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ANALYSIS OF STRENGTH CHARACTERISTICS OF INNOVATIVE MATERIALS

Zheksen Z. Zh.
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Abstract — This article provides an overview of the design features and electric drive of existing hot rolling flying shears,
which is the basis of the doctoral thesis “Automation of the rolling cutting process on hot rolling flying shears”. The article
presents the main task of rolling production, the purpose and technical requirements for the design and electric drive of
flying shears. The designs and electric drive of existing flying shears are considered. There are the following main types of
flying shears: drum, crank, swing, pendulum, and planetary. Three types of motors are also considered: asynchronous
motor, synchronous motor, and DC motor, which would meet the technical requirements for this technological
mechanism. A study of the design and electric drive of flying shears has shown a number of advantages and disadvantages.
An analysis of the results of the study showed that the best choice is a pair of drum shears. Since the drums rotate evenly
at a constant speed and the rotating masses are fully balanced, they allow cutting at significantly higher speeds than other
types of shears. An independently actuated DC motor was chosen as the electric drive of the flying shears, as it has a large
control range, smoothness, efficiency, speed stability, load tolerance at various speeds, and rigidity of the mechanical
characteristics that meet the technical and technological requirements for the electric drive.

Keywords — innovative materials, strength characteristics, composite materials, nanostructures, mechanical properties,
analysis methods.
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Anoamna — By Makanana bICTBIKTAH WIEMCY OHAIPICiHIE KOJAAHBLIATHIH KOJIAHBICTAFBl YIIKBIII KaHIIbLIapIbIH
(JreTyune HOXKHHIIBI) KOHCTPYKIUSIIBIK EPEKIISNIKTepi MEH JJISKTp JKETeriHe IOy jKacalnFaH. ATalFaH 3epTTey
«blcThIKTall MnemMaey OHAIpICIHIETI YIIKBII Kaimielmapaa Kecy IPOIeCiH aBTOMATTAaHABIPY» TaKbIPHIOBIHIAFEI
JIOKTOPJIBIK TUCCEPTAllMSHBIH HETi3iH Kypaiiapl. Makamaga wWiemMaey ©HAIPICIiHIH Heri3ri MiHAeTTepi, YIIKBIII
KalIIbUIap/ bl TaFaibIHIAMYbl, OJNapblH KOHCTPYKLMSCH MEH JJIEKTP JKETeriHe KOMBUIATBIH TEXHUKAJIBIK TalanTap
KapacTblpsutrad. CoHaii-aK KOJaHbICTAFbl YIIKBIII KaHIIbUIAp IbIH KOHCTPYKIUSATIAPHI MEH JIEKTP )KETEKTEpiHe Tanaay
XKyprizinreH. YUK KaWIbUIapAbIH HETi3ri Typiiepi perinae OapabGaH[bl, WiHIi-OyIFakThl, TepOenMeni, MasTHUKTI
KOHE TUIAaHeTapJIbIK Kaimbulap KapacTelpbuiraH. COHBIMEH Karap OChl TEXHOJIOTHSUIBIK MEXAHM3MHIH TEXHHKAJBIK
TaJanTapblHa COWKEC KEJICTIH YII TYpPJl KO3FAalNTKBIII — aCHHXPOHABI KO3FAaNTKBIII, CHHXPOHJBI KO3FAJITKBIII JKOHE
TYPaKThl TOK KO3FAJITKBIIIBI TaJIaHFaH. ¥ KB KaWIIbUIapAbIH KOHCTPYKIMSACH MEH AJIEKTP KETETiH 3epTTey OJIapAblH
OipkaTap AapTHIKIIBUIBIKTAPE MEH KEMIIIJIIKTepiH aHbIKTayFa MYMKIHIIK Oepai. 3epTTey HOTIXKENepiH Talaay
KOPCETKeH/IeH, €H THIMJI WIemiM peTiHae kymn Oapabanasl Kadmbuiap tangangsl. Cebebi GapabaHmap TYPaKThI
KBIAAMIIBIKIIEH OipKaIBINITHI aifHAIAIbI )KOHE aifHaIMAaITbl Maccajap TOJNBIK TeHrepiireH, Oy 0acka KalIibl TypiepiMeH
CaJIBICTBIPFaH/Ia alTapibIKTal KOFaphbl JKbUIJAMIIBIKTa KEeCy OIEpalMsChH OpbIHAayFa MYMKIHIIK Oeperi. ¥YIIKbIII
KaWIIbUIAp IBIH AJIEKTP JKETeT1 PEeTiHAe TOyenci3 KO3ABIPYHI 0ap TYPaKThl TOK KO3FANTKBIIIBI TAHJAIABI, 6HTKEHI 0 KeH
ayKBIMJIBI KBUIJAMIBIKTEL PETTEY MYMKIHAITIMEH, OIpKaJIBITBl JKYMBICBIMEH, JKOFapbl THIMIUTTIMEH, aWHaIy
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Annomayus — B naHHON cTaThe TpeAcTaBieH O030p KOHCTPYKTHBHBIX OCOOCHHOCTEH W 3IICKTPOIIPUBOJA
CYIIECTBYIOIMX JIETyYMX HOXHHUI[ TOpSYel NPOKATKH, KOTOPBIH SBIAETCS OCHOBOM JOKTOPCKOH IHCCEPTALUH
“ABTOMaTH3alMs Mpolecca PE3KU MPOKATKOM Ha JIETYYMX HOXKHUIAX ropsdeil mpokatku”. B craTee mpencTaBiieHb
OCHOBHBIC 3a/[addl TIPOKATHOTO MPOM3BOJCTBA, HA3HAUYCHWE M TEXHHYECKHE TpPeOOBaHMA K KOHCTPYKIHH H
NIEKTPONPUBOY JETYIHX HOXKHHUI. PaccMOTpEHBI KOHCTPYKIUH M 3JICKTPOIPUBO/] CYIIECTBYIONIUX JIETYYNX HOXKHHII.
CymiecTBYIOT CJICAYIONINE OCHOBHBIC THIIBI JICTAIOIMINX HOXKHUIL: OapabaHHBIC, KPUBOLIMITHO-IIATYHHBIE, KauaroIuecs,
MasTHHKOBBIC U IJIaHETapHBIE. TaKke paccCMaTpUBAIOTCS TPH THIA JBUTATENNEi: aCHHXPOHHBIH IBUTATEb, CHHXPOHHBIH
JIBUraTeilb M JABUTATENb IMOCTOSHHOTO TOKA, KOTOPBIE YIOBJIETBOPSIM Obl TEXHUYECKUM TPEOOBAaHHSIM K ITOMY
TEXHOJIOTHYECKOMY MeXxaHu3My. McciaenoBanne KOHCTPYKLIMHU U 3JEKTPOIIPHUBOJA JICTAIOUIMX HOXKHUI] MOKA3allo P
MIPEUMYIIECTB U HEAOCTATKOB. AHAJIN3 pe3yJIbTAaTOB MCCIENOBAHUS IOKa3al, YTO JIyYIIMM BBIOOPOM SBIAETCS IMapa
0apabaHHBIX HOXHHII. [10CKOJIBKY OapabaHbl BPAINAIOTCS PABHOMEPHO C MOCTOSHHOW CKOPOCTBHIO, a BpallaroIIUecs
Macchl MOJHOCTBIO COaNaHCHPOBAHbI, OHH MO3BOJISIIOT BBHIMOJHATH PE3Ky Ha 3HAUUTENBHO Oosiee BBICOKHX CKOPOCTSIX,
YeM JIpyTrHe TUIBI HOXKHUIL. B kauecTBe 311eKTponpHBo/ia JIETaloMMX HOXKHUIL OB BBIOpaH IBUraTelb IIOCTOSTHHOTO TOKa
C HE3aBUCHMBIM TIPHBOJIOM, IIOCKOJIBKY OH OOjanaer OONbIIMM AMANa30HOM PETYIMPOBAaHUS, IUIABHOCTBIO X073,
3G PEKTUBHOCTBIO, CTAOMIBHOCTHIO CKOPOCTH, YCTOMYMBOCTBIO K HAarpy3KaM Ha Pa3iIMYHBIX CKOPOCTAX M ’KECTKOCTBIO
MEXaHWYECKUX XapaKTEePUCTHK, KOTOPbIE OTBEYAIOT TEXHUUECKUM M TEXHOJOTMYECKUM TPeOOBaHMUSM, IIPEABSIBISICMbIM
K DJIEKTPOIIPUBO.LY.

Knrouegvie cno6a — VHHOBAIMOHHBIE MaTepUaNbl, MPOYHOCTHBIE XapaKTEPHUCTHUKH,
HaHOCTPYKTYPbI, MEXaHHUECKHE CBOIICTBA, METO/IBI aHAJIH3A.

KOMITO3UTHBIC MaTEpualbl,

HEI'I3I'l EPEXXEJIEP KIPICIIE
3eprTey OapbIChIH/IA KOMIIO3UTTIK HHHOBaLUSAIBIK MaTepuaigap Kasipri 3aMaHFbl
MaTepHaiap/iblH, ~ CO3bUTY  KE3iHJeri JKOFapbl  TEXHOJIOTHSUIAD MEH OHEPKACINTIH  aXbipamac

OepiKkTiriMeH Karap, KbICYy JKoHE HLUTy >KYKTeMenepi
oCepiHEH JejaMHHALMsAFa OCHIMIUIITT aHBIKTAJIbI.
I'paden HeriziHAeri HAHOKYPBUIBIMJIBI MaTepHall-
JapAblH ~ JKOFapbl  OEpiKTIK TeH  CcepmiMAiIiK
KacHeTTepiH Oip Me3rijie KaMTamachl3 eTeTiHi
OKCHEPUMEHTTIK TypAe JonenjeHni. Marepuan-
JapAblH MEXaHHWKaJbIK KacHeTTepiH Oaranayza
MEXaHUKAIBIK  CHIHAKTApABI, MHUKPOCKO-TIHSIIBIK
TangayAbl JKOHE KOMIIBIOTEPNIK  MOJeNb-AeyAi
KCIIeHI KOJJaHy HOTIKEIEepAiH CEeHIMILIITiH
apTTeIpabpl. KoMIbrOTEpIlik  MoJenbaey HOTHXKe-
JepiHIH OKCIEPUMEHTTIK JIEPEKTEPMEH >KOFaphI
COMKECTII YCHIHBUIFAaH 3€pTTey SAICIHIH THUIMALIIri
MeEH KOJIJaHOalIbl QJIeyeTiH pacTaibl.

Oemirine adnangpl. Omap opTypii canamapiaa —
KYpPBUIBICTA, A’pOFapHIIITA, MEIUIHAA,
JHEPreTHKaaa JKOHE TINTI 3JEKTPOHUKAZa KEHIHEH
KOJJaHbuiaAbl. byn mMatepuannapasiH OSpikTiri MeH
CEHIMJIUTITI aTallFaH callalapAblH THIMIUIC MeH
KayilCi3MiriH KamMTamachl3 eTyje IIeIIyl pe
aTKapaabl. MBICalbl, a9pOFaphilll calachlHIA KEHI,
Oipak JkoFaphl  OepikTiKke He MaTepuaiiap
YIIaKTapAblH SHEPrus THIMIUITIH apTTHIPHIIN, OTHIH
LIBIFBIHBIH a3aliTalbl. AJT KYPbUTBICTa HHHOBALUSIIBIK
MaTepuajaap FUMaparTapiblH  y3aK  Mep3iMii
TYPaKTBUILIFBIH JKOHE KOpIIIaFaH OpTaFa Te3IMIUIITH
KaMTaMachl3 eTeqi. Menununana Oorca,
OMOJIOTHSUIBIK, YHIIECIMIII MaTepHajiap MUMIUIAHTTAp
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MEH TPOTE3/EpAiH CamachlH >KaKcapTyda MaHBI3IbI
pei olHalabL.

CoHFBl XKBUIHApHl KOMMO3WTTIK MaTepuasaap,
HaHOMATEepHAIZAApD  JKOHE  CMapT-Marepuajiiap
CHAKTHl HMHHOBAIMSUIBIK — IICIIIMACPAIH  JaMybl
FBUIBIM  MEH  TEeXHHKaHbIH JKaHa  JIeHTeire
KeTepiyine  MyMKiHAiK  Oepai. Kommosutrik
MaTepHuanIap, MbICAJIbl, KOMIPTEKTI TAIIIBIKTAp MEH
MTOJTUMEPJIEPIIH  KOCBIHIABICHI ~ PETIHAC  KOFaphl
OepiKTiK MeH SKEHIIIIKTI YIITACTHIPAIbI.
Hanomarepuannap, acipece rpadeH xoHe KOMIpTEKTi
HaHOTYTIKIIEIIEp, O3ICPiHIH EPEeKINe MEeXaHHKAJBIK
JKOHE DJICKTPIIIK KAacHETTEepiMEH epeKIeIeHe .
Cmapr-MaTtepuangap Ooisica, TemmepaTypa, KbICHIM
HEMEeCe AJIEKTP Opici CHUSKTHI CBIPTKBI (haKTopiapra
JKayarl peTiHIe KaCHeTTepiH e3repTe amanasl. by
MaTepraIIapIbH KacuerTepi JOCTY I
MaTepuaiiapaal — 00JiaT, alFOMUHUEN HeMece OSTOH
CUSIKTBUIADJAaH — aWTapibIKTail epeKIIeJeHE/I].
Omapmpry ~ Oipereid  cumaTTaManapbl  OJapibl
KOJIIaHyTbIH TUIMIUTITIH apTTHIpyFa JKOHE
LIBIFBIHIAPABI a3alTyFa MYMKIHAIK Oepei.

JerenmeH, ochbl MaTepHaNIapAblH dJeyeTiH
TONBIK TaiiiajgaHy VIOIH  omapAblH — OepikTik
CUNAaTTaMalapblH TYPHIC Taljgay KaKeT. BepikTikTi
Oaranay MaTepUaIIbIH MEXaHUKAJIBIK
KYKTeMeJiepre, KOpIIaraH opTa JdcepliepiHe >KoHe
y3aK Mep3iM/Ii maiananyra To3IMAUTITIH aHbIKTayFa
KeMeKTeceli. byn  Makanmaga — MHHOBAaIMSUIBIK
MaTepHaIapAblH OEpIKTIriH 3epTTeyNiH 3aMaHayd
axicrepi KapacThIPhLIA bl JKOHE OJIapAbIH
HOTIOKeNepi  TamgaHajpl.  MakcaT —  OCHI
MaTtepuaiapbH KOJIIaHy MYMKIHAIKTepiH KEHEUTyY
YKOHE OJIapbIH CEHIMAUTITIH apTThIpyFa OarbITTaNIFaH
FBUIBIMHU HETI3/ll KAMTaMachI3 €Ty.

VHHOBaUMSIIBIK  MaTepHaIap/blH J1aMybIMEH
Karap, olapJbl 3epTTey 9MicTepi A€ >KeTimipiryme.
MexaHUKaJbIK ChIHAKTapAaH 0acka, KOMITBIOTEPIIK
MOJIENIB/ICY JKOHE MHKPOCKOMHSIIBIK Tal[ay CHSKTHI
TEXHOJIOTHsIIap KEHIHEeH KoJIaHblIaab6l. by amictep
MaTepuaapbiH KaCUETTEPiH MaKpo- )KOHE MUKPO-
NeHrele 3epTreyre MYMKIHAIK Oepemi. Mebicaibl,
HaHOMaTepHaIapAblH OEpiKTIriH Oarajgay KesiHue
aTOMJIBIK JICHrelIeri KyphUIBIMIIBIK, epEKIICTiKTep i
€CKepy KaKeT, al KOMIIO3HMTTIK MaTepuasgapAblH
KacueTTepi oNaplblH Kypamzaac OerikTepiHiH e3apa
opekerTecyine OGaiianbicThl Oosaabl. OChbl MakKaiaa

OCBl  QJICTEpPiH KOJIIAHBUIYBI JKOHE OJapiAbIH
HOTIKETepl )KaH-)KaKThl TaJJIaHAIbI.

Kasipri yakbITTa WHHOBAILUSITBIK
MaTepUajIapbl 3epTTey FBLUIBIM MEH

TEXHOJIOTHSIHBIH ©3€KTi OaFbITTapbIHBIH Oipi OOJIBIM
Tabbimanbl. OnapAplH KONJaHy asichl KEHEUTeH
cailblH, OJIapJABIH CEHIMIUIrT MeH Kayilci3airin
KaMTaMachl3 €Ty MaHbI3[bl MIHJCTKE alHaIyaa.

Mpicanbl, MeIUITTHAIA KOJIZIAHBIIATHIH
MaTepHaiiapablH OepiKTiri manueHTTepAiH eMipiHe
TiKeJIel acep eTce, KyphUIbICTaFbl MaTepUalIap/IbIH
camachl ~FUMapaTrTapAblH  amaTka  Te3IMILTITiH
aHbIKTaiapl. COHIOBIKTAH OEpIKTIK CHITaTTaMalapbIiH
Tannay TEK aKaJeMUSUIBIK KbI3BIFYIIBUIBIK €MEC,
COHBIMCH KaTap NMPaKTUKAIBIK MaHBI3bI Oap Mocesne
OOJIBITT TaOBLIAIBI.

CoHbIMEH Karap, WHHOBAIIHSITBIK
MaTepUaIiapAblH 3KOJOTHSUIBIK ocepi Je Hazap
aynapyabl Tanan eresi. OnapabH eHIipici MeH KaiTa
OHJIeNTyl KOpIIaraH OpTara Kajalk ocep eTeTiHiH
3epTTey OoamakTarbl 3epTTeyJepIiH MaHbBI3IbI
OarbITHI 0oJIMaK. MpeIcansl, KOMITO3UTTIK
MaTepuaiapIblH KOIIIIIIr KaiTa OHIeyre KHbIH, all

HaHOMAaTepHAaJAapAbIH OHIIpiCi DJHEPTUSHBI Kol
KaXXeT eTe/Ii.
Ocnbl Makajiaga WHHOBALUSIIBIK

MaTepHaliap/blH OepiKTiriH 3epTTeyniH OipHele
onlici KapacTHIPBUIA/IBI: MEXaHHKAIBIK CBHIHAKTAp,
MHUKPOCKONIMSUTBIK ~ TJJay JKOHE KOMITBIOTEPIIiK
CUMYJISAIINS. byn olicTepiH OpKaNCHICHI
MaTepHaliap/blH KaCHETTEePiH OpTYpii KbIphIHAH
amaspl JKOHE OJIApABIH KOJJIaHy asChlH KeHEeHTyre
MYMKIHIIK ~ Oepemi.  Mplcabl, MeXaHHKAIIBIK
CBIHAKTAp MaTEpUAIIBIH CO3BUTyFa, KbICyFa JKOHE
WiTyre TO3IMIUIIMH aHBIKTaca, MUKPOCKOIHS OHBIH

KYPBUIBIMIBIK KEeMIIUTIKTePiH KepceTesi.
KommeroTepnik mozensaey Oolica, MaTepHANIBIH
opekeTiH Ooypkam, ChIHAKTApAbl  KOCMapiiayra
KOMEKTECE/].

3epmmeyoiy manwpizoviivizol. Kasipri yakpITTa
JKOFapbl OEpIKTITi, KEHUIIIT] jXoHe y3aK Maijanany
Mep3iMiMeH €pEeKILeIeHETiH WHHOBAIIUSIITBIK
MaTepHaliapra CypaHblc KapKbIHIb! ecyae. OchiFan
0aliJIaHBICTBl OJIAPBIH MEXAHHKAIBIK KAaCHETTEPIiH
Ion Oaranay JKoHe CeHIMl MaijanaHy IIapTTapbiH
AHBIKTAY MAaHBI3JIbI FHUIBIMH JKOHE MPAKTHKAIIBIK
MIHICTTEePAIH Oipi OONBIN TaOBUIAbL. ¥ CHIHBLIFAH
3epITey HOTIKENepI KOMITO3UTTIK JKOHE
HAHOKYPBUIBIM/IBI ~ MaTepHANZAP/Abl  a3POFapBIIL,
MallliHa JKacay, KYpbUIBIC, OJHEPreTHKa IKOHE
MEJWIMHA  canajapblHia TUIMII  naijananyra
FBUIBIMH ~ HETi3  KaIBINTacThIpaibl.  3epTTey
OaphICbIHIA  KOJJAHBUIFAH  KemleHAi  Oaranay
QmicTeMeci MaTepHualIapIblH CEHIMIUTITH
apTTHIPYFa, OJIap/IbIH KOHCTPYKIUSIIBIK
MYMKIHJIIKTEpiH KEHEHTyre »oHe jkaHa OybIHJIAFbI
KOFapbl OEPIKTIKTI MaTepuangapabl 93ipieyre Heris
Oona ananel. COHBIMEH KaTap ajbIHFaH HOTHIXKENEp
WHHOBAIMSJIBIK ~ MaTepHAIIAPIbIH ~ KYPBUIBIMBIH
KETUINipy, Naijanany Mep3iMiH YIFalTy >KoHe
OHJIPICTIK IIBIFBIHAAPABI TOMEHETYTE OaFbITTAIFaH
KEeWiHIrl FBUIBIMH  3€pTTeyjiep YIIIH MaHBI3IbI
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TEOPHSUTBIK, ~ JKOHE O6aza 0o
TaObUTAIBI.

3epmmeyoin yncananvizel. 3epTTEYAiIH FHUIBIMA
JKAHAIBIFBI ~ HMHHOBAIlMSUIBIK  MaTepuaiIapiblH
OCpIKTIK cUTIaTTaMantapbiH Oaramaynma
OKCHEPUMEHTTIK ~ JKOHE  CaHABIK  MOJEJbICY
OMICTEpiHIH  KEUICHJI TypAe KOJJIAHBUIYBIH/IA.
Kommo3utrik KOHE HAHOKYPBUIBIMJIBI
MaTepHaIIap/blH MEXaHUKAIBIK KacueTTepi e3apa
CaITBICTBIPBUTBIII, oJap/AbIH KYPBUTBIMJIBIK
epeKUIETIKTepiHiH OepiKTiKKe ocepi aHBIKTaJAbI.
MUKPOCKOTTHSITBIK Taaay HOTHXeEINepi
MEXaHUKAIBIK CBIHAKTAP JKOHE KOMITBIOTEPIIIK
MOJIENIBACY  HOTIKENEpIMEH  CaJbICTBIPBUIBII,
MaTepHaiaapablH OY3bUTy MeXaHM3MJEpi FBUIBIMH
Typreigad  Herizmennai. CoHbIMEH Katap rpadeH
HETi31HAeTI MaTepuaIapblH KOFaphl CEPITiIMIILTIITI
MeH OepiKTiri onapablH OojamaK HHKEHEPIK
KYpbUIBIMAApAa KOJaHy MYMKIHJITIH KEeHEHTeTiHi
KOPCETLII.

TOXKIpUOEIiK

OJICTEP MEH MATEPHUAJIJIAP

3eprTey GapbICchIHIA MHHOBAIHSIIBIK
MaTepraIIapIbH OepikTiK cumnaTTaManapbiH
Oaranay yuriH OipHerre omic KoaaaHeUabl (kecte 1).
Omnapnpig opKaiichIChl MaTepuaiiapIbH
MEXaHUKaJIbIK KaCI/IeTTCpiH, KYPBLUIBIMABIK

EPeKIIeTKTepiH JXKoHe OOoIKamIbl MiHE3-KYJIKBIH
KaH-KaKThl 3epTTeyre MYMKIiHAIK Oepmi. 3epTrey
MpoIieci MEXaHUKAIBIK CHIHAKTAP, MUKPOCKOTIHSIIBIK
Tangay >KoHE KOMIIBIOTEPIIIK MOZENbACY CHSKTHI
Herisri ym OarbITKa OemiHmi. bynm omicrepmin
OpKalCBICBl MaTepUaNap/AblH OEpiKTiriH Oaranayra
OpTYpJli KBIPBIHAH YJieC KOCTBHI, aJl OJapHblH
OIpIKTIpiATeH KOJNJIAHBLIYbl HOTIDKENEPAiH ST
MEH CeHIMJILIITIH apTTBIP/BL. 3epPTTeyre KOMIIO3UTTIK
Matepuangap  (KOMIPTEKTI  TalIIBIKTap  MEH
MOJIMMeEpJIIEp) KOHE HAHOKYPBUIBIMIBI MaTepHasaap
(rpacden HeriziHgeri KypbUIBIMIAp) KAMTBULIBIL.
ChiHakTap CTaHJapTTaIFaH opTana, SFHU
temneparypa 23°C  koHe bBUFAIIBIIBIK  50%
JKaFIanbeIHIa KYprizinmi, oy CBIPTKBI
(dakropiapaplH ~ ocepiH  OapbIHINA  a3alThII,
HOTHXKEIEP/IH CaBICTHIPMAIBUIBIFBIH KaMTaMachl3
eTTi.

Mexanuxanvix  cviHakmap.  MeXaHUKaJbIK
ChIHAKTAp MHHOBAIIMSUIBIK MaTepUaIapAbIH OEPIKTIK
cUMaTTaManapblH Oaranay[blH HETi3ri ofici perinae
kKonganeuiabl (cyper 1). byn omic martepmanabig
CBIPTKBI KYLITEPre — CO3BUIYFa, KbICYFa JKOHE HiTyTe
— Te3IMILNriH aHbIKTayFa OarbITTanraH. ChIHAKTap
CTaHAAPTTAIFaH KypajuJap apKbUIbl, aTan ailTKaHza,
yHHBepcainbl cbiHak ~MammHanapel  (Universal
Testing Machine, UTM) kemeriMen xyprizuiai. by
Kypajigap MaTepuaniblH JIeGopMalusiaHy mpoueci
Ke3IHJIeTi KYII TIeH OpPBbIH aybICTBIPYIbI JKOFaphI
JIQJIIKIIEH oJIIIeyre MYMKIHIK oepei.

ChIHaKTapAsIH HETI3TI MakKcaThl — MaTepHaIbIH
co3bL1y OepikTiriH (tensile strength), Keicy OepiKTiriH
(compressive strength) sxoHe wmimy OCpIKTIriH
(flexural strength) anbikTay OONAbL.

Co3bUTy CBHIHAKTAPHl MaTEpUANIBIH CO3bLIFAH
Ke3/eri MiHe3-KYJIKBIH 3epTTeyre OarbITTanmbl. by
MpoleccTe CTaHAaPTTHI MIlIHET] YaTiiep (MbICabl,
ASTM D638 cranmapThiHa COMKEC HalBIHIAIFAH)
MaIlliHaFa OPHATBUIBIT, OCNTiTl O1p KBUTIAMIBIKIICH
co3puibl. CO3BUTY MpoIeCi Ke3iHIe MaTepUalIbIH
CO3BUIMaIIBI iehopMalusiFa YIIbIpaybl, CepmiMALITIK
meri (yield strength) >xone y3iny HykTeci (ultimate

tensile strength) OJIILICHI]. Kommnoszutrik
MaTepuaiiapiblH, ocipece KOMIpPTEKTI
TaNIIBIKTAPABIH, CO3BUTyFa JKOFAphl  TO3IMILIIK

KOpCETKEHI OaWKaJapl, OYJI OJApIBIH adpPOFaphIIT
JKOHE aBTOMOOMJIb ©HEPKACIOIHIE KOJIaHBUTYBIHBIH

Herisri cebebi  Oomblm  TaObuIaAbl.  Aunaiina,
MOJTUMEPITi MaTPHIIaHBIH Kypambl MEH
TAJIIBIKTAPIBIH OaFbITTATYBI HOTHXKeEJIepre

afTapibIkTall ocep erTi. MpIcalibl, TaJIIbIKTapbIH

Oip OarpITTa OpHANTACYyBl CO3BUTY  OEPIKTIriH
apTThIpca, XaoOTHKAJbIK OpHAajacy KepiciHiue
TOMEHIETTI.
Kecte 1 —3eprrey  omictepi MeH  oJapIblH
napameTpiepi
Konnanpuir 3eprren-
. ChIHAK reH
Oxic Makca-Tbl aH
Kypanap apTTapbl | MaTepuan
1ap
Co3bly, Temmepar | Kowmmo-
Yuusepcan . .
Mexanu- KBICY, ypa: 3UTTIK
. JIbI CBIHAK
KaJlbIK uiny 23°C, Marepuan
T MaIIHHACHI
CBIHAKTap OepikTirin (UTM) blnrangpin Aap,
aHbBIKTAy bIK: 50% I'paden
Kypwm | Kowo-
Muxkpoc- . ' CrangapTr 3UTTIK
GerTik
KOMUSIBIK . TEM bl 3epTXa- | MaTepuan
KeMILLTKT
Tangay epri MHKPOCKOI | HAJIBIK OpTa nap,
sopTTey Tapsl I'pacen
bepix- Kowmro-
Kowmrmsrore TIKTI Bupryanast .
. . - 3UTTIK
paix Gomkay Multiphysic opra
Marepuan
MOJEIb- JKOHE S (cumymsnm nap
ey CUMYJISI- o) i
s I'pacen
KpIcy chIHaKTapsl MaTepuallblH KbICBIMFa

Te3IMIUNIriH Oaranayra apHainbel. byn cblHaKTapaa
YITiIep BEPTHKAIBAI  KYIIKE YIIBIPATBUINBL, Al
nedopmalisi  mporeci  Ke3iHae — MaTepHaIbIH
KYPBUIBIMABIK ~ TYTaCTBIFBI ~MEH  CHIHFBIIITBIFBI
3eprrengi. KoMmMmosuTTik MaTepuanaaplblH —KbICY
KE31HJIe CBHIHFBIMITHIK KOPCETKEHI aHBIKTAIBI, OYII
onapAplH KabaTTbl KYpBUIBIMBIHA  OailJIaHBICTHI
Oomysl MYMKiH. HaHOKYpBUIBIMIBI MaTepHaaap,
KepiCiHIle, KbhICyFa >KOFaphl TO3IMJILIIK KOpCeTTi,
acipece rpadeH HeTri3iHaeri yariiepzae
nedopmalysiFa JIeHiHTT CeprmiMAUTIK aiiMarbl KeH
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6onapl. by Kacuer rpadeHHIH aTOMABIK ACHTEHIeT
THIFBI3 OalIaHBICTAPBIMEH TYCIHAIPIICTI.

Winy cpeiHaKTapbl MaTepUaIbIH HKEMAUIITT MEH
KaTTBUIBIFBIH (stiffness) Oaranayra OarbITTangsl. byn
CBIHAKTapaa YITIep YII HYKTETi HeMece TopT
HYKTeNn uiny omicimeH cweiHamabl (ASTM D790
CTaHAapThI OOMBIHIIA). Komno3urrik
MaTepHanIapabpIH HiTy Ke3iHge KabarTap
apachIHIAFbl TeJTaMUHAITISFa (xabaTTapaeIH
OeniHyiHE) OeiiiMimiri OaifKaIpl, an
HaHOKYPBUIBIMBI MaTepUaap XKOFapbl UKSMIITIK
meH OepikTiKTiH  yiHneciMiH kepcerti. Uimy
CBIHAKTAPBIHBIH  HOTHXKENEpl  MaTepHaliap/IbIH
KYPBUIBIMJIBIK KoJITaHOaaparsl oneyeTiH
Oaramayra MyMKIHZIK Oep/i, acipece KypbUIbIC JKoHE
KOJIiK cajaaphIH/Ia.

MexaHHUKAaJIBIK CBIHAKTAP/IbIH OapIIbIFBI
CTaHAApTTalIFaH opTaja — Temreparypa 23°C xoHe
pUFanIpUIbIK  50% — oxyprizinai. bynr maprrap

CBIPTKBI (haKTOpIApbIH, MBICAJIBI, TEMIIEPATyPaHbIH
HEMece BUIFANIIBIH, MaTepral KacueTTepiHe ocepiH
OaphIHINA a3aiTy yIniH TaHnanasl. COHBIMEH KaTap,
op ChIHaK KeMiHae Oec peT KailramaHumbl, OYJI
HOTHXKEICPIiH CTaTUCTUKAJIBIK CEHIMIUIITIH
KaMTaMacel3 eTTi. MeXaHMKaJIblK ChIHAKTapAbIH
KEeMIIUTIr peTiHae ONapAblH TeK MaKpoOJIeHreneri
KacueTTepJi  OaraaliThIHBIH  aiiTyra  0ojansl,
COH/IBIKTaH MHUKPOCKOIHSITBIK TangayMeH
TOJIBIKTBIPY KaXeT OOJI/BI.

Muxpockonusnvix manoay. MHUKPOCKOHSIIBIK
Tangay MarepualapAblH KYpPbUIBIMBI MEH OeTTiK
EPeKIIeTKTepiH 3epTTey VIIH KONIaHBUIABL. by
O/liC MEXAaHUKAIBIK CBhIHAKTApAbIH HOTHXKEJIEPiH
TEpeHIpeK TYCIHyTe KoHe MaTepuallIbIH OepiKTiriHe
ocep eTeTiH MHKpO- JKOHE  HaHOJeHreineri
(bakTopnapapl aHBIKTayFa MYMKIHIIK Oepai. 3epTrey
JNIEKTPOHIBI ~ MHUKPOCKOITMS,  aTam  alWTKaHJa,
CKaHepJieyli 31eKTpoHabl MUkpockomn (SEM) xone
TPAaHCMHUCCHSIIBIK 3JNIEKTPOHABl MuKpockorn (TEM)
apkeUIbl OKypriziami. SEM  marepuanipiH  OeTTiK
MOP(OJIOTHSCHIH XKOHE KYPhUTBIMABIK KEMIIITIKTEPiH
(>xapbIkTap, 00C OpBIHAAP) 3epTTeyre OarbITTaNCa,
TEM HaHOKYpBUIBIMABI MaTepUaJapAblH aTOMIBIK
JICHIeHIeTi KYPhUIBIMBIH TajlIayFa MYMKIHJIIK Oep/Ii.

Kommnoszutrik MaTepHajapablH
MHUKPOCKOIIMSUIBIK ~ TaJIAAaybl Ke3iHIe KOeMIpTeKTi
TANIIBIKTAP MEH TOJHMMEPII MaTpHIA apachIH/IAFbI
OaiinaHpIcThIH camachkl 3eprrengi. SEM cyperrepi
TANIIBIKTApABIH ~ MaTpulara  TOJBIK  eHOereH
aiMaKTaphlH JKoHE KabarTrap apachlHAarkl 0o0cC
OpPBIHJAPIBl  aHBIKTAABI, Oy  MEXaHWKAaJbIK
ChIHAKTapIaFbl CBHIHFBIIITHIKTHI TYCiHAIpeni.
CoHbIMEH KaTap, Wiy CBhIHAKTapblHAH KeHiH
yirinepaiH  OeTiHae — AenaMuHanMs — Oenriiepi
Oaiikayiapl, OV KOMIIO3MTTIK MaTepHalaapiblH
KabaTThl KYPBUIBIMBIHBIH ~9JICi3 TYCHl €KEHiH
KepceTTi. byJ keMIIilikTep i ok YIIiH 0oJaniakTa

MaTpUIIAHBIH ~ XHMHSUIBIK ~ KYpaMblH  HeMece
TaJIIBIKTAPABIH OCTTIK OHACYIH KCTUIMIPY KaKeT
00JIyBl MYMKiH.

HaHoKyppUIbIMABl MaTepHanJapAblH Talaaybl
rpad)eHHIH KPUCTAIJBIK KYPBUIBIMBIHA KOHE OHBIH
KabaTTap apachIHIArel OaiyTaHBICBIHA OaFBITTAJIIBL.
TEM cypertepi rpadeHHiH TeKcaroHajabAbl TOPBIH
J)KOHE OHBIH KaOaTTapbIHBIH PETTUNINH  aHBIK
KepceTTi, Oy OHBIH JKOFaphl OEpIKTIri MeH
cepmiMILIIriH pacTaiiapl. Anaiiga, keidip yarinepae
HaHOOJIIEMI  JKapblKTap  MeH  jaedekrinep
AHBIKTAJIIHI, oy eHJIIpiC TPOTICCIHIH
KEeMIIUTIKTepiHEeH TYBIH/AAYBI MYMKiH.
MWUKpPOCKOTHSITBIK Tangay HOTHXenepi
MaTepHUAIIBIH OepikTiriHe MHKpPOACHTeHIeT
KYPBUTBIMHBIH 9CEPiH JTANENJIE/ )KOHE MEXaHHUKAITBIK,
CBIHAKTAP/IbIH HOTHXKEJIEPIMEH COMKeC KeJIi.

MUKpPOCKOTIHSUTBIK, TANAAYIbIH APTHIKIIBIIBIFbI
— O0J MaTepuaNiblH IMKI KYPBUIBIMBIH TEpeH
3epTTeyre MyMKiHIIK Oepeni. JlereHmeH, Oyt oicTig
KeMIITri  peTiHae  yiaruiepali  JadbIHAAYIbIH
KYPJACILIITIH KoHE KaOIBIKTHIH KBIMOATTHIFBIH aTall
eryre Oomanpl. CoOHBIMEH KaTap, MHKPOCKOMHS
CTaTHKAJIBIK  CypeTTepAi FaHa Oepexdi, SFHU
MaTepHaJIbIH JUHAMUKAJIBIK KYKTEMeNep Ke3iHaeri
MiHE3-KWJIKBIH ~ Oaramay  YIIiH  KOMIBIOTEPIIK
MOJIEJIBACYMEH TONBIKTHIPY KaXeT.

Komnwvromepaix  moodenvoey.  Komrmbrorepiik
MOJIETIb/IEY MaTepHuaiapablH OepiKTiriH Oomkay

KOHE  ONapIblH  MEXaHWKAIBIK  MiHE3-KYJIKBIH
CUMYJISIMsUIAYy  YINIH  KOJJIAHBLIABL —bByin  amic
CBIHAKTapAbl (QUM3WKANBIK Typae KyprizoecrteH

MaTepualJIbIH dPTYPJIi JKaFAailapAarsl peakusIChIH
3eprreyre MyMKiHOiKk Oepemi. 3eprreyae ANSYS
KOHE COMSOL Multiphysics CHUSIKTBI
CUMYJISIMSUTBIK — OarmapiaManap — IailalaHbUIIbL,
olap MaTepHalJbiH  JeopMalusChiH, KEpHEY
tapanybiH (stress distribution) j>koHe MOTEHIIHAJIIBI
QJICi3 HYKTENepiH MOAENbAeyTre MYMKIHIIK Oepi.
KoMmo3utTik MaTtepuaniapiblH  MOJENbACYI
KE31HJIe TaJIIBIKTAPIbIH OarbITTaNybl, MaTPUIIAHBIH
KacHeTTepi jkoHe KabaTTap/blH KaJbIHIBIFbl CHAKTHI
napamerpsiep eHrizingi. Cumyssiuusi HITHXeNnepi
MeXaHUKAIIBIK ChIHAKTAPMEH COWKec Kengi, acipece
CO3BIITY JKOHE uiny Ke3iHzeri KEepHEey
KOHIIEHTPALMSICHI 1971 60/bkanabl. HaHOKYpBIIBIMIBL
MaTepUajiapAblH MOebAeyl rpad)eHHIH aTOMJIBIK

KYPBUIBIMBIH ~ €CKepe  OTBIPBIN,  MOJICKYJAIBIK
JTUHAMHUKA (molecular dynamics) JMIicIMEH
xyprizinmi. Byn  omic  rpadeHHIH  KOFapel
cepmimuiniri MeH OepikTiriH pacraapl, Oipak

HaHoJIeHTeleri 1eeKTiIep IiH ocepiH J1e KOpCeTTi.
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Cyper 1 — MexaHHUKaNbIK CBIHAKTAP/IBIH YaKbIT
OoiibHIIa OeMiHyl

KommbroTepiik MoAenbAeyIiH apTHIKIIBUIBIFBI —
OJI aKBIT IT€H PECypCTapIbl YHEMACH]II JKOHE SPTY Il
CICHApUHNepai  cblHayFa  MYMKIHOIK  Oepeni.
Mpicanpl, TeMIepaTypaHblH HEMECE bUIFaJIbIH
acepiH MOJIeNbeYy apKbUIBl MaTePHAIIBIH KOpIIaFaH
opTara Te3IMILIIriH anasH ana Oaramayra OONaibl.

JlerenMeH,  MOJENBICYIIH  JQNAIri  OacTamksl
JCPEKTepiH  camachlHa  JKOHE  KOJJIAHBUIFaH
MaTeMaTHKAIBIK ~ MOJCTBICPIIH  JAYPHICTHIFbIHA

OaiinanpicThl. COHABIKTaH CHUMYJISIIHSI HOTHKENIEpi
MeXaHUKAIBIK CBIHAKTAPMEH KOHE MUKPOCKOIHSIIBIK
TaJITayMEH CaJIBICTHIPBUIBII, BAJHIAINSIIAH B
3epmmeyoiy  oicainvl  moacini.  3epTreyre
KOMITO3UTTIK Matepuangap (KOMipTeKTi TaIbIKTap
MEH  TIOJIUMEpJep)  JKOHE  HAHOKYPBUIBIMIBI
Matepuannap (rpadeH Heri3iHIeri KypbUIBIMIAp)
KaMThUIABL.  bBynm  MaTepwanmapislH — TaHIATYhI
OJIapJIBIH YKOFaphI QJICYEeTi MEH SPTYpJIi caanapaarsl

KOJIIaHBUTYbIHa OaitnaneicTel  Oonmpl.  ChIHAKTap
CTaHJapTTaIFaH oprazaa KYPri3imnmi, Oy
HOTHXKENepiH  OOBEKTUBTIUIITiH  JKoHe  Oacka
3epTTeyepMeH CaNBICTBIPY MYMKIiHITiH
KaMTaMachl3 €TTi. YII ONICTIH — MEXaHUKAJBIK
CBIHAKTAPJIbIH, MUKPOCKOIUSJIBIK TaJIayblH JKOHE
KOMITBIOTEPIIIK ~ MOJEIBJACY/IIH — OipiKTipUIreH
KOJITaHBLTYbI MaTepHalIapIbIH OepiKTiK

cHUIaTTaMalapblH KaH-)KaKThl Oaranayra MyMKIHJIIK
Oepai. By tocin Gonamak 3epTTeyiep YIiH J¢ Heri3
0oJ1a aaael

HOTUKEJIEP )KOHE TAJIKBIJIAY

3eprTey HOTHXeTepi MHHOBALUSIIBIK
MaTepHaIiapablH OEpiKTiK cUIaTTamMaiapbl KOJAaHy
KaraiibiHa OalIaHBICTHl aUTAPIIBIKTal ©3repeTiHiH
KepceTTi. by MaTepuanmapIblH MeXaHHKaJbIK
KacueTTepi oJapAblH KypamblHa, KYpPbUIBIMBIHA,
OHJIIPIC TEXHOJOTHMSChIHA JKOHE KOJIaHBUIATHIH
opTara TIiKeJleW TOyelJi eKEHIH JoJeaeHIl.
3epTreyre KaThICKAaH KOMIIO3MTTIK MaTepuaiaap
(KeMipTeKTi TaIIBIKTap MEH IOJIMMEpIep) >KoHe
HAHOKYPBUIBIMJIBI MaTepuaniap (rpadeH Herizingeri
KYpBUIBIMAAP) 9PTYPJIi ChIHAKTapJaH ©TTi, OJapAbIH
HOTHXeNepl MaTepHangapAblH —apTHIKIIBUIBIKTAPEI
MEH IIEKTeYJIePiH aHBIKTa/Ibl. MBICAIbI, KOMITO3UTTIK
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MaTtepuanmap CO3bUTyFa  TO3IMIIIITI  >KOFaphbl
OOoNFaHBIMEH, KBICY KE31HIIC CHIHFBIIITHIK KOPCETTI.
HanokypeuieiMael  Matepuangap ©Oomca, >KOFapsbl
OEpiKTIK TeH WKEeMAUTIKTIH YHIECIMiH KepCeTTi,
Oipak oJapabIH OHIIpici Kypaeli oHe KhIMOaTKa
tyceni. KommbroTeprik Monenpaey HITHXKeepi
MEXaHUKAIBIK CBIHAKTAPMEH CoMKec Kenmi, Oy
CUMYJISIIVSTHBIH TTAJLIITIH pacTaipl.
MUKPOCKOTHSLITBIK Tanaay MaTepHaIap IbIH
OCpiKTiriHe  MHKPOACHICHIEri  KEMIIUTIKTEPIiH
(>xapbIKTap, 00C OpBIHAAP) 9Cep CTETiHIH aHBIKTAMIbI.
OCBI HOTIDKETIEP/TI TOJBIFBIPAK KapacThIPaibIK,.
Komnosummix — mamepuanoapovly — Oepikmik
cunammamanapei.  KOMIO3UTTIK  Martepuanjap,
ocipece KOMIPTEKTI TaJIIBIKTap MEH IOJMMEpIi
MaTpUIaaH TYpaThIH yJirinep, CO3BLTY
CBIHAKTAapBIH/AA JKOFapbl OHIMIUTIK KepceTTi. by
KAacHeT OJapJAblH KYPbUIBIMBIHA  OailIaHBICTHI:
KOMIPTEKTI TaNIIBIKTAp CO3bUTy KYIIH THIMII
KaObUIIAN, Taparajabl, ajl MOJUMEepNi MaTpuia
TYTaCTBIKTHI KaMTaMachl3 eTe. Co3sblty
Oepikririnig oprama moni 1500 Mlla-man >xorapsl
Oonapl, Oy IOCTYpil MarepuangapMeH, MbICAbI,
6onarnex (mamamen 400-600 MlIla) canbicThipranaa
alTapiBIKTall KOFapel KepceTKiml. byn HoTmke
KOMIIO3UTTIK MaTepHaIapIbIH a’pOFaphINI
callachlHIA, MBICANbBl, YIIaK KaHaTTapbl MEH
(brozensx OeJTiKTepiH JKacayna KEeHIHCH
KOJITaHBLTYBIH TyCiHIipeni. JHerenmen,
TaJIIBIKTApABIH OaFrbITTATYBI HOTHXKeIepre
aifrapneikraii ocep errti. bip OarbiTTa OpHamacKaH
TAJIIIBIKTAP CO3BUIYFa XKOFAPhl TO3IMITIK KepceTce,
KE3eWCOK OarbITTalFaH TaJIIBIKTApABIH OEpIKTiri
mamameH 20-30% temeH 0oybl. byt KyphUIBIMIIBIK

IM3aliH  Ke3lHJe TaJNIBIKTApAblH  OpHAJIACybIH
MYKHST JKOCTIapIiay KaKeTTITiH KepceTeai (kecte 2).
Kpicy  chiHaKTapbl  Ke3iHAe  KOMIIO3UTTIK

MaTepHaiap/iblH CBHIHFBIIITHIFBl aHBIK OalKaJIbI.
Oprama kpicy Oepikriri 600-800 MIla apanbiFeinaa
Oonpl, OYIT CO3bUTY OepiKTIriHeH enayip TeMeH. by
alBIPMAIIBUIBIK ~ KOMIO3UTTIK ~ MaTepualap/blH
Ka0aTThl KYpBUIBIMBIHA JKOHE TaJIIBIKTap MEH
MaTpHIla apachlHIAFbl OaMIaHBICTHIH oONCi3firiHe
OatinaneicThl. KpIcy Kke3iHIe KabarTap apachiHAa
nenamuHanys (0eJiHy) KoHE MUKPOXKapBIKTapAbIH
maiina Ooxysl  Oaiikanapl, Oyl MaTepHaNAbIH
KYKTEMEHI OipKeNKi TapaTa alMayblHaH TYBIHIAIbI.
Mpbicajbl, ChIHAKTapAbIH OIpiHIE YJTiHIH KbICyFa
yuislparad Oediirinae KabarTapAblH bLIbIpaysl 50%
nedopmarliusira sKeTKeH e 0acTabl, ajl TOJIBIK Y311y
70% nmedopmarusaga OpeIH aigsl. by HOTIKE
KOMIIO3UTTIK MaTepHangapAblH KbICyFa TO3IMIUIITH
apTTHIPY YLIIH MaTpHULAHBIH XUMHSUIBIK KYPaMbIH
HEMECE TaJIIBIKTAP/IbIH OCTTIK OHJCYIH JKETLIIIPY
KQXKETTITiH KOpCeTe/Ii.

Uiny CBIHAKTaphl
MaTepHalIapJiblH  KATThUIBIFbI

KOMIIO3UTTIK
MEH HMKEMIIJIIrH



Kapazanovl memnexemmix unoycmpusnvix ynueepcumeminiy xabapuicol. Ned(51), 202501

Oaranayra MyMKiHzik Oepmi. Opraiia uiny OepiKTiri
900 MIla mamackraza 60sI, OipakK aeIaMUHAITASFA
OeifiMmmimik Tarel Ja Oalikanmel. bByn  kacuer
KOMIIO3UTTIK MaTepHaIIapIbl KYPBUIBICTA
KOJIaHFaH Ke31e, MBICATIBI, KOIpIepIaiH TipeK
KYPBUIBIMAAPBIHIA, ecKepimyl Kepek. JKammsl
aIFaHia, KOMIIO3UTTIK MaTepuangap Co3bLIyFa
YKOFapbl TO3IMILUTIK KOPCETKEHIMEH, KbICY JKOHE Uiy
Ke3iH/eri MIeKTeynepi OoNapAslH KOJAaHy asiChIH
TapbuITagel. byl KeMIIimiKTepai koo Ooamrak
3epTTeyJepAiH MaHbI3Abl OaFbITHl OOIMAK.

Kecre 2 — KoMmO3UTTiK XoHE HAHOKYPBUIBIMJBI
MaTepHuanaapabH OepiKTiK KepceTKimTepi

Co3pury | Keicy Uiy
Martepuan |6epikTiri |6epikriri |OepikTiri | Eckeprre
(MIla) (MITa) (MIIa)
Kommo3sur- Kb.my
Tix Ke3iHze
1500 600-800 900 CBIHFBIIII-
MaTepHua-
. TBIK
#ap OaiKa bl
paden | 100,000 | 50,000 | 80,000 | Horaper
(HaHOKYpHI- HKEMILTIK
JIBIM) (100 I'Ma)| (50 I'TIa) | (80 I'Tla) | kepcerti

Hanokypoiivimool mamepuanoapoviy Oepikmik
cunammamanapvi. HaHOKYPBUIBIMIBI MaTepuaniap,
ocipece rpadeH Heri3iHAeri KyphuIbIMIap, 3epTTey/Ie
epeKIie HOTHKENep KOPCETTi. Cosbury
ceiHaKTapeinaa rpadenniy Oepikriri 100 I'Tla-nan
achIN TYCTi, Oy11 OHBIH TeopusutbK mmerine (130 ['Tla)
YKaKbIH KepceTKill. by kacuer rpadeHHiH aTOMIIBIK
JICHTeHIeT] TeKCaroHabAbl TOPHIHA KOHE KOMIPTEK
aToOMJapbl  apachlHJarbl  KYIITI  KOBAJCHTTI
OaiinanbicTapra OaiyanbicTel. COHBIMEH —Kartap,
rpadeH YKOFapbI WKEeMJILTIKTI KOPCEeTTi:
nedopmalvsiHblH  cepriMai  adimarer  15-20%
IaMachlHAa 00 b, Oy KOMIIO3HUTTIK
MaTepuallapMeH  CaJbICTBIPFaH/Ia aWTapibIKTal
J)Kofapbl. Byn kacueT rpadeHHIH 3JICKTPOHHKAAA,
MBICANIBI, UKEM/II TUCTIICHIIep e, )KoHe MeUIINHAIA,
MBICANbl, OuoOceHcopiapAa KOJNJAHBUTYy oJeyeTiH
apTTHIpaabl (CypeT 2).

Cypert 2 — KoMno3utTik oHe rpadeHHiH 6epikTik
cUMaTTaMaIapbl
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Keicy CBHIHAKTapbIH/A HAHOKYPBUTBIMIBI
Martepuanmap Ja JKOFapbl TO3IMIITIK KOpCEeTTI.
I'padenniy kabaTThl KYPBUIBIMBI KBICY KYILiH THIMAI
TapaThIll, CHIHFBIIITHIKTBI a3alTTl. OpTama KbICy
Oepiktiri 50 ITla mmamaceiHma Oommer, Oyl
KOMIIO3UTTIK MaTepuaimapAaad OipHeIIe ece )KOFaphl.
JerenmeH, chlHaKTap Ke3iHAe KeOip yirinepae
KabaTTapAplH BIFBICYBl  (shear) Oaifkammsl, Oy
rpadeHHIH Oipueme KabarTaH TYPATHIH
KYpbUTBIMAApbIHA TOH. Byl KeMIIistikTi azaiity yurin
KabaTrTap apachlHAAarbl OalIaHBICTBl  KYIIEHTY,
MBICAJIBI, XUMUSUTBIK MOAN(HUKALUS apKBUIBI, KaXKeT
00IIyBl MYMKiH.

Winy  ceiHakTapel  rpadeHHiH  Oipereit
KacHeTTepiH Tarel Aa pactaasl. Wimy Oepikriri 80
I'Tla-ra xeTTi, am gedopManus Ke3iHIE MaTepHal
©3iHIH OacTamnKpl MIlIHIH TOJBIK JEPIiK KaalblHa
kentipmi. bynm  kacmer  rpadeHHiH ~— cMapT-
MaTepuaiap peTiHae KOJAaHBUTYbIHA KOJI alllajibl,
MBICANIBI, CEHCOpJIap HEMece DHEeprus Cakray
KYpBUIFBIIAphl  callachlHAa. Amnaiga, rTpadeHHIH
OH/TIPICIHIH KYPAEIiIiri MEeH »KOFapbl KYHBI OHBIH KeH
ayKbIMIBl ~ KOJJIAHBUTYbIHA  KEAepPri  KeNITipemi.
Mpicansl, xuMusDIBIK Oy TyHIBIpY (CVD) omicimen
eHJipinrern rpadeHHiH Oip TpaMMBIHBIH KYHBI
mamamern 100-200 AKII monnmapeiHa TeH, OyJ1 OHBI
KOMMEPIHUSIBIK KOJaHOaIap YIIiH KbIMOAT eTeni.
ConppIkTaH rpadeHHIH OHIIpic THIMALIITIH apTTHIPY
OoJjamakrarbl 3epTTEyNEpIiH MaHBI3Abl MIiHIETI
OonMax.

Komnvromepnix
Kommbrorepatik MOJIENBICY MEXaHUKaJIBIK
CHIHAKTap/blH  HOTIDKENEepPIH  pacTay  JKOHE
MaTepUaIapAblH  MIHE3-KYJIKbIH OOJDKay  YIIiH
KoimaHbuabl.  KOMmosuTTik — MarepuasiiapabiH
CUMYJISILIMSICEI  CO3BULy — Ke3iHIe  KepHeyIiH
TAIIBIKTAp OOWBIMEH TapalaThblHbIH, a1 KBICY
Ke3iHJe KabarTtap apachbIHIaFbl anci3
OaitytaHbICTap/IbIH BIIBIPAHTBIHBIH KOPCETTI.
Monenbey HOTIKENEpl ChIHAK JepekTepiMer 95%
coiikec KeJi, oy CUMYJISIUSITBIK
OarmapiaManapblH JNIITiH pacTaiasl. Meicaibl,
ANSYS OarapinaMacsl KOMIIO3HUTTIK
MaTepUaIapAblH MUy Ke3iHAe JelaMUHaIUsIFa
OeHiMIimiriH  gonm  OoJokagbl, Oyl  (DHU3HKAIBIK
ChIHaKTapja aa OalKanasl.

Muxkpockonusinvly ~ manoay — Hamudicenepi.
MWUKPOCKOTHSITBIK Tanjay MaTepHaIapIbIH
OepiKTiriHe MUKPOJCHIeH/IETT KEMIITIKTEP/IIH acep
€TeTiHIH aHbIKTabl. KOMIO3UTTIK MaTepuanaapabH
SEM cyperrtepi TalmIbIKTap MEH  MaTpHIa
apacelHAarbl 00C OPBIHAAPABI KOHE KBICY Ke3iHae
naiina OoJIFaH MHKpOKaphIKTapasl KepceTTi. by
KEeMIIIUTIKTEp MaTepUaIIbIH CBHIHFBIIITHIFBIHA JKOHE
JelaMuHaLMsAra  OediMainirine ceben  OOJIbI.
Mgicanel, Oip yJiriie TadIIBIKTApAbIH MaTpHLara

MoOenvoey — Hamudcesepi.
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TOJIBIK eHOeyl OalKasabl, OYJ1 OHBIH KbICY OCPIKTITiH
15-20% temennetTi (cypeT 3).

Cyper 3 — I'papennig TEM cyperi (rexcaroHaib bl
TOPABI KOPCETETIH) HEMeCe HiJly ChIHAFBIHAH KeHiHT1
rpadeH KaOBIPIIAFbIHBIH CypeTi

I'padenniy TEM Tanmaysl KpUCTaNAbIK TOPABIH
JKOFapbl PETTUTITIH pacTafpl, Oipak Keibip ynrinepae
HaHOXKApBIKTAp ~ MEH  KabarTap  apachbIHIarbl
nedekrtizep  aHBIKTANABL. ~ Byn  kemurimikrep
rpadenHiy Oepikririn mamamern 10% TeMeHIETTI,
Oy eHIIIpiC Mporecinmeri OaKpUIayTBIH
MaHBI3JBUIBIFBIH ~ KOpceTemi.  MUKPOCKOMHSUTBIK
Tangay MeEXaHWKAIBIK CHIHAKTap MEH MOJIENbACY
HOTWXXENEPiH  TONBIKTBIPBIN,  MaTepuangapAblH
OepikTirine ocep eTeTiH 1mKi ¢akTopIapabl
AHBIKTA/]IBI.

Kannwv
WHHOBALMSIBIK

manoay.  3epTTey  HOTIXKenepi

MaTepHaIap/IbIH OepiKTiK
cUMaTTaManapbl OJapIblH KOJJAHY JKaF/aibiHa
OalJIaHBICTBI  €KeHIH gonengeni. KOMITO3UTTIK
MaTepuaiiap CO3bUTyFa >KOFaphl TO3IMILUTIKIICH
epeKIIeTIeH e, KbICY KOHE ULy Ke31H/Ier MeKTeyepi
oJlapAbIH KOJIZIaHy asiCBIH TapbUITaIbL.
HaHokypbuibIMIBpl MaTepualgap XKOFapbl OEpiKTIK
MeH UWKEeMAUTIKTIH  YWIeCIMiH  KOpCeTKeHIMEH,
OHJIIPICTIH KYPACIIIIri MEH KYHBI OJIAPJBIH KEH
TapairyblHa Kenepri. KoMmbroTepiik Mozenbiey MeH
MHKPOCKOITMSUIBIK Ty OChI KACHETTEP/Il TYCIHyTe
KOHE JKETUIIpyre MYMKIiHAIK Oepai. by HoTmxkenep
MaTepHaniappl KOJIAaHyIbIH THIMAIIITIH apTThIpy
JKOHE OJIapIbIH CEHIMIUIITIH KaMTaMachl3 €Ty YIIiH
MaHbI3/IbI HEri3 00Ja bl

KOPBITBIH/IbI

VHHOBaIMSIIBIK ~ MaTepUANIAPIBIH  OEPIKTIK
cUIaTTaMaiapbl  OJapAbIH  KypaMblHa, ©HJIpIC
TEXHOJIOTHACHIHA KOHE KOJIJaHy OPTachIHA TIiKEJeH
0ailIaHBICTHI EKEHi 3epTTey OAPBICHIHIA AHBIKTAIIIBI.
Byn dakropiap MarepuaimapablH MEXaHHKaJIbIK
KAaCHETTEPIiH, SFHHU CO3bLIyFa, KbICyFa JKOHE HiIyre
TO3IMJIUNITIH, COHJAi-aK OJapJblH IMPAKTUKAIBIK
KOJIIaHyJaFbl TUIMJUIITIH aHBIKTalabl. MEIcabl,
KOMITO3UTTIK ~ MaTepUalgap/blH  KYpPaMbIHIarbl
TaJIIBIKTAPABIH TYpl MEH MAaTPHUIIAHBIH XHUMUSIIBIK
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KYpaMbl ~ ONapAbslH  OEpiKTiriHe  ocep  eTce,
HaHOKYPBUIBIMIBI ~ MaTepHAIIapablH — OHIIpICiHIIe
KOJIIaHBLIATHIH TEXHOJIOTUSIIAP, MBICAJIBI, XUMUSLITBIK
oy Ttyuaeipy (CVD), onapaslH KYPBUIBIMIIBIK
TYTaCTBIFbI MEH cCamachlH alKbIHIaipl. COHBIMEH
Karap, KOJJaHy  OpTachl TeMmreparypa,
BUIFIJIBUTBIK ~ JKOHE  XUMUSUIBIK  9cepliep
MaTepHaIIapAbIH Y3aK MEP3iMIi OHIMIUTITiHE BIKITal
eremi. Ocbl  TYpPFBIAaH  allFaHga,  3epTTey
WHHOBAIUSJIBIK MaTePUANIAP/BIH QJICYETiH TOJBIK
naiianany yuiiH ocbl (pakTopiapIsl MYKUSIT €CKepy
KaKETTITH KOPCETTi.

3epTTey  HOTIDKENEpi  KOMIIO3UTTIK  JKOHE
HaHOKYPBUIBIM/IBI MaTepuanIapIbiH YKOFapPbI
omeyetriH pactamgsl. KoMmoswTTik Marepuanmap
CO3BUIyFa JKOFapbI Te3IMILTIrIMEH JKOHE
KEHUITITIMEH  ePeKIICNICHCE,  HaHOKYPBLIBIMIBI
Marepuannap, ocipece  rpadeH  Heri3iHJeri
KYpBUIBIMAAp, OEpiKTIK TeH HMKeMIUTIKTIH Oipere
yiiecimiMen ke3re TycTi. Byn kacuerTep omapibl

a’3pOFaphIll, KYPBUIBIC, MeIUIHA KOHE
JJICKTPOHMKA  CHUSIKTBI  canajapia  KOJJIaHyFa
MYMKiHOiK ~ Oepemi.  Mpicaibl,  KOMIIO3UTTIK
MaTepuaiiap yIinaK OeJIIeKTepiHAe CaaiMaKThl

a3alTBIN, SHEPTUs THUIMALUIITIH apTThIpca, rpadeH
HETi3iHAeTi MaTepuangap HKeMIi SJIeKTPOHHKaIa
HEMece J>KOFapbl Ce3IMTalABIKTaFrsl CeHcopiapia
KOoJNJaHbuia ananel. JlereHMeH, oJapAblH KEeHiHEH
KOJIIAaHBUTYBl VINH OipKarap Kemepriiepai XeHy
KaxeT, Oyl  KOCBIMIIA  3epTTeyjiep  MeEH
TEXHOJIOTHSJIBIK JKETUIIIPYJIeP/Ii Tanar eTe.
KoMno3uTTik MaTepuangapIpIH KbICY )KOHE ULy

Ke3iHyeri CBIHFBIIITHIF B, COHJIa-aK
HaHOKYPBUIBIMABI ~ MaTepHaIAApAbIH  OHIIPICIHIH
KYpAEIiIiri MEH JKOFapbI KYHBI OCBI
MaTepuajlapAblH  HETi3rl  IIeKTeyynepi  OOJbIm
TaOBLIA L. Kommosurrik MaTepHuaIapIbIH
IeJIaMUHAIUIFa OeriMaLIIriy azaiTy  YIIiH
MaTpHI@HBIH  KypaMblH  JKeTULIipy  Hemece

TaJIIBIKTAPABIH OCTTIK OHJIEY OMICTEPIH JAaMBITY
KakeT. A rpadeHHIH OHIIPIC IIBIFBIHAAPBIH
TOMEHJICTY JKOHE OHBIH CanachlH OaKbLIay/Ibl
HKAKCAPTY TEXHOJOTHSIIBIK WHHOBALMSIAPIBI KAXKET
eTei. Mpicaisl, rpadeHHIH eHJIipiciHe
konganbuiaTeiH CVD opiciHiH OpHBIHA ap3aHbIpak
XKoHe MaciTadTanaTelH Oanama sfictepai a3ipiey
OCBI MaTePUANIJIBIH KOMMEPUHUSIBIK KOJKETIMILTITH
apTTeipap  emi. bym  MimgerTepai  memy
MaTepHaIapAblH KeH ayKbIM/a KOJAAHBLTYBIH JKOHE
OJIapJIbIH 3KOHOMMKAJIBIK THIMJALIIIIH KaMTaMachl3
eTe.

Bomamakra ockl  MaTepuanmapiblH  Y3aK
Mep3iMi CEHIMIIUTITIH OHE SKOJOTHSUIBIK OCEpiH
3epTTeY YCBHIHBUIAABL. ¥3aK Mep3iMIi CeHIMILIIK
MaTepUajIapAblH  OpPTYPJl  OpTaja JKOFapbI
TEeMIepaTypa, BUFAIIBUIBIK HEMECe arpecCUBTI
XUMMSUTBIK, 3aTTap/IbIH 9Cepi Ke3iHe — Kajlall opeKeT
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eTETIHIH  aHBIKTayFa  OaFpITTaNFaH.  MEBICaIHI,
KOMITO3UTTIK MaTepHalapAblH VYakpIT ©Te Kele
Ka0aTTapblHBIH  BIABIpaybl Hemece TpadeHHIH
KOpLIaFraH OpTa SCEepiHEH Jerpajalusra YIIbIpaysl
ONMApABIH KOJJaHy Mep3iMiH ImeKrewni. by
Macenesnepl 3epTTey MaTepralgapAblH CeHIMIUTITIH
apTTBIPBIIN, ONapIbl Kayilci3 KoJJaHyFa MYMKiHIIK
Oeperi.

KopseITbIHABIIAN KeNe, 3epTTey MHHOBALMSIIBIK
MaTepHaIapablH JKOFaphl JIEyeTiH pacTaipl, Oipak
oJlapAbIH MPAaKTUKAIBIK KOJIIAaHBLTYHBI
TEXHOJOTTSUTBIK KOHE HKOJIOTHSUIIBIK MacemenepIi
memyni  tajan - eremi.  KoMImosuTTiK - JKoHE
HAaHOKYPBUIBIMIBI ~ MaTepUalgapAblH  OepiKTiK
CUNAaTTaMalapblH JKETUINIPY OJapAbIH THIMILUTITIH
apTTHIPBIN, IIBIFBIHAAPALI  a3alTanpl. bonamak
3epTTEYJICp OChl MaTepHAIAAPAbIH CEHIMJILIITIH,
KOJDKETIMAUTTIH KOHE JSKOJIOTHSUIIBIK Ta3aJIbIFbIH
KaMTaMachI3 €Tyre OarbITTaITybl THIC.

MY JAEJIEP KAKTBIFBICHI

ABTOp OCBI 3epTTEY/Ii OPBIHAY KOHE MaKallaHbl
)apusiiaay OapbIChIHAA MYIJIENCp KaHIIbUIBIFBI KOK
€KEHIH MAJIIMIEH .

KAPXBbITAH/JIbIPY
ABTOpmap OCHI 3epTTEYIi OpBIHAAY KE3iHIIE
CBIPTKBI KA KbUIAHABIPYABIH KOKTHIFBIH MOJIIMICH/II.

AJIFBIC

ABTOp KO/Ka30aHbI MYKHAT KapaCThIPBIIL,
MaKallaHblH ~Ma3MYHbl MEH CamachlH  €Idyip
JKaKcapTyFa MYMKIHIIK OepreH KyHIBl eCKepTyiepi
MEH YCBIHBIMAPHI YIITIH )KypHAJJIBIH PEIaKTOPHI MEH
PEICH3CHTIHE IIBIHANBI AJIFBICHIH OUTAIpE/i.

ABTOPJBIK KYKBIK © 2025 aBtop(nap)ra
THecimi. By makana Creative Commons Attribution—
ShareAlike 4.0 International (CC BY-SA 4.0)
JIMIEH3MACHl OOMBIHINA AaIlBIK KOJDKETIMII OOJIBIII
TaObuTanel. JIMIEH3Us TYIMHYCKA EHOEKKE THICTI
TYpAE CcLITeMe >KacalFaH JKardaija, Ke3 KeJlreH
opraja maiajnaHyra, TapaTyFa JKOHE KalTa
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HOW TO PREVENT THE SHRINKAGE OF ALUMINUM FOAM THROUGH
CARBONATES

Bekbolatova N.

Yessenov university, Aktau, Kazakhstan
*Corresponding author e-mail: bekbolatova.nursulu@mail.ru
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Abstract — Metal foam is produced using titanium hydride as a foaming agent. Carbonates produce aluminum foam
with a thin and homogeneous cell structure. However, foams produced using carbonates show a pronounced shrinkage,
which is clearly different from the one in which titanium hydride is used. For practical use, it is very important to clarify
the shrinkage of the foam and establish a method of its prevention. In this study, cell structures were observed to study
the shrinkage of aluminum foam produced using carbonates. Foam cells are associated with each other with maximum
expansion produced using dolomite as a foaming agent. It was believed that the foaming gas was expelled to the outside
through the connected cells. Cell formation at different sites has been thought to be effective in preventing contractions
caused by cell bonding. Several inclusions of dolomite and magnesium carbonate with different decomposition
temperatures were used. The foam in the case with many inclusions maintained a density of 0.66 to 973 K, when the foam
produced with dolomite shrank. Repeated addition of carbonates has been tested to be effective in preventing shrinkage.

Keywords — aluminum foam, carbonates, shrinkage, materials science, cell structure, dolomite, magnesium carbonate,
gas formation, thermal decomposition, titanium hydride, expansion, density, microstructure, foaming mechanism,
aluminum alloy, structural materials, lightweight materials, mechanical properties.

KAPBOHATTAP APKBLIbI AJIOMAHUMN KOBIKIHIH IO YIHIH AJIJIBIH AJTY
OICI

bexoonamosa H.

«Il. Ecenos amvinoazvl Kacnuii memaiekemmix mexHoa02usiap dtcane unicunupune ynugepcumemiy KeAK, Axkmay,
Kazaxcman
*Aemop-rkoppecnondenm e-mail: bekbolatova.nursulu@mail.ru

ABTOpJap TypaJibl aKNapar:
BexoymatoBa Hypceyay, «I. EcenoB artemHmarel Kacrmuit MeMJIEKETTIK TEXHOJIOTHSUIAD JKOHE WHKUHHPUHT
yHuBepcureTi», Akray, KazakcraH, e-mail: bekbolatova.nursulu@mail.ru

Anoamna — Mertann ke0ik Ke0ik Ty3yIli peTiHAe THTAaH THAPHUITI Maiganana oTeIpsN eHaipiteni. Kapbonarrap sxyka
XKoHe OIpTEKTI jKacylla KYpbUIbIMBI Oap aJroMHHHMH KeOiriH mbrapasabl. JlereHMeH, kapOoHaTTap apKbUIbl ©HAIPUITeH
KeOIKTep THTaH TUAPHAL KOJIJaHbIIFaHHAH aHbIK €PEeKIeJICHETIH alKbIH Iery/i kepcerei. [IpakTHKanbIK KOIany YIiH
KOOIKTIH IIeryiH HakTbUlay >KOHE OHBIH alIbIH ally 9JiciH Oenriiey ere MaHbI3/IbL. by 3eprreyne kapOoHarTap
KOMETiMeH OHJIpIIreH allOMHUHMN KeOIKiHIH IIeryiH 3epTTey YIIH >Kacylla KypbuibIMaapbl Oadkanisl. Kebix
xKacymamnapsl 6ip-0ipiMeH MakCHMaIAbl KEHEIOMEH OaillaHBICTHI KOOIKTEHAIPTINT peTiHAe JOTOMUTTI KOJAaHy apKbIIbI
eHmipinreH. KeOik Ty3eTiH ra3 KOCBUIFaH YSIIBIKTap apKbUIBI CBIPTKA IIBIFApbUIaAbl JEM €CenTerai. OpTypdi
yuackeJiep/ie xKacyuia Ty3uyi skacyiia OaiylaHbICBIHAH TYbIHIAFaH )KUBIPBUTY IBIH aJI/IbIH aly/ia THIMI JIeN ecenTei.
Op TYpJi BIABIpAY TEMIIEpATypajapbl 0ap TOJOMUT NIeH MarHuii KapOOHATHIHBIH OipHEIIe KOCHIHABIIAPHI KOJaHBIIIbL.
Kenreren kocsiHaBIIAp Oap KopmycTarsl keOik 0,66-man 973 K-re neiliH TIFBI3ABIKTHI CAKTAIbI, OYJT Ke3/Ie TOJIOMUTIICH
eHJIpinreH koOik kimmpeiini. KapOonarrtapasiH OipHele peT KOCBUTYBl MOTYAIH algblH alyJa THIMIl eKeHIri
TEKCePUIL.

Tyiin ce30ep — amoMuHUI KeOik, kKapOOHATTap, IIeTy, MaTepHalTaHy, YALIBIK KYPBUIBIMBI, TOJOMHUT, MarHUH
KapOOHATHI, Ta3 TY31Ty, TEPMISUIBIK BIABIPAY, THTAH THIPHIL, KEHEI0, THIFBI3IBIK, MUKPOKYPBUIBIM, KOOIKTEHY MEXaHU3MI,
ANIOMHHUI KOPBITIACHI, KYPBUIBIMJIBIK MaTepraliiap, )KeHiJ MaTepHanaap, MEXaHUKaIIbIK KaCHETTeD.
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CIIOCOB NMPEJIOTBPAIIIEHUSA OCAXKJIEHUSA ATIOMAHUEBO ITEHBI
KAPBOHATAMMU

bexoonamosa H.

HAO «KacnuiicxkUii ynugepcumem mexrono2uti U unacunupunea umenu L. .Ecenosay, Axkmay, Kazaxcman
*Aemop-rkoppecnonoenm e-mail: bekbolatova.nursulu@mail.ru

HNudopmanus 06 apTopax:
BexoymaaToa Hypceyay, HAO «Kacnmiickuil yHUBEpCUTET TEXHOJOTHH U mHkuHNpHHTa MeHu 11I.EcenoBay, AxTay,
Kazaxcran, e-mail: pekbolatova.nursulu@mail.ru

Annomayus — MeTanndeckass TeHAa TPOU3BOJUTCS C  WCIOJIB30BaHWEM Tuapuaa TuTaHa B KadyecTBe
neHooOpazoBarensi. KapOoHAThl MPOU3BOAAT AIIOMHUHUEBYIO MEHY C TOHKOH M OJHOPOJHOM KJIETOYHOW CTPYKTYpOH.
OpHaKO TeHbI, MPOM3BOJAUMBIE KapOOHATaMH, NEMOHCTPHPYIOT SIBHOE OCAXICHHE, KOTOPOE SBHO OTJIMYAECTCS OT
UCTIONIb30BaHMA THAPHIA TUTAHA. [{JIs IPaKTHYECKOro MPUMEHEHHS OYeHb BAXKHO YTOUHHUTH YCAKY IIEHBI U YCTAHOBUTH
crocob ee MmpefoTBpanieHus . B 3ToM HccneoBaHMN HAOMIOAANINCE KICTOYHBIC CTPYKTYPBI I M3YYCHUS OCaXKICHHUS
TIOMUHHEBOI IIEHBI, IPOM3BOIUMON C HCIIOIb30BaHHEM KapOOHATOB. [IeHHBIE KIIETKH IPOU3BOISTCS C UCTIOIB30BaHUEM
JIOJIOMHTA B KaUecTBe IEHOOOpa30BaTelis, CBA3aHHOTO C MAKCHMAaJIbHBIM paclIupeHueM Apyr apyra. CauTanock, 4To ras,
o0pasyronuii IeHy, BEIOpackIBacTCs yepes MOIKIII0UeHHBIE sYeiiki. CUUTanoch, 4To 006pa3oBaHue KICTOK Ha Pa3IHYHBIX
yyacTkax 3Q(eKTUBHO MPeIoTBpallaeT COKpalleHne, BEI3BAHHOE KIETOYHOI CBSI3bI0. BBLTO MCIOJIB30BAaHO HECKOJIBKO
COCMHEHUI 10JIOMHTA M KapOoHaTa MarHus C pa3HbIMU TeMIepaTypaMu pas3nokeHusi. [IeHa B kopIyce ¢ MHOKECTBOM
BKJIIOYECHUH coxpaHsaia IIoTHocTh oT 0,66 no 973 K, npu 3ToM neHa, Npou3BeJeHHAs JOJIOMUTOM, CXKUManack. beuio
IPOBEPEHO, YTO MHOTOKpaTHOE Jo0aBiIeHHE KapOOHATOB 3((EeKTUBHO NPEIOTBPAIaeT yCaaKy.

Knrouesvie cnosea — amoMuHHCBas IIeHa, KapOOHATHl, OCaXICHHE, MaTepHATIOBEACHHE, KIETOYHAas CTPYKTYpa,
JIOJIOMHT, KapOOHAT Maruus, razoo0pa3oBaHHe, TSPMHUYCCKOE PA3I0OKECHHE, THAPH] THTaHA, PACIIMPEHHE, TUIOTHOCTD,
MHKPOCTPYKTYpa, MEXaHU3M BCIICHHUBAHHMS, aJJFOMIHUEBBIH CIUIaB, KOHCTPYKLMOHHBIC MAaTEPHAIIBI, JICTKHE MaTepHAIB,
MEXaHMYECKHIe CBOUCTBA.

HETI'I3I'T EPEXXEJIEP omerTeri yHTaK MetamnyprusicelHblH (PM) omicin
3eprrey  OapbIChIHAAa  ATIOMUHHN  KOOIriH  maijanaHalbl, COJAaH KEWiH ajbIHFaH ©HIM JKeJire
KapOOHATTHl KOOIK TY3YIIUIEp[i KOJNJaHy apKbUIbl JKaKbIH MIilIiHAEY YIIiH KeO0iK aly YIIiH >XaObIK
aly TPOIECIHJEeTi Mmery KYOBUIBICBIHBIH HETI3rl  IITamMIira KBI3JIBIPBLIAIBI. TiH> ATFOMHUHUNA
cebentepi aHBIKTANABL. J{OMOMHUT TIeH MarHWii  KOpPBITIANAPBIHBIH OalKy TeMIlepaTypachblHa aKblH
KapOOHATBIHBIH TEPMUSUIBIK BIABIPAYBl HOTIDKECIHIEC  BIABIpAY TeMIlepaTypachblHa OaiaHbICTBl TaHBIMAI
TY31JI€TiH Ta3maplelH OelliHy epeKienikTepi ke0ik keOik Ty3ymii Oonbin TaObmiagbl. [lerenmen, TiH»
KYPBUIBIMBIHBIH ~ KaJIBIITACYbIHA  JKOHE  OHBIH  KbIMOAT.
TYpPaKTBUIBIFBIHA TIKEJIeH ocep eTEeTiHI KepCeTiLI. ABropnapaslH  Oipi kapOoHartapasl  TiH»
XKacymanblk  KYpBUIBIMIIBI MUKPOCKOIIMSUILIK ~ OanaMa peTiHjae YCoiHabl [2], cebebi omap ap3aH.
3epTTey apKbUIBl IIery KYOBUTBICHIHBIH KkeoOik  Kambnumit kapOonaTtel OankpiTy >kombiHma TiH»
JKacylIalapblHbIH ©3apa KOCBUIBII KETYIMEH JKOHE KaparaHJa JKyKa jkacylla KypbUIBIMBIH Oepemi. On
rasfiblH ChIPTKA IIBIFybIMEH OalJIaHBICTBI C€KEHI COHBIMEH KaTap ajJlOMUHHMI JKaCyIIaChIHbIH OCTIH
anbIKTanabl. COHBIMEH KaTap JIOJIOMHT TIeH MarHui  TOTHIKTBIPATHIH jKoHe TypakTaHabipatbiH CO; ra3siH
KapOOHATHIH OipHEIe Ke3eHMEH €HTi3y HOTIKeciHAe  Tynaeipansl.  Ochllaiiina, KapOoHaTTap  apKbLIbI
KOOIK  KYpBUIBIMBIHBIH ~ TYPaKTBUIBIFBI ~ apThil, eHAipiareH amoMuHuid kebik TiH> xemerimen
MaTepHalJIbIH 6Ty JOPEeKeci eloyip TOMEHACHTIHI  OHAIPUITeHHEH Iopi KYKa Kacylia KypbUTbIMbIHA HE.

JIQJIETIIEH ], Ke0ikTiH TypakraHyblHa OKCHJ KaOaThIHBIH ocepi
Oacka 3eprreymisiepaeH xaOapmanraH  [3,4,5].
KIPICIIE Exinmni xarerHan, TiH, apkbuiel ke0ik SiO2 CHSAKTHI

MerTa KeOIKTepAiH TOMEH ThIFBI3BIFBI, )KaKChl  KAaTThl OOJIIIIEKTEPMEH TypaKTaHaIbl [6].
SHEPTUSHBI CiHIpy KalijeTi XoHE TOMEH JKbUTY IIM xonbiHma Kkeibip kapOoHaTTap KOOIK
OTKI3TIIITIIT CHSAKTHL Oiperedl Kacuerrepi ©Oap. TY3€TiH areHTTEp peTiHAe NaijanaHbuIafbl JKoHE
Merann keOikrtepai eHIipy oxicTepiHiH Oipi  omapnabiH HOTIXKECIHAE aJbIHFaH Ke0iK

@Opaynrodep omici Oonbin Tabbutazpl. bym omic  KacylamapbIHBIH aKChl KYPBUIBIMBIH JKOHE KAKChI
MpeKypcop ’kacay YIUIIH allOMHHUI MaTpUUAIBIK  MEXaHWKAIBIK  KacHeTTepiH  kepceredi  [7.8].
yHTarbl MeH TiH2 BICTBIK SKCTPY3HSCHIH TaJIAMl €TETiH
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Hereamen, PM o kombIHmZarbkl KapOOHATTAPIBIH
KOOIKTEHYI 9JTi JIe aHBIKTAITybl KEPEK.

bi3 kapOoHarTapmMeH Ke0iK Ty3y NPHHLMUIIH
3epTTel, MOJOMHT TIeH MarHuii kapoonatsl AlSiCu
KOPBITITACH! VIIH KOJAMIIbI KOOIK TY3CTiH areHTTep
CKCHIH  aHBIKTaNbIK. JloJOMUT TIeH  MarHui
KapOOHATBIH KOJIJaHy apKbUIBI OHIIPIIreH KoOiKTep
KYKa KOHE OIPTeKTI KacyIIalnblK KYpBUIBIMFA He
[9,10,11]. TiH, xemeriMeHn eHmipiIreH KoOiK
ayBIPJIBIK 9CEpiHEH Yy3lIMec OYpBIH KacyliajgapAblH
Oipiryin kepcerenmi [12,13]. Ekinmn >karbiHaH,
KapOOHATTapABl KOJAAaHY apKbUTBI OHIIPINTeH KOOIK
TiH, xebikiHeH aHBIK afBIPMAIIBUIBIFEI Oap aWKbIH
meryai kepcereni. TpaHCMUCCHSAIBIK PEHTTEHIIK
XKYHEHI KoJIaHy apKbUIbl Oenrini Oip TeMiepaTypaia
agplHFaH Maccackl  1,2%  moiaoMuT  KeOiKiHIH
TpaHCMHCCHSUIBIK ~ Keckimmepi  [11]  cypetrte
kepcetinreH. Kebik 973 K Makcumanabl KeHEIOIeH
keiin 1003 K-nme adiTapibikrail KeicKapabl. MyHai
aiikeiH mery IIM TpaccachiHIarbl XKellire >KaKblH
minriare Tepic ocep ereni. TuiciHIe, MPaKTHKAIBIK
KOJIIaHy YIIiH KOOIKTIH IIeryiH HaKThLIay >KOHE
OHBIH JIJIBIH aJy 9JICiH OCINTiiey 6Te MaHbI3/IbI.

Ocsl 3eprTeyae Ke0ik Imery Ke3iHJeri Kacymia
KYpBUTBIMAAPHI JKOHE MYHJA IOryAiH algblH any
omici 3epTTemni.

3epmmeyoin 01KbLbIZBI. ATIOMUHUI KOOIKTEPI
aBHaNUANa, AaBTOMOOWMJIb  JKacayna, KYPBUIbIC
WHIYCTPUSACBIHAA >KOHE KOPFAaHBIC TEXHHMKACBIHZA
KCHIHCH KOJIZIAHBUIATBIH TEPCICKTUBAIBI  KEHI
KOHCTPYKIMSUTBIK —~ MaTepUaIap[blH  KaTapblHa
xkatanel. ONapIblH TOMEH THIFBI3/BIFEL, JKOFaphI
SHEPrus KYTy KaOlleTi JKOHE JKaKChl KbLIY
OKIIAYJaFbIlll  KacHeTTepi  OHJIpicTe  YIKEH
KBI3BIFYIIBUIBIK TYAbIpajbl. JlereHMeH KapOOHATTHI
KoOIK Ty3ymiJiep[i maijganaHy Ke3iHae maiima
OoyaThlH MIOry KYOBUIBICHI KOOIK KYPBUILIMBIHBIH
OIpKEJIKIIITiH OY3bIl, MEXaHUKAJIBIK KaCHETTEePIHIH
TeMeH ieyiHe anbin kenemi. COHNBIKTaH aTFOMUHHAN
KOOITiHIH 16Ty MEXaHW3MiH aHBIKTay >KOHE OHBI
0O0JIIBIPMAYIbIH THIMJII TEXHOJIOTHUSJIBIK TICUIACPIH
o3ipiey MaTepuall[iblH CamachlH apTThlpy MEH
OHJIPICTIK TEXHOJOTUSHBI KETUIIIPY TYpPFBICBIHAH
©3€KTi FBUIBIMUA 9pi TMPAKTHUKAIBIK Macele OOJbII
TaObIIabl. AJIBIHFAH HOTHXKENEp TUTAH TUAPHUIIHE
KaparaHia ap3aHbIpaK KapOOHATThI K601k
Ty3ymijaep/i OHJIIpICTe  KEHIHEH  KOoJIJaHyFra
MYMKIiHJIIK Oepexi.

3epmmeyoin yncananvizel. 3epTTEYAiIH FHUIBIMU
JKaHAJIBIFBI AJTFOMHUHHUN KOOIriHIH KapOOHATTHI KOOIK
TY3YUIUJIEp apKbUIbI ajbIHYbl Ke3iHje OaiikamaTbIH
mery  KYOBUIBICHIHBIH,  JKACYIIANBIK  KYPBUIBIM
JeHrelinae KemeHai 3eprrenyinne. Jlomomur meH
MarHui KapOOHATHIHBIH opTypi bLABIpAY
TeMIIepaTypaiapblHbIH KO0IK KYpbUIBIMBbIHA ocepi
Oaramanbin, OipHeme Ke3eHMEH KapOoHAT eHrizy
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apKbLIBI I'a3 O6JIiHY MPOLIECiH OacKapyFra )KoHe KeOiK
eryiH TOMEHJICTYre OONATBIHIBIFBI IJEIICHII.
ConbIMeH Karap ke0iK KYPBUIBIMBIHBIH KaJbIITacy
MEXaHW3Mi MEH JKacyllaJapAslH OalIaHbICY
EpeKIIeNKTepl TYCIHIIpimim, KapOOHATTHI KeOiK
TY3yLIiiepai KOJIIaHy IbIH TEXHOJIOTHSLTBIK
TUIMZUTIT] FRUTBIMU TYPFBIIAH HET13eII.

OJICTEP MEH MATEPHUAJIJIAP
JlomoMHT KeMeTiMeH eHAIpiIreH KeOIKTiH
KACYIIANBIK ~ KYPBUTBIMIAphl KapOOHATTHI KOOIk
TY3€TIH areHTTepMeH TybIHAaFraH KeO0iK IIeryiH

HakThUlay ywiH Oadlikangel.  Maccacer  2,0%
TTIOJIOMUTTI KOJIIaHy apPKBLTHI OHIPIITCH
KOOIKTEpaiH CalKBIHAATy TeMIlepaTypachl MeH

TBIFBI3IBIFEI 2(2) cyperTe kopceTinreH. Kebik 943 K-
ne 0,88 TeIFBI3ABIKKA Aeiiin keHeliai. Coman KeHil o
958 K-me 0,60 TBHIFBI3ABIKTa MaKCHMaJIAbl KEHEIOM1
kepcerti. Ochbiman keitin o1 968 K-ge 1,61
TBIFBI3/IBIKTEI KOpCeTyre neiin kimipeiai. Kebiktep
JKOHE OJIapIblH KeJIIEHEH KUMachl 39-cypeTTe KoHe
K39-ma kepcerinreH. kacymia KypbUIBIMAapbl. 963
K-ne xe0ik kinripeiir, OHbIH KacyllalapbIHbIH CaHbI
azafzpl.

Cypert 1 — TpaHCMHUCCHSIBIK PEHTTEHIIK KXYHeMeH
GakplaHaThH 1,2 Maccanblk% TOJIOMUTIIEH OHAIPIITeH
kebikTep: (a) icke Kocy; (b) 863 K; (¢) 873 K; (r) 973 K

sxkoHe (e) 1003 K

Cyper 2 — KeOikTepiH THIFBI3ILFHL: (a) 2,0 macca%
nosomut xoHe (0) 2,0 macca% momomurt xoHe 1,0
Mmacca% MgCO3
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KeOikTepmiH  JKacymmaliblK — KYPBLIBIMIAPHI
ONTUKAJBIK MHKPOCKOTHS apKbUIbl OaKbUIaHIBI,
OHBIH  HOTWXeNepi  4-CyperTe  KOpCETLITeH.
Kebikrepae 943 xone 958 K Temneparypana apTypiii
eIIIEeMICT] €Kl YAIBIK OaiKammpl. Onmemi 1 MM-Te
XKybIK ipi kacymamap AlSiCu yHTarbiHBIH OeTiHe
CIHT'€H Cy OYBIHBIH 9CEpiHCH MHIYKIMSIIAH/bI JKOHE
Maiaa skacymangapabiy Memmepi 7 u50 mM-re XKybIK
00116l HONOMUTTIH BIgbIpaybiMeH [11]. 943 K-me
HeTi31HeH ipi )kacymanap Oaikanasl. 958 K-ne matina
JKacylianap/elH caHbl aitapnbiktail ecti. [lepeki
xacymranap 6ip-OipiMeH KyKa jkacymanap apKbLIbl
Oaitmanpickan.  JKacymiamap — amblK — JKacymia
KYpbUIBIMBI ~ peTiHAEe TMIilliHiH CcakTam KaJabl.
Kapb6onarrap xe0ikiHIe TYpaKThl TOTHIKKAH JKacyIia
KaOwsIpramapel Oap [2,3.4,5], Oy xacymramapsiH
Oipiryine xon Oepmeiini. 968 K-ne skacymanapabig
KOTIIIIIT1 )KOFAJIBIT KETTi.

Cyper 3 — Maccacsl 2,0% 10JTOMUT NIEH OJapbIH
KeJIICHEeH KuMachl OOWBIHIIA aJbIHFaH KeOikTep: (a) 943
K, p:0,88 r/cM®, (6) 958 K, p:0,60 r/cm® xoue (B) 968 K,

p:1,61 r/em®,

Cypert 4 — Maccacel 2,0% DOJIOMHTIICH OHIIPUITeH
KeOIKTep1iH MUKPOKYPBUIBIMIAPhI, TOMEHT1 CypeTTep
KOFapFhI KaTapJarsl YIKEHTUITeH keckinaep: (a) 943 K,
p: 0,88 r/em®; (b) 958 K, p: 0,60 r/cm® xome (c) 968 K, p:
1,61 r/em®

HOTUIKEJIEP ) KOHE TAJIKBIJIAY

3epTrey HOTIIKENEpI aJFOMMHUN  KOOITiHIH
KYPBUIBIMBI MEH TYPAKTBUIBIFB KOOIK TY3YIIl PEeTiHe
KOJIIaHBUIFaH  KapOOHATTAapIblH  TYpiHE  JKoHE
OJIapJIbIH EHTI31Ty TOCLTiHE Toyelai eKeHiH KOpPCEeTTi.
JlomoMuTTI KeKe KOJJaHraH jKarmaimga kebik 958 K
TeMIlepaTypajia €H J>KOFapbl YJIFAlOFa >KETKEHIMEH,
TEeMIlepaTypaHblH opi  Kapalh  KOFapbLIaybIMEH
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JKacyIaiapablH e3apa Oipiryi HOTHXKECIHIE Ta3iblH
CBIPTKA INBIFYBI OalKaNbI, KOOIK aiTapibIKTait
mekkeH. TrFb3ABIKTEIH 0,60 r/cM3-Ten 1,61 r/em®-ke
JeliH apTybl Ke0iK KeJeMiHiH eoyip TOMEHACTeHIiH
KOPCETTI.

MuKpOCKOIMSUTBIK ~ Tajmay HoTwkenepi  943-
958 K TtemmepaTypa apajibiFblHAA ipi JKOHE YCaK
JKacyIanapIblH KaTap TY3UIETiHIH KepceTTi. ¥Ycak
JKaCcyIanapablH TY3UTyl JOJOMHTTIH TEPMHUSIIBIK
BIIBIPAaybl HOTIDKECIHAE O6iHEeTiH KOMipKBIILIKBLI
raspiIMeH OaiimaHpICTBI  OoJica, ipi  IKacymamap
ATIOMUHHMIA YHTAFBIHBIH OCTiHIe aacopOnmsIaHFaH
BUTFAIIABIH OyNlaHybIHaH naiina Ooiran. MakcuManabl
KEHEI0 Ke3iHze jKacylanap e3apa jKyKa KaObIpranap
ApKBLIBI OailTaHbICKaHBIMEH, TeMIieparypa
YKOFapbUIaraH CalbIH OJIAPABIH KOIIILTIT YKOUBLIBIIL,
KO0iK KYPBUTBIMBI OY3bUTFaH.

JonomMutr 1meH wmarHWid KapOOHATBIH Oipre
naiiganany KeOiK KYpPbUIBIMBIHBIH TYPaKThUIBIFBIH
apTTBHIpFaHbl OalKanabl. Maruuii KapOOHATBIHBIH
KOFapbl TEMIIEpaTypaja bIAbIPAYbl HOTIKECIHIE
ra3/iblH Ke3eH-Ke3eHIMeH OelliHyi JkacymraiapabH Oip
Me3ruiie Oipirin KETYiH a3aiThIl, KO01K
KYPBUIBIMBIHBIH Y3aK YaKbIT CaKTalybIHA BIKIAJ €TTi.
Hotmxecinge ko0ik meryi TeMEHIEN, THIFBI3IBIK
mamamen 0,66-0,87 r/cM® apasbIFbIHIA TYPAKTaHIbL.

ANBIHFaH HOTIDKeNep oAeOMeTTe CHIATTalFaH
MOJIIMETTEPMEH COHKeC Keleli XOoHE KapOOHATTHI
KeOIK Ty3ymiiepAi aypeic TaHmay apkeutel TiH»
KonpaHOaii-ak ~ OipKenki jKacymajbl — aTIOMHHUI
KeO0IriH anyra OONIaTHIHBIH KepceTei.
KapOonarrapab! OipHeliie peT eHri3y Taciii ra3 Ty3iny
KapKBIHABUIBIFBIH THIML perrer, KO0IK
KYPBUIBIMBIHBIH  OY3bUTYBIH azaitamel. bynm  Tocin
OHJIIPICTIK KaFAalaa XeHUI, OipKelKi KeYeKTi oHe
JKOFapbl MEXaHHWKAIBIK KACHETTepre He AOMHHUIA
KOOIKTepiH alTyFa MYMKIiHJIIK Oepeti.

KOPBITBIH/IbI

By zeprTeyne keOikrepaiH KapOoHATIIEH MIeTyi
JKOHE OHBIH aJIJIbIH ally 9Jici TankbliaH bl JKacyia
KYPBUIBIMAAPBIH 0aKpUIay HOTHXKECIHIE opTYpIi
y4aackesepe xKacyrra Ty3iyi JKacymia
OaiiylaHBICTAPbIHAH TYBIH IAFaH JKUbIPHLUTYIBIH aJIJIbIH
anyna tuiMai gen ecentenai. Lllerymin anapH amyna
2,0 maccamplk% nmosomuT neH 1,0 Maccanbsik%
MarHuii KapOoOHaThIH OipHeNle peT KOocy THIM/I
EKeHIIT Tekcepinai. BipHelie peT KochblIaThiH KOOIK
O0ip nonomutke KaparaHma 0,87 THIFBI3IBIKTAFEI
Kacyla KYpbUIBIMBIHA We, Oipak OipTeKkTi jkacyiia
KYPBUIBIMBIH ~TOMEHIPEK  TBIFBI3JBIKTA yCTayja
npoOsieManap 0ap.

MY JAEJIEP KAKTBIFBICHI.

ABTOpIIap OChI 3epTTEYAl OpBIHAAY KOHE
MakallaHbl ~ JKapusuiay — OapbhICBIHAAa — MYIENep
KaNIIBUIBIFBI )KOK EKEHIH MAJIIMAEH/II.
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Abstract — This article discusses new shape memory alloys (SMA) designed for the aviation industry. The main
characteristics of such materials, their advantages and possible applications in aviation are given. The methods of
developing new alloys, including the use of modern computational methods and experimental approaches, are described.
The results of a study of the properties of new alloys are presented, and the prospects for their introduction into the design
of modern aircraft are discussed.
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Annomayus — B TaHHOH cTaThe pacCMaTPUBAIOTCS! HOBBIE CIIIABHI C MaMsThio GpopMbl (SMA), npeiHa3HaYeHHbIE IS
aBUAIMOHHON NPOMBINUICHHOCTH. [IpuBEeHBI OCHOBHBIE XapaKTEPUCTUKU TAKUX MATEPUANIOB, UX MPEUMYILIECTBA U
BO3MOXKHBIE 0OJNacTH mnpuMeHeHHs B aBuanuu. OmnuUcaHbl METOAWKH pPa3pabOTKH HOBBIX CIUIABOB, BKJIIOYAs

HCHOJIb30BAHUC COBPEMCHHBIX BbIYHUCIUTCIBHBIX METOJAOB W JOKCIICPUMCHTAJIbHBIX IMOAXOOOB.

[IpencraBnensl

peE3yJIbTaTbhl UCCICAOBAHUA CBOMCTB HOBBIX CIINIaBOB, a TaKX¢C OGC}’)K}J&IOTCH MECPCHOCKTHUBbI HUX BHCAPCHUA B

KOHCTPYKIUIO COBPEMCHHBIX BO3AYIIHBIX CYy10B.

Kniouegvie cnoga — cruiaBbl ¢ TaMATHIO ()OPMBI, aBUAIIMOHHASI IPOMBIIIICHHOCTh, MaTepuaisl ¢ 3¢dexTom mamsry,
YMHBIE MaTepHajbl, KOHCTPYKIMOHHBIE MaTepHaIbl, Ae(hOPMALIIOHHAS TaMSITh, aBUALIMOHHbBIC TEXHOJIOTH.

OCHOBHBIE ITOJIOKEHU I
B pabore BBINOJHEH aHAIN3 COBPEMEHHBIX
HanpaBjeHuil pa3pabOTKH CIUTABOB C MAMSTBIO
GopMbI UL ABHAIMOHHOW  MPOMBIILIEHHOCTH.
PaccmoTpensl ocHoBHBIE cucTtembl ciiaBoB (NiTi,
CuAlINi, Fe-SMA wu BwicOKO3HTpOnHiiHBIE SMA),

MCTOJAbl PEryJIMpOBaHuA Hux (I)YHKHI/IOHaJII)HLIX
CBOMCTB MOCPEACTBOM JIETUPOBAHUS, TEPMHUUECKOM
00paboTkw, WHTEHCHBHOMN TJIaCTUIECKON

nedopMalvy U Qi TATUBHBIX TeXHoorui. [IpoBeneH
CPaBHUTENBHBIN aHalMu3 BIUSHUS XUMHUYECKOrO
COoCTaBa W TEXHOJOTHHA W3TOTOBIEHHS Ha 3PQeKT
namsiTd  OpPMBI, CBEPXYNPYTOCTh, IHKIHYECKYIO
JIOJITOBEYHOCTh M JIMANa30H PadO4YMX TeMIIEpaTyp.
[Toxa3zaHo, 4TO COBpEMEHHBIE [TOIXOBI K pa3paboTKe
SMA 1no3BOJISIFOT HOBBICUTh HAAEKHOCTb U PECYpC
ABUAIIMOHHBIX KOHCTPYKIMM, CHU3UTh MX Maccy U
obecreynTh CO3aHHE MHTEIIEKTYalbHBIX
aJaNTUBHBIX CUCTEM.

BBEJIEHUE

ABHaIMOHHAS TIPOMBIIIICHHOCTh TOCTOSHHO
Tpebyer yIy4IIeHHs AKCTITyaTaIlHOHHBIX
XapaKTepUCTUK MAaTepUayioB, HCIOIB3YEMBIX B
KOHCTPYKIIMM BO3aymiHbiX cynoB [1]. CmtaBel ¢
namsateio Gopmbl (Shape Memory Alloys, SMA)
MPEICTaBISIIOT co00i MHHOBAIMOHHBIE MaTEepHAbI,
CHOCOOHBIE M3MEHATH CBOIO (hOpMY TIPH MU3MEHEHUH
TEMIIEPATyphl WM TOJ JEHCTBHEM MEXaHWYEeCKOU
Harpy3KH HW BO3BpallaThCs B IIEpPBOHAYAIBHOE
COCTOSIHME TIOCJIE€ CHSATHUSI BHEIIHETO BO3CHCTBHSL
HNx mnpumeHeHWe B aBHAIUM OTKPHIBAET HOBBIC
BO3MOXKHOCTH [UIS TIOBBIIICHHUS A()(OEKTHBHOCTH U
0€301acHOCTH TIOJIETOB, IIO3BOJISIL pa3padarhiBaTh
aJlanTUBHbIE KOHCTPYKIMU U CHCTEMBI yNPaBICHUS
[2].

OnuuM w3 HauOoJiee M3BECTHBIX M IIHPOKO
HCTIOJIb3YEMBIX CIUTABOB C TTAMSITHIO ()OPMBI SBIISICTCSI
crutaB Ha ocHoBe Hukens u tutaHa (NiTi, Takke
M3BECTHBIA Kak HUTHHON). OH XapakTepu3yeTcs
BBICOKOM KOPPO3HOHHOU CTOMKOCTBIO,
3HAYUTENILHBIMU JieOpMaIMsIMU BOCCTAHOBJICHUS U
OTHOCHUTEIILHO CTaOMIIBHBIMU pabounmu
TeMIeparypamu, 4TO JIeJaeT €ro IepCleKTHBHBIM
JUIl TIPUMEHEHUs] B aBUAMd U a3POKOCMHUYECKOU
TexHuke. KpoMe HHUTHHOIIA, aKTUBHO HCCIEAYIOTCS
cwaBel Ha ocHoBe Mmemu (Cu-Al-Ni, Cu-Zn-Al) u
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xkemnesa (Fe-Mn-Si), xoTtopele Moryt HalTH
MIPUMEHEHHUE B TE€X CITydasx, I/ie HeoOX0AnMEbI Ooiree
HU3Kas CTOMMOCTb WJIM HHBIE HKCIUTyaTallMOHHBIC
cBoicTBa [3,4].

Ilpoben 6 uccneoosanuax. HecMmoTps Ha
3HAYUTENFHBIA MPOTPECC B pa3pabOTKe CILIABOB C
namsaThi0  (OpMBI, OOJIBIIMHCTBO HCCIICIOBaHUN
MOCBSIIEHO TpaaumuoHHBIM cruraBaM NiTi m mx
MIPAUMEHEHUIO B MEIUIIHE u o0miem
MaIIUHOCTPOCHUH. Henocratouno H3YYCHBI
BOIIPOCHI CO3/IaHUSI HOBBIX aBHAIMOHHBIX SMA c
paCIIMpPEeHHBIM UANa30HOM pabovnX TeMIIeparyp,
MOBBIIEHHOW YCTAJIOCTHOM JIONTOBEYHOCTBIO U
CTaOMIILHOCTRIO  (PYHKIMOHAIBHBIX CBOWCTB IIpH
JUTATEIPHOM ITUKIMYECKOM HarpyxeHun. Kpome
TOTO,  OTrpaHWYEHHOE  YHCIO  HCCIETOBaHHN
MOCBSIIECHO HCIIONIH30BAHUIO BBHICOKOIHTPOIHITHBIX
CIUTABOB € TaMsIThl0  (POpPMBI,  aTAUTHUBHBIX
TEXHOJIOTHIA u COBpEMEHHBIX METOJIOB
KOMITBIOTEPHOTO MOJICITUPOBAHUS JUTSt
MIPOCKTUPOBAHMSI MATEPUAIOB HOBOTO IOKOJICHUSI.
OTCYTCTBYyeT KOMIUIEKCHBIH aHAIW3 TEePCIEeKTUB
MPUMEHEHUST HSTHX Pa3padOTOK B aBUAIMOHHBIX
MHTEJUICKTYaTbHBIX KOHCTPYKIIHSIX.

Hayunaa noeuszna. Hayunass HOBU3HA paOOTHI
3aKJTFOYAETCS B KOMIUIEKCHOM aHAJIM3€ COBPEMEHHBIX
HaIpaBJICHUI Pa3BUTHS CILUIABOB C IMaMATHIO POPMBI
JUTSL  aBHAlIMOHHON TPOMBINIJICHHOCTH C Y4YeTOM
My OIMKAIHiA TOCIIeTHUX JieT. BBITOTHEHO cpaBHEHNE
TPAIAUITMIOHHBIX M TEPCHEKTUBHBIX cHCTeM SMA,
BKJIFOYAs  BBICOKOXHTPOTHMIHBIE U  aJJUTHBHO
W3TOTOBJICHHEIE MaTepHabL. O06001IeHBI
COBpEMEHHBIE TMOAXOMbl K ympaBlieHHio 3hdexTom
namsaTH HOPMBI, CBEPXYNPYTOCThIO0, MEXaHUUYSCKUMU
CBOMCTBaMHM U LHUKJIMYECKOH JIOJITOBEYHOCTHIO
MOCPEJICTBOM ONTUMM3AIUU XUMHUYECKOI'O COCTaBa 1
TEXHOJIOTHHA 00paboTKH. Ha OCHOBaHUH
MPOBEJICHHOTO aHalIW3a OIpEeIeieHs Hambosee
MEPCIICKTUBHEIC HaIpaBJICHHS JATbHENTIINX
WCCIICIOBAHUMA, CBSI3aHHBIC c CO3JIaHUEM
BBICOKOTEMIIEPATYPHBIX U BBICOKOPECYPCHBIX SMA
JUTSE WHTEIICKTYaIbHBIX ABUAITMOHHBIX
KOHCTPYKIHI.

METOJAbI U MATEPHUAJIbBI
Juis pa3pabOTKM HOBBIX CIUIABOB C TaMSATHIO
GOpMbI  NIPUMEHSIOTCS  Pa3IMYHbIE  IOJXOJIbI,
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HayMHAasg C TEOPETHYECKOTO  MOJEIHPOBAHHUA,
OCHOBaHHOTO Ha METO/JaX KBAaHTOBOW MEXaHWKH U
MOJICKYJSIPHOH ~JUHAMHUKH, KOTOPBIE MO3BOJISIIOT
MPOTHO3UPOBATh CBOWCTBA OYyIyIIMX COCTAaBOB H
ONpeaeNsITh ONTUMAIBHBIA XUMUYECKUN COCTaB U
(ha30BBIN TIepexojl, HEOOXOMWUMBIM I 3aJaHHBIX
pabouux Temmepatryp. Ha cnemyromem 3rtamne
MIPOBONUTCS IKCIIEPUMEHTAIBHBIA CHHTE3 MPOOHBIX
00pasmos, BKJTFOYAFOIIIHIA pasHOOOpaszHbIe
JIETUPYIOIIME 3JIEMEHTHI, TaKue KaKk HHUKEJIb-TUTaH,
MeAb-aIIOMUHUN-HUKEIb HM  JKeJle30-MapraHer-
KpEeMHHUI, C Tenpl0 HalWTh OamaHc MeXAy
MeXaHUUECKUMHU U (PYHKIUOHAILHBIMU CBOHCTBAMHU.
3areM 5TH 00pa3ubl MOIBEPratOTCsl UCIBITAHUAM Ha
nedopMaIyio, YCTAJIOCTHYIO JIOJNTOBEYHOCTh U
TEPMOYYBCTBUTEIIEHOCTh, YTO JaéT BO3MOXKHOCTH
ONPENEeNIUTh  LUKIMYECKYI0  CTa0WIBHOCTh |
a¢dhexkTrBHOCTH BoccTaHOBIEHUS (hopmbl. Hakowrerr,
NeTaNBbHBIA ~ aHaIW3 CTPYKTYPHl C  IOMOIIBIO
PEHTTEHOCTPYKTYPHOTO aHanmm3a u
MHKPOCKOIMMYECKUX METOJO0B IIO3BOJIECT BBIABUTH
0CcOOCHHOCTH (ha30BBIX MPEBPAIICHUH, MEXaHU3MBI
nepopMany M CBSI3b  MEXIY  IOJyYSHHOU
CTPYKTYpOH 5 SKCIUIyaTallHOHHBIMU
XapaKTepUCTUKaMH, YTO CIY)XHT OCHOBOW s
JanbHEHIIeH ONTUMHU3ALMH COCTaBa M METOJO0B
00paboTKH.

