in these soils, as under water-
logging conditions, toxic forms of iron can
develop.

The concentrations of trace elements
in both soil types fall within the "normal”
range established by Kabata-Pendias [34].
This range is Zn 50-70 mg/kg, Cu 10-
20 mg/kg, Fe 5000-10000 mg/kg, and Mn
300-600 mg/kg. All trace elements in our
study fall within this range, indicating that
the soils are safe in terms of heavy metal
contamination [34].

Table 4 - Agrochemical potential of the studied soils

) Soils under Soils under L
Indicator : ) Agronomic significance
P. persica G. caspica
Humus, % 6.2 35 Reduces ne.e(.i for organic
fertilizers
TOC, % 4.2 2.4 Carbon sequestration potential
pH 6.0 6.5 Favorable for most crops
Cation exchange capacity, 25-30 18-22 Retains fertilizer elements
cmol/kg
Field water capacity, % 35-40 28-32 Regulates water regime
Zn, mg/kg 51.5 40.0 Essential for plant growth
Cu, mg/kg 13.5 10.0 Essential for photosynthesis
Fe, mg/kg 4600 5300 Requires careful irrigation
Mn, mg/kg 350 390 Essential for plant growth
Agricultural potential High for organic Suitable for .
farming most crops

Our findings regarding the high ferti-
lity potential of soils under P persica align
with those reported by Kooch et al. [32],
who classified soils under P persica as
"highly fertile" and noted their high poten-
tial for organic farming. Pourmajidian et al.
highlighted the neutral pH and high iron
content of soils under G. caspica,
emphasizing the importance of proper
drainage system installation in these soils
[31]. The international standards presen-
ted by Kabata-Pendias serve as a primary
source for assessing heavy metal content in
soils [34].

CONCLUSION

This study has demonstrated a close
relationship between the distribution of
Parrotia persica(ironwood) and Gleditsia
caspica (Caspian locust) and soil conditions
in the mountain forest ecosystems of the
Lankaran-Astara region.

The two species occupy different
ecological niches within the same geo-
graphic area. P, persica develops optimally
on humid northern slopes at 600-800 m
elevation, with a maximum density of
410 trees/ha. G. caspica predominates on
dry southeastern slopes at 400-600 m
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elevation, with a maximum density of
265 trees/ha. Random Forest analysis
showed that the most influential factors for
P, persica distribution were slope exposure
(34.2%), elevation (28.7%), and humus
content (18.3%), while for G. caspica, they
were iron content (31.5%), and slope
exposure (19.4%).

Soil properties also showed signi-
ficant differences between the species.
Mountain forest brown soils form under
P, persica, characterized by a thick humus
layer (55 cm), high humus content (6.2%),
slightly acidic reaction (pH 6.0), and heavy
texture. Mountain forest yellow and brown
soils form under G. caspica, with a thinner
humus layer (30 cm), moderate humus
content (3.5%), neutral reaction (pH 6.5),
and medium texture.

Trace element distribution also exhi-
bited different patterns. Soils under P. per-
sica are rich in Zn (54 mg/kg) and Cu
(14.5 mg/kg), with these elements rea-
ching maximum concentrations in the
upper horizon and decreasing with depth,
indicating biogenic accumulation. Soils un-
der G. caspica are rich in Fe (5400 mg/kg)
and Mn (400 mg/kg), with these elements
increasing with depth and reaching maxi-
mum values in the B horizon, indicating
leaching (lessivage) processes. Clay mine-
ral composition also differed: illite predo-

minates in soils under P persica, while
kaolinite predominates in soils under
G. caspica.

In terms of agrochemical potential,
soils under P persica have high potential
for organic farming due to their high
humus and trace element content. Soils
under G. caspica, with their neutral pH and
high iron-manganese content, are suitable
for most agricultural crops. Trace element
concentrations in both soil types fall within
the "normal" range according to inter-
national standards, indicating that the soils
are safe from heavy metal contamination.

