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ITo cymecTBytomuMm mmporaosam, mocie 2030 r. OymeT pa3BepTHIBATLCS MHTEIUIEKTyalbHasI, TPEXMepHas,
CBEpXIUIOTHAsI, UHTETPUPOBaHHas1, TepabUTOBAsI, TepareploBasi, TAKTUJIbHAsI U CEHCOPHO-CKaHUPYOLIAsT
cucreMa GeCpOBOIHOM CBI3M 1ecToro nokosieHus (6G). s Hee OymyT BeCbMa 3HAYMMBbI IIPOCTPaH-
CTBEHHbBIE OCOOEHHOCTH, YTO OOYCIOBIUBAET HEOOXOIUMOCTh reorpaduyeckux ucciaenosanuii. [pexnpu-
HSITa ITOTBITKA ONPEIeIUTh OyAyIre HalpaBIeHUsI reorpaduaeckoro nusydeHus ceteit 6G Ha OCHOBE CpaB-
HEHUsI CETEeBBIX ITApaMETPOB C CYIIECTBYIOIIMM OMBITOM MO3HAHUSI MPOCTPAHCTBEHHO-BPEMEHHBIX OCO-
OGeHHOCTell pa3BepThIBaHUS WHOOPMALIMOHHO-KOMMYHUKAIIMOHHBIX ceTeil. OCHOBHOE BHUMAaHUE
yIeJleHO MH(PPACTPYKType U TEHEPUPYEMBIM €10 TeJIEKOMMYHUKAIIMOHHBIM yciyraMm. K nHgpacTpykrype
OTHECEeHBI O0JIauHbIe TaTa-1IeHTPBI, CTAllMOHAPHBIE 1 MOOMJIbHBIC 6a30Bble CTAaHIIUK, ADOHEHTCKHUE U PO-
GOTU3MPOBaHHbBIC YCTPOMCTBA, U3TyYalolIe MTOBEPXHOCTH, CEHCOPBI M IPYTUE CETEBbIC JIeMEeHTHI. bymy-
IIe YCIYTU OYyayT MPEACTaBIeHBI ITOBCEMECTHO MOIKIIOUeHHBIM MCKYCCTBEHHBIM MHTEJUIEKTOM, CEHCOP-
HBIM CKaHMPOBaHUEM OKpYKarollieil cpe/ibl, ToJorpadruyecKuM TeJIeNTPUCYTCTBUEM, paCIMPEHHO peallb-
HOCTBIO, TaKTWJIHBHOW KOMMYHUWKAIIME, TPEeXMEPHBIM IO3MLIMOHUPOBAHUEM W APYTUMU CEpBUCAMMU.
[MpemioxeHo pa3zBuBaTh reorpadyecKue uccieqoBaHusl Mo CASAYIOLIIUM HalpaBJeHUsIM: pa3BepThiBaHUE
MMPOCTPAHCTBEHHO-pAaCTIpeeIeHHOM CeTH, NH(HOKOMMYHHMKAIIMOHHO-CETEBOE OCBOCHUE MPOCTPAHCTBA,
uIeHTUUKALKS “yYMHBIX” arJioMepaluii 1 perMoHOB, TIPOCTPaHCTBeHHAst AU dY3Us TeIEKOMMYHUKAIIU -
OHHBIX YCITyT, LIEHTP-TIeprdepuitHoe b poBoe HEPABEHCTBO U MCKYCCTBEHHO-UHTEUIEKTYaIbHasI CIIe-
Luaau3alus permoHoB. [IpukiagHbie pabOThI MpelIaraeTcsl BbIMOJIHSTD 110 reorpadruyeckoil 3KCIepTuse
CETEBBIX IMPOEKTOB, ONTUMM3AIIUM JIMHEHHO-Y3JIOBOM CTPYKTYPHI M peKOMeHIAIMM ITapamMeTpoB ceTu 7G.
[Mo kaxxnmomy M3 AEBSITU HaIpaBJIEeHUI MPUBEIEHBI 00Iasi XapaKTepuCTUKa U BO3MOXHOE JeJeHUe Ha
YacTHBIC HallpaBieHus. B paMkax BblieJIeHHBIX HaIlpaBJICHW MoKa3aHa IpearoaraeMast epuoau3arus
OCHOBHBIX 3aJa4 MCCJEIOBaHUS OT pa3pabOTKU METOAOJOIMU reorpaduyeckoro rmosHaHus cereit 6G B
2020-¢e Toabl K IMOJIy9YeHUIO SMINPUIECKIX pe3ybTaToB B 2030-e rogbl 1 IoCaeayomeMy UX 00CYKIeHUIO
st niepexona K 7G B 2040-e ronpl.

Kntouesuie ciosa: iepcrieKTUBBI pa3BUTUS OOIIIECTBEHHOM reorpaduu, 6ecripoBOIHas CBA3b LIECTOrO I10-
KOJIeHMSsI, “yMHas1” ropoacKas aryioMepanus, IpocTpaHCTBeHHAsI n1ud ¢y3us, 1M poBOe HEPABEHCTBO, C-
KYCCTBEHHBI1 MHTEJIJIEKT, reorpaduueckas 9KCIepTusa, ONTUMU3aIUs CETU
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BBEIEHUE HE€ aHaJIM3UPOBAJIUCD.

PaCHII/IpHH TEXHUYCCKHNE

DBoMONS OECIIPOBOAHON CBS3M (MOOMIBHBIX
ceTeil) MPOUCXOAUT B COOTBETCTBUM C “IpaBUIOM
necatmwietHero uukia” (Lu and Zheng, 2020): cetu
nepsoro nokoyieHus (1G) pazBopauuBanuch B 1980-¢,
2G — B 1990-¢, 3G — B 2000-¢, 4G — B 2010-€ TOmHI,
a IToCJIeTHME IBA ITOKOJICHUS OyAyT pa3BOpaYMBaThCS
B 2020-¢ (5G) n 2030-¢ (6G) ronsl. I'eorpadsr nsyya-
mm B ocHoBHOM 1G—4G (baanyua, 2022). ITo 5G
TOJILKO HaYajil IIOSIBJISIThCS IIePBbIC ITyOJIMKAIIMU
(bnmanyna, 2019; Flaherty et al., 2022; Oughton and
Frias, 2018; Oughton and Russell, 2020; Stewart and
Nickerson, 2021; Werner and Porczek, 2019), a mo-
oumnbHbBle ceTu 6G ¢ reorpauUUecKux MO3ULIMIA ellle

MpencTaBIeHUsI O TPOCTPAHCTBEHHBIX OCOOEHHOCTSIX
OecrnpoBOAHOI CBsA3M liecToro nokoiaeHus (Lu and
Zheng, 2020), uenecoodbpasHO OTMETUTb 3aBUCHU-
MOCTb HallpaBJI€HHOCTHU 1 TTOCIeI0BaTEIbHOCTU pa3-
BepThIBAaHUSI OyOyIIUX CeTeil OT reorpaduyecKoi
CTPYKTYPBI CUCTEMbI PaCCEICHHUSI, YTO XapaKTEepHO
IUIST BCeX TeppUTOpPUAIbHO-paCIIpeAcIeHHBIX Tele-
KOMMYHHMKAIMOHHBIX ceTeil (Bnanyna, 2016, 2019;
Barroso and Martinez, 2004; Malecki, 2002), mtepe-
xon ot aymepHoro (2D B 1G—5G) K TpexmepHOMY
(3D) nmokpeituio (Agarwal et al., 2021), 3aMeHy coTO-
BOM CTPYKTYPHI Ha CILJIOIIHBIE U3JTyYalolIe IOBEpX-
Hoctu (Chiwhane et al., 2022), moBcemMecTHOE pac-
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BJIAHYLIA

Ta6mmma 1. 3HaueHUsT KITIOYEBBIX ITApaMeTPOB 15T 6GecrpoBoaHoii csa3u 4G, 5G u 6G

ITapametp 4G 5G 6G

[InkoBast cKopocTh epenayn JaHHBIX, [ 0uT/C 0.1 20 1000
[rotHOCTB Tpaduka, M6HT/Cc/KM> 0.1 10 1000
[JI0THOCTb TIOAKITIOUEHHST, YCTPOICTB/KM> 103 100 107
MoOUIBHOCTD YCTPOICTB, KM/4 350 500 1000
3agepKKa CUTHaJIa, MC 10 1 0.1
TouHOCTB JIOKaIM3aLMK B TOPOAE, M 50 10 1
DHeproadhdeKTUBHOCTh, KPaTHOCTh 1x 10% 100 %
CrnexTpajbHas 3(pPeKTUBHOCTb, KPaTHOCTh 1x 3x 15%

Hcmounux. CocTaBlIeHO Ha OCHOBE CTaHIapTOB MexXayHapoaHOro coto3a aeKTpocBsdu (4G/IMT-Advanced, 5SG/IMT-2020) u 06-
30pHBIX myonukarnumit (Agarwal et al., 2021; Lu and Zheng, 2020; Zong et al., 2019).

