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COBEPIIEHCTBOBAHUWE CUCTEMbI MEHE’KMEHTA IPEJIPUSATHAN HA
OCHOBE IPUMEHEHUA METOJA CAMOOIIEHKH

AHHOTAUA

B crarpe mpuBOAATCS Pe3yMbTaThI MPAKTHYECKOTO TTOAXO0/IA K UCTIOB30BAHUI0 MEXaHU3Ma CaMOOIICHKH
JESITSILHOCTH B (JOPMHPOBAHUU W COBEPIICHCTBOBAHWM CHUCTEMBl MEHEIKMEHTA KaueCTBa OpraHH3allUH.
Pa3BuTHe cHCTEMHOTO yTNpaBiICHUS Ka4eCTBOM BCEX BHJIOB HAIPABICHHUM NEATEILHOCTH OTEYCCTBECHHBIX
MIPEPUATANA CTAHOBHUTHCS (PAKTOPOM WX KOHKYPEHTOCIIOCOOHOCTH, KaK Ha HAI[MOHAIBHOM, TaKk W Ha
MEXIYHApOJHOM TOPIOBOM pBIHKE. PYKOBOAMTENM Ka3axXxCTaHCKUX KOMIIAaHUM Bce OOJIbIE HAYMHAIOT
oOpaiaTh BHMMaHHE Ha COBPEMCHHBIC YIPABJICHUYESCKHE KOHLEIIUM W TCOPHH, KOTOPBIC COCTaBJISIOT
KpaeyroJIbHbIA (DyHIaMEeHT pabOThl MHOTUX BEAYIIHUX 3apyOeKHBIX (UPM, OPUEHTHPOBAHHEIX, TIPEXKIE BCETO,
Ha pa3pabOTKy CTpaTermYecKHX IUIAHOB WX Pa3BUTHS C MPUMEHEHHEM OIEHOYHBIX KPUTEPHEB CHIIBHBIX U
CITa0BIX CTOPOH JIEATEIILHOCTH, a TAKXKE [TO3BOJISIONINX aHAIM3UPOBAThH PeaibHbIe BO3SMOXKHOCTH, PECYPCHI U
YSI3BUMBIE MECTA MPEANPUATHUS IO OTHOUIEHUIO K BHEIIHEMY OKpY>KE€HUI0. OIHUM U3 TaKUX UHCTPYMEHTOB
SIBIISIETCS] METOJ] CAMOOIIEHKH JIEATENILHOCTH TPEATNPHUATHS, KOTOPBIH ITO3BOJISET MONyYaTh MOMHYI0 KapTUHY
€ro JIeATeTHLHOCTH, y3HaTh, YIAOBJIETBOPEHBI JIM €T0 TOTPEOUTENH, TMEePCOHAN, MapTHEPHI, MOCTABIIUKH,
AKIMOHEPHhl M OOIIECTBO B IICJIOM. B Toxxe BpeMs NpPUMEHEHHE Ha TMPAKTHUKE CaMOOIICHKH 00eCIHeuuT
CUCTEMHBIN IOIX0J] K COBEPIICHCTBOBAHHIO OM3HECAa, 4TO TpeOyeT MeXIyHapOAHBIN CTaHAapT B 00IacTH
KadecTBa. B CBA3M ¢ 3TUM aKTyaJIbHBIMU CTaHOBATCS BOTIPOCHI M3YUCHUS COMEPIKAHISI, METOJOB, MOJIEICH 1
MpoIIecca CaMOOIIEHKH, €T0 MECTa U POJIM B CUCTEME MEHEKMEHTA KauyeCTBa MPEIIPUSTH, KaK OTHOTO M3
KITFOUYEBBIX IIATOB HA IyTH YKOPEHEHHUs (HMUI0COPUH KayecTBa B IMPAKTHKE JEATEIIbHOCTH Ka3aXCTaHCKHX
KOMIIaHHM.

KaoueBble cjoBa: cucrteMa MEHEDKMEHTAa KayecTBa, WMHCTPYMEHTHI KauecTBa, CUCTEMHOE
yIpaBJieHHEe, CaMOOIEHKa, COBEPIICHCTBOBAHUE, MPENIPHUITHAE, HAIPABICHUS JEATEILHOCTH, KOHKYPCHI B
00/1aCcTH Ka4ecTna.

BBenenue

Bormpochl noBbIIeHHsI KOHKYPEHTOCIIOCOOHOCTH TPEANPUATHIT OCOOEHHO aKTyaJbHBI IS
Pecniyonmuku Kazaxcran ceromns. st perieHuss JaHHOW 3a/laud BBICIIUM PYKOBOJCTBOM JTFOOOM
OpraHu3aIi HEOOXOAUMO co3aaHue YPPEKTUBHON CHCTEMBI MEHEIPKMEHTA, OPUEHTUPOBAHHOM Ha
JNOCTIKEHUE CTPAaTErMYeCKUX ILeJei, pe3ylbTaroM KOTOPOW SBISIFOTCS, POCT MPHUOBLIH,
peHTa0eTbHOCTH, 000POTa CPEACTB, MOBBIIIIEHUE YAOBICTBOPEHHOCTH | JIOSUTBHOCTH MOTPEOUTENEH.
C 9TOH 11eNhI0 MPUMEHSIOTCS Pa3HO00pa3HbIe METOABI M TIOAXO kI, 00€CIEUUBAOINE HEMPEPHIBHOE
ynqueHI/Ie 158 COBepHIeHCTBOBaHI/Ie JACATCIIBHOCT KOMIIaHHWHU, B TOM YHCJIC MCTOA CaMOOIICHKH,
KOTOpBI  Oa3Wpyercs Ha BCECTOPOHHEM, CHCTEMaTHYECKOM, PETYISPHOM CaMOaHaIu3e
MOAPA3ACICHUAMH CBOE€M JACATETbHOCTM MW JOCTUTHYTBIX PpPE3yJbTaTOB B COOTBETCTBUU C
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IIOCTaBJICHHBIMU LIETSIMU U KpUTepusmu|[1].

Iupoko pacnpocTpaHEeHHbIE U PU3HAHHBIE B MUPE IIPEMUU B 00JIACTH KAaueCTBAa, TAKUE KaK
anoHckas [Ipemusa Jlemunra, amepukanckas IIpemus bonnpumka, EBpornelickas nmpemusi, IpeMust
[IpaBurensctBa P®, npemus CHI' u 1p., OCHOBaHBI Ha METOJAX: CAMOOLEHKH JAECSATEIbHOCTH
KOMITaHUM, W3Y4YE€HUs NEPEAOBbIX NPEANPUATUN U OpUEHTALMM Ha JYYIIWE JOCTH)KEHUS (OLEHKU
YPOBHSI KOHKYPEHTOCIIOCOOHOCTH) C LE€JbI0 ONpeAeleHHs Lellel M HalpaBlIeHHH 1o
COBEpLICHCTBOBaHUIO JeATenbHOCTU[2]. IlpemnokeHHble NpeMUsMH 10 Ka4eCTBY KpUTEpUU
MIO3BOJISIIOT JIF0OOMY MPENIIPUATHUIO U B J1H000i chepe nesTenbHOCTH HAMETUTh HallpaBiIeHHUs CBOETO
pa3BUTH 17151 JOCTIOKEHHS Ooree 3(h(hekTHBHOTO MPOM3BOJCTBA U MOMyUYeHHs 00Jiee Ka4yeCTBEHHOU
U KOHKypeHTocnocoOHoM npoxykuuu. [lonyuenHas ananutudeckas UH(OpMalysi, OCHOBaHHAs Ha
IIPOLIECCHON MOJAENN CHUCTEMBl MEHEIKMEHTAa KOMIIAHUM, I[PUMEHSETCS C LEJIbI0 IMPUHATUSL
00OCHOBAHHBIX PELICHUH O JalbHENHIINX HAIPABICHUAX PAa3BUTUSA JESITEIbHOCTH MOIPA3IEIECHUN U
npennpusaTust B 1esnoM. OCyIIECTBICHHE TakoW CaMOOLIEHKM IMO3BOJISET HMPOCIENUTh JAUHAMUKY
YIAyYIIEHUH MU CHOCOOCTBYET MOCTPOEHUIO KOMIAHMHU, (YHKLHMOHHPYIOIIYI0 B COOTBETCTBUU C
MIPUHLMIIAMUA TIOCTOSHHOTO COBEPLICHCTBOBAHUSA. A CBOEBPEMEHHAsi KOPPEKTUPOBKA BBISABIEHHBIX
CJIa0bIX CTOPOH AEATENbHOCTH MOMOXKET IPEAOTBPATUTh CHIKEHHE 3HAYMMOCTU CHIIBHBIX CTOPOH
OpraHM3allM, COXPaHUTb M TOBBICUTh €€ KOHKYpPEHTOCIIOCOOHOCTh. Pe3ynbprarel camMOOIEHKH
CTaHOBATCS MEXaHW3MOM ITOCTOSIHHOTO BHYTPEHHETO YJIY4YLICHHs CHUCTEMbI KadeCTBa YIPAaBICHUS
MPENIPUATHEM U CIIY>KaT UCXOAHBIMU JTaHHBIMU JUIsI CTPATErM4€CKOI0 INIAHUPOBAHUS YIIyqILIEHUH.

B Pecnybnuku Ka3zaxcran ananorom Takoii mpemuu ssnsercs [Ipemus Ilpesunmenta PK
«AnThIH canay, yupexaéuaas Ykazom [Ipesunenta PK ot 9 oxts10ps 2006 roga Ne 194 "O konkypce
Ha couckanue npemuu IIpesnnenra PecnyOnuku Kasaxcran «AnteiH Cana» B LENISX MOCTPOCHUS
HOBOM »okoHOMHKM KaszaxcraHa, pa3BUTHSI COOCTBEHHOI'O IIPOM3BOJACTBA U  HEIPEPHIBHOTO
IIOBBILIECHUS Ka4yeCTBAa TOBAPOB U yCiIyr[3]. YuacTue Ka3aXCTaHCKUX MPEANPUATHI B 9TOM KOHKypCe
Mo3BoJIAET paszpaborarb UM 3(Q(EKTUBHYIO CHCTEMY MOHHUTOPHHra paboThl BCEX CBOMX
MIOJPA3/IECICHN, HA OCHOBE IPUMEHEHUS METO/Ia CAMOOLIEHKH, YTO KpailHE aKTyaJIbHO JUIsl KayKIOTO
npennpusaTys Hamel crpanbl. CylecTByomre KpUTEpUN 0TOOpa IPETEHACHTOB U 3TaIlbl KOHKYPCOB
Ha COMCKaHME MPEMUU B OONACTH KayecTBa SBISIOTCS INABHBIMU OPUEHTUPAMHU MPEANPUATHH -
3asiBUTENIEH, OJHAKO CYLIECTBYIOIIMNA HEAOCTAaTOK PEKOMEHJAMii M METOJUK HE I03BOJISIET
HEKOTOPBIM TMPEANpPUATUS B TOJIHOM OOBEME BBINOJIHUTh 3TH KPUTEPUM, 4YTO MPHBOAUT K
HECOOTBETCTBUSAM B JOKYMEHTaX, MOJABAEMbIX COMCKAaTEIsIMH, a CJIE€JOBAaTEIbHO, U OTKJIOHEHUS
3asBOK. YUMTBIBasl BBIIIECKA3aHHOE, pa3padOTKa pPeKOMEHAALMH W METONUK MO (HOPMHUPOBAHUIO
He0OXOMMON JTOKYMEHTAllMd Ha OCHOBE NMPUMEHEHMSI METO/la CAMOOLIEHKH SIBIISIETCS aKTyaJlbHON
3aJ1auell He TOJIBKO JJIs Ka3aXCTaHCKUX MPEANPUATHI U OpraHu3alyi, INIAHUPYIOLUX y4acTBOBATh B
TakOM KOHKYpCE, HO M MpPENNpHUSITHI, KOTOPhIE XOTAT CO3/1aBaTh CTPATETUHU, HE TOJBKO XOPOIIO
O0OCHOBAHHBIX C TOYKHM 3PEHHUS COOTBETCTBYIOUIETO PBIHKA M OLIEHOK OyIyIIero COCTOSHHS
AJIEMEHTOB OM3HEC-OKPYXKEeHHs, HO U 2(P(EKTHUBHBIX U pean3yeMbIX Ha OCHOBE 00OCHOBAaHHBIX
IIPEIOCHITIOK, KACAIOIIMUXCS CaMO OpraHU3alHH.

Pe3ynbpraTel caMOOIIEHKH, KOT/Ia IPUMEHSETCS] €AMHBINA KOMILIEKC KPUTEPUEB K JEATEIBHOCTH
OpraHu3aIiH, TO3BOJISIOT COINIACOBATh 00Iee TOHUMAaHKE TOTO, YTO JIOJDKHA C/IEIaTh OpraHu3aIus
B 1I€JIOM, €€ OTJIEJIbHBIEC MOJIPAa3/eNeHUs] U KaxIblii paOOTHUK, UCXOS U3 MOJUTUKHU M CTpaTeruu
KOMITaHHUU B 00JIaCTH KauecTBa, BBIABISATh U aHAJIM3UPOBATh MPOLECCHI, B KOTOPbIE MOXKHO BBECTHU
YIAy4IIEHHs], TPU3HABATh U CTUMYJIHPOBATH JOCTHIKEHUS KaXKI0T0 MOJpa3/iesIieHUs Wi pabOTHUKA, U
caMo€ IJIaBHO€ IMPOBOAMUTH CpPaBHEHHE C JIyUIIMMHU pPE3yJIbTaTaMH, JOCTUTHYTHIMH KaK JaHHOM
OpraHM3aluel, Tak U APYTUMHU OPraHU3aLUSIMHU.

Jljis paBUJILHOTO MOHMMAHUSA M MPUMEHEHHs] METOAa CaMOOLIEHKH HEOOXOAMMO B IEPBYIO
odyepeab U3yUUTh MexayHapoaHblil crangapt ISO 9004, koropsiit Bxoaut B ceputo 9000 ctannapToB
[SO. Mannblit cTaHAapT ABIASETCS METOAOIOTHEN (GOPMUPOBAHUS CAMOOLIEHKH U CaMOJIMAarHOCTUKH
M000ro MpennpuaTUs, Tak Kak IMpeIHa3HayeH UIs JOCTHIKEHHUS YCTOWYMBOIO ycIexa 3a CYeT
MIOCJIEIOBATEIBHOTO M COAJaHCUPOBAaHHOIO YAOBJIETBOPEHMsI MOTPEOHOCTEM M OXKHIAHUM Bcex
3aMHTEPECOBAHHBIX CTOPOH [4].
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JDKCNePUMEHTAILHAS YaCTh

Mexnaynaponnsiii cranaapt 1SO 9004 3BoIIOMOHUPOBAJICS BMECTE C PA3BUTHEM CUCTEMBbI
MEHEKMEHTa KaueCcTBa, POl 5 3TarnoB cBoeil Bepcuu, HaunHas ¢ 1987 roga, HO B CBOel OCHOBE
OH cojiep>Kajl PYKOBOJCTBA MO yiydiieHuto u pa3sutuio CMK, koTopyro. BHEAPSIU NPEApUsLTHUS.
Kitouesnie nuzmenenus B ISO 9004 npousonuiu ¢ BeixoaoM 4 Bepcuu B 2009 roay - ISO 9004:2009,
KOTJa TMOSBWINCH Mojenu JneioBoro cosepiieHcTBa (EFQM, mpemus bomapumka wu ap.),
MPEUIOKUBIINE PA3HOOOPA3HbIE CHCTEMBI OLIEHOK Pe3yJIbTaToOB ACATEIbHOCTH Opranu3anuid. OxHako
B TO BpeMsI OHH HE coieprKaiu HHGOPMAIIH O TOM, 33 CYET YEro OpraHUu3allui MOTYT yIyYIIUTh CBOU
oueHku. B cBa3u ¢ atum ISO 9004:2009, Oyayun pyKOBOACTBOM IO MOAJEPKAHUIO YCIIEXa,
MIPEJICTaBIsT cOOOM CBs3ylollee 3BeHO Mexay TpedoBanusMu k CMK u monmensiMmu aenoBoro
coBepueHcTBa. Beixon 5 Bepcun, ISO 9004:2018 npennaraer Gonee mupokuii HAOOp peKOMEHJAIHIA,
HanpaBJIEHHBIX Ha o0ecrieyeHre KauecTBa OpraHu3auu B 1esioM. OHU pacnpoCTPaHSIOTCS Ha BCIO
CUCTEMY MEHEJKMEHTAa U OPUEHTHPOBaHbI HA TOCTHIKEHUE OpraHu3aluell yCTOMYMBOIO ycrexa 3a
CUET MOCJIEJIOBATENIBHOTO U COATaHCHPOBAHHOTO YIOBIETBOPEHHS TOTPEOHOCTEH M OKUAAHUN BCEX
3aMHTEPECOBAHHBIX CTOPOH. Ero cTpykTypa oTpakaeTr JOruKy HOCTPOEHHS CUCTEMbI MEHEP)KMEHTA
C LIETBI0 OCTIKEHUS OpraHu3alrell yecToiMunBoro ycmnexa [5].

B ISO 9004:2018 nan nyHkT 8.3.4 CamoolLieHKa, KOTOpas MpeaycMaTpruBaeT BCECTOPOHHUHN U
CUCTeMaTHYeCKUi aHanu3 (YHKIIMOHUPOBAHUS OpraHU3allMu W TOKa3aTellel ee ACSITeNbHOCTH C
TOYKM 3pEeHMs] cTeneHu ee 3penocth. Yrto 310 o3Hadaer? Kaxknoe mnpenmpusitue, Ha OCHOBE,
MIPUBEICHHOM B 3TOM CTaHapTe METOAMKH, TOJHKHO IMOATAITHO MPUMEHSTH €€ KPUTEPUH, HO C YUETOM
cienn (KA CBOCH JesITeNbHOCTH. Tak, HanmpuMep, HeOOXOAMMO Ha4YaTh C aHAIN3a YPOBHS 3PEIOCTH
MPEIPUATHSI, KOTOPBIE MOAPA3AEISAIOTCS Ha 5 YPOBHEH M 10 HUM. U OINPEIENSITh CBOM CUIIBHBIC U
cnabble CTOPOHBI. BBICTpOSHHAass MOIENb 3JIEMEHTOB CaMOOICHKHM M KPHUTEPHUH, CBSI3aHHBIE C
YPOBHSIMU ~ 3pENIOCTH,  JCHCTBYIOLIEH  CHUCTEMBbl  YyNpaBICHHUS  KOMIIAHUM  HEOOXOAMMO
OXapaKTepHU30BaTh U 3alOJHUTH B BHJIE TaOIUIBI 1[6].

Tabnuma 1 - Mozenb 371€eMEHTOB CaMOOIIEHKH M KPUTEPHUEB, CBSI3AHHBIX C YPOBHSIMHU 3PEJIOCTH

Knrouesoit YPOBEHB 3penoCTH Ha MYTH K JOCTHKEHHUIO YCTOWYMBOIO yclexa

DJIEMEHT Yposens 1 YpoBeHsb 2 YpoBeHsb 3 Yposenb 4 YpoBeHs 5
OnemeHr 1 Kpurepuii 1 Kpurepnii 1
ba3zoBslit Hannyummii

YPOBEHb OIIBIT
OnemMeHT 2 Kpurepnii 2 Kpurepuii 2
ba3zoBsrit Hanmyummia

YPOBEHb OIIBIT
OnemeHr 3 Kpurepunii 3 Kpurepuii 3
ba3zoBslit Hannyummii

YPOBEHb OTIBIT

[NosTamHas MeToarKa MPOBEACHHUS OpraHu3aliell CaMOOIIEHKH COCTOUT B TOM, YTOOBI:

1) ompenenuth 00NACTh CAMOOICHKH C TOYKH 3pPEHHUsS OIICHMBAEMBIX YaCTEH OpraHW3alvu W THIa
OLICHKH, HallpHUMep:

- CaMOOIIEHKa KJIIOUYEBBIX JIEMEHTOB;

- CaMOOIIeHKa JIETATM3UPOBAHHBIX AJIEMEHTOB, OCHOBAHHBIX HA JJAHHOM MEXI[yHapOTHOM CTaHJIapTe;

- CaMOOIIeHKa JIeTaT3UPOBAHHBIX JIEMEHTOB, OCHOBAaHHBIX Ha JaHHOM MEXIYHApOJHOM CTaHapTe

¢ 1o0aBIeHUEM JIOTIOTHUTEIBbHBIX UM HOBBIX KPUTEPUEB WM YPOBHEH;

2) oIpeJIeTUTh OTBETCTBEHHOTO 32 CAMOOIICHKY M CPOKH €€ TIPOBE/ICHUS;

3) ompenenuTh MOPSIOK MPOBEJCHUS CAMOOICHKW: Tpynmoi (Mex(yHKIMOHANBHOW WIH JpPyroi
COOTBETCTBYIOLLIEH Tpymmoi) Jub0 OTAENbHBIMU HCIONHUTETIMHU. llpomeccy caMOOLEHKHM MOXET
CIOCOOCTBOBATh HA3HAUCHHE KOOPIUHATOPA;

4) ompeneauTh YPOBHH 3PEIOCTH KAKIOTO OTAEIHHOTO Ipollecca OpTaHM3aii. JTO CIICAyeT
MPOBOAUTE IIyTEM COMIOCTAaBICHHS TEKYIIETO MOJI0KEHHS JIEJI B OPraHU3aLUH C IPUMEPaMU, TIEpeYUCICHHBIMU
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Ta6J'II/IHaX, 1 YKa3aHUA 3JICMCHTOB, YK€ IPUMCHACMBIX OpFaHH3aHHeﬁ, HaurHadg C YpOBHA lu nepexoad K boitee
BBICOKFIM YPOBHSIM 3pEJOCTH. TeKyIIMM YpOBHEM 3pEIOCTH CUUTAETCS HAWBBICIIMKA YPOBEHb 3PEIIOCTH,
JOCTUTHYTBIA OpraHn3anueii 0e3 Kakux-JIn00 HECOOTBETCTBUN KPUTEPHSIM OoJiee HU3KOTO YPOBHS;

5) OTpa3uThb IMOJYUYCHHBIC PE3YJILTAaThl B OTYCTC. OTO TO3BOJIAET q)HKCHpOBaTI) PE3YIbTATHhI,
OOCTUTHYTBIC 3a Ol'[peI[eJ'ICHHBIﬁ nepuoa BpEMCEHU, U CHOCO6CTByeT PpacrnpoCTpaHCHUIO I/IHq)OpMaIII/II/I KakK
BHYTpPHY OpraHU3aIlNH, TaK U 3a ee mpeaenamu. Mcrmomp30BaHme B TAKOM OTYETE TpapUIecKux N300pakeHui
MOXET IOMOYb PACcIPOCTPAHEHUIO HH(POPMAIIH O JOCTUTHYTHIX pPe3yJbTaTax

6) OLICHUTH TEKyILIUe NOKa3aTesln (PyHKIMOHMPOBAHUS IIPOLECCOB OPraHU3allMd U BBIBUTH
obrmacTu Ans yaydlleHUs W/wnd uWHHOBauui. Clenyer BBIABIATH TakhUe BO3MOXKHOCTH TIO XOAY
Ipolecca OLIEHKU U pa3padaTbiBaTh COOTBETCTBYIOIINE IIaHbI IEHCTBHH.

Opranu3anus MOXXET HaXOAWUTHCS HA Pa3sHBIX YPOBHAX 3pEIIOCTH B OTHOIIEHUHM DPAa3HBIX
3JIEMEHTOB. AHAJIN3 PACXOXKIECHUM MOXKET IIOMOYb BBICILIEMY PYKOBOJCTBY B IUTAHUPOBAHUU MEP 110
YIYYIICHUIO W/WIA BHEAPCHUIO MHHOBAIUI, HEOOXOIUMBIX JUIS MEPEBOJIAa OTACIBHBIX HIEMEHTOB Ha
0oJiee BHICOKUI YPOBEHbB, U B YCTAHOBJIEHUH UX IPUOPUTETHOCTU. MoJIeNb pe3ybTaToB CaMOLIEHKH,
MO3BOJISIFOT BBICTPAMBATh B JAbHEHIIEM TAKTUKYy M CTPATETHI0 COBEPIICHCTBOBAHUS CHCTEMBI
MEHEPKMEHTA NpeanpusaTus|S].

[lo pesympratamM MpOBEACHUS CAMOOLEHKH CJIEAyeT COCTaBHTh IUIAH YAYYIIEHUH W/Win
MHHOBAIM, KOTOPBIH CliefyeT MCIOIb30BaTh B KAUECTBE MCXOAHOM MH(POPMAIUU IPU MPOBEJCHUN
BBICIIMM PYKOBOJICTBOM IUJAHMPOBAaHUS M AaHalM3a HAa OCHOBE JJIEMEHTOB HACTOSIIETO
MEX/yHapOIHOTO CTaHapTa.

Wudopmanus, moryueHHas B pe3yJbTaTe CaMOOIICHKH, MOXKET TaKKe UCITIONIb30BaThes|7]:

- 17151 IPOBE/IEHUS CPABHUTEJILHOTO aHAIN3a U PACIPOCTPAHEHHs 3HAaHUH BHYTPU OpraHu3aluu
(cpaBHEHHUSI MOTYT IPOBOAMTHCS MEXKITY MPOIECCAMU OPTraHU3alMU H, TJI€ 3TO MPUMEHUMO, MEXKILY
NOJpa3ieICHUSIMHU);

- U1 OEHYMApPKHUHTa C IPYTHMH OPraHU3alHsAMH;

- JUTsI MOHUTOPUHTA YCIIEXOB, TIOCTUTHYTHIX OpraHU3aIiei 3a onpe/ieeHHbII eprojl BpeMEHH,
MyTeM TEPHOANIECKOTO TPOBENECHHUS CAMOOIICHOK;

- JUIs BBISIBIICHUS 001acTel JUisl yiyqIllleHUs U YCTaHOBJIEHUS IPHOPHUTETOB.

Ha manHOM 5Tamne opraHu3amnuy CIEAYeT PaclpeneliunTh O0S3aHHOCTH U OTBETCTBEHHOCTH 32
BbIOpaHHBIE JI€HCTBHS, OLEHUTh W BBIACIUTh HEOOXOJMMBIE PECYpChl, a TaKXKe OIpPENesIUTh
OXXHJIA€MBIE BBITOJIB M BCE CBSI3aHHBIE C STHMHU ACHCTBUSIMH PHCKH.

PesyabTaTsl M ux o0cyxaenue. l3yueHue kputepueB MexayHapogHoro crannapra MCO
9004 o npuMEHEHNIO METOAUKHN CAMOOLIEHKH TO3BOJISET MIPEANPUATHAM HCIIOJIB30BAaTh OLIEHOYHYIO
IIKalTy, BKJIIOYAIOLIYIO0 MATh YPOBHEW 3peliocTH OpraHu3anuu 1no 31 Kputepurio, KOTOpbIE
OXBAaTBIBAIOT BCE COACPKATEIbHBIE pa3feNbl CTaHaapTa. B craHmapre miisd KaXIaoro U3 KpUTEPUEB
MIPUBE/IEHBI OT/JENIbHbBIE TAOIMIIbI, B KOTOPBIX MPETYCMOTPEH ClIelUaIbHbINA cTON0e1 ISl PUKCcalun
pe3yabTaTOB CAMOOLIEHKU U KOMMEHTapUeB. JJaHHBI HHCTPYMEHTAPUNA CAMOOLICHKH, BKIIFOYAOIIUI
HaboOp peKOMEeHJalMi MO MOBBIIICHUIO KauecTBa MEHEIKMEHTa, MPEICTaBIseT CoO0OW ONHYy W3
Hauboyiee TPOABMHYTHIX MOJEJIEH JI€IOBOTO COBEPIICHCTBA, KOTOpas CUUTAETCS HaWBBICIICH
CTYIIEHBIO CaMOOIIeHKH. TakuM o00pa3oM, KOMIIaHUS JOJDKHA MPOBECTH JIBa BUIA CaMOOLEHKH-
CaMOOLIEHKY KIJIIOUEBBIX D3JIEMEHTOB M TMOJPOOHYI0 CaMOOLEHKY 3i1eMeHTOB. IlepBblii BuJ
CaMOOIIEHK! TNPOBOJUTCS BBICIIMM PYKOBOJICTBOM KOMIIAHWH NEPUOAUYECKH JUISl IMOJTYYEHUS
OOIIIEero MpeCTaBIeHUs O MOBEJCHUM OpPraHU3alMy U TeKyIed 3pPeKTUBHOCTH ee JeATeIbHOCTH.
[lepeueHb OlLlEHMBAaEMBIX KJIIOYEBBIX AJIEMEHTOB, MpHUBEAECH B Tabnuue 2 U (dopMmupyercs B
3aBUCHMOCTH OT COCTABJIIOIIEN CHCTEMBI yIpPaBIEHUs, TaKUX Kak — PykoBoactBo, Ctparerus u
nonutuka, Pecypcsl, [Iponeccsl, MOHUTOpUHT U u3MepeHue, YiydllleHne, MHHOBAlluU 1 00y4YeHHe.
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Tabnumna 2 - [lepeuens orieHuBaeMbIX Kir0oueBbIX 51ieMeHToB CMK kommanumn
Cocrasisronine CMK KiroueBoii 31eMeHT OIEHKU
PykoBoncteo Ha uro opueHTHPOBAaH MEHEIKMEHT?
KaxkoB nonxoj pykoBojcTBa?
Kak npunumarorcst penieHusi?

CTp aTCrusd 1 IOoJHNTHKA

Pecypcol Kak ompenensitorcss pecypchbl, HEOOXOIUMBIC ISl TOCTHKECHUS
pe3ynbTaToB?
[Tpoueccel Kak opranmzoBana nesiTeJIbHOCTh?

MonuTopunr u usmepenue | Kak gocrurarorcsi pe3ynbTarbl?
Kak ocyniecTBisieTcss MOHUTOPUHT PE3YJIbTaTOB?
Kak onpenensercs npuOpUTETHOCTh MEP MO YAYUIICHUIO?

Kak opranuzoBan nporecc o0ydenus?

ViydineHus, HHHOBALUH U
oOyueHwue

Bropoii Bua caMOOLIeHKHU TOJIKHBI TPOBOIUTHCSI MEHEKEepaM CPEeTHEro 3BeHa - BiaJlesIbliaM
MIPOIIECCOB IS TOTyYeHHs 00JIee TIOTHOTO MPEACTABICHHUS O TIOBEACHNUH U TEKYIIEH 2P PEeKTHBHOCTH
NesTeIbHOCTH OpraHu3aiuu. [lepedeHp 351eMEHTOB sl MOAPOOHOM CAMOOLICHKH IMPE/ICTaBIIEH B
Tabmure 3, KoTopasi, 3amoyiHsAeTcsl 0ojee MoJpoOHO HAa OCHOBE NPOBEJCHHS OLICHKU pa3elioB U
noapazaenoB MC HMCO 9004 no KOTOpOi, MPOBOAMUTCS YJIYULIEHUE CUCTEMbl MEHEIKMEHTA
Ka4yecTBa MPEATPHUSITHS.

Tabnuna 3 - [lepedens 31eMeHTOB /17151 TOAPOOHON CaMOOIIEHKU pa3fienoB u noapasaenoB MC UCO

9004

Paznen UCO 9004,
HalMEHOBaHUE

JIEMEHTHI OILIEHKHU

4 MeHeKMEHT I
JOCTH>KEHUS] yCTOMYUBOTO
ycriexa OpraHu3aiuu

4.1 OOmme MoJIOKEHUA

4.2 YcroiunBbIi ycnex

4.3 Cpena opranuzaiuu

4.4 3auHTEepecOBaHHbIE CTOPOHBI, UX MOTPEOHOCTU M OXKHIaHUS

5 Crparerus ¥ MoJIUTHKA

5.1 OO01ME TTOIOKEHNS

5.2 BeIpaboTKa cTpaTeruy U MOJIUTHKU

5.3 Pa3BepThiBaHUE CTPATETHH U OJUTHKU

5.4 Ilepenaua MHGOPMAIIMK O CTPATETMU U MOJIUTHKE

6 MeHeKMEHT pecypcoB

6.1 OO01IIE TTOJIOKEHUS

6.2 OUHAHCOBBIE PECYPCHI

6.3 PaOOTHHKYU OpraHu3aluu

6.4 IlapTHEpHI M NOCTABIIMKHU

6.5 Undpactpykrypa

6.6 [Ipons3BoaCTBEHHAs cpena

6.7 3uanus1, uHGOpMAIHsL U TEXHOJIOTHU

6.8 [IpupoaHbie pecypchl

7 MeHeKMEHT IIPOLIECCOB

7.1 OCHOBHBIE ITOJI0KEHUA

7.2 IlimannpoBaHue MPOLECCOB M YIIPABJICHUE MPOLECCAMU

7.3 OTBETCTBEHHOCTh M MOJHOMOYUS, CBSI3aHHBIE C IPOILIECCaMU

8 MOHUTOPUHT, U3MEPEHHUE,
aHaJIU3 U U3y4YeHHE

8.1 O0wme noJoKeHus

8.2 MOHHUTOPUHT

8.3.1 OOuue moJI0KEHUA

8.3.2 KimroueBrle moka3aTeny AeITeIbHOCTH

8.3.3 BuyTpeHHue ayauThbl

8.3.4 CamoorieHKa
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8.3.5 beHuMapKkuHr

8.4 Ananus

8.5 Wsywenue wuHpoOpManMM, TMOJYYECHHOH B pe3yibTare
MOHHUTOPHUHTa, U3MEPCHHUS M aHATIH3a

9 Vnyumenus, nuaHoBanuu 1 | 9.1 OO0mmMe nojJ0XKeHus

oOyueHue 9.2 Yayumienust

9.3 NugoBanmu

9.4 ObyueHue

Kak BumHO M3 TaOmMUIBI 3, CAaMOOIICHKA MPOBOAUTCS B MPOIECCE BBIMOJHEHUS TPeOOBaHUN
paznena 8§ MoHuTopuHr, u3Mepenue, aHaau3 U uzydenne MC HMCO 9004 B KomIuiekce ¢
BHYTpPEHHUMH ayauTamu. 1o pesynpraram mpoBEACHHS CAMOOIICHKH JIOJIKEH OBITh COCTABIICH TUIAH
yAy4YlIeHui (MHHOBAlMi), KOTOPBIA MCHONb3YeTCs B KaueCcTBE HCXOAHOW HHGOpMAalUU MpH
MPOBEICHUH TUIAHUPOBAHUS M aHAJU3a CO CTOPOHBI BBICIIETO PYKOBOJICTBA Ha OCHOBE DJIEMEHTOB
CTaHjaapTa

BriBOabI

Takum o0Opa3om, oneHka kiaroueBblx odnemMeHToB CMK  Ha mpennmpusitum  MOXKET
XapaKTepH30BaThCsl pA3HBIMU YPOBHSIMH 3PEJIOCTH 110 KQXKIOMY U3 JIEMEHTOB. AHAIIN3 PACXOXKICHUH
MOJKET [TOMOYb BBICILIEMY PYKOBOJACTBY B IUIAHWPOBAHUU U ONPEAEICHUHU NIEPBOOUEPETHBIX MEP 10
YIYYIIECHUIO UM UHHOBAMOHHBIX MHUIIMATUB, HEOOXOAUMBIX JJIs IEPEBO/IA OTACIbHBIX IEMEHTOB
Ha 0oJiee BHICOKHM yPOBEHb.
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O3IH-031 BAFAJIAY DJICIH KOJJAHY HET3IH/IE KOCINOPBIHIBI BACKAPY
"KYWEJIEPTH )KETLLIIPY

Tyiiin

Makanana YWBIMHBIH cara MEHEKMEHTI KYHECiH KaJbIITaCThIPy MEH KETUIIPY/e iC-0peKeTTIH 63iH-
e31 Oarajjay MEXaHM3MIH KOJIIAHYJBIH IPAKTUKAIBIK TAOCUIIHIH HoTWkedepi OepuireH. OTaHIBIK
KOCIOPBIHAAPBIH KBI3METiHIH OapiiblK TYpJCpiHIH camaHbl Kyheni 0acKapyabl AaMBITY OJNapblH YITTHIK
JKOHE XaJIbIKapaJbIK cay/la HapbIKTapblHAa Oacekere KadinerTimiriniy (akropeiHa aiiHamansl. KazakcraHmbik
KOMITAaHUSUTAP/IbIH )KETEKITIepi KONTETeH )KeTEKIII IIeTeNIiK (hupMaapablH KYMBICHIHBIH HET131H KYPalThIH,
€H aJIILIMEH KYIITI )K9HE 9JICi3 )KaKTapblH Oaranay KpUTepHiIepiH maliganana OThIPHII, OJap/abl JaMbBITYIbIH
CTpaTerusUIblK JKOCHApJIAphIH JKacayra OaFbITTalfaH 3aMaHayn Oackapy TYKbIpbIMJaMallapbl MEH
TeopusIapbIHa KeOipeKk Ha3ap ayaapa 0acTaibl. KbI3METI, COH/Iaii-aK CBIPTKBI OpTaFa KaThICThl KOCIOPBIHHBIH
HAKThl MYMKIHJIKTEPiH, pecypcTapsl MEH OCaJJIBIKTapblH TajjiayFa MYMKIHIIK Oepeni. Ochkl Kypaiaapapy
0ipi KOCIMOPBIHHBIH KBI3METiH TOJIBIK OeifHeseyre, OHBIH TYTHIHYIIBIIAPHI, KbI3METKEpIIEpi, CepikTecTepi,
KETKI3yIIiiepi, akIoHepiIepi KoHe JKaJIbl KOFAMHBIH KaHaFaTTaHFaHBIH Oiyre MyMKiHJIK OepeTiH 3iH-031
Oaramay omici Oombin TaObutanpl. COHBIMEH Karap, ©3iH-e31 Oarajayibl ToxipuOene KoimaHy cara
cajachIHAArbl XajbIKApaJblK CTaHAAPTThI Tajal eTeTiH OW3HeCTI JKETULAIpyre >JKyHell Ke3KapacTbl
KaMmTamace3 eremi. OcbiFaH OailylaHbICTHI ©3i1H-631 OarajaylblH Ma3MYHBIH, 9IICTEpiH, YJTUIEpiH KoHE
MPOLIECiH, OHBIH KOCIMOPBIHHBIH calla MEHEeKMEHTI KYHeCciHIeri OpHBI MEH PeliH 3epTTey Macesesepi, cana
duocodpusaCHIH TIKIpHOEIe SHAIPY/IIH HETI3r KagaMIapbIHbIH Oipi peTiH/Ie KapacThIPhLIaabl. Ka3aKCTaH/IbIK
KOMTIaHUSUTAP]IBIH KBI3MET1 03€KT1 001a 6acTabl.

Kinrrik ce3mep: cama MeHEIKMEHTI JKy#eci, cama Kypajiaapsl, xyielik 0ackapy, ©3iH-e31 Oaranay,
KETUIIIPY, KSCIOPBIH, KbI3MET cajiajiapbl, cana 09CeKeIeCTIKTEpi.
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IMPROVEMENT OF ENTERPRISE MANAGEMENT SYSTEMS BASED ON THE
APPLICATION OF THE SELF-ASSESSMENT METHOD

Abstract

The article presents the results of a practical approach to the use of the self-assessment mechanism of
activities in the formation and improvement of the organization's quality management system. The
development of systematic quality management of all types of activities of domestic enterprises becomes a
factor in their competitiveness, both on the national and international trade markets. The leaders of
Kazakhstani companies are increasingly beginning to pay attention to modern management concepts and
theories, which form the cornerstone of the work of many leading foreign firms, focused primarily on the
development of strategic plans for their development using assessment criteria of the strengths and weaknesses
of activities, as well as allowing to analyze real opportunities, resources and vulnerabilities of the enterprise
in relation to the external environment. One of these tools is the method of self-assessment of the enterprise,
which allows you to get a complete picture of its activities, to find out whether its consumers, staff, partners,
suppliers, shareholders and society as a whole are satisfied. At the same time, the application of self-
assessment in practice will provide a systematic approach to business improvement, which requires an
international quality standard. In this regard, the issues of studying the content, methods, models and process
of self-assessment, its place and role in the quality management system of an enterprise, as one of the key
steps towards rooting the philosophy of quality in the practice of the activities of Kazakhstani companies, are
becoming relevant.

Keywords: quality management system, quality tools, systemic management, self-assessment,
improvement, enterprise, areas of activity, quality competitions.
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MOJEJIUPOBAHUE TEXHOJOI'MYECKOI'O ITPOLECCA C HEJIBIO ITIOBBIIIEHUA
TOYHOCTH U3TOTOBJIEHUS JETAJIEHN

AHHOTALMSA

Crarbs paccMaTpuBaeT METOJbl IPOCKTUPOBaHHMS, BKItouas akryaibHble cuctembl CAD/CAM/CAE,
CHOCOOCTBYIOT aBTOMATHU3allUM TPOEKTHBIX IMPOIECCOB, TO3BOJSAS CHUMYJIUPOBATh TEXHOJIOTMUYECKHE
OIEpaLlii U CHWXKATh PHUCK MOsBICHUS AeekToB. Tarxke 3HAUMMO MCHONIB30BaTh 3D-MonenupoBanue aist
MpesicKa3aHusd KOHCTPYKTOPCKUX 3a]1ad.

PazpaboTka Mojenu MOPHIHEBOW JeTand SIBJISIETCS KIIOYEBBIM H3TalloM B 00JAcTH WHKCHEPHH.
[lopmenp, Oyaydn BaKHEHWIIEH COCTABIAIONICH JBUTATENE W Pa3UYHBIX MEXaHW3MOB, Tpelyer
TIIATEJIFHOTO aHajn3a U NpoekTupoBaHus. Ilpouecc MomennpoBaHusi MOPLIHS MpeanojaracT NpUMEHEHNE
coBpeMeHHbIX npuiokeHnit CAD, KoTopble peIoCcTaBIsAI0T qu3aiiHepaM BO3MOKHOCTh BU3yaJTIU3UPOBATh U
IIPOBEPSATH Pa3IMUHbIe TTapaMeTpsl eTainu. B xone MoaennpoBanust popMupyercs TpEXMEpHOE H300paskeHue,
KOTOPOE MOYKHO NMPUMEHATH IJISl MMOCIEAYIOIIEr0 aHajlu3a W MCIBITAaHUH, BKIIOYAs CUMYJISALUM PadOThHl B
Pa3NMYHBIX YCJOBUSIX HAarpy3ku. Takum oOpa3zom, pa3paboTKa MOJAEIH MOPIIHS HE TOJIBKO ONTUMH3HPYET
MPOIIECC ero MPOMU3BOCTBA, HO U CIIOCOOCTBYET yBETHUCHUIO 3(PPEKTUBHOCTH U HAJCKHOCTH BCEH CHCTEMBI,
K KOTOPOM OH OTHOCHUTCH.

KaloueBble c¢j0Ba: TOYHOCTh, MOJCIUPOBAHUE, IMIOPIICHb, CTAaTUYECKUN pacder, Harpys3ka,
ABTOMAaTHU3UPOBAHHOE ITPOCKTUPOBAHUE.

VYBenuueHne TOYHOCTM B MAIIMHOCTPOCHHUH NPEAIOJAraeT, 4TO M3JAEIUE COOTBETCTBYET
3aJlaHHBIM XapaKTEepUCTUKAM, YKa3aHHbIM B KOHCTPYKTOPCKOM JOKyMeHTanuu. JlocTikeHue
UJCAIBHON TOYHOCTU HEBO3MOKHO 3a OJMH IPOU3BOJCTBEHHBIM LIMKJI, TaK KaK Ha Ka)KIOM dTame
MIPUCYTCTBYET ONpENEICHHbIN ypoBeHb morpemHoctu. CymiecTByeT KiacCHU(PHUKAuUs TOYHOCTH,
KOTOpasi ONPEAEIAET YPOBEHb JOIYCTUMBIX OTKJIOHEHUHN AJIS KaXKIOTO U3IENHSL.

[Iporieccel MOBBINIEHUSI TOUHOCTH B IPOU3BOJICTBE J€TAJIEH SBJISIOTCS KIIOYEBBIMU B 00J1aCTH
MEXaHUYeCKOM 00paboTKu M B TpeOOBAaHUM K CTaHKaM. JTO OCOOEHHO Ba)XKHO B YCJIOBHUSX, KOIJa
MIPUMEHSIETCS KOMIIBIOTEPHOE MOJIEIMPOBAHUE, MUHUMHU3UpYIOIlee ydyacTue yenoBeka. OIHUM U3
OCHOBHBIX CITOCOOOB MOBBIIIEHUSI TOUHOCTH 00paOOTKHU ABIsETCS pa3paboTKa U BHEIPEHUE CHCTEM
YIPAaBJIEHUSI TEXHOJIOTUYECKUM O0O0pYI0BaHHEM, KOTOpBIE MO3BOJISIIOT HM3TOTABIMBATH AECTAIH C
YUETOM pa3IMYHBIX (PAKTOPOB: TEXHUYECKHE XapPaKTEPUCTUKH, COCTOSHUE CTaHKA, KayecTBO
HHCTPYMEHTA U COCTOSIHME 3aroTOBKH [1].

[ToBbIlIeHWE TOYHOCTU B IPOLECCE MPOU3BOJACTBA TPeOyeT TIIATENBHOTO MOJIXO0JA: BaXKEH
BBHIOOD METO/IOB YCOBEPIICHCTBOBAHUS U MOJICIMPOBAHMS TEXHOJOTMYECKHX IMpoueccoB. Ha
CEeTOJHSIIHUHN JIEHb, B OMOXY IIM(PPOBU3AIMN M aBTOMATH3aIIU1, HEOOXOAUMO MOCTOSTHHO OOHOBIISATH
00opy/10BaHUE, UCIOJB3Yysl COBPEMEHHBIE CTAaHKU C TOBBIIIEHHON TOYHOCTBIO M BO3MO>KHOCTBIO
YKCIIOBOrO NporpaMMHoro ynpasienus (UI1Y).

Crnenyronuii BaKHBIM acleKT — KaJuOpOBKa M PEryJsipHoe oOcimykuBaHue mamuH. HyxHO
CHCTEMaTHYEeCKH KOHTPOJIUPOBATh TEXCOCTOSHUE 000pYI0BaHUS U TPOU3BOAUTE €T0 HACTPOMKY ISt
CHWJKEHMsI M3HOCA U NIPEAOTBPALICHUs] OTKJIOHEHHH OT MporpamMmbl paObOThl CTaHKa JJIsi TOYHOH
obpabotku [2].
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Taxke crouT oOpaTuTh BHMMaHHE Ha MPOYHOCTh KOHCTPYKIMHU cTaHka. lcmonb3yembie
MaTepHalibl U CMOJIEIMPOBAHHBINA TEXHOJIOTHYECKUH ITPOLIECC TOJIKHBI 00eCcieunBaTh MUHUMAJIbHBIN
ypOBEHb BUOpaLUii U 1Iyma.

KayecTBO mHpHMEHsEMBIX MaTEepHalOB OKa3blBAE€T 3HAYMTEIbHOE BIHMSHME HAa TOYHOCTb
M3roTaBIMBaEMBbIX JeTaneil. KoHTposb (u3ndeckux XapakTepuCcTUK U XUMHUYECKOTO COCTaBa ChIPhS
SIBJISICTCS 00s13aTEIIbHBIM Ha dTare npueMkH [3].

PaboTa ¢ HaneXHBIMH MOCTaBIIMKAMHU M MPUMEHEHHE CepTH(PHUIMPOBAHHBIX MATEpHAIIOB C
MUHUMAJIBHBIMU JE(PEKTAMHU YIy4IIAeT TOYHOCTh U3TOTOBJICHUS U3ACIHM.

MeToabl TpOeKTHPOBaHUs, Takue Kak coBpemeHHble cuctembl CAD/CAM/CAE, nomoraiot B
aBTOMaTU3MPOBAHHOM IPOEKTUPOBAHUH, MO3BOJISISI MOJCINPOBATh TEXHOJOTMUECKUE MPOLECCHl U
MUHHUMH3HPOBATh BEPOSTHOCTh BO3HMKHOBEHHs Je(pekToB. Takxe BakHO MNpUMEHATh 3D-
MOJICIIMPOBAHKE JUIS IIPOrHO3UPOBAHKS KOHCTPYKTUBHBIX 3a1a4 [4].

Coznanue MoJenu MOpIIHEBOM J1eTanu sBJIAETCS BaXXHOW 3anayeil B uHxeHepuu. Ilopiiens,
KaK KJIOYEBOM AJIEMEHT B JBUIaTEeJIAIX U MEXaHU3Max, MOABEpPraercs TINATEIbHOMY aHAJIU3y U
MIPOEKTUPOBAHNIO. MoIeTMpOBaHNE MOPIITHS BKIIFOYAET B ce0s Mcrosb30Banue coBpeMeHHbIXx CAD-
IIporpamMm, KOTOpble O3BOJISIOT JU3aiiHepaM BU3yallu3UPOBaTh U TECTUPOBATh PA3JINYHbIC ACHIEKThI
JeTalu.

IIponiecc MonenupoBanus TpedyeT yuéra MHOXKecTBa (DaKTOPOB, TAKUX Kak (opMma, MaTepuall
U DKCIUTyaTallMOHHbIE XapaKTepUCTHKHU. llopiieHb JOKEeH ObITh CHPOEKTUPOBAH TaK, YTOObBI
o0ecneynTh ONTUMAIbHOE CLETIICHUE C LWIMHIPOM U MUHMMHU3UPOBATh BO3MOXKHbBIE yTeuKu. Taxke
HEOOXO/MMO YYHTHIBAaTh TEPMHUYECKHE HArpy3KH M YCIOBUS pPaOOTHl, YTOOBI TrapaHTHPOBATH
JI0JITOBEYHOCTH IeMenTa [5-6].

B pesynbrare monenupoBaHMs CO3JAETCS TPEXMEpPHAs MOJENNb, KOTOpas MOKET ObITh
UCIOJb30BaHA JUIsl JaJbHEHMIEro aHaln3a M TECTHPOBAHUSA, BKIIOYAs CUMYJISALUU pabOThI 1O
pa3IMYHBIMM Harpy3kamu. TakuMm oOpa3oM, CO3/laHH€ MOJENU IMOPIIHS HE TOJBKO YIIydllaeT
MPOIIECC €ro MPOU3BOICTBA, HO U CIIOCOOCTBYET MOBBIMIEHUIO 3()(HEKTUBHOCTH U HA/IEKHOCTH BCEH
CHCTEMBI, K KOTOPOW OH NMPHUHAIICKHT [7].

Co3naem 3D mopens, onpeaesnsieM TOUKH 3aKperieHHs, B JAHHOM eTalu 3T0 4 OTBEpCTHS
¢ auamerpamu 6,5 mm u 11 mm. Jlanee, npukiagsiBaeM Takue Harpy3Ku Kak CUila, TaBJICHHE U
temneparypa. Temneparypa OyneT OeiicTBOBaTh Ha CTEHKM OCHOBAHHUS IOPIIHS, 3HAYCHHE
OTpeNeNeH0 W3 OKCINTyaTallMOHHBIX XapakTepuctwk pasHo 200°C. JlaBmenme Oyner
JEICTBOBATh HAa OCHOBaHWE IIOPIIHS, 3HAYEHHE ONPENEICHO W3 DJKCIUIyaTallMOHHBIX
XapaKTePUCTHK JaHHOH aeTanu u paBHo 5 MIla [8].

Cuna Oyner AeWcTBOBaTh HAa OCHOBAaHHE IOPIIHS, OTHOCUTENBHO OCH Y, 3HAu€HHE
ompesnereHHoe U3 ycloBui skcruryaranuu paBHo 10 kH. Ha puc. 1 moka3zana koHE4HO-
3JIEMEHTHAs CeTKa JETalU MoplieHb. [ TaBHOMN 1esIblo MPOBECHUS pacueTa OblII0 ONPEeTUTh,

KaK CIPaBUTHCSA JETajlb MOPILIEHb C HArpy3KaMu, KOTOpble Oy/IeT ONpeeNieHHO JeiCTBOBATh Ha
HETO0 B NepHoA dKcIuryatauuu. CTaTH4eckuid pacyer ObUT POU3BEAEH C IOMOIIBIO IPOTPAMMBI
APM (puc. 1).
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Puc. 1 — KoneuHo-311eMeHTHAs CEeTKa JIeTaJId TOPIIEHb

[Mepenaem moyry4eHHYO MOJICNIb KOHEUHBIX 2JIeMEHTOB B cictemy APM structure (puc. 2).
3areM OCYIECTBIISAEM CTaTUUECKUN aHAJIN3 U BBIABIISIEM XapaKTEPUCTUKH.
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>
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Puc. 2 — Jlerans nopuens B APM structure

Ha nanHOM 3Tare Ba)KHO MPOBECTHU JETAIBHYIO TPOBEPKY HA yCTOWIMBOCTH KOHCTPYKIIHH,
UCCIIeqysl TIOBEJECHHE MOJEIH IMOJ JECHCTBHEM Pa3IMUYHBIX BHEIIHMX HArpy3ok. IIpuMeHsiem
METOJIMKY, IMO3BOJISIONIYI0 YUYHTHIBATH BCE BO3MOKHBIC BapUAHTBI BO3ACHCTBHUS, BKJIFOYAs
CTaTHYECKHE U JMHAMHYECKHE CHIIBL. I10 3aBepIIEHHH pacueTOB IPOBOINM aHAJIM3 TIOTyYCHHBIX
pesynbraros (puc. 3, 4, 5 6) [9].
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Puc. 3 —Kapra pe3ynbraToB — 3arpyxeHue
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Puc. 6 — Kapra pe3ynbratoB — KoadduuueHT 3amnaca 1no Teky4ecTu

C moMoIIbI0 JaHHOTO CTATHYECKOTO pacdera MOXHO CIIeNaTh BBIBOJ, YTO JETallb YCIEIIHO
CTIPaBUTHCS K TAaKUM Harpy3kam BO BpeMs ee dKcruryaranui. KoaddumumeHT 3amaca 1mo ycramocTi
cocraBmuseT 4,889. Koaddunument 3amaca mo tekydectu coctaniser 4,794. C moMomipi0 JaHHOTO
CTaTUYCCKOI'0 pacdyera MOXKHO CACIaTb BbBIBOA, 4YTO JCTallb YCIICIIHO CIHpPaBUTCIA C TaKHUMHU
Harpy3kamu Bo Bpems ee skcrutyaraiuu [10]. [ToareepxaeHue 3Toro ¢akra J0CTUTAETCS HE TOIBKO
Omaromapsi TEOPETUYECKOMY aHalM3y, HO M MPAKTHYECKOMY MOICITHUPOBAHHIO, KOTOpOE OBLIO
MIPOBEJICHO C WCIOJB30BAHUEM COBPEMEHHBIX KOMIBIOTEPHBIX WMHUTAIIMOHHBIX TEXHOJIOTHHA. DTH
TEXHOJIOTHUHU IMO3BOJIAIOT YUUTBIBATH HE TOJIBKO CTATUYCCKUEC, HO U TUHAMHWYCCKHUEC HAI'PYy3KH.

brnarogapst BBICOKOKaueCTBEHHBIM MaTepUagaM U TOYHOW TEXHOJIOTHH MPOU3BOJICTBA, a TAKIKE
TIIATETFHOMY KOHTPOJIIO Ha BCEX JTamax, JeTalli IEMOHCTPUPYIOT CTAOMIBHYIO PadOTy U BBICOKYIO
MIPOU3BOJIUTENLHOCTh. JTO CO3/1a€T YBEPEHHOCTh y TMOTpeOuTeneil B WX OE30MaCHOCTH U
3¢ PEeKTUBHOCTH, UTO OCOOCHHO BaXXHO B YCIIOBUSAX COBPEMEHHBIX TPEOOBaHMI K 000PYIOBAHHUIO U
€ro JKCIUTyaTanuu. TakuM o0pa3oM, MOKHO C YBEPEHHOCTBIO YTBEP)KIaTh, YTO JIETAlb OTBEYAECT
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BCEM HEOOXOAMMBIM KPUTEPUSIM W PEKOMEHIOBaHA I HCIOJIh30BAaHUS B COOTBETCTBYIOIIUX
chepax.
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BOJIHIEKTEPAI OHAIPY A9JIAII'TH APTTBIPY YIUIH ITPOUHECTI MOAEJIBAEY

Tyiiin

Maxkanana >xobamay amictepi, conbrq imiame kazipri CAD/CAM/CAE xyiienepi KapacTbIpbLIabI,
TEXHOJIOTHSIIBIK OTepalusuiapbl MOACIbIACYTE JKOHE aKaylapiblH Maia 0oy KaymiH a3alTyFa MYMKiHIIK
OepeTiH x00anay mpolecTepiH aBTOMaTTaHABIpYFa bIKNAN eTelli. KOHCTPYKTOPIBIK TanchipMaliapblH 0omKay
yurie 3D mMonmenbaeyni KoNgany Aa MaHbI3/IbL.

[lopmenp Oemieri MofemiH jkacay HWHXKEHEpHUs CallaCBIHIAFbl HEri3ri Kagam OOJBIT TaObLIaIbI.
[opIeHp KO3FANTKBIIITAP MEH 9PTYPJIi MEXaHU3MICPAIH MaHbI3bl KypaMac 0eiri 00jia OThIPHIN, MYKUST
Tajmay MeH xobanayasl Kaxer ereqi. [lopinens i Mogensaey mporeci KOHCTPYKTOpIapra OeNmeKTiH SpTypii
mapaMeTpliepiH BU3yalln3allusuIayFa yKoHe TeKcepyre MyMKiHAik Oeperin 3amaHayn CAD KochIMIIAiTapbiH
KOJIIaHy/Ibl KaMTUABI. Mogenbaey OaphIChIHIA YII ©JIIIEM/II KECKiH KaJIbINTaca lbl, OHbI KSHIHTI Tajaaay MEeH
ChIHAKTap¥a, COHBIH IIIHAE 9PTYPIIi )KYKTEME KaFaailapblHaa )KYMBICTBI MOJICIBIEYTe KOJIJanyra Oomabl.
OcpInaifma, MOPIIeHbB/I MOIEB/II 931pJiey OHBI OHIIPY MIPOLIECIH OHTANIAHABIPHIN KaHa KOMMaNbl, COHBIMEH
KaTap OJI )KaTaTblH OYKiI )KYHEeHIH THIMALIIT MEH CeHIMIUIITTH apTTHIPyFa KOMEKTECE/Ii.

KinarTik ce3nep: nonaik, MOIENb/ey, MOPIIeHb, CTATHKAIBIK TAN/AY, )KYKTEME, KOMITBIOTEPITiK KOMEKIII
xoOauay.
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PROCESS MODELING TO INCREASE PARTS MANUFACTURING ACCURACY

Abstract

The article examines design methods, including current CAD/CAM/CAE systems, that contribute to the
automation of design processes, allowing you to simulate technological operations and reduce the risk of
defects. It is also important to use 3D modeling to predict design tasks.

The development of a piston part model is a key step in the field of engineering. The piston, being the
most important component of engines and various mechanisms, requires careful analysis and design. The
piston modeling process involves the use of modern CAD applications, which provide designers with the
opportunity to visualize and verify various parameters of the part. During the simulation, a three-dimensional
image is formed, which can be used for subsequent analysis and testing, including simulations of operation
under various load conditions. Thus, the development of a piston model not only optimizes the production
process, but also contributes to increasing the efficiency and reliability of the entire system to which it belongs.

Keywords: accuracy, modeling, piston, static analysis, load, computer-aided design.
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UCCJIEJOBAHUE YCTOMUYUBOCTH )KAKKAPITOBBIX TKAHEMN K PA3JIMUHBIM
BHEIITHUM BO3JEVCTBHUSAM HA PACTA) KUMOCTD, CTUPKA, INTAJKKA U
TPEHHUE

AHHOTAUA

Llenpto DaHHOTO WCCIENOBAaHUE TMOCBSILCHO AaHAJIM3Y YCTOWYMBOCTH IKAKKapAOBBIX TKaHEH,
H3TOTOBJICHHBIX W3 PA3JIMYHBIX THUIIOB BOJIOKOH, K BHCIIHUM BO3I[CI710TBH$1M, TaKUM KaK pPacTsKUMOCTD,
CTHpKa, NIAXKKa U TpeHHUe. B xone skcneprMeHTanbHbIX HCIIBITAHUH, HAPABICHHBIX HA U3Y4YEeHUE N3MEHEHUH
(hM3HYEeCKUX U MEXaHUIECKUX CBOWMCTB TKaHeW MpH Bo3aeicTBrM 3TUX (hakTopoB. Oco00e BHUMaHHE YIEICHO
CpPaBHUTCIILHOMY aHaJIUu3y TKaHCﬁ, CoACpI)KaMX HaTrypaJbHbBIC W CHUHTCTHYCCKHUEC BOJIOKHA. PC3y.]IbTaTI>I
MOKa3alli, 4YTO TKAHW C CHHTETHYCCKMMU KOMIIOHEHTaMH IPOAEMOHCTPUPOBAN 0Oojiee BBICOKYIO
YCTOMUYMBOCTh K PACTSDKEHHIO, TEPMUYECKHM BO3ICHCTBUSM M MEXaHHYECKOMY HM3HOCY, YTO 3HAYUTEIBHO
MOBBIIIACT UX AOJITOBEYHOCTh U COXPAHHOCTH BHEIIIHETO BU/A.

B cBoto ouepenp, TKaHW Ha OCHOBE HATYPaJIbHBIX BOJIOKOH OKa3aJluCh OoJiee MoJABEP KEHb H3MEHEHUSIM
[ocjie CTHUPKU MPH BBICOKMX TEMIeparypax M HHTEHCHBHOTO TpeHMs. lIpoBeneHHble HCCIe0BaHUs
MO3BOJISIIOT ONTUMH3UPOBATh MIPOM3BOACTBEHHBIE MPOLECCHl M METOABI YXOAa 33 JKaKKapAOBBIMU TKaHAMH,
TMOBbIIIAA UX ISKCILTYaTAlIlMOHHBIC XapPAKTCPUCTHUKU U JOJITOBEYHOCTD.

KuaroueBsie cioBa: JXakkap/oBble TKaHH, YCTOWYHBOCTB, PACTSDKUMOCTD, CTHPKA, INAXKKa, TPEHUE,
HU3HOCOCTONKOCTh, MEXaHUYECKHE CBOMCTRA.

Brenenne

XakkapnoBble TKaHHU, Onarofaps YHUKaJIbHON TEXHOJIOTHMHM TKA4€CTBa, MO3BOJISIOT CO3/1aBaTh
CJIO’KHBIE Y30pbl M TEKCTYpHI (Kak MOKa3aHO Ha pucyHke Nel), 4yTo fenaer ux BocTpeOOBAHHBIMU B
Pa3IMYHbIX 00JIACTAX, TAKUX KAaK MPOU3BOJICTBO OAEKIbI, JIOMAIIHETO TEKCTHIISI U OOMBKU MeOeH.
OnHako, HECMOTPSI Ha CBOIO BU3YaJIbHYIO ITPUBJIEKATEIbHOCTD M (DYHKIIMOHATIbHbBIE XapaKTEPUCTUKH,
TaKhe TKaHW MOJBEPrarloTCsl BO3ACHCTBUIO psiia PaKTOPOB, KOTOPbIE MOTYT CYLIECTBEHHO U3MEHSTh
ux ¢usnyeckue cBoicTBa M BHEMHUN BUA. Cpean 3TuxX (akTopoB 0co00e BHUMaHUE YIENAETCS
PacTsKEHUIO, BO3JEHCTBUIO BOABI (CTHUpPKA), BBICOKOTEMIIEpATypHbIM 00paboTkaM (IVIakka) H
MEXaHNYECKOMY HM3HOCY (TpeHue). JKakkapioBble TKaHU, B 3aBUCUMOCTH OT COCTaBa BOJIOKOH, MOTYT
M0-pa3HOMY pearupoBaTh Ha 3TH BoszzdeicTBus. Hampumep, TkaHu, coiepraliyue HaTypalbHbIE
BOJIOKHA, MOTYT IOJIBEPXKEHbI ycaJlke U AepOopMaIy IpU CTUPKE, a Takke 00pa30BaHHIO CKIIAJI0K
npu miaxke. B To Bpemsi Kak CHHTETHYECKHE TKaHHM, HAa00OpOT, IEMOHCTPUPYIOT OOJbBIIYIO
YCTOWYMBOCTh K BHEIIHUM BO3ACHCTBHUAM, COXpaHsis (GopMy U pHCYHOK. Tem He MeHee,
JIOJITOBEYHOCTh JKAaKKap[OBBIX TKAaHEW TakKe 3aBUCUT OT TakUX (aKTOpPOB, KaK IUIOTHOCTh
NeperUIeTeH s, COCTaB HUTEH U TeKCTHIIbHast oopaboTtka [1].

Teopernuecknii aHaJIu3

KakkapmoBble TKaHH, OJ1arogapsi CBOEMY 0COOCHHOMY TKAITKOMY TPOIIECCY, Te KaXKIbIi KOHEIT
HUTH yIPaBISETCS WHINBUAYAIbHO, 001a1al0T YHUKATBHON CTPYKTYpPOH, TTO3BOJISIONIEH CO3/1aBaTh
CIIO)KHBIE U pa3HOOOpa3HbIe y30pbl. ITO OTIMYHKE JIeJaeT UX BOCTPEOOBAHHBIMU JIJISI CO3JaHUS KaK
JEKOPATUBHBIX, TaK W (YHKIMOHATBHBIX m3aenuii. OJHAKO BBICOKAsl CIOKHOCTh TKAueCTBA H
UCIOJIb3yeMble MaTepuabl BIUAIOT Ha MOBEIEHUE TKAHU MPHU PA3IUYHbIX BHEIIHUX BO3JCHCTBUSIX,
TaKMX KaK pacTsHDKCHHEe, CTHpKA, IMakka W TpeHue. TeopeTwdeckuil aHamu3 HTHX (HaKTOpOB
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HEOOXOIUM JIJIs1 JIyUIIero NOHUMAaHUs UX BIMSHUS HA JI0JITOBEYHOCTh M COXPAHHOCTD KAKKapOBbIX
TKaHew [2].

1. PacTspKuMOCTD KaKKapJOBbIX TKaHEH. PacTsHXKUMOCTh TKaHH ONpPEIENsSeTcs ClIOCOOHOCTHIO
MaTrepuanga W3MEHATb CBOM DPAa3MeEphbl IOJ BO3JEHCTBUEM BHEIIHEH CHIIBI, YTO CBA3aHO C €ro
MEXaHU4YECKHUMM CBOMCTBAMHU U CTPYKTYpOH. B KakkapIOBBIX TKaHsX, I[l€ NEPEIUIETCHUE HUTEH
CIIOKHOE, PAaCTSDKUMOCTh MOXKET BaApbUPOBAThCS B 3aBUCUMOCTH OT COCTaBa BOJIOKOH. HarypanbHbie
BOJIOKHA, TAaKH€ KaK XJONOK M IIEpCTh, MMEIOT 0OoJiee BBICOKYIO PACTSIKHUMOCTb, YTO MOXKET
IPUBOIUTH K AedopManuu TkaHu. CUHTETUYECKHE BOJIOKHA, HApUMEp MOJIU3CTEpP, UMEIOT Oosee
HU3KYIO PacTsHKUMOCTb W JIydllle COXPaHAOT (opMy, UTO JeNaeT TKaHb MEHee IOABEP)KEHHOU
ne(popMalum pyu Harpy3Kax.

2. BaustHue CTUpKM Ha KaKKapAoBble TKaHU. CTHpKa SBISETCS OMHUM M3 HanOoJIee 3HaYMMbIX
(bakTOpOB, BO3/IEHCTBYIOIIMX Ha TKAHHU B IIpoLiecce IKCILTyaTaluy. BiusiHue Bo/ibl, MOIOIIMX CPENICTB
U TeMIIepaTypbl Ha CTPYKTYPY TKaHH MOXKET IMPUBECTH K yCaJKe, BBIIBETAHUIO, IOTepe (GOPMBI U
MIOBPEXKICHUIO CTPYKTYPBI BOJIOKOH. [Ipy cTHpKke HaTypaibHble TKAHHW 4acTO IOABEPraroTCs yCcalke,
0COOEHHO ecIi TeMITepaTypa BOJAbI BBICOKA, TaK KaK OHM 00JaIatoT OoJjiee IOPUCTON CTPYKTYPOH U
CKJIOHHBI K CXKAaTHUIO IIOJ| BO3JECHCTBUEM Biaru U Terula. CUHTETUYECKUE TKaHW, HAIPOTHUB, Yalle
BCETO COXPAHAIOT CBOM Pa3Mepbl, HO MOTYT TEpATh SIPKOCTh WIM yCTOMYMBOCTH PHUCYHKa M3-3a
paspyLIeHHs KPACUTEJIEH NI BEPXHETO CJ105 BOJIOKHA [3].

3. BiusiHue miakku Ha JKaKKapAoBble TKaHU. [Makka, 0COOCHHO € MCIIOJIb30BaHUEM Tapa,
OKa3bIBAET 3HAYMTEIILHOE BIMSHHUE Ha TKaHU. B ciydae »akkapIOBBIX MaTepHaliOB, COAEp KAILUX
HaTypaJlbHbIE BOJIOKHA, IPU BO3ACHCTBUU BHICOKMX TEMIIEPATYp MOTYT 00Pa30BBIBATHCS CKIAKU U
nepopMalu, KOTOpbIE CIOKHO YCTPaHUTb. DTO CBA3aHO C TEM, YTO HaTypalibHble BOJIOKHA, B
OTIIMYME OT CUHTETUYECKHX, MOI'YT HU3MEHSATh CBOK CTPYKTYPY IPHU BO3ACUCTBUHU TEIUIA, TEPSs
dopMy M 31acTUUYHOCTb. B CcBOorO  ouepenb, CHUHTETMYECKHME TKAaHU YCTOHYMBee K
BBICOKOTEMIIEPATypHBIM BO3AECUCTBUSM, OHU HE TEPSIOT CBOEW (OpPMBI, HO MOTYT IOJABEPrarbCs
nedopmMalum, eciay TeMIeparypa CIMIIKOM BBICOKA.

4. TpeHue u U3HOC KAKKapJOBBIX TKaHEW. TpeHue sBiseTCs BaXXHBIM (DAKTOPOM, BIUSIOLUIIM
Ha U3HOC TKaHU. DTOT MPOIECC 0COOEHHO BaXkKEH JUIsl TKAHEH, KOTOPbIE MOJBEPIratoTCs AIUTEIbHOMY
MEXaHUYECKOMY BO3/EWUCTBUIO, HAIPUMEp, IPU HOCKE OJEXKJbl WJIM HCIIOJIb30BAHUU MEOENbHBIX
TKaHell [4]. B »kakkapAOBBIX TKaHsIX, IJIe PUCYHOK MOXKET OBbITh Oosiee IUIOTHBIM B HEKOTOPBIX
y4acTKaX, TPEHUE BbI3bIBAECT YCKOPEHHBIM M3HOC MMEHHO 3THUX 30H. HaTypanbHble BOJIOKHA, Takue
KakK XJIONOK, 0Oosiee MoJBepKEeHbl U3HOCY M3-3a CBOEH CTPYKTYpBl M MOPHCTOCTU. B TO Bpems kak
CUHTETHYECKHE TKaHM, Onmarojapsi IIaJKoW MOBEPXHOCTH M 0Oo0Jiee BBICOKOMY COIPOTHBIIEHUIO K
MEXaHUYECKHUM IOBPEXKIACHUAM, UMEIOT JIYUIIyH U3HOCOCTOMKOCTD.
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Puc. 1. ’KakkapoBbie TKaHU

JKCIepUMEHTAIbHAS YACTh

JUia mpoBeeHUs] SKCIIEPUMEHTAIBHON 4YacTH MCCIEI0BAaHUS YCTOMUMBOCTH >KAKKapAOBBIX
TKaHEl K BHEIIHUM BO3JCHCTBUSAM, TaKUM KaK pacTsHKUMOCTb, CTHUpKa, IVIa)KKa M TpPEHHE,
SKCTIEPUMEHTAIbHBIE UCTIbITaHne ObLTH mpoBenéHHBIN B 1IeHTpe «REILEAPY, KoTOpBIE MO3BONIMIN
NOJY4YUTh OOBEKTHBHBIE JaHHblE O (U3MUYECKMX M MEXaHMYECKMX CBOWCTBaxX TKaHed. Bce
HKCTIEPUMEHTHI TIPOBOAMIIMCH Ha 00pa3ax >KaKKapJOBBIX TKaHEH, M3TOTOBJICHHBIX M3 PAa3IMYHBIX
BUJIOB BOJIOKOH: YMCTOTO XJIOMKA, CMECH XJIONKA C MOJIMACTEPOM U MoaudCcTepa (MoKa3Ho Ha puc. 1).

1. HUccnenmoBanue pacTsDKUMOCTH. [l ompeneneHusl pacTsKUMOCTH TKaHeH OblIu
HCIOJIb30BaHbl CTaHIapTHBIE MeTonbl, cortacHo ISO 13934-1 [5], mpu KOTOpBIX 00pa3lbl TKaHEH
MOJBEPrajiCh pacTArUBaOLINM ycrmiinaM Ha yHuBepcanbHoM Tectepe (HT-L-2000A Tensile Tester
machine) ans pactskenus. Kaxapiit Tun Tkanu ObU1 ucnbITad npu Harpyske B 50 H u 100 H, nns
OLIGHKHM Iipenena pacTskeHus. OOpas3ibpl TKaHEH TKaHM W3 XJIONKA, TKAHU C MOJUICTEPOM,
CHUHTETHYECKHE TKaHH (IIOJIMACTEP), BHIPE3AIUCh B HAIPaBIEHUN HUTU OCHOBBI U yTKa. VcnbITaHus
MIPOBO/IMJINCH HAa yHHMBepcaidbHOM HcnbiTaTrenbHoM MamuHe HT-L-2000A. Jlns xaxaoro odpasiua
PETUCTPUPOBAINCH KPUBBIE PACTSKEHHUS, 110 KOTOPBIM ONPEAEIISINCH CIEAYIOINE XapaKTEPUCTUKH:
MOJyJIb YIIPYTOCTH, MPEeN MPOYHOCTH MPHU PACTAKEHUH, OTHOCUTEIILHOE YIJIMHEHHE NPU pa3pbiBe
(kak TokazaHo Ha puc. 2.)
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Puc. 2. PCSy.]'IBTaTH HCIIBITAaHNI Ha PACTAXKCHUC TKaHEH

Pesynprarsr:
- TxkaHu U3 XJIONKa MOKa3aau HauOOJBLIYIO PaCTSKUMOCTh, YBEJIMYMBILNCH B JJIMHY Ha 15—

18% npu Harpy3ske B 50 H u na 20-25% nipu Harpy3ske B 100 H.

TkaHu U3 cMecH XJIONKa U MOJMACTEPA MOKA3aIU MEHBIIYIO PacTsKUMOCTh, Ha 8—10% mpu
Harpy3ke B 50 H u 12—-15% npu 100 H.

- UucTo cuHTeTHYECKUE TKaHU (TOJIUACTEP) MOYTH HE U3MEHSIIN CBOCH JTMHBI, IEMOHCTPHUPYS
pacTsKUMOCTB B nipeaenax 2—3%.

