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AnHoTtanusi: JKyMmbpIcTa ca3lbl THAPOAUCIIEPCHUSIIAPIBIH  PEOJOTUSIIBIK KAacHETTEpiH
TEPEHIPEeK TYCIHYy MAaKcaTbIHIA OJIapJbl CAHJBIK CHIIATTAay, KYPBUIBIMIBIK YHBIMIACY IOPEKECiH
KelleH 11 Oaranay »oHe KOHIIEHTpAIMs MEH MOJUMEPIIK MOAU(PUKAIUSHBIH 9CEpiH aHBIKTAY YILIiH
CaHIBIK MOJICNBJEY MEH CTATUCTHKAIBIK Talnay odiCTepi KOJNIAHBUIIABI. 3epTTey HOTIKeIepi
KOpCETKEeHIe!, AUCTIEPCTIK KYHeIep/IiH aFblH KUCHIKTapbIH cunarrayna ['epmens—bankan moaeni
XKOFapsl gonaikke ue 6omsi (R? > 0,9), kypreni KypbUIbIMIaHFaH JKy#eep YIIiH OHBIH THIMAUTITIH
pacTajpl.

Taran KeH OpHBI ca3lapbl MbICAJBIHAA KOHIICHTPALMSHBIH apTybl Kyielne KEeHICTIKTIK
KYPBUIBIMIBIK TOPJBIH KaJbIITACYbIHA HICHIYINI BIKIAN €TeTiHI aHbIKTANIbl. ATam aWTKaH7a, ary
meriHiH To o« C2-2° TypiHAeri Toyenaunri OeIIeKTep apachlHIAFbl KOOICPATHBTIK ©3apa
OpeKeTTeCyJIep HOTIKECIHIE TMEPKOJSAIMIIBIK KYPBUIBIMHBIH TY3UTyiH monenapenni. An Kernec,
Koi3butopna sxoHe VYpanrail KeH OpBIHIAPBIHBIH YITUIEPIHAEC PEOJOTHSIIBIK KAacHeTTep.IiH
KOHLEHTpaLUsAra TOyeNauIirt OIpMoHAI eMec €KeHl1 OalKajblll, OJIapJAblH Kem(akTopibl, SFHU
MUHEPAIABIK KypamMbl MEH TUCHEPCTIK XYWEHIH 1Kl KYpbUIBIMbIHA TAYENJl KYpJesl TaOuFaThIH
KOPCETTI.

CoHbIMEH KaTap, MOJIMMEPIiK MOAN(PUKAIMSHBIH EHT131Ty1 )KYyHeIep/IiH peOoJTOTUsIIBIK MIHE3-
KYJIKBIH eJIoyip e3repeTiHi aHbIKTaiael. Hatpuil kap6okcumernnuemnonoza (KMILI) koceuiranna
KyHesnep/e NCeBAOIIIaCTUKANIBIK aFbIH PEXUMI KaJIbIITACKIIN, KYPBUIBIM/BIK OCpPIKTIK TOMEHIEHUTIHI
Oaiikanca, ruapokcunponueuiono3a (I'TIL) konganeFan kargaiiia xyile TypaKTaHbIN, aFbIH
MHJEKCIHIH MoH1 OIpJiKKe XKYbIKTaiabl, OyJl KypbUIBIMABIK KaiiTa yibIMIacy YyJepicCTepiHiH
0oceHeyiH KopceTe/Ii.

Ocpuraiiiia, ajbplHFaH HOTIDKENEp Cca3 THAPOAMCIEPCHUSUIAPBIHBIH  KYPBUIBIMIBIK —KOHE
PEOJIOTUATIBIK KaCHETTEpiH OaFbITThI TYpJE PETTEY/IH FbUIBIMU HETI31H KaJbINTACTBIPHII, OJIAp.bl
OypreIIay epITIHAUIEpIHAC, COPOCHTTEpJEe >KOHE KYpPBUIBIC MaTepuajapbl OHIIPICIHIE THIMII
naigananyra MyMKiHAIK Oepei.

Tyitinai ce3nep: ca3apl MUHEPAZ, OEHTOHUT, TUIPOIUCIICPCHSI, PEOJIOTHSI, CAHIBIK MOJICTBICLY,
BIFBICY KEpPHEYI, aFry ILeri.

