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2000 kblnaapablH COHbIH/A eHri3inreH 4G xeniiepi 3G »kesinepiHe KaparaH/a >KbL1ZaMbIpaK
JKeJi >KbUIJaM/IbIFbIH JKoHe JlepeKTep ChIMbIM/bUIBIFBIH KamTaMmach3 etesii. by xeninep LTE (Long
Term Evolution, y3aK Mep3imMzi 3BoJitOLMsI) TeXHOMOTUsICbIH ManganaHaabl. LTE >kakcapTbuiraH
PaTMOKAMTY/IbI, JKbI/IIaM JKYKTeY KoHe >KYKTeY >KbUIIAM/BIFbIH, MOOMIIB/I, JKeKe KoHe >KepriTiKTi
KeJtiziep yiniH a3 Kifipicti kamtamacski3 etefii. UE (User Equipment, naiifananyiibl KYPbUIFbLIAPhI)
OH/IAH OMBIH/AP, aFbIHABIK OeliHesep >koHe OY/ITTBI ecemnTeysiep CHUSKTbl HEFYpJbIM KypZeri
KoChIMITIanaphl fa 4G »KestisiepiHiH apKackiHga MyMKiH 60/7b1. 5G xertici — 2020 >xbutbl 10 T'out/c
JKbUIITaM/IbIKKA »KoHe 1 MC Kifiipicke >KeTKeH ysi/ibl TeXHOJIOTHUSIHBIH, €H COHFbl UTepalusiChl. by
MaKa/laHbIH MaKcaTbl: aboHeHTTepre OapbIHINIA Camaibl KbI3MeT KOPCeTYZi KaMTaMachi3 eTy YIIiH
OHTaM/TbI YKabJBIKTHI >kaHe 0a3asblK CTaHLMSIAPAbIH, OPHAIACybIH TaHJAy/bl KOCA a/FaHZA, YSJIbI
OaiiylaHbIC MHGPAKYPBUTBIMBIH OHTaHIaH/IBIPY.

Ocobl ke3eHJe KoaaaHbicTarbl 4G xoHe 5G MHGPAKYPBUIBIMBIH erKel-Ter>keii Tanjay,
KUBIH/IBIKTAp/Ibl aHbIKTay, 0a3a/blK CTaHIUS/IapPAbl OPHA/IACTHIPY/Ibl OHTANHIAHBIPY YKIHE JKeJTiHiH
Y3/iKCi3 )KYMBICBIH KaMTaMachI3 eTy ’kaHe aboHeHTTepiH KeberoiHe caraibl KbI3MeT KOpPCeTy YIIIiH
eH, TUiMZIi >KaO/IbIKTBI TaHJJAy 6Te MaHbI3bl. By MiHJET KOTl KbIPJ/Ibl )KoHe KenTereH (akTop/iapzbl
ecKepy/i Tasar eTefi: TreorpadusiIbIK >KaF[aiaap, XalbIKThbIH ThIFbI3/[bIFbI, CUTHA/ CcaracbliHa
KOWBbIJIaThIH ~TaJjlanTap, >KaOABIKTBIH, SHEPrys THIMALIIr >koHe >KOOAHBIH SKOHOMHKABIK
OPBIH/IbUILIFBL. ¥$17Tbl OAl/IAHbIC Y3aK KallIbIKTHIKTAFbl ChIMChI3 Oaii/laHbICThl KAMTaMachI3 €Ty YIIiH
0a3anblK CTaHLUSIAP/ABIH, YsIbl MyHapaiap/blH, KOMMYTAL[USUIbIK, OPTa/bIKTap/blH, KoHe KUiIiK
[lvarna3oH/lapbIHbIH KYpP/eJii )KesiciHe CyheHe/i.

¥ s1b1 OaiiIaHbIC XKeJTi/IepiH/e KbI3MeTTep/IiH CeHiM/Ii )KoHe JI9MeKTi )KeTKi31/TyiH KaMTaMachl3
ety yimiH QoS (quality of service, KbI3mMeT KepceTy carmachl) TajanTapbl Kejeci KpUTepuiiepi
KaMTYbl MYMKiH: KiJlipic, 6TKi3y Ka0ineTTisiri, ceHiM/imiK ykoHe 6acka eHimMiTiK KepceTkimTepi [1].

