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YPBEAHO®JIOPAHBIH KAJIA JKAFJANBIHA BEMIMIETYI

Tyiiin

Makanaga [lpiMKeHT KanacelHBIH ypOaHOQIOpachklHIA JKYPri3iireH 3epTTeyiep HerisiHue
OCIMIIIKTEp/IiH Kaia oOpTachlHAa ocepi JKOHE e37epiHiH Je OCHl JKarjaiiapra OeiiMaeny mporectepi
KapacTeIpbutraH. Kaa »xarmaifbIHIa SKOJIOTHSUITBIK aXyall bl )kakcapTyna ypoanodropanslH MaHbI3kI 30p. Kanma
ypOaHodIopacsiHAa KaHIEPOTeHA1 3aTTap MEH IAaH/bl CIHIPETiH, oJlapFa Te31M/Ii 6CIMAIK TYpJIEpiH aHBIKTAy
MeH ecipy e3ekTi Mmacene Oonbim TaObuiamel. Cebebi, ecimuikTep, acipece, arallTopi3Al OCiMIIKTEp
OKOKJIUMATTHI TY3Y, ayaJlarbl 3aTTapbl TYHABIPY KbI3METTEPiH aTKapaabl. YpOaHo(hIopaHsIH Kala opTacklHa
ocepi onapAplH ayaHbl Ta3auay, TEMIIEPaTypalblK pEKUMII pETTeyre, TOMBIPAKTHl KOpFay MEH
OMOaTyaHTYPJIUTIKTI CaKTaylarbl peJliHe OalIaHBICTBl aHBIKTAJdalbl. 3epTTCYy HOTHKeIepl OOWBIHIIA
TOMEHJIETI KOPBITBIHABUIAP JKacalAbl: Kajla oOpTachlHa OeiiMaeny eciMIIKTepIiH KYpPBUIBICHIHBIH
KOPCETKIIITEPiHIH 03repyi apKbUIbl KYPeli, CANbICTEIpMANBI TYpe Ta3a ayiana eckeH CHpeHb eCiMIIriHIH
JISNTECIKTEPIHIH caHbl — 162, ain aBroMarucTpalib OOMbIHIa ©CETIH OCIMIIKTEP/IiH JICITECIKTEPiHIH CaHbl — 95
Kypanel, ypOaHo(iopa Kajla OpTAachIHBIH TeMIIepaTypajiblK pPEeXUMIHE ocep eTelli, OCIMAIKTep aya
TeMIIepaTypachiH 2-4 rpalycKka TOMEHIETe/Ii; 6CIMIIKTep IIaHIbl CIHIpE OTBIPHII, ayaHbl Ta3apTajpl, CHpeHb
OCIMJIITiHIH >KalbIparbIHBIH KYPBUIBIC epeKIIelNikTepiHe OaiilaHBICThI KapaFalllleH CalbICThIPFaH/a IaH bl
Ke0IpeK CIHIPETIH/IITT aHBIKTAJIIBI.

Kinrrik ce3mep: kana oprackl, ypbaHoguiopa, TeMIIEpaTypasblK PEXHUM, yCTbUIIENEp, Oeiimueny,
CHpEHb, Kaparalll, CiMIK )KaMBUIFBICHI, MIaHAaHy, eHaApodIIopa

Kipicne. Ka3ipri KoraMHBIH JaMybIH/Ia KaJjalap/blH arvioMeppalusIapbiHbIH 1plIeHy1 Y3I1KCi3
KYpill  OTBIp. AJamumapAblH  METAaloJIMCTepre  Kapaid  KOHBIC — ayJapybl,  KalaJap.bIH
MH(PAKYPbUIBIMIAPBIHBIH KET1Tyl MEH OHAIpIC OpbIHIAPBIHBIH JaMybl KOpILIAFaH OpTaFa acep eTel.
byn oskonorusAneiK KarmaumapiblH IIHeNeHIcyiHe okenenmi. KapKeHIbl ypOaHU3amus mporeci
SKOJIOTUSIIBIK MOCeNeNIepiH TYBIHAAYbIHBIH, aTan alTKaHJa aya-pailblHbIH KepCEeTKIIITEpiHiH
e3repyiHe, KOpIIaraH OpTaHbIH JIaCTaHyblHa, OCIMIIKTEp MEH JKaHyapjap JIyHHECIHIH
KONTYPJIUIriHIH KeMyiHe akemnyze [1-3].

Kana >xarmaifblHIa SKONOTHSIIBIK axyalibl JKakcapTyaa ypOaHO(IIOpaHBIH MaHBI3BI 30D.
Ocipece, MEranoJIMCTEPIiH aya, TONBIPaK OPTACHIH CAybIKTHIPY MEH Ta3apTyJla *Kachll KeJIeKTEePAiH
opubl epekmie. Kama yp6anodiopackiHaa KaHIEPOTEHI 3aTTap MEH IIaHIbl CIHIPETIH, oJjlapra
TO31M/1i 6CIMJIIK TYPJIEPiH aHBIKTAy MEH ocipy 03eKTi Macesne 60ibin Tadbuiaabl. Cedebdi, eciMaikTep,
ocipece aramTopi3Al ©CIMIIKTEp SKOKIMMATTHI TY3y, ayaJarbl 3aTTaplibl TYHABIPY KbI3METTEpiH
aTkapansl [4].

XKymbIcTapbIHBIH MakcaThl ypOaHO(IOpaHbIH Kajla opTachlHa OeiiMienyl MEH OFaH ©31HIH
oCepiH 3epTTey OO Ta0bLIabI.

3eprrey oObekTinepi  periHae IIIbIMKEHT KajlachlHBIH TEPPUTOPHSICHIHIA  OCETIH,
yp6aHodmopaHbIH KypaMblHa KipeTiH KeH TapajiFaH ecimiikrep KonmiMri cupeHs jkoHe Kapararrap,

3


mailto:bozshataeva69@mail.ru
https://doi.org/10.54251/2616-6429.2025.04.n01

Oymycmix Kazaxcman 2vinvim Kapuwicol - Becmuux nayxu FOocnoeo Kazaxcmana - South Kazakhstan Science Herald
Ned (32) 2025

HIpIMKEHT JEHIPOIOTUSIIBIK OAFBIHBIH ©CIMIIKTEP] TAHIAIl AJTBIH/IBI.

HIpIMKEHT KaJachIHbIH ayMarbIHAArbl ©CIMIIKTEPIiH (POTOCUHTETHKAJBIK allaparblHa, aTarl
ailfTKaHJa JIENTECIKTEep/iH CaHbIHA, KYHiHE Kajla OpTAaCBIHBIH dcepi MEH 63 Ke3eTriHAe OCIMIIKTep
KAMBUIFBICBIHBIH Kajla OPTACBIHBIH TEMIIEpaTypallblK PEXKUMIHE OCEpiH 3epTTey >KYMBICTAphl
KYPrizumi.

Kaa oprackIHBIH epeKIIemKTepiHiH 0ipi — OYI1 «GKbUTY apajgapb» KYOBUIBICH, YpOaHaaIFaH
KYHEHIH TeMIepaTypachl aybUIABIK /I MEKEHAEPMEH CalbICTBIpFaH/ia oJJeKaiia KOoraphl
OoJlybIMEH CHNATTaNlaAbl. byl Tac *oHe WIbIHBI, MJIACTUK KYPBUIBIC MaTepHalapblHAH CaJIbIHFAH
Ouik Fumaparrap, acaybT, 0ETOH KaMbUIFBUIAP/IBIH XKa3/1a KYHHEH KbI3BII KeTyi, ypOaHopIopaHby
YKETKUTIKCI3ITTHIH caaapbl OOJIBIT TaObLIA b,

A, KbICTa KepiciHIIE OCIMIIKTEp aybUIIBIK JKEPJICPMEH CaJbICTBIPFaH/a TEeMIIepaTypabIK
peXKUMiHIH ToMeH OonybIHaH 3apaan mereai. Cedell, Kanazapaa TYCKEH KalbIPpaKTap/Ibl ChITBIPHII
OKeTy apKbUIbI aFall TaMBIPJIAPbIHBIH KOCHIMINA XbUTY KO31HEH ailbipbuiaabl. Fameivmap kepceryi
OolipiHIIa acdanpT kaObIHBIHBIH KaCUETTEPIHIH epeKIIelirine 0aiaHbICThI OJ1 TOIBIPAKTHIH -13
rpagaycka JIiH TOHybIHA OKeJeli, OyJ1 ©3 Ke3eriHIe KajaJa eCeTiH OCIMIIKTePIiH TaMbIpJIapblHa
KOJIAHCBI3 ocep eTe/l.

HIbIMKEHT KaJlaCBIHBIH JKAChLI JKEJIET1H KaJIBIITACTBIpyFa OaFbpITTalFaH Oipkarap »xobamap
Kyprizuyzae. bipak KajaHblH OpHajiacy OpHBIHBIH aya-paiibiHa OailylaHbICTBI, Cy TaIllIbl aliMaK KoHE
TeMIIepaTypaiblK pEKUMHIH JKOFapbl OOMyblHA OaiillaHBICTHI Mocesenep TyblHAaWabl. COHBIMEH
karap Kazakcran KananapbiHa TOH 3KOJOTHUIBIK MOceelepAiH HeT13Ticl peTiHae - aya 6acceliHiHiH
nactanysl [LIBIMKEHT Kajackl YIIiH JIe ©3€KTi OOIBIT TaObUIAIBI.

3eprTey daicTepi MeH HbICaHBI. YpOaHO(IIOpa Kajla OpTaChIHbIH JKaFbIMChI3 9CEpiHEe YIIbIpai
OTBIpBIN, oOFaH OeiiMaeneni. Omnap KoOpIIaraH OpTajgarbl  AKOJOTHSUIBIK — e3repicTepre
KYPBUIBICBIH/IAFbI, TIPUIUTIK MPOIIECCTEPIHAETI XKOHE T.0. e3repicTep apKbUIbI Jkayan Oepei.

3epTTey KYMBICTApbIH/IA Kajla OPTAChIHBIH JPTYPJl JIaCTaHy JEHIeHiHAeri ayMakTapbIHIa
©CETIH OCIMJIIKTEp JKOHE CaJBICTBIPMAJIbl TYPAE Ta3a ayJaHAap PETiHIEe MarucTpajbiabl KepiepleH
aJllpic aynaja SKOHE JCHIPOJIOTHSUIBIK cas0akTa eceTiH ecIMAIKTep TaHjaanm anbiHabl. Kana
TEPPUTOPUSCHIH]IA OCETIH CUPEHb OCIMAITIHIH KalblPaKTapbIHAAFbl YCThUIIAAPIbIH CAHbI MEH KYH1
3eprrenii. JlacranraH jkoHe Ta3za ayMmMakTaplaH >KUHAJFaH >KallblpaKkTap apHaibl bIAbICTApFa
CaJIBIHBIN, aJIBIHFAaH Kepl Typaibl Oenriiep KOWbUIaAbl. YCThHUIIANAp CaHBl MUKPOCKON apKbUIBI
3eprreni. bip MM KyO aymaHiarbel yCThUIIA CaHBUIAYJIAPBIHBIH CaHbl MEH KYHi, MeJIIepi ecernke
aJBIHIBL. OpOip 3epTTey ayMarblHAaH aJIbIHFAaH JKalbIpaKTap/Aarbl YCThHUIIATAP/ABIH OpTalla CaHbl,
OpHaJacysbl, KyHi TipKeJIil OThIPAbI.

VYpOaHo(opaHbIH KalaHbIH >KbUIYJBIK DPEKUMIHIE TeMIepaTypaHbl TOMEHIETYre ocepiH
3eprTeyre OarbITTaFaH ToXipuOenep >kacanjpl. ApHaibl HHPPAKBI3bLI TEPMOMETP/IIH KOMETriMeH
JKAChUT JKeJeK Oap ailMak peTiHIe NCHIPOJOTHUSIIBIK cas0aK TMeH allblK OeTOH He ac(abTThI
MarucTpajbAap/IblH KaHBIHAAFbl TEMIIEpaTypalIbIK PEXKUM OIIeH 1. TeMepaTypa KYH/i3I1 yaKkbITTa
OH €K1 MEH OH 0ecC caraT yaKbpITTapbIH/1a OJIIICH/I].

MarucTpanbap MEH ©HJIpIC OpHBIHA >KAaKbIH JXEpJAEri >KOHE CajbICThIpMalbl TYpAE Tasza
TpaccajgaH ajbIC ayla MEH JCHIpocasOarblHIAFbl OCIMIIKTEPAIH >KamblpaKTapblHAA >KAHAIFaH
IIAHHBIH MOJIILIEpPi €CenKe aJbIHIbI.

HoTu:kesiep MeH TaJKbL1ay. YCTpUILIATap/IbIH )KYMBICHI HUPKAATHIK pUTMAEpTe OarbiHaAb! [S].
OmnapaplH amIbUIBII-KAaObUTYBl, CaHbl, KYHI KOpIIaraH opTara OeliMienyi OapbIChIHIa e3repyi
MYMKiH. 3epTTey ayMaKTapblHAH >KHHAJFaH >KarblpaKTapJarbl YCThHIIAJApABIH OpTamia CaHBIH
ecernTen, -1 KecTere eHri3uTin OThIPABI.



Onymycmik Kasaxcman 2einvim Kapuwvicol - Becmuux nayku FOocnozo Kasaxcmana - South Kazakhstan Science Herald
Ned (32) 2025

Kecte 1 — 3eprrey aymarbiHaH skuHaidraH KomiMri CHpeHHIH >KambIparbIHAAFbl yCThUIANAP.IBIH
opTalla CaHsbl

3epTTey aymarsbl JKanblpakThlH aCTBIHFBI JKarnbipakTelH YCTiHT1
AMUECPMHUCIHICTI AMUIEPMHUCIHICTI
yCThIATAP/IBIH CaHbl, 1 MM> yCThLAJIAP/bIH CaHbl, |

MM’

ABTOMarucTpaib OOUbIHIIA 95 36

oeckeH KoniMri cupeHn ecimMiri

Kemmenen anpic aynmana eceTiH 162 54

Konmimri cupenb ecimairi

Kecteneri kepcerkimrep MeH 1-mi  CypeTTeH Ta3a ayMaKTapAblH  ©CIMJIITiHIH
JKaIbIPaKTapbIHJAAFel  JISNTECIKTED CaHbl, ABTOMArMCTPAIbIApIbIH OOWBIHIA OCKeH OCIMIIK
JKarblpaKTapMEH CaJbICTBIPFaH/1a, KOIl EKeHIH KOPCEeTTi.

B acTbIHFbI aNUAEpPMUCTETi
yCTbLA CaHbl
162
W yCTiHri annaepmucreri
95 yCTbMLaNap CaHbl

54
36

ABTOMarucTpanb 6oibiHaa Aynaga

Cyper 1. 3eprTey aymakTapbiaia eceTin CHpeHb 6CIMIITIHIH JKabIpaKTapbIHIaFbl YCThUIATAPIBIH
opTalia CaHbl

Cypert 2. ABroMaructpanb 60ibiHAa 6ckeH CUPEeHb OCIMIIITIHIH YCThUIATAPHI: A- )KaIbIPaKThIH
ACTBIHFBI MHUIEPMHUCI, b- JKambIpaKThIH )KOFAPFHI SMUIEPMUC]
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Cyper 3. Kemrenen ansbic, aynaga eckeH CUPEHHIH yCThHIIANIAPHI: A- TOMEHT1 SITUACPMHUCTET]
ycbHIaiap, b- )KoFapFel SMUIEPMUCTET] YCThHIIATIAP

3epTTe HOTHIKENEepi Kajla OpTachklHa ©CIMAIKTEpAiH OeliMaeneTiHiH kepceTeni. bencenai ek
KO3FaJIbIChI OOJIATBIH KOIIEHIH arachlHIa OCeTiH ypOaHoIopa OKUIIEpiHiH, HAaKThUIAFaH/A,
CupeHnb eCIMAITiHIH JIENITECIKTEPiHIH CaHbl KEeMUTIHJIITIH Kepyre 0onaabl, SFHU OYJ1 ©CIMIIKTEPIiH
KOpIIaraH OpTaHbIH JIACTaHYbl MEH TPAHCIIMPALUSHBIH KbUIIAM/IBIFBIH PETTEYiHIH KAKETTUIIrIMEeH
TYCIHIIpiae .

JlenrecikTepAiH ~ KO3FaNbICBIH IAH MEH ayajarbl rasfgap OiTeyl MyMKiH. AJ
aBTOMarucTpalibJapJaH aibiC, KOpFrairaH aynanarbl ockeH CHpeHb ©CIMIITIHIH JKalbIpak
TaKTACBIH/IAFbI JICITECIKTEP/IIH CAHBIHBIH KOI OOJyBbI aHBIKTAJJIBI, SFHH OYJI MYHJa Ta3 ajiMacyFra
KeZIepriHiH a3 00JIybIMEH TYCiHAIpYyTe Oomabl.

YerumanapaelH JKarJaibl KOpIIaraH OpTa CalachlHBIH HHIWKATOPBI PETIHIE KOJIAHBLTYHI
MYMKIH.

YpbanodrmopaHblH Kaida OpPTAachIHBIH TEMIIEPATypaiblK PEXKUMIHE OCEpIH  3epTTey
MaKCaThIHJIaFbl 3€PTTEYNIEP AllIbIK JKOHE alTapIbIKTal BICTHIK aya-paibl JKaFAalbIHIa JKYPT13UII1.

[IIBIMKEHT KaJachIHBIH OSJICeH/TI KOJIIK KO3FABICEIMCH CHITATTAIaThIH aBTOMATUCTPAITh ayMaFbl
MEH JICHIPOJIOTUSITBIK 0aK 3epTTey TePPUTOPHUSCH PETIH/E TaHIaM aldbIHAbL. Ommeysep Tycki 13-00
YakbITBIHAA OKYprizuimi. Ommeynep 3-peT KaWTanmauiel. Ommeynep 4 koHe S5 cyperrepie
KOPCETUIreH.

25.8°C

A b C

Cyper 4. IIbIMKEHT JeHAPOJOTUSIIBIK OaFbIHAAFEI 9P TYPJl HYKTEJIepAeri TeMIepaTypaiblK
KepCceTKIlTepi: A — yacaH/Ibl KeJl )KaralayblHAaFbl TeMIiepatypa; b — aramrapasig
aKeJICHKECIHJIET1 JKep/liH TemnepaTypachl; C- T1eHIPOIOTHsUIBIK OaKTaFbl )KYT1pY KOJIBIHBIH
TeMIIepaTypachl
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A b C

Cyper 5. bencenai Keilik KO3FalbICBIMEH CUIIATTAIATBIH aBTOMArHCTPaIbIbIH OOWBIHIAFBI
TeMIeparypa Kepcerkimrepi: A - Anmarsl Tpaccacsl 0oiibiHa; b - PrickyiioB kereci 6oiibiaga, C -
BaiinnOex Om naHFBUIBIHBIH OOMBIH/IA

DKCHEpUMEHT HOTHIKEJIEpIHEH ypOaHO(IOpaHbIH Kajla OPTAChIHBIH TeMIlepaTypachiH 2-1eH 4-
rpajaycKa JIeiiiH TOMEHETETiHIH Kopyre Ooabl.

OciMAIKTepiH KOpIlaraH OpTaJaH IMaHIbl CiHIpYyl ©Te MaHbI3Abl KacueTTepiniy Oipi. Cebdeli,
ABTOKOJIIKTEp MEH OHAIPIC OPBIHIAPBIHBIH KBI3METI HOTHIKECIHJIE ayaFa IIBIFapbUIFaH JacTaHy MEH
IIaH TYHIPIIKTEpl aJaMHBIH THIHBIC ally MYIIEJEepiHEe 3USHIbl 9Cep €Till, KeNTereH aypynap.ibl
TYFBI3aIBI.

OcimaikTep ©3iHIH TIpHIUIri OapbIichiHAa, (OTOCHHTE3 MPOIECIHAE ayaHbIH KypaMbIH
KOMIPKBIIIKBUT Ta3bIH CiHIPY apKbLIbl FAHA Ta3apThIN KOMMai, IaHIbI CiHIpeAl )KoHE ayaHbIH KO3FaTy
KBUIIAMJIBIFBIH  ©3T€pTe OTBIPHIN, IIAHHBIH IIOFBIPIAHybIHA >Xoi Oepmeiini. YpOaHodiopa Tek
JIEKOPaTHBTIK MaKCcaTTa FaHa eMec, JKOFaphlia KOPCETUITeH SKOJOTHUTBIK MaKkcaTTa ecipineni [6,7].

Keneci »skcnepumentrepimize ypOaHodiaopaHbIH ayagarbl I[IAHABl CIHIPY KacHeTTepi
seprrenai. byn 3eprreynepne IIbIMKEHT KallaCHIHBIH TEPPUTOPHSCHIHAA ©ceTiH CHpeHb XKoHe
Kaparaml eciMJIKTepl TaHJamn aiblHAbl. OCIMIIKTEpIiH IIaH CiHIpY KacHeTi CalbICThIPBUIJBL.
Bbepiiren yakpIT apaiblFbIH/Ia KaNbIpaK TAKTAChIHA KUHAJIFaH HIaHHBIH MOJILIEP] OJIIIeH/I1. 3epTTey
aymakTapbl petinze llIsIMkeHT KanacbiHaarsl baiitypcbiHOB kemeci MeH boiiniOex 61 JaHFBUIBIHBIH
OOMbIH/Ia ©cil TYpFaH OCIMJIKTEP/AIH OH KalbIparbl JKUHAN aJIbIHBIN, OHJAFbl >KMHAJFAH IIaH
MeJIIIIepi Tapa3blFa TapThUIbL. 3epTTey HOTHXKeNepl 2-11i KecTeie Oepiirex.

Kecre 2 — Op Typiii ©CiMJIIK JKallbIpaKTapbIHbIH IAHAbI CIHIPYIH 3€pTTeY HOTHKEIepl

No 3epTTenreH oCiMaIKTep JKampIpakTa >KMHAJIFaH opTallla IIaH
Maccachl (T/5KarbIpak)

1 Konimri Cupenb 0,036

2 Kaparam 0,028

3epTTey HOTHIKENEpl JKOFaphblaa KOPCETUITeH OCIMIIKTEPIIH €KEYIHIH ¢ ayaJarbl IIaHJIbl
ciHipyzneri TuiMai ekenairin kepcereni. Komimri CupeHb OCIMIITIHIH KambIparbIHBIH KYPBLIBIC
epeKILEeNIKTepl, aTan aiTKaHAa TyTepiHiH OONybl, IIaH TYHIPUIIKTEPIH ycTayFa MYMKIHJIK Oepenl.
KaparaiuTelH Jkamblparbl Ja aWTapibIKTall >KakChl JopeXene IIaH CiHIpY KacHeTiHe We.
VYpb6anodmopaHbIH KypaMbIH/Ia OChI OCIMIIKTEP/1 6CipY, aya canachlH )KaKCcapTyFa MYMKIHIIK Oeperti.

KopsbiThiHabl. VYpOaHodmopaHblH Kajlda oOpTachlHa dcepi ONapAblH ayaHbl —Tasajay,
TEMIIEpaTypalblK PEeXUMAl PETTeyre, TONMBIPAKThl KOpFay MEH OHOadyaHTYPJLUIIKTI CaKTaydarbl
periHe OalIaHBICTBI aHBIKTAJaJbl. 3epTTEYy HOTIOKENepl OOWBIHIIA TOMEHJErl KOpPBITHIHIBLIAP
JKacalJpl: Kajla opTachlHa OeHiMJeny eCIMIIKTEpJIH KYpPbUIBICBIHBIH KOPCETKIIITEpPIHIH ©3repyl
apKbUIbI KYpPEIi, cCalbICThIpMalibl TYpHE Ta3za aynajga eckeH CHUpeHb ©CIMAIriHIH JeNTeCIKTepiHIH
canbl — 162, an aBTOMarucTpaiab OOUBIHA OCETIH OCIMIAIKTEPAIH JENTECIKTEPIHIH CaHbl — 95 Kypasr,
ypbaHodnmopa Kaja OpTAachIHBIH TEMIIEpaTypaiblK pEeXKHUMIHE ocep eTell, eciMIiKTep aya
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TeMIIepaTypachiH 2-4 rpaaycKa TOMEHAETE/1i; OCIMIIKTEp MAaH/bI CIHIPE OTHIPHII, ayaHbl Ta3apTabl,
CupeHb OCIMIITIHIH JKalbIpaFbIHBIH KYPBUIBIC EPEKIISTIKTEepiHe OalIaHbICThl  KaparalireH
CaJBICTBIPFAH/Ia MAHB KOOIpEK CIHIPETIH/IIrT aHBIKTAJIIBL.
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AJAIITAIIMA YPBAHO®JIOPHI K TOPOACKHUM YCJIIOBUAM

AHHOTAIUSA

B craThe paccmaTpuBaeTCsl BIMSHUE PACTEHUI HA FOPOJCKYIO Cpely U MPOLECCHl X aJanTalud K
YCJIOBHSAM Ha OCHOBE MCCJICIOBAHMM, IPOBEACHHBIX B ypOaHodope ropona IlIsiMkeHT. Bosbiiioe 3HaueHue B
VIIYYIIEHHH 3KOJIOTUYECKOTO COCTOSHUS B TOPOJCKHX YCIOBUSIX UMeeT ypOaHoduopa. B ropojackoii
ypOaHo(hope akTyanpbHONH HpOOIEMON SBISETCS ONpPENCIICHHE U IOCaJKa YCTOWYHMBBIX K HUM BHJIOB
pACTeHHH, MOTJIOMIAIOIINX KAHIIEPOI'CHHBIC BEUISCTBA, MbLIb. JTO CBSI3aHO C TEM, YTO PACTCHHUS, OCOOECHHO
JPEBOBUIHBIE, BEITIOIHIIOT (DYHKIIMIO 00pa30BaHUs SKOKIMMATa, OCAK/CHHS BEIIECTB B Bo3AyXxe. BnusHue
yp6aHO(MIOpEl Ha TOPOACKYIO CpEoy OIpeNeisieTcs MX pOJIbI0 B OYHCTKE BO3/AyXa, PEryJIHpPOBaHHUU
TEMIIEPATypPHOr0 PEXKKMMa, 3alllUTe I0YB, COXpaHeHUU OuopazHooOpaszus. [1o pesyibraTaM HCCIIEIOBAHHS
ObUIM CJCNIaHbl CJICAYIOIIME BBIBOJBI: aQJanTalds K TOPOJCKOH Cpeie MPOUCXOAMT 33 CYET H3MEHEHUS
CTPYKTYpPBI PACTCHUM, KOJIMYESCTBO YCTHHI] CUPEHH, PACTYIIUX B OTHOCUTEIHHO YUCTOM PAaiiOHE COCTaBHUIIO -
162, a pacTymux BIOJIs aBTOMarucTpamm — 95; ypbanoduiopa BIHsIET Ha TEMIEPATYPHBIA PEKIM TOPOJICKOM
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Cpebl, paCTCHUsI IOHIDKAIOT TEMIIEPATypy Bo3Ayxa Ha 2-4 Tpajyca; paCTeHUS OYHUIIAIOT BO3IYX, MOIJIOIIAs
MIBLTH, YCTAHOBJIEHO, YTO JIUCThSI CHUPEHU U3-32 0COOEHHOCTEH CTPOEHHS TMOTJIONIAET MBLIH OOJBIINE, YeM C
BSI30M.

KuaioueBble cjioBa: Topoackas cpena, ypodanodopa, TeMIepaTypHbBIH pPeXUM, YCTHHIA, aarTailus,
CUPEHb, BSI3, PACTUTENHFHOCTD, MBUIBHOCTD, AeHApOdIOpa
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ADAPTATION OF URBANOFLORA TO URBAN CONDITIONS

Abstract

The article examines the influence of plants on the urban environment and the processes of their
adaptation to conditions based on research conducted in the urban flora of Shymkent. Urban flora is of great
importance in improving the ecological condition in urban conditions. In urban urban flora, an urgent problem
is the identification and planting of plant species resistant to them, absorbing carcinogens and dust. This is
due to the fact that plants, especially tree-like ones, perform the function of forming an ecoclimate, depositing
substances in the air. The influence of urban flora on the urban environment is determined by their role in air
purification, temperature regulation, soil protection, and biodiversity conservation. According to the results of
the study, the following conclusions were drawn: adaptation to the urban environment occurs due to changes
in the structure of plants, the number of lilac stomata growing in a relatively clean area was 162, and growing
along highway 95; urban flora affects the temperature regime of the urban environment, plants lower the air
temperature by 2-4 degrees; Plants purify the air by absorbing dust, and it has been found that lilac leaves
absorb more dust than elm trees due to their structural features.

Keywords: urban flora, urban environment, temperature regime, stomata, adaptation, lilac, elm,
vegetation, dustiness, dendroflora.
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CO3AK KEH OPHBIHBIH AC T¥3bIH BEP'IOPFAHI/IKAJ'!JI)IK KOCITAJIAPJAH
TA3APTY YPAICIH 3EPTTEY KOHE JIMTUUI BOJY

Tyiiin

Ty3awH oneMaik ermipici 2019 xbutel 330 MITH.TOHHAIAH achIIl JKaHA JKETICTIKKE KETTI. A3HS enaepi
2019 xputel 160 MITH.TOHHamaH acTaM KeJieMIe ac TY3bIH TMaimajaHbln, OapiblK OHIIPJIETIH HaTpUi
XJIOPUIIHIH €H ipi TYTBIHYIIBICHI OOJIBIN TaOBUTA B Bys1 KepCceTKill aiiMaKThIK XUMHSUIBIK KOHE OHEPKACINTIK
OpBIHJIApFa, COHAM-aK XaJIbIK CAHbIHA OaHTaHBICTHI. OJIeMIIK XJ10p eHAipici 2018 xbutFbl 72,9 MIIH. TOHHAIaH
2028 xbUTl 98 MITH. TOHHAFa JIeHiH HeMece opralia ecerrieH 25,1 MITH. TOHHaFa, )KbUTbIHA TIIaMaMeH 3% - Fa
eceni nen Oomkanyna. COHABIKTaH JKOFapbl Ta3a HATpUH XJIOpUIIHE JEreH oJeMIIK HapBIKTHIH
KaXKCTTUTIKTEPiH KaHaFaTTaHABIPY YLIIH OHIIpiCKe OJaH 9pi *KaHa TEXHOJOTHSIIApAbl €HTi3y JKOHE ac TY3bIH
KOCIaJapAaH Ta3apTy SICTEPiH 3ePTTEY YCHIHBLIAIBL.

KanbIKkaH ac TY3bI epiTIHAUIEPIHIH CYIBI - TY3BI XKYhenepiHiy ¢a3ansik Temne - Tergiri 100 - 108,5°C
temneparypanarsl Ca xoHe Mg XJIOpUATEPl MEH cynb(aTTapbIHBIH KOCTIaJapbIHBIH KaThICYbIMEH 3epTTENIi

JKOHE HAaTPHUH XJIOPHIIHIH KpUcTanaany aiiMakrapsl aneIKTanael. NaCl Tazapty xoHe nmuTHiini 6emy amictepi
JKacaJpl.

KinrTik ce3mep: ac Ty3bl, HATPUil XJIOPHII, KAIBLIUH CYyIb(haThl, MArHUHA CYJIb(ATHI, KPUCTAJIIAY.

Kipicne

Kazipri yakpITKa JAeWiH HaTpuil XJIOPUAIH Ta3amayJblH TYpJi Toclaaepl 3epTTemjii.
Ty3npIKTapaH ac TY3bIH aly/IbIH KeJlecl ToCUIAepl 931paeH l:

1) xanbIUil XJTOPHUIIMEH TiKeNel KYI0 apKbLIbl;

2) CaCl; KaTbICybIMEH TY3/IbIH NOJUTEPMUSIIBIK KaliTa KpUCTaN1ay.

Exi xarmaiina na Tasa, ycak KpHUCTajAbl TY3 albIHAIbBl JKOHE EpITIHAUIEpAl OymaHAbIpY
OOMBIHIIIA KBIMOAT oneparus >konbutas [1].

ArtanraH TocinaepaiH Teopusuiblk Herisi 1-cyperre CaCly epitinainepinae NaCl epirimrik
nuarpammachl O0onbin TaObL1anbl, onaH NaCl abcomoTTi epirimTiri asasibl, ajd epirilTiKTiH
Temneparypanbik KoapduruenTi epitinaige CaCl, KOHIEHTpALUCH )KOFapblIaFaH Ke3/1€ 6Ce/i.

Bec %NaCl

60
Bec % CaCl,

Cyper 1 - CaCl; epitinaiciaaeri NaCl epirimrriri.
NaCl [IBIFBICEI  TONBIFBIMEH  2-CypeTTe KOpCETIITeHACH  apalac  TY3IbIKTapIIbIH
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KOHIICHTPAITUACHI MEH CAITBICTHIPMAIbl MOJIIIepiHe OaIaHbICTHI [2].
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Bec %% CaCl,

Cyper 2 - 25,36% NaCl (ty3 = 26,29% ke3inzae) 6ap CaCl, epitiHaici 6ap TY3IBIKTHI
pirpicThIpranaa NaCl msirsice 31,5% (1) 35% (2) sxone 40% (3)

TazanbIKTBIH KOFaphI gopeskeni Ty3bl (99,9% NaCl xoHe ofaH 1a Kelr) TY31bIH TEXHUKAIBIK

coprrapsid xoHe NaCl*2H>0 kaiiTa kpucTangaHyMeH, COHIal-aK TY31bl TY3 KBIIIKbUILIMCH OHJICY
Ke3iHJe AaibIHaan b1 3].

Kecte 1-Kypampinga typmi  CaCly Gap NaCl epitinaiiepiHiH KaliHay TeMmIeparypachl Ke3iHze
KanbIKKaH epiTinaini 0°C neitin cankpigaarkanaarsl NaCl mbsirbice [4].

CaCly kypamsl, | NaCl epiriwriri 1/100 r | Kaitnay Cv Co NaCl mbIFbIMbI
r/100 r H2O H>O TEMIIepaTypachl,
0°C, Co | Tkair,Ct oC
0 35,6 39,7 107,7 1,15 4,1
20 17,2 52,2 109,2 1,52 9,0
40 4,0 13,6 113 3,40 9,6
58 0,8 74 119 9,25 6,6

MarepuaJjiap MeH dicrep

Kypambeinna 98,2% wnerisri 3arel 6ap NaCl - "uga" Mapkanbl JUCTUIIIEHTEH CyMEH
SKCTparupoBajaH/bl KoHe Oenriun oxaicreMe OoifbiHmia Kpuctangauasl. NaCl epitinaiiepi
TYHJIBIpaJbl, LeHTpodyranay, coqaH kKeilin Oymansl. bapnbik Tycken NaCl kpuctangapsl skaTbip
epITIHJIICIHEH JeKaHTalus apKpUibl OeiHimn, Bakyymaa 100°C ke3inae eki caraT O0ilbl KeNTipiuil.
Ansiaran kpuctanasl NaCl Herisri 3arTeiH 99% Kypaiiibl jkoHe KaKChl KaJIbINTACKaH, >KBLITHIP
KpucTanaap 0osbin TadblIaab! [S].

Kecre 2-NaClepirimriri

Temneparypa, °C NaCl, % Temneparypa, °C NaCl, %
21,2 24,42 60 27,07
0 26.28 80 27,55
20 26,39 100 28,15
40 26,68 180 30,99
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Ty3abIKTapIbIH XUMUSIIBIK KYPaMbIH aHBIKTAy O€Nriii omicTepMeH xyprisunni. Harpuit men
KaJIMH JKaJIBIHABI OTOMETPHS diCiMEH, XJ0p - DonbrapAr, Kaabliuid, MAarHUN J)KOHE SO42- HMOHJIAPAbI
eJey 9iciMmeH aubIKTab! [6]. blcThik anci3 kpimkbuinad (pH = 4-6) cyzinren SO4 TY31bIFbI Oapuii
cynbdarel Typinae BaCl, epiTiHaiciMeH TYHIBIPBUIFAH, JKYbUIFAH, KENTIPUITCH XOHE OJIIICHTCH.
Kanpumii noHnmapbiH Kanbluii kapOonatsl Typinae NaxCO3 epitiHAiciMeH MIbIFapabl. Marauii
ky#aiprim Harpuiimen cintim (pH= 10 - 12) epitinaines Mg(OH), Typinae TyHans! [7].

HoTu:kesiep koHe TAIKbLIAY

Tanpay HoTHKeNepi 6acTanKbl TY3apAarkl Kalblyii, Marauii xone SO4? - MOHIAPBIH KOFAPBI
KYpPaMBbIH KOpPCETEIi, 071 XUMUSIBIK Ta3a ac Ty3biHa KP MEMCT Tanantapsln KaHaraTTaHIbIpMaii bl
YKOHE aybIp MeTal1apAblH, OapuiiaiH, TeMipiH, KaJIUi1iH, MBIIbSIKTHIH KOHE aMMOHHM TY3/1apbIHBIH
KOKTBIFBIH KOPCETEII.

JKyMBICTBIH KONTEreH aBTOPJIAphl TY3JbIH TEXHHUKAIBIK copTTapbiH xoHe NaCl*2H,0 kaiita
KpucTtannanysi (99,9% xoHe ofaH 1a KO Ta3albIKThl) anybl, connaii-ak HCl Ty3bIH eHey Ke3iHe
kepcereni. Anpiarad NaCl xumusiblk Taza. Harpuii XJopuIiHIH JKaThIK €pITIHAICIH OacTarKbl
KOJIEMHIH KapThIChIHA JICHiH KalTamaH OymaHIbIpaabl, TYCKCH KpHCTAIAapAbl O, KenTipei,
cypblInTaiisl [6, 8].

XKyprizinren Tangay smicremenepi:

1. bBapwuiini-kapOoHATTHI

2. NaCl xorapbl IeHrei1e Ta3albIKThI ATy IbIH TY3KBIIIKBIT TOCUTI

3. Harpuii x7opuaiH anyabH peakTUBCI3 TICLIl

4.  XXorapsl gopesxeni Taza HATPUHA XJIOPUIIH allyIbIH Oapuii-cLITi 9ici.

Kecre 3. Ac Ty3bIH 3epTTey HOTHXKENEPi

Ne | Epity agici \ 3eprrenerin Cl™ Ca* Mg** SO, Fe,O,
KOPCETKIIITEP
1 2 3 4 5 6 7
1 | NaCl MECT o6oiibiaina 59,44% 0,2% 0,32% 0,79% 0,01%
2 | NaCl xaHbIKKaH epiTiHaiae 59,59% 0,07% 0,11% 0,28% 0,014%
KpHCTaJIaHFaH

3 | NaCl kanbikkan epitingi + 1 ma | 58,92% 0,04% 0,09% 0,20% 0,032%
HC1 +H>O 100mu getiin
4 | NaCl kaHbIKKaH epiTiHIi+ 5 M 58,66% 0,06% 0,15% 0,3% 0,067%
HCI1 +H>O 100Mmn
5 | NaCl kanbikkan epitingit 1,5 mn | 58,45% 0,07% 0,15% 0,44% 0,023%
HCl1 +H»0 mo 100mn
6 | NaCl kanbIkKaH epitiaai +25 mr | 59,81% 0,08% 0,17% 0,54% 0,032%
11 HCI +H>O 100ma geitin
7 | NaCl kanbikkan epitiaai + S0m | 58,07% 0,12% 0,22% 0,59% 0,04%
0,055HCI +H>O 100Mm1 geiiin
8 | NaCl kanbikkan epitiagi+ 20mn | 57,49% 0,06% 0,05% 0,24% 0,09%
0,051 HCI +H,O 100mn
9 | NaCl kanbikkaH epitiaai + 20mn | 57,81% 0,06% 0,18% 0,44% 0,014%
H>O +1m1 0,1eNaOH  +1mn
10% Na,CO3 + HoO 100ma
10 | NaCl xausikkaH epitigi+ 20ma | 60,32% 0,07% 0,13% 0,37% 0,016%
H20 +0,5mn 0,1aNaOH

+2 Tamiiel 10% Na,COs3 + H,O
100Mma getiin
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Onemenr | Caam.  Atomasl,%
%
(0] 1.05 1.91
Na 36.91 46.90
Mg 0.21 0.25
S 0.00 0.00
Cl 61.72  50.85 T
Ca 0 1 1 0.08 (000 gooey maw SRECE engn el
Kamner | 100.00

Cyper 3. AnblHFaH ac TY3bIHbIH XUMUSUIBIK KYPaMbl

KopbIThbIHABI

KopsiTa aiiTkanga 6y xymbicta Co3aK KeH OPHBIHBIH aC TY3bIHBIH OPTallia XMMUSIIBIK KYPambl
KOHE OHBI KOCMAaNapIaH Ta3apTy omicTepi 3eprrenzi. JKorapsl Temreparypa Ke3iHIe HaTpuid
XJIOPUJIIHIH KATBICYbIMEH o/eOMEeTTe >KOHE 3epTTeNreH >KyWhenepai Kalbluil MarHuii, HaTpHi
cynbdarrapbl MEH XJIOPHATEPIHIH KaThICYbIMEH TaJ/1ay KAHBIKKAH TY3IBIKTAP/IbI BICTHIK CY3y KE31H]Ie
HaTpUW XJIOPUJIH Ta3apTyIAblH NpUHIMNTI MyMKIHAITiH Kepceteni, CaCly, MgCla,Na;SO4, CaSOs,
MgSO4, KCl. Anaiina, Hatpuii xjopunain 2-3 KaiiTa KpucTainay Ke3iHJIE XYPTi3UIreH KeNTereH
ToXipudenep epiTiHaieH CyIb(aT-uoHIAP I TOJIBIK aJIbII TACTaMaybIH XKOHE HOTHXKECIH e OJIap IbIH
MakKcarThl OHIMJIE XWMISUIBIK Ta3a ac Ty3blHA KOWBUIATBIH TaJanTapibl KaHAFaTTaHIbIPMANTHIH
Meuiiep/ie O0IybIH KopceTell. Oe0u IepeKTep KoHe HaTPpUil XJIOPHIIHIH KaThICYbIMEH 3epTTENreH
CYJIBI-TY3 JKYHenepl HeT131H/1e TEXHUKAJIBIK ac TY3bIH TEPEH Ta3apTy/IbIH YIII TOCUI 931pieHal: apuii-
KapOOHATTHI, TY3/bl - KBIIKBUIABI kKoHE Oapuil-CiNTiii. AJNBIHFaH OHIMIECPIiH HIBIFYbl 75%-man
91,5% - ra neliH Kypalnbl *oHE OHIMHIH KypambiHIa 99,5- 99,91% neiiin Herisri 3ar Oap.
TazapTeUTFaH TY3ABIKTHIH KYPaMbIHAAFEl 72-78 MI/KT TUTUNA XJTOPUAIH SKCTPAKIIHUS >Kacay apKbLIbI
Oein amyra 00mabl. DKCTpAKLIMS Mpolieccl Ke31HAe JTUTHH XJIOPHUIIHIH IKCTPAKTKA 6Ty Jopexect
98,9-99,8% Kypaiiibl )koHE OJ1 KOCHIMIIIA ©HIM OOJIBIN CaHaNa/lbl. AJBIHFAH JTUTHI KOHIICHTpaThIHAH
JUTHUH TY371apbl aJTbIHAIBL.
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UCCJIEJJOBAHHME ITPOIIECCA OYUCTKH IIOBAPEHHOM COJIM CO3AKCKOI'O
MECTOPOXJIEHUA OT HEOPTAHUYECKHWX IIPUMECEWM U BBIJIEJEHUE JIUTHUS

AHHOTALUSA

MupoBoe TPOU3BOJICTBO COJNH JOCTUIIIO HOBOTO pekopaa 6oiee 330 muH. ToHH B 2019 Tomy. Azwus
SIBJISIETCS. CaMBIM KPYITHBIM HOTPEOHTEIIEM XJIOpHIa HATPHUS U3 BCEX PETHOHOB, B 00beMe Oosnee 160 MiTH. TOHH
B 2019 roxy. O6ycnoBieH 3TOT (hakT perHOHaTbHBIMA XUMUYECKIMU U IPOMBIIIUIEHHBIMU CEKTOPaMH, a TAKKe
YUCJICHHOCTHIO Hacenenus. [IporHo3upyercs, 9To MUPOBOE MPOU3BOJICTBO XJI0pa BEIPACTET ¢ 72,9 MITH. TOHH
B 2018 rogy mo 98 miuH. ToHH B 2028 roay uiau xe B cpenHeM Ha 25,1 MiiH. ToHH, okojio 3% B roa. Ilostomy
nenecooOpa3Ho HCCIeIOBaHME CHOCOOOB OYMCTKM IIOBApEHHOM CONHM Ui JajbHEWIIero BBEIACHHUA B
MPOU3BOCTBO YTOOBI YIOBIETBOPUTH MOTPEOHOCH MUPOBOTO PHIHKA B BELICOKOUMCTOM XJIOPHE HATPHS.

Uzyuensl ¢a3oBble paBHOBECHSI BOJHO- COJIEBBIX CUCTEM PACTBOPOB HACBHIIIEHHOW MUILEBON CONH, B
MPUCYTCTBUM IIpUMecei XopuaoB - U cynbdaroB Ca u Mg npu temneparypax 100 - 108,5°C u HaiineHs
00JIacT! KpHUCTAIUIM3ALUU XJIopuaa Hatpusi. Paspaboransiveronpiounctki NaCl u pa3ieneHus TuTus.

KiroueBble ci1oBa: mHOBapeHHas CONb, XJIOpUZ HaTpusi, cyiab(ar KanbLus, cyiab(ar MarHus,
KpHUCTaJUTU3ALHA.

M.A. Dyusebaeva*
doctor of Chemical Sciences, Professor, Al-Farabi Kazakh National University, Almaty, Kazakhstan
*Corresponding author’s email: moldyr.dyusebaeva@kaznu.kz

INVESTIGATION OF THE PURIFICATION PROCESS OF THE SALT OF THE SOZAK
DEPOSIT FROM INORGANIC IMPURITIES AND THE RELEASE OF LITHIUM

Abstract

Global salt production reached a new record of more than 330 million tons in 2019. Asia is the largest
consumer of sodium chloride of all regions, with more than 160 million tons in 2019. This is due to the regional
chemical and industrial sectors, as well as the size of the population. Global chlorine production is projected
to grow from 72.9 million tons in 2018 to 98 million tons in 2028, or an average of 25.1 million tons, about
3% per year. Therefore, it is advisable to study methods for cleaning table salt for further introduction into
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production to meet the needs of the world market in high-purity sodium chloride.

