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Cucremu Mob6inbHOro 38’513Ky TUIy GSM. IlaHesibHa aHTeHa AJis At GSM craHmiin
Konomienps FOpiit AnjpilioBuu

Kirouosi cioBa: CC3 — cuctema MobinbHoro 3B’s13ky, MC — MC, BC — 6a3o0Ba craHuisi, K3 —
KaHai 3B 513Ky, LIK — nentp komyrauii, I1IT — nigcuitoBau noTy>kKHOCTI.

Kopotkuii 3micr poborm: [laHa JurioMHa poboTa NpUCBsYeHa [JOCTIZKEHHIO CHCTeMH
MOOi/MBHOTO 3B’SI3Ky, B Hilf TIpe/iCTaBIeHO pe3y/bTaTH iHKeHepHHMX PO3paxyHKIB OCHOBHHX
rmapamMeTpiB Ta XapaKTePUCTUK A moOymoBu JiiHii MobGinbHOTO 3B’s3ky TunyLTE Ta
MO/Ie/TFOBaHHS MaHeIbHOI aHTeHH [ij1s1 6a30B0i MOGILHOT CTaHITiT 3B’ SI3KY.

Y BeTymi BU3HaueHa OCHOBHe 3aBJaHHs pobOOTH i MoKasaHa Ii akTyasbHICTE. Omisiy CUCTEMH
MOGINLHOTO 3B’SI3Ky TMpEJCTaBjeHWM B aHaji3i niTepaTypu, ii OCHOBHI TlapamMeTpu Ta
XapaKTepUCTHKH, Ta MifITBEPIKeHa IepCHeKTUBHICTh IX po3pobku. B TeopernuHidi wacTuHi
TIpUBeJIeHi OCHOBHI icHyroui BHM cHcTeM MOOINMBHOrO 3B’s3Ky Ta NPUHOWNM iX poborwn. B
po3fini iHKeHepHUX pO3paxyHKIB IpuUBeJeHi MiJICYMKA pO3paxyHKy IlapaMeTpiB Ta
XapaKTEPUCTHK st 100y[0BH JTiHii MOGiIbHOrO 38’513Ky TMIYLTE Ta MO/e/I0BaHHS TaHeIbHOT
aHTeHH 271 6a30BOi MOOIIbHOI CTaHLIiT 3B’SI3KY.

AHOTANIA

Mana aumioMHa poboTa MPUCBSYEHA AOCTIKEHHIO (Di3UKO-MAaTeMAaTHUHOI MOJeTi CUCTEMU
MOOi/TIBHOTO 3B’s13KY, B Hili TIpe/CTaB/IeHO Pe3y/IbTaTh iHXKeHepHUX PO3paxyHKiB rapameTpiB Ta
XapaKTepUCTHK /11 obyAoBH JiiHil MobinbHOro 38’s13Ky Tunyl.TE Ta MOZe/TroBaHHs MaHelbHOI
aHTeHH J1y1st 6a30B0i MOGI/IBHOT CTaHIIiT 3B’ A3KY.

PoGora CK/Ia[@a€TbCs i3 BCTYIy, aHasiisy JiTepaTypd, TEOPeTHYHOI YaCTHHW, METOAVKH
IH)KEeHepHHUX PO3paxyHKiB, KOHCTPYKTOPCHKO-TEXHOJIOTIYHOI YaCTMHU Ta BHUCHOBKIB. Y BCTyMi
copmynboBaHa rosioBHa 3ajjaua poboTy i mokasaHa Ii akTyanbHicTh. B aHamisi sitepatypu
Tpe/iCTaB/IeHHH OIJIsif, CUCTeMU MOOINBHOTO 3B’5I3KY, I OCHOBHI ITapamMeTpy Ta XapaKTepPUCTUKH,
Ta MiATBepAyKeHa TepPCIeKTUBHICTD iX po3poOku. B TeopeTnuHili yacTUHI NprBe/ieHi MPUHLMI
Jii mobineHOI craHLii, 1i MoAy/Tb-cXeMa Ta I-TPU KaHamy 3B’s3Ky. B posgini imkeHepHHX
PO3paxyHKiB MpuBefieHi Ta pe3y/abTaTW pO3paxyHKy IapaMeTpiB Ta XapaKTepUCTHK [JIs
no6yzoBy miHil MobimbHOTO 38’513KY UYL TE Ta Moze/FoBaHHs TaHenbHOI aHTeH! /it 6a30Bo1
MOOGiNBHOT CTaHLl 3B’ SI3KY.

BcTyn

TenedoHHMIA 3B’A30K 3apa3 — e OJHA 3 YCIIIIHMX Ta PO3BUHEHWX obmacTeil pajiio3B’s3Ky.
Besika KiJIbKiCTb JIFOfIel BUKOPUCTOBY€E MOOi/bHI TesieoHM sIK 3BMYaiiHi Ta HeoOXiAHI 3acobu
3B’S3KY.

3pocTaHHs TOMy/SPHOCTI Tesie)OHIB MPOTIrOM OCTaHHIX JABAJLSATH POKIB Z0Ka3sye, 10 iCHY€
BeJIMUe3HUN MOMUT MOOINTBHUE 3B’s30K. 1 B 1IbOMY M1aHi MOOLTBHUI Tesie)OHHUM 3B’SI30K —
OAMH 3 HaWbiNbLI KOHKypeHTHO3AaTHHUX. TesjedoHisi MepeXXMBae 3apa3 CHpaBXHIH Oym, a
MOOi/IBHI Tesle)OHU CTaMM OJHUMH 3 HAMOI/BLI TOIIUPEHHX 3aco0iB 3B’A3Ky. UHC/IO KITiEHTIB
CTiI/IbHUKOBHUX MepeX 30i/bIIYEeThCs KOXKHUH Micsnpb Ha 100 THCSY.

