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KOJIIK KYPAJIBIHIAFbBI MATEMATHUKAJIBIK MOJEJBIAEPAI TAJIIAY
OcnanoB E.A., Cemeii kanaceinbiH [IokopiM aTeinaars! yausepcuteTinin PhD qokTopsr,
Cewmeti k., Kazakcran.
E-mail:78oea@mail.ru

AnmaTtna. Makanaga yoIyael OKocrapiay —OaFbITTapblH  MaT€MAaTHUKAIBIK — MOJEIbICY
KapacThIpbUIaabl. J{oM/IiK eH CONKECTIKTIH MaTeMaTUKAJIBIK €CETITeYIepi Taa aHaIbl.

Tyiiin ce3nep: Maremaruka, MOJIENIb/ICY, €CENTEY SKCIEPUMEHTI, INHAMUKA, OaF1apIaMabiK
KaMTaMachI3 €Ty, 0acKapy 3JI€MEHTTepi, KO3FaJIbIC.

AHAJIN3 MATEMATUYECKNX MOJEJIEN ITPU YIIPABJIEHUN
TPAHCIIOPTHBIM CPEACTBOM
Ocnanos E. A., PhD nokrop Cemunanatuackoro ynusepcurera um. Lllakapruma
r. Cemeii, Kazaxcran.
E-mail: 78oea@mail.ru

AnHoTauus. B crarne paccMaTpruBaCTCA MAaTEMATUYCCKOC MOJCIIMPOBAHUEC HAIIPABJICHUA 1O
IJIaHUPOBAHUTIO ITOJICTOB. AHaJ'II/I3I/IpOBaHO MAaTEMAaTHYCCKHUC BBIYHMCJICHHUA  TOYHOCTH 151
aJICKBATHOCTH.

KiroueBbie cjoBa: MaTeMaTI/IKa, MOZACIIMPOBAHHUC, BBIYHCIUTENbHBIN OKCIICPUMCHT,
AWHAMHKa, IMPOrpaMMHOC O6€CH€‘IGHI/I${, YIIpaBJICHUA, IBUKCHHUC.

ANALYSIS OF MATHEMATICAL MODELS IN VEHICLE DRIVING
Ospanov E.A., PhD Doctor of Semipalatinsk University named after Shakarima
Semey, Kazakhstan.
E-mail: 78oea@mail.ru

Abstract. The article discusses mathematical modeling of flight planning directions.
Mathematical calculations of accuracy and adequacy are analyzed.

Key words: Mathematics, modeling, computational experiment, dynamics, software, controls,
motion.

Kipicne. Matematukanbik Mozaenbaey Teopuschl [1,2,3,4] HoTHXKeNepIiH aaeKBaTThUIbIFbIH
HaKThl OOBEKTIHIH MiHE3-KYJIKbIHA €CEeNTey AIKCIEPUMEHTIHIH COWKECTIrl peTiHIe TYCIHAIpEeIl.
MatemaTuKanblK ~ MOJENbIAEPIIH COWKECTIriH Oaranay TMpOIENYypachlH eleMey  ecemnTey
AKCTIICPUMEHTIHJ/IE OPECKEN KaTenepre oKeseai. O3 Ke3erinae MyHIal KaTe ecenTey HOTHKECIHIET1
KaTeJIKTepre KoHe IYPhIC eMeC MPAKTUKAJIBIK KOPBIThIH/IbIIApFa OKeIe .

MareMaTuKanblK MOACIbACPAIH COMKECTITIH OaramayaslH SpTYpial Tocuiaepl Oap, Oipak ke3
KeJIreH JKaFjaiia Oy yuriH 0i3re MpIHaJIapAbl OLTY KaKeT:

A) yarinepiH colikecTiria Oaranay KpuTepuiisepi;
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B) 00BexTiHIH MiHE3-KYIKBIHBIH Oip JKarlaiiblH KaWTaJalTBIH €CenTey SKCIEePUMEHTIHIH
HOTHKEJEpl Typaibl )KaH-KaKThl MOJIIMETTED;

C) HaKTBI XaFJaii1a KeJiK KypalbIHBIH MiHE3-KYIKbI TYpasbl IIbIHANBI aKnaparT.

Oye KeMEeCiHIH MaTeMaTUKAJIBIK YJITLIepl YIIIH IIbIHAWBI aKIapaTThl aly 1C KY31HIe MYMKIH
emMec. MbIcabl, KOJIIBIH 9p HYKTECIHJIE 9p COTTE TY3€TY MYMKIH eMec:

- aya paiibl xKarmainapsl (Ke, KaHOBIP KoHE T.0.);

- ayaHBIH epre KaThICThI KO3FAJIBICHI (3KEJT JKbUIIaM/IBIFbI MEH OaFbIThI);

- Y1y skoHe KOHY Ke31HIe IOHTeIEeKTEePIiH Ka0bIcy KO3 (UIIMESHT1 )KOHE T.0.

CoHIBIKTaH YATLICPAIH COMKECTIriH Oarayiay YIIiH YIIy ChIHAFBIHBIH OapiiblK JepeKTepiH
naijanany MyMKiH eMec, ajl KpUTepuil KoJija 0ap akmapaTThIH AJIIITIHE COMKeC TaHAalybl KEpeK.

Ken e3reprimrik >xarmaiiblHaa ecenTey HKCHEPUMEHTTEPIHIH HOTIDKENIEPIHIH KOJIAMIIbI
a/IeKBATTHUIBIFbIHA TEK UACHTU(DUKAIMSIHBIH KOMETIMEH KOJ KeTKizyre Oomanpl. ColikecTeHIipy —
HKCHEPUMEHTTIK JCPEKTepre COWKECTITiHIH KOJIAMIbI JOpeKeciHe JKETy VIIIH MaTeMaTHKAJbIK
MOJIeTbACPAIH OeNrici3aep/i aHbIKTay HeMece JKETKUIIKCI3 197 Oenriii mapameTpiepiH HaKThLIay
MPOIIEC.

1) Ke3 kenren neTepMUHUpIIEHTeH (Ke3IeHCOK KYObUIBICTapFa eIiKTeyci3) MaTeMaTHKaJbIK
Mogense [2,3]:

- KO3FaJIbICThI OaKbLIay,

- KHHEMaTHKAJIbIK KaTbIHACTAP;

- 0acka (YHKIIMOHAIABIK TOYEJAUTIKTED;

- CaHJIBIK MOJIIMETTED,

- €CeNTey SIIiCTepi.

2) Erep 6i3 6enrini Oip ymak yiricid TaHmacak, 0i3 yIIak eHIipymIici OEKiTKeH TeXHUKAaIBIK
cUmnarTaMaiapra KYMoH KenTipe aaMaiMbi3. TeK yIII TONThI aHBIKTay KepekK:

- 00BEKTIHIH OacTanKbl ONepaysIIbIK IapaMeTpiIepiHiy KYHi,

- aya paiibl AepekTepi, CTaHAapTThl aTMochepasaH aybITKyIap, YIIy-KOHY KOJaFrbIHbIH JKai-
KYi,;

- 00beKTiHI Oackapy MojemiHiH mapameTpraepi (agaMm (akTopsl Hemece OacKapyblH OapIbIK
apHaJIapbIH/Ia aBTOMATTHI OacKapy *Kyienepi).

3) TereHue >xarnaiinapia oye KemelepiH Oackapy OIICTEepiH d3ipiiey KoHE Tajjay YIIiH
JTMHAMUKAJIBIK ’KOHE TTHIIOTAX/IBIK KACHETTEP €H MaHBI3Ibl MiHIIET OOJIBII TaOBLIA b

4) ©Oye KeMeci KO3FalbICHIHBIH MaTEeMaTHKaJblK MOJENIHIH, VIIyJAbIH e3repMmeli
napaMmeTpJiepiHiH (apaKThIFbl, KbUIAAM/IBIFbI, OUIKTII) COMKECTITH, COH/Iali-aK ChIPTKbI acepiepre
pEaKIMIChIH KaMTaMachl3 €Ty KaxeT (akTopiiap kel ocepl Hemece OepiireH TpaeKTOpusiaaH
ayBITKY)

5) Oye keMmeciHiH OOWIBIK >KOHE KOJJIEHEH lIrepiiemeli KO3FalbIChIH Oesiek Tannay. byn
a’poJIMHAMUKa MEH YIITy TMHAMHUKACHIH TEPEH OLTy/I1 Tajam eTel.

Oye KeMeJepiHiH YIIy JAWHAMHUKAChIHBIH MaTeMaTHUKaIbIK YITUIEpIH o3ipiey YIIiH
COMKECTIKTIH KXKETT1 IOPEKECIHE KeeCl YChIHBICTap bl Oepyre 0oJabI.

1. 3epTTey MIHAETIH HAKTHI TY>KbIPbIMIaHbI3.

2. Ymy mapaMmeTpiiepiH TOJBIK JKOHE O3[ITIHEH JOHEKTI jKa3y apKbUIBl YINYJIbl ChIHAY
HOTIKEJIEPIH Tallay.

3. MarematukanblKk MOJENb/IE KapacThIPUIATBIH OENTUIep/l CUIAaTTay YIIIH KEeHEHTIITEeH
MaTEMaTHKAIBIK KaTaHIbIK PUHIIUITEPIH KaMTaMachl3 eTy.

4. Tancpipmara COMKec ecenTey J/IICTePiH TaHIaHbI3.

5. MareMaTHKaJIBIK MOJENbICPAIH COWKECTIK JEHIeHiH TEeKCepiHi3, 3epTTey TalchlpMachlH
menryre oObeKTUBTI Oara O€piHi3, erep COMKECTIKTIH KaHaraTTaHAPJIBIKCHI3 JIEHTEHIH ajcaHbI3,
YKOFapbI/Ia aTaFaH O0apibIK KaJaMaapasl KalTaaaHbl3.
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Ocputaiinia, cajabICTBIPBUIATHIH HapaMeTpliepIiH (HU3UKAIBIK KacueTTepiHe OachIMIBIK Oepe
OTBIPBITN, COMKECTIKTI OarajiayAblH CTATHCTHKAJIBIK OJICI JKOHE COMKECTCHIIPYIIH ABPUCTHUKAIIBIK
otici KOJIaHbUIA/IbI.

Ijicrepi. MaremaTukaablK CTaTUCTUKAAA JOIIIK TEH JKYHENUNKTI CUIATTaWThIH OlpHEIe
rramasap Genrini [12].

¥ury ChIHaKTapbIMEH CalIbICTBIPFaH/Aa MAaTEMaTUKAJIBIK MOJENbAIH JOJIITH CTaHAapPTThI
ayBITKY apKbUIbI Oarayiayra 0ojaibl, JereHMeH MyHaai Oaranay aoa 00iIMaybl MyMKiH, ©HTKEH1 071
KEeHOip colikecCI3MIKTepai ecKepMeial. AJMIAKTHIKTapAbIH OpTalla CTAaTUCTHKAIBIK MOHI Olpaei
KEeMIIUTIKTEp/IeH 3apar meresi, Oipak >Kyiieni KareHi 6aranay peTiHjae naianaHblIybl MYMKIiH.

byn anroputmiae CTaTHUCTUKAIBIK KPUTEPUUTEpIAl TEKCepy PETTUIrl KaTaH CakKTalaJbl,
OJIapbIH SPKANCBHICHI aJlJIBIHFBICHIHBIH KOPBITBIH/IBICHIHA HET13 €T EH.

1. OK Ko3FraJIbICBIHBIH TTapaMeTpiIepiHiH Oipi TaHganaabl, o YIIiH HykTenepae (t1, t2,..., tN)
yury xa30acel U(t) skonHe MM OoiibIHIIIA ecenTelreH coikec mapamerpi u(t) Oomambl. Oipaeit
HYKTEJep.

2. u_i = u(t_i) — U(t_i) aiftbipMaIIbUIBIKTaphl €CETTEIIEI].

3. u_1 MoHAEpiHIH OapibIK ayKbIMbI OJIAp]IbIH SPKAaNWChICHIHA U_1 KeMiHAe 0ec MoHi KeneTiHaeh
I MHTEpBaJIIapbiHa OeJiHe .

4. OpOip j-1111 UHTEPBAIAAFHI U_1 COKKbLIAp CaHbl €CENTENeAl - N_j KHULIIKTepi.

5. U Ke3NeHCOK MIaMachIHBIH Tapalxy IapaMeTpliepiHiH CTAaTUCTHKAIBIK Oaraiayiapbl
aHbIKTaTaabl TanaaMansl oprama (Au) "=1/N Y (=1)*r [n_j Au_j ] , mynnarsr U_j opracel. j-mi
MHTEpBAJIIBIH; *oHe Oeiitapan aucnepeususl 6aranay s 2=1/(N-1) 3 (j=1)"m_j [(Au_j-(Au) 7))
n2.

Hotu:kenep. [IUn0TTHIK YITIHIH HapaMeTpiepiH 9AETTerl ColKecTeHAIpyMeH Oip Me3riiae
xKacay Kepek, OyJ1 MoceJIeHl alTapibIKTail KMbIHIATA (bl )KOHE TIlTi OHBI IEITy MYMKIH €MeC eTe/l.
MyH/a yily ChIHaKTapbhIHIa €H KaKbIH €CeNTey HOTHIKEJEepiH ajly YIIH 0acKapy opekerrepi MeH
KO3FaJIBIC TIapaMeTpiiepl apachlHAArbl CamallblK KAaTBIHACTBIH EMKEH-TerKeWnl  «(pU3HKaIIBIK
TaNJayblH KOJIZJaHA OTBIPBII, SBPUCTUKAJIBIK TACLI FaHa KeMekTece anaasl [12]. by Tocin Gapibik
CaHChI3 MYMKIH CYpaKTapfa jkayan Oepy MaKCaThIH Ke3JeMeH, HOTIKeNepre KOWBUIATHIH HAKTHI
TananTtapisl eckepyi kepek. O ecentey SKCIEepUMEHTI MEH YIIIy ChIHAKTaphl AEPEKTEePiHIH 0JIap IbIH
CaHBIK MOHCPIHEH «(DU3UKAIIBIK» OACHIM/IBUIBIFBIHA HET13/1€TTEH.

Ocbl ylily ChIHaKTaphbl YIIIIiH €CeNTey SIKCIePUMEHTTEPIHIH HOTHKEIEPiHiH COUKECTIrH Oaranay
Ke3iHJle, €H aJIbIMEH, KaiTa IIBIFapbUIybl THIC CBIHAK TYpPaJbl )KaH-)KAaKThI aKmapaT OOJybl KaXeT.
by xa3putraH (katesnepi Oap) yury aknapaTblHaH 0acka, oye KeMECiHIH ChIPTKbI JKaFIaillapbIH 1a,
KYHIH /1€ )KEeTKUIIKTI TypJe a1 Oty KaxkeT aereHal Oinaipeni. bipak nam ockl aknapaT keOiHece KOK
- aTMoc(epaHblH KEHICTIKTIK-YaKbITTBIK CHUIIaTTaMallapblH, COHBIH 1IIIHJE KENIiH eKIiHIH TipKey
MYMKIH €MeC, YIIAKThIH CHMAaTTaMalapblH 191 Ou1y MyMKiH emec. COHIBIKTaH OapiibIK MYMKIH
Karjainap yIIiH MaTeMaTHKaJIbIK MOJENb/I aHBIKTay/bl 63 MOWHBIHA allyJIbIH MaFbIHACHI JKOK.
benrini Oenrim maprrapAa YIIYObIH JKEKEJereH KEe3€HJEPIH CHUNATTAaUThIH MaTeMaTHUKaJIBIK
MOJIEJIB/IIH epeKIlIe JKaFaiiaphl YIIiH FaHa OyJ1 MoceJIeHl HIenIyre ThIphICyFa 00Jabl.

KopbiTbinabl. XKorapsina OasHanFaH MIEHIUIETIH TalChipMallap/blH KacHEeTTepiHe cyheHe
OTBIPBINT KOHE JKOFapblla aNWTBUIFAHIAPJBIH OapibIFblHA CYHEHE OTBIPBIN, TaJAAyIblH JIOHEKTI
Ke3eHJepiHiH Ti30eri OOoJbIN TaOBIIATBIH MATEMAaTHKAJIBIK MOJEIb/I aHBIKTAYyABbIH YBPUCTUKAIBIK
oftici 93ipIeHIl:

1) HaKTBI YITYJIBIH 3€PTTEIETIH Ke3EHIH JKY3€Tre achlpy €peKIIeTKTEPiH aHbIKTay (YaKbIT ITeH
OpEKeTTep/IiH CUIIaTTaMAJIbIK COTTEPI);

2) MareMaTUKaJbIK YJTIHIH COMKECTINH KamMTaMachl3 €Ty Tajal eTUIeTIH YIIyAbl ChIHay
(bakTopiapbIH TaHaay (0JapAbIH TPaeKTOPHUs OOUBIHIIA ©3TepYiIMEH ecenTey HOTHIKEIEPiHiH e3repyi
canaJibIK JKaFbIHAH COMKec 0OJTyBI KEPeK);

3) colikecTeHAIPUIETIH MapaMeTpiep Typajibl THIIOTe3anap/sl (0apAblH CTaHIAPTThl HEMece
TIPKEJIT€HHEH aybITKYbIHBIH MYMKIH ceOernTepi) YChIHY;
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4) ecenrey OHKCHEPUMEHTIH XKYPrizy (KE3eKTI JKYbIKTay OIICIMEH COHMKECTeHMipilIeTiH

napameTpJiepAl TaHaay);
5) ecenTey HOTHKENEPIH TAJAy KOHE TEKCEPUIreH TUIIOTe3aIapabl Oaraay.
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9YE KEMEJIEPI SKHUITA’KbI MEH KOJIAYHIBbLTAP/IbIH TIPIOIJITTH
KAMTAMACBI3 ETY )KXYUECIH )KAHF'BIPTY
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AHJaTna. Oye KeMelepiHiH AKUIMaXbl MEH KOJAyIIbIIAPbIHBIH TIPIIUIITIH KaMTaMachl3 €Ty
KYHeENIepiH )KaHFBIPTY aBHALMSUTBIK KAYITCi3/TIKTIH MaHbI3/IbI aCTIEKTUIEPiHiH Oipi OO0JIBIT TaOBLIA B
MiHe, Ka3ipri 3aMaHFbl YIIAKTapABIH TIPLIUIITIH )KaKCAPTKAH TEXHOJOTHUSHBIH KEHO1p JKeTiCTIKTEPi:
OTTET1 JXYy#Hemnepi, KAOMHAHBIH KbICHIMBIH OaKbLIaY, IIYFBUT 9BAKyallus Kyiesepi, KeTiAipuIre cy3y
xyienepi. XKanmebl, oye KemenepiHiH SKUNaKbl MEH YKOJIAYIIbUIAPBIHBIH TIPIILIITiH KAMTaMachI3 €Ty
KYHeENIepiH KaHFBIPTY dye canapiapblHbIH KAyICi3iri MeH >KalIbUIBIFBIH e19yip apTThIpAbl. OCh
O3BIK JKYHMenep/iH apKachlHJa »KOJayllbllap MEH 3KMIaX YIIy Ke3iHIe ©3]IepiH KayilcCi3 KoHe
CEeHIM/Ii Ce31Hyl MYMKIiH.

XKepne ne, rapbllITHIK JKaFjaiiia Aa KOJJAHBUIATBIH Oyl KYMBICTAa KapacTbIPbUIFaH
TEXHOJIOTHSUTApPFa KeJIeTiH 00JICaK, FaphIlIKa YITyFa apHAJIFaH TIPIIUTIKTI KAMTaMachkl3 €Ty KyHeciH
aBHanuAra OIPIKTIPY FBUIBIMH MaHbBI3JBLIBIKKA Ja, MPAKTHKAJIBIK MaHBI3JbUIBIKKA Ja He O0O0Jybl
MYMKIH.

FoulbiMu TypFbIIaH anfaHza, Fapblll calachblHaH aBUALMsIFA TIPUIUIIKTI KaMTamachl3 €Ty
KYHeciH OIpIKTIpY THIMAIPEK ’KQHE TYPaKThl TIPLIUTIKTI KAMTaMAachI3 €Ty KyHenepi OMIKTIKTE YTy
Ke31HJIe 9pTYpJii (haKTopiap/IblH aJlaMFa acepi Typalibl XKaHa JAepekTepi Oepe anajsl. [IpakTHKaNbIK
TYPFBIJIaH aliFaH]la, Fapblll calachlHAH aBHALMAFa TIPUIUIIKTI KAMTaMachl3 €Ty JKyHeciH OIpiKTipy,
ocipece y3aK KallIbIKTBIKKA YIIIYy >KaFJaiblHAa yIIy Kayilci3firi MEH >KalIbUIBIFBIH alTapibIKTai
KaKcapTa anajbl.

Tyiiin ce3mep: Fapslil, yIIy Kayinci3Jiri, pecypc, aBuarus, ¥JITTHIK a9pOHABTHUKA KOHE FapbIIL
0ackapmachl, XalbIKapaJblK FAPBIII CTAaHIIHSCHI.

MOAEPHU3ALIUA CUCTEMbI ’KU3HEOBECIIEYEHUSA DKUITAZKA
BO3YHIHBIX CYJOB U TACCA’)KHUPOB
PricGexoBa A. A*., npenonasatens Kaeapsl «ABHALMOHHAS TEXHUKA U TEXHOJIOTUH
'Kepu6aesa T. B., crapumii mpenoasarens Kaeapbl «ABHAMOHHAS TEXHUKA U
TEXHOJIOTUU»
'A6aumarosa T. /., npenonaBareinnb Kapeapsl «ABUAIIMOHHAS TEXHUKA U TEXHOJIOTUH
!Ceii¢pyna I'. H., npenonaparens kadeapsl «ABUAMOHHAS TEXHUKA U TEXHOJIOTHU»
Toitnbi6ait O., mpenogasarens Kaheapbl «ABHALMOHHAS TEXHUKA M TEXHOJIOTHI

AO "Axanemus rpaxaaHckoi apuanuu', r. Anmarsl, PK.
*E-mail: Ainara_18.90@mail.ru

AHHOTaI[I/Iﬂ. MOI[epHI/ISaI_II/ISI CHUCTEM JKM3HEOOECIICUCHHUS DOKHUIAXKEH U MacCcaxupoB
BO3YIIHBIX CYIOB ABJIACTCA OAHWUM U3 Ba)KHEHUIIINX aCIIEKTOB aBHAITMOHHOM Oe3omacHocTu. BoTt
HCKOTOPBIC U3 JOCTIKEHHH B o0actu TeXHOHOFHﬁ, KOTOPBIC VYIYUIIWIN BBIKUBACMOCTDH
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COBPEMEHHBIX CAaMOJIETOB: KHCIOPOIHBIE CUCTeMbl, KOHTposib naBieHuss B KaOWHE, CHCTEMBI
SKCTPEHHON 3BaKyallud, YCOBEPIIECHCTBOBaHHbIE CHUCTEMBbl (MiIbTpaluuu. B neirom MoxaepHu3auus
CHCTEM >KM3HE00eCHeUeHUs KUIMAXKEH M MacCaKUPOB BO3AYIIHBIX CYJOB 3HAYUTEIHHO MOBBICHIIA
0e30macHOCTh M KOM(OPT aBUanepeneroB. biarogaps 3TUM HepeoBbIM CUCTEMaM MACCAXKUPBI U
HKUMAX MOTYT YyBCTBOBAaTh ce0s B O€30MIaCHOCTH U YBEPEHHO BO BpEMS MOJIETA.

UYro kacaeTcst TEXHOJIOTUH, pACCMOTPEHHBIX B 3TOM paboTe, NCIOIb3yEMBIX KaK Ha 3eMile, TaK
Y B KOCMMYECKHX YCIIOBHSIX, UHTETPALIUS CUCTEMBI )KU3HEOOECTIEUeHNUS TSI KOCMUYECKHX ITOJIETOB B
aBHALIMIO MOKET UMETh KaK HayyHOE, TaK U IPAaKTUYECKOE 3HAUYCHHUE.

C Hay4HOM TOYKH 3pCHHSI MHTETPAIMsl CUCTEM JKN3HE0O0ECTIeYeHNS N3 KOCMUYECKOM 0Tpaciu B
aBuanuo Oosee >(PQPEKTHBHA, a YCTOHUMBBIE CHUCTEMBI KHM3HEOOECIEUEHUSI MOI'YT IPEJOCTaBUTh
HOBBIE JIAHHBIE O BIMSHUU PA3IMYHBIX (DAaKTOPOB Ha YelOBEKa BO BpPeMsl BBICOTHBIX MoieToB. C
IPAKTUYECKON TOYKH 3pEHUs MHTErpalysi CUCTEM >KU3HEO0OeCeueH sl U3 KOCMUYECKOM OTpaciiu B
aBHAILIMIO MOKET 3HAYUTEIHHO MOBBICUTH 0€30aCHOCTh U KOM(OPT MOJETOB, 0COOEHHO B YCIOBUAX
JaJIbHUX TOJIETOB.

KiroueBble cioBa: kocMoc, 0e30MacHOCTh TOJETOB, PeCypchl, aBuanus, HarumoHambHOE
yIIpaBJIeHUE IO a’pOHABTUKE M HCCIEIOBAaHMIO KOCMMYECKOI'O MPOCTpaHCTBA, MexIyHapoaHas
KOCMHYECKas CTAaHIIHSL.

MODERNIZATION OF THE LIFE SUPPORT SYSTEM OF THE AIRCRAFT CREW
AND PASSENGERS
!Rysbekova A.A"., lecturer of the Department of «Aviation Engineering and Technology»
!Keribayeva T.B., senior Lecturer of the Department of «Aviation Engineering and
Technology»
!Abdimatova T. D., lecturer of the Department of «Aviation Engineering and Technology»
1Seyfula G. N., Lecturer of the Department of "Aviation Engineering and Technology"
Toilybai O., lecturer of the Department of «Aviation Engineering and Technology»
1JSC "Academy of Civil Aviation", Almaty, Kazakhstan
*E-mail: Ainara_18.90@mail.ru

Abstract. Modernization of life support systems for the crew and passengers of aircraft is one
of the most important aspects of aviation security. Here are some of the advances in technology that
have improved the survival of modern aircraft: oxygen systems, Cabin Pressure Control, Emergency
Evacuation Systems, advanced filtration systems. In general, the modernization of life support
systems for the crew and passengers of aircraft has significantly increased the safety and comfort of
air travel. Thanks to these advanced systems, passengers and crew can feel safe and confident during
the flight.

As for the technologies considered in this work, which are used both on Earth and in space
conditions, the integration of life support systems for space flight into aviation can have both
scientific significance and practical significance.

From a scientific point of view, it is more efficient to integrate life support systems from the
space industry into aviation, and more stable life support systems can provide new data on the impact
of various factors on a person during high-altitude flights. From a practical point of view, integrating
life support systems from the space industry to aviation can significantly improve flight safety and
comfort, especially in conditions of long-distance flight.

Keywords: space, flight safety, resources, aviation, National Aeronautics and Space
Administration, International Space Station.

Kipicne 6eJiim. Fapreimka yiyra apHanFaH TIpHIUIIKTI KAMTaMachl3 €Ty JKyHenepi OTTeri MeH
KOPEKTIK 3aTTap/blH CEHIM/II KETKI3UIyiH, COH/Iali-aK aya MEH Cy/bl THIM/1 Ta3apTyIbl KAMTaMachI3
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ere amajbl. byn canmoHgarel aya camachlH >KakcapTajbl, LIapliay ISHTeHiH TeMEHIETell >KoHe
KOJIAYIIBLIAP MEH SKHIAX MYIIEIEPiHiH KYMBICHIH jKaKcapTabl [1].

Ocpuraiinia, Fapblll calachblHaH aBUAIMAFa TIPIIUIIKTI KaMTaMachl3 €Ty >KyHeciH OipikTipy
aBUAIUSUIBIK JKOHE FAPBIIITHIK TEXHOJOTUSHBIH OJaH 9pi JlaMyblHA BIKIIAJ €T€ OTBIPHIIN, FHUIBIMU
KOHE TPAKTUKAIBIK TYPFhIIaH alTapibIKTal naiina okenyi MyMkiH. COHbIMEH Katap, eMipAi Koijaay
JKYMECIH Faphbllll CalaChlHaH aBHAIMIFA OIPIKTIPY SKOHOMUKAJIBIK TMaiaa okenyi MyMkiH. Fapplka
yIIIyFa apHAJIFaH TIPIIUTIKTI KAMTaMachl3 €Ty JKyHeJepiHiH KOIIIiIiri aBTOHOMUS MEH THIMIUTIKTIH
KOFapbl JeHrediHe ue, Oy oye KeMelepiHe TEeXHHKaIbIK KbhI3MET KepceTy MeH haiiianaHy
HIBIFBIHIAPBIH TOMEHACTYI MyMKiH [2]. Byl coHbIMEH Katap pecypcrapbl THIMAIPEK Maiiaiany
MOHE 3WSHIABI 3aTTap/blH IIBIFAPBIHABUIAPBIH a3aliTy apKbUIbl aBUAIUSHBIH KOpILIAFaH oOpTara
OCepiHIH TOMEHJICYyiHEe OKellyl MyYMKiH. FapbInn canachlHaH aBUAIUSAFA TIPIIUTIKTI KAMTaMachl3 €Ty
KYHeciH OIpIKTIpy XaJbIKapasblK Fapblll OaFaapiiaMachiH TaMbITy YIIIH MaHbI3bl OOJYybl MYMKIiH.
Fappimn koHe aBWanusi cajagapbl apachblHIAFbl BIHTBIMAKTACTBHIK OULIIM MEH TEXHOJOTHIMEH
anMacyfa, COHAaM-aK FapBIIITHIK YITYJIbIH THIMAUIN MEH KayilCi3[iriH apTThIpyFa BIKHAI €Tyl
MYMKiH.

Tyracraii anranaa, eMipai KoJIJIay )KyHeciH Faphllll cajlachblHaH aBUAILUsIFa OipiKTIpy KONTEreH
MPAKTUKAJIBIK KOHE FHUIBIMH apPTHIKIIBUIBIKTApFa dKeTyl MYMKiH. Anaiia, MyHail HHTETpalysHbIH
KEeH ayKbIMJa €HTi31iIMec OYpBIH OHBIH KAYIICI3irT MEH THIMAUIITIHE KO3 KETKI3y YIIiH KOChIMIIa
3epTTeyJIep MCH ChIHAKTAp XKYPri3y KaKeT eKeHi aHbIK [3].

Fapeim canaceiHaH aBuaIusFa eMip/i KOay KyHeciH CoTTI OIpiKTIpy YIIH MISNTiTyi Kepek
OipHemie 3amaHaynm Macenenep Oap. bipiHmi Mocesne-rappllika YIIyFa apHaJFaH TIpIIUTIKTI
KamMTaMachl3 €Ty XKYHelepi aBuanusia maiaagany yIiH ThIM Kyp/eii )koHe KbIMOaT 00JTybl MyMKIiH.
By oye OmieTTepiHiH KYHBIH JKOHE dye KeMmeJepiHe KbI3MET KOPCETy LIBIFBIHAAPBIH apTTHIPYHI
MyMKiH. COHJBIKTaH SKOHOMHKAIBIK (aKkTopiapAbl €CKepe OTBHIPHIN, aBUAIlULAa Malianany YIIiH
TIPLIUTIKTI KAMTaMachl3 €Ty KYHelepiH 3epTTey )KOHE OHTaiIaHIbIpy KaxeT [4].

Exinmi mocene TIpmIUIIKTI KaMTaMachl3 €Ty JKyHeciH OypbhIHHaH Oap oye KeMmeJepiHe
OIpIKTIpYIIH TEXHMUKAIbIK KypJenulirine OainanbicTel. Kelblp aBuakoMmaHusiap eMipai
KOJI/Iay/IbIH JKaHa KYWeNepiH OpHATy YIIIH YIIAKTapblH XaHAPTYyda KUBIHIBIKTapFa Tam OONybl
MyMmKiH. CoHmaif-ak, opTypiil eljep MeH ailMakTapja opTypJii OOJIybl MYMKIH OpTYpJIi peTTeyli
CTaHJApTTap MEH TajanTap/ibl €CKepy KaKeT.

Y eI Macene-eMip/i KoJiiay KyHeciH Faphblll calacblHaH aBUALUAFa O1pIKTIPY TEXHUKAJIBIK
aKayJsap MeH ICTEH LIbIFY KayIliH apTThIpybl MYMKIH, OyJ1 YIIIy Kayirci3irine Kayin TOHIAIpyl MyYMKIH.
MyHnail xy#enepIiH Kayinci3airi MeH CEHIMJUIIINH KaMTaMachl3 €Ty YIIIH KaTaH TEeCTIeYy JKOHE
cepTHU(UKATTAY PICIMIEPIH d31pIIey KaXKeT.

CoHBIMEH, MaHBI3/IBl ACHEKT-IKOJIOTHSIIBIK TYPAaKTBUIBIK Moceneci. Fapbim canmaceiHaH
aBHallMAFa TIPUIUIIKTI KAMTaMachl3 €Ty *KYHeciH OIpiKTipy KOpIIaraH OpTara 9cep/iH TOMEHJAEYiHe
OKelTyl MYMKIiH, O1paK COHbIMEH Oipre KOCBhIMIIA pecypcTap MEH SHEPrusiHbl KaKeT €Tyl MYMKIH.
ABunanusira TIPIIUTIKTI KaMTamachl3 €TYAIH JKaHa JXyHeslepiH o3ipjey »oHE eHri3y Kes3iHzae
SKOJIOTHSUIBIK TYPAKTBUIBIKTBIH OapJIbIK acleKTUIEpiH eckepy KaxeT. TyracTail anFania, TIpIILIIIKTI
KaMTaMachl3 €Ty JKYHMeCiH Fapbllll calachlHaH aBHAIlUsFa COTTI HMHTerpanusuiay OipkaTap
TEXHUKAJIBIK, YKOHOMHUKAJBIK, PETTEYIl KOHE SKOJOTHUIBIK MOCEJeNep/l ISyl Tajam eTel.
Kympic OapbIChIHAA OCHI MIHAETTEPI MICIIyre OaFbITTANFaH KYPBUIBIMIAPABIH KbI3METIHACT1
colikecci3aikTepre 0aiIaHbICTBI KUBIHIBIKTAP /1a KO3FaIa Ibl.

NASA coHbIMEH KaTap Faphbllll callachlHAaH aBUAIMSIFA eMip/i Koijay xyiesnepiH Oipikripyre
KaTBICTBI MOCEJIeTIEP Il STy YIIiH KYMBIC icTeiai. Mpicanbl, Onap aBuanusaa KojgaHyra 00JaThIH
KaHa TEXHOJOTHsUTapAbl d3ipnedai skoHe chiHaiabl. OcbiHmail  xoOamapabiH — Oipi-NASA
KapKbUTAaHIIBIPAThIH  "eMipal KoJmayAslH O3bIK TexHosorusuiapbl" (Advanced Life Support
Technologies) xobacel [5]. byn »o0a Fapbliika yinyna ja, aBUaIsaa Ja KOJJaHyFa OOJIaThIH
TIPUIUTIKTI KAMTaMachl3 €TY/IiH JKaHa xKyuenepin a3ipieyae. Onap aya MEeH Cybl Ta3apTy Kyuemnepi,
KaJIBIKTapAbl KAJINbIHA KENTIPY JKOHE a3bIK-TYJIKTI KaliTa eHJey Kyienepi CHSKTHI
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TEXHOJIOTHSUIAP/bI, COHJIal-aK TUIMIIIPEK JKOHE IKOJOTHSUIBIK TYPAKTHI TIPIIUTIKTI KAMTaMachl3 €Ty
KYHeNepiH Kypy YIIiH HaigalaHbUTybl MYMKIH 0acKa TeXHOJIOTHSIIAp/Ibl 3€PTTECHII.

Kana TexHoMOrUAIAp Bl KOJNIAHBICTAFBI 9ye KeMellepine OipiKTipy YIIiH 6acka yibIMAapMeH,
COHBIH 1IIIH/IC aBHAKOMIIaHUSJIAPMEH JKOHE YIIIaK OHAIPYIIUIEPIMEH THIFBI3 KYMBIC icTelai. Omap
COHJAW-aK eMipAl KOJAAyAblH >KaHa >KyHelepiHiH KayilCi3fiK TaJanTapblHa JKOHE pPeTTeyIIi
CTaHJApTTapFa COMKECTIIH KaMTaMachl3 €Ty YIIIH PETTEYIIIEPMEH bIHThIMaKTacabl.

Fappimn canaceiHan aBHanusFa TIPLUIUTIKTI KAMTaMachl3 €Ty JKyienepin OipikTipyre KaThICThI
Mocesenep/l Imemy OoWbIHIIA OeJCeH Il 3epTTeyNep JKYPTri3eli >KOHE aBHallusa MaijaiaHyra
00JIaThIH THIMIIPEK, CEHIM/II OHE IKOJOTHUIBIK TYPAKThl TIPIILUIIKTI KAMTaMachl3 €Ty KyhenepiHn
KYpY YIIiH 3epTTeyJIep KYpri3e/i.

OMipail KoJjayaplH JKaHa TEXHOJOTHSJIAPBIH KOJIIAHY apKbUIbl THIMIIPEK KOHE TYPaKThI
00JIybl MYMKIH aBHALMSUIBIK JKYHENEpHiH jKaHa TYXKbIPbIMJAMallapblH allajbl, JaMbITaJbl >KOHE
KoJjainel. MpIcan peTiHie aiiTa KeTceK, oJap IOCTYpil OTBIH JKYHENEepiHIH OpHBIHA D3JEKTP
KO3FaJITKBIIITaphl MEH Oarapesiapbl KOJAAHATBIH "IJEKTPIIK YIIAakTap" TYKbIpbIMIaMachlH
seprreiiai [6]. Byn armocdepara 3usHIABI 3aTTapAbIH IIBIFAPBUIYBIH a3aliTyFa >KOHE MyHal
OHIMJICPIHE TOYEIIUIIKTI a3alTyFa KOMEKTECE/I.

ConbiMeH katap, NASA emipai Koijay KyWelepiH JKakcapTy YIIIH aBHANHsa KOJITaHyFa
00J1aThIH JKaHa MaTepUalap MEH TEXHOJIOTUsIApbl d3ipiieyae. MbIcalibl, oap *KeH1I KoHe Oepik
aya MEH CyJbl Ta3apTy KyHenepiH Kypy YIIiH, COHIal-aK KaJIBIKTapbl OHJICY MEH TaraMIbl KaiTa
OHJICYIH THIM/II XKYHeJIepiH Kypy YIIIiH )KaHa MaTepuajaap a3ipieye.

ConpiHna, NASA coHbIMEH KaTap eMip/i KaMTamachl3 €Ty >KyWeJepiMeH >KYMBIC ICTEHTiH
KbI3METKepJiep YIIiH OKbITYy OarmapiaManapbl MEH TpeHHMHIrTep oTkizeai. Omap amamaapra emipai
KOJIJay TEXHOJIOTHSUIAPbIH YHpEeTe Il )KoHe YITy Kayirci3airi MeH THIMIUTITH KaMTaMachl3 eTy YIIiH
OCBI )KYHeNepAl Kajai AypeIc Maiagany KePeKTIriH KopceTe .

MyHbIH 69pi aBHAIUAAA THIMIPEK, TYPAKTHI )KOHE IKOJOTHSUIBIK Ta3a TIPIILIIKTI KAMTaMachl3
eTy JKy#Hesepine okeayi MyMKiH, Oyi1 OYKil caja MeH KopIllaraH opTara maigansl 0omaasr [7].

Amnaiina, NASA e3iHIH KemnTereH OejiMIIeNepiMeH KaTap, Faphllll cajllaCcblHAH aBHAllUsFa
eMip/l Kosigay JKyHesnepiH OIpikTipy MoceNeciH LIelly YIIIH *YMBIC ICTeWTIH KemnTereH Oacka
KOMITAaHUSUTAPMEH BIHThIMaKTacabl. OnapabIH KeilipeynepiH aTan oTCek:

1. Boeing-onemzeri eH ipi ymak enmipymiici, Boeing o3 yiiakTapbl YIIiH THIMIIpEK JXOHE
TYPaKThl TIPIIUIIKTI KAMTaMachl3 €Ty *KYHeepiH JKacay YIIiH KYMBbIC icTeini. MpIcaibl, KOMIIaHUS
yIlIaK KaOWHACBIHAAFbl ayaHbl Ta3apTy YIIIH (OTOKATaIu3 TEXHOJOTHSICHIH KOJIAAHY MYMKIHJIITTH
3epTTeI JKaThIP.

2. Airbus-Eyponanbiy eH ipi ymrak eHaipyirici, Airbus COHbIMEH Katap 3 YIIaKTaphbl YIIiH
TUIMJIPEK KOHE TYPAKThI TIPIILIIKTI KAMTaMachl3 €Ty JKyielepiH xkacaya OeJceH Al AKYMBbIC 1CTeI 1.
KomnaHusi cOHpIMEH KaTap aBHAIMs YIIiH OMOOTBIH MeH Oajlamalibl SHEpPTUs Ke3epiH naiaanany
OOMBIHILIA 3epPTTEYIIEP KYPrizel.