Phase equilibria of water-salt systems of solutions of saturated food salt in the presence of impurities of
chlorides and sulphates of Ca and Mg at temperatures of 100-108.5°C were studied and areas of crystallization
of sodium chloride were found. Methods for cleaning NaCl have been developed and lithium separation.

Keywords: table salt, sodium chloride, calcium sulfate, magnesium sulfate, crystallization.
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KAKTAJIFAH COJIA OHIPICIHIH JUCTHJLIEP CYABIKTBIFBI JKAPThI
T'UJIPATTBI KAJILLAN CYJIb®ATBIH AJTY IPOLIECCIH 3EPTTEY

Tyiiin

Kaxkranran comga eHImipiciHAe YIKSH MOJIIEPAe TUCTHIICP CYHUBIKTHIFBI OOITIHE I KOHE OJ1 TOJBIFEIMEH
Kaiita eHaenMerai. O eHiaipic KaJAbIFbl PETiHE KAIABIKTap KOWMAChIHIA KUHAIYAa. MyHIal KalIbIKThI
YKaH >KaKThl OHJIEY TOJBIK JKOJIFa KOWbIIMaraH, COHJBIKTAH OHBIH THIM/II ©HJICY JKOJNJApbIH 3ePTTEN KapacThIpy
KaxeT. [lucTuiep CyHbIKTBIFBIHBIH KYPaMBIHIAFbl KIBIHKA XJIOPU/Ii MEH HaTPUH CYIb(aTHIHBIH dPEKeTTeCy
PEKLHUSACHIHBIH TEPMOMHAMHUKAIIBIK KopceTKimTepi Temneparyp 0-100°C (273-373K) apaibIFbinia eCenTein
peakuusiapasiH AG,? MoHI Tepic canFa TeH jKoHE 0J1 KalIbLUH XJIOPUIi MEH HATPUI CyJIb(paThIHbIH SPEKETTECIIT
NaCl, CaS040,5H,0, CaS042H,0, MgSO4 xone NaOH Ty3i1y MyMKiHAITH KepceTeai. Temreparypa eCKeH
CcaifblH PEAKIUSAHBIH XKYPY MYMKiHAIri ToMenaei, oiitkeni AG;’ Tepic MoHi a3asibl. 3epTTEy HOTHKECIH IE
TyHOaHbIH Herisri Kypambiaga CaO sxome SOs* xambumii cynbgparsl CaSOs0,5H,0 KOCHUIBICH TypiHze
OOJaTBIHBIFBI 3EPTTEIII aHBIKTANBI. Kambiiuit XImopuaiHiH HaTpuii cyb(aTeIMEH 9pPEKETTECIIT TeMIieparypa
95°C siapipay nopesxeci 96,4% xypanpsl. TynoansiH kypambiagarsl CaSO40,5H,0 ty3inyi POA xone PEM
ApKBUIBI TAJIAY KACAJBIN QeI ICH L.

KinrTik ce3nep: KakTanraH cofa, JUCTAILIEP CYHBIKTHIFBL, THIIC, JKapPTHITUAPATTHI KalbIUi Cyab(aThl.

Kipicne

Kaxkranran coga Kazakcranna msirapbUiMai bl 5KOHE TAIlIIbl ©HIM OOJIBIN TaObUTaIbI )KOHE /1€
XallbIK [IapyallbUTBIFBIHBIH KOMNTETeH cajalapblHAa KOJNJIAHBUIAAbBl. XUMUSIIBIK ©HJIpicTepre
KOJIaHbIIAThIH KakTanraH coga Kasakcran PecmyOnmukaceina xpuibiHa 700 MBIH TOHHAHBI
Kypaiinel, an Opransik A3ust PecniyOnukanapbsin ecenteresie Oy KOlaHy caHbl 2-3 ecere apTajbl.
Kaxranran coma enaipiciH yilbIMaacTeipy yiriH OHTYCTIK aiiMaKTa yJIKeH TaOUFU LHIMKI3aT KOpJapbl
— HaTpHi XJIOPUIiHIH, HATPUH CyTb(aThIHBIH, OK TACHIHBIH jKoHE AKTay KalachblHAa aMMHaK eHIipic
KoiibutFaH. OChIFaH Opail OHTYCTIK aliMaKTa KaKTaJIFaH Co/ia OHIIPICIH YUBIMIACTBIPY KOJIFa alibIHY/Ia
[1,2].

Kakranran cona eHaipeTiH aMMUAKTBI IICTIH JI€ YJIKeH KoJeM/e KOJMIaHbUIFaHBIMEH OHBIH Ja
aiftapnbikTail kemutinikrepi ae 6ap: 1 Tonna comanan 10 M> 3amackI3naHABIPBUIMAKTEIH XJIOPUITI
CYMBIKTBIKTAp, KYpaMbIH/Ia KaJbIUi KapOOHATHI, KaJbI[Mi )KOHE HATPUI XJIOPHUATI 1AM TYy3UIeIl.

MarepuaJsgap MeH dicrep

TeopusiibIK TaJI2Y

Kazipri yakpITTa KakTajaraH cofa eHaipicTepi xyMsbic icten Typran Kurail, Muaus, [lonpimia,
VYkpauna u Peceii sxatajpl xoHe OH/1a kairbl mesiepi 1,0 MiIpa. TOHH KaTThl KaJdblluii- U KapOoHaT
KypamJibl KaJIJbIK skuHaiaraH. JKbUT callblH OHBIH KypaMbl 1,0-1,5 MJIH. TOHHFa YJIFaifya KoHE oI
KOIlIaFaH OPTaHbI, ©3CH/DKEP MEH KOJJEP/l, eTICTIK aJKamTapibl jacTtayaa. MyHaail Mocenesnep
JYHHE kY31 O0OMBIHIIA cofa 3ayTTapbiHaa Oaiikanast [1].

DKOJOTHUSIIBIK JKOHE KapKBUIBIK €CeNTeyliep KalAbIKThl KaiiTa OHJeYy/Ae alTapibIKTall Keeci
KETICTIKTep Oap eKeHiH KOpCeTTi:

- @3€HIepre KYMbUIaThIH AUCTUILIEP CYMBIKTHIFBIHBIH MOILIEPiH KbIcKapTy (1% a3zaiiTy, Hemece
42 x 103 M? KbUIBIHA);

- Bys TyHOara TyckeH Ty3mapsl Ty3 OHAIPY OHEPKICINTEPIHAE KOMAaHyFa oCep €Te/Il;

- TY3 KBIIKBUIBIH TYTHIHYABI 2,1% a3zaiitans! (NaCl kaitrapyast 26,8 x 109 1/ x).
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- [Maitnans! kipic sxputbiHa 135 000 eBpoHbI Kypaiiasl. JKanmbl Tikenel KeneTiH naiiia sKbUTblHa
363 000 eBpOHBI Kypailbl.

KenTeren oneMHiH AaMbIFaH enjepiHae Kaktairan comanbl ConbBe oficiMeH amansl [1].
Kakaranran coansl yJIKeH MeJIIIEpe XUMUSIIBIK, METAIYyPrUsjIbIK, MyHall XUMUSUIIBIK, IIBIHBI KOHE
JKYFBIII Kypaliap cajaiapblHaa KoJaHaabl. XUMHSUIBIK OHIIpiCTepe OpTo, monudocdarrap xoHe
HaTpUl TUOPOKCUAl OHIIPETIH cajanapia alTapiblKTail MeJIIepAe COAAaHbl  KOJJIaHabl.
199 xxpuiasiy, MamimerTepi OoitpiHma TM/ sxone merengepae 70 — TeH acTam conma ©HIIPETiH
3aybITTap Oap, oJlapAblH Heri3riiepi aneMHiH 34 ennepinae opHaiackaH [2,3]. OcburapmMeH KaTap
3aybITTapAbIH MaHAWBIHIAFBI TeppuTOpHUsiIapra 2800 MIH. TOHHAIaH acTaM KypambIHJ1a XJIOp HOHBI
Oap KanapIKTap kuHamraH. Tek kana Peceiiain e3inae 40 MiH.TOHHAIaH acTaM KypaMbIH]1a KaJIbIIUHA
KOHE KapOOHAT HMOHIAphl 6ap KATThl KAIABIKTAp KMHAIFAH KOHE KbUI caifbin 28 — 30mH. M
KYpaMmbIHa XJIOp HOHBI 0ap KaJAbIKTap TY311el, OCBIHBIH OapiIbIFbl KOpIIaFaH OpPTaHbl allTapIIbIKTal
jacrayza.

bipakra Oy ofic Te keitbip KeMIIUTIKTepIMEH CUNIaTTaNabl: HATPUNUIIH KOIIAHBLTYbI 2/3, ai
XJIOp ’KOHE KaJBIMIAII ic XKY3iHIe KomanOaiapl. Ocbinan 6apsin 1 TOHHA cofa anFaH I MIBIFAPbUIATHIH
10Mm> arbin Cynapsl, a arbIHHBIH Kypambl: 10-14% CaCly, 5-7% NaCl sxone T.0. 3usiHIbI KOCTIANapAaH
TYPaJbl, )KOHE 1€ 3aIAJICHI3IaHABIPYIbI KOKET eTe/li; SHEPTUSHBIH IIBIFBIHBI Al TapIIBIKTal (9K TaChIH
KYHIipyre KeTKEeH ); KaluTaJAbIH KOl IIbIFbIHBI (KOHIBIPFBUIAPABIH 1PiJIiTt).

[TonpIma FameiMIapsl 1a00PaTOPUSIIBIK JKaFJai1a Ta3a peareHTTepAeH 25% KYKIPT KbIIIKbUIBIH
KoHe HaTpuil Cynb(aThlH MaiijanaHa OTBHIPHIT JUCTHIUIEPNl IIJIaM OHJEY MYMKIHIITIH 3€pTTEei.
Eprinini  opracembiy pH 11-nen 3-ke a3zaliTa OTBIPBIN KOHE aKBIPBIH apanacThIpbil 250 MKM
KpUCTAILIABI ememaeri rurc anasl. Jlerenmen xmop wonaapeia 0,1% NaCl ngeitin marora TOHHA
runcke 11,4 Toun cy mbirbigaanans;, an 0,01% NaCl kypamast 1,0 tonna rucnke 22,9 ToHHA Cy
KaXXET, COHBIMEH KaTap HaTpHid Cyab(aThIHBIH KOHE KYKIp KBIIIKBUIBIHBIH KBIMOAT peareHTTepi
KoJAaHblaabi[4].

JlucTrimepni CyWBIKTBIKTH YTHIIU3AIMSIIAY CYpaKTaphl OOMBIHIIA TaFrbl 1a 0acka )KyMBICTap
KenTen kentipiired [5-8]. Byn jkymbIcTapia SKOHOMHUKAJBIK MaiaagaH 0acka, HKOJIOTUSIIBIK
apTHIKIIBUTBIKTAP/IBIH O0ap ekeHl Oaiikaiabl.

Kprraii ransivaaps! Yanmin Shen u Tiangui Wang [9] HaTpuit cynbdaTsl Ty3bIH NaiiiagaHbI
JUCTEIUIePIIl CYMBIKTHIKTBIH MOEIIK KypaMbIlHaH HATPUN XJIOPHU/1 €PTIHIICIH aly/bl 3€pTTEAl KOHE
45-75°C Ttemmeparypa apanbirbiaaa  90%-ra Ca’’ HOHBIHBIH IIOTyi *KYPreH CTEXMOMETPHSIBIK
caHblHJa 20 MUH. apajbIKTa HaTpUl Cylb(aThIH 06JeK KOCKaH Ke3/€ YPAICTIH Y3aKThIFbl 50 MUH, aj
HaTpuii cynb(aTbIHbIH apThIK Mestepi Ca>" HOHBIHBIH TyHOara TycyiH Gasynarasbl. JlereHMeH, ochl
MakajaJa THUIICTIH cy3y XbuigamabirbiH, K:C KaTblHAaCBIHBIH ocepl, ajblHFAaH HATPUM XJIOPUIL
epITIHAICIHIH KypaMbl 3€pTTEJIMETeH.

JKyprizinreH KpICKalla aHATWTUKAIBIK IIONY dJieMJieé TaOWFu HaTpuil Ccynb(aTbiH Makgany
apKbUIbI TUCTUIUIEPIIl CYMBIKTBIKTHI KaiiTa ©HJIey TEXHOIOTUSCHIHBIH JKOK €KEHIITH KOpPCETTI.

Taxipubestik 66J1im.

Kanpumii Xjgopuai MeH HaTpuil Ccylb(aThIHBIH OpeKeTTeCyl HOTHKECiHe OipHelle peakuus
Kypyl MyM™mKiH. bacramkpiga HaTpuil cyibgaTbIMEH KalblLMA XJIOpuAl opekerrecinm keneci (1)
peakuus GoifbHIIA sKypedi.Byl peakumusHBIH Kypy MyMKiHmiria I'm66c suepruscei (AGY)
temnepatypa 0-100°C (273-373K) ecenteyni apHaiibl Outokumpy KOMMAaHHMSCHI >KacaraH
nporpamma HSC-51kommexci, mporpamma Reaction Equations naiiganansin KOCbUTBICTap/IbIH MOHI
AH1? xone St° apkbuibl ecenrerii [10].

KOCHIBICTApABIH ~ TePMOAMHAMUKANBIK — ecenmTeyiepi 1m66c oHeprusacsiHbH — (AG,Y)
Temreparypara (t) KaThICTBI peakIUsuIapIbIH MOHIEpl KecTe 1 KepceTiirex.
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Kecte 1 — 'n66¢ (AGT°) sHeprusiCHIHBIH TeMIIepaTypara TOyemmiiri

1.Na;SO4+CaCl+0,5H>,0=2NaCl+CaS040,5H>0
AHOr, AS°, AG°r,
T, °C K)ok Jix/K Kk JIoK K LogK
0 -76,251 -9,703 -73,6 1,19E+14 14,076
10 -88,937 -56,102 -73,051 3,00E+13 13,477
20 -89,595 -58,388 -72,479 8,23E+12 12,916
30 -90,238 -60,546 71,884 2,44E+12 12,387
40 -90,866 -62,582 -71,268 7,74E+11 11,889
50 91,478 -64,505 -70,633 2,62E+11 11,418
60 92,074 -66,323 -69,978 9,39E+10 10,973
70 92,655 -68,041 -69,306 3,56E+10 10,551
80 93,221 -69,667 -68,618 1,41E+10 10,15
90 93,772 71,206 -67,913 5,88E+09 9,769
100 -94,309 -72,666 -67,194 2,55E+09 9,407
2. CaClp+MgCl+Ca(OH)2+3NaS04s+4H,0=2CaS04 2H20.5+MgSOs+
+4NaCl+2NaOH
T, °C AHCr, AS°, AG°r,
kJx Jox/K k/x K Log(K)
0 70,213 -13,252 -66,593 5,44E+12 12,736
10 95,578 -106,027 -65,556 1,24E+12 12,095
20 96,886 -110,567 -64,473 3,08E+11 11,489
30 98,159 -114,838 -63,346 8,24E+10 10,916
40 99,394 -118,845 -62,177 2,36E+10 10,372
50 -100,595 122,622 -60,97 7,18E+09 9,856
60 101,766 -126,19 -59,725 2,32E+09 9,365
70 -102,908 -129,57 -58,446 7,90E+08 8,898
80 104,026 -132,78 -57,135 2,83E+08 8,452
90 -105,12 -135,834 -55,791 1,06E+08 8,026
100 -106,192 -138,747 -54,418 4,15E+07 7,618

Kecte kepcerinrenseii Temmeparyp 0-100°C (273-373K) apansirsiaaa peaxius 1 xone 2 AG,°
MOHI TEpiC CaHFa TCH JKOHE OJI KaJbIMH XJIOPUI MeH HaTpuil cyiabdareiabiH opekertecin NaCl,
CaS040,5H20, CaSO42H20, MgSQO4 sxone NaOH Ty3i1y MYMKIHIITIH KepceTei.

TeMrnepaTypa oCKeH CaifblH peaKIMAHBIH KYPY MYMKiHJiri ToMeneiini, oiitkeni AG. Tepic
MOH1 aszasfpl. AJIBIHFAaH TEPMOJWHAMUKAIBIK MOJIIMETTep TKIPUOE KYpPrizyle KOJIJaHBLIBIIT
€CKepiIIi.

3eprTeyre TaOUFu HATPUiA CyIb(aThI )KOHE TUCTUILIEP CYUBIKTHIFBI KOJIIaHbUIbI. [1IUKi3aTThIH
MuHepaiabl Kypambl: NaxSOs - 92,95%; CaSO4 — 3,2%; MgSO4-H20 - 0,57%; Fe03- 0,09%; Al2O3
- 0,40%; e.3. - 1,42%; piaran - 0,56%.

Toxipubene 3eprreyre 200 T auCTWIIEp CYWBIKTBIFBI, HAaTpPUN CyAb(QaTbIHBIH IIBIFBIHBI
84+100% crexuomerpus OoifbiHmIa. [Iporiecte biabIpTay yakbIThl 15 + 60 MUHYT, HpOIECTIH
temmneparypackl 70-95°C kypaitpr.
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HoTu:kesiep MeH TaJIKbLIAY.

3epTTey HOTHXKeNepl Keleci 2 KoHe 3 KecTele KOpCEeTUIreH. 2 KecTele KepceTuIreHaei
temneparypa 70°C gmen 95°C sxorapeitaranaa epitingizeri Ca*" momsr  e3repicciz 0,13-0,16%
apaJIbIFBIH/IA 00JIa IbI, a1 KOCIa 3aTTap Fe* xone AI’" 0,001-0,003% apaJIbIFbIH/1a OOJIBIN bIABIPAY
nopexecine acep erneiini. Kanran kkocnanap Ca, Mg, Fe, Al sxxone e.3. kanbiuii cyib(arsiMen oipre
TyHOara Tycei.

Kecte 2 — TemneparypaHblH KaJIBIMI XJOPUIIHIH bIIBIPAY TPOIECCIHE dcepi

Ne | Temne- CyHBIKTBIK KYpambl, Macc.% blnsipay
parypa Ca* SO |Mg® | Na" |CI Fe** A" nopexeci, %
°C

1 70 0,157 0.71 0,002 | 6,97 | 9,57 | 0,002 | 0,003 97,0
2 80 0,132 1,02 0,001 | 841 | 9,39 | 0,002 | 0,002 94,6
3 90 0,158 0,79 0,001 | 593 | 7,39 | 0,001 0,001 96,4
4 95 0,161 0,12 - 7,36 | 10,1 | 0,001 0,001 93,6

Kecte 3 temneparypa 70-95°C skoHe HpoOUECTiH yaKbIThl 45 MHUHYTTa ajlbIHFaH TYHOAHBIH
KYpambl KOPCETLUITEH.

Kecte 3 — TynOanarpl KaJbluil Cyab(aThIHBIH KYpambl

Ne | Tem- TyHaOHBIH Kypambl, Macc.% blabI-
nepa-  |CaO SO |MgO NaO [Cl [CO2 [FexO; [HxO  pay
Typa, nopexeci,
°C %
1 90 35,18 61,19 | 0,14 | 0,54 | 0,17 | 1,04 0,62 0,37 96,4
2 95 37,04 5894 | 0,14 | 0,62 | 0,24 | 1,04 0,76 0,24 93,6
3 100 36,76 59,02 | 0,13 | 0,82 | 0,31 1,04 0,75 0,22 92,6

Kecte 3 kepceTinrenseil TyHOanbiH Herisri Kypambiaaa CaOxone SO4% Kanbuuil cyabdarst
KOCBUIBICHI TypiHae Oonanpl. COHBIMEH Karap TyHOaaa a3fgaraH Melmepnae kKocma 3arrap MgO
0,13+0,14%,Fe>030,61+0,76%,A1,05 0,71+ 0,89%,Si0 0,08+0,09% ke3neceni. Temneparypa 95°C
KaIbIIUi XJOPUIIHIH BIABIpAy JHopexkeci 96,4% kypanbl. 3eprrenreH Temmeparypa 90-95°C
apasbIFbIHJIA J)KapThl THIPATTHI KAJIBLUH cyndbaTsl Ty311eTiH Temneparyp 95°C Gombln caHaia bl

Kanpumii  cynmbaThIHBIH ~ KpPHUCTaJBl JKOHE OHBIH  ©JImemaepi POM  Ttycipinren
Mukpogororpadusna kepceriiren (cyper 1,2). Kpucranasl oprama esieMi >koHe MEHLIIKTI OeTi
ckanepii ¢potocenumentorpad OCX-6 sxadapIFbIHIA KYPTI3LIAIL.

N J s & S
~20kV X500 S0um / \ 10 54/BEC

a- KPUCTAJUIIBIH Y3bIH BIFBI 0- KpUCTAJUIABIH KaJbIHIBIFbI
Cyper]l — Temnieparypa 90°C anbIHFaH XKapThl THIPATTHI KadbIUN CYIb()aTEIHBIH
MUKpohoTorpadusce

19



Onymycmik Kasaxcman 2einvim Kapuwvicol - Becmuux nayku FOocnozo Kasaxcmana - South Kazakhstan Science Herald
Ned (32) 2025

0- KPUCTAJUIJBIH KAJIBIH IBIFbI

Cyper 2 - Temneparypa 95°C anblHFaH KOCTHAPATThI KaIbLUI Cyab(paTbIHBIH MUKPO(GOTOrpaduscel

Cyper 2 xoHe 3, kopceTinren el kapimii cynbdarsl Temneparypa 90°C sxone 95°C nerisinen
Y3apThUTFaH MPU3Ma TYPIHAC KPUCTAIUIFA TYCE/ll KOHE KPUCTANIBIH KOIIIIUIIT )KapThl TUAPATTHI MHE
TOpI3/1 KpUCTAJUI TYpiHJE MpU3Ma ajlaHbIHAA OpHAJIACKaH KaJbLUi cyiabgarbiHa xaraabl. TyHOana
TEK KaHa THUIICTeH OacKa >KapThl THUAPATTBIH Ty3uryi Oalikamaael. Temmeparypa 95°C Ty3inren
KPUCTAJI/IbIH ©JIIIEMI a3/1all YJIKEH/Iey KeJle/ll ’KoHEe OHbIH opTala meHoepi 49,6 MKM Kypaiiibl xkoHe
KPUCTAIAAPHI JKIHIIIKEEY Keei.

ToxipulOe HOTHMXKECIHJE allblHFaH  KepceTKiluTep OOMbIHIIA  Ty3UIreH TyHOa KajbLul
cynb¢arsia {TA, POA u MK-criekTpoCKOUSUTBIK Tajiay 9iCTepiMeH 3epTTeyiep Kyprisinmai (cyper
3,4).

Temmeparypa 90°C anbraran TyHOama (cyper 3), a3am0TepMusuibiK dddekt 146-170°C, rurcrin
neruaparanuscbiHa coiikec keneni. JJTA Tanaaysl OoiibiHina Temneparypa 95°C anbslHFaH TYHOAHBIH
mudGepeHIHATBAB ChI3BIFBIHAA (CypeT 3), aHblK SHA0TepMUSUTBIK dPdexT 160-180°C OGaiikambii
CaS04-0,5H20 perunparanusicbiHa CoOlKec Kelnei, M TKeH1 )KapThIrUAPaTThl Kb Cylb(haTbIHBIH
CYCBI3JIaHBIT AaHTUJPUTKE OTKEHIH KopceTeni. COHBIMEH CypeTTep 3 KOpCETUIreH JepuBarorpaMma
temneparypa 95°C xapTsl THAPATTHI KaJdbIMK CyIb(ATHIHBIHTTY3UITCHIH AN ACH/I1.

"
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Cyper 3 - Temneparypa 95°C ansiaran tumnc- CaSO4-0,5H>0 JITA Tanmayst

Keneci 4 cyperre TyHOanbIH nudparorpamMmmacel Kypambiaaa kpuctamioruapatr CaSOs-2H20
KaTbICThl qudpakiusuiel Mmakeumym d=1,82 3,05, 3,79, 427A° sxone CaS040,5H20 KaThICTHI
mubpakmussl MakcumyM 1 d=1,84, 2,78, 2,98, 3,45, 5,98A° coiikec Gaiikamansl, connaii ak NaCl
mudpaknusus MakcumyM d=1,99 A coiikec kenei.
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2,98 CaS0+0,5H:0

2,78 CaS0+0,5H:0

3.059 CaSOs2H:0
3.45 CaS0:-0,5H20
-~ 379 CaSO+2H:0
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1,84 CaS0+0,5H:0
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Cyper4 - Temnieparypa 95°C anbIiHFaHKapTHITUAPATTHI TUIICTIH AU(paKTOrpaMMachl
Cymen maiipuiran kanbiuii cynbdarel CaSO40,5H2Oxpuctanbiabiy Y3bHABIFG 41,15 - 70,42

MKM XoHE KanbHIBIFBI 1,70 - 20,88 MkMm Kypaiinbl. TyHOaHBIH 3JIEMEHTTI Kypambl cyperre S5
KOPCETLITeH.

Onement | Canmarbl | Atomabl | Kocbuibic,
% % %

o 56.48 74.48

Na 0.12 0.16

S 18.61 12.25

Cl 0.09 0.05 NaCI-0,14

Ca 24.44 12.87 CaS04.0,5
H>0-87,92

mm 3nekTpoHHOE M3oBpaKeHue 1

Cnextp 1

onHag Weana 5335 umwn. Kypoop: 0.000 k3B

Cyper 5 - Temneparypa 90°C cymeH malibUlFaH >KapThITUAPATThI TUIICTIH AIEMEHTTI KypaMbl

CymMeH xybulbIn maibuirad TyHOaHbIH Kypambinaa NaCl-0,14% xone 87,92% CaSO40,5H20
0ap eKeHIT1aHbIKTAJIIbI.

H2tmxecinae maibuiFad >KapThITHAPATThl Kanbluil cynbgarbiHbH Kypambinaa CaSO42H>0
xoHe CaS040,5H>0 ke3neceTinmiri aHbIKTanabl. COHIBIKTAH TOJIBIK KAPThl THAPTATTHI THIICTI aly
YIiH KOCIIa %KapThl 5KOHe KOCTUPATThI KajIbluii cynb(arsin Temreparypa 140-160°C kakray Kaxer.

KopbITbIHABI
Jluctuiiep CYHBIKTBIFBIHBIH KYPaMBIHAAFbl KAJIBLUH XJIOPUAI MEH HATpuil Cylb(aThIHBIH
opeKeTTecy PaeKIHUACHIHBIH TePMOAMHAMUKAIBIK KopceTKimTepi Temnepatyp 0-100°C (273-373K)
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apaibIFBIHIA ECeNTeNin peakuusanapasie AG,® MoHi Tepic canFa TeH XkoHe 011 KaldbIUil XJIOpU/Ii MeH
Hatpuii cynbgateiabiH opekertecin NaCl, CaSO40,5H20, CaSO42H,0, MgSOasxone NaOH Ty3iny
MYMKIHAITIH KepceTTi. TemrepaTypa ©CKeH CailblH PEaKIUSHBIH JXYPY MYMKIHIITT TOMEHICH ],
oiiTkeni AG,’ Tepic MoHi a3asipbl.

3epTTey HOTHXKeCiHe TYHOAHBIH Herisri KypambiHaa CaO xome SO4> KanmbIwmil cymbdarsl
CaS040,5H>0 KOCBUIBICHI TYpiHJIE OONATBHIHABIFBI 3EPTTEININ AHBIKTAIABI. KanbIuil XIOpuIiHIH
HaTpuii cynbdaTeiMeH apekerTecin Temneparypa 95°Ceinbipay aapexeci 96,4% kypaabl. TyHOaHbIH
kypambiaaarel CaSO40,5H>0 ty3inyi POA xone PEM apkbuibl Tamaay xKacaubll JTOIEIACH]II.
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UCCJIEJIOBAHUE ITPOLIECCA NIOJIYYEHMS ITOTYBUJIPATHOI'O CY/IbDATA
KAJbLUS JUCTUJIMPOBAHHOM 'KMJIKOCTH MPOU3BOICTBA
KAJBIIMHUPOBAHHOM COJIBI

AHHOTAIINA

JuctuiiepHass JKMAKOCTh TMPOW3BOACTBA KAJIBLUHUPOBAHHOW CONBI BBIAENSETCS B OONBLIOM
KOJIMYECTBE M IIOJHOCTBIO IIOBTOPHO HE mepepadarbiBaroTcs. Ero HampaBisiOT M CKIAAMPYET HAKOIUTEIb
orxonoB. KoMruiekcHast nepepaboTKa TaKUX OTXOAOB JI0 CHX HE PELICH, [I03TOMY HEOOX0JHMMO HCCIIEA0BATh U
pa3pabotars 3pPeKTUBHBIC METOBI MEPePadOTKH. TepMOIMHAMUYECKOE B3aUMOACHCTBHE XJIOPUIA KATbLIUS
JUCTUILIEPHOMN KUIKOCTH ¢ cynbdarom Harpus u (AG,’) peakuuu paccunmTansl B MHTEpBae Temmneparyp 0-
100°C (273-373K), 1 MM€eET OTpUILIATEIbHbIE 3HAYEHHS, YTO CBHIETENLCTBYET O BO3MOKHOCTH IIPOTEKAHUS
peaKiMy B3aMMOJCHCTBHS XJIOPUAA Kbl ¢ cynbdaroM Hatpus ¢ oOpaszoBanueM NaCl, CaSO40,5H-0,
CaS0O42H,0O, MgSOsm NaOH. C yBenumueHueM TeMIepaTypbl TepMOIWHAMHYECKas BEPOSTHOCTh
o6paszoBanusiCaSO42H,0 yMeHbIIaeTCs BBUY yMEHBIIEHUs OTpULaTenbHoro 3nadenus AG,’. B npouecce
MCCIIENIOBAHUs  ONpPENENEHbl  OCHOBHOE COJIEp)KaHME ocaaka, kotopas cocrour u3 CaO u SO,
BzaiimonelicTBue xiopuaa Kamblus ¢ Cyab(paroM HATpusa MpoTeKaeT mpu temmneparype 95°C u cremeHb
pasnoxkenus cocrasiseT 96,4%. Coaeprxkanue B ocaake CaSO4-0,5H,O noareepxaens: MmetogoM POA u POM.

KiiroueBble ciioBa: KaablMHUPOBAHHAS COMa, JUCTUIUISILMOHHAS JKUAKOCTb, TUIIC, CyIb(ar KalbLusl
HIOJTY>KUIpaTHBIN

R.A. Kozykeyeva*
Cand.Tech.Sci., Associate Professor, U. Zhanibekov South Kazakhstan Pedagogical University, Shymkent,
Kazakhstan
*Corresponding author’s email: kozykeeva@bk.ru

STUDY OF THE PROCESS OF OBTAINING HALF-HYDRATE CALCIUM SULFATE
FROM A DISTILLER LIQUID FOR THE PRODUCTION OF SODA ASH

Abstract

Distiller liquid of soda ash production is released in large quantities and is not completely re-processed.
It is directed and stored by the waste storage. Complex processing of such waste has not yet been solved, so it
is necessary to study and develop effective methods of processing. Thermodynamic interaction of calcium
chloride distillation liquid with sodium sulfate and (AG.) reaction calculated in the temperature range 0-100
°C (273-373K), and has negative values, which indicates the possibility of the reaction of interaction of calcium
chloride with the sodium sulfate with the formation of NaCl, CaSO4-0,5H,O, CaSO4-2H,0, MgSO4, and
NaOH. With increasing temperature the thermodynamic probability o6pazoBanus CaSO4.2H,0 is reduced due
to the decrease of negative values AG,". During the study, the main content of the sediment, which consists of
CaO and SO4*, was determined. The interaction of calcium chloride with sodium sulfate proceeds at a
temperature of 95 °C and the degree of decomposition is 96.4%. The contents in the sediment of CaSO4.0,5H,0
confirmed by XRD and SEM.

Keywords: smoked soda, distiller liquid, gypsum, semihydrate calcium sulfate
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EPMEH OCIMAII'T 7KOHE OHBIH ®APMAKOJIOT'UAJIBIK KACHUETI

Tyiiin

Ampl epmeH (ambl epmeH sat. Artemisia absinthium)- kypaenmi rynaizep TYKbIMIAachlHAa KaTaThIH,
epMEH TYBICHIHA JKaTaThIH KOl KBIIIBIK TaMBbIpcabaKThl menTekTec ociMaik. Kazakcranma epMeH TyBICHIHBIH
84 Typi ecemi. Kazak rym Oamkeprnepi kuem epMeH TYJIIH KYpAeni Tyliep TYKbIMaJICHIHA >KATKbI3aIlbL.
KeImxbpUiabIK IeNTeKTeC 6CIMAIK aen Olieml.

Kwueni epmen ryminiH Ouikriri 20-45 caHTUMeTp mamMachlHAa KeJedi. )Kep acCThIHAAFbl TaMbIp cabarbl,
KOT€H TaMBIPBI KOJJIEHEH OcCe/i, araml TeKTec OoJbIm e3repeni. TaMbIpbl TOMBIpaK TYCTi, WiCi YKaFbIMJBIL.
CalarbIHIaFbl CAHCBI3 OyTaKTaphl kesi0el keTepine eceni. XKanrbi3 cabakTsl 00J1ab1. KbI3bUT KYPEeH HE KachLl
TYCTI KeJIil, CBIPTBIH/IA aK TYCTi MaKTa Topi3aec TYKTepi 00Ja bl *KarblpakTapbl Ke3eKTeCil He KapaMa-Kapchl
OpHayacasbl, TOHKEPUITeH )XYMBIPTKa (popMaibl, KaybIpChIH albIpBIKTHL. KillkeHTall kambIpakTapbl Tacma
TOpi3ai, KaHAayblp GopMainsl, carakchi3. Kpicka OyTakTrapsl cabak OoibiHna neHrenene eceni. lllokdac ryn
LIOFBIPBI cabaFblHa KONTHIKTAal ecim, jkui opHanacanbl. CeIpTHIHAH KaparaH[a XYMBIpJay TYTIK Topi3li
kepiHeni. I'ymi kimkene, capel Tycti. KpIpkyliek, TambI3 ainmaperaaa ryimeimi. ['ya keszgeri kueni epmeHi
Ka3aKk MalllbUIapbl «aibkamall TYJAi epMEeH», «TYJI €pMEeH», «epPMEHTY» Jem Te araiasl. ['ym amkaxnma
CYJIYJBIK, 9CEMJIIK IIETiHE )KETKeH Ke31, TOpUIIK KyaThl aCKaH Ke3i.

Kinrrik ce3nep: epemen ecimairi, mukosuarep, ¢naBoHouarap, Wnik (taHunzep) 3arrap, Ddup
Mainapsl, Mukpoanementrep, @utoHuuarep, lopymenuep.

Kipicne

Kueni epmenHiH xep mapbiHaa keH Taparad 200-geit Typi Oap. Onap Ouik, yibl TayiaapIblH
HIeNTI JKepJepiHjae, TaylblH KYHTed OeTTepiHiie, CaMbIPChIHIBI OpMaH apacbiHaa eceni. Kazak
eMIlIepl Kueni epMeHHIH OapiblK 1mel1 a9pi nen Oineni. EpmeH mickeH ke3ne, TyJAereH TycTa,
’Kasza, Ky3Jle Ka3blll ajbll, XKIiMnmeH Oybl, kesneHkene kentipeni. Keilin ycakramn Typar, 1opi peTiHie
KoJaHaabl. Bys rynmeH skacanraH JopuUIepAiH KacHeTl — alfbliay oM/, JKbUIbl PaliIbl, YBITCHI3.
blcTeikTBl 6acajbl, YBITTHI KaiTapapl, TaMakThl CiHipeai. JKbllaH ImakKaHFa Kuelll epMeHHEH Oip
Copi CyFa KailHaTBINl HEe CyFa OYKTHIphIN imeai. Kueni epMen/i cyFa KailHaTHII alibIl, OHBIH CYBIMEH
KBUIaH IIaKKaH >KepAl XKyca ybl KailTaJel, Te3 ka3bulafbl. Ecexkemre, Typni cebenTepMeH icin
aybpIpFaH ajiamaapra em 00maapl

Epmennie exi Typusi amibl 3aT Ty3eTiH aOCHMHTUH XKOHE aHAOCHMHTHH JEWTIH €Ki TYpJii aribl
miroko3ua, C BUTaMUHI, a3faaraH Tepi wiepiik 3artap, 0,5% »¢up maiibl 601anbl. MalbIHBIH TYCI
Kachll, KOK, YIIbl, opi KayinTi keneni. EpemMenHin ¢puponuarik kacueri 6ap. OHbIH epiTiHAICIH e31H11
He Iail epiTiHAici TypiHAe TOOeT ally YIIiH jKOHE acKa3aHHBIH >KYMBICBIH aKcapTy YILIiH iIIei.
Epemen nopi-gopMeKTepiH I9pirep/IiH KopceTiireH OyHphIFbIMEH FaHa 111y Kepek.

CoHfFblI FachIpiap/a ajaMaap eKi Typii HopceMeH KOpeKTeHeTiH 0oabl: 1- HaHMeH, 2- ¢i Aapi-
nopMekrnieH. bonamakra aypy Typi MeH aypyablH caHbl KebeiiMece azaitMalThIH OOJajbl. IETeHMEH,
eXeIIi ke3/ieH Oepi aypy TypJiepi OonFaH, anaiifia TAaOUFATTHIH Ta3aJIbIFbl )KOHE Ta3a TAOUFU OHIMMEH
KOPEKTEHT'eH COH, KOIl EHOCKTEHTEH COH, IOpiIep/Ii KOJIaHFaH ©31He TaOUFH >KOJIIapMEH eMJIeIITeH
COH, a/laM/Iap Te3 ’Ka3bUIbII, CAYbIFBIN KeTill oThIpFaH. CoHJall eMJIik 9pi eTe mainansl eciMifikTep
TYpJIEpiH KOIl 3epTTel, )KaH-)KaKThI 13/1ey OapachlHaa TepeH MariyMarTap OuUIreH. TaOuru eHIMIEP/ Il
TaraM, KYH-Kepic, opi JopyMeHIEp, opi [opi-IopMeKTep peTiHAe NaiijanaHraH. KeNTereH
aypyJapabIH TYypJiepiH anabiH-anFan. KayinTi aypymapMen Kkypece OUIreH. COHIai opi maiaasl, opi

24


mailto:seitmanbetova.aiman@mail.ru
https://doi.org/10.54251/2616-6429.2025.04.n04

Oymycmix Kazaxcman 2vinvim Kapuwicol - Becmuux nayxu FOocnoeo Kazaxcmana - South Kazakhstan Science Herald
Ned (32) 2025

KaHfa Jaya, opl emre, api Mals-a3bIKTapbl PETiHIE KOJJaHFaH OCIMIIKTIH Oip Typi- JKycaH.
XycanHbIH maigacel eTe 30p, o1 OapiblK aypyFa €M. OHbIH JQJENEpPiH 3€pTXaHaAJbIK KYMbICTap,
FBUIBIMH KYMBICTAp XKYPTi3ill OTBIpFaH/a aHFapyFa Oomapl.

MarepuaJizap MeH djicTep

OciMIiKTep 97eMi — aJam3aTKa TaHbIC 9pi THUICHIM ChIpJIapFa TOJbI TipHIilik canacsl. Kenreren
IeNTEeP/IiH apachlH/Ia KycaH epeKIe opbIH anaabl. OHBIH albl AoMi MEH OTKIp Hici O6ana Ke3aeH-aK
ecTe Kamanael. byl eciMIIKTIH Fachipiap OOWBI XallbIK MEIUIIMHACBIHIA, CANT-IOCTYPAC KOHE
KYHJIEJTIKT1 TYpMBICTa aTKapFaH peuli opacaH. Kesre kapanaiibIM kepiHreHIMEH, OHbIH Maiackl MEH
MOJICHH MaFrblHACBhl TEpEeHJe KaThlp. TeMeHae *KycaH ©CIMAIri Kaliabl KbI3BIKTHI dpi Maimaibl
JepEKTEeP/il YChIHAMBI3.

Epmennin OyTiHTi KYHJIe Taii1achl MEH 3USIHBIH aHBIKTAl Kelle, epeMeHHIH AeHCay bIKKa IIUTIa,
eMre Jaya, skapajapra MBIKTBHI €M eKeHiH Oijemi3 — con cebenteH ne Artemisia Absinthium armis
epeMeHHIH (hapMaKOJIOTHUSIIBIK KYPaMBbIH JKaH — )KAKThl KAPaCTHIPBII IBIKTHIK.

XVII raceipnia Poccust eninzie epeMeHHIH HIBIPBIHBIH KapalapFa jKarblll, KYbII Ta3ajiall, Te3
KapaHblH 131 KeTy YUIiH maiinananrad. EpMEH CYHBIKTBIFbIHA OaTHIPBUIFaH JOKE HE MapIiibIMEH
JKapaHbl TaHbII, eMJen OThIpFaH. Eprene amampap epemMeH]i KalHaraH CyMEH TYpPJi BICTBIFbI
KOTEepUIreH KbI30a aypynapra, KapblHIIIEeK OYpBUIBIN, TYWUTIN aybIpFaH/a, iIIKi opTaja ra3 TOJbII,
KYIICUICHIN TYHLIIN KaTThl aybIpraHjaa, Ae30akTepuos3, Ne3uHTepHs, T.0.aypylapMeH aybIpraHia
JIOKEMEH MAJIBII, BICTHIK CyFa 0achll, skapajapAbl TaHbII eleHTiH OonFaH. OneTTe epeMeH mandei,
KanObI3 IIenTepl MEH KYHOarblC KalblpaKTapblHAa apajacThIpbUIBIN, aypy »KaH KbI30ambl il
aypybIMEH aybIpFaH Ke3iH/Ie MalijalaHblIa bl

Epemen actpanbuiap TyKbIMJAchlHa skaTajbl, oHbIH 400-1eH actam Typi 6ap. byn ecimuik
AnTapkTuianan 6acka OapiblK KYpJBIKTa ©cCell *oHe KaTall opTara jkakchl OeiimuenreH. Kazak
TimiHAer: «Epmen» ce3l keHe Typki TyOipiHeH TaparaH. O allibl, IIMHAIb ©CIMIIK JereH MarblHa
Oepeni JkoHe ToMi a3 MeJllIep/ie-aK Te3 aHFapbliabl. by eciMaik MUKpoOKa Kapchl KoHe KaObIHYyFa
Kapcel KacuertepiMeH Oenruil. JKapa, KyHik, Tepi aypyJapblH €MJI€y/l€ OHBIH CBHIFbIHJBICH KUl
KosgaHbutaasl. Eprene yilni TasapTein, aypyaaH KOpFay YIIIH JKycaH[bl TYTiHJAeTKeH. OHBIH Hici
KBIH-IIAWTaH bl KaIIbIpaJibl AET CEHIN, pyXaH!u KOPFaHBIII peTiHae naiinananrad. XKycaH maiisl ac
KOPBITY/IBI )KaKCapThIT, TOOETTI amaanl. OHBIH alllbl 1oMi acKa3aH CoNiHiH OeiHYIH bIHTAJIaHAbIPHIT,
3aT aJIMacyibl Oesicen i eteni. EH TanbIMan Typiepinig 0ipi — amibl xycad. Oa MeauIiMHaa KeHIHEH
KOJIJAaHBUIBIN, PECMHU JOPUIIK 3aTTapiblH KypaMmblHa eHeadl. ['yiJeHinm TypraH >KycaH eTKip Hic
IIBIFApa/Ibl, OJ1 alllbl IIOT MEeH MIAWbIp UICIH €cKe caiaibl. bysl mic KemKeH COH Ja CaKTaJbIM, XOII
WiCTl eHiIMJepre Kocbulafbl. KpITall MeTuIMHACBIHIA KyCcaH MOKcaTepamnusia KOJJIaHBUIFaH.
KpI3apIpbutran j)KycaHMEH JeHeJeTi HYKTEeNep/i BICHITHIN, aypyabl *KeHianeTkeH. JKycaH TyHOAch
llIeK KypTTapbIMeH Kypecyre kemekreceai. OHbIH aHTHCENTHKAJIBIK KACHEeT1 aF3aHbl KYMCaK opi
TUIMI Ta3apTaabl. KazakTeiH OallbIpFbl calaTTapblH/Ia )KyCaHHAH yKacallFaH MIOKTHI YITe Ui KOWFaH.
byn yiial xe3 TuiOnEH, TIN-KO3[eH KOpPFaiJbl Jen CeHreH. AybUl I[apyallbUIbIFbIHAA JKyCaH
3USIHKECTEpMEH KypecTe KojaaHbuiaasl. OHBIH KallHATIachlH ©CIMIKTepre OYpKiI, T MeH Oacka
Ja KOHIIKTepAl oAbl Keiine >kycaHHBIH MUKPO/I03achl €T TaFaMaapbiHa Kocbutazabl. O epekiie
amiplIay oM Oepir, TaMaKThl KEHUT KOPBITyFa KoMekTece . JKycaHHaH aTakThl 1ITIMIIK — aOCeHT
JaibIHIaTaabl. Byl CychIH epeKIie aibl 9pi CepriTeTiH KachueTke ue, Oipak OHbI MOJIIEPMEH 1IIy
kepek. byn ecimiik TaOuFu KOHJIKKE Kapchl Kypan Oosbinl caHanaabl. OHbIH OyTakTapbl KHIM
apachlHa, yiire KOWbUIBII, Maca, ke0elek, Oypre CeKkial 3ustHKecTepeH KopFaiipl. JXKycaH xen MeH
KYPFaKIIbUTBIKKA TO31M/I1. OJI 1161 )KOHE JKapThIJIai 11eJ1 alMaKTapaa TOMBIPAKThI OCKITII, SpO3UsIaH
KOpFai/ipl. ¥3aK yakbIT KOJJAHFaHJIA >KyCaH HETi3iHJeri Iopijep ’aHama acep TYAbIPybl MYMKIH.
CoHBIKTaH OHBI MOJIIIEPMEH, MaMaH KeHeCIMeH Ka0bliaay KaxeT. XKycaH KypamblHJ]a UMMYHHUTETTI
KYIIEHTETiH TabufrK 3aTrTap Oap. OJNCIpereH ar3ara apHaJIFaH MIOITIK Kocnauap/aa o KUl Ke3aece/l.
OJebu MmbIFapMaiiapia KycaH KoOiHe TyFaH JKepiH, CaFbIHBIIITHIH, Ta3aJbIKTIH CUMBOJIBI PETIH/IE
Oeiineneneni. On XKypeKTeri TepeH ce3iMIepl JKeTKI3yAiH KepkeM KypajiblHa aiHanraH. XKycaH —
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Ka3aK JaJlaChIHBIH alphIKIIA UiCl MEH aIlbl JOMIMEH €CTe KaJaTbiH ociMIiri. O TopiiiK, TYPMBICTBIK
opi pyxaHu MoHre ue. TaOMFaTThiH OyJl €peKIle ChIMbl eXeNJIeH OYriHre NeWiH ©31HIH MaHBI3bIH
xoranrtnai keneni. OHbI TEPEHIPEK TAHBIFAH CalbIH, TAOUFATKA JIETCH KYPMET IEeH KaMKOPJIBIK apTa
Tyceni.

