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LTE — Hanbonee nepcnekTMBHAA CPpean PacnpoCcTpaHeHHbIX B POCCUM TeXHOIOTMI MobuibHOM CBA3N. CeTn
3TOro CTaHAapTa Pa3BMBAIOTCA COBMECTHO C CeTAMM APYrUX TEXHONOTUK, PA3BEPHYThIX UKW NAaHUPYEMbIX
B CMEXHbIX yYacTkax crektpa. No3Tomy npobnema MexcucTeMHOon 31eKTPOMarHUTHON COBMECTUMOCTH
(3MCQ) ctaHoBMTCA onpeaensawmM GakToOpoOM He TOIbKO BHELPEHWUA U PasBUTUA TOTO UAM MHOTO CTaHdapTa
MOBUALHON CBA3M, HO 1N 3PDEKTUBHOIO UCNONL30BaHWA YaCTOTHOMO pecypca B LEOM.

4G n DMC
Texnonoru# LTE, ompemenswlie CTpaTerdHyveckoe

HallpaBJ/IeHHE PA3BHUTHA MOOGHJILHOH CBSI3H B CETMEHTe"

ceTew 061Iero [10JIb30BaHK S, He MOTYT B [IOJIHOH Mepe
YAOBIIETBOPUTH ITOTPebHOCTH IpodeccHOHaNbHBIX
1 KOPIIOPATHBHBIX [10/1b30BaTeJ/IeH, KOTOPbIE CeTOHA,
[IPMMeH s Jaske Harboslee IIpor pecCHBHEIe THQPOBLIE
cranmaptel TETRA, APCO25 ¥ op., IIONIb3YIOTCS XOTH
M Ka4eCTBEHHOH, HO y3KOII0/IOCHOH CBs13b10. HacyimHas
MOTPe6HOCTE B LIMPOKOIIONIOCHOHM IIpodeccHOHaIb-
HOH CBA3H O4YeBHHA, H M3BICKAHHSA MHPOBBIX PO~
HM3BOAHTENEH MTPOdECCHOHANTBHOI0 PaJHo000pyLoBa-
HHUSI B 3TOM HAINPaBAEHHH BeAyTCS II0J, YCIOBHBIM
TepmuHoM LTE professional. KomMmepueckue ceTu,
IocTpoeHHBIe Ha Oase Takoro ob6opynoBaHMS, OXKH-
nmatotcd B Poccud He paHbmie 2020 roga [1]. Tlpuuem
CyILeCTBeHHBIM O6yZeT BOIpoC BhIACIEHH S PEKOMEH 0"
BaHHOI'O y4acTKa CIIeKTpa IS 9THX Lie/ieH. PeleHHe
TaKOro BOIIpoca B POCCHH, KaK H3BeCTHO, COIIPSIIKEHO
c GOTBIIMMH TPYLHOCTSMH KOHBEPCHH 3aTPY>KeHHBIX
Yy4acTKOB crekTpa. OQHAKO yKe Ceryac CyIlecTByeT
CTaHZAPT YeTBepToro moxoneHust McWill (Maksurn,
NG-1), BRIO9eHHBIN B pekoMeHanuo MC3-P M.1801-1

H IIOJIHOCTBIO peaﬁHSyIOH.IHI;I BeCh (I)YHKLLI/IOHEUI npo-
(I)ECCHOHEUH)HOI‘;I CBs3H C ITHPOKOIIOTOCHBIM PaHOKMH-

tepdericom CS-OFDMA. OTIHYHTeNbHAS 0COOeHHOCTD
. NAHHOIO CTaHJAPTa B TOM, YTO OH MOKeT KCII0/Ib30-

BaTh YacTOTHBIN AHamnasoH 1785-1805 M1, He peko-
MeHJOBaHHEIH MeXAIYHAapOLHEIM COH30M 3JIeKTPO-
cBsi3u nns cererr LTE (3GPP TS 36.101, Bepcus 13.2.0,
SAHBaphb 2016). CrienoBaTensHO, ero MpHMeHeHHe HUKaK
He COKPAaTHT OTeHIIHa/IbHO JOCTYIIHBIH [I/18 PA3BUTH
ceTer LTE 9acTOTHRIN pPecypc M BMecTe C TeM Ipefo-
CTABHT BO3MOKHOCTDL PA3BHUTHA IPYIHX IIEPCIIeKTHB-
HBIX CTAHIAPTOB, 00eclIedHBaIOIIHX YIOBIeTBOPEH e
CYIIecTBYOIIEro CIpoca II0/1b30BaTe/lel B KOpIopa-
THBHOM CeKTOpe.

Ilo yka3aHHOMY 4YacTOTHOMY [HAaIla30Hy Cylle-
crByer pemienure TKPY ot 23 oktabps 2006 roga
Ne 06-17-03-001 [2], ompemensoomlee OCHOBHEIE IIapa-
MeTpPHl TeXHOMOIHH, KOTOpas MOXKET HCII0JIb30BaThCH,
Y 3alIMTHBIH HHTEePBaJI /15 obecrieueHK I MesKCUCTe M-
HoH OMC B 2,5 MI'll. B 0CHOBY IIPHHSATHA 3TOTO pellle-
HHS OB 3a7I03KeHEl HATypPHBIE HCIBITAHHSA, IIPOBe-
nenssie ®TYI1 "HUMP" U omrpeie THBIIHE BO3MOKHOCTE
IIpHMeHeHH I TeXHOJIOTHH K POKOIIOI0CHOI0 OCTYyIIa
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c papuonHTepdericom OFDMA (B HCIIBITAHH AX HCIIOTb-
30Banoch ofopynoBanus crangapra iBURST) co cTan-
nmaprom GSM-1800,

B 2011 ronmy 3A0 "HHPHUT" B COOTBETCTBHH C pelile-
Huem I'KPY ot 29 OKTﬁﬁp}I 2010 roma Ne 10-09-09
OBITH TIPOBefeHbl [IOBTOPHBIE HCIILITAHHA B pPaM-
KaxX ONBITHOH 30HBI B I. BOPOHEXX II0 TeXHOJIOTHH
Maxksua [6], uMelonell HASHTHYHHIN pagHOMH-
Tepderic. MCOBTAHKMA IIOMHOCTBI0 MHOATBEPIHIIH
BEIBOAEI, cpenannele HHUHMP B 2006 romy. C dop-
MajJbHOW TO4YKH 3pPeHHsl, IIpoBefeHHble HCIIBITa-
HHS He OTBETHJIH IIPSIMO Ha BOIIPOC, M3MEHATCH
mu TpeboBaHUS K MeXCHCTeMHOH DMC IpH mepe-
xoge or GSM-1800 x LTE-1800, Tak Kak Ha MOMEHT
ucneiTaHur LTE-1800 cymiecTBOBA/IO TO/MIBKO B CTa-
OUH 3apoxpeHusa. MexcucremHasgs IMC 3aBHCHT
oT Gonpmioro nepedHsd GaKTOPOB, KOTOPble HYKHO
YUHTHIBATL: TEPPHUTOPHAIBHEIE Pa3sHOC 0a30BBIX
CTaHLHH, 4YaCTOTHOE pa3HeceHWe MCITONb3yeMBbIX
YYIaCTKOB CIIEKTPA, TONAPH3ALKUA U3/1Y4aeMOI0 CHUTl-
Hana, JOMYCTHMble MOLIHOCTH HM3JIy4YeHKsd, YyB-
CTBUTE/IBHOCTD NIPHEMHHKOB, YACTOTHAS CeIeKTHB"
HOCTh IPHUEMHHKOB/TIepeJaTULKOB, HCII0/1b30BaAHHe
CTeIlMaNnbHbIX AHTEHHBIX CUCTEM H MHOI0€ IpyToe.