Practical recommendations include
limiting  anthropogenic impacts on
northern slopes for P persica and on
southern slopes for G. caspica, maintaining
forest floor cover, and creating new
protected areas for both species based on
climate change projections. In agriculture,
promoting organic farming on soils under
P persica and ensuring proper drainage
and irrigation systems on soils under
G. caspica are recommended.

The results provide a scientific basis
for both the conservation and restoration
of the Hyrcanian forests, which are
inscribed on the UNESCO World Heritage
List, and for the sustainable agricultural
use of soils in the region.
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TYWUIH

T. AxagoBl*
TEMIP AFAILIbIH (PARROTIA PERSICA) YKOHE KACIIMY KAPOBbIH

(GLEDITSIA CASPICA) KOJIAAWTBIH JITHKAPAH-ACTAPA TAY OPMAH/IbI
TOITIBIPAKTAPBIHBIH ATPOXUMUAJIBIK KACUETTEPI MEH K¥YHAPJIBI 9JIEYETI

193ip6aiincan Pecnybaukacsl FolabiM HcaHe 6inim muHucmpieiniy leoepagus
uHcmumymoli, A3 1000, baky, XamauH aydaHbl, Uaveap 3yabgyzapos keweci, 23,
93ip6aliixcan,* e-mail: Ehedov-tural@mail.ru

Byn 3epTTey pesuKTi aramTapApbly eki TypiHig - [lappoTtus nepcusiielk (Parrotia persica)
koHe Kacnuit rnepuuus (Gleditsia caspica) Tapany 3aHAbLIBIKTapbl MeH JlaHkapaH - AcTapa
3KOHOMMKAJIBIK, alMaFbIHbIH, TayJlbl OpMaH 3KOXyHesepiHAeri TonbIpak, *afFAalJapbl apacblH-
Jarpl GailyaHbICThbl 3epTTeiai. 3eprTey 2022 x¢aHe 2025 KbLIAap apasjbIFbIHJA KYprisingi.
28 Tomnblpak, npodusiHeH 6GapJblFbl 112 TombIpak, yJjrici »KMHaJbIN, KaJIbl OPraHUKaJbIK
keMmipTteri (JKOK), FTIR cnekTpockonusicel, pH, 6esuiekTep/iiH MeJllepiHiH Tapaaysbl (Ja3epJik
Andpaknus), MUKpoaseMeHTTepAiH KypaMbl (ICP-MS) xaHe ca3fblH MUHepan bl Kypambl (XRD)
Tanganapl. Hatuxkenep P. persica e3iHiH MakcuMaszAbl ThIFbI3AbIFbIHA (410 aFami/ra) coaTycTik
6eTkeityiepae 600-800 M 6GuikTikTe KeTefi, an G. caspica OHTYCTIiK-1IbIFbIC GeTkelnepae 400-
600 M GUiKTiKTe >KOFapbl THIFbI3ABIKKA (265 afaui/ra) *ketefi. P. persica acTblHJa naiijja 601FaH
TayJibl OpMaH KOHbIP TOMbIpAaKTapblHAa Kapalipik MeJiiepi xxofapsbl (6,2%), 2KOK (4,2%) xoHe
aszgan Kpimkbl1 pH (6,0), an G. caspica acTeiHJAFbl Tay OpPMaHBIHBIH, Capbl XK9HE KOHBIP
TomNbIpaKTaps! cunartraiazpl. KapawipikTig oprama menuepi (3,5%), 2KOK (2,4%) «oHe GeiiTa-
pan pH (6,5) 6oibIHIIa. P. persica acTbIHAAFb! TONbIpaKTap Zn (54 mr/xr) kaHe Cu (14,5 mMr/kr),
An G. caspica acTeiHAaFbl TonblpakTap 6aibiThuIFaH. KypameiHga Fe (5400 mr/kr) »xkoHe Mn
(400 Mr/kr) »kofapbl KOHILeHTpauusicbl 6ap. P. persica acTbIHAaFbl TONBIPAKTAap OPraHUKaJbIK
eriHWiMIKTIH KOFapbl ajeyeTiH KepceTeli, aj G. caspica acTbIHJAAFbl TOMbIpaKTap OGedTapan
PH-Fa ve, OyJ1 os1apbl JaKbLIAAP/bIH KEeH ayKbIMbIHA KOJANJIbI eTef].

