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VYKpaiHChbKUH JIepyKaBHUH YHIBEPCUTET 3aJII3HUYHOIO TPAHCIIOPTY XapKiB, YKpaiHa

METOIM BIPTYAJII3AIIL I MACIITABYBAHHSA
B MEPE/KAX BE3ITPOBOJOBOI'O 1OCTYITY

Bipryanizauis i MaciuTaOyBaHHS Pi3HUX IIPOLIECIB BXKE 1aBHO BOupae B cebe Bce HOBI i HOBI ramysi. Kpim nommpeHoi Bip-
Tyanizamii Mepex, NpONOBKYIOTh PO3BHBATHCA BipTyallbHI KoMmmaHii. B sKocCTi nmpukiamy MOXHa MPUBECTU BipTYaJIbHUX
oneparopiB MoOinbHOro 383Ky (MVNO), sIKi BUKOPHUCTOBYIOTH JUIsl 00CIIyroBYBaHHS a0OHEHTIB (h)aKTHYHO «HyXi» Mepe-
XKi, IPOTe MAarOTh Psijl IIepeBar B MOPIBHAHHI 3 TPaJULIiIHUMK OlepaTtopaMu 3B'I3Ky. Y HepCleKTUBI JaHWi Hiaxix JacTb
MOXIIMBICTB 3a0€3M1€UUTH HAMKpallle MiAKIIOueHHS aOOHEHTa B HOro TO4YLl HPUCYTHOCTI Ta BUKOPUCTOBYBATH BipTyasbHi
cepBicu. B Hepanexkomy MaifOyTHbOMY MepeskeBa iHQpacTpyKTypa MOOIJIBHOTO 3B'I3Ky ITOBHICTIO 200 YaCTKOBO IepecTaHe
OyTH BIACHICTIO oneparopis, a GyHKLIT onepaTopis OyayTs MaTH OLIBIIOI MiporO JIoriyHMil Xapakrep. [lepexin no moxi6-
HOI cxeMH 00ciTyroByBaHHs Oyze BiOyBaTHCs He TUIBKM Ha a0OHEHTCHKOMY PiBHI, a if Ha piBHI PO3POOKH BiZKPUTOrO Mpo-
rpamHoro 3a0e3IedeHHs, olepaliiiHuX cucreM, MepexeBux TexHonorii. ITonibna peopranizanis norpeGyBaTuMe IEBHUX
4acOBUX PECYPCIB, aJKe 3HAL00UTHCS Y3TOIPKEHHS CTaHIApTiB, MOJEPHI3allis 00J1aHaHH:, CTBOPEHHS! HOBOT'O IIPOIPaMHO-

ro 3a0e3nevyeHHs 3axXucTy iHpopMarii.

Karwuosi ciosa: kornitusHe panio, LTE, inppacrpykrypa sik nociyra, miargopma sk ociyra, HeHTp 00poOKH JaHUX,
HporpaMHe 3a0e3eUeHHs K MOCIyra, POrpaMHO-KOH(IrypoBaHi Mepei, BipTyami3alis MepexeBux (yHKUiH, LeHTp 00-

poOKHM TaHuX.

IMocTanoBka npodiemun

B cydacHux Mepexax O€3NpOBOIOBOrO JOCTYITY
ICHY€E psill INTaHb, KU OYJI0 BUPINIEHO YacTKOBO abo
Ma€ CKJIaJHy CHUCTEMY pillleHb: 30epiraHHs JaHHX; i30-
TSI BCIX BHYTPIIIHIX TpOLECiB; 30epiraHHs CTaHiB
JIAaHUX Ta BiJHOBJIEHHS TaHUX B IEBHHH MOMEHT yacy;
THYYKHUH pO3IOMis aBTopu3alii Ta ayreHTrdikaris; 00'-
€JIHAHHS IIPOIIECIB 1O JIOTIYHMM a0o0 iHIIMM O3HaKaM;
KOHTPOJIb JIOCTYITy Ta YIPAaBIiHHS CHCTEMaMH i Mepe-
YKaMH, TIOJILJT TIPUBLIICIB HA TPYITH.

