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B nmanHoit cTarbe ObUTM MPOAHATM3NPOBAHBI CYIIECTBYIOLIME MPOrPaMMBbI Il MOJETMPOBAHMS CeTell MATOro mokoyieHus. B
BbIOpaHHo# mporpamme AnylLogic 6bu1a co3nana mMonens cetit 5G ¢ HECKONBbKUMM 0a30BBIMU CTAHLMAMH, KOTOPbIE NMEIOT
pasHble XapakTepuCTUKHU. [IpoBeeHbl NccneqoBaHus 3TOI MOJENH C YUETOM Pa3iMuHbIX JUCUUIUTH OUepeaH, BBITIOJIHEH pac-
YeT Harpy3ky Ha KaKIylo CTaHLMIO TPW pasfiMiHbIX npuopurterax. Jloka3zaHo, YTO 3Ty MOAETb MOXKHO OyIeT MCMOoNb30BaTh
JUTS MiCCTeIOBaHMs M OLeHKH 3((EeKTUBHOCTH Mepenaun JaHHbIX B ceTH 5G, a Takke JUI aHajM3a BIMSHUSA XapaKTepUCTHK
JIOTIOTHUTEITbHBIX MAPaMeTPOB (3a4ep KKK, Harpy3KH M MPUOPUTETOB) HA KauecTBO 00pabOTKM MakeToB JaHHBIX. Jloka3aHo, 4TO
paspaboTanHas Moaelb ceTH SG MOXeT IOMOUb ONepaTopaM CBA3M ONTUMU3UPOBATh pabOTy CBOUX ceTel U odecrneuuts 6osee

3¢ peKkTHBHOE NCMOTb30BaHNE BBIIETEHHBIX PECYPCOB.

Knwuesvie cnosa: cemu 5G, 3a0epoicka, nomepu nakemos, nepedaya OanHvix, basoseie cmanyuu, npoepamma AnyLogic,

8peMsL 00CTYIACUBANUSA, 0Uepedb, HAZPY3KA HA Cemb

BBenenue

Jnst Hauana HanoMHKUM, 4To 5G sIBIseTCS NATHIM M0-
KoJieHneM MoOMIIbHOM cBsi3n. Bokpyr 5G coznmaetcs 1ie-
J1ast CeTb BO3MOXKHOCTEH, M TEXHONOT MM, OCHOBAHHbIE Ha
Heil, OyIyT akTMBHO pa3BUBaThesl B OniKaiIuve rosl.
[NpuHumn padoter SG MOXOK HA MpebIAyIHe MOKOJe-
HWS, KOTJIa TaHHBIE TIePeIatoTes OT «COT», WM 0a30BOi
CTaHLIMHK, Ha JIOKAIbHYIO aHTeHHy ycrpoiicTea. Coenn-
HASICE MEXkIy cOOOM MO pajvoBOTHAM OMpPEeNeTIeHHOro
YacTOTHOTO AMana3oHa, 3TH 6a30Bble CTAHIIMK 00pasyIoT
roOabHYIO COTOBYIO CETh.

OcHOBHOE paznuune MEXIY MOKOJICHUSIMH COCTOMT
B TEXHUYECKOH coctapnsmoiuel, rae 5G nmeer Oojee
BBICOKHME CKOPOCTH, OOJBIIYI0 TPOMYCKHYIO CIOC00-
HOCTb M Oonee KOPOTKOE BpeMsl 3alepKKH MO Cpas-
HEHUIO € TpeNblIyIMMHU MOKOJNeHUssMH Onaropapst
MCIOJB30BaHNIO OOMbLISTO KOMMYecTBa aHTeHH. Kitto-
4YeBOE OTVIMYME — B YAaCTOTHBIX [IMANa3oHax: COTOBbIE
CETH BIEPBbIE B UCTOPHUH MCTIONb3YIOT MUJIJIMMETPOBBIH
JIMara3oH, KOTOPbIH MO3BONSAET JOCTUYb MAKCUMAJIBHOM
TeopeTnueckoi ckopoctd B 20 ['6ur/c — ato B 20 pas
OricTpee, yem nHKoBbIe ckopocTtr 4G [1].