Kipicne

Caz el THAPOAMCIIEPCHSIIAP KYPIeT TUCTIEPCTIK JKyHenep KaTapblHa KaTa bl dKoOHE OJapIbIH
PEOJIOTHUAIIBIK KaCHETTEP1 opTYpIli (PU3HMKA-XUMUSUIIBIK (haKTOpiiapFa Toyeni Oobin keneni. MyHai
KYHUeNepIiH TYTKbIPIBIFbL, BIFBICY KEPHEY1 KOHE aFy IIeri CUSKThI HETi3rl MmapameTprepl yakbITKa,
KOHIICHTpALlUAFa, OONIIEKTepAiH e3apa dcepiiecyiHe *oHEe MUHEpANJbIK KypaMblHa OaiaHBICTHI
e3repin oTeipajbl [1, 2]. CoHAbIKTaH ca3/1bl THAPOIUCIEPCUSIIAP IBIH PEOTOTHSUIBIK KACUETTEPIH TEK
HKCHEPUMEHTTIK JKOJIMEH CHUIIaTTay XKETKUIIKCI3, Oap/ibl CAHBIK MOJEIBACY KOHE CTATUCTHUKAIIBIK
OHJICY OJICTEP1 aPKBLIBI TEPEHIPEK TaAay KAKETTUIIT TYBIHAANIBI.

KazakcTaHHBIH OpTYpJli KEHOPBIHAAPBIHAH aAJbIHFAH Ca3[bl MaTepHajap e37epiHiy
MUHEpAIIBIK KypaMbl MEH KYPBUIBIMIBIK €peKIIeNKTepl OoibiHIIA Oip-OipiHEH endyip
alpIpMaIIbUIBIK ~ KepceTedi. bys  ailplpMalibuibIKTap OJapAbIH CyJarbl  JIUCHEPCHsUIIAPBIHBIH
pPEOJIOTHSUTBIK ~ KacHeTTepiHe Tikened ocep eredi. OcbhbiFaH OailTaHBICTBI OPTYPAl KEHOPBIH
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Ca3NlapbIHBIH THUAPOAUCIEPCHUIAPBIH CHUIIATTAy YIIiH oMOe0anm MaTeMaTHUKAaJIBIK MOJEIbACPIl
KOJIJIaHy >KOHE OJIapJbIH TapaMeTpiiepiH HAKThUIAy ©3€KTi FhUILIMH OarbITTapIblH Oipi OOJBII
TabbuTa b [3].

Kasipri yakpITTa ca3/ibl CyclieH3UsUIapAbIH aFy epeKInenikTepin cunarrayaa bunram, Kaccon
xoHe ['epuiens—bankin CUAKTBI HBIOTOHABIK €MeC MOJENbJep KeHIHEeH KOoJaaHbuiansl. [lerenMen
HAaKThI KYyWenep YIIH Oyl MOJCNbIEPIiH COWKECTIriH Oaranay >KoHE alblHFaH MapaMeTpiiep.IiH
CEeHIMJIUTITIH CTAaTUCTUKANBIK TYPFBIIAaH HETI37ey MaHbI3Abl peJ  aTKapanasl. byn  yiiH
OKCIIEPUMEHTTIK JICPEKTEP/ll OHJEYNE PETrpPecCHsUIBIK Taljay, MOJENb JOIAIriH Oaranay
KpUTEPUIJIEP] )KOHE KATeIK aHAIHM31 9JICTEP] KOJITaHbLIA IbI.

Ocbl KYMBICTBIH MakcaThl — Ka3aKkCTaHHBIH OpTYpJi KEHOpPBIHJApbIHAH allbIHFaH Ca3ibl
TUAPOJIUCIIEPCUSTIAPIIBIH ~ PEOJIOTUSUIBIK ~ KAaCHETTEpiH CaHIBIK MOJIENbJAEY JKOHE aJIbIHFaH
MOJICNIbJCPIH a/IeKBaTTHUIBIFBIH CTATHCTUKAJIBIK Oaranay. 3epTTey HOTHXKENEpi ca3 bl XKYHenepain
KYPBUIBIMIIBIK KOHE PEOJIOTUSIIBIK KACUETTEPIH TEPEHIPEK TYCIHyTe, COHIali-aK OJap bl TOKIPUOETiK
’KOHE OHEPKACIITIK KOJIJaHy cajajapblH/Ia THIMI MaigaanyFa MYMKIHIIIK Oepei.

Mamepuanoap men 3epmmey 20icmepi. 3eptrey Hbicanaapsl perinje Kazakcranuoig Kenec
(Typkicran o06xnbicel, Capslaram aynanbl), Ypasraii (Typkictan oOmbicel, Co3ak ayaaHsl),
Keibutopna (Kei3puiopaa o6mbichk) skoHe Taran (LLbirpic KazakcTan oOJIbICH) KEH OpBIHIAPbIHAH
QJIBIHFaH TaOWFU OCHTOHWTTI ca3/ap MmanqaIaHbUIIbL.