Buxonsuu 3 BHIICOMMCAHOTO iCHYE HEOOX1IHICTH
aHaJi3y TaKMX TEXHOJIOTIH SIK BipTyauisais 1 mMaciira-
OyBaHHS B CHCTeMax OC3IIPOBOIOBOIO 3B'A3KY.

AmnaJri3 jiteparypu. Pi3HOMaHITHI TeXHOIOTIT Bip-
Tyauizamisi i MacITaOyBaHHs B cHCTeMax Oe3npoBoOJO-
BOTO 3B'SI3KY PO3IVIANAIOThCS B 0ararboX HayKOBHX Ipa-
wax [1-23]. Ane pesiki MUTaHHS 3aJUIIAIOTHCS 32 Me-
JKaMH J0CIipkeHb. Tak, Hanpukian, B [1] He po3msaaa-
€THCSl HANPSIMOK 3MEHILIEHHS 00CATIB 3aiHATOI mam'sri,
a TakoX (PYHKLIOHAJBHUX MOXKJIMBOCTEH CHCTEM BipTYy-
amizanii. B [2] Oyito 3HeXTyBaHO MOXJIMBICTIO 3aCTOCY-
BaHHSI XMapHUX TEXHOJOTIH B cucremMi 0e31mpoBOIOBOrO
383Ky LTE. B [3] He Oyno po3misiHyTO KIIFOHOBI ITOHSIT-
TS aBTOMATH3AIlil Ta MacIITa0yBaHHs, a TAKOX BipTyaJIi-
3anii MmepexeBux QyHkuii. B [4] Hemae peanizanii apxi-
TEKTYpH KOTHITUBHUX DaIiOCHCTEM 3 BUKOPHCTAHHSIM
XMapHoi apxitektypu. B [5] Hemae nmoOymnoBu BipTyasi-
3allii sapa Mepexki Ta Mepexi paaionoCcTyIy.

MeTtoro crarTi € aHami3 MeTONiB BipTyamizamii i
MacmTadyBaHHSI B MEpekax 0e3IpoBOIOBOTO JOCTYITY.

OcHoBHUII MaTepiaa A0CTiTKeHHA

Bipryamizamis Ta macmraOyBaHHS CHCTEM BKpai
Ba)XXJIMBI B Cy4aCHOMY MOOUTbHOMY 3B'si3Ky. BoHm mo-
3BOJISIFOTH OIlepaTopam: MaciitaOyBaTH Mepexi 1 HeoO-
XiHI YacTOTHI pecypcH; Iepepo3NOIUIATH YacTOTHI
pecypcu Mixk co0010; €peKTHBHO BUKOPHUCTOBYBATH Yac-
TOTHI peCypcH; MOCATAaTH MAKCHMATbHOI BiJMOBOCTIM-
KOCTI CEpBICIB i MOCIIYT; 3aCTOCOBYBATH 1HTEJIEKTYaJIbHI

JeneHTpaitizoBani cucremu. KpiMm mporo, Bipryasizaris
JIO3BOJISIE CKOPOTUTH HEOOXiTHY KiNBbKICTh OOJaHAHHS
B MEpEeXi OIepaTopiB MOOIIBHOTO 3B'S3KY, LIO 103BO-
JIUTh 3HU3UTHU CIIOKMBAHHS €HEpTii, SMEHIIUTH 3arajibHi
(iHaHCOBI BUTpaTH, HEOOXiHI MOOLIEHUM OllepaTopam
JUTSE TOOYIOBH BJTACHOI MEPEXEBOT iHPPACTPYKTYPH.

BianoBimHO, OCHOBHUMH 3aBIaHHSIMH BipTyasi3a-
1ii MepexxeBoi iHPpacTpyKTypH €:

- 3MEHIICHHSI eKCIUTyaTaliiHUX BUTPAT;

- CKOpOYEHHSI €HEPrOCIIOKUBAHHSI;

- MiIBUINCHHS CIICKTPAIBHOI €(DeKTUBHOCTI;

- MOXJIUBICTh HIATPUMKH JEKUTBKOX CTaHIApTiB
panio AOCTYITy Ha OCHOBI BiJIKpUTOI Iu1aTdopmMu;

- IIBUJIKUH 3aITyCK HOBHX TOCIYT, B HACIIIOK YOTO
BiOyBa€eThCs 30UIBILICHHS TPUOYTKY;

- ITOKPALIEHHS SKOCTI 00CITyrOBYBaHHs a0OHEHTIB.