Oumnap HeriziHeH Tapaiysl OoiibiHIIA - Artemisia Absinthium amsr Epmen EBpona, Contycrik
Adpuka, Oatbic A3usaaH maiiga 6onran nen TaObutanbl. KazakcTaHHbIH OapiblK aydaHIapblHAA
Ke3Jlece/ll, TeK KaHa KYMIIbI meJielT aiimarbiHaa ecnieiai. Epmennsy Kazakcranga 81 typi eceni.
Kazakcran ®nopa 6oiibiama Contycrik Kazakcran oOabICHIHBIH aiiMarbiHAa 24 Typi TapairaH [1].
JXycaHHbIH eH Kol TapajFaH KelMemenTepinin Typiepi: 0epre xycan (A. Austriaca L.), amisl )xycan
(A. absinthium Jacq.), kapa xxycan (A. vulgaris L.), »xa3bIK xycaH (A. campestris L.), cyp xycan (A.
glauca Pall.), sxanbipakTsl s)xycan (A. latifolia Ledeb.) sxone T1.6.

TaburaTTarel OpHBI: oJlap opOIp JKepAe OCIN-OHIN KaTajabl, XKOHE OHAW Tapajbil, KeOCHIn
xaraapl. Meicansl, blnran—cydrim apamimen peTiHzae aybul MaHbIH/A, KO OoibIHAa, OakTa, Oay—
0ak1Iaa, ericTik, ThIHAMFaH JKOHE MIATFBIH/BI XKep/e, opMaHa, OyTa apalbIFbIHAA, TayAbIH TOMEHT1,
opra OenjeyiHjae KarTam ecei.. Tayidbl aiiMakTapna ete Kamnran ecemdi, Keiiae ymikeH Kay Kypbir
ecell, ocipece Tay ankanTapbiHaa. Kopbel. OTe kel Ke3edeCeTiHAIKTeH ecenTenMereH, cedeOi
OHJIIPICKE JIETCH TAOWFU NIMKI3aThI KETKUTIKTI [2].

EPMEHHEH xacanran JIOPI 41 aypyra em 60majbl

Kazakra «Epmenni xepae ep enmeiai» mereH makan Oap. On tekke aiteuimaraH. CeOeOi
epMeHiH eMIK KacueTi skerepiik. Kasakra onbl 41 aypyfa eM JereH TYCiHIK KaJIbIITaCKaH.

EpMenHiH (ITOJIBIHb TOpbKas) MH KaH TaMbIpjapbl TapbUIFaHAa, KYJIAK IIybUIIaraHma, 0ac
aybIpFaH/Ia >KoHE Ke3 KapaybITKaH/a TUri3ep naiaacel ete koern. OHbIH Oyiipek, Oayblp, acka3zaH jKoHe
TIK 1IIEK YKapaJIapbIHBIH OapiIbIK TYpPiHE, KaHA3BIKKA )KOHE KaHT IMa0eTiHe TUTI3ep IIUIachl MOJI.

Ochutapaas ka3bplly YVIIIH €pMEHHIH JOHIH KenTipin, yHTakTaiapl. CockiH Oip KackirbiH 100
rpaMM OaiFa apalacThIPBIN, acKas3aH, iIIeK ’KOHE TIK IIIeKTeH KaH KeTKEHJAE KONJaHy Kepek. by
JIOP1H1 KYH CailbIH I1ail KaChIKIeH 3 peT Kabbliaaca, KaH KeTy THBLIAIbI, 1IITET1 kKapa Te3 Ka3blIaIbl.

EpMenHiH xanbiparsl 1a eM. OHBIH YHTaFbIHAH Oip Il KAachIK allbll, 3 JIUTP KailHaraH cyfa
mai CHUSIKTHI IeMJIeH/T1. 8 caraTTaH CoH cy3il, ycrine 200 rpaMM CipKe CybIH apajacThIpy Kepek. by
JIOpiHI aCKa3aH ’oHE 11K JKapalapbl, TeMOPPOH, TOK 1IIEKTEr1 MOJIUT, KbIITaMaK CHSIKTHI aypyJapra,
COHBIMEH KaTap aTbIpJiaH KaH KeTKeH Ie, Oayblp MCH KOK OaybIp aybIpFaH/Ia Jia KOJIJaHyFa O0Jabl.
Omnpaiina kyHine 3 pet, Tamak anasiaga 30 rpamMHaH inry kepek. bip aiinan cox 20 KyH Aemanslr,
eMl KarTagaH OacTtaraH >KOH.

EpMenHiH TaMbIpbiH yHTakTar, oHblH 100 rpamMMbiH 3 JTUTp cyda >KapThl caraT KalHATHII
TyHAbIpaabl. bynan keilin yctine 200 rpamm cipke CybIH KOCHIII, IaliKar apaiacTsipaabl. by qopini
KYBIKKA CYBIK TUT€H/I€, KyBIK TYHLIIN aybIpFaH/a, Oylpek MeH sKaThlp TOMEH TYCKeH e, YIKEHAEPAiH
KIIIl 1opeTi TOKTaMaraHaa )KoHe epkek 0e31 KaObIHFaH 1a nainananyra 6onaael. CoHal-ak OHBIMEH
oifenep Oeneyrnirin emaeyre ae 6omaasl. O yIIiH KYH caiibiH eki pet, 30 rpaMHaH imesi. AJ KaTblp
MOWBIH KapachlH *ka3y YIIiH TAHEPTEH OHE KEIIKe OHBIMEH XKYBIT- MaBIHY KepeK.

EpMenHiH TipmiisiikTe maiiacsl.

Epmen epte ke3aeH Oenrisii oCiMJIiK, OHBI JKETeH MaJjija, aybIpFaH aJiaM Ja naiaananrad. bizain
xKepiMiz Oall e©CIMIIKTep olieMi epTeleH-aK ajaaM OallacklHa KbI3MeT eTinm keneni. Kasakcran
TYPFBIHJAPHI Tipl TaOUFATIIEH JOCTYpill OailiaHbIcTa, oflap epTeleH-aK o3/epiHIH aiiHaJachIHIaFbl
OCIMIIKTEp/I1 ’KOHE OJNIapJIbIH KYHJIENIKTI TYPMBICTaFbl Maiackl Typaiibl *akchl OiareH. ConapasiH
01p1 — albl epMEH.

Onemeri, 013/iH >KepiMi3aeri eH abl 6CIMIIK — €pMEH, allaiijla OHBbIH Maiiackl 6Te KO, O
COJI albUIBIFBIMEH CAaHUTAPIBIK, Ta3aJbIK KYMBIC OPBIHJIApHBIIA Ta3a JOKe, Mapili, MaKTa ayia,
COHBIMEH KaTap 3allajIChI3JIaHABIpyFa, TYPJi KayilTi aypyinapra KapChl TYpaThlH €MIIK IIONTeCiH
ecimaik. JlaTnHenrep, aFbUIIIBIHAAD OYJI IMIONTI apTeMu3us Aen aTaiapl. by menTteciH ecimiri
exengern Oepi mainanmanein keneni. Oubl rpek Kynaiiel esnepiHmire cojail araraH ApTEHMH]
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TaNKaHIBIKTaH, OyJ1 eciMaikTi apremusus gen Te araran. Con nmoyipaeH Oepi Oysl ecimaik Typii
aypy/apra KOJJAHBIN KeIreH. AIIbl JKycaH TOpLIIK ©CIMIIK, MEJUIMHAAA Kelecl ayblpylap.sl
eMJIeyTe MaiiaanaHblUIa Ibl.

HoTu:xesiep xoHe TAJIKbLIAY

Kazipri koramia eH Kell TaparaH Karepii pak aypybiHa em: Kazak eminae raimsiMmap Oyt
OCIMIIKTEH, ©31MI3/IIH JKepiMi3ie TYpFaH KEPriIikTi epMEHHEH Jopi jkacam mbiFapabl. KoraMHBIH
KYPT e3repyl SKOJOTHSIIBIK TYpJi MpoOieManapAblH KypT KeOeroi, OyriHri Tanga Typii KayinTi
aypysapaslH kebeirm Oapa KaTKaHIbIFbI 00piMi3al KarThl amanaarynaa. CoHmail aypynapablH Oipi-
KaThIp KaTepis icik aypyiapsl, pak aypynapbl. CoHmail aypynapaslH MBIKTH eMi-epMeH. EpmeHHen
KONTEreH 3epTTeyliep JKYpri3il, KeNTereH »*a3bpliMac aypynap/sl emjaeyre 0onapsl aHblK. Tek KaHa
MBIKTBHI 13/ICHIC TICH KOIITETeH 3ePTTEY )KYMBICTAPBIH JKYPri3y KakeT 00bIn Typ. OHBIH a1y CyChIHBI,
aly ceJli MEH IIBIPBIHBI CO3C13 OCBIHAN KayiNTi aypyiaapra em 6omnap eni. Karepai icik aypybl KYHHEH
KYHT€ opIu Tycyne, ce0ebi, OapiblK >Keplae paaualusulblK TOJKBIHABI CoyJeNep KOnTer
KOJIJaHbUTY/A, FBUIBIM TEXHUKA JJAMbIFaH CailblH OJap/bIH TOJKbIHIAPHI KaTThl Maiananyaa. A ol
KONTEreH KayinTi icik aypynapbiH Tyrbizyna. ConmapMeH Kypecy YIIiH ¢apMameBTep OChbl epMEHHEH
Jopi-IOpMEKTep OJIan Tarca.

Amipl epmenii ata-0abaMbI3 epTACH-aK 9p TYPIl aypysapra KojjaHFaH. bacTelH caknHachIHa,
asIK-KOJI ChIpKbIparaHja OyjJaHFaH. ACKa3aH aypyblHa TYHOAChIH 1IIKeH. XaJblK MEIUIMHACHIH/A:

1. Tamakka ToOer amryra; 2. AckazaH Oypim ayblpraHnaa; 3. ASIK acThIHAH J€HE KYPBICHIIL,
KaJThIpan Jipia naiga 6onranaga (muxopajka); 4. Ocipece asgKTarbl KOKTaMbIp OabIpailbIll MIBIFbII
ourinin Typranga; 5. Kan skacymamapel azaiiranna; 6. bayeip, kexOayelp aywipranma; 7. CybIK
turenze; 8. ¥YHKbl Kamkanna; 9. lmreri mapa3ut Kyprrapisl Tycipyre *koHe T.0. Berepunapus
caJlachlHIa KOojay TYHOAChIH MapasuT >KOHAIKTEpHl KypTy YuIiH >xaraisl. Kyilic KaiiblpaTblH
MaJIapAbIH KYHic KailbIpysl O9ceHIece YHTaFbIH YHFa, TY3Fa, CyFa apajacThIPBI Oepe/ti.

TynOacbIH gaiibIHAAY TICLTI

1 xaceIK m6061H 5 ac KacklK cnuptke (1/5) canpin 7 kyHre Kosiibl. JlaiibiH OosraH TyHOAHBI acTaH
30muH OypbiH 15 Tamiubiian KyHiHe 3 pet imeai. Cyaarsl epiTKILIiH HeMece epireH KYHiH ay yIIiH
meOiHiIH | maifl KacbIFbIHA 2 CTaKaH KaiHar TYpFaH bICTHIK Cy KyHbIn 20 MUHYT TYHIbIpajbl. JlaiibiH
Oonrranja acka jedin 30MuH OyphIH cTakaHHBIH 1/4 Gemirinaed menmepae KyHiHe 3 per imeni.
EpMenHiH nopiciH KaObuinayasl Oip aiiiaH acslpMmaii apacbiHaa 1-2 anTa y3uiic skacay kepek. TinTi
CIMPTTIK, apaK MeH Iapanka TOYEJAUIIKTI Jie allbl epeMEeHMEH emjiey: AJIKOTOJIbre TOYeNUTIKTI
eMJIeY YIIIiH MenTep KOCTACchiH )XuHay KakeT. OHbIH OCHI ONTECIH I9PIHH KYpPaMbIH/1a €H MaHbI3/IbI
6emniri-80 maiibi3gail Gesiri ochl albl )KyCaHI HeMece alllbl epMEHHIH 31 0oJbIn Talbliaasl. OHbI
JaiibIH TYPIiHJAE CyFa KallHaThIN CYHBIK TYpiH KyHAe 1uin oTeipaabl. Keminae 30 kyHaeit 0oysl THIC.

¥1-KbI3, oilenn aJaMbIHH JKaThIPbIHJIAFbl MHOMa, KUCTa ICIK aypylapblH €MJEN OThIpFaH:
Muoma—0yi1 Kaipri yakpITTa alibl )KYCaHHbBIH TYHOACBIMEH eMJIEeTIETIH KaTep:il emec icik. aibinaay
TopTibi: EKi ac KackIK muMKi3zaTka 1/2 TuTp cnupT HEMece apak KYIo apKbLIbl xkacaiabiHaabl. 10 KyH
0oiipl TYHIBIpBUIaAbl. by TyHOaHbI KyHIHE €Ki peT | mai KachlKTaH ac KaOpuimay OapbhIChIHAA
KongaHaasl. Emzaey kypebl — 14 kyHre cossuiansl. KeitinHen Oip ail y3imic »acar, OH HOTHXKE
KepceTrnece emJiey KypchblH KalTanayra Oomanbl. TyHOaHbI TOHA3BITKBIIITA CaKTay Kaxer.
Cunarranrad emjeylep/i KoiJaHy Ke3iHae eCTe CaKkTay KaKeT: KaH a3/blIK, KYKTUTIKTIH Ke3—KelreH
albIH/Ia J)KOHE €Mi3y Ke31HJe TeK KaHa )KyCaH emec, 0acKa Jla TOKCHHJI Kacuerrepl Oap menrtepi
TopirepliH pyKCaThIHChI3 alliblH—aja KoJIJaHyFa OoiIMaiabl.

EpMeH mibIpbIHBIHAH aJlaM aF3achIHIaFbl KAJIBIK TaFaMIap/Ibl, TaFaMIapIbl )KaKChl KOPBITA/IbI,
annetuT amazbl. OHBIH COJIHEH KOINTereH Iopi-IopMekTep kacaiasl. On Typiai MUKpoar3aiap
TYFBI3aTBIH aypyiiapFa Kapchl TYpaabl. AHTHCENTHKAIBIK KacueTi 6ap. @apMakoJOTHsITBIK JKOHE T.0.
OHJIIpIC OpBIHJApBIIA OJAPAbIH IIBIPBIHBIHAH TYPJl ASPUIIK 3arTap >kacaiael. OHBIH KaHaIaH
aJIBIHFaH COJIIH KapaHFhI Ja K\YCTal OTBIPHIIN, TyOEepKyJie3re Kapchl Jopi-IopMeK Kacaiiibl. EpMenHi
TYHOAChI, IIBIPBIHBI, COJ1 TONBIKTal TOOETTI amajabl, KapblHIbl TOK KbUIbI Xypeai. CoHpaii-ak,
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JIeMIKIIe, acKa3aH CeJl aypylapbl, ilIeK aypyJapbl, acKa3aH OWBIK aypylapblHa Ja IIuma OOJIbII
tabbutanbl. Poccusanma anramikpl kesfgepaeH Oactan ak, 3000 »xbur OYpeIH OChI ©CIMIIKTI KeIl
KOJIJaHFaH, TypJai aypyiapabl emeaen otbipraH. OHBIH ampl  cedi KYWKe IKyHeciH
THIHBIITAABIPEIFAH, Oac aypynapbl, OaccakuHachl, TIC aypyiaapbl KoigaHraH. bopcbik, Oan
MaiiapbIH KOCHII, TYOepKyJie3 aypyblH eMeeTeH.

EpMenHbIH eM 60a/ibIH aypyapsl ®KoHE KOJIAAHYIYHI.

Nmmynuter ketepyrne: 500 rp »KaHa KeCUITeH KYCAaHHBIH COJIIH TPEK >KaHFaFbIMEH
apajacThIPbINl €T TapTKbILTaH eTkizemi3. OraH 1,5 crakan 0an apajiacThIpbIl, TaMakTaH COH Oip
acKachIKTaH KyHiHe ym Me3rin | aif inry kepek. Jlemikmere xac >KyCaH Il €311 IIBIPHIHBIH KYHIHE YIII
peT op peTTe SMr iImemi.

Epmen ecimpairi acka3zaH KaTThbl aybIpFaH/ia, COHBIMEH KaTap anmeTHT allaThiH Ja KacueTi oap.
AcKkazaH xapaapblH, OUBIK jkapa, T.0. aypylapra a eM OOJbI TaObLIa IbI.

KopbIThbIHABI

bomamaxkra tinti Typii OypbIlH COHJIBI OOonMaraH aypyliap KeOeleTiHi aHbIK, COJI Ke3e OChI
epMEHHIH TaiIackIH KOMTETT KopeTiH O0onanel. KapamaiibiM FaHa ecik aija, Cy »KarachlHJIa ©CeTiH
eTe allbl epMEeH OCIMJITIHEH KaHIIaMa MaHbI3[bl 3aTTap, Iopi-IopMeKTep, Mpemnaparrtap, OWHT,
MapieBKa, MaKTa, IBIT MaTajap 3aJlajIChI3IaHAbIPy VIIiH, CAaHUTAPIBIK KaFaaiigap cakTay YIIiH
OHI1JIIpLIIN OThIpagsl. MyMKiH OoamakTa o1 Jie TOJIBIK 3epTelin OITIereH KemnTereH aypyaapra eM
OouaThIH mIbIFap. EpMeH yiibl anipl eciMIik OOIFaHABIKTaH 0J1 KeOiHece, TYMay, KOPOHOBUPYC CHSIKTHI
KayinTi JKYKMaibl aypyjlapra, aHTMHAFa, MYpPbIH MbICBULIAN, KO3[€H TaMINbUIAp aFbIll KATThI
IPUIIOBATh €Tl OTBHIPFaH/a, MU aybIpFaH/a, CyeK OybIH KaKcaraHIa, )Kapalap/sl TaHFaH Ke3Je, KaH
TOKTaMail jkaTKaH/a 3a1aJIChI3IaHbIPy YILIIH aHTUCENTHKANIBIK KaFJailiap yIIiH MyMKIH KOJIaHap.
Xanmbl Kke3-KeNreH IIenTeciH, arall ©OCIHMIIKTEpiHe KONTereH Aopi-A9pMEKTep BHUTAMHIED,
MUHEpaJbI 3aTTap, T.0 3aTTap Kemnremn amyra 6omaasl. COHABIKTAH Oapiia Kacbul OCIMIIKTEp JIEMiH
cakTar, KypMeTTell, KOpFaI >koHe KOOCHUTII OThIPY KaXKeT.
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PACTEHHUE SPMEH U ET'O ®»APMAKOJIOTHYECKHUE CBOMCTBA

Annortauus: [lonsiHe TopbKas (nar. Artemisia absinthium) — MHoroneTHee pacTeHHE ceMeHCTBa
acTPOBBIX, POI MOJBIHHBIX. [Ipom3pacraer Ha macTOMILAX U Jyrax, cymecsx, B Jecax U TOPHBIX paioHax
Masnrucray. Beicota 60—100 cm, nHorga gocturaet 120 cm. Kopensp Tonctsiii. l{BeTkn menkue, coOpaHbI B
couBerus. lIpeTku Menkue, coOpaHbl B colBeTHs. LIBeTér W MmuogoHOCHT B urojie — HioHe. [lombiHb —
JIEKapCTBEHHOE pacTeHHE, IPUMEHIEMOE B MEINIIUHE. biaronapsi ropbKoMy BKYCY HOJIBIHH JHOIU BEPUIIH, UTO
3TO PacTeHHE BIHUTHIBAET B ceOs BCIO ropedb CTPafaHuil, MO3TOMY MOJBIHE 00Nafana AByMs CBOWCTBAMHU:
HCIETATh YeoBeKa oT OoJie3Hel U yCcIToKanBarh aymry. /i mpUroToBIEeHUs JIEKapcTB COOUPAIOT BEPXYIIKH U
JIUCTHS TIOJIBIHU. YacTh JMCTHEB CPE3atoT JI0 25 CaHTHUMETPOB A0 LBETEHUS. be3nucTHhIE CcTEOIN MOIBIHU
TaKXe cCOOMPAIOT B Mae U HioHe. be3nucTHbie cTeOnu MoJIbIHYA TakKe cCOOUPatoT B Mae U HIOHE. JIekapcTBeHHbIE
BUIBI TOJBIHU JIETKO OTIMYUTH OT HEJIEKapCTBEHHBIX. HIDKHAA CTOpOHA HEJIEKapCTBEHHBIX JIMCTHEB
Onectsimiasi, cepeOpucTas, a BEepXHsisi — KOpuU4HeBas win 3enéHas. [lonbIHb ropbKasi CONEpKHT JIBa BHUIA
TOPBKHX TIIOKO3MI0B: a0CEHT 1 aHaOCeHT, BUTaMHUH C, HeOOJIbIIOE KOJIMYECTBO TOJIE3HBIX JUIS KOKH BEIIECTB
u 0,5% sdupnHoro macna. Macjo UMeeT 3eJIeHOBATO-TOIy00M IIBET U SIOBUTO.

[onbiap OONMamaer mupeTpouaHBIM JeiicTBUeM. EE pacTBop MBIOT B BUAE OTBapa WM das st
BO30YKJIE€HH aNIeTUTa U yIydIIeHus: paboTel xKemyaka. [Ipemaparsl MoibHM caeayeT IPUHUMATh TOJIBKO O
Ha3HA4YEHUIO Bpaya.

KiroueBble cjioBa: MOJIbIHb, IIMKO3UbI, (DiIaBOHOM[IBI, JyOWIIBHBIC BelIeCTBa, S(UPHBIC Macia,
MUKPO3JIEMEHTHI, (PUTOHIIUIBI, BATAMUHBI.
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THE ERMEN PLANT AND ITS PHARMACOLOGICAL PROPERTIES

Abstract

Wormwood (Artemisia absinthium) is a perennial plant in the Asteraceae family, genus Artemisiaceae.
It grows in pastures and meadows, sandy loams, forests, and mountainous areas of Mangystau. Height: 60—
100 cm, sometimes reaching 120 cm. The root is thick. The flowers are small, collected in inflorescences. It
blooms and bears fruit in July—June.Wormwood has a special value as a medicinal plant. Its infusion is often
used to improve digestion and stimulate food intake. Prospective search for plant material with medicinal
properties among seed plants. For this, it has its own variety, distribution and large reserves of raw materials.
Wormwood bitter Artemisia Absinthium is used in folk medicine. This is due to the unique chemical

29



Oymycmix Kazaxcman 2vinvim Kapuwicol - Becmuux nayxu FOocnoeo Kazaxcmana - South Kazakhstan Science Herald
Ned (32) 2025

composition of Artemisia Absinthium. The medicinal properties of the herb are explained by the fact that it is
enriched with natural biologically active components. In the aerial part, biologically active components show

the highest concentration during the flowering period.
Key words: wormwood, glycosides, flavonoids, tannins, organic acids, essential oils, trace elements,

phytoncides, vitamins.
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STUDYING THE ELECTROCHEMICAL BEHAVIOUR OF RED PHOSPHORUS IN
HYDROCHLORIC ACID SOLUTION

Abstract

Elemental phosphorus is an interesting subject for electrochemical research. Situated in the middle of
the third period, it exhibits equal capacity for both oxidation and reduction reactions. This paper presents the
results of a study of the oxidation reaction of red phosphorus using a composite phosphorus-graphite electrode
in a hydrochloric acid solution under galvanostatic conditions. The influence of key electrochemical
parameters, such as current density and electrolyte concentration, on the phosphorus oxidation current
efficiency was studied. Optimal conditions for the oxidation process were determined. It was shown that in the
presence of chloride ions, competitive anodic formation of active chlorine occurs, significantly affecting the
mechanism and products of phosphorus oxidation. The obtained study results demonstrate that, during anodic
polarization, elemental phosphorus in aqueous solutions is directly oxidized to form hypophosphite-, phosphit-
e, and phosphate-ions.

Keywords: phosphorus production, elemental phosphorus, composite electrode, electrolysis, chloride-
ions, catalyst, phosphorus compounds

Introduction

Phosphorus sludge is formed during the condensation of yellow phosphorus, as a result of
incomplete purification of the exhaust dust and gas components [1]. It is known that sludges with a
phosphorus content of at least 45-50% are processed into thermal phosphoric acid by incineration in
cyclone apparatuses. However, during sludge incineration, slag is formed from the mineral portion of
the sludge, which is a secondary waste, and the resulting acid contains suspended solids and lower
forms of phosphorus [2,3].

Therefore, the aim of this research was to develop a rational and cost-effective technical
solution that would maximize the recycling of phosphorus production waste and by-products,
yielding environmentally safe end products.

This research focuses on a specific approach to studying the electrochemical properties of
elemental phosphoru in aqueous solutions. This method is used to develop approaches to utilization
phosphorus production waste and producing environmentally friendly phosphorus-containing
compounds.

The novelty lies in the fact that, as a result of studying the anodic oxidation of elemental
phosphorus, electrochemical methods for the neutralization of phosphorus production waste were
developed for the first time.

Materials and Methods

Experimental part

To study the electrochemical oxidation of elemental white phosphorus, electrolysis was carried
out under galvanostatic conditions. Phosphorus-graphite electrodes were used as the anode, and a
graphite rod was used as the cathode. The experiments were carried out in a glass cell, with the anode-
cathode space separated by an MK-40 cation exchange membrane. A rectifier DSPS-305DM served
as the current source. A schematic diagram of the setup is presented in [4]. Solutions of various
concentrations in the range of 0.25-1.25 mol/l were used as the electrolyte.
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All experiments were carried out on a phosphorus-graphite electrode with a phosphorus content
of 50.0% by mass. Electrolysis was carried out in a 100 cm?® vessel equipped with a water jacket for
cooling. The duration of electrolysis was considered in the range from 0.25 to 1.0 hours. Quantitative
analysis was performed on the products of single oxidation of phosphorus of varying degrees of
oxidation that had passed into the solution, hypophosphite ions P(+1) by permanganometric method,
phosphite ions P(+3) by iodometric method, and phosphate ions P(+5) by the method of I.P. Moizhe's
photometric method [5,6].

Results and discussion
Based on the values of standard potentials [7], the following reactions may occur on the surface
of the electrode when the phosphorus is polarized:

P+2H,0 - H3PO,+H"+e E°=-0,511B (1)
P (white) +3 H20 — H3PO3 + 3H" + 3e E%=-0,502B 2)
Pwhite) + 4 Ho2O — H3PO4 +5H* + Se E°=-0411B (3)

To study the anodic oxidation of elemental phosphorus in chloride solutions, the influence of
hydrochloric acid concentration, current density, and electrolysis duration on the current efficiency
of phosphorus oxidation was investigated.

The anodic oxidation of phosphorus in chloride solutions can be explained as follows: at a
certain polarisation, chlorine is released on the graphite electrode according to the reaction (4).

The chlorine released at the anode partially dissolves in the electrolyte and is hydrolysed
according to the reaction:

Cl, + H2 O — HCIO + HCI (4)
Reaction equilibrium constant:

_[H*]-[CI']-[HCIO]
[CL,]

at 25°C is 3.9-10*. With an increase in the concentration of chlorine and hydrogen ions, the
equilibrium concentration of hypochlorous acid decreases. Thus, the phosphorus-graphite electrode
in the anode space of the electrolyser can be oxidised with chlorine and hypochlorous acid according
to the following reactions:

2P + 5Cl, + 8H20 —3H; PO4 + 10 HCI (5)

P+ 4HCIO — POs* + 4H" + 4Cl (6)

In which, as can be seen, chlorine ions are formed again, i.e. the process proceeds catalytically.
This is evidenced by the results of the experimental data obtained.

An increase in the concentration of the hydrochloric acid solution has a positive effect on the
oxidation current efficiency of elemental phosphorus (Figure 1). Electrolysis was carried out at a
current density of 100 A/m? and electrolysis duration of 0.25 hours. The maximum oxidation rate of
elemental phosphorus is reached at [HCI] = 1.25 mol/L, and the current efficiency of phosphate-ion
formation is 60%, i.e. the phosphate- and hypophosphite-ions formed in the solution have time to
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oxidise to phosphate-ions. We assume that the chloride-ions present in the solution have a catalytic
effect and accelerate the oxidation process of elemental phosphorus. Thus, our assumptions are
confirmed by the literature data.

CE,%
70
60 /./.
50
40
30
20 A\A\
10 A\
A\
0 -\
0,25 0,5 0,75 1,0 1,25

[HCI], mol/L
== Phosphate-ions Phosphite-ions == Hypophosphite-ions

T - 0,25 hour; i — 100 A/m?; C:P-50:50

Fig. 1. Effect of hydrochloric acid concentration on the current efficiency of phosphorus
oxidation

The effect of current density on the anodic oxidation of elemental phosphorus is shown in
Figure 2. Electrolysis conditions: electrolysis duration 0.25 hours, electrolyte concentration 1.0 mol/I.
As the current density increases, the current efficiency of phosphate ion formation decreases from
57% to 35%. This is due to the fact that as the current density increases, the process of gaseous
chlorine evolution at the anode intensifies and, as a result, the rate of active chlorine molarisation
exceeds the rate of its interaction with phosphorus, and gaseous chlorine is removed from the sphere
by the reaction (4).
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Fig.2. Effect of current density on the oxidation current efficiency of phosphorus in
hydrochloric acid solution

The effect of electrolysis duration on the anodic oxidation of phosphorus in the range from 0,25
to 1,25 hours was also considered under conditions of 0.25 mol/L and 50 A/m?. With an increase in
the duration of electrolysis, the current efficiency of phosphate ion formation initially increases (up
to 0,75 hours), but further increases in the duration of electrolysis lead to a significant decrease in
current efficiency.

Conclusions

For the first time, the anodic oxidation of elemental phosphorus under galvanostatic conditions
has been studied. The effects of current density and electrolyte concentration on the phosphorus
oxidation current efficiency have been investigated. Under optimal conditions, the current efficiency
of anodic oxidation of elemental phosphorus is 75% in HCI solutions. During a prolonged process,
the concentration of discharging ions in the anode space decreases and the current efficiency of
elemental phosphorus oxidation decreases. It is also visually observed that during prolonged
electrolysis, the electrolyser heats up, which lead to the destruction of the electrode under study, since
the melting point of white phosphorus is only 44%.

Thus, we have investigated the anodic oxidation of elemental white phosphorus for the first
time and demonstrated the catalytic action of chloride ions on the anodic process.
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TY¥3 KbILIKbLJIbI EPITIHAICIHAEI'T KbI3bIJ1 ®OCP®OPAbIH
IJIEKTPOXUMHUAJIBIK OPEKETIH 3EPTTEY

Tyiiin

OneMeHTTi Gochop IMEKTPOXUMHSITBIK 3epTTEyIep YIIiH KbI3BIKTHI 00BEKT OOBIT TaObUTaAbl. Y IIiHTIT
MEPUOATHIH OpTachiHIA OpHajackaH (ochop TOTHIFY >KOHE TOTHIKCHI3AHY peakIMsIIapbl YIIiH Oiprei
KaOIJICeTTIIIK KepceTeai. ¥ChIHBUIBIIT OTBHIPFAH YKYMBICTA, TaJlbBAHOCTATUKAJBIK >KaFaaiaa TY3 KBIIIKbUIBI
EPITIHIICIHAI KOMIO3UIISUTHIK (pocdop-rpaduT 3MEKTPOATH TMaiAamaHbIl, KbI3BUT (HOCHOPABIH TOTHIFY
PCaAKIUACHIH 3ePTTeY HOTHKENepi OepinreH. DocopabliH TOTHIFYBIHBIH TOK OOMBIHINA IIBIFEIMBIHA HETI3r1
ANIEKTPOXUMHUSUIBIK TIapaMeTpIIepAiH: TOK THIFBI3ABIFEl KOHE 3JICKTPOIHUT KOHIEHTPALMSICHIHBIH dcepiepi
3eprresieni. TOTBIFY NPOLECIHIH THIMAI KaFAaiylapbl aHBIKTAJIAbl. XJIOpWA HOHIAPBIHBIH KAaTbICBIHIA,
OeIceH 1l XJIOP/BIH OaceKere KaOiIeTTi aHOATHI TY31UTy1 OPBIH aaThIHABIFBI KOPCETLI1, 011 HOChHOPABIH TOTHIFY
MEXaHH3MI MEH eHIMJIepiHe aiiTapibIKTail acep eTei. AJbIHFaH HOTHXKEJIEpP HETi31HC aHOATHI MOJSIPU3aIns
Ke3iHJIe CYIIBI epiTiHaiiepaeri aneMenTTi pocopabiH runodochuT-, hochut- xone Gochar-noHIaAPHIH TY3e
OTBIPBI TiKeJIEH TOTHIFATBIHABIFBI KOPCETIIII.

Kinrrik ce3nep: dpocdop eHmipici, meMeHTTIK Gochop, KOMIO3UTTIK ICKTPOI, ICKTPOIIN3, XJIOPUT
HOH/IaphbI, KaTaau3aTop, Gocdop KoChUIbICTapHI.

O. Cepruenko*
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N3YYEHMUE JIEKTPOXUMHNYECKOI'O IIOBEJAEHUSA KPACHOT'O ®OC®OPA B
PACTBOPE COJISTHOM KACJIOTHI

AHHOTaU U

OnemMeHTapHbIH Gochop ABISIETCS WHTEPECHBIM OOBEKTOM JUIS 3JIEKTPOXUMHUYECKUX HCCIICAOBAHUH.
Haxomsck B cepearHe TpEThEro MEpUOia, OH B PaBHOM Mepe MPOSBISIET CIIOCOOHOCTh K PEaKIUsM Kak
OKHCJICHUSI, TaK M BOCCTAHOBIECHHs. B 3Toil pabore mpuBeNeHbI PE3yJNbTaThl HCCIICAOBAHUS PEaKIHH
OKHCJIEHHUS KpacHoro (hocdopa B BUIE KOMIIOZUIMOHHOTO Pochop-rpaduToBOro 3J1eKTpoaa B COISTHOKUCIOM
pacTBOpe B raJlbBaHOCTATUIECKUX YCIOBUSX. V3yUeHbl BINSHIE OCHOBHBIX AJIEKTPOXMMHUYECKHUX TApaMeTPOB
TaKk#e KakK INTOTHOCTH TOKa, KOHIIEHTPALIMH IEKTPOINTA Ha BBIXO/ 110 TOKY OKucieHus ¢pocdopa. OnpenenHs
ONITUMAJIbHBIE YCIIOBaus Tpoliecca okucieHus. [loka3aHo, 4To B MPUCYTCTBUH XJIOPU-UOHOB TPOUCXOAUT
KOHKYpPEHTHOE aHOIHOE 00pa30BaHKe aKTUBHOIO XJIOPA, YTO CYLIECTBEHHO BIIMSIET HA MEXaHU3M U MPOAYKTHI
okucnenus: Qocdopa. [lo momydeHHBIM pe3ynbTaTaM MCCICIOBAaHMS, IIOKa3aHO, 4YTO TIPU aHOJHOM
HOJIIPU3ALMU JIEMEHTPaHbl Gochop B BOAHBIX PACTBOPAX HEMOCPEACTBEHHO OKHUCIISIETCS ¢ 00pa3oBaHUEM
runodochuTt-, pochut- u pocdar-noHoB.
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KaroueBbie ciaoBa: mnpou3BoAcTBO (ocdopa, smeMeHTapHbIH (Hochop, KOMIO3UTHBIN 3ICKTPO/I,
AIIEKTPOIH3, XJIOPHUI-HOHBI, KaTaau3aTop, coeanHeHus dpocdopa.
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STUDY OF THE CHEMICAL AND MINERAL COMPOSITION OF COMPLEX
FERTILIZER

Abstract

This article shows that the use of technogenic waste as raw materials in the production of
complex fertilizers not only improves the environmental situation of the region, but also allows you
to create economically efficient production. In the non-ferrous metallurgy industries of our country,
hundreds of millions of tons of industrial waste containing elements such as copper, zinc, magnesium,
nickel, manganese, etc. have accumulated in the form of slag, sludge, etc. Every year, more than ten
thousand tons of waste are added to these wastes. In this regard, research has been carried out on the
processing of industrial waste.

Keywords: industrial waste, waste processing, Metallurgical slags, mineralogical composition,
chemical reclamation, slag reclamation agents, chemical composition.

Introduction

The technological method and values of indicators for adding metallurgical slags to fertilizers
are based on the features and special properties of metallurgical slags processing. The processes of
adding metallurgical slag to ammophoska fertilizer obtained in laboratory conditions were studied.
During the addition of microelements to the composition of fertilizers, various compound formation
processes occur. Salts of microelements form several compounds with phosphate ions:
Me3(PO4)2:nH20; MePO4snH20; Me(H2PO4)-nH20; MeNPO4nH20, and these compounds have
different solubility. It was found that in the CuO-H3PO4-H,0 system at 25°C there are three different
phosphoric acid salts of copper. At Cuz(PO4)2:3H20, 20-57% P20s crystallizes, at 20-57% P20s,
CuHPO4-H,0 crystallizes, and at higher concentrations, Cu(H2POa4)2 crystallizes.

Materials and Methods
To determine the chemical and mineral composition of the ammophoska obtained in the
experimental conditions, X-ray, IR spectroscopic and differential thermal analyses were carried out.
X-ray phase analysis of the product (Figure 6) was performed on a DRON-5 diffractometer at
a voltage of 25 kV, a current of 8 mA, and a counter speed of 2 degrees per minute. We determined
the ratio of diffraction lines based on the interplanar spacing values and intensities of phosphate,
calcite, a - quartz, and crystal hydrates[1,2]. These diffraction lines Ao 3.43; 3.16; 2.79; 2.71; 1.936;
1.877; 1.837; 1.780 correspond to iron salts, and Ao 3.03; 2.29; 1.908 interplanar spacings indicate
the presence of calcium salts in the product. The diffraction line A03.32 showed that it lies in quartz.
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Figure 1. X-ray of the Ammofoska product

Results and Discussion

Identification of the mineral composition of the phosphate product was carried out by IR
spectroscopy. IR spectra were carried out on a UR-20 device in the frequency range of 400-4000 cm-
1. (Fig. 2). The samples were prepared by compaction of KVr. In the IR spectra of phosphate,
absorption lines of antisymmetric valence and deformation motion of the RO4 ion are observed. The
reduction of the correct tetrahedral symmetry of the RO4 ion to CO2 leads to its decomposition in
the region of 566-600 cm-1 and 1026-1066 cm-1. [3-5]. The frequencies of motion in the phosphate
spectrum are 880; 1430 cm-1 belonging to calcium salts. The displacement of the RO4 ion in the
phosphate molecule to the CO2 group can be explained by the shift of the maximum of the motion
lines to the high-frequency region, which is accompanied by the occurrence of absorption lines
characteristic of carbonates in the phosphate mineral. The weak and medium intensities at 2500 and
3320 cm-1 belong to crystalline water.
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Figure 2. IR spectrum of the Ammofoska product
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To obtain more detailed information about the composition and structure of individual
components of phosphate fertilizer, solid-phase scanning electron microscopy (SEM) studies were
conducted [6,7]. The analysis of electron microscopy studies showed that 12 chemical elements (O,
Na, K, Mg, Al, Si, P, S, Ca, Fe, F, N) are present in the sample in different quantitative ratios. The
amount of elements (Na, K, Mg), which make up the water-soluble part of phosphates, is significantly
higher. The amount of sulfur in the form of sulfate is 2.24%. The amount of phosphorus, the main
component, is from 9.04% (min) to 14.23% (max). This means 20.7% of the amount of P205. The
amount of calcium is 8.37%, and aluminum is 8.68%. The amount of silicon is 46.85% (max). It is
known that silicon is found only in natural minerals in the form of silicates. Therefore, it can be
concluded that the presence of Si+4 ions in the sample occurs in the form of octahedral structural ions
of silicon [SiOs].

By means of the compositional-structural analysis of the SEM spectral results, we have
confirmed that the components of phosphate fertilizer have natural features that are sensitive to
changes in the pH of the environment. It was found that the phosphate components in the product are
sensitive to hydrogen H+ ions.

The mineral composition and microstructure of the ammophoska obtained from the
experiment, which contains industrial waste, shows the required amount of phosphorus, nitrogen,
magnesium, potassium, and calcium. This, in turn, indicates the effectiveness of processing industrial
waste to produce resource-saving fertilizers.

Conclusions

The raw materials required for the production of ammophoska are described. The process of
obtaining ammophoska by neutralizing phosphoric acid of known concentration with ammonia water
in two stages was studied in laboratory conditions. The results of experimental tests conducted on
the production of complex fertilizer were compared with standard indicators.

To ensure the accuracy of the studied data, studies were conducted to determine the reactions
of neutralization of phosphoric acid, i.e. the decomposition of phosphoric acid, and the main
technological indicators of the process. In addition, ways of processing industrial waste slag were
considered, and a scheme for obtaining fertilizers containing trace elements was proposed. The
quality of the obtained complex fertilizer product was determined using modern methods of
physicochemical analysis and crystal-optical analysis.
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KYPIEJI ThBIHAUTKBIIITHIH XUMUSJIBIK ) KOHE MUHEPAJIJIBI KYPAMBIH
3EPTTEY

Tyiiin

Byn makanmaza TEXHOTCHII KaJABIKTapbl KEIICH/AI THIHAWTKBINTAP OHAIPICIHAC IIUKI3aT PETiHIe
KOJIJIaHy aiiMaKThIH SKOJIOTUSIIBIK JKaFIalbIH JKaKCapTYMEH Karap, SKOHOMHKAIIBIK THIMII OHIIpiC KypyFa
MYMKIHIIK OepeTiHmiri Typansl kepcerinred. EmiMi3miH TycTi MeTalUIyprys OHIIpicTepiHae KY3IereH
MUJUTMOH TOHHA MBIC, MBIPBIII, MATHUN, HUKEIIb, MapraHell, )KoHe T.0. 3IeMeHTTepi 0ap eHIIPiC KAIIBIKTaphl
pETiHJIE IIIaK, 1AM JKOHE T.0. )KMHAKTANbIN KaiaFaH. JKbUT caiiblH OYJ1 KaIbIKTapFa OH MbIHHAH acTaM TOHHA
KAJJIBIKTap KOCHUTHIT kaThlp. OcbIFaH OalIaHBICTBI OHIIPIC KANIBIKTAPBIH OHJEY OOWBIHIIA 3epTTey
YKYMBICTAPBI XKYPTi3iIi.

KinTTik ce3aep: eHIIpICTIK KaJJIbIKTap, KaJIILIKTapbl KalTa eHIey, MeTauryprusiiblK KOXIaap,
MUHEPAIOTHSUIBIK KYpaM, XUMUSIIBIK METHOPALNs, KOXKIbI METHOPAIHSIIAY areHTTEPl, XUMHUSIIBIK KYpaM .
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W3YYEHUE XUMAYECKOTO U MUHEPAJILHOTO COCTABA KOMILJIEKCHOTO
VIOBPEHUSI

AHHOTAUA

B naHHOW cTaThe MOKa3aHO, YTO HCIOJIB30BAHHE TEXHOICHHBIX OTXOAOB B KAa4E€CTBE CHIPbS INPHU
MIPOM3BOJICTBE KOMIUIEKCHBIX YAOOPEHHUH HE TOJNBKO YIyHIIaeT SKOJOTMYECKYIO CHTYAIMIO B PETHOHE, HO U
MO3BOJIIET CO3JaTh SKOHOMHYECKH 3(P(PEeKTUBHOE MPOM3BOACTBO. B IBETHON MeTayTypruu Hailei CTpaHbI
CKOITWJIMCH COTHU MMJUIMOHOB TOHH NPOMBIIUIEHHBIX OTXOZOB, COAEPXKAIIMX TaKWUE JJIEMEHTHI, KaK Melb,
IIUHK, MarHuid, HUKeJb, MapraHell 1 JIp., B BUJIE [IJIaKa, 0CaJIKa | T. 1. EskeroiHo K 9THM oTX0/aM A00aBisieTcst
OoJiee AecATH THICSY TOHH. B ¢BsI3M ¢ 3TUM OBLTH IPOBEICHBI HCCIIEJOBAHHS 110 TIepepadOTKe MPOMBIIIIIEHHBIX
OTXOJIOB.