¥sanel MoOWibZAi  GalinmaHBICTBIH, — acriekTisiepiH TyciHy Oonainak, 0OaiiiaHbIC — TajanTapbiH
KaHaraTTaH/bIPY KoHe e3repmMesti QoS TananTapbiH KaHaraTTaHABIPY YILIIH 6Te MaHbI3bl. MbIcabl,
4G >keninepinzeri keneprisiepzi (bereyingepai) 6ackapy YChIHBIIATBIH KbI3METTEP/iH, CEHiMZLTITi
MeH OHIM/iMriH KaMTaMachkl3 eTy[eri MaHbI3[ibl Macesie Oonbin Tabbutagel. Kegeprinepzi
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OackapybiH, THIM/II 9/1iCTepi, COHBIH, iLTliH/e JYPBIC KULTIK-ayMaKThIK YKOCTap/iay, 9pTYPJii ChIPTKBI
Keneprinep — 4G estisiepi onapra Tayesfi. KenrereH KypbUIFbliap MeH KoJijaHOamapasl KOy /bl
JKasIFacThIpa anysl yiniH QoS-Ka Keringik OepeTiH mienriMaep YChIHBUTYbI KepekK. ¥siibl MOOUbi
OalifaHbIC >KeJTiCiHiH, KbI3MET carachlH aHBIKTAWUTBIH TapaMeTpJep/iH, illliHe CHrHaa JeHrewi,
uHTepdepeHIUs CUTaTTaManapbl, KOHbIpay IIamy/blH CITTTIK MaibI3bl, OUTTIK KaTeTiKTep CaHbI,
JepekTepi Oepy >KbLIIaM/BIFBI KoHe T.0. mapamMmeTp/iep TypakThI [ilaMasap emec. Osap aya-paiibiHa,
TIYJIIK yaKbITbIHA, >KeJTiHiH aFbIMJaFbl JKYKTeMeciHe >koHe T.0. OaityiaHbICTHI ©3repefii. COHABIKTaH,
€H YJ/IKeH ayMaKTa KepCeTiJIeTiH KbI3MeTTep/iH KOJah/bl CaracblH KaMTamachl3 eTy VIUiH Ys/ibl
OalinambIC JHceniciHiy KamMmybIH YHeMi OHmMatiaHoblpy bacmbi MiHOemmepOiH 6ipi 601bin MadbLI1aObI

¥Ysa7bl XKeJtifie KAMTY MaHBI3/Ibl TapaMeTpiepiH 0ipi 60s1bI Tabbnaabl. OFaH >KeTiHiH
)KOFapbl ThIFbI3AbIFEl, UE >koHe 0a3a/iblK CTAHLUSAMAP[AbIH, OpHAnacybl >KoHE KOpIllaFraH opTa
JKaFfaiapel CUSKTBI KOITereH TapaMeTpsiep acep erefdi. AHTeHHa 0a3asblK CTaHLUSHBIH,
JKYMBICBIH/IA IHETIYIIi PeJ aTKapazibl, GUTKeHi 0/1 paIMOCUTHa/IIapibl abOHeHTTepre KaObLahabl
)KoHe Tapartajbl. KaMTy aliMarbIHBIH paJInyChl dpKalllaH OepisieTiH KyaTka MpOMOpLMOHANAbL. AJl
6a3anblk CTaHLMsIapAbIH 6epy KyaTsl T9yJIiK 00¥bl TypakThl eMec. ChIMChI3 OalilaHbICKa YHEMI ecir
KeJle )KaTKaH CYPaHbIC XXKULTIK ChIMbIM/IbLTBIFBIHBIH TOMEH/IeYyiHe )KoHe yKaHa 0a3abIK CTaHIUs/IapbIH
canyAblH Kyp/eJIijliriHe Kepi ponopLMOHa/Ibl.

