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Kymanunosa ['ynemupa AmanrassieBHaHbIH 6D072400 «TexXHOTOTHUANBIK
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nokropsl (PhD) mopexecin any yiriH quccepTalusuIbIK )KYMBIChIHA

AHIATIIA

KyMbICTBIH 03eKTLIirl. Ka3zakcran Pecny6sinkacel TyHFbIII
[Ipesunentinin Kazakcran xankbiHa JKompaybiHza ediMi3AiH 3KOHOMHUKACHIH
JaMBITY/IbIH 0achiM OaFbITTApBIHBIH Oipl aybll IIApyalllbUIbIFBl OHIMIEPIH OHIIPY
Oomabim TaObuTanbl. «IllMki3aTThl KaliTa ©HACY/I KaMTaMachl3 €Ty JKOHE JKOFaphI
canaybl JalblH OHIMMEH QJIEMJIIK HapbhIKKA IIBIFY KaKeT. bapliblk arpoeHepkacim
KEIIEHIH OChl MIHJAETTI IIelyre TyOereis kaiTa Oarnapiay MaHbI3abL.... Kaszipri
3aMaHFbl JICHCAYJBIK CaKTay KbhIMOAT TypaThlH CTAaIlMOHAPJIBIK €MI€ eMec,
aypynap/blH ajjblH axyFa KeOipek Oaraapiianybl THIC...».

Anam [feHcayNbIFbl, OHBIH ©MIPIHIH camachl CHAKTHI KOI JKaFjaiiia
TYTHIHBUIATHIH TaFaMHBIH CalachbiMEH aHbIKTaldaabl. Taramja ajaM ar3achbIHbIH
KaJIBINTBI KYMBIC ICTEyl YIIIH OapiblK Ka)keTTi 3arrap Oosysl Tuic. Kazipri
yaKbITTa TEHTepUIMEreH TaMaKTaHyFa, a3 KO3FaJlaThIH ©MIp CalThlHAa KOHE
OY3bUIFaH PEeXKUMIe OailIaHBICTHI KONITEreH aJamaap acKa3aH-1IIeK >KOJAapbIHBIH
aypyJapbIMEH aybIpajibl.

Conrbl Ke37e aJlaMHBIH UMMYHHUTETIH apTTHIPY JKOHE KOJAay MakcaThIHIa
IPOOUOTUKTEP KEHIHEH KOJIJIaHBLIAbl, OUTKEHI OJlap aJlaMHBIH MUKpPO(hI0opachiHa
kKakcel ocep eremi. I[IpoOmoTwKTepAiH amaM aF3achlHa TaWgainbl  ocepi
MPOOMOTHKTEP KYpaMblHA KIPETIH MHKPOOPTaHU3MACP/IH OH KAaCHETTepIMEH
aHbIKTaJIaabl. AJaijga, MHKPOOPraHU3MIEP acKa3aH CeNiHIH arpecCHBTIK
OpTaChIH/IA KOUBLIAbI, SFHU IPOOUOTUKTED 63 KbI3SMETIH JKOFAIITAIbI.

KpIKpIT CyT OakTepUsIIapbIHBIH, OHBIH 1IIIHJEC MTPOOHOTUKTEPIIH KaXKETTI
nmaijanel KacWeTTEepiH CcaKTay YIIH OJIapAbl IIMIEKTe EepPUTIH Karcyjanapra
opHanacTelpy KaxkeT. Kamcymara mnpoOMOTHKTEpAl OpHAIACTHIPY  OJapIIbl
aCKa3aHHBIH KBIIIKBUIIBIK OpPTAaChIHAH KOpFayFa MYMKIHAIK Oepesi, ochuiaiima
GYHKITMOHANIBI OHIMACPIH JKaHA TEXHOJOTHSIAphIH anmyra Oomanbl. by perre
acKa3aHJIaFbl KBIIITKBLI OpTa Karcysanap bl 2 caraTTaH apThIK 0y30aysl THIC, Oipak
KarcyJa ileKkKe TYCKeH€e, 0J1 7 MUHYTKA liblAaMai epyl MyMmKid. Epiren kamncyna
CBIPTKA KKETTI Maliaibl 3aTTapAbl MIBIFAPAIbL.



Bbyrinri Tagaa kancynanapabl KOJIMEH aiy TOCUIAepl KeHIHEH KOJIJaHbLIabl,
Olpak OWI TpoIlecC ©T€ Y3aK, KUBIHABIK TYFbI3aThlH OOJFaHIIBIKTaH, THUIMILIITI
TOMEH JKOHE IIBIFBIH/IBI OOJIBIN TaOBLIA B,

Xorappina alTbuIFaHAap HETI31HIE, NPOOMOTHKTEpl Oap IMIEeK EpUTIH
TITICCI3 KalcynajlapAbl ajly MpOIEeCiH aBTOMAaTTaHAbIPYFa MYMKIHIIK O€peTiH
(YHKIMOHAJIIBIK OHIMHIH KalCyJachlH (aTamn ailTKaHaa, MpOOMOTUKTEP) ajdy YILUiH
XKaOIBIKThI KYpacThIpy KaXKETTUIIr Typaibl MIHAET KOUBLIbI.

JluccepTanusiblK  J)KYMBIC ~ «PallMOHAIbHOE  WCIIONIB30BAaHKUE  MTPUPOIHBIX
peECYpCoB, TiepepadoTKa ChIPbS M MPOIYKIMI», 0ackiM OarbIThl OoibiHIIa KP BFM
KapKbLIaHABIPDATBIH ~ FBUIBIMH  TpaHT IIeHOepiHge, «TexHOomornu TIyOOoKOM
nepepaboOTKH CHIPbsS W TPOMYKIIMW» TAKbIPHIObI OolbiHIIA «HaydHo-mipakTHuecKoe
00OCHOBAaHHE WCIOJIB30BAHUSI HMHKAICYJIMPOBAHHBIX CHHOMOTHUYECKUX TpernapaTos,
00JTaIarOIIX WMMYHOCTHMYJIUPYIOIIEH aKTUBHOCTBIO, B IPOU3BOJICTBE MOJIOYHBIX
poAyKTOB» 0achkiM OarbIThl OoibiHIIA (2015-2017 x.K., MeMJIEKETTIK Tipkey No
0115PK01199) opeiaaansl.

3epTTey HBICAHIAPBHI. Kancynanasipyra apHaJIFaH XKaOIbIK,
KaICyJaHAbIpyFa apHaJfaH >KaOJbIKTBIH >KYMBICIIBI OPTaHJIaphl, Telb Topi3ec
KOCIIaHBIH CYJIbI €pITIHJIICI, Karcyanap.

3eprrey moHi. ['enp  Topidgec  KOCHMAHBIH  PEOJOTHSIIBIK — KOHE
MaTeMaTHKAJIbIK MOJCNBJAEPl, KarcynaaapAsl aidy mpoueciHin ToxipuOeanasl
3epTTey HOTHIKENEPl, TITiCCi3 Karcyaaapabl aly MpoIeCiHiH 3aHIbIIBIKTapHI.

3eprTreyain MakcaTbl MeH MiHAeTTepi. [luccepTauusuiblK >KYMBICTBIH
MakcaThl MPOOHMOTHKTEPMEH TaMIIBUIBI OMICTIEH TIricCi3 Karcyjangap aly YIIiH
KaOIBIKTHI KYPACTBIPY OOJIBITI TAOBLIA IBI.

MakcaTka coiikec 3epTTey1iH Keaeci MiHACTTepl aHBIKTaJIbI:

1. Kancynanapipyra apHanraH >ka0IbIK KYPBUIBIMBIH TaJ1aY;

2. reyib  TOpI3ZeC KOCHAHBIH PEOJIOTUSIIBIK KOHE MaTeMaTHKAaJIBIK
MOJICBACPIH 3ipIIey;

3. NPOOMOTUKTEP/II KaNCyIsUsAayFa apHAIFaH KOHIBIPFBIHBI d31pJey
YKOHE JTabIHIAY;

4, KOHABIPFBIHBIH ~ KOHCTPYKTHBTIK  IMapaMeTpiiepiHe  OalIaHBICTHI
TEXHUKAIBIK CHUTIATTaMaJIap bl 3€PTTEY JKOHE JKYMBIC PEKUMIH TaHAAY;

d. NPOOMOTHKTEP/II ~ WHKANCYJAay  YIIH  KAOJBIKTBIH  JKYMBIC
OpraHJapbIH €CeNTEYAIH WHKCHEPIIK 9/IICTEMECIH d3ipIey;

6. «DenepanbHblii ANTaiCKU HAy4YHbIA LEHTP arpoOHOTEXHOJIOTHUI»
denepanabl MEMIIEKETTIK OIOJKETTIK FHUIBIMH MeKeMecl, bapHayn KalachlHIAFbI
KK «2DxcnepruMeHTanbHBIM CHIPOACTBHBIA 3aBO» koHe Cemel dunmanabiHAa
KIIC «Kazak kaiita eHIey )XKoHE TaMaK ©HEPKICiO1 FHUIBIMU-3€PTTEY UHCTUTYThI»
3epTTeyJep HOTHKENIEPIH CHI13Y )KOHE KOHIBIPFBIHBI OHIIPICTIK anpodanusiay.