2. Bnusinue ctupku Ha TKaHW. 711 MOIeTMpoOBaHMsI BO3JIEUCTBHUS CTUPKH OOpa3Ilbl TKaHEH
OB TTOMENICHBI Ha SKCIIEpUMeHTanbsHOM Oapabanom mammHe GHA (kak mokazano Ha pucyHke Ne3)
¢ Temneparypoit Boabl 30°C, 40°C u 60°C, ¢ UCTIOTB30BaHUEM HEUTPATBHBIX MOIOIIUX CPENICTB U
MpU CTAaHAAPTHOW MpOoMoKUTEeNbHOCTH Iukia ctupku (30 muuyt) [6]. [locne kaxmoro nukia
CTUPKU M3MEPSUTHCh U3MEHEHHS B pa3Mepe TKaHU U MPOBOAWIACH BU3yalIbHasl OIIEHKA COCTOSTHUS
KAKKapJIOBOTO PUCYHKA. DKCIEPUMEHTBI IPOBOAMINCH IpH 10 LUKIaX CTUPKH.

Pesynbrarsr:
- XJIONKOBBIE TKAaHU INPOJEMOHCTPUPOBAIM 3HAUUTEIBHOE YMEHBILIEHUE DPa3MEPOB IOCIE

ctupku pu temneparype 60°C — o 8%. Takxke HabmoAaMACh TOTEPS APKOCTH PUCYHKA, OCOOEHHO
Ha y4acTKaX C IJIOTHBIM IeperieTeHUEM.

- TkaHu U3 cMecH XJIONKa M TMOJIMACTEpa MOKa3all YMEPEHHYIO ycaaky B mpeaenax 4—6%,
OZIHAKO PHUCYHOK COXPAHMJICS MPaKTHUYECKU 0e3 N3MEHEHUH.

- [TonmuacTepoBbIe TKAHM HE M3MEHUIIN CBOMX Pa3MEPOB, & PUCYHOK OCTAJICA SIPKUM U YETKUM,

YTO MOATBEPIKAACT UX yCTOfI‘-IHBOCTL K CTHPKC.
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Puc. 3. GHA Experimental Drum

3. Bunsgnue maxku. s ucciieqoBaHus BIUSHUS [VIAXKKH HA TKAHU MCHOJIb30BAJICSA YTIOT C
dbyHk1Hel napa, HarpeBaemblil 10 Temieparypsl 150°C. O0pa3iipl TKaHel MoaBeprajiiuch axKe ¢
npuMeHeHneM napa B tedenne 10 munyT. Kaxkapiit o0pasen oOpabdaThIBalics KaK ¢ UCIIOJIb30BAaHHEM
napa, Tak u 6e3, 4ToObl OLICHUTh BIUSHHE BBICOKOI TeMIepaTyphl U Iapa Ha TKaHb.

Pesynbrarsr:

- XJIONKOBBIE TKAHU IOKAa3alM 3HAYUTEIbHOE 0Opa3oBaHUE CKJIAIOK INpH INaxkke Oe3 mapa,
KOTOpbIE YACTUYHO MCYE3aJIM IIPH UCII0JIb30BaHUU Napa. OJIHAKO MOCIJI€ HECKOJIBKUX LIMKIIOB ITIaKKU
0e3 nmapa, TKaHW Ha4daliid TepsITh CBOIO (hopMy, a KaKKapJOBbIM PUCYHOK CTall MEHEE YETKUM.

- Tkanu U3 cMecH XJIONKAa M MOJUACTEpa MPOAEMOHCTPUPOBAIM MEHBUIYIO CKJIOHHOCTH K
00pa30BaHMIO CKIIA/IOK, U UX CTPYKTypa HE MOJBeprajach 3HAYUTEIbHBIM H3MEHEHUSIM.

- IlonmactepoBble TKaHU ObLIM HauOOJEe YCTOWYMBBI K IVIaKKE: OHU HE Tepsuid (popMmbl, HE
00pa30BBIBAIM CKJIA/I0K M COXPAHSIM YETKOCTh PUCYHKA.

4. Tpenue u u3HOC TKaHW. {71 OIEHKU M3HOCOCTOMKOCTH TKaHEW ObUI MPOBEACH TECT Ha
Tpenue no cra"napry ISO 12947-2 [7]. O6pa3ubl TKaHel MOABEPraluch BO3ACHCTBUIO TPEHHUS C
noMonibio npudopa Kpokmerp /i ucnbplTaHus CTOMKOCTH OKPAacKH TKaHU pyuHoro tuna MT 197.
I'OCT 9733.27-83 (xak mokazaHo Ha puc. 4), B TedeHue 500 LMKIOB, UMUTUDPYS UIUTEIBLHOE
ucnonbp3oBanue TkaHW. OlleHKa M3HOCA MNPOBOAMIIACH BU3YyalbHO, C (OKYCOM Ha H3MEHEHHE
TEKCTYPBI TKaHU U MOBPEXKIECHUE )KAKKapJOBOIO PUCYHKA.

Puc. 4. KpOKMCTp JUISI UCIIBITAaHUS CTOMKOCTH OKpaCKU TKaHH.

Pesyabrarbi:
- XJIONKOBBIE€ TKAaHU TIPOSIBIITH 3HAYUTEIbHBIC TPU3HAKK H3HOCca TTociie 200 uKII0B, 0COOEHHO
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HA y4acTKax C IVIOTHBIM PUCYHKOM. TKaHU HauaIu TEPSATH IPOYHOCTh, @ HEKOTOPBIE YUACTKU PUCYHKA
IIOJBEPIIINCH CTUPAHUIO.

- Tkanu M3 cmecu XJIONKa M NOJUACTEpa IOKa3ald yYMEpEeHHble HoBpexaeHus nocie 500
LUKJIOB, HO HE YTPAaTWJIA CBOCH CTPYKTYpPbI U PUCYHKA.

- IlomuscrepoBble TKaHM IIPOAEMOHCTPUPOBAIM HAUMEHBIIMKM H3HOC, PHUCYHOK OCTAJICA
YETKUM, a TEKCTypa TKaHH He u3MeHs1ach Jaxe nocie 500 MUKIOB TPEHHUS.

BriBoabl

Ha ocHOBe n0sTy4eHHBIX JAHHBIX MOYKHO CJIE€JIaTh CIIEYIOLIUE BBIBOJIBI:

- CunHternyeckue TKaHU (HOJIMACTEp) OOMAAAIOT Jydlllel yCTOMYMBOCTBIO K BHEUIHUM
BO3/ICHCTBHM, TAKUM KaK PacTXKUMOCTh, CTUPKA, TIIaXKa U TpeHue. OHU COXPaHSIOT CBOIO (hopMmy,
pa3Mep U PUCYHOK, a TAK)KE IEMOHCTPUPYIOT BBICOKYIO H3HOCOCTOMKOCTD.

- Tkanu, comepkampe CMeCh XJIONKa U IMOJIMACTEPa, OKa3bIBAIOTCS ONTUMAIbHBIMU C TOYKH
3pEHMsI COUETaHMs JIOJTOBEYHOCTH M ACTETUYECKOW NpHBIIEKaTeabHOCTH. OHU COXpaHAOT (opMy
IIOCJIE CTUPKH U DIIAKKH, a TAK)KE UMEIOT YIOBIETBOPUTEIIBHBIE PE3YJIbTATHI IPU TPEHUU.

- UucTo XJIONKOBBIE TKAHW MOABEPIKEHBI OOJBIIUM HM3MEHEHHSIM I10CJIe CTUPKH, INIaXKH U
TPEHUS, YTO OTPAHUUUBAET UX JO0JITOBEYHOCTh U TPEOOBATEIBHOCTD K YXOIY.

1) VYcroitunBocTh K pacTsikeHuto: JKakkapaoBble TKaHHM, HW3IOTOBJIEHHBIE HAa OCHOBE
CUHTETUYECKUX BOJIOKOH, Takue Kak IOJIMACTEP, JEMOHCTPUPYIOT 3HAUUTENbHO 00Jee HHU3KYIO
PacTsKUMOCTB 110 CPAaBHEHUIO C TKaHAMHU, COAEPIKAIIMMH HaTypajibHblEe BOJIOKHA, TAKUE KAK XJIONOK.
OTO CBUAETENBCTBYET O OONbIIeH CTaOMIBHOCTH HX (OPMBI M CTPYKTYpPHl MpPH BHEHIHHUX
MeXaHMUYECKUX Harpy3kax. TKaHH Ha OCHOBE IOJIMACTEPA COXPAHAIOT CBOIO (opMy M pazmep npu
pacTsHKeHUH, B TO BpeMs KaK XJIOTIKOBBIE TKaHU TO/IBEP>KEHBI 3HAYUTEIHHOH 1ehopMaruy.

2) BozgeiictBue crtupku: PesynabraTbl NOKa3aid, YTO CHUHTETHYECKHE TKaHU (TOJIUACTED)
OKa3bIBAaIOTCS HAanbOoJIee YCTOMYMBBIMU K BO3IEHCTBHIO BOJIbI U MOIOLIUX CPE/ICTB, HE U3MEHSISI CBOUX
pa3MepoB U CTPYKTYPbI IIOCJIE MHOTOKPATHON CTUPKU. XJIOIIKOBBIE TKaHU, HAIIPOTUB, IIOBEPIaKOTCS
3HAYUTEIFHOM yCaJIKe U MOTEPEN SIPKOCTH PUCYHKA, 0OCOOEHHO IPU BBICOKHX TEMIEepaTypax CTHUPKH.
370 yKa3bIBaeT Ha HEOOXOAMMOCTb OCTOPOXKHOI'O YXO/1a 3@ HaTypaJbHBIMU TKaHSAMU [Tl COXPaHEHUS
MX BHEIIHETO BUJA.

3) I'maxxka u Tepmuyeckoe Bo3zaelcTBUe: CHHTETHYECKHE TKAaHU, TaKUe KakK IOJUACTED,
OKa3aJMch 00Jiee YyCTOMUMBBIMH K BBICOKOM TeMIepaType U MEXaHHMYeCKOMY BO3JeHCTBUIO napa. B
TO BpeMs KaK XJIONKOBBbIE TKAaHH JIETKO Tepsuid GopMy M 0O0pa3oBBIBAIM CKIAAKH, YTO TpeOOBajo
0co00ro Mojixosa Mpu Miaxkke. DTO MOJUYEPKHUBAET HEOOXOJUMOCTh MCIOIb30BAHMS CIIEIIMATIBHBIX
PEKUMOB IVTAXKKHU JJIs1 TKAHEH ¢ HaTypalbHBIMU BOJIOKHAMH, YTOOBI M30€KaTh UX MOBPEXKACHUS.

XakkapnoBble TKaHM Ha OCHOBE CHUHTETHYECKMX BOJIOKOH, OCOOEHHO IOJIUACTEPA,
MIPOAEMOHCTPUPOBAIIM [IPEBOCXOAHBIE JKCIUTYyaTallUOHHBIE XAPAKTEPUCTUKH, 4YTO JEJaeT UX
MPEANOYTUTENBHBIMA JJI1 UCIIOJIB30BAaHUS B TKaHSAX C BBICOKOM Harpys3koil. HarypanbHble TkaHW,
XOTSl U 00J1a/1al0T BBICOKOW 3CTETUUYECKOM LIEHHOCThIO, TPEOYIOT OoJiee TIIATEIbHOTO YX0/a, YTOOBI
COXpaHUTh CBOM CBOWCTBA M BHEMHWUNA BUA. [IpoBeneHHbIE HKCHEPUMEHTHI MOTYT OBITh
MCIOJIb30BaHbl JJIs1 pa3pabOTKM HOBBIX PEKOMEHAALMH MO YXOIy 3a KAKKapJOBBIMHU TKaHSIMH, a
TaK)Ke Ul COBEPILIECHCTBOBAHUS IPOU3BOACTBEHHBIX TEXHOJIOTMM, HAIPABJICHHBIX HA YIIyYILECHHE
KauecTBa M JIOJITOBEYHOCTH TKaHEW, OCOOEHHO B MPOU3BOJACTBE TEKCTUIIBHBIX H3JEIH,
[TOIBEPrarOLUXCs YaCTOMY MEXaHUYECKOMY U TEPMUUYECKOMY BO3JIECUCTBHUIO.
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JKAKKAPI MATAJIAPBIHBIH CO3BLIYFA, )KYYFA, YTIKTEYTE )KOHE YHUKEJYTE
OPTYPII CBIPTKbI OCEPJIEPI'E TO3UIYIH 3EPTTEY

Tyiiin

Byt 3eprreyniH MakcaThI-TaNIIBIKTApABIH SPTYPIi TYpJIEpIHEH >KacallFaH jKaKKap]l MarajlapblHbIH
CO3BLIY, XYY, YTIKTEY oHE YHKENiC CHUSKTBHI CBIPTKBI acepiiepre Te3iMainiria tannay. Ocel (akropaapaby
ocepiHeH TiHAEpAiH (U3MKANBIK >KOHE MEXaHUKAJBIK KACHETTEPiHIH ©3repyiH 3epTTeyre OarbITTajlfaH
OKCIICPUMEHTTIK CBHIHAKTAp OapbhIChiHAA. TaOWFW JKOHE CHHTCTHKAIBIK TAIIIBIKTaphl Oap TiHAEPII
CaJIBICTBIpMANbl TaJlJiayFa epeKile Ha3ap ayaapbulaabl. HoTwokenep CHUHTETHKAIbIK KOMIIOHEHTTEpi Oap
MartajaplblH CO3bLIyFa, TEPMISUIBIK KYKTEMeEJepre )kKoHe MEeXaHUKaJBIK TO3yFa TO3IMIIIIT KOFapbl eKeHiH
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KOpCeTTi, OyJ1 onapIbiH OSpIKTIri MEH CHIPTKBI TYPiHIH CaKTalybIH alTapibIKTail apTThIPaIbL.

O3 KeseriHze, TAOWFU TANIIBIKTapFa HETI3JENTeH Marajap >KOFapbl TeMmIeparypafa >KOHE KaTThl
yiiKemicTe JKyFaHHaH KeliH e3repictepre 0eifim 60oiabl. JXKyprisinren 3epTreynep Kakkapa MarajapbliHa KyTiM
JKacayblH OHJIPICTIK MPOLECTEPl MEH JJICTePiH OHTAMIaHABIPYFa MYMKIHIIK Oepeli, oIapiblH ©HIMILTIr
MeH OepiKTiriH apTThIpaIbl.

Kinrrik ce3gep: xakkapn Maranapbl, OEpiKTIK, CO3BUIFBIITHIK, XYY, YTIKTEY, YHKeJic, TO3yFa
TO3IMIUTIK, MEXaHUKaJIBIK KACUETTEP.
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A STUDY OF THE RESISTANCE OF JACQUARD FABRICS TO VARIOUS EXTERNAL
IMPACTS ON STRETCHABILITY, WASHING, IRONING, AND FRICTION

Abstract

The purpose of this study is to analyze the resistance of jacquard fabrics made from various types of
fibers to external influences such as stretchability, washing, ironing and friction. In the course of experimental
tests aimed at studying changes in the physical and mechanical properties of tissues under the influence of
these factors. Special attention is paid to the comparative analysis of fabrics containing natural and synthetic
fibers. The results showed that fabrics with synthetic components demonstrated higher resistance to stretching,
thermal stress and mechanical wear, which significantly increases their durability and preservation of
appearance.

In turn, fabrics based on natural fibers were more susceptible to changes after washing at high
temperatures and intense friction. The conducted research makes it possible to optimize production processes
and methods of care for jacquard fabrics, increasing their performance and durability.

Keywords: Jacquard fabrics, durability, stretchability, washing, ironing, friction, wear resistance,
mechanical properties.
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OIIPEJEJEHME MOKA3ATEJEN HOTPEBUTEJIBCKUX qBoﬁCTB TKAHEMH,
HCHOJIB3YEMBIX ITPU NOLIUBE AJANITAIIMOHHOM OJEXK/bI JJI5
MMOJIPOCTKOB C OTPAHUMYEHHBIMHU JIBUTATEJIBHBIMHA BO3MOXHOCTSIMHU

AHHOTAIIUA

Crarpsl TOCBSIIEHA AaHANIM3y MOTPEOUTEIBCKUX CBOMCTB TKaHEH, MCIOJIb3YEMBIX IIPH IIOIIUBE
aJIanTallMOHHON ONEXIBI Ul IMOIPOCTKOB C OrPAHWYEHHBIMH JABHIATEIIbHBIMH BO3MOXKHOCTSIMH. B crartbe
paccMaTprBalOTCs KIFOUEBBIE XapaKTEPUCTUKU TKaHEH, KOTOPBIE JOIKHBI 00ecTieunBaTh KoM(popT U ynoOCTBO
IUIT  TIOJPOCTKOB C  0coObiMH  ToTpeOHOcTssMHA. (Ocoboe BHHMaHWE  YIASNEHO  AIIACTHYHOCTH,
BO31yXOIPOHHUIIAEMOCTH, THIIOAJUIEPI€HHOCTH, IPOYHOCTH, YCTOWIMBOCTH K 3arPsI3HEHUSM, TEPMOPETYIISILIUU
u nérkoctd B yxozxe. [logpoOHO aHANMM3UPYIOTCS TKaHH, KOTOpPBIE CHOCOOCTBYIOT —YITyUIIIEHHIO
(YHKIMOHAILHOCTH M yHOOCTBa OJEHKABI, 8 TAKKE WX ICTETHUECKUE CBOMCTBA, TIO3BOIISIONINE TTOIPOCTKAM
BBIpa)KaTh CBOI0 MHIUBHUIYaJIbHOCTb. Pe3ynbTarsl paboThl MOAUYEPKHUBAIOT BaKHOCTh KOMIJIEKCHOTO MOAXO0a
K BBIOOpY TKaHEH AJsl CO3MaHusl afanTallMOHHOW ONEXKAbI, KOTOpas YUMTHIBACT Kak (U3UUECKUE, TaK U
TICUXOJIOTHYCCKHE HOTpC6HOCTI/I IMOAPOCTKOB C OrpaHUYCHHBIMU ABHUIaTCIIbBHBIMH BO3MOXXHOCTSIMMU. KpOMe
TOro, paboTa BKJIIOYAeT aHAIN3 IOKa3aTeledl MOTPeOMTENbCKUX CBOWCTB TKAaHEH, YTO SIBISETCS BaXKHBIM
acIeKTOM B pa3paloTKe afanTalMOHHOW ofexkabl. OLEHMBAIOTCS METONbl U KPUTEPUH UIS ONpElesICHUS
KOM(OPTHOCTH, MPOYHOCTH U OE30MaCHOCTH MaTepPHAaJIOB.

KiroueBble ciioBa: AnantanuoHHas ofexaa, OrpaHMYCHHbIE ABUTaTeNbHbIE BO3MOXKHOCTH, TkaHH,
[orpeburenbckue cpoiicTBa, KoMmpopt, ImacTHIHOCTb.

Beenenue

AnantanvoHHas 0J1€X/1a U1 MOAPOCTKOB C OTPaHUUEHHBIMU JIBUTAaTEIbHBIMU BO3MOKHOCTSIMU
UTpaeT BaKHYIO POJIb B 00ECIIEUEHNH UX KOM(POPTa U CaMOCTOSTEIbHOCTH. BbIOOp TKaHel 11 Takoi
ONIK/Ibl JIOJKEH YYHUTHIBaTh HE TOJIBKO ICTETUYECKUE MPEANOYTEHMs, HO M (YHKIMOHAIbHbIE
XapaKTePUCTUKH, TAaKME KaK JIETKOCTb, NMPOYHOCTb W YAOOCTBO. AJanTalMOHHas OAeXJa Jis
MOJPOCTKOB C OrPAaHUYEHHBIMU JBUTATEIbHBIMH BO3MOXHOCTSAMHU JIOJDKHA COOTBETCTBOBATH
cienn(uYecKkuM TpeOOBaHUSIM, KOTOpPbIE ONPEAETSIOTCS HE TOJNBKO (YHKIMOHAIbHBIMHU, HO M
OTPeOUTENbCKUMHU cBOMCTBaMU TKaHel [1]. IIpaBunbpHbINA BEIOOpP MaTepuanoB BIuseT Ha KOM(DOPT,
0€30MacHOCTh M Ka4eCTBO JKU3HU ATHUX MOAPOCTKOB. B MaHHOM cTaThbe paccMaTpuBaIOTCS OCHOBHBIE
MOKa3aTesid NOTPeOUTENbCKIUX CBOMCTB TKaHEH, MOAXOAAIIUX JUIsl aanTallMOHHON OJIEK/IbI, a TAKXKe
UX BIMSHUE Ha KauecTBO U 3(PPeKTuBHOCTD u3enus. BeiOop TkaHel Ui alanTallMOHHON OeK bl
TpeOyeT KOMILJIEKCHOTO MOJX0Ja, YYMTHIBAIOIIETO0 HE TOJBKO ACTETUYECKHUE MPEANOYTEHHS, HO U
NOTPeOUTENBCKUE CBOICTBA, TakWe KaK BO3AYXOMPOHUIAEMOCTb, 3JIACTHYHOCTH, NMPOYHOCTh WU
TUTHEHUYHOCTh. DTH XapaKTEPUCTUKU OIPENENSIIOT, HACKOJIbKO KOM(OPTHO U OE30MaCHO MOAPOCTKY
HOCHUTb JJAHHYIO OZIEKY (KaK moKa3aHo Ha pucyHke Nel) [2], a Takke BIMSIIOT Ha €€ JOJITOBEYHOCTh
1 JIETKOCTb yXOJa.

Ha ceromHsAmHMil 1€Hp CyLIECTBYET MHOXKECTBO CTAHJAPTHBIX TKAaHEH, MOAXOASIINX s
MTOBCEIHEBHOI'0 MCIOJIb30BaHMs, OJHAKO JUISI CO3/IaHUs aJalTallMOHHOW OAEXKIbI JIJIsl MOJIPOCTKOB C
0CcOObIMH TTOTPEOHOCTAMHU TpelOyeTcsi 0CcOoOBbI MOAXOM K BBIOOPY MarepuanoB. ITO 00yCIOBIECHO
HE0OXOMMOCThIO yu€Ta OCOOEHHOCTEH 30pOBBbS U OrPAaHUYECHHBIX (PU3UYECKUX BO3MOKHOCTEH
TaKUX MOJPOCTKOB. B CBA3M C 3THM Ba)KHO UCCIIEAOBATh U ONPEACTHUTD KIIOUEBbIE MTOTPEOUTEIbCKHE
CBOWCTBA TKaHEW, KOTOpbIe obecredaTr yno0cTBO, PyHKIMOHAIBHOCTh U JJOITOBEYHOCTh OJECKIBI, A
TaKXe yJAOBJIETBOPSAT MOTPEOHOCTH MOAPOCTKOB B COIIMATIBHBIX U IICUXOJIOTHYECKUX ACTIEKTaX.
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B pamkax nmanHOW paOOTBI pacCMaTpUBArOTCS METO/ABI OIEHKH M XapaKTepUCTHKAa CBOMCTB
TKaHEeH, a TaKk)Ke oIpeJiesIeHue IoKazaTeleil HoTpeOUTeIbCKIX CBOMCTB, HEOOXOAUMBIX AJIS CO3/IaHMS
s eKTUBHON amanTanuoHHONW ofekabl. OleHKa TKaHeH BKJIOYaeT B ceds Kak J1abopaTropHbIe
UCIBITAHUSL, TaK M OMNPOCHI CPEAM LEJIEBOM ayqUTOPUH, YTO MO3BOSIET IIyOXKe IMOHATh MX
notTpeOHOCTH U OXKuIaHus. TakuMm 00pa3oM, pe3ylbTaThl HCCIIEO0BAHUS MOTYT CIIY>KUTh OCHOBOM JUIS
pa3pabOTKN MHHOBAIIMOHHBIX M KAY€CTBEHHBIX PEILICHUH B 00JIACTH aAaNTallMOHHON MOJIBI.

OcHognbie xapakmepucmuku mraueu

1. Komdopt 1 Bo31yXOnpOHULIaeMOCTh. TKaHU TOKHBI 00€CIIeYUBaTh XOPOLIYIO LIUPKYIISLIUIO
BO3/yXa, YTOOBI IPEOTBPATUTD NIEPETPEB U pasApaxeHune Koku. Hanpumep, XJIONKOBBIE U JIEHUBBIE
TKaHu [3] oO;mazaroT BBICOKOH BO3AYXONPOHUIAEMOCTbIO M XOPOLIMMM T'MTPOCKONNYECKHUMU
CBOMCTBaMH.

2. DnacTMYHOCTh W pacTsKUMOCTb. [l obecrneyeHus yaoOCTBa JIBUKEHUH BakHa
AJIACTUYHOCTh TKaHEeW. CMHTETUYECKHE MaTepualibl, TAKME KaK CHAaHAEKC U 3J1acTaH, MOTYT OBITh
CMELIaHbI C XJIOTIKOM WJIM TOJIMICTEPOM JUIsl CO3/1aHUsI KOM(POPTHON U yIOOHOM OEXKIbI.

3. IlpouHocTs u H3HOCOCTOMKOCTb. Opexaa s TMOAPOCTKOB C OrPaHUYEHHBIMU
JIBUTaTEIbHBIMU BO3MOXKHOCTSIMU JIOJKHA OBITh IPOYHON M YCTOWYMBOM K MOBpeXACHUAM. TKaHH,
TaKkue KaK KOpaypa U HeJIoH, 00JIa1al0T BEICOKOW U3HOCOCTOHKOCTBIO M JIOJTOBEYHOCTHIO.

4. I'urueHn4HOCTh. AHTHOAKTEpUAbHbIE U T'MIIOAJIJIEPIeHHbIE CBOWCTBA TKAHEH SIBISIOTCA
BOXHBIMH XapaKTEPUCTUKAMHU, OCOOCHHO JJIsi TOAPOCTKOB C YYBCTBHTENBHON Kokei. TkaHw,
0o0paboTaHHbIE CHEUUATbHBIMU CpPEACTBAMM, MOTYT THPEAOTBPAaTUTh pa3BUTHE OakTepuil u
HETIPUATHBIX 3amaxoB [3].

Cneyuguueckue mpebosanus K a0anmayuoHHoU ooedxcoe

1. YnoOctBo oneBanus. Oaexaa T0KHA OBITH JICTKOHM B HaJIEBAHUU U CHSITUHU, YTO MOKET OBITh
JOCTUTHYTO 3a CYET MCIOJIb30BaHMs 3aCTEKEK Ha MOJIHUAX, JMUIyYKaX WIM KHOIKaX, a TaKke
MIPOAYMaHHOTO KPOS.

2. MonynpHOCTb. BO3MOXHOCTH W3MEHEHHs KOHCTPYKLUHU OAEKIbl B 3aBUCUMOCTU OT
noTpedHOCTEN MOAPOCTKA, HAPUMEDP, BCTABKU IS MOJAEPKKN WIH KOPPEKIUU (PUTYPBHI.

3. OcTeTHKa M MHIWBHUIYaJbHOCTh. BaXHO yUMTBIBATh MPEANIOYTEHUS MMOAPOCTKOB B CTUIIE U
nu3aiiHe. Vcronb3oBaHue SIPKUX IIBETOB U MHTEPECHBIX MPUHTOB MOXKET MOBBICUTH CAMOOLICHKY U
koMbopT [4].

Puc. 1. AnanranmonHas ogexaa st HOJPOCTKOB ¢ OTPAHUYEHHBIMU JIBUTATEIIbHBIMU
BO3MOXKHOCTSIMH
Takum o06pa3om, TpH MOITUBE ATANTAITMOHHON OJEXKIBI ISl TIOJPOCTKOB C OTPAaHUYCHHBIMH
JBUTATEILHBIMUA BO3MOKHOCTSIMU BaYKHBIM SIBIISIETCS] KOMIIEKCHBIHN MOJX0/ K BBIOOpY TKaHel. OHu
JOJDKHBI  00J71a/IaTh HE TOJBKO CTAaHIAAPTHBIMH XapaKTEPUCTHUKAMH, TaKUMHU KaK TPOYHOCTh H
W3HOCOCTOMKOCTh, HO W JOTMOJHHUTEIHHBIMA CBOWCTBAMHU, KOTOPBIC YYHTHIBAIOT OCOOEHHOCTHU
30POBbSI W TOTPEOHOCTH TMOJPOCTKOB, OrPAaHMYEHHBIX B  JBWKEHUU. DIJIACTUYHOCTD,
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BO3TyXOTPOHHUIIAEMOCTb, TUIIOAIIICPTCHHOCTh, TEPMOPETYJISAIUS U JIETKOCTh B 00CTY)KUBAHUHA — BOT
T€ KJIIOUYEBBIE XapaKTEPUCTHUKH, KOTOPBIC MO3BOJISAIOT CO3/1aTh KOM(MOPTHYIO, (DYHKIIMOHAIBHYIO U
CTUJIBHYIO OJICKY JUISl 3TOM KaTeropuu MOAPOCTKOB.

Teopernuecknii anajau3

AtanraioHHAas1 OJI€¥K1a 111 HOAPOCTKOB C OTPAHUYECHHBIMU JBUTATEIIbHBIMU BO3MOKHOCTIMU
MPEACTABISIET COOOM BayKHBIHM AJIEMEHT MOBCEHEBHOM )KM3HHU, CYIIECTBEHHO BIUSIOIINNA HA KAY€CTBO
YKWA3HU ITUX MOAPOCTKOB. B OTiIMUME OT CTaHAAPTHOM ONEK/IbI, TaKasi OACK A TOJ>KHA YUUTHIBATD HE
TOJIBKO (DYHKITHOHAIbHBIC, HO U MEAUIIMHCKUE U TICUXO0JIOTHYECKHE TOTPEOHOCTH TOJIb30Baresel [5].
Br100op TKaHU AJIs TIOIITNBA aAANTAIMOHHON 0K bl — 3TO KOMILIEKCHBIN TPOIIECC, BKIIFOYAIOIIHIA B
cebst yuéT MHOXKECTBAa XapaKTEPHCTHK, KOTOPhIC HANPSMYIO BIHMSIOT Ha KOM(OPT, 3A0POBbE U
0€30MMacCHOCTh MOAPOCTKOB C OTPAHUYCHHBIMH JIBUTATEILHBIMA BO3MOXHOCTSMHU. TeopeTHIeCcKuit
aHaJ M3 TOKa3aTele MOTPEeOMTEIbCKMX CBOWCTB TKAaHEHW, WCIOJIB3YEMBIX TPHU IIOIINUBE
aJanTallMOHHON OAEXKAbl JJISI MOAPOCTKOB C OTPAHUYEHHBIMU JBUTATEIbHBIMU BO3MOYKHOCTSIMHU,
MOJATBEPKJIACT, YTO BHIOOP MaTepUaloB JOJDKEH OBbITh MHOTOIPAaHHBIM M YUUTHIBATH HE TOJIBKO
MPaKTUYECKUE TPEOOBaHUS, HO M TICUXOJIOTMUECKUE MOTPEOHOCTH IMOAPOCTKOB. DJIACTUYHOCTbD,
MIPOYHOCTh, TMIOAIJIEPTEHHOCTh, TEPMOPETYISIUS U JIETKOCTh B YXOAE€ — 3TH XApaKTEPUCTUKHU
00eCIeYnBarOT BHICOKOE KaueCTBO U (DYHKIIMOHATHHOCTD OJNCKIBl. YUET ATHX (DAKTOPOB SBISCTCS
3aJI0TOM  CO3JIaHus KOM(OPTHOM, O€30MacHOW ¢ ACTETUYHOW OACKIbI IS TOIPOCTKOB C
OTPaHUYCHHBIMH JIBUTATEIIbHBIMUA BO3MOXHOCTSMH, YTO CIOCOOCTBYET UX COLIUAJILHON aIaNTaluy U
MOBBIIICHHUIO KaU4eCTBa KU3HH.

Meronbpl OUEHKM M XapaKTEpUCTHKA CBOMCTB TKaHEW, MCIOJIb3YEMbIX MpPH TMOIIMBE
aJanTallMOHHOM OJICX/IbI /11 MOJPOCTKOB C OTPAHUYEHHBIMU JBUTATEIbHBIMU BO3MOKHOCTSMH.

Br10op TKaHeH IS ananTanruoOHHOW OJIeX/IbI, 0COOCHHO ISl IIOAPOCTKOB C OTPaHUYCHHBIMU
JBUTATEIbHBIMU  BO3MOXHOCTAMH, TpeOyeT JeTadbHOro aHaiu3a HuX (QU3NYEeCKuX U
AKCIUTyaTallUOHHBIX XapakTepucTuk [6]. [lns 3Toro pa3paboTaH MeTOJ| OLIEHKH U XapaKTEepHUCTUKA
(kax mokazaHo Ha Tabmuie Nel), KOTOpbIe TMO3BOJNSIOT OMPENEIUTh MOTPEOUTETHCKUE CBONCTBA
TKaHel, oOecrieunBas WX COOTBETCTBUE OIPEACIEHHBIM TpeOOBaHUsM. PaccMOTpUM OCHOBHBIE
METO/IbI OLICHKH Y XapaKTEPUCTUKH CBOMCTB TKAHEMN, KOTOPHIE UTPAIOT KIIFOUEBYIO POJIb IIPU CO3MAHUU
aJTanTallHOHHOMN OHCHKIbI.

Tabnuma Nel. OnieHKH 1 XapaKTEepUCTUKA CBOMCTB TKaHEH.
XapakrepucTuKa MeTtoabl OLIEHKH KioueBblie nokasaresu

1. Oyenka anacmuunocmu u s ONpeeIeHUs IIpenenbHas pacTsKUMOCTb
pacmsadicumocmu mKaueul. | IACTUYHOCTH TKaHHU | — MaKCHMAaJbHBIi ypOBEHb
D1acTUYHOCTD U | HCTIOJIB3YETCs METOJ| | YIUIMHEHUS TKaHU 6e3
PacTsKUMOCTh TKaHH | pacTsHKeHUsl ¢ (PUKCAlMeld Ha | MOBPEXAEHUs.
SIBIISIOTCS BaXXHBIMHU | CIIEUATIBHOM YCTPOHCTBE — Boccranosnenue hpopmbr —
XapaKkTepucTUKaMH, 0cobeHHo | pacTsbkHoM mnpubope (HTL- | cnocoOHOCTB TKaHU
TS onexael, | 2000 - Mammna JUTA | BO3BpamjaTbCsi B MCXOJHOE
MIPEIHA3HAYEHHON Ul JIIOJEH | UCTIBITAHUS HAa PaCTSIKEHUE). | ITOJIOKEHUE IOCJIE
c orpannyeHHoi | [Ipu TOM U3MEPSETCS | PACTKEHUS.
MOJBIMKHOCTBbIO.  TKaHM  C | BeJIMUMHA YIUIMHEHHUS TKaHU
BBICOKOU AIIACTUYHOCTBIO | IPU MPUIOKEHUU CHIIBI, YTO
o0JyieryaroT mporecc oJieBaHus, | 1aéT TpeAcTaBIeHHe o eé
HE CKOBBIBAIOT JBUKEHHSI M | CHOCOOHOCTH K PACTSKEHUIO.
YMEHBIIAIOT  HAarpy3Ky Ha

CYCTaBBbI.

2. Oyenka npouHocmu u Tect Ha NPOYHOCTH TMpHU Tpenue (Metox abpasuBa)
UBHOCOCTOUKOCMU. pPacTSHKEHUU: TPOBOIAUTCA C | — KOJIMYECTBO IIMKIIOB [0
[IpoyHOCTH, TKaHU SIBISETCS | TOMOIIBIO PACTSDKHOTO | TIOSIBTICHUS] BUIMMOTO H3HOCA.
BOKHBIM  TIOKazaresnemM  e€ | TecTepa, (HTL-2000 - IIpenenpHasi Harpy3ka Ha
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JIOJITOBEYHOCTH, OCOOCHHO JIJIst
ONEXKIbI, KOTOpas 4acTo
MO/IBEpraeTcsi Harpy3skam u
cTupkam. [l agantaimoHHON

Maiuna a1 MCIBITaHUS Ha
pacTsKeHHE) KOTOPBIit
u3MepserT MaKCHUMaJIbHOE
ycuiiie, KOTOpoe TKaHb MOXKET

ONICXK/bl,  MPEIHA3HAYCHHOM | BBIAEPXKATh MEPE] pa3pbIBOM.
TUISE MOJIPOCTKOB c H3HococToiikocTh  (MeTox
OTpPaHUYECHHBIMU Maprungeitna) [7]: Tkaup
JBUTATEIbHBIMU MOJBEPraeTcsi  TPEHUI0 O
BO3MOXHOCTSIMH, TKaHU | HIEPIIABYI0 MOBEPXHOCTb, U
JOJDKHBI ~ OBITH  JIOCTaTOYHO | U3MepseTCs KOJIMYECTBO
MIPOYHBIMH, YTOOBI | IUKIIOB, IOCIE KOTOPBHIX Ha
BBIIEP)KMBATh MEXAHHUYECKOE | TKAHH HAYMHAIOT MPOSIBISATHCS
BO3JICHCTBHE, Hanpumep, | MOBPEKICHUSI.

TpEHHE.

pa3phIB MaKCHUMaJIbHOE
yCcHIIie, KOTOPOe TKaHb MOXKET
BBIZICPKaTh J0 pa3phiBa.

3. [lunoannepeennocmov u
beszonacnocmv  mxaneu. Jns
MOJIPOCTKOB C OTPAHMYECHHBIMU

Tect Ha TOKCUYHOCTD:
BKJIFOUAET B ceOs ompeesieHre
HaJIU4Us TOKCUYHBIX BEIIECTB

YpOBEHb TOKCHYHOCTH —
HaJIH4ue BPEIHBIX
XUMHUYECKHUX BEIECTB.

JIBUTaTEIbHBIMU B COCTaBE€ TKAaHU, TaKUX Kak ['mnoannepreHHoCThb —
BO3MOYKHOCTSIMH, KaK IPaBUIIo, | OpMaJIbJIETU/IbI, KpPAaCUTENN | CIOCOOHOCTD TKaHU HE
Ba)XEH BbIOOp TKaHeH ¢ |WIM  JpyrHe  XUMHKAThl, | BbI3bIBATh aJJIePruyecKux
TUI0aJUIEPT€HHBIMU KOTOpblE ~ MOTYT  BBI3BaTb | PEaKIIMA.
CBOWCTBaMH, 4TOOBI | aJJIEPrUuecKue peaklny.
MUHUMU3HUPOBATH puck | Tect Ha pa3apakeHUE KOXKHU:
BO3HUKHOBEHUS Pa3paKeHUH | IPOBOAUTCSA c
U aJUIepIruil Ha KOXKe. UCIIOJIb30BAaHUEM  TECTOBBIX

MOJENEH  KOXKH,  KOTOpBIE

IIPOBEPSIIOT,  BBI3BIBAET  JIM

TKaHb MECTHOE pa3Jpa’KeHUE

U JUIMTETbHOM KOHTAKTE.

4. Dcmemuxa u 6HewHUl Onenka 1BeTa U TEKCTYpPHI: CrolikocTh usera = —

6u0. JIns MOAPOCTKOB BaXKEH HE | MPOBOAUTCSI €  MOMOUIBIO | YCTOHYMBOCTD TKaHU K
TOJBKO (PYHKIIMOHAIBHBIN, HO | CTAHJIAPTU3UPOBAHHBIX LIKAJI U | BBIIIBETAHUIO npu

U OCTETHMYECKHH  acleKT | MHCTPYMEHTOB, MO3BOJISIONINX | BO3JAEHCTBUM CBETA U CTHPKE.
OIEXKIBL. Txanu JUIS | U3MEPUTH IBET, TEKCTYpy U TexcTypa W BHEIIHUI BHJ
a/JlanTalluOHHON OBl | INIOTHOCTH TKaHH. — BOCIpHUSTHE TKAaHU Ha
JOJDKHBl ~ ObITh  BH3yanbHO | OlleHKa CTaTUKM TKaHU: | OLIYIb M BU3yaJIbHO.
MIPUBIIEKATEIbHBIMHU U | IpOBEpKa TOro, Kak TKaHb

COOTBETCTBOBATh CTHJIIO | BBIIISIAUT B JIBUKCHUU WU B

HOJPOCTKOB. CTaTUYHOM IOJIOKEHHH.

MeTo/b1 OTIEHKH U XapaKTEPUCTHKN CBOMCTB TKaHEU UTPAIOT KITFOUYEBYIO POJIb TP pa3padoOTKe
aJanTalMOHHOW OJIEXK bl 1151 HOJPOCTKOB C OIPAHUYEHHBIMU JIBUTATEIbHBIMU BO3MOXHOCTSIMU. DTO
TpeOyeT KOMIUIEKCHOTO TIOJXO0/la, BKIIFOYAIONIETO TECTUPOBAHHE HA IIMACTHYHOCTh, MPOYHOCTH,
TUIIOAJJIEPT€HHOCTh, TEPMOPETYIIALINIO, YCTOMYMBOCTh K 3arpsI3HEHUSIM M 3CTETUYECKHE CBOMCTBA.
OTH TECTHI IOMOTAIOT OINPEACIIUTh, HACKOIBKO TKaHb Oy/ieT yo0HOM, 6€30macHOM U JI0JITOBEYHOM B
MTOBCETHEBHOM HCIIOJIb30BaHUH, 00ECTIEUnBasi MOJPOCTKAM MAKCHUMAIIbHBIN KOM(POPT U MOIIEPKKY.

BoiBoabI

Takum 00pa3om, MpH MOIIKUBE aTaNTAIMOHHON OJSKIBI ISl TIOJPOCTKOB C OTPAaHUYCHHBIMU
JIBUTATEIHHBIMUA BOSMOXKHOCTSIMH Ba)KHBIM SIBIISIETCSI KOMILIEKCHBIN TTOAXOMA K BRIOOPY TKaHel. OHu
JOJDKHBI  00JTalaTh HE TOJIBKO CTAHJIAPTHBIMH XapaKTEPUCTUKAMH, TAKUMU KaK IMPOYHOCTh H
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M3HOCOCTOWKOCTh, HO W JIOTIOJIHUTEIHHBIMH CBOWCTBAMHM, KOTOPBIC YUYUTHIBAIOT OCOOEHHOCTH
3M0pOBbSl U TOTPEOHOCTH TMOAPOCTKOB, OTPAaHMYEHHBIX B JABI)KEHUU. OJIaCTUYHOCTb,
BO3/IyXOIPOHUIIAEMOCTb, TUII0AJIEPIE€HHOCTD, TEPMOPETYIISIHS 1 JIETKOCTH B 00CITY>KUBaHUH — BOT
T€ KJIIOUEBbIC XapaKTEPUCTHKHU, KOTOPHIE MO3BOJISIIOT CO3AaTh KOM(MOPTHYIO, (PyHKIMOHAIBHYIO U
CTHJIBHYIO OACKIY IS 3TOM KaTeropuH MOAPOCTKOB. BBIOOp TKaHEW AJis aanTalluOHHON OIek bl
JUISL TIOJJPOCTKOB C OTPAHWYECHHBIMHU JIBUTaTEIbHBIMU BO3MOXKHOCTSIMU TpeOyeT yuéTa MHOKECTBa
(akTOpOB, KOTOPHIE HETOCPEACTBEHHO BIUSIOT Ha KOM(DOPT, 6€30MacHOCTh M (YHKIMOHATHHOCTD
onexpl. HeoOXoanMMO yUUTHIBATh HE TOJIBKO (PU3MUECKUE U IKCIUTyaTallMOHHbIE CBOMCTBA TKAHEH,
HO ¥ croenuduueckue MOTPeOHOCTH TONb30BaTeieid C OrpaHWYECHHBIMU JIBUTaTEIbHBIMU
BO3MOXKHOCTSIMH. TKaHM JOJKHBI OOecreyuBaTh CBOOOAY JBMKEHMH, JETKOCTH B yXOlIe U
JIOJITOBEYHOCTh, & TAKXKe ObITh O€30TACHBIMU JIJISl 30POBBSL.
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KO3FAJIBICHI HIEKTEYJII )KACOCHIPIMJIEPTE APHAJIFAH BEMIMJIEJITEH
KUIMJAEPAI TII'VAE KOJTJAHBIJIATBIH MATAJIAPABIH TYTBIHY IBIJIBIK
KACHUETTEPIH AHBIKTAY

Tyiiin

Maxkana mexTeyai JkacecmipiMaepre OediMmenreH KWIM TITY Ke3iHAE KOJIAHBUIATBIH MaTalapAblH
TYTHIHYIIBIIBIK KACHETTEPiH TasigayFa apHaiFaH. Makajajga epekiie KaXeTTulikrepi Oap jkacecmipiMmaepre
KaWIBUTBIK TIEH BIHFAMIIBIIBIKTEL KAMTaMAaChI3 €TETiH MaTalap/blH HeTi3r cHlartaManapbl KapacThIpbLIabl.
Hkempinikke, THIHBIC alyFa, THIOAJUIEPTEHAUTIKKE, OEPIKTIKKe, JacTaHyFa TOIMALIIKKE, TEPMOPETYIIAIHIFa
JKOHEe KYTIMHIH KapanmailbIMABUIBIFBIHA €peKIie Ha3ap aymapbuiafbsl. KuiMHIH (QyHKIIMOHAIABIFEI MEH
BIHFAUJIBUIBIFBIH JKaKCcapTyFa BIKMAJI €TeTiH Maranap, COHJai-aK ONapAblH OSCTETUKAIBIK KacHeTTepi
KacecHipiMaepre o3AepiHiH xKeke 0achIH KopceTyre MyMKIHIK OepeTiH erxKel-TerKeini Tanganaasl. JKymbic
HOTIDKEJIEepl MOTOPUKACHI MIEKTEYI XKacOCHipiMAepaiH (HU3UKAIBIK JKOHE MCHUXOJOTHSIIBIK KAKETTUTIKTEPiH
€CKepeTiH OeriMIeNy KHIMIEPIH kacay YIIiH Marajapibl TaHJayFa KEIICH I KO3KapacThIH MaHbI3IbLIBIFBIH
kepceteni. COHbBIMEH KaTap, JKYMBIC MAaTaHbIH TYTHIHYIIBUIBIK KACHETTEPIHIH KOPCETKIIITEPiH Taigayibl
KaMTuabl, Oysr OediMaeneTiH KUiMAI JaMbITYIBIH MaHBI3IBI acmekTici. MarepuangapablH >KaiIbUIBIFBIH,
OepiKTiri MeH Kayinci3AiriH aHbIKTay 9icTepi MEeH KpUTepHidiepi OaranaHabl.

Kinrrik ce3aep: beitimuenrim KuiM, KO3FaNFBIITHIFRI MIEKTEYIi, Maraixap, ©HIMIUIK, >KaHIbUIbIK,
CEePIMILTIK.
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DETERMINING CONSUMER PROPERTIES OF FABRICS USED IN SEWING
ADAPTIVE CLOTHING FOR ADOLESCENTS WITH LIMITED MOVEMENT
ABILITIES

Abstract

The article is devoted to the analysis of consumer properties of fabrics used in the tailoring of adaptive
clothing for adolescents with motor disabilities. The article discusses the key characteristics of fabrics that
should provide comfort and convenience for adolescents with special needs. Special attention is paid to
elasticity, breathability, hypoallergenic, durability, resistance to pollution, thermoregulation and ease of care.
Fabrics that contribute to improving the functionality and convenience of clothing, as well as their aesthetic
properties, allowing teenagers to express their individuality, are analyzed in detail. The results of the work
emphasize the importance of an integrated approach to the choice of fabrics for creating adaptive clothing that
takes into account both the physical and psychological needs of adolescents with motor disabilities. In addition,
the work includes an analysis of indicators of consumer properties of fabrics, which is an important aspect in
the development of adaptive clothing. Methods and criteria for determining the comfort, strength and safety of
materials are evaluated.

Keywords: Adaptive clothing, Limited mobility, Fabrics, Performance, Comfort, Elasticity.
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WHHOBAIINM B TEKCTUJIBHOM MMPOMBIIIVIEHHOCTH: CO3JAHUE TKAHEMN,
MEHAIOMUX OHBET OT TEILVIA

AHHOTAUA

Craresi TOCBSIEHA WHHOBAMSAM B TEKCTHIBHOM MPOMBIIUIEHHOCTH, OCOOEGHHO CO3/IaHUIO
TEPMOXPOMHBIX TKaHEH, KOTOpbIE MEHSIOT IBET IOJ BO3JCHCTBUEM TeMmeparypsl. PaccMarpuBaroTcs
MIPUHIIATIEI pa0OTHI TEPMOXPOMHBIX TUTMEHTOB, UX IPUMEHEHNE B MOJIE, CIOPTHBHOM OZICK/Ie M METUITHHCKUX
ycrpoiicTBax. OOCYkIal0TCsl MPEUMYINECTBA, TAKUE KAK WHTCPAKTUBHOCTh U (DYHKIIMOHAIBHOCTh, & TAKKE
HEOCTATKHU, BKJIIOYAsi CIIOKHOCTH YXOJa M HM3HOCOCTOMKOCTh. B 3aKilioueHHH OTMEYaeTcsl MepCreKTHBa
JMANBHEHIIIETO Pa3BUTHS STOW TEXHOJOTHH, YTO MOXKET NPUBECTH K HOBBIM pEUICHWSIM B JU3aifHE H
(hYHKIIMOHATBHOCTH TEKCTHIIS. DTH HHHOBAIIMU HE TOJBKO MPENJIaraloT HOBbIE BOBMOXKHOCTH JIJIS AM3aifHa, HO
W MOTYT YITy4IIHTh QYHKIIMOHAILHOCTE OACXK I, 0OecriedrnBas KoM(pOPT U MPaKTUUHOCTH JIs TOJIb30BaTeNeH.
B Oynymiem Takwe TEXHOJIOTHMH MOTYT 3HAUYWUTENbHO W3MEHUTHh HE TOJNBKO BHEIIHWN BUJ, HO W TOBBICHTH
3¢ (eKTUBHOCTH U OE30MTaCHOCTH MaTEPHAJIOB B Pa3IMIHBIX cepax.

KialoueBble ci0Ba: TEpMOXpOMHBIE TKAaHH, WHHOBALIMM, TEKCTHWJIbHAs IPOMBIIIJICHHOCTb,
TEeMIIepaTypHbIe U3MEHEHUS, (YHKIIMOHATBHOCTh, TEPMOXPOMHBIE KPACUTEIH.

BBenenue

B MOCICAHUC JOCCATUIICTUA TCKCTUJIbHAA MPOMBIIIJICHHOCTD IIPETCPIIC/Ia 3HAYUTCIIBHBIC
W3MEHEHUs, BHOCS MHHOBAIMH, KOTOPbIE MEHSIOT BOCIPUSATHE TPATUIIMOHHBIX TKaHe. OnHON U3
HanOoJIee MHTEPECHBIX Pa3pabOTOK CTaau TEPMOXPOMHBIC TKaHH, CIIOCOOHBIC MEHSTH I[BET IO
BO3JICICTBHEM TeMIepaTypbl. TepMOXpoMHasl TKaHb — 3TO MHHOBALIMOHHBIA MaTepual, KOTOPBIH
M3MEHSET CBOH IBET MPH U3MEHEHUH TeMIiepaTypbl. B ocHOBe 3Toro 3dekra nexar crernuaibHbe
MMUTMEHTHI, KOTOPBIE PearupyroT Ha Temno. [Ipu moBbIeHHH TeMIEpaTypbl MTUTMEHTHI MEHSIOT CBOIO
CTPYKTYPY, 4TO IMPUBOAWUT K U3MCHCHUIO LBCTA TKAHMU. Ot YHUKAJIBHBIC MaTCpUalibl OTKPLIBAIOT
HOBBIE BO3MOXKHOCTH Kak B JIu3aiiHEe, TaKk U B (DYHKIIMOHATHHOCTU TEKCTWIsS. OJHUM H3 CaMBIX
yBJIEKaTeIbHBIX HANpaBI€HUW B 3TOW oOnacTu SBISETCS pa3pabdOTKa TEPMOXPOMHBIX TKaHEM,
KOTOpbIE CIIOCOOHBI MEHSTH LIBET B 3aBUCMMOCTH OT TEMIEPATyphl Kak MoKa3zaHo Ha puc. 1 (a). Otu
Mar€puajibl HE TOJIBKO ITPHUBJICKAIOT BHHUMAHHC CBOUM HEOOBIYHBIM BHEIIHUM BUIOM, HO H
OTKPBIBAIOT HOBBIE TOPH30HTHI B (PYHKIIMOHAIBHOCTH TeKCTUsl. OHM CTAHOBSITCS HACTOSLIUMU
MIPOU3BEICHUSMH UCKYCCTBA, B3aUMOJICHCTBYIOIIMMHE C OKPY’KAIOIIEeH cpeoit u motpedurenem [1].
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a - TepMOXpOMHBIE TKaHU 0 - ToroBas usnenus

Puc. 1. TepmoxpoMHbIe TKaHU

C pocToM MHTepeca K YCTOWYMBBIM M TE€XHOJIOIMYHBIM MarepHalliaM, TEPMOXPOMHBIE TKaHU
HAUMHAIOT 3aHUMATh Bce Oosiee 3HAYUTETLHOE MECTO B MOJIE, CIIOPTE U Jaxke MeAuLnHe. J(u3aiiHepsl
WCIIOJNIB3YIOT MX ISl CO3/IaHUS YHUKAIBHBIX KOJIICKITMH KakK MoKa3aHo Ha puc. 1 (0). DTo He mpocTo
TPEHJI, a Liedasi KaTeropus TEKCTHIIA, KOTOpas MEHsET MOAXOA K Au3aiiHy ¥ (YHKIMOHAIbHOCTH,
npejyiaras HoBble BO3MOXHOCTH I TBOPYECTBA U MIPAKTUUECKOTO MPUMEHEHUS [2].

Teopernuecknii aHajau3

TepmMoxpoMHbIE TKAHU OCHOBAHbI Ha MPUHIUIIAX TEPMOXPOMUH, IIPOLIECCA, IPU KOTOPOM LIBET
BEILIECTBA M3MEHAETCS B 3aBUCUMOCTU OT Temmeparypbl. OCHOBY TakMX TKAaHEW COCTaBIISIFOT
CTeMaIbHbIC TMTMEHTHI, KOTOPbIE MOTYT OBITh KaK OPraHUYE€CKUMH, TaK H HEOPTaHUIECKUMU. DTH
IIUTMEHTBl MEHSIOT CBOK MOJIEKYJSIDHYIO CTPYKTYpy IOJ BO3JAEHCTBHEM TEMIIEpaTypbl, 4TO U
NPUBOAUT K W3MEHEHHI0 IBeTa. Haubonee pacnpocTpaHEHHbIE TEPMOXPOMHBIE MHIMEHTHI
UCIIOJIb3YIOT PEAKIMI0, OCHOBAaHHYI0 Ha U3MEHEHUHM KPUCTAJUIMYECKON CTPYKTYpBI, O3BOJISAIOIIEH
MUTMEHTaM MPOSBIIATH pa3inyHble 1BeTa [3-4].

C ToukM 3peHHs XUMHHM, TEPMOXPOMHBIE IIUTMEHTHI JEJATCS Ha JBa OCHOBHBIX THIA:
TEPMOXPOMHBIE COEIMHEHHUS, KOTOpPble aKTUBUPYIOTCS INpPH MOBBIMIEHUH TEMIEpaTypbl, U T€, YTO
pearupytoT Ha e€ cHrkeHre. Kaxplit 13 3TUX THIOB MOKET ObITh IPUMEHEH B Pa3HBIX KOHTEKCTaX,
YTO pacIIMpsieT BO3MOXKHOCTH MCIIOJIb30BaHUS TakuxX TkaHed. Hampumep, B cOpTUBHOM onexne
TEPMOXPOMHBIE IMIMEHTBl MOTYT CHTHQJIM3UPOBaTb O IIOBBIIMICEHUU TEMIIEpPATyphl Tela,
MIPEIOCTABIISAS [10JIb30BATENI0 BAKHYI0 MHPOPMAILIMIO O COCTOSIHUM €0 3A0pOoBbs. C TOUKU 3pEeHUs
¢bu3uKu, TepMOXPOMHBIE FIPPEKTHI TAKXKE 3aBUCAT OT PA3INYHBIX (DAKTOPOB, TAKUX KaK BIAXKHOCTB,
CBET U BpeMs BO3AECHCTBUS TEIUIA, YTO JIeJaeT UX UCCIIeI0BaHINE MHOTOIPAaHHBIM U KOMIUIEKCHBIM.

CoBpeMeHHbIe UCCIIeIOBaHUs B 00JIACTH TEPMOXPOMHBIX TKaHEW HaIpaBJCHbI Ha yIy4dIlIeHHUE
HUX YCTOWYHMBOCTH K M3HOCY M BO3JEHCTBUIO BHEHIHEW cpeapl. OMHOW U3 3a/1a4 SBISETCS CO3/IaHue
Oosiee JONTOBEYHBIX MHUTMEHTOB, KOTOPbIE COXpaHSJIM Obl CBOM CBOMCTBA Ha MPOTSHKEHUU
JUINTEIBHOTO BpeMeHH. Takum o00pa3oM, TEOpPeTUYECKUH aHalu3 TEPMOXPOMHBIX TKaHEH
JEMOHCTPUPYET HE TOJNBKO HX IMOTEHIMANl Jjs NPUMEHEHUS B pPa3IUUHBIX cdepax, HO U
HEO0OXOMMOCTh JAIbHEWUIIUX HCCIENOBAHUM JUIS JOCTHXKEHHUS BBICOKOW CTaOMIBHOCTH U
(GYHKIMOHAIBHOCTH 3TUX MHHOBAIIMOHHBIX MaTepuaioB [5-6].

[Ipenmy1iecTBa TEPMOXPOMHBIX TKaHEH

- Humepaxmueénocms u yHuxaioHocms. TEPMOXPOMHBIE TKAHU MEHSIOT LIBET B 3aBUCHUMOCTH
OT TEMIIepaTypbl, YTO MMO3BOJISIET CO3/1aBaTh YHUKAIbHbIEC U MHTEPAKTUBHbIE U3/IENNs. JTO 100aBIseT
JIEMEHT HEOXKHMIAaHHOCTH U KPEaTUBHOCTH B MOy U JU3aliH.

- @QyukyuonanbHocms. TKaHU MOTYT CIIY>)KMTh MHIUKATOpaMH TEMIIEpaTyphl, Mpeaynpexaas
MOJI30BATENs O MEeperpeBe. IT0 0COOCHHO MOJIE3HO B CIIOPTUBHOM OZIEXK/IE M CIIEHUAIBHOM O/1exk e
JUTsl paOOTHUKOB B YCJIOBHUSIX BBICOKHX Temrepatyp [7].

- Ocmemuueckas npuenexamenbHocms. BO3MOXHOCTh M3MEHEHUS ILBETa NMPHUAAET TKaHIM
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BU3YaJIbHBIN MHTEPEC, YTO AENAET UX MPUBJIEKATEIbHBIMU JUIsSl AU3alHEPOB M mOTpedurenei. 1o
MO>KET OBbITh HCIIOJI30BaHO KaK B OAEXKIE, TaK U B UHTEPbEpE.

- Jkonocuueckue nepcnekmugvl. C y4eTOM PACTYILEr0 HHTEPECA K YCTOMYUBBIM MaTepHalam,
TEPMOXPOMHBIE TKaHH MOTYT OBIThb pa3palOTaHbl C MCHOJb30BAHMEM OHKOJIOTMUYECKH YHCTBHIX
TEXHOJIOTHA, 4TO JeTaeT uX Oosiee MPUBIEKATEIbHBIMH [T CO3HATENIBHBIX MTOTPEOUTENEH.

[IpenmyniecTBa TEPMOXPOMHBIX TKaHEH JENal0T UX MPUBIIEKATEIbHBIMU JIJIsl pa3IUYHbIX chep
MPUMEHEHHS, CIOCOOCTBYSI MHHOBAIMSAM M KPEATUBHOCTH B TEKCTHIJIBHOM MPOMBIIIICHHOCTH. DTH
TKaHU TPEACTaBISAIOT CO00M HE TOJBKO 3CTETHYECKYI0 II€HHOCTh, HO U (YHKIMOHAJbHBIC
BO3MOXHOCTH, KOTOPBIE MOTYT YJIYYIIUTh Ka4€CTBO KHU3HH MTOTpeOUTENeH.

Xumuueckue ocHOBbl MEPMOXPOMHBIX Kpacumeneu

TepMOXpPOMHBIE KpacUTENM OCHOBAaHbI HAa H3MEHEHUU MOJIEKYJSIDHOM CTPYKTYpbl IIpH
pa3inuHbIX TeMieparypax. CyniecTBYIOT 1Ba OCHOBHBIX MEXaHHU3Ma!

- H3omepuzayus: Ipyu N3MEHEHUH TEMIIEPATyPbl MOJIEKYJIBI KPACUTEIEH MOTYT IIEPEXOUTD U3
OJTHOW M30MEpHOH (OpMBI B IPYryr0. DTO MPUBOAUT K M3MEHEHHIO UX ONTHYECKUX CBOWCTB W,
COOTBETCTBEHHO, LIBETA.

- HM3meHeHue KpUCTAUIMYECKOW CTPYKTYypbl: HekoTopble NUIMEHTbI MEHSIOT CBOIO
KPUCTAJUTMYECKYIO ()OpMY TIPH BO3JCHCTBUN TEMIIEPATYPhI, YTO TAK)KE BIHMSIET HA UX IIBET.

JKCIepUMEHTAJIbHAS YaCTh

HccenenoBanre TEpMOXPOMHBIX TKaHEH, HM3yYEHHE CBOMCTB TEPMOXPOMHBIX TKAaHEHM, HX
peaklud Ha U3MEHEHUs TeMmIleparypbl (Kak mokazaHo B Tabmuie Nel.) W oneHKa BO3MOXKHOCTH
IIPUMEHEHHUS], SKCTIEPUMEHT IPOBOMIICS Ha Kadenpe « TexHonorus u npoeKTUpoBaHUE TEKCTHUIIbHbBIX
MatepuainoB» B nabopatopusix «REILEAPy. [lony4yeHHble JaHHBIE MOTYT OBITH HCIIOJIB30BAHBI IS
TaTbHEHIINX WCCIEAOBAaHUA M pa3pabOTKM HOBBIX TEKCTHJIBHBIX W3ICIHA C YHHKAJIbHBIMU
(GYHKIIMOHAJIBHBIMA ~CBOMCTBAMH. OTH pe3ylbTaTbl Takke€ MOTYT IIOMOYb B TIOHUMaHUU
MOTEHLUAJIBHBIX 00JaCTe MPUMEHEHHS] TEPMOXPOMHBIX TKaHEH B TEKCTUIIbHOM MPOMBIIIIJIEHHOCTH.

Tabnuua Nel. Mertozuka skciepumMeHTa

ITonroroBka o0pa3unoB Onpenesenne HN3mepenue BusyanbHnas
TeMIepaTypHbIX peakuuu Ha OlleHKA
YCJI0BHH TeMIIepaTypy

Nzrorosnen Heckonbko | Paznenuts o0pasusl Ha | [loctenenHo Hcnons3oBath
00pa3uoB TKaHeH, | rpymIsl JUIs | HarpeBaTh TKaHH | JyIy WIn
HaHeCs] TEPMOXPOMHBIE | TECTUPOBAHHS npu | (Harpumep, C | MEKPOCKOTI TUIst
KpacHUTeNIN Pa3IMYHbIMU | pa3IMYHBIX IOMOIIbIO  TOpsiueil | HabIroAeHUS
cocobamMu (HarpuMmep, | TeMmeparypax BOJIBI WM | UBMEHEHU  1IBeTa
norpykeHue B pactBop | (Hanpumep, 20°C, 30°C, | HarpeBateneii), Ha YPOBHE
WM paciblICHHE). 40°C, 50°C). ¢bukcupys BOJIOKOH.

U3MEHEeHHs  IIBeTa

npu Ka)XJIOM

TeMIIepaTypHOM

miare.

Pe3yabrarhl 3KcniepuMeHTa

[Tocne mpoBeneHust cepur IKCIIEPUMEHTOB 0 MCCIEAOBAHUIO TEPMOXPOMHBIX TKaHe ObLIn
MIOJTyYEHBI CIIeTYIOIINE Pe3yIbTaThl:

- Uszmenenue ysema: Bee 00pasiibl TEPMOXPOMHBIX TKaHEH MPOIEMOHCTPUPOBATN 3aMETHBIE
HU3MCHCHUA IBE€TA B OTBET HA USMCHCHUA TEMIICPATYPhI. HI/ISKOTeMHepaTypHBIe KpaCUuTECIN U3MCHSAIN
LIBET IpH Temreparypax okojo 25-30°C, B TO BpeMsl Kak BBICOKOTEMIIEpATypHbIE KPaCUTEIH
pearuposanu npu 40-50°C.

- Tunvl mraneti: XJIOMOK MOKa3al 001ee BRIPAKEHHYIO PEAKIINIO Ha N3MEHEHHE TeMITePaTyphI
[0 CPAaBHEHUIO C MOJIMACTEpOoM. TkaHU, 00pabOTaHHBIE TEPMOXPOMHBIMU KPACUTENISIMU, COXPaHIIN
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CBOM CBOKMCTBA IMOCJIE MHOTOKPATHOTO MCIIOJIb30BaHMS, YTO YKA3hIBAET HA UX JIOJITOBEYHOCTD.

- Unmencusnocmo uzmenenus: yeema: VI3MeHeHUs 1BETa BapbUPOBAINCH B 3aBUCUMOCTH OT
TUTIA KpPACUTEI U TKaHu. HekoTopbie 00pa3Iiibl IpOsSBISLIA PE3KUe M3MEHEHHS OTTEHKOB, TOT/IA KaK
JIPyTHUE TEMOHCTPUPOBAIH 00JIee TJIaBHBIE TIEPEXO/IbI.

BriBoABI

Takum 00pa3oM, TEPMOXPOMHBIC TKAaHU TMPEACTABISIOT COOOH MEPCIIEKTUBHOE HAIPaBJICHHUE,
CHOCOOHOE coYeTarh (PyHKIMOHAIBLHOCTD, ICTETHKY U IKOJIOTHYECKHE MPEHMYIIECTBA, YTO JCTaeT
WX aKTyaJIbHBIMU TSI OyIyIuX pa3pad0TOK B TEKCTHIIBHOW MTPOMBIIUICHHOCTH.

- Unnosayuonmnwvie ceovicmea: TepMOXpOMHBIC TKaHU OONAIAOT YHUKAJIBHBIMU CBOHCTBAMU
M3MCHEHHUS IIBETa B OTBET HA HW3MCHEHHUS TEMIIepaTyphl, YTO JEJaeT WX HWHTEPECHBIMH JJIs
MIPUMEHEHHUS B Pa3IMYHBIX O0JIACTSIX TEKCTHIBHON MPOMBIIIIEHHOCTH.

- Hlupoxuii cnekmp npumeHeHus; DT TKaHW HAXOIAT NMPUMEHEHHE HE TOJBKO B MOJHOM
WHIYCTPHUH, HO U B CIIOPTUBHOHN OJICK]IC, HHTEPhEpE M 3alIUTHOW ONIeXKJIC, YTO MOTICPKUBACT UX
YHUBEPCAIBHOCTbD.

- Heobxooumocms Oanvhetiwux ucciedosanuii: J{isi ONTUMHU3ALHMK CBOMCTB U ITOBBIIICHHS
KayecTBa TEPMOXPOMHBIX TKaHEH HEOOXOAMMO TPOAODKATh HCCIICNOBaHUS B 00NAacTH
MaTepUaIOBECHHS W TEXHOJIOTHIA, YTO OTKPOET HOBBIC TOPU3OHTHI JUIS UX MIPUMEHEHHUS.
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TOKbIMA OHEPKOCIBIHJIETT HTHHOBAIIUSIIIAP: TYCIH )KBLITYFA KAPAH
O3T'EPTETIH MATAJIAP ’KACAY

Tyiiin

Maxkanana TemreparypaHblH dCEpIiHEH TYCIH ©3repTyre KaOileTTi TepMOXpOMIBI MaTrajapra epeKiie
Hazap ayzmapa OTBHIPHIN, TOKbBIMA ©HEPKACIOiHAeri WHHOBANMSIAp KapacThIPBUIAABL. TepMoXpoMus
MEXaHU3MIHIH CHIIATTaMachl, TEPMOXPOMJBI OOSFBIITAPABIH KIKTCIyl KOHE ONapiAbl COH, CIOPT JKOHE
KOPFaHBIC CHSKTBI OPTYpPJIi cajajiapia KOJIJaHy OChl MaTepuaapiblH KEH MYMKIHIIKTEPIH KOPCETEei.
XKyprizinren toxipudenep TepMOXpOMIBI TiHAEPIAIH THIMAUIITIH pacTam, Mara MeH OOSFBIIITHIH TYpl MEH
TeMIeparypa araainapbl apachblHIarbl OalIaHBICTHl AHBIKTAIbl. 3€PTTEy HOTHXKEJEepl TYpPaKThl >KoHE
SKOJIOTHSUIBIK Ta3a TEPMOXPOMIBI IHNEHIIMIEPAl 93Ipieyleri KOCBIMINA 3epPTTEYJICPIIH MaHbI3IbLIbIFbIH
Kepcereni. Makana COHBIMEH Karap OollanrakTa TEPMOXPOMIBI Maralapisl KOJIAaHy IMepCIeKTHBaIaphiHa,
COHBIH IITiH/Ie ONApbIH MHTEPAKTHBTI KoHE (DYHKIIMOHAIIBI KAIM jKacay/laFbl dlieyeTiHe Hazap aylapajbl.

KinTrik ce3mep: TepMoXpomiabl Marajap, WHHOBALMsIIAp, TOKbIMAa ©HEPKACiOi, TeMmeparypaHbIH
e3repyi, PyHKIIMOHATIBLIBIK, TEPMOXPOM/IBI OOSIFBIIIITAP.
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INNOVATIONS IN THE TEXTILE INDUSTRY: CREATING FABRICS THAT CHANGE
COLOR WITH HEAT

Abstract

The article discusses innovations in the textile industry, with special emphasis on thermochromic fabrics
that can change color under the influence of temperature. The description of the mechanism of thermochromy,
the classification of thermochromic dyes and their application in various fields such as fashion, sports and
protection demonstrate a wide range of possibilities of these materials. The experiments have confirmed the
effectiveness of thermochromic fabrics, revealing the relationship between the type of fabric and the dye, as
well as temperature conditions. The results of the study emphasize the importance of further research in the
field of developing sustainable and environmentally friendly thermochromic solutions. The article also focuses
on the prospects for the use of thermochromic fabrics in the future, including their potential in creating
interactive and functional clothing.

Keywords: thermochromic fabrics, innovations, textile industry, temperature changes, functionality,
thermochromic dyes.
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NCCIEAOBAHUE U TPUMEHEHHUE CAMOBOCCTAHABJ/IUBAIOIIUXCA
MATEPHUAJIOB B TEKCTHWJIBHOM MPOMBIIIJIEHHOCTH

AHHOTAIINA

B nanHOif cTarbe paccMaTpPUBAIOTCS CAMOBOCCTAHABIMBAIOIIMECS MaTepualibl KaK WHHOBAIIMOHHOE
pelIeHre B TeKCTUIBHON MPOMBIIUIEHHOCTH. OMUCaHbl OCHOBHBIE MIPUHIIAITEI PA0OTHI 3TUX MaTepHalioB, UX
CIOCOOHOCTH BOCCTAHABJIMBATH CBOW CBOWMCTBA TIOCTIE MIOBPEKICHUA U TPUMEHEHHE B Pa3IMYHBIX CETMEHTaX
TEKCTHWJIS, BKITIOYAs OJISK/Ty, MEOCIIbHBIC TKAHU U CIICIUATM3UPOBAHHbBIC TEKCTHIIA. OOCYKIat0TCS KITIOUCBhIC
TEXHOIIOTUHU pa3pabOTKH, TaKUe KaK MUCIOIh30BaHNE MOTUGMHUIIMPOBAHHBIX MOJIMMEPOB, MUKPOKATICYISIUS 1
HAaHOTEXHONIOTHH. TakKe OCBEIAIOTCS MPEUMYINECTBA, BKIOYAs YBEIWYCHHYIO JOJTOBEYHOCTH U
SKOJIOTHYHOCTh, & TaK)K€ BBI3OBBI, TAKHME KaK BBICOKAS CTOMMOCTL M TEXHHMUYECKHE CIIOKHOCTH. Pabota
MOYCPKUBAET 3HAYUMOCTh CaMOBOCCTAHABJIMBAIOIIMXCS MaTepPHAJIOB KaK HANpaBICHUS JUIS  OyIyIux
WCCIIEZIOBaHWH ¥ IPIMEHEHUS B TEKCTUIIBHOM OTpPAaCIIH.

Ocoboe BHUMaHHUE YACICHO MEPCIEKTUBAM BHEAPEHUS STUX TEXHOJOTHH B MAacCOBOE MPOU3BOICTBO
TEKCTWIBHBIX H3JCNIUN, a TaKXKe SKOHOMHYECKOW I1eJeCO00pa3HOCTH U SKOJOTHYECKHM acleKTaM HuX
WCTIONB30BaHMA. Pe3ynmbraTel MCCIENOBAHUA MOTYT IOCIYKATh OCHOBOHM IS NANBHEWUIINX pa3pabOTOK B
00JTacTH MHHOBAIIMOHHBIX TEKCTHIILHBIX MATEPUAIOB M MX MPUMEHEHHS B PA3IIMYHBIX OTPACIAX, TAKAX KaK
MOJIa, CITIOPTHUBHAS OICKA M METUITMHCKIE U3ICITHSL.

KiroueBble cioBa: CaMOBOCCTAHABJIMBAOMIUCCA Marcpualibl, TCKCTHUJIbHASA NPOMBIINUICHHOCTD,
MHHOBAITHOHHBIC TCXHOJIOT'HUH, TIMOJIUMEPHI, MUHKPOKAIICyJIAuus, HaHOTECXHOJIOTHUH, JOJITOBEYHOCTBD,
9KOJIOTUYHOCTD, CIICHUATIN3UPOBAHHBIC TCKCTUIIN.

Beenenue

CoBpeMEHHbIE TEXHOJIOTMU aKTUBHO CTPEMSTCS K CO3JaHUI0 MHHOBAIMOHHBIX Marepuasos,
KOTOPBIE MOTYT YJIYYIIHTh CBOMCTBA TOTOBOM MpoayKuuu. OQHONU U3 TaKUX TEXHOJOTUHN SBISIOTCS
CaMOBOCCTAHABIMBAKOIIMECS MaTepuanbl. B TEKCTUIBHOW MPOMBIIUIEHHOCTH HX IPUMEHEHHUE
OTKPBIBAET HOBBIE TOPU3OHTHI, Mpejaras penieHus: i YBETUYCHHUS CpPOKa CIYKObl TKaHEH,
MOBBILIEHUS UX IIPOYHOCTH U YIIYULIEHHUSI DKCIUTyaTAlMOHHBIX XapaKTEPUCTHUK.