3. Lockheed Martin-xopraHbIC jkoHE FapbIlll CaTaChIHAAFbl €H ipi aMEPHKAH/IBIK KOMITaHHS,
Lockheed Martin conbiMeH Katap aBualMs YUIIH ©MIpAl KOJIJAy/bIH JKaHa >KyHesepiH Kypy YILUiH
XKyMbIc icTeiai. KoMnanust aya MeH cyabl Ta3apTyAblH jKaHa KyHesnepiH, coHlaii-aK KaiiTa eHJey
MEH TaraM7bl KaiiTa OHJICY/IiH JKaHa KYHeIepiH a3ipieye.

4. Honeywell-aBuanusuibIK jkoHE OHEPKICINTIK TEXHOJOTUSIIAPBIH QJIEMIIK KOIIOACIIBICHI,
Honeywell ayansl Tazapty »KyilenepiH, KaiiTa eHJey >KyiHelepiH >KOHE Cy camachlH Oakbliay
KYHelepiH Koca ajfaHja, aBUAlMSFa apHaAJIFaH TIPLIUNKTI KaMTaMachl3 €Ty JKYHelepiHiH KeH
ayKbIMBIH 331pJIeii/il )KOHE IIbIFapajIbl.

5. UTC Aerospace Systems - aBuanus e©HEpKociOiHE apHalFaH OKyHelnep MeH
KOMITOHEHTTepAiH eH ipi keTkizymrici, UTC Aerospace Systems COHbIMEH KaTap aBHalUs YILIiH
eMIp/i KOJIJay/AblH »aHa >KyilenepiH Kypy YLIH >yMmblc ictedni. Kommanus aya MeH cynubl
Ta3apTy/bIH XaHa )KYHelepiH, COHIal-aK KaiiTa OHACYIiH XKaHa xKyienepin azipaeyme [8].

15



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne3(30)2023

1 TipwigikTi KaMTamMackI3 eTyAiH JKeTiIAipiareH kynesepi
1.1 TipwijikTi KaMTaMachI3 eTy Kyleci OpbIHAANTHIH MiHIeTTEP

Ocpl KyMBICTa KapajfaH TIpUIUNIKTI KaMTaMachl3 €Ty Xyihenepi MblHaAal (QyHKIIUSIIAp.IbI
KaMTaMachI3 eTe/Ii:

- TEMIIepaTypa MEeH bUIFaJIbUIBIKTHI OaKbLIay;

- arMmoc(epanbl OaKbUIay, OHBI KAOIBIKTAY JKOHE KaJIbIHA KENTIPY;

- CyJIbl KQJIIbIHA KEATIPY XKoHE OacKapy ’KoHEe KaIIBIKTapIbl KOJIETe jKapary;

- )KOHE a3BIK-TYJIIKTI OacKapy.

Conpnaii-ak NASA-HBIH eMipai KaMmTamachl3 eTyliH o3blK kyihenepi (IICXK) camaceiamarsi
YKYMBICTAaphI FAPBIIITA XKOHE pa3psiATairal atMocdepaa agamaapAblH eMIpiH KaMTaMachl3 €Ty YILiH
KaxerTi (pu3ukanblk/XumMusuiblk  (D/X) koHe OHOpereHepaTuBTI IMPOLECTEPMEH OailIlaHBICTHI
FBUIBIMU 3€pTTEyJIEp MEH TEXHOJOTHsIapbl d3ipiieyre OarbITTalfaHbl Typaslbl JaaiiTa KeTcek
Oomapl.

@/X mporectepinae ICTYPIli TEXHUKAIBIK 9/11CTep KOJIIaHbLIaIbl, MbICAIIbI

KaJIau:

- CY3y;

- TUCTUJUIAINS;

- TOTBIFY;

- pereHepaTHUBTI MPOIECTEP Il Tipi OPraHU3MAEP JKY3€Te achIpabl.

TipurimikTi KaMTaMacel3 €Ty Kyienepi >kyie apKbplUIbl HEMECE OHBIH 1MIIHIETT MaTepHallIbIK
pecypcrap arbIHBIHA OaiiyaHBICTHI "amblK'' HeMece '"KaOBIK"' JIe CHUIaTTaaabl. AINIBIK Ti30€KTi
TIPIIUTIKTI KaMTaMachkl3 €Ty JYHenepi Cy, OTTerl »oHe a3bIK-TYJIK CHUAKTBHI OapiIbIK Ka)eTTi
pecypcTrapsl KoiiMaiaH HeMece KaiiTa TONTBIPYAaH KaMTaMachl3 €Telll JKoOHE KAJIBIKTapIbl KO/IeTe
KapaTy VIIIH HeMmece ep OeTiHe opalFaHra JCWiH CcaKTaiJbl. AIIBIK Ti30€KTi Kyheae KaKeTTi
pecypcTap YIIy y3aKThIFbl MEH DKUIIaK CAHBIHBIH apTybIHA TIPOIIOPIUOHAIIBI TYPAE apTaubl. TyHbIK
TIPIIUTIKTI KAMTaMackl3 €Ty >Kyienepi OacTamkbl pecypcTapMeH KaMTaMachl3 €Tyl KaXeT eTel,
0ipaK coslaH KeWiH KOeMIPKBIIIKbUI T'a3bl, KAIJBIKTap KOHE arbIH/ABI CyJlap CHUSKTHl KaJJbIKTapabl
KaiiTa naiijanany YIIiH OTTeri HeMece Cy CUSKTHI Maijalibl pecypcTap/ibl ay YIIiH KaiTa eHaeui,
ocbUIaiillla KalTa TONTBIpYFa TOYEJNIUTIKTI a3alTaibl. ANIBIK KOHE kaObIK Ti30€KTi xyilenep ne
CBIPTTaH DHEPTHUSHBI KAKET eTelll. T eXHOJOTUSHBIH COHFbl KOMOWHAIMSACHI KalTa OHACY apKbLIbI
KOKETT1 pecypcTapAblH KalMbl KOJEMIHIH MalbI3bl PETIH/AEC AHBIKTAJATHIH OHTAWUIIBI THIFBI3/IBIK
JIOpeXeCiH aHbIKTay YIIIH JKyHelikpomara Kelmy HOTHXKelepl Herizinae Tanmananbl. (XKaOyneiH
HOJIJIK MaibI3bl KaliTa eHJIey elIKaH/all pecypcTap/pl KaMTaMachl3 eTHeTiHiH kepcetenl, an 100
naiibI3 skady OapIIbIK pecypcTapAblH KaiiTa OHJIeyMEH KaMTaMachl3 eTiIreHin oinmipeni [4].

Kaiita enney kyHsl 100 maiibi3 xaObulyFa *akblHIaraH callblH KYpT ecell. 1-kectene Oip
SKUIMAX MYIIECiHE 3aT alMacy >KOHE TMTHEHANBIK Iapanap YIIiH KaXeTTi pecypcTapblH CaHbl
kepcetinreH. Erep 013 cy KOpbIH a3aiiTy ojieyeTiH Oaranacak (TMTHMEHAIBIK JKOHE aybl3 Cy), OTTErl
KOHE TaMaK OHIMJEpi 9p PecypCThIH MAacCCAChIHBIH MOJIIEpiHE CYHEHE OTBHIPHIN, CyAbl KallbIHA
KEJTIpY >KaJllbl KeJEeMHIH Ken OeJliriH KypalWThlH YHEMJIeyre YJIKeH MyMKiHIIK Oepeni. CoHbIMEH
Karap, oJeTTe, KaiiTa ©HJey TEXHOJOTHSIaphl OHJEY TalamnTapbl KypJeleHe TYCKEeH CailblH
"KpIMOaTKa'" affHaIaIbL:

- Cy/IbI KQJIIbIHA KENTipy KOcMaaap/bl KeTipy/i KaXeT eTe/i;

- KOMIPKBIIIKBUI Ta3bIHAH OTTETIHIH a3af0bl HET13T1 TOTHIFY MPOIECIH KAKET €Te/Il;

- TaMaKTaHy LUKJIIH ka0y yIIiH () OTOCUHTE3 KaXeT.

Bbenrini Gip pecypcThl KalIbiHa KEATIPY/IiH >KaIbl MaliachblH aHBIKTAY YIL1H KaiiTa TONTHIPYIbI
a3aiiTy )KOHE KaJIbIHA KeNTipy JKyieci YChIHFaH Maccara, KyaTKa, KeJeMre KoHe KbUTy )KYKTeMeciHe
KOCBIMIIIA TaJlalTap apKbLIbl MAaCCaHBl YHEMJICY apachlHIaFbIpOMaHbl Oaraay Kaxer.

Mepkypuit )xob6acbiHaH OacTam FapbIlll KEMeCiHe JIeHiH pecypcTapbl KaMTaMachl3 €Ty JKoHE
KaJIBIKTapAbl 0acKapy YIIIH IIBIFBIH MaTepHaiiapbl MeH OOpTTHIK KOWMallapisl IaigaiaHa
OTBIPBIII, TIPUIUTIKTI KAMTaMAachI3 €Ty *Kyhenepi amblk 601161, ATMOC(epaHbl KaIIblHA KENTIPY YILIiH
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IBIFBIH  MaTepualaphbld  Maiiiamanyfan — epekmeniktep Skylab-ra  kommambutatein  CO?
KOHIICHTPALIMSCHIH aHBIKTAYFa apHaJIFaH MOJICKYJANbIK Enek kKoHe Fapbllll KeMECiHIH Keloip y3aK
Mep3imzi yirynapsiaaa CO? KypaMbiH 6aKbliay YITiH KaTThl aMUHAEP/I KaKbIHA eHTi3y 60mbl. By
€Ki TeXHOJIOTHSIHBI KaJIlIbIHA KeNTipyre 00J1a1bl, KOHICHTPAUsJIaHFaH KOMIPKBIIIKBUT T'a3bl CHIPTKBI
KEHICTIKKE IIbIFapblia/ibl HEMECe OTTET1H ajly YIIIiH OJ[aH dpi OHJIeY YIIiH cakTaia sl [5]. XKanapmaii
)acymanapsl 6ap rapeim anmaparrapbeiaa (Gemini, Apollo KOMaHIAMBIK MOJYJI JKOHE FaphIII
kemeci) sHeprus amy yumin H? sxome O? peaKiusiapblHAH albIHFAH Cy[daH aybl3 Cy Oepili.
Mepkypuiine, Jxemuanne, Anosuionsa xone Ckaina0Ta amblK KOHTYPIIbI TIPIIUTIKTI KAMTaMachl3
eTy XKyienepi Tek Oip peT maiinananyra apHanrad. Amaiina, Space Shuttle emipai Konnay xyitenepi
OipHele MHCCHUsIa KOJJAHBUIIBI, YIIYJIAp apachlHa JKEP YCTi KbI3METI MEH JKOHJIEY KYMBICTAphI
KYPrizimi.
1-kecte-¥ 11y KaFJaifbIHIaFbl KAJIBIITHI )KYMBIC YIIIIH METa0O0JIMKAJIBIK KOPCETKIIITEP

[Tapametp Pecypcrapra KaXXeTTUIiK apameTpi

MeTaboMKAIBIK TYTHIHY OTTET1 0,636-1 xr/Toymiriae

AspIK-Tynmik  eHiMzepi (kentipinreH Ttaram0,5-0,863 kr/ Toymirine

HETi31H/1e)
AybI3 cy 2,27-3,63 kr/ Toymirine
['uruenaineik cy 1,36-9 kr/ Toymirine

TipurimikTi KaMTaMachI3 €Ty *KyieciH 6ackapy KOJIMEH HeMece 1MIKi JKylenepre ToH o/IeTTeri
Oackapy 2JIEMEHTTEPI ApKBUTBI )KY3€Te aChIPBULIBI, 11K JKYHeJIep apachlHa iC KY31H1e HHTEPAKTUBTI
Oackapy oK. Macca, KyaT ®oHe CeHIMIUTIK IU3aifH Ke31H1e MaHbI3/1bI (hakTopiap 601bl, Oipak yiry
Y3aKTBIFBl CAJIBICTBIPMAIIBI TYP/AE KbICKa OOJIFaHIBIKTAH, OHTAWIBI JAW3aliH KapamailbM IIbIFbIH
MaTepHaiapblHa HEr13/1ereH xKyie 60pl. Y11y Ke3iHae TEXHUKAIBIK KbI3MET KopceTy Ju3aiiHra
ailiTapibIKTail Tanam OO0JIFaH XKOK.

TypakTbl skunaxsl O0ap OpOWTANBIK Fapblll CTAaHUMACHIHBIH Naiia OoNybIMEH Iu3aiiH
epekienikrepi aitapasikTail e3repai. XFC kem nerennie 10 bl y3/1IKCi3 )KYMBIC iCTeyAl, opOUTana
TEXHUKAJIBIK KbI3MET KOPCETY/11 JKOHE JKOH/IEY/I1 KoHe KYHEHIH y3aK YaKbIT )KYMbIC ICTEMEYiH Tajarl
eTel.

XFC yiiH J0rucTUKANBIK KyKTeMere OailaHbICThl KaparnaiblM alibIK Ti30€KT1 sKyienep/in
naijanany IIbIFBIHAAPEI ©Te KoFrapbl Oosiap efl. COHABIKTaH KeHOip 1K1 Kyhenaep YIIH TYHBIK
KOHTYPJIbl KOHCTPYKIMSIIAp MYKUAT KapacThIpbliabl. ArbiMaarbl XEC k00achIHbIH HET13r1 XKyieci
Jlynr cybIH, KOHJIEHCATTBI, )KEKe KYTIM CYBIH ’KOHE KaJIIBIKTap/Ibl aybI3 CyFa KalTa OHIey/ i KaMTHIbI.
CO? TepT KabaTThl MOIEKYTANBIK el1eKTEH MOFBIPIAHFAH KOHE CHIPTKA IIBIFAPHLIAIbI.

XFC kypacTblpy asKTanFaHHaH KeHiH OTTET1 Cy/bIH 3JEKTPOIN31 apKbUIbI )KETKI3UIE 1, ajl a30T
TOJIBIKTBIPY peHcTepl Ke3iHA€ TONBIKTBIPBUIATBIH OOPTTHIK KoWManapaaH anbiHaabl. CoHpaii-ak,
CyIbl KalTa eHJey TeXHOJOTHsACHIHBIH 100 maibi3maH a3 THIMAUIriHE OalIaHBICTBI OTTETIMEH
KaMTaMachl3 €Ty JKoHe IIbIFBIHAapAbl oTey YuliH XEC-Tarbl Cyabl ME3ril-Me3ril TOJATBIPY KaxkeT
0omasbl. A3BIK-TYJIIK OOpTTa CaKTaIa bl )KOHE TOJIBIKTHIPHLIAIBI.

Ocpunaiiiia, XEFC - ThIH Ka3ipri Ju3aitHbl alIbIHFBI FAPBILI allapaTTapblHa KaparaHaa TYHbIK
Kylie OoNIFaHBIMEH, 9Jll JIeé HEri3iHeH amiblK Ti30eKTi *kyke Oombinm TalObuiaAbl (Cyapl eHAEYIl
KOCTIaFaH/1a) YKOHE MIBIFBIH MaTepUAIIIAPBIH AU TapIIBIKTal TOJIBIKTHIPYABI KAKET €Te/Il.

Ocbl TEeXHOJOTHSHBI OJJaH 3pi JAaMbITy >koiblHAa. XFC-TaH ThIC MUCCHsIAp YILUiH, COHBIH
imiHae A MeH Mapc 6azanapbl MeH Mapc TpaH3UTTIK KONIKTEPIH KYpYy, KYHEHIH *KaObUTYbIHBIH
KOFapblIaybl, aBTOMATThl OacKapy >KOHE CEHIMIUIIKTIH KOFapbliaybl OapibIK ailblpMallbUIBIKThI
JKacalpl JKOHE JM3alHIbI aHbIKTaiabl. JKyleHl TaHmay Ke3iHJe eckepy KaxkeT ¢akTtopiapra
OacTrankpl Macca, Kyar, *KbUTyAbl OYpYy, TOJBIKTBIPY Maccachl, Kayilci3aiK, CeHIMIUIIK, KOHJIeyTe
YKapaMIbLTBIK KOHE OMIPITIK UK IIBIFBIHIAAPHI KaTa/Ibl.
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AiTa KeTy KepeK, TOJBIKTHIPY MAaCCACHIHBIH TOMEHJEYl KOJiK HIBIFBIHAAPIHBIH TOMEHICYIH
Ourmipmerini. byn yHemmey MeH KOCBIMINA pecypcTapibl KalllblHA KENTIPY >KOHE SJIEKTPMEH
*aOpIKTay JKYHenepi YIIiH KaKeT Macca apachiHia komiara keiy oap [5].

TipmimikTi KamMTamMachl3 €TYAIH O3bIK OJKYHelepl YIIH TEeXHUKAIBIK MiHAeT-0onarak
MUCCHUSUTApABl  3IpJeyIIiiepre THICTI JONENJICHIeH TEXHOJOTHsUIAp MEH KaOJbIKTap IbIH
KOHCTPYKIUSJIAPBIH, COHIAal-aK KeHEUTUITEH KOJIJay IepEeKTEePiH YChIHY OHIMALTIK. JKOFapbl ceHIM I
TIPIIUTIKTI KaMTamachl3 eTYAIH O3BIK KyHenepi Oojamak MHCCHUSUIAPABIH LICKTEYIEPiH KEeHE
aJIaThIH/IBIFbIHA CEHIMI 00Ty YIIiH O3BIK TEXHOJOTHUSIIAp KaXeT 00abl.

BarnapiamaHbIH MaKcaTTapbl MeH 3epTTey HITHKeaepi

Kasipri yakpITTa emipai KOJJayAblH O3bIK TEXHOJIOTHSIAPBIH 931pJey/liH OarmaapiamMatbiK
Kocnapsl *KOK. MaHbI3bl Ke3eHaepai Oenriyiey yuriH OargapiaaMaHblH MakcaTTapbl y3ak Mep3imii
FApBIMITBHIK VINyJIap YIIIH KaKETTI TIPHIUIIKTI KaMTaMmachl3 €TYAiH O3bIK TEXHOJIOTHSIAPbIH
93ipIIeY/IiH YKaJIIbI KOCTApBIMEH KeIICLTyl KepeK.

HEDS maxkcaTbiHa KeTy VIIIH areHTTIK MaKyjaraH OoJlallaKk MHCCHUSIIAP KOCMaphl JKOK -
"aiina, Mapc xylecinze »xoHe imki KyH sxyiiecinin 6acka kepiiepinjie aJaMHbIH KaTbICYbIH OpHATY".
benrini 6ip MuccUs YIIIH TEXHOJOTHSHBI IaMBITY KaKETTLIIKTEpiH KaHAFaTTaHIBIPy ©T€ CEHIM/II
OarmapramManbl KakeT ereni. bipak, erep MHCCHUSHBIH MakcaTrTapbl e3repce, OarmapliaMaHbIH
©3EKTLIIrHE Kayil TOHYl MyMKiH. TIpIIUTiKTI KaMTaMachl3 €TYy/iH HEeri3ri Tanantapbl Oeirii KoHe
ipreini 3epTTeylep MeH a3ipieMenep/i KaKeT eTeTiH calanap/aa KYHeliK Tangay apKblibl KONTereH
TarcelpManap YIOIH aHBIKTaIybl MYMKiH. NASA-HBIH aJaMHBIH FapbllIThl UIEpy MaKcaTTaphbl
MUCCHSJTIApABIH OipHeIIe TYpiH O3BIK FBUIBIMU-3EPTTEY JKYMBICTAPHIMEH KaMTaMachl3 €Ty Tajarl
eTelll. DKUMAKIbIH OpTYpJi ejmeMaepi MeH MiHAeTTepl Oap KeiKTep, FepMETHUKAIBIK >KYMbBIC
OPBIHAAPHI, TUIAHETAIBIK MEKEH/ICY OPBIHIAPHI (KBICKa MEP3iMIi HEMECe TYPAKThI) )KOHE KbICBIMMEH
KYPETIH poBEpIIep YILiH TiPIIITIKTI KAMTaMachl3 €Ty KaxeT 6onazabl [4].

NASA-HBIH Ka3ipri TIpHIUTIKTI KaMTamachl3 €TYAiH O3BIK JKyiesepi OarmapiamMachIHIaFbl
0acTbl Hazap OIpIKTIpUIreH >KepJieri ChIHAK CTeHATepiHe aynaapbuianasl, Oy1 NASA mrab-noTepiHin
KOJI KapTaCbIHBIH TOPT HET13T1 AJIeMEHTIHIH Oipi FaHa. KOMITOHEHTTep MeH 11IK1 JKyienep 1eHrelinue
’KaHa TeXHOJIOTUsIapAbl JaMbITY TIPIIUTIKTI KaMTaMachl3 €Ty IiH 03bIK XKyHenepi OaraapiaMachlHbIH
CaJIBICTBIPMAJIBI TYpAe a3 Oediri 6ombin Tadbuiangsl. 1996 xeuinan 1998 xbutra ASHIHTI TIPHIUTIKTI
KaMTaMachl3 eTYJiH O3BIK JKyihenepi OargapiaMachIHBIH HETi3T1 OaFrbIThl KEIIEHAl TecTiey OOoabl
KOHE aJamjapra apHaJFaH WHTETpalWsIIaHFaH ChIHAK CTCHATEpIH KOJJaHATHIH Oarmapiamariap
NASA-HBIH JKeTUIIIpIAreH TIPIIUIIKTI KaMTaMachl3 €Ty KyHenepiHe OeNHIeH pecypcTapblHbIH
enoyip OemdiridH TyThIHAABL. 96 KapiKbl KbUIbIHA apHaJFaH Oro/pkeTke coiikec, OLMSA sxymMcaiThiH
mamameH 10 MUJIIIHOH TOJIIap/IbIH KAPTHICHIHA JKYBIFBI a7JaM ChIHAKTAPBIH OTKI3yre apHaJFaH.

ChiHakTap 1K1 KyHenepIiH KOJAaHbICTaFbl TYKbIpbIMIaMasapblH KEeTUTy AeHreiine neiliH
KETKI3Yre apHallFaH, Oy oJapJblH Oojamiak yiry OaraapiaMalapblHBIH KOCMapiiapblHa KOCBLTY
KayniH azaitansl. byn AKIII-tare! 20 xKbl11aH acTaM yaKbITTaFbl aliFalliKsl cbiHaK. KoMuTeT xkepaeri
ChIHAK CTEHATEpPIH MaHbI3[bl KOHE KYHIbl Jlel caHaiapl, OipaKk CBhIHAKTap MEH O3bIK
TEXHOJIOTHSUTAP/BI 93ipJiey apachlHAAFbl CalBICTHIPMANBl TETe-TEeHIKKE alaHIaiapl. 3aMaHayd
TEXHOJIOTUSUIAP IbI KOJIIaHa OTHIPHI, O0JaIIaK IIaHeTaapalIbIKk MUCCHUSITIAPIBI XKY3€re achblpy MYMKIH
Oojca na, >XKaHAa TEXHOJIOTHsUIAD JIOTHCTUKAIBIK JKYKTEMEH1 a3alTy, CEeHIMIUIIKTI apTThIpY,
SKUMNAXK/IBIH JICHCAYJIIBIFBl MEH MUCCHUSIHBIH COTTUIIT YIIIH KOJIAIIbI TOyEeKeN Al KaMTaMachl3 €Ty jKoHe
Muccust KocnapiapblHAAFbl BIKTHMal ayBITKYJIapIbl ©TEH alaThlH ©3iH-031 KaMTaMachl3 €Ty
JICHIeiiH KaMTaMachl3 eTy YLIiH KaxeT Oosazsl. COHIBIKTAH OyJl ©Te MaHbI3bl ChIHAK CTEHITEpl
TIPIIUTIKTI KaMTaMachl3 €TY/IH O3bIK Kyilenepi Je >KYMBbIC iCTey YIIIH Kap>KbUIaHIBIPYJIbIH KOHE
6acka pecypcTap/bIH Heri3ci3 ken Oeuirid skymcamazabl. KonganbicTarbl TEXHOJIOTHSIIAP/IbI alam/ia
#aObIK JKyMenik chlHAay Aypbic MakcaT emec. JKakblH apaja ’kaHa TEXHOJOTHsUIapAbl 33ipiey
OOlbIHINIA TYpaKThl OargapiaMalblK >KOHE KapiKbUIBIK MIiHJETTEMeNep KaKeT, oiTrece ChIHAaKTap
OapraH caillblH KyHJbI Oonia Gactaiiipl. NASA TeXHOJOTHSUIBIK 3€pTTEYJep MEH a3ipiieMerepiy
OarapiamMabIK >KOCIapbl MEH 5KOJI KapTaChIH 931pJiey/Il KaIFacThIpybl KEpeK:
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- NASA cTparerusuiblK ®KocmapblHa COMKEC Kee Il

- (pu3uKanbIK / XUMHSUIBIK KOHE OHOpEreHepaTHBTI TEXHOJOTUSIAPIBIH CAJIBICTHIPMAIbI
apTHIKIIBUIBIKTAPBIH ECKEPIHi3

- HaKTHI JamMy KecrtesepiHe HeriznenreH. Erep" kos xapracel " miiaHeTapIIblK MUCCHSIAp.IbI
XKY3ere acblpyra MYMKiH/IIK O€peTiH jkaHa TEeXHOJIOTHsJIapFa 9Jli Jie Ha3ap aynaparsiH Oojica, Oipak
HAKThl MHCCHSI aHBIKTaJIMaca, OHJla OipKaTtap BIKTUMall MUCCHSUIAP/AbIH CAJIBICTHIPMAJIbl MMalJachlH
Oaranay YIIiH KepCeTKIIITep eHri3iiayi kepek [3].

Kerinaipinren TipuIIikTi KaMTaMachl3 €Ty YIIIH jKaHA TEXHOJOTHsIIApABI d3ipieyre Oaca
Ha3ap ayJapy ’KoHe OJap/Abl aFbIMIaFsl OarapiamMaiapra eHri3y MpoLeciH XKoJFa Kot Kepek ChlHaK
CTEHJITEPiH KOJAaHa OTBIPBII JKYPri3UIreH 3epTTeysiep auTapiablKTail KYHIbI 00JIybl MYMKIH, €rep:

- )KyHeHi OacTankpl Oaranay MOJENbACY KOHE KYHUETIK JepeKTep KOK HEMece canachl TOMEH
aliMaKTap/ibl aHBIKTAY YIIIH JKYPri3iieni skoHe Oyl akmmapaT ChiHaK OaraapiamManapbiHa KOWBLIATHIH
TaJANTapabl 93ipJiey YIIiH Mai aTaHbUI kI

- KaTaH AaHaJUTHKAIBIK MOJENbJEp TECTUIK CTEHATEPACH MOIIMETTep KUHAYAbl >KOHE
TIPIIUTIKTI KAMTaMachl3 €Ty KyHenepi MeH iMIKi jKyHeNnepiHiH apTypiil (YHKUIUSIIAPBIHBIH KaJIIbI
KYMBICBIH CHUTATTAay OHE OoJpKay YIIIH MOAENBIACPIIH ASNAINH >KOFapbUIATyAbl KOJJAHATBHIH
UTEPATHBTI MPOLECTI KOJNJaHa OTBIPBIN J3IpJCHII JKOHE pacTajabl (COTTI MOAETBACP FApPBIIITHIK
Heri37ieri xKyhenepIiH eHIMIUTIrH OomkayFa Oeifimaenyi MyMKiH) [6].

-HaKTbl YOIy iKi >KyHenmepi ymry imki >KyHenepiHiH >KYMBICBIH OoiDKayFa apHajFaH
ChIHAKTapAa KOJAAHBUIABI (MBICAJbl, CBhIHAKTapAa YIIy >KyHenepiH OiunmiperiH, Oipak yiry
XKylenepiMeH Oipjel eMec MPOTOTUNTEP KOJIAHBUIFaH Ke3J1e, TeCTUIey TOOBI TeCTUIey HOTHIKEIepi
IYpBIC TYCIHIIpUTyl YIIH CBIHAK JKaOIBIKTapbl MEH VIIy XKaOObIKTapbIHBIH apachIHIAFbl
aBIPMAIIBUTBIKTapAbl MYKHST KYKATTaybl KEPEK).

-)kepaeri ceiHakTap NASA-HbIH XalbIKapallblK Fapbllll CTAaHIIUSCHIHIA HEMECE a3 JIopexKee
FApBIII KEMECIHJE FaphIlITa IEPCIEeKTUBAIBI JKaHA TEXHOJOTHSUIAPIBI CHIHAYABI JKaJFACTBIPY
MIHJETTeMECIMEH OaillaHbICTBl OOJ/IbI, TEXHOJOTUSHBIH JIEMOHCTPAIUSIIBIK ChIHAKTApPbI IIaFbIH
#aObIK KEHICTIKTepe Oipre TypaTbliH agaMIapblH afaM (pakTopsl OOMBIHINIA THICTI 3€pTTEYIEPMEH
MYKHAT OipiKTIpiIIi.

CriHak OargapiamMachiHa TiKeJIel KaThICIIalThIH aiaMIap IbIH ChIHAK JKOCTIapiapblHa SAETTErl
capanTaMainbIK 1oy xyprizingi (NASA Kel3MeTKepiepi )KOKKa HMIbIFapbuIMaybl KEPEK)

- TECTTEP apachlHJa HOTHKENIEPl TallJlayFa *KoHEe albIHFaH cabakTap/abl KeWiHT1 ChIHAKTapFra
KOJIIaHyFa )KEeTKUTIKTI YaKbIT OOJIIBI.

KopbITbIHABI

Ocputaiiira, Ka3zipri TipmiiikTi KaMTaMachl3 eTyJiH 03bIK XyHenepi Oarnmapiamacsl NASA
mTal-noTepineri exi Typii keHceae NASA-HbIH eki OaraapiaamMachiH Ol1pIKTIPY/iH HOTHXKeEC] OO0JIbIMN
TabbuTagbl (€Keyl JAe TIPIIUIIKTI KamMTaMachl3 eTyAIH O3bIK JKyienepi >XyHenepiH JaMbITyFa
apHanrad). 1993 xbuibl @/X xoHe OumopereHepainus OardapiamaiapblH OIPIKTIPY TIPUIUTIKTI
KaMTaMachl3 €TYAIH O3BbIK JKylelepiHe eMIey[iH KemicuireH OaraapiaMachlH KajbIITaCTBIPY
JKOJIBIHAAFBI MaHBI3bI KamaM Ooinael. Amnaiiga, NASA ocbl yakpITKa JediH OargapiiaMaHbl
6ackapyIblH YHBIMIACTHIPYIIBUIBIK KYPBUIBIMBIH aHBIKTaFaH >KOK. by GarnapiaMansl xkocnapiay
MEH JKy3ere achlpyla MaKCaTTBIH >KOKTBIFBIHA JKOHE Kemiryre okemmai. Epre KOMMepIHsIIBbIK
PEaKTHUBTI YIIaKTap JIACTAYILbI 3aTTAP/AbIH MOJIIIEPIH a3aiTy YILIH IIIKi ayaHbl aifHaJIbBII OTIM, OHbI
YIIAKTBIH apTKBI JKaFBIHAAFBl TAPTKBIIITHl KAJIMBIHA KENTIPY YIIIH cantama apKbUIBI IIBIFapIIbL.
Ko3ranTkplln KoMIpeccopiapblHaH allbIHFAH ayaHbl MHaijlanaHy apKbUIbl 1IIKI KBICBIM CBHIPTKBI
aTMocdepara KaparaHa )OoFaphsl AeHTei1e cakraiasl. JKakpIHa YIaK 1u3aifHepiiepl KanTa oHIey i
Oacrajsl

100 naiib3 ©TKi3y Ke3iHAe OHIMILTIKTIH KOFaIybIH a3aliTy YILIH CaJOH apKbLIbl ayaHbIH Oip
6euniri. XKonaynibutapAblH THIFBI3IBIFBI KOHE OJaH TYBIHAANUTBIH JIACTAYIIBI 3aTTAp/IbIH KYKTEMeci
(acipece CO2) KochIMIlIa OHJIEYCI3 MaiifaianyFa OOJAThIH alfHAJIBIMIAFEl aya MOJIIIEPIH MEKTEHIi.
Aya camacklHa KaTbhICTBI 0acka Mocelenep-CaJOHAaFbl BUIFAIBUIBIK KOHE MUKPOOHOIOTUSIIBIK
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JacTaHy JKOHE KaniblK rasgap. Kailta emjeyniH >KOFapbl JeHreinepi KakeT OojFaHaa Hemece
CBHIPTKBI aya carachl KaHaraTTaHAPJIBIKChI3 OOJIFaH Ke3le (MbICajbl, YIIAK YIIYAbI KYTIll TYpPFaH
Ke3le), TIpUIUIKTI KaMTamachl3 eTy[iH O3BIK JKyHesnepi Oarmapiamachl asiChIHAA >KacaliFaH
aTMoc(epaHbl KIIbIHA KEITIPy TEXHOJIOTHSIIAPHI KOJIIaHBLTYbl MYMKIH.

NASA-HBIH JKETUIIIPUITeH TIPIIUTKTI KaMTaMachl3 €Ty >KYMBICHI JKEpJeri mnaiaagany
TEXHOJIOTHSIIAPBI MEH JKYHEJIEPiH KeTUIAIPY/l )KaIFAaCThIPYhI KEpEK, Oipak OaraapiamMa eH aJlIbIMEH
FApBILITAFBl OMIpPJII JKaKCapTaThIH TEXHOJOTHIIAP MEH XKYHelepli JAaMbITyFa OarbITTadybl Kepek
(6armapmaMaHbIH Oiperel MaKcaThl )KOHE OHBIH OOJIYBIHBIH HET13ri ce0edi).
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KOPIHETIH )KAPBIK BAHJIAHBICHI IMAGING-MIMO _
pLED KOHE KIPIKTIPIVI'EH KABBIVIJATBIIITHI KOJIJAHATBIH KYHUE

Angarna. Ken kipicti ken msirsic (MIMO) Gepinicia kepiHeTiH »xkapbIk Oaitnansicel (VLC)
KYHeNepiHiH CHIMBIMABUIBIFBIH apPTTHIPY VIIH NaiganaHyra Oomazsl. By Tocin MHKpOXXKapbIK
uibirapateia quof (WLED) maccuBTepiH naiganaHyMeH kKakKchl yiliecei.

byn wmakamama 6i3 VLC-MIMO Oelineney skyieciH xeke azapecteneTiHn microLED
muckiiepinin 2D MaccuBiH xkoHe OipikTipinren CMOS HeriziHaeri KaObLIIAFBIITHI KOJIIAHBIT
kepcetemiz. ~920 MOut/c xanmbl aepekTepli Oepy >KbUIIaMIblFbl | M KAIIBIKTBIKTaFrbl TOPT
napajuieNibJli apHa apKbUIbI JKYy3ere achlpbiiaibl. JlepekTepl TachiMaliiay JKbUIIaMIBIFBIH OJIaH Opi
apTTBIPY XYHe Kypamaac OediKTepi MEH XYMBIC >KaFJailapblH OHTAWJIaHIBIPY apKbUIBI MYMKIH
0OoJ1aabl.

Tyiiin ce3mep: KepiHETiH XapblK OailaHbICHL, OipHEmIe Kipic jkoHe OipHelle IIBIFBICTAp,
OIITUKAJIBIK CHIMCBHI3 OaliJIaHBbIC.
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¢unocopun PhD BKTY um.Jl. CepuxOaena,
r. Yerb-Kamenoropcek, Kazaxcran
E-mail: Karlygash.eleusizova@mail.ru;

Annortanus. [lepenava ¢ HECKOJIBKUMHU BXOJaMHU U HECKOIbKUMH Beixogamu (MIMO) moxet
MCIOJIb30BATHCS JJIs1 YBEJIMUEHUS TPOMYCKHOM CIIOCOOHOCTH crcTeM cBsi3U B BuaAnMoM ceete (VLC).
OTOT MOAXOJI XOPOILIO COBMECTHM C MCMOJIb30BAHUEM MAaCCUBOB MHKPOCBETOM3IYYAIOIIUX JHO/I0B
(LLED).

B sto0it pabore Mbl nemoHcTpupyeMm cuctemy Buzyanuzauun-MIMO VLC, ucnonbs3yromnryio
JBYMEPHBIM MacCUB MHKPOCBETOAMOIOB C WHAMBHIYAJIBbHOH ajpecalnueil U HMHTErpUPOBAaHHBIN
npueMHuK Ha ocHoBe KMOII. CymmapHas ckopocTh nepeaaun JaHHbix ~920 Mout/c peanusyercs
IIPY UCTIOJIb30BAaHUM YETHIPEX NapaslIeIbHbIX KaHAIOB Ha pacCTOAHUHU 1 M. JlanibHeliiee NOBhIIEHNE
CKOPOCTH TepeAayu JAHHBIX BO3MOXKHO 33 CYET ONTHUMHU3AIMH KOMIIOHEHTOB CHUCTEMBI M YCIOBUMI
paboThI.

KutroueBble ciioBa: CBs3b B BUAMMOM CBETE, MHOKECTBEHHBIN BXOJl U HECKOJBKO BBIXOJOB,
onTU4eckas 6ecrpoBOIHAs CBA3b.

21



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne3(30)2023

COMMUNICATION IN VISIBLE LIGHT IMAGING-MIMO
SYSTEM USING pLED AND BUILT-IN RECEIVER
Associate Professor of "SOITalS", Doctor of Philosophy PhD of D. Serikbayev EKTU
Ust-Kamenogorsk, Kazakhstan.

E-mail: Karlygash.eleusizova@mail.ru

Abstract. Multiple input multiple output (MIMO) transmission can be used to increase the
capacity of visible light communication (VLC) systems. This approach is well compatible with the
use of micro light emitting diode (WLED) arrays.

In this paper, we demonstrate a VLC-MIMO imaging system using a 2D array of individually
addressable microLEDs and an integrated CMOS-based receiver. The total data transfer rate of ~920
Mbps is realized using four parallel channels at a distance of 1 m. Further increase in data transfer
rate is possible by optimizing the system components and operating conditions.

Keywords: visible light communication, multiple input and multiple outputs, optical wireless
communication.

Kipicne. Li-Fi nen te aramatein Visible Light Communications (VLC) xyiienepi 6onarmax
CBHIMCBI3 OaiilaHBICTa MAaHBI3BI POJI aTKApYybl MYMKiH. By sKkyiieHi OpHanacTeIpy OHAW KOHE KAMTy
YKAKCBI KU UTIKTepJIe KOJDKETIMII CIIEKTpIiH OonMaybiHa OalnanblcThl pagunoxuiiik (PXX) xyiiecinin
OHIMJILTIT] MEKTEICTIHIH €CKePE OTHIPBIIT MAHbI3IbI.

VLC KyHbl TeMEH KOMIIOHEHTTEpJi NaiianaHa oOThIphIN, Xy3faereH TI'I suueH3uscH3
CIIEKTpre KOJI JKETKi3y MYMKIHZIriH yceiHaapl. CoHbiMeH Katap, VLC THiMAI jKapbIKTaHIBIPY/IbI
KOMMYHHKAIUSUIApMEH O1pIKTIpim, KOrm MakcaTThl ap3aH KOMMYHUKALHUSIBIK WHOPaKYpbUIBIMHBIH
QJIeyeTiH YChIHAIBI.

KoMMepuusuIbIK sKapbIK AMOITAPhIHBIH KOMIIUIIr (KapbIK JUOATAPHI) capbl JJIOMUHODOPIBIH
KOMETIMEH KOK YKapbIKIUOJTHI TYC TYpieHipyre HerizaenreH. Capbl JIOMUHOGOP KAPBIK TUOMITHI
IIIAMHBIH KOK JKapbIFbIH JKYTHII, KEH capbl CHEKTPAl KalTa IbIFapa/ibl, 01 KOK TOJKbIH Y3bIHbIFbIMEH
JyphIC MPONOPIMIA apaiackaH/ia aK Tyc 6epeal. bys1 KypblUIFbLIapAbIH JKannai eHa1pic YIIH KyHbI
TOMEH OOJIFaHBIMEH, OTKI3Yy KabinerTiniri tomeH (O6ipuere MI'n) [1]. XKaxeinga GaN Heri3iHeri Kok
JKOHE JKachbll MUKpO >KapblK HiblFapaTelH auonarap (LLED) 400 MI'n-teH acaTblH ONTHKAJbBIK
MOJTYJISIMS ©TKI3Y JKOJIAFbIH KaMTaMachl3 eTe ainaTbiHbl kepceTinai [2]. bip kex pLED kemerimen 3
I'6/c peitin Kareci3 nepekTepll Xi0epy KbICKa KalIbIKTHIKKA OPTOTOHAJbABI JKUUIIKTI Oemy
myabTuIekcupieyin (OFDM) konaany apkblisl kepcetiai [3].

VLC nepexTepiHiH BIKTUMal KbUIIAMIBIFBIH apTTBIPY YIIIH OipHemIe KipicTi KeH HIBIFbIC
(MIMO) xy#enepi ycbiHBUIAB koHE 3epTrenal [4-7]. KenicTiktik wmynbtumiekctey (SMP)
KOMETIMEH CIHEeKTPJIK THIMAUIIKTIH >XakcapyblH kepcereTiH opTypiai MIMO cxemanapblHbIH
cayibIcThIpMalbl 3epTreynepl. Keckinal kepceTyl 0ap »oHe KepceTUIMEHTIH TepT apHaisl MIMO
KyHenepi apHa Y3bIHABIFEI | M 60onateiH [4, 5] KepceTinreH.