Keiibip KamTy MocenenepiHe Kamty Teciktepi ("ak yuackesep"), a/cCi3 KamTy, YSIIBIK
IIeKapachIH1arbl Macesiesiep, T.0. Kamty Teciri — 6ys1 UE Heri3ri yAIlIbIKTaH CUrHa/Aapabl KaObuizai
a/IMalThIH YAIIBIK, [IIeKapachkiHAarbl OPbIH (erep o/ YSIIBIK IIeKapacbiHAa 00/ica, Herisri ysiibIKTa
Hemece ipresiec ysiibikTa Oosica). By HeriziHeH FuMaparTap, arainTap, Tay/ap >koHe Oacka
KeJZieprijiepre OaiiaHbICTbI. Kerl >KosakThl Tapasy/blH aJicipey dcepiHe OaitnaHbICThl koHe UE
KaObl/I[aFaH CUTHA/IIBIH, KyaThl IEKTi MOHHEH a3 0O/FaH/IbIKTaH CUTHA/ Kyl TeMeHgeni. Kamty
TeCikTepi Heri3iHeH Kepy CbhI3bIFBIHBIH, 0OO/JIMayblHaH, paJUOXKUIMIK JKeJIiCiHiH  Haap
YKOCITap/IaHybIHAH >KoHe KOI KOJIAaKThl Tapasly/IblH d/CipeyiHeH TybIHAAMAbI. OJCi3 KaMTy — Oy
CWTHaJI KYIII YSHBIH, [IIeKapachlHAaFbl KQKETTi IIIEKTeH TOMeH OO0JTybIHBIH HITHXKeCi. ¥SIbl JKestifie
KamTy TpobjieManapbl Heri3iHeH ys/bl IeKapaja HemMece OHBIH, IIeKapachbiHAa maiaa 0osassl,
OUTKeHi CUT'HaJl KYIli KAIlILIKTbIKKA KaTbICThl SKCTIOHEHLIA/IbI TYP/e ToMeHzenai [2].

Acrana Kanacel Capblapka ay/JaHbIH/a Ysi/Ibl OaiilaHbIC KbI3METTEpiHiH carachlH 3epTTey
asiceiHza 4G KeJliCiH KaMTyFa KelueH/i Tajaay xKyprisingi. Kananblk opTazia paguoTONKbIHAADABIH,
Tapasaybl MeH YsiIbl OaliyIaHBICTHIH, CarachblHa KejeHKesli aliMaKTapZblH, KOmNTiri, TOJKbIHZAAPABIH
OipHellle IIAFBIIBICYbI MEH MIallibIpaybl 3cep erefi. CasbICThIpMabl TanJay HOTHXKEC: >Kasribl
Capbplapka ayZiaHHBIH, KaMTYbI KakKChbl, Oipak Keli0ip aliMakrapzaa "ak yuackesep" 6ap. CurHain
JieHreliiHe acep eTeTiH Heri3ri mapameTpJiep koHe HeTi3ri mpobieMasnsik aiiMakTap ("'aK ydackemnep')
aHbIKTabl. O YIIIiH CUTHAJI/IBIH, TapaTybIH erKel-TerKelIi 3epTTeyre kaHe 0aliIaHbIC carachIHbIH,
Halllap/laybIHbIH, BIKTUMas ceberTepiH aHbIKTayra MYMKiHAIK Geperin ICS Manager »xaHe HTZ
Communication CHSKTbI apHaiibl OarjapiaManblk Kypanzap TaifanaHbuiibl. Byn Oargaprnama
apHaiibl «MeM/ieKeTTiK pafuokuiiik Kbi3meTi» PMK KongaHagel. Ockl MeKeMejle ILITaTTaFbl 9p
KOMITbIOTep Oy1 OarapiaMazia >kyMbIc >kacaiigpl. ICS Manager 6ariapiaMachl — CIIEKTPAiH YITTBIK
JK9He XaJIbIKapasiblK PecypCTapblH 0acKapaTbiH, aBTOMaTTaHZbBIpAIFaH >Xyhe. Bya crekTpik
MaiMeTTep Oa3ackl CrieKTp/Ii 6acKapyFa, KYMbIChIH OHTaM/IaH/BIPYFa JKoHe XKUUTIKTepiH TapaJTybiH
aBTOMaTTaHZBIpDyFa MYMKiHAIK Oepezi. An HTZ Communication 6GarjapiaMasbiK >KacaKTaMachkl
6ipHemie KI'1-TeH 1 TT'1j-Ke feliHTi Ke3-KereH TeXHOJIOT | YIIIiH, PaZio XKeJlijiepiH )Kocrap/iay MeH
OHTalMaHbIPYAbIH, KeH ayKbIMAbl GyHKUMsIapbiH YcbiHaAbl. ICS Manager HTZ Communication
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OaFapiaMackIMeH YisieCiMZi JKYMBIC yKacal/ibl )KoHe oflaH 0acKa KOJIIaHBICTaFbl JKylenepMeH fie
Hemece OeJieK Te )KYMBIC yKacai anafbl.