Ilns mMo6HIBHBIX CcHcTeM o06Iero II01b30Ba-
HW$, MCIOAB3YIOMIHNX LIHPOKOIOJOCHBIN pajiko-
HHTepdeHc, yTBepAH/ack MeETOJHKa pacyera
OMC 6e3 ydera GaKTopa TeppUTOPHANILHOIO Pas-
Hoca. OCHOBaHHMEeM K 3TOMY C/IY>KHT TOT QaKT, 9To
CHCTeMBI 00IIero Moab30BaHUA LOMIKHEL CTPOUTECH
Mo MPUHIKIY 06CTy>KHBAHUA MaKCHMaJIbHOIO TPa-
buKa HA 3aJaHHOHA TePppPUTOpHH. CIel0BaTENbHO,
B KOHEYHOM MePCIeKTUEE PAJHYChl COT MOTYT 6bITh
OUYeHb Ma/IeHbKHMHU, He NPeBpllIalIlMMH COTHH
MeTPOB, & YHCJIO CTAHIIUH Ha o6c11y>KHBaEM0131 Tep-
puTopuu bymeT oueHs bonpmoe. Ilo3ToMy mpoime
I7Is BCeX (M PeryasTopa, U 0IlepaTopoB) Pa3pelluTh
CTPOUTE/NBCTBO CTAHLMH 10 CYyIIeCTBY HA BCEH Tep-
PHUTOPHH, COTJIACOBAB MUIIb HeOOXOLUMBLE 4aCTOT-
HBIF pa3Hoc. Takoi moaxol, HaBepHOe, ONpaBlaH
B CTPaHax, Ile 4aCTOTHOIO Pecypca B IpaykaaHCKOM
MPHMEHEeHHH MHOIO M HCKIKYEeHHe U3 UCTIONB30-
BaHus 5-10 MI1 He SBISETCS CEphe3HOH IIOTepeH
Iis rocygapctsa. Ho B PoccHu CHTyal s CJIOKHEEe:!
DOCTYIIHOI'O YaCTOTHOIO pecypca, KOTOPBIHA MOXKeT
OLITH MCIIO/B30BAH [JI51 KOMMEPUYECKOT0 IIPHMeHe-
HUSA 3HAYHUTE/IbHO MEeHBIIe, YeM B JPYyrHX CTpa-
HaX, TT03TOMY €ro HaJl0 MaKCHUMalbHO 29 HEeKRTHBHO
KCIIO/Ib30BaTh. B CBA3M € 3TUM M000e pacCMOTPeHHe
MesKCHCTeMHOH IMC Ha coceHHX y4acTKaX CIIeK-
Tpa, WCIONB3YIOMIUX pPasHble TeXHOJNOIHH, Heob-
XOJHMMO TPOBOJHTbL C YyYeTOM He IPOCTO YacToT-
HOT0, 2 YaCTOTHO-TEPPHUTOPHAIBHOTO pasHoca (YTP).

OnpeneneHHbIH OITHMH3M B JAHHOM BOTIPOCE BHY-
HiaeT To, 4YTO PeryafaTop B OTPAC/IH CBI3H KMeeT
JTOCTATOUYHO KBATHQUIIHPOBAHHEIE CIIELIIHATH3HPO-
BAaHHBIE [I0APa3/ie/leH s, KMeoI e 60/bII0H OIIBIT
o pacdeTy 9MC ¢ yueTom HopM UTP. Ecriu yrRasan-
Hble HopMbL HTP e yYHTHBATH, 4 OTIPeIe/UTh pas3
M HaBcerga Tpe6oBaHHUS 10 YaACTOTHOMY pas3HoCy,
TO M3 KoMMepueckoro obopora HensbexxHO OyLyT
BBIBe/IEHEI O0/bIIKE YHACTKH CIIEKTPa, LOCTYIIHbIE
K HCII0JIb30BAHHIO.

[TosTomy obocHOBaHHe HeobxoquMbIX HOPM 110 YTP
nis texHonoruu NG-1 (MakBHII) € y4eToM Iepexofia
GSM-1800 Ha LTE-1800 HeobxomHMO IIPOBECTH C yue-
TOM BCEX BblIlIeyKa3aHHEIX GpaKTOPOB.

CTaHAAPTHBEIE IIPOCTPAHCTBEHHBIE  Pa3HOCH,
104, KOTOPBIMH IIOHMMaeM MHHHUMAaJIbHBIH YpO-
BeHb cOnMKeHHs aHTeHH, Oymem paccMaTpHBaTh
Iis TUIOBBIX Tpacc: BCyg = BCprg IO TOPH30HTAJIH,

~ BCng—BCyrg o BepTHKanu, 5Cyg - AC rg, BCrre ~ ACyg

# AC; g~ ACync. COOTBETCTBEHHO, 3T0 20 M (CpeAHAS ITpo-
TSK@HHOCTH OJTHOTO TIOA'BE3/1A B SKHJIBIX 3aCTPOHKAX),
2 M, 50 M (npu Gomee 6MM3KHMX AHCTAHLHAX abo-
HEHTBHI [I0MaJA0T B 30HY IIof aHTeHHOoH BC, B KOTO-
POH MeIIaIoIHe CHIHAIBl CYLIeCTEEHHO I[OAABIIS-
10TCH) 1 20 M MeKIY ab0HeHTaMH.

CEMb CNYYAEB BO3JENCTBUSA

Pabouas mosnoca, BolAeleHHas pemeHusMud T'KPY
Ne 06-17-05-255 - Ne 06-17-05-258 ot 23.10.2006 [2] gnsa
cetu NG-1, coctarnsgetT 1797.5-1802.5 MT1. OHa 6irske
BCEro MPHMBIKAET K II07I0Ce, PacIIpefeneHHOH I
TUHWM [Iepefavn HazoBbix cTaHU MY LTE-1800 Band 3
[9, m. 5.5] 1805-1880 MTu. Ilo3ToMy KPHUTHYHBIMH
C TOUKH 3peHH s obeclleueHHSI COBMECTHMOCTH MOLYT
GBITH TOJIBKO CITyUaH BO3AEHCTBH S Ha IPHEMHbBIH TPAKT
abOHEHTCKOHM cTaHIHK ceTH LTE, a Takske abOHEHT-
CKOM M 6a30Bou cTaHIIHH ceTu NG-1. Pabota BCyre1g00
He sBJSeTCS KPUTHMUYHOM, TaK KaK B [HaTia3oHe
1805-1880 MI'1;0Ha paboTaeT To/bKO Ha Ilepefiady. TakHUM
o6pa3om, 4TobbI [10OJIHOCTHIO OTBETHTH HA BOIIPOC COBMeE-
CTUMOCTH, HY>KHO PACCMOTPETE CIeAYIOIIHe CUTYallHH
BosgercTBus: BCyg 2 ACiTeag00; BCiteas00 = ACnca;
ACi1E1800 = BCnoa; ACnga 2 ACLtE1800; ACLTE1800 = ACNGT;
BCrgago0 = BCngi IpH BEPTHKATBHOM Pa3HECEHHH
auTeHH; BCrpig00 = BCng IPH TOPH30HTAJIBHOM pas-
HEeCeHUH AaHTEeHH.