Onpeodenenue camo8occmanasIu8arOujuxcs Mamepuaios

CamoBoOcCCTaHaBIMBAIOIIUECS] MaTEpPHANIbl — 3TO CHELUUATbHBIE KOMIO3UThI WU MOJIUMEPHI,
KOTOpBIE€ 00JIa1at0T CIIOCOOHOCTRIO K aBTOMCIIeNeHH0. [lociie MexaHnYeCKIX TOBPEKICHUN, TaKUX
KaK pa3pbIBbI WJIH [IapalUHbI, OHH MOTYT BOCCTaHABIIMBAThH CBOIO CTPYKTYpY Onarogaps BCTpOSHHBIM
AKTUBHBIM  KOMIIOHEHTaM, pearupyronM Ha  H3MEHEHUS B  OKpYKAIOUIEH  cpele.
CaMOBOCCTaHABIMBAIOIIUECS MaTepHallbl 001a1al0T YHUKATBLHOM CIIOCOOHOCTHIO BOCCTAaHABIUBATH
CBOIO TIEPBOHAYAIBHYIO CTPYKTYpPY M (YHKIIMOHAIHHBIE CBOWCTBA TMOCIE TOBPEKACHHUSI. OTH
MaTepuaibl MOTYT OBITh CO37aHbl HA OCHOBE TOJMMEPOB, KOMIIO3UTOB MU TEKCTUIIHLHBIX BOJOKOH,
COZIEPIKAIMX CTEIUaIbHbIe T00aBKH (KaK TOKa3aHO Ha PHC. 1), KOTOpbIE aKTUBUPYIOTCS B CITydae
MEXaHUYECKHUX ITOBPEKICHUM.
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Puc. 1. TekcTunbHbIC Marcpualibl COACPIKABIIUEC CIICHNATIbHBIC ZIO6aBKI/I

Ilpumenenue 6 mekcmuibHOU UHOYCMPULL

Ooexcoa. B mpou3BOACTBE CIIOPTUBHOM M aKTUBHOM OJEKIbl CAMOBOCCTaHABIMBAIOIINECS
TKaHU MOTYT 3HAYUTEJIBHO YBEIWYHUTH CPOK CITYKOBI M3IENNH, 3aIUIIas UX OT MOBPEKICHUN Kak
MOKa3aHO HA PHUC. 2 CIOPTHBHAS OAEKIA W MOBCEAHEBHAs. DTO OCOOCHHO aKTyajbHO JUIsl TKaHEH,
MOJBEP’)KEHHBIX HMHTEHCUBHOMY MCIOJIb30BaHHIO. (CaMOBOCCTAHABIMBAIOUINECS TEKCTUIIbHBIC
W3JIeTUsl MOTYT HCIIOJIb30BaThCsl B MPOU3BOACTBE OAEXK/IbI, IIPEIHA3HAYEHHOHN Ui SKCTPEMAJIbHBIX
yCIIOBHIA, Hampumep, B paboyeil wunm BoeHHOM yHubopme. Takue wmarepuansl CIOCOOHBI
BOCCTAHABIIUBATh CBOIKO LIEJIOCTHOCTh MOCJIE MEXAaHUYECKUX MOBPEXKICHHM, YTO YBEIUYMBAET CPOK
CITY>KOBI M3JICJHIA U CHIYKAeT HEOOXOAMMOCTh B YaCTOM 3aMEHE.

a — CnoptuBHas ofnexaa 6 — [ToBcemHEeBHAS OISk 1A
Puc. 2. Onexxapl ¢ CaMOBOCCTAHABIMBAIOIITHECS TKAHIMHU

Mebenvnvie mxanu. CaMOBOCCTaHABIMBAIOIIMECS MaTepHallbl HAXOIAT MPUMEHEHUE B OOUBKE
Mebenu, obecreurBas 3alluTy OT MEXaHMYECKUX MOBPEXKICHUMN U 3arps3HeHUN (Kak MMOKa3aHo Ha
puc. 3). Takue TKaHU HE TOJIBKO CTETUYHBI, HO ¥ PYHKIIMOHAIBHBI, TPOJIIEBAst CPOK CITYKOBI MEOEIIH.
B ob6nactu mHTEphepHOro nu3aiiHa CaMOBOCCTAHABJIMBAIOIIMECS TKAHU CTAHOBATCS Bce Oosee
nonyasipHeIMA. OHU TIPUMEHSIOTCS JUIsi OOMBKM MeOenu M JIpYyTruX SJIEMEHTOB WHTEphepa, UYTO
MO3BOJISIET COXPAHUTh ACTETUUECKUN BUJ U3AEIUH Jaske MOCiIe AITUTEIbHOIO UCIOIb30BAHUS.
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Puc. 3. CamoBOCCTaHABIMBAIOIINECS MaTepPUaIbI IJIsl OOMBKH MeOEIH

Cneyuanusuposanmvie MEeKCIMUIU. B BOCHHOM i MEIUIIMHCKOM cepax
CaMOBOCCTaHABJIMBAIOIIMECS MaTepuaibl MOTYT OBITh HCHOJIB30BaHBI ISl CO3JaHUS 3alUTHOU
OJICK/TBI U MEIMIIMHCKHUX TEKCTHIICH, KOTOPBIE TOJKHBI OCTaBAThCs (DYHKITMOHATBLHBIMH JaKe TIOCIIE
MOBPEKICHUI.

Teopernueckuii aHaJu3

Co3naHue caMOBOCCTAHABIMBAIOIIUXCS TEKCTUIIBHBIX MaTEPUAIOB BKJIIOYACT MCIOJIb30BAaHUE
Pa3IUYHBIX TEXHOJOTUM:

Ionumepnuvle oodasku. Vicrionb3oBanue MOAUGUIIMPOBAHHBIX MIOJIUMEPOB, KOTOPHIE CIIOCOOHBI
K BOCCTAaHOBJICHHIO. Hampumep, moimyperanbl ¥ CHJIMKOHBI MOTYT OOECIeUuMBaTh HEOOXOAMMBIE
CBOICTBA.

Muxpoxkancynayus: B 5TOM MeTO[€ aKTHUBHBIE BEIIECTBA MOMENIAIOTCS B MHUKPOKAIICYJIBI,
KOTOpbIE pa3pylIaloTCs TpH TOBPEKICHUHM, BBICBOOOXKIAs BELIECTBA, CIOCOOCTBYIOIINE
BOCCTaHOBJICHHIO.

Hanomexnonoeuu: HanodacTUIsl MOTYT OBITH BHEAPEHBI B BOJIOKHA TKAHEH, UYTO MO3BOJSIET
BOCCTAHABIIMBATh MaTE€pHaJIbl HA MOJIEKYJIIPHOM YPOBHE.

Ilonamue camosoccmanasiu8aOWUxcs Mamepuanlos

CaMoOBOCCTaHABIMBAIOIIMECS] MaTepualibl MPEACTaBISAIOT CcO0OM Tpymnmy Marepuasos,
o0MajgaroX CHOCOOHOCTHIO  BOCCTAHABIMBATH CBOK  CTPYKTypy U (YHKIMOHAJIbHBIE
XapaKTEPUCTUKH MOCIIE TIOBPEKACHUS. DTOT MPOIECC MOKET MIPOUCXOAUTH KaK CAaMOCTOSITEIBHO, TaK
¥ C MUHUMAaJbHBIM BMEIIATENLCTBOM. T€OpPEeTHUUECKH TaKUEe MaTepUasbl UCHONIB3YIOT (GU3NYECKUE
WM XUMHUYECKHE TIPOIECCHI, MO3BOJISIONIMNE UM PearupoBaTh Ha MOBPEKIACHUS M BOCCTAHABIIUBATH
LIEIIOCTHOCTb.

Mexanuzmol camosoccmanosienus

Cy11ecTBYIOT HECKOJIBKO MEXaHU3MOB, YE€pPE3 KOTOPhIE MPOUCXOJUT CAMOBOCCTAHOBJICHHE:!

- Xumuueckoe 83aumooeticmsue.: HekoTopbie MOJIMMEPHI COZIEPKaT aKTUBHBIE TPYIIIIBI, KOTOPhIE
BCTYNAIOT B PEAKIIMH C OKPY’KAIOIIEH Cpeloi WiIu Apyr ¢ IPYroM, BOCCTAHABIMBAS MOBPEKICHHBIC
YYaCTKH.

- Quszuueckoe 6occmanosneHue: VIcmonb30BaHUE AIIACTUYHBIX CTPYKTYpP, KOTOPbIE MOTYT
BO3BPAINATHCS B IEPBOHAYAIEHOE COCTOSIHHUE MOCIIE MEXaHHYECKUX BO3ICHCTBUN.

- Hanocmpyxkmypupoeanue: BHenpeHne HaHOYACTHUIl, KOTOPbIE MOMOTalOT BOCCTAHABIMBATH
MOJIEKYJISIPHYIO CTPYKTYpy Marepuraia Imociie MOBPEKICHHS.

Ipeumywecmsa u neoocmamxu

[IpenmymecTna:

- JlonroBeYHOCTh: YBEUYCHHUE CPOKA CITY>KObI TEKCTUIISI K CHUKCHHE 3aTpar Ha 3aMEHY.

- DKoJIOTUYHOCTh: CHMKEHHE KOJIMYECTBA OTXO/I0B Oyiarofapsi 1I0JITOBEYHOCTH MaTEPHAIIOB.
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- OyHKIIMOHAIBHOCTD: [I0BBIIEHNE YCTOMYMBOCTH K IIOBPEXKACHUAM U 3aIrPSI3HEHUSIM.

Henocrarku:

- CroumocTb: Bricokue 3aTpaTsl Ha pa3paboTKy ¥ BHEAPEHHE HOBBIX TEXHOIOTHH.

- TexHuueckue CHOXKHOCTH: MaccoBoe MPOU3BOACTBO CAMOBOCCTAHABIMBAKOLIUXCSA
MaTepHaoB TPeOyeT 3HAUNTEIbHBIX YCHIIUH.

TeopeTnuecknii aHaIM3 CaMOBOCCTaHABIMBAIOIIMXCS MAaTE€pUAlOB JEMOHCTPUPYET MX
3HAYUTEIbHBIA [OTEHUMAN Ul HPUMEHEHUS B TEKCTUIbHOW mpoMbliuieHHOCTH. C  yueToMm
CYLLECTBYIOILIUX BBI30BOB, TAKUX KaK BBICOKAas CTOMMOCTb M CIIO)KHOCTH B IIPOU3BOJCTBE,
IIEPCIIEKTUBBl HCIIOJIb30BAHNUSA CAaMOBOCCTAHABIMBAIOIIMXCS MaTepuajioB OOEMIAIOT YIyYllIEeHHE
XapaKTEPUCTUK TEKCTUJIS, a TAKKE €ro yCTOMYMBOCTh K MOBPEKIACHUSAM U BO3ICUCTBUIO BHEIIHEU
cpensbl. [Iponomxkaromnuecs: UCCIeAOBaHMS B 3TOM 001aCTH MOTYT IIPUBECTU K HOBBIM WHHOBAIMSIM U
peuIeHusIM JUIsl OTPaCIIH.

JKCIePUMEHTAJIbHASA YaCcTh

Onenka 3(p¢GEeKTUBHOCTH CaMOBOCCTAHABIMBAIOIIMXCS MAaTepHalioB, MX MEXaHHYECKHX
CBOMCTB U BO3MOYKHOCTEW IPUMEHEHUS B TEKCTUIILHON MPOMBIIIJIEHHOCTH. 33/]a4 SKCIIEPUMEHTA:

1) HccrnenoBaTth MEXaHUYECKUE CBOMCTBA CaMOBOCCTAHABIMBAIOUIMXCS TKaHEW 10 M IMOCIe
MTOBPEXKICHMUSL.

2) OueHuTh CKOPOCTh U CTETIEHb BOCCTAHOBICHUS MaTEPHATIOB MPHU PA3IUYHBIX YCIOBHSIX.

3) CpaBHUTB 3PPEKTUBHOCTH Pa3TMYHBIX TUIIOB CAMOBOCCTAHABIMBAIOIIUXCS TTOJTUMEPOB.

Jliis uccnenoBanus ObUIHM BBIOPAHBI HECKOIBKO 00pa3I[0B CaMOBOCCTAHABIUBAIOLIUXCS TKAHEH,
coiepKallux:

- [lomumepsl Ha OCHOBE TEPMOILIACTOB.

- [Tonumepsl ¢ MUKpOKaIiCyIaMH, COAEPKAIIUMU PEAKTUBBI JIIsl CAMOBOCCTAHOBIICHUSI.

- Kommosutsl ¢ noGaBieHreM yIIIepOAHBIX BOJIOKOH.

Memoowl

- MexaHnueckue HCIBITAHUS: NPOBOAWINCH HCHBITAHHUS HA PACTSHKEHUE M CIKAaTHE C
HCIOJIb30BAaHUEM YHUBEPCAIBHOI'O HCIBITATEIBLHOIO yCTpoiicTBa. O0pa3iibl OJABEpraiuch Harpy3Ke
710 MOMEHTA Pa3pyLICHHUS.

- WcnpiTanus Ha BOCCTaHOBJIEHHE: 00paslibl MOBPEXKIANNCH (IOpE3bl, NMPOKOJIBI) U 3aTeM
MOMEIIAJINCh B YCIOBHs, CIHOCOOCTBYIOLIME BOCCTAaHOBJIEHUIO (HAarpeB, BO3/ECHCTBHE CBETA).
OneHuBanach CTENEHb BOCCTAHOBJICHUS 0 M3MEHEHHIO MEXaHMYECKUX CBOMCTB M BHU3yaJbHOMY
OCMOTDY.

- BusyanpHas olleHKa: TPOBOAWJICS aHAIW3 BOCCTAHOBJIEHHUS C HCIHOJIB30BAaHUEM
(OTOAOKYMEHTAIIMM Ha Pa3IMYHbIX dTarax.

[Ipouenypa npoBeneHus: IKCIEPUMEHTA

1. [ToaroroBka 006pa3ioB: BeIpe3aHHE CTaHAAPTHBIX 00PA3I0B U3 BHIOPAHHBIX MaTEpHAIIOB IO
YCTaHOBJIEHHBIM pa3MmepaM (Harmpumep, 10 cMm x 5 cm).

2. [IpoBenenne MeXxaHMYECKUX UCIIBITAHUI:

- OOpa3upl HUCHBITHIBATNCH HA PACTSDKEHUE 10 pPa3pylIeHHs, (UKCHUPOBAINUCH JaHHBIE O
IIpENIENbHBIX Harpy3Kax.

- [IpoBoaMIIMCH HCTIBITAHUS HA CKaTHE, PUKCUPOBATMCH U3MEHEHHUS B (JOpME U IPOYHOCTH.

3. Co3nanrie MOBPEKIACHUM:

- Ha xaxxom o0pasiie HaHOCKWIIMCh CTaHIapTU3UPOBAHHbIE TOBPEXKIEHHS (HAaIpUMep, MOpe3bl
JUTHHOU 2 CM | TITyOWHOM 1 cm).

4. BoccranoBneHue o0pasIioB:

- OGpas1bl MOABEPraIich BOCCTAHOBIICHUIO B PA3IMUHBIX YCIOBHSIX:

- Harpes 1o 70°C B Teuenune 30 MUHYT.

- BozneiictBue YO-uznydeHus.

- XMMHUYECKOE JIEUEHUE C UCIIOJIb30BAHUEM aKTUBATOPOB.
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Pe3yabTaThl 3KCIIEPUMEHTA

Mexannueckie cBoiicTBa: Pesynbrarel MoKa3aaM, 4YTO TPOYHOCTH OOpPasLOB IOCIE
BOCCTAHOBJICHHSI 3HAYUTENIFHO YBEIUYMWIACh 10 CPAaBHEHHMIO C TOBpEXACHHBIMU. Hampuwmep,
00pa31ibl, BOCCTAHOBJICHHbIE TEPMUUECKH, JEMOHCTPUPOBAJIN BOCCTAHOBJIEHUE NTPOYHOCTH Ha 80%
OT MICXOJTHOTO YPOBHSI.

Cxopoctb BoccTanoBneHus: O6pasisl, o0padoTanHbsle YD-n3mydeHneM, BOCCTaHABIMBAINCH
ObIcTpee, ueM 00paslibl, OABEP)KEHHBIE TEPMUYECKOMY BO3JICHCTBHUIO, YTO MOXKET OBITH CBSI3aHO C
0COOCHHOCTSIMH XUMHUYECKUX PEAKIIHH.

BusyanbHas oleHKa: BU3yaJbHO 0Opa3libl BOCCTAHABIMBAINCH MPAKTUYECKU IOIHOCTBIO, HE
OCTaBIISII 3aMETHBIX CJIEOB IOBPSXKACHUH, YTO TOATBEPIKAAET BBICOKYIO 3()(EKTHBHOCTH
CaMOBOCCTAHABIUBAIOLINXCSA MATEPHAIIOB.

DKCIepUMeHTaIbHAs YacTh [T0Ka3aja, YTO CAMOBOCCTAHABINBAIOIINECS MaTepHalIbl 00IaaaloT
BBICOKUM TMOTEHIIMAJIOM [UIi TPUMEHEHUS B TEKCTHJILHOW TPOMBIIUICHHOCTH. Pe3ynbrars
UCCJICJOBAaHUH CBUETEILCTBYIOT O TOM, YTO TAKHE MaTePHAaJIbl MOTYT 3HAYUTEIBHO YBEITHYUTH CPOK
CITy>KOBI TEKCTHIIBHBIX M3/ICHIA U TIOBBICHTH WX KCIUTyaTallHOHHBIE XapaKTEPUCTHKH. JlanpHeiimme
UCCJICJOBAaHHS MOTYT OBITh HAIPABJICHBI HA ONITUMH3ALIUIO TEXHOIOTUI TPOU3BOICTBA U YITyUIlICHHE
CBOWCTB CAMOBOCCTAHABIIMBAIOIINXCS TEKCTUIIBHBIX MAaTePHAIIOB.

BriBoabI

1. Db heKTHBHOCTH CaMOBOCCTAHABIIMBAIOIIMXCS MAaTePUAIOB: DKCIIEPUMEHTAJIbHBIC JaHHBIC
MTOJITBEPKIAIOT BBICOKYIO 3PPEKTUBHOCTH CAMOBOCCTAHABIUBAIONINXCS TEKCTHIIHHBIX MaTCPHATIOB.
[lociie BOCCTaHOBIEHHUS MEXAaHUYECKHE CBOICTBA OOPA3IOB 3HAYUTENBHO YAy4YIIAUCh, YTO
CBUJETEIBCTBYET O CIIOCOOHOCTH MAaTepuajioB BOCCTaHABIMBAThHCA 10 80% OT MCXOAHOIO YpOBHS
MIPOYHOCTH.

2. Ilpaktuueckoe mpuMeHeHne: Pe3ynbraThl ncciaenoBaHusl OTKPHIBAIOT HOBBIE BOZMOXXHOCTH
JUIS TIPUMEHEHHs] CaMOBOCCTAHABIMBAIOIIMXCA TKaHEH B PA3NIMYHBIX OONACTSIX TEKCTUIHHON
MIPOMBIIIUICHHOCTH, TaKWX Kak pabodas M 3aluTHAsl Ofexkaa, MeOelbHas oOMBKa U CIIOPTHBHOE
CHapsDKEHHE. DTO MOXKET CYIIECTBEHHO MOBBICUTH JIONTOBEYHOCTh M3ACTUI U CHU3UTH 3aTpaThl Ha
WX 3aMEHY.

3. IlepcniekTuBbI AanbHEHIINX HccaenoBanuili: HeoOxoqumel nanpHeie uccaenoBaHus st
ONTUMU3AIMKA TEXHOJOTUN TPOU3BOJCTBA CAMOBOCCTAHABIMBAIOIINXCS MATEPUANIOB, a TAKXKE JJIS
OILIEHKH MX DKOJIOTMYHOCTH U SIKOHOMHUYECKOM 11€71€CO00pPa3HOCTH B MAaCCOBOM MTPOU3BOICTBE.
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TOKBbIMA OHEPKOCIBIH/JE O3IH-O31 ’KAT'BIJIAY LIbI MATEPHUAJIIAPIbI
3EPTTEY K9HE KOJITIAHY

Tyiiin

Makanana TOKbIMa ©OHEPKOCiIOiHIE ©31H-631 KallbIHA KENTIPETIH MaTepuaiiapJbl 3epTTey >KOHE
KOJIZIaHYy KapacThipbuiaabl. Kaszipri 3aManfbl TOKbIMA OYHBIMIApBI TO3Y MEH 3aKbIMJaHy MpoOieMaiapblHa Tam
Oouapl, OYJ1 OMap/bIH OEPIKTIri MEH TYPaKTBUIBIFBIH apTTHIPATHIH KaHa MISHIIMCP/Il 931pIey i Tajarm eTe.
MexaHUKaNbIK 3aKbIMIIAHYIaH KeWiH KajimblHa KenTipy KabimeTi Oap ©3iH-631 KalIblHA KeNTipeTiH
MaTepuaiap OChl calaarkl MePCIeKTHBAIbI OaFBITTHI OUTIIpesi.

3akpIMJIaHyFa JCHIH XOHE OJaH KeHiH ©31H-031 KaJlblHA KEJITIPETIH TIHACPAIH MEXaHUKAJIbIK
KaCHeTTEePIiH, COHJIaii-aK apTYpJii KaF[aiiap/ia KajablHa KeNTipy JKbLIaMIIBIFBl MEH JOPEXKECiH Oarasayra
OarbpITTaJIFaH SKCIIEPUMEHTTIK 3epTTeYIep XKYpriziiai. Hotmxenep e3iH-031 KallblHA KENATIPETIiH Marepraiaap
TOKbIMa OYHBIMIAPBIHBIH KBI3MET €Ty Mep3iMiH eJoyip y3apTyFa *oHE Olap/blH OHIMIUIMH jKaKcapTyFa
KaOIJeTTi ekeHiH kepceTeni. MyHaai mMarepuaniap/sl Kammnai eHaipiCKe SHTI3yMiH apThIKIIBUIBIKTAPH Ja,
CBIH-KaTepyiepi ne TalKpulaHagpl. Makanmaja e3iH-e31 eMACWTIH TOKbIMa MIeHIiMAEpIiH o3ipiey KoHe
OHTalnaHaplpy OOMBIHIIA KOCBHIMIIA 3€pTTEYNIep >KYPrizy KaKeTTLIIri aram eTinedi, Oyl TYpakThl Aamy
MPUHILIMIITEPIH CaKTayFa >KOHE TYTBHIHYIIBLUIAPIBIH Calalibl JXoHe OepiKk OHIMIEepre ocil Kejie KaTKaH
KaXETTUIIKTEPiH KaHaFraTTaHIbIPYFa BIKIAJ €Tyl MYMKIH.

Kinrrik ce3mep: o3iH-631 KajlbiHa KEITIPETIH Marepualaap, TOKbIMa OHEPKACiOl, MHHOBAIMSUIBIK

TEXHOJIOTHUsLIAp, TOJIUMEpIIeP, MUKPOKAIICYJIAINS, HAHOTEXHOJIOT U, OEPIKTIK, KOpIIaFaH OpTara 3UsSHCBI3/BIK,
MaMaH/IaHbIPBUTFaH TOKbIMA OYHBIMIAPHI.
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RESEARCH AND APPLICATION OF SELF-HEALING MATERIALS IN THE TEXTILE
INDUSTRY

Abstract

This article discusses self-healing materials as an innovative solution in the textile industry. The basic
principles of operation of these materials, their ability to restore their properties after damage and application
in various segments of textiles, including clothing, furniture fabrics and specialized textiles, are described. Key
development technologies such as the use of modified polymers, microcapsulation and nanotechnology are
discussed. Benefits are also highlighted, including increased durability and environmental friendliness, as well
as challenges such as high cost and technical difficulties. The work highlights the importance of self-healing
materials as a direction for future research and application in the textile industry. Special attention is paid to
the prospects of introducing these technologies into the mass production of textiles, as well as the economic
feasibility and environmental aspects of their use. The results of the study can serve as a basis for further
developments in the field of innovative textile materials and their application in various industries such as
fashion, sportswear and medical devices.

Keywords: self-healing materials, textile industry, innovative technologies, polymers,
microencapsulation, nanotechnology, durability, environmental friendliness, specialized textiles.
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CEPTHO®UKATA O ITPOUCXOXKIEHUA TOBAPA KAK OCHOBA
KOHKYPEHTOCIHHOCOBHOCTH HNPEANIPUATHUU PECITYBJIMKH KAZAXCTAH

AHHOTAUA

B craree mpexncTaBneHbl pe3ynbTaThl UCCIECNOBAHUHM MO OCOOCHHOCTSAM IIOJNyYEHMS CepTHU(HKATa O
npoucxoxaeHun toBapa Qopmbel «CT-KZ» kak s BHyTpeHHEro oOpallleHHs, TaKk W JJIs DKCIopTa
Ka3axCTaHCKOW MpONyKuuu. B cucreMe monTBep KACHUSI COOTBETCTBHSI NMPOAYKLMH CYLIECTBYET TaKOM BH[
JOKyMEHTa, Kak cepTU(HKAT O HpoucxoxneHuH ToBapa. B PecmyOnmke Kaszaxcran s BHyTpeHHEro
oOpalieHus] NPOAYKIUU MHOTHE MPEATPHUITHS 00paIaloTcs 3a MOMyYeHHUEM CepTH(UKAT O MPOUCXOKACHUH
toBapa ¢opmbl «CT-KZ» - mokyMeHTa, yqoCTOBEPSIOLIECTO, YTO CTPAHOW MPOUCXOKICHHS TOBapa SBISIETCS
Pecrryonmuka Kazaxcran. Takoi Bunm ceprudumkara Obil1 BBeleH B Hamieil crpane B 2009 romy B memsx
MOJACP)KKH OTEYECTBEHHOTO TOBAapOIPOU3BOIUTENSA, MPOAYKLIHS KOTOPOTo, MOJABEPTHYTa JIOCTaTOYHOU
nepepadoTKe M BHIBO3UMBIX CO CHEIHATBHBIX SKOHOMHYECKUX 30H, CBOOOIHBIX CKIIAJIOB H PEaln3yeMbIX Ha
TaMOoXXeHHON Teppuropun Pecryomukm Kaszaxcran. Hamwume nmanHOTO cepruduWKara, NpPEACTaBISIET
NPEANPUATUIO pa3iuyHble NpedepeHrH M YCIOBHBIE CKHIKH B TEHIEPAaX M 3aKylKax, MPOBOAUMBIX
HAIlMOHAJPHBIMU ~ KOMIIAHMSIMH, BO3MOXXHOCTH  3apeTHCTPUpPOBATbCd B  PEECTpe  OTE€UYECTBEHHOTO
toBaponpousBoautens AO «®oun HanmonansHoro bnarococrosinus « CAMPYK KA3BIHA», cHuxeHue uinu
MOJTHOE OCBOOOKI€HUE OT UMIIOPTHOH MOIIIMHBI Ha BBO3UMBbIE KOMIIEKTYIOIIME 1 MaTepHaIbl HHOCTPAHHOTO
TIPOMCXOXICHHUS, YUYACTBYIOIINE B JaJIbHEHIIIEM IPU MTPOU3BOJICTBE TOBapa Ka3aXxCTAHCKOTO MPOUCXOXKIEHHUS
Ha Tepputopusix CO3 1 CBOOOIHBIX CKIIAI0B.

KiroueBble ciioBa: cucreMa MOATBEPKICHUSI COOTBETCTBUS, CEPTUPHUKAT O TPOUCXOKIICHUN TOBapa,
dopma «CT-KZ», BHyTpeHHEee oOpalieHue, SKCHOpTHBIE (OpMEI, TpedepeHnnH, Peectp oTeuecTBEHHBIX
npousBoaMTeNnel, HarmonaneHas nmanara npexnpuHAMareneil « ATaMeKeH», 3aKyIKH, TeHIEp.

Beenenune

B cucreme ceprudukanum cymecTByeT Takod BUJ cepTH(]UKaTa, Kak CepTUPHUKAT O
npoucxoxkaeHuu ToBapa. B PecnyOnuke Kazaxcran nns BHyTpeHHEro oOpalleHusi HMpOayKLUU
MHOTHE MPEeANpUATUs 00palaroTcs 3a NoJyYeHHeM cepTU(UKAT O MPOUCXOXKIEHUH ToBapa (HopMbl
«CT-KZ» - 10KyMEHT, YAOCTOBEPSIOIIMI, YTO CTPAHOW MPOUCXOXKICHUS TOoBapa SBIAETCS
Pecny6nuka Kazaxcran. CepTudukarsl o IpoucXoxaeHus: ToBapa skcrnopTHbIXx ¢opm (CT-1, CT-2,
CT-3, EAV, A, Opurunain) opopmistoTcst JUisl MOIy4YeHHUs] Tapu(HBIX HpeepeHuudl B cTpaHe
Ha3HaueHHs (CHWKEHHWE MM OCBOOOXJEHHE OT TaMOKEHHBIX TMOIUIMH), HeTapu(pHOro
peryaupoBaHus (3anpeTsl, OrpaHUYEHUS Ha BBO3/BBIBO3 ToBapa)[1].

B cootBerctBum ¢ 3akonoM PK «O HanumonanbHoil nanare npeanpunumareneii Pecnyonuku
Kazaxcran» HIIIT «ATtameken» ocyliecTBIsSET Bbllady CEpTU(UKATOB O MPOUCXOKICHUH TOBApOB B
Pecny6nuke Kaszaxcran[2]. {ns ynoGcTBa npeanpuHUMATENeH, Mpouecc BbIa4l CepTH(PHUKATOB O
MIPOMCXOKJCHUH TOBAapOB IMOJHOCTHIO aBTOMaTu3upoBaH. Ha ceromHsmiHuil J1eHb OIpeneneHue
CTpaHbI TPOUCXOKICHHSI TOBAPOB, SKCIIOPTUPYEMbIX 13 Pecnyonuku Kazaxcran, ocyiecTBiasieTcs no
cnenyromuM [IpaBunam|3].

-cepruuxar ¢opmbl «CT-1» mo IlpaBunam ompeneneHuss CTpaHbl MPOUCXOXKACHUS OT 24
ceHTsaops 1993 . Mmexay Y30eknucranom u TypkMeHUCTaHOM
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-ceptudpukar Gopmer «CT-1» mo Cormamenuto o I[IpaBuinax onpeaeneHus CTpPaHbI
nporcxoxaeHus: ToBapoB B CoapyxkectBe HezaBucumpix [ocynapct ot 20 Hos6pst 2009 1, a Taxke
Pemenust EMIIC Ne2 ot 10 anpenst 2020r —cepTrdHKaT 0 MPOUCXOKICHUN CEPUHHON TPOTYKIINU B
P® (cxopomnoprsmas) [4].

-cepruukar popmer «CT-1» no [IpaBunam onpeneneHus CTpaHbl MPOUCXOKACHUS TOBAPOB,
yTBepxkaeHHBIX pemenneM Coseta miaB npaBuTebcTB CHI™ ot 30 Hos6pst 2000 T (¢ ['py3wueit) [5].

-ceptudpukar ¢opmel «KEAV» mo Cornamenuto o cBobomHoit Toprosie mexay EADC u
Conunanmuctuyeckoit Pecriyommkoit Beetnam ot 29 mas 2015r[6].

-ceptudukar Gopmel «CT-2» B coorBeTcTBIM ¢ CornameHuemM o CBOOOTHOM TOPTOBIEC MEKITY
EADC u Pecniyonukoit Cepoueit ot 25 oktsi6pst 2019r.

--ceprudukar Gopmbl «CT-3» Ha ocHOBe Bpemennoro CornamieHust 0 CBOOOIHOM TOPToOBIie
Mexay EADC u Ucnamckoit Pecniyonukoii Upan, patndunmposannoe 3akonom PK ot 7 mas 2019r.

-ceptudukar GopMbl «A» Ha ocHOBe PeritamenTa EBporeiickoro 3KOHOMUYECKOTO COOOIIeCTBA
No245493, I'enepanbHoii cucteMsl pedepeniuit GSP (CLIA Kanana, SAnonus, Typuus, ABcTpanus,
Hogas 3enannus, Hopserus, LlBeiuapus u Jluxrenmreiin).

-ceptudukar Qopmbl «OpuruHam», coriacHo, [IpaBun 10  OMpeAeNeHUuI0  CTPaHbI
MIPOUCXOXKJCHUS TOBapa, BbIaue cepTu(uKaTa o MPOMCXOXKICHHH TOBapa M OTMEHE €ro JeicTBus,
yTBepxkaeHHoro npukazom MTU PK ot 21 utons 20211, Ne454-HK[3].

C BcrymienueMm PK B EADC 3akon PK «O rocynapcTBeHHBIX 3aKylKax» IpeTepIien
W3MEHEHHUS B YacTU OCYIIECTBICHHS TOCyAapCTBEHHBIX 3akymnok[7]. Kazaxcran nomkeH
o0ecrieunBaTh HAIMOHAJIBHBIA PEXUM B cpepe 3aKylOK B OTHOIICHHH TOBApOB, PadOT M yCIYT,
MIPOUCXOJISIIINX C IPYTUX TOCYIapCcTB. AHAIOTUYHBIE 00s13aTeNbCTBa MPUHATH Ka3zaxcTaHoM B CBSI3U
¢ BcrymieHueM B BTO B pamkax 3akynok kBazurocyaapctBeHHoro cektopa (OHB «Campyk
Kaspinay). C nagana 2016 roga npedepeHiuanbHble HOPMbI, UMEIOIINECS B 3aKOHOJATENIbHBIX aKTaxX
PecniyOnukn Kazaxcran, wuckitoueHbl B pamkax o0Os3atenbcTB PecnyOnuku Kaszaxcran mo
MexayHapoaHsM gorosopam EADC u BTO.

[ToaTomy, BONpOCH O BO3MOXKHOCTH MOAJIEPKKH OTEUECTBEHHBIX TOBApOIIPOU3BOAUTENEH B
ycnousix EADC um BTO HammMm rocylnapcTBOM CTaIM aKTyaJdbHBIMHM I Ka3aXCTaHCKHUX
MPENNPUATHIA, KOTOPbIE HEOCTATOYHO MOJHO OCBEAOMIIEHBI 00 UMEIOLIUXCS U3MEHEHUH B cucTeMe
BBIIAYM TakuX cepTudukaroB. B cBs3u ¢ 3TuM, cunTaeM, BHIOPAaHHYIO HAMHU TEMY HCCIIEIOBaHUS
aKTyaJbHOW M BOCTPEOOBAHHOM JUIsl MPEANPUATHI BCeX oTpaciiell 5JKOHOMUKH Hallel CTpaHbl, TaKk
KaK B HEW UCCIeYIOTCS MPUHIIMIBI ¥ TpeboBaHus 1o Bbaue ceprudukara CT-KZ npu orcyTcTBUH
NpsIMON TMONJEPKKU OTEUECTBEHHBIX TOBAPOIIPOM3BOAUTENEH Al y4acTHM HMX B 3aKylnkax u
TEHJEpax.

JKCIepMMeHTATbHAs YacTh. B cBs3u ¢ TeM, 4TO B Hayaine aBrycra 2021 roga BCTynuiu B
JIEHCTBHE HOBBIC TTPaBMJIa IO ONPEACIICHUIO CTPAHBI MPOUCXOXKICHHUS TOBapa U BhIauu cepTudukara
dopmer «CT-KZy», Hamu, mpoBeeH aHaIU3 OCOOCHHOCTEH 3TanoB ero monydeHus. CyObekTamu
JTAHHOW CHCTEMBI ONpENeICHbI: YIMOJHOMOYEHHBIM OpraH B OOJacTH PETYJIMPOBAHUS TOPTOBOI
JeSTeIbHOCTH, YIIOJIHOMOUEHHAsI OpraHu3aIus 10 BbIlaue cepTH(UKaTa O MPOUCXOKICHHH TOBapa,
SKCIIEPTHBIE OpPraHU3AlMKU [0 OIpPEACNIEHUIO CTpPaHbl MPOUCXOXKIACHUS TOBapa, CTaryca ToBapa
EBpasuiickoro SKOHOMHUYECKOTO CO03a HJIM WHOCTPAHHOTO TOBAapa,  AKCIEPTHI-aAydUTOPHI 10
OMPENEICHUIO CTPAaHbl MPOUCXOXKJEHUS TOBapa, craryca ToBapa EBpa3uilcKoro 3KOHOMHYECKOTO
COI03a WJIM WHOCTPAHHOTO TOBapa, (U3MYECKHE WM IOPUINYECKHUE JIMIIA, 3aWHTEPECOBAHHBIX B
MOJTy4YeHUH cepTUu(UKaTa 0 IPOUCXOKIACHUN TOBApA.

JIisi moHMMaHUsT TIPOLIEAYp IO OMPENETICHUI0 CTPaHbl MPOUCXOXKICHHS] TOBapa W BhBIAAYU
cepruuxara gopmel «CT-KZ», HEOOX0mMMO 3HaHHE TEPMUHOJIOTUYECKOTO armapara, KOTOPbIi
MpuBeeH B Tabmuie 1.
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Tabmuua 1 — TepMUHOIOrMYECKUI anmnapar CUCTEMBbI 110 ONPEECIICHUIO CTPAaHbI NPOUCXOXKIECHUS
TOBapa, Bblaye cepTuuKaTa o MPOUCXOXKIEHUH TOBAPA

Tepmun

Omnpenenenue

ToBap

mo00i, He U3BATBIH U3 000pOoTa  MPOIYKT
NpeIHa3HAYEeHHBIN ISl MPOAAXKH UM 0OMeHa

Tpyna,

Crpana npoucxoXJIeHHUs TOBapa

CTpaHa, B KOTOPO#l TOBap ObUI MOJHOCTBIO MPOU3BEICH HIIH
MOJIBEPTHYT JIOCTAaTOYHOM 00paboTKe/mepepaboTke

Ceptudukar 0 HPOUCXOKIACHUU
TOBapa

JOKYMEHT, CBHJICTEIICTBYIOIIMI O CTpaHe MPOUCXOKIACHUS
TOBapa, craryce ToBapa EBpa3uiiCKOro 3KOHOMHYECKOTO
COI03a WJIM HHOCTPAHHOTO TOBapa

Kputepuu JIOCTaTOYHOU
nepepadoTKU TOBapa

OUH U3 KPUTEPUEB ONPEICIICHUS CTPaHbl IIPOUCXOXKACHHUS
TOBApOB, B COOTBETCTBUM C KOTOPBIM TOBAap, €CIU B €ro
IIPOU3BOJCTBE YUYACTBYIOT JIBE CTPaHbl UM Oosee, cuuTaercs
IIPOUCXOJALIUM U3 TOM CTPaHbl, HA TEPPUTOPUU KOTOPOH OH
ObLI IIOJBEPTHYT HOCJIeAHEN CYILLIECTBEHHOU
o0paboTke/mepepaboTKe, TOCTATOYHON ISl IPUIAHUS TOBAPY
€r0 XapaKTEpPHBIX CBOWCTB

DKcnepThl-ayAUTOPbI

(bmnqecxne JiMa, aTTCCTOBAHHBIC B TOPAAKE, OIPCACIIICMOM
YIIOJIHOMOYCHHBIM OpPraHoOM

Envnas ToBapHas HOMEHKJATypa
BHEIIHEAKOHOMHYECKON

NeSITeIbHOCTH EBpasuiickoro
skoHOMHYeckoro coro3a (TH
BO)

CUCTEMa OIMCaHUs MW KOAMPOBAaHUA TOBAPOB, KOTOPAs
ucHnonb3yercs Uil KilacCU(UKAlMM TOBapOB B  IIEJAX
MPUMEHEHUSI MEpP TaMOXXEHHO-Tapu(HOTO pEryIupoBaHMUs,
BBIBO3HBIX TAMOXXEHHBIX IIOIINH, 3alIPETOB U OTPaHUYCHUN,
ME€p 3allMTHl BHYTPEHHEIO pBIHKA, BEICHUS TaMOKECHHOHN
CTaTUCTUKH

CepTdpukaT 0 HPOUCXOKICHUU
CEPUIHON NPOAYKLIUHU

cepTudUKaT O TMPOUCXOKIACHUM TOBapa, MPOUZBOAUMOTO

OJTHUM MIPOU3BOJIUTEIIEM PecryOnuku Kazaxcran
(ropunuyeckoe JULO 1581071 VHIUBUIY ATbHBIN
MIpeNPUHUMATEND ) B paMKax HEU3MEHHOTO

MPOU3BOICTBEHHOIO MPOILIECCA B TEUEHHE CPOKA JACHCTBHS
ceptudukara, BHIBOSUMOTO Ha TEPPUTOPUU CTPAH FOCYAPCTB-
qieHOB EADC m umeroniero 10-3Ha4HbIM KOJ B COOTBETCTBUU C
equHoi TOBapHOM HOMEHKIIATYpPOM BHEIIHEAKOHOMHUYECKOH
nesitensHOCTH EADC

Okcnopt

BBIBO3 MpOAYKIMH ¢ Tepputopun Pecnybnuku Kazaxcran

Jli1ig onipeienieHus CTpaHbl MPOUCXOXKIEHUS TOBapa JJisl BHYTPEHHETo o0palieHus: He00X0IuMO

YCTAaHOBUTDL, YTO TOBApP:

1) MOTHOCTHIO KAa3aXCTaHCKOTO MTPOUCXOKACHMUS,;
2) Ka3aXCTaHCKOTO MPOMCXOXKICHHUS C YUeTOM KPUTEPHUs JOCTATOYHOM 1epepaboTKu ToBapa.

OmnpeneneHne TOBApOB,

CUNTAOIINXCA IMOJHOCTHIO TMPOU3BCACHHBIMU B Pecny6nm<e
KaSaXCTaH, IMPOU3BOAUTCA B COOTBCTCTBUU C ITYHKTOM 5 HpaBI/IJ'L

Kpurepusamu nocratouHoi

nepepaboTKH TOBapa Ka3aXxCTAHCKOTO MPOUCXOKICHUS I BHYTPEHHETO OOpaIeHUs SBIISIOTCS:

- u3MeHeHue kona tosapa nmo TH BDJ] Ha ypoBHe 11000r0 M3 MEPBBIX YEThIpEX 3HAKOB,
MIpOM30LIeIIee B pe3ysbTaTe nepepadboTKu TOBapa;

- BBINIOJTHEHHUE YCIIOBHM, MPOU3BOJICTBEHHBIX U TEXHOJOTHYECKUX OMNEpaIfii, He0OOXOAMMBIX
JUIs TIpUJAHUsT TOBapy cTaTyca MPOMCXOKICHHUS NP HCIOIb30BAaHUM B IPOU3BOJCTBE TOBapa
TPEThUX CTpaH, corniacHo [lepedyHio yclioBHii, TPOU3BOJICTBEHHBIX M TEXHOJIOTHYECKUX OMEpariHid,
HEOOXOANUMBIX Ul PUIAHUS TOBAPY CTATyCa MIPOUCXOKICHHUS IPU UCTIOIb30BaHUH B IPOU3BOICTBE
TOBapa TPEThUX CTPaH, YKa3aHHOTO B IpuiIokeHuu 2 Kk [IpaBunam;
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- U3BMEHEHUE CTOMMOCTHU TOBapa, KOIJa MPOLIEHTHOE COAEPKAHUE CTOMMOCTH UCIOJIb3YyEMBIX
MECTHBIX MaTe€pHUasOB U 3aTpaT IPOU3BOIUTENS TOBAPOB HA IEPEpabOTKy TOBapa, OCYIIECTBIAEMbIX
Ha Tepputopun Pecrrybnuku Kazaxcran, B 1ieHe CTOMMOCTH F'OTOBOM NMPOIYKIIUU HA YCIOBUSAX LEHBI
«(panko-3aBo1» (10151 MECTHOTO COJIEPKaHMsI) B LIEHE TOBapa cocTaBisieT He MeHee 50 MPOLEeHTOB
OT CTOUMOCTH T'OTOBOT'O TOBapa Ha YCIOBHUX LEHBI «(hPaHKO-3aBO/I», C YUETOM TpeOOBaHUN MyHKTa
18 I1paBu.

OOBEeKTOM IPUMEHEHHUSI KPUTEPUS TOCTATOUHON TepepaboTKH SBISIETCS TOBAP, ONPEIeIIIeMbIN
B KauecTBE CaMOCTOATENBHOIO OOBEKTa KJIacCCU(PHUKALlMM B COOTBETCTBUM C IPaBUJIAMHU
knaccuukaun Topapos no TH BO/JI.

Omnpenenenne cTpaHbl IPOUCXOXKAECHUS TOBapa JJIsl BHYTPEHHEr0 0OpalleHHs IPOBOANUTCS Ha
OCHOBE IKCIIEPTU3bI HA JOTOBOPHOM OCHOBE IO 3asBKE MPEATIPUATHS.

DKkcnepmusa npoucxodxicoeHusi moeapa OCYIECTBIAETCS 3KCIEPTOM-ayIUTOPOM B CPOK HE
Oosiee mATH paboOYMX JHEH C MOMEHTA MPEICTABICHUS M PETUCTPAIMH 3asBKH C TOJHBIM MAKETOM
JOKYMEHTOB IIPENITPUATHS.

DKcrepTH3a MPOUCX0KIEHUS TOBAapa BKIIIOYAET:

1) axcnepTU3y JOKyMEHTOB, IOATBEPKAAIOIIUX IPOUCXOXKICHHUE TOBapa

2) TpOBEpPKYy COOTBETCTBUS CIHCKAa PAOOTHHKOB JEKJIApAalUsM 110 HHIUBUIYATEHOMY
MOJIOXOIHOMY HAJOTy U COIMAlIbHOMY Halory 3a mnpeapiaymmii kBaptan (dopma 200.00) wnm
YIOPOIIEHHBIM JIEKJIapalMsiM JUIsl CyOBEKTOB MaJloro IpeAlpUHUMATENbCTBA 3a MpeAblayliee
nonyroaue (dpopma 910.00), nnm aexnapauusM JUIsl IJIATENBLUIMKOB €MHOTO 3€MEJBHOI0 Hajlora
(popma 920.00).

B cinyudae pacxoXIeHMsI CBENEHUN 3asABUTENEM IPEJOCTaBIAIOTCA TPYIAOBBIE JOrOBODBI,
oopmnennbie B coorBercTBHM ¢ TiaBoii 4 Tpymooro Kopekca PecnyOmuku Kaszaxcran u
(hakTHUECKU MOATBEP)KJAIOIIUE CIIUCOK paOOTHUKOB.

B ciiydae ocyuiecTBieHHs ¢ MOMEHTa IOCy/IapCTBEHHONW PErucTpalnyy JIesTeIbHOCTH MEHee
LIECTH MECSILEB 3asBUTENEM, OCYIIECTBISIOUIUM JEATEIBHOCTh B YIPOIIEHHOM IOPSJIKE, AJIA
(aKTUYECKOro MOATBEP)KJIEHUSI CNHCKa PAOOTHUKOB MPEIOCTABISAIOTCS JOKYMEHThl 00 orulate
OJTHOTO M3 00s3aTENbHBIX IJIaTeXel ¢ J0X0M0B (U3MYECKUX JIMI[ 32 MOCIEeIHUE TPU Mecsla B
cooTtBeTcTBUM ¢ riaBoi 38 Konekca PecnyOnuku Kazaxcran «O Haorax u apyrux o0s3aTenbHbIX
IUIaTeXax B OIO/IKET».

3) upeHtuduUKanMio TOBapa MO BHEIIHUM IpHU3HAKaM, MApKUPOBKE (HaUMEHOBAHUE, THII,
YIaKOBKa, KJacc, MPpeANpHUsITHEe-U3TOTOBUTEIB), OCYIIECTBIEHUE (POTOCHEMKH TOBapa U MeCTa €ro
IIPOM3BOJICTBA C BBIE3/IOM Ha MECTO HAXOXAECHHUS ITPOU3BOJICTBA;

4) sxcnepTU3y TEXHOJIOIMYECKOro Mpoliecca MU MPOU3BOACTBE TOBApa C IIEIbI0 YCTaHOBICHUS
KpUTEpUsI TOCTaTOUHOM MepepadoTKK TOBapa B COOTBETCTBUU ¢ TpeboBaHueM IyHKTa 15 [IpaBui;

5) pacueT 101 MECTHOTO COIEp)KaHus 1o GopMyJie CorllacHO npuiioxeHuto 5 k [IpaBunam;

6) mpoBepKy cooTBeTcTBUS 3asBieHHOro ToBapa nmo TH BOJ] u HK PK 04 «Knaccuduxarop
MPOIYKIUH 110 BUAAM dSKOHOMHUYECKOH nesrenpHocTH» (KIT BOJT)

[To pe3ynbTaTraM 3KCHEPTU3BI IOPUIUYECKOE JIMLIO, UMEIOIIEe B LITaTE HKCIEpTa-ayauTopa,
OCYIIECTBISIIOIIEe PabOTHl MO MPOBEAECHUIO SKCHEPTU3bl MPOMCXOXKIEHHUS TOBapa (dKCIepTHas
OpraHu3alIysl) yJOCTOBEPSIET U BBIIAET aKT 3KCIEPTU3HI O TPOUCXOKICHUN TOBapa [l BHYTPEHHET O
oOparieHus o opme, coracHo npusoxkeHuto 6 k [Ipasunam, o Tom, 4TO TOBap ABISETCS:

1) NOMHOCTBIO Ka3aXCTAHCKOTO MPOUCXO0XKICHHS,;

2) Ka3aXCTaHCKOTO MPOUCXOXKIEHUS C YIETOM KPUTEpUs JOCTAaTOYHOU NepepaboTKu ToBapa;

3) MIHOCTPAHHOT'O MPOUCXOXKICHHSL.

B cnyuae mpezactaBieHusi HEMOJIHOIO MakeTa JOKYMEHTOB, HKCIEPT-ayJUTOp BO3BpalllaeT
JOKYMEHTBbI 3asBUTEII0 Ha J0paboTKy. B Takom ciydae, CpoOK MpPOBEIECHUS HKCIEPTHU3BI
MIPOUCXOXACHUS TOBapa MPOJUIEBAETCS A0 MPEACTABICHUS COOTBETCTBYIOUINX JOKYMEHTOB.

Jlatoif mojauu 3asBKM C J0paOOTaHHBIMU JTOKYMEHTAMH CYHMTAeTCsl Jara (akTHUECKOTO
HalpaBJIeHUs J0padOTaHHOT'O MMaKeTa TOKYMEHTOB U 3asiBKU K HUM.
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B ciyuae oTkaza 3asBUTENS B MPEACTABICHUH JOKYMEHTOB M CBEJCHUM, MPEIYCMOTPEHHBIX
riaBoit 2 I[lpaBui, skcnepTr3a onpeaeneHns CTpaHbl MPOUCXO0KIECHUS TOBapa, COMIACHO YCIOBUAM
JI0TOBOpa, 3aBEPLIACTCS.

Cpoxk eiicTBUS aKTa SKCIIEPTHU3BI O MPOUCXOXKICHUH TOBapa JIJIsl BHYTPEHHET0 OOpalieH s Ha
MIapTHUIO TOBapa COCTABJIAET ABEHAILIATh MECSIIEB.

[Ipn npoBeneHum >SKCHEPTU3bl NPOUCXOXKACHHS TOBapa CEPUHMHOIO IPOM3BOACTBA IS
3asiBUTEJIEH, OCYILIECTBISIONINX CEPUIHOE POU3BOJCTBO TOBApa B Ipe/ieaax UACHTUYHOW TOBapHOU
nosunmu TH B3JI 6osee omHOro roga, Cpok IEHCTBHS aKTa SKCIEPTH3BI O MPOUCXOXKIECHUN TOBapa
CEpUIHOI0 MPOU3BOJCTBA COCTABIISIET JBEHAIAaTh MECALIEB.

[Ipn ycTaHOBIEHHH MPOUCXOXKICHHUS TOBapa, MPOU3BEACHHOIO U3 TOBApoB (CHIPHS,
MaTepuaioB, MPOAYKIUH) MOJTHOCTHIO Ka3aXCTAHCKOTO IIPOMCXOXAEHHUS, B aKTE SKCIEPTU3BI O
MIPOUCXOXKICHUHU TOBAPA OTPAKAIOTCS:

1) TEeXHONOTWYECKHH MpOIECC H3TOTOBJICHHUS TaHHOTO ToBapa (HOPMATUBHBIN JIOKYMEHT,
TEXHOJIOTHYECKHE UHCTPYKIIHH);

2) MOCTABUIMKUA CHIPhSI, MATEPUAJIOB U KOMIIOHEHTOB, UCIIOJIb30BAHHBIX IMPU MPOU3BOACTBE
TOBapa;

3) cuera-gakTypsl ¥ (WJIM) HAKJIQHBIE HA MIOCTABKY CHIPhS, MATEPUAIOB U KOMIIOHEHTOB.

Tlopsook evidauu cepmugukama o npoUCXoHcOeHuyu mosapa 01 6HympeHHe20 00paujeHuUsl.

Ilepen odopmiennem ceprudukara o TpoucxoxaeHud ToBapa ¢Gopmel  «CT-KZy»
YIOJIHOMOYEHHOE JIUII0 COCTaBseT B MPOU3BOIBHOM QopMme 3akitodeHne o0 odopmIIeHUU
cepruukara O MNPOUCXOXKIACHUH ToBapa. JlJIi 3TOro NPOBOAWUTCA AaHAIU3 IHPEICTABIECHHBIX
3asBUTEJIEM JOKYMEHTOB, M QHAJIM3 aKTa 3KCIEPTU3bl O MPOUCXOXKIECHUU TOBapa sl BHYTPEHHETO
oOpareHust Ha MpeaAMET coOmroneHus TpedoBanuii [Tpapwit.

[Ipu 5TOM aHanM3 BKIIOYAET B ceOsl:

1) mpoBepKy COOTBETCTBHS MPE/ICTABICHHBIX 3asSBUTENIEM JOKYMEHTOB MIEPEUHIO, YKa3aHHOMY
B nmyHkTe 25 [IpaBui;

2) MpoOBEPKY aKTa IKCIEPTU3BI HA TIPEAMET OMPEACTICHUS CTPAHBI MPOUCXOXKIACHUS TOBapa JIsl
BHYTpPEHHEro o0palieHusi B COOTBETCTBHUH ¢ TpeOoBaHusAMU [IpaBui.

Cpok Bbimaun ceptudukara o nmpoucxoxaeHuu ToBapa Gopmel «CT-KZ» wim nucbMeHHOTO
MOTHBHUPOBAHHOTO pelIeHHs 00 0TKa3e B €ro BbIJaue COCTaBIsAET He Oonee 3 (Tpex) pabouux JHEH,
CIIEYIOINX 3a JHEM PErucTpalMy 3asiBKU B YNOJIHOMOYEHHOH opraHu3auvud. MoTHBHpOBaHHOE
penieHre 00 OTKa3e B BbAaue cepTu(dUKaTa O MPOUCXOKIACHUHM TOBapa BBIJAETCS B AJIEKTPOHHOM
(dbopme nocpeicTBOM MHPOPMAITMOHHON CUCTEMBI YIIOJTHOMOYEHHON OpraHU3aliH.

B cnydae nmogauu 3asiBKM Ha TOBapHBIE MO3UIINH, BBIITYCK KOTOPBIX OCYIIECTBIISETCS BIIEPBHIE,
00 W3MEHEHHUsI TEepeyHsT OCHOBHOTO OOOpPYIOBaHUS, W TIPH H3MEHEHMH TEXHOJIOTHYECKUX
onepalnii, yrnoJHOMOUYEHHOE JIUIIO OCYHIECTBIISIET BBIE3J HA MECTO HAXOXKJIECHMS MPOM3BOJICTBA
3asIBJIIEMOT0 TOBapa JAJIsi MPOBEPKH MPOU3BOJCTBEHHON 0a3bl, TEXHOJIOTMUECKOT0 000pYI0BaHUS U
UICHTH(UKAIIMN TOBapa MO BHEIIHWM MpU3HAKAM, MapKUPOBKE (HaWMMEHOBaHHE, THUI, YIaKOBKa,
KJIacC, MpepUsITHE-U3rOTOBUTENb). B TakoM cityyae cpok BbIauu cepTH(PHUKATa O IPOUCXOKICHUN
toBapa ¢opmbl «CT-KZy» mim mTUChbMEHHOTO MOTHBHPOBAHHOTO PEIIEHUS 00 OTKa3e B €ro BbIaue
cocraBisieT He Oonee 4 (4eTbipex) pabouymx IHEH, CIEAYIOUIMX 3a THEM PErHCTpalluu 3asBKH B
YIIOJITHOMOYEHHOW OpPraHHU3aluu.

[Ipu BbI€31€ HA MECTO HAXOXKIEHUS MPOU3BOJICTBA 3aABIISIEMOTO0 TOBApa, YINOIHOMOYEHHOE
JIUI0 O3HAKaMJIMBAeTCs C JOKYMEHTaMH, YKa3aHHbIMU B a03alle 4eTblpHaaaToM myHkra 25 [Ipasu.

Ceptudukar o npoucxoxaeanu ToBapa Gopmsl «CT-KZ» opopmisiercs, yaocToBepsieTcss U
BBIJJAETCS YIIOJTHOMOYEHHON OpraHU3alieil Ha TOBAPHI:

1) moxBepruyThie AOCTATOYHOW MepepadOTKe B COOTBETCTBUHU C KPUTEPHUSIMH JOCTATOUHOM
nepepabOoTKH TOBapa U BEIBOZUMBIC C TEPPUTOPHH CHEIUATHHBIX SKOHOMUYECKUX 30H U CBOOOTHBIX
CKJIaJIOB Ha OCTAJIbHYIO YacTh TeppuTopuu Pecnyomuku Kazaxcran;
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2) NpOW3BEACHHBIE WJIM IMOABEPTHYTHIC JIOCTATOYHON TiepepaboTKe B COOTBETCTBUU C
KpUTEpUSIMH JIOCTAaTOYHOM mepepaboTku ToBapa Ha Tepputopun PecnyOnmuku Kazaxcran u
peanmzyeMbie Ha TeppuTopun PecryOnmku Kazaxcran.

Ceprudukar o mnpoucxoxaenun ToBapa Gopmel «CT-KZ» Beimaercs 1o  ¢dopwme,
IIPEACTABICHHON HUXKE:
1. Tayapapl enmipymn (araybl >koHE MOWTANBIK | 4. No
MEKEH-KaNbI) IIpousBonurenp toBapa | TAVYAP/bBIH HIbIFY TEI'T TYPAJIbI
(HaMeHOBaHUE ¥ TIOYTOBKIN ampec) CEPTUDUKAT CEPTUDUKAT (0]

IMPOUCXOXIAEHNN TOBAPA CT-KZ HBICAHBI
DOOPMA CT-KZ

2. Tayapap! anynibl (aTaybl )KOHE MOIITAIBIK MEKEH-
kaitel) Ilomydarens ToBapa (HaWMMEHOBaHHWE U
MTOYTOBBIN a7Ipec)

Oepinmi (emmiH aTaybl)
Brigan B

(HarMEHOBAaHHE CTPAHBI)

3. TayapaplH HIBIFY TET1 Typaibl CepTHOUKATTHI ATy

5. KpI3MeTTiK eckepTyliep YIIiH

Araypl/HaumeHnoBaHme Mekxken-xaiipl/ Anpec

Teri, arbl, okeciHiH aTbl (OoJFaH >karmaima)/
damunus, UM, OTY4ecTBO (MPU  HATMYHUM)
ONEKTPOHABIK HUGPIBIK KOJTaH0a/DICKTPOHHAS
1u¢poBas MOAMUCH

Kyni/Jlara

makcarel/ llems momydenuss ceptudukara o | Jlis caykeOHBIX OTMETOK

MIPOUCXOXKICHUHU TOBapa

6. 7. Opbiapap canbl xxoHe | 8. Tayapaeiy | 9. ey Terinin emmemaepi | 10.

Ne Kanrama Typi | cumarramacel | Kpurepuu nmponcxoxmaeHus Bpytro/merTo
KommuecTBo Mect 1 Bun | Omnmcanme caJMarbl
YIIAKOBKH TOBapa (xunorpamm)

Bec
(xumorpamm)
OpyTTO/HETTO

11. Kyomik. Ocbl apKbUIBI OTIHIII OepyIiHIH 12. OriHilm OepymIiHiH AeKIapanusacel: TeMeHae Ko

JICKJIapaluschl  IIBIHABIKKA COHKEC KEJICTIHI | KOKOIIBI  JKOFaphla  KOPCETUIreH  MAJIiMETTep

KyoIlaHIBIPBUTAIBl  YIOCTOBepeHHe. HacrosmuM | IIBIHIBIKKA CoMKec KeleTiHiH, OapiblK Tayapiap

YIOCTOBEPSETCS, YTO JEKJapalus 3asBUTEIS | TOJBIFBIMEH Kazakcran PecniyOnukacheinma

COOTBETCTBYET JIEHCTBUTEIHLHOCTH OHJIIPUITCHIH JKOHE IKETKUIIKTI  eHJCYyJCH/KaiTa

OHJICY/ICH OTKCHIH JKOHE OJIapIbIH OapibIFel Ja
OCBIHIAall Tayapiiapra KaTbICThI OENTIICHreH MIbIFY
TETiHIH TajanTapblHa COMKEC SKSHIITH MAJIIMICH/II.
Hexnapanuss  3asBurens:  HwuxenoanucaBuimics
3asBISICT, YTO  BBINICHIPUBEICHHBIE  CBEACHHS
COOTBETCTBYIOT JICHCTBUTENFHOCTH, YTO BCE TOBAPHI
MOJHOCTBIO  MPOUW3BENEHBI WM MOJBEPTHYTHI
JIOCTaTOYHON 00paboTKe/mepepadboTke B PecmyOmike
Kazaxcran W, 4To Bce OHM OTBEYAIOT TPEOOBAHUIM
MPOUCXOXK/ICHUSI, YCTaHOBICHHBIM B OTHOLICHUHU
TaKlX TOBapOB

Teri, arbl, okeciHiH arbl (OosraH karmaiina)/
®amunusa, WMA, OT4YeCTBO  (MPH  HAJHMYWH)
ONEeKTPOHABIK  IUPPIBIK  KonTaHOa/DIeKTpOHHAS
UQPOoBast MOAIUCH

Kyni/[lara

Pe3y.m>TaT1)1 " UX oﬁcymenne. I/I3yquI/Ie CHUCTEMBI 110 OIPEACIICHUSA CTPAHBI TPONUCXOKIACHUA
ToBapa u Belgauu ceprudukara popmel «CT-KZ» moka3siBaet, 4To MpeayCMOTPEHBI CEPTU(UKATHI,
KaK JII1 BHYTPEHHET0 OOpalleH s, TaK U O IPOUCXOXKICHUH ToBapa FKCIOpTHHIX GopM (CT-1, CT-2,

CT-3, EAV, A, Opurunan).

Cxema BbIIa9M SKCTIOPTHOTO cepTudukara, mpruBeaeHa Ha puc. 1.
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Puc. 1 - Cxema BbIa9# SKCIOPTHOTO cepTH(HUKATA

Cpoxk aeiictBus cepTudHUKaToB 0 mpoucxoxaeHnn topapa ¢popmer CT-1, CT-2, CT- 3, EAV,
Opwurunai - 12 mecsieB co THS Beliaun, GopMbl «A» - 10 MecsieB co THs BbIIa4YH, cepTUdUKaTa O

MIPOUCXOXKICHUU CEPUNHOMN TMPOIYKIIMU, BBIJAHHOTO B COOTBETCTBUM C TpeOoBaHusiMu Permenus
EMIIC ot 10 anpens 2020 roga Ne 2 — 6 mecsiues.

Boigaga cepruduxaroB « CT-KZ» 1151 BHyTpeHHEro oOpalieHus ToBapa, IpeJcTaBlieHa Ha pUC.
2.
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Hopabomka GoxyMeHmos 3ASBUTEND | Omxa3 6 ebidave

S
= [lokymenTs +

3KCNEPTHAA OPraHM3aLMA PAN ‘

Hem Hem
JlOKyMeNTs! COOTBETCTBYIOT [lOKyM@HTb! COOTBETCTBYIOT
MNpasunam? ﬂpan"V

da da

Hem
(6e3 avie3da) - 5
Buie3 Ha NPOHIBOACTBO ANK HoBuiit ToBap?
WAGHTHAMKALMM TOBAPA, IKCNEPTHIL ” Wauenenme obopynosanma wunu
Tex.npouecca Tex.onepauuin?

da

| Buiean Ha NPOMABOACTBO ANR NPOBEPKM
Hem HanW4Ws NPOH3IBOACTBA,
ToBap, TexX.npouece CooTseTCIByIT T6x.060pYR0BAHMA, MACHTUDMKALMM
AOKyMeHTam? ToRapa

da
Basa, 1083, TeX.NPOLECE; Hom
Axr akcneprHab! 060pyA0BaKHE COOTBETCTRYIOT —
ROKyMEHTaM?

da

Ceprudpmkar CT-KZ
[

Puc. 2 - Cxema Boigaun ceprudukaroB «CT-KZ» mis BHyTpeHHET0 00OpalieHus Toapa

Cpoxk netictBus ceprudukara o npoucxoxaeHuu ToBapa hopmel «CT-KZ» cocrasusier 12 unmu
36 Mecs1eB €O JAHS BbIIAYM B 3aBUCUMOCTH OT CPOKa JICMCTBUS aKTa SKCIEPTU3BI O MPOUCX0KICHUN
TOBapa JiJIsi BHYTPEHHETO OOpaIieHHUs.

BriBoabI

Takum oOpa3om, Takoe pa3zHooOpasue QopM cepTu(uUKaToB, OOYCIOBICHO Kak
HEOOXOIIMMOCTBIO OTIPENIeIEHUEe CTPAaHbl MPOUCXOKICHHS TOBapa B paMKaX MEXIyHapOTHOU
TOPTOBIIM, TaK M CO3/aHUS YCIOBHMH Al pa3BUTHS OTEUECTBEHHOIO IPOU3BOJCTBA TOBApoOB C
BBICOKOM JJOOABIEHHONW CTOMMOCTLIO.
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D0%25B0%25D1%2586%25D0%25B8%25D0%25B8%2520%25D0%25A0%25D0%25B5%25D
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KA3AKCTAH PECIIYBJIMKACBIHAAT'BI KOCIHHIOPBIHIAPABIH BOCEKEI'E
KABUIETTUUIITI'THIH HEI'I31 PETIHAEI'T TAIICBIPBIC TEI'TH

Tyiiin

Maxkanana imki aifHaJIbIM YIIIiH JIe, Ka3aKCTaHBIK OHIMI1 SKcropTTay yiriH ne « CT-KZy» HpIcaHbIH/IaFbI
TayapAblH IIBIFY TEri Typallbl cepTu(UKaT ajy epeKIIeNiKTepi Typalibl 3epTTeyepAiH HOTIKeNIepi OepiireH.
OHIMHIH COMKeCTITiH pacTay XYHeciHe TayapblH HIBIFY TETl Typaibl cepTH(UKAT CHSIKTHI KyKar Typi Oap.
Kazakcran PecnyOnmukacelHIa 6HIMHIH 1IIKI aifHamBIMBI YIOiH KemTereH KacimopeiHmap «CT-KZ»
HBICAHBIH/IAFBl TayapJblH IIBIFY TEri Typajbl cepTU(QHKAaTKa — TayapblH IIbIFapbUIFaH eni Kaszakcran
PecniyOnukacel ekeHIH KyoNaHIBIPaThIH KyKaTka skyrineni. CepTudukartelH Oy Typi ©HiIMI apHaibl
SKOHOMHKAIBIK aiiMaKTapAaH, epKiH KoiManapaaH KeTKUTIKTI TYpAe OHAENTEH XKoHE DKCIIOPTTAIFaH JKOHE
Kazakcran PecmyOnmkachiHBIH KeACHIIK ayMarblHIA CATBUIFaH OTaHABIK OHIIPYINiHI KOJJay MaKcaThIHa
2009 kbl enimizae eHrizired. by cepTudukaTThiH 0OMYBI KOCITOPBIHFA YITTHIK KOMIIAHUSIAP OTKI3ETiH
TEHJIepJIEp MEH CaThIN aiyiaapia TYpii npedepeHIusuiap MeH MmapTThl )KeHUIAIKTep Oepeni, OTaHABIK Tayap
ernipymr «CAMPYK KA3bIHA» ¥atTeIK an-aykar kope» AK TizinmimiHae Tipkemy MYMKIHIITIH, KBICKApTy
HEMecCe TOJIBIK 0ocaTynsl KamTamachid eremi. ADA ayMmakrapblHIa koHe 00C Koimasapnia OoJjamiakra
Ka3aKCTaH/IbIK IIBIFAPbUIFaH Tayapiapabl eHIIpyre KaTbicaThlH UMIIOPTTANAThIH Kypamjaac OeliKrep MeH
MarepHajiapra okerry OaxIapblHaH.

Kinrrik ce3nep: colikecTikTi Oaranay ylieci, WbIFy Teri Typaisl ceprudukar, « CT-KZ» Hpicansl, imki
aifHaJIBIM, SKCIOPTTHIK HbIcaHAap, npedepenuusuiap, OTaHABIK OHAIPYLIUIEPAIH Ti3UliMi, «ATaMeKeH»
YIITTBHIK KSCINKepiIep najarachl, CaThII ary, TEHIep.
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CERTIFICATE OF ORIGIN AS A BASIS FOR THE COMPETITIVENESS OF
ENTERPRISES IN THE REPUBLIC OF KAZAKHSTAN

Abstract

The article presents the results of research on the peculiarities of obtaining a certificate of origin of
goods of the form "CT-KZ" both for internal circulation and for the export of Kazakhstani products. In the
system for confirming the conformity of products, there is such a type of document as a certificate of origin
of goods. In the Republic of Kazakhstan, for internal circulation of products, many enterprises apply for a
certificate of origin of goods of the "ST-KZ" form - a document certifying that the country of origin of goods
is the Republic of Kazakhstan. This type of certificate was introduced in our country in 2009 in order to
support the domestic manufacturer, whose products have been sufficiently processed and exported from
special economic zones, free warehouses and sold in the customs territory of the Republic of Kazakhstan. The
presence of this certificate provides the enterprise with various preferences and conditional discounts in
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tenders and purchases carried out by national companies, the opportunity to register in the register of a
domestic commodity producer JSC "National Welfare Fund" SAMRUK KAZYNA ", reduction or complete
exemption from import duties on imported components and materials of foreign origin participating in the
future in the production of goods of Kazakhstani origin in the territories of FEZ and free warehouses.

Keywords: conformity assessment system, certificate of origin, form "CT-KZ", domestic

circulation, export forms, preferences, Register of Domestic Manufacturers, National Chamber of
Entrepreneurs "Atameken”, procurement, tender.
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VIK 666.541.18
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OCHOBBI YJIYYIIEHUS TEILIOOBMEHA C 9KCTPEMAJIBHO I'PYBO CMECBIO
B IMKJIOHAX

AHHOTAUA

[IpuBonsiTcs 3KCIEpUMEHTAIbHBIE AOKA3aTeNbCTBA YIYYLICHUS TEPMUYECKOH ITOATOTOBKH MEXKAY
MEYHBIMH Ta3aMHU U SKCTPEMAJIbHO TPyOOi IEeMEHTHOW CHIpBEBOM cMechio (ocTaTok Ha cute 90 Mxm 50%) B
IUKJIOHHBIX TEIJIOOOMEHHUKAX B CPAaBHCHHUHU C TEPMHUYECKOHN IMOITOTOBKOW TPATUIIMOHHOW TOHKOMOJIOTOM
CBIPbEBOM cMechio (ocTaTok Ha cute 90 MM 14%). DxcTpeMasibHO Tpy0asi cMech MO3BOJISIET IPH HArpeBaHUH
B 1ukioHax Beime 200 °C peakTHBHPOBAaHHYIO MOBEPXHOCTHYIO JHEPIHI0 OOKHIaeMoro Marepuala
YMEHBIIUTh M, TaKUM 00pa3oM, CHHU3UTh €ro TEeHIEHIWI0 K arperanuu. [lorpebneHuwe sHeprum ams
BeITecHeHHs ancopOuuonHoit HO npu 200 °C mnst sxerpeMansHo rpy0oit cmecu Ha 10-25% wmenblie, uem
Ui OOBIYHOM TOHKOMOJIOTOH cMecu. [lnsa Harpesa 1o 80% Temmneparypsl Ia30BOr0O IIOTOKa BpeMsl HarpeBa
CBOOOIHO TIaBaroliero 3epHa coctapisieT <0,2-1 c. DakTuyecku, BpeMsi IPOXOXKIESHHUS 0OBIYHO TOHKOW CMECH
yepe3 ULHUKIOHBI CcOCTaBisgeT 25-32 CeKyHABl M BBI3BAHO MACCHBHBIM OOpa30BaHUEM arperarop M
OTpaHWYEHHOH Teronepenadeir. CTeneHp qeKkapOOHU3aNN KCTPEMAIILHO Tpy0oil CMECH TOCie MUKIOHOB
Bo3pactaer Ha 10%.

KiroueBble ciioBa: Tepmuueckas HOATOTOBKA, 3KCTPEMAIBHO TIpy0ast ChIppeBas CMeCh, OOBIYHO
TOHKOMOJIOTAasl CMECh, IMKJIOHHBII TEII00OMEHHUK.

BBenenue

YcraHoBiIeHHAs B MIPOMBIIIJICHHOM IMPOMU3BOACTBEC CYHMICCTBCHHO YIYUYHICHHAA TECPMHUYCCKaAA
MOJTOTOBKA AKCTPEMalIbHO T'pyOoil CHIPhEBOW CMECH HE TOJBKO BO BpalIarolIeiics Medd, HO U B
[UKJIOHHOM TEIUTOOOMEHHUKE W TIOBBIIIEHHAss TOMOTEHHOCTh TOJYYEHHOro KiuHKepa [7-15] He
COTTIaCyeTCs, K COXKAIICHHUIO, C CYIIECTBYIOIIUMU B IEMEHTHON MPOMBIIIIIEHHOCTH MPEACTABICHUSIMU
[1-6]. IToaToMy mpeacTaBisieTcs 11eJIeCO00pa3HbIM J0Ka3aTh, YTO CYIIECTBYIOIIME Pa3HOIIACHS HE
000CHOBAHBI.

1. Bausinue cTreneHu u3MeJIbYeHHs CHIPOI cMeCcH Ha MPoLece TeNI000MeHa B IIHKJIOHHOM
TEeNJ1000MeHHHUKE.

OpHolt M3 pemaromux TpuduH S(H(HEKTUBHOTO HarpeBa ChHIPHEBOM CMECH B IUKIOHHOM
TEIUIOOOMEHHHUKE SIBIISAETCS TO, 4YTO BpPEMs Harpe€Ba B IIOTOKE T'a3da BO B3BCIICHHOM COCTOSHHUUN
CYIIECTBEHHO KOpOdYe, YeM B CJIo€ 00KHraeMoro marepuala Bpamaromeics neun. OTHOCUTENEHO
00XuTa dKCTpEeMalIbHO TPyOOH CHIPhEBOM CMeCH BO3HHKaeT Bompoc: Kak cuiabHO TemiooOMeH B
ra30BOM TOTOKE 3aBUCHUT OT BETMYHHBI €€ 3EpeH?