50 MOuT/c )KUBIHTBIK JIepEeKTep KbU1IaMIbIFbIMEH Keckinal egaeyciz MIMO VLC xyitenepin
eHrizy [4] cunarranran. OFDM >xoHe OeiiHeney ontukacslH Kongany apkbuisl MIMO Gbps xyiieci
[5] xepcetinai. XKorapelia aTanFaH €Ki Kyheae SMUTEHTTEP/A1H apachlHIaFbl KAIlIBIKTHIK YJIKeH (15
CM JKOHE OJIaH KOFapbl) KOMMEPUHUSJIBIK aK >KapbIKJAWOATH MIaMIapbl Hainananiasl. byn mynnai
KyHenepaiH ayKbIMABUIBIFBIH MIEKTEH 1, ocipece oTe napajuiesb KOChUIbIMIAp KakeT Ooca.

byn wmakanama 6i3 kexk ULED xone enmipinren CMOS HeriziHaeri KaObUITAFBIIITHI
naiigananein - MIMO-VLC kepceremi3. microLED 3xoHe QoTronerekTopiaap/iblH MaccUBTeEpl
coiikecinmie 1,5 MM xone 0,25 MM Kajgam elieMine ue. ApHaiibl 931pJeHreH TapaTKbII ONTHKA MEH
KECKiH/1 KaObUIJarbllll ONTHUKACHIH MaijanaHa OThIphIN, 013 Tept apHaimsl MIMO xyilienepin
naiganaHy MYMKIHIOITIH KepcereMi3. Kaszipri yakpiTTa OyI SKbUIIAMABIK KypamaacTapablH
OHIMJUTITIMEH IIEKTeseNl, al >KeTUIAIPUIreH IMK1 Kyherep IepeKTepAlH oiAeKaiia >KOorapbl
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KBITAM/IBIFBIH KAMTaMaChI3 €Tyl KepeK.

byn makanama MIMO-VLC >xylieciH maijganaHy apKbLIbl OChl YaKbITKA JIeHiH aJbIHFaH
MPaKTUKAIBIK CHTI3Y JKOHE HOTHXKENep cUnaTTaiFaH. Makana kenecined yibiMuacteipbutran: Il
0eiMIe IPAKTHKAIBIK JKyHere 1oy kacanassl, an 11 GemiMae SKCIIEpUMEHT HOTHXKENEPl erKen-
Terkein cunarranaasl. KopbITBIHIIBI )KOHE anaarsl )kyMbIc [V Gemimae OepiireH.

Kyiie cunarramacol. Cyperre. 1 ocel Makanana kapacteippuiran MIMO-VLC xyiieciHig
KYPBUIBIMBIK JUArpaMMachit kepceresi. TapaTkpii 450 HM TOJKBIH Y3bIHIBIFBIH/IA dKYMBIC ICTEHTIH
6X6 MUKPO-KapBIK IUOATHI JKUBIMHAH TYPAJIbl, OJIAP IbIH dPKAMCHICHIHBIH CIIEKTPIIIK €Hi 20 HM TOJIBIK
€HJe MaKCHUMAaJJIbl >KapThIChl Oap. byin Kypeuirbliap camndupae ecipuireH KOMMEPUHSUIBIK
InGaN/GaN kek XapbIKIuoaThl BaduwmiiepaceH >xkacanraH. MicroLED wmaccuBi sneMeHTTep exi
keprriiec microLED  smemenTTepi apaceiHma 69 MKM  KamgaMMeH 2X2  KjacTepiiepre
TONTACTBIPBUIATHIHAAN €Till YHBIMAACTHIPBUIFAH. DJIEMEHTTEP apachIHIaFbl KAIIBIKTHIK 1,5 MM (2(a)-
cyperTi Kapanpi3). Opoip tLED nmuamerpi 39 MKM >oHE OJIIIEHIeH ONTHKAIBIK KyaT IeH opTypJIi
uLED  emmempaepiMeH  KOWBUIFaH  OTKi3y  KaOLIETTLNIri  IHIEKTeylepiHe  HeTi3NeNreH
OHTaWNaHAbIpbUTFaH [2]. byn KypbulFbLIap YIIH KYTUIETiH ©TKi3y Kabineri 125 MI'u. byn eTkizy
kaOinertiniri 100 MA BIFBICY TOKBIHAA KOJI JKeTKi3inemi. ONTHKaNIbIK KyaTThl a3aiiTy eceOiHeH
KilllipeK KYPbUIFbIAPMEH KOFaphl 6TKi3y KaOiJeTiHe KO KeTKi3yre Ooabl.

(e & 0\
Datal [awg LED] APDI
Chl g. PR —
< !n\x }-—- Datal
\ o || ApD2 "@_'
Data2 [ AwG | | sLED2 = i -
B} [- % ® tas
o P o E|| Sl o\ | §HE
Im) | = | arma i |
Datad . = = » Datal
AWG pLED3 z ﬁ 2 b
a % 2| Sl 42—
DI Datatl
-{ml}—
Datad AWG | pLEDY i‘ ——
o [T R% {naib= | |
>
\ / b~

pLED armay APD array
Cypert 1. MIMO-VLC xyiieciHiH KypbUIBIMJIBIK CXEMachl

Cyperre. 2(b) TapaTKpIll ONTHUKACBIHBIH JAMarpaMmachlH Kepcereni. byn opb6ip pLED
[IaMJapblHaH JJaMOepTHaH CayJieNepiH KUHAWIbI )KOHE OJap/blH alIIaKThIFbIH Oackapaabl. Coman
KEH1H JKapbhIK KaOBUTIAFBIIITHIH OMTHKAJBIK JXyHecine Tapanaasl. Kadsuinarsimra MIMO apHaceiH
coTTi Oeuy yiiH apHa H-MaTpunacs! Tananka cail TONTBIPBUTYBI KEPEK.

PULED array

37mm

(2) (6)

Cyper 2. a) MIMO kypsurbicbiablH pWLED maccuBiniz keckinaepi. Oaerreri uLED
AJIEMEHTIHIH OFapbl YIKEHTETIH KECKiH1 )KoHE b) TapaTKBIIITHIH ONTUKAJBIK KYHEeCiHIH
JarpaMMachl eHI131UIreH.
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byn >karnaiina TapaTKBIIITHIH ONTHKAckl 7,5 Tpamyc (Kajambl) AMBEPTEHIMS OYpBIIIBIH
KamMTaMachl3 €Tyre apHajFaH, ajl KaObuimarei ontukackl (3(a) cyper) 3 rpaayctbhik FOV (okantibn)
KaMTaMachl3 erefi. TapaTKbIl TIeH KaOBUAAFBINI ONTHKACBIHBIH KONAMIBI JKykHeci Oap.
KOMMEPIHSUIBIK KOJDKETIM/II JIMH3aJ1ap apKbUIBI 931PJICHIEH JKOHE COYJIeNiK OaKplIay OarmapiaamMablK
KYpaJILIMEH OHTAMIAHABIPBUTFaH.

KaOpuimarblThl,  Kopy ©pici KaOBUIAFBIINI MAaCCHUBIHACTI JETEKTOPJIAPABIH CaHBIMEH
LIEKTEJIEeNl, 0J1 KeJiecl OoiMIe cUItaTTaaabl.

KaObunnareim apHaiist o3ipienres 0,18 MKM KOCHIMIIIA METaJT OKCH/II )KapThUTAal ©TKI3TiIIiHEeH
(CMOS) xemkin ¢oromuoasiHan (APD) typanpl, opOip AETEKTOpFa CHTI3UITeH TPaHCHMIIEIAHC
kymeirtkinm (TIA) 6ap.

OpkaiichichiHbIH omeMi 200 x 200 mxm2 6omateiH 3 X 3 APD maccusi 240 MkM (cm)
KaJlaMMeH OpBIHIAIIBI KypinL. 3(b).

APD array

_Hél—‘iél—'_iél—

2lmm LA L L L L LR L L L L L)

(@) (0
Cyper 3. a) KaObaarpIIITHIH ONTUKAJIBIK KYHECIHIH AMarpammacsk! xone 6) APD
MaccHBiHIH KecKiHi, 9 APD KpI3bUI mapiisiMeH OeNTiIeHTeH.

byn xypeutrbutap 450 HM TOJIKBIH Y3BIHABIFBIHJIA JKAPBIKTAHBIpbUTFaH Ke3ae 12,75 B kepi
bIFbIcY Kesinzae 2,61 A/Bt cesimrangsikka ue. APD Ttanmanaei, cebebi omapasiH PIN-PD-re
KaparaHJia Ce3IMTaJIIbIFbI )KOFaphl. [8] HET131H1erT KOHCTPYKIHULIAPp.

AxpIpbiHAa, kiOepinreHn curHangap MIMO nekoaray airopuTMiH JkKOHE KaObIK IIUKI
skBanaitzepid (DFE) xonnanranHaH keiiin OaranaHajbl.

Hotmxenep men mikipranac. Toxipubenep KaObUITAFBIIITAFbl  CUTHAI-UITYBIIIBIH
MakcuMaiabl KatbiHacklH (SNR) amy yImiH TeHecTipiiareH TapaTKbIll MeH KaObuigarblmTaH 1 M
KAIIBIKTBIKTA XKYyprizinai. Tept napamiensai MIMO apHanapbl KapacThlpblUiajibl, COHIBIKTaAH TOPT
Oypeiuthlk LLED maccuBtepi maipanansuiagsl. LLED cbi3bikThl LIV kayan pexxuMinae >KyMbIC
icTeiiTiHiHe Ke3 »eTkizy yumiH ULED mampapel 35 MA oprama TokneH Ko3faiabl. Optaina
onTukanbIK KyaTsl 0,5 MBT GosaThin Oip mUKCenal KOCIaraH1a, OChl KUFAIl TOKTA ©JIIIEHIeH opTalla
IIBIFBIC ONTUKAJBIK KyaT 1,5 MBT Kypaiiab!.

Cypertre. 4-cyperTe meTKi OypblmnTapaa opHaitackad Tept LLED Oip mMe3rinje icke KOChlIFaH
1 M KambIKTBIKTAa ONTHKAJBIK >KapbIKTaHIBIPYJbIH KeCKiHl KepceTuireH. Opbip mendbep pLED
ONTUKAJBIK KapKbIHABUIBIK MpoduiliHe coiikec kenemi. byn kapblk nmpoduii cuMymsMsIaHFaH
coyJenik 0akplay MpouiTiHe THIFbI3 COUKEC KeeIl.
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Cyper 4. Tapatkpirad 1 M KalIbIKTHIKTaFbl ONITUKAJIBIK JKaPBIKTAHIBIPYIbIH CYpPETI.

MIMO sxyiteci 6apasik Toptr MIMO apnacel KabaTTacaThlH OpPTANBIK aiiMaKkTa FaHa KYMBIC
icTeil anaTbIHBIH ecKepiHi3. ChIpTKbI aliMakTapaa OapiblK TOPT apHAHBIH CUTHAJ KYII TOPT apHalaH
QJIBIHFaH JIEPEKTEP/li COTTI IEKOATAY YIIiH KeTKUTiKCi3. XKapblK (oTomeTeKTopaapra CHMMETPHUSIIBI
TYple TYCKEHJEe OHIMAUIIKTIH KAaTThl TOMeHJIEeyiH TyablpaThiH KomiMri NxN MIMO xyiiecineHn
aBIPMAIIBUIBIFBI, MYKUAT KapacThIpbuFal enmemaep MeH 4x9 MIMO KypbUIBIMBIHBIH apKachIHIa
MYH/Ia YCHIHBUIFaH JU3allH CHMMETPHS MOCEJIECIHEH 1C JKY3iH/1e 00CAaThUIFaHbIH €CKEPiHi3.

Tept apHa yuIiH *KyHeHIH ©JIIEHTeH KUK kayanrtapsl Kypint. 5. XKylieHiH oTki3y Kabineri
18-22 MI'n pmanazonbiHIa. OTKI3y KaOineTi Heri3iHeH oHTainanapipbuiMaraH APD maccuBine
OaiflaHBICTHI MIEKTENTeH, OHBIH OTKI3y Kabimeri 22 MI'u-ten a3. KomkeTiMai TapaTKbII ©TKI3Y
KaOUIEeTTUIIrH TOJBIK MaiiajaHy YIIH Ka3ipri yaKbITTa TapaTKbIII OTKi3y KaOUIeTTiirine colkec
keneTiH Mmogudukanusinanran APD zeprremnyne.

-10

-15

Normalised gain (dB)

-20' - . 2 ‘ |
10 10 10°
Frequency (MHz)

Cyper 5. MIMO apHanapbIHbIH €JIILIEHTEH AIEKTPOIIEKTPIIIK KULIIK KayanTapbl

Kocy-emipy (OOK) monynsuus cxeMacslH KonjgaHy apkbpuibl MIMO >xyiieciHiH eHIMALTIT
Oaranannpl. Matlab® OGarnapnamaceinaa tept Tayenciz 1013-1 y3sinabrsl PRBS xacanner sxone
topT MIMO apHacein 6ackapaTbiH €Ki curHai reHeparopbiHa (Agilent 81150A) sxykrenni. Tept
APD-pnan ansinran currangap ocuusuiorpadtein (MSO7104B) kemeriMeH ka3bUiibl, COaH KeWiH
CUTHAJIJIBI OJIaH 9p1 OHJEY MKENiJeH ThIC OpbIHAANAbI. KaObUaareITarsl )KYHEHIH OTKI3y KaouieTi
mekTeyal OonranabikTaH, 12 kigipic cebiFbl (TDL) xone 2 Tyitbik mukn TDL 6ap iminapa
HICHTIMHIH Kepi OallIaHBICBIHBIH OpTYPIILIITiH TeHecTipy Kypaisl (DFE) kaObuigansl.

ATBIHFaH €KUTIK Jepektep OuT karemnmik kpuimaMaeirbiH (BER) Oaranay ymnia xiGepinreH
JEPEKTEPMEH CaTBICTHIPBITA/Ib.

Tapatkplin neH KaObUIIAFbI MOAYTIHIH TaMala Typaianysl 6ap MIMO Oeiineney xyiieciHiH
enieHreH apHacblHbIH H-matpunace! | xkectene 6epinren, mynaa TXi xone RXj Taparkpim neH
KaOBUIJAFbIINI DJIEMEHTTEpiH Ounaipeni. ApHaHbIH MakcuMaiabl kymeroi 0 nb meifiH KaibImka
KEJTIpIITeH.

KeckiH KaOBUIIAFBILITHIH apKAChIHIA apHaJlap apachIHIaFbl ONTUKAIBIK OaillaHbIC ©TE TOMEH,
-14nb Temen (siFHU, dMeKTpiik aiikac -281b TemeH) ekeHiH kepyre Oomaasl. MIMO apHanapbiH
JIEKOTAay YIIIH SPTYPJl IEKOJTay aJrOpUTMIEPIH KOJJIaHyFa 00JIabl, COHBIH 1THAE MUHUMAJIIBI
optama kBaaparTel Oaranay (MMSE), nennik maxoypaey (ZF) xone Bell 3epTxananapbIHbIH TiK
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KeHicTiK-yakbIT Kabatel (V-BLAST). Jlerenmen, e3apa ceiiniecy/iiH TOMEH JCHIeiliHe OaiiIaHBICTHI,
JEPEKTEP/I1 OCHI AIMTOPUTMIEP/ Il KOJITaHOai-aK KaJIlblHA KeNTipyre 00abl.

By 6akpuiay COHBIMEH KaTap CypeTTe KepCeTUIreHaei ko3 auarpammaiapeiMer, S0 Mout/c
KBUTAMJIBIKTAFbI OPTYPJIL apHAIADMEH pacTalaibl. 6 KOpIHETiH ailkacy OalikamMaraH xkepje. Opoip
apHaHBIH KO3 AMarpammaiapbl 0acka apHaiap *KYMbIC ICTEI TYPFaH Ke3/1e TYCIpUIIi.

Voltage (V)
Voltage (V)
o

Time (ns)

20
Time (ns)
(@) (6)

Voltage (V)
Voltage (V)

30

20 30 o 10 20
Time (ns) Time (ns)
(© (r)
Cyper 6. 50 Mout/c xbuinamasikne kadbbuiganran OOK curnannapblHbIH K03

muarpammacsl (a) 1 apna (b) 2 apHa (¢) 3 apna xone (d) 4 apHa.

10

MIMO OGeiineney >xyieciHiH TepT apHackl ymiH BER-men cambicThipranma aepektep
KBUIIAMIIBIFBI cypeTTe KepcetinreH. 7. KaObuimanran curHan DFE kemeriMeH aganTuBTi Typae
TeHecTipieTiHiH eckepiHiz. 200 OOK Outine coiikec keneTiH anramksl 400 yari skBamaizepi
yiipeTy yuIiH naiiiananbuiaabl, an KainraH nepekrep BER Oaramay yiniH naiinanansuiaabl. AJIsiH
ana kateHi Ty3eTy (FEC) merinen 1,2x10-3 acaTbiH K01 )KeTKi3yre 00IaThIH AEPEKTEP KbUTIAMIBIFBI
920 M6uT/C )KUBIHTBIK JepEKTEp KbLIAAMBIFbI YIiH 1-4 apHanap yuriH tuicidme 300, 285, 85 sxone
250 Mb6ut/c Kypaiiapl. 3-apHaHbIH TOMEH JEpeKTep XbULIAMbIFbl TOMEH OepileTiH ONTHUKAJbIK
KyaTIeH OaillaHbICThI. 3-apHaHbIH TachIMaJIJaHATHIH ONTUKAJIBIK KyaThl OacKa apHajlapFa KaparaHjia
~2,5 ece a3 (6yn I kecteneri H-matpunia apHacelHIa a KepceTiireH). bys KypbulFblIapabl eHIipy
npoleciHeri akayra 6ainansictel. Hotmxecinne kepini pLED mamMaapbina aiiTapabIKTai aFbli KETy
TOTBl OOJI/IbI, HOTMXKECIHAE TUIMAUIIK TeMeH Oonabl. bynm mocene meminyne skxone WLED xana
OYBIHBI ©TKI3Yy KaOUIETTUIIN MEH ONTUKAJBIK KyaT OOMbIHIIA OipKeNIKl eHIMIUTIKKE ue 0oaabl aen
kyTinyne. OceiFan Kapamacrtal, 0y skymbic MIMO keckinney xyieci »kakplH opHanackad pLED
oHe OlpIKTIpUIreH Kypamaac 0esiKTepl naijanany apKbUlbl MYMKIH OOJIaTBIHBIH KOPCETE].

0 — — — — —
—e— Channel 1
—a&— Channel 2

| —e—Channel 3
—— Channel 4

0 100 200 300 400 500
Data rate (Mbps)

Cypert 7. MIMO apnanaps! yiiH BER-MeH canbIcThiprania JepeKTep KbUIIaM/IbIFbI.
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KopbIThIHABI XK9He ofaH dpi kymbic. byn Kyxar xakplH opHamackaH WLED sxone
oipikTipinren CMOS Heri3iHmeri KaObUIIAFBIITHI MainanaHaTeiH OipikTipinires MIMO xyiieciHiH
COTTI KepceTimiMi Typaibl xabapmaiael. ~920 MOWT/C KUBIHTHIK aepekTep kburmamabirel OOK
MOJYJALMS CXeMachl apKbUIbl KepceTinai. JKorapbl >KbUIAAMABIKTApP KYPACTIpeK MOIyJsSIus
CXeMaJIapblH KOJIJAaHYbl MYMKIH JXKOHE HHTETrpalMsUIaHFaH TACUI JepeKTep >KbUIIAMIBIFBIH Oip
Me3Ti1/Ie KaKCcapTy apKbUIbl JKyHelepre KenTereH HapasuiesibAl apHanapibl MaijaniaHa OTBIPHII
MaciradTayra MyMKIiHJIIK Oepei.

bonamak >xymeic uLED immiHmeri TOK aFbIll KETY MOCEJIECIH My 1l KaMTHIbI KoHE Ka3ipaiH
e3iHJ1e *Kypir xkaTelp. APD MaccuBiHiH ekiHIm OybIHBI Ja ky3aereH MI 11 oTKi3y KaOlIeTTUTIrHE He
Oomansl nen KyTiutyne. OTkizy kaOineri skorapsl APD sxone ekinmi OysiH pLED-nep apkpuibi
QNIeKai1a JKOFaphl AepeKTep KbUIIaMABIFBl MYMKIH O0JIa/IbI.

Opi Kapaiifbl CbIHAKTAp OHIMIUIIKTI OHTAWIAHIBIPY YLIIH KaMTyAbl jkoHe opTypai MIMO
ITOPUTMACPIH Naiifananyasl Oaranaiibl.
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Angatna. KoMmowmusuiblK — Marepwainiap YIIaK KYPBUIBIMBIHIA JKHI  Ke3JIeCeTiH
MaTepUaIapAblH  Oipi. ABHanMsga KOMIO3HTTEPJl KOJJAHYIBIH MAaHBI3IABUIBIFEI  KOFAPHI
OOJFaHIBIKTaH, MEXaHUKAJBIK KACHETTePMEH Oipre cajiMak a3aiTylasl KaMTaMachi3 €Ty YIIiH,
COHBIMEH KaTap amaTThl COTCI3AIKTEP/IH ajblH aly YIIH ceHiMAl 0y30alThiH OakpUIay 9aicTepi
KakeT. byt Makanana ocel canafarbl Ka3ipri KariaiFa 10Ty Kacaia bl 5)KOHE MaHbBI3/IbI aBUAIUSITBIK
KOMITO3UTTEP/IH TYTACTHIFbIH Oaranay Ke3iHae Oy30aliThiH OaKbUIayIblH PEHTEHIIK OSicTepi
KE3/IECeTiH JKETICTIKTep MEH KUBIH/IBIKTapFa Oaca Ha3zap aylapbliaibl. 3aKbIMIAHY bl aHBIKTAY JKOHE
YIIIAKTap/IbIH OacTaIKbI )KOHE KaiiTasaMma KOHCTPYKIHsJIAPbIHIA TTaliJallaHy YIIiH dKOHE KOMIIO3HTTIK
MaTepHaIapAblH ~ CHUNATTaMajapblH  aHBIKTay  YOIiH  Oy30alThlH  OakpUIAyIbIH  O3BIK
cepTHU(UKATTAIFAH JJIICTepiHE Ha3ap ayJapblIajibl.
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AnHoTanus. KoMno3utHsle MaTepraibl SBISIOTCS OJHUMU U3 Hanbosee paclpoCTpaHEHHbIX
MaTepHaJIOB B KOHCTPYKIMU camoJjera. M3-3a BRICOKOH Ba)KHOCTH HCIOJB30BAaHHUS KOMITO3UTOB B
aBHallMd HEOOXOJMMBI HaJEKHBbIE METOJbl Hepa3pyIIAIOLIEro KOHTPOJS, YTOObI 00ecneuuTh
CHIDKEHHE Beca B COYETAaHMM C MEXaHWYECKHMMH CBOWCTBAMH, a TaKXe MpPeJOTBPATUTh
karactpoduueckre cbon. B sTolf craThe maercss 0030p TeKylled CUTyalldd B 3TOM obiacTu u
JIeTaeTCsl aKIeHT Ha JIOCTHKCHUSX U TPYAHOCTSX, C KOTOPBIMU CTAIKHBAIOTCS PEHT€HHBIE METOIBI
HEpa3pyUIAlOMIEro KOHTPOJS IPH OLEHKE LEJIOCTHOCTH BaKHBIX ABUAIIMOHHBIX KOMIIO3UTOB.
OcHOBHOE BHHMAaHHWE YACISIETCS TEPENOBBIM CEPTH(GHUIMPOBAHHBIM METOJaM HEpa3pyIIArOIIETO
KOHTPOJISL JUIsi OOHAapy>KeHHsl MOBPEXJIEHHH M HCHOJb30BAHUS B IEPBUYHBIX W BTOPUYHBIX
KOHCTPYKIIUSIX CaMOJIETOB, a TAK)XKE ISl ONIPEICIICHUS] XapaKTePUCTUK KOMITO3UTHBIX MaTepPHAaJIOB.

KiroueBble cjioBa: akycTHyecKass SMHUCCHS; KOMIIO3UTHBIE KOHCTPYKIIMM JIETaTEIbHBIX
anmapaTroB; Hepa3pyIIAOIIUN KOHTPOJB, YIBTPAa3BYKOBOW KOHTPOIb; pPEHTreHorpadus u
TOMOTpadus.
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Abstract. Composite materials are among the most common materials in aircraft construction.
Due to the high importance of using composites in aviation, reliable non-destructive testing methods
are needed to ensure weight reduction in combination with mechanical properties, as well as to
prevent catastrophic failures. This article provides an overview of the current situation in this area
and focuses on the achievements and difficulties encountered by rengenic methods of non-destructive
testing in assessing the integrity of important aviation composites. The focus is on advanced certified
non-destructive testing methods for damage detection and use in primary and secondary aircraft
structures, as well as for determining the characteristics of composite materials.

Keywords: acoustic emission; composite structures of aircraft; eddy current testing;
radiography and tomography.

Pentrenorpadusna opTypii MaTepuaiiapra €Hy >KOHE 3epTTeeTiH OOBEKTiIHIH KOJEeHKel
OeiiHEeCIH ayly YIIH KbICKAa TOJKBIHABI 3JCKTPOMArHHUTTIK COyJIeJeHy (JKOFapbl SHEPTHUSUIbI
peHTreHIiK (GOTOHAAp) KOJIaHbLIAAbl. Marepran HEFYpIbIM TBIFBI3 00JICa, YKOJIBIH Y3bIH/IBIFbI
HEFYPJIBIM y3arbIpaK 0oJica >KOHE PEHTICH COYJICCIHIH CiHYl HEFYPJIBIM JKOFaphl 00Jica, ChIHAIATHIH
00BEKT apKbUIbl PEHTTEH JAETEKTOPhIHA OTKEHJIE PEHTIE€H CayJieci COFypibIM dncipeiiai. benrini 6ip
SHEPTUSHBIH DPEHTIeH CoyJelepiHiH 3aTneH opekerrecyl bup-JlambGepr 3aHpIMeH Keneciaei
CHUIMAaTTaJIabl:

In 1% Z10x; y; zpdl / 81P

MYHJIaFbl |-eTeTiH COyneHiH KapKbIHABUIBIFBI, lo-TyceTiH CcOoylleHIH KapKbIHIBUIBIFRL, M-
dboToanekTpaik dhdexTTep MEH IIambIpay cajlJapblHaH Taijga OO0JNIaTBhIH COyJe TPACKTOPHSICHI
OoiibIHAaFbl (X, Y, Z) HYKTEHIEri CBI3BIKTBIK 9JcCipey KOI(D(UIMEHTIHIH MOHI KOHE HHTErpanus
PEHTIeH Ko31 MeH apachiHiarbl | ChI3bIFbI OOMbIMEH Kypemi. JleMek, op Typii xepiiepae KeCKiHHIH
KYHTIPTTeHYIHIH  (TBHIFBI3JBIFBIHBIH) ©3repyl MaTepUas[blH THIFBI3IABIFBIHIA, MaTEPUAIIBIH
KaJIBIHBIFBIHIA HEMECEe eKEyIHJIEe J€ TEKCepUIeTIH OOBEKTIHIH ColKec HYKTelepl apachblHIa
alibIpManIbuIBIK 6ap ekeHiH kepcerei. by opTypii akaynap/sl cunarrayra 6osateiH oaic. Komimri
peHTreHorpadusi-erep oJapAblH OaFbITHl PEHTTEHTe MEPIEeHANKYIAp OonMaca, a’pOFaphIIITHIK
KOMIIO3UTTEPAET] KaTThl KOCBIHJBLIAP, TAJIIIBIKTAPABIHMELIBICYbl JKOHE MAaTPULIAHBIH KapbLIYbI
CHUSIKTBI KaJIMAaK €MEC aKayJap/bl aHBIKTAYIbIH €H TaHBIMAJ 9/IICTEePiHIH Oipi. Amaiina, erep akaysap
Teric OeTke Koiibuica, KabaTTacaTblH aKaymnap/abl 06y MYMKIH eMec, al erep peHTTeHorpammanap
OoJica, TEPEHIIKTI CaHIBIK Oaragay MyMKiH eMec, op TYpJii Oypsliiitapaa sxkacaamanis! [1].

Komimri  peHTrenre cyideHe  OTBIPBIN, KOMIIOHEHTTEPAIH  IHIKI  €peKIIeNiKTepiH
BU3yaJIM3aIUsUIIAy JKOHE OJIapbIH YII OJIIIeM/Ii TEOMETPHSICHl Typajibl CaHABIK aKmapar ajxy YIIiH
pentreniik kommbioTepiik Tomorpadus (XCT nemece KT) oHe pEHTIeHIIK KOMIBIOTEPIIIK
namuHorpadus (XKJI nemece KJI) CHSKTBI XKETUIAIPUIreH 9/1iCTEp KacallIbl.

AdpOFaphIIITHIK KOMITO3UTTEP 1 Oy30aliThIH OaKplIayFa apHaJIFaH KOMIBIOTEPIIIK TOMOrpadus
[2].

KomnbroTepnik Tomorpadusi emdmemaep MeH KeyieMali OeJmeKkTepli KOFapbl JQJIIKIECH
aHbIKTay YIIIH Tamama OeifHesney oICiH YCBIHAJABI, YII eJmeMAl enmemae, Oyl acipece
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a’pOFapBIITHIK KOMITO3UTTEpHi Oy30aif Oakpuiay YIIiH Maiigansl, MyHJIAa KOMIIOHEHTTEPIiH
KYPBUIBIMJIBIK TYTACTBIFBIH TEKCEPY ©T€ MaHbI3/Ibl (SIFHU >KACBIPBIH JKOHE KYPAEl FeOMEeTPHSIIBIK
nimriagaep). HACA-upiH Oy306aiiTein Oaranay reutbiMzaapbl Oeniminin (NESB) Oencenni 3eprrey
caiachl OOJIBIT TaOBUIATBIH KOMIBIOTEPIIK OY30aiThIH Oakpliay cajachlHAa KOMIIO3UTTIK
JaMUHATTApAAFbl 3aKbIMIAHYBIH KYpJei cunaThiH kepceTy yiriH KT HoTmxkenepl KOMIaHbUIA k.
Coman keilin Oyn HoTHXenep OacKapbUIaThIH TOJIKBIHIAPIBIH 1IIKI 3aKbIMIaHyJIapMEH e3apa
OpEKeTTeCyiH MOJICINIb/ICY YIIIH 7IacTOAMHAMHUKAIBIK aKbIPJIbl MHTETPAITHS JICIHIH OaFaapIaMalTbiK
KypajblHa eHTri3uieai (MbIcaybl, cTpaTu(dUKanus 3aKkpiMAaHybl). KoMmbproTepimik ToMorpadus
COHBIMEH KaTap YIIaK anaTTapblH TePreyieri aliThIH CTAaHAAPT OOJIBIN TaObLUTAIbI.

Kommbrotepnik Tomorpadus AepeKTep >KUBIHTBHIFbIHAH MaliJalibl aKIapaTThl KYpy KOHE aily
VIIH Kagamaap Ti30eri Kaxker: cyperre kepcerinreHaei. Tomorpadusuibik akmapaT OOBEKTiHI
peHTreH ke3i (MOHOXPOMATHUKAJIBIK HEMeCe IOJIMXPOMATUKAIBIK) MEH AETEKTOp apachbIHAaFbl
alfHaIIMasbl TaKTaFa OPHAJACTBIPY AapKbUIBl KOepy OypHINTAPBIHEIH (HeMece MPOCKIUSIIBIK
OYpBIIITAPABIH") MOMEKTLIIrIMEH KYHell TypJe alblHATBIH OipKaTap peHTreHOoTrpaMMajiap/iaH
(HeMece TpoeKIusIapaaH) anbiHaAbl. [Ipoeknusuiap anblHFAHHAH KEHiH OOBEKT MPOCKIIHSUIBIK
KECKIHAepl eHT13y apKbLIbl KaiiTa KypbUTa sl "KaiiTa Kypy anroputMi". Komnbsrorepitik Tomorpadus
KYHeNepiHiH KONIIUTIr ecenTey MbIFIHAAPEl MEH KaiiTa Kypy YakbIThl OOMBIHIIIA aITOPUTMACPiIHIH
0oJKaMIBl cUIIaThIHA OalIaHBICTBI KEpl CY3TieH OTKEH KalWTa Kypy ajlrOpUTMiHIH TYPIiH Ky3ere
aceIpazapl. CkaHepiieHeTiH 00bekTiHI BBO-MeH KybIKTayFa KOJI )KETKi3y YIIiH (JIoJ HIeIIiM OpTabIK
OOJIIKTEH THIC Kepe KOK) COYJIe 9p COyJie TPAaeKTOPHICHI YIIiH HHTerpangap oOBbEKT apKbLUIbI Kepi
npoekusuianaabl. bb omictepi mry AeHreii ToeMeH MPOSKIMSUIBIK KEeCKIHIep JKETKUTKTI OosiFaH
KarJaiiia xKaKCchl AKYMBIC iCTel 1, Oipak Kyp/eni xaraainapaa 6aiaMaisl HTEPALUSIIBIK KaiiTa KYpy
ozicTepi aMTapibIKTall apTHIKIIBUIBIKTapFa M€ O00daybl MYMKiH. KoMIbloTepiik TomorpadusHbIH
KeJeMi KajlblHAa KeNTIpUITeHHeH KeliH mnaijansl akmaparThl KECKIHIl Kapay >KOHE eHJeY
TEXHOJIOTUSUIAPHI apKBUIBI ayFa 00abl - Oy Ke3eH BU3yallu3alus ien araiaasl. Ko xeTkizinren
KECKIH camachl HETI3IHEH IIyAbIH, KOHTPACTTHIH, KEHICTIKTIK aXXbIPaThIMABUIBIKTHIH O9cekenec
(bakTOpIaphIMEH aHBIKTAIA I JKOHE apTedaKTUIep e aTalaThIH KacaH bl epeKIIenikTep. Mbicabl,
COyJIeH1 KYIIEUTy *koHe mmaibipay. KoMmno3utrepiiH KOMIbIOTEPIiK TOMOTpapHsIChIH KOIIaHYIbIH
Kol Oeiri KymoHJap[bl HEMece ILIarblH MaHeNbAep/l CcKaHepieyre OarbITTaslFaH, OlpaK HaKThI
KOMITOHEHTTepre emec. by mekreynepaeH exi GpakTi TybIHIANIbL:

(1) meTexTOopAbIH MHUKCENb OJIIEMI KOMIIOHEHTTIH I'€OMETpHUsChbiHA OailllaHbICThI KeliHece
MUKCETh OJIIeMiHeH 2-3 ece YIKEeH aXbIPaTbIMIBLIBIKTHI IIEKTEH/I1.

(2) nerexTopmeH KamThlUIFaH THiMl aiiMak oaerre 2000-4000 mukcenb Kypanabl KoHE Oy
TEeKCcepiIeTiH OOBeKTiHIH KeJeMmiH mekTeial. backama aiTkanga, kaszipri ypnakteiH KT
XKyHelepiMeH albIHFaH erKei-Terkeire yiri meepi acep etemi [3].
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Cyper 1. OncipeyiiH KOHTPACTHI

KeMipTekTi TambIKTap MEH INANHBIp apachbIHAAFbl bLABIPAY aWBIPMALIBUIBIFBL ©T€ a3
OOJIFaHIBIKTaH, KEYEKTUTIKTI, TAJIIIBIK KYPBUIBIMBIH, IIApIIAyAaH TYBIHAAFaH Tap KapbIKTap/Ibl )KOHE
KOMIPTEKTI IUIACTHKAJIBIK MaTepuangaplarbl COKKbUIAP/bIH 3aKbIMJIAHYBIH JIOJI AQHBIKTAy KHbIH.
CoHIbIKTaH OYJI callaiaFbl 3epTTEYNEpIiH KOIIIUIr peHTreH ik MUKpoToMorpadus (Hemece M-KT)
KyHenepin KonnaHy apkbuibl xKyprizinai. M-KT npunnunrepi KT-men Gipaeit, 6ipak ke3i peTiHae
PEHTIeH COyJECiHIH aK oJIeMi KOJIJaHBUIAAbl (DJIEKTPMEH COFBUIATBHIH AHOATHIK HBICAHAHBIH
ayJaHbI-TEPMORJICKTPOH/IBIK CIyJIe LIBIFAPAThIH TaKTajlap), OHbl OHAaFaH MUKPOMETPMEH OJIIIeyre
Oomazpl, OYJ1 KOHYC COYJIECiHIH YIFAIOBIH MUKPOMETPIIIK aKBIPATHIMIIBIIBIKKA KOJI JKETKI3Y YIIiH
naiiananyra MyMKiHZIIK Oepe/ii 1aK MeJepi.

Keyekrinik. M-KT xemipTeri Heri3iHIAeTi KOMIO3HIMSUTBIK MaTepHalIapAarbl KeYeKTUTIKTI
caHJbIK Oaranay, COHJAl-aKk aBTOKJIABTAH THIC EMJENTeH TaJIIbIK/TEpPMOPEaKTHBTI MaTpuLa
KYHeNnepiHaeri KeyeKTUTIKTIH dBOJIIOIUSACHIH 3epTTey YIIiH Kouaanbuiabl. Konycteik coynemik KT
KOMETiMEH KOMIO3MLMSUIIBIK MaTepuangapiarbl KeyeKTUIIKTI CaHJbIK Oarallayra HeETi3ri Keaepri
XKyiie O0JBITT TaOBLIAABI- OYJT MaTepHUall MEH aya apachIHIaFbl OCTTI aHBIKTAY. OJIIIEHTeH KEYEeKTIIIK
CeTMEHTTEY oJliCiHE >XKoHe KOJIJaHbUIAThIH MapaMeTpiepre OalnaHbicThl. byn macene, akpuiFa
KOHBIMIIBI TenrMMeH, KeyekTimikri M-KT oxyienepineH Tepi CTaHIApTThl KOMITBIOTEPIIIK
TomMorpadus JKyHenepiMeH aHbIKTayFa MYMKiHIIK Oepemi. 2010 xbutel KactHep »xoHe T. 0.
KOMIPTEKTI TUIACTHKAJIBIK MaTepualapaarbl KaWTalaHy MEH JOJIIKTIH JKOFaphl JICHTeHIMEH
KEeYeKTUTIKTI ©Ouiey MakcaThlHAa KOMIBIOTEpIiK ToMorpadus aepekTepiH Oaranay yIIiH
CerMEHTTEY dici enrizini [4].

TanmbIKTBIH apXUTEKTYPAChl )KOHE OpHANacybl. MakpOCKONMHUSIIBIK TAJIIIBIKTHl TYPHUKETTIH
TEOMETPHUSCHI KOK O1p OaFrbITThI KOMIIO3UTTED YIIiH kKeKe TaambIKTap cTanaapTThl M-KT KOHYCTBIK
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COyJeliK XKyhenepiMeH egaenmeiini. KemiprekTi TanmbikTapabH auamerpi ogerre 10 Mmm-1eH a3 gen
€CENTECEK, KEKE TAIIBIKTaPIbIH KECKiHIH ajy YIIiH YJT1 eJeMi 6 MM-JIeH a3 00JIybl KepekK.

Anaiiia, aBTOKJIAaBTaH ThIC E€MJICITEH KOMIIO3UTTEPAE, MBICAJbl, €Ki OJIIeMAl JKOHEe YII
eJIlIEeM/l TOKBUIFAH KOMIIO3UTTEpJE, KabaTThl MaTepUaNIblH CaJbICTBIPMAlbl TYpAE€ TOMEH
TBIFBI3JIBIFBl JKOHE JKOFAapbl KEYEKTUIrl KOHTPACTThl 3aTTapAblH KOMETIMEH TaJIIIBIKTapIbIH
KYpPbUIBIMBIH aHBIKTayFa MYMKIHIIK Oepexai. Mblcaiibl, MaTamapibl aJITBIHMEH, MBICIIEH >KOHE
KOHTpAcTThl HoameHn xaly Kypan (aOblHHBIH KaubHABIFBI 0,025-0,05 MM) TanmbIKTapabiH
eJIeMIepi MeH OarIapbiH, COHIa-aK KabaTTapbIH KaJbIHIBIFBIH OJIIIICYTe MYMKIH/IIK OSpEeTIHAITIH
KepcerTi. JlereHMeH, oyiap KaTThl OJICIPETETIH >KaOBIHIApIBIH OONyblHA OalIaHBICTBI KaiiTa
KypyJiapaa apKajJbIKTapJbl KaTanTy apredakxTiiaepidiH O0ap ekeHiH xabapmanbl. COHBIMEH Kartap,
KOHTPACTThl 3aTTap KOMIO3HMLMSJIBIK MaTepHalIapablH MEXaHHUKAJBIK KacCHETTEpiHEe acep eTyi
MYMKiH [5].