3apa3 /I0AMHY He MOXK/IMBO TPEeZCTaBUTH 0e3 KOPUCTYBaHHS MOOITBHHM CepBiCOM, OCHOBHi
TIUTFOCH SIKOTO: KOMITaKTHICTb, TIPOCTe BUKOPUCTAaHHSI, BUCOKA LIBHKICTb i 3py4HiCTh, Bi[HOCHY
JlellleBH3HY, HasBHiCTb SMS Ta MMS Ta [0jaTKOBi MOXX/IMBOCTI.

AkTyanpHicTh TeMH. PHHOK MOC/IYT 3B’A3Ky B JaHHWH Yac € OJHUM 3 PHHKIB, 10 HaHOimbII
aKTHUBHO PO3BHBAIOTbCS. PO3BUTOK ramy3i MoOOIMBHOTO 3B'A3Ky TMOB'A3aHUN 3 LIBUAKUM
3POCTaHHAM KiJIbKOCTi KJII€HTIB Ta SIKICTIO TMOC/YT, L0 HAaJAITHCS. 3 TOUKU 30py abOHEHTiB,
CTYMiHb SIKOCTi MOCIYTH MOOGITBHOTO 3B 3Ky € OCHOBHUM (DaKTOPOM TIPU TIPUHHSATTI pillleHHs
oo i mokynku. Kiientd OGyayTe TpPHUBITHI [0 MOGIILHOTO oOreparopa TiIbKHA TOZi, KOJH
TOCITyTa BiJMoBifae ixHiM moTpebam.

3pocTaHHs KOHKYDEHLIii, MOB'si3aHe 3 POCTOM EKOHOMIKM i 3pOCTaHHsM 6a)kaHb KITi€HTIB,
CTaBUTB Iepe/] KOMIaHisIMK-0repaTopamu Oiblil cKiIaziHe 3aaui.

[ITo6 6yTi KOHKYPEHTOCIIPOMOKHIUMH OTIepaToOpy CIIPSIMOBYIOTh OCHOBHI CHJIM Ha TIOJTIIIIEHHS
SIKOCTI i cepBiCy //151 K/I€HTIB B MepesXi uepe3 BUKOPUCTaHHS CIieljia/IbHUX [IPOrpaMm JIOS/IbHOCTI,
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MOKpaIyoTh 06nagHaHHs cBoix BTC, 3acTOCOBYIOUM CKI3ZOBI 3 OifbIl TOTYKHILIMMU
rapameTpaMu.

Pobora omepartopiB MO 3a/j0BOJIEHHIO 0a’kaHb KIIEHTIB € YCITIIIHOW0, SIKII0 BOHA 3JaTHa
CMiBCTaBUTH CBOI TeXHIYHi MOX/IMBOCTI 3 pe3y/bTaTaMy aHai3y 3anuTiB aboHeHTiB. KomnaHism
MOOi/IBHOTO 3B‘sI3Ky He0OXi/IHO 3aBX/M C/TiKyBaTH 3a BAMOTaMH{ Ta 3allMTaMH KITi€HTIB. 3 L€l
METOI0 KOMIIaHisl [I0BUHHA:

- OLIiHIOBAaTH CTYMiHb 33/0BOIEHOCTI K/Ti€HTIB MPOAYKTaMHu abo Moc/yramu;

- yCyBaTH HeJoJIKY 1 fieheKTH B MOMEHT IX BUSIBJIEHHS;

- B/IOCKOHA/IFOBaTH SIKOCTb MOCIYT.

ChOroJHillHIl piBeHb PO3BUTKY PHHKY TOCAYT MOOIBHOTO 3B'SI3Ky BHUHOCHUTH MpOOIEMYy
TIOKpallleHHs] MeTOJJMKH OLIiHKM SIKOCTi IaHuX TIOC/YT, sika BU3Havae piBeHb peasiisallil nepesar
KOMIIaHiM, 1110 HaJafoTh 3B’ SI30K.

OTXe, aKTya/IbHICTh TEMU JUIUIOMHOI pob0TH MOJISITae B TOMY 1[0, 3 OZHOTO OOKY, iCHY€ BesllKa
3al|iKaB/IeHICTb KIIiEHTIB B OTPUMaHHi HOBUX IIOC/IYT, a 3 IHILOrO, BejMue3Ha KOHKYPeHLiis
MiJIITOBXy€E OIepaTopiB MOCTiHHO BHOCUTH HOBi Tpomo3uijii Ha AaHuM puHOK. CydacHuit
CTYMiHb PO3BUTKY HOC/IYr MOOiNBHOTO 3B‘sI3Ky, 3MiHM y BHMJAaX HaJjaHHsS CepBiCy, 3pOCTaHHS
ob6csry iHgopMariii, sika MOIIMPIOETHCS B Mepe)kaxX CTLIBHMKOBOTO 3B‘s3KY, Hajaiau mpobiemy
YAOCKOHAJIeHHsI DiBHA MOCJIYT 3BSI3Ky Ta BU3HAUM/IM HaNpSAMKU YISl TIOAA/bIIOr0 PO3BUHEHHS
i€l ramysi.

