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AnHoTanms. Peanu3anus miaHOB HHTEHCUBHOTO PAa3BUTHUS TEXHOJIOTHI, CHCTEM H YCIYT MOOWIBLHON (COTOBOI)
ces3u (CC) uetBeproro (4G) m msaroro (5G) mokosenwit, a k 2030 roxy um mectoro mokoneuus (6G),
MpEeJIoIaramas yBeIMICHHE Ha MHOTO MOPSIAKOB CKOPOCTEH TMepeqayd MaHHBIX 0 paJroKaHalaMm
MOJIb30BATEIBCKUX HHTEP(EICOB, 0€3 MPUHATUS CICIUATBHBIX MEP M OTPAHUYCHHA MOXKET COMPOBOXKAATHCS
3HAYHUTEIBHBIM YBEIMUYCHHEM MOIIHOCTH JJICKTPOMATHUTHOTO U3IYYCHUS a0OHEHTCKOTO 000pyIOBaHUS.
DTa MONIHOCTh, BEpXHHE TPEJIeNTbl KOTOPOH ompeneeHsl Ha ypoBHe 23—26 a1bM, 94TO TpeBhIIaeT 6e30MacHbIe
YPOBHH [Uisi HACENICHMs, OTpENeNsieT CTEHNeHb MPHUEMIIEMOCTH JOOPOBOJIBHBIX OKOJIOTHYECKHX PHCKOB
ot BHenpeHust 4G/5G/6G Bo Bce cdepbl 4eloBeUeCKOW NesATeIbHOCTH. Llems paboThl — OIEHKa OXKHUAAEMBIX
OTpaHWYCHUH Ha CHCTEMHBIC XapaKTEepUCTUKH MOOWILHOW cBsi3u 4G/5G mpw HCIONB30BaHUH O€30TIACHBIX
JUTsl HACEJICHUST YPOBHEW MOIIHOCTH DJIEKTPOMArHUTHOTO H3Iy4eHHss a0OHEHTCKHX YyCTpoiicTB. B kadectBe
aHATM3UPYEMBIX XapaKTePUCTUK CHCTEM MOOMIBHOW CBSI3M PACCMOTPCHBI MAaKCHMallbHAs JajJbHOCTH CBSI3H,
MaKCUMallbHO JOIYCTHMas CKOPOCTh Tepelayd JaHHBIX M JOIMYyCTUMBIA OTHOCHUTEIBHBINH YpOBCHB
BHYTPHCETEBBIX MOMEX. KOIMYEeCTBEHHBIN CHUCTEMHBIA aHAN3 3TUX OrPAHUYCHUI, PE3YyJbTAaThl KOTOPOTO
NMPUBEJCHEI B JaHHOW paboTe, TMO3BONSACT OOOCHOBAaTh HEOOXOMUMBIC CHUCTEMHBIC, TCXHHUYCCKHUEC
U OpTaHW3AIMOHHBIC DEIICHUS, HAIMpaBJICHHBIC Ha oOecreucHHe TPeOyeMOro YpOBHS JJIEKTPOMArHUTHOM
6e3omacHoctu norpedbutenei ycnyr 4G/5G/6G B ycnoBHsSX OBICTPOrO pa3BUTHS ITHX CHCTEM 0e3 ymepba
3¢ peKTHBHOCTH TEXHOJIOTHH HHPOPMAITMOHHOTO 00CITYKUBAHHUS COBPEMEHHOTO OOIIECTRA.

KuaroueBble ciioBa: MoOwmibHas CBs3b, 4G, 5G, 6G, aOOHEHTCKOE YCTPOHCTBO, MIEKTPOMArHUTHOE W3ITyUeHUE,
MOII[HOCTh, PACIIPOCTPAHEHUE PAIUOBOJIH, JICKTPOMArHUTHAS SKOJIOTHS, 3JICKTPOMATHUTHAS 0C30MaCHOCTb.

KoH}aukT uHTEpecoB. ABTOp 3asBISIET 00 OTCYTCTBUN KOH(IMKTa HHTEPECOB.

Jasi uutupoBanusi. Mopmaue B.M. HeoOxomuMble orpaHWUYEHHS HA XapaKTEPHUCTUKH CUCTEM MOOWIBHON
(coToBoii) CBSI3H 4G/5G TS o0ecrieueHust nx 0€e30IMacHOCTH TS MOJIBL30BATENEH.
Hoxnanet BI'YUP. 2022; 20(3): 54-62.
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Abstract. Implementation of intensive development of technologies, systems, and services of mobile (cellular)
communications (CC) of the fourth (4G) and fifth (5G), and by 2030 also the sixth (6G) generation, implying
an increase by many orders of magnitude in the data transmission rates over radio channels of user interfaces,
without adopting special measures and restrictions may be accompanied by a significant increase in the power of
electromagnetic radiation of subscriber devices. This power, the upper limits of which are determined at the level
of 23-26 dBm, that exceeds the safe levels for the population, determines the degree of acceptability of voluntary
environmental risks from the penetration of 4G/5G/6G technologies and services into all spheres of human
activity. The goal of the work is to assess the expected limitations on system characteristics of 4G/5G mobile
communications when using population friendly electromagnetic radiation power levels of the user's radio
equipment. As the analyzed characteristics of mobile communication systems, the maximum communication
range, the maximum allowable data transmission rate and the allowable relative level of intranet interference are
considered. A quantitative systemic analysis of these limitations, the results of which are presented in this work,
makes it possible to substantiate the necessary system, technical and organizational solutions aimed at ensuring
the necessary level of electromagnetic safety for consumers of 4G/5G/6G services in the context of the rapid
development of these systems without compromising the efficiency of technologies of information services for
modern society.