IIpoBesieM pacyeT yPOBHS BHETIOIOCHBIX H3/TyYeHHUH,
[I0IIaAA0IIHMX B TTPHEeMHBIH TPAKT JJ1S YKA3AHHBIX CITy-
yaeB. [l 3TOr0 BOCITOIB3YEMCS IaHHBIMH Tabm.1-4.
ITOCKONBKY XapaKTePHUCTHKH B Tabnuiax IpHBe-
IeHBI JIJ1s M3MepHUTeNbHOH 110/10ckl 100 KI11, To 1oy~
YeHHEBIE Ha WX OCHOBE pPe3y/IbTaThl MOXKHO HETIOCpen-
CTBEHHO CPaBHHBATL CO 3HAYCHHUAMH, YCTAHOBJIEHHBIMH
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Ta6nuua 1. MapameTpbl BC NG-1

GunbTpaLuKn, npu oTcTporke 2,5 My

—— =

HaseaHue napameTpa O603Ha4YeHne 3Ha4yeHue NcTouHMK

MOLLHOCTE TPAHCAALMM Pscne 34 pbm [2], peweHne Ne 06-17-03-001

LUnpuHa nonockl nanydeHmns NG-1 AFgene 50 MIy [2], peweHue Ne 06-17-03-001
Pacyet no ¢opmyne

MoulHoCTb TpaHcnaumm B nonoce 100 klMy, Pec NG 17 nbm Pecnc — 10xIG(AFgc ye/100KTL)

KoadduumeHT ycuneHms aHTeHHb bC NG-1 Kiscng 11 nbwn [2], peweHune Ne 06-17-03-001

lMotepwn B prpepe Tpakta nepenadm bC NG-1 YBC NG Tr 2,5nb Tunosoe 3Ha4yeHmne

MoTepun B puaepe npremMHoro Tpakra Vec NG fx 2.5 1B TUrOEOR SselE

BC NG-1

MopgasneHune B NoNOCOBOM (PUALTPE NMpUem-

HOTO TpaKTa Ha Kpar AuanasoHa YBC NG R BF L7 nb Mpunosxerme, ¢ yqetom [9, 10]

YpoBeHb NPOAYKTOB MHTEPMOAYAALUNK NAKOC

BHEMO/IOCHOr O M3Iy4eHuns nocae Lmudposon YinterMod BC NG 39 b KcnepuMenTanbHble fanHsle (3, 4],

[5,n.41],[6,n.n.1,3,5,6]

[MopasneHue B aHaNOroBOM M0JIOCOBOM

dbunbTpe npu oTcTpoike 2,5 MIy YaBFBCNG

24 nb IKCMePUMEHTANLHBIE JaHHble [3]

MoTepu Ha pacnpoctpaHeHe BCNG — ACLTE | Lespeng-actd.fiHge hac)

[7], npunosxkeHue 2, 3aeck d — paccTos-
PaclmpeHHas | Hue Tpaccel (km), f —vacrota (MIu),
Mofenb XaTb! Hge, hac — BbICOTbl aHTeHH BCyg-1

1 AC e-1800

YposeHb Nojas/ieHnst aHTeHHb! B Hanpaeie-
HMsAX 61m3Kkmx K 90° unn —90° B BEPTUKANLHOA | Vg NG vert
NAOCKOCTH

Tunosoe orpaHuyeHmne o aHTeHH
16 ab cKi=11 nbu [14, aHTeHHa
K80010046V01, c. 79]

ETrD
HononHuTensHoe nofaB/ieHuUe noMmex (B nMHKMAX Up
B NMPUEMHMKe 3a cHeT pexkuma Transmit pexxum Transmit
Diversity Diversity npume-

HAETCA BCerna)

I8 2123, PaciimpeHue nonocsl cur-

=hE Hana B 2 pasza

YPOBEHbL NOAAB/IEHWS HAMNPABAEHHOW NMOMEXM

B afanTUBHOW aHTEHHOR cUCTeMe Ye NG AaR

TexHU4eckmue UcnbiTaHma [5].
22 0B (byAaeM YUYW TLIBATL TOMLKO B CAMBIX KpW-
TUYECKMX CIy4Yasx)

pexoMmeHzanusMu 3CGPP TS 36.104 (9, m. 6.6.4.4.1]
B KauecTBe HeoOXoOUMBIX 115 obecriedeHHs COBMe-
CTHMOCTH paboTHI COTOBBIX CETElH Ha YPOBHE paJHOHH-
rTepderica. KoHkperHo ns rexsHonoruu LTE Band 3 ato
[IOPOrOBOE 3HAYeHHe, KOTOPOE He [0JIKeH IPeBhIIIaTh
YPOBEHBb BHEIOAOCHOTO H3/TyYeHHI, paBHO 96 fAbM
[9, m. 6.6.4.4.1].

1. Cnyyan BozmencTBHA BCyg » AC 1E1800

Prc NG + Ki pe NG ~ VBe NG Tr ~ VinterMod BC NG ~ VABE BC NG ~
~Lrssencac(0,05, 1805, 27, 1,5) - VacBody + KiacLTE ~ YACLTERxBE=
=17 obm + 11 gbu - 2,5 nb - 39 nBb - 24 nb -77,7 nb -
-3,0nB +3 by -1,7 16 =-116,9 nbMm (< - 96 1Bm)

2. Ciy4at Bo3aedcTBUs BCyreas00 2 ACnc1

Psc Lt + KigeLTe ~ YBC LTE Tr ~ VinterMod BCLTE 2,5 ~ YABEBCLTE 2,5
= Lgs 5c 1TE-AC (0,05, 1802,5, 27, 1,5) ~ YAC Body t Kiacng —
Yac NG Rx BE ~ &mip = 20 AbM + 16 nbu - 2,5 0 - 36,5 1B -
-20,3 06 -777 16 -3,0 06 + 3 gbu - 1,7 gb - 3 ub =
=-105,7 nBM (<~ 96 gbm)

3. Cny4a# Bo3meAcTBHS AC TE1800 2 BCnga

PacLTE + Ki ACLTE ~ VinterMod AC LTE 2,5 ~ YABE AC LTE 2,5 ~ YAC Body ~
= Lis sc ne-ac (0,05, 1802,5, 27, 1,5) + Ki 5c NG ~ YBC NG Rx ~
~YscNGRxBE™ §1rp = 20,5 1BM + 3 nbu -40,5715 - 20,3 1B -
-3pb-77,7n0b + 11 obu - 2,5 06 - 1,7 ob - 3 ob =
=-114,2 nBM (<- 96 nbm)
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Ta6nuua 2. NMapameTpbl 6C LTE-1800 (E-UTRA Band 3)