MeTol0 guniomMHoi poGoTH € BuBUeHHsS rpoliecy OyfoBM MOOINBHOrO 3B’SI3Ky Ta HaJaHHs
TMOCJIYT, aHasli3 SIKOCTi MOJTIHOTO 3B’si3Ky, pO3pobKa IIIAXiB I[0fI0 iXHbOro moJtimireHHs. 11106
JOCSATHYTH 6a’kaHOTO pe3y/bTaTy, Tpeba BUPILIMTH HACTYIHI 3aBAAHHA:

. npoaHajizyBati OyfoBy MOOIMBHOTO 3B’SI3KY, OCHOBHI AaCIeKTH IHOro HOpPMasbHOIO
(yHKL{iOHYBaHHSI Ta TPOMJIEMH, SIKi BUHMKAIOTB IIPY 3aCTOCYBaHHi MOCIIYT;

. PO3IJISTHYTH NTUTAHHS HOBOTO TTOKOJTiHHS 3B’5I3KY, a caMe MoOibHOro 3B’ s13Ky Tumy LTE;
. pO3paxyBaTy M-TPH Ta XapaKTePUCTHUKU Ajsl OOYA0BU JIiHil MOBIIBHOTO 3B’SI3KY THILY
LTE;

. poxpaxyBarH MaHesnbHy aHTeHy GSM pns vacroru 2,1 — 2,7 I'T'L.

O6’eKTOM AOCNIA)KEHHS € cucTeMa MOGITIBHOTO 3B ‘SI3KY.

IIpeaMeToM AOCTiPKeHHs — II-TPH JIiHii MOGiIBHOTO 3B’513Ky Ta MaHe/bHa aHTeHa.

HaykoBa HOBHM3HaA po00TH. P0o3paxyHOK rapameTpiB JiHii MOGiJILHOTO 3B’SI3Ky, 00UMC/IEHHS
OCHOBHUX TMapaMeTpiB mjaHoBaHOI Mepexi LTE, o6uMc/ieHHs KiTBKOCTI KIIiEHTIB Ta
MO/ieJ/IFOBaHHs NaHesbHOI aHTeHu s BTC.

IIpakTHyHa LiHHICTH POOOTH MOJISIra€ y MOX/IMBOCTI peasi3alii cuctem#, 110 Bifmosigae
paspaxoBaHUM NlapamMeTpaM Ta BAOCKOHa/1eHHs aHTeH A BTC.

1. orisgji HAYKOBO-TEXHIYHOI JIITEPATYPU I1o CUCTEMAM
MOBUIBHOTI'O 3B’SAA3KY

1.1 ®DyHKIiOHA/IbHA cUcTeMa i ii cK1afoBi

1.1.1 dysknioHa/sbHA cXeMa

Cuctema MobinbHOro 3B's3ky (CM3) OyayeThcs B BUIVIS[I CYKYITHOCTI TepuTOpiii. Tepuropito
3a3BUYall CXeMaTHYHO 300pakaloTh y BUIVIAAI PiBHOBENMKHX MPAaBHILHHUX 6GaraTorpaHHUKIB
(3a3Buuait mectukytHi) (puc.1.1). Taka OygoBa CHCTEMU HampsiMy Mae€ BiJHOLIEHHS [0
MOBTOPHOTO BHKODHMCTaHHSl YacCTOT - TOJIOBHE NPaBWIO MOOIIBHOI CHCTEMH, ILJ0 BH3HAuae
edeKTHBHe BUKODUCTAHHS BU/IJIEHOrO Jiana3oHy 4YacTOT i BUCOKY cHUCTeMHy eMHicTb. BC
3HAXOZJUTCS ¥ LIeHTPi KOXKHOTO 1IeCTUKYTHYKA (puc.1.1), mo obcmyrosye Bci MC B Mexkax CBOTO
ocepenky. [Ipu mepemiijeHHi KiieHTa 3 ofHiei KoMipku B iHiny BidByBaeThcs 06MiH Horo
cepsicy Bif opHiel BC go inmoi. Bci BC cuctemu, B CBOIHO 4epry, 3aMHKarOTbCAd B LEHTpI
komyTatlii (LIK), 3 sikoi MatoTb BUXif, y Tene)OHHY Mepexxy 3ar. BUKopucTaHHs (puc.1.1).
Puc.1.1. TurnoBa cxemMa MOGi/IbHOI CUCTEMU 3B’ SI3KY

ITep1 3a Bce, B AifiCHOCTI TepUTOpitOHIKOMM He OyBalOTh CTPOrol reoMeTpruuHoi popmiu. Peasneri
KOPJIOHHA oOcepefiKiB MaroTb BUIVIJ, HeNpaBWIbHUX (OpPM, LI0 3a1exkaTb Biji NPUHIMUIIB
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TIOLLIMIPEeHHs | 3racaHHs paJioXBU/b, TOOTO Bif JaHAWAGTY TepUTOpii, XapakTepy i LIiIbHOCTI
POC/MHHOCTI i 3a6y0BM Ta TOMY MOfi6HKUX (haKTOPiB.

Iani, cucteMa MODOIILHOTO 3B'SI3Ky MOyKe BKJTF0UaTH binbiie 1-ro 1K, 1110 3yMOBI€HO PO3BUTKOM
cucteMH abo EMHICTIO IlepeMHKaua.