3epTTey HOTWXKeCiH/e KAMTY CarlachlH KaKCapTy YIIIH Kejiecl 9licTep YChIHbIIa/bI.

bipinmii afic — >kaHa HbICaHAApPABI Ca/Mail aK, Oa3a/lblK CTaHIUSUIAPAbIH, TUIMZITITiH
apTThIPyFa MYMKIHZIK OepeTiH KOJIJaHbICTaFbl )KeJliHi OHTaWIaHJBIPY KoHe >KeTingipy. On yIriH
aHTeHHaJ/Iap/IbIH, TlapaMeTpJiepi peTTesiefii, oMapAblH, Kejabey Oyphiiibl MeH OarbIT JUarpamMMachl
e3repTinesi, 6y curHangel 6ipkenki Taparyra kemektecei. Kymeditkimrep men MIMO (multiple-
input and multiple-output, kem eHridy J>koHe KON IIbIFbIC) TEXHOJOTUsIapbl apPKbUIbI
TapaTKbIIITAp/blH, KyaTbIH apTThIPy JKesiHiH ayKbIMbIH apTThIpyFa >X9He KOCBIJIbIM CarachIH
»KaKcapTyFa MyMKiHZik 6epefi. Ba3asblk cTaHIMsiiapbiH OaFAap/iamMasibiK, )kacakTaMacChiH XKaHapTy
Ja MaHpI3[bl peJl aTKapajbl. By >KykreMeHi Oesyzi OHTal/laHABIDYFa >K9HE >KeNiHiH OTKi3y
KabineTiH apTThIpyFa MyMKiHAiK Oepezi. CoHbIMEH KaTap, MyHapasjap apachlH/arbl Kefepriiepai
OosiapIpMay YIIiH >KUITIKTI )KOCTap/iay >KoHe Ke/leprisiep/ii a3aifTy >Ky3ere acbipbUIafibl.

Exinmii aziic — >kaHa 0a3asiblK CTaHIMs/Iap MEH reTeporeH/Ii JKestijiep/i OpHanacTipy. By
9/liC KOJIZIAHBICTAFbl KyaTTap/bl OHTAWIaHABIDY KaKeTTi HOTWKe OepMmereH Ke3ze KOJIZAHBLIAbI.
Kananapza xanbIKThIH ThIFBI3/IbIFbI )KOFapbl aiMaKTap/ja KAMTY/bl KAMTaMachI3 eTeTiH MaKpO- >KoHe
MHUKpOoOa3a/blK CTaHLMSJIAaD OpHaTbuTyJa. ['eTeporeHfi jkemijiep OaiaHBIC CHIABIMBIIBIFEI MEH
carachIH )KaKCapTy YILiH 3PTYPJIi CTaHLUs TypJiepiH bipikTipyre MyMKiHziK 6epesi. COHbIMEH KaTap,
JKeJTiHiH Ke/TiK MH(GPAKYPbUILIMBI JaMbITT Kejiefli — 6a3aiblk CTaHIUsIapZAbl KOCY YIIIH Ta/lIIbIKThI-
OITHKAJIBIK, JKeJIijiep casbIHa/bl XKaHe LIanfai ayZaHjap/a CIyTHUKTIK apHanap KoJaHblIabl.