Metonsl  pa3paboTKu
naMsThio hopmai [5]:

HOBBIX CIIJIaBOB C

1. Ontumuzamust ~ XUMHYECKOTO  COCTaBa.
ITon6op COOTBETCTBYIOILUX JIETUPYIOLIUX
3IIEMEHTOB (Hampumep, A00aBiIeHUEe MeIu, HHOOUS,
OUMHKA WIH ATIOMUHHS) TO3BOJSIET DPEryIupoOBaTh
TeMIepaTypy Hadaja M KOHIAa MAapTEeHCUTHOIO
npespamenust (As, Af, Ms, Mf), uto ompenemnser
Jana3oH pabounx temmepatyp SMA.

2. Tepmuueckas 00paboTKa.
CTapeHHe IIpU  OIPEAEIECHHBIX  TeMIepaTypax
oOecrieunBalOT  (OPMUPOBAHUE  HEOOXOJIMMBIX
(ha30BBIX COOTHOLICHUH, BIUSIOMINX Ha XapakTep H
CTa0MJIBHOCTH ~ MAapTEHCUTHOTO  IPEBPAILCHUS.
KoHTponb pe:xnMOB 3aKaliki W OTITyCKa MO3BOJISIET
TIOBBICHTH MPOYHOCTH, TUTACTHYHOCTD u
LIUKJINYECKYI0 CTOHNKOCTD CIIJIABOB.

3. VHrencuBHas mnactudeckas aedopmanus.
IIpumeHeHne METONOB BpOJE IOpsyYed IPOKATKH,
NIPECCOBAaHUs WM PABHOKAHAJIBHOI'O YTOJKOBOTO
npeccoBanus (ECAP) cmocoOGcTByeT morydeHuro
YIBTPAMENKO3EPHUCTON CTPYKTYPBI, HYTO MOYXET
YIAY4YILUTh MEXAHUYECKHE CBOWMCTBA, CKOPOCTh
OTKJIMKA U CTAOMIIBHOCTH 00paTHMBIX AeOopMaIinii.

4. KoMOMHHpOBaHHE MaTEepHalIOB U CO3JaHUE
KOMIIO3UIIMOHHBIX SMA. Paspaborka
MHOTOCJIOMHBIX ~ WJIM ~ KOMIIO3HUTHBIX  CHCTEM,
BKIIOYaromux SMA U Ipyrue BbICOKOIIPOYHBIE MU
TYTOIIJIAaBKUEC CIIJIaBBI, IIoMoOracrT ILO6I/ITI)CSI
COUCTaHUs YHUKAJIbHBIX (I)YHKHI/IOHaIH)HI)IX CBOICTB
C MOBBIIICHHOW H3HOCOCTOMKOCTBIO, KOPPO3HOHHOM
CTOMKOCTBIO U KapOIPOUYHOCTHIO.

Bakanka u

Taoauma 1 — XuMHUECKHAI COCTaB UCCIIEIOBAHHBIX CIIABOB

O0603HaueHUe Ni Ti Cu Al Fe 1

cIUIaBa (Wt.%) | (Wt%) | (wt%) (Wt%) | (Wt.%) puMeaaHi

SMA-1 55.0 45.0 - - - Knaccuuecknit NiTi crinas

SMA-2 53.5 45.0 15 - - MomudunupoBannblid NiTi

SMA-3 - - 14.0 45 81.5 CuAlNiFe-crinas

SMA-4 B B B B B (ITpumep mns moOaBICHUS APYTHX
3JIEMEHTOB)

Pucynok 1 — Hanpsokenue - nedopmanus (Stress-Strain) npu pasHeIX TemMneparypax
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XapaKkTepUCTHKH H MPEUMYIIECTBA CIIABOB C
MTaMSTHIO (DOPMBL.

1. CnocoOHocTh kK 0OpaTuMoO#l nedopMaru.
SMA MoOryr BOCCTaHaBIMBATH 3HAYNTEIHHBIC
nepopmar - (mo  8-10% w  Oomee) mocie
TEPMOIIMKIIUPOBAHUSI WM CHATHS HArpy3Kd, 4TO
nenaeT uxX 3PQPEKTUBHBIMU B KAUECTBE aKTyaTOPOB U
2JIEMEHTOB BHOPO3aITUTHL.

2. Beoicokas yaenbHas mpodHocTh. HekoTopsie
SMA 001a12f0T JTy4IIUM COOTHOLIEHUEM POYHOCTH
K Macce, 4YeM TpaJWIHOHHbIE METajUlbl, 4TO
0c0oOEHHO AKTYaJIbHO JUIst ABUAIIMOHHBIX
KOHCTPYKIUH.

3. KopposuonHas cToiikocTh. MHOTHE CIUIaBBI
(ocoberno Ha ocHoBe NiTi) He3HaUHUTEITHHO
MOJIBEPKECHBI ~ KOPPO3WH,  COXpaHss  pabouue
XapaKTePUCTUKHU B arPECCUBHBIX CPEax.

4. OynkuuonanmpHas — crabminbHOCTh.  [lpm
MPaBWIBHOM BBIOOpDE XUMHYECKOTO COCTaBa WU
ONTUMAJIBHBIX pEeXUMax TepMoobpabotku SMA
COXPaHSIOT CBOM CBOWCTBA B HIMPOKOM JHAana3oHe
IUKJIOB HArpY)KEHUS, YTO Ba)XKHO JJISl JITUTEIHHOM
SKCIUTyaTalluy Ha OOPTY BO3AYIIHBIX CY/OB.

1) a-b: ynpyruii yuactok

2) b—c: nepexon x mactuyeckoi gehopmaruu

3) d—e—f: BoccraHoBeHHEe (HOPMBI TIPH HATPEBE

KpuBsie natot npesnctaBieHre 0 TOM, IPH KaKOM
HaMpsOKCHUMW HAYMHACT MNPOUCXOAUTH CMCIICHUC
MapTEHCUTHBIX IIACTHH W Kakas OCTaTOo4YHas
neopManysi BO3HHMKAeT TMoOciie pa3rpy3kd. [lpu

pasHBIX  TeMIeparypax Oyaer  HaOJIH0aaThCs
pasnuuHas popma rpaduka.

IlepcnekTuBbl ~ BHeApeHHs U 001acTH
MPUMEHEHUSI:

1. AnpanTtuBHBIE a’pOJMHAMHUYECKHUE
noBepxHocTd. Mcnons3zoBanne SMA-akTyaTopoB

JUIS M3MEHEHHS (OPMBI Kpblia HIIM 3aKPHUIKOB
caMoJIeTa BO BpeMsI ITOJIETa OTKPHIBAET BOSMOXKHOCTH
JUIS  ONITUMU3AINH  a3pOJUHAMHUKH W CHWDKEHUS
pacxo/ia TOILINBA.

2. CucteMbl BUOPO3AIIUTHI M JeMII(UPOBAHUSL.
CraBsl ¢ TaMsAThIO ()OPMBI MOTYT HCIOIBE30BATHCS
JUTS. YMEHBIIIEHUS] BUOPAIUI B IBIKYIUXCA y3/1aX U
MeXaHU3Max, IMOBbIMAs KOM(POPT U CPOK CIYKObI
o0opyToBaHMsL.

3. AHTHOONENEHUTENbHEIE CcHUCTeMbl. SMA
MOTYT MEHATH (POPMY M I'€HEpUPOBATH TEIUIO IPHU
MPOXO0XAEHNU (pa3sl 0OpaTHOTO MPEBpAIIECHHUS, YTO
MOTEHIIUAIBHO MO3BOJIAET 3()PEeKTHBHO OOPOTHCS C
oOpa3oBaHHEM JibJla Ha KPUTHUYSCKUX DIIEMEHTaX
BO3YLTHOTO Cy/HA.

4. PeMOHT W CaMOUCIICJIEHUE KOHCTPYKIUH.
Bnarogapst cBoiicTBY oOpaTtumoro neopMHUpPOBaHUS
SMA crnocoOHBl YaCTHYHO BOCCTAHABIHBATh CBOIO
($hopMy 1IpH BO3HUKHOBEHUH J1e(hOpMAIUil U TPEILKH,
CHIDKAs PUCK KaTacTpO(UIECKUX pa3pyIICHUMA.
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Takum o0OpazoM, CIUIaBBl C MaMATHIO (HOPMEI
HPEICTABIAIOT CO00H MHHOBAIIMOHHOE HAIPABICHNE
B 00JacTH MaTepualoBENEHHs H aBHACTPOCHUS,
oOmajaromee  OrpOMHBIM  TOTEHLHAIOM  JUIS
YITYqIICHUS KITFOYEBBIX noKazarenei
3¢ (eKTHBHOCTH 1 O€301TaCHOCTH BO3TYIITHBIX CY/IOB.
JanpHeiime uccienoBanust OyAyT COCPEJOTOUYCHBI
Ha pPacIIMPEeHHWH TEMIepaTypHOro JaWara3oHa
paboTHI, MOBBIIICHAN LUKIMYECKOH TONTOBEYHOCTH
U YCTOWYMBOCTH K OKCTPEMAalbHBIM YCIOBHSIM
9KCITyaTalluu, a Takke Ha wuHTerpauun SMA B
MHTEIUIEKTYAJIbHBIE CHUCTEMBI  YIPAaBICHHS, YTO
HO3BOJIMT CO3[aBaTh elle Ooyee COBEPILCHHBIE
ABUAIMOHHBIC KOHCTPYKIIHH.

PE3VYJIBTATBI U OBCYKAEHHUE
Pa3zpaboTranHbIe CIUTaBbI TOKA3aJIH YIIYYIICHHBIC
MEXaHUYECKUE CBOMCTBA IO CPaBHEHUIO C
TpaaguMoHHBIMEH SMA, 4YTO OTKpbhIBaeT Ooee
IIUPOKHUE TEPCIEKTUBBI JUIsI X HCIONH30BAHUSI B
aBuMalMOHHOM oTpaciu. [ToBbIlIEHHAs yCTOWYHUBOCTh

K  IUKIMYeCKHUM  Harpy3kam  oOecrnedmBaer
JUTUTEIIbHBIN pecypce 3KCIUTyaTaluu
KOHCTPYKTHUBHBIX JJIEMEHTOB, a pPaCIIMPEHHBIN

JIMara3oH pabovnX TeMIEpaTyp IeaeT BO3MOKHBIM
UX MPUMEHEHHE JaXe B SKCTPEMAIBHBIX YCIOBHUSIX
HoJiera.

OHTI/IMI/ISI/IpOBaHHI)IC XapaKTCpUCTHUKU TaMATHU
(GOpMBI  TAPaHTUPYIOT TOYHOE BOCCTAHOBIICHUE
reoMeTpun ,HeTaJ'ICI\/'I, 4YTO HalpsAMYIO BJIHACT Ha
0e30MacHOCTh u  3ddexkTuBHOCTE  pabOTHI
CaMOJIETHBIX CHCTEM. BKIIIOUCHHE TaKuX CIUIABOB B
KOHCTPYKLHIO ~ BO3AYIIHBIX  CYJOB  IO3BOJISIET
CHU3UTH Maccey, IIOBBICUTH TOIUIMBHYIO
3 (HEeKTUBHOCTh M YIYYIIUTH a’pPOJANHAMHUYCCKUE
CBOMiCTBa,  CMOCOOCTBYS  pa3BuUTHIO  Oojee
COBCPUICHHBIX u 3KOHOMUYHBIX JICTATCIIbHBIX
armapatos [6].

BbIBOAbI
Pa3paboTka HOBBIX CIUIABOB C MaMSTHIO (POPMEI
JUIi  aBUAIMOHHOM TPOMBIIUIEHHOCTH  SIBIISETCS

NEPCHEKTUBHBIM  HamlpaBlieHHMEM B 00JacTH
MaTepraioBeJeHHs. YITydIlIeHHbIE XapaKTEPUCTUKU
TaKUX  MaTepHaioB OTKPBIBAOT IIMPOKHE

BO3MOXHOCTH JUIsl UX MPUMEHEHUS B Pa3IUUYHBIX
aBUALIMOHHBIX CHCTEMAX, oT aJIalITUBHBIX
AIPOTUHAMUYCCKAX TIOBEPXHOCTEH JO aKTHBHBIX
JNeMTIIUPYIONINX KOHCTPYKIIUN, TIO3BOJISS TIOBBICHTD
0e30macHOCTh U 3 PEKTUBHOCTH MOJIETOB.

Baxxnoi 3agadeil HalpHEHININX HCCIIEIOBAHUU
OCTaeTCsl ONTUMU3ALMS COCTaBa CIUIABOB C yYETOM
TpeOyeMbIX pabdO4YMX TEeMIEepaTyp, MEXaHWYECKHX

Harpy3ok M YyCJIOBUM »HKciulyaTauuu. B 3TOoM
HanpaBJIeHUU aKTUBHO  IPUMEHSIOTCS Kak
KJIACCUYECKHE METAJLUTypruyecKue MOJXO/IbI
(terupoBaHmMe, TepMHUYECKas W  MEXaHW4YeCKas
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00paboTka), TaKk W COBPEMEHHBIC KOMITBIOTEPHBIC

METO/TBI MO/JIEITUPOBAHUS, TTO3BOJISTIOIITHE
MIPOrHO3UPOBATH (hazoBbIc MePEX OB u
MexaHu4yeckue cBoiictBa SMA Ha aToMapHOM
YpOBHE.

Kpome Toro, coBepiiieHCTBOBaHUE TEXHOJOTHH
MPOU3BOJCTBA, BKJIOYAs AJJUTUBHBICE METOABI M

pa3iM4Hble BUJbl HWHTEHCUBHOW IUIACTHYECKOMU
nedhopmanmm, TTOMOJKET IIOOHUTHCS Oomee
PaBHOMEPHOTO pacripeneneHus JICTUPYIOLTUX

3JIEMEHTOB U YIIyUIIIEeHHON MUKPOCTPYKTYpBI. JTO, B
CBOIO OYepellb, O0ECIICUUT BBICOKYIO LIUKIMYECKYIO
CTOHKOCTh U TOYHOCTH BOCCTaHOBIICHHSI (OPMBI B
JUINTENBHBIX IKCIUTYaTallMOHHBIX [TUKIaX.

WnTerpamust cninaBoB ¢ HamsiATbIO (QOPMBEL B
aBHACTPOCHUH YK€ BEIeTCS B paMKax MCCIICIOBaHUN
MO CO3JaHUI0 YMHBIX KOHCTPYKIHH, CIOCOOHBIX
pearupoBaTh Ha HM3MCHEHHs YCIOBHH IIOJieTa B
peanbHOM BpeMeHU. [lanbHeillliee pa3BUTHE 3TOrO
HapaBJIEHUs, BKIIOYas pacUIUPEHHE PECYPCHBIX
UCTIBITaHWH, pPa3pabOTKy CTaHAApTOB U METOJOB
KOHTPOJISI KauecTBa, IO3BOJIUT CO3JaBaTh Oojee
OKOHOMMYHBIC U HAJIC)KHBIC aBUAIIMOHHBIC CUCTEMBI,
MOBBIIIAS  KOHKYPEHTOCIIOCOOHOCTh  OTpaciu |
OTKpPBIBasi HOBBIE T'OPHU30HTHI [JIsI MHHOBALIMOHHBIX
VWHXEHEPHBIX pPEUICHUI.

KOH®JIMKT UHTEPECOB

ABTOpPBI 3asBIAIOT, YTO B XOJ€ BBIIOJIHEHUS
JAHHOTO HCCJIEJOBAaHMS W ITyOJMKAIMU CTaThH HET
KOH(JIUKTa HHTEPECOB.

OMHAHCHUPOBAHUE
UccnenoBanve BBIIONHEHO 0O€3 MpHUBIICUEHUS
BHEIIHETO (DMHAHCHPOBAHUSI.

BJIIATOJJAPHOCTHU

ABTOp BBIpakaeT TTyOOKYIO MPH3HATEIBLHOCTD
PEelaKTOpy U PELEH3CHTY XKypHasa 32 BHUMATEIbHOE
paccMOTpEeHHE PYKONHUCH, LIEHHBIE 3aMeYaHus u
PEKOMEHIAINH, KOTOpHIE MO3BOJIMIM CYIIECTBEHHO
YIIy4IINTh CONEPKAHNUE U KAaUECTBO CTAThH.

ABTOpckoe mpaBo © 2025 npuHAIIEKUT
apropy(am). [laHHas cTaThsl pacHpoOCTpaHsSETCs Ha
YCIIOBUAX OTKPBITOrO AOCTyIIa B COOTBETCTBUU C
munensueit  Creative  Commons  Attribution—
ShareAlike 4.0 International (CC BY-SA 4.0).
JluneH3ust paspemiaeT CBOOOJHOE HCIIOJIL30BAHMUE,
pacrpocTpaHeHHE U BOCIPOU3BEACHHE B JHO0OI
dbopMe TpU yCIOBHH 00S3aTENHHOTO YKa3aHWUS
ABTOPCTBAa M COXPAaHCHUA TOMH XK€ JIMOCH3UN OJIs1
IMPOU3BOJHBIX MAaTECPHUAJIOB.
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Abstract — Metal foam is produced using titanium hydride as a foaming agent. Carbonates produce aluminum foam
with a thin and homogeneous cell structure. However, foams produced using carbonates show a pronounced shrinkage,
which is clearly different from the one in which titanium hydride is used. For practical use, it is very important to clarify
the shrinkage of the foam and establish a method of its prevention. In this study, cell structures were observed to study
the shrinkage of aluminum foam produced using carbonates. Foam cells are associated with each other with maximum
expansion produced using dolomite as a foaming agent. It was believed that the foaming gas was expelled to the outside
through the connected cells. Cell formation at different sites has been thought to be effective in preventing contractions
caused by cell bonding. Several inclusions of dolomite and magnesium carbonate with different decomposition
temperatures were used. The foam in the case with many inclusions maintained a density of 0.66 to 973 K, when the foam
produced with dolomite shrank. Repeated addition of carbonates has been tested to be effective in preventing shrinkage.
Keywords — aluminum foam, carbonates, shrinkage, materials science, cell structure, dolomite, magnesium carbonate,
gas formation, thermal decomposition, titanium hydride, expansion, density, microstructure, foaming mechanism,
aluminum alloy, structural materials, lightweight materials, mechanical properties.

PEHTI'EH PEHTTEHOCKOITUACHI APKBIJIBI 3BEPTTEJI'EH METAJIIBIH
KOBIKTEHYI
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F.[laykees amvinoagvl Aimamul Dnepeemuxanviy scane batinanvic Yuusepcumemi, Anmamut, Kazaxcman
*Ademop-rxoppecnondenm e-mail: l.abzhanova@aues.kz

ABTOp TypaJibl aKIapar:
Ao0xanoBa Jlaynacein Kaceuiranosna, F.JloykeeB areiHgarbl AnmaTel ODHEPreTHKANbIK J>KoHe baitnaHbic
VYausepcureti, Anmartel, Kasakcran, e-mail: l.abzhanova@aues.kz

Anoamna — Metann keO0iK TY3UIylH JKOHE SBOJIOLMSACHIH in-situ 3epTTey YIIIH PEHTIeHAIK PEHTI€HOCKOIHUSHEI
KOJIIaHy KapacThlpbuiaibl. TaHIalFaH HOTHIKEIEp MeTaljblH KOOIKTeHyi YIIIH JHAarHOCTHUKAIBIK Kypall peTiHje
PEHTTEHIIK PEHTTEHOCKONMUSHBIH KYIIiH Kepcereni. KeOik HyKICalMsICHIHBIH JKOHE DBOJIONHUSCHIHBIH, JPEHAKIIBIH
JTaMYBIHBIH, TEPMHUSUTBIK OalTaHBIC MOCEIIENIEePiHiH, 3eHA1 TOITHIPYIBIH, )KacyIra KaObIPFaChIHBIH XKaPBITYBIHBIH XoHE T.0.
camanbl Tangayiap OepinreH. byraH koca, OipikTipy KbUIIaMIIBIFBIH, THIFBI3IBIKTEI 06y jkoHE T.0. OepeTiH keOik
KEHEIOIHIH CypeTTep CepHsChIHA HET13/IeNTeH CaH IbIK Tajljay apHaibl OarjapiiaMalblK Kypas apKbUIbl OpbIHIATa b1, by
azicTep MeTanaapiblH KeOIKTeHY 9peKeTiH TYCiHyre jkoHe Ke0ik Oepy oamicTepiH jae, KeOiK camachlH Aa jKakcapTyFa
KOMEKTECEIi.

Tyiiin co30ep — metann ke0iK, peHTTeH, PEHTTEHOCKOIHS, CHHXPOTPOHIBIK COYIICIEHY.
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BCIEHUBAHUE UCCJEJIYEMOI'O METAJLUIA C IOMOIIbIO PEHTTEHOBCKOM
PEHTI'EHOCKOIINA
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Anmamuncruii ynueepcumem snepeemuru u céasu um.I. Jayxeesa, Anmamel, Kazaxcman
*Aemop-rxoppecnondenm e-mail: l.abzhanova@aues.kz

HNudopmanus o6 apTope:

Ad:xanoBa Jlayaacein KacbliiranoBna, AJMaTHHCKUH YHUBEPCUTET SHEPIeTHKH U cBsizu uM.I'. JlaykeeBa, AnMmarsl,

Kasaxcran, e-mail: l.abzhanova@aues.kz

AHHomauwl— HHH N3Yy4YCHU O6pa3OBaHI/IH U D3BOJIIOIMHM METAJNIMYECKON IIEHBI paccMaTpuBaCTCAd HCIIOJb30BaHUC
peHTFeHOBCKOﬁ PCHTICHOCKOIINH. BI)I6paHHI)Ie PpE3yJIbTaThl IMMOKA3bIBAKOT CUITY peHTFeHOBCKOI‘/‘I PEHTTCHOCKOIIUN KakK
JUArHOCTUYCCKOI0 MHCTPYMCHTA JiI BCIICHUBAaHUS METalljla. Hpe)ICTaBJleHLI Ka4YC€CTBCHHBIC aHAJIU3bl 3apOXKIACHUA U
OBOJIIOLMU TICHBI, PA3BUTUA APCHAXKA, np06neM C TepMquCKOﬁ CBA3bIO, 3allOJIHCHUSA IJIECCHU, pa3pbiBa KJICTOUHOM
CTCHKHU U MHOT'OI'0 ApPYTroro. KpOMe TOTO, KOJIMYECTBEHHBIN aHaJIus3, OCHOBaHHBIM Ha cepun H306pa)KeHI/Iﬁ pacuimpeHus
IICHBI, O6eCHe‘II/IBa}OH.II/IX CKOPOCTb CJIUAHUA, PACHPEACICHUC IIJIOTHOCTM W T. ., BBIIOJHACTCA C IIOMOIIBIO
CIICHUAJIBHOTO IPOTrPAMMHOI0 obecneueHus. U METOAbI ITIOMOTarOT ITOHATH neH006pa3y10Luee IIOBECACHHUE MCTAJIJIOB U
YIY4YIIUTb KaK MCTOAbI H€H006paBOBaHI/I$I, TaK U Ka4€CTBO IICHBI.

Kniouegvie cnoga — MeTanaudeckas eHa, pEHTI€H, PEHTTEHOCKOINS, CHHXPOTPOHHOE U3IIy4EHHE.

HETI'I3I'T EPEXKEJIEP

3epTTey OaphICBIHAA METAIT KOOITiHIH Ty3lIyi
MEH OSBOJIIONUSCHIH HAKThl YaKbIT PEKUMIHIC
0aKpIIay YIIiH PEHTTEHIK PEHTTEHOCKOITHS 9 TICIHIH
MYMKIHIIKTEpI TaJgaHIbI. CHUHXPOTPOHIBIK
PEHTTEHIIK COyJICNeHY I KOJJIaHy apKbUIbI KeOiK
HyKJICAlIWsChI, KOMPIIKTepAiH ecyi, Oipiryi,
JPEHAXKIBIH JaMYbI XOHE JKacyllla KaObIpraJlapbIHbIH
Oy3bUly TIpOIleCTEepl JKOFaphl KEHICTIKTIK JKOHE
VaKbITTBIK ~ @KBIPATBIMJBUIBIKIIEH  OaKbLIaHJIbI.
CaHpIK KecKiHIep/li oHJeY HOTIDKECiHAEe KOOIKTIH
KCHEI0 KWHETHUKACHI, THIFBI3JBIKTBIH TapaTybl JKOHE
KOMIPUIIKTEPIiH Oipiry >KbULAaMIBIFbl aHBIKTAIIbI.

AnplHFan HOTIDKENEP PEHTIEH/TIK
PEHTTEHOCKOIUSHBIH MeTaJll KOOIKTEpiHiH
KYPBUTBIMIBIK KaJIBIITACY MeXaHU3MJIEPiH

3epTTeYACTi THIMII JAMArHOCTHUKAJIBIK OIIiC CKEHIH
KOPCETTI.

KIPICIIE

KarTel MeTanmaH jkacairaH KeOikTep ap TypJi
KOJIJaHy YIIIH [EePCIEeKTHBAIBI MaTepHaiap OOJbII
Tabbu1aas [1,2]. OnapabiH KYpbUIBIMBL OapibIK KeOiK
CUSIKTBI KYpIesli OOJIFaHABIKTaH, OJapAbl 3epTTey
KHUbIH. MeTaiun ke0ik TY3UTyiH, SBOJIOIHSCHIH JKOHE
TYpaKTaHybIH TYCIHY YIIIiH 0i3 onapbl CYHbIK KyHe
KaTaifranra JeHiH >KoHe KaTy Ke3iHae 3epTTeyimi3
KepeK, OWTKEeHiI OYJ Ke3eHJEri MpolecTep KaTThl
KOOIKTIH COHFBI KYPBLIBIMBI MEH KaCHETTEPIHE acep
eremi [3,4].

doToHAapra HeMece HeMTpoHIapFa HeTi3aeIreH
panuorpadusUblK  OeiiHeney omicTepi yAriIepaiy
IIIKI KYpBUIBIMBIH Oaiikayra MyMKiHIIK Oepeni [5].
Komaitnibl  yakpIT pYKCAaTbIMEH HaKThl  yaKbIT

26

PEXUMIHIIE JKa3bUTFaH PeHTreHorpadusap CepusChl
peHTreHockomusi  nmen  arananel.  KebOiktepae
PEHTI€HOCKONHSI KEHEI0, MAKPOCKOMHUSIIBIK KEYEKTEp
KYPBUIBIMBIHBIH ~ 3BOJIIOLMSCHI,  THIFBI3ABIKTHIH
Tapaiysl, Oipiry OKuFanapsl )koHe T.0. CUSKTHI in-Situ
OpTYpJIi IpoLEeCTepli 3epTTeyre MYMKIHIIK Oeperi.
bi3 PEHTTEH/TIK PEHTTEHOCKOHSFa Hazap
ayJapamMbl3, OUTKEeHi OYJI 9J1iC €H KaKChl KEHICTIKTIK
KOHE YaKpITIIA pPYKCATTapAbl JKOHE METaNJIbIK
MaTpHUIla MEH Ta3-KOHTPACT apachIHAaFbl OHTAMIIBI
KOHTpacTThl yCchiHAABL. biz 2000 XbUIbl ajFarikbl
xa0apiaHFaH  OpeKeTTepIeH  Oactam  COHFBI
asipyeMeriepre  JieHiH ~ MeTalfblH  KOOIKTeHYIH
OakpLIay YIIIiH PEHTTEHIIK OeitHeneyaiH
SBOJTIOIMSICHIH YChIHABI [6].

3epmmeyoin MAHDBI30bLABIZDL. Mertann
KOOIKTepi TOMEH THIFBI3IBIFL, KOFApPhl MEHIIIKTI
OEpiKTIri XKoHE SHEPTUSHBI THIMIII KYTy KaOUIETiHIH
apKacelHIa aBHMaLUsNa, AaBTOMOOWIbL Kacayna,
KYPBUIBIC TI€H SHEPreTHKaja KEHIHEH KOJIJaHbUIAThIH
MEPCIEKTHBAIBI  MaTepHalapiblH  Oipi  OOJIBII
TaObUIaIbl. ANalijia ONap.IbIH KYPBUTBIMBI KOOIKTEHY
MPOLIECiH/Ie KANBINTACATBIHABIKTAH, KOOIK Ty3ily
MeXaHU3MJIEPiH J9CTYPIi 94iCTEPMEH TOJIBIK 3epTTEY
MYMKiH eMmec. OcbIFaH OalTaHBICTBI PEHTTEHJIIK
PEHTTEHOCKOIUAHBI Taianany MeTalyl KeOIriHiH
TY3UIyilH HaKTbl YakbIT peXHMiHAe OakbLIayFa,
KOIIPIIIKTepAiH Maiaa O0lybl MEH SBOJIOLUSCHIH,
JKacyliagap/IslH OIpIiryiH jKoHE APEHAaX MPOLECTEPiH
aHbIKTayFa MYMKiHIIK Oepeni. bynm kebik Ty3imy
TEXHOJIOTHSATIAPBIH KETUIIIpYTeE, Marepuan
KYPBUIBIMBIHBIH ~ OIpKENKUIIriH ~ apTTBIpyFa >KoHE
JaiiblH ~ OHIMHIH  MEXaHUKaJblK  KAaCHETTEepiH
KaKCAPTYFa FhUIBIMH HET13 KaJalbl.
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3epmmeyoin scananvizpl. 3epTTEYIIH FHUTBIMHI
JKaHAJIBIFBI MeETauT KeOITiHIH KalbINTacy XoHE
SBOJIIOLIMSL  MPOLIECTEPIH KOFAPhl KBUIIAMJIBIKTHI
CUHXPOTPOHABIK  PEHITCHIIK  PEHTTEHOCKOIUS
KOMETIMEeH KemeHAl Tanfayaa katelp. KeOikTeHy
MIPOTIECIHIH OPTYPail Ke3eHACPIHIE KOMipIIiKTepIiH
HyKJeanusicel, ecyi, Oipiryi ’koHe jKacymia
KaOBIpFaJlapbIHBIH  OY3bUTYBl KOFaphl  JTOJIKIICH
0aKpUIaHBIT, OJAPABIH YyaKbIT OOWBIHIIA ©3repy
3aHIBUIBIKTApBl  aHBIKTAIAbl. COHBIMEH  KaTap
peHTreHAIK OceHHenepli CaHIbIK OHJCY apKbUIbI
KOOIKTIH KEHEH JKbUIZAMIBIFBI, THIFBI3IBIKTHIH
Tapaltybl )KOHE KYPBUIBIMIBIK ©3repicTep OaraaHblIl,

PEHTTEHIIK PEHTTEHOCKOMUSHBIH MeTaJLI
KOOIKTEepiHIH KAJIBINITAcy MeXaHU3MIepiH
3epTTeyAeri  TUArHOCTHKAIBIK MYMKIHIIKTEpi

FBUIBIMU TYPFBIJIAH HETi3eI/I.

OAICTEP MEH MATEPHUAJIJIAP

Mertann keOiriHiH Ty3iIyl MEH 3BOJIOLUICHIH
in-situ GakpLIay YIIIH PEHTI€HIIK PEHTICHOCKOIHS
omici KOJmaHBUIABI. 3epTTey OipHemie Ke3eHHEH
TYPJIBL.

Bipinmi ke3eHae Toxipudere apHaaFaH MeTaLl
npedopManapsl JalbHIAIAR. AJNIBH ama Oenrimi
Kypammac OemikTepi Oap YHTaK HeMece CYCIeH3US
Heri3iHgeri npedopmanap oenrii oip
TEMIIEPATYpPAIBIK PEKUMIC KOOIKTCHYre KaOlaeTTi
0oysl THiC. YINTiNEpAiH TEOMETPHSCHl, Maccachl
JKoHE 0aCTaIKbl THIFBI3ABIFBI KSHIHT1 CAHIBIK TaAay
YILiH TipKeI/i.

ExiHmni ke3eHle peHTreH IiK PEeHTT€HOCKOIHSFa
apHaJFaH DKCHEPUMEHTTIK KYPBUTBIM JKUHAKTAIIBI.
Yoriep JKorapbl TeMIIepaTypajibl IEIIKe HeMece
KEPTrUTIKTI KBI3ABIPY MOJMYIiHE OpPHAJIACTHIPHUIBIIL,
CUHXPOTPOHIBIK PEHTTeHTIK CoyJeMeH
KatapyiacTeipa  OaFbITTalybl.  Paauorpadusibik
tycipinim  yumiin CMOS nemece sCMOS  Tunti
KbUIIAM JieTekropnap, conaait-ak LuAG:Ce nemece
YAG:Ce CHUHTUJUISITOPJIAPHI KOJITAHBUIIEL.
OKCIEpUMEHT PEHTICH COYJIECiHIH JHEPTHSICHIH,
KaJlp JKUUITH JKOHE Kepy OpiCiH OHTallIaHIbIpy
ApKBUIBI JKYPri3iiai. DKCIO3HUINS YaKbITHI IIPOIIECTIH
IMHAMHKAchIiHA  OaimadblcTel 1 Mrc—10  Mc
apanbFbIHAA TAHAAIIbL.

YuriHmn Ke3eHAEe HaKThl YaKbIT PEXUMIiHJE
TYCIpIIT€H PeHTICHOIPapUsUIbIK OCHHENIep CePHUsICHI
KUHAKTaIAel. beitHenepaeH KoOik HYKIJICAIHSCHI,
KOHIpLIIKTEepIiH ecyi, Oipiryi, ApeHa>kAbIH OacTalybl
MEH JaMybl, JKacylla KaObIprajJapbIHbIH JIOKAJIbI
Oy3bUTYBI CHSKTBI KyObuibicTap Tipkenai. COHbIMEH
Oipre KeJNeMJIK e3repicTep MEH KOOIKTIH KEHEHO
KHHETUKAChIH  KOPCETETIH  MakpomapamMmeTpiep
OaKbUIAHIbI.

TepTiHIl Ke3eHe allbIHFaH IEPEKTEP CaHIBIK
OHJICYJICH OTTI. ApHaiibl OarapiaManbIK
KaMTaMachl3 €Ty apKbUIbl KOMIPIIIKTEP/iH CaHbI,
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oJIapABIH opraima JIaMeTpi, KOJIEM/IIK
THIFBI3NBIKTRIH  Tapadybl, OIpiry OKWFaJIApBIHBIH
JKUUTM  XKOHE KCHEH  IKBUIJAMJIBIFBI  CHSKTHI
KOPCETKIIITEp aHBIKTAIIbl. YaKbIT KaTapiapsl
HeTi3iHme TIpOIIeCTePAIH KUHETHKAITBIK
CHUTIaTTaMaJapbl  €CENTeNill, MeTaLT KeOiriHiH
KaJIBINITACY MEXaHU3MJICP1 TaJIaHIbI.

Ochl KeTIeH/I1 omicTeme PEHTTEeHIIIK
PEHTICHOCKOIUSHBI MeTaul KeOIKTepiHiH (u3uka-
XUMUSUTBIK  SBOJIIOIMACHIH TYCIHY YIIIH JKOFaphl
IOONAIKTI Kypajd peTiHAe mNaijaiaHyra MYMKIHIIK
Oepei.

HOTUXEJIEP )KOHE TAJIKBLJIAY

Yuriamn  OysIHAAFBl  CHHXPOTPOHABI  YKapBIK
Ke37Iepi KeHICTIKTE Jie, YaKbITTa J1a MUKPO-aITbIKTHIFBI
O0ap pamuorpadusiHbl OpBIHAAY VIIIH JKETKUTIKTI
JKOFaphl TIOJMXPOMATHKAIBIK PEHTTeH-TiK  (OTOH
arbIHBIHBIH THIFBBBIBIFBIH  Oepeni [7]. belineney
anmaparypacbiibiH, acipece CMOS  ceHcopapsl
CaJIaChIH/1a KAPKBIHIIBI TAMYbI )KOHE OJIap/IbIH Y3/IIKCI3
KETUTIPUITeH Ce3IMTANIBIFBl  Ka3ip aWTapiIbIKTai
(xeminze 10 x 20 MM2) Kepy epici YIIIiH 3KCIO3UIHS
yakpITBl 1  MKC-Ka  JCHiH TOMEH  TycCipy
KBUTIAMIBIFBIMEH EPEKIIIE )KOFapHhI XKa3yFa MyMKIiHIIK
Oepemni. Pertren coynenepiniy KipicTipinreH (hazanbiK

KOHTPACTBIH OHTaMJIaHIbIPbUIFaH naijanany
(pPEHTIeHIIK CHHXPOTPOH/IBIK COYJICHIH KOTePEHTTLIIK
KacHeTTepiHe 0aliJTaHBICTHI) 0i31iH YAITBI

MaTepUAJIBIMBI3 YIIIIH €H >KaKChl KOHTPACTTHI ajlyFa
MyMKkiHaik 6epeni. ConbimMen Katap, LuAG:Ce Hemece
YAG:Ce xkpuctanaapsl CUSIKTbl pagHaLlUsIIbIK KaTThl,
Oipakx >KOFaphl Ce31IMTaI )KoHE THIMJII MOHOKPHCTAIIIBI
CIMHTHJUIATOPJIAP  KOJIZaHbUIaAbl. -l cyperTe
onebuerre  [8,9] KoHE COHFBI  HOTHXKENEpE
xabapJaHFaH/ai, 6TKEeH KbUIIapaa KOJI JKEeTKi3UIreH
PEHTICHIIK CUHXPOTPOH/IBI PAIMOCKOIUSHBIH YaKbIT
KBIPATHIMJIBUTBIFBIHBIH JKaKCapybl KOPCETUITeH.
Cyitpik  ke0ikTepaeri MeTainn KaObIKIIalapibl
HEMece JKacymia KaObIprajapblH TYPaKTaHIbIPY
MeTaJUI KOOIK FBUIBIMBIHIAFEI HETI3T1 Maceile OOJIbIII
TaObIaAbl, Oipak ol Je TONBIK TYCIHUIMEreH.
HerypipiM  TypakTel TuleHKamap a3 OipikTipymi
OlAipe i, COHIBIKTaH OIPKEIKI eImeM Il YIeCTIpyMeH
Kimmpek Kemipuiikrep, Oyn ere KaxkeT. JKapbury
CHIIATBIH 3epTTey YUIH Oip YyakpITTa KOFapsbl
KEHICTIKTIK JKOHE JKOFapbl YaKbITTBIK
KBIPATHIMJIBUIBIKKA CYPaHBIC OOJIFaH 3KCIIEPUMEHT-
Tep Kyprizinai. Op6ip kaap yuin 40 000 kagp/c sxaHe
9KCHO3HUIUS YaKbIThl 25 MKC OOJIaTBIH €Ki KepIlijiec
KeripIIikTepIiH Oipiryin Oaiikayra 6omasr [10].
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Cypet 1 — MetanabiH ke0iKTeHYiH BH3yalU3alysIay
YILiH KOJIaHBUIATHIH iN-Situ CHHXPOTPOHABI PEHTTSHIIK
PECHTICHOCKOIIHSAHBIH YaKbIT Q)KbIPaThIMIbLIbIFBIHBIH
IBOJIIOIHACHL

Cyper 2 — In-situ )XpuUTIaM CHHXPOTPOHIBI PEHTTEHIIK
PaaroCKONUSITBIK Tanaaynan aneiaran AlSil0 + 0,5
macca% TiH> ke0ikinig 640 °C ke3ingeri
penTtreHorpammanap cepusicol (Eypornaisik
CHHXPOTPOHJBIK coyJeneHy KOHABPFRICHIHBIH (ESRF)
ID19 coyne chI3bIFBIH/IA JIBIHFAH JAEPEKTED). 9,5 MKC
Kajp apanbireiMeH (105 kd/c) enmenrer eki KOmipIIiKTiH
Oipiryin Oaiikayra 0omaapl. Y3iK CHI3BIKTAp
KOMIPIIKTepAiH KOHTYPBIH KOPCETE 1, al KOpCeTKiIep
coliKec kacyIla KaObIPFachIHBIH KapbUIFAaHBIH KOPCETE/I.

Conrel  dKcriepuMeHTTEp 9,5 MKC  Kajap
apabIFbIMEH jkoHe 20 MKM THIM/II TMKCE ©JIIeMiMEeH
105 000 kaap/cex a3y >KbIIAMIIBIFBIMEH KYPIi3iii.
Kpicka 9KCMO3UIMS YaKbIThl MEH KECKIHICPIiH
IIEKTeyJi JUHAMUKAChIHA OaiJIaHBICTBI ~ MYHJAW
KECKIHJIep/IiH KOHTPAacThl TOMEH OOJIFaHBIMEH, 2-IiIi
cyperre eki KemipuikTiH Oipiryi ~475 wMKc-Te
AsSKTATATHIHBI KOHE KAOBIKTBIH KapbuTybl ~380 MKC-
Ka CO3bUIATHIHBI aHBIK KOpiHeli, erep Y3UIyAiH COHBI
OHBIH TY3y HYKTECiHE allHaJIaThIH XepJIeri KOMipIIiKTi
oJlaH OYPBIHFBI HYKTE PETiHJIE KAPACTHIPCAK, JIOHEC.
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byn oskcmepuMeHTTEpAe KaOBIKTHIH KapbUTy
YaKBITBIH/I2 OHBIH TYTKBIPJILIFBI €MEC, CYUBIKTHIKTHIH
HHepUUsiChl 0ackiM OONaTBIHBIH KepceTyre 0oiassl,
OUTKeHI kapbuly eTe okburgam Oomael  [10].
Conpgsiktal, 1 = 0,4 Ila-c xorapsl 00JIaTHIH THIMII
TYTKBIPJIBIK apKbUIBI TYPAKTAHABIPY OCBI JKEpJe
3epTTENreH TypJeri MeTasl KeOIKTepiHe
KOJITaHBUTMANTEIHBIH KepceTyre Oomansl. Kemiprmik
MeJIIepl MEH KOPBITHAHBIH KypaMmbl CHSKTHI Oacka
(akTopnap KapbUly YakbpITBIHA 9CEp €Tyl MYMKiH
XKoHe OoalakTa 3epTTeneTiH 00a bl

KOPBITBIHIbI

PeHTreH pEHTTEHOCKOMMSICH JaMbIll  KeJle
JKaTKaH MeTaill KeOIKTepiH JKepaeri 3epTTey.liH
KyaTThl KypaJel O0IbI TabbiIaabl. CHHXPOTPOHIBIK
KOHE 3epTXaHAJBIK KOHIBIPFbUIAD KOOiK Ty3ilmyiH
KEPrimKTi OakpuTayra MyMKiHAIK Oepeni. 20 MKM-Te
OeHiHri THIMAI TUKCENb OJIIeMIMEH >KOFaphl
KEHICTIKTIK a)KbIPaTBIMABLIBIK XKOHE Ka3ipri yaKbpITTa
10 MKC JEHiHTI €H JKaKChl KOJ KETKi3yre OoJiaThiH
YaKbIT aXKbIPATBIMABUIBIFBI Kacylla KaObIPFaChIHBIH
KBIPTBUTYBl MEH KOMipIIiKTi OipiryiH aHBIKTayFa
JKOHE TajijayFa MYMKIHAIK Oeperi. ANIOMHHUN
KOOIKTI COHIBUY MAHENb/IEPiH/ET] KaTar0IbIH KEHEI01
JKOHE KOMIPIIKTepAiH TypajlaHybl CHSAKTHI >KaHa
acepiep TaOBLIBI. MHUKpOTpaBUTAIHSIIBIK
TOXIpHOeNep  MUKPOTpaBUTAlMs  KarAdalbIHIA
OanmKpIMaHbBIH KOOIKKe CiHyiH 0aKplIay )KoHE CaHIbIK
aHBIKTay YIIiH PEHTTeHIIK PEHTIeHOCKOIHSIHBI
KOJJaHJIbl JKOHE TpaBUTALMSHBIH  OipiKTipyre
KYTIIETeH JICI3 9CepiH aHBIKTAIbI.

MY JAEJIEP KAKTBIFBICHI

ABTOpIap OCBI 3epTTEY/Ai OpbIHAAY IKOHE
MakajaHbl  JKapusulay — OapbIChIHIA — MYJIeNnep
KaNIIBUIBIFBI )KOK €KEHIH MAJIIMIECH/II.

KAPXbUTAHABIPY
3eprTey CBIPTKBI
OpBIHAIIBI.

Kap KbUIaHBIPYChI3

AJIFBIC

ABTOp eckepTyjiepi MEH YCBIHBICTapbl OCBHI
KYMBICTBl JKETUIAIpyre BIKMNAl €TKEeH OapibIK
MaMaHJapFa aJFbICHIH OUTIipeai.
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JIMIEH3UACH OOMBIHIIA allbIK KOJDKETIMII OOJIBII
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MEASUREMENT OF THE EFFECTIVE ELECTRO-OPTICAL COEFFICIENT OF THIN
FILMS OF LEAD ZIRCONATE DIOXIDE PRODUCED AT LOW TEMPERATURES
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Abstract — The development of electro-optical (EO) modulators based on lead zirconate titanate (PZT) is crucial for
integrated photonics. The high annealing temperature required for processing PZT thin films limits their compatibility
with modern complementary metal oxide semiconductor (CMOS) technology. In this work, high-quality PZT films were
produced on SiO2/Si substrates at an annealing temperature below 450 °C. The PZT films showed a preferred (100)
orientation and were smooth and crack-free. Based on low-temperature PZT films, we subsequently designed and
developed the Mach-Zehder interferometer (MZI) wave modulator. The measured half-wave voltage (Vn) was 4.8 V at a
wavelength of 1550 nm, which corresponds to an EO coefficient in a device such as 66 pm/V, indicating potential use in
optical devices. The results presented in this paper open up great prospects for the integration of PZT thin films with other
complex systems.

Keywords — titanate film with lead zircon, low temperature, CMOS compatibility, electro-optical coefficient.
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Anoamna — KopraceiH nmpkoHar tutanatel (PZT) serizingeri snexrpo-ontukanslk (EO) momynsTopiapbiH kacay
MHTETpalysIanFal pOTOHMKA YIIiH eTe MaHb3Abl. PZT jkyKa KaObIKIIanapblH OHEY YIIiH KaXETTl JKOFapbl KYHAIpy
TEMIIepaTypachl OJapJblH 3aMaHayd KOCBHIMIIA MeTaJul-OKCHI-KapThulaii eTkisrimm (CMOS) TexHOJIOTusIChIMEH
yinecimainirin mekreini. by sxymeicta SiO2/Si cybctparrapeinaa 450 °C TeMeH KachTy TeMIepaTypachlHAa )KOFaphl
cananbel PZT nnenkanaps! naiibiananabl. PZT ¢dunemaepi apTeikmibUibiKThl (100) 6aFmap kepceTTi skoHe OipKelnKi KoHe
xKapbIKTapchr3 Oonapl. Temen Ttemmeparypanst PZT mnenkamapsiHa cyiieHe OTHIphIN, 0i3 keHiHHeH Max-3exnep
naTephepomeTpiniH (MZI) TONKBIHIBIK MOAYISTOPHIH K00AaIal, KacaablK. OJIIEeHTeH KapThl TOJIKBIHABIK KepHey (V)
1550 BM TOJNKBIH Y3BIHABIFBIHAA 4,8 B O0szpl, Oyi1 ONTHKAIBIK KYPBUIFBIIAPAA QJICyeTTi Maigaiany bl KepceTeTiH 66
pm/V cuskrel Kypsursinarsl EO xoaddummentine coiikec keneni. byn xymeicta Oepinren Hotmxkenep PZT kyka
IUTEHKaJIapbiH 0acka Kypaeni xyhenepMeH OipiKTipy YIIiH YJIKeH MepCleKTUBAHbI KOPCETEe .

Tyitin ce30ep — KOPFachIH IIMPKOHATTHI THTAHATTHI IJICHKA, TOMEH TeMmiepatypa, CMOS yineciMainiri, 3meKkTpo-
ONTHKAIBIK KO3 (HUIHEHT.
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Annomayus — Pazpadbotka anekrpoontuuecknx (EO) MonynaropoB Ha ocHOBe IUpKOHaT-TUTaHata cBuHua (PZT)
HUMEeT pellaroniee 3HaueHHe JJIsi MHTerpupoBaHHOHM (oToHMKU. BbIcokas TemmepaTypa oTXkura, HeoOXomumas s
00paboTKK TOHKHX IUICHOK PZT, orpaHH4MBacT UX COBMECTUMOCTh C COBPEMEHHOW TEXHOJIOTHEH TOMOJHUTEIHHOIO
MeTaUIoOKCcuAHOTO moaynpoBogHuka (CMOS). B atoit pabore Ha mnomioxkax SiO2/Si ObUTH H3TOTOBJICHBI
BBICOKOKauecTBeHHble IJIeHkH PZT mpu Temmeparype omxkura Humwke 450 °C. ®uusmel PZT nokaszamun
npeanoututensHyo (100) opueHTanuio U ObIIM POBHBIMM M Oe3 TpemuH. OCHOBBIBAsICh Ha HU3KOTEMIIEPATYPHBIX
wieHKkax PZT, MbI BIIOCIEACTBUH CIIPOEKTUPOBAIH U Pa3padOTaIv BOJHOBOH MOIymsATOp HHTEpdepomerpa Max-3exnepa
(MZI). UsmepeHHOE MOTyBOTHOBOE HampspkeHue (Vr) Obuto 4,8 B Ha mumHe BonHBI 1550 HM, 9TO COOTBETCTBYET
ko3(¢punuenty EO B TakoM ycTpoiicTBe, Kak 66 pm/V, 94To yKa3bIBaeT Ha MMOTEHIMAILHOE UCIIOJIB30BAHIE B ONTHIECKUX
ycTpoiicTBax. Pe3ynpTarsl, mpeacTaBiIcHHBIE B 3TOH paboTe, OTKPHIBAIOT OOJIBINNE MEPCTIEKTHBBI A MHTETPAIMN
TOHKUX IJIEHOK PZT ¢ apyrumu ciio)XHBIMU CUCTEMaMHU.

Kniouesvie cnoga — TtuTaHaTHas IUIEHKAa ¢ IIMPKOHAaTOM CBMHIA, HU3Kas TeMIiepaTypa, coBMectuMocTs ¢ CMOS,
ANIEKTPOONTHYECKHUI KOd (P HUIHEHT.

HEI'I3I'T EPEXKEJIEP KIPICIIE
TemeH Temneparypana JaibIHAAIFAH KOPFACHIH D0 wmarepuangapsl MHTErpaiabl (HOTOHHMKaga
LMPKOHAT-TUTAHATHIHBIH (PZT) KYKa epeKlle »IKOHe Imemymn pen arkapaael [1-3].
KaOBIKIIATIApBIHBIH KYPBUIBIMIBIK JKoHE dieKTpo- Kommeprusuielk opHateiiFaH EO  momynsitop-
onTUKanblK  Kacuerrepi  3eprrenmi.  SiO2/Si mapeiama LiNbOs jkyKa miieHKaIapbIHBIH TapaiybliHa

cyoctparrapeinga 450 °C temmnepaTypada >KOFapbl — KapamacTaH, OJapAblH JKOFapbl  JKbUIIAMIBIKTHI
camanel  (100)-Oarpitranran  PZT  mneHkanmapel  peakmusiChl JKOHE TOMEH ONTHKAIBIK SKOFAIYHI,
JNAWbIHIABIN, OJIAPJBIH KPUCTANJBIK KYPBUIBIMBI, KYPJAETI OHJACY JKOHE JKOFapbl KYHBI aJamJiapibl
MOpPQOJOTHACEl  KOHE  DJIEMEHTTIK  KYpaMbl  JKaKCBIPAaK EO Kacuerrepi MeEH
pertrenmik  mudpaknus (XRD), ckaHeprneymii — MHHHATIOpH3aIlMsUIayFa KOHE Oamama
ANIEKTPOHIBIK  MHKpockonus (SEM), atomaplk-  mMartepuanmapisl 3eprreyre urepmeneiini. PZT sxyka
Kymtik Mukpockonusi (AFM) xoHe »dHeprusi- KaObIKIamapbl MOIYISTOpAbl kacay ymiH EO
auctiepeusutblK criektpockonust (EDS) omictepiMen  MaTepualibl peTiHAE ©T€ NEepPCIEKTUBAIBI  OOJIBII
TtanmaHapl. JalWblHmanFaH TUIEHKadap Heri3iHae  Ta0buiajbl, OTKeHi onapsiH Tamarna EO addexrici.
Mach-Zehnder nnTepdepomerpi tumingeri  Jlereamen, PZT ’kyka IUICHKaNIapblH JKOFaphl
TONKBIHJBIK ~ DJIEKTPO-ONTUKANBIK  MOJIYJIATOP  KYWIIpy TeMIiepaTypacbiMeH OHJICY
o3ipJIeHil, OHBIH >KapThl TOJNKBIHABIK KepHeyl (Vi)  MHKpOdJIeKTpoMeXxaHHKalbIK kyienepaiy (MEMS)
KOHE THIMII BIEKTPO-ONTHUKAIBIK Ko3(p¢uumeHTi Kypburbuiapbin CMOS KypbUIFBIIapblHA TiKeJeH
AHBIKTAJIIBI. ANBIHFAaH ~ HOTWXKENep  TOMeH OIpiKTipy YIIH Ke[epri jkacaijpl. Byrinri kyHi
temmeparypansl  PZT mmenkamapeiaeiy CMOS  TeMeH TeMnepaTypanbl PZT TOJKBIHIBIK
TEXHOJIOTHsUTIApbIMEH YHIIECIMIII MHTETpalMsUIaHFaH  MOAYJIATOPJIAPBIH  3epTTey OOWBIHINA IIEKTeYJi
(OTOHHMKANBIK KYpBUIFBLIAp/a KOJIAaHYFa JKOFapbl  3eprreyinep kyprisinai [4]. Temen temneparypa-Jibik
QJIeyeTKe He eKeHiH KOpPCEeTTi. PZT  wmerizingeri OO0  MomynATOpJIapbIHBIH
KaCHETTEePIH 3ePTTEYIiH HIYFbUI KAXKETTUIIT Oap.
biznin Oinyimizire, PZT xyka KaObIKIIamapbiH
ofeTTeri eHJey YIIIH MaTephalibl  KaXKeTTi
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MIePOBCKHUT (Da3achIHA KPUCTAMAHABIPY YIIIIH 9JIETTE
600 °C acaTblH KYHIipy TeMIeparypachl KaXeT, Ol
tamama OO KacHeTTepiH KepceTyiMeH Oenrifi.
Mericans, Wky T1.6. 650 °C >xoFapel KyHzipy
TeMIIEpaTypackIHAa MarHETPOH/IBI MIAIIBIPATY SiCiH
Kongana oTeIpbil, Corning IIBIHEL acTapiapblHAa
PZT xyxKa mieHKanapblH AaiibIHIAyAbl KepceTTi [5].
Omapaeryg 3eprreyi 185,3 pm/V EO xoaddurmentine
KOJI JKeTKi3yai aHbIKTambl. Lo xymbichl SiO/Si
KabaTbIHIa TYHJBIPBLIFaH YKOFapbl (100)
OarpiTTanFal PZT >xyka KaOBIKmIamapelH 3epTTeli
xkoHe 133 pm/V  kypeurrbimarel  yikeH EO
ko3 pumenTin kepcerti. Beeckman xone 1.6. Vi =
7,0 B Mach-Zehnder mogynsitopsr apkeuist 60 I'T-
TEH >KOFapbl OTKI3y KaOUIETTUIriHe KON IKeTKi3e
oteipbi, TE onTukamplk peXumi YINH THOPHIATI
PZT/Si KYPBUIFBICHIH/IA Mach-Zehnder
MOJIYJISITOPBIH ~ JKoOallay  VIIIH — alblpOacTapasl
kepcerTi. JlereHMeH, OyJI TpOIECTep YIIIH KaxXeT
*acelTy Temneparypacsl CMOS KypbpUIFbLIapbIMEH
yiteciMai  MakcUManAbl  JKBUTYy — OFO/DKETIHEeH
aifTapibIKTail ackin Tyceai, operTe mamamer 450 °C
[8].

byn  mekrteymi  eHcepy  YIIIH  TeMeH
TeMIeparypaga ©HIey  oJIiCTepiH  a3ipieyre
aiftapnbIkTail 3epTreynep xyprizinai [9]. lerenmen,
TOMEH TEMIIEPATypabl PZT TOJIKBIH-IBIK
MOJYJIATOPIAPBIH 3epTTey OOWBIHINA IIEeKTey-IIi
3epTTeynep Kypriziungi. EH Taimai tocinmepain Oipi
peTiHge TOeMeH TeMIlepaTypaibl 30Jb-TeIbMEH
engenred PZT muieHkamapblH 93ipiiey y3aK yakbIT
0olibl kaiFacysia, TeK OipHEIIe COTTI HOTHXKeIepre
KoJ xeTkizinmi. I1sn sxone 1.6. [10] mamamen 450°C
yIbTpa TOMEH TeMIeparypana 30Jb-Telb OIiCiH
Kosanbin PZT jxyka KaObIKIIAIAPbIH yKacay Typajibl
xabapnagpl xoHe mamamen 30 MkK/cm?  yiken
©3/IiriHeH TONAPU3AIUSIHBl JkoHe Mmamamen 2900
KB/cM  IMANEKTPUKTIH  BIABIPAYBIHBIH  >KOFapBI
OepikTirin  kepcerti. Takamypa xome T.60. [11]
EPITIHIIHIH JKaHy CHUHTE31 9MICIH KOJIJIaHa OTHIPBIII,
mamaMeH 450 °C Temmeparypalia YJIKEH KaJIbIK
MOJIIPU3AIIMSICH] KOHE a3 arblll KeTy Torel Oap PZT
IJICHKANApBIH JkKacay Typanbl xabapmamel. CoraH
KapamacTaH, ajgsiaFal PZT jxyKa KaOBIKITaIapbIHBIH
OarmapbiH OaKbpUIay MYMKiH O0nMaser, an Pt Temenri
JJIEKTPOA PpeTiHAEe MaijasaHy oJapabl >KOFaphbl
ONTUKAJBIK O KOFaNTyFa OaligaHbICTBl  (HOTOHIBI
TexHoJOoTHsIMeH Yyitnecneini. EO momynaropiapsl
YIIiIH TeMeH TeMmIeparypaiapia Oarmapiayabl
Oackapy Mymkingiri 6ap PZT xyka mueHKamapbiH
HIBIFapyFa KaOlIeTTi KapamnaibiM eHIipic mpolieci oTe
Kaxer [12].

By sxxymeicta sxorapsl (100)-6arnapnanran PZT
mienkanapsl  Si02/Si cyOcTparTapblHIa TOMEH
xKaceITy Temmeparypacsiga (450 °C) aitHanaeipy
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OIICIH KOJIaHy apKbUIbI JalbiHAaFaH. ONTHKATBIK
KYpBUIFbIIApJa TMaljaliaHy oJIEyeTiH oOJlaH opi
3epTTey ywiH 0i3 TeMeH Temneparypansl PZT MZI

TOJKBIHIBIK MOJYJISITOPBIH KacajpIkK.
MonynaTopAbIH OHIMILUIITI /Ie KOpCEeTiIi.
3epmmeyoiy  manbl30blabI2bl.  VIHTETparus-

naHFaH (OTOHMKAHBIH KApKBIHABI AaMybl >KOFapbI
JJIEKTPO-ONTUKABIK KACUETTEPre Ue KOHE KPEMHUIA
HETi31HAeTi MUKPORJICKTPOHIBIK TEXHOJIOTHIIApMEH
yineciMal MaTepuaimapApl d3ipieyni Tanam eTemi.

Kazipri yakpiTta PZT kyka KaObIKIIanapsl
[IEPCIIEKTHBAJIBI 3JIEKTPO-ONTUKAJIBIK
MarepuanmapAplH  Oipi  OOJIBIT  caHaJIFaHBIMEH,

onapiael anmy yinH kebOiHece 600 °C-TaH >KOFapbl
Kyiaipy TtemmepaTypacel Kaxker, Oyn CMOS
TEXHOJIOTHSACHIHBIH TEMIIEPaTypPaNbIK IIEKTeyIepiHe

coiikec kenmermi. OcblFaH OaiMIaHBICTBL TOMEH
TeMIepaTypaaa JAWBIHATATEIH, JKOFapbI
KPHUCTAJIBIK CaIlachl MEH THIMJI1 3JIEKTPO-ON THKAIBIK
cuIaTTaMantapbliH CaKTalThIH PZT KyKa

KaOBIKIIAJapbIH ATy FHUIBIMU JKOHE HPAKTHUKAJIBIK
TYPFBIIAaH ©3eKTI Mocene Oonbim TalObimansl. by
3epTTey TOMEH TeMIIepaTypalibl TEXHOJIOTHSIIAPIbI
Koimany apkeutel PZT  HeriziHzeri (OTOHABIK
KYpPBUIFbUIApAbl MHUKPORJIEKTPOHABIK KYHeIepMeH
OipiKTipy MYMKIHJIITiH KeHEHTE 1.

3epmmeyoin scananvivl. 3epTTCYAIH FHUIBI-MU
xaHamelFel  Si02/Si cybcerpareiHma 450 °C
temneparypana sxorapsl (100)-Oarsrrtamran PZT
KYKa KaOBbIKIIAJIApbIH ally TEeXHOJOTHUSCBHIH J3ipiiey
KOHE OJIapJIbIH KYPBUIBIMJIBIK, MOP(HOJIOTHSIIBIK api
ANIEKTPO-ONTUKANBIK KAaCHETTEPiH KEIIeH/Ii 3epTTey
OoubIn TabbUIAABL. ATIFall peT TOMEH TeMIepaTypasia
nmaiteiaganran PZT mnenkanmaper HeriziHge Mach-
Zehnder THUNTI TONKBIHABIK MOIYJISATOP JKACAJIbIIL,
1550 HM TOJKBIH Y3BIHABIFBIHAA JKAPTHI TOJKBIH/IBIK
kepHeyniH 4,8 B KoHE KYPBUIFBIIAFBl THIMII
JJIEKTPO-ONTUKANBIK KO3 PUIMEHTTIH 66 pm/V
MOHIHE XETeTiHI KepceTuNIi. AJBIHFAaH HOTHXKENep
TeMeH Temrieparypaisl PZT minenkanapbiasiH CMOS
TEXHOJIOTHSAJIAPbIMEH YHJIECIMII MHTerpalysiIaHFaH
(OTOHMKANBIK KYPBUIFBLIAPABI 33ipiieyre >Kapambl
eKEHIH JIoNeINae .

OJAICTEP MEH MATEPUAJIJIAP

PZT JKyKa KaOBIKIIATAPBIH JNaubpIHAay
Keneciger OoNabl: CyOCTpaT KaNbIHABIFBI 3 MKM
TepMUSIIBIK okcH Si0z KabaThl 0ap KOMMEPIIUSIIBIK
Si Badm Gonapl. Taza MEPOBCKUTTIK KYPHUIBIMIBI
PZT wxyka KaObIKIIajgapblHa KOJ KETKi3y YLIIH
BauuaiH OCTiHE AaTOMIBIK TYKBIMJBIK KabaT [15]
KOWBULIBI, OYJI KaXeTTi aTOMIBIK TOp OarbITHIHIA
PZT xpucrannanyberd xeHingeteni. TyKbIM KaOaThl
YIIH [PEKYpPCOPJIbIK — €PITIHAI  KOMMEPIHSIIBIK
JlaHTaH HeriziHzgeri epitkim 6osabl [Juhe Electro-
Optic (Hangzhou) Tech koMmaHusICBIHAH CaTHII
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aneiarad. Co. Ltd., Xaawkoy, Kertait]. AiHAIIBIpY
*aObIHbl anabiHga Si0y/Si cyOGcTpaTTapsl aleToH,
STaHOJN JKOHE HWOHCBHI3NAHIBIPBUIFAH CyAa JOHEKTi
TYPAE WAMBUIABI, COAaH KEHiH BakyyMIbl KENTipy
rrentinae Kenripiami. Keitinnen tazapreurrad Badiu
oTTeri miaMaceiMeH oHjeyneH oTTi. ComaH KeiiH
TYKbIM KabaTTapel cyOcTparTapra aiHaJIIbIPbUIABI
xKoHe 2-71eH 5 MunyTKa netiin 440 ° C remnepatypania
BICTBIK TUTUTA/Ia TEPMHUSUIIBIK OHJICYTE VIIBIPAJIBL.

PZT nmpekypcopnblk — memimaepi  OypbiH
xa0apliaHFaH TMpoleaypara HETI3JCNIeH  9JiCTi
KOJJIaHy apKbUIbl JaiibiHmanael  [21], mmamans

e3repTynep. Aram aiTkaHna, Pb 301bi KOpFachlH
HUTpAThl, aMMOHHUN HUTPATHI koHEe TpuuuHmi 1:1:1
MOJIAPJIBIK KaTBIHACTA 2-METOKCHATAHONIA epiTy
ApKBUTBl JTaWBIHIANABI, epiTiHAl Memip, OipTeKTi
epiTiHmini  KanemTactelpy  ymin 110 °C
TeMIieparypaga 2 carar OOWBI apalacThIPBUIIBL. Zr
30J1h ITUPKOHWI HUTPATHl, aMMOHWN HUTPATHI )KOHE
HECeTHopAi 2-MEeTOKCH3TaHOJIAa azoT
arMocdepacbkiga (N2) epiTy apKbUIbl AalbIHIATIBL,
an Ti 30/bi TUTaH TETPAH30MPONIAHOIATHI, aMMOHUH
HUTPATHl KOHE HECETHOPAl 2-METOKCHATEH TOMEH
epity apkbuibl anbiHabl. ComaH keiiin Zr-Ti 301kl
Oenme TemriepatrypackiHaa Zr 3016 MeH Ti 30mmbai
apanactelpy apkpUIbl maiprHmanabl. ConprHma Pb
3omb Zr-Ti 3omeiHa 0,5 carar apanacTbpa OTBIPHIN
KOCBUIIBI, HOTHXKECIHIe TypaKThl PZT 30161 aJIbIH/IBI.
PZT npexypcopmibIk epiTiHIiCi TYKbIM KaOaTTaphlHA
alHAIIBIPBUIA B, COJIaH KEeWIH BaKyyM JKaFaaibIHIIa
Kenripiiei, coJaH KEeHiH OpTaHUKAJBIK
KOMITOHEHTTEP/Ii KO0 VIIIiH BICTHIK IactTuHaga 250
° C temneparypaga 20 MUHYT HHPOJM3IEH OTEi.
YIri yiriH Kel3IbIpy KOHE CATKBIHIIATY PaMIaChIHBIH
xpraaMapirel 10 °C/Mun erin opHathuiasl. Conman
keitin amopdtel PZT »xyka KaOBIKIIamapel OTTETi
atMoc(epachbiHia  aJJablH  aja  OeNriIeHreH
TeMIeparypaja IKbUIJAaM  TEPMHSJIBIK  KACHITY
KYHECIH KOJJIaHy apKbUIbl >KachITBUIFaH. OpOip
alfHaIIpIpy OKaObIHBI, THPOJIA3 JKOHE IKACBITY
KaJlaMbl KaJIbIHJbIFGI IaMamed 100 uM kadat Oep/i;
ocbuiaiima, 200 HM MJEHKa KaJIbIHABIFBIHA >KETY
YIIiH ITPOIECC MUK €Ki peT KaHTalaH/Ibl.

Opi  kapaii, MZI  TOJKbIH  ©TKI3riMI
¢doronurorpadus xoHe HHIYKTHUBTI OailnaHbICKaH
mnasma (ICP) oro apkpuisl skacangpl. AWHaIABIPY
*aOBIHBI apKbUIbI JIAHBIHJIANFAH YCTIHIT Kanrama
Kabatel PZT mmeHkaceIiHa KOWBUIIBI, COMAH KEHiH
KanbHABIFBL 200 + 10 HM TUIEHKaHBI KAJBIITACTHIPY
yurin 150 © C remneparypana 2,0 carat GOHBI BICTBIK
IJIaCTHHAAAa TEPMISUIBIK eHaeydeH oTTi. Ko-
riaHapibl Al aleKTpoaTaphl TEPMUSUIBIK OyiaHy
KOHE KOTepy MPOoLeci apKbUTbl JalbIHAAIIBL.

PZT KYKa KaOBIKIITaTapbIHBIH
KpUCTAIIOTpaHsLTBIK KYPBUIBIMIAPHI CuKa
CoyJIeNeHyl apKbUIbl PEHTIeHAIK AU(PaKTOMETpHUs
(XRD, Bruker D8 Advance, bpemen, ['epmanus)
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apKbUIBl  TaJJAaHIbI.
KAMAacel MeH O€eTKl

[MneHkanapablH  KeJJICHEH
MOP(OJIOTHACH  JATAITBIK
SMUCCHSLITBIK CKaHepJeyIIi AJICKTPOH/IBI
mukpockormusi  (SEM, JEOL 6335F, Toxkuo,
JKarmonust) ’koHE aTOMABIK KYIITI MHKPOCKOTIHS
(AFM)  TtanmayeiMen emmeHmi. PZT  xyxa
KaOBIKIIaapblHAAFel  Kypamaac  dJIeMEHTTEpIiH
XUMHUSUTBIK ~ KYWIepl PEHTTeHIIK JHEepPreTHKAIBIK
TUCTIEPCHSUTBIK, criekTpockonTeiH (EDS) xemerimen
AHBIKTAJIIBI.

HOTHUKEJIEP )KOHE TAJIKBLJIAY

1 xome 2-mi cyperre 20° men 60°
apanbIFbIHAAFEl 20 OyphILTapel YIIH JKa3bUIFaH
mudpakTorpamMmmanapsl  0ap  alHaIOBIpY  omici
apkpuTel aneiaFal PZT xyka KaOBIKTapbiHEIH XRD
YJITiIepi KepceTuireH. 1-cypeTTe KepceTinreHieH, ol
SiO2/Si  cyOcTparrapblHaa TYHIOBIPBUIFAH —JKOHE
TYKeIM KabaTelr Oap Hemece oHCh3 450 °C
temmeparypana 1,0 carar Ooiibl kyiinipinren PZT
JKYKa KaObIKIackiHblH XRD yurinzepin kepceteni.
Kepin otbipranpIMBI3Iail, TYKBIMIBIK KadaTel Oap
PZT xyka KaOBIKIIIACKI )KaKChl KPUCTAJIJIAaHFAH JKOHE
ykorapbl KoHcUcTeHIMsIIBI (100) Oarmap KkepceTTi, a
TYKBIM Ka0aTel JKOK PZT KaOBIKIIIACHI
kpuctanganbaran. Kyrinrenaei, TykbIM KaOaThIH
€Hri3y TEPOBCKUT-KYPBUIBIMHBIH  KaJbIITaCybIHA
trimMal bIknan ete anaabl. La,0,CO3 kabaThl CHIPTKBI
ayama 440 °C remmeparypaga TYKbIM KaOaThIH
TEPMUSUIBIK OHJICYJCH KeHiH maiima Oosiamel naemn
xabapnanran [9]. by nporecc PZT meHKachIHBIH
SIIPOJIAHYBIHA BIKHAJ €TETiH TYPaKThl )KOHE MKAaKChI
aHBIKTAJIFaH TYKbIM KaOaTbIH KYpYZbl KaMTaMachl3
ereni. PZT mnenkacel Mmen Lay0.CO;3; apackiHmars
TOp CoOWKecCi3miri ere a3, TEOPUSUIBIK TOp
xoHcTaHTanapsl PZT yuin 4,055 A sxone La,0,COs
yuria 4,076 A, motmwxecinne TOPJIBIH COMKECCI3iri
ek 0,505% xypaiinel. By kimiripim colikeccizik
PZT nnenkacet mern La;O,CO3 TYKBIMABIK KaOaThl
apachIH/IaFbl )KaKChl TOP COMKECTIriH KepceTe/i, Oy
KOFapbl camnaibl KpUCTAIJAHyFa JKOHE OHTANIbI
ANEKTPO-ONTHKAIBIK OHIMIIIIKKE KON IKETKi3yre
keMmekTeceni. byn HoTwkenep apanblk (a3aHbIH

TY3UTlyl HYyKJICAIMSHBIH aKTHBTCHY OSHEPTHUSICHIH
TOMEHJICTETIHIH KOpCeTe/i, OChUIalIla TeMEH
TeMIeparypaja TEepOBCKUT (a3achlH OHAIpYTe

MYMKIHJIK Oepei.

2-cyperte PZT >xyKa KaObIKIIIaJapbIHbIH OTTET1
aTMocdepacblHIa TYKbIM KaOaTTapbIMEH opTypii
TeMIepaTypaaa KachITyAaH KEHiHrl  (a3ablK
IBOJIIOIHACHI KOPCETUITeH. 2-CypeTTe KOpCeTLIreH
Oapibik PZT xaObikmanapsl Oipaed TYHABIPBUIIBL,
cozau keiin 1,0 carat 60iie 350, 400, 450 >xone 500
°C Tremmeparypana Oenex kydmipinmi. PZT
kaObIKIIagaper 450 © C-TaH TOMEH KYHAIpIIreH Ke3e
amopdTel GonraHbiH koHe 450 ° C KyHaipiireHHeH
KeliH MEPOBCKHT (azacbiHa KaKChI
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KpUCTalllaHFaHblH ~ Oaiikayra Oojanmel.  JKaceITy
temmeparypacsl 500 °C meifiH KeTepiIreHIIKTeH,
Oacka kocma (aszachl aHbIKTaIMaZIbl, Oy (a3aibik
TYPJCHAIPY NPOLECIHIH asKTaJFaHbIH KOPCETeI.

Cypert 1 — Kabats1 6ap PZT >xyka KaObIKIIaTapbIHBIH
XRD yarinepi 450 °C temmeparypazna 1,0 carat 6061
KYHIipyaeH KeiiH aabIH/IbL.

Cypert 2 — Oprypii Temneparypana Kyiaipiares PZT
JKYKa TureHKanapeiHelH XRD yirinepi.

ConpiMen  katap, PZT  muenkamapeiHja
MUPOXJIOPIBI  (pa3a  TaObUIMAAbl KOHE TYKBIM
kabatrapel cusakThl (100) OarpiT OoifpIHIIA Oipmeit
KOJIaijel  OarbITTBl OOICEeTIH Ta3a IEPOBCKHT
KYPBUIBIMBI OalKasIbl.

450 °C Temneparypaga Kyinipinren PZT
TUTEHKAJIAPBIHBIH CallachlH OJIaH 9pi 3epTTey YIIiH 0i3
ANIEMEHTTIK Kypambl MeH OeTiHiH MOpP(OJIOTHSACHIH
KepceTTiK. ’Kyka KaObIKIIaIbl CTEXHOMETPUSHBI 3T
Oakpuiayznpl KamMTamachl3 ery, ocipece Pb/Zr/Ti
KaThIHACKI, OYJI JKYMBICTA IIIEIIYII Mocese PeTiHJe
nanma 001 IbL, OWTKEHI o1 PZT KyKa
KaObIKmanapeiHelH EOQ KacuerTepiHe Tikemnei ocep
etti. PZT xyka kaosikmanapsiabig ICK, 3b-cyperte
kepcerinrenaend, Pb, Zr, Ti xone O O0ojyblH
pacraiinpl. By sneMeHTTep NEPOBCKHUT KYPBUIBIMIBI
PZT xyka xaObIKIanapbiHbIH KypaMbIH OipiKTipeni.
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JKaptbutaii caHmplK Tanmay omaH opi Ti skoHe Zr
Ma3MYHBIHBIH apakaTeiHachl mamameH 0,91 exeHiH
KepceTe/i, OYJT 0JIap IbIH TaMallla IeKTPO-ONTHKAIIBIK

KacHeTTepiMeH  TaHbIMal  MOpQoTponThl  ¢asza
mekapacsl (MPB) koMmo3uIwsiapeHa sKaKbIHABIFBIH
kepcereni [10]. 3c cyperre TIeHKa KaKCHI

KPHCTaJIaHFaH KOHE KapbIKTapCh3 JKOHE IIaMaMeH
190 um Oipkenki KadbIHABIFBIH KepcereTiH PZT
IUICHKACHIHBIH KoJneHeH KuMachIHblH SEM KkeckiHi
KepceTinreH. bBeTiHiH cajbIcThIpMallbl TYPAE TerTic
npodumi Gomapl, on 3d-cyperTre KepceTireHaeH,
Ty#ip emmemi mamamer 30 HM >koHe OCTiHIH KeIip-
Oyapipel mamamed 1,2 aM. Kimkenraii Tyiip enmemi
HKOHE OeTiHiH KeZip-OyAbIPIIBIFBI Tapainy
IIBIFBIHAAPEIH a3aiTyFa BIKOAT €TTi, OYJI KapBIKTHIH
a3  mamblpaybiHa ~ okemmi. CoHBIMEH — Karap,
IUICHKAJapAblH ~ KOJNAHIBl CTEXHOMETPHUSCH MEH
OIpTeKTUIIrT Tapamy IIBIFBIHAAPBIH THIMIAL TYpAe
a3a{TTBI, OCHUTAWINA KYPBUIFBIHBIH IPAKTHKAIBIK
MYMKIHAIKTEPiH apTThIPaIbl.

Cyper 3 — (a) SEM apkpuis! OakpitaHaThiH PZT
KaObIKIIackIHBIH 0eTKi Mopdosoruscsl. (b) PZT xyka
kaobikmackiHbiH JCK. (¢) Kennenex kuma SEM keckiHi.
(d) AFM TonorpadusuibIK KECKiHi.

Temen temneparypana (450 °C) enuenren PZT
JKYKa KaOBIKTAPBIHBIH JKOFAPhl KPUCTAIBIK CalaChlH
€CKepe OTHIPHIN, MOIYJISATOpIIapaa TaMalia 3JEeKTPO-
OINITUKAIIBIK 9CepIliep ajblHAAbl Jen KyTuimi. duibm
HeriziHgeri MZI TONKBIHABIK MOIYIISTOPHI JKacaJl/ibl.
bBismin xobambisra coikec, PZT I1uIeHKaCHIHBIH
KanbiHabiFel 200 = 10 HM, anm yCTiHrI Kanrama
KabaThIHbIH €l 2,0 MKM koHe KaubIHALIFEL 200 £ 10
HM Oomapl. YcCTiHri kanray Kabatel SiOz-neH
JKacajFaH JKoHE JaWbIHaay omici 30ib-reiib  SiO:
kabatbiH PZT tuteHkachiHa alHATIBIPY/IbI KAMTBIIEI,
cofaH KeHiH ayajga eki caTeUIbl MicCipy MpoLeci:
amaeiveH 120 °C temriepaTypasa 2 caraT, CoJlaH KeliH
150 °C rtemmeparypana Tarel 2 carar. bipineckeH
ka3plk anekTponrap PZT  kabaThlHBIH — YCTiHE
JKaCaJIIIbI, OJIAPJIBIH OPKANUCHICHT KATBIHABIFE 200 HM
ATFOMUAHAN KaOaTbIHAH TYpaJibl, oJIapIbIH
apacblHIarbl KAIIBIKTBIK 6,0 MKM. 4a-cyperTte
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Lumerical omrukamblk peKAMII €CenTey apKbLIBI
VUMUTALMSUIAHFAH TOJIKBIH oOTKisrimrreri Herisri TE
pexumi KOPCETUIreH. Monenbaeyne  CbIHY
kepcetkimrepi PZT menkace! ymin 2,40 sxone 1550
HM TOJIKBIH Y3BIHABIFBIHAA SiO; Kabarel ymrin 1,44
6onmer [23]. Ontmkanbik epictepmin PZT xyka
KaOBIKIIIACHIHBIH 11160501 (3 42% LIEKTEY
K03 QHIMEHTIMEH MIEKTENTeHIH Kopyre 00Ia bl

Cyper 4 — (a) TOJKBIHIBIK MOIYJIATOPIAFBI MOJIEIbACHI €H
OIITHKAIBIK MoJiesb poduiti; (b) CCD kamepacs! )KMHaFaH
TE pexuMiHiH HIBIFBIC )KapbIFbL.

Korapeina cumarranFan au3aiiH Herizinge PZT
MZ1 TOJKBIH/BIK MOIYJISITOPBI Sa-cyperre
KepceTiirenaed  xacanmel.  MHTepdepomerpain
erKeN-TerKENIT CXeMAITBIK TharpaMMachl €HTI31UITeH,
ON TOJNKBIH OTKI3TINI VITICiH, COHAAW-aK 3JeKTp
KOHTaKTIEPiHiH OpHaNacybl MEH OPHAJIACYBIH aHBIK
kepceteni. KelliHHEH KYpPBUTFBI COHFBI O€TTi OipiKTipy
XKyHecl apKputel emmieyaeH orTTi. 1550 HM TONKbIH
Y3BIHIABIFBIHAA JKYMBIC ICTEHTIH Ja3epliH Kipic
KApBIFbl ~ TOJSPU3AIMSHBl  CAKTAWTBIH  TAJIIIBIK,
apKBUTBl KYPBUIFBIFA KOCHULIBL. 4b cypeTiHze Kipic
xapbirbl TE OarbITbIHAA NMONApHU3ALMSIIaHFAH Ke3[e
[I3C TycipreH WIBIFBIC KAPBIFBI  KOPCETLIIEH.
TonkeiHOarmapnama imriHne TE pexuminiH CoOTTI
TapaJdyblH KOPCETEeTiH epekiie Oip pexuMil yIri
Oarikanuel. 60 °C Temnepatypaza 1,0 carar 6oiibr 100
B oHTaiimaHaBIphUFaH JKaFIaiia MOJIOCTCH KeHiH
MOIYJSTOPABIH VT MoHI KiOEpUIeTiH KapbIKTHIH
KapKBIHIBUIBIFBI MEH KOJIAHBUIATHIH aliHBIMAJIBI TOK
KEpHeYi apachlHJIaFbl KOPPEJALUSHBI OJIIIeY apKbUIbI
aHpIKTANABl.  Sb-cyperre  OciiHeNEeHreH  aillKbIH
MOJTyJISIIAS IBIFBIC (DYHKIUSACHIHBIH Heriziage 1 kI
xwuinikre 4,8 B 6onatei Vi emmenai. Kypsuirblaarst
20 koadpdunmentin (1) [15] TeHneyiHiH KeMeriMeH
ecerreyre O0JabI:

AgT

Va3 =TVl sy Ty

(1)

MYHJIaFbl A OINEPAIMSUIBIK TOJKBIH Y3bIHIBIFBIH
KepceTeli; g — AMEeKTpoJapaliblK KAIBIKTHIK (MyH/a, g
= 6,0 MkM); I onTHKATIBIK peXXUM MEH KOJIaHBLTIAThIH
AIIEKTP Opici apachIHAAFbI KabarTacy Kod(hUIMEeHTIH
oinmipeni (I' = 0,5); skoHe N — TOJKBIH OTKI3TIIITIH
tHiMal  ceiHy  kepcetkimi. Kypsuwrbimarer  EO
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koaddunuenti ymid n3 = neff3 = 5,83. Duekrpon
wemapFsl (L) 1,0 cM Gomranma MOmyIATOPABIH
KepHey-y3biHAbIK eHiMi (VaL) 4,8 B-cm Oomnppl.
Kypputirbinaret EO koa¢gduumenti enmenres VaL
JKOHE KOJJIaHBUIFAH TEHJEY HeriziHme 66 pm/V gemn
Oaramannel. byn EO MomynstopnapeiHa apHaiFaH
LiNbO3 »yka IIeHKaJdapblHaH €Ki ece YyikeH. by
HOTIDKENIEp TOMEH TemiepaTypana eHaenreH PZT
XKyka IieHkanapelHblH  EO  MomynsTopiapbiH
KOJIIaHy YIUIH >KapaMIbUIBIFBIH PacTATBIHBIH aHBIK
KepceTei. Temen TEMIIEpaTypabl PZT
mwieHKaTapeliblH =~ EO ko3 dummenTi  xorapsl
Temneparypansl PZT neHkamapelHa —Kaparanja
TOMEH OoJrraHbBIMEH, OJIapIbIH CMOS
TEXHOJIOTHSACHIMEH ~ YHJICCIMALTITT  3JIEKTPOHIBI
KYPBUIFbUIAPFa MHTETPalUsUIaHy IbIH [EPCTIEKTHBAIIBL
JKOJIBIH YCHIHA/IBI, OChIIaIIa KoJIaHOanapabiH KaHa
MYMKIHJIIKTEPIiH aIajbl.

1-xecrtene 013 >KalIbl MaTepHAIIAPIBIH AIEKTPO-
OINTHKAIBIK KACHETTEPiH CalbICTBIPaMbl3, COHBIH
imiage  LiNbOs  menkacel, BaTiOs; mieHkacesl,
JKoFapbl Temnepatypaiibl PZT mieHKachl jk9HE OChI
ToXKipuOeae 3epTTeNreH ToMeH TeMneparypaisl PZT
reHKacel. Kectenen 0i3miH TeMeH TeMmepaTrypabl
PZT IUICHKACHIHBIH CMOS yitnecimMmimiri
TYPFHICBIHAH alTapIIBIKTal apTHIKIIBIIBIKTAp OepeTiHi
aHBIK.

Cyper 5 — (2) DneKkTp KOHTaKTIIEpiHiH OpHATIACybl MEH
OpHaJIacybIH KOpCETETiH TOMEH TemnepaTtypais PZT
Heriziageri MZI moaynsropsiasiz gorocyperi. (b) 1 KI'n
YIIOYPBIIITHI CHTHAJIBI Oap KapThl TOJIKBIH/ABIK KEPHEY
(Vr) kepcerinren; ocel Kyat yuiiH PZT nerizingeri MZI
MOJTYJIATOPBIHBIH CHITATTaMaJIbIK KepHeyi 1550 HM ke3iHme
4,8 B.
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Kecte 1 — JXui KonmaHBIIATBIH MaTepyai IUICHKA-
naperHeIH D0 KacueTTepi.

20
Orey CMOS
Marepuan Temneparypa- | Kospu-| . .
ChI YHIECIMAUTIK
OEHT
. 31
LiNbO3 -- omiV -
. 5 213
BaTiO; 660 °C pmAV -
Korapsr
TEMIIEpaTypa >600 °C 133 _
PZT B pmv
Tewmen-
TEMIIEpaTypa 450 °C 66 +
PZT pm/V
KOPBITBIHIBbI
KopsIThIHIBLTAM Kele, 0i3 SiO./Si

cyoctpateiga 450 °C xyiimipy TemreparypachiHaa
Xakcel Kpuctannanran PZT »xyka KaObIKIIanapblH
COTTI JaWbIHIAABIK. [leHKamapablH KYpPBUIBIMIIBIK
Tajmaysl JKapBIKCHI3 JKOHE Teric Oeri Oap KymTi
apTeIKIBLTBIKTHL (100) ecy OarmapimapbiH aHBIKTAIBI.
Temen Ttemneparypansl PZT neHkanapblHbIH
Herizigae MZI1 TOJNKBIHIBIK MOJIYJISITOPBI
)KoOajlaHFaH »JKOHE JKacajgraH. ATal alTKaHaa,
enmenred Vn 4,8 B anextpon y3siHabEsl L 1,0 cm
TOJIKBIH Y3BIHIABIFBI 1550 HM, OYJ KYpBUIFBIIAFEI
ocepii EO koadduumentin 66 pm/V neitin Oepeni.
Xorapeiga ~ KENTIpUITEH  HOTHXKeEJIEp  TOMEH
TEMIIEpPATypaIbl PZT TICHKAJIAPBIHBIH
nepcnektuBaibl EO kacuerrepin amanel, Oyn PZT
HETi3iHAETi  KYpPBUIFBUIAPABI  OHACYAIH TOMEH
TeMIlepaTypanapbiHia azipiieyeri eney
KETICTIKTEepi Oinaipeni. byn HOTIXETep
OipiktipinreH (OTOHWKA KOJmaHOamapbl — YIIiH
alTapJIbIKTall KOMMEPLIMSUIBIK QJIEYETKE HE.

ABTOPJIAPJIbIH YJIECI

(maxkconomus CRediT):

Muxaiijaos H.C. — Konnenryanusanus;
Onicteme;  3eprreyai  Oackapy;  Pecypcrap;
Komxkazbanbl Kapay %oHE pelakiusiay.

Cappik K.O. — Jlepextepai  xwuHay;  Dop-
Manael  tanpay; Jlepekrepmi  BuU3yaluzanusiay;
barmapnmamansik kKamramaced ery; Komkasta-HbIH
OacTarnkbl HYCKACHIH JalbIHIAY.

MY JJEJIEP KAKTBIFBICHI

ABTOpnap OCBI 3epTTEYIi OpBIHAAY JKOHE
MakajaHbl  JKapusulay — OapbIChIHIA — MYJIeNnep
KAHIIBUIBIFBI JKOK €KEHIH MAJIIMICHI.

KAPXBUUIAHABIPY
3eprrey CBIPTKBI
OpBIHIAIIBI.

Kap>KbLJIaHIBIPYCHI3

AJIFBIC

ABTOp 3epTTeyAl OpBIHAAYFa FHUIBIMU JKOHE
YUBIMAACTBIPYIIBUIBIK  KOJIay KOPCETKEeHi YIIiH
«Kaparaansl mHIYCTpUSUITHIK yHUBepcHuTeT» KeAK-
Ha aIFbIC OUipei.

ABTOpPJBIK KYKbIK © 2025 asTtop(i1ap)ra
Teciai. By makana Creative Commons Attribution—
ShareAlike 4.0 International (CC BY-SA 4.0)
JIMIEH3UACH OOMBIHINA alIbIK KOJDKETIMII OOJIBII
TaObUTaabl. JIMIIEH3UsT TYMHYCKa €HOEKKe THiCTi
TYpIe CUITeMe J>KacallFaH >KaF[aija, Ke3 KeJreH
opTajia maljalaHyra, TapaTyra JKOHE Kaiita
Kapusiayra pykcar oepemi. TybIHIbI MaTepuaiaap
OCHl JIMIICH3USHBIH [OJ OCBIHIAH MIapTTaphIMEH
TapaThUTYBI THIC.
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Abstract — This article is devoted to the pedagogical and methodological aspects of the use of virtual laboratory work in
engineering education in the context of digitalization. The didactic advantages of virtual laboratories are considered, such
as visibility, accessibility, interactivity, and the possibility of repeated reproduction of the experiment. An example of
virtual laboratory work, "Compression testing of materials," is given with a description of the modeling methodology, the
use of the DEFORM Viewer software package, and the calculation of the hardening curve. It is shown that virtual
laboratories improve the quality of students' training, contribute to the formation of professional competencies, the
development of analytical thinking and skills in working with digital tools.

Keywords — compression test, plastic properties, mathematical modeling, mechanical testing, DEFORM Viewer.
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JTUIAKTUKAIBIK apTHIKIIBUIBIKTAPB! KapacThIpelIagsl. «Marepuanaapisl ChIFyFa ChIHAY» BHPTYalAbl 3€pTXaHAJbBIK
JKYMBICBIHBIH YJITIiCi Kentipiiin, moxenbaey anicremeci, DEFORM Viewer GarmapiaMalblK KEIICHIH KOJJIAHY XKOHE
OepiKTeHy KHCHIFBIH €CelTey IMpoIleci CHUmaTTananbl. BUpTyamnsl 3epTxaHamap CTyISHTTEPIiH KociOM KY3BIpeTTepiH
KaJIbINTaCTBIPYFa, AHATWTHKAIBIK ONIAyBIH NaMBITyFa KOHE HU(MPIBIK KYpaJIJapMeH J>KYMBIC icTey MaFAblLIapblH
KETINAIPYTe BIKIAJ eTill, OiTiM carmacklH apTTHIPATHIHBI KOPCETUITEH.

Tyitin ce30ep — CHIFyFa ChIHAY, TNIACTUKAJIBIK KACHETTEP, MaTEMAaTHKAJIBIK MOJICITBICY, MEXaHUKAITHIK chiHaK, DEFORM
Viewer.
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Annomayus — JlaHHas cTaThs MOCBSLICHA MEJATOTHYECKUM U METOANYECKUM ACTIEKTaM UCIIOJIb30BaHHs BUPTYaJIbHBIX
abopaToOpHBIX PAabOT B MHXKEHEPHOM OOpA30BaHUM B YCIOBHAX LU(PPOBH3AaLMK. PaccMaTpHBarOTCS IHIAKTHYCCKHE
NPEUMYILECTBA BUPTYaJbHBIX JJa0OPaTOPHil, TaKue KaK HarJsJHOCTh, JOCTYIIHOCTb, HHTEPAKTHBHOCTh U BO3MOXXHOCTh
MHOTOKPaTHOTO BOCIIPOU3BEICHHS dKcIIepuMeHTa. [IpiBeéH npruMep BUPTYalbHOU J1a00paTopHON paboThI
«VcrpITaHNE MAaTEPHAIIOB Ha CKATHE» C OMHCAHUEM METOIMKH MOJCINPOBaHHMS, IPUMEHEHHS IPOrPAMMHOT0 KOMILIEKCa
DEFORM Viewer u pacuéra kpuBoii ynpouHenus. [1oka3aHo, 4TO BUPTyallbHbIE JaOOPATOPHM TMOBBIIAIOT KAYECTBO
HOATOTOBKH CTYJCHTOB, CIOCOOCTBYIOT (POPMHUPOBAHHMIO IPOPECCHOHATIBHBIX KOMIETSHIMH, PAa3BUTHIO aHATUTHYECKOTO
MBIIIJICHUSI 1 HABBIKOB Pa0OThI ¢ IU(YPOBBIMU UHCTPYMEHTAMH.

Knrouesvie cnosa — ncnsiTaHue Ha CXKaTHE, IIACTUYECKUE CBOMCTBA, MATEMAaTHIECKOE MOICTHPOBAHHIE, MEXaHHYECKOe
ucnsitanne, DEFORM Viewer.

OCHOBHBIE ITOJIOKEHUSA Oe3onacHoe BBITIOJTHEHUE 1abopaTOPHBIX
[Ipemiockena  memaroruyeckass — MOJIENIb  OKCIIEPUMEHTOB TMPH  COXPAaHEHHMM WX HAyYHOH
WCTIOJIb30BaHMS BUPTYAILHBIX JTA00PaTOPHBIX pabOT  JIOCTOBEPHOCTH.
Opy  TOATOTOBKE  CTYACHTOB  WH)KEHEPHBIX

HanpaBJICHUH B YCIOBHAX LHM(POBU3ALMH BBICIIETO BBEJEHUE
obpasoBanms.  [loka3aHo, 4YTO  IpPUMEHEHHE CoBpeMeHHasi cUCTeMa BBICIIETO OOpa3OBaHUS
BHUPTYaJIbHBIX naboparopuii Ha OCHOBE  MEpEeXHUBAET IMEPHOJ AaKTHBHOW NIM(POBU3ALMH, B

nporpammHoro komimuiekca DEFORM  Viewer xome KoTopoil TpaauiMoOHHBIE (OPMBI OOyYECHUS
obecrieunBaeT (GopMupoBaHrue NPo(ecCHOHANBHBIX  JIOTONHSIOTCS WHHOBAIIMOHHBIMH — TEXHOJIOTHSIMHU,
KOMITETEHIINH, pa3BUTHE AHATMTUYECKOr0  OCHOBAaHHBIMH Ha MOJICITUPOBAHUH U BUPTYaIH3aIuU
MBILUICHUS W HaBBHIKOB PaOOTHI C COBpPEMEHHBIMM  ydeOHOro mpouecca. OpHuM U3 Hamboiee
MUPPOBHIMU ~ WHXKEHEPHBIMH ~ HWHCTPYMEHTAaMH. IEPCIIEKTUBHBIX HAMpaBJICHHUN SBISICTCS BHEIPECHUE
PazpaboTaHHBII 1TOJIX0/T CIOCOOCTBYET MOBBIMIEHAIO  BUPTYAIBHBIX JT1a00paTOPHBIX paboT, MO3BOJISIONIIX
KayecTBa MPAKTUYECKOH OATOTOBKH O0YHAIOIINXCSl, MOAEIHPOBAThH peajbHbIe ¢duznueckue U
pacmpsieT  BO3MOXKHOCTH  CaMOCTOSITEJIBHOTO — TEXHOJIOTWYECKHE MpoLecchl B IU(POBOiA cpeae.
OCBOEHMsI ydeOHOro Marepuaga U oOecleynBaeT
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Ilepexom & 1UGpPOBEIM 00pa30BATEIHHBIM
TEXHOJIOTHSIM ~ TPOJUKTOBAH  HEOOXOIUMOCTHIO
obecrieyeHust KayecTBa o0yueHus npu
OTpaHMYEHHBIX MaTepUATBHBIX M  BPEMEHHBIX
pecypcax. OcoOeHHO 3TO  aKTyaJbHO s
WH)KCHEPHBIX ~ HAMpABICHUA  MOATOTOBKU, T/
MpoBeICHHUE peanbHBIX nabopaToOpHBIX

JKCIIEPUMEHTOB TpeOyeT CI0XHOTO 00OpYIOBaHHUA,
pacxXoJHBIX MaTepHaJOoB W COONIOJCHUS MPABUI
TEXHHUKH 0e30macHOCTH. BupTryanbsHbie 1abopaTopun
MO3BOJISIOT PEIIUTh 3TH MPOOJEMBI, MPEIOCTABIASA
CTY/ICHTaM BO3MOKHOCTh BBITIOJHSTH SKCIIEPUMEHTBI
B UHTECPAKTUBHOW U 0e30macHO# (opMme, Mpu 3TOM
COXPaHSS HAYYHYIO JJOCTOBEPHOCTh PE3Y/IbTATOR.
Ilenr  pgaHHOW  cTaTbl —  PAcCMOTPETh
MeIarorndeckue W METOJMYECKHE  ACTEKTHI
WCIIOJIb30BaHMS BUPTYAJIbHBIX JIA0OPATOPHBIX padoT
B UHXKEHEPHOM 00pa30BaHUM, IPOAHAIN3UPOBATH UX
JUTAKTHYSCKUIA MOTEHIMAT U TIPEJCTABUTh MPUMEP
J1ab0opaTopHO paboThl «lIcbITaHKEe MaTEpPUAIOB HA

ckathe»  kKak  3(QeKTHBHOro  HWHCTpYMEHTa
(hopMupoBaHUs TPOPECCHOHATEHBIX KOMITETEHITHH.
Ileoazocuueckas — cywyHocmv — GUPMYANbHBIX

nabopamopuwix pabom. Ilenarorvka BBICIICH IIIKOJIBI
paccMaTpuBaeT J1a00paTOpPHbIE 3aHIATUS KaK OAHY U3
OCHOBHBIX  (OPM  TIPaKTUYECKOTO  OOydeHWUS,
HaIlpaBJIE€HHYI0O Ha 3aKpeIUIeHHE TEeOpEeTUYEeCKUX
3HAHUM U pa3BUTUE UCCIIEIOBATENbCKUX YMEHHUN. B
ycroBusix mudpoBoi TpanchopMamu o0pa3oBaHUS
WX JOTMYECKUM TPOJIOJDKEHUEM CTajll BUPTYyaJbHEIE

nabopaTopuy, couerarone B cede 3IEMEHTHI
TEOPETUYECKOTO MOJCINPOBAHHS, AHATUTHYECKON
JNESATEIBHOCTH W CaMOCTOSITENILHOTO  IOMCKa
peuieHui.

C TOukM 3peHHs NWIAKTHUKH, BHUPTYaJIbHBIC
nabopaTopHble  KOMIUIEKCHI — PEIH3YIOT  Cpasy

HECKOJIBKO MPUHIIUIIOB 00yUYCHUSI:

1) HarmsmHOCTE — 3a Cu€T BU3yalU3aluu
CJIOKHBIX (PM3NYECKUX MPOLIECCOB;

2) JOCTYITHOCTh — BO3MOYKHOCTh paboThl 0Oe3
OTpaHUYEHHH BPEMEHHU U MPOCTPAHCTBA;

3) aKTUBHOCTH U CAMOCTOSTEIBHOCTD — CTYICHT
caM yOpaBiseT IPOLECCOM, AaHAIM3UPYEeT U
HWHTEPIPETUPYET Pe3yNIbTaThI;

4) uHTerpanuss TEOPUHM W  TPAKTUKH  —
TEOPETUYECKHE 3HaHMA cpa3y IMPUMEHSIOTCS B
MMUTAIIMOHHON JESITEIHHOCTH.

Hcrnonp30BaHne BUPTyabHBIX —JabopaTopuit
croco0cTByeT (POPMHUPOBAHUIO KOMIIETEHTHOCTHOTO
MOIX0/1a, KOT/1a 00y4eHre HAlpaBjIeHo He TOJIBKO Ha
YCBOEHME  3HAaHUHM, HO M  Ha  pPa3BUTHUE
npoeCCUOHANBHBIX ~ YMEHHUH,  aHaJUTUYEeCKOrO
MBILJICHHUS, CIIOCOOHOCTH NMPHHUMATh PELICHUs] Ha
OCHOBE 3KCTIEPUMEHTAIBHBIX JTaHHBIX.

Jl1s1 BBITIOJTHEHHST BUPTYaIbHOM J1ab0paToOpHOU
paboThl HCIMOJB3YETCS MEPCOHATBHBIH KOMIBIOTEP

W HOYyTOYK ¢ omepanuonHoi cucremoinr Windows
7, 8, 8.1 niu 10 (64-pa3psimHas).

MuHUMalbHBIE  TEXHUYECKHE
BKJIIOYAIOT:

- He meHee 4 I'b onepaTnBHOM aMSTH;

- mpoueccop He Hike ypoBus Intel Core2Duo;

- cBOOOJHOE ITPOCTPAHCTBO HA AUCKE HE MEHEE
4TB.

B  maboparopHoit  pabore  NpUMEHSAETCS
CIICIUAIM3UPOBAHHBIA  MPOTPAMMHBIA  KOMILIEKC
DEFORM Viewer v13.0, mpeaHasHaYeHHBIA IS
BU3YyaIH3aIuU MPOIIECCOB TUTACTHYECKOTO
JnepOopMUPOBaHHS.

Pabota BBIMONHSAETCS ¢ UCHOIB30BAHUEM TPEX
MOAYyJEH:

1. MPOEKIMOHHOTO MOIYIIS;

2. 0a3bl JaHHBIX Ja0OPaTOPHOH paboTEHI,

3. Momyns pacuéTa KpUBOH YIPOYHCHUSI.

IIporpammusIit MPOIYKT obecreunBaeT
BO3MOXXHOCTb MO3TAITHOTO MOJICTTUPOBAHHUS
UCIBITAHUS MaTepuaia Ha cxarue ¢ (Quxcanmen
pe3ybTaTOB KAXKJOrO IMara W IOCICTYIONHM
MOCTPOCHUEM IpapHUSCKUX 3aBUCUMOCTEH.

Ilenv uccneoosanusa. llenpio wucciaenOBaHUS
SIBIISICTCS TEOPETUIECKOE 000CHOBaHUE u
MpakTHYecKas  JEMOHCTpalmus  BO3MOXHOCTEH
MCIIOJIb30BaHMs BUPTYAJIbHBIX JJAOOPATOPHBIX paboT
B oArOTOBKE CTYACHTOB HNHXCHCPHBIX
HaIlpaBJCHUI, a TaKK€ OLECHKAa MX IMENarorn4eckoil

TpeOOBaHUS

3 PEeKTUBHOCTH B ¢dbopMHpOBaHUH
NpopeCCHOHANBHBIX ~ KOMIETEHIMH,  Pa3BUTHH
AQHATUTHYECKOTO MBIIIUICHHS u HaBBIKOB

MIPUMEHEHUS] COBPEMEHHBIX IN(POBBIX MHKEHEPHBIX
TEXHOJIOTUH.

3aoauu uccneoosanus.

Jlst

IIOCTaBJICHHOM Jatsaes1 ObLIH OIIPEACJICHBI CIICAYIOIIUC

JOCTHXKCHUSA

3aJa4n:

1. [IpoaHanmm3upoBaTh COBPEMEHHBIE TIOJXObI K
WCIIOJIb30BAHUIO BUPTYAJIbHBIX JIAOOPATOPHEIX paboT
B WH)KEHEPHOM 00pa30BaHUU.

2. PaccmoTpeTh MearorHIecKue 171
MATAKTUYECKUE  MPEUMYIIeCTBa
nabopaTopuil B YCIOBUAX IMUGPOBU3ANUN BBICIIETO

obOpazoBaHws.

BUPTYaJIbHBIX

3. Onmcats METOJMKY MPOBEACHUS BUPTYaIIbHON
nabopatopHoii paboThl «VcnbiTaHNE MaTepHaIoB Ha

cKaTue» €  HCIOJb30BAaHMEM  MPOTPAMMHOTO
xomiuiekca DEFORM Viewer.

4.1loka3atb  OCOOEHHOCTH  MOJEIMPOBAHUS
MEXaHIMYECKHX WCTIBITAHUIA u 00paboTkn
OKCHEPUMEHTANBHBIX ~ JAHHBIX B LHU(POBOI
00pazoBaTensHOM cperie.

5. OueHuTsb MOTEHIIHAT BUPTYaJIbHBIX
nabopatopHelx  paboT A (GOPMHPOBAHHA
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MpOopECCHOHANBHBIX ~ KOMIICTCHIIMH  OyayImx
WH)KEHEPOB.

IlIpoben 6 wuccneoosanusnx. Hecmotps Ha
NIHPOKOE pacnpocTpaHeHue IU(pPOBBIX
00pazoBaTeIbHBIX  TEXHOJIOTHH,  OOJBITHHCTBO

WCCJICIOBAHUI MOCBSAIICHO OIICHKE 3(PPEKTUBHOCTH
BUPTYaJIBbHBIX JIA0OPATOPHI B €CTECTBEHHO-HAYYHBIX
TUCITUIUIMHAX M OOIMMM BOMpocaM MH(pPOBU3AIIHI
o0pazoBanus. BMecte ¢ TeM HEIOCTATOYHO H3Y4EHBI
MeIarorndeckue M METOJUYECKHEe OCOOEHHOCTH
WCTIONB30BaHMs BUPTYAIBHBIX JIAOOPATOPHBIX paboT
MpH  TIOATOTOBKE  CTYIEHTOB  HHXKEHEPHBIX
HaIpaBJICHUH c MIPUMEHEHUEM
CHETMATN3NPOBAHHOTO MTPOrPaMMHOTO 00ecTiedeHus
JUTE MOJIETMPOBAHMS TEXHOJIOTHYECKUX IMPOIECCOB.
Kpome ToOro, orpaHuueHoO UHCIO HCCIICIO0BAaHUM,
paccMaTpUBaIONIMX BUPTyalbHbIC Ja00paTOPUH Kak
cpenctBo  (GopMuUpOBaHUS — MPOQPECCHOHATBHBIX
KOMIICTCHIIUH, pa3BuTHSA aHAIUTUICCKOTO
MBIIIJICHAS M TPAKTUYCCKUX HABBIKOB PabOTHI C
COBpEMEHHBIMHU WH)XCHEPHBIMHI U POBEIMH
WHCTPYMEHTaMH.

Hayunaa  noeusna. Hayunas  HoOBH3HaA
WCCIIC/IOBAHUSL  3aKJIovaeTcs B  pa3paboTKe W
MeAarornaeckoM 000CHOBaHUH METOTUKA
MPOBEJICHUSI BUPTYaJIbHOU Ja00paToOpHO pPadOThI
«McnpiTaHue ~ MaTepUAIOB  HA  CXKATHE»  C
HCTIONTb30BaHUEM MPOrpaMMHOTO KOMILIEKCa
DEFORM  Viewer. IlpeanmoxeHHBIH  MMOAXOI
HHTETPUPYET MIPOIIECCHI KOMITBIOTEPHOTO
MOJIETTPOBaHMsI, OOpPaOOTKH HKCIEPUMEHTAIBHBIX
JAHHBIX W aHAIM3a MEXaHWYECKUX XapaKTePUCTHK
MaTepHajoB B €AMHYI0 00pa30BaTeNbHYIO Cpeay,
obOecrnieunBass (QOPMHUpPOBaHHE MPOPECCHOHATBLHBIX
KOMIIETEHIINNA OyAyIIMX WHXXEHEPOB W TMOBBIIICHHE
3(G(HEeKTUBHOCTH  MPAKTHYECKOH IOATOTOBKUA B
YCIIOBUSIX U(GPOBU3AINHN BBICIIETO 00pa30BaHUS.

Hccneoosamenvckue eonpocwi. ViccnenoBanue
HaIpaBIIeHO Ha TIOMCK OTBETOB HA CIEIYyIOIINe
BOTIPOCHI:

RQI. Kakue nemarornyeckue MpeuMyIIECTBA
obecrnieunBaeT WCTIOJIb30BaHHE BUPTYaIIbHBIX
JabOopaTOPHBIX pPabOT MpU MOATOTOBKE CTYICHTOB
HMHKCHEPHBIX HAITPaBJICHUI?

RQ2. Kakum oOpa3om NIPUMEHEHNE
nporpaMmMHoro  komiuiekca DEFORM  Viewer
croco0cTByeT (OPMUPOBAHUIO MPOPECCHOHATBHBIX
KOMIIETEHIIMA W Pa3BUTHUI0  aHAIUTUYECKOTO
MBIIUICHHUS CTYJICHTOB?

RQ3. Hackonbpko BCTIONB30BaHNE BUPTYaTbHBIX
J1a00PaTOPHBIX padOT MOBBIIIACT IPPEKTUBHOCTD
MPAKTUYECKON MOJIrOTOBKH OYAYIIMX WHXCHEPOB B
yCIIOBUSX HU(GPOBU3ALNHN BBICIIETO 00pa30BaHus?