1.1. O0pa3oBaHue arperaToB B 3KCTPeMaJIbHO Ipy0oii 1 00bIYHO TOHKOH CMeCH.

OnaceHusi OTHOCUTENILHO BO3MOKHOTO CHU)KEHUS TEIJIOOOMEHAa MEXIy MEeUHbIMH Ta3aMHu U
HKCTpEMaIbHO TpyOOH  CHIpbEBOM CMEChIO B  LHUKJIOHHOM TEIUIOOOMEHHHMKE  SIBISIFOTCS
HEOOOCHOBAHHBIMU T10 PE3yJIbTaTaM YK€ HW3BECTHBIX HcciemoBanuii [4, 16] m coOCTBEHHOTO
NPOMBINUIEHHOTO ombita [7-15]. Xopomo u3BecTHO, YTO Ha BHOBH CO3/JaHHON IMOBEPXHOCTH
M3MeNbYaeMoro MmaTepuana ajacopOMpyOTCS MOJEKYJbl raa W BoAbl. 1 T BelecTBa crnocoOeH
a/1copOMpPOBATH HECKOJIBKO KYOUYeCKHX CAHTUMETPOB ra3a [17]. Monekysl ra3a, aicopOupoBaHHbIE
Ha BHOBb CO3/JIaHHOM MOBEPXHOCTH M3MEIbYaeMOro Marepuaina npu temneparype okoisio 100 °C u
HUKE, YMEHBIIAIOT I[OBEPXHOCTHYIO HHEPrHUI0 YacTHI] U, KaK CIEICTBHE, YMEHBIIAIOT MX
crocoOHOCTh K arperauuu. [Ipu mocienyiomieM HarpeBaHMM B TEMJIOOOMEHHHKE YIASIOTCS
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MOJICKYJIbI aJICOPOMPOBAaHHOM BOJBI M ra3a, a TAaKKe XMMHUYECKH CBSI3aHHAs BOAA TJIMHUCTBIX
MUHEPAJIOB, YTO MPUBOIUT K BOCCO3/IaHUIO arperupoBaHUsl OOBIYHO TOHKO3EPHUCTOWM CHIPHEBOMN
CMECH.

[Ipu HarpeBaHWM CBHIPHEBOM CMECH BO BpeMsl CylIKM BHadasie ucnapsierca npu 100 °C
XUMHYECKH U GU3NIeCcKu CBOOOIHAS KuIKast Boaa. [Ipu manpHeIeM MOBBIIIEHUH TEMITEpaTyphl 10
300 °C Bosronsiercs ajcopOIMOHHO cBsi3aHHas Boma. [Ipu temmeparypax ot 500 go 700 °C
BO3IOHSETCS CBsi3aHHAs B (GopMme ruapoxcuibHbix noHoB (OH)  u H' koHcTMTynMOHHas Boma u
HAUMHAET pa3jiaraThCs KaJbLUT. ITO OCIA0MAET U JaKe pa3pylIaeT PeHieTKy NIMHUCTHIX MUHEPAIoB
U YacTU4YHO KaipuuTa. Bce 310 BMecte npu HarpeBanuu marepuana ao 700 °C npuBomuT K
HEIMPEPBIBHOMY POCTY €r0 MOBEPXHOCTHOM 3HEPIHUH.

KonmuecTBO BOIBI, aJCOPOIMOHHO CBSI3aHHOM Ha TOBEPXHOCTH 3EPEH H3MEIBYEHHOTO
MaTepuasa, MpornopLUHOHAIBHO ero noBepxHoctu. Coaep:kaHue BOJbI B aJICOPOIIMOHHOM CIIO€ BOABI
tommmaoi 1¥10° MM = 10 A° mis 0OBIYHO TOHKO H3MEIBUEHHOTO H3BECTHIKA C YIEJIbHOMN
noBepxHocThio 0,35-0,42 M%/r 1 pasmepoM yactuil oT 0,1 10 300 MKM 3HAUMTENIBHO BBIIIE, YeM IS
SKCTPEMANILHO TI'Py0O0 H3MENBUEHHOTO M3BECTHAKA C YAenbHOH nosepxHocthio 0,10-0,14 M*r u
pa3mepom 3epHa 0,1-3000 mxm.

C TNOBBIIIEHUEM TEMIIEPATypbl MPU MPOXOXKIEHUHU OOBIYHO TOHKOMOJIOTOM CHIPHEBOM CMecH

4yepe3 IUKJIOHHBIM TEeIIOOOMEHHHUK B pe3yJbTaTe BO3TOHKU aJCOPOIMOHHO CBSI3aHHBIX MOJIEKYI
BOJIbI, BRITECHEHUS TUIPOKCHIIBHBIX HOHOB (OH) M3 IIIMHUCTHIX MUHEPAJIOB U PA3JIOKEHUSI KAJIBIIUTA
B PAaCTyIIUX KOJIMYECTBAX OOpa3ylOTCS JJEKTPOCTATUYECKH OOYCIOBIEHHBIE arperatbl U CHEKd
CBIPbEBOM MYKH.
[Ipu mepekaTbiBaHUU OOXKMTAaeMOTO BO BpallaloIIeHCs Meud Marepuaia U3 AJIEKTPOCTATUYECKH
c(hOpMHUPOBAaHHBIX arperatoB 00pasyroTcs Ooyiee IUIOTHBIC TPaHYNIbl ChIpbeBOU cMmecu. OmHako,
3HAYUTETHHO O0Jiee BHICOKAs HACBIMTHAS MIIOTHOCTh 9KCTPEMANIBHO TPyOOii CHIPOI cMecH MPUBOIMT K
0o0pa30BaHMIO B I€YM 3HAYUTENILHO 0OJee TUIOTHBIX TpaHyll, YeM M3 OOBIYHON MEIKO3EpHUCTON
CMECH.

Ecnu mHTeHCHBHOE 00pa3oBaHME arperaroB B OOBIYHOW MEJIKO3EPHHUCTOM ChIPHEBON CMECH
BBI3bIBACT 3HAYUTENBHYIO 3aJIepKKy TEIiooOMeHa B HHUKJIOHHOM TEIUIOOOMEHHUKE, TO CHIIBHO
BBIPAKEHHOE MIPEKpaleHNe 00pa30BaHUs arperaTtoB B IUKJIOHHOM TEIJIOOOMEHHUKE U 00pa30BaHue
Oojiee MIOTHBIX TpaHyd BO Bpallarolleiics Me4u MpU SKCTPEMalbHO TpyOOW CHIPHEBON CMecH
MPUBOAST K 3HAYUTEIHHOMY YIYUYIICHUIO TEIUIONEPEIaud OT TEYHBIX Ta30B K OOKHUTAEMOMY
Marepuany. [Ipy 3HaUUTENBPHO YBEIMUYEHHOM YHMCIEHHOCTU U, KAaK CJEJICTBHE, IUIOMIAANA MPSMBIX
KOHTAKTOB B 00Jiee MJIOTHBIX IpaHysiax dKCTPEMaJIbHO I'py0oil ChIppeBOil cMecu HOBOOOpa3oBaHMUs,
BO3HHMKAIOIIIUE B PE3YyIbTaTe PA3I0KEHUS KaJbIIUTA U INIMHUCTBIX MUHEPAJIOB, MOT'YT HUHTEHCHUBHEE
MEXIy co0oi pearupoBarh. TakuM 00pazoMm, yIydIIaeTcs peakiMOHHAasi CIOCOOHOCTH CHIPhEBOM
CMECH.

1.2. BansiHMe TOHMHBI IOMOJ1a CHIPbS HA CBA3bIBAHHE CBOOOJHOM BO/bI.

Cunbl NPUTSKEHUS! TTOBEPXHOCTHBIX KPUCTAJUIMYECKUX HOHOB B M3MEJIBUEHHOM MaTepuaie
OKa3bIBalOT BBICOKOE JaBJIEHHE Ha aJCOPOIIMOHHO CBS3aHHYIO BONY, TaK 4YTO OHA NPHOOpeTaeTr
MOBBIIIEHHYO IIJIOTHOCTb, BA3KOCTh M TEMIIEpPATypy UCHIapeHus. B pe3ynbprare B pouecce nomosua u
CYIIIKM MaTepuaja emé UMeroIasics B HEM CBOOOIHAs BO/Ia afiIcCOPOMPYETCsl HA BHOBh 00pa30BaHHOM
MIOBEPXHOCTH B KOJIMYECTBE MIPONOPLUOHAIBHO €€ MIIOMAAHN.

J1J1s OLIeHKU KOJIMYECTBA SHEPTUU Ha y/aJeHHe aICOPOIIMOHHO CBSI3aHHOM BOJIBI UCCIIEA0BAIN
KMHETUKY €€ ucrnapeHus B BO3AylIHOM notoke npu 210 °C Ha rpanynax auamerpoM 3-4 MM u3
OOBIYHO TOHKOMOJIOTOM M 3KCTpEMalIbHO I'py0Ooil ChIppeBBIX cMeceil ¢ BiraxHocTeio 17 u 18%.
MaxkcuManbHbIil pazMep 3€peH Marepuana Iocjie HM3MEIBYCHUs COCTaBWII Ui  OOBIYHOMU
ToHKO3epHHUCTON cMecH 0,4 MM ripu octatke Ha cute 90 MM 14% u 17151 SKCTpeMaibHO TPpy0oii cMecH
1,2 mm npu ocrarke Ha cute 90 mxm 50%. HarpeB rpaHyn mHpoBOAMIAM B BEPTHUKAIBHO
PacCIOJIOKEHHONW TpyOuaTol me4du ¢ BHYTpeHHUM guamerpoM 30 MM um jgmuHOW 32 oM. [
OIIpe/IENIEHUS IOTEPU MacChl UCTTApEHHON BOJIbI B BO3AYLIHOM IOTOKe, HarpeTom 110 210 ° C, ceTka ¢
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10 r rpaHyn MOABEIIMBANACH C MOMOIIBI0 METHOW IMPOBOJIOKM KOAKCHAJIbHO B BEpXHEH obmactu
TpyO4aToOi Ieud Ha Yalle aHaJIuTUYecKuX BecoB. [l oOecneueHMs 1O MONEPEYHOMY CEUYECHUIO
TpyOUaTroil meuyn paBHOMEPHOCTH TEMIIEPATypbl BO3yXa, HAIPABICHHOIO BBEPX, B HIDKHEH 4acTH
TpyO4aToil Me4Yr yCTaHOBJICH MIJIMHIAP auaMeTpoM 24 MMm. TakuMm 00pa3om, TEKyIIHA BEPTHUKAIBLHO
BBEPX BO3/YX HAlPaBIISETCS K CTEHKE MEYHOU TPyOBl U, KaK CIEACTBUE, HArPEBAETCSl PABHOMEPHO.
Pesynbrarsl nccnenoBaHuii 0OBIYHO TOHKO3EPHUCTON M SKCTPEMAJIbHO Ipy0oii ChIphEBBIX cMecell Ha
OCHOBE MEpreiis U U3BECTHSIKA NPEACTABIEHB] HA pUCYHKaX | u 2.

W3 pucynka 1 cnemyer, 4To Al SKCTpEMalIbHO Ipy0oil ChIpbEBOM CMECH € MepreyieM IMOJHOe
HCIIapEHUE BOJIbI, ONPEAEIEHHOE 10 TOCTHKEHUIO IIOCTOSIHCTBA BECa, JOCTUTHYTO YKe 3a 15 MUHYT,
TOrJa Kak /st 0ObIYHO TOHKOMOJIOTOM cMmecH Juist 3Toro Heobxoaumo 20 muHyT. 13 atoro cnexnyer,
9TO HHEPrusl, Heooxonumast s ynanenus HoO B sxkcTpemanbHO rpy0oii coipoit cmec, Ha 25% Huxe,
4yeM AJ1s1 OOBIYHO MEJIKOIUCIIEPCHON CMECH.
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O Feuchtigkeit der feinen Rohmischung, % OFeuchtigkeit der feinen Rohmischung, %

@ Feuchtigkeit der extrem groben Rohmischung, % @ Feuchtigkeit der extrem groben Rohmischung, %
Puc. 1: UcnapsieMocTs BO/IBI B Puc. 2: UcnapsieMocTh BO/IBI B
AKCTpEMajIbHO Irpy0oil 1 0OBIYHO AKCTPEMAIILHO IpyOOi ¥ B OOBIYHO
TOHKOMOJIOTOM CBIPHEBOM CMECH C TOHKOMOJIOTOM CBIPbEBOM CMECH C
Mepreyiem. H3BECTHIKOM.

W3 puc. 2 caemyer, 4To Al CMECH C U3BECTHSIKOM DKCTPEMAJBHO TpyOOTO MOMOJa TOIHOE
WCIapeHue BOJIbI MPOUCXOAUT uepe3 17 muH. J{1s TpaguliuOHHO TOHKOMOJIOTOM CMeCH HEOOXOAUMO
19 mun. 13 3TOTO ClieayeT, uTo sHeprusi, Tpedyemasi Ha 00€3BOKMBaHUE, IS SKCTPEMAIIBHO IPyOoit
cmecu Ha 10% Hike, yeM A7t 00bIYHO TOHKOMOJIOTOM CMECH.

OTcroa ciieyert, 9To Ipu SKCTPEMATBHO IpyOOM ITOMOJIE M CYIIKE CBIPOI CMECH, B pE3YIIbTaTe
CYLIECTBEHHOTO YMEHBIIIEHHS BHOBb CO3JIaHHOW IOBEPXHOCTH Marepuana M, Kak CJEJCTBUE,
YMCHBIICHUA a)ICOp6III/IOHHO CBA3aHHOI'0 KOJIMYECTBA BOJbI BO3MOXHO COKpPAIICHHUEC BPEMCHU
npeObIBaHMs MaTepraia B MelIbHUILIE, CHUKEHHE TeMIIepaTyphl ra3a |/iii yMeHbIIeHHe 00bEéMa rasa
JUIS CYIIKH. B pesynpraTte COKpamlieHHsl KOJIMYeCTBAa TEIUIOBOH HHEPIMHM HAa BBICBOOOXKJICHUE
aJIcCOPOIIMOHHO CBS3aHHOM BONBI B IIMKJIOHHOM TEMJIOOOMEHHUKE CYIIECTBYEeT BO3MOKHOCTH
yckopenHoro HarpeBa g0 300-350 °© C u cHWKEHHE TOTPEOHOCTH B DHEPTUU C TIOBBIIIICHUEM
MIPOU3BOAUTENHLHOCTH Teur. Ha meyax Mokporo crnoco0a yMeHbIIEHHE aJCOPOIIMOHHO CBSI3aHHOTO
CoACpKaHUA BOABLI B CBIPbCBOM IIJIIAME IMMO3BOJIACT CHU3UTH TEMIICPATYPy OTXOAAIINX I'a30B ITOCIIC
T4 U, CIIeI0BATENIbHO, MOTEPH TeIlIa pU 00XKHUTe KITMHKEpPa.

1.3. Bunsinue BeJIMYMHBI 3épeH chIPbS HA BpeMsl HarpeBa B NOTOKe rasa.

Kak cnenyer u3 pucynkos 3 u 4 [4, 16], Bpems HarpeBa 3€peH ChIpbsl B IOTOKE ra3a HE3aBUCHMO
OT MX BEIMYMHBI OCTAETCS OTHOCHUTEIBHO KOPOTKMM U COCTAaBIISIET MEHEE OIHON CEKyHJBI.
Hampumep, vactuusl n3BectHska auamerpoM 0,15 mm HarpeBarorcs B teueHue 0,2 c. Ha 80 %
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Temrneparypsl raza. KpuBble BpeMeHHM HarpeBa 4YacTHI[ M3BECTHSKAa HMEIOT MapaboInYecKyro
3aBUCHUMOCTB. M3 3TOTO ClieayeT, uTo yanuHeHue Bpemenu 6onee 0,2 ¢ He MPUHOCUT SKOHOMHYECKHX
MIPEUMYIIECTB IPU HArPeBaHUU B TA30BOM MOTOKE. ITO OCOOCHHO OUEBHJIHO, €CIIH JIJISl YMEHbBIIICHUS
cobuparenbHoi  kpucraumzanuu CaO mnepen oOpa3oBaHueM — anuTa, Oojee  MO3AHSIA
NeKkapOOHM3aIsl, WHUIMUPOBAHHAS  KPYMHBIMH  3épHAMH  Kajbl[UTa, SBJSICTCS  JaXKe
uenecoodpaszHoii. TeM He MeHee, HECMOTPsl HA MPEACTABICHHBIE PE3YJIbTAThl, PAKTUUECKH BpPEMs
MIPOXOXKJCHHSI CHIPHEBOM CMECH, HampuMep, B 4-CTYNEHYATOM IUKIOHHOM TEIUIOOOMEHHHKE
COCTaBJISIET OKOJIO 25 ceKyHI [3, 4]. DTO 03HAyYaeT, 4To €CiIi OOBIYHO TOHKOMOJIOTAs ChIPhEBasi CMECh
PaBHOMEPHO pachblieHa B Ta30BOM IMOTOKE IUKIOHHOTO TEIIOOOMEHHMKA, BpPEMs MPOXOXKIACHUS,
HeoOxonumoe s HarpeBa, mpumepHo, g0 800 °C, u, ciegoBareiabHO, MPOAOKHTECIBHOCTD
TeruiooOMeHa, 1o MEHbIIIeH Mepe, B 25-125 pa3 npeBbIiaeT pe3yabTrarhl uccienoanuii [4, 16]. Eciu
(dakTuyeckoe BpeMs TEIJIOOOMEHa B I[HMKIOHHOM TEIJIOOOMEHHHMKE MEXAY OO0KUTaeMbIM
MaTepuaaoM U MEYHbIMHU ra3aMu HE MOXKET OBbITh IOATBEPK/IEHO 3HAYEHUSIMU HCClleJoBaHul [4, 16],
KOTOpble SIBHO MEHbIIEe |1 ¢, Torma MPUYMHBI HHAYCTpHUAIbHO Oosiee JUIMTEIHbHOTO BpPEMEHU
TEIUIOOOMEHA BBI3BAHBI HAPYIICHUSMH B TapaUICIbHO IPOTEKAIONIUX SIBICHUSIX, BIIHSIOIINC
HEraTMBHO Ha MPOoLIecC TeMI000MeHa.

[IpyunHa npoasieHWs BpEMEHU TEIIOOOMEHAa B TMPOMBINIJICHHBIX YCIOBUSX OOBSCHSAETCS
cienyomuM oopasom: YkazaHHoe Ha pucyHkax 3 u 4 [4, 16] Bpemsa HarpeBa, kotropoe MeHbIe 0,3
CEKYH/IbI, OTHOCATCS K UACATBHBIM yCIIOBUSIM, IIPH KOTOPBIX KaXK[asi OTACIIbHAS ChIPheBasi YacTUIIA
MOJIHOCTBIO OKpY’KE€HA MOTOKOM ropsiuero rasa. Bo Bpemsi mpoxokieHusi 0ObIYHO TOHKOMOJIOTOM
CBIPbEBOM CMECH 4Yepe3 IUKIOHHBIM TEMJI0OOMEHHUK H3-32 B3aMMHOTO MPUTSKEHUS YACTHUIL
MIPOUCXOIUT YK€ YIIOMSIHYTO€ AIIEKTPOCTaTUYECKOe 00pa30BaHNEe OYEHb MOPUCTHIX arperaroB. DTO
MOXXET MPUBECTH K IMOJHOMY OXBaTy BBIXOAAa IIMKJIOHOB M WX 3aMOJIHEHUIO MarepuaioMm. OueHb
MOPUCTasi CTPYKTypa arperaroB 0OYeHb CUJILHO OIpaHUYMBACT Nepeady TeIula K UX [EHTPY.

W3 puc. 3 u 4[4, 16] cinenyert, 4To OTAENIbHBIE KPYITHBIE YaCTUIBI TPEOYIOT OOJIBILIEr0 BPEMEHU

HarpeBa, 4eM OTJeNbHbIE OoJiee MENKHE YaCTHUIlbl, OTACNEHHBIE IpYr OT Apyra. bonee kpymHbie
YaCTHUIIBl TAKXKE OCAXIAIOTCS paHee B IMKIOHE, ueM MeHbInue [4]. Tem He MeHee, IKCTpeMaTbHO
rpy0asi ceIppeBasi CMeCh HarpeBaeTcs ObICTpee, 4eM OObIYHO TOoHKas [7-15]. DTo oObscHsaeTcs
CJIeTYIONUM 00pa3oM:
B upesBbiuaiino rpy0oil CHIPbEBON CMECH 3JIEKTPOCTATUYECKOE B3aMMOJACUCTBUE OCHabIseTcs
MPOTIOPIIMOHATHPHO YMEHBIICHUIO €€ TOBEPXHOCTH. Arperaiusi TpyObIX YacTHI[ B ITUKIOHHOM
TEMI000MEHHUKEe OOIbIIIe HEBO3MOXKHA, MOTOMY YTO MOBEPXHOCTHAS SHEPTHUsS IS yAEepKaHUS HX
BECa HEeIOCTaTOYHO BhIcOKa. HeoOxommmoe Bpems TeruioooMeHa B 1-2 CeKyHIIbI JIJIsT HaXOAITUXCS
BO B3BEIICHHOM COCTOSHUU OTIENbHBIX KPYMHBIX dacTuIl (o 1-3 MM) Jerko peaiusyercs B
YETBIPEXCTYNIEHYATOM IIMKJIOHHOM TEIUIO0OMEHHUKE. ATIIOMEPAThI, 00Pa3yIOIINECs B YKCTPEMATBHO
rpy0oil cMecH YIUIOTHSIIOTCS M YaCTUYHO pa3pyIIaroTcs MpH KPYMHBIX 3€pHax Oonee 90 MKM, 10
KOTOPBIX B cMecH cocTaniisieT 30-70%. DTo sBISETCS JOMOTHUTEIHHBIM apTyMEHTOM IS JIYUIIIETO
TerI0oOMeHa C Ype3BbIYaiiHO TPyOOi CHIPHEBOM CMECHIO.
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Puc. 3: BpeMs HarpeBa U3BECTHSIKOBBIX Puc. 4: BpeMs HarpeBa yacTHIl KBapia
YaCTHUI] Pa3HbIX BEJIUYUH B IIOTOKE nuamerpom 0,1 u 0,16 MM B moTOKE

cycnen3uoHHoro rasza npu 750 °C [4, 16].  cycnensuonHoro raza npu 750 °C [4, 16].

IIpu oOxure sKcTpemMalibHO IrpyOol ChIPHEBOM CMECH B CEpeAMHE KPYIHBIX 3EpEH KaJlbLuTa
MIPOIOPLIMOHAIBHO WX BETMYHUHE U3-3a MOBBIIIEHHOTO AU (PY3MOHHOr0 conpoTuiaeHus Bbixoaa CO2
IIPOUCXOIUT TOBbINIEHHE NapuuansHoro nasieHus COz. EcTecTBEHHO, 3TO HNPUBOAUT K POCTY
TEMIIePaTyphl Pa3JIOKEHUS KaJIbIUTA. [{0Ka3aTeIbCTBOM MOXKET CITY>KUTh aHainu3 kpuBsix DTA u TG
OOBIYHBIX TOHKOMOJIOTBIX U AKCTPEMAIIbHO I'PYOBIX CHIPBEBBIX cMecel (puc.S, 6). CkopocTh HarpeBa
cMecell pu TepMuYeckoM aHaims3e cocraBimsuia 17 °C/mun. Temmneparypa pas3iokeHHs KalabLIUTa
CBIPbEBBIX CMecel M3 Mepreis Mpu OOBIYHOM TOHMHE MoMoja ¢ octaTkoM Ha cute 90 MM 20%
cocraBunia 837 °C. Ilpu skcTpemanbHO TpyOoMm momose ¢ ocratkom Ha cute 90 mxm 50 %
temreparypa Bo3pactaer 10 900 °C (puc. 5). B ChIppeBbIX CMecAX U3 M3BECTHSKA U TIMHBI
TeMIleparypa JekapOOHU3aluKu IpU OOBIYHON TOHMHE cMecu ¢ ocTaTkoM Ha cute 90 mxm 15 %
cocraBuia 845 °C. B skcTpemanbHO TpyOoit cmecH ¢ octaTtkoM Ha cute 90 MxMm 50% Temmeparypa
Bo3pacraet 10 914 °C (puc. 6).

Bbornee Hu3kas TeMneparypa KaJblIUHUPOBAHUS CBHIPHEBBIX CMECEH U3 Mepresis 00yCloBIeHa UX
BBICOKOM MHUKPOOJIHOPOIHOCTHIO BCIIEICTBHE TOHKOTO ¥ TECHOTO MPOPACTaHMsI KPUCTAIIIIOB KaJIbIIUTA
C NIMHUCTBIMHU MUHEPAJIaMHU U KBapLEeBbIMU 3€pHaMU. B M3BECTHSAKOBO-ITIMHUCTOMN CHIPHEBON cMeCU
KpYTHBIE 3€pHA U3BECTHIKA MOTYT OBITh JUCHIEPTUPOBAHBI TOJIBKO XUMHUECKH ITyTEM pacIIeTIeHUS
3€peH CaO B BBICOKO CHIIMKaTHOM pacIulaBe. BbI3BaHHOE ITPU 3TOM yMEHBILIEHUE TEMIIEPATYPHOTO U
BPEMEHHOI'0 MHTEpBajia MEXKIY KaJbLIMHUPOBAHUEM 3EpPEH KPYIHOro KajblUTa U 00pa30BaHUEM
pacmuiaBa He nipu 1300 °C, apu 1100-1200 °C, MoxeT B pe3ysbTare yMEHBIIECHUS pOCTa KPUCTAIIIIOB
u3 nozaHee odpasyromierocs CaO npuBecTy K MOBBIIIEHUIO UX PEAKIIMOHHON CIIOCOOHOCTH.

Bbornee Bbicokas Temneparypa KajabLIMHUPOBAHHS B SKCTPEMAIbHO TPYOBIX CBHIPbEBBIX CMECSX,
ycraHoBieHHasa ¢ nomomblo DTA u TG, MOXET CIy)KUTh OCHOBAHHEM I OKMIAAHUW TOTO, YTO
CTENEeHb JeKapOOHHU3AIMU T0C/Ie LUKIOHHOTO TEINIOOOMEHHHKA IMPH MPOYMX PABHBIX YCIOBHSIX
JIOJKHA OBITH B OKCTPEMaTbHO TPyOO0i CHIPHEBOI CMECH TaK)Ke HIKE, YeM B OOBIYHON TOHKOMOJIOTOM
cmecu. TeM He MeHee, Kak CleQyeT M3 IPOMBIIUIEHHBIX TNOKa3areneil [7-15], creneHs
NneKkapOOHM3AIMM T0CJ€ LUKIOHHOTO TEMJIOOOMEHHHMKA NpH O0OXKHUIe OHKCTpeMaiabHO TIpyOoii
CBIPbEBOIl cMecH, mpumepHo, Ha 10% Beimte. Kak cienyer u3 yxe npuBeEHHOTO 0ObSICHEHUS, TO
CBSI3aHO C YIy4YlIEHHEM TeIJI00OOMEHa B pe3ylbTaTeé MAacCHBHOIO MpeKpalleHus 00pa3oBaHUs
arperaros.
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Puc. 5: Tepmuueckuii aHaan3 OOBIYHBIX TOHKOAMCIIEPCHBIX U 3KCTPEMAIbHO IPYyOBIX CHIPbEBBIX
cMecel U3 Mepres
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OOBIYHO TOHKAsI CHIPbEBasi CMECh DKCTpeMalIbHO Ipy0asi ChIpbeBasi CMeCh
¢ Roo MrM = 15 % ¢ Rooym =50 %

Puc. 6: Tepmuueckuil aHamu3 0OBIYHBIX TOHKOJIMCIEPCHBIX U IKCTPEMAIbHO I'PYOBIX CHIPHEBBIX
cMecel U3 U3BECTHSIKA U ITIMHbI

Ecnu e ¢ yBenmuueHHEeM BEJIMUMHBI 3EPEH KaJIbIUTA OXKHUaeMasi CTeNeHb AeKapOOHU3aluU 13-

3a yBelIMueHus napuuansHoro nasieHus CO; B sape HE MOXeT ObITh oOecreyeHa, Mocieayollee
MUHepanooOpazoBaHue MyTEM TBEPAO(DA30BBIX PEAKIMIA U Yepe3 paciiiaB MOXKET ObITh B IeuH 0e3
MTOMEX MPOJOIIKEHO.
TemneparypHblii M BpeMEHHOW HHTEpBal MEXAYy KajlblMHALKMEH TrpyOoi YacTH KaJblMTa,
MpeHA3HAYCHHOTO JUIsl 00pa3oBaHUs anuTa, U o0pa3oBaHMEM paciuiaBa emé 0ojiee YKOPOTHTCS.
Takum oOpa3om, MPOUCXOAMUT JasibHEIIee yMeHbIIeHHe coOuparenpHoi kpuctamumsanuu CaO u
OenuTa. 3TO MPUBOIUT K YBEIIMUEHUIO XUMUYECKON aKTUBHOCTH ¢cBOOOIHOM CaO, mpeaHa3HadYeHHOM
U1 00pa3oBaHMA AJIUTA.

BoiBoabI

1. DxkcrpemanbHO TpyOas ChIpheBasi CMECh IO3BOJISET MPU HaArpeBe €€ B ITUKIOHHOM
teruiooOMenHuke Boiie 200 °C TepMHUECKH aKTUBUPOBAHHYIO MOBEPXHOCTHYIO DHEPrHI0 M €€
CKJIOHHOCTh K 00pa30BaHMIO arperaroB 3HAYUTEITHHO YMEHBIITUTS.

2. Heobxogumas ipu Harpese 10 200 °C sHeprus JUist SKCTpeMaabHO IpyOoii ChIphEBON CMECH
¢ meprenem Ha 25%, a ¢ m3BecTHskOM Ha 10% HWXKE, YeM I COOTBETCTBYIOIIMX OOBIYHBIX
TOHKOMOJIOTBIX CMeceil

3. Bpems HarpeBa OJIMHOYHOTO CBOOOIHO IUTABAfOIIEro 3epHa BenuumHOH 0,16-2 MM B
ropsiyeM ra3oBoM NoOToke misa jocTikeHust 80% temmeparypsl coctaBisier MmeHee 0,2-1 c.
DaKTUYECKH, BpeMS IPOXOKACHUS YaCTHUIL CRIPhEBOM CMECH ¢ BeTUYMHOM 3epHa 10 0,3-0,5 MM yepes
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IIPOMBIIUIEHHBIN 4-5-CTyneHYaThlii IMKJIOHHBIA MOAOIPEBATENlb COCTABISAET OKOJIO 25-32 ceKyHA.
OTO CBSI3aHO C MAacCUBHOM arperanueidl M OTpaHMYEHHMEM Iepelayd Tella OT IEeYHBIX Ia30B K
Marepuaiy.

4. B pesynbrare BO3TOHKHM aJICOPOLIMOHHO M XMMHYECKHM CBSI3aHHOM BOABI U PA3JIOKEHUS
KaJblMTa 00pasyeTcs OueHb BHICOKasi TOBEPXHOCTHAS YHEPTHUsl. BeinencTBre B3aMMHOTO MPUTSKESHUS
TOHKHMX 4acTull <90 MKM INPOUCXOAUT 3IEKTPOCTATHUECKU OOYyCIOBIEHHOE OOpa30BaHHE OYEHb
HOpUCTBIX arperaroB. [lopucTeie arperarbl OrpaHMUYMBAIOT NEpeady TeIula B UX LEHTPbl U MOTYT
IIPUBECTH K IOJIHOMY NEPEKPBITUIO BBIX0/1a LIMKJIOHOB U UX 3allOJHEHUIO MaTepPHAIIOM.

5. B okcrpemanbHO Trpy0OOil CBHIPHEBOM CMECH AIIEKTPOCTATUYECKOE B3aMMOJICHCTBHE
YMEHBIIIAETCSl MPONOPLMOHAIBHO YMEHBIIEHUIO IOBEPXHOCTH. Arperanus TpyObIX YacTHIl B
LIUKJIOHHOM IOZI0IpeBaTelie HEBO3MOXKHA, T.K. IOBEPXHOCTHAsl SHEPTUs AJIs yACpKUBaHUS UX Beca
HenoctaroyHa. HeoOxonumoe Bpems TemiooOMeHa B 1-2 CeKyHJIbl A OTIEJIBHO B3BEILEHHBIX
KpPYNHBIX YaCTHUIL ABJISETCS JTOCTATOUHBIM B LIMKJIOHHBIX IIOAOIPEBATEIISX.

6. Hecmotps Ha o [ITA ycraHoBIIeHHOE MOBBIILIEHHE TEMIIEPATYPBI PA3I0KEHUS KaJIbLIUTA B
JKCTpeMabHO TPyOoil ChipheBOM cmecu npuMepHo Ha 60 °C, €€ NPOMBIIUIEHHO TOCTHUTHYTAas
CTENEHb KaJIbLIMHUPOBAHUS IOCIIE IIUKJIOHHOIO MOJ0rpeBaTess MOBbILaeTcs, npuMepHo, Ha 10%.
OTO CBSI3aHO C YIY4YILIEHUEM TEIUIONEepeaau MEXIYy MEYHBIMU ra3aMu U IKCTPEMajbHO IpyOoi
CBIPbEBOI CMeChIO Oarofapsi MaCCUBHOMY IPEKpallleHHI0 00pa30BaHUs arperaros.
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HUKJIOHIAPIA OTE IPI KOCIIA BAP KbLJIY OTKI3YII /KAKCAPTY
HPUHIUIITEPI

Tyiiin
Hoctypri xyKa YHTaKTalFaH MIXKI3aT KocmackiMeH (enexTeri Kanaslk 90 mxm 14%) camsicThiprania,
IUKIIOHIBI KBUTY aJIMACTBIPFBIIITAP/A TEII Ta3Japbl MEH KCTPEMANIbI OPECKes IEMEHT IIUKi3aT KOCIachl

62



Oymycmix Kazaxcmanu eviivim Kapuwvicol - Becmuux nayku FOaxcnozo Kazaxcmana - South Kazakhstan Science Herald

(emexreri kanmeik 90 MxM 50%) apachlHOArbl KbUTY NAHBIHIBIFBIHBIH KAKCAPYBIHBIH SKCHEPHUMEHTTIK
nonennaepi kentipinred. Ote mepeki kocmack 200 °C-taH XKoFapbl MUKIOHAAp/A KbI3FaH Ke31e, KYHIipiiareH
MaTepUaNIbIH PEaKTUBTCHIIPUITeH OETTIK JHEepPrusChIH a3alTyFa J>KOHE OChUIAHIa OHBIH arperamus
TEH/JCHIMACHIH TOMEHIETyre MYMKiHIIK Oepeni. Ancopomusainslk HoO-mpr 200 °C-ka aybIcThIpY YIIiH
SHEPTUSHBl TYTHIHY OAETTEri JYKa YHTaKTalFaH Kocmara Kaparanga 10-25% a3. ['a3 aFbIHBIHBIH
temmieparypaced 80%-Fa JeiiH KbI3AbIpY YIIiH epKiH )KY3€TiH aCTHIKTHI JKBUTBITY YakbITH <0,2-1 C Kypaimesl,
ic XKY3iHJe )KyKa KOCHaHbIH IUKIOHAAP apKbUIBI 6Ty YaKbIThI 25-32 CeKyHITHI Kypaiabl )KoHe arperartapably
XKarmail nmaiiaa OoyblHA jKOHE HICKTEYJi KbuTy OepinyiHe OainanpicThl. LlMKIOHAapIaH KeifiH eTe Oepeki
KOCIIaHBIH AeKapOoHu3anus napexeci 10% - ra apTamsl.

Kinrrik ce3nep: TepMusibik naiibiHaay, ©Te ipi MIMKi KOCIa, 9IETTETiACH YCcaKTalFaH KOCIa, [IMKIOH
KBITY aJIMaCTBHIPFBIIIL
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PRINCIPLES OF IMPROVING HEAT TRANSFER WITH AN EXTREMELY COARSE
MIXTURE IN CYCLONES

Abstract

Experimental evidence is given for improving the thermal preparation between furnace gases and
extremely coarse cement raw mix (90 microns 50% residue on a sieve) in cyclone heat exchangers in
comparison with the thermal preparation of traditional finely ground raw mix (90 microns 14% residue on a
sieve). The extremely coarse mixture makes it possible, when heated in cyclones above 200 ° C, to reduce the
reactivated surface energy of the fired material and, thus, reduce its tendency to aggregation. The energy
consumption for displacement of adsorption H,O at 200 °C for an extremely coarse mixture is 10-25% less
than for a conventional finely ground mixture. For heating up to 80% of the gas flow temperature, the heating
time of the free-floating grain is <0.2-1 s. In fact, the passage time of a usually thin mixture through cyclones
is 25-32 seconds and is caused by the massive formation of aggregates and limited heat transfer. The degree
of decarbonization of an extremely coarse mixture after cyclones increases by 10%.

Keywords: Thermal preparation, extremely coarse raw mix, typically finely ground mix, cyclone heat
exchanger.
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OCHOBBI YJIYYIIEHUS TEILIOOBMEHA C 9KCTPEMAJIBHO I'PYBO CMECBIO
B IIEYHN

AHHOTAUA

[IpuBonsiTcs  3KCIIEpUMEHTAlbHbIE M TEOPETUYECKHE  JIOKAa3aTeNbCTBA  MPEHMYILECTBA  OT
HCTIOJIb30BaHUsl AKCTPEMaIbHO Tpy0oil cripbeBoil cMecH (octarok Ha cute 90 MM 50%) mepen oObvHOI
TOHKOMOJIOTOH (ocTarok Ha cuTe 90 MkM 14%) chIpbeBOif cMeChIO ITPU MPOU3BOJICTBE LIEMEHTHOTO KJIIMHKEpA.

B pesynberare MOBBIIIEHHS HACHIITHON TUIOTHOCTH AJKCTpeMaibHO TpyOoir cmecu mo 1200-1400 r/n
MOBBIILIACTCA €€ TEIUIONPOBOJHOCTh W MPOLECC IEPEKAaThIBAHHMSA BO BPAILAIOIICHCS MEYH 3HAYUTEIBHO
I/IHTeHCI/I(l)I/I]_[I/IpyCTCSI. DTO BBHI3BIBAET MHTEHCUBHOE OOHOBJIECHHE U YBCINYCHUC ITOBCPXHOCTHU 00’KHUraeMoro
cios 10 30HBI crnekaHus. [lostomy Temsonepesada M KOJMMYECTBO PEAKLHMOHHBIX KOHTAKTHBIX TOYEK
Bo3pactaeT. boiee BBICOKHIA BeC JHTpa DKCTPEMANbHO TPyOOW CMecH IIO3BOJNISIET IpH OoJiee BHICOKON
MPOU3BOAUTCIIBHOCTY CHHU3UTL CTCIICHL HAIIOJIHCHUA neyen J0 OIITHUMAJbHOIoO 3HA4YCHUSA B 13 % m
3HAUUTEIHHO CTA0OMIIM3UPOBATH PA0OTY MeYH pH yBeIHYCHHOW epudepruitHoi ckopoctu. Bee 310 mo3BossieT
MOBBICUTH POU3BOAUTENBHOCTD Heun Ha 30-40% 1 cHU3UTH pacxon Tomiuea 10 15 %.

KuroueBsble ciioBa: Bpamnjaromasics rneyus, rpaHylioo0pa3oBaHie, CTeNEeHb KalbIIMHUPOBAHUS, CKOPOCTh
BpaIlCHUs, HACBIITHON BeC, MOBEPXHOCTh TEIMII000OMEHA.

1. Biusinue TOHUHBI IOMOJIA CHIPOI CMeCH HA TenJI000MeH B MeYu.

Jns  Bcex BKIIOYUTENBHO CaMbIX COBPEMEHHBIX TMeueld CcaMblM y3KUM 3TaloM,
OTPAaHUYHMBAIOIIUM UX MPOU3BOJUTEIHLHOCTb, SIBIISETCS MPOMEKYTOUHASI 30HA. DTO CBSI3aHO C OUYCHD
OTpaHWYEHHOU Terulonepenayel Mexay MEeYHbIMU ra3aMH M CIOEM Marepuaja B MPOMEXYTOUHOU
30H¢ ¥ OOYCIIOBJICHO CIEAYIOMUMH TpuYuHamMu: 1. OTHOCHUTENBHO HM3Kasg IJIOTHOCTH OOBIYHO
TOHKOMOJIOTOM CBIDE€BOM CMECHM U, Kak CJIeACTBUE, €€ HHU3Kas TEeIUIONPOBOJHOCTh. 2.
[IceBnooxxmkeHne 0OKUTaeMOTO CJI0s Marepuala W3-3a HHTEHCHUBHOTO BBIJCIICHUS Ta3000pa3HbIX
npoaykToB. 3. OueHs ciiaboe 0OHOBJICHUE TOBEPXHOCTH MaTepualia IpH JABHXKEHHUH €T0 BJIOJIb MEYH.
[IceBnooxmkeHne B OoOKHraeMoM CJO€ Marepuana cBs3aHo ¢ pazioxeHueM CaCQOs, a Takxke
BO3TOHKOM KPUCTAJIJIOXMMHUYECKH CBS3aHHOM BOABI U mIenodel. B nmeyax ¢ 4-X u 5-u cTyneH4aTsIM
[UKIOHHBIM TETNIOOOMEHHUKOM WITM KaJbIIMHATOPOM TojHoe paznoxeHne CaCO3; He MOXKET ObITh
nocturayto. [loaromy 3aBepmienue paznoxenuss CaCOs3 npoucxonut B neun. Paznoxenune CaSO4 n
BO3rOHKa MIenovel HaumHaercss npumepHo npu 1150 °C mepen 30HOM ClEKaHWS U UHTEHCHBHO
nporekaet npu 1300 °C.

JleTanu oTpuLATENBHOTO BIUSHUS EPEUUCICHHBIX SIBJICHUM, YUUThIBas JaHHBIE [1-6], MOXXHO
00BSICHUTH cienyromuM obpazom: Dmronanu3anusi OOBIYHO TOHKOMOJIOTOM CBIPHEBOM CMeECH
MIPOUCXOJTUT, TIPEXKIE BCETO TOIBKO TOTOMY, UTO OOKUTAeMbIN MaTepra Py MAaKCUMATbHOM pa3Mepe
3épen 10 300-400 mxm coctoutr Ha 85-90% w3 ToHKMX YacTHIl <90 MKM. DTH YaCTHIBI C
MUHUMaJTbHBIM BECOM M OOpa3OBaHHBIE W3 HUX TMOPUCTBICE MEJIKHE ariioMeparbl HE MOTYT
MPOTUBOCTOSITh BO3HUKAIOIIMM TOTOKAaM Ta3a B OOXWraeMoMm cjoe Marepuana. [lpum stom
OoO)KHTaeMbIl CJION MaTepuana U3 MEIKUX JacTuil <90 MKM IMPHUBOAMTCS MOTOKAMU rasza B JIeTy4yee
COCTOSIHME M TPAHCIOPTUPYETCS TaK >Ke, KaK U MOJIOTHIH Marepuai B BO3AYITHOM TPAHCTIOPTHOM
x€nobe. [loaTomy oOxuraemplii MaTepuand B TICEBIOOKIKEHHOM COCTOSHUU TMPOTEKAaeT OuYeHb
OBICTPO Yepe3 MPOMEKYTOUHYIO 30HY B 30HY CICKaHUs TEYH, MPAKTUYECKH 0e3 JOCTATOYHOTO
OOHOBJICHHUS €T0 TIOBEPXHOCTU. DTO MPHUBOAMT K MEPETPEBY HAPYKHOM MOBEPXHOCTH 00XKUTAEMOTO
CIJIOSl MaTepuasa Mpu HeAOCTaTOYHOM HarpeBe BHyTpeHHero cios. Takum oOpa3oM, Terionepeiada B
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MIPOMEKYTOYHOH 30HE MEYN MEXAY TEYHBIMH ra3aMi H 00KUTaeMbIM MaTepUaIOM OTPaHUYNBACTCS
Y MaTepHall MOCTyMaeT B 30HY CIIEKaHUS TEPMUYECKU HEJOCTATOYHO PABHOMEPHO MOATOTOBICHHBIM.
OTO NPUBOAUT K 0Opa30BaHHUIO Ha 3arpy30YHON CTOPOHE MEYH KOJbIa U3 CyNb(haTcoaepiKaero
CIyppUTa W TEPMUYECKOW Meperpy3ke 30HbBI CHEKaHUS, B pe3yJabTare 4Yero YyMEHbIIAeTCs
MIPOU3BOJUTEIBHOCTh NEUH, a Takke Bo3pacraer conxepkanne CaOcp, B KIMHKEpEe M MOTpeOIeHHE
TOIIMBA. DTHU MPEACTABICHUS TOATBEPKAAIOT UCCIEOBAHUS CKOPOCTH MEPEABIKEHUS Marepraa
BJIOJIb BPAIIAIOIIEHCS MeuH TIPH UCTIOIB30BAHNY PAMOAKTHBHBIX 130TonoB Na* u Mn®® [18]. Takum
o0pa3oM, ObLJIO YCTaHOBIIEHO, YTO OOBIYHO TOHKOMOJIOTasi CMECh MaKCUMAJIbHYIO CKOPOCTh 110 45,6
CM/MHMH JIOCTHTaeT B MPOMEXKYTOYHOH 30He (B 30He cmekanus 24,3 cM/MHH). DTO MOXHO
cOaslaHCUpOBaTh CJIEIYIOMIMM IMyTEM: U3BECTHO, YTO MOPUCTOCTH CBOOOIHO HACBHIMHOM CHIPhEBOM
CMECH B 3aBUCHMOCTH OT €€ TOHWHBI IToMoJIa u3MeHsercs B auanazone 50-80 % ot obmiero oonéma
nopoika. [Ipu xkyOuyeckoi ynakoBKe, KOrza OAHOPOAHBIE [0 pa3Mepy YacTHIIbl HAXOASTCS JPYT C
JPYrOM IO IIECTH TOYKaM B KOHTAKTE, MOPUCTOCTH cocTaBisieT 47,64%, a mpu rekcaroHajabHOU
YIAKOBKE, KOTJIa YaCTHUIIbl, UMes pa3IMyHble pa3Mepbl, KOHTAaKTUPYIOT B 12 Toukax - 25,95% [17].
[ToaToMy MOpPUCTOCTH MCXOAHON CMECH, UMEIOIIEH B IIEJIOM OAMHAKOBYIO BEJIIMYMHY COCTaBHBIX
YacTull, OOJIbIIIe TOPUCTOCTU CMECH M3 YaCTHIl pa3HOro pasMepa. [lopucTocTh ChipbeBOi cMecH 3
3épeH OJMHAKOBOM BEIMYMHBI BO3PACTAET C YMEHbLICHUEM UX pa3Mepa. [[JIoTHOH ynakoBke 4acTuil
JpYyT K JPYTY B 30HAaX KOHTAKTa MPEMSATCTBYIOT JOMOTHUTEIHHO MIEPOXOBATOCTH MX IMOBEPXHOCTEH.
[Tpu yBennueHnn TUCTIEPCHOCTH 3EPEH ¢ OJIM3KUM pa3MepOM ITOBEPXHOCTH YaCTHUI] 3epHA YIAISIOTCS
JpyT OT Apyra, MOCKOJIBKY BO3pacTaeT pa3leiuTeNnbHbI 3 ekt ux mepoxoBatoctu. Pazymeercs,
npu 0ojee MHMPOKOM PACHpPENCICHHH pa3Mepa 3epeH H3MEIBIEHHOTO Marepuaia, 00beM ITyCTOT
MEX/1y YaCTUI[aMH YMEHBIIIAETCS.

OOyCIOBJIIGHHOE JKCTPEMalbHO TpyObIM TIOMOJIOM, JydIllee 3alloJIHeHHE OO0bEMa ITyCTOT
MaTtepuaina, MPUBOAUT, KaK CJEICTBUE, K HX CTPYKTypPHOMY YIUIOTHEHHIO WJIM YBEIMYEHHUIO
IUIOTHOCTH OOKHUraemMoro marepuana. B pesynprare, HaceinHO# Bec yBenuuubaercsa ¢ 800-1000 r/n
JUTsE OOBIYHO TOHKOMOIIOTOM cMmecH 10 1200-1400 r/n m1st skcTpeManbHO rpyooit cMecu. B pesynbrare
JIOCTUTAETCSl yBEJIIMYEHHE PEaKIMOHHBIX KOHTAKTHBIX TOUYEK MEXJy 4YacTHIlAMHU M YyIy4lleHHe
TEIUIONPOBOAHOCTH B C€J0€ OOXKHUraeMoro Marepuajna M Ieperada TeIula OT IEYHBIX ra3oB K
0O)KMraeMoMy MaTepualry B IPOMEXYTOYHOM 30HE MeUH.

OO6xuraeMblii MaTtepuan MOCTyMaeT B 30HY CIEKaHUsS MeYd TepMUYECKH Oojiee paBHOMEPHO
MOJrOTOBJIEHHBIN U HAarpeThlil B CpeHeM 10 Oosee BbICOKOM TemmepaTypsl. Kpome Toro, mexmy
YacTUI[AMU U TpaHylIaMU HPOMCXOAAT OECUHCIEHHBbIE CTOJKHOBEHHs, KOTOpBIE PELINTEIHHO
YCWJIMBAIOT X0/ TBepAO(a3HbIX peaklMid U peakluu 4Yepe3 paciuviaB yAJTUHEHHON 30HBI CIIEKAHMS.
OOoraménnplii Ha SiO2 BBICOKO CHJIMKAaTHBIA pacijaB, oOpa3dyeMblid mpu Oojiee HU3KHX
TeMIlepaTypax, MO3BOJISIET YBEJIIUUUTh JTMHY 30HBI criekanus neun Ha 40-50%. Bcee 310 sBisiercs
OTJIMYHBIM YCIOBHEM JIJIsl YBEIUYECHHS IPOU3BOAUTENBHOCTH 1eun Ha 30-40%.

1.1. OcoGeHHOCTH 005KMIa IKCTPEMAJIbHO IPY00il 1 00BIYHO TOHKOM CMECH.

JUid TOATBEpXKIEHUS YK€ W3JIOKEHHBIX NPEACTABICHUN IPEACTABICHbl TPOMBIIIICHHO
YCTaHOBJICHHBIE PA3JIMYUS B CPEJHEB3BEIIEHHOM JHAMETpe TpaHyll, TeMIepaType, Bece JUTpa U
CTETIEHH PA3JIOKEHUS KaJIbIIUTA 3KCTpeManbHO Ipyooit cmecu (31'C) u 06b14n0 TOHKOM cMmecH (OTC)
BJIOJIb IEYU MOKpOTro criocoba BP5x185 M Ha mpobax, oroOpanubix Ha 40, 55 n Ha 91 M (puc. 1 u 2).

CpenHeB3BElICHHBIN AUaMeTp TpaHyll U3 SKCTPEMAIIbHO TPYOOTro ChIPhEBOro IIjIaMa OT KOHIIA
1enHoi 30HbI Ha 40 M 70 KOHIIA [IEMTHOTO TeIII000MEHHUKA Ha 55 M HECKOJIbKO YMEHBIIIAETCs, a 3aTeM
10 91 M meun HeMHOTO Bo3pacTtaet (pur.1). CpenHEB3BEMICHHBI THAMETP OOBIYHO TOHKOMOJIOTOTO
nuama ¢ 40 1o 91 M HenpepbIBHO yMeHbInaeTcs. M3 ¢ppakiimOHHOTo aHaiu3a CIenyeT, 4YTo B 00enx
MIPOTUBOIOCTABIISIEMBIX CHIPBEBBIX CMECSX 3TO MPOUCXOAUT B pe3yiibTaTe YMEHbIICHHS KOJIMYeCTBa
rpanyin pazmepoM 3-10 MM. B obnactu nenHoro reroooMenHuka ot 40 10 55 M neuu npoucxoauT
paspyuieHre OOJIbIIMX TIpaHyd, OYEBHMJIHO, IIAaBHBIM 00pa3oM B pe3yibraTe MeXaHH4eCKOro
NBIDKCHHUA IIETICH.

[Ipn nmepemenieHnn oOXXHUraeMoOro Marepuana M3 TPaJAWLMOHHO TOHKOTO CHIPHEBOTO ILIaMa
BJIOJIb TIeuu OT 55 10 91 M B TeMIieparypHOM Jauana3oHe okoio 654 °C npojomkaercs yMEeHbIIEHUE
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CPEIHEB3BELICHHOTO AUaMeTpa rpaHyil. ITO MOKHO OOBSICHUTD CIIEAyIOMUM obpa3om: Tepmuueckas
BO3TOHKA KPUCTAJUIMUECKH CBS3aHHOM BOJBI U3 INIMHUCTHIX MUHEPAJIOB M HayaBIIeecs pa3ioKeHHe
KaJIbLIUTA, BBI3BIBAIOT OOpa30BaHME B BO3PACTAIONIEM KOJIMYECTBE XMMHYECKH BBICOKOAKTHUBHOM
MOBEPXHOCTU C PE3YJIbTUPYIOUIMM OTCIOZa YBEIUYEHHEM IOTEHIMala JUIsl TOIMOXUMHUYECKOTO
cnekanus marepuana. Hecmorps Ha BeiOpoc H2O um CO> u3 OOBIYHO TOHKOMOJIOTOTO CHIPhS B
mpouecce ero ciabo (PyHKIMOHMPYIOIIETO IEpPEKaTbIBAaHUSI TMPOUCXOAUT PpPa3pbIXJICHHE U
MOCJIEAYIOIUN pacnaa rpaHyl. [JlaBHas npuyMHa 3aKIOYAEeTCd B OTCYTCTBHM JOCTAaTOYHO
WHTEHCUBHO (PYHKLHOHHUPYIOIIETO MepeKaTbIBaHUS MaTrepuaia, KOTOpoe B pe3ysibTare J0CTaTOYHO
MHOTOYHCIIEHHBIX CTOJKHOBCHHI MOXKET CIIOCOOCTBOBaTh dPPEKTUBHOMY OOHOBIICHUIO KOHTAKTOB
MEX/1y YaCTUIIAMH U, KaK CJIEICTBUE, NX TBEPI0(Pa3HOMY CIEKAHHIO.

JlanpHeiiee HEOOBIIOE YBEIUYCHHUE pa3Mepa TpaHyll U3 dKCTPEMalbHO IpyOOH ChIphEBON
cMecH Tpu nepemenieHud ot 55 M 1o 91 M npu Temneparype no 703 °© C, oueBUAHO, CBA3AHO CO
3HAYUTEIHHO JTy4YIIHM (PyHKIIMOHHUPOBAHUEM ITEPEKATHIBAHKS MaTEepHalia BO Bpalaromeics neun. B
pe3yabTaTe ero MoJIOKUTEIHHOTO BIUSHUS Ha TBEpA0(a3HOE CIIeKaHHe YaCcTULl 00Pa3yIOTCs TPAHYJIbI
c OoJee IUIOTHON CTPYKTypol M 0Ooyiee BBICOKOW MPOYHOCTHIO. DTO BBI3BIBACT YIIyUIICHUE
TEII000MEeHa B MEYH U, KaK CIIEACTBHE, IPUBOIUT K MOBBILICHUIO Beca TUTPa U TEMIEPATyphl (pHC.
1) (puc. 2) obGxuraemoro ciosi mMarepuaia U3 IKCTPEMaJIbHO TPyOOro CHIPHEBOTO IIjaMa Io
CPaBHEHHUIO ¢ OOBIYHO TOHKOMOJIOTHIM IIUIAMOM BO BCEX TOUYKax oTOopa mpod Baomib neun (40, 55, 91
M) cooTBeTcTBeHHO mnpuMmepHo Ha 10% u 7-9%. DTO HpOUCXOAUT, HECMOTps, Ha CHUKECHHE
TEeMIIepaTypbl OTXOAIIMX ra3oB nocie neur npuMepHo Ha 20-30 °C u, HecMOTpsl HA YMEHbIIEHUE
1o 50% ocaxnénnoro B oomactu 91 M Goree crieu€HHOTO Marepualia, KOTOPhI BHOCHTCS U3 OoJiee
BBICOKOTEMIIEPATyPHOIl 00JIaCTH MEYH.

3HAYUTENBbHO IPUPOCIIAsl MMOBEPXHOCTh TEIUIOOOMEHa M 00jee MHTEHCHBHO IPOTEKAIOIee
OOHOBJIEHHE MTOBEPXHOCTHU CJI0s MaTepuaia 13 HIKCTPEMaIbHO IPyOOro ChIPbEBOTO ILIaMa IPUBOAST
K HEMIPEPHIBHOMY BCKPBITHIO €ro 00Jiee XOJOAHBIX CIOEB.

N3BecTHO, uTO TIpH TemmepaType cMecu B neun okosio 800 °C creneHb €€ KalnbIIMHUPOBAHUS
nobkHa cocTaBisaTh okono 10% [19]. Ilpu temmeparype 700 °C creneHb KalbLIMHUPOBAHUSA
MaTepuana CHIKaeTcs mpumepHo 10 5%. U3 ananusa oOpasioB, 0TOOpaHHBIX B MEUYM MOKPOTO
criocoba Ha 91 M (puc. 2), cnenyer, yTo (pakTHUecKas CTENeHb KalblMHUpoBaHud npu 654-700 © C
3HAYUTENbHO BhIIIe U cocTaBisieT 20,4% 1 OOBIYHO TOHKOMOJOTOHM CBIPBEBOM CMecH. DTO
OOBSICHSIETCSI CYIIECTBYIOLIEH B IeUM LMUPKYJIALMENH MaTepuania, KOTopas BO3HHMKAeT M3-3a BbIHOCA
MaTepuaina IeUYHbIMU Ta3aMU U3 0oJiee TOPSIUMX 00NacTeil MPOMEXKYTOYHON 30HBI U MOCIETYIOIIEro
€ro OocaxJeHusi B 0oJiee XOJIONHBIX 30HAX Ie4Yd 3a Ccy€T OoJjee HU3KUX TemIeparyp rasa W,
CJIeI0BATENbHO, CHUKEHUSI CKOPOCTH BBIHOCUMOTO TIEUHBIMU T'a3aMU MaTepHaa.

DTO 03HAYAET, UTO B 00JI€E XOJIOIHBIX YUACTKAX MPOMEKYTOYHOM 30HbI I€UH UICTUHHAS CTETICHb
KaJTbI[MHAIIMK OOXHUTaeMOro MaTepuaina OIpeleNnsercs HUPKYISuell TOHKOTUCIEPCHOM YacTu
cmecu. [Ipu oGxure aKCTpeManbHO Tpy0oil cMecu Tpu yMeHbIeHHOM 110 50% BbIHOCE €€ TOHKHX
bpakuit U3 meun [7-16] U Npu MPEANONOKUTETHPHO HEM3MEHHON 3(PPEKTUBHOCTH TEIIO0OMeHa
Ob110 OBl BEpHO paccuuThiBaTh Ha 50 % yMeHbIIEHUE CTENeHN KaJIbLIMHUPOBaHuUs MaTepuaia Ha 91
M, T.e. ¢ 20,4% no 10,2%. PakTUyecKu CTENEHb KAJbLIMHUPOBAHUS YBEIUYUIIACh, IPUMEPHO, Ha
18,14%, T. e. ¢ 20,4% nans TOHKOMOJNOTOM cMmecu A0 24,1% nans skctpemanbHO TpyOoit. Takum
o0Opa3zoMm, (akTHYECKH YIyUIICHHAs TePMUYECKasl MOATOTOBKA MPH YIYUYIICHHH TETUIOOOMEHAa B
AKCTPEMAaBLHO TPYOOI CMeCH Ha IIEYH MOKPOTO CII0co0a MO3BOJISET YBEIUYUTH TPOU3BOAUTEIHLHOCTD
10 30-40% u cHU3HUTH pacxon TorumBa 10 15%.

Hecmortpst Ha ymenbienue nonu rpanyia 3-10 mm B auanazone ot 40 10 55 M nieuu U CHUXKEHUE
CTENeHN KaJIbIIMHUPOBAaHUSA ChIpbeBOM cMecu (puc. 1 u 2) Bec nutpa Ha 91 M yBenuuuBaercs.
Oco0eHHO CHIIBHO BO3pacTaeT Bec IuTpa Ha 91 M B Medd M3 3KCTPEMANbHO TpyOOro CHIPHEBOTO
nutama, kotopbrit ipu 1080-1100 1/11 3ameTHO BbITe 985 T/71 1715 TPaIUIIMOHHO TOHKOMOJIOTON CMECH.
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Puc. 1. CpenHeB3BeLICHHBIN AUAMETP U Puc. 2. Temneparypa u cTeneHb
BEC JIUTPa 0OKUTAEMOTr0 MaTepuaia BIOJIb KaJbIMHUPOBAHUS 00KATAEMOTO
neun P5x185 M Mokporo crocoba u3 Marepuaia BoJib rneun KP5x185 m
OI'C- u OTC-chIpbeBbIX CMECEH. Mokporo criocoba u3 II'C- u OTC-

CBIPBCBBIX cMmeceit.

B pesymprare 3HauMTenbHO Oojiee  MHTEHCUBHO  (DYHKIMOHMPYIOLIETO — Ipoliecca
IepeKaTbIBaHUsI 3KCTPEMabHO I'pyOOil ChIPbEBON CMECH B IMPOMEXKYTOUYHOM 30HE JOCTUTAETCS
MOBBIIIEHUE TEIUIONPOBOAHOCTU B CJIO€ MaTepuaia, yBEIMUEHUE €ro BHEIIHEH IIOBEPXHOCTHU
TEII000MEeHa U yCcuiIeHHe OOHOBJIEHUSI €€ TOBEPXHOCTH.

3HaUNTENbHBIE TOJIOKUTEIbHBIE U3MEHEHHs B TMOBEIEHUHN SKCTPEMalIbHO TpyOOil ChIpheBOM
CMECH NP 00KUTE IPUBOAST K YBEJIIMYEHHIO KOJIMYECTBA paciljlaBa U MOHWKEHUIO TEMIIEPaTyphl €ro
o0Opa3oBaHMs. OTO TMPOUCXOAUT B pe3yibTare MpOTEeKalomero TBEPIO(PA30BOr0 CHHTE3a
JIETKOIUIaBKUX HU3KOOCHOBHBIX CHJIMKATOB ¢ 0Opa3oBaHMEM U3 HUX oboraménHoro SiOz pacriaBa
npu temneparypax mexay 1100 u 1200 °C napannensHo k nozaaee npu 1300 °C obpasyromemycs
oObruHOMYy Ooratoro AlbOs u Fe2Os pacmnaBy [7-15]. borarteiii SiO2 pacruiaB oOpasyercs mnpu
3HAUUTENIbHO 00JIee HU3KUX TeMIepaTypax, yeM paciuias, oooraménnsiii Al2Os u FeO3, n3 006b14H0M
TOHKO3EPHHUCTON CMeCH, TeMIepaTypa IJIaBIeHUs KOTOpOro B MHBapuaHTHOH Touke T (puc. 3 [20-
22]) B 4-x komnoHneHTHOH cucteme CaO-Si02-Al,03-FexO3 anst ceporo niementa u cocrasinsieT 1338
°C. Temneparypa 00pa3oBaHus pacrjiaBa Jyisi 0eJI0ro IEMEeHTa U3 O0BIYHON METTKOIMCIIEPCHOM cMecH
eni€ BBILIE M COCTaBIsIET B MHBapuaHTHOU Touke E (puc. 3 [20-22]) 3-X KOMIIOHEHTHON CHUCTEMBI
Ca0-S10;-Al203 1455 °C. C pactBopennem MgO u mienoueil Temneparypa MjiaBjieHus] OObIUHBIX U
oboraménnbix SiO2 pacruiaBoB cHmwkaetcss Ha 40-60 ° C. VYayumeHwe nepeHoca Teruia B
MIPOMEXKYTOYHOM 30HE€ M YMEHBIICHHWE TEMIIepaTyphl MOSBICHHS paciijiaBa B 30HE CIEKaHUs
YBEJIMYUBAIOT POU3BOIUTENBHOCTD TIEUYN M CHUKAIOT pacxoj TOIUINBA.
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Vierstoffsystems

Ca0 CsA (CA) Ci2Ay
Puc. 3. CaO-yroin 4-x KOMIIOHEHTHON
cuctembl Ca0-S10;2-A1203-Fe,03 [20-22].

1.2. Ten1000MeH ¥ MPOU3BOAUTEILHOCTD MEYHU C TEMJI000MEHHUKOM.

Huxe npencraBieHHblE — YIyYIIEHHbIE HSHEPrOTEXHUYECKHE IIOKazaTelnu Ieded ¢
TEIUIOOOMEHHUKAMH TpU OOXKUTE DSKCTPEMalbHO TpyOOH CBHIPHEBOMl CMeCH MOAKPEIUIAIOT U
JOTIOJTHSIOT ONMCAHHYIO BBIIIE MOJIEINb TeII000MeHa. OCHOBHBIMU KPUTEPUSMH JJIS JOKA3aTEIbHBIX
OOBSICHEHUI TOCTUTHYTHIX YCIEXOB B MPOMBIIIJICHHOCTH MPU OOXKHIe 3KCTpeMaiabHO TIpyOoit
CBIPHEBOM CMECH SIBJIAIOTCS CIEIYIOIIME: IIPU TEMIIEPATYPE CHIPHEBOM CMECH HA BXO/IE B [1€4Yb OKOJIO
800 °C cremneHb KanblMHUPOBAHUS AOJKHA cOCTaBiATh okoio 10% [19]. Ognako daktuyeckas
CTENEHb KAJIbIIMHUPOBAHUS OOBIYHO TOHKOMOJIOTON UCXOHOM CMECH TMPH €€ TeMIIepaType Ha BXOJIE
B neyb okojo 800 ° C 3HAUMTENBHO BbILIE U COCTaBIsAET 59-65%. DTO CBA3aHO C LUPKYJISLHUEH
TOHKOJMCIIEPCHON CMECH MEX]y MEUYbl0 U TEMI000MEeHHUKOM. M3 3TOro ciemyer, 4To UCTUHHYIO
CTENEHb KaJbIUHUPOBAHUS HCXOJHOW CMECH, Ha BXOJE BO BpALIAIOIIYIOCA II€Yb OIPEAEISAET
LHUPKyJALUs B ycTaHoBKe. Takum obpazom, mipu 10 50% 3HauUTEIHO CHUKEHHOM BbIOpOCE MBUIH
u3 neun [7-15] Ha sKcTpeManbHO TpyOOH CBHIpHEBOM CMeCH MpH YCIOBHM HEW3MEHHOMN
3¢ (HEeKTUBHOCTH TEIIO0O0MEHa B IIMKJIOHHOM TEIUIOOOMEHHUKE CIEAYeT O0)KHMJaTh BO3MOXHBIM
CHIDKEHUE CTETIeHU KallbIIMHUPOBaHUs MaTepHuala Ha Bxoje B medb 10 50%, (T.e. ¢ 59-65% no 30-
33%). Ilockonpky cTeneHb KaJbLMHUPOBAHUS OSKCTPEMAIbHO TIpyOOH CBHIpEBOl cMmecu
yBenuuuBaeTcs npuMepHo Ha 17% no 69-71%, B cpaBHeHuu ¢ 59-65% 17151 0OBIYHO TOHKOMOJIOTOH,
(akTUyecKoe YIydllleHHEe TEePMUYECKOM MOATOTOBKH 3KCTPEMalbHO IpyOOH CMECH NpEBBIIIAET
OKU/IaeMYI0 CTEIEHb KalbLIMHUPOBAHMS B JIBa pa3a. JTO CBA3aHO C YJIyUIIEHHEM TEIIO0OMEHa B
LMKJIOHHOM TIOJIoTpeBarese.

OOycioBieHHas yBEITUYEHHUEM 4HCIa OOOpPOTOB Ieun Oojiee BBICOKAs CKOPOCTh HarpeBa
JKCTpPEMaJbHO TpyOOil CHIPHEBOW CMECH BbI3bIBa€T Onarogaps Xopouio (YHKIHMOHUPYIOLIEMY
nporeccy e€ nepekarbiBaHMs emi€ Ooubliiee yBeTUYEHHE MHTEHCHBHOCTH TEIUIONEpeNayd M, Kak
CJIEJICTBHE, YCKOpEeHHE 00pa3oBaHMsI MUHEPATIOB KIWHKepa. PocT cTabmibHOCTH pabOTHI meun ¢
MOBBIIIEHUEM e€ TiepudepuitHol ckopocTu 10 56,78 cM/c MpHU MOBBIIIEHHOW MPOU3BOAUTEIEHOCTH
mo ceipbeBoii cmecu A0 70 T/gac Ha meunm D3,4x49 M Cc TEIIOOOMEHHUKOM YKa3bIBaeT Ha
MOTEHLUAJIbHYIO BO3MOKHOCTD JIaJIbHEHNIIIETO POCTa €€ MIPOU3BOJUTEIBHOCTH.

N3-3a, mpumepHo, Ha 25 % Ooyiee BBICOKOTO Beca JHUTpPa IKCTPEeMaibHO I'pyOoil ChIpbeBOit
CMECH TIPM MAKCHUMAJIBbHOW IPOU3BOAUTEIBHOCTH BPALLAIOLIEICS €YU CTENEHb HAIOJIHEHMs €&
najiaeT 10 CPaBHUTEIBHO HU3KOro 3HaueHus1, paBHoro 11,1 (pucynok 4). U3 atoro cienyert, uyto npu
JIOBEJICHUM YPOBHS 3allOJIHEHUS Meyd 10 onTuMmyma B 13% mnoTeHuMan nans JajabHEHIIero
YBEJIIMYECHUS €€ MOILIHOCTH uMeeTcs [4].

Ha pucynke 4 mokazaHo, HACKOJBKO pacdy€THas CTENEHb HAMOJHEHUS MEeYH OOKUTaeMbIM
MaTepuasoM C yBeIMYEHUEM €€ MPOU3BOAUTENBLHOCTH MPHU UCIOIb30BAHUU SKCTPEMANIbHO TPyOOit
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CBIPHEBOI CMECH MOXKET OBITh CHIDKEHA IO CPAaBHEHHIO C TPAJUIIMOHHO TOHKOMOJIOTOM CMECHIO.
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Puc. 4. CreneHs HaIlOHEHUS IEYHN Puc. 5. YnensHas nmponu3BOAUTEIBHOCTh
00XKUTaeMbIM MAaT€PUAJIOM C YBEIMYCHHEM TI€UU C YBEIMYCHHEM €€ MOITHOCTH IPH
€€ MPOU3BOAUTEIBHOCTH MPU 00Hre SKCTpeMabHO TPy00ii ChIPbEBOit
WCIIOJIb30BAaHUU IKCTPEMATIBHO IPy0oid CMECH.

CBIPBEBOI CMECH 10 CPAaBHEHUIO C
TPAaJULIMOHHO TOHKOMOJIOTOM CMECBIO.

JlocTurHyToe ynydileHue TeriooOMeHa B IIMKJIOHHOM IOJI0TpeBaresie MO3BOJISET MOBBICUTh
IIPOU3BOAUTEIBHOCTD MeYHOH ycTaHOBKHM 10 30-40% wm cHusuth pacxopn tormsa 1o 15%. Ilpn
WCIOJIb30BaHUM JIKCTPEMAJIbHO TpyOOil CBHIPHEBOM CMECH 3TO MPOMCXOAUT, MPEXKAE BCEro, B
pe3ynbTare MOBBIIIEHUS Beca JHUTpa CMECH, MpeKpaleHus oOpa30BaHMs HIEKTPOCTATHUECKU
00yCJIOBJICHHBIX arperaroB B LMKJIOHHOM IIOJIOTpEBAaTeie M IMEpexoia MaTepuana u3 (QIrougHOro
COCTOSIHUS K XOPOIIO (PyHKLIHMOHUPYIOIIEMY MPOLIECCY €ro NepeKaTbIBaHUs B IPOMEXKYTOUHON 30HE
MeYH.

[To ombITy 3Kcmmyaranuu neun ¥3,4x49 M ¢ TemIo00OMEeHHHKOM 0e3 KalblIMHATOpa yAenbHas
NPOU3BOAUTENLHOCTh O HOBEHIIIUM JaHHBIM J0cTUraet 2,3 T/ M>*244 [4]. DT0 gocTHraeTcs MyTéM
yBeNIUYEHUsT TnepuepuitHOl CKOpOCTH Bpamfamoomeiics meun no npumepHo 50 cm/c [4, 23].
Paccuutannbiii 0o0bem meun ¥3,4x49 M, HCTOIB3yeMOW i TPOM3BOACTBA KIWHKEpa U3
SKCTpeManbHO Tpyboil ChIpbeBOl cMecH, cocTapiseT Oe3 dyrepoku 156,96 m°. Jocturmyras
IPOU3BOAMTENLHOCTh MEeUM M pacyéTHas yjelbHas IPOM3BOIUTENBHOCT Heun (T/M>*24 u) c
BO3pacTarolleil mojayeld ChIpheBOi cMecH 110 75 T/4 mpejacTaBieHbl Ha pucyHke 5. U3 pucynka 5
CIIEZIyeT, YTO B pe3yjbTare AKCTPEeMajbHO IpyOOro MoMoJsia ChIpb€BOM CMECH IMPH YBEITUYEHHON
nepudepuiiHOi CKOPOCTH Bpaliaromieiics medd, npumepHo, a0 51,91-56,78 cm/c u3BecTHas
MaKCUMalIbHasl YAEIbHAsI MPOU3BOAUTEIBLHOCT TIEYN B 2,3T/M3 *244 3HaYUTENILHO TIPEBBINICHA U
cocrasisier 2,82-3,03 T/M>*24 u.

O6pazoBanue oboraménnoro SiOz pacmiasa mpu Ha 200 °C Oosiee HU3KUX TeMIlEparypax H,
Kak CJEJCTBHE, YIJIMHEHUH 30HbI criekaHus 10 50% Mo3BoJseT Ha HKCTPEMATIBHO Ipy0Oo0il ChIpheBOi
CMECH CYIIIECTBEHHO COKPAaTUTh BPEMEHHOH W TeMIlepaTypHbI HMHTEpBajl MEXIY pPa3JIoKEHUEM
KaJbIIUTa B IIMKJIOHHOM IOJIOTpeBaTesie U KalblIMHATOPE, C OJJHOM CTOPOHBI, U 00pa30BaHHEM AJIUTa
yepe3 pacijiaB B 30HE CIIEKaHMs IeUd, C JAPYrod CTOpoHbl. TakuM 00pa3oM, MUHUMH3UPYETCS
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cobuparenbHas kpucrammuzanus CaO. JlanpHelee yMeHbIICHHE COOMPATEIbHON KPUCTAIUIA3ALIUN
CaO moxer ObITh AOCTUTHYTO 3a CYET yBeNW4YeHHs dyucia oboporoB meud. Kak crienyer us
CYIIECTBYIOIIETO OIBITA 3KCIUTyaTaluy, Oosee BHICOKHE 000POTHI ME€UH MPH SKCTPEMAIIbHO TpyOoii
CBIDBEBOM cMecu Onaromapst Xopouo (QyHKIMOHHMPYIOIIEMY Ipoleccy e€ IepeKaTbIBaHus
CKa3bIBaeTCs ropasno 3G peKkTUBHEE, YeM Ha TPATUIIMOHHO TOHKOM CHIPEBON CMECH.