T'0TOBHOIO YACTHHOIO BipTyasi3allii € XMapHa Iiia-
ThopMa, TPHUKIAA apXIiTEKTYpH SIKOI MPENCTAaBIEHO Ha
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Puc. 1. ApxiTekrypa XMapHUX CHCTEM
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OCHOBHUMH KOMITOHEHTaMH JIaHOI I1aT(opMu €:

- BipTyaJIbHI MalllMHH,

- PO3MOUIEH] CXOBUINA JaHUX ([Uisl 3a0e3neueHHs
B1IMOBOCTIHKOCT1),

- TIporpaMHe 3a0e3Ne4eHHs! Uil BUKOHAHHS OIle-
patlii B aBTOMaTHYHOMY PEKUMI;

- CHCTEMa YIPABIIHHSA CTPYKTYPOIO - PO3MOJLT Ha-
BaHTa)KCHHS, MacITaOyBaHHS 1 T.]I;

- [IUTF03 MPOrPaMHOTO 3a0€3ICUCHHS.

lNicrorpaMy BHKOPHCTAaHHS KOPHUCTyBauaMH 3ara-
JILHOMOCTYITHUX XMapHHUX TEXHOJOTIH MPEICTaBICHO Ha
puc. 2.

Puc. 2. BukopucraHHs 3arajgbHOIOCTYITHUX XMAPHHUX TEXHOJIOTH

Iadpactpykrypa sx mocinyra (IAAS) - HamaHHS
00YHCITIOBAIBHUX PecypciB abOHEHTaM ISl KOPHCTY-
BaHHs. [laHa MOJIeNb JO3BOJISIE KOPUCTYBAYY YIPABIISITH
orepaniifHIMU CHCTEMaMHt 1 MPOrpaMHUM 3a0e3eycH-
HAM, aji¢ HE Ma€ MOXKJIHUBOCTI YIPABIIIHHSA 1 KOHTPOIIO
¢iznuHOIO 1HpaCTPYKTYpOIO.

[Tnardopma six mocnyra (PaaS) - HamaHHS TOCTYTH
3 METOI0 PO3rOpTaHHS NPOrPaMHOr0 3a0e3reyeHHs,
peasi3oBaHOrO Ha OCHOBI IHCTPYMEHTIB, SIKi MiATPUMY-
I0ThCs MpoBaiinepom. KopucTyBau He Mae MOXIIMBOCTI
YIIPaBJIATH XMapHOI iH(pacTpyKTypolo, a camMe CUcTe-
MO0 30epiraHHs JaHUX, ONEPAIliiHOI CHCTEMOIO 1 T.JI.

IIporpamue 3abes3meueHHs Ak mociyra (SaaS) -
OCHOBHOIO CKJIQJIOBOIO XMapHOI CTPYKTYpH € XMapHi
MOCITYTH, KOTPi MOXXHA BUPA3UTH B TPHOX (opmax: Ha-
JaHHS TOCHIYT K iHPpacTpyKTypH, miardpopMu i mpo-
rpaMHOrO 3a0e3MeueHHs] HAJAHHS TOCIYr y BHIVISAMI
MPOrpaMHOro 3abe3nedeHHs, PO3TOPHYTHX B XMapHiit
iH(pacTpyKTypi mpoBaiiaepa. [IporpaMue 3a0e3meueHHS
MOXe OYTH JOCTYITHHM MJIsl Pi3HHX, MPU3HAYCHHUX ISt
KOpHCTyBaua, MPUCTPOIB aje KepyBaTH MapaMeTpamu
pobOTH 1 HalAITOBYBATH NpOrpaMHe 3a0e3NedeHHs
KOpUCTyBauy Oyne 3a00pOHEHO.