Llens manno# paboTsl — co3aare Momenb cetn 5SG B
cpene AnylLogic ans nanbHeiimmx uccienoBannid. Oc-
HOBHOM 3aJauyell nccienoBaHus SBISETCs CO3IaHue Mo-
nemu ceth 5G ¢ HEeCKOJIbKMMM 0a30BbIMM CTAQHLMSIMH U
Pa3NMYHBIMM XapaKTepUCTHKaMHU. A Takxke MpoBeAeHHE
OleHKH 3(PEeKTUBHOCTH Nepeiaun TaHHbBIX B CETH.

MHorue yueHble, MPOBOIMBILME MCCIEIOBAaHUS Ce-
Tert 5G ¢ TOMOIIBIO MOAENnupoBaHus [3—5] He y4uTHI-
BaJM pA3NMYHBble BAPHAHTHI AJITOPUTMOB 00paboTKM
ouepely, He paccMarTpuBaliM, KaK U3MEHATCS 3HAUCHHMs
3a/iepKeK TpH Tepefade AAHHbIX W KOJIUYECTBO MOTe-
PAHHBIX MAKeTOB NPH YBEIMYEHUH WIM YMEHbLICHUU
KonuuecTBa 6a30BbIX CTAHLMH, HE pacCMaTpUBaINCh MO-

JIeJIH, COCTOSILINE U3 HECKONbKUX 0a30BbIX cTaHuuid. Ha
OCHOBE 3TOTO CJIeIaeM BBIBOJL O 1eJIeco00pa3HOCTH pas-
pabotku Mozenu cetd 5G, ¢ TOMOIIBIO KOTOPOM MOXKHO
OyaeT MpoBOAUTh pa3IMYHbIC UCCIISOBAHMUS, U KOTOpas
OyaeT y4uThIBaTh MEPEUNUCIICHHBIC BBIILE TAPAMETPHIL.

Pa3paborka monenu cetu 5G B cpene

AnyLogic

Wmuraumonnoe mozenuposanue cereil SG mmpoko
ucnonbyercs s uccnenoBanuil. Cetn 5G MoxkHO pea-
JIN30BBIBATH B PA3IMYHBIX TIPOrPAMMaX MOJICITUPOBAHUS
C LEeNbI0 aTbHeHIINX uccrenoBanuid. PaccMoTpum He-
CKOJIbKO TIporpamm [6]:

1. 5G Toolbox oOecrieunBaeT CcTaHIAPTHO-CO-
BMeCTUMbIE ()YHKIIMW U CIIPABOYHBIE MPUMEPHI IS
MOJICJIMPOBAHUS, CUMYJISIIIMM W BepudUKaluu cH-
cteM cBs3u 5G. Toolbox mo3BossieTr cUMyIUpPOBaThH
YPOBEHb CCBUIKH, TMPOBEPSTH COOTBETCTBHE CTaH-
JapTaM ¥ reHepUpOoBaTh TECTOBBIE CUTHAJIBI.

2. GNS3 — nomynspHas mporpamma Juid sMmy-
JSIUMK  ceTel, KoTopas TNomoraer HaOmonarb 3a
B3aMMOJICHCTBMEM CETEBBIX YCTPOMCTB M M3y4aTb
pas3ifuHbIe TOMOJOTUH. B Hell, kak u B JIpyrux re-
PEUYHCIICHHBIX MPOrPaMMHBIX MaKeTaX, MOKHO pea-
nu3oBark ceth 5G.