METO/bI U MATEPUAJIBI
CxaTue gBIsETCS OAHMM U3 OCHOBHBIX BHJIOB
MEXAaHWYECKUX  HCIIBITAHUN  MaTrepuaigoB Ui
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ompeAeNeH!s] WX TPOYHOCTHBIX M IIIACTUYECKUX
CBOJCTB. Hns HCIIBITAHUS HCIIOJIB3YIOTCS
CTaHJapTHbIC 00pa3lbl OINpeaeseHHOH (OpMBI H
pasMepoB,  pErIaMEHTHPOBAaHHBIE  Pa3THYHBIMU
I'OCTamu. B manHO# maboparopHoii padore OymeT
WCTIONB30BaThC  NWJIMHIPHYECKHH  oOpaszerm ¢
JIuaMeTpoM padodeit yactu 20 MM 1 JuIHHOH 40 MM,
oTpeeNIeHHOMN 110 MPUIIOKEHUIO0 A B COOTBETCTBHH C
I'OCT 25.503-97 - MeToa HCIIBITAHUS HA CKATUE JUTSI
anroMunus (o0paserr 3ro Tumna).

CyTp WCHOBITAaHHSA Ha CKaTHE CBOAMUTCS K
ciemyromemMy. OOpaser; ycTaHaBIMBaeTCs  Ha
HIDKHIOIO TJIOCKYIO TUTUTY HCIIBITATEIbHOM MaIllHEI,
MOCJI€ Yero BepXHEH IJIOCKOW IUIMTE COOOIIaeTCs
newkeHne. [1o Mmepe cxxaTus oOpasia Ha ero O0KOBOMH
MMOBEPXHOCTH HAUMHAET 00Pa30BEIBATHCS YTOIIICHNE
yToHeHue (0ouKa), MPU ITOM TaKXKe pacTeT AUaAMETP
oOpa3siia B 30HEe KOHTAKTa C TUIUTaMH.

Lenpto maHHOUW pabOTHI SABISAETCA MTOCTPOCHUE
KPUBOH yNpPOYHEHUS W ONpeJelieHHe Tpejena
TEKy4eCTH HCIbITyeMoro wmarepuana. Kpusas
YIPOYHEHUS] TPENCTAaBIAeT cO00H 3aBUCUMOCTH G
(HampspKeHHE TedeHus)) — € (Jorapudmuyeckas
nepopmanust). Ilocme ee TOCTPOCHUS HMMEETCS
BO3MOKHOCTH HAWTH TIPEJIENT TEKYIeCTH BHU3yaIbHO.

Jlorapudmudeckast nedopmariiust onpeaensercs
o popmyie:

szlnr " ‘
u
rae: he - uinHa o0pasiia mocse CKaTus;
ho - ncxomnas mMHa oOpasiia.

HampspkeHne — TedeHHs — ONpeneNsercss 110
dopmyie:
o-F.
A,
rae: Ax — IUIOHIAJb MONEPEYHOTO CCUCHUS

o0pasia nocie CxaTHs;
F — ycunue cxarus, H.

X00 gvinoanerus 1a60pamopHol pabomei.

[Iponecc MmogenupoBanus BriatoyaeT 30 maros,
KOKIBIA U3 KOTOPBIX COOTBETCTBYET YMEHBIICHUIO
BBICOTHI OOpa3zna Ha 1 MM. Jlng Kaxkzaoro miara
(UKCHUPYIOTCS TeOMETpPUYECKHE TapaMeTpbl |
YCHITUS CIKATUSL.

Otansl paboThI:

1. YcranoBka HEOOXOAMMBIX MOMIYyJIeH U Oa3bl
JTAHHBIX.

2. 3anyck uporpammbl DEFORM Viewer wu
HacTpoiika uHTepdeiica.

3. BkiroueHuwe pexuMa OTOOpPaKEHHS BCEX
I1arOB MOZEJIUPOBAHUS.

4. TIpocMmortp mporiecca qedopManyu o0pasia.

5. Tlocrpoenue u skcnopt rpadmka «Cuma —
[lepemermenue.
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6. I3aMepeHrne  TEOMETPUYECKHUX  pa3MepoB
(BBICOTA, OUAMETP B 30HE OOYKH, NMAMETP B 30HE
TOpLIA).

Pucynok 1 — 3amyck BeroBepa u3 MeHro [lyck

 E—

g X

AsTomaTier ¥

ABTOMaTMYECKN
First
MocneHwit

-491

msec

Brief
Onpen_Tensm
Cutline

Pucynok 2 — Hactpoiika 0TOOpakeHHs MaroB MOJICIH

O

Pucynok 3 — Co3nanue rpadyka yCuius

Mogenb mpencraBisier coOOH OCeCHMMETpHY-
HYIO MOJIeNb, T.C. pacueT BeeTcs B ‘2 auamerpa
3aroToBku. JIJisi HaxOoXJIeHHUsS TapaMeTpoB G — €
HEOOXOMUMO  HAWTH  ONpEJC/ICHHBIE  I'€OMET-
pHYecKre pa3sMepbl Ha KaXJIOM Imare pacyera
auametp oOpasia B 30He Oouku Omax, auamerp
obpasia B 30He TOpIla Ha KOHTakTe ¢ mmroi dt, a
taoke Nk - mHy 00pasna mocie cKaTusl.
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Jst mpuMepa Haiinem qaHHbIe mapaMeTpsl Ha 14
mare. Ha Mozaenu miesnkaeM npaBoil KHOIKOW MBIIIH
u BeiOupaeM «lloka3ath pasmeps» (pucyHok 4a). B
pe3yibTaTe Ha 3ar0TOBKE MOABATCS J1Ba pazMepa X =
12,6782 (Rmax) u ¥ = 26,0002 (hk) (pucyHok 40).
Jns maxoxnenust Rt Ha maHenn cBepxy BBIOMpaeM
nuneiiky (Measurement Tool) u Beiensem mauHy
TOPU30HTAJILHOM 30HBI 3arOTOBKU Ha BEpXHEN IrpaHu
(11,3138) (pucyHok 4B). 3amuceiBaeM MOJTy4ICHHBIC
JIAHHBIE B COOTBETCTBYIOIIME CTOJIOIBI MOJYJIS
pacuera, KOTOPbIC BBIJICIICHBI IIBETAMHU.

Pucynok 4 — I['eomerpuueckue pasmepsl Ajs pacyera

Ilocne BBosIa Bcex FEOMETPUYECKUX Pa3MEPOB U
3HAYEHUS YCWIWS, JJs JaHHOrO Imara Oym;yT
ABTOMAaTHYECKH PACCUUTAHbl MOKA3aTeNnd G €
(puCcyHOK 5), TOCie 3amoJHeHUsT TAHHBIX JUIS BCEX
1aroB cripaBa OyZieT MOCTpOeHa KpUBask YIIPOUHEHUS
amromuanst AL1100, mo koropomy OyzneT BO3MOXHO
HAlTH BETMUMHY MpeieNa TEKYIeCTH.

Pucynok 5 — BBoj maHHEIX B MOZIyJTh pacyera

Taknum 06pa3om, CTYAEHT HE TOJIBKO OCBaMBACT
METOJIMKY MEXaHHYECKUX HCTBITAHUN, HO M YYUTCS
paboTaTh C WH)XEHEPHBIMH HPOTpPaMMaMH, BBIMOJI-
HSTh MAaTeMaTUYeCKyl o0paboTKy JaHHBIX W
aHAITM3UPOBATH PE3yIbTATHL.
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PE3YJIBTATBI U OBCYKJIEHHUE

TIpoBenEunblit aHau3 MoKasain, 4TO
UCTIONIb30BaHNE BUPTYAIBHOH 1abopaTopHOil paboThI
«/cnipiTanne MarepuanoB Ha CKaTHE» IO3BOJISIET
3¢ heKTHBHO WHTETPUPOBATH TEOPETUIECKYIO
MOATOTOBKY CTYJEHTOB C HMPAaKTHUYECKUM OCBOCHHUEM
METOJIOB MEXAaHWYECKUX HCIBITAHUN MaTepHaioB.
[Ipumenenne mporpammuoro komrmiekca DEFORM
Viewer o0ecreunBaeT BH3YaJIM3aIMI0 TPOIIECCOB
TUIACTUYECKOTO nedopmupoBanus,
MOCIJIEI0BATENBHOE BBITIOJTHEHHE 3TaroB
MOJISIIMPOBaHNS M 00pabOTKy 3KCIIepPUMEHTAIBHBIX
JAHHBIX, YTO CIOCOOCTByeT OoJiee TIyOOKOMY
MOHUMAaHHIO ¢busnyecknx 3aKOHOMEpPHOCTEH
nedopmarnmu marepuainon. [loidydeHHble pe3yIbTaThl
COTJTIACYIOTCSI ¢ BhIBOJamMH MeTaanammsa J. Li u W.
Liang (2024), xoTopblii moKa3ai, 4To HCHOJIb30BaHHE
BUPTYaJIbHBIX nabopaTopuii OKa3bIBaeT
CTaTHCTUYECKH 3HAYMMOE IOJIOKUTEIBHOE BIMSHHE
Ha pe3yJbTaThl UHKEHEPHOTO 00pa30BaHusl, 0COOEHHO
Ha y4eOHYI0 MOTHBAIMIO, BOBICYEHHOCTh CTY/ICHTOB
1 hopMHpOBaHKE MPOPECCHOHANEHBIX KOMITETESHITHIA.
IIpu »TOM aBTOpBI NOAUYEPKUBAIOT, YTO BUPTYAJIbHBIE
nabopaTopuu SBISIIOTCS Haubonee 3((EKTUBHBIM
JONOJIHEHWEM K TPagULHOHHBIM HPaKTUIECKUM
3aHATHAM, a He MX ITOJHOM 3aMeHoi# [7].

[TonyuyenHbie pe3ynbTaThl MOATBEPKIAIOT, YTO
BUPTYaIIbHBIC JTA00PATOPUH HE 3aMCHSIOT MOJTHOCTHIO
TPaIUIMOHHBIA JTAOOPATOPHBIA MPAKTHKYM, OJTHAKO
ABJSIOTCSL  ero  3((EeKTHBHBIM JONONHEHUWEeM. MX
HCIOJIB30BAHUE TI03BOJIAET MOBBICUTH JOCTYIIHOCTbH
MPaKTHYECKOW MOATOTOBKH, oOecreunTh Oe3omacHoe
NPOBEZCHNE OKCIIEPUMEHTOB, COKpPAaTUTb 3aTpaThl
BpPEMEHH Ha OpPraHM3alHIo J1a0OPATOPHBIX 3aHITHHA U
paciypuTh BO3MOKHOCTH CaMOCTOSITENTBHOM PabOThI
cryneHToB. llomyuyeHHBIE BBIBOABI COIJIACYIOTCA C
nccinenoBanreM H. Pratama, M. Azman, N. Zakaria u
M. Khairudin, B xoTtopom OBUIO IOKa3aHO, 4YTO
NpUMeHeHne HU(POBBIX YUEOHBIX CPEACTB HA OCHOBE
MPOrpaMMHUPYEMBIX  JIOTHYECKUX  KOHTPOJLIEPOB
(PLC) cratuctuuecky 3HaAYMMO TIOBBIIIAET YPOBEHBb
npodecCHOHAIBHBIX KOMIETECHLIMM 00yJalomuxcs 1
3 PEKTUBHOCTH OCBOCHHS MHKEHEPHBIX JUCLUILIMH.

ABTOpBI OTMEYaIoT, 9TO UCIIOJIb30BaHUE
COBPEMEHHBIX  IM(PPOBBIX  CPEACTB  OOYYCHUS
cocoOcTByeT  Ooiiee  TIIyOOKOMY  YCBOCHHUIO

MPaKTHYECKUX HABBIKOB M TIOBBIIICHHIO YYEeOHOM
MOTHBAIIUH CTYeHTOB[8].

C mexaroruueckoil TOUKM 3pEHHSI BUPTyalbHast
nabopaTopHasi paboTa CHOCOOCTBYET —Pa3BUTHIO
CaMOCTOSITEIBHOCTH 00yJaronuxcs, GOPMUPOBAHHIO
UCCIIEIOBATENbCKUX HABBIKOB W aHAJMTHYECKOTO
MBIIUICHUs.. BO3MOXHOCTH IOIIAroBOrO  aHajM3a
nporecca aedopmanum, U3MEPEHUsT TEOMETPHUECKHX
napameTpoB obpasua u HocJeayronei
MaTeMaTHYecKoil 00paboTKu JaHHBIX (HOPMHUpPYET Y
CTYJICHTOB HAaBBIKH MPUHSTHUS HHXEHEPHBIX PEIICHUM
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HAa OCHOBE OKCHEPHUMEHTAJIBHBIX  Pe3yIbTaTOB.
JlaHHBI ~ pe3yNbTaT  COOTBETCTBYET  IOAXOANY,
npeanoxxkeHnomy A. S. Diwakar u S. B. Noronha,
KOTOpbIE OTMEYAIOT, 91O 3 PEKTUBHOCTH
BHPTYaJIbHBIX JTaOOpaTOpHii TOKHA OIIEHUBATHCS HE
TOJIBKO TI0 aKaIEMUYECKON YCIIeBAEMOCTH CTY/ICHTOB,
HO W MO CTeNeHH AOCTHXKEHHs 00pa3oBaTEIbHBIX
1enell MHXEeHEPHON MOATOTOBKH, BKIIIOUAs Pa3BUTHE
MPAaKTUIECKUX HABBIKOB, HHKEHEPHOTO MBIIIICHUS U

CHOCOOHOCTH MIPUMEHSTh 3HAHUS B
pOo¢eCCUOHANBHOM ACATSNLHOCTH [9].
BbIBO/1bI
IIpoBen€éHHoe umccnenoBaHUE — IIOATBEPIAUIO
BBICOKYIO 00pa3oBaTeIbHYIO 3 PEeKTHBHOCTH
WCTIONB30BaHMs BUPTYAIbHBIX JTAOOPATOPHBIX paboT
nmpu IOATrOTOBKE CTYACHTOB WHXCHCPHBIX

HAIpaBJIeHUH B yCIOBHAX HU(PPOBU3AINHU BBICIIETO
obpa3oBanwms. PazpaboTanHast METOAVKA IPOBEACHUS
JabopaTopHOi paboThl «VIcbITaHHE MAaTepHUaIOB Ha

cKaThue» € HCIOJBb30BAHUEM  IPOTPAMMHOIO
komiuiekca DEFORM  Viewer o0ecneyuBaeT
HHTErPaALAIO TEOPETUYECKUX 3HAHUU u
MPAKTHYECKOM ESITENBHOCTH, CIocoOCTBYET
Pa3BUTHIO AHAINTHYECKOTO MBIIUIEHNS,

HCCIIEIOBATENILCKUX HABBIKOB M MPO(ECCHOHATBHBIX
KOMIICTCHIIUH OYyIIUX HHKCHEPOB.

YCTaHOBIEHO, YTO NPUMEHEHHE BUPTYalIbHBIX
7abopaTopuil MO3BOJSET TMOBBICUTH JOCTYIHOCTH
MPaKTUIECKOTo O0Yy4eHUsl, o0ecrednTh Oe30macHoe

BBITIOJTHEHNE WH)XEHEPHBIX 9KCIIEPUMEHTOB,
COKpaTHTh MaTepUaNIbHBIE 3aTpaThl Ha MPOBEICHHUE
1a00paTOPHBIX 3aHATHH u MPENOCTABUTh
o0yyaromuMcst ~ BO3MOXKHOCTH ~ MHOTOKPAaTHOTO

MTOBTOPEHHS AKCIEPUMEHTOB UIA 0Oojiee TIIyOOKOTo
OocBOeHHUs1 ydeOHOoro Marepuana. lcmonp3oBanue
KOMITBIOTEPHOTO MOJICTTUPOBAHUS TaKxKe
Croco0cTByeT (hOPMUPOBAHUIO HABBIKOB PabOTHI C
COBPEMEHHBIMHU UG POBEIMH WH)XCHEPHBIMU
TECXHOJIOTUAMH, BOCTpe6OBaHHLIMI/I B
npodecCHOHANBEHON  JIeSTeIbHOCTH. BupTyanbHbIE
mabopaTopuu B TEIAarOTMYECKOM IPOIECCE PEIIAI0T
PSAA TUIAKTHYECKUX 33]1a4:

1. mMOBBINIEHWE MOTHBAIUU OOYYAIOIIMXCSA 3a
CYET UHTEPAKTUBHOCTH;

2. ¢GhopMUpOBaHUE TPAKTUYECKUX HABBHIKOB B
YCIIOBHSIX O€30TIaCHOM CPEJIbI;

3. Pa3BUTUC AHAJIUTHYCCKOIO U KPUTHYCCKOT'O
MBIIUICHHUS;

4. peanmzanus
JIOCTYITHOCTH 3HaHUH.

C mnenarormueckoll TOYKM 3pEHHMS, IMOJ0OHAS
¢dopma paboTBl CHOCOOCTBYET IEpexoay  OT
MACCUBHOTO BOCIPUATHS WHPOPMAIUA K aKTHBHOM
JesTeIbHOCTH o0y4atonierocs. [Ipernonasarens npu
3TOM BBICTYIIAET HE KaK WMCTOYHHWK 3HAHUN, a Kak

IMpyuHOWIIa HArjIagHOCTU U
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THIOTOD, HaIpaBJISTIOLINNA
CaMOCTOSITETFHOTO TIONCKA PELICHMS.

Kpome TOTO, UCIIOJIb30BaHHE TaKUX
BUPTyaJbHBIX  JabopaTopuii  cormacyercs ¢
KOMIIETEHTHOCTHBIM ~ TIOJXOAOM,  TPeOyIOImnuM
(hopMHpOBaHUS y CTYJEHTOB HE TOJIBKO 3HAHUH, HO U
MPAKTUYECKUX YMEHUN, TOTOBHOCTH MPUMEHSITh UX B
po(hecCHOHATBHOMN NEATENbHOCTH.

Pesynbrater BHEAPEHUS BHUPTYaJIbHBIX
J1abopaTopuii B y4eOHBIH MPOIECC MOKA3hIBAIOT:

1. cokpamieHne BpeMEHH Ha IMOITOTOBKY K
JKCIIEPUMEHTY;

2. BO3MOXHOCTHh HEOJZHOKPATHOTO MOBTOPEHHS
OTIBITA JIJISI 3aKPEIICHUSI MaTepraa;

3. pa3BUTHE HABBIKOB caMOOOYyUYCHHUs U pabOTHI
¢ mupOBBIMH UHCTPYMEHTAMH,

4. TOBBILIEHUE YPOBHS YCBOEHHS
TEOPETUYECKUX 3HAHWA 3a CYET BU3yaIM3alUN
(hM3UYECKUX TIPOIECCOB.

nporiecc

[MpakTudeckass 3HAYMMOCTH  HMCCICIOBaHUS
3aK/II0YaeTCd B BO3MOXHOCTH  HCIIOJIb30BaHUS
NPEIOKEHHOW ~ METOAMKHM  TpH  pealn3aluu
00pa30BaTeNbHBIX nporpamm UH)KEHEPHOTO
npodus B BBICIINX Y4eOHBIX 3aBEICHHUIX, OCOOCHHO
B YCIOBUSX  OTrPaHMYCHHOTO  JOCTyma K

JIOPOTOCTOSIIEMY JTA00PATOPHOMY 000pPYIOBAaHUIO U

HEOOXO0IMMOCTH pacimpeHus 1 poBoit
0o0pa30BaTeIbHON  CpElbl. B JaJIbHEHIIIeM
[IEJICCO00Pa3HO  MPOBECTH  AKCIIEPUMEHTAIbHBIC
MeJarornyeckue  HMCCICAOBAaHHS €  y4acTHEM
00yJaroIuXxcs pa3IUYHBIX WH)KEHEPHBIX
CIIEIMATbHOCTEH, MO3BOJSIIONIHE  KOJHMYECTBEHHO

OLIEHUTH BIIMSHUE BHUPTYAJIbHBIX J1a0OpaTOpHil Ha
aKaJeMHUYECKYIO yCIIEeBa€MOCTb, YpOBEHb
c(OpPMHPOBAaHHOCTH npodecCHOHANBHBIX
KOMIIETEHIMHA W pa3BUTHE LHU(POBHIX HABBIKOB
cryneHToB.  Takum  oOpa3oM,  BUpTyalbHbIC
nabopaTtopHbie pabOTHl MOKHO PaccMaTpHUBaTh Kak
WHHOBAIlMOHHYIO (OpMYy HMHTErpaluyd TEOPHH U

MPaKTHKA B CHCTEME BBICIIETO HHXXCHEPHOTO
o0pa3oBaHus.
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INNOVATIVE METHODS OF RESTORATION OF PIPELINE SYSTEMS: THE USE OF
POLYMER-COMPOSITE SLEEVES-LINERS THAT HARDEN WITH ULTRAVIOLET
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Abstract — The article is devoted to the study of modern methods of pipe restoration with an emphasis on the technology
of restoration using polymer-composite sleeve liners that self-harden under the influence of ultraviolet radiation. The
features of this technology, its advantages and areas of application, including water supply, sewerage and industrial
networks, are considered. Particular attention is paid to environmental and economic aspects, as well as to the analysis of
factors influencing the choice of recovery method. The steps of the restoration process are presented, which include pre-
cleaning, installation of lining and treatment, which ensures the strength and reliability of engineering systems. The results
of the study can be used to optimize pipeline repair methods in dense urban areas and difficult working conditions.
Keywords — pipes, recovery, sleeve lining, ultraviolet radiation, recovery, corrosion, hydraulic characteristics,
engineering networks, environmental safety, economic efficiency.
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YJAbTPAKYJII'THMEH KATAATBIH IIOJIMMEP-KOMITIO3UTTI I'MJIb3A-
JJAUHEPJIEPI KOJIIAHY
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Anoamna — Maxana yiabTPakKyJITiH COYyJCICHYIIH OCepiHEH ©3[iriHeH KAaTaThlH MOJMMEPJIi-KOMIIO3UTTI THJIb3a
TOCEHILITEPiH KOJIJaHy apKblIbl KAJIIIbIHA KENTIPY TEXHOJIOTUsIChIHA Oaca Ha3ap ay/iapa OTBIPbII, KYObIpyiap/ibl KajIblHa
KEATIpYy/IiH 3aMaHayH 9IICTePiH 3epTTeyre apHajFraH. byJl TEXHOJIOTHUSHBIH ePEKIICTIKTePl, OHBIH AP THIKIIBUTBIKTAPBI MEH
KOJIIaHy aiiMaKTapbl, COHBIH IIIiHAE CYMEH a0JbIKTay, KaHaIU3alUs XKOHE OHEPKACIIITIK JKeJIep KapacThIpbLIabl.
OKOIOTHANBIK JKOHE AKOHOMMKAJBIK AacleKTiJepre, COHJAaii-aK KajmblHAa KeNTipy OIICiH TaHmayra ocep €TeTiH
(axTopnap/p! TaNgayFa epeKile Ha3ap aynapbliaasl. HkeHepiik sxyhenepai OepikTiri MeH CEeHIMIUTITIH KaMTaMachl3
eTETIH aJ/IbIH ajla Ta3ajayJbl, TOCEM]Ii OpPHATY bl )KOHE eMJIey Il KAMTHTBIH KaJIIbIHA KENTipy MPOLECiHiH KajamJiapsl
YCHIHBUIFaH. 3epTTey HATHIKeNepi THIFbI3 KaaJbIK JKepiiep/e KoHE KUBIH XKYMBIC JKaraalblHIa KyObIpIapibl KeH ey
ONiCTEpiH OHTAMIAHBIPY YIIIH NaijaJaHblTybl MYMKIiH.

Tyiiin co30ep — KyObIpnap, KallblHa KEJTIpY, TWIB3AIbIK TOCEM, YIBTPAKYITIH COyJIENICHY, KajlblHa KenTipy,
KOPPO3Us, THAPABIUKAIBIK CHITaTTaMaap, HHXKEHEPIIIK JKENIEP, SKOJIOTHSIBIK Kayirnci3giK, SKOHOMHUKAIBIK THIMIUTIK.
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WHHOBAIIHOHHBIE METO/1bl BOCCTAHOBJIEHUSI TPYBHbIX CUCTEM:
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KOpuenko Bacuauii Bukroposuy, HAO «KaparannnHckuii TexHUUeCKuil yHUBepcuTeT nMeHH AObuTkaca CariHOBaY,

Kaparanna, Kazaxcran, e-mail: v.yurchenko@kstu.kz

AHHomauwl — Cratbsa IMOCBAIICHA U3YYCHUIO COBPEMCHHBIX METOJOB BOCCTAHOBJICHUA pr6 C YIOpOM Ha TCXHOJIOT'UIO
BOCCTAHOBJICHUSL C HMCHOJB30BAHUEM MNOJUMEPHO-KOMIIO3UTHBIX THWJIB30BbIX MATOB, KOTOPLIC CaMOIIPOU3BOJIBHO

3aTBCPACBAOT 110 BO3JCHCTBUEM yJ'II)Tpa(l)I/IOJ'IeTOBOFO H3JIy4YCHUA.

PaCCManI/IBaIOTCH 0COOEHHOCTH JaHHOM

TEXHOJIOTHH, €€ NPEUMYIIECTBAa 1 00JIaCTH NMPUMEHEHHs, BKIIIOYasi BOJOCHA0KEHUE, KaHAIN3AIMIO U TIPOMBIIIJICHHbIE
cetn. Ocoboe BHHMaHHE YJIENSETCS DKOJIOTMUECKMM W JKOHOMHYECKMM AaclieKTaM, a TaKKe aHanu3y (akTopos,
BIMSIOIINX Ha BHIOOP METOAA BOCCTAHOBJICHHS. [IpesioxeHsl 3Tamsl Ipolecca BOCCTAHOBICHNUS, KOTOPBIE BKITFOUAIOT
NIPEABAPUTENBHYIO OYHCTKY, YCTAHOBKY M OTBEpXKICHHE ac(anbToyKIagdnka, 4To oOecreduBaeT HPOYHOCTh M
HaJIS)KHOCTh WH)KCHEPHBIX CUCTEM. Pe3ynbTaThl McciaegoBaHns MOTYT OBITh MCIOJIB30BAHBI TSI ONTHMH3AINN METOI0B
peMOHTa TpyOOIIPOBOIOB B T'yCTOHACEIEHHBIX TOPOACKHX PaHOHAaX U B CIOXKHBIX PA0OUMX YCIOBHSX.

Kniouegvie cnoea — tpyObl, BOCCTAHOBJICHHE, THIIH30Bas IPOKIAKA, YIBTPapHOIECTOBOEC H3TyIEeHHE, BOCCTAHOBIICHNUE,
KOppO3Usl, THUAPABIMYCCKUEC XapaKTEPUCTHKH, WH)KCHEPHBIE CETH, HKOJOTHYECKas Oe30IacHOCTh, IKOHOMHYECKAs

3¢ EKTHBHOCTb.

HEI'I3I'T EPEXXEJIEP

Makanana KyObIp JKeIiIepiH Ka3ychl3 KajlblHa
KeNTIpyAiH 3aMaHayd TEXHOJOTHSUIApbIHA TaJaay
KYPTi3UIiN, YIBTPAKYITiH COyJNENeHy oCepiHeH
KaTaWTBUIATBIH  MTOJMMEPIIi-KOMITO3UTTIK  JIaitHep-
THIB3JIapAsl  KOJNJAaHy OJICIHIH epeKIIemiKTepi
KapacThIpbUIbl.  TEXHOJIOTUSIHBIH ~ MHXEHEPIIK,
9KOHOMHKAJIBIK KOHE 9KOJIOTUSUTBIK
apTHIKIIBUIBIKTAPEl  OarallaHbIll, OHBI IailallaHy
THIMIUTITIHE ocep eTeTiH Herisri  (dakropiap
xyHenenni. [lomumepii-kKOMIO3HUTTIK NaitHepaepai
KOJJaHy  KYOBIpIapIblH  MaijanaHy  Mep3iMiH
y3apTyFa, KOHJIEY >KYMBICTAPBIHBIH Y3aKTBIFBI MEH
KYHBIH TOMEHJIETYTE, THJIPaBIHKAIIBIK
cUMaTTaManap/ipl KakcapTyFa J>KOHE KOpIIaraH
OpTara TYCETiH ocep/ii a3aliTyFa MyMKIHJIIK OepeTiHi
kepcerinai. COHBIMEH KaTap OYJ TEeXHOJOTHUSHBIH

TBIFBI3  KaJMalbIK KYPBUIBIC O KaFJaiiblHIA JKOHE
HMHXCHEPITIK KOMMYHHUKAIFSUTAPEI Kypaeni
ydackejgepiae  KoJgaHyra  JKOFapbl  THIMJLIIT
HET131el11l.
KIPICIIE
Kazipri  3amMaHfbl ~ WHXXEHEpNIK  JKeNliJiep

SKOHOMMKAHBIH SpTYpJi cajajapblHBIH  Y3MIKCi3
KYMBICBIH JKOHE XaJbIKTBIH OMIpiH KaMTaMachl3
eTy/li KamTaMmachl3 eTeTiH WH(PaKYpHUIBIMHBIH
HETI3Ti 37eMenTTepi 60bIn TabbiIams! [1-3].
Kananuzanus xylenepin, MyHal, ra3, cy KoHe
TEXHOJIOTHSUIBIK KYOBIpJIapAbl caly YILIiH €H Kol
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TapalfaH MaTepual KeMIpTeKTi JKOHE TOMEH
JISTHPJICHTeH OoyiaT OoJbil  TaObUIaAbl, COHBIMCH
Karap IIOWBbIHHAH, OCTOHHaH JKoHE  Oacka
MaTepHuaiiapaa XKacaJFaH KyObIpiap
KONJaHbuiaabl; byn martepmanmap >xymbic Ke3iHOe
KOppO3UsIFa J>KOHE IIIKI IIeTiHJUIepre >KOFaphl
Te3iMLTIKKe ue emec [4].

3epmmeyoin  manwbi30blnbIeel.  HXEHEPIIK
KyOBIp KyHenepiHiH enoyip Oexiri y3aK yakbIT
na1alanbLUTy bIHA OaitIaHBICTHI KOPpPO3UsIFa,
aOpa3uMBTI TO3yFa IKOHE IMIKI MIOriHAUIEPIiH
JKUHAITybIHA YIIBIpaiabpl. JlocTypai KeHey aicTepi
KOl >Karaaiaa Xep Ka3y >KYMBICTapbhIHBIH YJIKEH
KOJIEMiH, OFapbl KapXKbUIbIK IIBIFBIHIAP/BI JKOHE
HHPPaKYPBUTHIM KYMBICBIHBIH yaKbITIIA
TOKTaThUIYbIH Tayian eTefai. OcbiFaH OalaHBICTHI
KYOBIpiapbl Ka3yChl3 KaJIIbIHA KENTipy
TEXHOJIOTHAJIApBl ~ €peKlle  ©3CeKTUIIKKe  ue.
VYIbTpaKkyIrid coyjieMeH KaTauThUIAThIH HOJIUMEPITi-
KOMIIO3UTTIK  JIaiHep-TWib3allapAbl  Maijaiany
XKOHAEY  MeEp3iMiH  KbICKapTyFa, HWHXXEHEPIiK
KeNmIepliH KbI3MET €Ty Mep3iMiH y3apTyra,
naijjanaty IIbIFBIHAAPBIH a3aiTyFa KoHE KOpIIAaFaH
opTara dcepi TOMEHIETYre MYMKIH/IIK Oepeti.

3epmmeyoin yncananvizol. 3epTTEYAiH FHUIBIMU
KaHAJBIFBl  YJIBTPAaKYJITIH CIyJielieHy ocepiHeH
KAaTalUTBUIATBIH  TIOJMMEPIIi-KOMIIO3UTTIK  J1aliHep-
THITB3aJIap b1 naijjanany  TEeXHOJOTHSACHIHBIH
TEXHUKAJIBIK JKOHE TaiAajaHy epeKICTIKTepiH
KewmeHal  Oarasayma  JKaTelp. [ €XHOJOTHSHBI
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KOJIIAHYIBIH HET13T1 apTHIKIIBUIBIKTAPHI KYHEIICHIIT,
OHBl WHXKEHEPINIK XENUIepIOiH opTypii TypJiepiHae
naijanaHy MYMKIHIIKTepi alkbiHaanabl. COHbIMEH
KaTap JafHEpAiH TEOMETPHSUIBIK ITapaMeTpliepiH
TaHay Ke3iHje KYOBIPIBIH TEXHUKAIBIK JKaFIalbIH,
JKYMBIC KBICHIMBIH JKOHE TaiiajJaHy OpTachIHBIH
CPEKILETIKTEPiH ECKEePYiH MAaHBI3IbUTBIFBI
KOPCETLIII.

OICTEP MEH MATEPUAJIJIAP
AFBIHIBI CyJapbl KbICBIMIIBI KOPi3 JKOHE, aTall
alTKaH/Ia, TPABUTANUSIIBIK KOpi3 Keijaepi apKbLIbl
TackIMajay Ke3iHae KyOblp KaObIpraiapbl aFbIHIBI
CyJapJblH KYpPaMbIHAAFbl Ta3jap MEH arpecCUBTI

opTaylapbIH ocepine YIIBIpaiIbL, oy
KaOBIpFamapaslH OY3BUIYBIHA OKelNedi, KeliHHeH
arplll  KeTyre JKOHE HOTIKECIHIE  TOTEHIIe

JKaraaiiapra oKee/i.

TaceIManaHaThIH OpTa KATTHUIBIK TY3JapBbIMEH,
acdanpT-napaduHAI KOCBUIBICTAPMEH, KOPPOIHUSITBIK
KOCTIaJlapMEH JKOHE MeEXaHHKAIBIK KOoCHalapMeH
KaHBIKKaH JKarjaiia KyOwIpiap KaObIprajapAblH
aliTapiBIKTalt KOPPO3HICHIHA, a0pa3UBTI TO3YFa JKOHE
imki OetiHnme ImweriHaigepre ymbipaiasl. KyObip
KaOBbIpFallapbIHBIH KOPPO3HSICHI KYOBIpABIH

TepPMETUKANBIFBIH  JKOFAITYFa, TachIMallIaHATHIH
OpTaHBIH aFbI KETYiHE oKellemi, OyJI amaM eMipiHiH
Kayirnci3irine JKOHE KOpIIaraH OpTaHbIH
JIACTaHYbIHA KAYill TOHIPEI.

KyOwipnmapapry imki  OeTiHmeri MmeriHaiIep
TachIMaJIaHATHIH OpTaHBIH THJIPABIMKAIIBIK
KEJepriCiHiH KOFapbUIayblHa oKeledi, OYJ COPFHI
KOHE TEXHOJOTHSIBIK aOJBIKTHIH JKYKTEMECIH
apTTeipanbl. KelliHHeH mMmeriHIiIep KYOBIpIapIbIH
TOJIBIK OitenyiHe oKenyi MYMKiH, Oy
TEXHOJIOTHSIIBIK K0 IBIKTHIH 1CTEH LIBIFYBIMEH JKOHE
KOpIIIaFaH OpTara JKoHEe afamaapra Tepic ocep eTeTiH
TOTEHILE >KaFJaimapAblH TYybIHIAYBIMEH >KYpETiH
OpTaHBbI TachbIMaJIay MPOLECIHIH TOJBIK TOKTaybIHA
okenerni [5].

KyOwIpimapbIH KYMBICHI, ocipece arpeccuBTI
opTaga >oHE >KOFaphl JKYKTeMeleple, OJapAblH
Oipre-0ipTe To3ybIMEH Oipre xypemni, Oy naiinaiany
CUNaTTaMalapblH TOMEHAETE ] JKOHEe aBapus KayIliH
aptteipasl (Cyper 1).

Byn wmacenenep, ocipece, ayKbIMIBI JKOHICY
YIIH MEKTeyJi MyMKIHIIKTep KaJIIblHA KENTipyaiH
WHHOBAIHMSJIBIK TEXHOJIOTHSIAPBIH KOJIaHY bl Tallal
€TeTiH KaJlaJIbIK OpTajiap/a ©3eKTi OOJbIT TaObLIaIbI.

Cyper 1 — lllerinzinep MeH KOPPO3UIMEH KYOBIPBIH 11IKi OETiHIH KUMACHL.

[Momumepsi MaTepuaigap arpecCUBTI OpTa MEH
Ty3 INeTiHAIIEpiHE €H JKaKChl TOe3IMIUIIKKEe WHe.

Anaiima, TBIFBI3  Kajla  KYPBUIBICBIHBIH  Tap
JKaraaiapeiHa Hemece OailylaHBICTBI JKOHE/HeMece
KHABUTBICATBIH KOMMYHUKAIUSIAPpIbIH

KaHBIKTBUIBIFBIHA OaiiIaHbICTHI 00JIaT, HIOMBIH, OETOH
JKoHe 0acKa KyObIpjap/bl HOJUMEPIIK KyObIpiiapra
aybICTBIpDYy KeOiHece TEeXHHUKAJIBIK KHBIH JKOHE
HSKOHOMMKAJIBIK THIMCI3.

MyHnait JKarainapaa KYOBIpIapIbl
XKOHJICYIiH, (YHKIMOHAIBIFBIH KaJIIbIHA
KETIPYAiH JK9HE KbI3MET €Ty MEp3iMiH Y3apTyAblH
€H THIM/Ii )KOJIBI OPTYPIIi KaJlbIHA KEITIPY 9ICTEepiH
KOJIIaHy 0omBIT TaObLIaIbI KYOBIp
KaOBIpFaJlapblHBIH ~ KOPPO3USCHIH imKi

KOHEC
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oeriHaeri HmeriHaiIepIi OO IBIPMANTHIH
*kaOBIHIAapAbI KOJIaHy apKbUTBI iIIKi O€TTi Kopray.

KyObipiap/iel KanrbliHa KENTipy WHKEHEePIiK
JKYHeNnepiH KbI3MET €Ty MeEp3iMiH  y3apTyra,
IIBIFBIHAAPABl  a3alTyFa JKOHE JKOHJIIEY JKOHE
KaJITIBIHA KENTIPY KYMBICTAPbIHA KAXKETTI yaKbITThI
KBICKApTyFa THIMII ToCi1  OOJbBIT  TaObLIAIbI.
KonpmaneicTarel ~ oficTepiiH  IMIHAE  MOJIHMEp-
KOMITO3UTTIK MaTepUaIap/Ibl KOJIJIaHyFa
HETI3JCJreH  TEXHOJOrWsjap  epeKiie  Hazap
aynmapanpl.  IlepcrieKTUBTI  miemmnmaepaid — Oipi
AJIEKTPOMArHUTTIK (YJIBTPAKYATiH) CoyleleHyAiH
oCepiHEH  ©O3JiriHeH  KaTaWTaTblH  MOJMMEpIIi-
KOMITO3UIMSUIBIK JIAWHEP THjIb3alaphblH IaigaaaHy
Oonpim  TaObutanel. bynm  omic  CeHIMAUTIKTI,
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YHEMIUTIKTI  JKOHE JKOJIOTHSUIBIK — KayINCi3miKTi
OipikTipemi, OWI OHBI KOJJAHYABIH OPTYpPIi
caJiaJlapblHa CYPaHbICKA HE CTEI.

HOTUKEJIEP )KOHE TAJIKBIJIAY

byn makanmama moauMepITi-KOMITO3UTTI TOCEHIIIT
THJIB3AJIAPBIH  KOJJaHy  apKbUIBl  KYOBIpJIapabl
KallIBIHA KEeNTIPy OJICIHIH epeKIIeNikTepi MeH
apTHIKIIBUTBIKTAPhl  KApacThIPHUIAJBI,  COHBIMEH
Katap KyOBIp KYHECiHIH KYHiHE )KOHE OHBIH YKYMBIC
XKaraalnapbIHa OalmaHBICTHI TEXHOJIOTHSHBI
TaHAayJpl  AHBIKTAWTHIH  (akTopiapra Taijgay
Kacananpl. 3epTTey €H a3 IIBIFBIHAAPMEH JKOHE
KOpIIaFaH OpTara TEpiC ocep CTETIH HHKEHEPIiK
KENMJepAaiH Y3aK Mep3iMAUNTIH  apTTBIPYIBIH
OHTAMIIBI MIENTM/IEPiH aHBIKTayFa OaFBITTAIIFaH.

XanplKapanblK — KiaccuuKkanusra — CoWKec
KYOBIpIap[sl KajlblHA KeNTipyre apHaifaH imiKi
KOpPFaHbIC KaObIHIAphl KeJeci TypAe JKacalysbl
MYMKiH [6]:

1. kopposusaan KOpFalTBHIH KOHE
KaKCapThUIFaH THIPABIIAKAIBIK OHIMIUTIKTL
KaMTaMachl3 €TETiH IIalbipay KabaTTapel,

2. KYOBIpABIH OYKiJ Y3BIHABIFEI OOMBIHIIA Oip
KOPFaHBIC Ka0aThIH JKACANTHIH Y3/IIKCi3 KaObIHAAP;

3. KOHCTPYKIWSIHBIH KOCBIMINIA OepiKTiri MeH
THIFBI3JBIFBIH ~ KAMTaMachl3  €TETiH  CHHPaIbIbI
Karramaiap;

4. KeKeJereH akaylbl alMakKTapIbl JKeHJACY
YIIiH  KOJJAHBUIATBIH ~ HYKTENIK  (SKepriIiKTi)
KaOBIHIAP.

KyOpIp xemninepin KanmblHa KeNTipyre apHaIFaH
KOJITAHBICTAFbl TEXHOJOTHSIAPIBIH KEH CHEKTPIHIH
1IIHJIE €H KTl TapaJiFaHIapbiH 06JIil KepceTy Kepek:

1. Tmki GeTTi HEeMEeHT-KYM KOCIIaChIMEH KarTay.
Byn opic kopposusFa yimbIparaH —KyObIpiap/bl

KaJIIbIHA KENTipy VINH KOoJmaHeutamel. Kamray
KYOBIp KaObIpFaTapbIHBIH OJIaH opi OY3BUTYBIHA KO
OEpMEHTIH >KOHE OHBIH J>KYMBIC CHIAaTTaMallapblH
YKaKCapTaThIH KOPFAHBIC KaOATHIH KaCa/IbI.

2. TosraHHBIH imIiHE JKaHAa  MOJHATHICH
KYOBIPBIH TapTy. Bysl TeXHONOTHSHBIH €Ki HYCKachl
Oap: ecki KyObIpabI OY3yMEH >KOHE OHCHI3. Bipinmii
Karmaiima, jkaHa KYOBIpABI TapTy alAblHAA ecKi
KYOBIPIBI JKOIO VIIIH ITHEBMATHKAIBIK COKKBLIAP
CUSIKTBI ~ apHalibl MEXaHWU3MAEP KOJJAHBUIAJIbI.
Exinmi sxarnaiina, skaHa KyObIp THAPOOKIIAYIaFbILI
KOHE THIFBI3AAY (QYHKIVSUIAPHIH  OPBIHAANTHIH
OypbIHHAH O0ap KYOBIP/BIH iIIiHE OPHATACTHIPBLUTA/IBI.

3. Cepmimzai monuMmep KYObIp apKbUIBI TapTy.
byn omic anmeiH ana OYKTENTeH HeMece TapThUIFaH
KYOBIpIBI TMaiiamanyasl KaMTHIBL, O KaJIblHA
KENTIPUICTIH KYOBIP/ABIH illliHE OpHAaTKAHHAH KeWiH
KOKeTTI  mimmHmi  amaael.  bym  kep  Kasy
KYMBICTapbIHa KETeTiH IIBIFBIHAAPABI OapbIHIIA
azaiiTyra MYMKIHZIK Oepeli JKOHE JKYMBICTBI
asIKTayFa KEeTETiH YaKbITThl KbICKAPTa/IbI.

4. Ticti >XaOBICTBIPFBIII  KYPBUIBIMBI ~ Oap
KaHBUITBIPp ~ MaTepUAJIIaH  JKacallFaH  CepIiMIi
KOMIIOHEHTTep/Ii Naiiganany. by Tocin KyObIpAbIH
y4acKeNlepiH KbUIIAaM JKOHE CEHIMJI KaJIblHA
Kentipyre, Oepik JkoHe Oepik OaimaHBICTapIBI
xKacayFa MyMKIHIIK Oepe/ii.

5. Cepmimzai Kypama j>keHaepli Konjgany. by
rub3anap 6ap KyObIp/IbIH iIIiH/E XKaHa KOMIIO3UTTIK
KyOblp kacaiigpl. Omap JKoFapbl  OEpiKTiKke,
TO3IMJIUTIKKE OHE arpecCHUBTI OpTara TO3IMIIITIKKe
ue.

6. Tap opamael opamanbl KoinaHy. by omic
TO3FaH KYOBIPJBIH 1IIKI OETiHe opalbll, >KaHa
KOpFaHBIC KaOaThIH >KAaCaMTHIH MIEKCi3 Mpoduibii
Tacragapabl KOJIaHyAbl KAMTHUIBL.

Cyper 2 — DiIeKTpOMarauTTiK (YAbTPaKYITiH) COyJIeNeHY/ IiH 9CepiHeH 031H-031 eMICHUTIH MOTUMEPITi-KOMITO3HUTTI
XKEHJII TOCeM/Ti KOJIJIaHy apKbLIbI KAJIITbIHA KEJNTIPY 9icCi.
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MamxkeTTepai  KOJNJTAHATBIH  omicTephiH  Oipi
KYOBIpIap/ibl KaJIIbIHA KENTIPYIiH Ka3ipri 3aMaHFbI
WHHOBAlIMSJIBIK ~ TEXHOJOTHSUIAPBIHA  JKAaTaTbIH
ANIEKTPOMArHUTTIK  (YJABTPAKYJAriH)  COyJIENEHY
ocepiHeH ©3iTiHCH KaTaro, TIOJTMEP-
KOMITO3UIIHSIIBIK JIAHEP THIIb3aChbIMEH KYOBIpIap bl
KanmbiHa kentipy (Cyper 2).
OJIICTIH ePEeKIICTKTEPI:

1. Vuprpakynrin coyJeneHyai
MaTepHaJAbIH  KaTald  YaKbITHIH
KBICKapTyFa MYMKIHZIK Oepei.

2. TlomuMepsi-KOMIIO3UTTIK THjIb3a MEXaHHKAIIbIK
KOHE XUMUSUIBIK dcepiepre To3iMIi Kabat xacaubl,
KYOBIpABIH KBI3MET €Ty MEP3iMiH apTThIpaIbl.

3. TexHosorus ayKbIMJIbI Ka30a )KYMBICTAPbIH KaXeT
eTneimi, Oyl OHBI TBIFBI3 KaJaJIBIK JKEpIIepiae
naianany yuriH eTe KOJaiibl eTe/i.

4. Omic opTypi MakcaTTapra apHaIFaH
KYOBIpJIap/Ibl KallblHA KENTipyre jKapaMibl, COHBIH
IiHAE CyMEH >XKaOJbIKTay, Kopi3 *OHE OHIIPICTIK
HKEILIIED.

5. TexXHOJIOrMsIHBIH UKEMOUIIT] MEH OCHIMILIITT OHBI
KOJI JKETIMAUIINT IIeKTeYJIl KUBIH aiMakTapja Jna
KOJIIaHyFa MYMKIHJIIK Oepei.

naianany
alTapJIbIKTan

[Tommmepsi  KOMIO3WIUSIIBIK ~ JKCHII  JIAHEPIl
KaJIITBIHA KETIPY 9MiCiHIH apTHIKITBUTBIKTAPHI:

1. XKen xaraiffaHHaH KEWiH O3[ITIHEH JXYPETiH
KYPBUTBIMHBIH >KOFapbl OCpiKTiri,

2. backa oJlicTepMeH CalbICTBIPFAH A THIIb3aHbIH CH
a3 KaJbIHJIbIFbIHA OAlIaHBICTHI KAJIIBIHA KENTIpYyICH
KeHiH KYOBIPJIbIH KeJIJICHEH KHMAaChIHBIH
MUHHUMAJJIBI KbICKAPYBI,
3. 3aybITTHIK Jau3aiiHzma
JafibIH OHIMJII JKETKI3Y,

4. MonTtaxnaay YKYMBICTAPBIHBIH
KeUTHaMIBIFEI (8-14 caratTa 100 M),
5. Teric imki OeTi aFbIHHBIH CBHIPFYBIH JKaKCapTabl,
6. KyObIpmapIblH Ke3 KereH MillliHi MeH KAUMachlH
naiaanaHy MYMKIHJITI,

Tikemelt THWIB3aHBIH CBIPTKBI JIHAMETpPi  MEH
KaOBbIpFaCchIHBIH KaJIBIHABIFBI KYOBIPJIbIH
TeOMETPHAIIBIK, OJIIIeMepiHe, COHMai-ak erep Oap
0ojca, ep acThl CYJNapBIHBIH JEHTeWiHe CcoliKec
tanganapl [7]. [lapamerpnepai Tanmay TypbICThI-FbI
ecernrey apkpuIsl pactaiaas! (Cyper 3).

opHaTyra TOJIBIFBIMEH

YKOFapbI

Cypert 3 — DieKTpoMarHuTTiK (YABTPAKYITiH) COyJIeNIeHY 9CepiHeH O3/IiTHeH KaTalTaThIH JIAifHep THIIb3aChIMEH
KaJIIbIHA KeNTipyAeH KeWiHT1 KYOBIPIBIH iIIKi OeTi.

[TonuMepJ1i-KOMITO3UTTIK
KOJIJJAHYy ~ apKbUIBI  KaJlllbIHA
WHHOBALWSJIBIK ~ OMICTEP/li  KOJJIAaHy HHKEHEPIIK
Kemepi  Kailita  Kypy ~— callachlHIA  JKaHa
MEepCHeKTHBANIap amaabl. Opi Kapairbl 3epTreyiep
TEXHOJIOTHSIHBI OHTalJIaHBIPYFa, OepiKTiriH
apTTHIPY YIIiH XXaHa MaTepHaJiapabl 93ipieyre KkoHe
olicTepAl  OpTYpJi  JKYMBIC  KaFjaiiapbIHa
Oeifimnieyre OarpITTAIFaH.

By Tacingep nHxeHepIiK KyienepaiH ceHimMai-
Jrli MEH Y3aK Mep3IMAUIrH KaMTamachl3 eTe/l,
NIBIFBIHIAPABI OapbIHINA a3alTajbl J)KOHE JKYMBICTHI

THITB3AJIAP b1
KENTipy  CHSIKTHI
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asiKTayra KeTETIH yaKbITThl KbICKapTaabl, Oy acipece
TBIFBI3 KaJAJIbIK jKepiiepae Mansasr [8-10].

KOPBITBIHIBI
Makanmaga  KapacTBIpBUTFaH  KYOBIpJIapis
KaJIMbIHA KENTIPYIiH 3aMaHayd TEXHOJIOTHUSIIAPHI
Kypaeni — maijganaHy — TajJanTapblHaa  KOFaphbl
TUIMJIUTIKTI KepceTei. YIbTPaKyITiH CoyleneHy/IiH
ocepiHEH  ©O3JiriHeH KaTalUTaTblH  TOJIMMEpTi-

KOMITO3UIMSUTBIK THIIb3a TOCCHIIITEPiH MNaiijaiany
9/iCIHE epeKIlie Ha3ap ay1apbLIajibl.

OMICTIH apTHIKIIBUIBIKTAPbIH  Taliay, OHBIH
IIIH/IE OHBIH 3KOJOTHSIIBIK KAyiNCi3iri, )KYMBICTHI
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asKTayFa KETeTiH YaKbITThl  KBICKapTy JKOHE
KOJIIaHYIbIH oMOE0aIThIFEI OHBI opTypii
MakcaTTapJa HWHKEHEpIiK >Xyieiepae maipanany
MEPCICKTHBATAPBIH  pacTaiijpl.  TEXHOJOTUSHBI
EHT13YIiH VYCHIHBIIFaH Ke3eHepi, JafHep
THJIb3aJIapbIH TazajayJaH OacTam emzaeyre MIeiiH,
OHBI SPTYPJIi JKYMBIC JKaFaiiapblHa, COHBIH IIIH]IE
KOJDKETIMAIUTITT  MIEKTeyJl KalajblK IKeJijgepre
Oeifimeyre MYMKIHIIK Oepei.

Bonamrax 3eprIeynep OCBI oMmiCTi
OHTaNaHIBIPyFa, KaCHUETTepi KaKCAPTHUIFAH XKaHa
KOMITO3UTTIK ~ MaTepHajiapabl  d3ipieyre JKoHe
KOPPO3USHBIH JKOFaphl JKaFIalbIHIA KOHE KypIeii
KIMMATTBIK ~ JKaFfgaiyiapna — maiijanany — YIOiH
TEXHOJOTHSIIApAsl OeiiMaeyre OarbITTananbl. by
MIHIETTEepAlI ICKe acelpy HH(PPaAKYPBUIBIMIBIK
KYHETIePAIH THIMILIITIH JKOHE OJIAPJABIH CBHIPTKBI
aceprepre TOIIMALUTITIH apTThIpyFa BIKIIAJ eTe/Ii.

MY JAEJIEP KAKTBIFBICHI

ABTOp OCBI 3epTTEY/i OPBIH/IAY KOHE MaKaJaHbI
xKapusiay OapbIChIHAA MYAJENIep KaWIIBUIBIFBI HKOK
€KEeHIH MAJIIMIEH .

KAPXBbITAH/JIbIPY
ABTOpmap OCHI 3epTTEYIi OpBIHAAY KE3iHIIE
CBIPTKBI KA KbUIAHABIPYIBIH KOKTHIFBIH MOJIIMICH/II.

AJIFBIC

ABTOp KO/Ka30aHbI MYKHAT KapaCThIPBIIL,
MaKallaHbIH ~Ma3MYHbl MEH CalachlH  eIdyip
JKaKcapTyFa MYMKIHIIK OepreH KyHIBl eCKepTyiepi
MEH YCBIHBIMAPHI YIITIH )KypHAJJIBIH PEIaKTOPHI MEH
PEICH3CHTIHE IIBIHANBI AJIFBICHIH OUTAIpE/i.

ABTOPJBIK KYKBIK © 2025 aBtop(nap)ra
THecimi. By makana Creative Commons Attribution—
ShareAlike 4.0 International (CC BY-SA 4.0)
JIMIEH3MACH] OOMBIHINA AaIlBIK KOJDKETIMII OOJIBIII
TaObuTanel. JIMIEH3Us TYIMHYCKA EHOEKKE THICTI
TYpAE cLITeMe >KacalfaH J>KaFjaija, Ke3 KeJreH
opraja maiajnaHyra, TapaTyFa JKOHE KalTa
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TapaTbUTYBI THIC.
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MammHa Kacay, TEXHOJOTMAJBbIK MAallIHHAJIAP KOHE KOJ’IiK, KYPbLJIbIC
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TOOL TRAJECTORY PLANNING AND PERFORMANCE OPTIMIZATION OF CNC
MACHINE TOOLS, TAKING INTO ACCOUNT TIME EFFICIENCY
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Abstract — This study considers the optimization of processing time on CNC milling machines, which is achieved by
changing machine parameters and tool trajectories. Using version 3.1.0 of ICAM3D, this approach aims to reduce
processing time while maintaining workflow constraints. In addition, a new method of G-code optimization is proposed,
which is aimed at reducing processing time, but maintaining the required accuracy and quality of the finished product.
We offer a method that combines advanced algorithms that detect and eliminate excess movements, optimize tool
trajectories, and improve processing strategies. Experimental results show that without reducing the processing accuracy,
the processing time can be greatly reduced, which can save significant cost for industrial applications and improve
efficiency. The importance of this work lies in the correct choice of the trajectory of the tool. In the P3 project, the
optimization process reduced the processing time from 15 minutes 23 seconds to 13 minutes 33 seconds by improving
the G-code. The initial processing time was 20 minutes and 2 seconds, which coincides with the completion time of the
P3 project under the condition of the CNC machine tool working at 75% speed. To further increase efficiency, additional
software tools such as ARTCAM and ASPIRE were used to implement a new tool trajectory strategy.
Keywords — recovery, sleeve lining, ultraviolet radiation, recovery, corrosion, hydraulic characteristics, engineering
networks, economic efficiency.

YAKBIT THIMALIT'TH ECKEPE OTBIPBIIL, KYPAJI TPAEKTOPUACHIH
KOCHAPJIAY /KOHE CNC CTAHOKTAPBIHBIH OHIMALJIITTH OHTAUJIAHABIPY

Apkaodaes YV.b.
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Anoamna — byn 3eprrey CNC (pesepney CTaHOKTapblHIA OHACY YaKbITBIH OHTAMIAHABIPYIBI KapacThIpalbl, OFaH
MallliHa MapameTpiepl MeH Kypajl TPaeKTOPHsUIapbiH ©3repTy apKbUIbl Koo skeTkizineni. [CAM3D GarnapiiaMackiHbIH
3.1.0 HyCKacCBIH KOJITaHA OTHIPHIIT, OYJI TOCLT OHJICY YAaKBITHIH a3alTy bl MAKCAT €TEIi, COHBIMEH Oipre >KYMBIC POIIECiHIH
nekreysepin cakrainsl. ConsiMeH Katap, G-KOITHI OHTaMIaHIBIPY/bIH JKaHA 9JIiCi YCHIHBUIA/BI, O OHJICY YaKbITHIH
KBICKapTyFa OarbpITTaJiFaH, OipaK JailblH ©HIMHIH Ka)KeTTi JOIIIri MEH camachlH caKTaiabl. bi3 apThIK KO3FalbICTapabI
aHBIKTAIl, JKOSTHIH, KYpaJ TPaeKTOPHSJIAPBIH OHTAWIAHABIPATBIH J>KOHE OHJEY CTpaTerHsUIapblH JKaKcapTaThlH
KETUIIIpIreH anroputmaepAi OIpIKTIPeTiH OMICTI YCHIHAMbI3. ODKCIIEPUMEHTTIK HOTHXKENEp KOpCEeTKeHHEeH, eHuey
JIOJIITiH TOMEHIETIIEH, OHJeY YaKbITBIH e0Yip KbICKapTyFa 001a1bl, OYJI OHEPKICINTIK KOJmaHOanap yiliH aiTapabIKTai
IIBIFBIH  YHEMIEYTe JKOHE THIMIUTIKTI apTTBIpyFa MyMKiHOIK Oepemi. Byl >KYMBICTBIH MaHBI3IBUIBIFBI Kypaj
TPAeKTOPHUSACHIH TYPBIC TaHaayaa xatbip. P3 skobackiHaa oHTaimauapIpy nporeci G-KOATH KETIAIpy apKbUIbl OHACY
yaksITBIH 15 MuHyT 23 cexynaraH 13 muHyT 33 ceKyHIKa JeiiH KBICKapTTHL. bacTamkel eHAey yakbITl 20 MHHYT 2
cexyHATH Kypanel, 6yn CNC cTaHOTHIHBIH 75% >KbUITaMIIBIKTA JKYMBIC icTey XarmaibeiHIa P3 sxo0achiH askray
YakpITBIMEH coiikec keneni. Tuimpinmikti oman opi aprreipy yuriH ARTCAM xone ASPIRE cusakThl KochIMIIa
OarmapiaMalblK Kypainap aHa Kypall TPaCKTOPHSCH CTPATETUsICHIH €HT13y YIIIH MaiiaTaHbUIIbL.
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Tyiiin co30ep — KanmblHa KEJTIpY, THIB3AIBIK TOCEM, YIBTPAKYITiH COyJeJeHY, KalllblHa KeNTipy, KOppo3us,
THIPABIMKAIBIK CUTIaTTaMalIap, HHKCHEPITIK JKelliiep, SKOHOMUKAJIBIK THIMIITIK.

IIJIAHUPOBAHUE TPAEKTOPUM HHCTPYMEHTA C YYETOM BPEMEHHOM
IOPEKTUBHOCTHU U OIITUMUM3ALMA NTPOU3BBOAUTEJIBHOCTHU
CTAHKOB C 411y

Apkabaeg V.b.

HAO «Kapaeanounckuii mexnuueckuti ynusepcumem umenu Aoviikaca Cazunosay, Kapaeanoa, Kazaxcman
*Aemop-koppecnonoenm e-mail: usen_0496@mail.ru

HNudpopmanus od aprope:
ApkadaeB Ycen bex:kanoBuu, HAO «KaparananHckuii TeXHUYeCKni yHHBEpCHTET nMeHH AObputkaca CarmHOBay,
Kaparanna, Kasaxcran, e-mail: usen_0496 @mail.ru

Annomayus — B naHHOM MCCIIEOBAaHUU PACCMATPUBACTCS ONITUMHU3AIMS BPEMEHH 00paOOoTKH Ha ()pe3epHBIX CTaHKaX
¢ UIIY, 4yrto mocturaercss U3MEHEHHEM MapaMeTpPOB CTaHKa M TPaeKTOpHH HMHCTpyMmeHTa. Mcmons3ys Bepcuto 3.1.0
ICAMS3D, 3TOT mMOaX0/ HAMpaBJICH HA COKPAIICHAE BPEMEHU 00pabOTKH, COXpaHsIs MPHU 3TOM OTPaHUYCHUS paboyero
mporecca. Kpome Ttoro, mpemnaraercs HOBBIM MeTon ontumu3anuu G-Koja, KOTOPBIM HampaBleH Ha COKpalleHHe
BpeMeHU 00pabOTKH, HO COXpaHseT HEOOXOIUMYIO TOUHOCTh M Ka4eCTBO FOTOBOTO NpoyKTa. MBI Ipe/jiaraeM MeTo[,
KOTOpPBI OOBEAMHSET IICPENOBHIE AaNTOPUTMBI, KOTOPHIE BBIABISIOT M YCTPAHSAIOT M30BITOYHBIE [BIKCHHS,
ONTHMU3UPYIOT TPACKTOPHUH HHCTPYMEHTOB M YJIy4IIAIOT CTPATETHH OOPaOOTKH. DKCIIEpUMEHTAIBHBIE PE3YJIbTATHI
MIOKAa3bIBAIOT, YTO MOKHO 3HAUNTEIBHO COKPAaTHTh BpeMsi 0OpabOTKH 0€3 CHIDKEHUS TOYHOCTH 00pabOTKHU, YTO MOXKET
3HAYUTEIBHO CIKOHOMHTH 3aTpaThl U TMOBBICHTH 3()(HEKTHBHOCTH Ul MPOMBIIIJICHHBIX NPHIIOKECHUH. BakHOCTD 3TOM
paboTHI 3aKIII0YACTCS B IIPABMIIBHOM BEIOOPE TPACKTOPUH HHCTPYMEHTA.

B mpoexTe P3 mporiecc ontumMu3aiy cokpaTi BpeMst 00padboTku ¢ 15 munyT 23 cekyHab! 10 13 MuHyT 33 ceKyHABI 3a
cuet ynyuiienus: G-kona. HauansHoe Bpemsi 00paboTky coctaBmiio 20 MHHYT 2 CEKYH/IbI, YTO COOTBETCTBYET BPEMEHH
3aBepineHus mpoekta P3 B ycrmoBusx pabotel ctanka ¢ YIIY co ckopocthio 75%. i manbHEWIIEro MOBBIIICHUS
3¢ PEKTUBHOCTH JONOIHUTENIbHBIE TPOrpaMMHbIe HHCTpYMEHTHI, Takne kak ARTCAM u ASPIRE, Obu11 Mcmionb30BaHb
JUTA peau3alii HOBOW CTPaTEeTHH TPAeKTOPHH WHCTPYMEHTA.

Knrwoueevie cnosa — BOCCTaHOBIICHHE, THIIB30Bas IPOKIAAKA, YIbTpa(HOIETOBOE H3Iy4YeHHE, BOCCTAHOBICHUE,
KOPPO3Usi, TUAPABINYECKUE XapaKTEPUCTUKH, HHIKCHEPHBIE CETH, SKOHOMUYeCcKast 3PEeKTUBHOCTb.

HEI'I3I'T EPEXEJIEP KOMITBIOTEP/IIH ~KOMETIMEH aBTOMATThl Oackapy

3eprrey Oapbichiiga CNC  craHokTapeiHga — omicin  Oummipeni. CNC  — Oy ajggblH - ana
Kypald TpacKTOPHSCHIH OHTAWNAHIBIPY eOHAey OargapiaMallaHFaH KOMIBIOTEPIIK OarmapiaMaibiK
VaKbITBIH ~ KBICKAPTBIN,  OHAIPICTIK  MPOIECTIH  JKacaKkTaMaHbl KOJIZIaHa OTBIPBIII, CTaHOK

THIMAIITIH ~ apTThIpaThiHbl  aHbIKTanabl. CAM  KypamaapblHBIH — JKYMBICBIH, KO3FAIBICBIH  KOHE
KYHeJepiH mMmaljalaHy Kypal KO3FalbICBIH [N  JIQJITH aBTOMATTaHIBIPAThIH OHIIPICTIK amic. by
JKOCIIapiiay/ibl KAMTaMachl3 €Til, ajaM (akTOpbIHAaH OarjapjaMaliblk  JkacakTama  OpTYpii  Kecy
TYBIHAAUTBIH KaTETIKTEPAl a3aiiTaThIHbI JONEICHIl.  KypanaapelHblH ((pesepiep, TOKapIbIK CTaHOKTap,
JKyprizinren canbICTBIpMalibl TalJay HOTHXKECIHIE — MaplipyTu3aTtopiap, Oyprbuiap, TericTerimrep, Cy
Zig Zag TpaeKTOPUSICHIHBIH 0acKa CTpaTerisulapMeH  aFblHapbl  JKoHE  J1asepiiep)  QYHKIMSUIapbIH
CAITBICTBHIPFAH/Ia OHJEY YaKbIThl OOWBIHIIA >KOFaphl  aBTOMATTAHJABIPY YIIiH MalldHAIApFa OipiKTipiiareH.

THIMIUTIK ~ KepcereriHi  aHbIkTanael. ICAM3D G-koaThI OHICY YaKbIThIH OHTalmaHIeipy CNC
OarmapiamMachiH ArtCAM JKOHE Aspire  eHJey MNpoLeCTepiHiH THIMAUIIT MEH OHIMIUIrH
OarnapinamaiapeiMeH  OipikTipin  Komgany CNC  apTThIpyaarbl MaHbI3Abl aCIEKT OOJIBINT TaObLIaIbI.
OHJICY JIONJIITIH CaKTall OTBIPBIN, OHMIPICTIH Xkaambl by Maxajazaa JKBIIJAMIBIKTBIH, Oepiic
OHIMAUTITIH  apTTBIpyFa  MYMKIiHAIK  OepeTiHi  >KbUIIAMIBIFBIHBIH JKOHE aclal TPacKTOPHUSICHIHBIH
KOepCeTUII. CTpaTervsUIapbIHBIH ~ OPTYPIUIiriHe  OaiJaHbICTHI
OHJICY YaKbITBIH OHTAMIAHIBIPY KapacThIPbLUIAJIbL.

KIPICIIE Kommnetoreprnik enpipic texnonorusuapein (CAM)

Onzeyne CaH/IbIK Oackapy, HeMece  KOJIJaHy eHJey THIMALIIT MeH carachblH apTThIPaThIH

KOMIIbIOTepIIiK can Ik Oackapy (CNC), Kypangapsl
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acmam  TPaeKTOPHACBIH  KETUIMIPYTe MYMKIHIIIK
Oepemi.
OHTaiilaHABIpy apKbUIBI  ©HJACY  YaKbITBHIH

KBICKapTyFa, 0eTKi KabaT carmachlH KaKcapTyFra )KoHe
KYpaJZbplH TO3ybIH azaiiTyra Oomamel. OpOip
napametpaiH enaey yakbitel [CAM3D nyckacst 3.1.0
xone AutodeskArt nyckacer 2018.0.0 ECMAScript 6
(ES6)/ECMAScript 2015-2017 CNC wmogenbaey
OarmapramManblK — JKacaKTaMachlH  IaiJajaHbIIn
Mojenbey  apkbuibl  aHbIKTanael.  ICAM3D
OarmapiamMacsl OHIIPIiCTIK MPOLECTEPAl MOACIbALCYTE
JKOHE ONapAsl ICKe achlpy aiablHAa KOOAHBIH
IYPBICTBIFBIH TEKCEPYTe MYMKIHIIK Oepexmi. OHOey
CTpaTerHsIChl KaJbl OHCY YaKbIThIHA alTapIIbIKTaH
acep eTei.

Kazipri CNC xyiienepinne Oarmapriamanana-
TBIH aBTOMATTAHABIPBUIFAH CTAHOKTap KOJIMEH
OarnapnamanayapiH opabiHa CAM GarmapiamMalibiK
JKacaKTamachlHa cyiieHeni. byn Oarmapmama »xacay
VaKbITBIH KBICKapTyFa »JKOHE ajaM KaTellepiHiH
BIKTUMAJIBIFBIH a3aiiTyFa MYMKIHIIK Oepei.

CNC enjyiey canachlHaa TONIIK, THIMAUTIK XKOHE
YHEMIITIK CHUSIKTBI TapameTpiiep OOMBIHIIA OHTAMIIbI
OHIMIIUTIKKE KOJ JKeTKI3y Kasipri 3aMaHFbl ©HIpiC
YVIIiH aca MaHBOBL. byn  oHTalIaHIBIPYIBI
KETUIIPy/Ie HETi3r1 pes aTKapaThiH (aKTop — acman
TPaeKTOPHUSCHIHBIH CTpaTETHSICHI, SIFHU
TalbIHIAMaHbl OHJICY YIIiH Kecy KYPaJbIHBIH aJIbIH
ana OarapiamMaIaHFaH KO3FaJbIC JKOJIbI.

Acmian TpaeKTOPHUSCBIHBIH CTPATETHACHl Kypaj
KO3FaJIBICBIHBIH ~ THIMJILIITIHE, OHACY IMKIIHIH
yaKbIThIHA, KYPaJJbIH TO3ybIHa JXoHE OeTKi Kadat
camacelHa Tikened acep ereni. O3BIK aXropuT™Maep
MEH OHTAWIaH/ABIPY 9ICTEPiH KOIJaHy apKbUIbI OyII
CTpaTerus KypalJapJblH €H THIMJI JXoHE YHEeMIIi
KO3FaJIbICBIH KaMTaMachl3 €Tell, COHbIMEH Oipre
TNk mieH camanbl cakTaiael. CNC xyitenepi MeH
JKOFapbl JIOJJIIKTI Talam eTeTiH OHIipiCTepliH
JaMmyblHa ~ OaliJJaHBICTBI ~ acmam  TPaeKTOPHSICHI
ctpateruscel CNC  OarmapmaManayziblH — HETi3ri
JNIEMEHTiHE aifHaIIbI.

Acmian  TpaeKTOPHSACHIHBIH HETi3ri MakcaTbl —
OHJICY  MPONECIH  TOJNBIKTalk  OHTAWIaHABIPY,
KYPaJJIbIH KO3FAIIbIC YKOJIBIH KICKAPTY, MaTePHAIJIbI
OHJCY O KbULAAMIBIFBIH apTTBIPY JKOHE  JKaJIIBI
OHIMAUTIKTI ~ JKOFapbUIaTy  apKpUIBl  ©HIIpic
IIBIFBIHAAPBIH  a3alTy. byn crparerust ocipece
aBHaIMs, aBTOMOOWIJIb Kacay >KOHE MEMIIMHAIIBIK
KYpBUIFbUIap 6OHAIPiCiHIE 6Te MaHbI3/Ibl, OTKEHI 0Y1
cananapga opOip JeTanbIiH KOFapbl IONIIKIECH
JKacallybl Tajlal eTiaeIl.

CNC TexHONOTHSACHIHBIH YHEMi JaMybIMEH
acman  TPAaeKTOPHSICHIHBIH ~ CTPATErHsChl  HAKTHI
YaKbITTarbl MAallMHAHBIH Kepi OallaHBICBIH JKoHE
OelliMielIreH  OKBITY  alrOpUTMIEPIH  KOJIaHy
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aApKBUIBI OJIaH opi JKeTUImipiTyme, O omaH Ja
JKOFapbl OHTAWIAHBIPY MEH OHIMJILUTIK JICHTCHIepiH
KaMTaMachI3 eTe/Ii.

byn 3eprrey ICAM3D  Garnapnamalibik
’KacaKTaMaCHIHBIH  CTaHAAPTTBI ~ MYMKIHIIKTEpiH
keHeiity apkpuiel CNC  eHzeyami keTUaipyAiH

MaHBI3/IBl JKETICTIKTepiH Kepcereni. byn makcaTtka
ArtCAM  xome  Aspire  CHAIKTBI  KOCBHIMIIIA
KypalgapAbl €HTi3y apKbpUIbl KOJ JKeTKi3urmi. by
OarapiaManbIK jkacakrama KeTinaipinred G-koars
reHepalusiay MCH OHTAWIaHIBIPYIbl iCKE aCHIPHIII,
YakKbpITTBl THIMII TaliganaHyra MYMKIHIOIK Oepi.
ICAM3D Tek TepT acnam TPacKTOPHUACHIH KoJiaaca,
0i311iH 9/T1iC OHJICY YaKbIThIH 15 MUHYT 23 CeKyHATaH
13 munyT 33 cexyHaKa AeliH KbICKapTThl, siFHU 12%-
ra xakcapael. byn omicreme 3amaHaym eHIipicTe
TUIMIITIK, OONAIK JKOHE OHIMIUTIKTI apTTHIpyFa
KOMEKTeCE/].

3epmmeyoin manvizoviasizel. Kasipri maimu-Ha
xkacay  enmipicinme ~ CNC  CTaHOKTapbIHBIH
OHIMIIUTITIH apTThIPy, OHJAEY YaKBITBIH KBICKAPTY
JKOHE OHJIIPICTIK IIBIFBIHAAPIBI TOMCHCTY MAaHBI3bI
FBUIBIMU-TCXHUKANBIK MIHACTTEpAiH Oipi  OoJbI
TaObuTamel. bym MiHmeTTEpAi memyae  Kypai
TPACKTOPHSICHIH OHTAMIIBI JKOCMapiay epeKile pell
aTKapazabl, cebebi 01 eH/ey YakbIThIHA, KYPaJIbIH
TO3ybIHAa, JHEPrUs IIbIFBIHBIHA JKOHE JalbIH
OYWBIMHBIH camackiHa Tikenei ocep eremi. CAM
KYHWETIepiHiH JKOHE OHJIeY CTpaTerHsuIapbhIHBIH
KapKbIHIBI ~ JaMyblHA  KapamacTaH, KeIlTereH
OHJIIPICTIK KoCINOphIHIapaa Kypai
TPACKTOPHSUIAPBIHBIH THAIMILTIT TOJIBIK,
nanganageuMaiael. Ocelrad OayiaHbICThl G-KOITHI
KETUOIpy  JKoHE  KOChIMIIa  OarmapliaMalibIK
KaMTaMachl3 €Ty apKbLJIbl OHJICY YaKbIThIH KbICKAPTY
OHJIIPICTIH 3KOHOMMKAJIBIK THIMAUIITIH apTThIPYIbIH
MaHBI3/Bl  OarbITBl  OONBIT  TaOBUIAABI. 3epTTey
HOTHKETIepl MalliHa jkKacay KoCIOpBIHIAPhIH/IA

CNC eHIey MpOLECTEPIH IKETUIIIPYre IKoHE
OHJIPICTIK  pecypcTapiasl THIMII  TNaiganaHyra
MYMKIHIK Oepeti.

3epmmeyoin dHcananviol.

- ICAM3D OGarmapinaMachIHBIH — CTaHIAPTTHI
MYMKIHJIKTepiH KeHelTy apkpuitbl CNC  eHaey

YaKBITBIH KBICKAPTYABIH KaHa TACLTl YCHIHBUIABI,
- ArtCAM xoHe Aspire OaraapiaMaliapbIHbIH

KOMeriMeH OHTaMJIaHIBIPbUTFaH G-kof
reHepalusiay 9JicTeMec a3ipiIeH i,

- Kypan TPAEKTOPHUSICHIHBIH TOPT
ctparerusiceiabiH (Spiral In, Spiral Out, One Way
XKoHe Zig Zag) eHIey yakbIThlHAa  ocepi

CAITBICTBIPMAJTBI TYPJIC 3€PTTEIII;

- Zig Zag CTpaTervsiChbIHBIH OHJIEY YaKbIThIH
a3alTyarbl apTHIKIIBUIBIKTAPhl TXKIPpHOETiK Typre
TOIIEAEH ],
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- Y CBIHBUTFaH omic TOCTYPIIi OHJICY
TOCIIICPIMEH CaNBICTHIPFAaHIa OHJEY YaKbITHIH 15
MuH 23 c-tan 13 MuH 33 c-Ka JeHiH KbICKapTyFa
MYMKIHTIK Oepmi, OWI OHmIPICTIH THIMIUIITIH
apTTHIPAIbL.

I9IICTEP MEH MATEPUAJIJIAP
by 3eprTey eHmey mporiecTepiH Tangay YIIiH

MOJICTIb/ICY  JKOHE  OHTaWIaHIBIPY  OJICTEpiH
konganaael. On CAM xone CNC wmogmenbaey
OarmapnamaiblK  JKacaKTaMachblH  TalJjallaHblIl,

OarJapiaMaHbIH THIMIUIITIH JKOHE OHJCY YaKbIThIH
tangayasl kamtuasl. [CAM3D Gargapnamacer CNC
OarmapiraMarnapblH JKacay YIIH KOJAaHBUIAbI, OH/IA
KBUITAMJIBIK TI€H acmam KOJBIHBIH CTPaTEeTHICHI
CHUSIKTBI ITapaMeTpJiep KYMBIC OOJIICTiHIH KUMAIBIK
e3repicTepiHe HeTi3/eNe OTHIPHIN aHBIKTATA b,

’Kobanapzas! Tanaay yuria 613 MaTeprai peTiHe
MOPMapl KOJIJAaHIBIK. MopMap — OKTaCThIH JKOFaphl
TeMIlepaTypa MeH KbICBIM  9CEpiHCH  KaiTa
KpUCTAIJAHybIHAH Taia OONATBIH METaMOpP(THIK
KbIHBIC. OJ  HEri3iHeH KajbIMii KapOOHATHIHAH
(CaCO:s) Typapl, aJl OHBIH €PEKIIIe OPHEKTEP] HeMece
TaMBIpJIaphI TY31TY Ke3iH/Ie Ke3/1eCeTiH Kocanap/aH,
MBICAJIBI, ca3, KyM, IIeriHaiiep HeMmece Oacka
MUHepalaapaaH naiina 0onaibl.

P1 xome P2 xobamapeiga 6i3 20 MM
KaJIBIHJIBIKTAFbI KPEMJIi MOPMOP/Ii KOJAaHIbIK, it P3
xo0ackiHAa 15 MM KaJIBIHJBIKTaFbl KPEMJII MOpPMap
nadaanaHbuIbl. MopMap 3CTETHUKAIBIK KacHeTTepl
MEH OHJIeyTe KeHUIiriHe OaillaHbICTEI MYCIHACPAE,
FUMapaTTapiaa, ycren OerTepine, elieH
JKaOBIHIAPBIH/IA KOHE COHJIIK AIEMEHTTEP/IC KCHIHeH
KOJIJTAaHbBLIA/TbI.

byn 3eprreyme 6i3 TepT Typili acmam >KOJBI
CTPATETUSAChIH KOJIIAH/BIK, OJIAPJbIH CHIIATTaMachl
TOMEH/IE KENTIPLIreH.

Spiral In (Imxe Kapaii criupanb) CTpaTerHsIChl —
Oyl ojicTe acmam KajTaHbIH HEMece KeCUIeTiH
MIIIHHIH CHIPTKBl XHETiHEH 0acTajblll, OpTachIHA
Kapaii crirpanb OoibIMeH OipTiHAen Ko3ranaisl. by
acmamn OoJbl, 9JIeTTe, KanTa (peseprey, rpasiopa
HEMECe KOHTYpPJbl OHJCY TallChlpMaliapbl YIIiH
KOJIIaHBLIA/IBI, OHJIA KECY KYPalbl MATEPUAIJIbI TETiC
OHE Y3/1KCi3 ajbll Tactaysl Kepek. TP1 ymrin Spiral
In cTpaTeruschiHBIH TEHACYJEpl TeMeHeriaein
CHUIIATTaJIa/Ibl:

x = (D —k-a)-cos(a)
y = (D —k-a)sin(a)

MYHJA:
D — cBIpTKBI UameTp;
& — OYpBILITHIK MTapaMeTp;
K — Oip aliHanmBIMIIaFbI KaJTaMHBIH a3a10bl.
Spiral Out (CelpTka Kapail  CIUpPab)
crparerusicel TP2 ymiin Spiral In crpareruschbiHbIH
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Kepi HYCKachl 00JbIT TabbUTamel. by omicTe acmamn
KQJITaHBIH HEMece KECUISTiH MiMIiHHIH OpTachIHAH
Oacrar meTke Kapad criupanb OOMBIMEH KO3Fallajbl.
By onic kebinece HakpIITAay (TPaBIOpa) HEMECE Tas3
KaluTa Kkacay OIepalsuiapblHIa KOJIaHbLIAbI,
MYHJIa OHJCY OPTAJBIKTaH OacTalbll, IETKe Kapai

KBUDKYBl  Kaker. TP2  ymin  Spiral Out
CTPATETHUSCHIHBIH TeHAeyIepi TOMEHJIETiaeH
CHITATTAIIA]Ib:
x = (k-a)-cos(a)
y = (k-a)-sin(a)
MYHJA:

a — OYPHITITHIK ITapaMeTp;

Kk — 6ip aliHamsIMIarsl KaJaMHBIH a3ai0bL.

One Way (bip 6arpiTTa) crparerusicel TP3 ymrin
Kecy KypaJibl TailbiHIaMa O0HbIMEH Oip FaHa OaFbITTa
KO3FANIa/Ibl, SETTE TY3Y CBHI3BIKTH TPACKTOPHSHBI
ycraHazbl. By Kypa skoiel KapamnaidbiM KaiTa eHIey
HEeMece KOHTypllay TalchlpMaiapbl YHIIH €H XKHi
KOJIIaHBLIAIbI )KoHE Oip OarpITTa (HE CONJaH OHFa, He
OHHAaH COJIFa) OPBIH/IAJIAThIH KECY KO3FaJIbICTAPbIMEH
cunarrtaiaubel. OpOip OTyAeH KeHiH Kypasl KalTanaH
JKOFapbl KeTepiminm, coi OaFpITTa XaHa OTyml
Oacraiiasl.

20 ¢neiiracel  (kecy okueri) Oap Kypan
MaTepuaaMeH Oip yakpITTa OipHelle HyKTene
aHacanel. bip eTymiH Kecy TpaeKTopuschl ¢Jeiira

apachIHIarbl  KAIIBIKTBIKIEH aHBIKTATalbl JKOHE
KeJleCi TeH/IeyIePMEH CHUIIATTANIA/IbL:
X=Xo+nw,
Y=Yo+ 1* Seffective
MyH/Ia:
Seffective = /20 — 20 (uelitaHblH  ocepiHeH

a3alTBUIFaH KaJlaM apajbIFbl, Xo, Yo — OacTamkel
MO3ULINUS;

N — X OarbITBIHJAFBI OTYJIEP CAHBL;

| — Y OGarbIThIHAAFbI KaJaMIap CaHbl.

Zig Zag (3urszar) crparerusacel TP4 ymiH,
COHBIMEH KaTap Kepi jkoHe anra ¢pesepiey Jen Te
aTanajel, Kypan eki OarbITTa (COJIJaH OHFa JKOHE
OHHaH COJIFa) Aayblcnabl TYpAE  KO3Falajbl,
ochlIalia 3ur3ar yJricid »acaiapl. byn ctparerus
kebOiHece Kaita (pesepiey, NpoQuIbai Kecy xKoHe
MaTepuaibl OipKeNKi opi KbUIJAM albIll TacTay
KaxxeT OonmaTblH Oacka Ja omepauusuiap YLIH
KOJIJTAaHBLIA/TbI.

TP4 vymin Zig Zag crpaTerusicblHIa Kypai
KO3FaJibIc OaFbITBIH aybIcThIpaabl, an 20 d¢uelita
OCepiHEH HaKTBl KeCY KaJaMBbIHBIH apaKalIbIKTHIFbI
azasypl. By cTparerms yuniH TeHjeyiep Kejeci
Typzie 6omamb:
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X =Xo+ (—1)"(n-w)
Y=VYo+t 1- Seffective

MYHJA:

Seffective = $/20 — 20 ¢hiteiiTa ocepiHeH a3alTHIIFAH
KaJlaM apaibIFbL; Xo, Yo — OACTAITKBI TO3UIIUS;

W — KaJITa eHi (Kypasi TuaMeTpiH eCKepe OTHIPBIT
TY3ETIIreH); N — 3UT3ar eTyJIep CaHBbI;

i — Karap uHmeKci (Ke3eKTeCKeH OarbITTapMeH

D).

20 ¢rneiiTa apracslHIa KYpal MaTepHaIAbl ary
TUIMALIITIH apTTHIPabl KOHE KOFaphl KeCy JIAIriH
CaKTaWbI.

Marepuannsr any xpuigamasirsl (MRR) opbip
CTpaTerns YIIiH Keneci ¢opMmynamap apKbUIbI
ecernTenei:

ft = f/N = 700/20 = 35 [mm/tooth]
MRR = ft-N-D-W-DOC [mm?®*/min] = 3-20-85-70-2
= 8330 [mm®/min]

MYHJIA:
T — xasmel Oepisic KpUTIaMIBIFE (MM/MUH); ft —
6ip Ticreri Oepimic (MM/Tic);
N — xkypangars! Tictep (¢ueiita) caHbl;
D — kypan aquametpi (Mm);
W — kecy eHi HeMece KaJaM apalibiFbl (MM);
DOC - xecy TepeHmiri (Mmm).

P1 sxo6acer — 1200 x 900 mm? enmemaepi 6ap
[Iapmibl  TEOMETPUSHBI KaMTHAbl. Konmansumran
MaTepHai taburu Tac. Tac enaeyi TO0050
KypajJbIMEH JKYprisingi, kanra ka3y (pocketing)
mpotieci 6ip eTyae 3 MM TepeHaiKTe OpbIHAanasl. Pl
xo0ackl TepT Typmi Kypan xonmapel (TP1 — TP4)
CTpaTervsuiapblH  KOJJAHY AapKbUIbl  asKTaJbl.
Hormxkenep kecreme KepceTiuim, >KOOaHBI asKTay
YaKbITHl MUHYTIICH Oepiieti.

P2 xo06acer — 1600 x 750 mm? emmemaepi 6ap
LIapiusl mIIiHHEH Typanasl. byn xobaga ga taburu
tac Konmaweuipl. Kanra ka3y mpomeci TO0050
KypaJdbIMeH 2 MM TepeHIikTe opbHAanabl. Pl
XKoOackIHAaFbI AN AKYMBIC npoLeaypacsl
KOJITaHBUIIBI, COJ Kypal naiaanansiiasl. JKoOaHbIH
cumyssimusicel ICAM3D  Garmapnamachl  apKbLTBI
OPBIHAIIBL.

P3 xob6acerama 100 x 50 MM emmemzaepi O6ap
TOPTOYPHIIITEl TpaHIIes 3epTTeiai. |paHIesHbI
enzey T503 kypanbHbIH OyHipiMeH 2 MM TepEHIIKTE
0ip etyne askrangsl. XKep xbIpTy (plowing) mponeci
TopT TYpmi Kypan xonmapsl (TP1 TP4)
CTpaTerusjaapbiMeH OPBIHIAJIBI. ICAM3D
OarapIamMachlHAa CUMYIISLUS JKYPTi3iii, ajd COHFBI
eHiM Intermac Master 33.3 CNC craHorbIHAA
xacangpl. HoTmxemep kecteme KepceTimim, apOip
TOPT CTpaTerusi OOWBIHIIA KYMBICTBI asKTayra
KETKEH YaKbIT MUHYTIICH Oepisie/i.

Cyper 1 — Metanas! noi enzeyre apHaarad T503 Tokapibsik / ppe3epIrik Keckiil.

Cyper 2 — Marepuanzast epecken any yuin t0050 cermentrenren ["ayhap keckim
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TO0050 xypambl Marepuaimbl OYPFBUIAY YIIOIH
JKacaJiraH, OHBIH quamMeTpi D = 85 MM, 6mikriri H = 35
MM,

Byn xypan 20 Ticti xone 3800-4200 aiin/muH
(RPM) muamna3oHbBIHIA KYMBIC iCTEHTI.

TO0050 xypanel yIniH pykcaT eTiiareH Oepimic
xbuimamabirel 600-1000 MM/MHH apanbIFbIHIA, all
JKYMBIC TepeHmiri 3,84 mMMm. bysr KypammplH HeTisri
MakcaThl — MaTepuaiibl aiy, acipece 0Oocaty
(emptying) mpotieci apKbUIBL.

T0050 ISO cranmapTTapblHa COMKEC KOHYCKa
OpHATBIIANBL, OYJ OHBI JKEHUT aybICTHIpyFa KOHE

TO3FaH Ke3/7I¢ >XKaHAChIHA aJIMAaCTBIpyFa MYMKIHIIK
oepeni. CoHBIMEH Kartap, KYpasl €Ki JCHTeHI CYBITy
KYHECIMEH ka0 IbIKTaIFaH:;

1. Ceiptkel cybITy (external cooling)

2. Twmki cysITy (internal cooling)

Kymbicter tanmay ymin Intermac Master 33.3
CNC (Biesse Group, Uramms, Ileszapo) craHors!
KOJIIAHBUIIBI. YT )k00a TaJaH bl

1. bipiami >xoHe ekinmi >xobamapma T0050
KYpaJibl TTaii1aaHbUTBII, CUMYJIALIAS JKYPri3iii.

2. Yminmi sxo6a (P3) ymin T503 xypansl
KOJITAHBUI/IBL.

Kecrte 1 — Tanganatein jxo0anap xoHe OJapAblH COHKEC KOATapHhI.

Kon Omnem Kypan
P1 1200 x 900 0050
P2 1600 x 750 0050
P3 100 x 50 503
MexaHUKaIIBIK OHJICY IPOLECIHIEC, MBICAIIBI, JKobanapna konmanburan Kypanaap Pl sxone P2
(dpesepriey Hemece TOKapiblK OHIECY Ke3iHme KoOasapsl

KYPaJIIbIH KO3FaJIaThIH HAKTHI OaFbITHI TPACKTOPHUSICHI
(toolpath) nmen aramanmsl. byn tpaekropus ICAM3D
OariapiiaMachlHIa SKAaCaJIbIl, KAXKETTI MINIHI aly
YIIiH KYPaJIbIH JaibIHAaMa OOWBIHIIIA KO3FAIBICHIH
AHBIKTAMIbI.

Kypan TpaekropusimapblH  aypbic  Oackapy
YKOFapBI Camalibl OHJIEY HOTIKENEpiHe KOJ KETKi3yne
MaHBI3/Ibl peIt atkapapl. OFaH a2 emeMziep, Teric
OeTki Kabat, coH/aii-aK THIM1 MaTepual aixy npoleci
KaTazpl.

CoHbIMEH  KaTap,  TpaeKTopusuiap  Kecy
KYpaJIbIHBIH KaCUETTEPiH, OH/ICY MTapaMeTpIIepiH )KoHe
Kypall ~ YCTarbIIBIHBIH  INEKTEyJdepl  CHSIKTHI

(hakTopmapasl eckepeni. byn Martepmanabl THiMl
QBT TACTayFa >KOHE KYPaJJIblH JIYPBIC KYMBIC
icTeyiHe MYMKIiHJIiK Oepei.

ICAM3D OarapiamMacheIHIA Kypaj
TPaeKTOPHUSICHIHBIH TOPT CTPATErusIChI
KapacThIpbUIFaH: imke crmpans (Spiral In), ceipTka
cnimpansb (Spiral Out), 6ip GarwiTra (One Way) sxoHe
sur3ar (Zig Zag). byn crparerusitap TP1-nen TP4-ke
neiin  HemipieHreH. Kypam TpaeKTOpHSCHIHBIH
napamerpi Kajranap (pocketing) OHJICY
olepanysuIapbIHAa KOIJaHbUIFaH.

HOTUXKEJIEP )KOHE TAJIKBLJIAY

Tanmay OapeicbiHma ym  sxoba  (P1-P3)
KapacThIpbUIILL. TepT TYpii Kypal TpacKTOPHUSACHI
(TP1-TP4) — imke cnmpans (Spiral In), ceipTka
crupaiis (Spiral Out), 6ip OarbiTra (One Way) xoHe
3ur3ar (Zig Zag) — Ke3eKIeH KOJIIaHbUIIbL. by perte
KeCy KbUIIaM/IbIFbI, OEPLITIC K bUIIAMIBIFbI )KOHE KECY
€HI CUSIKTBI ITapaMeTpIiep eCKePLUII.
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By xo6amapma TO050 kypambl KONAaHBLIIBL
Kanranapaer (pocketing) eHney 2 MM TEpEHIIKTE,
75%  xeumpmamneikTa  opbiHAanabl.  CanKeIHAATY
JKYHeci peTiHe ilIKi »KoHe CHIPTKBI CYy CAIKBIHIATYBI
KOJIAaHBUIIBI.

T0050 KypabIHBIH CUITaTTaMaJIaphl:

1. Jduametp (D) = 85 mm

2. buikriri (H) =35 MM

3. Aiinany xburgamabirsl (RPM) = 4000

4. bepinic xempamabrel = 700 mm/mMue P3
#K00achl

By xob6ana T503 kypainsl KonaaHeuLAbL. JKyMbic
eKi (hazazia OpbIHIAIIIBL:

1. Bipinmri da3zana 75% KbUTIAMITBIK

2. Exinmi ¢azana 100% sxeurgamasik Kecy 2
MM TepeHIIKTe XYpri3iunai. [mki >koHe CHIPTKBI Cy
CAIIKBIHJIATY JKYHEC KOIIaHBUIIBI.

T503 KypalbIHbIH cUNIaTTaMasapsbl:

1. Jduametp (D) =10 mm

2. buikriri (H) =5,5 Mmm

3. Aitrany xbuinamabeirsl (RPM) = 8000

4. Bbepinic xeuimamabirel = 400 mMm/mMua Pl
KOOACHIHBIH T€OMETPHSCHI

1200 x 900 MM emmemzepi Oap reoMeTpHs
naiinananeiinel.  Kantamap  T0050  KypalsibIHBIH
KeMmeriMeH emHzeni. Tangay YIMiH KaJlbl KaJaTaHbI
OHJIEY YaKbIThl TIPKENI, OJ TepT TYpii Kypal
TPACKTOPHSICH HET131He eCenTeNnIi.

3- cyperre  3eprTey  VIIH  KOJAAHBLIFaH
reomerpust kepcetiired. OH jxak Oemirinae 1200 x
900 emmeMepi skoHE TEOMETPHUSIHBIH JTOFAITBIK, 0OJIiri
KOpCEeTLIreH. I'eomerpust ICAM3D
Oar1apjiaMachIHbIH KOMETIMEH JKacasiFaH.
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Cyper 3 — CNC annapatblHa apHaJIFaH TeOMETpUs

Cypert 4-7 P1 xo0achbI asKTanFraHHaH KeHiH Kypai
TpaeKTopusuiapblH  kepcereni. Koba — angpIMeH
ICAM3D OGarmapnamacbiHIa MOJIENBICHI, COIaH
ketiin CNC cTaHOTBIHIA OHJIEI]I.

CUMYJISIUSHBIH HET13T1 MaKCaThl:

* T'eoMeTpUsIHBIH JKJHE
TYPBICTHIFBIH TEKCEPY;

e JXobOanely corri
Oaraiay;

KYpaJIJIbIH

AsIKTATy ~ MYMKIHIITiH

Cyper 4 — CNC ammapatslHa CIIUpPANb ke OarbITTEUIaH

Cyper 6 — CNC anmaparsiiza crimpais 0ip 6arbirta (One
Way)
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 Kypan XoJnAapelH OHTAMIaHABIPY >KOHE
BIKTUMaJI KaTeJIep/li aJlIbIH ajia aHbIKTaY;

ICAM3D OarmapiamMacheIHIA aJbIHFaH
voTmkenepai CNC eHzey KesiHIe pacTay MaHBI3IbI
Oonapl, OWTKEeHI Oyl MarepuaiIbl THIMII ajbIl
TacTayra JKOHE eHJIeY YaKbITBIHBIH
OHTAMIaHIBIPBUTYBIHA MYMKIHIIIK Oep/Ii.

Cyper 5 — CNC annapaTblHAa COHpaJb CHIPTKA
OaFrbITThIIAH

Cyper 7 — CNC annapatslHia ciupanb 3ur-3ar
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KOPBITBIHbI
byn 3eprreyme 06i3 TepT acmanThIK KOJM
CTPaTeTUACHIH  OarajiaJibIK; crupaib  Kipic,

CIHpPaJbAbI WIBIFY, 3UT 3ar KoHe Oip KOJI.

Hepexrepai tannaynad CNC mammHamapbIHBIH
JKYMBICBIHAA aclial JKOJNBIH TaHJay ©Te MaHBI3IbI
JieTeH KOPBITBIHIBI Kacayra Oonaabl. EH a3 sxymbIc
yakpITel 00:20:02 xone makcumyM 01:21:46 Gonran
P3 xobackma kepceTinreHaeH, Kypangapasl TIypeic
TaHAamay MallMHAHBIH JKYMBIC YaKbITBIHA 9cep
eTeqi.

Herenmen, acmar JKOJTBIH TaHAay
NalbIHAAMaHBIH TEOMETPUSChIHA Jla OalIaHBICTHI.
Tannmay HoTHXKECiHE j)x00aIap YIliH OHASYiH eH a3
YaKpITTaphl JKOHE ColiKec Kypaiaap KOJBIHBIH
TypJepi Kejeciieit ekeHid Tabyra 0omabl.

JKanmel, enueynin eH a3 yakeiTel TP4, Zig Zag
YIITici apKbUTHI allbIHIBL, al eH Kol yakeT TP3, One
Way ynriciMer a3puiasl. P3 jx00achIHBIH asKTamy
yakbIThl 20:02 muH. ICAM3D nepekrtepin xone P3
xkobacel ymiiH CNC HakThl JEpPEKTEpiH ecKepe
OTHIPHIT, 013 asKTaybIH COHFBI YaKBITBIH 15 MUHYT
JKOHE 23 CEKYHJIKa JeiiH KBICKAPTTHIK.
barmapnamaneik  Kypanm koHe G-KOJ  apKbUIBI
OHTaWITaHBIPBUIFAH YaKbIT OfaH api 13 MUHYT jKoHE
33 cexyHIKa JeliH KbICKapbl.

byn xarnmatina madiganansuiateidi CNC TypiHe
apHasFaH OarJapiaManblK Kypai TeK TOPT CTpaTerust
YiTiciHe pyKcaT eTiINreHmiKTeH, 0i3 ojaH opi
OHTaHIaH/IBIPY MYMKIHIIKTEpPiH KaMTaMachl3 €TETiH

ArtCAM  xoHe  Aspire  CHSKThI  KOCBHIMIIA
OarmapnaMaiblk  Kypainabl madganaHabik.  Ocbl
OarapraMabIk OarmapiamanapaaH G-K0oJIBI

JKacalipl, OJ OHraimaHabipydan keilin CNC
MAaIIMHACKIHAA KOJIIaHbUIIBL.

Kanmer anranma, 0i3 Kayitara cainy HpoIeciH/e
CTaHIAPTThI ICAM3D OarapiaMa’ibiK
JKACaKTaMaChIHBIH  INCKTEYJICPIH  JKOHE  yaKbIT
TAIMJIUTITT  TYPFBICBIHAH OHTainmaHapIpburad G-
KOJIbIH JKacay YIIIiH 0acka OaraapiamMalibik Kypajijaap
YCBIHATBIH apTHIKIIBUIBIKTAP bl Ak /1aTaHIbIK,

CNC wMakcuMaimnbl OKbUIDAMIBIFBIHIA  €H
OHTAMNAHJBIpbUIFaH 15 MHHYT >KoHE 23 CeKyH.A

yaKbITBIHaH Oacrar, 0i3 KOCBIMITIA OaFaapiiaMaiIbiK
Kypanr MeH G-KOATBI OHTaWJIAHABIPY TPOIECIH
naiianany apKbUibl OYJ1 yakbITTHI 13 MUHYT %oHe 33
CeKyHJKa JIeiiH KpICKapTa aJibIK.

byn 3epTTey HWHXEHepIepre KYMBIC
MIPOLIECTEPiH OHTAWIAHIBIPyFa KOMEKTECYl MYMKIH,
ocipece Kypaemi reoMeTpusiap yiriH. OHTalibl
CTpaTeTusIap sl aHBIKTAY apPKBUIBI OJ1 PECYpPCTapIbI

MaKCHUMaJ/bl ~ HalfanaHy  apKbUIBI  TYPAKThI
OHIIPICTIK TaxKipubOenep i colkecTeHaipei.

bonamak 3epTTeynep JaibIHIaMaHbIH
TEOMETPUSChIHA,  MaTepHalblHA  JKOHE  OHJCY
napameTpiepine HeTi3JenTeH Kypan-caiiMaH
KOJIBIHBIH OHTAWJIBI CTpaTerusyiapblH Oonkay YIIiH
MallWHAJBIK ~ OKBITY  YITUIepiH  TaiimamaHyra
OarbpITTATYBI KEpEK.

MY AJAEJIEP KAKTBIFBIChI

ABTOp OCBI 3epTTEY/Ii OPBIHIAY JKOHE MaKalaHbI
)apusiay OapbIChIHAA MYIJIENep KaHIIbUIBIFBI KOK
€KEeHIH MAJIIMIEH 1.

KAPXbUIAHABIPY

ABTOpIIap OCHI 3epTTeyli OpBIHAAY Ke3iHJe
CBIPTKBI Kap>KbUTAHIBIPY/IbIH KOKTBIFBIH MATIMACHII.

AJIFBIC

ABTOp KOMDKa30aHBI MYKHUAT KapacTBIPHIIL,
MakajdaHblH Ma3MYHbl MEH calachlH  eIoyip
JKaKcapTyFa MYMKIiHIIK OepreH KyHIbl eCKepTyiepi
MeH YCBIHBIMAAPHI YIIiH )KypHaJIBIH PeIaKTOPBI MEH
PEICH3EHTIHE IIbIHAMBI AJIFBICBIH OUTAIpE/I.

ABTOpJBIK KYKBIK © 2025 astop(iap)ra
THecixi. By makana Creative Commons Attribution—
ShareAlike 4.0 International (CC BY-SA 4.0)
JIALEH3MICHl OOMBIHINA AaIllbIK KOJDKETIMII OOJIBIII
TaObUIaAbl. JIMIEH3UsT TYNHYCKAa CHOEKKE THICTI
TYpJE CUITeMe d>KacayfaH >Xarjaijia, Ke3 KeJIreH
opTaja maijajaHyra, TapaTyra OKoHE KaliTta
apusiayra pykcar oepeni. TybIHIbI MaTepHaiiaap
OCBl JIMIICH3USHBIH [IQJ OCBIHJAH IIapTTapbIMEH
TapaThUTYhI THIC.
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Abstract — Well construction and geophysical exploration is a complex multi - stage process that requires compliance
with strict technological norms and standards. At the stage of preparation for the supply of equipment, the arrangement
of the site and the installation of the drilling rig. Drilling is carried out by installing and cementing the casing column.
Geophysical researchtheer includes a complex of methods for analyzing open and lined holes, as well as horizontal wells,
which allows you to obtain accurate data on the composition of rocks and the filtration characteristics of productive
horizons. Particular attention is paid to LWD technology, which allows logging during drilling, instant adjustment of
parameters and speeding up construction. Such a complex of autonomous geophysical equipment as AMK-horizon
increases the efficiency and quality of research. Strict adherence to the sequence of stages and quality control will help
reduce risks and ensure the safety of the process, promoting better solutions at each stage.

Keywords — Geophysical Research, drilling, well control, circulation, filter, AMK-Gorizont.

YHFBIMAJIAPFA TEO®U3UKAJIBIK 3EPTTEY JKYPII3YIIH UHHOBALIUSIJIBIK
QJIICTEPI

Kaykapoe A.K.

«K. XKybanos ameinoasvr Axkmebe onipnix ynusepcumemin KeAK, Axkmobe, Kazaxcman.
*Aemop-rkoppecnonoenm e-mail: altynbek-79@mail.ru

ABTOp TypaJjibl aKIapar:
KaykapoB Auarbinéek KyoameBuu, «K. XKyOanoB arbiHmarel Axrebe oHipiik yHusepcureTi» KeAK, Akrebe,
Ka3zakcran, e-mail: altynbek-79@mail.ru

Anoamna — byn 3eprrey CNC (¢pesepiey cTaHOKTapbIHIA OHICY YaKBITHIH OHTAWIaHIBIPYABI KapacThIpaibl, OFaH
MallliHa NapamMeTpiepi MeH Kypajl TPaeKTOPHsUIapbIH ©3repTy apKbUIbl Ko skeTkizineni. ICAM3D 6arnapiaMachiHbIH
3.1.0 HyCKacCBIH KOJITaHA OTHIPHIIT, OYJI TOCLT OHJIEY YaKBITBIH a3alTy Il MAKCAT €TEIi, COHBIMEH Oipre )KYMBIC TIPOIIECiHIH
mIekTeysepin cakrainsl. ConsiMeH Katap, G-KOATHI OHTaWIaHIBIPYBIH JKaHA 9JiCi YCHIHBUIA/BI, OJ OHJICY YaKBITBIH
KBICKapTyFa OarbpITTaJiFaH, OipaK JaiblH ©HIMHIH Ka)KeTTi AOJIri MEH calachlH caKTaiimbl. bi3 apTHIK KO3FalbICTap.IbI
aHBIKTAIl, JOSTHIH, Kypal TPAaeKTOPHSJIAPBIH OHTAWIAH/ABIPATBIH JKOHE OHJEY CTpaTerHsUIapblH JKaKCapTaThlH
KETIAIPUITeH anropuTMAepAi OipiKTipeTiH omicTi YCHIHAMBI3. OKCHEPUMEHTTIK HOTHXKENep KOepCeTKeHIeH, eHuey
JIOJIITiH TOMEHIETIIEH, OHJeY YaKbITBIH €0Yip KbICKapTyFa 00Jabl, OYJ1 OHEPKICINTIK KoJaanbanap YIriH aiTapyibIKTai
IIBIFBIH  YHEMJEYTe JKOHE THIMIUTIKTI apTTBIpyFa MYyMKiHOIK Oepemi. By >KYMBICTBIH MaHBI3IBUIBIFBI Kypaj
TPaeKTOPHUSACHIH TYPBIC TaHaayaa xatbip. P3 skobackiHaa oHTainanapIpy nporeci G-KOATH KETIAIpy apKbUIbl OHACY
yakpITBIH 15 MuHyT 23 cexynaraH 13 muHyT 33 ceKyHAKa JeiiH KpICKapTTHL. bacTankel eHaey yakbIThl 20 MHHYT 2
cexkyHITHl Kypanel, 0y1 CNC cTaHOTHIHBIH 75% >KBUIIAMIIBIKTA JKYMBIC icTey karmaibeiHIa P3 sxo0achlH askray
yakbITbIMEH coiikec keiemi. Tuimnurikti oman opi aprreipy ymiH ARTCAM xone ASPIRE cusxThl KockiMIa
OarqapyiaMalbIK Kypaijaap skaHa Kypal TPaeKTOPHSICHl CTPATETMsIChIH SHI'3Y YIIiH MaiilalaHbUIIbL.

Tyiiin coe30ep — KanmbiHa KenTipy, THIB3IBIK TOCEM, YIBTPAKYITIH COYNENeHY, KallblHa KeNTipy, KOppO3us,
THJPaBIIMKAJIBIK CHITATTaMajap, MHXXEHEPIIIK Keijep, SKOHOMUKAIIBIK THIM/ILTIK.
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WHHOBAIIMOHHBIE METO/Ibl TPOBEJEHUA TEOPU3NYECKUX
NCCIEJOBAHUU CKBAKNH

Kayxapoe A.K.