YuiHmi aic — FUMapaTTap MeH »XepacThbl KYPbUIbICTAPbIHbIH, ILIIH/AErl CUrHa/Zb] )KaKCcapTy
IIelrimMIepiH eHrily. OUTKeHi ChIPTKbI KaMTY >KaKChl OoJica fia, Y imriHzeri 6aiiaHbic 3/1ci3 60/1ybl
MYMKiH. OJ1 YIIIiH KaKbIH MaHZaFbl 0a3asblK CTaHLMSAAAH CUTHAIbl KYLIENTeTiH KalTanarbiTap,
COHZIali-aK, CUTHA/bl FUMapaTTap ilmiHge OipKeski ysiecTipeTiH TapaTbUIFaH aHTeHHA >Kyuesepi
KosgaHbuiaZbl. Osapra KockiMila (eMTO-, MHUKO- )K9He MHUKPOCTAHLMsiIap OpHaTblaafbl. Onap
JKEPTiMKTi KaMTY/bl >Kacaii/ibl >KoHe OTepaTop/IbIH, XKeJliciHe ChIMZBI OalilaHbIC apHa/Iapbl ApKbIIbI
KOCBhUIa/IbI.

Bazanblk CcTaHLusIapAblH, WHPPaKYPbUIBIMBIH TaiJay KajaHbIH OipKaTtap ayZaHZapbH[a
JKeJIIHIH, )KOFaphbl )XYKTeMeCiHe, CTaHLUA/Iap/AbIH, ThIFbI3bIFbIHbIH, JKeTKIJIIKCI3/iriHe )XKoHe JaMy MeH
kep Oefepi CHUAKTBI CHIPTKbI (haKTOpJAp/blH 3cepiHe OailIaHBICTBI TIpobsemMasiap Gap eKeHiH
KOpCeTTi. 3epTrTey HOTW)KECiH/e CUTHaja [ieHrelli TeMeH anMakKTap aHbIKTalJbl >XoHe OJiap/bl
OHTaW/IaH/bIPY >KOJIAAPbl YChIHBUI/bI.

AnbiHFaH MasliMeTTep Heri3iHge AcTaHazia Ys/ibl OailaHBIC CarachlH >KaKcapTy OOMbIHIIA
YChIHBICTAp 33ipsieHAi. OmapblH, KaTapblHJa KOJIJAHBICTaFbl »KaOJBIKTHI >KaHApTy, Oa3asbIk,
CTaHLUsIap/ibl OPHAIACTBIPYAbl OHTAWIAH/IBIPY, COH/ZIaK-aK, >KeJIiHiH, TYPAKThUIbIFbIH apTThIPY YIIIH
KOCBIMILIA TeXHOJIOTUSJTBIK, IelimMep/i eHri3y 6ap. CoHpali-ak, »KesliHiH eTKi3y KabijleTiH apTThIpy
)KoHe [nepeKrepzi Oepy TlapameTpsiepiH >KakcapTy OOWbIHIIA Iapanap YCHIHBUIABL, O
Taki[a/IaHyTbIIAp/bIH, XKa/lTbl KAHAFAaTTaHy JeHreliH apTThIpyFa MyMKIiH/IIK Oepefi.

