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BBEJAEHUE

OnHUM U3 METaTpeHI0B Pa3BUTHS HHPOKOMMYHHUKAIIMOHHBIX CUCTEM SIBIISIETCS
TpeOOBaHHE MOOWJIBHOCTH, MOITOMY HU(POBBIE MIMPOKOMOIOCHBIE OECIPOBOIHBIC
CeTH WMPOKO BHeApstoTcss B Poccuiickoit ®enepanuu. COBpeMEHHbIE TEXHOJIOTUU
OecpoBOIHOTO  A0OHEHTCKOIO JOCTYNa MO3BOJISAIOT  OOECleYuTh abOOHEHTOB
KOHTEHTOM pa3JIMYHOTO THUIIA: TOJOCOBBIMH CEpBUCAMH, MEpENaYeil JaHHBIX,
NOCTYIIoM B ceTb Internet, TeneBU3MOHHBIM BEHIAHWEM, B TOM YHCIE, H
MHTEpaKTUBHBIM TB.

Bo wmHorux paiionax CuOupu pa3BHBAIOTCS MYJIBTUCEPBUCHBIE CETH,
oOecrnieunBasi TpeOyeMyr0 HUHPPACTPYKTypy sl pean3aluM I[HPOKOMOIOCHBIX
OecripoBoaHbIX ceTell gocTtyna. OcoOeHHO BOCTpEeOOBAaHBI TAaKUE PEIICHUS IS
HEOONBIINX MOCENKOB, HAXOAAIIMXCS B YOAJIEHUU OT KpYHHbIX roponoB. Kax
IPAaBUJIO, CYHIECTBYIOLIUE TEIEKOMMYHUKALIMOHHBIE CETH MOPAlIbHO U (U3NYECKU
yCTapenu, MHOTUE CETMEHThI TPEOYIOT PEKOHCTPYKLIUH.

[IIymeHckoe — 3TO mOCENOK ropoackoro tuma B KpacHospckoM Kpae,
aamuHUCcTpatuBHBIA 1eHTp Illymenckoro paifona. B mocenke umerorcs ydeOHbIE
3aBEe/ICHUs, MEIULMUHCKUE YyupexaeHus, nruiedadpuka, HaOmogaeTcss poct
HoBocTpoek. CymectByromas nudpopas ATC obecrneunBaeT HacelCHHE ITOCENKa
yciyraMu Teie(QoHUH, AOCTYI B CeTh VIHTEpHET OpraHn30BaH HE BO BCEX pailoHax,
€CTh CIIPOC HAa MYJBTHCEPBUCHBIE yciIyrd. Kpome TOro, mocé€mok BXOOWUT B 30HY
nercteusg OneparopoB CBsI3U, KOTOPBIM CTPAaTErMYECKH BBITOJHO pPa3BHBAaTh CETH
HOBOro mokojieHud. IloaToMy Tema BBIMYCKHOM KBanu(UKAIIMOHHONW pPaboThI
SIBJISICTCS aKTyaabHOU [1].

Ha ceromHsiiHuii  J1€Hb, Ha PBIHKE TEJIECKOMMYHUKAIIMOHHBIX  YCIIYT
KOHKYPUPYIOT HECKOJIbKO HIMPOKOMOJOCHBIX OECHpPOBOAHBIX TEXHOJOTHUH, B TOM
gucie WIMAX, LTE. Bribop mpoeKTHOTO peleHusi, pa3padoTka peKOMEHIAINi Mo
peanu3alui CEeTH CBA3M — OCHOBHAS 3aj[ada JJAHHOM BBIMTYCKHOM KBaJTM(UKAIIMOHHOM

paboTHI.
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Llenpro mnpoekra sBIseTCs mpeaocraBieHue xkurensM nrt.  [lymenckoe
COBPEMEHHBIX YCIYT CBs3U Ha 0a3e OECIPOBOMHBIX PEIICHUM, a TAaKXKe pacUIMpEeHUe
30HbI npucyrcTBus Omneparopa cBsa3u B KpacHospckoMm kpae. 3agadaMu IPOEKTa
SBIISICTCSl aHAJIM3 BApUAHTOB pealiM3aliyd OECIpPOBOAHBIX TEXHOJOTHM B MOCENKE,
pa3paboTka pPEKOMEHJAIMl MO IPOEKTUPOBAHUIO M OKCIUIyaTallUM CETH, PACUET
OCHOBHBIX TEXHMUYECKHMX IOKa3aTeyel, o0bEMa O0OpylOBaHMs, HArpy30K, 30H
panuonokpeiTsi. Kpome Toro, He06X0IMMO MPOBECTU OLIEHKY WHBECTUIIUI B TPOEKT
Y TIPOBEPUTH €r0 PEHTA0EIBbHOCTb.

BHenpenue coBpeMEHHBIX WH()POKOMMYHHUKAIIMOHHBIX TEXHOJIOTMI MO3BOJIUT
WHTEHCUBHO Pa3BUBaThb MH(PACTPYKTYypy MOCEIKA, CAENATh €ro MPUBJIEKATEIbHBIM
JUISL WHBECTULIHH, 3aMHTEPECOBATh MOJIOZIEXKb. CoBpeMeHHas
MH()OKOMMYHUKAIIMOHHAST ~MH(QPACTPYKTypa TO3BOJUT OOECIEYUTh Pa3BUTHE
COLIMAJIBHO-OPUEHTUPOBAHHOW 3KOHOMUKM HIT. lllymieHckoe, pocT MpOU3BOACTBA U
cdepbl ycayr Juisl YIydlIeHUs! YCIOBUH JKM3HHM IIMPOKUX MacC HACEJICHUs, a TaKxke

PEIICHUC MHBIX COONAIbHO-3KOHOMUYCCKHUX 3a/1a4, CBA3aHHBIX C Pa3BUTHCM MO CEIIKA.
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1 PASPABOTKA KOHIEITLINN OPTAHM3ALINU
I POKOITIOJIOCHOT'O BECITPOBOJHOTO JOCTYIIA B III'T
IINYIIEHCKOE KPACHOAPCKOI'O KPAS

1.1 Onucanmne 00beKTa MPOEKTHPOBAHUS

I'oponckoe nocenenue nocenok lymenckoe ocHoBaH B 1744 roay. Ilnomans
TEPPUTOPUU PANOHA COCTABIISIET 112,9kM®, YHCICHHOCTD [OCTOSIHHOTO HACCICHHS B
lymenckom — 16500 uvemoek [2]. PaiioH mMeeT aBTOMOOHIIBHOE, PEUHOC H
BO3YIIIHOE COOOIIEHUS C PSAJIOM TOPOJOB U PETUOHOB CTpaHbl. birpkaiiiive
YKEJIE3HOJOPOKHBIE CTAHIIMK PACTIONOKEHbI B ropoaax Abakad (80 kM) 1 MUHYyCHUHCK
(55 xm). C 1995 roma opranuzoBaH HarmoHabHbIM Tapk «lllymenckuit 60p»,
coctosiiuii u3 IlepoBcKoro jgecHUYECTBa (PACIOI0KEHO B OKPECTHOCTSX MOCENKA) U
[opunoro necuuuectBa (paiion xpedta bopyc, 3amanssiii Cash, psaom ¢ CasHo-
[ymenckoii '2C). Ha Tepputopuu 3amoBeiHUKa HAXOAUTCS CTOSTHKA TIEPBOOBITHOTO
YyeJIoBeKa.

MynununanbHoe obpaszoBanue lllymeHckoe sBIsieTCs palOHHBIM IIEHTPOM
[ymenckoro paifona. YucneHHocTs HaceneHuss Ha Hadaio 2016 roma cocraBmisier
16500 genoBexk.

AHanu3 UHPPACTPYKTYPHI MOKA3aJ, YTO:

1) Cdepa 3apaBOOXpaHEHHS Ha TEPPUTOPUU TIOCENIKA IMPEICTaBJICHA:
HEHTPaJIbHOU PalOHHON OOJBLHULICH.

2) OOpasoBaHHE MPEACTABACHO TpeMs 00Ieo0pa3oBaTeIbHBIMU CPEIHUMU
IIKOJIAaMHA M OJHOM HA4YaJIbHOM IIKOJIOM, IIKOJIOW — MHTEPHATOM JJIsl IETEH CHUPOT,
IBYMsI TIPO(DECCHOHATILHBIMU YUIJIMIIAMHU, CEITBCKOXO3SHCTBEHHBIM KOJIJIEIKEM, 5
VUPEKJICHUSIMU JOTIOJHUTEILHOTO O00pa3oBaHUs, 5 JAETCKUMH JIOUIKOJIbHBIMU
YUPEKICHUSIMU.

3) CeTb yupexaeHHUIN KyIbTYphl MPEACTABIACT ICHTpalIbHas OuOInoTeKka ¢ 4

dbunranaMu, TOPOJCKON JOM KYJIBTYpbI, JI€TCKas MY3bIKaJlbHas U XyHd0>KECTBEHHas

Jluct
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4) TlpompiimeHHOCTh mocenka npeactaBisitor OO0 «llymeHckas mapkay,
MYVII lymenckue

«Bonokanamny,

LIKOJIBI, MY3€EH.
MVII

000
«TennoBble U ATEKTPUUYECKUE CETH.
3aHUMAaOLIUeECs

«ymenckuit  x1€0603aBOI,

5) CennckoxossiictBennbie npeanpustus OAO «lllymrenckas nrunedadbprukar

- IPOMU3BOJUT MsIcO NTUIIEI U si10, OO0 «NIKI0Nb» - 3aHUMAETCS BhIpAIIMBAHUEM
XO03s5MCTBA,

€CTh  KPECThIHCKO-(pepMepCcKue

KapTodens,
Heckoubkux OneparopoB cBsizH, OCHOBHOH — OAO CubupbrenekoM-IneKTPOCBI3b

0

Kpacnosipckoro Kpasi, peruonansusiii gpuiman, Hlymenckuit dpumman.
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PaCTCHUCBOACTBOM.
6) TGJ’ICKOMMYHI/IKaLII/II/I N CBA3b: IIOCCJIOK HAXOAHUTCA B 30HC IPUCYTCTBHA
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B cdepy nmesrenbHOCTM AJMHMHUCTpalliM pailoHa BXOAWUT CO3JaHHE
IPEANOCHUIOK JUIsl YCHEHMIHOTO JOCTVIKEHHsI CTPATErM4EeCKOM LEIW - TOBBIIICHUSA
Ka4yecTBa W  IMPOJOJDKUTENBHOCTHM JKU3HM HaceneHus. JlocTukeHue 1enu
IIPEAYCMATPUBAECTCA PEIICHUEM HEKOTOPBIX 3a1a4, BA)KHOM M3 KOTOPBIX SBISETCS
o0ecreyeHne rpakJjaH KOMIUIEKCHBIMA KOMMYHUKAIIMOHHBIMHM yCITyTaMH Ha OCHOBE
U3YYCHHUS] U ydeTa MX MNOTPEOHOCTH; CO3JaHUE CUCTEMBI MeEp, OOeCIeUHBAIOLIUX
B3aMMHYIO OTBETCTBEHHOCTh CIYXO M >KUTeled MO MOAIEp:KaHHUI0 KOM(OPTHBIX
YCIIOBUU KU3HU.

Kak BuHO u3 onmcanus, OCHOBHAs JOJII SKOHOMUKHM ITOCENKA MPUXOINUTCS Ha
CEJIbCKOE XO35MCTBO, MHBECTUIIMOHHO IPUBIICKATENBHBIM SIBIISICTCS TYPUCTHYECKHM
ousHec, 37ech pacnonoxenbl locynapcrBennbit CasHo- IllymeHckuil npupoaHbii
onocdepuniii 3anoBenHUK W Hammonaneubeiii napk «llymenckuii Oop». Kak
NIOKa3bIBaCT CTAaTUCTHKA, TMPEJCTAaBICHHAas AJMUHUCTpanuei mocénka [3], B
TYPUCTHUECKHUI CE30H C ampessi Mo HoAO0pb, MOCENOK MOCelaroT, B cpeaHem, 200
TYpUCTOB B J€Hb. Pa3BUTHE TYypUCTHYECKOro OW3HEca SBISETCA OJHOM U3
IIPUOPUTETHBIX 3a1a4 B pernoHe. HeCOMHEHHO, OHOM U3 Ba)KHBIX COCTABIAIOIINX
BHEJIPEHUSI STON KOHIICIIMU CTAHOBUTCS OOECIEUEHUE HACENICHUsl MOCENKa U
TYPUCTUYECKON OTPAcid COBPEMEHHBIMHU, KauE€CTBEHHBIMU YCIyraMu CBS3U B

oecrnpoBoHOM (MOOMILHOM) (hopmare.

1.2 AHaiau3 uHGPOKOMMYHUKANMOHHON MH(PPACTPYKTYPHI MOCEIKA

PazButne ycmyr cBsi3u OOYCJOBJIEHO HUX BOCTPEOOBAHHOCTHIO, YEMY
CcrocoOCTBYET BHEAPEHHE HOBBIX BUAOB ycinyr Omneparopamu cBsizu. Bospacraer
YUCJIO IUIATHBIX YCIYI HACEJIEHUI0, MNPEJOCTABICHHBIX [0 CETH BHYTPEHHEU
YCKOpeHHON mouthl (ycmyru Ttenerpada, ¢akca, 3JICKTPOHHOW IOYTHI), CBS3b
NPENCTaBIAOT opranu3auuu: FOXKHBIM  UEHTp TEXHMYECKOM JKCIUTyaTaluu

Kpacnosipckoro dummana OAO «Cubupsrenexkom», llymenckuit mouramt YOIIC

Jluct
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Kpacnosipckoro kpast — ¢punman ®I'VII «Iloura Poccuu». B nrr. lllymenckoe ects
TeneoHHas ceTh, A0cTyn B lHTepHeT opranu3oBan no texnonorun ADSL, nporeHt
npoHukHoBeHUus: — 18%. JKurenu monb3yrorcss SQUPHBIM U CIIYTHUKOBBIM
TEJIEBUCHUEM.

[To craructuke [2] B IllymeHckoM palOHE KOJIMYECTBO TeIC(HOHHBIX
anmaparoB cocrtaBisier 9,97 TeicA4, B TOM 4YHCJIE KBapTUPHBIX 8,9 ThICAY.
OObecrie4eHHOCTh HACEIeHHs KBaPTUPHBIMU Tele(OHaMU COCTaBisgeT 64 anmapara Ha
100 cemeit. KoamdecTBo KBapTHUpHBIX Tede(OHHBIX ammapaTroB B paiioHe
COKpAILIAeTCs 3a CUET CHUKEHUS CIIPOCa U PAa3BUTHUS COTOBOM CBSI3U.

B paitone peiictBytor 4 Omeparopa coTtoBoi cBsizu — «EHuceiTenexkom»,
«bunaiiny, «MTCy», «Meradony.

OcHoBHast nons aOoHEHTCKOM €Mkoctu mpuxoautcss Ha Omeparopa I[TAO

«MTC», Benyiero TeIeKOMMYHHKAIMOHHOTO onepatopa B Poccum.

P-257

ngxé%oe

- ’ —

& /
7

EpmaKoeckoe

7 Ca;&ﬂ:pcx'

%

1.2 — ®parmenT 30Hb1 paguonokpbiTus INAO «MTC» B lllymenckoMm paiione [5]
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20 nexabps 2013 roga xommanus «MTC» o6wsiBuna o 3anmycke cetu LTE 2.5-
2.7 ITu B KpacHosipcke. IIMKOBbIE CKOPOCTH CKauMBaHHUSI OIPaHUYEHbI HA YPOBHE 7D
MoOwuT/c ncnoap3yeMoii mosaocoit yactot 2x10 MI'n. [4]

ITokpeitne LTE Takxke peanusyercss Ha TEPPUTOPUM TOPOAOB AUMHCK,
2Kenesznoropck, 3eneHoropck, Kanck.

B 2015 roamy xommanuss «MTCy» obecneunna cetbto LTE 75% sxuteneit
Kpachosipckoro kpasi. MTC pacmupuiia 30ny nokpeitust LTE B kpae Ha yeTBepTb,
yBenuuuB noutd Ha 50% konuyectBo 0azoBbix craHuuid LTE. B 30He mokpwiTus
CEro/IHs OKOJIO 2 MWJUIMOHOB YEJIOBEK B 27 HACEJIEHHBIX IyHKTax, B TOM YHCIIE B
Mununo, I[logropnom, byraueBo, 3bikoBO, EcaynoBo u T.im. Kpome Toro, komnanus
pacimpuiia npucytctBue B Pecniyonuke Xakacus (1. AGakaH).

Komnanns «MTC» wu npaButenscTtBO KpacHOApckoro kxpas IOANMCATIN
comaiieHue, B pamkax kotoporo B 2014-2016 romax MTC nHBecTUpYyeT B pa3BUTHE
TEJICKOMMYHUKAIIMOHHON HH(PPACTPYKTYpPhl PEruoHa TMopsaka TpEX MUIUTHAPIIOB
pyoneii. B 2014 romy MTC yxe wmuBectHpoBana 1,2 mwmmapaa pyomneir. MTC
obecrieumnia LTE B HeOonbliux HaceleHHbIX MyHKTax KpacHospckoro kpas u
Xakacun. MTC cooOuiaer, yTo mepBoil U3 KOHKYpEeHTOB obOecneumsia cetbio LTE
JKUTENEH TopoaoB 3ao3epHbli, bopomuHo, mnocénkoB MunuHo, IloaropHsiii,
[IyrauéBo, Onurta, a Takxke c€n 3bikoBO M byrauéBo. B pesynbrare BBIITOJIHEHHBIX
pabot B nepBoM kBaptasie 2015 rona cerb LTE MTC nosiBunace Takxe B Hazaposo,
yayummioch kadectBo cetu 4G B AumHcke, JKemesnoropcke, MuHyCHHCKE,
3enenoropcke U CocHoBoOOpcke, AOakaHe. Yiydmanoch kadecTBo cetu LTE B
Kpacnosipcke, rie Obuti ycTaHoByieHbl fonoauTensHbie BS LTE.

CrnenoBarenbHO, TMEpPCIEKTHBBI peanu3anuu cetd LTE B paliientpe
[IlymieHcKoe SABJISIIOTCS BaXKHBIM ATAloOM JajdbHEHINEro pacuIMpeHusi MPUCYTCTBUS
xommaann «MTCy» B KpacHosipckoM Kpae, o3TOMY BBIITYCKHAsI KBaTu(UKAIIMOHHAS
paboTa MOCBSIIEHA MPOEKTUPOBAHUIO CETH IIUPOKOIMOJIOCHOTO AOCTyna Ha 0ase

JTAaHHOM TE€XHOJIOTHUH.
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2 AHAJIN3 CIIOCOBOB n OCOBEHHOCTEM
PEAJIM3AIIMU CETEH LTE

2.1 Onucanue Texuojornu LTE

Texnonorus LTE sBnsiercs cranaapToM OECHPOBOJHBIX CHUCTEM YETBEPTOTO
IIOKOJICHHsI, B IepeBoje ¢ annmickoro Long-Term Evolution o6o3nauaer
«JIOITOBPEMEHHOE Pa3BUTHE», B JOKyMEHTax M jJuTeparype obo3nauaetrcs 4G LTE.
SABnseTcs craHmapTOM OECIPOBOJHOW BHICOKOCKOPOCTHOHW TMepemaaddl JaHHBIX IS
MOOHIIbHBIX TeJIe(OHOB U APYTUX TEPMHUHAIIOB, PAOOTAIONIUX C TAHHBIMHU.

B nmannHbiii MOMEHT 3KcIUTyatupyroTcs cetu cranjpapra LTE 8, 9, 10 Bepcuit
(penu30B), KOTOpPBIE OTIIMYAKOTCS CIIOCOOOM OpraHu3alui U MapaMeTpaMHu.

Long Term Evolution (LTE) sBnsercs npomosbKEHHUEM SBOJIIOIUU CUCTEM
3GPP nmns wmcmonb30BaHUSA B CYMIECTBYIOIIUX CHCTEMaxX COTOBOW cCBs3d. Llenwio
pa3paboOTKM JTaHHOM CHCTEeMBbl sBIseTCs coxpaHenne cucteMbl 3GPP. LTE
pa3paboTaH, yToObl UMETh OoJiee mupokue kaHambl 10 20 MI'11, ¢ HU3KOM 3aAepKKON
U BO3MOXXKHOCTBIO ONTHMHU3AIMU K TMAKETHBIM TEXHOJOTUsAM. [IMKOBOI CKOPOCTHIO
naHHBIX TipenycMoTpeHHbix A LTE, ssusercs 100 MOuT B HUCXOSIIEM KaHaJE U
50 Mourt B Bocxopsiei muauu cBs3u. [Ipu ucnonszoBannn OFDM, LTE no3Bomsier
peann3oBaTh OYEHb MEPCHEKTUBHBbIE (YHKIIMH, TaKUE KaK MaciTabupyeMocTb
MOJIOCHI TIPOMyCKaHus, a Takxke pazaeneaue FDD u metonsr TDD nns opranuzamum
JTYTUIEKCHOM CBS3U. DTOT Te3UC CBsA3aH ¢ pazmepamu LTE - Cetu pamuomoctymna u
pa3paboTKOI HHCTPYMEHTA JJIS ONpeieTICHUsI Ha3HAYEHUsI 0OBEKTOB CETH.

LTE npencrapnsieT coO0W cUCTEMY IIMPOKUMU MOJI0CaMH Iporyckanus (1o 20
MI'11), HM3KOM 3aJlepKKOM ¥ ONTUMHU3MPOBAHA [JIsi TAKETHOM TMepefaud, Kak
PAIUOTEXHOJIOTUHA JOCTYyNa, HMMEIOIIasi BBICOKHE IHKOBBIE CKOPOCTH TNepeaaydu
nagueix 100 MOut B HucxomsameM kagaine 1 S0 MOUT B BOCXOISIIEN JIMHUU CBSI3H.

TexHonorus paguonocTyna JUIS LTE UCIIOJIb3YET OFDM

(MyIBTUIUIEKCUPOBAHUE C OPTOTOHAJIBHBIM YACTOTHBIM Pa3JejC€HUEM KaHaJOB),
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KoTopasi obecrieunBaeT 0oiee BBICOKYIO CIIEKTPaibHYI0 3((EKTUBHOCTh M OOJBIIYIO
YCTOWYUBOCTh MPOTHUB MHOTOJYYEBOI'O PacHpoCTpaHeHus, o cpaBHeHnro ¢ CDMA
(MHOXECTBEHHBIM JIOCTYIIOM C KOJOBBIM pas/eieHueM KaHaioB). Jyig Toro, 4ToObl
npennoxkuTh OnepaTtopaM BO3MOXHOCTbh YBEJIMYUTh TMOKOCTh MPH Pa3BEPThIBAHUU
cetH, cucteMa LTE nonnepxuBaeT MactabOupyeMoCTh MPOIYCKHOM CIIOCOOHOCTH U
OJIHOBpeMeHHO wucnons3yer Metonsl FDD wu TDD. Kpome Toro, cucrema
MOJ/ICPKUBACT TEpenadyy KaK OJHOAQJPECHOTo, TaK M MHOT0aJpecHOro Tpaduka.
S4eiiku ceTu MOTyT OXBaThIBAaTh KaK IieJible palOHbI, TAK U UMETh 30HY IMOKPBITHS B
COTHHU METPOB, 1 faxe cBbiiie 10 km B paauyce.

I'maBHbIe nenu u 3amaun pa3BuTus LTE mMoxHO copMynupoBare clieayronmm
obOpazoM:

- VYBem4eHue NponyCcKHOM CIOCOOHOCTH CUCTEMBI M CHUJKEHHE 3aTpaT Ha OWT,
a Takke HcHoib3oBaHue cymecTByomux 2G u 3G-cucteM Hapsiy ¢ HOBBIM
CTaHJapTOM.

- JlocTmxeHnue 3aMeTHO OoJiee BBICOKMX CKOPOCTEH Mepenayd AAHHBIX, IO
CPABHEHUIO C CYLIECTBYIOIIMMU cucTeMaMu 3@, C LENbI0 JOCTUKEHUS ITPOITYCKHON
ciocooHoctu 100Mbps B Bocxonsiiem kaHaine u Oosniee 50 MOUT B HUCXOISIIEH
JIMHUU CBSI3H.

- Pacmmpenue 30HbI 00cmyKnMBaHUsI, obecrieunBasi 0ojiee BHICOKHE CKOPOCTH
nepefadyd JaHHBIX B Oojiee IMIMPOKUX OO0JIACTSIX, U THOKOCTh HCIIOIb30BaHUS
CYLIECTBYIOLIMX W HOBBIX YaCTOTHBIX JIUAIIA30HOB.

- OGecnieueHue 0oJiee BHICOKOM MPOMYCKHONW CHOCOOHOCTH CUCTEMBI JI0 TpeX
pa3 Mo CPaBHEHUIO C €MKOCTbIO CYHIECTBYIOUIMX CHCTEM, YBEIUYEHHE KOJIMYECTBA
IPEIOCTABISAEMBIX YCIYT - OOJIbLIE YCIYT 10 O0Jiee HU3KOM LieHe.