nnmn —90° B BEPTUKAILHOM NAOCKOCTH

HassaHue napameTpa O603Ha4yeHUne 3Ha4yeHue McTOYHMK
MakcumanbHas 4onycTMmas MoWwHoCTb P 46 1EM Tunosoe 3Ha4YeHwne 418 Noaocs
TpaHCNALMK MAXGC LTE A 10 MTu, Take cm. [9, n. 6.2]
Tunoeoe 3Ha4yeHwe 418 Nosochl
10 Mlu, Takxke cnefgyeT U3 conocTas-
I“::;?: uf/lp: Al MOL HOCTE Psc L1e 40 obm NneHus nofgaeneHus u abcontoTHOro
P YPOBHS M3yYeHWs annapaTtypbl knacca
"B"[9, n. 6.6.2.1]
TWunoBoe 3Ha4yeHWe 419 auanasoHa
1800 MT'u. bonee 3Ha4YNTENbHbIN
LLnprHa nonockl n3nydeHus LTE AFsc e 10,0 MI'y, ped)apMMuHr HONOCH B 1800 MILL noKa
He MpOorHo3npyeTcs
MoLyHocTh TpaHaiaummn B nonoce 100 KNy, | Psete 20 obm E?::ITEET—TO%?RH;::EE /100KIL)
. TWUNOBOE 3Ha4YeHWe A8 rOPOACKNX
KoappuumeHT yemnenus aHtenHsl BCLTE | Ki e e 16 pbu CerMeHTOB CeTW AuanasoHa 1800 Mry
lNopasneHue B NOJ0OCOBOM GHUILTPE
MPUEMHOr0 TPAKTa Ha KPAK AManasoHa YecLre Rxer L7 4B Mpunoxehne; ¢ yerom (10, 1]
El(C:)TEpM B duaepe TpakTa nepegayu R 2.5 46 TSGR SEHE
LTE-1800
EgTepM B Guaepe NpUemMHoro TpakTa Ve S S
LTE-1800
y Cornachxo [9, n. 6.6.3.2] 1 ¢ yueToMm
POBEHb I‘IPO,EI,VI(TOB nHTEpMOAOYIS- 3HayeHus P P
MAX BC LTE-
LMK NAIOC BHEMOAOCHOTO U3/1yYeHns v 36,546 v -p _
nocne uMppoBoA GuAbTPaLMK, Mpu Intertod BC LTE 2.5 : _Dng]CgLT(iz(fM m“f{‘égffj) _
OTCTpOMKe 2,5 MTL — (=18 ABM)+ =35 1BM= 36,545
CornacHo [9, n. 6.6.3.2] u c y4eTom
YpOBEHb NPOAYKTOB UHTEPMOAYS- ; SiEaanae ;
MAX BC LTE-
LMW NKOC BHEMOAOCHOMO U31y4eHus 40,0 0B v -p =
nocne LEMC]JpOBOf/'! dunbTPaLMK, Npu YinterMod BC LTE 5.0 . —DIFSICQL(TféI\S/IFulhi%(%FEE) :
oTcTpouke 5,0 MIy, — (~14 nBM) = 40,0 1B
rogaBneHne BHenosoCHOro U3Ny4eHus BT EETS & VHETBE
B aHanorosoM NoSOCOBOM GpUALTpe YABE BC LTE 2.5 20,3 pb [5 N 6.643 1":4 n.6.6.4.1]
npu oTcTpomie 2,5 My, . R
MofgasneHve BHENONOCHOIO U3/yYeHUs MIPHAOKEHME C yUeToM
B aHa/s0roBOM MoN0COBOM GpUALTPe YABF BC LTE 5.0 34,0 nb [gpn b6 43 Wh 6641
npu oTcTponke 5,0 My bt e
[7], npunoxeHue 2,
MoTepwn Ha pacnNpocTpaHeHWe No Tpacce PacwMpenHas 34eck d — paccTosHue Tpacchl (Km),
BCire — ACng Les sc tre-ac(d.f.Hec had) MOfIeNb XaTbl f—yacToTa nepegauu (MIu), Hge,
hac — BbICOTbI PACTIONOXKEHWS aHTEHH
5Cre-1800 U ACNG1
TP [7], npunosxeHwue 2
MoTepy Ha pacnpocTpaHexue no Tpacce | | @ caopﬁov e 32.4+20Ig(d)+20Ig(f) (aB), rae d - pac-
BCie ~BCne E2EEL GER BT CTp'aHCTBa cTosHue Tpacchl (km), f — yacToTa nepe-
bl fadm (Mru)
YpoBeHb NOAABAEHUWS aHTEHHbI TVNOBOE OrpaHnyeHue Ansg aHTeHH
B HanpaeneHmsx 6anskmx K 90° Y5C LTE vert 2516 c Ki =16 abw [14, aHTeHHa

KK80010291V02, c. 53]
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BECIIPOBOJIHAA CBASH

Ta6auua 3. NMapametpbi AC NG-1 (UE NG-1)

Ha3ssaHue napamMeTpa O603HavyeHue 3Ha4yeHue NCcTOYHUK

TUNOBOE OrpaHMuyeHme
MowHocTb TpaHcnsaumm AC Pac ng 23 abm ana UE LTE [12, . 6.2.2]

[8, n.n. 3.3, 3.7, 3.19] 1 c y4eToMm
EJ;E::;;?S:S;' gn::gwn GENGL AFac nG 120 kly pexxima Transmit Diversity [8, n. 3.12.1]

¥ (PacluMpeHe Nonockl curHana B 2 pasa)

PacyeT no dopmyne
MoLHOCTL TpaHcnsaumK B nonoce 100 kMY, | pPacne 22,2 pbm Pac nic — 101g(AF ac ne/100KTL)
KoadduumneHT yemneHus K. 3 ABU CTaHAapTHOe 3Ha4veHue ans MobuaLHOM
aHTeHHbLl AC NG-1 ASNG cTaHumm [13, c. 447]
lMoTepw Ha 3KpaHW3aL KM Te/IOM
aHTEHpHI;.I AC |\1|DG_1 E YAC Body 3,00b TunoBoe 3Ha4YeHKne
MoaaeneHue B NONOCOBOM HUNLTPE
I'IPV?EMHOI’O TpakTa Ha Kpa}c?p.uangaoHa YAC NG Rx BF L7ab Mpunoxenue, c ysetom [10, 11
YpPOBEHb NPOJIYKTOB MHTEPMOAYAALMK
NOC BHEMOJOCHOT0 M3NYHeHus nocne 39 46 B COOTBETCTBUM C AaHHLIMK Ans BC
UMPOROIA GUNLTPALMUM NPY OTCTPORKE Yinterhod ACNG NG-1[3,4],[5,n.4.1],[6,n.n.1,3,5,6]
2,5 MI'y
MoaasneHune M3ny4eHns B aHanorosom
NonocoBoM GUbLTPe MpU OTCTPOMKE YABF AC NG 24 nb B AoOTBERCTRMN G AAHHEMH 4712
2.5 Ml BC NG-1 [3].