3epTTeyae Keneci MOJIMMEpITiK MaTeprangap KOiIaHbUIIbL:

- Monekynanslk Maccachl 150 000 r/momnb OonaTeiH nommakpuiaamun (ITAA);

- monekynanslk Maccackl 80 000 r/mons ruapokcunporumnienatoioda (I'TIL, Klucel EF
PHARM cayna mapkacsl);

- MonekynanslK Maccachkl 250 000 r/mMonb HaTpuii kapookcumetumenoiaosa (Na-KMLI).

3epTTey KYprizy yIIiH ca3 yATiaepi ajuablH ana OelMe TeMmiepaTypachlHIa KYpFak KyWre
neiiiH kenTtipingi, keiin ycakransin, 'OCT 212162014 cranaapTbeiHa colikec canpliay emmemi 0,25
MM OOJIaTBIH €JIEKTEH OTKI31IJI1 )KOHE dp YATIre mapTThl Oesri Oepiil.

Cazapl TUApOAMCIEpCUSUIapAbl AalbIHAAy YIIiH 2,5 T yHTakTanmran ca3 yiarici 50 mu
TpaJyUpIICHIeH OISy IUIHHIPIHE CANBIH/BL. YJrire 22,5 MII TUCTHIICHTEH Cy KYWBUIBII, IUITHHID
repMeTHKabIK Typae ka0puiasl. Kocna 10 peT xorapbl-ToMeH OarbITTa OipKenKi apagacThIPbUIIB.
I'unponucnepeus Temne-TeHIIK KyiliHe >KeTy YIIiH 24 caraTKa KaJAblpbULAbl. bip TOyliKTeH COH
HWIMHIPIIEP KOFapblia alThUIFAaH TOCUIMEH KalTalaH apanacThIPBUIBIN, AUCTUIIEHTeH CyMEH
KeJieMi 25 MJI-Te JIeH1H TOJNBIKTHIPBUIBII KOHE apaiacThIPhUIILI [4].

Ca3zipl  TMAPOAMCHEPCUSIIAPIBIH  PEOJIOTHSUIBIK  KAaCHETTepl KOAKCHAJAbl LMJIMHAPIEP
xKyheciMeH »xkababikranraHn VTS550 yarimeri aiiHanmansl Buckosumerpae (Haake, I'epmanus)
3eprrenai. Toxipube 25 + 0,1°C temneparypaja, KarTel (a3aHblH Maccaiblk yieci 5% - 20%-ra
NeMiHT1 qucnepcusiiapia Kyprizuiil.

3epmmey nomuosicenepi. 3epTTenret YAriiepAiH PeoOTUsIIBIK KACHETTEpl aBTopaapAbIH [5]
KYMBICBIHJIa €TKEH-TerKeilli  aHbIKTanFaH. EHIIrT MakcaT ca3ael THIPOAWCIEPCHUSIIAP.IBIH
PEOJIOTUATIBIK KAaCHETTEpiH CaHABIK CHUIATTay, OJapAblH KYpPbUIBIMIBIK YHBIMIAcCy IopexkeciH
OOBEKTUBTI Oarajay »oHe KOHIIGHTpalMsl MEH MOJIUMEpNIiK MoIu(pUKALUsS JCepiH aHBIKTay
MaKCaThIH/Ia CAaHIBIK MOJICTIB/ICY JKOHE CTATHCTUKAIIBIK TalAay KYPri3iil.

Jucnepctik xylenepaiH peosIoTUsIBIK KACUETTEPIH CUMATTayAa >KapThUlail SMIHUPUKAJIBIK
MOJIeTIbICp KEHIHEH KOJJaHbUIaNbl, odapAblH imiHae [epmens—bankmu wmopeni Kypaemi
KYPBUIBIMIaHFaH JKyHenep YIIH eH THIMJI1 MOJIeh O0JbI TadbuIas [6, 7].

AFBIH KHCHIKTAPhIH CUITATTAY YIIH KelleCl TeHAeY KOIIaHbUIJIbI:

T=10+ K" (1)
MYHJIaFbl
T - bIFbICY KepHeyi (I1a);
To - ary meri (I1a);
K - xoHCcHCTeHIUS KOYPPUITHEHTI,
N - aFbIH UHACKCI,
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Y - BIFBICY KBUTIAMIBIFBI (C).