¥ mipocriii curtyargii cucrema mictuts 1 1K, npu sskoMy € AoMariHiii pericTp, i BoHa 06C/yroBye
HeBe/IMKY 3aKpUTY TEepUTOpilo, 3 SIKOI0 He MeXyIOTb AUISHKH, $IKi 0OC/IyroBylOTb ApyTi
oreparopy. SKIro TepuTopist 06CIyroByBaHHs OifbIlia, TO CHCTeMa MoXKe MicTuTH 2 abo bisblue
LK. B o6ox nux BWIa[Kax MpH TepecyBaHHI K/Ii€HTa MK OCepefKaMH OJHI€l CHCTEMH
BidByBaeTbcss 0OMiH cepBicy, a TpW TepeMilleHHi Ha [AiNSHKY iHIIOI CHCTeMH - DOYMIHI.
HaperurTi, sKio finsHKa fy)Ke BeJMKa, Ha HOTo TepUTOpii MOXKe BUSIBUTHCS Ki/lbKa CHCTeM, SIKi
MEeXYIOTb [i/IIHKaM{, KO)KHa CHCTeMa - 3i CBOIM /IOMallIHIM pericTpoM. Y TakoMmy BUIMAJKy IpU
repeMmilljeHHi KJli€eHTa 3 OfHi€l cucTeMM B iHIy MOXXe MaTH MicLie i Tak 3BaHa Mi’KCUCTeMHUI
0ob6MiH cepBicy. SIK A pOyMiHTY, Tak i /s MDKCHCTEMHOI TepeHeceHi cepsicy HeoOXigHa
arnapaTypHa CyMiCHICTb cucTeM (IpHHANEeXHICTh iX 4o 1-ro i Toro >k Tumy Mo6ibHOTO 3B'SI3KY),
a TAaKOJX HasIBHICTh BIJIMIOBIZIHUX yroZ MK OIreparopaMu.

[IIe omHa o3Haka moB's3aHa 3 mobynoeoro BC. Y tunmi GSM 3aCcTOCOBY€ETHCS TIOHATTS CUCTEMA
BC, mo sikoi Bxomuth KoHTposiep BC i Kinbka, Hampwikaag A0 IIiCTHAALATH, 0a30BUX
NpUMabHO-TIepeiaBa/lbHUX CTaHLii.[1]

1.1.2 MobinbHa cTaHnis

Po3ris CK/IafioBUX CHCTeMM MOOiBHOTrO 3B'si3Ky mouHeMo 3 MC - Hal6isbln mpocToro o
(yHKIiOHaTbHOMY TIpU3HaYeHHIO TIPUCTPOIO, [I0 TOTO K €AUHOMY eleMeHTy CHUCTeMH, SIKHH He
TIIBKK peanbHO JOCTYITHWM KITi€HTeBi, aje i 3HaXOAWTHCS y HBOTO B PyKax B OyKBa/JbHOMY
CYTHICTbi L|bOrO C/I0BA.

Mopyne-cxema MC HaBefieHa Ha puc.1.2 [lo ii cknafy BXOJSATE:

- MOZly/1b KOHTPOJIIOBaHHS;

- IIm mopysb;

- aHTEeHHUI MOZY/Ib.

[NpuitmanbHUA MOZY/b, B CBOO uepry, Mae I1a, I1M, ciHTe3aTop 4acToT i I0TiYHuI MOAYIb.
Haii6inbiu mpocTui 3a CK/1aZjloM aHTEHHUH MOZY/Ib: BiH Ma€ aHTeHY - B HAHMPOCTILIOMY BUTIAJKy
YBEPTbXBW/IBOBUI IITHP - i MepeMMKau Ha INpuiioM-TiepeHeceHHs. OcTaHHIN A/ 1HdpoBol
CTaHLii MOXKe SIB/ISITH COOOI0 e/IeKTPOHHUI TIepeMUKaY, KWl MiAK/TIouae aHTeHy abo Ha BUXif,
Mpa, abo Ha Bxiz [IMa, ockinbky, K Gyme 3po3ymino gati, MC 1uhpoBoi CUCTEMH HIKOIU He
TIpaLfo€ Ha MpUIoM i lepeHeCceHHs OJHOYaCHO.

ODYHKIIOHa/IbHO HEeCKJIaJHUH i MOAy/lb yrpaeiiHHA. BiH Mae MikporteneoHHy TpyOKy -
Mikpo¢oH i auHaMiK, KnaBiaTypy i aucriieii. Knagiatypa (mone ais Habopy 3 1ubpoBUMH i
(yHKLIOHAILHUMH KJIaBilllaMU) CIy)KWTh [yl Habopy HOMepa TeedoHy KIIi€HTa, SKOrO MU
BUK/IMKAEMO, @ TAaKO)XK KOMaHj, 10 BH3Ha4yalTh pexxum pobotu MC. [ducrieit Bimobpaxkae
HeoOXizHy iHpopMariito.

IMpuiimManbHUi MOAY/b 3HAUHO CKJIaHIMINIM.

[o cknany I1x BXOgATh:

. a”asnoro-Ludposuii nepersoproBay (ALIIT) - TpaHcdopmye aHanoroBy iHdopmariio B
yupposy
. KoZilep MOBH 3fiilicHIOe mM(pPyBaHHSI CUTHAMy MOBJIEHHS - TPaHC(OPMYBaHHs CHTHAIY,

110 Ma€ LUQpoBy HhopMy, 10 BU3HAUeHUM 3aKOHaM 3 MeTOI0 3MeHIIeHHs 00csry iHpopMalyii, 1o
nepefaerscs o KH 3B's13Ky;

. kozep KH - nozae ponarkoBy (Hai/MIIKOBY) iHbopMariito, pru3HaueHy JJis 3aXHCTY Bif
TIOMWIOK IIPY NTepeHeCeHi CUTHaJy 110 JIiHil 3B'A3KY;
. MOZYATOp - 3AiHCHIOE TpaHCIOPTyBaHHA iHQopmarlii KoJoBaHOro BifeocurHany Ha

Hecyuy 4acTory.

