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MY/JbTUMEJMMHBIX JaHHBIX B MOOW/IBHBIX CETSIX, CBSI3aHHBIA C pa3BUTHEM TEXHOJIOTHUH CBSI3H,
TIOTTy /I pU3alieli OTOKOBOTO BU/IE0 M YBeIMueHreM urcia MOOM/IbHBIX To/b30BaTesieli. BeeseHue
5G 3HAUUTE/ILHO PACIIMPSET BO3MOYKHOCTH TI€pe/jauy ayZHo, BUIe0 U U300pakeHUH, Mpe[0CTaB/IsIst
Oosiee BBICOKHME CKOPOCTH W CHI)KEHHBIE 3a/I€P>KKU.

BBeaenue

CornacHo ortyety KommraHuu Ericsson, B TpeTbeM KkBapTasie 2023 rojga obwem Tpaduka
MOOWIBHBIX [JaHHBIX B MHpe yBequuwics Ha 33% 10 CPaBHEHWIO C aHAJIOTMUHBIM TePUOJOM
TIpeIbIAYIIero rofa, AOCTUTHYB 143 skcabaiit B Mecsil. B cpeanem, B 2023 rofy ToJib30BaTeu
cMapTdoHoB ToTpebsisiiv 0kosio 21 I'b AaHHBIX B MeCsILI, UTO CBU/IETE/TLCTBYET O TTPO/I0JIKAFOIIIEMCS
€>Xero/JHOM pocTe 3TOro nokasaresns [1].

B KazaxcTaHe cormacHo /JaHHbIM B1Opo HallMloHa/IbHOW CTaTUCTHKU B sTHBape-/eKadpe 2024
rojia KOmmuecTBO abOHEHTOB COTOBOM CBsi3u cocTaBmio 26170,1 Thic. eAnHMUL], aDOHEHTOB COTOBOM
CBSI3U, UMeoIUX AocTym K HTtepHety — 18979,9 ThicC. efunuL [2].

YBennueHue uncsia raTGopm JJis TOTOKOBOTO BU/IE0 U ayiuo, Takux Kak YouTube, Netflix
u Spotify, ctumynupyer poct Tpadrka. CoBpeMeHHble MOOW/IbHBIE TIPU/IOXKEHHSI Bce OOsibIie
WHTETPUPYIOT BO3MOKHOCTH UCKYCCTBEHHOT'O MHTEJI/IEKTa ¥ MALLIMHHOTO 00yUeHHsl, UTO OTKPbIBAeT
HOBbIe TOPU30HTHI B TePCOHAMM3alM1 KOHTEHTA U Npe/icKa3aHuM NoTpebuTebCKOoro nosefeHus [3].

Bueznpenue texHosoruii 4G u 5G obecrnieunsio 60s1ee BbICOKME CKOPOCTH TIepe/iaudl JaHHBIX,
YTO TO3BOJIMJIO TI0/b30BaTeIsIM KOMMOPTHO NPOCMAaTpuUBaTh BHJEO, CAyLlaTb MYy3bKY MU
obMeHMBaThHCs M300pakKeHUsIMU B peasibHOM BpeMmeHH. CeTH 5G, B UaCTHOCTH, OTKPBHIBAIOT HOBbIE
BO3MOXKHOCTH [/ MeAWauH[yCTPWH, BK/IOYas YCKODeHHYyI0 00paboTKy uH(pOopMariyy,
NIPOM3BO/ICTBO MeJMaTeKCTOB M paclpoCcTpaHeHHe HOBOCTeH, a TakKKe UCIO0/Ib30BaHUe TeXHOJIOIUU
BUPTYya/IbHOW peasbHOCTH M UCKYCCTBEHHOT'O MHTesIeKTa [4].