Mopnens mapameTpiepi €H Kilmll KBagparrap OiCiHEe HETI3NENTeH HUTEPalUsIIbIK
COMKEeCTeH/IIpY apKbUIbl aHBIKTANAbl. ANMPOKCUMAIIMS canachl AeTepMHUHaMs KodhdUuimeHTiMeH
(R?), conpaii-ak perpeccusiHblH CTATUCTHUKAJBIK MaHBI3BUIBIFBI P-MOHAEP] apKbUIbl OaraiaH[bl.
AJnbIHFaH apamerpiep 1-kecreze KeNTipiireH.

1-kecte - Cazapl rupoaucnepcus yariiepi yuid ['epuens—bankiu napamerpiepi

Yuarinep 7o (I1a) K n R?
(C %)
Taran 5% 1,980 6,45-1073 1,73 0,996
Taran 7% 4,240 1,28-1073 1,32 0,908
Taran 10% aHBIKTaJIMaIbl* 10,76 0,15 0,814
Kenec 5% 0,264 2,62-10 1,46 0,996
Ke3buiopaa 5% 0,118 2,27-10° 1,81 0,993
VYpanraii 5% 0,111 6,47-107* 1,30 0,997

*10% Tagan dncytiecinoe to ceHiMOT AHLIKMATMAObL.

1-kecte manmiMeTTepi OolibIHIa TaraH KeH OpHBIHBIH 5% kxoHE 7% TUApOIuCIIepCHsIapbIH/Ia
To MOHJEPIHIH KOFapbl OONyBl >Xyiele KEHICTIKTIK KYPBUIBIMIBIK TOPIBIH KaJIbINTaCKaHBIH
TONEIICH T

AFBIH MHACKCIHIH N > 1 MOHJIEpi 3epTTEIreH KyHenep i OipKaTapblHIa TUIaTaHTTHIK aFblH
PSKUMIHIH KaJbINTaCyblH aWKbIHIAHABI. Bynm KyObUIBIC >KOFapbl KOHIEHTpAIMs >KarnaiiblHaa
OeJIIeKTep apachIHIAFbl THIPOJUHAMHKAIBIK ©3apa SpeKeTTecylepiH KYIIeoiMeH OailllaHbICThI
[8].

10% Taran xkyitecinae R? = 0,814 MoHI MOZeNb COMKECTITIHIH TOMEH JCHIeiiH alKbIHAaM TbI.
CoHbIMEH KaTap YakbITKa TOyeNnJl KYpbUIBIMABIK KaiiTa yilbiMaacy OaiKanibll, >KyHEHIH
TUKCOTPONUSIIBIK CUIIAThIH alKbIHIAU b1 [9].

l-kecrene aHbIKTamFaH mnapameTpiep HeriziHae [epmens—banknu Moxeni OolibiHINIA
€CENTeNINeH aFblH KHUCHIKTaphl (l-cyper) kenTipiareH. bapiblk sxyilenep ymIiH T—y TOyeaiiri
CBI3BIKTHIK €MeC CHIaTKa ue. TaraH TUApOJAUCIICPCHUIAPBIHIA KUCHIKTAP.IbIH JKOFAPhl OPHATIACYHI
KOHE OJapIblH ©CY KApKBIHBIHBIH allKbIH OOJIybl OOMNIIEKTep apachlHAAFbl KOOMEPATHUBTIK ©3apa
OpeKeTTeCyJIep/IiH KYIICIOiH )KOHE KYPBUIBIMIBIK TOPIBIH KAJBIITACYBIH CUITATTAN/IBI.

An Kenec, Kpi3putopna sxoHe Ypanrail yATUIEpiHAE KHCBHIKTApAbIH TOMEH OpHAaIaCybl
OJIapJbIH 9JICI3 KYPBUIBIMIAHFaH JKYHesepre )KaTaTbIHbIH ailKbIH A Tbl.

* (Ila)

1 5 10 20 50 100
(W)

=d=Taran 5% =4=Taran 7% =M~Kemec 5% =@=Kgusmopra 5% =sde=Vpanraii 5%

1-cypert - I'epmens—banknu Mmoesni OOWBIHIIA €CENTENTEH aFbIH KUCHIKTaphI

KypeutbIMABIK YHBIMIACY JACHTEHIHIH KOHIICHTPAIIUSFa CE3IMTAJIBIFbIH Oarayiay YIIiH ary
HIETiHIH CalbICTBIPMAIIbI ©3repici ecenTenai:
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ATo (%) = (To2 — To1) / Tor X 100 (2)

Ecenrey Hotmxkenepi 2-kecrene kentipinares. Kecre monimerrepi Ooiipiaima TaraH xyiiecinae
5—7% KoHUEeHTpalusl apajblfblHAa ary Imeri To MoHiI 114%-ra apTaTblHbl aHBIKTANIBL. byi
KOHIICHTPALUSHBIH apTybIMEH OOIIIEKTep apachbIHIAFbl KOOIEPATUBTIK ©3apa 9pEeKeTTeCyJepIiH
KYULICIO1HE JK9HE KYPBUIBIMBIK TOPJbIH KaJIbITaCybiHA OaliIaHbICTHI.