KymbicThIH Heri3ri MmasmyHbl. J(uccepranust 6ec TapayaaH, oHAa OapibIK
KOWBUIFAH MIHJETTEp KYHenl Typle WIS, naiJalaHbuiFad 9ie0uerTep TiziMmi
MEH KOChIMITIAJIapAaH TYPaIbl,.

FouibIMU-TeXHUKAJBIK J/e0MeTKe MIOJAYyda KarCyJlaHJIblpy MPOLECIHIH
oficTepl  KapacThIPBUIBIN, TalJaHIbl, MATpPUIIAHBl KallCyJlaHFaH ©HIMHIH
KAaOBIKIIAChIHA OPTYPJIl TEXHOJIOTHSIAP KOPBITBIHIBICHl KEATIPUIT€H, COHBIMEH
KaTap Karcyliayra >KoHe TYHIPIIIKTEYTe apHajfaH >KaOJbIKTapJblH KYPBhUIBIMIBIK
epeKIIeNiKTepl OoMbIHIIA 91601 epeKTepre aHaTUTUKAIBIK II0TY KYPri3uiil.

3eprrey omicrepi. ExiHmni Tapayna 3epTrey oAICTEpiH YHWBIMAACTHIPY,
oOBekTiiep ycbiHbUIFaH. Toxipube »Xyprizy cyibacel a3ipiaenal. Toxipubenmik
3epTTeysiep 5 peT KalTanaHbll >Kypri3upal.FbulbIMU KYMBICTBI OpBIHJAY Ke31H[e
3epTTEYMIIH JKalMbl KAObUIaHFAH »>KOHE CTAHJAPTTBl QMICTEPIHIH  KeIIeH1
KOJIJTaHBLIJTbI: (bu3UKa-XUMUSIIBIK, KYPBUIBIMJIBIK-MEXaHUKAJTBIK,
OpPTraHOJICTITUKAJIBIK, 3aMaHayu Tangay KypamgapbiH (Bpykdenbn aHaIorTHIK
BUCKO3UMETp1, Karcyjajgap/blH OEpIKTITIH aHbIKTayFa apHajlFaH TKIPUOETIK
KOHIBIpFbI, Ouonam P-11 ontukaneik wmukpockomrn, <« JEOL»  (OKamonws)
dbupmaceiabiH «JSM-6390LV» (POM) TeMeH BakyyMJZibl PacTpJIbIK 3JICKTPOH]IBI
mukpockon (POM), «OCA ENERGY 250» pentrenaik mukpockon (XKamonwus),
«OXFORD INSTRUMENTS» dupmaceiasig «INCA ENERGY 250» pentrenmaik
(¥ne16putanus)). 3eprrey Hotmwkenepi MathCad 2000 >xone Microsoft Excel
OarmapiaManapblH  KOJIJaHA  OTBIPBIN,  CTaTUCTUKAIBIK  Tajljgay  JKoHE
MaTEMaTUKAJIBIK MOJICIIBILY 9IICTEPIMEH OHJIENTEH.

TeopeTukanabik 06JimM. JluccepTanusHplH 3- Il TapayblHJA Tellb Topi3zec
KOCIIaHBIH CYy epITIHAICIHIH KOHABIPFBIHBIH JKYMBIC OpraHiapbIMeH e3apa
OpPEKETTECYIHIH PEOJIOTHSIBIK JKOHE MAaTeMaTHKAIBIK MOJEIbIACPl 93IpJICH ],
COHMal-aK Karcylia ajly YVIIiH J>KaOJbIKTBIH >XYMBIC OpraHJapblH €CEeNTeyIiH
HUHKEHEPJIIK oaicTemMeci a3ipierai. L{unuaapiik apHaga CYHBIKTHIK KO3FAIBICHIHBIH
MaTeMaTUKaJIbIK MOJICTIHIH HAKThUIBIFBIHA TeKCcepy Kypri3uiail. Kamcyma any ymiia
a0 JBIKTHIH OIIEPATOPIIBIK JKOHE TEXHOJIOTHUSIIBIK ChI30aCchl 931pJICH/II.

JMucceprauusiHbIH  TKipuOegik OeuiMiHge Kamcyna aixy MpoOIECiHIH
TOXKIPUOETIK 3epTTEy HOTHXKENEpl Kapalibl, Telb TOPI3JeC €pITIHIICIHE KipeTiH
KOMITOHEHTTEP/IIH THIMJII apakaThIHACHI, EPITIHAIHIH XYMBICIIBI TEeMIEPaTypachl
aHBIKTAABI. ['enb Topi3ec KOCMAHBIH TYTKBIPIBIFBI MEH TEMIEpaTypachIHbIH,
WHKEKTOPJIAPABIH 1MIKI JUAMETPIHIH, MEePUCTATBTUKAIBIK COPFBIHBIH aiHATY
KULTITIHIH a0 bIKTBIH OHIMALUTIIT MEH dHEPreTHKAIBIK CHUIIaTTaMallapblHa acepi
anpiKTanael. Kamcynma amy ymriH kaOJBIKTBIH THIMI1 JKYMBICIIBI  PEXUMI
AHBIKTAJIJTBI.

S-Tapayaa NpOOHMOTUKTEPAl KalCyNaHABIPY YIIIH KaOJBIKThl EHT13YA1H
SKOHOMUKAJIBIK THIMAUIIIN ecentenred. «dDeaepanbHbli AJNTAMCKUM Hay4YHBINA



LIEHTp arpobuotexHojioruity deaepanablKk MEMIEKETTIK OIOKETTIK FhUIBIMU
MekeMeci koHe bapuayn  kamaceiHnmarel  KIIIK  «DxkcnepumeHTanbHbIN
CBIPOJICNBHBIN 3aBoA» koHe Cemell KamaceiHarbl «Kaszak KaiiTa eHAey >XoHe
TaMaK ©HEpKaciOl FbulbIMU-3epTTey HMHCTUTYThI» JKIIC >xa0abikka eHAIPICTIK
ampoOarus eTKI3 U1,

Kocsimmana  «Hay4yHo-mpakThdeckoe  OOOCHOBaHHME  HCIIOJIb30BAHUS
MHKATCYJIMPOBAaHHBIX CUHOMOTHUYECKUX Npernaparos, 00J1a1ar0L X
UMMYHOCTUMYJIMPYIOIICH aKTUBHOCTBIO, B IIPOW3BOJCTBE MOJIOYHBIX IPOTYKTOB)
(2015-2017 xxk., memiekerrik Tipkey Ne 0115KP01199) rpaHTTBIK TaKbIpbII
OOWBIHIIIA FBUIBIMH-3EPTTEY KYMBICHI Typajibl €Cell, CBhIHAK XaTTaMajapsl,
OHJIIPICTIK anpoOaius aKTUIepl KOHE HKYMBICIIBI CHIHAKTAPBIHBIH aKTiCl, Mananbl
mojenbsre KP mareHTTepi YChIHBIIFAH.

JlaccepTanMsIIbIK KYMBICTBIH FHUIBIMH JKaHAJBIFBI. [laii1ansr Moenbre
KP 9.10.2018 ., Ne 3201 nmarteHTiMEH pacTajifaH MOpOOMOTUKTEPl
KarcyJaHABIpYFa apHaJIFaH jka0abIKTap/abl 93ipiiey JKoHe AaibiHaay. ['ens Topiznec
KOCTIAHBIH MaTeMAaTHUKAJBIK JKOHE PEOJIOTHSIIBIK MOACIbICP] 931pJICH I KOHE Tellb
TOpI3JeC KOCMAaHBIH >KaOJBIKTHIH JXYMBICIIBI OPTaHIapbIMEH ©3apa JpEKETTeCy
KYIITEPIHIH KaJBINTACy 3aHABLUIBIKTAphl 3epTTenal. KobanaHraH MaTeMaTHKAIbIK
MOJIETIbIe Tajjiay >Kacajjbl >KOHE YCHIHBUIFAH KYPBUIMAHBI OPHATYIbIH IYPHIC
TaHJQJIFaH TapaMmeTpiepi Ke3iHIE KOHABIPFBI >KYMBICBIHBIH JKCIUTYaTaIllASIIBIK
KOHE TEXHOJOTHSIIBIK KOpPCETKITepiH kakcapTy. IIMKi3aTThIH TEXHOIOTHUSIIBIK
CUIIATTAMAaCBhIHAH KOHE TIXKIPUOETIK >KaOJbIKThIH TEXHUKAJBIK MapameTpiepiHeH
TITICCI3 Kallcyjanap/bl aly MPOLECIHIH 3aHABUIBIKTAPhl AHBIKTAJIBI. AJIBIHFaH
KarcynagapAblH TYPaKThl KYPBUIBIMABIK-MEXaHUKAIBIK CHIIaTTaMajapbl MEH
TEXHOJIOTHSUUIBIK ~ MapaMeTplIepiH  alyFa MYMKIHAIK  OepeTiH  YCBhIHBUIFaH
KYPBUIMAaHBIH WHXEKTOPJIApbl Oap ¢GuiabepaHbl Nakaagany Ke3iHae ieKTe epuTiH
TITICCI3 Karcynaaapabl alyAblH YTHIMIBI TEXHOJIOTHSUIBIK PEKUMIIEP1 TOKIpUOETIK
TYPJE aHBIKTAIIBI.