TexHo/10ru4YecKre UHHOBAIUM B Nepejiaye My/IbTUMe/JUNHBIX AAHHBIX M0 ceTH 5G
TexHoMOrMYecKrie THHOBALIMM B Tiepejiaue My/IbTUMeIUMHBIX JaHHBIX 110 ceTU 5G MO3BOJISIFOT
3HAUUTe/IbHO YAYYILUTh TPOLiecC repefaur U 00pabOTKU /IaHHBIX B CPaBHEHUM C TPeAbIIYLUMU

TIOKOJIEHUSIMU COTOBOH CBsi3U. OZIHOM U3 I/IaBHBIX 0COOeHHOCTeH 5G sIB/IsIeTCsT MCIT0/Ib30BaHue Oosiee
IIMPOKUX YacTOT W yBeJWUEeHHOW TIPOMyCKHOW CMOCOOHOCTH, UTO TIO3BOJIsieT TiepefiaBaTh
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MYy/IBTUMeJVIHBIE JaHHbIe, TaKHe KakK BU/E0 BBHICOKOM YeTKOCTH WJIH MOTOKOBYIO MY3BIKY, C Oosiee
BBICOKOU CKOPOCTBIO Y KaueCTBOM.

C TOMOII[bI0 HOBBIX TEXHOJIOTHH, Takux Kak Massive MIMO wu 6Gosnee 3ddekTuBHOE
WCTIO/Tb30BaHUe CTeKTpa, cetd 5G crocobHbl 0b6pabarbiBaTh 00JIbIle AAHHBIX OZHOBPEMEHHO U C
MeHbllIell 3a/lep’KKOM. JTO T03BOJsieT He TOJBKO YAYYIIUTh [10/1b30BaTebCKUA OMbIT TpH
WCTI0/Ib30BaHUU MY/IbTUMEJUMHBIX TIPUIOXKEHUH, HO U TI0/ep>KUBaTh HOBble (pOpMaThl KOHTEHTa,
TaKye KakK BUPTyaJ/ibHasi peasbHOCTb U I0MI0IHeHHast pealbHOCTh [5].

bnarogapss Bo3MOKHOCTH 0Oosiee OBICTpOM M CTaOWIBLHOW Tiepefjaud MaHHBIX, ceTh 5G
CITOCOOCTBYIOT PaCIIMPeHUI0 BO3MOXKHOCTEH /sl Pa3BUTHSI WHTEPAKTHUBHBIX W MHHOBAIJMOHHBIX
MY/IBTUMEIUMHBIX TIpUIokeHUd. Kpome Toro, ucrosib30BaHWe TexXHOMOTUA ceTu 5G  Takke
M03BOJIsSIeT MOBBICUTh 3HEPro3(@eKTUBHOCTb M YMEHBILIUTb HAarpy3Ky Ha HUH(PACTPYyKTypy, 4TO
Ba)XHO AJisi obecrieueHust Gosiee ycTOMuMBOro M 3¢¢deKTUBHOrO (QYHKLIMOHUPOBAHUS LU(PPOBBIX
CEepBHCOB.

METOJZ[OJIOI‘I/IH Hccoaea0oBaHuA

CMmapTdoHBI — OCHOBHBIE YCTPOMCTBA AJisi MOTped/ieHNsT My/JTbTUMEeIUHHOTO KOHTEHTa B
MOOM/IBHBIX CeTsIX. BOJIBIIMHCTBO 1M0/Ib30BaTe/iel CMOTPSIT BUAEO, CYIIAIOT MY3bIKY U 3arpy»KaroT
n300pakeHUss UMeHHO uepe3 MoOW/bHBIe ycTpoiicTBa. [To3TomMy cmapTdoH siBasieTcs: yAOOHBIM,
JOCTYTIHBIM W TIPAKTUYHBIM YCTPOWCTBOM [ijIsi WCC/Ie[OBaHUSI TlapaMeTpoB MOOWIBHOM CeTH B
peasIbHBIX YC/I0BUSIX.

715 poBeieHst SKCTieprMeHTa s fepejiajia MyJIbTUMeIuiiHbIe aHHbIe (POoTo, ay 1o, BUe0)
o cetu 5G UCTOMB3ysl CMapTQOH.