Tpebosanus k cemsam LTE

Cucrembl LTE, 4T0OBI OBITh KOHKYPEHTOCIOCOOHBIMH B TEUEHHE MHOIHMX
MOCJICAYIOIUX JIET, JOJDKHBI YIOBJIETBOPATH >KECTKHUM TPEeOOBaHUSM U ILIEJEBBIM
nokazareiasiM. OCHOBHBIMHU 3aJladyaMH  Pa3BUTHS ISl JTQJbHEHIIEr0 YaydlleHUs

KaqCCTBa MPCAOCTABICHUA YCIYI' U CHUIKCHUA 3aTpar I10JIb30BATCIIA / o1cparopa
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SBJISIFOTCSL:

- Huskoe Bpems 3aAepKKU: KaK JJIs MMOJb30BATEIbCKON MIIOCKOCTH, TaK U JIJIS
IJIOCKOCTH YIPaBJIEHUs, C paclpeaeseHueM crekrpa S MI'n - 3agepkka HUXKeE 5 Mc;

- [lTupuna nonocsr;

- MacmrabupyeMocTh: pa3ivyHble 3HAYEHUs MIMPUHBI TOJOCHI MOTYT OBITh
UCIIOJIb30BaHbI B 3aBUCUMOCTH OT TpeboBanuii (Ot 1,25 no 20 MI'1)

- [IukoBasi ckopocTh nepeaaun qanueix: 100 Mout aiist DL, 50 Mout qs UL;

- B 2 - 3 paza Oomnblias €MKOCTb, IO CPAaBHEHHUIO C CYIIECTBYIOIIUMHU
CUCTEMaMH OECIPOBOIHOIO AOCTYNA;

- Mcnionp30BaHKne METO0B KOMMYTAILIMHU [MAKETOB JIJIA MOICPKKHU JOMEHA;

-+ YIIy4lieHHUe NPOU3BOJIUTEIBHOCTU COTBHI,

- MexceTeBoe B3auMOIEHCTBHUE ¢ cylecTByommuMu cucremamu 2G u 3G u He-
3GPP cucremamu;

- OnTuMu3MpoBaHHas I MaJIOCKOPOCHBIX MOOWJIBHBIX YCTPONCTB, HO H
MOJIJIEPKKA BBICOKOCKOPOCTHBIX MOOMIIBHBIX YCTPOMUCTB;

-+ CHUKEHUE CIIO)KHOCTH KaK B CUCTEME, TaK U B TEpMHUHANAX;

- [IpocToTa nepexoaa OT CyIIECTBYIOIIUX CETEH;

- YrpoiiieHue 1 cBeJieHue K MUHUMYMY Yuciia UHTEP(EHCOB.

OcHoBubIM TpeOoBanueM it LTE sBnseTcst BO3BMOXXHOCTD IJIABHOTO MEpPEXo/ia
OT CYUIECTBYIOLIECH TEJICKOMMYHUKAIIMOHHOM CUCTEMBI K CETH HOBOTO MOKOJICHMSI.
DT0 MOXET ObITh BOBMOXXHBIM 32 CUET MOBTOPHOTO HMCIOJIB30BAHUS CYIIIECTBYIOIINX
YACTOTHBIX CHEKTPOB, B3aUMOJCHUCTBUS MEXKAY CYLIECTBYIOIIEH W HOBOW CHUCTEMOMU,
MOBTOPHOE  UCIIOJIb30BAHUE  CYIIECTBYIOIIMX  OOBEKTOB M  MPOU3BOJICTBA
0o0OpyIOBaHUSI MO KOHKYPEHTOCHOCOOHBIM II€HaM. OTO JaeT oIepaTopam
BO3MOXKHOCTh C JIETKOCTBIO MHUIPUpPOBaTh K HOBBIM cuctemaM. Ho 310 TpedyeT
NPUHATHS YIPOUIEHHON apXUTEKTYpPbl CUCTEMBI, CTPOTUX OTPAHUYCHHI HAa CHEKTP U
VICMOJIb30BAHUIO HOBOM TEXHOJIOTHH PAJAUOIOCTYIIA C JIYUYIIUMU XapaKTEPUCTUKAMU.

['uOkocTh mMOJIOCHI  TPOIMyCKaHUs KaHaja oOecrmedyuBaeTcss 3a  CcyeT

BO3MOXKHOCTH BBI60pa N3 MICCTHU PA3JIMYHBIX BAPHUAHTOB IMOJIOCHI IPOITYCKAHUA IJIA
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OmneparopoB Ha BeIOOp. JlOmMyCTUMBIE 3HAYCHUS MIUPUHBI TTOJIOCHI KaHAJIa BKIIFOYAIOT
1,25, 2,5, 5, 10, 15 u 20 MI'n. Pa3snoc momHecymmx (puUKCHUpyeTCs I BCEX
BO3MOXKHBIX MOJIOC MPOMycKkaHus Ha yactote 15 kI,

B coorBercTBuM ¢ mmpuHOM nogHecymen 15 xI'm, Bpems mepemauu CMMBOJIA
paBuo 1/T, = 66,68 Mmukpocekyna. Mcnoab3yeTcs 3aIlUTHIA HHTEPBAI MEXKTY JIBYyMsI
MOCJIeI0BaTEIbHBIMU CUMBOJIAMH LISt YCTpaHEHUS MEXCUMBOJIbHON
untepdepennuu. Komusi (QUKCHUPOBAHHOTO KOMMYECTBA TOCIEAHHUX BBIOOPOK
MpUJIaraeTcs K Hadyaiay CUMBOJIA.

OFDM mepeBonutcss ¢ anmimiickoro, kak Orthogonal frequency-division
multiplexing — MylBTUILUIEKCUPOBAaHUE C OPTOTOHAIBHBIM YACTOTHBIM pa3/ieiCHUEM
kaHamoB. OFDM — sto nudpoBas cxema MOAYISALMM, UCIOJb3YIOMIas OOJbIIOe
KOJIMYECTBO ONMM3KO PACHOJOKEHHBIX OpPTOTOHAJNBHBIX ToAHeCcymmx. Kaxknas
MOJIHECYIIasl MOJYIUpPYeTcss 10 OOBIYHOM cXeMe Moayfsiuuu  (Hampumep,
KBaJlpaTypHasi aMIUTUTY/IHAas MOJIYJISIUSI) Ha HU3KOH CHUMBOJIBHOM CKOPOCTH,
COXpaHsisi OOIIyI0 CKOPOCTh IMepeaadu JaHHBIX, KaK M Y OOBIYHBIX CXEM MOIYJISIIAN
OTHOM Hecylled B TOM ke mosoce mnporyckanuss. Ha mpakrtuke curdanst OFDM
MOJIy4aloTCs IMyTEM MCIOJIb30BaHUs OBICTPOro npeodpazoBanuss Dypbe. ITOT CIOCOO
dbopMHUpOBaHUSl KaHAJbHBIX CHUTHAJIOB IO3BOJSET OOPOTHCA C 3aTyxXxaHUEM B
MPOBOAHBIX KaHAJIaX, Y3KOMOJOCHBIMH TIOMEXaMH, MHOTOJIy4eBOCThI0. CHrHaI
OFDM mpencraBnser co00l CyMMYy HECKOJIBKHX OPTOTOHAJBHBIX IOMHECYIIUX, Ha
KOKJIOM U3 KOTOPHIX TEpelaBacMble Ha OCHOBHOM YacTOTE /JaHHBIE HE3aBHCHMO
MOIYJIUPYIOTCS ¢ MOMOIIbI0 omHoro u3 tumoB momyisaiuu (BPSK, QPSK, 8-PSK,
QAM u ap.). Ilocne yero ’TUM CyMMapHbIM CUTHAJIOM MOIYJIUPYETCS palovyacToTa.
[lepen oOpatHbIM OBICTpPBIM TIpeoOpazoBaHueM Dypbe 3TOT MOTOK MpeodpaszyeTcs
cHayana B N MmapajuieNbHBIX MOTOKOB, MOCJE Yero Ka)Iblii U3 HUX OTOOpa)kaeTcs B
MOTOK CHMBOJIOB ¢ ToMoIsio mporenypsl (azosoit (BPSK, QPSK, 8-PSK) wmm
aMIUTUTYIHO-(Ga30Boi  kBagparypHor wmoxymsiiuu  (QAM). OOparHoe ObicTpoe
npeobpaszoBanue Oypbe cuntaercs Ayt N OMHOBPEMEHHO MOCTYMAIOIINX CHMBOJIOB,

co3gaBas TAaKOC K€ MHOXKCCTBO KOMIIIICKCHBIX OTCYCTOB BO BpeMeHHOﬁ obOyacTh
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(time-domain samples). [lanee mudpo-aHaaoroBeie mpeodpazoBaTesiu MpPeoopasyoT B
aHAJIOTOBBIN BUJ OTIEIBHO JIEUCTBUTEIBbHYIO U MHUMYI) KOMIIOHEHTBI, TIOCJIE YEro
OHM MOJYJIUPYIOT, COOTBETCTBEHHO, PaJUOYaCTOTHYI0O KOCHUHYCOUIY U CHHYCOUY.
OTH curHaibl Jajee CyMMHUPYIOTCA M Jal0oT IepefaBaeMblid curHai. lIpueMHux
NPUHUMAET CHUTHAJ, BBIIENSET U3 HEr0 KOCMHYCHYIO U CHHYCHYIO KBaJlpaTypHbIC
COCTABJISIONIME C TOMOIIBI0O YMHOXEHUS W (DUIBTPOB HUKHUX YacTOT, KOTOpHIE
OTGWIBTPOBBIBAIOT KojieOaHus B mosioce BOKpyT 2f;. [TomyunBimecs: curaansl nanee
OLIM(POBHIBAIOTCSI €  TMOMOIIBIO  aHAJOro-IM(POBBIX  MpeodpaszoBarenei,
MOJIBEPTaroTCs MpsAMoMy ObICcTpoMy TipeoOpasoBanuto Dypee. [lomydaeTcs curaan B
yacTOTHON obOnactu. Takum o0pasomM, momydarorcss N MapauiedbHbIX MOTOKOB,
KaXKJBI U3 KOTOPBIX Mpeo0pa3yeTcs B IBOUYHYIO TOCJIEI0BATEIHOCTD C TTIOMOIIIBIO
3aIaHHOTO ajropuTMa (azoBoM MOAYISAIMU (MIPU HMCHOJIB30BAaHUU B TEpEAaTuuKe
BPSK, QPSK, 8-PSK) wnu ammiutynHo-gpa3oBoil KBaJpaTypHOW MOAYIALMH (TIPU
UCIoJIb30BaHuM B niepenaturike QAM). B uneane nomydaercs moTok OMTOB, paBHBIM
MIOTOKY, KOTOPBIH Mepeaalt nepeiaryuk.

Crpykrypa OFDM curaana nokaszaHa Ha pucyHke 2.1.

Pucynok 2.1 — Crpykrypa OFDM curnana

LTE mo cytu siBIS€TCS OJHUM CTAaHAAPTOM, JCUCTBYIOIIUM BO BCEM MHUpE.
KoneuHo, 4acTOThI, HCTIONb3yeMble OECIIPOBOAHBIMU YCIyraMH, OyoyT pa3inyarbcs
OT OJIHOM MECTHOCTM K JIpyrol B CHJIy MNPaBWJI B OTHOIIEHHH HCIIOIb30BaHUS
cnekrtpa. Ho pabotet mo LTE cranmaptuzanuu Havamuck npumepHo B 2004 rony,
HayaThl MCCIICAOBAHUS HOBOTO TIOKOJIEHUS METONOB, KOTOpbIE TO3BOJMINA Obl
COTOBBIM TeJIe)OHAM MPEAJIOKUTh YHUBEPCATIbHOE MOAKIIOUCHHE.

B cersax LTE wucnons3yercs TeXHONOrusl nepefadyd JAaHHBIX C MOMOIIbKO N-
aHTEeHH W Npuema nHpopmanuu M-anTeHHaMu — Tak HasbiBaemas MIMO - Multiple

Input Multiple Output.  Peanusyercss Takod MeTOJ CJICIYIONUM 0Opa3oM:
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NPUHUMAIOIIME U TIEpEarole CUTHAJ aHTEHHBI Pa3HECEHbl MEX Ly co00il Ha Takoe
paccTtosiHie, 4TOOBI TMOJYYUTh CJIAa0yl0 CTENEHb KOPPENALUU MEXIYy COCETHUMHU
AHTEHHAMU.

MHorue KOMIAHWM TMPOJBHUIalOT MOAXOAbI JUIS peau3alu [oOalbHON
CTAHJApPTU3ALMU U BHOCAT CYLIECTBEHHBIM BKJIAaJ B METOABI JJI1 JOCTMXKEHUS ITOU
uenu. Texnonorusa LTE Oyner peanu3oBaHa, 3T0 MO3BOJIUT JIOISM HCIIONb30BATh TOT

*e TeneoH, TJe CEPBUC AOCTYIECH, B JIFOOON TOYKE TIIIAHETHI.

2.2 Onucanue obopynoBanus LTE

Cerp LTE cocTouT H3 KOMIIOHEHTOB, MPEACTABICHHBIX Ha pPHUCYHKe 2.2.
CereBass  apxuTekTypa BkiaodaeT y31ael  cetu LTE,  coorBeTcTByromiue
cnenudukamusaMm 3GPP R8 [5]. V3l cetn AOMKHBI MTOAIEPKUBATh YCTAHOBJICHHBIC
untepdericel LTE.

Nepapxuuecku ceTh pa3OuTa Ha HECKOJIBKO MOIYypOBHEW: 0a30Basi (MakeTHas)
CeTh, M CETh paauoAocTymna. B CTpykTypy cucCTeMbl BXOAUT OOOPYIOBaHHE
COMPSDKEHUsI C JPYTMMH THUIAMU CETed — IIUTI03bI, CEPBEPBI, aHTEHHO-(PUaAepHas

uHppacTpyKTypa.

Tunosas crpykrypa LTE-cetn nokasana na pucyske 2.2.
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2G, 3G ceTb TOro e oneparopa [aHHble
- ———— CUFHanu3auuns
PCRF
UE
Apyrve onepaTtopel

hUKCUpOBaHHON U
MODUNBHON CBA3K, 3 TaKKe

Serving PDN
eNodeB CeTU Nepeaaym AaHHLIX
Gateway Gateway

Pucynok 2.2 — TunoBas crpykrypa cetu crangapra LTE

B cnucok o6opynoBanusi LTE, koTopsiii OyneT UCHOIb30BaH MU pean3aliuu
CETH, BXOJISIT:

— Serving SAE Gateway (Serving Gateway (SGW)) — o0cy>KMBarOLIH# IILTFO3
cetu LTE. JlanHblii 1103 oOpa®arbiBaeT MU MapHIpyTH3UPYET MAKETHbIE TaHHBIE,
KOTOpPbIE MOCTYMAOT M3/B MOACUCTEMbl 0a30BbIX CTaHIMH. OOCITYKUBAIOIINNA IILTIO3
OpPraHU3yeT MPSMOE COEAUHEHHUE C CETIMU BTOPOTO M TPETHEro MOKOJEHHUH TOTo ke
oreparopa, ATO YNPOINAeT TNepefadyy COSAWHEHUS B HHUX, €CIH TMPOUCXOAUT
yXYZLIEHUE 30HbI PAAUONIOKPBITUS, BO3HUKAIOT MEPErpy3Ku U T.1.;

— Public Data Network (PDN) SAE Gateway uwiu PDN Gateway (PGW) —
IIUTIO3 K/OT ceTell Apyrux oneparopos. [IpenHazHadyeH 1jis1 B3aUMOACUCTBUS C CETIMHU
cBsi3u obmiero nmonb3zoBanus CCOII, cetsimu nepenaun nanubix CII u npyrumu;

— Mobility Management Entity (MME) — y3en ympaBieHuss MOOMIEHOCTEIO.
JlaHHBIN y3€7 OCYLIECTBISET «3CTa(eTHYIO Mepefady», Ha3blBAEMYIO «X3HIOBEP»
Mexay OazoBbimMu ctaHiusmu cetu LTE, a taxke cersmu 2G u 3G moxoneHwit
JTAHHOTO OIeparopa;

— Home Subscriber Server (HSS) — cepep abonenTckux manHbIX. CepBep
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npencrasnser coboit oobenmuuenne VLR, HLR, AUC, BBIMOTHEHHBIX B OXHOM

YCTPOWCTBE.

— Policy and Charging Rules Function (PCRF) — y3en BbICTaBlI€HHS CUETOB

abOHEHTaM 3a OKa3aHHbIE YCIYTHM CBS3M. OJTO CHCTeMa OWDIMHTa — Yyuera

Pacxo/IoBaHUsI PECYPCOB.

Tadoauuna 2.1 — Tpedyemoe ob6opynoBanme aJs opranuzanuu cetu LTE B ognoii 30He

Kosm4yecTBo

CeTeBoH dJIeMEHT

Oo0opvaoBaHHe MOJb30BaTe s (A00HEHTA)

HoyTt0Oyk
USB-monem 4G

MoOwibHBIN TenehoH

CeTb paanoaocTyna

2 bas3oBas cranuusa
2 AKTHUBHAs aHTEHHA
2 dunep

Bba3oBas (makerHasi) ceThb

1 V3en ypasienus MmoowisHocthio (MME)
1 O0cayxuBarommii nutr3 cetu (SGW)
1 Cepsep adboHenTckux manHbix (HSS)

BO3MOXHOCTSMU.

[Tpu BeIOOpE manHOTO OOOpYymoBanHus, ceTh LTE Oyner oOmanars cienyrommuMu

— TPenoCTaBIATh TpeOyeMblii Ha0Op HOBBIX YCIYT: BBICOKOCKOPOCTHYIO

nepenavyy JaHHBIX W MYJbTHUMEAHA, IUPOKUN HAOOp YCIYI, aHAJIOTMYHBIX CETSIM

UMTS;

— CcO3/1aBaTh CETh PAIMOA0CTYIIAa B TIOJIOCE YacTOT, BhifeneHHou s LTE FDD

B JAHHOM PETHOHE,

— obecnieunBath pacmupenue 6asopoii cetu LTE B KpacHosipckom kpae;

— MOpCaoCTaBIIATb BO3MOXKHOCTDH BBaHMOHeﬁCTBHH C CeTSIMU C IaKeTHOM

xommyraruert IP/PDN, a Taxke ceTsMu BTOpOro u Tpetbero nokoyienus 2G u 3G.

N3m.
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2.3 Pazpatborka koHuenuuu peajuzauuu cetu LTE B nrr. llymenckoe

[IpoexTupyemasi cetb OECHPOBOAHOTO HIMPOKOMOIOCHOTO JOCTYyNa B MIT.
[IIymeHckoe TOKHA YIOBIETBOPATH CIECAYIOMUM 0a30BbIM TPEOOBAHUSAM:

— TOJIJIePKUBaTh padoty B cranaapre LTE;

— MPENOCTaBIATh BO3MOXKHOCTh aboHeHTam mrT. LllymieHckoe u TypucTam,
MOCENIAIONIUM 3allOBEIHUK W MY3€HHBIA KOMILUIEKC, MOJYYUTh BBICOKOCKOPOCTHOM
JOCTYM B ceThb Internet;

— o0ecrneurBaTh BOBMOXKHOCTh OPTraHU3AIMKU JOCTYIA K BHEIIIHUM CETSIM;

— o0ecneunBaTh BO3MOXHOCTb TMOJKITIOYEHUST MHTEPGENCOB, UCMONb3YIOIIUX
IP-ipoTokon, s opraHW3alMM MAKETHOW TMepefayu CIyKeOHOW CHUTHAJIbHOM
nH(popMalnu, a TakKe roJI0COBOM MH(MOPMAIIUU U TAHHBIX;

— peanu3oBaTh B3aUMOJACHCTBHUE C BHEIIHUMU CETAMH: TEICPOHHOU CEThIO
obmrero nonszoBanus (CCOII), apyrumu ceTsiMu MOOUITLHOM CBSI3H;

— o0ecrneurBaTh BOBMOXKHOCTb MOTHO(PYHKIIMOHAILHOTO YIIPABJICHHUS CEThIO;

— o0ecreynBaTh BO3MOKHOCTh OCYIIECTBICHUSI POYMHUHTA U XEHIOBEPA.

JUiss  peanu3auuy yKa3aHHBIX TpEOOBAaHMM, MPOEKTUpyeMass CETh MIT
[ymenckoe AOHKHA BKIIIOUATh CETEBBIC DJIEMEHTHI — MUTIO3bI M 0a30BbI€ CTAHIIUU, A
Takke MHTep(]eichl BhIXOAa K BHEIIHUM CETSM, B TOM 4HcClie Ha 0a30BYIO CETh B TI.
AbakaH, a ortyga — Kk sapy cetu MTC B . KpacHosipck. C y4eToM TOTO, 4TO MEXIY
MEPEUYNCICHHBIMU HACEJIECHHBIMU IYHKTaMH YK€ HMMEETCS CEeTeBasi TPaHCHOpPTHas
HHPpacTpykTypa Ha OCHOBE BOJIOKOHHO-ONTHYECKUX JIMHUM CBS3U, B MPOEKTE
IUIaHUpyeTcsl pa3paboTKa TOJBKO PEUIeHWH MO0 OpraHu3aluu OecrpOBOJHOIO
HIMPOKOIIOJIOCHOTO nocTymna. CnenoBarenbHO, TpedyeTcs paspaborarb
(YHKIMOHANBHYIO CXEMY, COOTBETCTBYIOIIYIO TuUroBoi cxeme cetu LTE, kortopas
o0ecreynT B3aUMOJICUCTBHE C JPYTUMHU CETSAMH COTOBOM CBSI3U MPEIBIIYIINX
MOKOJICHUH ¥ 00ECIIEUHT TOCTYT a00OHEHTOB K MICTOYHHKAM KOHTEHTA.

Ha pucynke 2.3 npencrasiena o0o0ieHHas cTpykrypa cetd nrt. Lllymenckoe

1 OTIOPHOM ceTH B I. ADaKaH.
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2.3 O0o0menHas crpykrypHas cxema cetu LTE pas nrr. Illymenckoe

Kak yxe orMeuasnocs BblIllIe, pa3paboTaHHasi C€Th Oy/IeT BKJIIOYATh CIEAYIONINE
OCHOBHBIC CETEBBIC YCTPONCTBA!

— Serving Gateway (SGW) — o6cnyxuBaromuii i3 cetu LTE;

— Public Data Network (PDN) SAE Gateway (PGW) — w03 k/oT cetei
JIPYTHX ONIEPATOPOB;

— Mobility Management Entity (MME) — y3en ynpasieHus MOOHIIbHOCTBIO;

— Home Subscriber Server (HSS) — cepBep a00OHEHTCKUX JaHHBIX;

— SGSN — (Service GPRS Support Node) — mwmo3 k/oT cereli Apyrux
OTIepaToOpOB,;

—eNodeB (eNB) — 6a3oBas cranius cetu crangapra LTE.

[Ipu »toM onopHas cetb GPRS, sapo makeTHOI 00pabOTKH, MUTIO3BI K CETSIM
CCOIl, IP, VnaTepHeT, y37bl ymnpaBieHUs MOOUIBHOCTHIO OyAyT HAXOAMUThCS B T.
AbakaH, a TpeOyemMoe KOJWYeCTBO 0a30BbIX CTaHIMA — HEMOCPEICTBEHHO B IIIT.

[ITymeHnckoe.
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3 PABPABOTKA HUH®PACTPYKTYPbBI CETH LTE B II'T
HTYIIEHCKOE

3.1 Bei0op obopynoBanusi

B Poccuiickoit @enepanii MOXXKET TPUMEHATHCA O00OpYIOBaHHUE TOIBKO
MPOU3BOJIUTENCH, KOTOPHIE HMMEIOT JIMIEH3UH, COOTBETCTBEHHO, M OOOpYyJdOBaHHE
TOJKHO ObITh  cepruduimpoBano. Kak mokazan uHQOpPMAIIMOHHBIA TOUCK,
obopymnoBanue LTE nipemraraercst Ha pplHke MHOTUMU upmamu [6]:

e Alcatel-Lucent — mnpemmaraer noprdenp npoaykToB paguonoctyna LTE
(Alcatel-Lucent LTE radio access portfolio);

e Nokia Siemens Networks u 3aBog Mukpan Hayanum npousBoacTBo LTE
0a30BBIX cTaHUUI Ha Tepputopun Poccuu;

e Ericsson (kommanus mo noctaBkam obopynoBanus LTE 3anumaer nomto B 44%
(o nannabiM 3a 2015rox) Ha peiake Poccun);

e Huawei — mpemnaraer koMIniekcHoe perrenne HetNet s co3manust
rereporeHnbix LTE cereit;

e Kommanms Cisco, coBmecTHO ¢ Kommanuedn NEC 3akmoumin CoTalIcHUe
CTpaTerM4eckoM MapTHepcTBe B obOnactu crpoutenbctBa LTE cereit nns
oneparopoB  CBA3M. KOMIIaHMHM  MOCTaBIAIOT  MOJHBIA  ACCOPTHUMEHT
obopynoBanusi st crpoutenbcTBa cereit LTE, Bximrouas OecrnpoBogHOE
cereBoe obopynoBanue NEC eNodeB, pemenuss NEC s MoOMIIBHOTO
TpaHcnopta u odopynoBanue Cisco ASR 5000 a1 MOOMIIBHBIX CETEH.
O6opynosanue s noctpoeHusi LTE cetu nokonenus 4G BkiodaeT: 6a30BbIe

CTaHIUU (MpUEeMO-TIEpEeIaTINKN) U TEPMHUHANIBI (MPUEMHUKH, TOUYKH MocTyma). Jis
crpoutensctBa cetu LTE omeparopy cBsiz3u HEOOXOAMMO MOJYYHUTH JIMLEH3UIO Ha
yacToThl. Tak Kak paccMarpuBaeMblii B BBIMYCKHOM KBadU(UKAIIMOHHOW padoTe
dparment cetu LTE B nrr. Illymenckoe siBnsieTcs pacuimpeHUEM CYIIECTBYIOMICH

cetu omneparopa cBsizu [TAO «MTCy», HeoOX0IUMO YTOYHUTH Ha CalTe KOMIIAHUU
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CBelleHUs] 00 MCIIOJIb3yeMOM YaCTOTHOM JHara3oHe, KOTOpble OyayT MCIOIb30BaHbI
IpU pacyere 30H PAJAUONOKPBITUS M JAPYTUX [ApaMETpPOB IMPOEKTUPYEMOM CETH.