Maiinanany aiimarbl: FeutbiMu 3epTTeynepaiH HOTHKENEPI MEH 931pJICHTeH
XKaONBIKTap Tamak JkoHe (hapMalleBTUKa ©OHEPKICciOl  KoCIMOphIHAApBIHAA
naijananyra >koHe TapaTyFa YChIHBUTYBI MYMKIH.

KymbicThIH TKipuOesik MaHbBbl: Kamcyma amy yoriH kaOIbIKTHIH
’KYMBICITBI OPTaHJAPBIH €CENTEY IIH HHKEHEPIIK 9ICTeMeC] d31pIICH]II.

Kancyna amy yurin a0 IbIKTBIH THIMI1 JKYMBICIITBI PEKUM1 aHBIKTAIITHI.

9.10.2018 k. Ne 3202 mnaiipanel moaensre KP mnareHTiMeH pacTanfan
NpOOMOTUKTEP/Al HWHKANCYJSINUsJIayFa apHaJIFaH KaOABIK  O3IpPJICHNl  KOHE
KacaJIbl.

3epTTeyiH Heri3ri HoTvxkenepi bapuayn kanaceiHaarsl «Denepanabl Anrtait
arpoOMOTEXHOJIOTUSAFBIILIMUA OPTANBIFB) DenepaniblKk MEMIIEKETTIK OI0KETTIK



FBUIBIMM MEKEMeCIHJe koHe bapHayn KanacblHAarbl «DKCHEPUMEHTAIbHBIN
ceiponenbHbii 3aBoa» JKIIK-na xone Cement kanaceiHmarsl «Kaszak kaiita eHzey
KOHE TaMaK ©HepKaciOl FhUIbIMH-3epTTeY HMHCTUTYTHD JKUIC-ne enaipicTik
JKarjaiiia ChIHAKTaH OTKI3UIAL.

¥ ChIHBUIFAH KaNCyJNAaHABIPY TEXHOJIOTHSCHIH MaiJanaHyJaH > KbUIABIK
HSKOHOMMKAIBIK TUIMAUIIK 456 918 TeHreHi Kypalapl, Kamncyiajaapibl eHAIPY
OOWBIHINIA 931pJIEHTEH Ka0JbIKThIH aKTay Mep3imi 1,4 KbU1abl Kypaiabl.

ABTOPIBIH KeKe YJeci 3epTTey/1iH FhUIBIMA MaKCaThl MEH MIHIETTEPIH KOs
Outyse, NATEHTTIK >KOHE FBUIBIMU OJeOMETTep/l IPIKTeY KoHE Tajljayna,
HOTIDKENIEP/Il OHJIeY MEH TEOPHSUIBIK JKOHE TOXKIPUOETIK 3epTTeysiep XKYprizyie;
auccepTalus — TakbIpblObl  OOMBIHIIA  KapUsUIaHBIMAApIa;  TOKIpUOeTik-
OHEPKACINTIK ChIHAKTAp JKYPri3y >KOHE HOTHXKENep[l MPaKTUKAIBIK ICKE achlpy
00JIBII TAaOBLIA b,

KymbIcTBIH anpodanmsichbl. JlUccepTalUsIbIK KYMBICTBIH  HET13r1
Karmaumapbl  MEH — HOTHXKENepl  XalbIKapadblK  FhUIBIMU-TIPAKTUKAIIBIK
KoH(epeHIusIap MeH ceMuHapiapja OasHpanrad: MeXIyHapOJIHbIA HaydHBIN
KypHan «Momogoit  yuensrit»  Ne 6.1  (140.1)/2017 (Kazanp); «VII
MexayHapoaHas Hay4dHO-TexHMUYeckas KoHpepeHnus «Kazaxcran — Xonon
2017»»  (Ammatel, 2017); «VIII MexayHapoaHas Hay4YHO-TEXHHUYECKas
koH(pepenmus «Kazaxcran — Xomox 2018»» (Anmatsl, 2018); «Materialsofthe XIII
InternationalscientificandpracticalConference Trendsofmodernscience » (Sheffield,
England, 2018); «AxTtyanbHble MPOOJIEMbl TEXHUKH U TEXHOJIOTUM TEepepabOTKu
mosiokay (bapuayn, 2018); «IIumieBple HHHOBAIIUK W OWOTEXHOJIOTHU: COOPHUK
te3ucoB VII MexayHaponHOW HaydHOUW KOH(EPEHIMH CTYJIEHTOB, aCIIMPAHTOB U
MOJIOABIX yueHBIX. Tom 1. TeXHONOrMM MHUIIEBBIX MPOU3BOACTB, KAYECTBO H
oesomacHocthy (Kemeporo, 2019); «CoBpeMeHHbIE MpPOOTEMBbI TEXHUKU H
TEXHOJIOTHHU MUIIEBBIX MPOU3BOACTB, Marepuansl XX MexIyHapoqHOH Hay4dHO-
npaktudeckoi konpepenun» (bapuaymn, 2019).

Makananaap. [luccepranmsuiblK —KYMBICTBIH — TaKbIpbIObI  OolbIHIIAl7
FBUTIBIMU JKYMBIC JKapHUsJIaHIbl, COHBIH ImiHae: 1 MoHorpadwus, HONIIK eMec
UMIaKT-PakTopel Oap FHUIBIMU >KypHammapaa (Scopus xonme Web of Science
MamimMeTTep 6a3zachel) - 2 Makana; FeutbiMu KypHaTIapaa KP bFM BFCBK tizimine
KipeTiH OaceuibIMAapaa - 4 Makama, 8 Makanga XaJdblKapaidblK KOH(pEpeHIUs
Matepranaapbeinga xxoHe Ne 3202 ot 9.10.2018 r. «YcranoBka ajisi MpoOU3BOACTBA
KarcCyJIUPOBaHHBIX MPOAYKTOBY», Ned286 ot 09.09.2019 r. «Cnocob6 mpou3BOJCTBa
Horypra ¢ UWHKaNCYJIMPOBAHHBIMU MPOOMOTHUECKUMHU KYyJIbTYpamu» MHaigaibl
Mojeinbre KP 2 marenri.

JAuccepTanusaHbIH KYPbUIBIMBI MeH KeoJieMi. JluccepTalusiiblK KYMbIC
KIpICTIeICH, FBUIBIMU-TEXHUKAIBIK J>KOHE TAaTCHTTIK ojeOueTTepal IIOdyJaH,



TOXKIPUOEIIK 3epTTEy OMICTEMECIHEH, aJbIHFAH HOTHXKEJIEP]ll, KOPBITHIHIbLIAPAbI
Tankpliayaad, 117 artaynmaH TypaTblH naljanaHbUIFaH oaeOHETTep TI3IMIHEH
Typaabl. JKyMmbic KOMIbIOTEpPIIiK MOTIHHIH 111 GeTTepinne »a3buibin, 16 kecreneH,
61 cyperteH, 9 KOChIMIIIAIaH TYPAJIbI.

JuccepTanusiibIK AKYMbIC OOMBIHIIA TYKBIPbIM.

JluccepTalusibIK, JKYMBICTBIH MAaKCaTbIHA COMKeC Kelleciied TY>KbIphIMaap
xacayra 00abl:

1. Kancyna amyra apHamrad KaOABIKTBIH  KYPBUIBIMBIH — Tajijay,
Karcynagapabl KOJIMEH aly TOCULAEpIMEH CajbICThIpFaH[a €H TUIMAICI Kamcysa
ajy YIIiH OlpKatap apThIKIIBUIBIKTApFa U€ TaMIIbUIATHIN aly TUITI XKa0AbIKTapIbl
o3ipsiey OOJbIN TaOBIIATHIHBIH KOPCETTI.

2. broprepctiy Moaeni Ooibim TaOBUIATBIH TENb TOPI3IEC KOCIMAHBIH
PEOJIOTHUSITBIK MOJCII 93IpJICH/II JKOHE CYHBIKTHIKTBIH HHXKCKTOpPJIApMEH e3apa
OpEKETTECY KYIITEPiHIH KaJIBINTACY 3aHIbUIBIKTAPBI 36PTTEIII.

3. Kancyna amy npornecinaeri refb Topiziec KOCIaHbIH MaTeMaTHKAJIbIK
MOJIEII 931pJICH 1, OHBIH HETI31HAE TOKIPUOETIK kabIbIKKa apHaIFaH HKEKTOpJaH
relb TOPI3JeC CYHWBIKTBHIKTBIH aFfy (QYHKIHUIACHI JKOHE TIXKIpUOE JIepeKTepMEH
KOppessusijiaHFaH apHaJarbl CYWBIKTBIKTBIH KOJEMJIK IIbIFBIHBI TEOPUSIIBIK
TYpJE aHBIKTAJIFaH.