BriBoABI

1. Camoil y3koii CTymHeHbIO, KOTOpas OTpaHUYMBAET MPOU3BOAUTEIBHOCTH IMEYH, SIBISIETCS
MPOMEXYyTOUHass 30HA. llpuumHamMu 3TOMY sBisieTcsl cienyromee: [lceBmodmonan3npoBaHHbINA
Marepuanl U3 OOBIYHO TOHKOM CMECH IMpPOTEKaeT MPOMEXKYTOYHYIO 30HY Iieud ObICTpO 6e3
J0CTAaTOYHOTO OOHOBJIEHHUS €0 MOBEpXHOCTHU. [103TOMYy Hapy>kHasi TOBEPXHOCTh OOKUTAEMOT0 CIIOsI
MaTepuana HarpeBaeTcs, a BHYTPEHHHE CJIOM OCTalTCA XOJoAHBbIMU. OOXHraemblii Marepual
IIOCTYNAET B 30HY CIIEKaHMsI TEPMUUECKH HEPABHOMEPHO HArpeThlii. ITO MPUBOIUT K 0Opa30BaHUIO
CYNIb(OCIYPHUT - COIEPIKAIIETO KOJbLIA U, KaK CIEICTBUE, YMEHBIICHUIO TPOU3BOAUTEILHOCTH €YU,
yBenuueHuto conepxanusi CaOcp. B KIIMHKEPE U POCTY Pacxojia TOTIHUBA.

2. Jlyumee 3amonHeHue oObEMa MYCTOT SKCTpeMallbHO TpyOoil cMecH NPUBOAUT K
YBEIIMYCHUIO TUIOTHOCTH 00KUTaeMOro MaTepraia. DTO BHI3BIBAET YBEIMUCHUE YUCIIAa PEaKIIMOHHO-
KOHTAKTHBIX TOUEK MEXAY YacTUILIaMHU U yIy4IIeHHE TEIUIONPOBOJHOCTH B 0OKUTaeMOM MaTepuase
U IIepejauy Terjia MeXKIy EeYHbIMHU ra3aMy U MaTepuajioM B IPOMEXKYTOYHON 30HE MEeYH.

3. HaceimHas mioTHOCTh chipbeBoi cMmecu yBenunuuBaetrcss or 800-1000 r/m miast oO6br4HO
torkol 10 1200-1400 1/ mis skcTpemManbHO rpyooii cmecu. [103ToMy TEIIonmpoOBOAHOCTE B CIIOE
MaTepuaia 3HaYMTEIHbHO BO3PAcTaeT M AKCTPEMAaNbHO IpyOblil 00XKHraeMblii MaTepuan HE MOXKET
OBITh BBE/IEH B COCTOSIHHE TEKy4eCTH. B X0poIo ¢pyHKIMOHUPYIOIIEM MPOIecCce TIepeKaThIBaHUs B
MIPOMEKYTOYHON 30HE IMEYU MPOUCXOJUT WHTEHCHUBHOE OOHOBJICHHME W YBEIMYEHHE MOBEPXHOCTHU
CJI0sl MaTepuraia. JTo yIydllaeT TeI000MeH MEXIy MeYHbIMU ra3aMy U Matepuanom. OOKuraemblit
MaTepHal MOCTYIaeT B 30HY CIIEKaHHs IIeYr TEPMUUYECKH PABHOMEPHO MOJTOTOBICHHBIM M HATPETHIM
0 Oojee BBICOKOW TeMmmeparypbl. Mexay 4YacTUIlaMU M TPaHyJaMU MPOUCXOIUT OECUUCICHHOE
KOJIMUECTBO CTOJIKHOBEHMH, 4TO yCKOpPSAET X0 TBEPA0(]A30BBIX peakuuil. DTO SABISETCS OTIMYHOU
MPEIOCHIIKON AJis O0siee BBICOKOM MPOU3BOAUTENBHOCTH Neud. OOpaszyeMblil npu Oosee HU3KUX
Temneparypax oboraméHHbli Si02 paciuiaB Mo3BOJISIET YAIMHUTE 30HY criekaHus rnedu a0 40-50%.

4. Ilpu nepemenieHun Marepuana no neun VP5x185 M mokporo cnocoba ot 55 M 10 91 M
CpPEeIHEB3BELICHHBII THaMeTp ero IpaHysl U3 3KCTpeMaibHO Tpy0oil cMecH HeNpephIBHO BO3PACTAET,
a u3 OOBIYHO TOHKOMOJIOTOM CMECH HENpEephIBHO yMeHbllaeTcs. Bec nuTpa u Temmeparypa
Marepuaja M3 3KCTpeMalbHO TpyOOH cMmecH BO Bcex Toukax orbopa mpob (40, 55, 91 wm)
coOTBETCTBEHHO NpuMepHO Ha 10% u 7-9% BbIIe, 4eM K3 OOBIYHO TOHKOMOJIOTOM CMecH. JTo,
HECMOTps, Ha CHIKEHHE TEMIIEPaTyphl OTXOASIIMX IEYHbIX razoB mpumepHo Ha 20-30 °C, u,
HeCMOTps1, Ha yMeHbIneHue 10 50% B obmactu 91 M, ocaxaEHHOTO MaTepuaia U3 SK30TePMUIECKOM
30HBI. Bce 3TO CBsI3aHO C ynydllleHHeM Ipoliecca MepeKaTbIBaHHUs TpaHysl SKCTPEMalbHO IpyOoi
CMECH.

5. B Havaje mpoMeXyTOYHOH 30HBI NMEYM HCTUHHAs CTENEHb KaJIbLUHUPOBAHUS CMECH
orpenenseTcs: UpKy/suen e€ ToHKUX ¢pakuuii. CTeneHb KalbLIMHUPOBaHUSA Ha 91 MeTpe meun
?5x185 M mokporo ciocoba Bo3pactaeT ¢ 20,4% mpu 00BIYHOM TOHKOMOJIOTOU cMecHu A0 24,1% npu
HKCTpEMaNbHO TPpy0Ooil cmecH, To ecTh Ha 18,14% 3a cuér ymyurieHus TerooOMeHa, HeCMOTpsI Ha
CHWKEHUE [HPKymsamuu e€ ToHkuX dpakuuid a0 50%. Ilpu npenmnonoXuTeNbHO paBHOU
3¢ (GEeKTUBHOCTH TeIIooOMeHa, ObIJI0 Obl BEPHO pACCUMTHIBATE HA CHIDKEHHE CTETEeHU
KaJIbIIMHUPOBAHUS IKCTPEMaIIbHO Tpy0oit cmecu Ha 91 m 0 50%, T. e. ¢ 20,4% no 10,2%. Otcroma
CJIE/IyeT, UTO TepMHUYECKas MOJArOTOBKAa HKCTpEMalIbHO IpyOoi cMecu Oojee yeM B 2 pas3a BBIIIE
0KUTaeEMOH.

6. CreneHp KaJbLIMHUPOBAHMS MaTepuasia IPH Iepexoie M3 TEIIOOOMEHHHKa B TI1€Yb
Bo3pacTaer ¢ 59-65% npu 0ObIYHON MENKO3epHUCTOM cMecH 10 69-71% mpu skcTpemMalibHO TpyOoi
cMmecH, T. €. Ha 17%. YcTaHOBIIEHHOE YIydIlIeHHE TEIUI00OMEHa MPHU 3KCTPEMaTbHO TPyOoii cMecu
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0OyCIIOBIIEHO TpeKpamieHueM OO0pa30BaHMs arperaTtoB B LMKJIOHHOM IOAOTpEBaTelie M XOPOILIO
(YHKIMOHHUPYIOIIUM TIPOIIECCOM IEPEKaThIBaHUs MaTepHaja B IEYH. JTO MO3BOJISET IOBBICHTH
IIPOU3BOAUTENLHOCTD Iteun 10 30-40% u cHU3UTH pacxo Tormsa 10 15%.

7. IloBbIlIeHHAst CKOPOCTH BPAIICHHS TIEYH ITPU 00KUTE SIKCTPEMANIBHO IPpyOOii CMeCH BBI3BIBAET
POCT HHTEHCUBHOCTH TEpeAavy TerJia 1 JajJbHenIIee YBeIMYeHHEe POU3BOAUTEIbHOCTH TIeur. Poct
CTaOMIBHOCTH PabOTHI MEYH C MOBBIMICHHEM €€ Nepu(epuiiHOW CKOPOCTH IMPU YK€ 3HAYUTEIBHO
MOBBIIIEHHONW TPOU3BOAUTEILHOCTA BPALIAIONICHCS MEYd yKa3blBaeT Ha HAJM4YME IOTEHIHAa
TaJbHEHIIEro pocTa € MpOU3BOANTEIHHOCTH.

8. Ilpumepno, Ha 25% OoJyiee BBICOKHI BEC JIMTpa IKCTPEMAIBHO TPyOOil CMECH IMO3BOJISET
CHU3UTH CTENCHb HAIOJHEHUS MeYH NMpH €€ 3HAUYNTEIHHO MOBBIIICHHONW MPOM3BOIUTEIBHOCTH 10
ONTUMAJIbHOIO YpoBHS B 13%.

9. DkcrpemanbHO TpyOas ChIpbEBask CMECh IO3BOJISET INPH YBEIMYCHHOW Nepu(epHiiHON
CKOPOCTH BpAIAIOMICHCs €Y 3HAYNUTEIIFHO MPEBBICUTH €€ MAaKCHUMAIBHYIO H3BECTHYIO YIEIBbHYIO
MPOHU3BOIUTEIBHOCTb.

Cnmcok Jureparypsl
1. Teiinop X.®.V. Xumusa uementoB. M.: Crpoituzaar, 1969, 406 c.
2. byrr FO.M., Ceiue M.M., Tumaie B.B. Xumunueckas TeXHOIOIUs BSOKYIIMX MaTepranoB. M.:
Briciiag mkona, 1980, 471c.
3. Locher Friedrich W. Cement: Grundlagen der Herstellung und Verwendung. Diisseldorf, VBT,
2000. 522 p.
4. Jyna B. Llement. M.: Ctpoituznar, 1981, 464 c.
5. Ludwig U. Einfliisse auf das Sinterverhalten von Zementrohmehl. ZKG, 1981, Nr. 4, (34), P.
175-185.
6. Grigel W., Oberheuser G., Wolter A. Untersuchungen zur Heterogenitit von Rohmaterialien und
Rohmehlen und ihre Aussage hinsichtlich des Brennverhaltens. ZKG, 1985, Nr. 10, (38), P. 589-590.
7. Lorke P. Energiesparende Zementherstellung durch Optimierung der Rohmehlaufbereitung.
,ibausil“ Weimar, 2003, P. 1-949 — 1-966.
8. Lorke P. Energieeffiziente gesteuerte Klinkerbildung durch Optimierung der C-, S-, A- und F-
Verhiltnisse nach Rohmehlfraktionen beim extremen Grobmahlen. ,,ibausil* Weimar, 2006, P. 1-849
— 1-866.
9. Lorke P. Energieeffiziente gesteuerte Klinkerbildung durch Optimierung der C-, S-, A- und F-
Verhiltnisse nach Rohmehlfraktionen beim extremen Grobmabhlen. ,,ibausil®“ Weimar, 2009, P. 1-949
—1-876.
10. Lorke P. Innovative, energy-efficient manufacture of cement by means of controlled mineral
formation — Part 1. ZKG International, 2011, Ne 1, P. 48-58.
11. Lorke P. Innovative, energy-efficient manufacture of cement by means of controlled mineral
formation — Part 2. ZKG International, 2011, Ne 2, P. 55-63.
12. Lorke P., Rock, R., Herzinger E. Energy efficient cement production using an extremely coarse
raw mix — Part 1. ZKG International, 2013, Ne 3, P. 50-58.
13. Lorke P, Rock R., Herzinger E. Energy efficient cement production using an extremely coarse
raw mix — Part 2. ZKG International, 2013, Ne 6, P. 62-70.
14. Lorke P. Innovative, energy-efficient manufacture of cement by means of controlled mineral
formation. ALITinform, 2014, No. 3 (35), P. 16-31.
15. JIépke ILIIL., YUykmapér A.H., KopoOkos I1.®D. [IpomblInIeHHBIH OMBIT YHEProcOeperaroero
MPOM3BOJICTBA IIEMEHTA U3 SKCTPEMaIbHO TPy0oil chipheBOi cmecu // LleMeHT u ero mpuMeHEeHHE,
2014, Ne3, C. 76-85.
16. Zurakowski S. Design Parameters of Cyclonic Heat Exchangers. Przemysl Chemiczny
[Chemical Industry], 1957, no. 8, P. 474-479.
17. byrr U.M., Tumame B.B. IToptnanaiement. M.: Ctpoituzaar, 1967, 303 c.
18. Rutle J. Investigation of Material Transport in Wet Process Rotary by Radio Isotops Pit and

71



Oymycmix Kazaxcmanu eviivim Kapuwvicol - Becmuux nayku FOaxcnozo Kazaxcmana - South Kazakhstan Science Herald

Quarry, ZKG, 1955, no.7, P. 120-136.

19. Vogel R., Schwerdtfeger, I. Schlussfolgerungen aus thermischen Wirkungsgraden von
Schwebegaswirmetauschern. ZKG, 1968, Ne3, P. 120-123.

20. Swayze M.A.: Ein Bericht iiber Untersuchungen des terndren Systems CaO-C5A3-C2F. Am. J.
Sci. 244, 1946, No. 1, P. 1-30.

21. Swayze M.A.: Ein Bericht liber Untersuchungen des quaterndren Systems CaO-C5A3-C2F-C2S.
Am. J. Sci. 244, 1946, No. 2, P. 65-78.

22. Swayze M.A.: Ein Bericht iiber Untersuchungen des durch 5% Magnesia modifizierten
quaterndren Systems (Eng.). Am. J. Sci. 244, 1946, No. 2, P. 79-94.

23. Deusner K. Generalbericht bei KHD-Tagung Industrieanlagen AG, Written communication.
Kéln, 1990, P. 18-26.

References
1. Tejlor H.F.U. Himija cementov. M.: Strojizdat, 1969, 406 s.
2. Butt Ju.M., Sychev M.M., Timashev V.V. Himicheskaja tehnologija vjazhushhih materialov. M.:
Vysshaja shkola, 1980, 471s.
3. Locher Friedrich W. Cement: Grundlagen der Herstellung und Verwendung. Diisseldorf, VBT,
2000. 522 p.
4. Duda V. Cement. M.: Strojizdat, 1981, 464 s.
5. Ludwig U. Einfliisse auf das Sinterverhalten von Zementrohmehl. ZKG, 1981, Nr. 4, (34), P.
175-185.
6. Grigel W., Oberheuser G., Wolter A. Untersuchungen zur Heterogenitdt von Rohmaterialien und
Rohmehlen und ihre Aussage hinsichtlich des Brennverhaltens. ZKG, 1985, Nr. 10, (38), P. 589-590.
7. Lorke P. Energiesparende Zementherstellung durch Optimierung der Rohmehlaufbereitung.
,,1bausil® Weimar, 2003, P. 1-949 — 1-966.
8. Lorke P. Energieeffiziente gesteuerte Klinkerbildung durch Optimierung der C-, S-, A- und F-
Verhiltnisse nach Rohmehlfraktionen beim extremen Grobmabhlen. ,,ibausil*“ Weimar, 2006, P. 1-849
— 1-866.
9. Lorke P. Energieeftiziente gesteuerte Klinkerbildung durch Optimierung der C-, S-, A- und F-
Verhiltnisse nach Rohmehlfraktionen beim extremen Grobmahlen. ,,ibausil® Weimar, 2009, P. 1-949
—1-876.
10. Lorke P. Innovative, energy-efficient manufacture of cement by means of controlled mineral
formation — Part 1. ZKG International, 2011, Ne 1, P. 48-58.
11. Lorke P. Innovative, energy-efficient manufacture of cement by means of controlled mineral
formation — Part 2. ZKG International, 2011, Ne 2, P. 55-63.
12. Lorke P., Rock, R., Herzinger E. Energy efficient cement production using an extremely coarse
raw mix — Part 1. ZKG International, 2013, Ne 3, P. 50-58.
13. Lorke P., Rock R., Herzinger E. Energy efficient cement production using an extremely coarse
raw mix — Part 2. ZKG International, 2013, Ne 6, P. 62-70.
14. Lorke P. Innovative, energy-efficient manufacture of cement by means of controlled mineral
formation. ALITinform, 2014, No. 3 (35), P. 16-31.
15. Ljorke P.P., Chukmarjov A.N., Korobkov P.F. Promyshlennyj opyt jenergosberegajushhego
proizvodstva cementa iz jekstremal'no gruboj syr'evoj smesi // Cement i ego primenenie, 2014, Ne3,
S. 76-85.
16. Zurakowski S. Design Parameters of Cyclonic Heat Exchangers. Przemysl Chemiczny
[Chemical Industry], 1957, no. 8, P. 474-479.
17. Butt .M., Timashev V.V. Portlandcement. M.: Strojizdat, 1967, 303 s.
18. Rutle J. Investigation of Material Transport in Wet Process Rotary by Radio Isotops Pit and
Quarry, ZKG, 1955, no.7, P. 120-136.
19. Vogel R., Schwerdtfeger, I. Schlussfolgerungen aus thermischen Wirkungsgraden von
Schwebegaswirmetauschern. ZKG, 1968, Ne3, P. 120-123.

72



Oymycmix Kazaxcmanu eviivim Kapuwvicol - Becmuux nayku FOaxcnozo Kazaxcmana - South Kazakhstan Science Herald

20. Swayze M.A.: Ein Bericht tiber Untersuchungen des ternidren Systems CaO-C5A3-C2F. Am. J.
Sci. 244, 1946, No. 1, P. 1-30.

21. Swayze M.A.: Ein Bericht iiber Untersuchungen des quaternidren Systems CaO-C5A3-C2F-C2S.
Am. J. Sci. 244, 1946, No. 2, P. 65-78.

22. Swayze M.A.: Ein Bericht iiber Untersuchungen des durch 5% Magnesia modifizierten
quaterndren Systems (Eng.). Am. J. Sci. 244, 1946, No. 2, P. 79-94.

23. Deusner K. Generalbericht bei KHD-Tagung Industrieanlagen AG, Written communication.
Koln, 1990, P. 18-26.

ILII. JIépke'”, B.®. Bepuep?
'T.r.1., mpodeccop, Linotec 3eprrey opransirsl, Kenbn, [epmanus
r.r.11., mpodeccop, M. Oye30B arsiaarsl Onrycrik Kazakcran yrusepeuteti, Hlsivkent, KazakcTan
“Koppecnonaent aBropbi: paul-loerke@web.de

MELITE IPI KOCIIAHBI MAWIAJIAHY KE3IH/E )KBLTY BEPYII dKAKCAPTY
MMPUHIIATITEPT

Tyiiin

LemenT ximHKepin eHaipy ke3inae [lIukizaT KocTackHBIH K9IIMT1 JKYKa KabaThIHAH (€JIEeKTeTi KaIIbIK
90 mrMm 50%) apThIK KarThl MIMKi3aT KocmachklH (emekreri kKamgelk 90 MM 14%) maiimanmanynaH
APTHIKIIBUIBIFBIHBIH KCIIEPUMEHTTIK JKOHE TEPMUSIIBIK JQJICIACpl KeNTipiiei.

DKcTpeMalibl ©PEeCKe KOCIaHbIH JKarmnail ThFb3AbFRIH 1200-1400 /11 neiiin apTThIpy HOTHKECIHAC
OHBIH KBUTY OTKI3TIIITIT1 dKOFapbUIAH B )KOHE aifHAIMAJIBI TIETITKe JOMAJIaTy MPOLeci alTapiabIKTal KyIee .
Byn KapkplHABI JKaHApy[bl >KOHE KYWHTeH KaOaTThiH O€TiH arioMepanus aiiMarblHa JEWiH YIIFauTyabl
Tynbipaabl. COHIBIKTaH KbUTY Oepy jKoHE PeakLUsUIBIK OaiilaHbIc HYKTEJIEpiHiH caHbl apTasl. [llamanaH Thic
epeCKesl KOCTIaHbIH JIUTPiHiH )KOFaphl CaJIMarbl KOFaphl OHIMIIUTIK Ke3iH1e neITep i TONTHpY Aspesxkecid 13%
OHTAWIIBI MOHTE JACHIH TOMEHAETYre >KoHE Nepu(EepHsUIBIK SKbUIIAMIBIKTBIH JKOFapbUIAybIMEH IICIITIH
KYMBICBIH €IIoyip TYpakTaHJbIpyFa MYMKiHAIK Oepeni. MyHbiH 0opi memriH eHimaimirin 30-40% - ra
apTTHIPYyFa *KoHE OTHIH WIBIFBIHBIH 15% - Fa 1eiiiH TeMeHaeTyre MyMKiHAIK Oepeni.

KinTrik ce3aep: aliHanmMmansl meml, TYHIpIIKTeY, KYHIIpy JIopekeci, aifHaTy >KbULAaMIBIFbI, KOJIEMJIIK
TBIFBI3/IBIK, )KbUTY Oepific OeTi.

P.P. Lyorke!, V.F. Verner?
Dr.Tech.Sci., Professor, Linotec Research Center, Cologne, Germany
’Dr.Tech.Sci., Professor, M. Auezov South Kazakhstan University, Shymkent, Kazakhstan
“Corresponding author’s email: paul-loerke@web.de

PRINCIPLES OF IMPROVING HEAT TRANSFER WITH AN EXTREMELY COARSE MIXTURE
IN A KILN

Abstract

Experimental and thermal proofs of the advantages of using an extremely coarse raw material mixture
(90 microns 50% residue on a sieve) over conventional fine-ground (90 microns 14% residue on a sieve) raw
material mixture in the production of cement clinker are presented.

As a result of increasing the bulk density of an extremely coarse mixture to 1200-1400 g/ 1, its thermal
conductivity increases and the rolling process in a rotating furnace is significantly intensified. This causes
intensive renewal and an increase in the surface of the fired layer to the sintering zone. Therefore, heat transfer
and the number of reaction contact points increases. The higher weight of a liter of extremely coarse mixture
makes it possible, with higher productivity, to reduce the degree of filling of the furnaces to an optimal value
of 13% and significantly stabilize the operation of the furnace at an increased peripheral speed. All this makes
it possible to increase the productivity of the furnace by 30-40% and reduce fuel consumption by up to 15%.

Keywords: rotary kiln, granulation, calcination degree, rotation speed, bulk density, heat transfer
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CHLORELLA SOROKINIANA MUKPOBAJIIbIPJIAP HET'T3IH/E
IHOJIUKAHBIKITAFAH MAU KbIIIKBIJITIAPBIHBIH BUOCHUHTE3I

Tyiiin

Kymeicta Chlorella sorokiniana MuUKpoOanabIpIapAblH — KYJIBTUBUPJCY JKaFgaiiapbiH
MOJMKAHBIKIIAFaH Mal KBIIIKBULAAPBIHBIH cHHTE3iHe ocepi 3eprrenai. bapmeik  Chlorella
mramaapbiabiy imrHgae Chlorella sorokiniana omera (m)-3 koHe -6  IOJMKAHBIKIIAFaH Mai
KBITIKBUIAAPHI Ty YIIIH €H KOJIaiIbl 001k Tabbutaasl. Jlumuarepain 60ail KypaMbl TOJUKAHBIKIAFaH
Mail KbIIKbUIAAPBIHBIH, aranm alTKaHJa OSHWKO3aleHTaeH, [OKO3areKCaeH KBIIIKbUIIAPbIHBIH
OMOJIOTHSUTBIK KOCHAchl PeTiHAe THIMAI MaijanaHyra MYMKiHIIK Oepeni. [lomukaHbIkmaran Mai
KBIIKBUIAAPBIHBIH cuHTe31HAe C. sorokiniana OanbipiapAblH KyJIbTHBUPICY (QakTopiapiapIbiH
ocepi 3eprreni. Coilkec KesleTiH onTuMmanabl Temmeparypa Momi (25 - 27°C), pH (7,7-8,0),
xapbIkTauabpy (2000-3000 mrokc) skoHE apanacThIpy KbULIaMIbFbl (20 aliH/MUH) Ke3iHae OeiHiI
aJBIHATBIH OMOMACCAHBIH JIOKO3areKCaeH KhIIIKBUIBIHBIH OWOCHHTE31H THIMIII ICKE achIpaThiH
napaMmeTpiep aHbIKTanabl. JKorapel Mail KbIMIKBUIAAPHIH (KOMIpTEri aTOMAAPBIHBIH caHbl 16-mgaH
acaThIH) TaJay HOTHXKENIePl MOMMKaHBIKIIaraH Mail Keimkeuinapsiaeie C18:1, C18:2, C18:3, C20:3,
C20:4, C20:5, C22:6 omera-3 (MKO30IEHTACH, JOKO3areKCacH, JIMHOJICH KBIIIKbUIIAPhI) TYPIHACTI
OacbIM 00JTybIMEH KaHBIKIIaFaH Mail KbIIIKbIIAAPBIHBIH O0JIybIH KOpCETE].

Kinrrik ce3nep: Chlorella sorokiniana, KyIbTHBHpIICY, MUKPOOAIIBIPIIAP, MPOAYLEHT, OMOCHHTE3.

Macenenin e3ekTiqiri. bruorexHonorusuey 0ip Heri3ri OarbITHI — OMONOTUSIIBIK OeICceH/ Il
3arTap/iblH OMOTEXHOJIOTUSACKHI OOJIBIN TaObLIa/Ibl, aTall alTKaHaa - JUnuaTep exAaipici. Jlunuarepai
eHJIprimrepre MnoauKaHbIKnaraH Maiiasl Kelmkbuigap (IIKMK) sxaramgel, onap OHONOTHSIIBIK
KyHenepae MaHbI3Ibl pein aTkapanabl. Kasipri ke3ge jkaHa Mail Kesaepi 137eiHIN JKaTelp, Oy
Ke37iepre MUKpoar3ajap >kaTajibl, ojap e3/epiH eHiaipic «habpukaHs» peTinae kepcere 6inai [1,2].

MuxkpoOanabipiaap (apMmaleBTUKAIBIK INpenaparrap, OMOOTHIH K31 peTiHAE KeJelleri 30p
opranusmzaepnin ©Oipi Oonbin canamanel. Chlorella sorokiniana TypiHiH MUKpoOanabIpiapsl
MOJIMKAHBIKIIAFaH Mall KbIIIKbUILAAPBIHBIH OHJIpylIiepl Oonblnl TaObUIaJbl KOHE OMera-3-ke
aJlaMHBbIH TaMaKTaHYBIHBIH MaHbI3bl (hakTopiapbl peTiHje sxkaranbl. COHFBI OHXBUIIBIKTApIA
MukpoOamapipiapasl, aran aiTkanma — Chlorella sorokiniana, omera-3 CHSKTBI OHMOJIOTHSIIBIK
OeJceH Il MUKPOHYTPUEHTTEPl OHAIpY YIIiH Maiianany acipece e3ekTi 60wl [3,4].

byn xarnmaiina ynken mymkinaiktep Chlorella sorokiniana xmopemna MuKpoOanigbIpbIHA
Kykreneni. Jlunuarepain 6ai KypaMmbl OHbI OJMKaHbIKIaFaH Mail KbIKbu1apelHbiH (ITKMK), atan
alTKaH/Ia JOKO3areKCaeH KBIMIKBUIBIHBIH OWOJOTHSIIBIK KOCHAChl PETIHAE THIMJI TMakJajaHyFa
MYMKIiHTiK Oepeni [5-8].

Bbapawix Chlorella mramaapsinbiy imiage Chlorella sorokiniana omera () -3 xone -6 I[IKMK
aJly YILiH eH KOJaibl O0bIN TaObUIaabl, HET131HEeH OMO0eH ey HEeTi31H Ier1 OHIipiC 9/1iCTepi apKbUIBL.
XKypek-kan TambIpiaapbl Oy3bUIBICTapblHA Kapchl Maijanbl ocepiepiMeH koHe OaKbUIaHOAWTHIH
KacylanslK nponudepanusra Kopranbic ocepiMer Katap, -3 [IKMK MuIbIH jKanmbl TMITUATEPiHIH
MaHbBI3bI (UBUONOTUSIIBIK ~ KOMIIOHEHTTEpI1 OOJIBIII TaOBUIABl  JKOHE HeWporeHes,
HEHUTPOTPAaHCMUCCHS, TOTBIFY CTPECCIHEH TYBIHAAFaH MHJBIH 3aKbIMJAHYbIHAaH KOPFay CHSKTHI
OlpHeIIe HeBPOJIOTHSUIIBIK KbI3METTEp e STy pes atkapaasl [9,10].

XKywmpicteiH Makcarbl - Chlorella sorokiniana MukpoOanasipiap Heri3iHie MOTUKAHBIKIAFaH
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Mai KbIIIKbUIIAPBIHBIH OMOCHHTE31H 3EPTTEY.

3eprrey amicTepi. bipiHI caThICBIHIA OPTYPil KOPEKTIK OpTalapblHAa MUKpPOAF3ajapablH
ecyine, 15 Toynik 60#ibl 6akputay xyprizingai. In vitro Chlorella sorokiniana KyasTypanapasl €Hri3y
kesinge OECD, Tamus, Chu-13 sxone BBM kopektik opranap Koiaaansuiasl [11].

3eprrey HoTIKENepl 1 cyperre kepceruireH. CypeTTe KOpCeTiIreH eH aKChl OCiM IIBIKKAHbI
BBM kopekTik opTacbiiia 6aiKamiibl.

ConppikTaH, opi Kapait 3eprreyiep BBM kopektik opracbinga xypriziial. BBM kopekrik
opTaHbIH KypaMmbl keiecigeit, r/m: NaNOsz — 0,25; CaCly-2H,0 — 0,025; MgSO4-7H20 — 0,075;
K>HPO4 — 0,075; KH2PO4 — 0,175; NaCl — 0,025, FeSO4-7H20 — 0,00498; Na;OJITA-2H,0 - 0,01;
H3BO3 — 0,00805; pactBop MukpoanementoB — 1 mi (r/m: H3BO3-2H>0 — 2,86; MnCl>-4H,0 — 1,81;
ZnSO4 — 0,222; Co(NO3)2:6H20 — 0,0494; NaMoO4-5H20 — 0,39; CuSO4-5H20 — 0,079); pH- 6,8
[12].

60

Buomacca, r

OECD Tamusa Chu-13 BBM

apTYpni KOpekKTiK opTanap

1 cyper. Kypamsl opTypii KopekTik opraga eceriH C.sorokiniana ecy >KblIaMabIFbI

JKymbicTa momuKaHBIKIIaFaH Mall KbIIIKBUIAAPHI )KOFaphl MEKPOOAIABIPIAps 1371y YiIiH [13]
KaTBICTBI ITaMAap OemiHl. JIunuarepain eH kel Mesiiepl CoMKeciHIle jKacyla MaccachbiHbIH 28,7
xxone 29,8%-na Tey Chlorella sorokiniana IPPAS C-1 sxome Chlorella sorokiniana IC-62
IITAaMMJAPBIHBIH ~ OnoMaccachbiHa OalKanaThlHbl aHBIKTANABl.  MUKpOOanabIpiaapAblH — Ta3a
KyJIbTypachIH Oeinyi yiriH 1 mi cy yarici 50 ma BBM oprace! 6ap mibiabl konnOara enrisin, 25-30°C
Temneparypaaa 3 anrtara JeiiH GoToaBTOTpodTHl pexxumiae MHKyOarusuanabl (16 carar sKapblK
¢dazacpl/8 carar KapaHfbl (aza, 2000 7K JKapBIKTBUIBIFBI). AJIBIHFAaH MHKPOOaJIbIpIapablH
KyabTypackiH BBM opraceinga 2% arapmen Oiptingen 6esty »yprizingi. KyneTypaHblH Ta3ainbiFbl
LB arapneHreH opracblHa >KOHE KapTOI-IVIIOKO3a arapbliHa ceOy Ke3iHJe apanac MUKpOo]IopaHbIH
(OakTepusiap oHE CaHBIPAYKYJIAKTap) OONMaybl YIIIH XKOHE KapbhlK MUKPOCKOMHMACH! apKbLIbI
pactanasl [14-16].

3eprTey HITHKeJepi. 3epTrTey HOTHXKENepi KOPCETKEHIEH, OpTagarbl KbIIKbUIIBIKTBIH
JKOFapiaybl Ke3iHJe OuMoMaccaHbIH ecyl alWTapiblkTail Temennaennl. I'paduxre kepinm TypraHnmai
opranarbl pH-TbIH MoHIHEH OMoMacca ecyiHiH Toyenauiri pH-TeIH onTuManasl kepcerkimi 7,7-8,0
MoHiHe TeH. [IKMK-napaslH mblFyslH KOFapbulaTy YIIIH THIMJI ecipy KarJailapblH 13/1e€CTipy
MaKcaTbIH/1a, opTaHblH pH MoHIHIH OacTamnkel ocepi, TeMIepaTypa >kKaHe ecCipy YaKbIThl 3epTTel,
Chlorella sorokiniana 1C-62 >xacymanapbIHbIH JUOUATEPIH CUHTE31HE JKOHE OHBIH ©CYiHE acepi
seprrenmi [17-19].

AnpiHFaH HOTWXKenepaeH pH-ThiH OacTanmkpl MOHIHIH OHMOMAcCaHBIH JKOHE OHJIAFbl Mai
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KbIIKeUIAApbIHBIH (MK) mmibirysiHa ocepi 0ap ekeHAIrT aHBIKTAIABL. Maiibl KBIIIKBUIIAPIBIH
MoOJIBIHAH Ty3uryl pH-TeiH Oactankbl = 6,5-7,5 MoHiHme Ty3unmi. byn kesne 3eprrenin OThIpFaH
MUKpOAF3aJlaFbl JIMIUATEP KYPaMBIHAAFbl MaNIBIKBIIIKBUIAPABIH J1a ©3TepiCKe YIIbIparaHbI
Oaitkanael (2 cyper).

Toxipube HoTIKENEPl 3 CypeTTe KepceTiireH. OcipyaiH MyHJai pexxumi antaceiHa 10-20 T
BUIFaJIIbl OMOMaccaHbIH OOJIiHYIH KaMTamachl3 eTedl. 3epTTey MOJIMETTepl KOpPCEeTKeHIEH, opTa
KYpaMbIHAAFbI JIEMEHTTEPIIH Oipeyi fe Onomacca ocyiH MEeKTeIMEH/Il.
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MK Typnepi, %

\ == KaHbiKkkaH MK == KaHbiknaraH MK == Backa KocbinbicTtap \

2 cypet. pH opTachkIHBIH 06acTanKel MOHIHIH Mal KBITITKBUIIAP TYPISPIHIH
apa KaTbIHAC 0alIaHBICTHUIBIFBI

Mait xpiuksuinapeinbly (MK) azgaran memmepi 3eprrenin oTtbipraH aakeil  Chlorella
sorokiniana Ty3y OarbITTBhl ecy (a3acbiHaa >kuHanaabl [20]. OmaH COH, CTAalMOHAPJBIK ©cy
¢azaceiHna MK-HBIH KUBIHTBIK MOHI ©3TepreH JKOK jkoHe 3 anrtajna - 42 % Oasynan Tyce O6acTaibl
(kyprak 3arrap ecebineH). byn xepae MK-HbIH >xanmbl feHrelidiH ocyi KaHbiknmaraH MK-HbIH
KUHAITYbl ece0iHEeH JKoHE KaHBIKKaH MOJIIepAiH TeMeH eyiHeH Oonansl (3, 4 cyperTep).
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3 cypeT. Mali KblLLKbLIAaPbIHbIH, CUHTESIHE YaKbITTbIH, acepi

Toxipube Kyprizy HOTHXKeNepiHae OrnomMacca MOJIIEPIHe JIMIU TIeH Mail KbIIIKbUTIAPbIHBIH
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MOJIIIEPIHe TOYeNAi €KEHMIr aWKplHAaAbl. JIMmua TeH Mal KBIIKbULIAPBIHBIH MaKCHUMAIIbI
MeJTIIepl KyJbTUBHUPIICY TIEpHOABI Ke3iHae cuaTesneyae 80 r-ra neriH KeTTi.

80 -
70
60
50
40
30

MK Typnepi, %

0 B T T T T T T T T T
2 4 6 8 10 12 14 16 18 20 22 24 26
YakbIT, Taynik
18:1(n-9) -—=—18:2(n-6) ——18:3(n-6) ——20:5(n-3)
——20:4(n-6) —9—22:6(n-3) ——20:2(n-9) —=—20:1(n-9)

4 cypet. Ocipy yaKbITBIHBIH KaHBIKIIAFaH Mail KbIIIKbUIAAPBIHBIH KYPaMbIHA dcepi

Jlunmuarepain Mai KbIIIKBUIIAPBIHBIH KYPaMBbI T'a3-CYHBIK XpoMaTorpadus 9iCiMEeH 3epTTeI/Ii.
JKorapbl Mail KbIIIKBIIAAPBIH (KOMIpTEri aTOMIApbIHBIH CaHbl 16-1aH acaTblH) TajnAay HOTHXKeepl
[IKMK C18:1, C18:2, C18:3, C20:5, C20:4, C22:6 omera-3 (SHMKO30IMEHTACH, JIOKO3areKCacH,
JIMHOJIEH KBIIKBUIAPbI) TYpiHAET] O0achiM OOIybIMEH KaHBIKIIaFaH Mai KbIIIKbIIIAPbIHBIH OOITYbIH
kopcereni. ConbiMeH Karap, HeridiHeH C16:0 maTbMUTHH KBIIIKBUTBI KaHLIKKaH Mail
KBIIKbUIJApBIHBIH  Oipi  Oosysl aHbIKTanmabl. byn Hotmwxkenep C. sorokiniana Ouomaccacsl
MOJIMKAHBIKIIAFaH Mall KbIIIKBUTLAAPBIHBIH KYH/IBI K631 EKEHIH KOPCETe .

KopsiThinabsl. Kopsita kene, Chlorella sorokiniana  Gangslpiaapabl KyJIbTUBUpIEY 9ici
3eprrenai. by mpoiiecc anrtachkiHa OHJaraH TpaMM MeJIIEpiHAe Ouomacca ajlyFa MYMKIHIILTIK
Oepni. by Guomacca apaxuioH, 3K03aMeHTaeH, JIUHOJIECH KbIIIKbUIIAPAbI ally/la KOJIJJaHa anajbl.
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BUMOCHUHTE3 HOJIMHEHECBICJIBIX KUPHbBIX KUCJIOT HA OCHOBE
MUKPOBOAOPOCJ/IA CHLORELLA SOROKINIANA

AHHOTAIINA

B pabote uccnenoBaHo BIMsSHUE YCIOBUI KylbTHBHpOBaHHUS MUKpoBogopociau Chlorella sorokiniana
Ha CHHTE3 IOJIMHCHACKHIMEHHBIX XKUPHBIX KUCIOT. Cpemu Beex mrammoB Chlorella, Chlorella sorokiniana
SIBIISIETCS. Hanboee MOAXOASIINM AJISl U3BJIeUeHHsT oMera (m)-3 ¥ -6 NOJIMHEHACHIICHHBIX KUPHBIX KHUCIIOT.
Borateiii coctaB nuUMUIOB Mo3BOJsAET dPPEKTUBHO HCIOIB30BaTh €ro B KauyecTBE OMOJNOTHYECKOHW CMecH
MOJIMHEHACHIILIEHHBIX JKUPHBIX KHCJIOT, B YAaCTHOCTH HHKO3allCHTA€HOBOM, IOKO3areKCa€HOBOW KHUCIOT.
Haiinens! napamerpsl ocymiecTBieHUs 3 GEKTUBHOTO OMOCHUHTE3a JOKO3areKCaeHOBOM KUCIIOTHI ¢ BBIXOJ0OM
OMOMacchl MpH COOTBETCTBYIONIMX ONTHMAJLHBIX 3HadeHUsX Temmeparypbl (25 - 27°C ), pH (7,7-8,0),
ocsenienus (2000-3000 mrokc) u ckopocTu nepeMernuBanus (20 aitn/mun). MccnenoBaHo BiusiHEE PaKTOPOB
KyJnbTUBHpOBaHus Bopopociel C. sorokiniana B CHHTE3€ [TOJMHEHACHIILIEHHBIX JKUPHBIX KUCIIOT. Pe3ynbraTs
aHanM3a BBICHIMX JKUPHBIX KHUCIOT (C YHCIOM aTroMoOB yriepoja Ooiee 16) TOKa3bIBalOT HaIM4uUe
HEHACBIICHHBIX XKuUpHBIX kucior C18:1, C18:2, C18:3, C20:3, C20:4, C20:5, C22:6 c mpeobiagaHueM
MTOJIMHEHACHIIIEHHBIX KUPHBIX KHCIOT B (hopMe omera-3 (SHKO30MEHTACHOBOM, JHOKO3areKCaeHOBOM,
JIMHOJICHOBOH KHCJIOT).

Karouesbie caoBa: Chlorella sorokiniana, xynbTuBHpOBaHHE, MHKPOBOIOPOCIH, MPOIYIICHT,
OnocuHTE3.
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BIOSYNTHESIS OF POLYUNUNSATORATED FATTY ACIDS ON THE BASIS OF
CHLORELLA SOROKINIANA MICROALGAE

Abstract

The effect of the cultivation conditions of the microalgae Chlorella sorokiniana on the synthesis of
polyunsaturated fatty acids was studied. Among all strains of Chlorella, Chlorella sorokiniana is the most
suitable for the extraction of omega (®)-3 and -6 polyunsaturated fatty acids. The rich composition of lipids
makes it possible to effectively use it as a biological mixture of polyunsaturated fatty acids, in particular
eicosapentaenoic and docosahexaenoic acids. Parameters of realization of effective biosynthesis
docosahexaenoic acid with an output of a biomass are found, at corresponding optimum values of temperature
(25 -27°C), pH (7,7-8,0), illumination (2000-3000 lux) and speed of hashing (20 revolutions per minute). The
effect of the cultivation conditions of the microalgae Chlorella sorokiniana on the synthesis of polyunsaturated
fatty acids was studied. The results of the analysis of higher fatty acids (with more than 16 carbon atoms)
show the presence of unsaturated fatty acids C18:1, C18:2, C18:3, C20:3, C20:4, C20:5, C22:6 with a
predominance of polyunsaturated fatty acids in the form of omega-3 (eicosopentaenoic, docosahexaenoic,
linolenic acids).

Keywords: Chlorella sorokiniana, cultivation, microalgae, producer, biosynthesis.
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CPABHUTEJIbHBIA AHAJIN3 OPTAHOJIEITHYECKNX XAPAKTEPUCTHK
CYHIEHBIX BAXYEBBIX KYJIBTYP

AHHOTAUA

B nanHo#1 paboTe npeacTaBiieH CPaBHUTEIbHBIN aHAIN3 OPraHOJIENITHYECKUX XapAKTEPUCTHK CYILIEHBIX
0ax4eBbIX KyJIbTYP (ABIHS, THIKBA U ap0y3) METOAOM HH(paKpacHO! 1 BaKyyMHOM cylku. baxueBast KyiabpTypa
UTpacT KIFUYEBYIO POJIb B CELCKOM XO03siiicTBe. Ha ceromHsmHuii AeHb akTyallbHOW MpoOJIeMoii sSBIIsIeTCs
MIPOJUIEHUE CPOKa XpaHEHHs IJIOJOB M OBOIIEH A AANBHEHMIIEro MCHOJIb30BaHHA B muie. B pemennn
JaHHOW HpOOJIEMBI MCIIONB3YETCsl Pa3InUHbIE TEXHOJIOTHUH NepepaboTKH Chipbi. Cpeau 3THX TEXHOIOTUH
CaMbIM TPOCTHIM M 3KOHOMHYHBIM METOJIOM SIBIISIETCS — CyIIKa. B kauecTBe OOBEKTOB aHATW3a B3SITHI
0axueBble KyJIbTYpPbI, TAKAE KaK: JbIHS, ThIKBa 1 apOy3. [locie cyImku npoBesin opraHojIenTHYECKUH aHaIn3
Ha TonydeHHble oOpasupl. [lo pesynbraram aHanm3a oOpaslbl CYLIEHBIX 0adeBBIX KyJIbTYpP IOJYYEHHBIX
METOAOM MH(PAKPACHOM CYHIKH MOTYYHIIH JOCTATOYHO BHICOKYIO OIICHKY.

KiroueBble cooBa: 1OpiHS, ThIKBa, apOy3, uHOpaKpacHas CyIIKa, BakyyMHas CyIIKa,
OpraHOJIENTUUECKUE II0KA3aTeIN.

BBenenne

Typkecranckass o0jacTh HUrpaeT KIIOUEBYIO pojib B CelbCKOM XozsaicTBe KaszaxcraHa,
0COOEHHO B MPOM3BOACTBE 0aXxueBbIX KyJIbTyp. biiaronpusitHeie KIMMaTHYECKHE YCIOBHS PETHOHA,
TaKue Kak Jkapkoe JieTo ¢ Temreparypamu a0 +40°C u m1010poAHbIE TOYBBI, TO3BOJIIOT CTAOMIBHO
pazBuBath otrpacib. B 2024 romy OaxueBble KyJIbTyphl 3aHuManu okono 132 ra Bcex
CeNbCKOXO035MCTBeHHBIX yroauii TypkecTaHckod 001acTH, YTO MOAYEPKUBAET MX BaXKHOCTb JJIS
MECTHOM SKOHOMUKH [1].

[Tnoapr 6ax4eBbIX KYJIbTYp SBISIOTCS ASTUKATECHBIM M JUETUYECKUM MPOAYKTOM MUTAHUS C
BBICOKMM YPOBHEM BKYCOBBIX W IMHUTATENIbHBIX XapakTepUCTUK. OIHAKO UX OTrpaHUYEHHBIH CPOK
XpaHEeHHUs MPUBOAMT K 3HAUYUTEIbHBIM OTEPSIM MAcChl M CHUKEHHIO KauecTBa CO BpeMEHeM, 4To, B
CBOIO ouepe/ib, 00yCIaBIMBAET POCT 3aTpar Ha XpaHeHue. s obecrieueHus 6ojiee CTaOUILHOTO U
JUTUTENILHOTO XPaHEHUS JAaHHOM MPOAYKIUH 11€J1ecO00pa3HO MPUMEHSATh METO/1bl KOHCEPBUPOBAHMUS.

CymiecTByeT MHOXKECTBO TEXHOJOTHH, MO3BOJSIOUIMX YBEJIUYUTh CPOK  XpaHEHUS
TUTOI00BOIIHOM MPOAYKIMH, BKJIIOYasi CyOJUMAIMOHHYIO CYILIKY, OXJaXKICHUE, 3aMOpaXKUBaHUE, a
TaKk€ KOHCEPBHUPOBAaHUE C NPUMEHEHHUEM COJIM, caxapa, KUCJIOT U JPYrMX KOHCEPBUPYIOLINX
areHToB. Cpeay 3TUX METO/I0B Hanbojee MPOCThIM U IKOHOMHYECKH (P (HEKTUBHBIM JJISl POJTICHUS
CpOKa XpaHEHHUs IUIOJOB M PpAlMOHAIBLHOTO CHAa0XEHMsSI HACEJIeHMs pa3IMYHbIX PErHOHOB
MPOAYKTAMH SBIISIETCS CYIIKA.

[Tpou3BoaCTBO cylIeHbIX (PYKTOB M IIJIOJOB MpEACTaBiseT coboil oAuH H3 Hauboiee
peHTa0eNbHBIX CIIOCO00B MepepaboTKu Chipbsi. Hampumep, 3aTpaThl Ha MPOBEJCHNE KOHBEKTUBHON
CYLIKM OJHOM TOHHBI IJIOJIOB OOJiee YeM B JBa pa3a HUXKE IO CPaBHEHHUIO C pacxoJaMH Ha HUX
KOHCEPBUPOBaHUE [2].

B nanHO#l cTatbe paccMOTpeHBbl MH(paKpacHas U BaKyyMHasi TEXHOJOTMHM CYLIKH MSIKOTU
0axueBbIX KYJIbTYp, UX BIMSHUE HA OPraHOJENTUYECKHE CBOMCTBA CHIPHS.

[lenpto HACTOSALIETO HMCCIENOBAHUS SIBISIETCS NPUMEHEHHE 3THUX TEXHOJOTHUU ISl CYLIKU
MSKOTH 0ax4eBbIX KyJbTyp U UCIOJIB30BaHUE B JAJIbHEHIIEM MOTYYECHHYO POIYKIMIO B MUIIEBOM
MPOMBIIIICHHOCTH, KaK (PyHKIIMOHAJIILHOTO MHTPEANEHTA. BhICylIeHHast MSKOTh UCIIONb3YeTCs s
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MIPOU3BOJICTBA IOPOIIKOB, KOHIIEHTPATOB W MHUIIEBBIX J00AaBOK. DTOT MpOIECC IO3BOJISET
3HAQUUTEIBHO MPOUINTh CPOK XPAHEHUS MPOAYKIMH W MHHUMH3HUPOBATh IOTEPH BUTAMHHOB U
MUHEPAJIOB.

O0BeKTBLI M MEeTOAbI MCCAeI0BAHHUS.

[IpencraBneH CpaBHHUTENBHBIM aHaIM3 d3TUX JBYX METOJOB Ha OPraHOJENTUYECKHE
XapaKTEPUCTUKH CYHIEHOW MSKOTH JbIHH, THIKBBI M apOy3a, KaKk OOBEKTOB MPOMBIIUICHHON
nepepadoTKH.

B pabote mccnenoBaHus MCIOIB30BATH MAKOTH JbIHU copTa «Topmemo» [3], THIKBBI copTa
«I"'urapa» [4] n apOy3a copta «Menuronoabckui» [S].

OpraHosenTHyeckue XapakTepUCTUKU ObUIH IPOBEAEHBI IO OOLICTIPUHATHIM CTaHAAPTAM:

< I'OCT ISO 5492 «Opranonentuueckuii ananuz. CinoBapby». O1ieHKa NpoBOAUIIACH 110
IIATU TapaMeTpaM: BKYC U 3arlax, KOHCUCTEHIIMSI, [IBET, BHEIIHUIA BU/I.

<> I'OCT 34130—2017 ®pyKThl ¥ OBOLIM CyILIE€HbIE. MeTO bl HCIIBITAHUH.

X I'OCT 8756.1—2017 IIponykTsl nepepaboTku (GpyKTOB, OBoIIEH 1 rpruOOB. MeTo bl

OIpe/iesIEeHUs] OPraHOoJIEITUYECKUX TIOKa3aTesel, MacCOBOM JJOJIM COCTaBHBIX YacCTEH, Macchl HETTO
Wi o0bema.

AHaJM3 U pe3yJIbTaThl.

OKclepUMeHTalbHble paboThl NMPOBOAMINCH B Jaboparopuu kadenpsl «TexHomorus u
0€30MacHOCTh MPOJOBOJIBCTBEHHBIX TMPOIYKTOB» Bpicmieid mkonsl «TEeKCTHIRHOW M IHUIIEBOM
unxenepun» KOxHo-Kazaxcranckoro YHuBepcurera uMeH M.Ay330Ba.

BaxueBble KyJbTYpPbI: [bIHS, ThIKBa W apOy3 MpONUIM TINATEIBHYIO MOKMKY, jJajiee
IIPOBOJIMIIACH OYMCTKA OT KOXKYPBI, IOC/Ie ObUIM Hape3aHbl Ha JOMTHKU MSKOTh TOJNIIMHON 2-3MM
JUIS CYLIKH. 3apaHee U3MEPUB MacCy Hape3aHHbIX 0aX4yeBBIX KYJIbTYp Pa3JIoKUIU HA TOJJJOHBI (PHC.
1,2). Ceipbe cymmiu 10 gacoB npu Ttemnepatype 50-55 C B undpakpacHoM CymUIbHOM MKady U
BaKyyMHOUW yCTaHOBKE 15 4acoB mpu TOM ke TeMIeparype.

WHudpakpacHas cymka — 3TO MpoLece, IpU KOTOPOM Ul yAaleHUs BJIard HUCIOJIb3yeTcs
nH(ppakpacHoe u3iydeHue. IToT MeTo] 3P(HEKTUBEH C TOUKU 3PEHUS BPEMEHU: B IPOLECCE CYIIKH
noTepsi BATAMUHOB MUHUMAIIbHBI, coxpansis 10 90% none3nbix BemiecTs. MHppakpacHoe n3myyeHue
CIOCOOCTBYET COXPAHEHHUIO €CTECTBEHHOIO I[BETAa M apoMaTa MPOAYKTa. ITO OCOOEHHO BaXKHO JJIs
0axuyeBbIX KYJbTYp, TaK KaK OHM XapaKTEpU3YIOTCS TOHKMM apOMaToOM U SIPKUM I[BETOM, KOTOpbIE
MOTYT YXYAIUTHCA IIPU TPAJIULIMOHHBIX METO/IAaX CYIIKH [6].

WHudpakpacHas cylika OCOOEHHO IMOJIe3HA JUIsl TaKUX CKOPOIOPTAIIMXCS MPOAYKTOB, Kak
0axdeBble KyJbTYpbl, I/I€ BaXHO COXPAaHUTh MAaKCHMaJbHYIO MUTATENIbHYIO IeHHOCTh. [lo
pesyabTaTaM HcCleoBaHUH B ydeOHO-MeToauyeckoM mocoOuu [7], uHppakpacHas cylka
MO3BOJISIET COXPAHWUTh AKTUBHbIE OHOJIOTMYECKHE BEIECTBA, TAaKUX KaK BHUTaMUHBI U
AHTUOKCHUJIAaHTBI, 4TO JAejaeT € MPEeANOYTUTENbHBIM METOJIOM s 0OpaOOTKM JIbIHU, TBHIKBBI U
apOy3a.

BakyyMmHas cymika — 3TO TEXHOJIOTHS, IIPU KOTOPOHW yAAJ€HUE BJIark INPOUCXOIUT INpU
MMOHMKEHHOM JaBJIEHUHU. DTO O0JIee CIOKHBIN U DHEPro3aTPaTHBIA MPOIECC, OAHAKO OH IMO3BOJISET
coxpaHuth a0 95% BUTaMHUHOB M MHUHepasoB mpoaykra. B 2024 roxy oxono 20% oObema
nepepaboTaHHBIX 0ax4yeBBIX KYyJIbTYp B pPETHOHE IMOJBEPrajioch BaKyyMHOM cymike. Bpews
o0paboTku coctaBisiio 10-12 gacoB, 4To 0OecreunBaeT BHICOKOE KaueCTBO KOHEYHOTO TIPOIYKTA.

BakyymHas cymika mpejacrtaBiseT co0oil METoA yJalleHUs! BJard U3 MpOJIyKTa MpU HU3KOM
JaBJICHUH, YTO CHUKAET TeMIlepaTypy ucnapeHus Bojsl. BakyyMHas cyiika siBisieTcst 3¢ (HeKTUBHBIM
CIOCOOOM COXpPaHUTh MMUTATEIbHBIE BEIIECTBA, ApOMAT U TEKCTYpY MPOAYKTOB, OJ1aroapst MArKOMy
BO3IEIICTBUIO HA UX COCTAaB.

IIporiecc 0COOEHHO MOAXOAUT IJIst MPOAYKTOB C BBICOKOW KOHIEHTpAIMEN caxapa, TaKUX Kak
0axyeBble KYJbTYpbl, MOCKOJbKY COXpaHSET HX HaTypaJbHBI apoMaT M BKYC, YTO JENaeT
BaKyyMHYIO CYIIKY MPEINOYTHTEIbHBIM METOIOM ISl TUIOJIOB, TPEOYIOMIUX JAETMKATHOTO MOAX0/1a
[8].

B YCJIOBUAX HU3KOTO AABJICHUA BOJAa HCHAPACTCA IIPU Oosiee HU3KHUX TeMIICpaTypax, 4To
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MO3BOJISIET MUHUMHU3HPOBATh TEPMUYECKOE BO3JICHCTBUE HA MPOAYKT U COXPAHUTh BUTAMHUHBI U
MUHEpPaJbl, KOTOPbIE MOTYT OBITh yTpaueHbl IPU BHICOKUX TEMIIEpATypax. DTO JielaeT BaKyyMHYIO
CYIIIKY OCOOCHHO IIEHHOM JIJIsl TPOYKTOB C BBICOKUM COJICP)KaHUEM YyBCTBUTEIILHBIX K TEMIIEPATYpPe
BEIIIECTB.

BakyymHasi cymika MIAPOKO NMPHUMEHSETCS B THINEBON MPOMBIIUICHHOCTH sl 00pabOTKU
MIPOAYKTOB, KOTOPBIC JOJDKHBI COXPAHATH HE TOJIBKO CBOM IMUTATEIbHBIE BEIIECTBA, HO U BKYCOBBIC U
apoOMaTHYECKHE KauyecTBa. JTOT METOJ IMOAXOMUT IS MPOIYKTOB, YyBCTBUTEIBHBIX K BBICOKUM
TeMIepaTrypaM, TaKHX Kak (PYKThl, OBOIIM W TpaBbl. [IPOXYKTHI, BBICYIICHHBIC BaKyyMHBIM
METOJIOM, MOTYT HCIIOJIb30BaThCSl B KyJWHAPHUH, B Ka4eCTBE WHTPEIUEHTOB JUIsl MPOHM3BOJICTBA
TOTOBBIX OJIFOI.

a §) | | B

a

Puc. 2 — a) apias 0) ThIKBa B) apOy3 mepe] CYIIKOW B BAKYYMHOM YCTaHOBKE
CpaBHeHHMe MeTOIOB CYHWIKH. B Tabmuie 1 HUXKe TpencTaBieHO CpaBHEHWE Pa3TUYHBIX
METOJIOB CYIIIKH MO TAKUM [apamMeTpaM, Kak CKOPOCTh CYIIKH, KaueCTBO MPOAYKTA, 3aTPAThl JHEPTHU

" COXpPaHCHHUEC MUTATCIIbHBIX BEIICCTB.

Ta6auna 1 — cpaBHeHHE Pa3JIUYHBIX METOAOB CYIIKH

Merox CxkopocTb KauectBo 3arpaTsl Coxpanenue

CYUIKH pOAYKTa SHEpPrun MIUTATEIbHBIX BEIIECTB
WudpakpacHas Bricokas Xopouiee Huskue 10 90%
EcrectBeHHast Huskas YmMepernHoe Huzkue Hwuzkoe
Cy6aumanmonnas | Cpenssist Bricokoe Bricokue 1o 95%
Bakyymnas Cpennsist Xopouee Cpennue J10 90%
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OpranosenTuyeckasi OLEHKA MOJY4YeHHOro mnpoaykra. Ilo opraHoizentuyeckum
MoKa3aTesiM IPOBEIM aHaJM3 Ha CylleHble OaxueBble KyabTypbl (puc. 3,4). Ilpu mpoBenenun
UCIBITAaHUN B YCIIOBHSIX J1abopaTopuil Kadeapbl yHUBEPCUTETA HA TOTOBBIE MOJIyYE€HHBIE IPOLYKThI
IpUHsUIM  yyacTHe 7 odkcneproB. [lokasatenu HCHObITAaHUNM ONpEAEHWIM B CIEAYyHOLIEH
[10CJIEI0BATEIbHOCTH: BKYC U 3aIlaX, KOHCUCTEHLUS, LIBET U BHEIIHUN BUI.

Puc. 4 — a) gp1Hs 0) THIKBa B) apOy3 MOCIE CYyIIKHA B BAKyyMHOW CYIIMIBHON YCTaHOBKE

[Ipu cymike B HHPpPAKpaCHOM CYIIMILHOM IIKa(dy OpPraHOJENTHYCCKHUE IMOKA3aTeIN ABIHH U
ap0y3a 1anu Takue pe3ysbTaThl, KaK: BKYC U 3allaX: UMEIU BbIPaXKEHO-CIAJKUM, HO HE IPUTOPHBIN
BKYC, BBIPQKCHHBIN 3alax CBOMCTBEHHBIM JAHHBIM BHUJAM IUIOJIOB M OBOIIEH, KOHCUCTEHIIMS:
TBEpJasi, YMEPEHHO CyXas, LIBET: CBOWCTBEHEH JaHHBIM IUIOJAM K OBOLIaM, BHEIIHUWA BU:
HEOAHOPOAHBIE IO (OpME, C POBHOM MTOBEPXHOCTHIO, 0€3 00JJIOMaHHBIX TpaHeH, MOKa3aTeIN ThIKBbI:
BKYC W 3amax BbIPAKEHHbIH, HO HE MPUTOPHBIM, KOHCUCTEHIUsI TBEpJAs, CyXas, HE JIUIMKAasi, LIBET
SIPKO-BBIPKCHHBIN, COYHBIN, BHEITHUN BHUJT HEOJHOPOIHBIE TI0 (popme, 6€3 00T0MaHHBIX TPaHEH.

[Ipu cymnike B BAKyyMHOW YCTaHOBKE MMOKa3aTeNM AbIHM U ap0y3a, Takue, Kak: BKYC U 3alax:
CBOWMCTBEHEH [aHHBIM BHJAaM IUIOJIOB W OBOIIEH, KOHCHCTEHUHMS: TBEpAass, cyxas, LBET:
CBOWMCTBEHHBIN JaHHBIM BUAM TIOIOB U OBOIIEH, BHEIIHUN BHJI: HEOJTHOPOAHON (HOPMBI, HEMHOTO
CIMIIIINECS, TOKA3aTeNM ThIKBbI: BKYC M 3alaxX BbIPA)KEHHBINA, KOHCUCTEHILIMS cyXas, TBepasi, He
JUTIKast, [IBET BBIPAXKEHHBIN, BHEITHUI BUI HEOTHOPOAHBIE IO (hopMe, C 0OIOMAHHBIMU TPAHSIMHU.

['oToBBIE CylIeHBIC NIBIHS, THIKBA M apOy3 OICHIIHM 0 5-TU OalbHON CHCTEME MO KaXIOMY
MOKa3aTeiro, TAe MOKa3aHO CcpelHeapuPMETHUeCKoe 3HAuYeHHe 7 OKCIEPTOB, KOTOPOE HIDKE
MpUBEIeHO B Tabnumax 2 u 3.
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Tabmuna 2 - OpraHojenTHYECKHUE MOKA3aTeIN CYIIEHOIO NPOAYKTa IOJIYyYEHHOI'O IpPU CYIIKE B
nH(paKpacHO! CYIIMIbHON YCTaHOBKE (XapaKTepUCTHKa, 0auIbl MO 5-TH O6aIbHOM HIKase)

HaumenoBanue Bkycu Buemnnii OO0t
Kouncucrennus | LBer

MPOJIYKTA 3amax BU[I Oain

Hlbis copra 4,67 4,50 4,78 4,35 4,57

«Topneno»

Triksa copra 4,64 4,71 4,57 4,42 4,58

«I'urapa»

Apdyscopra 4 g 4,50 4,35 4,35 4,42

«MeIUTOMOILCKUN.

Tabmuna 3 - OpraHojsenTUYecKHe MOKA3aTeaN CYILIEHOIO MPOAYKTa MOJY4YEHHOIO IpH CYLIKE B
BaKYYMHOW YCTaHOBKE (XapaKTepUCTUKA, OAJUIbI O 5-TH OalIbHOM HIKaje)

HaumenoBanue Brenruunii OO6mwmit
Bkyc u 3anax | Koncucrenuus | LiBer

MPOJIYKTA B[ Oai

Jlbist copra 4,07 3,14 4,18 3,42 3,70

«Topnemo»

Teikea copra 378 378 4,07 4,28 3,97

«['urapa»

Apbyscopra |34 3,42 4,00 3,71 3,71

«MEIUTOMOILCKUN.

YcpenneHHslid moka3atenb coctaBuil 4,57 6amioB Ans CylieHOW AblHU, 4,58 17 cylieHon
TBHIKBBI U 4,42 17151 cymeHoro apOy3a MOJTy4YeHHOM NPy CyIIKe B HH(PpaKpacHOM CYIIHIBHOM ImKady,
a IpU CyLIKe B BaKyyMHOH YCTaHOBKE ISl NMOJY4YEHHOM cymieHoW abiHU 3,70, Ui MOIy4eHHON
CYIIIEHOM THIKBHI 3,97 U 1151 MOy4EHHOTO cylieHoro apOy3a 3,71.

BbiBoabl. TakuM o0pa3oM, B XOA€ NPOBEIECHHOIO Ja0OpAaTOPHOIO HCCIIEOBAaHUS OBLIH
M3Y4YeHbl TEXHOJIOTHH CYIIKH 0aXueBbIX KYJbTYp, UX BIMSHHE Ha OPTaHOJIEITUYECKUE MTOKA3aTENH.
AHanu3 mokazaja, 4YTO KaXKIbI METOJ, MMEET CBOM IPEUMYIIECTBA M OTPaHUYEHUsS, OJIHAKO
nH(ppakpacHas CyllIKa I03BOJSIET COXpPaHUTh OpPraHOJENTHYECKHE CBOICTBa MpOJyKTa MpU
YMEPEHHBIX 3aTpaTax BPEMEHHU. Pe3ynbTaThl OLIEHOK HAa OPraHOJENTHYECKUE CBOMCTBA CYLICHOU
JbIHU, THIKBBI M apOy3a IMOKa3aja, YTO BBICOKAs OTMETKA MPUHAJIEKUT JIJIsl TOTOBOW MPOAYKLUU
MIOJIyYeHHOH NpH HH(PAKPACHOH CYIIKE.
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KEIITIPUITEH I'EJIVIOHIAPABIH OPTAHOJIEIITUKAJIBIK
CUITATTAMAJIAPBIHBIH CAJIBICTBIPMAJIBI TAJIIAYbBI

Tyiiin

By xymbicta WHQPAKBI3BIT KOHE BaKyyMIbl KENTipy oJicTepi apKbUIbI KENTipiireH Oakiia
JAKBUIIAPBIHBIH (KaybIH, acKabak jkKoHE KapObI3) OPraHOJICTITUKAIBIK CHIATTaMaIaPBIHBIH CATBICTHIPMAITBI
Tangaysl YChIHBUIFaH. bakma gakpuigapsl aybul MIapyallbUIbIFBIHIA MaHBI3bI POl aTkapaisl. byridri Tanaa
©3CKTI Mocelle — JKeMicTep MEH KOKOHICTEepJiH CaKTay Mep3iMiH Y3apTy JKOHE oJapjbl Taramja KeiiH
naiinanany yumrH cakray.Ocbl MOcelieHi IIeNry/ie MHUKI3aTThl KaHTa eHAEYIiH OpTYpii TeXHOIOTHSIIAPHI
KOJNJaHbUIaAbl. Byn TeXHOJOrWanapAblH ilIiHAE €H KapamablM j>KoHE YHEeMAl ofic — KenTipy OoJbin
Tabbutaapl. Tangay HeICaHOApBI PETIHAE KayblH, acKalak >koHe KapObl3 CHUSKTHI OaKia JaKbULAAPH! AJIBIHIBI.
KenTipyneH keiiH aJbIHFaH YIriiepre OpraHojIenTHKAIBIK Tanay kyprizuni. Tannay HoTHxkenepi OoibIHIIa
WHOPAKBI3BUT KENTipy oiCiMEH ajiblHFaH OaKia JaKbUIAapBIHBIH KENTIpUITeH YITiepi *Korapbl Oarara ue
0o abI.

KiarTik ce3gep: kayblH, ackabak, KapOb3, WHOPAKBI3BUI KENTipy, BaKyyMIBIK KeMTipy,
OpraHOJIENITUKANIBIK KAaCUETTED.
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COMPARATIVE ANALYSIS OF THE ORGANOLEPTIC CHARACTERISTICS OF
DRIED GELLONS

Abstract

This work presents a comparative analysis of the organoleptic characteristics of dried melon crops
(melon, pumpkin, and watermelon) using infrared and vacuum drying methods. Melon crops play a key role
in agriculture. Currently, a pressing issue is extending the shelf life of fruits and vegetables for further use in
food. Various raw material processing technologies are used to address this issue. Among these technologies,
the simplest and most economical method is drying. Melon crops such as melon, pumpkin, and watermelon
were selected as analysis subjects. After drying, organoleptic analysis was conducted on the obtained samples.
Based on the analysis results, the dried samples of melon crops obtained through infrared drying received quite
a high evaluation.

Keywords: melon, pumpkin, watermelon, infrared drying, vacuum drying, organoleptic properties.
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B3AUMOJIEMCTBHUE HECTAI}PIOHAPHOFI YIAPHOM BOJIHBI C BBIEMKOM,
3ANOJIHEHHOW JUCHHEPCHBIMHU YACTUIIAMU

AHHOTAUA

UrcneHHO UCCIeIOBaHO TEYEHHE ra3a B INTIOCKUX YAapHBIX BOJTHAX, CKOJIB3ALINX BAOJIb HEIPOHUIIAEMOM
MOBEPXHOCTH PU HAJMYWU HA HEH BHIEMKH MPSMOYTOJIBHON (POPMBI, B KOTOPOW BO B3BEILICHHOM COCTOSIHUU
HaXOAATCS TBEpAbIE AUCIEPCHbIE YaCTHLBL. [IJI1 MOOETMPOBaHUs ABWKEHUS r'a3a ¢ YaCTHLAMHU (ra30B3BECH)
HCIIOJIb30BaHbl ypaBHEHUs] MEXaHUKH MHOro¢asHeix cpea. [Ipu 3Tom razosas ¢asa cuuranace uaeaabHON U
KaJOPUYECKH COBEPLICHHOW, a YacTHLBl AUCIEPCHOM (a3l — HEC)KUMAEMBIMH W MOHOIUCIIEPCHBIMHU.
YcTaHOBJIEHBI HEKOTOPhIE 3aKOHOMEPHOCTH MOBEACHUS MbUIEBOTO O0Jlaka B MOJIOCTH IPH B3aUMOIEHCTBUU
HECTAIMOHAPHOH yAapHOU BOIHEI C TPEYTOIHHBIM MPOGUIEM CKOPOCTH C BEIEMKOM. [locTpoeHsI mos BekTopa
CKOpPOCT B OKPECTHOCTH IIO0JIOCTH, ITOKA3bIBAIOUIUEC IIOABJICHHUE BHYTPHU IIOJIOCTU BUXPEBBIX TEYESHUM.
IToka3zaHo, 4TO B pe3yaprare B3aUMOJCHCTBUS yAAPHON BOJIHBI C BBIEMKON JUCIIEPCHBIE YACTUIIBI BOBJIEKASICh
TEUEHHUEM ra3a, MOKUJIAIOT 00JIaCTb BEIEMKHU.

KuroueBble ciioBa: ynapHas BOJIHA, IByx(a3Hoe TeueHHe, 00TEKaHUE BHISMKH.

Beenenue

HccnenoBanuio oO0TeKaHWs BBIEMOK ITOTOKOM Ta3a TMOCBAILICH psAJ TEOPETUUYECKUX U
AKCIIEPUMEHTANIBHBIX pa0doT (cM., Hapumep, [1-5]). B [1] mpoBeaeHsl pacueTsl HeCTalMOHAPHBIX
TEUEHUH B MPSMOYTOJBHBIX KaBEPHAX MPHU CBEPX3BYKOBOM BHEITHEM OOTEKAaHUU B PaMKaxX MOAETHU
UJICaTbHOTO  CXKMMaeMoro rasza. YpaBHEHUss  OWiepa  UHTETPUPYIOTCS C  MOMOIIBIO
KOHEUYHOpa3zHocTHOTro Merona l'ogyHoBa mnig uncen Maxa M = 2+5 npu pa3inuuHbIX OTHOLIEHUSX
HIIUPUHBI TIOJIOCTU K ee TryOouHe. [IpoBeneHo cpaBHEHUE TOMYUYEHHBIX PE3YyJIbTaTOB C M3BECTHBIMU
pacueTHBIMU M OJKCIEPUMEHTAJIbHBIMUA  JIaHHBIMU. OKCIIEPUMEHTAJIBbHOMY  HCCIIEIOBAHUIO
HECTAIIMOHAPHOTO B3aMMOJICHCTBUS YIapHOW BOJHBI M CIYTHOTO IMOTOKA C BBIEMKOHW IOCBSIIEHA
pabota [2]. Ha ocHOBe aHanm3a TEHEBBIX U WHTEP(EPEHIIMOHHBIX KAPTHH, a TAKKe W3MEPEHHM
JABJICHUS MbE30/IaTYMKAMHU U3YYSHO PaCIpOCTPaHEHHUE TUIOCKON yIapHOM BOJHBI MpH unciaax Maxa
M = 1.2+5.0 nHag ™menkod mpsMOyroibHOM BbeleMKOW. B [3] mpoBeneHa cepust pacdeToB
cBepx3BykoBoro (M = 1.03+1.30) oOTekaHus KaBepH pa3IUYHOM TIIYOWMHBI TOTOKOM BSI3KOTO
C)KMMAeMOr0o ra3a Ha OCHOBE KHHETHYECKH COINIACOBAHHBIX PA3HOCTHBIX CXEM C KOPPEKLHEH.
PaccmarpuBanace nBymepHasi MOCTaHOBKA 33/1a9Ml C JJAMUHAPHBIM PEXUMOM TeueHus. M3ydanuch
TEUEHHS B KABEPHE OTKPBITOTO U 3aKPBITOTO TUNA. PaccunTaHbl TEMIOBBIE OTOKU HA JHE U CTEHKAX
KaBepHbL.BMecTe ¢ TeM 1moutu He u3yueHo 00TeKaHue BHIEMOK HECTAI[MOHAPHBIMU MTOTOKAMH T'a3a B
yIapHBIX BOJIHAX C TPEYroidbHBIM MpoduiieM CKOpocTH. [lo-BUIMMOMY, 3TO CBSI3aHO C TE€M, YTO
HECTAIlMOHAPHBIE yJAapHBIE BOJHBI C TPEYTOJIbHBIM TPO(PWIEM CKOPOCTH OTHOCATCS K TakK
Ha3bIBAEMOMY B3PBIBHOMY, WJIM UMIYJILCHOMY THIYy BOJIH, peajn3alus KOTOPOro B SKCIIEPUMEHTAX
TPYAHOOCYIIECTBUMA.
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Jlannas pa0®oTa TOCBSIIEHA YHUCICHHOMY MOJEIMPOBAHUIO TMPOIECca B3aWMOJCHCTBUS
IUIOCKMX HECTallMOHAPHBIX YAAapHBIX BOJH C BBIEMKOM MpuW HamUuyuu B Hell oOnaka
JUCTIEPTUPOBAHHBIX YACTHII.

YpaBHeHUs1 ABUKEHHUS M TOCTAHOBKA 3a/1a4U

[IpuMeM OCHOBHBIC JOMYIIEHUST MEXaHWKH MHorodasHelx cpen [6]. Kpome Toro, Oymem
rnojlarath, 4YTO 4YacTHUIbl cdepuyecKkre, MOHOAUCIIEPCHBIC, HEC)KMMaeMble, MEXIy cOoOOW He
CTAJIKUBAIOTCS, HE JPOOSATCS W MMEIOT MOCTOSHHYIO TEIUIOEMKOCTh. ['a3 cumTaem WaealbHBIM U
KaJIOpUYECKU COBEPLICHHBIM (3PQEKThl BSI3KOCTH M TEIUIONPOBOJHOCTU MPOSABISIOTCSA JHUIIb B
IpoLeccax B3aMMOJAEHCTBUA raza ¢ yacTHIaMM). 3a/iaya pacCMaTpUBAETCS B JIByYMEPHOW IJIOCKOM
MTOCTaHOBKe.