3. OMNeT++ — sT0 mporpamMma s MOJEIH-
POBaHMS Pa3UUHBIX CETeH CBA3M, UMerolas HeoOo-
XOJIMMbIE KOMITOHEHTHI JIJISi MOJACITUPOBAHUSI, B TOM
yucie, cereir 5G Ha C++. OMNeT ++ moxkHO Gec-
TIaTHO MCIIONB30BaTh Il HEKOMMEPUECKUX CUMY-
JISUA, HAPUMep, B aKaJIeMHUUECKUX YUPEKIESHUSIX
W u1d ipenioaaBanus. JlaHHas nporpaMma moaxoauT
JU1st MmofenupoBaHus ceteit SG [7].

4. AnyLogic — 3T0 MyJIbTMMETOIHBIH HHCTPY-
MEHT JJIsl MMUTAMOHHOTO MOJAEJIMPOBaHMS, pas-
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paboraHHblii Komnanuei AnylLogic (panee XJ
Technologies). OH ymeeT MoeIMpOBaTh MpOLECChI
C [MOMOLLbIO METO/10JI0IMH, OCHOBAHHBIX HA areHTax,
3asBKax, a TAKXKe oUepeu U ap.

B nmanHOM ciyuae mis mcciemoBanus cetd SG uc-
nosb3oBanack nporpamma AnylLogic, Tak kak oHa MMme-
eT HeoOXOOUMble MHCTPYMEHTbl M IPOCTa B UCIOb30-
Banuu. C ucnonb3oanueM Anylogic Obuta co3mana
mozmenb cetd 5G, NeMOHCTpUpyoLias BO3MOKHOCTb
pacrpezieseHus yCTPOUCTB ¢ IIPUMEHEHUEM Pa3IuUHbIX
QJITOPUTMOB YIpaBIeHHUs TPAPUKOM.

Mogzenp MoKa3bIBaeT, KaK YCTPOMCTBA MOAKIIOYA-
1oTes k cranuuaMm 5G. CTaHuuM coeinHeHbl KOMMYTa-
Topamu (6 cranHumii Ha | kommyTarop). Takue cTanimm
MOryT ObITb pacrpeneneHsl o pasuuHbIM CTpaHaM 10
BceMy Mupy. JUIsi HaISIAHOCTU PaccMOTPUM AaHHYIO
cxemy Ha O6wvenuHeHHbIX Apadckux Imuparax (OAD)
oneparopa Etisalat.

Etisalat Belienun noaaepKUBaIOLIUE MPUIOKEHHUS,
B TOM YHUCJIC MACCOBblE KOMMYHUKALIMOHHBIE PELLEHHUs
M2M, ceTeBoe B3aUMOJEHCTBHE MEXKIY yCTPOMCTBAMH
B PeXKMME PeabHOTO BPEMEHH, CBEPXHAICKHbIC (PyHK-
LIMU C HU3KOM 3aJepKKOM JU1 aBTOHOMHBIX YCTPOICTB U
ycTpoicTB MHTEepHeTa Bellel crenyroero noKoaeHus
(IoT). Kpome Toro, B iaHHBIX ceTAx obecneunBaeTcs 10-
TOJIHUTEJIbHAS TIPOIYCKHAs CIIOCOOHOCTb M MEHbLLAs 3a-
Jepikka, obecrieunBas BOBMOKHOCTH MIHTepHeTa BelleH,
KOMMEPUYECKOH JOMOJIHEHHON U BUPTYAIbHOM peabHO-
CTH U KPYITHOMACIUTAOHOIO MCMOMb30BAHUS AATUHKOB.

B AnyLogic coznanbl cneaytomue THITbI areHTOB ISt
mozaenupoBanus cetu 5G [8]:

1. Base — onmceiBaeT 6a30Bble CTAaHLMH, C KO-
TOPBIMH B3aUMOJICHCTBYIOT YCTPOWCTBa aOOHEHTOB
(tenedonbl, aBTOMOOUH, YcTpoiicTa [oT).

2. DataCenter — onmucbIBaeT LEHTPbI, KOTOPbIE
NpeoCTaBsIOT yciayrn aboHeHTam (TefieoHHas
CBsI3b, MOOMJIbHBIN HHTepHeT, [0T).