OO61mast ~HppPacTpyKTypa CETH MoKa3zaHa Ha pucyHke 3.1.

Huawei DBS3900 nrr WYWEHCKOE

Sites Ne1- Ne5(LTE EnodeBs) ,; ,r,: | ‘ ; UEsLTE
1 = \

i — " — Notebook PCs

DNS server
r.ABAKAH

MME

NetAct

IOMS

Application server

Pucynok 3.1 — Ua¢ppacrpykrypa cetn LTE

Oneparop cBsa3u I[TAO «MTC» B KpacHosipckom Kpae peanusyeT CeTH
craggapra LTE Ha 6a3ze oOopymoBanus kommanuu Huawei Technologies (Kurtait),
MO3TOMY JJIsl peanu3aliii CETH B IaHHOM NPOEKTE TaKKe BbIOMpaeTcss 000pya0BaHNe
stoil komnanunu. Ha tepputopum KpacHOSpPCKOro kpas B HACTOSIIEE BPEMS YXKE
UCIIONb3yeTcss obopynoBanne Huawei, BKiItO4aroiiee MyJbTUCTAHAAPTHYIO 0a30BYIO
cranuo DBS3900 u o6opynosanue onopuoit cetu Evolved Packet Core.

breicTponeiicTBre 3arpy3ku HH(QOpMAIUU B KIIMEHTCKUE YCTPOMCTBA A0OHEHTOB
B Jauana3zoHe yactor 2,6 I'Tn mpum mmpune kanana 10 MI'm ¢ ucnonbs3oBaHuEM
texHogorun MIMO 2x2, mnpesbimaer 70 Mowut/c. I[lo mamasim  Huawei,
komMmepueckue cetu LTE Ha 0a3e mOpoayKTOB STOM KOMIIAHMH, CO3JAIOTCS B

HacTosIIee BpeMs B psje cTpad EBpornbl u A3narcko-THX00KeaHCKOro perroHa [7].
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3.2 Onucanue ceTeBOro 000py10BaHUA

3.2.1 Pacnpenesennasi 6azoBas cranuuss DBS3900 [7]

Pacnipenenennas 6a3oBasi cranuust Huawel npegocTaBisieT paavofoCTyll K
cetsim eLTE. MonynpHas muardgopma coctout u3 ysia 6azoBoit ywactotsl (BBU3900)
u ynaineHHoro paguoysia (RRU). O6a Momynst oTIHYar0TCsl THOKOCThIO YCTaHOBKH,
MPOCTOTON pa3BepThIBAaHUS HA OOBEKTE U HU3KUM IHEPronoTpeOIeHUEM.

DBS3900 mnopnmepxuBaeT mpomyckHylo cmocobHocts 100 Mout/c wu
MPEIOCTaBIsAET O0JIee BEICOKHE CKOPOCTH MEPEIaYn JAaHHBIX MOJIb30BATEIISM.

OcHOBHBIE PEUMYIIIECTBA:

o [lognepxkka paznmuunbix uactoT migs LTE TDD (nynnekcHas mnepenada ¢
pasnenenuem 1o Bpemenu), FDD (nymiekcHas nepefaya ¢ pa3fejaeHueM Mo 4acToTe)
(TDD: 1,8 1/2,3 1'/2,6 1/3,5 I'/3,7 I'T'; FDD: 700 M/800 M/900 M/1,8 1/1,9 I'/2,1
ITi/AWS) obecrieunBaeT 0ojiee MIMPOKYIO MPOMYCKHYIO criocoOHoCTh: 3/5/10/20
MI'n

e PaznuuHble BapuaHThl YCTAHOBKHU W MPOCTas MpoleAypa MOATOTOBKH ILIONIAI0K.
bnoku 06pabdoTku 6a30BbIX yacToT (BBU) MOXHO ycTaHaBIMBATH, KAK BHYTPH, TaK U
BHe nomeneHnii. Buemnue nepenarunku (RRU) moHTHpYIOTCS Ha cTOJIOE, HA MayTe
W1 OETOHHOMU CTEHE

e DHeprodpPeKTUBHOCTD: CHIDKEHHE HArpy3KH Ha OKPYXKAIOUIYI0 Cpedy 3a CYeT
WHHOBAITMOHHBIX YCHJIUTEJCH MOIIMHOCTH, TPUOOPOB KOHTPOJSI TEMIIEPaTyphl,
CHUKEHHS] 00bEMOB BBRIOPOCOB M 3(P(PEKTUBHOTO yIPaBICHUS SHEPTONOTPEOIICHUEM.
e [loBbIITaeT KadyecTBO TIOKPBITHS CHCTEMBl M COKpalmlaeT 3aTpaThl 3a CUeT
yctaHoBkM RRU BOJIM3U aHTEHHOU CUCTEMBI

e lcnonw3oBaHue YCOBEPIIEHCTBOBAHHOM 6a30BoOI CTaHIINU Huawei,
MOAJCPKUBAIOLLIEH IIAPOKOTIOJIOCHBIN MOOMJILHBIN TOCTYII eLTE IS
KOHBEPTrUPOBAHHBIX coeuHeHui ¢ bonee Hu3kum TCO.

DBS 3900 mpencrasnsier coboii pacnpenenennyto bC, cocrosiryo u3 0i10ka
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obOpabotku 6a3oBeix yactor (BBU) m BeiHOCHOTO pammouactorHoro Omoka (RRU)

(pucyHok 3.2).

» DBS3900 components:
o BBU3900 — Antenna
o RRU3908 RRU3804, RRU3008 RRU3908 o — ™™

—— RF jumper
___Groundingcable

MBSC

Power cable ! -
CPRI cable

BBU3900 | if——3" .

Trunk cable

Pucynok 3.2 — O6opynoBanune Huawei DBS 3900:

Feeder

I —— RF jumper

Groundingcable ___

Power cable

Cexropsl coeaunsitorcsi ¢ RRU koakcuanbHbiMu kaOemsimu. broku RRU
pa3MeIarTCs HaBepXy paauoMauTsl, paaoM ¢ cektopamu. bioku RRU coenunstores
¢ BBU ontuueckum xadenem.

BBU3900, Onok o00paboTku 0a30BBIX YAaCTOT [JIi YCTAaHOBKUA BHYTPH
NOMEUICHUM, O0ecreuynBaeT UEHTPAIU30BAHHOE YIPABICHUE OJKCIUTyaTalued u
oOcIy>)kKMBaHMEM, a Takxke O00pabOTKy CHUTHalW3alMd BCEH CHUCTeMbl 0a30BOM
CTaHIIMM W OOECHEeYMBaeT OINOPHBIM CUTHAT CHHXpOHW3auuu. biok wumeer
busnueckue wuHTepdericel s coemuHenus ¢ BSC uw RRU. BBU3900
ycTaHaBiauBaioT B ctaruB 2 U BbicoTod W mupuHod 47.5 cM. OH MOXKET ObITh
YCTaHOBJICH B cTatuB 19 , 1M60 CMOHTHPOBAH Ha CTEHY.

B BBU3900 ycranaBauBarOTCS JOMOJHUTENIbHBIC IUIATHI, 00ECIEUUBAIOIINE
MOHHUTOPHHI OKPYXKaIOIINX YCJIOBUI, MOHUTOpHHT uHTep(derica Abis (Abis interface
— JIoTHYecKui wuHTepdeic Mexay 0a30Bol MpueMonepenaroneil CTaHIuen Hu
KOHTpOJIEpoM 0a30BO¥ cTaHluu), ¥ curHayioB cuHxponusaiuu GPRS. BBU3900

3TO KOMIIAKTHOE 00OpyIoBaHHE, MpocToe B ycTaHoBke. lloTpebmser HeOombLION
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00bEM MOIIHOCTH M 00€CTIEYMBACT MOJIHBIN CIIEKTP YCIYT.

BBU3900 - 5T0 HM3KOYACTOTHAsl YacTh pacmpeneseHHOW 0a30BOW CTaHIIUU

Huawei DBS3900. Ontuueckum kabenem (uHTepdeiic CPRI) stoT 610K momkeH

COEOUHATCA C "paguoroyioBou" - BBIHOCHBIM DPAIMYACTOTHBIM MOAV/IEM (HAIpUMeE
M

RRU3004, RRU3606).

BBU pa3meniaercs Ha 3emie B koHTeiHepe. [lotepu Ha yuactke BBU-RRU

IMPAaKTUYCCKN pPaBHBI HYIIO, T.K. B OIITHYCCKOM KaOeJle Ha TakKux PaACCTOAHUAX

34aTYXaHUC HC3HAYHUTCIIBHO.

bazoBas cranmus DBS3900 oGmagaeT crneayrounmu XapakTepUCTUKAMU IS

oOecreyeHus: OKPbITUSA:

RRU nonnep:xuBaet kackagHoe coenrHenue 3-x moayneid RRU. Ogun mogyns
RRU ycranaBnuBaercs Ha pacctosauu 10 40 km ot BBU;

cratuyeckass yyBcTBUTeNbHOCTh KaHana TCH/FS pasna -113 nbm (TumoBoe
3HaYEHUE IPU HOPMAJIbHON TEMIIEparype);

MakcumaJlibHas BeixojaHas MomiHocTh RRU3004 cocrasaser 40 Br;
MakcuMalibHasi KoHQurypauust - 10 12 coT, oOecrneueHue MOAACPKKU
MHOTOIIOJIOCHOM CETH;

BBU3900 nogaep:;xuBaet A0 72 npuéMonepeIaTyuKoB.

DBS3900 LTE noaaep>xuBaeT COBMECTHOE HUCTONIb30BaHue ceteit 2G unu 3G,
a Takxke mnoaaepxkuBaetr xsHuoBep Mexay LTE wu  PS-gpomenom
GERAN/UTRAN/CDMA2000. D10 ympomaeT Ipolecc pa3BepThIBAHUS CETH
LTE B cymectBytomeir cetn 2G wmiu 3G, PaGoume auama3oHbl YacToOT:
850/900/1800/1900 MI'u (GSM, UMTS) u 1800 MI'11 (LTE).

CxeMa noakroueHus 0a30BOM CTaHIIMU MTOKa3aHa Ha pUCyHKe 3.3.
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ObopynoBaHue yCTaHABIMBAETCA B CYIIECTBYIOLIEM KOHTEWHEpe-armapaTHoi.
Kabemn ot kabunera bC 10 aHTeHH W BHENTHUX Paro0IOKOB MPOKIAIBIBAIOTCS TI0
CYILIECTBYIOIIUM METAINIOKOHCTPYKUMAM. [Ipokiianika BeEmeTcss C HMCHOJb30BAaHUEM
CTaH/IApPTHBIX AJIEMEHTOB KpeIUIeHUus, Ha KabeabpocTax kKabenn (QUKCHPYIOTCS MpU
MOMOIIM CTaHJIAPTHBIX KperieHui ¢ marom 0,8 M. BBog kabeneil ocyiecTsisercs
yepe3 CYIIECTBYIOIMM KaOelbHBIM BBOJA B CTEHE MOMeElIeHUs-anmnapaTtHoil. [locne
IIPOKJIAJIKK Kabesel KabeabHbIi BBOJ repMeTU3UpyeTcs. MOHTaX CEKTOPHBIX AHTEHH
OCYUIECTBIISIETCS Ha CYIIECTBYIOIIUX TPYOOCTONKAX.

B mnpoekre MCHoONB3yeTCsl CYHIECTBYIOLIME CUCTEMBI KOHAMIIMOHUPOBAHUS U

OXPaHHOM NOKAPHOW CUTHAJIN3ALUU.

3.2.2 AuTeHHo-uIepHOE 000pyI0BaHHE

bazoBas cranmus oOecreunBaeT moaiepxkky aHteHH Remote Electric Tilt
(RET). Hcnonb3oBanue anteHH RET mo3BossieT HacTpaumBaTh CETEBOE IOKPBITHE
NyTEM PETyJUpPOBKHU yIVia HAKJIOHA aHTEHH B aBro3aje. [Ipu 3ToM omepatop MOKET
COKOHOMUTH 3aTpaThl Ha JKCIUTyaTalldio M oOciyxuBaHue. [lommepkka aHTEHH C
JIBOMHOM NOJISIPU3alMen, IO3BOJISET COKPATUTh YUCIIO AHTEHH B COTE.

[Mpunsto pemenue ucmnoib3oBark aHTeHHBI ADU451503 ¢dupmer Huawei c
JBOMHOMN KpOCCIOIApH3aIieii, paborampmue B auamna3oHax 4dactor 790-960/1710-
2180 MI'u. Dto MHOTOAMAaNa3oHHas anTeHHa (Mmultiband), B koTopoii coennHeHb! 1Be
AHTEHHBIC PEIIETKU, padoTarolMe B HU3KOM M BBICOKOM YAaCTOTHBIX JHarna3oHax.
[Ipy >TOM [19 Ka)XJOTO 4YacTOTHOTO Juarna3oHa MPEAyCMOTPEH HE3aBUCHMBIM
MEXaHW3M WM3MEHEHHUs yIila HAaKJIOHA JAuarpaMMmbl HampaBieHHOCTU. Vcronb3oBaHue
TaKUX aHTEHH MO3BOJIUT COKOHOMUTH MECTO, KOTOPOE aHTEHHA 3aHUMAaeT Ha Maurte. B
COBPEMEHHBIX AaHTEHHAX C MOMOIIBIO ANEKTPUUYECKON PETYIMPOBKA MOKHO MEHSTH
YTOJI HAaKJIOHA JuarpaMMbl HalpaBJIeHHOCTH 0e3 n3meHeHus camout JIH u nenats 51o

nucTaHionHo. Takas TexHonorus monydwia HasBanue RET — Remote Electrical
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Downtilt. DTo ObLIO peanu30BaHO 3a CYET BHYTPEHHETO (ha30BpaInaTels.
Bce 3Ti HOBIIECTBA MO3BOJIMIIM 0OJIee TOYHO YIPAaBIATH yriIoM Hakiona JIH
(InarpaMMa HampaBICHHOCTH) W YCTAHABIWBATh TPAHUIIBI COTHI. DJIEKTPUUICCKUN

MOBOPOT aHTEHHBI Bappupyetcs ot 0° mo 10°.

3.2.3 Bbi6op 000py10BaHUSI TPAHCIOPTHOIO CErMEHTA

[maBHas 3agaya TPAHCIOPTHOM ceTH — oOecreueHue TpeOyeMoil MOIOCHI
MPOITYCKAHUSI W COMPSDKCHUE C BHENTHUMH CETSIMH IS JTOCTYNa K HCTOYHHKAM
KOHTEeHTa. |15 B3aUMOAEUCTBUSI IPOCKTUPYEMOW CETHU C OCTaJbHBIMH CETMEHTAMHU
LTE, a Takke IS CONPSDKEHUS C YacTIMU COTOBOM HWH(PpacTpykTypsl 3G,
ucnonb3yetcs |P-porokon. Tak kak B cetm LTE Qynknum xoHTposepa cetu
noCcTyna W muGpOBaHUS JAaHHBIX BO3JIOKEHBI H 0a30BbI€ CTaHIMU, HEOOXOAMMO
o0ecrneunTh JOCTAaTOYHYIO TMOJIOCY MPOMYCKaHUsI, TOITOMY MPUEMIIEMBIM pEIICHUEM
OyZeT opraHu3zanusi BOJIOKOHHO-ONTHYECKOW CETH CBSI3M U HCIOJb30BaHUE
texaoorun 10GEthernet. Ceru Ethernet umeror ciemyroniyro apXuTeKTypy: YPOBCHb
nocTyna (3Ta 4acTh KaK pa3 M peanusyercs Ha 0aze OecrnpoBomHoro cermenTa LTE,
TOYKAMH COTIPSIKCHHSI SIBJISIOTCA 0a30BbIE€ CTAHIIMU), YPOBEHBb arperaiuyd U YpPOBEHb
anpa. CrenoBareinbHO, [JIs1 OpraHU3allMMd  [IMPOKOMOJIOCHOTO TPAHCIOPTHOTO
CErMEHTa HEOOXOIMMO BBIOpAaTh BBICOKOIIPOM3BOAUTEIBHBIN  MapuIIpyTHU3ATOD,
aganTUpoOBaHHBI Ton TpeOoBanuss LTE, uw koMMyTaTopbl, 00€CHEUMBAIOIINE
KOMMYTAIIMIO TaHHBIX Ha TpeTheM ypoBHe ceteBoi moaenu OSI|. Kommanus Huawei
mpenaraeT MUPOKYI0 JUHEHKY OOOpYIOBaHUS, MOATOMY B MPOEKTE HCIOJIb3YETCS
o0opy/noBaHUE JaHHON KOMIIAaHUHU HA BCEX CETMEHTaX CETH.

Jns nopxmoueHuss BC K OMOpHOI TpPaHCIOPTHOM CETHU MPUHSITO PEIICHHE
ucronb30Barh Mapipyruzarop 6OasoBbix cranimii (Cell Site Router — CSR) ¢
noanepxkkoit coequnenus: Ethernet 10 ['6ut/c, mpemnasHaueHHBIM 1151 pabOTHI B

tpancnioptHoil cet LTE. Kommaktaeiii mMapupytuzatop ATN 950B mo3Bomsier
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YBEIMYHUTHh MPOITYCKHYIO0 criocoOHOCTh ¢ 1 mo 10 ['Out/c B pasneix ¢azax LTE u B
Oynymux crtanmaprax. [nmyOmHa ycrpoiictBa coctaBiser 300 MM, mOITOMy OHO
MOXXET MOHTHUPOBAThCA B OJIHY CTOMKY c 0a3oBoi craniueir eNodeB. ATN 950B
TaKKe NoAaepx)uBaeT cranaaptsl konbleBoil cetu 10GE, L2VPN, L3VPN, H-QoS u
MO3BOJISIET TMOKO IJIAHUPOBATh Pa3HOOOpa3HbIE CEPBUCHI B KOMILIEKCHBIX CETSX.
OO6opynoBaHue TMOAJIEPKUBAET padOTy C pa3IUYHBIMU CHUCTEMaMU TOYHOU

cuHXpoHu3anuu, Takumu kak ACR, cunaxponusupoBansbiii Ethernet u IEEE1588v2.

[15].

3.3 Pacuer 30H paAMONOKPBLITHA W BBIOOP MeCT pa3MenieHusi 0a30BbIX

CTAHIUM

Pa3znuynble 3Tambl mpolecca pacdyera MmapaMeTpoB 3aBUCAT OT THIA BEPCUU
LTE, yacToTHOrO AMamna3zoHa U TpeOyeMoW MOJIOCHl MPONyCKaHUs ceTu. MeToasl U
MOJENU JUIsl 0OXBaTa M IUIAHUPOBAHUS MOIIHOCTEN pa3paboTaHbl Uil ONPEAEIICHUS
pasmepoB paguonocrtyna LTE cereid.

[Ipy mnpoexkTupoBaHUM MeECT pa3MelleHus O0a30BbIX CTaHUMA B TIT.
[ymeHckoe onpenenéH OHOMKET pajAUOIMHUN HAPSAAY C JACTAbHBIM MOKPBITUEM U
BMECTUMOCTBI0. KpoMme Toro, ydTeHbl MOTEHIIMAIbHBIE MECTa pa3MeleHus] 0a30BbIX
CTaHIIMW — KakK ToKa3aj aHalin3 o0beKTa MPOEKTUPOBAHUS, 000pYyIOBaHHE 0A30BBIX
CTaHUUM Lenecoo0pa3HO YCTaHABIMBAaTh HA CYLIECTBYIOIIMX AHTEHHO-MAYTOBBIX
COOPYKEHUSIX JUIsl SJKOHOMUHU KalmUTaldbHBIX BIIOKeHUU. Tem Oonee, MOCENOK MMeeT

HEOOJIBIIIYIO TUIONIAIb U KOMITAKTHOE pa3MeIlieHHE JOMOBIaAeHU# (pUCyHOK 3.4).
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Pucynok 3.4 — Ilnan nrr. Hlymenckoe

B nocénke yxe cymecTByeT HH(PaCTPyKTypa OIepaTopoB CBSI3H, & UMEHHO — B
HEeHTpaJlbHOM paifone moutamt (yn. JleHuHa, nom 66), HeJaIeKo OT LEHTPATHLHOTO
KoMmIuiekca My3es-3anoBennuka; Lllymenckas Tenedonnas cranius (peruoHaIbHbINA
bunuan CubupsrenekoM-IneKTpocBsi3b KpacHosipckoro Kpas, yi. Ilomykonbiieas,
oM 5); moutoBoe otaeneHue (yi. [lmonepckas, qom 33).

B »Tmx Toukax YK€ YCTAHOBJICHBI AQHTCHHO-MAiYTOBBIC COOPYXKCHHUA, C

GSM-cBs3u ITAO «MTC». Hnsa

pa3MeIIeHUsT JIPYruX pPaJarodacTOTHBRIX OMokoB LTE He memecooOpa3HO CTPOUTH

pa3MEILIEHHBIMU Omneparopa

CTaHLIMAMU
HOBBIE AHTEHHO-MAauyTOBBIE COOPYKEHMS, T.K. OTO IPHUBENET K JONOJHUTEIBHBIM
pacxogam Omneparopa CBs3U. YCpEIHEHHBIE BBICOTHI IOJABECA ISl Pa3MEILICHUS
anTeHH LTE cocraBustor 20...30 MeTpoB, COOTBETCTBEHHO pa3MELICHUsS AHTECHH
MOJIOUTYT BHICOTHBIE COOPYKEHUS — BOJJOHAINIOpHAs OAlllHs, HAIPUMED.

OnHa u3 0a30BBIX CTaHIMM OyJeT pa3MelleHa B 30HE, OXBAaThIBAIOIIECH My3ei-
g 0OecredeHusl

3aMOBEIHUK M HalMOHAIbHBIM Tmapk «lllymeHckuit  6op»

N3m.

Jluct
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IIMPOKOMOJIOCHBIM ~ PaIMOIOCTYIIOM a0OHEHTOB — TYpPUCTOB, MPHUEIKAIOUINX B
PErHOH. DTO MOJIOKUTEIBHO CKAXKETCS HA BOCTPEOOBAHHOCTU TYPHUCTHYECKUX YCIYT,

Y TIOBBICHUT ITOKa3aTeI YKOHOMHUYECKOTO 0JIar0COCTOSHUS paﬁOHa.

3.3.1 Ounenka mnapaMeTpoB 30HbI oOcayxxuBaHusi cetu LTE B mnrr

Ilymenckoe

Buenpenue cereil LTE, kotopsle o0ecrieunBaroT OONbIINE CKOPOCTH MEepeaadn
JAHHBIX W  Ka4eCTBEHHbIE  HMH(POKOMMYHUKALUHUOHHBIE  YCIYTH, IO3BOJIAIOT
OmneparopaMm CBsI3M MOdy4aTh NPUOBLIb, OBITH KOHKYPEHTOCIIOCOOHBIMH Ha PBIHKE
TEJIEKOMMYHUKALIMOHHBIX YCIYT MPU OOIEM CHUKEHUU PACXOAOB HA AKCILTyaTallUIo
MH(POKOMMYHHUKAIIMOHHOTO 000pyAOBaHUSI.

OCHOBHBIE TEXHUYECKHE XapaKTepUCTUKH cTanaapra LTE:

- Kak ykazano B crangapre, npu paauyce cotel LTE 5 kunomerpos
HOJ/IEPKUBAIOTCSI BCE TPEOOBaHUS K CHEKTPaJbHON 3((EKTUBHOCTH, NMPOMYCKHON
CcIoCOOHOCTH M paboTe ¢ MOOUIIbHBIMU a0OHEHTaMu. Eciu paguyc cOTbl COCTaBIISIET
30 KUIOMETPOB, 3HAUUTENBHO YXYAIIAIOTCS MOKa3aTel IPOU3BOIUTEILHOCTH.