MIPOCTpaHEeHNE U BCTpauBaHUE UCKYCCTBEHHOIO MH-
TesuiekTa B ceTh 6G, mpuBosiee K GopMUPOBAHUIO
“ymHoro mnpoctpaHctBa” (Kourtit and Nijkamp,
2018), 1 3HAYMMOCTh TeorpaMIeCKOro IOJIOXKEHUS
YCTPOUCTB 00paOOTKM JAaHHBIX B TYMAHHBIX BBIYMC-
nenusx ajs nogaepxkku 6G (Islam et al., 2023). Llenb
HaIlIeTo UCCIeIOBAaHMS — ONpeaeJIeHNe Oy IyIIInX Ha-
MpaBJIeHU reorpauieckoro n3ydeHust 6ecrpoBO/I-
HOI1 cBsI3M 6G Ha OCHOBE CpaBHEHUSI €€ MapaMeTpoOB
C MUPOBBIM OIBITOM ITO3HAHMS ITPOCTPAHCTBEHHO-
BpPEMEHHBIX OCOOEHHOCTE! pa3BepThIBaHUSI MH(MOP-
MalMOHHO-KOMMYHUKAIIMOHHBIX CETEI.

ITockonbKy mocTpoeHue MOOUIBHBEIX cereil 6G
oynet ripoucxonuTh B 2030-e ronpl, TO B HACTOSIIIEE
BpeMsI MOXKHO TOBOPUTH TOJIBKO O HEKOTOPHIX KOHTY-
pax Oymymux HanpasiaeHUt. K npyruM orpaHnYeHU-
SIM HCCJIEIOBaHUSI MOXKHO OTHECTH OMOpYy Ha TIpe-
UMYIIECTBEHHO aBTOPCKOE O0O0OIIEeHHE MUPOBOTO
OITbITa TeorpaduuecKoro u3ydeHus: MHGOPMALOH-
HO-KOMMYHUKalMOHHBIX cereil (bnanyma, 2016,
2019, 2022), ucnojb30BaHHWE COBPEMEHHOIO B3IJIsIaa
Ha TapameTpbl Oyayuieil cBg3u (IIpU peau3anuu
04YepEAHOTO MTOKOJIEHUS TIPOUCXOIUT YTOUYHEHE Xa-
PaKTEPUCTUK CJEAYIOIIEr0 TMOKOJIEHUSI CBS3U, UTO
JOMYyCKaeT IMepeHOC HepeaaTu30BaHHBIX BO3MOXKHO-
creit 5G Ha 6G Wi MosIBJIEHUE HOBBIX TPEOOBAHUIM K
6G), aHaIU3 TOJIBLKO MHMPACTPYKTYpHl u yciyr. He
HUCKJIIOUEHO, YTO OYOYT TaKKe 3HAYUMBI KYJIbTYpPHO-
U TIOJIUTUKO-TeorpadruiecKue MoCIeACTBUS, HO 3TO,
CcKOpee BCeTro, BBISICHUTCS B XOJe HEITOCPENCTBEHHO-
ro pa3BepThIBaHUS ceTeil 6G B YeTBEPTOM IECSATHIIC-
T XXI B. UHMpacTpyKTypHO-CEpBUCHAS OPUSHTH -
POBaHHOCTh MCCJIEIOBAHUS JOMOJIHEHA ITOMBITKOM
HAMETUTh KOHTYPhI BO3MOXHBIX HAMpaBICHUN IS
OyIyIIEero MpakTUIEeCKOTO TPUMEHEHHUS Pe3yIbTaToOB
reorpau4eckoro Mmo3HaHUs OECIPOBOIHOI CBS3U
IIECTOrO TOKOJeHUs. B Kaxmom 61oke — mHppa-
CTPYKTYypa, YCIYru, MpPUKJIagHble pabOThl — IIpel-
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CTaBJIEHO MO TPU OCHOBHBIX HaIpaBJIEHUS, JOTTYCKa-
IOIIUX JeJIeHUe Ha psifi Y3KOCIeMaIu3upOBaHHBIX
HamnpaBJeHU. 3a paMKaMM Halllero UcCcaeqoBaHUs
OCTaJIOCh paccMOTpeHMe ceTeii 6G KaK MHCTpyMeHTa
cbopa 1 06padOTKM reorpadUIeCKUX JaHHBIX.

CETb 6G KAK BYAYILIUM OBbEKT .
IT'EOT'PAOHUYECKHWX MCCIIEJOBAHNM

Kaxxnoe HOBOe IOKOJeHUE pa3pabaTbiBaeTcs U
BHEIPSIETCS IS 3HAYUTEJILHOIO VIIYYIICHUS CyIle-
CTBYIOIIIUX ITapaMeTpPOB CBsI3. HekoTopbie M3 HUX
MPUHSITO CYUTATh KJIIOUYEBBIMU (3HAUCHUS IO TpPeM
MOCJCAHUM TIOKOJIEHMSIM IIpUBEIeHbI B Ta0i. 1).
[19Th 13 BOCHhMM KITIOUEBBIX MApaMETPOB SIBJISIOTCSI
reorpadu4eck 3HAYMMBIMU XapaKTePUCTUKAMMU:
TUIOTHOCTb MOOWJIBHBIX YCTPOMCTB MOKAa3bIBAET CTE-
NneHb MHGOPMAILIMOHHON OCBOEHHOCTHU TePPUTOPUU
(bmanyua, 2016), a TUIOTHOCTh TpaduKa — WHTEH-
CUBHOCTb IIPOIIeCCa OCBOCHMS B BUIe 00beMa Perro-
HaJIbHbIX MHGOpPMalLMOHHBIX NOTOKOB (biaHyia,
2019); MOOUIIBHOCTh YCTPOMCTB YKa3bIBa€T HA TUHA-
MUYHOCTh BHYTPUTOPOIACKOTO M MEXIYTOPOMTHETO
B3amMoaecTBUS reorpadudeckmux cucrem (Li et al.,
2021); BennmuymMHa 3adepKKM cUTHaja (BpeMsl IIpO-
XOXIEHUS MaKeTa JaHHBIX OT OTIPABUTENS K TIOJTY-
YyaTesIl0) 3aBUCHUT OT PACCTOSIHUS U 3a1aeT ITPOCTpaH-
CTBEHHBIC IIpPEeAesIbl B3aMMOACUCTBUS TOPOIOB, UTO
MMO3BOJISIET UASHTU(UILIPOBATH “YMHBIE’ TOPOACKNE
arnomMepauuu (bianyia, 2019); TOUHOCTH JTOKaM3a-
LIUU OTIpeNeIsieT CTeNeHb AeTalu3alu reorpapuye-
CKHX KapT M BO3MOXHOCTH TreorpapuyecKux Moje-
JIeli, oIlepupyIoIInX TaHHBIMU reojtokauuu (biany-
ma, 2022; Gruji¢ et al., 2022; Werner and Porczek,
2019). OcraBmuecs Tpu napameTpa MoaApoOHO pac-
CMOTpEHHI B clieUaibHOM autepatrype (Agarwal et
al., 2021; Lu and Zheng, 2020; Zong et al., 2019).
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TEOTPAOUYECKOE U3YYEHUE BECITPOBOIHOWM CBS3U 6G:

JocTikeHne 3afaHHbIX IapaMeTPOB IIPOUCXOIUT
G1aromapsi BHeApEHUIO HOBBIX TexHoJioruit. [Tpu me-
pexone oT 5G k 6G HauboJjiee peBOJIIOLIMOHHOE BO3-
JIeiicTBEe HAa CUCTEMY OECIIPOBOIHOM CBSI3U OKAXKyT
CIeAyIOIINe TEXHOJOTMHU: WUCKYCCTBEHHBIM WHTE-
JIEKT Ha OCHOBE MAIlIMHHOI'O O0y4YeHMs, OeJIalOIINi
MOOMJIBHYIO CETb pacCIpeAeIieHHbIM WMHTEJIEKTOM
(Agarwal et al., 2021; Lu and Zheng, 2020; Zong et al.,
2019); uHTEerpamusi CEHCOPHOIO CKAaHUPOBAaHUS U
CBSI3U, MTO3BOJISIONIAS BCEM BJIEMEHTAM CETU CUUTHI-
BaTh MHMOpManmio ¢ okpyxatoiieit cpenpl (Lu and
Zheng, 2020); cBsI3b B TeparepioBoM auara3oHe,
YBEJIMYINBAIOIIAS MPOILYCKHYIO CIIOCOOHOCTD CETU, U
C MOMOIIIbIO BUAMMOTO CBETA, TI03BOJISTIOLIAST MCKITIO-
YUTh JIEKTPOMATHUTHOE U3JTydeHIE U OrPaHUYCHUS
JmneH3upyemoro crekrpa (Agarwal et al., 2021; Zong
et al., 2019); coznaHue cBepXMajblX COT U U3JTy4yalo-
mux nosepxHocteil (Lu and Zheng, 2020), noBbiia-
IOIIMX Ka4eCTBO CBI3U; TpaHCchep SHepTruu 1o KaHa-
jgaMm cBa3u (Lu and Zheng, 2020; Zong et al., 2019);
pacnpeneiaeHre BeiarciaeHui u gaHHbIX (Islam et al.,
2023), yMeHbIIawIlIee Harpy3Ky Ha MarucTpaIbHbIe
JIMHUM CBSI3M; TIepenada rojorpaduyeckux n3odpa-
xkeHuii (Akyildiz and Guo, 2022) 1 TaAKTWJIbHBIX OIILY-
meHuit (Zhu, 2022).