B pamkax mpuHSATBIX JOMYIIEHUN YpaBHEHUS IUIOCKOTO JABYMEPHOTO IBIKCHHS JBYyX(ha3HOI
ra30B3BECH YaCTHUI UMEIOT BUJ [6] (B JeKapTOBO CUCTEME KOOPAMHATX, ))

90y, OpYy | OpY, 0P, , 0P, , 0P,V

= O , - O 5
ot OX oy ot OX oy
6P1u1 N 591U12 N ap1u1V1 _ _a_p_ nfx ’ 591V1 + 5P1U1V1 + 591V12 _ _8_[)_ nfy ,
ot OX oy OX ot OX oy oy
0ty 00y | 00V oy O0as | 0PV OPSVs
ot OX oy ot OX oy
op,e, Op,ue, Op,v,e

P,E, + p,U,&, + AP ’
ot OX oy

o(p,E, +p,E,)
ot
p=pRT,, E =g+Vv /2, a

+div(p,v,E, +p,E,v, +a,v,p+a,v,p)=0,

+a, =1, i=1,2.

1 2

31ech HUKHHE MHAEKCHI 1, 2 COOTBETCTBYIOT MapamMeTpaM Hecyleil u aucnepcHoit Gas, pi, p’,
vi, ei, Ei, T;, o, c;i- TIpUBEICHHBIC U UCTUHHBIC (OTMEUEHBI BEPXHUM HHIEKCOM “0”) TUIOTHOCTH,
BEKTOPBI CKOPOCTEH (Ui, Vi— WX KOMIIOHEHTBI IO OCSIM X U V), BHYTPEHHHE U IOJHBIE SHEPTUH, a
TaKKe TeMIepaTypbl, 00bEMHbIE JOJIH U TEIJIOEMKOCTH ra3a W 4acTHll, p, Ri — JaBlieHUE raza u
ra3oBasi IOCTOSIHHAs; 1, d — YUCIIO YacTUI[ B €IMHUIIE 00beMa CMecH U UX auamerp; f, ¢ — cuna
a’pOJIMHAMHUYECKOT0 B3aMMOJIEUCTBUSA ra3a U 4acTULHI (fx, f,— €€ COCTaBISIOLIUE IO OCSIM X U V) U
MHTEHCUBHOCTh UX TEIIO0OMeHa. 3aKOHbI MeX(a3HbIX CHJIOBOIO M TEIJIOBOTO B3aMMOJIEHCTBUI
3amanum B popme [6].

HavaneHbple W TpaHMuHBIE YCJIOBHUS: HapaMeTphl rasa mepel (pOHTOM YyIapHOW BOJHBI
(ormeueHbl HKHUM HHAEKcoM 0) 1 3a HUM (0003HaYEHbI MHIEKCOM f) CBSI3aHbl COOTHOIICHUSMHU
Penxuna — ['roronuno[6]

Pii _ (y+1)Mm?
Pro [2+(7_1)M2]’

Z(M _1) 2
U, M) P (2MZ-y+1)

v )T op, (r+1)

rne M — gucio Maxa (MHTEHCUBHOCTB) TIEpeIHETro cKavyka ((hpoHTa) yIapHOUM BOJTHBIL. 3a1auM
pacmupenelieHue MmapamMeTpoB BO3MYIIIEHHOTO Tra3a 3a ()pOHTOM BOJHBI B HAYaJIbHBIM MOMEHT
BpemeHnH =0, moarast npouiib CKOPOCTH 332 CKAYKOM MPSIMOJTMHEHHBIM, 8 COCTOSIHIE CPEIbl U3
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sHTponuueckuM [6]. Takoe pactpenesieHre napameTpoB COOTBETCTBYET MPOCTOM BojiHe Pumana
B MOMEHT 0Opa30BaHMs NEpeIHEro ckadka (paspbpiBa). Takum obOpa3zoM, 3a GPOHTOM yaapHOU
BOJIHBI UMEEM
Uy X
1f ¥
uy=—", V1=O, p= pf§ s plzplffa (Xay)gsﬂ
X
f

Vi=0, pP=Pg> pr=Py> P, =0, (X,y)gP,

v,V

,=0, p= P » P = Pos pzzpzo’Tzszo’(X’y)‘c'W’

1!

S={x<x,,yzh},W={x=x,,y=h},W={x <x<x,0<y<h}

2

B |—1_(7/_1)(u1f _ul)—|(7_1)
e

3neck h — TIyOW Ha BBIEMKH; X/, X1, X2-KOOPAMUHATHI (110 OCU X) (DpOHTA BOJIHBI, TIEpeHEN U
3aHEH T'paHUIl BBIEMKH; S-0071aCTh BO3MYIIICHHOTO ra3a 3a BOJIHOW; P-30Ha HaJ BEIEMKOW; W-
obnmacth, 3aHMMaemas BbleMKOH. (Cxema 3aJauM, COOTBETCTBYIOIAs HA4YaJlbHOMY MOMEHTY
BpEMEHU, MMoKa3aHa Ha puc.l. Ha jeBoil sxxecTkol rpaHulie ¥ Ha TBEPIOU MOBEPXHOCTH JJIs ra3a
MIPUMEM YCJIOBHE HE TPOTEKAHUS, a 111 YACTUI[-YCIIOBHE CBOOOIHOTO CTOKA, MOJETUPYIOIIEE X
BBITIAJICHUE Ha TIOBEPXHOCTH MPH aOCOIFOTHO HEYIIPYTOM COYAapPCHUH.

¥ :
fN
) : P
h R P77 7777777777
W
0 X1 =xf Xy X

Puc.1. Cxema 3a1a4m, COOTBETCTBYIOIAS] HAYAJIbHOMY MOMEHTY BPEMEHH:
P—neBo3My1IeHHBIN BO3yX; W—BBbIEMKa, 3aII0JIHEHHASI CMECBHIO BO3/lyXa U YaCTHIL;
S — 30Ha BO3MYIIEHUS; f—QPOHT yIapHOH BOJIHBI

HexoTtopble pe3yibTaTrbl pacyeTroB

JIns. 4MCeHHOro pelleHus] MOCTaBJICHHOM 3aJadyd HMCIOJIb30BaH MOAMGUIIMPOBAHHBIN
METOJ KpYyHHbIX dyacTull [6-8]. ToyHOCTH pacueToB KOHTPOJIMPOBAJACH ITyTEM JIBOMHOIO
IepecyeTa C yMEHbBIICHHBIMHY B J[Ba pa3a laramy 1o BpEMEHHM U KoopAauHataM. OnTHUMaIbHbINA
mIar cyeTa yCTaHABJIMBAJICS KPUTEPUSIMH YCTOMYMBOCTH U HEOOXOIMMOW TOYHOCTH pacyeTa
MPOIIECCOB MK (Pa3HOTO B3aNMOIACHUCTBUS.

Hwxe npuBeneH npumep pacyera TedeHUs 32 PPOHTOM YIAPHOM BOJIHBI C HHTEHCUBHOCTHIO,
xapakrepusyemoii unciom Maxa nepensero ¢ponta M = 4.2, npu HayanbHOM AnuHe umiyinbsca 0.45
M. ['myObuna A u mmmpuHa / BeleMKu ¢ aucnepcHoi (azoit coctapmsum 0.13 M. B HauanbHbI MOMEHT
BpeMeHH (QPOHT yAapHOM BOJHBI MPUMBIKAJ K MepeiHel rpaHulle BbleMKH.PacueTbl mpoBOIMIHCH
JUIs BO3yXa W yacTull rpadura. [Ipu 3ToM cuurTansock, 4To B MOMEHT BpeMeHH (=0 aucnepcHas u
Hecymass (a3bl B IOJOCTH HaXoAATCs B TEPMOJUHAMUYECKOM DPABHOBECHM IIPU HOPMAJIbHBIX
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ycnoBusix. Juamerp wactund = 60 MKM, UX MaccoBas J0Js B BbIEMKE paBHa 1.3aMeTuM, 4TO B
3aBUCHUMOCTHU OT OTHOIICHUS k = [/h CylIecTBYeT JIBe CTPYKTYpbl T€UCHUS: 3aMKHYTasi U OTKPBITasl.
Korna mapamerp k mpeBbIIaeT HEKOTOPOE KPUTHUECKOE 3HAUCHHE KA+, MOTOK MPUCOCIMHSACTCS K
MOBEPXHOCTU [JHA TMOJOCTU (3aMKHyTasi cTpykrypa). Ecimu k<k«, oOpasyercs enuHas 30Ha ¢
LUPKYJSIHMOHHBIM TEYEHHUEM, T.€. PEAIM3YETCs OTKPBITas CTPYKTypa. YCTaHOBJIEHO, YTO B CIydyae
CTAIlMOHAPHOTO CBEPX3BYKOBOTO oOTekaHWs BbleMkH k«~10 [4]. B paccmarpuBaemom ciydae
PEe3yIbTaThl PACYETOB COOTBETCTBYIOT OTKPBITOM CTPYKTYpE.

Ha puc. 2 noka3aHo 1ojyie BEKTOpa CKOPOCTHU raza B pa3jIn4Hble MOMEHTHI BpeMeHu. Cienyet
OTMETHTh, YTO B MOMEHTHI BpeMeHH 1=0.25, 0.5, 1 u 2 mMc GpoHT yaapHOH BOJHBI HAXOIWJICS HA
PacCTOSTHUM OT 3aJHEH KPOMKH BBIEMKH, MPUOIMKEHHO paBHOM A, 3h, 7Th u 14h COOTBETCTBEHHO.
Bunno, yto BHauane, Korga (pOHT BOJHBI MPOXOAUT 30HY BBIEMKH, I'a3 C OOJBIION CKOPOCTHIO
BTEKaeT B Hee. BHyTpu kaBepHbI 00pa3yeTcs BuXxpeBoe TeueHue. Korna BosiHa yXoauT 1ajieKo Brepes,
JIaBJICHHE Ta3a HaJ BBIEMKOW M3-32 HE CTAI[MOHAPHOCTU BOJHBI HE OYEHb BBICOKOE, M 3a CUET
MOTIEPEYHOr0 IPaJIMeHTa JIaBJICHHs ra3 JBUKETCA U3 BHIEMKU B 00JIaCTh OCHOBHOTO TE€UEHHMs (pHC.
2,b). Ilpm sTOM Haj MONIOCTBIO OOpasyeTcs ciabas BTOpHYHAs BOJHA YIUIOTHeHHUs. Cremyer
OTMETUTh, YTO K MOMEHTY BpPEMEHH f=2 MC HaJ BBIEMKOH (OPMHUpPYETCS CIOXKHOE TEUYEHHE C
BHUXpEOOpa3oBaHUEM, NpUYEM BOJIIM3M MOBEPXHOCTH 3a 3aJHEH KPOMKOW KaBEpHBI a3 TeyeT B
HaNpaBJIE€HUH, MPOTUBOIIOIOKHOM HAIPABJICHUIO JBIKEHUS (DpOHTA BOJHBI, U BHOBb BTEKAaeT B
BEIEMKY, TJI¢ y>ke o0pa3oBasiack 30Ha paspekeHus (puc. 2, d).
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Puc. 2. ITone BekTOpa CKOPOCTH ras3a B pa3JIM4HbIE MOMEHTHI BDEMEHU:
a-t=0.25wmc; b-t=0.5 mc; c-t =1 Mc; d-t =2 Mc

[Tony4eno pacnpenenenue 6e3pa3MepHOi MPUBEICHHOM IJIOTHOCTH TUCTIEPCHOM (a3bl HA THE
BBICMKHU B Pa3JINYHbIE MOMEHTBI BPEMEHHU. YCTAHOBIJICHO, YTO BHA4aje, KOrJa PasTOHSIOIIUICS 32
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BOJIHOH Tra3 ¢ OOJBIION CKOPOCTBHIO BTEKACT B KaBEPHY, IMPU ITOM YACTHUIILI TIOJ] IEHCTBUEM MOTOKA
rasza JBH)KYTCSl BHU3, TaK YTO 30Ha, 3aHUMaeMasi AUCIepcHoi (pa3oi, CxKMMAaeTCs U INIOTHOCTh YaCTHUIL
B HEW CyIlIECTBEHHO Bo3pacTaeT. B uactHocTH, K MOMEHTY BpeMeHH ¢ = (.5 MC IIJIOTHOCTh YacCTHI[ Ha
qHEe BONM3M TepelnHed CTeHKH mouTd B 1.7 pasza Oosblne mnepBoHadyalbHOH. OTMETUM
HEMOHOTOHHOCTh paclpeieNicHUs] IJIOTHOCTH JHUCIEPCHOW (a3bl (¢ AByMS XapaKTepHBIMHU
MaKCUMyMaM{ BOJHM3U TNepeaHell U 3aJHel CTEHOK) B YKa3aHHbIH MOMEHT BpeMmeHU. C TedeHuem
BPEMEHHU, YBIJICKAsCh IIOTOKOM Tra3a, HANpaBICHHBIM M3 BBIEMKHM, YacCTHIbl IOKHIAIOT €€ U
MOJHUMAIOTCS] Ha 3HAYUTENIbHYIO BBICOTY. [IpH 3TOM X MIOTHOCTH BHYTPU KaBEPHBI CYIIE€CTBEHHO
yMEHbIIaeTcs. B MOMEHTHI BpeMeHH /=1 ¥ 2 MC IUIOTHOCTh AWMCIIEPCHOW (pa3bl HA JTHE BOMU3U
nepeaHell CTEeHKH BBIEMKH 3HAUUTENBHO BBILIE, YeM BONM3M 3aaHel cTeHku. K MomeHTy /=2 Mc
aucriepcHast asa MmouTH MOJTHOCTHIO MOKHUIAET 00IaCTh KaBEPHHI.

B MomenT Bpemenu /=0.25 Mc 1aBiieHUE Ha IHE CYLIECTBEHHO HEPABHOMEPHO, IIPHUYEM BOIU3U
3aJIHel CTEHKH OHO HAMHOTO BHIIIE, YeM BOJIM3H TIepeHe. B Ooree mo3mHre MOMEHTEHI, Korja (GpoHT
BOJIHBI YXOJTUT JJAJIEKO BIEPE OT BHIEMKH, IaBJICHUE Ha JHE IOYTH OJTHOPOTHOE U K MOMEHTY /=2 MC
MPUOTH3UTEILHO PABHO IMEPBOHAYAILHOMY JIABJICHUIO B HEBO3MYIIICHHOM Ta3e.

Takum o0pa3om, OOHApPYKEHO, YTO MPHU MPOXOXKICHUU YIAPHOW BOJHBI HAJ 3albUICHHOMN
MIOJIOCTBIO TBLJIEBOE 00IAKO MO JAEMCTBHEM ITOTOKA rasza, BTEKAIOLIETO B BBHIEMKY, CHayala CUJIbHO
ckumaercsa. UYepez HekoTopoe Bpems (KOrja BOJHA YXOAMUT JAJEKO BIIEpel) MbLIEBbIC YaCTHIIBI,
yBJIEKaeMble IIOTOKOM Ta3a, BO3HUKAIOIIMM 33 CUYET I[IONEPEYHOro TpajJveHTa JIaBJICHUS,
MOJHUMAIOTCSI BBEPX U MOKUJAIOT BbIEMKY. BHYTpH KaBepHBI B T€U€HHE HEKOTOPOTO MPOMEXKYTKa
BpeMeHU (popMupyeTcs BUXpEBOE JABMKEeHHE ra3a. OJHaKO B OTVIMUKE OT CTAIIMOHAPHOTO OOTEKAHUS
OHO CO BPEMEHEM IEePEXOAUT B HAIIPABICHHOE BBEPX TCUCHHUE.
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OTIIEHIE CEPIIET TOJIKBIHBIHBIH INAFBIJIFAH BOJIINIEKTEPMEH
TOJTBIPBIVIFAH KYBICIIEH O3APA 9CEPJIECYI

Tyiiin

CycrieH3ust KYHiHe KaTThl TUCTIEPCTi OommekTep 0oMaThH TiIKOYPHIIITH MIITH/II OMBIK OOJFaH Ke3/e,
OTIEUTIH OeT OOWBIMEH CBhIPFAaHAWTBIH KAa3bIK COKKBI TOJKBIHAAPBIHAAFBI Ta3/blH aFbIMbl CAHJIBIK TYpHAE
3eprrengi. bemmekrepmeH (ra3 CyCHeH3WACBIMEH) Ta3 KO3FAIbICHIH MOAENbAEY YIIiH Ken (asanbl opTa
MeXaHUKAChIHBIH TeHAEYIepl Konganbuiaabl. COHbIMEH Karap, ra3 (a3achl Heasbl )KOHE KaJOPHsUIIbl OOJIbII
caHaNJbl, an Jucrepcti (ha3aHblH O6JIIeKTePl CHIFBUIMANTBIH JKOHE MOHOJMCIEPCTI OOJIBIN CaHaJIbI.
CrannoHapibIK eMec COKKBI TOJIKBIHBI YIIOYPBIIITHI )KBUIAAMIBIK TPO(HITIMEH OMBIKIIEH 9PEKETTECKEH Ke3/Ie
KybICTa IIIaH OYJITBIHBIH KeHOip MiHe3-KYJIBIK YATUIepi opHarbutrad. KybIc inmiHaeri KyHbIHIBI aF bIHIAP/IBIH
naiia OOMyBIH KOpCEeTeTiH KYBICTHIH MaHbBIHJA >KbUIAAMIBIK BEKTOPBIHBIH opicTepi canbiHFaH. COKKBI
TOJIKBIHBIHBIH OWBIKIICH ©3apa dpeKeTTecyi HOTHXKECIH/Ie KOPCETUITeH AMCIEepCTi OelIeKkTep ra3 arbIHbIHA
KAaTBICHII, OMBIK aliMaFbIHAH LIBIFAIbI.

KinTTik ce3mep: COKKbI TOJIKBIHBI, €Ki (Da3alibl aFblH, KYbIC aFbIHBI.
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INTERACTION OF A TRANSIENT SHOCK WAVE WITH A CAVITY FILLED WITH
DISPERSED PARTICLES

Abstract

The flow of gas in plane shock waves sliding along an impermeable surface in the presence of a
rectangular recess on it, in which solid dispersed particles are suspended, is numerically investigated. The
equations of mechanics of multiphase media are used to simulate the motion of a gas with particles (gas
suspension). At the same time, the gas phase was considered ideal and calorically perfect, and the particles of
the dispersed phase were incompressible and monodisperse. Some patterns of the behavior of a dust cloud in
a cavity during the interaction of a nonstationary shock wave with a triangular velocity profile with a notch
have been established. Velocity vector fields in the vicinity of the cavity are constructed, showing the
appearance of vortex flows inside the cavity. It is shown that as a result of the interaction of the shock wave
with the recess, dispersed particles, being involved in the gas flow, leave the recess area.

Keywords: shock wave, two-phase flow, cavity flow.
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B3AVMMOJIEMCTBUE CTAIIMOHAPHBIX VIAPHBIX BOJIH C TEJIOM ITPA
HAJIMYUUN ITEPEJ HUM OBJIAKA JTUCHHEPT' MPOBAHHbBIX YACTUILL

AHHOTALINA

B pamkax momymieHni MEXaHHUKH MHOTO(a3HBIX CPEl UCCIIEAOBAHO B3aUMOICHUCTBHE CTALMOHAPHBIX
(OeckoHEYHO TMTENBFHOCTH) YAAPHBIX BOJH € MOIIEPEYHO PACIIONOKEHHOH MIIACTUHOM NP HATUYUU Nepes
Hel SKpaHMPYIOLIETo CJIOS Ta30B3BECH JMCIIEPTHPOBAHHBIX YaCTHUI[. 3ajaya peniajach YUCIEHHO METOI0M
KpymHbIX gacTwil. [lomydensr xapakTepHble mpoduiu ckopocTel a3 B manaromieid ynapHoi BOJTHE, a TaKkKe
pacueTHble "ocHIIUIOTpaMMBI" JaBIeHWS HW Temmeparyp a3 B (UKCHPOBAHHBIX TOUYKaX MepeqHer
MMOBEPXHOCTH IJIACTHHBI. M3yueHO BIMSHHE OIpENeNAoluX MapaMeTpoB Ha MaKCUMaJlbHOE JaBlIEHHE Ha
IJIACTHHE U UHTEHCUBHOCTh CTOKA YAaCTHI] Ha €€ MOBePXHOCTh. OTMEUEHO, YTO HaJMYUE MBIJIEBOTO CII0S Iepes
TEJIOM B 3aBHCHMOCTH OT MAacCOBOIO COJAEp)KaHMSA B HEM JHCIEPCHON (a3l MOXKET HPUBECTH KaK K
YMCHBIICHUIO MAKCUMAJIBHOT'O OAaBJICHUS, TaK U €T0 YBCINYCHUIO. Crok HJacTUIl Ha MOBEPXHOCTH IJIACTUHBI
pacTeT ¢ YBeITMUEHUEM UX pa3Mepa.

KiroueBblie ciioBa: YaapHasd BOJIHA, JUCTIEPTUPOBAHHBIC YaCTULIBI, METOA KPYITHBIX YaCTHII.

BBenenue

B3aumogeiictBue ynapubix BosiH (YB) ¢ mperpanoil npu Hanuyuu nepes Hel 3KpaHUpYOIIEro
CIIOSl Ta30B3BECH YACTHI] B OJHOMEpPHOW MOCTaHOBKE (KOTJa Mperpajia IMOJHOCTHIO 3aKpbiBajia
MONEpPeyHOe CEeUeHUe KaHaia) uccienoBaioch B [1-10]. JdanHaspaboTa MOCBSIIEHA HU3YUYEHUIO
O0COOCHHOCTEH B3aWMOJICHCTBUAIIIIOCKUX CTAallMOHAPHBIX YB 0eCKOHEYHOWUIMTETbHOCTH C
MIONIEPEYHO PACIOJIOKEHHOUIIITACTUHON KOHEYHOM BBICOTHI. 3ajadya pemlagachB JIBYMEPHOMH
MOCTAaHOBKE B paMKax [OMyIIeHWH MeXaHuku MHorodasueix cpen [1]. Pesynbrars
PacYETOBIIOYUYEHBl YHCIEHHBIM METOJIOM KPYIHBIX YaCTUIIB BUJE "OCHWIUIOrpaMM" IaBIEHUS,
TeMIleparyprasa U 4acTHIl B (PUKCHPOBAHHBIX TOUKAXIEPETHEH MOBEPXHOCTU TIIACTUHBI, a TaKXKe
XapakTepHbIXnpoduiiel ckopoctelt ¢a3 B nagatomiein ¥YB.

YpaBHeHusi ABUKEHHUS M IOCTAHOBKA 3a/1a41

[Ipumem OCHOBHBIE AOMYILIEHUS MeXaHUKHM MHorogasHeix cpex [1]. Kpome Toro, Oymem
roJjlarath, 4YTO 4YacTHUIbl cdepuyeckre, MOHOAUCIIEPCHBIE, HEC)KHMaeMble, MEXIy coOOW He
CTAJIKUBAIOTCSI, HE APOOSATCS M MMEIOT MOCTOSHHYIO TEIUIOEMKOCTh. ['a3 cuMTaeM HaeajJbHBIM U
KaJIOpUYECKU COBEPLICHHBIM (3PPEKThl BSI3KOCTH M TEIUIONPOBOJHOCTU MPOSABISAIOTCSA JHUIIb B
IpoLeccax B3aMMOJAEHCTBUA raza ¢ 4yacTHIaMM). 3a/laya pacCMaTpUBAETCS B IByMEPHOW INIOCKOM
MIOCTAHOBKE.

B pamkax npuHSATHIX AOMYUICHUH YpaBHEHUS IUIOCKOTO JBYMEpPHOTO JABWXEHHUS AByX(azHOU
ra3oB3BecH yacTull UMeroT Bu [ 1](B gexapToBoi cucTeMe KOOPAUHATX, )))

%y, Pl O , 0Py TPy | OPVy 0, (D)
ot ox oy ot Ox oy
Ip,Y N Op,U; + op UV, _ 0P nf_, Op .Y, + Op,u,Yy + AN - nf,, (2)
ot OX oy OX ot OX oy oy
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Opl, | OpY; | Op,UyY, OpgVy , Op;UsV, | 9P,V

=nf,, =nf ,
ot OX oy ot OX oy
apZEZ + apZUZeZ + apZVZeZ — nq , (3)
ot OX oy
o(p,E, +p,E)) .
%+ div(p,v,E, +p,E,v, +a,v,p+a,v,p)=0
p=p,RT,, E = +Vv /2, a+a,=1,i=1,2. 4)

371ech HMKHUE HHIEKCHI 1, 2 COOTBETCTBYIOT MapaMeTpaM Hecyllel U JucnepcHoit das, pi, p,
vi, ei, Ei, Ti, o, ¢/~ IpUBEICHHbIC U UCTUHHBIC (OTMEUEHbI BEPXHUM HHIEKCOM “0”) IUIOTHOCTH,
BEKTOPBI CKOpocTel (U, Vi— HUX KOMIIOHEHTHI IO OCSIM X U V), BHYTPEHHHE U MOJHbIE YHEPTHUH, a
TaKKe TeMIepaTypbl, OObEMHBIE JI0JIM U TEIIOEMKOCTU Ta3a M 4acTHll; p, Ri- JaBleHUE ra3a U
ra3oBasi IOCTOSIHHAS; 71, d - YUCIIO YacTWIl B equHHIle o0bema cMecu U ux nuamertp; f, g - cuma
a’pOAMHAMHUYECKOTO B3aUMOACUCTBUS ra3a M 4acTUIHI (fx, fy- €€ COCTABISIONINE IO OCSM X H V) U
WHTEHCUBHOCTh HX TemaooOMeHa.YpaBHeHus (1) 3To ypaBHeHusicoxpaHeHus macc a3, (2) -
YpaBHEHHSI COXPaHEHHUSMMITYJIbCOB, (3) - YypaBHEHHS NPUTOKA TeIja KIUCIEpCHOM ¢aze u
COXpaHEHUs TOJIHOM SHEpruuBCel cMecH B 11eJ0M.3aKOHBI MEK(a3HBIX CHUIOBOTO U TEIJIOBOTO
B3aMMOCHCTBHIA 3a1a1uM B popme[1].

PaccmoTpuM B3auMOACHCTBHE TUIOCKOM CTallMOHAPHOHN (OCCKOHEUHOM JIMTENBHOCTH) YB ¢
IJIACTUHOM BbICOTON /1 M mupuHOHU s. IlycTh B HayanbHBIH MOMEHT BPEMEHHU JIUCIEPTUPOBAHHBIC
YacTULIBI B BHUJIE TMOKosmierocss oOnaka Ta30B3BECH3aHUMAIOT MPSMOYTOJIbHYIO 001acTh
NepeaIUIacTUHON ¢ pasmepamu A(BbicoTa) U b(mmpuna). Ilapamerpsl rasa 3a ¢pontom YB
YIOBIETBOPSIOT cooTHomeHusIM Penkuna-I'toronno. Teuenue OyneMucciieoBaTh, HaudWHas C
MOMEHTa KOHTakTa ¢poHTaYB ¢ neBoil rpanuneil mnsuieBoro cios. Takum oOpazoMumeeM
ClIeIyIOIINEe HadaJlbHbIE YCIOBUS (C YYETOMCUMMETPUH TEUEHUSI OTHOCUTEIHHO OCH X):

Uy =Uy, V1209 P1 = Pi¢

p=p, (-0<x<0,0<y<w)
V=0, pi =Py, P=D,
(0<x<b, 0<y<m),
(b<x<b+s, h<y<wm),

(b+s<x<ow,0<y<wo),

Pl Pl =y + DM 212+ (y 1M 2],

u 2 1 2
A M- ,&:1+ 4 (Mz—l).
a y+1 M P, y+1

10

3nech NOMOTHUTENbHBIC HIKHUE UHACKCH ) M f COOTBETCTBYIOT IapaMeTpaM rasa mepei u 3a
¢dbporTom YB; v - mokazarens aguabdarel raza; M — ynciio Maxa gppoHTa BOJIHBEL.
Pacrnipenenenne napaMeTpoB 4acTHI] B IbUIEBOM cJio€ NpH =0mnosaraaoch OHOPOIHBIM

97



Oymycmix Kazaxcmanu eviivim Kapuwvicol - Becmuux nayku FOaxcnozo Kazaxcmana - South Kazakhstan Science Herald

V2:0’ Pr =Py T,=Ty
(0<x<b,0<y<h).

Pacuernas obnacTh MMena Bui HpsMOyrojbHHKa. Ero seBas rpanuiia BblOMpasiach TakuM
00pa3om, 4ToObI BO3MYIIIEHHUS Ia3a, BEI3bIBAEMBIC TNIACTHHOM 33 pacueTHOE BPeMs, €€ HE JOCTHTaIH.
[IpaBast rpanuua Oblaa MOABMXKHOM 1711 TOro, yToObl (hpoHT YB 3a Bpemsi pacdyera He MOKUAAI
MpeJIeIbl pacueTHON 00acTu. B kauecTBe rpaHMYHBIX YCIOBHI Ha TOBEPXHOCTH IUIACTUHBI JJIS ra3a
MIPUHSATO YCJIOBHE HEMPOTEKaHUs, a JUI YaCTHII - YCIOBUE CBOOOJHOTO CTOKA, MOJCIUPYIOIIEe UX
BBINAJICHUE HA TOBEPXHOCTH MPHU aOCOIIOTHO HEYNpyroM coyaapenuu. Ha HikHell rpanuie (B1ojb
OCH X) MPHUMEM YCJIOBHE CHMMETPHH, Ha JICBOM TpaHMIIC - YCIOBHE HaOerarouiero rnoToka, a Ha
OCTaJIbHBIX I'PAHULAX - YCIOBUE HENPEPHIBHOCTU TEUEHUSI.

OO0cyxk1eHne HEKOTOPBIX Pe3yJIbTaTOB

VYpaBHeHus ABMKeHUs razon3BecH (1)-(4) ¢ 3aMbIKarOIIMMU COOTHOILIEHUSIMU, HaYaJIbHBIMU U
IPaHUYHBIMU YCJIOBUSAMH YHCIEHHO UHTETPUPOBAINCH METOAOM KpYIHBIX yactul [5, 11]. Tounocts
pacueToB KOHTPOJIMPOBAJIACH IOBTOPHBIMHM IIEPECYETAMU C YMEHBIICHHBIMH BJBOE€ LIaraMu IIO
BpEMEHM U KoopAuHaTaM. ONTUMAabHBIN 1IAr cYeTa YCTAaHABIUBAJICS KPUTEPUSIMU YCTOMYUBOCTU U
HEOOX0IMMON TOUHOCTBIO pacyeTa ImporeccoB MexdasHoro B3aumoneictaus. Ilpu sTom B kauecTBe
XapaKTepHOM JUIMHBI 33]1a4H UCII0JIb30BaJaCh MUHUMAJIbHAS XapaKTepHas JJIMHA

L, =min {L,,L,,h,b}

Pacuerst  mpoBomwiuck 0 (QOpPMHUPOBAHHMS ~— CTAllMOHAPHOMKAPTHUHBI  TEUEHUS,
COOTBETCTBYIOIIEH OOTEKaHMIOIIACTMHBI HaOeraloIMuM IOTOKOM Tra3za 3a ckaukoM.lIpuatom
napaMeTpsl raza B TOYKE TOPMOXKEHUS Ha NEpeAHEUIOBEPXHOCTH IUIACTHUHBI CPABHUBAJINCH
CO3HAYECHMAMH, CIEAYIOUMMH U3 uHTerpana bepHymnu. Kpome Toro, mapamerpsl rasa Ha ocu
CUMMETpHUH3a U nepesl GpoHTOM, OTOIIEIIEH OT IIaCTHHBI Y B, conmocTaBisuinch ¢ COOTHOLIEHUSIMU
PenkuHa - ['toronnona ynapHom ckauke. CpaBHEHHE IIOKA3aJI0XOPOILIEE COMIACUE PACUETHBIX JAHHBIX
C aHaJIUTHYECKUMH (opMylTaMH BO BCEX JUAla30HAX H3MEHEHUSONPEAESIONUX MapaMeTpoB:
OTIINYME cocTaBisIoHe Oonee 5%.

Pacuersl mpoBoawiuck A Bo3ayxa M rpaduroBbixyacTull. IIpu 3TOM cumTanoch, 4ro B
HayaJIbHBIIMOMEHT BpEMEHM JHCIepcHas M Hecymas (a3blHaXoAsTCs B TEPMOAMHAMHUYECKOM
paBHOBECUU MPUHOPMAJIbHBIX YCIOBHIX. BpicoTa 1 TonuHa acTUHbI COOTBETCTBEHHOPaBHEI (.17
n 0.08 M, a BbICOTa M HIMpPHHA IBUIEBOTOCIOSN €O B3BEIMIEHHbIMM dactunamu - 0.17 u 0.45 m.
HccnenoBaioch BIMSHUE OTHOCUTEIBHOIOMACCOBOIO COJAEP’KaHMsI YacTHUIl B CJIO€ Ta30B3BECH
m, =p,, /p,, I UX JUaMeTpa d Ha JAUHAMUKY B3auUMOACUCTBUAYB c Terom mpu (pUKCHpOBaHHOM

yucneMaxa BoiHbl M = 4.2. Huke npuBeIeHbl HEKOTOPBIE PE3YJIBTATHl PACUETOB.
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Puc. 1. Pacnpenenenue ckopocteit a3

Ha puc. 1 nokazaHsl 3MI0pbl IPOJOJIBHBIX CKOpOCTEWrasa (CIUIOIIHBIE JIMHUM) M YacTHIL
(IlyHKTUpHBIE)B pa3JIM4HbIe MOMEHTHI BpeMeHH npu M = 4.2, m, =1 u d=60 mxm. Kpussie /1, 2 -

3MIOPHI BJI0JIb OCUCUMMETpuH y=0BMOMeHThI BpeMeHU =0.6 u 1.6 Mc, a kpuBble ',2' - 3MIOPHI B TEKE
MOMEHTHI BAOJIBJINHUY Y = 2/. LITprXOBble KpUBbIE OTBEYAIOT OTCYTCTBUIOYACTHIL IIEPE INTACTUHOM.

[Totok raza 3a ¢pponToM YB, BcTpedasch MbUIEBBIM CIOE€M, YacTh UMITYJIbCa M TEIUIa OTIAET
yacTULlaM M MOCTENEHHO TopMo3uTcs. B mponecce B3anmoneiictus YB ¢ miactuHoi oOpasyrorcs
OTpa)K€HHAasi BOJHA W CUJIBHOE IONEPEYHOE TEUEHUE raza BAOJIb IIacTUHBL. [Ipu 3ToM mepen
IJJACTUHOM TMPOUCXOAUT CJIOKHOE HECTAMOHAPHOE B3aMMOJACUCTBUE OTPAXKECHHOM BOJIHBI
YIUIOTHEHUS ¢ HaOeraromum JByX(a3HbIM MOTOKOM ra3oB3Becu. [lonmanas 3a ¢pponTt VB, uactuis
BOBJICKAIOTCSI B JIBIYKCHHE MTOTOKOM Tra3a M MPHOOPETAIOT 3HAYUTEIBHYIO CKOPOCTh. 3aTeM, Tonajas
B 30HY OTPa)XCHHOM BOJIHBI, OHU TOPMO3ATCSA U YacCTh MX, YBJIEKAsCh IONEPEYHBIM TEUEHUEM ra3a,
YHOCHUTCSI B CTOPOHY OT IlepeIHel MOBEPXHOCTH IUIacTUHBI. [103TOMy He Bce 4acTuIibl, HaXOAsIIHUEeCs
BHauajle Iepeja TeJNOoM, IMOMaJaloT Ha €ro MOBEPXHOCTh (3TOT 3¢ QEeKT MOApOOHO aHATU3UPYETCs
Huxe). [Ipy 3ToM MmMpHHA 30HBI CO B3BEUICHHBIMH YaCTULAMH CYLIECTBEHHO COKpAIlaeTcs.
Hanpumep, k MomeHTy BpeMeHHu 0.6 MC OHa COKpaTuiach IOYTH B 5 pa3, a K MOMEHTY 1.6 Mc yacTuil
nepeq IUIaCTUHOM Mo4TH He okasbiBaeTcs. C TeueHHeM BpeMeHM oTpaxkeHHas YB mepexomut B
OTOIIEANIYIO BOJHY Mepe/ TUIaCTHHOM, a IpoIecc B3auMoieicTBrs Haberatomeil YB ¢ miactunoii (B
LIEJIOM) - B YCTaHOBHBILIEECS NONEPEYHOE OOTEeKaHME. 3a MIACTUHOW 0Opa3yeTcsl 30Ha BUXPEBOTO
TE€UYEeHHUs ra3a, IUPHUHA KOTOPOH (BIONb OCH X) MPUMEPHO B 2 pa3a OOJbII€ BHICOTHI IJIACTUHBI.
[Tomaganus yacTHIl B 3Ty 30HY B pacdeTax He HaOI0Aanoch.

bespa3MmepHBbIil mapaMeTp, XapakTepU3yKOLIMA MHTEHCUBHOCTh CTOKAa YaCTUIl HA IEPEIHIO0
MIOBEPXHOCTh IIJIACTUHBI, ONPENEISICS KaK Macca BCEX 4YaCTHUIl, BBINIABIIMX HA IOBEPXHOCTh K
TEKyIIEMy MOMEHTY BPEMEHHM, OTHECEHHas K MX IEPBOHAYAIIBHOM CyMMapHOW Macce Iepen
IUIACTUHOMN

t h
G(t) = j jpzuzdydt I phb, 0<G(t)<1.
0 0

Otmetum, uto G(#) - MOHOTOHHO BO3pacTaromias (PyHKIUS M OHa IMOKa3bIBaeT IO (OT
IIEpBOHAYAJIbHOMMACCHI) YaCTHUILl, IONABIIMX HA IOBEPXHOCTh IUIACTUHBI K TEKYIIEMY MOMEHTY
BpPEMEHH.
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G

0.4

0
0.1
Puc. 2. 3aBUCHMOCTh HHTEHCUBHOCTH CTOKA 4JaCTHUll Ha IMOBCPXHOCTH IJIACTUHBI OT BPDEMCHU

XapakTtepHblii BUJ 3aBUCUMOCTH ({?) NpUBENEH Hapuc. 2, Ha KOTOpoM KpuBble /,2 u 3
COOTBETCTBYIOT Pa3IMYHbIM MACCOBBIM COAEp:KaHUSAM yacTul m,=1;2 u 3 npu ux aquamerpe d=60

MKM, a KpuBas 4 — quamerpydactun d = 120 mxm npu m, =1 (uncio Maxa 10 ke, 4To Ha puc. 1).

BunHo, 4To BO BceX paccMaTpUBaeMbIXCIydasX YK€ K MOMEHTY BpemeHu (=1.3 mc crok G
npUOIMKAeTCsl K CBOEMY IpeiesibHOMY 3HadeHuto. [Ipuuem yBenuueHue pasmepa 4acTULIIPUBOAUT
K pOCTy NpPEJENBHOIO CTOKA, @ YBEIMUEHHEUX MACCOBOIO COJIEPKaHMs NPUBOAMUT, HAOOOPOT,K €ro
ymenblieHuto. [lpy yBenndyeHuM pasMepayacTUl] pacTeT UX HWHEPLUMOHHOCTb M YMEHBIIAETC
MHTEHCUBHOCTh CHUJIOBOTO B3aMMOJEHCTBHUS € Ta3oM. B cBs3u ¢ 3TuM Oosee KpyNnHbIE YaCTHUIBL,
YCKOPEHHBIEB Majarolield YB mpu noanere K I1acTUHe, TOPMO3ATCAMENIEHHEE, a UX TPACKTOPUHU
UCKPUBJISIIOTCS cilabee, YTO MPHUBOAUT K POCTY CTOKa AMCIEpPCHOW(a3pl K MOBEPXHOCTH Tela.
VYBenuueHue KOHIEHTPAlMUYacTUI] B IBUIEBOM CJI0€ MPUBOIUT K HMHTEHCHU(UKAMUMEK(Pa3HOTO
CWJIOBOTO B3amMoneucTBus.lIpu 3TomM pacrer 1m0y 4acTUL, YHOCSIIMXCS B CTOPOHYOT IE€peIHEN
MOBEPXHOCTH IUIACTUHBI IONEPEYHBIMIIOTOKOM rasza. CienyeT OTMETHTb, YTO YBEIMYEHHUE M, OT

CAVHUIBI 10 JABYX IMPUBOJUT K 3aMCTHOMYYMCHBIICHUIO MTPEACIIBHOI0 CTOKA YaCTUIL, B TOBPEMS KaK
,Z[aJ'ILHefII.HHﬁ pocT m, OT ABYX A0 TPEX HAHCTO ITOYTH HC BJIUACT.

3a ¢portom YB mexay Hecymied u aucnepcHoi@azaMu MPOUCXOIUT OOMEH HE TOJBKO
UMIIYJIbCOM,HO U TEIUIOM. B CBS3M € 3TUM Ba)kKHO M3YyYUTh U3MEHEHHE Temreparyp ¢a3 B pacueTHOH
obOmactu. OTMEUEHO, 4YTO HEKOTOPOE KOJIMYECTBO TEIJIOBOMAHEPIMM YIapHO-HAarpeToro rasa
MIEPEXOUT K OTHOCHUTEIBHOXOJOAHBIM YacTHLlaM. B pesynsrare mnomepe IpOABMKEHUSA K
MOBEPXHOCTHU IJIACTUHBI TUCIEPCHBIEYACTUIIbI TIOCTENIEHHO HarpeBatoTcs. [IpouieccHarpeBa yacTuiy
emie Oosiee yCHJIMBAaeTCs TOTZAA, KOTJa OHM MOMAAAl0T B 30HY OTPAaXEHHOW OT MOBEPXHOCTUTENA
VB.IIpu MaccoBOM cofep:KaHUM B3BEIIEHHON (a3bl m, <1 BIMSHHUE YaCTHUIl HA TEMIIEpATypy ra3a Ha

MOBEPXHOCTUILIACTUHBI  MpOsIBIETCS  AocTaroyHo  ciabo. CyllnecTBEHHOE  yMEHbIICHHE
TEMIICPATYPhI I'a3da Ha IJIACTUHC IO CPaBHCHHIO CO CIIydacM OTCYTCTBHA 4aCTHUIl UMCIKOT MECTO ITPU
m, > 3. [Ipu 5TOM B penakcaluoHHOH 30HE 3a POHTOM Y B 4acTHIIbI yCIIEBalOTOTOOPATh y HECYILIEH

(a3bl 3HAUNTENIFHOE KOJIMYECTBOTEINIA U MIOMAAal0T Ha MOBEPXHOCTh CHIIbHOHATPETHIMHU.

Takum 00pa3oMm, Ha OCHOBE ypaBHEHHUH MEXaHUKH MHOTO(a3HbIX CPel U HCIOJb30BaHUEM
YHUCJICHHOT'O METO/1a KPYIIHBIX YaCTUL] UCCIIEJ0BAHO B3aUMOACHCTBUE CTAIMOHAPHBIX YIAPHBIX BOJIH
C IUIACTUHOM MpU HAJIMYUMK Tepel] Hell olaka IUCHEeprupOBaHHBIX YacTHUL. YCTAaHOBJIEHBI
XapaKTePUCTUKHU MOBEICHUS AUCTIEPCHOM (a3bl B MOTOKE ra3a 3a yaapHOi BoIHOU. M3yueHo BIusiHIE
OIIpENEIAIONMX MapaMeTPOB 3a/laud Ha TedyeHue AByX(a3HOW cpesibl B OKPECTHOCTH IepenHei
MOBEPXHOCTH TUIACTHHBI, @ TAKXKE B 00JIaCTH 32 IJIACTUHOM.
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AJIBIHFBI JKAFBIHJIA ITAIIBLIFAH BOJIIEKTEP BYJITHI BOJIFAHIA
CTAHLIMOH/IbI COKKbI TOJKBIHIAPLIHBIH JEHEMEH O3APA OCEPIECYI

Tyiiin

Kem (azanbr opramap MexaHHKAaCHIHBIH OOJDKaMIaphl IMIEHOEPiHAe CTAlMOHAPIBIK (IIEKCi3 Y3aKTHIFH)
COKKBI TOJIKBIHIAPBIHBIH KOJIJICHCH OpHAJIACKAH IUIACTHHAMEH 63apa opeKETTeCYl 3ePTTeII i, OHBIH aJJIbIH/Ia
TUCTIEpCTI OONIIeKTep/IiH Ta3 CYCHNEH3WSCHIHBIH JKpaHIayllbl KaOarbl OonFaH Ke3me. Macene YIIKeH
OemmiekTepaiy omiciMeH caHABIK Typae mmrenringi. COKKbl TONKBIHBIHIAFHI (Da3aliblK >KbUTIAMIIBIKTAPIABIH
CUNaTTaMaJbIK TPOQUIBIACPI, COHAAW-aK IUIACTUHAHBIH aJIBIHFBI OCTiHIH OCKITIAreH HYKTelepiHaeri
(azanblk KBICBIM MEH TEMIICpaTypaHblH €CENTENIreH "OCIHUuIorpaMMaapbl”  ajablHbl. AHBIKTAYIIIBI
mapaMeTpliepaiH IUIaCTUHAJAaFbl MaKCHMAJAbl KBICBIMFA JKOHE OHBIH OeTiHe OeJImIeKkTep aFbIHBIHBIH
KapKbIHIBUIBIFBIHA 9CEPi 3epTTeial. JIeHeHIH alibIH/Ia I1aH Ka0aThIHBIH 0OJybl OHBIH JUCIIEPCTI (Pa3achIHbIH
MaccaJlbIK KypaMblHa OaiiJlaHBICTBI MaKCHMAaJJIbl KbICHIMHBIH TOMEHJeyiHe e, OHbIH KOFapbliayblHa Ja
oKelyl MYMKiH ekeHpiri aram eTinnmi. llmactuHaHBIH OeTiHe OeNIIEKTEpIiH arybl ONApIbIH MOIIepiHiH
WIFAIOBIMEH OCe/Ii.

KinrTik ce3mep: COKKbI TOJIKBIHBI, TUCTICPCTI OOJIIIeKTEp, ipi OOIIIEKTEp SIiCi.
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INTERACTION OF STATIONARY SHOCK WAVES WITH A BODY IN THE PRESENCE
OF A CLOUD OF DISPERSED PARTICLES IN FRONT OF IT

Abstract

Within the assumptions of the mechanics of multiphase media, the interaction of stationary (infinite
duration) shock waves with a transversely positioned plate in the presence of a shielding layer of gas
suspension of dispersed particles in front of it is studied. The problem was solved numerically using the large
particle method. Characteristic profiles of phase velocities in an incident shock wave are obtained, as well as
calculated "oscillograms" of pressure and phase temperatures at fixed points on the front surface of the plate.
The influence of the determining parameters on the maximum pressure on the plate and the intensity of particle
runoff on its surface has been studied. It is noted that the presence of a dust layer in front of the body, depending
on the mass content of the dispersed phase in it, can lead to both a decrease in maximum pressure and an
increase in it. The outflow of particles to the plate surface increases with an increase in their size.
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Keywords: shock wave, dispersed particles, coarse particle method.
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MOBWJIBAI KOCBIMIIIAJIAPIBI O3IPIEY KAJTAMIAPBI

Tyiiin

TexXHOMOTUANBIK MPOTPECCTiH apKachlHAa MOOWIIBAI TEXHOJIOTHSUIAD CajlaChIHIAaFbl KOINTETeH jKaHa
a3ipiieMernep KYH CaifbIH JAepIliK maiaa 0onansl. ©31epiHi3 OieTinael, MOOMIThAl KOCBIMIIANIAp/ Ikl KYPaCTBIPY
MIPOILIECiH/IETI MaHBI3/IbI AJIEMEHTTEPIIH Oipi — MHTEeTpalusIaHFaH KYPACcTHIPY OPTAChIH IYPHIC TAaHIIAY, O TEK
miatopmMara FaHa eMec, COHBIMEH Karap oJlapAbl KYpacThIpyFa KaThICATBIH MaMaHIApJblH IaHBIHIBIK
JICHreliHe *koHe OUTiKTiIiriHe OalmaHbIcThl. OCBI FRUIBIMM MaKaJIaHbIH ascbiHaa Android omeparusuibik
JKY#ecl YIIiH MOOMIIB/Ti KOCBIMINIATApAbl HOJJIEH OacTar KYpacThIpy XKoHE OHJIEY epeKIIeTKTepi KENTipiireH.
By Makanana MoOMIIb/I1 KOCBIMILIATIAPBI 93ipiiey KiMIre KayKeT eKeHJIIT, HeJIIKTeH KOCBIMINIAHBI 93ipiiey Kepek
eKeHJIir, MOOWIBII KOCBHIMINAIAPABl HOJNJACH OacTalm KYpacTHIPYIBIH JXOHE OHJCYIiH epeKIIeTiKTepi,
MOOWJIBIII KOCHIMIIAIAPBI KYpacThipy Ke3iHmeri KublHAbIKTap, Android omepanmusuislk >Kyieci yImiH
MOOHJIB/II KOCBIMIIIAHBI d3ipeyaiH epekiuenikrepi, Google Play kommanOachiH xapusiiay cascarbl TYPaibl
aKraparTap KeJITipiuIreH.

KinTTik ce3aep: MOOMIIB/II KOCHIMIIIA, SJIEKTPOHIBIK KOMMEPIIHS (€-commerce), Kpocc- T1aThopMalTbIK
texnonorus, i0S, Google Play, Android, Akcenepomerp, Dart, iPhone X, marepuanisik qu3aiin, PhoneGap.

TexHOMOTHIIBIK MPOTPECCTiH apKachlHIa MOOMJIb/AI TEXHOJOTHSIIAD CaJlaChIH/IAFbl KONTEreH
KaHa d31piieMeNiep KYH calbIH Jepiik maiina Oomanel. Kelime Oy ete Te3 0OJaThIHBI COHIIANBIK,
Keiiie OapibIK JKaHAa TEXHOJIOTHsUIAp[bl Kajarajay KUbIHFa coraabl. Erep OypblH 013 Tek
CTaIIMOHAPJIBIK ChIM/JIbI TeNIe(hOHMEH KOHBIpAY ILIAJIbIII, KeJlire TeK JepOec KOMITbIOTEP/IEH Kipe ajicak,
Ka3ip ceIMchI3 uHTepHET, GPS HaBuranuscel xxone Wi-Fi Mmostyni 6ap MOOHIIBAI KYPBIIFbLIAP SHIKIM/1
TaH KaiaslpMaiapl. JKaHa MOOWIIBII TEXHOJOTHSUIAD ©TE KbUIJAM KAapKbIHMEH Tapailylda *XOHe
MenuiuHa, OyKapajibIK akmapar Kypajijgapsl, OutiM Oepy. Ou3Hec CUAKTHI alaM KbI3METIHIH opTYypJ
cajajapblHa acep eTel.

EH anynpiMeH MOOMITB/I1 KOCBIMILIAJIAP/IBI 31pJiey KiMre KaxkeT?

— Kopmnoparurik OuzHecke. MoOuiabai KOCBIMIIA KYpAETl JKYMbBIC HpOLECTEpiH
aBTOMATTAHJBIPYFa, SFHU KBI3METKEpIIEPMEH J>KOHE KIIMEHTTEPMEH e3apa KapbIM-KaThblHAC YIIiH
BIHFAMIIBI J)KYHEHI KypyFa, )KyMbIC THIMJIUTITIH TajjiayFa, COHbIMEH KaTap Te3 Kepi OaillaHbIc anyFa
kemekreceni [1-2].

- OnektpoHablk komMmepuusi (E-commerce). byn kockiMmina jkaHa caTbll alyIIbUIap/bl
TapTyFa OHE KaiTa caTy caHbIH KOOEWTyre, maifalaHyIIbUIapFa YKaHa Tayapiiap MEH aKI[Hsuiap
TypaJibl XabapayFa *oHe KIMEHTTepAIH aAaJ/IbIK )KYHeCiH KypyFa MyYMKIHIIK Oepesi.

- Crapranrapra. byn unesHsl HapblKKa Te3 MIbIFapyFa »OHE ajFallKbpl Naiina Talyra,
WHBECTOPIIAPABI KBI3BIKTHIPYFa KOHE KOCHIMIIIAHBIH 1IIKI CTATUCTHKACHI apKBUTBI 63 ayTUTOPUSCHIH
3epTTeyre KOMEeKTeceIi.

HenikTen KockIMIIIaHbI 931pJiey Kepek?

- YIKeH MakcaTThl ayAuTOpUsFa KEeTy MYMKiHAiri Oomanel, cebedi 2023  KBIIFBI
3epTTeyiepre KaparaHaa opTta ecemnmneH XaubIKThiH 71,4%-b1 Android omepamusiiblK KyHeciH
nanmagaHabl.

- Tlaitmamanymbuiapra bIHFAHIBI MOOMIIBII KOChIMINIATAp KaxkeT, aa Android omeparnusiibik
KYHecl OpHATBUIFaH TraKETTEPIH OPTYPIILUIIri COHIIA, )KYMBIC YCTEIIH TOJBIFBIMEH aybICThIpYFaaa
MYMKIHAIT1 00JIaJIbI.
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- TlaiigananymbiuiapMeH OaiiylaHbIicTa OONyFa MOHE CATBUIBIMIIBI apTTBIPYFa KOMEKTECETiH
Ke3-KeJTeH MYMKIHIIKTI )KY3ere achlpyra 00Jaibl.

- Google Play TanbpIManbUIBIFBI XKL CAWbIH KYH CaHAIl apThII Kelei, OyJI HapbIKTIH KaHa
CEerMEHTTEPIHE IIBIFYFa MYMKIHJIIK Oepei.

Android onepanusuibIK JKyheci YIIiH MOOHMIIBII KOCBIMIIANAP/Ibl HOJIZICH Oactan KypacThIpy
JKOHe OHJCY epekiemkTepi [3-4]:

Android onepanusIbIK XKyiieci YIIiH MOOMIIBII KOCBIMIIIAHBI KYpy OHAl IIapya emec, OUTKeHi
OipHerre HopceHl Oy MaHb3ABL. bipiHImiaeH, Oy KYphUIFbUIAPABIH YJIKEH (pparMeHTaIruschl. by
naiijananymsiap YIIiH ©Te >KaKChl: Ci3 Ke3-KeJTeH TaJlFaMfa >KOHE Ke3- KEJTeH TEXHUKAJIBIK
TananTapra coiikec TenedoHpl TaHJIall anackl3. bipak KOChIMIIaHbI jKacayllbulap YIIIH Oy eTe
KHBIH KoHE OYJI anmapaTThIK jKoHe OarJapiaMalblK )KacaKkTaMara KaTbICTHI.

AmmapaTTeIK Kypanaa ajiblHFI Kamepa Ooiysl Hemece OoiMaybl jga MyMKiH. SIM
KapTaJiap/blH CaHBI Ja dpTYpii 00iysl MyMKiH. DU3UKaNBIK TyliMesep e 00Jysl Hemece 00JIMaybI
MYMKIiH. DKpaH €Ki Typ:i 00Iybl MyMKiH: apTKbl XKaFbIH/a HEMECE KOCBIMIIIA KOPITYChIH/IA.

KonganpicTarsl 3J€MEHTTEpAIH A€ opTypii mapamerpiepi Oap. Meicanbl, OapiblK YsIIbI
TeneoHIapIaFbl aKCeIepOMETp AaTYHr OipHeIIe HyCKaJa OPHATHLUTYbl MYMKIH.

Byt kimkeHnTait Hopce CUSKTHL. bipak KYphUIFBIHBIH KeJ0eyiMeH 0acKapbUIaThIH OMBIH XKacay
YIIiH (MBICAJBI, XKapbIC), AIIBIMEH KOJIJAaHYIIbIIaH TeTaedOH bl OeNriIeHreH OarbITTa OYpy/Ibl cCypay
KEepeK, OchUIaiima OarmapiiaMa OpPHATHUIFAHJATYMKTIH OPHBIH aHBIKTAWIBI. OWTIece, Oip
cmapTdoHaa OypbuUly ONMEpaIUsIChbiH OpPbIHAAY YIIIH COJIFa-OHFa, al eKIHUIICIHAE — aiFa-apTKa
EHKEUTY KepeK 00JIajIbl.

DKpaHHBIH OJIIeMi MEH aXXbIPaThIMIBLIBIFEI O6Jiek Macene. Mepicanbl, KecKinai Oykin 10S
SKpaHbIHA OPHAJIACTBIPY KaxkeT Oouica, ci3 Iphone 7, iPhone 7 Plus sxone oman »xorapsl, iPhone X
xone iPhone X Max Tunrik esnem/iepi yirid GipHerre Keckingi KoiamaHaces. Android skargaiipiaga
apakaThIHAC TIE€H THIFBI3ABIKKA OaIaHBICTHI SKpaHAap SPTYPIi aXKbIPATHIMIBUIBIKKA HE.

Ocpbiran GaitnansicTsl Android a3ipieyunriiepiHe apHaJFaH apTypiii Kypangap 6ap, Meicaisl 9
Patch — keckiHHIH JIIIEMiH ©3repTKEeH Ke3/Ie OHbI CO3y epEeKeNIepiH OpHATyFa MYMKIHJIIK OepeTiH
Oenriney cxemacbl. OHcbiz android ymriH MOOHIBAI KOCBIMINANAPABI 3ipiey JKOHE JKpaH
eJIIIEM/JIEPIH e3repTyre 0aillaHbICThl (OHIBIK KECKIHIEP/1 AYPBIC KOPCETY KUbIH.

Tuicinme, erep ci3 OYKiJ 3KpaH]bl KECKIHMEH TOJITBIPYJIbl JKOCMaplacaHbl3, cisre OipHele
CypeTTi maiJaanblIIl, OJIapIbl CTAHIAPTTHI EMEC OJIIIEMIEPTe KUI0 KEPEK HeMece jkeke OemikTep Oip
OYTiH KypaiThIH, Gipak Oip-OipiHe KaThICThI KO3FaJIaThIHAAN €TiI KeCy KepeK (MbICallbl, Xep,0yaTTap,
COJI JKOHE OH kak) [5-6].

Exinmnigen, Oy naigananymisiiapaa opHateuirad Android onepanusuibik xKyiieci TypiaepiHig
YJIKEeH ayKbIMbl OonybiHa. byt android yiriH MoOGmiIbA1 KOCBIMILIAIAP/ABI HOJIJIEH OacTal KypacTelpy
KEe31HJIe KOITereH KUbIHIBIKTAp TYybIHA aJbII KeJIei:

1. MoOunbai KOCBIMIIIAH KYPacThIpy OApbICHIHAA ONEPALUSIIBIK JKyHe MEH KaObIKIIaTapablH
OpTYPJIi HYCKaJlapblHJa UHTEP(ENCTI KOpCceTy epeKIIeNikTepiH eckepy KakeT. COHbIMEH, JKyHemiK
Oackapy oanemeHTTepi OipHeme Android HyckamapeiHma xoHe Oip Android HYCKachIHBIH
KaOBIKTapbIH/1a Oip/ielt kepiHOEyl MYMKIH;

2. Oprypii HYcKajapaa OipHelle >KOJIAapMeH dpTYpJIl onepauusbK JIoruka 6ap. Mbicansl,
6.0 HyckacwiHa AeiiH (kamepara, MUKpo(oOHFa >koHE T.0.) KoymaHOamapra opOip pyKcarThl Oeliek
cypay kaxet emec eni. Onap Google Play TiziMiHAe KepceTireH kxoHe maijanaHyibl )KYKTell ajgap
OypeiH onmapMmeH TaHbICc OonarbiH. CoHabikTaH, Android MOOWIIBI KOCHIMINACHIH JKacay Ke3iHe
JIOTHKaHbIH €Ki HYCKAChIH J1a KoJlaHOacaHbI3, 011 6.0 HycKachlHa JAeiiH e, OaH KeHiHT1 HYCKachl 1a
YKYMBIC 1CTeME/I1;

3. barmapnamanslk KamMTaMachl3 €Ty 9JicTep MEH KiTamxaHajap e3repill Typajbl: OJapJIbIH
Keibipeynepi eckipreH OOJBITT caHaTaIbl )KOHE OJIap/Ibl )KaHaJaphIMEH aybICTRIPY KakeT. Ochliaiina,
opkamaH Tapaay Oap: He coHFbl OXX MyMKiHIIKTepiH KOigay HeMece MOOMIIBbAI KOCHIMILIAHBI
MYMKIHIITIHIIIE KOTI MaiajJaHybuiapra OpHaTyFa MYMKIHIIK Oepy;

4. OX-HbIH COHFBI TYpJIEpl JKYMBIC KEHICTIriHe OalIaHBICTBI KOI TarChPMaHbl KOCTHI.
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[Mafigananymbl Oip yakbITTa KYMBIC KEHICTITiHIIE OipHeIIe KoaaaHOanapapl Kepcere anaibl )KOHE
TOJIBIFBIMEH €pKiH OJIIIeM/Ii ayMaKThl TaHJaad anaapl. MyHBI KOCBIMINIATAp/AbI jKacay Ke3iHae e
€CKepy KaxeT.

) Theme Switcher i@ Theme Switcher 81 Theme Switcher

Select Theme: » Holo-Light Select Theme Console Select Theme: Navy

Credentials redentials Credentials

Sync automatically Caf C | Sync automatically

Location tior Location

Clear Data ) at CLEAR DATA

Cyper 1. bip xonTanOaHbIH TaKbIPBIITAPBIH KOPCETY

YuriamniaeH, Android KonmgaHOamapelH HOJJICH d31piiey Ke3iHAETi eCKepy KaxeT Hopce - Oy
KOJITaHOaHBIH apXuTeKkTypachkl. Kommanbanap apxuTekTypaibiK TYprbiaan Oiptyrac 6osbin i0S-tan
TaOBLIATBIH aWbIpMAIIBUIBIFBL, ANAroid skyiieciHne oyiap JIOTHKAJIBIK TOYEINCi3 JKOHE Oelek
O6JIIKTEP/IEH - OpEKeTTep MEH (PparMeHTTEePACH KUHAKTAJIFaH.

Byt Tocin ke3 kenreH MOOMIIb/Ii KYPBUIFbIIA, COHBIH IIIIH/E 6T€ a3 ONEPAaTHBTI )Ka bl )KOHE 0T
QJIC13 MpoLeccopiapsl 0ap KOChIMIIAIApblH )KYMBICBIH KaMTaMachl3 €Ty YILIH JoJ xacairaH. Erep
KOJ1/1aHOaHbIH OeJIKTepl Tayenci3 0osica, oJ1lap/AblH Ke3 KeJTeHIH KaXKEeTT1 yaKbITTa ’Ka/ITaH HIblFapyFa
00J1a/1bl )KOHE OHBIH OMIPJIIK LIUKIIIH CaKTay YIIIH KYHJIbl peCypCTapAbl bICBIpaIl eTreyre 0onaasl [7-
8].

Mpicainbl, ci3 MelipaMxaHaiap Ti3IMIH Kepeci3, collaH KeliH KelOip syieMeHTTi Oachll, OFaH
Tyceci3. EkiHIIl 3KkpaH, MelipamMxaHa KapTachl, alJIbIHFbI Ti3IM Typajbl €HITEHE OlIMeyl Kepek,
OUTKEHI Ke3 KENTeH yaKbITTa, COHBIH IIIiHJEe KapTaFra 6TKEHHEH KeHiH OIpAeH OHBI KeAen KaaTaH
Tycipin, *oofa 6onaabl. by, Mpicainbl, GOHABIK peXUM/IE KYMBIC ICTEUTIH KONTEereH Kojianoanap
Oosica HEMece KapTa/ia OelfHesep/ 1l )KaKChl camnajia oiHaTa 6actacaHbl3 6osabl.

Selecting a tem Selecting an item
starts Activity B updates Fragment B
| v
Activity A contains Activity B conains
- Activity con -
Fragment A Fragment B Activity A contains
Fragmentis A and B

Cyper 2. Opekerrep MeH (hparMeHTTEPIiH OMIpPIIK UK

Konnan6a nypeic %oHe KaTeci3 KYMbIC iCTeyl YIIIH KapTa 3KpaHbl Kipic peTiHjae Oenriui 6ip
JepeKTepl FaHa KaObUIAald OTBIPBIN, AJIJBIHFBI SKpaHJarbl eIIKaHAal akmapaTka KoJl jKeTKiz0eyi
kepek. Erep, MbIcaiibl, maiiianaHyIIbIHbIH Ti31IMIe opaiMaii-ak Kejaecl MeiipaMxaHara Ty MyMKIH/IIT
Oosica, OHJa KapTa KaXeTTi akraparTsl epoec amybl kepek. COHbIMEH KaTap, Ti3iM S9KpaHbl KapTaHbIH
031 TypaJibl €IITEHE O1IMEY1 KEPEK, OUTKEH1 OJ1aH KaUThIN KEITeHHEH KEH1H/E )KOUBLTYbl MYMKIH.
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KonpanOanap apXuTEKTypachIHbIH OyJI acMeKTici ThIM TEXHHKAJBIK OOJBIN KepiHeni, Oipak
OyJ1, MBICaNBI, Kpocc-TIaTdhopMaHsbl 93ipiey KoimaaHnOamapabiH O0apiblK TypJiepl YIiH MYMKIH eMec
eKeHIH TyCiHaipeni: erep oi (yHKUMOHANJBIK JKaFbIHAH YJIKEH Hopce 0osica, O KeTicleyiHe
OaliJTaHBICTHI JKAJTaH TOJIBIFBIMEH XOWbLIaIbl. KeHecTik jkoHe dJICi3 KYphUIFBUIAPIAKYMBIC iCTEY
MYMKIHJIIT1 0Jlapa KOK.

Android yuriH o3ipiey epeKIeniKTepi.

Android ymris KoceIMIIanap/s1 a3ipiey nporecine 0ip Katap MyMKIHZIIKTep Oap:

1. IOS-tan aitpipmamibuibiFbl, Android KongaHOanapsl Korapblaa TaJlKbUIaHFaHIAH O6JIeK,
JIOTUKAJBIK O6JIeK JJIeMEHTTEpIIH oe3apa OailaHbIChl OONBIN TaObLIAAbI. SIFHH, KOATHI Oip
OarmapiiamMalnay TUIIHEH eKIHIIICiHe KalTa jka3y apKbUIbl KOJJaHOaHbI OacKa OINepalusIbK JKyhere
JKail FaHa aJblll, UMIIOPTTal anmaiicer3. SIrau, Android xyiieciHe apHaIFaH KOCBIMIIANIAP/IbI Kacay
Ke3iHJe MyJijie 0acKa apXUTEKTYPaHbI KYpy KEpekK.

Backa acniekrinepe 6acka ke3kapac Oaikanaibl.

Mpicanbl, 3aMaHayu Kojjaan0a Oenrimeci amaniblK Kyiie mapamerpiepine 6aiaaHbICThl 0acKa
ninriare e 00ybl MYMKiH. [lu3aifHep MyHBI €CKepill, JOTOTUNTIH OapiblK HyCKallapa SIeMi XKoHe
yieciM/Il KopiHETiIHIHE KO3 KEeTKi3yl KepekK.

2. Android ymriH MOOWIBII KOCKIMIIATAPABI d3ipiiey Ke3iHJe VaTepuaIblK JU3aiiHFa CCHY
MaHbI3Ibl. by naiinananyisl nHTEpdenciH KypyabiH Tyrac Gunocodusicel. byn tociire apHanraH
pecMu KyKarTaMa OHBIH MPHUHIMIITEPIH JC erKEeH-TEerKeHIl CUIATTalThIH KY3/IeTeH Ky KaTTap.Ibl
XKoHe MHTepQeiCTiH opOip AIEMEHTI YUIIH epexenepll AYPHIC KOHE Kare MaiianaHyablH HaKThI
MBICQITAPBIH KAMTHU/IBI.

;‘ Pelican o
Pelecanus -
P S
v I =

Do Don't

Cyper 3. benceni aiitMaKTBIH YCTiHE HIBIFBIN TYPFaH Oip FaHa TyMe OOITyBI

OnemMi matepran HHTEpdEHCiH KacarbIHbI3 Kece sxone Google-man koamanoanb3asr Google
Play-zie s>KbUDKBITY Typalibl YCBIHBIC aJIFBIHBI3 KeJICe, TYHMe, [Iapiay *KOoJaFsl, Oeirilie xoHe 6acka
OapIIbIK AIIEMEHTTEP OChI €pEXKeNIepl CaKTayhl KaXKeT.

3. Android xonmmanGanapbiH jxacay yuiH Google ycelHFaH Oarmapiamanay TiTl Kasipri
yakpITTa Java emec, Dart 6osbin Tadbuta b1 OapbsiH apachbiHAaFbl albIpMaIbUIbIK 10S-Ka apHaFaH
Objective-C xone Swift apacelHIaFkl allbIPMAIIBIIBIKKA KaparaHa alTapibIKTai a3, Oipak omap oui
JIe 931pJIeyTe COJl ©3TellIe TICUIALD.

4. ®uzMKanblK KYPBUIFBLUIAPAbIH YJKeH MapkiHjae TecTtiiey (amynstopiaap emec) Android
KOJ1J1laHOaJIaphIH Jkacay Ke31HJe eTe MaHbI3/bl. TinTi OyJ1, HapbIKTaFkl TeseoHaapAbIH Ker O0IybIHa
OaiiaHbICThI, OapIIBIK KOJ KETIMAI YAT1Iepe aKayChl3 *KYMBIC icTeyll KaMTaMachl3 eTnei i, Oipax
KEM JIeTeH/Ie, €H TaHbIMaJl KYPBUIFbIIAp/Ia aKayIbIKTap IbIH Taiiia 00Ty BIKTHMAJIBIFBIH a3aiTa/bl.

Google Play koanan6achin kapusiiay casicatbl. Android MoOMIIB/Ii KOCBIMIIIACKIH Kacay
MpolLeci asiKTalFaHHaH KeWiH OHbI JKapHsuiay yakbIThl kenal. Google Play konnan6anap nykeHiHze
XKapusaHFaHFa JeHiH KUHAKTap MHTeP(HENHCTI KYpy, TaKbIPBI TaHAy JKOHE MaiilalaHyiblIapaan
KEKe IEPeKTepli Cypay TajanTapblH CaKTay TYPFBICBIHAH JJIeKaiiia MYKHT OaKplIayaaH oTe/i.

XKakpinma Google konmanOaHbl Kapay TOCITIH ©3repTil, OHbI MYKHUST JKOHE KOJIMEH
YKacaraHbIMEH, KOJIJTaHOAHBI Kapay/IbIH OpTallla YaKbIThl 2-4 caraTThl Kypaiasl, Oya App Store
XKargaibiHaa 2-3 KYHHEH alTapiblKTal KbUIIaMbIpak.
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KopbIThiHAbI. MOOWIIBII KOCBIMITIANIAP/II JKacay KelleCi epeKIIeNliKTepre ue:

1. Android — omemueri eH TaHbIMal ONEpalMsUIBIK kyihie. Hotmkecinae, on GackapaThiH
KYPBUIFBUIAP/BI  opTapanTaHablpy oTe yikeH. KommanOaHbl kacay OapbIChIHAA Ci3 KoiigaHOa
MaKCaTThl ayIATOPUsI TA/HKETTEPiHIH 0aChIM KOIIIIITTH KOJITAaUThIHBIHA KO3 )KETKI3Y1HI3 KaKET.

2. Osipney ke3eHinae UI/UX opTypii KypbUIFbI ©J1IeMAEpiH FaHa eMec, COHBIMEH KaTap Kol
Tepe3e XKYMBICHI MEH JKpaH MUKCEIIHIH THIFBI3IBIFBIH €CKEPYl KepeK CKCHIHe Ha3ap aylaapbIHbI3:
camachl3 TUCTUICHIIepeT KYKa mpu(T OypMataHaasl HEMECe MYJIJIE )KOFAIIBIN KeTE/i.

3. Konnansicrarel Android, HycKanapbIlHbIH caHbl oTe Ker. KommanOamapbl jxacayke3iHe
Ci3 MaKcarThl ayJUTOPUS MaljalaHaThIH OAPIIBIK HOPCEHI ECKEPYiHi3 KaKeT.

4, Osipney mpomeciHiae uHTepdeicTi kobamay  Ke3iHAE ~ MaTepUalIbIK  JAU3aiH
TYKBIPBIM/IAMACHIH OaCIIBUTBIKKA ATy KaXkKeT.

5. Android Google ycoeinran 6armapinamanay i Dart.

6. JKacamymplH op Typil Ke3eHIepiHIe (PHU3UKAIBIK KYPBUIFBUIAPIBIH KCH ayKbIMBIHIA
TECTLJIey ©T€ MaHbI3/IbI.

7. O3ipieymiHiH >Keke KaOWHETKe OpHaTyra »oHe 2-3 caFaT ImmHAe KOCHIMIIIAHBI
XKapusuiayra 0oJapl.
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ITAIIBI PABPABOTKH MOBUJIBHOI'O ITPUJIOKEHUSA

AHHOTANUA

bnaromapst TeXHOJIOTHYECKOMY TIPOTPECcCy MHOTHE HOBEIC Pa3pabOTKH B 001aCTH MOOMIIBHBIX
TEXHOJIOTHI MOSIBJSIOTCS MOUYTH KaKIbli JeHb. Kak M3BECTHO, OHUM M3 BaXHBIX 3JEMEHTOB B
nporecce COOPKH MOOMIIBHBIX TIPUIIOKEHHH SBIISIETCS IPABUIIBHBIN BEIOOP HHTETPUPOBAHHON CPEJIbI
cOOpPKH, KOTOpasi 3aBUCUT HE TOJIBKO OT IUIaTQOPMBI, HO M OT YPOBHS ITOJTOTOBKH M KBAIU(UKALIUH
CHEIHAJINCTOB, Y4YacTBYIOILIMX B HUX cOopke. B pamkax naHHONW HayyHOM cCTaThbu INPUBEACHBI
0COOEHHOCTH COOpPKM U pelaKTUPOBAHUS MOOMJIBHBIX NMPHIIOKEHUN JUIsl ONEPAMOHHONW CHCTEMBbI
Android ¢ myns. B craree npencraBieHa nHGOpPMAIHS O TOM, JJIs KOTO TIpeAHa3HauYeHa pa3padoTka
MOOMJIBHBIX NPUIIOKEHUH, 3a4eM HEOOX0IUMO pa3palaThIBaTh MPUIIOKEHUS, 0COOEHHOCTH COOPKH U
pEeNaKTHPOBAHUS MOOWMIBHBIX TPHIOKECHUH, CIOKHOCTH TpU COOpPKE MOOWMIIBHBIX IMPHIJIOKECHUH,
0COOEHHOCTH Pa3pabOTKM MOOMJIBHBIX TPHJIOKEHUH s omnepauuoHHOW cucteMbl Android,
MOJIMTHKA MyOnukanuu npuioxenuit Google Play.