AOOHEHT, B 3aJIGKHOCTI BiJ[ BIACHHUX MOTPeO, 00u-
pae BIANOBIAHY MOJETbh 00CIYroByBaHHS. SIKIO KOpHC-
TyBad BUOMpae SaaS , BiH OTPUMYE JeIKi MOXIIUBOCTI
0 YIPABIiHHIO HANAIITYBAaHHSAMH, ajie 00CIyrOByBaHH:I
caMmoi TOCIyTd TpoBaiiep XMapHOI iHPPaCTPyKTypH
3aiiicHIoe camocrTiiiHo. Lle mo30aBnse kopucryBada Bif
JIOJIATKOBUX BUTpPAT Ha TEXHIYHE 00CITYTOBYBaHHSI.

Haiibinpin axTyanpHi TEXHOJOrII, IO AormoMara-
I0Th MIpOBaiiiepaM 3 MOJICPHI3AIIEIO 1 CIPOIICHHIM Me-

pexi, € Bipryamizamis MepexxeBux Qyskuii (NFV) i
nporpamMHo-koHdirypoBani Mepexi (SDR). Bonu wma-
I0Th psJ TiepeBar, 30KpeMa, MIBUAKHN 3aIlyCK HOBHX
nociyr Ha puHoK (TVO) ta ckopouenns surpar (TCO).

OCHOBHOIO 1/Ie€10 TIPOrPaMHO-BU3HAUYEHUX MEPExK
€ BijmineHHs piBHs nepenavi Tpadixky (Data Flow) Bin
piBust ynpasninas (Control Plane) [1]. Y SDN ¢ynkmii
YIIpaBIIiHHS Tpa(ikoM BUHECEHI 3 MEPEKEBUX TPUCTPO-
iB Ha 3aranbpHUil KOHTpoep. Ha xomyraTopax i mapui-
pyTH3aTopax 3aJMIIMIOCS TUIBKW HaJallTyBaHHS I10
nepeaadi abOHEHTChKOro Tpadiky (puc. 3).

| nPBEHb ‘ BizHec-npono3uuia
porpam
..
AP # API # ‘ AP
PiBeHb Kepywoue Mepexesi |
KOHTpOnio no Copeits |
; Openflow
PiBeHb Mepexese
iHhpACTPYKTYpY o6naAanks

Puc. 3. Crpyxrypa SDN

KirouoBuMm enementoM koutieniii SDN e mporo-
KOJI YIIPaBIiHHSA MPOIECOM 00pOOKH MaHMX, SIKHIA peajti-
3y€ B3aEMOJII0 KOHTpOJIEpa 3 MEPEKEBUMH IPUCTPOS-
MH. 3a JIOIIOMOTOI0 KOHTpoJepa BCs Mepeka, IIo CKIa-
JTAETHCS 3 MPUCTPOIB PI3HUX BHUPOOHUKIB, MPENCTABIIS-
€TBCS IS CepBICY K OMUH JIOTIYHUI KomyTarop. SDN
peanizoBye iHTep(eiic TPUKIATHOrO MPOrpaMyBaHHS
(API), sixmii mO3BONSIE 3MIHIOBATH KOHTPOJEp 330BHI,
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BH3HAYAIO4U Cepely JJIsl aBTOMATH3allii, KOHTPOJIO SIKO-
cti Ta macmraOyBanHsa. J[o ocHOBHuX mepeBar SDN
MOYKHA BiJTHECTH:

- MiHIMI3aIlit0 Yacy 3aIycKy JONaTKiB;

- 30LIBIIEHHST HAIIHOCTI 1 OE3MeKn Mepexi;

- LIEHTPAJTi30BaHe YIIPABJIIHHS;

- 3MEHIIEHHS BUTPAT Ha YNPABIIHHI MEPEKEBUMHU
pecypcamu;

BaxJIMBOIO CKIJIAJIOBOIO BipTyasi3allii MPOIECIB €
Bipryamizaniss MepexeBux ¢ynkuiii (NFV), ocHOBHIM

3aBJaHHIM SIKOi € peaiizamis (yHKLIi YIpaBIiHHSI Me-
pexamMH i HaJaHHS TOCIYT MPOrPaMHUM IUISIXOM, 3a-
MICTh BUKOPUCTaHHS OKpeMoro ooOiagHaHHs. TexHomo-
rist NFV 103Bossie IEKiIbKOM OorepaTropam 3aIisiTd OTHY
i Ty % camy MepexeBy iHppacTpykTypy (puc. 4). Takuii
X1 TO3BONSE ICTOTHO CIIPOCTHTH Peaji3alliio BipTy-
aJTbHUX MOOLTRHHX oneparopi (MVNO).