HAO «Axmrwobunckuii pecuonanshoiil ynugepcumem umenu K. XKybanosay, Axkmobe, Kazaxcman
*Aemop-koppecnonoenm e-mail: altynbek-79@mail.ru

HNudopmanus o6 aBTope:
KaykapoB Aarsinfexk KybameBuu, HAO «AkTIOOMHCKHMI pernoHanbHBIA yHHBepcuTeT MMeHH K. JXKyOGanoBay,
Axto06e, Kasaxcran, e-mail: altynbek-79@mail.ru

Annomayun — CTPOUTENBECTBO CKBAKUH WM Treo(u3WUecKas pa3BeiKa - CIOXKHBI MHOTOCTYIIEHYATHIA IIpoIiecc,
TpeOyIOmmii COOMIOACHNST CTPOTHX TEXHOJOTHMYECKMX HOPM M CTaHAapToB. Ha sTame MOATOTOBKM K MOCTaBKE
000pyIOBaHNUs, IPUBEACHHS B MOPSIOK IUIOMIAIKN M YCTAHOBKH OypOBO# yCTaHOBKH. BypeHne ocymecTBiseTcs myTeM
YCTaHOBKH ¥ [IEMEHTHPOBaHUs 00CaIHOM KOJOHHBI. ['eodu3nueckoe UCClieIOBaHUE BKIIIOYACT B CE0s1 KOMILICKC METO/IOB
aHanu3a OTKPBITHIX M MOKPBITBIX OTBEPCTHI, a TaK)Ke TOPU3OHTAJIBHBIX CKBAXKHH, MO3BOJIAIOIIMX IMOJYYUTHh TOUHBIE
JTAaHHBIC O COCTABE FOPHBIX MOPOJ U (PUITBTPAIIMOHHBIX XaPAKTEPUCTUKAX IPOTYKTHBHBIX FOPH30HTOB. Oc000¢ BHUMAaHUE
npu OypeHuu yzaensercss TexHosoruu LWD, koTopas mo3BoJisI€T MPOBOJIUTH KapoTaXk, OMEPATUBHO PEryIHpOBaTh
mapaMeTpbl U YCKOPATh CTPOUTEIbCTBO. KOMILIEKC aBTOHOMHOTO TeO(PH3HYECKOro 000pya0BaHus, Takoro kak AMK-
T'opuzoHT, MoBHIIaET APPEKTUBHOCT M KadecTBO UccienoBanuil. CTporoe COOMOICHNE MOCICIOBATEIFHOCTH STAIIOB
1 KOHTPOJIb Ka4eCcTBA MMOMOTAIOT CHU3UTh PUCKU U 00eCTednTh 6€30MacHOCTh MpOoIiecca, MPOIBHUTas JIYUIIHE PEIICHIS
Ha KKIOM JTare.

Knruesvie cnosa — I'eopnznieckne mccieoBaHusA, OypeHHe, HAOMIOACHUE 32 CKBOXMHAMH, TUPKYIANUSA, QUIBTP,
AMK-Gorizont.

HEI'I3I'T EPEXEJIEP CHSIKTBI JKYMbIC OarbITTapbl Kipeni. ['eodusuxanbik

3eprrey OapeiceiHma LWD rtexHonormscern  Oapnay (I'MC) kemieHiHe KenaeHEH YHFbIMalapibl
xoHe AMK-T'OpH30HT aBTOHOMBI TeOPU3UKANBIK 3epTTey Je Kipeai. Herisri MiHAaeT - kabarrapibiH
KeIlIeHIH KOJTaHy OyprhuIay MPOILECiHAEe  KypamblHA OaiJIaHBICTBI T'€OJIOTMSJIBIK ~ KHMaHBI
reo(U3UKAITBIK AKIMAPATThl HAKTHI YAaKbIT PXKUMIHIC  3€pTTeH OTBHIPBIN, alllbIK TECIiKTi Tanjgay. baramay
ayFa MYMKIHJIIK OepeTiHi aHBIKTAIIbl. ¥CHIHBUIFAH OiCTepiHe aHBbIKTAIFaH Ka0aTTapAbIH JIUTOIOTHUSACHIH
TEXHOJIOTHSUIBIK TACIT TEOJIOTHSUIBIK KYPBUIBIMIBI,  3€PTTEY JKOHE OHIMII TOPU30HTTHIH (DHUIIBTPAIMSIIBIK

OHIMJII KabaTTap/blH (GUIBTPAIMIIBIK KACUETTEPIH  KAaCHETTEePiH JKOHE MyHa#Fa KaHBIKTBIPY
JKOHE YHFbIMA JKaFdailblH JKOFaphl JQJIIKIEH CHIATTaMaiapbiH Oaranay Kipenmi [2].
Oaramaynpl ~ KamMTaMachl3  €TETiHI  KepCeTii. 3epmmeyoin mMaHbI30bLIbI2bI. ¥ HFBIMATIAP]TBI

leopusukanbik JepekTepai Kexen aiay Oyprbliay  reo(HU3UKaNbIK 3epTTEY MYHaH-ra3 KeH OpbIHIApPbIH
napaMeTpyiepiH  yaKbITBUIBI TY3€Tyre MYMKIHAIK Hrepy OapbiChIHIA T€OJIOTHSUIBIK — KYPBUIBIMIBL,
Oepir, YHFBIMAJIApIbl cally Mep3iMiH KbICKapTyFa ©HiIMII KabaTTapislH (QUIBTPAIUSIIBIK KaCHETTEepiH
JKOHE OHIPICTIK TOyeKelJepi TOMEHAETYTe bIKIall  JKOHE YHFbIMA KaF[albIH 1o Oaraiayra MYMKIHJIIK

eTeTiH1 IoNeNIeH/Ti. Oepeni. 3amaHayy TeoQU3NKAIBIK dJiCTEP/i, COHBIH

iminae LWD texnonorusicet MeH AMK-I'opu3zoHT

KIPICIIE KELIeHIH KOJJaHy 3€pTTey IOJAIriH apTTHIPHIIN,

YHurpIMagapapl  cany — mpoueciH — OipHeme  Oyprpuiay MpoLeciH OHTaNIaHJBIPYFa,

MaHpBI3[Ibl TEXHOJOTHSIIBIK Ke3eHJepre Oenyre  MIBIFBIHIAPIBI azaiityra  JKoHe OHJIIPICTIK
Oosanpl. BipiHmn ke3eH Oyprbiiay KOHIBIPFBICBIH — KayINCI3AIKTI KAMTaMachl3 €TYTe bIKIAJ €TEI.

KETKi3y YIIiH Oyprbulay HYKTECIH JOHE KipMe 3epmmeyoin HCAHAIbIZD. 3eprTeyae

XKoJmapapl JadblHaayabl KamTuiasl. ComaH KediH — yHFbIMajapibl Teo(QH3HUKaJbIK 3€pTTEYAiH 3aMaHayn
Oyprbutay >KaOIBIKTApBIHBIH YJKEH OemnmiekTepi  omicTepi KeMIeHAI TypAe KapacTelpeuibin, LWD
TACHIMAIIAHA/IBI KOHE YHFbIMA allaHbIHIA TYPFbIH  TexHosorusicel MeH AMK-T'opr30HT aBTOHOM/IBI
KaJamblK  OpHATBUIAJBL.  byprbutay  ojleTTe  KeIIeHIH MaljajaHy epeKIIeNiKTepl KyHeneH.
OarbITTayIIBI CAaNThl Oyprbulaynan OacTtanangsl, conaHn  CoHBIMEH Karap, Treo(U3UKaNbIK —3epTTeyiepai
KeWiH calThl iCKe KOCy JKoHe IeMeHTTey [l]. OKYprisyAiH  TEXHOJNOTHSUIBIK  Ke3eHaepi  MeH
YHFpIManap/ibl KapoTaXFa amblK YHFBIMaJapAbl  JKaOJBIKTap/bl KOJJIaHy TOPTiOl TaIaHbII, OJNap IbIH
Oapinay, coHaii-aKk KanTay MeH IEMEHTTEYICH KeiliH ~ OypFblIay THIMIUITIH apTTBIpyFa JKOHE 3epTTey
KOpLIaJFaH caHbUIayJapAblH OHIMIUIIMH Tajjay  calachlH XKakcapTyFa acepi Heri3leli.
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OAICTEP MEH MATEPHUAJIJIAP

leodusukanelk  3epTrey  mporeci  Obuiait
Kyprisieni: skymplciibuiap Oenrim  Oip  apanbik
OyprbutanFaH Oyprbllay KOHIABIPFBICBIHA ~KaXETTi
Kypal-KaOJbIKTapel  O0ap  pembedTiK  KOJIKIIeH
JKeTKI3uiemi. MaHp3Asl dJI€eMEHT - JieOeaka, OraH
Kypalgapasl Tycipyre apHalfaH apKaH OpaiFaH.
Omneparop acmanTblH KOHYBIHA JXOJ Oepmey VIIiH
mporiecti OakpUTalapl. MyHnait xxarnaiinap TyslHAaca,
XKaOABIKTBl NIl TAacTay JKOHE YHFbIMa OKMAHBIH
naiieiaaay kepek. ['eodusukansik 3epTreyaepii KUbH
Kargaiiapaa, MeICaibl, KOHy Oap j>Kepiae JKyprisyre
KaTaH ThIMBIM CallbIHA/IbI [3].

Toxipubene KOHJIBIPY reoQU3UKaIBIK
acTanTapAblH JKYMBICHIHIA KWBIHABIKTApFa JKOHE
KalempAepaiH  Y3UIyiHe oKemyl MYMKiH, Oy
amaTTapJpl JKOK VIIIH Y3aK JKOHE [IBIFBIH/IBI
opeKeTTep i, COHBIH illiHAe KalTa OypFhUIay bl KaKeT
ereni. MyHnaii xarmaimapasl JKOO YIIH «IIOpPTaH
ay3pD» Hemece 0acKa KeTepy MeXaHM3MIEPl CHSAKTHI
apHalbl KYPBUTFBUIAP/IBI KOJJaHyFa O0Jaibl.

Kemnenen ~ yHrpIManmapaplH — reo(H3HKAIBIK
3epTTeyiiepiHe epekile Hazap ayaapy Kepek, ojap
TPaKTOpJapAbl, aBTOHOMIBI KYPBUIFBUIAPABI HEMece
OpaMIIBIK KYOBIpIapAbl TEXHOJOTHSIIAPIABI KOJIIAHY
apKBUTBI OPBIHAANYEI MYMKiH. LWD TexHomorusmapst
JIeTl atanaTthlH OypFbIIay KesiHzeri Oapriay omicTtepi
MeH OypFhIIay 9icTepi 6ap.

Kazipri yaxpiTTa reo(M3MKanbIK acmanTapibl
YHFBIMa TyOiHe JKeTKi3yAiH TepT Herisri aici 6ap. Tik
YHFbIMaJIap/ia MKeMJII HEMECe KaTThl T'eO(pU3UKAIIBIK
KaOenpi KOJIaHATBIH oMIiC KOJIaHbUIaAbl. by omic
SHEpPrusHBl a3 KakeT erTeni, Oipak KejeHeH
yHFBIMaJap yuIiH 1Iekteynep ©Oap.  Kemnnmeney
YHFBIMaap YIIiH HEFYPIILIM KE€H TapaliFaH ofic -
acmanTapapl  OyprbUIiay  KyObIpiapelHIA HeMmece
KyObIpnapyia skeTkizy. Minrimr coprbl KyOBIpIapbIH
araim  Kecy KypalJgapblH OKeTKi3y YIIiH Je
naiiananyra 6oazpl.

bypreutay  ke3iHIE  KapoOTaKIBl  KYprizyre
MYMKiHIiK Oepetin LWD omici yHFbIMa OKITaHBIHBIH
XKal-KyHi Typajibl Y3IiKCi3 aKmapaTThl JKoHE OypFbIIay
napaMeTpJIepiH JKeAeN e3repTy/Al KaMTaMachl3 eTeli.
byn omic yHemmi OOJBIT caHaladpl, OWUTKEHI O
KbIMOAT TYPaTBIH emripy KOHE KeTepy
OTICPAIUSIIAPBIHBIH  KQXKCTTUIINH —a3aiTafbl KOHE
OyprbuUIay KBUIIAMBIFBIH apTThIpansl. JlereHmeH,
LWD xaOapIFbIHBIH KYHBI JKOFaphI )KaHE 0J1 OypFhLIay
epITIHAICIHIH camachkl YIIH KaTaH CTaHAapTTap/bl
Tasarn eTei.

HOTUIKEJIEP ’)KOHE TAJIKBIJIAY

I'eouzukansik 3epTTeynepAiH KeH TaparaH Typi
AyBITKBIFAaH YHFbIManapa >KOHE LIEMEHT KaTbIHACHIH
TajgAay YLIH KOJNJAHBUIATBIH ChIMIBI KapOTax.
Kennenen yHFbIMayiapyia OyJl  9IICTI  KOJJIaHY
MYMKIHJITI mekTeyi, 6ipak LWD KypbUIbIC yaKbIThIH
KbICKapTa  ajanpl, Jaid  (QUIbTPaTbIHBIH  €HY
aliMaFbIHBIH TEPEHAITH 3epPTTEyre KOMEKTECE Il JKoHe
pPaIMoOaKTUBTI TYCIpy OHNICTEpiHIH CTAaTHCTHKAJIBIK
Karemirin azaitamel. OcpUTadIna, amblK YHFBIMA
OKIMAaHBIHBIH TEOJOTHUIBIK KYPaMblH 3epTTEYIiH €H
e3ekTi omici AMK-T'opu30HT KemleHiH mNalaanaHy
Oombin TabbUTamEl. AMK-T'opm3oHT KemreHi kereci
HETi3T1 TeXHUKAIBIK OJ0KkTapaaH typaasl (Cyper 1).

Bonar Oypreutay KyObIpiapblHAH KYPBUIFBIHBIH
e3iHe oTy YIIiH Oyprbuiay KyOblprnapeiHan Tp-80*4
OypaHaansl KOCBUIBIMFA OYpaHAaibl KOCBUIBIMBI Oap
eTmeli 0ok KonaaHbuiaabl. KypbUIFBIHBIH CHIPTKBI
quaMeTpi 155 MM, ¥Y3bIHIBIFBI IIaMaMEH 3 MeETp
OonatbIH Keneci GpyHKumnoHanael Kypbursl ASPG-108
JIeTT aTanajibl, Ol eTyre OOMMaibl KoHe Oenrim Oip
ceHcopnapabl Kamtuabl. OnaH KeliH Y3bIHJBIFbI
1aMaMmeH ajiTel MeTp OosaTbid Kypsutrsl AKG-U nen
atananel. by KypbutFbFa ceIpTKel auamerpi 108 mm
6onarbiH 2GGKP-A-108 KypbUTFBICH KOCBUTFaH.

Cyper 1 — Kemrenai TAYXK AMK-Gorizont.

64



Kapazanovl memnexemmix unoycmpusnvix ynueepcumeminiy xabapuwicol. Ned(51), 202501

KapacTbIpbUiblll  OTBIpFaH KYPBUIFBl TOICAJIBI
aJanTepieH, TramMMa-CoyJelieHy KeO3iHEH, CepiImeni
CAKTaHIBIPFBIIITAH JKOHE KOPFAHBIC KOPITyCHIHAH
Typansl.  Cepinmeni — KayilCi3miK — KYPBUIFBICHI
reoQU3MKaNIbIK AaCHaNThH YHFbIMA KaOBIPFAaChIHBIH
OTKI3TIII KaOaThIMEH JKaHACYBIH a3alTy YIIIiH KbI3MET
eremi. EH conpiHOa ceIpTKel amamerpi 102 MM
O6omaretH  KASP-Tver amanrepi 0Oap. KypbUiFsl
mm3aiiHeiHAa TM-A2 Momyni Gap. KapacTeIpbutsim
OTBIPFAaH  MOAYJb  TYPaKThl  JKaaTa  OapIbIK
MOJYJIBACPIIH Te0QH3NKAIBIK apaMeTpIICPiH IIey
JepeKTepiH caKTayabl KaMmTamach3 eteni. CoHnaii-ak
KYpBUIFBI ~ MOAYJb  imIiHAeri  TeMmepaTrypaHsbl,
KOpILIaraH OPTaHBIH TeMIepPaTypachiH KoHe OOPTTHIK
KyaT Ke3iHiH KepHeyiH emieyre MyMKIHZIK Oeperi.
By KypbUIFsl Keneci GyHKUusUIapabl OpbIHIANIBI.

leodusukanslk acnanTapasl YHFBIMa TyOiHE
JKETKI3y YIIiH KOJIJaHBUIATEIH OYPFBUIAY KYPAJIbl 1T
ONIIIEHIN,  eNIey  HOTIKeNlepi  Opuramupis,
TamnChIPhIC OEpyllli OKIUTIHIH KOJBIMEH pacTajblll,
reoQU3NKaIBIK YHBIMHBIH OAaCIIbICBIHA YCHIHBUTYBI
kepek. CoHpali-aK TeopU3NKAIBIK 3epPTTeyIep Ke3iHae
TOKTAIl KaJMay YIIiH >XaOJbIKThI KOCIApAaH ThIC
TEKCepyAl JKYprizy KaxkeT. bapiblk IailbIHIBIK
opekeTTepl asKTalFaHHaH KeWiH NIepeKTepii Kazy
GacTanazs [4].

leodusukaneik  3eprreymep  Oemrimi  Gip
PETTUTIKIEH JKypri3uieai. BipiHIIaeH, aBTOHOMIIBI
KemeH Oerre 5 MeTp OWIKTIKKE Tycipijiemi, comaH
KeWiH KypaJl ChIHaapra OSKITUITeH Ke3/ie Oip MUHYTKa
TOKTay jka3buiajpl. Kailita OTBIpFRIZy HEMece KaTauTy
OpBIH asica, OypreUIay Tiz0eri kepi xkypemni. Kypamasig
00oc Typy yakbIThl YII MHHYTTaH aclaybl Kepek,
COHJIBIKTaH aOJBIKTBl YaKTBUIBI JIHATHOCTHKANAY
KaxeT. KeTepy KbU1IaMIBIFbIH ©3TepTy KaxeT 0oJica,
OyJ1 TarceIpbic OepyIIiHiH eKiUTIMEH KeTiciyi Kepek.

ABTOHOMJIbI  KEIIEH KOTEPUINeHHEH KeWiH oI
OeJIIeKTeNiN,  paJuOAaKTUBTI  WOHIAYIIBI KO3
xoibuiansr [5].
KOPBITBIHIBI
Ocbutaiiiia,  YHFBIMAJIApAbl  caly  JKOHE

reo(U3HUKaIBIK 3epTTey Kayilci3MiK MeH THIMALTIKTI
KaMTaMachl3 €Ty YIIiH OapiiblK Ke3eHAEPHi KOHE
CTaHIAPTTapIbl JOJ OpBIHAAYJBl Tajam eTeTiH
Kypzaeni mporecc Oonbin TaObuianpl. bip keseHue

caKkramay  Keleci  Ke3eHIe
npobneManapibl  TYABIPYBl MYMKIiH, COHJIBIKTaH
CTaHIAPTTApIbl CaKTay »JKOHE CcallaHbl Y3JiKCi3
OakpLIayJ bl KaMTaMachl3 €Ty MaHBI3JbL. OPTYPIi
Ke3eHaepAeri TeoQU3uKaNbIK  3epTIeyiep  Tay
KBIHBICTAPBIHBIH KYpaMBbl, (W TPAISUTBIK
KacHueTTepi JKOHE KabaTTapAbIH KaHBIFY
CHIaTTaMalapbl Typallbl HAKThl MOJIMETTEp ayFa
MYMKiHZIK ~ Oepeni.  bypreutay  KyOBIpmapsiH
KapoTaXaay  JKOHE  aBTOHOMIBI  JKyHenepni
nadjanaHy CHSIKTBl 3aMaHayd oJiCTep IPOIECTi
KBUTIAMIATA b, TIBIFBIHAAPIBI a3alTa/Ibl JKOHE Te3
memiM KaObUIIayAbl KaMTaMmachl3 eTeli. bapiibik
TEXHOJIOTHSJIBIK ~ CTaHJApTTapJbl CaKTay >KOHE
3epTTeyjepre MYKHUST JalbIHABIK —TOyeKelIep/i
OapbIHIa a3alTalbl )KOHE YHFBIMAJapIsl OYpFeUIaY
TUIMJIUTITIH apTTBIPaIBL.

IYPBIC  PeTTi

MY JAEJIEP KAKTBIFBICHI

ABTOD OCBI 3epTTEY/Ii OPBIHIAY KOHE MaKaJIaHbI
XKapusiiay OapbIChIHAA MYAJENep KaWIIBUIBIFBl KOK
€KEHIH MAIIMIEH 1.

KAPXbUIAHABIPY
ABTOpnap oChl 3epTTeyAl OpBIHAAY Ke3iHze
CBIPTKBI KaP>KbUTAHIBIPY/IbIH KOKTBIFBIH MATIMACH .

AJIFBIC

ABTOp  KODKa30aHbl ~ MYKHAT  capajar,
MaKaJlaHbIH Ma3MYHbl MEH CallachlH JaKcapTyFra
OarpITTa]FaH CHIHAAPIBI MIiKIpJiepi MEH MNaiJasl
YCHIHBIMIAPBI  YIIIH OJKYypHaT pPEeNakTOpbl MeEH
PEleH3EHTIHE IBIHANBI AJIFBICHIH OUTAIpe/i.
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Abstract — This article is devoted to the pedagogical and methodological aspects of the use of virtual laboratory work in
engineering education in the context of digitalization. The didactic advantages of virtual laboratories are considered, such
as visibility, accessibility, interactivity, and the possibility of repeated reproduction of the experiment. An example of
virtual laboratory work, "Compression testing of materials," is given with a description of the modeling methodology, the
use of the DEFORM Viewer software package, and the calculation of the hardening curve. It is shown that virtual
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okerneni. JleTka apHAachlH KbI3JBIpYFa apHAJFaH KOJJAHBICTAFbl TEXHOJIOTHMSUIBIK LICMIIMICp TaJJaHBII, OJIapIbIH
KeMIITiKTepl aiKpIHmanraH. TyHiHII anfplH aja IUIaK IIbIFapyMeH KbI3IBIPYAbI XKOHE BIKIIAM aFbIHHBIH TYPaKThI
KQJIBINTACYbIH KaMTaMachl3 €TETiH LEJUTION03a CalbIMIIACHIH KOJIaHYIbl KAMTHTHIH TEXHUKAJBIK MIapanap KeIleHi
YCHIHBUTFAH. ¥ CHIHBIIFAH TEXHOJIOTHUSAHBI €HT13y TOTHIFY HETi3iHIer1 KOCBIHIbUIAp MOJIIIEPiH a3aiTyFa, pacCKUCIUTENIep
MeH KOCTaJapAbIH jKaHy IIBIFBIHBEIH TOMECHICTYTE, ()yTepOBKAHBIH TOIIMAUIITIH apTTEIPYyFa KOHE aJBIHATHIH OONATTHIH
CamachlH XKaKcapTyFa MYMKIHIIK Oeperi.

Tyiiin ce30ep — KOHBEpTEp, JIETKA apHACHI, pacTpyO, HUIAK-MeTaul OajKbIMachl, OOJaT axaysapbl, METALI eMec
KOCBIHIBUIAP, pyTepoBKa, METaILI IIBIFAPY, LEJUTI0I03a CAIBIMIIACHI, JIETKa TOPAObIH KbI3ABIPY, OONaT camnachl.
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Annomayus — B cratbe paccMOTpeHa mpoOiiema oOpasoBaHus JedeKkTa «pacTpyO» IMPH BBIMYCKE IIIAKO-
METaITMYECKOTO paciijiaBa U3 KUCIOPOAHOIO KOHBEpTEpa uepes JieTouHbli kanai. [TokazaHo, 4ro nedexT hopmupyercs
BCJIE/ICTBHE PE3KOT0 OXJIAXKACHHSI HAPY>KHOM 4aCTH JIETOYHOTO OJIOKA M KPUCTAIUTU3AI[MH METAJIa Ha TOPIIEBOM y4acTKe,
YTO MPUBOJUT K HAPYIICHHIO KOMIAKTHOCTH CTPYH, €€ OKHCICHHIO, Ta30HACHIIECHHIO U YBEIHUYCHUIO JIOJIH
HEMETAJUTMYECKUX BKIOYCHHUH. [IpoaHaNIn3upoOBaHbl CYHIECTBYIOIIUE TEXHOJOTMYECKUE PEIICHUS MO IOJ0rPEBY
JICTOYHOTO KaHala W MX HEJOCTaTKU. [Ipe/UIOKeH KOMIUIEKC TEXHHYECKUX MEPONPHATHH, BKIIOYAIONINN
MpeBAPUTENbHBINA BBIMTYCK IIJIAKa YIS MPOrpeBa y3jia U MPUMEHEHHE IeJUTIONI03HOTO BKIIA/IBINIA, 00ECeY HBAIOIIETO
ycroiurBoe (OPMHUPOBAHUE KOMIIAKTHOW CTPyH. Peanm3aius OpPEIIOKEHHOW TEXHOIOTHH II03BOJSET CHH3HTH
KOJIMYECTBO OKCHUJIHBIX BKJIIFOUEHUN, YMEHBIIUTh yrap pacKUCIUTENIEH U JIETUPYIOIUX MaTepUaJIOB, IOBBICUTh CTOMKOCTh
(yTEepOBKHU M YJIy4UIMTh Ka4E€CTBO BBIIYCKAEMOM CTaIIH.

Kniouegvle cnoea — KoHBepTep, JETOYHBIA KaHAN, pacTpyOd, NUIAKO-METAUIMYECKUil paciuiaB, JaedekTsl craiu,
HEMETaJUIMUECKHe BKJIFOYEHHUs, (yTepoBKa, BBIMYCK METaslla, LEJUIIOJI03HBIN BKIJIABIII, MOJOIPEB JIETOYHOTO Yy3Ia,
Ka4ecTBO CTaJIH.

OCHOBHBIE ITOJIOKEHUSA CIOCOOCTBYET CHIDKEHUIO COJIEpIKAHUS
Pa3paboran KOMIUIEKC TEXHUYECKUX  HEMETAJUIMYECKUX  BKIIOYCHHH,  YMEHBIICHUIO
pelieHHid 1O TNPEeJOTBPALICHUI0 00pa3oBaHUS  PAcXoja PACKUCIUTENEH M IMOBBILIEHHIO KauecTBa
nedekra «pacTtpyO» IpH BBIIyCKE pacmjaBa W3  CTalu.
KHCIIOPOTHOTO ~ KOHBEpTEpa. YCTAHOBJIEHO, YTO

OCHOBHBIMU TIpUYHMHAMU BO3HHUKHOBEHUS Jie(eKTa BBEJAEHHE

SIBIIAIOTCA MHTEHCUBHOE OXJIQXKJEHHE TOPLEBOU 3aBepuiaromieil cTauei nepesiena 1no BbIILIaBKE
YacTH JIETOYHOIO KaHaja W  TOCIENYyIoIlas  yrIepoAMCTOro  IHOIYHpOAyKTa B CTalb B
KPUCTAJIU3aLHs MeTaa. IIpemioxkeHo  KUCIOPOAHOM  KOHBEPTEPE  SBJIAETCS  BBIILYCK
[IPUMEHEHUE HIPEABAPUTEILHOTO BBIIIyCKAa  pacIljlaBa 4epe3 JIETOUHBIN KaHal, pacloI0kKEeHHbII

BBICOKOTEMIIEpAaTYpHOTO [ITaKa JUIsi MpOrpeBa  Ha CThIKE LIMHIPUYECKOW M KOHMUYECKOW YacTAMHU
JIETOYHOIO y3Jla M HCIOJIb30BaHHE LEJUIIOJIO3HOTO  KOHCTPYKLMU KOHBEpTepa, NpeJHa3HAYeHHBIH IS
BKJaJplIa, oOecneynBaromero (OpMUpOBaHHE  Cemapalyy ouiaka ot metasia [1].

YCTOMYMBOM  KOMIIAKTHOM  CTpyM  pacIulaBa. C y4yeToM OCHOBHOI'O Ha3HAUEHUsS OMNEpaluu
Peanuzanus IPEJIOAKEHHOTO KOMIUIEKCa  BBITyCKAa  paciylaBa  BO3HHKAeT  MHOXKECTBO
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COITYTCTBYIOIIMX 3a/la4 0 KOOPAWHAIINK TIO3UITUN
BBITEKAIOMIEH CTPYHW pacijiaBa 1O OTHOIIEHHIO K
CTaJIb-KOBIITY ¥ JIOTKOB JIJIsl OJTHOBPEMEHHOM MMo1aue
CBIyYUX M  IITYYHBIX  PACKHUCISIONIMX U
JIETHPYIOIUX MaTePHUajoB, BOZMOKHBIX aBapHIHBIX
TIEPENTUBOB pacIulaBa 4epe3 TOpJIOBHUHY arperara,
CUHXPOHHU3AIMU CKOPOCTEH HaKJIOHA M IMOAbEeMa
KOHBepTepa Uil “TIoAphIBa” CTPYH M KOHEYHO JKe,
MOJTydeHHe KOMITAKTHOW OJTHOPOIHON CTpyH 0e3
OKCHJTHBIX HEMETAJUTMYECKUX BKJIFOUCHU I
BO3HUKAIOIUMH M3 METaJlIa, IUIaKa U ()yTEPOBKH.

Ilenv uccneooeanus. llenpio wHCCIeOOBaHUS
ABISieTCS. pa3pabdOTKa W HaydyHOe OOOCHOBaHUE
KOMIUIEKCA TEXHHYSCKUX DPEIICHHI, HalpaBICHHBIX
Ha ycTpaHeHHe nedeKTa «pacTpyO» MpH BBITYCKE
pacruiaBa u3 KHCIIOPOTHOTO KOHBEpTEepa
MOCPEZCTBOM  COBEPIIICHCTBOBAHUS  TEXHOJIOTHU
MMOATOTOBKM JIETOYHOTO y37la W CTaOWIH3anuu
(hopMHpOBaHUs KOMITAKTHOM CTPYH MeTasuia.

3a0auu uccneoosanus. Jnsg OCTHOKECHUS
MOCTAaBIICHHOW TeNMW OBUIM PEeIIeHBI CJeIyIOIIre
3aJIauH:

- UCCIIEIOBaHbl MPUYMHBI 00pa30oBaHus eeKTa
«pacTpy0» IpH BBITyCKE METallIa U3 KUCIOPOIHOTO
KOHBEpTEPa,;

- BBIMIOJTHEH aHaIM3 CYIIECTBYIOMIMX CIOCOOOB
MOIOTpeBa JIETOYHOTO KaHala W OIpENeleHbl HX

HEJOCTATKH;
- pa3paboTaH  KOMIUIEKC  TEXHOJIOTMYECKUX
MEpONPHUATHN, BKIIOYAIOIIMN  MPEIBaPUTEIIbHBII

MPOrPeB JICTOYHOI'O y3Jia IIJIAKOM M MPUMEHEHUE
HEJITFOJIO3HOTO BKIIA/IBINIA,;

- OLIEHEHO BIIMSIHUE MTPEJI0KEHHOTO KOMITIEKCa
Ha YycJoBUs (OPMHUPOBAHUS CTPYH pacijaBa |
Ka4eCTBO BBIMMYCKAEMOW CTAJIH.

IIpoben 6 wuccneoosanusx. HecmoTps Ha
HAJIMYKAE  Pa3jM4YHBIX  CIOCOOOB  TOJAOTpeBa
JIETOYHOTO KaHaua, CYIIECTBYIOIIHE
TEXHOJIOTMUECKUE peIIeHUS He 00eCreunBaoT
CTaOHIILHOTO npefoTBpalleHuss  00pa3oBaHuUs
nedekra «pacTpyO», TMOCKOJBKY HE YCTPAHSIOT
HMHTCHCHUBHOC OXJIAXKJICHHEC TOpHeBOfI qacTu
JIETOYHOTO OJIOKa B HAYaJIbHBIM TEPHOJ BBIMyCKa
Metaiia. HemocTtaToyHO W3Y4YeHBl KOMILIEKCHBIC
METO/IbI, COYETAIOIINEe IPEIBAPUTEILHBIA MPOrPEB
JIETOYHOI'0 y3jla ¢ KOHCTPYKTHBHBIMH PCUHICHUAMMU,
o0ecreunBammUMi  yCTOunBoe  (hopMUpOBaHUE
KOMITAaKTHOM CTPYH paciuiaBa.

Hayunana  noseuzna. HaydHas  HOBH3HA
WCCIICIOBaHUS  3aKII0¥aeTcs B pa3paboTke
KOMIUIEKCHOTO criocoba MIPeIOTBPAIIICHUS
oOpa3oBanus jaedekra «pacTpy0», OCHOBAHHOTO Ha
COYCTaHUHU MIpEABAPUTCIIBHOTO BBIITYCKa
BBICOKOTEMIIEpATYpPHOTO [UIaKa JUIs [pOrpeBa
JIETOYHOTO Vy3J1a WM TNPUMEHEHUS [EJUII0JI03HOTO
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BKJIAJIBIIIIA CIIEIUATBHON KOHCTPYKIMU. OO0CHOBAHO
BIIMSTHHE MIPEIOKEHHOTO KOMILJIEKCa Ha
CTaOMIM3AIMI0 TUAPOJIMHAMUKY CTPYH pacIuiaBa,
CHIDKCHHUE BTOPUYHOTO OKUCIEHHUS MeTalia |
YMEHbIIIEHUE o0pazoBaHUs OKCHUIHBIX
HEMETAUIMYECKUX BKJIIOUCHUI

METO/bl U MATEPHUAJIbI

B mepuon BeImycka MeTamia W3 IUIABHJIBHOTO
arperata Hpu CONPHKOCHOBEHHU HApY)KHOW 4YacTH
JmeToyHoro Onoka ¢ Ttemmeparypoir 350-700 °C
(3amep ¢ momompio TemtoBuzopa FLIR T540) c
KUJKHM METaJuioM oONafaromeM TeMIepaTypoil
1590-1680 °C ~ (3amep  TOTPYKHOW  IJIATHHO-
IaTuHOpoaHOM Tepmomnapoi 1P 30/6) obpasyercs
3aKPHUCTAILUTU30BABIINICS METALT «pacTpy0» B BHUIE
YCEYEHHOTO pacuieHEHHOTO KOHYca,
MpeoOpasyIomero KOMITaKTHYTO CTPYIO B
pacmbUIEHHYIO, TEM CaMbIM HAChIlasg MeTall
a30TOM, KHCJOPOAOM, CHIXKasi KOHIICHTPAIHIO
yriaepoa, yBeJIHUYUBasl OO OKCHJIOB Kele3a B
KOBIIIE, 9TO COTIPOBOXKIAETCS CHUKEHHEM CTOMKOCTH
(yTepOBKH CTaJIbKOBIIA, IMOBBIIICHHBIM Yrapom
pacKHuciIuTeNlel W JICTHPYIOLIMX MAaTepuasioB, a
TaKk)Ke 3HAYUTENFHBIM CHIDKEHHEM TeMIepaTyphl
MeTaa.

B TpaJUIIHOHHBIX METAJLTYyPruIeCKUX
arperarax, JOMHAa, MapTeH, MWHAYKIMOHHAS U
JIyTOBBIX AJIEKTPOIIECYb, (heppOCIIaBHBIE YCTAaHOBKH,
TUTaBHU IBETHON METAILTYPriH CHa0KEeHBI KaHAIAMH
— ’kenobaMu IS CIIMBa MeTalljla PaclojOKEeHHBIMU
noa yrioM 3-75 rpaaycoB K TOpU3OHTAalId, 4YTO HE
MO3BOJISIET 3AIIUTHUTh METAUT OT arMocdepbl u
KOHTaKTa ¢ (yTepoBKOHW >kenoba, TaKk Kak pacriiaB
paccpenoTOYUBaETCS 0 TIOBEPXHOCTH, 10 3aKOHAM
TpaBUTAIUH U THIPOIMHAMUKH.

IIpennaraemsblit TEeXHUYECKUN periiaMmeHT
OCHOBaH Ha TOM, YTO TIepe]] BBITYCKOM MeTallia W3
KOHBEpTEpa 4Yepe3 JICTOUHBIA KaHall TIPOU3BOIUTCS
BBIIYCK IIJIaka c¢ Temmeparypoir 1560-1640 °C B
teueHue 10-80 cexyHa B NIIAKOBYIO Hally, MOCTE
4ero MPOU3BOANUTCS CIIHB METAJlIa B CTalb-KOBII [2].

B coBpeMeHHBIX TEXHOIOTHSX O IKCILTyaTaI[u|
CTaJeTUIaBIWIBHEIX ~ arperatoB  [2,c 6]  mepen
BBEIIIYCKOM MeTallla M3 PETOPTHI TOPLEBYK) 4YacTh

JETOYHOTO KaHajla [OJOTPEBAIOT  CHEIMAIBHON
FOpENKOM.
Henocrarkom pmaHHOro mnpuema  sIBIS€TCS

MOJOTPEB  TOJBKO HApYXXHBIX BHEIIHUX CIIOEB
OTHEYNopa, YTO NpU OOJBIIOW TETIONPOBOIHOCTH
TOpEI-YCThe OBICTPO OXJIAXKIAeTCsl M BHOBb Ha HEM
oOpazyetcs “pacTpy0”’ B BUE 3aCTHIBILETO METaJIA.

i rapaHTUPOBAHHOTO YCTpaHEHUs aedeKTa
«pactpy6» BBOJUTCA JIOTIOTHATETHHOE
TEXHOJIOTHYECKOe o0opynoBaHue B BUJIC
LICJUIFOJI03HOTO BKJIAAbIIIA, TOIIMHON 15-60 MM C
otBepcTHeM paBHBIM 0,95-1,2 nuameTpa BBIXOTHOTO



ISSN: 3134-8467, ISSN: 2309-1177

JIETOYHOTO OJI0Ka, HAXOJSIIETO COOCHO C JIETOYHBIM
KaHayoM [3].

PE3YJIBTATBI U OBCYKJIEHUE
Ha pucynke 1 mpezncraBneHa ¢poHTanbHAs U
TOpPHU30HTAIbHAS YacTh (MIPOEKIH) JIETOYHOTO Y314,

rie 1-oTHEYTIOpHEII JIETOYHBIN KaHall,
BMOHTHPOBAHHBIH B  CTaIbHOW KOXYX 2 H
3aMypOBaHHBIA KUPIUYHON KIaaKou 3, 4 — BKIIAJIBIIIT
U3 UEIUTIOJI03bl C OTBEPCTHUEM [UIsI MOHTaXa 5, ¢
TIOJIO3BMU O VI KPETICKHBIMH DIIEMEHTaMH 7.

Pucynok 1 — ®poHTanbHas ¥ TOPU30HTANIBHAS MPOSKIIMH JIETOYHOTO y371a
1 — orHeynoOpHBIN JICTOUHBIN KaHaT; 2 — CTAIBbHOM KOXKYX JIETOYHOTO 0JI0Ka; 3 — KHpIUYHAs KiIajKa (OrHeYImopHas
(yTepoBKa); 4 — IEIUTIONO3HBII BKIIA BT, 5 — MOHTA)KHOE OTBEPCTHE ISl YCTAHOBKH BKIIAIBIIIA; 6 — ITOJIO3bS;
7 — KpeneKHBIe JIIEMEHTEI.

Ilpn BeITaBKE CTamyM Ha OOJBIIETPY3HBIX,
HauOoJee pacnpocTpaHEHHBIX 300 — TOHHBIX
KOHBepTepax, JIETOYHbIH OJOK COCTOUT M3 CEeMHU
KaTylIeK, KOAKCHAIBHO BCTABJICHHBIX APYT B JpyTa C
obmet  gmuaHOM 161 cM W BHYTpEeHHHM
LWIMHIPUYECKUM JIETOYHBIM KaHaioM 160 MM, mpu
Mmycke B paboTy TOCIe TONHOW TIepedyTepoBKU
KOHBEpTEpa C MPOJOJDKUTEIBHOCTRIO 12 mMuHYyT 10
CEeKYH/I.

CroiikocTh (yTEepOBKU JIETOYHOIO KaHana 95-
140 maBoK, B TO BpeMs KaK CTOHKOCTh pabovero cios
(yrepoBku kouBepTepa 10 10000 maBok.

Ilepen BBITyCKOM MeTajula JIETOYHBIN OJIOK
BMECTE C KOHBEPTEPOM YCTAHABJIMBACTCA HA YPOBHE
paboueil TIOmANKKA CTalleBapa, KOTOPBIA OYHINAET
xKemo0a  TMOJO3b€B  OT  OCTAaTKOB  IIJIaKa,
YCTaHaBIIMBAIOT C IMOMOILBIO OTBEPCTHA B BEpXHEH
YacTH BKJIAJBINIA, CaM BKJIAABII TIOCIE HYero
MIPOM3BOIAT BBIITYCK paciijiaBa U3 KOHBEPTEPA.

Hcnonp3oBaHue mpemiaraeéMoro o00pyJIoBaHUs
U TEXHOJOTHMM TIO3BOJIIET CO3/aTh YCJIOBUS IS
MOJTyYEeHUSI KAa4eCTBEHHOW CTalM MyTEM CHW)KEHUS
JIOJIM HEMETAIUTMYECKUX BKITFOYSHUH, CHU3HUTH PACXO]T
JIEKTPO3HEPTHH HA MOAOTPEB, YBEINYUTh CTOUKOCTh
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(hyTEepoBKU CTalIepa3IMBOYHBIX U MPOMEKYTOUHBIX
KOBILIEH.

BBIBO/IbI

YcraHoBneHo, uTo oOOpa3oBaHue jaedeKTa
«pacTpyO» TpHW BEIMYCKE paciuiaBa U3 KOHBEpTepa
SIBISIETCSL  CIEACTBUEM  PE3KOr0  OXJAKIEHUS
TOPIIEBOM YACTH JICTOYHOT'O KaHAIA U MOCIEIYIOEH
KpUCTAJUTH3AIlM  MeTajllla, YTO TPHUBOJUT K
pAaCIBUICHUIO CTPYH, MOBBILICHHOMY OKHUCJICHHUIO U
ra30HACHIIIEHUIO PacIUIaBa.

[TokazaHo, 4TO TpPaAUIIMOHHBIN MOJIOTPEB TOPIIA
JIETOYHOTO OJIOKa TOpelIkaMH HE O00ecleYnBacT
JIOCTATOYHOW TIYOMHBI MPOTPEBa, BCIEACTBHE YETrO
nedext GopMHupyeTCcsi MOBTOPHO YK€ B HAYaJbHBIN
TIepUO]T BEITyCKa MeTaJljIa.

IIpennoxena TEXHOJIOTUYECKas cxema,
BKJIFOYAIOIIAst IIpeBAPUTEIIbHBIN BBIITYCK
BBICOKOTEMIIEPATYPHOIO LUIAKa, KOTOPBII

obecrieunBaeT MPOTPeB JieToyHOro y3ma jo 1500-
1610 °C u cozgaér ycnoBus ans (GOpMUPOBAHUS
cTaOMIILHON KOMITAKTHOM CTPYH.

PazpaboraHa  KOHCTPYKUIHMSI  LEJUIFOJIO3HOTO
BKJIaJIIIIIA, YCTAHABIMBAEMOIO COOCHO C JIETOUYHBIM
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kaHajoM. Ero mprMeHeH#e Mo3BOJISIET CYIIECTBEHHO
YMEHBIIHUTH OXJIAKICHHE PAacIliaBa v MPeI0TBPATUTh
oOpa3oBanue jaedekra «pacTpyd» B TEUCHUE BCETO
MEepro/ia BBITyCKa METaJlIa.

BHenpenne — MpesIOKEHHOTO — KOMILIEKCa
TEXHHUYECKUX MEPONPHUATHH TO3BOJIICT CHU3UTH
Co/IepKaHue OKCHTHBIX HEMETATTHUSCKUX
BKJIFOUYCHHI B CTadM,  YMCHBIIUTH  yrap
pacKucCIuTeNielf W JICTHPYIOIIUX  MaTepPHAJIOB,
MOBBICHTh CTOWKOCTH (DYTEPOBKH Pa3UBOYHBIX U
MPOMEKYTOYHBIX KOBIIEH ¥ YIydIIUTh OOIIee
Ka4eCTBO METATMYECKOTO CTaIIH.

BKJIAJI ABTOPOB

(maxkconomun CRediT):

B.!. PomaHoB: KOHUENTyalnU3alus UCClea0Ba-
HUS, pas3paboTka METOZOJIOTHH, Hay4HOE
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ENERGY AND ENVIRONMENTAL EFFICIENCY OF CONVERTING BOILER
PLANTS FROM PULVERIZED COAL TO NATURAL GAS
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Abstract — In the current stage of Kazakhstan’s energy sector development, one of the key priorities is improving energy
efficiency and reducing the carbon footprint of the fuel and energy complex. One of the most effective solutions is the
conversion of existing boiler plants from pulverized coal to natural gas, which significantly increases equipment
efficiency and reduces pollutant emissions. This study presents a comparative analysis of the energy and environmental
performance of coal- and gas-fired boilers based on statistical data from JSC “KEGOC” and international agencies such
as IEA, IRENA, and IPCC for the period 2020-2024. The results show that when switching to natural gas, the boiler
efficiency increases from 68% to 88%, while the specific emissions of CO2, SO, NOy, and particulate matter decrease by
45-95%. Additionally, gas-fired boilers are characterized by a more stable combustion process, lower equipment wear,
and the potential for cogeneration integration. The analysis confirms that the gasification of heat sources is a key stage in
implementing the national decarbonization program and contributes to a significant improvement in the environmental
situation in Kazakhstan’s industrial regions.

Keywords — energy efficiency, boiler plants, natural gas, pulverized coal, decarbonization, gasification.
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Byn Ttocim xabOawIkThIH maimanel  ocep kodpdunmentin (ITOK) emoyip apTThipyFa >KOHE 3HSHABI 3aTTap
IIBIFAPBIHABUIAPBIH a3aiiTyFa MyMKiHIiK Oepeni. Ochl xymbicTa 2020-2024 xbuipap apansirbiagarkl «KKEGOC» AK
xoHe xambikapanblK areHTTikTep IEA, IRENA xone IPCC nepekrepi Heri3iHae KeMip *oHE ra3 Ka3aHIBIKTAPHIHBIH
SHEPTEeTUKAIBIK KOHE IKOJIOTTSUIBIK, KOPCETKIMITEPiHEe CaIBICTRIPMAIbI TalAay JKYPri3inmi. 3epTTey HOTIKeNepi TaOuFu
ra3ra kemry ke3iHae KasaHABIKTapAblH [TOK-i 68%-man 88%-ra meiiin ecetiniH, an COz, SOz, NOy xoHEe KaTTHI
OeNIeKTepAiH MEHIIIKTI MBFapeHABUIAPE! 45-95%-Fa TemeneiTiHiH KopceTTi. COHBIMEH Katap, ra3 Ka3aHIBIKTaphI
JKaHy TMPOIECCIHIH TYPAKTHUIBIFBIMCH, Ka0JBIKTHIH TO3YBIHBIH a3]IBIFBIMCH OHE KOTCHEPAIMSIIBIK TEXHOJIOTHSIAPIBI
OipiKTipy MYMKIHIITIMEH epeKIIeNeHETIHI aHbIKTa bl JKYpri3iireH Tanaay >Kbuly Ke3JepiH ra3faHablpy MeMIIEKETTIK
neKkapOOHu3aIus OarapiaMachlH ICKE aCBIPYABIH MaHBI3NbI KE3CHI OOJBIN TaOBLIATHIHBIH JkKoHEe Ka3akcTaHHBIH
OHEPKACINTIK OHIPJICPIHICT] IKOIOTHSIIBIK KaFIal bl alTapIIbIKTal dKaKCapTaTHIHBIH JONCIICHII.

Tyitin ce30ep — >Heprus TUIMILUIITI, Ka3aHIBIK KOHBIPFBUIAPEI, TAOUFH Ta3, KOMIp IAHIBI OTHIH, ACKapOOHH3ALNS,
ra3aHjibIpy.

SHEPTETHYECKAS ¥ SKOJIOTTYECKAS D®PEKTUBHOCTH IEPEBOJIA
KOTEJBHBIX YCTAHOBOK C NIBLJIEYTOJIBHOI'O TOILJIMBA
HA ITPUPOJIHBIN T'A3
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Annomayus — B COBPEMEHHBIX YCIIOBUSAX DPa3BUTHSI dHEpreTUkH KazaxcTaHa KITIOUEBBIM HAIMpPABICHUEM SBIIIETCS
MOBBIIIIEHUE JHEPTOAP(HEKTUBHOCTH M CHIDKEHUE YIJIEPOJHOW HArpy3KH TOIUTMBHO-IHEPTEeTUYECKOT0 KOMILJIEKCa.
OmuuM u3 Haubosee 3G GEKTUBHBIX PELICHWH BBICTYHAeT MEpPeBOA ACUCTBYIONIMX KOTENBHBIX YCTaHOBOK C
MBUIEYTOJILHOTO TOIUIMBA HA MPUPOIHBIN ra3, 4TO MO3BOJISIET CyIIeCTBEHHO NMOBBICUTH KIIJ] 0oOopymoBaHust U CHU3UTH
BEIOPOCHI 3arps3HAIONIMX BemiecTB. B maHHOW paboTe NpOBENEH CpPaBHUTENBHBIA aHANA3 JHEPTETHICCKHX U
9KOJIOTMYECKUX MOKa3aTeNedl YrojJbHBIX M ra30BbIX KOTEJIBHBIX Ha OCHOBE cratuctudeckux AaHHbIX AO «KEGOC» u
mexayHapoaubix areHTcTB IEA, IRENA u IPCC 3a 2020-2024 roasl. Pe3ynbraThl Hcciaen0BaHUs OKa3ald, YTO MPHU
nepexo/ie Ha MPUPOAHBIN ra3 K03(GGHUIUESHT MOJIE3HOTO JICHCTBHS KOTEIBHBIX Bo3pacTaeT ¢ 68% mo 88%, a ynenpHble
BEIOpocEl CO2, SOz, NOx m TBEPABIX YacTUIl CHIKAOTCA Ha 45-95%. JIOMONHUTENFHO OTMEYEHO, YTO Ta30BEHIC
KOTENbHBIE XapaKTepHu3yloTcst Ooyiee CTAOMIBHBIM PEXKUMOM TOPEHHUS, MEHBIIUM H3HOCOM OOOPYJIOBAHHS H
BO3MOXKHOCTBIO MHTEIPAllMU KOTEHEPAOHHBIX TeXHOJIOrHi. [IpoBeAEHHDINH aHAIN3 MTOATBEPIKIAET, YTO Ta3U(HUKALUS
TEIJIOBBIX HMCTOYHUKOB SIBIISIETCS BAXKHBIM JTAllOM peau3allii TOCYJApCTBEHHON MpOrpamMmbl JeKapOOHH3AIUH U
obecrieunBaeT 3HAUUTENBHOE YIyUIICHHE YKOJIOTHUECKOM CUTyalllK B MPOMBIIIJIEHHBIX pernoHax KazaxcraHa.
Knrouesvie cnosa — >ueprodhHeKTHBHOCTh, KOTEIbHBIE YCTAHOBKH, NPHUPOJHBIA Ta3, TMHUICYTOJBHOE TOTUIUBO,
JiekapOoHU3ays, Ta3upuKaIms.

OCHOBHBIE ITOJIOKEHUSA TEIJIOBBIX TIOTEph M 0oJiee TOJHOTO CropaHus
BeinosineHa KOMIUIEKCHAs omeHka  ToruMBa. Onpeae/ieHbl KOJIMYECTBCHHBIC
SHEPreTHUYECKOW U JKOJIOTHYECKOW A(PPEKTUBHOCTH  TMOKA3aTelIN COKPAIICHUS BBIOPOCOB 3arps3HSIONINX
MepeBojia KOTEJBHBIX YCTAaHOBOK ¢ TbuieyroibHoro  BemecTB (COz, SOz, NOy u PMa2s) npu coxpaHeHun
TOIUIMBAa HAa MPUPOAHBIA Ta3. YCTAHOBJIEHO, YTO OJMHAKOBOM TEMJIOBOW MOIIHOCTH KOTEJIbHOM.

nepexoji Ha TNpUPOAHBIA Ta3 obecreunmBaer [IpemnoxkeH HHTErpajbHbIN DHEPrETUKO-
MOBBIILIEHHE KOA(PQUIUEHTA IOJE3HOr0 HCHUCTBHS  JKOJIOTMYECKUI MOKa3arenb, TO3BOJISTFOLLUIHA
KOTeNbHBIX ¢ 67 70 88 % 3a cYeT CHWKEHHS  KOMIUJIEKCHO OIIEHHBAaTh 3pPEKTHBHOCTH
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MEPOIPHUATUMA o
TEIUIOIHEPTETHICCKUX OOBEKTOB.

razudukanum

BBEJEHUE

CoBpeMeHHasi ~ JHEpPreTHYecKas  MOJUTHKA
Peciyormmkm  Kazaxcran — opueHTHMpoBaHa  Ha
YCTOWYHBOE pasBuTHe u MO3TAIHYIO
neKapOOHHU3AIHIO TOTLTUBHO-?HEPT€TUIECKOTO
KOMIUIEKca. B CTpyKType 3HEpPrompon3BOICTBA
CTpaHbI JOJI YTOJBHOTO TOTUTUBA MO COCTOSIHHIO Ha
2024 rox cocrasinsieT 6onee 60%, uTo 0OycnaBIuBaeT
BBICOKHE BBIOPOCHI JNHOKCHAA YTIIepojia M IPYTHX
3arpsi3Hsronux Bemects [1]. OcHOBHBIE KOTEIbHEIE
YCTaHOBKH, ()YHKIMOHUPYIOIINE HAa MBUICYTOJIHHOM

TOILIHBE, XapaKTePU3YIOTCS HU3KUM
KO3(DPUITMECHTOM TIOJIE3HOTO IeHcTBHS (B CpeaHeM
65-70%) W TOBBINICHHBIMUA  3aTpaTaMH  Ha

TexHr4YecKoe obOcmyxuBanue [2]. B To ke Bpems
MHUPOBOM M HAUMOHAJIBHBIA TPEHJ HANpaBlICH Ha
MOBBIIIEHHE JHEProd(Y(EKTUBHOCTH, COKpaIIeHUE
YIJIEPOAHOTO clieia W Tepexoj K 0ojiee YUCTHIM
WMCTOYHUKAM 3Hepruu [3].

Onnaum u3 KITFOUEBBIX HarnpaBJICHHN
MOJIEpHU3AINH KOMMYHAaJIbHO-TTPOMBIIJICHHBIX
TEIUIOBBIX HCTOYHMKOB B Kaszaxctane sBisercs
NEPEeBOJl KOTEIbHBIX C MbUICYTOJIBHOTO TOIJIMBA HA
npupoaHblid Ta3. [laHHBIA mporecc obecrednBaeT
3HAYUTEIILHOE CHIKEHHE YICIbHBIX BEIOpOCcOB COo,
SOz, NOyx 1 TBEPABIX YACTHII, 8 TAKXKE MOBHIIICHUE
JHEepPreTHYECKOU 3hPEKTHBHOCTH CUCTEM
ternocHaOxenus [4]. CorilacHO HCCIIeJOBaHUSAM
MeXayHapoJHOTO  JHEPreTHYECKOr0  areHTCTBA
(IEA), mpu WCMONB30BaHUM TPHUPOJHOTO Trasza
KonndecTBO BbIOpocoB CO: ymeHblIaercst Ha 45-
50%, BBIOPOCHI CEpPHUCTBIX coenuHeHni — Ha 95%, a
TBEPABIX wacTul] (PMazs) — Gosee uem B 50 pa3 mo
CPaBHEHHIO C YTOJIbHBIM TOIUIUBOM [5].

JlonoTHUTENEHBIM MPEUMYIIECTBOM
rasuuKanuy SBISIETCS. BO3MOXHOCTb BHEIPEHUS
KOT€HEPAIIMOHHBIX TEXHOJOTUH, YTO TO3BOJISET

OJTHOBPEMEHHO  BbIpalbaThIBaTh  TEIUIOBYID  H
ANEKTPUIECKYI0 SHepruro, mosbimas oOmmit KI1J]
ycranoBku 10  90-92% [6]. Mcnonb3oBanue

MPUPOJIHOTO Ta3a CIOCOOCTBYET TAKIKE CHHXKCHHUIO
M3HOCa OOOPYJIOBaHWS, YMEHBIICHUIO 3aTpaT Ha
(UIbTpPaAIMIO NBIMOBBIX Ta30B M CO3JaHHI0 Oolee
0e30MacHBIX YCIOBUH 3KCILTyaTauu [7].

B Kazaxcrane peanuzanus mporpaMm 1o
ra3u(uKanuu akTUBHO OCYIIECTBISETCS B PETHOHAX
C BBICOKMM YPOBHEM 3arpsi3HeHHs atMochepsl —
Kaparanaunckoii, IlaBnogapckoit u Kocrtanakckoit
oomactsax. ITo ganueiMm AO «KEGOC», Tomeko 3a
2020-2024 TOJIbI KOJIMYECTBO KOTEJIbHBIX,
NEPEBEAEHHBIX HA MPUPOAHBIA ra3, YBEIUYMIOCH
0oJjiee ueM B JBa pa3a, YTO Y)KE MO3BOJIHIIO CHU3UTh
BBIOpOCH! yraepoaa Ha 1,2 MiH TOHH B rof [8].
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Ienv wuccneoosanusn. llenpio ucCCIeTOBaHUS
ABIISIETCSI KOMIUIEKCHAs OLIEHKAa JHEPreTUYeCKON U
3KOJIOTMYECKOU 3¢ PEeKTUBHOCTH nepeBoja
KOTEJIBHBIX YCTAHOBOK C TBUICYTOJIBHOTO TOILTHBA Ha
MIPUPOIHBINA ra3 Ha OCHOBE CPABHUTEIHHOTO aHATN3a
TEIIOTEXHUYCCKUX XapPaKTEPUCTHK, KOAPhHUIIneHTa
IIOJIC3HOTO JICUCTBUS, TEIIOBBIX MOTEPh U BHIOPOCOB
3arpsI3HSIONINX BEIIECTB.

3a0auu uccnedosanus. BBHIIOIHHUTH aHAIHU3

COBPEMEHHOI0 COCTOSIHUS KCIIOJIb30BaHUS
YTOJBHOTO MIPUPOTHOTO

TCIUIOOHCPT CTUKE Ka3aXCTaHa;

TOIUNIMBA | raza B
MPOBECTH PacdeT PHEPreTHIECKHUX MOKa3aTelnei
YTOJNBHBIX W TA30BBIX KOTEIBHBIX MPH OJWHAKOBOU
TEIIOBOW HArpy3Ke;
OTIpEACTTUTh W3MEHEHUE Koa(uIenTa
TTOJIE3HOTO JIEHCTBUS U CTPYKTYPHI TEIUIOBBIX MTOTEPh
[IpH TIepexo/ie Ha PUPOTHBIN ras;

BEITIOJTHUTH CPABHHUTEIHHYIO OIICHKY BEIOPOCOB
COy, SOz, NOy u TBepAbIX YacTHUIl IO METOJUKAM
IPCC u EPA;

paspabotats

I/IHTCI’paHBHLIfI I10Ka3aTciib

3HEPreTUKO-3KOJIOTHIECKOMH 3 HEKTHBHOCTH
ra3u(uKanu KOTEIBHBIX YCTAaHOBOK.

IlIpoden 6 wuccnedosanuax. HecmoTps Ha

3HAYUTEILHOC KOJIMYECTBO HCCIICAOBAaHUI,
MOCBAIIEHHBIX BOIIpOCaM nexapOOoHM3AIH
SHEPreTHKH W  TOBBIICHHIO  3(P(EKTUBHOCTH
TEIJIOIHEPTETHUECKNX YCTAaHOBOK, HEIOCTATOYHO

paboT, B KOTOPBIX OJHOBPEMEHHO BBITIOIHSICTCS
KOMIUIEKCHAS OIlEHKA OHEPTrEeTHYECKIX 5
9KOJIOTMYECKUX MPEUMYIIECTB MEPEBOJIa KOTEIBHBIX
YCTAaHOBOK €  MNBUICYTOJILHOTO  TOIUIMBA  HA
MPUPOAHBIA Ta3 C HCIOJIL30BAHUEM  CIUHOM
pacueTHoOi MeToauku. Kpome Toro, orpaHuueHO
KOJIMYECTBO HCCIIEIOBAHMIA, YUUTBIBAFOIIIUX
COBpPEMEHHbIE CTATUCTUYECKHUE JaHHble PecryOnuku
Kazaxcran n o0beiuHAIONIMX aHaTN3 KO DUIeHTa
IOJIC3HOTO JICHCTBYSI, TEILIOBOTO OajaHca, BHIOPOCOB

3arpsi3HSIONIMX ~ BEIIECTB W WHTETrpPallbHBIX
rokasarenei 3PeKTUBHOCTH.

Hayunana  nosuzna. HaydHas  HOBH3HA
WCCIIEIOBAaHMA ~ 3aKJII0YaeTcs B pa3paboTke

KOMIUIEKCHOTO METOJMYECKOT0 TOJX0Aa K OLIEHKE
3¢ (HEeKTUBHOCTH MEPEBOIa KOTEIBHBIX YCTAHOBOK C

NbUICYTOJIBHOI'O  TOINIMBA Ha HpHpO}IHLIi/’I ras,
OCHOBAHHOI'O Ha COBMECTHOM aHaause
SHEPTreTUYECKUX, TEIJIOTEXHUYECKUX u
3KOJIOTHYECKHUX rokaszaTeseH. [Ipennoxen
HUHTErPaJIbHbIN SHEPreTUKO-IKOIOTMUECKUI

MOKa3artesb, MO3BOJISIONINI KOJTHYECTBEHHO OLICHUTD
COBOKYIHBIH 3¢¢ekT TrasupuKanum C yIeToM
npupocta KodhdummenTa MoNIe3HOro JCHCTBUS U
CHIDKEHHSI BBIOPOCOB 3arpsi3HSIOMIMX BEILECTB, YTO
obecrieunBaeT  Oonee  OOBEKTHUBHYIO  OLIEHKY
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3¢ (HEeKTUBHOCTH MEPONPHUATHH MO JeKapOOHHU3ALNU
TeriosHepreTuku Kazaxcrana.

METO/bl U MATEPUAJIBI

Meronngeckast OCHOBa HCCIIeIOBAHUS
HampaBlieHA Ha OMpeAeNieHHE SHEPreTHYECKON U
9KOJIOTHYECKON 3 PEeKTUBHOCTH nepeBoja
KOTEJBHBIX YCTAHOBOK C TBUIEYTOJILHOTO TOTLTHBA Ha
npupoaHbii  ra3. llenbto METOAWKH  SIBISETCS
MOJTy4YeHUEe OOBCKTUBHBIX JIAHHBIX O BIHMSHUU BHJA
tormBa Ha KIIJI, pacxon sHeprum, YpOBEHb
BBIOPOCOB  3arps3HAIONIMX BEIIECTB W OOt
skonorunueckuii 3ddext. McecnenoBanue BHIMTOIHEHO
C  HCIONBb30BaHMEM  KOMIUIEKCHOTO  MOAXOJa,
BKJTIOUAIOIIETO aHaJN3 HOPMATHUBHBIX JOKYMEHTOB,
pacuéT TEIUTOTEXHWYECKHX ITOKa3zaTeNel, a Takxke
cornocTaBiieHHe (HaKTHYECKHX U PaCUETHBIX JaHHBIX
0 KOTEIIbHBIM ycTaHOBKaM Kazaxcrana [1-8].

B KadecTBe WHGOPMAITIOHHOM 0a3bl
ucmoyp3oBamch oT4éTEE AO «KEGOC» 3a 2020-
2024 TOJIBL, CTaTUCTUYECKHUE MaTepUabl

MunncrepcTBa sHepreTHKH Pecrydmmku Kazaxcran,
a TaKxke MeKIyHapoaHbie uctounuku — |IEA, IRENA,
IPCC u EPA. Jlns yrouHeHHs pacd€ToB ObUIN
MIPHUBIICYCHBI YUeOHBIE U METOJANYECKUE TTOCOOHS TI0
TEIUIOTEXHUKE M KOTEIbHBIM YCTaHOBKaM, B TOM
grcie Tpyasl borociosckoro u Kubapuna [9-11].
Metonuka  BKIIOYAaeT  TOCIEIOBATEIbHEIC
9Talbl: aHAIN3 HMCXONHBIX IAHHBIX, OIpEACICHUE
SHEPreTUYECKUX II0KA3aTeNedl KOTENbHBIX, PACUET
TEIJIOBOTO OanaHca, OLICHKY BEIOpPOCOB
3arps3HAIOIIMX BEIIECTB M HWHTETPAIbHYIO OLEHKY
s dextuBHOCTH Tazupukanuu. Ocoboe BHUMaHHUE

YACIACTCA  CPaBHCHHIO  YTOJIBHBIX W T'a30BbIX
KOTCJIIbHBIX npu OJNHAKOBBIX YCIOBUSX
OKCIUTyaTalluu, 4qTo IIO3BOJIACT YCTaHOBUTD

KOJINYECTBEHHbIE PAa3NUuus B JIPQPEKTUBHOCTH H
9KOJIOTHUECKUX XapaKTePUCTHUKAX.

HcxonHple  TEIDIOTEXHWYECKHE  IMapaMeTphl
TOIJIMBA — HU3MIAsl TEMJIOTa CrOPaHHs U MacCOBOE
coJiep>KaHue Yriepoja M Cepbl — ONPEACISIIOTCS 0
IrocCt 147-2013 [10]. CpenHue 3HaYeHUS
COCTaBJISIOT U TIBUIEYTOJIEHOTO TOIDMBa 27-29
MJx/kr, a mis npupoaHoro rasa 34-36 MJx/m3,

DOTH pa3nuuus HEMOCPEACTBEHHO BIHAIOT Ha
IHEPreTUUECKYIO 3(PPEKTUBHOCTH KOTEIBHBIX.
TennoTBopHasi ~ CIIOCOOHOCTH  OIpeeNsieT

BEJIMUMHY TEIUIOBOTO IIOTOKA, MOCTYIMAIOUIEro Ha
TEII000MEHHBIC MOBEPXHOCTH KOTHa. s oueHkn
KII[I xoTenbHOM UCTIONb3YETCs] 3aBUCUMOCTbD:

n = (QTenn/Qn) * 100%, (1)
rne Q. mone3Has TemoTa, NEpeJaHHas B

cucrteMy TerocHaOKeHus, a Qrenn — KOJWYECTBO
TEIUIOTHI, BbIICTUBLICECS IPU CrOPAHUU TOILIUBA.
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[Tonesnas TEIJI0Ta OnpeaenseTCs
MIPOU3BEAECHUEM PACXOAA TEIJIOHOCUTEIS,
€royJIeIbHOM TEIIOEMKOCTH W TEMIEPATypHOIO
repernaja Mex 1y ToJIaroliel 1 00paTHOW JIMHUSAMU:

Q=G-GCp- (), @

rnie G — wMaccoBeli pacxonm Bomel, Cp —

termmmoémkocth (4,19 k/lx/kr-°C), t, t -
TeMIIEpaTyphbl MOJJA4M U 0OPATKH COOTBETCTBEHHO.

B KavecTBe WILTIOCTPATUBHOTO, HO

PEATHCTHYHOTO  PEKHMa TPUHATHI  MAapaMeTpPhI

Ter1o(UKaIMOHHOTO KOHTYypa: pacxoa Boasl G = 120
Kr/c, TeMIeparypsl mogauu u ooparku t; = 95°C u t;
= 70°C, ynenbHas Terioémkocth Boasl Cp = 4,19
kJDkx/(kr/°C). Ilome3nass TemioBas  MOIIHOCTH
KOTEILHOH MPH TAKUX YCIOBHSIX paBHA:

Q. = 120 - 4,19 - (95— 70) = 12,570 k[I/c = (3)
12,57 MBr.

ILHS[ BapuaHTa Ha YTJIC€ NMPUHUMACTCA HH3IIAA
TEIUIOTA CTOPaHUs Gy, = 28 MJDk/kr [10]. Ecnu
(hakTHUeCcKUil CEeKyHIHBIN pacxo. ToruBa By, = 0,67
KI'/C, TO TEIUIOBOI BBOJI B TOIIKY PaBEH:

QTorm, yr = By‘r Gups ye = 0,67 X 28,000 = 18,76MBT (4)

Orcioga ko3 (UIIUEHT TMOJIC3HOTO JICHCTBUS
YrOJIbHON KOTEJIBHOW COCTaBIISCT:

Ny = (18,76/12,57) - 100 = 67,0% (5)
HonyquHoe 3HAYCHUC COOTBCTCTBYCT
TUITIOBBIM YACIbHBIM MOTepAM IMBUICYTOJIBHBIX

arperaToB: cymMmmapHoO okoiyio 12-14% mpu pabote ¢
U30BITKOM  BO3[yXa, 3HAYMMBIX IMOTEPSX C
YXOISIIMMU ra3amMu U HETONHOTE cropanus [9, 11].

st BapraHTa Ha MPUPOTHOM Ta3e IPUHUMAETCS
HU3IIas TEIJIOTA CTOPaHUs (up, Taz = 35 MJbk/m3
[10]. TpeOyembIii TETIIOBOM BBOJ [T IO AEP KAHUS
TOH jXKe Mmoje3Hod MowHocTH npu ueiaeom KII
Nras = 88% ompemensercs depes:

Qronn., ras = Qu/ Mras = 12,57/0,88 = 14,29 MBT. (6)

OKBHUBAJICHTHEIN 00BEMHBIN pacxo rasa:

Vza'j annﬂw zagqupy 2a3 = 14,29 . 103
kJIx/c/35,000 kJx/m® = 0,408 m3/c =
1,47 - 103 am%/u. (7)
Ilepexon ot yrmsa k raszy mnosbimaer KIIJ c
67,0% no 88,0% T0 ectb Ha 21%, uTo (U3HUECKU
CBSI3aHO C MCHBIIUMH TOTEPSIMHU C YXOJSIIUMH
ra3amMM, OTCYTCTBHEM XHMHYECKOW HEHOJHOTEHI
CTOpaHMs U CHWKCHUEM MEXaHHYECKOW HETOJIHOTHI
(3ompHOCTH) B Ta30BoM Bapuanre [9, 11]. Ha puc. 1
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npesacrabied cpaBHenue KIIJ[ yronsHO# M ra3zoBoit
KOTEJbHBIX.

Pucynok 1 — CpaBuernne KI1J] yronbHO# U ra30BO# KOTEIBEHBIX

ITepexoxst x BbIOpocam, 3a 1 wac
YCTOMYHMBOU paboThI paccMaTpuBaeMoro
pekuMa BbIpabOTKa Terjia paBHa:

A= ¢, -3600c/4 = 12,57 - 3,6 = 45,252I'JIx. (8)

Ucnonp3yst meroguky [PCC u smMuccuoHHbIe
¢aktoper IPCC/EPA [6, 7], HaxoguMm YacoBbIE
BBIOPOCHI K&XKIOT'0 3arps3HUTENS 110 popmyIe:

E= A - £F, )

rae Z; — mMacca BBIOPOCOB i-TO 3arpsA3HSIONIETO
Bemectna, Kr/I'JIx;

A — KOIIMYeCTBO COMXOKEHHOTO TOoruuBa, I J[XK;

£F;— svmmccnonnbiil Gaxtop, Kr/T'Jx.

3HaueHus SMHUCCHOHHBIX (hakTopos
OIIPEIEIISUINCH TI0 JaHHBIM MeXIpaBUTEIbCTBEHHON
IPYIIIBL KCIEPTOB 10 n3MeHeHuto kiumata (IPCC,
2023) u AreHTCTBa MO0 OXpaHE OKPY>KAIOIIeH Cpezbl
CIIA (EPA, 2024) [6, 7]. dns yroiapHOro TOIIMBA
npu EFcoz = 94KF/FI[)K, EFsoz = 900F/FI[)K, EFNOX =
450r/T 1k, EFpm2s = 180r/T [T nony4aem:

oz, ye = 45,252 - 94 = 4,253kr/u = 4,251/4;
£502, 5. = 45,252 - 900 = 40,727r/4 = 40,73kr/4;
LNox, ye = 45,252 - 450 = 20,363r/4 = 20,36k1/4;
Epuz s, ye = 45,252 - 180 = 8,1451/4 = §,15kr/4.

st npupoanoro rasza npu: EFcop = SOxr/T' Ik,
EFso2 = 40I‘/171)K, EFnox = 180I‘/F)1)K, EFpm2s =
3r/I'JI>k. COOTBETCTBEHHO:

£¢02, 205 = 45,252 - 50 = 2,263kr/9 = 2,267/4;
£502, 205 = 45,252 - 40 = 1,810r/9 = 1,8 1xr/4;
£Nox, 2as = 45,252 - 180 = 8,1451r/u = 8,15kr/4;
EPMz,j, a3 — 45,252 - 3= 1361"/‘1 = 0,136KF/‘-I.

ComnocraBieHne  TOKa3bIBaeT, YTO  IPH
COXPAaHEHUHU TOM K€ IOJIE3HOM MOIIHOCTH Ta3oBas
kotenbHas cHmwkaer CO; nmpumepHo B 1,9 pasa, SO,
— Oosiee uem B 22 pasza, PM2s — B 60 pa3, a NOx —
npuMepHo B 2,5 pasa. [ HarsiIHOCTH 3TH
pasnuuus npeaAcTaBiIeHs! Ha puc. 2 [5-7].

OcHOBHast JONsi BBIOPOCOB TPUXOAUTCS Ha
muokcrn yraepoxa (CO2) - okono 4,25 xr/4, 4rto
CBUJIETEJILCTBYET O 3HAYUTEIBHOW yTIEPOJAHOU
HarpysKe [pH C)KUTaHUM YTIs. Takke CyIecTBEHHBI
BBIOPOCHI OKCHJIOB CE€pbl M a30Ta, SBJISIOIINCCS
OCHOBHBIMU MpPUYMHAMH KHCJIOTHBIX JOXKICH W
(hOTOXUMHYECKOTO CMOTa.

[lepexom Ha TpPUPOHBIA Ta3 OOECIEYUBAET
CYIIIECTBEHHOE CHI)KEHHE BEIOPOCOB 3arpsI3HSIONINX
BEIIECTB M TMAPHHUKOBBIX Ta30B IPH COXPAHEHUH
MPEeXHEr0  YpOBHA  TEIUIOCHAOKEHHMS. 910
MOATBEP)KAaeT  HEOOXOAMMOCTh  MOAEPHU3ALUH
CHCTEM TETUIOCHA0)KEHHUS C aKIIEHTOM Ha Mepexo] K
0oJ1ee SKOIOTUYECKH YUCTHIM BHIaM TOILIHBA.

JanpHeliee CHUKEHUE SMUCCUNA BO3MOXKHO 32
CU€T BHEJPEHHS CHCTEM OYUCTKH JBIMOBBIX T'a30B,
MOBBIIIEHHUST SHEPTrodPPEKTUBHOCTH 00OPYAOBAHUS
W HMHTErpalud  BO30OHOBIAEMBIX  HCTOYHUKOB
SHEPTUU B THOPUIHBIE CUCTEMBI TEIUIOCHA0KEHHS.
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Pucynox 2 — CpaBHeHHE yIeJIbHBIX BHIOPOCOB 3arps3HAIONINX BEIECTB

TermnoBoi Oamanc armpoOKCUMHUPOBAJICS
pacmpeneneHHeM  MOTepb,  COMNIACOBaHHBIM  C
nonydyeHHbIMU KITJI. I yroapHOTO BapHaHTa IpU
Qumons, y» = 18,76 mpuHsiTA CyMMapHasi JOJis MOTEPb
33%: c yxomsamumu razamu 20%, XuUMHYecKas
HenojHOoTa 6%, MexaHuueckas HemnojHoTa 4%,
Kopiyc/panuanus 3%.

CoOOTBETCTBYIOLIME MOLIHOCTA HOTEph: 3,753,
1,131, 0,750 u 0,56 MBT (cymmapso 6,19 MBT), uto
naéT

Mye = 67%. s Ta3oBOTO BapmanTa mnpu QTOII,
ra3 = 14,29MBT cymmapHsle noTepu NpuHATH 12%:
yxomsme  rasel 8%, MexaHuueckas 1%,
kopmyc/pamgumauus 2%, npoune 1%,  uro
cootrBercteyer 1,14, 0,14, 0,29, 0,14 MBT
(cymmaprao 1,71 MBT) u paér nraz = 88% J[nsa
WIIIOCTPALMM  CTPYKTYpPHl  TCIUIOBBIX  IIOTEPh
1enaecooopasHo WCIIONB30BATh rpaduyeckoe
CpaBHEHUE 10 YETHIPEM KATETOPUSAM VISl YTOIBHOTO
Y Ta30Boro Tormmaa (cm. puc. 3) [9; 11].

Pucynok 3 — CpaBHeHue noteps yriis u rasa

Hans COTIOCTABJICHUS JHEPTreTUIECKOTO
BBIMIPHIIIA M HKOJOTMYECKOro »(dekra BBeAEM
WHTETPAIbHBINA oKa3areb, OTpayKarOIUi
COBOKYITHBIH  pe3yibTaT  rasuukandd  [pH
COXpaHECHUU TEIUIOBOW Harpy3ku. Mnmes mokazarers
COCTOMT B TOM, 4YTO HTOTOBas  «IOJb3a»
CKJIaJbIBACTCS M3 ABYX O€3pa3MEpHBIX ClaraeMbIX:
oTHOcuTenbHOro npupocra KIIJI u oTHOCHTENBHOTO
CHWXKEHHMST CyMMapHbBIX BbIOpocoB. C yuérom
MPUOPUTETOB oOTpaciu (3HeprodpdekTuBHOCTL —
MEPBUYHA, DKOJIOTHS — KO-IIPHOPUTET) HUCIOIB3YeM
BecoBble k03 duimenTs! o u f§ Tak, 4Toos! a+f= 1.
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COBOKYTIHBIH apdexT ra3zudukanumn
OLICHUBAETCS Ha YpOBHE 37,8%, 4TO
HHTEPIPETUPYETCS KaK HMHTErPajbHBIA MPUPOCT
«TIOJIE3HOCTH» CHUCTEMBI C Y4YETOM BBIOPAHHBIX
BECOBBIX  IPHOPUTETOB  JHEPreTUYECKOr0 |
9KOJIOTHUECKOTO KpuTepueB. B cmywae, ecnu B
KOHKPETHOM  IPOEKTE€ JKOJIOTUYECKUH  acIeKT
SIBJISIETCSL OTIPEJICIISIFONINM, JIOIYCTUMO YBEJIMYCHUE
ko3¢ uImeHTa 3 ¥ COOTBETCTBYIOIIEE YMEHBIICHHE
0; TpU OTOM  METOAOJOTHYECKHH  IOAXOJ,
HOPMHPOBKH W  HMHTEpIpETalus  pPe3yJbTaToB
COXpaHSIOTCSA 0€3 N3MEHEHHH.
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PE3YJIBTATBI U1 OBCYKIEHUE

ITpoBea€HHBIE pacy€Thl MOKa3add, YTO MEPEXO]
OT MBIJIEYTOJILHOTO TOIUIMBA K MPUPOJHOMY Ta3y
MIPUBOJIUT K 3HAUYUTEIBHOMY POCTY SHEPTreTHUYECKON
3pGEKTHBHOCTH W  CYMIECTBEHHOMY CHIKCHHUIO
9KOJIOTMUECKOI HAarpy3KH Ha OKPYXXAIOLIYI Cpemy.
IIpu coxpaHeHUU OAMHAKOBOM TEILUIOBOW MOLIHOCTH
KotenpHOM  Q,=12,57 MBT  wucnonp3oBaHHE
NPUPOJHOTO  ra3a  OOECHEeYMBAaeT  IOBBILICHUE
K03(uLKeHTa MOJIE3HOT0 AEHCTBHA C 1)y = 67% 10
Nows = 88% dYTO COOTBETCTBYET mpupocTy Ha 21
MPOLIEHTHBIN TYHKT.

PacuéThI SKOJIOrMIEeCKHUX ITOKa3aTeICH BEISBUIIMN,
YTO MpU TEePEeXoje Ha MPUPOTHBIA ra3 HabIromaeTCs
CHIDKEHHE YIENbHBIX BBIOPOCOB 3arps3HAIOIIMX
BEIIECTB 00jIee YeM B IIATh pa3. Y IEIbHbBIE BEIOPOCH
IUOKCH/Ia yriepoAa yMeHplialorcs ¢ 94 go 50
kr/T" Ik, okcuioB cepbl — ¢ 900 10 40 r/T"JIx, okcuaoB
azota — ¢ 450 no 180 r/I'’JIkx, a TBEPABIX YACTHI]
(PM25) — ¢ 180 no 3 /T Ix. Ha pucyHke 2 HarjsiqHo
MOKa3aHO, YTO JOJS TBEPABIX YACTUI[ U CEPHUCTHIX
COCIMHEHHHA MPU CXKUTAaHUM HOPUPOJHOTO rasa
MPAaKTHYECKU CTPEMUTCS K HYJII0, YTO MOATBEPKAACT
BBICOKYIO 9KOJIOTHYECKYIO 3 PEKTUBHOCTh
ra3udukanum.

AHanu3 TemjaoBoro OanaHca MOATBEPAMI, YTO
JUI  YTONBHBIX KOTENBHBIX CyMMapHbIe MOTepU
COCTaBIIAIOT 0K0JI0 14%, 13 KOTOpPBIX 7% MPUXOIUTCS
Ha yxopsimue rasbl, 3% — Ha XUMHYECKYIO HEIIOIHOTY
cropanus u 10 4% — Ha MEXaHWYECKYIO HETIOJIHOTY U
Temonepenadyy 4epe3 Kopmyc. Jliasg  ra3oBbIX
KOTENBHBIX 3TH NOTEPH CHIKaIOTC 10 6%, 4YTo
cornacyercs ¢ pacuétHbiM KI1JI 88%.

Jis  00O0OMIEHHOW  OLIEHKHM  KCIOJIB30BaH
HHTETPAJIbHBIN JHEPreTUKO-IKOJIOTMYECKUI
NoKazaTeldb,  OOBEAMHSIOUMA  OTHOCHTEJILHBIH
mpupoct KIIJI u oTHOcWTenbHOE  CHIKEHHE
CYMMapHBIX BBIOpOCcOB. Pacuérbl mokazanm, dTO
COBOKYMHBIHN 3(p(hexT razudukaiiy CocTapiIsieT OKOJIO
37,8%, 4TO MOATBEPKNAET KOMIUIEKCHOE YJIyUIlIEHUE
9KCIUTyaTallMOHHBIX XapaKTEPUCTHK KOTENBHBIX MpPU
nepexozie Ha MPUPOAHBIH ras.

Takum oOpazom, rasudukamys KOTEIbHBIX
YCTaHOBOK siBIIsieTCsl 3P (PEKTHBHBIM HHCTPYMEHTOM
MOBBIIIICHUST SHEPrOdPGEKTUBHOCTH W CHHKEHUS
YIJIepOJHOro ciesa B TemnosHepretrke Kasaxcrana,
O0COOCHHO B PErMoHax C BBICOKOH KOHIIEHTparuen
MPOMBIIIJIEHHBIX ~ HCTOYHHKOB  BBIOPOCOB
Kaparannunckoni, IlaBmomapckoit m Kocranaiickoit
obnactax [1-8].

BbIBObI
1. IlpoBenéHHBI aHaNM3 MOATBEPAWI, YTO
MEePEeBOJl KOTEJIBHBIX YCTAaHOBOK C MBUICYTOJIBHOTO
TOIUIMBA HA TPUPOAHBIA Ta3 obecredynBaeT
noBermierne KI1JL ¢ 67% mo 88%, To ecTs mpuMepHO
Ha 21 NpOLEHTHBINA MyHKT.
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2. CyMMapHBbIe TEIIOBbIC TIOTEPH MPH T'a30BOM
CKHTaHUH COKpAIIAr0TCs O0JIee YeM BABOE, TITaBHBIM
00pa3oM 3a CYET CHIKEHHUS MOTEPh C yXOIIIIUMHU
ra3aMy M OTCYTCTBHUSI MEXaHHUYECKONH U XMMUYECKOM
HEMOJHOTHI CTOPaHMSL.

3. DKojoruueckas 3 PEeKTHBHOCTH
rasu@uKalnuy BBIPaXKAcTCs B CHW)KEHUH BBHIOPOCOB
CO: nouru B n1Ba pasza, SO, — 6osee yeM B ABAANATH
pas3, NO; — B 2,5 pa3sa, a TBépabIx yactul] (PMzs) —
noutu B 60 pas.

4. lnTerpaibHbli  SHEPTETHKO-3KOJIOTUIECKUHT
apdexkr rasmdukamum cocrtaBun  37,8%, UTO
CBUJIETENILCTBYET O KOMIUICKCHOM  yIyYIICHHU
XapakTepUCTUK  CHCTEMBl M TOATBEPXKIACT
[1eJ1ecOo00pPa3HOCTh BHEIPEHUS MPUPOIHOTO Taza B
KauecTBE  OCHOBHOTO  DHEPrOHOCHTENS  JUIS
KOMMYHAJIbHO-TTPOMBIIIJICHHBIX KOTCJIbHBIX
Kazaxcrana.

BKJIA/I ABTOPOB

(maxconomusn CRediT).

AxkuyiabnaHos  P.A..  KoHUenTyanuzanus
UCCIIEI0BaHN, pa3paboTka METOJIOJIOTHH,
MPOBEICHUE pAcUeTOB, aHAIW3 W HWHTEPIpeTaIys]
pe3yabTaTOB, BU3yalIM3alusl AAaHHBIX, MOATOTOBKA
MEPBOHAYAIFHOTO BapHAHTa PYKOIIHCH.

Kadanosa TI'.I'.. ¢opmanbHbIi  aHamM3,
[IPOBEPKa PpacueToB, YYacTHE B WHTEPIPETALUH
pe3yabTaTOB, HAYYHOE PEAAKTUPOBAHHUE PYKOITUCH.

Kamapoa C.H.: anamu3z nuTepaTypHBIX
HUCTOYHUKOB, BAIMAALINS PE3YIbTATOB HCCIEIOBAHUS,
ydacThe B OOCYXKAEGHHUHM Pe3yJIbTaToOB, MOATOTOBKA
MaTepHalioB CTAThH.

Onumenko O.H.: HaydHOE KOHCYIBTHPOBAHUE,
aHaJIN3 PHEPreTHYECKUX U IKOJOTMYECKHUX ACTIEKTOB

HACCIIE0BAHMS, KPUTUYECKUN IEPECMOTP
COJIEp’KaHUs PyKOIIHCH.

Kopues B.B.. HayyHoe  pyKOBOCTBO,
[IOCTAHOBKA 3a/la4 HUCCIICJOBAHUA, OKCIIEPTHAs

OILIEHKa TOJYYEHHBIX PEe3yJIbTaTOB, OKOHYATEIBHOE
PEAAKTUPOBAHUE U YTBEP)KJIEHUE PYKOIHCH.
Bce aBTOpBI NpUHUMAITH YYacTHE B 00CYKICHUH

pe3yJbTaTOB  HUCCIIEAOBAaHUS, O3HAKOMMINCh C
OKOHYATEJFHOW BEpPCHEN PYKOMHCH, 0100pHIN e€ K
myOJdWKamMy W HECYT OTBETCTBEHHOCTh  3a

AOCTOBCPHOCTDL IMPEACTABJICHHBIX JdHHBIX.

OUHAHCHUPOBAHUE
HccnenoBanue BBIIONHEHO 0€3 MpHUBICUYEHUS
BHENIHETO (PHHAHCHPOBAHHS.

KOH®JIMKT MHTEPECOB
ABTOpBI 3asBISIIOT 00 OTCYTCTBHH KOH(IMKTa
HHTEPECOB.
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Abstract — The article presents a software-based method for converting a conventional momentary push button into a
state-retaining (toggle) button using the Arduino programming environment. Unlike a standard push button, which
remains active only while pressed, the proposed method enables the button to retain its logical state after each actuation
without requiring additional electronic components such as flip-flops, relays, or latching switches. The approach is based
on detecting the transition of the button signal from the released to the pressed state and changing the stored logical
variable each time this event occurs. To improve operational reliability, the algorithm incorporates software debouncing
to eliminate false triggering caused by mechanical contact bounce. The proposed solution reduces hardware complexity,
minimizes system cost, and increases flexibility, since the switching behavior can be easily modified by changing the
program code. The method is suitable for controlling LEDs, relays, motors, and other actuators that require stable ON/OFF
operation. Practical implementation examples demonstrate the effectiveness of the algorithm in educational laboratory
projects, home automation systems, lighting control, industrial control panel simulation, and rapid prototyping of
embedded devices. Experimental testing confirmed stable operation under repeated switching cycles and reliable state
retention during continuous controller operation.

Keywords — Arduino, button, state-retaining button, programming, automation, state control, electronic devices, education.

ARDUINO IINTAT®OPMACBIHJA BAFJAPJTAMAJIAY APKbLJIbI KYW/II ECTE
CAKTAUTBIH BATBIPMAHBI ’KACAY 9ICI

Y Pomanoe /1.1O., *Ecenzanues O.M.

Y«Kapazanovr undycmpusnoix ynusepcumemiy KeAK, Temipmay ., Kazaxcman
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Anoamna — Maxanaga Arduino Garjgapiamaliay OpTachlH MaialiaHa OTBIPHIIN, KOAIMIT KbICKA YaKbITKa OachLIaThIH
0aTBIpMaHBI KYW/I CaKTaWTHIH (ayBICTHIPBIN-KOCKBIII) OaThIpFa OarapiiaMaliblK TYple TYPJICHAIPY Sfici YCHIHBIIFAH.
Kanpins! OaTbipMa Tek OachlaFaH CoTTe FaHa OeliceHai OoJlaThIH OoJica, YCHIHBUIFAH 9JIic apOip OacynaH KeliH OHBIH
JIOTHKANBIK KYWIH TpUITEpNiep, pejeiep HeMece MEXaHWKalbIK OeKiTkimi Oap OaThlpMayiap CHSKTBI KOCHIMIIA
amnmapaTThIK AIEMEHTTE I KomaHOal cakTayra MYMKIHJIIK Oepe/ii. OMicTiH Heri31 0aThipMa CUTHABIHEIH OKiOepLITreH»
Ky#WIeH «0acburraH» KYHre aybICyblH aHBIKTayFa J>KOHE OCHIHIal opOip OKWFa Ke3iHJe CaKTajJFaH JIOTMKAaJIbIK
allHPIMAJIBIHBIH MOHIH e3repTyre HeriszgenreH. JKyMmbIc CEHIMAUIrIH apTThIpy MakcaThlHIA alropUTMIe OaTbipMa
KOHTAKTIJICPIHIH MEXaHUKAIBIK IPUTIHEH TYBIHIAWTHIH JKaJFaH iCKe KOCBUTyIapIpl OOJABIPMAWTBHIH OaFmapiaMaibIk
debouncing (koHTakTiNepAiH XipimiH OarmapiaMaiblK CYy3Tijiey) €HTi3inreH. YCBHIHBUIFAH INEIIIM KYPBUIFBIHBIH
anmapaTThlK KYPICNIJIriH a3aiTaapl, OHBIH KYHBIH TOMEHIETEIl XOHE JKYHEeHIH MKeMIUTriH apTThIpajabl, ®WTKeHi
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ayBICTBIPBINI-KOCY  JIOTUKACHIH ~OaFmapiaMaliblk  KOATHI ©3repTy apKblUIbl OHal  Oedimumeyre Oonaapl. Oic
YKAPBIKTUOTAPIBI, PENENePAl, dTEKTPKOFAITKBIIITAPIBI XKOHE TYPAKTHI KOCY/OIIipy PEKUMiH KaKET €TEeTiH 0acka Ja
aTKapyIIsl KYPBUIFBLIAPIEI OacKapy YIIiH KOJIAHBUTYBl MYMKiH. [IpaKkTHKaIBIK iCKe achIpy MBICAIIAPHI alTOPHTMHIH
OKy 3epTXaHajbIK >KoOaJaphlHAA, YHII aBTOMAaTTaHABIPY KyHelepiHae, KapbIKTaHABIPYAbl Oackapyna, eHEpKICIITIK
6ackapy MaHeJbIEPiH MOIENbACYAC JKOHE SHAIPUIreH KYPBUIFBUIAPABI JKeIeT IIPOTOTUIITEYAC THIM/II eKEeHIH KopCeTe .
OKCIIEPUMEHTTIK CBIHAKTap AITOPUTMHIH KOIl MOPTE ayBICTHIPHIN-KOCY IHUKIAEP Ke3iHAe TYPaKThl KYMBIC iCTCHTIHIH
KOHE MUKPOKOHTPOJIIEPIIH Y3/1KCi3 )KYMBICH OapbIChIHAA KYHAIH CEHIM/II CaKTaJaThIHBIH pacTabl.

Tyiiin co30ep — Arduino, 6aTeipMa, Ky#Hi ecTe cakTaiThIH OaThIpMa, OafFiapiiamanay, aBTOMaTTaHIbIPY, KYiii 6ackapy,
JIEKTPOH/BIK, KYpPBUIFbLIAP, OiiM Gepy.

METO/ TIPEOBPA3OBAHMSI OBBIYHOM KHOIIKH B KHOIIKY C
3AITOMHMHAHMUEM COCTOSHUA ITPU ITIOMOLIA
IMPOT'PAMMMUPOBAHUSA ARDUINO
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Annomayus — B cratbe TpenCTaBIEH NPOTpaMMHBIA MeTOJ NpeoOpa3oBaHMS OOBIYHONW KHONKH MTHOBEHHOTO
JNEWCTBUA B KHONKY C (YHKIHCH COXpaHEHHS COCTOSHHUS (TIEpeKIrovyarenb) C HCHOJNB30BAHHUEM  CPEIIbI
nporpammupoBaHust Arduino. B omimdme oT cTaHAAapTHOM KHONKH, KOTOpPas OCTAeTCs aKTHBHOH TOJBKO B MOMEHT
HaKaTus, TNpeIylaraeéMblii METOJ| IO3BOJIICT COXPAaHATh JIOTHYECKOE COCTOSHHE TIIOCIE KaXJOro HaxaTHs Oe3
HCTIONB30BaHUs JOMOIHUTEIbHBIX alllIAPATHBIX KOMIIOHEHTOB, TAKUX KaK TPUITEPHI, pElle MIN KHOMKU C MEXaHUIECKON
¢ukcarmei. [IpearaemMplii oAX0a OCHOBAH Ha OOHAPYKEHNH MIEPEX0/Ia CUTHAJIA KHOIIKH M3 COCTOSIHUS OTITYIIIEHA» B
COCTOSIHHE «Ha)KaTa» W H3MEHEHMH COXPAHEHHOW JIOTHMYECKOW TMEepeMEHHON NpH KaXIOM TaKoM COOBITHH. [l
TOBBILICHUSI Ha/Ie)KHOCTH pabOoThI aJITOPUTM BKIIFOUAET MPOrpaMMHOE MOJaBJIeHHE Apede3ra KOHTAKTOB, YTO UCKITIOYaeT
JIOXKHBIE cpabaThIBaHUs, BHI3BAHHBIC MEXaHWYECKHMMH OCOOCHHOCTSIMH KHONKH. [IpenoxkeHHoe pelieHne yMEHbIIaeT
amnmapaTHYIO CJI0XHOCTb YCTPOMCTBA, CHIJKACT €ro CTOMMOCTh M IOBBIIIAET TMOKOCTh CHCTEMBI, IOCKOJIBKY JIOTHKA
MEPEKIIIOYEHHUS MOKET OBITh JIETKO U3MEHEeHa ITyTeM KOPPEKTUPOBKH MPOTPaMMHOT0 Kojia. MeTo MOXKeT IPUMEHSATHCS
JUIA  YOPABJICHUS CBETOAMOAAMH, pene, JJIEKTPOJBHUTATENIMH W JAPYTUMH HCIOJHUTEIbHBIMH YCTPOHCTBAMH,
TpeOYIOIMMH yCTOHYNBOTO PEXXNMa BKIIIOUEHHS U BBIKIIOUSHHS. [IprMephl MpakTHUECKOH peanu3aniy IeMOHCTPUPYIOT
3G PEKTUBHOCTH aJTOPUTMa B y4eOHBIX JJAOOPATOPHBIX MPOEKTaX, CUCTEMAaxX JOMAallHeH aBTOMAaTHU3alMH, YIIPaBICHUN
OCBEIIIEHHEM, MOJEINPOBAHNH NPOMBIIIICHHBIX TTaHENeH yIpaBieHUs U ObICTPOM HPOTOTHIIMPOBAHNH BCTPAUBAEMBIX
YCTPOHCTB. DKCTIEpUMEHTAIIBHBIE NCTIBITAHHS MOATBEP MM CTaOMIBHYIO pPaOOTy aJlrOpUTMa IPH MHOTOKPATHBIX IIUKJIAX
TIEPEeKIIIOYEHHS ¥ Ha/Ie)KHOE COXPAaHEHUE COCTOSHMS B ITPOIIECCE HEMIPEPhIBHOW pab0oThl MUKPOKOHTpPOJLIEPA.

Kniouesvie cnosa — Arduino, KHONKa, KHOMKa ¢ (uUKcalueil COCTOSIHUS, MPOrpaMMHUpPOBaHHE, ABTOMATH3ALMs,
yTIpaBJIE€HUE COCTOSIHUEM, 3JIEKTPOHHBIE YCTPOHCTBA, 00pa30BaHHeE.

OCHOBHBIE ITIOJIOKEHUSA MPOEKTOB M TOBBICUTH 3(()EKTUBHOCTH OOYyUEHUs
Pazpabortan MIPOrpaMMHBIN METOJ  [POrPaMMHUPOBAHUIO0 MUKPOKOHTPOJIIIEPOB.
npeoOpa3oBaHus cTaHIapTHOH KHomku Arduino B
KHONKY ¢ (YHKUMEH 3alOMHHAHHUA COCTOSIHUS 0€3 BBEJEHUE
MIPUMEHEHUS JIOTIOJTHUTENBHBIX anmnapaTHbIX Arduino — »sto mardpopma IS CO3JAHUS
KOMIIOHEHTOB. IIpenyioxen ANTOPUTM  PA3IUYHBIX YCTPOMCTB M naxe poOoToB. [IpoexTsr

MEPEeKIFOUEHHsT  JIOTUYECKoro  coctostauss  mpu  Arduino coctost w3 camoid miartel  Arduino
KaXIOM HaKaTMM KHONKKM C HCIONb30BaHWEM  (HAmpUMep, B JaHHOH pabote ncnoib3yercs Arduino
nporpamMmMHbIx cpenctB Arduino IDE. [lokazano, yuto  Uno), pa3nu4HBIX  JaTIYAKOB, M  Pa3IUYHBIX
OPEAJIOKEHHBIA ~ IOAXOJX  IO3BOJISIET  CHU3UTh  HCIIOJHUTENIBHBINA YCTPOUCTB.

CTOMMOCTb Pa3padOTKH 3JIEKTPOHHBIX YCTPOMCTB, Arduino npumeHsieTcs Bo MHOTUX cdepax — B
YIPOCTHUTH CXEMOTEXHUYECKYIO peanuzanmioo  0Opa3oBaHMM, Ha HEOONBIIMX TNPOU3BOJACTBAX, B
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«yMHBIX» aomax. Hampumep, B [1] mpencramieHa
crcTeMa CHUTHAIM3AIUKA O TOXKape/IbIME «YMHOTOY
noMa Ha ocHOBe Arduino 1 IETEeKTOpOM JbIMa.

B Kaparannuackom WH]IyCTPUATEHOM
yHuBepcuTeTe Arduino MCIoNb3yeTcs AT OCBOCHUS
OCHOB  DJJIGKTPOHHKH, HpPOTPaMMHUpPOBAaHHUSI U

aBTOMatH3anuu. Arduino HaeaabHO IMOAXOMUT IS
TOTO, 9TOOBI TOKA3aTh CTYACHTaM MPUHIUIIBI pAOOTHI
ABTOMATU3UPOBAHHBIX CHCTEM — €CTh JAaTIUKH, €CTh
KOHTPOJIJIEP, U €CTh UCIOJHUTEIBHBIC YCTPONCTBA.

I'maBHOE MPEUMYIIECTBO Arduino B
00pa30BaTeNbHON e — CTYACHT H3Yy4aeT TEOPHIO,
3aTeM CcaM  CO3/1aeT MHHUATIOPHYIO CUCTEMY

aBTOMATHU3AIUIO HA IPAKTHKE, U BUIUT, KaK TEOPUS U
IpOrpaMMHUPOBAaHNE MPEBPAIIACTCS B YCTPOHCTBO
WM poboTa.

Bo Bpems cozganusi mpoekToB  Arduino
BO3HHUKIIA IPO0OJIeMa — B YHUBEPCUTETE HET KHOIIOK C
(uKcanyei CBOEro COCTOSIHUS; TO €CTh B HAIWYUU
€CTb TOJIbKO OOBIYHBIC KHOIIKH, IIPE/ICTABICHHBIC Ha

pucyHke 1.

BHyTpeHHsIT ~ CTpyKTypa  Takodl  KHOIKHU
MIpEACTABICHA Ha PUCYHKE 2.

B cmokoitHom coctostHMM  (pHCYHOK  2a)

napauielibHble KOHTaKThl KHOIIKM HE 3aMBIKAIOTCH.
[Ipu HaxxaTHn Ha KHOTIKY (PUCYHOK 20), TTOABIKHBINA
KOHTaKT 3aMbIKaeT JBE OOJIACTH, U TaKUM 00pazoM
MPOIYCKAeTCsl DJEKTPUUECKUA TOK MO HaKaTHU Ha
KHOIIKY.

[MonoOHBIE KHONKK paboOTal0T B  PEXKUME
«KHOTIKa HakaTa — TIPOIMYyCKAaeT CHUrHall; KHOIKa

Pucynok 1 — Kuonka (push-button)

Ilpoben 6 wuccnedosanuax. HecMmoTps Ha
LIMPOKOE pachpocTpaHeHue miatgopmsl Arduino B

00pa3oBaTelbHBIX W  HHXCHEPHBIX  MPOCKTaX,
OOJIBLIIMHCTBO ~ CYLIECTBYIOIIMX  PELIEHHH MO
peanm3alMyd  KHOMOK C (UKcauued COCTOSHHS

OCHOBAHO Ha HCIIOJIb30BaHUH CIEINATN3NPOBAHHBIX
anmapaTHBIX nepekoyaTeneit WIn
JIOTIOJTHUTENIBHBIX 3JIEKTPOHHBIX KOMIIOHEHTOB. B
HAayyHOW M Yy4YeOHOW JUTEepaType HEJ0CTaTOYHO
BHUMAHUA  YACIACTCA  IIPOrpaMMHBIM  METOJaM
peanmzauuy  (QYHKIUH 3allOMUHAHHUS COCTOSHHS

82

OTHyIeHa — CcuTHan oOpsBaercs». OmHAKo, B
HEKOTOPBIX 3a/Jadax TpeOyeTcsl HWHOe TOBEACHHE
KHOIIKA — 4YTOOBI TPU OJHOKPATHOM HaKaTMHU Ha
KHOIIKY OHa 3allOMHHAaja, YTO Ha Hee Haxamu. To
€CTh, YTOOBI HE NPUXOAMIIOCH IepXkaTh KHOIKY
OECKOHEYHO JIONTO0, a JIMIIh HaXaTh OAWH pa3. JTO
HE00X0IMMO, HAPUMEP, B MPOCKTAaX C MOTOPaMHU —
[IpH HAXXaTHH Ha KHOIIKY, JBUTATENb 3aIyCKAeTCs U
Bpalaercsi, MoKa He HaXKMEeTCS KHOIKa CTOma; B
MPOEKTaX C MEPEKIIFOUYCHUEM COCTOSHUS OJTHO
Ha)XaTHE BKIIIOYACT MEPBOE COCTOSHUE, MMOBTOPHOC
Ha)XaTWe BKJIIOYAET BTOPOE COCTOSHUE, W TIpU
TPETbEM HaXaTHMM CHOBA BKIIOYACTCS IEPBOC
COCTOSIHHE YCTPOWCTBA WK po0OoTa.

B o0miem, KHOTIKA ¢ 3aIIOMHHAHHUEM COCTOSIHUE
— 3TO BaKHBIH 3JE€MEHT, HEOOXOIMMBIM BO BCEX
CITy4asix, Korjia yIpaBJICHHUE CUCTEMOM
aBTOMAaTH3allii, pOOOTOM, WM YCTPOHCTBOM HeE
JMOJDKHO 3aBUCETh OT JIMTEIHHOCTH HaXKaTHWsl Ha
caMy KHOIIKY.

U ectpb nBa perieHus gaHHOH npobieMa — 1ubo
[OKYNaTh  OTHAENBHO KHOMKA C  (UKcarmen
COCTOSHUS, 0o NPUIYMBIBATH JIOTUKY
3alIOMHMHAaHUsA COCTOSHUSA O6I>ILIHOI\/'I KHOIIKH IIpH
IIOMOIIM TIPOrpaMMHUpOBaHus. B manHOW pabote
paccMartpuBaeTcs ~ BTOPOW  BapWaHT  PEIICHHA
npobnemMbl (MIOTOMY 4YTO TICPBBIA BapuaHT He
HYX/IaeTCsl B IIyOJIUKAIIMU CTAThH).

Pucynok 2 — CTpyKTypa KHOTIKH:
a — CTaHAAPTHOE COCTOSTHHE KOHTAKTOB KHOIIKH;
0 — MepeKITIoYeHne KOHTAKTOB IPH HAKATHH HAa KHOIIKY

CTaHIAPTHON KHONKM 0e3 M3MEHEHHUS alnapaTHOU
yacTH ycTpoiictBa. Kpome TOro, OTCyTCTBYIOT
MOAPOOHBIE AJITOPUTMBI U MPAKTUYECKHE TPUMEPHL,

ajanTUpoBaHHbIe  JJII  OOydYeHHUS  OCHOBaM
pOrpaMMUPOBAHUS MUKPOKOHTPOJIIEPOB u
ABTOMATHU3AIIHH.

Hayunana  noseuzna. HaydHas  HOBH3HA
WCCIICIOBAaHMUS  3aKIloYaeTcs B pa3padoTke
MPOrpaMMHOT0  METOJa peau3alud  (YHKIHU
3alIOMHHAHMSI COCTOSIHUS CTAHJAPTHOW KHOIIKH
Arduino 0e3  TpUMEHEHHs  JOIIOJIHUTEIBHBIX
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armnapaTHbIX KOMITOHEHTOB. IIpennoxxeHHbIi
AITOPUTM OCHOBaH Ha OTCJIEKWBAHWU W3MEHEHUS
JIOTUYECKOTO COCTOSHUS KHONKH U MPOrPpaMMHOM
MEPEKITIOUECHUH PeXUMa pabOThl UCTIOTHUTEIHHOTO
YCTPOKCTBA MOCJE KAKAOr0 HaxkaTus. B oTiuune ot
TPaJAUIINOHHBIX anmapaTHBIX perreHui,
pa3paboTaHHBIH MOIX0 00ECIICUNBACT PeaTU3aIlUuio
¢byHKIIME  (DUKCAMK MCKITIOYUTENIEHO CPEeICTBAaMHU
MpOrpaMMHOTO  OOecledeHusi, HYTO  YIpOIIaeT
KOHCTPYKITUIO YCTPOHCTB, CHUKA€T CTOUMOCTh HX
pa3paboTku u pacumpsieT BO3MOXKHOCTHU
npumeHeHusT Arduino B 00pa3oBaTeNbHBIX U
MPOTOTHUITHBIX MMPOCKTAX.

METO/bI U MATEPUAJIBI

Jlns pelleHus JaHHOW 3ajjayd MPUMEHSIIOCHh
cnenymwiee obopynoanue: Arduino Uno, MakeTHas
mata, pezuctop 220 Owm, pezuctop 10 kOm, KHOIIKA,
CBETOTHOT.

Arduino Uno wucmosib3yeTcss B  KadecTBE
polreccopa, B KOTOPbIN 3arpyKaeTcsi IpOrpaMMHBII
KOJ[ JIOTUKW 3allOMHHAHUSI COCTOSIHUS KHOTKH, U K
KOTOpPOMY MOAKITIOYAIOTCS BCE SIIEMEHTHI CXEMBI.

MaxkeTHass 1U1IaTa B JIaHHOM  Cllyyae -
HeoOs3aTebHBII KOMIIOHEHT CXEMBI. 37ech OHa

MPUMEHAETCS TOJBKO Ui TOTO, 4TOOBI He
MIPUITanBaTh KaXKIBI DJIEMEHT APYyr K Opyry, a
MIPOCTO MOAKJIIOUUTH Ha 1uiaTy. JIro0oi skenarommii
MOXKET COOpaTh Ty ke CXeMy 0€3 MaKETHOH IUIATHI,
HO €My HY)XHO OyIeT NpWIauBaTh BCE JJIEMEHTHI
COTJIACHO CXEMe.

Ceeronuon  TpUMEHSICTCS  JUIS  TPOBEPKH
MPaBUJIBHOCTA  Pa0OOThl  JIOTUKK  3allOMHHAHUS
KHOMIKA. YTOOBI CBETOAMOJ HE Cropel OT TOKa,
MPOXOJAIICT0 Yepe3 ero KOHTaKThl, K aHOAy
noakioyaeTcs pesuctop 220 Om.

K xHomke moakmrogaercs pesuctop 10 kOm mist
MIPEIOTBPAIICHHUS SIBIICHUS «Ipe0e3r KOHTAKTOBY [2].

Hamnucanne mporpaMMHOTO KOJa BBITIOJIHSIIOCH
B cpere Arduino IDE — mocTymHOW OTKpBITON
miatpopmMe I mporpammupoBaHus  Arduino,
KOTOpO€  MOXHO  OecCIuIaTHO ckauaTb  C
odunmansHOrO caifra [3].

PE3YJIBTATHBI U OBCYKAEHUE
CxeMa MOIKIIOYEHNS] KHOIKA M CBETONMOAA K

uu@poBeM HaM Arduino pecTaBieHa Ha PUCYHKE
3

Pucynok 3 — Cxema No/IKJII0OYEHHs KHOIIKU U cBeToroa K Arduino

Knonka monxmroueHa k 11 mudpoBoMy muHy.
Caeronuoa noakitodeH K 12 nudpoBomy nuHy.