3. Sub — onuckiBaeT aOOHEHTOB, KOTOpbIE CHAYa-
J1a TIOJIK/TIOYAtOTCS K 6a30BBIM CTAHLIMSM, a 3aTeM MX
JaHHble OTIIPAB/IAIOTCSl B CeTb BUPTyaau3alMu AJis
J0CTYyMa K HEOOXOAUMBIM YCITyraM.

4. SubToCenter — onucbhiBaeT Bce COEAMHEHUS
a0OHEHTOB C JjaTa-lIIEHTPaMH.

5. Simulation — 3amyckaeT MoJeTUpOBaHUE.

Tun arenra Main. Pabouas obnacth npexacrapnser
coboii rpaduyeckoe nzobpaxkeHe pasnuUHbIX YPOBHEH
cet 5G M cxemarnyeckoe M300paxkeHne KOMIIOHEHTOB
OubanoTeKn MOAENMpPOBAHUS NPOU3BOACTBEHHbIX IMPO-
1eccoB U cucteM. Jloruyeckas Lenb UCIONb3yeTcs Uls
reHepaLuu CilyyaiiHplX aOOHEHTOB W Hepeiadu MX Ha
06paboTky.

Kask/plii aneMeHT JTOrM4ecKoi Lemy UCHOb3yeT HH-
(dopmanuio 00 aboHeHTaX, KOTopasi XpaHUTCsl B Kiiacce
Sub. Baauane OynyT peann3oBaHbl areHTbI-A00HEHTbI C

MHTEHCUBHOCTHIO 0,5 B CEKyHITy. 3aTeM areHTbl nepeme-
LIAIOTCs K IepPBOMY KOHBelepy ¢ MOMOLIbIo Oloka queue
(oH ucnonb3yeTcs U1 OKUIAHNUS, €CIIM KOHBelep 3amo-
HeH). KoMnoHeHT koHBeliepa oToOpaxaercs Ha rpaduke
C MOMOIIIBIO 3aJAHHBIX CBOMCTB (PUCYHOK 1).

EOY) sink

B—o

Pucynox 1. Jlornueckas Lemns yCTpOiCTB B mporpamme
AnyLogic

sourcesun

queus

Ha ypoBHe ceTy ¢ 6a30BbIMHU CTaHIUSIMHU pacrosiara-
I0TCS areHThl Ta Base, KoTopble IMUTHPYIOT 0a30BbIe
craniu RAT (Radio Access Technology). ArenTsi 3T0-
ro tuna oObeIMHEeHBI B TPy base W pacronokKeHbl B
onpeneneHHoM Mecte [9]. Mx koopmuHarel GepyTest u3
JIByMepHO# Marpuilel basel.oc 1 mpuceauBatoTcs CBOIi-
CTBaM Ipynibl base.

B nanHom ciydae, nnjekc (index) ucnosb3yercs Kak
MOPSITKOBBIN HOMEp areHTta NpH o0pallieH!uH K JByMep-
HoMy MaccuBy basel.oc. Pazmep sToro maccuBa corma-
JIaeT ¢ KOJIMYECTBOM areHTOB B MOMYJISIIAKM U COCTABIISET
10 6a3oBbIX cTanmuid. Kakmplii areHT-aO0HEHT H00aBIs-
ercst B TpyIiy aboHEeHTOB (subs) ist cOopa CTaTUCTUKH
0 KONM4ecTBe a0OHEHTOB pazHoro Tuma (ckosbko loT-y-
CTPOMNCTB, CKOJIBKO CMapT(OHOB, CKOJILKO aBTOMOOMIIEH
U T. JI.) B JaHHBI MOMEHT, MOJIK/IIOYEHHBIX K JaTa-1[eH-
TpaM, THN areHTa Base.