Pnc.1.2. Mopynb-cxema MC

I1m 3a cx/1a/10M B OCHOBHOMY cniiBniagae 3 ITnem, ane 3 3sopoTHUMU dyHKLisMu. [lo Horo cknasy
BXOOATb:
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. JleMOZY/IATOP - 3HaXOAUTh KOJOBAaHUI CUTHAJL, 110 Hece iH(opMmallito;
. nexkoziep KH - BU3Hayae 3 MOTOKY OCHOBHY iH(OpMaljito i mepeHarpasisi€ ii Ha MOAY/Ib
Jioriky; 11 iHopMaLisi mepeBipsieTbCsl Ha TOMUJIKY, i 11l TOMUJIKK KOPer'yHoTbCS;
. ZleKoJlep MOBJIEHHs] - BiJIHOBJIIOE CUTHAJ, IKMM TIPUXOAUTH 3 Koflepa KH, 3miHtOr0uM #oro
B HaTypasibHy (hOpMY, 3 BIaCTHBOIO HOMY Ha/IMIIKOBICTIO, ane y dopmari 1udpwy;
. LJAII - nepesiae OTpYMaHuUM CUrHa/ B aHalIOroBY opMy;
. eKBajaii3ep KOMIIEHCYe CIIOTBODeHb CUTHajly BHAC/IiJOK  BCIOJUIIPOMEHEBOrO
PO3MOBCIO[PKEHHST;

3ayBakuMO, 11]0 JJIs1 [TO€JHAaHHSA KOZepa i fiekoziepa iHO/li BUKOPHCTOBYIOTh HaliMeHyBaHHs KOJeK
(HarnpyKaz, MOBHUM KOJEK).

Kpim BnacuHe I1ga i ITma, 10 npuiiManbHO-TIepejaBaIbHOTO MOJY/IIO BXOJATD JIOTIYHUM MOAY/Ib i
CUHTe3aTop 4acToT. JIoriuHuii Moy — Lje KoMl toTep, sikuil kepye MC. CuHTe3aTop 37iHCHIOE
KOJIMBAHHS HeCy4oi 4acTOTH, 110 3aCTOCOBYEThCS /IS NepeHeceHi iHdopMallii uepe3 pazsioKH.

HasiBHicTb 0riuHOr0 MOAy/IbY i IIepeTBOpIOBaYa YaCTOTH 0OYMOBJIEHO THM, IO /i/Is1 TepeHeceHi
i IpUIftOMy BUKOPHUCTOBYIOTBCSI Pi3Hi AiSIHKU CIIEKTpy. [5]

1.1.3 Ba3oBa cTaHLisa MOOIIbHOI CHCTEMH 3B’ A3KY

CknagoBi BC 3a mpusHaueHHsM Maibke He Bifpi3HstOTbCs Bij ckmazoBux MC. Ilepiuoro

o3Hakoto bC e npuiiMaHHs iHdopMaliii, sika po3HeceHa B IPOCTOPi Ta 3a yactortoro (puc.1.3). Ha
TIPUIOM MOTPiOHO 2 aHTEeHH.

Jpyroto o3Hakoro cTpykTypu BC € HasBHicTh fekimbkox IIm i Takoi »k Kinbkocti I, 1o

[I03BOJISIE TIPALIFOBATH Ha JeKinbkox KH i3 pisHumu uacroramu. OpHoiimMenHi I1m ¥ [1x ocHateni
3araJbHAMH OTIOPHHIMH TeHepaTopamy, siKi 3abe3meuyroTh iX y3rofykeHy repeQyJoBy i uac
nepexoy 3 Ku Ha Ku. Mogyne 3’eqnanns BC — e komm’toTep, sikuii kepye poboroto BC i

KOHTPOJIIOIOTh  Jli€3faTHicTh i CKIafoBUX, MOAY/biB, By3miB. HagiiiHocTi pocsraioTe
pe3epBYBaHHSIM CKJIa[|OBUX 1 By3/liB, 3aCTOCYBaHHAM aBTOHOMHUX JIKepeJl )KUBJIeHHs, [ieBaliCiB

0XOJI0fKeHHs. [6]

Puc.1.3. CtpykrypHa cxema bC

1.1.4 LenTp KomyTanii

LK — 1je myHKT, /10 SIKOTO IPUXOJUTH [10TOKOBA iHdopMaLlis Bifi koxxHoi BC, i BiH Mae 3’ ejHaHHS
3 iHIMMy Mepexxamu. LIK — 1ie cuctema koHTpoJiio (puc.1.4).

IMepemuKau 37iHCHIOE KOMyTaLlif0 MOTOKIB iHdopmarii MK BiANoBiAHMME JiHIAMU 3B’SI3KY.

[Mepemyikau mifKIHOYeHUH [0 JiHIM 3B’A3Ky uepe3 BiAMOBiZHI KOHTposepH, siKi 37ilCHIOIOTH
nornepefHi0 00poOKy (ymakoBky, OydepHe 36epiranHs) iHdopmarjii. PyHKLi0 3arajbHOTO
KOHTDOJIFOBaHHSI BHMKOHYE LIeHTPaJbHUM KOHTpOJep, SKMH Mae€ TIOTy)KHe MaTeMaTUuHe
3abe3neuenHs. OmiepaTopu BBOJSATH MOKA3HUKU TIPO KIEHTIB i YMOBHU iX CepBicy, NepBHUHHI
MOKA3HMKHM 3a PeXXMMaMH poOOTH CHCTeMH; 3a HeoOXifHOCTI BUZAOTh KOMaH/H.