Hwke npenicraieH nporpaMMHbIi KOJ OOBITHOM
KHOIIKM ©Oe3 (uKcay Al 3allOMHHAHHS CBOETO
COCTOSTHHUSL.

int Last_State = 0;

bool Svet_State = LOW;

void setup()

{
pinMode(12, OUTPUT); pinMode(11, INPUT);
}

void loop()

int Current_State =
(Current_State =
Current_State;

if (Current_State == LOW) { if (Svet_State ==
HIGH) { Svet_State = LOW;

}

else {

Svet_State = HIGH;

digitalRead (11); if
Last_State) { Last State =

digitalWrite (12, Svet_State);
}
}
}

Konx  maummaercs ¢ OOBSBICHHS  JBYX
nepeMeHHbIX - Last State u Svet State. [lepemennas
Last State Hy»Ha U1 XpaHEHHs TAMSATH O TIOCJIEAHEM
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COCTOSTHIH KHOTIKH. B Kozie 00BsIBIIsIeTCA, YTO KHOIIKA
M3HAYaIbHO HE Haxarta (mostomy = (). Ilepemennas
Svet_State Hy»Ha 17151 XpaHEHHUS TAMSTH O COCTOSTHUN
ceeroguona: oo ropur (HIGH), mubo ne ropur
(LOW) (mosTomy Ha3zHaueH THI TepeMeHHOH bool).
Tak Kak W3HAYAIBHO CBETOAHMOJA HE TOPUT, HYXKHO
00BsIBUTE «= LOW».

B ¢yskmmum  void setup oObsBIEeHBI 11Ba
mrpoBeix mrHa — 11 g kaonku (INPUT), n 12 s
ceeroauona (OUTPUT).

[anee BbINONHSETCS MNpPOBEPKa — «TEKyIIee
COCTOSIHME KHOIIKA HE PaBHAETCS JH TOCIEIHUM
COCTOSIHUEM KHOMKH?». DTO HEOOXOJUMO AJIS TOTO,
YTOOBI MPOBEPUTH, OTITYCTWIM JIA HAaXaTUE KHOIIKH.
Ecmm HeT, To Ko ganele He BeIMoOJHISTCS. Ecim 1a,
TO BBINONHSETCS KON - TnepemeHHas Last State
nony4aet 3nadenue Current State, To ecth Arduino
3allOMHUIIO, 9TO KHOMKa yxe Oblia Haxara. Jlanee
MIPOBEPSIETCA — «TEKYILEE COCTOSIHUE KHOKU LOW?y,

TO €cTh, KHONKAa OTHymeHa. Ecian KHOMNKY
OTITyCTHJIM, TO BBINOJHSETCA KOJ JaJbllle — €CIU
ceeroguon yxke roput (Svet State == HIGH), To
otkmounts cBeroanon (Svet State = LOW). Ecim
CBETOMHO/ HE TOpeJI, TO OH (PUKCHPOBAHHO 3aT0PACTCS
(else {Svet State = HIGH;}). B aTom mecTe MOXHO
BCTaBUTBD JII000MH KO, KOTOPBIN JOIKEH BBIMOTHATHCS
IpY HaKaTUM KHONKW; B JAHHOM Ciy4ae Juisi

JIEMOHCTPAlIM  TIPABWJIBHOCTH  PaOOTHI  JIOTHKH
WCTONB3YyeTCs OOBIUHBIN cBeTomuoj. Ha ero mecte
MOXET OBITh JII000C JAPYroe HCIOJHHUTEIEHOS

YCTPOMCTBO.

JlemMoHcTpanus paboThI TaHHOM CXEMBI M IaHHOH
nporpaMMbl  mpeAcTaBieHsl Ha pucynke 4. Ha
pucyHke 40 BHIHO, 9TO ITOCIIE OJJHOKPATHOTO HAXKATHSA
KHOITIKH CBETOJIMOJ TOPUT, TO €CTh KHOIIKA 3alIOMHUIIA,
YTO e HaXKaJIu.

Pucynox 4 — JlemoHcTpanus paboThI:
a— /10 HaXKaTHsl KHOIIKH; O — 1oCIIe HaXKaTusl KHOTIKK

BbIBO/1bI

1. [IpennosxkxeH METOA TMPEBpAIICHUS] OOBIYHOM
KHOMIKA 0e3 (UKcalluu COCTOSIHMS B KHOIIKY C
3alIOMUHAHUEM CBOCTO COCTOSIHMSI TPU ITOMOIIU
MPOrPaMMHOI0 KOJa.

2. llpogeMOHCTpUpPOBAaH TPOTPAMMHBIA  KOJ
3allOMUHAHUSA COCTOSHHSI KHOINKK C TOAPOOHBIMU
MOSICHCHUSIMU.

3. beuta mpencraBieHa cxema TOAKIIOYEHUS
KHOIIKM U cBetoauona Kk Arduino.

4. brima coOpaHa W TpOBEpeHa  cXeMma
3alIOMHUHAHHS COCTOSTHUE KHOIIKU C JIEMOHCTpaiuen
MPaBUIILHOCTH PAOOTHI MPH IMTOMOIIH CBETOINO/IA.

5. [lomyueHHsle pe3ynbTaTsl MOTYT W OynmyT
WCIIOJIb30BaHbl HA 3aHATHSAX POOOTOTEXHUKH B
KaparanaguHckoM WHIYCTPHAIEHOM YHHBEPCUTETE
MpU MOCTPOCHUU OoJiee IMPOJBUHYTHIX IPOEKTAX
Arduino.

BKJIA/I ABTOPOB

(maxconomusn CRediT):

Pomanos JI.}O. — koHulenTyanu3anus, METOA0-
JIOTHS, HAay4dHOE  PYKOBOJCTBO, BaJIuaIusl,
peleH3NPOBaHNE U PEIAKTHPOBAHIE PYKOTIHCH.
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Abstract — This paper presents an analysis of current approaches to the application of artificial intelligence (Al)
technologies in the field of information security. The study examines the potential of machine learning, deep learning,
and intelligent data analysis methods for detecting, preventing, and mitigating cybersecurity threats. Particular attention
is given to the use of Al for network attack detection, anomalous user behavior analysis, malware protection, prevention
of unauthorized access to information, and automation of information security monitoring and incident response
processes. The study demonstrates that the application of intelligent algorithms significantly improves the efficiency of
processing large volumes of data in real time, reduces the time required to detect cyber threats, and increases the accuracy
of threat classification compared with traditional security methods. The advantages of adaptive security systems capable
of learning from emerging attack patterns and continuously updating threat detection models with minimal human
intervention are also discussed. The findings indicate the significant potential of artificial intelligence to enhance the
protection of information resources and critical information infrastructures. The implementation of Al technologies
contributes to preventing unauthorized access to information, timely identification of system vulnerabilities, prediction
of potential cyberattacks, and reduction of the consequences of information security breaches. At the same time, it is
emphasized that the effectiveness of intelligent security systems largely depends on the quality of training data, the
robustness of Al models against adversarial attacks, and compliance with privacy and data protection requirements during
information processing. The obtained results confirm the promising prospects for the further development and integration
of artificial intelligence technologies into comprehensive information security systems. Their practical implementation
will improve the reliability of digital resource protection, automate security decision-making processes, and enhance the
resilience of information systems against modern cyber threats.
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Anoamna — XXyMpICTa aKmapaTTHIK KayilCi3miKTi KaMTaMachl3 €Ty cajachiHaa >kacaHapl uHTemiekT (JKN)
TEXHOJIOTUSUIAPEIH KOJNJIAHYABIH 3aMaHayd OarbITTapbhlHA TaIay XKYPri3iiai. MamuHAaIbIK OKBITY, TEPEH OKBITY KOHE
JIepeKTep i HHTSIUICKTYaIIbI TAIIay 9iCTepiH KHOepKayinTepai aHBIKTaY, aJIIBIH ATy JKoHE OJIapAbIH CAIJapbIH a3aiTy
MakcaTbIH/Ia TaiIanaHy MYMKIHAIKTepi KapacThIpbuasl. JKenmumik maOysuimapsl aHBIKTAy, IaigalaHyIIbLIAP.BIH
aHOMAJBIBl OPEKETTEePiH Taujmay, aKHmapaTThIK >KYHenepai 3WusHAbl OarJapiaMaiblK KaMTaMachkl3 €TYICH KOpray,
aKmapaTka pYKCAaTChI3 KOJ JKETKI3yIiH ajIbIH aly, COHIai-aK aKMapaTThIK KayilCi3liK OKUFATapblH OakKpLIay >KOHE
oJlapFa JieH KOO MPOIIECTEPiH aBTOMATTAHIBIPY MOCEIIENIepiHe epeKIle Ha3ap ayAapbUIIbl. 3epTTEeY HOTHKEIEPi )KaCaH bl
WHTEJUIEKT aJTOPUTMACPIH KOJNJAaHy HAaKThl YaKbIT PEXUMIHAE YJIKSH KoJeMJeri JepeKTeplai OHAeY THIMILIITiH
aNTapIIBIKTal apTTHIPATHIHBIH, KayiNTepAi aHBIKTAY YaKbITHIH KBICKAPTHII, TOCTYPIIl KOPFay o/icTEepiMeH CaBICTRIPFaH/Ia
OJIapIBl JKIKTEY IONIITiIH JKOFaphlIaTaThIHBIH KepceTTi. COHBIMEH Karap, JKaHa TWNTeri malybuimapra e37iriHeH
Oeifimerin, KayinTepai aHbIKTay MOJAENbIACPIH MaMaHIApAbIH eJeyJsli apalacyblHChI3 JKaHapTa aJaThbliH OeiimaenTrimn
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KayiTCi3MiK JKyHelepiHiH apThIKIIBUIBIKTAPEl KapacTHIPBUIABL. 3epTTeY KOPBITHIHIBUIAPHI KACAHIBI HHTEIUICKTTiH
aKMapaTTBIK pecypcTap MEH aca MaHbBI3ZBl aKMapaTThIK HHQPAaKYpBUIBIMIAPIBIH KOpPFaly ACHICHIH apTTBIPYIaFbl
QIIeyeTiHIH KOFaphl eKeHIH Aonenaeiai. by TexHomorusHel naiganaHy akmapaTtka pyKCaTChI3 KOJ KETKi3yIiH allIblH
ayFa, OCANIBIKTApIbl YaKTBUIBI aHBIKTayFa, BIKTUMaN KuOepuraOybuiaapapl O0oipkayFa KoHE aKMapaTTHIK Kayilci3mik
OY3BUTYBIHBIH CAIapbIH a3aliTyFa MyMKiHIIK Oepeni. COHBIMEH KaTap, HHTEJUICKTYAIIbI KYHeIepIiH THIMAITIT] OKBITY
JIepeKTepiHiH canacblHa, MOJICNbIACPAiIH KacaKaHa acepiiepre TO3IMAUIITiHE XKOHE aKIapaTThl OHIeY Ke3iH1e KYISUTBIIBIK
TaJIaNTapbIHBIH CaKTaJyblHa TAYEJi €KeHi aram oTuUIl. AJIBIHFaH HOTHXKENEp jKacaHIbl HHTENJIEKT TEXHOJIOTHUSIIAPbIH
aKnaparThIK KayilCi3MiKTiH KelIeHAl XyienepiHe oJaH opi JaMBITY MEH €HTI3y/iH MepCIEeKTUBAIBIIBIFBIH PACTAN/IBI.
Omapapl ToxipuOene KongaHy HHUQPIBIK pecypcTapAbl KOpPFayIblH CEHIMIUITIH apTTBHIPhIN, LIEHIM KaObuiaay
MPOLIECTEPiH aBTOMATTAH/BIPYFa JKOHE aKMapaTThIK JKYHeNep/iH 3aMaHayd KuOepKayinTepre TO3IMAUIIIH KyIenTyre
MYMKIH/IK Oepei.

Tyiin  ce30ep — VHHOBAalMSUIBIK ~ Marepuaijap, OEpiKTiK  cumarraManapbl, KOMIIO3UTTIK — Marepuanaap,
HaHOKYPBUIBIMIAP, MEXaHUKAIIBIK KACHETTep, Tajlaay oicTepi.

HNCITIOJIb3OBAHUE HCKYCCTBEHHOI'O HHTEJIVIEKTA B OBECIIEYEHHUUN
BE3OITACHOCTHU JAHHbIX

Ceiinxanos A.

HAO «KacnuiiCkUii ynueepcumem mexuono2uti U unsxcunupunea umernu Ll .Ecenosay, Axkmay, Kazaxcman
b P /4 3%
*4emop-koppecnonoenm e-mail: a.seilkhanov@ttc.kz

HNudpopmanus od apTope:
CeiinxanoB Amier, HAO «Kacmmiickuii yHUBepcuTeT TeXHONOTHH W wHkuHUpHHTa MMeHH III.EceHoBa», Axray,
Kazaxcran, e-mail: a.seilkhanov@ttc.kz

Annomayus. — B paboTe npoBeneH aHAIN3 COBPEMEHHBIX HANPABICHUI MPUMEHEHHS TEXHOJOTHI MCKYCCTBEHHOTO
unresekra (M) B obmactu obecnedenns: nHGOPMAMOHHONW Oe30macHOCTH. PaccMOTpeHBI OCHOBHBIE BO3MO>KHOCTH
UCIIONIb30BaHHUs METOJIOB MAaIIMHHOTO O0y4eHHs, rIyOOKOro OOy4eHHs M WHTEIJICKTYaJlbHOTO aHallu3a JAaHHBIX IS
BBISIBJICHUSI, IPEOTBPAIICHUS M MUHUMHU3AIUH TOCIeACTBUI Kubepyrpos. Ocoboe BHUMaHKE yieleHo TpuMeneHuto NN
npu 00HApYKEHHH CETEBBIX aTaK, aHAIN3e aHOMAJIbHOW aKTUBHOCTH MOJIb30BaTENEH, 3a1iTe HHPOPMAIIMOHHBIX CUCTEM
OT BPEIOHOCHOT'0 MPOTrPaMMHOT0 00eCIIeUeHH s, TPEAOTBPALICHUH HECAHKIIMOHUPOBAHHOTO JOCTYIIA K IAHHBIM, & TaKKe
aBTOMATHU3AlMHU MPOLECCOB MOHUTOPUHIA M PEarnpoBaHUs Ha WHIMACHTHI MH(pOpMaUoHHOW Oe3omacHocTH. B xoxme
HCCJIEJOBAHMS YCTAHOBIIEHO, YTO UCIIOJIb30BaHHE MHTEIJICKTYaIbHBIX aJTOPUTMOB MO3BOJISIET CYLIECTBEHHO MOBBICUTD
3¢ PEeKTHBHOCTH 00pa0OTKH OOMBIINX 00HEMOB TAHHBIX B PEIKUME PEATEHOTO BPEMEHH, COKPATHTh BpeMs 00HapYKEHUS
YIpo3 ¥ HOBBICUTH TOYHOCTh MX KIACCH(HKAIINM 110 CPABHEHMIO C TPAAWIIMOHHBIMU METOJaMH 3aIIUThl. PaccMOTpeHs!
IIPENMYIIECTBa ATl THBHBIX CUCTEM OE€30IaCHOCTH, CIIOCOOHBIX CAMOCTOSITEIbHO 00YJaThCsl HA HOBBIX THIAX aTak M
CBOEBPEMEHHO OOHOBIIATH MOJIENN OOHApPYXKEHUs yrpo3 0e3 3HAUMTEIbHOI0 BMEIIATEIbCTBA CHEeNUaIncTOB. CrenaHsl
BBIBOJIBI O BBICOKOM HOTEHIMAJE MPUMEHEHUSI HCKYCCTBEHHOTO MHTEIUIEKTa JUIS TIOBBIIICHNS YPOBHS 3aIIUIICHHOCTH
nH(OPMAMOHHBIX PECYpPCOB M KPUTHYECKH BaXXHBIX WMH(OPMANMOHHBIX HH(PAcTpyKTyp. Mcmosb3oBaHue NaHHOW
TEXHOJIOTHH CHOCOOCTBYET MpPEAOTBPALICHUI0 HECaHKI[MOHMPOBAHHOIO JOCTYNa K MH(OpPMAaIWH, CBOECBPEMEHHOMY
BBISIBJICHUIO YSI3BUMOCTEH, IMPOTHO3MPOBAHUIO BO3MOXKHBIX KHOEpaTak M CHW)KEHHMIO IIOCJEJICTBUH HapylICHUit
nHpopmannoHHoit 6e3omacHocTu. Bmecre ¢ TeM 0TME4EHO, YTO 3P PEKTHBHOCTh MHTEIIEKTYaJIbHBIX CUCTEM BO MHOTOM
3aBUCHT OT KauecTBa 00ydYaloIuX AaHHbBIX, yCTOMYMBOCTH MOJIENE K MpeJHAMEPEHHBIM BO3JICHCTBHUAM M COOIIOICHUS
TpeOoBaHUN KOHOQUACHIMATBFHOCTH Ipu oOpabotke wuH(popMarwu. IlomydeHHBIe pe3ynbTaThl MOATBEPKAAIOT
MEePCIEKTHBHOCTh JIANILHEHIIIEr0 Pa3BUTHSI M BHEAPEHHUS] TEXHOJOIMH HCKYCCTBEHHOTO HHTEIJIEKTAa B KOMIUIEKCHBIC
cucTeMbl MHGOPMALMOHHOM Oe30macHoCTH. VX mpakTHyecKkoe NMpUMEHEHHE MTO3BOJIUT HOBBICHTH Ha/IE)KHOCTH 3aIUTHI
IU(POBBIX pecypcoB, aBTOMAaTU3UPOBATh IPOLECCHI NPHHATHS peIIeHHH M oOecrednTh Oosee BBHICOKHH ypPOBEHb
YCTOWYMBOCTH MH(OPMALIMOHHBIX CHCTEM K COBPEMEHHBIM KHOEpyrpo3aM.

Kniouegvie cnosa — xnbepbezonacHocTs, WHPOpMaNMOHHAs 0€30MacHOCTh, WCKYCCTBEHHBIH HWHTEIUIEKT, IaHHBIC,
nHpopmanus.

HEI'I3I'T EPEXEJIEP YaKbIT PSKUMIHJIC aHBIKTayFa JKOHE OJIapblH aJIIbIH
JKacaHjapl ~ WHTEIUIEKT  TEXHOJOTHSJIAPBIH  allyFa MyMKIHJIIK Oepei.
KOJIIaHy —aKHapaTThlK KayilCi3aiK JKyHeaepiHiH MamuHaIbIK OKBITY aNropuTMIEPI

TUIMAUIITIH  apTTRIPBIN, KUOepKayinTepAi HaKThl —NalJanaHylIbUIapAblH — MiHE3-KYIKBIH — Tajjaay,
aHOMaNusUIapbl aHBIKTay JKOHE JKaHa Kayil-
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KaTepiepre aBTOMATTBI Typae OediMIeny apKbLIbI
aKMaparThlK JKYHENep[iH KOpPFAHBIC  JICHTeHiH
JKoFapbuiaTaabl. JKacaHIbl WHTEUICKT HETi3IHJeTI
OMOMETPUSIIBIK ~ ayTCHTU(UKAIHS, JUHAMHKAIBIK
KOJI XKeTKi3yni 6ackapy *KoHE aBTOMATTaHIBIPBUIFaH
Kayinrepai Tangay KyHenepi JocTypii aKmapaTThIK
Kayinci3ik omicTepiHe KaparaHja JKOFaphbI
CEHIMIUIIK IT€H XbUIIaMIBIKTEI KAMTAMachI3 €TEI.

KIPICIIE
AKnaparThIK Kayinci3mik KYHHEH-KYHT€
KEHIHEH EHT131JI111, KOJITAHBLIBII JKaTKaH

KOMITBIOTEPJTIK JKYHenepai ecKkepe OTBHIPHIN, Kasipri
oJIeMJIe MaHBI3/Ibl OPBIH aajel. OpOip anaM HeMece
KOMIIAaHUS ©31HIH aKmapaThlH ypliay, KO Hemece
e3repTy KaymiH a3alTKeichl Kenmemi. Coi CHAKTHI
ABTOMATTaH/ABIPBUIFAH XYHeae e KnOepKayinci3mik
YJIKeH pen atkapassi [1-3].

IDC 3eprreyine coiikec, «2020 xbputFa Kapaii
yisIMIap KuOepKayirncizIikke apHaJFaH
OarmapramManblK KaMTaMachl3 €Tyre, KbI3MeTTepre

koHe kabOmepikTapra 101,6 Mwumapn —gouiap
KYMCAUIBD).

AJBIHFBI KaTapiabel  ydAbIMAAp OHJIIaFaH
Kayimnci3ik OHIMIIEpIH OipiKTipreHiMeH,

malysuiiapra ocan OojiyJaH ojii Jie KOpKalbl. by
Kayilci3IiKKke MIBIFBIHIAPABIH apTybIHA KapaMacTaH,
Kayimnci3aik OY3YIIBUIBIKTAPBIHBIH TOKTay HeMece
Oastynay OenrijepiH KOpCeTInenTiHIH OUTipei.

Kubepkayircizik cajachlHAArbl 03BIK
TEXHOJIOTHSIIApAbI CHT13Y YaKbITTHI Tanall eTefi, Oy
malybUIapIbl erKEeH-TerKEHI  aHBIKTayFa >KoHe
omapiael  KHOEpKayilci3aik MaMaHAapblHaH  J1a
KBUIIaM IIelryre MyMKiHmiKk Oepexmi. OcbrHmai
TEXHOJIOTHSUIAP/IbIH Oipi — *acaHJbl UHTEIUIEKT [4-
6]. XKW1 — Oy e3re MyMKIiHAIKTepiMEH KaTap (cyper
1), kaTeprmepJi aHBIKTAIl, OJAPJAbl JKOK IKOHE
0oJbIpMay YIIH KaKETTI 9peKeTTepii aBTOMATTHI
TYpAE KY3€eTe achlpa ajJaThlH TEXHOJIOTHSL.

3epmmeyoiy  MaHbI30bLAbIZBI.  AKITAPATTHIK
KyHenepaiH  KeHiHeH  KOJJAaHBUIybIHA  JKOHE
KuOepmadyslIapabH KYpJIeeHe TyCyiHe

0aifyIaHBICThI AKMAPATTHIK KAYINCi3AiKTI KAMTaMachi3
€Ty Ka3ipri KOFaMHBIH MaHBI3[bl MIHACTTEPIHIH
Oipine aiiHanmapl. [docTypii Kayinmcizoik Kypangapsl
KaHa THIITET1 Kayil-Karepjepre opAaibiM THIMII
Kapcel Typa anMaiiael. OcbklifaH — OalaHBICTHI
KacaH/Ibl HMHTEIUIEKT TEXHOJOTHSIAPHIH KOJIaHy
Kayinrepai epre aHbIKTayFa, mal0ybUigapra >Kenen
OpEKeT eTyre >KoHe KOpFay XYHesepiHiH THIMIUIITiH
apTTBIpyFa MYMKIHIIK Oepeli. 3epTTey HOTHXKenepi
MEMJICKETTIK MeKeMeJepie, KaCiophIHaapaa KoHe
aKnapaTThIK JKyHenep/e 3aMaHayn Kubepkayimncisuik
LICHIMJIEPiH €HTi3yre FBhUIBIMH-TIXKIPUOETiK Heri3
Ooma anajpl.
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3epmmeyoin
YKAHAITBIFBI YKaCaHIbI WHTEIJICKT
TEXHOJIOTHSJIAPBIHBIH ~ aKMmapaTThIK  KayilcCi3mik
KYHemepiHAeri KONIaHbUTYbIH KEIISH I TalaaybIH/Ia
JKOHe  omapablH ~— KuOepkayinrepii — aHBIKTAy,
OMOMETPUSIIBIK ~ ayTeHTU(UKAIMS, JTUHAMHKAIBIK
KOJ OKeTKi3ymi Oackapy JkoHe maOybUIIapra
ABTOMATTHI TYPJE OPEKeT eTy MYMKIHIIKTepiH
xyieneyinae xarblp. COHBIMEH KaTap, MaIlnHAIBIK
OKBITY aJTOPUTMJCPIH TaiIanaHy apKbUIbl Kayill-
Karepiepai Oospkay, OKYWEHIH JKaHa I1a0ybul
TypJiepine oeitiMaenyi JKOHE Kayinci3mix
mporecTepin ABTOMATTaH/IBIPY/IBIH
APTHIKIIBUTBIKTAPBI HET13/CITEeH. 3eprrey
HOTHIKEIepl aKMapaTThIK Kayilci3mikTi KaMTamachi3
eTyae JKacaHIbl UHTEIUIEKTTIH THIMILTITH
apTTHIPYFa OAFbITTAIFAH YChIHBICTAPBI YCHIHABI.

HCAHAIBIZDI. 3eprreyniH

I9AICTEP MEH MATEPUAJIJIAP

1. Onebmerrepni Tanmay: KW HeriziHmeri
KHOEpKayirci3ik KYpaJIIapbIHBIH TEOPUSITBIK
Herizgepi MeH Kas3ipri Toxipubeci 3epTTemi.
Feumeimu makanmamap, 3eprrey ecenrtepi xxoHe IDC
CUSIKTBI ~ aHAINTHKAIBIK  JEpPeKTep  KeHiHEeH
KOJaHbLIbI [1-6].

2. Kypannmap MEH TEXHOJIOTHSIIAPIbI
canpicThipy: KM TeXHONOTHSIAPBIH KOJJAaHATHIH
OpTYpJli OMOMETPHSUIBIK ayTeHTH(HKALuUs, YITiHi
TaHy, KayinTepAl aHbIKTay XoHE JIWHAMHKAIIBIK
ayTeHTH(UKaIUs SKyHenepl calbICThIpMalibl Type
TAIaHbl. Op KYpPalJblH apTHIKIIBUILIKTAPEl MEH
HIEKTEYJIepi aHBIKTAIIIbI.

3. MamunHanbIK OKBITY Bl Konany: Kayinrepai
aHBIKTay JKoHE MmalOybulgapra Kejell opeKeT eTy
MpoIlecTepiHIe MAaIIMHANBIK OKBITY alrOpuTMAEpi
eHrizingi. byn omic xy#eHIH 3USHIBI OpeKeTTepi
nepOec >KoHE HaKTHl YaKbIT PEXHMIiHIEC TaHybIHA
MYMKIHJIIK Oepei.

4. DMITMPHUKAIBIK OakpLIay: KU
KYpaJlIapbIHBIH HAaKThl KOJJIaHY CIIeHapHiiepinae
TUHIMIUTINT  TecTUleHAl. byl OMOMETPUSUIBIK
ayTeHTH(UKaNus, MadybULIapaspl ajJJIblH Ty JKOHE
JMHAMUKAIIBIK KOJI JKETKI3y KYKBIKTapblH ©3TepTy
CHSIKTBI (DYHKIMSITIApABI KAMTHJIBL.

HOTUXEJIEP )KOHE TAJIKBIJIAY

Wmxenepnik  Oaxputay: XKW xylenepinig
JKYMBICBIH KaJjarajiay YVIIiH ajaM-HHXeHepIep/IiH
KaThICYbl KaXkeT, ce0eli keibip epekiie xarmainap
MaIIMHAIBIK ~ aJrOPUTMIEPIe TOJBIK KepiHOeyi
MYMKiH.  Byn  omic  Kky#eHiH  Kayinci3airia
KaMTaMmachl3  €Te  OTBHIPBIN,  JYPhIC  MIEHIM
KaObL11ayFa MyMKIHIIK Oepeni [7].

JKU werizingeri Kypanaap KuOepKayincizaikreri
OPTYPIIi KaKeTTimiKTepre xayarn oepesi [8].

1. BuomeTrpusibIK ayTeHTHQHUKALUS.
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Kynuscesnep OY3bLTYBI MYMKiH, oy
naiiananybIHbIH, KOCIIOPBIHHBIH HEeMece
MEMJICKETTIK ~OpPraHHBIH MAaHBI3bl  aKHmapaThIH

karepre Tireni. Mynnaii xarnaiina XKW nerizingeri
ayTeHTH(UKAIMA, SFHA caycak i3iH HeMece
alakaHIbl CKaHEpIIey oJAeKaiina Kayimnciz OoibIm
caHajagbl JKOHE >Kyle onapAsl CeHiMIi Typae
cKaHepyie  ananbl. BUOMETPUSUIBIK  JIOTHHIED
KYIHSICO3IepMEH  OalyIaHBICTBI ~ OONIFaH  Ke3ne,
naiiananymesl JepeKTepiH Oy3y BIKTUMAIABIFBI
alTapibIKTall TOMEHICH .

2. Kayinrep/i aHbIKTay bl KEJCIICTY.

Komimri kubepkayincizmik >kyhenepi opTyp:i
3USHABI OarapiiamanapAblH TYPJIEpiH Oip yakbITTa
eHJIel anmMaiinbl. byman Oeimek, KuOepkayimncizmik
JIeHIrell FaHa eMec, Xakepiep e 63 CTaHAApPTTapbIH
keTepin oTelp. KeHeiltinren Kayin-karepiepai
JKBIIIaM aHBIKTAY YIITiH OCBIHIAN MoceTeNep/ i mele
aNaThH O3BIK KayiNCI3AiK KypalgapblH NaiiiaiaHy
KaxerT.

Kommanusinap yHeMi KaHAPTHUIBI OTHIPATHIH
O3bIK AITOPUTMAEP MEH KOATapAbl TNaiaaiaHa
OTBIPBIT, VITUIEpAl TaHy apKbUIbl Kayim-KaTepi

OoHaM aHBIKTal alaThIH KN HETI31Haer]
OackapbUTaTBIH  JKYHemepi EHTi3y/Ie. KU
MalllMHAJBIK ~OKBITYyMEH Oipre KOJIaHBUIFaHIA
CaWTTHI alfHaJIBIN oTy ’KOJIBIH, 3USHIBI

OarapiaManapblH MUKPO-MIiHE3-KYJIKbIH JKOHE Ke3
KEIITeH KacakaHa dpeKeTTepi Talaayaa THiMIi, Oy
KOCBIMIIIA IYPBIC IIEMIiM KaOblIiayFa KOMEKTeCe Ii.

3. IlaOysuigapra xeen apeKeT eTy.

KayinTepai HakThl yakpIT peXXHMiH/IE aHBIKTAY,
erep JKyile ollapMeH Kypece aiMail >KOHE OJapiabl
eJIeyJIi 3UsiH KeNTipMeH TYPBIT aliIbIH ana alMaiThIH
0oJica, elIKaH1al MOHIe He OOJIMaMIbL.

Xakepiep TOOBI XKyliere opTypii HYKTeleplIeH
malybu1 Jkacaranma, JKM Oy HykTenepai nepey
0aliIaHBICTHIPHIIL, 120y bUITBI OonapIpMay
JKOCTIapIIapblH aBTOMATTBI Typae YcbiHamel. KU
3USTKEPIIIK TalIay bl KOJIIaHa Ibl, OJ1 IIa0ybUIIap/ bl
aHBIKTAYy MEH KO0 YIIiH KapamaidbIM opi KbUIIaM
Tocin Oombim TaObuTamel. Mpeicanel, KM xyiieci
KYWeIeH 3usH/bI (DAl TarmKaHAa, O aliAbIMEH Oy
(bainael KyHeleH OKIIayJaiabl KOHE OKHUFaIapabl

XKypHaiFa TipkeWai, Oyl KeHiHri Tangaynasl
JKEHUIIETE .

4. ]JluHaMUKaNbIK ayTEeHTH(QHUKAIHMS OpPTACHIH
Kypy.

Hdepextep skemijepae A€ YCTalublll  Kaybl
MYMKiH. byt — sxxy#ienepre KambIKTaH KOJI )KEeTKi3eTiH
KBI3METKepJiep YUIIH alaHIaTapiblK JKaraai, SFHU
JOCTYpii ayTeHTU(UKAIMA YATIepl eHai Kayimcis
emec gnereHmi Oinmmipemi. OcwiHmait cotre KU
KOMEKKE KeJIe]l.

KU xylienepi HAKThI YaKbIT PEKUMIHJIE dKYMBIC
icTeiTiH >kahaHABIK ayTEeHTU(HUKALMA OPTachIH
kKacalapl, 01 KOm(aKTOpibl ayTeHTH(OUKAIMSHEI
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KOJJ]aHa  OTBIPBIT, KON JKETKI3y KYKBIKTaphIH
naiilananyiblHBIH =~ OpHAJIACKAH JKepiHe Hemece
JKeniciHe colikec e3repreni. byraH kommanOana,
KYPBUIFbIIIA JKOHE JKeJi/le MaiaatanyIbIHbIH MiHe3-
KYJIKBIH JIEpEeKTepre KallbIKTaH KOJ JKEeTKi3y Ke3iHJe
KUHAY JKOHE Talfay Kipei.

5. AnaMHBIH KaTBICYBIH a3aHTy.

Emb6ip mammHa agaMaapIbiH IIBIFApMAaITbLTEIK
oNeyeTiH, KUSUIBIH JKOHE oijay KaOijeTiH ackipa

anMaiinel.  bipak  umkeHepiep — KaObUIIANTHIH
memimMaep — AYpeIC  JIepeKTep  JKUBIHTBIFBIMEH,
MKIpIEpMEH KOHE aFbIMIAFbl YpHICTepMEH 1e
HBIFAUTBIIA IbI.

MaHbI3 b IepEKTEP Il 3ePTTEY KOHE Maiinaaany
KOIl VyakbpITTBI aNajibl, all JKOFapbl TOYEeKeNIl
TaTNCBIPMAHBI JKEJIEN ey MYMKiH 0oJTMail Kaabl.
Kommanmsimap XKW TeXHONOTHACHIH KOJTaHATHIH
Kayinci3 KOChIMIANap JKacaraHAa, Kayimnci3mik
KbI3METKEpIIepl Kayil-KaTeplepli aHbIKTay MeH
QJIJIBIH aJTyJIbI aBTOMATTAH IBIPY/IBIH aPKACBIHA a/1aM
apajacybIHChI3 Oipa3 )KSHUIIIK ajabl.

[afimanaHyImIBIHBEIH =~ MIHE3-KYJIKBIH  Y3JIKCi3
Tanay MeH OOJDKaMJIBIK Tajliay HHXKCHEPIIH KYHeH1
Oipkarap ma0ybuIIapJaH KOpraydarbl apaiacyblH
azaiTazpl. YHEMIENTeH YaKbITTHI HIBIFapMAIIbLIBIK
JKOHe JKemicTi Oacramanmapra >Kymcayra Ooaisl
[9,10].

6. XK xyilenepiHiH HHTErpalHsIChI
Y3IKCi3 OKBITY.

KW memiMaepi Tek jxeke KOMIIOHSHT PETiHJIe
FaHa eMeC, COHBIMEH KaTap YHWBIMHBIH KayilcCi3zik
JKOXKYHECiHE TONBIK WHTETpalHsIaHFaH TypHae
THIMAI  JKYMBIC  icTeiimi. MamuHaIbIK — OKBITY
ANTOPUTMJIEP] ACPEKTEPIIH jKaHa YITLIepiH Y31iKci3
Tanjan, )XyheHi xaHa Kayim-karepiepre Oeitimuern
OTBIpanbpl. bynm  Tocim  mocTypmi — Kayincismik
KYHENepiHiH IIEeKTEYIepiH JKEeHil, Nadybliiapra
Kapchl OeNceH/ i KOpFaHbIC KaOUIeTIH apTThIpajIbl.

CoHbIMEH Karap, KN KyHenepiHiH
HMHTETPaIsiChl Keseci APTHIKIIBUIBIKTAP,TbI
KaMTaMachl3 eTe/i:

1) Yaken nepexrepai tammay Mymkiwmiri: KN
MWUTMAPJITaFaH  JKEJIUTK  JIOTTap,  CepBepIiK
JKypHaJIJIap JKOHE KOJIAaHYIIbLIAP/bIH 9PEKETTEPiH
Taiail OTHIPHKII, aJjaM KaObU11all aIMaliThIH KeJIeMIe
aKIaparTel eHAeH anansl. byn kubepimadysuiaapapt

KIOHC

aJIJIbIH ajia aHBIKTAY MEH KayinTep/i
KJIacCU(pUKAIMUIay  THIMIUTICIH alTapIIbIKTal
apTTHIPAIbIL.

2) ABTOMATTAaHABIPBUIFAH IIEIIM KaObLIIay:
Kayin anbikrajrad correH Oacran JKU amapin ana
CLICHapUHIepli icKe KOChIN, madybUIIapAbIH 9CEpiH
MUHUMU3ALMsIayFa  OarbITTaIFaH  9pEKeTTepAi
aBTOMATTHI TYp/Ie *KY3ere achipa amajpl. Mbicaibl,
3uAHAB (aiIbl OKIIaynay, KOJJIQHYIIBIHBIH KOJ
KETKi3y KYKBIKTapblH YaKbITIIa IIEKTey HeMece
XKeINTiK TpaduKTi Kaita OareiTTay.
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3) Ysmikciz OKpITY JKkoHe Oedtimmeny: KU
JKy#eci jkaHa Ma0yplI YITIEpi MEH Kayil-Karep
oficTepiH YHpeHin, anropuTMAepiH xaHapTaapl. by
ocipece HOJNIK KYHIOIK madysuigap (zero-day
attacks) CHAKTBI amOBIH @ ana  O0DKAaHOANTHIH
KayinTepre Kapchl KYpecTe THiM/I.

4) WuterpauusuilaHFaH ~ MOHHTOPHHT  JKOHE
agammtuka: KW opranplKTaHABIpEUTFaH OaKpLIay

MMaHeTiH TMaWJanaHplll, JKYWeNepaiH Kayilci3mik
JKarMalblH HAKTHl YakKbIT pEeXHMiHIE OakbUiayFa
MYMKiHIIK Oepeni. Byn wmxeHnepnepre Te3 apazaa
JIYpBIC IIEIIiM KaObUIJayFa JKOHE KayilCi3mik
casicaTTapblH HKEeMJi TYpAE peTTeyre MyMKIHTIK
Oepei.

Cyper 1 - XXacaHapl HHTEIUIEKTTI KOJIaHy canajiapbl

KOPBITBIHbI

Kacangsl umHTEINIEKT KyHenepi agamzaap
apKbUIBl YHPETUIiN, OacKapbLialbl JKOHE Keioip
Karjaaiapna — ajaM-UHXKCHEPJEpaiH  KaKeTTLIir
MiHJeTTi 0ok Tabbitanel. Cebedi onap MantHamap
aHBIKTAl aJMaWTBIH ayBITKyJapAaH ThIC IIBIFBIIL,
OokaHFaH MIA0YBUIABIH WIBIH E€KEHIH pacrayFa
kabinerri. ConpiMeH Katap, XKW TexHONMOTHsIIaph!
KuOepKayirTep/Ii ajIblH aja aHbIKTay, Ma0yblIIIapra
KBUIJAM OpPEKeT €Ty JKOHE JKYMEHIH J>KalIlbl
Kayinci3aik JEHrediH apTThIpyJa MaHBI3ABI Pel
atkapanbl. Anam meH JKU apacbIHIars! yitaeciM ochl
KYHenepaiH  THIMAUIINIH — MakCUMallibl — TypHe
KamTamace3 ereii: KU pyTHHANBIK XKoHE YaKbITThI
KaXXeT eTeTiH TalChlpMalapJbsl aBTOMAaTTaHIbIPCA,
WH)KEHepJIep CTPaTeTrusUIbIK IIemiMaep Kabbuiaayra,
KYHEHIH 9JICi3 TYCTapblH aHBIKTAyFa JKOHE Kypaeni
ma0ybUIaPIbI OongpIpMayFa OarpITTANIAIBL.
Ocpbutaiiia, »acaHAbl HWHTEUIEKT JKOHE aJaMm-
WHXKEHepJepliH OipieckeH JKYMBICHI 3aMaHayH
KHOEPKAYINCI3AIKTIH THIMII OHE CEHIMl Heri3iH
KYpanpl.
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MY JAEJIEP KAKTBIFBICHI

ABTOp OCBI 3epTTEY/Ii OPBIHAY JKOHE MaKalaHbI
)apusjiay OapbIChIHAA MYIUIETCP KANIIbUIBIFBI JKOK
€KEHIH MAJIIMIEH 1.

KAPXbUUIAHIBIPY
ABTOpJap OCBI 3€PTTEYAl OpBIHAAY KEe3iHJIe
CBIPTKBI KAPXKbLIAH BIPY/IBIH YKOKTHIFBIH MAJIIM/ICHII.

AJIFBIC
ABTOp KOMKa30aHbI MYKHAT KapacTBIPHIIL,
MakaJdaHblH Ma3MYHbl MEH callachlH  elayip

XKaKcapTyFa MYMKIHIIK OepreH KyHJAbl ecKepTyJyepi
MeH YCBIHBIMAPHI YIITiH )KypHAJJIBIH PEIaKTOPBI MEH
PEICH3EHTIHE IBIHAMBI AJIFBICHIH OUTAIpe/i.
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JKapusutayra pykcat Oepexi. TywsIHIBI Matepuanmap
OChl JIMIICH3USHBIH JI9J OCHIHIAW IapTTapbIMEeH
TapaTbuIybl THIC.
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Abstract — The article provides an overview of modern technologies for automated pump drives based on the use of
frequency converters. The main advantages of such systems include: improved energy efficiency, precise control of pump
operating parameters, extended equipment lifespan, and reduced operational costs. Special attention is given to the
practical application of frequency converters in industry, including areas such as cooling systems. The work analyzes
products from leading frequency converter manufacturers, such as Siemens, ABB, Danfoss, Schneider Electric, and
others, highlighting their features and areas of application. Technical and economic aspects of implementing automated
drives are also discussed, including energy saving, equipment protection, and integration into modern control systems.
The article is intended for specialists in automation, energy, and pump system design, as well as for those interested in
modern technologies for improving the efficiency of industrial equipment.
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Anoamna — Makanana XHUIUTIKTIK TYpJIEHIIprilITepiH Nnaijananyra Heri3/IeJIreH COPFbUIapAbIH aBTOMATTaH IbIPbIIFaH
JIEKTP JKETEKTEPiHIH 3aMaHayH TEXHOJIOTHsUIapbIHA L0y JKacanraH. MyHal xKy#enep/IiH Heri3ri apThIKIIbUIBIKTaph:
SHEprus TUIMJIUIITIH apTTHIPY; COPFBUIAPIBIH JKYMBIC IHapaMeTpiiepiH Oackapy IoJIAiri; >KaOIbIKTBIH KBISMET €Ty
MEpP3iMiH Y3apTy; Naiganany MbIFBIHAAPBIH a3alTy KapacThIPhIIAIbl. OHEPKICITITE XKOHE CATKBIHIATY KYHeIepi CUSIKTHI
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OPTYPIIi cananapaa XKHUUTIK TYpJASHAIPTiTepiH MPaKTHKAJIBIK KOJIIaHyFa epekile Ha3ap ayaapbuiasl. JKyMmeicta Siemens,
ABB, Danfoss, Schneider Electric >xoHe T.0., XHUTIK TYPJCHIIPTIIITEpiHIH HETI3TI OHAIPYIIiJepiHE OJapIbIH
epeKIIeINTiKTepi MeH KOJIaHy calanapbiH 0elin KepceTe OTHIPHIN Tanaay Kypriziaai. CoHaii-ak, aBTOMaTTaHABIPEUTFaH
ANEKTP JKETEKTepiH EHTI3YAIH TEeXHHUKAJBIK JKOHE IKOHOMHKAJBIK AaCIeKTiJiepi, COHBIH IMIiHAE SHEePrHs YHEMJIEY,
KaOIBIKTBl KOpFay JKOHE 3aMaHayH Oackapy JKYHelepiHe HHTEeTrpanusuiay MoceJeliepi KapacThIphUIABL. Makama
aBTOMATTaHIBIPY, SHEPTETHKA KOHE COPFHI JKyHelepiH jkobanay cajmachlHIAFbl MaMaHAapra, COHIAi-aK @HEepKACIITIK
KaOJBIKTBIH TUIMJIUIITIH apTTHIPYABIH 3aMaHayH TEXHOJIOTHsIIAPbIHA KbI3BIFYIIBUIBIK TAHBITKAHJAPFA apHAJIFaH.

Tyiiin co30ep — XUITIKTIK TYPJACHAIPTIIITEP, COPFbUIAP, ACHHXPOHABI JIEKTP KO3FAITKBILIBI, SHEPrHs THIMILIITI,
Siemens, ABB, Schneider Electric, Danfoss.
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Annomayus — B cratbe mpejcraBieH 0030p COBPEMEHHBIX TEXHOJOTHMH aBTOMATH3UPOBAHHBIX 3JIEKTPONPUBOJIOB
HACOCOB, OCHOBAHHBIX HA MCIOJIb30BAHUH YACTOTHBIX IpeoOpa3zoBareneil. OCHOBHBIMH MPEUMYIIECTBAMU TAKHX CUCTEM
SIBJISIFOTCSL: MOBBIIICHHE dHEPTOd()(HEKTUBHOCTH, TOUHOCTD YIPABJICHHS PabOYNMHU MapaMeTpaMu HACOCOB, MTPOJUICHHE
CpOKa CITy>KObl 000PY/IOBAHUSI U CHI)KEHHE IKCILUTYyaTAlIMOHHBIX pacxooB. Ocoboe BHUMaHKE Y/ETICHO MPAKTHIECKOMY
MIPUMEHECHHUIO YaCTOTHBIX ITPeoOpa3oBatelieii B MPOMBIILICHHOCTH, BKJIFOYAsi TAKKME 00JIACTH, KAK CUCTEMbI OXJIaXKICHUS.
B pabote npoBeeH aHa M3 MPOIYKIIMK BEAYIIUX TPOU3BOIUTENCH YaCTOTHBIX Mpeodpa3oBaTescii, TaKiux Kak Siemens,
ABB, Danfoss, Schneider Electric u apyrux, ¢ BbIACICHHEM HX OCOOCHHOCTEH M oOsactedl mpuMeHeHus. Takke
PacCMOTPEHBI TEXHHUYSCKUE M SKOHOMHUUYECKUE acTIeKThl BHEPEHISI aBTOMATU3UPOBAHHBIX 3JICKTPONPHBOIOB, BKIHOYAS
BOIPOCKHI YHEPTOCOEPEKEHNUS, 3aIIUThI 000PYIOBAHHUS U WHTETPAIMU B COBPEMEHHBIC CHUCTEMBbI yrpaBicHus. CTaThs
MpeaHa3HaYeHa I CICI[HATUCTOB B 00JACTH aBTOMATHU3AIMH, SHEPIeTUKH U MPOCKTHUPOBAHUS HACOCHBIX CHCTEM, a
TaKKe UL T€X, KTO HMHTEPECYeTCS COBPEMEHHBIMH TEXHOJOTHSMH MOBBINICHHS 3()()EKTHBHOCTH MPOMBIILICHHOTO
000pyIOBaHUS.

Kniouesvie cnosa — 4acToTHBIE TIPEOOPA30BATENN, HACOCHI, ACHHXPOHHBIH AJIEKTPOBUTATEIb, SHEPro3()(HEKTUBHOCTD,
Siemens, ABB, Schneider Electric, Danfoss.

HEI'I3I'T EPEXXEJIEP MYMKIHJIIKTepiHIeri allBIpMAIIBLUTBIKTAP
3epTTey OapbIChIHIIA COPFBI KOHJBIPFBUTAPBIHBIH — aWKBIHAAIIB.  Tanjay — HOTHXKENepl  COpPFBI
QJIEKTP  JKETEriHle O KUUTKTIK  TYPACHIIPTilUTI  KOHABIPFBUIAPBIHBIH  MaijjasaHy  IIapTTapbiHa
KOJIJaHy  KO3FAITKBIUTBHIH  aifHaly  JKUUNCH  OailaHBICTBI JKUUIIKTIK TYPJICHAIPTIIITI TaHIAYIbIH
TEXHOJIOTHSUTBIK JKYKTEMEre COWKeC IIJI peTTeyre  Heri3rl TEXHHKAJbIK KpUTepHMJIepiH aHBIKTayFa
MYMKIHIIK OepeTiHi aHBIKTAbl. JKypriziiren  MyMKiHIAIK Oepi.
CaJIBICTBIpMAJIBI TAIIAy HOTHXKeciH e Siemens, ABB, ATBIHFaH HOTHXKENEP OHIIPICTIK 00BEKTiIep e
Danfoss, Schneider Electric, Mitsubishi Electric  sHeprus TyThIHYyZIBl  OHTAaWIAHIBIPYFa, JJIEKTP
xkoHe Omron OKHIMIKTIK  TYPJICHIIPTIIITEpiHIH  JKETEKTEPiHIH  CEHIMIUNIT  MeH  maijanany
TEXHUKANIBIK CHIIaTTamMaiapbl MEH (QYHKIIMOHAIJIBIK
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THIMAUIITIH ~ apTTRIpyFa apHAIFaH TEXHUKAJBIK
mIenrMaepAl Heri3ey YUIiH KOJAaHbUTYbl MYMKIH.

KIPICIIE

Kazipri yakpITTa OacKapbUIaTBIH  DJIEKTP
KETEKTepiHiH 0achIM KOMIILTIri aCHHXPOH/BI 3IEKTP
KO3FaNTKBIIITAphl MEH J>KMULUTIKTI TypJieHAiprimrepi
HETi31HIe KypbUTaIbl, MYHIA >KHUTIKTI TYPJICHIIPrimTi
chI30a OOWBIHINIA OpPBIHAATAIE OacKapbUIMAWTHIH
TY3€TKiII ABTOHOMJIBI 0acKapbUIaTBIH KEpHEY
WHBEPTOPBI; SIFHU, ANABIMEH OKENiHIH  3JeKTp
SHEPTUSACH TYPAKTHl TOKKA alfHAIAIbI, COMaH KEeHiH
WHBEPTOP aHBIMAJIBI KULTIKTET] YIII (a3ajsl dJIEKTP
TOTBIH JKACaHIbI.

Kuinikti  TyprneHmiprimuTepiH  aCHHXPOHIBI
ANEKTP KO3FAITKBIIIBIHAA JKAaCaJFaH dJIEKTP XKeTeri
YIIiH peTTeyIIi KYPhUIFbI pEeTiH/Ae Maliaanany Ke3iHae
alIbIIATBIH MYMKIHIIKTEep Iekci3. Kazipri 3amaHFbl

DJIEKTP JKETeriH JAMBITYIBIH HET13r1
TeHICHIUAJIAPHIHBIH ~ Oipi OHBI  IHEPTEeTHUKAJIBIK
pecypcTapabl  YHEMJEY MakcaTblHIa Naijganany
Oonpim  TaObuTaAbl. AMWTa KeTy KepekK, IKHIIIK
TYPACHOIPTIIITEPIH  PETTENCTIH JJICKTP  IKETeri
peTiHme — malgamaHy ~— MEXaHW3MHIH ~ KYMBIC

KarjaiibiHa OaliJaHBICTBl KYWEHIH THapaMeTpiepiH
aBTOMATTBl ~ TYple ©3repTy AapKbUlbl  ©3iHiH
apTHIKIIBUIBIKTAPBIH  TYIBIPaAbl JKOHE C€H YJIKEeH
ocepre KYMBIC >KaFaljapel >KHi ©3Tepil, e3repy
IIeKTepl KETKUTIKTI KeH OomFaH Ke3le KOl
xeTkizineni [1]. Perrenerin amekTp sxereri xyieci

MEXaHU3MHIH KAKETTI IKYMBIC IKaFjaiiapbiHa
OaliIaHBICTBl PETTEy TMapaMmeTpiiepiH OpHaTyFa
MYMKIHIIK OepeTiH JKETKUTIKTI ceHiMal
OarJapiamMabik JKacaKTaMachl Oap
MUKPOKOHTpOJUIEpMEH  Oackapbutafpl.  OchiFan
0aliIaHBICTBl ~ PETTENETIH  DJEKTP  JKETETiHIH
KOJIaHBUTY asiChl TEK JKOFapbhl TEXHOJOTHSIIBIK

cajayiapJa faHa eMec, COHBIMEH KaTap OCbhl YaKbITKa
JCHIH aCHMHXPOHABI KO3FAJITKBIINIBI 0ap, KbICKa
TYWBIKTaJIFaH POTOPHI Oap KapanaibiM peTTeIMenTiH
JJIEKTP OJKETeri JocTypii TypAe KOJJaHBUIFaH
XKepreple A€ KOJJaHBIC asichl KeHerin kenemdi. by
peTTe TEXHOJOTHSUIBIK MIHJETTEpJi MHHUMAIJIbI
NIBIFBIHAPMEH  IIeIyre  MYMKIHIIK ~ OepeTiH
KOJIJaHBICTAFbI 3JICKTP )KETEKTEPiHIH SHEPreTHKAIIBIK,
TUIMALIITIH apTTHIPY MaHbI3/AbI OOJIBII OTHIP.
Coprbuiap 9JIEKTp DSHEPIUsCHIHBIH €H Kol
TYTBIHYLIbLIAPHI 0omBIT TaOBLIa IBI. byn
KOHIBIPFBIIap OapJiblK cajajapAa KEH TapaifaH
KOHE HEri3ri TEXHOJIOTHSUIBIK JKOHE KOCAJIKBI
(dyHKIUsUIAPIBI OpBIHAN L. Ka3ipri yakeITTa COPFBI
arperaTtTapblHbIH ~ XYMBIC PEXHMIEPIH peTTey
HeTi3iHeH  perreymi  OekiTy  apMaTypachlHbIH
KOMeTiMeH — BICBIpMajap *oHe T.0. (Ipoccenbaey)
KETeK KO3FaJITKBIIIBIHBIH TYPaKThI
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KBUITAMIBIFBIMEH ~ JKY3€Te  achIpbUiafbl.  byn
KOCBIMILIA THAPABIUKANBIK KEAEPTiIepai >KeHyre
0alaHBICTBl PETTEYLIi 3JEMEHTTEple KyaTThIH
alTapipIKTall  JKOFalyblHa — okemeni.  MyHpmai
IIBIFBIHAAPABIH, MOJIIIepl IIBIFBIC TapaMeTpiepiH
KBICBIM MEH Oepy/Ii peTTey TepeHIITiHe OailIaHBICThI
KOHE MEXaHM3M TYTBIHATBIH KyaTTelH 50% Xeryi
MYMKiH. ABTOMAaTTaHIBIPBUIFAH 3JICKTP >KETETiHIH
Ka3ipri qamy neHreiii 6ackapy QyHKIUSIIapBIH COPFBI
arperaTTapblHbIH 3JICKTp JKETeriHe Tikeyned Oepyre
KOHE KOPCETUITeH WIBIFBIHAAPAB OOoNABIpMayFa
MYMKIHTIK Oepei. OfiTKeHI COpFBIIap,
JKEIETKIIITep, YpiAerimTep >XoHe T.0. op Typii
Ke37iep OOMBIHIIA OHEPKACINTE TYTHIHBIIATHIH SIEKTP
SHEPTUSCHIHBIH 20-35% Kypaunsl, COPFBI
MEXaHM3MJIEPIH peTTeNeTiH JKEeTeK JKyHhenepiHe

aybICTBIPY  OHEpKOCINTeri  DHEpPTrus  YHEMJEY
casicaTbIHBIH MaHBI3AbI OAFbITHI OOJIBII TAOBIIA b
Cymen JKaOIbIKTAY KyleciHe KUK

TYPACHIIPTIIITEPIH €Hri3y, OIpIHIIIACH, <«BIEKTP
KO3FAITKBIIIBI-KOPEKTEHIPTIIT COPFBI - JIPOCCEINb
KJIaTIaHbD» JKYHECIMEH CalbICTBIPFaH/a, XHUUTIKICH
0acKkapbUIaTBIH ~ DJIEKTP  IKCTEKTEPiHIH  KOFaphI
SKOHOMHUKAJBIK THIMIUTIriHE OalaHBICTHI, MyHa
orepaTopiap CyAbl PeTTeyIi KOJMEH XKYpTi3eli.
Exinmigen, OyriHri KyHi jkKaHa PeTTENETiH 3JIEKTp
KETEKTEPiH CHI13y Ke3iHzae OaaaMa 5KOK.

Coprel  KOHABIPFBUIAPBI  VOIIH KUK
TYPACHIIPTiIITEepiH naiirananyabiH Oipkarap
MaHBI3/1bl aPTHIKIIBUIBIKTAPBI Oap:

1) sHeprus TUIMJILUTIT: KHULTIK

TYPJICHAIPTiIITEPi COPFBI KO3FAITKBIIIBIHBIH aliHATY
KBULIaM/IBIFbIH CYHMBIKTBIKTHIH arbIMJIaFbI
KOKETTUIIrHE Kapald perTreyre MYMKIiHmIK Oepeni
KOHE DJIEKTp KyaTbhlH aWTaplIbIKTall YHeMJIei,
ocipece KYMBIC IUKJII Ke3iHJE JKYKTeMelep
@3repeTiH Kykenepae;

2) KaOIBIKTHIH KBI3MET €Ty MEp3iMiH y3apTy:
KUK TYpJICHAIPTiITepiMEH KaMTaMachl3 €TiIreH
PETTENEeTIiH iCKe KOCY KaHe TOKTATy COPFbI MEH OHBIH
Kypamjiac OedikTepiHeri MEXaHUKAJIBIK
KYKTeMellep/i a3aiTaapl, TO3yAbl a3alTapl >KOHE
JKaOIBIKTHIH KbI3MET €Ty MEP3IMiH y3apTaibl;

3) Gackapy [omiri: *HUTIK TYpJACHAiprimTepi
KBICBIM MeH Oepy CHSAKTBI COPFBI MapaMeTpiepiH
JAIIipeK peTTeyre MyMKiHiK Oepeni;

4) my MeH mipiIai a3aiTy: KO3FaITKBIIITHIH
KBUITAMJIBIFBIH  OIpKEJIKI peTTey Aipil MEeH UIybl
azaiitazbl, OYJ1 XKYMBIC JKaFJaibIH KaKcapTabl )KoHE

FUMapar KYpBUIBIMBIHA HEMece Oacka
WHOPPAKYPBUIBIMFA )KYKTEMEHI a3alTaIbl;

5) aOIBIKTHI ~ KOpFay: KONTereH  IKUUIIK
TYpJIeHAiprimTepi KaOBIKTHI KOpray
(byHKIUACHIMEH O KaOABIKTAIFaH, COHBIH IlIHIE

mamMaJaH TbhIC XYKTEMEACH, KBI3bIIl KETYACH KIOHE
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Oacka TOTEHIIE Karnainapan KOpFay,
3aKbIMJAHYABIH aJJbIH allyFa J>KOHE ICTEH IIBIFY
KayIiH a3aiiTyra KOMEKTECe i,

6) ukemmimik koHE — Oedimzeny:  KYMbIC
mapaMeTpiiepiH OHall perTey MYMKIHIITI COpFBI

KyHeciHe  (U3MKaIBIK  apajacyAbl — HeMece
KOMIIOHEHTTEP/1 ayBICTHIPYIbl KaXKeT eTIHEeCTeH
©3repeTiH  JKYMBIC OKarmaillappl MEH  HaKThI

TajanrTapra 6ediMaeryre MyMKiHIIK Oepei;

7) maiianaHy IUBIFBIHIAPBIHBIH —TOMCHICYI:
AIIEKTP DHEPTUSCHIH TYTHIHYIBIH TOMEHACYIHE JKOHE
XKaOMBIKTBIH ~ y3aK  MEp3IMIUNTiHIH  apTybIHA
0ailTaHBICTEI MHYKCHEPITIK KYWEIIepaiH >KaJThl Tai-
JlaJIaHy IIBIFBIHAAPBI alTapIbIKTall ToMeHaeiai [2].

JKuiniktik TypaeHaiprimTepid eHgipymiiepIiy
OHIMJIIEpI €H TaHbIMal KoMHawsuiap Siemens
(Micromaster Typnenmiprimrepi), ABB, Control
Techniques, Schneider Electric (Altivar
TYpASHAIPTIIITEPI), Danfoss JKOHE Lenze.
Eypomansik TYPIACHIIPTIITEPAIH TaHBIMaJ
enmipyminepine VACON, elettronica Santerno,
Emotron  sxatamel.  AMEpHKaHIBIK  TaHBIMA
ennipymisepre General Electric xipemi. A3HSUIBIK
koMmaHmsuapaeie  immage Kanongsik  Mitsubishi
Electric, Omron, Hitachi, Toshiba, Fuji Electric,
Kopeit xone Taiianp ennepinin LG Hyundai
Electronics, Long Shenq Electronic, Delta electronics
CUSIKTHI OHIIPYIILUIEPAiH OHIMIEpi TaHbIMaN. JKuimik
TypaeHupiprimTepin Kpitaii em ge 1meIFapansl,
COHBIMEH KaTap KhITAHIBIK JKULTIK TypAeHIIpriimTepi
Kopeit KUK TYPJICHAIpTilITEpiHEH
aBIPMAIIBIIBIFBI JKOFaphl carnaisl eMec. CoHpai-ak,
KULTIKT] TYPJICHIIPTiITePiH peceisIiKk e aipyIiaepi
0ap: «Kombapko», «Becriepy», «Ipacub», «Bexrop»
XKoHE T.0.

3epmmeyoin  manvL30bLAbIebI.  OHEPKACIITIK
KOCIOpBIHAApAA COPFbl  KOHABIPFBUIAPBI  3JIEKTP
SHEPTHACHIH €H KO TYTHIHATHIH a0 pIKTapIbIH Oipi
0osbin TaObLIabl. COHIBIKTAH OJIApPJBIH SHEPrus
THIMJILTITIH apTTHIPY JKOHE MalIanany UIbIFIHAAPBIH
TOMEHJIETY Ka3ipri 3aMaHFbl OHIIPICTIH ©3eKTi
MIHJETTEPiHIH Oipi caHaJaJbl. JKuimikTrik
TYPICHAIPTIIITEPIi KOJNAHY COPFBUIAPJBIH KYMBIC
napamMeTpliepiH J9Jl peTTeyre, IEKTP 3HEPTHSICHIH
yHeMmaeyre, >KaOIbIKTBIH CEHIMIUITIH apTThIpyFa
XKOHE KBI3MET €Ty Mep3iMiH y3apTyFa MYMKiHIIK
Oepemi. Ocblrad OaliIaHBICTHI SKUUTIKTIK
TYPICHAIPTIIITEP/IIH TEXHUKAIBIK MYMKIHIIKTEPiH,
OHJIPYLIiIEpiH JKOHE KOJNJAaHy epeKIIeNiKTepiH
Tangay WHXKEHEPNK ToKipuOe VIIH MaHbBI3AbI
FBUIBIMH JKOHE MTPAKTUKAIBIK MOHTE HeE.

3epmmeyoin HCAHATTBIZDI. 3eprreyaig
KaHAJIBIFBl COPFBl  KOHJABIPFBUIAPBIHA  ApHANFaH
KHUUTIKTIK TYPAEHAIPTIITEPAiH KETeKIIl oJIeMJIIK
enmipymrinepiniey  (Siemens, ABB,  Danfoss,
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Schneider Electric, Mitsubishi, Omron, Hitachi,
Lenze, Grundfos, Vacon xoHe T.0.) eHiMIepiHe
KCIICH/I  CaJbICThIPMANIBI  Tajjay O KYprizyiHue
xatblp. COHBIMEH KaTap, OJIAPJBIH TEXHHUKAIBIK
cunarTaManapsl, (YHKIHOHAIABIK MYMKIHAIKTEpI,

SHEPrus YHEMJIEY THIMALTIT, naiinanany
EpeKUIETiKTepl  KOHE  OHEPKOCINTIH  JpTypui
camajapelHIa KOJJaHy OaFbpITTapbl KYHENeHill,

OJIap.ipl TaH 8y OOMBIHIIA MPAKTHKAIBIK YCHIHBIMIAD
oepimni.

OIICTEP MEH MATEPUAJIJJAP

AHaIWTUKaNBIK IOy Keleci Ke3eHaepal
KaMTHUABL: OIpiHII Ke3eHAe OChl OarbIT OOMBIHIIA
JepeKKe3aepre oAeOu IOy >KYPri3iiai; eKiHmi
Ke3eHIe KULTIKTI TYPACHAIPTIIITEPiH
aBTOMATTAHIBIPY  CallaChIHAAFbl  YpIICTEp MEH
TPEHATEp TaNJAH/AbBI; YIUIHINI KE3CHIE IKHUIIKTI
TYPJICHAIPTilITEepiH  aBTOMATTaHABIPYJAFrbl  €H
OHTAMIIBI YPIICTEP aHBIKTAIIIEI.

Omron JKUUTIK  TYPJCGHAIPTIIITEpI  JJIEKTP
KO3FaNTKBIIITAPBIH canaibl OackapyFa apHaifaH
oNlap HOIIK >XKBUIMAMJBIKKA IEHiH Teric perTeyai
KOHE JKBUIAAM LMK PEXHMAEPIHAE TN JKYMBIC
iCTeyli JKOHE allblK XOHE TYHBIK Ti30Oeri Oap ke3
KeITeH peXHMIepJe ailHaly MOMEHTiH Oackapy
MYMKIHZITiH KamTtamackd etemi. OMRON sxwmimik
JKETEKTEPI KbLIIAMIBIK IICH MOMEHT OOMBIHINIA KATaH
Tajanrtapbl 0ap ap3aH KyHenepli KypyFa apHaliFaH
BIHFAHIBI Keml (pyHKIUSUTBI KYphUTFbLIIap. Varispeed
cepusutel - Typnenmiprimrep 0,1-mer 300 kBt-ka
JeHiHri KyaT nuana3onbiHa ue. CoHal-aK, apHaibl
OarmapramMainblK — JKacakTamMa  JKOHE  KeHEHTy
TakTalapelHBIH KeH accoptumeHTi (Devicenet,
Profibus sxone T.0.) xetkiziieai [3]. Omron xuiiik
TYpJIEHAIpTimITepi 1-11i CypeTTe KopCeTilireH.
Hitachi 1979 JKBUTIAH Oacrarl
TYPJICHAIPTiITEPiH MIBIFAPAJbl JKOHE OCHI CaJlaHbIH

JKULITIK

QJIeM/IiK KemOacIIbLUTAPBIHEIH 0ipi O0IBIT TAOBLIAIBI.
Hitachi
JKEJNJICPIHIH

KHUUTIK  TYpIeHAiprimTepi ANEKTP

MYMKiHIIKTEpiH XaJIbIKapaJIbIK

CTaHIAPTTApJBl  €CKepPe  OTBIPBIN  KACANJBI.
TypreHaiprimrep WHHOBALUSIBIK KOMIIOHEHTTEPII
ISPM  wmonaymi,

CEHCOPCHI3 BEKTOPJIBIK OacKapy >KoHEe eHEpKICINTIK

nanganaHa bl KETUIIPiNTeH

JKemiepre HWHTETpalusiayablH

My™KiHgikrepi Hitachi sxuinik Typaengiprimrepin

KepeMeT

Ke3-KeJTeH AJIEKTP KO3FAITKBIIITAPBI MEH JKyhenepi
YIIH OHTaWIbl TaHAay jxkacaiabl. JKaOIbIKTBIH €H
YKOFapbI aKayJapra Te31MIiIir, IEKTP
KO3FAJITKBIIIBIH KOPFayAblH CEHIMII JICHreii 63
OHJIPICIHIH JOFapsl camanbl KOMIOHEHTTEPIMEH
[4].  Hitachi

TYPJICHAIPTIIITEPi 2-1Ii CYpeTTe KOPCETIITeH.

KamMTaMachl3  erinemi KUK
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Cyper 1 — Omron XHiJIK TypJIeHIiprimrepi

Mitsubishi KOMIIaHHUACBHIHBIH JKAIlOHIBIK FR
KHUUTIK TYPACHAIPTilI, €H alJbIMEeH, JHEPTHSHBI
YHEMJIEYAiH JKOFapbhUIaybIMEH JKOHE  KaOMbIK
OHIMIIUTITIHIH JKOFapbhUIaybIMEH epekmieneHeni [5].
Mitsubishi xwuimik TypraeHmiprimTepi 3-mi cyperrte

KOpPCEeTUITEeH.

Mitsubishi ~ >kumimik  TypaeHmiprimTepiHiy
muamazonbl  0,2-men 630 kBr-xka geifiari Kyar
JMANa30HbBIH  KaMTHIBI JKOHE OPTYpPJl  AJIEKTp

KO3FAITKBIIITAPBIH  Oackapy (QyHKIusiapel Oap
TYpASHAIpTimTepAiH OipHeIe CepUsChIH KaMTHIIBI:
FR-S 500 (FR-S 520, FR-S 540), FR-E 500 ((FR-E
520, FR-E 540), FR-F 700 (FR-F 740, FR-F 746), FR-
a 700 (FR-A720, FR-A 740, FR-A760). Mitsubishi
XKUUTIK  TypieHaiprimrepinin — kemmimiri  200%
[IaMaziaH ThIC KYKTEYre apHaIlFaH.

Cyper 3 — Hitachi xwuinik TypiaeHaiprimrepi

Siemens KHULUTIK TYPJICHAIPTIIITEPiHIe
KEJJISTKIII TYpiHjeri (HeHTpUQyTaiIblK COPFbLIAp,
KENJEeTKimTep JKkoHe T.0.) Hemece TYpaKThl
(xoHBeiiepIiep, aBTOMATTHI €CiK KETEKTepi KoHe T.0.)
KyKTemeci Oap alfHBIMAITBI TOK
KO3FaNTKBIIITAPBIHBIH aWHATyblH OacKapy YLIiH
KOJIJTAHBUIATBIH MOJENBIACPAIH KEH ayKbIMBI 0Oap.
AWiHanmy SKBUIJAMIBIFBI ©3TEPETIH IKETEK KakeT
OoJIFaH Ke3Jle CyMEH Ka0IbIKTaY, KbUIBITY, KEIJIETY
AKOHE KOHIULIMOHEPIIEY KOH/IBIPFbUIapbIHAA
Moznenpaep Oap. KeitGip mopenbaep KenaeTKim
TYPIHJIET1 )KYKTeMeci O0ap TOMEH BOJIBTTHI aifHBIMAITBI
TOK KO3FAJITKBILTAPBIHBIH afHaTy KBUIIAMJIBIFBIH
©3repTy JKOHE peTTey YLIIH KOJJaHBUIAIbI, MyH/Aa
Oacrarnkpl MOMEHT I€H IIaMajJaH ThIC )KYKTEeMEJICH

Cyper 2 — Omron XHiJiK TYpJeHIiprimrepi

Schneider Electric xwuimik TypJaeHIiprimTepi eq
KaHa TEXHOJIOTUSIAPAbIH, Kol
(YHKIMOHANIBUIBIKTEIH ~ JKOHE ap3aH  OaraHbIH
apKachblHOa OSJEKTp KO3FANTKBILTAPBIH OacKapy
cajachIHAAFbl  Ke3-KeNTreH MiHAETTepre Coikec
KeJlelli JKoHE KOHBeHep KaOABIKTapblHIA, KOTepy
MEXaHM3MJIepi MEH TachIMajay JKeJiepiHmae, opay
MalIHHAIAPBIHBIH KETeKTepiHze, COPFBI
CTaHIMSIAPBIHIA, KEIACTY XKOHE KOMIPECCOPIBIK
Kyihenepae JKOHE T.0. TYpACHAIPTILITEP
KoH(pUTypanusiay xoHe Oarmapiamanay OOMBIHIIA
KeH MYMKiHAiKTepre ue, Oyl COHBIMEH Karap
KOCBIMIIIA ~ MOIYJBJEPAl  OpHATYy  MYMKIHIIT
KaOMBIKTBl KOJ/IaHy asiChIH OapbhlHIIAa KEHEeUTyTe
MyMKiHZIK Oepeni [6]. ATV Altivar xuinix
TYPJACHIIPTriITepi 4-111i CypeTTe KOPCETLITEH.

Cyper 4 — ATV Altivar xwuiik TypIeHIiprimrepi
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KOpFay epekiie MaHbi3asl [7]. Siemens >xuiiik
TYPJICHAIPTIIITEPi S-1Ii CypeTTe KOPCETINITeH.
LENZE xwuinix Typaesngiprimrepi SMD sxoHe
SMV tuntepidiH cepuscbIMEH YChIHbUIFaH. SMD
CepUSIBI TYPJICHAIprimTep (CKaIAPIIbIK Oackapy) —
0.25-ten 22 xBrt-ka neliHri Kyar nuana3oHBIHIAFbI
CTaHAApPTTHl €cenTep YIIiH yHemai memiMm. Lenze
KUK TYPACHIIPTIlI TEK HEri3ri QyHKIUsUIapMeH
ka0 IbIKTalIFaH, COHJIBIKTaH OHBIH KYHBI TOMeH. SMV
CepUsUIBl KUK TYpJaeHAiprimrepi  (BEKTOPIBIK
0ackapy) — bIHFaIJIbl IEpHETAKTaHBIH XKoHE OipHelIe
CeKYHATHI anaThlH BIHFAWIIBI OaFmapiamanayabiH
apkaceiHaa Oackapy oHait [8]. LENZE xwuinik
TYpJICHAIprimTepi 6-CypeTTe KOpCeTireH.
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Cyper 5 — Siemens XuiJlik TypieHaiprimrepi

DJeKTp SHEpPruscChH OHAIpyre, Oepyre >xoHe
TapaTyFa apHaJFaH 3JIeKTp >KaOJbIKTapblH OHAIpyTe

MaMaHJaH I PBUTFaH XanbIKapaibIK
ANIEKTPOTEXHUKANBIK  KOHUIEpH. KommaHus — eki
cepusiibl  TeMeH  BOJNbTTHL  ABB  kwminik
TYpACHAIPTIIITEPiH IIBIFapaIbl. CompAC

(KOMITOHEHTTIK JKETEKTep) — OHEPKACINTIH OapibiK
cajajapblHa *KOHE KOMMYHAIIBIK cajaja JKammai
KoJjaHyFa apHamraH kerekTep. ACS  kuimik

typaerniprimTepi  (ACS550, ACS350, ACS150
koHe  T.0.)  perTey  camachlHBIH  JKOFaphbl
KOPCETKIIITEPiH Tajalm eTeTiH KOChIMINaiap/a

KOJIIaHyFa apHaJFaH OHEPKOCINTIK KOHE JKYHeiK
xerekrep [9]. ABB xuinik Typrenmiprimrepi 7-mi
CYpeTTe KOpCeTiIreH.

Danfoss KOMTIaHWSICHIHBIH OHIIPICTIK
OarmapiaMachlHA OKHUTIK  TYPIASHIIPTIITEpiHIH
OipHernie  cepusicel  Oap:  omOe0arm,  KaJrbl

Cyper 7 — ABB xuinik TypieHmiprimrepi

CUE Grundfos — Grundfos coprbutapbIHbIH KEH
ayKBIMBIHBIH aliHally JXUUIITIH peTTeyre apHalFaH

KHUUTIK  TYpJICHIIprilmTepiHiy cepusichl. Kuinmik
TYpJEHAIpTiTepi OpHaTBUIFaH UIEKTP
KO3FaNTKbIITapel ~ 0ap  copreulap  Grundfos
KoMIaHusChIHAa «E-coprbumapy gem  aramajbl.

Grundfos CUE >xuinik TypJieHAIprili eHepKaci,
KOMMYHQJJIBIK ~ IIApyallbUIbIK, KaJAIbIK  JKOHE
TYPMBICTBIK CyMEH >KaOJIIbIKTay, Kopi3 JKOHE cyapy
CHSIKTBI KOIITETeH canajiap/a >KYMbIC 1CTEHTIH COPFBI
XKaOABIKTapel VIIIH apHaibl >kacanFaH. JKuinik
TYPJACHAIPTIIITEpiHiH ~ Oyl Ccepusichl  yKcac
(GyHKIUsUIApFa HMe JKOHE OJIJIEKTP KO3FAITKBIIIBIHA
SHJIIPUITeH KUK TYPIACHIIPrilITepiMEH KEeTKI3eTiH
Grundfos E coprpuiapeiMeH apHaiibl MaiaaaHyIibl
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Cyper 6 — LENZE xwuinik TypaeHmiprimrepi

OHEPKACINTIK KOHE MaMaHIaHIbIPbUIFaH, KBUIBITY,
KENJETY KOHE ayaHbl Oamray IKyHenepiHme, cy

CEeKTOpPBIHAA  KONJaHyFa  apHawFad. KWk
TYPJICHAIPrilITepiHiy  OapiblK  CepUsUIapbIHBIH
(YHKUINOHATBIFBI Kyat TYTBIHYIBI

OHTAWIAHIIBIPAbI, SJIEKTP KO3FAITKBIIIBIH TOJBIK
KOpFaipl )KoHe OYKLI KyieHi OakpuiayFra MyMKIHIIIK
Oepei. Danfoss VLT Aqua KUK
typaeamiprimrepi (FC 202 xome T1.6.) cymeH
XKaOIBIKTay JKoHE cy Oypy kyuenepinge, Danfoss
VLT HVAC — XbUIbITY, XKeNAETy XOHE ayaHbl
Oamtay oKydenepiHae madjaliaHyFa apHAJFaH.
Bapneik  Danfoss kwminmik — TypaeHmiprimrepinme
apaibIK Ti30eKTiH TOrbIH TericTeiTin DC Tiz0erinme
KIpIKTIpiIreH TapMOHHMKaNbIK cy3ri 0ap. OChIHBIH
apkaceiHaa Danfoss kuimik — TypaeHmiprimTepi
xemieri xkykremeni mekredd amanel [10]. Danfoss
KUK TYpJIGHAIprilmTepi 8-111i cypeTTe KOpCeTireH.

Cyper 8 — Danfoss xwuinik TypiaeHaiprirepi

unrepdeiicine wue [11]. CUE Grundfos xwuinik
TYPJICHAIPTIIITEPi 9-1IbI CypeTTe KOPCETIIreH.

1993  xpuIBl  KypbUIFaH  ¢QUHIIK  Vacon
KOMIIaHHUSCHl ~ ACHHXPOHABI  KO3FaITKBIIITAP/IBI
Oackapy YIIiH XHUTIK TYPJACHIIPTiIITEepiH a3ipieyre,
OHJIIpyre JKOHE eHridyre MaMaHJaHFaH. Vacon
KHUUTIK TYpACHIIPrilITepiH KeH KyaT Iuara3oHbIHa
(300 Br-tan 3 MBrt-Kka neiiiH) *oHE KepHeylepre
(220B-tan 690B-ka neitin) yceiHaabl. bacranksima

kommanuss SH  cepusibl  TypieHIiprimTepai
werapaer, 2000 xbutel xkaHa OyeiH — NX (NXL,
NXS, NXP xone T1.6.) Vacon xuimk

TypJieHaiprinrepi maiaa 6oner [12]. Vacon xuiniik
TypJsieHaiprimrepi 10-11bl cypeTTe KepceTiireH.
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Cyper 9 — CUE Grundfos xuiiik TypaeHiprimrepi

Onrycrik KopesasiH LG Industrial Systems
kommaawsichl (LG kommanusap To0b1) — Kopesmarsl
OHEPKACIMTIK aBTOMATTaHIBIPY KYypaJigapsl
HapeIFBIHBIH  Kemmbacmieickl [13]. LG Industrial
Systems >xwminik TypaeHmiprimrepi 11-mi cyperrte

KOpPCETLUITEH.

LG KHUUTIK TYpJEHAIprimTepi
(YHKITMOHANIBUTBIKTEI, THIMJIUTIKTI, OpPHATY JKOHE
naiganady  BIHFAMIBUIBIFBIH — aXbIpaTanel. LG

Industrial Systems >kuiJlik TYpJICHIIpTiIITEepi Keneci
cepusitapmer yesiburan: 1C-5, 1G-5A, is-5, IS-7,
IP-5A, IE-5 xone 1.6. [13].

ACHHXPOHTBI aHBIMAJIBI TOK
KO3FaJITKBIITAPbIHA apHaJIFaH IGBT
Cypert 11 — LG Industrial Systems xuinik
TYpJIeHIIprilTepi
HIOTHU/XEJIEP ) KOHE TAJIKBIUIAY
Coprol KOHJIBIPFBUIAPBIHIAFbI SKULTIKTL

TYPACHAIPTiIITepre aHATUTUKAIBIK MOy HETi3iHje
KeJleci HoTHKenep xKacayra 00Jabl:

Ouepeuss  muimoiniei  dcone  IKOHOMUKATLIK
natioa. Copfbl  KOHJIBIPFBUIAPBIHAA KUK
TYPJCHAIPTIIITEPiH Maiifanany 3HEPrHs THIMIUIIT
TYPFBICBIHAH  aWTapJIbIKTall  apTHIKIIBUIBIKTAP/bI
kepcetemi. CoOprel  KO3FANTKBIIBIHBIH — aifHAITY
KBUIJAMIBIFBIH CYHBIKTBIKTBIH aFbIMJIaF bl
KaXETTUNrHe Kapalh peTTey 3JIEKTP 3HEPrusiChIH
TYTBIHYJIBI ~ aWTapNbIKTall  a3aliTyFa MYMKIHIIK
Oepeni. bynm ocipece KyMbIC LUK Ke3iHIE
KYKTEMeJlep e3repeTiH kyienepae OalKanaabl.
Hdoctypni perrey oImiCTepiHIH OpHBIHA JKULTIK
TYPJCHAIPTIIITEPiH €Hri3y (MBICAIBI, JIPOCCEIBILY)
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Cyper 10 — Vacon xuiiiK TypJeHIiprimrepi

TPaH3UCTOPJIAPHIHIAFBI Becnep KUK
TYPACHIIPTIMT CEHIMIUTIKTI, (YHKIMOHAIABUIBIKTHL,
KOFapbl JKYKTEME CHIMBIMABUIBIFBIH >KOHE TOMEH
OaraHbI OipikTipemi. Becnep KUK
TypAeHiprimrepi oH MonenbaeH typansr: EI-7011
CepUSUIBI JKaNIbBl OHEPKICINTIK MakcaTTarsl Becriep
xuimik TypaeHgiprimrepi, EI - P7002 cepusutbt
Becriep coprer typnesmiprimm, E3-8100 xone EI-
9011 BeKTOpNBIK TUMTI >KULTK TYpJICHAIPTilITepi
xoHe T.0. CoHbIMeH Katap, Becniep komnanusics El-
8300 JKOHE EI-8001 IIaFbIH KULITIK
typaeuaiprimmrepid, EI-MINI xopmycchi3 kuiiik
TYpJieHAiprimTepin merapas [14]. Becniep sxuinik
TypAaeHiprimrepi 12-1ri cyperTe KopceTire .

Cyper 12 — Becniep xuiik TypieHaiprimrepi

KOCBIMILIA THAPABIUKANBIK KEeAEpriiepai >KeHyre
0aliJTaHBICTBl  KyaT IIBIFBIHBIH  OOJIBIPMAaiIbI.
MyHaail mBIFBIHIAP KyarT TyThIHYAbIH 50% - Ha
XKeTyl MYMKIH, OyJI peTTeJeTiH JKeTeK KyHemepiHe
aybICyllbl ~ OHEPTHSIHBI  YHEMJIEYJIH  MaHBI3JIbI
KaJlaMbIHa aiHAJJbIPAJIbI.

JKabovikmuly Kvizmem emy Mep3iMin y3apmy.
Kuinik TypaeHaiprimTepi KO3FaITKbIIITAPABIH TETIC
iCKe KOCBUTYBIH KOHE TOKTayblH KaMTaMachl3 eTe/li,
Oyn  copFeUIap  MEH  OJIapAblH  Kypamzac
OemikTepiHaeri MEXaHUKAJIBIK KepHeyJepai
azaiftampl. byt s)kaOABIKTEIH TO3YBIH a3alTyFa >KoHE
OHBIH KBI3MET €Ty MEp3iMiH y3apTyFa oOKelle/i.
CoHbIMEH Karap, AIpiad MEH HIyAbl a3alTy >KYMBIC
XKaraalnapbIH XKakcapTabl KOHE
WHPPAKYPHUIBIMJIBIK JKYKTEMEHI a3aiTaIbl.
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backapy ooandici owcone Oetiimoeny. Kuimik
TYPJICHIIPTIMTEPI  COPFBUIAPABIH  KBICHIM  MEH
CYHBIKTBIK Oepy CHSKTBl TapameTpiepiH 1o
perTeyre MyMKiHIIK Oepexai. Byn ocipece cymen
XKaOIBIKTay OKYWenepi HeMece TEeXHOIOTHSIIBIK
mpormecTep CHSIKTHI Oenrim Oip Jkarmadimapabl
CaKTayabl KaKET eTeTiH KyHelepae oTe MaHbI3/bI.
Kympic mapaMeTpiepiH OHail perTey MYMKIHITI
COPFBI JKYHenepiH (U3MKaIbIK apanacynbl Hemece
KOMIIOHEHTTEP/1 ayBICTBIPYIBl KaXKET eTHEeCTeH
©3repeTiH  KYMBIC JKaFfainapeiHa OeiliMaeyre
MYMKIHIIK Oepei.

Kabovikmer  xopeay.  Kemnreren kUK
TYPJACHAIpPTIiIITEpi MIaMajaH ThIC JKYKTEMEEH,
KBI3BIIT KETYJICH XoHE 0acKa TOTEHIIE XKaFaainapian
Kopray CHSIKTBI A0 IBIKTHI KOpray
MYMKIHIKTEpiMEH JKAOIBIKTAJIFAH. byn
3aKBIMJIAHYABIH aJJbIH allyFa JKOHE >KaOIbIKTHIH
ICTeH MIBIFY KayIiH a3aliTyra KeMeKTece i, OYJ1 OHBIH
OepikTiriHe e OH ocep eTei.

Onoipywinep men mMooenboepoiy Key mayoaybl.

Haprikra Siemens, ABB, Schneider Electric,
Danfoss, Mitsubishi, Omron sxoHe Gackanapsl
CUSIKTBI KHIUTIK TYPJICHIIPTilUTepiHIH KONTEreH

eHipymIisepi 6ap. OmapablH SpPKaNHCBICH SPTYPIi
(hyHKIISIIApHI MeH cuUTaTTaManapsl Oap
MOJICTBACPAIH KEH CIEKTPIH YChIHA/bI, OYJ1 HaKThI
TancelpMasiap YIIiH OHTAWIbl IIEHIIMIl TaHaayFa

MYMKIHIIK oepemi. Meicansl, Mitsubishi
TYpJCHAIpTiIITEpi SHEPIUSHbI YHEMICYIiH
KOFapbUIaybIMEH —epekiieneHeni, amn Schneider

Electric eniMaepi ker QyHKIUSIIBI dKOHE KOJI KETIMII
OarameH TaHbIMal, Omron TypJeHAiprimrepi
KBUIIAMIBIKTBI  OIpKENKI peTTeyre »oHe MUKIIIK
peXHUMIIEPIE AIT KYMBIC icTeyre MyMKIHAIK Oepex,
an Hitachi »xorapel akaymapra TO3IMILUTIK IIeH
OHEPKACIMNTIK JKEeNiJiepre WHTErpalysHbl YChIHAJIBL.
Conbimen katap «Kombapko», «Becniepy, «pacuty»
KoHe «BeKTop» CHAKTBHI peceilylik KOMIaHusap ia
KHUUTIK TYpJICHAIPTIIITEpiHiH OHJIpiciH OenceHai
JTaMBITyA. Omnapnerg OHIMJIEPI IIEMIIK
CTaHIapTTapJaH KeM TYCHeWai IKoHe JpTypii
camajmap YIIiH Oocekere KaOiIeTTi memiMaepii
YCBIHA/IBL.

Op mypai canarapoa Koadawy. Kuimik
TYPJCHAIPTiITEepi CyMeH >KaOJbIKTay, >KBUIBITY,
KeJJIeTy, ayaHbl Oanray, OHEpKICINTIK KOHBerepIep,
KOTepy MexXaHu3MJepl JKoHe OacKamapblH Koca
alFaHia, KemTereH canaiapia KoJjnaHbutanpl. by
onapAblH oMOeOanTHIFBIH JKOHE OPTYPI JKYMBIC
JKaraaiiapbiHa )Korapbl OeHIMICTyiH KopceTe/i.

Kuinik TypaeHAiprilTepid JIEKTp KEeTEeKTepiH
Oackapy JXyHenepiHe eHTri3y SHeprus THUIMIUIriH
apTTBHIPYIaFbl  JKOHE TMAakJlalaHy  I[IBIFBIHIAPBIH
azaiiTynarbl MaHBI3IBl KajaM OOJBII TaOBLIAIbI.
Anaiina, alKblH apTHIKUIBUIBIKTapFa KapamacTaH,
Keioip mekTeysep oap.
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CoHBIMEH KaTap, TYPJICHOIPTIMITEPIiH camachl,
ocipece KpITaiiga merapeuaTeIHAAP, OP TYPITi O0TyhI
MYMKiH, OYJ JKeTKi3yWIiiep MeH MOAeIbIepai
MYKHSIT TaHAay bl KaxeT eTelii. «kKoMOapKkoy» CHAKTEI
Pecefimik  enpmipymiiep  Oacekere — KaOiinerTi
mIenmMAepal YChIHAABI, OipaK oJlapablH HApPBIKTAFbI
yJieci o ae as.

JXKanmel, CcOpFel KOHIBIPFBUIAPBIHAA  KOHE
JNEKTP KETEKTepiH OacKapyAblH Oacka xyhenepinae
KHUUTIK TYPJACHAIPrilITEepiH maiifanaHy SHEPrHs
TUIMIUTITIH apTTHIpyFa, NaijanaHy IIbIFBIHAAPBIH
azalTyra XoHE KaOJBIKTBIH KBI3SMET €Ty Mep3iMiH
y3apTyFa BIKIaJd eTeTiH MepCHeKTHBalIbl OarbIT
0O0JIBITT TAOBLIAIBI.

KOPBITBIH/IbI

XKuinik  TypmenaiprimuTepine  HerizAenreH
COpPFBUIAP/BIH aBTOMATTaH/IBIPBIIFaH ANEKTP
JKETEKTepl COPFHI JKyHelepiH OacKapyAblH dHEPTHUs
THIMUTITIH, CEHIMILIINH JKOHE QIIIIrH
apTTHIPYIBIH €H THIMJI IIeNIiMAepiHiH Oipi OOJIbII
TaObUTagel. MyHmall TEXHOJOTHSIIAPIBl  EHTI3Y
SHEPTHs TYTHIHYBI €19Yip TOMEHIETII KaHa KolMaii,
JKAOJBIKTBIH KBI3MET €Ty MEp3iMiH y3apTy >KoHE
TOTCHIE > KaFJallapIblH QIJbIH aly apKbUIbI
naianany IIBIFBIHAAPBIH  a3alTyFa MYMKIHIIK
Oepei.

3aMaHayd TEXHOJIOTHSUIAD MeEH IIelliMaepre
mony Siemens, ABB, Danfoss sxome Schneider
Electric cHAKTBI >KeTEKI OHIIPYIIIICPIIH XHUIITIK
TYPJICHAIPTIIITEPI COPFBI IKYHENEpiHiH e3repMeri
JKYMBIC JKaFJaijlapblHa >KOFaphl WKEMJUTr MeH
OeifiMzienyiH KaMTaMachl3 €TETiHiH KepceTTi. byn
ocipece cyMmMeH KaOABIKTay, ©HEPKICII JKOHE
CaJKBIHIATY JKYHenepl CHSKTBI cananapia eTe
MaHBI3/Ibl, MYH/JIa >KaOABIKTHIH HapaMeTpIiepiH I
peTTey Kaxer.

JlereHMeH,  aBTOMATTAaHABIPBUIFAH  DJIEKTP
JKETEKTEePIH €HTi3y JXaOIBIKTHIH KOFaphl OacTarKbl
KYHBIH, OUTIKTI TEPCOHAJJbIH KAKETTUIrH KOHE
KHOEpKayiIci3IiKTi KaMTaMachl3 €Tyl Koca ajFaH/a,
Oipkatap  TEXHHMKAIBIK JKOHE  IKOHOMHKAJBIK
KHBIH/IBIKTapIbl KAMTHUIBL.

byn cananeig pamy mnepcnektuBanapsl 10T,
KacaH/Abl MHTEIUIEKT XOHE OOJKaMIbl aHAINTHKA
CUSIKTBI IM(QPIBIK TEXHOJOTHsJIapAbl OAaH opi
OipikTipymMeH 0ailIaHBICTHI, oy COpFBI
KOHJIBIPFBUIAPBIH  0aCKApYABIH TOJIBIK aBTOHOMJIBI

XKOHE ©31H-631 OKBITaTBIH IKYHeNepiH Kypyra
MYMKIHJIK Oepei.

ABTOPIJIBIK YJIEC

(CRediT makconomusncor)

Cepuk0oaatyasbl A. —3epTTey  TYKBIPBIMAA-

macel (Conceptualization), oxeOueTTepai Tanaay
(Investigation), MakanmaHblH OacTamkKbl HYCKAaChIH
naneiaay (Writing — original draft).
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Abstract — This study examines the effectiveness of applying artificial intelligence (Al) technologies to detect anomalies
in network traffic for improving information security. The rapid growth of digital infrastructures, cloud computing, and
Internet-connected devices has significantly increased the volume and complexity of network traffic, making conventional
signature- and rule-based detection methods less effective against modern cyber threats. As a result, intelligent approaches
capable of identifying previously unknown attack patterns have become essential for ensuring the security and reliability
of computer networks. The research investigates the application of machine learning and deep learning techniques for
network traffic anomaly detection. Particular attention is given to the comparative analysis of widely used algorithms,
including Random Forest and Long Short-Term Memory (LSTM) neural networks, with respect to their detection
accuracy, computational efficiency, and ability to recognize complex temporal patterns in network traffic. The proposed
approach also considers the integration of synthetic and real-world datasets to improve the reliability of model training
and validation under diverse operating conditions. The findings demonstrate that Al-based models provide significantly
higher detection accuracy, lower false-positive rates, and greater adaptability than traditional approaches. Among the
evaluated methods, LSTM showed superior performance in identifying temporal anomalies, whereas Random Forest
achieved a favorable balance between accuracy and computational cost. The obtained results confirm the potential of
artificial intelligence for real-time network monitoring, early detection of cyberattacks, and automated incident response.
The study concludes with practical recommendations for integrating Al-based anomaly detection systems into modern
cybersecurity infrastructures to enhance the resilience, reliability, and overall effectiveness of network protection
mechanisms.

Keywords — network traffic, anomaly detection, artificial intelligence, machine learning, deep learning, cybersecurity.
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Anoamna — by KyMmMBICTa aKHmapaTTBIK KayilCi3miK JEHTeHiH apTTBIpy MAakKCcaTBIHAA JKeNIK TpaduKreri
aHOMANMSIAPAbl aHBIKTayna d>kacaHasl WHTEUIEKT (OKM) TexHOmOTHsUIapblH KONJAHYABIH THIMAUIT 3€pTTEeNi.
Ludprbik MHOPAKYPBUIBIMHBIH, OYJITTBIK €cenTeylep/iH KOHE MHTEPHETKE KOCBUIFAH KYPbUIFBUIAPABIH KapKbIHIIbI
aMyBl JKEIUTIK TpapuK KeleMi MEH KYPACIUITiH aWTapibIKTail apTTBIpABL, OYJl IOCTYpJi CHUTHATYPajbIK >KOHE
epesxeliepre Heri3/IeNreH o/licTep liH Ka3ipri 3aMaHFbl KHOepKayinTep/i aHbIKTayAarbl THIMIUITiH ToMenaereni. OcbiFan
GaiytaHbIcTh! OYypBIH Oenrici3 madybul TYPIIEpiH aHbIKTaH ajJaThlH HHTEIUIEKTYaJ/Ibl TOCIIIepAl KOJaHy KOMIBIOTEPIIIK
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JKENIIEPIIH KayincCi3airi MeH CeHIMIUTITIH KaMTaMachI3 €Ty IiH MaHbI3IbI OaFbITH OOJBIT TaObUTAABL. 3epTTEYIE KETITIK
TpadUKTETri aHOMATHSIIAP bl AHBIKTAY YIIIiH MalIMHAIBIK OKBITY YKOHE TePEH OKBITY HICTEPiH KOJIIaHy KapacThIPhUIIBL.
Random Forest anroputmi meH Long Short-Term Memory (LSTM) pexkyppeHTTIK HEHpPOHABIK KEIICiHIH aHBIKTAY
TIOITIITI, €CeNTey THIMIIMIT XKoHE KETMUTK TPaQuKTIH KYpIeNi YaKbITTHIK 3aHIBUIBIKTAPEIH aHBIKTay KaOineTi OoifpIHma
CaNBICTRIPMAIIBI TaNAaysl XKyprizinai. COHBIMEH KaTap, opTypdi maiiianaHy KargaiaapelHAa MOICIBIACPAL OKBITY MEH
BaJHOAIMSIIAYABIH CEHIMAUITIH apTTBHIPY YIIH CHHTETHUKANBIK JKOHE HAKTHI JKENUIK JEpPeKTep >KUBIHTHIKTAPHIH
OIpIKTIpiN MaiJalaHy TOCUI YCBIHBUINBL 3EPTTEy HOTIDKENEP] KACAHIBl MHTEIICKTKE HETi3/ICIreH MOJICIbICPIiH
JIOCTYPJIL 91IICTEPMEH CANBICTHIPFaH/1a aHBIKTAY JIQJIAIT HIH )KOFaphl €KEHiH, )KaJIFaH 1a0bUIIap CaHbIH a3aiTaTHIHBIH KOHE
’KaHa Kayinrepre kakchl OeiiMzaeneTiHiH kepcerti. KapacTeipbiiran anroputMaepain iminae LSTM mMoneni yakbITTBIK
aHOMaJIMsAJIaplbsl aHBIKTayJa €H J>KOFapbl HOTHXKenepre Koi kerkidce, Random Forest nonnmik meH ecentey
LIBIFBIHAPBIHBIH THIMI apakaTbIHACHIH KaMTaMachl3 eTTi. JKyMbICTa HMHTEUICKTYaslbl aHOMaHsIaplbl aHBIKTAY
KyienepiH 3amaHayd KuOepKayinci3aik WH(paKypbUIBIMbIHA €HTi3y OOWBIHIIA NMPAaKTUKAJIBIK YCHIHBIMIAp Oepifi,
KOMIMBIOTEPITIK JKeJIIep i KOPFayIblH CeHIMIUIITI MEH TYPaKTBUIBIFBIH apTTHIPy MYMKIH/IIT1 HET13IeNIi.

Tyiiin ce30ep — XKemninik Tpaduk, aybITKyJapAbl aHBIKTAay, KaCaHAbl HHTEIUICKT, MallMHA )acay, TepPeH OKBITY,
KHOepKayinci3mik.
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Annomayus — B nanHol pabote uccneayercs 3pPeKTUBHOCTh MPUMEHEHHUS TEXHOJIOTUN NCKYCCTBEHHOTO MHTEJICKTA
(M) nnst o6Hapy>keHUs] aHOMAJIMHA B CETEBOM TpaUKe C IeJIbI0 MOBBIIICHUS YPOBHS HH()OPMAI[HOHHOI 0€301acHOCTH.
CrpemuresibHOE pa3BUTHE HU(PPOBOK MHPPACTPYKTYpHI, OOJIAUHBIX BHIYUCICHUN U YCTPOWCTB, MOJKIIOYSHHBIX K CETH
WHTepHeT, 3HAUUTENBHO YBEIMYMIO OOBEM U CIOXKHOCTh CeTeBOro Ttpaduka, uTo CcHHXaeT 3()(EeKTHBHOCTDH
TPAAMIMOHHBIX CUTHATYPHBIX U OCHOBAHHBIX Ha IPaBHJIaX METOAOB OOHApyXECHHUsSI COBPEMEHHbIX Knbepyrpos. B cBszn
C 9THM HHTEIUICKTYaJIbHBIE METOJBI, CIIOCOOHbBIE BBIBIATH paHee HEM3BECTHBIE THIIBI aTakK, CTAHOBATCS BAXKHBIM
MHCTPYMEHTOM o00OecredeHust 0e30MMacHOCTH M HaJEeXHOCTH KOMIIBIOTEPHBIX ceTei. B mcciieoBaHuM paccMOTPEHO
IIPUMEHEHNE METOI0B MAIIMHHOTO O0YUSHHMS U TITyOOKOTO 00yUeHHMs Ul OOHAPY)KSHHSI aHOMAJINI B CETEBOM TpadHKe.
Ocoboe BHIMaHHE y/IEJICHO CPABHUTEILHOMY aHAJIU3Y IIUPOKO UCIIONIB3YyEMBIX allTOPUTMOB, BKIItodast Random Forest u
pexyppeHTHBIe HelipoHHbIe cetn Long Short-Term Memory (LSTM), ¢ TOYkH 3peHHS TOYHOCTH OOHApYKEHHS,
BBIYHCIIUTENbHOM 3()(HEKTUBHOCTH M CIIOCOOHOCTH BBISIBIISITH CJIOKHBIE BPEMEHHBIE 3aKOHOMEPHOCTH CETEBOT0 TpadHuKa.
IIpennosxeHHBIN MOAXO TakXKe MPeIyCMaTPUBACT HCIOIb30BAHMUE CHHTETHYECKUX M PEalbHBIX HAOOPOB JAHHBIX LI
TOBBILIEHUsI JIOCTOBEPHOCTH OOYUSHHMSI W BalIWAALMH MOJIENIH B Pa3IMYHBIX YCIOBHSX dKcIulyarauuu. [loiyueHHbie
pe3yabTaThl MOKa3aldM, YTO MOJIENN, OCHOBAHHBIE HAa MCKYCCTBEHHOM HHTEJUIEKTE, 00eclednBaioT 0ojee BBICOKYIO
TOYHOCTh OOHApYKEHUsI, MEHbIIIEE KOJIMYECTBO JIOXKHBIX CpaOaThIBAHUII M JIYUIIYIO aJQlITUBHOCTH IO CPaBHEHHIO C
TPaIUIMOHHBIME MeTomaMu. Cpenn HMCCIeOBaHHBIX anropuTMoB mMoaens LSTM mponeMoHCTpHpoBaia HawTydIlIne
Ppe3yNbTaThl NPH BBISBICHUH BPEMEHHBIX aHOManui, Torjna kak Random Forest obecrnieuns ontuManbHOE COOTHOIICHHE
MEXIYy TOYHOCTBIO M BBIYMCIHMTEIBHBIMHM 3aTpaTamMu. B paboTe IpeacTaBlieHbl NMPAKTHYECKHE PEKOMEHJALUH 10
BHEJIPEHHUIO MHTEJUIEKTYaJIbHBIX CHCTEM OOHApY)KEHHs aHOMAJIMH B COBPEMEHHBIE CHCTEMBbl KHOEpOe30IacHOCTH IS
MOBBIIIEHUS HAJEKHOCTH U YCTOMYMBOCTH 3aIIUThl KOMIBIOTEPHBIX CETEH.

Kniouegvie cnosa — cereBoil Tpaduk, OOHapy)KEHHE AHOMAIIMH, MCKYCCTBEHHBIH WHTEIUIEKT, MAlIMHHOE OO0ydeHHe,
deep learning, ku6epOE30MaCHOCTb.

MAIN PROVISION compared with conventional signature- and rule-

The conducted study demonstrated that artificial based methods. Comparative evaluation showed that
intelligence algorithms significantly improve the the LSTM model achieved the highest performance in
accuracy of network traffic anomaly detection detecting temporal and complex traffic anomalies,
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while the Random Forest algorithm provided a
favorable balance between detection accuracy and
computational efficiency. The integration of synthetic
and real-world network traffic datasets increased the
reliability of model validation and improved the
robustness of anomaly detection under diverse
operating conditions.

INTRODUCTION

In modern times, the prevalence of internet
networks and the increase in data volumes make it
difficult to ensure the normal operation of network
traffic. The availability of the internet on a global
scale and the development of digital technologies
have become the main means of data exchange in
business, education, health and other areas of
everyday life. In this process, the volume of network
traffic grew exponentially, increasing the
requirements for its control and monitoring systems.
For example, innovations such as 5G technologies,
the Internet of Things (1oT) and cloud computing are
further intensifying the complexity of networks. In
this case, maintaining the stability and security of
network traffic is becoming an important task.
Anomalies resulting from cyber attacks, system
failures, or abnormal use pose a threat to network
security. Types of cyber attacks, including DDoS
(Distributed Denial of Service), phishing, and the
spread of malware, pose a constant threat to network
infrastructures. For example, DDoS attacks disrupt
the normal flow of network traffic, causing servers to
overload, and malware is used to steal data or damage
the system. In addition, system failures, such as
hardware failures or software errors, can also cause
fluctuations in traffic. Abnormal use, that is, the use
of the network for the wrong purpose (for example,
excessive data loading or spam distribution), also
exacerbates this problem. All these factors increase
the importance of network security, making it
necessary to detect and respond to deviations in a
timely manner.

Traditional rule-based methods have limited
capabilities in solving this problem because they are
ineffective in detecting new and complex deviations.
These methods rely on predetermined rules and
patterns, which means that they can only detect
known threats. For example, if an attacker uses a new
method or a deviation occurs in a previously
unregistered sample, traditional systems cannot
detect it. In addition, the dynamic nature of network
traffic and the increase in its volume exceed the
processing capacity of rule-based systems. In this
regard, it was necessary to look for more efficient and
flexible solutions.

The use of artificial intelligence, especially
mechanical engineering and deep learning methods,
is becoming increasingly important. Machine
learning algorithms, such as Random Forest or
Support Vector Machine (SVM), are widely used to
classify and identify fluctuations in network traffic.
These methods can analyze large data sets and
distinguish between normal and abnormal patterns.
And deep learning, especially models such as
Convolutional Neural Networks (CNN) and Long
Short-Term Memory (LSTM), allows for a deeper
analysis of the temporal and spatial characteristics of
traffic. For example, LSTM is capable of detecting
dependencies in traffic flows over time, which plays
an important role in monitoring the evolutionary
development of cyber attacks. These Al methods,
unlike traditional approaches, have the ability to self-
learn, which means they can adapt to new data.

This study aims to explore the potential of Al
technologies in detecting fluctuations in network
traffic. The main goal of the study is to assess the
accuracy and effectiveness of detecting deviations
using various methods of Al and compare them with
traditional methods. In addition, the study involves
the development of practical recommendations aimed
at improving network security. For example,
approaches such as the real-time application of Al-
based systems or the development of hybrid models
are considered. In the course of the study, synthetic
and real data sets are used, which makes it possible to
test the effectiveness of models in different scenarios.
Thus, this study is aimed at solving current problems
in the field of cybersecurity and laying the foundation
for future technological solutions.

Research gap. Although artificial intelligence
has been widely applied to intrusion detection and
network traffic analysis, many existing studies rely on
outdated benchmark datasets or evaluate only a single
machine learning model. Furthermore, limited
attention has been paid to comparing classical
machine learning and deep learning approaches using
both synthetic and real network traffic datasets under
identical evaluation conditions. The practical
applicability of these methods for detecting
previously unseen anomalies and their computational
trade-offs also remain insufficiently investigated.

Novelty statement. The novelty of this study lies
in the comparative evaluation of machine learning
(Random Forest and SVM) and deep learning (CNN
and LSTM) models using both synthetically
generated traffic and the KDD Cup 1999 benchmark
dataset. The study provides a unified assessment of
detection accuracy, recall, and F1-score while
analyzing computational complexity and practical
applicability of different Al approaches. Based on the
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obtained results, practical recommendations for
implementing Al-based anomaly detection systems in
modern network infrastructures are proposed.

METODOLOGY

In the course of the study, both synthetic and real
datasets were used to analyze network traffic. The
synthetic data was generated to model different types
of anomalies, while the real data was sourced from
the publicly available KDD Cup 1999 dataset.
Combining these two data sources enhanced the
reliability of the study and allowed for the evaluation
of model performance under varying conditions.
Acrtificial Intelligence (Al) methods — particularly
machine learning and deep learning approaches —
were applied to detect anomalies. The main objective
of the study was to assess the effectiveness of these
methods in identifying fluctuations in network traffic
and to determine their contribution to cybersecurity
through comparative analysis. This section provides
a detailed description of the data preparation process,
the technical characteristics of the methods used, and
the evaluation metrics.

Datasets and their preparation. Synthetic and
real datasets were chosen as the foundation of the
study. The use of synthetic data made it possible to
simulate various anomalies in a controlled
environment and to cover scenarios that occur rarely
in actual network traffic. The synthetic data was
generated using tools such as Scikit-learn, NumPy,
and Pandas in the Python programming language.
This dataset consisted of 150,000 records, of which

Table 1 — Methods for detecting anomalies

70% represented normal traffic and 30% represented
anomalies. Simulated cyber threats — including DDoS
attacks, port scanning, data theft, and network
intrusion —were introduced as types of anomalies. For
example, DDoS attacks were modeled as a sudden
surge in traffic volume (more than 1,000 connections
per second), while port scanning was represented by
repeated attempts to connect to specific ports (e.g.,
ports 80 or 443). This simulation process was
designed to reflect the diversity and variability found
in real network environments (Table 1).

The KDD Cup 1999 dataset was used as the
actual data, which is a benchmark base widely used
in research in the field of network security. This data
was collected in the MIT Lincoln Laboratory in 1999
and consists of 4.9 million records. Along with
normal traffic, it includes four main types of attacks:
Denial of Service (DoS), Probe, Remote-to-Local
(R2L), and User-to-Root (U2R). Each entry contains
41 characters (features), among which are parameters
such as the duration of the connection, protocol type
(TCP, UDP), the number of bytes sent and received,
as well as error codes. The advantage of KDD Cup
1999 is that it is open access and allows you to
compare the results of the study with other works.
However, as its disadvantage, the obsolescence of the
data (based on the technologies of 1999) and the lack
of full coverage of the complexity of modern
cyberattacks were noted. To overcome this
shortcoming, the relevance of the study was increased
by combining it with synthetic data.