4, 9.10.2018 . Ne3202 maiimansl monensre KP marenTiMeHn pactanrad
TITICCI3  Kamcyjajgap aly VHIIH TOXIPpUOETiK KaOJbIK  o3IpJeHIl KoHE
KYPaCTBIPBLIIBI.

5. JKabnpikra  Kamcyina —aimy  OPOLECIHIH — aHAIMTHKAIBIK — KOHE
TOXKIPUOETIK 3epTTey HETI3iHIe: KamCyJaHblH KYPBUIBIM/IBIK-MEXaHUKAJIBIK
cUTaTTaMaliapbl MEH T'PaHyJOMETPHUSIIBIK KYPaMBIHBIH TOYENIUIIr1, HHXEKTOPJIAp
JIMaMeTpPi MEH KOHJBIPFBIHBIH KYMBIC PEXKUMIEPIHIH SHEPTCTUKAIBIK IIBIFBIHIAPBI
AHBIKTAJIJTBI.

6. Tiricciz kamcynamapasl amy peKUMAEpl  d3IpieHIl, KbUIIaM
afHaJaThIH TICPUCTAIBTUKAIBIK COPFBIHBIH €H THIMII IlapameTpiepi,  reib
TOpi3ZIeC KOCIMAHBIH TEeMIEpaTypachl >KOHE  WHXKEKTOpJIApJbIH IMIKI JuaMeTpi
anpIKTaNAbl. Kamcynma anmyra apHanfaH KOHJIBIPFBIHBIH —(QUIBEPIH ecenTey
omicTeMeci 93ipJIeH/I.

1. OHIPICTIK CHIHAKTAP apKBUIBI KallCyJalapabl OHIIpYre apHaFaH
TOXKIpUOETIK KOHABIPFBI OHEPKICINTIK YNTIHI 93Ipiiey Ke3iHIe Heri3aemMe OOoybl
MYMKIH.

8. Kancynannpipyra apHanfraH >XaOAbIKThl EHTI3YJIH SKOHOMHUKAJIBIK
THIMAUIINH ecenTey Ke3IHJe Kalcyla eHalpy OoWbIHIlAa KYpacThIpbUIFaH
KaOMBIKTBIH aKTay wMmep3iMi 1,4 SKbUIIBI JKOHE VCHIHBUIFAH KaICYJIaHIBIPY



TEXHOJIOTUACHIH MMailaJaHyIblH BUIABIK 3KOHOMHUKAIBIK THIMALIIN 456 918
TEHI'€H1 KYPalThIHBIH KOPCETTI.



KYMAINJTOBA I'YIBMHUPA AMAHI'ASBIEBHA

NCCIIEJOBAHHUE ITPOLHECCA UHKAIICYJIMPOBAHUA
INPOBUOTHUKOB C LHEJIBIO CO3JAHUA OBOPYJIOBAHUA

AHHOTALIMSA

Ha JUccepTannoHnyo padory PhD-gokropanTa XKymamgumoBoi [.A. Ha couckanue
creneHu pokropa guinocodpuu (PhD) no cnenuansnoctu 60072400 —
TexHonornyeckue MaIMHbl 1 000pyI0BaHUE

AKTyaJbHOCTH pPadoThbl. B mocnanun mepBoro Ilpesuaenrta PecnyOnuku
Hapoay KaszaxcTtaHa oTMedaeTcs, 4TO OJHUM W3 NPUOPUTETHBIX HANpPaBICHUUN
pa3BUTHS  SKOHOMHMKM  Hamie  PecnyOnmuku — sBIS€TCS  IPOU3BOJICTBO
CEIBCKOXO03IMCTBEHHON TPOoayKIuu. «Hy)HO oOecreunTh nepepaboTKy ChIPbS H
BBIXOJIUTh HAa MHUPOBBIC PBIHKM C BBICOKOKAUYECTBEHHON TOTOBOW MPOAYKIIMEH.
BaxxHo KapauHAIBHO MEPECOPUEHTUPOBATH BECH ArpONPOMBIIIICHHBIN KOMILIEKC
Ha peuieHue 3Toil 3aaauu.... CoBpeMEHHOE 3ApaBOOXpaHEHUE JOHKHO OOoJblie
OpUEHTUPOBATHCS Ha MNPOPUIAKTUKY 3a00JIeBaHHI, a HE Ha JIOPOroCTOsIIee
CTallMOHAPHOE JICUECHHUE. . ).

310pOBbE YENIOBEKA, KaK M Ka4eCTBO €ro »KU3HH BO MHOTOM OIpEIEIAETCS
KayecTBOM MoTpedisiemoit numum. [luima momkHa comep)karb Bce HEOOXOAMMBIE
BEIIECTBA /i1 HOPMAJIbHOTO ()YHKIIMOHUPOBAHUSI OpraHU3Ma yesoBeka. B Harie
Bpemsi OOJbIIOE KOJMYECTBO JIIOAEH H3-3a HECcOATaHCHPOBAHHOTO IMHUTAHMUS,
MaJIOMOABMKHOTO 00pa3a *U3HU M HAPYIIEHHOTO PeXKHMMa CTPaJaloT OOJE3HAMHU
KEITYTOYHO-KUIIEYHOT O TPAKTA.

B nocnenHee Bpemsi B LENSAX MOBBIMICHUS U MOJJAEPKaHUS HMMYHHUTETA
YeJIoBeKa, MIMPOKO MPUMEHSIOT MPOOUOTUKH, TaK KaK OHH OJIATOTBOPHO BIIUSIOT
Ha MHKpodopy uenoBeka. bmaroTBopHoe BiMsSHHE MPOOMOTHKOB HA OpPraHU3M
YEJOBEKA ONPENCISACTCS IMOJOXKUTEIbHBIMU CBOMCTBAMU MHMKPOOPTaHU3MOB,
BXOJIAIIMX B COCTaB MPOOMOTHUKOB.

OpnHako, MHKpPOOPTaHW3Mbl THOHYT B arpecCUBHOW CpEIe IKEITYIJOUYHOTO
COKa M, COOTBETCTBEHHO, MPOOMOTUKH, TEPSIOT CBOIO (PYHKITMOHAIBHOCTb.

UtoOBsl CcOXpaHUTh HEOOXOIUMBIE TIOJE3HBIE CBOMCTBA KHCIOMOJOYHBIX
OakTepwii, B TOM 4YHCJIE€ TNPOOMOTUKOB, HEOOXOIUMO TIIOMECTUTh UX B
KHUIIIEYHOPACTBOPUMBIE Karcyiibl. [loMenienre mpoOUOTUKOB B KarCyly MO3BOJISIET
3alIUTATh UX OT KHUCJIOTHOM CpEIbl KEIylKa, TEM CaMblM OTKpbIBasg MNYTh K
HOBEHUIIINM TEXHOJIOTUSIM (DYHKIIMOHATBHBIX MPOAYKTOB. [Ipym »TOM, KHCHOTHas
cpena B JKEIyOKe HE JOJDKHA pas3pyliaTth Kamncyiabl Oojee 2 4acoB, HO TPH
MOIAIAHUN KaIlCyJIbl B KUIIEYHUK, OHA JIOJDKHA PACTBOPUTHCS, HE BBIACPKAB U 7
MUHYT. Pa3zpymiasich, kancyna OyneT BbIITyCKaTh HAPYKY HEOOXOIUMbIE MOJIE3HbIE
BEILIECTBA.



CrocoObl TMOJIy4eHHsI Kalcysl BpPYYHYIO, KalelbHbIM METOJIOM, HIMPOKO
MPUMEHSIOTCA HAa CETOAHSIIHUI J€Hb, HO JAaHHBIM MpPOLECC SIBISETCS OYEHb
TPYAOEMKUM U JOJITUM, COOTBETCTBEHHO, HU3KO3()(PEKTUBHBIM U 3aTPATHBIM.

Ha ocHoBaHMM BbIIIECKa3aHHOTO, OblIa TOCTAaBJIIEHAa 3ajJada o
HEOOXOJUMOCTH  pa3pabOTKU  O00OpyAOBaHUS  JUIsl  TOJYYCHHUS — Karcyll
(GYHKIMOHAIIBHOTO MPOAYKTa (B YaCTHOCTH, MPOOHMOTHKOB), KOTOPOE IO3BOJUT
aBTOMAaTU3MPOBAaTh IMPOLECC TOJYYEHHUS KHUIIEYHOPACTBOPUMBIX OECHIOBHBIX
KarcyJ ¢ MpOOMOTHKAMH.