[7], npunoxeHwe 2, 3aeck d — paccTos-
rloTepw Ha pacnpocTpaHeHue no Tpacce | (d.f Hec had) PaciumperHad | Hue Tpaccel (km), f —4yacToTa nepefaym
BCe — ACnG FSRCLIEAGYEILTREAC Mozenb XaTbl (MT'w), Hge, hac — BBICOTBI pacnonoxe-

HMA aHTeHH BC 1e-1800 Y ACNG-1-

et [7], npunosxeHme 2,
MoTepu Ha pacnpocTpaHeHue no Tpacce L @ CBOPGOLHOI'O 32,4 + 20Ig(d) + 20Ig(f) (aB), roe d — pac-
AC e — ACyc ExACAC ) cTosiHme Tpacchl (km), f — yactoTa nepe-

MpoCTpaHCcTBa

nayv (Mru)
ETrD
[ononHUTeNbHOR NofaBNeHMe NomMex ( e
; pexxum Transmit Diversity [8, n. 3.12.1] PaclumpeHme nNonocsl cur-
BDRI?:;FHMKE 3a cdet pexama Transmit | .7, oy Down MoxeT He 3ab Hana B 2 pasa
y MCNoONb30BaThLCA)

4, Cnyua# BosgeHCcTBHS ACnga 2 ACire-1800

Pac NG + Kj ac NG ~ Vintermod Ac NG ~ YABE AC NG ~ YAC Body
- Lesac-ac (0,02, 1805,0) - Yac Body + KiAcLTE ~ YAC LTE Rx BE =
=22,2n0BM+30Bu-3906-24 05 -63,6 tb-3n6+3 0B -
-1,7 1B = -103,1 nbm (<-96 obMm).

BrrsgsneHHBIN 3amac 103,1 abm — 96 nbm = 7,1 gb
B IlepecyerTe Ha paccTosHHe (1o dopmyIie cBobogHOro
[IPOCTPAaHCTBA) IMOKa3elBaeT, 4TO AC|teigo0 COXpa-
HUT paboTocrocobHOCTh HA HHUKHeM Kpae pabouero
mMalasoHa BIJIOTH A0 COMMIKeHHH ¢ aboHeHTaMH
NGC-1 Ha 8,8 M (20 M x 10027112 = 8 8 m). COnrReHHe
Ha PacCTOSHHS, MeHbIIHe 8,8 M, MOXKeT MPUBOAUTD
Kk rpouenype handover ¢ mepesogom pecypca paguo-
kaHana AC rpigpo Ha YHaCTKH II0JIOCHL, YHOAJEHHBIE

oT Kpast 1805 MTI'11, ITp# 3TOM y4acCTOK I10/I0ChL Ha KPato
MOKeT OBITH IIepepacrpesiesieH IPYyruM aboHeHTaM
LTE, gmaxomamumcs oT aboHeHToR NG-1 Ha paccTos-
HuAX bospme 8,8 m.

5. Cnyuaii Bo3meHcTBHA AC 1e-1800 2 ACNGa

Pac LTE + Ki Ac LTE ~ VinterMod AC LTE 2.5 ~ YABF AC LTE 2.5 ~ YAC Body ~
~Lesacac (0,02, 1802,5) - YacBody + KiacNG ~YacNGRxBE —§TiD =
= 20,5 1Bm + 3 nbu - 40,5 nb - 20,3 05 -3 16 - 63,5 0B -
-3,0 06 + 3 nbu -1,7 1B -3 nb = -108,5 1BbM (<-96 mbM).

BolgBiaeHHblH 3amac 108,5 16m - 96 nbm =12,5 nb
B IlepecueTe Ha paccTosHHe (mo opmyne CBO-
6OMHOro IIPOCTPAaHCTBA) TTOKa3kBaeT, 4To ACyg
coxpaHHUT paboTocmocobHOCTE Ha BepXxHeM Kpae
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Ta6nuua 4. NMapameTtpbl AC LTE-1800 (UE E-UTRA Band 3)

HaseaHue napametpa O603Ha4eHne 3Ha4yeHue UcTo4HMK
MOLWHOCTL TpaHcnaummn AC Pac e 23 AbM [12, n.6.2.2] gna knacca 3

[13, n. 1.3.1] ana cny4as o6beguHeHWs
UMb TOARER MaTyHe St iCT e AFpc 76 180 KI'y, B curHane SC-FDMA vacToTHoro pecypca
B MUHWMANLHOM Ciyyae

ofHoro RB [13, n. 6.2]
MOLLHOCTE TPAHCAALMM B NOOCE 20.5 1B PacyeT no gopmyse
100 kI'y Pacite = A Pac NG — L0IG(AFac 1e/100KM L)
KoappuLMeHT yCueHnsa aHTEHHbI K 3 nEu CTaHfapTHOe 3HaveHue ans MobunsbHo M
AC LTE o A ctaHuum [13, c. 447]
[MoTepu Ha 3KpaHuU3aUKMIO TeNoMm
AHTeHHb! AC LTE YAC Body 3,0ab TUNoBOE 3Ha4yeHue
MoAasneHWe B MOJI0COBOM GUALTPe
MPUEMHOro TPaKTa Ha Kpalo ananasoHa | VACLTERxBF Lk ipinoxeHife Cy-ieTom (10, 111
YPOBEHb NPOAYKTOB MHTEPMOAYAALMM
MUIKGC BHENBAOCHDI USAVMEHMA NoChe | ] . 405 4B le' n_.6v.6.2.11] 5 c_yr:'em"f?_afg';?:,,) i

] Y InterMod AC LTE 2. "’ ACLTE - YDFACLTE 2.5 — FACLTE
LU1dpoBor GUALTPALMKA NPU OTCTPONKE + 10lg(1MIu/100Kkr ) = 40,5 ab
2,5 MINy,
YpoBeHb NPOAYKTOB MHTEPMOAYAALMK
NKC BHEMON0CHOTO U3NyYeHns nocie R R 43,5 1B ‘[)12' :ioii 3T1E]5:_cgqemni ?_'T;:?:S i
¥ iy nterMa H v ACLTE - .0 = FACLTE

UMppoBoM GUALTPALMM NMPU OTCTPOMKE +10lg(IM/100krL) = 43,5 4B
5,0 MI'y
MofaeieHWe BHEMONOCHOTO U3NYYeHus S RS _
B @Ha/s0roBOM MoJ0COBOM GUnLTpe VABF AC LTE 2.5 20,3 a6 _ 4 YagracLte2S =
npw oTCTpoiiKe 2,5 MIy, = YaBFBCLTE2S
MoLaBNeHME N3NYYEHNS B aHA/IOTOBOM =
Nos0COBOM QUNLTPE MpPM OTCTPOWKE YABF ACLTE 5.0 34,0 6 e ocHOBE VENQR A W Ac frsin =
5.0 Mry = YABFBCLTES.0

[7] npunosxeHwe 2, 3aech d — pacctosHue
MoTepy Ha pacnpocTpaHeHKe no Tpacce L (d.f.Hsc hao) PaclinpeHHas Tpacchl (km), f —4acToTa nepegaqumn (Mru),
BCnc — ACiTE ESRENGARSHRiEa mACT | fiogensXamsl Hgc, hac — BbICOTbI PACNONONEHUS aHTEHH

: bCnoa W AC TE-1800
RS [7] npunoxenwe 2,
MoTepu Ha pacnpocTpaHeHwe no Tpacce L (. cso%oyuoro 32,4 + 20Ig(d) + 201g(f) (aB),
AC e~ ACnc ESAGACH = oo:T'ancTaa rae d — paccrosaHue Tpacchbl (km),
PRgTH f —vacrora nepegaum (Mrwy)
pabodero [pguama3zoHa BIJIOTh OO0 CONMKeHHH BrisiBnenHbH 3anac 104 1M - 96 nBm = 8 nF B mepe-
¢ abonenTamu LTE Ha 4,75 M (20 m x 10%1%1252 = cyeTe Ha paccTosHHe (110 GopMyIe CBOBOLHOTO TIPO-

= 4,75 M). 9TO MeHbIIe TPAaHUI[Bl BKAIOUEHKS [IPO-  CTPAHCTBA) [I0KA3BIBAET, YTO B BEPTHKA/ILHOM HAIIPAB-
nenyps handover, nonydennos B ciyuae 4, To ecTh  JIEHMM aHTeHHBI 6a30BbIX cTaHIMi NG-1 1 LTE-1800
abonenT LTE-1800 6yaeT paHbIlle yXOLHUTh U3 HUXK-  MOXKHO Pa3HOCHTH HA pPaccTosiHue 1o 0,8 M,
Hel 4acTH JHalla3oHa.