KioueBble ci10Ba: NPOMBINUICHHBIE OTXONBI, IMEpepadOTKa OTXOMIOB, METAIUTYPrHUYECKUE IUIAKH,
MUHEPATIOTHYECKHUI COCTaB, XUMHUECKasl yTUIN3AIMs], IJIAKOPEAKTUBATOPBI, XUMUYECKHUI COCTaB.
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JTEPMEHE AJTKABbI MEH ©CIMIIKTIH, SKOJIOT USLJIBIK KAF JAVBIHA )KOHE
EMIIK KACUETTEPIHE TAJIJAY KACAY

Tyiiin

FrumpimMu-3epTTey KYMBICBIHBIH HETi3T1 Makcarsl JlepMeHe mopiik menTep ankaObIHIAFbl «TOMBIPaK-
OCIMIIIK» KYHECIHIETI XUMHUSIBIK 3JIEMEHTTED MEH (DapMOKOMITOHEHTTEPIH KACHETTEPiH 3ePTTeH OTHIPHIT
JepMene ankaObl MeH OCIMIIKTIH DKOJOTHSIIBIK JKarJaliblHA JKOHE eMJIIK KAaCHUETTepiHe Tajjay »acay.
Hepmene ecimairi OOWBIHAAFBI AOPUTIK KACHETTI KOCBUIBICTapFa cunarrama Oepy. TypKicTaH aiiMarbIHIAFbI
eMIIK KacuerTepi Oap OCIMIIKTEpIiH, COHBIH INIHIETI «IepMEHe» OCIMIITiHIH «TOMBIPAK-0CIMIIK»
XKYHECIHIIETT XUMUSUIBIK JIEMEHTTEPIH CAaH/ABIK JKOHE Calaliblk KYPaMbIH aHBIKTAy, OJap/blH KHHAKTATYBI
MEH MHIPAlUSIIBIK KaCHETTEPiH 3epTTey koHe JlapMeHO anKaObIHAAFbl AOPUTIK IIUKI3aTThIH MOJIBIFBIHA,
HEMeCe TaIIBUTBIFBIH FRUIBIMU HET13/1€y. OCIMIIKTEp IiH XUMHUSUTBIK KYPAMBIH JKOHE TOPUTIK KOCHIUTBICTAPIBIH
KAacHeTTePiH Tajay, 0CiMIIIK KapUOTHITIHIH ©3repicTepi, TOMbIPaK IMeH CiMIIK KYpaMbIHAaH TOTIBIPAK KYPaMbIH
JKOHE aybIp METAJIAP/Ibl KOCa aJiFaH/1a, XUMUSJIBIK JICMEHTTEP/II aHBIKTAY 9JIICTEP] dKOHE TOMBIPAKTHI KEIICH/TI
Tajaay KapacTelpeuiaabpl. DnemeHTTep i Kc (0nonorusansik xuHakTany kodddurmenti) mer [1K (momstpipik
k03(pPuIMeHTIH), COHAai-aK OCIMIIKTIH (U3NKa-XUMIUIBIK KACHETTEPiH 3epTTey apKbUIBI JIOpiTiK
KocnaJapZblH aJaM ar3acblHa €HYyl HOTM)KECiHJE JKYPETiH MpOLECTepAiH FhUIBIMH TYCiHAIpMeci Oepineni.
3eprTey KyMbIChIHA JlapMUHO aKaOBIHBIH Ka3ipri jKar[aibl, FhUIBIMUA-3EPTTEY TAKbIPhIOBIHBIH ©3C€KTLIIT,
TIOPLITIK IIeTTep MEH TOIBIPAKTHIH PEHTTeHIIK MUKPOTAJI/Iay 9IiCTepiH, 3ePTTeY HBICAHBI MEH 9/IiCTEPi peTiH/Ie
naianany, 3epTTey/IiH MaKcaTTapbl MEH MiHJIETTEpi OaFaiaHbII, OHBIH FHIIBIMH )KAHAJIBIFBI MEH MTPAKTUKAIIBIK
MaHBI3ABUTBIFBIH aTall oTy.

Kinrrik ce3nep: [epmene nopinik meoi, HapMOKOMIIOHEHTTEP, XUMHISUTBIK AJIEMEHTTEP, aKKyMYJISIIHS,
MUTpaIys, ayblp METaIAap, OCIMIIK, TOMBIPAK, CAHJIBIK KOHE CaIlaNIbIK KYPaMbl, OMOXHMUSUIBIK TaJIJIay.

Kipicne

Jlepmene me6i exxenri Pycsrin Bonbinb kbiTHamMackiHaa aiTeinaabi[1]. Onma yibl nanaHbiH
OHTYCTITIH/IET1 arTarn KyH aCThIHJIa €eMJIIK ’KyCaH ©CeTiH1 OasiHana Keir, OFaH: «TYCl OO3FBLIT, 1oMi
allbl, OHBIH OTKIp UCiH Oip peT ce3in-0iuIreH agaM MYHBI €IIyaKbITTa YMBITIIAWIbD» IETeH aHbIKTaMa
oepinesi.

TypxkicTan oOnbICH aliMaFbIHIAFHI [2] eMIiK KacheTi 6ap ©CIMIIKTEP/IiH, COHBIH 1IIIHET] aJamMm
OpraHu3iMiHE MaHbI3Abl poJii Oap JepMeHe anKaObIHAAFbl XUMUSUIBIK AJIEMEHTTEP/AIH «TOIbIpaK-
OCIMJIIK» )KYHECIHIET1 CaHBIK KOHE CarajblK KYPaMblH aHBIKTAY, OJapAblH aKKyMYJSIHUSIIBIK KOHE
MUTPAIUSIIBIK KACHETTEpiH, JepMEHE OCIMAITIHIH eMIIK KAaCHeTiH 3epTTey, JOPUIIK IIHKi3aT
aJIKaOBIHBIH CHpey cebenTepiHe FhUIBIMH Heri3/ieMe Oepy TaKbIPBINTHIH ©3€KTUTITH KOpCeTe/Ii.

Typkicran o6nbicel Apbic aygaHbl JlepMeHe eniiMEeKeHIHEe KapacTbl >KyCaHJbl ajKanTaH
3epTTeyre albIHFaH JIepMeHe Me0iHIH, OHbIH ca0arbl MEH JOHETiHIH OOWbIHA )KMHAIFAH XUMUSIIBIK
AIIEMEHTTEP/IH camalblK KOpPCETKIIITEpiH 3epTTey YJIrUIepiHIH aHaJu3[IepiH PEeHTTeHAIK
MUKpPOAHANM31HIH HOTIKENEpiH, KYPFAK KaJIIBIKTapbl apKbUIbI KYPaMBIHAAFbl MacCCAIBIK YJeci
0acbIM dNIEeMEHTTEPAIH MOJIIIEPIIiK KopceTKimTepi OoiibIHIIa Talay skacay apKbUIbl Oara Oepiiesi.
CoHBIKTaH, FRUIBIMU KYMBICTBIH HETi3r1 MaKcaThl MEH MiHJETiHE OYKIJ oJieMre TaHbIMall JepMeHe
aIKaOBIHBIH Ka3ipri Kargaiarbl KYWIH JIEMEHTTEPIIH MHUTPAIUSIIBIK KAaCHETTepl apKbLIbl KOHE
JepMEHE OCIMIITIHIH OHMOXMMHSUIBIK KYpaMbl apKbLIbl OHBIH JASPUIIK (DapMOKOMIIOHEHTTEpiHE
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cumarTama O6epin OHBIH eMIIK KaCHETIH 3€PTTeIl XKOHE OFaH MIHAETTEME KYKTEII.

MarepuaJizap MeH djicTep

FrutbIMu 5KYMBICTBIH aJIJIbIHA KOWBIT OTHIpFaH OipiHII Macene — JlepMeHe eMIiK MIMKi3aTThIH
KYPaMbIHJaFbl XUMUSUIBIK SJIEMEHTTEPIIIH MOJIIICPIIIK KOHE CalalblK KOPCETKIIITEPiH aHBIKTAY.
Exinmn macene, TaOburu OOBEKTUICPAIH, SFHH 3€pPTTENIN OTBHIPFAH OCIMAIKTEPIIH HKOJIOTHSIIBIK
JKaF1aiibl MEH €MJIIK KAaCUETTEPiHE MOHUTOPHHT XkKacay apKbUIbl 0ara Oepy. Y IIIHIII Ke3eKTe, IepMEeHE
OCIMITiHIH aJdKaObIH >KaHAAHABIPY YIIIH XMMHSUIBIK SJIEMEHTTEP/IH MUTPALUSIIBIK KacHeTTepiH
3epTTey KYMBICTAPBIH JKYPri3y. Bysl emaik KacueTi )Koraphl JepMEeHE alKaObIH MEMJICKETTIK KYH/IbI
OYKiJI XaJIBIKTHIK MaHbBI3bI 0ap HbICAHA PETIH/IE KOHE aJlaM JICHCAYJIbIFbI YIIiH TalThIPMAaWThIH TAOUFU
OalJIBIK pETiHIIE MPAKTUKAIBIK MaHBI3IBUIBIFBI JKOFAphl JKOHE YHEMi Oakpliayia yCTaylbl KaKeT
€TCTIHIH alKbIH/AI KOPCETY.

3epTTey HITHKEIEPIiH KIHE 0IaAPIbI TAJIKBLIAY

Typxkicran o6nbicsl Apbic aynansl JlepMeHe enaiMeKkeHiHe KapacThl KYCaH bl aTKANTHIH eMJIIK
KacueTi 6ap *KyCcaHHBIH Oip Typi IEPMEHEHIH XUMUSUIBIK KypaMbl MEH 3JIEMCHTTEP/IiH MUTPAIHSUITBIK
KAacHeTTEPiH 3epTey, deaeMeHTTepAiH Kc — OMonorusuibik skuHakray kosdduiuenti MeH [lonspribik
ko3 dunmentin (1K) sxoHene nepmene eciMairiHig (GU3NKa-XUMHUSITBIK KACHETTEPIH 3ePTTEH OThIpa
aZlaM ar3achlHa KENTIPETiH eM/IIK KaCHeTTEePIHIH HET131H/Ie KaHai mporecTep 00JIaThIHBIH FHUIBIMU
TYpFBIIa TYCiHIKTeMe Oepy VINIH FBUIBIMH JKYMBICTBIH HETi3Ti MakcaTbl MEH MIiHAeTTepi
alKBbIHJAJIIBL.

JlapMeHo ankaObIHAH aJblll KeJIreH JIepMeHe OoCiMaiK cabarbl MEH OHBIH JSHETIHIH KypaMm
OipiiriH aHbIKTay OapbICBIHIA KeJecl AJIEMEHTTEP/iH camajiblK JKOHE CaHIBIK KepceTKilrepi
alKBbIHJAJIIBL.

HP KRB KOKY me M. Aymowa

VPIUIT "KuBM" FOKY ma M. Ayesoea

Cavema
SneMet | Becosoit
%
C 66.18
0 2053
Ye TR
TR
§ 5
S 0.14
Ga 04
K 065
Mrora [ 10000
G lose
B0
Howpeesrapeit:
Hrorm | 100.00
6 q &
- lonHaA wkana 11425 wwn, Kypcop: 0.000 lonwan ukana BO43 wan, Kypeop: 0,000
Korocexapei
Cyper 1. JlepMeHe TYKBIMBIHBIH XUMUSITBIK Cyper 2. Jlepmene eciMik cabarbIHBIH
KypaM KepceTKili XUMHUSIIBIK KYpaM KOpCeTKilli
Kycan (mepmeHe) - KOIDKBUIABIK, CHpPEK OIpKBUIABIK J>KOHE €Ki IKBUIABIK IIONTeCiH

ecIMIIKTepaiH HeMece Asteraceae TyKpiMaac OyTramapabiy Oip Typi. buikriri 10-60 cwm, keiiae 1,5-2
M ©3eri TIK epJeii/ii Hemece kaHTas kaTaabl. JKaszna xoHe Ky3ae ryaaeil. ['ynaepi Koc sKbIHBICTHI,
capsel. ['ynm morsiper cebet topizmi. XKemici — moumai. Kazakcranna 81 typi 6ap; Onap memnmi xoHe
Jananel  aiiMakTapIblH OapiblK KepiHne eocemi. JKycaHnasl xalbUIBIMAapAbIH  Herizi. Kem
JKaFIaiiapa mapyamnibUIbIKTa CHPEK, YHACMUKAIIBIK )KYCaH — yumeapwl nereua ounnipeni. XKycan
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KYpamblHAa TJIUKO3HITEP MEH alKajoujarap Oap >KOHE MEJWIIMHA MEH BETepHHapHsiga KEeHIHECH
KoJtanbuiazpl. L{UTBapIibl )KycaHa S3CTPArOHHBIH JKaIbIPaKTapbl MEH cabaKTaphl JKEYTre dKapaM/Ibl.
JXenmeH ymaTeIH jKOHE TYJI a3 XKyCaHAAphl - a3bIKTHIK ociMaikTep. JKycan a¢up maiibl, OOSFbIII,
TaraMJIbIK, BUTAMHHTE 0ail ocCiMIiK peTiHae Je nmaigananaabl. KyMasl OEKITKIII ITUTBAPIIBI KycaH
KazakcranubiH Kbi3bu1 kiTaObIHA €HTI31ITCH. [2-3]

Kecre 1 - Jlepmene ankaObl MEH ©CIMIITIHIH Taliay HOTHXKeepi
Ne| Tanmay JneMerTIED %
yIriiepi C |0 |[Mg]|Al |Si |S |K |[Ca [Fe |Na |Cl [P |Mn|[Cu |Zn |Pb |Cd |Co

| Hepuere 6618 | 2953 | 022 | 049 | 1,53 [08racrs avarpauve B6 | 039
IToHIETE

2 | Hepuene s195 (4062 | - | - | - | o1 | o042 |oss| - | 023 | o0n
cabarbIHIa

3 | Hepuene
AIKAOBIHEIH 1445 | 4518 | 127 | 413 | 1532 029 | 148 | 736 | 7.06 | 0.83 - 017 | 0.69 | 044 | 092 | 060 | 0.02 | 0.01
TOMBIPAFBIHIA
4 |Ke-
BuomoraATEK
KUHATY 458 | 065 | 017 | 012 | 0,00 | 048 | 044 | 002|006 | 0 | 0o | 0o | 0 | 0| 0| 0| 0 | 0
ROI(HITEHTI
JoHIHTE

5 | Ke-
BHOIOTHATEIE,
KHHATY 401 | 090 0 0 0 038 | 1,05 | 0,06 0 0.28 0 0 0 0 0 0 0 0
K03 HIeHT!
cabaFEIHTA
6 | Momapaem
ko3umment: | 1,14 | 073 0 0 0 127 | 155 | 191 0 0 0 0 0 0 0 0 0 0
(ITK)

1. Jepmene monvipasvi—Oepmene cabazvi-oepmene 0anezi» KYHeCIHIET1 2IeMEHTTePAIH
KOUIIN KOHYBI (MUTPALUACH]) Typajibl Al ThIIAbI.

JlepMeHe eciMAIriHAET] XUMUSUIBIK 3JIEMEHTTEP/IIH OpTallla MeJIIIEpiHiH TONbIPaKTaFbl
opTallla MeJIlepiHe KaThIHAChI PETiH/AEe OMOAKKYMYJSIUAHBI (OMONIOTHSUIBIK )KMHAKTAY
k03((UIMEHTIH) ecenTey Keneci popMyia OoMbIHIIA KYPri3uii:

Kc=Ct /Ccp (1)
MyHaFbl K¢ — OMOJIOTHSIIBIK KUHAKTAY KO DUITUEHTI;
Ct — ecimMiKTeT1 METaJT MOJIIIIEP1, MI/KT;
Ccp — TombIpak KaMbUIFBICBIHAAFBI 2JIEMEHTTEPAIH MOJIIIepi, MI/KL.
2. Kc — Buonozusinvik scunany kodguyenmi 0aninde — Oy TONBIPAKTAFBI JIEMEHTTEPTIH
JIepMEHE JIOHEeT1He )KMHAKTaTy MOJIIIEPiH alKbIHIai b1
3. Kc — bruonorusuisik KuHaimy Ko3(GUIeHTI cabarbiHIa - OYJI TOTBIPAKTaFbl JIEMEHTTEP/IiH
JepMeHe cabarbIiHa KUHAKTATY MOJIIIEPIH aliKbIH Al 1bI
4. [Ilonapnwix koaghgpuyuenmi (I1K) — nepmeHe cabarbIHAAFBI 2JIEMEHTTEP/I1H OHBIH JTOHETIHE
OTy1 MeJIIIepiH aHBIKTalIbI.
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Kc-0uonorusiibIK skuHaKkTay ko3¢ duumnenTi

4,58

4,01

[JepmeHe aaHi OepmeHe cabarblHaa

HC WO mMg mA|l HSi mS mK mCa HFe HNa

Cyper 3 — Kc-OHOOTHsUTBIK )KHHAKTATY KOA(PPHUIIEHTI

XUMHSITBIK AJIEMEHTTEPIH JACPMEHE JIOHI MEH cabaFblHA KWHAKTATY MOJIIepi apKbUIbl Kak
AIIEMEHTTEPIH Kaiiia )KUHAKTaTyblH Oaiikayra Oomaabl. MbIcalibl, TOIBIPAKTaH IepMeHe cabarbiHa,
ONlaH KEWiH JIOHETiHe MUTpaIUsIaHybl OOWBIHIIA KapaWThIH Oojcak: Makpodinementrep C,S
nonerinae ke, Mg AL Si, Fe Tonbik nonerine otin ketkeH. CabarplHa OTTEr1 MEH KaJuil Memiepi
KOIITeY, HATPHH TOJIBIK cabarbIH/a, KAJIBIIUN a3/ar JoHETiHe, cadaFbIHIa OJIaH €Ki €Ce TOMEH.
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Kc-01o1orusiiibIK sKuHaKTay K03 GuiueHTi

5
4,5
4
3,5
3
2,5
2
1,5
: -_L.
%
JepmeHe noHi JlepMmene cabarbIHIa
mC 4,58 1,14
mQO 0,65 0,9
Mg 0,17 0
Al 0,12 0
m Si 0,1 0
mS 0,48 0,38
m K 0,44 1,05
mCa 0,12 0,06
mFe 0,06 0
m Na 0 0,28
mC 0] Mg Al m Sj
mS mK mCa mFe mNa

Cyper 4 - JlepMeHe oCiMAITHACTT XUMUSIIBIK YIEMEHTTEPAIH OMOaKKyMYJIISIHCHI

[Monsipieik ko3 unmenti (ITK) - OciMaikTiH JoHETIHIETI OMOMAaCCaChIHBIH Ca0aFbIHIaFbI
OromaccacblHa apaKaThIHACKIH aiTaMbI3.

Ct
Ceas

IIK =

2)

myHaarsl [1K — [onspasik ko3 duimenti;
Ci — eciMIiKTer1 2JIEMEHT MOJIIIepi, MI/KT;
Ccas — ©CIMJTIK cabaFbIHIAFBI MOJIIIEP1, MT/KT.
JlepmeHe eciMik cabarbl MEH JQHET1H/IET1 SJIEMEHTTEPAIH MOJAPIBIK KOIPPHUIIEHTI
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Mons KoadbruymenHT MK

Ca

QOO RpRps
rORRNRERDN

kel
onN
@]

Monapnbik, koadduumenTi (MK)
mC 1,14
o 0,73
s 1,27
K 1,55
- Ca 1,91

mC O = K-—mCa

Cyper 5 - Jlepmene ecimik cabarbl MEH JQHETTH/IET] 3JIEMEHTTEP/IiH MOSAPIBIK KO PHUIIEHTI

JlepMeHne noHeriMeH cabarblHAAFbl AIEMEHTTEPAIH MUTpanusuiany Kacuerrepi Ca>K>S>C>0
aKTHBTITIK KAaCHETTEpiH KepceTeli. ODIEeMEHTTepPAiH aKTHBTLIIN OJapAbIK KO3FaJFbIIITHIFBIH
KepceTe/i.

JlepMene ankaObl OOMBIHIIIA aybIP METAIIAPIBIH 6CIMITIKKe K¢ — OMOIOTHSUITBIK )KUHATY KOX(UIICHTIH
ecentey. KaylnTimik IeHreiiH aHbIKTay KOPCETKIITEpiH Oaiikacak

Kecte 2 - Jlepmene ankaObl 00iibIHIIA aybIp METaIAApAbIH 6ciMIiKKe K¢ — OMOIOTrUsIIbIK )KUHAITY
KO2(DMIIEHTIH ECeNTey.

Onemen | Kayintimi | IIIMK JlepmeHe askaObl
T K KJIachl tonbipa | eciMal | Ke Tonbipa | [lepmen | K | llepmene | K
K K K e 1o- C | cabarbiHI |C
HIHJIE a

Pb 1 32 0,5 0,01 | 0,60 0 0 [0 0
5

Cu 2 3 0,045 10,01 | 0,44 0 0 [0 0
5

Zn 1 23 0,45 0,02 | 0.92 0 0 [0 0
0

Mn 3 0.1 02 1B 0,69 0 0 |0 0

Cd 1 0,5-2,0 {0,03 0,06- | 0,01 0 0 |0 0
0,01
5

Co 2 0,1 02 B 0,01

OcIMIIIKTEepIET] ayblp METAJAAPIBIH OpTAIlla MOJIIIEPIH OJIAPABIH TOTBIPAKTAFbl OpTallla
MeJIIIepiHe KaTblHachl peTiHe ecenrteni. Ke — Buonorusslk sKuHamy Ko3(uIeHTi

Kecte 3 — Ayblp MeTanap/ibIH 9cep eTy KayinTuIiK AeHreui

0,015 MK Kc acniaran Kayirci3 araaiga xypyi

0,051 IHIMK Kc ackaH opraHu3M/Jie )KHHaKTaJIy MeJIlIepiHe Kapai KayinTi 60J1aabl
KayinTi nenreii

Jlepmene ankaObl OOMBIHIIA IIAPYalIbUIBIK aJIKANTaFbl OCIMIIKTEpiZeri ayblp MeTajul
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MOJIIIEPiHIH OpTallla MOHJIEP] HETi3iHAC ayblp METAIIApAbIH OpraHU3MC KHHAKTAIY MOJIIEPiHe
Kapai KayinTiIiK ISHI el aHBIKTaJIIbI.

byn xepne OalKalTHIHBIMBI3 TOMBIPAKTAFBI Ayblp METAIAPABIH OCIMIIKKE OTy KayilnTUTIK
JIEHTE1 JepMeHe OocCIMIIri VIIiH KayinTi eMec. OWTKEeHI TOIBIPaKTaFbl ayblp MeTaJaap/IbIH
CIIKANUCHICHI IepMEeHEe cabarbIHa/la )KOHE JTOHETIHEe/Ie MUTPALUSIIaHOa i TbI.

JdepMeHe eciMairiniH KypaMbIHIAFbI eMIIK KaCHeTTI 3aTTapra cunarrama

[utBapner xycan (mepmene)- Oprtanbik AsustHbIH (OHTYCTIK KazakcraH) »HIEMUKAIBIK
ecimairi. Toxikcrannarsl Ceipaapusi, ApbIc )koHE 0acKa /1a 3€HIepAIH aHFapIapbIHaa Ke3IeCce/l.

XUMHUSITBIK KYpambl. OCIMIIIKTIH aya OOJIKTEpiH/IE CeCKBHTEPIEH i JAKTOHAbI CAHTOHUH
(7% neitin [3]) xone 1,5-3% 3¢up maiibl Gap, OHBIH KypaMblHA KHHEOJI XoHEe 0acka TepneHaep
(70-80% [3]), kamdopa, kKapBaKpoJI Kipei.

O e3eH aHFapiapbIHBIH OOMBIHIA, IO Ka3bIKTap/ia )KOHE Tay eTeriHAe YIKEH alKanTapaa
ece/l.

Kecre 4. JlepmeHe ociMIITiHIH KYpaMBbIHIAFbl €MJIIK KACHETTI 3aTTapFa CUIarraMma

Emnik kacuerti Kypawm Giprnirinig epekiieniri
3arTap
CeckBuTepnenjaep TepreH KJ1achIHBIH OPTaHUKAIIBIK KOCBUTBICTAPBIHBIH YJIKEH TOOBI,

onbIH Kypambiaa CisHos-ten CisH3z-re meitinri kemipcyTekrep,
COHIali-aK OJap/bIH OTTErl TYBIHJbLIAPHI - CHUPTTEP, aIbAETHITED,
KETOH/ap (COHFBUIAPHI) Kipe/i. 9IeTTe CECKBUTEPIICHOUATAP JIET
arasajpl.

JlakToHnap cakuHana -C(O)O- 10061 0ap rUIPOKCHKBIIIKBIIIAP/IBIH 11K
LUKJIIK Kypaeni aguprepi:

JlakToHAapabIH TYpIiepl. JlakToHaapas! TY3€TiH
TUIPOKCUKBIIIKBUIIAPBIH TYpiHE OaliIaHbICTHI B-, Y-, O-, &-
JaKTOHAAp *oHe T.0., Mbicamsl: B-ipornuoinakToH (I, bp 155 °C), y-
oytuponakroH (II, bp) 203 -204 °C), 5-Baneponakros (I1I, kaitnay
temneparypacsl 218-220 °C).

CaHTOHMH OypbIH KEHIHEH KOJIJaHbUIFaH aHTUTeIbMUHTUKAJIBIK TIpenapar;
Kayirci3 eHIMIep/l )kacaFraHHAaH KeW1H KOJIIAHBICTaH IIBIFBIN Kbl
KOHE QJIEMHIH KeNTereH enjiepine TipkeamereH. CaHTOHMHHIH
xaunnbl popmynackl CisH1g03, MonsipiibIK Maccachl - 246,3.

ddup maitnapsl 1,5-3% - xymITi vici MeH JjoMi 6ap ©CIMIIKTEp/iH yllIna
OMOXUMHUSIIBIK KOCBIIBICTAPhI Oap MaliIbl, Cy/la epiIMEUTIH
CYHBIKTBIKTap. D¢up Mainapbl eCiMIiKTep/e TY3UIeIl )KoHe oapIblH
eKIHIIUTIK MeTa0oIUTTEP] OOJIBIN TAObLIAIBI.

Huneou MEHTaH OKCHJII — MOHOLIMKJI/II TeprieH. by aray KypbUTbIMBI Coll
@3TelIe XUMUSUTBIK KOCBUTBICTAap TOOBIHA JKaTa b, TAOMFATTa CH KO
Tapanfassl 1,8-1muHon, 1,8-3mokcu-napa-meHnTan; congaii-ax 1,4-
uuHeon. Lluneon a¢up MaitnapeiHaH OOJIHIN aJIbIHA/IbI, COHBIMEH
KaTap CYHBUITBUIFaH KBIIKbUITAPMEH KbI3AbIPY apKbLIbl 1,8-TepruH
HEMece TePIUHEON b CYChI3IaHABIPY apKbUTHI albiHaAb. [{nHeon
MeIMIIMHAJIa AHTUCENTUKTED, KAKBIPBIK TYCIPETIH XKOHE TiC
nacTtanapsi[S] KypamblHAa SBKAJUIT Maiibl[6], COHBIMEH KaTap
xacauzbl 2pup MailTapbeIHBIH Kypamaac 0eiri peTine
KOJITAaHBLIAIbI.

Kamdopa TabWFaTTa KeH TapajFaH, KeNTereH a3(pup MaiIapbIHbIH KypaMblHa
kipeni. On acipece kamdopa naBpeiabiH (Cinnamonum camphora),
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HaACBIOAUTYIIIH, )KyCaHHBIH, pO3MapHHHIH MaiibiHaa kerl. Kamdopa
JaBpbIHBIH 3¢up Maiibl 19 Faceipaa (d)— kambopaHbiH, TAOUFH
(>xanoHabIK) KaM(OpaHbIH HeTi3ri Ke31 001k,

Kapsakpoa Escherichia coli Hemece Bacillus cereus cusikTsl kei0ip
OakrepusIapAbIH ecyiH Oasynaraabl. TOMEH YBITTBUIBIFbI, XKaFbIMIIbI
Mici MEH JIoMi KapBaKpOJIAbl OaKTEepHUsFa KapChl areHT PETIHJIC
naigayianyra MyMKIHIIK Oepei

[nuxo3unarep MOJICKYJIaapbl €Ki OOJIIKTEH TYpaThlH OPraHUKAIIBIK KOCBLUIBICTAP:
KeMipcynap (mupaHo3u Hemece GypaHo3ua) KalIbIFbl )KOHE
KeMipCychI3 hparMeHT (Jen arajaThiH.arlIMKOH ). JKasmbel MaFrbiHa A
MBIHAJIAP]IbI TTTUKO3UATEP PETIHIE KapacThIpyFa Oonaabl:KemMipcyiap,
€Ki HeMece OJIaH Jia Kol MOHOCaXapH 1 KaJIbIKTapbIHAH TYPaJIbl.
Kebinece kpucranabl, CHpekaMop(THI 3aTTap, CyJa KoHe
QJIKOTOJIBJIE JKAKCHI EPUJII.

AJIkasiouaTap TOII KypaMblIHJa a30T 0ap OpraHuKaJbIK KOCHUIBICTAP TAOUFU LIBIFY
Teri (kebiHece ocCiMIIK HeTi31HAeT1), HET131HeH reTePOLUKIIII,
OJIap/bIH KOMIIUIITiHIH KacueTTepi 6ap amci3 Herizaep; Onapra
COHBIMEH KaTap OMOTCHETHKAIBIK TYPFBIJaH HETI3T1 alKaTouATapMeH
OaliTaHbBICTHI KeHOip OelTapar, TINTi JICi3 KBIIIKBUT KOCBIIBICTAp /1a
Karaipl.

KopbIThIHABI

JlepMeHe ankaOBIHBIH Ka3ipri Kyl JepMEeHe OoCIMIITIHIH TONbIparel, CAbaFrbl MEH JIOHETIHJICT1
XUMHUSIIBIK SJIEMEHTTEPIH CaHABIK JKOHE camlajblK aHalu3i, PeHTTeHAIK MUKpOTaljay omicTepi
ApKBUIBI XUMHUSJIBIK DJIEMEHTTEP/IIH MUTPALMUIAaHYBI HET131H1e AeMeHTTepAiH Kc — OMoNorusibiK
xuHakTay kodpdunuenti meH [lomspasik xkodddunumentin (I1IK) ecenten aHBIKTaNbIN, OJIapIbIH
nepMeHe cabarbl MEH JQHETIHJAEr! aKTUBTIK Karapbl, KOII-KOHY MYMKIHJIKTEpl aiKbIHIabl.
JlepMeHe eCIMJIIKTEPiHIH XUMHUSIIBIK KYPaMbl JKOHE eMJIIK KacueTi 6ap KOCBUIBICTAP/IbIH KacueTTepi
TaJJAaHbl, OCIMJIKTEP/AIH KapHOTUIIHJAET1 e3repicTepl, TOMbIPAK Kypambl MEH XUMHSIIBIK
ANIEMEHTTEPIIH KOHE ayblp MeTalJapAblH ©CIMJIIK KypaMbIHIAaFbl MOJILEpl aHBIKTAJIBII, OJIap/IbIH
a/laM ar3achlHa KayINTUIIK JOPEXKeCIHIH KaylIci3 JeHreil ailKbIH1a bl
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AHAJIN3 3KOJOI'MYECKOI'O COCTOSIHUS U IEYEBHBIX CBOMCTB
JAEPMEHCKOMU JOJIMUHBI U PACTEHUSA

AHHOTanus

OCHOBHOI1 11eTbI0 HAyYHO-HCCIIE0BATELCKON PA0OTHI SABISIETCS aHATN3 YKOJIOTHIECKOTO COCTOSHUS U
JIe9e0HBIX CBOWCTB JlepMEHCKOW ITONWHBI M PACTEHHUsS] C M3YYEHHEM CBONCTB XMMHYECKHX DIIEMEHTOB H
(hapMOKOMIIOHEHTOB B CHCTEME «II0YBa-PaCTEHHE» JEPMECHCKOW JOJMHBI JICKAPCTBEHHBIX TPaB.
XapakTepuCTHKa JIEKAPCTBEHHBIX CBSIICHHBIX COCIWHEHUN BIOJNb pacTeHus aepMmeHa. OmnpenencHue
KOJIMYE€CTBEHHOTO M Ka4eCTBEHHOTO COCTaBa PaCTeHUH ¢ eueOHBIME cBOicTBaMU TypkecTaHCKOHM 00nacTH, B
TOM YHCIIE XUMHUYECKHX JJIEMEHTOB B CHCTEME «IIOYBA-PACTEHUE)» DPACTCHUS «JICPMEHE», WU3YUYCHHE HX
HAKOILJICHUSI ¥ MUTPAI[MOHHBIX CBOMCTB M Hay4HOE OOOCHOBaHWE OOWMJIMS WM Je(HIUTA JEKApPCTBEHHOIO
celppsi B pomuHe Jlapmeno. PaccMmarpuBaroTcs aHalM3 XHUMHYECKOTO COCTaBa pAcTeHWH W CBOWCTB
JIEKAPCTBEHHBIX COENWHEHWM, W3MEHEHHsI KapHOTHIIA DPACTEHHUH, METOIbl ONPENCICHUS XHUMHUYECKUX
AJIEMEHTOB, BKJIIOYAsi COCTAB IMOYBHI M TSDKEIIBIX METAJUIOB U3 TMOYB U PACTUTEIHHBIX KOMIIOHEHTOB, a TAKXKE
KOMIDICKCHBIN aHaim3 TouB. JlaeTcs HaydyHOe OOBSICHEHHE IIPOLIECCOB, MPOHMCXOMANINX B Pe3ylibTare
MOTaJIaHUS JICKAPCTBEHHBIX J1I00aBOK B OpraHmM3M uYenoBeka, myteM wusydeHus KC (xoaddurnuenra
ouonornuyeckoro HakorieHus) u [TK (koadduiirenTa moisspHOCTH) IEMEHTOB, a Takke (HU3NKO-XUMHUUECKHX
CBOMCTB pacTeHus. B ucciemoBarenbckoil paboTe OICHHBACTCS COBPEMEHHOE COCTOSIHUE TOJIMHBI [lapMuHO,
AKTyaJhbHOCTh TEMBl HCCIICJOBAaHUS, HCIIONB30BAHHE B KaueCTBE OOBEKTa M METOJOB PEHTTCHOBCKOTO
MHKpOaHaIn3a JIEKAPCTBEHHBIX TPaB U IOYB, IENIM U 3a/1a9M MCCIICIOBAHUS, TTOJICPKUBACTCS €r0 HaydIHAs
HOBU3HA U MTPAKTUICCKAst 3HATUMOCTbD.

KiioueBbie ciioBa: ACPMCHCKasA JICKApCTBCHHAA TpaBa, (bapMOKOMHOHeHTBI, XUMHYCCKHUEC DJICMCHTHI,

aKKYMy_HS[III/ISI, MI/IFpaHI/IH, TSXKCIIBIC MCTAJIJIBI, paCTI/ITeHBHOCTB, II04Ba, KOHI/IT-ICCTBCHHI)II\/’I nu Ka‘leCTBeHHBIﬁ
cocTaB, OMOXMMHUYECKHM aHaJIN3.
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ANALYSIS OF THE ECOLOGICAL STATUS AND MEDICINAL PROPERTIES OF THE
DERMENSKAYA VALLEY AND PLANTS

Abstract

The main purpose of the research is to analyze the ecological status and medicinal properties of the
Dermenskaya Valley and plants with the study of the properties of chemical elements and pharmaceutical
components in the soil-plant system of the Dermenskaya valley of medicinal herbs. Characterization of
medicinal sacred compounds along the plant derma. Determination of the quantitative and qualitative
composition of plants with medicinal properties of the Turkestan region, including chemical elements in the
soil-plant system of the dermene plant, study of their accumulation and migration properties and scientific
justification of the abundance or shortage of medicinal raw materials in the Darmeno valley. The analysis of
the chemical composition of plants and the properties of medicinal compounds, changes in plant karyotype,
methods for determining chemical elements, including the composition of soil and heavy metals from soils
and plant components, as well as a comprehensive soil analysis are considered. A scientific explanation of the
processes occurring as a result of the ingestion of medicinal additives into the human body is given by studying
the KC (coefficient of biological accumulation) and PK (coefficient of polarity) of the elements, as well as the
physico-chemical properties of the plant. The research work evaluates the current state of the Darmino valley,
the relevance of the research topic, the use of medicinal herbs and soils as an object and methods of X-ray
microanalysis, the goals and objectives of the study, and emphasizes its scientific novelty and practical
significance.

Keywords: Derma medicinal herb, pharmaceutical components, chemical elements, accumulation,
migration, heavy metals, vegetation, soil, quantitative and qualitative composition, biochemical analysis.
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KOCIITOPBIHHBIH JIEKTPOHIBIK KYKAT AMHAJIBIMBI )KYWEJIEPTH
KETIJLAIPYAE LLM )KOHE RAG MOJEJIBJAEPIH KOJIJAHY

Tyiiin

Byn makamajma KoCIMOPBIHHBIH SJEKTPOHABIK KY)XKAT aifHaIbIM JKYHEJepiH XKEeTUIHipyAe >XacaHIIbl
WHTEJUIEKT TEXHOJOTHSUIAPBIH KOJAAHYIbIH TEOPHSUIBIK AacleKTiIepi KapacThIpbUIaAbl. ATam alTKaHza,
TaOWFU TIINEPHl 6HJCY calachlHIarbl 3aMaHayu OarbiTTap, Large Language Model xone Retrieval-
Augmented Generation MoaenbAepiHIH KYKaTTHIK aKIapaTIeH KYMBIC iCTeyAeTi MyMKIHAIKTepi TalaHa Ib.
HacTypiti SIeKTPOHABIK KYKaT aifHaIbIM KYHelepiHiH MeKTeyepi KOPCETilil, oapIbl CEMaHTHKAJIBIK 134ey
JKOHE KOHTCKCTKE HETI3JINITeH aKMapaTThl YCBIHY TACUIIEPI apKbUIbl KETUAIPYIIH MaHBI3IbLIBIFBI
Herizaeneni. RAG mopeni Tinaik MOJeNbaep/IiH TeHepaus MYMKIHIKTEPiH HAKTHl KY)KaTTBIK, JIePEKTepMEH
OipiKTipy apKbUIbl XKayanTapblH HAKTBUIBIFBIH apTTBIPATBIH THIMII TOCLT peTiHae cumnarraiagsl. COHbIMEH
Karap, Oyl TEXHOJIOTHSIIAPAbl KOJJAHYJbIH aKmapaTThl i37ey THIMIUICIHE, NaijajaHylIbIMEH e3apa
OpeKeTTeCyTe )KOHE aKIapaTThIK KayilCi3/liK TajanTapblHa bIKIAJIB TATKbIIaHAIBL. 3epTTey HoTHKenepi LLM
xoHe  RAG  MozmenpiepiH  KOCIMOPBIHHBIH — JJEKTPOHIBIK  KYKAaT  aiHamBIM  JKyHelepiH
WHTEJUIEKTYaJIaH IBIPYABIH MEPCIeKTHBAIbl OaFbIThl PETiHAE KapacThIpyFa MYMKIHZIIK Oepeni, coHmaii-ak
oJNapAbIH 0oalakTa MpaKTHKAJBIK XKyienepie KOJMIaHbUTy 9JICYETiH aifKbIHIa N IbL.

KinrTik ce3mep: 5eKTpoH b KYKAT aitHambiMbl, EDMS, sxacaH bl UHTEIICKT, TAOUFH TULACPL OHILY,
LLM, RAG mojeni, aknaparThIK xKyie.

Kipicne

KacinopsiH KbI3MeTIHIH OapiIbIK AEPIIIK YAepiCTepl KYKATThIK aKIapaTleH ThIFb3 OaliIaHbICThI
OoFaHABIKTaH, KYKaT alfHaJIbIMBIHBIH THIM/I1 YIHBIMIACTHIPBUTYBI OacKapy IIEHIIMAEPIHIH callachklHa,
KYMBIC OHIMILTITIHE XoHE YHBIMHBIH XKaJlIlbl 0acekere KadineTTinirine Tikenei ocep ereni. lactypii
ANIEKTPOHJIBIK KY’KaT ailHaJbIMBIHBIH aknaparThlkK kyihenepi (Electronic Document Management
Systems — EDMS) Heri3ineH Ky)XaTTapAbl TIpKey, CaKTay, TachbIMallfiay >KoHe 13/1ey (pyHKIHMsIIapbIH
opbIHJIayFa OarbITTanFa [1].

Anaiiia MyHJai sKkyienep KyKaTTapJIblH Ma3MYHBIH TEPEH CEMAaHTHKAJBIK TYPFbIIAH TajJay,
MaFbIHAJIBIK 13716y JKYPTi3y, KyKaTTap apachbIHIAFbl JIOTHKAIBIK OailaHBICTapAbl aHBIKTAY JKOHE
0acKapyIbUIBIK IIEIIIMASPAl KOJAay CHSKTHI MHTEIUIEKTYal 16l (PyHKIMSIApABI TOJIBIK KAMTaMachl3
eTe anMaiisibl. HoTrkecinie KocimopblH KbI3METKepiiepl Ky>KaTTapMeH KYMBIC 1cTey OapbIChIHAA KOIl
YaKBIT KOFaJITHIN, aJjaM (DaKTOPBIHBIH BIKMAJBI apTaasl [2].

COHFBI XBUIIAPHI )KaCaH/Ibl HHTEIUIEKT TEXHOJIOTHSUIAPBIHBIH, dcipece TaOUFH TiJIep/i oHIeY
(Natural Language Processing — NLP) canachIHbIH KapKbIH/IbI 1aMybl MOTIHIIK aKIapaTIeH KYMbIC
icTey/iH »XKaHa MYMKIHAIKTepiH amThl. byn OarbiTTa ynkeH Tingik moaenbaep (Large Language
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Models — LLM) maTiHAi TYCiHY, cypaKTapFa xayarn 0epy, KOPBITBIHbLIAY XKoHE KilacCu(UKausiay
CHUSIKTBI KYPZEJIi TarichIpMaliap/ibl OpbIHAAyFa MYMKIHIIK Oepei.

Hereamen, LLM moznenbaepiH Tikenel KoanaHy 0apbIChIHAA ©3€KTi JepeKTepAiH MIEKTeYIiIir
KOHE TIeHepalusIaHFaH >KayanTap[blH HaKTBUIBIFBI Macelnenepl TyblHAaWapl. OChbl LIEKTeylIepl
memyne Retrieval-Augmented Generation (RAG) monemi ycbiabmaasl. On TUIIIK MOIENbBIIIH
reHepanusl MYMKIHIIKTEpPIH KOCITOPBIH JACPEKTePIMEH OIpIKTIN, CEHIMII opi HOTHXKEIep allyFa
kemekTeceni. RAG Mozeni KykarTap/ibl CEMaHTUKAIIBIK 13/1€y apKbUIBI ipIKTET, albIHFAH aKIMapaTThl
LLM kemerimMen enaeyre HerizaenreH. Ocel makanama RAG mozaenin xommany apkpuibl DKAX
KETUIIPY MYMKIHAIKTepi 3epTTeneni. [3].

MarepuaJizap MeH dicrep

KacinopbIHaarsl KYKaT alilHAJIBIMBIHBIH aKNAPATTHIK KYiiesepi

Kacinopbinaarsl KyKaT aifHaIbIMbl — YHBIMHBIH 1IIKI )KOHE CBHIPTKBI KbI3METIH KaMTaMachl3
eTeTiH 0acKapyIIbLIBIK, YHBIMIACTHIPYIIBUIBIK KOHE OHIIPICTIK YASPICTePAiH MAaHBI3ABI KypaMac
Oemiri. KykKaTThIK akmaparThl cakTay, OHJEY J>XoHE TNaiiianaHy yAepiCTEepiH aBTOMATTaHABIPY
KOCIMOPBIH KBI3METIHIH THIMIUTITIH apTTBIPYIABIH HETi3Ti (aKTOpIapbIHBIH Oipi OOJBINT caHaabl.
Kyxar aiiHaJIbIMBIHBIH aKIapaTThIK XKyienepi 1-kecTene KopceTiireH KacimopblHAaFbl KYXKaTTapMeH
KYMBIC ICTEy[i aBTOMAaTTaHIBIPYFa apHaJIFaH OaFJapiiaMalibIK-alapaTThlK KEIIeHAEp peTiHae
KapacTeipblianbl. EDMS sxyilenepi kocimopbelHIapaa KyXXaTrTapabl TipKey, HyCKaldapblH Oakbuiay,
OpBIHAAYIIBUIAD apachbiHAa OarbITTay, KOJDKETIMAUIIKTI OacKapy >KoHE i37ey CHSAKTHI 0a3abIK
(GYHKIMSIIapAbl OPBIHIANIBL.

Kecte 1 — KocinopbIH1aFbl KyKaT aifHaJIbIMBIHBIH aKIAPATThIK JKYHeJIepiH cunarray

Kpurepuii I[SCTYRHi ED.MS Macerne / mekrey HHTeHHeKTya{HFaHHpr
KyHenepi KaXKETTLUIIT]
Kyxarrapabl Meranepexrepre MasmMyHIbIK MoTiHHIH MAaFbIHAJIBIK
KYpbUIBIMJAy TOCUIi | (aTaybl, KYHi, aBTOpBI) | OaitnaHeicTap KYPBUIBIMBIH TaJAay
HET13/eIreH ecKepuIMenal
[3ney mexanuzmi Kinrcesaix )koHe | Hotmxke monairi | CeMaHTHKAIBIK J)KOHE
aTpuOyTTHIK 1371y TOMEH KOHTEKCTIK 13/1ey
Kyxar  masmynbiH | Konmen HeMece | YakbIT  IIBIFBIHBI | ABTOMATThl Taljay >KoHE
OHJIEY LIeKTeYJI1 JKOFapbl TYCIHY
aBTOMATTaHBIPY
Kyxarrapas! xikrey | Konmen Anam  QakropbeiHa | UHTEMIEKTyan bl
TaraibIHIaIa bl Toyenai KiaccuuKanus
AHaJTUTUKAIBIK Ecenrix #oHe | TepeH Tanmay koK | Masmynra HET13/IeITeH
MYMKIHIKTEP CTaTUCTUKAJIBIK aHAJIMTHKA
[TaiinananymbsiMeH dopmanabl Hxemcis Taburu Tingeri
©3apa opeKeT uHTEepdeEiic CYpaHbICTap CYpaHbICTap

Kazipri Tapaa kocimopslHaap/ia KOJAAHBIIATHIH KYOKaT aifHaIBIM XKyHelepiHiH 0ackiM Oeiri
KYpbUIBIMJAJIFaH MeTaJiepeKkTepre Heriznenred. Kyxarrap oferre araybl, KYHi, aBTOPBI, TYpi kKoHE
MapTebeci CHUAKTBI cHUMaTTaMmaiap apKbUIbl KyieneHeai. MyHaail Tocin KykaTtapAbl (Gopmaibl
JeHreiie 6ackapyra MYMKIHJIIK OepreHiMeH, oJlap/iblH Ma3MYHBIH TepeH Tajay *oHE MarblHAJIBIK
OailTaHpICTAP/IBl AHBIKTAY MYMKIH/IITIH IEKTEH/II.