HuccepraioHHass paboTa BBINOJNHSAIACH B paMKaX HAydHOro TpaHTa,
¢unancupyemoro MOH PK no mnpuopurerHomy Harpasienuto «PanmoHanbHoe
UCIIOJIb30BAHUE TPUPOJIHBIX PECYpCcoB, TMepepadoTKa ChIpbi W NPOLYKIUN,
npeanpuopurery « TexHonoruu riryobokoi nepepaboTKU ChIpbs U MPOAYKIIMK» MO TEME
«Hay4Ho-mipakTyeckoe ~ OOOCHOBaHME  HCIOJBb30BAaHUS  MHKAICYJIUPOBAHHbBIX
CMHOMOTHYECKHUX IMPENaparoB, 00IaJat0luX UMMYHOCTUMYJIUPYIONIEH aKTUBHOCTBIO,
B TPOMU3BOJCTBE MOJIOYHBIX MPOaykToB» (2015-2017 rr., Ne rocpeructpanuu
0115PK01199).

O0bexT ncciaenoBanusi. O60py0BaHUE I MHKAICYJIUPOBAHUS, paboune

opranbl  OOOpyIOBaHMS  JUIsl  WHKANCYJIWPOBAaHUS,  BOJHBIA  pPacTBOp
resieo0opasyromiel cMecH, KarcyJibl.

IIpeamer wucciaenoBanus. Peonormyeckas U MaTeMaTHdeckas MOJENU
reieoOpasyromed CMecH, pe3yJIbTaThl AKCIEPUMEHTAJIbHBIX HCCIEOBaHUMN
nporecca MoTy4YeHUsl KarcyJs, 3aKOHOMEPHOCTH Tpoliecca MOTy4deHHUs: OeCIIOBHBIX
KarcyIl.

Hear m 3amauum  wuccjaenoBanusi. llenpro guccepranmoHHON pabOTHI
SBISIETCS pa3paboTka OOOpYyMOBaHHMS I IOJyYeHHs] OECIIOBHBIX KarCyll ¢
IPOOHOTHKAMHU KaleIbHBIM METOIOM.

B cootBercTBHM ¢ menpi0 OBLIM ONpEICNCHBI CICAYIOIMNE 3a7add HCClie-
JIOBaHHSL:

1. aHaJIM3 KOHCTPYKIIMU 000pYAOBaHUS JJII MHKATICYTUPOBAHUS;

2. pa3paboTka  pEOJIOTMYECKOM M MaTEeMaTH4YeCKOW  Mojenei
reseo0pasyrome cMecH;

3. pa3paboTka W H3TOTOBJICHHE YCTAHOBKU JIJIi WHKAICYJIWPOBAHUS
MPOOHMOTHUKOB;

4, U3yYEHUE TEXHUYECKUX  XapAaKTEPUCTUK B  3aBUCUMOCTH  OT

KOHCTPYKTHBHBIX MMAPAMETPOB YCTAHOBKH U BBIOOP PEKUMOB pabOTHI;

d. pa3paboTka WHXXEHEPHOW METOAUKMA pacdera pabdounx OpraHoB
000pyAOBaHUS JJISI HHKATICYIUPOBAHUS TPOOUOTHKOB;

6. BHEJPEHUE PE3YyJbTAaTOB HCCIENOBAaHUM W  NPOU3BOJICTBCHHAs
anmpoOaiisi yCTaHOBKU B yclioBusix DenepaibHOE TOCyIapCTBEHHOE OIOIKETHOE
HayyHoe  yupexaecHue  «DenepanbHblii  ANTAaWCKMW ~ HAy4YHBIM  LEHTP
arpoouotexHonoruity, OO0 «IKCNEPUMEHTAIBHBIN CHIPOJEIBHBIA 3aBOJ» T.



bapnayn u B Cemeiickom ¢punuane TOO «Kazaxckuit HayuyHO-UCCIET0BATENIbCKUN
MHCTUTYT NiepepadaThIBAIOINICH U MUIIIEBON MTPOMBIIIIICHHOCTH.
OcHoBHOe coaep:kaHue padoTbl. [[uccepranus COCTOMT W3 MSTH IJ1aB, B

KOTOPOM TOCIEOBATEIbHO pEIIAIOTCsl BCE IIOCTABJICHHBIE 3aJayd, CIUCKa
HCIIOJIb30BAHHOM JIMTEPATYPBI, IIPUTIOKECHUM.

B o0030pe HayuyHO-TeXHHMYECKOH JIMTEPATYPbl PpPacCMOTPEHBl U
MPOAHAIN3UPOBAHbBl METOJABI TPOIECCAa WHKAICYJISIIIUU, MPUBEIACHBI pa3IMYHbIC
TEXHOJOTUU 3aKIIOYEHUS MATPHUIbl B OOOJIOUKY KaIlCYyIMPYyeMOro IpPOJYyKTa, a
TaKK€  TPOBEACH  aAHAJUTUYEKUH  0030p  JIMTEPATypHBIX  JAaHHBIX IO
KOHCTPYKTUBHBIM ~ OCOOCHHOCTSIM  OOOpYyJOBaHUS ISl  KalCyJIUPOBAaHUS W
IpaHyJIUPOBAHUS.

Metonsl ucciaenoBanusi. Bo 2-0i1 rinmaBe mnpencTaBieHbl OpraHu3alus,
OOBEKTBl M  METOJbl  HccienoBaHui. Pa3paborana cxema mpoBenEeHUS
IKCTIIEPUMEHTA. DKCIIEPUMEHTAIbHbBIE HUCCJICIOBAHUS MPOBOJAMWINCH B 5 KpPaTHBIX
noBTOpeHUsX. [Ipu BBITIOTHEHUH HAYYHOW palbOThl MCIOJIB30BAaH KOMILIEKC
OOIIETIPUHSTHIX U CTaHAAPTHBIX METOJIOB MCCJICIOBAHUMN: (HU3UKO-XUMHYECKHUX,
CTPYKTYPHO-MEXaHUUECKUX, OpraHOJICNITUYECKHUX C UCIOJIb30BaHUEM
COBPEMEHHBIX aHAIMTUYECKHUX MPUOOPOB (aHAIOTrOBBIN BUCKo3uMeTp bpykdensaa,
DKCHEPUMEHTAIbHAs YCTAHOBKA JUIA  OMNpPEAEIEHUs IPOYHOCTU  Karcyd,
ontuueckuidi Muxkpockon BHOJIAM P-11, HHM3KOBaKyyMHBIH pPacTpOBBIN
AeKTPOHHBIN MuKpockon (POM) «JSM-6390LV» dupmbr «JEOLy (Snonus) B
KOMIUIEKTE C CUCTeMO# peHTreHoBckoro mukpoanannsa «INCA ENERGY 250»
dupmbr  «OXFORD INSTRUMENTS» (BenukoGputanus)). PesynbTars
UCCIIeIOBaHUNA  00paboTaHbl  METOAAaMH  CTaTHCTMYECKOrOo  aHalu3a H|
MaTEeMaTHYECKOTO MOJEIUPOBaHus ¢ npuMeHeHueM rnporpamm MathCad 2000 u
Microsoft Excel.

Teoperuueckass uyactb. B 3-eli r1maBe pguccepranuu pa3pabOTaHbBI
peosioruyeckas 1 MaTeMaTH4ecKas MOJENH B3aWMOJEHCTBUS BOJHOIO PacTBOpa
resieo0pas3ymolieil cMecu ¢ paboyuMu OpraHaMu YCTaHOBKH, a Takke pa3zpaboTraHa
WHXEHEPHAsi METOJIMKa pacuyeTra paboyux OpraHoB OOOPYAOBAHMS IJISl TIOTYyYCHUS
karcyl. [IpoBeneHa nmpoBepka aJleKBATHOCTH MAaTeMaTUYECKOW MOJEIH JIBUKEHUS
KUJAKOCTH B NWIMHAPUYECKOM KaHame. PaspaboTaHbl omepaTopHas H
TEXHOJIOTMYECKAS] CXEMbI 000PYIOBAHHUS 1JIsI TOJTyYECHUS KarCyIl.

B 3KcnepuMEHTAJbHON TIJIaBe JHUCCEPTALMU PACCMOTPEHBI PE3YIbTATHI
AKCHEPUMEHTAIBHBIX MCCIEIOBAHUM Mpolecca MONYYeHUs KarcCyll, OMpeeleHbI
ONTUMAJIbHOE  COOTHOLIEHWE  KOMIIOHEHTOB  BXOASIIMX B PacTBOP
resieoOpaszoBatesnsi, pabouasi TeMIleparypa pacTBopa. YCTAaHOBJIEHO BIUSHUE
BSI3KOCTHM U TEMIIepaTyphl TresneoOpa3yronieil cMecHd, BHYTPEHHEro JguaMeTpa
WHXXEKTOPOB,  4YacTOThl ~ OOOpOTOB  MEPUCTAIIbTUUECKOTO  HAacoca  Ha



MPOU3BOJUTENILHOCTh U  DHEPreTUYECKUE XapaKTePUCTUKU  OO0OpYIOBaHMUS.
OnpeneneH panyoOHAIBHBIM peXuUM paboThl O0OPYIOBaHMS JUISl TOTYYCHUS
Karcy!l.