Keywords: mobile communications, 4G, 5G, 6G, user's equipment, electromagnetic radiation, power, radio waves
propagation, electromagnetic ecology, electromagnetic safety.
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BBenenne

beictpoe pasBuTHe MOOWIBHON CBSI3M, COIMPOBOXJAIOIIEECS yBEIUYCHHEM O00BEMOB
M CKOPOCTEH mepenayu JaHHbIX Kak 1o npsMbiM (0T 0a30Boit (BC) k MoOuabHON abonenTckoit (MC)
cTaHnuu), Tak u mo oopataeiM (o MC k BC) kananam cBsi3u no 0,1-10 ['6ut/c u Gonee, yBenuueHHEM
HIMPHHBI 1ToJI0¢ YacToT paguokaHanoB (PK) mo 10-20 MI'n (cucremsr 4G: LTE) u go 40-160 MI'g
(cucteMsl 5G NR) [1-3], HECMOTps. Ha U3BECTHBIC TOCTHKCHHS B 00JIACTH IMOBBIIICHHS CIIEKTPaIbHOM
sppextuBHOCTH PK cuctem cotoBoit (MoOmnbHO#) cBszu (CC), upeBaro KpailHE HETaTUBHBIMHU
MOCJEICTBUSAMH C TOUKH 3PEHHUS DJIEKTPOMArHUTHOHN 0€30MacHOCTH a0OHEHTOB 3THX CHCTEM.

Onekrpomarautaoe m3nyderne (OIMU) MC SBiseTCsS HCTOYHHKOM OTIACHOCTH TS 3TOPOBBSL.
IIpunATHIN B HacTosIIee BpeEMs MPAKTUYECKUN KPUTEPUN IKCIEPUMEHTAIBLHON OIEHKH OMAaCHOCTH
OMMU MC, ocHOBaHHBI Ha HM3MEPEHHSIX KOHTPOJIMPYEMBIX YPOBHEH IJIOTHOCTH IMOTOKA SHEPIHH
OMU MC CC [4], mo3BoaseT cuMTaTth Oc3omacHoi MomrHocTh OMM MC He Oonee 50-55 MBT
pu MakcuMansHO# MottHocTH OMU MC CC crangaproB GSM, UMTS, LTE B npenenax 0,1-0,4 Br.
[Inanupyemoe pe3koe yBEeNMUEHHE CKOpPOCTEH mepeayd WHPOpMamuu MO oOpaTHOMY KaHaly
B cuctemax 4G/5G compsiKeHO ¢ CYIIECTBCHHBIM YBEIMYCHHEM HeoO0XoauMoi MomHocty MU MC
M, KakKk CIEJCTBHE, HEJAONYCTUMBIM YyBEJIWYCHHEM JOOPOBOJBHBIX OJKOJIOTHMYECKUX PHCKOB
JUTS. HACEIICHUSI.
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Lenp nmanHO#M paboOTBl — OLIEHKA OXKWAAEMBIX OTPaHUYECHUI Ha XapaKTEePUCTUKU CUCTEM
CC4G/5G (TakMx Kak MakKCHMajibHas IaJbHOCTb CBSI3M, MAKCHMAaJbHO IOIyCTHMas CKOPOCTb
nepeaayy JaHHBIX, JOIIYCTUMbIH OTHOCUTEIbHBIM YPOBEHb BHYTPUCETEBBIX [IOMEX U T. I1.) B YCIIOBUSX
COXPaHEHHUs OrpaHM4eHri Ha MomHocTb OMU MC, npu neknapupyeMoM YBEIHYEHMH CKOPOCTEH
nepefayd JaHHBIX 10 3TUM KaHajdaM. OTa OLIEHKA BBIIOJHEHA C HCIOJIb30BaHUEM METOIUKH,
M3II0KEHHOM B [5].

MunnmMaiabHo HeoOxoaumas MouHocts DM MC

[Ipu pacnpoctpanenun paanoBoin (PPB) B cBoOOgHOM mpocTpaHCTBE MIOTHOCTH MOTOKA
MOIITHOCTH 3JIeKTpoMarauTHoro moist (OMII) Zys or MC ¢ SKBHBaJICHTHONW W30TPOITHO M3TydaeMOit
MorrHoCTEI0 (DMMM) Peys Ha BXoae nmpueMHoit antenHsl bC, ynamennoit or MC Ha paccrosiHue R,
u 3¢dexktuBHas tromans Sezs npueMHoi aHTeHHBl BC ¢ kodduIMeHTOM YCHICHHS TIaBHOTO
nenectka Gops ONPENEISIIOTCA CIIEAYOIIUMHI U3BECTHBIMU COOTHOLLIEHUIMHU:

_ Lous

e _ }\‘2 GOBS

SeBS - °

M5 4nR?’ 4n

rae A — JUIMHA BOJIHBI TpuHHMaemoro OMII. MommHocTs curHana, nmpuauMaemoro bC, Ha BXome
ee paauonpueMuuka (PII) Oymer paBHa (0e3 ydera moTephr B IPHEMHOM aHTEHHO-(DUICPHOM
tpakte bC)

P \G
Py iy :ZMSSeBS :W'

Peanbrast gyBcTBUTENBHOCTE PII BC Piso B pammocetn CC ompenenseTcss MOITHOCTHIO
BHYTPEHHETO TETUIOBOTO Py M BHEITHETO Pyyr IiIyMa, OJI0CO# YacToT paguonpuema AFr 1 MUHUMAJILHO
HEOOXOIUMBIM 3HAYCHHUEM OTHOIICHHS “‘curHaj/(umyMm + nomexa)” CNIRy. B mmpokomnonocHbix PK
mudpossix cucteM 4G/5G cBoiictBa BHyTpuceTeBbIXx noMex CC MOryT OBITh NMPHHATHL OJN3KUMHU
CBOMCTBaM IrayCCOBCKOTO IITyMa, YTO ITO3BOJISIET HCIIOJIb30BATh CIEAYIOIINE OUYeBUAHBIE COOTHOIICHHUS:

P:kTOKNAF’ Py =FKcc, Pz:(l"‘ch)Po’ Ppgy =P -CNIR,,

C c kR
Wip =—LB ~ZRR _ o ~log, (1+ CNIR), CNIR=2 R _1,
AF,  AF,
AF mC
Crp = —21 1+ CNIR), AFp=———"RR___,
we == loga 1+ ) K" log, (1+ CNIR)

rae k = 1,38:10% Br/K — nocrosianas Bonbimana; Ky — kospdunuent uryma PII BC, T) — abcontotHast
temmeparypa (7o=290K); Ps [BT] — cymmapHas MomHOCTh Iryma B monoce AFr PK, paBHas cymme
MOIITHOCTH COOCTBEHHOTO TEIUIOBOTO IIyMa Py M MOLIHOCTH BHyTpHceTeBoH momexu Pir; CNIR —
OTHOILIEHUE «curHai/(iym + BHyTpHceTeBas nomexa)» B PK; Cpr [Out/cex] u Wep [Out/cex/Tu] —
MOTEHIMATBHBIEC MPOIMYCKHAs CHOCOOHOCTh M crekTpaibHas 3ddekruBHOCTh PK, KOTOpHIE B M1 pa3
MPEBBIIAIOT €r0 peanbHbIe MPOITYCKHYIO cnocoOHOCTh Crr M CHEKTpabHYIO 3¢ dekTuBHOCTE Wik:
Cprr=mCrpp ) Wep=m Wer.