7. Ciy4da# Bo3geHcTBHSA BCrre300 # BCng- IPH FOpH-
6. Cnyuau Bo3meHcTBHSA BCrrpi500 » BCng IPH Bep-  30HTAJIbHOM Pa3HECEHHH aHTEeHH

THKa/1bHOM pa3HECeHHH aHTeHH Pec tte + Ki Bc LTE ~ YBC LTE Tr ~ VYinterMod BC LTE 2.5 ~

Pscrre + KiBe LTE ~ VBC LTE vert ~ Y5C LTETr ~ YinterMod BCLTE2.5 ~  ~ YaBEBCLTE2.5 ~ Lesserre-sc (0,02, 1802,5) + Ki pe NG ~ VEC NGRx —
= YasrscLTE25 ~ LEsscre-se (0,002, 1802,5) + Kipeng ~YeeNGvert — -~ VEcNGRxBE~ &1rp=208BM +161b1-2,515-36,545 20,315 -
=~ YBECNGRx ~ YBCNGRx BE ~ &Typ = 20 iBbM + 16 nBu - 2516 - -63,5u5+ 11 gbu-2,5085 - 1,7 15~ 3 ob = - 83,0 5BM.
-2,506-36,505-20,3065-43,506+110bu-16 565-2,506 - [Tony4eHHBIH Pe3yIbTAT ITIOKA3BIBAET, UTO ITOT cy-
-1,7 16 -3 b =-104,0 gBMm (< -96 gBm). Yal caMbIM C/IOXHBIM [ obecliedeHHUs YCIOBHH

INEPBAA MIUJIA 1/2016

BECIIPOBOJJIHAA CBA3b




BECIIPOBOJIHAA CBA3b

COBMECTHOH pPaboTHl. be3 UCII0Tb30BaHH S IOTIOTHUTEN B
HBIX Pe3ePBOB BLIUTH Ha YpoBeHb ~96 1bM He yaaeTcs.

BelsBIeHHBIH JedUnT 13 1B (96 n5m - 83 nBM) B Iiepe-
cueTe Ha PacCTostHHE (1o Gopmysie CBOBOSHOTO ITPOCTPAH-
CTBa) TTOKA3bIBAET, YTO COBMECTHMOCTE 0DecTieqrBaeTCs
HauMHas C pa3HeceHH s aHTEeHH 6a30BBIX CTAHIIMEH B TOPH-
30HTaJIBHOM HaIlpaB/IeHHH Ha 89 M.

Ecmu ymacTcst obeciedHTE pasHeceHMe aHTeHH B ITpefie-
nax 40 M, To B IlepecyeTe JUCTAHIIMH Ha IIOTePH TPacChl
(mo popmysie cBO6OLHOrO IPOCTPAHCTBA) IOy4aeM, YTO
YpOBeHEb BHEIIONIOCHOI0 HM3MYYeHMs MOXKET OKa3aThCs
BhIIIe He0OXOAMMOro Ha 7 Ab. 3TO yMepeHHOe 3Hade-
HHe, KOTOPOe MO’KHO AOCTATOYHO IIPOCTO CKOMIIEHCH PO~
BaTh ITyTeM rpy60oii HacTPOMKM Hak/IOHOB aHTeHH BCygy
TaK, YTOOBI B BEPTHKAJIBHOH JUATPAMMe HaIlPaBIEHHO-
CTH I[IPOHCXOLH/IO JOIIOJHHTE/IbHOe IIOABIeHMe CHI-
Hana, npuxoasaiero ot BCy g, Ha 7 nb. EC/TH OPHEHTHPO-
BaThCs Ha TUIIOBOM BAPHAHT c aHTeHHOH K80010046V01 [14,
c. 79], To 1o opMe BePTHKA/IBHOM AHArPaMMBbl MOMKHO
BHJIETh, YTO YKa3aHHEIH YPOBEHE II0JaBIeHHs obecrie-
YaT HAKJIOHBI, BBIIIOIHEHHEIE C [IOIPeIIHOCTEIO +2,5°,

EcH pasHeceHHe aHTeHH Hejlb3s CelaTh Oomblie 40
M, TO Be@HIHT B 13 15 MOKHO BOCIIOJTHHTB IIyTEM TOY-
HOH HaCTPOHMKH HaKJIOHOB aHTeHH BCygq, 0becrieunBa-
IOIIHX TI0ITaJaHHe HanpasaeH s Ha aHTeHHBI BCy1eag0
B HO/Ib BEPTHKA/JIbHOM JHAIPaMMBI HAIIPaBIEHHOCTH
C TOYHOCTBIO £]°,

Kpome Toro, ecTb ellle OfUH CYLIeCTBeHHLINA pecypc
BCnga1, KOTOpPBIE OCTAJICS II0KA He PACCMOTpPeHHBIM. OH
CBSI3aH C aJANTHBHBIM PeXHMOM IPOCTPAaHCTBEHHOH
CeJIeKIIMH, OCYILeCTB/IAeMbIM B aHTeHHOH cHcTeMe BCyg-
1. B COOTBETCTBMM € JaHHBIMH IIpOM3BopuTeNs [5], oH

[IO3BO/ISIET TIOAABMIATE HATIPABIEHHbIE TOMEXH, B AaH-
HOM CJTy4ae BHeII0JI0CHOe H3nyvueHHe 0T bCyrg, Ha 22 b

(85c NG AAR)- TIPH aKTHBALIMK YKA3aHHOTO PeXKHMa yCIo-
BHe COBMEeCTHMOCTH 15l BapHaHTa BO3eACTBHSA BCyrg-
1800 - BCnc1 OYZeT BEITTOITHEHO Y>ke HAUMHAS C 7 M pa3He-
CeHHMS AHTEHH 0a30BBIX CTAHIIHH.