OCHOBHI CHCTeMHi CKJIa/I0Bi:

. perictp «zomaiHiii» (Home location Register, HLR) — indopmaliisi npo KmieHTiB,

3apeeCTPOBAHMX Y TOKa3sHUKUM CUCTeMi, M MpO BUJU MOCJYI, SKi BOHUM MOXYTb OTPUMAaTH,
MiCLeTIOIO’KeHHSI KJTi€HTa;

. perictp «rictb» (Visitor Location Register VLR) —Ttaki > BiZloMOCTi, SIK y JOMallIHEOMY
PeECTpi, ane Npo KieHTIB, siKi mepe6yBaloTh y POYMIHTY;

. ueHTp ayreHtudikauii (Authentication Center), 1o 3abe3neuye mpoLegypyu ay-

TeHTH(iKaLlil (BCTAaHOB/IEHHS MpaB K/Ti€HTa Ha BUKOPUCTaHHS MOOiNMBEHOT Mepexi);

. peectp amapatypu (peectp ifeHtudikanii anaparypu (Equipment identity Register) —
Bifjlomocti mpo MC, 1m0 3Haxo[sATbCSA B eKCIUlyaralii, Ha TipeAMeT iX CIpaBHOCTI Ta
CaHKLIOHOBaHOTO 3aCTOCYBaHHS). [6]

Puc.1.4. Ctpykrypa LIK

BHCHOBKM: DO3IVIIHYTO CXeMy CHUCTeMH MOOITBHOro 3B’si3Ky Ta ii CK/IafjoBi; BHU3HAueHO ix
OCHOBHI MOJK/IMBOCTI Ta TexHiuHe BUKopuctaHHsAbC, MC Ta LIK.

1.2  EdipHuii inTepdeiic

1.2.1 Inrepdeiicu MobGibHOrO 3B A3KY i iX cTaHAapTH3aNis
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Y koxxHili CC3 3acTOCOBYEThCS IIEBHA Ki/bKiCTh iHTepdeliciB, 3aBK M pi3HUX B Pi3HUX TUMAX.

€ cBoi inTepdeticu MC 3 BC, BC - 3 IIK (a B Tuni GSM - 111e i okpeMuii iHTepderic /st 3B's3Ky
IIm-I1x BC 3 xontposepom BC), LIK - 3 pomamiHiM perictpoM, 3 roCTbOBUM PpericTpoM, 3
PpericTpoMm amnaparypw, 3i cTallioHapHOO Te/le)OHHOI0 MepesKero Ta iHIi.

3 yciel kinbkocTi iHTepdeiiciB, 1j0 BUKOPHCTOBYIOTBCS B CTi/ILHHUKOBOMY 3B'f3Ky, 1 3aiimae
ocobsmBe Mmicrie - e iHTepdelic 06miHy Mi>k MC i BC. Bin Hocuth Ha3By edipHoro iHTepdeiicy
(EI) (anrnmilicbkuid TepmiH air interface) i gt 060X oCHOBHMX THMIB LM(pPOBOro MobibHOrO
3B's13Ky - D-AMPS i GSM - iHozi no3HauaeThcsi 0HaKoBO - Um, Xoua opraHi3oBaHui 30BCiM 10-
pi3HOMY.

Mogudikarii i B €quHOMY MOXIMBOMY At cBoro tury C3 BapianTti. OcraHHs o6cTaBMHA
no3Bomsie MC Oyzp-siKoi KOMIMaHii-onepaTopa 0ZJHaKOBO YCIIIIIHO TIPAL{foBaTy CrifbHO 3 BC Tiel
K abo Oyp-sIKOi KOMIIaHii, 1110 3pyYHO /71 ONIepaTopiB i MpaKTUUHO HeoOXiZHO /s opraHi3aii
POyMiHTY, B ToMy urcii MixkHapl-ro. Ctangapty EI BiAnpansoByOThCS Ay>Ke peTebHo, 1100
3abe3neunTy Oibil e(peKTUBHE BUKOPUCTAHHS CMYTHM YacToT, 110 BuzineHa KH pagio3s'asky. [1]
1.2.2 Eipumii inTepdetic cucremu D-AMPS

Y tuni D-AMPS icuye nBi moxmBi koHdirypauii, siki marots Bignosigui EI. Ludposuii
cTaHzaptT Oy/l0 CK/IafieH0O Ha OCHOBi aHA/JOTOBOI CHCTeMH 3i CHibHUMM 3 Helo KH
KOHTPOJTIOBaHHs. Takuii THI Ha3WUBA€eThCS 1S-54. 13 mporHeHHsM 30inbIueHHs QYHKLiOHAaTBHUAX
MOX/IMBOCTeH 3p06/IeHO y[0CKOHANeHHs, 34 MOXK/IMBOCTI SIKOI BBeJJEHO B eKCIUTyaTal{ifo HOBi
dpoBi KH KOHTpO/IIOBaHHS 3 Gi/bIIIOI0 MPOIYCKHOO 37aTHIiCTIO. HOBHMIA CTaHapT ofiepKaB
Ha3By IS-1tpu6. Ane ast MoBHUX KH 6yrio 36epeskeHo cTpyKTypy IS-54.