Ecnu ymactest peain30oBaTh M COTIACOBATh MEXIY
c0060if HOBBIE TEXHOJIOTMHI B COYETAHUN C MOIECPHU-
3alleii COBpeMeHHBIX TexHoaoruii, To nmocae 2030 T.
chopMupyeTcss MHTEIIEKTyallbHas, CaMOOPTaHU3Y-
foniasicsi, rMoBceMecTHasi, MHTerpupoBaHHas (00b-
eIWHEeHWe Ha3eMHBIX, BO3IYIIHBIX, CIHYTHUKOBBIX,
HAIBOIHBIX M MOIBOTHBIX CETEH), CBEPXCKOPOCTHAS
(6oiee 1 Tout/c), TEparepiioBasi, CBEpXIIoTHas (00-
jee 100 MOOWJIBHBIX YCTPOMCTB Ha KyOWYECKUA
METp), TaKTWIbHAs (Iepeaaya OUlyIeHM i), CEHCOp-
HO-CKaHUpYIOomas (MCITOJIb30BaHUE YCTPOMCTB ISt
CUUTBHIBAaHUS TIapaMEeTPOB OKpYXKamlleil cpelnbl) U
MIPENMYIIIeCTBEHHO MeXXMaITnHHAasA (0OGMeH TaHHBI-
MM MEXIy reorpadudyeckKy paclpeneeHHbIMI TeX-
HUYECKUMU YCTPOMCTBAaMU) cucTeMa OECIIPOBOIHOM
cBa3u. [ reorpadoB Takas cHCTeMa OymeT WMHTe-
pecHa Kak TreHepaTop TreorpaduMyecKnx TaHHBIX,
MPOCTPaHCTBEHHO-pacnpeaeieHHass MHPPaCTPyKTy-
pa ¥ OCHOBA IS TIPEIOCTaBICHUS BHICOKOTEXHOJIO-
TUIHBIX YCITYT.

IMonyyeHne MaHHBIX OT CKAHUPYIOLIEH CETU MO-
OUIILHOI CBSI3U BBIXOJIUT 32 PAMKHU HAILIETO UCCIICI0-
BaHMsI, a MHGPACTPYKTypa NpeacTaBicHa 00JIauyHbI-
MU LIEHTpaMU 00pabOTKY TaHHBIX VI AaTa-LeHTpa-
mu (Amoore, 2018), mepudepuiiHbIMU cepBepaMu
(Islam et al., 2023), cTralLimoHapHbBIMU 0A30BLIMY CTaH-
LUSIMUA Y aHTEHHAMU, MOOUJILHBIMU CTAHLIMSIMU (Ha-
3¢MHBIMU, HaIBOAHBIMU U TIONBOOHBIMU TPAHCITOPT-
HBIMM CPEICTBAaMM, OSCHUJIOTHBIMU JIeTaTeIbHBIMU
armnapatamMu — BITJIA — v cIryTHUKaMM), N3 TyJarOlIn-
MU TTIOBEPXHOCTSIMU, MOJIIMUA Y3KOHAIIPABJICHHBIX JIy-
Yyeil, MaruCTpaJbHbIMUA ONTOBOJIOKOHHBIMU JIMHUSIMU
cesa3u (Malecki, 2002; Saunavaara and Salminen,
2023), meHTpamMu yrnpaBJIeHUsI, CEHCOPaMM, I10JIb30-
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BaTeJIbCKMMU (A00OHEHTCKMMM) YCTPOMCTBAMU, IIPOM3-
BOJCTBEHHbIMU (POOOTU3UPOBAHHBIMU) YCTPOMCTBA-
MU, aBTOHOMHBIMHM TPaHCIIOPTHBIMU CPEACTBAMU U
JIpyTMMU ceTeBbIMHU 2eMeHTaMu (Agarwal et al., 2021;
Lu and Zheng, 2020; Zong et al., 2019). K yciyram 6ec-
MPOBOTHOM CBA3M 6G MOXHO OTHECTH IMOBCEMECTHO
MOOK/ITIOYEHHBIII MCKYCCTBEHHBIA WHTEJUICKT, ITOBCE-
MECTHOE OECIIPOBOIHOE CEHCOPHOE CKaHWpPOBaHUE,
rojiorpapuueckoe TeICIPUCYTCTBUE, PaCIIMPEHHYIO
peabHOCTh (OOBbenMHEHNE (PU3NIECKOTO M BUPTY-
aJIbHOT'O MUPOB), TEJIEXUPYPTUIO, TAKTUILHYIO KOM-
MYHMKAIIMIO, TPEXMEPHOE MTO3ULIMOHMpOBaHue, 3D-
KaptorpadupoBaHue, Buaeo 360°, 6ecipOBOIHYIO
rnepenadyy SHEPruu, MeXMallMHHOE B3auMomieii-
CTBUE BBICOKOCKOPOCTHBLIX aBTOHOMHBLIX TpaHC-
MOPTHBIX CPEACTB, 0e30MacHBIN “YMHBIA Topon”,
“uudpoBble ABOMHUKU’ (BUPTyaJbHbIE KOIIMU
CJIOXXHBIX 00BEKTOB THUIIA TOPOAA UJIM PETUOHA, KOTO-
pbIe MOXHO M3y4YaTh B PEXMME pealbHOr0 BpeMEHU
0e3 (pu3nYecKoro BMenaTeIbCTBa B UX (DYHKIIMOHU -
poOBaHUE), MHTC/UICKTYAJIbHBIE MMIUIAHTBI U IPYyrue
cepBuchl (Agarwal et al., 2021; Chiwhane et al., 2022;
Lu and Zheng, 2020; Zong et al., 2019; Zhu, 2022).
Bo3MoxxHO, He BCce ITepeYMnCIIEHHbIC YCIIYTU YIACTCS
npegocraButh B ceTy 6G u Torga oHu repeinayr B 7G,
WA HA00OpOT — MPOrpecc Mo HEKOTOPHIM TEXHOJIO-
rusiM OydeT CTOJb CTPEMUTEIBHBIM, YTO IIOSIBSITCS
MIPUHIMUIIAAIBHO HOBBIE YCIIYyTU — HaIlpuMep, KBaH-
ToBas c¢Bsa3b (Bassoli et al., 2021).

HOBBLIE HAITPABJIEHHA
B NCCIEAOBAHUUN MHOPACTPYKTYPbI

I1pu reorpadprdeckoM U3ydeHUU MHGHOPMAITUOH-
HO-KOMMYHUKALIMOHHO# MHMPACTPYKTYPHI 10 BI10-
x1 6G OCHOBHOE BHUMAaHUE YIEJISIJIOCh Pa3MEIIEHUIO
Y B3aMMOJIECTBUIO IMHUIA U Y3J10B CBI3U B TEPPUTO-
puajgbHO (aKBaTOPUAILHO)-pacHpeneeHHON CceTu
(Bmanyua, 2016, 2019; Malecki, 2002; Oughton and
Russell, 2020; Saunavaara and Salminen, 2023). Ha
MH(PPACTPYKTYPHOM YpPOBHE OTIMYUTEIBLHON 0CO-
OEHHOCTBIO IIIECTOTO TOKOJICHUsI OecIpOBOIHOI
CBSI3U OyAeT GOpMUPOBaHME IIPOCTPAHCTBEHHO-pac-
MpeaeieHHON (TpexXMepHOli) ceTh C mpeodiamaio-
IIUM B3aUMOIEUCTBUEM Uepe3 paIuoCBsI3b, ISl UeTO
B Ka4yeCTBE 0a30BBIX CTAHIIUNA CTAaHYT MPUMEHSITHCS
Ha3eMHbIE aHTEHHBI B OTPOMHOM KOJIMYECTBE, U3JTy-
yallue MOBEPXHOCTU U TPAHCIIOPTHBIE CPENCTBa, a
takke BITJIA ¥ cnyTHMKY Ha pas3IMyHBIX OKOJIO3EM-
HbIX opourax (puc. 1). Hjs1 mocTpoeHnsT MHTErPUPO-
BaHHBIX TPEXMEPHBIX CeTeil, BKJIoYasi HaaBOOHLIC U
MOABOIHbIE MOOWIbHBIE CTAaHIUM, ITOTpPeOyeTcsl pe-
LINTh MHOXECTBO MPOOJIEM CO3IaHYsI, COITIAaCOBAHUS U
CUHXPOHM3AaLlMM Pa3HOTUITHBIX YCTpocTB (Mehta et
al., 2022; Ye et al., 2022). B utore mojiy9urcsi COBep-
IIEHHO HOBast MHPPaCTPYKTypa, KOTOPYIO reorpadnl
ellle He U3ydaiu. 3apaHee oIpene/iuTh Bce Oyayline
HaTpaBJIEHUsI UCCIAeAOBaHUS WH(MPACTPYKTYPHl He
MPENCTABISIETCSI BO3MOXHBIM, HO, ONUpasich Ha
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Puc. 1. CxemMa NOKPBITHSI TPEXMEPHOTO MPOCTPAHCTBA
6ecrpoBoaHOIi cBs3bI0 6G. IToKphITHE CITYTHUKOBOI (a),
aBUAIMOHHON (0) M Ha3eMHOI (B) CBSI3bIO. DJIEMEHTHI
CHUCTEMbl CBSI3U: BOJIOKOHHO-omTHYecKast JuHus (1),
OeCIMJIOTHBIN JieTaTe/lbHbIi amnmapaT (2), CIYyTHUKU
Ha HU3KoM (3), cpenHeit (4) 1 reoctaimoHapHoOit (5) op-
ourax.