- JIByHampaBieHHas nepefada JaHHBIX MEXIy 0a30BBIMM U aOOHEHTCKUMU
JaHHBIMU B TexHosioruu LTE mokeT ocymiecTBiasThes kak yactoTHeIM (FDD), Tak u
BpeMeHHbIM  aymiiekcoM (TDD). [Ins  opraHu3aiuu  4acTOTHOTO — JyTUIEKca
CTaHJIapTOM OIpeAeNICHO 15 mapHBIX YaCTOTHBIX Auana3oHoB (4acToThl OoT 800 MI'
no 3,5 I'T), a nna BpemeHHoro - BoceMb. IllupuHa panuokaHana MOXET OBITh
pasnmuuHoi. SABstorcs qonyctumbiMu 3HaueHus: 1,4; 3; 5; 10; 15 u 20 MI'u. B cersax
LTE pans opraHu3zauud MHOXECTBEHHOTO JocCTyna wucnoib3ytorcss OFDMA
(Orthogonal Frequency-Division Multiple Access) B HucxomsiieM kaHame u SC-
FDMA B BocxoasieM KaHaje.

IIpu uactorHom nnmanupoBanuu cetu LTE B nrr. lymeHckoe HYXKHO

paccMaTpuBaTh HE YACTOTHI, a IOJOCHI 4acToT. [lmomanes Teppuropun mnocénka

Jluct

N3m.

11070006.11.03.02.103.113BKP 31

Jluct Ne oxym. [Toanuce | Jlara




2 . 2
cocraBmsier 1,29 kMm°, w3 Hux >xkuimas 3actpoiika — 0,83 kM, 4YHCIEHHOCTH

noctosiHHOTO Hacenenus 16500 gernoBek [2].

[Lmanuposanue cetu LTE nrt. lllymrenckoe BKIItOYAET:

e OnpeneneHre OrOKETa KaHala (C YYETOM TEXHUYECKHX XapaKTEPHCTHK
ammaparypsl Huawei ompenensrorcss MakCUMaJIbHBIE IMOTEPH CHUTHANA TIPU
pacnpoCTpaHEHUH B pajlOKaHaJe);

e OnieHKa paguoONOKPBITHS (OMPEACIICHUE KOJIMYECTBA CAaUTOB (SIUE€EK) B CETH C
pa3HbIM HAOOPOM YacTOT);

e OneHKka €MKOCTH (KOJIMYECTBO CAMTOB-I4€EK, KOTOpPHIE JOJIKHBI OBITh
pa3BEepHYTHI B COOTBETCTBUU C TPEOOBAHUAMU EMKOCTHU CETH);

e YactoTHOe rutaHupoBaHue (T0JIoca KaHalla, JUana3oH CeTH);

e Pacuer nmapameTpoB KaOeIbHOH HHPPACTPYKTYpHI, ONPEAEICHUE CYMMapHOIO
3aTyXaHMs Ha KaOEJIbHOM Y4acCTKe;

e CuTyallUOHHOE pacCIoJIOKeHHE 0a30BbIX cTaHUMN eNB Ha TeppuTOpuM MIT.
[IymeHnckoe;

e Pacyer ckopocTH nepenadn JaHHBIX 0a30BOW CTAaHIUEH.

HpOBCIIéM OLOCHKY OHCPIrCTHYCCKOIO 6IOI[)KeTa IIOTCPpb HJIN MAKCHUMAJIBHO

nonyctuMbix noreps (MIT) na auauu. MJIIT paccunTbiBaeTcs, Kak pa3HOCTh MEXY

HKBUBAJICHTHOUW H30TPOMHON u3iydaemon MomHocThio (OUMM) mnepenarumka u

MHWHHMAJIBHO H€O6XOI[HMOﬁ MOIDHOCTBIO CHI'HaJIa Ha BXOJAC IIPUCMHHUKA, IIPHU

KOTOPOM C YYETOM BCEX IMOTEpb B KaHAJIE CBSI3U OOECHeuYMBaeTCs HOpMallbHas

ACMOOYyJIOusA CUTHaJla B IIPUCMHHKC.

OKBHUBAJICHTHAS HU30TpOIIHadg Mn3JydacMasa MOIIHOCTb OIPECACIIACTCA KakK

MOIDHOCTBb, KOTOPYIO HGO6XOI[I/IMO [IoAaTh HAa U30TPOIIHYIO aHTCHHY JIA TOTIO, YTOOBI

MOJIyYUTh B TOUKE IIPUEMa TOYHO TAKOE )K€ T0JIe, KOTOpOoe Oy/eT MOIy4eHO B HeMl mpu

NOMOIIM aHTeHHbl ¢ Kod(dduimentom ycunenus G, Ha BXOJ KOTOpPOM MojaaHa

MOIITHOCTE PBX.

POUNM = Pupn + Grpa + Gupa an — Lopa.d (3.1)
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CxeMaTu4HoO 3T0 U300PaKEHO HA PUCYHKE 3.9.

. SHUMM =
\ \& MIII E
()
=
Tpebvemslit ypoEeHs
CUTHANA B TTPHEMHHKE
N Paguyc coter
Pucynok 3.5 — Teomerpuueckoe mpeacTaB/ieHHe 3JKBHBAJEHTHOW W30TPOMHON

H3JIy42eMOil MOIIHOCTH

Jlsist pacuera BbIOEPEM COOTBETCTBYIOIIME XapaKTEPUCTUKU 0Aa30BOM CTaHIIUU
¢upmbl Huawei DBS 3900.

[Tpoektupyemas cetb LTE Oymer paborars B auamazone yactor 1800 MI'm ¢
UPUHON mojockl kaHana 20 MI'1y mo npuHIMITY YaCTOTHOTO pa3[eiCHUs KaHAJIOB
FDD, T.e. cucremuas mnojioca OyaeT pasaensThecs Ha JaBa kKaHaia no 10 MI'm ans
muauu BBepX (UL) u nunuu Bau3 (DL).

BbiHOCHOH pannodacToTHBIA Moaynb 0a3zoBoi ctaHumm Huawei RRU 3929
OyneT yCTaHaBIMBAThCS BOJIM3M AHTEHHBI (BBIOMpAETCS JIaHHBIA  BapHaHT
pasMeIeHus).

Jlnst pacueta B kauecTBe aOOHeHTCKOM craniuu BeiOpan Wi-Fi poyrep Huawei
E5372, xotopsiit umeet manbie Tabaputhl (10x5x1,5 cM) 1 MOXKeT OAEPKUBATH /10
necatu Tmonb3oBarened. Jlns ucnonb3oBaHus aHTeHH B pexxume MIMO Oyner
UCTIOJIb30BaH JYIUICKCHBI AQHTCHHBIA pa3beM (UIsi TOAKIIIOYCHUS BHEUTHEH
YCUJICHHOW aHTCHHBI).

[Tonnep>xrBaemble CTaHIAPTHI M paboYKe YaCTOTHI:

-4G LTE 1800 /2100 /2600 / 800 / 900 MI'

- 3G/ 3.5G UMTS/DC-HSPA+ 1900 /2100 / 850 / 900 MI'1g

Jluct
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- 2G GSM / GPRS / EDGE 1800 / 1900 / 850 / 900 MI'1

CxopocTh nepenadu TaHHbIX:

- 4G LTE FDD (Bxomsmue/ucxosimue) - 1o 150 / 50 Mout/cex

- 4G LTE TDD (Bxomsmiue/ucxoasimue) - 10 112 / 10 MouTt/cex

- 3G DC-HSPA+ - 10 43,2 MoOut/cex

- 2G EDGE/GPRS - 510 236,8 xbut/cex

Broibupatorcs MIMO anTeHHBI € JAByMs Ko3(HUIIMEHTaMH YCUIICHHUS:
naHenbHass anteHHa 18 nbu MIMO gy MecT ¢ IJIOXMM IPUEMOM CHUTHajla WU
MOJIHBIM €r0 OTCYTCTBUEM, U NaHenbHas anTeHHa 10 nbu MIMO niia ucnonb3oBaHus
B MECTax HEYBEPEHHOTO MJIM IIJIOXOTO MpUEMa CETH.

Brixognast MomrHocTh — 18 nbm.

Paccuuraem snepreruueckuii 6romket cuctembl LTE ¢ yacTOTHBIM TyTieKcoM
FDD, pa6otatomeit B quanazone 1800 MI'u. ITomoca 20 MTI'n, t.e. B cnmydyae FDD
CUCTEMHas ToJjioca OyJeT pa3nensaThea Ha ABa KaHana nmo 10 MI't nis nuHun BBEpx
(UL) u nmuaum BHu3 (DL).

Bun monynsuym s muaun BHU3 — QAMO64, nis nuauu BBepx — QAM32.

B pacuere ucnonb3oBaHbl mapamMeTpbl 0a30BbIX CTAHLIHUM M PalMOYaCTOTHBIX
OJTOKOB, KaXJbld CEKTOp KOTOPBIX CONEPKHUT MPUEMO-TIEPEAaTIYnK, BBIXOIHAS
MOIIHOCTh KoToporo - 40 Bt (46 nbwm). PagmoyacToTHbIil OJIOK ycTaHABIMBAETCS B
HETMOCPEJCTBEHHOW OnMM30CcTH OT aHTeHHBI. bazoBas crtaHuus paboTaeT Ha JIMHUU
BHU3 B pexkume MIMO 2x2. [TockonbKy dHEpPreTUYecKuil OIOMKET PacCUUTHIBACTCS
1utst aboHeHTckoi ctaniu (AC) Ha Kparo COThI, T.€. MpuHUMaronieil curaaisl oT bC ¢
Hu3kuM oTtHomeHuem curHai/mym (OCILI), to BC nepenaer curnansl Ha 3Ty AC B
peXKUME pa3HECEHHOMN Tmepedadd. 3a CYET CJIOKEHUS MOIIHOCTEH CHUTHAJIOB JIBYX
nepeaaTuuKoB B MPOCTPAHCTBE MOXKHO MOJTYYUTh SHEPreTHYECKU BeIMTPHI (3 1b).
B kauecTBe aOOHEHTCKOW CTaHIMH BbIOpaH MOOMIBHBIA Wi-Fi poyrep koMmaHuH
Huawei E5372, BeIxomHass MOITHOCTE — 18 nbwM.

Hcxonnble nannble i pacuera [9]:

Ouepeemuueckue napamempol Downlink:

Jluct
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Brixonnast momtaocts bC Piipn 46 nbm
Koadpdunuent ycunenns anreansl bC Gupn an. 181bu
Koadpdunuent ycunenus anrenasl MC Grpm an. Onbu

[Torepu xabens (mexay RF m BBU B 06a30Boii cTaHmmu, peKOMEHIYETCS

MIPUMEHSTH BOJIOKOHHO-ONTHYEeCKui kabens) Lupa.¢ = ab Lopm an. = 0,5 n1b

Beiurpslin ot cnoxkeHus MoiiHoctu nepeaarankoB Grpa. 31b
MomnHocTs TemnoBoro myma PN coctaBut -104.4nbm
Tpebyemoe otHomenue curnai-irym MSNR -0.241b
Koa¢ddunment mryma npuemuuka LN 7 n1b

3amac Ha nomexu Mnomexu 8.511b

3anac Ha IPOHUKHOBEHUE B noMenieHne Miponuk. 121b
3amnac Ha 3areHeHue M3aren. 8.71b

Breiurpsim ot xaug0oBepa Gxaua. 2.51b

Onepeemuueckue napamempol Uplink:

Brixonnas momnocts MC Propa. 231bm

Koaddurnment ycunenus anrenusl bC Grupa ad. Onbu
Koaddunment ycunenust antenusl MC Grpm as. 181bu
MorHocTth TeroBoro myma PN=-118.4 nbm
TpebGyemoe otHomenue curnan-mrym MSNRO.61 nb
Koadpdpuuuent nmryma npuemuuka LN 2.51b

3anac Ha nomexu Mnomexu 3.81b

3anac Ha TPOHUKHOBEHUE B noMmenieHne Mmponuk 12 1b
3amac Ha 3areHeHue M3areH. 8.71b

Bemrpeim ot xaunosepa Gxsua. 2.51b

3amac Ha NPOHMKHOBEHHE CHUTHaja B MoMenieHue MMOpOHUK. BbIOMpaeTcs u3

YCJIOBUM:

- 22 n1b B yCIOBUSAX IJIOTHOM TOPOACKOM 3aCTPOIKH;
- 17 nb B ycnoBusix cpeaHen ropoJCcKon 3aCTPONKHY;

- 12 1b B ycnoBuUsAX peakoi 3aCTpOKH (B PUTOPOJIE);
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- 8 n1b B cenbCKOil MECTHOCTH (Ha OTKPBHITON MECTHOCTH B aBTOMOOMIIE).

3amac Ha 3aTeHeHne M3areH. ns pacdera BeiOMpaeM 8,7 ab (s TpebGyemoit
BEPOSATHOCTH MOKPBITUS 95% U CpenHEeKBaJpaTUYHOIO OTKJIOHEHHS IOTEpPh Ha
3ateHeHue 81b — s cenbekoit MectHocTy TrT. [llymieHckoe).

[Ipu pacuere McHONb3yeTCs BEIMYMHA 3amaca Ha BHYTPHUCHCTEMHBIE IIOMEXH,
KOTOpasi XapaKTepU3yeT BO3pacTaHUE MOIIHOCTH IIIyMa Ha BXOJ/le IPUEMHHUKA.

3anac Ha BHYTPUCHUCTEMHBIE TTIOMEXH:

Mnomexu=-10-1og10(1-n), (3.2)

IJI€ | — OTHOCHUTENBHAS 3arpy3Ka COThl B BOCXOASIIEN WIIM HUCXOASAIIECH JINHUU.

Takum 00pa3oM, 3amac Ha BHYTPUCUCTEMHBIE IOMEXH SBISETCA (PyHKLIMEH OT
3arpy3KH COTBI: 4YeM OOJIbIIIE pa3pellieHHas Harpy3ka B COTe, TeM OOJIbIIYIO BETUYMHY
3araca HeoOxonuMo yuectb B pacuere. [Ipu pocre Harpy3ku no 100% 3amac Ha

IIOMCXHU CTPECMHUTCA K 6CCKOHG‘-IHOCTI/I, Hu 30Ha 06CJ'IY)KI/IBEIHI/IH COTbl YMCHBIIACTCA OO0

HYJIS.

Jliis nanpasnenus Downlink:

Mrnowmexu = -10Ilg(1 - 0.86) = 8.51 b,

Jns Hanpasnenust Uplink:

Mnomexu = -10Ig(1 - 0.59) = 3.8 ab.

[To ¢opmyne (3.1) omnpenenuMm 3(PHEKTHBHO H30TPOIHO HU3ITYUAEMYIO
MOIIHOCTb:

Jliis nanpasnenus Downlink:
POUNM = Pupa. + Grpa. + Grpa an. — Lopa.d = 46+3+18-0,5=66,5 nbm

Jns Hanpasnenust Uplink:

POUUM = Pupa. + Grpa. + Grpp an. — Lopa.d = 23+0+0-0 = 23 nbm

LIyBCTBI/ITeJ'H:HOCTI) IIPUECMHHUKA PACCYUTBEIBACTCA
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Stpm = PN+MSNR+LN (3.3)

Jliis nanpasnenus Downlink:

Stpm p. =-104,4 — 0,24 +7 = -97,6 nbm

Jns nanpasnaerus Uplink:

Stpm y_ = -118,4 +0,61 +2,5 = -115,29 nbm

O6HI€€ 34aTYXaHHUC 110 SOHCPICTUICCKHUM XAPAKTCPUCTUKAM PACCUUTBIBACTCA

Leym = POUUM — Sopwm + Grpm an — Lopm an — MnpoHuk —

— Mnomexu — M3areH. + GXaH1 (3.4)

Jlns Hanpasnerust Downlink:
Leymp, =66,5+97,6-0-0-12-8,51-8,7+2,5=137,39 nb
Jiis nanpasnerus Uplink:

Leymy, =23 +115,29 +18-0,5-12-3,8 - 8,7 +2,5=133,79 nb

U3 ABYX 3HAUYCHUM AOIIYCTHUMBIX ITOMCX, PACCUUTAHHBIX IJIA JIMHUN «BHHU3» U

«BBEPX» HYKHO BBIOpaTh MUHUMAIBHOE, YTOOBI BECTH TMOCIEAYIOIIUE PACUETHI

JAJIBHOCTH CBSA3U U paauyca coTbl. OrpaHMYMBAIONIEH JTMHUEH MO TAJIBHOCTHU CBSI3H

ABIIACTCA JIMHUA «BBCPXH).

. o -4
Jlanee mpoBenéM pacueT s BEpPOSITHOCTH OuUTOBOM omubku PB=10"" s

monayisitun QPSK. Jlnist pocTuxkeHuss HEOOXOIUMOUM BEPOSITHOCTH OIIMOKU Ha OUT

HykH0 obecrieunth OCIII pasnsiii 8.5 n1b mist QPSK.

B pacuere npuHST 3HEpPreTMYecKuil BRIMIPHIN paBHbId 31b. TakuM oOpaszoM,

st QPSK veobxomumo odecrieunts OCIL = 8,5-3=5,5 nb.

Onpenenum ypoBeHb MOIIIHOCTH U3JIyYEHUS MEPEIAIOIET0 YCTPONUCTBRA!

Pnpﬁ — Pnpu + Lcyn _ an,n; ag anu aHs (3 5)
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1€ Py - 9yBCTBUTENBHOCTE NPUEMHUKA, Loy, =133,79 nb — yxe paccuntannoe
3aTyxaHue B paanmokanane i1 ypoBHA BBepx UL, G, o = 01b — xoaddunment
ycuieHus nepenaromeil aHteHHsl, G,,, . = 181b — xoaddunment ycunenus
IIPUEMHON aHTECHHBI.

qYBCTBI/ITGJII)HO CTb IpUCMHHUKA paBHA

C
o = Fut P ¥y (3.6)

rne P, - MOIIHOCTh IIyMa Ha BXojae npuemHuka, Ny= 7 nb - xoaddumnuest

nryma npuemuuka, C/N - anamorooe OCIII.

[IpoBeneM pacdeT MOIIHOCTH MEpeaTYuKa U YyBCTBUTEIBHOCTU IMPUEMHHKA
st mpoduist ¢ QPSK.

3Has 3(QGEeKTUBHYIO TOJIOCY MPOIMYCKaHUs, OMPEASIUM CKOPOCTh Mepenaqyu
JTAHHBIX.

Rn=AFflog2M=10-10¢logz4=20-10° 6um/c

[ITymoBas mosoca:

11,=10-10°1.1=11-10°Ty

MomHOCTh IIyMa Ha BXO/€ IPUEMHUKA!

P,=1.3810%-29311-100=44.47-101°=-133.5190Fb

AHanoroBoe OTHOIIEHUE CUTHAN/IIYM:

C/N=55+lbg:(20-10¢/11 - 10¢)=6.36 0b

Paccuntaem 4yBCTBUTEIBHOCTh TPUEMHHMKA JJ1s1 JIMHUU BBepx UL:

Ppy=-133.519+7+6.36=-120.1505=9.66-10 ’Bm

MomHo cTh nepegaTymka i nepeaadyd OAHOM MOJHECYIIEH ISl JIMHUA BBEPX
UL:

P,

po = —120.15+ 133.79 — 0 — 18 = —4.3605 = 0.366 Bm

MOI]_[HOCTL nepcaardmka 1 rnepeaadiu BCCro CMruajia JJjisl JUHUKU BBCPX UL.:

P,

po — 0.366 601 = 219.966 Bm
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N -4
[Ipu 3amaHHOM 3HA4YCHWH BEPOSTHOCTH OWTOBOM omuoku P,=10"" nms
Monyisiiiun - QPSK  paccunTanpl 4yBCTBUTEIBHOCTh TPHUEMHHUKA M MOIIHOCTH

nepeaardirmka il rnepeaain Curaajia ajisl JMHUU BBEPX UL.

3.3.2 Pacuert 30HbI paguonokpbiTus mo mogeaun COST 231 - Xara

OreHUTh pagryc 30HBI PAAHOTIOKPHITH MOXKHO, HCTIONB3ys Monens COST 231
- Xara B nuanaszone ot 1,5 nmo 2 I'T', nmpu BbICOTE pa3MelleHusi aHTEHHbI 0a30BOM
cranuu ot 30 go 200 M, BeICOTE aHTEHHBI a0OOHEHTCKOM cTaHuMu OT 1 10 10 M u
paccTosiHuM Mex1y HUMH OT | 1o 20 km.

3aryxaHue pacCUMTBIBAIOT 10 hopMyIie:

L =(449-655Lg(H - ))Lg(d_)+455+

+(3546-11H )Lg(f)-1382Lg(H  )+07H +C -

Tac C — mnocrosHHas: Il CpCAHUX TOPOOJOB MU IIPUIOPOIHBIX paﬁOHOB C

yMEpEeHHOM pacTUTenbHOCTHI0 C = 0, 1719 IEHTPOB KPYNHBIX ropojioB C = 3.

ITpumem f= 1880 MI', hy = 30 M, hy, = 3 M, C=0 (my1s nirt. [ymenckoe)

[TonpaBounsii ko3ddunuent a(hy,) onpenensercs mo Gopmyie:

a(hm) = (1,1 log fo— 0,7)-hy, — (1,56 log fo — 0,8) (3.8)
a(hm) = (1,1 log 1880 - 0,7)-3 — (1,56 log 1880 — 0,8) = 4,39
B gopmymy (3.7) moacTtaBuM pacCUMTaHHBIC 3HAYCHUS:

133,79= 46.3 + 33.9 1g1880 - 13.83 1930 — 4,39 + [44.9 - 6.55Ig30] Igr+0.

N3 ypaBHEHUS BEIYUCIUM JAIBHOCTH CBA3U 1= 1.62 KM.
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[Tnomans paguoOMOKPHITUS TPEXCEKTOPHOTO caiTa ©0a30BOM CTAHIUU Seng

onpeaeum 1mo Gopmyre:

S =94/3(dg)? /8 (3.9)

V3
Scng = QE- 1.62% = 5,11 (xn?).

Takum o6pazoMm, TpeOyemble XapaKTEPUCTUKH CUCTEMBI PaIMOCBI3U CTaHIAapTa
LTE nocrturatorcs, eciaum paauyc cOTbl He MpeBblmaer 1,62 kM, a Iuiowiaab
paauonokpeiTuss — 9,11 kM. Kak mokasan npenBapuTenbHbIA pacy€T, C LEIbIO
obecnieueHust TpeOyeMoil 30HbI paguonokpeiTusa B OrT. lllymeHnckoe pekoMeHayercs
pasmectuth 4 6a3oBble craHuuu. KomuuecTBo 0a30BbIX CTaHLUN Oy/eT YTOUHSTHCA

npu pacyere TpeOyeMoil MOJOChl NPOIMYCKAaHWS Ha CaWT, ¢ YYETOM KOJIMYECTBA

adonenToB — 3300. [8,9, 10, 11]

3.4 OueHka éMKOCTH CeTH

CnekrpasnibHast 3(()EKTUBHOCTh CHCTEMbl MOOWJIBHOW CBA3U MPEACTABISIET
co0Oll moKka3aTesb, BBIYUCIISIEMBI KAk OTHOIIEHHWE CKOpPOCTH (B  OHWT/C)

nepeaaBaeMbIx JaHHBIX Ha 1 ['11 ucnonb3yemoit mojockl yactot (6ut/c/T'm).

Tadamua 3.1 - Cpennss cnekTpaabHas 3¢ peKTUBHOCTD 145 ceTtu LTE

Cpennsist cnekrpaibHas 3pHEeKTHBHOCTh
JIvaus Cxema MIMO
(6ut/c/I'm)

1x2 0,735
UL

1x4 1,103

2x2 1,69
DL 4x2 1,87

4x4 2,67
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Ota BeIMYMHA XapaKTepu3yeT CKOPOCTh mepeaayd WH(OpManuu B 3aJaHHOU

nojoce 4actoT. ONEHHM CPEIHIOK MPOMYCKHYI CIHOCOOHOCTh, KOTOPYIO CIIAYeT

oxkunate B mnpoektupyeMmorr cetu LTE B momoce 20 MI'1p (180*100 = 18MI'r) B

KaHayie “BHU3” MPU YCIOBHUH, YTO pacipeesieHue aODOHEHTOB B 30HE OOCITYKUBaHUS

paBHOMEpPHOE,

nepenaya BeaeTcs 1o TexHojgormu MIMO 2x2 B pexume

MPOCTPAHCTBEHHOTO MYJbTHILIEKCHUpoBaHusA. Cxema noakmoueHus — MIMO 2 x 2

JUIS JIMHUM BHU3 U | X 2 — JUIsl IMHUM BBEPX, PACCTOSTHUE MEXIY CAUTAaMHU PAaBHO

500M.

Hnsa cucrembl FDD cpennsisi mpomyckHas cmocobHocTh 1 cexTopa 6a30Boi

CTaHIIMKM MOKET OBITh paccunTaHa mo GopmyIie:

R=S-W,

rae S — cpeansis cnekrpaibHas 3¢heKTUBHOCTE (0ut/c/I');

W — mmmpuna kanana (MI'm); W =10 MTI'n.

st muanu DL («BHUBY):

RDL=1,69 - 10 =16,9 out/c/T1.