Otxe, posrisiHeMo ctpykTypy EI tumy IS-54. O6wmin iHdopmatii B Heomy BidByBaeTncs
Kazipamu (aHrn. — frame), siki #igyTs 1 3a 1-HuM, 3 TpuBanicTio 40 Mc. KoykeH Kafjp CK/IafaeThCst
6 yacoBuX NpOMiXKKIB — cioTiB. IIpoTspkHicTh 1-ro cnota — 6,67 Mc, 1110 BiAnosigae 324 bit,
To6TO MpOTSUKHICTB 1-r0 bit — 20,55 MKC. ¥ pexxumi noBHomBHzAKicHoro mmdpysanss (full rate
coding) Ha 1 moBHu# KH BiiBogsTh 2 cioTH, T06TO 20 MC CK/1a/{0BOT MOBH 3a ZOTIOMOTIOI0 TaKOT'O
mMQpPyBaHHs «YIAKOBYIOTb» B 1 C/IOT, IPOTSDKHICTB SIKOro BTpUYi MeHIIa. CTaHZapTOM MOXe
3[iMCHIOBATY LIiIBHILY yNAkOBKY, aje Takuil pexkUM IOKU He peasi3oBaHo. C/IO0TU MPSMOro
(downlink) i 3BopotHoro (uplink) Ku Biapi3HstoThcs 3a cTpyKTyporo. B 000x Bumazkax ajst
riepeHeceHi MOBH BifiBogsTh 260 bitis. ITle 52 bit 3afimae Kepyroua Ta ZornoMi>kHa iHpopmaris.
Indopmariist BKtouae: 28-bit HaBUaMBHOI OCITOBHICTI, SIKY MOTPiOHO A/1s ineHTH(iKaLil cI0TY
B KaJpi, CHHXpOHi3alil cioTy B uaci; 12-bit moBigomneHHsi curHamizauii, KOHTpPOMIO Ta
koHTposmoBaHHs SACCH (Slow Assosiated Control Channel) — K mnoBisibHOro
KOHTpOJroBaHHs; 12-bit moeigomnenns: koxy umepu (CDVCC — Coded Digital Verification
Control Code), sikrii BAKOPUCTOBYIOTh /s ifeHTH]ikawil MC mig yac OTprUMaHHsI Hel0 CUTHAJTY
BC (xom mpusHauaetbcst BC i TpaHCmOeThesl iHAMBIAyanbHO AJisi KoxkHoi MC, sika moTim
perpaHcaoe Lei koj po BC), mpu mpomy kop mae 8 bit, a 4 bit yTBOprOIOTH pasom 3
iHpopmanifinumu bit mepemkozgocTifikuii kox Xewminra; 12 bit y npsmomy KH 3anumaroTb
pe3epBHNMMH, a B 3BODOTHOMY BOHM BHUKOHYIOTh (DYHKI[if0 3aXHCHOIO IPOMIXKOKY, MPOTSIOM
SIKOTO He TIepearoTh Oyap-sikoi iHdopmariil.

3a yMOBOO MOBHOLIBHZKICHOTO 1MpyBaHHs c10TH 1 i 4 yTBOPIOIOTH Nepiunii MoBHuUIL KH, 2 i
5 — MOBHWUII KaHasl /jBa, Tpu i 6 — MoOBHHUM KaHan Tpu. Ha mepiiiomMy NmpoMi>KKy BCTaHOBJIEHHS
3B’A3Ky KODHCTYIOTBCS CKOPOUEHeM CJIOTOM, VY $IKOMy 0araToKpaTHO IIOBTODIOETHCS
CUHXPOHi3yloua mnociifioBHicTe Ta Koj CDVCC, skuii mofineHWd HY/JIbOBUMM KiTbKOCTIMHU
pi3HOi yacy. Y KiHIli CKOPOYEHOro C/I0Ta MaeMO [JOTOMDKHUE 3axucHuil 6raHk. MC mnepefae
crotw 1otH, foku BC He BubGepe moTpiOHY 4acoBy 3aTPHUMKY, SIKy BU3Haua€ BifictaHb MK MC i
BC. Kpim Toro, y tuni IS-54 BUKOpUCTOBYIOTH 3aranbHi KH KOHTPOJIIOBaHHSI 3 aHa/lIOrOBUM
crangaprom AMPS. Crpykrypa EI tuny IS-13 mxnazHima nopiBHsaHo 3i Tunom 1S54. Kazap
BKJ/IIOUa€e fiBa MOAy/as To wiicte cioTiB (Mogyne TDMA). Binbuie Toro, y Tumi BBefeHi
CTPYKTYPHI CK/Ia/I0Bi: «cyrepkazap» — 16 kaapiB (640 mc); «rinepkazap» — 2 cynepkazpu. [1]
1.2.3 EdipHuii inTepdeiic cucremu GSM
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TumuacoBa ctpyktypa EI cucremu GSM payxe ckmagua (puc.l.5). O6wmiH  iHdopmarii
OpraHi30By€eThCs KaJpaMH, sIKi MalOTh NMPOTSDKHICTE 4,615 MimicekyHa. Kazgp Bkitouae 8 cioris
mo 577 MKC, i KOXXKeH C/IOT BifmoBizae cBoemy KH MoOBmeHHs, TOOTO B KOXKHOMY Kazpi
nepefaetbcs iHdopmaris BocbMu MOBHUX KH. Ilpyu mnoBHouBUAKiCHOMY MMdpyBaHHI BCi
MOC/IIOBHI Kajpu MicTATh iHdopMalito ofaHux i TUX »Xe BocbMHM MOBHUX KH. Ilpu
HamniBUIBUAKICHOMY 1IM(pYyBaHHi, TOKK TaKOXX He peasi3oBaHOMY, MapHi i HerapHi KaJpy¥ MalOThb
indopmariito pizHux MoBHUX KH, To6TO iH(bopMmaLis 1-ro i Toro ) KHy MOB/eHHs TiepeaeThbCst
yepe3 KaJp, Tak 110 B LIiJIOMY repejaeTcs iHdopMatiis mwicTHaausaTi MoBHUX KH. [ToBepTarounch
JI0 CXeMH TIOBHOIIBH/IKICHOrO IM(pyBaHHS, 1[0 3aCTOCOBYETHCS B JaHUI Uac, 3ayBa’kKUMO, 1[0
inpopmaniiinuii kagp Moxe Oytu 1-ro 3 gBox TumiB - Kagp Ko Tpadiky abo kagp K
KOHTpOJItoBaHHs (puc.1.5).