2 - kecte — KoHueHTpanusira 0ailylaHbICTBI To ©3T€PICIHIH CAJIBICTBIpMaJIbl OaraiaHybl

Yarisnep (C %) 7o (I1a) 5—7 % e3repic 7—10 % e3repic
Taran 5% 1,98 114 % —
Taran 7% 4,24 — —
Taran 10% aHBIKTAJIMAJIBI* — —
Kenec 5% 0,264 —70 % 68 %
Kenec 7% 0,079 — —
Kenec 10% 0,133 - -
Ke13butopaa 5% 0,118 53 % —62 %
Ke3putopna 7% 0,181 — —
Keizputopaa 10% 0,070 — —
VYpanraii 5% 0,111 116 % =75 %
Ypanrait 7% 0,239 — —
VYpanrait 10% 0,061 - -

*10% Tazan oacyiiecinde yaxbimxa mayenodi MUKCOMpORUANLIK KYPbLIbIMObIK Kauma YusiMoacy CcanoapulHaH
cmayuoHapavix a2y wuieei (to) napamempi ceHimoi mypoe aHblKmaimaovl.

An Kenec, Kpibuiopna sxoHe VYpaHFail yiariiepiHie To MOHIEPIHIH KOHIEHTpaIUsFa
TOYENIUIIrT MOHOTOH b cumat kepcerneial (—70%-gan +116%-ra nelinri aybITKynap Oalkanaabl).
byn xyiienepie KypbUIBIMHBIH TYPaKChI3 JKOHE JAMHAMUKAIBIK KalWTa yibIMaacyra OeiliM ekeHiH
KepceTesl.

CanpicThIpManbl ©3repic Tanaaybl KyWenepAiH KYpbUIBIMABIK TYPaKThUIBIFBIH CHMATTayFa
MYMKIHJIK Oepe/ii, anaii/ia aHbIKTalIFaH 3aHIbIIBIKTAPAbI CAHABIK TYPFBIJIaH HET13/Iey YIIiH KOChIMIIIA
perpeccHsUIbIK TaJay KYPri3iiil.

Taran xyiecinne to MoHiHIH 114%-Fa apTybl KOHUEHTPALUSHBIH OCYIMEH KYPBUIBIMIBIK
TOPJABIH KapKBIHJIbI KaJBINTACATHIHBIH JQJNENACH . Al 6acka >xyhenep/ie To MOHJEPIHIH TYPaKChI3
e3repyl KYPhUIBIMHBIH TMHAMHUKAJIBIK KalTa yilbiMIacyFa OeHIMIUTITIH CUTTATTaN IbI.

AFy HIETIHIH To KOHIIEHTPAILUFa TOYEIAUIIT I9PEKETIK 3aHMEH CUNaTTalbl:

To=A-Cm 3)
byn toyenainik norapudmaey apKbUibl ChI3BIKTBIK TYpre KenTipiii:

In(t0) = In(A) + m - In(C) (4)

In(te) = 2,26 In(C) - 2,96
1,25 4 R?=097
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2 - cyper - In(1t0) — In(C) koopauHaTanapbIHAAFbl TOYEIALTIK
Jlorapudmuix koopauHatanmapaa (Into — InC) kypri3iuireH perpeccHsiblK —Taiuay
HoTwKeciHae TaraH yirici yIIiH Kejeci TOyeNIiIiK aHbIKTaJI b

To o C2:26 (5)

In(t0) — In(C) xoopauHaTanapeiHaa adblHFaH TOYENAUIIKTIH CHI3BIKTBIK CHIATHI To = A-C™
JIOPEKEITiK 3aHHBIH OPBIHIAIaThIHBIH aiKbIHIal b, Perpeccusibik Tanaay HoTrmkecinae In(to) = 2,26
In(C) — 2,96 Tennmeyi anbiaapl. Aneiaran mapametpiep (R? = 0,97; p < 0,05) toyenmimikTig
CTaTUCTUKAIIBIK TYPFBIIAH CEHIM/I €KEHIH OHE MOJEJNb/IH IKCIHEPUMEHTTIK JepeKTepre >KaKchl
COMKECTIT1H KopCceTei.

m =~ 2,26 MOHI KOHIICHTpAIUs apTKaH CalbIH KYHeIe KYPhUIBIMIBIK TOPIbIH MEPKOJISIIASIIBIK
TUNITE KAJBINITACATHIHBIH, SIFHU OOIICKTEp apachlHIa KEHICTIKTIK OalIaHBICKAaH KYPBHUIBIMHBIH
TY3UICTiIHIH aKbIHAaiab! [10].