Hotmxkecinne maiganaHymbuiap KaXeTTi akmaparThl Taly VIIH KONTereH KyXKaTTapbl
KOJIMEH Kapayra MOKOYyp Oonanbl. byt 3 ke3erinae KykaT alHalIbIM KYHelepiH KeTUIIpyae KaHa
TEXHOJIOTHSUIBIK TOCUIZEpAl, COHBIH IMIHAE TIUAIK MOJENBJACp MEH OuliMre Heri3aelnreH
apXUTEKTypaapAbl KOJAAHYABIH ©3€KTUIITH apTThipaabl [4].
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Large Language Model (LLM) mymkinaikTepi

Kasipri Tanaa sxacan/ipl MHTEIIEKT TEXHOJIOTHSIIAPBI JEPEKTEPIi OHICY MEH TaJayAblH THIM/I
Kypajjapbl peTiHAe OpTYpJi canajapia, COHBIH IMIiHAE KACIMOpBIHAApAbI Oackapy, ©HIIpicTi
aBTOMATTaHJBIPY JKOHE aKIapaTThIK KyHelaepai *KeTunaipy OarbITTapblHAa KEHIHEH KOJIIaHBLIy/A.
JXKacanapl HHTEIEKTTIH MaHbI3AbI Kypamaac Oemikrepinin 6ipi — NLP canacer.

NLP amaMHBIH TaOWFH Ti1/I€ YCHIHBUIFAH MOTIH/IIK HEMECE COUJIEY JIEPEKTEPiH KOMIIBIOTEPIIIK
KYHenepaiy TyCiHyiHe, TajjayblHa jKoHE OHJCyiHe MYMKIHAIK OepeTiH 9aicTep MEH alropuTMIep
’KUBIHTBIFBIH KAMTHUIBI.

KocimopelHaapaplH aKmaparThlK JKyHelepiHae CcakTalaThlH AepekTepliH OacbkiM Oeuriri
MOTiHAIK ¢opmarta OonareiHABIKTaH, NLP TexHomorusmapslH KOJIaHy KYKaTTBHIK akKlapaTiieH
KYMBIC icTeyJe aca ©3eKTi OonbIll TaObuIaAbl. 2-KecTele KOCIMOPBIHHBIH KYyXKaT aiHalbIM
xyienepinne NLP TexHonorusinapsiH Kongany OarbITTapbl KapacThIpbUIaasl [5].

Kecte 2 — Kyxkar aitHanbiM xyienepinae NLP TexHoiorussiapblH KoJIiaHy OarbITTapbl
Kyxar aitHansim

OHJIEY

JIEMMATH3aIHs, CTOI-
co3ep/i KO

MaIlIMHAJIBIK OHJIEYTe
JabIH1ay

. ) OJIJIaHbIIaThIH . . i
NLP migzeri K onicte JKYUECIHET1 AJBIHATBIH HOTHKE
p KOJIJTAHBLTYBI
MoTiHIl aJiIbIH aj1a Toxennsamus, Kyxar MoTiHIH Hepexrepain Oipi3aiiri

JKOHE OHJEY
CanachlHBIH apTYhl

Artayiibl MamuHanelK OKbITY, | ¥HBIM araysl, TyJiFa, | KyKarTeIK aknaparTbl
00bEeKTLIep/Il TaHy HEHPOH/IBIK XKENiep | KyH, COMa CHUSKThI KYpBUIBIMIAY
(NER) JepeKTepi
ABTOMATTHI AHBIKTAY
Kyxarrapbl CraTucTHKaJIbIK Kykarrapbl Kykarrapbt
aBTOMAaTThI MOJIENbIEP, TEPEH TaKbIpBIITap, TANTEP | OacKapyablH THIMILIIT
KJaccupuKanusigay | OKbITY OolibIHIIA D6y
Mortinaix BexkTopnbik ¥Kcac Kyxarrap/sl AKnapartTsl 131ey
YKCaCTBIKTBI €cenTey | ycbiHynap, embedding | aHbIKTay KoHE JIOJTITIHIH apTybl
MOJIENBJIEP CaJIBICTBIPY
CemanTukansik 131ey | KonTekcrke [Taitgananyuisl [3ney HoTHX)eNepiHiH
HeT13/1eNreH CYpaHBICBIHA carachblH )KaKkcapTy
MOJIENbIEP MaFbIHAIBIK
TYPFBIIAH COUKEC
KYKarTbl Taly

Large Language Model (LLM) — ynkeH KeleMeri MOTIH/IIK IepeKTep HETi31HJe YHpeTireH,
TaOWFu TIUIAI TYCIHY JKOHE TeHepalusiiay KaOuleTiHe Me HEHPOHIBIK MOAENIbaep TOOBI OOJIbIT
tabbutanbl. LLM wMopenbaepiHiH 0acThl €peKIleNiri — TUIMIK 3aHAbUIBIKTApbl, MaFbIHATBIK
OaiiaHpICTap/bl KOHE KOHTEKCTIK TOYENJIUTIKTEpHl aBTOMATThl TypAe YHpeHy kabimeri. LLM
xKyienepl 1-cyperte kepceTuireH yiari OoibIHIIA OaraiaHabl.
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« MannounHauus (kanraH
Xayanrap)

« [ypbiCTbIK

« [lepekke Herizpenyi

« KoHTekcTik caiikecTik

« ApxuTekTypara ToH
MeTpyKanap

« Xayan 6epy kigipici

« MNaiinanaHyLwbiHbIH
BenceHginiri

« KaTtenepaeH kannbiHa keny

. Kaqaxgug wabybinaapra

Tesimainik

Oazrepictepai 6ackapy

2KayanTblH ganairi MeH
e3eKTiniri

MapanaHyLubl
Toxipubeci

Kacinopeimapik LLM |
Konpauy

warpaiinapors
Garanay(RAG /
Geitimaenin
OKbiTbIAFaH LLM)
YKayanTbl XK

Kafuaanapbl xoHe
petTey

AngblH ana
yApeTinreH
(Herizri) LLM

L biFbIH XaHe aHeprust
TUiMainiri

KamTy aliMafbl

« WbifblHOapabl WekTey I YCiHAipineTiHaik

* API whibiHOapb! * 3usiHObI Ma3MyH

* Macwra6Tay LWbifbiHAapb! « DpineTTinik

* Kbi3ameT kepceTy * Kynusinbinelk
WhifbiHAAPbLI « PeTTeywi Tanantapra

LLM-gj 6aranay kypaeniniri

* OHeprus WhifbiHAapbI calikecTik

Cyper 1 — Kocinopeiaasik LLM xylienepin kemeni Oaranay enmemMaepi

LLM TexHOIOTHSUIaphl KOCIIOPBIHHBIH KY)KaT aWHAIBIMBIHBIH aKIapaTThIK OKyiHenepiH
MHTEJUIEKTYya laH/AbIpy/a Heri3ri pen arkapaisl. Omap MOTIHIIK aKHmaparThl TEPEH MarblHAJIBIK
JICHrelIe OHJIeyTe, MaiJaJaHylIbIMeH TaOUFU TUIAE ©3apa OpeKeTTeCcyre >KoHe O0acKapyIIBUIBIK
mIeniMaep i Konjaayra skaraai xacaiinpel. LLM MonenbaepiHiH THIMAI KOJIAAHBUTYBI OJIapAbl HAKTHI
JepEKTePMEH MHTETPAIUsIIay MEXaHU3M/IepiH SHTi3yMeH THIFbI3 OaillaHBICTHI [6].

Retrieval-Augmented Generation (RAG) moaeJi

RAG wMoneniHiH KyMBbIC icTey yAepici OipHelle Heri3ri Ke3eHHeH Typajbl. AJAbIMEH
KOCIMMOPBIHHBIH ~ KY)KATTapbl MOTIHIIK OHACYIACH OTKI3UIN, CEMAHTHKAIBIK BEKTOpJIApFa
Typrenaipineni. byn kesenne embedding mMonenbaepi KoJJaHbUIAABI, HOTHXKECIHIE 9pOip KyKar
BEKTOPJIBIK KCHICTIKTe YCBIHBUIAIBI. KeliH Oy BekTopiiap apHaibl BEKTOPIBIK JIEPEKKOpaa
cakTaslajpl. 2-CypeTTe KOepCeTIIreH Mojenb OOWbIHINA MaiijanaHyllbl TaOUFU TUIAE CYpaHbIC
€HTI3TeH Ke3/le, CYPaHbIC Ta BEKTOPIBIK (hopMara KeNTipilin, CEeMaHTUKAJIBIK YKCACTHIK HETI31HIE €H
peNeBaHTThl Ky)KaTTap HEMece MOTIH Y31H1Iepl TaHJalbIIl albiHAabI [7].

MaTiH reHepaUnAaNanTbIH
Tingik mogens

—E

KymaTrap KoMmacs!
{OepekTep Gazacel)

Mpomt —) —) ¥ayan

IpiKTenreH Kyxatrap

Cypert 2 — RAG mozeniHiH KOCIMOPBIHHBIH AIEKTPOHIBIK KYKaT aifHABIM KYHEIePIHET1 dKYMBIC
icTey CXemMachl
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HoTu:kesiep koHe TAIKbLIAY

KocinopbIlHHBIH Ky)KaT aifHaJIBIMBIHBIH aKIaparTelK >kyhenepinae RAG moneniH KoimaaHy
OipkaTap MaHbI3Ibl ApTHIKIWIBUIBIKTapFa He. RAG MopemniHiH apTHIKIIBUIBIKTaphl MEH OJIap/bl
AMEKTPOHIBI KY)KaT alHAIBIMBI )KYHECIHIE KOJIIAaHYIbIH OH HOTHXKeNepi 3-KecTeae OepiireH.

Kecre 3 — DnexkTpoHAblK KyXar aiHanmbIM okyhenepinae RAG wMomeniH  KOJIIaHYIbIH
aPTHIKIIBUTBIKTAPBI
Ne RAG moneminin Konpnany canacet OKAX normkeci
apTHIKIIBUTBIKTAPBI
1 Kyxarrapap! 6i51iM Kopbl | Perimtamentrep, HakTbl KykaTTapra HerizaenreH
peTiHje naiganany HYCKAyJBIKTap KayanrTap
2 CeMaHTUKaIBIK 1371y Kyxarrapas! i31ey xoHe [31ey yaKkbITBIHBIH KBICKAPYhI
Tajay
3 Tabwuru TiaAe cypak- Ke3meTkepiepmen e3apa Konnany bIHFalIbLUTBIFBIHBIH
Kayar opeKeTTecy apTybl
4 AKnapaTThIK Kayinci3mik | [mki kopmopaTuBTik Kymust gepexrepiiH KOprantysl
JepeKTep
5 Anam dakTopsiH azaity | Kykarrapael eHaey Karemikrepaiy Toemenaeyi
yaepicrepi

JlocTypni i3aey Tocuiaepl HETI3IHEH KINTCO3Iep MEH MeTalepeKkTepre cyieHemi, Oy
KY)KaTTap/bIH Ma3MYHBIH TEPEH CEMaHTUKAJIBIK TYPFBIJIAaH eCKepyre MyMKiHaik Oepmeiini. Ain RAG
MOJIeNl CEeMaHTHKANBIK 13yl TULMIK MOJENbIEPIAIH TeHepalus MYMKIHIIKTepiMeH OipikTipe
OTBIPHIT, KY)KaTTHIK aKIapaTThl KOHTEKCTKE HETI3/IeNreH TYp/ie naiinananyra kemekreceni. OCbiFan
OaifmaHbICThl 4-KecTele ANIEeKTPOHJBIK KYKaT aifHalbIM Kyilenepinae nocTypii izney meH RAG
MO/JIENIHIH HETI3T1 allblpMallbIIBIKTaPhl CaTIBICTRIPMAIbl TYP/E KOPCETUITEH.

Kecre 4 — DOnexTpoHIbIK KyXar alHaimeiM Kyienepinne RAG mopeni MeH AdcTypii 13aeyil

CJIBICTBIPY
Ne | CanpicThlpy KpUTEpHii Hoactypai i3aey RAG moneni
1 I3ney Herizi Kintcesnep MeH | CeMaHTUKabIK YKCACTBIK
METaJIepeKTep
2 MasmyH b1 tyciny | lllexreymi KoHTekcTke Herizaenrexn
JIeHreii
3 JKayan yceIHy Tocii Kyxartap Ti3imi KyxaTka Heri3feNreH xayar
4 [Talimananymibr Karan KypbuibIMaanran TaOuru Tinge
CYPaHBIChI
5 I3ney HoTWXeciHiH | Opramia Korapsl
HaKTBUIBIFBI
6 Anam daxropsina | XKorapsl Temen
TOYEJJILITIK

RAG wMozmeni  KOCIMOPBIHHBIH — KY)KaT  allHAJIBIMBIHBIH ~ aKHOapaTThIK O KyHesnepiH
MHTEJUIEKTYalIaHpIpy/ia Iemrymri pen artkapaabl. On LLM wMonenbaepiHiH >KOFapbl TUIIIK
MYMKIHJIKTEPIH HAKThl KYKaTThIK JE€PEKTEPMEH YilllecTipin, Ma3MyH/IbI, CEHIM/1 KoHE KOHTEKCTKE
HETI3eNTeH aKmapaTThIK Koiaay kepcereni. RAG mozaenin KonnaHy KyKaTThIK aKImapaTieH KYMBbIC
ICTEY/IH camachlH apTTHIPBIN, OacKapyIIbUIBIK IIEHNMAEepAl  KaObULIAyAbIH  THIMAUIITIH
KOFapbUIaTyFa MYMKIHIIIK Oepeni [8].

55



Oymycmix Kazaxcman 2vinvim Kapuwicol - Becmuux nayxu FOocnoeo Kazaxcmana - South Kazakhstan Science Herald
Ned (32) 2025

XKypriziiren TeopUsUIBIK Talfay KCIMOPBIHHBIH 3JIEKTPOHIBIK KY)KaT aifHaJIBIM JKYHelepiH
xetinmipyne LLM xone RAG MopmenbaepiH KOJNJIAHYIBIH JKOFaphl oieyeTiH kepceremi. LLM
MOJICTIBACPIH KOJIJaHy SIEKTPOHMBIK KY)XKaT aifHaJIbIM JKyHeJepiHae MOTIHIIK aKMaparThl TEepPeH
CEMaHTUKAJBIK JICHIei/Ie oHjIeyTre KaFaai kacaiibl. Byl KykarTapapl aBTOMATThl TYpJe TYCIiHY,
KOPBITBIH/IBIIAY KOHE MaiajaHyIIbl CYpaHbICTapblHA TAOWFH TUIAE jkayarnm Oepy MYMKIHIIKTEpiH
keHeureni. loctypai xyienepmen canbicTeipranaa, LLM Heri3iHaer1 Tociaaep KYKaT Ma3MYHBIH TEK
¢dopmanapl Oenriiep apKbUIbl €eMec, MaFbIHAMBIK TYPFBIIAH TajlayFa MYMKIHJIIK Oepe/ti.

RAG Tocini Tinaik MoaenbaepAiH TeHepalds MYMKIHIIKTEPIH HaKThl KY)KaTThIK JEPEKTEPMEH
TOJBIKTBIPY ApPKBUIBI aKMapaTThIH HAKTBUIBIFBIH apPTTHIPANbl. BYJI TOCUT AIIEKTPOHIBIK KYKaTTap
0a3achlHaH CEMAaHTHUKAJIBIK 13/I€y XKYPri3ill, allbIHFaH PEJICBAHTTHI aKNApaTThl XKayal TeHepalusiiay
OapbIChIHAA MaiiajgaHy apKbUIbl KaTe HEMece KOHTEKCTKE COMKeC KeJIMEWTIH jKayalTapJblH Haina
001y BIKTUMAJIJBIFBIH TOMEHAETE I [9].

KopbIThIHABI

By Makanana Tabury TiIAEpAl OHACY calachlHAarsl 3aMaHayn keTictikrep LLM xone RAG
MOJICTIbJICPIHIH MYMKIHAIKTEP] MEH epeKIIeIiKTepl TaagaHabl. By TeXHOIOTUsIapablH KY’KaTThIK
aKImaparieH J>KYMBIC ICTEy YIepiCTepiH camajblK »KaHa JCHIelre Kerepy oneyeTi Oap ekeHi
KOpCeTiIi.

JKympIcTa KapacThIPBIIFAH TOCUIACP MEKTPOHIBIK KY)KaT aifHaJIBIM JKYHeJIepiHaeri akmapaTThl
i37aey, Tanjay >KoHe MaijanaHy THUIMIUITH apTThipyra bIKman etefnl. CeMaHTHKaIbIK 137y
MEXaHM3MJICPIH KOJJAaHy >KOHE KOHTEKCTKE HETI3ZICITCH JKayanTap YCHIHY KbI3METKEPIepIiH
KYKaTTapMeH ’KYMBIC ICTeY YaKbIThIH KbICKapTyFa, 0acKapyIIbUIBIK HISIIMIEPl KaObU1ay YaepiciH
KeJlenIeTyre MyMKiH/IiK Oepe/ti.

By kacinopbiHapAbIH U PIBIK TpaHchopMalys TananTapbiHa OeHIMIeTy1HAe MaHbI3IbI POl
arkapansl. LLM sxone RAG mMozaenbaepiH KOCIMOPBIHHBIH IEKTPOH/IBIK KYKaT alfHaJIbIM )KYHenepin
KETUTIIpYIE KOMAaHy UHTEIDICKTYaJIbI )KYHellep MeH JKacaHIbl MHTEIICKT CAJIAChIH/IAFbl 3aMaHay !
MePCTIEKTUBAIIBI OAFBIT OOJIBIN TaOBLIAIbI.
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MPUMEHEHUWE MOJIEJIEA LLM U RAG B COBEPIIEHCTBOBAHUH CUCTEM
AJIEKTPOHHOI'O JOKYMEHTOOBOPOTA IIPEAIIPUATUA

AHHOTaU U

B nmaHHO#l craTbe paccMarpHBAlOTCS TEOPETHYECKHE AacCHeKTbl NPUMEHEHHS TEXHOJIOTUWi
HUCKYCCTBEHHOTO HHTEJUIEKTAa B  COBEPLICHCTBOBAHMH CHCTEM DJIIEKTPOHHOTO  JOKYMEHTOOOOpOTa
npeanpuaTusa. B  YacTHOCTH, aHAJIM3UPYIOTCSI COBPEMEHHBIC HAIpaBlICHHS B oOmact 0o0paboTKu
€CTECTBEHHBIX SI3bIKOB, BO3MOXKHOCTH Mozenei Large Language Model u Retrieval-Augmented Generation B
pabore c nokymeHTanpHOM wuHGpopMmauuei. IlomyepkuBaroTcs oOrpaHMueHHsS TPAAMLMOHHBIX CHUCTEM
AIIEKTPOHHOTO JIOKYMEHTOO0OpOTa W OOOCHOBBIBAETCS BAKHOCTh WX COBEPHICHCTBOBAHHS C IMOMOIIBIO
CEMaHTHUYECKOTO IMOMCKa U KOHTEKCTHO-OPUCHTUPOBAHHBIX CITOCOOOB Tpe/icTaBieHus nHopMmaruu. Mojenb
RAG onuceiBaercsi kak 3((GEKTUBHBIA MOAXO[, MOBHIMAIOMINNA TOYHOCTh OTBETOB 3a CUYET HMHTETrPaLuU
BO3MOXKHOCTEH reHepalny sI3bIKOBBIX MOJIeNel ¢ (PaKTUUYeCKUMH JIOKYMEHTAIBHBIMU TaHHBIMH. Kpome Toro,
o0CyXJaeTcsi BIMSHHE WCIOJIB30BAHUS DITUX TEXHOJOrMH Ha JS(QPEKTHBHOCTh MOWCKa HWH(OpMAIWH,
B3aMMOJACUCTBHE C IOJb30BareneM M TpeboBaHMs HH(GOPMALMOHHOW Oe30macHOCTH. Pesynbrarsl
WCCIIEIOBaHUS TO3BOJSIIOT paccMmarpuBare Mozmenun LILM um RAG Kak mNepcrneKTHBHOE HampapieHHE
UHTEJUIEKTYaIN3allil CHUCTEM 3JIEKTPOHHOIO JOKyMEHTOOOOPOTa NPENNpUATHS, a TaKKe OIPENesioT
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NOTCHUHAJI UX ITPUMCHCHUA B 6yﬂy1HI/IX MPAKTUYICCKUX CUCTCMAaX.
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APPLICATION OF LLM AND RAG MODELS IN IMPROVING ENTERPRISE
ELECTRONIC DOCUMENT MANAGEMENT SYSTEMS

Abstract

This article discusses the theoretical aspects of the use of artificial intelligence technologies in improving
the electronic document management systems of the enterprise. In particular, modern trends in the field of
natural language processing, the possibilities of Large language Model and Retrieval-Augmented Generation
models in working with documentary information are analyzed. The limitations of traditional electronic
document management systems are shown and the importance of improving them through semantic search and
ways of presenting context-based information is substantiated. The RAG model is described as an effective
approach that increases the accuracy of responses by combining the generation capabilities of language models
with specific documentary data. In addition, the impact of the use of these technologies on the efficiency of
Information Retrieval, interaction with the user and information security requirements will be discussed. The
results of the study allow us to consider the LLM and RAG models as a promising direction in the
intellectualization of electronic document management systems of the enterprise, and also determine the
potential for their application in practical systems in the future.

Keywords: Electronic Document Management, EDMS, artificial intelligence, natural language
processing, LLM, RAG model, Information System.
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KAJAPJTAPABI IPIKTEVAE KOJLJAHBIJIATBIH TUIMAI MHTEJIVIEKT YAJIIbI
OJICTEP

Tyiiin

Byn 3eprreyme xkampmapasl ipikTe€y TpOlECiHAE KOJAAHBUIATHIH HMHTEIUIEKTYAIIbl  omicTep
KapacTeipbugsl. HR analytics yuniH kagpnapasiH )KyMBICH THIMIUTITIH OaKelian, opoip Kaap YIIiH KOJIalibl
JKYMBIC OPTaChIH OHBIH KaOljeTTepiHe OaliIaHbICThI KAJIBINTACTHIPY JKOHE KAKETTI Iapajiap KoJAaHy/a JYPhIC
memiM Kaopuimay Oomeim TaObuTansl. HakThIpak aWTKaHAa, KaApiIapMEeH KYMBIC OapbhICHIH/IA MAaIlHHAIBIK
okbITynarsl Random Forest Moneni MeH epexenepre HeTi3AelAreH SKCIEPTTIK KyiHe apachlHIarbl THIMIILTIK
CaJBICTBIPBUIIBL. 3epTTeye JiayasbiM aeHreii, Hard skills, Soft skills sxoHe mCUXoMeTpHSIIBIK KOPCETKIIITEP
CUSIKTHI TOPT HETI3T1 mapaMeTp HeTi3iHIe KBI3METKEpAiH XKYMBIC THIMIUTITT OommkaHmbl. Jlepekrep >KUBIHBI
Herizinge Random Forest Momeni OKBITBUTBII, aj AKCHEPTTIK KYHE epPeKeNiK alrOPUTMIe CYHEHE OTBHIPHII
Kypacteipbuiabl. Exi omicti canbicTeipy Google Colab oprackinma, python Tini HerisiHae >Kacabl.
Hormxkecinae, MalInHANBIK OKBITY 9JIiC1 dKOFapBI JJTIK KOPCETTI, aJl SKCIEePTTIK KYyie TYCIHAIpUIeTIHAIriMeH
€peKIIeTeH/I.

Kinrrik ce3aep: kaapnapipl ipikrey, HHTEIUIEKTYanabl xykenep, Random Forest, skcneprrik xyiie,
MarmuHaJIbIK OKeITY, HR analytics, mcuxomerpust.

Kipicne. 3amanayn eHOex HapbIFbIHIA KaapiaapAbl THIMJL 1pIKTe€Y YHBIMHBIH CTPATETUsIIBIK
apTHIKIIBUIBIKTAPBIHBIH Oipi Oombin TaObuiaabl. Ocipece IT, KapKbl, @HEPKACIN CHUSIKTHI JKOFapbl
JMHAMUKAJbI cajanap/a KbI3MEeTKepIep/IiH KociOu jKoHe TYJIFaIbIK KaCHEeTTEepiH OObEKTUBTI Oaranay
MiHJeTI OapraH cailblH KypaeneHe Tycyae. Ocwiran Oaimanbictel HR-ananutuka xoHe
MHTEJUIEKTYas /bl aKIapaTThIK XKyieslep KeHIHeH KoJIJJaHbu1a 6acTaibl.

JocTyp:ni capantamansiK Oarayiay KeOiHe CyOBEKTHUBTI CHIAaTKa ue 00yica, MalIMHAJIBIK OKBITY
QITOPUTMAEP] YIKEH KeJeMIET1 AepeKTep/ll CTaTUCTHKAIBIK OHACY apKbUIbl KaJAp THIMIUIITIH A1
Oomkayra MYMKIHIIK Oepemi. JlereHMeH, KOMMaHUsIap YIIIH TEK aHBIK HOTHXKE ally FaHa eMmec,
COHBIMEH Oipre IIEMIIMHIH TYCIHIIPUIETIHAIr A€ MaHbI3ibl. COHIOBIKTaH OYJ1 *KYMBICTa €Ki TypJii
MHTEJUIeKTYyal el Tocl — Random Forest (MammHanbIk OKbITY) skoHE rule-based skcmepTTik Kyiie
CaJIBICTBIPBLIBIN 3epTTenai[1].

MarepuaJjiap MeH dicrep

Teopusiibik Tajagay. Kazipri eHOek HapbIFbIHIA KaJpiapAbl ipikTey mporeci OapraH caiblH
KYpJieJeHin keneni, ceded1 yiibiMaap 6acekere KaOieTTUTIKTI apTThIPY YIIIH TEK KOCi0M Ky3bIpeTTepi
KOFapbl eMec, COHbIMEH KaTap YHWbIM MOJCHUETIHE COHKec KeNeTiH KbI3METKepliepIi TaHJayFra
myanem. OcblFaH OaillaHBICTBI MHTEIUIEKTYaJIbl QJICTepre HETri3/IeNIreH aBTOMAaTTaHIbIPbUIFaH
menriM  Kabpuigay okyienepi HR-aHanmuTHka canachlHBIH MaHBI3IBl KypaMJachblHa aiHaJIbI.
Tannmayra anelHFaH MaKaiaa €Ki TypJl HHTEIUIEKTyan bl Tocia — Random Forest MammHambIK OKBITY
MOJIeNIi MEH epexeJepre HEeTi3AeNreH HKCHEpTTIK JKyille — KaapiaapAbl IpikTeylde KOJAaHBLIY
KOHTEKCTIHJIE CAJBICTBIPBUIBIN 3epTTeNTeH. byl omicTepmiH KONIaHBUTYBI KaIpiapabl OaraiayibH
OOBEKTUBTIIITH, O0JKaM CalachlH XoHE IIENIM KaObliiay THIMIUIITIH apTThIpyFa OarbITTalIFaH.

Random Forest mozmeni TeopwsuibIK TYPFBIAAH aHCAMONBIIK OKBITyFa HETI3JIENTeH, SFHU
KONTEreH TAyeJICi3 MICHIIM aFalTapbIHbIH HOTHXKEePiH O1piKTIpy apKbUIbI KaJIIbl O0JKaM sKacai ibl.
AHCaMOIBIIK TOCIT IEPEKTEPAIH SPTYPIIUIIri MeH OenTiCI3AIriH THIMAI eHAeyTe MYMKIHIIK Oeperi,
COHJBIKTAH MOJIENb/IIH JKaJmbuIay Kabineti sxorapsl Oonansl. Kaapmapae! ipikrey mpouecinae Oy
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onic nmayassiM neHreiti, Hard skills, Soft skills, mcuxomeTpusibIk KepceTKimTep CUAKTBI Kypemi
KeI(aKkTopibl MapaMeTpiiep apachIHAAFbl KACBIPBIH TOYCIIUTIKTEPAl aHBIKTAy/la €pPEeKIe THIMII.
Teopusutbik Typrbiia Random Forest apThIKIIBUIBIFBI — MOJENB/IH CTaTHCTUKANBIK TYPAKTBUIBIFBL,
KaTeJIIKKe TO3IMIILIIT, CBI3BIKTHIK eMec OaljlaHbICTap[bl aHBIKTAy KaOlJeTi >KOHE ipl JepeKTep
KUBIHBIH OHJIey/Ie JKOoFaphl eHiMautiri. CoHpIMEH Karap, Oy ofic overfitting Mocenecin mienryzie
THIMI, ce0eb1 opOip IIeIIiM aFaIbl JEPEKTEPIiH Ke3CHCOK TaHJalFaH OeJiriHAe OKbITHLIA/IbI .

DKCIEPTTIK JKyHe — KacaHabl MHTEIUICKTTIH KIIACCUKAIBIK OAFBITHI, OHBIH HET131H/E JOMECH]IIK
OLTIM, SIFHM MaMaHJIapAbIH TOXIpUOeCiHE CYHEHIeH HAKThI epeKesiep KUBIHTBIFBI JKaThlp. MyH/1aii
xkyiie "Erep—oHma" TpUHIMIIIMEH KYMBIC ICTEHII oHE OuriM 0a3ackl MEH JIOTHKAJIBIK
KOPBITBIH/IbIJIAY MEXaHU3MIH KoigaHasl. Kagpnapasl ipikTey canachlHaa SKCIEPTTIK XKyile AocTypii
TYpAC KaHAMIATTBIH canajapblH Oaramay ymiH HR-mamannapablH NpakTUKAIBIK —OUTIMIH
(bopmanuzanysiay apKbUIbl KOJAaHbLIa (bl TEOPUsIIBIK TYPFbIIAaH OYJ1 IICTIH 0ACThI apTHIKIIBIIBIFBI
— IIeNNMIEPIiH TOJBIK TYCIHAIPUICTIHAIrT OHE JIOTHKAJBIK AIIbIKTHIFBL. SIFHM maiinanaHymsl
KYHEHIH HaKTbhl KaHJal epekere CyMeHINl KOPBITBIH/ABI IIbIFapFaHblH Oakbulal, IIEHIIMHIH
IYPBICTHIFBIH Oarainaii anaael. COHBIMEH Karap, SKCIIEPTTIK JKYHe TYPaKTHI )KoHEe O0JKaMIbpl opTana
KOFapbl HOTIDKENEp KepceTell, cebebl on allKbIH aHBIKTAIFaH epexenep OOMbIHIIA MKYMBIC
icreimi[2].

Exi omic Te TeopusIBIK >KaFblHaH Oip-OipiH TOJBIKTHIpAThIH cumarka ue. Random Forest
MOJIeTIbi  JIGpeKTeplIeri Kyprendi OaiylaHbICTapAbl aBTOMATThI TYpPAE YWPEHEIl, COHJIBIKTaH
JMHAMUKAJIBIK OpTala, YJIKEH AEPEKTePMEH JKYMBIC ICTETeH[IC JKOHE alHbIMAaJbliap apachlHAArbl
KONeJIIeM/Ii 63apa dPEKETTECY MaHbI3/Abl OOIFaHma THIMII. AJI SKCTIEPTTIK )Kyie KypbUTbIMIAJIFaH
epexenepre HerizaeneTinaikTeH, HR Mamannaps! yuiH memnrivM KaOpuigay ITpOHEeCciHiH allbIKThIFBIH
KaMTaMachl3 eTelll KoHEe JOMEHIIK OuTiMIl >Kyieni KoilgaHyFa MYMKIiHZIIK Oepenmi. byn acipece
TaJanTapbl HAKTHl aHBIKTAJIFAH Jaya3bIMIapra KaHaAuaTTapabl Oaranayna naiiaansi[3].

TeopusuiblK Tannay TypFbIChIHaH KapacTelpraHaa, Random Forest meH skcnepTTik KyleHiH
TUIMJUTITIH CaJIBICTBIPY Kelleciiel KOpBIThIHAbIIapFa anbin kenenl. bipinmineH, Random Forest
BIKTUMAJIJIBIK CHIIATThI, CTAaTUCTUKAIBIK JOJAIr KOFapbl TACUI PETiHAE KYpJelsi TalchipManapia
OacbiMIbIKKa ue. by Monens necuxoMeTpusuiblK kepceTkimTep MeH soft skills cexinai cyObeKTHuBTI
bakTopiapabl caHABIK Typlae Oaramayra MyMKiHAIK Oepeni. Exinminen, skcmeptrik xyie HR
MPOIIECIHIE MaHBI3[Abl CaHAJNATBIH TYCIHIIPUICTIHAIKTI KamMTamachl3 €Tedl, Oyl ONUIETTUIIK IeH
AIIBIKTBIK TaJanTapbl Oap yHWbIMIap YIIiH €peKile MaHbI3/bl. YIIIHIIIEH, €Ki 9ICTi OlpikTipin
KOJIJIaHy TEOPUSUIBIK TYPFbIIAH THIMAI THOPHUATIK *Kyle KypyFa MyMKiHIK Oepeai: Random Forest
JIepeKTep/l Tajjam, BIKTUMANJbBIK OarachlH Oepenl, ajl AKCHEpTTIK JXKyHhe coi Ooikamaap/sl
BaJIMIALIMsJIAY b JIOTUKAJIBIK CY3T1 PETIHJIE KbI3MET aTKapabi[4].

Ocbutaiiiia, Kaapnapibel ipikTeyae HHTEUIEKTyalasl oaictepal KonaaHny HR-anamutuka
CaJIaCBIHBIH JIaMy JIOTWKAChIHA TOJIBIK COMKEC KeJledl JKOHEe YHBIMIApABIH CTPATETHsUIBIK IIEeIIiM
KaObU11ay KabineTiH apTThipa Tyceni. Random Forest meH skcnepTTik KYyHeHi CalbICThIPy ONap.IbIH
OPKaNChICHI HAKTHI MIHACTTEpre OaIaHbICTBI THIM/I1 O0TATHIHBIH KOPCETE 1, al Oipre KOIaHbIIFaH
XKaraaiaa Kaapiaapabl 0ObeKTHUBTI, 191 XKOHE TYCIHIKTI Oarajay MyMKIH/IT apTa TyCei.

Taxipubesik 0esiMm. 3epTTey YUIIH Kenecl mapaMeTpiepli KoJiJaHa OTBIPHII CallbICTBIPY
xkyprizemis. Kanauaar skeHinaeri keneci cunarramanap: Jlayaszeim nexreiii (Junior, Middle, Senior),
hard skills (Texauxanbix xkabinerrep), soft skills (TyIFanblk *koHe KOMMYHUKALUSIBIK KaOlIeTTep),
NICUXOMETPHUSUIBIK KepceTkimrep, xkyMbic Tuimainiri (0-100 apansirsl). Byn TepT kepcerkim
HET131H/1€ KI3METKEP/IIH THIMIUIITIH Oaranay MIHACTI KOMBUIIEI. MalmmHaIbIK OKBITYIa aKIapaTieH
KYMBIC iCTey YIIiH jka30a TypiHIeri MAJIiMeTTep HOpMaJUIM3alMsIaHFaH OonaThiH. MallnHaIbIK
OKBITYZa jka30a TYpiHIE axKmaparThl alTOPUTMIED OHJACH alMaiabl, COHJIBIKTaH Jiaya3bIM
HOopMananFraH coH Junior, Middle, Senior MoHepi caHMEH cHUMAaTTaNTa/IbI.

Random Forest monmenin kongany. MamuHansik oKbITyna Random Forest perpeccust momeri
KOJIJAaHBUIJBI. AJITOPUTM/II TaHAayIbIH HEri3r1 ce0eli KerTereH OenrijiepMeH KaKkchl KYMBIC icTeiil,
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[IaMaJaH THIC YHPEHyTre TO3IMJl KOHE HOTIKEHI MHTepIpeTalusiiayra MyMKIiHIIK Oepetin feature
importance kepceTtkimii 6ap[5].

Hepekrepai annbid ana exaey. Canapik 6enrinepai Standard Scaler apKpUTbl HOpMaTH3AIHSIIAY
xyprizuini. Train/Test 6emy mnpomecci (80/20) mpomoprusickiHaa sxkacanabl. Random  Forest
Regression MoJieTiH OKBITHII, AJIBIHFAH MOJICNIB/ICH KelleCi KaTeliK KOPCETKIIITEPIH aHbIKTAIbIK:

DkcneptTik xkyhe — Rule-Based ofici. DkcnepTTik xKyiie Kaapiap calachlHIaFbl KIIACCUKAIBIK
epexenepre cyienai. Meicansl: Erep Hard skills > 85 sxone Soft skills > 80 onma THiMALTIK )KOFapHhI.
Erep ncuxometpust Tomen (<50) Gosica oHIa THIMILIIT OpTaiia HeMece TOMeH. Junior IeHreiinae
Hard skills > 70 6omnca onga ecy aneyeri )oraphbl.

DKCMEPTTIK Kyie OlipHeIIe apThIKIIBUIBIKKA Me - IICIIIM KaObUIay JOTHKACH! TOJBIK aIllbK,
HR-mamanzgap xyiiere oHail Ty3eTy €Hri3e aja/ibl )KoHE jKaHa KaFaaiaapra TYCIHIIPUIECTIH HOTHXKE
Oepeni. JlereHMeH, SKCIIEPTTIK KYie Kypaesi YAruIepAl )KaKchl JKaJlbuIaid anmMansi[6].

JKanmel, MalMHAIBIK OKBITY KYPAETI YITUIEp/Ii )KaKChl TAHHUIBI, aJl SKCIIEPTTIK JKyie menrim i
TYCIHAIpY KaxkeT OonFana Koinanbuiazsl[7]. Temenneri 1 — cyperte ochl €Ki 9JICTIH CTPYKTYpabIK
alBIPMAITBUTBIFBIH KOPE aJIAMBI3.

Expert System (Rule-based) | ML: Random Forest
l I | 1
A A A
Epexenepal ajam aHbiKTaAgbl Kypaeninik — xofapsl llepek kaxeT — ken
v v v
Tycinpipinetinairi eTte wofapsbl ABTOMaTThl yiipeHy —— XacbipbH 3aHObUbiK Taby
v v
MacwtabTay KubiH e Yiipenbeiini Bonkam Aangiri wofapsl

Cyper 1. Rule-Based anici men Random Forest oniciHiH cTpyKTypanapsl

Hotnxkenep men Tankbliay. Random Forest moneninne MAE = 3,8, R? = 0,92. byn Mmonenbix
TUIMAUTIKTI ©Te 1)1 60JKail anaTelHBIH KepceTTi. A skeneptTik xkyile MAE = 4,1, R? = 0,89.

3epTTey HOTHKENepl €Kl KO3KapacThIH J1a ApTHIKIIBUIBIKTAphl Oap €KeHIH KOPCeTTi:

Random Forest HoTmkemnepi sKorapbl 111K KepceTTi. TepT mapameTpiiH apachiHaarbl Kypaei
e3apa OailIaHBICTHI aHBIKTA bl THIMIITIK AEHTeHiH HAKTHI OOKay MYMKIHIITT dKOFapHhI.

DKCIEePTTIK JKyle HOTHXKeNepl IIenliM KaObliaay JIOTUKAchl aHbIK opi aikbiH. Epexenep HR
MaMaHJapbIHbIH TOXipuOeciHe Herizaenred. Kypaeni emMec sxafnaiinapia HOTHXKeETEp TYPaKThI.

XKanner skcneprrik okyiheHiH (Rule-Based) wmammnbansik oxpiTynan (Random Forest)
epeKIIeNiKTepl MEH YKCACThIKTaphl TOMEHAET] 1 — KecTeie CalbICThIPBIN JKa3/bIK.

Kecte 1. MammHaJIbIK OKBITY MEH SKCHEPTTIK JKYHEHI CalbICThIPY

Kpurepnii Random Forest IKCIEePTTIK Kyie

Haxmul 0epexmepmen ocymoic | JKorapbl TMJIIK Oprama

JKannvinay xabinemi Kymri oIci3

Tycinoipineminoici Opramra OTe KoFapbl

Hxemoinix Jlepek oCKkeH calblH Epexenepai KoJIMeH jxaHapTy
JKaKcapabl KAXKET

HR-mamanza mycinikminiei Opraia OTe KaKChl
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Konoany canacot Ynken komnanwusiap, big data | [llareia yiteiMaap,
capanubuiap 6ap canauap

Ochl €Kl OICTIH OPTYPJIi MHAECKC MOHIHAC JKYMBIC THIMAUIIIH TOMEHJIET1 2 — CyperTeri
rpadukTe Kepe amambi3. by cyperTteH eki omic Oipmell HoTMxe Oepmece e, YKCAc TEHICHIIHSIFA
OarbpIHATBIHBIH KOPE ajaMbI3.

ML vs Expert System Efficiency Comparison

120 Random Forest
Expert System

110

100

O
o
T

80

Predicted Efficiency

70

60

50k i L i 1 i 1 1 i L
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Candidate Index

Cyper 2. MamuHamblK OKbITY MEH 9KCIEPTTIK JKYHEeHIH HHIEKCTEH TOYEI I )KYMBIC TUIMILTIK
rpacuri.

Exi onicti 1e malbI3abIK KO3(PPUIIMEHTIICH CUTIaTTaUThIH O0JICaK, ©T€ YKCAac MOH ajlaMbl3.

MamuHanslK OKbITY MOZAENI KYpIenipek >Karjainapaa THiMIl. DKCHEpTTIK XKyie TyCIHAIpy
YKOHE alKbIH JIOTHKa Ka)keT OoiFaHaa MaHbI3abl. Exi onicTi rudbpuari moaens petinae Oipiktipy HR
caJlachlH/a eTe naians! 60mysl MyMKiH: ML Heri3ri memiMai 6omkan 6epeni an Expert System oHbl
TEKCepe/Il xKoHE TYCIHAIpel.

KopsiThinabl. byn 3eprreyne kaapriapisl ipikTeyaeri WHTeIUIeKTya bl aiicrep — Random
Forest skoHe SKCHEPTTIK KyHe CaabICTHIPBUIABL. MaIIWHANBIK OKBITY HaKThl OoJDKaMzap jkacaynia
alTapipIKTai XKOFapbl THIMILTIK KOPCETTI, ajl SKCHEePTTIK )Kyile MemiMHIH TYCIHIIPUIETIH/IIT )KoHe
HR mamManjapra bIHFalIBUIBIFBIMEH €PEKIIEICHI].

3epTTey KOpCETKeH/eH NepeKTep KeJemi YIKEeH KoHe opTypii OonraH jkarmaiina Random
Forest anarypnbiM THimMal. TyciHOlpy, alblK JIOTUKa OHE JOMEHIIK OUlIM KaxkeT OoJiFaHna
HKCHEPTTIK JKyile OachIM >KoHE €Kl oicTi OipiKTipy Kaapiapiabl IpiKTEy[diH HHTEIJICKTyalabl
AKOXKYHECIH KYpyFa MyMKIHJIIK Oepei.

Erep kimmiripiM KoCimOphIH YILIiH HHTEUIEKTYaJI bl 9J1iC KaXKeT 60JIca HKCIEPTTIK KYHEeH1, YIKeH
YKOHE KOTT KOCIMTIK KOCIMOPBIH 00JIca MaIMHAIIBIK OKBITY/IBI KaJpiiapabl ipiKTeyae YChIHA aJlaMbl3.
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IOPEKTUBHBIE UHTEJIVIEKTYAJIBHBIE METO/bI, UCITIOJIB3YEMBIE ITPU
HOABOPE INEPCOHAJIA

AHHOTaU U

B aToM uccrenoBaHMM paccMaTpUBAIKMCH MHTEUIEKTYalIbHBIE METOMBI, UCHOJIB3YeMbIe B IMPOIECCE
orbopa mepconana. Jlns HR analytics BaxkHO KoHTposinpoBaTh 3((EKTHBHOCTH pPabOTHI IEpCcoHaa,
(hopmupoBaTh OIATONIPHUATHYIO PabOUyI0 Cpemy Ul KaKI0To Kajapa B 3aBUCUMOCTH OT €0 CIIOCOOHOCTEH U
MPUHUMATh TMPABUIBHBIC PEIICHHS B TPHHATHH HEOOXOAMMBIX Mep. B uacTHOCTH, B Xome paboTel ¢
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MepCOHANOM CpaBHUBajach 3(dexkTuBHOCTs Moaenn Random Forest B MammmHHOM OOyueHHH W DKCIIEPTHOM
CHCTEMBl, OCHOBAaHHOW Ha TIpaBWIaxXx. B wHcclieoBaHUM TPOTHO3UpOBaNach 3()(HEKTUBHOCTh PabOTHI
COTPYIHUKA Ha OCHOBE YEThIpEX OCHOBHBIX MapaMeTpOB, TAKMX Kak ypoBeHb nokHocTH, Hard skills, Soft
skills u ncuxomerpuueckue nokaszarenu. Ha ocHoBe Habopa maHHbIX ObUTa 00y4yeHa Moaesib Random Forest, a
SKCIIEPTHAs CUCTEMA MOCTPOSHA Ha OCHOBE alropuTMa npasui. CpaBHEHHE IBYX METOIOB OBLIO CHENIAHO B
cpene Google Colab Ha ocHOBe s3b1Ka python. B pe3ymbrare MeTon MammHHOTO OOYYEeHHUS TT0Ka3all BEICOKYIO
TOYHOCTb, @ SKCIIEPTHAS CUCTEMA OTIANYAIaCh HHTEPIPETUPYEMOCTEIO.

KuaioueBble cioBa: mogbop mepcoHana, HHTEIDIEKTyalbHbIe cucTembl, Random Forest, sxcrieptHas
cucreMa, MamrHHOE 00yueHue, HR analytics, mcuxomerpus.
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EFFECTIVE INTELLECTUAL METHODS USED IN PERSONNEL SELECTION

Abstract

In this study, intellectual methods used in the recruitment process were considered. For HR analytics,
the goal is to monitor the effectiveness of personnel work, form a favorable working environment for each
frame depending on its abilities and make the right decisions in taking the necessary measures. In particular,
in the process of working with personnel, the effectiveness of machine learning between the Random Forest
model and the rule-based expert system was compared. The study predicted employee performance based on
four key parameters such as position level, Hard skills, Soft skills, and psychometric indicators. Based on the
data set, the Random Forest model was trained, and the expert system was built based on the rule algorithm. A
comparison of the two methods was made in the Google Colab environment, based on the python language.
As a result, the machine learning method showed high accuracy, and the expert system was distinguished by
the fact that it was interpretable.