Cokkbl Ke3iHZe 3aKkbIMAaHy cunarramacbl. KommbroTepiik Tomorpadusi COKKbI Ke3iHjae
KOMIPTEKTI IUIACTHKAJIBIK MaTepuaigap/blH 3aKbIMJIaHYbIH Tajljjay YLIIH MaiiJanaHbulIbl, COHbIH
imiHge Oip OaFpITTBI  KOMIPTEKTI TANIIBIKTHI TAHENBIIH OYKUT KaJdblHABIFBIHA TapajFaH
CTpaTU(UKAUSIHB aHBIKTAy, 3CEpP €Ty DSHEPTUSICHIHBIH OPTYpPIi JeHreliepiHaeri KeMipTeKTi
TAIIBIKTHI SMOKCH/TI JIAMUHATTAP/IBIH 9Cep €Ty KACHETTEPiH 3epTTey KOHE OYKI KaJbIH/bIFbIHA
TiruireH Oip OGaFbpITTHI JIAMUHATTAP/IBIH alKacallbl KepIIepiHAe JKapbhIKTap maiaa O0JybIH KOpCeTy.
Ocwl 3epTTeynepAc KOJNJAAHBUIATHIH KamepalapIblH eJeMaepl KaKETTUTIKKe OalIaHBICTHI
caJlbICTBIpMaJIbl TYpAE YikeH (ctannaptThl KT-1a KakeTTi aXbIpaTbIMABUIBIKTaFbl KECKIHAEP aly
YIIiH) - CTaHJAPTTBl COKKBI CHIHAFBIHBIH HOTMOKEIEpl YIIIH CypeTTi KapaHbi3. JKaimbl COKKBI
ChIHaFbIHJA KOJIJAHbUIATBIH OYJ YJIKEH, YKa YIrUlep KOMIBIOTEpIK ToMmMorpadus YIIiH eTe
KOJIaWJIbI EMEC.

Hlapmraynan TyslHOaraH 3akbiMIaHyAblH cunatramacel. CFRPS-teri mapmaynan 6onatbin
3aKbIM K60iHece opTYPJIi KUCHIK YKa3bIKTHIKTapa KoHe oJapAblH nHTepdeiicTepinae naiaa 6omambl.
Komno3unusuiblK Matepuangap/slH mapiiay KacUeTTepiH 3epTTeyAIH KOMIIUIIr MaKpOCKOMHUSIIBIK
MaciITadTa 3aKpIMJIAHY IbIH KUHAKTAITYbIHBIH MaTepUa/iblH KaCUETTEPiHIH HallapiayblHa 9CepiH
Oaranay VIIH OKYpri3uini, OipaK COHFBI YyaKbITTa IIapliayJaH TYbIHJIaFaH 3aKbIM TYypallbl
MHUKPOMEXaHUKAIBIK TYCIHIK KaJBIITACTHIpyFa Ha3ap ayAapbuiabl. MpIcalibl, KaTalTaThIH
OeJIIEeKTepAiH >KapbIKIIAKTBIH TapajlyblHa OCEepiH 3epTTey KOMIPTEKTi-3MOKCHATI KOMIO3HUTTEP
onebuerTe OastHmaNFaH [5].

Hlapmiay chlHaFrblHAaH OTKEH KOMIPTEKTI TaJIBIKTBl KYMOHJAFbl MIapIIay/laH TYybIHIAFaH
3aKbIMAAP/Ibl JKAKCHIPAK BU3yalu3amusuiay yIIH KaianbiHa kentipiireH M-KT kememin kanmbiHa
KEJTIpy aJrOpUTMIH jkacajapl. MyH/iail 3aKkpIM KeOiHece OpTYpii KHMCBHIK >Ka3bIKTHIKTapJa *oHE
onapAblH uHTEep(deicTepinae maiga Oojanael, onap HUUTy Taiga OoJFaHra JeliH Teric OoJajbl.
Ocbutaiiia, onap BHU3YaIM3aLUSHBIH €H KypAedl TypiepiHiH Oipi Oonblll TaObLIagbl. Anaiina
onapaeiH M-KT ckanepi mamamen 15 mMmM—20 MM aXbIpaThIMIBUIBIKTA JKEKE KOMIPTEKTI
TaNIIBIKTAp/bl TaHU anMaabl. MyHAal >KYMBIC, OJl IIBIHBI TAJIIBIKTBI KOMIIO3UTTEPl LIapIiay
ChIHAKTaphl K€31HJI€ TAJIIBIKTAp/AbIH OY3bUIYbIH aHBIKTAYy YIIIH XETKUIIKTI pyKcaT KaOlIeTTUIIrH
Kepcermnei [6].

Keprinikri xepae 6axkplIay. A’pOFaphlITHIK KOMIIO3UTTIK MaHEIbACPAl OpHbIHIA OaKbLiay,
MBICANIbI, IIApIIay >KYKTeMeci Ke3iHAe 3aKbIMIAaHyAbIH Maijga OoJybl MEH epllyi, peHTIeHJIK
KOMITBIOTEPITIK JKYHelIep/ai KONIaHy apKbUIbl ©Te KHbIH, COHIIBIKTaH o/Ie0neTTepae Oy Typajbl a3
xabapnaHajsl. byn, Oip »aFblHaH, a’3pOFapBIIITHIK KYPBUIBIMIAPIBIH KOFaphl apaKaTbIHACHIHA,
eKIHII YKaFbIHaH, PEHTI€H/IIK KOMIIBIOTEPIIIK TOMOTpapUsSHBIH 3€pTXaHAIBIK JKyHelepiHae ChIHAK
CTEH/TEpiH OpHATyFa KOMBUIATBIH TajlanTapra OainmaHbicTbl. KoHyc Topi3ai coyie TypiHIe KeCKiH
ally VIIH MaKCHMaJIJIbl apHAaWbl a)XKbIPATHIMIIBLUIBIKKA JKETY YIIiH CHIHANATBIH HBICAH COYJIETICHY
Ke3iHe MYMKIHJIrHIIE >KaKblH oOpHaynacybl kepek. COHbIMEH Kartap, JKyie TapMmakTapblHIa
CUNATTAJFaHJall ChIHAJIFaH HBICAH/Bl PEHTICH COYyJECIMEH JKapbIKTaHIbIpyFa MYMKIHAIK OepeTiH
TiIl XKacalybl KEpeK.
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Kepy epicin mekrey. Hbican nerexkTopablH Kepy ailMarblHaH THIC OOJFaH Ke37I€, MBICAJIBI,
CyperTe KepceTUIreH KypbUIbIM. Erep OOMIBIK JXKOHE KeOJIJEHEH JuaMerpiep aiTapiblKTai
epeKIIeNICHCe HEMEece CKaHEpJICHETIH OOBEKT apKbpUIbl OTETIH KOJJIBIH Y3BIHJBIFBI JPTYPIi
OypblIITapaa KypT ©3repce, OHJla CKaHepJey kKoHe KaiiTa Kypy KubiH. COHBIMEH KaTap, apaKaThbIHACHI
YKOFapbl HBICAHAAp COYJICHIH OTYIH/IE YJIKCH aybITKyJIapFa 9Kellyl MyMKiH, OyJ1 KaJIbIHa KeNTipUIeTIH
KejieMae apredakTuiepaid naiga OonyblHa okeneni. MyHmal jkarmainapja TiNTI OOBEKTIHIH
PEHTI'eH KO31MEH COKTBIFBICY Kaymi 0ap, COHABIKTAH K31 00BEKTIIEH allbiC OPHANACTHIPY Kepek,
OyJ1 HaIap aXXbIPaThIMABUIBIKKA OKEJIE/].

Kepy epiciHiH meKTenyiH XKeHY YIIIH YII CTpaTeTus KOJIAHBUIAABI: KOC YHEPreTHKAIBIK
CKaHepliey, KbI3bIFYIIbUIBIK AalMarblH CKaHepJey JKOHE KOMIBbIOTEepNiK JamuHorpadus. Eki
SHEPTETUKAIBIK CKaHEpPJICYy OPTYPJ PEHTIeH SHEPrUsChIMEH €Ki CKaHepJieyai OphIHIaiabI, Oipeyi
KbICKA JKOJI Y3bIHJBIFBl YIIIH OHTAWJIaHIBIPBUIFAH, €KIHIIICI Y3arbIpaK OJ Y3bIHJBIFbI YIIIH
oHTaitnanabipeuFad. CofaH Kelin Oy MpoeKIUsIap KaKCAPTHUIFAaH PEKOHCTPYKIMSHBI aly YIIiH
KaiiTa KYpbUIATBIH PEHTTeHOTPadUsUIBIK MOJIMETTEpAiH OIpbIHFAail KUBIHTBHIFBIHA OIpiKTipiiei.
XKoraper ROI keckingepin any >KOFapbl aKbIPaThIMIBUIBIKTAFbl HBICAHHBIH LIAFBIH KOJIEMJIEPiHIH
KeCKiH/epiH anyFa MyMKiHaik 6epeni. Rol ckanepiey 3epTreynepiHiH KOMIIUIIri HbICAHHBIH KeiOip
OeiKTepi KaJlmblHA KENTIpUIMETreH JKarjaiiia maiiga OoNaThIH Kecy MOCeNeciH JKeHy YIIiH
JepeKTePl TOATHIPY 9ICTEPIH KoygaH bl. MbIcan peTiHje napaiellb cayJlie )KoHe KOHYC CoyJIeCiH
aimyra Oornanel. HpicaH yImiH KON KeTiMIi anmpuopiblK akmapartbl (Mbicansl, AXOK mepextepi)
naijanany Ja Kaita Kypy/abl )kakcapTa anaisl [7,8].

Kommerorepiik namunorpadus (KJI)

JlamuHOrpausIbIK CKaHEpiiey KOMIIBIOTEPIIiK ToMorpadusfa ykcac, JE€reHMEH YJTiHIH
KO3FaJIBICBI MEH CKaHEpJICHIreH JAEPEeKTepAl KAIbIHA KENTIpy oIiCi KOMIMIT KOMITBIOTEPIIK
ToMorpadusiian epeKILIeNIeHEe 1. Komnsrotepiik ToMorpadusiaH albIPMAaIIbUIBIFBL,
JTaMUHOTPAQHSUTBIK IEPEKTepi aly Ke3iHJe TeK IIEKTEYJ KeJIeMIETi TOMOTpadusUIbIK aKmapar
kaxer. Jlemek, KJI kemeriMeH ckaHepiiey yakbIThl a3, OyJl OHBI a3pOFApBILITHIK KOCHIMILAIAPFa
KOJaiybl eTenl, eWTKEHl 9[eTTe Oip IWIbIH 3HEPIrUsChIMEH ajlblHFaH OlpHelle peHTreHorpadus
Konganbuiazsl. COHBIMEH KaTap, OyJ1 opHanacy aiiHairy OypbIIIBIHBIH 9pOip YIIFarobl KE31H/1€ PEHTIeH
coyJseciHiH Oipzel eTyiHe KeNUIIIK Oepesl *KoHe KEePriuliKTi KOFapbl aKbIpaThIMIbUIBIKIIEH (1 MM)
KOJIJICHEH CO3BbUIFaH YJITUIepAiH KeCKiHJepiH anyra MyMKiHaik 6epeni. KJI cypertepre kaparannia
canaiibl 00Jybl MYMKIH Kepy OypbIIIbI IIEKTEYJI KOMIBIOTEPIIIK TOMOrpadus, acipece OYphIIITHIK
JIMara3oH/ia YJIKeH mekreynep 0ap skepiaepae. Ocpliaiiia, KOMIO3UTTIK KYPhUIBIMAAPBIHBIH KOFaphl
XBIPATHIMIBUIBIKTAFbl KOJIEM/11 BU3yalIn3allusAChIHAa KOMIIBIOTEPIIIK TOMOrpadusi Hemece 0y30ailThiH
OaKpUIay IbIH K3 KeJreH 0acKa Y1 eJIIeM/Ii 9AicTepl apKbUIbl MYMKIH OOJIMaiThIH AeHTrelIepae Ko
XeTki3yre 6osasr [9].

KomnbroTepnik namuHorpadusHblH MaHb3abl acnektiuiepi. Ic xysinme KJI okyilecinin
KO3FaJIbIC TPACKTOPHUSICHIH aJIbIHFAH JIAMUHOTPA(UUIBIK aKIapaTThlH KeJieMl MeH OOBEKTIHIH
caJMarbl, eJIeMIepl MEH Ie€OMETPHCH apachlHJAFbl TeMe-TEeHIIKTI KaMTaMachl3 €TETIHIEeH eTim
perTey MaHbBI3/IbL.

Potanusiiblk ckaHepieyi KojJaHa OTBIPBIN, KOMIBIOTEPIIK TOMOTPapUIHbIH 3€pTXaHAJIBIK
KYHesepiH KoJJlaHa OTBIPHIN, JIaMUHOTpadusi >Kyprisy MYMKIHAIN Typayibl 3epTTeyjep Typaibl
xabapmanel. COHBIMEH KaTap, erep Y/riHi JKbUDKBITYIBIH KOCBIMIIIA XKYHeci KapacThIpbIIFaH 0oJca,
O0acka TpaekTopusiap 3epTXaHaJbIK pPEHTIeHIIK KOMIBIOTEPIiK Tomorpadus xyienepiHig
KOMETIMEH Jie )Kacalybl MYMKiH. JIaMuHOTpausIIbIK CKaHEepJIeyIiH opTYpJi TPaeKTOPUsIAPbIHBIH
ocepiH, COHJIali-aK MaHUMYJISTOP XKyHeNepiHiH eHIMILIITH 3epTTey yiuiH apHaiiel Nikon Metrology
PEHTIeH/IIK KOMIBIOTEPIIIK CKaHEepiH/Ae OPHAIACTBIPBUIFAH SPTYPIl YA MaHUIIYIATOP Kylenepin
3eprreni. Yaridig  emmemaepi  300MM*300mm*Smm  (yari  cranpgaprtel KT-ma  KaxerTi
KBIPATHIMIBUIBIKIICH ayFa OOJaThIHHAH ONJIeKalila YIKEeH €KeHIH eCKepiHi3) *koHe Oip >KaFblHaH
Hal3araiilaH Kopray YILiH MbIC TOPbI 0ap KOMIPTEKTI IJIACTUKAJIBIK JaMUHATTapAaH >kacainrad. Onap
OpTYpPJII DHEPrusi JWana3oHBIHIAFbl OipHEIle COKKbUIAP/BbIH 3aKbIMIAHYBIH aHBIKTaFraH Ke3Jle
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pacTpibIK KOHE IIEKTEYJIl OYpPBINTHIK CKaHEpJey TPaeKTOpUsIapbhlH CalbICTHIpABL. bipkarap
CypeTTepAl Kapan IIbIKKaHHaH KEeHiH, ojlap >Kalmbl Kepy OYpBIIIbI MIEKTEYNl KaiTa KypyAblH
PacTpIIBIK aXKbIPAThIM/IBLUIBIKKA KaparaHa TOMEH aXXbIPaThIMABUIBIFEI Oap ekeHiH xabapnazsl. Onap
KacaraH KOPBITBIHIbLIApFa CyileHe OTBIPBIN, Kypaeni OeTtepi Oap pacTpiblK CKaHEpJey
TPAaEKTOPHUSIIAPHl TEXHOJIOTUSHBI PEAKTUBTI KO3FAITKBIIITAPAAFl YIKEH KOMIIO3UTTIK KEJIJSTKIII
KaJlaKTapbl CHUSAKTBI KYpJAeNl KOHCTpYKLHUsJIapFa KojJaHyFa MyMKiHIIK Oepexai. Onap coHpaii-ak
Hexapod wmanunynstop  kyidieci Po0oT  MaHUNyISTOPBIMEH  CaNBICTBIPFaHIA  JKaKChHI
QXKBIPATHIMJIBUIBIKTEI KAMTAMAChI3 €TETiHIH K030¢H aHbIKTaab! [10].

Benrini 6ip TpaekTopHsIap YIIiH CY3UIT€H Kepi MPOEKIM d/1iCTEPiH KaiiTa Kypyra oerimaeyre
0oranpl, ajd UTEpAlUSUIBIK SICTep/l >Kalmbl KoJAaHyra Oonazbl. JKanmbl, UTEpalMsUIBIK SAICTEp
KECKIHHIH JKaKChl camachlH Kamrtamachi3 etemi. Cy3y apKbUIbl Kepi MPOCKIUsiIay omicTepiHe
KaparaHJa UTEPalMsUIBIK o1CTeP/AIH MaHBI3Abl apTHIKIIBUIBIKTAPBIHBIH O1pi-0JIapAblH arpHOPIIBIK
aknapaTThl, Mbicaibl, AXOK nepekrepin Kaiita Kypy npoueciie 00beKT Typasibl KOCy MyMKiHziri. O'
Bbpaiien >xone T1.6. Genrini Oip akaymapsl 0ap KOMIO3HUTTIK MaHEIbAIH KEHUIAETUINEH MOZEINiH
(emmemaepi 70,7 mm-nen 70,7 MM-aeH 4 MM-Te eliiH) Kommaan el Omap 6ip Me3riiie KaiTaraHaThIH
KaiiTa Kypy o/iCiH e, KOHbIOTAT TPaJIMeHTIHIH €H Killl KBaJpaTTaphlH KaiTa KYpy alrOpUTMIEpiH
JIe KapacTBIP/IbI )KOHE €Ki d/iC T€ MePCIEeKTUBAIBI HOTHKENIEp KOPCETETIHIH aTam oTTi. AIPHOPIIBIK
aKmaparTbl KOJJaHa OTBIPHIN, KaWTalaHAaThIH KalMblHA KENTIPY alropuTMAEpiH KOJAaHY
JTaMUHOTPAQUSIBIK  OYJIBIHFBIPIBIK apTedakTUIepiH a3alTaabl »OHE KOHTPACTTHI apTTHIPAJBbI,
OCbUIaIIa aKayJaap/bl AHBIKTAYIbIH >KOFAapbl BIKTUMANJIBIFBIH JKOHE OCBHUIANINA adpPOFapBIIITHIK
KYPBUIBIMIAPIbI CEHIMII Oy30aiThIH OaKbIIAY Il KAMTAMACKI3 ETC/II.

ADpPOFapBIIITHIK ~ KOMIIO3UTTEpAl Oy30aiiThiH  Oakpulayra apHainraH JlamuHorpadus.
Anporapbii eHepkaciOiHae koMnbroTepik Jamuaorpadus (KJI), kelliHHeH KaliTa Kypy YILIiH TOJIBIK
OYpBUTY/IbI KXKET €TIIEUTIH TOCUI PETIH/Ie CTAHIAPTThI 9Jicke Oanama OoJbin Tadbbutaasl [11].

KJI conpIMeH KaTap eTe Teric HeMece CoJl KUCBIK YIIaK KOHCTPYKIUSUIAPBIH TEKCepy Ke3iHae
a’poHaBTHKaAa Oy30alWThIH  OakpUIayJIblH  CcepTU(UKATTAIFaH  MIHAETTI  ofici  peTiHe
VIIBTPAJABIOBICTEIK OaKbplIayFa emipiieH Oanmama YcbiHaabl. Meican periHge, 8-cintemene K
KaKTayJIapblH YIbTPAAbIOBICTHIK OaKbUIay Ke3iHJEe apTKbl KaObIpFaliaH TYPaKThl X0 aly KHUbIHFa
coranpl, (Oyn Oenik Kypaenal reoMeTpHsiCbl MEH OTKip OypblllibiHa OalIaHBICTBI 11 /1€ KOJIMEH
TEKCepUTiN JKaTKaHBIH €CKepiHi3), ocipece 5-8 MM Kill paaudycra, JaMHHATTBIH YJIKEH
KaJIBIHABIFbIMEH, mamaMen 20 mM. 2008 xpuigan 6actan Airbus A400MS8 yImarbIHBIH TIK YIIIAK
KOPIYCTapbIHAAFbl JKAPBIKTApbl TEKCEPY YIIIH JTaMUHOTpadusHbl cepTHU(PUKATTAAbl, OYJ OHBI
aHBIKTayFa MyMKIHAIK Oepeni. 95% cenimaunik merigae 90% sIKTUMaIABIFI 0ap akaynap [12].

2010 xbutbl Moddar >koHEe TEH aBTOp JKaJIMbl KaJBIHIABIFBL | MM yIKEH KOMipTeKTi
IJIACTUKAJIBIK TAHEJIbJIEP/IIH AKOFaphl aXKbIPATHIM/IBUIBIKTAFbl KECKIHAEPIH ally MYMKIHAITIH 3€pTTeY
YILIH CHHXPOTpPOH B! cayenenyi 6ap KJI konmanas!. bipinmriaeH, 3akpimaany 6enrinepini KT sxone
KJI cyperrepin canbICThIpy YULIIH CYpPEeTTE€ KOPCETUITE€HIEH CajbICThIpMaibl TYpPAE LIAFbIH YIITi
enmiemMi nmaaananbuiael. Exi skarmaiina na maiisipra 0ail skepiep MeH 0(hCceTTIK TaIIbIKTap CUSKTHI
KOMITO3UTTIK aKayJap/bl COTTI aHbIKTayFa 6onazasl [13].
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Cypert 10. Cyperreriaeit kenemie mamamMeH 0ipaei KeciireH yi ¢l KeckiHiHIH KUBIHTHIFBI.
Op TYpi )KyKTeMesep Ke3iHae anblHFaH 9: (a) )KyKkTenaMmereH Kyiiae, (0) sxoHe (B) OipTinaen
KeTepieTiH xxykTemenepae. (D) cyperTe 3aKkpIMIaHy CErMEHTTENTEH JKOHE JKapBIKTapIbIH YIII
eJIIIIeM 11 TAOUFAThIH KOPCETY YIIIH KOpIIaFaH MaTepHuaj KeCijreH.
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Impact

(a) p-CT (b) SRCT**
Cyper 11. (a) I-KT xemeriMeH anbpIHFaH YATiHIH IIET1HE COKKbI alMaFbIH KOPIIAIN TYPFaH
3aKbIMJIAHYIapIbIH MOP(OJIOTUSCHIH KOPCETETIH yiuI ommemM i cermentanus, (0) SRCT kemerimen
QJIBIHFaH allMaKThl KOPCETETIH HYKTENl aiiMaK.

Kecy yuibinbiH aiiHanacsiHarsl Oeiineney 20 kB aHepruscel 6ap MOHOXPOMAaTUKAJIBIK PEHTTEH
COYJIECIHIH KOMeriMeH jKacayJbl. 3aKpIMJaHy MEXaHM3MJIEPIH MHUKPOMEXaHUKAIbIK Oaranay
MyMKiaziri 10- cyperre kepceTini.

Opebuerrep/ie oJjaH Ja YJIKeH KOMIO3UTTIK MaHebAepl KOoJlJaHa OTHIPBIIN, a3pOFaphbIIITHIK
KOMIIO3UTTEPIH aKaylapblH aHbiKTay yiiH KJI-mi cotTi Konmmany Typansl xabapiasabl. Mbicasbl,
Pexak xone 6ackanap KJI-nin 240 mm-aeH 140 MM-re IeiiHT )KoHEe KaTbIHABIFBI 12,5 MM-Te AeHiHT1
op TYpJi TEpEHIIKTEri akaylapabl aHbIKTay KaOuteTiH 3eprrefi. KemipTeKTi IIacTUKAIBIK
JIAMUHATTBIH OPKAMCHICHIHBIH auaMeTpi 3,0 MM jkKoHE TepeHJiri Oenrimi, OHbIH immiHae OipHere
IIBIHBI TAJIIIBIKTAp Oap.

Rol ckanepneyiMeH KonjgaHbulaThlH JlamMuHOTpadust KeMIpTEKTI TaJIIBIKTBIH JAWAMETpPiHEH
KN JIeHTeIepae »akKCchl aXbIPaTBIMIBUIBIKTBI KamMTaMachid eteai. Cinremene yur eJmeml
COKKBIHBIH 3aKbIMIaHy Mopgoiorusicel cyperre kepcerinrenaei [-KT xoHe CHHXPOTPOH.IBI
coyneneny KT nepexkrtepiH mnaiijanaHa OTBIPbIN, coJ  "CipiHKE TasKIIACBIHBIH" YJTICIHIE
cermeHTTenred. Kek Tyc ctpatudukaiusra ToH, all 6ackanapsl Tycrep apOip colikec KabarTa naiina
OoNaTelH  MaTpUIAHBIH JKapbUIYBIH  KepceTelni. Kepinm  OTBIpFaHBIMBI3AAl,  a’pOFaphIII
©HEPKACIOIHAET CBIHU TEKCEepYJIep YILiH OChI TOCUIIIH THIMILTITIH KOPCETETIH dpTYpJIi aKayiap CoTTi
cunarranasl [14].
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BIP (I)OTOHI[I)IUKOIHKIH JANOJbI (SPAD) VLC
MOHUTOPHUHI ) KYUECI )KOHE OHbIH KOCBIMIIIACHI
AnuxanoBa C., [T xxoHe )KapaThUIBICTAaHy FRUIBIMIAPHI )KOFapbl MEKTEOIHIH AeKaHbl, PhD

¢dunocodus noxropsl, C.AmanmxkonoB areiaaars! LIIKY, Ockemen k., Kazakcran
E-mail: madina_vkgtu@mail.ru.

Anparna. byn jkympicTa MyHal-Ta3 calachlHIArbl YHFBIMAINIUIK Y3/IKCi3 MOHHUTOPHHT
Maceneci kepiHeTiH xapbikta (VLC) OalinaHpiCThl aliganany eceOiHeH THUIMJII MISIIeTIH] aFanl
pet kepcerinred. CeHiMII, UKEM/I1 JKoHE ap3aH djic 06osa oTeipbin, VLC onepaTopiapabiH eHIIpic
THIMIUTITIH CaKTay »>KOHE Ta3 YHFBIMAIAPBIHBIH JKYMBICHIH OHTAMIAHIBIPY KaKETTUTITIH
KaHaraTTaHbIpa anaabl. Y ceiHbuFal VLC kyiieci )apsbIK mbirapaThid 1uoatsl (LED) TapaTKeIITh
xoHe Oip GpoToHIBI Kap KemKiHi 1noasl (SPAD) men aranaThiH RKOFaphl CE3IMTaI KaIFbI3 (DOTOHIBI
AHBIKTAMTBIH KaOBUIAAFBIITH HadgamaHagbl. COHFBICHEI albIC KAIIBIKTBIKTAFbl OaiIaHBICTHI
KaMTaMachl3 €Ty/Ie MaHbBI3/IbI POJI aTKAPaJbl XKoHE Ta3 KYOBIPHIH/A KOPIIAFaH XKapbIK JKOK CKEHIIT1
KOJIIAHBLIA kL.

ATan aifTKaH/1a, KOpIIaFraH )KapbIKTBIH 00IMaybl (OTOH/IBI CaHAY PEKUMIHJIE KYMBIC ICTCUTIH
KaOBUIAFbIIITA )KOFaphl curHan/mry kaTeiHacklH (SNR) kamTamacki3 eteni. by 3eprreyne xyleHin
ourtik kKatenmik koddpduuumenti (BER) enimmimiri y3bHIBIFBI 4 KM MeTal KYOBIp YIIiH
MOJICJIbJICHE 1. YChIHBUIFAH JKYHEHIH JIOCTYPJIl OICTEPMEH CaJbICTBIPFAH/IA SHEPTHsl THIMILUIIT
KOFapbl €KCHIT1 KOPCETUITeH, Oy MaHbI3Ibl, O©MTKEHI TapaTKbIII OaTapesMeH KYMBbIC 1CTeil 1en
O6omkananpl. COHBIMEH Karap, ber TeOpHUsIBIK OHIMAUIIN ecenTelefl MKoHEe MOJIEIbAeyY
HOTHKEIIEPIMEH CaTBICTRIPBLIAIBI.

Tyiiin ce3nep: coiMcbI3 onTukaiblK Oaitnansic (OWC), kepiHeTiH xapblK 6aiinanbicsl (VLC),
(dhoToHabI KaObUIAFHII, O01p GOTOHABI KelTKiH 1uoabl (SPAD).

OTHO®OTOHHbBIN JIABUHHBIN TUO/I (SPAD) VLC CUCTEMA "
IMPUJIOKEHUE JJISA BHYTPUCKBAKUHHOI'O MOHUTOPHUHI'A
Anuxanosa C., nexaH Briciieil mkouns! [T u ecrecTBeHHBIX HayK, JOKTOp puiiocoduu PhD,
BKY um.C.Amanxomnosa, 1. ¥Ycrbe-Kamenoropck, Kazaxcras,
E-mail: madina_vkgtu@mail.ru.

AnHoTanusi. B jganHOil paGoTe BHepBBIE IMOKa3aHO, YTO TIpoOieMa HENpPephIBHOTO
BHYTPUCKBO)XUHHOIO MOHHUTOPHUHIa B He(TerazoBoi oTpaciu 3(QeKTHBHO pemaercs 3a cyUeT
UCIO0JIb30BaHus cBsi3u B BUANMOM cBete (VLC). byayun HanexHbIM, THOKUM U HEAOPOTUM METOIOM,
VLC MoXeT yJIOBIETBOPUTh KPUTHYECKYI0 MOTPEOHOCTh ONEpaTopoB B MOAJAEPNKAHUU
3¢ (deKTUBHOCTH JOOBIYM U ONTHUMH3ALMKN Pa0OTHI ra30BbIX CKBaKuH. [Ipennaraemas cuctema VLC
UCTOJIb3YyeT NepelaTuK Ha cBeTou3nyvaromux auoaax (LED) u BbBICOKOUyBCTBUTENBHBIN IPUEMHUK
¢ oOHapyKeHHEM OJIMHOYHBIX (DOTOHOB, Ha3bIBa€MbIN OJTHOPOTOHHBIM JaBUHHBIM AroJ0M (SPAD).
[Tocnennee urpaer BaKHYIO poJib B 00ECIIEYEHUH CBSI3U HAa OOJIBIIME PACCTOSHUS, U UCHOIB3YETCs
TOT (PaKT, YTO B ra30BOM TPyOe HET OKPYKAIOIIETO CBETA.

B wyacTHOCTH, OTCYTCTBHE OKPYXAIOLIETO CBEeTa OOECHEeYMBACT BBICOKOE OTHOILICHHE
curHai/mym (SNR) B mpuemHuKe, KOTOphId paboTaeT B pexume cyera ¢GoToHOB. B 3rom
UCCIIEIOBAaHUH TIPOU3BOAUTENBHOCTh CUCTEMbI 1O Koddduuuenty oOurtoBsix omubok (BER)
MOJIETTUpYETCsl Ui MeTaJuIndeckoi TpyOsl nanuHoi 4 kM. [lokazaHo, 4To mpeanaraeMas cucTeMa
uMmeeT 0oJiee BBHICOKYIO PHEProd(pPeKTUBHOCTH 10 CPABHEHUIO C TPATUIMOHHBIMH METOJIAMH, YTO
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BaXHO, TOCKOJIBKY TpEAIoaraercsi, 4ro mepematynk pabdortaer or Oartapeu. Kpome Toro,
paccuuThIBaeTCsS TeopeThyeckas MpousBoauTenbHOCTs BER u cpaBHuBaercs ¢ pesyiabTaTramu
MOJICIIMPOBAHMUSL.

KuroueBble ciioBa: OecripoBoanas ontuyeckas cBsizb (OWC), csa3b B BuaumoM ceere (VLC),
MIPUEMHHK C IOACYETOM (DOTOHOB, JIABUHHBIN 1101 ¢ ogHUM GoTtoHOM (SPAD).

SINGLE-PHOTON AVALANCHE DIODE (SPAD) VLC SYSTEM AND
APPLICATION FOR DOWNHOLE MONITORING
Adikanova S., Dean of the Higher School of IT and Natural Sciences, PhD, Sarsen
Amanzholov east kazakhstan university, Ust-Kamenogorsk, Kazakhstan
E-mail: ersal_7882@mail.ru

Abstract. This paper shows for the first time that the problem of continuous downhole
monitoring in the oil and gas industry is effectively solved through the use of visible light
communication (VLC). As a reliable, flexible and low-cost method, VLC can meet the critical need
of operators to maintain production efficiency and optimize gas well performance. The proposed VLC
system uses a Light Emitting Diode (LED) transmitter and a highly sensitive single photon detection
receiver called a Single Photon Avalanche Diode (SPAD). The latter plays an important role in
enabling communication over long distances, and the fact that there is no ambient light in the gas pipe
is exploited.

In particular, the absence of ambient light provides a high signal to noise ratio (SNR) in a
receiver that operates in photon counting mode. In this study, the bit error rate (BER) performance of
the system is simulated for a 4 km long metal pipe. The proposed system is shown to be more energy
efficient than traditional methods, which is important because the transmitter is assumed to be battery
powered. In addition, the theoretical BER performance is calculated and compared with simulation
results.

Keywords: wireless optical communication (OWC), visible communication

Kipicne. CpiMcbI3 KbpI3METTEp MEH KOJJaHOAmaplblH JKbUIIAM ©CYIMEH UIEKTEeJNreH
paguoxwuinik (PXX) cnektpi Oonamak AepekTep >KbUIIAMABIFBI KaXETTUTIKTepiH KaHaraTTaHIbIPY
YIIIH XKEeTKUTIKCI3 007yl MYMKIH. OMIpIIIEH KOCBIMIIIA TCLI PETIH/IE ONITUKAJIBIK CHIMCBI3 OalllaHbIC
(OWC) KaTThl KYHET1 )KapbIKTaHAbIPY TEXHOJIOTUSACHIHAAFBI COHFBI TEXHOJOTHSUIBIK JKETICTIKTEpre
OaiimaHbIcThl aTapablKTail Hazap ayaapabl. OWC apTeikiuibuibiFbsl OHbIH 400-790 Teparepir (Ti)
JIMara3oHbIH/IaFbl KOPIHETIH JKapbIK CIIEKTPIH Koca anFana, MHppakei3siiaad (MK) ynerpakynriare
(YK) neitin  mekci3 gepiik  eoTkizy KaOuterturirid yceiHansl. OWC-TiH 0Oacka MaHBI3IbI
apTHIKIIBUIBIKTAPBl MBIHAAPABI KAMTHUABL: JTUIICH3USACHI3 )KYMBIC, dKOFaphl OaillaHbIC KayIICI3/iri,
ap3aH cheIpTKbl uHTep(deiicrep xone PXK xyiienepine kemepri #ok. CoHFbl apTHIKIIBUIEIFEI OWC
xoHe RF xyienepin Oip yakpITTa KOJNAaHyFa OONATHIH/IBIFBIH OIIIpeIi.

Kasipri xepinetin apbik Oainanbicel (VLC) sxyiienepi HETi31HEH TapaTKbIII PETiHAE KapbIK
IIBIFAPAThIH AUOATApAbl (3KapblK auonTap) maiimanananel. KaOweumgareimra oH-imiki-tepic (PIN)
auoaTap, kelkin poroauoaTapsl (APD) sxoHe sxanFb13 GoToHAb! KenKiH quoarapsl (SPAD) cuskTs
xKorapsl cesimTan ¢oronuontap (PD) Gap.. bip »apblKk Iu0ITHl KOJNAaHATBIH OYTIHTT KYHHIH €H
xpuaM ceiMcbi3 VLC kyiteci 3 I'0uT/c acaThiH KbUTIAMIBIKKA KOJ JKETKI3e amanbl. Jlerenmen,
KapbIK JTUOJBIHBIH KOTE€PEHTCI3 HIBIFBICHI aKMapaTThl TE€K KAPKbIHIBUIBIK JCHICHIHIE KOATayFa
OonaTeIHABIFBIH OlUTmipeni. Hotmwxkecinae aepekTepal MOAYJSAIUSIAY YIIIH TEK HAKThl JKOHE OH
CUTHAJIJIap/AbI Maiaananyra 6omaapl. byt Kyp/eni skoHe OUITOSPIIbIK CUTHATAP b TTal1aJaHaThIH
PXKX xyitenepine mynaem kapama-kaimel. Ocbutaiima, VLC xyienepi oaeTTe KapKbIHIBUTBIKTHI
monysinusiay (IM) sxone tikeneit anbikray (DD) xyienepi peTiHae MOAYISIUSIIAHFAH OOJIBIT
cananagpl. Kocy-emipy (OOK), mMmmynbceTik mosunius Moaynsuuschl (PPM) sxoHe MMIymbCTikK
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ammumatynanslk  Moaymsimust (PAM) IM/DD  kyienepiMen Oipre KOJJAAHBUIATHIH TaHBIMAJ
MOMYJISIIINS CXeMaJlapbIHbIH Kei0ipl OO TaObLIA IbI.

JlepexTep i sKOFapbl KbUIIAM/IBIKIICH K10epy YIIiH alanTHBTI OUTTIK )KYKTEYAl )KOHE KyaTThl
naiiiainany apKbpUIbl apHA CHIMBIMIBUIBIFBIH JKaKbIHIATY YIIIH ONTHKAIBIK OPTOTOHAJBIBI KHUUTIKTI
6oy mynbsTuIiekcupieyi (O-OFDM) konnansiianel. VLC-ae Typakthl odcerti onTukaisik OFDM
(DCO-OFDM), acummerpustisik Keckimn ontukaaslk OFDM (ACO-OFDM), Gipromspiast OFDM
(U-OFDM) xone Tikeneit opcerrik OFDM cusiktel optypii O-OFDM mozynsiusi cxemanapbl
CHII31IreH jkoHe Koianslirad. Tok. (NDC-OFDM)

Anneiarsl 3eprreynepae VLC imki cbIMChI3 OaiifiaHbICc, KayilTi OpTalarbl CHIMCBI3 OaiIaHbIC
’KOHE Cy acThIHJAFbl OalIaHbIC CUSKTHI KOJIaHOaIap YIIiH KapacThIpblLAbl. by 3eprreynin 6acTs
Makcathbl ra3 eHepkacibinne VLC. @'a3 enepkociOinne Oaitmamumap MeH OpoHnanraH xadeibaepi
naianany skep OeTiHJerl )Kakchl OalaHBICTap YIIIH KEH TapajFaH TKipuOe OOJbIN TaObLIaIbl,
Oipak OyJ1 KOHABIPFBUIAD TEXHUKAJBIK KBI3MET KOPCETY kKOHE CEHIMIIUTIK MAceNesepiH TyAbIPaIbl.
CoHBIMEH Karap, ChIMJIbI IIEHIIMICPIH OPHATY HIBIFBIHIAPHI KOFAPhI, I OJIAP/IBIH )KYMBIC iCTeyi
OHJIIPICTI TOKTATyAbl Tajam eTeidl, OyI OomepaTopiblH TOKTAal KalyblHa OailIaHBICTBI KOCHIMINA
HIbIFbIHIApFa okeneni. ChIMCHI3 IIeNIMIep, COHJIaii-aK OallIbIK UMITYJIBCTIK TEIeMETPHUsi, TOMEH
KHUUTIKTI DJIEKTPOMATHUTTIK TOJKBIHAAD KOHE AaKyCTUKAIBIK TOJKBIHIAP CHSKTHI YHFBIMAHBI
Oakplayna maiianaHy YIIH KapacThIpbUIAbl, Oipak oONapIblH ©OHIMIUII ajblC KAIIBIKTHIKKA
OaliaHpIC VIIIH KaHAraTTaHApJbIK eMec. TeMeH JepeKTep >KbULAAMIBIFBI, AHBIKTAIMANTHIH
KaFJaaniaap JKOHE KOpIIaraH OpTara ocepiiep OChbl KOHTEKCTE ChIMCHI3 OaifijlaHbIC JKyHelIepiHiH
JaMYyBIH IIEKTEHTIH HETi3Ti akTopiap OOIBIT TaObLIAIBI.

byn makana VLC keMmeriMeH ChIMCBI3 IIENTIMI YCHIHABI.

\ \
)

Cyper 1. bonar kyOsIp yirici

[HemiM >xoFapbl KbUITAMIBIKIICH JKOHE OailIaHbIC CEHIMJIUITIMEH TOMEH KyaT TYTHIHYIIBI
KaMTamachl3 eTyre apHairaH. Pajguo Oaxplnay »KyHeciHEH alblpMallblIbIFbl, aHTEHHAJIAP]IbIH
OpHBIHA YKapbIKIMOATHI TapaTKbIII KojijaHbuiaAbl. OchlIaiiiia, YChIHBUIFAH XKYile Kayilnci3 memim
OOJIBIN caHaNadbI.

Kyiie mogeJi. byn Genimzae yCbIHBUTFaH XYHeH1H IpakTUKaNbIK yiarici 6epuires. XKammnsr VLC
KyHenepiHe HerizaenreH OaiaHblic )kyieci KoK KapblK 1uoasl MeH SPAD MaccHBIHEH Typajbl.
¥3bIH O01at KyObIp Oepy apHaChIH aHBIKTAIbI.