IIpu paccrosuuu R mexxny MC u BC peanbHoe oTHOIIeHHE «curHai/(mym + momexa)» CNIRg
Ha Bxoje panuornpuemunka bC B ycnoBusix ceoboanoro PPB Oyzer paBHO

P, P,sXG
BSIN _ CNIR,, = 2eA/12S 0BS —2mWEr _q
P, 16n°R*Py(1+ K o)

COOTBETCTBEHHO, Ul TOTO, YTOOBI B 3THX ycioBusx PPB Obuio obOecriedeHo HOopMaibHOE
(YHKUIMOHMpPOBaHKWE PATUONMHUM (3aJaHHOC MHHUMaibHOe 3HaueHue CNIRy nmubo MHUHHMABHO
HEOOXOIUMBIIl YpPOBEHb IIOJIE3HOTO CHUTHalla, PaBHBI YPOBHIO IIOPOroBOHl YyBCTBUTEJIBHOCTH
panuomnpuema BC Pgso), SUMM MC nomkHa OBITH HE MEHEe CIIEAYIOIEr0 3HAUCHHUS:
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mCRR

16n°R*P, (1+ K~ )CNIR
i o( + CC) 0’ CNIR0:2AFR 1. (1)

3% Gops

eMS0 =

IIpu pacnpoctpanenuu paanosoid oT MC k Makpo-bC B ropoickoii 3acTpoiike Ha pacCTOSHUSA
OT HECKOJIbKUX COTEH METpoB, Koria ycioBusi PPB cyliecTBeHHO ciiojkHee U JIONOJIHUTEIIBHO
Tpedyercs obecrmeunTs JHepreThudeckuii 3amac Dso= L.Kulc B DUMM MC, yuuThIBaronui
HeoOXoIuMbIil 3anac L, Ha MPEOOJICHUE 3aTyXaHUs PaJUOBOJH IPHU MX PACIPOCTPAHEHHM BHYTPHU
s3panus (L < 100 [6]), 3amac Ky Ha peanuzanuio xeHgosepa (Kyx < 10) u 3amac Lc Ha 3aMupaHus

B ropojckux kaHboHax (Lc<100 [7]), oOmmit 3amac B DUHMM MC HeoOXOAMMO YBEIHYHTH
10 ypoBHs Ds :

16n”R?PyDy CNIR,
3*Gogs

Povso = , Dy = (1 +KCC)D20a Dyy=L,LcKy - (2)

CootHomrenne (2) mnomyueno ©Oe3 ywera MHoromydeBoctH PPB, dro xapakrepHo
11 OTHOCUTENBHO HeOompmmx paccrosHuii mexny MC u BC, xorma MC HaxomuTcs BHYTpH
«OpetiknorinT-okpectHocT» BC [7] pannyca Rpp = 4HpsHus/A, tne Hps v Hys — 3HaYSHUSI YCIIOBHBIX
3Ha4YeHHUU BBICOTHI aHTeHHBI bC 1 BeIcOTEI MC Hax OTpaskaroIei MoOBEpXHOCTHIO. DTON TTOBEPXHOCTHIO
MOJKET SBJIATBCS KaK 3€MHasi IIOBEPXHOCTb, TaK M IIOBEPXHOCTU CTEH M KpBIII 3JaHUH.
[Ipu pacnonoxennn MC 3a npeaenamu 3Tol okpecTHOcTH XapakTep yciouil PPB mexay MC u BC
CYILLIECTBEHHO MU3MEHSETCA U3-3a HAJIOKEHUS NPSMOTO U OTPaKEHHBIX JTydei:

7 =P _ 16n*R* Dy

t

4H ;o H
= 5 5 RZRBP’ RBP =M
PBSO X GOBSRBP A

B PE3YyIbTAaTC UMECT MCCTO CIICAYIOIIAad 3aBUCUMOCTD!

16n°R*Dy P, -CNIR, _n’R*DyF,-CNIR,

Poso = POLtCN[RO =
A\ Gops Rép GopsH ZBS H eZMS

) 3)

mCRR
, CNIRy=2 R _1.

4H ,zoH
R>Ryp, Rgp — _"eBS' T eMS

CremyeT 0OpaTUTh BHUMAHKE Ha OTCYTCTBUE 3aBHCUMOCTH Peyso OT IITHHBI BoTHEI OMU MC,
YTO TIO3BOJISICT CYUTATH (3) AaCUMIITOTOM.

PesynbTatel ananmnza

Kak cnemyer u3 (2), (3), meobxomumas DUMMM MC P.yso ompeaensercs TpeOyeMbIMHU
SHEPreTUYECKUM 3amacoM Dy paJMOJIWHUH, JalbHOCTBIO PAgUOCBA3M R W TMPOMYyCKHOU
cnocobnocThio PK Crr, a Taxke 3aBUcHT OT K03 unueHTa ycunenus Gops, Benmuaud CNIRy u AFr
u 3aBUcALIero ot A Hps u Hys panuyca obmactu Rzp cBo6ognoro PPB Bokpyr BC. Ilpu HaxoxxaeHun
MC BuyTpH 3T0# 00nacTu HEoOXoauMas DM MC Takke CyIIeCTBEHHO 3aBHCHUT OT JJIMHEI BOJHEI
OMU MC.