Jlns nuanm UL («BBEpx»):

RUL =0,735 - 10 =7,35 6ut/c/T'y

(3.10)

Cpenusst mpomyckHasi ClioCOOHOCTh 0a30BOM CTaHIMKM Reng BBIUHCISIETCS Kak

IIPOU3BCACHNC HpOHYCKHOﬁ CITOCOOHOCTH OAHOI'0 CCKTOpPa U KOJUMYCCTBA CCKTOPOB

0a3o0Boii cranumu. Yucio cekropoB eNB paBHO TpéM, clienoBaTenbHO:

R.np = RDL;UL + 3

(3.11)
Jist muanu DL («BHUBY):
ReNB.DL = 16,9 - 3= 50,79 Moburt/c
s muanm UL («BBepx»):
Jluct
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ReNB.UL = 11,03 3= 22,05 Mout/c

Jlanee HEOOXOAMMO OIpPENEIUTh KOJMYECTBO COT mpoekTupyemoit cetu LTE.
Paccuntaem o0miee YMCIO  KaHAJOB, BBIACISIEMBIX [UJII  pa3BEPThIBAHUSA
npoektupyemoit cetu LTE. Bech kaHanbHBIN pecypc pa30uBaeTCsi HA PECYpPCHBIC
omoku (Resource Block, RB). Kaxnprit 610k cocTouT U3 12 pacmnonokeHHBIX PSaoM
MOAHECYIIUX, 3aHUMaromux noyocy 180 xI.

O6mee uncio kananoB N, paccuuTeiBaeTcs 1o Gopmye:

af
N. = |=Z
« ] (3.12)

rie Afy - monoca wactor, BeigeneHHast 11t padbotsl cetd, 95 MI'n;

Af — monoca 4acToT OIHOTO pajJMoKaHaa;

Pannokananom B cersix LTE sBasercs, Qakruuecku, pecypcHbI OJIOK.

PecypcHbriit 6ok umeet mupuny 180 kI, Af, = 180 kI,
Nk=95000/180~527 (kaHaso0B)

Uucno kaHanoB Ny e, KOTOPOE HEOOXOAUMO HCIOIL30BATh JJIsl 00CITYKUBaHUS
a0OHEHTOB B OJIHOM CEKTOPE OJTHOM COTHI:
N,
Nicer = [(N - }]*
Kt Moex (3 13)
riae N, — o011ee YnciIo KaHaloB;
N,; — pa3MepHOCTb KJlacTepa, BhIOMpaeMasi C y4eTOM KOJMYECTBA CEKTOPOB
eNB, mpunumMaercs paBHOH 3;

M.« — xomuuectBo cekropoB €NB, 0a3oBasi cTaHums 3-X CeKI[MOHHas,

paBHO 3.

527
Ny cor = [— ~ 58 (xaHamo0B).

(3:3)
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Yuciio kaHamoB Tpaduka B OTHOM CEKTOpPE OTHOM COTHI N,y o

Nxm.cex — Nxm_l ) Nx.ﬁem (3.14)

Tac NKm] — YHCJIO KaHaJIOB Tpa(bm(a B OIHOM padHOKaHAJIC, OIIPCACIIICMOC

craggaprom paguogoctymna (mist OFDMAN,,,; = 1...3); nnsa cetu LTE npumem N,,,; =
1.

Noypcox = 1 - 58 ~ 58 (kaHanos).

B cooTBercTBUU ¢ MOJENBIO DpilaHra, pacCUuTaeM JOMYCTHUMYH Harpy3ky B
CEKTOpE OJIHOM COTBhI Ay MPHU JOMYCTHUMOM 3HAYEHUHU BEPOSTHOCTU OJOKHUPOBKU
paBHO# 1% ¥ MOTy4YeHHBIM BbIIIe 3HAY€HUU N,y cor-

Ayor = 60 Dpi.

Yuciio aboHEHTOB, KOTopoe OyaeT o0caykuBaThest 0HOM eNB:

- A{-‘Eﬁ.‘
Naﬁ.eNE — Mcex' [A ]:
1

rae A; — cpeaHsist o BceM BHJIaM Tpaduka aOOHEHTCKash Harpys3ka OT OJHOTO
aboHeHTa; 3HaueHne A; moxkeT coctaBiAath (0,04...0,2) Dpn. Tak kak npoekTupyemas
CeTh IJIAHUPYETCS UCHOIb30BATHCS AJI1 BBICOKOCKOPOCTHOTO 0OMeHa MH(pOpMalueH,

TO 3HaueHue A; npumem paBHbIM 0,2 Dpi.

[Tonyuum 3HaueHUs:

60
Nyseng = 3 [ﬁ] ~ 900 (abonenmoe).

Kak moka3piBaeT aHanu3 MHOOPMAIIMOHHBIX PeCcypcoB [22], Mo cTaTHCTHKE
OmneparopoB CBs3H, yKe dKCILTyatupyromux cetu LTE, uncno aboneHToB Ha OnuH
cekTtop 0a3zoBoit ctanimu Bapeupyercs oT 250 mo 350, paccumTaHHOE KOJIMYECTBO

a0OHEHTOB Ha TPEXCEKTOPHYIO 0a30By10 cTaHlMio — 900, 4TO BMOJHE COOTBETCTBYET
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CTaTHCTHKE.
Yucno 6a3oBbix cranuuii ENB B npoextupyemoii cetu LTE:

Naﬁ

| +1

Neng = [N
ab.eNB (315)

rne N s — KOJIM4eCcTBO MOTEHIIMAJIFHBIX A00OHEHTOB.

KonmdecTBO TOTEHIMANBHBIX a0OHEHTOB 3aBHUCUT OT TMPOTHO3UPYEMOTO
MpOIIEHTAa MPOHUKHOBEHUs, mpumMeM ero 20% oT oOllero 4ymcia >KUTENeH IrT.
[ymenckoe. Takum 00pa3oM, KOJMYECTBO MOTEHITMAIBHBIX a0OHEHTOB COCTaBUT
3300 uenosek, Torna:

Neng=3300/900+1=5 eNB.

Cpenuss miaHupyeMasi MpoIyCKHasi CIOCOOHOCTh Ry MPOEKTUpyeMoul ceTh
ompezensercss kKak npousBeaeHue komuuectBa €NB u  cpemneit mpomyckHOU

criocoonoctu eNB:

Ry = (Reng.pr + Renp.ur) * Nens - (3.16)

Ry = (50,79 + 22,05) 5 =~ 364,2 M6ur/c.

[IpoBeneM OLEHKY EMKOCTH TPOEKTUPYEMOM CETH, U CPABHUM C PACCUUTAHHOMN

Ha JIJUHHWUH «BHU3».

Taoauua 3.2 — JIuHusg «BHU3)

Konduryparus cuctemMsbl FDD 20 MI'i
JIuaus DL

Cpennsisi cnekrpanbHas 3pGHEeKTUBHOCTh CUCTEMBI 2,42 out/c/T'
Cpennmnii 06bem Tpaduka eNB, MouTt/c 72,84
Cpennuii 006bem Tpaduka nsaty 6a3oBsix ctanuuii eENB, Mout/c | 364,2
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Ta6auna 3.3 — Pe3yjabTaThbl OLIEHKH a00HEHTCKOI éMKOCTH

[TapameTp 3HaueHue
OO0BeM BBIJIETIEHHOTO Ta 30
abOHEHTCKOTo Tpaduka,
['GaiiT/mecsn
Yucno YHH B nens Nhour 17
Yucno gHEN B MecsLE Ndays 30
Cpenusist CKOpOCTb MOTPEOJICHUS 0.131
Tpaduka abonentom B YHH, R, = fa=8
N Nhour = Ndays
Jlons Tpaduka «BHU3 Sal 80%
Ycepennenuslit Tpadhuk aboOHEHTA Ta =Rt ™* Sy 0,1
B UHH (uacwl HanbombIie
Harpy3KH) Ha JJUHUW «BHU3Y,
Mobwurt/c
Cpennmnii 00beM Tpaduka cetu (5 Tset 364,2
0a30BBIX cTaHIUit), MOUT/C
Yuciio aGOHEHTOB CETH, Yell N, - 7;15;15 3642

Takum o0Opazom, oxumaemoe yucio aboHeHtoB B cetu B UHH N, > N,

(KoMM4YecTBO MOTEHIHAIBHBIX a0oHeHTOB): 3642>3300. D10 ycioBHE IMOKa3bIBAET,

4YTO TMpOEKTUpyeMas ceTh He OyaeT monaBeprarbesi meperpyskam B YHH.

CrnenoBarenbHO, pacyeT apaMeTPOB BBIIOJIHEH KOPPEKTHO.

Kak mokazan pacuer mapaMeTpoB 30HBI PAIUOMOKPHITHS, OIHAa Oa3oBas

CTaHIIUS 0OECIEYMBAECT YCTOMUUBBIM PATUOOOMEHOM C aO0OHEHTCKUMH CTAHIUSMU

TEPPUTOPHIO TIIOMIARI0 5,11 KM, BMecTe ¢ TeM, ik TpeOyeMOi MIMPOKOIIOIOCHOCTH

B CHCTEME HEOOXOMMMO YCTaHOBUTh S5 0a30BBIX CTaHIHMKA, C TPEXCEKTOPHBIMU

anTeHHamu. Ha pucynke 3.6 mokazaHbl peKOMEHyeMbIe MECTa pa3MeIleHHs] 0a30BbIX

N3m.
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CTaHIIU.

B paiione ¢ BbICOKOW KOHIIEHTpaIueld aOOHEHTOB (BIOJIb IEHTPATHHOW YIUIIBI
nocénka — yi. Kpyrnckoit, mexnay yautiamu [puboenoBa u beperopoii), paccTosHue
MEXIy 0a30BBIMH CTaHIUAMH OyIEeT MEHBIIE, YeM B CEBEPO-BOCTOYHOM CEKTOPE
nocénka, 3aech OymyT ycrtaHoBiieHbl 2 bC. Emé omna BC Oymer mnokpsiBaTh
TEPPUTOPHUIO HE TOJIBKO MOCENKA, HO U YaCTU MY3€HMHOI0 KOMIIJIEKCa, C TOCTUHUILIAMU
U TYPUCTHYECKOW WHEGPACTPYKTypoH (3MaHHE IMOYTOBOTO OTHeneHus, yi. JleHuHa,
nom 66). Emé nBe BC OyayT pacmoyio)keHbl B IIOYTOBBIX OTIEIEHHUSX, MO VI

[Tnonepckas u yi. [lomykoneuesas (yroiu ¢ yiu. [lymkuna).

0. Xusuwmwwi

[WyweHckoe

2 i MuKpRpaiion  KBapra
P KBapran CEnbxosxkonnemxa
2 B arKDDPaRoH _ kBapran Ctpourénei
>
'

A

Pucynok 3.6 — Ilnanupyemoe pasmemenune 6a3oBbix ctanuuii B nrr.lllymenckoe
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Jlanee HEOOXOAMMO paclpeneTuTh YaCTOTHBIM CIIEKTP, U MPOBECTH YaCTOTHO-

TEPPUTOPHAITBHOE TIJIAHUPOBAHHUE CETH, COCTOAIISH U3 MATH 0a30BBIX CTAHITUH.

3.5 HacToTHOoE MJIAHUPOBAHHUE

Jlns pacnpeneneHrss 4aCTOTHOTO pecypca COCTaBJIEH YacTOTHBIA IuiaH. B

HNPOCKTUPYEMOW CETH HCIIOJB3yeTCsl JHMana30oH 4acToT s JuHuM «BBepx» (UL)

1749,9 — 1784,9 (MI'n), nis nmuanm «BHH3» (DL) 1844,9 — 1879,9 (MI'm).

[lIupuna vactoTHOrO crekrpa cocrabiuger 95 MI'n. Kaxnomy cekropy eNB

Hy>)kHO BbiienuTh 20 MIm. Takum oOpazom, umeromascs IIUPUHA CIEKTpa

pazaenurcs Ha 3 yactu no 20 MI'u, k HUM U1l n30€XkaHusl MEePEKPhITUS CUTHAJIOB

Pa3HbIX CCKTOPOB IIO63BJ'I§IIOTC5I 3aIlIUTHBIC 9YaCTOTHBIC ITOJIOCHI. HpHCBOHM K&)K,Z[Oﬁ

U3 TPCX yacTeu CIICKTpa YCHOBHBIﬁ HOMCPp MU PE3YJIbTAaTbl COCTABJICHHUSA YaCTOTHOTI'O

IUTaHa CBeZieM B Tabnuity 3.4.

Ta6auna 3.4 - Yacrornslii niiad cetu LTE B nrt. Hlymenckoe

Panuyc 30HbI YCIIOBHBIN HOMED
Homep eNB CexTop A3uMyT 0o0CITy’>KMBaHMsI, | YaCTH YaCTOTHOTO
KM CIIEKTpa
1.1 0 1,62 1
1 1.2 120 2
1.3 240 3
2.1 0 1,62 1
2 2.2 120 2
2.3 240 3
3.1 0 1,62 1
3 3.2 120 2
3.3 240 3
4.1 0 1,62 1
4 4.2 120 2
4.3 240 3
51 0 1,62 1
5 5.2 120 2
5.3 240 3
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OnHUM M3 OCHOBHBIX TPEOOBAaHUU SBISETCS Kaue€CTBO AHTEHHO-(UAEPHOTO
YCTPOICTBA, T.K. €0 MapaMeTphl BIUSAIOT Ha KAa4eCTBO CBs3U. [IpuHATO pemieHue
UCIIOJIb30BaTh JJig 0a30BOMl CTAaHIIMM CEKTOPHBbIE AHTEHHBI. YeM MeHbIe Yrodi
(cexTop) oOCTyXKMBaHHS, TEM MEHBIIE MOMEX OydeT «CcoOMpaTh» Takas aHTEHHA.
Hawnbonee pacnpocTpaHeHbl aHTEHHBI ¢ IMPUHOM 0cHOBHOTO Jenectka 60, 90 u 120
rpaaycoB C ycusienueM ot 17 no 13 nb. Kak npaBuiio, B BEpTUKAJIBHON MIOCKOCTH
mupuHa Jernmectka  cocrapiseT  (6...8) TpagycoB, TO eCThb  H3IIyYCHHC
pacnpocTpaHsieTcsl BAOJb TOPU30HTAa. UeM MeHbllle IIMpUHA IJIaBHOTO JIeTecTKa
aHTEHHBI, TeM OOJbIlE €¢ yCUJICHHE, 00yCIOBIEHHOE KOHIICHTpAIUEeH H3ITydaeMoi
sHepru. CIHMIIKOM MaJbld YIOJl M3JIyYEHHs B BEPTUKAIBHOW IUIOCKOCTH MOXKET
OTrPaHUYUTh MOJKIIOUYEHNE KIMEHTOB BOJIM3M OT 0a30BOIl CTaHIMH, OCOOCHHO €CIIU
OHa PACIIONIOKEHA CIIUIIKOM BBICOKO.

B mpoekre npuHATO pelieHue ucnonb3oBarh aHTeHHY ADU451503 ¢upmbl
Huawei. HeoOxonumo paccuuTaTh yroj HaKJIOHA aHTEHHBI JUIS TOKPBITUS TPeOyeMOit
TEPPUTOPHH.

PaccunTaem MmexaHnndeckui YIroJI HakKJIOHa aHTCHHEI.

a=tgt (ﬂ)

I

(3.17)

rie hl — BeicoTa mmoBeca 0a30BOM aHTEHHEI, M;
h2 — BeICOTa MOBECA MOOMILHON aHTEHHEL, M;

— paccTostHuE (MaKCUMallbHasl JaJbHOCTh CBSI3H), M.

Jlns mpoekTupyeMoro oObeKTa BBICOTA MOJBECAa aHTCHHBI 0a30BOM CTAHIIMH
cocraBuT hl = 30M; BbICOTa MojBeca MOOMIIBHON aHTeHHBI - h2 = 3M; paguyc 30HbBI
panguonoKpeITUd r =1,62 KM.

30-—3
a=tg ! (—) = 1,03°
1620

Kak moxazanmu BBIYMCIICHHUA, OJIsA TOIO, YyTOOBI IJIABHBIN JIETIECTOK «IIOKPBLI»
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pPacCCUUTaHHYIO 30HY C paguycoM 1,62 kM, HEOOXO0IUMO, YTOOBI MEXaHUYECKHUI YO

HaKJIOHA aHTeHHBI ObLT paBeH 1,03°.

3.6 IIpoexTHpoBaHMe JNHEHHO-Ka0eIbHOI HHPPACTPYKTYPbI

Jlnia coenquHeHus 0a30BBIX CTAaHIIMNA MEXITy co00i u ¢ siapom cetu LTE Oyner
HCIIOJIb30BaThCs BOJIOKOHHO-onTHueckuit kabens. Yuactok BOJIC nrt. Llymenckoe
— 1. AbakaH (sapo cetu LTE), koropsiit oTHOCUTCS K cetn omnepatopa [TAO «MTCy,
YK€ CYLIECTBYET, TIOATOMY B MPOEKTE OyIET pacCMOTPEHA TOJIBKO MPOKIIAIKa KaOess
Ha TEpPpUTOPHUM MOcENKa. B MecTax, rjie OTCYyTCTBYET BO3MOMKHOCThH IPOKJIAJIKU B
cyliecTByroniei  TenedoHHOM — KaOenbHOM — KaHanmM3aluuu,  Kabenb  Oyzer
MPOKJIAJIBIBATHCS B CIICIIMATILHOM 3aIIUTHON TPYOe.

B npoekre pekomMeHayeTCsl UCMOJIb30BaTh BOJIOKOHHO-ONTHYECKUN KaOeb IS
NPOKJIAJIKK B TpyOax, KOJUIEKTOpax, Tele(OHHOW KaOeNnbHOW KaHaIW3alMH MapKd
OKKI](n)-01-1x10-(2,7) mpousBoacTBa kommanuu «Mockabenb — @Dymkukypay
(MockBa, Poccus). KoamuecTBO onTHYECKHX BOJNOKOH — 10, THUI BOJOKHA —
omHoMozoBoe. Kabenb OqHOMONYABHBIN, C 3allIMTHHIMUA CUJIOBBIMH 3JIEMEHTAMU U3
CTaJIbHOM TPOBOJIOKH, OPOHENMOKPOBOM W3 CTajlbHOW TOPPUPOBAHHOW JIEHTHI U

BHEIIHEH 000I04YKOM U3 monudTruiicHa. [13]

OKKL| (H)

OMTWHECKWE KABEI ANA NPOKNANKM B KAGENEHOM KAHATM3ALIMA

KOHCTPYELHA:
1 CHNOBO0IA 3MEMEHT - CTaNLHAA NPOBONOKA.
2 OnNTH4ECKOe BOMORHO.
=————— 3 lleqTpancHan TpyGxa.
4 MapodhoBHER 2anonHUTENE.
5 BogoSnokupytolmin Matepuan
(EOQODNOKMPYHILLME HHTH).
& CransHan rodpupoBaHHan NexTa.
7 Brewrsa ofonodka u3 NnonnsTunesa

Pucynok 3.7 — Ontudeckuii kadear OKKII(n)

Maxkcumaneubie miuHbl  cermeHToB BOJIC Mexnay BC B mocénke He

IMPCBBINIAIOT 3 KM, IIO3TOMY CYMMApPHOC 3aTyXaHHEC B OIITUYCCKUX JIMHEMHBIX TpaKTax
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HE3HAYUTENBHO.
[IpoBeném OLIEHOUYHBIM pacy€T MOTEph HA CaMOM NPOTSHKEHHOM ydactke: bC

ya. [lymkuna — BC yn. [Inonepckas. Pacctosnue mexny paccmarpuBaeMbiMu bC

COCTaBIISIET 2,3 KM.
CyMMapHbI€ IOTEPH Ay HA YYACTKE CETH PACCUUTHIBAIOTCS 110 (popMyIIe:

ay = Ny * Ape + Ny - e + A +a, + |, (3.18)
rae N, — KOIMYECTBO Pa3beMHBIX COEUHHUTENEH, N,y = 2;
a,. — IOTEPU B PA3bEMHBIX COEAMHEHUX, &, = 0,3 1b;
N, — KOJIMYECTBO HEPAZBEMHBIX COCINHEHUM;
a,. — IOTEPU B HEPA3bEMHBIX COEAUHEHUSIX, a,. <= 0,05 1b;
d; — JOIYyCK Ha TEeMIEpaTypHble H3MEHEHUS 3aTyXaHUs OINTUYECKOIO

BOJIOKHA, &; = 1 1b;
a, — JONMYCK Ha M3MEHEHHUE XapaKTEPUCTUK KOMIIOHEHTOB Ha Y4YacTKE CO

BpEMEHEM, 8, = 5 1b;
| — namHA onTHYECKOro TUHEHHOroO TpakTa (2,3 KMm);

o — 3aTyxaHue B ontudeckoMm BosiokHe (0,22 nb/km).
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Pucynok 3.8 - Cerment BOJIC

CymMapHBIe OTEPU HA CAMOM MPOTSKEHHOM Y4aCTKE BOJIOKOHHO-ONTHYECKON
CETU COCTABAT:

ar=2-03+1+5+23-0,22~7,1 (ab)

CymMapHOe 3aTyXaHHE Ha y4YacTKe MPOCKTHUPYEMOM CETH MeEXAy O0a30BBIMHU
CTaHLMUSAMU cocTaBuio /7,1 1b, 4TO ABJISIETCS IPUEMIIEMbBIM.
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3.7 Pazpa0oTka cxeMbl OPraHM3aLMHU CBA3H

[Ipoextupyemas cerb LTE nrr. Illymenckoe OyaeT coaepkarth 5 0a30BBIX
CTaHILIMM, COEQUWHEHHBIX JApyr ¢ aApyroM. s mnoakmtoueHus bBC k omopHoi
TPAHCIOPTHOM CETHU MPHUHATO PEIICHHUE MCIOIb30BaTh MapHIPyTH3aTOp 0a30BBIX
cranuuii (Cell Site Router — CSR) ¢ mognepxkkoit coenunenus: Ethernet 10 I'0ut/c,
IpelHa3HaYeHHbI a1 padorel B TpaHcnoptHo cetn LTE. KomnaktHerii
Mmapipytuzatop ATN 950B no3BosisieT yBenTu4uTh MPOIMYCKHYIO CITOCOOHOCTH € 1 70
10 I'6ut/c B pasubix (asax LTE u B Oymymmx crangaprax. [nmybuna ycTtpoiicTBa
coctanisieT 300 MM, TO3TOMY OHO MOXET MOHTHUPOBATHCA B OJIHY CTOMKY ¢ 0a30BOM
craniuedt eNodeB. ATN 950B Takke mopmepKuBaeT CTaHIAPTHI KOJBIIEBOM CETH
10GE, L2VPN, L3VPN, H-QoS u mo3BossieT THOKO IJIaHUPOBATh pa3HOOOpa3HbBIE
CepBHCHl B KOMIUIEKCHBIX ceTax. OOopynoBaHue MONIEPKUBAET padboTy ¢
pa3IMYHBIMM ~ CHUCTEMaMH  TOYHOM  CHHXpOHM3aIuu, Takumu kak ACR,
cunxpoHuzupoBanHblii Ethernet u IEEE1588v2.

OObnacTb ceTH paauoaoCTyla JOTHYECKH pa3/ielieHa Ha J[Ba YPOBHS: YPOBEHb
pagnocetn (RNL, Radio Network Layer) u ypoBensb TpancmoptHou cetu (TNL,
Transport Network Layer). YpoBeHb paguoCeTH pean3yeTcsi HENOCPEIACTBEHHO B
nrt. lllymenckoe, a TpancnoptHas uHPpacTpykrypa u sapo cetu LTE pasmemieno B
r. AGakaH.

B mpoektupyemoit cetu pamumomoctyma OaszoBble craHuud €NB  wumeror
CIICAYIOIUE XapPaKTEPUCTUKU:

e MOIIHOCTH KaxJ10r0 nepeaarurka — 40 Br;

BBICOTA MOJIBECA aHTEHHBI — 30 METPOB;

yucio npuemonepeaaryukoB TRX — 3 (1o onHOMY Ha KaK[Iblil CEKTOP);

CUCTEeMHasi mojoca st ogHoro cektopa — 20 MI'm (10 MI'u nana nuHUM

«BBepx» U 10 MI'1 17151 TUHUU «BHU3Y);

MIMO 2 x 2 nns nuauu BHU3 U 1 X 2 — J1s1 IMHUY BBEPX ;

MPOITYCKHAs CIIOCOOHOCTh: JMUHUA «BHU3» - 50,79 MOUT/C, TUHUS «BBEPX» -
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22,05 Mowurt/c.

[IpoekTupyemasi cxema OpraHu3aldy CBS3U MpecTaBlIeHa Ha pucyHke 3.9.

basoeble

CTaHuuU
MobunbHble ; RRU I
nonb3osBarenu >

r.Abakan

IP cets
Cetn Oneparopoe
DUKCHPOBaHHOI 1

ATN 950B

Pucynok 3.9 — IIpoexTupyemasi cxeMa OpraHu3anuu cBsi3u

Bcé O60pYI[OBaHI/Ie, NpcaCTaBJICHHOC Ha CXCMC, IIPOHU3BOACTBA KOMIIAHHH

Huawei (Kuraii).

Jluct

N3m.

11070006.11.03.02.103.T13BKP |4

Jluct Ne oxym. [Toanuce | Jlara




4 PA3PABOTKA MEPOIIPUSITUI TIO PEAJIM3AIIMA CETH
BECHHPOBOJHOI'O AOCTYIIA BIII'T ITYIIEHCKOE

4.1 PeKOMeHIlaIII/II/I IO OpraHu3anuu CTPpoOUTeE/ILCTBA

Bce o0OBbekThl BBOASTCS B COOTBETCTBMM C KAJICHIAPHBIM IUJIAHOM U
OYEPETHOCTBIO  CTPOMUTENbCTBA. Mcmonb3yercs  CyIIECTBYIOIIAss B IMOCEJKE
uHppactpykrypa Oneparopa cesazu [IAO «MTCy.