KyO6b1p napamerpiiepi

Cyperte kepcetinrenzeil. 1, 6aitnansic xyiteci y3piHAbIFbI 4000 M sxoHe auamerpi 1,5 M y3bIH
MWIMHIPIIK O0yaT KyObIp/ia Ky3ere achIpbliaibl Jen OohKaHa el OnmemMaepi OChIHAAN TYTIKTIH
HaKThl OPHAJIACYBIHAH AJIbIHA/IBI. BOMATTHIH MAFBUIBICTHIPY KabineTi 58,5% Kypaisl.

byn 3epTTeyae aknaparThl TaChIMaJAayIIbl )KaPBIKTHIH MIAFbUTBICYBI KYOBIP/IBIH 111K OeTiHAET1
CTIEKYJISIPJIBIK IAFBUTBICY PETiHJIE KapacThIPbUIaAbl. ¥ HFBIMaNappl OaKkbuIay KYHECiHIe aTacyIbl
KapblK KOK. COHJIBIKTAH TYTIKTIH >KOFapFbl JKarblHA JKeTKEeH (OTOHIap TiKeJeH KoijgaH Hemece
TYTIK 1IIIHET] MaFblIIbICyIapaan Kenedl. by KkyObip Tapaily apHachlH OUIIIpel )KoHe apHa YJTICiH
kKacay YILIIH coyienik Oakpulay ofici KoJiaHbUiaabl. Ic »Ky3iHae ras ockl KYOBIp apKbLIbl
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TackIMaiaHa bl JKaphlK TOJNKBIHIAPBIHBIH KBUIIAMIBIFEI Ta3 TOPI3l OpTala ChIHY KOPCETKIIlliHe
Collkec TOMEHACHTIHAIKTEeH, ocep TaHOaapaybik kenepri (ISI) apkpuiel kymieiemi, OYJ aHBIKTay
KaTeJIepiHiH BIKTUMAJJIBIFBIH apTThIpaabl. by 3epTTey Heri3ri eHIMIUIIKTI OpHATY YKOHE HKaJIIbl
OPBIHIBI TYCIHY YIIIH KYOBIPBIH BaKyyM/1a O0JTYBIH OOJKAMIBI.

3

25
. P12=5"

e PU2=10°

D1/2=15°

L ®12=30°

05

80 60 40 20 l;ZO 40 60 8‘0
Coyneneny OypsIiibl @ (Tpaayc)

Cyper 2. ®1/2=5,7,5, 10 sxxone Pt = 0,1 Bt ke3ingeri

JlambepT coyneneHy KapKbIHIBUTBIFBI

,,,,,,,,,,

Kapeixk mumonrsr Tapatkbimn C. SPAD kaObumarbilmibl KoHE (GOTOHIABI CaHAy KypiliTe
KepceTuirenieil. 1, KyOBIpABIH TOMEHI1 >KarbIHAAFbl JKapbIK JUOJATHl TapaTKbIIl pPETIHAE
naigananpuiaabl. JKapelK AUOATHI TOJNKBIH Y3bIHIBIFBI 450 HM O0JIaThIH KOK KapbIK IIbIFApaJibl.
XKapblK AMOATHI TapaTKBIUTHIH >KapbIK COyJeNeHYIH >KajmbulaMa JIaMOEpTTIK Coylie IIbIFapy
KApKBIHABUIBIFBI YATICIH [ 1 1] maiimananeim Moaenbaeyre 00J1a b

RO(@) =27 (B + 1) cosP (o) Pt, (1)

myHaarsl B = In 2/ In(cos(®1/2)), a ®1/2 — xapTbutail KyaT OYpBIIIBIH OUIIIPETIH TapaTKbIIITHIH
KapThbl OYPHILIbL. () aHHBIMAJIBICHI COYJIeNIeHY OYphIIIbIH OLIAIpe],

Pt »kapplK IMOJBIHBIH oOpTamia KyaTbl Oouiblll TaObutafbl. KapacTblpbulFaH yY3bIH TYTIK
OailmaHblc JKyMeciHe Ou3allH MakcaThl JKapblK HIbIFapbuiraH ke3ne SPAD KaObLiaarblllbIHA
KETKUTIKTI (OTOHIAP/BIH TYCYiH KaMTamachl3 €Ty OoJblll TaObUIagbl. MaHBI3Ibl Hapamerp -
TapaTKbpIIUTBIH JKapTbulail Oypbimibl. Cyperre. 2 B skaprTeuiail OypeluTapbiHAa J1IaMOEpTTIK
COyJEJeHYAIH KApKbIHbUIBIFBIHBIH TapallyblH Kepcereai. sMuTeHT Kepcerinrenaei, 5 15 ynken
#oHe 30 KapbIK AUOATHI KyaThl TOMEHT'1 TAPATKBIIITHIH KapThl OYPHIIITAPHI YILIIH TOMEHT1 COyJIECIEHY
Oypebitapsl (-5°) nuanasonsliHga 0,1 morslpaaHybl MyMKiH. bynm KyOblp KaObIprachlHa TYCETiH
KaAPBIK COYJIENIEPIHIH MOJIIIEPIH a3alTaabl KOHE OChUIAWINA MIAFBUIBICY/IaH OOJAThIH IIBIFBIH/IBI
aszaMTajbl.

®oronnapabiH kepy cbi3biFbiHaa SPAD-ra (LOS) Tycy MyMKIHIITIH apTThIpy YILIIH >KapbIK
moasl MeH SPAD Getine TirineH TypanaHaisl. by 3eprreyne 5-teH 1-re geHiHT1 )KapThl OypbIII
MOHJIEpi KapacThIPBIIAIBL.

SPAD kaObliaafbIIIbI )KoHE (DOTOH/IBI CaHAy

¥3ak kambIKThIKKa (4000 merp) Oepimic OOJFaHIBIKTAaH, >KOFApFbl OETTErl paauarus
MaKCHUMaJIbl KAIIBIKTBIK OipHerie MeTp 6onaThiH cTanAapTTh imki VLC crieHapuiinepine Kaparanaa
toMmeH. [IbmHapIFpIHAA, Oenrini Oip crieHapwiige KaObUIIaFbIITaFsl (POTOHIAAP CaHBI TEK OHJAFaH
¢doronnap aiimMarbiHia 00dybl MyMKiH. Oaerreri APD kymeity curHanasl ofaH api eHJey YIIiH
YKETKUTIKTI CUTHAJI KyaThIH ajy YIIiH )eTKUTKCi3. COHBIKTaH YHFbIMANIAp/Isl OakplIay KyHeciHae
naiianany yIiH >Korapel ce3imTan Kadbbuiaay Kypbuirbichl SPAD ycbinbinaasl. byn nuon Iefirep aen
aTanaThIH aliMaKTa Kepi blblpayra yiislpamailTeiH APD Gonbin TaGbinaasl. by sxyMeic pexxuminae
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SPAD op0ip anbIkTasiFad ()OTOH YIIiH MUJTHAPATAFaH 3JEKTPOHIBI-TECIK KYITApbIH TeHEepalusiai
Oactaiinpl. HoTmkeciHe KYpBUIFBI ©TE€ ce3IMTall jkoHE Oip (OTOHIBI JJI aHBIKTayFa KaOuIeTTi.
Conrpimen Katap, SPAD keneci MakcarTrapia yHFbIMaigapabl OakplIay >Kyiecinae naijanany ymriH
KapacTbIpbUTy/a:

¥YHFbIMaga CHIPTKBI XKapbhIKTaH Ooc opra xacanansl. Conapiktad SPAD KaObUIIaFbIIIBIHBIH
JKOFaphl CE3IMTaJIBIFBl KOpIIaFaH IIyMeH TeMmeHaemeimi. ii SPAD »xofapel ce3iMTaIgbIFbIHA
OaiiaHbICThI, OEpy ayKbIMbI MEH ONTHKAJIBIK KyaT OaTapestHbIH KbI3MET €Ty Mep3iMiH THIMIII TYpAe
KBICKapTybl MYMKiH. iii KumoOuT meH cexkyHabplHa OipHelIe MeraOWT apajbIFbIHJIaFbl KaKeTTi
JepeKTep KbUIIaMIbIFbl Kocy-emripy kinTiH (OOK) maiinamany ymriH skeTkimikTi TemeH. OOK
KaparaibIM Ta0aIBIPBIKTHI aHBIKTAY 9/licTepiH ['elirep OamIabplK IPUHITMIIIMEH Oipre maigaianyra
MyMKiHIiK Oepeni. iv SPAD tpancumnenanc kymeitkimin (TIA) kaxer eTmeiai >KoHE IIBIFBIC
UMITYJIbCTIK Ti30eri Gosbin Tabwsuiansr (3(b)-cyperre kepcerinrenseii), Oy KaOBUIIAFbINI ITYbIH
alTapJbIKTal a3alTaIbl.

¢(nR) epHeri marpUIbICy PYHKIUSICH PETIHAE CoyJeneHy OypbIbl; nR - MIBIHFA KeTy YIIiH
KaXeTTi marpuibicyaap canbl. SPAD-ke jkeTy YIIIH KaKeTTi MAFbUIBICYJIap CaHBI KApPBIK COYieci
KapbIK IMOATHI IIAMHAH IIBIFATHIH COYJI€ LIBIFApy OYPBIIIBIH aHBIKTAWIbI, COHABIKTaH 013 (0 MOHIH
nR QyHkmusacel periHme kepceryni memTik. bomatTeiH mareuteicThIpy Kabinmeri CR Typinzge
KepceTiaesi.

Toxipubene KopmaraH >XapblK, KapaHrbl caHay KaTeiHacel (DCR), emy koa¢¢uimenti,
CaJIBICTBIPMAJTbl KAPKBIHBUIBIK IIIYbl KOHE CAFaTTBHIK AIPia Oip YaKbIT apasibIFbIHAAFbl €CENTeNreH
doronnap cansiHa Kocbutazsl [3]. Ceny koadduimenTi, cabICTRIpMaITbl KAPKBIHIBUIBIK Iy )KOHE
caraTThIK Jipil acepi chIpTKHI kapblK ieH DCR ocepinen anpekaiina a3 60i1FaHAbIKTaH, MOACTBICY
ke3igae omap eckepimmeimi [3]. JKylie CBIpTKBI KapbIK JKOK Y3bIH Oonar KyObIpja xKysere
acelpbUIaThiHAbBIKTaH, DCR GacekiM 11y ke3i Oonbin caHanagsl. SPAD TepMUSAIBIK Meara apKbLIbl
naiina 6omnatein PD kapanrser Tokka ykcac DCR kxepcereni. byn DCR dotongap SPAD xertneren
ke3ne ne Oap exenin Oinmipeni. Ic xy3imge DCR opbip yakpIT apanbiFblHAA €CENTelNreH
(hoTOHIAPIBIH CaHBIH KOOEHTE/II.

(a) MHpopmaumoHHble 6utel NRZ-OOK

& T T

20 40 60 80 100

Homep cumsona (b)
Cuer poroHos SPAD

[=]

100
Nopor =38

_ sof l

0 20 40 60 80 100

Homep cumsona

Cyper 3. Meican: SAD ymin NRZ-OOK Monynsuusichbl ;koHe AeMOYISIUSCHL.

Monynsius cxemachl
by 3eprrey nonre kaiitapycsrs OOK maiigananans (NRZ-OOK).
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TapatkpliiTa Kipic OUTTIK aFbIHBI HUPPIBIK-aHATOTTHIK TYpieHaiprim (D/A) apKbuisl Tikenen
AQHAJIOTTHIK CUTHAJIFA TYPIACHIIPLIC .

Exinik «1» exinik «0» KopceTeTiH KePHEYACH dJIeKaii1a )KoFapbl OH KEPHEYMEH KOPCETiIeIi.
NP(NR) = CPDE Taparkpimra Kipic OMTTIK aFbIHBI ITU(PIBIK-aHATIOTTHIK TypieHaiprim (D/A)
apKBUIBI TiKeNel aHAJOTTHIK CUTHAJIFA TYpJeHAipiieni. butrepre Taraiibinnanrad KepHey AeHTrenepi
KYHEHIH KyaT IIeKTeylepiHe OaimanpicThl. by 3eprreyae Pl «1» yiniH TaraiblHIaIFaH KyaTThl
oinaipeni xone PO «0» ymin Taraiipiaaanrad KyaTTsl Oinaipeni. (2) Pt =2 (3) Kesunelicok KypbutFan
Hejep MeH OipmikTep Oipkenki ynectipimre coiikec OonranabikTad, Pt, P1 sxone PO keneci
KaTbIHACTApFa Ue:

[Tr=2IT1+I1o (2)

CurHan apbIK TUOJBI apKBUIBI OEpiITreHe, KEpPHEYIIep COMKEC KAPBIK KAPKBIHIBLIBIFBIHA
TypaeHeni. Hotmxkecinne «1» eH jKOFaphl KapblK KapKbIHIBUIBIFBIMEH, al «0» Helre jKaKbIHbIPAK
TOMEH KapKbIHIbUIBIKIIEH KopceTineni. Cyperre kepcerinrenaeii. 3(b), akmaparTsl TaChIMaIayIIbl
xapblKk SPAD apkpiibl KaObU11aHa bl koHE (OTOHIAp caHbIMeH KepceTineni. TymHycka nudpibk
outTepMeH canbicThipranaa (3(a)-cyper) xkioepy kesinae «1» ke GoToHIap ecenTeneTiHiH, ax «0»
KaOBbUIAFbIIITA dJ/IeKaiiia a3 GpoToHIapMeH KepceTUIreHiH kepyre Oonaabl. AJjbiHFaH (HOTOHIAP
MeH DCR mrysr ke3zaeiicok oH OyTiH canmapabl [12] tynmeipateir IlyaccoH ynecripimiHe coiikec
OoJFaHIBIKTaH, €Keyi Jie ecentenren (GoToHaapAbIH canblH kebOelTeai. Hotmxkecinne, cyperre. 3(b),
JIEMOTYJISIIUS KaTeJIepiH TYABIPYbl MYMKIH TYPAaKThI eMeC aybITKyJIap Oaiikaianel. by 3eprrey out
KBUTTAMIBIFBI TOMEH (1 KOUT/C) yKoHEe KaObUIIAFBIIIKA TYCETIH TIKEICH YKOHE MIAFbLUILICKAH YKapbhIK
apachIHIarbl YaKbIT apalibiFbl KbICKa Jen Ooipkaiinbl. Jlemek, TaHOa Y3aKTBIFBI ) KiZipicTiH
TapalyblHaH dnjeKaiaa »xorapsl. Connpiktal ISI enemeyi MyMKiH.

0,16 T T T T

014 y
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01 1

x x Ousebxas

Obrapysere

0,06
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x
- 000000000006600“
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Konunuecrso $oToHOB, X

Cyper 4. blktumanapIk KaTenep/i aHbIKTay Tajiaybl

byn 3eprreyne NRZ-OOK nemonymsiusichl YIliH ecenTenreH (OTOHIApIbIH OpTallia CaHbIHA
TeH meKTi MoH Tagnainael. [llex ogTaiiasl emec.

OHTAMIIBI MIEKTI aHBIKTaY OYJI KYMBICTHIH ayKbIMBIHAH THIC. AKBUIFa KOHBIMJBI KYBIKTAY -
YKacaJFaH Jkopamanaarsl (OTOHIAPABIH opTamia caHbl. Mpicamsl, kypiml. 3(b), Tabanabipeik 38-re
opHaTblnanbl. byn ¢oronnap canbel 38-1eH ackanna curHaiabiH "1"-re nemMoaynsIUsIaHATHIHBIH
ounnipeni. OuTnece, «0» ambHAIBL.
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BER TeopusiibIk Tangaybl. IlyaccoH yiecTipimi HIyAbIH TEOPUSIIBIK MOHIH €cenTey YIIiH
Kosganbl1apl. [IyacCOHHBIH Tapairy BIKTUMAJIBIFBI THIFBI3ABIFEI hyHKIUACH (PDF):

A A
Prix, A) =e x! = '

(3)

A — tapany oprtacsl. [lyaccon ynectipimiHiH xuHakTanran tapany ¢yakuusicel (CDF):

Pc(x, \)=e

(4)

Cranmaprtel VLC xone RF xylenepinge xoceimmia ak ['ayce mysr (AWGN) omerte eH
KepiHeTiH my Kypampaac Oemiri Oosbin Tabbutazsl. AWGN apHackIHIAFBI SPTYPIi MOAYISALHUS
cyrbanapeiaeiH BER cunarramanapein ecenreyre apnanran Tenaeyiep [13] Oepinren. Ilyaccon
IIybl VIIIH YKcac NPUHIUNTI KoimaHyra Oosamel. Cyperre. 4 KaTe BIKTHMAIBIK TalJayblH
kepcereni. Kek menbepaepi 6ap kuchik «0» xiGepinreH kesne ecenrtenreH (oronmapabiy PDF
dopmarein  Oinnmipeni. KaObuimarsimn TapaTKeIUTHIH (oToHAapbiH skoHe DCR mry mpouecin

ecenTenTiHaikTeH, Oy PDF ¢aiasHBIH opTaiia MoH1
0 = Nr0 + Ne. (5)

Kp13put «x» TaHOamapsl 06ap KUCBHIK «1» xibepuireHn kesne ecenrtenreH ¢GoroHmapasiH PDF
dhopmatein Oinaipeni. PDF moni
N1 =Nrl + Ne. (6)

Moaenbaey HITHKeJdepi. Mojenbaey Ke3iHAe KapBIKAWNOATHI SMUTEHT TOMCEHT1 OeTiHIH
OpTachIHAH XapThl PaINyCKa T€H KalIbIKTBIKTa OpHanacabl. Bakyymnarsl kek xapblk (450 HM) yIiH
¢doron sueprusicel (EP) 4,42 x 10-19 [k xypaiinsr. XKapbik guoarsr sxaptsl Oypsi (DP1/2), sxapbik
auoAThl Kyatsl (Pt) skoHe eTki3y kaOinertiniri (¢yr) cusakTsl 6acka LED mapamerpiepi aiHbIMabl
MOHJIep OOJBIT TAOBLIA B CUMYJIISIUS/IA.

byn aifHpIManbUIapABIH SPTYPIi MOHIEPl KOJMAWIBI MOHAEPl TaHAay YIIiH MOJAETbICHEI.

XKapbik quontel KyaTsl -10-1aH chIHATFaH
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Cyper 5. ®otoHaap canbl
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SPAD marbuisicy caHblHaH KeiiH KaObuigaid anateia poTonaap cansl, Pt = 0,1 Bt sxone @1/2
=5, 7,5, 10° )xone 15° ymin 25 nbm neliiH oHEe KapacThIpbUIaThIH OTKI3Y kosarbl 1 kI, 2 kI
xone 5 kl'm. byn makamana «0», PO ymiin taraiieinganran Kyar 0 Bt gen ecenreneni. [lemexk, (3)
HykrecideH 'l', P1-re Gepinren kyar 2Pt. Mogenbneyae [3] Oepinren SPAD exi ceben OoiibiHIa
naiinananpaael: a) Oyn GoTroHmapAsl KaObUIAay BIKTUMAIIBIFBIH apTThipaThidn 1024 SPAD
a7eMeHTTepl Oap yiakeH maccuB (2,4 x 2,1 MM); koHe b) Oys1 KypbUIFHI ic Ky3iHAe Oap, Oy ete
MaHBI3/Ibl, OUTKEHI MaKCaT OChl 3ePTTEYACTI MOJICIBACY HOTIKEIEPIH ChIHAY YIIIH JIEMOHCTPATOP
Kypy. CPDE moni 20%, am NDCR R 7,27 kI'u teH [3]. I kecrene moaenbaeyae KoaaaHbLIATHIH
OapnbIk mapamerpiep kentipiiren. KaObuinanran GoToHIap CaHbL. S-CypeTTe KaObUIAAFbIIIKA KETY
YIIiH coyJelieHy OYpBIIIbl MEH IIAFbUIBICY apachbIHIAFbl OalIaHBIC KOPCETUITeH. 25 MIaFbUIBICY
canbiHga Oypei Tek 0,55, an kocunyc 0,9999 exenin kepyre 6onaapl. Cededi xKyiie y3bH KyObIpaa
JKY3€re achIpbUIaJIbl, aJl JKOFapFbl OCTIHIH aymaHbl cajdbiCThIpMaibl Typae a3. Jemek, ¢(nR)
coyneneny OypwimibiH 0-Te JKakpIHAATyFa Oonanel, TinTi 20-7aH acrtaM IIarbUIbicy  Oolica
na.Ocpuiaiiia, cosP (¢ (nr)) erep (2) B ynken 6omnca. 1-re TeH, TinTi opOip MIAFBUIBICY COyJECIHAe
abIHFaH (OTOHIAP/BIH CaHBIH €CenTeHi3, (2) Kemecinei >keHimeTyre Oomanbl: OchLIaiima, cosf
(p(nr)) erep (2) P ynken 6onca. 1-re TeH, TinTi 9pOip MIAFBUIBICY COYJIECIH/IE alIbIHFaH (POTOHAAPABIH
CaHBIH eCeNTeHi3, (2) Kenecimel keHumeTyre 0omaapl: ocbutaiima, cosP (¢(nr)) erep (2) B ynkeH
6ozca. 1-re TeH, TINTI opOip MIAFBLIBICY CAYJECIH/IE albIHFaH (POTOHAAPABIH CaHBIH €CENTeHi3, (2)
KeJleciiel xkeHumeTyre 06omansl: oceiiaiima, cosP (¢(nr)) erep (2) B yniken 6osca. 1-re TeH, TinTi
opOip MIaFbUIBICY COyJeciHIe ajblHFaH (OTOHIAPIBIH CaHBIH ecenTteyre Oonazbl, (2) peTiHae
KEHUIeTyre 00iaasl: 5 - cyperTe KaObUIIaFbIIIKa )KETY YIIiH KapBIK COYJIeci 0Tyl KePeK MIaFbUIBICY
CaHBIHBIH YJIFAIObIMEH KaObUIIaHFaH (POTOHIAP CaHBI KYPT a3asiIbl.

100 E T T T T T
0 2} 4
10 4} 4
um
10 6
O 1x6ut/c Mmogenuposaupe \
) =1 kBUT/C Teopua 2 KBUT
I O cMogenuposanme 2 1
Kbt/ Teopua 5 k6UT/c
10 10b v mogenuposanue 5 keuiy |
- * C TeOPWA
10 12 10 5 0 5 10 15 20

Mouwocrs caerogmona (46w)
Cyper 6. ®1/2 =10 ke3iange 1 kOuT, 2 KOUT/C KHE
5 x6ut/c yurin BER SPAD kyObips
BE ymaiinapsl

Ocsbl mapamMeTpiiep/ii naiiiagaHa OThIPBII, aJIbIHFaH (GOTOHAAPABIH MOHIH ecenTeyre 0oaabl.
doTtoHmap caHbl OpTalia KapblK TUOATHI KyaThl Pt apragpl. CyperTe. 6 TYpaKThl KapblK JUOATHI
xapTel OypeIrsl 6ap SPAD kabsutnarsimsiabiH BER cunmarramanapea kepcereni (©1/2 = 10). byn
kKarJaiia TaceIManiay KbUAaMIbIFel 1 KOUT, 2 KOUT koHe 5 KOUT nen ecenteneni. Cyperre. 6
MOJICJIbJICY HOTHXKEJIEpl MEH TEOpHsl apachIHJAFbl JKaKChl Kemcimal kepcetemi. Kepcerinrenaei,
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XKapbIK TuoATH KyaT TyThiHYBI BER 109 ymrin 1 k6uT/c sxpuinamasikTa mamamet 13,5 1bm Kypaiibr.
2 KOUT/C XoHE 5 KOUT/C CHUAKTHI )KOFaphl OUT >KbUIIAMIBIKTAPHI YIIH KyaT TaJlallTapbl COMKECIHIIE
16 nbm xone 20,5 nbm Gomamer. (11) 7 1 kI'm mepextep xburmamabirbinga SPAD ymin BER
cUnarTaMasapblH KepceTe/l. KYpIIITeH allblpMalllbUIbIFBL. 6, Cyp. 7 >KapThl OYphIII ©3repreH Ke3je
BER enimainirin xkepcereai, ®1/2 =5 10 xone 15. ®1/2 = 5 Oonranaa, xapbik 1uoasl 109 kaxer.
xanmsl 7,5 nbm, ®1/2 = 15 )xone BER = BER 109 >xeTy y111iH >KapbIK THOBIHBIH KyaT TYTBIHYBI 17,5
nbm 6omansl. XKapTeuiaidl Oypbll yiiFaiFfaH CallblH JKapbIK JUOATHI TAPATKBIIITHIH KyaT TYTHIHYBI
aptanbl. HoTrokecine sxyiie TOMEHT1 )KapThl OYPHIIITA )KOFapbl SHEPTHS THIMIUTITIHE KOJI )KETKI3€/Ii.
Ic xy3inae y3arpipak HemMece KbICKapaK apHa MaiJaTaHbLTybl MYMKIH JKOHE 9pTYPIIi ClIeHapHiiiepae
OWT JKBUIAAMIBIFBI TaJanTapblHIa albIpMAIIbLIBIK Oap. 8-cyperre skaptel Oypbim (O1/2 = 10)
oexitinren xone BER 103 nen kaObuimaHFaH Ke3lie TapaTKBIIIKA KKETTI KyaTThl Kepceremi. 8-
cyperre. KyOobrIpAbiH Y3bIHABIFEI 1000-0an 1000 meTpre aeiin e3repesi aen O0mKaHA b
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KyheciHe apHaiFaH HSHeprusiHbl yHemuedTiH VLC xonmmanOacel yceiHbuiFaH. Komimri PD
KongaHatelH koaiMri VLC xyiienepiHeH alblpMallIblIbIFbI, YCHIHBUIFAH Kyile (OTOHIAp CaHBbIH
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Abstract. The main task of transport logistics is the rationalization of the transportation of
material resources. The solution to this problem is to choose the type of transport for transporting
certain goods, as well as building an optimal route model. In this article we will consider the method
of expert assessments, on the basis of which it is possible to determine the most suitable method of
transportation.

Keywords. Transport, cargo transportation, types of transport, quality criteria, method of expert
assessments, transport problem.
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Annoranusi. OCHOBHOHM 3ajadeil TPaHCIIOPTHOW JIOTUCTUKH SIBJISIETCS PAIlMOHATU3AIIHS
TPAHCIIOPTUPOBKU MaTepHUATbHBIX pecypcoB. PemieHuem 3Toil mpoOiembl sIBIsieTCS BBIOOpP BHA
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Anparna. Kelnik  JIOTHCTHKACBIHBIH  HETI3TT  MIHAETI MaTepUANJBIK  PECypCTapibl
TachIMaJIayJbl YTHIMJBI €Ty OOJIbIN TaObLIaabl. byn MoceneHiH menriMi-Oenrini Oip KyKTepai
TachIMaliay YIIiH KOJiK TYpiH TaHJay, COHBIMEH KaTap MapIIpyTThIH OHTAMIBI MOACTIH KYpy. by
Makayiazna 013 TachIMaJJay/blH €H KOJaWJIbl OMICIH aHBIKTayFa OOJIaThIH capanTaMaliblK Oaranay
ONIiCiH KapacThIPaMbI3.

Tyiiin ce3aep. Kerik, )yKk TackIMalibl, KOJIK TYpJepi, cama KpUTEpHUIIepi, capanTaMaIbIK
Oarayay oJIici, KeJK Maceleci.

Today, the economy of any state is inextricably linked with the development of the transport
sector. Countries are making efforts to ensure the quality of freight and passenger transportation on
all types of transport: ports and airports are being built, railways and roads are being laid, modern
technologies and services are being introduced to facilitate the transportation process.

Every year, tens of billions of tons of cargo are transported around the world; transport
companies compete with each other to attract more customers and improve the level of services
provided. The goal of any carrier is to deliver goods “just in time”, with the least amount of time and
resources. It is to satisfy this request that the problem arises of the optimal choice of mode of transport
and construction of a route for the transportation process.

In total, there are five main modes of transport through which goods are transported: road, rail,
air, water and pipeline. Each of them has its own advantages and disadvantages, taking into account
which the customer/shipper chooses the method of transporting his cargo.

For example, the main advantages of road transport are that it has great maneuverability and
speed, and is also the only one who always delivers “door to door”. At the same time, it cannot be
called ideal; road transport has a high cost, is often suitable for transporting goods over short
distances, and largely depends on weather conditions and the quality of roads.

Rail transport copes well with the transportation of large cargo, as it has a large carrying
capacity. A significant advantage is also that it does not depend on weather conditions, is universal
(transportation of passengers and a large range of cargo), and also has a relatively low cost. But there
are also negative aspects of this type of transport, of which we can note the high capital intensity and
limited geography of communication routes.

Air transport is rightfully considered the “youngest” and fastest-growing mode of transport.
The ability to deliver passengers and cargo to hard-to-reach areas, speed and comfort can only be
overcome by the high cost of transportation and investment, and weather dependence.

The leader in cargo transportation is considered to be water (sea and river) mode of transport,
which accounts for 80% of the total turnover. Its main advantages are low cost, large carrying capacity
and relative straightness of transportation routes. Disadvantages: the lowest speed, dependence on
natural conditions, high cost of building ships and ports. [1]

At the same time, having revealed all the advantages and disadvantages of mainline modes of
transport, we can say that when choosing a transportation method, it is difficult to rely only on them.
Each shipper has his own additional requests, these may be delivery speed, transportation cost, cargo
safety and much more.

Often, when choosing the optimal mode of transport, different assessment methods are used to
obtain the greatest benefit. One of these is the method of expert assessments.

The method of expert assessments is part of the broad field of decision-making theory, and
expert assessment itself is a procedure for obtaining an assessment of a problem based on the opinions
of specialists (experts) for the purpose of subsequent decision-making (choice). [2]

Let's consider this method using the example of a specific transport problem.

The carrier is faced with the task of organizing the transportation of 5 tons of cargo along the
route Baku (Azerbaijan) - Shanghai (China). The difficulty lies in determining the optimal method of
transportation, namely in choosing a type of transport that, according to its criteria, would meet all
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the customer’s standards. Five experts of different qualifications are involved in solving the problem,
who, in turn, propose the following assessment method.

The following initial data is specified:

Number of experts: 5.

Types of transport: road, air, rail, sea.

Criteria: safety of cargo, speed of delivery, cost of transportation, reliability of delivery,
availability of transportation.

Rating scale: 0-3 — “unsatisfactory”;

4-5 — “satisfactory”;
6-8 — “good”;
9-10 — “excellent”.

This method consists of experts determining assessments for all quality criteria for all possible
modes of transport, drawing generalized assessments and determining the most profitable type of
transportation.

Let's look at all the steps step by step.

Step 1: designation of quantities.

Table 1. Initial data

Expert Criteria and their indicators
Ne safety speed cost reliability availability
1 Z1 Zys Zy3 Zy4 Zys
2 Zy L3, £33 L34 Zs
3 Z3y Z3s L33 Z3y Z3s
4 Z41 242 243 Z44- 245
3 ‘251 Z.SZ ZSE ‘254- Z.SS

Where Z;; — expert assessment;

I — expert number;

j — number of the specified criterion.

Action 2: experts evaluate various indicators of transportation quality (cargo safety, delivery
speed, transportation cost, delivery reliability, transportation availability) for specific types of
transport (road, air, rail, sea).

Action 3: summarizing the ratings given, based on the opinions of five experts, according to
the following formula:

Zi’]- = % X Z}Ll Z;, where
Zj; - generalized assessment given by experts;
n —number of ratings for a specific criterion;
I — expert number;
j — number of the specified criterion;
Z;; — initial expert assessment.

So, for example, the final assessment for road transport according to the criterion of cargo safety
will be calculated as follows:

5
1
§><25+9+7+6+4=6,2~6
=1
All subsequent final assessments for all quality indicators for all modes of transport are
calculated in the above manner.
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Table 2. Expert assessments for road transport

Expert Criteria and their indicators
Ne safety speed cost reliability availability
1 5 7 5 7 9
2 9 5 4 5 10
3 7 9 2 8 8
4 6 8 6 9 9
5 4 6 4 5 9
Total 6 7 4 7 9
Table 3. Expert assessments for air transport
Expert Criteria and their indicators
Ne safety speed cost reliability availability
1 9 10 5 8 4
2 8 9 3 5 3
3 9 10 4 7 7
4 7 10 7 4 8
5 5 10 4 9 5
Total 8 10 5 7 5

Table 4. Expert assessments for railway transport

Expert Criteria and their indicators
Ne safety speed cost reliability availability
1 4 6 6 6 8
2 5 5 6
3 3 9 5 g 9
4 8 7 9 4 5
5 5 8 7 4 7
Total 5 7 7 5 7

Table 5. Expert assessments for maritime transport

Expert Criteria and their indicators
Ne safety speed cost reliability | availability
1 4 3 Y 3 4
2 3 2 8 4 3
3 6 4 10 2 4
4 5 3 8 4 2
5 4 5 9 3 1
Total 4 3 9 3 3

Action 4: after determining the final estimates, a generalized table is constructed, which takes
into account all types of transport and uses the values obtained in action 3. At the same time, all the
obtained estimates are separately summarized:
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a) each individual type of transport;
b) each individual quality indicator.
The amount for point “a” is obtained by the formula:
iz1Zij = Ziy + Zip + - + Zj, , Where
n — number of ratings;
I —mode of transport;
j — number of the specified criterion;
Zj; — the sum of estimates for a particular mode of transport.
So, for example, it turns out that the total sum of estimates for road transport will be: 6 + 7 + 4
+7+9=33
The amount for point “b” is obtained by the formula:
i=1Zij = Lyj + Zyj+ -+ Zpj, Where
n — number of ratings;
i —mode of transport;
j — number of the specified criterion;
Z;; — the sum of scores for a single quality indicator.
It follows from the formula that the sum of assessments of all types of transport according to
the criterion of cargo safety will be: 6 +8 +5 + 4 =23

Table 6. Generalized table of ratings for all modes of transport

Kind of Criteria and their indicators
transport safety speed cost reliability availability | Max
road 6 7 4 7 9 33
air 8 10 5 7 5 35
rail 5 7 7 5 7 31
sea 4 3 9 3 3 22
Min 23 27 25 22 24

Action 5: to determine the most profitable mode of transport for the purpose of transportation,
it is necessary to find the max and min values from Table 6. The max value will be the most optimal
solution, and min will be the criterion that will be fundamental in the selection process.

These values are found using the following formulas:

max le = Zi
]

rn.in le = Z], Where
1

Z; — kind of transport;

Z; — transportation quality criterion.

Based on the data obtained, taking into account all the estimates, we come to the conclusion
that air transport would be the best option.

It is also worth noting that during the assessment we did not take into account the competence
and qualifications of the experts, it follows that only by taking this factor into account we can obtain
a reliable result. Therefore, we change the algorithm of actions and return to the beginning.

Action 1: determine the significance coefficient of experts based on their competence. It is
found by the formula:

Ki = % where
2 K; — sum of expert assessments;

n — number of experts;
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K; - coefficient assigned to the expert.

Table 7. Expert rating scale

Experts Rating Coefficient
Nel (professor) 5 5/15
Ne2 (assistant professor) 4 4/15
Ne3 (director of a logistics company) 3 3/15
Ne4 (logistics department employee) 2 2/15
NeS (master's student) L /15
Total 15

Action 2: next we perform actions 2-5 described above, while not forgetting that each expert is
assigned its own coefficient. This means that all estimates of a particular expert are multiplied by the
coefficient assigned to him. Otherwise, all actions are performed exactly:

1. determination of quality indicator estimates for all modes of transport (taking into account
the coefficient of each expert);

2. finding final estimates of quality indicators for all modes of transport;

3. compilation of a summary table;

4. summing up estimates for each individual mode of transport;

5. summing up the ratings for each individual quality indicator;

6. finding the values of max and min.

Table 8. Generalized table of assessments (taking into account the coefficient) for all types of
transport

Kind of Criteria and their indicators
transport safety speed cost reliability availability | Max
road 1,32 1,38 0,86 1,34 1,82 6,72
air 1,62 1.94 0.9 1.3 0,98 6,74
rail 1,04 1,3 1,32 1,14 1,46 6,26
sea 0,86 0.6 1,76 0,64 0,66 4,52
Min 4,84 5,22 4,84 4,42 4,92

Conclusions: taking into account Table 8, we can come to the conclusion that when entering
the coefficient, the result did not change. Experts have determined that it is advisable to carry out
transportation along the route Baku (Azerbaijan) - Shanghai (China) by air.

Results: thus, by resorting to the method of expert assessments, we can summarize that the
most appropriate way is to transport 5 tons of cargo along the route Baku (Azerbaijan) - Shanghai
(China) by air. It is worth noting the fact that this decision may vary depending on what criterion is
decisive for the shipper. So, for example, if speed of delivery is a priority, and the cost of
transportation is not important, then it would be advisable to use air transport. In the case when time
is of secondary importance, and price comes to the fore, then the choice will fall on other options.

2. Link to web page: Methods of expert assessments / Habr: [Electronic resource].
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Abstract. In Afghanistan, day to a day power struggle, rampant corruption, and numerous
challenges increased and affected National Unity Government. The survival of the country was
managed with the help of International Assistance. Afghanistan Analyst Network reports that
mismanagement and electrical fraud exist in the parliamentary and presidential elections of 2018 and
2019. Two parties in Afghanistan had created continuous political tension in the country. In several
ways, the government of Afghanistan suffered due to violence and insecurity problems. The socio-
political management was of the country not focused on efficiently maintaining security problems.

Additionally, due to the spread of the COVID-19 pandemic, ninety per cent of the Afghan
people were suffering from economic, environmental crises and insecurity problems. The
parliamentary election scheduled after the first election in 2004 led to several challenges due to slow
preparations. The people of Afghans prefer to have a strong government was the lesson learnt by the
presidential election in Afghanistan. The irregularities and fraud reveal the different types of voting
patterns. The challenges of a presidential election in Afghanistan based on the voter turnout were
examined in this study. The post-conflict state of the country caused the increase or decrease in voter
turnout in Afghanistan. The change in the socio-political and economic, and security situation of the
country was analyzed during the presidential and parliamentary elections. Parliamentary chambers of
Afghanistan held over various years were analyzed based on the number of registered voters, ballots
and valid votes.

Keywords: parliament, presidential elections, Afghan population, economic situation,
government, corruption.
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BrokuBaHue CTpaHbl 00€CIIeYHBAIOCh C MOMOIIBI0O MEXIyHApoaHOH momomu. CeTh aHaJTUTHKOB
Adranncrana cooO1IaeT, 4To Ha MapIAMEHTCKUX U Mpe3uaAeHTCKUX Bbioopax 2018 u 2019 rogos
UMEIId MECTO 0eCXO3sIiICTBEHHOCTh W MOIICHHUYECTBO C DJIEKTpUYECTBOM. JIBe maptuu B
Adranucrane cozgaBaiy MOCTOSIHHYIO MOJIMTUYECKYIO HANPsSHKEHHOCTh B cTpaHe. [IpaBuTenbcTBO
Ad¢ranuctana B HEKOTOPOM CMBICIIE TOCTPafalio W3-3a HACHJIHMS W TPOOJIEeM C OTCYTCTBHEM
6e3omacHocTd. COLMATBHO-TIOJIMTUYECKOE YIPaBICHWE CTPaHOW He ObUIO COCPEAOTOYEHO Ha
3¢ (HeKTHBHOM pelieHuH mpodaemM 6e30MacHOCTH.

Kpome Ttoro, wusz-za pacnpoctpanenus mnangemun COVID-19 neBsHOCTO MpOIEHTOB
araHCKOro HapoJa CTPaJaio OT IKOHOMHUYECKOTO, 3KOJOTMYECKOTO KPHU3HCOB M MpoOIeM C
orcyrcTBueM Oe3omnacHocTu. [lapmameHTckue BbIOOpPHI, Ha3HAUYEHHBIE MOCJE MEPBHIX BHIOOPOB B
2004 romy, mpuBenH K psAAy mpoOieM u3-3a MemIeHHOW moxarotoBku. Hapon Adranucrana
MIPENOYUTAET UMETh CUIIBHOE MIPABUTENILCTBO - TAKOB OBLI YPOK, U3BJICUEHHBIN U3 NMPE3UECHTCKUX
BbIOOpOB B Adranucrane. HapymeHuss 1 MOIIEHHHYECTBO CBUAETEIBCTBYIOT O PA3IMYHBIX THUIAX
cXeM TrosocoBaHMs. B 3ToM wHccienoBaHuu ObUTM  pacCMOTPEHBI MPOOIEMBI, CBSI3aHHBIE C
MPE3UACHTCKUMH  BblOOpaMM B AdraHucrade, OCHOBaHHbIE Ha sIBKe  u30upareneil.
[TocTKOH(IUKTHOE COCTOSIHHE CTpPaHbl CTajl0 MPUYUHONW YBEIWYCHHS WM YMEHBIICHHS SIBKU
nzbupareneii B Adranmcrane. B Xome Npe3MACHTCKUX M MapIaMEHTCKUX BBIOOPOB OBLIO
MIPOAHATM3UPOBAHO U3MEHEHHE COIIMAIbHO-TIOUTUYECKON U SKOHOMUUYECKOI CUTYalllH B CTpaHe, a
TaKkKe CHUTyallud B 0O0JacTH 0O€30macHOCTH. 3acefaHusl MapiaaMeHTCKuX mnanaT AdraHucraHa,
COCTOSIBIIMECS B pa3Hble TOAbl, OBUIM NPOAHAIM3HPOBAHBI HA OCHOBE KOJIMYECTBA
3aperUCTPUPOBAHHBIX U30UpaTeield, OI0JUIETECHEH U IEHCTBUTEIIBHBIX TOJIOCOB.