Keywords: recruitment, intelligent systems, Random Forest, expert system, machine learning, HR
analytics, psychometry.
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O EHKA BJIMSAHUA PEKUMHbBIX IIAPAMETPOB HA KAYECTBO BEH3UHA

AHHOTAUA

B cratbe MMpeaACTaBJICH KOMILIEKCHBIN IoAX0J K aHaJIn3y BJIIMAHUA TCXHOJIOTMYCCKUX IMapaMCTPOB Ha
KaQ4C€CTBCHHBIC XapaKTCPUCTUKHN OcH3H1HA C IMPUMCHCHUEM COBPEMCHHBLIX CTATUCTUYICCKUX U MAaTEMAaTUYCCKUX
MeTonoB. Ocoboe BHUMaHHUE YIEJICHO HOCTPOCHUIO IPOTHOCTUYECKONH MOZIEIHN OKTaHOBOI'O YUCIIa HA OCHOBE
TEMIICPATYPHOI'0 PpEKHMMa, OAaBJICHHA W COCTaBa YIJICBOAOPOAHOIO ChIPbA. HpOBe[IeHa MHOI'OYPOBHEBas1
06pa60TKa OKCIICPUMCHTAJIBHBIX OAaHHBIX, BKJIIOYarouias KOppCHHHI/IOHHLII\/'I aHaJin3, MCTOA IJIaBHBIX
komrtoHeHT (PCA), kmacrepu3anuio MeToAOM K-CpemHMX W MHOXKECTBEHHYIO PErpeccuio. YCTaHOBIECHBI
CTaTUCTUYECKH 3HAYMMBbIE 3aBUCUMOCTH MEXIy NapaMeTpaMH PEeKUMa U LIeJICBBIMU [T0Ka3aTeNsIMI KaueCcTBa
tormBa. [locTpoeHHast perpecCHOHHas MOJENb 00J1aJaeT BHICOKOH TOYHOCTBIO, YCTOHUMBOCTBIO M MPOIILIA
BepHUKAIIIO Ha He3aBUCUMOM BBIOOpKe. Takke peann3oBaHa BU3yaIu3allisi ToBepXHOCTeH oTkinka (RSM),
MO3BOJISAIONIAS ONPEAETUTh KPUTUIECKIE W ONTHMAIbHBIE 30HBI TEXHOJOrH4Yeckoro mnpouecca. [loayuennsie
PE3YIbTaTbl MNMPUMCEHUMBI JIA IMMPOMBINIJICHHOTO IIPOrHO3UPOBAHUS, III/I(prBI/ISaHI/II/I U BHCIAPCHUA B
OKCIICPTHBIC CUCTEMBI YIIPABJICHUA KaYC€CTBOM MOTOPHBLIX TOIUIMB B p€aJIbHOM BPEMCHU.

KiroueBsble ciioBa: OSH3MH, KOPPEISIINS, PETPECcCHsl, KIIaCTepH3allrsi, MOJIeIb, BBIOOPKa, TeMIeparypa,
JIaBJICHHE, ONITUMH3AIIHS, BEPHUPHUKAITUSL.

Beenenne

B ycnoBusix pacrtymed CroXHOCTH HedTenepepadbaThIBAIOIIMX IPOLECCOB M yCUJICHHUS
TpeOOBaHUN K DHKOJOTMYECKHMM U OSKCIUTyaTallMOHHBIM XapaKTepPUCTUKaM MOTOPHBIX TOILUIUB
BO3pacTaeT HeOOXOAMMOCTh B TOUHBIX M HaIEKHBIX METO/AaX OLIEHKU KadecTBa NpoayKIMu. OaHuM
U3 KJIIOYEBBIX IapaMEeTPOB, OINPEAEISIOUINX MOTPEOUTENbCKYI0 IIEHHOCTh O€H3MHA, SBISETCS
okraHoBoe uucio (OY), ¢dopmHupoBaHHE KOTOPOTO 3aBUCUT OT MHOXKECTBA B3aMMOCBSA3aHHBIX
(akTOpOB - KaK TEXHOJOTUYECKUX, TaK U ChIPbEBbIX. Kitaccuueckue moaxo/ibl K KOHTPOJIIO KauecTBa,
OCHOBaHHbIE Ha Ja0OpPAaTOPHBIX MCIBITAHUSAX, HE OOJIQJAIOT JIOCTATOYHON OMEepaTuBHOCTBIO U
MIPOrHOCTUYECKON crocoOHOCThIO [1]. B TO ke Bpems, COBpeMEHHbIE METOJIbl MaTeMaTUuyeCcKOro
MOJIEIMPOBAHMSI U MHTEIJIEKTYaJIbHOIO aHAJIN3a JaHHBIX OTKPBIBAIOT HOBBIE BO3MOXKHOCTH IS
00bEKTUBHOW U HEMPEPHIBHOM OLIEHKU CBOIMCTB TOIUIMBA.

Teopernyeckuit anaau3

Jlis  OOBEeKTUBHOTO aHaiM3a BIMSHUA TEPEMEHHBIX TEXHOJOTHYECKUX (aKTOpOB Ha
KaueCTBCHHbIE XapaKTEPUCTHUKU OeH3nHa ObUla MpOBEIeHAa MHOIOypOBHEBas CTaTUCTHYECKas
00palboTKa 3KCIIEPUMEHTANBHBIX PE3YyJIbTaToB. JlaHHBIM 3Tanm HMCCiaeI0BaHUS TO3BOJWI BBISIBUTH
CKPBITBIE 3aBUCHMOCTH, 000OLIUTH Pe3yNbTaThl JAOOPATOPHBIX M HAaTypHBIX HAOMIOACHUH, a TaKKe
MOJrOTOBUTH AIMIIMPUYECKYIO 0a3y /sl JajJbHEHIIero MaTeMaTH4ecKoro MoieIupoBaHus [2].

Ha nepBom aTane npumeHsuics KOppeIsSLUMOHHBINA aHAIN3, I03BOJIMBIINN YCTAHOBUTh CTENIEHb
JUHENHON CBSI3U MEX/ly HEe3aBHCHUMbBIMU MEPEMEHHBIMU (TeMIleparypa, JaBJlIeHHUe, COCTaB ChIpbs) U
LIEJIEBBIMU TIOKA3aTeNIIMU Ka4yecTBa, MPEKJE BCETO OKTAHOBBIM 4HcioM. Pacuér koadduuneHtoB
Koppensauuu 1no Meroxy IlupcoHa moka3zan BbICOKYIO MOJOKUTEIBHYIO CBSA3b MEX]Yy TEMIIepaTypoit
U OKTaHOBbIM uuciaoM (r = 0.84), 4To yKa3blBa€T HA KPUTUYECKYH0 3aBHUCHUMOCTb CTENEHU
apoMaTn3alyy yIIIEBOJOPOAOB OT TEMIIEPAaTypPHOro pexuma. BiausHue coctaBa ChIpbs BBIPAXECHO
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YMEPEHHO MOJOXKUTEIbHOU Koppensuueit (r = 0.67), Toraa Kak AaBJIEHUE MPOJIEMOHCTPUPOBAIIO
cAepKHBarollee JAeiicTBUe Ha (OPMHPOBAHHE BBICOKOOKTAHOBBIX KOMIIOHEHTOB, O Y&M
CBUJIETENIBCTBYET OTpUIIaTeIbHas Koppensus (r = - 0.45) (pucyHok 1).

1.00
TemnepaTypa, °C I
0.75
HNasneHune, MMa - 0.11 - 0.50
CocTaB culpbf, % HagTeHoB -0.25

OKTaHoBOE 4WCho

I0,00

TemnepaTypa, °C
Haenernune, MMNa
OKTaHoBOE YWUCNo

CocTaBg Cbipbf, % HaTeHOoB -

Pucynok 1. Koppensinmonnast MaTpuiia napameTpos

s 00001IeHNnsT BBICOKOPA3MEpPHBIX JAHHBIX W BBIABIECHUS Hauboiee HH(POPMATHUBHBIX
(akTOopOB ObLT UCIIOJIB30BAaH METO]I INIaBHBIX KOMIOHEHT (PCA) (pucyHok 2).

-2 -1 0 1 2 3
PC1

Pucynok 2. Pacnipenenenue HabmoaeHnii B pocTpaHCcTBe MaBHBIX KoMIOHEHT (PCA)

B xozne ananuza yanoch COKpaTuTh pa3MepHOCTh MPOCTPAHCTBA IIPU3HAKOB JI0 IByX OCHOBHBIX
KOMIIOHEHT, OOBSICHAIONIMX B COBOKYMHOCTH Ooinee 85% naucnepcuu MCXOAHBIX AaHHBIX. [lepBas
IJ1aBHasi KOMIIOHEHTa MPEUMYIIECTBEHHO (OPMUPYETCS] TEMIIEpaTypoil 1 XUMUYECKUM COCTaBOM
CBIPBbSl, B TO BpPEMs KaK BTOpas OTpa)ka€T BIUsAHUE AaBieHUs [3]. OTO NO3BOIWIO YNPOCTUTH
CTPYKTYPY HCXOJHBIX JAHHBIX, COXPaHUB IPHU ITOM CYIIECTBEHHBIE TEHJCHIMH, BIUSAIOIIME HA
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Ka4eCTBO KOHEYHOTO MPOJIYKTa.

Jlis CTPYKTypUpOBaHHS W BHU3yaJlM3allud MHOXKECTBa HaOmoneHuil Oblia peann3oBaHa
KJIaCTepu3anusi METoIoM K-CpeqHUX, HalleIeHHAs Ha TPYNIHPOBKY TOYEK MO CXOXKHM PEKUMHBIM
XapaKTEepPUCTUKAM U BBIXOAHBIM MOKa3aressM (puc. 3).

Pesynprarel aHanm3a nokasanu ycToiunBoe GOpMUPOBAaHUE TPEX KIIACTEPOB:

[lepBrIii KJIacTEp COOTBETCTBYET PEKMMaM C MOBBIIICHHON TeMIepaTypoil U MaKCUMaJIbHBIMU
3HAYEHUSMH OKTAaHOBOTO YHCIIA;

Bropoii - cOanaHCHUPOBaHHBIM peXUMaM C ONTUMAIbHBIMU BBIXOJAAMU U CTaOUIBLHOCTHIO
nporecca;

Tpetuii - pexxumam ¢ BHICOKUM JIaBJICHHUEM U CHUYKEHHBIM Ka4yeCTBOM MPOAYKIIHU.

Knactep
x 0

2 x 1

' ®x 2

PC1
Pucynok 3. Kinactepusarus s3kcriepuMeHTalIbHBIX TOUEK METO0M k-cpeaHux

3aBeplIaroIMii 3Tan aHajlM3a BKJIIOYal MOCTPOEHUE PErPECCUOHHOM MOJIETN MHOYKECTBEHHON
3aBUCHMOCTH, CBSI3BIBAIOIIEH OKTAaHOBOE WYHCJIO C KIIOUEBBIMM PEXHMHBIMU I1apaMETPaMHU.
[TomydyeHHOE ypaBHEHHE UMEET CIEAYIOLUIUI BU:

OY =0+ T+ PP + B3-S + &.

rae OY - oktaHoBOe 4nCiio; T — Temriepatypa; P — naBiienue; S - 0000IIEHHBIN HHIEKC COCTaBa
coIpbs; Po, P1, P2, B3 - sMmuprueckne KodhHUIIUEHTBI; € - CIyYaifHast COCTABIISIONIAS.

[locTpoeHHas Mojenb XapakTEepU3yeTCs BBICOKUM YPOBHEM TOYHOCTH: KoO3(dULIMEHT
nerepmuHanmu coctaBua R? = 0.91, uTo yKa3blBaeT Ha CHJIBHOE COOTBETCTBHE MEXKILY
HaOMIOAaeMBIMU M MOJETUPYEMbIMM 3HAYEHMSAMH. TeCcThl CTaTUCTHYECKOW 3HAYMMOCTHU
MOJITBEPK/TAIOT YCTOWYMBOCTh MOJIENH: BCe KOA(M(OUIIMEHTHI MPHU3HAHBI 3HAYMMBIMHA TIPU YPOBHE
nosepus 95%, a aHamM3 OCTAaTKOB IOKa3ajdl MX HOPMajJbHOE paclpelelieHHe U OTCYTCTBHE
MYJIBTHKOJUTHHEAPHOCTH.

Bepuduxanus Monenu Ha He3aBUCUMOM BHIOOpPKE TaHHBIX MTOKa3ajia BEICOKYIO aJleKBaTHOCTD —
CpeTHEKBaPaTHYHOE OTKIOHEHHE MEXIy PACCUYMTAHHBIMH M IKCIIEPHUMEHTAIFHBIMU 3HAYCHUSMHU
OKTaHOBOTO YHMCJIa HE TpeBblmaer 2.1 eAWHUI], YTO MOATBEP)KIAeT MPUMEHHMOCTb MOJENU IS
WH)XEHEPHOTO TIPOTHO3MPOBAHUS M BCTPAWBAHHUSI B OKCIIEPTHBIE CUCTEMBI.

C nmomorpto Metona noBepxHocter otkimka (Response Surface Methodology, RSM) 6bu1n
IIOCTPOEHBI TpaUKU IOBEIEHHS CHUCTEMBl, OIMH M3 KOTOpBIX NpEACTaBlIeH Huke. Takue
BU3YaJM3aI[MM TI0O3BOJIIOT ONPENEIUTh ONTUMAIbHbIE 30HBI (YHKIMOHHPOBAHHS MPOLIECCOB U
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KpUTHUYECKUE OOJIaCTH C PUCKOM yXyAlleHUs kadectBa. Ha rpaduke (puc. 4) mpeacramieHa
MMOBEPXHOCTh OTKJIMKA OKTAHOBOTO YHCJIa B 3aBUCHMOCTH OT TEMIIEpPaTyphl U IaBiIeHUs. BuaHo, 4T0
MaKCHUMaJIbHbI€ 3HAYEHUSI OKTAHOBOTO YHUCJa JIOCTUTaloTCA Npu Temmeparypax okoio 520°C u
MMOHMKCHHOM OTKJIOHEHWH JaBieHus oT 5 MIa, 4To yka3biBaeT Ha ONITUMAJIbHBIC YCIIOBHSI TIpoIiecca.

OKTaHoBoe Yyucno
¢}
~

P HCYHOK 4, HOBerHOCTb OTKJIMKAa OKTaHOBOT'O YHUCJIa B 3aBUCUMOCTH OT TCMIICPATYPhI U
JaBJICHHUA

Takum oOpa3oM, pe3ysbTaThl CTATUCTUUYECKONW OOpaOOTKU MO3BOJISIOT C BBHICOKOM CTEMEHBIO
JIOCTOBEPHOCTH yTBEPKAATh, UTO TEMIIEPATYPA, JABJICHUE U COCTAB ChIPbs OKA3bIBAIOT KOMIIJIEKCHOE
1 B3aMMOCBSI3aHHOE BIIMSIHME HA Ka4eCTBO OCH3MHA.

Ha ocHOBaHMM [aHHOrO aHanIM3a, a TaKXe pe3yJbTaTOB, MOJYYEHHBIX C IPUMEHEHUEM
MaTEeMaTHYeCKOro MOJIEIUPOBAaHUS U METOJa MoBepxHocTed oTkiauka (RSM), Obuin ycTaHOBIEHBI
palnMoHaNbHbIE JMANa30Hbl TEXHOJIOTMYECKUX IapaMeTpoB, OO0ECNEeYMBAIONIUX HaWIydllee
COOTHOIIEHHE MEX/1y KaUeCTBEHHBIMH XapaKTepUCTUKaMU O€H3MHA U PECYPCHBIMU OTpaHUYEHUSIMU
IIPOU3BOJCTBEHHOIO MIPOLIECCa.

B nepByro odepenb, TemmepaTypHBIH pEeXHM OKa3blBaeT KJIOYEBOE BIUSHUE Ha
TEPMOKATAIUTUYECKYI0  TpaHcopmaiuio  yriaeBofopoaoB.  I[IpoBeaéHHble — HMccieq0BaHUS
MOATBEPAWIIN, UTO frara3oH Temmepatyp ot 510 mo 530 °C siBiseTcst ONTUMAIBHBIM C TOUYKH 3PEHUS
JOCTHKEHUSI MaKCHMMaJbHOTO OKTAHOBOTO YHCJIAa TMPH COXPAHEHHWU JOCTATOYHOW TIIyOWHBI
nepepaborku [4]. Tlpu Temmeparypax Hmwke 510°C CyIIecTBEHHO 3aMEIISIOTCS PEaKIUU
M30MEpU3aIMH U apoMaTH3al1H, YTO MPUBOANT K YXYyIUICHUIO KauyecTBa NpOoAyKTa. B To ke Bpems
npesbiieHre BepxHero mnopora (cBbime 530 °C) compoBOXkIaeTcss POCTOM MOOOYHBIX PeaKIUH
KpEeKMHra M KOKCOOOpa30BaHHWS, YTO CHUXKAET BBIXOJ IIEJIEBOT0 KOMIIOHEHTAa W MPHUBOJIUT K
YCKOPEHHOM Jerpaalny Karanu3aropa. AHaJIOTHYHO, pabodee 1aBieHue B uHTepBaie 2.5+3.0 MIla
0Ka3ajJoCh ONTUMAJIbHBIM [0 COBOKYNMHOCTH (hakTopoB. B sToM amamasonHe obecrneuuBaeTcs
crabmibHas paboTa KaTaau3aTopa, COXpaHseTcs HeoOXoAuMas IUIOTHOCTh IapoBOil  (asbl,
YIIY4IIIAeTCs CEIEKTUBHOCTH NpeBpanieHnid. CHrkeHue napieHus Huxe 2.5 MIla BeneT k CHUKEHUIO
CTENEHN HACBIIICHUS pPEarupyrolx COeIWHEHUH W HeCcTaOMJIBbHOCTH (a30BOr0 COCTOSHHS, a
noBeiieHue Bbime 3.0 MIla cnocoOcTByeT YyCKOPEHHOMY CTapeHHUI0 aKTUBHOM MOBEPXHOCTHU
KaTaJan3aTopa U MOBBIIIEHHBIM 3aTpaTaM Ha KOMIPUMHUPOBAHUE, UTO JAETIAET IPOLECC IKOHOMUYECKU
HenenecooOpasHpiM. CyIIecTBEHHOE 3HAUYE€HHWE HMEET U COCTaB MCXOJIHOTO ChIPbsi, OCOOEHHO
MaccoBO€ COOTHOIICHHE YIJIEBOJOPOJHBIX TPYMHI. YCTAHOBJIEHO, YTO MPUCYTCTBHE HA(PTCHOB B
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Ko4yecTBe He MeHee 25% obecrneynBaeT JOCTAaTOUYHBIA YPOBEHb apOMAaTH3aIMU U YCTOWYHBOCTH K
KoJIe0aHHUAM TEXHOJIOIMYeCKHX mnapamerpoB. OHOBpEeMEHHO, no0aBieHue 10 15% unzonapaduHoB
COcOOCTBYeT (DOPMUPOBAHHIO BBHICOKOOKTAHOBBIX HM30MEPOB B XOJ€ PEAKIHMH H30MEpH3alvu.
[IpeBbllieHHE ATUX MPEAETIOB OKa3blBa€T HEraTUBHOE BIMSHHE: M30BITOK HA(QTEHOB IOBBILIAET
CKJIOHHOCTH K 3aKOKCOBBIBAHHIO, @ U30BITOUHOE CO/IEpPIKaHNE N30Mapa(pUHOB CHIDKACT TEPMHUECKYIO
YCTOHYUBOCTB M YXY/AIIACT KOJIOTMICCKHE XapaKTePUCTUKH MPOayKTa [5].

OnpenenéHuble MpeneiabHble 3HAaUEHUs NapaMeTpoB (Temreparypa Bbiue 540 °C, naBieHue
ceeie 3.5 MlIla, conepxanue uzonapapunon Oosee 20%) xapakTepu3yrTCsl SKCIOHEHIIUAIBHBIM
pOCTOM pPHUCKOB — OT CHI)KEHHS OKTaHOBOTO 4MCa JO0 IIEpepacxojia 3HEPropecypcoB. OTH
KPUTHYECKHE 30HbI ObLTH YETKO 0003HAYEHBI ITPU OCTPOCHUH TPEXMEPHBIX IOBEPXHOCTEH OTKIINKA
W MOJITBEPK/ICHBI pe3yJibTaTaMu Bepudukaimu moxaenu [6,7].

3akiroyenue

[IpoBenéHHBIE MHOTOYPOBHEBBIM CTAaTUCTHYECKUH aHAIM3 IO3BOJMI  CPOPMUPOBATH
LIEJIOCTHOE NPEACTABICHUE O BIUSHUM TEXHOJOTMYECKUX (DAaKTOPOB HA KauecTBO OCH3MHA.
YCcTaHOBJEHO, YTO TeMIlepaTypa IMepepadOTKH OKa3blBaeT HauOoJblliee BIMSHUE Ha OKTAaHOBOE
YHCII0, JEMOHCTPHUPYSI CUIIbHYIO OJIOKUTEIBHYIO KOPPEIALNI0. XUMUYECKUI COCTAB ChIPbs UIPAeT
Ba)XKHYI0, HO MEHEE BBIPAXKEHHYIO POJIb, TOT/Ia KaK H30BITOYHOE /IaBJICHNE OKa3bIBACT CACPIKUBAIOIICE
BO3/ICHCTBHE Ha OOpa30BaHME BBHICOKOOKTAHOBBIX KOMIIOHEHTOB. MeETOJ IVIaBHBIX KOMIIOHEHT
M03BOIHI A(P(PEKTHBHO COKPATHTH Pa3MEPHOCTh MPU3HAKOBOTO MPOCTPAHCTBA, COXPAHHUB MIPU 3TOM
HauOosee 3HauuMble 3aBUCUMOCTH. Kiactepusanusi BbISIBHJIA YCTOWYMBBIE PEKUMHBIE 30HBI C
pa3nmuyHbIM  ypoBHeM 3(ddektuBHOCTH. Takum 00pa3oM, NOIXy4eHHBIE pe3ylbTaTbl 00JIadaroT
BBICOKOHM NMPaKTHUYECKON 3HAYMMOCTBIO Ul He(TenepepadaTbIBaOIUX IPeANPUITUH, TO3BOJISS He
TOJIBKO OLIEHUBAaTh Kau€CTBO IIPOAYKTA B PEKUME PEATIbHOIO BPEMEHH, HO U YIIPABIIATh IIapaMeTPaMHU
rpolecca Ha OCHOBE 000CHOBAHHBIX MTPOrHO30B. [locTpoeHHas MoJieNlb MOXKET ObITh MHTETPUPOBAHA
B UHTEJUIEKTyaJbHbIE CHCTEMBbl aBTOMATH3allMM W LUGPOBbIE JABOMHUKM TEXHOJOTHYECKHX
YCTaHOBOK, CITOCOOCTBYS MOBBILIEHUIO 3PPEKTUBHOCTH U BOCIIPOU3BOJUMOCTH Ka4eCTBA TOIINBA B
YCIIOBUSAX MU3MEHSIOLIETOCS ChIPHEBOI0 U AKCILTYaTallMOHHOTO (hOHA.
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PEKUM TAPAMETPJIEPIHIH BEH3UH CAITACBIHA 9CEPIH BAT'AJIAY

Tyiiin

Makainaia OeH3MHHIH camnajiblK cularTaMaiapblHa TEXHOJIOTHSUIBIK TTapaMeTpiiep/iiH ocepiH 3aMaHayn
CTaTUCTUKAIBIK >KOHE MaTeMaTHKaJbIK OAICTepAl KOJNAaHA OTBIPHIN KEeIIEHAI TYpAe Tangay YCHIHBUIFaH.
TeMneparypaJiblK pexXxuM, KbICBIM ’KHE KOMIPCYTEKTI IIMKI3aTThIH KypaMbl HET131H/1e OKTaH CaHbIHBIH 00JDKay
MOJICJIIH KypyFa €peKIle Hazap aydapbUiibl. DKCIIEPUMEHTTIK JEePEKTepre KOIICHIeWIl oHaey >KYypri3iiiui,
OFaH KOPPEJBIUIIBIK Tanjay, 6ac kommoHeHTTep afici (PCA), k-opranbikrapMeH KiacTepiiey jkoHe KONTiK
perpeccusi Kipai. Pexxum mnapamerpriepi MEH OTBIH CallachIHBIH MAaKCaTThl KOPCETKIIITepi apachIHAarbl
CTaTHUCTUKAIBIK MaHBI3Ibl TOYEJIUTIKTEp aHBIKTabl. KypbuFan perpeccusuiblk MOCb KOFaphl TONIIKKE,
TYPaKTBUIBIKKA K€ JKOHE TOyelci3 JepeKTep JKUBIHTBIFbIHAA BanuaauusyiaH otTi. CoHBIMEH Karap,
TEXHOJIOTUSUIBIK MPOLECTIH CHIHAAPIBI KOHE OHTAWIbl aiiMaKTapblH aHBIKTayFa MYMKIHAIK OepeTiH Kayall
Oerin Bm3yammzaumsuiay (RSM) kysere acelppuigbl. AJBIHFAH HOTIDKENIED OHEPKACINTIK Oorpkay,
IUQPIaHABIPY >KOHE >KaHapMal camachlH HAKThl YaKbIT pPEKHMiHAE Oackapyra apHajFraH 3KCIEPTTiK
XKyHenepre eHrizy yUIiH KOJIaHbLIa bl

KinrTik ce3aep: OeH3MH, KOppEALUs, perpeccusi, KiacTtepiey, MOIelb, YT, TeMIeparypa, KbIChIM,
OHTaNJIaHJIbIPY, TEKCEPY.
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ASSESSMENT OF THE EFFECT OF OPERATING PARAMETERS ON GASOLINE
QUALITY

Abstract

The article presents a comprehensive approach to analyzing the influence of technological parameters
on the quality characteristics of gasoline using modern statistical and mathematical methods. Special attention
is given to constructing a predictive model of the octane number based on temperature regime, pressure, and
the composition of hydrocarbon feedstock. A multi-level processing of experimental data was carried out,
including correlation analysis, principal component analysis (PCA), k-means clustering, and multiple
regression. Statistically significant dependencies between process parameters and target quality indicators of
the fuel were established. The developed regression model demonstrates high accuracy, robustness, and was
validated on an independent dataset. Additionally, response surface visualization (RSM) was implemented,
enabling the identification of critical and optimal zones of the technological process. The obtained results are
applicable for industrial forecasting, digitalization, and implementation in expert systems for real-time fuel
quality control.

Keywords: gasoline, correlation, regression, clustering, model, sampling, temperature, pressure,
optimization, verification.
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PA3PABOTKA HH®OPMAIIMOHHOMN CUCTEMBI IS TOPOJICKOT'O TAKCH HA
OCHOBE FASTAPI

AHHOTAUA

B crarpe paccmarpuBaeTcs pa3paboTka HHPOPMAIMOHHON CHCTEMBI TOPOJCKOTO TaKCH M PE3YIBTAThI
IKCIEPUMEHTAILHON MPOBEPKU €€ OCHOBHBIX (D)YHKIIMOHAJIBHBIX BO3MOKHOCTEH. CUCTeMa pean3oBaHa C
ucnionb3oBanreM FastAPI u PostgreSQL, 4To mMO3BONHIO aBTOMATHU3UPOBATh KIIOYEBBIC TPOIECCHI:
pEeTHCTpalyio TONb30BaTeNell, Co3aHre 3aKa30B, Ha3HAYCHHWE BONUTENICH W 00pabOTKY TeOlIOKAIIMOHHBIX
JaHHBIX B p€aJlbHOM BPEMCHU. I[J'Iﬂ OImpeaAcJICHUA 6JIH)K3ﬁHICI“ 0 BOOUTCIIA NMPUMEHACTCA METO/] BbIUMUCICHHUA
re0/Ie3MUECKOTO PACCTOSIHUS, O0CCIICUMBAIOIINM JTOCTATOYHYIO TOYHOCTH MPHU TOPOJCKUX MEPEMEIICHUSIX.
MexaHu3Mm ympaBlIeHHs] CTarTycaMH BOTUTENEH MPOAEMOHCTPUPOBAT YCTOMYHUBOCTh W KOPPEKTHOCTH
MEPEXOI0OB MEXAY COCTOSHHSMH B XOI€ OKCIEPUMEHTOB. IlomydeHHBIE pe3yabTaThl TONTBEPIUIH
3¢ (EeKTUBHOCTh MPEAJIOKCHHOW apXUTEKTYpPhl M IOKa3adu €€ MOTCHIMAN s JaJbHEHINEro pa3BUTHSA,
BKJIFOYAsl paciipeHue (yHKIMOHANIA, WHTETPAIMIO aHAINTHIECKHX MOIYIEH W WCIOIh30BaHHE METOIOB
ONTUMHU3aIMU  MapuipyToB. [lperncraBieHHass cucTeMa MOXET CIY)KUTh OCHOBOM IS TIOCTPOSHUS
MOTHO(PYHKIMOHATBHBIX CEPBUCOB TOPOACKOTO TAKCH.

KuaioueBsle ciioBa: nHOOpMAIMOHHAS CHCTEMA, TOpoJickoe TakcH, FastAPL, reonokarnus, PostgreSQL,
ONITUMHM3AIIUS pactpeiesieHus, IU(QPOBbIe CEPBUCHL.

Beenenune

B ycnoBusix nudpoBuzanuu ropoJICKUX TPAaHCHOPTHBIX CHCTEM BO3pacTaeT MOTPEOHOCTh B
IPOrpaMMHBIX IUIaTGOpMax, 0OeCleunBarouX ONepaTHBHOE HAa3HAYEHUE BOAWTENEH, CHUKEHHE
BPEMEHHM OKUJAHUS MacCaXUPOB M ONTHUMU3ALMIO JIOTUCTHUECKUX MporeccoB. CepBUCHI TaKCH
SBIISIOTCS OJTHUM U3 HanOosee BOCTpeOOBaHHBIX BUIOB MHTEIIEKTYallbHBIX TPAHCIIOPTHBIX CHCTEM,
B KOTOPBIX KIJIIOYEBYIO pOJIb HUIPAaeT KOPPEKTHas o00pabdOTKa TIeO0JOKAalMOHHBIX JaHHBIX U
3 peKTUBHOE paclpeielleHne TPAaHCTIOPTHBIX PECYPCOB.

CoBpeMeHHbIE HCCIeI0OBaHMs MOKa3bIBAIOT, YTO 3aJayd BbIOOpA ONTHUMAIbHOIO BOAMTEIS,
(dbopMupOBaHUs MapIIPYTOB U MHHUMH3AIIUN BPEMEHHBIX 3aTpaT OTHOCATCS K Kiaccy NP-TpymaHbIx
npobseM, TpeOyromux pa3paboTKu MNPUOIMKEHHBIX alrOPUTMOB M aJalTUBHBIX apXUTEKTYD.
HecMoTps Ha 3HaUMTENHbHOE BHUMAHHUE K ONTHUMH3AI[MOHHBIM METO/IaM, MPAKTUYECKas peann3alius
MPUKIAAHBIX  HWH(QOPMAIIMOHHBIX  CHCTEM, WHTETPUPYIONIMX OSTH METOIbl B  pEalbHYIO
UHPPACTPYKTYPY, OCBEILIEHa OTPAaHUYEHHO.

[lenpto maHHOW pabOTHI SBISIETCS pa3padOTKa aKaJeMUYECKH OOOCHOBAHHOTO IMPOTOTHUIIA
MH(POPMALIMOHHOM CHCTEMBI TOPOJICKOTO TAaKCH, BKJIIOYAIOIIET0 apXHUTEKTYpy, aJTOPUTMBI,
IKCIEPUMEHTAJIBHYIO MPOBEPKY M 0030p MPUMEHSIEMbIX UCCIIE0BATEIbCKUX MTOIX0/I0B.

MarepuaJbl 1 METOABI

Teopernyeckuii anaamus

HccnenoBanus B 00J1aCTH UHTEIEKTYAIBHBIX TPAHCTIOPTHBIX CUCTEM OXBATBHIBAIOT IMIMPOKUH
CHEeKTp 3aJad — OT ONTHMHU3ALMU MapuIpyTOB O MOJAEIUPOBAaHUS JHWHAMUKHU CIpoca U
pacripesielieHusi  TPAaHCHOPTHBIX cpeacTB. CylecTBeHHBIM BKJIAJ B pa3BUTHE Mojeiel
KOJUIEKTUBHOT'O MCIIOJIb30BaHMsI TaKCH BHECEH B pabote Y. Cao, rae nmpeanokeHa ONTUMH3AI[MOHHAs
MoJieNIb MapipyTu3anuu A ride-hailing ¢ yd4érom kak HHTEPECOB CUCTEMBI, TaK U CIPABEAIHMBOIO
pacmpeneneHusl BbIFOA MeEXIy ydacTHUKaMu [l1]. Mogens paccmaTpuBaeT OTpaHUYEHUS MO
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BMECTUMOCTH, BPEMCHHBIM OKHAaM U BBITOJIC BOAMTENCH M TMACCAXUPOB, a PEUICHHE 3aJadu
OCYIIECTBIISIETCS C IOMOIIBI0 TEHETUYECKOT0 aJlTOPUTMA.

JpyruM HampaBlIeHUEM SBISIETCS YYET COLUAIBHBIX (PAKTOPOB M CTPYKTYPHI MapHIpyTa MpH
dopmupoBanuu coBnagenuii. B padore O. F. Aydin npemioxen anroput™ ride-sharing, koropsiit
HCIOJIb3YeT pa3OreHne MapiipyTa Ha CETMEHTHI H BBOJUT TIOKA3aTellb COIMATBLHOM COBMECTHMOCTH
Y4aCTHUKOB (I10J1, BO3PACT, POJI 3aHATHIA, TOTOBHOCTh K COBMECTHBIM Noe3kam) [2]. [lokazano, uyto
WCIOJIb30BaHNE Pa30MEHHSI MapIIPYTOB U COIMMAIBHBIX IMApaMETPOB IMO3BOJISICT YBEIUYUTHh YHUCIIO
COBNAJICHUH TIpH e(PUITUTE BOIUTEIIECH.

C TOUKHM 3peHHs aJTOPUTMHYECKOW CIIOKHOCTH MpoOiieMa pachpenesieHus] MOe3/I0K
dbopManuzyercs kak KOMOMHATOpHAs ONTUMU3alMOHHas 3a1a4a. X. Bei u S. Zhang paccmaTtpuaroT
MOCTaHOBKY trip—vehicle assignment 1 mOKa3bIBAIOT, 4TO 334a4a siBisgercss NP-TpynHoi, mpemiaras
NPUOMIKEHHBIA aTOPUTM C TEOPETHYECKOW OICHKOH 2,5 M 3MIUPUYECKHM MPHOIMKEHUEM
nopsaaka 1,1-1,2 Ha cuHTeTMyeckuX NaHHBIX [3]. OTH pe3yibTaTbl NOJATBEP)KIAIOT, YTO JAXKe
OTHOCHUTENILHO TPOCTbIE CTpAaTEerM BbIOOpa OIKaWIero BOAMTENS MOTYT 0OO0JalaTh BBICOKOU
npakTudeckoi 3¢pekTuBHOCTHIO.

ApPXUTEKTYpHbIE W OPraHU3allMOHHBIE AaCMEKThl CHUCTEM TaKCHU MCCIEAYIOTCS B paMKax
MYJIbTUAreHTHBIX Mojeiiell. B pabore A. Alshamsi ropojckas TeppuTOopus paccCMaTpUBaETCsl Kak
MHOKECTBO B3aUMOJICHCTBYIOLINX areHTOB, MPEICTABISIIOIINX PAOHBI, KOTOPHIE CAMOCTOSTEIBHO
nepepacnpenensorT cBoboanple aBToMoOwmH. [lokazaHo, YTO CaMOOPraHU3YIOMIASCS CHUCTEMa
MO3BOJISIET CHU3UThH CPEAHEE BpeMsl OKHUIAHUS MMACCAKHUPOB MO CPABHEHUIO C TPAAULIMOHHBIMU
CTaTUYECKUMH cXemaMmu [4].

DKOHOMHYECKHE O0COOCHHOCTH cepBHCOB TakcH U ride-hailing moapobHo aHanmm3upyrores J.
Angrist, KOTOpbIE CpPaBHUBAIOT KOMHCCHOHHYIO MOJENb BO3HarpakiaeHus Boguteneid B Uber c
KJIACCUUECKOW apeHJAHOM CXeMOW TpaJuIMOHHOTO TakcH [5]. ABTOpPBI TOKa3bIBAIOT, YTO
MPOIOPILIMOHANIbHAS KOMUCCHUS U OTCYTCTBUE (DMKCUPOBAHHOW apeH]Ibl AeTatoT padoTy B udpoBoi
atopme Ooliee MPUBJICKATEIBHON IS BOIUTENECH ¢ HU3KOW M CpeAHEW 3arpy3Koil, 4TO Ba)XKHO
YUUTHIBATh MPU MPOSKTUPOBAHUU HOBBIX CUCTEM.

ToyHOCTH pPabOTHI ANTOPUTMOB paCHpECIICHUss BO MHOTOM 3aBHCHT OT KOPPEKTHOCTH
reoJOKAIIMOHHBIX JaHHbIX. B wuccrnenoBanusx mo I[P-reomokamuum M camMOHACTpaWBaIOIIUMCS
MOJICTISIM TTO3UIIMOHUPOBAHUS MTOKA3bIBACTCS, YTO KOPPEKTUPOBKA KOOPIMHAT U HCIIOJIb30BAHUE
THOPUAHBIX METOJOB TMO3BOJSET TMOBBICUTH TOYHOCTH OMPECIICHUS MECTOMONOXKEHHUS U, Kak
CJIEJICTBHE, YIYUYIIUTh KayeCTBO MapUIPyTH3allMd U pacuéra paccTossHuM [6]. DTO 0COOEHHO
aKTyallbHO JUISI CUCTEM, TJI€ PACCTOSHUE MEXAY BOJIUTENIEM M MAaCCaXUPOM SIBISETCS KIIIOUEBHIM
rapaMeTpoM MpH Ha3HAYCHUH.

Haxkowner, o6o0maroriye paboTel mo AuHaMu4deckomy ride-sharing u onTuMu3anum MappyToB
OTMEYAIOT, 4YTO ISl PEaTbHBIX TOPOJCKHUX CHUCTEM HEOOXOoAuM OalaHC MEXIY CIOXHOCTHIO
QITOPUTMOB U BO3MOXKHOCTBIO UX BHEIPEHUS B MPHUKIAIHBIC IPOrpaMMHBIe perieHus [7]. B atom
KOHTEKCTE pa3pabOoTKa JIETKUX M PACHIMPSEMbIX apXHUTEKTYp CEPBEPHOM YacTH, OCHOBAHHBIX Ha
coBpeMeHHBIX BeO-(peiimBopkax u CYB/I, mpeacrasnser co0oii BaKHOE HAIIpaBJIeHHUE, K KOTOPOMY
OTHOCHTCS U pa3zpabaThiBaeMas B JaHHOW CTaThe CHCTEMA.

Pa3pabotka wH(GOPMAIMOHHONW CHCTEMBI TOPOJCKOTO TaKCH OMUpAeTcs Ha COYeTaHUe
COBPEMEHHBIX BEO-TEXHOJIOTUH, METOJIOB OOpabOTKM TI'eOJIOKAIMOHHBIX JAHHBIX W aJIrOPUTMOB
pacmpesieieHns: TPAHCIIOPTHBIX PECcypcoB. APXHUTEKTypa CEpBHCAa BKIIOYAET CEPBEPHYIO YacCTh,
peanu3oBanHyto Ha FastAPI, pemsmumonnyro 6a3y manaeix PostgreSQL, a takxe nabop REST-
uHTepdeiicoB, 00eceYnBaIONINX B3aUMOJICHCTBUE MEXKAY KIUEHTCKUMHU  MPUIOKCHHUSIMH
BOAMTENCH W MmaccaxupoB. J[aHHBIM paslieN ONMUCHIBACT CTPYKTYPHYIO OPTaHU3aIUI0 CHCTEMBI U
METO/IbI, TPUMEHsIeMbIe TIpU 00paboTKe JaHHBIX.
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Apxumexmypa cucmembi

Cucrema mocTpoeHa o MPUHIMITY KIUEHT—CEPBEPHOro B3ammoieiicTBus. CepBepHas 4acTh
peanu3yeT (YHKIMOHAJIBHBIE MOJIYJHU: PETUCTPALMIO T0JIb30BATENCH, aBTOPHU3AIMIO, CO3JaHHE
3aKa30B, Ha3HAu€HUE BOJUTENICH, OOHOBIIEHHWE KOOPAMHAT, 3aBEpPIICHUE IOE30K M XpaHEHHUe
naHHbIX. JIoruka cucTemsl pasjeneHa CiIeayomuM 00pa3om:

1.
2.

w

o

~

10.

MonayJib noJib30BaTeJIeil.

OTBeuaer 3a co3/laHue U ayTeHTU(UKAIUIO IBYX KaTeTOPHil M0JIb30BaTeNeii — BOIUTENEH 1
naccaxkupoB. [laponau XpaHsTCs B X3IIMPOBAHHOM BUJE C HCIHOJIb30BAHUEM YCTOMYHUBOTO
KpUNTOrpadguueckoro airopuTMa berypt, 9To MOBHIIIAeT 0€30MACHOCTh YUETHBIX JaHHBIX.
MonayJab 3aKa30B.

OOecnieunBaeT co3/aHUE HOBOTO 3aKa3a, IPOBEPKY HAJIMYUS AKTUBHBIX IMOE3/I0K U
COXpaHEHHUE MMapaMeTPOB: KOOPIMHATHI OTIIPABIICHUS U HA3HAYCHHUS, BpPEMS CO3/IaHUs, CTAaTyC
00paboTKH M HICHTU(PUKATOP HA3HAYCHHOTO BOJIUTEISI.

Moayb 00padoTKH reoJIOKALUH.

JInsi BBIYMCIICHUS PACCTOSHUS MEXJY YYaCTHHKAMHU HCIIONB3YeTCS METOJ  geodesic
OubnaroTeku (EOpY, OCHOBAHHBIA Ha AIIUICOMAANBHON Monenu 3emnu. Takoil moaxon
o0ecrieynBaeT BBICOKYIO TOYHOCTH NPH pacy€re pacCTOSHWA Ha HEOONBIIUX U CPETHHX
ydacTKax IyTH, YTO COOTBETCTBYET TpPEOOBAHUSM CHUCTEM TakKcH. MeToabl KOPPEKIUU
TeOJIOKALMK U BaXKHOCTh TOYHOCTH KOOPJAUHAT 0OOCHOBAHKI B UCCIIEI0BaHUH [6].

MopayJib Ha3HAYeHHUS BOJAUTEJIA.

Peanmzanus onupaercs Ha BRIOOP BOAMUTENS C MUHHMAJIBHBIM PACCTOSHUEM O MAaCCaKUPA,
YTO COOTBETCTBYET MPUOIMKEHHOMY pelIeHHIO 3a1auu trip—vehicle assignment, onucanHon
B pabotax [ 1-3]. Takoii MeTo 06ecreynBaeT BHICOKYIO BHIYUCITUTENBbHYIO 3 PEKTUBHOCTD U
HA/IEKEH ISl CHCTEM C MAJIBIM U CPETHUM KOJIMYECTBOM BOJTUTEIEH.

MopayJib ynpaBJjieHHsl CTaTyCaMH.

Cucrema oTClIeKHMBaeT COCTOsHUSA BoauTesei: online, offline, free, busy. TTocne 3aBeprienus
MOE3JIKK CTAaTyC BOJUTENS] aBTOMATHYEeCKU MeHsieTcs: Ha free, uro mo3Bomser oOecneunTh
HENpephIBHOS OOHOBJICHUE TTyJIa JIOCTYITHBIX TPAHCIIOPTHBIX CPEJICTB.

Cmpykmypa b6a3vl OaHHbIX
ba3a qaHHBIX BKIFOUAET TPH OCHOBHBIE TAOJIUIIBL:

drivers — XpaHHT JaHHbBIC O BOJUTEISIX, BKIFOUAs X TEKYIEe MECTOOIOKEHHE U CTATyC;
passengers — coaep’UT UHPOPMAIIHIO O TacCa)KUpax;

orders — ¢ukcupyeT mapaMeTphl 3aKasza, BKJII0Yas KOOPAWHATHI, HA3HAYEHHOTO BOJMTEIS,
CTOMMOCTbH U BpPEMsI 3aBEPIICHUSI.

Cs3u MCKIAY Ta6J'II/II_IaMI/I pCaIn30BaHbl YCPE3 BHCUIHUEC KIIHOYN: OAWH IMACCAKUP MOKET CO31aBaThb
MHOXKECTBO 3aKa30B, OAWH BOJHUTCIb MOXCT BbIIIOJHATHE MHOXECTBO ITIOC€3J0K, HO TOJBKO
IIOCICI0BATCIBHO. Takas peIIOUOHHAA CTPYKTYpPaA TUIIMYHA IJI TPAHCIIOPTHBIX CUCTEM U ITO3BOJISACT
3(1)(1)6KTI/IBHO BBITIOJIHATH BI)I60pKI/I 10 aKTUBHBIM 3aKa3aM U COCTOSAHUAM YUACTHHUKOB.
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id 2 int id® int id® int
name varchar username varchar - passenger_id & int
email varchar password_hash varchar - = driver_id & int
password_hash varchar origin_lat float
lat float origin_Ing float
Ing float destination_lat float
status varchar destination_Ing float
online boolean price float

status varchar

created_at datetime

finished_at datetime

Pucynok 1 — ER-nmuarpamMma 6a3bl JaHHBIX CUCTEMBI TOPOJICKOTO TaKCH.