Tabnumiia 1. TexHUUeCKre XapaKTePUCTUKKA CMapThoHa

OmnepanyonHa HaumeHnoBanmue o3y Emkoctn
sl cUcTeMa
10S Iphone 13 816 128 T6

C)xaTue [JaHHBIX UCIIOJB3YeTCS [/Isi yMeHbIleHNs pa3Mepa (aiisioB 6e3 3HaUUTeTbHOM TIOTepH
KauecTBa. B Tabmiie 2 npejcTaBieHbl OCHOBHbIE 0COO@HHOCTH THIIOB IaHHBIX

Tabsuija 2 - KintoueBble 0COOEHHOCTH THUIIOB JJaHHBIX

Tun JaHHBIX TpeOoBaHuUSsA K C€TH Biausioiue
(dakTopsI
Bugeo Bricokas Kopeku (H.264,
TMPOITyCKHasi  CMocoOHOCTh, | H.265, AV1), amanTHUBHBIM
HU3Kas 3a/lep>KKa OuTpelT
Aynno Cpennsis Kogeku (MP3, AAC,

nponyckHasi crocobHocts, | FLAC), VoONR
KPHUTHYHA 33/Iep>KKa

I'paduka Cpepnss ®opMarTbl (JPEG,
MpOMnycKHasi  crocobHocTh, | PNG, HEIF),
He KPUTHUYHA 3aJlepXKKa TIpOrpeccrBHas 3arpyska

Iinst vcce[oBaHUsI TIPOITYCKHOM CIIOCOOHOCTH ObUTM BBIOpaHBI TOMYyJISIPHBIE (hOpMATHI
MYJIbTUMeUMHBIX laHHbIX, UCTIO/Ib3yeMble yallle BCero.
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Tabsuija 3. MynbTUMeIUiHbIe JaHHBIE

Tun
KOHTEeHTa Popmar Pa3mep XapaKkTepuCTUKH
®doT1o PNG >MB Hecoxaroe
n300pakeHue
®doro JPEG 500KB Ckaroe
1300pakeHue
AyAHo MP3 5MB 128 Kbps
Aynuo AAC 5MB 256 kbps
MP4
Bupeo (H.264) 50MB 1080
MP4
Bugeo (H.265) 35MB 1080

Wcnonb3ys ¢popmyny (1), orpesenmM CKOpOCTh Mepesiaud JaHHBIX:

Throughput= File Size (MB)x8/ Transfer Time (s). (1)

e, File Size (MB) — pa3mep nepesaBaemoro daiiia B Merabairax.

Transfer Time (s) — Bpemsi niepefjauu (aiina B CeKyH/ax.

8 — ko3 dureHT nepeBojia MerabaiToB B Merabutsl (1 MB = 8 Mb)

Tabnura 4- Pe3ynbTaTel U3MepeHuit:

dain Pasmep Bpems Ckopoctb (Mbps)
(MB) 3arpy3k# (cek)
PNG 2 1.2 13.33
JPEG 2 1 4
MP3 5 2 20
AAC 5 3 13.33
MP4 15 53.3
(H.264) 100
MP4 12 66.67
(H.265) 100
BbeiBoabI:

Pa3Hble TUMBI C>KaTUsi MYJIbTUMEAUMHBIX [JaHHBIX MepefaroTcsi C pa3HOM CKOPOCTBIO TP

OJJMTHAaKOBOM pa3Mepe (aiisa.

B pamMkax S5ToW CTaTbd OLEHWIM TPOITyCKHYI CrocoOHOCTh cetd 5G mpu mepejade
Pa3/IMUHbIX MYJIbTUMEAUNHBIX (aiiioB (M300pakeHus, ayauo, Bugeo) ¢ iPhone 13, w3mepuB

CKOpOCTb 3arpy3KHu.
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Cetn 5G mpeiOCTaB/SAIOT paclIMpeHHble BO3MOXKHOCTH /ISl Tlepefiaud MyJIbTUMeIUHHbIX
JIaHHBIX, obecrieurBasi BEICOKYH) CKOPOCTb, HU3KYHO 3a/|ep)KKY U TIOBBIILIEHHYI0 eMKOCTh CeTH. JTO
OTKpbIBAaeT HOBbIE TIEPCIIEKTUBHI /7T PA3BUTHSI TIPUJIOKEHUH U YCIIyT, TPeOYIOIUX Tiepejauu BUZeo,
ay/iMo U rpauuecKrx JJaHHbIX BBICOKOTO KauecTBa.