Ha Ttepputopun nrr. IlymeHckoe NpoKIagKa HTPOEKTUPYEMOro Kalems
NpeAyCMOTPEHa B  CYIIECTBYIOIIEH KaOElIbHOM KaHaIM3allMM CBS3M U B
MOJIMATUIICHOBOU TpyOe auamerpoMm 63,0 MM, TpojokeHHOM B rpyHTE. CXeMbl
pacnosyiokeHus1 Kabens B KaOeIbHOM KaHAIM3ALMK, a TAKXKE B OJUITUICHOBON TpyOe
npuBeleHbl B pabounx yeprexax. [Ipoknaaka kabens M OMO3HABATENBHOM JICHTHI B
IPEIBAPUTEIBHO Pa3padOTaHHYIO TPAHILEID MPOU3BOAUTCA IIOCIEAOBATEIBHO C
MOCTOHOMN 3achInkoil rpyHTa. Ha KOHIIaX CTpPOUTENBbHBIX JJIMH Kabels B MecTax
MOHTa)Xa My(T JODKEH ObITh oOcTaBieH 3anmac kabens no 10M, KoTopwld
YKJIaJbIBAETCS B KOTJIOBAHE METJIAMH U 3aKPBIBAETCS )KE€NE€300€TOHHBIMU IIMTaMu. B
BC u YC nomxeH ObITh OCTaBJIEH 3allac ONTHYECKOro Kabemnst JJIMHON 8 M BUTKaMU
muamerpom 1,0-1,2 m. Butku ckperuisitorcss mexay coboit B 3-x — 4x mecrax
MEPEBA30YHON CTaJbHOM OLIMHKOBAaHHOM NpoBOiokor auamerpom 1,0 — 2,0 MM u
pa3meniaeTcs Ha CBOOOJHOM MECTE C 3aKpeIjieHHeM (Ha CTEHE, MepUYaTOYHOM IIUTE,
KOJIOJIE M T..). 3a3emJieHHe OpOHM ONTHYECKUX Kabeyel 3ampoeKTUPOBAHO B
cootBerctBUM ¢ PJ] 45.155 — 2000 «3a3emieHue W BbIpaBHUBAHHUE IMOTEHIIMAJIOB
anmaparypel  BOJIIT Ha oObekTax mpOBOAHOM CBs3W». I[IpUHSTBHIE TPOEKTHHIC
pemieHusi o0ecrneynBaoT O€30MaCHYI0 3KCIUTyaTallui0 JTUHEHHBIX COOPYKEHHU mpu
YCIIOBUU COOJIOIEHUS BBIIICYKAa3aHHBIX HOPMATUBHBIX JTOKyMEHTOB. PasMerenue
0a30BbIX CTAHIUH C COOTBETCTBYIOIIMMH AaHTEHHAMHU NPOU3BOAMUTCA  Ha
CYLIECTBYIOIIMX omopax-OamHsx. B kauecTBe BHOBb COOPYKaeMbIX  OIOP

3aIPOCKTUPOBAHBI CBOOOIHOCTOsIME OamrHu Turma AMC-25. Omnopa-0amHs Tumna
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AMC-25 mpencraBnsger co0OW TPOCTPAHCTBEHHYIO YETHIPEXTPAaHHYIO (QepMy ¢
MosCaMU M PELIETKOW M3 YINIOBBIX PaBHOMOJOYHBIX MPOKATHBIX mpoduiei. [[Be
BEPXHUE CEKLIUH BBIMOJHEHBI B BUAE IPAaBUIIbHOM MPU3MBI CO cTOpoHamu rpanu 1600
MM. CoeTMHEHUS BCEX AIIEMEHTOB MEXIy COOOM BHITIOTHEHBI Ha OONTaX.

HazemHoe oOopynoBaHue ©0a30BbIX CTaHIMM B TeX MeCTax, [IJ€ HeT
MPUCTIOCOOJICHHBIX TMMOMENIEHUN (TakuX MECT B TNPOEKTHPYEeMOW CeTH TIT.
[llymenckoe naBa), pa3MelmlaeTcd B TEPMOCTATUPOBAHHBIX BaHJAJOyCTOWYUBBIX
mkaax, yCTaHaBIIMBAEMbIX B HEMOCPEICTBEHHON OJM30CTH OT aHTEHHBIX OIIOP.

MoHTax paarnoo00pyI0BaHUs MPEANOIaraeT BhIMOIHEHHE CIASIYIOIINX PadoT:

® MOHTaX 00OpPY/IOBaHMS B alllapaTHOMN Wi TepMmoiikady;

® MOHTaX aHTEHH Ha Omope W 00OPYIOBaHUS BHEIIHEW YCTAaHOBKHU; MPOKJIAAKA U
MOJIKIIIOUeHUEe Kabenel oT o0OopyldoBaHMs B ammaparHON Wiu TepMolikady K
NepeaIiM AaHTEHHAM;

e TMpOKJAAKa Kalessl 3JIEKTPONUTAHUS OO0OpYAOBAaHMS; IMPOBEICHUE FOCTUPOBKHU
aHTEHH U IyCKOHAJIAIOUYHbIX PadoT.

OOopynoBaHHe, YCTaHABIMBAEMOE Ha OINOPAX, PEKOMEHAYETCS MNOAHATh Ha
MPOCKTHBIE OTMETKM C TOMOIIBI0 MOHT@XKHBIX OJOKOB, 3aKpEIJICHHBIX K
KOHCTPYKIIMSIM  OMOp, U JeOelOK, YCTAHOBJICHHBIX Ha 3emiyie. MoHTax
pPaaroo00pyNOBaHUS JTOJDKEH BBITIOMHATHCS OpraHu3aIieil, UMEIOIIeH JIUIEH3UI0 Ha
BBITIOJIHEHNUE CTPOUTEITbHO-MOHTAXKHBIX PabOT OOBEKTOB CBSI3W, TEJICBUACHUS U
pPaaUOBENIAHUS B CTPOIOM COOTBETCTBUM C HACTOSIIEN MPOEKTHOW JOKYMEHTAUEN 1
CHulII 3.01.01-85 «Opranuzanus CTpOUTEIBHOTO MpoHu3BOACTBa». CpokM Havana
MOHTaXa 00OPYIOBaHUS HIMPOKOMOJIOCHOTO PAJAUOAOCTYNA JTOJKHBI ObITh YBS3aHbBI
CO CpOKaMu IOCTaBKM oOopynoBaHusi. PaboTel 1o MOHTaxy 0OOpyIOBaHUS
HIMPOKOIIOJIOCHOTO PaJUOI0CTyIa HY>KHO MPOU3BOJUTH MOCIE YCTAHOBKM MAayTOBBIX
ornop, Tepmoiikados, noaseaeHuss K HUM BOJIC u MmoHTa)ka 060pynoBaHus nepeaadn

JTaHHBIX.
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4.2 MeponpusiTHs 110 OXpaHe MPUPOIHOI cpeabl

[Ipy  TpoOU3BOACTBE  CTPOUTEIBHO-MOHTAXHBIX  paboOT  HEoOXOIHUMO
OCYILECTBISATh MEPONPUSITHUS IO OXpaHE MPUPOJAHOU CPENbl B CTPOIOM COOTBETCTBUU
co CHull 12-01-2004 «Opranu3zaius CTpOUTEIbCTBA» C LEIbI0 UCKIIIOUEHUS Pa3iinBa
roproue-CMa304yHbIX MaTepuajoB, WU 3arpsS3HEHUs W TOpYM MpUIIerarolen
tepputropun. lIpemycMoTpeHHBIE B TMPOEKTEe KaOembHBIE U3IACHHS  HUMEIOT
HeoOxonuMble cepTudukarsl cOOTBETCTBUA. Kabenu u marepuanbl, UCHOIb3yeMbIe
IIpU  CTPOUTEIILCTBE, HE OTHOCITCA K OHKOJIOTMYECKH OIAacHbIM, B IMpoOIEcce
AKCIUTyaTalluy HE CO3/Ial0T BPEIHBIX IEKTPOMArHUTHBIX U3JIYYECHUN U HE BBIICISAIOT
BPEIHBIX XUMHYECKHUX BEIIECTB.

bazoBble cranimu OyayT pacmnojaraTbCs B CIEIUATBLHO OTBEAEHHBIX MECTaXx.
OKOJIOTMYECKH  OMacHbIM  (akTopoM TpH  (DYHKIHOHUPOBAHUM  OOBEKTOB
a0OHEHTCKOTO PaJAMOAOCTyIa SIBISICTCS AJIEKTPOMAarHUTHOE U3JyYeHHE aHTEHH
0a30BOil CTaHIMM NpH paboTe B peXKUME IMepeAayd. YPOBEHb JIOIyCTHMOIO
U3ITydeHus Tiepenaromux anteHH pernamentupyercs CaulluH 2.1.8/2.2.4.1383-03.
CornacHo yka3aHHOMY JOKYMEHTY, JOMYCTUMAasl JJIsl HACEJIEHUs IJIOTHOCTh MOTOKA
MOIIIHOCTH DJIEKTPOMArHUTHOTO H3JIy4deHus B auanazone vactor 300 MI'm — 300
I'T, cocraBisier 10 MxBT / cm?. TIIIOTHOCTh TIOTOKA MOIITHOCTH 3JIEKTPOMATHUTHOIO
U3JIyYEHUS OMpEIeseTcsl MOIIHOCThIO Mepenardyrka, Kod(PGUIIMEHTOM YCUIICHHS
aHTEHHBI, UArpaMMOIl HaAINPaBICHHOCTH aHTEHHBI W PACCTOSHHEM OT aHTeHHBI. Ha
IUIOLIAAKAX, IJI€ COBMECTHO pa3MEIIAlOTCsl HECKOJIbKO MEepPearolluX AaHTEHH,
cormacHo CanllnH, muoTHOCTP MOTOKA MOIIHOCTH AJIEKTPOMATHUTHOTO W3JIYUYEHHS,
ompenensiercss Kak CyMMa IUIOTHOCTEHM TMOTOKa MOIIHOCTH H3JIYYEHHsS] BCEX
PaIMOU3ITYYAIOIIUX UCTOYHUKOB, YCTAHOBJICHHBIX HA JAHHOM IIJIOIIAJIKE.

Pacuer rpaHulbl 30HBI TPEBBIIMICHUS MPEAEIBHO JOMYCTUMOIO YpPOBHS
anekTpoMarHuTHoro usinydenus (ITY OMMU) anTeHH npoBOaUICS B COOTBETCTBUU C
Merognueckumu ykazanuamu MYK 4.3.1167 —02 «Onpenenenue mioTHOCTH MTOTOKa

OHCPIUM  OJICKTPOMArHUTHOIO 1IIOJIA B MCCTax pPasMCIICHHUA PpPaduoCpCaACTB,
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pabotaromux B auanazoHe gactot 300 MI'm — 300 I'Ty [23].
dopmyna s pacdera IUIOTHOCTH TIOTOKA MOIIHOCTH 3JIEKTPOMArHUTHOTO
U3JTy4YCHUS QaHTCHHBI:
III19=E2/3,77 MxBt/cM?, (4.1)

rie E - 3HaueHue anekTpudeckoi cocrapisronieil HanpsbkeHHoct OMII B B/wm.

[To pe3ynpraram pacueTa ONpEaeNsUIaCh I'paHUla 30HbI npeBbiieHus [1J[Y
OMMU, B TouKax KOTOPOU IUIOTHOCTh MOTOKA MOITHOCTH U3IYyYEHHS UMEET MPEAEIBHO
JOIIyCTUMOE JUIsl HACEJICHNs 3HAaYCHUE.

Kak cnemyer M3 pacCUMTaHHBIX [IaHHBIX, CyMMapHas IUIOTHOCTh IIOTOKa
MOIIHOCTH, U3JTy4aeMoil epeialoliuMy aHTEHHaMU 0a30BOM CTaHIIMM Ha BBICOTE 2 M
OT MOBEPXHOCTU 3€MJIM HA TEPPUTOPUH, NPUIETAIONIEN K MECTY €€ pa3MEIICHHUs, HE
MPEBBIIIAET JOMYCTUMOUN BEIUYUHBI. ['paHuIla 30HBI OTPAHUYEHHS PACTIONOKEHA HA
BbICOTE 24,1 M OT MOBEPXHOCTH 3eMJIM. MaKCUMaJabHOE YIAJICHHE TPAHMIIBI 30HBI
OTPaHUYECHHUS OT UEHTPAJIBbHOM OCH aHTEHHOU Omopsl 2,9 M. CiienoBaTenbHO, B MECTE
pasMenieHus ~ 0a30BOM  CcTaHIMM  BBINONHSIOTCS ~ TpeOoBanus  CanlluH
2.1.8/2.2.4.1383-03 1o mpeneapbHO JOMYCTHMOMY YPOBHIO 3JIGKTPOMAarHUTHOTO
U3JIy4ECHHs TEepEeAarolIuX aHTEHH. YCTAHOBJEHUS CAHWTApHO-3aLIUTHOW 30HBI HE
Tpebyercs.

[Ipoektupyemass cucremMa HIMPOKOIIOJIOCHOTO PaguoNoCTynla B IpOLECCe
OKCIUTyaTalldd HE OKa3bIBACT BPEIHOTO BO3JEHCTBUS Ha aTMOCQEpPHBbIA BO3AYX,
r€0JIOTHYECKYIO Cpelly, MOYBY, MOJ3EMHBIC, TPYHTOBbIE M IOBEPXHOCTHBIE BOJBI.
OTX0I0B MpHU TEXHOJIOTMYECKOM Ipoliecce He oOpasyercs. TexHuueckue pelieHus,
OPUHATBIE B pabOYMX YepTekKaxX, COOTBETCTBYIOT TPEOOBAaHUSAM 3KOJIOTUYECKHUX,
CAHUTAPHO-TUTUEHUYECKUX, MPOTUBOMOKAPHBIX U JAPYTUX HOPM, JAEHUCTBYIOIIUX Ha
teppuropun Poccuiickoit deneparuu, 1 00€CNIeUNBAOT OS30MACHYIO IS KU3HHU U
37I0POBBSl JIIOAEH OKCIUTyaTallMio OObEKTa MpH COOMIONEHUU MPETyCMOTPEHHBIX
paboyuMu yepTexaMu pPelIeHU U MEPOIPUSITHH.

Peanuzanus npeayCMOTPEHHBIX JAHHBIM MPOEKTOM PEIICHUN HE MPUBEHET K
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KaKMM-TMOO0 OTpULIATeNIbHBIM BO3JCHCTBUSIM Ha NPUPOAHYIO Cpeay B TEpUOT
CTPOMUTENLCTBA U HKCIUTyaTalluy JTUHEHMHO-KaOEeNbHBIX, CTAHIIMOHHBIX U TPaXIaHCKUX

COOPYKEHHUI 00bEKTa CBS3H.

4.3 MeponpusiTusi 10 OXpaHe TPyAa U TeXHUKe 0€30MaACHOCTH

Bce pabGoTel mo mpokiaake M MOHTaXy KaOened MOJIKHBI BBIMOJIHATHCS B
CTPOTOM COOTBETCTBHM C TpeOOBaHMSIMU TIPABUJ TEXHUKU OE30MACHOCTH C
00si3aTeNbHBIM  NPUCYTCTBHEM TNPEICTAaBUTENICH CIYyKObl HSKcrutyaramuu. Jlis
COOMIONIEHUST HOPM TOKapHOM O€30MaCHOCTH MPOEKTUPYEMbId ONTHUYECKUN KaOelb,
MMEIONIUN TOPIOYYI0 TMOJUATHICHOBYIO OOOJIOYKY, MODKEH MPOKIaAbIBAThCS IO
MOMEIIEHUIO B TOJUBUHUIXJIOpUIHON TpyOke. [lo Hauama MOHTaXHBIX padoT
JIOJIKHBI OBITh BBITIOJIHEHBl TEXHUYECKUE M OpPraHU3alMOHHBIE MEPOIPHUATHUS,
oOecrieunBarolye 0e301acHOCTh padoTaromuX. THCTpYMEHT U 3alllUTHBIE CPENICTBA,
MpUMEHsIEMbIE TPU HallaJKe 00OpPYIOBaHUS, JOKHBI YIOBIETBOPITH TPeOOBAHUSM
«IIpaBun mnOpuUMEHEHHS] U UCHBITAHUS CPEACTB 3aIlUTHI, MCIOJB3YEMbIX B
ANIEKTpOyCTaHOBKax». Jlo Hawama paboT 1O MOHTaxXy Kalenell u yCTaHOBKH
METAJJTIOKOHCTPYKIIMI B TIOMEIICHHE BBOAA KaOelel MOJDKHBI OBITh OOCCIICUCHBI
MIPOTUBOMOXKAPHBIM 000PYIOBaHUEM U MEPBUYHBIMU CPEICTBAMU TOKAPOTYIICHHUS.

[Ipu cTpouTenbCTBE U AKCILTyaTalMd HEOOXOIMMO BBIMOIHEHUE MEPOTPUSITHIA
10 PO UIAKTUKE HEOIArOMPUSATHOTO BO3ICUCTBUS Ha YEJIOBEKA AIEKTPOMArHUTHOTO
U3JIy4eHUs TepefarolluX aHTEHH CUCTEeMbl aOOHEHTCKOTo paauonoctymna. Pabora
MOHTQ)XHUKOB M OOCITYKHBAIOIIETO TepcoHaiia B MecTtax mpesbimenus [1Y SMU
nepefaroluX AaHTEHH JIOJDKHA TPOBOAUTECA C  COONMIONEHHEM TpeOOBaHMIA
CanurtapHbIX TpaBuil U HOpM «l UrHeHWYecKkrne TpeOOBaHUS K Pa3MEIICHUIO U
AKCILTyaTaluu nepeaaronmx PaIUOTEXHUYECKUX 0OBEKTOB. CanlluH
2.1.8/2.2.4.1383-03» ompeAensAOmuUX, YTO MPEACIbHO JOMYCTUMOE 3HAYCHHUE

BHGPFGTquCKOﬁ OKCITO3UIINHK IJIA JIMUII, pa60Ta KOTOPBIX CBsA3dHa C HCO6XOI[I/IMOCTI)IO
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npeObIBaHMs B 30HAX BIMSIHHUS UCTOYHUKOB DMMU pammodactoTsl, 3a pabouuii 1eHb
(pabouyro cmeny) B auanazoHe 9actoT 300MI'...300I' T He MOKHO MPEBBINIATH
200 (MxBt/cM2)xu. Tlpm 3TOM MaKCHUMaJbHBI ypOBEHb IIJIOTHOCTH ITOTOKA
MOIITHOCTH Ha pabodyem mecTe He AopkeH npesbimarh 1000 mxBt/cm2. CoBpemenHoe
000OpyIOBaHUE U CUCTEMA YMPABICHUS MPEAbIBISET ONpeAcTEHHbIE TPEOOBaHUS K
KBIMPUKAMKA 00CITY>KMBAIOIIETO MEepCcoHaNa, KOTOPbIA Mepel JOIMyCKOM K pabote
JIOJIKEH MPONTH 00y4YeHNEe U UMETh COOTBETCTBYIONTUH CEPTH(UKAT.

OnacHbIM (PaKTOpOM MPOEKTUPYEMBIX OOBEKTOB CETU PAJUOAOCTYNA B YaCTH
TEXHUKA O€30MacHOCTH SBISCTCS BBIIIOJIHEHHE BBICOTHBIX pPaOOT Ha AaHTECHHBIX
Omopax B HEMOCPEJACTBEHHOM OJM30CTU OT padoTaloIMX Mepefarmmux anteHH. [Ipu
ATOM, B CBSI3M C HAJIMYMEM JaHHBIX OMACHBIX (haKTOPOB, HEOOXOAUMO COOIIONATH
CJIETYIOIINE MEPOIIPUATHA:

e [iepel HadalioM paboT HeoOXoauMo O(GOPMHUTH aKT-IOMYCK K pabore Ha

BBICOTE;

® Ha IpaHUllE 30H, MOCTOSHHO JEHCTBYIOIIMX OMACHBIX MPOU3BOICTBEHHBIX

(GaKkToOpOB, MOJDKHBI OBITh YCTAHOBJICHBI TMPEIOXPAHUTEIIHHBIC 3aIUTHBIC

OTPa)KJEHHUs, a HA TPAHUIIC 30H MOTEHUUAIBHO OMACHBIX MPOWU3BOICTBEHHBIX

(baKTOpOB - CUTHAIBHBIE OTPAXKACHUS U 3HAKU 0€30MacHOCTH;

e TPOM3BOJCTBO pabOT Ha OMOpE MPHU CUJIC BETPa MPEBHIMIAOINICH 1IeCTh OAITOB

(cxopocth BeTpa 9,9-12,4 M/c) 3anperniaeTcs.

[IpuHsITBIE TPOEKTHBIE pEIICHUs] 00ECIEUMBAIOT OE30MACHYI0 IKCILTyaTaluio
JIMHENHBIX, CTAHIIMOHHBIX COOPYKEHUHN TIPU YCIOBUU COOJIONECHUS BBINICYKa3aHHbBIX
HOPMATUBHBIX JIOKYMEHTOB. [IpUHSTBIE TEXHUYECKUE PEIIEHUS COOTBETCTBYIOT
TpeOOBaHUSIM IKOJIOTHYECKUX, MPOTUBOMOKAPHBIX U APYTHX HOPM, JEUCTBYIOIINX Ha
tepputopun Poccuiickoit denepanuu, ¥ 00eCIeUunBarOT O€30MACHYIO IS JKU3HU U
3I0POBBSL JIOJIEH SKCIUTyaTallii0 OOBEKTOB MPH COOJIONEHUU MPETyCMOTPEHHBIX
MPOEKTOM MeponpusiThii. TexHomorus BeneHHs paauoTeieOHHONW CBSI3U HE
MpeNnnoyaraeT XpaHeHWs, OOpalleHus, COACpXKAHUS TOA  JIaBIeCHUEM U

HCIIOJB30BaHHA B3PLIBYATBIX, JICTKO BOCINIAMCHACMBIX, SJOBHUTLIX PAaJHMOAKTUBHEIX,
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XUMHUYCCKHUX, OMOJIOTMYECKH OITACHBIX BCIICCTB U MATCPHAJIOB, MOTI'YIIUX CO314aThb

pEAIBbHYIO YIPO3y BOSHUKHOBEHUS YPE3BbIUYANHON CUTYALIUH.

4.4 O0ecnieyeHune IEKTPONUTAHUS

[IpoexkTupyemble OOBEKTBI CETH PAIUOAOCTYNA, HA KOTOPBIX PpPa3MEIAIOTCs
0a30BbIC CTAHIIMM, OTHOCATCS K OOBEKTaM CBSI3M 0€3 IMOCTOSHHOIO MPUCYTCTBUSA
0OCITy>)KMBAIOIIETO TepcoHana (T.e. SBISIETCS HEOOCIy:KMBaeMoOil B Tmpolecce ee
(GyHKIIMOHUpPOBaHKs). B COOTBETCTBUHM € TOJYYEHHBIMH OT JHEProcHaOKaromien
OpraHu3aluu «TexHnuecknumu YCIOBUSIMIY, OCHOBHBIM HMCTOYHUKOM
AIIEKTPOCHAOKEHHSI JJI1 YCTAHABIMBAEMOI0 000pynOBaHUsA 0a30BBIX CTAaHUUN CETU
paguonocTyna SBIAETCS TOCYJApCTBEHHAs DSJIEKTPUYECKAsl CETh C IapaMeTpamu
kayectBa anekrpuueckord sHepruum no ['OCT 13109-94. Kareropust HaneXHOCTH
AIIEKTPOCHAOKEHHSI B COOTBETCTBUU C Kinaccudukamueit mo n. 1.2.18 I[IYD - TtpeTss.
VYka3zaHHasi BbIIIE HAJIE)KHOCTh UCTOYHUKOB 3JIEKTPOCETH NMPU3HAHA JOCTATOYHOUN Ha
JAHHOM JTafe €€ pa3BUTUS U JIOMOJHUTEIBHBIX HCTOYHHKOB 3JIEKTPOCHAOKEHHUS
MPOEKTOM HE TMpEeAyCcMarpuBaeTCd B CHUJIYy HMX 3HAUUTEIIBHOM CTOUMOCTH.
becnepeboitnas pabora 000pya0BaHus IPH NPOTAJAaHUN HAMIPSHKEHUS BHEIITHEN CETU
OCYUIECTBISIETCS B TeueHHe He MeHee 4 yac. [Ipu mpoekTupoBaHUM BBITIOJIHEHBI BCE
TpeOOBaHMsI HOPMATHUBHBIX JIOKYMEHTOB Poccum g 3amyThl OT BO3JCHCTBUSA

IIPUPOAHBIX HICTOYHUKOB YPE3BBIYAWHBIX CUTYaILIUH.

Jluct

11070006.11.03.02.103.113BKP 60

N3m.