Ha puc. 1-4 mpuBenens! pacuetHsie 3aBUcuMOocTH Heooxoaumonn UMM MC ot nansHOCTH R
pamuocBs3u (puc. 1,2, 4) n npomycknoit crocodnoctn PK (puc. 3), momydernsie mis BeIcOTEI MC
HaJ MOBEPXHOCThI0O Hop=1,5M u mnpomyckHoii cnocoOHoctr PK, Onm3kod K IOTEHIMAIBHOMN
(m = 1,33); pacuets! BeinonHensl aist CNIRo= 100 (2015b).

I'paduxu Ha puc. 1,2 paccuutansl qisg nuko-bC, QakTudeckn mpeacTaBiIAIOMIMX COOOH
XOT-CITOTHI — TOYKH JOCTYyIAa HA OTPaHWUYCHHOW IUIOMAAN WM BHYTpH nomemenni (Gps= 4 (6 nb),
Hps=3m). [Ing 5TuX ycnoBuil NpUHIT OTHOCHTENBbHO HEOONBLION 3HepreTuyeckuit 3amac Ds= 100,
YUUTHIBAIOIINH JIMIIb IPUCYTCTBUE BHYTPUCETEBBIX IIOMEX OT COCETHUX TOUYEK JOCTYIIa, U BO3MOKHBIE
notepu mipu PPB 3a cueT MHOr01y4eBOCTH U BIUSIHUSI MECTHBIX MPEIMETOB.
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I'paduxu Ha puc. 3, 4 paccunTansl Ui BHEIIHUX Makpo-BC, pacnonokeHHBIX B TOPOJACKON
3acTpoiike, ¢ BbICOTaMH ToABeca aHTeHH Hps=30wM, kodDdumeHTaMu YCHICHUS aHTCHH
Gs= 250 (24 nb), COOTBETCTBYIONUMHU YCHJICHHIO B JIydaX COBPEMCHHBIX aKTUBHBIX (ha3MpPOBAHHBIX
aHTeHHBIX penieTok (ADAP) cucrem 5G [8]. [Jnst 3TMX yCIIOBHI NPHUHAT SHEPTEeTHYSCKUN 3armac
Ds=10°, yuurtsiBaronuii He06XOAUMBIH 3aI1ac Ha IIPEOAOJIEHUE 3aTyXaHHs PaJHOBOJIH BHYTPH 31aHHUs,
Ha peajHn3alfio XeHA0Bepa, Ha MPEOoI0JICHNE 3aMUPAH B TOPOJICKAX KaHBOHAX W Ha MPEOJIONICHHUE
BITUSHUSI BHYTPHCETEBbIX momex oT coceanmx bC. JlanHas BenmnumHa 3amaca st cBsizu MC

¢ Makpo-bC CC B yCIOBHUSAX TNIOTHOM FOPOJICKON 3aCTPONKU HE ABIISCTCS YPE3MEPHON.

10?
1 2 /
102
=
m
g
Ay
10-3 3 4
10
10 20 30 40 50 6070 R.m

Puc. 1. 3aBucumoctu Heobxogumoit DUUM MC
B nuko-caiire CC OT JajbHOCTU PaIUOCBSI3U

1

10 4 3

10 2

Pagso, BT

10? !
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1095 0 30

40 50 6070 R.Mm

Puc. 2. 3aBucumoctn Heooxoanmoit DYIMM MC
B nuko-caiire 5G (3,6 ['T1) ot nanpHOCTH

npu AFr =20 MI'n, Crr= 100 MOur/c 1 pa3nuuHOil paauoCBsA3u AJs Pa3InYHON CKOPOCTH Nepenadr TaHHbIX

JurHBL BostHEL OMU MC: A = 0,08 M — kpuBas 1,
A =0,15m— kpuBas 2, A = 0,33 M — kpuBasd 3,
A =0,67 M — xpuBas 4
Fig. 1. Dependences of the required MS EIRP in CC
pico-site on the radio communication range at
AFr =20 MHz and Cgr = 100 Mbit/s for different
wavelengths of the MS EMR: A = 0.08 m — curve 1,
A=0.15m-curve 2, A =0.33 m — curve 3,
A=0.67 m—curve 4

10° /
piilEailr

ba dud
P

/ -
10° 10° 107 10% Crg,but/c
Puc. 3. 3aBucumoctu Heodxoaumoit SUMM MC
B Makpo-caiite 5G (3,6 I'Tu, CNIR =201b)

OT CKOPOCTH Iepe/iauyl JaHHBIX (TIPOITYCKHOM
cnoco6noctu PK) st pasnnaHoi ansHOCTH
paguocsszu: R =200 M — kpuBas 1, R =400 m —
kpuBas 2, R = 800 M — kpuBas 3,

R =1600 M — xkpuBas 4
Fig. 3. Dependences of the required MS EIRP in 5G
macro-site (3.6 GHz, CNIR = 20 dB) on the data
transmission rate (uplink channel capacity) for
different radio communication ranges: R =200 m —
curve 1, R =400 m — curve 2, R = 800 m — curve 3,
R=1600 m — curve 4

Pouso, BT
s
o

0,1
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(mportyckHoit ciocoonocTH PK): Crr=1 MoOut/c —
kpuBas 1, Crr= 10 Mout/c — xpuBas 2,

Crr= 100 M6urt/c — xpusas 3, Crr= 1 I'6ut/c — kpuBas 4
Fig. 2. Dependences of the required MS EIRP in 5G
pico-site (3.6 GHz) on the radio communication range
for different data transmission rates (uplink channel

capacity): Cgr =1 Mbit/s —curve 1, Crrg= 10 Mbit /s -

curve 2, Crr = 100 Mbps — curve 3,
Crr =1 Gbps — curve 4
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Puc. 4. 3aBucumoctu Heodxoaumoit SIUMM MC
B Makpo-caiite 5G (3,6 I'Tu, CNIR =201b)

OT JaTbHOCTH PaTUOCBS3H MIPU PA3ITUYHON TOJI0CE
yacToT PK: AFr= 10 MI'u — kpuBas 1, AFr=20 MI'g
—xpuBad 2, AFr=40 MI'n — kpusas 3, AFr= 80 MI'y