Monenb COAePKUT aHUMALMIO W300paKeHUi cTaH-
Ui, KOMMYTATOPOB ¥ LIECTUYTOJBHUKOB OEJIoro I[BeTa
IUisi 0003HAYEeHHsI aKTHBHBIX COT. BUmuMOCTh 1mecTny-
TOJILHUKA COThI ONPeIeIisieTcs epeMeHHoH ceil, kotopas
MOXET MPUHUMATh 3HA4YeHHUst OT | 110 6, B 3aBUCUMOCTH
OT TOrO, YCTAHOBJIEHA JiU CBA3b ¢ aboHeHToM. OToOpa-
JKAETCs TOT IECTUYTONBHHUK, MOPSAKOBBIH HOMEp KOTO-
pOro COBMAJAeT CO 3HAUYCHUEM MepeMeHHOi ceil.

Takas noruka 3agaeTcs KOIoM B CBOHCTBe oToOpa-
JKEHUsI LICCTUYTONbHUKOB. 3HaveHue links comepxut
YHCIIO BO3MOMKHBIX MOJKITFOYEHUH K aDOHEHTaM B OTpe-
JIeICHHbBI MOMEHT BpeMeHH. B rpymne arentos base uc-
TMOJIb3yeTCsl TUTT areHTa Base u 3ajaeTcs ofiMH 3NIeMEHT
CTATHCTHKH, B KOTOPOM CYMMHPYIOTCSI 3HAUYCHUs Tepe-
MeHHO# links 11 BceX cTaHIu.

Paccmorpum Tun arenta Sub. B tune arenra Sub
pacrnonaraeTcsi MHpopMalis 0 abOHSHTAX U UX TTOAKITIO-
YeHHUSIX K 0A30BBIM CTAHIIUSIM.

Jlnarpamma coCTOSIHHSI BKIIFOYAeT B celsl Hepexoj
transition, KoTopslii 3anmyckaercs kaxbie 0,1 ceKyHBbI,
4TOOBl KOHEIl JIMHUM CBsI3U OT aDOHEHTa BO3BpALIAJICs
B TOUKY TI0JI0XKeHHUs 6a30Boi cTaHiu. Hampapienue u
CKOpOCTb MepeMelleHns KonBeiiepa - 2 m/c. Boibop nH-
teppasia mepexoza 0,1 obecrieunBaeT MiiaBHOE BO3Bpa-
IIEHIE KOHIIA JIMHUY B HAYaJIbHOE MOJIOXKEHHE.
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PucyHok 3. Monens 5SG B nporpamme AnyLogic 6e3 npropuTeToB

OGo0menHas Mofenb, Moka3aHHAs HA PUCYHKe 2,
NPEeCTaBISIeT CTAaHLMH, PacrpeleieHHble Ha TeppUTO-
purt OAD. Ha 6a30By10 CTaHIMIO MOCTYAIOT Pa3INYHbIE
BuIbI Tpaduka [6].

IlepBblii mapameTp — Harpy3ka Ha cranumo. Slicel —
Slice3 — npuoputeTHble cTaniuu. Y3en RN (radio node)
COC/IMHSET BCE CTAHLMM U paboTaeT Kak CUeTUMK MaKe-
TOB, KOTOPbIE NPOXOJAT YEPe3 HEro OT OJHOW K APYroM.
Taxkum obpazom, makeTsl 06pabaTHIBAIOTCS B 3aBUCHMO-
CTH OT WX npuopurera. Jlansee mpoBepseTcs KauecTBO
o0ciyKnBaHUs — IIOTePsl IAKETOB M 3aAEPKKM B Iepeaa-
ye JIaHHbIX. MoJIellb colepkUT OIMH Kiacc Main (Taxke
KaK TO0Ka3aHo Ha PUCYHKe 2).