Jluct Ne oxym. [Toanuce | Jlara




5 TEXHUKO-9KOHOMHNYECKOE OBOCHOBAHHUE
ITPOEKTA

5.1 OueHka KanUTAJIbHBIX BJI0KEHUH B IPOEKT

K kanuTaiabHBIM BIOKEHHUSIM Ha PEaM3alMI0 CETH MIUPOKOIIOIIOCHOTO JOCTYya
B nrtT. lllymeHckoe oTHOCSTCS BCe 3aTparbl, BHOCHMbIE Ha MEPBOHAYAIILHOM 3Tarie
CTPOMTENLCTBA CETH, U HMEIOIIME EIWHOBPEMEHHBIM Xxapakrtep. MHBecTumu B
o0Opy0OBaHUE MO TNPOEKTY U Ha BBOJI OOOPYIOBaHUS B OKCIUIyaTaluio OymayT
BKJIIOYATh CIIETYIOIINE COCTABIISAIONINE:

1. croumocth o6opynoBanus cetu LTE;

2. 3aTpaThl HA YCTAHOBKY U MOHTaX 000PYI0BaHNUS;

3. crouMoCTb Kalest sl COeAMHEHUsI 0a30BbIX CTAHLINIM;

4. TpaHCTIOPTHBIE PacXoibl (Tapa M yIaKoBKa, TAMOXKEHHBIC PACXOIbI);

5. mpoure 3arparbl (TEXHUYECKas NOKyMEHTalus, OOy4YeHHE CIELHAINCTOB,
CTPaxoOBKa);

6. Mpoune HeTPEABUICHHBIE PACXO/IbI.

OOmue KanmuTalbHbIE BIOKEHHS Ha TMpuoOpeTeHrne oOOPYIOBaHUS CETH

HIMPOKONOJIOCHOTO JocTyna B nrt. llymenckoe paccunTeiBatoTes 1no Gopmylie:

N
K, =Y K.pyo (5.1)

i=1
rne K,; — cyMMapHbIii 00beM 3aTpar Ha puoodpeTeHne 00opyaoBaHus, pyo;
K; — o6m1ast cTouMOCTb OJTHOM MO3UITMH (TUITa 000PYIOBaHNSA);
N — KONMYEeCTBO MO3UIIUH.
O1eHKa MHBECTULIMM HAa MPUOOpPETEeHUE 000PYI0BAHUSI U CTPOUTEIILCTBO CETH
3aBucut ot crtparerun Oneparopa cBsazu — [TAO «MTCy». B KpacHospckom kpae
Omneparop OPUMEHSIET  JIOJTOCPOUYHYIO CTpaTeruio PUCYTCTBUS Ha

TCIICKOMMYHUKAIIMOHHOM PBIHKC, CJICJOBATCIIbHO, IIPU HEOOJIBIIIOM KOJIMYECTBE
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aOOHEHTOB U  BBICOKOM CTOMMOCTH COBPEMEHHOTO  BBICOKOTEXHOJIOTUYHOTO
obopynoBanusi LTE oxmmaemasi peHTabenbHOCTS OyZieT HEBBICOKOU. Tem He MeHee,
Omneparop oOecrieyuT cede KOHKYPEHTHbIE MPEUMYIIECTBA M CMOXKET HapalluBaTh
MOHTHPYEMYIO EMKOCTh CETH B JaJbHEUIIEeM, MONKIIoYas COCEIHHE HacelleHHBIC
MYHKTBI, MOJIy4asi CTAOMIIbHYIO MIPUOBLIBL U YIIy4Illasi Kaue€CTBO KU3HU B PETHOHE.

CroumocTh 000pyIOBaHUS MpPHUBEACHA OPUEHTUPOBOYHO, IEHBI 3aBUCAT OT
MHOTUX (PaKTOPOB: YCJIOBUN, OOBEMOB M CPOKOB IMOCTaBKA OOOPYIOBAHUS, €rO
KOMIUICKTAIINH, & TAKKEe HAJIWYUS JOJITOCPOYHBIX JI0roBopoB. B KpacHosipckom kpae
[TAO «MTC» yxe npumensier odbopynaoBanue kommnanuu Huawei Technologies, sapo
cetu LTE pacnonoxeHo B I. AGakaH, KpOM€ TOTO, B IPOEKTE OYyIyT MCIOJIh30BATHCS
CYLIECTBYIOLME aHTEHHO-MAuTOBBIE COOPYKEHHs, IO3TOMY B CMETY 3aTpaT BOMAYT
TOJILKO Pacxoibl Ha 6a30BbIE CTAHIIMH, KOMMYTATOPbI, MAPIIPYTU3aTOP U ONTUYECKHE
Kabenu AJis opranu3anuu cBssu B 0rt. LlymeHnckoe.

Cwmera 3arpat Ha mpuoOpeTeHrne 000pyI0BaHuUs MpeCcTaBieHa B Tadnuie 5.1.

Taéanua 5.1 — Cmera 3aTpaTr Ha nMpuodpeTeHHe 000PYIOBAHMSI CEeTH PaaNOIOCTYyIA

LTE B nrr. llymenckoe

Ne m\nm HaumenoBanue E;)(? Hena 3a mr. | Hena (pyo.)
1 2 3 4 5

Certb paguonocryna crannapra LTE (E—

1 UTRAN) 3375930

11 bazoBas CTiHIII/I?I Huawei DBS3900 LTE 5 750 000 2250 000
(e-NodeB)

1.2 AHTeHHO—(UIEpHbIE YCTPONCTBA!
AHTeHHa 0a30B0il cTaHIIMU (CEKTOPHAsT) 15 37623 564 345

1.3 BcnomorarensHoe o6opynoBaHue:
DJIeMEHThI MUTAHUS 5 19717 98 585
?()HI\IH%CKM kabenpHas coopka DLC/PC, 15 1000 15 000
Jxamnep 7/16-7/16 FAA-PDMDM-2M 30 2 500 75000
KabGens 3a3emnenus [1B3 1x16 MM2, M 500 |71 35500
KaGenb muranust BBLHT 3x2,5 MM%, M 500 |33 16 500
KaGenp nutanus BBI'Hr 2x6 MM2, M 1000 | 56 56 000
I\F,I?w(bl;? Outdoor ITH/I (uepusiii iBet) d=20 1500 | 10 15 000
MoOHTaXHBII MaTepua 5 50 000 250 000
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OxoH4yaHHe Ta0AHIEI 5.1

1 2 3 4 5

2 O6opynoBaHne TPAHCTIOPTHOM CeTH 1785072
MapmpmiaT_op HQAWEI ATN 950B 1 814282 814282
Standard Configuration
i(éMMYTaTOp Huawei S3700-28TP-EI-24S- 5 194 158 970 790

3 JIuneiino-kabeabHbIE COOPYKEHUSI 294 000
Ka6enps ontuueckuii OKKI(#)-01-1x10- 8.4 | 35000 294 000
(2,7), km

HUTOIo 5455 002

[Tpumeuanune* B coctaB 060pynoBaHus 0a30BOI CTaHIIUK CETH MOJIBUKHOM cBsi3u cTannapra LTE
BXOJISIT:

- 6azoBeIit 6ok BBU 3900 LTE («Huawei Technologies Co., Ltd», Kuraii);

- Tpu paguomonyinss RRU 3268 (2600) («Huawei Technologies Co., Ltd», Kuraii);

- manenp pacnpenenenus nuranus DCDU-03 («Huawei Technologies Co., Ltd», Kurait);

- Muactpykums o goctymny (TOCTaBISETCS 3JIEKTPOHHO).

B croumocTs 6a30BOil ceTHM HE BKIIIOYEHBI OOOpPYIOBAaHHE JIOCTyNa B CETH
TCP/IP (NAU) u norpannunsiii nuto3 (BG) B cocraB kotopsix Bxoast DNS u DHCP
ceppep, LAN Switch, Firewall u 1. [lanHble 2J€MEHTBI  SBISIOTCS
JOTIOJTHUTENIbHBIMU, M OHU YK€ YCTaHOBJIEHHI B I. AGakaH. Kpome Toro, He yuTEHBI
3aTparhl HA JIMIIEH3UM HA UCIIONb30BaHHE 4acToT, T.K. [IAO «MTC» yxe nx mmeer
JUTSL TIPETOCTABJICHUS CBS3M Ha TeppUTOpUU KpacHOSIpCKOTo Kpasi, a mpoeKTupyeMas
CETh SBJISETCS «PACIIMPEHUEM) TaHHOH WHPPACTPYKTYPHI.

Kak moxkaspIiBaeT cmeTa 3aTpar, OpHEHTHPOBOYHAS CTOMMOCTH HEOOXOIUMOTO
oOopymoBaHusi st cetu cramaprta LTE  cocraBur 5455002  pyOneil.
OpueHTUpPOBOYHAS CTOMMOCTh MOHTaXHBIX pador coctaButr 1091000 pyodnet, c
Y4E€TOM HCIIOJNBb30BaHUSI CYHIECTBYIOIMX apeHayembix s cetu GSM  T1AO
«Mo6unsnbie TeneCucTembl» aHTEHHO-MAUTOBBIX COOPY)KCHHH W TTOMCIICHHH IS
pa3MeIIeHus CeTeBOr0 000PYI0BaHUS.

ITpu npuoOpereHnn 060pynOBaHUS yUUThIBAtOTCS pacxonsl: K, — 3aTparsl Ha
npuodpereHue obopynosanus; K,, — TpaHCHOpTHBIE pacXoibl B T.4. TAMOKCHHBIE
pacxozbl (4% ot Kyp); Keyp — cTpouTENnBHO-MOHTa)HBIE pacxonsl (20% ot Kyp); Koy —

pacxonel Ha Tapy M ymakoBky (0,5% or Ky,); K,, — 3aroroBUTEIBHO-CKIAICKUE
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pacxogpsl (1,2% ot Kp); Ky, — Ipoune HenmpensuaenHble pacxoasl (3% ot Kip).

3arpaTbl Ha CTPOUTEIHCTBO JIMHEHHO-KAOENIBHBIX COOPYXEHUH OymyT
BKJIFOUaTh CTOMMOCTH BOJIOKOHHO-ONTHYECKOTO KaOesi, MPOKIaJAbIBAEMOTO MEKIY
0a30BBIMH CTAHIUSIMU, 1 MOHTQKHbBIE PAOOTHI.

[ena xa6ens OKKILI(1)-01-1x10-(2,7) cocraBnsier 35 pyO6/m, Bcero kabes, ¢
Y4eTOM JKCIUTyaTaIl[MOHHOTO 3armaca, Tpedyercs 8,4 KM, TakuM 00pa3oM, CTOUMOCTb
kabens 294 000 pyO. [18]

B cpemnem, crommocTh MpoOKIaAKd 1 KM BOJOKOHHO-ONTHYECKOTO KabOems
CB3M B KaOenbHOW KaHanmuzauuu obxomutca ot 40 go 50 Teic. pyOneil, B
3aBUCUMOCTH OT COCTOSIHUSI KaOeIbHBIX KaHaJoB. [19]

OO6muue 3aTpaThl Ha TPOKIAAKY KaOessi COCTaBST:

Kias=LXY, (5.2)
rae L — nnuHa Tpaccsl MpokiIaaku kadens; Y — CTOMMOCTh | KM MpOKJIagKku KaOes.

Kkas=8,4*40000=336 000 pyO.

Taxum 06pazom, o0IIIMe KamUTaIbHBIE BIOKEHUS PACCUUTHIBAIOTCS KaK:
KB = (Kt Kyt Koy TKy Ko epHKip) K, YO (5.3)
KB, e = (5455002 +5455002 *(0,04+0,2+0,005+0,012+0,03))+336000 =
= 7356587,6 pyo.

Jlns pacdera TpeOyeMbIX HHBECTULIMN B MPOEKT HYKHO YYECTh TEKYIIUNA Kypc
BaJIIOT, BO3MOXXHOCTb CKUIKHU U T.II., IOATOMY CTOMMOCTb OOOpY/A0BaHUs U JIMHEHHO-
KaOeNbHBIX COOPYKEHUH B35Ta OPUEHTHPOBOYHO, MO CBEICHUSIM M3 YKa3aHHBIX

HNurepuer-pecypcos [16, 17, 18].
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5.2 KanbKyasiuus 3KCIUIyaTAMOHHBIX PACX010B

Jlist pacuera romoBoro (ponmga 3apabOTHOM IIAThl HEOOXOAMMO OMPENCITUThH
YUCJIEHHOCTh  IITara IMPOU3BOJACTBEHHOI0  IepcoHana. [lnsg  obecnedeHus
HEMPEPHIBHON  paboThl CceTH HEOOXOIMMOE KOJUYECTBO  CIEHHUAIUCTOB U
0OCITY»KMBAIOIIETO MEePCOHAa COCTABISET OJIMH YeJIOBEK (BEMyIIUA HWHXKEHEp), T.K.
npoekTupyemasi ceth siBisiercst cermeHtoM cetu LTE Omneparopa ITAO «MTC» B

KpacHhosipckom kpae.

Tao6mauna 5.2 UncjaeHHOCTH IITATA

Konnuectso, Cymma 3/m,
HanmMeHnoBaHue JOMKHOCTH Oxuan
Yeol. pyo.
Benymumii unxxenep 35000 1 35000
['onoBoit hoH/ OMIIAaTHI TPyJla COCTABUT:
K
@OT =D (T *P, *1,)*12, py6. (5.4)

i=1
rne [} — konmuuecTBO pabOTHUKOB Kaxaou kateropuu; P; — 3apaboTHas miara
pabOTHUKA Ka)XJ0uM Kareropuu, pyo; 12 — xomuuectBO MecsieB: T — koadduimeHt

peMuu (€CiIu MPEMUU He TpeaycMOoTpeHbl, To T=1).

OOT=(35000)x12 = 420000 py6.
Pacuer caenan Oe3 ydera NOBBILIAIONIEW CTaBKM JUIsl JUIL, paboTaromMX B
parioHax, nmpupaBHeHHbIX K Kpaitnemy CeBepy, T.K. 3Ta CTaBKa WHIAMBHIYyaJbHA U

34aBHUCUT OT TPYAOBOI'O CTAXKaA.

Kaxnoe mnpenmpustue o0053aHO BBIIUIAYMBATh CTPAXOBbIE B3HOCHI  3a
corpynHukoB. Ha ceronnsimauii nenp (2016 rom) »TOT mokasareiib COCTABISET

nopsiaka 30% oT 3apabOTHOM IJIATHI.
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CB =0,3 x ®OT (5.5)

CB =0,3 x420000 = 126000 py0®.

[Ton amopruzanmeil MOHMMAETCSd MPOLECC MOCTENEHHOTO BO3MELICHMS
CTOMMOCTH OCHOBHBIX (DOHIOB, NMEPEHOCHMMON HAa BHOBb CO3JAHHYIO INPOIYKIIMIO
(ycayry), B LENSIX HAKOIUIEHHS CPEICTB, ISl PEKOHCTPYKLUMU W MPUOOpPETEHUs
OCHOBHBIX CPEJCTB.

PaccuntaeM aMOpTH3allMOHHBIE OTYWCIEHUS HAa IIOJIHOE BOCCTAaHOBIICHHE

IMPOU3BOACTBCHHBIX (I)OHI[OBZ

AO=T/F, (5.6)

riae T — crouMocTh 000pynoBanus, F — cpok ciry:k0b1 000py10BaHUS.

Cpok cimyxObl 00OpYZIOBaHMS, COMIACHO JEHCTBYIOIIETO 1O CHX IIOp
nocranHoBiieHuss CoBmuHa CCCP  «O enuHbIX HOpMax aMOpTU3AlMOHHBIX
OTUHCJICHUM Ha TMOJHOE BOCCTAaHOBJICHUE OCHOBHBIX (DOH/IOB HApOIHOTO XO3SHCTBA
CCCPy», nj1st KOMMYTaIlMOHHOTO 00OPY/IOBaHUS CBSI3U COCTABISET 5,0 JIET.

CJIGI[OB&TGHBHO, AMOPTHU3AUOHHBIC OTUYUCIICHUA PABHBI!

AO=5161002/5,6 =921607,5 py0.

3arpaTbl Ha OIUIATy JJIEKTPOSHEPTHH OMNPEIEISIOTCS B 3aBUCUMOCTH OT
ctaBku (Tapuda), npuHaroro B KpacHosipckoM kpae st ropuaundeckux aui [20], a

TaK)Xe C y4€TOM MOIITHOCTH 000pyI0BaHMS 0A30BBIX CTAHIUH:

35n = Tx24%365%P (5.7)
rne T = 5,92 py6./xBT. vac — Tapud Ha snexrpos’repruto B KpacHosipckom
kpae [20].

P - momuocTts BC.
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Momnocts BC paBHa 1,26 kBT, Torna P=2,52 xBT.
Torpaa, 3aTpaThl Ha AAEKTPOIHEPTHUIO COCTABIT:

3on =5,92%24%x365%2,52 = 130685,18 pyo.

F) 3aTparbl HA MaTCpUaJIibl U 3allaCHBIC YdCTU COCTABJIAIOT 3,5% OT OCHOBHBIX

IMPONU3BOACTBCHHBIX (I)OHI[OBI

3v3=KB*0,035, (5.8)
rae KB - 310 kanmuTanbHbBIE BIOKCHUS.
B urore marepuanbHble 3aTpaThl COCTABIISIOT:
3m3 = 7356587,6 x 0,035 =257480,57 pyO.
TakuMm 00pazom, o01IMe MaTepuaIbHbIe 3aTPaThl PABHbI

3osu; = 35u F3Mm3=130685,18 +257480,57 =388165,75 pyo.

IIpoune pacxofbl COCTOSAT U3 OOMUX TNPOHM3BOACTBEHHBIX (3y,) X

9KCIUTYaTallMOHHO-X03SMCTBEHHBIX 3aTpPaT (3, ):

3 = 0,15 *POT (5.9)
3,.= 0,25 *POT (5.10)

[ToncraBuB 3HAYECHMUS, TOTYUYAEM:

3 = 0,15%x420000 = 63000 pyo.

3.« =0,25%x420000= 105000 py®.

Taxum 06pa3zom, mpodne pacxoibl COCTABST:

3npome= 168000 pyo.

PesynbraThl pacdera TOAOBBIX JKCIUTyaTAlIHOHHBIX PAcXOJ0B TPUBEICHBI B

tabimne 5.3.
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Tadoauuna 5.3 — I'omoBbIe IKCIUTyaTAMOHHbIE PACXOIbI

HawnmeHoBaHue 3arpar Cymma sapar, YI[eHIi’HBIfI pee
pyo. crareit, %
1. ®0T 420000 21
2. CTpaxoBbI€ B3HOCHI 126000 6
3. AMOPTH3alIMOHHBIE OTYUCIICHUS 921607,5 46
4. MarepuajbHbI€ 3aTPaThl 388165,75 19
5. Ilpoune pacxoasl 168000 8
HUTOT'O 2023773,25 100
5.3 KaabKyasiuus 10X010B
IIpu BBIOOpE pa3smepa aOOHEHTCKOM TUIATBl W CTOMMOCTH  OILIAThI

3a

NOJKJIIoueHne yuTeHbsl pekoMmeHnayeMbie [TAO «MTC» Tapudsl. Yemyru ypoBusa 4G

NpcaoCTaBIICT TOJIBKO 3TOT OnepaTop CBsA3H, CJICAO0BATCIIbHO, OH 6YIICT 06HaIIaTI>

BBICOKMMH KOHKYPCHTHBIMH IIPCUMYIICCTBAMMU. HpI/IHﬂTO pemCcHUC, 4TO AJIAA pacdcTa

JI0XOZia B MEPBBI roj| yciayramu cetu OyayT noib3oBarbes 50% aOOHEHTOB Mocelka

(Bcero adbonentoB 3300, u3 Hux ¢usndeckux jui 3000, ropuanueckux jui - 300).

Ha Bropoi#i u Tpetuii rog poct aDOHEHTCKOM eMKoCcTH cocTaBUT 1o 20%, 4-i rog —

10%. Ilnanupyemblii NPOTHO3 MOAKIIOUEHUS OTpaxkeH B Tabmune 5.4. OOmee

KoinuecTBO aboneHToB — 3300.

Tabauua 5.4 — KosimuecTBo noak/I04aeMbiX a00HEHTOB B ONpe/ae/IeHHbII epuos

BpemMeHH (Tox)

Ton AOOHEHTBI — AOGOHEHTBI — O01ree KOIUYECTBO MOAKIIOUYAEMBIX
¢pusnueckne muua | FOpuanyeckue auna a0OHeHTOB
1 1500 150 1650 (50% ot obmiero - 3300)
2 600 60 660 (40% ot octaBmmmxcs 1650)
3 600 60 660 (67% ot octaBmmxcs 990)
4 300 30 330 (100% ot octaBmuxcs 330)
Jlucr
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Taoauua 5.5 — Tapudsl 1151 a00HEHTOB (COIVIACHO A€ CTBYONUM TapU(PHBIM IJIAHAM

ITAO «MoboniabHble TeneCucremsl B KpacHosipckom kpaey) [21]

HanmenoBanue MPEAOCTaBIACMBIX YCIIYT

CtouMocCTs, pyo.

Hoctyn k cetu MHTEepHET

IOpunuueckue numa

1000

dusunueckue auna

400

Tapuduple TUTaHBL I IOPUAUICCKUX JIAI — «

buznyeckux i — «MTC KoHHEKT».

buznec 06e3 rpanuny, s

TogoBoii moxon 3a mpenocTaBieHUME aOOHEHTaM JO0CTyna K Pa3IMYHbIM

yCJIyraM pacCUMTHIBACTCS KaK:

J
A oo :ZNi*Bi *12,

i=1

(5.11)

Trac N - pa3McEp a0OHEHTCKOM IJIaTHI 3a KOHKpGTHBIﬁ BHUO YCIIYT'H B MCCAII; B -

KOJIMYCCTBO a6OHCHTOB, IMOJIB3YIOIIHUXCA KOHKpGTHOfI YCHyFOﬁ.

Tabauua 5.6 — Jloxoabl npeaocTaBjIeHHs YCJIYT 10 T0AaM

o KonuuectBo aboHEHTOB Hoxon, py6.
dusnueckue Juna IOpunnueckue nuuna
1 1500 150 9 000 000
2 2100 210 12 600 000
3 2700 270 16 200 000
4 3000 300 18 000 000
5 3000 300 18 000 000

5.4 OnpenesieHne OLIEHOYHBIX MOKA3aTeJIel MPOEKTa

Pacuer uuncroro pnenexknoro noxona (NPV) ocHOBaH Ha COMOCTaBICHUH

BeIUUMHBl ucxoaHblXx uHBecTUud (IC) ¢ oOmel cymMmoil JIUCKOHTHUPOBAaHHBIX

Wzm. | Jluct Ne oxym. IMognuce | Hdara
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YUCTBIX ACHEXHbIX nocTyiuieHuil (PV) 3a Becb pacueTHblid iepuo. MiHbIMU crioBamuy,

9TOT IMOKa3arcjib NPCACTABIIACT coboit Pa3HOCTb AMCKOHTUPOBAHHBIX MoKazarejiaeu

JOXOJ0B U HHBGCTI/IHHﬁ, PaCCUHUTBIBACTCA 110 q)OpMy.TIGI

dbopmyine (5.14).

NPV =PV -IC

rne PV — neHexHbIN 10X0M, paccuuThIiBaeMbli 1o hopmysie (5.13);

(5.12)

IC — OTTOK I€HEKHBIX CPEACTB B Havyalsie N-TO Mepro/ia, pACCUNTHIBAEMBIil 110

TP
PV=y 1
n:1(1+ I) :

rne P, — 1oxon, mojsiy4eHHbIN B N-OM TOAYy;

| — HopMa JuckoHTa 12%);

T — KOJIMYECTBO JIET, I KOTOPBIX MPOU3BOJUTCS PACYET.

l
n—1(1+i)"1

rine |, — uHBecTUIIUU B N-OM TONY;

| — HOpMa JuckoHTa 12%;

M — KOJIMYCCTBO JICT, B KOTOPBIX IIPOU3BOASATCS BBIILIATHI.

Exeronnnie

3arparbl

OyIyT CKJIaapIBaTbCs W3

(5.13)

(5.14)

€KErogHou IUIaTel 3a

MCITOJIb30BAHKUE PAIMOYACTOTHOTO criekTpa ajisi pabotsl cetu LTE B pazmepe 3500000

pyO ¥ TOAOBBIX AKCILTyaTallMOHHBIX pacxonoB 2023773 py0, 1.e. 5523773 pyoO.

PesynbraThl pacueToB IpUBEICHBI B TabmuIe S.7.

N3m.
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Tadauna 5.7 — OneHka 3KOHOMUYECKUX MOKAa3aTeIeil MPoeKTa ¢ y4eTOM JUCKOHTA

T'on | P, TeIC. pYO. PV, ThbIC. pYO. I, TeIC. pPYO. IC, ThIC. PYO. NPV, ThbIC. pYO.
0 0,00 0,00 7478,775 7478,775 -7478,775
! 9000 7200 2023,773 8484,418 -1284,418
2 21600 14400 2023,773 10508,191 3891,809

Kak BUIHO W3 IpUBEIECHHBIX B TAOMUIE 5.7 pacCUMTAHHBIX 3HAYEHUH, MTPOCKT

OKYMUTCS Ha BTOPOM TOJTy SKCILTyaTaluu.
TouHBII CPOK OKYITAaEMOCTH MOXHO PACCUHUTATh 1O hopMyJie:

PP =T +|NPV,, _1|/(INPV,, _1 |+NPVy) (5.15)

rac T — 3HaucHUE Iepruoaa, Koraa YHUCTBIN HGHG)KHBIﬁ J0X04 MCHIACT 3HaAK C "-" Ha
ll+||

NPV, — non0oXUTENbHBIN YUCTHIA IEHSKHBIN JTOXO/ B N TONY,

NPV,.; — oTpuniateIbHbIi YUCTHIN JEHEKHBIN JT0XO0/ 110 MOAYIIIO B N-1 romy.