B S-0ii raaBe paccuMTaH AKOHOMMYECKHH 3(PQeKT BHEAPEHHUS
000opy10BaHUS TUTSt WHKAICYJIUPOBaHUS MPOOHOTHUKOB. [IpoBeneHbl
MIPOMBIIIJIEHHAs] anpoOaius 0O0OpyAOBaHUS U MPOU3BOJCTBCHHBIC HUCIBITAHUS B
ycioBusix @DenepasibHOE TOCYAapCTBEHHOE OIOKETHOEC HAYyYHOE YUpexkKIeHUE
«®DenepanbHbll  AnTalickuid Hay4yHbId LEHTp arpoouorexHosoruit» u 00O
«IKCIEPUMEHTAIILHBIA CBHIPOJICNIbHBIA 3aBoja» T. bapHaynm M TpOMBIIIJIEHHAS
anpobamuss B TOO  «Ka3zaxckuéi  Hay4yHO-UCCIIEIOBATEIbCKMM  HMHCTUTYT
nepepadaThIBarONEH U MUIIEBON MTPOMBIIIIIEHHOCTH» T.CeMe.

B npusiosxkeHnu npeacTaBieHbl OTYET O HAYYHO-UCCIIEI0BATEIbCKOM padoTe
no rpaHToBOM Teme «HaydHo-pakTHUYecKkoe OOOCHOBAaHHE  HCIOIL30BAHUS
MHKATICYJTMPOBAHHBIX CUHOMOTHYECKUX Mpenaparos, 00J1a/1a01ITX
UMMYHOCTUMYJIMUPYIOIIEH aKTUBHOCTHIO, B TPOU3BOACTBE MOJIOUYHBIX MPOIYKTOBY
(2015-2017 rr., Ne rocpeructparmu 0115PK01199), mpoTokoja MCIBITAHUM, AKThI
MPOMBIIIJICHHON ampofOanuu W akT pabodyux wucnbiTanuii, mnateHTel PK Ha
MOJIE3HYIO MOJIETb.

Hay4ynasi HoBM3HA JAuccepTAMOHHON PadoThI 3aKiI04aeTcs B pa3paboTke U
U3TOTOBJIEHUU 000opyI0BaHUA JUTS VHKaICYJINPOBAHUS POOHOTHUKOB,
noareepxkaeHHoN mareHtoM PK Ha momesnyro monens Ne 3202 or 9.10.2018 r.
Pa3paboTana marematuyeckasi U peojorudeckas Mojeiu reaeo0pasyromieil cMecu u
M3y4YeHbl 3aKOHOMEPHOCTH (POPMUPOBAHMS CHUJI B3aUMOICHUCTBHS Teleo0pasyromieit
CMeCH C pabOoYyMMH OpraHaMH YCTaHOBKH. BbIMonHeH aHamu3 pa3pabOTaHHOM
MaTEMATUYECKOM MOJENIM M YIYYIIEHHH SKCIUTyaTallMOHHBIX U TEXHOJIOIMYECKUX
nokasaresneii paboThl YCTAHOBKUA TMPH TPABWIBHO TMOJO0paHHBIX —IMapaMeTpax
YCTaHOBKM TMpEAJiaraéMoil KOHCTPYKIMH. BBbISBIEHB 3aKOHOMEPHOCTH Mpoliecca
MOJTy4YeHHUsT OECIIOBHBIX KarCyd OT TEXHOJIOTUYECKUX XapaKTEPUCTUK CHIPhSl H
TEXHUYECKHX MapaMETPOB HSKCIEPUMEHTAIBHON YCTAHOBKU. OKCIIEPUMEHTAIBHO
OIpeIEICHbI palroHabHbIE TEXHOJIOTUYECKHE PEKUMBI MOJTyYEHHSI
KUIIIEYHOPACTBOPUMBIX ~OECIIIOBHBIX KArCyJd TpPU HCIONB30BAaHUM (UIBEPHI  C
MHXEKTOpPaMH TpejiaraéMoid KOHCTPYKIIMU, MO3BOJISIONINE TMOJYYUTh CTAOWIIbHBIC
CTPYKTYPHO-MEXaHMUUYECKUE  XAPAKTEPUCTHUKM M  TEXHOJOTMYECKUE MapaMETPhI
MOJTy4aEMbIX KarCyll.

O0sacTb NpUMEHEHMsI:  PE3yJbTaThl  HAy4YHBIX HCCIEAOBAaHUM U
pazpaboTaHHOe 000PYIOBAaHHE MOTYT OBITH PEKOMEHIOBAHBI K MCIIOJIB30BAHUIO U
peanuzaiumn Ha OPEANPUITUIX MUIEBON u dbapMalieBTHYECKON
MIPOMBIIIJIEHHOCTH.

IIpakTu4eckasi HEHHOCTHh PadoOTHI.



Pa3pabotana wuH)XEHepHas MeTOJMKa pacyeta pabdoOyux  OpraHoB
000opyAOBaHUS AJI MOTYUYEHUS KarcyJl.

OrnpeneneH palvoHaIbHBIA peXUM paboThl 000pYAO0BaHUS ISl MOTYUYCHHUS
Karncy:l.

Pa3paboraHa ¥ M3roTOBJIEHA YCTAaHOBKA JJIsl MHKAICYJIMPOBaHUS MPOOUOTHKOB,
noareepxkacHHas nateHToM PK Ha nonesnyro monens Ne 3202 o1 9.10.2018 1.

OCHOBHBIE pe3yJbTaThl UCCIEIOBAHUS anpOOMPOBaHbl B MPOM3BOACTBEHHBIX
ycioBusix B denepaibHOM TOCyAapCTBEHHOM OOJIKETHOM HAYYHOM YUYPEKIECHUU
«®DenepanbHbll  AnTalickuii Hay4yHbId LIEHTp arpoouorexHosoruity u 00O
«IKCHEPUMEHTAIIBHBIN ChIPOJENbHBIN 3aBoa» I. bapHayn u B TOO «Ka3zaxckuii
HAy4YHO-HCCIIEIOBATEIbCKUM ~ MHCTUTYT  IepepadarbiBalolled M MUIIEBOM
IPOMBIIIIIEHHOCTU» T.CeMe.

l'ogoBoit sxoHOMHYECKHE 3(P(EKT OT HCHOIB30BaHUS NpearaeMon

TEXHOJIOTMM HWHKAICYJIUpPOBaHMS cocTaBUT 456 918 TeHre, cpok OKymaemocTH
pa3zpaboTaHHOTO 000PYI0BaHUS MO MPOU3BOJICTBY Karicyn coctasisieT 1,4 roza.

JInuHbI BKJIAJ ABTOPA 3aKII0YACTCS B IOCTAHOBKE HAYYHOM I1E/IM U 3a/1a4
UCCJICJIOBAHUsA, B IMOJA00pPEe M aHAIM3€ TMATEHTHOW W HAay4YHOW JIUTEpaTyphl, B
MIPOBEJCHUN TEOPETUUECKUX M IKCIICPUMEHTAIBLHBIX UCCIICIOBAaHUN 1 00paboTKe
pE3yNbTATOB; B IMyOJMKAIUSAX IO TEME JUCCepTallMd; B TPOBEICHUH OIBITHO-
IPOMBIILIJIEHHBIX UCIIBITAHUN U TPAKTHUYECKON pealn3alliy pe3yJIbTaTOB.

Anpodamusi  padorbl.  OCHOBHBIE  TIOJIOKEHHSI U PE3YJIbTaThl
JUCCEPTALIMOHHON PaOOTHI T0JI0KEHBI HA MEKIYHAPOIHBIX HAYUYHO-TIPAKTUYECKUX
KoH(epeHIuAX M ceMuHapax: MexIyHapoJHBIM Hay4dHBIM JKypHaM «Moiomon
yuenbrit» Ne 6.1 (140.1) / 2017 (Kazanp); «VII MexnynapoaHas HaydHO-
texHnueckas koHpepeHus «Kazaxcran — Xomox 2017»» (Anmarsl, 2017); «VIII
MexayHapoaHas HaydHO-TexHUYeckas KoHpepenmus «Kazaxcran — Xomon
2018»» (Ammater, 2018); «Materials of the XIII International scientific and
practical Conference Trends of modern science » (Sheffield, England, 2018);
«AKTyalbHbIE TPOOJEMBI TEXHUKH W TEXHOJOTHU TMepepaboTKH MOJIOKa
(bapnaymn, 2018); «IlumeBbie ”HHOBAIIMU U OMOTEXHOJIOTHH: COOpHUK Te3ucoB VII
MexayHapoiHON Hay4YHOW KOH(MEPEHIMU CTYACHTOB, ACIHUPAHTOB M MOJIOJBIX
yueHbIX. Tom 1. TexHOIOTMHU NUIIEBBIX MPOU3BOJICTB, KAYECTBO U O€30MACHOCThHY
(KemepoBo, 2019); «CoBpeMeHHBIC MPOOIEMBI TEXHUKH W TEXHOJIOTHH ITHIIIEBBIX
npou3BOoACTB, Marepuanel XX  MexAyHapOAHOM  HAYYHO-NPAKTHYECKOU
koH(pepenun» (bapnaymn, 2019).