Mooenv nHaznauenus 6ooumens
3amaua Ha3HAYCHUS PElIaeTCsl HAa OCHOBE MUHUMH3AIUHN PACCTOSHUS MEXKAY MACCAKUPOM U KaXKIbIM
JOCTYITHBIM BoauTeneM. POPMAIBHO AJITOPUTM OIPEIEISACTCS BRIPAKECHUEM:

Assign( p) =arg dTDin I:)(dloc’ ploc)

free

r71€ Dfyee — MHOXKECTBO CBOOOJHBIX BOJHUTEINEH,
dioc — KOOPIUHATHI BOJMTETS,
Pioc— KOOPIMHATHI TTACCAXKUPA,
D(-) — paccrosinue, BeIUMCIIsAEMOE ¢ Mcmoab3oBanueM Google Distance Matrix API.
[TogoOHbIE MOAENIM MUHUMH3AIUMU OmucaHbl B pabotax [1], [3], a Takke HCHOIB3YIOTCS B
MHOTOAareHTHBIX Moaxofax [4]. B oTinuuue OT CIOXHBIX ONTUMH3AIMOHHBIX aJITOPUTMOB, JTaHHBIN
MeTOoJT 00J1a1aeT JTMHCHHON BBIYMCIUTEIHLHOW CIIOKHOCTBIO M TTO3BOJISICT HA3HAYUTH BOIMTENS B
peXHUMe peabHOTO BPEMEHH Jake IIPU 3HAYUTEIBHOM KOJIMYECTBE aKTUBHBIX MOJIb30BaTENEH.
Texnonoeuueckas niamegopma
Cucrema pa3padoraHa Ha OCHOBe CJIeAYIOIIHNX TEXHOJOTHH:

o FastAPl — acunxponHbii PpelMBOpPK, 00ECIIEUYNBAIOIINI BBHICOKYIO CKOPOCTh 00padOTKH

3aMpoCcOB U aBTOMATUYECKYIO TeHEPAINIO IOKYMEHTAIINH.
e PostgreSQL — pensmmonnas CYB/, obecrieunBaromnias TpaH3aKIIMOHHOCTD OTICPAITHH.

e SQLAIlchemy — ORM-cnoii, obecnieunBaromuii cBsA3b Mexay Python-kogom u 0a3oi
JTAHHBIX.

e (Qeopy — OubIMOTEKa Ui TOYHOTO BBIYUCICHHUS PACCTOSHUN MEKIY TeorpapuuecKuMU
TOYKaAMHU.

e Dbcrypt — kpunrorpapuueckas 6ubmuoTeKa s 6€30MaCHOTO XpaHEeH!sI apoJeH.
Bbi6op 3THX HHCTPYMEHTOB OOYCIOBIEH HX YCTOMYMBOCTBIO, OTKPBITOCTBIO U HIMPOKUM
IIPUMEHEHHEM B IIPOMBIIUIEHHON pa3paboTKe.
Pe3yabTaTsl 1 HX 00Cy:KIeHHE
DKcIeprMEeHTalIbHasE YacTh MCCIIEOBAHUS HAIpaBlieHa Ha MPOBEPKY KOPPEKTHOCTH PabOTHI
pa3paboTaHHON MH(POPMALMOHHOW CHUCTEMBbI, BKJIIOYasl JIOTUKY CO3JIaHMs 3aKa3oB, aBTOPU3ALUH,
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HAa3HAYCHUS BOJUTENCH, OOpaOOTKH T'€OJOKAIMOHHBIX JAaHHBIX M OOHOBJICHHS COCTOSHUMN
YYaCTHUKOB. Bce SKCrepuMeHTbl NMPOBOJMWINCH B KOHTPOJIUPYEMOW Cpele C HCIOIb30BaHHEM
uHcTpymeHToB Insomnia mnst ornpaBkum HTTP-3ampocoB u pgAdmin ans HaOmoaeHus 3a
cocrosiHreM 0a3bl JaHHbIX PostgreSQL.

1. Dxcnepumenmanvhas cpeoa

Cucrema pa3BepHyTa JOKaJIbHO U GYyHKIIMOHUPYET moj yrpaBieHueM FastAPI. baza nmanHbIx
PostgreSQL comepxut Tpu Tabnmibl: drivers, passengers u Orders, CTpyKTYpHpOBaHHBIC s
o0OecriedyeHrs IEJIOCTHOCTH JAHHBIX M KOPPEKTHOTO BBIINOJHEHHUS 3ampocoB. [l umutanuu
CIleHapueB pabOThI CepBHCa OBLIN CO3/IaHBI TECTOBBIE AKKAYHTHI BOJAUTEIICH U MACCAKUPOB.

Cepsep npenocrasisier REST-unTepdeiic, 4To mo3BoISET MPOBOAUTH DKCIIEPUMEHTHI B (hopMe
nocnenoBarenbHbix HTTP-3anpocoB, oTpaxarommx peanbHble 1EUCTBUS MOJIb30BATEIICH.

2. [IpoBepka perucTpanvy U aBTOPU3ALUHN

DKCIEPUMEHTHl HAYAJUCh C TECTUPOBAHUS MEXAaHU3MOB PETHUCTPAMM M BXOJa. 3ampoChl
BBITIOJTHSUTHCH METO/IOM:

POST /auth/register

POST /auth/login

Cucrema KOPpEeKTHO 00pabaThIBaia peruCTPaIlMIO TTACCAKUPOB M BOJAUTEIICH, CO3/1aBast 3aITUCH
B 0a3e JaHHBIX U XJIIUPYs Mapojd C HCIosb3oBaHueM berypt. Ilpu aBTOpHu3anmuu BoauTenen
JOMOJTHUTEIBHO U3MeHsuIcs craryc: online = True, status = “free”, 4TO MO3BOJISIIO BKIIOYUTH UX B
IyJ1 AOCTYMHBIX JUIS HA3HAYECHUSI.

POST w http://127.0.0.1:8000/auth/register Just Now
Params  Body | :.\ Auth  Headers : Scripts Docs Preview

JSON

POST w http://127.0.0.1:8000/auth/login > [JEOBK 103 a7 Just Now v

EETETNE Bodyl:\ Auth  Headers Izl Scripts  Docs Preview Head

JSON

Pucynox 2 — Ilpumep 8vinonnenus 3anpocos pecucmpayuu U demopusayuu.

[IpoBepka KOHKYpPCHBIX CUTyaluid (HEBEPHBIA MapoOib, HECYMIECTBYIOIIMHA TMOJIH30BATEINb)
MoKa3aja KOPPEKTHYIO TeHepanuio nckiroueHnit u Bo3spat HTTP-omm6oxk.
3. Co3nanue 3aKa3a MaccaKupoM
Co3zanue HOBOTO 3aKa3a OCYIIECTBIISIIOCH ¢ TTIOMOIIBIO 3aIpoca:
POST /order/create
[Taccaxkxup mepeaaBall KOOPAMHATHI Havdalla ¥ KOHIA myTH. CrcTeMa BBITOJTHSIIA CIICTYIONTIE
MIPOBEPKU:
1. nammuwme maccaxupa B 6aze;
2. OTCYTCTBHE aKTHMBHOT'O 3aKa3a CO CTaTycoM, oTiauuHbIM oT finished;
3. KOPPEKTHOCTh KOOpPJWHAT;
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CO3JIaHME 3aIiCcH B Tabmie orders.
Ipu ycrenHoM co3aanuu 3aKa3 GpukcupoBajcs B 6ase co crarycom waiting.
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Body | :\

Params

[null]

Pucynox 3 — Coszdanue nogoeo 3axasa u 3anuce 8 mabauye orders

4. TeCTHPOBaHHe ajropurMa Ha3HAYCHUSA BOAUTEIA

AJITOPUTM Ha3HAYEHUS BOAUTENS MTPOBEPSIICA MOCIEIOBATEIIbHBIM BEI30BOM METO/IA:
Cucrema BBITIOJHSECT BBIOOP OJMKANIIIEro BOJUTENS CPEAHM TeX, KTO MMeeT craryc free u

GET /order/find_driver/{order_id}

D = geodesid(laty, Ingq), (laty, Ingp))

HaXOJUTCS OHJIaMH. PaccTosHNE BRIUMCIISICTCS 110 T€OAS3UIECKOM MCTPHUKCE!
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(bopMHpyeT MHOXKECTBO JOCTYITHBIX BOJUTEIICH;
BBIUUCIISIET PACCTOSIHUE 10 KaXKJ0T0;

BBIOMPAET MUHUMYM;

OOHOBIISIET CTAaTyC BoxuTes Ha busy;

COXpaHsET CTOMMOCTB TI0€3/IKH B TaOuuIly Orders.
CroumMocTs omnpeensiach 1o Gpopmyie:

Price = max(500, 150:-D)

ko E

9TO COOTBETCTBYET Tapu(HON MOJIEIH TPOTOTHIIA.
[ToBTOpHBIE BBI30BBI METO/A BO3BpAlIAld YK€ HA3HAYEHHOTO BOJUTENS, YTO MOJATBEPKIAI0
YCTOMYHMBOCTb COCTOSIHUS 3aKa3a.
5. I3MeHeHHeE Te0JOKAIUNH BOANTEIA
Mexanu3m 0OHOBJICHUSI KOOPIMHAT TECTUPOBAJICS 3aIIPOCOM:
POST /drivers/{driver_id}/location
B xoze sxcnepumenTa KOOpAMHATHI U3MEHSIUCH BPYUHYI0, UTOOBI OLIEHUTh PEAKITUIO CUCTEMBI
[IpY TOBTOPHOM TOMCKe BoauTelsi. CHcTeMa KOPPEKTHO OOHOBIIsIA 3HaYeHusI B Tabuiie drivers, 4ro
MIPUBOJIAIIO K U3MEHEHUIO OJIMKANIIIero BOAUTES TIPU MTOBTOPHBIX 3aIpOcax MOUCKA.
DKCHepUMEHT MOATBEPIUI CTAOUIBHYIO pab0Ty MEXaHN3Ma JUHAMUYECKOM reoIOKaIiH.
6. 3aBepuieHne noe3aAKu
OyHKIMS 3aBEpIICHUS 3aKa3a MPOBEPSTIACh METOIOM:
PATCH /drivers/{driver_id}/finish
Cucrema:
1. Haxonuna aKTUBHBIN 3aKa3, HA3HAYCHHEIN BOJIUTEIIO;
2. W3MeHsUIa cTaTyc 3akasa Ha finished;
3. (QukcupoBaa BpeMs 3aBEpIICHHS;
4. Bo3Bpalnaia cratryc Boauteis k free.
[IpoBepka B pgAdmin noka3zana KOppeKTHOE OOHOBJIEHHE BCEX CBSI3aHHBIX MOJIEH, OTCYTCTBUE
PACCUHXPOHU3AIMHU CTATyCOB U BO3MOKHOCTh HEMEUIEHHOTO MPUHSTHS HOBBIX 3aKa30B.
7. HaGuio1eHue 3a coCTOsIHUEM 0a3bl JaHHBIX
B xone Bcex SKCIEPUMEHTOB CTPYKTypa M COJIEPKUMOE TaOJIMIl OTCIEKUBAIUCH vepe3
pgAdmin. Ocoboe BHUMaHUE yIETSIIOCH!
e KOPPEKTHOCTH CTaTycoB Bomutesnei (online, free, busy),
e OTCYTCTBHIO 0OOJie€ OJTHOTO aKTMBHOTO 3aKa3a y Mmaccaxkupa,
e TOYHOCTH pacuéTa pacCTOSIHUS U COXPaHsIEMON CTOUMOCTH,
e KOPPEKTHOCTH BHENIHMX KITtoueH Mexxay orders u drivers/passengers.

id ’ passenger_id , driver_id 7 origin_lat ’ origin_ing ’ destination_lat . destination_Ing , price ’ status P created_at
[PK] integer integer integer double precision double precision double precision double precision double precision character varyin timestamp without time zone
g g 9

[null] 51.1325301  71.40373029999999 51.1565232 71.47104519999999 [null]  waiting 2025-12-05 04:21:27.86063

[null} 51.1605 71.4704 51.1282 71.4304 [null]  waiting 2025-12-05 04:39:14.398692

Pucynok 4 — @paemenm mabauywi orders nocie 8binoIHeHUs 3aNPOCOS.

Bce TecTsl nokazanu:
e ycroituuByto paboty REST-unrepdeticos;
e KOPPEKTHOE Ha3HAYEHME BOAUTEIEH 10 MUHUMAJIBHOMY PACCTOSHUIO;
e KOPpPEKTHOE OOHOBJIIEHHE KOOPJUHAT;
e IPaBUJIBHYIO JIOTUKY 3aBEPILEHUS 3aKa30B;
e OTCYTCTBHUE JIOTUYECKUX OIINOOK B EPEX0/1aX COCTOSIHUM.
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Cucrema JE€MOHCTpUPYET CTAaOMJIBHOCTH W TOTOBHOCTh K JalbHEHIIEMY pacIIMpEHHIO,
BKJIIOUYasi J00aBJIeHHE TUHAMUYECKOW MapLIpyTU3allM{, BU3YyalIU3alMM IOJIOKEHHs] BOIUTENICH U
HHTCrpaiy JOIIOJHUTCIIbHBIX TapI/I(l)HbIX MOI[GJIG?I.

Pe3ynbTaThl 9KCIIEPUMEHTOB MOATBEPAUIN KOPPEKTHOCTH PabOThI KIIFOUEBBIX KOMIIOHEHTOB
MH(POPMAIIMOHHOHN CHCTEMBI TOPOJICKOTO TAKCH U TIOKA3aIH IPUMEHUMOCTh BHIOPAHHBIX aJITOPUTMOB
pacnpezeneHus 1 00pabOTKH IreoJOKAIIMOHHBIX JaHHbIX. CepBepHas 4acTh CTaOUIILHO BBIMOJHSIA
BCE ATallbl )KU3HEHHOTO IIUKJIA 3aKa3a — OT €ro CO3/IaHUsI J10 3aBEPIICHUS MOE3IKH.

MexaHu3Mbl PEruCTpallMd U aBTOPU3AIMHU IOKA3aJIM YCTOMYMBOCTB: CHCTEMa KOPPEKTHO
oOpabaTeiBasia poOJIH IMOJIb30BaTENeH, obecreunBana 0e30MacHOe XpaHCHUE JaHHBIX U MIPaBUIIBHOE
W3MEHEHUEe cTaTyca BojauTens npu Bxoze. Co3laHue 3aKka30B TakKe MPOILIO 0e3 JOTrHYecKHX
KOH(JIMKTOB: TACCAKUP HE MOT MMETh 0oJiee OJHOTO aKTHBHOTO 3aKa3a, a CTaTyChl KOPPEKTHO
(uKcupoBaIUCh B Oaze.

ANTOpUTM Ha3HAYECHUSI BOAUTEIS CTAOMIBHO BRIOMpAN OIMIKAMIIET0 UCTIOMHUTENS HAa OCHOBE
re0JIE3UNYECKOr0 PACCTOSHUSI, YTO COOTBETCTBYET TEOPETUYECKUM MOJENSM ONTHUMAJIbHOTO
pactipenenenus.  VM3MeHeHwe — KOOpJAMHAT  BOJUTENEH  MPUBOAWIO K  OXKHUJTAEMOMY
nepepacipeesICHUI0, YTO OITBEPKIAET KOPPEKTHOCTh 00pabOTKH T'e0JIOKaIIUH.

3aBeplIeHUE IMOE3IKU BBINOJIHAJIOCh KOPPEKTHO: cTaryc 3akaza mepexomun B finished, a
BOAMTENH CTAHOBHJICS JIOCTYITHBIM JJISl HOBBIX 3asiBOK. JTO 00eCreunBano HEMPEePhIBHOCTH PaboThI
CHUCTEMBI M COTJIACOBAHHOCTD JJAHHBIX.

[lonyueHHble pe3yabTaTbl JAEMOHCTPUPYIOT YCTOMYMBOCTH M HaAEKHOCTh APXUTEKTYPbI
FastAPl + PostgreSQL. Cucrema MOXET CIy>KUTh OCHOBOM ISl TajbHEUIIIETO Pa3BUTHUS, BKIIFOYAs
MHTETPaIUIo AITOPUTMOB MapIIPyTU3AINH, JUHAMUYECKUX TapU(POB U aHATUTHUECKUX MOTYJIECH.

BrpiBOoabI

B xome wuccnemoBanums Obuta pa3paboTaHa ¥ OKCHEPUMEHTAIBHO ampoOupoBaHa
nH(OpMAaLIMOHHAs CUCTEMa TOPOJICKOTO TaKCH, OPUEHTHUPOBAHHAS HA aBTOMATH3AIMIO KITFOUEBBIX
MPOIIECCOB OOCTYKUBaHUS MaccaxupoB. [IpemayioxkeHHas apxuTekTypa, ocHoBaHHas Ha FastAPI u
PostgreSQL, mnokazana ce0s »d¢dekTuBHOW UIsi peaiu3alid OCHOBHBIX (YyHKIMI cepBuca:
perucTpanuu TOJb30BaTENICH, CO3/aHMusl 3aKa30B, HA3HAUYCHHUS BOJUTENEH U  yIpaBICHUS
COCTOSIHMSIMM B peaJlbHOM BpeMmeHHU. [IpoBen€HHble HKCIEpUMEHTH MPOJAEMOHCTPUPOBAIN
KOPPEKTHOCTh O0OpaOOTKM NaHHBIX, YcTOWYMBOCTH REST-unTepdeiicoB u coOmroeHue JO0TUKH
KU3HEHHOTO IUKJIA TTOE3/KH.

Pe3ynbpTaThl MOATBEPXkKIAIOT, YTO BHIOPAHHBIM AJITOPUTM IMOMCKA ONMKaWIIEro BOAMTENS
obOecrieunBaeT CTaOWIBHYIO pabOTy M COOTBETCTBYET OJBPHUCTHUKAM, pPAacCMaTpUBacMbIM B
COBPEMEHHBIX HCCJIEIOBAHUAX 3a7ad pachpeiesieHuss TPaHCIOPTHBIX cpenacTB. [lpumeneHue
reoJIe3NYeCKOil METPUKHU TMO3BOJMIIO JTOOUTHCA AOCTATOYHOW TOYHOCTH pacu€Ta pacCTOSHHUM IS
YCIIOBUH TOPOJCKOM cpeabl. BaxkHBIM SBISETCS U TO, UTO CTPYKTypa 0a3bl JaHHBIX 00ecrednBaeT
I[EJIOCTHOCTD U TIOCJIEI0BATENILHOCTh 00Pa0OTKH 3aKa30B.

PazpaboTtannas cucreMa MOXXET CIY>KUTh OCHOBOW JIJISi TIOCTPOCHUS TMOJTHOPYHKIIMOHATHHOM
1aTGOpPMBI TOPOACKOTO TAKCH, a TaKKe M JATbHEUITNX HAYYHBIX HKCIIEPUMEHTOB, CBSI3aHHBIX C
ONTUMU3AIMEH MapIIPYTOB, MPOTHO3UPOBAHUEM CIIPOCA, UCTIOIb30BAaHUEM JTHHAMUYECKUX Tapru(oB
Y MOJIETTUPOBAHUEM IOBEJICHUS YYaCTHUKOB TPAHCIOPTHOM ceTH. JlanbHelllee pa3BUTHE PELICHUS
MOXKCT BKJIIOYaTb HHTCTpaluio KapTOFpa(l)I/I‘-ICCKI/IX CCPBUCOB, MOOWJIBHBIX KJIWEHTOB |
AHATTUTUYECKUX MOJIYJICH.
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FASTAPI HET'T3IHJIE KAJIAJIBIK TAKCUTE APHAJIFAH AKITAPATTBIK JKYHEHI
I93IPJIEY

Tyiiin

Makanaia KalaiblK TakCH KbI3METiHE apHaJIFaH aKMapaTThIK JKYWEHI a3ipiiey »oHE OHBIH HETisri
(YHKIMOHAIIBIK MYMKIHAIKTEPIH 3KCIEPUMEHTTIK TYPFbIIa TEKCepy HOTHXKeNepl KapacTelpbuiaibl. XKylie
FastAPI mnarpopmacer meH PostgreSQL nepekkopelH mnaifanaHy apKbUIbl JKY3€re  achIPbUIBIIL,
naiananymeuiapasl TipKey, TalChIpbICTapAbl XKacay, KYPTi3ywiepai TaralblHAAy XOHE ICOJOKAlMSIIbIK
JIepEKTepIli HAKTHl YaKbIT PEeXKHMIHJC OHJIEY CHSKTBI HETi3ri MporecTepi aBTOMAaTTaHIBIPyFa MYMKIHIIK
Oepai. XKakpIH KyprizylIiHi aHBIKTay YILIiH F€0le3UsUIbIK KAIIBIKTBIKTBI €CENTEeY 9/1iCi KONJaHbUIBII, KaJlaJIbIK
XKarmainapaa SKeTKimikTi ponaik kepcerti. JKypriymi MmopreOenepiH Oackapy MeXaHU3Mi SKCHEPUMEHT
OapphIChIHIa KYH e3repicTepiHiH TYPaKThl XOHE JYPBIC OPBIHIANATHIHBIH JIANeNiel. AJIBIHFAH HOTHXKENIep
YCHIHBUIFAH apXUTEKTypaHbIH THIMJIUIITIH pacTarl, OHbIH MYMKIH OOJIaTBIH KEHEIO OarbITTapbiH alKbIHAIbI.
Y CBIHBUIFaH KYHe KaJlaJIbIK TAKCH CEPBUCTEPIHIH TOJIBIKKAH/BI TN1aT(HOPMACHIH 93ipiieyre HeTi3 0ona anaibl.

KinTTik ce3mep: akmaparThIK Xyiie, Karanslk Takcu, FastAPI, reomokarus, PostgreSQL, Taparyms
OHTAMNIaHBIPY, CAHJBIK KbI3METTED.
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DEVELOPMENT OF AN INFORMATION SYSTEM FOR URBAN TAXIS BASED ON
FASTAPI

Abstract

The article presents the development of an information system for urban taxi services and the results of
an experimental evaluation of its key functional capabilities. The system is implemented using the FastAPI
framework and PostgreSQL, enabling the automation of essential processes such as user registration, order
creation, driver assignment, and real-time geolocation data processing. A geodesic distance calculation method
is applied to determine the nearest driver, providing sufficient accuracy for urban environments. The driver
status management mechanism demonstrated stability and correct state transitions during testing. The obtained
results confirm the effectiveness of the proposed architecture and highlight its potential for further
enhancement, including functional expansion, integration of analytical modules, and the application of route
optimization methods. The system can serve as a foundation for developing full-scale urban taxi service
platforms.

Keywords: information system, urban taxi, FastAPI, geolocation, PostgreSQL, distribution
optimization, digital services.
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ARDUINO IVIAT®OPMACBIHJAA HC-SR04 YJIBTPAJABIBBICTBIK JATYUI'T MEH
MHUKPOCEPBO MOTOPBIH KOJIJIAHY APKbL/IbI KAHIBIKTBIKTAH ©JIHIEY KOHE
BACKAPY ) KYUECIH KYPY

Tyiiin

Byn wmakanama Arduino miardopmaceiHga keHiHeH KoipaneuiaThiH HC-SR04  yasTpaibliObICTHIK
CEHCOpPhl MEH MHKPOCEPBO KO3FANTKBIIIBIHBIH JKYMBIC MPUHIUOTEP] KapacThIPbUIaAbl. YIBTPaAbIOBICTHIK
JMATYNKTIH KOMETIMEH KAIIBIKTHIKTHI OJIIICY SICTepi CHUIATTaNalIbl JKOHE ABIHFAH MONIIMETTep HeTi3iHae
MHKpPOCEPBO KO3FAJTKBINIBIH 0Oackapy MYMKIiHAiIKTepi Tammganansl. Makama Arduino mmardopmachki
naiaaJaHblll aBTOMATTaHABIPBUIFAH JKOHE aKbULIbI JKYHENepai KypyFa MYIJIeidi OKbIpMaHIapra apHaJlFaH.
3eprreyaiH Heri3ri Oeniri eki KOMITIOHEHTTI nepbec sxyiere Oipikripy Oombim Tabbumansl. HC-SRO04-ten
AJBIHFaH KAIIBIKTHIK JEPEKTepl HETi3iHJe CEPBOHBI aBTOMATTHI TYPJC OPHAJACTBIPY AJTOPUTMI JKACANIAIbI.
Mpicalibl, CEpBO MaIllMHACHI KCHICTIKTI CKaHEpJIeY VIIH CEHCOPIbI aiHaabIpa ajajbl HeMece OepiareH
KAIlIBIKTHIKTa OOBEKT aHBIKTAJIFaH KE3/I¢ 1CKe KOCBUIATBIH MEXAaHMKAJBIK KAKIAKThl Oackapa anajabl. by
JKYMBIC aBTOHOMJIBI POOOTTap, aKbUIABI Yi JKyienepl ®oHe eHEPKICINTIK aBTOMATTAHIBIPY KYPBUIFBLIAPEI
CHUSIKTBI KYPJISII )K0o0amap/ sl 93ipiieyre Heri3 0oaibl.

Kinrrik ce3gep: Arduino, HC-SR04, yneTpaabIOBICTBIK TaTYUKTEp, MHUKPOCEPBO MOTOPIIAPHL,
KAaIIBIKTHIKTHI OJIIICY KYPBUIFBICHI, aBTOMATTaHBIPY, MUKPOKOHTPOJIIEP, POOOTOTEXHUKA.

Maxkcarbi: HC-SR04 ynbTpaabIOBICTBIK 1aTUUTT MEH MUKPOCEPBO MOTOPBIHBIH XKYMBIC iCTEY
MPUHLMIITEPIH TYCIHAIPY, onapabiH Arduino matdopmacsiMeH e3apa OalIaHBICBIH KOPCETY KOHE
KAIIBIKTBIKKA TOYeN Il O6ackapy KyienepiH KypyablH TOKipHOenik MyMKIHAIKTEPIH allblll KepceTy
00J1bITT TAObLTA/BL.

Kipicne

Kazipri Tapna onemzae HMQPIBIK TEXHOJOTHSUIAPJbIH KapKbIHIBI JaMybl aBTOMAaTTaHIBIPY,
pOOOTOTEXHUKA KOHE MHTEIUIEKTYyalibl OacKapy >KyHenepiHiH KeHIHEH TapalyblHa aybll Kenaal. byn
yZAepicTe MHKPOKOHTpPOJUIEpSIEp MaHbI3bl peJl arkapaabl, cebebi omap opTypii 3JIEKTPOHIBIK
KYpBUIFBUIAP/bIH  KYMBICBIH ~Oackapyra JKoHE JepeKTepli eHAeyre MYMKIHIIK Oepeni.
MHUKPOKOHTpOJUIEpIEpl OKBITY MEH TaXipuOenik sxobamapna xoinaHyna Arduino ruiatgopmacsl
©31H1H KapanalbIMIbUIBIFBI, KOJKETIMIUTIT] )KOHE MKEMIUTIT] apKachIHa €PEKIIe TaHbIMAaJIBUTBIKKA
ue 0oJabl.

MarepuaJjigap MeH Jictep

Arduino mnardgopmacel anmaparThIK KOHE OarmapliaMaiblK KaMTaMachl3 ETYIIH allbIK
apXUTEKTypacblHa Heri3/eireH, Oyl oHbl OuTiM Oepy canachblHAa, 9yeCKOM 3JEeKTPOHHKAAA KOHE
KociOu jko0anapyia KeHIHEeH KoJiJaHyFa MYMKiHAIK Oepeni. OcbIHAal 31€MEHTTEpAiH imIiHzae
VABTPAIBIOBICTHIK JTaTYUKTEP MEH MHKPOCEPBO MOTOPJAphl MaHBI3IBI OpBIH anaapl. Arduino
KOMETIMEH TYpJl JaTYUKTep MEH aTKapyIllbl MEeXaHU3MAEp/i OipiKTipil, HAKTHl YaKbIT PEKUMIHIE
YKYMBIC ICTeUTIH OacKapy >kyhenepiH Kypyra Oomabl.

VIbTpaAbIObICTHIK JTaTYUKTEp KOpIIAFaH oOpTaJarbl OOBEKTUIEpre JeHiHrT KaIIbIKTHIKTHI
’KaHacTmal aHbIKTayFa MYMKIHAIK OepeTiH 3JIeKTPOH bl KypbUIFbl. Bysl KacueT onmap/sl Keneprijaepal
aHBIKTAy, KO3FAJNBICTHl OakKbUIay, KayilCI3MIK KYWeJepiHIae >KOHE aBTOMATThl Oackapy THIMII
naigananyra xkoji amasnbl. YaeTpaablObicTRIK HC-SR04 nmatunri — Arduino mardgopmackiMeH
YHIECIMALTIT] )KOFaphl, OaFachl KOIDKETIM/II ’KOHE KOJJAHBLUTYbl OTE KapanailbiM JaTYHKTepAiH Oipi
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Oonbin TaObanbl. OHBIH KOMETIMEH KBICKAa JKOHE OpTa KAIIBIKTBIKTAp/bl JKOFAphl JTQNIIKIICH
eJeyre 00aapl.

ANl MHKpOCEpPBO MOTOpPIApbl HAKTBHl OYypbUTY OYpBHINIBIH Oackapyra apHaJIFaH aTKApYIIbI
KYpBUIFbIAp Oo0nbIl TaObutagmbl. Onap eiiey HOTHKEICPIHE COMKEC MEXaHWKAJBbIK KO3FaJIbIC
xacayra MyMKiHAIK O6eperi. Ockiran 0aillaHBICTBI MUKPOCEPBO MOTOPJIAPHI IATUNKTEPACH aJIbIHFAH
aKmaparThl (U3HKAIBIK OPEKETKE aWHAJIBIPATBIH MaHBI3AbI JIEMEHT PETIHIE KapacThIPHLUIAIbI.
VYIbTpaAbIObICTHIK JAaTUYMK JKOHE MUKPOCEPBO MOTOPBIH OipiKTipin KOJAaHy aBTOMATTaHABIPbUIFaH
KyuenepaiH GyHKIIMOHAIIBIK MYMKIHAIKTEPIH alTapiabIKTall KEeHEUTETIH 00JIa Ibl.

Artanran KypburrbUtapael  Arduino rorardopmackiHga  OipikTipinm, onapApl Hainanany
CTYICHTTEp MEH >Kac 3epTTEyIIIepre MHUKPOKOHTPOJUICPIIK >KYHENIEpaiH J>XYMBIC JIOTHKACHIH
TEPEHIPEK TYCIHyTe, allTOPUTMIIIK OiJiay KaOUIETiH JaMBITyFa KOHE 1C-TOKIPUOEIIK JaFIbLIap bl
KaJIbIMTacThIpyFa MyMKIHIIK Oepeni. CoHpaii-ak, MyHaail >ko0anap HAKThl ©Mip/ie KOJAAHbUIATHIH
WHTEJUIEKTYaJIbI )KYHEJIep/IiH dKYMBIC IPUHITUITEPIH MOJCIIBICYTE KaFIal )KacalThIH OOJaIbl.

Ocpl makanaga Arduino miardopmaceiiga ynbTpaablObicTelK HC-SR04  natumri meH
MHUKPOCEPBO MOTOPBIH KOJIJAHYJBIH TEOPHSUIBIK HEri3fepi MeH ic-ToKipHOenik MYMKIiHIIKTepi
KapacThIpbUIaThiH 0oJanbl. KalIbIKTBIKTBI ©IIIeYy oJici, allblHFAaH MOJIMETTepAl OHJAEY KOHE
MHUKPOCEPBO MOTOPBIH OacKapy MPUHIUITEPIH TaJIal, aBTOMATTaHABIPbUIFaH Oackapy >Kyhenepin
KYpYZlaFbl MaHbI3IbUTBIFBIH KOPCETE/I1.

HoaTuxkesiep koHe TaJIKbLIAY

YiabTpaabIObICTHIK JATYUKTIH KYMBIC NPUHIMITI

VinerpaneiObicteik  HC-SR04  matuuri  OepiireH  OObeKTire  JEHIHTI  KAIIBIKTBIKTHI
yABTPAABIOBICTHIK TOJIKBIHIAP KOMETIMEH AaHBIKTaWIbl. YIBTPaAbIObICTHIK CUTHANIBl JaTYUK
UIBIFAPBII, OHBIH KeJIEPTieH MIaFbUIbIN Kepl KalTy yaKbIThIH eimel i. Ochl yakpIT HETi31HA€e AbIOBIC
KBUTTAMIBIFBI apKbLIbl KAIIBIKTHIK ecenrteneTin 6omanpl. HC-SR04 martuuri Tept Herisri muHHEH
kypananel: VCC, GND, Trig sxone Echo. Trig nuni apkpuiel cursan xioepineai, an Echo muni
apKBUIBI KAUTKAH CUTHAT KaOBUIIAHAIBI.

60.7in / 154 3cm

bepinren 6arnapiamMaHblH OPBIHIATY KOJBI:
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con3t int trigPin=7;
const int ehoPin=&;
long uzaktik:

int cm;

void setup()

pinMode (trigPim, OUTPUT) ;
pinMode (ehoPin, INPUT) :
Serial.begin (9600):

volid loop ()

digitalWrite(trigPin, LOW) :
delayMicroseconds (2)
digitelWrite (trigPin, HIGH]) :
delayMicroseconds (10) ;
digitalWrite (trigPin, LOW):
uzaktik= pul=seln (ehoPin,HIGH)
cm= (uzaktik/2) f29.1;
Serijial .print ("Kashiktik: "“}:
Serial.println{cm) ;
delay(100) ;

Horuxkecinae:
[H MouuTop nocneposatens
FdSIILELLE . L31
kKashiktik: 121
Kashiktik: 131
Kashiktik: 131
Kashiktik: 131
Kashiktik: 131

MukpocepBo MOTOPBIHBIH €peKIIeTIKTepi

MukpocepBo MOTOpPbI — OYJI HAKThl OYPBIIBIC OYpHIIIbIHA OacKapyFa O0JIaThIH HIAFBIH AIEKTP
MoTopsl Oonbin caHanaasl. On kebine 0 rpagycran 180 rpamycka AeWiHIl apa KallIbIKTBIKTA J1OJI
KO3FaJIbIC JKacail aaThlH 001316l MUKPOCEPBO MOTOPIIAPBIHBIH APTHIKIIBUIBIKTAPBI COJI, OJ1 IIaFbIH
eJIILIeM/Il, TOMEH PHEPrusi TYTHIHYBl jKoHE OacKapyablH KapamailbIMAbUIBIFBIHAA. Byn Kacuertep
oJapabl poOOTOTEXHUKAA, aBTOMATTaHIBIPBIIFAH KYPhUIFBUIAPIA JKOHE MOJAETBACY JKoOalapbIHIa
KeH KOJIJaHyFa MYMKIHAIK Oepeni. MUKpocepBo — OyJI IIAFbIH AJIEKTP MOTOPBI OOJBIN TaObLIAIbI,
KoOlHE OJ HAaKThl OYpBUIBIC OYpHIIBIHA JKETYy YIUIH KOJJAaHbUIATBIH MEXaHWU3M. ApPIAYHMHO MEH
MHUKPOCEpBOJJIBI Oipre KOJAaHy ©Te TaHbIMall, OHTKEHI CEpPBO MOTOPBI apAyHHO OacKapybIMEH
YKOFaphl TQIKIEH OPbIH aybICTHIPYbl MYMKIH. MHUKPOCEPBOHBIH €PEKILENIr — OHBIH KIIIKeHTal
KOHE a3 KyaT TYThIHYbIH/Ia OOJIbIN TaOblIa Ibl, COHAAN-aK OHBIH OacKapy MYMKIHJIIT1 ©Te Kell.
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T.Gind 19.3cm

Hotmxecinie ecik yapTpaablObICTBIK JATYKMK apa KAIIBIKTBIFBI 50 CM KeM 0OJIFaH/1a alllbLIaThiH
0o0abl:

Arduino niargopmaceinaa OipikTipin Koigany

VYnerpansiObicTeKk HC-SR04  nmatyuri apKplibl ©JIIMICHTeH KAIIBIKTBIK MoHaepi Arduino
MUKPOKOHTPOJUIEPI apKbUIbI OHJENIN, MHUKPOCEPBO MOTOPBIHBIH OYpBUTY OYPHINIBIH OacKapyFra
Konnanbiagsl. OcklHIAR Kyile KelepriHi aHbIKTay, aBTOMATThl €CiK, pOOOT KO3FAJIbICHIH OacKapy
KOHE T.0 CeKLI1 KONTEreH TOKIPUOEIiK Koyijan0anap/aa THIM/II OOJIBIN caHaIa Ibl.

KopbITbIHABI

Maxkanana Arduino miargopMacheiHa yABTPAAbIOBICTHIK JAaTYUK MEH MHUKPOCEPBO MOTOPBIH
KOJIJaHYJbIH HETI3rl KaFujajgapbl KapacTelppliabl. byn Kypbuirbutapael Oipre mnaiipanany
ABTOMATTAH/BIPBUIFAH JKOHE MHTEIUICKTYalJbl JKYHeJepal KypyFa MYMKiHIiK Oepeni. Arduino
11aT(OPMACHIHBIH KOJIAHBLITYbl MEH KOJDKETIMALIITT OHBI OKY KQHE TOXIpUOENiK *kobajmap YIIiH
THIMJI1 Kypasl eTe/l.

XKypriziiren 3eprrey HoTmxkecinae Arduino miardopmackiHaa yasrpanbiObicTeik HC-SR04
JaTYurl MEH MUKPOCEPBO MOTOPBIH OIpIKTIpIN KOJJaHy apKblLibl KAIIBIKTHIKTHI OJIIIEY jKOHE COFaH
ToyenAl 0acKapy >KyHeciH KYPYAbIH THIMIUTITT AONENAeHAl. YIbTPaablObICTHIK JaTYMKTIH KOMETiMEeH
00beKTIre AEeHiHI1 apakallbIKTHIKTHI >KaHAcHail, HaKThl opl CEHIMIl TypJe eJjiieyre OoJaThbIHbI
aHBIKTANJBl. AJI albIHFAH MOJIIMETTEpJi MMKPOKOHTPOJUIED apKbUIbl OHJEN, MHKPOCEPBO
MOTOPBIHBIH KO3FAJIBICBIH 0AaCKapy JKYHEHIH aBTOMATTaH IBIPBUIFaH KYMBICHIH KAMTaMachI3 €Te/i.

3eprrey Oapbicbinna HC-SR04 natuurinin Arduino rmutatropMacsiMeH YHIECIMIUTIT, OHBIH
KapanaiibIM KOCBUTy CXemachl MeH OarnapiaMaiblK OacKapy MYMKIHIIKTEpl TaxipuOe Ky3iHzae
kepceTinai. COHBIMEH KaTap MUKPOCEPBO MOTOPBIHBIH KAIIBIKTBIKKA TAyesai OyphlITy OypBILIbI
apKBUTBI HAKTHI (PU3UKAIBIK OPEKET OPBIHAAYbl WHTEIUICKTYaIIbl OacKapy >KyHelepiH Mojaebaeye
MaHbI3Ibl POJI aTKapaThIHBl aWKbIHAAAbl. MyHAal TOCLI aBTOMATThI €CIKTEp, KEAEpriHi aHBIKTay
Kyiesnepi, poOOT KO3FalbICBIH OacKapy »*oHe KaylNCI3[IK KYpbUIFbUIAPhl CHUSIKTHI MPaKTHKAJIBIK
KosiaHOanap/ia KeHiHeH MaijalaHblIa bl

Arduino mmardopMacelH maiganaHy OUIIM alylibulap MEH Jac 3epTTeylIuiep YUIiH
MHUKPOKOHTPOJIJIEPIIIK KYHEeNepaiH >KYMbIC NPUHIMUNOTEPIH MeHrepyre, Oafjapiamaliay MeEH
anmaparThlK KaMTaMachl3 €Ty apachlHIarbl OalIaHBICTBI TYCIHYTe YJIKEH MYMKIHIIK Oepemi. by
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maropMa apKbUIbl JaTYMKTEPACH AJIbIHFAH MOIIMETTEPAl OHJELY, JOTHKAIBIK aJrOpUTMICP KYPY
MKOHE aTKapyLIbl MEXaHU3MEP/l OacKapy JarabUIapbl KaJbIITacabl.

Koperrbiapait kene, HC-SR04  ynasTpaabIOBICTHIK JaT4Uri MEH MHUKPOCEPBO MOTOPBIH
Arduino murardopmaceiHa OIpIKTIPIN KOJIJTaHy aBTOMATTaHIBIPY JKOHE pOOOTOTEXHUKA CajlaChIH/IA
THIMI, KOJDKETIMI Opl OKBITYFa BIHFAMIIBI IIemiM Oonbin TaObuiaabl. bomamakra Oy kyleHi
XKETUIIpy YIIiH OipHeIIe AaTYuKTepAl KaTap KoJJdaHy, ChIMChI3 O0acKapy TEXHOJIOTHSIAPBIH CHT13y
KOHE KACaHIbl MHTEIUIEKT SJIEMEHTTEPiH MaijanaHy apKbUIbl (YHKIMOHAJIBIK MYMKIHIIKTEPIiH
OJIaH opi KeHeHTyre O60maibl.
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CO3JAHUE CUCTEMBI JUCTAHIIMOHHOTI'O UBMEPEHUA U YIIPABJIEHUA C
NCITIOJIb3OBAHUEM VYJIBTPA3ZBYKOBOI'O JATYUKA HC-SR04 1 MUKPOCEPBO-
JABUI'ATEJISA HA TIVIAT®OPME ARDUINO

AHHOTANUA

B a10ii cTaThe OyayT paccCMOTPEHBI IPUHITUIIBI pabOTHI yabTpa3ByKoBoro garunka HC-SR04 u
MHUKPOCEPBO-/IBUTaTEsI, KOTOPhIE IIUPOKO UCHOJB3YIOTC Ha matdopme Arduino. ByayT onmcansl
METOAbl M3MEPEHUSI PACCTOSIHHUSI C TMOMOIIBIO YIBTPA3BYKOBOTO JaT4MKa M MPOaHAIU3HPOBAHbBI
BO3MOYKHOCTH YIIpaBJICHUSl JBUTAaTE]IEM MHKPOCEPBO HAa OCHOBE IOJIYYEHHBIX JAaHHbIX. CraTbs
MpelHa3HaueHa JUIsi uuWTaTellel, 3aWHTEPECOBAHHBIX B CO3JAaHUM AaBTOMATU3MPOBAHHBIX H
MHTEJUICKTYaJ bHBIX CHCTEM C ucHonb3oBaHueM Iuiatgopmbl  Arduino. KitoueBoit wacThio
WCCIIEIOBaHUS SIBISIETCS MHTETpalys JByX KOMIIOHEHTOB B aBTOHOMHYIO cucteMy. Ha ocHoBe
JaHHBIX O paccrosiHuu, mnonydeHHbix oT HC-SR04, Oymer paspaboran anroput™ Jjist
aBTOMATUYECKOTO TO3MIIMOHUPOBAHUS cepBONpuBOAa. Hampumep, cepBOMalIMHKA MOXET
[IOBOPAYMBaTh JIaTUUK JJIsi CKAHUPOBAHUS IPOCTPAHCTBA UJIU YIIPABJISITh MEXaHUUECKOM 3aCIIOHKOM,
cpabarbIBarolieil npu oOHapyX)eHHH OObeKTa Ha 3aJaHHOW auctaHiuu. [laHHas paboTa CIyXUT
OCHOBOH Il pa3paboTKu 0oJiee CIIOKHBIX MPOCKTOB, TAKMX KaK aBTOHOMHBIC POOOTHI, CHCTEMBI
YMHOTO IOMa U YCTPOICTBA MPOMBILIIEHHON aBTOMaTU3alINH.

Kurouesnbie cioBa: Arduino, HC-SR04, ynbTpa3ByKoBbI€ JaTUUKH, MUKPOCEPBO-IABUTATENH,
YCTPONCTBO U3MEPEHHsI PACCTOSHUS, aBTOMATU3aIUs, MUKPOKOHTPOJIJIEP, pOOOTOTEXHHUKA.

A.A. Otarbayeva*
lecturer, M. Auezov SKU, Shymkent, Kazakhstan
*Corresponding author’s email: otarbayeva.90@bk.ru

CREATION OF A REMOTE MEASUREMENT AND CONTROL SYSTEM USING AN HC-
SR04 ULTRASONIC SENSOR AND A MICROSERVICE ENGINE BASED ON THE
ARDUINO PLATFORM

Abstract

This article will discuss the principles of operation of the HC-SR04 ultrasonic sensor and the
microservice motor, which are widely used on the Arduino platform. The methods of measuring distance using
an ultrasonic sensor will be described and the possibilities of controlling the microservice engine based on the
data obtained will be analyzed. The article is intended for readers interested in creating automated and
intelligent systems using the Arduino platform. A key part of the research is the integration of the two
components into an autonomous system. Based on the distance data received from HC-SR04, an algorithm for
automatic servo positioning will be developed. For example, a servomachine can rotate a sensor to scan a space
or control a mechanical shutter that is triggered when an object is detected at a given distance. This work serves
as the basis for the development of more complex projects such as autonomous robots, smart home systems
and industrial automation devices.

Key words: Arduino, HC-SR04, ultrasonic sensors, microservo Motors, distance measurement device,
automation, microcontroller, robotics.
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A REPRODUCIBLE EXPLAINABLE AI PIPELINE FOR TEACHER-FACING
STUDENT DIGITAL TWINS

Abstract

Learning management systems record large volumes of student activity, yet their built-in analytics tend
to describe the past rather than predict outcomes. We ask a deliberately falsifiable question: do engineered
Student Digital Twin features improve grade prediction over a competent baseline drawn from ordinary LMS
signals, and are the resulting explanations stable enough to put in front of a teacher? To answer it we built a
leakage-aware pipeline that pairs a weekly student-state representation with a gradient-boosting predictor and
a perturbation-based explanation layer, then ran a nested feature ablation on public data from two institutions.
The result isn't encouraging. Added feature richness does not help in any reliable way: no Twin block beats the
baseline by more than one RMSE point on the primary cohort, only one cell shows a clear gain, and explanation
rankings shift with the evaluation regime (Kendall T between 0.32 and 0.79).

Keywords: learning analytics; explainable Al; explanation stability; student performance prediction;
digital twin; gradient boosting; reproducibility

Introduction

Learning management systems quietly accumulate a detailed record of how students work:
when they log in, what they submit, the marks they receive, and how often they click through course
materials. Teachers, however, rarely get a forward-looking picture out of that record. They can't easily
see where a particular student stands this week, what the likely end-of-course outcome is, or which
signals are driving that estimate. Most learning-analytics studies tune a classifier for accuracy on a
held-out split, attach a post-hoc explanation, and report the single best configuration on one cohort.
Three practical questions are left open. Does a Digital-Twin representation of student state actually
add value over a plain set of LMS features? Are the explanations steady enough to show a teacher?
And can the whole loop be built and reproduced on real, public data?

We address these questions with a working prototype and an evaluation that's honest about
what it finds. The central object is the student modelled as a dynamic digital twin: a weekly state
snapshot at the grain of one row per student per week. We use the term Digital Twin deliberately, but
narrowly. Here it means a lean, time-aware state representation, not a full counterfactual simulation
engine. The twin keeps a descriptive weekly state and carries a lightweight what-if layer that estimates
how the predicted grade would move if a flagged factor reached the cohort median. We treat
mechanistic simulation and causal counterfactual reasoning as explicit boundaries rather than implied
promises. Around this representation we place a gradient-boosting predictor, a perturbation-based
explainable-Al (XAI) layer, and a Next.js teacher interface that reads frozen prediction artifacts.