— kpuBas 4, AFp= 160 MI'y — xpuBas 5
Fig. 4. Dependences of the required MS EIRP in 5G
macro-site (3.6 GHz, CNIR = 20 dB) on the radio
communication range for different uplink frequency
bands: AFr =10 MHz — curve 1, AFr =20 MHz —
curve 2, AFr =40 MHz — curve 3, AFr =80 MHz —
curve 4, AFr =160 MHz — curve 5



JoKtAnel BI'YUP Dokrapy BGUIR
T. 20, Ne 3 (2022) V. 20, No. 3 (2022)

B pexume nepemaun nanaeix oT MC k BC momocts OMU MC makcuManbHa B CBSA3H
¢ o0ecrieueHneM MaKCUMaIbHO BO3MOKHOI CKOPOCTH Tepeaady nHPOpManui. DTHM PEKUM Iepe1adn
JAHHBIX OTIIMYAETCs OT PEKUMa COTOBOM Tele(OHHM C IOCTOSHHOM CKOPOCTBIO IEpelaud JaHHBIX
32—64 xbut/c, B KOTOPOM HCTIONB3yeTCsl peryaupoBka MomHocTn MM MC B mmpokoMm IuamnazoHe
710 MUHUMAJIBHOT'O YPOBHsI, IIPY KOTOPOM 00€CIIeUnBAETCsI HOPMAJIbHOE Ka4eCTBO CBSI3H.

[Tockonbky TpeboBaHus k kauecTBY paaunonpruemMa MC u BC cumMeTpuiHbl, KaK CHMMETPUYHbL
U mpoleccsl 00pa3oBaHusl BHyTpUCETEBBIX NoMmex (yHkuunonupoBanuio MC u BC, a Taxke B cuiry
MaJbIX Pa3IMYUil B IIyMOBBIX cBoiicTBax paguonpueMHnkoB MC u BC, cootHomenus (2), (3)
MIPUMEHUMBI U 1J1s1 aHain3a Heooxoaumont DM BC P.ps IpH yCI0BHU 3aMEHBI B HUX K03 duiineHTa
yeunenus Gogs npuemHoit anteHHbl bC koaddunmentom ycunenust anrennsl MC, IpHHUMaeMBbIM,
Kak 4 B (2), (3), paBHBIM €MHUILIC:

16m°R*ADSCNIR, o AH s H s
Pl W " M 4)
e TR'DR -CNIRy —  4H s H s
HisHoas A

B cucremax CC 2G/3G cpeansis MOIIHOCTh HeHampasieHHoro OMU MC ompeneneHa
Ha ypoBHe 100-250 MBT1 (20-24 nbm) [ETSI EN 300 910, ETSI TS 125 101], B cuctemax CC 4G —
200—400 mBt (23-26 nbwm) [ETSI EN 301 908-25], B cuctemax 5G cienyer 0XuIaTh COXPaHCHUS
orpannuennii Ha UM MC Ha 3ToM ke ypoBHeE [9] ¢ yuetom onmacHoct OMU MC nist 310pOBb4.

B a1tHX ycnmoBusX, Kak cCleqyeT W3 aHauu3a rpadukoB Ha puc. 1,2 obecriedeHHE BBICOKHX
ckopocreit iepenaun nHpopmanuu 1mo PK or MC k BC, nekmapupyembix B [1-3], BO3MOXKHO 3a CUET:

— YyMeHbBIIeHHs AajdbHOCTH paauocBsizu Mexay MC u bC no eauHUI-IEecATKOB METPOB,
obecrieyenus npsmoit Buaumoctd Mexay MC u BC u BeICOKOH HampaBICHHOCTH Jy4a HMPUEMHOM
anTeHHbl bC, Ipu KOTOPBIX TpeOyeTCs CYIIECTBEHHO MEHBIITNI YHEPTeTHIECKHIA 3aac 10 MOIIIHOCTH
OMU MC Ds B (2), (3);

— HCHOJB30BaHMs, 110 BO3MOXKHOCTH, YacTOT HIDKHEH YacTH JAWamna3oHa, BBIAEICHHOTO IS
CC, a Takxe UCTIOJIb30BaHMSI TAKETHOH IIepeau JaHHBIX (OTAETHPHBIMHA HMITYJIECAaMH YITH hpeiiMamu),
MIpU KOTOpOH MMITyJibcHas MouHocTs OMU MC cyIecTBEHHO BBIIIE CpeTHEHN, perIaMeHTHPOBAHHON
B [ETSI EN 301 908-25] (omnako ©e3omacHOCTb 3TuX pexkumoB MC 5G TpeOyeT OTAENIbHBIX
HCCTICIOBAHHMN ).

Ilpuaumas Bo BHMManme nanHbie [10, 11] o ckopocTsax mepemaun gaHHBIX 1o PK 5G
NIPY peanu3aliy Pa3Iu4YHbIX CEPBHCOB, MOXKHO CHeNaTh CIEAYIOIIUE MpEIBAPUTEIbHBIC BBIBOABI
00 MX MOTEHITHAILHON OMAaCHOCTH I HAaCEeJICHUSI.

1. [Ins obopymomanusi Wutepreta Bemiedr (IoT) — maT4WkoB, YCTPOMCTB IKCTPEHHOTO
OTIOBEILICHHUS (CUETUYUKHU BOJBI, Ta3a, DJIEKTPUUECTBA; KOHTPOJUIEPH! YIMYHOTO OCBELICHUS; AaTYUKU
MapKOBOYHOT'O MECTa; CEHCOPHI ObIMa/OTrHS; JATYMKU B3JIOMa Oakd W T. I.), MEPEAAIOLIero JaHHbIE
C OTHOCHTEIHHO MaJIO¥ CKOPOCTHIO M HU3KOM YIEIbHOM HHTCHCUBHOCTEIO Tpaduka, DMUMM MC mMoxeT
OBITH orpanndcHa Ha 6e3omacHoM ypoBHe 10—100 MBT naske mpu manbHOCTH CBSI3H 70 1 KM.