Method Description Advantages Disadvantages
Uncontrolled: Divides similar data points into | Simple implementation, Sensitive to the choice of
Clustering groups and identifies anomalies | high efficiency algorithm and parameters

Uncontrolled:
density method

Identifies isolated or low density
points as anomalies

Resistant to noise and
extraneous values

High calculation difficulty,
sensitive to parameters

Controlled:
Classification

Using algorithms such as
Random Forest and SVM, it
divides traffic into normal or

Simple implementation,
high efficiency

Requires marked data, may be
poorly generalized to new data

abnormal
Controlled: Combining the results of
ensemble multiple models increases
methods accuracy

Improves accuracy, noise
works better with more
data

Requires a lot of computing
resources, requires careful
adjustment of parameters

Controlled: deep
learning

Using the CNN and RNN neural
networks, it detects complex
patterns

Effective for complex
samples, high precision

Requires more voluminous
Fixed Data, higher
computational difficulty

Research methods. Two main Al approaches
were used to detect abnormalities: mechanical
engineering and deep learning. Each of these methods
has its own characteristics and scope of application,

so comparing their effectiveness has become one of
the main goals of the study.

Mechanical engineering. The Random Forest
and Support Vector Machine (SVM) algorithms were
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chosen as machine methods. These algorithms are
considered effective for classifying and predicting
anomalies because they are capable of processing
large data sets and detecting complex patterns.

1. Random Forest: this algorithm is based on an
ensemble of decision trees and is distinguished by
high accuracy in classification tasks. The advantages
of Random Forest are its resistance to overtraining
(overfitting) and its ability to process many traits
efficiently. In the study, the Random Forest model
consisted of 100 trees, and the maximum depth was
limited to 10 levels. The adjustment of
hyperparameters (for example, the number and depth
of trees) was carried out using the Grid Search
method, which made it possible to find the optimal
configuration of the model. Random Forest used two
classes (binary classification) to classify normal and
abnormal traffic: “normal” and "deviation". With its
"feature importance" function, the traits that most
influence traffic fluctuations (such as "src_bytes" or
"dst_bytes™) were identified.

2. Support Vector Machine (SVM): SVM was
used as an algorithm capable of separating linear and
nonlinear data. The study used SVM with a radial
basis function (RBF) core because it is effective for
separating complex samples. The main parameters of
SVM - C (regularization coefficient) and gamma-
were regulated by cross-validation. The value of C
was chosen as 1.0, and gamma as 0.01. SVM created
hyperplanes to separate the normal and deviation
classes, providing a high margin solution boundary.
But SVM was seen to work slowly on large datasets,
so its use was limited to a small subset (500,000
entries) of KDD Cup 1999. Deep learning.
Convolutional Neural Networks (CNN) and Long
Short-Term Memory (LSTM) models were chosen as
deep learning methods. These models were used to
recognize traffic patterns and identify temporary
dependencies.

1. Convolutional Neural Networks (CNN):
although CNN is usually used to analyze images, it
was used in the study by presenting traffic data as a
2D matrix. The data was reconstructed not as vectors
of 41 signs, but as a matrix consisting of 10 rows
(timesteps) in time. The CNN model consisted of 2
convolutional layers (32 and 64 filters), 2 pooling
layers, and 1 fully connected layer. ReLU was used
as an activation function, and on the output layer, the
softmax function was used to predict two classes
(normal/deviation). The CNN learning process was
limited to 30 epochs and an Adam optimizer was used
(learning rate = 0.001). This model was effective in
identifying local dependencies in traffic patterns.

2. Long Short-Term Memory (LSTM): LSTM
specializes in the analysis of temporary dependent
data, so it was chosen to detect dynamic changes in
traffic flows. The LSTM model consisted of 2 layers,

with 128 neurons in each layer. The Dropout layer
(20%) was added to prevent overtraining. The
learning process was carried out with 50 epochas, and
on the east floor, the sigmoid function was used to
predict two classes. LSTM analyzed time-sequenced
traffic data (e.g. 10-row sequences), which was
important in detecting ad hoc evolving attacks such
as DDoS or Probe.

Evaluation metrics. To assess the effectiveness
of the models, metrics such as accuracy, sensitivity
(recall) and F1-size were calculated. While accuracy
measured the overall correct predictions of the model,
sensitivity estimated the model's ability to detect
deviations (true positive rate). The F1-size showed a
balance between accuracy and sensitivity, which was
important given the rarity of deviations. The metrics
were calculated in a test set and confirmed by cross-
validation (5-fold). For example, Random Forest's
accuracy was 92% in synthetic data, and LSTM's
KDD Cup was 95% in 1999.

The research methodology provided a realistic
and observable environment by combining synthetic
and real data. Machine-building techniques (Random
Forest, SVM) focused on quick and effective
analysis, and deep learning (CNN, LSTM) focused on
identifying complex patterns. Evaluation metrics
made it possible to objectively measure the reliability
of models. This methodology was the basis for
studying the potential of Al in detecting fluctuations
in network traffic.

RESEARCH RESULTS AND DISCUSSION

The results of the study confirmed that models
based on artificial intelligence (Al) showed high
results in detecting fluctuations in network traffic.
The methods used in the study — the Random Forest
algorithm and the Long Short-Term Memory (LSTM)
model — were particularly effective in performing this
task. While the Random Forest algorithm achieved
92% accuracy, the LSTM model differed in
temporary data with 95% accuracy. These results
prove the significant advantage of Al technologies
over traditional methods. Compared to traditional
methods, such as rule-based systems, Al models
showed 20-30% higher efficiency in detecting new
and unknown anomalies. The advantage of deep
learning models in analyzing complex traffic patterns
was also observed, but it was found that the process
of their training requires more computing resources.
In this section, a detailed analysis of the research
results, factors affecting the performance of models
and conclusions regarding their practical application
are described in detail.

Accuracy of models and comparative analysis.
The achievement of the Random Forest algorithm
with an accuracy of 92% confirms its leading position
among machine-building methods. This algorithm
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was tested with synthetic and real data sets (KDD Cup
1999), where it showed high accuracy in
distinguishing  between normal traffic and
fluctuations. The effectiveness of Random Forest is
based on its ensemble approach, that is, the
predictions of several decision trees are combined to
make the final decision. The model used in the study
consisted of 100 trees, and the problem of overfitting
(overfitting) was minimized by adjusting
hyperparameters (for example, the maximum depth of
trees was limited to 10 levels). According to the
results, Random Forest showed particularly high
sensitivity (recall) in detecting abnormalities such as
DDoS attacks and port scanning — more than 90%.
This shows that it can effectively classify abnormal
patterns and reduces false negative (false negative)
results.

The LSTM model has reached 95% accuracy in
the analysis of temporal data, which clearly proves
the advantage of deep learning methods. LSTM
specializes in detecting time dependencies, so it has
shown exceptional results in analyzing dynamic
changes in traffic flows. For example, while DDoS
attacks modeled on synthetic data were characterized
by a sudden increase in traffic, the LSTM was able to
track these changes over time and accurately
distinguish them from normal traffic. In the study, the
LSTM model consisted of 2 layers, each layer had
128 neurons, and the learning process was limited to
50 epochs. The Dropout layer (20%) was added to
prevent overtraining. In detecting time-dependent
attacks (such as Probe types) in KDD Cup 1999 data,
the F1-size of the LSTM was 94%, which confirms
the balance of its accuracy and sensitivity.
Comparison with traditional rule-based systems was
an important part of the study. These systems rely on
predetermined rules, such as restrictions on the
number of attempts to connect to a particular port or
the amount of traffic. In synthetic data, the rule-based
method reached only 65% accuracy, while in the
KDD Cup 1999 data, this figure increased to 70%.
But in detecting new, unknown anomalies (for
example, complex attacks modeled on synthetic
data), their effectiveness was below 50%. The
advantage of Al models in this area was 20-30%
higher, because they have the ability to independently
learn from data and do not require preliminary rules.

Advantages and disadvantages of models. The
effectiveness of the Random Forest and LSTM
models is due to their advantages in various aspects.
The Random Forest algorithm allows you to quickly
process and interpret data. For example, with its
"feature importance” function, it is possible to
identify the symptoms that most affect fluctuations in
traffic (such as the number of bytes sent or the
duration of the connection). It provides important
information to network security professionals in

practical application. But Random Forest is limited in
analyzing temporary dependencies because it is based
on static data.

LSTM, on the other hand, is capable of in-depth
analysis of changes in traffic flows over time. This
makes it suitable for real-time monitoring, such as
monitoring the evolutionary development of
cyberattacks. However, the disadvantage of LSTM is
that it requires high computing resources. In the
study, the LSTM learning process took 5 times longer
than Random Forest and required more powerful
GPUs (GPUs). For example, to train synthetic data of
100,000 records, Random Forest was completed in 10
minutes, while LSTM needed 50 minutes. This can be
a limiting factor in the practical application of deep
learning models, especially in environments with
limited resources.

Practical significance and additional analysis.
The results of the study revealed the potential of Al
models in cybersecurity. Random Forest and LSTM
are significantly ahead of traditional methods in
detecting new anomalies. For example, unknown
attacks modeled on synthetic data (not registered in
rule-based systems) were detected with more than
85% accuracy by Al models. This is due to their
adaptability and the ability to self-improve. Also,
analysis on the Fl1-size confirmed the balance
between the accuracy and sensitivity of the models:
in Random Forest, F1 was 91%, and in LSTM-94%.

The advantage of deep learning models in
analyzing complex traffic patterns was also an
important result. For example, LSTM was able to
accurately simulate changes in traffic over time (for
example, the onset and development of an attack),
which is important in preventing cyber attacks. But
their dependence on computing resources can cause
difficulties in practical application. Random Forest,
on the other hand, works efficiently with few
resources, but is limited when complex temporal
analysis is required.

Interpretation of results. The results of the study
show the important role of Al in network security.
The high accuracy of the Random Forest and LSTM
models makes them an effective tool against modern
cyber threats. The inefficiency of traditional methods
is associated with their static nature, and the ability of
Al models to dynamically adapt could become the
basis for future technologies. However, the
requirements for computing resources and the
complexity of models remain the main challenges in
their application.

In conclusion, the results of the study proved the
capabilities of Al-based models in detecting
deviations. Random Forest and LSTM prevailed over
traditional methods in accuracy, sensitivity, and
adaptability. These results can serve as the basis for
the widespread use of Al in the field of cybersecurity,
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but their practical application depends on resources
and technological infrastructure.

CONCLUSION

This study proves the important role of artificial
intelligence (Al) in detecting fluctuations in network
traffic. In today's digital world, ensuring network
security is a complex and urgent task. The prevalence
of internet networks, the growth of data volumes and
the development of cyber attacks have become factors
that limit the capabilities of traditional methods. In
this regard, Al technologies, especially mechanical
engineering and deep learning methods, are
considered as the basis for new solutions in this area.
The Random Forest and Long Short-Term Memory
(LSTM) models used in the study showed that they
provide high accuracy and adaptability in detecting
abnormalities. These results confirm the potential of
Al in improving cybersecurity and can serve as the
basis for its widespread use in the future.

Mechanical engineering and deep learning
methods provide higher accuracy and adaptability
than traditional approaches. Traditional rule-based
systems are only capable of detecting known attacks
and cannot adapt to new, complex fluctuations. And
the Random Forest algorithm used in the study
reached 92% accuracy, and the LSTM model reached
95% accuracy. These indicators prove not only the
effectiveness of Al models in distinguishing between
normal and abnormal traffic, but also their ability to
adapt to new threats through self-learning. For
example, in detecting unknown attacks modeled on
synthetic data, Al models showed 20-30% higher
results than traditional methods. This adaptability is
an important advantage in a dynamic cybersecurity
environment because the types and methods of
attacks are constantly changing.

The results of the study can serve as the basis for
the widespread use of Al technologies in the field of
cybersecurity. Machine-building techniques such as
Random Forest can be used effectively in small and
medium-sized networks as low-resource-intensive
and fast-yielding solutions. Its ease of interpretation
(e.g., the ability to determine the significance of
signs) helps network security professionals make
specific decisions. And deep learning models such as
LSTM are ideal for use in large networks or real-time
monitoring systems where it is necessary to analyze
temporary  dependencies. For example, the
introduction of such technologies to prevent cyber
attacks in sensitive areas such as the banking sector
or public infrastructure can significantly increase the
level of security. The results of the study pave the way
for the practical application of these technologies and
highlight the importance of investing in their
development.

In the future, it is proposed to develop hybrid
approaches and systems operating in real time to
increase the efficiency of models. Hybrid approaches
can combine the benefits of machine learning and
deep learning methods. For example, a model that
combined the rapid processing capability of Random
Forest and the temporal analysis capabilities of
LSTM can be effective in both detecting complex
anomalies and saving resources. During the study, the
potential of hybrid models was not fully studied, but
preliminary analyzes showed that their accuracy can
be increased to 97%. This approach should be
considered as the main direction in future research.

The development of systems that work in real
time is also an important recommendation. In the
current study, the models were tested with pre-
prepared data, but real-time traffic analysis provides
a faster response to cyber attacks. For example,
although the LSTM model shows high performance
in the analysis of temporary data, its learning and
forecasting process is resource-intensive. In the
future, it will be possible to increase their real-time
availability by simplifying these models or using
cloud computing.

In addition, the results of the study indicate the
need for additional research aimed at expanding the
scope of application of Al technologies. For example,
it will be important to test the effectiveness of models
in different network environments (such as loT
devices or 5G networks). The heterogeneous nature
of traffic in 10T networks and the high speed of 5G
can test the adaptability of current models. Also, the
ethical and legal aspects of Al models should not be
neglected. For example, the question of responsibility
in the event of an error in the decision-making process
of automated systems remains open.

In conclusion, this study proved the
effectiveness of Al in detecting fluctuations in
network traffic and determined its future in
cybersecurity. Mechanical engineering and deep
learning methods have prevailed over traditional
approaches in accuracy, adaptability, and practical
potential. However, to unlock the full potential of
models, it is necessary to reduce their dependence on
computing resources and develop real-time
applications. The development of hybrid approaches
and innovative technologies will be the next steps in
this direction.
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Abstract — This paper presents a comprehensive analysis of symmetric and asymmetric encryption algorithms and their
application in embedded systems based on the Arduino platform. The rapid growth of Internet of Things (1oT)
technologies and resource-constrained devices has increased the demand for efficient cryptographic solutions capable of
ensuring data confidentiality, integrity, and authenticity while operating under limited computational and memory
resources. In this context, selecting an appropriate encryption algorithm is a critical factor in developing secure embedded
applications. The study examines the theoretical principles of symmetric and asymmetric cryptography, highlighting their
operational mechanisms, key management approaches, advantages, and limitations. Particular attention is given to widely
used algorithms and cryptographic libraries available for the Arduino platform. Their implementation features,
computational complexity, memory consumption, execution speed, and suitability for low-power microcontrollers are
analyzed. The paper also discusses the practical aspects of integrating cryptographic functions into embedded applications
designed for secure communication and data protection. The analysis demonstrates that symmetric encryption algorithms
provide high processing speed and low resource consumption, making them suitable for real-time applications on
microcontrollers, whereas asymmetric algorithms offer enhanced key distribution and authentication capabilities despite
their higher computational requirements. The obtained results indicate that the effectiveness of cryptographic protection
depends on balancing the required security level with the hardware limitations of embedded devices. The study concludes
with practical recommendations for selecting encryption algorithms and cryptographic libraries for Arduino-based
systems, contributing to the development of reliable and secure loT applications and embedded information security
solutions.

Keywords — encryption, cryptography, symmetric algorithms, asymmetric algorithms, data protection, Arduino,
microcontroller, devices with limited resources, programming, cryptographic libraries, security protocols, information
security, implementation of encryption algorithms, data authentication, hash functions.
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Anoamna — YXympicta Arduino maTopmackiHa HETi3A€IreH SHAIPUITeH KyHienepae KOINIaHbUTATEIH CUMMETPHSITBIK
KOHE AaCHUMMETPUSUIBIK mmdpiay airopurMiepine kemenai Tannmay okyprisunmi. 3arrap wunTepHeri (IoT)
TEXHOJIOTUSUIAPBIHBIH JKOHE ECeNTey pPeCcypcTapbl INEKTeYJi KYPBUIFBUIAPIBIH KapKBIHABL JaMYbl JepeKTepIiH
KYIVSUTBUIBIFBIH, TYTACTBIFBIH JKOHE TYIHYCKAIBIFBIH KAMTaMachl3 €TETIH THIMII KPUNTOTPAQUSIBIK Kypalaapabl
KOJIJaHy KaKCTTINIriH apTTeipAbl. OChIFaH OaiIaHBICTHI KOpFaliFaH SHAIPUINeH KOCHIMIIAIAPIBI 93ipiey OapbhIChIHIA
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mudpIay alropuTMiH AYPBIC TaHAAY MaHBI3IBI MiHAETTEpAIH Oipi O0IBIT TaOBLIAABI. 3epTTEYAe CHMMETPHSIIBIK KOHE
ACHMMETPHSUIBIK KPHUIITOTPAaHAHBIH TEOPHSIIBIK Heri3liepi KapacTBIPBUIBIN, OJNAPABIH JKYMBIC iCT€y Karuaajiaphl,
KpUNTOTpausIbIK KinTTepAi Oackapy epeKIIeTiKTepi, apTHIKIIBUIBIKTAPEI MEH IIeKTeyiepi cumartangbl. Arduino
mwraTopMachiHIa KCHiHEH KOJNAHBUIATBIH KPHUITOTPaQUsUIBIK aJTOPUTMICP MEH KiTalmxXaHaJlapIblH iCKE acBIPBLTY
epeKIIeNTiKTepine epeknie Hazap aymapbuigsl. OmapIplH ecenTey KYpACIUIri, KaaTel MmainanaHy ICHIeHi, OpBIHAAY
KBIIAMIBIFBI XKOHE aIlllapaTThIK PecypcTaphl MEKTeY i MUKPOKOHTPOJUIepIiepie KOJIaHyFa skapaMAbIIbIFbI TaJllaH bl
CoHbIMEH KaTap, KpunrorpadusuiblK QyHKIusuIapapl Kayirci3 JAepekTepai 0epy KoHe cakTay JKyHelepiHe eHrizyniH
NPaKTHKAJBIK AaCHEKTiAepl KapacThIpbUIABL. 3€pTTEY HOTHIKENepl CHMMETPUSUIBIK —aJITOPUTMICPHAIH KOFaphl
KBUIAAM/IBIKIIEH KYMBIC ICTEHTIHIH KOHE eCelTey PecypCTapblH a3 Ka)KeT €TeTiHIH KOpPCETTi, COHJIBIKTaH 0Jap HAaKThI
YaKbIT PeXXUMIHIETI MUKPOKOHTPOJUIEPIIIK JKYHeIep YIIiH THiMII 00JbIn TaObIagsl. A7l aCHMMETPHSIIBIK aJlrOPUTMIED
ayTeHTU(UKaIUsIay MEH KpUnTorpadusiblK KUITTepIi Kayinci3 TapaTy MYMKIHAIKTepiH KeHeireni, Oipak ecentey
pecypcrapbIH KeOipek Tanan eteai. AnbIHFaH HoTHxenep Arduino miardopmackinaa KOpFajiFaH KOCBIMIIAIap bl a3ipiiey
Ke3iHIe THIMIi KpunTorpadusuIbK alTOPUTMAEP MEH KiTalrxaHalapabl TaHAayFa Heri3 Oonaabl skoHe 3aTTap MHTEPHETI
KYPBUIFBUIAPBIHBIH aKIMapaTTHIK Kayilci3AiriH apTTEIpyFa MYMKIHIIK Oepei.

Tyiiin ce30ep — xpunrorpadus, CUMMETPUSIIBIK aITOPUTMACDP, aCHMMETPHSIBIK AITOPUTMICP, ACPEKTepHi Kopray,
Arduino, MHUKPOKOHTPOJUIEP, PECypChHl WIEKTEYN KYpBUIFBUIap, OaFmapiamanay, KpUNTOTPaHIBIK KiTalmxaHaiap,
Kayilci3miKk MPOTOKONAApHI, aKMapaTTHIK Kayinci3mik, mmdpriay amropuTMAEpiH iCKe acwlpy, IEepeKTep
AYTEHTU(HKAIUACH, X3II-QYHKIHSIAP.
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Annomayun — B paboTe mnpencTaBieH KOMIUICKCHBIN aHalW3 CHUMMETPHUYHBIX W ACHMMETPHYHBIX aJITOPUTMOB
mmpoBaHus, a Takke OCOOSHHOCTEH MX NPUMEHEHHWs] BO BCTpPaMBaeMbIX cucTeMax Ha 0ase miardopmbl Arduino.
CrpemutensHoe pasButne TexHonoruit Muateprera Bemeit (IoT) u ycTpoilcTB ¢ OrpaHMYCHHBIMU BBEIYUCIUTEILHBIMHU
pecypcamu  0OyCIIOBHJIO  HEOOXOIMMOCTb  HCIIOJIL30BaHMA  A(P(QEKTHBHBIX  KpUNTOrpauuecKkux  CpeicTs,
obecrieunBarONIMX KOH()HUAESHIMAIEHOCTD, EJIOCTHOCTh M IOJUITMHHOCTD Iepe/laBaeMbIX IaHHBIX TP MHHUMAIbHBIX
3aTpaTax BEYUCIUTEIBHBIX PECYPCOB. B CBS3M ¢ 3TUM BBIOOP ONTHMAJIFHOTO aITOPUTMA IHU(QPOBAHUS SBISETCS OTHUM
13 KJIIOYEBBIX (PakTOpOB MpH pa3pabOTKe 3aIMINCHHBIX BCTPOEHHBIX NPHIIOKEHWH. B mcciienoBaHuM paccMOTpeHB
TEOpPETHYECKHE OCHOBBI CHMMETPHYHOW M aCHMMETPHYHON KpHNTOTpadMH, PACKPHITHI NPHUHIMIBI HX paboTEI,
O0COOEHHOCTH YINpPAaBJICHUsI KPHUITOrpaduuecKUMU KIIOYaMH, NpeuMyliecTBa M orpaHuueHus. Ocoboe BHUMaHUE
yIeneHo Haubojiee pacHpOCTPaHEHHBIM aIrOPUTMaM K KpUNTOrpadUuecCKUM OHONMMOTEKaM, pPEalU30BAHHBIM IS
wiatgopmbl  Arduino. BbInonHeH aHain3 MX BBIYMCIUTENBHOM CIIOKHOCTH, MOTpPeOJIEHHs MamsTH, CKOPOCTH
BBITTOJIHEHHSI ONepaIiii ¥ IPUTOJHOCTH JUIS UCIIOJIB30BAHUS HA MUKPOKOHTPOJIEPaX ¢ OTPAaHUYEHHBIMH allapaTHBIMU
pecypcamu. Takxke pacCMOTpPEHBI NPAKTUYECKUE ACMEKThl MHTErpalyu KpUnrorpapuyeckux (QyHKIUH B CHCTEMBI
0e30macHON Tepenadyd M XpaHEHHS JaHHBIX. Pe3ynbTaThl MCCIEIOBAaHUS MOKA3alH, YTO CHMMETPHYHBIE aJTOPUTMEI
o0ecrieunBaOT BBICOKYIO CKOPOCTh IIM(pOBaHMS M HU3KOE MNOTPEOJEHHE pecypcoB, YTO JieJlaeT MX Hamboiee
3G PEKTUBHBIMHU JUTS PAOOTHI B peXKUME PEATLHOTO BPEMEHN. ACHMMETPHYHBIE aJITOPUTMBI 00JIaIat0T OoJiee MUPOKUMHU
BO3MOXKHOCTSIMH ayTEHTH(HUKAIWU U 0E30I1acHOTO paclipeAeeHus KIoUuel, 0JJHaKo TpeOYIOT 3HAUNTEIbHO OONBIINX
BBIYHCIIUTENBHBIX 3aTpaT. [loydeHHbIe pe3yabTaThl HO3BOJISIOT 000CHOBATH BEIOOP KPUNTOTpahUUECKUX allTOPUTMOB
O6nbIMoTEK NpHU pa3paboTKe 3aUIIEHHBIX PUIOKEHUH Ha tuiaTgopme Arduino u CriocoOCTBYIOT MOBBIMIEHUIO YPOBHS
nHGOPMaMOHHON 6e30macHOCTH ycTpoiicTB MHTepHeTa Betei.

Kniwouesvie cnoea — mmdpoBanue, Kpunrorpadus, CHMMETPHYHBIE AITOPUTMBI, aCHMMETPHYHBIE AJITOPUTMBI, 3aITATa
MaHHBIX, Arduino, MHKPOKOHTPOJIEp, YCTPOWCTBA C OrpaHHYEHHBIMH pecypcamy, IIporpamMupoBaHue,
kpunrorpadguueckue OMOTMOTEKH, NPOTOKOJIBI Oe3omacHocTH, MHpopManmoHHas 0e30MacHOCTh, peaTnu3aIus
ITOPUTMOB IMIH(PPOBAHNS, AyTCHTUDHUKAINSA JAHHBIX, XeII-(QYHKIHH.
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MAIN PROVISION

The implementation of modern cryptographic
algorithms on Arduino-based embedded systems
provides an effective approach to protecting
transmitted and stored data while maintaining low
hardware and energy requirements.

The integration of symmetric encryption
methods, secure key management, and authentication
mechanisms significantly enhances the cybersecurity
of Internet of Things (1oT) devices based on Arduino
platforms.

The use of lightweight cryptographic solutions
enables the development of secure embedded systems
suitable for real-time applications and resource-
constrained environments.

INTRODUCTION

Every person has heard of data encryption,
because it is used everywhere in our digital age.
When visiting websites on the internet, traffic is
encrypted using the https protocol, our data is stored
encrypted on servers, not to mention that every person
involved in the field of information security at least
once faced the implementation of one or another
encryption algorithm [1-3].

Most encryption programs run on a specific
operating system installed on a particular computer,
in this regard, no matter how reliable a particular
encryption algorithm is, the original text can be stolen
by an intruder if the computer was infected with a
virus before the data was encrypted. Therefore, it is
imperative to stop a scenario [4,5].

One alternative to encrypting data through a
computer can be data encryption on a separate
microcontroller, which is more difficult to crack and
consumes less power.

One of the difficulties of this project is the
implementation of the idea, since along with the time
spent on development, financial investments will be
required. To purchase the microcontrollers
themselves and additional modules for entering text,
displaying it on the screen, and a module for
transferring it to another microcontroller [6].

Research gap. Although numerous studies have
investigated  cryptographic  algorithms  and
information security, limited attention has been
devoted to their practical implementation on low-cost
Arduino-based embedded platforms. Most existing
research focuses either on theoretical cryptographic
methods or on high-performance computing systems,
while comprehensive evaluations of lightweight
encryption techniques, implementation complexity,
computational performance, and applicability to
resource-constrained loT devices remain insufficient.
Furthermore, comparative analyses of modern

security standards and Arduino-based
implementations are still limited.

Novelty statement. The novelty of this study lies
in the comprehensive analysis of modern
cryptographic methods for Arduino-based embedded
systems  with  emphasis  on lightweight
implementation, secure data transmission, and
practical cybersecurity applications. The study
summarizes recent international security standards
(ISO/IEC, NIST), evaluates the applicability of
modern encryption techniques for resource-
constrained devices, and provides practical
recommendations for improving the security of
Arduino-based 10T systems through efficient
encryption, authentication, and key management
mechanisms.

METODOLOGY

The methodology of this study was aimed at a
comprehensive analysis of the technical capabilities
of implementing encryption algorithms based on
microcontrollers. At first, a review of domestic and
foreign literature, research and open source projects
was carried out regarding the application of
cryptographic algorithms on the Arduino and
ESP8266 platforms. This step allowed a better
understanding of the practical differences between
symmetric and asymmetric encryption approaches,
their computational resource requirements, and the
limitations of microcontrollers.

In the course of the study, the Arduino Uno,
Arduino Mega and ESP8266 microcontrollers were
chosen as the experimental base. The choice was
justified by their wide distribution, available
documentation and a large number of cryptographic
libraries. The processes of text encryption and
decryption were tested using specially prepared
software modules. Indicators such as the execution
time of encryption operations, the level of memory
use, processor load were systematically measured.
The effectiveness of each algorithm was evaluated in
the context of specific hardware constraints, and the
results obtained were analyzed in comparison [7,9].

A qualitative analysis of the security level of
algorithms was also carried out. The cryptographic
stability of each algorithm, key length-dependent
weaknesses, and resistance against hardware attacks
were studied. Separately, it was considered how key
exchange procedures are performed in practice when
exchanging data between devices, since this section
defines the features of the application of symmetric
and asymmetric approaches [9].

The use of these methodological approaches
made it possible to comprehensively assess the
effectiveness of the implementation of encryption
algorithms on microcontrollers and justify the
possibilities of their application in specific projects.
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RESEARCH RESULTS AND DISCUSSION

If you choose a symmetric encryption algorithm,
the encryption keys must be exchanged between the
two devices in advance. And if you choose an
asymmetric encryption algorithm, you do not need to
exchange  encryption  keys in  advance.
Microcontroller algorithm with symmetric encryption
algorithm:

1) two users exchange encryption keys by
placing devices next to each other through a special
module.

2) user a encrypts the message and sends it to
user B.

3) User B decrypts the message.

Microcontroller algorithm  with
encryption algorithm:

1) Users A and B create private and public keys.

2) users exchange public keys over the Internet.

3) user a encrypts the message and sends it to
user B.

4) user b decrypts the message.

The difference with pagers is that pagers are
bought abroad and, as in Lebanon, there is a high
probability that someone will intercept their batch and
install explosive devices on them. If you encrypt
using microcontrollers, then the probability of
deploying an explosive device will be zero.

symmetric

Fig. 1 — Schematic diagram of cipherbox supercoders

Also on the English-language internet, you can
find the implementation of asymmetric encryption
algorithms, such as RSA, in Arduino microcontrollers
(Fig. 2) [6]. A user named Aditya Pandey announced
the implementation of cryptographic protocols
between a personal computer and an Arduino board
on the GitHub platform.

Arduino also has an implementation of the RSA
encryption algorithm and esp8266 microcontrollers
on GitHub, a user of “Murali mahadeva”.

Thus, despite the fact that there are ready-made
implementations of symmetric and asymmetric
encryption algorithms on the Internet, this topic does

To implement data encryption algorithms, you
can use Arduino microcontrollers, which are a
popular tool in the world of electronics.

Arduino is a trademark of hardware and software
tools for the creation and prototyping of systems,
models and experiments in the field of Electronics,
Automation, Process Automation and robotics.

You can use the popular AESLib library to
encrypt information with Arduino microcontrollers
(Fig. 1) [5]. As the name suggests, this library allows
you to encrypt data using the AES symmetric
encryption algorithm. They can be encrypted both for
storage on the device and for sending via the internet
module.

You can also use the ArduinoDES library. It
provides the same functionality as AES, but the DES
encryption algorithm is less secure than AES.
Because AES is an improved version of the Des
encryption algorithm.

A popular example of using the AESL.ib library
in Arduino microcontrollers is the creation of the
cipherbox supercoder by Dmitry Bright, a user of the
habr website. He carried out the encryption, storage
and decryption of the text. As well as the account
system, including authorization and registration to
access the data of new users. In its development, not
only the AES encryption algorithm is used, but also
Blowfish and Serpent.

Fig. 2 — Microcontroller schemes for downloading
firmware

not lose its relevance, since it contains a huge
potential for many developments in the field of
Information Security, which, thanks to technical
progress, can be implemented by anyone [10].

CONCLUSION

The analysis showed that microcontrollers have
significant capabilities in implementing encryption
algorithms. Modern Arduino and ESP8266 platforms
are capable of performing complex cryptographic
techniques such as AES or RSA, which makes them
promising for autonomous security devices, data
protection modules or  network-independent
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messaging systems. Despite the hardware limitations,
the use of correctly selected algorithms and optimized
libraries ensures sufficient encryption performance.
At the same time, the use of microcontrollers not
only increases the security of data, but also reduces
dependence on computer viruses and reduces the
likelihood of attacks. In the future, further
improvements in hardware cryptography and the
emergence of new encryption libraries will make
microcontrollers an integral part of security systems.
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Abstract — This study investigates the combined impact of climate change and transport density on air quality in the
Almaty metropolitan area. Due to its location in a mountainous basin, Almaty experiences a continental climate
characterized by limited air circulation and frequent temperature inversions, which hinder the dispersion of atmospheric
pollutants. At the same time, the rapid increase in the number of private vehicles over the past decade has significantly
intensified anthropogenic emissions, making road transport one of the primary contributors to urban air pollution. These
factors have led to a deterioration in environmental conditions and increased risks to public health. The research is based
on the analysis of the Air Quality Index (AQI), meteorological observations, and traffic density statistics to evaluate the
relationship between climatic conditions, transportation activity, and atmospheric pollution levels. Special attention is
given to the influence of seasonal weather patterns, temperature inversion events, wind speed, and traffic intensity on the
concentration of major air pollutants. The collected data were analyzed to identify trends and determine the relative
contribution of natural and anthropogenic factors affecting urban air quality. The results indicate that climate change
contributes to more frequent and persistent temperature inversions, which reduce pollutant dispersion and increase
concentrations of harmful substances in the lower atmosphere. Furthermore, high transport density was identified as the
dominant source of emissions responsible for deteriorating air quality. Based on the findings, practical recommendations
are proposed, including the modernization of public transportation, promotion of environmentally friendly mobility,
stricter vehicle emission control, and the implementation of comprehensive environmental policies aimed at improving
air quality and ensuring sustainable urban development.

Keywords — Almaty, air quality, climate change, transport density, ecology, temperature inversion, atmospheric
pollution.

AJIMATBI MEI'AITIOJIMCIHIH AYA CAITACBIHA KNIMMATTBIH O3I'EPYI MEH
KOJIIK ThIFbI3/1bIFbIHBIH OCEPI

Shilke E.

Astana IT University (AITU), Acmana, Kazaxcman
* Aemop-rxoppecnondenm e-mail: kirpiczmyh@gmail.com

ABTOp TypaJjibl aKnapar:
Shilke Edward, Astana IT University (AITU), Acrana, Kasakcran, e-mail: kirpiczmyh@gmail.com

Anoamna — byn 3epTrey AnMarhl MEralnoJMCiHIeri arMoc(epaliblK ayaHbIH callachlHa KIMMATTBIH ©3repyi MeH KeJliK
arbIHBI THIFBI3BIFBIHBIH 9CEPiH TaJayFa apHaiFaH. KajgaHbIH Taylbl Ka3aHIIYHKbIp/Aa OpHAIacybl )KoHE KOHTHHEHTTIK
KJIMMAaThl aya MaccaJapbIHbIH QJICi3 alfHAJIbIMBIHA )KOHE TEMIIepPaTypaJblK HHBEPCHUSIIAP/IBIH JKU1 KaJIBIITACYbIHA BIKITAJ
eTeli, COHBIH calJapblHaH JacTaylbl 3aTTapbIH aTMocdepana Taparybl KUbIHIal 6. COHBIMEH KaTap, COHFBI OH JKbUI
iITiHAE aBTOKOJIK CAHBIHBIH KYPT apTybl aHTPOIOTEHIIK IIBIFApBIHIBLIAD KOJEeMiH efoyip KeOeHTim, aBTOKeJIKTi
aTMoc(epabIK ayaHbl JJaCTayIbIH HETi3Ti Ke3aepiHiH Oipine afHanabIpasl. Taburn skoHe aHTPOMOTEHIIK (GaKTOpIapIBIH
OipeckeH ocepi FIKOIOTHSUTBIK JKaFJaiIbIH HallapiIayblHa JKOHE XaJIbIK JeHCAYJIBIFbIHA TOHETIH KayilTiH apTybIHA aJbIIl
keneni. 3epTrey 6apbIChiHAa aTMOC(EPABbIK ayaHbIH camna uHaekci (AQI), MeTeopoIOTUANBIK OaKplIay JEpEeKTepi HKoHE
KOJIIK aFbIHJIapbIHBIH CTaTUCTUKACHI HETI3iHIE KIMMATTBIK XKaraaiaap, KoK KO3FaJbICHIHBIH KAPKbIHABUIBIFEI )KOHE
aTMoc(epaHbIH JIacTaHy JCHredi apachlHAarbl ©3apa OalmaHpic OaranmaHabl. MaychIMABIK —©3TepicTep/iH,
TEMIIEpaTyPAJIbIK HHBEPCHSIIAP/IBIH, eI SKbUIJaMIbIFBIHBIH JKOHE KOJIK aFbIHBIHBIH THIFBI3/IBIFBIHBIH HET13T1 J1acTaylIbl
3aTTapJblH KOHIIEHTPaLMsIChIHA oCEpiHe epeKile Hasap ayaapbuiibl. JKnHaimFaH JepekTep aTMoc(hepalblk ayaHbIH
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JIACTaHy 3aHABUIBIKTAPBIH aHBIKTAaYFa )KOHE KIMMATTHIK 9pi KOTIKTIK akTopiaapAblH YIeciH Oaraiayra MYMKIHIIK Oep/Ii.
3epTTey HOTHXKENepi KIMMATTHIH ©3repyi TeMmIepaTypaiblK HHBEPCUSUIAPABIH KU MEH Y3aKTBHIFBIH apTTHIPHII,
JacTayIIbl 3aTTapasIH aTMoc(epaHbIH TOMEHT1 KaOaThIHIA JKUHATYbIHA BIKMAJ eTeTiHiH KepcerTi. CoHmai-aK, Keik
aFBIHBIHBIH JKOFAPbl THIFBI3BIFBI 3USH/IbI HIBIFAPBIHIBLIIAPABIH HETI3r KO3l €KeHIi aHBIKTa/bl. AJIBIHFAH HOTIIKEIEp
HETi31He KOFaMIBIK KOJIKTi JaAMBITY, SKOJIOTHSUIBIK Ta3a KOJIK TYpJepiH BIHTATaHIBIPY, aBTOKOIK IIBFapBIHIBLIAPHIH
0aKplIayIbl KYLICHTY JKOHE KaJaHBIH aya CarachlH JKAKCApTy MEH OPHBIKTBI IaMYbIH KAMTAMAaChI3 €Tyre OarbITTaliFaH
9KOJIOTHSUIBIK CasiCaTThl XKETUIAIPY OOMBIHIIA MPAKTHKAJIBIK YCHIHBIM/AP YCHIHBUIIBI.

Tyiiin co30ep — Anmartel, aya canachl, KJIMMATTBIH ©3repyi, KOJIK THIFBI3ABIFbI, 9KOJIOTHs, TEMIIEPATYPaNIbIK HHBEPCHS,
aTMocdepanbiK JacTaHy.

BJIUAHUE U3SMEHEHUSA KIIMMATA U IIVIOTHOCTHU TPAHCIIOPTA HA
KAYECTBO BO31YXA MET'AITIOJINCA AJIMATBI

Shilke E.

Astana IT University (AITU), Acmana, Temupmay, Kazaxcman
* Aemop-roppecnonoenm e-mail: kirpiczmyh@gmail.com
Hndopmanus 06 aBrope:
Shilke Edward, Astana IT University (AITU), Actana, Kazaxcran, e-mail: kirpiczmyh@gmail.com

Annomayun — J{aHHOE UCCIEI0BaHNE TOCBAIICHO aHATN3Y BIUAHUSA U3MEHEHHUS KIIMMAaTa U IJI0THOCTH TPAHCIIOPTHOTO
MOTOKa Ha KayecTBO aTMOc(epHOro Bo3ayxa B Meramnodce AjaMaTel. ['eorpaduyeckoe pacnonoKeHnue roposia B TOpHOH
KOTJIOBUHE U KOHTHHEHTAJbHBIH KIMMAaT CIOCOOCTBYIOT CJa0OM IMPKYJISLUM BO3AYIIHBIX Macc M YacTOMY
BO3HHKHOBEHHUIO TEMIIEPATypHBIX MHBEPCHH, YTO 3aTPyAHSAET PACCEHMBAHUE 3arpsA3HAIONINX BemecTB. OAHOBPEMEHHO
CTPEMUTENBHBII POCT KOJIMYECTBA aBTOTPAHCIOPTHBIX CPEACTB 3a MOCIENHEE AECATHICTHE 3HAYUTENBHO YBEIHYHI
00BEM aHTPOIIOTCHHBIX BBHIOPOCOB, BCIEIACTBHE YETO TPAHCIOPT CTal OAHHUM W3 OCHOBHBIX MCTOYHHKOB 3arpsi3HEHUS
aTMocepHoro Bo3nyxa. COBOKYITHOE BO3ZEHCTBHE IPUPOJHBIX M aHTPOIIOTEHHBIX (DAKTOPOB IPUBOAUT K YXYIIICHHUIO
9KOJIOTUYECKOH OOCTAHOBKM ¥ MOBBIIICHUIO PHCKA JUIA 370POBbS HaceleHMs. lccienoBaHWe OCHOBAHO Ha aHAJIM3E
nHIIeKca KadecTBa Boszayxa (AQI), MeTeoponornieckux JaHHBIX M CTATHCTHKH TPAHCIIOPTHBIX ITOTOKOB IUIST OLIEHKH
B3aUMOCBSI3H MEXIY KIMMAaTHYECKUMH YCIOBUSIMH, HHTEHCUBHOCTBIO JIBIKEHHUSI U YPOBHEM 3arpsisHEHUsI aTMOC(EpPHI.
Oco0oe BHUMAaHUE YeIeHO BIUSAHUIO CE30HHBIX U3MEHEHHH, TeMIIepaTypHBIX HHBEPCUH, CKOPOCTH BETpa U INIOTHOCTH
TPAHCHOPTHOTO TOTOKA HAa KOHIIEHTPAIIMIO OCHOBHBIX 3arps3HIIOMIMX BeliecTB. [losyueHHbIE TaHHbBIE TO3BOJIIIH
BBISIBUTH 3aKOHOMEPHOCTH (POPMHUPOBAHHUS 3arpsI3HEHNUS BO3/1yXa M ONPEAEINTh BKJIAJ] KIMMATUYECKUX U TPAHCIIOPTHBIX
(axTopoB. Pe3ynbraThl MCCIEAOBaHMS MOKA3aJld, YTO HW3MEHEHHE KIIMMaTa CIOCOOCTBYET YBEIWYEHHIO YacTOTHI M
MIPOAOJDKUTEIBHOCTH TEMIIEPATYPHBIX HHBEPCHUH, UTO MPUBOIUT K HAKOIUICHHUIO 3arPSA3HAIONINX BEIIECTB B IMPU3EMHOM
cioe arMocdepsl. YCTaHOBIIEHO, YTO BBICOKAs IUIOTHOCTH TPAHCIIOPTHOTO IOTOKA SIBJISICTCS OCHOBHBIM HCTOYHHKOM
BpEIHBIX BBHIOpOcoB. Ha OCHOBE MOy4eHHBIX PE3yJIbTATOB MPEATI0KEHBI MPAKTHYECKHE PEKOMEH/IAINH 110 Pa3BUTHIO
OOIIIECTBEHHOTO TPAHCHOPTa, CTUMYJIMPOBAHMIO O3KOJIOTHYECKH UYNUCTOM MOOWIBHOCTH, YCHJICHHIO KOHTPOJIS 3a
BBIOpOCAMH aBTOTPAHCIIOPTA W COBEPIICHCTBOBAHHIO AKOJIOTHUECKOM MOJMTHKH ISl YIyUIISHHs] KauyecTBa BO3IyXa M
obecrieueHns1 yCTOMYMBOTO Pa3BUTHS TOPOA.
Knwuesvie cnosea — Anmatbl, KadecTBO BO3/yXa,
TeMIIepaTypHasi ’HBEpCHS, 3arpsis3HEHUE aTMOC(heEpBI.

U3MCHCHHE KJIMMaTa, IUIOTHOCTb TpaHCIIOpPTA, OSKOJOIu:,

MAIN PROVISION

The air quality of the Almaty metropolis is
determined by the combined influence of climatic
conditions and transport density. The mountainous
topography and increasing frequency of temperature
inversions caused by climate change reduce
atmospheric ventilation, while the continuous growth
of vehicle numbers significantly increases emissions
of PM2s, PM1g, CO, and NO,. The interaction of these
climatic and anthropogenic factors results in
persistent air pollution, particularly during the winter
season, highlighting the need for integrated
environmental and transport management strategies.

INTRODUCTION

Almaty is the largest metropolis and economic
center of Kazakhstan. Located at the foot of the
mountains, the city has a continental climate, which
leads to sharp temperature fluctuations and weak air
circulation. In recent years, climate change has been
observed at the global and local levels, increasing
temperatures and changes in meteorological
conditions affect the air quality of Almaty [1,2]. At
the same time, the number of cars in the city will
exceed 500 thousand, and daily it will be replenished
with 200-250 thousand cars from other regions. This
transport density increases the emission of harmful
substances into the atmosphere, such as carbon
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dioxide (CO), nitrogen oxides (NOy) and small
particles (PMas, PM1g). In this regard, this study aims
to assess the impact of climate change and transport
density on air quality in Almaty. The study seeks to
determine how these two factors affect the ecology of
the city and how they relate [3].

The geographical location of Almaty makes it
vulnerable to air pollution. Located on the northern
slope of the Trans-Ili Alatau, the city is deprived of
the opportunity for natural ventilation, as the
mountains block the free flow of wind. This condition
causes temperature inversion to occur, especially in
the winter months. During inversion, cold air
accumulates in the lower layer and warm air is
trapped above, resulting in pollutants not spreading in
the atmosphere, forming a thick layer over the city.
Climate change is further intensifying this process, as
well as increasing the average temperature, making
extreme weather phenomena more frequent. For
example, over the past decade, there has been a
gradual warming of winter temperatures and a
prolongation of summer heat, which negatively
affects air circulation [4].

In addition, the growth of the population and the
rapid development of urbanization in Almaty has
increased the demand for Transport. Since the
beginning of the 2020s, the number of cars in the city
has been increasing annually by an average of 5-7%.
[5] This includes not only cars of local residents, but
also daily commuters from the Almaty region and
other regions. The increase in transport density
increased traffic jams on the road, which, in turn, led
to the fact that emissions from cars remained in the
atmosphere for a long time. Cars in which internal
combustion engines are used as the main source of
harmful emissions have been identified, most of
which are old models. In this regard, the
concentration of PM,s and PMy, particles in the air
exceeds international standards several times, which
poses a threat to the health of residents.

The importance of this study lies in identifying
the reasons for the deterioration of the environmental
situation in Almaty and proposing measures against
it. Poor air quality has been shown to exacerbate
respiratory diseases, cardiovascular problems, and
other chronic diseases. Therefore, the study of the
influence of factors such as climate change and
transport density is important not only from an
ecological point of view, but also from social and
medical aspects. This study aims to analyze how these
two factors affect the ecology of the city and
determine their relationship [6].

The main goal of the study is to assess the
climatic and anthropogenic factors that affect air
guality and understand how they contribute to the

ecological balance in the city. To achieve this goal,
specific indicators such as the air quality index (AQI),
meteorological data and traffic flow statistics are
used. The study also takes seasonal changes into
account and compares the differences in air quality
during the winter and summer periods. Thus, a
complete picture of the air quality of Almaty will be
formed [7].

Although climate change is a global problem, its
impact at the local level varies depending on the
characteristics inherent in the city. For Almaty, this
feature is the mountainous relief and continental
climate. The increase in temperature changes the
direction and speed of the wind, reducing natural
ventilation. This situation is especially noticeable in
the city center and densely populated areas, where the
traffic flow is also high. The effect of transport
density is not limited to the volume of emissions — it
increases energy consumption and excess fuel
consumption through traffic jams on the road, which,
in turn, leads to additional pollution.

Another important aspect of the study is the
impact of air quality in Almaty on public health.
According to the World Health Organization (WHO)
[8], high concentrations of small particles such as
PM2s increase the risk of lung cancer, asthma and
other respiratory diseases. Almaty has seen an
increase in such diseases in recent years, which may
be a direct consequence of air pollution. Therefore,
this study is aimed not only at solving environmental
problems, but also at improving public health.

The results of this study will serve as the basis
for providing practical recommendations to the
administration of Almaty, environmentalists and
public organizations. For example, initiatives such as
the development of public transport, the introduction
of environmentally friendly technologies and
measures to adapt to climate change can contribute to
improving air quality. In addition, the study
highlights the importance of social campaigns aimed
at increasing environmental literacy among urban
residents and reducing the use of private cars [10].

Research gap. Although numerous studies have
investigated air pollution, climate change, or
transport emissions separately, limited attention has
been paid to their combined influence on the air
quality of Almaty. Existing research mainly focuses
on pollutant concentrations or emission inventories
without integrating meteorological conditions, traffic
density, and seasonal variability into a unified
assessment. Furthermore, there is insufficient
evidence quantifying how temperature inversion and
increasing transport density jointly affect urban air
pollution under the specific geographical conditions
of Almaty. This study addresses this gap by
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combining AQI records, meteorological
observations, and transport statistics to evaluate their
integrated impact on air quality.

Novelty statement. The novelty of this study lies
in the integrated assessment of climate change and
transport density as interacting factors affecting air
quality in the Almaty metropolis. Unlike previous
studies, this research combines official air quality
monitoring data, meteorological parameters, and
traffic statistics for the period 2020-2024 to evaluate
their joint influence on seasonal pollution patterns.
The study also identifies the synergistic effect of
temperature inversion and transport emissions on
PM:.s concentrations and provides practical
recommendations for improving urban environmental
management  through  sustainable  transport
development and climate adaptation policies.

METODOLOGY

The study was based on a mixed method:
quantitative and qualitative analysis. This approach
was chosen because it combines the accuracy of
guantitative data and the contextual depth of
gualitative analysis, allowing a comprehensive study
of the impact of climate change and transport density
on air quality in Almaty. In the course of the study,
various data sources were used, each of which served
as the basis for analyzing certain aspects. The data
collection and processing process was carefully
planned and relied on reliable and up-to-date
information.

Data sources:

1. Air Quality Index (AQI): as one of the main
sources of research AirVision.kz air quality indicators
from the portal and RSE "Kazhydromet" for the
period 2020-2024 were used. These data include
concentrations of pollutants such as PM,s (particles
smaller than 2.5 micrometers in diameter), PMio
(particles smaller than 10 micrometers in diameter),
carbon dioxide (CO), nitrogen dioxide (NO.), and
sulfur dioxide (SOy). AirVision.kz while the portal
provides real-time monitoring of air quality in various
districts of Almaty, Kazhydromet has provided
official statistics that allow you to analyze long-term
trends. The data were collected as daily, weekly and
monthly averages and formed the basis for assessing
seasonal changes.

2. meteorological data: to study the impact of
climate on air quality in Almaty, temperature, wind
speed and humidity indicators for the period from
2020 to 2024 were analyzed. These data were
obtained from Kazhydromet Weather Stations and
contain information collected from stations installed
at various points in the city [1]. To determine
temperature inversion, daily temperature profiles
were studied and how wind direction and speed affect
air circulation were assessed. Humidity data were

taken into account as an additional factor related to
the distribution of pollutants and the formation of
atmospheric fog.

3. transport density: to assess the impact of
transport flows on air quality, transport statistics of
the mayor's office of Almaty and traffic police reports
were used. This data includes the number of
registered cars in the city, the volume of daily traffic
and the frequency of traffic jams on the main
highways. In addition, the number of cars arriving in
the city from outside (up to 200-250 thousand) and
the time of their movement (morning and evening
hours) were taken into account. In order to more
accurately determine the effect of transport density,
various zones such as the city center, outskirts and
industrial zones were considered separated.

Analysis methods. In the course of the study,
several analytical methods were used, each of which
was aimed at testing a specific hypothesis.
Correlation analysis was chosen as the main method,
which made it possible to quantify the effect of
temperature inversion and transport flow on air
quality. By calculating the correlation coefficient (r),
the  relationship  between climatic  factors
(temperature, wind speed) and air pollution (PMgs,
No. 2) and transport density was determined. For
example, studying the correlation between PM2.5
concentration and transport flow density during
temperature inversion helped determine the joint
effects of these two factors.

In addition, the seasonal comparison method was
used to determine the differences in air pollution in
the winter and summer periods. In winter, the effects
of temperature inversion and the heating season were
taken into account, and in summer, a decrease in
pollution due to wind activity and high temperatures
was assessed. This comparison made it possible to
understand the impact of seasonal fluctuations on air
quality and the relationship with climate change.

As an additional method, regression analysis was
used, which was aimed at assessing the cause-effect
relationship between transport density and air
pollution. For example, the relationship between the
volume of daily traffic flow (number of cars) and the
concentration of CO or PMyo on the same day was
checked using a regression model. This model helped
determine how much vehicle emissions contribute to
the deterioration of air quality.

As part of the qualitative analysis, the opinions
of local residents and expert assessments regarding
the air quality in Almaty were taken into account.
This data was collected from open access forums,
social networks and reports from environmental
organizations. Qualitative analysis supplemented
quantitative data and allowed a deeper understanding
of the social and environmental consequences of air
pollution.
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Data collection process. The data collection
process covered the period from 2020 to February
2025. This five-year period allowed us to assess the
long-term trends in climate change and transport
density. Air quality data was taken from daily
monitoring stations, and meteorological data was
recorded every hour. Transport statistics were
collected on the basis of monthly reports, and as an
addition, data from cameras that monitor the traffic
flow on the road were used.

Several measures have been taken to ensure the
accuracy of the data. For example, the calibration of
air quality stations was checked, and the correct
operation of meteorological instruments was
confirmed by Kazhydromet specialists. To reduce
possible errors in transport statistics, the data of the
akimat and the traffic police were compared, and
common values were taken as a basis.

Scope and limitations of the study. The study
was limited to the administrative boundaries of the
city of Almaty, but the impact of vehicles coming to
the city from outside was also taken into account.
However, the study had some limitations. First, due
to the limited number of air quality stations, it was not
possible to fully cover all areas in the city. Secondly,
meteorological data was taken only from official
stations, and climatic differences in micro-regions
were not taken into account. Thirdly, the flow on
small streets was not fully covered, as the transport
density data was mainly focused on the main roads
and highways.

Research hypotheses. The study focused on
testing the following hypotheses:

1. temperature inversion increases air pollution
in Almaty, especially in winter. 2.transport density is
the main factor in the deterioration of air quality.

3.climate change (rising temperature, weakening
wind) and transport flow act together, increasing
pollution.

The above methods and data sources were used
to test these hypotheses. The results of the study were
aimed at confirming or refuting the validity of these
hypotheses, and also served as the basis for the
development of practical recommendations regarding
air quality in Almaty.

Data processing and analysis tools. Modern
software was used for data processing and analysis.
Correlation and regression analysis was carried out
using the SPSS and R statistical programs. Excel and
Tableau tools were used to visualize seasonal
comparisons, which made it possible to present data
in the form of graphs and charts. Qualitative data
analysis was processed through the nvivo program,
which helped to identify key topics from opinions and
reports.

In conclusion, this methodology made it possible
to comprehensively study the impact of climate

change and transport density on air quality in Almaty.
The combination of quantitative and qualitative
methods served as the basis for obtaining specific
results and developing recommendations aimed at
solving environmental problems. The next section
discusses the results of the study in more detail.

RESEARCH RESULTS AND DISCUSSION

In this section, the results of the study on the
impact of climate change and transport density on air
quality in the Almaty metropolis are fully considered.
The study focused on determining how climatic and
anthropogenic factors affect the ecology of the city,
their relationship and the role of seasonal changes.
The results showed that the problem of air pollution
in Almaty is complex and an integrated approach is
needed to solve it.

Climate change and temperature inversion.
According to the results of the study, temperature
inversion is most often observed in Almaty in winter.
This phenomenon is characteristic of the
mountainous terrain and is closely related to the
location of the city on the northern slope of the Trans-
Ili Alatau. During temperature inversion, cold air
accumulates in the foothills and warm air is trapped
in the upper layer, resulting in a significant decrease
in air circulation. This situation inhibits the spread of
pollutants in the atmosphere, causing them to
accumulate over the city.

It was found that in the winter period 2023-2024,
the concentration of PM2s exceeded an average of
150 mcg/m® and reached dangerous levels. This
figure is six times higher than the safe limit (25
mcg/m3) established by the World Health
Organization (who). Temperature inversion is
especially strong on windless and cold days, when the
wind speed does not exceed 1-2 meters per second. In
such conditions, pollutants, including PM2s, PMyg
and No. 2, remain in the city's atmosphere for a long
time, without being naturally purified.

Climate change further exacerbates this process.
Over the past decade, Almaty has seen a gradual
increase in average temperatures, which has affected
the duration and intensity of winter inversion. For
example,meteorological data from 2020 to 2024
showed an increase in the average winter temperature
by 1-1.5°C. This change was accompanied by a
weakening of the wind and an increase in humidity,
as a result of which the frequency of atmospheric fog
and smog formation increased. During the study, it
was recorded that during temperature inversion, the
daily maximum of PM,s concentrations exceeded
200 ug/m®, which was especially pronounced in the
city center and in areas near the mountains.

Climate change is not limited to the winter
period. In summer, extreme temperature increases
(35-40°C) and changes in wind direction negatively
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affect air circulation. However, due to the greater
possibility of natural ventilation in the summer period
than in the winter inversion, the level of pollution is
relatively reduced. Thus, climate change affects air
guality in Almaty in different ways, depending on
seasonal features, but temperature inversion in the
winter period remains the most important factor.

Influence of transport density. Transport density
has been identified as the main anthropogenic cause
of air pollution in Almaty. According to the results of
the study, the time of peak traffic flow — 07:00-09:00
AM and 17:00-19:00 PM — directly coincides with a
sharp deterioration in air quality. At this time, traffic
jams are formed on the main highways in the city, and
emissions from cars spread into the atmosphere for a
long time. For example, in January 2024, the level of
carbon dioxide (CO) exceeded 5 mg/m?® per hour and
was 1.5 times higher than the permissible limit (MPC-
3 mg/m3).

The study confirmed that emissions from cars
account for more than 80% of air pollution. This
indicator mainly includes substances such as CO,
NOx and PMajs, which come from internal
combustion engines. The average age of cars in
Almaty is more than 10-15 years, which indicates that
they do not meet environmental standards (for
example, Euro-4 or Euro-5). At the same time, most
of the 200-250 thousand cars coming to the city from
outside ha e diesel engines, which increases the
concentration of PM10 and No. 2.

The study revealed a direct relationship between
traffic flow and air pollution. For example, during
traffic jams on the central streets of Almaty (Abay
Avenue, Al-Farabi Avenue), the PM. s level exceeded
100 pg/m® and was twice as high as in relatively quiet
areas on the outskirts of the city (40-50 pg/m?®). This
difference clearly shows the effect of transport
density at the local level. In addition, excessive fuel
consumption during traffic jams and idling of engines
further increase the volume of emissions.

The effect of transport density also depends on
seasonal factors. In winter, along with temperature
inversion, an increase in the number of vehicles on
the road (an increase in visitors to the city due to the
heating season) leads to a sharp deterioration in air
quality. Although vehicle flow is relatively uniform
in summer, high temperatures increase fuel
evaporation and ozone formation, which creates an
additional environmental risk.

Seasonal differences. Air quality in Almaty is
strongly dependent on seasonal changes. The results
of the study showed that in summer, due to wind
activity and high temperatures, pollution levels are
relatively low. For example, in July-August 2023, the
concentration of PM10 was on average around 50
ug/m®, which is only slightly higher than the WHO
allowable limit (50 ug/m3). The average wind speed

was 3-5 meters per second, contributing to the spread
of pollutants.

On the contrary, in winter, due to temperature
inversion and the heating season, the level of
pollution increases 3-4 times. In January-February
2023-2024, the concentration of PM10 reached 150-
200 pg/m3, and PM,s exceeded 150 pg/m®. During
this period, the coal burning of private houses and
small enterprises in the city was an additional source
of pollution, but transport emissions still played a
dominant role. In the winter period, the weak wind
(0.5-1 meter per second) and the accumulation of cold
air on the slopes almost completely stopped the
natural cleaning of pollution.

The analysis of seasonal differences made it
possible to identify the joint impact of climate change
and transport density. For example, the appearance of
winter smog is not limited to coal burning or
inversion — a high traffic flow intensifies this process.
Although pollution is low in summer, climate
warming leads to the formation of additional
pollutants such as ozone (Os), which in the long term
can pose new environmental risks.

Correlation. The study found that there is a
strong positive correlation (r = 0.87) between
temperature inversion and transport density. This
indicator confirms that the combined effect of both
factors has a significant negative impact on air
quality. During the correlation analysis, it was found
that wind weakness and high transport flow during
temperature inversion are directly related to a sharp
increase in PM25 and CO levels.

For example, in the winter period, on days when
the temperature was below -10°C and the traffic flow
exceeded 1000 cars per hour, the concentration of
PM,s reached an average of 180 pg/m®. This
indicator is significantly higher than the values on
days when there is no inversion and the traffic flow is
low (50-60 pg/m®). Regression analysis showed that
when the vehicle density effect was assessed
individually, each additional 100 vehicles increased
PM.5 levels by about 5-7 pg/m?.

Additional observations. The study also looked
at the reduction of green areas in the city and the role
of industrial emissions. It was observed that the
ability of green spaces to absorb pollution decreased,
but their share was small compared to transport and
climatic factors. Although industrial emissions were
significant in areas on the outskirts of the city, the
impact on air pollution in general did not exceed 10-
15%.

The results of the study showed that the
deterioration of air quality in Almaty is caused by the
complex effects of climate change and transport
density. While temperature inversion exacerbates
winter pollution, traffic flows pose a constant threat
throughout the year. This is due to the fact that there
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is a strong correlation between seasonal differences
and correlative relationships. The next section
presents practical recommendations based on these
results.

CONCLUSION

Air quality in the Almaty metropolis is
deteriorating due to the complex effects of climate
change and transport density. As it turned out in the
course of the study, these two factors are closely
related and pose a serious threat to the ecology of the
city. While temperature inversion increases the
accumulation of pollutants during the winter period,
the abundance of cars remains a constant source of
danger throughout the year. In this regard, it is
necessary to take concrete measures to improve the
environmental situation in Almaty and protect the
health of the population. Based on the results of the
study, the following recommendations were
developed, which are aimed at improving air quality
in the short and long term.

First, the development of public transport and
the restriction of the use of private cars is proposed as
an important measure. Transport density in Almaty is
the dominant source of air pollution, especially
during traffic jams, the volume of emissions increases
sharply. Modernization of the public transport system
— increasing the number of buses, optimizing routes
and introducing electric buses — can reduce the
demand for private vehicles. For example, expanding
the metro network and developing alternative systems
such as light rail transport can be a long-term
solution. In addition, measures such as restricting the
entry of private cars in the city center or introducing
a congestion charge (congestion charge) will help
regulate the flow of transport. These approaches have
been successfully used in megacities such as London
or Singapore and can also be adapted to Almaty.

Secondly, encouraging environmentally friendly
fuel types (gas, electricity) is an effective way to
reduce air pollution. Currently, most cars in Almaty
run on gasoline or diesel, which leads to the release
of such harmful substances as PM,s5, NOxand CO. To
encourage the use of electric vehicles, government
subsidies, tax breaks and the expansion of the
network of charging stations are needed. In addition,
the development of natural gas vehicles (CNG) can
reduce emissions in the short term, as gas fuel
produces fewer pollutants than diesel. An important
step will also be the mandatory introduction of
environmental standards for vehicles (for example,
Euro-5 or Euro-6) and the implementation of
decommissioning programs for used cars.

Thirdly, the expansion of green areas to improve
air circulation in the mountainous area contributes to
reducing the impact of climate change and
temperature inversion. The location of Almaty at the

foot of the mountains naturally worsens air
circulation, and the process of urbanization has led to
a decrease in green spaces. The results of the study
showed that green areas have the ability to absorb
pollutants, but the current volume is insufficient.
Therefore, it is necessary to expand parks and tree
planting projects on the outskirts of the city and in the
central areas.

Fourth, strengthening local climate change
adaptation  policies  will  ensure long-term
sustainability. Climate change increases the intensity
of temperature inversion in Almaty and leads to a
weakening of the wind. Given this situation, local
authorities should develop a strategic plan that will
assess the impact of climate change and ensure
adaptation to it. For example, the strengthening of
meteorological monitoring and the introduction of a
system for predicting the deterioration of air quality
will make it possible to warn the population in a
timely manner. In addition, additional sources of
pollution, such as coal burning, can be reduced by
improving energy efficiency and developing
renewable energy sources (solar, wind).

In conclusion, the problem of air quality in
Almaty is caused by the complex interaction of
factors such as climate change and transport density.
This study fully analyzed the impact of these factors
and offered practical solutions. For the
implementation of the above measures, cooperation
between local authorities, business and society is
necessary. And the expansion of green areas and the
strengthening of climate policy will be effective only
with the support of the city's residents.

As a result of the implementation of these
measures, Almaty can get access to fresh air and
become an environmentally sustainable metropolis.
This allows not only to preserve the health of the
current generation, but also to leave a decent living
environment for future generations. The results and
recommendations of the study will give a clear
direction to the city administration, environmentalists
and public organizations and will serve as the basis
for improving the environmental future of Almaty.
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Abstract — Coal mining has a significant impact on the environment by altering natural ecosystems, degrading land
resources, and affecting the quality of air and water. As global energy demand continues to grow, coal remains one of the
primary energy resources in many countries. In India, coal has been the dominant source of energy for several decades,
supplying approximately 27% of the world's commercial energy demand and playing a crucial role in industrial and
economic development. However, extensive coal extraction has resulted in considerable environmental challenges that
require effective management and sustainable mining practices. This study analyzes the environmental consequences of
coal mining, with particular emphasis on open-pit and underground mining methods. Geological conditions determine
the choice of extraction technology, while each mining method produces different types and volumes of environmental
impacts. The research examines land degradation, habitat destruction, biodiversity loss, waste generation, and pollution
associated with coal mining activities. Special attention is given to the accumulation and disposal of mining waste, which
represents one of the major environmental concerns in coal-producing regions. The analysis demonstrates that inadequate
waste management and uncontrolled disposal of mining residues lead to soil degradation, contamination of surface and
groundwater resources, deterioration of air quality, and long-term ecological imbalance. These environmental impacts
also negatively influence the health and quality of life of nearby communities. The findings highlight the necessity of
implementing environmentally responsible mining technologies, improving waste management systems, strengthening
environmental monitoring, and adopting sustainable land reclamation measures. The proposed recommendations can
contribute to reducing the ecological footprint of coal mining while supporting the sustainable development of mining
regions.

Keywords — coal mining, development, migration, explosives, pollution.
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Anoamna — KeMip eHIIpy KopIIaraH OpTara aWTapJIbIKTail ocep eTil, TaOWFu 3KOoXKyHenepAiH Oy3bLIybIHA, >Kep
pecypcTapbIHBIH JAerpalalusichlHa, COH/Al-aKk aya MEH Cy calachlHbIH HamlapiayblHa okelneni. bamamanbl sHeprus
Ke3/1epiHiH KapKbIH/AbI 1aMyblHa KapamMacTaH, KeMip KeITEereH eljep YIIIH Heri3ri SHepreTHKalbIK pecypcTap/blH 0ipi
Oouen Kasta Gepeni. YHicTaHa KeMip OipHeIle OHJaFaH >KpU1ap OOMBI HETI3ri SHEprHs Ke3i OOJIbIIT caHala/lbl JKoHe
QNIEMJIIK KOMMEPIUHMSUIBIK DHEPrHs TYTHIHYBIHBIH InamameH 27 %-blH KaMTaMachl3 €Te OTBIPBIN, OHEPKACiN IeH
SKOHOMHKAHBIH JaMyblHa €Jeyi yJiec Kocaabl. JlereHMeH, KeMipai KapKbIHABI OHAIPY Ka3ipri 3aMaHFbI HKOJIOTHSUTBIK
HIeTTiMAEpP/Ii Talal eTeTiH eneysi TaburaTKa ocepiepMeH KaTap Kypeli. byi skyMmpicTa KeMip/i amIbIK KOHE KepacThl
ozicTepiMeH OHIIPYAIH KOpIIaraH OpTara THTI3eTiH ocepiHe Tammay Kypri3inai. KeH opHBIH Hrepy TEXHOJOTHICHIH
TaH/Iay T'eOJIOTHSUITBIK JKaFaiinapra OaiIaHbICTEI €KEHAIT JKoHe opOip eHIIpy oAiCiHIH KOpIIaFaH OpTaFa THTI3eTiH acepi
opTYpIIi 6OJATHIHBI KOPCETUAl. 3epTTey OaphIChIHAA JKEePAiH Aerpadanuschl, TAOUFU MEKEHJIEY OpTAaChIHBIH OY3bUTYHI,
OMOoayaHTYPJIUIIKTIH a3arobl, Tay-KeH 6HIIpICi KaJABIKTAapbIHBIH TYy3UIyl JKOHE KOpIIaraH OPTaHBIH JACTaHYEI
MaceJenepi KapacTelpbuLibl. Kemip eHAIpy KalIbIKTapblH )KHHAKTAY, CaKTay )KOHE K9JIeTe )KapaTy MaceseIepiHe epeKiie
Haszap ayAapbUIAbl.3epTTey HATIKeNepl KaJABIKTapAbl THIMCI3 OacKapy KoHe oJiapAbl OaKbpUIayChl3 OpHAJacThIPY
TOIBIPAKTHIH, JKEPYCTI XSHE KEpacThl CYJIapbIHBIH JAaCTaHybIHA, aTMOC(EPANIBIK aya CallaChIHBIH TOMEHJIEYiHE JKoHe
9KOJIOTHSUIBIK TETe-TeHIIKTIH OY3blTybIHA oKelNeTiHiH kepceTTi. COHBIMEH KaTap, OyJ1 yZiepicTep XaJIbIKThIH IEHCAYIIBIFbI
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MEH eMip Cypy camachlHa Kepi ocep €TeTiHi aHBIKTaIbl. AJIBIHFAH HOTIDKEJIEp HETi3iHIe KoMip OHIIpyae SKOIOTHSITBIK
KayiICci3 TeXHOJOTHSIIAP.Ibl €HT13y, KAABIKTapIbl OacKapy >KyHeciH KeTUIIipy, SKOJIOTHIIBIK MOHUTOPUHTTI KYIIEHTY
YoHE OYIIIHTEH JKepliepIi peKyIbTHBALNSIIaY OOUBIHIIA YCHIHBICTAp Oepinai. by mapamap kemip eHAipy eHEepKaciOiHIH
KOpIIaraH OpTara TUTI3ETiH Tepic ocepiH a3alTyra KoHE Tay-KeH OHIpJIEPiHiH TYpaKThl JAMYBIH KaMTaMachl3 eTyTe
MYMKIHIIK Oepei.

Tyitin ce30ep — xeMip eHAIPY, NaMy, KOHBIC ayIapy, >KapbUIFBIII 3aTTap, JaCTaHy.

BJIMAHUE JOBBIYUA YI'JISA HA OKPY/KAIOIIYIO CPELY
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*Aemop-koppecnondenm e-mail: romeo180608@gmail.com
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Annomayus — J1o0bI4a yIis OKa3bIBAaeT CYLIECTBEHHOE BO3ICHCTBHE HAa OKPYXKAIONIYIO CPEJY, BBI3bIBask JErPaalliio
MIPUPOJTHBIX 3KOCHUCTEM, HApYIICHHE 3EMENIbHBIX PECYpCOB M YXYIIICHHE KadecTBa BO3AyXa M BOJHBIX OOBEKTOB.
HecMoTps Ha akTHBHOE Pa3BHTHE AIbTCPHATUBHBIX HMCTOYHHKOB 3HEPIHH, YrOJIb OCTaeTCS OJHMM M3 Ba)KHEHIINX
SHEPreTUYECKUX PECYpcoB BO MHOTHX CTpaHax mupa. B MHmum yromp Ha NMPOTSKCHHUM HECKOJIBKHX JECATHIICTHH
SIBISIETCSI OCHOBHBIM MCTOYHUKOM 3HEPTHH, oOecrieunBast 0Kosio 27 % MUPOBOTO KOMMEPYECKOTO SHEPTONOTPEOICHUS U
UTpast BAYKHYIO POJIb B PA3BUTHH MIPOMBIINICHHOCTH ¥ 3 KOHOMHKH. OTHAKO MHTCHCHBHAS T0OBIYA YTJISl COPOBOXKIACTCS
3HAQUUTEIbHBIMH OSKOJOTMYECKUMH MOCJIEACTBUAMH, TPEOYIOIMMH BHEIPEHHUS COBPEMEHHBIX IPUPOIOOXPAHHBIX
peuenuii. B pabote npoBeneH aHaIM3 SKOJIOTUUECKHUX MTOCIEICTBUI OTKPHITOTO U MOJ3EMHOI0 CIIOCOO0B TOOBIUH YIJIS.
HOKa3aHO, 4qTo BbI60p TCXHOJIOTUHU I[O6I)I'-II/I OIMPCACIACTCA I'COJIOTHIUCCKUMU YCIOBUAMU MECTOPOKICHUA, ITPU 3TOM
Ka)XABIH cIOCOO OKa3bIBaeT pa3iIMYHOE BO3JCHCTBHE Ha OKDPYXKAIOIIYI0 Cpefy. PaccMOTpeHBI BOIPOCHI Jerpajaluu
3eMellb,  pa3pyllIeHHs  €CTECTBEHHBIX  MECTOOOMTaHMH,  CcOKpamieHuss  OuopazHooOpasus,  00Opa3oBaHUA
TOPHOIIPOMBILIJICHHBIX OTXOJIOB W 3arps3HEHHs KOMIIOHEHTOB OKpyatoleil cpensl. Ocoboe BHUMaHHE YJIENECHO
np06neMaM HaKOIIJICHUA, XpaHCHHUA W YTWIM3allUh OTXOIAO0B yrﬂe,uo61>13a101uero IMpOU3BOJCTBA. Pe3yanaT1>1
HCCIIEeJOBaHMS TOKa3all, 9T0 Hea(h(heKTUBHOE YIPaBJICHHE OTXOJaMU M X HEKOHTPOIMPYEMOE Pa3MEIICHIE IPUBOASAT
K 3arpsA3HCHUIO TI0YBBI, IOBEPXHOCTHBIX M TOJ3EMHBIX BOJ, YXYAIICHHIO KadecTBa aTMOC(EpHOTO BO3IyXa H
HapyIICHUIO SKOJIOTHYECKOTO PABHOBECHS. Y CTAHOBIJIEHO, YTO JAaHHbBIE IPOLECCH OTPUIATEIBHO BIMSIOT Ha 37I0POBHE
HaceleHWs W KadecTBO XM3HM B IPHWIETalOMMX paioHaXx. Ha ocHOBe NOJIydeHHBIX pPE3YJIBTATOB IPEATI0KEHBI
PEKOMEHIANH 110 BHEJPEHHUIO 3KOJIOTHYECKH OEe30MacHBIX TEXHOJOIWH OOBIYM YIS, COBEPIICHCTBOBAHHIO CHCTEM
oOpallieHHsi ¢ OTXOJlaMH, YCHJIEHHIO DKOJIOTHYECKOr0O MOHHMTOPHHIA M NPOBEACHUIO PEKYJbTHBALMU HAPYIICHHBIX
3eMellb, 4TO OyJeT CcrocoOCTBOBATh CHIIXKEHHIO HEraTHBHOTO BO3JCHCTBUS yriie[oOBIBAIONIEH MPOMBIIIJIEHHOCTH Ha
OKPYKAIOLIYIO CPEry.

Kniouegvie cnoga — J1o6b1ua yriis, pa3sBUTHE, MUTPALIUs, B3PIBUATHIE BEILIECTBA, 3aTPSI3HEHUE.

MAIN PROVISION

The environmental impact of coal mining
extends beyond land degradation and resource
depletion, affecting air quality, water resources,
biodiversity, and human health. Both surface and
underground mining generate significant
environmental pressures through waste generation,
dust emissions, noise pollution, land subsidence, and
ecosystem  disturbance. The  adoption  of
environmentally  responsible mining  practices,
effective waste management, mine reclamation, and
ecological restoration is essential to reduce the
environmental footprint of coal mining while
maintaining its economic benefits.

INTRODUCTION
Mining activities, especially during the
development of forest areas, put a lot of pressure on

the local flora and fauna. An important issue is also
the impact of mining on underground water levels,
turbidity of surrounding bodies of water, and land
destruction. Although coal mining makes a
significant contribution to the economic development
of the country, it also negatively affects human
health. In addition, coal mining also affects the socio-
cultural life of miners and the population living in this
region. Therefore, when carrying out mining
activities, a comprehensive approach is needed,
taking into account the impacts on the local habitat
and ecosystem [1-5].

To do this, various factors must be taken into
account, such as determining the places where
minerals are found, correctly calculating the slope
angle of the dumps, safe disposal of waste and the
effective use of turbidity control structures. In India,
coal mining companies are implementing “clean
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coal" strategies that aim to reduce the impact on the
environment. Reducing the amount of ash by washing
coal increases combustion efficiency, and this
directly contributes to reducing the emission of
pollutants. Although the process of washing coal
requires additional water, it allows you to step
towards a pollution-free society [6-8].

During the combustion of coal, harmful
substances such as sulfur dioxide, nitrogen oxide,
carbon dioxide, as well as dust and ash particles are
released. In areas where coal is burned, the level of
air and water pollution can reach dangerous degrees.
It is recognized that coal mining around the world has
a negative impact on local and global ecology. It
destroys vegetation at the local level, causing soil
erosion and  disrupting the balance of
microorganisms. And globally, methane gas is
released from coal seams, which creates a greenhouse
effect 30 times stronger than carbon dioxide. Thus,
coal mining has a negative impact on air quality
standards. Underground mining contributes to soil
degradation, leading to groundwater depletion and
land subsidence in many regions [9].

In the event of land subsidence beyond the
threshold, it is necessary to replenish it. There are also
socio-cultural negative consequences of coal mining,
such as the migration and resettlement of people,
changes in cultural heritage, as well as an outbreak of
criminal and other illegal activities in the region due
to a sharp increase in economic development through
mining.

However, mining projects also have positive
effects, including changes in the employment
structure, increased sources of income, infrastructure
development, and community prosperity. Changes in
transport, communications, the education system,
trade, recreation and medical services are also among
the positive effects of coal mining. Thus, it is obvious
that coal mining is harmful to the environment,
however, it contributes to economic development, as
well as increasing the level of self-provision through
the effective development of Natural Resources [10].

Although it is not possible to move mining
operations to another location, it is possible to reduce
the damage to the environment by choosing the right
production site and introducing new technologies
[11-13].

Research gap. Although numerous studies have
investigated individual environmental impacts of coal
mining, most of them focus on specific issues such as
air pollution, land degradation, water contamination,
or ecological restoration separately. There is still a
lack of comprehensive assessments integrating the
multiple environmental, ecological, and socio-
economic consequences of coal mining within a

unified framework. Furthermore, limited attention
has been given to combining recent international

environmental ~ management  practices  with
sustainable mine reclamation strategies and
occupational environmental risks. This study

addresses this gap by providing an integrated
evaluation of the major environmental impacts of coal
mining together with contemporary mitigation and
restoration approaches.

Novelty statement. The novelty of this study lies
in the comprehensive analysis of the environmental
impacts of coal mining by integrating recent scientific
findings (2022-2025) on air, water, soil, biodiversity,
noise pollution, land subsidence, and ecological
restoration. Unlike conventional reviews that
examine individual environmental components, this
study considers the combined effects of mining
activities throughout the mine life cycle and
highlights sustainable environmental management
practices, mine reclamation strategies, and modern
mitigation technologies aimed at reducing the
ecological footprint of coal mining under current
sustainability and carbon-neutrality objectives.

METODOLOGY

Noise pollution is currently recognized as an
important health risk factor. It is dangerous not only
because it causes discomfort, but also because of its
harmful effect on the human body. Long-term
exposure to noise can lead to partial hearing loss in
the ear and even permanent damage to the inner ear.

The problem of noise in underground mines is of
particular concern, as acoustic features in confined
spaces contribute to the spread of noise and its impact
on workers [14].

The main sources of noise in underground
mines:

1. coal cutting machines;

2. coal conveyors and wagons (tubes);

3. coal blasting process;

4. production, ventilation and  drilling
equipment;

5. main and secondary fans, air blowing
systems.

Increased noise is often due to poor equipment
maintenance. In most mines, noise exceeds the
permissible level of 90 dB (A), and this is a safe limit
for 8 hours of Operation per day [15].

A study carried out by the DGSHB (General
Directorate of mine safety:

The results of the study showed that drilling rigs,
crushing and conveying systems emit noise
exceeding the level of 90 dB (a). This poses a serious
threat to the health of miners and requires urgent
introduction of noise protection measures.
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Table 1 — Noise level in underground coal mines

Research location

Average noise level (1b)

Near the mine scraper 96
Transfer point 99
Conveyor belt end 89
Hydraulic pump 91

RESEARCH RESULTS AND DISCUSSION

The development and Land Use Plan of the field
should include the stage of preparation of the mine for
preliminary operation, the operational stage and the
post-operational stage. The plan should clearly state
the goals of Post-Operational Land Use and describe
the measures necessary to achieve this goal.

When developing this plan, it is necessary to take
into account not only direct mining operations, but
also the terrain around and the peculiarities of the
ecosystem.

In the description of the region, several main
components are taken into account. First of all, the
current land use model of the region and the general
characteristics of human settlements are considered.
In addition, the natural features of the local
ecosystem, climatic conditions and the most
important characteristics of the terrain are analyzed.
Data related to the terrain include such features as
geomorphological conditions, topography and
drainage system, cracks and crevices in the geological
structure, as well as hydrogeological indicators-the
location of permeable layers, the relationship of
underground and surface waters and their hydraulic
parameters. At the same time, the ability of natural
soil and water to absorb pollution, as well as the
distribution area and reserves of fertile soil, are also
taken into account.

The state of transport and communication
infrastructure in the region also plays an important
role. In addition, information on mining operations
will be considered, information on the types of
extracted minerals, methods of production and
stationary installations used, the volume of waste and
methods of their disposal, the risk of land subsidence
and landslides will be studied. Also, the requirements
for the transport infrastructure necessary for
production and the characteristics of the services and
facilities to be installed are taken into account.

CONCLUSION

Mining has a significant impact on the
economic, social and environmental structure of
neighboring regions. Although mining provides
economic development in a given region, it causes
land destruction and causes environmental and socio-
economic problems.

To solve the problem, important environmental
factors must be taken into account. Each mine head

must maintain an environmental checklist in
accordance with the government of India's mining
license terms and environmental management plan.
By systematically reviewing this information,
specific environmental issues of the mine can be
identified. Low environmental performance can
accelerate situations that require strict regulation.

The cracks caused by the subsidence (sitting) of
the Earth have left many places infertile and unstable.
Also, the seating of the land led to the drying of
nearby reservoirs and Wells. However, through the
joint efforts of coal mining companies and local
authorities, it is possible to recycle these lands and
return the product to use. However, consistent and
coordinated work is not being done in this direction.

The main thing is to close the cracks. It is not
necessary to restore the dug land to its original state,
even if it is used for agriculture, landscaping or
housing construction. According to some researchers,
it is necessary to improve the water storage capacity
of the dugouts under the soil.

According to scientists, before starting work on
the restoration of the land, the purpose of its future
use must be determined in coordination with local
residents. The most important thing is to seal the
cracks, and it is not necessary to restore the dugout to
its original relief, it can be used for the purpose of
agriculture, gardening or housing construction.
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Abstract — This article examines the growth of consumer lending and its impact on the national economy. Consumer
credit has become an important component of the financial system, stimulating household consumption, expanding
domestic demand, and supporting economic activity. The rapid development of consumer lending contributes to
improving the standard of living by increasing access to goods and services; however, excessive credit expansion may
also create financial risks for households and the banking sector. Therefore, assessing the economic effects of consumer
lending is essential for ensuring sustainable economic development. The purpose of this study is to analyze the
relationship between consumer lending, economic growth, and the social well-being of the population. The research
examines the dynamics of consumer credit, identifies the main factors influencing its growth, and evaluates its impact on
household consumption, investment activity, and macroeconomic stability. Particular attention is paid to the role of
commercial banks in expanding credit accessibility, changes in household debt levels, and the risks associated with
excessive borrowing. In addition, the study considers the influence of monetary policy and financial regulation on the
development of the consumer lending market. The findings indicate that moderate growth in consumer lending positively
affects domestic demand and economic development by stimulating production and trade. At the same time, excessive
household indebtedness increases credit risks, weakens financial stability, and may negatively affect long-term economic
growth. Based on the obtained results, practical recommendations are proposed to improve consumer lending policies,
strengthen responsible lending practices, enhance financial literacy, and optimize regulatory mechanisms to ensure a
balanced and sustainable development of the national credit market.

Keywords — consumer credit, national economy, economic growth, social situation, credit risks, financial market.

TY¥TBIHYIIBUIBIK HECUEHIH OCY1 ’KOoHE OHBIH YJTTBIK DQKOHOMMUKAT'A
9CEPI
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«Ill. Ecenos amvinoazvl Kacnuii memaiekemmik mexHoa02usiap dtacane unsicunuputne ynugepcumemiy KeAK, Axkmay,
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ABTOp TypaJjibl aKIapar:
Byxap6aeBa Aiinana, «I11. EcenoB arbiaars! Kacninii MeMIIEKeTTIK TEXHOJIIOTHSAIAP )KOHE HHXKUHUPHHT YHUBEPCUTETI,
Axray, Kazakcran, e-mail: akonia 1996@mail.ru

Anoamna — byn Makanazia TYTHIHYIIBUTBIK HECHEIIEY/IiH ©CYl XKoHE OHBIH YITTHIK 3KOHOMHKAFa acepi KapacThIPbUIFaH.
TYTHIHYIIBUIBIK HECcHe KapiKbl JKYWECiHIH MaHBI3Ibl Kypampaac Oeiiri OoJbIn TaObuL1anbl, OWTKEHI OJI XaJbIKTBIH
TYTBIHYIIBUIBIK CYPAHBICHIH BIHTAJIAH IBIPBII, 1IIKI HAPBIKTHIH KEHEIOIHE KoHEe SKOHOMUKAJIBIK OCJICeHIUTIKTIH apTybIHa
BIKMaN erefi. TYTBIHYIIBUIBIK HECHENey/[iH KapKbIHABI JaMybl a3aMaTTap/blH Tayapjiap MeH KbI3MeTTepre
KOJDKETIMIIUTITIH KEHENTY apKbUIBl OMip CYpy ACHIeHiH kakcapTaabl. Anaiiia Hecueney KeJieMiHiH mamMaaaH ThIC ecyi
Yi IIapyambUIBIKTapsl MEH OaHK CEKTOPHI YINIH KAap)KbUIBIK TOYCKENIAepIiH apTyblHa oKelyi MyMKiH. COHIBIKTaH
TYTBIHYIIBUIBIK HECHENICY/IH YKOHOMHUKAIIBIK JaMy¥Fa bIKIaJbIH Oaranay MaHbI3[bl FEUIBIMH JKOHE MPAKTHKAJIBIK MiHIET
60ubIn TaOBIIaBL. 3ePTTEYAIH MaKCcaThl — TYTHIHYIIBIIBIK HECHENEY, SKOHOMUKAIBIK OCY JKOHE XaJBIKTHIH 9JIEyMETTIiK
QJl-ayKaThl apachIHIaFbl ©3apa OaiaaHbIiCcThl Tajnay. JKyMbICTa TYTHIHYIIBUIBIK HECHUENEYIIH aMy JUHAMHUKACHI, OHbIH
ecyiHe ocep €eTeTiH Herisri Qakropyap, COHIA-aK TYTBIHY KeJIeMiHe, HHBECTHULMSIIBIK OEJICEHIUIIKKE MKOHE
MaKPOIKOHOMHKAIBIK TYPAKTBUIBIKKA BIKIMATE 3epTTeiai. KoMMepUusuibK OaHKTEpIiH HECHEHIH KOJDKETIMIUTITiH
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apTTBIPYAAFbl POJIiHE, XAIBIKTHIH OOPBIMITHIK )KYKTEMECIHIH 03repyiHe jKoHe MaMaJaH ThIC Kapbi3naHyra O0aiIaHbICThI
TOyeKkeljiepre epekiie Hazap ayaapbuiibl. COHbIMEH KaTap, akiia-HecHe casicaThl MEH MEMIJICKETTIK PpeTTeydiH
TYTBIHYIIBUIBIK HECHE HAPBIFBIHBIH JaMyblHA 9CEPi KApacThIPbULIBL. 3epTTey HOTHXKEICP] TYTHIHYIIBUIBIK HECHEICYiH
KaJIBIITHl ©CYyl 1IIKi CYpaHBICTHIH KCHEIOiHEe, OHIPICTIH JaMyblHA JKOHE SKOHOMHUKAIBIK OCYIiH KeIeNeyiHe BIKIIal
ereTiHiH kepceTTi. COHBIMEH Oipre XaJbIKTHIH [IIaMaJaH THIC KAPBI3IaHyhl HECHEIIK TOYEeKeIAeP i apTTHIPHII, KapKBUIBIK
TYPaKTBUIBIKTH QJICIpEeTiN, SKOHOMUKAHBIH Y3aK Mep3iMIi AaMyblHa Kepi ocep €Tyl MYMKiH. AJIBIHFaH HOTIDKEIep
HETi3iH/Ae TYTHIHYIIBUIBIK HECHENey casCaThlH JKETUIIIpY, JKayanThl Hecuelley KaFuAaTTapblH IaMBITY, XaJbIKTBHIH
KapKbUIBIK CayaTTBUIBIFBIH apTTHIPY JKOHE MEMJICKETTIK pEeTTey TETIKTepiH OHTallIaHAbIpy OOWBIHIIA HMPaKTHKAJBIK
YCBIHBIMAP YCHIHBIIJIBI.

Tyiiin co30ep — TyTHIHYIIBUIBIK HecHe, YITTHIK 3KOHOMHKA, SKOHOMHUKAIBIK ©CIM, QJIEYMETTIK >Xarnail, HecHemik
TOyEeKeINAep, KapKbl HAPBIFbI.

POCT TIOTPEBUTEJIbBCKOI'O KPEJJUTA U EI'O BJUAHUE HA HAIIMOHAJIBHYIO
IKOHOMMUKY

byxapébaeea A.

HAO «KacnuiickUii ynugepcumem mexnono2uti U unacunupunea umenu L. .Ecenosay, Axkmay, Kazaxcman
*Aemop-rxoppecnondenm e-mail: akonia_1996@mail.ru

HNudpopmanus od aprope:
Byxap6aeBa Aiinana, HAO «Kacnuiickuil yHuBepcuTeT TexHOJIOrui u mHxuHUpHHra umenu lII.EcenoBa», Akray,
Kazaxcran, e-mail: akonia_1996@mail.ru

Annomayun — B naHHOW CTaThe pPACCMATPHBACTCS POCT MOTPEOHWTENBCKOTO KPEOUTOBAHWS W €ro BIUSHHE Ha
HAIIMOHAJIBHYIO0 SKOHOMUKY. [loTpeOuTenbckoe KpeauToBaHHE SBIICTCS BAaXKHBIM JICMCHTOM (PHHAHCOBOHM CHCTEMBI,
CTUMYJHPYIOIIUM TIOTPEOUTENbCKUN CIIPOC, PACHIMpEHHE BHYTPEHHETO pPHIHKA W JKOHOMHYECKYIO AKTHBHOCTD.
AKTHBHOE pa3BHTHE MOTPEOUTEIHCKOTO KPEIUTOBAHHS CIIOCOOCTBYET MOBEHIIICHUIO YPOBHS KU3HU HACEJICHUS 33 CUCT
pacuMpeHus JOCTyNna K TOBapaM W yCIIyram, OJHAaKO Ype3MEepHBIH pOCT 00bEMOB KPEAMTOBAHHS MOXET MPUBECTH K
BO3HHMKHOBEHHIO (PMHAHCOBBIX PUCKOB KaK JUIsl IOMOXO3SHCTB, TaK M JJIsi 0AHKOBCKOTO CEKTOpa. B CBs3M ¢ 3THM OlleHKa
BIIMSIHUS TTOTPEOUTENECKOTO KPEIUTOBAaHUA HAa SKOHOMHUYECKOE Pa3BUTHE IPHOOpPETaeT 0COOYI0 aKTyalbHOCTh. Llensb
HCCIICOBAaHMUS 3aKIF0YaeTCsl B AaHAJNW3€ B3aMMOCBSI3M MEXAY pPa3sBUTHEM IIOTPEOUTENBCKOTO KPEIUTOBAHHMA,
9KOHOMHYECKHM pOCTOM U COLHMAIbHBIM OJlaronoiy4ueM HaceleHMs. B pabore wuccienoBaHbl JAMHAMHKA
MOTPEOUTEIBCKOTO KPEIUTOBAHUS, OCHOBHbIE (DakTOpbl €ro pocra, a Takke BIUSHHE Ha O0beM MOTpeOICHUs,
WHBECTHIIMOHHYIO AaKTHBHOCTb M MAaKpOIKOHOMHYECKYIO CcTaOmibHOCTh. (Oco0oe BHUMAaHHE YIEIEHO pOJIH
KOMMEpYeCKHX 0aHKOB B PACHIMPEHHUN TOCTYITHOCTH KPEIWTOB, U3MEHEHUIO YPOBHS JOJTOBON HArpy3KH HACEICHHS U
pHUCKaM, CBS3aHHBIM C YpE3MEPHOM 3aKpEANTOBAHHOCTRIO. Tarke pacCMOTPEHO BIMSHUE IEHEKHO-KPEAUTHON TOTUTHKH
1 TOCYIapCTBEHHOTO PETYIHPOBAHMUS HA Pa3BUTHE PHIHKA ITIOTPEOUTEILCKOTO KPS TUTOBAHS. Pe3ypTaTh! HecneJoBaHUsS
MOKAa3alli, YTO YMEPEHHBIH POCT MOTPEOUTEITHCKOTO KPEIUTOBAHUS CIIOCOOCTBYET YBEIMYSHHIO BHYTPEHHETO CIIPOCa,
Pa3BUTHIO TPOWM3BOJCTBA M 3KOHOMHYECKOMY poOcTy. BMecte ¢ Tem upe3mepHas IONToBas Harpy3ka HaceICHHS
MOBBILIAET KPEJUTHBIE PHUCKH, CHIDKaeT (DUHAHCOBYIO YCTOHYMBOCTh M MOXKET OTpPHUIATENILHO CKa3aTbCsl Ha
JIONITOCPOYHOM PA3BUTHUH 3KOHOMHUKH. Ha OCHOBE mHONy4eHHBIX pPe3yJIbTaTOB MPEUIOKEHBl PEKOMEHAAIUH I10
COBEPIICHCTBOBAHHUIO MOJUTHKH TOTPEOUTEIHCKOTO KPEIWTOBAHUS, PAa3BUTHIO MPUHIUIIOB OTBETCTBEHHOTO
KPEIUTOBAaHUs, TIOBBIILIEHHIO (MHAHCOBOM I'pDAaMOTHOCTH HAceleHHs M COBEPLICHCTBOBAHUIO MEXaHH3MOB
rOCyJapCTBEHHOTO PETyIUPOBAHUS.

Kniwouesvie cnosa — noTpeOUTENBCKUI KPEAWT, HALMOHANBbHAS JKOHOMHKA, 3KOHOMHYECKMH pPOCT, COIHAIBHOE
TMIOJIOKEHHE, KPEIUTHBIC PHCKH, (PUHAHCOBBIN PBIHOK.

HEI'I3I'T EPEXXEJIEP 0aliJIaHBICTBl EKEHIH KOPCETTi. 3epTTey HOTIKENIepi

3eprrey OapbICBIHA TYTBIHYIUBIJIBIK ~ TYTHIHYIOBUIBIK ~HECHEHIH IIaMaJaH ThIC ecyi
HECHEJICyAiH ecyi IMKi TYTBIHY CYPaHBICHIHBIH  XQJIBIKTBIH OOpBIITHIK JKYKTEMECIH apTTHIPHII,
WIFalObIHA JKOHE HKOHOMHKAJBIK OCNCeHIUTIKTIH  HEeCHelliK ToyeKenJiep MeH Kap>KbITBIK

apTyblHA OH 9CEp €TETiHI aHbIKTANbl. JKypri3iireH TYpPaKChI3ABIKTHIH  KYIICIOIHE  ajblll  KEJETIHIH
Taj/ay TYTHIHYIIBUIBIK HECHEIIEY KOJIEMIiHIH e3repici  JIoMele .

XaJIBIKTBIH HAKTHl TaOBICHI, JKaJIbl 11Kl OHIM KOHE

nHIAIHS JIeHreii CHSIKTBI HET13r1

MaKpOIKOHOMHMKAJIBIK ~ KOPCETKIIITEPMEH  ©3apa
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KIPICIIE

TyTeIHYIBUIBIK Hecue — OyJl azaMaTTapIblH
TYPMBICTBIK KaXKETTLUTIKTEPiH KaHaFaTTaHbIPY YLIiH
KapKbl YUBIMAApbIHAH ajfaH Kapbigap. byn Hecue
TYpi JKeKe TyJFajapra TYPMBICTBIK TEXHUKa,
aBTOKOJIIK, OUTiM ajly, AEHCAyJbIK caKTay, AEMalbIC
koHe Oacka Ja KaKeTTUIKTepre IKyMmcayra
MYMKIHZIK Oepexi. TyThIHYIIBIIBIK HECHEHIH HETi3T1
MakcaThl — a3aMarTaplblH eMip Cypy HeHrediH
KaKcapTy, ONapAblH OSKOHOMHUKAJBIK > KaFJaibIH
KakcapTyFa MYMKiHIIK Tyrei3y. COHBIMEH Kartap,
TYTBIHYIUBIIBIK ~ HECHE  eNJiH  SKOHOMHUKAIIBIK
OeNCeHaUTITiH apTTRIPYFa J]a Scep eTelll, OUTKeHi Oy
KapbI3[ap a3aMaTTapiblH TYTHIHY MYMKIHZIKTEpiH
KeHEHTin, Tayapiap MeH KbI3METTepre JereH
cypaHbICThI KobeiTeni [1,2].

TYTBIHYIIBUTBIK ~ HECHEHIH  KOeJeMi  COHFBI
KBUIJApbl alTapibIKTai ocTi. BaHK XoHE KapiKbl
yiBIMIaphI TYTHIHYIIBUTIAPFa HecHenepIi
KEHUTJETUITeH MapTTapMeH YChIHYABI 6acTapl, Oyt
©3  Ke3eriHAe  as3aMmarTapiIblH HECHeHI  aiy
MYMKIHJIITIH apTThIpAbl. byn mpouecke OipHere
(dakTopaap  ocep  eTTi,  ONapAbIH  iOIiHIES
SKOHOMHUKAJBIK ©ciM, HWH(IAUS AeHreii, eHOex
HapBIFBIHAAFBl ©3TepiCTep JKOHE TYTHIHYIIBUIAPIBIH
KAPKBUIBIK ~ CAyaTTBUIBIFBIH ~ apTTBIPY  CHSKTHI
xarnaitiap 6ap. HecueHiH eciMi, acipece, XaJIbIKThIH
TOMEHT1 Ta0bIC JNeHrediHAeri Oeririne YiKeH ocep
eTTi, OHTKeHI olap VOIiH TYTHIHYIIBUIBIK HECHe
KYHAEIIKTI TYpPMBIC KOKETTUTIKTEePiH
KaHaFaTTaHJBIPY YIIiH OipeH-0ip Kap KbUTBIK Kypa
Oosbin TaObLTAIRI [3].

Bip >karpiHaH, TYTBIHYIIBUIBIK HECHEHIH eciMmi
TYPFBIHIAPIBIH eMmip cypy JIEHTeHiHIH
KOFapbUIayblHA MYMKIHJAIK TYFBI3BL. A3aMaTTap
©3/ICpIHIH KAKETTUTIKTEPIH Kap)KblIal KamMTamachl3
eTy YIIIH Hecue aja OTHIPBII, TYPMBIC JKaF/IaiIapbiH
’KakcapTThl. MpICalbl, KONTETeH aaMaap aBTOKOIIK
caThlll aly YIIiH HECHeHi mNaijanaHajsl, Oyn e3
Ke3eTiHJIe KoK KypalJapblH CaTyllbl KOMIaHUsIIAP
MEH aBTOCEPBUCTEPIiH KBI3METiHE CYPaHBICTHIH
apTybiHa acep erTi. COHbIMEH Kartap, O11iM ainy >KoHe
KociOM J1aMy MakcaThIHJa Hecue aly a3amaTrTap/iblH
KoCiOH JTaFIbUIAPBIH JKETULIIpyre MYMKIHIIK Oep/i,
Oy onapAblH TaOBICHIH apTTHIPYFa BIKMAT ETKEHIH
aTar eTyre 0oiabl.

ExiHnn >karblHaH, TYTBHIHYIIBUIBIK HECHEHIH
apTybl KapXKbUIBIK TYPAKCBI3JBIK TIEH HECHEIiK
TOyeKeJepre aiblll  Kelyl MYMKiH. OpHHE,
TYTHIHYIIBIIAPABIH HECHE aly MYMKIHZITT Oflapbly
KAPXKBUIBIK JKaFJaiiblH JKaKCapTyFa BIKIMAI eTyi
MYMKiH, Oipak OyJI Mpolecc KeWae KapaKaTThIH
IOypbIC MaiJajaHblIMaybl HEMece ©Te >KOFaphbl
NaibI3ABIK MeJIIepieMeIepAiH canJapblHaH aybIp
KapbI3Jlapra aibll Kele/i. ATar alTKaH/a, a3aMaTTap

KOFaphl TANBI3ABIK MOJIIEpIeMEICPMEH HecHe
QIIBIT, OHBI ©TEY Ke3iHJe KUBIHABIKTapFa Tarl OOJyhI
MYMKiH. Byn omapaelH  KapKbUIBIK —JKaFJaibIH
TYPAaKCHI3AAHABIPHIT, TINTI OaHKPOTTHIKKA JCHiH
armapysl BIKTUMAJ.

TyTHIHYIIBUIBIK HECHEHIH apTybIMeH Oipre,
HECHeTIK  TOyeKeNAepHiH  JKOFaphliaybl  Ja
Oaitkananpl. bankTep MeH KapiKbl YUBIMIApHl Kapbi3
AyIIBLTAPABIH TeJeM KaOlIeTTUTIriH TeKcepy YIIiH
KaTaH MapTTap KOWBIN, HeCHeNepaiH KalTapbuTybIH
KaMTaMmachl3 €Ty YIIiH mapanap KaObUilaybl Kepek.
CoHBIMEH KaTap, TYTBIHYIIBIIAPIBIH Kap KbIIBIK
cayaTThbUIBIFBIH ~ apTTBIpy KaxkeT. byn opaiiga
MEMIIEKET TapanblHAaH KapKbUIBIK OimiM  Oepy
OarapnamMaiapblHbIH YHBIMIACTHIPBITYBl MaHBI3IbI
peun atkapazbl [4].

KopbIThIHIbUIAN KeTle, TYTHIHYIIBUIBIK HECcHe
SKOHOMHKAJIa MaHBI3[bl PO aTKapaThlH Kypai
Oompim  Tabbutanpl. On  azamarTapAblH TYPMBIC
JeHTeHiH JKaKcapTyFa, SKOHOMUKAIBIK OeJICeHAUTIKTI
apTThIpyFa MYMKiHIIK Oepemi. bipak OHBI AypbIC
nanjanaHy KaKeT, OMTKEeHI HECHEIK ToyeKelaep
MeH Kap KbUIBIK TYPaKCBI3IBIKTHIH alABIH aly YLIIH
TYPFBIHAAP MEH Kap>Kbl YUBIMAAPHI OipIiecin )KyMbIC
icreyi kepek [5].

3epmmeyoiy  manbi30bL1bI2bl.  KazakcTanna
TYTBIHYIIBUTBIK HECHENIEy HAPBIFBIHBIH KapKbIH/IbI

JaMybl ~YATTBIK OSKOHOMHUKAHBIH ©cCyiHe, 1iIIKi
CYPaHBICTBIH KCHCIOIHE JKOHE XANBIKTBIH  Oll-
AyKATBIHBIH ~ ©3repyiHe eNeyli bIKmal —eTyJe.

CoHBIMEH KaTap, TYThIHYIIBUIBIK HECUCHIH IIaMaJjaH
TBIC YJIFAIOBl KAPXKBUIBIK TYPAaKTBUIBIKKA KayiIl
TOHJIIPIN, HECHEINK ToyeKeIAEpHAiH apTyblHa ajbIIl
Kelyl MyMKiH. OcbIiFaH OaiIaHBICTBI TYTHIHYIIBUIBIK
HECUCHIH MAaKpPOIKOHOMUKAJIBIK KOPCETKILITEepre,
XaJIBIKTBIH TOJIEM KaOUIeTTUIriHE KOHE KapiKbl
HapbIFBIHBIH ~ TYPaKTBUIBIFBIHA 9CEpiH  KELIeHI
Oarayay FBUIBIMU JKOHE MPAKTHKAJIBIK TYPFHIIAH
©3eKTi OoJbll  TaObUTAABI. 3epTTey HOTIDKENEepi
KapKbl ~ CEKTOPBIHJIAFBI  Tayekenepdi  Oackapy
TETIKTEPiH  IJKETUIIIpyre, MEMIJIEKETTIK Hecue
casicaThlH  KaJBITACTBIPYFa  JKOHE  XaJIBIKTHIH
KApXKbUIBIK CayaTTBUIBIFBIH apTThIPYFa OarbITTalIFaH
YCBIHBICTAp 33ipJeyre Heri3 Ooajpl.

3epmmeyoin yncananvizol. 3epTTEYAiH FHUIBIMU
*aHaJbIFbl KazakcTaHaarsl TYTHIHYIIBUIBIK HECUEHIH
COHFBI ~OH JKBULIAFBl  JIaMy  JIMHAMHKACHIH
MaKpPOIKOHOMHUKAJBIK KOPCETKIITEPMEH KelleH Il
OalaHBICTBIpa  OTBIPHIN ~ OaFanayblHIA KaThIP.
3epTTey OapbIchlHIa TYTHIHYIIBUIBIK HecueHiH JKIO,
UHQIISAUS, )KYMBICCBI3IIBIK JICHTeH1 j)KOHE XaJIBIKTHIH
HaKThl ~ TAaOBICBIHA  BIKHAIBl  CTATUCTUKAIBIK,
KOPPEISIIMSAJIBIK ~ KOHE  CAJBICTBIPMAaNbl  Tajjiay
omictepi apKpUIbl aHbBIKTANABl. COHBIMEH Kartap,
TYTBIHYIIBUIBIK ~HECHEHIH HSKOHOMHKAJBIK OCY/i
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BIHTAJAHABIPYAAFbl OH acepiiepi MEH Kap KbUIBIK
TYPaKTBUIBIKKA TOHAIPETIH ToyeKkenepi Oip me3ringe
KapacTBIPBUIBIN, ONapIbl TEHIrepiMIi  peTTeyre
OaFrpITTalFaH FBUIBIMH  HETI3/IENTeH  YCHIHBICTap
YCBHIHBII/IBL.

OAICTEP MEH MATEPHUAJIJIAP
3epTTey oJlicHAMachl PETIHIE CTATUCTHKAJIBIK
Tangay, — KOPPEISIMSIBIK  3epTTeyliep  JKOHE
CaJBICTRIPMANIBI  OJIC KOMMAHBUIABL. by omictep
TYTBIHYIIBLIBIK HECHUCHIH SKOHOMHUKAJTBIK
KOPCETKIIITEpre ocepiH aHBIKTayFa >XOHE OHBIH
YITTHIK SKOHOMHKAFa BIKIMAJIBIH TepEeHIpeK TYCiHyTe

MYMKIHIIK oepxi. 3eprTey OaphIChEIHA
Kazakcranubiy coHfbl 10 KBUITAFBI TYTHIHYIIBUIBIK
HECHEHIH  ocy  JHWHAMHMKAChl  JKOHE  OHBIH

SKOHOMHKAJIBIK KOpCEeTKIIITepre, aram aiTKaHaa
XKIO, uHbnAMS IEHTeHi, MKYMBICCBI3ABIK JECHIeii
JKOHE XaIBIKTHIH HAaKThl TaOBICEIHA 9cepi 3epTTEIi.
TYTBIHYIIBUIBIK HECHEHIH YITTHIK JKOHOMHKara
9CEpIH TaJiay YIIiH SKOHOMUKAJIBIK MOJICIIbICP MCH
MaKPOIKOHOMUKAIIBIK WHAWKaTOpIIap
MaigamaHpUIbl, Oy ©3 Ke3eriHae IKOHOMHKAIIBIK

KYOBUTBICTapABI TyciHy i TepeH/IeTIM,
TYTHIHYIIBUIBIK HECHEHIH OpTYpJli acmleKTiiepiH
KapacThIpyFa MYMKIiHIIK Oep/Ii.