KiloueBble cioBa: mapiaMeHT, MPE3UACHTCKHE BBIOOpHI, HaceneHue AdraHucrana,
SKOHOMMYECKasl CUTYalusl, IPAaBUTEIbCTBO, KOPPYIILIMSL.
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Anjaarna. AyraHCTaHaa KYHIETIKTI OMIIIK YIIH Kypec, KeH TapaJiFaH Chl0aiiac KeMKOPIIBIK
KOHE KeNTereH Mocesenep KyLIeWin, YITTBIK Oipiik ykiMeTiHe acep erti. EnmiH emip cypyi
XaJIBIKAPAJIBIK KOMEK apKbUIBI KAMTaMachl3 €TUIII. AyFaHCTaHHBIH caparbuiap skemict 2018 sxoHe
2019 xpimpapAarbl MapiIaMEHTTIK JKOHE MPE3UJEHTTIK cailnayna OacKapylIbUIBIK IEH JJIEKTP
aNasgKTBIK OONFaHbIH Xabapiai/ipl. AyFaHCTaHIArbl €K1 MapTUs €JJe TYPaKThl CasiCH LINENIEHIC
TYABIpABL. AyFaHCTaH YKiMeTi Oenrini Oip MarblHaZa 30pIBIK-30MOBUIBIK TE€H KayiNcCi3IiKTiH
KOKTBIFbIHAH 3apjan mekTi. Enfain oneymerTik-cascu OacKapybl KayllCi3[IiK MocesenepiH THIMII
mienryre OarpITTaaIMabl.

Conbiven katap, COVID-19 manaeMusichIHBIH TapajlyblHa OailIaHBICTHI ayFaH XaJIKbIHBIH
TOKCaH MaibI3bl 9KOHOMHKAIBIK, SKOJIOTHSUIBIK JIaFIapbicTap MEH Kayilci3Iik MocemeIepiHeH 3apaart
mekTi. 2004 SKBUIFBI aJIFAIKbl caiyiayfaH KeWiH TaralbIHAaNFaH TapiJaMEHTTIK cailiay Oasy
JabIHIBIKKA OalTaHBICTHI OipKaTap Macenenepre oKeN . AyFaHCTaH XalIKbl MBIKTBI YKIMET KYPY/Ibl
XKOH Kepeai-Oys1 AyFaHCTaHAAFbl MPE3UICHTTIK caillayaH ajlblHFaH cabak 00sbl. By3ylbuibIKTap
MEH aNasKTbIK Jayblc Oepy CXeMalapblHBIH OpTYpJi TypiepiH kepceremi. byn 3eprreyne
callaymbpUiapAblH KelyiHe Heri3lenreH AyFaHCTaHJarbl TPE3UJICHTTIK caillayFa KaThICTHI
Mocenenep KapacThIpbUIabl. EnTiH skaHKaniaH KeHiHT1 kaFaaiibl AyFaHCTaHIaFbl CaliayIblIap IbIH
KeNylHIH apTyblHa HeMmece a3aioblHa cebern Oomnabl. IIpe3uneHTTIK *oHe MapiiaMeHTTIK caiiay
OapbICBIH/IA ENJET] QNEYMETTIK-CasiCH KOHE AKOHOMHUKAIBIK axyaljblH, COHAal-aK Kayimnci3Iik
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CaJIaChIHJIaFbl aXyallbIH ©3repyl TalJaHAbl. Op JKbUIIApbl OTKEH AyFaHCTaH MapliaMeHTTIK
najatajapblHbIH OTBIPHICTAPhl TIPKEJITeH CalaylIblIapblH CaHbl, OIJUIETEHbJEP MEH HaKTh
JaybICTap HETi31H/1e TaJIJaH/Ibl.

Tyiiin ce31ep: mapiaMeHT, MPE3UACHTTIK cailiay, AyFaHBICTaH XaJIKbl, SKOHOMUKAJIBIK axyal,
YKIMET, ChI0aiisiac »KeMKOPJIBIK.

Introduction. International assistance in Afghanistan helps manage challenges caused by
rampant corruption, a weak economy and power struggle. In 2018 and 2019, the presidential elections
were headed by President Ashraf Ghani and Abdullah, chief executive officer. According to the
Afghanistan analyst network, mismanagement of electoral fraud was found in parliamentary
elections. In Kabul, by 2020, two parallel inaugurations were held for two rival presidents. The
conflict in Afghanistan needs a mediator from the international to address the conflict. In 2021, the
Afghan government was challenged by insecurity, and violence increased in many ways. The socio-
political situation has become affected drastically, and the country's security remains a question mark.
Due to the COVID-19 pandemic, economic and environmental crisis, and increasing insecurity
problem in the country rises ninety per cent of the country poverty rate.

In 2004, the first presidential election in Afghanistan occurred using the electoral process (Byrd
2016; Coburn 2016; Johnson 2020; Sahar 2014). In presidential elections, voter turnout varies from
country to country with a different pattern. The political factors and changes produce a significant
impact on the growth of the economy. From one election to another, the way of voter turnout changes
in Afghanistan. In the electoral history of Afghanistan, the electoral process was counted with less
than twenty per cent votes (Ibrahmi, 2020). The output of the electoral process was not considered as
a final decision. Various factors in the election, such as legitimacy and acceptability of the polls,
decide the final decision of the election's success. The most crucial cause for voter turnout in
Afghanistan in parliamentary elections was a complex ethnic and social division with high political
stakes. The economic consequences for the country depended on the decision taken on election day.
The elected government gain legitimacy and has to abide by the fundamental conditions of
representative democracies (Park 2009; Smith 2017; Sanz 2015).

Obijectives of the Study

The study targets comprehending the Democratic Election Procedures in Afghanistan and the
impact on society and the economic culture by comparing the Presidential & Parliamentary Elections.

1. To distinguish variations between Presidential and Parliamentary Election Procedures in
Afghanistan.

2. To assess the Historical & Cultural differences between the different election types.

3. To measure Socioeconomic and Ethno-regional factors influencing the administrative
framework, system, and procedures of both kinds of elections.

4. To motivates the inhabitant to be more eager & strongly ingrained during election procedures
with the purpose of appropriate applicant selection.

Literature review

The influence of Afghanistan's electoral arrangement on the country's stability.

Reynolds (2006) has described that democracy offers provision in making a country stable
when authenticity and legal enactment are ascertained. Democratic governance systems play a
massive role in maintaining the nation's safety and creating issues among several shareholders owing
to the permissibility of policy-making procedures.

It has been seen that the nation's safety with the aid of eagerness and issues among several
shareholders in the policy-making process. For the intent to deliver an appropriate operational
mechanism coupled with democratic stability, well-known legitimacy and legal regulation play a
significant contribution. Using Afghanistan cases, this paper has pinpointed fundamentals and lucid
organization related to democratic organization and election procedures. It has been investigated the
future stability in connection with electoral rules influence. It has been purposed that the election

59



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne3(30)2023

system of Afghanistan could result in a portion of the cultural arena and an ineffective well-known
presentation in the assembly of Parliament for inhibiting the effective policy making. Moreover, law
rules are infringed owing to illegal wiretaps in the election process. This, in turn, leads to the
impairment of mechanisms of democracy.

Elaboration of differences in Afghan Vote Participation Rates during Presidential Elections

Amin (2020) has stated that the average assessment concerned voter participation across
presidential elections in Afghanistan. It leads to the examination of issues in the context of the pattern
of turnout, and it also describes how the pattern has been developed. Fundamentally, it has showcased
the reduction in the year of 2009 and 2019 presidential elections.

Claimants assert that Afghanistan act as a post-war state. It has been observed that a
considerable measure of organizational elaboration on the voting outcome is shown to rise or decline
the level of turnout. It has become vital to investigate several other essential elements that could
impact the turnout of the Afghanistan elections results. Therefore, it has been evaluated that in
Afghanistan, every four presidential voting’s offers unexceptional elements involving turnout and
some aspects of the election

Consequently, this current study has determined the correlation between a reduced number of
voters and alteration in financial, the socio-political and safety scenario before the votes. Moreover,
it is speculated that the obligatory president and the incompetency of authorities to make a positive
impact on the life of millions of individuals, Likewise, the proposition has investigated public
discontentment with the obligatory authority and discovered that turnout is influenced by fundamental
dissatisfaction to a greater extent. This discontentment could be linked to the democratic system and
organization procedure, the obligatory authorities and the president.

The devastation of Afghan democracy leads to Safety arrangements in Elections

Condra et al., (2019) stated that evolving level of democracy leads voting to be promoted as a
means for the process of the Democratic system. It has been seen that crime is not only responsible
for dramatically impacting the election, but its city inhabitants frequently observed it as fraudulent
towards the safe forces for the purpose to fight against crime. There are several influences have been
evaluated for these safety considerations. Ballot stations with a similar background of crime before
the elections is unknowingly acquired from the various strategic position of the Afghan Police in the
year 2010 Afghan parliament voting’s leads to enable the recognition of police attempts. By utilizing
the information from global polling websites and several investigations, it has been evaluated to a
decline in Police presence by 30 per cent. The outcome of several procedures that are competing with
each other for affecting the turnout of safety forces. And it reflects upon the conduct that was not
operated by voters' participation to deal with crime on voting day. It has emphasized a trap for
government authorities’ creation through the election process in states of institutionalized and conflict
pruned

Anticipation of Afghan woman in Politics

Ibrahim and Mussarat (2014) stated that females were being granted a lower position in politics
as politics were regarded as a specialized area for the male only. The female contribution was
confined to the reproduction process in earlier times. The major target of this paper was to elaborate
on the political anticipation concepts and target females for political anticipation. In the paper, a prime
was associated with the investigation of Afghanistan's female empowerment. This research
emphasizes the 2014-year presidential elections which possess the role of the Afghan female. This
has to turn out to be worthwhile results in the election process of 2014 after raising the rights for
Afghan females. Several investigations have been utilized for the prediction of the current scenario
of Afghan females by raising its contribution to the complete entire political anticipation. The major
concern was linked with little discussion has been done due to female participation in the presidential
election so, present research would examine the reasons and traditions to confine the female choosing
the opted offices and members along with prospective scenario for afghan female.

Research Questions
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1. What are the prime variations between Presidential and Parliamentary Election Procedures
in Afghanistan?

2. What Historical & Cultural differences are observed between presidential and Parliamentary
Elections?

3. What socioeconomic and ethnic regional elements influence the Political framework, system,
and procedures of both election types?

4. How could the nation promote inhabitants to be more eager & strongly ingrained in Electoral
procedures for the appropriate applicant selection?

Data collection & Data Analysis

The research paper mainly relies on the documents available in either electronic or printed form.
The secondary sources will consist of books, research reports and articles, and scientific
commentaries available on line or in printed form. The researcher also has utilized websites of
television channels and newspaper, particularly those from Afghanistan including the Tolo News,
Express, Journal and magazine such as Afghanistan times Daily, The Kabul times, ICG etc. The
collected secondary data has been analyzed qualitatively through Critical Analysis of Democratic
Election Process in Afghanistan and its Socio-economic Impact. This research also critically analyzed
the gap between theory and practice has been investigated from the Afghanistan Election policy
analysis. The diverge and converge of interests, political challenges and their solution.

Methodology for the research study

This study revolves around the comprehension of Democratic Election Process in Afghanistan
and its Socio-economic Impact. For this, comparative study has been conducted between the
Presidential & Parliamentary Elections. In order to meet the several objectives, secondary sources
like online platform of science direct, research gate and etcetera will be used to acquire relevant
papers associated with research of democratic election process in Afghanistan across the parliament
and presidential elections. During study, qualitative analytic strategies will be utilized like content
and discourse analysis for analysis of social and economic influence of Democratic election
procedures. This research involves with qualitative methods of research in which data collection
procedures like expert interviews of focused group will be conducted. Interview process will be
carried out to evaluates the cultural and historical variations between presidential and parliaments
judiciary system. Also, interviewed citizens’ concerns linked with election process will be notified
for the purpose to encourage them for voting. Inaddition, various official historical records consisting
of IEC (Independent Election Commission), Independent election observation mission of OSCE and
IEEC (Independent Electoral Complaint Commission) will be used for some defining essential factors
linked to determine the difference between Parliament and presidential election process.

Introduction. There is no denying the connection between a country’s political system and its
level of development in all spheres of society and the economy. Governing bodies are notoriously
hard to quantify (beyond simple dichotomies like “Democracy” vs. “Autocracy’), and the underlying
causal relationships among these characteristics are complex. The widespread belief is that less
corruption occurs in more robust democracies, hence allowing for the free and open growth of
technological innovation and economic prosperity (Rivera-Batiz, 2002). Fair governments
throughout the world should be able to lift their people out of poverty and unleash their full potential
if their countries have a high enough per capita income. It has been argued that it is not democracy
per se but rather the efficiency of government institutions that contributes to a country’s overall social
and economic development (Pereira and Teles, 2011). The economic rules that individuals must
follow, including all necessary restrictions and all possible incentives, are set by governments.

Economic expansion and the level of material well-being enjoyed by the populace are
influenced by the laws that govern investment, property rights, and other similar topics. Yet, it is also
feasible that a thriving democracy might take root and thrive as a result of the social and economic
progress that comes with it. Indicators of a country’s social and economic health, which may
contribute to the spread of democracy include the quality of its schools, the safety of its streets, and
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the size of its middle class (Lipset, 1959). It is said that a democracy can only function well in
countries where the average citizen has a comfortable level of life, and that a society comprised of a
rich few and a poor majority is doomed to fail under either oligarchy or tyranny (Lipset, 1959).

People need to be educated enough to vote and understand the issues at stake in the political
process. Furthermore, historical evidence suggests that political regimes are more prone to shift
during times of sluggish economic expansion. When citizens are unhappy with the state of the
economy and society at large, they can go to the ballot box or the streets in order to urge their
government to make changes. Luo (2020) opined that if we can put numbers to these ideas, we may
get insight into the history and future of a country by studying its level of democracy and its social
and economic progress. Since these studies have the ability to provide light on the global situation,
they are of paramount importance. Democracy and human progress seem to go hand in hand, but it is
not clear which way the causation runs. Hence, this chapter has focused on gathering theoretical
knowledge on the subject matter of socio-economic impact of democratic election process from
scholarly literature.

The Afghan Electoral System

The electoral process followed by Afghanistan can be said to have come into existence due to
the transition that took place within the nation. Which made the democratic government be applied
within the nation. The election system was made possible with the consent of the majority of people
who have used the majoritarian formula as that would enable the country to follow a definite order to
regulate the country. Later in the year 2004, the Afghan interim government on the recommendation
of Hamid Karzai made use of this system to get the first election of the country conducted (JEMB,
2004). Ever since the day of initiation of this formula, it has continued to be the mainstream formula
that guides the Afghanistan Independent Elections Commission so that they can further interpret the
guidelines to select or choose the deserving winner of the Presidential election held after every five
years within the nation.

The Presidential Election of 2019

The fourth and most recent election that was held in the year 2019 deals with the center of the
study based on which the assumptions are made. This poll was conducted on 28th September. This
year the turnout level was marked to be low. In this election, there were about 16 hopefuls who were
competing for the post. Although some of the aspirants removed their names from the post before the
final day of the election yet the incumbent and the two rivals continued to remain to fight for the
position of power (Ramani, 2019). The major fundamental issue that remained in this process is the
changes that took place in the United States Policy which was made to deal with the Afghans. Another
significant issue that has been marked in this phase was the widespread corruption and the sense of
mistrust that grew within the people which made them back off from participating in the election.
The turnout patterns of the voters during the presidential election of Afghanistan are considered to be
unique since it keeps varying from one election to another.

In this election, the winning party received 50.6% which was backed by widespread corruption
practices. These studies matter because they have the ability to provide light on the global situation.
Unfortunately, it is not simple to understand the direction of causation between democracy and human
progress. In this pattern, the turnout was considerably lower than that of the 2014 election (Mccarthy,
2019). When planning an electoral system, one must decide whether to use single-member plurality
(SMP) districts or multi-member districts in an effort to achieve proportional representation (PR).
Other types of accountability are more deliberative, and they rely on the public pressing their
representatives for explanations of their shifting attitudes and actions (Constable, 2019). In this
election, the technical form of voting and evaluation of the vote was made having considered the
ethnic bloc voting system. Thus, the trend was found to be prominent and measurably easier to be
evaluated.

Major factors affective turnout in Afghanistan
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According to Johnson (2018) observation, the initiatives taken in the presidential election of
the year 2014 marked a systematic result. After having studied the data put forward by IEC and
polling centers the irregularity in the results of the vote was witnessed. The author of the paper further
elaborates on the factors that impacted the turnout in Afghanistan. The author of the paper has also
put special emphasis on the issues that the people got to encounter on the day of the election and
during the post-election period which gradually led the country to witness another major Civil War.
The research paper further discusses the historical factors that made the country head towards the
transition towards building a democratic government. The electoral fraud, ballot-stuffing,
intimidation and vote-buying system practiced in the 2014 election can be considered to be the major
reasons that affected the turnout in Afghanistan.

Coburn (2016) in his paper about the turnout in Afghanistan stated that Afghanistan has been
in the news for the emerging trends regarding the post-electric period. The author has thus conducted
an ethnographic investigation that discusses the major district located in Afghanistan’s capital state.
This particular district demonstrates an analysis of the nexus that takes place between democratization
and elections. This author has followed a distinctive approach to analyze the factors that led to turning
out in Afghanistan having taken into consideration the bottom-up system which unveils the trends
that took place during the election of 2001. This author tries to focus on the local factors unlike that
of most of the researchers since having looked into the local level presentation the paper gets to
showcase the opportunities that enable a person to discuss the power distribution as well as the
resources that were captured by the local political bodies. The research paper presented by the author
has thus focused on the issues caused during the election and its impact on the vote turnover in
Afghanistan and how such factors predominantly impacted the voter turnout of the country.

Coburn (2016) further comes up to discuss the case of the Qara Bagh District which falls within
Kabul. In this district, the people of the place got to participate in six different types of elections to
ensure that they were ready to welcome the process of democratization. The turnout patterns of the
voters during the presidential election of Afghanistan are considered to be unique since it keeps
varying from one election to another. However, when looking into the research materials gathered
from amongst the local voters of the place it was found that there was an intense sense of
dissatisfaction among the voters as they felt to have been under control. The major cause of such a
situation was the intentions of the jihadi commanders and the local warlords to solidify their control
on the major institutions of the government by having gained sufficient wealth so that they strengthen
their impact on the process of the electoral. Furthermore, the author has put forward relevant evidence
to argue that the local political elites have focused on solidifying their hold by extending their
networks with respect to the patronages so that they can monopolize the resources that were available
to them.

The factors that influenced the voter turnout have been further explained in the description
below:

Security: Afghan has been a country that encourages post-conflict gets to face major challenges
to making the country develop and grow. However, to ensure the growth of the country it is required
to provide security to the people living in it in terms of both personal and individual citizens. Ever
since the Taliban regime transitioned within the nation the issues with the security of the citizens have
revived. Before the emergence of the Taliban security issues remained in the nation however, after
the transition took place the degree to which the citizens felt insecure and threatened have hiked to a
considerable level throughout the period of the election (Amin, 2019). Although the security force
was deployed by the Afghan government to deal with the causes that threatened the lives of the
citizens; the international security forces made sure that they get to assign the Afghans security by
having put forward some operations yet the government failed to take necessary steps to provide the
required security to the people living within the nation.

As per the Downsian Rational Choice, the approach to measuring the marginal cost vs marginal
benefits of the problems faced by the nation to deal with the security of the people can be asserted.
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The issues of the citizen with respect to their security thus can be stated to be the major factor that
enabled the candidates to stay away from the citizen and not appear to cast their vote on Election Day.
Thus, it further ends up exceeding the marginal benefits for the participants at the time of voting.
However, the Downsian Rational Choice Model put forward by Scott (2000) further justifies this
action of the participants as that makes them have the choice to prefer not voting in order to maintain
their safety. Voting being an arbitrary performance which prioritises the expectations and
performance of the voters to cast their vote is calculated having used this particular model.

When looking into history, the 2004 elections of the nation can be found to have gone through
major life-threatening events. The target attacks were made to be common that impacted the turnouts
of the nation. The security threats intimidated the participation of the individuals. The citizens felt
life-threatening issues in order to cast their votes. The parties involved in the election tried to convey
the interests of the candidates by having made them take part in the voting process with the help of
threats (Panda 2014). The second presidential election of the nation got to witness the same condition
however this election turnout was found to be the most as compared to all the other elections held
within the nation since it made the citizen having relied on the government operations came out of
their houses to cast their votes. Although the Taliban did not step back from raping up their attacks
against the government compounds to create an obstacle in the election process. The issues of the
citizen with respect to their security can be taken into account to be the major factor that enabled the
candidates to stay away from the citizen to ensure that they get to maintain their safety factors. Thus,
this particular factor can be considered to be an integral part of the voter turnout that has been taking
place within the nation over the past three elections.

Satisfaction with Democracy & Incumbent Government: Another variable that can be
considered to be an essential part of the election process is satisfaction with democracy. From various
group studies and data gathered from reliable sources, it can be found that about 70% of the citizen
of the nation were dissatisfied with the form of democracy followed by the nation. The outrage that
takes place pre and post elections grew a sense of fear and insecurity among the citizen of the nation
(Mal, 2020). Some articles also suggest that the major cause had led to the formation of dissatisfying
democracy was the government’s failure in the post-Bonn Afghanistan policy that was executed to
develop democratic institutions within the nations so that the citizens could value it. An Afghan
Political Activist in an interview stated that the primary cause of the issue of voter turnout was the
transition that took place in the conversion of the democratization process (Sarwary 2020). In the
interview, the political activists further mentioned that in order to integrate the values of the
institutions by way of getting in involved in the traditional form of multicultural society the
government failed to take into consideration the other vital needs of the citizens that would make the
nation have greater scope to be created.

The 2004 presidential election marks the highest turnout as the total amount of ballots that were
cast was eight million which was subsequently reduced by 39% in the election that took place in
2009. The major cause of this decline was the growing sense of dissatisfaction amongst the citizen.
The focused group of the nation further expressed dissatisfaction with the incumbent president
Karzai’s performance in the administration process (Tolo News 2015). The then-former employee of
the Independent Elections Commission and a political activist Najibullah Ikrami explained that the
incumbent presence of the nation made the voters be higher dissatisfied with the choice as his ability
to adopt changes to bring in positive change within the nation ended by getting the nation in a grave
situation and further growth in the degree of insecurity in the near future (Ikrami, 2020).

The Presidential Election held in the recent past in the year 2019 can be considered an incident
when the President’s approval rating started to fall as soon as the National Unity Government was
initiated to be established. As most of the people were found to be unsatisfied with the performance
of Dr Ashraf Ghani and Dr Abdullah, they ended up voting out the members (Ahmadyar and
Osmanzoi 2016). The major cause of the decline was the growing unemployment rate and the decline
in financial status which further ended up paving way for mistrust of the people of the government
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and its working process. Thus, it can be asserted that dissatisfaction has been an integral factor that
impacted the employee turnout in Afghanistan.

lectoral Malpractice:

This factor is also known to be a constant factor that has been prevailing in every election held
in Afghanistan. Ever since the election took place in the action the irregularities have been higher
than the past election. The last three elections have witnessed a higher degree of electoral malpractice.
The reports suggest that the major factor of the dissatisfaction of the voters with the election results
and the process has been electoral malpractices. The decline in the number of voters has also been a
major factor that makes the candidates have a smaller number of voters voting for the election.
However, as per the opinion of the majority members of the focused group of the nation, electoral
malpractice has been a matter of myth while a small number of focused group members accepted the
fact that electrical malpractice existed. Although there have been mixed opinions regarding electoral
malpractice to be the major cause of the drop in voters lists yet it continues to be an indirect factor
that leads to many other factors that are directly linked to the election process.

A conflict impacts the state by having created a weak governing body. Since Afghanistan has
had major issues in dealing with the insecurity and incumbent government the people found it hard
to rely on the new policies that were imposed by the governing body. The people grew a higher sense
of mistrust in their minds which made them do away with the turnouts. The manipulation worked in
the nation at different levels as the participants of the vote enabled the citizen to vote in a biased
manner as that would have impacted their lives. Fraud and misconduct have been common during the
election as the malpractices further impacted the nation in being able to gain the trust of the voters.
Talking about the wide perspectives of the international reviewers it can be found to have been tagged
as a fraud presidential run-off election process. The incumbent government have been highly corrupt
thus the sense of dissatisfaction grew within the citizen as it further impacted the individual
performance of the candidates who have been on the list of the electoral list. The incumbent
government encouraged the election participants to make use of electoral malpractices to win the
election. Thus, the citizen showed greater interest in voting out the President rather than having cast
their votes in favour of either of the government.

Influence of Afghanistan’s Electoral Arrangement on the Country’s Abilities

Nagl (2022) opined that the ability of the country can be asserted from the process in which the
Electoral arrangements are made. The Presidential elections in the country are carried forward in a
process of the two-round system so in case the candidates fail to achieve the target of 50% they can
further put into the process to determine the majority vote from the voters. The second round of the
election process happens to be simpler as only two of the candidates are made to step ahead for this
part so that the voters can have a clear idea about who they should be voting for. This way the election
process is executed so that the federal system of election can be made successful. Abjorensen (2019)
came up with the opinion that the candidates are given the freedom to exercise their power to
campaign for the election so that they get to reach out to the voters and state their agenda for the
election; this way both the candidates and the ones voting for the election process are able to ascertain
the factors that they should prioritize and further choose the president of their choice. The agenda of
the country to establish the Islamic Republic of Afghanistan was initiated with the first phase of the
election thus with this the country’s electoral arrangement was effectively brought in.

Mebane Jr et al (2022) stated that the Constitution of the nation was set up as per the presidential
system as the president who has been elected was given a wide range of powers to access the citizen.
The president was elected to serve for a period of five years which was made based on the two-term
limit put forward under Article 62 along with two vice presidents. However, under Article 64 the
President had been given the power to select the members for high-ranking officials including the
members of the Supreme Court, district governors, and provincial governors and of cabinet ministers.
Bincof (2020) explained that a specific number of advisers were appointed to advise the president on
important matters. Out of all the members the chief of staff was considered to be the most important
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member of the team as the President took this decision into consideration. There were 259 seats for
the members of the National Assembly of Parliament of Afghanistan. These members were elected
for the constitution of the lower house which is also known as the house of people. The division of
the seat was done by having allocated 10 seats to the nomads of Kuchi, and 102 seats to the upper
seat.

Jabeen and Shauket (2019) highlighted the fact that as the electoral process worked effectively
the nation was able to carry out its socio-economic factors effectively. Thus, to ascertain the nature
of electoral competition, the number of parties, the cohesion or fracturing of the political scene, and
the ability to form a government, the selection of an electoral system has a substantial effect on the
functioning of the representative democracy within the nation. The outcome of a standard form of
parliamentary system was such that the disarmament of private and intense commanders who were
regarded as significant ethnic factions lead to the control of the increasing cultivation of poppy as it
was one of the most profitable businesses practiced by the nation. There is an important debate on
whether a kind of voting system, a majority system or a proportional system, is more suitable for a
society that is split down the middle. Thus, the nation executes its electoral system in a manner that
the members get to cast their votes in a peaceful manner. Thus, these initiatives of the nation towards
the election process made the nation create a system that can be reliable and help it to develop further.

Darnolf and Smith (2019) added that the Afghan constitution ensures that the judicial system
of the nation gets to be practiced independently so that they can carry out the business effectively.
Although the President ensures that each member of the judiciary is selected by the President yet after
the completion of the selection process the judiciary members are given the liberty to look after the
laws and order in an effective manner without having been influenced by any other wing of the
Constitution of the Nation. In war-torn countries like Afghanistan, popular democratic elections
provide average citizens with the opportunity to exercise their rights and choose who will represent
them in government. Network and Adili (2018) put forward the point that the Presidential elections
that were deemed to have the highest turnout and the least amount of carnage witnessed a diverse rate
of turnout as the number of voters kept on changing with the passing time and with that the change
in the political scenario of the country. Parliamentary and provincial election forms made the country
consider the opinion of the people living in it so that a democratic form of government can be
successfully executed within the nation. The capacity and aptitude of a citizen for participation in the
political decision-making process are referred to as civic capacity, regarded as an individual attribute
of the people living in Afghanistan.

As it can be asserted from the other points mentioned in the paper the Afghanistan Electoral
Arrangement states the ability of the country both in terms of its domestic as well as international
development. Pilster (2020) explained by stating that the candidates as well as the voters during the
election are given the freedom to exercise their power to campaign for the election and to vote for the
candidate of their choice; this way both the candidates and the ones voting for the election process
are able to ascertain the factors that they should prioritize and further choose the president of their
choice. A specific number of advisers were appointed to advise the president on important matters.
This author tries to focus on the local factors unlike that of most of the researchers since having
looked into the local level presentation the paper gets to showcase the opportunities that enable a
person to discuss the power distribution as well as the resources that were captured by the local
political bodies. However, there are some scholars who suggest that the major cause had led to the
formation of dissatisfying democracy was the government’s failure in the post-Bonn Afghanistan
policy that was executed to develop democratic institutions within the nations so that the citizens
could value it.

Conclusion. To vote for the leaders was the lesson the people of Afghanistan learned during the
presidential election. Afghanistan's government and elections commission have found so many ways
and made a continuous effort for the voters to cast their vote by ensuring safety and security. The
challenges caused during the elections were efficiently handled with the help of urgent actions by the
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government. Ensuring security in all possible ways was considered the most challenging task for the
election commission. Sufficient robust precautions were taken by the international community and
by the government to address the issue. Some of the problems in the elections forced to postpone the
elections in some parts of Afghanistan. Afghanistan’s political transition has been conducted to ensure
safety and security for the people in all district boundaries of Afghanistan. Sufficient financial
resources were provided to the international community and the Afghan government. The increasing
insurgency and weak institutions were considered significant challenges faced by the people of
Afghanistan during elections. The people did not properly implement many government reforms due
to political situations. On the other hand, the other major threat to the Afghan people was caused by
the Taliban. The capacity of state institutions was affected majorly by corruption, nepotism and
clientelism caused by improper management of politicians of Afghanistan. The problem of sin is
considered the root cause of all illegal activities in Afghanistan. The increased poverty and internal
displacement affect most people in Afghanistan. The process held in the Wolesi Jirga was considered
widespread fraud. The future of Afghanistan was notwithstanding due to the criticality of a successful
election. Democracy of the country was laid in the hands of the people by choosing of right
representative. The deficiency of the system caused the utility of exercises. A perfect election was
considered a myth in thriving and wracked countries. In all presidential elections in Afghanistan,
emerging patterns of electoral fraud to clientelist practices and pattern client relations occupy a
dominant place for voter turnout. Socio-political, security and political, a higher level of public
disatisification was considered a significant reason for the voter turnout in presidential elections in
Afghanistan.
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AnjaaTna. AKNapaTrThlK TEXHOJIOTHS MEH FBUIBIMHBIH ©T€ KbUIJaM KapKbIHMEH JaMybIHa
OaliTaHBICTHl aJJaMHBIH OULTIMI MEH iCKepJiriHe e KOFapbl Tajantap Koubutyga. COHBIH iHIiHIE
TYJIFAaHBIH KaJbIH KOIIIUTIKIEeH, )KeKe TYJIFAMEH AYPbIC KapbIM-KaTbIHAC OpHATa ajybl Ja OYTiHTi
KYHHIH QJIIBIHFBI KaTapJIbl MEHIEPYTe THUIC JaFAbUTAPBIHBIH Oipi O0BI OTHIp. YKaChIpaThIHBI JKOK,
OYTiHT1 KYHI T Ta3aJIbIFbIHA, CO3MICPAIH apKaJalThIH MOH-MaFbIHACBIHA, 91601 TUIIIK HOpMaJlapra
MOH OepiTMEHTIH KOMMYHHKAITUS y)Kacay KaJIBIITHI xkaraai 0ombin 6apanel. Con cebenTi ae OyTiHTi
O11iM Oepy ylepiciHae OKyIIbIFa alThUIBIM AaFABICHIH AYPBIC MEHrepTe 01Ty Tanalbl TYbIHAAI OTHIP.
Tin cabGakTapblH OKBITYJa AWTBUIBIM OPEKETiHIH KapbIM-KaThIHAC OPHATYAA IYPBHIC OPBIHIATYHI
MaHbI3Abl. OJICTEMENIK eHOEeKTepe «coiliey» el KapacThIPBUIBII KYPreH TEPMUHI «alThUIBIMY
JIeTI, COUJICY/ICH apa XKIiriH aKbIPaTHII, 63 aJJIbIHA KEeKe KapacTBIPYAbIH ©31H/IK epeKIIeNiKTepi MeH
KYPBUIBIMBI KAJIBINITACKHINT KeJedi. AWTHUIBIMABI OKBITY MEH OHBIH OIC-TOCUIAepl TypachlHaa
HIETENIIK KOHE OTAHIBIK OIICKEpJIep apachlHAa CaH TYPJI TY)KBIPhIMIAp MEH MiKipjep alTBUIbIIIL,
o/llicTeMeNIK OKY Kypaiaapbl MEH 3epTTey JKYMBICTapbl XapblK Kepi. AWThUIBIM Oenrini Oip
KOMMYHHKATHBTIK MaKCaTThl apKaJlall OTBIPBINT COUJICY IPOIECi apKbUIBI KY3€Te AachIPBUIAJIBI.
AWTBUTBIM SpeKeTiH cabaKTa YHBIMIACTBIPY apPKbLIbI OKYIIIBIHBIH OMBI MEH ©31H/IK TYKbIPbIMIapbIH
IYpBIC JKETKI3e allyFa JaripUlaHablpaMbl3. [laFapl €3 Ke3eriHae KYHJIENIKTI cabakTa  Y3[IKCi3
KailiTaJaHaThIH, COHBIH HET131HJIe aBTOMATTHI TYpe XKacayFa JeliH xkeTKi3iireH yaepic. CoHAbIKTaH
na Kazipri OuriM Oepy mapaaurmachl OKYIIbl OOWBIHAA AYPHIC OUTIM-ICKEPIIK JaFablIapablH
KUBIHTHIFBIH KAJNBINTACTHIPYABI MaKcaT €Till KOWBIN OThIp. Makanana alThIIbIM OPEKeTI MEH OHBI
MEHIepTyaiH oaic-taciiaepi, 4K mopneni TyXblpbIMaaMacblHa HETI3/I€AT€H HAKThl TarchlpMaiap
YJITiCl apKBIIbI OKYIIIBIFA MEHTEPTY JKOJIaphl YCHIHBLIA/IbI.
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AHHoTaunus. B cBs31 ¢ 04eHb OBICTPHIMU TEMIIAMH PA3BUTHS UH(POPMAIIMOHHBIX TEXHOJIOTUN

U HAyKH, TPeIbsIBIAIOTCS BBICOKHE TPeOOBaHUS K 3HAHMAM M YMEHHUSM yeloBeka. B Tom umcie

YMEHHE JINYHOCTU MPaBUIBHO BCTYNaTh B KOMMYHHUKAIUIO C IIUPOKOW MYyOJUKOH, C APYyruMu

KOMMYHHUKAHTaMHU, SIBJISIETCS OJJHUM U3 HABBIKOB, KOTOPBIM JIOJKEH OBJIAJIETh HA CETONHSIIHUN JCHb
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Kakaeid. Cpend HUX CHOCOOHOCTh 4YENIOBEKa YCTaHABIMBATH IMPABUIbHBIE OTHOIICHUS Kak C
COLIMYMOM TaK U C UHAUBHUIOM, SBIISETCS OAHUM U3 MEPEOBBIX HABBIKOB, KOTOPHIMU HEOOXOAUMO
oBJIaNeTh. HU 1711 KOTO HE CEKPET, YTO CETOJIHS CTAHOBUTCS HOPMAIBHBIM OOINATHCS, HE oOparas
BHHUMAaHUS HAa YUCTOTY SI3bIKA, ITYOMHHBIN CMBICI CJIOB U HA HOPMBI JIUTEPATYPHOrO s3bIKa. FIMEHHO
MO3TOMY B COBPEMEHHOM OOpa30BaTEIbHOM IPOIECCE BO3HUKAET MOTPEOHOCTH B TOM, YTOOBI
y4aluiicss ymesn IpaBHJIbHO OBJIa/IeBaTh HAaBBIKAMU MPOHM3HOLICHUS. Ha 3aHATHSIX MO S3BIKOBBIM
MpeAMETaM BaXKHO MPABWIHHO BBIOJIHATH MPOU3HOCUTEIIBHYIO JESITEIIBHOCTh MPU YCTAHOBIICHUU
OOIIeHHS] ¢ KOMMYHUKAHTaMH.

B nmocnennee BpeMs B METOIMUYECKUX pad0Tax HAOIIOAaeTCsl TCHACHIUS pa3elieHUs] TepPMUHA
“roBopeHue” W “peub’ aKTUBHO (POPMHUPYS CBOKO CTPYKTYpy M OCOOCHHOCTH. B CBsi3u C 3TUM
BBICKA3bIBAIMCH PA3]IMYHBIC BBHIBOJBI U MHEHUS 3apyO€KHBIX U OTCUECTBEHHBIX METOIUCTOB IIO
MOBOJy OOy4YeHUS MPOU3HOUICHUIO M €ro METOAUKH, MYOJIMKOBAJIUCh METOJUYECKHE Yy4yeOHbIE
MaTepHasbl U UCCIIEAOBATEILCKUE PAOOTEHI.

['oBOpeHue ocyliecTBIsSETCS B MPOLIECCE PEYH UCXOJS U3 OIpe/IeICHHOW KOMMYHUKATUBHOM
uenu. Oprau3sys Mporecc TOBOPEHUSI Ha YPOKE, MOXKHO YUYUTh YUYE€HUKA MPABUIBLHO M3JIaraTh CBOU
MBICITU ¥ JIeNaTh BBIBOABL. HaBBIK, B CBOIO OdYepeidb, MPEACTaBISET COOOW Mpolecc, KOTOPbIH
HETIPEPHIBHO MOBTOPSIETCS B €KEIHEBHOM 3aHSITHH U Ha €r0 OCHOBE JOBOJUTCS JI0 aBTOMAaTH3Ma.
HNMenHo mosTOMy COBpeMEHHas oOpa3oBareibHas MapagurmMa HampaBieHa Ha (OpMHUpPOBAHHE Y
o0yJaromerocsi KOMIJICKCa MPABIIBHBIX YYeOHBIX W JICJIOBBIX HABBIKOB. B cTaThe mpeCcTaBICHBI
MIpHEMbI TOBOPEHHUSI, CIIOCOOBI OBIIAJICHHUS UM 00YYaIOIIUMCS Ha MPUMEpe KOHKPETHBIX 3aJaHUI 110
KoHuenuuu moaenu 4K.

KuroueBble cioBa: mporiecc ropopenus, Moaenb 4K, KpuTuueckoe MbllUIeHHE, OOIIeHUE,
COTPYJHUYECTBO, SI3BIKOBBIC COUETAHUS, METO/IbI O0yUEHHUsI, TO3HAHUE.
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!Nabi N.B., PhD student
2Sapashev O., PhD., professor
'Rakhmetova A. S., PhD, Professor
!Kazakh National Pedagogical University named after Abai, Almaty, RK.
2Istanbul University, Istanbul, Republic of Turkey.
*E-mail: naz_nabi@mail.ru

Annotation. Due to the very rapid pace of development of information technology and science,
there are high demands on human knowledge and skills. Including the ability of a person to properly
communicate with the general public, with other communicators, is one of the skills that everyone
should master today. Among them, the ability of a person to establish the right relationship with both
society and the individual is one of the advanced skills that need to be mastered. It's no secret that
today it is becoming normal to communicate, not paying attention to the purity of the language, the
deep meaning of words and the norms of the literary language. That is why in the modern educational
process there is a need for the student to be able to properly master pronunciation skills. In language
classes, it is important to correctly perform pronunciation activities when establishing communication
with communicants.

Recently, in methodological works, there has been a tendency to separate the terms “speaking”
and “speech” actively forming their structure and features. In this regard, various conclusions and
opinions of foreign and domestic methodologists were expressed regarding teaching pronunciation
and its methodology, methodological educational materials and research papers were published.

Speaking is carried out in the process of speech based on a specific communicative goal. By
organizing the process of speaking in the classroom, you can teach the student to correctly express
his thoughts and draw conclusions. A skill, in turn, is a process that is continuously repeated in a daily
lesson and, on its basis, is brought to automatism. That is why the modern educational paradigm is
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aimed at developing a set of correct educational and business skills for the student. The article
presents the techniques of speaking, ways of mastering it by the student on the example of specific
tasks according to the concept of the 4K model.

Keywords: speaking process, 4K model, critical thinking, communication, collaboration,
language combinations, teaching methods, cognition.

Kipicne. Celiney - anam 6anaceina 6epiireH yiakeH chlid. backa Tipmiiik uenepiHeH eH YIKeH
apTHIKIIBUIBIFBIMBI3 J1a OCHI COMJICY apKbLIbl KapbIM-KaThIHAC JKacarl, Oip-OipiMi3ai TyciHice
anybsiMbI3a. Celiiey opekeTiHiH eH 0acThl Kypanbl — TUL Ti apKbUIbl aiaM OalachlHBIH OM-epeci,
caHa ce3iMi, OLTIM KOK)XKHET1 MEH asIbIK-oMIpIIK OlTiM-Takipubeci kepiHic Oepeni.