Cnucok urepaTypsl:
https://www.ericsson.com/
https://stat.gov.kz/

Xy CsiosiHb. ITepcrieKTHBBI HOBBIX MeZia B YC/IOBUSIX pa3BuTHs ceTert 5G Tpyabl
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PA3PABOTKA ITPOI'PAMMHOI'O ITPWIOXEHUA N1 PACUUTBIBAHUA
JU3TEKTPUYECKOM ITPOHUITAEMOCTU MATEPHUAJIOB METOJIOM
HHUKOJICOHA-POCCA-YOTEPA

AbeyoB Hyp6ek HypsiianoBuu
nurbeee@gmail.com
Maructpant kadezapsl PIT, EHY um. JI.H.I'ymunesa, r.Acrana, Kasaxcran
Hayunsii pykoBogurens — Maxanos K.M.

AnHoranus: ViccreoBaHre TIOCBSIEHO pa3pabOTKe TMPOTrPaMMHOTO TIPWIOXKEHUs  [iJist
aBTOMAaTU3UPOBAHHOTO pacueTa /[AW3/IeKTPUYeCKO W MarHUTHON TIPOHMLIAeMOCTH MaTepHhasioB
metozoM Hukoncona-Pocca-Beripa (NRW). Oty napameTpsl BakHbI B Marepuanosefiennd u CBU-
TeXHUKe, B/IUsISI HAa XapaKTePUCTUKU aHTeHH, Pe30HaTOPOB U JIPYTUX YCTPOUCTB.

Metog, NRW ocHOBaH Ha aHa/u3e S-TiapamMeTpoB, HO pyYHble pacyeTbl C/IOKHBI U
roZiBep>keHbl  ommbkam. PaspaboraHHOe TpU/IO)KeHHWe aBTOMAaTH3WpyeT BBbIYMCJIEHUs, TOBBILIAs
TOUYHOCTh U yno06cTBO. OHO peanusoBaHo Ha Twiardopme Electron ¢ ncnons3oBanuem Math.js u
jQuery, noasiep>kuBaeT pasMuHbie (HOpPMbI paCUeTOB ¥ UHTErpaL{iio C BEKTOPHBIM aHa/IM3aTOPOM JIJIs
paboThI B peaslbHOM BpeMeHH.

ToyHOCTH TIpOrpaMMbI TOATBEpPXK/eHa CpaBHEHWeM C JaHHBIMH HCC/ieloBaHUM. Byayiiue
yAy4YllleHUs] BK/IHOUAKT yuYeT peakTUBHOM 3Hepruu U 3D-3/1eKTpoMarHuTHOe MoZendpoBaHue /st
TIOBBIILIEHUsS] TOYHOCTU. [IpuioykeHre ympolljaeT XapaKTePUCTHUKY MaTeprasoB B BEICOKOUACTOTHOM
Jiaria3oHe, CII0COOCTBYsI ITPOTpecCy B HAyYHBIX M MHKeHEPHBIX pa3paboTKax.

Beepaenue (0630p uTeparypsbi)

[usneKTpruecKasi IPOHULIAEMOCTH (€) OMMCHIBAaeT CIIOCOOHOCTL MaTepurasa K MoJsipru3arii
TIOZl, BO3/lefiCTBUEM 37IeKTPUUeCKOTO TI0JIs, B/IWsisi Ha CKOPOCTb PacClpOCTpaHeHWs BOJH, MOTepU
3Hepruu U 3¢ (eKTUBHOCTh paboThl PaZMOYacTOTHBIX YCTPOWCTB [1-2]. CyljecTByeT MHOXKECTBO
METO/IOB [I/isl ee OTIpe/ie/ieHus], B 3aBUCUMOCTH OT YaCTOTHOTO /iMaria3oHa v TpeboBaHUM K TOUHOCTH.
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