IcHye MOXIHUBICTH BipTyasizalii sk siipa Mepexi
(manpuxnan EPC/SAE), Tak i camoi Mepexi paaiogoc-
tyry (RAN) [3] (puc. 5).
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VY 3BSI3Ky 3 THM, IO SAPO MEPEXKi Mae MEHIIy Ki-
JIBKICTh MEPEKEBUX CJIEMEHTIB, HOro BipTyauizarlis €
OinbII IpocTUM pimeHHsM. Bipryanizanist RAN e Haii-
OUTBII TPYIOMICTKHM IIPOIIECOM, ajie¢ MOXKE HMPUHECTH
OUIBIIIe KOPUCTI 3 TOYKH 30py €(EKTUBHOCTI pPO3TOp-
TaHHS 1 YNOpaBIiHHSA Mepexel (Hampukian, (QyHKIi
Smart Cell). Jlane pilieHHS 103BOJISE iICTOTHO CIPOCTH-
TH KOOPIMHAINI PagiouacTOTHOIO Pecypcy MiX cora-
MH. 3 TOYKH 30py B3aeMoii 0a30BUX CTaHII MiX cO-
0010, OJHUMH 3 HAWTOJOBHILIMX TEXHOJOTIH € KOOpIH-
Hauisg npuiiomy i nepenadi (COMP), nongiiine 3'erHaH-
H (Dual Connectivity) Ta KOOpIWHAIUSI TEPEIIKO
(elCIC). Ha migcraBi BUMOT 0 KOYKHOTO BipTyaJIbHOTO
oreparopa Moke OyTH YKJIaJCHO BiIIOBITHUN KOHT-
paxT, 1o iX 3a70BONbHAE. B Mexax naHOI CTPYKTypHU
nocrayajJbHUKaM 1H(QPaCTPYKTYpH 3arpOIIOHOBAHO YO-
TUPH Pi3HI TN KOHTPAKTY:

1. dikcoBaHi rapaHTii: 32 OlepaToOpOM 3aKpiIuieHa
(bikcoBaHa CMyra 4acTOT HE3aJIeXKHO BiJl TOr0, BUKOPHC-
TOBYE BiH 1 UH Hi;

2. JluHamiuyHi TapaHTIi: oneparop OTPUMYE B PO3-
MOPS/DKEHHST CMYTY 4YacTOT 3TiHO 3 HOro ()akTU4HOI
noTpedu.

3. MiniMasbHa rapaHTisi: ONepaTop OTPUMYE MiHi-
MaJIbHY TapaHTOBaHY CMYTY 4acToOT, sika Oyne BHIiJieHa
B OyIb-SIKOMY BHIIAJIKY.

4. MiHimMallbHa TapaHTis Oe3 rapaHTiid: OomepaTopy
MIPUCBOIOETHCS  OyIb-IKa JOCTYMHA B JAaHUA MOMEHT
CMyra 4acToT, IpH IIbOMY OIlepaTtop BCEpEeIrHI CBOET
Mepexi He TapaHTye IIBHIKICHI MOKA3HHUKUA 1 SKICTh
00cITyroByBaHHs IIpH Tiepenadi Tpadiky.

linepBuizop BUKOPUCTOBYE 3HA4YEHHs OLIIHKK He-
00X1THOT IPOITYCKHOI 3AaTHOCTI JUIsl BUAIIIEHHS CIIEKTPa
KO)KHOMY BipTyaJIbHOMY Omepartopy. B KoHTakTax THIly
2 1 ouiHka Oyae CIYXUTH (AKTHYHOIO BHUIUICHOO
CMYTOIO Ul OTepaTopa, BEpPXHE 3HAYEHHS CMyru Oyze
obmexeHo criekrpoM. st Tumy 3 i 4 rinepsi3op crioya-
TKy Buasie ¢iznuni pecypeu (PRB) onepatopam koHT-
pakTy THITy 3, a TOTIM PO3MOAUILE MiX OIlepaTopaMu
Tuny 4. Po3monmia 4acTOTHOTrO CIEKTPY 3aCHOBAHO Ha
YUHHHK CIIPABEIMBOCTI, SIKU PO3PaXOBYETHCS HACTY-
ITHAM YHUHOM:

ne F; — YMHHUK CIIpaBemIMBOCTH omneparopa i, F;(N) —
ominka PRB omepatopa i, E,y, — MakCHMaJIbHE 3HAYCH-
Hs oiiHku PR 1o BciM omeparopam,

K
Etotar = ZEi (N) 2
i=1

Kinekicts PRB, BumineHuX A KOXXHOTO BipTya-
JILHOT'O OIlepaTopa pPo3paxoBYETHCS HACTYITHUM YHHOM:

PRBsAlloc; = int(FixLeftPRBs) , 3)

ne int - nutoyrcenbHa GyHKIis, LeftPRBg — 11e 4UCiIo
PRB, 3anuieHux ajs OeparopiB, II0 MalOTh KOHTPAKT
tuiy 1 3 QpiKCOBaHUMU r'apaHTIsIMH.

BucHoBxu

B crarTi Oyiio mpoaHasizoBaHO apXiTeKTypy Xmap-
HHUX CHCTEM, SIKa BHKOPHUCTOBYE XMapHi pecypcu. AHa-
J1i3 1okasas, 1o pecypc AWS BUKOPHUCTOBYIOTH OiIbII
50 BiJICOTKIB aOOHEHTIB.

Bynno posmisiHyTO peanmizamilo apXiTeKTypH XMap-
HOi iH]pacTpykTypi RAN sika n03BONSIE peani3yBaTH
THYYKHUH pO3MOJLT aBTopi3alii Ta ayTeHTidikamis.

Ilin vac mocmifpkeHHsS OylI0 PO3IISIHYTO apXiTeK-
Typy SDN 3 BUKOPHCTAaHHSIM MEPEKEBUX KOMAaH], fKa
JIO3BOJISIE PO3IVISIIATH 30€pEKEHHsT JaHWX Ha Iporpam-
Homy piBHi. Ilpu aHami3i xoHQirypauii Oyiao 3amporno-
HOBAHO Y3araJlkHEHy XMapHy apXiTeKTypy 3B'S3Ky Ha
ocHoBi SDN / NFV. /Io ocHOBHHUX IiepeBar Takoro BUIY
XMapHOI apXiTEeKTYpH MOYKHA BiTHECTH:

- IIBUJIKE PO3TOPTAHHSA MEPEX 1 JOJATKIB;

- THYYKE IOEJHAHHS KUTBKOX MEPEXEeBUX (DYHKILIH
Ha OfHiH Tardopmi;

- 3MEHIIEHHsI BUTPAT Ha MepeKeBe 00IaHAHHSI.

Takok Taka CTpyKTypa A03BOJSE BiJHOBUTH JaHHI
B IIEBHUN MOMEHT 4acy.

Takox, mia yac JDOCITipKEHHS OyJI0 3ampOoroHOBa-
HO peai3allio XMapHOi apXiTeKTypHOI iHppacTpyKTypH
RAN, sika 1a€ MOXKIUBICTD Y TOBHOMY 00csi31 200 4yacr-
KOBO BHPIIIUTH MUTAHHS:

- KOHTPOIIIO JIOCTYIy Ta KePyBaHHsS CHCTEMaMH Ta
MepexaMH, TTOJIOHUMU JI0 TPYIIH;

- 130Ms1ii BCIX BHYTPILIHIX IPOIIECIB.