2. lns o0OpyZoBaHMS YAAJIEHHOHW TeJNeMETPUM U KOHTPOJII OOBEKTOB, I KOTOPOTO
HEOOXOUMBI CKOPOCTH Iepenaun aanHeix 0,5-2 Mowut/c, yposenr JUMM MC He 6osee 0,1-0,2 Bt
MOJKET OBITh OOecCIeueH NpU JanbHOCTH cBs3u He Oosiee 200-300 M; mepeaaya AaHHBIX yAaICHHOMN
TEJIEMETPUH M KOHTPOJII OOBEKTOB CO CKOPOCTSIMU 1—2 MOUT/C B YCIOBHUSIX TOPOACKOH 3aCTpOUKU
Ha Oonpime paccTtosiHus MoxkeT motpedoBats DUMM MC ot 0,5-1 Br u Oonee. Ilpunumas
BO BHUMAaHHE, YTO JaHHOE 00OPYIOBaHUE SBISETCA TEXHOJOTMYECKHM M aBTOHOMHBIM, CTENEHb €T0
JJIEKTPOMAarHUTHOH  0e30macHOCTH  OyJdeT  ONpeleNsAThCsl  YCIOBUSAMH H  MAacCOBOCTBIO
€T0 UCIOJIB30BaHMS Ha CENUTEOHON TEPPUTOPHH.

3. OyHKIMOHUPOBAHKE OESCITUIIOTHOTO TPAHCIIOPTA TPEOYET 0OECIICUCHISI CKOPOCTH TIepeIavm
naHHbIX 110 PK 5G 2-20 Mo6ut/c. OGecnieueHne 3TOH CKOPOCTH B 3aBUCUMOCTH OT yciioBuii PPB mexmy
MC u bC u nansHOCTH cB3u MOXxeT TpeboBath MMM ot coten MBT 1o necsitkos BrT.

IIpu obecneuennn npsimoii BuamMoctd Mexxay MC u BC u manmpHOCTH CcBs3u 110 0,4-0,5 kM
OUNM 0,1-0,4 Br MokeT OBITh BIOJHE JOCTaTOYHOH. W TIOCKONBKY O3TOT CEpBHUC HE CBSI3aH
C  HEINOCPEICTBEHHbIM HcIojib3oBaHueM MC HacenenuweMm, JaHHbBIE ypoBeHb OMU  MC,
TI0 MIPeIBapUTENbHBIM OLIEHKaM, MOXET OBbITh MpH3HaH Oe3onacHbM. OqHaKo NMpH (YHKIHOHUPOBAHUH
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OECIUIIOTHOTO TPAaHCIIOPTa B FTOPOJCKON 3aCTPOHKE B YCIOBHSIX, KOTa MpsiMasi BUOUMOCTh Mexay MC u
BC otcytcTByeT, a DANBbHOCTH PAmHOCBA3M MOXKET JocTHUTaTh | KM M Oojee, ycroiumBas paboTa
pagroNIMHIN MOXKET TpeboBath Oosbix DM MC, uto, 6€3yCiI0BHO, MOXKET IHPEICTABIIATH ONACHOCTh
TSl HACEJICHHUSI.

4. OHJIaiH-UIPBI, 11T KOTOPBIX TPEOYIOTCS CKOPOCTH Mepeaaun AaHHbIX Mo PK 5-50 Mowur/c,
MOTYT OBITh PEaJH30BaHbl MPH OTHOCHUTEIBHO Oc3omacHbIX 3HaueHusx DUMM MC 100-200 mBt
TONBKO B 30HE oOciyxuBaHus NHKO-BC Ha manpHOCTSX CBs3M He Ooinee 50-100 M B ycioBHSX
cBobognoro PPB, a Taxke mpu yciaoBuH, 4TO Ha OOCIYKMBAaeMOH TeppuUTOpHU OyIOyT oOecredeHBI
JOITyCTHMBIE YPOBHU DKOJOTHYECKHX PUCKOB. Tak, CpemHssi MHTEHCHUBHOCTH AJIEKTPOMArHUTHOTO
¢dora (OMD), cozmaBaecmoro OMU MC, na yposHe 50 % oT npenensHO gomyctumoro yposHs (I11Y)
pamrodactotaeix DMIT 0,1 Br/M? (uto yuuthiBaeT oaHoBpemenHoe npucytctsrue IMIT BC), Gyner
IOCTHTHYTa TIPH CYMMAapHOH CpemHEW >SJIEKTPOMArHWTHOW Harpyske Ha Tteppuropuio (OMHT),
cozgaBaemoit DMU MC, nopsiaka 10 mBt/m? [12]. Ecnu ke IPUHUMATh BO BHUMAHUE BBIHYKICHHBIE
OKOJIOTMYECKUE PHUCKH TIOCTOPOHHUX JIMI[ TPH WX BO3MOXHOM CIIy9allHOM TEpPEMEICHUN
o Tepputopun 30Hb1 o0ciyxkuBanus bC, csizannsie ¢ OMU MC, To momycTuMBbIi ypOBEHb CpenHeit
OMHT, co3naBaemoit SMU MC, okaspIiBaeTcs MpUMEPHO BTpoe HiKe [13].

5. CBepXBBICOKOCKOPOCTHBIE cepBHCHI Oynymiero «JlononneHnas peansHocThy (0,52 ['6ut/c),
«BuptyansHas peansHocTh» (1-5 I'6ut/c) m «TaktuneHbit UaTepHET (2—-10 I'OMT/C) MOTYT OBITH
peann30BaHbl ¢ 0e30macHbIME 171 TTosib3oBateneit MMM MC Tonpko Ha JAIBHOCTSX CBSI3U HE OoJiee
HECKOJIbKHX JIECATKOB MeTpoB B ycioBusix PPB B cBOOOgHOM TpocTpaHCTBE NpH MHHHMAaJIbHBIX
YPOBHSIX BHYTPUCETEBBIX TOMEX, T. €. MPH UX peaM3aluyd B OTPAaHHMYCHHOM IPOCTPAHCTBE 30HBI
obcmyxxuanus Tuko-bC (xoTcmora) B amamazone YBY wm HmwkHEW dacth muamazoHa CBY.
OTH ke CEPBUCH ¢ IITMHAMH BOJIH 0K0JI0 1 cM i ux peanu3aiun ¢ DUMM MC ne 6omee 100-250 MBT
MOTYT OBITh O€30MMaCHBIMHU TOJIBKO TIPY 3HAYUTEIILHOM YBEITUYCHUH CIIeKTpaiibHOU 3 dexTrBHOCTH PK
(3a cuer ucnonp3oBanus TexHonorun MIMO ¥ afanTHBHBIX AUArpaMM HaIMpaBJIeHHOCTH aHTeHH bC,
o0ecrnednBaeMbIX MPH UCTIOIb30BAHUN MHOTORJIEMEHTHBIX afanTUBHEIX ADAP).