CeiineciM opekeTi — ceiiyecylIiiepAiH TYCIHICYiHEH TYBIHAAWTBIH yxaepic. On ynepic
THIHJAJIBIM, AWTBIIBIM, *Ka3bLIbIM, OKBUIBIM COHJai-aK TUIJECIMMEH e3apa ThIFbI3 OaillaHBICTHI.
KomMmyHHMKaHTTap ceiiyiey akTICiHJIe aTalFaH dpeKeTTep IiH OapIIbIFbIH /1a KOJIAaHAIbI.

A.baliTypchIHYIIBI coiliiey yaepiciH «OipiHII jKaK alTyIIbl, eKIHII jKaK ThIHIAYIIbI, YIIIHII
XKak OerJernik» 1en KapacThIPbII, HAKTHI MBICAJIap KeNTipin oeTkeH. «Ceiney i acbul MaFbIHACHI —
Oipeyre OinaipeiiiH 1ereH OlbIH allTy. AUTYIIBIHBIH MaKCaThl — THIHAAYIIBIFA OMBIH TYTeJ TYCIHAIPY.
OiibIH TYCIHAIPY YIIIH COFaH KepeK co3/epAi airy KaxeT. bip ce3/1i olibIH aHBIKTAY YIIIiH ajca, eKiHIIi
CO3/11 OMBIH TOJBIKTHIPY YIIIH ajajbl, YUIHIII CO3/1 OWbIH MBICHIKTAY YIIiH anans» [1,2196], nen
ceiyiey aKTiCiHIETi co3lepliH KaHAal CouJeM MYIIECiHIH KbI3MET aTKAapaThIHBIH aiiTa OTBHIPHII,
alTymsl MEH THIHAAYIIBl apachbIHAAFbl POJIH alKbIHIAN, CoiieciM OpeKeTiHIH OaplibIK TypiepiH
e3apa OipiiKTe KOJJAHBUTYbl KEPEKTITiH aiTajpl. AWTBUIBIM OPEKETiHIH HETI3IHIE COMiey aKTici
XKY3€ere acaThbIH/IBIKTaH, OHbl €Ki )KaKThl IPOLECC €N KapacTbIPaMbl3.

®.ne Coccrop Ti1 MeH ceiley Oip-OipiMEH MUANEKTHKANBIK TYPFBIAAH THIFbI3 OailllaHbICThHI
KOHE TUT — aJiaM CaHAChIHJa KaJBINTACKaH, COJ T KOJJAHYIIBI TYJIFaIapbslH OopiHE OpTak
ANIEMEHTTEP/IIH KYPBUIBIMBI JIEN TY>KBIPBIM KENTIpreH. Al ceiiniey - 6enrini O6ip yakbIT mieHOepiHae
IBIOBICTAaY apKBUIBI HEMece jka3zy (hOpMachIHAA JKY3€re acaThlH HAKThl aWTBLIBIM IPOIECi JIereH
aHbIKTama Oepeni. [2, 1360]

Tin — KoraMIbIK KYOBUIBIC >KOHE Oenrinl Oip KoFamja JaMbIM, KETUTIN OThIPAThIHIABIKTaH
OKYIIBUIAP apachIH/aFbl KapbIM-KaThIHACTBI PETTEYI Kypasl KbI3MeTiH apkanaiiabl. Con cebenrti 1e
OFaH KOFAMJIBIK-OJIEYyMETTIK (QakTopiapAbsiH Oapibirbl ocep ereni. JKahanmany 3amaHbIHIA
aKmapaTTap JIeTiHIH Kemll OOJybl MEH oJIEyMETTIK JKeJlIepi KeNTel NaijanaHy OKyIIbUIapFa o3
naigaceIMeH Oipre mapasuienab OarbITTa 3USHBIH J1a TUrizyne. OKylblIapAblH aUThUIBIM OpPEKETIH e
TUMIH ~ 1y0apianybl, ce3AepAiH ophO3NMUIBIK HOpMajapJaH aybITKybl CBIHIBI Keaepriiepre
YIIBIpAaybIH kM1 Oalikayra Oomnaabl. AWTBUIBIM 9pEKeTl KapbIM-KATbIHACTBIH BepOaiblbl JKy3ere
acaThlH yJiepici OonFaHIbIKTaH OipKaTap KeJepriiepl apkaiaysl MyMKiH. Onapra:

v/ alThUIap O¥ NeH MiKip/iH HAKTHI 00JIMAYHI;

v’ cypayJibl Oif MEH COMITeMIEPIiH IYPBIC KYPBUIBIMIBIK CHIIAT AIMAaYhl;

v/ ©3re TilIeH eHreH CO3/ep/IiH aHa TiIIeri TopKiMa GaaaMachiH Koiganoay;

v/ OfiIpl KapbIKKa MIbIFapMac OYpBIH caHa CJIETiHCH eKIIeNeN Oifa KaKETTi Co3IepIiH
CYPBINITATIMAYBI;

v/ alTBUIBIM/IA OMIBIH SYMOLUSIIBIK KOPIHICIHIH TOJBIK 0OJIMAYBIH KAaTKbI3a aJlaMbl3.

AWTBUIBIM 9pEKETIHE Colecyllll TapanTapAblH O11IM1 MEH 1CKEepIIiK JaFbIChl, KY31peTTLIIr,
ToxipuOeci Tikeneit kepinic 6epeni. XK.J[oynerOexoBanbly «... XKacecmipiMaepaiH Tl ©3iHIH eMip
CYPYIHIH €H HEri3ri KemuIl eKeHIH, TUIMIH AUl KaJbIITaCThIPYIIBUIBIK MaHbI3bl 30p, YJITTHI
YHUBICTBIPYILIBI MOMEK eKEHIH caHajbl TYCiHYl apKbUIbI FaHa Oenriini Oip HOTHXKere KOJ JKeTKi3yre
00saTbIHbI aHBIK. COHJIa FaHa OKYIIIBI TUT TEK ©3T€HIH OMbIH 0171y MEH 3 OMBIH ChIPTKA LIBIFApYAbIH
KYpaJjbl FaHa eMec, )KaJIIbl ajaM3aTThIK MaHbI3bI Oap YITTHIK TAHBIMHBIH allHACHl €KeHIHEH Xabapaap
0oJ1a OTBIPHITI, O31HIH COJ TUIAl KEJIEIIEKKE KETKI3yIerl TOHEKEPJIK OpHBIH ce3iHedi» [3, 1996],
JIeTeH TY)KbIPBIMBIHAH OKYIIbIFa TUI cabaKTapblHAa OMIpJIIK MaHBI3/Ibl KacHeTTepAl, SFHU
aZlaMJIapMeH TyciHice Olmy/l, 63 OMBIH aybI3Ila XKETKI3Y KoHE TUIAIK KapbIM-KaTbIHAC OPHATYMEH
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Karap TIUAIH VITTBIK KOATHI apKalalThIH Pejli MEH YpHaK ca0aKTaCTHIFBIHBIH JOHEKEpl €KeHIH
YVFBIHJIBIPY MYFaJIIMHIH IYpHIC OaFbITTa OUT1IM OepyiHE YIIKEH YKayarmKepIIUTK KYKTEHI.

Makcatsl. Kazak Tini cabarbiHIa OKYIIBUIAP MMOHHIH Ma3MYHBIH MEHTEpIll FaHa KoiMmaii, 3
OeTiHme OUTIM almybl MEH 13/IeHY JIaFAbICHIH KETUINIPETIH JKOHE ©31H-031 OacKapy MEH KOMaH7aaa
KYMBIC icTey KaOUIeTiH AaMBITaThIH KYMbICTap KYprizinyi tuic. Kasipri 6inim Oepy mapagurmacs
Jla OChbIFaH Heri3aemin oTelp. Ockl MaKcaTTa OKYIIbIFa Al ThUIBIM 9peKeTiH MeHrepTyaid 4K mozenine
HETI3/IeITeH YTHIMJIBI 9MIIC-TACUIIEP i TaH Al aly MEH TalchipManap KypyAblH MoHI 30p. ¥ ThIMIIbI
Jen TaObUIFaH — oMiC-TOCUIIEpAl capajiail any >KOHE OHbl OKY calaKTapblHIa KOJIaHY apKbLIbl
OKYIIBLIAP/IBIH aUTBIIBIM OPEKETIH YPBIC OaFbITKA Oarmapiiay MyFalliMHIH IIEOEpIIiri MEH 13/IeHICiH
tanan ereni. Con cebenTi, oKy cabakrapbiHaa 4K momeni aschlHIa YTHIMABI €T TaHBUIFAH dJIiC-
TOCUIACPAL IPIKTEH OTHIPHIN aHTHUIBIM SPEKETIH MEHIePTY MaKcaT eTLIII OTHIP.

3eprTey dmicHaMachl. AWTBHUIBIM OPEKETI MEH OHBI MEHI'CPTYAIH 9/iC-TOCUIAEp] TypachiHIa
MIETEIAIK KOHE OTAHABIK OJICKEepJIep apachblHAa caH TYpJl Ke3KapacTap KaJbINTACKIN, TYpIi
o/licTeMeNiK OKYIBIKTap, OKY Kypalapbl, 3epTTeY KYMbBICTApPhI )KaPBIKKA IIBIKTHI.

Opeic 3eprreymrisiepi apaceiaaa Mpuna AnekceeBHa 3umHss «lIcuxosormueckne acreKThl
o0OyueHHUsi TOBOPEHUIO Ha HHOCTPAHHOM SI3bIKE» EHOETiHJIe IIeTeN TUIAEPIH MEHIepTYIeri TN MeH
ANTBUIBIM OPEKETIHIH NICUXOJOTHSUIBIK aCTIeKTUIEPiHIH MaHbI3bIHA TOKTaNca, «MeTonka 00y4eHus
WHOCTPAaHHBIM SI3bIKAaM B CpeAHel mikose», «Meroauka OOydYeHHsS AaHIJIMMCKOMY S3BIKY Ha
HaYaJIbHOM JTare B CpelHed mmkoje» T.0. eHOekTepiHiH aBTophl ['anmra BragmmupoHa Porosa
meTeNn TUIAEPIH OKBITYJa aWThUIBIM JIaFIbUIaphlH MEHIrepTyai KapacTbipraH. COHBIMEH Kartap
A SAnoymexk, H.M.I'e3, B.A.ApremoB, H.B.IlonoBa, A.B.Benuyo, O.P.bonmapeHko CBbIHJIbI
3epTTeylIliep 63 eHOCKTEPiHIe alThIIIBIM MOCENIeCiHe KaThICThI 63 TY>KbIPHIMAAPBIMEH 0OJICKEH.

Oxicremenik eHOeKTepIiH OiplaMachliHIa «TOBOPEHUE» TEPMHUHIH «COMIIEY» JeT KapacThIpy
opbIH anFanbl ManmiM. Ocel TepMuHTre dickep-FanbiM d.Opa3daeBa kaHala atay Oepin Ka3akiaaamn
«@UTBUTBIMY JIeTI KapacThIpFaH. bysl TepMUH/II aBTOP JIMHTBUCTUKAIIBIK-9/IICTEMETIK 91e0neTTepaeri
«TOBOpPEHHME» CO31HIH OpHBIHA >KyMcalaZbl Jel aHblKTama Oepeli. OmiCKep-FalbIM alTbhUIBIM
OpEKEeTIHIH TUIIIK KaThIHACTAaFbl KbI3METIH — aJjam/1ap apachIH/la TIIMEH TYCIHICY1 )KY3€re achblpaThlH
ceiinecimM opekeTi 00Jia OTBIPHIN, TUIAIK KapbIM-KaThIHAC OapBICHIH/IA OMIBIH JKapPBIKKA IIBIFYHI JEI
Kapactbipa kene: «Celneyre yUpeTy» HeMece «alThUIbIMY JIETEH e MbIHAIal YFBIMFA MOH Oepuiei:
Oyl — agaM MEH aJaMHBIH TUIIIK KapbIM-KaTblHacTa Oip-OipiMeH Tinmecyi, ceitnecyi, safrHH Oip
aJlaMHBIH ©3 OIBIH €KiHIlIl a/JlaMFa aybI3IlIa )KeTKi3yl, Coieyi, alTybl», — JIereH TYXKBIPbIM JKacau bl
[4,3310].

AUTBUIBIM — YXKBIMJBIK iC-OpeKeTKe KypblaFaH yuepic. Con cebenTeH Jie KapKbIHIbl JaMbII
KaTKaH MbIHA 3aMaHfia Ke3 KeJITreH TYJIFaHbIH 6MIp/I€ 63 OpHBIH Tayblll, 0acekere KabineTTi O0ysl,
©31H KoplIaraH oneMje OacKajapMeH cayaTThl jKOHE SMOLMOHANIJBIK TYPFBIIAH TYPBIC KapbIM-
KAaTbIHAC OpPHATYBI, >KaJIIbl HOTHIKETe JKETYAEr! ©31HJIK OM-MIKipiH OUIAipy MeH OuliM, iCKepIIiK,
JaFAbUIAPBIHBIH MAaHBI3BI 30P.

Ocpiran OaitmanpicTel XX FacelpablH 80 KbulgapblHaH OacTall 9JE€MHIH ajlJbIHFbI KaTapJiibl
enzepi «OinimMre 6arpITTasIFal» O11iM OepyIeH «IIpaKTHKaFa OaFbITTalIFaH» OLTiMre Kelry i 0acTabl.
CoHmpIKTaH cabakTa TamnchIpMaNapibl IYPHIC TaHAay MEH YHBIMIACTHIPY OKYIIBIHBIH OKY
cayaTTbUIBIFBI MEH KaOlIeTTepiH AaMbITysla YikeH MaHbi3fa ue. Cebeli, OocekenecTik Tek
JKOHOMHKAJIBIK cajaaa FaHa eMeC, aJaMHBIH O1iMiI MEH akKbLI-OH KaOUIETIH Ka)KeT A€M Ta0aThIH
OapIbIK cajiazia AaMblll OTBIp. MeKTen OKyIIbUIAphIH OCBIHJAM JKarnailiapaarsl eMipre AailblHIaY
YIIH aKaJeMUsUIbIK OuTiM, (YHKIMOHAJABIK JaFablaap, KeKe KY3BbIPETTUIIK MeH KapbIM-KaTbIHAC
xeTkinikei3. XXI Facelp azamarrapblHa METaTaHBIM, METAKY3bIPETTUIIK CHSKTBI jKaHa KacHeTTep
KaKEeT JIereH MiKipre KeJaemis.

byrinri kyHi ockl MakcaTTa TyjFa OoiibiHAa OOJIybl THIC €H MaHBI3/Ibl KaOlleTTep MeH
JaFaplIapIblH OlpIIaMachlH HIETEAIK KOHE OTaHJIBIK FajbIMIap 3€pTTen-3epieliel, COoJap.IblH
1IIIHEeH €H MaHbI3IbUIAPBIH TONTACTHIPhIN Oep/i. 2016 >xbuUTbl OYKUIQIEMIIK S9KOHOMUKAIBIK (hopym
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npe3unenti [asoc Kmayc [1IBa6 2020 xputra Kapail e3iH Oocekere KaOijeTTi AeN CaHAWTBIH op
aJlaMHBIH OOMBIHAH TOMEH/]IE KOPCETUIreHIeH Ky31peTTUTIKTEp TaObLUTyhl THIC JIET aTam OTTi:

o Kenrenzi tancelpmMaiap/abl mele anysbl;

o CpIHU Oilail anysbl;

o [IIbIrapMalIbUIBIKIIEH OWUJIAYBI;

o Anamaapasl 6ackapa anysl;

o KomanjamMeH 5XyMbIC iCTeH alybl,

« backa ajamziap/ibIH YMOLUSACHI MEH ©31HIH SMOLUACHIH aHbIKTAI, 0JIap bl OacKapa anysl;

e O3 ol miKipiH alTYy >KoHE MaibIMAAI, IIEIIIM HIBIFapa alybl;

o TyThIHYIIBIFA OCHIMACITYI;

o Kemicim xyprize anysr;

e bip TarceipmManan eKiHIIICIHE TE3 aybica alyBbl.

byn uxemninikrepai Soft Skills - «ixemni» marapuiap (KY3BIPETTUTK) SFHH OMIp Cypyre
KaKeTTi nmarapuiap ner, an oraH kKapcebl Hard Skills - «xatan» kociOu marapiiap jAem atay
KajbinTackad. OTaHIBIK FalbIMAAp MEH OuriM Oepy callachlHBIH MaMaHJapbl J|aBOCTHIH aFaliKel
OHJIBIFBIH TOPT HETI3T1 JaFabl JKYHeciHe KbICKapThiN, «4K Momeni» ereH TepMHUHII KKl KOJdaHa
Oacrapl:

- Cronu oiinay (Kputnueckoe mpiuenue) (Critical Thinking);

- Ierrapmambuieik (KpeatuBaocts), (Creativity);

- Kapeiv-kateinac (Kommynukanus), (Communication);
bIaThiMakTacThIK HeMece YitecTipy (Koopaunanus), (CoordinatingWithOthers) [5,5-76].

Atanran  KaOuieTTep MeH JaF[bUIapAblH HEri3iHe KUusuiaay, uaesaapbl TeHepalusuiay,
apryMEHTTEep/IiH KYPBUIBIMBIH O0JIKay, aKImapar Ke3AepiH i3/1ey, 63 HAesUIapblH KaJbIITACTHIPY JKOHE
OackanapAblH HAEACBIMEH anMmacy, e3 OoypkamMaapbl MEH MalbIMIayJapblH JdJeNey, TONTHIH
MaKcaTTapblH KaObUIAy JKOHE JKaJIbl HOTIKEHI Oaranay JHaraputapbl xKaTelp. Onap OKyIIbUIapra
aBTOHOM/IbI JKOHE OacKajJapMeH BIHTBIMAKTACTBIKTA 3€PTTEY KbI3METIH YHBIMIACTBIPY/bI, ©3€piH
TaHBITYIBI, TOT AJJIBIH/IA CAyaTThl COMIICY MEH 63 TYKBIPBIMIAPBIH JSJIEIIeyTe YHPETe .

Hotunxkenepi MeH TankbL1aHybl. Op cabakTa MyFajliM OKy OaFapiaMachlHa HET13€TeH OKY
MakcaTTapblH OacIIbUIBIKKA ajla OTBIPBIIN, KYHJENIKTI cabakblH eTy OapbIChbIH ocmapiaiasl. Tin
ca0akTapblH/la TEOPUSHBIH TUSHAKTAJBIN OUTIM Oonbin OeKyiHe TanchlpMaiap KeIIeHIH IYpbIC
KYpacThIpa OUTYIIH MaHBI3bI 30P.

3epTTey MakcaTblHa CoMiKec OKy cabakTapblHAa aWThUIBIM opekeTiH «4K mozemni» apKblibl
JaMbITYJ1a YTHIM/IBI JIET TAHBLJIFAH TalChlpMallap KEIIEeHIH Jaspiay 3epTTeyiMi3re Heri3 O0Jibl.

«4K mopeniHiH» OipiHII MYHKTICI OOJNBIN TYpFaH /KPUTHYECKOE MBIIUIEHHE/ ChIHU OilayFra
KeTeley MaKCaThIHAA TalchlpMaiiap KEHIeHIH TaHBIMJBIK aKIapaTTapMeH TOJBIKTHIPA KeIil,
KOHIIETITUTIK TaJlJjay ’kacaTy apKbUIbl alThUIbIM dpekeTiH «4K monenine» Herizaeyre 0onaabl. Ocbl
perre 10 CbIHBIN OKYIIbUIApbIHA TaJJAyJblH KOHLIENTLIIK YJTICIHE HETI3/IereH aKmaparTap.ibl
alfTynapbIHa *araii xkacayra 00aabl.

Macenen, 10 ceiabinka apunaran «Kazak Tin» OKyJIbIFBIHBIH « T 5k0HE AJamn Uaesichly e
atanateiH | GemiMiHIH «ANamThIH 0ac msFapMackd arThl 10-cabarbiHAa alTHUIBIM TallCHIPMAChIHA
OnuxaH bekeixaHOBTHIH HaKbLI cO37epi OepIITeH: «AKBUIIB CO3 KbUIMAK KUbIH, aKbUIIBI CO3/1 iC
KBUIMAK OJlaH Jia KUbIH. ENIiH TYPMBICKIH, TiJIiH, MiHE31H OlIMEereH Kici Kol OachlH J1a ajblll Kype
anMaien».[6,186] Ocobl Tanceipmansl «4 K mozeniHe» Herisgen,  aWThUIbIM OpPEKETIHE YCBIHY
KOJIBIH/Ia MOTIHJIET] 3aT €CIMHIH CypaKTapbIHa jkayan OepeTiH co3/iepre KOHIENTUTIK Talaay kacay
TarceipMacel 6epinai. OHBI OKYIIBUTAp KCETEe TYPIHJE d31pIICeH/Il:

74



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne3(30)2023

Bepiareni Tin
@uiosiorusicbl | 'pammaTukacsl 3aT eciM, IepeKci3 (aHa Tl MaFbIHACHIHIA)

®pa3zeosoruzmaep | OpTak Tis TaOBICY — ©3apa TYCIHICY;

Tinin TicTen Kanmy — apThIK COUJICYICH MICTiHIN
Kany, T.0.

Maxkan-marenaep | Tin - akpuiablH eimeMi; Mu oWylaraHAbl Tid
TBHIHIBIPAJBL, T.0.

Kepxemaerimm Timi ynai anisr
KypaJjaap
OJ1eH xKoaaapbl ... JKapbIK KepMeil j)kaTcaH J1a y3aK, KeH TUIIM,

Taza, TepeH, oTKip, KYIITi, KeH TUIIM
Tapasran Typik O6anagapblH OaybIpbIHA,
AK KOJIBIHMEH TapTa alapChly CeH, Tilim!

(M.)KymabaeB)
®uiocodusicobl Tin — Genrini Gip YFBIMIIBI HEMECE 3aTThI, TYCIHIKTI OCNTIICHTIH XKoHE
JILIOBICTaYBI Oap OpTaK KaObUIIaHFaH TaHOAIAp JKYHec.
Ilcuxomnorusicel Tin-anam OUBIHBIH Ceisiey anmmapaTTapbl apKbUIbI JKapbIKKA IIBIFYHIL.

OiibIH, ce3iMiH, KaObUIAAYBIH T.0. aJaMHBIH KaJIbl TICUXOJIOTHSIIBIK
axXyaJIbIHBIH TiJI apKBUIBI KOpiHic Oepyi.

Teosorusicel Bypeiabipakra Timi 2-3 KachlHAA aHBIK IIBIKIAM, CO3IK KOpPHI a3
Oayanapra YJIKEH Kicijep KOWIbIH OHEIIIMEH KIIIKeHE TiIl IIBIKITai
JKYpPreH OayaHbl KbUIFBIHABIPY (PKall FaHa KoMl eHemriH Oanara 3usiH
TUT130ecTeil MOMHBIHA Opay) BIPBIMBIH jkacaraH ekeH. Conya 6ana te3
coilyien KeTeTeTiH OOJIFaH JIETeH bIPBIM Oap.

XKorapsiga OepuireH TarncbhlpMaHbl Oananapra KOCBIMIIA aKHApaTThIK MaTepuaniapabl
naiiananyra skeresiey apKbUIbl aThIIIBIM OPEKETIH YHBIMIACTBIPY/Ia ChIHU OiylayFa Oayiu ajambl3.
bananbiH OOWBIHAAFEI 13IEHYIILIIK, ICKEPIIIK AaFAbUIAPBIH J1a JAMbITYFa k01 amambl3. KoHnenTitik
Tajjaynap/abl aybl3ina He jkaz0alia aiTyaa 0ana eH ajaabIMeH AYHUENIK OUTiM KUHAKTalabI. ASIBIK
OuTiMiHIH epici keHeWenl. CblHM Oilay AaFabIChl (KPUTHYECKOE MBIIUIEHHUE) KajbllTacaabl. by
JieTeHiMi3, Oouarrakra 6ana KaHaai opraaa 00JIMAachIH KoOHe KaH 1al skariaiia 00JIMachIH, TOCBIHHAH
KeJlep CypakTap MEH akmnaparTapra HaHBIM/IbI JKayalr Oepe ajaThiH, KaThICKIMIA 63 OPECIHIH KOFaPhI
JICHIeHiH TaHbITA alaThlH TyJiFa OosybiHa Oactama Oepeni. OKYIIBIHBIH TYJIFa OOJIBIN KaJIbIITacy
YKOJIBIHJIA OMIpIIIK O11iM Oomnaabl. by Tancelpmanapas! opblHAayda Oaiara KOckIMIla O11iM K631 MEH
aKnmapaTThIK TEXHOJOTHsIapAsl (KepkeM onebuerTep, Makajajgap, FajamTop Kemici, T.0.)
naiaananyra MyMKiHiK 6epinei. COHBIH apKachlHa OKYIIIBI TOJIBII )KaTKAH aKmaparTap aFbIMbIHAH
©31He KaXKEeTTI MaFayMaTTap/ibl capanaid OTHIPHII, OJap/Abl CBIHU capanayra YHpeHesl.

«4K Mopeninae» Keyecl JaF/bl peTiHE IIbIFapMalllbUIbIKTEl (KpeaTUBHOCTH) Oana OoibIHAA
JAMBITY MOCEJIECIH alTHUTBIM SPEKETI TarChIpMallapbIMEH TBICHIKTAHTHIH O0JICAK, IIBIFAPMAIITBITBIK
opekerTe Oana OoibIHAa Oip >KaFbIHAaH iCKepiiri MeH KaOijeTrTepi jKeTiice, eKIHII >aFblHaH
MaTepUaIbIK PYXaHM Ke3Kapachl KaJbINTACHIN, aJaM3aT MOJCHHETIHE O31HIIK YJeC KOCybIHa
ceOenui 6oxanel. JKanmel Kai canaga 00JIMAchiH aTKAPBUIATHIH €HOEK IIBIFApPMAIIbUIBIKTBI KaXKeT
eTedl. AUTBUIBIM YAEPICIHIE OKYIIBLIAPIbI IIBIFAPMAIIBIIBIKKA OayTyIBIH CaH TYPII1 XKOJIBI MEH 9J1ici
O6ap neyre Oomanbl. ATam aiTcak: Oenrini Oip TakbIpbll aschiHAa OEHHEpPONUK jkacay, peJaiK
OMBIHJIAD, CyX0aT aiy, mikipranac, ouTankel T.0. Mbicansl: 10 ceiHBINTHIH «Ka3ak Tisi» OKYIBIFbIHIA
«OJeM JKaHAJIBIKTapbl: OHep koHe MoieHueT» aTThl 11 6eniMiHiH «OHIII Maiipa» aTThl 1 cabarbiHIa
aATBUTBIM  OpeKeTiHe OepinreH TarcblpMaHbl M.MyXaMenKbI3bIHBIH ~ OJIEM CaxXHaJlapbIHIa
OpBIHAATIFAH OHEP TYBIHbIIAPBIHA IOy XKacaTy MaKCaThIH/1a KeCTe YCHIHBUIFaH:
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IIprrapma aTaybl Cenin mikipig

Ocpl TarchlpMaHbl TYPICHIIPE OTHIPHIN MIBFAPMAIIBUIBIK OaFbITTa OCHHEPOIUK JaibIHIAYFa
TarnceipMa Oepe anambi3.[6,216] Okymbsl M.MyxamenKbI3bIHBIH HIBIFAPMAIIBUIBIFBl TYPAJIbl 13€HIC
YKYMBICTapbIH SPTYPJIi aKnapaT Ke3AepiHeH JKUHAKTal KeJle, TypJli aKnapaTThIK OaFaapiiaMmaliap/biH
(TikTok, Capcut, Canva, FastSave Video, Quik T.06.) keMeriMeH BHICO POJIMK JAWbIHIANUIBL.
TanceipMaHbl opbIHAaYya OaFBIT-0aFaap 00JIATHIH TajanTap MEH HYCKAYJIBIKTap Ti3iMi Oepiieni:

® OCHHEPOJUK Y3aKThIFbI 3-5 MUHYTTaH acIlalIbl;

® OKyIIbl OCHHEPOJIMK KaHPBIH 631 aHBIKTalIbl (cyXx0ar, penoprax, OCHHEKIINII, KaJapaFrsl
aKIapaTThIK CO3 COMICY, aHMMAIIUSIIBIK CIOKET kKOHE T,0,)

" poymkTe (OTO CypeTTep MEH CXema, KeCTeJepAi, 3epTTEIiNl OThIPFaH TYIFAapIblH 63
naybIChl MeH OeifHeCiH maiiananyra 0oaaabl;

" OelHEepOJUKTHl KYPACTBIPY XKoOHE TYCIpy Ke3iHAe apHaiibl Oarnapiamanapisl naiganany
OKYIIIBIHBIH 63 KaJIaybIHa;

® YCHIHBUIFAH YMBICTBIH Ma3MyHbI MEH MOTIHIHE OKYIIBI TiKeJed 31 KayamnTel, T.0.
cabaKThIH MaKcaThlHA Opail MyFalliM TalchipMa TallanTapblH TypieHAipin 6epyiHe 60Iaabl.

Oxymibl OelHepOINK Kacayaa OapbIHIIA NIBIFAPMAIIBUIBIKIICH KYMBIC HOTHIKECIH YCHIHYFa
ThIpbicanbl. 10 CHIHBIN OKYLIBIIAPHI YIIIH TYpJi Oarqapiamaiap KeMeriMeH OeHHepoIuK JailbiHaay
KUBIHIBIK TYFBI30AUTBIH 1iC. A, con OeHHEpOJMK apKpUIBI  aKmapTTap TapaTryga Oipa3
HIBIFAPMAIIBLIBIK 13/ICHIC dKYMBICTAPBIH JKYPri3eTiHI aHBIK.

AMTBLIBIM Y/iepiciHae KapbIM-KaThIHACTHIH (KOMMYHUKANMS) ATaTHIH MaHBI3BI SPEKIIIC.
Ce0e01, alTBUIBIM OpEKETI /e OChl KapbIM-KAaThlHAC HeETi3iHae XXy3ere acanabl. Ocbl MakcarTa
okyrbutapra «Keiic-craan» (Case-study)amici apKbUTbI TaricbipMaiap KeleHiH OpbIHAaTyFa 00J1a bl
Keiic-ctanu omici — kazipri OimiM Oepy TanmaOblHA cail OKYIIBUIAPIBIH aWTHUIBIM JIaFAbLIAPBIH
KaJIBINITaCThIpy/la JKOHE cabaKKa JereH KbI3bIFYIIBUIBIFBIH apThipyda TUIMII OoiMmak. ATairaH
TaINChIPMaHbl OPBIH/IATY 1A CHIHBINTHI YIII HEMECe TOPT TOMNKa Oeuin Oedariti Oip TaKbIPbIN asiChIHAA
OpTYPIIi TarChIpMaIap bl YChIHYFa O0IaIbI.

Macenen, 10 ceiabInThIH «Ka3ak Tini» oKynbiFbIHIA «Kas3ipri KoFam: aJIeyMeTTIK TeHCI3JIK.
Tinmik >kyile xoHe CTWUib» Jjaen atamatbiH VI OemimiHiH 2-cabarbiHma «Tinmik Oarmapray
Cezxacamaplk Tocimaep Oepinren.[6,800] Ocbl Timmik Oarmapabl MBICHIKTATy MaKcaTbIHAA
OKYIIBUIAP/IbI YIIT TOTIKA OOJIIIT:

1-tom: CHUHTETHKAIBIK TAC1LI

2-TOTT: AHATTUTHKAJIBIK TOCIIT

3-Tom: Jlekcruka-ceMaHTHUKAJIBIK TCLT

Op TOTKA aTajFaH TICUIIACPIIIH jKacalry >KOJIIapbl TypachlHIa aKmapaTTap KHHAKTAI, KOPKEM
IIBIFapManap/an ajJbIHFaH HaKThl MBICATIAPMEH JANIENAeyre TarchkipMa 6epe anambi3. TancepMaHbl
KaHaa ¢popMaTTa OpeIHAAYAB OKYIIBLIAp o3/epl memieai. O BUaeo HeMece claij] TYpiHe 00ys
MYMKIiH HeMece KecTe TypiHjae 00ybl Ja MyMKiH. BacThIChl aTanFaH 9J1ic OKYIIBUIAPABIH aWTHLUTBIM
JaFIbIIAPBIH KATBIITACTRIPY/Ia:

- TIOH apanbIK OalmaHpICTap/bl (Ka3akK 9/1e0NeTi, Tapux ) alKbIHIAYFa,

- KOMOACITBITBIKKA YMTBLUTYFA;

- KbICKA YaKBIT IITiHAE *KYieneHOereH, peTKe KeNTipiIMEereH aknaparThl Tajaan anTyra;

- CBIHM, KOHCTPYKTHBTIK, aHAJTUTHKAIBIK XKOHE KYWEIl TYPFhIIaH OMIaHyFa;

- Oanama (albTepHATUBTIK) MISIIMIep/i Oaranayra,

- ©3/Iep1 aTKapraH >KYMBICTHIH (TaJKbUIay, TaNaay, )k00a, T.0.) HOTMKEIIEePiH KapHsulam auTyra
(mpe3eHTaLUsIaY KOMETIMEH);
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- OenriieHreH YyakbIT IIIHJE aKMapaTThlH KETICHEYHIUIri (Hemece, KepiciHIe, OHBIH
KOJIEMIHIH THIM KeIl 0O0JybI) )KoHE IIeNTiM KaObU11ay KoHE OHBIH CallIapblH Oaraiay;

- KapbIM-KaThIHAC JIaFIbUIAPHI MeH Oipiiece(KoMaH1a KypaMbIHa) dKYMBIC JKacay MaIllbIKTapbIH
urepyre OarbITTailibl.

4K MopemiHIH COHFBI aCIIEKTICl — BIHTBIMAKTACTHIK (KOOPAMHAILINS) aPKBLIBI AU THUTBIM OPEKETIH
JAMBITY MoceleciHe KeJeTiH Oosicak, MyHJaa Oajla KOMaHJana >KYMBIC ICTeH OuTyre, YKbIMIBIK
HIenriMaepie 63 JKYMBICHIHBIH HOTIDKECIH KepceTyre, KOMaHIAJIBIK JKYMBICTa ©3 SMOLUSIAPBIH
Oackapyra JaribUlaHaabl. SIFHU, Oana y)XbIMJa ©31H ycTail ajlyra, e3 UAeAChbIMEH Oellice OTHIPHIII,
OHBI JONEN/IeH aiyra, ©3iHIH TapanblHa aWTBUIFAH YCBIHBICTApbl XarbIMIbl KaObUIHal amyra,
YKBbIMFa HEMece TOIKa OaclIbLIBIK jKacail anyra JaribpUiaHazbl. byl MakcaTka jkoFapbiia alThIIl
oTkeH 4K MojenmiHiH OapiblK acmeKTiCl MEH OHJA JKYPri3UIeTiH KYMBICTAP/AbI KIPIKTipe araMbl3.
belineponuk jxacay &1a, KeHC TalcbhlpMalapblH OPbIHAAY Ja, PeJaiK OWbIHIAp 1a, T.0. TOIIEH,
KYIINICH, MYFaJiM MEH OKYIIbl apachlHIa >KYPri3ijeTiH >KYMBICTApJbIH OapibIFbIHAA J1a OKYIIBI
KapbIM-KaTbIHACKA TYCE OTBIPBII, BIHTBIMAKTACTBIKTAa Oip MakcaT IEeH MyJJere >KyMbIC Kacayra,
13/ICHyTe J1aFIbLIaHaIbI.

Mpicanimen aoiiekTelTiH 6oncak, 10 coiHbInThIH «Ka3ak Tijgi» oKynbIFbIHbIH «Ce3 MoJIeHHEeTI
KOHE IIeeH TIK oHep» aTThl [X OemiMiHiH «Cyity ce3» aTThl 6-cabarbIH/Ia Al THUIBIM TAalIChIPMAaChIHA!
«bananbiH Oeciri — KeH AyHUEHIH eciri» TaKbIpblObIHAA MITiH OepinreH: «belOiT )kaTKaH aybUIIbI
JKOHFapJiap IIaybll, Ka3aKThIH MajblH aiijam, ericin tanrtam Keremi. JKay KOpJIBIFBIHAH TO3-TO3
OosiFaH e-KYpT TayJibl XKepre Kallblll, jKaH cayFanaijibl. BOCKbIH XalbIK apachlHAa eKikalaT jkac
KeJiHmek OecikTi apkamamn Oapa >kataabl. Kapa sxonna TenemeH y3eHIT KaFbICHIN Kelle KaTKaH ere
Kici:

- MpiHa OeifmapaHbIH KepIe-)KaCThIFBIH TacTar, 00c OECIKTI apKayial Keje XKaTKaHbIH-aH, -
TEWIl.

- banansiH Oeciri — KeH TyHHUCHIH €ciri, - AenTi coHaa akbuirei Terne ou.» [6,1270]

ATanFaH MOTIH TaKbIpbIOBIH OKYIIbLIApFa *00a »KYMBICHI TYpPIHAE YCHIHbIN, 4 OKYIIbLAAH
OIpIKTIpiN, OpKaWChIHA >KOCHapFa colkec TarceipManap Oepyre Oomanbl. JKoba »xocmapbiH op
MYFaJliM 3epTTey ©3eKTUIIrHe Kapail KypacTbipaasl. MaceseH:

1. Kipicrie

2. Heri3ri 6eniM

a) becikTiH naiinacel MeH TypIepi

) becikTiH >kacairybl MEH KYpPbUIBICHI

0) becikke Oeneyzeri XajablK TaHBIMBI MEH A9pirepiep KeHecl

3. KopbIThIH1bI

Ochl cekini HAaKTHl JKOCMAp HETI31HAE OKYIIbUIAp 13/IEHIC OaFbITTapblH AHBIKTANIBI JKOHE
AKOOaHBIH HOTHXECI MEH KOPBITBIHABUIAPHIH ka30allla jkoHe aybl3lla Coisiey TiNiHJe KONIILTIKKe
TaHbICThIpaabl. JKorapbiga aillTeil eTkeHIMI3neld 4K MopeniHiH OapiblK acmekTicl MeH OHJa
KYPTi3UIETIH AKYMBICTap/Ibl OChI BIHTBIMAKTACTHIK JAaFAbIChIHA KIPIKTIpE alaMbl3.

KopbITbIHABI. AWTBHUIBIM OpekeTi MeH OHbl MeHrepryzaeri «4K MopaenmiHiH» YThIMIbI
KOJITaHBICHI TypachIH/a Oip MaKalaHbIH ayKbIMbIHA CHIHIBIPBIN aiiTy MyYMKiH emec. «4K Mozenin»
KOJITAaHY/IaFbl MaKcaT — OKYIIBIHBIH aNTBUIBIM OPEKETiH JKOHE TaHBIMIBIK KaOlIeTTepiH JaMBITy.
AWTBUIBIM YJEpici KapbIM-KaThIHACKa TYCY MpOIeci O0IyMEH KaTap, alaMHBIH IICUXOJIOTUSIIBIK KYH1
MEH CHIPTKBI (DaKTOpIIapFa KapacThl ©31H/IIK KO3KapachIH COMIICY apKbUIbI JKaphIKKa IIbIFApYHI IeTeH
TYKBIPBIM KacaliMbI3. SIFHHU, TYJIFaHBIH Oif-epeci MEH SMOLUSIIBIK KOHUI-KYH1, TY>KbIPBIMbI i THUIBIM
yAepiciHe KepiHiC Taybln icke acaibl. JKoFapbl CHIHBIN OKYLIBIIAPBIH aUTHUIBIM YIEpICIHE AYPHIC
KaTBICTBIPYBI JKYHeNl dic-Tocliiepre HET13/eNIeH TarchlpMaliap apKbUIbl )KY3€re achlpa ajJambl3.
By xoFapbl HOTHDKEre KOJ KeTKizyre MyMKIHIIK Oepeni. Ockl MakcaTka >KeTyJe TarchblpMasap
kemeHiH 4K MoJeniHIH acheKTUIepiHe Heri3field OTBHIPBIN KypacThlpap O00JICaK, OKYIIbUIAPIbIH
OoifpiHa OyTiHTI OULTIM Oepy TEHICHUMSUIAPHIHBIH €H aKTyajabl JKETeNeyill AaFabuiap el
KapacThIpaThIH 1CKEPIIKTEPIiH )KUHAKTAN alaMbI3.
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Abstract. The article provides a deep political science analysis of the main provisions of the
Message of the Head of State K.K. Tokayev to the people of Kazakhstan “Economic course of a Just
Kazakhstan” dated September 1, 2023. In the Message, President Tokayev reviewed the current
situation in the country, outlined key areas of work for the medium term, covered all the “painful”
points of public life and set before the government clear vectors for the development of our society.
According to the president, the continuation of the political modernization carried out in 2022 should
now be structural economic transformations. Thus, the country faces a profound restructuring of
relations in the triad “citizen — business — state.” President Tokayev believes that Kazakhstan has a
chance for a powerful economic breakthrough. That is why it is necessary to gradually, but firmly
and decisively move to a new economic model, which is led not by abstract achievements, but by a
real improvement in the lives of citizens.