Tyilindi ce30ep: Temip araiibl, Kacnuil ryieAU4HsCchl, TONBIPAK, KaFJalaapbl, arpOXUMHUs,
TOMBIPAK KYHAPJIbLIBIFbl, MUKPO3JIEMEHTTEP.
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PE3IOME

T. AxagoB'*

ATPOXUMUWYECKUE CBOWCTBA Y ITOTEHLIUAJI IJI0IOPOAHKA TOPHO-JIECHBIX
[10YB JIAHKAPAH-ACTAPA, IIOAAEPKHMBAIOIINX KEJIE3HOE ZIEPEBO

(PARROTIA PERSICA)  KACTTMMUCKOE POXXKOBOE JIEPEBO (GLEDITSIA CASPICA)

1HHcmumym eeoepaduu MuHucmepcmea HayKu u o6pazoeaHusi Pecny6auku
A3zep6atidxcan, A3 1000, baky, XamauHckuli patioH, ya. Haveapa 3yasgyzaposa, 23,
Azepb6atidican,* e-mail: ehedov-tural@mail.ru

B 3TOM Hccnen0BaHUM M3y4YaeTcsl B3AUMOCBSI3b MeX/y 0COGEHHOCTSIMU paclpoCTPaHEHUS
JIByX PeJIMKTOBBIX BHUJIOB ZAepeBbeB - [lappoTus nepcujckas (Parrotia persica) u Kacnuiickoit
rnepuuus (Gleditsia caspica) v TOYBEHHBIMH YCJAOBUSIMH B TOPHBIX JIECHBIX 3KOCHCTEMax
JIeHKOPaHCKO-ACTapUHCKOI0 9KOHOMHYECKOT0 pervoHa. MccienoBanue npoBoAUI0OCh B IEPUO/,
¢ 2022 no 2025 rog. B obueil cnoxHOCTH M3 28 MoYBeHHbIX npoduieil 6b110 oTob6paHo 112
06pasL0B MMOYBLI, KOTOPbIe GbLIM NMPOAHAJU3UPOBAHbl HA COZlEpPKaHHE OOILEro OpraHUuYecKoro
yraepoga (00Y), UK-cnektpockonuw, pH, pacnpezgeseHue dacTuin nmo pasmepam (J1azepHasi
audpaknus), coctaB MuKpoasneMeHTOB (ICP-MS) u rsmHucTo-mMuHepasbHbI coctaB (XRD).
PesyapTaThl Moka3bIBalOT, 4TO P. persica focTUraeT CBOell MaKcUMaJsbHOW moTHocTH (410
JlepeBbeB/ra) Ha ceBepHbIX CKJI0oHax Ha BricoTe 600-800 M, B To BpeMs Kak G. caspica JOCTUTaeT
60Jsiee BBICOKOW IJIOTHOCTH (265 JepeBbeB/ra) Ha IOro-BOCTOYHBIX CKJIOHaX Ha BbicoTe 400-
600 M. Bypble Mo4BbI TOPHBIX J1ECOB, cpopMUpoBaBLIKecs 1o P. persica, xapakTepusyrTcs 6oiee
BBICOKMM coZiep:kaHueM rymyca (6,2%), 00Y (4,2%) u cinabokucasiM pH (6,0), B To BpeMsi Kak
KENThle W Oypble MOYBBI TOPHBIX JIeCOB MNoA G. caspica XapaKTEpHU3YHTCS yMepPEeHHbIM
cojepxkanueM rymyca (3,5%), 00Y (2,4%) u HedtpanbHbiMu pH (6,5). Iloussl nog P. persica
o6orauens! Zn (54 mr/kr) u Cu (14,5 Mr/kr), B To BpeMsl KaK MOYBBI 1o, G. caspica conepuT
6osiee BbicokHe KoHueHTpauuud Fe (5400 mr/kr) u Mn (400 mr/xr). IlouBwl nog P. persica
06/1aZla10T BBICOKUM IOTEHIIMAIOM JJIs1 OpTaHUYECKOro 3eMJlejie/ksl, B TO BpeMs KaK IOYBHI [0/
G. caspica uMeOT HEUTPaIbHBIK pH, 4TO Jle/laeT UX NPUTOAHBIMU JJIs1 BBIPAIMBAHUS IIHPOKOTO
CTeKTpa KyJbTYpP.