An  Kenec, Kepmbpuiopna xkoHe VYpaHrail OKyWenepiHIe aiblHFaH  PEerpecCHsUIbIK
TOYENIUTKTEP/IIH CTaTUCTUKANBIK MapameTpiepi (R? < 0,8; p > 0,05) onapabiH ceHIMAL eMec eKeHiH
Kepcereni. by skylenepae KOHIICHTPAIUS PEOTOTHSUIBIK KAaCHETTEP Il aHBIKTAUTHIH HET13T1 PakTop
0O0JIBIN TAOBUIMANTBIHBIH JKOHE OJIap IbIH KOI()aKTOPIbl CUITaTKA M€ €KEHIH OLIipe .

[Momumepnik  Moaudukanumsutanran xydenepnain ['epmens—bankim  Mopmeni  HeriziHzme
aHBIKTAJIFaH PEOJIOTUSUIBIK MapaMeTpiiepi 3-KecTe e KeNTipiireH.

3-kecre - [lonumepnik MoaudUKALUIAHFAH XKyllenep

Yariaep 1o (I1a) K n R?
Kenec 5% (6acTankpn) 0,264 2,62-10 1,460 0,996
Kenec + 0,5% KMI] - 0,407 0,631 0,992
Kenec + 5% I'TIL], 0,367 0,036 1,047 0,994
Ke3putopna 5% (6actamnkpn) 0,118 2,27-107 1,810 0,993
Ke3puiopna + 0,5% KMII — 0,363 0,654 0,999
Ke3putopaa + 5% I'TIL 0,136 0,040 1,036 0,999
VYpanrait 5% (6acTankbi) 0,111 6,47-10 1,300 0,997
Ypanrait + 0,5% KMI] — 0,509 0,624 0,999
VYpanraii + 5% I'TIL 0,073 0,041 1,037 0,999

Ecxepmy: «—» 6encici 1w napamempiniy 95% cenimOinik Oeneeuinoe HOI0EH CMAMUCMUKANLIK MYPEbIOAH
adicoipamvamaimoinvit (p > 0,05) dacone omviy MoHIH CEHIMOI AHLIKMAY MYMKIH O0aMaganvii 6indipedi.

3-xkecre mamimerTepl OoibiHIIa KMIL] enri3iiren sxyienepae ary meri to mapamerpi 95%
CEHIMJIUTIK JIeHreiiHe CTaTUCTUKAIBIK TYPFhIJIAaH MaHbI3ChI3 €KeHl aHbIKTab! (p > 0,05), an arbIH
uHaekci n < 1 MoHJepiHe TeMeHJeial. byn »xylienepae NCeBAOIIACTUKANBIK aFbIH PEKUMIHIH
KaJBINTACYbIH CHUMATTAlAbl. ATanfaH KYOBUIBIC MOJHMMEpP Ti30€KTepiHiH AMCIEPCTIK OeJmeKTep
OeTiHe aacopOLMsUIaHybl HOTHXKECIHJIE KYPBUIBIMABIK TODPIBIH QJICIpEyIMEH MKoHe JKYHEeHIH
KYPBUIBIM/IBIK OEpIKTIriHIH TOMEHAEYIMEH TYCIHAIpiIe .

['TIL] xonnaHbUIFaH XyHenepae, KepiciHIle, To MapaMeTpl CaKTajblll, aFblH MHAEKCI n =~ 1
MOHIHE >KaKbIHJaipl. bys yleHiH peoNorusuIbIK TYPFBIJAH TYPAaKTaHYbIH JKOHE KYPBUIBIMJIBIK
KaiiTa yiibIMaacy yaepicTepiHiH 0aceHaeyiH allKbIH1al bl

Ocbutaiiia, anbIHFAH HOTHXKENEp IOJIMMEp—OeIIIeK ©3apa OpeKeTTEeCYiHIH AUCHEepCTiK
KYHeepIiH peosIOTUsIIBIK KaCUeTTepiHe NIyl 9cep eTeTiHiH Herizaeiai [11,12].