Cocmaeneno aBTOPOM.

oboOmIalone ImyoauKalmyM 1Mo reorpaguu CBI3H
(bmanyua, 2016, 2019, 2022; Kellerman, 1984), mox-
HO MPEAITOJIOXKUTh, UTO B IIEPBYIO OUepeIb OYAyT U3y-
yaThCsl TPOLECCHl Pa3BEepPTHIBAHUSI CETHU, OCBOCHUS
NPOCTPAHCTBA U arJIOMEPUPOBAHMS TOPOIOB.

Pazeepmbisanue npocmpancmeernHo-pacnpedeneH-
Hoil cemu. OTHOCHUTEIILHO CeTei CBSI3U pa3BepPThIBa-
HUe SIBJISIETCS OMHUM M3 Haubosiee reorpadudecku
BhIpaxeHHBIX Tpoueccos (Bnanyna, 2016, 2019; Bar-
roso and Martinez, 2004; Sawada et al., 2006). ITo-
cliemoBaTeIbHOE CO3[aHWE Y3JI0B W JWHUU CBS3U
MPUBOIUT K MOIKJIFOYEHHUIO K pacIlIUpsIrolIeiics ceTn
HOBBIX TEPPUTOPUIA, YTO XapaKTepu3yeTcs pasiuy-
HbIMU TeorpadriyeckuMu ocodbeHHocTssMu. Harpu-
Mep, TPpU M3yUYEeHUH pa3BePTbIBAHUSI TIOUTOBBIX CeTel
Cubupu (bnanyma, 2016) 6bUIM MpemIOXEHBI ABa
UHAeKca (PPOHTUPHOCTHU, BOCIIPOU3BOISIIIME ITOIIA~
TOBYIO MOCIEI0BATEIbHOCTh pa3pacTaHusl CETU C MO-
MEHTa CO3[IaHUs MEPBOTO y3Jia, YTO MO3BOJIMJIO Bbl-
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SIBUTH LIECTh reorpauIecKrux oCOOEHHOCTEM, TIpU-
BomgIMX K 16 mociaenactBusMm. lopaszmo 0Gobliae
reorpaduyecKnX 3aKOHOMEPHOCTeil 1 cremuduae-
CKUX TEepPUTOPUAIIBHBIX CTPYKTYP BBISIBIIEHO IIpU
W3YYEeHUU pa3BepThIBaHUS (3BOJIOLUM) TPAHCIOPT-
Hbix ceteii (Tapxos, 2005). OgHako B MOAOOHBIX HC-
CJIeOBAaHUSIX CETh ObLIa CTAIMOHAPHOI, IBYMEPHOIt
U PEIKO u3MepsieMoii (OOuH pa3 B IO, WJIM MECSIT).

ITpu nepexone K 6GecripoBoaHOii ¢BsA3M 6G 110TpE-
OyeTcst pa3paboTKa HOBOM METOMOJIOTUM M3yUYEHUS
MOOUIIBHBIX, TPEXMEPHBIX M ITOCTOSIHHO H3Mepsie-
MBIX (B peXHMe€ peaJlbHOIrO BPEMEHM) CETei, 4TO
npuBeaeT K ¢GOpMUPOBAHUIO HOBOTO HaIlpaBJICHUS
reorpadudeckux uccienoBanuii. [1peacTonT BhISIC-
HUTb, OT Yero 3aBUCAT CKOPOCTh M HaINpaBjIcHUE
TPEXMEPHOro pa3BePThIBAHUsSI, KAKOBbI TUIIUYHBIC
MPOCTPAHCTBEHHBIE CTPYKTYPhl CBEPXIUIOTHBIX Ce-
Teil, BO3MOXKHA JI epUOAN3aIUs XapaKTepa pacilu-
peHUs ceTeil U KaK OHa IMPOSBIISIETCS B Pa3IMYHBIX
reorpauyecKnux MecTaxX, Kakue (PaKTOpbl BIUSIOT
Ha IIPOCTPAaHCTBEHHYIO UM depeHIINAINIO U CYyIIe-
CTBYIOT JIM TpeXMEpPHbIE ceTeBble palioHbl. OTBETHI Ha
9TU U JIPpyTUE BOIPOCHI OYAYT COCOOCTBOBATh CTa-
HOBIIEHUIO KaK HOBOIO WCCJIEIOBATEIbCKOrO Ha-
MpaBJICHUS B LIEJIOM, TaK 1 Psiia YaCTHBIX HaIlpaBJie-
Huit. OQHUM U3 TaAKOBBIX MOXET CTaTh reorpaguue-
CKO€ WM3Yy4YeHUE pa3BepThIBAHUS CETU OOJIAYHBIX
LIEHTPOB 00pabOTKM AJaHHBIX. BO3MOXHO, 3TO OyAeT
cAedaHO B paMmkax GopMHUpYIOLIeics “o6nayHoit
reorpadun” (Amoore, 2018), KkoTopass K HaCTOSIIIIE-
My BpeMeHHU 3aHUMAaeTCs MPEUMYIIECTBEHHO ITOJIM -
TUKO-Treorpadpuyeckumu Borpocamu (Atkins, 2021).
[pyroe yacTHOe HallpaBJIeHHE — U3YyYEeHUE pa3Bep-
ThIBAaHUSI TYMAHHbBIX LIEHTPOB (CEpBEPOB) 0OPaOOTKHU
nmaHHbIX (Islam et al., 2023), GyHKIIMOHAJIBHO PaCIIo-
JIATaIOLINXCS MEXIY 00JIaYHBIMU U TPAHUYIHBIMU CH -
CcTeMaMU BBIYMCIICHUS U XpaHEeHUS JaHHbIX.

HughoxommynukayuoHHo-cemegoe o0cgoeHue npo-
cmpancmea. Onupasicb Ha reorpa@uyeckyro KOH-
LEeNUI0 XO3SMCTBEHHOTO OCBOCHHUS TEPPUTOPUU
(KocMmaues, 1974) u npuHLMITBI TTOCTPOEHUS MMOKa-
3arelieit oceoeHHocty (HukynbpHuKOB, 1976), GBLIO
cOpMyYJIMPOBAHO IIpeACTaBIEHE 00 OCBOCHUU TEP-
puTopun MHOOPMALIMOHHO-KOMMYHUKAITMOHHBIMU
ceramu (bnanyua, 2016). OgHako, Kak M3HA4YaabHO
IpU pa3BepPThIBAHUM, CETU OBUIM CTAllMOHAPHBIMMU,
JIBYMEPHBIMU U peako uamepsieMbiMu. K aTomy mo-
0aBUJIMCh OTPaHUYCHUS 10 MOKAa3aTeJIsIM OCBOCHHO-
CTH: MPEUMYIIECTBEHHO OlICHMBaJach HAaChIIICH-
HOCTb TEPPUTOPUM IJIEMEHTAMU CETHU, TOTAA KaK IMpU
KUCCIIEOBAaHUN COBPEMEHHBIX TEJIeKOMMYHMKAIIMOH-
HBIX CUCTEM IIPEOIIOYTEHNE OTIACTCSI MHTEHCUBHOCTU
¢dyskumonupoBaHus 31eMeHToB (Grujic¢ et al., 2022;
Lietal., 2021). [ToaTOMYy 17151 UBy4YE€HUSI OCBOEHHOCTH
TPEXMEPHOTO IMPOCTPAHCTBA OECIIPOBOTHOM CBSI3BLIO
6G mnoTpebyeTrcs pa3paboTaTh CUCTEMY NOCTOSSHHOIM
OLICHKY (B peXXMMe peabHOro BpeMeHU) MHTEHCUB-
HOCTU (DYHKIIMOHUPOBAHMS CETU B KaXKIOM CETMEH-
T€ IIPOCTPAHCTBA MPU PA3HBIX CKOPOCTSIX U HaIlpaB-
Ne 8
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TEOTPAOUYECKOE U3YYEHUE BECITPOBOIHOWM CBS3U 6G:

JICHUSIX TIepeMelleHUsT GOJBIIOTO KOJIMYeCTBa IO-
JIBVKHBIX 0a30BbIX CTAHLIMMI U ellle OOJIBIIEro Ynuciia
MOOWJILHBIX YCTPOMCTB, Y IIPEICTABUTH €€ B BUIIE MH-
TEeTpaJIbHOTO WJIM MHOTO(MAKTOPHOIO MHAEKCA WH-
($HOKOMMYHUKAIIMOHHO-CETeBOI ocBoeHHOCTU. OT-
JIeJIbHBIE MCCJIENOBATEIbCKUE BOIPOCHI BO3HUKHYT
MPU OLIEHKE ITOBTOPHOT'O OCBOCHUS ITPOCTPAHCTBA
HOBBIMU BUJIAMU TEJIEKOMMYHUKALIMI (HampuMmep,
KBaHTOBOI CBSI3bIO) C Y4€TOM YCKOPCHUS UJIN 3aMeE]I-
JICHUSI X BHEIPEHUS B 3aBUCUMOCTU OT (PyHKIIUO-
HUPOBAaHUSI CYIIECTBYIOIIMX BHUIOB. B KauecTBe
YaCTHBIX HaIIpaBJIeHW MOT'YT BBICTYIIAaTh reorpadu-
YyeCcKUe UCCIIeIOBAHUSI OCBOSHMSI ITPOCTPAHCTBA TO-
norpapuyeckoii (Akyildiz and Guo, 2022), TaKTUIb-
Hoii (Zhu, 2022) 1 1pyrMMu BUAAMU CBSI3H.