_ - I0O3BOJIAE Pealli3yBaT THYYKUN PO3IIOALI aBTOPi-
F;' - Ei (N)/Etotal (1) . p ...y yd p P
3arii Ta ayTeHTidikarii.
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MeToabl BUPTYyaIM3aMA M MACINTA0MPOBAHMSI B CETSIX GECIPOBOIHOIO J0CTYIA
1. 5. O6ixon, B. I1. JIuceuxo, 1. B. Koeryn, 0. C. lllyBanoga, C. B. Cronora

Bupryanusanus u MacmrabupoBaHus pa3iIMYHbIX HPOLIECCOB Y)KE JIABHO BIMTBHIBAET B ce0s BCE HOBBIE U HOBBIE OTPACIIH.
Kpome pacnpocTpaHeHHOH BHpPTyaln3aluy ceTel, MpOIOKAlT Pa3BUBAThCS BUPTyallbHbIE KOMIAHUM. B KadecTBe mpumepa
MOYKHO IPHBECTH BUPTYaJIBHBIX OnepartopoB MoOunpHOH cBsa3u (MVNO), KoTOpble HCIONB3YIOT 171 00CITYyXKHBaHUS aOOHEHTOB
(aKTHYECKH «IyXHE» CeTH, OJHAKO MMEIOT PsJI PEUMYIIECTB I10 CPAaBHEHHIO C TPAJUIIMOHHBIMU ONlepaTopaMu CBs3H. B mep-
CIIEKTUBE JIaHHBIN IOXOJ( IO3BOJIUT 00ECIEUNTh HAWTy4IIee MOJKIIIOYeHHsI A0OHEHTa B €r0 TOUKE IPUCYTCTBUSI U UCIIONb30BaTh
BUPTYaJIbHbIE CEPBUCHI. B Henanexom Oynyiiem cereBast HHOPacTPyKTypa MOOMIBHOH CBA3M MOJHOCTBIO MM YAaCTHYHO Iepe-
cTaHeT ObITh COOCTBEHHOCTBIO OIEPATOpOB, a (hYHKLMU ONEpaTopoB OyayT MMeTh B OONBIICH CTENEHH JIOTMYECKUH Xapakrep.
ITepexon k MogoOHOM cxeMbl 00CIyKHBaHUs OyIET NPOUCXONUTH HE TONBKO HA ADOHEHTCKOM YPOBHE, HO U Ha ypPOBHE pa3paboT-
KU OTKPBITOrO IIPOrPaMMHOI0 00eCIIeUeHH s, ONIEPALIOHHBIX CHCTEM, ceTeBbIX TexHonoruil. [lonobnas peopranuzanus norpedy-
€T ONpeJIENEHHBIX BPEMEHHBIX PECYPCOB, BEJlb IIOHAJI00MTCS COINIACOBAHME CTaHAApTOB, MOJIEPHM3ALMA 000PYIOBAHMU, CO3/la-
HHE HOBOT'O IIPOrPaMMHOr0 00eCIeueHus 3aIUThl HHPOPMALIUH.

KawoueBnle cioBa: koruutusHoe paauo, LTE, nadpactpykrypa kak ycnyra, miardgopma Kak yciayra, HEHTp 00paOOoTKu
JIAHHBIX, TMPOrPaMMHOE O0ECIICUCHHE KaK YCIyra, MporpaMMHO-KOH(QUTYpHUpYeMbIe CETH, BUPTYAIU3alsl CETEBbIX (DYHKIMA,
LEHTp 00pabOTKU TaHHBIX.

Methods of virtualization and scaling in wireless access networks
Y. Obikhod, V. Lysechko, 1. Kovtun, Y. Shuvalova, S. Skolota

Virtualization and scaling of various processes have long been absorbing new areas. In addition to the widespread virtual-
ization of networks, virtual companies continue to evolve. As an example, the virtual mobile operators (MVNOs) are used to
service subscribers actually "alien" networks, but have a number of advantages in comparison with traditional operators. In the
future, this approach will provide the opportunity to provide the best subscriber connection at its connection point and use virtual
services. In the near future, the network infrastructure of mobile communication will cease to be the property of operators in
whole or in part, and the functions of operators will be more logical. The transition to a similar scheme of service will occur not
only at the subscriber level, but also at the level of development of open source software, operating systems and network tech-
nologies. Such reorganization will require some time resources, since standardization, hardware upgrades, and the creation of
new information security software will be required.

Keywords: cognitive radio, LTE, infrastructure as a service, platform as a service, data center, software as a service,
software-configurable networks, virtualization of network functions, data center.
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