KimoueBbie cJIoBa: MOOMIIBHOE IPHJIOKEHHE, AIIEKTPOHHAS KOMMEPITHS,
kpoccmatdopmennsie Texnonoruu, 10S, Google Play, Android, akcenepomerp, Dart, iPhone X,
material design, PhoneGap.
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MOBILE APPLICATION DEVELOPMENT STEPS

Abstract

Thanks to technological progress, many new developments in the field of mobile technologies
appear almost every day. As you know, one of the most important elements in the process of
assembling mobile applications is the correct choice of an integrated assembly environment, which
depends not only on the platform, but also on the level of training and qualifications of the specialists
involved in their assembly. As part of this scientific article, the features of creating and developing
mobile applications for the Android operating system from scratch are given. This article provides
information about who needs to develop mobile applications, why you need to develop an application,
features of designing and developing mobile applications from scratch, difficulties when compiling
mobile applications, features of developing a mobile application for the Android operating system,
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Google Play application publishing policy.

Keywords: mobile application, e-commerce, cross-platform technology, i0S, Google Play,
Android, Accelerometer, Dart, iPhone X, material design, PhoneGap.
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ANALYTICAL REVIEW OF EXISTING VEHICLE DIAGNOSTIC SYSTEMS

Abstract

The article emphasizes the importance of carefully choosing an application that will provide accurate
and timely diagnostics so that the driver can prevent possible malfunctions and keep the car in good condition.
Special chip-based adapters transmit data from an electronic control unit (ECU) to a smartphone, where they
are analyzed by applications. The author highlights the most popular diagnostic applications such as
ScanMaster Lite, OBD AutoDoctor and EOBD2 Facile, describing their functionality, advantages and
disadvantages. It is noted that many applications suffer from interface problems, difficulty of use and the need
to purchase paid versions for full access to the functionality. Some of them are poorly optimized, which leads
to freezes and slow command processing. In addition, many applications are highly targeted, which limits their
compatibility with certain car brands.

Key words: On-board electronics, diagnostics, adapters, applications for automotive diagnostics,
diagnostic application functionality

Introduction. Technological progress in the automotive industry does not stand still, and now
drivers have the opportunity to monitor the technical condition of their car directly from their
smartphone.

Modern cars are equipped with on-board electronics that monitor the status of various
functional modules of the car. Although some new car models have their own diagnostic software,
drivers often prefer to use universal adapters and modern software to get more detailed information
about the condition of their car.

Computer diagnostics of a car is the process of checking and testing electronic systems and
actuators that affect the operation of on—board systems and ensure the correct functioning of the car.
It allows you to identify malfunctions in electronic systems and create a diagnostic map for further
repair and elimination of problems with automotive electrical equipment and actuators. The car has
built-in self-diagnosis systems, which are necessary for controlling the actuators, as well as for
constant monitoring and testing at the stages of starting and running the engine [1].

Theoretical analysis. Self-diagnosis systems play an important role in informing the driver
about the condition of the car, identify possible defects and malfunctions, and monitor service
intervals, reminding them of the need for regular maintenance. However, not all cars manufactured
in our country are equipped with such systems and appropriate connectors for connecting diagnostic
equipment. Any repair should begin with an accurate diagnosis, because without a clear definition of
the causes of malfunctions, high-quality repairs are impossible. Routine computer diagnostics is an
important part of car operation, which allows you to avoid constant repairs and other problems.
Computer diagnostics provides the most complete and accurate data on the condition of the car [2].

The diagnostic process is usually divided into several stages:

Information reading — at the first stage, all data for troubleshooting is recorded.

Data verification — the information received is analyzed, its reliability is evaluated, which
allows you to check the serviceability of circuits and sensors.

Real—time Monitoring (Data Stream) - system components and sensors are tested in real time.

At the final stage, the results are analyzed and conclusions are drawn about the condition of all
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vehicle systems, the presence and nature of malfunctions. It is important that the diagnosis is carried
out by a professional with engineering knowledge and understanding of the processes in the car.

Today, diagnostic equipment is divided into several categories:

General and local — in terms of coverage of diagnostic objects.

Universal and specialized — according to the type of interaction with the object.

Automated and manual — according to the degree of automation.

Timely diagnosis saves time and effort, as troubleshooting requires more time and resources.
Therefore, modern cars are equipped with both built-in on-board and external diagnostic tools. All
diagnostic systems are conditionally divided into:

Stationary (bench) — used in specialized services, connected to an electronic control unit, read
and interpret error codes.

On—board diagnostic software helps to reduce harmful emissions and requires a special
scanner to be connected.

The diagnostic tester, connected via a connector to the electronic systems of the car, allows you
to read the parameters and fault codes, which are then decrypted by specialists [3].

There are many programs and applications in the world of automotive diagnostics, but special
attention is paid to those that work in conjunction with adapters based on the ELM327 chip. This is a
popular and universal solution for self-operative diagnostics at home. Applications for monitoring the
technical condition of the car allow drivers to monitor parameters such as engine temperature, fuel
level, tire pressure and many others in real time.

To use all the features of the diagnostic software, the driver will need a special adapter that
connects to the electronic control unit (ECU) of the car. This adapter serves as a link between the
vehicle's on-board electronics and your device with the installed diagnostic program. Its task is to
convert data from automotive sensors into a format that is easily recognized by analytical software.

It is important to note that the adapter and the scanner for car diagnostics are different devices.
Adapters only read and translate data into a language understandable to an external device, whereas
scanners are devices of a higher professional order that have more functionality [4].

Each application for monitoring the technical condition of the car has its own characteristics
and offers a different set of functions. Some applications may offer basic diagnostics and monitoring
of basic parameters, while others may offer more in-depth analysis and additional features such as
tips on vehicle operation and maintenance.

It is worth noting that car owners should carefully choose applications for monitoring the
technical condition of their cars. It is important to choose a reliable and proven application that can
provide accurate and timely data on the condition of your car.

There are many applications available on the Android platform for computer diagnostics of
cars, which are easy to find on the Internet or on online platforms. However, many of these programs
may seem complicated and inconvenient to most users due to the difficult navigation and interface.

Let's look at several popular auto-diagnosis apps to understand their strengths and weaknesses.

ScanMaster Lite i1s an OBD2/EOBD compliant application that supports many features and
error codes even in the free version. It works with ELM327 adapters and has a Russian-language
interface, allowing you to display data in the form of graphs. Among the disadvantages are the lack
of support for diagnostics of domestic cars and limited decoding of fault codes in the free version.
Users also note that some commands are processed slowly, and the graphs sometimes "hang up".

OBD Auto Doctor is a free application with support for the ELM327 adapter and GPS functions.
Its strengths include the ability to read data from multiple electronic units, work in GPS mode,
convenient widgets, manual command entry and real-time data display on graphs. The disadvantages
include a long download of the application, a long connection to the car and an overloaded menu with
unnecessary information [5].

E OBD?2 Facile is an application for diagnosing the main parameters of a car using ELM327
and OBD2 adapters. Among the advantages are a fast Bluetooth or Wi—Fi connection, stable
operation and a database of more than 5,000 error codes. However, some code removal functions are
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only available in the paid version, and the application is quite energy-intensive, which leads to a rapid
discharge of the device [6].

There are also specialized applications developed for specific car brands, such as ELMScan
Toyota, EconTool for Nissan, FocccusScan and others. They have a narrow focus and are not suitable
for other brands, which limits their use. There are also many fully paid applications on the market,
such as hobDrive and Torque Pro.

Conclusions. Many automotive equipment diagnostic applications have similar disadvantages.
Firstly, their work is often unstable due to overloaded interfaces and a large number of functions,
which leads to long loading and slow command processing. In addition, most of them are either
partially or completely paid, and functionality is often limited to specific car brands, which reduces
the versatility of use.

Another problem is the difficult navigation through the menu: to find the right function, the
user has to search for the right section for a long time, as developers, trying to make the application
multifunctional, sometimes add redundant options. Poor optimization leads to the fact that the image
may "hang", and commands are executed with a delay. It is also important that many programs do not
support the Russian language, which makes their use difficult for Russian-speaking users [7].

Applications for monitoring the technical condition of the car are a useful tool for every driver.
They help drivers to be aware of the current condition of their car, which in turn helps to avoid
unexpected problems and keep the car in excellent condition.
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KOJITAHBUIATBIH KOJIIK JUATHOCTUKAJIBIK )KYUEJEPIHE
AHAJIMTUKAJIBIK IIOJTY

Tyiiin

Makasnazia Kypri3ylli bIKTUMaJl akayJdapIblH ajblH aly OHE KONIKTi jKaKChl KylJe ycray YIIiH 97
KOHE YaKTBUIBl JTMArHOCTUKAHBI KaMTaMachl3 €TETiH KOoJMaHOaHel MYKHMAT TaHIAYbIH MAaHBI3IbUIBIFBI
KepceTuireH. Uunke Heri3nenreH apHaiibl aganrtepiep AepeKTepl IeKTPoHIbIK O0ackapy OnoreiHan (ECU)
cmaptdonra xidepesi, oHAa onapabl KoiaganOanap Tanmgaiabl. ABrop scanmaster Lite, OBD cuskThl eq
TaHBIMaJl AMAarHOCTUKAJIBIK KOCHIMIIanapApl Oemin kepcereni ABro/lokrop xoHe EOBD2 Facile, omapmsix
(YHKIMOHAIABIFBIH, APTHIKIIBUIBIKTAPEl MEH KEMIIUTIKTepiH cumarTail oTeIphil. KemTeren KochMImamap
uHTEpdeiic MocenenepineH, nainananynbH KypAeIilirineH jkoHe (GyHKIHOHAABUTBIKKA TOJBIK KOJI XKETKi3y
VIIH aKbUIbl HYCKAaJNapIbl CaTbIl ajdy KaXeTTiUTiriHeH 3apaam Imereni. OnapaplH KeWOipeymepi Hamap
OHTaWIaHIBIPBUTFaH, OYJI KOMaHAAJIapAbIH KaThII KaJlyblHA XoHE Oasty eHuenyine okeneni. COHBIMEH Karap,
KONTereH KOChIMIIAnap Tap OarbITTanFaH, Oyl onapabiH Oenrimi Oip aBTOMOOWIB OpeHATEpiMeH
yHIIECIMIUTITIH IIeKTeH 1.

Kinrrik ce3nep: BopTThIK 3nekTpoHUKa, AMarHOCTHKA, afarTepiep, aBTOMOOWIb TUAarHOCTHKAChIHA
apHaJFaH KoJiaHOaap, JMarHoCTHKAIBIK KoNiaHOa (pyHKIHsIaphl

KA. BaksIt, A.T. KanoaeBa*, A.A. EckapaeBa, K.JK. Poickyi0exoBa
maructpant, FOKY um. M. Aya3osa, IlIsimkenT, Kasaxcran
K.T.H., 1oueHT, FOKY um. M. Aya3oBa, llIsiMkent, Kazaxctan
npenonasarenb, FOKY um. M. Ayazosa, [IsimkenT, Kazaxcran
npenonasarens, FOKI'Y um. M. Ayazosa, llIsivkent, Kazaxcran
“ABTOp 151 Koppecnonaenuuu: kalbaeva@mail.ru

AHAJIMTUYECKHWHN OB30P CYHECTBYIOIINX CUCTEM JUATHOCTUKH
TPAHCIIOPTHBIX CPEJICTB

AHHOTAUA

B crarbe moguepkuBaeTcsi BaXKHOCTh TIIATENIBHOTO BBIOOPA MPHIIOKEHHS, KOTOPOE 00ECIIeUUT TOUHYIO
MW CBOEBPEMEHHYIO JHArHOCTHUKY, YTOOBI BOJHTENb MOT MNPEAOTBPATHTH BO3MOXKHBIE HEHCIIPABHOCTH U
MOJAEP’KMUBATh aBTOMOOMIIB B XOpoIIeM cocTossHNH. CrieliaibHble afanTepsl Ha 0a3e yuia nepeaatoT JaHHbIe
C ANEKTPOHHOTO OJyioka ympasieHus (ObY) Ha cmapTdoH, T OHNM aHAIN3UPYIOTCS NPHIOKEHUIMHU. ABTOD
BBIIETISIET HanboJiee MOMyJsIpHbIE TIPHUIIOKEHUS ISl TMAarHOCTHKH, Takue Kak ScanMaster Lite, OBD Asrto
Hokxrop 1 E OBD2 Facile, onucekiBas nx (QpyHKIIMOHATbHBIE BO3MOXXHOCTH, JOCTOMHCTBA M HEJOCTATKH.
OtmMeuaeTcsi, YTO MHOTHE NIPHIIOKEHUS CTPAJAIOT OT MPoOIIeM ¢ HHTEP(EHCOM, CI0KHOCTBIO HCIOIb30BaAHUS
1 HEOOXOJMMOCTBIO TIPUOOPETATH TUIATHBIE BEPCHH JUIsl TIOJIHOTO J0CTyNa K (yHKInoHany. Hexoropsie u3
HUX TJI0XO ONTHMHU3WPOBAHBI, YTO MPUBOJUT K 3aBHCAHUIO U MEIJIEHHOM 00paboTke koMmanz. Kpome Toro,
MHOKECTBO TPHJIOKEHUI Y3KOHAIPABJICHHBI, YTO OTPAaHMYMBAET MX COBMECTHMOCTh C OIPEIEIEHHBIMU
MapKaMu aBTOMOOMIIEH.

KiaroueBble cioBa: 60pTOBa$I QJICKTPOHHKA, AUArHOCTUKa, aJdallTCpbl, MPUIOXKCHUA I
aBTOMOOMIIEHOM JUAardoCTHKH, (I)YHKLII/IOH&TI JUArHOCTHYCCKHX HpPIJ'IO)KeHHfI.
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DEVELOPMENT OF AN EXPERT SYSTEM FOR DIAGNOSING THE CONDITION OF
CARS

Abstract

This article discusses the development and application of an expert system aimed at diagnosing and
troubleshooting passenger cars. It allows you to automate diagnostic processes, facilitating the work of
engineers and increasing the accuracy and speed of repair operations. The software is aimed not only at service
stations, but also at ordinary users who can use it for self-troubleshooting. The article presents the structure of
the program, including the main menus, operating algorithms and diagnostic modules. Functions such as
displaying diagnostic parameters of vehicle components are described. The system includes step-by-step
instructions for the user and troubleshooting recommendations. The introduction of such a complex
significantly improves the quality and speed of service, which increases the overall profitability and efficiency
of service stations.

Key words: Expert diagnostic system, car malfunctions, service stations, diagnostics

Introduction. Today, information technologies related to the accumulation, processing and
storage of data are being actively implemented in various sectors of the economy and industry.

Special attention is paid to the development of information technologies in the field of
maintenance and repair of motor transport [1].

This paper describes the implementation of an expert system for vehicle diagnostics, which
contributes to the effective detection and troubleshooting. The use of such a software package is
extremely important, since the number of service stations is constantly growing, and many of them
need effective tools to optimize their work [2].

The software facilitates the work of specialists, automates diagnostics, minimizes errors and,
most importantly, speeds up the repair process, increasing the profitability of service centers [3]. Since
not every new service station can afford expensive software, creating an affordable diagnostic
solution remains an urgent task [4].

Theoretical analysis. This software package can serve as an automated workplace for an
engineer at a service station, as well as a useful tool for motorists who prefer to independently identify
and fix malfunctions in their cars [5]. The user manual includes a step-by-step guide for working with
the car repair system [6]. The development of an expert diagnostic system for passenger cars is
relevant, since it finds application both in car service stations and among drivers themselves, who
often face the need to eliminate breakdowns [7]. The program can be used by both engineers and
motorists to work with the main components and systems of cars:

1. The engine;

. Clutches;

. Gearboxes;

. Gimbal transmission;
. Rear axle;

. Wheel suspensions;

. Steering control;

. Brake system;
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9. Electrical equipment;
10. Car bodywork.
Figure 1 shows the algorithm of the program's actions in the form of a flowchart.

Selecting a
car unit

Is the vehicle
component
selected?

Fault
selection

Is the fault
selected?

Are
troubleshooting tips
included?

( Getting troubleshooting tips)

Obtaining possible causes of
the malfunction

End

Figure 1 - Diagram of program actions in the form of an algorithm flowchart

The structure of the program menu is presented in the form of a diagram in Figure 2.

The technical inspection module displays in the form information about the main technical
characteristics of the means of technical diagnostics of motor vehicles, including mandatory means
of technical diagnostics:

- braking systems;

- Steering control;

- external lighting devices;

- windscreen wipers;

- wheels and tires;

- the engine and its systems;

- other structural elements,
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where, according to the types of equipment of the main components of passenger cars,
controlled (measured) parameters, the measurement range of these parameters and the maximum
error of their measurement for the selected type of equipment.

‘ Program Menu ‘

Menu

Parameters

Troubleshooting
Tips

Reference
Technical inspection

About the program

The main components of
the car

Diagnostics

Exit

e

Close all windows

Figure 2 - The structure of the program menu

The menu items that were used in the development of the program are shown below.
The main menu is divided into 4 main menus:
N2 - The main components of the car
N3 - Diagnostics
N4 - Close all windows
NS5 - Exit
The "Main components of the car" menu is divided into 10 submenus:
N11- Engine
N21 - Clutch
N31 - Transmission
N41 - Gimbal transmission
N51- Rear axle
N61 - Wheel suspension
N71 - Steering
N8I - Brake system
NO1 - Electrical Equipment
N101 - Car body
The submenu "Electrical equipment" is divided into 7 submenu items:
N16 - Battery
N22 - Generator
N32 — Starter
N42 - Wiper motor
N52 - Electric heater motor
N62 - Sound signal N72 - Lighting and light alarm
The submenu "Car body" is divided into 3 sub-menu items:
N17 - Car doors
N23 - Car hood
N33 - Car trunk lid
The Help menu is divided into 3 submenus:
N14 - Technical inspection
N13 - Help
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N15 - About the program
Figure 3 shows the List of faults form of the selected vehicle assembly (engine), from the
presented list it is necessary to select a fault.

=2 1. Cnucok HencnpaeHocTeld JBWTATENA (kapBropaTtopHoro) Nerkoeorc agTomMoeBuna — O >

BbIﬁEPH‘I'E HEMCMPABHOCTE M3 NPEACTARNEHHOMS CAMCHKA M HAMMMTE HA KHONKY <Ok >:

1. CHM¥EHHE MOLHOCTH AEHIraTENA H YEEAWYEHHE PACKoAa GEHSHHA;

2. [loEniwenHe pacxona macaa [yrap):

3. NBMHOCTL BLINYCKA;

4. [loHM¥EHHE AAEAEHHA B KOHIE TAaKTa CXaTHA [KoMNpeccHU):

5. CTYxKH B ABMrarene;

6. lNeperpee ABHraTens;

7. lepeoxnaxgeHue QEMraTens;

8. [NoHMXEHHOE QABAEHHE B CHCTEME CMaSKH ABHIaTENA;

. [NoBHWEHHOE RABNEHHE E CHCTEME CMASKH AEMIaTens;

10. 3arpynHEHHE NYCKa ABHraTens;

11. lpuraren: He NpOBOPAYMBAETCH CTAPTEPOM;

12. llByrarent NpOBOPAaYHEAETCA CTAPTEPOM, HO HE MYCKAETCAH;

13. lleurarens paboTaeT HEYCTORYMEBD MM OCTAHABNMBAETCHA HA XOADCTOM XO0Y;

14. Heycrofy4ean patoTa ABHraTtend Ha G0ALWOA YacTOTE BPallEHHA KOAEHYaTOro Bana;
15. 3arpynHEHME NYCKAa ropaYero AEMrarens;

16. MNoBLIWEHHBIA Ppacko] MAacna B CHCTEME CMA3KH ABHI aTend;

17. MNoBbiEHHBIA pacxkon 0XNAANANMER XKMAKOCTH B CHCTEME OXN2KAEHHA ABHIaTENA.

CRCRCRCRCRC R RCRC RN SRR NCR R )
o

<

;‘SBE.TbC Na YCTPAHEHMED HEMCNPAEHOCTH

HoxmuTe kHonky <[uarHocTika> 8 Omrena

=
HMarHocTHES ‘ 1 Saxpems |

Figure 3 — List of engine faults

Figure 4 shows the Troubleshooting form for the selected vehicle assembly (gearbox), where
you can get possible causes of the selected malfunction and tips for troubleshooting.

@ Nuarnoctuka Hemcnpaenocten KOPOBKI MEPEJAY nerkceore astomoBuna — O X

Heuenparnoets: Ne 1 <«ccTeus macna us KopoOKi nepenaus»»

BOIMOMHEIE MPUHMHEL HEMEMPABHOCTH: COBRTHL MO YETPAHSHMIO HEMEMPABHOCTH:

1. MNMoBBIWERHBIA YPOBEHE MACAE B KOPOSKE NEpeLay; 1. NpoBEpUTE YPOBEHE MAacNa 6 KOPOOKE NEpELaY;

2. DenatneHke KPENASHHA KPBILKK KAPTEPa KOPOSKkK NEPEAAY HAM NOBREKASHUE YnaT- 2. CAuTh taCAa U3 KOPOSKH NEP&aay, NOATAHYTE KPEMASHMA HAM 3aMEHHTE NPOKASAKH, 3
HWTEAEHEIX NPOKAZA0Ek 38TEer CHOBS 34MMTE MACcno B KDDDSKH nepeqaq;

3. OcnatneHqe KPENNEHUA KAPTERA CUENNEHWA K KAPTERY KOPOGKW NEPEay; 3. MoaTARYTE S0UTE! WaPHUPHEIM TOPLOBEIM KHOYOM;

4. MzHOC CankHWKOE NEPBMYHONO 14 ETOPMYHOMD BaN0E. 4. [OAHOCTEI 3&MEHWTE CANEHMEW NEPEMYHOND W ETOPMYHOMD Banos [Ha CTO, 1.k Tpedy-

&TCA NoAHaA pastopka KopotkM Nepeaay).

L 2o Lo

0 DOtrena | ﬂ Sakpeme |

Figure 4 — Fault diagnosis
Conclusions. Due to the fact that in the maintenance center of the car center, the speed and
quality of repairs completely depend on the speed of manual work of the service station engineer
when detecting malfunctions in cars, using this software package, the engineer will be able to
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coordinate the processes of detecting all malfunctions in the car, determining the causes of the
identified malfunctions, and what, in my opinion, is the most important, the process of qualitative
elimination of all identified malfunctions.

Thanks to this software package, the time for car repairs will be significantly reduced, and the
quality of repair and service will significantly increase.
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ABTOKOJIIKTEPIIH, KAF JAUBIH TUATHOCTUKAJIAYFA APHAJIFAH
CAPAIITAMA )KYWECIH 93IPJIEY

Tyiiin

By makanana sKeHi aBTOMOOHMIIBAEPIETI aKkayJapAbl AMArHOCTHUKANAyFa JKOHE JKOIOFa OarbITTaiFaH
capanTaMaJIblK JKYHEHI o3ipiey oHe KOJIJaHy KapacThIpbulaAbl. byl IuMarHoCTHUKAJIBIK MpolecTepAi
ABTOMATTaH/IBIPYFa, WHXKCHEPJIEP/IiH JKYMBICHIH JKCHIUIJIETYTe JKOHE KOHJCY KYMBICTAPBIHBIH NI MEH
KBUIJAMJIBIFBIH  apTTBIpyFa MYMKiHAIK Oepeni. barmapimamanbIk jkacakTamMa TEK KbI3MET KOpCeTy
CTaHLUSIApbIHA FaHa €MeC, COHBIMEH KaTap OHbI aKayJbIKTapAbl ©3iriHeH i3ley YUIIH KOJIJaHa aJlaTblH
KapanaibIM TaigajgaHylibuiapra ga OarbiTTajrad. Makaiaga OarmapiiaMaHblH KYPbUIBIMBI, OHBIH IIIIHJIE
HETi3ri Ma3ipiep, JKYMBIC AITOPUTMJIEP] YKOHE IUArHOCTHKAIBIK MOmynblep KeNnTipiareH. ABTOMOOWIb
TYHIHAEPIHIH [AWAarHOCTUKAIBIK IapamMeTpiepiH KepceTy CHSKTHl (QyHKuusulap cumnarranrad. JKyke
nailananynipiFa apHaIFaH KaJaMJIbIK HYCKayJaplbl JKOHE aKayJbIKTap/bl KO OOMBIHINA YCBIHBICTAP/IbI
KaMTHIbl. MyHJai kemen/i enrizy KpIi3amer kepceTy carachl MEH XKbUIIAMJIBIFBIH €/19Yyip ®KaKkcapTabl, Oyt
TEXHUKAJIBIK KBI3MET KOPCETY CTAaHIUSIIAPBIHBIH KAl TAOBICTHUIBIFBl MEH THIMIUIITTH apTTHIPaIbL.

Kinrrik ce3mep: CapanrtamMaliblK IHArHOCTHKANBIK JKyie, aBTOMOOWIBACPHIH aKayjiapbl, KbI3MET
KOPCETY CTaHLUAIAPHI, AMATHOCTHKA
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PABPABOTKA DKCIHEPTHOM CUCTEMBI JMATHOCTHUKHU COCTOSIHUS
ABTOMOBWIEHN

AHHOTAUA

B nanHO#i crarbe paccmaTpuBaeTCs pa3pabOoTKa M MPUMEHEHHE JKCIIEPTHOW CHCTEMBI,
HAIpaBJIECHHOW HA JHMAarHOCTUKY M YCTPAHEHHE HEUCIPAaBHOCTEH B JIETKOBBIX aBTOMOOMIsAX. OHa
I1I0O3BOJIACT ABTOMATHU3UPOBATh IIPOLECChl TUArHOCTHUKH, 06]'[61"‘13}1 pa60Ty HWHXCHCPOB U IMOBbIIIAA
TOYHOCTb M CKOPOCTh PEMOHTHBIX onepanuil. [I[porpammHoe obecrieueHue OpueHTUPOBAHO HE TOJILKO
Ha CCPBUCHLIC CTAHIIUMHU, HO U HAa PAOOBBIX HOJ‘ILSOBaTeJ'IeI‘/'I, KOTOPBLIC MOTI'YT HMCIIOJIB30BATh €TI0 JIA
CaMOCTOATEJIBHOIO ITOMCKa HEUCIpaBHOCTEH. B crarbe mpexncraBiieHa CTPYKTypa HpPOrPAMMBIL,
BKJIKO4Yas OCHOBHBIC MCHIO, aJITOPUTMbI pa60TbI U AUAarHOCTHYCCKUEC MOIYJIH. OHI/IcaHLI (1)YHKI_[I/II/I,
Takhe KaK OTOOpaKCHHWE IapaMeTPOB [MArHOCTHKH Y3JI0B aBTOMOOWMs. CucTeMa BKIIOYAET
MIOIAaroByr0 MHCTPYKLIHUIO JIA ITOJIB30BATCIIA M PCKOMCHIAIUU IO YCTPAHCHUIO HeI/ICHpaBHOCTeﬁ.
BHG[[peHI/Ie TAaKOI'o KOMIIJICKCA 3HAYUTCIIBHO yJIy‘IHI&CT KauCCTBO U CKOpOCTI) O6CJIy>KI/IBaHI/I$I, qToO
ITOBBIIIIACT o61uy10 l'IpI/I6bIJ'ILHOCTL n 3(1)(1)6KTI/IBHOCTB CTaHI_[I/Iﬁ TCXHHUYCCKOI'O 06CJ‘Iy)KI/IBaHI/I}I.

KaroueBbie ciioBa: DKCHepTHas JUAarHOCTHYECKash CHCTEMa, HEUCIPABHOCTH aBTOMOOWIIEH,
ABTOCCPBUCKHI, JUArHOCTHKA.
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TOTEHIIE JKAFJIAHJIAPIA DBAKYAIIMSLIIIAY )KOCITAPIAPBIH OHTAMJIAHIBIPY
YIITH UMUTANUAJIBIK MOJAEJIb KYPY ECEBI

Tyiiin

Y CBIHBUIFAH FBUTBIMU MakaslaJla MMUTAIMSIIBIK MOJENbACYy KOMEriMeH TOTEHIE Karaainap Ke3iHue
IBaKyalMsyIay KOCHApJIAPbIH TalAdy >KOHE OHTAMIaHABIPY, )KaHa MHHOBALMSUIBIK TEXHOJIOTUSIapAbIH Heri3ri
aCTeKTiIepi MeH KOJIaHBLTYBIH KOPCETY KY3€ere achlpbuIapl. JKyYMBICTa 3BaKyaIMsUTBIK iC-TIapaap bl THiMI1
YHBIMAACTBIPYABIH MaHBI3IBUIBIFEl KOPCETUITCH JKOHE JKOcapiay Ke3iHae KaHIail Herisri aneMeHTTepal
€CKepy Ka)XeTTirl KapacThIPhUIFaH. DBaKyalWsUIBIK JKOCIAPIapIbIH ASJIrT MEH THIMIUTITIH apTThIPY YIIiH
3aMaHayd TEXHOJOTHSUIBIK IIEIIIMAEPAi KOJAaHyFa €peKlle Hasap ayJapbUlFaH. ABTOpJiap 3BaKyalust
MPOIeCTEPiH BUPTYAIABI TYpAE KaiiTa Kypy *KoHe OHTalIaHABIpyFa MyMKIH/IIK OepeTiH MOJeINbaey oicTepiH
erKeH-TerKeTl TaJaiibl, OyJ1 BIKTHMAJ TOTCHIIE KaFAaiaapra JaibIHIABIKTEI aTapIIbIKTal XKaKcapTaibl.
Makasiafga opTypil BIKTHUMAJ XXaFAainapasl Taaady >KOHE THIMALI OpEKeT >KOJAApbIH TaHJAy apKbUIbI cayaa
OpTaJbIFBIHAH 3BaKyallUsHbI Kajlail »Kocmapiiay KepeKTiri cumartajraH. byn 3epTrey TeTeHIe jkarmaitnap
Ke3iHJe ToyeKeNJep/Ai a3alTy oHE agaMIapAbl MaKCUMalbIbl KOPFAy YIIIH 3BaKyalus >KOCIapiapblH
KaKCapTyFa KOMEKTeCe/Ii.

Kinrrik ce3mep: TeTeHIe xarnaiiap, MOaeibACy, dBaKyalus, AnylLogic, cayaa opTajbiFbl, )KOCIap
YKOHE OHTAWIaHIBIPY.

Kipicne. Tereniie xarnaiinapaa 3Bakyauusiaay — Oyl ajgaMJIapblH ©Mipi MEH JeHCay IbIFbIH
cakKTayFfa bIKMaJl eTeTiH MaHBbI3Jbl Mpouecc. byn acipece epT, cy TacKblHBI, XKep CUIKIHICI HeMece
TEXHOTEHJIIK amnarrap CHUSKTbl eMipre Kayil TeHJIPeTIH Karjaaiiapaa MaHbI3Ibl Ooiajbl.
DOBaKyallUsHBIH HETI3r1 MIHAETI — IMIBIFBIHIAPIALI a3alTy KoHe aJaMIaplblH KayinTi aiiMakTaH
Kayirci3 xepre Kayirnci3 KelryiH KamTramachsi3 ety [1].

CoTTi 3BaKyallMsiHBIH HETri3r1 acleKTiepiHiH Oipi — >kapakaT IeH OJIMHIH aJJblH aiy.
XaNbIKTBIH KYHeIl dKoHe YHBIMIACTBIPBUIFAaH KO3FAJIBICH KOCHIMINIA KYpOaH/IBIKKA OKeNlyl MyMKiH
Xaoc neH aypOenenai 6onapipMayra keMekreceai. TuimMl 3Bakyalnys KOFaMJIaFbl TOPTINTI CaKTaIbl,
OyJ1 ocipece xarmai TOPTINCI3AIK KayTi >KOFaphl ThIFbI3 KOHBICTAHFAH Kalajlap/a MaHbI3IbI [2].

DOBakyalusi epT COHAIPYLIUIEp, MEAUIMHANBIK TONTap *OHE KYKBIKTHI KOpFay OpraHAaphl
CHUSIKTBI TOTEHILIE KaFaiyiap KbI3METTEPIHIH pecypcTapblH THIMAI Malijanany/ bl KAMTaMachl3 €Ty
Jie MaHbI3Bl POJl aTKapajbl. DBaKyallHsHbI JKocmapiay Oyl KbI3METTepre TOTEHIIE Kafaaiiapra
HEFYPJIBIM MaKCaTThI JKOHE JKEJIENT SPEKET €Tyre MYMKIHIK Oepeii, OyJ1 amarTapAblH caagapbliH COTTI
OongplpMay HeMece a3aiTy MYMKIHIITH apTThipaabl. COHBIMEH Karap, YakKTbUIBI JKOHE
YIBIMIACTBIPBUTFAH 3BaKyallHsi TOTSHIIIE )KaFIailIapIbl KaIIbIHA KENTIpy MPOIEeCTEPiH KeAeIeTe Tl
Byt KanbInThl JKafFaiifa Te3ipek opaiyra KeMeKTecell, KaIIbIHAa KeJITIPy TONTAPBIHBIH KYMBICHIH
KEHUICTE Tl XKOHE Y3aK MEP3IM/I1 QJIEyMETTIK KOHE YKOHOMUKAJIBIK IIBIFBIHAAP/BI a3aiTasl [3-5].

Ocpuiaiinia, 3BaKyarus 9pTyp:i KbI3METTEp MEH MEKeMeJIep apachlHAa MYKHAT JKocmapiay MeH
yiecTipyai KakeT eTeTiH TOTEHIIIe KaFJaiiapibl 6acKapyIblH axbipamac 06eiri 00JbIN TaObLIabl.
by TreTeHIIe sxarnaitiapaa XajablKThIH ©Mipl MEH 9J1-ayKaThlH KOpFayFa OarbITTalFaH KeIleH i mapa.

TeopusiibIK Tajgay. DBaKyalus >KOCIApiapblH Tajjay >OHE OHTAWIAHIBIPY TOTEHIIE
Kargainapra skayan OepydiH THIMAUIN MEH KayimnCi3firiH jkakcapTyFa KOMEKTECETIH MaHBI3IIbI
nporectep Ooibln TaObuIaAbl. by opekerTep KonlaHbICTaFbl XKocnapiaapabl Oaraayabl, bIKTUMAI
XKaKCcapTyaapIpl aHBIKTAyIbl XKOHE dBAKyaIlUSHBIH KbULIAM/IBIFEI MEH KAyINCI3/AIriH apTTRIPY YIIiH
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KaHa TEXHOJOTHSUIAp MEH OJICTEp/i €HTI3y[l KaMTHIbL. DBaKyallus >KOCHapiapblH Taljay >KOoHE
OHTAMIAHMBIPY Ke31HE €CKEePUICTIH HeT13r1 acnekTiiaep [6]:

1. Toyekenmepni Oaramay. DBakyauus >KOCIApBIH TajJay[blH aJFalllKbl KaJaMmbl BIKTHMAl
TOyeKeIAepi MYKHAT Oaraay OOJIbIN TaObLIa bl byFan TaOuFu anaTTap, TEXHOTCH/IIK araTTap KoHe
TEPPOPUCTIK MAalybUIAAP CUAKTHI OPTYPIIl TOTEHIIE KaFJaiaapAblH BIKTUMAABIFBIH JKOHE OJIAP.IbIH
Oenriii 6ip opbIHFa HEMece aiMaKKa bIKTUMaJl CaJIapbIH TaJiay Kipei.

2. [JlemorpadusHbl TYCiHy. DBaKyalMsJIaHATBIH XAJIBIKTBIH J1eMOrpausUIbIK CHIIATTaMalapbiH
eckepy MaHbI3Abl. JKacel, pu3MKanbIK >KaFdaiibl, MyreiekTepaiH Oomysl jkoHe Oacka dakropriap
HBaKyal¥s )KOCMApbIHA KOMBUIATHIH TaJlallTapFa alTapibIKTal acep €Tyl MyMKiH.

3. MapuipyTrap MeH LIBIFY KOJAApBIH Tanaay. Fumapartap MeH ayqaHaapiblH MapIIpyTTapbl MEH
HIBIFY JKOJIAAPBIH, COHBIH 1IIIHAE OJAp/bIH KOJDKETIMAUIITT MEH OTKi3y KaOUIETTUIITH ChIHU Tajiay
ABaKyallUsHBIH €H THIM/I1 )KOJIIapbIH aHBIKTayFa HeT13 OOJIBIT TaObLIaIbI.

4. 3amanayu texHosorusutapasl Kongany. [AX xyitenepi (reoaknaparThIK kyiesnep), cMapThoH
KOCBIMILIAJaphl KOHE KOIIIUTIKTIH KO3FaJbICEIH MOJIENbJICY OaFaapiIaManblK >KacaKTaMachl CUSKThI
3aMaHayW TEXHOJIOTHSUIApPIBl JQTIpeK JKOHE THIMII 9BaKyalus >KOCHApiapblH KYpy YIIiH
naigananyra 00omasl.

5.  Oky xarteirynapsl. TypakTsl KaTTHIFyIap OHTAWIAHABIPY TPOIECIHIH aXKbIpaMac 0eTiri OOoJbII
Tabbuaapl. Onap xocnapiapblH MPaKTUKAIBIK OHIMIUITIH TeKcepyre KOMEKTEeCI KaHa KoiMaii,
aJlaMIap el TOTCHIIE KaFJaiyiap/ia opeKeT eTyre Yuperei, Oy nypOelieH i a3aiTaabl )KOHE KaJIITbI
JANBIHIBIKTHl apPTTHIPAIbI.

6. Kepi Gaitnanbic oHE TYpakThl kakcapTy. OKy-KaTThIFyJapra KaThICyIIbIIapAaH KOHE HAKTHI
IBaKyalMsIap/iaH Kepi OalIaHbIC KMHAY JKOHE Talfay »KOCIMapliap/Iarbl 9JICI3 kKepiepAl aHbIKTayFa
KOHE OJIapIbl TY3eTyre MYMKIHAIK Oepeni. Byn sxocmapisl OpbIHAAyIbIH OapibIK acHeKTUIepiH,
COHBIH 1IIIHJE PEaKIHs YaKbIThIH, OaiJlaHBIC TUIMIUIITIH OHE KbI3SMETKEPJIEPHAiH JPEKEeTTepiH
Tannayasl KaMTuabl. Ke3 kenreH ToTeHIe xariaiina agaMaapasiH oMipi MeH JeHCAyIBIFBIH OaphIHIIIA
KOpFay/ibl KaMTaMachl3 €Ty YIIIH 3BaKyalllsl )KOCHapiIapblH OHTaMIaHBIpy MpOLECi Y3AIKCI3 XKoHe
XKy#en 00JTybl Kepek.

Kazipri yakpITTa yilbIMIap MEH KaybIMAACTHIKTApIbIH TOTEHIIE Kargailinapabl Oackapy
KaOlJeTiH alTapibIKTal dkaKcapTaThlH SBaKyallUsIHBIH 3aMaHayH d1CTepl MEH TEXHOJIOTHUsIaphI Oap.
Bbyn ofic xoHe TeXHOJOTHSIAp IBaKyallus MPOLECTEPiHIH THIMALIITT MEH TONJIIriHE alTapibIKTai
ocep ereni. CoHbIMEH Oipre, oyap/ibl HAKThl YaKbITTarbl XKarJailiapipl OaKpliay jKOHE KayilTi Te3
aHbIKTAy YIIiH MaiganaHyra Oonaabl, Oyl JKeAen OpeKeT eTyre >KOHe aJamJapisl Kayircis
aiimakTapra OarbITTayFa MYMKIHAIK Oepei. Mbicalibl, aBTOMATThI Xabapiay Kyienepi MeH MOOMIIbI1
KOCBhIMINIaJap XaJbIKThl 3BaKyallusjay KaXeTTUTIrl Typalibl YaKThUIBI Xal0apaap eTydl KaMTaMachl3
eTell, COH/Iali-aK HYCKayJiap MEH KO3FallbIC OaFbITTapbIH YChIHABI. By ”HHOBaIMsIIAp ToyeKenIepIi
azaiiTyra jxoHe TeTEeHIlEe >Karnaiiapaa emipai cakrayra kemekreceni. Cyper 1 ge sBakyauusuiay
JKOCIapiiapblH jKaKcapTy/aa KOJJIaHbUIAThIH MHHOBAIUSUIBIK TEXHOJIOTHUSIIAp KEeATIpUIreH [7].

Cyper 1 ne KepceTUIreH BUPTYalJbl )KOHE KEHEHTUITeH IIBIHIBIK TEXHOJOTHMACHI TYpIi
TOTEHINIE CICHAPUIIEPII WMMHUTAIMSUIBIK MOACTBACYMl Ko3neimi. VMUTanusiIblK MOAebaeY
9BaKyalusi TPOIECTepiH Oaranay >KOHE >KaKcapTy VIIIH MaHBI3AbI Kypalapibl YChIHA OTBIPHIIL,
TOTEHIIIE >KaFiaiapApl dBaKyalUsJIayqsl Tajjay MeEH >KOcCTapiayaa MaHBI3Ibl pesl aTKapajbl.
Monenbaiey >7eMEHTTEepiH TOTEHIE JKaFdaiiapaa OpbIH alaThlH TYPJIi MpoILEeccTepre KOJJIaHyFa
6onazp! (cyper 2).
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B e R e - B
o XaNbIKThI 3BaKyalsIIay ® MoOuiIbi KochIMIIIanap

Typaibl xabapaap eTy yIiH nakgananymibFa HBaKyalHs
SMS, 1. momTa, TypaJIbl )KeKe aKInaparThl,
QIICYMETTIK MEJIHa jKOHE COHBIH ILIIHAE eH Kayilci3
TeneOH KOHBIPAYIapbIH MapIpyTTapasl, KUHAY
KOca aiFaHia, 9pTypii OPBIHAAPHIH XKHE KOJ
OaliTaHBIC apHATAPHIH JKeTiMAi OacmaHamap el
nalganaHaiel. YCBIHA aajpl.

€ I"'AX »BakyanusibIK
MapuIpyTTapAbl
JKOCTIapiayra )KoHe KayinTi
aliMakTapbl aHbIKTayFa
KOMEKTECETiH aliMaK
JepeKTepiH Tamay KOHE
BU3yalu3alysIIay YIIiH
KOJIIaHBUIABL.

Yannaii eckepty
Kynenepi

Mob6unbgik
KOoCbiMLIanap

FeoaknapatTbIK,

yiienep

4 . ) 4 ) 4 )
* JlpoHap anat aiMakTapblH *Fumaparrap anamaap * BupTyanel sxoHe

Oapiay xoHE OaKpLIAY, aFbIHBIH OacKapa aJaThlH KEHEUTUIreH IIBIHIABIK
JKOJIZIAP MEH HAaKThI JKOHE IIYFBUI HIBIFyFa KOJI TEXHOJIOTHSIIIAPBI 9PTYPII
YaKBITTaFbI JKETKIZYIl peTTeHTIH TOTEHIIIE CIIeHaApHIAIepIi
HHGPAKYPBUTBIMHBIH Kaii- JKyHenepMeH MMUTALMSIIAA OTBIPBIIL,
KY#i TypaJibl MoJIIMETTEp JKaOIbIKTaIIFaH. JKATTBIFYJIap YIIiH

Oepy YIIiH KOJTaHBUIAIEL.

KOJIJaHbLIaIbI.

fumapatrapabl
6acKkapyAbliH,
MHTEeNNEKTYaNAbI
Kynenepi

Buptyanapl xaHe
KeHeuTinreH
WbIHADBIK,

OpoHaap meH
YLWKbILICbI3 yLIYy
annapartrapbl

Cyper 1. OBakyanusiiay »)ocrnapiapblH *KaKcapTyaa KOJJaHbUIaTEIH MHHOBALMSUIBIK TEXHOJIOTHIIAP

Anampaap
arbIHbIH
MOJEIBALY

Keke
EPEKIIeIIKTEP 1
€cemnke any

0):4%
KATTBIFyJIapbl

Y~ MuTamusiisIK
MOJICTIBIACY/I1
KOJITaHY/IbIH
HETI3T1
acIeKTiiepi

Kayincizaik
IHIapajxapbIH
Oaranay

Kopuiaran
OpTaMeH e3apa
opekeTTecy

Typai
CIIeHapuiiepai
Tanjay

Cypert 2. UMuTanusuibIKk MOAETBALY/1 KOJAaHYABIH HET13T1 acleKTiiepl

NmMutanusnplk MOAENbILY KYHEIep MEH MpOIecTep/l 3epTTEYMIH THIMII Kypajbl OOJIbIM,
MOJIETIBJICHTeH OOBEKTIHI MYMKIHIITIHIIE 197 KOHE HAKThI KOPCETYTe >KOHE OHBIH KYMBIC I1CTEy
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JMHAMUKACBIH 3€pPTTEyre, COHBIMEH Oipre, >KyHeHiIH MiHE3-KYJIKbIHA €TIKTeyre MYMKIHIIK Oepeni.
Mogenb/e yakpITThl OacKapy MyMKIHJIIT1 Oap: *KYHEH1H KYMBICBIH Tajiay YIIiH Oasysary xoHe Oasty
KYPETiH Xyhenepai MoAenpaey YIIiH Kpurgamiary. Kaszipri yakpITTa MMUTAIMSUIBIK MOJAEIBACY
KypaJijapbl bIHFaliabl rpadpukaiblk uHTepdeiiciMeH, oObekTire OarbITTasiFaH Oargapiamalnay
Tingepin (Java) KongaybIMEH, Ke3-KEJITeH KOJIAAHYIIbl YIIiH oMOeOamnThIFbl MEH HMKEMAUTIriIMEH
TaHbUIFaH. by OarmapiamMaiblK Kypajiap MEHIepyre oHail >KoHe OipHeIIe MOJAEIbILY SICTepiH
KOJIJIaHy MYMKIHJIITIMEH TaHbIMal [8].

JKCNepUMeHTTIK 06J1iM. byJ1 FBUIBIMU )KYMBICTA afaMaap/Abl TOTEHIIIE KaF1al Ke3iHe cayaa
OPTaJIBIFBIHBIH FUMAapaThblHAH HBaKyalusuiay IPOLECiH MOAETBACY Maceieepi KapacTbIPhLIaIbl

(cyper 3).

Cyper 3. Cayna opTaJIbIFBIHBIH CXEMaChI

3aMaHayu cay/a OpPTaJIbIFbl, 9/IETTE, cay/ia )KOHE OWBIH-CAYBIK, OPTYPIIi KbI3METTEP/li YChIHATHIH
KacinopsiHaap Oipiecrtiri. Cayna opTaibIKTapbIHBIH KYH CaiibIH aJjlamiap KeIl >KHHaJIaThIH OpBIH 00Ty
(bakTici FUMapaTTaH eIes MIBIFY YIIH 3BaKyarusuTbIK JKOCIapAbl AYPHIC MMai1amany/Isl Tajlam eTel
KOHE aJlaMap/IbIH eMipiHe Kayill TOHAIPETIH KaFAalaapAblH €H BIKTUMal OpHbIHA alfHaJIAbIPaIbI
[9].

Cayna opranbIKTapblHIa CypeT 2 1€ KepCeTUIreHneH, TYpJi CIEeHapuijep MOJeNbIeHY1
MYMKiH.

Cayna opTanbIKTapbIHAAFBl aJaMJap aFrbIHBIH MOJENbJEY ©T€ MaHbI3IbI, aJaMAaplblH Kell
IIOFBIPIIAHYBI KOHE OJapJbIH KemTenici 00mysl MyMKiH. OpTajiblK KONTETeH AYKeHAep, Kademep,
OWBIH-CAyBIK aliMaKTapbl KoHe OipHelle JeHreiyepi Oap KypAeni KypbulbIMFa ue. OpT Hemece
TEPPOPIIBIK MAOyBIIAAp CUSAKTHI TOTCHIIE JKaFAaiiap Ke31H1e KeTyIijaep MeH KbI3METKepJIepAl Te3
KOHE Kayilci3 sBakyauusuiay KaxeT. IMUTaIMSAIBIK MOAETBACY Kypaijapbl dBaKyalus MpoLeciH
OasynaTysl MYMKIH BIKTUMAJ KeAEprijiep MEH KayinTi HyKTeJIep/Il aHbIKTayFa KOMEKTECEI].
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Mogenbaey TOTEHIIE XaFqaillapAblH OPTYpPJi CIEHAPUIANIEpi, COHBIH IMIIHIAE OPTTEp, Kep
CUIKIHICTEp1, TEXHOTEHIIK arnarTap XoHe TePPOPHUCTIK aKTIIEP/Il OJAPbIH IBAKYyallHsl IIPOLIECTEPIHE
ocepiH Oarasay KoHE OHTAMIIBI SPEKET €Ty CTpaTerusIapbiH Taly YIIiH ChIHayFa MYMKIHJIIK Oepeti.

NMuTanusiiblk MOAENbCY apKbUIbl KOJJIAHBICTAFbl KayllCI3[AIK IIapajapbl MEH 3BaKyalus
KOCTIApJIapBIHBIH THIMIUIITIH Oaranayra »oHE KayllCI3HIKTI KakcapTy YIIIH aHa Inapajapabl
o3ipJIeyre JKoHE ChiHayFa 00Jaibl.

VMuTanusiaslk MOJENbIACP KBI3METKEpINIEpi OKBITY JKOHE 3BaKyalUsUIBIK JKATTHIFYJIap.Ibl
aZlaMJIapJblH KaThICYBICHI3 KYPri3y VIIIH MailadaHbulybl MYMKIH, OYJ1 MYHJAW KaTTHIFyIapAblH
TOyeKelNepi MeH KYHBIH TOMEHICTE .

Mogensaep aaamIapiblH OpTYpil cuUmarramanapel  (kacbl, (U3MKANBIK Kargailbl,
MICUXOJIOTUSJIBIK €PEeKIICTIKTEepl) ecKepyl MYMKiH, Oy jKacanaThlH Talnaydbl JNIIpeK eTell KoHe
ABaKyallus KOCIIapIapblH XaIbIKTBIH OApJIBbIK TONTAPBIHBIH KAKETTIIIKTepiHEe OeHiMIeyre MYMKIHIIK
oepei.

Mogenbaey afaMHBIH KOpIIaFaH HHPPAKYPBUIbIM jKoHE TaOUFH OpTaMEH e3apa dpeKeTTecyiH
Tanmayasl KaMTybl MYMKiH, OyJI KaJlaJblK jKoHE TaOWFM Kar[aia 3BaKyalHsHbI JKocrapiay YIIiH
MaHBbI3/1bI OOJIBIN CaHANAIbI.

ArtanraH ¢axTopiaap UMHTALUSIIBIK MOJICIBACYNIH dBaKyalys MPOLECTEPiH OHTANIaHIBIPY,
OJIApJIbIH TUIMIUTITIH apTTHIPY kKOHE TOTEHIIIE JKaFAainapaa afaMaap/IslH eMipi MEH JAeHCAYIbIFbIHA
KayiI-KaTep/i a3aiiTy yIIiH KyH/IbI Kypajl eKeHIIriH KopceTesi.

Terenmie >xarnmailmapia axamaapibpl FUMapaTTapAaH >koHe Oacka Ja ipl HbICaHIaplaH
IBaKyalMsUIay/Ibl KOCIApIiay JKOHE Taljiay YIIiH UMHUTAIMSUIBIK MOJICIBICYIIH OPTYpil Tocuiaepi
KOJAaHbLIaAbI. byJT TocinaepiH opKaiChICBIHBIH ©31H/IIK epeKIIeiKTepi Oap KoHe HAKThl MiHIETTED
MEH IapTTapra 0aiIaHbICThI KOJAaHbIIAABL. TOMEHIE €H KOl KOJIAHBUIATBIH YIII TOCIT KOPCETUITeH:

ATeHTTIK-OaFbITTaIFAaH MOJEJBJACY: 9BaKyalllsl Ke3iHIE >XEKe areHTTepAiH (aaaMIap/bIH)
MIHE3-KYJIKBIH 3€pTTey VIIIH dcipece maiianbl. byn Tocinm agamaapabiH (U3HKAIBIK SKarJaibl,
MICUXOJIOTUSJIBIK epeKLIeIIKTepl jkoHe 0acka aaMJapMeH He KoplaraH OpTaMeH KapbIM-KaTbIHAChIH
€CKEepe OTBIPHII, OJIAP/IbIH KEKE OpPEKEeTTEP1 MEH peaKUsIapblH MOAENbEYre MYMKIH/IK Oepeni. by
9BaKyalMSHBIH OPTYPJIi CTpaTEerHsUIapbIH TaAayFa KOHe KOpIIaFraH OpTa/Jarbl e3repicTep Mpouecke
KaJlall ocep eTeTIHIH aHbIKTayFa MyMKIHJIIK Oepei.

JIMCKPETTIK-OKUFANBIK MOJENbICY: JKYMEHIH ©3repyiHe OKeJleTiH OKuFalap Ti30eriH
MOJIENIbJIEYyTe JKOHE Tajijayra OarbITTalfaH. OBakKyallMs KOHTEKCTIHAE Oyl aalbuigapibl
OesceHaipyal, MbIFYIapAblH KOJKETIMAUIITIHIH ©3repyiH, KeeprilepliH 9cepiH koHe T.0. KaMTybl
MyMKiH. Byn Tocim Oenrini Oip OKWUFajap[blH HEMECE >KaFJaiJlarbl ©3TepiCTEp/iH dBaKyallus
KBUIIAaMJIBIFBI MEH KayiICi3/IiriHe Kanai ocep eTeTiHIH TYCIHY YIIIH 6Te KOJTalbl.

XKyitlenik TuUHaAMHMKAJIBIK MOAEIBICY: OYJI 9J1IC JKEKe alaMIap/IblH OpPEKETTEPIH erKel-Ter kel
Tajjayfa OHINA KoJaiibl OGosMaca jAa, *KyHeneri AWHaAMHMKaJbIK ©3repiCTepAl >KOFapbl JeHreiae
Oaranay yIIiH mainansl. byn amamaapablH KO3FaJbIChl Typajbl JAepeKTepi OipiKTIpy/i, aFbIHIbIK
MPOLIECTEeP/ll TaAAy/Ibl JKOHE OpTYpJIl cascaTTap/blH HeMece MH(PPaKyphUIBIMAAFBl ©3repiCTepaiH
ABaKyalMsUIBIK 1C-1Iapajiap/IbIH KaJIIbl THIMJILTITIHE dcepiH Oaranayapl KAMTYbl MYMKIiH.

Bbyn Tocinaepai keke Typae He OIpIKTIpill KOJJaHy KayilCi3IiKTI KaMTaMachl3 €Tyre »oHe
TOTEHILIE JKaFJaiiap Ke3iHae eMip Ccypy KayIiH a3aiiTyra KOMEKTECETiH 3BaKyallus OcCHapiapblH
o3ipJey JkKoHE OHTANIaHABIPY YIIIH KYH/BI akmapat Oepe anaasl. Tuimai Moaenb ey nmpobiemManapasl
Oormkayra, amaMaapAblH peakiusIapblH Oaranayra >koHe MH(PaKypbUIBIM MEH MpOLEeAypaiapabl
XKaKcapTyFa KOMEKTeCce/Il.

Anamaapabl TOTEHIE >KaFail Ke3iHJe cayJa OpTAJIbIFBIHBIH FUMapaThblHAH dBaKyallHsiay
MPOIIECiH KapacThIpaMbI3. bacThl MaKkcar — 3BaKyalusiiay JKOCIAPBIHBIH THIMII MOJEIH KYpy KoHE
9BAaKyalMSUIBIK YaKbITTBl a3aiTy Ooubin TaObuiaznel. HoTmkene amaMaapabl LIbIFapy MpOLECIiH
KakcapTy, FUMapar OacnaiJakTapbl XOHE elleH 3alblHaa OOy YaKbITBIH a3aiTy OoibIHIIA
YCBIHBICTAP/bI aHBIKTAY YIIIH aJbIHFAaH MOJCIBI1 OHTAMIAHIBIPY KAXKET.

OchbI J)XYMBIC asICBIH/IA KeJIeCl MIHACTTEP i OPbIHAAY KaXKET:

1. DBakyanusnaHFaH agaMIapIblH CaHbIHA O0AMTaHBICTHI MIBIFY/bI TAHIAYABl OHTAUIAHIBIPY;
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2. DBakyanus Ke3iHje Oacmanmakrapia KeNTelTiCTepAiH maiia OONMybIH a3aiiTy HeMece KaKeT
OoJFaH )KaFdaiiia omapJaH Te3 KYThUTY.

Cayna opranbIFbIHIA 5 AYKEH Oap aemik, oHbIH 1-i (mapTTel Typae arbl Jykenl G6oncein) — 1-
Kabarra, KanraH 4-1 (Jlyken2, Jlyken3, [{yken4 xone JlykenS) — 2-kabarra opHanackaH (cyper 3). 2-
kabattan 1-re Tycy ymin 2 6acnangax 6ap (bacnl sxone bacn2). bipinmni kabaTTarsl AYKEHHEH HIBIFY
ecirine aeiin Oip momi3 ([omi3) >xoHe exi 3anm Oap (3anl xone 3an2). 3anmaH MWBIFAThIH 4 IIBIFY
ecikrepi 06ap (Ecik1, Ecik2, Ecik3 xone Ecik4). OnapasiH anaslHAa MBIKKaHIAPIAbIH JKaJIlbl CAaHBIH
€CKEpETIH JKOHE Kall eciKke KiOepy KEepeKTiriH aHBIKTaNTBhIH mapT Oap. TeTeHie karmail Ke3iHae
cayna opraibsiFbiHaH Oapibirsl 1500 agaM sBaKyanusuiaHa bl

DBakyallisi JKOCIApBhIHBIH MOJENIH KYpy >KOHE OHTailmanislpy Anylogic HMHUTALMSIIBIK
MOJIENIBICY JKYHeCiHae )Ky3ere achipbutybl MyMKiH [ 10]. YKocmapaslH opbIHAAYy JTOTUKACKH 4-CypeTTe
KOPCETIITCH.

souUrced holdl sinkd

e @ o
bacnl 3anl Ecikl_tangay Ecikl
ul - X
Dyrens Oaniz Ecik2

cnangak_fangay Qykenl

yrend

Bacn2 3an2 Ecik2_tangay Ecik3
3 &3¢ o
Ecird

ykens

9

Cypert 4. AnyLogic opTtacbiHaa cayia OpTaibIFbl )KOCTAPbIHBIH UMUTAIUSUIBIK MOJEINI

KopsbIThiHabl. MyHzaii Monenpiep oJeTTe areHTTepiH (KeayuIiepaiH) MiHe3-KYJIKbIH
MOJIETIBIEY YIIIH SPTYPJIl aJITOPUTMIEP/l TMaimanaHaabl, COHBIH IMIHAC MIeNNM KaObuiaay YIIiH
BIKTUMAJIJIBIK YJIECTipiMIepi, AyYKeHaAepae OO0y yakbIThl skoHe T.0. MyHzmalt MoJenbal Kenyuiiaep
arbIHBIH Tayjgay, AYKEHIEpIiH HEMece UIbIFy €CIKTEpiHIH OpHajacyblH OHTAWJIaHABIPY KOHE
HBaKyalMsHbI JKOCTIapiay YIIiH naiananyfa 60i1asl.

Cyper 4-Te KOpCETUITeH MPOIECCTIH JOTHUKAIBIK MOJCNIH ICKe KOCY HOTHIKECIHJE, SIFHH
MMUTALUSIIBIK MOAETIBACYIIH HOTHXKeTIepi OOJIBII Kesleci cunaTTaMaiap 00mybl MyMKIiH:

1) TpaH3aKUMAHBIH XYHene 00y yakbIThI (Cay/ia OpTaIbIFbIHAAFI a1aMIap);
2) Ke3eKTe TYpFaH aJlaMJIapAbIH KYTYy yaKbIThI;

3) Ke3eK Y3bIH/IBIFI;

4) kigipic oneparopiaapbiHbIH KYMBICHI.
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OTYET O CO3IAHAY UMUATALIMOHHOMN MOJEJHU A5 ONITUMHU3ALIANA
TIIJTAHOB DBAKYAIIMA B YPE3BBIYAMHBIX CUTYAIIUAX

AHHOTAIINA

B npencraBieHHON HayYHOH CTAThe OCYIIECTBISIETCS aHAJIU3 U ONTHUMM3aLMs [JIAHOB 3BAaKyaluu [IPU
YPE3BBIYANHBIX CUTYaLHSIX C NOMOUIBIO UMUTALMOHHOIO MOJAEIUPOBAHMS, OCBEIIAsl KIIFOUEBBIE ACHEKThI U
MPUMEHEHUE HOBEHINMX WHHOBAI[MOHHBIX TeXHONOrui. Pabora momuepkuBaeT BaKHOCTH APPEKTUBHON
OpTraHU3aliy YBAKYyallMOHHBIX MEPOIpPUSATHH U PAacCMaTPUBACT, KAKHE OCHOBHBIC 3JIEMEHTHI HEOOXOAUMO
YUHTHIBaTh TpH TutaHupoBaHuu. (Oco0oe BHUMAaHHE YIENIACTCS HCIIONb30BAHHIO COBPEMEHHBIX
TEXHOJIOTMYECKUX PELICHUH JJIsl TIOBBILICHUSI TOYHOCTH U 3PPEKTHBHOCTH dBaKya[HIOHHBIX TUIAHOB. ABTOPBI
JETaJIbHO aHAJIU3UPYIOT METOABI UMUTALIMOHHOTO MOJIEIMPOBAHUS, TTO3BOJISIONINE BUPTYyaJIbHO BOCCO3/1aTh U
ONTHUMU3UPOBATh TMPOLECCHl 3BAKyallMM, YTO 3HAYUTEIBHO YIyYIIaeT TIOATOTOBKY K BO3MOXHBIM
Ype3BBIYAHBIM COOBITHSIM. B cTarhbe ommchIBaeTcs, Kak IUIAHUPOBATH HBAKyalldI0 W3 TOPTOBOTO IIEHTPA,
aHaNM3UPysl pa3Hble BO3MOXKHBIC CHUTyallMd M BBIOMpas Jy4lllMe CIIOCOOBI ACHCTBHH. DTO HCCIENOBaHUE
MIOMOTaeT YIyYIIUTh TUIAHBl ABAKyalldid, YTOOBl YMEHBIIHUTH PUCKH W JydllIe 3allUTHTH JIONEH B Cilydae
YpEe3BbIYANHBIX CUTYaLUH.

KioueBble ciioBa: 4pe3BbIYAHBIE CHUTYyalldd, MOJAEIMpOBaHME, dBakyarus, AnyLogic, TOproBeii
LEHTp, TUIaH U ONTHUMH3ALHS.
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A REPORT ON CREATING A SIMULATION MODEL FOR OPTIMIZATION OF
EVACUATION PLANS IN EMERGENCY SITUATIONS

Abstract

The presented scientific article analyzes and optimizes evacuation plans in emergency situations using
simulation modeling, highlighting key aspects and the application of the latest innovative technologies. The
work highlights the importance of effective organization of evacuation measures and considers which basic
elements need to be taken into account when planning. Special attention is paid to the use of modern
technological solutions to improve the accuracy and effectiveness of evacuation plans. The authors analyze in
detail the simulation methods that allow virtually recreating and optimizing evacuation processes, which
significantly improves preparation for possible emergency events. The article describes how to plan an
evacuation from a shopping center by analyzing different possible situations and choosing the best ways to act.
This research helps to improve evacuation plans to reduce risks and better protect people in case of
emergencies.

Keywords: emergency situations, modeling, evacuation, AnyLogic, shopping center, plan and
optimization.
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BEB CAUTTHI KYPACTBIPYFA APHAJIFAH 3AMAHAYU KYPAJIJIAP

Tyiiin

Kasipri tagna Be6-kocsIMImanapsl KypacThIpyIaFbl MaHBI3IbI SJIEMEHTTEPIiH Oipi — o1 OarnapiaManay
OPTAaChIH IYpHIC TaHAall Olly, COHBIMEH KaTap OojapAbl KYpacThIPAaTbIH MaMaHAAPIbIH JalbIHIBIK ACHIeHiHe
oHe OimikTimirine OaimanbicThl. by makamaga BeO caiiTrapabiH Herisri Typnepi, Web-caiiTrapabl Kypy
Ke3eHJepiHe erKel Terkeini mony >xacanraH. KapamalipiM calTThl, sFHM OaiijlaHbic akmaparbl Oap
BUBUTKAJIBIK CAHTTHI 93ipiey YIiH KOJJAHBUIATHIH 9ICTEP KapacThIpbuIFaH. BeO-KochIMIamapabl xKbUaaM,
opi camaibl eTilm KypacThIpy YIIIH KaKeTTi Oarmapiamanay TilifiepiHe TONBIKTai mIody jkacanapl. BeO-
KOCBIMIIIAJIapbl d3ipieyre apHajfaH 3aMaHayd Kypaljap, COHbIMEH Karap BeO-KOChIMIIANapibsl Kypyna
KOJIJaHBUIaTHIH OaFapiamanay TilgepiMeH Koca, IepeKkTep Kopiapsl, PpeiMBOPKTap Typaibl TOJBIK aKmapar
Oepinmi. Be® KoChIMIIaHBI KYpacThpyda KOJJAaHBUIATHIH Oarmapiamanay TingepiHiH Oip-OipiHeH
APTHIKIIBUIBIFEI MEH KEMIILIIT, BeO TEXHOJOTUS KypaljapbliHa Tajuay Kacasibl.

Kinrrik  ce3nep: Xocrtunr, Jlomen, Opaysep, cepep, Beb-kockimima, model-view-controller,
(hpeiiMBOpK.

Kipicne. Kazipri koramapl akmapaTTaHAbIpy ajgaM KbI3METIHIH OpTYpJl cajanapbiHa
aKnaparThIK-KOMMYHUKAIUIIBIK TexHosorusnapaslH (AKT) kypannapsl MeH oficTepiH €HIi3yMeH
OaiinaHpICThl. By ynepicre enitik TeXHOJOTHsIIap MEH KOMMYHUKaIMSIIapAbl JAMBITY €peKIle pes
aTkapaJpl, OJ KOPIOPAaTHUBTIK aBTOMATTAHJBIPbUIFAaH aKNapaTThIK JKyHenepal >KoHE KeNLIiK
ANEKTPOHBIK KOMMepLus >kobanapblH Kypyaa kepiHeni. LlIbHbIHIA 1da, Ke3-KeNreH 3aMaHayu
KOCIMOPBIHHBIH KbI3METI, CITTI IaMybl, TAHBIMAJABUIBIFBI OChl KOPIIOPATUBTIK BEO-CAUTTHI KYpy KoHE
KYpPrizyMeH, COHbIMEH KaTap Ka3ipri TaHja oJIEyMETTIK XKelliJe dKapuslaHybIMEeH OaliIaHbICThI.

Teopusiabik Taagay. biz KyH callblH KOMIBIOTEpAEri HeMece MOOWIIBIl KYpPbUIFbIIAFbl
Opaysepae VHTepHEeTTeH akmapaTThl i37IeTE€H Ke3/le JOMEHMIK aTaynapibl KeszaecTipeMis. [3mey
KyHenepiHae MbpIcaliblFa anathlH Oolicak, Google Hemece SHmexc akmaparThl i37€y Ke3iHze 013
clITeMere eTil, caliTTapJbIH OeTTepiHe Kipemis.

byn caifrrapabiH OapibIFbIHAA JOMEHJIIK atay Oap - Oyl CallTTBIH Keke araybl. MpIcalibl:
Mail.ru, Google kz, Yandex.ru, xone T.0.

Jlomenaik aray - Opay3ep >KoJarblHAa KOPCETUIETIH CAalTThIH aTtaybl. KypblIbIMbIHIAFEl JOMEH
aTaynapbl ISHIeilik nepapxus OoJbI TaObLIaIbI.

XoctuHr — Oyn MHTepHeTke TypakThl Kipy MYMKIHIIrT Oap cepBepiepae akmaparThl
OpHAJIaCThIPy KOHE cakTay Kbi3MmeTi. CepBepiep XOCTHUHI MpoBaiijepiHe Hemece OelieK KbI3MEeT
KOPCETETIH YIbIMFa THECIII MaMaHAaHABIPBUIFAH KOMMaaa — JIEPEKTep OpPTaIbIFbIHIA OpHAIACKAH.
XOCTHHT YCBIHATBIH pecypcTapibl KalllbIKTaH 0acKapy apHaiibl OarjapiaMaiblK KaMTaMachl3 €Ty
(xocTuHTTIH O6acKapy maHeNl )KOHE €CEeN albIPhICY TTaHe 1) apKBLIbI )KY3€Te aChIPhLIAIbI.

XOCTHHI TIE€H JOMEH apachIHJarbl albIpMaIIbUIBIKKA KeJep OO0JICaK, XOCTHHI Ke3-KeJreH
MHTEPHET-PeCypCcTapbl OapibIK AepekTep MeH (PYHKIIMOHAABIK JIEMEHTTEP Il CaKTay YIIiH KaXKeTTl
KEHICTIKIIEH KaMTaMachl3 €Ty YIIIH KaXKeT, aj JIOMEHJIK aray i3/ey »KOJIaFblHa Kipyre apHallFaH
OHJIAH pecypcTapIblH CUMBOJIIBIK MEKEH-Kalbl 00JIbIN TaObL1abl. MbIcanibl, Www.asu.ukgu.kz.

JlomeHik atay - Oy nmaiiianaHyIibulapFa OHbl OacKaslapblH apacklHa TabyFa KOMEKTECETiH
HNHuTtepuerTeri calTThiH OpHBL. ETep moMeHmik araynap 6oimMaca, CAalTThl Ta0y MYMKIH OOJIMaiiibl,
COHBIMEH KaTap THUICTi (a1 opHbI O0nMaca /1a, CalTTHI iCKe KOCY MYMKIH OOJIMaibl.

Caift KypacThIpy/a OHBIH TYypJIepiHe JIe MOH OepreH »oH. CalTTapbIH HET13T1 TypJepiHe Kenep
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Ooncak:

—HWurepuer-nykenaep. Onap Tayapiapabl caTyFa apHaJfaH cadTrap. OJeTTe MyHaail
cafTrapipl TayapiaplblH YJKEH acCOPTUMEHTI Oap OoyiraH kardaija, Tayapra Tikened yHIeH
KETKi3y apKbUIBI TAICHIPEIC OepyTe apHAIFaH calTTap.

—BusuTka caiiTel. 3-TeH 5 OeTKe IeliHT1 KapamaibiM CaiT, OHJIa KOMITAHUSHBIH KOHTAKTiIepi,
MEKeH-Kaliappl AKoHE KOMIIAHU Typajibl aiJalibl aKIapaT OpHAIACThIPbLIAbL.

—Ilopranaap. byn kananslk mopranjgapra yKCallThIH caiiTTap, OHJa ’KaHAJIBIKTap apHajaphl,
dbopymap koHe maiiiaasl KbI3METTep (aya paiibl, moriTa, i3ney) 6ap.

—Landing page. by 6ip 6eTTik caiit, eHIMHIH HEMece KbI3METTIH Ju3aiiHbl 0ap OacTankel O€T.
By BeO-caliTThIH MaKcaThl - Oip OHIMII HeMece KbI3METTI )KOHE OHIMIep MEH KbI3METTEPIIH [IaFbIH
TOOBIH caTyFa apHaJFaH.

—Caiit-karanor. OHBIH MaKcaTbl — HHTEPHETTE 63 OHIMJEpiH JKapHaMaiayFa apHaJFaH CaiT.
Byt caiiT karanor jkoHe ilIKi caHaTTapAaH TYpaJabl, COHBIMEH KaTap Ci3 MpeHCKypaHTTap.Ibl KYKTEH
aJ1achl3.

—Kopnoparusrik BeO-caliT »oHe KOMIIAHHUSHBIH BeO-caiThl. XKaHanmbIKTapbl, *KapHaMasblK
aKIUsUIapbl, KBI3METTEpHiH Oerimzaepi MeH OemiMiienepiH, MOPTQOIHOIAP MEH IMIOTYJIap.Ibl
OpHANACThIPy MYMKIHJIITiH OEpETiH CalT.

—bnor. Byn agamzibl KbI3BIKTBIPAThIH HEMece Killli KeJeMIi Oip TaKbIpBINTAFbl JKEKE CaT.
TakpIpbIn ke3-kenreH OarpITTa 00IYbl MYMKiH. AKIIApaTTHIK CaliTKa YKCac CaiT.

—Caiit-ranepes, mnoptdommo. DoTocyperTep OpHAIACTHIPBUIFAH KapamalblM CalTTapra
cinteme xacaiinel. Cyperiii, potorpad xkoHe jxeke 1medep YIliH 6Te KOTaiabl CalT.

—AKnaparTelK caifttap. bip OarbiTKa apHainfaH Killll KeJeMJl TaKbIpbIl OOTybl MYMKIH.
Mpicanbl: OHBIHAAP, IEHCAYIBIK, KOTIK JKOHE T.0. TAKBIPBIIITAFbI CAT.

—®dopymuap MeH KaysIMIacTeiKTap. Onap caiiTrapapiH Oelriri Hemece 0eJieKk pecypc peTiHe
xobanaHysl MyMKiH. KeOiHece nmopranjia HeMece aKnaparThlK caiiTTa OpHanacaibl.

— Arperatop:iap MeH 6a3zapnap (aennanislk caiitrap). Onap opTyp:i OM3HeC uenepi yCbIHaThIH
TayapJiap HeMece KbI3MEeTTep/IiH KaTalorTapblHa apHaiFaH caifTrap. Onap akbuIbl ’KoHE TETriH 00Tyl
MYMKIiH. Terid onuusiiapablH MYMKIHAIKTEp1 MIEKTey 1 O0JaThIH CalT.

Ocbl KOFapblla alUTBUIFAH CaMT TypJsepiHiH imliHeH Busutka—calTrapael KapacTbIpailbK.
WuTepHer-caliTTap MeH BeO-KOCBHIMIIAJIAp/Abl 33ipjey oJicTepl MeH Kypajijgapbl KapamnaibiM
BU3UTKAJIBIK CaWTTap/bl jkacay MYMKIHJITIHEH YJKEH KeJeMJlerl JepeKTepli OHIEHTIH MXKoHe
CaKTaWThIH CEPBEPIIIK KOChIMILIATIApbl 331piieyre AeiiH JUHAMUKAIIBIK TYPAE JaMblIl Kelel.

KapamnaiibiM cailTThl, OHBIH ILIIH/E CHMaTTaMackl MeH OaillaHbIC aKnmapaTbl 0ap BU3MTKAJIBIK
CaWTTHI 931pJIey YIIIH SPTYPIIl SICTEPAl KOJMJaHyFa OOIaIbl:

—HTML kyxareiH xacay, srHu, biiokHOT penakropsiH naaanasnsin, HTML konblH KonMeH
TEpiHI3 ’)KOHE OHBI KJIMEHTTIH JKYMBIC CTAHIMSCHIHJAFbI IIOJFBII apKbIIbl ICKE achIPbIHBI3, COAAH
KEW1H OHBI XOCTUHT KbI3METTEPIH MaiiJaIaHbIT TPOBaIepMEH Oipre sKapHusIaHbI3;

—MYMKIHIIKTED MEH BIHFAHIBUIBIKTApABIH YIIKCH >KHHAFBIH TaiganaHa oTepbi, Adobe
Dreamweaver pegaktopbIHbIH keMeriMeH Oipneit HTML kykaTbiH xacay;

—OpTYpJIi TaKbIPBINTHIK OaFpITTap MEH Au3aiiHIarbl BeO-calTTapisl o3ipiey YIIIH JaibIH
KaOBIKIIIa calTTapApl MaiijanaHy, COHBIMEH KaTap aKbIChl3 HEMECE aKbLIbl XOCTHHI KbI3METTEpiH
al1ajgasa OTBIPBII, CAaUTThl IHTEpHETTE XKapusiay.