Hoenmugpukauus “ymuoix” aenomepauyuil u peeuo-
Hos. [loBceMeCTHasI YCTAaHOBKA B TOPOJIE Pa3IMYHBIX
CTallMOHAPHBIX YU MOOWJIBHBIX JATUMKOB, ITOIKIIIO-
yeHHbIX K MHTepHETY Belleil, reHepaust UMU 00JTb-
IIoro oobeMa JaHHBIX M aBTOMaTu4ecKast 00paboTka
STUX JAHHBIX JJIs1 IPUHSITUS YIIPABJICHUYECKUX pellle-
HUi1 TTO3BOJISIET TOBOPUThH O CTAHOBJICHUU “YMHBIX”
roponoB. O6o61IeHne TeorpaUISCKNX MOIXOI0B K
W3YYEHUIO TaKWX TOpPOJOB OBLIO cACIAaHO paHee
(bnanyna, 2022, c. 48—57) u Kacanoch peanm3alnuu
TFOPOICKUX MHULIMATUB IIPEUMYIIECTBEHHO Ha OCHO-
Be ceteit 3G—4G. MacmrabupoBaHue uaei “yMHO-
ro” ropojia MpyBeJIO K MOSBACHUIO KOHUETIIUMA “yM-
Horo perroHa” (Morandi et al., 2016), “ymHOro npo-
crpanctBa” (Kourtit and Nijkamp, 2018), “ymHoit
tepputopun” (Navio-Marco et al., 2020) u “reorpa-
¢uuecku ymHoro ypoanuszma” (Fard, 2020), a mrepe-
XoJn Ha TutaTopMy OecIpoBOIHOM CBsI3U 5G — KOH-
LIETIMN “YMHBIX” arjoMepanuii 1 perMoHOB, BbIIEIIsI-
eMBIX IT0 M30XpOHAaM 3aiep:KKU CUTHaja U3 LeHTpa
arnomMepaiu B 1 1 10 mc (brnanyua, 2018, c. 127—135).

I1pu 6ynyiueit cBa3u 6G ropoackue arjaioMepanuu
CTaHYT OOBEMHBIMU (TPEXMEPHBIMU), TYIBCUPYIO-
UMUK (CyTOUHOE U CE30HHOE TiepepaclipelesieHue
TpaekTopuii ABMXeHus u 1ioTHoctu bBIIJIA Ha
OKpaunHax arjoMepaiu OyaeT NpUBOIUTb K CMelle-
HUIO TpaHUI] TEpaOUTOBOI CBSI3U CO CBEpXMaloii 3a-
JIEPXKKOI), MHOTOSIIEPHBIMU (Ha CMEHY Kjaccudye-
CKOMY MpPEACTaBIEHUIO O TOPOJe-1IeHTpe arjoMepa-
LIMM TPULIET CTPYKTYypa U3 HECKOJbKUX yHaJeHHBIX
JIpYT OT Apyra CBEPXIUIOTHBIX C(pep — B IpOeK1IuU 60-
nee 100 ycrpoiicts Ha 1 M%) ¥ 06JIAYHO-TYMaHHBIMU
(pacripenenieHue BBIYMCICHUN U XpaHEHUs JaHHbBIX
MEXIy OMHUM O0JIaYHBbIM LIEHTPOM 00pabOTKU NaH-
HBIX, PSIOM MoynepudepruitHbIX TYMAHHBIX CepBe-
pPOB U OTPOMHBLIM KOJWYECTBOM IepudepuitHbIX
YCTPOMCTB). “YMHBII1” perMOH KaK 30Ha BIMSTHUS ar-
JIoMepaluy 3HAYUTENbHO YCJIOXHUTCS (IO CpaBHe-
Huto ¢ 5G) 3a cYeT MHOXECTBA HU3KOOPOMUTAITBLHBIX
CIYTHUKOB, PETrMOHAJIbHbIX U MECTHBIX TPYIIIUPO-
BoK BIIJIA u mepeobopynoBaHUsT aBTOMOOUJIbHBIX
MarucTpaseii B U3ayJdarolime moBepXHOCTH, UTO MPU-
BEAET K HOBOI1 MPOCTPAaHCTBEHHOM OpraHu3aiiu 00-
1lIeCTBa B Mpejiesiax TaKMX perMoHoB. Bee aTo moTpe-
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oyeT reorpadmIecKoro OCMBICICHUS 1 (popMUpOBa-
HUSI HOBOTO HAY4YHOIrO HaIpaBJeHUs CO CBoOei
METOIOJIOTHEN MASHTU(UKALIMY alJIOMepallvuii U pe-
TMOHOB Oyayiero. bonee cnemann3npoBaHHEIC 3a-
Jadu (K TIpuMepy, arioMepupoBaHUe MoceeHUi Ha
OCHOBE MEXMAIIIMHHOIO, TAKTUJIBHOIO WJIM IPYTHUX
B3aMOACMCTBUII) MOTYT peIIaThCs B paMKax 4acT-
HbIX HAIpaBJIEHUIA.

BYAYIIEE TEOTPAONYECKOE U3YYEHUE
TEJEKOMMYHUKAIIMOHHBIX YCIIVYT

Ilpocmpancmeennas ougpgysus meseKoMmyHUKa-
yuonnblx ycaye. KoHmenmmusi IIpocTpaHCTBEHHOM
nuddy3nu nnHosaumit (Hagerstrand, 1967) momyun-
Jla IIMPOKOE pacIipoCTpaHEeHHEe B reorpaduieckux
HCCJIENOBAaHUSIX, BKITIOUAsI aHAJIM3 PACIPOCTPAHEHUS
1ndpoBbix HoBoBBeAeHUi (bmanyua, 2022, c. 71—
85). OmHako cpeau MpoaHAJIM3UPOBAHHBIX MHHOBA-
i He OBIIO cepBUCOB Ha Tuiatdgopme 5SG 1 TeM 60-
see 6G. DTo MO3BOJISIET YTBEPKIATD, YTO B CBI3U C
MpeaOCTaBJICHUEM NPUHIUNNAIBHO APYTUX YCIIyT
(otHocutenbHO 3G—4G) mpeacroutr paspaboTaTh
HOBOE reorpaguyeckoe HampapjieHue IUd@y3noH-
HBIX UcclienoBaHuii. Ha cerogHss HUKTO He 3HaeT,
MOAOMIYT JIM MOACIM KOHTarmo3HOM, Mepapxuye-
cKoil u cereBoit nuddysun (baanyna, 2016, c. 98—
122) ns1 n3ydeHust IPOHUKHOBEHMS, HAalIpUMep, To-
Jnorpadgmyeckoii cBsI3u. Bo3aMoxkHO, MHOMIBTpAIINS
MOJOOHBIX MHHOBALU OYyIET OCYIIECTBISITHCS IIO
WHOM IpOCTpaHCTBEHHOI Jloruke. [IpemcTonT Takske
BBISICHUTB: TI0YEMY WHHOBALIMOHHBIE BOJHBI U3 OJI-
HUX YacTei TPEXMEPHOI'O MPOCTPAHCTBA HAIpaBJIsi-
IOTCSI B IPyrv€ 4acTu, 00XOIsl TPEThH YaCTU; KAKOBBI
¢aKkTOpBl YCKOPEHMUS WM 3aMEIJICHUST pacIpocTpa-
HEHMUsT WHHOBALM; MOXET JM adanTalus OIHUX
YCIIYT TMPEISITCTBOBATh MH(MMILTpALIUU IPYTUX CEpP-
BMICOB; BO3MOXeH JIX 3(p(heKT BOJTHOBOIO PE30HAHCA;
o0pa3yloTcss JIM TIPOCTpaHCTBEHHBIE Oapbepbl M
GUIABTPLI, ¥ B YeM NPUYUHBLI UX BO3HUKHOBEHUS U
VICYE3HOBCHMS; TEHEPUPYIOTCS I IIOBTOPHBIE 1 OT-
pakeHHble MHHOBaIlMOHHBIE BoJHbLI. Ha atu u npy-
r'1i€ BOIIPOCHI MOXKHO ITOJIYYUTh OTBETHI TOJILKO ITOCTIC
peaabHOTO pa3BepThIBaHUS ceTeil 6G U MpemocTaB-
JIEHUSI HA UX OCHOBE HOBBIX TEJIEKOMMYHUKAILIMOH-
HBIX yciayT. KpoMe u3ydeHusT Bcero CIieKTpa CEpBU-
COB IOITYCTMMBI YacCTHBIC HaIpaBJICHUS, HaIllEJICH-
Hble Ha Mo3HaHUEe TU(PPY3NOHHBIX TIPOIIECCOB MPU
MIPEOOCTaBJICHUH YCIYT TOJILKO, K IIPUMEPY, MEKMa-
IMWHHOM, ToorpadniecKoi NN TAaKTUIILHOM CBSI3N.