CpOK OKyITaeMOCTH COCTABUT:

PP=2+1284,418/( 1284,418+ 3891,809) = 2,25 = 2 rox u 3 MecsILEB

NHnekc peHTabebHOCTH TPEICTABISET COOOM OTHOCHUTEIBHBIN ITOKa3aTelb,
XapaKTEPU3YIOIIUMK OTHOILICHUE IPUBEICHHBIX JOXOJI0OB IPUBEACHHBIM Ha TY K€ JaTy

HHBCCTHIIMOHHBLIM pacxXxodaM N PaCCHUTBIBACTCA 110 (i)OpMYJ'IeI

T P m |
Pl = n__/ n 5.16
n§1 a+p" nZ::1 (L+i)"? (5.16)

rae PV — nenexusblil noxon, paccuuthiBaembiil mo Gopmyne (5.13), IC — motok

WHBECTHIIMH, paccuuThIiBaeMblil o popmye (5.14).

Ha cpok pacueTHOTO Nepuoa — 2 rojia, UHACKC PeHTA0eIbHOCTH OYIIET paBeH:
Pl = 14400/ 10508,191 = 1,37=37%
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Buytpennss nopma noxoanoctu (IRR) — Hopma mpuObuid, mopoxaeHHas
WHBECTUIIMEH. DTO Ta HOpMa MPUOBLIM, IPU KOTOPOM YHCTas TEKyIlas CTOMMOCTD
VHBECTULIMM paBHA HYIO, WIA HSTO Ta CTaBKa JUCKOHTA, IIPU KOTOPOH
JUCKOHTUPOBAHHBIC 10XO/IbI OT MPOEKTA PaBHBI MHBECTUIIMOHHBIM 3aTpaTaM.

OKOHOMHUYECKHM CcMBICT Tmoka3zareias IRR  3akmrogaeTcss B TOM, 4YTO
NpEANpPUITAE MOXKET MPUHUMATh JIOObIE PEIICHUS] WHBECTUIIMOHHOTO XapakTepa,
YPOBEHb PEHTA0CIBHOCTH KOTOPBIX HE HUXKE IIeHbl KanuTana. Yem Boimie IRR, tem
OoJsbllle BO3MOXKHOCTEH y MpEAnpusituss B BhIOOpE HMCTOYHMKA (DUHAHCHPOBAHUS.
NupIMM  coBaMHM, YTO OH TMOKa3bIBACT OXUIAEMYK) HOPMY JOXOIHOCTH
(peHTa0eNbHOCT,  MHBECTUIIMI) WM  MaKCUMaJbHO  JIOMYCTUMBIH  YPOBEHB
WHBECTUIIMOHHBIX 3aTparT B oOlleHHBaeMbli TpoekT. IRR momkeH ObITh BbIIIE

CPGIIHCBBBCHIGHHOﬁ ICHBI MHBCCTHUINOHHBIX PCCYPCOB:

IRR> i (5.17)

Trac | — cTaBKa AUCKOHTHPOBAHHA

Pacuer mokazarens IRR  ocymecTBiasgeTrcs nyTeM MNOCIEAOBATEIbHBIX
utepanuii. B 3ToM ciy4ae BHIOMPAIOTCS TaKWe 3HAUCHHS HOPMBI JUCKOHTA 1; U Iy,
yTOOBI B UX MHTepBajie QyHKIUs NPV meHsna cBoe 3HaY€HUE C «+» HA «—», WIH
Ha0OOPOT.

Hanee no ¢hopmyiie nenaercst pacyeT BHYTPEHHEW HOPMbI JOXOIHOCTH:

. NPV,
=iy +
17 NPV, — NPV,

IRR (is—iy) (5.18)

rae I — 3HaYeHue TaOyJUPOBAHHOTO KO3(dUIlMEHTa TUCKOHTHPOBAHUS, MPH
koTopoMm NPV>();
I, — 3HaueHWe TaOYJUPOBAHHOTO KOA(PPUIIMEHTA IUCKOHTUPOBAHMS, IPH

koTopom NPV<0.
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Hust  pacuéroB  1,=195%, mnpm TakoM 3HadeHWUM  KOd(PHIIEHTA
nuckontupoBanus NPV<0, u npunumaet 3nauenne NPV1= 3891,809py6., NPV2=-
108,191

IRR = 12+(3891,809/(3891,809+108,191))x(50-12)= 48,97

Takum oOpa3oM, BHYTPEHHsIS HOpMa JIOXOJTHOCTH MpoekTa cocrapinseT 48,97%,
4TO OOJIBIIIE IICHBI KaluTaja, KoTopasi paccMarpuBaercs B kauectse 48,97%.

Takue BbICOKME MOKa3aTedqd  OOYCIIOBJIEHbI  HEBBICOKOW  BEJIMYMHOU
KallUTaJIbHBIX BIIOKEHUM, T.K. B pacdeTaxX He YUYTEHbI 3aTpaThl Ha YK€ CYIIECTBYIOIIEE
o0opymoBaHUE YpOBHA siipa W NUTO3BI. Kpome TOro, B3SAT JOBOJBHO BBICOKHH
IPOIEHT TMPOHUKHOBEHHS YCIYTH, B PEATbHON CHUTyaIlMH KOJIWYECTBO aOOHEHTOB
MOYKET OBITh MEHBIIIE, COOTBETCTBEHHO, CETh OYy/I€T OKYIaThCsl, BOBMOYKHO, JIOJIBIIIE.

OCHOBHBIE€ TEXHUKO-DPKOHOMHUYECKHUE MOKAa3aTeIu MPUBEICHbI B Ta0uIe 5.8.

Taoauna 5.8 — TexHUK0-d)KOHOMHYECKHE MOKA3ATEIN

HanmenoBanue nokasareJiei 3HaueHune

1. KonmnyecTBO aOOHEHTOB, YETIOBEK 3300

2. KaniuranbHbIE BIOKEHUS, PYO. 7 356 587,6

3. UUCIIEeHHOCTh MepCcoHalIa, YeIOBEK 1

4. TonoBbIe IKCILTyaTaIllMOHHBIE PacXobl, pyo.: 5523773
4.1 ®oup oruiatel Tpyna, pyo. 420000
4.2 CtpaxoBble B3HOCHI, PYO. 126000
4.3 AMOPTH3alIMOHHBIE OTYUCIICHHUS, PYO. 921607,5
4.4 MarepuanbHble 3aTpatsbl, pyo. 388165,75
4.5 [Ipouue pacxomsl, pyo. 168000
4.6 ExeronHpie OTYUCIICHUS HA OIUIATY JIMIICH3UM HA

9aCcTOTHI 3500000

6. Bayrpennsist Hopma noxonnoctu (IRR) 48,97%.

7. Nunexc pentabensHocTH (PI) 37%

8. Cpok okynmaeMocTu 2 Ton U 3 Mecs1IeB
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Cerp LTE, paspaboranHass B TMpOEKTe, HAYHET MPUHOCHUTH MPHUOBLIb
OTIepaTopy CBA3M Ha BTOPOM IOy DKCILTyaTalliu.

Oco0OeHHOCTBIO MPOEKTOB OECIIPOBOJHBIX CETEN SIBISETCS TO, UTO B PEAJIbHBIX
YCIOBUSIX TpH  pa3MelleHWHu O0a30BBIX CTAaHLUW, BBIOOpE 000pYIOBaHUS,
NPOEKTUPOBIIUK CTAKUBAETCS C (aKTOpaMH, KOTOpPBIE CIIOKHO YYHUTHIBAaTh. Takxke
IEHbl Ha 000pyZOBaHHE IPEJOCTABISIOTCS IMOCTABIIMKOM IIPU YCJIOBHUU 3aKasa,
II03TOMY, 3KOHOMHYECKOe OO0OCHOBaHHWE, IPEICTABICHHOE B BBITYCKHOM paboTe,
HOCUT HWH(POPMATHBHBIN XapakTep W MOXET OTIMYaTbCsi OT pealbHBIX 3arpar
Omnepatopa B OOJBIIYIO WJIM MEHBIIYIO CTOPOHY. HecMOTpsl Ha maHHBIE AOMYIIECHUS,
MPOEKTHBIE PEIICHHs, TPEATIOKEHHBIE B paboTe, M PEKOMEHJAIIMN HOCST MPaKTUKO-
OPUEHTHPOBAHHBIN XapaKTep M MOTYT OBITh MCIIOJIb30BaHbI JAJIsi MMOCTPOEHUS CETU

LTE B ort. lllymenckoe KpacHosipckoro kpasi.
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3AKJIFOYEHHUE

B coBpeMeHHBIX YCIOBHSIX pa3BUTHSI HHPOKOMMYHHKAIIMOHHBIX TEXHOJOTHUHN
HE BCErJla OKa3bIBaeTCs BBITOAHBIM it Omeparopa CBsI3W BHEAPEHHUE MPOEKTOB
CJIOHBIX U JOPOTUX, C TOYKH 3PEHUS KANMUTAIBHBIX BIOXCHUN M JabHEUIIEH dKC-
rtyatanuu, pemeHuid. OcoOeHHO 3TO KacaeTcss MH()OKOMMYHUKAIIMOHHONW HH(pa-
CTPYKTYpPbl HEOOJBIINX MO YHUCIECHHOCTH KUTEJEH MoceNeHun, Takux, kak nrt. [ly-
meHckoe KpacHosipckoro kpasi. Tem He MeHee, CBS3b SBJSETCS CTPATETUYECKON OT-
paciblo, U odecrieyeHue a0OHEHTOB COBPEMEHHBIMU MH(OKOMMYHUKAIITMOHHBIMU YC-
JyTaMU SIBJISIETCA 3aJa4€dl TOCYJapCTBEHHOW BAXKHOCTH. Tak, B paccMaTpUBacMOM
nocénke, OONBIION BKJIAJ B OJIArOCOCTOSTHUE HACEICHHWS BHOCHUT TYPUCTHUYECKHHA U
TOCTUHUYHBIN OM3HEC, POCT MPUTOKA TYPUCTOB OJIArOMPUITHO BO3ACHCTBYET Ha pas-
BUTHE PETHOHA B IIEJIOM, TIOITOMY 3a7ada oOeclieueHns HACEJIeHUS W TYPUCTOB CO-
BPEMEHHBIMU MOOWJIBHBIMU CEPBUCAMHU SIBJISIETCSI OCOOCHHO aKTyaJbHOM, M MPOEKT-
HbIE pelieHus OyayT BocTpeOoBaHbl. Kpome Toro, pacumpenue 30HbI MPUCYTCTBUSA
ykpermut no3unuu Omneparopa cBsazu [IAO «MTC» B permone. Ilpunsatoe pemenue
BHeNIpeHus: TexHonorun LTE, Takum oOpaszom, siBisieTcsi 000CHOBAaHHBIM U JTAJIbLHO-
BUIHBIM. Ha OCHOBE pacueTa 30H PaJHONOKPHITHS M 00bEMA HAarpy3Kd Ha 0a30BYIO
CTaHIUIO ObUTH cHOPMYTUPOBaHBI TPeOOBAHUS, MPEABIBIsEMbIE K ceTeBOM HHGpa-
CTPYKTYpE, TEICKOMMYHUKAIIMOHHOMY OOOpYJIOBAHHIO, a TAK)KE PACCUMTAHO KOJIH-
YeCTBO 0a30BBIX CTaHIMK — 5, W BEIOpAHO 0OOpYyMOBAaHHE IS TPAHCTIOPTHOTO Cer-
MEHTa CETH.

[Tpoektupyemass cets nrrt. lllymeHCkoe BKITIOYAET CETEBBIC JJICMEHTBI —
IIUTFO36I U 0a30BbIC CTAaHINH, a TakK)Ke HHTEP(EHChl BEIXOa K BHEIITHUM CETSM, B TOM
yucyie Ha 6a30ByI0 ceTh B . AGakaH, a ortyna — k saapy cetu MTC B r. KpacHosipck.
C y4eToM TOTO, 4TO MEXAY MEePEUNCICHHBIMU HACEIICHHBIMH ITYHKTAMH YK€ UMESTCS
ceTeBas TPAHCIOPTHAsI MH(PACTPYKTypa Ha OCHOBE BOJIOKOHHO-ONTHYECKHUX JIMHUN
CBS3M, B TIPOCKTE pa3paboTaHbl pEIIEHUS T[0 OpraHU3auu OeCIPOBOJTHOTO

IIXPOKOIMOJOCHOTO JOCTYIId, B TOM YHUCJIC pCKOMCHAAIIMU 110 Pa3MCIICHUIO O60py,210-
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BaHUSl M MOCTPOCHUIO JIMHEHHO-KaOeIbHBIX coopykeHuil. [Ipu 3ToM omopHas ceTb
GPRS, sapo maketnoit oOpabotku, numo3sl k cetsm CCOIIL, IP, Unatepuer, y3mb
yIpaBJIeHUs] MOOUIILHOCTBIO OyIyT HAaXOAUThCA B I. AGakaH, a TpedyeMoe KOJu4ecT-
BO 0a30BbIX cTaHIUi — HenocpeacTBeHHo B nrT. llymenckoe. Onepatop cBsizu [TAO
«MTC» B KpacHosipckom Kkpae peanusyeT cetu cranaapta LTE na 6a3e obopynosa-
Hus komnanuu Huawei Technologies (Kuraif), mostomy s peanu3alv CETH B
JAHHOM IIPOEKTE TaKXe BbIOMpaeTcss 00OpynoBaHHE 3TOW KoMiaHuu. [IpunHsATo pe-
IeHrue ucnojb3oBath miargopmy LTE xommanum Huawei, BKItOUaroiiee MysabTH-
cTanaapTHyto 6a3oByro cranmmio DBS3900 u o6opynoBanue onopaoii cetn Evolved
Packet Core. bricTponeiicTBue 3arpy3ku MHQOpMalUuMyd B KIMEHTCKHE YCTPOMCTBA
aboHEeHTOB B nuamna3oHe yactotT 2,6 ['T'n nmpu mupune kanana 10 MI'n ¢ ucnons3oBa-
HueM TtexHojorun MIMO 2x2, npespimaer 70 MoOut/c. BpiOpaHbl aHTEHHBI
ADU451503 ¢upmbr Huawei ¢ aBoitHOM kpoccrnodisipusanueii. Vcnons3oBanue Ta-
KHMX aHTEHH IIO3BOJIUT COKOHOMHUTH MECTO, KOTOPOE AaHTEHHA 3aHUMAET Ha MayTe.
['maBHas 3aa4a TPAaHCIIOPTHOM ceTH — obecrnedueHrne TpeOyeMoil Moaockl npo-
IIYCKaHUS U CONPSDKEHUE C BHEITHUMU CETSIMU IS TOCTYIIa K MCTOYHUKAM KOHTEHTA.
JIns B3aMMOAENCTBHS POEKTUPYEMON CETH € OCTAIbHBIMU cerMeHTamu LTE, a Tak-
e JUISL COTIPSKEHUSI C 4acTsIMU cOTOBOM mH(ppacTpykTypsl 3G, ucnonb3yercs [P-
npotokoii. s noakntoyeHrus bC kK onopHOW TPaHCHOPTHOW CETH MPUHSTO PEIICHHE
UCII0JIb30BaTh MapupyTtusarop 6a3oBbix ctanuuil (Cell Site Router — CSR) ¢ moa-
nepxkkoit coequnenusi Ethernet 10 I'6ut/c, nmpennasHaueHHbIil A paboOThl B TpaHC-
noptHoM cety LTE. Kommaktheiii Mmapmpytuzatop ATN 950B no3BosisieT yBeIMunTh
NponyckHyto crnocodHocth ¢ 1 no 10 I'dut/c B pasnbix ¢gazax LTE u B Oynymmx
cranaaprax. [Ipu npoexkTupoBaHUM MeCT pa3MenieHus 6a30BbIX cTaHmuil B nrrt. [ly-
HIEHCKOE ONpeneséH OrKET paJuoIMHUMA HapsAy C JETaIbHBIM MOKPBHITUEM U BMe-
cTUMOCThI0. Kpome Toro, y4dreHbl MOTEHIMAIbHBIE MECTa pa3MELIeHUs 0a30BBIX
CTaHIIMI — KaK TMOKa3aJl aHau3 00BbeKTa MPOSKTHUPOBAHUS, 000pyI0BaHHE 0A30BBIX
CTaHIUH 11e1eco000pa3Ho YyCTaHABIMBATH HAa CYIIECTBYIOIIMX aHTEHHO-MAuTOBBIX CO-

OPYKEHHSIX JJI1 9KOHOMHH KalMTAIbHBIX BiokeHuid. OHa u3 6a30BBIX CTAHIHMN OY-
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JIeT pa3MelleHa B 30HE, OXBATBHIBAIOIIEH My3€W-3alI0BEIHUK U HAMOHAJIBHBINA MapK
«IIlymenckuit 60p» s 0OECTIEYeHHS MTUPOKOIIOIOCHBIM PAIUOIOCTYIIOM a0OHEH-
TOB — TYPHUCTOB, MPUE3KAIOMINX B PETUOH. DTO MOJOKUTEIBHO CKAXKETCSI HA BOCTpE-
OOBaHHOCTHU TYPUCTUUYECKHUX YCIYT, U MOBBICUT MOKAa3aTeId YKOHOMUYECKOTO OJiaro-
coCTOsiHUA paiioHa. Takum 00pa3om, TpeOyemble XapaKTepUCTUKH CUCTEMBI pajuo-
cBa3u ctangapta LTE pocturarorcs, eciam paaudyc coTbl He npeBbimaer 1,62 kM, a
iomans paauonokpsitust — 5,11 km. Kak mokasan pacyer mapameTpoB 30HBI paiuo-
MOKPBITUSI, OJHA 0a30Bas CTaHIMS OOECIEeUMBACT YCTOMYMBBIM PAIUOOOMEHOM C
a0OHEHTCKUMU CTAHIUSIMUA TEPPUTOPHIO TUIoMIaibto 5,11 kM, BMecTe ¢ TeM, i Tpe-
OyeMoi HIMPOKOMOJIOCHOCTA B CUCTEME HEOOXOJIUMO YCTaHOBUTH 5 0a30BBIX CTaH-
IIUH, C TPEXCEKTOPHBIMU aHTEHHaMU. B paiioHe ¢ BBICOKOW KOHIIEHTpalue aboOHEH-
TOB (BJIOJIb LICHTPAJILHOM yIuIIbl Tocénka — yi. Kpynckoi, Mexxay ynumamu ['pubdoe-
noBa u beperosoit), paccTtosiHue Mexay 0a30BBIMH CTaHIUSIMU Oy/I€T MEHbIIIE, YEM B
CEBEPO-BOCTOYHOM CEKTOpe MOCENKa, 31ech 0ynyT ycranosiensl 2 BC. Emé onna bC
OyJleT MOKPBIBATh TEPPUTOPHUIO HE TOJIBKO MOCETKA, HO U YACTU MY3€HHOTO0 KOMILJIEK-
ca, C TOCTUHUILIAMH ¥ TYPUCTUYECKON MH(PPACTPYKTYpOil (31aHUE TTOUYTOBOT'O OT/IENIe-
Hus, yia. Jlenuna, nom 66). Emé nse bC OynyT pacnonoKeHbl B TOUYTOBBIX OT/ACIICHU-
ax, no yi. [Tuonepckas u yiu. [onykonsieBas (yroiu ¢ yi. [lymkuna).

Jns coenuueHunst 6a30BBIX CTAHIMK MEXTy co0oit u ¢ siupoM cetu LTE pere-
HO UCIIOJIb30BaTh BOJIOKOHHO-oNTHYeCKU kabenb. Yuyactok BOJIC nrt. Illymenckoe
— 1. AbGakan (saapo cetu LTE), kotopsliit oTHOCHTCS K ceTr oneparopa [IAO «MTCy,
YK€ CYIIECTBYET, MOITOMY B MPOEKTE PacCMOTPEHa TOJIbKO MPOKIajKa KaOemis Ha
TeppUTOpUH TTOCENKA. B MecTax, rie OTCyTCTBYET BO3MOKHOCTh MPOKJIAJIKU B CYIIIE-
CTBYIOIICH TeneOHHON KabEIbHON KaHAIW3aIlMK, KaOelb PEIIeHO MPOKIIAIbIBATh B
CIIEIUAJIBHON 3alIUTHON TpyOe. B mpoekTe pekoMeHAyeTCsl UCIOIb30BaTh BOJIOKOH-
HO-OTNITUYECKUN Kabenb sl MPOKJIAJKK B TpyOax, KOJJIEKTOpax, TeaedOoHHOH Ka-
OenpHON kaHamuzaruu Mapku OKKI[(#)-01-1x10-(2,7) mpou3BoacTBa KOMIIAHHH

«Mockabenb — Oymxuxkypa» (Mocksa, Poccust). CymmapHoe 3aTyxaHue Ha y4acTKe
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MIPOCKTUPYEMOI CETH MEXKTy 0a30BBIMH CTaHIUsAMHU cocTaBwio 7,1 nb, uro sBinsercs
MPUEMJIEMbIM.

bbuin paccurTaHbl 30HAa OrpaHUYEHUs 3aCTPOMKH M CaHUTApHO-3allUTHAS 30-
Ha. Kak mokasan pacuet, cyMmmapHas INIOTHOCTh IMTOTOKA MOIIHOCTH, U3JIy4aeMOU Ie-
penarouMy aHTeHHaMH 0a30BOM CTaHIIMK Ha BBICOTE 2 M OT MOBEPXHOCTH 3€MJIM Ha
TEPPUTOPHH, MPUIIETAIONIEH K MECTYy €€ pa3MEIleHHUs, HE MPEBBIIIACT JOMyCTUMON
BEJIMYMHBL. ['paHuIla 30HBI OrpaHUYEHHUS PaACIOJIOKEHA Ha Bbicote 24,1 M OT mo-
BEPXHOCTU 3eMJIM. MaKCcUMalbHOE y/ajieHue TpaHUIlbl 30HbI OIPAHUYEHUS! OT IICH-
TpaJIbHOW OCH aHTEHHOW omopsl 2,9 M. CiegoBaTesibHO, B MECTE pa3MelIeHus 06a30-
BOM cTaHIUU BhIMOJHAIOTCA TpeOoBanus CanlluH 2.1.8/2.2.4.1383-03 no npeaeiasHO
JOIYCTUMOMY YPOBHIO 3JIEKTPOMAarHUTHOIO U3JIy4YEHUs NEPENAOIINX AHTEHH. Y CTa-
HOBJICHUS] CAHUTApHO-3aIUTHON 30HBI He Tpedyercs. [IpoexkTupyemas cucrtema Hiu-
POKOIIOJIOCHOTO PagUOI0CTyIIa B IPOLECCE IKCILTyaTallid HE OKa3bIBAET BPEIHOIO
BO3/ICICTBUS Ha aTMOC(hEpHBIH BO3JIyX, T€OJIOTHUYECKYIO CpEly, MTOYBY, IOJ3EMHBIE,
TPYHTOBBIE M TOBEPXHOCTHBIE BOJIbI. I [pHHSATHIE MPOEKTHBIE PELICHHS] 00ECIIEYNBAIOT
0e30MacHyl0 SKCIUTyaTalluio JIMHEHHBIX, CTAHIIMOHHBIX COOPY>KEHUU TpPH YCIOBUU
COOJIIOJIEHUSI HOPMATUBHBIX TOKYMEHTOB. lIpHHATBIE TE€XHUYECKHUE pPEUIEHUS] COOT-
BETCTBYIOT TPEOOBAHUSM SKOJOTUYECKUX, TPOTUBOIMOXKAPHBIX U IPYTUX HOPM, JCH-
CTBYIOIIMX Ha Tepputopun Poccuiickoit denepanuu, u odecrieunBaroT 0€30MaCHYIO
JUTSL )KU3HU U 3[I0POBbS JIIOJEH 3KCIUTyaTalli0 OOBEKTOB MPU COOIIOJECHUU MpEay-
CMOTPEHHBIX TPOEKTOM MEPOIPUATHH.

Jnst  oueHkn peHTaOENbHOCTHM MPOEKTa ObLIM pacCUUMTaHbl TEXHUKO-
HPKOHOMHUYECKHE noka3arenu. KanuTtanbHble BIOKEHUS B IPOEKT COCTABISIOT / MIIH.
356 ThICc. 588 pyo6ueii. Ilpu 3TOM ex)erogHble IKCILTyaTallMOHHBIE PACXOAbl COCTaB-
asitoT 5523773 py6neii. [lpu ycnosun mostamuoro noakiroueHus 3300 aGoHEHTOB

CPOK OKYIIaeMOCTH COCTAaBUT 2 TOJl U 3 MecsIIIa.
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