IMyoaukanuu. [lo Teme auccepTanMOHHOW palOOTHI OMyOJMKOBaHBI 17
HAy4YHBIX palboT, B TOM 4yuciie: 1| MoHorpadus, 2 cTaThi B HAYYHBIX JKypHAJIaX C
HEHYJIEBbIM UMIakT-(hakTopoMm (0a3bl gaHHbIX Scopus U Web of Science), 4
CTaThW B Hay4HBIX XypHanax B m3aanusx u3 nepeddass KKCOH MOH PK, 8 crareii
B MaTepHaliax MEeXIYHAPOJIHBIX KOH(MEpEeHIINN U 2 TaTeHTa Ha MOJIE3HYI0 MOJEIb



PK - Ne 3202 ot 09.10.2018 r. «YcTaHoBKa J1sl MPOU3BOACTBA KarCyJIuPOBaHHBIX
npoayktoB», Ne 4286 ot 09.09.2019 r. «Cnocob6 mnpou3BoACTBa Horypra c
MHKAICYJIMPOBAHHBIMHA IPOOMOTUYECKUMHU KYJIbTYPaMI.

Ctpykrypa u o0beM auccepraumnu. JuccepranronHas pabota COCTOUT U3
BBEJICHUs, 0030pa HAyYHO-TEXHUYECKOW W IMATEHTHOM JIMTEpaTypbl, METOAUKHU
HKCIIEPUMEHTAIBHBIX HCCIEOBAaHUN, OOCYKIEHHUS TMOJYYEHHBIX pe3yJIbTaTOB,
BBIBOJIOB,  CIMCKAa  MCIOJIb30BaHHBIX  HCTOYHUKOB,  BKJIoyaromumx 117
HauMeHoBaHuU. Pabora m3noxena Ha 111 cTpaHuMnax KOMIBIOTEPHOTO TEKCTa,
conepxkut 16 Tadnun, 61 pucyHok, 9 npunoxxeHuu.

BrIiBoaBI IO AUCCEPTALIMOHHOI padoTe.

B cooTBeTCTBUM € MOCTABICHHON LENbIO TUCCEPTAIMOHHON pabOThl MOKHO
C/eJIaTh BHIBOBI:

1. AHanmu3 KOHCTPYKUMH yCTAaHOBOK ISl MOJTyYEHHUsl Karcysl Mokaszall, 4To
HanOoJiee ePCIIEKTUBHBIMU IS TIOJTyYEHHS KaTlCyIl sIBIIsIETCS pa3padoTka YCTaHOBOK
KamneJbHOrO TUIA, KOTOPhIE UMEIOT PAJl MPEUMYIIECTB MO CPABHEHUIO C OCTATbHBIMU
BUJ/IaMHU YCTAHOBOK TSI IOJTYYEHUS KarcyJl.

2. Pazpaborana peonoruueckas MOJENTb  TrejeoOpasyrolie  cmecw,
npeAcTaBisionas  cobo  Moxenb broprepca W M3ydeHBl  3aKOHOMEPHOCTU
(bopMHUpOBaHUs CUIJT B3AUMOACHCTBHS KHUIKOCTH C MHKEKTOPAMHU.

3. Pazpaborana maremaTnyeckas MoJeNb TejeoOpasylouiell cMecu B
IpoLECCe TMOMyYEHUs KarcCysl, HAa OCHOBAaHUHM KOTOPOW TEOPETHUYECKU OIPEIEIICHBI
byHKIMS ~ TeyeHUs  TeneoOpa3sHOW  KUAKOCTHM W3 HMHXKEKTOpa s
HKCIIEPUMEHTATBLHOM YCTAHOBKUA U OOBEMHBIN PacXo KHUIKOCTH B KaHae, KOTOPhIE
KOPPEJIMPYIOTCS SKCIIEPUMEHTAIBHBIMU TAHHBIMHU.

4, Pa3pabGoTaHo W W3rOTOBJIEHO JKCIEPUMEHTAILHOE YCTPOWCTBO IS
NOTy4eHUs OECIIOBHBIX Karcyll, MoaTBepkaeHHoe narenToM PK Ha nonesnyro Mozens
Ne3202 o1 9.10.2018rr.

S. Ha ocHOBe aHaIWTHMYECKUX W SKCHEPUMEHTAIBHBIX HCCIIEIOBAHUM
mpolecca TONyYeHUs] Karcyl Ha oOOOpYIOBAaHMHM YCTaHOBIICHBI: 3aBUCHMOCTH
CTPYKTYPHO-MEXAHUYECKUX XapaKTEPUCTHK U I'PaHyJIOMETPHUUYECKOIO COCTABA KaICyJl,
HHEPreTUYECKHX MOTEPh OT AUaMETpa UHXKEKTOPOB U PEXUMOB PabOTHI YCTAHOBKH.

6. Pazpaboranpl peXWMBbI MOMyYeHHs OECHIOBHBIX KarlCysl, YCTAHOBIICHBI
ONTUMAJIBHBIE MApPaMETPhl YacTOThl BpPALICHUS MEPUCTAIBTHYECKOIO HAcoca,
TeMIiepaTypa reineoOpa3yomeil cMecd M BHYTPEHHHM JMaMeTp WHXKEKTOPOB.
Pa3pabotana metoauka pacueTa QUIbepbl YCTAHOBKU JJISI TIOTYYSHHUS KarCyol.

7. [Ipou3BOACTBEHHBIMU UCIIBITAHUAMHU YCTaHOBJIEHO, 4TO
HKCIIEPUMEHTAIbHAsl YCTAHOBKA /I MPOM3BOJCTBA KAICyJl MOXKET SBIATHCS
OCHOBAHUEM IpHU pa3pabOTKe MPOMBIIUIEHHOTO 00pa3lia.



8. Pacuer skoHOMHueckol 3((PEKTUBHOCTU BHEAPEHUS OOOPYIOBaHUS
Ul VHKAICYJIMpPOBaHMs IIOKa3ajl, YTO CPOK OKyIaeMOCTH pa3pabOTaHHOTO
o0opyoBaHUs IO MPOU3BOJACTBY Kalcyl cocraBisieT 1,4 romga, TomoBoOii
HKOHOMHYECKUH HP(EKT OT HUCHONb30BAHUS MPEeAJIaraeMoil  TEXHOJOTMHU
MHKAICyJIUpOBaHUs cocTaBUT 456 918 Tenre.



ZHUMADILOVA GULMIRA AMANGAZYEVNA

RESEARCH OF THE PROBIOTICS INCAPSULATION PROCESS FOR
THE EQUIPMENT CREATION PURPOSE

ANNOTATION

The thesis paper of PhD doctoral student Zhumadilova G.A. for the degree of
Doctor of Philosophy (PhD), specialty 6D072400 - Technological machines and
equipment

The relevance of the work.The message of the first President of the
Republic to the people of Kazakhstan states that one of the priority areas for the
development of our Republic economy is the production of agricultural products.
“We need to ensure the processing of raw materials and enter global markets with
high-quality finished products. It is important to radically re-orient the entire agro-
industrial complex to solve this problem .... Modern healthcare should focus more
on disease prevention rather than expensive inpatient treatment ... .

Human health, as well as the life quality, is usually determined by the
quality of food consumed. Food should contain all the necessary substances for the
normal functioning of the human body. Nowadays, a large number of people due to
an unbalanced diet, a sedentary lifestyle and an impaired regime suffer from
diseases of the gastrointestinal tract.

In these days, probiotics are in wide use in order to increase and maintain
human immunity, because they have a beneficial effect on human microflora. The
beneficial effect of probiotics on the human body is determined by the positive
properties of the microorganisms that are part of probiotics.

However, microorganisms die in the aggressive environment of gastric juice
and, accordingly, probiotics lose their functionality.

To preserve the necessary beneficial properties of sour milk bacteria,
including probiotics, it is necessary to place them in gastro-resistant capsules.
Putting probiotics in a capsule allows to protect them from the acidic environment
of the stomach, and open the way to the latest functional products technologies. At
the same time, the acidic environment in the stomach should not destroy the
capsules for more than 2 hours, but when the capsule enters the intestines, it must
dissolve during 7 minutes, approximately. When dissolved, the capsule will release
the necessary useful substances.



The methods for producing capsules manually by the drop method are
widely used today, but this process is very laborious and time consuming, which
means - low efficient and costly.

Based on the foregoing, was set the task to develop equipment for producing
functional product capsules (probiotics,in particular), which will automate the
process of obtaining gastro-resistant seamless capsules with probiotics.

The research work was carried out within the framework of a scientific grant
funded by the Ministry of Education and Science of the Republic of Kazakhstan in
the priority direction "Rational use of natural resources, processing of raw
materials and products”, the sub-priority - "Technologies for advanced processing
of raw materials and products™ on the topic "Scientific and practical justification
for the use of encapsulated synbiotic preparations with immunostimulating
activity, in the production of dairy products "(2015-2017, state registration number
0115PK01199).

Object of study.Equipment for encapsulation, working bodies for
encapsulation, an aqueous solution of a gel-forming mixture, capsules.