Llenmp-nepughepuiinoe yugposoe HepaseHcmaeo.
CooTHonIeHUEe MeXIy LeHTpoM U Iiepudepueii B
Pa3IMYHBIX MPOSBICHUSIX NPEACTABISIECT HHTEpPEC
it reorpacdos (I'puuaii u np., 1991). B undopmanu-
OHHO-KOMMYHUMKAIIMOHHBIX ceTsax XIX—XX BB. Ie-
pudepyreil CdMTAINCh y3JIbl, TeorpaduiecK yoaJieH -
HbI€ OT LHEHTPOB 00padboTku nHpopManuu (biaanyua,
2016; Wenzlhuemer, 2007), a B KoHLie XX — Hayaje
XXI B. — QYHKIIMOHAJIBHO yIaJIeHHbBIC TePPUTOPUH
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(bmanyua, 2022, c. 116—122). DTo npuBejo K MOSIB-
JIEHWIO0 MH(MOKOMMYHUKAIIMOHHO-TeorpachniecKoro
¢deHomeHa “nepucpepuss B ueHTpe” (Calabrese,
1991). TakuM 0Opa3oM, B pa3HBIX MECTaX MOTYT (pop-
MHUPOBAThCI TEJIEKOMMYHMKAIIMOHHbBIE CUTyalluu
“Kak B LieHTpe” u “kak Ha rnepudepun” (branyua,
2022). Hanmmuwne Takoit nuddepeHunanuy IpuBOIUT
K IM(pOBOMY HEPABEHCTBY, KOTOPOE JIJISI ONTOBOJIO-
KOHHOM ceTr Poccum ¢ IOOKIIIOYEHUEM TOPOAOB K
MooubHOM ¢Bs13M 3G —4G OBUTO pacCMOTPEHO paHee
(bnanyiia, 2019). Emie Oosbliiee HEpaBEHCTBO OXKMIIA-
eTCs B cIydae ITOAK/IFOYEHMS OTeUEeCTBEHHBIX TOPOIOB K
MobwibHOM cBa3u 5SG (baanyua, 2022, c. 113). I1pu
9TOM HaJ0 YYMTHIBATh, YTO LIM(POBOE HEPABEHCTBO
MPOSIBJISIETCS B pa3HOM hopMe — Kak “moctyn”, “uc-
MMoJIb30BaHMe, HaBbIKK” 1 “pesynbraTthl” (Van Dijk,
2020).

HepaBHoMepHOE TpOCTPaHCTBEHHO-BPEMEHHOE
pa3BepThIBaHUE OECIIPOBOIHOM cBA3M 6G MpUBEIET
B MEPBYIO ouYepeb K HEOMMHAKOBOMY JOCTYITY MOJb-
30BaTeNielt — MoAeit 1 MaIH — K ceTH. JlampHelee
OCBOEHUE TPOCTPAHCTBA OYIET CIIOCOOCTBOBATH BbI-
PaBHUBAHUIO JOCTYTa, HO BOBHUKHYT MPOOIEMbI MC-
MOJIb30BaHUS CETU. DTO OyIeT MPOSBISITHCS B TOM,
YTO B OTHUX YACTSIX MPOCTPAHCTBA MPEIOCTaBISIETCS
BECh CIIEKTP TE€JIEKOMMYHUKAIIMOHHBIX YCIYT 3IOXU
6G, B Ipyrux — orpaHMYeHHBIN HAOOp YCIIyT, a B Ka-
KHUX-TO TPETbUX YACTSAX — €AWHUYHBIC yCIyru. Tak
c(OpPMUPYIOTCS LIEHTP, IoJIyIiepudepus u rnepude-
pUsl Kak TpexMepHble 00JIauHO-TyMaHHbIE CEpBHMC-
Hble oObpa3oBaHusl. HeycToitunBocTh 3THX 0Opa3oBa-
HUII BO BpeMeHHU OyaeT 3aBUCETbh OT OYEPETHOCTHU
BHEJIpEeHUs1 HOBbIX BUIOB cBsi3u. Hampumep, 1ieHTp,
BBIIC/ISIEMBII MO TIEpBOHAYAJILHOMY ITaKETy YCIYT, B
cllydae TOSIBJIEHUS HOBOW yciyru (Harpumep, Tak-
TWIBHOM CBSI3M) MOXET pa3ieuThCs Ha IBE 4YaCTU —
HOBBII LIEHTp (BCe YCJIYyIM) U HOBYIO MmoJjiyriepude-
puto (mpexHue yciiyru 0e3 TaKTWIbHON CBSI3M), a
crapble niojiyniepudepus u nepudepusi mpeBpaTITcs
B HOBYyIO niepudepuio. i uageHTUGUKALUA LIEHTP-
neprudepuitHbIX MPOCTPAHCTB U U3MEpeHUs LUdPo-
BOTO HEPABEHCTBA MEXIYy HUMMU TOTpebdyeTcs pa3pa-
0oTaTh HOBOE HallpaBJeHUE TeorpacuecKuX nccie-
noBaHui. Torma yacTHBIMU HampaBJIeHUSIMU CTaHYT
paboOThI O BO3MOXHOCTSIM MTPEAOCTABIEHUS OTIEb-
HBIX YCJIYT B Pa3HbIX YaCTSIX IPOCTPAHCTBA U BO3HU-
KarolleMy IMpu 3TOM MOHOCEPBUCHOMY HEpaBEHCTBY.

HckyccmeeHHo-unmennekmyanbHas — cneyuanu3ayus
peauoros. B 6ecripoBomHOI ¢Bsi3n 6G MCKYCCTBEHHBIIM
WHTEJIJIEKT CTAHET MOBCEMECTHBIM, TTPOHU3bIBAIOIIIUM
BCe MpeliaracMble TeJIEKOMMYHUKALIMOHHbBIC YCITYTH.
C nmpyroii CTOpOHbI, 3Ta MTOBCEMECTHOCTb CTaHET BECh-
Ma crnemuUUIecKoil Mo TIPUYMHE HEOOXOIMMOCTH
MoJIep>KaHUsI BBICOKOTO KayecTBa CBSI3U (OCOOEHHO
CKOPOCTM M 3aJepXKH) 3a cUeT reorpaduueckoro
pacripeesieHus BbIUMCICHU U XpaHEHUS TaHHBIX B
hepapxun  “o0jlako—TyMaH—TpaHUYHbIE YCTpPOM-
CTBa” Y TPOCTPAHCTBEHHOIO YepeaoBaHUSl CBEPX-
IUIOTHBIX ceTell (B MeCTax IMMOBBIIIEHHO KOHIIEHTPa-
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LIUH YCTPOICTB) C pa3peskeHHBIMU CETSIMU (B OCTaJIb-
HbIX MecTax). BOBHMKHET cuTyalus, Korna B pa3HbIX
YacTsSX IIPOCTPAHCTBA OyAyT NPUMEHSIThCS pa3ind-
HBbIE aJITOPUTMbI UHTEJUIEKTYAIbBHOTO aHAJI3a TAHHBIX
U XPaHUThCS pa3Hble HAOOPBI JAHHBIX. DTO TIPUBEIET K
CHELMAIN3ALN TPEXMEPHBIX HU(PPOBLIX PETMOHOB Ha
HEOIMHAKOBBIX COYETAHUSIX UCKYCCTBEHHO-MHTEIIIEK-
TYyaJIbHBIX YCIIYT. JIJ1sT BBISIBIICHUSI, OOBSICHEHUS U TIPO-
THO3MpPOBAHUS TaKoOll crHelMaan3aluu II0TpeOyeTcs
co3maTh HOBOE HAaydHOE HampapjieHue. Bo3MOXHO,
OHO OYIET CBSI3aHO ¢ MePEeOCMbICIICHEM KOHLICTIIIUN
“ymHoil cnienuanu3amuu” (Dziembata and Talar,
2021), cormacHO KOTOPOI IIpemiaraercsi pa3BUBaTh
COOCTBEHHBIC KOHKYPEHTHBIC TPEUMYIIESCTBA PETUO-
Ha. B xauecTBe 4aCTHBIX HAIIpaBJICHUIA MOTYT BBICTY-
MMUTh TeorpaduuecKre UCCIeTOBAHUS CICLMAIN3a-
LIMM PETMOHOB HAa OTHEAbHBIX WHTE/UICKTYaJTbHBIX
yciryrax.