Kopovimuinowt. XXypri3inreH caniblk MOJENbBJCY KOHE CTATHUCTUKAIBIK TalJay HOTHXKeNepi
3epTTENreH ca3 T'HIPOANUCIEPCUIIAPbIHBIH PEOIOTHSUIBIK MIHE3-KYJIKBIH JKYHeNll TYpAe CUIlaTTayFa
MYMKIHIIK Oepai. Atanm aiWTKaHaa, OapiblK KapacThIPbUIFAH KYHeslep YIIiH aFblH KHCBIKTapblH
cunarrayna ['epmens—banknu Mozaeni xorapsl nomaik kepcerti (R? > 0,9), Oys1 OHBIH KOJIIaHBLTY
TUIMALTITIH TOIEIAEHl.
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TaraH kKeH OpHBI ca3lapbl YIIiH JUCIEPCTIK (a3aHblH KOHIICHTPALUSICH KYPBUIBIMIIBIK
TOPABIH Ty3UIyiHe menrymri Gpakrop ekeHi aHbIKTanabl. by xyiiene pIFbICY KepHEYiHIH MIEKTIK MOHI
MEH KOHIIGHTpAIMsl apachlHAarbl To o C2-2° TOyenauniri NepKOJSLIUSIIBIK KYPBUIBIMHBIH
KaJIbIITACybIH CHITATTAN]IBI.

CoHbIMEH KaTap, NOJIUMEPIiK MOAUDUKALUSHBIH EHri3UTyl JIUCHEpCTIK IKyHenepaiy
PEOJIOTHSUIIBIK KACHETTEPIH MAKCATThI TYpPAE peTTeyre MyMKiHAIK OepeTiHi kepcetinai. An Kenec,
Kp3puiopa sxoHe VYpaHrail KeH OpBIHAAPBIHBIH Ca3gapbl YIIiH PEOJOTHSUIBIK KacHeTTEepAiH
KON(paKTOPJIbI CUIIATHI AHBIKTAJIBII, OJIAP/IBIH KYpaMbl MEH KYPBUIBIMJIBIK €PEKIICIIKTEPIHE TOYeN i
eKEeHI JToNIeNIeH .

Ocbutaiina, ajnplHFaH HOTIDKENEP ca3 THIPOAMCIEPCUSUIAPBIHBIH KaCUETTEPIH 0acKapyIblH
FBUIBIMH HETI31H KaJIBINTACTHIPHIN, OJapasl OyprelIay epiTiHAUIepiHAe, COpOSHTTEpAC KOHE
KYPBUIBIC MaTepHAIIIAPBIH/IA THIM/II KOJAaHyFa MYMKIHJIIK Oepe/i.
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YACJTEHHOE MOJAEJMPOBAHME U CTATUCTUYECKAS OLIEHKA
PEOJIOTMYECKHNX CBOVMCTB I'NVIMHUCTBIX THAPOJIUCIEPCUI
MECTOPOKJIEHUM KASAXCTAHA
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AnHoTanusi: B pabore mmsa Oonee TiyOOKOro TOHUMAHHUS PEOJOTHYECKHUX CBOWCTB
TIIMHUCTBIX FI/II[pO,Z[I/ICHepCI/II\/JI NPHUMCHCHBI MCTOAbI YUCIICHHOT'O MOACITIUPOBAHUA U CTATUCTUYCCKOT'O
aHaM3a, HAlpaBJICHHbIE HAa WX KOJUYECTBCHHOE OIMCAaHWE, KOMIUIEKCHYIO OIICHKY CTEICHHU
CTPYKTYPHOM OpraHu3alMy, a TAaK)KE BbBIABICHHUE BIMSAHUSA KOHLCHTPAUUU M IOJIUMEPHOU
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Moaudukanuu. PesynpTaTsl UcciieoBaHus MOKa3alu, 4To Mojensb ['epmens—bankin obecrieunBaert
BBICOKYIO TOYHOCTb OIMCAHUS KPUBBIX TeueHus aucnepcHelx cucreM (R* > 0,9), nonreepxas eé
3¢ (HEeKTUBHOCTH AJIS CIIOKHOCTPYKTYPUPOBAHHBIX CUCTEM.