Ha pucynke 3 uMeroTCs MATh «HAYATIBbHBIX OOKOBY,
Ha3pIBaeMbIX Source 1, KaIblii U3 KOTOPBIX CO37aeT

ompejiesieHHbIN THI areHToB: Eventdrive (ns ynpasne-
Hus coObiTHsAME), Regular (nisi 0ObIMHBIX Omepanuii),
Video (nns nepenaun uneo), VoIP (nis nepenaun ro-
noca o nporokony IP) u FTP (nna nepenauu ¢aiinos
no mpotokony FTP). Omucannsie Gmoku oroOpaikaror
BO3MOXKHBIE THIIBI JaHHBIX. [ kaxkgoro Onmoka ycra-
HOBJIEHA MHTEHCHBHOCTD MPUOBITHS, a TAKXKE 33/1aHO KO-
JINYECTBO areHTOB, MPUOBIBAIOLINX B CEKYHITY, 3a/1aeTCs
Harpyska Ha 6a30BYIO CTAHIUIO, KOIMYECTBO MOCTYTIA0-
IMX TIAKETOB OT ADOHEHTOB, TPUOPHUTET 3asIBOK, KOJTYe-
CTBO MOTEPSHHBIX 3aSBOK M T.JI.

CxeMma Ha pUCyHKe 3 COIEPIKUT clieayrolue 610~
kv [3]:

1. Select Output — HanpaBSIOT BXOASANINE areH-
TBI B OJJMH W3 JBYX BBIXO/IHBIX MMOPTOB COIVIACHO 3a-
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JAHHBIM BEPOATHOCTAM. DTU OJOKM MCMONB3YIOTCS
IUISl HArpaB/IeHUsl TMOTOKOB JAHHBIX Ha pa3/IMuHbIC
CTaHIIMM B 3aBUCUMOCTH OT XapaKTePUCTHK ATHX
BBIIIEK, TAKMX KAK 3arpy’>KeHHOCTb WJIH MPUOPHTET.
Heckonbko OnokoB Select Output umMeroT BeposT-
HocTh 0,4, a HeckoJibko ot 0,5 o 0,7. JlaHHbIi na-
pameTp omnpeznesnseT Harpy3Ky Ha 6a30BYIO CTAHLIHIO.

2. bnoku Queue (O510kM ouepean) MOACTUPYIOT
oYepesib U3 MOCTYMAIOLIUX HA HUX areHTOB, KOTOpbIe
KIYT JanpHeiiuei oopadoTku. [lepBbie 61oku npu-
HMMAIOT U IIepeAaoT MH(OPMALIMIO B ONPE/IeTIEHHOM
nopszike, T. €. comiacHo npuopurety. Ilo-cieaHuit
0710k 00ObenuHsieT B cebe Bce MOCTyNalole B Hero
nanuble. [locnennue Tpu G610Ka MPUHUMAIOT U Tie-
penaloT JaHHbIe, OCHOBBIBAsICH HA MPUOPUTETE U 3a-
nepskke. Jna 61okoB Queue ycTaHOBJIEH mapamerp
«EMKOCTBY, KOTOPbI yKa3bIBA€T, CKOJIBKO areHTOB
MOKET XPaHUTh B ce0e KaK/bli KOHKPETHBIN OJIOK.
B namem cyuae 80 areHToB.

3. Bnoku Delay onpenenstor 3aep:KKy areHToB
Ha onpeesieHHbli nepuoy Bpemenu. [lepblit 6ok
yCTaHAB/IMBAET BpeMs 3a/1€PKKH AJIs1 BXOJOB C Bbl-
niek. broku Sink nmopcuuThiBalOT mocrtynarouide B
HMX MakeThl JaHHbIX. HekoTopble W3 HUX CUMTAIOT
HeoOpaboTaHHbIe MAKeTbl JaHHBIX, MOCTYIAIOLIMe
oT OalreH, a mocjaeqHui cuuTaeT o0IIee KOJIMIEeCTBO
00paboTaHHBIX MMAKETOB.