IMPUKJTAOHBIE HAITPABJIEH WA
HNCCIEOOBAHWU CETH 6G

Pesynbratsl reorpacdmueckoro n3ydyeHust nHdpa-
CTPYKTYPHI U YCIIyT OeCIIPOBOIHOI cBsI3u 6G, mOy-
YeHHBIE TIpU peaju3allii OTMEUYEHHBIX BBIIIE Ha-
MPaBJIIEHU, MOTYT UMEThb IIPaKTUUECKOEe 3HAUYCHUE
MPU TIOATOTOBKE, IPOBEACHNN U KOPPEKTUPOBKE pe-
TMOHAJIBHOM MMOJIMTUKHU PAa3BePTHIBAHUS TEIEKOMMY-
HUKALIMOHHBIX ceTeil. He uckimoyeHo, 4To Ijisd ycu-
JIEHUSI 3TOTO BEKTOpa MoTpedyeTcss BHOBb OOPATUTh-
¢Sl K HEKOTOPBIM UIesIM KOHCTPYKTUBHOM reorpaduu
(T'epacumos, 1976). KpomMe akileHTMpOBaHUS BHU-
MaHUs Ha HEOOXOOMMOCTU BHEIPEHUS Pe3yIbTaToOB
dyHIaMEHTaIbHBIX UCCICOOBAHMI, 1IeIecoo0pa3Ho
pas3BUBaTh Te TeorpaduuecKre HalpaBIeHUs, KOTO-
pble HanboJiee MPUOIMIKEHBI K MMPUKIIaIHBIM pabo-
tam. Cpeay HUX, IO MHEHUIO aBTOpa, CIIeayeT 0co00
BBIIEINTH TPU HATIPABJICHUSI.

leoepaguueckas s3xcnepmusa cemeagvix NPoOeKmos.
Coserckme reorpadbl y9acTBOBaJIM B DKCIIEPTH3E
Pa3IMYHBIX HApOAHOXO3SIMCTBEHHBIX MPOEKTOB, HO
9TO OBLIM Y3KOCIIELIMAIM3UPOBAHHBIE OLIEHKM OT-
JIeJIbHBIX CIEIMaTNCTOB. TeopeTu4ecKoe OCMBICE-
HUE CYILIHOCTU MOAOOHOM paboThl OBLIO CAEIAHO B
KoHIenuuu “reorpacdpudeckoit akcneptusbl” (Koc-
maueB, 1981). IonoxkeHus 3TOi KOHIENIH 1 €€ TT0-
caenytomue pacmmpenust (baanyma, 2021) moryrt
HMCHOJIb30BaThCs B OyayIleM IIpU SKCIIEPTU3€e HAIMO-
HaJILHOTO 1 PETMOHAJIBHBIX ITPOEKTOB Pa3BePThIBAHUS
ceteil 6G B Poccuu. BrisiBiieHue “nedeKToB mpocTpaH-
ctBeHHo nHpopmanumn” (Kocmaues, 1981) npencrour
amanTUpoOBaTh K YCIOBUSIM Pa3BEePThIBAHUS TPEXMEP-
HBbIX, WHTEJUIEKTYaJIbHbIX, BBICOKOCKOPOCTHBIX U
CBEPXIUIOTHBIX OeCIIPOBOAHBIX cucTeM 6G mpu He-
NPEPBIBHOM IIOTOKE “OONBIINX MaHHBIX” W TIPO-
CTPaHCTBEHHOM pacrpeaeaeHUN BBIYUCICHUMN 1 Xpa-
Ne 8
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HEeHMs JTaHHBIX, YTO IPUBEAET K (POPMHUPOBAHUIO HO-
BOIO HAaIIpaBJICHUSI TreorpauiyecKoil SKCIEPTU3EL.
HMmeromasicst METOOOJIOTHSI SKCHEPTU3BI ONITOBOJIO-
KOHHBIX M MOOWJIBHBIX ceTeil 10 5G BKIIIOYUTEIBHO
(bmanyna, 2021) He rapaHTUPYET KOMIUIEKCHYIO T€0-
rpaMIecKylo OIEHKY HPOEKTOB pa3BEPThIBAHUSI
MIPUHIINIIAAIBHO HOBBIX CUCTEM CBsI3U. [1oTpedyroT-
Csl Apyrue ajJropuTMbl MHTEJUIEKTYyaJIbHOTO Ieorpa-
¢$UIeCcKOTro aHaIM3a JaHHBIX U CIIOCOOBI reorpadm-
yecKoil BepM(pHUKAIIMKU IIPOEKTOB (MOIENei) Tpex-
MEPHOIO pa3BepThIBAaHUS CETH HA HAIITMOHAJIBHOM U
peruoHaNbHBIX ypoBHIX. HaBepHoe, KpoMme oOmieit
METOIOJIOTUN 3KCIIEPTU3BI BCEX CETEBBIX IIPOEKTOB
HeoOxoauMo OyIeT co3maTh YacTHBIE HaIlpaBIICHUS
reorpaduieckoii Bepudukanu Moaeaei pa3BepThI-
BaHMsI, HAIpUMeEp, TI'PYIIIMPOBOK HU3KOOPOUTAJIb-
HBIX cITyTHUKOB 1 BITJIA, TakTHisHOIT 1 Trojiorpadm-
YECKOM CBS3U.

Onmumuszauyus AuHellHo-y31080l cmpykmypol. Tak
CJIOKMJIOCH B OOIIIECTBEHHOM reorpadmu, YTO O9eHb
pEeIKO BCTPEUYalOTCsS IIPEMIOXEHUS IO CO3TAaHMIO
(TpaccHUpOBKe, MECTOIIOJIOXEHNIO) HOBBIX JIUHUMN U
Y3JI0B CBSI3M HAa OCHOBE ONTHUMMU3ALUM (YIyUIISHMS)
HEKOTOPBIX KIIIoUeBbIX ITapameTpoB (bmanyna, 2022;
Kim and O’Kelly, 2009). /laHHy10 HETaTUBHYIO CUTY-
anuio (B IUIaHe BHEAPEHMs pe3ylabTaToOB reorpadu-
YeCKMX HCCIIeIOBAHUII B IIPAKTUKY HAPOTHOXO3SIi-
CTBEHHOTO IJIAHMPOBAHUS U YIIPABICHUS ) IIPEICTO-
WUT UCIPaABUTh NpU (popMmupoBaHuu cereit 6G, mis
KOTOPBIX OYE€Hb BaXKHBI IIPOCTPAHCTBEHHBIE OCOOCH-
"Hoctu (Lu and Zheng, 2020). OnHaKO CyIIeCTBYIO-
1T METOMMYECKMI anapat reorpagoB He HalleJeH
Ha (OpMYIHMPOBKY U pellIeHrEe 3ama4d ONTUMU3AN
JIMHEIHO-Y3JIOBOII CTPYKTYPhl CUCTEM CBSI3U. TeM
OoJiee, YTO 3Ta CTPYKTypa OyIeT TPeXMEepPHOI U MO-
ounnpHOM. [TosToMy moTpedyeTcs chopMHIpoOBaTh HO-
BO€ HaIIpaBJIeHUE reorpaduIecKmx UCCIeIOBaHMIA C
YaCTHBIMM HaMNpaBJICHUSIMU ONTUMM3ALIMHM pa3Me-
IeHNUSI O0JaYHBIX AaTa-LIEHTPOB, C(hep IOBBIIICH-
poit koHUeHTpaumu BITJIA, nTmHEHHBIX M3TydJaro-
IIUX MOBEPXHOCTEM M OPYTrMX 3JEMEHTOB Oymylueit
0eCIIPOBOITHOI CBSI3U.

Pekxomendayusa napamempos cemu 7G. Tlpu BHen-
PEHUU CeTeil OYepeaHOTO IOKOJCHUS BBISICHSIIOCH,
YTO HE BCe IpeajiaraeMble HOBAaIlUM TTOJTydaeTcs 3a-
IMyCTUTh, ¥ TOTHA HepealM30BaHHbIE UIEU MePEHO-
CWIVCh Ha ciedymollee MokoyieHue. Kpome atoro,
MHOI'M€ MHULIMATUBEI 1j11 6ecripoBOIHOMI cBsA3u 6G
MOCTEIIEHHO pa3pabaThIBaIMCh (pa3padaThIBalOTCS)
B mepuon pasBepthiBanus 4G—5G. Ckopee Bcero,
oO11iee IIpencTaBieHne O HEOOXOMMMOM Ha0Ope TeX-
Hostoruit st peanuzatuu SG—6G yxe chopMyIupo-
BaHO U reorpadam OydgeT Oo4eHb CIOXKHO TIPEIIOKUTE
HOBBIE ITapaMeTphI CBA3U. BripodeMm, 3T0 He MCKITIOUaeT
HEOOXOIMMOCTh TaKMX IOIBITOK. COBEpPIIEHHO MHAas
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CUTyallMsl CKJIaIbIBAETCS C KOHLIENIIMEN MOOMIBHBIX
cereii 7G. 3mech Bce odeHb HeorpeneaeHHO (Chi-
whane et al., 2022; Shoewu et al., 2020) u y reorpacdoB
UMeeTCsT ellle HEKOoTopoe BpeMs (IPUMEpPHO 10
2035—2040 rr.) mis BeIpaOOTKM CBOMX PEKOMEHIA-
uuit. BO3MOXHO, MOJIYYUTCS peain30BaTh UIEI0 CO-
30aHus “reorpaduyecKu-MHTEIIEKTYaJAbHBIX TUHA-
MUYECKN-KOHOUTYPUPYEMBIX CBEPXIIJIOTHBIX CETEM
HoBoro 1okoneHus (7G)” (bmanyua, 2022, c. 38).
Torma 3T0 MOXHO CUMTaTh OOILLIMM HAaIpaBIeHUEM,
KOTOpPO€ MOXKET OBITb [OIIOJHEHO OTIEJIbHBIMU
MPEMIOXEHUSIMUA (YaCTHBIMU HAMpaBICHUSIMU) TI0
napaMeTpaM, K OpUMepYy, MaKCUMMaJbHOM YU MUHU-
MaJIbHOI IJIOTHOCTU CETU, OJONYCTUMOI ymnajaeHHO-
CTU MEXIY CBEPXIUIOTHBIMU chepaMHu U IMO3BOJM-
TEJILHOTO IIPOCTPAHCTBEHHOIO LIM(MPOBOro HEPABEH -
CTBa.