KapanaiiblM >koHe MHTEpaKTUBTI €MeC CaWTTaplbl J3ipieyldeH alblpMalllbUIbIFbI, CEepBEpIE
JepeKTep/l OHJEYIl ICKe KOCATBhIH OHE OpPBIHAANUTBIH BEO-KOCHIMIIANAPIBI 931pJey ajIbIHFbI
a03aI1iTa KepCeTUITeHIepre KOChIMIIIA IICTEP MEH Kypaiaapabl KakeT erei. Bed-KochMImanapasiH
namyel HTML konwiH jkacaymaH Oacka apHaiibl Tinge OarnmapiamanaymeH OaiinmansicTel. PHP
OargapiaManay TUTl BeO-KOCBIMINIaJapbl, COHBIMEH Karap, MbIcajbl, Xeprulkri Apache cepBepin
xoHe MySQL nepekkopiapbliH d3ipey YIIiH KOJAaHbUIA b

Be06-kochiMImanapasl  KypacTelpyFa apHajifaH Oarjapiiamaliay opTajapblHa HIONy Kacai
KETeTiH O0JICcaK:
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—JavaScript Oarmapnmamanay Tt uHTepaktuBTi HTML KyXarrapelH skacay YIIiH
KOJIJJTAaHBUIAIbI;

—VBScript KIHEHTTIK ClIeHapUiiJIepMEH KaTap cepBep CLEHAPHIIepi YILiH e KOJIIaHbLIa IbL;

—Perl xyiienik Gackapy KypaimapbiH o3ipiey yuriH, coHbiMeH Karap CGI cuenapuiinepiH,
AIIEKTPOH/IBIK MOIITAaHbI OHIEY/I1H aBTOMATTaHABIPbUIFaH KYHeJIepiH KoHe BeO-callTTapAabl KOJay Ibl
93ipJiey YIIiH KOJIaHbLUIAIbI.

Be6-kochiMmanapabl  e3niriHeH kobOanay ymiH ci3  Denwer, Joomla, Laravel epkin
TapaTbUIATBIH PECYPCTAPBIHBIH OipiH Maiiaaana anacei3. Op BeO-0armapiamManayiibl ©31He bIHFAMIIbI,
CalT KypacThlpy Ke3iHJle KMBIHABIKTAp a3 Ke3JE€CETIH pecypcThiH OipiH TaHAaibl. MbIcaibl, MEH
Laravel ¢peiiMBopkTi TaHmap eaiM. OUTKEH1 01 MEH YIIiH BIHFAWIbI, 9pi 3aMaHayH (GppeiiMBOpK.

Laravel («JlapaBem» Hemece «JlapaBenb») — Kypaeni BeO KOCBHIMIIAJapMeH BeO-
KOCHIMINIATapsl Kypy YIIiH apHaibl jKacalfaH TEriH KOHE amiblK Oactankel koiael Oap PHP -
¢bpeiimBopki. byn ¢peiiMBopk ayTeHTHUPHUKAIMSIHBI, MapHIPYTTay[bl, CECCUSIApAbl, KAILITEYII,
KOJITaHOAJIbI apXUTEKTYPaHbI, MOJIIMETTEP KOPBIMEH KYMBICTBI )KEHUIIETYTe MYMKIHJIIK Oepe/ti.

Laravel-ni PHP rtininge xox »ka3atbiH backend- o3ipneymrinepi maigananansl. On BeO-
OarapiaMaHbIH KYPBUIBIMBIH aHBIKTAyFa KOMEKTECEIl KOHE OJI YIIiH HETi3 PeTiHIe KbI3MET eTe/Il.
OpeiimBopk PHP TinmiHze jxa3puiraH KOHE OHBIH MYMKIHJIIKTEPiH KeHeuTeni. by ¢pelimBopk MIT
JMIEH3UACH OOWBIHIIA TETiH TapaTbUIAIbI.

Laravel makcarer - MVC (model-view-controller) HeriziHae BeO-KOCHIMIIIaJap MeH BeO
KOCBIMIIIAJIapbI JKacay.

[Tatimananymsl model-view-controller konganOaceiMeH maiiianaHfFaHza, ojlap KepPiHICIEH
KOHE KOHTPOJUIEPMEH KapbIM-KaTbiHacTa Oonaabl. Kepinic - KepHeki MHTEpdeicTe KopCceTuieTiH
aKmapar CUSKTHI OJ1 KOPETiH Hopce. ATl Maiilaianyibl KOHTpOJUIepre Komanaanap oepesi.

Mpeicaiibl, KoygaHOamarel TyHMeH1 0acy KOHTpoyuiepai makbipansl. O yiriHi e3reprei.
ConaH KeifiH KepiHiC JKaHApTBUIAJbI: OJ1 YJTi/IEH jKaHa JEepeKTepAl ajajbl )KoHe KYHIH e3repreni.
Ocplnaiiia, naiiaganysl TYWMeH1 0acy HOTHXKECIH Kopel.

Laravel ¢peiiMBOpKi MbIHaJapAbl KAMTUIBL:

—naiiiananyIsl KOMIBIOTEPIHET1 KogaHOanapabl icke KOCyFa apHajFaH KepritikTi Apache
cepBepi, cepBepAiH (PYHKIIMOHAIIBIFBIH UMHUTAIMSUTANTBIH, MYH/Ia 931pJICHTeH KOJIJaHOaHbI KeWiH
npoBaiinep opHaraabl. Apache - Oyn kpocc-mnardopManbiK, €pKiH TapaTbUIaThIH JKOHE OpTYpl
OTIePALMSUIBIK JKYHeNnep KONIaluThIH OaF1apiiaMaliblK KacaKTama,

—PHP Garmapnamanay xyiteci — BeO-caiiTteiH HTML konbiHa eHrizuireH »xoHe Oenruii Oip
CallTThIH NaiifanaHylIblIapblHAaH allbIHFaH JEpeKTepi ©HJAEY YIIIH CcepBeple OpbIHAATAThIH
Oarmapiama KoaTapbiH a3ipaeyre apHanran C-topizai Tin. PHP (Hypertext Preprocessor — «Hypertext
Preprocessor», Oacrankpiia Personal Home Page Tools — «2Keke Be6-0eTTepai Kypy Kypaiaapb») —
BeO-KOCBHIMIIAJIap/Ibl J31pJey YILIIH KOJJaHbUIATHIH KaJIbl MakcaTrTarbl ClieHapui T, Pacmyc
Jlepopd 1994 xbibl )xacaraH;

—MySQL — monimerTep 6a3achlH OHJIEYTE apHAIIFaH, COHBIH IIiHE KIUEHTTIK Opay3epiepacH
KEJIETIH JIepeKTEPMEH JKYMBIC ICTey Ke31H/IET1 epKiH TapaThlIaThIH OaF1apiaMasblK KaMTaMachl3 eTy.
CepBeprnik  Oarmapinama peTiHae, OipHelle KoJJaHyIIblIapra OlpHelle MAJIIMETTEp KOpPbIH
KoJIJaHyasl Kamtamachid ereai. MySQL cesinzmeri "My" ce3i, OGarmapiama skacaymibichl Maiiki
Bunuetocteiy (Michael Widenius) KbI3bIHBIH aThl - "My" ce3iHeH anbiFaH. An SQL ¢pasacsl -
Kypsiisimaackan Cypansic Timi (Structured Query Language) nerenai Oinmmipesni.

Beb caiiTTel KypacTeipy OapbIChIHIA Kelleciiel BeO TEXHOIOTHS Kypalaapbl KOJIIaHbLIA IbI:
HTML, PHP, Mysql, Laravel, Model-view-controler. Onap 6ip-6ipimen e3apa OaiinaHbicTa 601a/bl.
Omnel 1-cyperTeH kepyre 601aIbl.
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Beb ceprep

Model View —@ﬂ

PHP rinhiin Jeperrep nopex
HHTEPIPE TATOPEL

PHP-cxpycrTep

7

laravel

Tlatmamasyuex
Gpayzepi <_@)/
HTML Kyxar

Cyper 1. Be6 TexHomorusi KypaiaapbIHbIH 63apa 0aliIaHbIChI

Laravel ¢peitMBopKiH oyecKoiliap aa, Kocinkonaap 1a BeO-KoChIMIIIaaap MEeH BeO-callTTapsl
xobaJiay, KypacThIpy JKOHE KalTa eHJey YIIH KeHiHeH mainananansl. ConpiMeH Karap Oy Beb
TEXHOJIOTHS KypajIapblH MEKTEN OKYIIbUIAphl MEH CTyIACHTTEepre BeO-Oarmapiamanayiasbl YHpeTy
YILIiH OKY MaKcaTTapbIH/a KeHIHEH KOJI1aHa/Ibl.

KopsiThinabl. Hotmwxkecinne Be6 kKochiMImamapabl KypacThIpyJblH €H KOIl KOJJIaHbLIaThIH
KOHE 3aMaHayM KypaiIapbl CHIIATTalAbl. 3epTTEy KOHE Tainay OapbIChIHIA BEO KOCHIMIIATIAPBIH
KypyFa apHaJlFaH KypajiJap MEH TEeXHOJOTHsIapIblH CaHbl T€3 ©cCINl Kelle >KaTKaHIbIFbl, BEO
KOCBIMIIIATap bl KYpacThIpy MYMKIHJIIT1 OapFaH CalbIH KOJI KETIM/I1 OOJIBIT KETETIHIIT1 aHBIKTAJIIBI.
Ocbl Makanaja KeNnTipuireH Oardapiiamanay TULIEpl MEH BeO KOCBIMIIA KypacTbIpyFa apHalfaH
(bpeliMBOpKTEP KOMETIMEH KbICKAa MEP3IMJIE KOFaphl carajibl BEC CalT KypacTbIpyFa O0JaThbIHABIFbIH
KOpPCETUIreH.
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COBPEMEHHBIE MHCTPYMEHTHDI JIJIS1 CO3JIAHUS BEB-CAVITOB

AHHOTAUA

OnHUM M3 BKHEUIIIHMX 3JIEMEHTOB B COOpKe BeO-npuiioxkeHuii Ha CeroIHAIIHMN JICHb SABISCTCS YMEHHUE
MPaBWIBHO BBIOpaTh cpely NPOTPaMMHPOBAHHS, a TakKe OT YPOBHS IMOATOTOBKH M KBAJIU(UKAINA
CHELMAINCTOB, KOTOPBIE UX CO3/1aI0T. B TaHHO cTaThe mpeAcTaBiieH NOAPOOHbIM 0630p OCHOBHBIX THIIOB BeO-
caiftoB, 3TanoB cosfanusi Web-caiiToB. PaccMOTpeHBI METONbI, MCIONIb3YeMbIEe il pa3pabOTKH MPOCTOTO
caiiTa, TO eCTh caiiTa-BU3UTHOW KaPTOUYKH C KOHTAKTHON HH(OpMAaIHei. Bbll poBeieH MOTHEI 0030D S3BIKOB
MPOrPaMMUPOBAHUS, HEOOXOAMMBIX Ui OBICTPOH M KaueCTBEHHOM cOopku BeO-nmpunoxenuid. boun
MPEOCTaBICHBI OAPOOHBIE CBEACHHUS O COBPEMEHHBIX MHCTPYMEHTAaxX AJsl pa3padoTku Bed-npunoxeHuid, a
Takke o0 0azax JaHHBIX, PpEHMBOpPKaX, BKIIOUAS SI3BIKU MPOTPAMMUPOBAHHUS, UCTIOJIB3yEeMbIE TIPH CO3JaHAN
BeO-nipwiokeHuid. [IpoaHanu3upoBaHbl IpEeUMYIIECTBA M HEAOCTATKH SI3BIKOB  IIPOTPaMMHUPOBAHUS,
HCTIOJIb3yEeMBIX ITpH cOopke BeO-npuiioxenuil, Apyr oT Apyra, MHCTPYMEHTbI BEO-TEXHOJIOTHil.

KmoueBbie cioBa: Xoctunr, JlomeH, Opaysep, cepsep, BeO-Opayszep, model-view-controller,
($peliMBOpK.
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MODERN TOOLS FOR COMPILING A WEBSITE

Abstract
One of the most important elements in the assembly of Web applications today is the ability to choose
the right programming environment, as well as the level of training and qualifications of the specialists who

133



Oymycmix Kazaxcmanu eviivim Kapuwvicol - Becmuux nayku FOaxcnozo Kazaxcmana - South Kazakhstan Science Herald

create them. This article provides a detailed overview of the main types of websites, the stages of creating
websites. The methods used to develop a simple website, that is, a business card site with contact information,
are considered. A complete review of the programming languages needed for fast and high-quality Web
application assembly was conducted. Detailed information was provided about modern tools for developing
Web applications, as well as databases, frameworks, including programming languages used in creating web
applications. The advantages and disadvantages of programming languages used in the assembly of Web
applications, from each other, tools of web technologies are analyzed.

Keywords: Hosting, Domain, browser, server, Web browser, model-view-controller, framework.
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A.A. Kemkacaposa®, A.E. Kakcanosa, I K. Taraii
PhD noxropsl, ara okpITymisl, M.Oye3oB areiHaarsl OKY, llsivkent, Kazakcran
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BIPTEKTI TEHJAEY YIIIH KOIIM ECEBIHIH HIEINIMI

Tyiiin

Kenteren MaHBI3bI JKaFaaiiapaa CUCTEMaHbIH t COTiHJICr jkal Kyhin X(t) caHcayiaabl BEKTOPBI

apKBUIBI OPHEKTEreH KoJaiibl. Byl BEKTOpABIH e3repy KbUIAAMIBIFBI ¢ -yaKbITKa JKOHE OHBIH e3iHe 0i3
T~ g0 = ¢

MBIHagan t muddepeHIMANIBIK TCHICYTe KeneMi3. MyHIarbl HETi3ri 3epTTeNeTiH
Mocerenep MBIHAIap - SpTypii OacTankel mapTTap YIIiH TeHAEyAiH Oipereil memrimiHiH Oap OOIyBIHBIH
IapTTapbl JKOHE €Ki HeMece KOIl HYKTENi IIeKapaliblK €CENTepiH Oipeceil MEHIIMICPiIHIH OO0IyBIHBIH
mapTTapbl (KaXeTTi, )KeTKUTIKTI HeMece KaXKeTT1 9pi )KETKUTIKTI ), K03 QUIIMEHTTEPI TYPAKTHI )KOHE aifHbIMAJIbI
CBIBBIKTHIK TEHJACYJIEPHiH IMIemiMACPiHIH e3repicTepi, CBI3BIKTHIK JKOHE OEWCHI3BIKTHIK TEHACYIEePiHIH
[IeTIiMePiHiH OPHBIKTBUTBIFBL.

Ochbl KapanaibIM TeHJIEY I Talay apKbUIbL, KaXKBIPJIbI )KOHE TEPEH 3epTTeyiIep HOTHKECIH/IE (PUBUKAITBIK
KYOBUIBICTap Typasibl KeINTereH MaHBI3ABI Nepekrepni amambl3. CoHbIMEH Oipre Oi3fiH KONBIMBbI3AA Oy
TEHAEYAl XKYBIKTaI MENIETiH 9/IICTEP MEH MIIITUHENEPIiH Typ-Typi Oap.

KinTrik ce3aep: mexapaiblK ImapTTap, apryMeHTTiI aybITKBIFAaH TEeHJIEyiep, Oipereimik, OipriHaen
KYBIKTAY, [ENTIMHIH OPHBIKTBUIBIFBI.

ApryMeHTi aybITKbIFaH TEHAEYJAEpIi KapacTelpaiiblk. Onap 3 Ke3eriHie exire OenmiHenl
apryMeHTI KaJIbIC JKOHE aprymMeHTi o3bIK Oounbin. COHFBI  Ke3lepl MyHJIal TeHAeyaepal
¢dbyHK1MOHAN- quddepeHINaNAbIK TEeHACYAep JAeN aram XXyp.

EcenTin KOHBLIBIMBI
biprexti terney ymrin xoitbutran Kommuaiy eceOiH OIpTiHACT >KYBIKTAy OJICIMEH IIECIICHIK.
By yurin ecentiy OepifireHiH KoHe MIAPTHIH YKa3blIl
t
jy'(t) = ly(g),o <t<1

| y(O) =y, %0

(M
€CenTi alJbIMEH HUHTErpaliAblK TeHAey TypiHe kentiperik. On ymin (1.1) TenaeymiH exi

[ t] ) ) X
JKarblH J1a LO,— apaJ'IBIFBIH,Z[a HHTCTpaHZ[aH 6Cp1JIFeH H_IapTTBI eCKCle, KEJICC1 TYpTC
2]

KeJITipeMis;
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t =S t

£
2

4
y(s)ds-2 =y, +22[ y(s)ds;
0

O — |~

t 2 &
V)= Yo+ A[YIAE =] £=25 [=y,+4
0 d& =2ds

. t o . . .
Enmi E OpHBIHA t - KOUCAK, all 24 = u JI€CEK, KeJIeCl TCHICYAl MHTErpajigbl TCHIACYIL

aJlaMbI3
t

2
y(t) = yo+ﬂj y(s)ds,0<t<1
0

o oceiHmail TeHjaeydl Oacka XOJIMeH Je amyra Oomaapl. O ymriH

t
u(t)=y(=),0<t<2
2
aJIMaCTBHIPYBIH jKacacak >KeTKITIKTI, HOTHXKECIHe MbIHA IaH,
t

u(t) =uy + A u(€)d&,u(0) =u, = y(0) = y, 2)

TeHey anaMbl3. EHal ocbl (2) MHTErpaiiblK TeHAEYAl OIpTiHAEH KYBIKTAy 9JIICIMEH LICIIeHiK.
bacTankel KybIK IIEIIIM PETIHAE U, IIAMACBIH aJabIK, aJl KEHIHT1JIEpiH MbIHA

t
2

u, (t) = ﬂj.unfl(s)ds,n =1,2,...
0

dbopmyna apkpiibl TabaibiK. CoHna
t

2
t
u,(t) = ﬂ_"uodcf = Au, >y
0

t

: 2!t 2 2 2,2
uz(t)=ﬂ£/1u0§ds:/12“?o%gJzuo,tg:uolzGt |
L
22 2 .3 .
us(t)=/1.yo.f_GJ;szdS:/wo_%_;T:uo3(!/12t1)22;
t
22 2 .3 .
u3(t)=;t'y0'f_e,([szdsziuo'%‘;_g,zuo 3(étl)zz;

Enal maremartukanblK WHIYKIHSICHI OMICIHE CabII HIBIFAPCaK,
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u At
u,,(t)= 2 (=)
' (n—1)12.2%,...,2"2 " 2
KOHE Kelecizie 001a bl e JKOPBICAK, OHJA
0, () = 2 & A L
! (n-1)12".2%,...,2"2% 2" 272
(3)
u At u n
= 1 02 n-1 () = 0(n+1)n (A1)
(n—1)12'2%,...,2 2
(nt2 2
OOMapbIH KOPEMi3, JEeMEK >KOPYBIMBI3 JYPBIC CKEH.
Erep ne
S (&) =u,+u (&) +...+u (&)
Oosica, oHIa
¢ 2
2
J‘SN (&)dE =u, +_|‘[u0 U (E)+ .U (E)]dE =u, +
0
0
+u () +u, () +...+uy,, () =S,,,(x)
Enni z u,(t) QYHKIMOHANIBIK KaTapbl 3epTTeHiK:Ke3 KeIreH u MeH t yIIiH
n=0
ul 11
===|ut > 0,n - oo
u,,| n 2
Jlemek, ke3 kemreH |ut|<R,R>0 neHreneri imiHme Oyn Katap aOCOMOTTI opi

OlpKadbINThl  KHHaKTajaabl. COHABIKTAH  JKOFapbliarbl ¢oomynana N — oo COTIHAE ILEKKe
kelryre Oonaapl. CoHa 13/1ereH LIemiMiMi3 Keneciaew :

< (A"

U(t,ﬂ)=u0'2m 4)
L2 2
0o0mabl.
Ecxepmy 1. Erep
1
A< =

V2

6onca, onga Kommnin (1)-(2) ecebinin (4) memrimMineH Oacka memrimi >kok. MyHBI 613
Oipereiylik TeopemMachblHaH Kepill OTBIPMBI3. O3ipre

1

NG
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JKaFIaibl Typanbl OUIeTiHIMI3, KeMinae Oip memnriM Oap xoHe on (4) GopMyina apKbUIbl TAOBLIAIHI,
0ackKa MAJIIMET OK.

1 .
Teopema 1.1. Erep |4|<—= Gounca, onna Kommnin mbmHa

2

jy'(t):iy(%),odgl

| y(0) =0

eceOIHIH HOJIEH o3relle IIeNiMl KOK.
byn 6i3miH eH amramkbl HOTHKeMi3. EcenTiH Oacka menrimaepi e OOolMybl MYMKiH FOM.
Cout aFbIH 3epTTEN KOPCEK, JOPEKEIIK Karapiiap 9iCiMEH IIeHIin KOpCceKTe O0IaIbl.

1 ..
Erep |/1|<T Oosnca, oHma »orapeigarel 1.1. Teopema OoiipiHma (1)-(2) Komu ecebinin
2

Tek Oip FaHa miemiMi OONMybl MYMKIH, €HJ1 COJI IIEMIIM/II JOpeXeNiK KaTapiap oSHICiMeH i3femn
KOPEIiK.
BizniH ecebOimi3 MbBIHAIAM:

jy'(t):ly(%),0<tsl

(1.1)
[ v =y, #0
emi. OCbl €CenTiH MIEHIMIH MBIHA TYpIe
y(t,2)=> a, (it)" (1.5)
k=0

13gen  Kepenik, MyHaarel a, (k =0,1,2,...) nerenaepimi3 a3ipre Oenriciz kodpduuuentrep. Ocbl

(5) epuekri (1) Tenaeyre amapbll KOMbIN, At-HBIH Oipaei nopexenepiHiH ko3()(UIUEHTTEpIH
TeHecTipceKk Oenrici3 a, Kko3(p¢uIMEeHTTepl YIIIH PeKypeHTTi (opMynanap anambiz. Enpi

peT-peTiMEeH >Ka3ailbIK

Akt
2k

k
o0 o0 ﬂ/t o0
>ka (A) T A=4Y a,(=) =4 a,
k=1 k=0 2 k=0

(A1)"
2k

" ka (At a=21 S a
k k
k=1 k=0

TeHmiKTiH €Ki XaFrblH Ja A -Fa KbICKapTalbIK, COHIA

©

S ka, () =Y z—t(ﬂt)k

k=0
bipneit mopexenepre kemry MakcCaThIHIA COJ JKaKTa k—1=m pgereH  amMacTbpy
Kacacak >KOHE OH JKarblHAA Ja k -Hbl M apKbUIbl aybICTBIPCAK
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©

S (m+Da, ()" =3 :—;(M)m

m=0

Enmi  (At)" mopexenepiHiH KOAPPUIUEHTTEPIH TEHECTIPCEK

QD

a

(m+a, ,=—r-a,,=—— >
2mT ™ (m+1)-2”
_ am _ am—l _ _#
m+l T m m m-1 T (m+1)m
m+1)-2 m+1)2"-m-2 Y
(m+1) (m +1) (m+1)L2 2
Hemex, a, =a, = y,KoHe
i =Y, (A"
y(txy):yo+zak(/1t)k Z v k(k-1)
k=1 klk!.z 2

ATBIHFaH KaTapJblH >KHMHAKTAJATBIHBIH TEKCepin Kepekik. Ourim Jupuxmenin Oenrici
OOMBIHIIIA

|am+1 _ 1
la,|  (m+1)-2"

—-0,m—> x

Jlemexk Katap XMHaKTalaJbl €KEH, €HAl OChl KaTapAblH JKWHAKTaly PaJUyChlH €CENTeniK

[4]

R = lim L

O1311H Karnaiima

[vol m - |}’o|m |Y0| 1
lam| = mm— 1)' v - Iaml 1 m_

m! - 2 2 (m')m22
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1
la,|= |yr:(|m1)':>m|a| la, [ |ylo|m : |yo|]m_
mt2 2 (m!)E-ZT 22
1
1 (ulY* 1y
= L J — . ezep >1
(y_\m 1 2 )7
12) ==
2 :71162619' °|£1
22

Jemex, lim gfla, | =0, Mynan R = +oo, srau
m-—oo

y(t,2)=> a“(an" => a .z, z=at
k=0 k=0

JOPeXKENK  Karapbl OYTKUT KOMIUIGKC 7z JKa3bIKTBIFBIHIA O KWHAKTAJIBI, COHJIBIKTaH  OJ
roJIoMop(Thl HEMECe aHAJIMTUKAJIBIK (QYHKIHS OOJIabl.
Euni ocel TaObuIFaH

0 Z m
F(Z): yoz m(m-1) + yO (16)
"mL2 2
FOJIOMOpq)TI)I q)YHKIII/IﬂCI)IHI)IH KaCI/IeTTCpiH SCpTTeﬁiK. CDYHKIII/IFIHI)IH KaHIOAJIBIKTBI TCE3

OCeTiHIHEe Ha3ap ayaapaibiK. DOyHIUSHBIH ocy Aopexeci MbiHa [1, c.12],

—mlinm
p=lim———m
1

X—> 00
In|—

a

m

dbopmyna apkbuibl aHbIKTanaabl. Ocel hopmyna OoifbIHIIA

— mlinm

= lim
ID m-— oo m(m_l)

In2+Inm!

Ennl Ctupnunrtin dopmynaceiH [2, ¢.279] maiigamanaitblk, Oy dopmymna OoMbIHIIIA

e

m!:\/Zﬂ_m(mjmgm

MyHnarsl ¢, > 0%k0He &, —1,m—>oo. MiHe Tan ocel (opmyna OolibIHIIA
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1 1 1
Inm!:EIn(Z;zm)+m(Inm—l)+In &, :Eln 2;r+EInm+

:

1
—In2rx 1|
2 1 Ing,
+minm-m+Ing =mlnm|1-—+5——+—+ |
L Inm milnm 2m mInmJ

CoHBIKTaH,
1
= lim =0
P m—w N 2 m—l+ Inm!
2 Inm minm
© 1

koHEe ochl cebenti F(z) QyHKIUACH kaii ecemi [3].

2 e" x u Inu m Inm m

x* e
Eckepmy 2. e*>—,—>—= > = > = — +oom — ©
2 X 2 nu 2 Inm 2 Inm

Jlemexk,

m-—1 (m 1 J
= - — 400, M —> ®©

Inm Inm Inm

COTIHJIE AJIBIHFAH HOTHXKEJEPl TYKBbIPhIMIAI KOSJIBIK.
Teopema 1.2. KoMruiekce a3bIKTBIKTaFbl KE3KEITEH
A

yuria Komuaiy MbiHa,

Jy‘(t):ly(g),0<tsl

(1
[ y@=y,#0
eceOiHIH IemniMi 6ap jKoHe 01 MbIHaY ,

0 /It m
y(tvﬂ):yo'z%*’)’o 2

"m-2 2

by mentim
1
A<—F=

A

JOHTeJIEeT1 1miHae Oiperel , sFHU OChI IOHTEJIEK 1IIHIe MyHaH 0acKa MIEIIM JKOK.

1
A>—=
J2
by cotTepae ecenTiH menrMiHig 6ap eKeHiH KOPCETTIK , 01pak OHbIH Oipereii eKeHiH a3ipre Kepcere
anMaJbIK [4].
Ecxepmy 3. KarapasiH OipKaJIBINITH )KUHAKTAJIATBIHBIH KOpCceTKeH e 613  BeliepmTpaccThil
TeopeMachlHa CYHEH/IK [5-6].
Ecxepmy 4. KarapmapMeH amanmap XYpri3reHJe ITopekeTiK Karapiapabl KaKeTiHIIe
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muddepeHnnaniayra ;koHe HHTErpajiayFa OONaTBIHBIH €CKEPIK , )KOHE MYHJIAl kaiijap e3iHeH—e31
TYCIHIKTI Jien caHanbIK [7].

Eckepmy 5. bi3 a3ipre auddepeHunaniplk TeHACYIep TEOPUSCHIHBIH MIEHOEPIHEH IIbIFa
KOMFaH KOKIIBI3.
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PEIIEHHUE 3AJJAYU KOLIH JJIA1 OJHOI'O YPABHEHUA

AHHOTAUA
Bo MHOTHX BaXXHBIX CIy4asx MPOCTOE COCTOSTHHE CHCTEMBI B MOMEHT BpPEMEHHU t ymOOHO BHIPa3WTh

YHCIOBBIM BEKTOpOM X (t) . CKOpOCTh M3MEHEHHS 3TOTO BEKTOpa 3a BpeMs t 1 caMoro ceds Clienyromasi:

O _ gt x(0) = ¢
dt
MBI IpUXOANM K AuddepeHnuanbsHoMy ypaBHeHHI0. OCHOBHBIME BOIIPOCAMH, H3Y49aEMBIMH 3[1€ChH, SIBISIIOTCS
YCJIOBHS CYIECTBOBAHMS €IMHCTBEHHOTO PELICHHS ypaBHEHHS IMpPH Pa3INYHBIX HAYAIBHBIX YCIOBHAX U
YCIJIOBHUS CYHIECTBOBAaHUS €IMHCTBEHHOCTH PEMICHUH JBYX- MIIM MHOTOTOYEYHBIX KPAeBBIX 33134, NU3MECHEHHUE
pelieHul JMHEHHBIX YpaBHEHWH C TOCTOSHHBIMH W TEPEMEHHBIMH KOA(GQPHUIHNEHTaMH, YCTOHYMBOCTH
peUIeHUH JINHEHHBIX U HENMMHEWHBIX YPaBHEHUI.

AHanu3upys 3TO IPOCTOE ypaBHEHHE, B PE3YJIbTaTe KPONOTIMBBIX M IIYyOOKHX HMCCIEAOBAHUN MBI
MOXEM TIOJIyYUTh MHOKECTBO BaXKHBIX JAHHBIX O (PU3MYECKHX SBICHUSAX. B TO ke Bpems y Hac ecTb
MHOKECTBO METOOB M MAIIUH JUIsl pelIeHusl 3TOro ypaBHeHUs. OJHAKO HEKOTOpbIe SIBIEHUS B MPHUPOJE
3aCTaBIIIIOT HAC paccMaTpuBaTh 0osee CIOKHBIC YPABHEHHSI, YEM paHbIIe.

KiloueBble cJioBa: rpaHU4HbIC  YCJIOBHA, YpaBHCHUA C OTKJIOHAIOIIUMCS ApPTYMCHTOM,
CANHCTBCHHOCTD, IOCTCIICHHAA alllIpOKCUMANH, yCTOfI‘IPIBOCTI) peuicHus.
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SOLUTION OF THE CAUSHIE PROBLEM FOR A UNIQUE EQUATION

Abstract
In many important cases, it is convenient to express the simple state of the system at time t by the

numerical vector x(t). The rate of change of this vector for time t and itself is as follows

HO gm0 =
dt

we come to the differential equation. The main issues studied here are the conditions for the existence
of aunique solution of the equation for different initial conditions and the conditions for the existence of unique
solutions of two or multi-point boundary value problems, changes in the solutions of linear equations with
constant and variable coefficients, linear and nonlinear equations stability of decisions.

By analyzing this simple equation, as a result of painstaking and deep research, we can obtain many
important data about physical phenomena. However, some phenomena in nature force us to consider more
complex equations than before.
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TPUT'OHOMETPUAJIBIK TEHAEYJIEPAI IHEITYAE TPUAHI'YJIALIHUA o AICIHIH
KOMEI'ITMEH OKYIIBIJIAPABIH 3EPTTEYIIIJIIK JAF AbIJIAPBIH
KAJIBIIITACTBIPY

Tyiiin

MekTen OKYNIBUIAPBIHBIH 3€PTTEYLIUIIK JaFJbUIapblH KaNbIITACTHIPA OTHIPBIN, TPUTOHOMETPHUSIIBIK
TEHACYIEP/l MIeNTy dMICTePiH OKBITY[a TPUAHTYISIUS 9/IiCIH YChIHY ©3€KTi Macele. 3epTTey KYMBICHIHBIH
HEri3ri MakcaTbl - TPUTOHOMETPHSIIBIK TEHJACYIepAl IIeNIymiH apHaWbl oNiC-TOCUIAepiH TYHIHAEY,
TPUTOHOMETPHSUTBIK TEHACYJIEPiH KOIDKETIMAL TYpJIEpiH KaMTy COHbIMEH Karap 10-ChIHBIN OKYIIBUIAPBIHBIH
TPUTOHOMETPISUIBIK ~ TEHJIEYJAEepAl UIenryre OaFbITTAIFaH €CENTep JKUBIHTBIFBIH TallKblIay KOHE
TPUTOHOMETPHSUIBIK TEHJICYNIEpAl IIeIIyne OKYIIbUIApABIH 3epPTTEYIIUNK JaFIbUIAPBIH  KaJBIITACTHIPY.
3eprreyaid MiHaeTi - 10-CBHIHBINT OKYIIBUIAPBIHBIH TPUTOHOMETPHSUIBIK TEHACYIEpAl MIeNTy TaKbIPHIOBIHA
OalJIaHBICTBl E€CENTepAl IICIIYAiH OiC-TOCUIIEPiH AaHBIKTal OTBHIPBIN, OKYIIBUIAPABIH 3€PTTEYIILTIK
JaFIbUTAPbIH KAJIBINTACTHIPYFa OarbITTaIFaH 3€PTTEYIIH HOTYDKEIep/li KapacThIpy.

FruteiMu 3epTTey ®KYMBICTApBIH JKYPrizy Ke3iH/e cayaTHaMa, OKBITY, CyX0aT, TecTiiey, 03iH-031 Oaranay
coHpal-ak OeJiceHNi OKBITY OHNICTepl KOJIAHBUIABI. 3epTTeylep HOTHKECIHIE TPUTOHOMETPHSIIBIK
TEeHJCYJEpl MIelyae KOJAaHBUIATBIH 9pOip SMICTIH O3IHIIK epeKuieniri 0ap eKeHIIr aWKbIHIAJIbI.
Oxymbuiap TeHIeyMiH OacTankpl OepiireHiHe Kaparl, *KbUIIaM KaKeTTi oficTeplli aHBIKTaIl, 3ePTTEYIILIIK
JaFrabUIapbl YIFAUTBUIIBL. FRUIBIMU 3epTTEYNEpiH HOTHXKECI TPHUTOHOMETPHSUIBIK TEHJIEYJEP/Al OKBITYIBIH
TUIMJI 9IICTEMEJIIK HYCKAyJBbIFbIH JKacayJa, COHJIai-aK YJITTBIK OipbIHFAH TECTUICYIIH €CENTEpiH IICIIye
HOTHIKETe KbUIIaM KOJI )KETKI3Y/IH 9/IiCi peTiH/Ie KOJIaHbUTYbl MYMKIiH.

KinTrik ce3gep: TPUrOHOMETPUSIIBIK TEHACYJIEP, MEKTEIl OKYIIbUIAPHI, aifHbIMAJIbLIApFa aJIMaCThIPY
omici, TeHAEY HIeTy SicTepi, TPHAHTYISIIHS Sic

KIPICIIE

«TpUTOHOMETPHSIIBIK TEHJCYJIEPl MIEHTy» TaKbIPhIObI - MEKTEN MaTeMaTuKa KypChIHIAaFbl €H
KypZenal TakelpblnTapAblH Oipi. TpUrOHOMETPHSUIBIK TEHJIEyJAepAl MIelly OKYLIbLIap/blH
TPUTOHOMETPUS Tapaybl OOWBIHIIA MEHrepreH OYKUI OKy MarepHuajblHa KaTbICThl OlTiMIEpiH
TOJBIKTHIPYIBIH TY)KBIPBIMJIAMACHIH JKacaiifbl. TpUTOHOMETPHUSUIBIK TEHJASYNIep TUIAHUMETPHS,
CTepeOMEeTpHsi, acTpOHOMUS, (U3MKaA KOHE OacKa cajalap[blH €CenTepiH IICHIKeH Ke3le maiina
Oomanpl. TpUTrOHOMETPUSIIBIK TEHJEYJIep MeH anreOpanblK TEHIEYJIep apachlHIArbl HEri3ri
albIpMAIBUIBIK: anreOpanblK TEHIEYJAepAe COHFbI IIeIIiM caH 0ojajbl, ajll TPUTOHOMETPHUSIIBIK
TEHJIEYJIEp/Ie - MIEKC13 CaH, COHABIKTaH OYJI €CeNnTi MIenIy/e KUBIHBIK TyabIpaasl [1].

TpUTrOHOMETPUSITBIK TEHACYAEP/l MEHIY/IIH Ke3-KeJITeH d/ici, oIap/bsl OKYIIbIIap Te3 TYCIHIN
IIEIIe ajJaThIH KaparaibiM TYPAET] TeHIeYyIepre KeNTipy YIIiH Koyanbutaasl. Anaiaa 10-11 cerabm
OKYIIBUIAPBIH ~ MaTeMaTHKaJaH  TecTigeyre JailblHaayna, Oenrini — apajblkka — KaTaTblH
TPUTOHOMETPHSIIBIK TCHICYIIH TYOIpIepiH TaHaan airy KUBIHABIKTAp TYBIHAATaAbl. FhuTbiMuU 3epTTeY
KYMBICBIHJIa KYpJAETIl TPUTOHOMETPHUSUIBIK TEHJEYJIEPiH OIICTEMECIH KepceTyre OarbITTaliFaH
MBbIcalIap KapacThIPbLIa bl )KOHE TPUTOHOMETPHUSIIBIK TEHACYAEPl HIeIIyAIH TYPJIi 91iCTEPIH YChIHY
3epTTEYIiH ©3€KTLUIIr1 OONBIT TaObLIAIbI.

Mekren MaTeMaTHKa KypCblH/Ia TPUTOHOMETPUSUIBIK TEHACYJIEPAl IeNTy TaKbIpblObl «XKammsl
OumiM OepeTiH MEKTeNTiH >KapaTbUIBICTaHy-MaTeMaTHKa OarbIThIHAAFbl 10-CHIHBIOBIHA apHAJFaH»
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OKYJIBIFBIHAA KapacThIpbuiafbl. OKYIbIKTa TPUTOHOMETPHUSIIBIK TEHICYJIEPHAl IIENIyaiH KeJeci
omictepi Oap [2]:

- alfHBIMAJIBIHBI AJIMACTHIPY KOHE KBAAPAT TCHICYTE KAKbIHIATY 9/1iCTepi;

- KOOCUTKIIITEPre XKIKTEY;

- OIPTEKTI TPUTOHOMETPHUSIIBIK TCHILYIIED;

- IopekeH1 ToMeHAeTy (popMynaiapbiH KOJIAaHy apKbLIbl TPUTOHOMETPUSIIBIK TEHIACYIEPIl Iey.

OTtaHapIK FalIbIMAAp OKYIIBUIAPABIH TPUTOHOMETPHUSUIBIK TEHJICYJICP Typalibl TYCIHIKTEpiH
KAJIBINTACTBIPy MOCEJIECIH 3€pPTTEll, TPUTOHMETPHSUIBIK TeHICYJIEP/IiH HEeTi3r (hopMynanapsl, ey
onicTepi KapacTeIpraH [2].

Kasipri TaHfa JediH TPUTOHOMETPHSUIBIK TEHACYJICPAl IIEIly MOCcelieci FalIbIMIapabl
OMJIaHABIPFaH KYpAeJi Macene OOJbIN TaObLIaAbl, OChI TAKBIPHIN AsACHIHAA 3E€PTTEYJEp JKYpPri3reH
ranpiMaapabiy enoektepinge 10-11 ceinpinTapra apHanran «AureOpa >koHe aHainu3 OacTaMmasapb»
OKYJIBIFBIHBIH KOMETIMEH TPUTOHOMETPHSIIBIK TCHICYJICP/Il 3epTTEy MAKCATTAPBhIH €CKEPE OTBIPHIIL,
KapacTBIPbUIFaH TaKbIPHINKa OalIaHBICTBl OKBITYBIH MIHICTTI HOTHXKENEepl OasHAaIFaH, COHbIMEH
KaTap TaJankepepAiH Ke3 KeJITeH TYPAETi TPUTOHOMETPHSIIBIK TeHACYIIep/i mIete 01Ty JaFIbuIapbiH
KaJIBINTACTHIPY JKOHIH/E cCUNaTTairaH [3].

TpUTOHOMETPHSITBIK TEHJICYJCP TAKbIPHIObI OOWBIHINA €CENTepAl IIeHIyre YUpEeTyIi Ke3eH-
KEe3€HMEH KYPBUTybl KEPEKTITiH, ONl YIIiH: KapamaiblM TPUTOHOMETPHSUIBIK TEHACYJepIl Ienry
JaFAbUIapbIH JAMBITY, COJaH KeiiH Oenrisi Oip TypiepliH TPUTOHOMETPHSUIBIK TEHJICYJIEPIiH ISy
KOHE TPUTOHOMETPHSUIBIK OPHEKTEP/Il TYPACHAIPY Typaibl OuniMIIl OaiibiTyFa OaliIaHBICThI 3P TYPIIi
TeHICYJIep/Ii eyl YChIHFaHbI Oenrini [4], coHnaii-ak eHOeKTe OCBIHAAN TOHEeKTUTIKTIH HeTi3aemMeci
KEJTIPLIIN, TPUTOHOMETPHSUIBIK TEHACYICPAIH MbICANIapbl KapacThIPbUIFAH JKOHE OJIapJibl LIEHIy
omicTepl JKUHAKTAIIFaH.

TpuroHoMeTpUsIIBIK TEHACYAEPIIH KeUOip TYpIiepiH mapaMeTplIepMEH IIenly 9/1ici OasHaanFaH
[5]. TpuroHOMETPUSIBIK TEHIEYIEP KJIACHIH CUMATTaUThIH KOC aJIMACTHIPY 9/1ici 0acka dicTepMeH
CaJBICTBIPFAH/IA OPBIHBI OOJATHIH/IBIFBI )KOHE OHBIH apTHIKIIBUTBIKTAPhI KAPACTHIPHLIFaH.

TpUTOHOMETPUSUTBIK ~ MOCENIEIEpPMEH  JKYMBIC —JKacay Ke3iHJe OKyIIbUIap KOeINTereH
KHUBIHIBIKTApFa Tar O0NaThIHBIFBI, OYJ1 Mocele OOMBIHIIIA OKYIIBLTAP Bl OJIAP IbIH KayanTapbIHIaFbl
KaTeIiKTepMeH OarajiayFa OOJIATBIHIBIFEI, OKYIIBUIAPABIH TPUTOHOMETPHUSUIBIK TEHJCYJIepre
KaTBICTHI )K10€peTiH KaTeaepiMeH Kypecy eHiH/e eHOekTe OasHaanraH [6].

FouteiMu  3epTTey  KYMBICTaphl  OapbIChIHIA cayajdHama OKYpri3il, OKYIIBUTApIBIH
TPUTOHOMETPUSUIBIK TEHJACYIEepAl IIelIyle eAdyip YaKbIT >KOFalTHIN, HAKTHl MICHIIMIe JKETY
KHUBIHIBIKKA YKOJIBIFATBIHBIH aHBIKTAIBIH/IBL. 3EPTTEY HOTHKEIEPIH MYFTIMIEP TPUTOHOMETPHSUTBIK
TEHJEyNepli OKBITYAbIH THUIMJII SICTEMEINiK HYCKAyJIbIFBIH JKacayla, COHAai-aK Ooiamiakra OChI
OaFpITTa OKYIIBIAPMEH JKYPri3UIETIH FhUIBIMU KoOanapaa KoijaHyra 0osajsl. 3epTrey OarbIThiHA
0aiiTaHBICTHI TICUXOJOTHUSIIBIK-TIEIATOTUKANIBIK JKOHE OMICTEMENIK ofeOueTTepi Taiaaail OTBIPHIII,
OKY-9IICTeMENIK KYpalJapibl, OKYJIBIKTapbl, JAWJAKTUKAIBIK MaTepHaIapbl ITaliaTaHbIIn
MaTeMaTUKaJbIK O171iM OepyaiH TEOPHSICH aHBIKTAIIBI.

9IICTEMEJIIK BOJIIM

3epTTey HbICAHBI — MEKTENl MaTeMaTuka KypChIHIa TPUTOHOMETPHSUIBIK TEHICYJICpPAl OKBITY,
FBUTBIMH 3epTTey Oaszackl periHae Nel5 M.JKymabGaeB aThiHIaFbl MEKTEM-TUMHA3HICHI TaHAJIbI.
31.01.2022-11.03.2022 yakpIT apajiblfblHAa SKCIEPUMEHT XKYPri3iaai. FeUTbIMU 9J1iC peTiHIe OKBITY,
©31H-031 Oaranay coHJai-aK OeJCeH OKBITY SJICTepi, al SMIMPUKAIBIK 9MICTEPCH - cayaaHama,
cyx0ar, 6akpuIay, CaJbICTBIPY 9AICTEPl KOJIAAHBUIIbIL.

10-CBIHBIN OKYIIBUIAPbIHAH TPUTOHOMETPHSUIBIK TEHJACYIEP/li KaHIIATIBIKTI MEHIepreHIIriH
cayajiHamMa OapbIChIHA AHBIKTAJIbI.

TpuroHOMeTpUSIIBIK TEHACYl MENUIyAiH TYPJi 91ICTePiH OKYIIbIIapFa TYCIHAIPY YLIIH OKBITY
ozici KONMAaHbULABL. By ofic TakpIpbINTHl TYCIHIIpYre, OKYIIBUIAPMEH OHIIMENeCy apKbLIbl
cabaKThIH TYCIHOET€H TYCTaphIH TAJIKbIIAYFa, KOPHEKUTIKTEPMEH TaKbIPBINTHI OF[aH 9P1 TOJBIK alllyFa
MYMKIHJIK Oepi.
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TpUTOHOMETPHSITBIK TEHJACYICPAl IIENIYIiH SICTepiH OKYIIBUIAPIBIH Kalall WUrepreH IiriH
TECTUICYIiH KOMEeTriMeH OaKbUIaH IbI.

TakpIpBINITEI TEPEH OKBITHIN, OKYIIBUIAPIBIH 3EPTTEYNIUNK JaFAbUIAPBIH KAJIBIITACTHIPYIA
OKBITY/IBIH, O€JICEH 1 9/icTepl MaHBI3ALI POJI aTKapabpl. byl o/ic apKbUIBI OKYIIbLIAP TOMTACHII
TarnchIpMaNapibl OPbIHJIAI, ©3apa MAITIMETTEp/l aJIMachIl, COHBIMEH Karap TONTBIH dapOip myIeci
01p-0ipiMeH TaKbIPBINTHI TAJTKbLIAI, TAKBIPHITT MA3MYHBIH TEPEHIPEK alllyFa MYMKIHIIKKE Ue OOJIIbI.

TpuroHOMeTpUSIBIK TEHACYI LICITy 9MICTepl TaKbIPHIOBIH KOPHITHIHABLIAY YIIiH 10-CHIHBII
OKYIIbLIapbIHA ©31H-631 O0aranay o/1iCci KOJIJIaHBLIABI, OWI 9/1iC OKYIIBLIAPIbIH TaKbIPHIITHl KaH/Iai
JeHreiie TYCIHTeHIITH TaIKbIUIayFa MYMKIH/IIK OSpEeTiH aJIbIHFbI KATAPIIbI S]IIC.

HOTUKEJIEP

3epTTey HOTHIKECIH Ie OKYIIBUIAp TPUTOHOMETPHUSIIBIK TeHICYIEP/Il MICITY/IIH TYPJIi 9iCTEpiHE
OalIaHBICTHI KYpJEJli ecenTep/i menryai YUPeH i, COHBIMEH KaTap TaKbIPBINTHI Urepy OapbIChIHIA
3epTTeYIiH TPUAHTYJSAIMUS 9ICIMEH TaHBICHII, SICTIH KOMETIMEH TaKbIPBIIThl MEHIepy OaH opi
KEHUIIEeH TYCTi. 3epTTeyIIIiK AaFAbUIapblH KAJIBIITACTBIPY MaKCaThIHA OKYIIBUIApFa OepilreH
€CeITi KaH/aal 9JiCTIeH IbIFapyFa OOJIAaThIHABIFBIH TANTKbLUIAYFa, ©31H/IIK MIKIPIH el KOPKBIHBIIICKHI3
YCBIHYFa, OepiireH MoceJeHi o3 OeTiMeH mIenryre OaFbITTalfaH >KYMBICTap KYPri3uiimi.
OKyMIbUTAPABIH TaKBIPBIITHl UTEPy KOHE i€ TIKIPUOETIK KYMBICTAp JKYPrizy OapbIChIH, TECT
CYpaKTapbl apKbUIbl AHBIKTAIl, KOPBITBIHIBI >KacalbIHIBL. JKYpri3iireH >KYMBICTBIH THIMIUTITIH
aHBIKTay YIIIH OKYIIbLIapra Oakplady o/ici KONJAHBUIABL. — AJIbIHFaH OaKblUiay HOTHIKECIHJE
3eprreyre Karbickan 10 A 32 oxymsiHbH 18-1 sxorapel aeHreiae, 10 okymsl opra aeHreiine, 4
OKYIIIBI KaHaFaTTaHAPJBIKTAM JEHrei1e TyCIHreHAIriH Oaraiar, MoHTe JIETeH KbI3bIFYIIbUTBIKTaphI
OSIHFaHBI AHBIKTATBIH/IBI.

TAJLJAY )KIOHE TAJKbLIAY

«OKanmel 6171iM GepeTiH MEKTENTiH ’KapaTblIbICTaHy-MaTeMaThKa OaFrbIThIHAAaFb! 10-ChIHBIOBIHA
apHaJFaH» OKYJBIFbl OOMBIHIIA OKYIIbUIAPFa TPUTOHOMETPHSUIBIK TEHJEYJIEpHl IIelry oaicTepl
TaKbIpbIOBIH OKBITYFa 5 carar OeiiHreH. bymaaH TakbIpbINThIH 10-CBIHBINT OKYIIBLIAphl YIIIH
allTapiblKTail  Kypaenl ekeHAairiH —OaiikayblMbI3ra Oonafpl. 3€pTTey JKYPri3eTiH MeEKTel
OKYIIBUIAPBIHBIH TPUTOHOMETPHSUIBIK TEHJIEYJIEP/Il eIy 9/1iCTePl TAKbIPBIOBIH Kallail MEHrepreHairi
cayaJlHaMa OapbIChIH/IA AaHBIKTAJIBIHIBI.

TpuroHoMeTpuUsIBIK TeHAEYIepre OailaHbICThI eCenTepAl eNIyie KUbIHBIKTAP TYbIHAANW b1
Mma?

MynaeM KUBIHIBIKTAp
TybIHAaMan bl

B Benrini 0ip KABIHABIKTAP
bap

B TakpIpbIn OOMBIHIIIA AJTi
yiipeHepiM Kerr

Cypem 1 - OKywvinapovly mpueoHoMempusIblK menoeynepoi ueepy Hamudicenepi

I-cyperte xkepcerinrenaeit, «TpUTOHOMETPUSANBIK TEHIACYIEepre OaillaHbICTBI ecenTepi
Eemyae KUBIHIABIKTap TYBbIHAAWABI Ma?» cyparbiHa OKYWIbUIApABbIH  12,5%-«KUBIHIBIKTAp
TyblHAAMaU b (4 okymibl), S0%-«Oenrim 6ip KubIHABIKTap 0ap» (16 okymibl), 37,5%-«TaKbIphI
OoiipIHIIIa 911 yiipeHepiM kem» (12 okymibl) aemn sxkayarn O0epreH. by MomiMeTTepal AuarHoCTUKaIai
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KeJe, OKYIIbUIAp TPUTOHOMETPHUSUIBIK TEHJACYIEPAl IIeIIyAe KUBIHIBIKTAPFA JKOJBIFATHIHBIH
AHBIKTAJIBIH/IBI.

EH angpIMeH 3epTTey )KYMBICHI OKYIIbUIAPFa TPUTOHOMETPHUSUIBIK TEHICYl IICIIYiH HEeri3Ti
OMICTEpiH MEKTEN OKYJIBIFbI OOWBIHIIA TYCIHIIPY apKbUIbl Oactanabl [3]. OKkymbuiapMeH
cyx0arTachll, OHriIMeNecy apKbUIBl OKYIIbUIAPAbIH OWBIH EpKiH alTyFa MYMKIHIIK aJIbIH[IBI.
TakpIpbIN Tl TYCIHOETEH TYCTApPBIH OKBITY OMICTEMECIHIH KOMETIMEH TaJKbUIAHABlL. OJIiCTeME
OapbIChIHAA OKYIIBUIApFa ©TKEH TPUTOHOMETPHS (OpMyJallapblH KOPHEKUTIK KypalJapMeH ecKe
TYCIpil, TPUTOHOMETPHSUTIBIK TCHCYICPl MICIIY/iH 9iCTepl TaKbIPhIOBIMEH OalIaHBICBIH KOPCETE
OTBIPBIT, MHTEPAKTHBTI TAKTa KOMETIMEH OChI TAKBIPBII OOMBIHINA FAIBIMIAPBIH KYPJIEIi ecenTepii
MISHIYIIH JKOJAaphl Kajlald YCBIHFAHABIFBI TYCIHAIpUAL [8]. TpUrOHOMETPHSIIBIK TEHJACYJIEPIiH
Oomnamakra ¥bT-1e ke3aeceTiHiH OKyIIbUIapFa TYCIHIIPIIN, TaKbIPbINKa OaiaHBICTBI KOCHIMIIA
ecenTepi e3epi )kakchl O11eTiH youtube, google cekinai oJIeyMEeTTIK JKeJIep/eH Kapal, KOChIMIIA
OHJIAH TECTTep TAICHIPHIN, OUTIMIAEpIH OJaH opi WIBIHAAN, 3€PTTEYIIUIK JaFabUIapblH
KaJIBINTACTHIPY >KOJAAPHI KOPCETUIII.

Kypzeni TpuroHoMeTpHsUTBIK TeHACYIepTe Keleciied MpIcaniap KeITipiiii.

1-mMbIcat. 3sin® x —sin2x + 2cos® x + 4sin“x=2 (1) Typinme OepiareH TeHACYAl Oipmexmi
MPULOHOMEMPUSATILIK Menoeyee Keimipy adicimeH 1enry Kaxer [9].

Hlenryi: by xarmaiina (1) TeHmeymiH coil jKarbl OIpTEKTI (QYHKIUS eMec, al OH >KarblHIa
HeJIJIeH e3renie caH 6ap. (1) Tenaeyai kenecien TypaeHaipeMis:

3sin® x — 2sin xcos x OpHETIH sin® x +cos’ x=1 TEHJCYIHE KeOeWTeMi3 Je, aJl OH IKaFbl

2 .
2=2(sin*x+cos” x) TeHmeyiHe TeH.

(3sin® x —sin 2x)(sin’ x + cos® x)* + cos* x + 4sin* x = 2(sin® x + cos’ x)* <
3sin” x + 3sin? xcos® x — 2sin® xcos x — 2sin xcos® x + cos* X + 4sin” x =
=2sin® x + 4sin’ xcos® X + 2cos” x )
HEMece
5sin® x — 2sin® xcos x —sin? xcos® x — 2sin xcos’* x=0 <
[sinx=0

=
5sin® x — 2sin? xcos x — 2sin xcos® x — 2¢cos® x =0

3)

(2) Tenneynin TyOipix=zn, neZ ain (3) TeHaey - YIIHII J9pexesi OIPpTEKTI TEHIEYTe TeH JKOHE
TOMEHAET1aeH:

5t° -2t -t-2=0 4)

MYHJaFbl, t =tgx.
(4) Tenaeyneri KOCBUIFBIIITAP/IbI KalTa KYPY apKbLIbI

(5t° —5t")+(3t" - 3t)+(2t-2)=0 < (t-1)(5t" +3t+2)=0 (5)
TeHjeyiHe ue Oomambi3. byn TenaeyniH Tek Oip faHa TyOipi Oap: t=1 SFHH tgx=1 <
T
X=—+7zn, neZ
4

T
XKayaObl: x, =7n, neZ; x,=—+7zm, meZ.
4
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2-MbICAT. sinx+/3cosx =2 (6) TeHneYIH KOMeKui OYpbiumbl eHeizy 20ici apKbUTBI TICITY
Kaxer [9].

Hlemryi: (6) TeHACY/IIH €Ki XKaFbIH 12 |, /(ﬁ )2 +1=2 Oecex,

N

1
—sin X+ —CoSX=—
2 2 2

(7
TeHJIeyiHe ue O0maMbI3.
1 NE) .. . .
cosa =—,sina = > E€KEHIIrNH KaObUIIaiiMbI3, IFHU ,, — ~ OOJIFaHa,
3
2 2
coszsinx+sin£cosx=£ & sin x+Z =£ = (8)
3 3 2 3 2
T T
x=—§+(—1)nz+7zn, neZ )

OPBIH/IBI.

JKayaObl: x = —%+ (-1)" %+ zn, neZ

2 ..
3-MbIcad. 1+cosdx=—— (10) TPUTOHOMETPHUSIIBIK TEHIEYIHIH COJ JKaFbIH 0 <1+ cos4x <2
Sin X

apamnbIFbIHIA, OApIBIK X € R VIIiH, al OH JKarblH >2 OapiblK x e R YIIH, sinx >0 TypiHIe

sin x
bazanay a0icin KOIJAHBII MIENTy Kepek [9].

Erep sinx <0 Gonca, onga

<0, aJI COJ KaKTarbl (1+ cos4x) OpHeri 0apibIK X € R yIiH

sin x
tepic emec. COHABIKTAH x € (—z + 27k, zk), k e Z yuriH (10) Tenaeyaix memiMi 6oamaiabl.

JHlemek, x* TeHIeyiHiH menimi Oommaca, 6ip Me3rijiie Keaeci TeHIeY OpbIHIATyhl KaXeT:
Jl +C0s4x =2

lSin X* (11)

* .. o . . * T
x  MOHIHIH OYJ1 Jkaraia 0ap eKeHIITiH Kopy KHbIH €MEC, )KOHE O X = —+ 7k, ke Z TEH.
2

XKayaber: x = %+ﬂk, kez

4-mpIcast.  sin2x-—4(sinx+cosx)+4=0 (12) TypiHmeri TPUTOHOMETPUSAIBIK TEHAECYA

AUHBIMANLLIAPEA AIMACMBIPY d0ICIHIH KOMETIMEH Ienry KaxeT [9].
lernyi: sin 2x = 2sin xcos x TPUTOHOMETPHUS (dhopmynaceiH KOJIJIaHCaK,

(sin x + cos x)2 =sin’ x +2sin xcos X + cos’ x =1+ 2sin Xcos X,  sin 2x = (sin x + cos x)2 —-16epinren (12)
TEHJEY KelleciJiel Typre eHei:
((sinx+cosx)2—1)—4(sinx+cosx)+4=0 (13)

sin X + Cos X = z (14)

alfHBIMAJIBICHIH €HTI13CHIK,
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(zz—l)—4-z+4=0,zz—4z+3:0,zl=1, z,=3 (15)

Tabputran (15) TyOipiepai opbIHAapbIHA KOHCAK:

. 1 . 1
1)sinx+cosx =1 —=sSin X+ —=C0SX =

1
2R TR

LT T 2 T 2

sin —sin X + c0S—COS X = — CosS| X—— |=—
4 4 2 4 2
T T

X=—x—+27n,ne’
4 4

2)sinx+cosx=3, xed, sinx<l cosx<l = sinx+cosx<2
T T

XKayaObl: x=—+—+2zn,neZ
4 4

5-mbIcai. sin®x+sin?3x=1(16) TPUTOHOMETPHSUIBIK TEHACYIH Oapediceni memenoemy a0ici
apKbLIbl HIbIFapy KaxeT [10].
. 1-cos2x .
Memyi: sin’ x = — dbopmynacein  Oepinren  (16)  TeHmeyre — KOJJaHBIIM,
1-cos2x N 1-cos6x
2
& C0S2X+C0s6X =0 TPUTOHOMETPHSUIBIK (POPMYITaHbIH KOCY (hOPMYJIaChiH KOJIIaHCAK,

2cos4x-cos2x =0 TEHIEYTe e3repesi JIe,cos4x -cos2x =0 TeHJIEYl KeJIiN IIbIFabl.

=1 (17) Tenueyin amambr3. (17) TeHmeymi bIKIIAMIAA Kelle, —cos2x — cos6x =0

cos4x =0, 4x=%+7zn, neZ cos2x=0, 2x:%+7rk, keZz

[ 7 =zn
|X:§ T, neZzZ
|
k
|LX7%+%’ kez
n k
)Kaya6LI:%+”T, nez; 2425 kez

OxpITy onicTemeci OOMBIHIIA OKYIIBLIAPABIH >KaHA TaKbIPBINTHl KaHIIAJIBIKTBI MEHIepill,
KaObUIJaFaHbIH aHBIKTAy MaKcaTbhlHIA TPUAHTYISALUS OAiCI KOJAAHbUIABL. TpHaHTyIsAIus oicl
TECTUIey MoNIIMETTepl MEH cyXOaTTapabl CajbICTBIPY apKbUIbl JkacanbiHagsl [11]. 3eprrey
OapbIChbIH/IA €H aJlJIbIMEH OaKbuIay 9JICTEMEC] Y3€re achlpblUIAbl. TPUTOHOMETPHSUIBIK TEHICYIIH
Heri3ri ofictepine OainaHbIcThl 10 TancelpMara HETI3JENTEH TECTLIEY MKYMBICHI JKYPri3UIil, TECT
TAIChIPMAaChIH OpPBIHJAY KE3iHIE TEK HycKalapibl Oenrijen KoiMaii, e€CenTi TONBIK IIbIFaphlll,
TYCIHOETeH TYCTaphlH a3a OTBHIPHIN, Kall OMICTI MEHrepyne KHBIHABIKKA Tar OOJFaHIbIFbI
aHbIKTANbIHBL. TecTTe op cypakka 10 ymait 6epinai. 32 OKyIIBIHBIH TECT TarchlpMachl OOMbIHIIA
HOTHXeCI (2-cypeTTe) KOpCeTUIreH.
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18 - P
16 -
14 -
12 -
10 - — |
1 I

50-60 6ann 60-80 6amr  80-100 Gamn

o N B OO X

Cypem 2 - Okyuiblnapovly, mpucoHomMempusiivlK menoeyiepoiy 20icmepin MeHeepy Hamuiceci

Tecriney HoTmwxkecinae okymbuapasiH 12,5%-b1 (4 okymibl) 50-60 Oamn apanbiFblHaa yHai
KMHAFaH OKYIIbIJIAp TaKBIPBI OOMBIHIIIA AJTi JIe KOCBIMILIA MAJIIMETTEPI MEHIepyl KaKeT eKeHIIT1H
kepcetTi, 31,25%-b1 (10 oxymsr) 60-80 Gann neHreninae xayar Oepir, KUbIHIBIK TYIIPFaH CYpaKTap
OOlBIHIIA XYMBIC JKacay KepekTiriH, 56,25%-b1 (18 okymbr) 80-100 Gamn apanbiFblHIA yIand
KMHaraH OKYULIbUIAp ©T€ JKAaKChl HOTHXKE KOpceTTi. 3epTTey HOTHXKENepiH Tajjail OTBIPHII,
TPUTOHOMETHSUIBIK TEHACYIEP/Ii OKBITY/Ia OH TMHAMUKAHBI aTarl ©Tyre 00Ja bl

Tecriney OoibiHma 3 (A,b,C) okymbiHbIH Oip ecenke OepreH jkayaObl TaJKbLIAHIBI.
OxymbuTapably KayantapsiH Tangay ymin A,b,C okymbuiapman cyxOar ambiaubl. CyxOaTThiH
MaKcaThl - CypaK-ayar apKbUIbl OKYLIbUIAPJIbIH KaTeIeCKEeH TYCTapbIH TAJIKbLIAY KOHE JI€ €CENTIH
Kail JKeplHEeH KaTellK KIOepreHJiriH aHbIKTall OTBIPBIN, ©3]epiHiH OepreH »ayanTapblHa
CEHIMJIUTIKTEpiH Tekcepy. OKyIIblIap alIMacThIpy 9ICIH KOJaHy OapbIChIH/IA KaTeiK sKioepreHair
aHBIKTAJIBIH/IBI, €CENTI LIenry OapbhIChIH/Ia aIMACThIPY €HII31M, KBaJpaT TeHJIEY/l IIenIin, 6acTankbl
TEHJEY/IIH OpHbIHA TaOBLIFaH MOHJAI KOIOJa KHUBIHIBIK TyAblpFaH. bysn MoceneHi Imemry yIuiH
OKYILUBbLJIapFa aJMAacThIpy oiciHe OainmaHbICThl [12] IIBIFapblIy >KOJNAapbIMEH OepulreH Typii
ecenTep KopCceTui.

Oxymbutap OoJlalakTa TPUTOHOMETPHUSUIBIK TEHAEYJAepAl IIEHIy[IiH Heri3ri oAicTepiH
YMBITHAN, COHAAN-aK eceNnTiH OepuUIreHiH KepreHae Kai o/icTi KOJJaHy KepeKTiriH OiplieH ecke
TYCIpyl YIIiH, OChl TaKbIPbII asChIHJA aJJaFbl YaKbITTa €Cell Ke3IeCKEH >Karnaiaa OarbIT-Oariap
Oepy YLIIH OKyIIblIapFa apHailbl KapTouKa YChIHBLILABL. KapToukasa TpUTOHOMETPUSIIBIK TEHICY
STy SICTEPIHIH Koaapsl [13] MpicamgapMeH bIKIIAMIAJIBIN KeJITIPIITEH.

3epTTey HOTUXKECIH/IE OKYIIbUIAp TPUTOHOMETPHUSUIBIK TEHACYIEep/l IEHIy/IiH TYPJIl 9icTepiHe
OailTaHBICTHI KYpAEJl ecenTepal menryal YHpeH i, COHBIMEH KaTap TaKbIPbINTHI Urepy OapbIChIHA
3epTTEYIiH TPUAHTYISALUS O/1iCIMEH TAHBICHII, SICTIH KOMETIMEH TaKbIPHINTHI MEHrepy OAaH 9pi
KEHUIICH TYCTI.

KOPBITBIH/IbI

TpUTOHOMETPUSITBIK €CenTeyep, OHBIH IIIHAEe TPUTOHOMETPHUSUIBIK TEHIACYIEepAl MIery
omicTepi  KoigaHOambl — FRUIBIMJIApAAQ  aWTapibIKTad KWl KOJJAHBUIAJBI,  COHJIBIKTAaH
TPUTOHOMETPHSIIBIK TEHJIEYJIEpP OpTa MEKTEMTIH OaFaapiaManapbiHaa MaHbI3IbI TAKBIPHIIL.

Nel5 M.KymabaeB arblHIarbl MEKTEN-TUMHA3MSICHIHBIH  KapaThLIbICTaHY-MaTeMaTHKa
OarpIThIHAAFEl  10-CBIHBIT OKYyIIbUIAphIHA « TPUTOHOMETPUSIIBIK TEHICYJIEP/l IIENry OIICTEPiH»
OKBITYZIBIH OMICTEMECI KOPCETUINl KoHE YCHIHBUIFAH OJICTIH THIMIAUIT ToXipuOe 3Ky3iHae
tekcepinai. 10-ChIHBINTBIH 32 OKYIIBICBIHA TPUTOHMETPUSUIBIK TEHACYIAEPi IIeNry OicTepi
TYCIHIIPIIAl, OKYIIBUIAPABIH TAKBIPBIITHI MTE€Py HOTIIKECIH TEKCEepy YIIIH TPHUAHTYISIIHUS Oici
KOJIJTAHBUIABL. ByJ ONICTIH THIMAUIII OKYyIIbUIAp TEK €CeNTi INeHNn Koimail, cyx0ar aibl,
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CypakTapra ayar Oepy Ke3iHJe OJapAblH TarchipMa OapbhICHIHAA KATEJICCKEH TYCTaphblH aHBIKTAIL,
YCBIHFaH JKayanTapblH TAJIKbLIAi OTBHIPHII, JKIOEPUITeH KaTeIIKTEPMEH KYMBIC JKacarl, TaKbIPBIITHI
TEPEH OKBITYFa MYMKIHIIK aiblHAABl. TPUTOHOMETPHSUIBIK TEHACYICPl MICHTy 9IICTEPIH OKBITY/IA
OKYIIBLIAP/bIH OUTIMIH apTThIpyFa OaFbITTAJFaH TCOPUSIIBIK KOHE IMPAKTHKAIBIK 3EPTTEYJIEPIiH
HOTIKECiHIE OKYyIIbLIapAbIH 12,5%-bI TaKbIPBIT OOMBIHINA 311 JIe KOCBIMIIIA MAJIIMETTEP/II MEHTepYi
KakeT exeHairi, 31,25%-b1 KUBIHABIK TyABIPFAH CYpakTap OOWBIHINA >KYMBIC acay KEpeKTiri,
56,25%-bI KOFapbl KOPCETKIIIKE Fe 00JIa OTBIPHII, TAKBIPHINTHI TYCIHTCHIIT1 aHBIKTAJIIbI.

FouteiMu  3epTTey  JKYMBICBIHIA  MEKTEN  OKYJBIFBIHAA  KE3ICCICUTIH  Kypueni
TPUTOHOMETPUSUIBIK TCHICYICPAl LICITy 9iCTePl YCHIHBUI/BI.

FrutbiMu 3epTTey HOTHXKEJEpi KeNeNIeKTe MaTeMaTHKa TMOHIHIH OKBITYIIBUIAPHI YIIiH OKBITY
MPOLIECCIH KYPTi3yleri THUIMII 9MICTEMENIK Kypad PeTiHAe, COHIai-aK MapbIHIbl OKYIIbLIAPIbI
FBUIBIMH JKOOaJlapra Jnaspriay OapbIChiHIA OarbIT-Oarmap OepeTiH KOMEKIl OKBITY MaTepualibl
peTiHIe KONIaHBLTYhl MYMKIH.
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®OPMUPOBAHHUE Y CTYAEHTOB UCCJIIEAOBATEJIbBCKHUX HABBIKOB C
NCITIOJIB3OBAHUEM METOJA TPUAHI' VIALIUU ITPU PEIIEHUUN
TPUTOHOMETPUUYECKWUX YPABHEHUI

AHHOTAUUs
Hcnonp3oBaHne MeTo/la TPHAHTYIANMKA B OOYYCHMHM METOJaM PEIICHUS TPUTOHOMETPHYECKHUX
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ypaBHEHUH npu HOPMHUPOBAHUU HCCIEIOBATEIBCKUX YMEHUH MIKOJLHUKOB SIBJISIETCS] aKTyaJbHBIM BOTIPOCOM.
OcHOBHAasT TIeNIb  HCCIIEIOBATEIBLCKOM  paboTel — 000OMMTH CHENUAlIbHBIE METOABI  pPEIICHUS
TPUTOHOMETPHUYECKUX YPaBHEHHA, OXBATUTh UMEIOIUECS BUIbI TPUTOHOMETPHUYECKUX YPABHEHHM, a TaKKe
00CYIUTh KOMIUIEKC 33714, HAIPaBJICHHBIX Ha pelleHHe TPUTOHOMETPHUYECKUX ypaBHEHUH ywamuxcs 10-x
KJIacCOB M C(OPMHUPOBATh HCCIEIOBATEIbCKYI0 HABBIKM YyYaIlMXCS B PEUICHUH TPUTOHOMETPUYECKHUX
ypaBHEHHH. 3a/1aueii HCCIIeIOBaHUS SIBISICTCS PACCMOTPEHHE PE3YIBTATOB HCCIICAOBAHNS, HAPABICHHOTO Ha
(hopMHpOBaHHE HCCIIEAOBATEIILCKUX YMEHUN YUaIIUXCsl, OTpeielieHIe METOAOB PEILICHHS 3a/1a4, CBS3aHHBIX C
TEMOH pelIeHHsI TPUTOHOMETPHYECKUX YpaBHEHH yyamuxcs 10-x Kinaccos.

Ilpu mnpoBeaeHWUM HAyYHBIX KCCIICAOBAHUN MPUMEHSUTUCH OINPOCHI, TPEHUHTH, HWHTEPBBIO,
TECTHUPOBaHUE, CAMOOIICHKA, a TAKXKE AKTHBHBIC METOIbl OOydeHWs. B pesynbrare HcClieIoBaHHUN OBLIO
OTIPEIENICHO, YTO KaKIBIA METOJ, MPUMEHSEMbIH HpPH PEIICHUH TPUTOHOMETPHUECKUX ypPaBHEHUH, MMeeT
cBor 0cOO0eHHOCTH. CTYyIEHTHI TIOCMOTpENH Ha WCXOAHOE ypaBHEHHE, ObICTPO ONpEeneiriii HeOOXOIMMbIe
METOJIbI U MOBBICHIN CBOM HMCCIIEIOBATEIbCKUAE HABBIKK. Pe3ynbrarbl HAYYHBIX UCCIETOBAHUA MOTYT OBITH
WCTIOJIb30BaHbI TIPU CO3AaHuH 3(PpQEeKTHBHOTO METOAMYIECKOTO MOCOOUs M0 00YyUEHHIO TPUTOHOMETPHUECKUM
YpaBHCHUAM, a TAKXKC IPpHU PECIICHUH 3a/1a4 HAITUOHAJIbHOTO €ANMHOT0 TECTA KaK METO4a 6I>ICTpOFO JOCTHIKCHU A
Pe3yNBTaTOoR.

KuroueBble ci10Ba: TPUTOHOMETPUYECKHE YPAaBHEHHUS, IIKOJLHUKH, METO] IIOJICTAHOBKH NTEPEMEHHBIX,
METOJIbI PELICHUS] YPABHEHUH, METO TPHAHTYIISLIHH.
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FORMATION OF STUDENTS' RESEARCH SKILLS USING THE TRIANGULATION
METHOD IN SOLVING TRIGONOMETRIC EQUATIONS

Abstract

Presenting the triangulation method in teaching the methods of solving trigonometric equations while
forming the research skills of schoolchildren is an actual issue. The main purpose of the research work is to
summarize the special methods of solving trigonometric equations, to cover the available types of
trigonometric equations, as well as to discuss the set of problems aimed at solving trigonometric equations of
10th grade students and to form the research skills of students in solving trigonometric equations. The task of
the research is to consider the results of the research aimed at forming the research skills of students,
determining the methods of solving problems related to the topic of solving trigonometric equations of 10th
grade students.

Surveys, training, interviews, testing, self-assessment, as well as active learning methods were used
during the conduct of scientific research. As a result of research, it was determined that each method used in
solving trigonometric equations has its own characteristics. Students looked at the original equation, quickly
determined the necessary methods, and increased their research skills. The results of scientific research can be
used in the creation of an effective methodological guide for teaching trigonometric equations, as well as in
solving the problems of the national unified test as a method of quickly achieving results.

Keywords: trigonometric equations, schoolchildren, method of substitution for variables, methods of
solving equations, triangulation method.
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