BoiBOAbI

IlpoBefleHHEIH aHAIKM3 [IOKA3BIBAET, YTO YCIOBH I COBME-
CTHMOCTH MeXAy ceTaMu LTE-1800 u NG-1, paboTaro-
WHMHK B AHamnasoHe 1797,5-1802,5 MI'11, BbIIeIEHHOM
pemeHrem I'KPY [2], BrirmonHsA0TCS 63 0rOBOPOK B IIECTH
M3 CeMH BO3MOKHBIX BADHAHTOB BO3JeHMCTBU . M TONEKO
B CJIy4ae Bo3aercTBr I Ha BCyg 1 co cTopoHbl BC1g 1900 A5
obecrieyeHHsi COBMECTHMOCTH MOXET IOTpeboBaThCs
HUCIIONB30BAHUE [OTIOTHHTE/IBHBIX PEeCypCoB, CBS3aH-
HBIX C HACTPOMKOE aHTEHHOM CHCTeMEI Ha cTopoHe BCyyc.
1. ECIM IHCTAaHIMS MeXXAy aHTeHHaMHK Oa30BBIX CTaH-
LHH OyzmeT 6o/ble 89 M, TO IOIIOTHHU TEJIBHEIE PECYPChI
nuis obecrieveH st COBMECTHMOCTH He TpebyroTcs. Eciu
OHCTAHIHS MEKIY aHTeHHAMHM COKPATHTCA 10 40 M, TO

IIEPBAA MHUJIA

IOMONMHUTEIBHEIE PECYPCH, AOCTAaTOUHbIe IS obecte-
YeHHS COBMECTHMOCTH, II03BOJISIET TIOTYYIHTE Ipybas
(C TOYHOCTBIO +2,5°) HACTPOMKA HAKJIOHOB aHTEHH BCpyc
TaK, 4TOOBI HOME B BePTHUKANBHBIX AHarpaMmax ObLT
HaIpaB/eH Ha aHTeHHHI BCy1rg00. COMMIKEHME AHTEHH
6a30BBIX CTaHIUE A0 20 M moTpebyeT nubo TOUHOH
HACTPOMKH HaK/IOHOB aHTeHH BCyg (C TOrpeIIHoCcTEIO
+1,0°) uiK 0653aTENBHOTO HCIIONb30BAHHUS PEKHMA
aJaNTHBHOM IIPOCTPAHCTBEHHOH 06paboTKH B aHTeH-
HoH cucTeMe BCyga.

MPUNOXEHWE

TeXHOIOTH S OpraHM3al MK PAJHOKAHAJA B CeTIX CBI3H

IOJBHKHBIX aDOHEHTOB B HACTOsAIIIee BpeMsi IIOCTPOeHa

HCK/IOUHTEIBHO Ha MeTofaX IUGPoBok 0bpaboTku/dop-
MHPOBaHHS CUTHAJIOB.

DopMHpOBaTeNb CHITHAJIA B TAKOH TeXHOJIOTHH Npef-
cTaBJsgeT cob0H MporpamMMy, reHEpHPYIOMYI0 KBALpa-
TYpPHBIE COCTABMAIOIIME 10/IE3HOT0 BUAEOCHTIHAMA (Ha
HYJIeBOH HeCyII|eH YacToTe) B BH/e ABYX LIUPPOBBIX II0TO-
KOB. YKa3aHHBbIe [IHUPOBble IOTOKH II0JBEPraoTcs 0bpa-
GoTKe B IUQPOBLIX PHIIBTPAX HU3KOM YACTOTHI, KOTOPHIE
0becreYHBaIOT OUeHb BEICOKYIO UACTOTHYI0 M30HpaTeib-
HOCTB ITPH O4YeHb He3HaA4YHTe/IbHBIX 3HAUeHHIX CMeIe-
HHH YaCTOTEHI 32 [Ipefessl paboder ronockl. Ilocsie 3Toro
IPOQHILTPOBAHHBIE KBA/IPATYPHBIE TOTOKH [TOJA0TCA
Ha cxembl LIATI, Ha BX0[e KOTOPEIX [IPeBPAIAI0TCS B aHa-
JIOTOBBIR KBaJpaTypPHEIe CHIHAJIBL. YKa3aHHBIe KBaJpa-
Ty PHBIE BUACOCHTHA/ILI [IPOIIYCKAOT Uepe3 aHaJIOTOBEIe
OHIBTPBL HU3KOH YaCTOTHI, I10I0C2 KOTOPEIX COITIACO-
BaHa C Pa3MepoM IIHPHHEI CIIeKTpa CHrHana. Ho oHa
He IIpeBOCXoAMT 5 MI'1I, Tak Kak B c1y4dasix, KOIha JHa-
T1a30H [PeBOCXoAMUT 5 MI'LI, IPyIIIIOBOM CUTHA/ HA HECy-
meH GOPMHPYeTCs ITyTeM COMPSIKEHM S YaCTOTHBIX Cer-
MEHTOB I10 5 MI'l. AHanoroeass QH/IBTPALIHs pellaeT
NBe 3aJIaYM — JIOIIO/IHMTE/IBHOIO [10/IaB/AeHH I H3/1yde-
HHSI, IIPOHHKAIOIIEro B cocefHKe pabourie qHuara3oHsL;
[OJIABJIEHU S "3ePKA/IBHBIX" KOIIHH CIIEKTPA TI0/IE3HOTO
CHI'HaJja, C HeH30e>KHOCTBIO MOSBASIOMIMXCS C IIePHO-
JHUYHOCTBIO YaCTOTHI JUCKPETH3ALMH IIPH LUGPOBOM
criocobe GopMHPOBAHHS.

ITocye 3TOro KBaApaTypHble CUI'HAIBL B CXeMe [Ipeob-
Pa30BaHMA YACTOTEI [IEPEHOCATCS Ha HeCYINYE0 4YacTOTy
M IIOCTYIIAIOT Ha BXOJ, yCHU/IMTe/s MOoLHOCTH. Ha Beixoze
YCHITHUTEN S MOIIHOCTH IO B/IAIOTCS [IPOAYKTHL MHTEPMO-
oynauyu. CIeslbio [o1aBIeHH I ITPOAYKTOB HHTePMOIY-
NSLHH, [Iepe]l TPAHCIALIMe!H B 3QUP CUTHA/LI IIPOXOAAT
4yepes aHaI0r0BbIe [10/I0CoBbIe QLIILTPEL. [IpHBeleHHAS
CTPYKTYpa SIBJISIeTCS TUIIOBOH M IIpeloNpeesieT IBa
3Tana GUALTPALMHU; LIMOPOBOM M aHATOTOBHIM,

B[9, m.mm. 6.6.3, 6.6.4.4] uneT peus 0 paboTe B COBMEIIEH-
HOM [JHANa3oHe. ITO 03HAYaeT, YTO Mellalllde Npyr
IPyTY CHTHAJIBI HAXOSTCS B 0B1IIeH 110710Ce aHATOTOBBIX
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&uneTpoB. [logapneHue BHEIIOMOCHBIX U3MYUeHHH TTPH
3TOM IIOJIHOCTBIO Peayik3yeTcs B LHQPOBEIX QHIETPAX
U IyTeM pa3sHeceHHs [0 JUCTAaHIMHM, IUIIOC Ha base
CeneKTHBHBIX CBOMCTB aHTEHH.

ABI9, 1. 6.6.4.3] peKOMeH ALY PACCMaTPHBAIOT CUTY-
allMH, KOTA MeIakolye CHIHa Ikl TI0IaIaloT B pa3jiiy-
HEIe I10JIOCEI, CQOPMHPOBAHHBIE AHAJIOTOBEIMHA GHIIb
TpaMH. B 3ToM c/y4yae ypoBeHb BHEIIOMIOCHBIX HU3/Iy4de-
HUH OyzieT peTeprieBaTs AOIOTHHTE/IBHOE IO AB/IeHHe
32 CUeT aHaJIOTOBOH QHIETPALIHH.