Three principles - fairness, inclusiveness and pragmatism — should determine the country's new
economic course. The new paradigm for the economic development of Kazakhstan will be based on
the effective use of our competitive advantages, as well as unlocking the potential of all key factors
of production - labor, capital, resources and technology. Within the framework of the new economic
policy, the practice of setting long-term ephemeral goals should be forgotten. All tasks set out in this
Message must be solved within three years; for the most difficult ones, other specific deadlines will
be determined. The authors of the article consider the 2023 Presidential Message to be a new political
agenda for Kazakh society, in which the basis for the emerging policy will be a focus on strengthening
the middle class.

Key words: welfare state, climate agenda, banking sector, civil service, personnel policy,
political modernization, intellectual platform, liberal democratic values.
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AHHoTanus. B cratbe maH ryOOKMH TOTUTONOTHYECKHH aHAIM3 OCHOBHBIX MOJIOKEHUMN
[Tocnanms rtmaBel rocymapctBa K.K. TokaeBa Hapony Kaszaxcrana «OKOHOMHYECKHH KypC
CnpasenanuBoro Kazaxcrana» ot 1 centsops 2023 roga. B [locnanuu npesuaent TokaeB ciaeman
0030p CJIOKMBIIIEWCS CHUTyalluM B CTpaHe, 00O3HAYMJI KJIIOYEBBIC HAmpaBieHUs pPabOThI Ha
CPEIHECPOYHBII MEPHUO, OXBATHII BCE «OOJIEBBIE» TOUKU OOIECTBEHHOW KU3HH M MTOCTABHII MEPEN
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MPABUTEILCTBOM YETKUE BEKTOPBI pa3BUTHs Hamero oOmiectBa. [lo Mbicou mpe3ujeHTa,
MPOJOJKEHUEM MOJIUTUYECKOW MOJIEpHU3ALINM, NTPOoBeIeHHON B 2022 Toy, Tenepb NOJKHBI CTATh
CTPYKTYpPHBIE DKOHOMHYECKHUE MpeoOpa3oBanus. Takum 00pazom, CTpaHe MPEJACTOUT TIyOWHHAs
MepecTpoiika OTHOIIEHUH B TPHUAJEC «TPaXIaHUH — Ou3Hec — rocynapctBo». Ilpesument Tokaer
cuuTaer, uro y Ka3zaxcrana ectb maHc JJisi MOIIHOTO 3KOHOMHYECKOTO phIBKA. MIMEHHO mo3TOMY
CJIeIyeT MOATAITHO, HO TBEPJIO M PEIIUTEIIBHO IEPEUTH Ha HOBYIO S KOHOMHUYECKYIO MOJIENb, BO TJIaBE
KOTOPO# CTOST HE a0CTPAKTHBIC TOCTHIKEHUS, 4 PEalIbHOE YIIYUIIICHUE KU3HH TPAKIAH.

Tpu npuHIUIIa — CNPaBEIITMBOCTh, MHKIIO3MBHOCTh M IMPArMaTHYHOCTh — JIOJDKHBI CTaTh
ONPEJIEAIONIMMA HOBOI'O 3KOHOMHUYECKOI0 Kypca cTpanbl. HoBasi mapaaurma 3KOHOMHUYECKOTO
pasButusi Kazaxcrana Oymer ocHoBaHa Ha 3()(EKTUBHOM HCIIOIH30BAHUU HAIIUX KOHKYPEHTHBIX
MIPEUMYIIECTB, & TAK)KE PACKPBITUH MOTEHI[UAIA BCEX KIIOYEBBIX (DaKTOPOB MIPOU3BOJICTBA — TPY/A,
KarnuTana, peCypcoB U TEXHOJIOTHIA. B paMkax HOBOM SKOHOMHUUYECKOW MOJUTHKHU CIEAYET M03a0bITh
MIPAKTUKY TIOCTAHOBKHU JIOJITOCPOUYHBIX d(eMepHbIX Ieneld. Bce 3amauun, M3NoKeHHBIE B JAHHOM
[Tocnanuu, TOHKHBI OBITH PEIICHBI 3a TPH I'0J1a, 10 HauOOoJIee CI0KHBIM OYIyT ONpPEAeIICHbI APYTHE
KOHKpeTHble CpOKH. ABTOpbl cTarbu cuuTatoT I[locmanue Ilpesunenta 2023 roma HOBOM
MTOJIMTHYECKOM TIOBECTKOM Ka3aXCTAaHCKOTO OOINecTBa, B KOTOPOM OCHOBOH (hopMHUpYyrOmIEHcs
MOJIMTHKY CTAHET CTaBKa Ha YKPEIJIEHUE CPEeIHEro Kiacca.

KiroueBble ci10Ba: rocyaapcTBO BCEOOIIEro OJaroCOCTOSHHS, KJIMMAaTHYeCKas TOBECTKA,
OAHKOBCKHUH CEKTOP, TOCYaPCTBCHHAS CITYk0a, KaapoBas MOJUTHKA, TOJIMTHICCKAs MOJACPHU3AIINS,
HMHTEJUICKTyalIbHasl muiatdopma, JIndepanbHO-1eMOKPATHUECKHUE IICHHOCTH.

HNPE3UJIEHT ) KOJIJAYDI 2023 KASAKCTAH PECITYBJIUKACBIHBIH, ’KAHA
CASICU KYH TOPTIBI PETIHJAE
'AkobaeBa A.H., punocod.r. x. (Ph.D.), kaysima.mpodeccop
2Ako0aeBa JI.H., punocod.r. k. (Ph.D.), kaysiMa.mpodeccop
1" AzamMaTThIK aBHAIIMS aKaIeMUsIChl" AK, Anmartsr k., KP.
2" TJOruCTHKA JKOHE KOJIIK aKaaeMusiCh” AK, Ammarsr K., KP.
“E-mail: akmaral-akbayeva@mail.ru

AngaTna. Makananga Memneker Oacmibickl K. K. TokaeBToiH 2023 xbutFbl 1 KbIpKYHEKTET1
"Onin KazakcTaHHBIH 3KOHOMHKANBIK OarbIThl" aTThl Kazakcran xankeiHa JKoJgaybIHBIH HET13ri
epexenepine TepeH cascaTTaHyIIbUIBIK Tangay OepinreH. JKonmayaa mpesuaeHT TokaeB emjeri
KaJIBIITACKAH JKaFJaiiFa 10y >Kacaabl, OpTa MEp3iMJIi KE3€HJIET1 )KYMBICTBIH HET13T1 OaFbITTapbIH
Oenrinesi, KOFaMABIK OMIp/iH O6apiblK "aybslp" HYKTelIepiH KaMTHIIBI KoHE YKIMET aljblHa Oi3/1H
KOFaM JIaMybIHbIH HAaKTbl BEKTOpJapblH Koiabl. [Ipe3unenTTiy oiibiHIIa, 2022 KbUIbl KYPri3iireH
CasiCl KAHFBIPYABIH J>KalFachl €HJIl KYPBUIBIMJIBIK JKOHOMHUKAJBIK ©3repicTep OOJybl THIC.
Ocsuraiima, emiMizae "azamar — OM3HeC — MeMJIeKeT" TpHaJachlHIa KapbIM-KaThIHACTAPIBI TEPEH
Kaiita Kypy kyTin Typ. [Ipesunent TokaeB KazakcTaHHBIH KyaTThl SKOHOMHKAIBIK CEPIILIIC )Kacayra
MYMKIiHAIT1 Oap aen ecenrteiini. COHIBIKTaH aOCTPAKTIII )KETICTIKTEpPTe eMec, azamaTTap/IbIH OMipiH
HAaKThI )KaKcapTyFa HEeT13/Ie/ITeH kaHa SKOHOMHKAIIBIK MOJIETIbI'e Ke3eH-Ke3eHIMeH, Oipak 0aThLyI JKoHE
0aTbUI KOy Kepek.

Y1 Karuaa — OMUISTTIIK, WHKIFO3UBTUTIK KOHE MparMaTu3M — eNJIiH >KaHa dKOHOMMKAIIBIK
OaFbpITBIH aHKBIHIAYIIIBI O0JTyFa THic. KazakcTaHHBIH 5KOHOMUKAJIBIK JAMYBIHBIH YKaHa MapaurMachl
013/11H O9CeKeNeCTIK apTHIKIIBUIBIKTAPBIMBI3IBI THIM/I aii1anaHyFa, COHAAN — aK OHIIPICTIH OAPIIBIK
Heri3ri ¢akropiapbl-eHOEK, KaluTaj, pecypcTap MEH TEeXHOJOTHSUIapAbIH oJICYEeTIH allyFa
Heri3zenetin 6omnanpl. KaHa SKOHOMHUKAIBIK casicaT asChIHJA y3aK Mep3imMil ageMepiiik Makcarrap
KO0 TaXKipuOeciH yMbIThIN KeTy kepek. Ockl JKonnayna OasHaanran OapiblK MIHIETTEpP YII JKbUT
1IIiHe eyl THIC, eH KypAesici 6oiibiHIIa 6acka /1a HaKThl Mep3iMaep ailKbIHIanaThiH O0Iabl.
Makaia aBropinaps! [Ipesunentrin 2023 xbuirsl JKomgayblH Ka3aKCTaHIBIK KOFAMHBIH jKaHa CasCH
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KYH TopTiOi Jen caHaiifpl, OHJIa KAJIBINTACKIN KaTKaH CasCaTThIH HETi31 OpTa TalThIH HBIFAIOBIHA
craBKa OoJiaJipl.

Tyiiin ce3gep: om-aykaT MeMJIEKETi, KIMMATTBIK KYH TopTiOi, OaHK CEKTOPBI, MEMJIEKETTIK
KBI3MET, KaJp cascaTbl, CasCH >KAHFBIPTY, 3UATKEPIIK IuIardopma, JHOSpasIbl-1eMOKPATHSIIBIK
KYHJIBUTBIKTAP.

Message from the Head of State Kassym-Jomart Tokayev to the people of Kazakhstan “The
Economic Course of a Just Kazakhstan”, which he presented on September 1, 2023, is in many ways
fateful. Against the backdrop of ongoing geopolitical and climatic cataclysms, the internal agenda
somehow found itself on the periphery. There was an accumulation of certain disappointments, fears,
and not entirely favorable expectations. The post-January social trauma was too strong and was not
fully rehabilitated.

The combination of various insinuations and incidents that make up our current reality has
greatly undermined social optimism and citizens' confidence in the future. The public environment
was constantly poisoned by various information flows. What was needed was a powerful political
agenda that could remove the elements of disorientation in society and mobilize it for constructive
action.

Given this public background, expectations from the Message were quite high. Not only
because the topic of political changes began to be discussed in public, but precisely because the
president, as he previously voiced, intended to propose a new economic model for the country’s
development.

In world practice, different approaches are used, but the dominant one is the development of
such a model, which is characterized as a Welfare State. The classic welfare systems are the
Scandinavian countries. Their characteristics are high government social expenditures and high taxes.
At the same time, energy resources are a strong support for the Scandinavian model of general
welfare, as for example, this can be observed in Norway.

Meanwhile, discussions on the Welfare State continue, given the eternal dilemma between
social welfare and market principles of self-sufficiency.

The basic methodological approach here is that individual effort is required to become part of
the welfare state. As we see it in the European Union or in the USA. The fight against poverty has
now becomes their main task. At the same time, it is solved both by tax and systemic measures. In
the USA, for example, amendments to tax legislation have been adopted regarding the adoption of a
three-year tax holiday for large families. In the United States, the main task is to overcome child
poverty. This complicates the tools for solving the problem, since it requires taking into account the
social and parental environment around the child.

The climate agenda is another very serious line along which the world is transforming. Against
the backdrop of well-known natural disasters and new temperature records, the number of climate
skeptics in the world has decreased significantly. Today, many countries are involved in solving green
economy issues, even those that are traditionally based on the consumption of fossil fuels. It is already
becoming obvious that humanity, with its rate of demographic growth and consumption, has no other
choice but to reduce carbon dioxide emissions by reducing the energy intensity of industry and
consumption.

But we can highlight two more points that can characterize successful countries that are able to
implement an economic model that would be sensitive to both the social aspect and the climate one.

This is a deep internal culture and the preservation of the democratic vector of development. Each
of these aspects has its own structures, elements that ultimately make a nation wealthy. Deep internal
culture is the ability of people to live together. These are responsibility, courtesy, complementarity
and many such characteristics that accompany a society where people harmonize with each other,
with the environment, with institutions, etc.
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Maintaining the democratic route is key if we say that success in implementing the economic
agenda depends on freedom of thought. Creativity, innovation - all this is the result of freedom. In a
“censored” society it is impossible to talk about freedom of thought and creativity.

The main essence of the evolution of capitalism in the West in the last 70-80 years is an increase
in its sensitivity to society and social demands. So-called modern capitalist societies are based on a
strong work ethic, dedication. At the same time, the main corporate players, financial institutions,
banks strive not so much to make a profit, which is generally natural for the market, but rather to
implement certain missions. Reputation and image are much more important to them in these contexts
than current profits.

Thus, the presidential message responds to such development challenges. The main turn
proposed in the message is the introduction of such changes and activities that would help transform
the Kazakh economic system in order to create a welfare state. His initiatives serve this purpose: the
National Fund for Children, the introduction of large companies with an attractive investment
portfolio to public IPOs.

The important thing is that the president raised a serious question with Kazakh banks. The
question is about their viability in terms of contributing to the development of society, and not
perceiving the population as a tool for creating profit. This clearly has presidential connotations,
which is further reinforced by his demand to attract foreign banks to increase corporate lending.

In our opinion, this can be said to be a fundamental challenge for the Kazakh banking sector.
Banks, in essence, represent the core of capitalism. This is where capital is accumulated. However,
modern banks in the West are somewhat different from those in Kazakhstan. First of all,
progressiveness, focus on customer needs and market development, expanding opportunities so that
the market expands and can consume more of the bank’s services.

It is impossible not to say what the president says regarding the state of personnel in the civil
service. This, obviously, is a clear signal that the head of state is not satisfied with the quality of
personnel and how this entire system of public administration works. In the post-pandemic period,
there has been a shift in the system of global competencies, in the labor market, in recruiting, and in
technology. The introduction of artificial intelligence technologies is currently underway. Naturally,
this affects the shift in the requirements for civil servants.

Now the Kazakh state apparatus is going through a phase of generational change, when the old
generation of professional civil servants is replaced by a new one. It’s like in big sports, there are
periods when teams, athletes, and dynasties change. And during this period, it is difficult to achieve
great results, but there is no other way out, since the team has already declared itself and is in the first
league. She needs to play to continue to keep up the bar. If you give up now, it will be difficult to
recover later.

Personnel policy needs modernization in many aspects. Not only in institutional and educational
terms, but also in political ones. It is no coincidence that the president said that a personnel reserve
would be created for political civil servants. This means that the level of attention to the political level
of civil servants is rising. If you look at the example of Western countries, political officials there are
really politicians. They are members of parliament and propose and defend policies in competitive
parliamentary debates. That is, the government and parliament must have an internal combustion
engine drive belt that drives these two levers. Politicians must have driven in the electoral struggle.
They must achieve victory in elections in a competitive struggle, using all their strength. Therefore,
it is important for them to keep their promises and retain the electorate so as not to lose in the next
elections.

In this regard, it is very important that the president says that the potential of Kazakhstani
political parties will be used for the purposes of personnel policy. And this is part of the great main
path that the head of state has built — this is the continuation of political reforms.

This is the uniqueness of our destiny and the political process that we are observing. Kazakhstan
is one of the few countries in the region that maintains a democratic vector of development. This is
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one of, perhaps, the most difficult tasks that have to be carried out in the context of new waves of
authoritarianism in the world, which Western experts point to. Even our closest neighbors are finding
it difficult to cope with this.

In these conditions, our country continues to move forward, carrying out important reforms on
decentralization, division of budgets between levels of government, and election.

The President demonstrates his intellectual platform, which is manifested in his desire to find
optimal balances. In domestic politics, the Head of State sees his task as rebalancing the political
system in order to reduce the concentration of political power. At the same time, the President retains
a sufficient amount of authority to maintain balance in the system during a critical period. However,
gradually everyone is accustomed to living in a more balanced, “split” political system. Levels of
government and officials must have both sufficient resources and responsibility to make decisions on
their own.

We live in new times, when the political poles of hierarchies are becoming more and more
flattened and many issues are resolved through horizontal connections, through networks. This
becomes a key management principle when networks, project teams, not officials, but leaders who
see their missions and are able to lead people are built within the framework of certain tasks.

An important shift that the Address demonstrates is a change in the president's political
positioning. With the new Address, the President outlined two strategic political lines.

First, he intends to significantly transform Kazakhstan by the time his constitutional powers
expire. He intends to build a new Kazakhstan as a whole, and therefore the main plans and programs
see the end date of 2029 or 2030. That is, the president intends to become a figure of a deep, real
political and economic transition, in which Kazakhstan is transformed into what we call a “Welfare
state.”

The second line that attracts attention is that the president outlined the task of consolidating
society at a new stage. Previously, such a task did not exist, since the authorities were engaged in
dismantling a system based on the cult of personality. There were trials and criminal cases on many
issues from the past. It has been a difficult period and issues related to the return of capital indicate
that it is likely not yet fully completed.

The main thing is that the president defined a new approach for himself, adjusted the mission
to begin to unite society, introduce elements of constructivism and optimism in conditions when the
outside world today is full of uncertainty. However, the basis of this emerging policy of the president
is the emphasis on strengthening the middle class. This is evidenced by almost all the promises of the
presidential address, including the modernization of the public procurement system, support for
medium-sized businesses, expansion of corporate lending, and development of agricultural farms.
Everything we say about the backbone of the Kazakh economy — industry, electricity, agricultural
production, science, innovation — all this is a powerful component of the middle class. The message
about the development of creative industries is a powerful signal to revitalize the middle class, which
in world literature is often called the creative class. It is the middle class that creates added value. The
new economic model is designed to ensure that more national income, more funding, is distributed to
the middle class.

In past years, it was precisely this segment of the social structure that somehow fell out of sight
of the state, since it had to work in conditions of constant emergency. It was necessary to save lives
during a pandemic, evacuate people from conflict zones, balance our foreign policy vectors, align
energy policy, overcome the consequences of accidents, conflicts, and much more. The middle class
found itself on the margins and, in a sense, disoriented.

There has been a revaluation of values. As experts note, in post-Soviet authoritarian countries,
the middle classes were exposed to some conservative ideology. In a sense, they came to terms with
the authoritarian creed of their countries and even began to find some advantages for themselves in
this. However, after well-known events, after the constitutional reform, the election cycle, which
resulted in a reset of power in the country, the state of the Kazakh middle class changed. He reoriented
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himself to liberal democratic values. And this seems to be one of the results of the fact that Kazakhstan
continues its democratic vector of development.

As researchers have already proven, there is a clear correlation between a country’s political
course and sensitivity to the climate agenda. Democratic countries tend to be more attentive to climate
issues and the green agenda. This is because democracy is not necessarily the creation of an ideal or
perfect world. It is about creating opportunities for everyone to create the world they would like to
see. Building a welfare state is about freedom of choice.

And we see how the president raises questions that are aimed at strengthening competition in
the country - economic, political, electoral. Of course, healthy competition. The basis of political
competition is the development of a strong middle class, and, therefore, small and medium-sized
businesses. This will put control and regulate the activities of monopolists so that the government's
tariff policy does not look like a desire to profit from people.

The President strongly implements the criteria for a fair and responsible society. You can read
the message and not understand the whole meaning in its passages, but the keys to the entire speech
are given at the end, when the president spoke about the concept of “Adal Azamat”.

A major step in the message is that the category of quality of life is placed at the center of public
policy. At the same time, it is very significant that the president spoke for the first time about people-
oriented public administration. This absolutely changes the understanding of what the state is doing
now and how relations between government agencies and public groups should be changed.

The meaning of the president's message can be understood in the complex of its entire content.
The President intends and expects to raise the intellectual level of public policy and the quality of
governance by putting forward such deep and meaningful concepts.

Fundamentally, the message is based on a deep belief in the viability of Kazakhstan, our people
and that we will be able to go through crises stronger and take an even stronger place in the new
geopolitical, geo-economic and transport and logistics balances that are now being formed.
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A3aMaTTBIK aBHAIMS aKaJleMHsICHIHBIH JKapIbichD) KYPHAJIBIHBIH
aBTOpJIapbiHa apHajiraH Epexenep

Makxananaposl oaiisinoazan Ke3zoe peoaKuus iHcapusianvimea Oepemin mamepuanoapost pacimoeyoe
memenOe KeamipinzeH epejiceiep MeH maianmaposl 6acuibliblKKaA anyobl CYpamosl.

1. XapusutaHbIM VIIH YCHIHBUIATBIH MakKajajaap jkaHa, OyphlH Oacka Oacma >KOHE 3JICKTPOHJBIK
OaceUIBIMIApHIHAA KapusulaHOaraH 6oty Kepek. MakajJaHbIH Ma3MYHBI TEMAaTHKAIBIK OaFbIT JKOHE JKypHAJIIbIH
FBUIBIMU JEHTeHiHe, alfKbpIHIAIFaH KaHAIBIK TAHBITYIIB! OOJBIN, aBHALUS CAJacChIHBIH FBUIBIMH KBI3METKEpIIepi,
OKBITYIIBLIAPHl MEH MaMaHIapBIHBIH MyHelepiHe coiikec 0oy Kepek. Makamamap Kaszak, OpBIC, arbUIIIBIH
TiJAEpiHAe KapysIaHaIbL.

2. MakanaHbIH KeJieMi: JOKTOpap MeH FhUIbIM KaHmunattapbl, Phd nokropnapsr yirin — A-4 xenemperi 10
OerreH (5 MBIH CO3); JOKTOpPAHTTAp, MarkucTpaHTTap yIIiH — A-4 xenemzeri 7 6eTTeH (3 MbIH CO3); OKBITYILIbLIAD,
FaJIbIMJIap MEH NPaKTUKTep YIIiH A4 kenemzeri 7 6eTke AeiiH, jxac FalbIMAap MEH CTyJEHTTep YIIiH A4 KeneMaeri
7 6etke aeiin 6omysl kepek. Matepuan Oip nHTepBai apajibikra 14 emmemain WORD MoTiH penakTopbiMeH, Times
New Roman kapiOiH KOJIaHbII, TepiireH 60y kepek. Kecrenep, tuarpammarnap, CypeTTep *oHe e3re rpaduKkanbk
MaTepuainap ak-kapa Hyckaga WORD (2003 xpurFbl HycKagaH ecki OomMaybl Kepek) MOTIHIIK peaakTOp/AbIH
KypalgapbiMeH OpBIHIAFAaH, HeMece BEKTOPJIBIK ka3y-cb3ydblH (Adobe Illustrator, Corel Draw)
OarmapiaManapblHa JKOHE MIHACTTI TYple SJCKTPOHMABIK pPEAaKIUsuIay MYMKIHAIr Oonmy kepek. I'padukaibik
MaTepHaIIapblH JKOHE KeCcTeNlep/iH MOTIHHIH IIIHAE CUITeMeNepi, PeTTiK CaHbl JKOHE araybl 0ONy Kepek. Op
KECTEHIH acThIHAa MIHICTTI TypJe Jepekkesre ciareme xacanansl. Gopmynanap Mach Type GarmapiamachiHIa
Hemece MC Office kochIMITIaChIHA TEpiiei )koHe MaKalia OOWBI Oip CTHIIBIII YCTAHAIBI.

3. Maxkananbly OachlHAa >Korapbima cod xkakra OO0XK kikTerim WHACKCI, O00BEKTIHIH CaHABIK
unentudukaropsl (arpumr. digital object identifier, kpick. DOI), xepcetineni. bynan opi 6eTTiH opTaceiHAa Oac
opinTepMeH (kelboeyMeH) - HHUIHanAap (aTbl, OKECiHIH aThl HEMece ©31HIH, oKeCiHiH, (paMUIHICHIHBIH OipiHII
opinTepi) kKoHE aBTOPIAPAbIH (aMUIUSIIAPhI, JIaya3bIMbl, TOPEKEC], COJlaH KEHiH OpTachlHAA Killll opinTepMeH -
JKYMBIC OpBIHIAIFaH YHBIMHBIH (YHBIMIAPIBIH) aTaybl, JKOHE Kalachl, TOMEHJE A9 Coyiaii oprachiHma 0Oac
opinTepMeH (Kapaiay KapilieH) — MaKajJaHbIH aTaybl.

4. Anpatma >KYMBICTHIH MaKCaTHIH, 9/1iC1 HeMeCe )KYMBICTHI Kacay METOIOJOTHSICHIH, KhICKA HOTIDKENEP],
HOTI>KEJIepAl KOJaHy asiChlH, KOPBITBIHABUIAPHIH aliKbIHAAY KepeK. AHAATIIaHbIH KeseMi 1/3 6eTTeH keM O0oaMaysl
KepeK. AHJaTnaiap MiHICTTI TypJe Ka3ak, OpbIC )KOHE aFbUIIIBIH TUIIEpAe OOIyhl THiC. AHIATHaIaH KeWiH KiIT
ce3Jiep aHaTIa TUTIHIE Killli 9piNTepMEeH, YTip apKbUIbI 5 cO3/IeH KeM 00JIMaybl Kepek.

5. Maxkana MoTiHIHIH Tapayigapsl MiHAETTI Typae cra"gaprrainrad "Kipicme", "Herisri 6esim",
"KopweIThiHABIIAp XoHE YCHIHBICTAP" araylapblH KOJJAaHY apKbUIbl KYPBUIBIMIATYBI Kepek. Kaxker Oonran
JKaFmaiia TapayaslH KOCBIMINA apHAYJIbl aTaylapbl KOChUTA B

6. MaxkananpiH coHpiHIa «llaiiananbuFan JepeKke3nepaid Tizimi» kenripiieai (5 kem emec). Martinzeri
ciremMernep - MapIibl JKaKImaaapbiaaa. Jlepexkkesaep MoTiH e IolieKco3 amy TopTiOiHae kepcerineni. MaTiHae oneOueTTiH
Ti30eciHeH OapIIbIK JepeKkesaepre cuitemenep 0oyl kepek. [afinananpuran aepekkesep Tizdeci "brdmmorpadusuibik
xaz0a" MEMCT 7.1-2003 coiikec pacimzeneni.

7. Makainara xeke Qaiiiiga aBTopiap Typajbl: CypeT jKoHe aKnapiap, MakaJlaHbIH aTaybl, (JaMHUITUSACH, aThl
JKOHE OKECiHIH aThl (Ka3aK, OpBIC, aFbUIIIBIH TITAEpe), FEUIBIMU IOPEKeCi JKOHE aTarbl, )KYMBIC OPHBIHBIH —
YHBIMHBIH MEKCH)KABI TOJIBIK aTaybl, (HHICKCI Koca OepiireH), Jlaya3bIMbl, KOHTAKTUII TeJIC(QOHBI, SJCKTPOHIBIK
MOIITaHBIH MeKeHXalbl Koca Oepinemi. Kepcerinren tamanrtapra cail KelIMEHTIH Koikazdanap, pelakiusMeH
KapacThIpbUIMaiIbI J)KoHE KalTapelIMai sl Makaiia KaObuTIaHOaFaH KaFaaia, peaakins KanbIpyIblH cedenTepi
OOMBIHIIIA MIKIpTAIACTAPABI KYPriz0ey KYKbIFbIH ©31H/IC CAKTaHIbI.

8. KepcerinreH tananrtapra colikec KEIIMEHTIH KOJKa30anapabl pelakiius KapaMmanipl ®oHe KaTapManbl.
Erep makana kaObugantaca, pegakuus 6ac TapTy cedentepi OOMBIHINA MiKipTalac KYpriz0ey KYKbIFBIH CaKTaH/Ib.

9. KaOwuimanran Makajanap aHTHIDIATHATTHIK capanTaydaH, FEUIBIME KOHE 9IcOH peJaKkIHsuIayJaH OTe/Il.
PenaknusutanraH Makaiia aBTOpFa JKOHJEYre JKoHe OypblmTama Korora kibepisemi. YKas3pim OiTipreH MakaiaHbI
penaknmsFa xKidepy Kepek.

10. Makanainap BIEKTPOH/IBI sKOHE Oacma HYCKaJjapbIHaa - IIOITAJIBIK KIOepiTiM,
MbiHa e-mail-mepre: almamakeeva@mail.ru Hemece MbIHA MEKeHXKaiira: AmMmaTel K., 3akapmartckas - 44 yif,
AsamatTheIK aBHaIns akageMuscel, 202 ka0.

11.MakanaHbIH Ma3MYHBIHA aBTOD JKayarlThl.
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IIpaBuna nis aBTOpoB
JKypHaia «BecTHHK AkaJeMHH rpakIaHCKON aBHaALN»

IlIpu noozomoeke cmameil peoakyus npocum pyKO60OCME06AMbCA NPUBEOEHHbIMU HUJICE
npasunamu u mMpeodoCAHUAMU K OQOPMIEHUI0 MAMEPUAN08, NPEOCMABNACMbIX 0714 HYOIUKAUUU 6
JHcypuane:

1. Ilpennaraemele i MyOJUKALMK CTaThU NOJDKHBI OBITH HOBBIMH, HE OITyOJIMKOBAaHHBIMU PaHEe B
TOM K€ BHJIE B IPYTUX [IEUYATHBIX U 3JIEKTPOHHBIX m3naHuAx. CopepikaHue CTaThi TOJHKHO COOTBETCTBOBATH
TEMaTUYEeCKUM HAIIPAaBICHUSAM M HAy4YHOMY YPOBHIO >KypHaja, oOJafaTh ONpEAEJICHHOW HOBU3HOW U
MPEICTABIIITh MHTEPEC Al HayyHbIX PaOOTHHUKOB, IpeojaBaTelieil, CHeNHANIUCTOB B 00JIacCTH aBUALMU.
Crarbu MyONMHMKYIOTCS Ha Ka3aXCKOM, PYCCKOM, aHTJTTMHCKOM SI3bIKaX.

2. Pasmep craThy He JOJDKEH MPEBBIIIATH: I TOKTOPOB U KaHIUIATOB HayKH, 1okTopoB Phd mo 10 ctp.
(opmara A4; TOKTOPaHTOB, MATUCTPAHTOB 110 7 cTp. (popmaTa A4.; mpernogaBareneil, y4eHbIX U MPAKTUKOB 10
7 ctp. hopmaTa A4; MOIOABIX YUEHBIX U CTYACHTOB A0 7 cTp. hopmara A4. Marepuan gomkeH ObITh HaOpaH B
tekctoBoM penakrope WORD ¢ ucnons3zoBanuem mmpudta Times New Roman, 14 pasmepa uepe3 onuH
uHTepBasl. CxeMsl, rpadMKH, AMarpaMMbl, PUCYHKH U WHbIE rpauyecKue MaTepuasbl MOTYT OBITh BHIIIOJTHEHbI
B YEpHO-0ENIOM BaphaHTe cpencTBaMu TeKcToBoro pemaktopa WORD (me crapme Bepcum 2003), winm B
nporpammax BektopHoit rpaduku (Adobe Illustrator, Corel Draw) u 00si3aTenbHO JOMyCKaTh JICKTPOHHOE
penaktupoBanue. ['padudeckue Marepualibl U TaOJHIIBI TOJKHBI COACPIKATh CChUIKH B TEKCTE, MOPSIKOBBIH
HOMep W Ha3BaHme. llom Kakmoil TaOmureld 00sS3aTeNMHbHO IOMEIACTCS CCHUIKA Ha HMCTOYHHUK. DOPMYITBI
Habuparorcs B mporpamme Mach Type wiu B mpunokennn MC Office u npuep)xuBaroTCss OJHOTO CTHIIS Ha
MPOTSDKEHMSI BCEH CTATBU.

3. B Hauane craTeu BBEpXYy ciieBa cienyer ykazarb unaekc Y K, mudposoit uneatudukarop oobexTa
(amrmn. digital object identifier, cokp. DOI). [lanee o cepennHe cTpaHUIBI TPONUCHBIMEI OYKBaMH (KYPCHBOM)
— MHUIIUAJIbl U q)aMI/IHI/II/I aBTOPOB, NIOJIDKHOCTb, CTCIICHb, 3aTCM I10 CEPECANHE CTPOUYHBIMU 6yKBaMI/I — Ha3BaHHC
opranmzanuu(uii), B KOTOPOW BHIITOJIHEHA pad0Ta W TOPOJ, HIKE TaKXKe MocepelnHe 3arjJaBHBIMU OyKBaMHU
(moy)upHBIM IPUGTOM) — HA3BAaHUE CTATHH.

4. AHHOTalMs JO/DKHA OTpPaXaTh IeJib pabOThI, METOJA WM METOJOJIOTHIO IMPOBEACHHS PabOTHI,
KpaTKU€ pPE3YJbTaThl, OGJIaCTB IMPUMCHCHUA PE3YJIbTATOB, BbIBOIBI. Pa3Mep AHHOTAllUU OJOJIXKECH 6BITL HE
MeHee 1/3 ctp. HezaBucuMo OT s3bIKa CTaThy 00s13aTEIbHBI aHHOTALIMH HA Ka3aXCKOM, PyCCKOM M aHTJIMHCKOM
si3bIkax. [lociie aHHOTaIK JODKHEI OBITH YKa3aHbl KIIFOUEBBIE CIIOBA Ha SI3BIKE aHHOTAIIMU, HE MEHEe 5 CIIOB,
CTPOYHBIMH OYKBaMH, Yepe3 3aIsiTyIo.

5. Tekcrt cTatbu AOKEH OBITH CTPYKTYPHPOBaH C NPUMEHEHHEM CTaHIAPTHHIX Ha3BaHUH pa3zieiioB
«BBenenne», «OcHoBHas uacTb», «BpBoabl u Ilpemnoxkenue». Ilpn HEOOXOTUMOCTH IOMYCKAIOTCS
JIOTIOJTHUTEIILHBIE CTICIIaIbHbIC HA3BAHHSI PA3JIeNOB.

6. B xonne crateu npuBoautcst «CIIMCOK MCIOJIB30BaHHBIX MCTOYHUKOBY» (He MeHee S5). CChUIKM B
TEKCTe — B KBaJPaTHBIX CKOOKax. MCTOYHMKM yKa3bIBAaIOTCS B MOPsAKE LUTHpOBaHUS B Tekcre. Ha Bce
HUCTOYHHKHU M3 CIIMCKA JIUTCPATYPHI JOJI’KHBI OBITH CCBIIKH B TeKcTe. CIIMCOK MCHOIB30BAaHHLIX UCTOYHHUKOB
oopmisitorest B cootBercTBHM ¢ ['OCT 7.1-2003 «bubnunorpadudeckas 3anvch.

7. B otnenbHOM (aiiie K ctaTbe npuiiaratorcs ¢pororpaduu 1 CBeIeHU 00 aBTOpax: Ha3BaHUE CTaTbH,
(bamuHst, IMs 1 OTYECTBO (Ha Ka3aXCKOM, PyCCKOM, aHIJIMIICKOM SI3bIKax), y4€Has CTEIeHb U 3BaHKE, IOJHOE
Ha3BaHKE W aJIpec OpraHu3alii — MecTa padoThl (BKIIOYAsi MHACKC), 3aHUMaeMas JIOJKHOCTh, KOHTaKTHBIN
TenedoH, axpec 3JIEKTPOHHOH MOYTHI.

8. Pykonmcu, He COOTBETCTBYIOIINE YKa3aHHBIM TPeOOBaHUIM, PEAaKIIMEH HE paCCMAaTPUBAIOTCS U HE
BO3BpamiatTcs. Ecu craTths OTKIOHEHA, pellakiisl CoXpaHseT 3a co0oi MpaBO HE BECTU JHMCKYCCHIO TIO
MOTHUBAM OTKJIOHCHUSI.

9.IlpunsTBHIC CTaThH MPOXOIST AHTHIUIATUAT, PELECH3UPOBAHUE, HAYYHOE JIMTEPATypHOE PEeNaKTHPOBAHHE.
OrtpenakTrpoBaHHas CTaThs OTIPABISIETCS aBTOPY Ha J0paOOTKyY U BU3UpoBaHue. JlopaboTaHHAs PYKOIUCH JIOJDKHA
OBITH TIpeICTaBIIEHA B PEIAKIIMIO.

10. CraTbu IpUHUMAIOTCS B JIEKTPOHHOM M NIEYAaTHOM BapUaHTaX — MOYTOBBIM OTIPABICHUEM, HA €-
mail: almamakeeva@mail.ru wim no aapecy: r. Aamatel, yi. 3akapnarckas - 44, AkageMus rpakJIaHCKOH
aBmarmu, ka6.202.

11. OTBeTCTBEHHOCTH 3a COAEPIKaHUE CTATHU HECYT aBTOPBHI.
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Requirements for article’s writing to be published in the journal:

1. The article which is proposed for publication must be new, previously not published in the
same form in other print and electronic publications. The content of the article should correspond to
thematic areas and scientific level of the journal, have a certain novelty and be of interest to
researchers, teachers, experts in the field of aviation. Articles are published in Kazakh, Russian and
English languages.

2. The amount of the paper should not exceed: for doctors and candidates of science, Phd
doctors up to 10 pp. format A 4, for doctoral students, undergraduates up to 7 pp, format A4, for
teachers, scientists, and practice up to 7 pp. The material should be typed in text editor WORD with
the Times New Roman font, size 14, single-spaced. Schemes, graphs, diagrams, drawings and other
graphic materials can be made in black and white by means of a text editor WORD (not older than
2003 version) or vector graphics programs (Adobe Illustrator, Corel Draw) and be sure to allow
electronic editing. Graphics and tables should contain references in the text, serial number and the
names. Each table is required a link to the data source. Formulas are typed in the program Mach Type
or application MC Office and adhere to one style throughout the paper.

3. There should be indicated UDC (Universal Decimal Classification), Digital object identifier
(abbreviated DOI), at the beginning of the left top corner. Initials and names of the authors in capital
letters are in the middle of the page, in the middle of lowercase letters there are title, degree and the
name of the organization (s) and city the work is done, the name of the article with capital letters
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Ministry of Investment and Development of the Republic of Kazakhstan
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Approved Training Organization
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No. ATO 02-15

Republic of Kazakhstan. 050039, Almaty city. Turksib district.
44 Zakarpatskava street

Issued on April 23, 2015

It is hereby certified that the approved training organization “T'raining
center Part-FCL"” LLP is in compliance with the requirements laid down by
the Republic of Kazakhstan, standards and recommended practices of ICAO
concerning the range of activities of an approved training organization,
specified in the Annex to the present Certificate.

The Certificate was issued in accordance with the Act of the
certification examination dated by March 17, 2015 and the Control act of the

certification examination approved training organization “Iraining center

Part-FCL” L.LP dated by April 18, 2015 the Civil Aviation Committee of the
Ministry of Investment and Development of the Republic of Kazakhstan.

The inspection supervision is carried out by the Civil Aviation
Committee of the Ministry of Investment and Development ol the Republic

Head of the personnel licensing
department  of the Civil
Aviation Committee
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Komurer rpazianekoii aBuannn
MuIHCTEPCTBA N0 HNBCCTHURAM I pa3sBiuTHio Pecnybaunkn Kasaxcrana

Ceprugurar

aBHAUHONNOIo yuebnoro nenrpa
Ne AV 02-15

Pecnybauxa Kaszaxceman, 050039, o Arviamer, Typicubekut paiio,
va. 3akapnamcekan 44.

Boiaan: «23» anpens 2015 roaa

Hacrosiumit Cepriudukar yaoctosepsier, 4To ABHauHonibii yueOnbii
ueHtp TOO «Training center Part-FCL» coOTBCTCTBYIOT TpeOOBaHHIM,
ycTtaHoseHHbIMH PecnyGaunkoi Kasaxcran, cranaapramM U pekomenlyemoi

NpaKTUKOM

HMIKAO orHocurensHO 00s1acTH

JCHCTBHH  aBHALMOHHOIO

y'-[eﬁHOFO LUEHTpa, YKaszaHHbIX B NPHUAO0KEHHH K HACTOSAILCMY (‘.ep‘rm|m|:a'r)-'.
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aKTa
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cep'rmbu KalHOHHOIO

2015 aKTa  KOHTPOJILHOI'O

cepTH(HUKaUMOHHOTO oOcaen0Balnsg ABHaLroHIIoro yuednoro uenrpa TOO

«Training center Part-FCL»
FpaXAaHCKON  aBHaUHH

PecnyGnuin Kazaxcran,

or ¥
Munucrepersa 1o

Komurera
PA3BHITHIO

anpesas 2015 roaa
MHBCCTHIIMAM H

HMucnekuMoHHbIH KOHTpOL ocyllectaseT: KOMHUTET rpakiatcKon

aBuHalHy  MuHHCTEpCTBA MO
Kazaxcran.

Ny

f . 3 e, ’

HHBCCTHIIHAM  H

passiTiio  Peenvoiikn

Pykosoaurenn Ynpasiacuun no
OpPranu3anuy  BLUIAYH  CBILICTCALCTE
ABHANHONHNOTO HEPCOHAA I MCIHILHIE
Komurrera rpasiancroii apnann
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