Y ChIHBUTFAH JKaKCapTy/lap/bl eHrily OailylaHbICTBIH, TYPAaKTbUIbIFBI MEH carachbiH efdyip
apTTBIPYFa, Kaa boibiHIIa 4G >kemiciH 6ipKesiKi KaMTY/[bl KaMTaMachI3 eTyTe yKoHe Ysi/Tbl OaiiaHbIC
orepaTop/IapbIHbIH, aDOHEHTTepi YILiH MakjalaHyIbl THKiprUOeCiH >kaKkcapTyFa MyMKiHZIK Oepefi.
5G-pin 6acrankp puHLIT — [oE (Internet of Everything, 6ap/ibIFbIHBIH MHTEPHETI) MyMKiH/iKTepiH
KeHeuTy. Analifia, eTKi3y Kabinertimiri mekreymi 6onraHabIKTaH, 5G xyieci IoE-zi Kpi3mMeT peTiHze
rnaiijjanaHyra MyMKiH/iK GepeTiH TOJIbIK UHTe/JIeKTyasl/ibl )KoHe aBTOMAaTTaH/bIPbUIFaH JKeJlire xere
anMaiigel [3]. 6G KeHelTiITeH MYMKIiHAIKTepi yaze eTesi. Mbicasnbl, 6G xxetiniepiHjie KOIAaHbUTYbI
kepek RIS (Reconfigurable Intelligent Surface, KaliTa KOH(pUTrypaLMsIaHATBIH UHTE/ITIEKTYa/I/bl OeT)
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CUSIKTBI >KaHa TeXHOJIOTUSIHBI eHri3y WH(PaKYpbUIBIMABLI IIaMaZlaH ThIC >KYKTeMecTeH 0a3asblK
CTAHLIUSIAP/IbIH, )Kep YCTi )KaObIHBIH KeHENUTy apKbUIbl KelOip Macesesiepi 1emyre KeMeKTece i
[4]. RIS - cpIMCBI3 curHangapAel KaKeTTi TypJe ILaFbLIbICTBIPY VIOiH Oar[japiamMasibik
)KacaKTaMaMeH aHbIKTa/FaH MeTamaTtepuas. Ol Ke3 KeJireH ykaHa MH(PaKypbUIbIM/bI KaXKeT eTIei-
aK, bap 6a3anbIk cTaHLMsIAapAbl KAMTY/Ibl KEHelTe anasibl.

JKakcpIpak yauibl XKejliHi KaMTamachI3 eTy YILiH )KOFapbljja aTajFad KaMTy MaceJlesIepiH Liery
kepek. Kemini  yiibIMAacTblpy  JkoHe — Oasasiblk  CTaHLMsNIApAblH, ~ OpHATy  Ke3iHge
PaZMOTOJKBIH/APBIHBIH, TapaayblHa HAKTHI 9cep eTeTiH Oenrini 6ip ¢akTopapabl eckepy KaxeT. Ochl
3epTTey/ie Ys/bl OaliylaHbIC carachkiHa Tanay >KYPri3iifi, paoKaMTyFa 3cep eTeTiH MpobieMasbiK
aliMmaktap MeH (akTopsap aHblKTanabl. ICS Manager »kone HTZ Communication KocbkIMIllaiap
KOMeTiMeH >KeqTiHi OHTalaHABIPy, >KaOABIKTHI >KaHAPTY J>KoHe JAepeKrepAi Oepyai »KakcapTy
OoWbIHIIIA IIelTiMJep YChIHBUIABL ¥ ChIHBIMIAP/ALI iCKe achIpy, KajaaJarbl YsUTbl OaiaHBICTHIH
TYPaKTBUIBIFbI MEeH CaracblH apTThIpajpbl.
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JL.LH I'ymunes ateiHgarel EYY PaguoTexHuka, 3/71eKTPOHUKA XKIHe TeJleKOMMYHUKAaL[UsIap

KadeapachIHbIH 4 KypC CTYeHTi’,
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KadeipachIHbIH 2 KYpC MarkCTPaHThL,
Acrana, Kasakcran
Fouteivu xetekuici — Kanmvesa Caman AxmeT)KaHOBHA

AnjgaTna

by makanaza Arduino niatdopmMackiHa HeTi3zienreH akpIIbl Y )KylesnepiH Oakpliay >koHe
backapy Macenenepi KapacTteipbuiagel. WEB-KochMIlla KeMeriMeH JepeKkTepZi >KUHAy, 6HZey
apicrepi cunarranazbl. JKyie Typii ceHCOpsap MeH MOZYJ/bZepAl Mal/janaHbll, KopllaraH opTa
rapameTpJiepiH eJ/IIel/li )KoHe a/IbIHFaH [jepeKTepAi HaKThl YakbIT pexXxuMiHze kepcetefji. COHbIMEH
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