6. Konnenmmuss “5G”, mo CymiecTBy MpeacTaBisisi CoOOM COBOKYIMHOCTh OHM3HEC IUTAHOB
OpraHHU3auy HHPOPMAITMOHHOTO 00CITY>)KUBAaHUS HACCIICHUS 10 PA3JIUYHBIM HAMIPABICHUSAM, BKITIOYACT
cepsuc «[loTokoBoe BHIEO», OpraHu3yeMoe co ckopocthio 0,1-5 I'out/c [10] B 1ieaX peaocTaBaCHUS
HACEJICHUIO BHUJICOKOHTEHTa cBepxBbicokoi uetkoctd UHDTV  4/8k  (4096/8192 nukcenecit
0 TOPU30HTAIN). YKa3aHHAs CKOPOCTh Nepeaadu JaHHBIX JEKIAPUPYETCs I CKOPOCTH CKauYUBAHUS
nH(popMauu (CKOPOCTh Tepenaydl JaHHBIX 3apoca Ha CKAaYMBAaHHWE MOXET OBITh Ha HECKOJBKO
MOPSIKOB HIKE), DTOT CEPBHC MO3UIIMOHUPYETCS B KaUeCTBE KOHKYPEHTHOTO JIOTIONHEHUS K CEpBHUCaM
CIIyTHUKOBBIX U BOJIOKOHHO-ONTHYECKUX CHUCTEM MHOTOMPOTPAMMHOTO TEICBHIICHUS W TOPOJCKUX
CUCTEM BH/ICOHAOIIOJICHUS C WHTEIUICKTYalbHBIM paclio3HaBaHueM nuil. [IpuHMMas BO BHUMaHWHEC,
9T0 3TH cepBUCH 5G, MO BHIWMOMY, OOEcredaT OCHOBHYIO JOJI0 TEPPUTOPUATIHHON IUIOTHOCTH
OecnipoBogHOTO TpadwWka W OCHOBHOM BKIaA B (OpMUpOBAHHME COBOKYITHOW HWHTCHCHUBHOCTH
pamuouactoTHoro MO, coznaBaemoro cucteMam 5SG B MECTaxX ¢ BBICOKOM MJIOTHOCTBHIO HACENICHUS,
1eJIeco00Pa3HOCTh WX Pa3BEPTHIBAHUS BBI3BIBACT HAMOOJBITUE COMHEHHS, TOCKOJIBKY OecTpoBOIHAS
peanm3anys dTUX CEPBUCOB B ceTAX 5SG mpeamnoaraeT yBeaIudeHne MakcuMairbHoit SVIMM oTnenpHBIX
A®DAP makpo-bC 10 necsITKOB KHJIOBATT U CO3/IaHUE HA CeNUTeOHOM TeppuTopun ypoBHeit IMII
n0 10-50 Br/m? [8], uto B 100-500 pa3 NpPEeBBILNAET TMTUEHUYECKUE HOPMATHBBI, TPUHATHIE
B PeciyOnmmke bemnapyce, Poccuiickoir denmepariui W MHOTHX JAPYTUX CTpaHaX, M TPEACTABISICT
HECOMHEHHYIO OTACHOCTb ISl 3A0POBBS HACETICHHUS.

7. BeiBozbl 1-6 B OCHOBHOM KacaroTcs yCJIOBUH, IPH KOTOPBIX Nepeaada nHpopmarmu mo PK
5G obecnieunBaeTCs MPH OTHOCUTEIBHO Oe30macHbIX YpoBHAX DVIMM MC, He npeBhIIIAONIUX YPOBHH
OUUM abonentckoro obopymoBanus cucreM 2G/3G/4G, npu KOTOPBIX TPaaUIMOHHBIE YPOBHHU
JOOPOBOJIEHBIX 3KOJIOTHYECKUX PUCKOB moib3oBateneld CC B mepBoM NPUOIMKEHUN MOTYT CUUTATHCS
npuemiieMbiMA. OJHAKO TUIAHUPYEMOE MHOTOKPATHOE YBEIWYEHHE MPOCTPAHCTBEHHOW IUIOTHOCTH
UCTOYHUKOB m3nydeHuii (no 0,1 ex./m> B cuctemax 4G, mo 1 en./m? B cucremax 5G u no 10 ex./m>
B cuctemax 6G [2, 14]) cymecTBEHHO YBEIMYNBAET ONACHOCTh BBIHYKICHHBIX 3KOJOTHYECKAX PUCKOB
JUTS. HACEJICHWSI, CBS3aHHBIX C MHOTOKPAaTHBIM YBEJIMUEHUEM CyMMAapHOW HMHTEHCHBHOCTH OMO,
co3naBaeMoro Beer coBokymHocThI0 OMU BC 1 MC CC.

60



JoKtAnel BI'YUP Dokrapy BGUIR
T. 20, Ne 3 (2022) V. 20, No. 3 (2022)

3akiarouenne

[Ipu monHOMacmITaOHOM BHEIPEHUU TeXHOJOTUH, ceteit u yenyr 4G/5G/6G mis obecrieueHus
MPUEMIIEMBIX YPOBHEU 3IEKTPOMArHUTHON 0€30MMacCHOCTH HACENICHHUS U JJIEKTPOMAarHUTHOM 3KOJIOTHH
cpeabl oouTaHuss HeOOXOAUMO BBITIOTHEHNE CIIETYIOIINX YCIOBHMA:

1. Peanmsarust Bcex GECIIPOBOIHBIX CEPBHUCOB, OPHEHTUPOBAHHBIX Ha YKCTPEMAILHO BBICOKHE
cKopocTH OecIpoBOAHOI nepenaun nH(popManru (MOTOKOBOTO BHAEO, AOMOTHEHHON U BUPTYaTbHON
peaNbHOCTH, TakTWiIbHOrO IHTEpHETa W T.1.), [PU MUHUMAIGHOW JalbHOCTH  CBS3H,
HE MPEBHIIAIOMIEH EAWHUI-ACCATKOB METPOB, IpH KOTOpoi obecneuuBarorcsi ycnosus PPB
B CBOOOJJHOM MPOCTPAHCTBE U TPeOyeTCs MUHUMAIBHBIN SHEPreTHUECKHIA 3anac paguonuHun Ds .