[ToMHUMO CXeMbl C TIPHOPUTETAMH, MOXKHO peasn30-
Barb cxemy FIFO (First In, First Out — nepBbiit npuinern,
nepBblid o0cayxuincs) u LIFO (Last In, First Out — mo-
cJleHuiA npuinen, nepsbiit oociyxuics). Slicel—Slice6
— CTaHLMU, HE pazaenseMble Ha npuoputeTsl. ¥Y3ea RN

(radio node) coemuHsieT Bce cTaHUMM M paboTaeT Kak
CUETYMK MAKETOB, KOTOPBIE MPOXOAT Yepes Hero OT Ofi-
HOM K npyroit. OOpaboTka MakeToB WAET MO yKa3aHHOM
aucumnmuHe ouepenu. Jlanee nmposepseTcs kadecTso 00-
CITy’KMBaHUs — TIOTepsl IAKETOB M 3a[EP/KKU B Iepesiayue
JaHHbIX. Mogenb comepskuT ofuH kiiace Main (Tak xe,
KaK MOKa3aHo Ha pUCYHKe 3).

Bce Tunbl JaHHBIX TakKe MEepeatoTesl B COOTBET-
CTBUM C BBIOpaHHBIMHM MapameTpamu. [l Kaxmoro
Onoka ycTaHOBJIE€Ha HMHTEHCUBHOCTb MNPUOBITHS, a
TaKXkKe 3aJ]aHO KOJIMYECTBO areHTOB, MPUOBLIBAIOIIMX B
CeKYHJy, 33/1aeTcsl Harpyska Ha 0a30BYIO CTAHLMIO, KO-
JMYECTBO MOCTYMAMOLIMX MAKeTOB OT a0OHEHTOB, MPHU-
OpPUTET 3a5BOK, KOJIMYECTBO MOTEPSIHHBIX 3asBOK U T.1I.

Pe3yabTaThl Hccae10BaHMI

[TpoBenem monenvposanue cet 5G ¢ paznud-
HBIMHM BapHaHTaMH BHIOOpA JAMCLMIUTUH OYepenH, ¢
y4eToM pereHus rnpoosuem, ykazanueix B [10; 11].

B tabmune 1 mpuBeneHsI pe3yasTaThl MCXOTHBIX
JAHHBIX W TOJyYEHHbIE TIPU MOJAEJIMPOBAHUM IS
npuoputeTHoi ouepean PR. B Tabnuiie 2 — nuis FIFO.

B naHHOM cityuae pacyet NpoucXoauT 3a | MUHY-
Ty MOAEIMpPOBaHUS Monenau. Bpems oGciykusanus
OyZeT paccUMTBIBAaThCS Kak:

rae T, — Bpems oOciTy>KUBaHUs TAKETOB,
p — Harpy3ka Ha 0a30Byro cTaHIuo (%),
N —4HCIIo OTIPaBJICHHBIX NTAKETOB.

Tabmuia 1. Pe3ynbraTel MOIETUPOBAHUS TSI IPUOPUTETHOM odepenn

Cranuun 5G
XapakTepucTUKI - - -
Slicel Slice2 Slice3
HcxonHble naHHbIe HArpy3Kku, % 0,7 0,5 0,4
ITpuoputet PR (npu Hanuumu) 1 4 10
Hcxonnble 1aHHbIe MAaKCHMaJIbHOTO TPAHUYHOTO | 6 15
3HAUEHUS 3a/1ePKKH, MC
KonudecTBo oTnpaBiieHHBIX MAKETOB, IIT. 898 730 660
KonuvecTBo noTepsiHHBIX MaKETOB, LIT. 1 56 78
Tabnuua 2. Pesynsrarel Mmoaenuposanus aist FIFO
Cranuuu 5G
XapaKkTepuUCTUKKI - - - - - -
Slicel Slice2 Slice3 Slice4 Slice5 Slice6
HcxonHele naHHble HArpy3Ku, %o 0,5 0,55 0,65 0,7 0,6 0,45
[Mpuoputer PR (npu Hanuuuu) 0 0 0 0 0
HcxonHble JaHHBIE MAaKCUMaJIbHOTO 15 5 3 | 4
TPaHUYHOTO 3HAUYEHHUS 3aIEPKKH, MC
KonuuectBo oTnpaBieHHbIX NAKETOB, LT. 420 530 334 530 550
KonuvecTBo MOTEpSIHHBIX MAaKETOB, MIT. 14 12 0 1 5
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PucyHok 4. 3aBUCMMOCTb BpeMeHH 00CIIyKMBaHUS OT KOJIMYECTBA OTHPABICHHBIX MaKeTOB B 5G ¢ yueToM NpHOPUTETOB
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PucyHok 5. 3aBucHMOCTb BpeMeH! 00CIyKMBaHUS OT KOJIMYECTBA OTIPABIEHHBIX NakeToB B 5G 0e3 yuera
NIPUOPUTETOB