Subject of study. The rheological and mathematical models of the gel-
forming mixture, the results of experimental studies of the capsule production
process, the patterns of the seamless capsules production.

The purpose and objectives of the study. The aim of the thesis is the
development of equipment for the production of seamless capsules with probiotics
using drop method.

In accordance with the set goal, the following research tasks were identified:

1. analysis of the design of encapsulation equipment;

2. development of rheological and mathematical models of the gel-forming
mixture;

3. development and manufacture of an installation for probiotics
encapsulation;

4. study of technical characteristics depending on the design parameters of
the installation and the determination of operating modes;

5. development of an engineering methodology for calculating the working
bodies of equipment for probiotics encapsulation;

6. implementation of research results and production testing of the
installation in the Federal State Budget Scientific Institution “Federal Altai
Scientific Center for Agrobiotechnologies”, LLC “Experimental Cheesemaking
Plant” in Barnaul and in the Semey branch of “Kazakh Research Institute of
Processing and Food Industry” LLP.



The main content of the work. The dissertation consists of five chapters,
where all the tasks set are successively solved, a list of used literature and
appendices.

In a review of the scientific and technical literature, the methods of the
encapsulation process are reviewed and analyzed, various technologies for
encapsulating the matrix of the encapsulated product are presented, and an
analytical review of the literature on the design features of encapsulation and
granulation equipment is carried out.

Research Methods. The second chapter presents the organization, objects
and research methods. An experimental design has been developed. Experimental
studies were carried out in 5 repetitions. When performing scientific work, a set of
generally accepted and standard research methods was used: physicochemical,
structural-mechanical, organoleptic using modern analytical instruments
(Brookfeld analog viscometer, experimental setup for determining the strength of
capsules, BIOLAM R-11 optical microscope, low-vacuum scanning electron
microscope “JSM-6390LV” of the “JEOL” company (Japan) in a set with the X-
ray microanalysis system “INCA ENERGY 250” of “OXFORD INSTRUMENTS”
(Great Britain). The research results were processed by methods of statistical
analysis and mathematical modeling using the programs MathCad 2000 and
Microsoft Excel.

Theoretical part. In the 3rd chapter of the dissertation, a rheological and
mathematical model for the interaction of an aqueous solution of a gel-forming
mixture with the working bodies of the installation is developed, and developed an
engineering method for calculating the working bodies of equipment for producing
capsules. The adequacy of the mathematical model of fluid motion in a cylindrical
channel was verified. The operational and technological schemes of capsules
producing equipment have been developed.

In the experimental chapter of the dissertation, the results of experimental
studies of the capsule production process are considered, and the optimal ratio of
the components of the gel-forming agent solution, the working temperature of the
solution are determined. The influence of the viscosity and temperature of the gel-
forming mixture, the inner diameter of the injectors, and the speed of the peristaltic
pump on the performance and energy characteristics of the equipment is
established. The rational mode of operation of the equipment for producing
capsules is identified.

In the 5th chapter, the economic effect of introducing equipment for
encapsulating probiotics is calculated. Industrial testing of equipment and
production tests were conducted under the conditions of the Federal State Budget
Scientific Institution “Federal Altai Scientific Center for Agrobiotechnologies” and



LLC “Experimental Cheese-Making Plant” in Barnaul. The industrial testing was
conducted in LLP “Kazakh Scientific Research Institute of Processing and Food
Industry”, in Semey.

The appendix presents the report on research work on the grant
topic"Scientific and practical justification for the use of encapsulated synbiotic
preparations with immunostimulating activity, in the production of dairy products
"(2015-2017, state registration number 0115PK01199) and alsotest reports, acts of
industrial testing and the act of working tests, patents of the Republic of
Kazakhstan for a utility model.

The scientific novelty of the thesis consists in the development and
manufacture of equipment for the probiotics encapsulation, protected by the patent
of the Republic of Kazakhstan for utility model No. 3202 dated October 9, 2018.
Mathematical and rheological model of the gel-forming mixture is developed and
the laws of formation of the forces of interaction of the gel-forming mixture with
the working bodies of the installation are studied. The analysis of the developed
mathematical model and the improvement of operational and technological
parameters of the installation with the correctly selected installation parameters of
the proposed design is performed. The regularities of the process of obtaining
seamless capsules from the technological characteristics of raw materials and the
technical parameters of the experimental installation are revealed. The rational
technological modes of obtaining gastro-resistant seamless capsules were
experimentally determined using a die with injectors of the proposed design, which
made it possible to obtain stable structural and mechanical characteristics and
technological parameters of the capsules.

Areas of use: the results of scientific research and developed equipment can
be recommended for use and implementation at the enterprises of the food and
pharmaceutical industries.

The practical value of the work.

An engineering technique for calculating the working bodies of equipment
for producing capsules has been developed.

The rational mode of operation of the equipment for producing capsules is
identified.

A setup for encapsulating probiotics was developed and manufactured,
protected by the patent of the Republic of Kazakhstan for utility model No. 3202
dated October 9, 2018.

The main results of the study were tested under production conditions in the
Federal State Budget Scientific Institution “Federal Altai Scientific Center for
Agrobiotechnologies”, LLC “Experimental Cheese Making Plant” in Barnaul and



in the LLP “Kazakh Scientific Research Institute of Processing and Food Industry”
in Semey.

The annual economic benefit from the use of the proposed encapsulation
technology will be 456 918 tenge, the payback period of the developed equipment
for the production of capsules is 1.4 years.

The personal contribution of the author is in the formulation of the
scientific goal and objectives of the study, in the selection and analysis of patent
and scientific literature, in the conduct of theoretical and experimental research and
processing of results; in publications on the topic of the dissertation; in conducting
pilot tests and practical implementation of the results.

Approbation of work. The main provisions and results of the thesis were
reported at international scientific conferences and seminars: “The international
scientific journal® Young Scientist” No. 6.1 (140.1)/ 2017 (Kazan); “VII
International Scientific and Technical Conference “Kazakhstan - Kholod 2017”
(Almaty, 2017); “VIII International Scientific and Technical Conference
“Kazakhstan - Kholod 2018 (Almaty, 2018); “Materials of the XIII International
scientific and practical Conference “Trends of modern science” (Sheffield,
England, 2018); “Actual problems of machinery and technology for milk
processing” (Barnaul, 2018);“Food innovations and biotechnologies: a collection
of abstracts of the VII International Scientific Conference of students, graduate
students and young scientists. Volume 1. Food production technologies, quality
and safety ”(Kemerovo, 2019); “Modern problems of engineering and technology
of food production, Materials of the XX International Scientific and Practical
Conference” (Barnaul, 2019).

Publications. On the topic of thesis work, 17 scientific papers were
published, including: 1 monograph, 2 articles in scientific journals with non-zero
impact factor (Scopus and Web of Science databases),4 articles in scientific
journals in publicationsfrom the list of KKSON MES RK, 8 articles in materials of
international conferences and 2 patents for utility model of the Republic of
Kazakhstan No. 3202 dated October 9, 2018 «Installation for the production of
encapsulated products»; No. 4286 dated September 9, 2019 «Method for producing
yogurt with encapsulated probiotic cultures».

The structure and scope of the dissertation. The thesis consists of an
introduction, a review of scientific, technical and patent literature, experimental
research methods, discussion of the results, conclusions, a list of sources used,
including 117 items. The work is presented on 111 pages of computer text,
contains 16 tables, 61 figures, 9 appendices.

Conclusions on the thesis.

In accordance with the goal of the thesis, the main conclusions are made:



1. Analysis of the different plants designs for capsules production showed
that the most promising technology for the production of capsules is the
development of drop plants, which have a number of advantages compared to other
types of plants for producing capsules.

2. A rheological model of the gel-forming mixture was developed, on a basis
of Burgers model, and the laws of formation of the forces for interaction of the
liquid with the injectors were studied.

3. A mathematical model of the gel-forming mixture in the process of
capsules production was developed. Based on this model, were theoretically
determined the flow function of a gel-like liquid from an injector ofthe
experimental installation and also the volumetric flow rate in the channel, which
are correlated with obtained experimental data.

4. An experimental installation for producing seamless capsules was
developed, manufactured, and protected by the patent of the Republic of
Kazakhstan for utility model No. 3202 dated October 9, 2018.

5. On the basis of analytical and experimental studies of the process of
producing capsules on the equipment, the following were established: the
dependence of the structural and mechanical characteristics and granulometric
composition of the capsules, the dependence of energy losses on the diameter of
the injectors and operating conditions of the installation.

6. Modes of production of seamless capsules are developed, optimum
parameters of frequency of rotation of the peristaltic pump, temperature of a gel-
forming mix and internal diameter of injectors are established. The method of
calculating the die of the installation for obtaining capsules is developed.

7. Production tests found that the experimental installation for the production
of capsules may be the basis for the development of an industrial design.

8. The calculation of the economic efficiency of the introduction of
encapsulation equipment showed that the payback period of the developed capsule
production equipment is 1.4 years, the annual economic effect of using the
proposed encapsulation technology will be 456 918 tenge.