2. Pazpabotka wm BHeapeHue OoJiee TIIYOOKHMX H OOBCKTHUBHBIX IIOJXOIOB K OIICHKE
3JIEKTPOMAarHUTHON Oe3omacHocTH pamuocereli  4G/5SG/6G  mist  HAceNGHHUs, YYHUTBHIBAFOIIAX
YpE3BBIYAIHO BBICOKYIO MPOCTPAHCTBEHHYIO IIOTHOCTh CTAIIMOHAPHBIX M MOOWJIBHBIX UCTOYHHKOB
OMMU u ux MaccoBoe OJHOBPEMEHHOE BO3JCHCTBUE Ha Pa3lUYHBbIC TPYMIbI HACEICHHUS B PA3IHYHBIX
YCIIOBHUAX ¢ 00pa3zoBaHreM DM®, HHTEHCUBHOCTh KOTOPOI'O CBS3aHa C CyMMapHOH TePPUTOPUATIBHOMN
IUIOTHOCTBIO OecpoBOIHOTO Tpaduka, pasMepamu 30H obciayxuBanust bC, HanpasieHHoCcTHI0O OMU
BC u MC, cnekrpansaoit 3¢ ¢extuBaocteio PK CC, kayecTBOM YacTOTHOI'O IUIAHUPOBAHUS
(obOecrieueHusT BHYTPHCHCTEMHON DJIEKTPOMAarHUTHOW coBMecTuMocTd (OMC)) u, B 1eom,
sHepreTHyeckoi n3osirounocthio PK CC.

3. PeBu3ust kpaiiHe ONTHMHCTUYHBIX KOHLENIMKA W CIieHapueB pa3BuTus cuctem 5G/6G,
(haKTUYeCKN HaIlpaBIIEHHBIX HAa 3aMEHy CYIIECTBYIOIIMX MPOBOJHBIX TEXHOJIOTHA W CHCTEM
nH(pOpPMAITMOHHOTO O0CTY)KMBaHMS O0IIecTBa OCCIPOBOMHBIMUA, B YaCTH OOBEKTUBHOTO aHAJIM3a
WX DJIEKTPOMAarHUTHON 0€30MacCHOCTH /ISl HACEJICHNUS, BKITIOUask IOAACPKKY HCIIONIb30BaHUs B OM3HEC-
cueHapusx 5G albTepHATUBHBIX (BOJOKOHHO-ONTHUYECKUX, KBA3HONTHUSCKUX U T. T.) TEXHUYCCKHUX
pelieHnli  BBICOKOCKOPOCTHOHM mepenadud  WH(GOpMAlMU, HE CBSI3aHHBIX C HCIOJIB30BAaHHEM
paarovacToTHEIX DOMMU; crumynupoBaHHe HCIONb30BaHUs B ceTsax S5G/6G y1a3epoB, BOJIOKOHHO-
ONTUYCCKUX JIMHUN CBSI3U U T. TI.

4. Peanm3ariusi HU3KO- U CPETHECKOPOCTHBIX TEXHOJIOTHYECKUX cepBHUcOB [oT, Tpebyrommx
OTHOCHTEIHHO OONBIION JaJbHOCTH CBSI3M M OTHOCHTENBHO Y3KHX Tooc yacToT PK, B BeIneneHHBIX
MOJIOCaX YacTOT HIDKHEH vactu aumamnazoHa YBU ¢ mpuasTHeM 3((EKTHBHBIX Mep OOecreueHUs
BHyTpucucteMHoii OMC B IeisX MaKCHMajdbHO BO3MOXKHOTO CHIDKEHHUS YPOBHEU BHYTPHUCETEBBIX
romex u TpedbyeMbix yposaeit JVIMM MC.

5. llpuHuMas BO BHUMaHHE HEOIPEICICHHOCTh XapaKTEPUCTUK 000PYIOBAHMS U CHCTEMHBIX
pemennii SG/6G, AekIapaTUBHOCTh B ONpEACTICHUU MyTEH MX SBOJIOLNHOHUPOBAHUS — MPOBEICHUE
KOMIUIEKCHBIX HCCIIEOBAHUHN JKOJOTHYHOCTH W O€30MacHOCTH THIOBBIX CIICHAPHEB W BapHUaHTOB
WX peali3allii B YCIOBHUSX JOCTIDKCHHUS NEKIApUPYEMBIX YPOBHEH TEepPUTOPHAIBEHOW IUIOTHOCTH
0ecrpoBOJHOTO TpaduKa, TEPPUTOPHATIBHON IIIOTHOCTH UCTOUHIKOB DMU, pazMepoB u xapakTepa 30H
obcyxxuBanus oTAeIbHEIX bC (¢ yaeToM BO3MOXKHOM TaThHOCTH CBS3H U yciioBuii PPB), ckopocteit
CIEKTpaIbHOU 3P PeKTUBHOCTH nepeaayn nadopmaruu mo PK.

6.B cBs3u ¢ koH(paukTOM MHTEpecoB [15] mpu BHempenun 5G ¢ peanu3alieil OMacHBIX
JUIsl HaceNleHUs1 KopnopaTuBHbIX pekoMeHganuii ICNIRP, yuuThIBalomux TOJBKO TEIUIOBHIC
onoaddexts Bo3aericTBuss DMII Ha yenoOBEUYECKHIT OPraHu3M, — BBEIACHHE MOPATOPHUS HAa U3MECHEHUE
JEHCTBYIOUIUX TUTHeHUYeCKUX HopMaTuBoB Ha [1J[Y OMII 10 BeIMOIHEHUS! KOMILIEKCa BCECTOPOHHUX
HE3aBUCHMBIX HAy4YHBIX HCCICIOBAHUN BIMSHUA Ha 370poBbe Hacenenus: OMU obopynosanus 4G/5G.
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