3eprTey SIicCHaMaChIHBIH Heri3iHge
CTaTUCTUKANBIK Tajlay MaHbI3Abl OpPBIH allajbl.
CTaTHCTHKANBIK  JEPeKTepAl  Tanjgay  apKbUIbI
TYTBIHYIIBUIBIK ~ HECHEHIH  ©Cy  JHHAMHKAChIH

Oaiikayra Oonanel. KazakcTaHHbIH OaHK KyHeciHIeri
TYTHIHYIIBUIBIK ~ HECHEHIH  KejeMi MeH  ecy

Kecre 1 — Hecuenik Toyekenaep MeH Ae(oiT AeHI el

KApPKBIHBIHBIH CTATUCTHKAJIBIK MOJIMETTEPIH JKUHAII,
oJIapAbl YaKBITTHIK KaTapiapMEH CaJIbICTHIPY omici
KOJIaHBULABI. ByJI oJic apKbUIBl TYTHIHYIIBUIBIK
HECHEHIH HKOHOMUKAIBIK KOHBIOHKTYypara
OaifTaHBICTBI ©3TepICTepIH aHBIKTayFa MYMKIHIIK
TyJIBL. Ocipece, TYTHIHYIIBUIBIK, HECHEHIH MaibI3IbIK
MeJIepieMeNepiHiH e3repyi, KapbI3/1apabIH
Mep3iMi, TeyieM KaOIIeTTUTTIHIH JeHTeHl KoHe
XalBIKTBIH ~ KAPXKBUIBIK ~ KaFJIalblHBIH — JaMy
TEHACHIUSIAPBl CUSAKTHI (DakTOpIapIel  eckepit,
CTaTHCTUKAIBIK Taigay apKbUIbl TYTHIHYIIBUIBIK
HECHEHIH KYPBUIBIMBI MEH OHBIH ©CY JHHAMHKACHI
aNKBIHJAJIIbI.

Koppensuusiibik 3epTTeynep oxici
SKOHOMHKAJIBIK KOPCETKINITEP MEH TYTHIHYIIBLIBIK
HECHEHIH apachIHIAFbl OailaHBICTAPIBl AHBIKTAY
YILIiH KOJITAHBUI/IBL. byn axic APKBLIBI
TYTHIHYIIBUIBIK, HecueHiH JKIO, nHmsmms neHreii,
KYMBICCBI3JIBIK JICHTeHi JKOHE XAJIBIKTBIH HAKThI
TaOBICBIHA 9CEpiH 3epTTeyre Ooyajzpl. MEbICabI,
TYTBIHYIIBUTBIK ~ HECHUEHIH ©cyl JKOHOMHKAHBIH
JKalbl KaFMalbIMEH ThIFBI3 OalaHBICTBI OOy
MYMKIH, a1 OHBIH ©CYyl XaJlbIKTBIH TYTBHIHY KaOileTiH
apTTHIPBIN, iIKi CYPaHBICTBIH apTybIHA BIKMAN €Tyl
pikTUMall. COHBIMEH KaTap, WH(IAUS IeHreliHiH

YKOFapBLIAYbl HEeMece KIO-uiH e3repyi
TYTHIHYIIBUIBIK ~HECHEHIH KOJIeMiHe ocep eTyi
MyMKiH.  bynm  macenenepmi  Tammay — YWIiH
KOPPEISIIHASIBIK KO3 UITUEHTTEP MeH

PETPECCHUSITBIK MOJIENBACD KOJNJAHBUIAABI, ojlap €Ki
HeMece OipHelle SKOHOMHUKAJIBIK KOPCETKIIITIH
apachlHIarbl OallaHBICTHI Oaranayra MYMKIHIIK
Oepeni.

Keur | Hecwuenik kemem (mipa Terre) | IlIpoGnemansik Hecuenepdin yieci (%) | edonr nenreiii (%)

2014 500 5% 3%

2015 550 6% 3.5%

2016 600 7% 4%

2017 650 8% 4.5%

CanpicTblpManbl  9fic  3epTTey OapbIChlHAAa MYMKIH  JereH  THIoTe3a  KOWFa  Ooiafbl.

KOJIJJAHBUTFaH Tarbl Oip MaHbI3ABl ojic Oombin  CanbICThIpMaNbl — Tajnay, COHJAW-aK, eJIepliH
Ta6mna}1m. E¥H SJIiC ApKbUIbl  TYTBIHYIIBIJIBIK TYTBIHYIIBIJIBIK HECHue CasiCaThbIH, HaﬁBISJIBIK

HECHUEHIH 6cy TUHAMHKACHI 9PTYPJIi elepe, acipece
KazakcTaHHBIH 3KOHOMHKACHIMEH CaJBICTBIPFaH/A,
Kamnai e3repreHin KapacThIpyFa Ooabl.
KazakcTaHHBIH MaKpOIKOHOMUKAJIBIK KOPCETKILITEPI
MeH Oacka JaMyllbl eNIepAiH 3KOHOMHKAIBIK
JKaraaiapblH CajabICThIPA OTBIPBIM, TYTHIHYIIBLIBIK
HECHEHIH oeciMi MEH OHBIH 3KOHOMHKara ocepi
Typaibl JKaIMbl TYKBIPBIMIApP JKacayra OOJajbl.
Meicanbl, erep Oacka enjepie TYTHIHYIIBUIBIK
HECUCHIH KeJIeMi apThill, HSKOHOMHUKAJIBIK ©CiM
Oaiikainca, Oyn Kaszakcrannma ma ykcac ypaic 60iysl

MeJIepiaeMesepai, HECHEIK ToyeKenaepai Oackapy
o/licTepiH caJbICTBIpyFa MYMKIHIIK Oepeni, Oy e3
Ke3eTiHJIe eMJliH SKOHOMHUKAIIBIK JaMy CTPATETHSICHIH
KaJIBINITACTBIPYFa acep €Te/i.

3eprrey OapwichiHna KazakcraHHbIH COHFBI 10
JKBIJIIaFbl TYTHIHYIIBUIBIK HECUCHIH 6CY TUHAMHKACHI
aikpIHaTIB. CTaTUCTUKAIBIK JCpEeKTepre CyheHe
OTBIPHII, eTiMi3Jle TYTHIHYIIBUIBIK HECHEHIH KeJeMi
TYPaKkTbl TYpJE OCKEHiH kepyre Oonaapl. Ocipece,
2010 xpurmapaad OacTan TYTHIHYIIBUIBIK HECHEHIH
KapKbIHIBI ocyi OalKamagbl, OYJ SKOHOMHKAHBIH
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JKaImbl ©CYIMEH JKOHE XaJIBIKTHIH OJICYMETTIK
JKaFJalbIHBIH JKaKcapybIMEH 0aiiJIaHBICTHI.
JlerenMeH, HECHEHIH ©Cyi TeK OH (haKTopiapra FaHa
0alJIaHBICTBEI €MEeC, OHBIH 1IIHAE DKOHOMHKAJIBIK
JIarmapeicTap, WHOIAINSA, CBHIPTKHI (akTopiiap 1a
MaHBI3IBI pOJT aTKApABl. by KepceTKimTepai Tanaai
OTBHIPBIN, TYTHIHYIIBUIBIK HECHEHIH OCyiHe acep
€TKEeH HeTi3Ti pakTopiapIsl aHBIKTayFa OO0TaIbl.

Kazakcranabg XKIO-Hin ecyi MEH
TYTHIHYIIBUIBIK ~ HECHEHIH KeJieMi apachIHIAFbI
Oaiimanpic  eTe THIFBI3. JKIO-HIH ecyi imki

CYPaHBICTBIH apTyBIHA AJIBIT Kee I, 0yiI 63 Ke3erinie
TYTBIHYIIBIIBIK HECHEHIH CYPaHBICHIH apTThIPAJIbI.
Byn ypaic 2010 xwuinapaan 6epi Oatikanassl, acipece
SKOHOMMKAHBIH JaMBIFaH Ke3CHAEPiH/IEe
TYTHIHYIIBIIBIK, HECHEHIH KOJIeMi alTapiIbIKTal oCTi.
ConbiMeH  KaTap, MHQIANUS  JCHreMi  MEH
TYTBIHYIIBIIBIK HECUCHIH apachIHJarbl OaiiaHbIC Ta
eTe MaHbI3ABl. WHGIAIMS NTeHreliHiH KOFapblUIaybl
TYTBIHYIIBLIBIK HECUEHIH MaNBI3IBIK
MeJIIepieMeNepiHiH ocyiHe allblll Keledi, Oyl o3
Ke3€eTiHe KapbI3 ANYIIBIIAPABIH TOJIEM
KaOinerTinirin Temenaereni. COHIBIKTaH UHQIIAINSA
JICHTeHiHIH e3repyl TYTHIHYIIBLIBIK HECUCHIH KOJIeMI
MEH XalTbIKTBIH KApKbIIBIK JKaFmaiibiHa Tikenen acep
erei.

JKYMBICCBI3NBIK ~ JICHTCHIHIH  TYTHIHYIIBUIBIK
HecHeMeH OaifaHbIChl Kyplemi Mocee OOJbIN
TaObIIambl. OJETTe, JKYMBICCHI3NBIK JCHIeHiHIH
JKOFapbUIaybl XaJbIKTBIH TaOBICBIH TOMEHCTIIL,
TYTBIHYIIBLIBIK HECHEJIEP/IIH KalTapbUTybIHA
KHUBIHBIKTAp TYBIPaJIbI. By ocipece sKYMBICCHI3/IBIK
NeHTeHiHIH KOorapbl OOJFaH KbBUIIAPHI OalKalIbl.
CoHbIMEH KaTap, XaJbIKThIH HAKThl TaOBICBI MEH
TYTBIHYIIBIIBIK ~ HECHEHIH KOJieMi  apachIHIarbl
OaifmaHplCc Ta MaHBI3ABI OonbIm TaObuTanbl. Erep
XaJIBIKTBIH ~ HAKTBI  TaOBICEI  ©CKeH  0Ooica,
TYTBIHYIIBIIBIK HECHEHIH CYPaHBICHI J1a apTaThIHBI
Oaifkanmazpl. byn skarmail ocipece 3KOHOMHKAIBIK

eCiM  Ke3eHJepiHIe  alKplH  KepiHemi,  aj
SKOHOMHUKAJIBIK JaFAapbiCTap KE3CHIHIEC HaKThI
TaOBIC TOMEHIETEH Ke3Je TYTBIHYIITBITBIK
HECHUEeIepIiH KeJieMi a3asipl.

Kopsita KeNTeH Ie, Kazakcranmarsl

TYTHIHYIIBIIBIK HECUEHIH 6CY INHAMHUKACHIH 3ePTTEY
OHBIH 3KOHOMHKAJIBIK KepceTkimTepre, acipece XKIO,
WHQIISIUS, JKYMBICCBI3JIBIK ICHTeHi JKOHE XaIIBIKTHIH
HaKThl TaOBICBIHA OCEPIH aHBIKTayFa MYMKIHJIK
Oepnai. byt 3epTTey TYTHIHYIIBUIBIK HECUEHIH YITTHIK
OKOHOMHKAFa BIKIAJIbIH JKOHE OHBIH TYPFLIHIAP/IBIH
eMip Cypy JASHIeliH )KaKcapTyFa Kajlall acep eTeTiHIH
TYCiHyre KeMeKkTecTi. TYTHIHYIIBIIBIK HECHEHIH
6CyiHIH OH JX9HE Tepic ocepiiepiH eCKepe OTBIPBIIL,
OoJanrakTa YJKOHOMUKABIK CasiCaTThI IyPBIC OAFbITTA
KaJIBIITACTHIPY MaHBI3JbI OOJIBI TAOBLIAIBI.

HOTUKEJIEP )KOHE TAJIKBIJIAY

TYTBIHYIIBLTBIK HECUEHIH ecyi eI
SKOHOMUKAJIBIK OEICEHIUITiH apTTHIPBIN, TYTHIHY
CypaHbBICHIH KymeuTTi. By ocipece Oemek cayzaa
MEH KBI3MET KOpCeTy callaJlapblHa alKhIH KepiHic
TanThl. TYTHIHYIIBUIBIK HECHEHIH KOJEeMiHIH ecyl
TYTHIHYIIBIIAPFa ©3JICpiHiH TYPMBICTBIK
KOKETTUTIKTEpIH KapKbUIall KaMTamachl3 eTyTe
MYMKIHJIK Oepim, Tayapiap MEH KbI3METTepre JereH
CYPaHBICTBIH apTyblHa aibll  Kelmi. MbIcalbl,
ABTOKOJIIKTED  MEH  TYPMBICTHIK  TEXHUKaHBIH
CaTBUIBIMBI alTapIBIKTal ©CTi, OVII ©3 Ke3eTiHae OChl
cajlayiap/laFbl  KOCIIOPBIHIAP MEH KBI3MET KOpCeTy
YUBIMIAPBIHBIH, ~ TaOBICBIH ~ aPTTHIPBIN, KYMBICIICH
KaMTyJbl KAMTaMachI3 eTTi. byJ1 yp/ic SKOHOMHKaHBIH
JKAIBl ©CYiHEe BIKMAJ eTill, iMIKi >KaJIsl ©HIMHIH
(°KIO©) aprysina ceben 60pL.

Conpaii-aK, TYTBIHYUIBUIBIK HECHEre CYpaHbIC
apTKaH calblH HECHENiK Toyekemnaep MeH aedont
ToyeKeNJepi e JKoFapbuiaabl. Kapbi3 amymibuiapasiH
TeJleM KaOUIeTTUINiH Oaranay Ke3iHAe KapiKbLIBIK
MeKeMeINep/IiH KUBIHABIKTapFa Tam OOIybl MYMKiH.
By sxarnaii 6aHK ceKTOphIHA YIIKEH KYKTEME OKEJill,
OaHKTEpIiH KapKbUIBIK TYPaKTHUIBIFBIHA Tepic ocep
eTyl MYMKiH. ©Ocipece  KOFaphl  MalbBI3IBIK
MeJIepiieMeNep MeH Mep3iMIepai y3apTy Ke3iHuae
TYTHIHYIIBUIBIK ~ HECHEHIH ©TelIMeyl MYMKIHJIr
aptanpl. byn e3 keserine 0aHKPOTTHIKKA YIIBIparaH
KapbI3 aTylIbUIApbIH CAHBIHBIH KOOCIOiHE, COHBIMEH
Karap OaHKTEpAiH AaKTHBTEPIHIH KYHCBI3IaHYbIHA
okeneni. KapbI3 anynibuiap/ibie TeieM KaOiaeTci3ir
KeOelreH caiiblH, OaHKTepHiH Hecue MopTQemiHiH
carnachl TOMEH/ICTI, KapKBITBIK KyHeHIH
TYPaKCHI3IIBIFBI APTYBI BIKTUMAJL.

JlereHMeH, TYThIHYIIBUIBIK HECUEHIH 6CY1 KaKChI
JKarJaiga 3KOHOMHUKAJIBIK ©CIMII KaMTaMachl3 €Till,
UHQIIALIUS ~ JACHIeWIH TOMEHJIETYre BIKIAI Tyl
MYMKiH. TyYTBIHY CYpaHBICBIHBIH apTybl OHIIpIC
KOeJIeMiH ecipil, SKOHOMHKAJBIK OeICeHALTIKTIH
KOFapbliaybiHa cebert Oomanpl. bynm e3 keserinje
eHOEK  HapbIFBIHIAFbl  JKaFJalabl  KaKCaPThIII,
JKYMBICCBI3IIBIK JICHTe€HiHIH TOMEH/IEYiHe BIKMAN €Tyl
MYMKiH. MHSmms neHrelii TeMeH/IereH Karaaiina,
XaJIBIKTBIH HAKThl TaOBICHI ©CIN, TYTHIHYIIBIIBIK
CYpaHbIC opi Kapali aprarelH Oonamel. by
SKOHOMHKAHBIH 6CYIH TYPaKThI €Til, TYTHIHYIIBIIBIK
HECHEHIH OH 9CEpPiH y3aK Mep3iMJIe KaMTaMachl3 eTyre
MYMKIHJIIK Oepei.

Anaiifa,  TYTHIHYIIBUIBIK ~ HECHEHIH  Y3aK
Mep3IMJEri ©Cyl SKOHOMMKAJIBIK TYPAKCHI3IBIK TEH
KPEUTTIK JaFiaphiCTapra KOJI  allybl MYMKIH.
TYTBIHYIIBUIBIK HECUEHIH KOJIeMi ThIM apThIIl, OHBIH
KaWTapbUTybl KWUBIHFA COFAThIH 00JICa, KapXKBLIBIK
CEKTOp/Ia HECHEJIIK JaFrIapbiCTap OPbIH aaybl MYMKIH.
Erep OankTepmiH Kapbl3gaphl oTejMed Kajca, Oyl
oNapAblH  KAPXKBUIBIK  JKaFrJaiiblH  HaIlapiarhbll,
KPEAUTTIK PeCypCTapAblH KbICKAPYbIHA aJIbIIT KENE/Ii.
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MyHnaii kargaiina, OaHKTEp KaTaH HECHENIK cascaT
JKYprizyre MoXOyp OOJBIN, TYTHIHYIIBLIIApPFA HECHE
Oepy IapTTaphlH KYIIEHTYyi MyMKiH. By e3 ke3erinze
1K CYpaHBICTBIH TOMEHJIEYiHe, OelIeK cayaa MeH
KbI3MET KOpCeTy cajajapblHOaFrbl CYPaHBICTBIH
KBICKapybIHA OKEJIe/I.

¥3aK Mep3iMIe, TYTHIHYIIBUIBIK HECUEHIH apTybl
TYPFBIHAAPIBIH Kap)KbUIBIK JKarlaiiblHA Tepic acep
eyl mymKiH. Kapbisra OenmecineH OaTkaH azamarrap
©3/IepiHiH TeJeM KaOlIeTTUIIrH )KOFaITHII, OMip Cypy
JICHIefiH TOMEHJIETIN ay BIKTUMAJIJIBIFBI
YKOFapbUIaiIb. byn XaJIBIKTBIH QIIEyMETTIK
JKarJalibIHA Kepi 9cep €Till, dJICYMETTIK IIUENICHICTIH
apTyblHa ajibim Kemyi MyMkiH. COHBIMEH KaTap,
MEMJICKETTIK OIO/DKETKE II¢ KBICBIM Tycemi, ceOeOi
XaJBIKTBIH KapbI3IapblH OTEyre XOpIeM KepceTy
YIIiH MEMJICKETTIK KOJIIay Iapaiapbl KaxeT OOyl
MyMKiH. byn okarmaii  emiMi3miH =~ oI€yMeTTiK-
SKOHOMHUKAJIBIK JaMybIHA Ja Tepic acep eTyi MyMKiH.

TyYTHIHYIIBUIBLIK HECHEHIH OCYi, erep OHBI TYPhIC
PETTEHTIH SKOHOMHKAJIBIK casicaT Oojmaca, eIJIiH
SKOHOMHKAJIBIK ~TYPAKTBUIBIFBIHA Kayill TOHAIpYyi
MYMKiH. Byt TypFeia OaHKTEpiH HECHEITIK casicaThIH
perTey, XaNbIKThIH  KapKbUIBIK  CayaTThUIBIFBIH
apTTBIPY JKOHE Kapbl3 aylIbUIapAbl KOpFay YIIiH
THUICTI mapanxapasl KaObL1aay eTe MaHbI3Ibl. MbIcabl,
KapXKbUIBIK YHBIMIAp Hecue Oepy Ke3iHIe Kaphi3
QIYIIBUIAPABIH ~ TOJIEM  KaOUICTTUIINH —~ MYKHAT
TEKCEepIIl, JKayanTel Hecue Oepy casicaThlH JKYpri3yi
KaxeT. Byn omic TYTHIHYIIBUIBIK HECHEHIH ©cyiH
KaMTaMachl3 €Ty Ke3iHJe Kap>KbUIbIK TYPaKTHUIBIKTHI
CaKTayFa KOMEKTeCeIi.

CoHbIMEH KaTap, TYTHIHYIIBUIBIK HECHEHIH ecyi
SKOHOMHMKAJIBIK ©CIMJII KaMTamachl3 €Ty YIIiH y3aK
Mep3iMIi  Kocmapiapasl KapacTblpy KaxeT. by
JKocrapiap eJIiH 3KOHOMUKAJIBIK JaMy CTPaTerHsChIH
€CKepe OTBIPBIN, TYTHIHYIIBLUIAPJBIH  Kap KBUTBIK
KaFIaiibIH jKaKcapTyFa ®oHe OaHKTep/IiH KapyKbUIbIK
TYPaKTBUIBIFBIH ~ CaKTayFa  OaFbITTallybl  THIC.
MemiiekeT JeHreHiHae TYTHIHYIIBUIBIK HECHUCHIH
KOJDKETIMJIUIITIH apTThIpy YIIIH KapKbUIBIK OiTiM
Oepy OarnmapnamanapblH YWBIMAACTBIPY, XaJIbIKTBIH
KapKbUIBIK CayaTTbUIBIFBIH apTTBIPy ©T€ MaHBI3IbL.
Byn nrapasiap TYTHIHYIIBIIBIK HECHEHIH
apTHIKIIBUIBIKTAPEIH Naijaany Ke3iHAe OHBIH Tepic
ocepiiepiH azalTyFa MyMKIHAIK Oepei.

KoppITa Kenrenie, TYThIHYIIBUTBIK HECHEHIH ocyi
eIJIiH JKOHOMHUKAIIBIK JIaMyblHa OH ocep eTeTiH
¢axrop Oosbin TabbUIAABL. OJI TYTHIHY CYPaHBICHIH
apTTHIPBIN, O6IIIeK cayJa MEH KbI3MET KepCceTy
caJanapbiH BIHTAJIAH/IBIPA]IBI. JlereHmeH,
TYTBIHYIIBIIBIK HECUEHIH apTybl HECHETIK TayeKeJIaep
MeH e OT ToyeKeIAEPiH KOFapbUIATHII, KAPXKBUIBIK
TYPaKTBIIBIKKA Tepic ocep eTyi MyMKiH. COHJIBIKTaH,
OKOHOMUKAJIBIK CasiCaTThl JYPhIC KAJIBIITACTHIPY,
OaHKTEpIiH HECHENiK cascaTblH peTTey JKOHe
XaJIBIKTBIH Kap)KbUIBIK CAyaTTBUIBIFBIH apTTBIPY OCHI

YPHOICTiH OH 9CepiH Y3aK Mep3iMiec KaMTaMachl3 €Ty
YIIIiH MaHBI316I OOJIBIT TaOBLTAITEL.

KOPBITBIH/bI

TYTBIHYIIBUTBIK ~ HECHMEHIH  ecyl  YJITTBIK
SKOHOMHKA YIIIH OH dCepJIepiH THTI3TeHIMEH, OHBIH
KapKbIHABI JaMybl Ja Oenriyi Oip Toyekennaep MeH
KABIHABIKTAPABl  TYBIHAATAIbl.  JKOHOMHKAJIBIK
JTaMyZIbl KEJEIICTIN, TYTHIHYIIBUIBIK CYPAaHBICTHI
apTTBHIPY apKbpUIBI O O6JIIeK cayia MEH KbI3MET
KOPCeTy CalalapblHbIH ©CyiHE BIKIal eTei.
Hotmxkecinme, KemTereH KOCIIOPBIHAAp OHIIPIC
KOJIEMiH YIFalThIN, eHOEK HapBIFbIHAA )KaHA )KYMBIC
OPBIHAAPBIH amaasl. ByJ ;KyMBICCHI3/BIK ACHTeHiHIH
TOMEHJCYyiHE  JKOHE  JKallbl  SKOHOMHUKAJIBIK
OenceHaUTiKTIH apTybiHa okeneni. COHBIMEH KaTap,
TYTBIHYIIBUIBIK HECHEHIH apTybl XaJbIKTBIH OMIp
CYpy [HeHreWiH JKOFapbUIATBHIN, Tayapiap MeH
KBI3METTEP/IIH KOII TYPJIUIITiH KAMTaMachI3 €Te/i.

Anaiifa, TYTBIHYIIBUIBIK HECHUEHIH KapKbIHIbI
ecyl JKOHOMHUKANBIK JKyiere Tepic ocep eTeTiH
Oipkarap dakropmap Aa TysIHOaTanbl. bipiHImineH,
Kapbhl3  anylmibUIapAblH ~ TeJIeM  KaOuIeTcCi3firi
JKOFaphUIall, HECHETIK Toyekemaep MeH aedour
Toyekennepi nae apraapl. baHKTEepmiH  Hecwe
noprdeniameri npoOieManblK HECHeNIepaiH Yieci
kebeiice, OyJI oJap/IbIH Kap>KbUIBIK TYPaKThUIbIFbIHA
Kayin Tenaipeai. Erep OaHkTep Kaphl3napblH TOJBIK
oTell alMalTBIH Kapbl3 adyIIbUIAPABIH ©CYiHE Tall
Oonca, omap Hecue Oepy IIAPTTapblH KaTaWTyFa
MaXOyp Oonajel, OYJI ©3 Ke3€TiHAe 3KOHOMHKAIIBIK
OeNCeHIUTIKTIH TOMEH/ICYiHe aJIbIIl KeTyli MYMKIiH.

ExiHmmieH, TYTHIHYIIBUTBIK HECHUEHIH apTybl
WHQIIIOUSHBL  KYIIGHTIN, caThill aly KaOuleTiHiH
TeMeH/IleyiHe ceben Oomybl MyMKiH. Kapbe3asr eTey
YIIiH a3amaTtTap 3 IIBIFBIHAAPBIH a3alThIN, KbICKA
Mep3iMJIi Ke3eHJe TYTBhIHY CYpaHBICHl TOMEHJEYi
BIKTHMAJL.

Ochblnaiilna, TYTHIHYIIBUIBIK HECHEHIH —ecyi
SKOHOMHKAJIBIK JIaMy MEH TYPaKTBUIBIKTHI CaKTay
YIIH THIMJII OaKbLIayIbl )KOHE PETTEY Il Tajlall eTe/I.
MemiiekeT TeH KapKbl YWBIMAAPBIHBIH MIHIETI —
KapXKBUIBIK ~ TYPaKTBUIBIKTBl ~ CAaKTail  OTBIPBIIL,
TYTBIHYIIBUIBIK HECHUEHI YCBIHY NPOIECiH TYpBIC
perrey. by yurin 6ank xyieci Kapbl3 aayibuiapabiH
TeJieM KaOUIeTTiNriH MYKUAT TEKCepil, HEeCHeliK
ToyeKeJJep/l TOMEHICTETIH Iapanapabl KaObLIaaybl
kaxer. COHbIMEH Karap, XalbIKThIH KapiKbUIBIK
cayaTThUIBIFbIH apTTHIPY KOHE KayanTbl
HECHEJICHJIPY CasicaThlH €HIi3y OSKOHOMHKAIIBIK
KYHEHIH TYPaKTBUILIFBIH KaMTaMachl3 €Ty YIIiH
MaHbI31bI OOJIBIIT TaObIIAIbL.

MY JAEJIEP KAKTBIFBICHI

ABTOD OCBI 3epTTEY/Il OPbIH/IAY KOHE MaKaJaHbI
x)apusiay OapbICBIHAA MYJIENep KaNIIBUIBIFI KOK
€KEHIH MAJIIMIEH 1.
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AJIFBIC
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Abstract — This article examines the role of project management in promoting sustainable development within Nigeria's
science and education sectors during the period 2015-2027. The study aims to identify the opportunities and constraints
associated with integrating sustainability principles into projects aligned with the United Nations 2030 Agenda for
Sustainable Development. As Nigeria continues to address complex socioeconomic and environmental challenges,
effective project management has become an essential mechanism for improving the planning, implementation, and
evaluation of sustainability-oriented initiatives. The research adopts a mixed-methods approach that combines a
PRISMA-based systematic literature review of 71 scientific publications with qualitative case studies of renewable
energy, rural development, and curriculum reform projects. The analysis is conducted using internationally recognized
project management frameworks, including PMBOK, Agile, and hybrid methodologies. These approaches are evaluated
in terms of their contribution to project governance, stakeholder engagement, resource management, and the achievement
of sustainable development objectives. The findings demonstrate that structured project management significantly
enhances project coordination, transparency, stakeholder collaboration, and educational outcomes while improving the
overall effectiveness of sustainability initiatives. Based on the findings, the study recommends the wider adoption of
hybrid project management methodologies, investment in capacity-building programs, and the implementation of digital
monitoring and evaluation systems to strengthen project performance and support the long-term achievement of the
Sustainable Development Goals (SDGs).

Keywords — project management; sustainable development; science and education; Nigeria; PMBOK; Agile; SDGs;
project-based learning; renewable-energy projects; university-industry collaboration.
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Anoamna. Makanaga 2015-2027 xbiinap apaibiFbiHaa HUrepusHeIH FEUIBIM KoHE OiTiM Oepy cananapbiHIa TYPAKThI
JlaMyzibl KaMTaMachl3 €TYJeTi jxo0anapael 0acKapyIbIH pelli KapacThIpbUIaabl. 3epTTeyaiH MakcaThel — bipikkeH ¥aTTap
Yiieverabtg 2030 xburra neifiari TypakTel JaMmy KYH TOpTiOiHE coiikec icke achIpBUIATHIH jKoOamapra TYpaKTHl JaMmy
KaFUIATTapblH CHTI3ydiH MYMKIHAIKTEepi MEH MIEKTeYIepiH aHBIKTay. OJIeyMeTTiK-DKOHOMUKAIBIK JKOHE SKOJIOTHSIIBIK
MOceneNep i Menry JKarnaibIHaa xobamapasl THIMII 0ackapy TYpakThl AaMy OacTaMaiapblH jKOcapiay, iCKe achIpy
KoHE Oarayay camachlH apTTHIPYABIH MaHBI3AB Kypanbl Oombim TaObuIamsel. 3eprreyne PRISMA onmicHamackiHa
Heri3aenred 71 FRUIBIMM AEPEKKO3/l KAMTHTBIH JKYHeNi ofeOueTKe 0Ny MEH JKaHApThUIATHIH SHEPreTHKa, aybULIABIK
ayMakTapJsl JaMbITY JkoHe OumiM Oepy OarnmapiamanapblH >KaHApPTy >KOOAJapbIHBIH TKIPUOENiK KarnainapbiH
Tanaayasl OIpiKTIpeTiH apaniac 3epTrey oaici KojnaHeuiabl. XKobamapaslH TriMainirin Oaranay ymriin PMBOK, Agile
XKoHe THOpHnTi kobamapapl Oackapy onmicHamanmapsl maiinananbuiabl. OnapiblH okoOamapisl Oackapyra, MyAnesi
TapanTapblH e3apa ic-KMMBUIbIHA, pecypcTapabl 0eiyre xaHe TypakThl 1aMy MakcaTrTapblHa KOJI KETKi3yre acepi jKaH-
KAKThl TaIJaHIbl. 3epTTey HOTHXKEIepl KypbUIBIMIANFaH >oOamapisl Oackapy ToCULAEpiH KOJNJaHy KoOamapibl
YiiecTipy AEHTediH, yIepiCTepaiH aIlbIKTHIFBIH, MYAJEINi TapanTapbslH e3apa BIHTHIMAKTACTBHIFBIH XKoHE OimiM Oepy
HOTIDKEJIEPiH eloyip KaKcapTaTBIHBIH KOpPCEeTTi. AJBIHFAaH HOTIDKENIep HeTi3iHme TuOpuaTi kobamapapl Oackapy
o/icHaMaJlapblH KEHIHEH CHTi3y, KaJIpIBIK OJIEYeTTi NaMBITy >KoHe HU(PIBIK MOHHUTOPWHT IIeH Oaranmay >KyHelepiH
maiinanany OOMBIHIIA MPAaKTUKAIBIK YCRIHBIMAAP YCHIHBUIABI. by mapanap sxo0anapIslH THIMAUITIH apTTEIpYyFa jKOHE
TYPAaKTHI JaMy MaKcaTTapblHa KOJ KeTKi3yTre BIKIAT eTe/l.

Tyitin ce30ep: xobamapapl 6ackapy; TYpPakThl JaMmy; FRUIBIM skoHe Oinmim; Hurepusa; PMBOK; Agile; Sdg; sxo0anbik
OKBITY; YKaHAPTHUIATBIH YHEPTHA KO3Jepi )ko0anapbl; YHUBEPCUTET IEH OHEPKICIN apachIH/IaFbl bIHTBIMAKTACTHIK.
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Annomayun — B craThe paccMaTpUBAETCS POJIb YIPABICHHS IPOEKTaMH B O0ECHEUEHMHM YCTOWYMBOTO Pa3BUTHSA
Hay4YHOH U oOpa3zoBatensHOU chep Hurepuu B mepuoz 2015-2027 rr. Ilesnp uccaeqoBanus 3aKI0YaeTCs B BBIABICHUN
BO3MOXHOCTEH ¥ OTpaHWYCHHA WHTETPAIlUM TPUHIIUIIOB YCTOMYUBOTO Pa3BUTHS B TMPOEKTHI, peaU3yeMble B
cootBercTBUU ¢ [loBecTkoi nua Opranuzanuu O0benuHeHHBIX Hanuii B 061acTi yCTOWYMBOTO Pa3BUTHUSI HA IEPHO]T 10
2030 roma. B ycnoBusx peuieHus COLMaIbHO-IKOHOMHYECKUX M 3KOJIOTHYECKHX MpobieM 3P PeKTUBHOE YyIpaBICHUE
MIPOEKTAMH CTAHOBUTCS BAKHBIM HHCTPYMEHTOM TOBBIIIICHHS KA9eCTBA TUNITAHUPOBAHUS, PEeaTU3allii M OLEHKH IIPOCKTOB,
OpUEHTHPOBAHHBIX HAa YCTOWYHMBOE pa3BUTHE. B WCCIeMOBaHHM HCIOJIB30BAH CMENIAHHBIH METOIUYECKUH MOIXOJ,
0OBEIMHAIOMNN CUCTEMATHYECKII 0030p JHuTepaTypsl Ha ocHOBe MeTomonoruu PRISMA, Bkirouarommid anamms 71
HAyYHOTO HWCTOYHHMKA, a TaKKe KAauyeCTBEHHOE WCCJICIOBAHHE MPAKTUIECKUX KEHWCOB TPOCKTOB B 00JIACTH
B0O300HOBIISIEMOH YHEPTETHKH, PAa3BUTHS CEIBCKUX TEPPUTOPHI U pehopMUpOBaHU 00pa30BaTENbHBIX porpamMmM. [l
OIICHKH Y(P(PEKTHBHOCTA MPOCKTOB MPUMEHEHBI MEXKIYHAPOJHO MPH3HAHHBIE METOMOJIOTHH YIPABICHUS IPOCKTAMHU
PMBOK, Agile u rubpugasie moaxoasl. [IpoBeneH aHanu3 UX BIUSHHUA Ha YIPaBJICHHE MPOEKTaMH, B3aUMOJICHCTBIE
3aMHTEPECOBAHHBIX CTOPOH, PACIIpPEEICHHE PECYpPCOB U JOCTHKEHHE LeJiel yCTOMUMBOro pa3ButTus. Pe3ynbrarhbl
HCCIICIOBAaHMS TOKAa3aJM, YTO NMPUMEHEHHE CTPYKTYPHPOBAHHOTO YIPABJICHUS MPOEKTAMH CYIIECTBEHHO MOBBIMIACT
YPOBEHb KOOPAMHALINHM, IPO3PAYHOCTh IIPOLECCOB, 3(P(PEKTUBHOCTh B3aUMOJCHCTBUS YYACTHHKOB W KadyeCTBO
00pa3oBaTeNpHBIX pe3ynbTaToB. Ha OCHOBE MOIy4YEeHHBIX Pe3yIbTaTOB MPEATIOKESHBI PEKOMEHIAINH MO 00JIee ITUPOKOMY
HCTOJIb30BaHUI0 THOPHUIHBIX METOJIOJIOTHIA yIPaBIICHHUS MPOSKTAMH, Pa3BHTHIO KaJPOBOTO MOTCHIIMANA U BHEPCHUIO
IU(PPOBBIX CHUCTEM MOHHUTOPUHTA M OIICHKH IJs TMOBBIMICHUS S((EKTUBHOCTH HPOCKTOB M JOCTIDKeHHs Llemeit
ycrouuBoro paszsurus (L[YP).

Kniouegvie cnosa — ynpapieHne MpoeKTaMu; yCTOHYMBOE pa3BUTHE; HayKa u obpasoBanue; Hurepus; PMBOK; Agile;
ITYP; oOyuenue Ha OCHOBE ITPOEKTOB; ITPOEKTHI B 00JIACTH BO30OHOBISIEMBIX HUCTOYHHKOB 3HEPIUH; COTPYAHHUUYECTBO
YHUBEPCUTETOB U MPOMBIIIEHHOCTH.
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MAIN PROVISION

The study results demonstrate that the
application of project management approaches during
the period 2015-2027 improved the effectiveness of
sustainable development initiatives in Nigeria's
science and education sectors. Comparative analysis
revealed that the implementation of PMBOK, Agile,
and hybrid methodologies enhanced project planning,
strengthened stakeholder coordination, and increased

the achievement of sustainable development
objectives. The research identified insufficient
funding, institutional weaknesses, fragmented

governance, and regional disparities as the primary
barriers to the successful implementation of
sustainability-oriented projects.

INTRODUCTION

From 2015 to 2027, Nigeria has increasingly
prioritised project management as a key instrument
for integrating sustainability into its science and
education sectors, in line with the UN 2030 Agenda
and global sustainable development goals [1,4].
Recognised project management frameworks such as
PMBOK, Agile and hybrid approaches are used to
enhance resource efficiency, stakeholder
coordination and accountability, which is crucial for
addressing  Nigeria’s complex  sustainability
challenges under conditions of economic and
institutional volatility [2,6]. At the same time,
persistent funding shortages, infrastructural deficits
and fragmented governance significantly impede the
effective  implementation and continuity of
sustainability-oriented projects.

Substantial opportunities lie in embedding
sustainability principles into curricula at all levels of
education and in fostering interdisciplinary research
in renewable energy, STEM fields and rural
development, thereby supporting innovation, human
capital growth and regional cohesion [1; 16; 17].
However, bureaucratic resistance, overlapping
mandates and limited institutional capacity often
hinder the scaling and institutionalisation of
successful sustainability initiatives [6,14]. For
example, several Nigerian universities have piloted
sustainability-focused curricula and project-based
courses, but broader expansion is constrained by
stakeholder misalignment, lack of incentives and
resource scarcity [7,14].

Against this background, project management
offers not only tools for planning and control, but also
governance mechanisms for embedding sustainability
as a core project objective rather than a peripheral
add-on [8,15,19]. Adaptive and participatory
leadership is required to align diverse interests,
institutionalise sustainability metrics, and leverage

digital technologies for real-time monitoring and
evaluation [9,18]. This study therefore examines how
project management can act as a catalyst for
sustainable growth in Nigeria’s science and education
sectors, identifying key opportunities (enhanced
collaboration, innovation, curriculum reform) and
critical challenges (resource deficits, governance
gaps, institutional readiness), and situating them
within the broader literature on sustainability-
oriented project management [1-4].

Research gap. The existing literature widely
recognizes the importance of project management
and sustainable development; however, limited
attention has been paid to their integration within
Nigeria's science and education sectors. Previous
studies mainly focus on construction, infrastructure,
or general sustainability initiatives, while
comprehensive analyses of project management
practices supporting sustainable development in
science and education remain scarce. Furthermore,
few studies combine systematic literature review with
case-study evidence to evaluate how internationally
recognized project management frameworks
(PMBOK, Agile, and hybrid approaches) contribute
to achieving the Sustainable Development Goals
(SDGs) in the Nigerian context.

Novelty statement. The novelty of this study lies
in providing an integrated assessment of project
management as a mechanism for achieving
sustainable development in Nigeria's science and
education sectors during 2015-2027. Unlike previous
research, this study combines a PRISMA-based
systematic literature review with case-study analysis
and evaluates sustainability initiatives through the
application of PMBOK, Agile, and hybrid project
management frameworks. The proposed conceptual
model and strategic recommendations offer practical
guidance for strengthening project governance,
stakeholder collaboration, digital monitoring, and
sustainability-oriented policy implementation in
developing countries.

METODOLOGY

A mixed-methods approach was used to
investigate the use of project management for
sustainability in Nigeria’s science and education
sectors (2015-2027). The research combined a
systematic literature review with case-study analysis
[1,7,21]. The review included 71 studies retrieved
from databases such as Google Scholar and
ResearchGate, using search terms like “project
management”, “sustainability”, ‘“Nigeria”, “STEM
education” and “SDGs”. Studies were selected based
on relevance to sustainability in science and
education, methodological quality and direct linkage
to project management practices [1,3,14].
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The review followed PRISMA
recommendations for systematic reviews, ensuring
transparency in search, screening and inclusion
procedures [7,21]. Case studies included: a solar-
energy project in Kano; a sustainable-agriculture
initiative in a rural region; and two educational
programs using project-based learning to embed
sustainability concepts in university curricula [8-
10, 16]. Selection criteria prioritised alignment with
SDGs, regional diversity and documented use of
recognised project management frameworks.

Data sources comprised project reports,
stakeholder interviews (where available) and
institutional records. Qualitative data were analysed
using thematic analysis to identify recurring themes
such as resource constraints, stakeholder
engagement, governance mechanisms and capacity-
building needs [10,11]. Quantitative indicators
(project budgets, completion rates, participation
levels) were summarised using descriptive statistics
to assess project performance and outcomes [11,13].

Fig. 1 — Research design: mixed-methods framework for analysing project management
and sustainability in Nigeria (2015-2027).

PMBOK and Agile principles served as
analytical lenses for classifying planning, execution,
monitoring and closure processes, as well as for
identifying how sustainability requirements were
integrated into project objectives, scope and risk
management [2,6,9]. Triangulation of qualitative and
guantitative evidence increased the robustness of
findings and helped to contextualise Nigeria’s
specific challenges in financing, infrastructure and
policy implementation [3,13,15].

RESEARCH RESULTS AND DISCUSSION

The systematic review of 71 sources and the
analysis of illustrative case studies confirm a stable
relationship  between the quality of project
management and the effectiveness of sustainability-
oriented initiatives in Nigeria’s science and education
sectors (2015-2027) [1,3,12,15]. Approximately 82
% of the analyzed publications explicitly state that the
use of formal frameworks (PMBOK, Agile and
hybrid models) helps align project goals with national
and global sustainable development priorities,
reducing fragmentation and duplication of efforts
[2,4,6,18]. In the early period (2015-2019) traditional

waterfall schemes dominated, whereas after 2020 the
share of hybrid and iterative approaches increased,
especially in education and ICT projects, which is
consistent with global trends in sustainable project
management [6,15,18].

Renewable-energy case studies (for example,
solar electrification projects in northern states) show
that structured life-cycle management — from
initiation to closing — raised the share of projects
completed on time and within budget to about 70 %
[3,10,12]. The systematic use of risk registers,
stakeholder matrices and SDG-based monitoring
indicators improved transparency of resource
allocation and increased trust among communities
and donors [4,16,19]. Projects that lacked clear
procedures and governance often suffered from
delays, under-utilisation of installed equipment and
weak post-implementation sustainability, confirming
earlier observations for African infrastructure
projects [3; 12; 15].

The results are even more pronounced in the
education sector. The introduction of project-based
learning and sustainability modules in universities
and colleges was associated with higher student
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engagement, stronger interdisciplinary competences
and improved performance in STEM disciplines [1;
8; 17; 20]. The greatest impact occurred where
pedagogical innovation was supported by a full
project infrastructure: clearly formulated objectives,
schedules, team responsibilities and regular progress

monitoring. In such institutions, sustainability was
integrated into practical assignments and capstone
projects rather than being confined to isolated
lectures, in line with international recommendations
on curriculum reform [1; 4; 20].

Fig. 2 — Key drivers and barriers for sustainability-oriented project management
in Nigeria’s science and education sectors.

Nevertheless, the study also reveals substantial
constraints. Around 65 % of sources emphasise
chronic under-funding, inadequate infrastructure and
heavy dependence on short-term grants [3,13,14]. As
a result, even well-designed pilot initiatives are rarely
scaled: reformed sustainability-oriented curricula are
fully implemented in only about one-third of the
institutions  reviewed [14,16,17]. Bureaucratic
resistance is another barrier: ministerial procedures
for programme approval and procurement are often
misaligned with project life-cycle logic, leading to
long delays and discouraging project teams [6,13,18].

University-industry-community ~ partnerships
play a clearly positive role. In agricultural and energy
projects, the involvement of local NGOs, community
leaders and private firms increased the probability of
meeting key performance indicators by roughly 40-
45% through co-financing, contextual knowledge and
mechanisms for post-project support (maintenance of
equipment, alumni mentoring, etc.) [5,12,16,19].
However, the effectiveness of such partnerships
strongly depends on clearly defined roles in project
charters and on shared decision-making mechanisms,
which are not always present [5,15,18].

A critical weakness is the limited use of explicit
sustainability metrics. Only about one quarter of the
examined  projects  systematically = measure

environmental, social and economic effects — such as
emission reductions, expanded access to education
for vulnerable groups, or household income growth
[11,16,19]. Where such indicators are embedded in
project documentation, transparency improves and
donors are more willing to extend or renew funding
[4,15,19]. Thus, the incorporation of sustainability
indicators into project control systems functions not
only as a reporting tool but also as a driver of
organisational learning.

Taken together, the findings show that project
management acts as a key mechanism for translating
the abstract goals of sustainable development into
implementable programmes and courses in Nigeria.
At the same time, overcoming existing limitations
requires  the institutionalisation of  project
management offices in universities and ministries,
capacity building in hybrid methodologies,
deployment of digital monitoring systems and deeper
stakeholder engagement across all stages of the
project life cycle [2,6,9,18]. Only under these
conditions can the full potential of project
management as a catalyst for sustainable growth in
Nigeria’s science and education sectors be realised
beyond 2027 [4; 5; 15; 19].
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Fig. 3 — Conceptual model linking project management practices to sustainability outcomes in
Nigeria’s science and education sectors.

Fig. 4 — Strategic roadmap for strengthening sustainability-oriented project management
in Nigeria beyond 2027.

Recommendations and future prospects. To
address Nigeria’s sustainability challenges in science
and education, the use of hybrid project management
frameworks that combine PMBOK’s structure with
Agile’s flexibility is recommended, particularly in
resource-constrained and dynamic environments
[2,6,12]. Capacity-building programs for project
managers and academic administrators should
emphasise  sustainability = metrics, stakeholder
analysis and risk management tailored to SDG-
related projects [1,10,20].

Public-private partnerships and international
collaborations can mitigate funding shortages and
knowledge gaps, with evidence suggesting that multi-
stakeholder projects achieve higher continuity and
impact than purely public initiatives [3,5,16].
Integrating project-based learning systematically
across curricula will strengthen sustainability literacy
among students and foster practical competencies in
planning, implementation and evaluation [1,8,17].

Future prospects include wider adoption of
project management software and digital platforms
for real-time monitoring of SDG indicators, which
can enhance transparency and accountability in both
educational and infrastructural projects [9,18].
Scaling successful pilots in rural regions is crucial for
reducing regional inequalities and supporting
inclusive development [4,16].

Policy  reforms  should institutionalise
sustainability requirements in project appraisal,
funding and accreditation procedures, thereby
ensuring that sustainability is embedded into the core
logic of science and education projects rather than
treated as an optional addition [4,15,18]. Leadership
training and inclusive stakeholder frameworks are
needed to overcome bureaucratic resistance and to
build a culture of collaboration between ministries,
universities, industry and local communities [5,6,14].
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CONCLUSION

The conducted study shows that project
management has become a key institutional
mechanism for promoting sustainability in Nigeria’s
science and education sectors in 2015-2027,
facilitating the localisation of the UN 2030 Agenda
and SDGs [1,4]. The systematic application of
recognised frameworks (PMBOK, Agile, hybrid
models) and project-based learning approaches has
improved coordination  between  stakeholders,
increased transparency of resource use and
strengthened learning outcomes in projects on
renewable energy, curriculum reform and rural
development [2,8,9,12,16]. In particular, structured
life-cycle planning, risk management and monitoring
allowed many initiatives to move from isolated pilots
to more stable programmes, at least at the institutional
level [5,6,18].

At the same time, the results confirm the
persistence of serious systemic constraints. Chronic
underfunding, infrastructural gaps and dependence on
short-term grants limit the scalability and continuity
of even successful projects [3,13,14]. Fragmented
governance, bureaucratic inertia and weak
coordination between ministries, universities and
implementing agencies slow down the integration of
sustainability into curricula, research agendas and
everyday management practices [6,17,18].

To unlock Nigeria’s potential as a regional
leader in sustainable project management, it is
necessary to consolidate and scale successful pilots,
institutionalise project management offices in key
organisations, embed clear sustainability metrics into
project documentation and reporting, and actively
deploy digital tools for real-time monitoring and
evaluation [5,9,18,21]. Strengthening interdiscipli-
nary university-industry collaboration in STEM and
related fields, combined with targeted capacity-
building, policy support and innovative financing
instruments, will enable project management to
remain a powerful catalyst of sustainable develop-
ment in Nigeria well beyond 2027 [1,7,17,19,20].
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Anoamna — byn wakanana Kazakcrannmarsl WHQISAIMS —IUHAMHKAChlHA WMIIOPTKA TOYEJJIUIK, HApBIKTAFbI
MOHOIIOJIM3AIMSL JISHT el )koHe OarallblK yCTeMeaKblIap IblH BIKIaIbl SJKOHOMETPHSUIBIK TYpPFbIIaH TannaHaasl. 2011-2023
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Annomayus — B naHHOU paboOTe MPOBOAMTCS OLCHKA BIMSHHUS YPOBHS KOHKYPCHIIMM W IICHOBBIX HaJ0aBOK Ha
muHamuky uHsun B Kazaxcrane. Ha ocHOBe exeMecs4HBIX MakpodKOHOMHUuYeckux AaHHbIX 32 2011-2024 romsr
MOCTPOEHa MHOTO(AKTOPHAS PErpecCHOHHAsi MOJIEIb, MO3BOJIIONIAS ONPEICIIUTh BIMSHUE MOHOIOJU3AIMU PBIHKA,
HUMIIOPTO3aBUCUMOCTH M BHEIIHUX IIOKOB Ha WH(ISIIMOHHBIC IPOIECCHl. Pe3ysibTaThl aHajiM3a MOKA3bIBAIOT, YTO
OJIUTOTMOJUCTHIECKAS CTPYKTYpa KITFOUYEBBIX PHIHKOB YCHIMBAET HH(IISIIMOHHYIO HHEPLHUIO U CHIDKAET 3()(HEKTHBHOCTD
MOHETaPHO! MOJUTHKH. BhICOKAs 3aBUCMMOCTh OT UMITOPTA U KOJIeOaHHs 0OMEHHOTO Kypca (GOPMHUPYIOT YCTONYUBBIH
KaHaJI UMIIOPTHPYEeMOM HHGIISAIMYA. DKOHOMETPUIECKUE OIICHKU MOITBEPKAAIOT, YTO HU3KAsT KOHKYPCHIIUS U BBHICOKUE
HaJ0aBKH CIIOCOOCTBYIOT (DOPMHPOBAHUIO CTPYKTYPHOTO HHQ)JISIIMOHHOTO JABJICHUSA. BBIBOABI HCCIIEIOBAHUS
MO TYCPKUBAIOT HEOOXOAUMOCTh MPOBECHHUS CTPYKTYPHBIX pehOopM HAPSIYy C ICHEIKHO-KPEAUTHBIMH MEPAMHU.

Knrouesvte cnoea — nHOISIMS, KOHKYPEHIIUS, [ICHOBBIC HA0ABKU, PHIHOYHAS CTPYKTYPa, IKOHOMETPUICCKUIN aHATIH3,

skonomuka Kazaxcrana.

OCHOBHBIE ITOJIOKEHUSA
IIpoBenennoe SKOHOMETPHYECKOE
WCCIIEIOBAHHE  [OKa3ajio, 4YTO pOCT  YPOBHSA

MOHOIIOJIU3allu  OTACJIBHBIX TOBApPHBIX PBIHKOB
CTaTUCTUYCCKU 3HAYUMO YCHIIUBACT I/IH(i)JISIHI/IOHHOC

JTaBJIEHUE u TOBBIIIAET YCTOHYHBOCTb
uHQIAOUMOHHBIX ~ mpoueccoB B Kasaxcrane.
[loctpoenHass MHOroakToOpHass PperpeccUOHHast
MOJIETh BBISIBUIIA, 4TO BBICOKAs

HUMIIOPTO3aBUCUMOCTb OSKOHOMHMKH U  KOJIeOaHHS
00MEeHHOro Kypca (popMHUpYIOT yCTOWYMBBIM KaHal
UMIOPTUPYEMO  HMHQIISIIMK M OKa3bIBAIOT
CYIIECTBEHHOE BIIHMSTHHE Ha JTUHAMUKY
NOTpeOUTENbCKUX  LeH. Pe3ynbrarel  aHamm3a
MOATBEPANIIH, YTO HU3KUN YPOBEHb KOHKYPEHIIUU U
BBICOKME  IIGHOBBIE  HaJ0aBKHW  CIOCOOCTBYIOT
YCHUJICHUIO CTPYKTYPHOW HWHQUIALUM M CHUXKAIOT
3¢ GEKTUBHOCTD IEHEKHO-KPEAUTHON TTOJIUTHKH.

BBEJEHUE

Wndnsauus Ha mnpoTsbkeHHMH — Oojiee  TPEX

NECATUIECTAN  OCTaéTcs OOHOM W3  KIFOYEBBIX

MaKpO3KOHOMUYCCKUX npo6neM, OIpeACIAOIINX

YCTOMYMBOCTE M TPACKTOPUIO 3KOHOMHUYECKOIO
pasButusi PecnyOnuku Kazaxcran. Hecmotps Ha
(dbopManbHBI TIepexon K PBIHOYHOH SKOHOMHKE,
BHEJIpeHHE WHQUISIIMOHHOTO TapreTHPOBAaHHUA U
TpaHchopMaLunIo

UHQIAIOHHbIE

(uHAHCOBOI
HPOLECCHI JEMOHCTPHUPYIOT

CHCTEMBI,

BBICOKYIO BOJATHJIBHOCTb, 3aBUCSALIYID KakK OT
BHYTPEHHHUX, TaK U OT BHEIIHUX IIOKOB. [lepuossl
YCKOpeHUS WHAIISIIIUA 3HAYUTEIEHO KOPPEIUPYIOT C
W3MEHEHUSIMU  MHPOBBIX  I1I€H Ha  CBIPBE,
JICBANbBAIIMSIMUA TEHTE, TJI00AJIbHBIMH KPU3UCHBIMU
SIBIICHUSIMU, a TaKXe CTPYKTYPHBIMHU IHCOalaHCAaMHU
B HaIMOHAJIbHOU 3KoHOMHUKeE [ 1-3].

[IpoGiema wHGISAIMNA TPATUIIMOHHO 3aHUMAET
LIEHTPAJIbHOE MECTO B SKOHOMHUYECKOU Teopun. Emé
B Tpyaax

O9KOHOMHUCTOB OTMCHAJIOCh, YTO POCT LCH TECHO

KJIACCUYECKUX W  HEOKIACCHYECKUX
CBS3aH C KOJHMYECTBOM JICHET B OOpAICHHU, YTO
MOJYYWIO OTPaXEHUE B KOJIMYECTBEHHOW TEOpPUU
JIEHeT ¥ MOHETaPHUCTCKOM TPaKTOBKE MHQIIANU KaK
JeHeXKHOTO (DEHOMEHa, B TOM 4ucje B paborax M.
Opunmana [4]. IIpencraButenu MOHETapPUCTCKOTO
HaIMpaBJICHUSI paccMaTPUBAd WHQIAIHAIO TPEXKIe
BCEr0 Kak CJEACTBHE HECOOTBETCTBUA NUHAMHKHU
JNEHSXKHOW MacChl W OOBEMOB TPOM3BOJUMBIX
TOBApOB W yciyr. B To xe BpeMs KeWHcuaHCKas
TEOpUsl CBA3bIBAJIa HMHDISAIMIO C COBOKYITHBIM
CIIPOCOM, OO DKETHOH

MoaYEPKUBasi  Ba)KHOCTD

TIOJTUTHKH, 3aHATOCTH u COBOKYITHOU
SKOHOMHUYECKON aKTUBHOCTH [5].
OmHako Ui Pa3BHBAIONIUXCS W IMEPEXOTHBIX

OKOHOMUK, K YHUCITY KOTOPBIX OTHOCHUTCA Ka3aXCTaH,
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KJIACCUYECKHE MOHETAPHBIE MOJENH OKa3bIBAKOTCS
HEZO0CTAaTOYHBIMU JJIs1 00BSCHEHHS BCEX MEXaHU3MOB
¢dopmupoBanust uHAIEH. CTpaHbl C BBICOKOM
JOJIEA CBIPHEBOIO AKCIOPTA, 3HAYUMBIM Y4acTHEM
rocygapcrsa B OrpaHUYEHHOMN
KOHKypeHIlMel  Ha

9KOHOMHUKE,

OTHENBbHBIX  pPBbIHKaX |
3aBUCHUMOCTBIO OT MMIIOPTA IPOJOBOJIBCTBUS H
MOTPEeOUTENBCKUX TOBAPOB XapaKTepU3yroTcs Oomee
CIOXHOM M MHOTOKOMIIOHEHTHOM  CTPYKTYpoOu
unsam [1; 2; 18].

B paboTax oOTedecTBEHHBIX HCCIenoBaTeNeH
IIPOCIIEKHBACTCSA

UHQIIATUOHHBIX

SBOITIOLIUS
MpOLIECCOB B
JaBbi1oBa A. MOTUEPKUBAET, YTO JJIsl HAITMOHAIBHOM

IIOHUMAaHUs
Kazaxcrane.

HKOHOMHKH XapaKTepHO COYETAaHWE MOHETAPHBIX U
¢daxTopoB
CHIETTUPUKON

HEMOHCTApPHBIX I/IH(I)J'DIHI/II/I,

00yCIIOBJIEHHBIX MIOCTCOBETCKOTO
MEPEXOHOTO MEepUOa, HACIEIUEM PEryJlnpyeMoro
[IEHOOOpA30BaHUSI W «IOJABICHHONW HWH(IAIUN
1990-x romoB [6]. ABTOp

KITIOYEBYIO POJIb CTPYKTYPHBIX NEe(HUIIUTOB, BBICOKOM

Havana BBIAETISET
MOHOIIOJIN3AIMHU PBIHKOB ¥ 3aBUCUMOCTH OT UMIIOPTa
MOTPEeOUTENBCKUX TOBAPOB.

BpumberoBa H.)K. akuentupyer BHHMaHHE Ha
COLIMAIbHO-3KOHOMHYECKUX MOCIIEACTBUAX
UHQISIUH, TOTYEPKUBAs, YTO POCT LIEH OKa3bIBAeT
CHUCTEMHOE JKU3HU

BOSﬂeﬁCTBHe Ha  YpPOBCHb

HaceJeHUs, PETHOHAIBHOE pa3BUTHE, 3aHATOCTD,
WHBECTUIIMOHHYIO aKTHBHOCTh M HWHHOBAIIMOHHEIE
npotueccsl [7].

Ocoboe

3HA4YCHUC B COBPEMCHHBIX

WCCIIEIOBAHUAX  TIPUOOPENTH  3KOHOMETPHUYECKHE
Monenu mHQIsmuu. B paborax P. OmaxOaepa, A.
Keiceikoa u /1. Lllynbiia noka3ano, 4To HHQIIALUS B
Kazaxcrane  sBnsieTcss  CpaBHHTEIHHO  MEHEe
HWHEPILIMOHHOM, 4ueM B Poccuu, HO CuiibHEE 3aBUCUT OT
JMUKBHUIHBIX JIeHEXKHBIX arperatos (M0, M1) ¢ marom
B 1-2 xBaprana [8]. Takxke BbBIIBIECH 3HAUMMbIN
a¢ ekt mepeHoca BaOTHOrO Kypca (exchange rate
pass-through):

YCKOPEHUI0 MHQIAIUMU B TEUCHHE OJIMKAMIINX

ocnablieHHe TEHTe MNpUuBOAUT K

MECSILIEB.

VYuénpiMmu Haunonansnoro banka PecryOnmuku
Kazaxcran Ha ocHOBe 0aifeCOBCKHX BEKTOPHBIX
aBTOperpeccuii MoKa3aHo, YTO HaUOOJNbIIEe BIHUSIHUE
Ha  KPaTKOCPOYHYIO  JUHAMUKY  WHQIISAIUH
OKa3bIBaIOT MHUPOBBIE IIEHBI Ha IPOJOBOJIBCTBUE,
W3MEHEHUEe Kypca TeHre, HMHQISUUS B CTpaHax
EADC,

poIHKOB [9,16].

a TaKK€ IIOKM MHPOBBIX TOBAPHBIX

JlonoTHUTENbHBIN BKJIAJI B

MOHMMaHKEe HHQISAINU B pETHOHE BHOCHT Mirzoyev
S., Tmoka3piBas OCOOCHHOCTH  HWHQIISIIMOHHBIX
nporeccos B cTpaHax LlentpansHoit A3uu [10].
Takum 00pa3om, NpeablAyIIHEe HUCCIEAOBAHUS
MO3BOJISIFOT BBIICIUTH HECKONBKO KIFOUEBBIX TPYIII
¢dakropoB napsuuu B Kazaxcrane:
1. MoHertapHbIe

(akTOpBI —  JICHEKHBIC

arperarsbl, KJIIOYeBasi CTaBKa, KpeIUTHAs aKTUBHOCTD
[4; 8; 16].

2. BamtotHble (QakTopel — AeBajbBalUsl TEHTE,
3¢ eKT nepeHoca 1eH, BOJAaTUIBHOCTh Ha MUPOBBIX
pBIHKaxX U He(TsAHBIE moku [8,9,11-13,18].

3. CrpykrypHble (aKTOpPbl — MOHOTIOJIN3ALHS
oTpaciel, aucOaTaHc pPEerHOHAIBLHOTO pPa3BHUTHS,
BBICOKasi HMIIOPTO3aBUCHMOCTh, PECypCHAsi MOJICTh
pocra [1-3,6,7,14].

4. Buemnwne (pakToOphl — r100aTbHBIE KPU3UCHL,
MHPOBBIC IICHbBI Ha HC(i)TI) u OpOAOBOJIBLCTBHEC,
Jmorucrtudeckue moku [1-3,11-13,18,20].

5. CoumanpHO-3KOHOMHYECKHE (aKTOPBI —
pPOCT HM3IEPIKEK,
HaceJeHUs, N3MeHeHne oxxunanuii [7; 10; 14; 20; 21].

CHWXKCHUC PCAJIBHBIX J0XOAO0B

CTpyKTypHBIE XapaKTEPUCTUKH 3KOHOMHKHU
Kaszaxcrana mocnenoBaTebHO —paccMaTPUBAIOTCA
KaK BaKHbIC MCTOYHUKH HMHQIALMOHHBIX BOJNH. B
aHaNTMTUYEeCKUX MaTepuanax BcemupHoro OaHka,
Asmarckoro O0anka pazputus U EBpasuiickoro Oanka
Pa3BUTHUS BBIAETSAIOTCS TPU KIIOYEBBIE CTPYKTYpHBIE
0COOEHHOCTH:

1. UMIOpTO3aBUCUMOCTb, 0c00EHHO B
CEerMEHTaxX INPOJIOBOJIBCTBUS, OJEXKIbl, TEXHUKH WU
MeankaMenTos [1,2,15,19];

- MOHOIIONM3alMsi W OJuronoius B cdepax
TEJIeKOMMYHHKAIINH, JIOTUCTHKH,
toprosiu [3,6,7,14,17];

2. ChIpbCBas HAIIPaBJICHHOCTbL O9KOHOMUKU, IIPpHU

SHEPreTUKU U

KOTOPOI 3KCHOPT JOMUHMPYET Haj MPOU3BOJACTBOM
TOTOBOM MPOAYKIMH, @ TUHAMUKA MHUPOBBIX IIEH Ha
He(Th OBbICTpO TpaHChOpPMHUpPYETCI B H3MEHEHHE
Kypca U YPOBHS LIEH BHYTPH CTPAHBI.

Otn dbopmupyroT
MHQISAIMOHHBIE WMITYJIBCHI, C71a00 TMOAJAr0IIHECcs

(hakTopsI YCTOWYHBEIE

TPaJULUOHHBIM  MOHETAapPHBIM  HHCTPYMEHTaMm
perynmupoBanns. CTpaHbl C CBIPHEBOM MOJEIBIO
BBICOKOH

pocTta n HUMIIOPTO3aBUCUMOCTBIO

XapaKTEepU3YIOTCS MOBBILIEHHON
YyBCTBUTEJIHHOCTHIO K BHEIIHMM IIOKaM, BKJIHOYas
LIECHOBYIO BOJIATWJIBHOCTh HA MHUPOBBIX TOBAPHBIX

PBIHKaX M U3MEHEHHE YCJIOBUI BHEIIHEW TOPIOBJIU

[1-3,11-13,18,20].
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HecmoTpss Ha  3HAUUTENBHOE  KOJMUYECTBO
UCCIIEIOBAaHNH, KOMIUIEKCHOIO aHaJIM3a BIIUSHUS
WMEHHO CTPYKTYPHBIX (DakTOpOB Ha WHQIISHOHHEIE
npoueccel B KaszaxcraHe B HayyHOM JMTepaType
MPEeICTaBICHO HEAO0CTATOYHO. BONBIIMHCTBO paboT
COCpPEIOTOYEHO JHOO Ha MOHETapHBIX AaCHEKTaXx,
00 Ha aHanM3€ OTAENbHBIX BHEIIHHX HUMILYJIbCOB
(mampuMmep, He(QTIHBIX IIOKOB), B TO BpeMs Kak
CTPYKTYpPHBIE OCOOCHHOCTH SKOHOMHKH OCTaOTCS
M3y4YeHHBIMU HenouHo [6-9,11-14].

B oTOi CBS3M BO3HMKAaeT HEOOXOAUMOCTb
W3y4eHHUS TOTO, KaK KOHKPETHBbIE CTPYKTypHBIE
XapakTepuCTUKH d3KoHOMUKHM Kazaxcrana — eé
HUMIIOPTO3aBUCUMOCTb, YPOBEHb MOHOIIOJIN3ALNH

KIIFOYEBBIX PBIHKOB U ChIpbEBas HAIIPaBJICHHOCTb —

OIIpEAEIAOT UHQIISIIIMOHHBIS IPOLECCHI U
OTpaHUYMBAIOT  A((HEKTUBHOCTh  TPAIUIIMOHHON
ACHCKHO-KP eI[HTHOﬁ IIOJIMTUKH.

Ucxons 3 3TOTO, dhopmupyercs

HCCIIeIOBATEIHCKUI BOITPOC HACTOSIIEH pabOTHI:
Kak cmpyxmypnvie ocobennocmu 3KOHOMUKU
Kazaxcmana — UMNOPMO3A8UCUMOCIY,
MOHONOAU3AYUSA OMOENbHLIX PbIHKOE U Cblpbesas
HAnpaeienHoCmb — GIUAIOM HA  opmuposanue
ungrayuonnvix npoyeccos? llocTaHOBKa TaHHOTO
npupony
nHusimun B Kaszaxcrane um ompenesinTs TpaHHUIbI

BONpPOCA TIO3BOJISIET TIIIyOXKe TIOHSTH
BO3JICUCTBHSI MOHETAPHOM IIOJUTUKH B YCIOBUAX
CTPYKTYPHO HEOJTHOPOJHOM 3KOHOMUKH.

3HAYUMOCTh

TeOpeTI/I‘IQCKaH HCCIICAOBaHHUA

3aKJII049aeTCsl B YTOYHEHUU MEXaHU3MOB
B3aMMOJCHCTBUS BHELIHUX W BHYTPEHHHUX LICHOBBIX
UMIIYJIbCOB C WHCTUTYLHOHAJIBHOH CTPYKTYpOM
9KOHOMHKH.

IIpakTnueckas 3HAYUMOCTh

ONpesieNseTcss  BO3MOXKHOCTBIO — HCIIOJBb30BAHUS
(OpMHUpOBaHUKM CTPYKTYpHOH

aHTI/II/IH(l)JIHIlI/IOHHOﬁ IIOJINTHUKH, HaHpaBJ’IeHHOfI Ha

pe3yiapTaToOB TpH

CHMIKCHUC YA3ZBUMOCTU J3SKOHOMHUKH K BHCIIHUM
IIOoOKaM, PpPa3BUTHUC KOHKYPCHIWHN W YKPCIUICHUEC
MPOU3BOJACTBCHHOT'O IIOTCHIIMAJIAa CTPAHBI.

Ilpoben ¢ uccnedoeanusx. Although previous
studies have examined sustainable development,
project management, and educational reforms
separately, limited research has systematically
investigated how project management methodologies
can facilitate sustainable development within
Nigeria's science and education sectors. Existing
studies mainly focus on construction or infrastructure

projects, while integrated analyses addressing
governance, stakeholder ~ engagement, and
educational  sustainability remain insufficient.

Furthermore, there is a lack of comprehensive
reviews that synthesize evidence from recent
literature and identify practical strategies for
improving project implementation in developing
countries.

Hayunas mnosusna. This study provides a
comprehensive synthesis of recent evidence on the
application of project management approaches to
sustainable development in Nigeria's science and
education sectors. The novelty of the research lies in
integrating systematic literature review methods with
project management frameworks to identify key
barriers,  success  factors, and  strategic
recommendations for achieving the Sustainable
Development Goals (SDGs). The study also proposes
a conceptual framework linking project governance,
stakeholder  collaboration, and  sustainability
outcomes in higher education and scientific
development.

METO/AbI U MATEPHUAJIbI

Metononoruueckas OCHOBa pabOThl OMMPAETCs
Ha COBpPEMEHHbIE MOAXO/bl K aHAIN3y UHQISIUH B
MaNbIX OTKPBITHIX W PECYpCHO-OPHEHTHPOBAHHBIX
9KOHOMHMKAX, coyeTaroIue MOHETapHBbIE,
CTPYKTypHBIE M BHEIIHHE (HaKTOPbl LIEHOBOU
OUHAaMUKU. B KadecTBe TeOpeTHUecKoi Oasbl
HCTIONB3YIOTCS MTOJIOKECHUST KOTMUECTBEHHON TEOPUH
JCHET 1 MOHETApUCTCKON TPAKTOBKH MHMIISILMU KaK
JICHe)KHOTO (heHOMEHa [4,14 ], keHHCHaHCKUI TTOAX 0T
K pOJM COBOKYITHOIO cCHpoca M OIKETHOM
MOJIUTUKY [5], a Takke pe3yibTaThl OTEUECTBEHHBIX
HCCIIEI0OBaHUH, MOKAa3bIBAIOIINX Ba)XHOCTh
HEMOHETaPHBIX u WHCTUTYHOHABHBIX
nerepmuHanT uHGIsInuE B Kasaxcrane [6-9,14,17].
VY4uuTBHIBAIOTCSI  BBIBOABI  pabOT, MOCBAIIEHHBIX
BIIMSIHUIO MUPOBBIX 1I€H Ha CHIPLE, BAIOTHOTO Kypca
W BHEITHUX IIOKOB Ha MHQIISIHOHHBIE MPOIECCH B
Kazaxcrtane u crpaHax ¢ aHaJOTUYHOM CTPYKTYypoH
sxonomukw [1-3,11-13,18,20].

Llens SMOMPUYECKON YACTH HCCIECIOBAHHUS —
KOJIMYECTBEHHO  OLIEHUTHh  BKJaJ  BHYTPEHHHUX
(MOHETapHBIX W peallbHBIX) U BHEIIHUX (DaKTOPOB B
JUHAMUKY WHQISIAW, a TakKe BBISBUTH, B KaKO

Mepe HMMIIOPTO3aBUCUMOCTb, ChIpbEBast
HamlpaBIEHHOCTh M OCOOEHHOCTH  JICHEXKHO-
KPEIUTHOH  TIOJIHTUKU  TpaHCHOPMHUPYIOTCS B

WHQISAIMOHHBIE HWMITYJIbCHL. Jl7Is1 pemieHust 3Tod
3a/laydl  UCTONB3YeTCS METOJl MHOTO(haKTOPHOU
JINHEMHOM perpeccud Ha BpPEMEHHBIX psaax,
JIOTIONHSAEMBIN  KOPPEIMSIUOHHBIM  aHAIW30M U
0a30BBIMU  TIPOIICTypaMHU  JIUATHOCTHKU ~ MOJIEIN
(mpoBepka CTallMOHAPHOCTH, 3HAUYUMOCTH,
ABTOKOPPEIISAIUU U TETEPOCKETACTHIHOCTH) [8,9,11-
13,16,18,20-22].

B kauecTBe 3aBUCHMOM IEPEMEHHOMN BBICTYIIAET
ypoBeHb wuH(pAMH B PecnyOmuke Kasaxcran,
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M3MEpSeMBbId  HMHIAEKCOM TIOTPEOUTENbCKUX —IIEeH
(WIIL]). Habop OOBACHAIOMNX  TEPEMEHHBIX
chopMuUpoOBaH TakuM 0O0Opa3oM, 4YTOOBI OTPA3UTh
KIIFOUEBBIC CTPYKTYPHBIC OCOOCHHOCTH DKOHOMHUKH
Kazaxcrana:

1. UMIIOPTO3aBUCHMOCTH: MOKa3aTeNn
UMIIOPTa,  JIBYCTOPOHHHMI  OOMEHHBIH  KypcC
pyOuib/Tenre, MexayHapoaHbIA 3¢ ekt Oumepa;

2. chIpbeBasl HANPABICHHOCTh: MUPOBas IeHA
He(Tu Brent, mokaszareinu 3kcropra ChIpbs;

3. MoHomonu3alus U (UHAHCOBAs CTPYKTYpa:
KkiroueBas crtaBka HanumonaneHoro banka PK kak
OTPaXCHUE PETYJIUPYEMON CTOMMOCTH KPEIUTOB B
YCIOBUSIX ~ OTPAaHMYCHHOM  KOHKYPCHIIMM  Ha
(hMHAHCOBOM PBIHKE;

4. makposkoHOMHYecKas cTpykrypa: BBII u

ero JUHaMUKa KaK HHAUKATOp  CIPOCOBOTO
JaBJICHHUSL.

HNudopmarmonnas 0aza WICCIIeTOBAHUS
chopMupoBaHa Ha  OCHOBE JaHHBIX  bropo

HaIlMOHAJIBHON cTatucTuku PecnyOnuku Kazaxcran
(cratucTrueckne  COOPHHKHM 1O  WHQIIANNH,
exeMecssuHble 0030pbl, AanHbIe 10 BBII, cTtpykType
MOTPEeOUTENbCKOM KOp3UHBI, peruoHaNbHON
nHQEn) [15,19], odunmansHBIX MyOIMKaAN
HanmonansHoro banmka PK (oT4éThl mo aeHEkHO-
KpEIUTHON MIOJIUTHKE, aHAJINTHKA o
WHQIIIIUOHHBIM OKUAAaHUIM, 0030pbI (PMHAHCOBOTO
peiEKa) [16,21,22], a Taxke maHHbIX banka Poccuu n
MEXTyHAPOIHBIX (huHAaHCOBBIX opraHu-
saruit [18,20].

Ilepen ouenuBanmem mozpenu (1) mpoBoasTcs
tectel ADF panda  mpoBepkd — CTallMOHAPHOCTHU
BPEMEHHBIX  pSAJOB, aHANM3  aBTOKOPPEISIHUU
OCTaTKOB M rerepockenacTuaHocTy. [lpu BoIsiBIeHNH
HapyLeHUH KIIACCHYECKUX MPEANOCHUIOK MEeTOoAa
HaMMEHBIIINX KBaJIPAaTOB HMCIOJB3YIOTCS POOACTHBIC
crannaptueie ook (HAC/White), uto mo3soiser
KOPPEKTHO  WHTEPIPETUPOBATh  CTaTUCTUYECKYIO
3HAYUMOCTh k03 uIreHToB. 3HayuMbIe
KOO QHUIMEHTHI TPU TEPEMEHHBIX, CBS3aHHBIX C
UMIIOPTOM, CBIPHEBBIMH LIOKAaMH M BaJIOTHBIMH
KaHaJIaMH, PacCMaTpPUBAIOTCSl KaK KOJIMYECTBEHHOE
MOJITBEPKICHHE TOTO, YTO HMMEHHO CTPYKTYPHBIC
0co0eHHOCTH 3KOHOMHKH Kazaxcrana —
HUMIIOPTO3aBUCUMOCTb, MOHOIIOJIN3ALHA OTIACIIBHBIX
PBIHKOB ¥ ChIphEBasi HANPABJIEHHOCTh — (POPMHUPYIOT

yCTOWUMBBIE ~ WHQUIAMOHHBIE  MPONECChl U
OTPaHUYMBAIOT 3¢ PEeKTUBHOCTH MOHETapHOU
TTOJTUTHKH.

Takum 00Opa3oM, MpeIIoKeHHass METOI0JIOTHS
o0ecrieunBaeT  aHAJUTUYECKYI0  CBSI3b  MEXKIY
CTPYKTYPHBIMH ~ OCOOEHHOCTSIMH 3KOHOMHUKH H

WH(IAIMOHHON AMHAMHUKOM, CO3MaBasi OCHOBY IS
BBIDAa0OTKM  PEKOMEHJALUMH [0  CTPYKTYpPHOH
AHTHUUHQISIIUOHHON MOJUTHKE.

PE3YJIbTATBI U OBCYXXIEHUE

Pe3ynbTaThl SMIUPUYIECKOTO aHAIN3a TIO3BOJISTIOT
MEpedHTH OT  OOIIETEOPETHYECKOTO  OOCYXKICHUS
nHGusmun B KazaxcraHe K KOJIMYECTBCHHOM OIICHKE
TOTO, KaK CTPYKTYPHBbIE OCOOCHHOCTH SKOHOMUKH —
MMIIOPTO3aBUCUMOCTbh, ChHIPbEBasi HAINPaBICHHOCTh U
MOHOTIOJM3AIHS OTJENBHBIX PBHIHKOB — TpaHcdop-
MUPYIOTCS B yCTONYUBBIC MH(ISIIIUOHHBIC HMITYJIBCHI.
[Moctpoennass  MHOro(akTOpHAas  PErpeCCHOHHAsS
MOJIeNTb Ha €XeMeCsSYHBIX MaHHbIX 3a 2011-2023 rr.
MOKa3aya yJIOBJIETBOPUTEIBHOE KaYeCTBO MOATOHKH:
kod(pduimeHT  aerepMuHanmu  nopsaka 0,54
CBHUJICTEIILCTBYET, YTO OKOJIO IIOJIOBHHBI BapUallld
HHOIAIIH 00BsICHAETCS BKJIFOYSHHBIMU
MaKpPO’KOHOMUYECKUMU TIEPEMEHHBIMU. 3HAYMMOCTh
F-xpurepus TIOJITBEPIKIACT CTaTUCTUYECKYIO
COCTOSITENIbHOCTh MOJICIM B IIEJIOM, HECMOTpSl Ha
HAJIMYHE TPHU3HAKOB HEIMHEWHOCTH W  aBTO-
KOPPEISIMH, XapaKTEPHBIX JIJIsl BPEMEHHBIX PSJIOB B
MaJIbIX OTKPBITHIX 9KOHOMHKaX [8,9,11-13].

[lepBbIii O6IOK pe3yMbTATOB CBS3aH C OICHKOM
ponmu  ummoprozaBucuMoctd. Kosddumment npu

IIEPEMEHHOM, OTpaXKarolle JIUHAMHUKY WMIIOPTa,
OKa3aJCsl  TOJIOKUTENBHBIM M CTaTUCTUYECKH
3HAYUMBIM:  YBEJIMYEHHE MMIIOPTHBIX IIOCTABOK

COITPOBOXKIAETCS yCKOpeHreM uHGisiiuu. Ha nepBoiii
B3IJISII 3TO MOJKET IMOKA3aThCs KOHTPUHTYUTHBHBIM,
€CJIM YYUTBIBATH TOJIBKO MPEIJIOKEHHUE: PACIIUPEHUE
MMIOpTa JODKHO YCHJIMBATh KOHKYPEHLUIO U
caepxuBath 1eHbl. OnHako B ycioBusax Kaszaxcrana
BBICOKAsI J10JI1 UMIIOPTUPYEMBIX ITPOJOBOIBCTBEHHBIX
U HENpOJOBOJIBCTBEHHBIX TOBAPOB B IMOTpeOU-
TEJIbCKOM KOP3UHE, a TaK)Ke YSI3BUMOCTh Kypca TEeHTe
K BHEIIHUM IIOKaM O3Ha4yaloT, YTO UMIIOPT SIBIIAETCS
KITFOYEBBIM KaHAJIOM IepeHoca BHEUTHeW WH(ISAImn
BO BHYTPEHHIOIO »KOHOMHKY [1,2,6,7,15,19,20].
Jlroboe  ynmopokaHue — TIOOANBHBIX  IIEH  Ha
MPOJOBOJIBCTBUE, MEIUKAMEHTBI, OACKIY, TEXHUKY,
YCWJIEHHOE OcJiabJIeHreM HAIlMOHAILHON BaNOTHI,
[IOYTH HAMPSIMYIO OTPa)KaeTcsl HA PO3HUYHBIX IIEHaX.

JIOMONMHUTENBHBIM TOATBEPXKICHUEM SIBIISIETCA
OLICHKA BIIMSIHUS JIBYCTOPOHHETO Kypca pyOJib/TeHre.
OtpuniatensHplii  K03QQUIMEHT Tpu  Jorapupme
3TOr0 Kypca MOKa3bIBaeT, YTO YKpEIUIEHHE TEHre IO
OTHOILEHHUIO K pYOJIO CTaTUCTHYECKU CBSA3AaHO C
3aMeUIeHHeM HHQIIIIWY, TOTJIa Kak ociableHue
TEHI€  OTHOCUTENBHO  POCCHHCKOM  BaIIOTBHI
COITPOBOXKIAETCS YCKOpPEHHEM pocta
moTpeduTeNhcKuX MeH. Poccust octaércsi omHUM W3
KJIFOUEBBIX ~ TOProBbIX IapTtHEpoB  KazaxcraHa,
[IOCTaBJISFOLIVM ITUPOKHH CIIEKTP TOBAPOB MACCOBOTO
notpebnenus. [lpu ocnabneHun TEHTe HWMIIOPT W3
Poccun mopokaeT, W MOCTaBIIMKH TIEPEKIIAIbIBAIOT
POCT HU3IePKEeK Ha KOHEUHOT'O IOTPEOHUTENISl, yCHIINBAs
uH}IsIMOHHOE AaBnenwe [2,8,15,16].

BoszpelictBue wMmopta Ha UHQISAOHIO HE
OTPaHUYMBAETCS ILIEHOBBIM  KaHaJoOM. Bbicokas
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HUMIIOPTO3aBHCUMOCTh  OOHAKACT  CTPYKTYPHYIO
crnabocTh BHYTPEHHETO MPOM3BOJICTBA!
OTpaHUYCHHBIC  MOIIHOCTH  MepepadaThIBAIOIINX
OTpacieH, HU3Kas riryOuHa JIOKaJIM3allnY,

TEXHOJIOTHYECKOE OTCTaBaHWE. B Takod cuTyanuu
Jake BpPEMEHHbIE BHEIIHWE IIOKK (HapylIeHUe
JIOTUCTUKH, U3MEHEHNE MHUPOBBIX 1I€H, CAHKIIMOHHBIE
OIpaHMYEHMs) MPEBpAIAlOTCI B JJIMTCIIbHBIC
UH(ISIIMOHHBIE BOJIHBI, ITOCKOJIBKY IKOHOMHKA HE B
COCTOSIHUM OBICTPO 3aMECTHTh UMIIOPT BHYTPCHHHM
npousBoacTBoM [1-3,6,7,14,18,20]. Oto cornacyercs
C BBIBOAAMH MEXIYHApOAHBIX OpraHU3aLMHd O
BBICOKOW  UYYBCTBUTEIBHOCTH MaJbIX OTKPBITHIX
PECYPCHBIX OKOHOMUK K M3MEHEHMAM YCIIOBHH
BHeIHei Toprosnu [1-3,18,20].

Cuvipbegas HanpasieHHOCMsb U HeQMmAHbIE UIOKUL.
Bropoii BaxHBIH pe3ynbTaT KacaeTcs ChIPbEBOM
HaNpaBJIeHHOCTH SKOHOMHUKH W BIHMSHHUS LEH Ha
HegTh. ONEHKH TNOKa3aId IMOJOXKUTEIbHYI0 |
CTaTUCTUYECKH 3HAUUMYIO CBSI3b MEXKAY AMHAMHKOMN
MHUPOBBIX IIeH Ha HedTh copta Brent u undmsuueii B
Kazaxcrane. B kpaTkocpoYHOM MEPHOAE POCT LIEH Ha
HETh MOXKET MPHUBOJUTH K YKPEIJICHUIO TEHTE, YTO
YaCTUYHO CHM)KAE€T CTOMMOCTh HMIIOPTUPYEMBIX
TOBapOB U BPEMEHHO CICPXKUBAET HHQIISALHMIO.
OnHako B CPEeTHECPOUHOU MEPCIEKTHUBE YEpPE3 POCT
SKCTIOPTHBIX  JIOXOJIOB, PACIIUPEHUE OIOKETHBIX
pacxomoB W yCWIEHHE TMOTPEOUTENHCKOTO U
WHBECTULIMOHHOTO CIIPOCA TaKOW IIOK YCHJIMBACT
uHusMonHoe nariienne [11-13,18]. B ycnoBusx
MPOIMKIUYHOW  OFOJDKETHOM  TMOJUTHUKU,  KOTJIa
rOCYZIapCTBEHHbIE PACXOJbl BO3PACTAIOT B MEPHOJBI
OJaronpUsITHON ChIPHEBOM KOHBIOHKTYPBI, HHQIISALMS
CTaHOBUTCSI BO MHOTOM MOOOYHBIM TPOJYKTOM
pecypcHoii moaesu pocra [1-3,11,16,20].

CBsi3p MEXIy HE(PTSIHOH KOHBIOHKTYPOH U
UHQISIMEH TPosBISIETCST W 4Yepe3 WHQISIMOHHEBIE
oxuganus. [lepronsl BBICOKHX IIeH Ha He(Th
COIPOBOKAAIOTCA POCTOM OXHAAHUH JIOXOA0B H
YCKOPEHHEM KpPEIUTHOW aKTUBHOCTH, OCOOEHHO B
MOTPEOUTENHCKOM W HMIIOTEYHOM  CerMEHTax.
Hacenenne u OusHec BOCHPHHUMAIOT «JIOPOTYIO
He(Th» KaK CUIHAI OyIyLIero pocTa J0XOJOB, YTO
CTUMYJIHPYET OMNEepPEeKaoUfii CHpoC Ha TOBaphI
JUINTENTBHOTO TIONB30BaHUA M HEABWXUMOCTH. [lpu
OTPaHMUYEHHOM  MPEUIOKEHUH  CO  CTOPOHBI
BHYTPEHHET0 TIPOM3BOACTBA W B  YCJIOBHSX
MOHOITOJIM3aLlMH 3TO IEPEPACTAET B YCTOMUHBBIN POCT
el [9,11,16,20-22].

Momnononusayus, cmpykmypHas —uHepyus U
nacmMuyHOCMb  npeonodicenus. MoHononusauus u
OJIMTOTIOJIMCTUYECKAs! CTPYKTYPa OTAEIBHBIX PHIHKOB
MIPOSIBIIIIOTCS TIPEXKAE BCETO Yepe3 MOBEJCHUE 1IEH U
cnalyro IEHOBYIO0 THOKOCTh. XOTsI B PErPeCCHOHHYIO
MOJIeIb  HE BKIIOYEHHI TPSAMBIE  TOKa3aTeNn
KOHIIEHTpAIMH, Ka4eCTBEHHBIN aHaIn3 INHAMUKH LIEH
Ha KOMMYHAJbHbIE YCIyTH, TPAHCIOPT, CBS3b,

SHEPropecypchl IOKAa3plBAaeT, 4YTO IEHbl B ITHUX
CEKTOpax pacTyT ObICTpee MO0 HEe CHIKAIOTCS JTaXe
Ha ¢oHe oOmero 3aMemieHus WHQIAIHU. OTO
CBUJIETENILCTBYET O 3HAYUTEIBHON PHIHOUYHOMN BIIACTH
KpPYIHBIX KOMIIAHUKA U OTPAHWYEHHON KOHKYPEHLUU
[3,6,7,14,17]. Tlpu TakoM yCTPOHCTBE SKOHOMHKH
moboe yBemMUeHWE W3ACpKeK (Hampumep, H3-3a
pocta TapudoB Ha SHEPTHIO WM JIOTHCTHKY) MOYTH
IIOJTHOCTBIO TIEPEKNIAAbIBACTCA HAa KOHEYHBIC IICHBI,
ycunBast THQISIUOHHYIO HHEPIIMOHHOCTb.

Pesynbratel  oueHku BausHua BBII  Ha
HHQISIIMIO  TaKkKe  IHOANECP)KUBAIOT  TE3UC O
CTPYKTYpHOM  HEIaCTMYHOCTH  MPEAJIOKEHHUS.
[onoxutenpubiit k03¢ dunment npu BBII ozHauaer,
YTO  YCKOPEHHWE  SKOHOMHYECKOH  aKTHBHOCTH
COIPOBOKAAETCS PpOCTOM IeH. Jlnsg  pa3BUTBIX
KOHKYPEHTHBIX 3KOHOMHK poct BBII 3a cuér
YBEJIMYCHUS] TPOM3BOAUTEIBHOCTH W PACIIMPEHUS
BBIITyCKa 4aCTO CACP)KMBAET LICHOBOE JaBJICHUE, TOT1a
Kak B ycnoBusx KaszaxcraHa poct cmpoca ObicTpee
TpaHchOopMUpPYETCsST B POCT IIEH, YeM B PaCIIHpPECHUE
mpetokenus  [1-3,6-8,14,20]. Oro emé€ omHO
KOCBEHHOE TIOJTBEP K ICHHE CTPYKTYPHBIX
OTpaHWYEHUH — HU3KOH AuBepCcH(UKAIIK, MOHOIO-
JMU3aIUA OTPaciiel W OrpaHWYeHHON CIOCOOHOCTH
OuzHeca OBICTPO YBEITMUUBATH BBITYCK.

Monemapnass ~ nonumuka U 02pAHUYEHUs
MPAHCMUCCUOHHOO Mexanusma. OtnenbHOrO
BHUMAaHUS 3aCIy)KUBAIOT pe3yjbTaThl, CBA3aHHBIE C
KJIFOYEBOM TMpOLEHTHOW cTaBkoid HaimonansHoro
banka PK. OneHkm IOKazaad, 4YTO HWMEHHO STOT
MOKa3aTelb SIBISIETCS] OAHUM M3 Hanbosiee 3HaYNMBIX
(axkTOpoB,  KOPPENHUPYIOIMX €  JUHAMHKOH
uHusmmn.  [lonokuTenpHasT ¥ CTATUCTUYECKH
3HaUMMasi CBA3b OTPAXaeT TO, 4YTO Y)KECTOUCHHE
JNEHEeXKHO-KPEIUTHON  TMOJHUTUKH, KakK IpaBUiIo,
MIPOUCXOAUT B TEPUOABI YK€  YCKOpHBLIEHCS
UHQISUMU: CTaBKa pearupyer Ha pocT LeH, a He
npenBocxwmiiaer ero [8,9,16,17,22].

CpaBaenue ko3((uUIMEHTa TpPU  KIIFOYCBOM
craBke C KoO3(Q(HUIUEHTAaMH TIPH [EPEMEHHBIX,
OTPaXaIOIIUX BHEIIHHE W CTPYKTYpHBIE (DaKTODEI,
[TOKa3bIBAET, YTO MOTEHIIMAT MOHETAapHOW MOJUTHUKU
orpaHuueH. MacmrTabHble MPOrpamMMbl JBIOTHOTO

KpeOUTOBaHHA 1O  (UKCUPOBAaHHBIM  CTaBKaM,
JEeHUCTBYIOLIME MapajuiebHO PBIHOYHOMY
KpEAUTHOMY CEKTOpY, dbopMupyroT
«IBYXKOHTYPHBIII» (UHAHCOBBI PBIHOK.

CymiecTBeHHas1 4aCTb SKOHOMHKH (PUHAHCUPYETCS 10
CyOCHIMPOBaHHBIM CTaBKaM, CJa00 3aBHCSIIUM OT
0a30BOIl CTaBKM LEHTPAILHOrO OaHKa. JTO CHMXKAET
3¢ PEKTUBHOCTH NPOLIEHTHOTO KaHala TPAHCMUCCUH 1
0CIalbIsieT BIMSHHUE Y)KECTOUYCHUsSI JICHEKHO-KPEIHT-
HO# MOJIMTUKK Ha COBOKYMHBI# cripoc [14,16,17,22].
IloxasarensHo, 4TO paccuuTaHHbIN
MexayHaponHblii  3¢p¢dext Dumepa (Ha oOcHOBe
MpOIIEHTHBIX cTaBOK Kaszaxcrana u Poccun) He
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MIPOIEMOHCTPUPOBATT ~ CTATUCTUYECKH  3HAYMMOTO
BIIMSHHS Ha MHQIIAIHIO. DTO O3HAYAET, YTO MPSMOM
KaHaJl «pa3HHILA TMPOLEHTHBIX CTaBOK — HU3MEHEHHUE
0OMEHHOT0 Kypca — HHMJISIIHSD MPOSIBIISCTCS ciadee,
YeM TOProBbI M LEHOBOM KaHaNbl, CBSI3aHHBIC C
(hbaKTHUECKUM WUMIOPTOM ¥ M3MEHEHHSIMH MHPOBBIX
ChIpheBBIX 11eH [8,10,18].

AHanmm3 TUHAMHAKYA WHQISIIN 1 THISITMOHHBIX
OXKUIAaHMA 32  TOCTAEeTHHE TOABI  TO3BOJISET
CONOCTABUTh BBIBOJBI MOJENH C  KIIOYEBBIMU
MaKpOIKOHOMHUYECKUMH 3IH304aMH. Pe3kuii BCIieck
VHQIAIUIN ¥ JeBalIbBAIAs TEHTE TOCIe Mepexoaa K
PEeKUMY TUIABaroOIIero ooOMeHHoro kypca B 2015 r.,
yckopenue uHusuuu B neproa nangemun COVID-
19 m mocnenmyromee yXKECTOUCHHE JICHEKHO-
KPEIUTHOM TOJIMTHKH TTOJITBEPIKIAIOT, YTO BHEUTHHE
LIOKH (HE(TsHBIE TIeHBI, TI00aIbHBIC JIOTHCTHIECKUE
U TEONOJUTHYECKHE W3MEHEHUs) W CTPYKTYPHBIC
OrpaHWueHHs (MMIIOPTO3aBHCUMOCTh, MOHOTIOJH3a-
1IUS) UTPAJIN OTIPEICIISIONIYIO POJIb B (POPMUPOBAHUN
uHbsmronHbx Bond [1-3,11-13,15,16,19,22].

006001231 pe3yNbTaThl, MOXHO YTBEPXKIATh, UTO
MOCTABJICHHBI  MCCIEIOBAaTENIbCKUH  BOMPOC O
BIMSHUN CTPYKTYPHBIX OCOOCHHOCTEH SKOHOMHKH
Kazaxcrana na dopmupoBanrne MHPIAIMHA MOTydaeT
MOJIOKUTENbHBI ~ OTBeT.  VIMIOpPTO3aBUCHUMOCTh
YCUIIMBACT KaHAI WMIIOPTUPYEMOH WHQIIAIMN |
JieTiaeT BHYTPEHHHE LICHbI KpaiiHe YyBCTBUTEIBHBIMH
K M3MEHEHHSM KypCOB BalIOT W MHPOBBIX IICH.
CeIpbeBasi  HaNpaBICHHOCTh  SKOHOMHKH — 4Yepe3
HE(TSHYIO KOHBIOHKTYPY, OIOJUKETHBIC IIOTOKH |
KoJe0aHusl Kypca TEHIe TEHEpUpYeT MOIIHbIC
MTPOIMKINYECKUE WHIIAITUOHHBIE HMITYJIbCHI.

BbIBOJbI

[IpoBenénnoe  mcciiepoBaHUE
KOMIUIEKCHO  OLIGHHUTh  BJIMSIHHE  KIIIOUEBBIX
CTPYKTYPHBIX ocobeHHoCTEe! 9KOHOMUKH
Kazaxcrana — uMnopTo3aBUCHMOCTH, MOHOIIOIH3a-
a0z0%¢ OTEIbHBIX oTpacieit u ChIPHEBOM
HaTpaBJIEHHOCTH — Ha (OPMHUPOBAHHUE U JTUHAMUKY
WHQIIAITUOHHBIX TIPOIIECCOB. [Tomyuenusie
pe3yibTaThl MOATBEPKIAIOT, YTO HMHQISAIMS B
Kaszaxcrane nMeeT npeMMyIeCTBEHHO CTPYKTYpPHBIN
XapaxTep, a MOHETapHbIE MHCTPYMEHTHI
PETYIHPYIONMX OPraHOB  OKAa3bIBAIOTCS  JIUIIb
gactTuuHO  3(dekTuBHBIMEM ~ 0€3  MpOBeICHHS
napaienbHbIX MHCTUTYLIHOHAJIBHBIX u
CTPYKTYPHBIX pedopM.

Bo-niepBbIX, aHanu3 BpeMEeHHBIX pa10B 3a 2011-
2023 rr. mnokaszaln, 4YTO HMMIIOPTO3aBHCUMOCTb
ocraércss  OJHMM W3  HamOoiee  3HAYUMBIX
WCTOYHUKOB WH(QISIIMOHHOTO JaBieHus. Bwicokas
JI0J1s1 UMIIOPTHUPYEMBIX TOBAPOB B NOTPEOUTEIIBCKOM
KOP3HMHE U YS3BUMOCTb OOMEHHOTO Kypca IMPUBOZST
K TOMY, YTO BHEIIHHE II€HOBbIE HIOKH MPAKTHYECKU

IMO3BOJINIIO

HampsIMyl0  TPaHCIHPYIOTCS BO  BHYTPEHHIOIO
HH(IAIHTO.
Bo-BTOpBIX, CBIphEBas HANPaBJICHHOCTh

SKOHOMHMKH M 3aBUCHUMOCTb OT KOHBIOHKTYPHI
MHPOBOTO pBIHKa HEPTH (GOPMHUPYIOT MOIIHBIC
MPOLMKINYecKne WHQISIMOHHBIE UMIYIBCH. Poct
MHUPOBBIX IIeH Ha He(Th uepe3 YKpeIUIeHHe Kypca
TEHTe, paclIipeHne OOPKETHBIX pacxoJoB U
YCHIIEHHE CIIpoca BEAET K YCKOPEHWIO0 HH(IAINH,
TOT/Ia KaK CHWKEHHE HEe(TSIHBIX LEeH HHULHMHAPYET
JeBaJIbBALMIO M POCT UMIOPTUPYEMOH MHQIISAIHH.

B-TpeTbnx, MOHONIOHU3AIHS KITFOUEBBIX PHIHKOB
(loructuka,  PHEPreTHKa,  TEJIEKOMMYHHKALWH,
TOProBII, KKX) YCUIIUBAET LIEHOBYIO
WHEPIUOHHOCTh W TPEnsATCTBYeT 3¢ (EKTHBHOMY
CHIDKEHUIO MHIANMU. B yCcloBMsX orpaHnyeHHON
KOHKYPECHIUU MPEAIPUATHS o0nanaroT
BO3MOXKHOCTBIO TIEPEKIIaBIBATh POCT HM3/ACPKEK Ha
MOTPEOUTENsI, YTO 3aKPEIUIsieT BBICOKUH YPOBEHb
UHQIAIMH JaKe TPU 3aMeJICHUM BHEITHUX IIIOKOB.

B-ueTBEpTBIX, pE3YJIbTAaThl PETPECCUOHHOIO
aHalM3a T[OKa3ald, 4YTO BHENIHETOPrOBBIE U
BAIIOTHBIC KaHANbl OKAa3bIBAIOT Oojiee CHIIBHOE
BJINAHUC Ha I/IH(I)J'ISH_[I/IIO, qeM MOHCETApPHLBIC
WHCTPYMEHTHI. D(QHEKTUBHOCTh KIIOYEBOW CTaBKU
CAEPKUBACTCA CYIIECTBOBAHUEM JBTOTHBIX
KpPEAUTHBIX TporpamM, (UKCHPOBAHHBIX CTABOK M
OTpaHUYEHHON TMepemayeld M3MEHEHHH 0a30BOM
CTaBK{ Ha PHIHOYHBIC YCIIOBHUS KPEAUTOBAHMUSL.

B-1mAThIX, YCTOWYMBO BBICOKHE WHQIISIIIMOHHBIC
OKUJIaHUsI HaceleHuss W Ou3Heca YCHIMBAIOT
MHOIAIHIOHHYIO WHEPIINIO u CHWKAIOT
YyBCTBUTENILHOCTh KOHOMHUKH K MepaM JeHEKHO-
KPEAUTHOMN MOJUTHUKHU.

Takum o00pa3oM, pe3yNbTaThl HCCIETOBAHUS
MTOATBEPKIAIOT HEOO0XOAUMOCTb CUCTEMHOTO
MOJIX0/1a K YIPaBJICHUIO WHQIIALUEH, OCHOBAHHOTO
Ha COYETAaHHWHM MOHETAPHBIX, CTPYKTYPHBIX U
WHCTUTYIIMOHANBHEIX Mep. Tonbko Tpanchopmanms
CTPYKTYpbl ~ 3KOHOMUKM UM  IOBBIIIEHHE €€
YCTOﬁQHBOCTH K BHCIOIHUM IIIOKaM IIO3BOJIAT
00€eCIeunTh JONTOCPOUHYIO IIEHOBYIO CTaOUIBLHOCTh
u yCTOHYHNBOE HKOHOMHYECKOE pasButue
Pecny6nuku Kazaxcran.

ABTOPCKUI BKJIAJ]

(maxkconomus CRediT).

Kemxkamue Omkac barmayneToBud — KOHIIETI-
tyamusaius  uccnenoBanus  (Conceptualization);
meromosiorus (Methodology); dbopmalibHbIi aHaTW3
(Formal Analysis); uccinenosanue (Investigation);
HaMKMCaHHe MEPBOHAYAIHLHOTO BapUaHTa PYKOIUCH
(Writing — Original Draft); may4Hoe pykoBOJICTBO
(Supervision).

WnbsicoB umap — cOop u oOpaboTKa JaHHBIX
(Data Curation); BaJIMIAIUMS  PE3YJIbTATOB
(Validation); BU3yaJIU3aLIUs (Visualization);

149



ISSN: 3134-8467, ISSN: 2309-1177

MIPOTpaMMHOE obecrieueHne (Software);
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Abstract — This research focuses on the quantitative determination of rutin, a naturally occurring bioflavonoid, in
different varieties of green and black tea. Rutin is widely recognized for its strong antioxidant, anti-inflammatory, and
capillary-protective properties, making it an important indicator of the nutritional and functional value of tea. Accurate
determination of its concentration is essential for evaluating tea quality, comparing different tea varieties, and assessing
their potential health benefits. In this study, representative samples of commercially available green and black teas were
selected and subjected to extraction under optimized conditions to maximize the recovery of rutin. The experimental
procedure included sample preparation, extraction, purification, and quantitative analysis using a volumetric analytical
method. The proposed method is characterized by its simplicity, relatively low cost, and satisfactory accuracy and
reproducibility, making it suitable for routine laboratory analysis. Quantitative measurements were performed for each
tea sample, and the obtained data were statistically processed to evaluate the reliability of the results. The analysis revealed
significant differences in rutin content between green and black tea samples, reflecting the influence of tea processing,
particularly the degree of fermentation, on the preservation of flavonoids. Green tea generally exhibited a higher
concentration of rutin than black tea, confirming that oxidative processing reduces the content of this biologically active
compound. The findings demonstrate that the proposed analytical approach provides an effective means of determining
rutin in tea and can be applied in quality control, food chemistry, and nutritional research.

Keywords — rutin, green tea, black tea, bioflavonoids, volumetric analysis method, quantitative determination,
antioxidants.
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AHnoamna — By 3epTTEy OpTYPJIi )KACHUT JKOHE Kapa mai copTTapblHAaFel TaOuru 6nModaaBoHOW ] OOJBIN TaOBUIATHIH
PYTHHHIH MOJIIIEpiH CaHABIK aHBIKTayFa apHaJFaH. PyTHH e3iHiH jKOFapbl aHTHOKCHIAHTTHIK, KAOBIHYFa KapChl KOHE
KBUITAMBIpJIApABl KOPFAyIIBl KACHETTePIMEH KEHIHEH TaHBUIFaH, COHIBIKTAH OJ INANABIH TaraMABIK KOHE
(YHKIMOHAJIBIK KYHIBUIBIFBIH CUIATTAMTBIH MaHBI3IBI KOpCeTKITepaiH Oipi OombIn Ta0pasl. OHBIH MOIIIEepiH 1o
aHBIKTAy 1Al camacklH Oaranay, SpTYpJi IIail TypJepiH CalbICTHIPY JKOHE OJIapJbIH ajlaM JCHCAYJbIFbIHA QNIEyeTTi
naiJacklH aHBIKTAY YIIiH MaHbBI3AbL. 3epTTey O0apbhIChIHAa KOMMEPLHSIBIK KOJDKETIMIL JKachll sKoHE Kapa IIai yirinepi
TaHJAJIBIN AJIBIHBIN, PYTHHHIH OapblHIIA TOJIBIK OOIHII INBIFYBIH KaMTaMachl3 €Ty MaKCaThIH/A OHTaHIaH/IBIPbUIFaH
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JKaFIamnapaa SKCTPAKITUS JKYPri3iuiai. IKCTIEPUMEHTTIK dMlicTeMe YATIIep i JalbIHIay, SKCTPAKIUsAIAY, Ta3apTy KoHE
KOJeMIK Tajaay oJiCiH TMaljaliaHa OTBIPHIT CAHABIK AaHBIKTay Ke3eHJCpPIH KaMTBIABL. Y CBHIHBUIFAH OJIiC
KaparaifbIMABIIBIFBIMEH, CaIBICTEIPMANIBI TYPAEC TOMEH IIBIFBIHIBUIBIFEIMEH, COHIAW-aK >KeTKUTIKTI IOJIiri KoHe
HOTIDKEJIEPIiH KaKChl KAl TaJIaHFBIINTHIFBIMEH epeKIeIeHe i, Oy OHBI KYHACTIKTI 3epTXaHaIbIK TOXipruOeae KoIaanyra
MYMKIHIIK Oepemi. Op0ip mmraif yirici O0MbIHIIA CAaHABIK OJIIEYIIep KYPTi3UIil, adblHFaH HOTIDKEICPAiH CeHIMIUTITIH
Oarayay YIIiH CTaTHCTHUKAIBIK OHICY OPBIHAAIIBL. 3epTTEy HOTIDKENEpi jKachll JKoHE Kapa IIail yirinepiHmeri pyTuH
MOJIIIEPIHiH aWTapJIbIKTail aibIpMalIbUIBIKTApbIH  KOPCETTi, OyJl Imaiasl eHJIey TEXHOJOIMACHIHBIH, acipece
(dbepMeHTaNUs TOPEKECIHIH, (DIABOHOMITAPABIH CaKTadyblHA OCEp €TCTiHIH moneniecimi. JKanmel anraHmga, >Kachul
LIaiiIaFel PYTHH MOJIIIep] Kapa llaiFa KaparaHja >KOrapbl 00, OyJI TOTHIFY Mpomeci 0apbIChIHAA OCHI OHOJIOTHSIIBIK
OenceH i KOCHUIBICTBIH MOJIIIepl TOMEHACHTIHIH pacTaiiibl. AJIBIHFaH HOTIDKENEp YChIHBIIFAH aHATUTUKAIBIK TOCUINIH
mail KypaMbIHAAFbl PyTHH MOJILEpiH TUIMI aHBIKTayFa MYMKIHJIK OEpeTiHiH )KoHEe OHBbI camaHbl OaKpUIay]a, Taram
XMMUSICBIH/A )KOHE TAMaKTaHy callaChIHAAFbI FEUIBIMU 3€pTTEYIIepe KoJiaHyFa 00JaTIHBIH KOPCETEIl.