Kawuesvle cs08a: >xene3HOe [AepeBO, TIJeAUYMs KACIHUHCKAs, MNO4YBEHHbIE YCJIOBHS,
arpoxXuMus, IJI0J0POIUE T0YB, MUKPO3JIEMEHTHI.

AUTHOR INFORMATION
1. Akhadov Tural Kamal oglu - PhD student, https://orcid.org/0009-0001-6277-
7136, e-mail: ehedov-tural@mail.ru
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WHO®OPMALUA

HanuoHasnbHOUM akajieMuelt arpapHbix Hayk Pecny6sinku Kazaxcran u Kazaxckum
HUW 3K0HOMUKHM arponpoOMBILLJIEHHOT0 KOMILJIEKCA U PAa3BUTHUSA CeJIbCKUX TEPPUTOPUN
OblJIa OpraHU30BaHa W NMpoBejAeHa Mex/IyHapoJHasi Hay4dHO-NpaKTU4YecKass KoOHepeH-
nus Ha TeMy: «Paszeumue azpapHoll Hayku u HayyHozo obecneveHus: AIIK KazaxcmaHa:
meopusi, Memodo/102us, NPaKkmuKay.

KondepeHuusi nocpsiiieHa NaMsTU W3BECTHOT'O0 YYEHOTO-3KOHOMUCTA, JIOKTOpa
3KOHOMHUYECKHX Hayk, mnpodeccopa, TAHU AJIMMOBHUYA KAJIMEBA - akamemuka
HanuonanbHOW akajieMuu Hayk Pecny6auku Kasaxcran (HAH PK), HaunonanbHOM
akagemuu arpapHbix Hayk (HAAH PK), uHocTpaHHOoro usneHa Poccuiickoit akageMuu
Hayk (PAH), YkpauHckol akazeMuu arpapHbix Hayk (YAAH), saciy:xeHHOro jgesitess
KazaxcTaHa B 06JlacTU HayKM M TeXHUKH, opraHusaTtopa W nepsoro llpexaceparens
colMa-AeMOKpaTU4YecKol mapTuu «Aybui», Jlemytata BepxoBHoro CoBeta Kas3CCP
12 cosbiBa U Maxkusuca [lapiamenTta Pecny6sinku KazaxcraH.

HanuoHanbHOU akajeMuell arpapHbiX Hayk Pecny6sinku KasaxcraH, oTaesieHueM
«IIpupogHble pecypcobl U 3koJsiorus» 28 mada 2026 r. B KazaxckoM Hay4HO-HUCCIEL0-
BaTeJbCKOM WHCTUTYTE NOYBOBEJEHHUS U arpOXUMUM UMeHHU Y.Y. YcraHOBa MpoBeEeHO
CekLlMOHHOE 3acejaHUe «Ycmoliuusoe ynpasseHue npupodHbIMU pecypcamu U
9K0/102uYeckasl 6e30NacHOCMb.