Cormacuo [9, m. 6.6.3.2, Tabm. 6.6.3.2-6], curganer LTE
c onocot 5 MI'1 (1 6ostee) nocite LHGPOBOH drIIETPA-
LHH HMMET CIeKTpP C O4YeHb KPYThIM CKATOM IIofa-
BreHHs. [lo ypoBHS -7 nbM (Ha 33nb = 26 £b - (-7 1bm))
IIPH OTCTPOMKAX OT Kpas paboueH IO/IOCHL BCEro Ha
50 xTu. Tlpu manbpHeHIIeM YBeIHYeHHK 4acTOTHOM
OTCTPOHKH (0 3Ha4YeHHH 5,05 MI'LI) IPOHMCXOIHT JOCTa-
TOYHO Me/IIeHHBIH POCT YPOBHS II0AABIeHH (BCero Ha
7 0B). A TIpH OTCTPOHKax Itocyie 5 MI'1 ypoBeHE [IogaBIIe-
HIS BOODIIEe MOXKeT He H3MeHSTECS.

Otcroga cnegyer:

1. ITonoca nudposoro PHY paBHa 2,5 MI1I.

2. OTCTPOMKH 4acTOTEL boee yem Ha 5 MT1L paccma-
TPHMBAIOTCS KAK He MMEIOIIHe IPeHMYIIECTB C TOUKH
3peHH A QUIBTPALIHH.

3. INonoca aHaJIOroBelX QUIABTPOB, KOTOpPAs JOJIXKHA
BBITH cornacoBaHa ¢ Tomocor IubpoBeix PHY
M MMeeT 3HaueHHe, 6au3koe K 5 MIII,

4. IllTaTHEIE YPOBHH IIOJABISHK A BHEII0/IOCHOT 0 M3y~
YeHHUS B I10C/IeJ0BATEIbHOM COeOHHEHHH LHUPPO-
BOr0 M aHaloroBoro GMIBTPOB JO/KHBEI Habmio-
ZIaThCSA Y3Ke IIPH OTCTPOMKAX YacTOTEL Ha 5 MI'L.
YpOBeHD IIOAABJICHHSA BHEIIOJOCHOTO H3/TyYeHHs

B pupposoMm ¢unsrpe BC LTE MM03BONSAET OLEHHTH

maHHbBle [9, m. 6.6.3.2, Tabm1.6.6.3.2-6]. [lemHcTBH-

TelIBHO, C YYeTOM THIIOBOTO 3HAYEeHHA MAaKCH-

MaJIBHO JOIIYCTHMOro B mojoce 10 MI't misa BC LTE

YPOBHA H3IyUYeHMS 40 BT monyvaem, H4TO

B ImepecdeTe Ha Imomocy 100 xT'm w3dydae-

Masl MOLIHOCTh He [O0/KHA I[peBwIuaTh 46 gbm -

-101g 10MI'11/100KkT') = 26 ;bM. [To3TOMY IIPH OTCTPOM-

Kax 4acTOTHI Ha 2,5 MI11 (c yueTom [9, Ta671.6.6.3.2-6))

monydaeM rogapneHue 26 nbm - (7) nbm - (3,5) 1bM =

= 36,5 1B. A IIpy OTCTpOMKax Ha 5 MI'Ll 1 6osee, rofa-

BJICHKE COCTAaBHT 26 nBM - (-7) obMm - (-7) mbm = 40,0 gBb.
PermaMeHTHPYeMBIH yPOBeHL I[IOFAB/IeHM, KOTO-

PBIH HO/KeH obecriedMBaTh AHA/IOTOBBIM QHIIBTP IIPU

OTCTPOMKe Ha 5 MI'1], MOXKHO OLIeHHTEL Ha OCHOBE COII0-

CTaBIEHHWS JAHHEIX [9, 11, 6.6.4.3.1, Tab1.6.6.4.3.1-1] u [9,

. 6.6.4.4.1, Ta6m1.6.6.4.4.1-1]. IlepBasg U3 yKa3aHHBIX

TabnmuI] yCTAHABIHBAeT YPOBEHDb BHEIIOJIOCHOIO H3/Ty-

yeHHs (Hac MHTepecyeT Band 3, monoca 1805-1880 MI'11),

KOTOPBIH I10C/Ie AOMOMHKTEIbHOTO I0JaB/IeH S B aHa-
JIOTOBBIX QHUIBTPAaX Pa3fe/eHHS II0JI0C He HapyLIHT
paboTocriocobHOCTE CeTH, COBMellleH e C KOTOPOH pac-
CMaTpHBaeTcs. B mepecyere Ha romocy 100 KI'11 o 6yzmeT
-52 pbm -10 1g (IMT'i/100k 1) = 62 nEM. Bropas u3 yka-
3aHHBIX Tabnu1 (Hac MHTepecyeT mo3uuus Band 3) ycra-
HaBJIMBaeT YPOBEHb BHEIIOJIOCHBIX M3/Iy4eHHH, KOTO-
pBIH He HapymuT paboTocrnocobHocTs 6e3 I0monHu-
Te/IBHOTO [TOJ]ABJ/IEHHS B Pa3/ieIHTeNIbHBIX aHAJIOTOBBIX
¢mnprpax. OH cocTaBnger -96 gbm.
OTcroa pernaMeHTHPYeMbIH YPOBeHb [10/JaBJIeH M
B aHAJIOTOBLIX QUIBTPax IIPH OTCTPOHKe Ha 5,0 MI1I
cocTaBasieT 96 nbm - 62 nbm = -34 nob.
BymeM HCIIONB30BaTh [J/id OIHCAaHHSA XapaKkTepa
[I0[aBJIeH M CUTHA/IA Ha CKaTaX II0JI0COBOro QHIIETpa
ammporCHMaIHo barTepeopra (10, 11]:

1 r
Lt [AFH 2+ Af] 2

AF /2

roe AFp - pabouas monmoca GHIBTPYeMOro gHaIla-
3o0Ha, Af - oTCTpOMKa I10 YacToTe paccMaTpHBaeMoH
[IO3UIIMH HAa CKaTe OT Kpas pabovero AuamnasoHa,
AFpy - monoca IpOonycKaHMA (QHILTPA II0 YPOBHIO
nopasaeHus 3 0B, [ Toro 4To6el YMeHBIIHUTE YPO-
BEeHb MCKa’KeHMH Ha Kpasx paboduero mHarmasoHa,
CTaHOApTHO BeIOMpaloT AFpy = 1,1 AFy. B Hamem
cnydyae AFp = 5,0 Ml u, Kak OTMeYasnoch, TPH
Af =5,0 M1, mOJKHO BRIITONHATHCS 10 1g (o) = -34 0B.
Otcropa pnsg Af =2,5 MI'IT HAX0OHUM:

101g (o 2,5) = —101g(%] X 2n=

g 5 MLy
=(—101 [M}Qn}x #7275 MIn -
2,75 MI'g 1 (7,5MF11]
€|2,75 M1
5 MI'Lg
15(2,75mmj
= -341b x W ~ —20,31b
15(2,751\/11"11}

3TO 3HAYeHHeE MCII0/Ib30BaHO B Taﬁnnuax [JIs T1apa-

MEeTPOB! YaBr 5C LTE 2.5 ¥ YBC LTE Rx BE -
A Ha kpato paboder IIONOCH IIOfaBIeHHE B QHIIb-

Tpe COCTABHT!

101g (1470 (0) = 10 1g (1 + (1,1)"")=101g {1 +(1,1}‘“ﬂg[27-'755]} ~1,771B.

ITO 3HAUEHME HCIT0/Ib30BAHO B TabnuLax A1 apa-
MeTPOB: Y5C NGRxBE» YBCLTERxBF » YAC NG Rx BF ¥ YAC LTE Rx BF -
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