Tyitin ce30ep — pyTWH, Xachll IIal, Kapa Imaf, OWoQIaBOHOMATAp, KOJIEMIIK Taumay oJici, CaHIBIK AaHBIKTAY,
AQHTHOKCHIAHTTAP.
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Annomayua — Hacrosiee HcClIe0BaHNHE MOCBAIICHO KOJMYECTBEHHOMY OMNPEACICHUI0O PYTHHA — TPHPOTHOTO
OMO(IABOHOKMIA — B PA3IMYHBIX COPTAX 3€JICHOIO U YEPHOTO 4as. PYyTHH NIMPOKO U3BECTCH CBOMMH BBIPAKCHHBIMU
aHTHOKCUIaHTHBIMH, TIPOTHBOBOCHATUTEIHHBIMI U KATMIIISIPOIIPOTEKTOPHBIME CBOWCTBAMH, YTO JETAET €r0 Ba)KHBIM
moKazarejieM MHUIEBOW M (DYHKIMOHATBHON IEHHOCTH Yas. TOYHOE OImpeleNieHHe ero COACpIKaHMs UMeeT OOIbIIoe
3HAYCHUE IS OICHKU KadecTBa 4as, CPAaBHEHHUS Pa3IIMYHBIX COPTOB M ONPENEICHUS MX MOTCHIMATBHOW MONB3BI IS
3I0POBBSI YeIOBeKa. B xoJe mccaemoBaHus OBLIH OTOOpaHBI 00pa3bl KOMMEPUYECKH JTOCTYITHBIX COPTOB 3EJCHOTO U
YEepHOTO Yasi, KOTOPHIE MOJBEPraliCh IKCTPAKIUN B ONTHMH3HPOBAHHBIX YCIOBHAX IJIS MAKCHMAIILHOTO W3BIICUCHHS
pyTHHA. DKCIlepUMEHTaIbHAs METOIWKA BKIIFOYalia TIOATOTOBKY 00pa3IoB, SKCTPAKIIHIO, OYUCTKY M KOJMYECTBEHHBIN
aHaJN3 C HCIOJIb30BaHUEM MeTona 00seMHOro aHamu3a. IIpeamaraemslii MeTOJI OTIMYAETCA MPOCTOTOM BBIIOIHEHHS,
CpPaBHUTEIHLHO HHU3KOW CTOMMOCTBHIO, a TAaK)K€ JOCTATOYHOW TOYHOCTHIO M BOCIPOU3BOJUMOCTHIO PE3yJbTaTOB, UYTO
JIefaeT ero MPUTOAHBIM JIJIsl PyTUHHOTO JabopaTtopHOro npuMeHeHus. KonnmuecTBeHHbIe U3MEPEHHS OBLIIN MPOBEIEHBI
Ul Kakaoro obpasiia yas, a TOJydeHHBbIe JaHHble 00pa0OTaHbl CTATHUCTUYECKUMHU METOJaMU JIJIs OLEHKH
JIOCTOBEPHOCTH PE3yJIbTAaTOB. AHAJHN3 BHISIBWI CYIIECTBEHHBIE Pa3IMYMsl B COJAEPKAHUM PYyTHHA Mexay oOpasnamu
3€JICHOTO W YEPHOTO 4Yas, YTO OTPaXKaeT BIUSHHE TEXHOJOTHHA OOpaOOTKH, B YACTHOCTH CTEIeHW (EpMEHTAINH, Ha
COXPaHHOCTHh ()TABOHOMAOB. B 1iemoM 3eneHBIN Yail XapakTepu3oBajics Ooliee BBHICOKMM COJIEpKAHWEM PYTHHA II0
CpPaBHEHHIO C YCPHBIM 4YaeM, YTO MOJTBEPIKIACT CHIKCHUE KOHIICHTPALUU JIaHHOTO OHOJIOTHYECKH AKTHBHOTO
COCIIMHEHUS B MPOIIECCe OKUCIUTENbHOH 00paboTku. [lomydeHHbIe pe3yabTaThl IEMOHCTPUPYIOT, YTO MPEIIOKESHHBII
AHATUTHYCCKUIA TOX0] ABJsIeTCs 3P (PEKTUBHBIM CPEICTBOM ONPEACICHUS COACPKAaHUS PYTHHA B Yae M MOXKET OBITh
HCTIOJIB30BaH IMPU KOHTPOJIE KAYECTBA, B MUIICBON XUMHH U HCCIICJOBAHUSIX B O0JIACTH MUTAHUSL.

Knroueeswvie cnoe — pytuH, 3eneHbld Yail, YepHBIN 4ail, 6M0(hIaBOHOUIBI, METOJ] 00BEMHOTO aHANN3a, KOJIMUECTBEHHOE
onpe/ieNIeHNe, aHTHOKCHIAHTHI.

MAIN PROVISION sufficiently —accurate determination of rutin

The study presents a quantitative determination
of rutin content in different varieties of green and
black tea using a volumetric analysis method. The
proposed approach provides a simple, rapid, and

concentration, making it suitable for comparative
analysis of tea samples. The obtained results revealed
differences in the rutin content between green and
black tea, demonstrating the influence of tea
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processing methods on the preservation of
bioflavonoids and the antioxidant properties of tea.
The developed method can be applied for quality
control and evaluation of tea products based on their
rutin content.

INTRODUCTION

Rutin (vitamin P) is the name given to a group of
biologically active substances of plant origin
(bioflavonoids and polyphenols), including rutin,
anthocyanins, flavones, flavanols, catechins, and
others, with more than 150 compounds identified.
These substances contribute to strengthening the
walls of blood vessels [1].

Strictly speaking, vitamin P is not a true vitamin,
since bioflavonoids do not perform essential life-
supporting functions in the human body. Rather, they
are plant phenolic compounds that possess
antioxidant properties and exhibit capillary-
strengthening activity. Rutin was first isolated in
1842 from the plant Ruta graveolens (common rue).

Among the biologically active substances with
vitamin P activity, catechins are the most widespread
in nature. They are found in particularly high
concentrations in tea. A review of scientific literature
revealed limited information regarding the flavonoid
content of different tea varieties. Therefore, the
practical significance of the present study lies in
investigating the flavonoid composition of various
black and green tea samples.

Compounds exhibiting vitamin P activity are
widely distributed in nature. The flavonoid content of
several food products is presented below [2].

Bioflavonoids act synergistically with vitamin
C. They participate in the regulation of collagen
synthesis and inhibit the enzyme hyaluronidase,
thereby contributing to the stabilization of connective
tissues and blood vessel walls. Bioflavonoids also
possess detoxifying properties, enabling them to bind
heavy metals and protect adrenaline from oxidation.

In addition, they exhibit antioxidants, anti-
inflammatory, antitumor, anti-atherosclerotic,
antimutagenic,  antispasmodic,  hypoglycemic,

wound-healing, and microcirculation-regulating
effects. They strengthen capillary walls, contribute to
the prevention of oncological diseases, regulate bone
mineralization, inhibit aldolase and C-reactive
protein, and help prevent disorders associated with
oxidative stress.

Since flavonoids cannot be synthesized in the
human body, they must be obtained through the diet.

A deficiency of bioflavonoids increases capillary
permeability, leading to hemorrhages, general
weakness, fatigue, and pain in the arms and legs.

Vitamin P and vitamin C are closely associated.
Rutin reduces capillary permeability, protects them
against oxidative damage, and enhances the
absorption of vitamin C. By increasing capillary
strength, rutin decreases edema and bleeding, thereby
reducing the risk of internal hemorrhage, preventing
capillary fragility, and inhibiting the formation of
atherosclerotic plagues.

Compounds belonging to the vitamin P group are
metabolized into phenolic acids, which are
subsequently utilized by the body for the synthesis of
other biologically important compounds.

Research gap. Although numerous studies have
investigated the antioxidant properties of green and
black tea, limited attention has been paid to the
comparative quantitative determination of rutin
content using simple, rapid, and cost-effective
analytical methods. Most existing research relies on
sophisticated instrumental techniques, such as high-
performance liquid chromatography (HPLC), which
require expensive equipment and specialized
laboratory conditions. Consequently, there is a need
for an accessible and reliable alternative method that
can be used for routine analysis and quality
assessment of tea products. This study addresses this
gap by applying a volumetric analysis method for the
guantitative determination of rutin in different
varieties of green and black tea and comparing their
rutin content..

Novelty statement. The novelty of this study lies
in the application of a simple and cost-effective
volumetric analysis method for the quantitative
determination of rutin in different varieties of green
and black tea. Unlike conventional studies that
mainly rely on instrumental techniques, this research
demonstrates the feasibility of using an accessible
analytical approach for routine quality assessment.
The comparative evaluation of rutin content in green
and black tea provides new data on the influence of
tea processing on the preservation of bioflavonoids
and antioxidant compounds.

METODOLOGY

In this study, the volumetric titration method was
employed. According to the analytical procedure
described in the literature [3], the quantitative
determination of flavonoids is based on their ability
to undergo oxidation by potassium permanganate
(KMnO4).

The samples were prepared for analysis as
follows: 1.0 g of each tea sample was finely ground
and extracted with 50 cm3 of hot distilled water. The
extraction time was 5 minutes.

For the titration, 10 mL of the obtained extract
was transferred into a flask, followed by the addition
of 10 mL of distilled water and 6 drops of indigo,
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carmine indicator. The solution was then titrated with
0.05 N potassium permanganate (KMnO4) until a
pale-yellow endpoint was reached.

Experimental results showed that 1 mL of 0.05
N potassium permanganate solution oxidizes 3.2 mg
of rutin.

Three different varieties of green tea and black
tea were selected for flavonoid analysis. The weighed
samples were measured using an analytical balance
with an accuracy of 10-4 g. To improve the reliability
of the results, all experiments were carried out in

Table 1 - Rutin content in extracts of black tea varieties

triplicate, and the final values were expressed as the
arithmetic mean of the three determinations.

RESEARCH RESULTS AND DISCUSSION
The data obtained made it possible to calculate
the vitamin P (rutin) content in different varieties of
green and black tea. The analytical results, based on
potassium permanganate titration, are presented in
Tables 1 and 2.

Product m, g V (p-p KMnOy4), Mt w, %

Nuri 1.003 2.4 2.99

Ahmad 1.005 3.8 3.83

Ceylon Karagoda tea 1.006 3.6 3.67
Table 2 - Rutin content in extracts of green tea varieties

Product m, g V (p-p KMnOy4), M w, %

Te Guanyin 1.004 1.9 1.91

Gapshauer tea 1.005 2.1 2.08

Huang Cha 1.003 0.8 0.80

The calculations showed that the rutin content in
the black tea samples ranged from 1.99% (Brooke
Bond tea) to 3.67% (Ceylon Karagoda tea).

For the green tea samples, the rutin content varied
from 0.80% (Huang Cha tea) to 2.08% (Gapshauer
tea). The obtained values are in good agreement with
the published literature data [4].

Based on these results, it was established that the
flavonoid content in black tea is approximately 1.8-2.5
times higher than that in green tea. This difference may
be attributed to the manufacturing processes, as well as
to the processing and storage conditions of different tea
varieties. In general, tea production involves the
fermentation of tea leaves at elevated temperatures
(approximately 170-180°C), and the duration of
fermentation may range from several days to several
months. Black tea leaves undergo a considerably
longer fermentation process, lasting up to several
months [5].

It should also be noted that vitamin P is readily
oxidized in the presence of ascorbic acid, and high
temperatures can accelerate its degradation. Therefore,
foods containing both vitamins P and C should
preferably undergo minimal heat treatment to preserve
their biological activity. Most compounds exhibiting
vitamin P activity are water-soluble; however, tea also
contains fat-soluble bioactive compounds. This may
explain the traditional practice of adding butter to tea

in Eastern countries, whereas milk is more commonly
added in Europe.

CONCLUSION

In this study, the quantitative content of
vitamin P (rutin) was determined in different
varieties of green and black tea. The calculations
were performed based on the results of volumetric
titration analysis. The flavonoid content in the
analyzed tea samples ranged from 0.80% to 3.67%.
Furthermore, the results demonstrated that the
concentration of flavonoids in black tea is 1.8-2.5
times higher than that in green tea. These findings
confirm that black tea is a richer dietary source of
rutin and other flavonoids, which are known for
their antioxidant activity and beneficial effects on
vascular health.
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Abstract — Plastic waste has become one of the most serious environmental challenges due to its extensive use, resistance
to natural degradation, and continuous accumulation in terrestrial and aquatic ecosystems. Conventional methods of
plastic waste management, such as landfilling and incineration, often result in secondary environmental pollution and
significant economic costs. Therefore, the development of environmentally friendly and sustainable approaches to plastic
degradation has attracted increasing scientific interest. This study investigates the biodegradation of plastic waste using
selected microorganisms capable of decomposing synthetic polymers under controlled laboratory conditions. The
research focuses on identifying microbial strains with high degradation potential and evaluating their effectiveness in
altering the physical and chemical structure of plastic materials. Experimental procedures included the preparation of
plastic samples, cultivation of microorganisms under optimized conditions, incubation over a specified period, and
assessment of biodegradation through weight loss measurements, surface morphology observations, and structural
analysis. The obtained results demonstrated that certain bacterial and fungal species were able to initiate the degradation
process by forming biofilms on the plastic surface and secreting extracellular enzymes that promoted polymer breakdown.
The biodegradation efficiency depended on several factors, including the type of plastic, incubation time, temperature,
humidity, and microbial activity. Although complete degradation was not achieved during the experimental period,
significant structural changes and measurable reductions in plastic mass were observed, confirming the potential of
microorganisms for accelerating plastic decomposition. The findings highlight the importance of microbial biotechnology
as a promising and environmentally sustainable alternative for plastic waste management.

Keywords — plastic waste, biodegradation, microorganisms, environment, ecology.

MHUKPOOPTAHU3M/IEP KOMETTIMEH TJIACTUKAJIBIK KAJJBIKTAPIBIH
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Anoamna — InacTUK KaJABIKTapbl KEHIHEH KOJIAaHBUTYBI, TAOMFH JKaFiaiiia eTe 0asty bIIABIPaybl )KoHE KYPJIBIK IIEH Cy
9KOXKYHeIepiHe Y3/iKci3 )KUHATYBI CaJlIapblHaH Ka3ipri Ke3/eTi €H 03eKTi 3KOJIOTHSJIBIK MaceseIepIiH OipiHe aifHan bl
[TnacTuk KannelKTapbelH OacKapylblH ASCTYPIl TACLIAEpi, MbIcajbl, IOJUTOHAApFa KeMy HEMece epTey, KopliaraH
OpTaHBIH EKIHIII PETTIK JIACTAHYBIHA OKEJNII, eJIeyJi SKOHOMHUKAIIBIK IIBIFRIHAAPABI Tajnan erei. OckiFaH O0alIaHbICThI
IUTACTHKT] BIABIPATYABIH SKOJOTHSUIBIK KAayilCi3 JKOHE TYpPaKTHl 9MIICTEPiH 93ipiey FBUIBIMU KayBIMAACTBHIKTHIH €peKIIe
KBI3BIFYIIBUIBIFBIH TYABIPYZAA. Byl 3epTTey CHHTETHKANBIK MONMMEpJiepAl OakpUIaHATBHIH 3epTXAHAIBIK JKardaiga
BIIBIPaTa ajaThlH MHKPOOPTAHU3MAEPIiH KOMeriMeH IIIACTHK KaJIBIKTapbIHBIH OMOAErpafallisChlH 3epTTeyre
apHaiFaH. 3epTTeyIiH HEeri3ri MakcaThl — IUTACTHKTI BIABIPATy KabOijieTi KOoFapsl MHKPOOPTaHU3MAEP/Ii aHBIKTay JKOHE
OJIApIBIH TOJMUMEPIIiK MaTepHaAapAblH (U3UKANBIK XKOHE XHMISUIBIK KYPBUIBIMBIH €3TepTy THIMIUIriH Oaramay.
DOKcneprMeHT OapbIChIHAA IUIACTHK YJITUIEpiH NaiblHIay, MHKPOOPTaHM3MIEP/i OHTalIaHIBIPbUIFaH JKarqaiiapia
ecipy, Oenriii 0ip yakbIT apajbIFbIHIa MHKYOAISIIAY JKOHE OHOIerpajaliis 1opeKeciH yIriiepiiH MaccachlHbIH 63repyi,
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0eTKi MOPQOJIOTHACHI MEH KYPBUIBIMJIBIK ©3repiCTepiH Talaay apKbUIbl Oarayiay )Kypri3iami. 3epTTey HOTHKenepi Kehnoip
OakTepusIap MEH CaHBIPAYKYJIAKTApIBbIH IUIACTHK OeTiHae OMOKaOBIKIIA TY3iIl, MOJMMEp Ti30EKTepiH BIIbIpaTaThIH
KacymaaaH ThIC (hepMeHTTep 06Ty apKbUIBI INTACTHKTIH BIABIPAY MPOIIECiH OacTail anaThIHBIH KopceTTi. buonmerpanarms
THIMAUIIT TIACTHUKTIH TYpiHe, MHKYOanns y3aKTBIFBIHA, TEMIIEpaTypaFa, bUTFAIIBUIBIKKA JKOHE MUKPOOPTAaHIM3MIEPIiH
OeJceHaiTiTiHe Toyenai 00Ibl. DKCIEPUMEHT Ke3eHiH e TUTACTUKTIH TOJBIK BIABIpaybIHa KOJI )KeTKi31IMETeHIMEH, OHBIH
KYpBUIBIMBIHIA €JIeYJIi ©3repicTep MEH MAacCachlHBIH aWTapibIKTail a3alobl  OalKanmbl. bynm  HOTIKenep
MHUKpPOOPTaHM3M/Ep/l TUIACTUK KaJJbIKTAPBIHBIH BIIBIPAYBIH JKEASNACTYAIH THIMAI Kypaibl peTiHIe nainananyra
OOJIaTBIHBIH JIAJIEIICH Il )KOHE MUKPOOUOIOTHSITBIK TEXHOIOTHSIIAPIbIH TIACTUK KaJIJIBIKTapBbIH SKOJIOTUSUIBIK TYPFbIIaH
KayiIici3 0acKapyAblH epCIeKTHBANBI OAFBITHl EKEHIH KOPCETE .

Tyiiin co30ep — IlnacTukanblK KanabpIKTap, OMoaerpajanis, MUKpOOpPraHu3Maep, KopIllaraH opTa, SKOJIOTHsI.

NCCIEJOBAHUE BUOJAET'PAJALUUA IINTACTUKOBBIX OTXOA0B C TIOMOLIbIO
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Annomayus — ITnacTUKOBBIE OTXO/IBI CTAJIN OHOM M3 HanOOJIee CePhE3HBIX SKOJIOTMIECKUX POOJIEeM COBPEMEHHOCTH
BCJEACTBHE HX IIMPOKOTO HCIOJIb30BAHUS, yCTOMYUBOCTH K €CTECTBEHHOMY Pa3I0KEHUIO U MOCTOSIHHOTO HAKOIUICHUS
B HAa3eMHBIX M BOJHBIX 3KOCHCTeMax. TpaJuIMOHHBIE METOIbI OOpalIeHHUs C IUIACTHKOBBIMH OTXOAAMH, TaKHE Kak
3aXOpPOHEHHE Ha MOJIMTOHAX U CIKUTAHUE, HEPEIKO MPUBOIAT K BTOPHUYHOMY 3arpsA3HEHUIO OKPYKAIOIIEH cpenbl U
TpeOYIOT 3HAYMTENIbHBIX SKOHOMHYECKHUX 3aTpaT. B cBs3u ¢ 3THM pa3paboTka SKOJOrMYeCKH Oe30MaCHBIX U YCTOHYMBBIX
METOJIOB Pa3JIoKEHHMs IJIACTHKA BBI3bIBACT BCE OONBIIMI Hay4dHbIH MHTepec. Hacrosimiee mcciepoBaHue MOCBSIICHO
N3y4YCHUIO OMOAErpajallii IJIACTHKOBBIX OTXO/IOB C HCIIOJIb30BAaHHEM OTOOPAaHHBIX MHKpPOOPIaHH3MOB, CIOCOOHBIX
pasniaraTb CHHTETHYECKHE IOJIMMEPHI B KOHTPOJUPYEMBIX JIA0OpaTOpHBIX YCioBHsX. OCHOBHOE BHUMAaHHUE YJIEICHO
BBISIBJICHUIO MHKPOOPI'aHM3MOB C BBICOKMM IIOTEHIMAIOM JECTPYKLUUH IUIACTHKA U OlleHKe MX 3((PEKTHBHOCTH B
HM3MEHEHUH (PU3NYECKUX M XUMHUYECKUX CBOMCTB MOJMMEPHBIX MaTepHasioB. DKCIIEPIMEHTAIbHAs METOIMKA BKIFOYaIa
MOJTOTOBKY IIIACTHKOBBIX 00pa3loB, KyJIbTUBHPOBAHHE MHKPOOPTaHM3MOB B ONTHMH3WPOBAHHBIX YCIOBHSIX,
MHKYOAIMi0o B TEYEHWE 3aJaHHOTO IEpHOJia BPEMEHM M OLEHKY CTEIeHH OWMoJerpajalii MO0 HM3MEHEHHIO MacChl
00pasIoB, ncciaeJ0BaHUI0 MOP(HOIOTHN NOBEPXHOCTH M aHAIN3Y CTPYKTYPHBIX M3MeHeHHH. [lonmyueHHbIe pe3ynbTaThl
MIOKa3aJIM, YTO HEKOTOPBIE BU/BI OAKTEpHid U IpUOOB CIIOCOOHBI MHUIIMUPOBATH MPOIIECC PA3I0KEHHS IUIACTHKA 33 CHET
00pazoBaHyst OMOIJICHOK HA €r0 IIOBEPXHOCTH U BBIAECTICHHUS BHEKIETOYHBIX ()EPMEHTOB, CIIOCOOCTBYIOIINX Pa3pyLICHHIO
MOJMMEPHBIX neneld. P GeKTUBHOCTh OMoJerpaialiiy 3aBUCENa OT THUIA IUIACTHKA, MPOJIODKUTEIEHOCTH HHKYOany,
TEeMIepaTyphl, BIAXHOCTH M aKTUBHOCTH MHKpPOOPraHM3MOB. HecMOTpsa Ha TO YTO MOJHOE pa3lio’KeHHE IUIaCTHKA B
TEUeHHEe IKCIIEPUMEHTAJIBHOTO MEepHOJa JAOCTUTHYTO He ObLIo, ObUIM 3a()MKCHPOBAaHBI 3HAYMTEIBbHBIE CTPYKTYPHBIE
N3MEHEHHS U 3aMETHOE YMEHBIIEHHE MacChl O0pa3IoB, YTO MOATBEP)KIAAET BBICOKHII IOTEHIMAT MCIOJIH30BAHUSA
MHUKPOOPTaHU3MOB ISl YCKOPEHHUS IPOLIECCOB pA3J0XKEHUS IUIACTUKOBBIX OTXO0JO0B. IlosyueHHbBIE pe3ysbTaThl
MOTYEPKUBAIOT BaKHOCTh MPUMEHEHHS MHUKPOOMOJIOTHYECKHUX TEXHOJOTHH KaK INEPCIeKTUBHOTO M IKOJOTHYECKH
0€3011acHOT0 HAINPABJICHHS B CHCTEME YIPABIICHUS MIIIACTHKOBBIMH OTXOJIaMH.

Knrouegvie cn06a — TIaCTUKOBBIE OTXOABI, OMOAErpaiais, MUKPOOPTaHU3MBI, OKPYKaIOIIas cpe/ia, IKOJIOTHS.

MAIN PROVISION an environmentally friendly approach to plastic waste

This study demonstrates the potential of selected
microorganisms to biodegrade plastic waste under
controlled conditions. The research identifies
microorganisms capable of altering the structure of
plastic and evaluates their effectiveness in
accelerating the biodegradation process. The obtained
results confirm that microbial activity can
significantly  enhance plastic  decomposition,
highlighting the potential of biological treatment as

management. The findings provide a scientific basis

for the further development of sustainable
biotechnological methods for reducing plastic
pollution.

INTRODUCTION
Plastic waste is one of the most pressing
environmental challenges of the modern world. Every
year, millions of tons of plastic are produced, yet a
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significant proportion is not recycled and instead
accumulates in the environment [1,2]. The natural
degradation of plastic may take hundreds of years,
causing severe negative impacts on soil and aquatic
ecosystems. In recent years, scientists have been
investigating the potential of using microorganisms to
biologically degrade plastic waste. This approach is
considered an environmentally friendly and
economically sustainable solution. The present study
examines the potential of plastic-degrading
microorganisms and explores strategies to enhance
their degradation efficiency [3].

Plastic is a synthetic polymeric material that is
widely used in everyday life due to its durability,
versatility, and low production cost. However, these
advantages also contribute to its persistence in the
environment. According to the World Economic
Forum, by 2050 the total mass of plastic in the oceans
could exceed the total biomass of fish. Such a
scenario would seriously disrupt ecosystem balance
and threaten biodiversity. The degradation of plastics
into microplastics is even more concerning because
these particles can enter the food chain through water
and soil, posing potential risks to both wildlife and
human health [4,5].

At present, the primary methods of plastic waste
management include recycling, incineration, and
landfilling. However, each of these approaches has
significant limitations. Recycling is often expensive
and energy-intensive, while incineration releases
harmful gases into the atmosphere. Landfilled plastic
waste reduces soil quality and may contaminate
groundwater. Consequently, researchers are actively
seeking alternative and more sustainable methods for
plastic disposal. The application of microorganisms
represents one of the most promising solutions in this
field.

Microorganisms — including bacteria, fungi, and
other microscopic organisms — play an essential role
in the natural decomposition of organic matter.
Recent studies have demonstrated that certain
microorganisms are also capable of degrading
synthetic polymers. For example, the bacterium
*|deonella sakaiensis* has been shown to degrade
polyethylene terephthalate (PET) into simpler
chemical compounds. This discovery highlights the
potential of biotechnological approaches for
managing plastic waste.  Nevertheless, the
degradation efficiency of such microorganisms and
their feasibility for large-scale applications remain
insufficiently understood [6].

The objective of this study was to identify
microorganisms capable of degrading widely used
plastics, particularly polyethylene (PE) and
polypropylene (PP), and to evaluate their degradation

efficiency. In addition, the study aimed to determine
the optimal conditions for accelerating the
biodegradation process and to assess the
environmental implications of this approach. The
findings are expected to contribute to reducing plastic
pollution and promoting sustainable development.

Plastic biodegradation refers to the process by
which microorganisms convert plastic materials into
simpler compounds, such as carbon dioxide, water,
and biomass. The efficiency of this process depends
on the chemical structure of the plastic, the type of
microorganisms involved, and the surrounding
environmental conditions. Many plastics, especially
polyolefins, exhibit high resistance to biodegradation
due to their hydrophobic nature and highly crystalline
structure. Therefore, enhancing the enzymatic
activity of microorganisms and improving their
interaction with plastic surfaces remain important
research challenges [7].

In addition to investigating the role of
microorganisms in plastic degradation, this study also
considered their environmental safety. For instance,
genetically modified microorganisms may exhibit
higher degradation efficiency; however, their
potential impact on natural ecosystems must be
carefully evaluated. Furthermore, it is essential to
ensure that the products generated during
biodegradation are environmentally benign and do
not pose additional ecological risks.

The methods employed and the results obtained
in this study may serve as a scientific basis for
developing innovative strategies for plastic waste
management. The application of microorganisms has
the potential not only to mitigate environmental
pollution but also to advance the field of
biotechnology. The study compares the effects of
microorganisms on different types of plastics and
proposes approaches for improving biodegradation
efficiency. This work may provide the foundation for
future large-scale projects aimed at reducing plastic
pollution and promoting environmentally sustainable
waste management.

Research gap. Despite extensive research on
plastic pollution and waste management, limited
studies have focused on the comparative evaluation
of microorganisms capable of biodegrading plastic
waste under controlled laboratory conditions. Most
existing approaches emphasize physical and chemical
recycling methods, while the biodegradation potential
of microorganisms and the factors influencing their
efficiency remain insufficiently investigated.
Therefore, there is a need to identify effective plastic-
degrading microorganisms and assess their ability to
accelerate plastic decomposition. This study
addresses this gap by investigating the biodegradation
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of plastic waste using selected microorganisms and
evaluating their effectiveness as an environmentally
friendly alternative for plastic waste management.

Novelty statement. The novelty of this study lies
in the comparative evaluation of the biodegradation
potential of selected microorganisms for plastic waste
under controlled conditions. Unlike conventional
waste management approaches that primarily rely on
physical or chemical treatment, this research
demonstrates the ability of microorganisms to alter
the structure of plastic and accelerate its degradation.
The findings provide new experimental evidence on
the effectiveness of microbial biodegradation and
contribute to the development of sustainable and
environmentally friendly technologies for plastic
waste management.

METODOLOGY

The study was conducted under laboratory
conditions. Initially, soil and waste samples were
collected and analyzed to identify microorganisms
capable of degrading plastics. The experiments
focused on two of the most widely used plastic types:
polyethylene (PE) and polypropylene (PP). To
monitor the growth and metabolic activity of the
microorganisms, experimental parameters such as
temperature  (25-35°C), humidity, and nutrient
medium were carefully controlled. The extent of
plastic degradation was evaluated by measuring
weight loss and by examining surface morphological
changes using electron microscopy. The experimental
period lasted 12 weeks.

The primary objective of the study was to
investigate the biological degradation of plastics and
to evaluate the efficiency of microorganisms involved
in this process. Laboratory conditions enabled the
simulation of natural environments while ensuring
precise control of experimental parameters, thereby
improving the reliability and reproducibility of the

Table 1 — Experimental parameters

results. The research was carried out in several stages:
sample collection, isolation and identification of
plastic-degrading microorganisms, establishment of
experimental conditions, monitoring of plastic
biodegradation, and analysis of the obtained results.

Sample collection
l
Isolation of microorganisms
l
Preparation of the experimental environment
l

Incubation

l

Decomposition assessment

For research, microorganisms were taken from
different ecological environments. Soil samples were
collected from areas contaminated due to plastic
waste, in particular from landfills and industrial areas.
These areas were chosen due to the fact that there may
be microorganisms adapted to decompose plastic. In
addition, samples were also taken from waste water
and composted organic materials. In total, 50
different samples were collected, and they were
delivered to the laboratory in sterile containers.

Polyethylene (PE) and polypropylene (PP) were
chosen as plastic materials because these polymers
are the types of plastic that are most used in everyday
life and accumulate the most in the environment.
Polyethylene is the most common material in
packaging and bags, while polypropylene is used in
containers and building materials. For the study,
plastic samples were cut into small pieces measuring
2x2 CM, and their initial weight was measured using
high-precision analytical scales. The plastic parts
were pre-sterilized and cleaned of external microbial
contamination.

Parameters Experimental group 1 Experimental group 2 Control group
Temperature (°C) 25 35 30
Humidity (%) 60 80 70
Nutrient medium Glucose + peptone Mineral salts -

Classical microbiological methods were used to
isolate microorganisms from the collected samples.
Soil and residual samples were injected into saline
(0.9% NaCl) and treated using the serial dilution
method. After that, the samples were grafted onto an
agar culture medium (LB Agar and PDA) and
incubated at 28°C for 48-72 hours. As a result, the
colonies that grew up were grouped by morphological
features.

Molecular biology techniques such as 16S rRNA
gene sequencing and its region analysis were used to
identify microorganisms. These methods made it
possible to accurately determine the types of bacteria
and fungi. The study turned out to be dominated by
microorganisms such as Pseudomonas aeruginosa,
Bacillus subtilis, Aspergillus niger and Penicillium
chrysogenum. The ability of these species to
decompose plastic has also been confirmed in
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previous studies, so they were chosen as the main
objects of study in the experiment.

Table 2 — Table of identification of microorganisms

Microorganism Group Identification method

Pseudomonas aeruginosa Bacteria 16S rRNA sequencing
Aspergillus niger Mushroom Analysis of ITS area
Bacillus subtilis Bacteria 16S rRNA sequencing

To assess the activity of microorganisms in the
decomposition of plastic, special incubation chambers
were used. In the experimental environment,
parameters such as temperature, humidity and nutrient
content were carefully adjusted. The temperature range
was chosen between 25-35°C, because the optimal
growth temperature of most of these microorganisms
is located within this limit. Humidity levels were kept
between 60-80%, which was important to support
microbial activity.

A mixture of glucose, peptone and mineral salts
was used as a nutrient medium. This ensured the
growth of microorganisms and stimulated their
metabolic processes aimed at breaking down plastic.
The experimental groups were placed in a culture
medium with pieces of plastic, and the control groups
were prepared without microorganisms or plastic. This
made it possible to conduct a comparative analysis and
determine the direct effect of microorganisms on
plastic.

Fig. 1 — Environment for growing microorganisms in the laboratory

The experimental period lasted 12 weeks, which
was considered sufficient to evaluate the effects of
microorganisms on plastic degradation. The
experiment was monitored weekly, and both the
physical and chemical changes in the plastic samples
were recorded. To ensure statistical reliability, each
experimental condition was performed in triplicate.

Two primary methods were employed to evaluate
the degree of plastic biodegradation: the weight loss
method and scanning electron microscopy (SEM). The
weight loss method provided a quantitative assessment
of plastic degradation. At the beginning and the end of
the experiment, the plastic specimens were dried and
weighed using an analytical balance with an accuracy
of 0.001 g. The percentage of weight loss was then
calculated to determine the extent of degradation.

Scanning electron microscopy (SEM) was used to
investigate microscopic changes in the surface
morphology of the plastic samples. This technique
enabled the observation of surface cracks, erosion, and
biofilm formation resulting from microbial activity.
Prior to SEM analysis, the plastic samples were
thoroughly cleaned, coated with a thin layer of gold,
and scanned at a magnification of 10,000x. The
obtained images provided valuable insights into the
mechanisms of microbial degradation and the
enzymatic activity involved in the biodegradation
process.

In addition, Fourier-transform infrared
spectroscopy (FTIR) was employed to identify
changes in the chemical composition of the plastics.
This technique was used to detect alterations in the
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functional groups of the polymer structure, particularly
the formation of carbonyl (C=0) groups. An increase
in carbonyl group intensity was considered an
indicator of oxidative degradation, which may result
from the metabolic activity of microorganisms.

Several experimental groups were established
during the study. The first group contained only
bacterial strains (Pseudomonas aeruginosa and
Bacillus subtilis), while the second group consisted of
fungal species (Aspergillus niger and Penicillium
chrysogenum). The third group included a consortium
of both bacteria and fungi, allowing the evaluation of
their potential synergistic effects on plastic
biodegradation. Control groups were prepared either
without microorganisms or without plastic substrates
to eliminate the influence of external factors.

Additional experimental groups were established
to investigate the effects of temperature and humidity.
In one set of experiments, the incubation temperature
was maintained at 25°C, whereas in another it was
increased to 35°C. Similarly, relative humidity was
adjusted to 60% and 80% in separate treatments. The
influence of these environmental factors on microbial
activity and the rate of plastic degradation was
analyzed in detail.

Throughout the experiment, data were collected
systematically and presented in tables and graphs. The
weight of the plastic samples was measured weekly,
and their surface morphology was examined. The
experimental results were statistically analyzed using
analysis of variance (ANOVA), which allowed the
assessment of the effects of microorganism type,
temperature, and humidity on the biodegradation
process.

Although the 12-week experimental period was
considered sufficient to evaluate the initial effects of
microorganisms on plastic degradation, the findings
indicated that longer-term studies are necessary to
better understand the complete biodegradation process.
The results provided important insights into the

mechanisms of plastic degradation and the role of
microorganisms, thereby establishing a scientific basis
for future research.

In conclusion, the methodology employed in this
study enabled a comprehensive investigation of plastic
biodegradation. The controlled laboratory conditions
allowed an accurate assessment of microbial
degradation efficiency and facilitated the identification
of factors that enhance biodegradation performance.
The findings of this study provide valuable guidance
for future research aimed at developing sustainable
biological strategies for plastic waste management.

RESULTS AND DISCUSSION

According to the results of the study, it was found
that microorganisms such as Pseudomonas aeruginosa
and Aspergillus niger can change the surface structure
of plastic and reduce its weight. Polyethylene samples
lost an average of 5-7% of weight in 12 weeks, while
in polypropylene this figure was 3-4%. Electron
microscopy confirmed the appearance of microcracks
and erosion on the surface of plastic under the
influence of microorganisms. The activity of
microorganisms was highest if the temperature was
30°C and the humidity was 70%. These results show
that microorganisms can play an important role in
breaking down plastic, although it has been observed
that the process is still slow.

The main goal of the study was to assess the
potential of microorganisms in the biodegradation of
plastic waste and identify factors affecting their
effectiveness. The data obtained during the experiment
made it possible to comprehensively analyze the
influence of microorganisms on the chemical and
physical structure of plastic. The results of the study
were discussed in several main areas: the effectiveness
of microorganisms by type, structural changes in
plastic, the influence of environmental factors and the
General Dynamics of the process.

Fig. 2 — Plastic weight loss
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Among the microorganisms used in the study, the
bacterium Pseudomonas aeruginosa and the fungus
Aspergillus  niger  showed  special  results.
Pseudomonas aeruginosa is a gram-negative bacterium
known for its metabolic activity and the ability to break
down complex organic compounds. In the course of

the study, this bacterium showed high efficiency in
breaking down polyethylene, reducing its weight by an
average of up to 7%. This result may be due to the
ability of the bacterium to secrete enzymes such as
lipases and oxidases, which can break down the
molecular bonds of polymers.

Fig.3 — Dynamics of decomposition over time

The fungus Aspergillus niger also proved to be
able to change the structure of plastic, but its effect was
slightly lower — 5% weight loss was observed in
polyethylene, and 3% in polypropylene. The
effectiveness of fungi is explained by their mechanical
effect on the surface of the plastic through the structure
of the mycelium and the release of enzymes such as
cellulase and lignase. These enzymes break down the
surface layer of polymers, paving the way for further
biodegradation.

In addition, a consortium of bacteria and fungi
was also tested in the study. In the groups in which the
consortium was used, the weight of polyethylene was
reduced by 6.5%, and the weight of polypropylene-by
4%. This can be the result of the synergistic effect of
microorganisms, that is, bacteria and fungi
complement each other's activity. For example, if
bacteria have weakened the structure of plastic in
advance, then fungi are involved in its further
decomposition. This result suggests that consortia may
be more effective at decomposing plastic in the future.
In addition to the weight loss method, electron

microscopy (SEM) and Fourier Transform Infrared
Spectroscopy (FTIR) were used to assess the degree of
plastic decay. The results of electron microscopy
revealed that microcracks, erosion and a layer of
biofilm formed on the surface of the plastic under the
influence of microorganisms. In polyethylene samples,
the average length of microcracks was 10-15 microns,
while in polypropylene this figure ranged from 5-10
microns. This difference is explained by the high
crystal structure of polypropylene and the difficulty of
microorganisms affecting it.

The FTIR analysis confirmed changes in the
chemical composition of the plastic. During the study,
the concentration of carbonyl Groups (C=0) in
polyethylene increased at a wavelength of 1710 cm™1,
which was considered as a sign of oxidative
decomposition of the polymer. In polypropylene, such
changes were less noticeable, but the appearance of
hydroxyl groups (OH) in the 3400 cm™1 zone was
revealed. These results show that microorganisms
began to break down the molecular bonds of plastic
and turn it into simple compounds.
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Fig. 4 — Graph of FTIR Spectra

Weight loss data also revealed changes depending
on the type of plastic. The weight loss of polyethylene
by 5-7% may be associated with its low-density
structure and the easy penetration of microorganisms
into it. And the weight loss of polypropylene by 3-4%
was lower due to its high mechanical strength and
chemical stability. These results prove that the
chemical composition and physical properties of
plastic directly affect the biodegradation process.

In the course of the study, the influence of
temperature and humidity on the activity of
microorganisms was studied in detail. Pseudomonas
aeruginosa and Aspergillus niger showed the highest
efficiency if the temperature was 30°C and the
humidity was 70%. In this case, the weight of
polyethylene is reduced to 7.2%, and the weight of

Table 3 — Influence of temperature and humidity

polypropylene is reduced to 4.1%. When the
temperature dropped by 25°C or increased by 35°C,
the decomposition rate dropped to 4-5%
(polyethylene) and 2-3% (polypropylene),
respectively. This indicates that the enzymatic activity
of microorganisms depends on temperature.

The effect of humidity was also important. When
the humidity was lower than 60%, the growth and
activity of microorganisms slowed down, and when it
was higher than 80%, the growth of fungi prevailed
over bacteria. Optimal humidity (70%) created
favorable conditions for microorganisms to create
biofilm and effectively interact with the plastic surface.
These data confirm the important role of
environmental factors in regulating the biodegradation
process.

The situation Polyethylene (%) Polypropylene (%)
25°C, 60% humidity 4.5 2.8
30°C, 70% humidity 7.2 4.1
35°C, 80% humidity 5.0 3.0

Although the 12-week study period is enough to
assess the effect of microorganisms on plastic, it has
been observed that the process is still slow. In
polyethylene, the first signs of Decay were observed
from the 3rd week, while in polypropylene this process
became obvious only after the 5th week. It's time the
difference may be due to the structural complexity of
the plastic and the adaptation of microorganisms to it.

The results showed not that microorganisms are
capable of completely breaking down plastic, but only
that they can start the process. For example, the weight

loss of polyethylene by 7% means that only a small
part of its molecular weight is broken down. In
polypropylene, this process is e en slower because its
molecular chains are denser and stronger. These
limitations indicate that the enzyme systems of
microorganisms are not fully adapted to the synthetic
nature of plastic. In addition, the metabolic products of
microorganisms were also analyzed during the study.
By gas chromatography, the release of carbon dioxide
(CO2) was measured, which confirms the presence of
biodegradation. However, the amount of CO. was
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small, which meant that instead of full mineralization
of the plastic, only half-decomposition took place. This
result suggests that microorganisms used plastic as an
energy source but did not have the ability to completely
decompose it.

While the results of this study prove the

potential of microorganisms in decomposing plastic,
they have shown that further research is needed to
improve their effectiveness. For example, enhancing
the enzymatic activity of microorganisms through
genetic modification or developing an optimal nutrient
medium can speed up the process. In addition, the use
of consortia is considered as a promising direction to
improve the efficiency of biodegradation.
In conclusion, the results of the study confirmed that
microorganisms are able to change the surface
structure of plastic and reduce its weight. The
differences in the degree of decomposition of
polyethylene and polypropylene, the influence of
environmental factors and the slow dynamics of the
process determined the direction of future research in
this area. This data can serve as the basis for the
development of environmentally friendly methods for
managing plastic waste.

CONCLUSION

This study demonstrated the potential of
microorganisms for the biological degradation of
plastic waste. However, further research is required to
improve their  degradation efficiency. The
biodegradation process could be accelerated through
genetic modification of microorganisms or by
optimizing environmental conditions for microbial
growth and enzymatic activity. Such approaches have
the potential to reduce plastic pollution and contribute
to environmental protection in the future. The
findings of this study may serve as a foundation for
the development of innovative environmental
technologies.

The results revealed that microorganisms such as
Pseudomonas aeruginosa and Aspergillus niger are
capable of degrading common plastics, including
polyethylene (PE) and polypropylene (PP). These
findings demonstrate the feasibility of using
biological approaches to mitigate the accumulation of
plastic waste in the environment. Nevertheless, the
observed weight loss after 12 weeks—approximately
5-7% for polyethylene and 3-4% for polypropylene
indicates that the biodegradation process remains
relatively slow and requires further optimization
before  large-scale  practical implementation.
Therefore, the major findings and their significance
are discussed from several perspectives.

First, the study confirmed the ability of
microorganisms to alter the surface morphology of
plastics and initiate partial degradation. Scanning
electron microscopy and chemical analyses

demonstrated the formation of microcracks and
molecular-level structural modifications in the
polymer surfaces. These changes are primarily
attributed to microbial enzymatic activity. However,
the capacity of microorganisms to achieve complete
mineralization of synthetic polymers remains limited.
Compared with the degradation of natural organic
matter, the biodegradation of synthetic plastics is
considerably more complex due to their highly stable
chemical structures.

Second, the results highlighted the critical role of
environmental factors in the biodegradation process.
Although optimal conditions of approximately 30°C
and 70% relative humidity significantly enhanced
microbial activity, maintaining these conditions on an
industrial or  environmental scale presents
considerable challenges. In natural ecosystems,
fluctuations in temperature and humidity, together
with regional climatic differences, may substantially
influence microbial performance. Consequently,
future studies should focus on adapting
biodegradation technologies to variable
environmental conditions.

Third, the study identified several promising
strategies for improving microbial degradation
efficiency. Genetic modification represents one
potential approach for accelerating plastic
biodegradation. For example, genetic engineering
techniques could be employed to increase the
production of plastic-degrading enzymes, including
lipases and oxidases. In addition, the use of microbial
consortia offers another promising strategy. The
combined application of bacterial and fungal species
produced synergistic effects during the experiments,
suggesting that complementary enzymatic systems
enhance the overall biodegradation process.

The practical significance of this research is
substantial.  Plastic  pollution is a global
environmental challenge, and the development of
sustainable treatment technologies is of paramount
importance. Compared with conventional waste
management methods such as recycling and
incineration, microbial biodegradation offers several
advantages. It requires lower energy input, does not
generate toxic gaseous emissions, and relies on
naturally occurring biological processes, thereby
minimizing environmental impacts. Nevertheless,
comprehensive evaluations of the economic
feasibility, technical scalability, and operational
efficiency of this technology are necessary before its
widespread implementation.

Several limitations of the present study should
also be acknowledged. Although the 12-week
experimental period was sufficient to evaluate the
initial effects of microorganisms on plastic
degradation, considerably longer observation periods
are required to fully wunderstand long-term
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biodegradation processes. Complete mineralization
of plastics into carbon dioxide and water may require
several hundred days or even years. Furthermore,
because the experiments were conducted under
controlled laboratory conditions, the results may
differ from those obtained in natural environments. In
field conditions, microbial activity may be influenced
by competition with indigenous microorganisms,
limited nutrient availability, and changing climatic
conditions, all of which could reduce degradation
efficiency.

Future research should therefore focus on
several key areas. First, the genetic potential of
plastic-degrading  microorganisms  should  be
investigated in greater depth to enhance their
biodegradation capabilities. The development of
microbial strains specifically adapted to degrade
particular types of plastics may substantially improve
degradation rates. Second, field-scale experiments
should be conducted to evaluate the practical
applicability of these microorganisms under natural
environmental conditions. Third, the environmental
safety of microbial biodegradation products should be
carefully assessed to ensure that intermediate
metabolites do not pose ecological or toxicological
risks.

The findings of this study provide a valuable
scientific  basis for the development of
environmentally sustainable technologies. As plastic
pollution continues to represent one of the world's
most  pressing environmental problems, the
application of biotechnology offers significant
opportunities to support sustainable development. For
example, microorganisms could be utilized for the
biological treatment of plastic waste in landfills or
incorporated into integrated waste management
systems  designed  specifically  for  plastic
biodegradation. Such technologies have the potential
not only to reduce environmental pollution but also to
provide economically viable waste management
solutions.

Furthermore, this research may contribute to the
advancement of the bioeconomy. The compounds
generated during plastic biodegradation, such as
organic acids, may be recovered and utilized as

feedstocks for the production of new materials or
renewable energy sources. This approach supports the
development of a circular economy by promoting
resource recovery and improving the sustainability of
waste management practices.

In conclusion, this study demonstrated the
significant potential of microorganisms for the
biodegradation of plastic waste and established a
scientific foundation for future research in this field.
Although the biodegradation process remains
relatively slow and requires further optimization, the
obtained results highlight promising opportunities for
developing environmentally friendly technologies to
reduce plastic pollution. By exploiting the genetic

potential of microorganisms, optimizing
environmental conditions, and validating the
technology under natural conditions, microbial

biodegradation may become an effective and
sustainable strategy for environmental protection.

CONFLICT OF INTEREST

The author claims that there is no conflict of
interest in the implementation of this study and the
publication of the article.

FUNDING
This research received no external funding.

ACKNOWLEDGMENT

The author expresses sincere gratitude to the
editor and reviewer of the journal for valuable
comments and recommendations that made it
possible to carefully consider the manuscript and
significantly improve the content and quality of the
article.

Copyright © 2025 by the author(s). This article
is published as Open Access under the Creative
Commons Attribution—ShareAlike 4.0 International
(CC BY-SA 4.0) license. This license permits use,
distribution, and reproduction in any medium,
provided the original work is properly cited.
Derivative works must be distributed under the same
license.

REFERENCES
[1] X.-G. Yang, P.-P. Wen, Y.-F. Yang, P.-P. Jia, W.-G. Li, and D.-S. Pei, “Plastic biodegradation by in vitro
environmental microorganisms and in vivo gut microorganisms of insects,” Frontiers in Microbiology, vol. 13, Art. no.

1001750, 2023, doi: 10.3389/fmicb.2022.1001750

[2] A. Skariyachan et al., “Selection of microorganisms capable of polyethylene (PE) and polypropylene (PP)
degradation,” Microbiological Research, vol. 267, Art. no. 127251, 2023, doi: 10.1016/j.micres.2022.127251

[3] S. Y. Choi, Y. Lee, H. E. Yu, I. J. Cho, M. Kang, and S. Y. Lee, “Sustainable production and degradation of
plastics using microbes,” Nature Microbiology, vol. 8, pp. 2253-2276, 2023, doi: 10.1038/s41564-023-01529-1

[4] Y. Heris, “Bacterial biodegradation of synthetic plastics: A review,” Bulletin of the National Research Centre,

vol. 48, Art. no. 87, 2024, doi: 10.1186/s42269-024-01241-y

166



Bulletin of the Karaganda State Industrial University. M4(51), 2025

[5] J. Choi et al., “Recent advances in microbial and enzymatic engineering for the biodegradation of micro- and
nanoplastics,” RSC Advances, vol. 14, pp. 9943-9966, 2024, doi: 10.1039/D4RA00844H .

[6] Gorish BMT, Abdelmula WIY, Sethupathy S, Dar MA, Shahnawaz M, Zhu D. Microbial degradation of
polyethylene polymer: current paradigms, challenges, and future innovations. World J Microbiol Biotechnol.
2024;40(12):399. Published 2024 Dec 2. doi:10.1007/s11274-024-04211-8

[7] “Current advances, challenges and strategies for enhancing the biodegradation of plastic waste,” Science of the
Total Environment, vol. 906, Art. no. 167850, 2024, doi: 10.1016/j.scitotenv.2023.167850

167



e-1SSN: 3134-8467, p-ISSN: 2309-1177

Chemical and pharmaceutical technologies. Life safety

DOI: https://doi.org/10.53002/111

DEVELOPMENT AND APPLICATION OF BIOPOLYMER MEMBRANES FOR WATER
PURIFICATION FROM HEAVY METALS

"Kabylbekova A., 2Khaldun M.A.

Miras University, Shymkent, Kazakhstan
2University of Jordan, Jordan
*Corresponding author e-mail:aika_kabil@mail.ru

Authors information:

Kabylbekova Aisulu, Miras University, Shymkent, Kazakhstan, e-mail: aika_kabil@mail.ru. ORCID:
https://orcid.org/0000-0003-4167-6800;

Khaldun Mohammad Al Azzam, Department of Chemistry, School of Science, University of Jordan, Jordan. e-mail:
k.alazzam@ju.edu.jo ORCID: https://orcid.org/0000-0003-4097-6991.

Abstract — This article discusses biopolymer membranes as an effective method for removing heavy metals from water
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Anoamna — byn makanana GuornosuMepiti MeMOpaHaiap Cy MEH aFbIH/IbI CyJIapaH ayblp MeTaiapabl KeTipyAiH THIMA1
onici peTiHIe KapacThIpbliaasl. MyHIail MeMOpaHanapAblH JKYMBICHIHBIH HETi3ri NPUHLMUNTEPI, OJapJblH ASCTYPIi
Ta3apTy OMICTEPiHEH apTHIKUIBUIBIFBI, COHAAN-aK OHEPKACIN IeH SKOJOTMsAAa KOJJAHy MYMKIHIIKTEpl CHIIaTTajFaH.
buononumepni  mMemOpaHaNapAblH OpPTYPJdi TYpJEpiHIH, COHBIH IIIHIE XWTO3aH, aJbI'MHAT JKOHE KepaTWH
MeMOpaHaJIapBIHBIH THIMIUTIT Typaibl 3epTTey HOTHKeIepi YerHbUIFaH. Kypeni Ty3iTy, HOH anmMacy jKoHE XUMUSIIBIK
afcopOIms TPOIECTEPiH Koca ajFaHja, OWOTOIMMEpii MeMmMOpaHalapAarbl ayblp METaUl HOHAAPBIHBIH COPOIHS
MeXaHU3MiHe epeKIe Hazap aynapbuiaabl. MeMmOpaHaHBIH KeyeKTiliri, opranelH pH, Temmeparypa >KoHE JacTayIIbl
3aTTapAblH KOHIEHTPAIWACH CHAKTHI Ta3alay THIMAUITIHE ocep eTEeTiH Heri3ri mapaMmeTrpiep KapacThIPBLIAIBI.
Bruononnmepni mMeMmOpaHamapIblH CENEKTUBTUIIMH, MEXaHHUKAJBIK OEpiKTiri MEeH OepiKTiriH apTThIpy MaKcaThIHIA
oJlap/ibl ©3repTy NepcHeKTUBalaphl Ja TAIKblIaHaabl. MyHnail MemOpaHaapabl cybl Ta3apTy KyHenepinae, COHbIH
IIIiH/e 3epTXaHANBIK 3ePTTEYJIEp MEH OHEPKACIIITIK EHTi3ylepAe CITTi KOJIaHy MbICAIIIaphl KENTipiJireH.
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Annomayus — B naHHOU cTaThe pacCMaTPHBAIOTCS OMONOIMMEpPHbIE MeMOpaHbl Kak 3((eKTHBHBIA METO yIaIeHHs
TSDKEJIBIX METAJUIOB M3 BOJIBI M CTOUHBIX BOJI. ONMCaHbl OCHOBHBIE IIPHHIUITBI PA0OTHI TAKUX MEMOpPaH, X IPEUMYIIECTBa
nepen TPaAUIUOHHBIMU METOJAaMH OYHCTKH, 8 TAK)KE€ BO3MOXXHOCTH NPUMEHEHHUS B IPOMBIIIIEHHOCTH U JKOJIOTHH.
[pencraBneHbl pe3yabTaThl HCCIICNOBaHUH O 9 (GEKTHBHOCTH Pa3INYHBIX TUIIOB OHOTIOIMMEPHBIX MEMOpaH, BKIIOYas
XHUTO3aHOBBIC, aJbIHMHATHBIC M KePaTHHOBBIE MeMOpaHbl. Oco0oe BHUMAHHE YIEISAETCS MEXaHH3MY COpPOLMH HOHOB
TSDKEIBIX METaJUIOB Ha OHONIONMMEPHBIX MeMOpaHax, BKIIIOYas IPOIECCHl KOMIUIEKCO0Opa30BaHusl, HOHHOTO OOMEHa H
XUMHYECKOi ancopOuuu. PaccMaTpHBarOTCs KITIOUEBBIE ITapaMeTphl, BIUAIOIINE Ha 3((GEKTHBHOCTh OYHCTKH, TAKHE KaK
HMOpUCTOCTE MeMOpanbl, pH cpexpl, Temreparypa M KOHLEHTpaUs 3arps3HSAIONIMX BellecTB. Takxke 00CykaaroTcs
HEePCHIEKTUBEl MOTU(UKAIUH OHOMOJMMEPHBIX MEMOpaH C LENbIO TOBBINICHHS HX CEJICKTUBHOCTH, MEXaHHYECKON
MPOYHOCTH ¥ 10AroBe4HOCTH. [IpuBeIeHbI MPUMEPHI YCIIEITHOTO IPUMEHEHHS TAKMX MEMOpaH B CHCTEMax BOZOOYHCTKH,
BKJIFOUas J1a00paTOPHBIE MCCIIEIOBAHHS M ITPOMBIIIICHHBIE BHEAPESHUSI.

Kniouesvie cnosa — d6uononumepHbie MeMOpaHbI, TsDKEIblEe METAJIbI, OYMUCTKA BOJBI, CTOYHBIE BOJIbI, XHTO3aH,

aNbIUHAT, KePaTHH, COPOIHS, QMIBTPALUS.

MAIN PROVISION

This study demonstrates the potential of
biopolymer membranes as an environmentally
friendly and efficient technology for the removal of
heavy metals from water and wastewater. The
research evaluates the performance of different types
of biopolymer membranes, including chitosan,
alginate, and keratin membranes, and analyzes the
mechanisms responsible for heavy metal ion removal,
such as complexation, ion exchange, and chemical
adsorption. The influence of key operating
parameters, including membrane porosity, solution
pH, temperature, and pollutant concentration, on
purification efficiency is examined. The findings
confirm that modification of biopolymer membranes
can significantly improve their selectivity,
mechanical stability, and long-term performance,
supporting their application in sustainable water
treatment systems.

INTRODUCTION

Water pollution with heavy metals is a serious
environmental and medical problem, since elements
such as lead, cadmium, mercury and chromium are
highly toxic, capable of accumulating in living
organisms and leading to serious diseases. Traditional
purification methods such as coagulation, ion
exchange, and reverse osmosis have a number of
disadvantages, including high operating costs,
difficulty in application, and the formation of toxic
waste requiring additional disposal.

In this regard, the development of new
technologies with high efficiency, cost-effectiveness
and environmental safety is an urgent task. One of the
promising directions is the use of biopolymer
membranes, which are capable of selectively sorbing
and removing heavy metal ions from aqueous
solutions. These membranes are made on the basis of
natural polymers such as chitosan, alginate, keratin
and cellulose, which have high biocompatibility,
chemical resistance and the ability to bind heavy
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metals due to functional groups such as amino groups,
carboxyl and hydroxyl groups.

Additional ~ advantages of  biopolymer
membranes are their low cost, renewable raw
materials, the possibility of reusable use after
regeneration, as well as minimal negative impact on
the environment. The development and improvement
of such membrane technologies opens up new
prospects for their widespread introduction into water
treatment systems, industrial wastewater treatment
and the creation of efficient filtration plants capable
of providing a high degree of purification without
significant energy and chemical reagents.

Research  gap.  Although biopolymer
membranes have attracted considerable attention as
sustainable materials for water treatment, there is still
insufficient comparative information on the
performance of different biopolymer membranes for
the removal of heavy metals under varying operating
conditions. Existing studies often focus on a single
membrane material or a limited range of
contaminants, while the influence of factors such as
membrane porosity, pH, temperature, and pollutant
concentration on purification efficiency has not been
comprehensively  evaluated. Furthermore, the
potential of membrane modification to improve
selectivity, mechanical stability, and long-term
performance remains insufficiently explored. This
study addresses these gaps by comparatively
evaluating different biopolymer membranes and
analyzing the Kkey parameters affecting their
efficiency in heavy metal removal from water.
Novelty statement. The novelty of this study lies in
the comprehensive evaluation of different
biopolymer membranes, including chitosan, alginate,

and keratin membranes, for the removal of heavy
metals from water. Unlike studies that focus on a
single  membrane  material, this  research
comparatively analyzes the adsorption mechanisms
and the influence of key operational parameters, such
as membrane porosity, pH, temperature, and pollutant
concentration, on purification efficiency. In addition,
the study highlights the potential of membrane
modification to enhance selectivity, mechanical
strength, and durability, providing new insights into
the development of sustainable and high-performance
biopolymer membrane technologies for water
purification.

METODOLOGY

To study the effectiveness of biopolymer
membranes, three types of materials were selected:
chitosan, alginate and keratin membranes. These
materials are natural polymers with various chemical
and physical properties that make it possible to
effectively absorb heavy metal ions from aqueous
solutions.

Chitosan membranes are of particular interest
due to their high sorption capacity due to the presence
of amino groups that actively interact with metal ions.
Chitosan is a natural biopolymer derived from chitin,
the main component of the exoskeletons of
crustaceans and insects. This material has high
chemical activity, resistance to biodegradation and
the ability to form strong films, which makes it
promising for membrane water purification
technologies. The main mechanism of sorption of
heavy metals on chitosan membranes is associated
with coordination interactions between amino groups
and metal cations, as well as with ion exchange
processes.

Fig. 1 — Microstructure of chitosan membranes

Alginate membranes are formed on the basis of
sodium alginate, a natural polysaccharide extracted
from brown algae. They have high hydrophilicity,
which contributes to the uniform distribution of

aqueous solutions in the membrane structure and
effective contact with pollutants. Alginates contain
carboxyl groups that are involved in the sorption of
heavy metals, forming strong complexes with ions.
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One of the significant advantages of alginate
membranes is their ability to gel in the presence of

divalent ions, which can contribute to additional
retention of pollutants in the membrane structure.

Fig. 2 — Microstructure of alginate membranes

Keratin membranes are obtained from natural
protein sources such as wool, bird feathers or hair, and
are highly resistant to chemical influences. Keratin is a
complex fibrillar protein containing a large number of
disulfide bonds that provide mechanical strength and

stability of the material. In the sorption of heavy
metals, keratin membranes use amino groups, carboxyl
groups, and sulfhydryl groups, which makes them
particularly effective against metals such as mercury,
lead, and cadmium.

Fig. 3 — Microstructure of keratin membranes

In the experimental part of the study, the
membranes were exposed to solutions containing lead
(Pb2+), cadmium (Cd2+), and copper (Cu2+) ions. To
evaluate the purification efficiency, metal
concentrations were analyzed before and after the
solution passed through the membrane. The atomic
absorption spectroscopy method was used to
accurately determine the residual content of heavy
metal ions, which made it possible to quantify the
sorption abilities of various biopolymer membranes.

The experimental results showed that chitosan
membranes demonstrated the highest efficiency
against copper and lead ions, which can be explained
by the high density of amino groups in their structure,
which promotes the coordination binding of metals.
Alginate membranes have demonstrated high
efficiency against cadmium due to the presence of
carboxyl groups actively involved in sorption. Keratin
membranes have shown the greatest stability in
conditions of varying pH of the medium, which makes

them promising for use in conditions of complex
industrial wastewater.

Additionally, the membranes were regenerated to
assess their reuse. Various reagents for desorption of
metal ions, including acidic and alkaline solutions,
were used during the study. It has been established that
chitosan and alginate membranes demonstrate high
regenerability when treated with slightly acidic
solutions, which makes it possible to use them
repeatedly without significant loss of sorption
capacity. Keratin membranes have also shown the
possibility of repeated use, but with a slight decrease
in efficiency after several regeneration cycles.

The practical application of biopolymer
membranes in water treatment systems can
significantly increase environmental safety and reduce
operating costs compared to traditional methods such
as reverse osmosis and ion exchange. The main
advantages of such  membranes  include
biodegradability, low cost of raw materials, the ability
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to scale production and adapt to various operating
conditions. In industry, biopolymer membranes can be
used to treat wastewater from metallurgical plants,
battery plants, electroplating plants and other facilities
where significant heavy metal pollution occurs.

In the environmental field, such membranes can
be used to clean natural reservoirs affected by man-
made impacts, as well as to protect drinking sources
from pollution. In agriculture, the use of biopolymer
membranes for filtration of wastewater containing
residues of fertilizers and pesticides, many of which
contain heavy metals, is promising.

The prospects for further research in this field are
related to the development of new composite materials
based on biopolymers that combine several types of
active groups to increase the selectivity of sorption.
Research is also possible on the introduction of
nanotechnology into the membrane structure to
increase their mechanical strength and durability. The
development of new methods for the regeneration of
biopolymer membranes will increase their service life
and make the water purification process more cost-
effective.

Thus, biopolymer membranes represent a
promising solution to the problem of water pollution
by heavy metals, combining high efficiency,
environmental safety and the possibility of reuse. Their
implementation in industrial and environmental
projects can significantly reduce the negative impact of
heavy metals on the environment and human health,
which makes this area relevant for further research and
practical application

RESULTS AND DISCUSSION

The experimental results demonstrated that
chitosan membranes exhibited the highest adsorption
capacity, removing up to 95% of Pb2+ and Cu2+ ions
from aqueous solutions. The excellent adsorption
performance of chitosan membranes is attributed to
their chemical structure and composition. Owing to
the presence of amino groups within the chitosan
polymer chain, these membranes readily interact with
heavy metal cations through the formation of
coordination complexes, enabling efficient removal
of metal ions from contaminated water. Chitosan
membranes showed particularly high efficiency in the
adsorption of lead and copper, making them
promising materials for water treatment applications
in industrial and environmental settings where
elevated concentrations of these metals are present. In
addition to their high adsorption capacity, chitosan
membranes demonstrated excellent regeneration
performance, maintaining their adsorption efficiency
after repeated use. This characteristic makes them
both economically attractive and environmentally
sustainable for long-term wastewater treatment
applications.

Alginate membranes, on the other hand, exhibited
outstanding performance in the removal of Cd2+
ions, achieving removal efficiencies of up to 90%.
Sodium  alginate, a  naturally  occurring
polysaccharide, possesses high hydrophilicity and
abundant carboxyl functional groups that readily
interact with metal ions, forming stable adsorption
complexes with high sorption capacity. These
membranes were particularly effective in removing
cadmium due to their strong affinity for divalent
metal ions such as Cd**. However, alginate
membranes exhibited relatively limited mechanical
strength, reducing their suitability for applications
involving prolonged operation or high mechanical
stress. Nevertheless, their excellent hydrophilicity
and gel-forming ability in the presence of metal ions
make them attractive candidates for the treatment of
contaminated water bodies and industrial wastewater
containing cadmium and other heavy metals.

Keratin membranes demonstrated moderate
adsorption efficiencies ranging from 70% to 80% for
all tested metal ions. Although their adsorption
capacity was lower than that of chitosan membranes,
they proved capable of effectively removing a wide
variety of heavy metal ions from aqueous solutions.
A notable advantage of keratin is its excellent
stability over a broad pH range, allowing these
membranes to maintain adsorption performance
under both acidic and alkaline conditions. This
property considerably expands their potential
applications in water treatment systems where pH
fluctuations frequently occur. Although their
adsorption efficiency was somewhat lower than that
of chitosan and alginate membranes, their resistance
to harsh operating conditions makes keratin
membranes promising materials for wastewater
treatment systems exposed to variable pH values or
high concentrations of contaminants.

The experimental results also demonstrated that
all three types of biopolymer membranes
outperformed many conventional water treatment
technologies, including reverse osmosis and ion-
exchange processes. Traditional treatment methods
generally require expensive equipment, substantial
chemical consumption, and often generate secondary
hazardous waste, reducing their environmental
sustainability. In contrast, biopolymer membranes are
derived from renewable natural materials and are
biodegradable, providing a more environmentally
friendly and sustainable approach to water
purification. Furthermore, their relatively low
production cost makes them attractive for both large-
scale industrial wastewater treatment facilities and
decentralized applications, such as agricultural water
purification and remediation of contaminated surface
waters.
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One of the most important aspects investigated in
this study was the regeneration potential of the
membranes  following adsorption. All three
membrane types exhibited a high degree of recovery
of their adsorption capacity after treatment with dilute
acidic or alkaline solutions, allowing multiple reuse
cycles. Membrane regeneration is a critical factor for
reducing operational costs and extending service life.
Among the tested materials, chitosan membranes
demonstrated the highest regeneration efficiency,
making them particularly suitable for repeated
application in industrial and environmental water
treatment systems. Alginate membranes also showed
satisfactory regeneration performance; however, their
mechanical strength gradually decreased after
successive regeneration cycles. Keratin membranes
maintained good chemical stability but exhibited a
slight decline in adsorption efficiency after repeated
use, which should be considered when designing
long-term treatment systems.

Adsorption and desorption experiments indicated
that the optimal operating conditions for maximum
metal removal depended strongly on both solution pH
and metal ion concentration. Chitosan membranes
achieved their highest adsorption efficiency within a
pH range of 5-6, corresponding to mildly acidic
conditions, whereas alginate membranes performed
best under near-neutral pH conditions. Keratin
membranes exhibited the greatest tolerance to pH
variation, maintaining relatively stable adsorption
performance across a broad pH range. This
characteristic  expands their applicability in
wastewater treatment systems where water chemistry
may fluctuate significantly.

Another important finding was the ability of
biopolymer membranes to perform effectively in real
wastewater systems containing complex mixtures of
contaminants. Industrial and municipal wastewaters
often contain not only heavy metals but also organic
pollutants, microorganisms, suspended solids, and
other hazardous substances. The experimental results
suggested that biopolymer membranes can be adapted
for treating such multicomponent contamination,
highlighting their versatility and practical potential.

In conclusion, biopolymer membranes represent a
highly promising technology for the removal of heavy
metals from water and wastewater. Chitosan,
alginate, and keratin membranes each demonstrated
effective adsorption of different metal ions, while
exhibiting distinct advantages depending on
operational requirements. Chitosan membranes
proved to be the most effective for the removal of
copper and lead ions, alginate membranes showed
superior performance for cadmium removal, and
keratin membranes provided a versatile solution for
treatment under varying pH conditions. Their
excellent regeneration capability and potential for

repeated use further enhance their economic viability
and environmental sustainability, making biopolymer
membranes attractive candidates for a wide range of
future water purification applications.

CONCLUSION

Biopolymer membranes, as shown by the
research results, are a promising means for
purifying water from heavy metals, providing a
solution that can replace traditional purification
methods. Their use is an environmentally safe and
cost-effective approach, since biopolymers are
naturally occurring and biodegradable, which
minimizes the formation of toxic waste. Despite the
high efficiency in removing metal ions such as
Pb2+, Cd2+ and Cu2+, there are certain aspects that
require further attention to improve the overall
performance of the membranes.

Chitosan membranes have demonstrated the
highest sorption capacity due to their highly
effective interaction with heavy metal cations,
however, their mechanical strength needs to be
improved to prevent their destruction during
prolonged use. For this purpose, the possibility of
combining chitosan membranes with other
materials, such as polyesters or synthetic polymers,
can be considered, which will improve their
mechanical  properties  without significantly
impairing sorption capacity.

Alginate membranes have shown high
efficiency in removing cadmium, but their
mechanical strength leaves much to be desired,
which limits their use in conditions with high
mechanical loads. To increase their strength, you
can try using various stabilizers or modifying the
membrane structure, for example, adding fillers that
can improve their stability during operation.

Keratin membranes, despite their high
resistance to pH changes, have shown average
efficiency in removing metals. However, their
resistance to aggressive chemical influences makes
them potentially useful in environments where
traditional membranes can fail quickly. The
development of more effective ways to improve the
sorption activity of keratin membranes, combined
with their resistance to environmental changes, may
expand their application in industry.

Thus, further research should be aimed at
solving existing problems, such as increasing the
mechanical strength of membranes, improving their
sorption capacity and resistance to aggressive
chemical and physical conditions. The development
of these technologies will open up new
opportunities for the effective removal of heavy
metals and other pollutants from reservoirs and
wastewater, contributing to improved water quality
and environmental protection.
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Abstract — This study is devoted to the synthesis of acetylene derivatives of diphenyl ketone under alkaline conditions
using purified acetylene produced under laboratory conditions. Acetylenic alcohols and related compounds are important
intermediates in organic synthesis due to their wide application in the production of pharmaceuticals, fine chemicals,
polymer modifiers, surfactants, and protective coating materials. Therefore, the development of efficient and reproducible
methods for their preparation remains an important task in synthetic organic chemistry. The primary objective of this
research was to develop and experimentally optimize the reaction conditions for the nucleophilic addition of acetylide
anions to the carbonyl group of diphenyl ketone. The activation of acetylene, the stability of intermediate species, and the
formation of the reaction-phase structure were also investigated to better understand the reaction mechanism.
Experimental procedures included the preparation and purification of acetylene, controlled synthesis under laboratory
conditions, isolation of the reaction products, and evaluation of their physicochemical characteristics. The obtained results
demonstrated that the reaction medium and solvent composition significantly affect the formation of the target acetylene
derivative and the selectivity of the process. Optimization of the synthesis conditions resulted in improved reaction
efficiency and reduced formation of by-products. The proposed approach may serve as a basis for further studies aimed
at producing acetylenic alcohols and diols for applications in polymer chemistry, polyol synthesis, advanced coating
technologies, and other high-value chemical products.

Keywords — acetylene, diphenylketone, nucleophilic addition, alkaline catalysis, synthesis of acetylenic alcohols.
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KOCBUIBICTAP OPTaHUKAIBIK CHHTE3/IETT MaHBI3[bI apajiblK OHIMIIEp OOJBIN TaObLIaabl, OUTKEHI onap (hapMareBTHKAIBIK
mperapaTrTap, JKykKa OpPTaHHMKAIBIK XHMUS OHIMJIEpi, MmoiuMep MoaudukaTopiapbl, OETTik-OeJCeHIIi 3aTTap MXoHE
KOpPFaHBIII >KaOBIHAAPHl OHAIpiCiHIe KeHiHeH KonmaHeuiaabl. OcbiFaH OalIaHBICTHI OJAPABI alyIOBIH THIMIL 9pi
KaWTaJllaHFBIII OIICTEepiH o3ipiiey Ka3ipri OpraHWKAJBIK XUMHUSHBIH ©3¢KTi MiHAeTTepiHiH Oipi OO caHATaiHI.
3epTTeyniH HeTi3ri MaKcaThl alleTHINI-aHHOHIAPBIHBIH () EeHUIKETOHHBIH KapOOHMI TOOBIHA HYKICO(HIBIIK KOCBLTY
PEaKIMSACHIHBIH OHTAWIIBI JKaFAalIapblH o3ipIiey KoHE TOKIPUOCTIK TYPFRIIaH KeTUipy Oonasl. Peakius MexaHm3MiH
TEPEHIPEK TYCIHY MaKCaThIHIA AlCTHICHHIH OCIICCHIIPTYi, apaliblK OHIMICPIIH TYPAKTHUIBIFBI JKOHE PEaKIUSIIBIK
XKy#ieHiH (a3ayblK KypbUIBIMBIHBIH KaJIBIITACY €PEKIIENIKTEep] 3epTTeAl. DKCIEPUMEHTTIK 0OIiM alleTHICHAI Ty KoHe
Ta3apTy, OaKbpUIAaHATBIH 3€PTXaHANBIK JKarIaiaap/ia CHHTE3 JKYPridy, peakuus eHIMJIepiH Oelin ay >KoHe OJapIIblH
(u3MKa-XUMHSIIBIK KACHETTEPiH Oarajay Ke3eHIepiH KaMThIIbL. 3epTTey HOTHIKEJIepi PeakLMsUIBIK OPTaHbIH KYpaMbl MEH
EpITKIIITI TAHAAY MaKCATThI allETHICH TYBIHABICHIHBIH TY31yiHE j)KoHE ITPOILIECTIH CEJIEKTUBTIIrIHE eIeyJli acep eTeTIHIH
kepcerTi. CHHTE3 XKarnaillapslH OHTaMIaHBIPY pEaKLUsl THIMAUITIH apTTBIpyFa JKoHE jkKaHaMa eHIMIEpAiH TY3UIyiH
azafiTyra MYMKIHAIK Oepai. ¥CHIHBUIFaH TOCUI IMOJIMMeEp XUMUACHIHIA, TONHONAAD CHHTE3IHIE, 3aMaHAyH KOPFAHBIII
KaOBIHApBIH 3ipieyle jkoHe Oacka Ja JKOFaphl KYHIBl OPraHHKAIBIK KOCBUIBICTApABI OHAIPYIE KOJIAHBUIATHIH
aleTWICH I CIIUPTTEp MEH AUOIApAbI allyFa OaFsITTalFaH OoJaliak 3epTTeyIepIiH FRUIBIMH HeTi3i 001a amazpl.

Tyitin ce30ep — auetuieH, TUPEHWIKETOH, HYKJICO(MIbIi KOCBUTY, CUITLII KaTaln3, alleTUICH CIIAPTTEPi CHHTE31.
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Annomayua — Hacrosiee ucciegoBaHUe IOCBAIICHO CHHTE3y AaIleTUJICHOBBIX INPOM3BOAHBIX IHU(EHUIKETOHA B
LIETIOYHOI Cpesie ¢ UCIIOIB30BAaHNEM OYHUIIIEHHOTO alleTUIIeHA, MOJTYYEHHOTO B TJAOOPATOPHBIX YCIOBUSIX. AIIETUIICHOBBIE
CIUPTHL U POJACTBEHHBIE COCAUHEHHUS SBIIIOTCS BAXKHBIMHU NPOMEKYTOUHBIMU IPOAYKTAMHM OPraHUYECKOI'O CHUHTE3a
Onmaromaps WX MIMPOKOMY NPHMEHEHHIO TIPH TPOU3BOJACTBE (hapMaleBTHUECKHUX IPENapaToB, TOHKHX XHMHUYECKHX
MIPOJIYKTOB, MOJH(HKATOPOB OJIMMEPOB, TIOBEPXHOCTHO-AaKTUBHBIX BEIIECTB M 3alIMTHBIX MOKPHITHH. B cBs3M ¢ 3THM
pa3paborka 3(P(EeKTHBHBIX M BOCHPOM3BOJUMBIX METOIOB HMX IIOJYUYECHHS OCTACTCS OIHOW M3 aKTyaJbHBIX 3ajad
COBPEMEHHOW OpraHndeckod XxuMuu. OCHOBHOHM LIEJIBIO MCCIICIOBAHMS SIBISUIACH pa3pabOTKa M SKCHEpUMEHTAIbHAS
ONTHMU3AIMS YCJIOBUI pPEaKIUH HYKJICO(WIFHOTO NPUCOCIUHEHHS AaleTHINI-aHUOHOB K KapOOHMJIBHOW TpyIre
mudenunkerona. [t 6onee riryb0KOro NOHMMaHMS MEXaHU3Ma PEAKIMH TakXKe ObUTH M3y4eHBI ITPOIECChl aKTHBAIN
aleTWICHa, YCTOHYMBOCTh MPOMEXKYTOYHBIX COCTUHEHHH M 0COOEHHOCTH (opMupoBaHHUS (Da30BOH CTPYKTYpPHI
PEaKIMOHHON cHCTEeMBI. DKCIIEpUMEHTAIbHAS 9acTh BKIIOYANa MOJyYeHNE U OYNCTKY alleTHIIeHa, TPOBEACHNE CHHTE3a
B KOHTPOJHUPYEMBIX JTa0OPATOPHBIX YCIOBHSAX, BBIIEICHHE IPOIYKTOB PEAKIHH M OLEHKY MX (PU3UKO-XUMHYECKUX
xapakTepucTuK. IlomydeHHBIE pe3yibTaTHl MOKA3ald, YTO COCTaB PEaKIMOHHOH Cpeabl W BHIOOP PAaCTBOPHUTEI
CYIIECTBEHHO BIISIOT Ha OOpa30BaHME IIEJIEBOTO aIeTHICHOBOIO MPOM3BOJHOIO M CEJEKTHBHOCTH IIpOIecca.
Ontumu3anys yCJIOBUH CHHTE3a MO3BOJIMJIA NOBBICUTH 3((QEKTUBHOCTH PEAKIMHM W CHU3HTh 00pa3oBaHHE MOOOYHBIX
npoAyKToB. [IpennoxeHHbI TOAX0] MOXKET CIYyXKUTh OCHOBOM AJS JalbHEHMINNX HMCCIEIOBAHUM, HAalpaBlIEHHBIX Ha
MOJTyYeHHE AlETHJICHOBBIX CHHUPTOB M JIMOJIOB, MPUMEHSEMBIX B XUMHHU MOJIMMEPOB, CHHTE3E ITOJIHOJIOB, pa3paboTke
COBPEMEHHBIX 3alllUTHBIX IOKPBITUH U MPOU3BOACTBE APYIHX BHICOKOLEHHBIX OPraHMUECKUX COSAMHEHHH.

Kniouegvle cnoea — anerwnes, IU(EHUIKETOH, HYKJICO(QHIBHOE IIPUCOEIMHEHHE, IIEJIOYHON KaTaliu3, CHHTE3
ALETUICHOBBIX CITUPTOB.
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HEI'I3I'T EPEXXEJIEP

3eprrey OapbichiHIa xoOanmapabl OacKapyOblH
PMBOK, Agile >xone ruOpuaATi ToCinAepiH KoaaaHy
FBUIBIM JKoHE OiiM Oepy cajamapblHAarsl TYPaKTHI
namy KkoOaJapbhIHBIH KOCMapilaHybl MeEH ICKe
achIpbUTy THIMIUNITIH apTTHIPATBIHBI AHBIKTAJIbIL.
Kyiieni ogebuerTepai Tanaay HOTHXKECIHIAE TYPAKTHI
namy JKoOalaphiH iCKe achIpyFa Kelepri KelTipeTiH
Heri3ri (QaxTopiap peTiHae Kap KbUIaHIBIPYIBIH
KETKUTIKCI3/T,  WHCTUTYIHOHAIIBIK  QJICI3IIK,
MYIAeTl  TapanTapAblH  e3apa  iCc-KUMBLUIBIHBIH
KETKUTIKCI3IirT  koHe  0ackapy  TeTIKTepiHiH
KETITMEreHairi aHpIKTanael. JKyprisimren Tammay
XKOOAIBIK OKBITY TOCUIIH JKOFapel OimiM  Oepy
KYHECciHe eHri3y CTYACHTTEpHiH TYpPaKThl AaMy
KY3BIPETTEpiH KaJIBINTACTBIPYFa JKOHE FBUIBIMH-
3epTTeY KBI3METIHIH HOTIDKENUITIH apTThIpyFa
MYMKIHJiK O€peTiHiH KOpCETTi.

KIPICIIE

Bbyn 3eprrey anermienniy (C2H>) cinTini oprama
U EHIITKETOHMEH (pH2CO) OpEKeTTeCyiH
3epTTeyre KOHE jJKaHa alleTHJICH TYBIHABUIAPBIHBIH
TY3UTy MEXaHM3MIEpiH aHBIKTayFa apHaJFaH.
AneTuieHHIH KapOOHUITI KOCBIIBICTApMEH
HYKJICO(UIBIIK KOCBITY peaKkusIapbl OPraHUKaIIbIK
CUHTE3/IeTl MaHBI3Abl OarbITTapAblH Oipi  OOJBII
TabblTambl,  ce0ebi  omapAblH ~ HOTIDKECiHAe
(bapmaneBTHKaa, TOIUMEPIIEp XUMUACHIHAA, KyKa
OpPraHUKaJIBIK CHHTE3[C JKOHE (DYHKIIMOHAIIBIK
MaTepuaiap OHMIPICIHAC KOJJIAHBLIATHIH KYHIIbI
aleTWICHI CIUPTTEP MEH JuoJigap Ty3UIeml.
PeaknmsHBIH ~ THIMIINITT  peaknusUIbIK — OPTaHBIH
Kypambl, CUITI  KOHIIEHTPALHUSACHL,  EPITKIIITIH
TaOWFaThl, TEMIEpaTypa JKOHE  alleTWICHHIH
Ta3aNbIFbl CHSIKTHI (DakTopiiapra TiKeneH Toyei.
ConpplkTan OyJl mapameTpiepli OHTaWIaHIBIPY
’KOFapbl IIBIFBIMABUIBIK TI€H MAaKCaTThl OHIMHIH
CCJICKTUBTLIINH KaMTamachl3 €TYJIH MaHbBI3/bI
IapTHI OOJIBIT TAOBLIAIbI.

OcBI J)KYMBICTa 3epTXaHAJIBIK JKaFAaii/1a alTbIHFaH
Ta3apThUIFaH  aleTHiIeH  KOJJIAHBUIBIIN,  OHBIH
TM(QEHWIKETOHMEH  9pEKeTTecy  epeKIIeNiKTepi
TOXKipuOeNiK Typae 3eprrenai. 3epTrey OapbhIChIHIA
CHHTE3 JKYpri3y, peaxkuus xykhecingeri Qasaibik
e3repictepai 0akpuiay, epiTinaiHig pH xepceTkiutin
aHBIKTAY YKOHE peaKIfs MEXaHWU3MIH TaJJay Ky3ere
aceIpblUibl. COHBIMEH KaTap PEaKIUsUIBIK OPTaHbBIH
Kypamsl MEH epITKILITIH alleTUIICHHIH
Oencenaipinyine, apanbIK eHIMAEPIiH
TYPaKTHUIBIFBIHA YOHE COHFBl OHIMHIH TY3iTyiHe
acepi OarayiaHIbl. AJIBIHFAH HOTHKEJIEP alleTUIICHHIH
KapOOHMII KOCBIIBICTApMEH opekerTecy
MEXaHU3MIiH TepeHIpeK TYCiHyre MYMKIHIIK Oepexi
JKOHE JKOFaphl THIMJINITT 0ap OpraHHWKasbIK CHHTE3

omiCTEpiH o3ipiieyre FBUIBIMH HETi3  Kajaimbl.
3epTrey  HOTWXKeepi  MONUMEP  XHMMHSCHIHIA,
MOJIMONAAp CHUHTE3IHIEe, KOPFAaHBIII >KaOBbIHAAPHIH
eHJIipyde JkKoHe Oacka J1a (YHKIIMOHAIIBIK

OpTaHUKAIIBIK KOCBUTBICTAPJBI alyJa KOJIaHBLTYBI
MmymKiH [1-3].

3epmmeyoiy maHbi30bL1b1261. TYpakThl IaMy
KaFuaaTTapblH FBUIBIM MeH OimiMm Oepy »xyilecine
€HT13y Kazipri Ke3eH Ier1 sKahaHIBIK
OacBIMJIBIKTApBIH  Oipi  OOJBIN TaObUTABL. by
3epTTey Ko0amappl 6ackapy TOCUIIEPiHIH TYPaKThI

JaMyIsl  KaMTaMachl3 eTy[eri peiiH Oaranar,
HurepussHpiH  FBUTBIM ~ KQHE  OumiMm  Oepy
CEKTOpJIaphIHAA oJapabl THIMII KOJIAaHy

MYMKIHIIKTepiH Tangaiapl. 3epTrey HOTHXKeNepi
TYpakThl JaMy MakcaTTapblHa KOJ JKETKi3yre
OarpITTaFaH OimiM Oepy casicaTbhlH KETUIIIpyTe,
xobanmapapl OacKapyIblH THIMALIITIH apTTHIpyFa
JKOHE FBUTBIMU-3€PTTEY KbI3METiH YHBIMIACTHIPYABIH
3aMaHay¥ TOCUIIEPiH AAMBITYFa MPAaKTHKAIBIK HETi3
Oomanpl.

3epmmeyoin scananvizol. 3epTTEYIH FHUIBIMHA
JKaHAIBIFBI HUTepUsSHBIH FHUIBIM JKOHE OLTiM Oepy
caJaJapbIHIa TYPAKThl 1aMy Il KAMTAaMachl3 eTy/eri
xobamapapl 0acKapy[OelH pPOJiH KeIIeHIl Typhae

Oaramayesinna. JKymeicra PMBOK, Agile xoHe
ruopuaTi  ko0anmapael  0ackapy — TOCUIIEpiHIH
THIMIIUTITT  Kydem oneOWeT IoNybl Heri3iHae

CANTBICTHIPMANBI  TYpPJC TANJAHBIN, TYPAKTHl JaMy
MakcaTTapblHa KOJ JKETKi3yre BIKIIaJ €TeTiH HeTi3ri
(hakrop:ap AHBIKTAJIIEL. ConsiMeH Karap,
y)obamapabl 0ackapy, MYIJeNi TapanTapiblH e3apa
IC-KMMBLIBI  JKOHE TYPAKThl JlaMy HOTIDKeNepi
apachlHIarbl  e3apa OalJIaHBICTHI  CHUMATTANTHIH
TYKBIPbIMJIaMa-JIbIK MOZEJb YChIHBLI/IBL.

OJAICTEP MEH MATEPUAJIJIAP
AnerwieHHIH TU(EHUIKETOHFa HYKJICO(PUIbIi
KOCBUTY PEaKIMACHIHBIH KYMCaK Karjaiiapaa —
OTIICIl MeTajiapibl HEMECe JKOFaphl KBICHIMJIbI
KoJmaHOail — OipiHIII peT 3epTXaHAIbIK JXarjaaiiia

pacrangel.  Cinrinik  katanuzatopiapasl  (KOH)
KOJITIaHy aleTUIECHHIH TUIMOI aKTUBTCHYIH
KaMTaMachkl3 €TETiHI, OJaH KeHiH KETOHHBLIH
KapOOHWI  TOOBIMEH  opekerTecyre  KaOinerTi

ANCTWIUATEPAIH TY3UTyl aHBIKTAIABL. PeakiusiibiK
KOCTIaHBIH JIMHAMHKAJIBIK MIHE3-KYJIKBl  TypaJbl
TOKIPHOENK JepeKTep aiblHABL: YII  (hazaibl
KYPBUIBIMHBIH KaJIBIITACYBIMEH KYPETiH >KYHEHIH
TYCIHIH, TYTKBIPJIBIFBIHBIH ~ KOHe  pH-HBIH
cUMaTTaMainblK e3repicrepi Tipkengi. CHeKTpIik
MOJIIMETTEPMEH pacTajfaH, KypaMblHAa THIAPOKCHI
XoHe BUHMI (pparmentrepi Oap gen OoJnKaHATHIH
JKaHa aleTHIeH TYBIHbUIAPBIHBIH Naiijia O0ybIHBIH
nonenzepi anslkTan sl JKyleHiH Qu3uKa-XUMUSITBIK
KAacUeTTepl XKoHE ALECTWIMATI KeIeHIACPAl IUOJIIBI

177



e-1SSN: 3134-8467, p-ISSN: 2309-1177

KYpBUIBIMAApFa OJaH opi TYPICHIIPYIiH MYMKiH
KOJJIApbl HAKTHUIAH/TBL.

Kacanran CHHTE3 oxici
KapanaibIMABUIBIFEIMEH, — KAYINCI3JIriMEH  KOHE
peareHTTepaiH KOJDKETIMAUINIMEH CHIATTalaIbl,
Oyl OHBI OKy JKOHE FBUIBIMH 3epTXaHajap YIIiH
KoJjainmel  eredl.  KonmaHbuiaTelH — KaFmaidiap
(KaJBINITHl  TEMITEPATypa, YJbl KaTalu3aTopiapiblH
0oiMaysl, MUHUMAIABl KaJAbIK) Oyl mporecTi
OPTaHUKAJIBIK CHHTE31H IKOJIOTHUSIIBIK Ta3a HYCKACHI
peTiHAe KapacThIpyFa MYMKiHJIK Oepexi. AJBIHFaH
KOCBUIBICTap KOPPO3HSIFA KAPChl KAOBIHAAP/IBI JKOHE

OpPraHMKAJIBIK ~ TUAPOTENBIEPAI KOca  aJiFaHna,
MOJIUMEPJII  KOHE  KOPFAaHBIC  MaTepHUaiapblH
CUHTE3/IeY YIIiH IIpeKypcopIIap petiHae

MaigamaHbUTYl MYMKIH. OJICTEeMEHI aleTHUICHHIH
PEaKTHUBTLNITIH KOPCETyJe OKYy MaKCaThIHAA, KOCYy
peaknmusuiapel  MEH HYKICODHIBAI  OpeKeTTecy
OOHBIHIIIA OKY MaTepHaJIbIH KeHeUTyre 0onanbl. byn
3epPTTEYAIH HOTHIKEJIEPl OPraHUKAJIBIK CHHTE3 JKOHE
MaTepHalNTaHy  calachIHIAFbl  opi  KapalFbl
3epTTeyiepre, COHIAal-aK apoMaTThl KeTOH/AapFa
HETI3JIENITeH KYPBUIBIMAAPAsl  MoAuQUKanusiayra
HeTi3 6omajpl.

Ocpnaiima, 3epTTeydiH TEOPHSUIBIK  JKOHE
KoJIaHOael MoHI O6ap. O arneTnsieH MeH KapOOHIT
KOCBUIBICTaphI apachIHIAFbI peaKuusIIapIbIH
MEXaHU3MJIEPiH TEePEeHIpeK TYCIHyre BIKMAI eTei
XKoHe Oip yakpITTa albIHFAaH MOIIMETTepAl JKaHa
MaTepuaiiap MEH TEeXHOJOTHSIIapIbl d3ipiieye
MPaKTUKAIBIK KOJJIAHY MYMKIiHJIITiH KOpCETE/i.

Anermnen (CpH;) eH kapamailblM  alIKWH,
KOMIpPTEK aTOMJaphl apachlH/ia YIITIK OaliIaHBICTBIH
OoNypIMEH ~ cUmarTanaabl.  m-OalIaHbBICTapAbIH
’KOFapbl KOHIEHTPAIMACH AIlETHJICH MOJIEKYJIachlH
HYKIeOQWIbIi  KOCBUTy  KOHE  IOJMMEpJIeHY
peakuusiapeiHal eTyre KaoOimerti eremi. CinTutik
karanuzaTopraapiasie (mbicansl, KOH) katbicysiMeH
aneTHsieH aWKbIH HYKICO(PWIBIUITH KOPCEeTeTiH
anetruati anuonaapasl (CoH) Ty3e anausr:

C,H; + KOH — KCoH + H2T (1)

Byt Gerncenai Typiep ruapaTaius Ke3iHae Juoi
TYpiHEe aiHalmybl MYMKiH apaiblK BHHWI CIUPTIH
KaJIBIITACTBIPY YIIiH KETOHHBIH KapOOHHI TOOBIHBIH
INMEeKTpOoPHIBAl  OpTANbIFBIHA, Oy  Kardaima
mudennn ketonra (CsHs)CO-ra maOysin xacayra
KaOu1eTTi. PeakMsAHBIH XKaJIIIbl CXEMACBIH Keleciaen
KepceTyre 60Iab:

(CeHs).CO + 2C,H; — (CsHs)C(C=CH), (2)
e (CeHs)zC(OH)CH:CHz

AJBIHFaH KOCBUIBIC - TETPaOyTHHEINOJ HEMECe
OHBIH alleTUICH aHAJIOTHI - KOPFAHBIC KAOBIHIAPHIH
OHJIIPY YIIIH KOJJAHBUIATBIH IOJIMOJIAAP MeEH

MOJTIMEP KYHENIepiHiH CHHTE3IHIE apaliblK OHIM
peTiHze KBI3BIFYIIBUIBIK TYABIPAIbI.

AUETHICH TeHepaluschl. ALETHICH KalbIUi
KapOWmiHIH CyMEH OpEeKeTTeCyi  HOTHKECIHJe
QITBIH/IBL:

CaC; + 2H,0 — CoHa1 + Ca(OH)2 3

[poriecc KpuTy JXaHE Ta3 TIpi3ec aneTHICHHIH
OemiHyiMeH KaTap >XYpAl, o1 Ti30eKTel KOCBUIFaH
TOPT KoJI0aJaH TYpaThIH Ta3apTy *XYHeci apKbUIBI
OarbITTAJIIBI:

1. Xpom xocmacel (KoCrO7 + HSOs) —
(hocdop MeH KyKipTi Oap KocHanap/ sl KETipy;

2. KMnOs epiTiHIiCI - KaJIBIK OPTaHUKAIBIK
JIACTayIIbI 3aTTAP/(BIH TOTHIFYHI;

3. Araptkemn  (NaClO) - opraHuKalbiK
OyJap/ibl KOCBIMIIIA TOTBIFY JKOHE JIC3aKTHBAIUSIIAY;

4. Oupipinren ok Ca(OH); - amermmenzi
KeMNTipy J)KOHE KBIIIKBUIJIBIK, KaJIABIKTApIbI
OeliTapanTaHabIpy.

OpOip Ko0a apKbUITHI Ta3 aFbIHBI TOH KOMIPITIKTI
IBIOBIC  apKbUIBI KO30eH OakpuUlaHABI. TazapTy
asKTalFaHHaH KeHiH alleTHIeH PeaKIUsUIbIK Kobara
KiOepii.

Peakumsa Oecinmi konbama XKypri3iimi, OHBIH
iringe:

- 250 MJ1 KenTipiireH OpraHuKaNIbIK epiTKII;

- Kartanuzarop petinae 60 T KaJaui THIPOKCHII
(KOH);

- 151 pudennnkeToH.

Komba mamamen 100°C  TemmnepaTypana
yCTajaTelH Cy MOHIIACHIHA KOMBULABI. ALETHICHI1
peakIMsIIBIK KOCHaaH oTKi3TeH e KeJleci e3repicrep
OaliKaIabl:

- KOH xockanHaH KeifiH epiTiHai Kapa KOHbIP
TYCTI;

- JludeHUNKeTOHAB KOCKAaHHAH KeHiH Kocma
YKEHLIT ’KoHEe OIpTEKTI OOIIBL;

- 15-20 MuHYT imIiHAE peakIUsIIBIK KOCIa
OipTe-0ipTe ©3iHIH OYJIIBIPIBIFBIH JKOFAITHII, aK
TYCTi yCaK KOCBIHABUIAP Naiga G0k

Peakuus asixranranHaH keitin Kocma 20% cipke
KBIIIKBLIBI epiTiHIiCIMEH OipTiHgen
OeliTapanTaHAbIPBUIIBL:

KOH + CHsCOOH — CH3;COOK + H,0 (4)

KpIkpael Kocy kesinzge kocnanslH pH MoHi
10-HaH 6-ra JeiiiH e3repi, HOTHKECIHIE YIIl (pa3aibl
KYie maiina 60mIbL:

1. Xoraprel KabaT: MaiiiIbl capbl OPraHUKAaJIBIK
dasza;

2. OpraHFbl Kabart: JaiIbl TY3 epiTiHjic;

3. Temenri kabaT: THIFBI3 KOHBIP TYCTI Macca
(ruaporens TOpi3ai KYPbUIBIM).
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24 caraTrTaH KeHiH KOCMACHl TYpaKTaHIBI.
XKoraprel (aza OeniHill, MaKCaTThl AallCTHICHII
KOCBUIBICTaphI 0ap peakius OHIMiH KOPCETTI.

Nel sxome Ne?2 3eprxaHanblK xK00amapbIH
CaITBICTHIPMAIBl TAAAYBI

byn OGemimme cinrimi katanmmzatop (KOH)
KaTbICYbIMEH alleTUIICHHIH (CoHy)
mudpenmnkeroamMer (PhoCO) peakumsceiH 3epTrey
VIOIH OKYPri3UIreH €Ki 3epTXaHajblK IKOOAHBIH
canpICTBIpManbl Tangaysl OepinareH. Exi xoba na
JKaHa alleTUIICH TYBIHIBUIAPBIH ATyFa )KOHE OJIap/IbIH
(hHM3UKa-XIMUSITBIK KaCHeTTepiH 3epTTeyre
OaFbITTAJIFaH.

Cypert 1 — AuetwiieH TU(QEHUIKCTOHMEH
OpeKeTTeCKeH/IeH KeHiHri OHIMHIH (a3aiblK Kyii

Herisri aifpipMaripuIbIKTap:

1. BipiHm 3epTxaHajiblK X00a 3epTTEYIIUTIK
cHIaTTa 0o B KOHE alleTUIICHHIH
() EeHUITKETOHMEH OpeKeTTecyiH OpHaTyFa
MYMKIiHIIK ~ Oepmi, Oyl JkaHa  KOCBUIBICTHIH
OKIIIayJIaHybIHA SKEJIJII.

2. ExiHmn  3epTxaHanblk — >xo0a
MexaHm3MiH, pH OakpUiayblH  JKoHE
MIAPTTAPbIH TYCIHAIpYTe OaFbITTaIFaH.

3. Ouimzeri abpIpMalIbUIBIKTap  (YHTAKTHI
KOHE MAaMIBl) OpTYpJI peakuus Ke3eHIepl MeH
epITKILI )KaFaaiaapbiHa OaiIaHbICTEI OOTYBI MYMKIH.

4. UK CHEKTpIIEpi T(EHMITKETOH
TYBIHIBIJIAPBIHA TOH AapoOMAaTTbl, AaleTHJICH >KOHE
THIPOKCHII TONTaphl Oap KOCBUIBICTAPIBIH TY3UIyiH
pacrtaiijpl.

byn OakpuIayIap KapOOHWT TOOBIHA
AleTWINATIH HYKICO(QWIbAl KOCBUTy MeXaHU3MiHe
KATBICTBl TEOPUSUIBIK TY)KbIpBIMAaMalapra CoHKec
kenemi. CUITUTIK opTa aneTHIeH Il OeJceHaipei, an
opraHukanbslk  (asa  apainblK  KOCBUIBICTAp.IbI
TYpaKTaHIbIPAZIbL.

peaxius
CHHTE3

HOTUKEJIEP )KOHE TAJIKBIJIAY

AnbiHeaH KOCbLIbICIbIY 2NEYemmi NPpaKmuKaibIK
xKondauviiyvl.  CiNTiMK  opTrajga  aleTHICHHIH
I eHIIIKETOHMEH opekerTecyi HOTWIKECIHE
TY3UITeH 3epTTey OaphIChIHAA aJbIHFaH KOCBUIBIC
KYpaMbIHIa THAPOKCHI OHE aleTHIeH (Hemece
BUHWI) (PYHKUMOHANABIK TONTapel Oap apoMaTThI
TYBIH/IBI OOJIBIT TA0BUIAIbI. KOCBUTBICTBIH YCHIHBUTFaH
KYPBUIBIMBIH (CeH5)2.C(OH)-CH=CH,  memece
(CeH5)2.C(OH)-C=CH ¢dopmynackiMeH CHIATTayFa
oonanpl [4]. OyHKUMOHANIBIK (QparMeHTTepAiH Oyl
TIpKeciMi oJeyeTTi MPaKTUKAJBIK KOJIaHOaIapabIH
KCH ayKbIMBIH aHBIKTaHIbI.

AUETUICH KOHE BUHHWI TONTAPBl KOFAphI
PEaKTUBTI JKOHE MOJMMEPIICHY HEMECE COTIOJIUMEpIICY
TIpoITecTepiHe KaThIca ajaabl. XOI HicTi pparMeHTTep
MaTepHaliFa KaTThUIBIK IEH TEPMUSUIBIK TYPAKThLIBIK
Oepeni, an THIIPOKCHIT TOTITAPHI Oacka
KOMIIOHEHTTEPMEH aJre3uss MeH YIIeCIMIUTIKTI
aptThipanbl. OcblFaH OailylaHBICTBI OYJ1 KOCBUIBIC
MBIHAJIApABI  OHAIPY YIIiH MOHOMEp Hemece
MPEKYPCOp PETiHJIE KBIBMET €TE AJIaJIbL:

1. BICTBIKKA TO3IMJIi KOHE XUMHSIIBIK TYPAKThI
MOJUMEPIIE;

2. KOoppo3usiFa  Kapchl
OKIIAyJIaFbIII )KaObIHIAD;

3. agresuschl KOFapbUlaraH O0o0sy, JlaKk >KOHE
JKEITIM JKyHenepi.

Oceiran ykcac OarpiTrap MepkynoB B.B. sxone
Anekcanap A.W. (2024-2025) endekrepinae OenceH i
TYpJE 3epTTeNyie, MYH/a YKCAC XOII HIiCTI alleTUICH
TYBIH/BLUIAPHI arPECCHBTI OpTara TO3IMII KOPFaHbIC
*KaObIHIAPBIHBIH ~ Kypamzjac OelikTepi  peTiHze
nangajgaHbUIagbI.

bencenni ¢pyHKIMOHAABIK TONTAPABIH OOYHI (-
OH »xone -C=CH nemece -CH=CH>) OyJ1 KOCBUTBICTBI
0acka OpraHMKanblK 3aTTap/blH CHUHTE31 YIIiH
omOebarn KyphUIBIC MaTepUallbl peTiHjIe Mai ananyra
MYMKiHAIK ~ Oepeni. On  Kkemeci  peakuusuiapra
YIIBIPAYbl MYMKiH:

1. ruaparanms - KETOHAAP MEH TUOJIAAPIIBI TY3Y;

2. THaprey - KaHBIKKaH CIIUPTTEP TY3Y;

3. ranoreHjiey - BHHWITAIOTCHUATEP any (Mo-
JIMBUHUJIXJIOPUJT CUHTE3IHJIET] apajIbIK OHIMJIEP);

4. TOTBIFY - apOMATTHI KBIIIKBLUIIAP/IBIH HEME-CE
Kypaeni aupiepaid Ty3i1yiMeH.

Ocpblnaiiia,  KOCBUIBICTBI
XUMIBUTBIK ~ KacHeTTepi 0ap JKaHa OpraHUKAIIBIK
3aTTapAblH MaKCcaTThl CHHTE31 VIIiH OacTarKsl
KOMITOHEHT PETiHJIe KapacThIpyFa OOJa/IbL.

KypambIH/a atieTriieH sxoHe THIPOKCHIT TONITaphI
0ap KOCBUIBICTap OHMOJIOTHSLITBIK oencenai
KOCBUIBICTAP/IBIH CHHTE3IH/IE apaliblK OHIM pEeTiHJIe
KU1 KOJIAHbUIaZbl. MOJEKYJIaHbIH  XOII  HICTi
TaOUFaThl )KOHE THJIPOKCUIT TONTAPLIHBIH 00JTYbI OHBIH
KYPBUILIMBIH KaOBIHYFa Kapchl, OakTepusFa KapcChl
HEMECEe  AHTUOKCHIAHTTBIK  OeiceHmimiri  Oap

JKOHE  DIIEKTPIIK

KYHIBl  (U3HKa-
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TYBIHABIIAP ally YIIIH ©3repTyre MyMKIHIIK Oepenmi.
Ocpinaiima, 3epTTeNeTiH KOCBUIBIC JKaHa JOPLTIK
3aTTapJblH CHHTE31 YLIIH JA9PUTIK OpPraHUKAIbIK
XUMUSIHBIH, TIPEKYPCOPBl  PETiHIE KBI3BIFYIIBUIBIK
TYJIBIPYBI MYMKIH.

Konbploranusimanran m-xyienep, COHBIH IITiHae
apoMaTThl CaKMHAIap MEH aleTWICH (parMeHTTepi
OTKI3TIIITIK IMeH (POTOCE3IMTaANIBIKTE KopceTei. by
OY1 KOCBUIBICTBI  OmnTodNIeKkTpoHmkama, OLED
JHCIUICHIIePiHE XKoHE POTOIEKTPIIK KYPhUIFbLIapaa
KOJIAaHbLIATHIH OpraHuKaJIbIK XKapThUIal
OTKI3TIIITEPIIH, CCHCOPIAPABIH KoHE (POTOIOIMMEpP
MaTepualIapbIHbIH JJICYEeTTi Kypamaac Oeliri peTinae

KapacTelpyFa  MyMKiHAIK  Oepemi.  [mumpoxcun
TONTApbIHBIH ~ OONyBl  cyOCTpaTKa  KOJAAaHFaHZA
TYpaKThl JKyKa KaOBIKIIamapAslH TY3UTyilH Je
JKEHUILIETEI].

ApoMarTel KOHE THAPOKCHIAL OeNiKTepaiH

0oIrybIHa OalIaHBICTHI KOCBUTBIC TTOUMEPITI XKYiienep
YIIiH KacueT MOAU(MUKATOPHI pEeTiH/Ie MaiaaTaHbLITybl
MYMKiH. OHBI KOMIIO3ULIMSIIAPFa SHT13y METalll )KoHe
IIBIHBL  OeTTepre ajare3wsHbl JKaKcapTaabl KoHE
EpITKIIITEpre, BUIFAJIFA JKOHE TCPMHSJIBIK KapTarora
TO3IMILTIKTI KaKcapTaasl. MyHmai kocnamap 0osty,
JIaK, KeJiM, KOMITO3UTTIK OHEPKICINTE KOJIIaHBLIAIbI.

KocbutblcTel  amynwslH — o3ipiieHTeH  ofici
KapamaibiM JKoHE Kayincis. Peakiusnma oHall Kout
KETIMIII peareHTTep — KaJlblMH KapOuai, Kayuii

THAPOKCH/II KSHE CipKe KBIIKBUIBI KOJITAaHbBLIA L.
[porecc oprama Temreparypana (100°C neitin) yibl
KaTanu3aTopiapsl HEMece ayblp MeTajIap/bl
KoimanOail  kyprizimenmi. byn  omicti xumms
OHEPKACIOIHIH TYpaKThl JaMybl VIINiH aca KaxeT
«OKachll ~ OpraHWKAaJbIK  CHHTE3»  OJliCTeMeciHe
KaTKBI3yFa MYMKIHJIIK Oeperti.

Ocblnaiiia, anbIHFaH KOCBUIBIC KOFapbl FBUIBIMU
KOHE TPaKTHKaNbIK MoHre ue. On ameTwsigeH MeH
THJPOKCUII TONTApBbIHBIH PEaKTUBTLIIMH XOMI HiCTi
(parMeHTTIH TYpaKTBUIBIFBIMEH YHecTipedi, Oy
OHBl OJlaH opi NalifjajaHy YIIH NEePCIEeKTHBAIBI
Marepuan eTeIi.

KOPBITBIH/bI

Ochl 3epTXaHaNbIK XKXYMbBIC OapBICBIHIA CLITLM
KaTaJM3aTOPAbIH KaTBICYbIMEH AM()EHHIKETOHHBIH
alleTWICH TYBIHABICHI ~ CHHTE3NENNi. ALCTHICH
Ta3apThUIABI JKOHE OCICEHIIPUIAl JKOHE TYPaKTHI
OpPraHUKaJIbIK ©HIMI KaJbIITACTBIPY VINIH KOCY
PeaKLUsIChI XKYPriziimi.

3epTxaHajbIK 3epTTEYJIEPAiH e€keyi je Oip
3epITey LUKIIHIH Oipi3ai  Ke3eHIepiH Ourmipeni:
OipiHIIiC] - OHIM/I allly JKOHE COMKECTEeHIPY, eKiHIIIC
- MEXaHM3M[i 3epTTey JKOHE KYpPbUIBIMIBI pacTay.
AnbIHFaH MaJTliMeTTep J(peHUITKE TOHHBIH
alleTHJICHMEH  OpeKeTTecyi  Ke3iHje  KeMipTeri-
KOMIpPTeKTI OailmaHplCTapablH TY3UIyiH pacTail/ibl

JKOHE TTOJTMMEP MEH KOPFaHBIC KaOBIHIAPBIH OJIaH opi
CUHTE3/ICY VIIIH TOKIpHOEIiK HEeT13 00Iapl.

ABTOPJIAPJIbIH YJIECI

(maxkconomun CRediT):

Yreryn A.C. — 3eprrey TYKbIpbIMJIaMachlH
a3ipiey, omiCHaMaHBl dJ3ipiey, 3epTTey KYprisy,
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