Training gradient boosting or random forests on the Open University Learning Analytics
Dataset (OULAD) and bolting on SHAP explanations after the fact is by now routine [1], [2], [3], [4]-
Reported benchmarks reach ROC-AUC 0.993 and F1 0.911 on dropout prediction [1], so adding
explainability is no longer a contribution on its own. Continuous-grade regression, which we use
alongside classification, is less common, but it isn't enough by itself. Tiukhova et al. [5] found that
XAl-derived feature importance for student-success models can be unstable across configurations.
We take that stability lens further, out of a single-model setting and into a transfer setting, and measure
rank agreement across evaluation splits, across two OULAD courses, and across institutions. Digital
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twins in education appear mostly as concept or review papers [6]; working implementations on real
student data are essentially missing. Peer-reviewed teacher-facing work publishes model metrics
rather than systems, and commercial platforms such as EAB Navigate, Civitas Learning, and
Brightspace Insights ship dashboards that are closed and undocumented. Papers that add SHAP
seldom discuss how a teacher might misread an explanation, or the gap between describing model
behaviour and making a causal claim.

Research gap and key provisions. No published work builds and then honestly evaluates a
full-cycle prototype that runs from raw data, through weekly twin snapshots and grade predictions,
to per-student explanations shown in a teacher interface, on real public data, while documenting
where the added components fail to beat a simpler baseline. This paper targets that gap. The novelty
isn't a new algorithm or a higher accuracy number. It's the combination of four things: an end-to-end,
open, leakage-aware pipeline from raw OULAD data to teacher-facing weekly explanations; a
dependency-driven ablation that tests the Twin representation instead of assuming it; an explanation-
stability analysis across splits, courses, and institutions; and an honest multi-cohort finding, including
a documented synthetic-data circularity failure mode, of a kind the literature systematically under-
reports.

Materials and Methods

Theoretical analysis: system architecture. The prototype is a monorepo with two services that
run independently and a strict read-only boundary between computation and presentation. The ML
service (services/ml, Python) holds the OULAD data adapter, the weekly snapshot builder, the
feature-engineering pipeline, the experiment runner, the model-training code, and the perturbation-
based XAI module. Every experiment writes versioned JSON and CSV artifacts under
data/artifacts/experiments. The web service (apps/web, Next.js) is a server-rendered frontend that
reads those frozen artifacts at request time and serves the teacher-facing views. It runs no machine
learning of its own, so results stay reproducible regardless of the interface, and the interface can be
tested without retraining anything. Data moves in one direction. Raw OULAD CSV files enter the
adapter, become a weekly snapshot table with one row per student per week, pass through feature
engineering into a trained Gradient Boosting model, and emerge as prediction and explanation
artifacts in JSON that the web app consumes (Figure 1).

WEB SERVICE

eekly Frozen
Raw OULAD Weekly Feature Gradie perturhatior
csv \:\Ja-‘:’ snapshot &N Ljh:'w:-‘r\ Iirr\::‘r:-l:rl ‘ -“;‘E\d - JSONICSY
e il e neene s artifacts

Figure 1 - End-to-end system architecture.

The teacher interface has two parts. A cohort dashboard lists every student in a sortable,
filterable table with predicted grade, a pass-risk badge, the current week, and the key LMS signals,
and supports one-click filtering to the high-risk group (Figure 2). A student detail page adds summary
cards (predicted versus actual grade, risk, mastery, activity, attendance, assignment and quiz averages,
and a three-week trend), a weekly trajectory chart, the raw weekly-snapshot table, an explanation
panel listing which signals raise or lower the current-week prediction, and a what-if panel that
estimates the grade gain if each flagged below-median factor reached the cohort median (Figure 3).
The explanation panel carries an explicit limitation notice: the listed factors describe how the model
behaves, not why a student is at risk; the score isn't a sole basis for intervention; and the rankings can
move across time periods and cohorts. We present the interface as a design demonstrator, not an
evaluated intervention, and we make no claim from a user study here.
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Figure 2 - Teacher cohort dashboard. Figure 3 - Per-student detail view.

Experimental part: datasets. We evaluate on real, public, non-circular data from two
institutions. OULAD DDD 2013J [7] contributes 1,938 students and 67,830 weekly snapshots over
weeks 4 to 38. OULAD BBB 2013J [7] adds 2,237 students and 80,532 weekly snapshots, with a
richer dated assessment structure than DDD. The KU Leuven 1819 dataset [8] pools two courses into
1,495 students over weeks 2 to 15. A separate synthetic dataset is used only for controlled
methodological checks, and we state its limitations in the Results and Discussion.

Feature sets (nested ablation). We test the Digital-Twin representation by decomposition
rather than assuming it. The four feature sets are nested, so each one strictly contains the previous:
A _simple is a minimal baseline; B_lms adds the LMS behavioural features that stand in for what the
literature typically uses; B_Ims + mastery adds a lean mastery-proxy block derived from the dated
assessment structure; and C_twin is the full engineered representation, with trends, mastery, indices,
and temporal context (Figure 4). Because the sets are nested, any change in performance can be
attributed to the block that was added rather than to an unrelated change of features.

trex fices,
+ LM benaviour mastery proy Temporai cont
A_simple B Ims B_Ims + mastery C_twin
I
minimal baseline LMS behavioural + lean mastery proxy full engineered Twin

Figure 4 - Nested feature-set ablation.

Experimental part: models and protocol. The model families are deliberately simple and easy
to defend: Ridge regression, Logistic Regression, Random Forest [9], and Gradient Boosting [10].
We use two splits. The primary one is a student-grouped split (test_size = 0.25, seed = 42; for DDD,
1,454 training against 484 test students), which keeps each student wholly in train or test. The second
is a temporal-forward split that trains on early weeks and predicts later ones. The pipeline is leakage-
aware throughout: preprocessing is fit on training data only, forbidden columns are enforced
explicitly, and one model (Gradient Boosting) is held fixed across splits so that results aren't flattered
by picking the best model per cell. The targets are final weighted score, a 0 to 100 regression target,
and passed observed, a binary classification target. Abbreviations follow first use: LMS, learning
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management system; XAI, explainable artificial intelligence; OULAD, Open University Learning
Analytics Dataset; RMSE, root mean squared error; ROC-AUC, area under the receiver-operating-
characteristic curve.

Results and Discussion

This work versus standard baselines. All rows in Table 1 use OULAD DDD 2013J, the B Ims
feature set, and the student-grouped split, except the final row labelled this work, which adds the
mastery block. RMSE is on the 0 to 100 score scale, while F1 and ROC-AUC refer to
passed observed.
Table 1 - This work versus standard baselines on OULAD DDD 2013]

Approach RMSE F1 | ROC-AUC | Fer ';f:fe“t Teacher UL |  Open
Logistic Regression n/a 0.854 0.951 No No Yes
(ours)

Random Forest (ours) 13.633 0.861 0.947 No No Yes
GB LMS-only (ours) 12.658 0.863 0.953 No No Yes
GB + Twin + XAl 12.724 | 0.861 0.953 Yes Yes Yes
(this work)

GB + SHAP .
(literature) [1] n/a 0.911 0.993 Yes No Partial
Commermal (EAB unknown | unknown | unknown Partial Yes No
Navigate)

Gradient Boosting on B Ims is the strongest baseline, with RMSE 12.658, F1 0.863, and
ROC-AUC 0.953; Ridge regression is the weakest at RMSE 14.318. Logistic Regression is already
competitive (F1 0.854, ROC-AUC 0.951), which fits the fact that the dominant predictor, assessment
submission rate, is roughly linear in the log-odds of passing. Adding the mastery block moves RMSE
by +0.066, slightly worse, and F1 by —0.002. On this cohort and split it brings no improvement. We
report that plainly: it's the negative result that motivates the rest of the analysis.

When does the Twin help, and when not?

The full nested ablation, under fixed-model reporting, gives an answer that depends on the
course and the split (Table 2).

Table 2 - Twin benefit by cohort and split (RMSE deltas vs. B_Ims; negative = improvement)

Cohort Student-grouped Temporal-forward
DDD 2013J null (mastery +0.061) weak: mastery —0.381
BBB 2013J null (all within 0.087) largest gain: mastery —1.026

On DDD, no Twin block beats B_Ims by more than one RMSE point on either split. The full
C_twin stays within £0.025 RMSE of the baseline, which is non-inferior rather than better, and the
minimal A_simple is clearly worse (+1.207 grouped, +4.105 temporal-forward). The LMS layer, in
other words, already carries the signal. On BBB, which has a richer assessment structure, the mastery
block improves the temporal-forward split by 1.026 RMSE, dropping it from 6.311 to 5.284, and the
full C_twin improves it by 0.765. Yet the student-grouped split stays null, and the trend and index
blocks are null on both courses.

So the value of engineered Twin features is heterogeneous. It appears only under forward-time
prediction on a course with rich assessment structure, and it disappears under the stricter student-
grouped regime (Figure 5). To check that the one positive cell isn't an artefact of a lucky split, we ran
a student-clustered bootstrap: 5,000 resamples of the 559 held-out test students, seed 42, re-executing
the frozen BBB pipeline. Because gradient boosting is sensitive to its software environment, the
reproduced point estimate differs from the stored one (—2.16 against —1.03 RMSE), but the 95%
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confidence interval of the mastery RMSE reduction sits entirely below zero ([—2.54, —1.80]; the
reduction held in all 5,000 resamples). The direction, then, isn't noise, even though the magnitude is
tied to the out-of-time extrapolation regime, so we treat this as the single cell where Twin features
clearly help rather than as a stable effect size. The OULAD classification target also stays genuinely
predictive throughout (best-model F1 between 0.83 and 0.93, never 1.000), which is what makes the
negative finding trustworthy.

Falsifiable question: do Digital-Twin features
beat a competent LMS baseline?

OULAD DDD 2013J OULAD BEB 2013 KU Leuven 1819

N [~ o~

temporal-forviard: no scored assessments
mastery -1.026 RMSE mastery ablation
(largest single gain) not buildable

student-grouped
null (mastery +0.061)

student-grouped
null (all within 0.087)

Verdict: feature richness does NOT robustly help
= mixed-to-null

Figure 5 - Evaluation arc and overall verdict.

XAI and explanation stability. Explanations rely on held-out permutation importance, model-
native importance, and a one-feature local median-replacement perturbation. We avoid SHAP [11] on
purpose. Shapley-value attributions depend on a background or conditional-expectation estimate
that's fragile on the small per-student samples surfaced in the teacher Ul, and they carry documented
conceptual and robustness problems as feature-importance measures [12], [13]. The perturbation
method instead works directly on the single prediction row a teacher sees, with no background-set
assumption. On DDD the dominant factor is the assessment submission rate due to date (importance
share 0.28 to 0.38, and 0.381 in the headline model). Once mastery is included, the co-circular overall
mastery proxy joins it (0.23 to 0.43). The genuinely exogenous signals, whether a student is
unregistered by a given week (0.13 to 0.20) and VLE clickstream (0.02 to 0.06), are interpretable but
carry modest weight (Table 3).

Table 3 - Top global importance shares (DDD 2013J, fixed model)

Feature set Rank Feature Importance share
B _Ims 1 activity _score to_ date 0.701
B Ims 2 avg_assignment score to date 0.145
B _Ims 3 avg_quiz_score to date 0.086
B_lms + mastery 1 activity score to_date 0.648
B_Ims + mastery 2 overall mastery 0.178
B_lms + mastery 3 avg_assignment score to date 0.090
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MODEL RAISES PREDICTION MODEL LOWERS PREDICTION

overall mastery proxy L7210 late ission rate to date
value 66.11 n 54.09) - valu 0.00,

—— 334
——

current ctivity types c— 294 Cumulative assessment weighted scors to

ABOUT THESE EXPLANATIONS
Model behaviour, not causes. The fa
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Figure 6 - Per-student explanation panel.
The rankings aren't invariant. Within a course, across splits, Kendall 7 is 0.79, 0.68, and 0.55
for B_Ims, +mastery, and C_twin (mean 0.67); none reach 0.90. Across courses, comparing DDD
with BBB, 1 falls to a range 0f 0.32 to 0.61 (mean 0.52), less stable still. Across three institutions, on
an engagement-only task, the mean t is about 0.56; clicks and active days keep recurring as the top

drivers, but the middle and lower ordering is institution-specific (Figure 7).
1.0
T=0.90 stability threshold

0.8
0.67

0.6

0.4

Mean Kendall T

0.2

00~ Within course Across Across
(splits) courses institutions
Figure 7 - Explanation-stability summary.

A controlled synthetic faithfulness probe confirms that the method is faithful when the ground
truth is known: at the final course week, permutation importance recovers the generator's weight
ordering exactly (Kendall t = 1.0). The same few features dominate across regimes, but their relative
priority reorders, which is the practical point for anyone putting these rankings in front of a teacher.

Second institution. KU Leuven exposes clickstream and course structure but has no
intermediate scored assessments and no continuous grade, only a binary PASSED outcome. The
mastery and Twin ablation therefore can't be built there at all, which is itself a cross-institution
heterogeneity result. On its engagement-only task, prediction is modest (F1 0.75 to 0.76, ROC-AUC
0.65 to 0.72), and a richer engagement set does not beat a minimal two-feature one (fixed-model F1
deltas of —0.015 and +0.000). A matched three-institution synthesis confirms that a two-feature
engagement baseline of clicks plus active days is hard to beat, with F1 deltas spread between —0.016
and +0.026.

Discussion. Three points follow. First, on the central question, whether Twin features beat a
competent LMS baseline, the honest answer across three real cohorts and two institutions is: not
robustly. The benefit is real but narrow, confined to BBB, the temporal-forward split, and the mastery
block, and it vanishes under the stricter student-grouped regime, on other courses, and on other
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blocks. Reporting only the favourable cell, as is common, would have manufactured a Twin wins
narrative that the rest of the evidence does not support. Second, explanations are regime-dependent.
Importance rankings reorder across splits, courses, and institutions, with a direct product
consequence: a teacher Ul has to present XAl output as how the model weights each signal for this
prediction, not why this student is at risk. Our interface encodes exactly that caveat. Third, the
contribution is best read on three axes rather than accuracy alone. On accuracy this work is
comparable to standard baselines and below the published best (ROC-AUC 0.953 against 0.993 [1]),
which is expected and not a weakness. On explainability it offers per-student, background-free
perturbation explanations with documented stability limits. On teacher-facing completeness it's, as
far as we know, the most complete openly documented artifact of its kind.

Limitations and threats to validity. During development a synthetic target manufactured an
apparent mastery win. The synthetic final grade is a deterministic, noise-free closed-form weighted
mean of the same behaviours the features re-aggregate (week-10 reconstruction error 0.008,
correlation 1.000000), so the resulting R? near 0.99 and the saturated passed F1 of 1.000 are algebraic
artifacts, not learnable signal. We report this openly as a cautionary methodological result. On
OULAD, final weighted score is partly fed by assessment scores, so the regression results lean
somewhat on within-system accounting; the classification target and the VLE clickstream are the
cleaner, exogenous evidence. Overall mastery is close to cumulative LMS performance (|r| = 0.993
with average assignment score) and must not be presented as an independent construct. The teacher
interface is a design demonstrator with no user evaluation. The evidence spans two OULAD courses
at one institution plus a second institution that cannot test the mastery ablation, and the explanations
are neither causal nor SHAP. The what-if layer is a descriptive, perturbation-based estimate, not a
mechanistic simulation or a causal claim.

Conclusions

We presented an explainable, teacher-facing Student Digital Twin and evaluated it honestly
across two institutions. On real, non-circular OULAD data the engineered Twin features don't deliver
a consistent advantage over a competent LMS baseline. The result is mixed-to-null on DDD 2013J
and heterogeneous on BBB 2013J, where mastery improves the temporal-forward split by 1.026
RMSE and nowhere else, and a second institution can't even build the ablation. The accompanying
explanations are regime-sensitive within a course (Kendall t 0.55 to 0.79) and partly course-specific
across courses (0.32 to 0.61). The contribution is therefore methodological and system-level: a
reproducible, leakage-aware pipeline with a teacher interface, an explanation-stability analysis, a
documented synthetic-circularity failure mode, and an honest multi-cohort finding, rather than an
accuracy record. Two practical recommendations follow. Teacher-facing dashboards should present
XAI output as model behaviour under a stated evaluation scenario, and they shouldn't assume that
richer engineered features improve prediction without per-cohort verification. Future work includes
external validation across more institutions and validated intervention and counterfactual reasoning.
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MY¥Y¥YAJIMI'E BAFBITTAJIFAH CTYAEHTTIH HU®PIBIK EI'3IEPTHE APHAJIFAH
KAUTAJAHATBIH TYCIHAIPJIETIH )KM KOHBEUEPI

Tyiiin

OxpITyasl Oackapy Kyhenepli CTYIACHT OpPEKETiHIH YVJIKeH KeJeMiH TipKeWai, Oipak oapiabiH
KIpIKTIpUITeH aHaJWTUKAChl HOTIDKEHI OoJDKayJaH Tepi eTKeHJI cumarrtayra Oeiim. bBi3 omeiti Tepicke
LIBIFAPBUIATBIH  CYpaK KOSMBI3: CTYACHTTIH LHUQPIBIK eri3iHiH HHXeHepiik Oenriizepi omerreri LMS
CUTHAJIZIApbIHA HETI3JIeNTeH KY3bIpeTTi 0a3alblK MOJEIbMEH CAllBICThIpFana Oara OOIDKaMBIH KaKcapTa Ma
JKOHE aNbIHFaH TYCIHAIpMENep MyFajiMre KepceTyre >KeTKUTKTI TypakTbl Ma? JKayam amy YIIiH CTYIEHT
KYHiHIH anTaJlblK KepiHiCiH IpaAMEHTTIK OyCTHHI MOJEITIMEH oHE MepTypOalusFa Heri3enreH TyCiHaipMe
KabaTeIMeH OipiKTipeTiH, arblll KeTy[JeH KOpFaJifaH KOHBEHEep KYpBUIIbI, COAaH KeHiH eKi MEKEMEHiH alllblK
JIEpeKTepiHIie KipicTipiareH Oeriiep admsauusacel xyprizingi. Hotnxke oitanasipaabl: OSNriiep MOJIIbIFbIH
KOCY TYPakThl TypJe KeMeKTecneli — Oipae-0ip eri3 OJorbl Heri3ri Koropraaa 0a3aiblk MOJICIBIACH Oip
RMSE nyHKkTiHEeH apThIK 030aiinbl, Tek Oip YAIIBIK aiiKbIH ©ciM Oepeni, aln TyciHAipMe paHrTapbl Oaranay
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pexumine kKapait esrepeni (Kendall t 0,32-nen 0,79-ra neitin).

Kinarrik ce3aep: oky ananmutukacsr; Tycinaipinerin XXU; Tycinagipmenepaid TYpaKThUIBIFBL; YITepiMIl
Ooimkay; UQpPIIBIK eri3; TPaJUeHTTIK OyCTHHT; KaHTalaHyIIbLIBIK
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BOCITPOU3BOIUMbIA KOHBEHWEP OBbACHUMOI'O HCKYCCTBEHHOI'O
UHTEJUVIEKTA JJIA IU®POBLIX JIBOMHUKOB CTYJAEHTOB,
OPUEHTHUPOBAHHBIX HA ITPETIOJABATEJIA

AHHOTAIUA

CucteMsl ynipapieHus: 00ydyeHreM (pUKCUPYIOT 00JIbIe 00bEMBI CTYIEHUECKOH aKTHUBHOCTH, OTHAKO
WX BCTPOCHHAS aHAJIHMTHKA Yallle OMUCHIBACT MPOILIOE, YeM MIPOTHO3UPYET pe3ynbTaT. MBI CTaBUM HAMEPEHHO
OIIPOBEPraeMblii BOIPOC: YIYYINAIOT JIM MHXEHEPHbIE NMPU3HAKU LHU(POBOrO JBOMHHMKA CTYAEHTA HPOTHO3
OIIEHKH I10 CPaBHEHHIO C KOMIIETEHTHON 0a30BOW MOIENBI0 Ha OOBIYHBIX LMS-curHamax u JoCTaTOYHO TN
YCTOWYMBEI IOJy4YaeMble OOBSICHEHMs, YTOOBI IMOKa3blBaTh WX IMpernojaBarento. s oTBeTa MOCTPOCH
3aIMIIEHHBIA OT yTE€YeK KOHBeiep, OObEeOMHSIOIIMN HEAETbHOE IMPEICTABICHHE COCTOSHHUS CTYICHTA C
MOZICTIbI0 TPAaAMEHTHOTO OyCTHMHra W CJIOE€M OOBSICHEHHMH Ha OCHOBE MepTypOaluid; 3areM IpoBencHa
BJIOJKEHHAsT aOJsIMs MPU3HAKOB HA OTKPBITBHIX JAHHBIX ABYX YUpeXACHWH. Pesymbrar oTpe3Bisiomuii:
no0aBjieHHe OOrarcTBa MPU3HAKOB HE MOMOTAET YCTOMYMBO — HHU OJUH OJIOK JBOMHHKA HE MPEBOCXOIMT
0a3oByr0 Monenb Oonee yeM Ha oguH MyHKT RMSE Ha 0CHOBHOI KOrOpTE, WG OfHA sueiika Ma€T SBHBIN
MIPUPOCT, & paHTH OOBSICHEHUI MEHSIFOTCsl BMecTe ¢ pexxumoM onieHnBanus (Kendall T ot 0,32 10 0,79).

KaroueBble ciioBa: yueOHas aHamuTHKA; OOBACHUMBIA WMU; ycTOHYMBOCTH OOBSCHEHWIA,
MIPOTHO3UPOBAHUE YCIIEBAEMOCTH; IIU(PPOBON ABOWHUK; TPAJAUEHTHBIA OyCTHHT; BOCIIPON3BOIUMOCTD
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MODELING AND OPTIMIZATION OF ENERGY CONSUMPTION IN ENERGY-
INTENSIVE GRINDING PROCESSES

Abstract

This study addresses the challenge of reducing energy consumption in flour milling operations,
leveraging insights from a preliminary energy audit. The audit identified the most energy-intensive processes,
including grain moistening, milling, transportation, grain cleaning, as well as the operation of ventilation and
microclimate control systems. The research focuses on energy consumption during grain processing at a flour
mill, employing mathematical modeling and linear programming techniques to achieve this objective. A
mathematical model of grain hydration was developed and implemented in a two-dimensional framework
using numerical methods. The optimization of energy-intensive processes was further refined through the
application of the simplex method in linear programming, incorporating constraints relevant to key stages of
grain milling. The grain moistening process was optimized via a mathematical model of water diffusion,
ensuring uniform hydration, eliminating the risks of over-moistening or drying, and thereby minimizing energy
expenditure. By analyzing energy consumption, resources were systematically redistributed among processes,
enhancing the overall energy efficiency of the enterprise. The proposed optimization measures resulted in
significant reductions in energy consumption, decreased electricity costs, and improved the stability and
environmental sustainability of technological operations. The findings demonstrate that combining preliminary
energy audits with advanced mathematical modeling and optimization techniques constitutes an effective
strategy for enhancing energy efficiency in the food processing industry.

Keywords: Preliminary energy audit, energy optimization, flour milling processes, mathematical
modeling, linear programming, grain hydration, water diffusion, energy efficiency enhancement

Introduction
For most industrial enterprises, including those in the food industry, a persistent challenge in
the adoption and implementation of new technologies and products is the limited availability of
financial resources. Enhancing energy efficiency through technical interventions often necessitates
significant capital investments. Consequently, energy-saving strategies with short payback periods
(e.g., less than six months) that capitalize on the existing energy-saving potential of enterprises by
monitoring equipment performance and optimizing technological processes are of considerable
importance. In the food industry, the primary approaches to energy conservation focus on improving
the efficiency of technological processes and minimizing energy losses during production. The initial
step in implementing energy-saving measures involves analyzing the current operational state. At the
enterprise level, electricity conservation is a critical priority, necessitating a thorough audit of both
the technical condition of the equipment and the electricity metering systems. In flour milling,
numerous processes are energy-intensive, particularly those involving mechanical, thermal, and
electrical operations. Key processes requiring substantial energy expenditure include:
1. Grain drying: When raw material moisture levels are high, this process demands significant
thermal and electrical energy.
2. Mechanical crushing and re-milling: These constitute the primary consumers of electrical
energy within a flour mill.
3. Transportation of products: Especially pneumatic transport, which incurs substantial energy
costs for compressor operations.
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4. Operation of dryers or heating units: When heat treatment of flour is required.

5. Grain hydration: A critical stage in raw material preparation at a flour mill, aimed at achieving
optimal moisture levels for milling. Although this process is relatively less energy-intensive
compared to drying or milling, it significantly influences the efficiency of subsequent
processes and the quality of the final product.

The major energy-intensive processes in flour milling include mechanical crushing, pneumatic
transportation, grain cleaning, and hydration. These processes exhibit distinct energy consumption
characteristics. For instance, drying and milling processes require extensive thermal and electrical
energy, whereas grain hydration, despite consuming less energy, plays a crucial role in determining
the effectiveness of subsequent milling operations and the quality of finished products. To optimize
energy consumption, it is essential to consider both the technical condition of the equipment and the
organization of technological processes. Conducting an energy audit enables the identification of
critical problem areas and the development of strategies to improve energy efficiency. The
implementation of energy-saving measures, however, relies heavily on the application of advanced
mathematical approaches, such as linear programming, which facilitates the rational allocation of
energy resources.

Existing literature highlights various methods for analyzing energy consumption and
implementing measures to enhance energy efficiency in industrial enterprises. For instance, [1]
explores approaches to optimizing energy use in the food industry through equipment modernization
and energy audits. The study in [2] investigates grain hydration processes using mathematical
modeling based on diffusion equations to enhance raw material preparation efficiency. The
application of linear programming for energy cost distribution in various industrial contexts is
presented in [3, 7], with specific methodologies for conducting energy audits at food enterprises.
Similarly, [4] examines energy efficiency at different stages of flour milling, including grinding,
transportation, and raw material processing, emphasizing modern technological solutions. Further
studies, such as [5, 10], delve into water diffusion models to optimize grain hydration in the food
industry, improving product quality while reducing energy costs. Methodologies for energy audits
integrated with optimization techniques for energy conservation are detailed in [6]. Innovations in
energy cost reduction during grain processing are discussed in [8-9], focusing on energy-saving
technologies. However, comprehensive optimization of grain hydration and the allocation of energy
resources across different stages of the technological cycle remains underexplored. Unlike chemical
engineering processes characterized by high phase velocities, as described in [11], grain hydration
primarily operates under the influence of intermolecular forces. Modeling such processes often relies
on differential equations of the diffusion type, as demonstrated in [12].

This study builds on these foundations to address the gap in optimizing grain hydration and
energy distribution, employing advanced mathematical modeling and optimization techniques to
enhance energy efficiency in flour milling operations.

The significance of this research lies in addressing the pressing need for an integrated approach
to optimizing energy consumption within flour milling enterprises. Unlike existing methodologies,
this study introduces a novel framework that employs the water diffusion equation to enhance the
efficiency of the grain moistening process and utilizes linear programming techniques for the rational
allocation of energy resources across various technological operations. The primary objective of this
research is to investigate strategies for reducing energy consumption in flour mills, leveraging a
comprehensive preliminary energy audit, mathematical modeling of the grain moistening process
based on the water diffusion equation, and the application of linear programming to optimize energy
distribution. The proposed approach seeks to achieve significant reductions in energy expenditure
without compromising the quality or efficacy of technological processes and final products. This
study encompasses an analysis of energy audit findings, the development of a mathematical model
for the grain moistening process, the application of linear programming to energy resource
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redistribution, and an evaluation of the outcomes achieved.

Materials and methods

Statement of the Linear Programming Problem.

In this section, the linear programming approach is employed to optimize energy costs in the
operations of flour milling processes. The formulation of the resource consumption model is subject
to the following constraints:

a) Technological constraints: ensuring compliance with quality standards and production
volume requirements;
b) Resource constraints: accounting for the limitations of equipment capacity;
c) Environmental constraints: striving to minimize emissions and waste production.
The mathematical model is structured as a system of linear equations and inequalities that
encapsulate technological, temporal, and resource-specific limitations.
The objective function of this optimization problem is defined as minimizing the total energy
expenditure within the flour milling process:

min Z=Y1 ; ¢;X;, ()
where c;— represents the cost of electricity associated with process i, x; — denotes the amount of

resource i consumed during the process.
The optimization problem is subject to the following constraints:

x; =0, (2)
i CiXi < A, (3)
S=m CiXi = B, (4)
i=1 CiXi < Epax, (5)

i1 CiXi = Epin. (6)

The physical and mathematical interpretations of the variables in equations (2) through (6) are
as follows: I,k,m,s- represent the indices of the processes or installations that consume energy;

Emaxr» Emin - denote the maximum and minimum permissible energy consumption levels at the
plant, respectively.

Following the energy audit conducted in 2023 at the Fergana Flour Mill, data were collected on
energy consumption for the primary and most energy-intensive processes. These results are outlined
in the subsequent sections:

The data presented in Table 1 were utilized as input for the optimization process, implemented
in Google Colab (colab.research.google.com) using Python libraries such as SciPy and PuLP.
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Table 1. Initial data for optimization

Energy consumption
Name of the process (kWh) per ton (c;) Notes

Grain cleaning 2,25 Cleaning grain after the elevator
Calculated after hydration

Moistening of grain 6,32 optimization as the minimum
amount of energy

Drying grain 8,24 Conditioning after the elevator

Ventilation of industrial 226 Calculated according to statistical

premises (per m?) ’ data for the last 5 years

Grain transportation 1,54 Intra-factory

Grinding grain 26.23 Aver'age energy audit result for the
previous year

Sifting flour 15.90 Aver'age energy audit result for the
previous year

Transportation of flour 2,46 Intra-factory

Flour packaging 6.28 Aver'age energy audit result for the
previous year

Heating of industrial 712 Calculated according to statistical

premises (per m?) ’ data for the last 5 years

Total 81,60

The results of the optimization are summarized in Table 2.

Table 2. Optimal energy consumption

Name of the process &%hm)afl)er tz?legfi}; consumption
Grain cleaning 1,56
Moistening of grain 4,32
Drying grain 7,86
Ventilation of industrial premises (per m?) 9,23
Grain transportation 2,10
Grinding grain 16,25
Sifting flour 12,56
Transportation of flour 1,85
Flour packaging 5,96
Heating of industrial premises (per m?) 8,51
Total 70,20

A comparison of the final energy consumption values, both prior to and following the
optimization process, indicates a reduction in energy consumption of approximately 10%.

Optimization of the hydration process

One of the critical processes in grain processing, which significantly impacts flour quality and
is characterized by high energy consumption, is the hydration-moistening of grain prior to milling.
As an initial step towards optimization, we have focused on optimizing this process, and the resulting
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optimal value is presented in Table 1. Currently, advancements in physical and mathematical sciences,
alongside information technologies, are being integrated into automated process control systems
(APCS). Mathematical models for grain hydration have been developed, accounting for the
heterogeneity and variability in the diffusion coefficients of different grain layers. This section
exemplifies the optimization of one such energy-intensive process—the grain hydration stage prior
to milling.

Methods of modeling and control of the hydration process

In the works [13-15], information systems have been developed that integrate effective
mathematical models and corresponding numerical methods for their implementation. Wheat
varieties used for milling exhibit a wide range of shapes, geometric dimensions, water absorption
capacities, and other characteristics. Therefore, the task of refining mathematical models and
automated process control systems (APCS) for different regions is crucial in ensuring the production
of high-quality flour.

In our view, following an energy audit, it is essential to first optimize the most energy-intensive
grain preparation processes before addressing the optimization of electricity distribution across the
plant. Only after optimizing these processes should the overall energy supply system be optimized
using appropriate methods.

For modeling hydration, we employed the Fick equations, which describe the diffusion of
moisture within the grain, and adapted them to account for the hydration process in different wheat
varieties. Key factors, such as the initial moisture content, geometric parameters, diffusion
coefficients, and others, are considered in the model. The Fick equation includes the molecular
diffusion coefficient, denoted as D. In classical applications, D is typically treated as a constant value.
However, to enhance the accuracy of the hydration modeling process, it is preferable to represent D
as a variable, considering the heterogeneity of the grain's shell material and internal volume. The
diffusion coefficient values can be determined through experimental studies conducted in factory
laboratories or by utilizing theoretical data from existing literature.

Wheat grain exhibits anisotropic properties, meaning it has varying physical and chemical
properties in different directions. As a result, diffusion can be more complex and not strictly radial.
In this study, we account for the grain’s layered structure, which consists of a distinct shell,
endosperm, and germ, with moisture diffusion primarily occurring in the radial direction. This is
particularly relevant when there is significant variation in diffusion resistance between the layers. The
boundary between these layers is sharply defined, with different diffusion properties across the layers.
As the grain is fully immersed in water during the hydration process, and the water uniformly contacts
the grain's surface, radial diffusion is expected to be the dominant mode of moisture movement.

In the radial diffusion model of moisture in grain, the primary variables are the radial distance
r and time t. These variables describe the changes in moisture concentration over time at various
distances from the center of the grain.

Results and Discussion

Radial diffusion of moisture in grain

The main equations and conditions governing the mathematical model are presented as follows:
1. The equation for radial moisture diffusion within the grain is given by:

aC(rt)_~(9%Crt) , 20C(rt)
ot _D( or2 r or )' (7)

where, C(7,¢) — represents the moisture concentration in the grain as a function of the radial distance
r and time ¢, D is the diffusion coefficient of moisture in the grain.
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2. Initial conditions: At the initial time t=0, the moisture concentration C(r,0) within the grain can
be specified as:

C(r,0)=Co, (8)

where, Cy is the initial moisture concentration in the grain, defined as the moisture concentration upon

receipt of the grain at the plant.

3. Boundary conditions: The boundary conditions are determined by the method through which
moisture enters the grain. Typically, the grain is fully immersed in water, which allows us to apply
the condition

C(R,t)=Cs;s, 9)

where, R is the radius of the grain and C;— is the moisture concentration at the grain surface
4. Symmetry Condition at the Grain Center: At the center of the grain, the following condition
is imposed:

ac(ot) _
—. = 0. (10)
which indicates that the moisture concentration gradient at the grain center is zero, implying that the
center of the grain is a point of symmetry.

Thus, the system of equations and conditions (7)—(10) forms a complete model for the radial
diffusion of moisture within the grain.

Implementation of the model by the Fourier method

To solve the system of equations (7)—(10), we employ the method of separation of variables,
assuming that the solution takes the form:

C(r,t) =UMT(t). (11)
Substituting equation (5) into equation (1), we obtain:

UL = XD T (0)+7(1)). (12)

By separating the variables (7), we derive two distinct equations:

1 dT(t)
DT(t) dt

Y (13)

1 (dZU(r) EdU(r))
U(r)\ dr? r dr

=—-A (14)
where A — denotes the eigenvalues associated with the Bessel function. Solution to equation (13):
T(t) = T,e Pt. (15)

The solution to equation (8) is given by a Bessel function:
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U(r) = AJo(Var) + BYy(Var), (16)

where J, u Y, - represent the Bessel functions of the first and second kinds, respectively. By applying
the boundary conditions at the grain surface and at the center of the grain, specified in equations (9)
and (10), we obtain:

du(o)
ar

C(R,)=Cs, U(r)T(t) = Cs, 0. (17)

Thus, the complete solution is expressed as the sum of all possible partial solutions:

C(rt) = TnAnfo(Aur)e Pt (18)

For a specific case, when the initial and boundary conditions are known, we can determine the
values of A,, and the constant A,, allowing us to compute the distribution of moisture concentration
both radially and over time.

The eigenvalues A,, are determined as the squares of the zeros of the Bessel function J,. The
first few zeros of the Bessel function are:

2.4048 5.5200

8.6537
)25)\2:( R )2’}\3:(

A= ( )%, (19)

where R- is the radius of the grain cross-section at which the concentration distribution is calculated.

For use in subsequent calculations (18), the coefficients corresponding to the first three zeros
of the Bessel function are given by:

2 2 2

A1 = Cossmry, Gaow > A2 = Co5 53007, 55200) * A3 = Cozarny, wesan)

(20)

Fig. 1 illustrates the distribution of moisture concentration over time and across the grain layers.
The experimental data are represented by the dots, while the solid lines correspond to the results
obtained through the application of the model (7)—(10).

The total absolute error between the experimental data and the model's predictions does not
exceed 0.05.
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Fig. 1. Graphs depicting the temporal variation in moisture content of wheat grain across
different regions: a) husk; b) endosperm; c) germ; d) whole grain.

Conclusion

Energy audits at industrial enterprises play a crucial role in identifying the most energy-
intensive processes, such as grain hydration, milling, transportation, grain cleaning, as well as the
operation of ventilation and microclimate control systems. These processes offer significant potential
for optimization in terms of energy efficiency through the application of mathematical modeling and
information technologies. In this study, the grain hydration process was optimized by developing a
mathematical model, which was subsequently solved numerically to achieve the desired grain
moisture concentration. Additionally, the optimal distribution of electricity across critical grain
preparation processes was determined using linear programming techniques. The results of the
optimization calculations indicate that energy savings of approximately 10% can be achieved solely
through the optimization of energy distribution at the plant. The proposed linear programming
algorithm, coupled with the developed computational program, enables the execution of numerical
experiments under varying process data and parameter constraints. To further enhance the
effectiveness of the proposed energy distribution optimization method at the flour mill, it is
recommended to revise the constraints on process parameters to allow for more flexibility and to
implement a series of organizational and technical measures aimed at optimizing the most energy-
intensive processes.
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SHEPTHUSAHBI KOII KAJKET ETETIH ¥HTAKTAY IIPOUECTEPIHJE SHEPT'AA
HIBIFBIHBIH MOIEJIBAEY KOHE OHTAUJIAHBIPY

Tyiiin

Byn 3eprrey anngpiH ana 3HEPreTUKAIBIK ayIuT HOTHXKENEpiH MaijanaHa OTBIPBIN, YH TapTy
KOCITOPBIHAAPBIH/IA SHEPIUs TYTHIHYIbI a3alTy MACEJIECIH KapacThIpaibl. AyIUTTE aCTHIKThI bUIFAJIAAHBIPY,
(dpesepiey, TackiMaijay, acTBIKTBI Ta3apTy, COHAAW-aK JKEJIAETY JKOHE MHKPOKIUMATThI Oakpliay
JKYHeTepiHiH )KYMBICBIH KOCa ajJfaH/a, JHEPTUSHbI KOIl KAKET ETETiH MPOIeCTep aHBIKTAIIbL. 3ePTTEy OCHI
MaKcaTKa JKeTy YIIiH MaTeMaTHKAJIbIK MOJENBbACY MEH CBI3BIKTHIK OaFiapiaMaiay oJICTepiH KOJIaHa
OTBIPBIT, YH KOMOHMHATHIHIA ACTHIKTBI OHJICY KE3IHIEC JHEPIHsHbl TYThIHyFa OarbITTaJiFaH. ACTBHIKTHI
BUIFIIIAHBIPY/IBIH MaTEMATHKAIBIK MOJIEII CaHABIK SICTepAl KOJIJaHa OTHIPHII, €Ki emeMIl meHoep/e
JKacallIbl )KOHE SHT131UI/Ii. DHEPTUSHBI KOT KAKET ETETIH MPOIeCTep i OHTAMIaH BIPY aCTHIKTHI Ppe3eplieyniH
HET13r1 Ke3€H/IEPiHe KAThICThI MIEKTEYJIEP/Il €CKepe OTHIPHII, ChI3BIKTHIK OaraapiaMaliayia CUMIUIEKC diCiH
KOJIIaHy apKbUIbl OJaH opi JKETUIAIPUIAl. ACTBIKTBI BUFAIIAHABIPY IPOLEC] CYIbIH AUPQY3USICHIHBIH
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MaTeMaTHKAJILIK MOJIENI apKbUIBI OHTAMIAHABIPBUIIBI, OipKENKi bUIFAIIAaHYIbl KAMTAMaChI3 €TTi, MamMaiaH
THIC BUFAIJIAaHY HEMEece KENTipy KaymiH OONABIpMANbl XKOHE OChUIAMIa SHEPrHs NIBIFBIHBIH OaphIHINIA
a3alTTHl. DHEePrust MIBIFBIHBIH TalAay apKBLUIBI pecypcTap MpoliecTep apacklHa KYWeni Type KaiTa OemiHiIl,
KOCIITOPBIHHBIH KaJIIbl SHEPTUS THUIMJAUITIH apTTBHIPIAbL. Y CHIHBUIFAH OHTAMIaHIBIPY IIapanapbl SHEPTUs
TYTBIHYJIBIH €0yip TOMEH/EYiHe, 3JeKTP SHEPTHACHIHBIH O31HAIK KYHBIHBIH TOMEH/IEYiHEe, TEXHOIOTHUSITBIK
OTICPAIUSIIAP/IbIH, TYPAKTBUIBIFBI MEH SKOJIOTHSUIBIK TYPAKTBUIBIFBIHBIH JKaKcapyblHa okenai. Horwkenep
QJIJBIH ajla SHEPreTUKANBIK ayAUTTePAl 03bIK MaTeMAaTHKAIBIK MOACIB/CY KOHE OHTAHIaHIBIPY 9iCTepiMEeH
OipikTipy Tamak ©HEpKociOiHJe SHEprusl THIMIUITIH apTTHIPYIbIH THIMII CTPATETHACHIH KYPaWTHIHBIH
KepceTesi.

KinTrik ce3nep: AnjbiH ana SHEPreTUKANBIK ayIUT, SHEPTUAHBI OHTAWIaHABIPY, YH TapTy MPOLECTEPi,
MaTEeMaTHKAJIBIK MOJAENBICY, CHI3BIKTHIK OarjapiamMainay, acTHIKTBl BUFAIIAHIBIPY, CYIbIH Tuhdy3usics,
SHEPTHUS THIMIUTITIH apTTHIPY.
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MOJAEJMPOBAHUE U OIITUMU3ALUA SQHEPI'OIIOTPEBJIEHUS B
SHEPI'OEMKUX NPOUECCAX UBMEJIBYEHUA

AHHOTAIINA

OTO HCCIeNOBaHWE HAIMPaBICHO Ha pEIICGHHWE TMPOOJIeMbl CHIDKEHUS DJHEPronoTpeOieHus Ha
MYKOMOJIbHBIX MPENNpPUATHIX, UCTIONb3YSl Pe3yJbTaThl NMpeIBapUTENLHOIO SHeproayaura. B xome ayauta
ObUIM BBISIBIICHBI HawOoliee HHEProeMKHE IPOIEeCChl, BKIIOYas YyBIAKHEHHE 3€pHA, HW3MeENbUYCHUE,
TPaHCHOPTUPOBKY, OYMCTKY 3€pHA, a TakKe PadOTy CUCTEM BEHTHJISIMHW W KOHTPOJII MHUKPOKIHMATA.
HccnenoBanne cocpeaoToueHO Ha MOTPEOICHNH SHEPTUU NPy IepepaboTKe 3epHa Ha MyKOMOJIBHOM 3aBOJIE,
UL TOCTMDKEHHMS 3TOW LEIM HCIOJB3YIOTCS METOAbl MaTeMaTHYeCKOrO MOJEIHPOBAHUS W JIMHEHHOTO
porpaMMupoBanusi. MaremaTndyeckas MOJAENb T'HApaTalyy 3epHa Obula pa3paboTaHa M pealn30BaHa B
JBYMEPHOM BHJIE C HCHOJb30BAaHMEM YHCICHHBIX MeTOA0B. ONTUMM3aLUs YHEPrOEeMKHX IMPOLeccoB Oblia
JOTIOJTHUTEJIBHO ~ YCOBEPIICHCTBOBaHA  Oyiarojapss TNPUMEHEHHI0 CHUMIUIEKC-METOAa B  JIMHEHHOM
mporpaMMHpOBaHNU, BKIIIOYAIOUICTO OrpaHUYCHUA, OTHOCAIIUECA K KIIFOUCBBIM 3TAallaM U3MCJIbYCHUA 3€pHaA.
[Iporecc yBnakHeHMsI 3epHa ObLJI ONTHUMU3UPOBAH C MOMOIIBI0 MaTeMaTHYeCKoW Mojenu Judy3un BoJbI,
4YT0 00eCneynsio paBHOMEPHOE YBIaKHEHHE, HCKIIIOUUB PHCK MEPEYBIaKHEHUS WM CYLIKH U, TEM CaMbIM,
MUHHMHU3UPOBAB  3aTpaThl JHEPrHMH. AHAJIWM3  JHEPronoTpeONieHHs  TO3BOJNWJI  CHCTEMAaTHYECKH
nepepacnpeaessiTh pecypchl MeXIy HpPOILIECCaMH, MOBBIIIAs OOIIYI0 dHEProdpPEeKTHBHOCTL MPEANPHSITHSI.
[IpeniosxxeHHbIe MEPHI [0 ONTUMH3ALNH IPUBEIHU K 3HAYUTEIHHOMY CHIDKEHHUIO SHEPronoTpeOsieH s, 3aTpaT
Ha JIEKTPOIHEPTHIO, a TAKKE MOBBICHIM CTAOMIBHOCTh U 9KOJIOTHYECKYI0 YCTOHUYMBOCTh TEXHOJIOTHYECKHX
onepanui. [lomydeHHbIE Pe3yIbTaThl JEMOHCTPUPYIOT, YTO COUETAHUE MPEBAPUTEIHLHOIO IHEPTETUUECKOTO
ayauTa € NnepeaoBbIMU METOAAMU MATEMATHUYCCKOI'0 MOACIIMPOBAHUA U ONTUMH3AIUN TIPEACTABIACT co0oit
3¢ GEKTUBHYIO CTPATETHIO MOBBIIEHUS SHEPT03()(HEKTUBHOCTH B MUIIEBOH TPOMBIIIIIICHHOCTH.

KurouesBbie cioBa: [IpenBapuTenbHbIi dHEProayauT, ONTHMHU3AIMS dHEPrONOTPEOICHHS, TPOIIECCHI

MYKOMOJBHOIO IPOM3BOJICTBA, MaT€MaTH4eCKOE MOJEIMpPOBaHME, JIMHEMHOE MPOrpaMMHUpPOBAHUE,
rugpartanys 3epHa, 1udQy3us Boabl, NOBBILICHHE SHEProdPPEKTUBHOCTH.
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