B pamkax Kaxaoro u3 AeBSITU HapaBJIeHUN MO-
KET TMTPOBOAUTHLCS MHOXKECTBO reorpauMyeckKux Mc-
cJieIOBaHU ¢ pellieHeM pa3IMYHbIX 3a71a4, HEKOTO-
pble U3 KOTOPBIX SIBJISIIOTCSI OCHOBHBIMU. TaKOBBIMU
MOTYT OBITh pa3paboTKa METOHOJOTHUH, TOJTYyYEeHUE
AMIUPUYECKUX PE3YTBTATOB U UX 00cykneHue. CKo-
pee Bcero, 3TW TpH 3a7auyu OydyT MOCIeIOBaTeIbHO
pelaTthbcsl B IECATUIIETUS 10, BO BpeMsI U TI0CJie pa3-
BepThIBaHUS ceTeil 6G (puc. 2), 4TO He UCKITIOYAET,
HaIpuMep, COBEPIIIECHCTBOBAaHUE METOAOJIOTUI U 00-
CyXJEHWE MPOMEXYTOUHBIX pe3yabTatoB B 2030-¢
roapl. [Tpu 3TOM B X01ie U3ydeHUsI MPAKTUKU pa3Bep-
TBIBAHUSI aHATU3UPYEMBIX CeTeil BO3MOXHO (hOpMU-
poBaHMe NOMOTHUTEIbHBIX HAyUYHBIX HaIpaBJICHUIA.

SAKJIIOYEHHME

CpaBHeHUe CYIIECTBYIOIIEd METOIOJOTMU Teo-
rpaU4eCcKOro U3yyeHus TeJIEKOMMYHUKAIIMOHHBIX
ceTeil — pUKCUpPOBaHHBIX U MOOUIBHBIX 2G—5G — ¢
mapaMeTpaMu 6ecTIpoBOIHOM CBsI3M 6G TTO3BOIMIIO
HaMETHUTh OCBITH HAIIPaBJICHUMN OyIyIINX MCCIEIO-
BaHuii. [lockoabKy pa3BepThiBaHUe ceTeit 6G mpo-
n3oiiaeT nmpumepHo 1ociae 2030 r., To ObLIN HaMeue-
Hbl TOJILKO HEKOTOPbIE KOHTYPbl BO3MOXHBIX Ha-
MpaBJCHU M cleJlaHbl MPEAINoJOXeHUsI IO WX
JIeJICHUIO Ha YaCTHbIE HaIlpaBJIeHUs. DTU TIpeaBapu-
TeNbHBIC OIIEHKM HEOOXOOWMBI IJISI pa3padbOTKH
CTpaTeTMd MOJEPHU3ALMU METOMOJOTMU COLUATb-
HO-3KOHOMMYECKOM reorpaduu Wil pelieHus 3a1a4y
MPOCTPAHCTBEHHO-BPEMEHHOIO pa3BepThIBaHUS Oy-
Iymux cucteM cBs3u. Ceifdac erie paHo TOBOPUTH O
TOM, OyIyT JIU 3TO OTIEJIbHbIE pa3pO3HEHHbIE Ha-
MpaBJIeHUS B paMKax reorpadunu cBI3u Wian MHPOP-
MaluMoHHo-ceTeBoii reorpadum (bmanyua, 2019),
WIN NoTpedyeTcsl co3naHue ClelUabHON HayYHO
IUCHUIUIMHBL. Tak win nHaue, reorpadbl CTOJKHYT-
¢Sl C TIPUHLMITUAJIBHO HOBBIMU — TPEXMEPHBIMU, WH-
TeJIJIEKTyaIbHbIMU Y OYEHb MOOWJILHBIMU — OObEK-
TaMU UCCJIEAOBaHMSI, UTO 3aCTaBJIsIET 3apaHee HavyaThb
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OCHOBHBIE 3AJAYU NCCIIEAOBAHUWA

PA3PABOTKA
METOAOJIOTNHU

[MOJIVYEHUE
PE3VIILTATOB

OBCYXIEHUE
PE3VJILTATOB

PASBEPTBIBAHUE IMTPOCTPAHCTBEHHO-PACIIPEAEJIEHHOW CETU

NHOOKOMMYHUKALIMOHHO-CETEBOE OCBOEHUE TPOCTPAHCTBA

|

|

UAEHTUD®UKALIUA “YMHbBIX” ATJTITOMEPALIMI U PETUOHOB

NHOPACTPYKTYPbI

ITPOCTPAHCTBEHHAA IN®DY3UA TEJEKOMMYHUKALIMOHHBIX YCIIYT]

NCCIEOLOBAHUSA

OYHIAMEHTAJIbHBIE

HEHTP-ITEPU®EPUMHOE HUPPOBOE HEPABEHCTBO

YCIyr

HAITPABJIEHUA

NCKYCCTBEHHO-UHTEJUIEKTYAJIbHAA CITIELIMAJTIU3ALINA PETUIOHOB

TFTEOTPAOUNYECKA{ SKCITEPTU3A CETEBBIX [TPOEKTOB

[

ONTUMMUSAIIUA TUHENHO-Y3JIOBOW CTPYKTYPHI

[MPUKIJIAAHBIE

PEKOMEHJALMA TAPAMETPOB CETU 7G

NCCJIIEJOBAHUA

|

|

5G (2020-e)

6G (2030-¢) 7G (2040-e)

IMMOKOJEHHWA BECITPOBOAHOW CBA3U (I'OJ1bl PA3BEPTBHIBAHMA)

Puc. 2. [lepcrieKTuBHBIE HAIIpaBIeHUSI reorpaduyecKoro n3ydeHus 6ecripoBoaHoOii cBs3u 6G ¢ BO3MOXHOM nepruoau3ameit

OCHOBHBIX 3a/1a4 UCCIIEIOBAHUS.
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Geographical Study of the 6G Wireless Communications: Outlines of Future Directions

V. 1. Blanutsa*

Sochava Institute of Geography, Siberian Branch of the Russian Academy of Sciences, Irkutsk, Russia
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According to existing forecasts, after 2030, an intelligent, three-dimensional, ultra-dense, integrated, tera-
byte, terahertz, tactile, and touch-scanning wireless communication system of the sixth generation (6G) will
be deployed. Spatial features will be very significant for it, which necessitates geographical research. There-
fore, an attempt has been made to determine the future directions of the geographical study of 6G networks
based on a comparison of network parameters with the existing experience of knowing the spatial and tem-
poral features of the deployment of information and communication networks. The main attention is paid to
the infrastructure and the telecommunication services. The infrastructure includes cloud data centers, sta-
tionary and mobile base stations, subscriber and robotic devices, radiating surfaces, sensors, and other net-
work elements. Future services will be represented by ubiquitously connected artificial intelligence, sensory
scanning of the environment, holographic telepresence, augmented reality, tactile communication, three-di-
mensional positioning, and other services. It is proposed to develop geographical research in the following
areas: deployment of a spatially distributed network; info-communication-network development of space;
identification of “smart” agglomerations and regions; spatial diffusion of telecommunications services; cen-
ter-peripheral digital inequality; and artificial intelligence specialization of regions. Applied work is proposed
to be carried out on the geographical expertise of network projects, optimization of the linear-node structure
and recommendations of the 7G network parameters. For each of the nine directions, general characteristics
and possible division into particular directions are given. Within the framework of the selected directions, the
proposed periodization of the main research tasks is shown from the development of a methodology for geo-
graphical cognition of 6G networks in the 2020s to obtaining empirical results in the 2030s and their subse-
quent discussion for the transition to 7G in the 2040s.

Keywords: human geography development prospects, 6G wireless communication, smart urban agglomera-
tion, spatial diffusion, digital inequality, artificial intelligence, geographical expertise, network optimization
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