Ha mnpumepe ramH TaraHckoro MeCTOPOXIEHUS YCTAaHOBJIEHO, YTO YBEJIWYEHHE
KOHIIEHTPALIMU OKa3bIBaET pelarolee BIusHIe Ha (GOpMUPOBAHKE MPOCTPAHCTBEHHON CTPYKTYPHOU
ceTku. B dacTHOCTH, 3aBUCHUMOCTb Mpejieia TeKydecTH Buaa To K (C?:2¢ CBHUIIETEIBCTBYET O
(bopMHUPOBAHNUY MTEPKOISALMOHHON CTPYKTYPHI BCIEICTBUE KOOIIEPATUBHBIX B3aUMOICHCTBHI MEKIY
yactuaMu. B 1o ke Bpems mns oOpasuoB Kenecckoro, Kei3puiopauHckoro u YpaHraickoro
MECTOPOKJCHUI BbBISBICH HEOJAHO3HAYHBIM XapaKTep 3aBUCUMOCTH PEOJIOTMYECKHUX CBOWCTB OT
KOHIEHTPALIMH, YTO YKa3bIBaE€T Ha UX MHOTO(AKTOPHYIO MPUPOAY, OOYCIOBICHHYIO MUHEPATIbHBIM
COCTaBOM UM BHYTPEHHEH CTPYKTYpPOH AUCIIEPCHON CUCTEMBI.

Kpome Toro, ycraHoBiI€HO, 4YTO BBEACHHE MOJUMEPHONH MOAU(PUKALMU CYIIECTBEHHO
M3MEHSET PEeoJIOTHIECKOe MoBeAeHne cucteM. [Ipu job6aBnennn HaTpuidi KapOOKCUMETHIIIICIUTIONO3BI
(KMLI) naGmromaercs ¢opMupoBaHUE TMCEBIOMIACTHUECKOTO pPEKMMa TEYEHHUS M CHIDKEHHUE
CTPYKTYPHOM IIPOYHOCTH, TOT/Ia KaK MpUMeHeHue ruapokcunponmiesionao3sl (I'TIL) npuBoauT
cTaOWIM3aluu CUCTeMbl W TPHUOIIKEHUIO 3HAUEHUs IIOKazaTesl TEeYeHUs K eAUHHULEe, 4YTO
CBUJETEIBCTBYET O 3aME/JIEHUH NPOLIECCOB CTPYKTYPHOU peopraHu3alyi.

Takum o0pa3zom, TOJIy4YeHHBbIE pe3ylbTaThl (OPMHUPYIOT HAyYHYI0 OCHOBY s
HaIpaBJICHHOTO  PETyJIMPOBaHMSI CTPYKTYPHBIX M PEOJOTMYECKUX CBOMCTB  INIMHHUCTBIX
TUAPOJUCIEPCUN M OTKPBIBAIOT BO3MOXKHOCTH HUX 3(G(EKTUBHOIO MNPUMEHEHHS B OypOBBIX
pacTBopax, COpOEHTax M CTPOUTEIHHBIX MaTepHaiaX.

KiloueBble cj10Ba: TJIMHHUCTBI MHHEpasl, OEHTOHUT, TUAPOAUCIIEPCUS, PEOJIOTHS,
YHICJIEHHOE MOJIEIMPOBAaHNUE, CIBUTOBOE HAPSYKEHUE, NTPEIEI TEKYUECTH.

NUMERICAL MODELING AND STATISTICAL EVALUATION OF THE
RHEOLOGICAL PROPERTIES OF CLAY HYDRODISPERSIONS FROM
KAZAKHSTAN DEPOSITS

Mameshova S., Alimbek Y.
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Abstract: In this study, numerical modeling and statistical analysis were applied to achieve a
deeper understanding of the rheological properties of clay hydrodispersions. The work focuses on
their quantitative characterization, comprehensive evaluation of structural organization, and
determination of the effects of concentration and polymer modification. The results demonstrate that
the Herschel-Bulkley model provides a high level of accuracy in describing the flow curves of
dispersed systems (R? > 0.9), confirming its effectiveness for complex structured systems.

Using clays from the Tagan deposit as an example, it was found that increasing concentration
plays a decisive role in the formation of a spatial structural network. In particular, the dependence of
the yield stress following 1o o« C?:¢ indicates the formation of a percolation structure due to
cooperative interactions between particles. In contrast, for the Keles, Kyzylorda, and Urangai
deposits, the dependence of rheological properties on concentration is non-monotonic, reflecting a
multifactorial nature governed by mineral composition and the internal structure of the dispersed
system.

In addition, it was established that polymer modification significantly alters the rheological
behavior of the systems. The addition of sodium carboxymethyl cellulose (CMC) leads to the
formation of a pseudoplastic flow regime accompanied by a decrease in structural strength, whereas
the use of hydroxypropyl cellulose (HPC) results in system stabilization and a flow behavior index
approaching unity, indicating a reduction in structural reorganization processes.
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Thus, the obtained results provide a scientific basis for the targeted regulation of the structural
and rheological properties of clay hydrodispersions and enable their effective application in drilling
fluids, sorbents, and construction materials.

Keywords: clay mineral, bentonite, hydrodispersion, rheology, numerical modeling, shear
stress, yield stress.

146