TopskecTBeHHO OTKpPBLI cekimoHHoe 3acenanue ECIIOJIOB Tnektec HcabaeBuy,
[Ipesupent HAAH PK, p.3.H., npodeccop, akagemuk HAH PK, HAAH PK. B pa6ote
CEKIIMOHHOTO 3acefaHus npuHanau ydyactue MAXATOB BosnatxaH MaxaTtoBud, A.C.-X.H.,
npodeccop, Bure-Ilpesunentr HAAH PK; CAITAPOB lanbiM:kaH AGay/iaeBuY, K.C.-X.H.,
3aB. OTZeJla 3KOJIOTMM IM04YB, 4YJEeH-KOPPEeCIOHJAEHT, 3aMecTuTe b llpezacenmaTtens
OT/leJIeHUS; CYJIENMEHOB BelibyT YanuxaHOBWY, [.C.-X.H., aKaJleMUK, [JIaBHbIU
Hay4YHbIN COTPYAHUK OT/eJ1a arpOXUMHUHU.

C npuBeTCTBMEM K Y4YaCTHMKaM CEKIIMOHHOTO 3acellaHUs  BBICTYIUJIU:
PAMA3AHOBA Payman Xam3aeBHa, K.C.-X.H., foueHT, [Ipeacenarens [lpaBaenus TOO
«Kazaxckuii HHUW mnouyBoBeseHUss M arpoxdMuu uMeHu Y.Y.YcnanoBa»; HMCBEKOB
Kyanbiin bai6osiaToBuy, A4.6.H., npodeccop, akaaeMuk, [lpeacenatenb oTaeseHus,
ucnosHuTenbHbll  gupektop TOO «HIIL upeHTp pbi6HOrO Xo03s1MicTBax; JMKAJIUJI
A6pyBaniu, 1okTop, mpodeccop, cogupektop HUIL skosoruu u okpy:xariei cpeanl LA
(Anmarsl); BAJIFABAEB Hypsian HypMmaxaHyuibl, [.C.-X.H., aKaJIeMUK; TJIAaBHbIA Hay4YHbIN
cotpyauuk TOO «KasHUUWBX»; /[lupektop WcnosnHutenbHol /[lupekuuu Mexay-
HapogHoro ®oHpa cnacenus Apana B Pecnybsinke Kazaxcran MYKATAEB Cepukanuit
MyxaMeTKapuMOBUY.

C poknagom Beictynuaun: BAJITABAEB H.H., a.c.-x.H., akageMuk, TOO «KasHUHUBX»;
KHWPUJIJIOB B.I0., k.x.H., npodeccop, TOO «KasHUUJICA umenu A.H. BykeiixaHa;
JDKE®3H Mao, PhD, npodeccop, CUHBU3AHCKMI HHCTUTYT 3KOJOTMHM U reorpadpuu
Axagemun Hayk Kutasa; AMHUPOB B.M., k.c.-X. HayK, AOLEHT, 3aBeAYHOUIMU OTAe/0M
arpoxumuy, TOO «KasHUUIIUA um. Y.Y.Ycnanosa»; TAFAEB A.M., k.c.-X.H., 3aBeAyI0I1H
otaesna TOO «CXOCXub»; CAHAT A.C., HayuyHbi# coTpyaHuk «HIIHT»; BAJITABAEB A.M.,
K.C-X.H., aKazeMHkK, nmpodeccop Kadbenpbl «[louBoBemeHHE, arpoXUMHUS U 3KOJIOTHUS»
«KasHAWY»; PBICIIEKOB T.P, k.c-x.H., accucteHT npodeccop, «KazHY um. anb-Oapadbu» u
Jpyrue.

B c6opHUK MaTepuasioB MexXaAyHapoAHOW HAy4YHO-MPAKTUYECKON KoHepeHIUU
«Paszeumue azpapmoili Hayku u HayyHozo o6ecneveHusi AIIK Kaszaxcmawna: meopus,
Memodo/102usl, NpakmMuka» NOCTynuJ0 42 Hay4dHble CTaTbU y4YeHbIX A3epbaipKaHa,
Y36ekucrana, Keiproiscrana, KHP u KazaxcraHa.
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