IMomyunm rpadyky 3aBUCHMOCTH BpeMeHH 00-
CITY’>KMBaHHUS OT KOJIMYECTBA OTIPABICHHBIX MMAaKETOB
B 5G ¢ y4eToM MpHOpUTETOB U Oe3 yueTa MpuopuTe-
TOB, & TAKXKE C/I€JTaeM BBIBOJI O KOJIMUECTBE TOTEPSH-
HBIX TTaKTOB (PUCYHOK 4, pUCYHOK 5).

3akiroueHue

B pesynbrare uccieqoBaHUsS MOXKHO OTMETHTH!

1. I'lo mepe yBenndenusi obbeMa JaHHBIX, 00pa-
OarbiBacMbIX 0a30BOI cTaHLMel, BpeMs 00paboTKu
MaKeTOB PacTeT.

2. TloBbllIeHHE TPUOPUTETHOCTH CTAHLIUU CIIO-
cOOCTBYeT COKpALIeHUIO0 BpeMeHH oOpaboTku ma-
KETOB.

3. B uesioM, Haubomnee ONTUMAIBHOW KOH(HUTY-
paLmeii sBiseTcs CTaHLUs C HU3KUM MTPUOPHUTETOM,
HU3KOW Harpy3KoH M CpeHUM KOJIMYECTBOM TOCTY-
MAIOIIMX MAaKeTOB, TaK Kak Takas CTaHIHs o0ecreyun-
BaeT cpejiHee BpeMs 00paboTKH.

4. Vicxonss W3 pasiMyHBIX JUCLMIUIMH O4YepelH,
MOYKHO CJIeNlaTh BBIBOJ O BOSMOXKHOCTH BBIOOpa Hanbo-
Jiee ONTUMAITBHOTO PeLIeHHs UTsi KOHKPETHOTO ClTyyasi.

Takum oOpasoM, pazpaboTaHHas MOJIENb MO3BO-
JISIeT OLUECHUTD BIIMSHHUE PA3IMYHBIX XapaKTePUCTHK
BhIIek SG Ha Ka4ecTBO 00CTY)KMBaHHS MTAKETOB JaH-
HBIX B CETH. DTO MOXET TIOMOYb OTepaTopam CBS3H
ONTUMH3HUPOBATH paboTy CBOMX ceTel u 0becreunTh
6osee 3¢ heKTUBHOE UCTIONIL30BAHUE PECYPCOB.
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5G NETWORK MODEL DEVELOPMENT IN ANYLOGIC ENVIRONMENT
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This article describes the analysis of programs for modeling 5G networks. In the selected AnyLogic
program, a 5G network model with several base stations that have different characteristics was cre-
ated. Studies of this model have been made taking into account various disciplines of the queue, the
load on each station has been calculated at different priorities. It is proved that this model can be used
to study and evaluate the of data transmission efficiency in 5G networks, as well as to analyze the im-
pact of the characteristics of additional parameters (latency, load and priorities) on the quality of data
processing. The studies confirmed that the developed 5G network model can help telecom operators
optimize performance of their networks and ensure more efficient use of allocated resources.
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