Ha puc. 1.5 mpexcraBieHa cTpykrypa Kazpy KH Tpadiky mpu mepeHeceHi MOB/eHHs.
[MpoTspkHicTh c1oTa BignoBigae 156,25 bit, To6To mpoTspkHicTE 1-T0 bit cknagae 3,69 MKc.
Iepwi 148 bit cioTa cknagaoTh iHpopMariliHuii naket, abo iHdopmarifiHy Mmauky Ti, 10
3ammmunics 8,25 bit - 3axuicHuii npoMibkok. 3 148 bit mauku Ha mepeHeceHHsl iHpopMariii
MoBJ/eHs BijBoguTbest 116 bit (3 Hux 114 bit - Ha nepeHeceHHs BjlacHe MoB/eHHs i 2 bit - Ha
NIPUXOBaHi Tpanoplii, 110 BU3HA4YalOTh TUI IepesiaHoi iHdopmarii), 26 bit 3ailimae HaBuasbHa
TMOCJTiJOBHICTB, i 0OCTaHHiX 6 bit yTBoptotoTh 23-bit 3axUCHUX OJ1aHKa MO Kpasix Mauku.

3 BepxXHbOI YaCTHMHU pUC.1.5 BUIIIMBaAE, 1110 iHpopMaLiliHi Kagpu 00'€JHYIOTHCS B MY/IbTUKAPH.
26 xagpie Ku Tpadiky cTtBoprotots MynbTUKazAp KH Tpadiky Tpusaiictio 120 mc. Ilpu 1jpomy B
24 kagpax mnepejaeTbcs iHdopmarisi MoBU - 1e kKaapu 1 ... 12 i 14 ... 25, B kagpi ltpu
nepefiaeTbes iHpopMallisi MoBiabHOro npueAHaHoro Ku ympasninng (Ku BACCH), a kazap 26
3a/IMIIAETHCS TOPOXKHIM (BiH 3ape3epBOBaHUI /1711 epeHeceHi Apyroro cermeHTa iHdopmauii Ku
BACCH npwu HaniBIBHAKiCHOMY mudpyBaHHi). MynbTrkajp KH ynpasniHHS Mae NMPOTSDKHICTD
235 Mc i cknafaeTtsed 3 51 kaapy Ku ynpasmiHHs.

My/bTUKAIpH, B CBOIO uepry, 00'€THYIOTbCS B Cymepkaip, 1 cymepkaap CKiaafaerscs 3 51
mynbTUKaZApy Ku Tpadiky abo 26 kazpis Ku ynpaesiHss. [TpoTsSDKHICTH My/IbTHKaZpY B 060X
BUMAZKaxX CTaHOBHUTH 6,12 ¢, abo +1326 kazpiB. Hapemri, 2048 cynepkazipiB yTBOpIOIOTH 1
rinepka/p, 11j0 Ma€ NPOTsUKHICTb Tpu rog, 28 xB 5Tpu,760 ¢, abo 2715648 kanpis. Homep kazpy B
Me>Kax TinepKa/jpy 3aCTOCOBYEThLCS B TPOLieCi Mg pyBaHHs NiepefaHoi iHopmaii. [7.8]
BucHoBKM: mpoaHastisyBaBuiy 2 Trmy MobiibHOro 38’a3Ky Ty GSM i D-AMPS Bu3HAunIHu
OCHOBHI IlepeBary Ta HeflOJKH.

Tabmuns 1.1

IlepeBaru Ta HeJ0JIiKH cHCTeM MOOiIBHOrO 3B’513Ky THIY GSM i D-AMP

Hani posrnsagaTiMeMo 6isbl momwpeHinty B Hatii obnacti CC3 tuny GSM.

1.3 OpraHi3anisi po6oTH cucTeMH M0GITBHOrO 3B’ SI3KY

1.3.1 YacrortHi, ¢i3nyHi i oriuni kanamm

Kpim BnacHe iHdopmanii mosneHHs mo K3 mnoBHMHHA mepejaBaTHCs TaK 3BaHa CUTHa/IbHA
indopwmariisi, abo iHdopmariis curHasmiszaiii, 10 Mae iHbopmallifo yrpaeaiHHS i iHpOpMariio
KOHTDOJIIO CTaHy araparypu.

YacrotHuii kaHan (UK) - 1je cmyra uacTor, 110 BiJBOAUTHCS fi/1s1 lepeHeceHi iHpopMarii 1-ro K3.
IMpaBpa, six My GakKTUYHO BiKe Bii3Haua/M padile, py 3acTocyBaHHi Metogy TDMA B ogHOMY
UK mnepenaetbcs iHopMalis gekinbkox K3, To6TOo B ogHOMy UK po3MillyeTbcsi KilbKa
¢isnuHux KH, asne 1je He cynepeunTh HaBe/jleHUM BHU3HaueHHsIM UK.

Y tuni D-AMPS (CILIA) ans nepeHeceHi iHpopMauii npsmoro kaHany (BC — MC) BinBezseHa
cmyra uactotr 869—894 MI'y; 3BopotHoro kKanany (MC — BTC) — 824—849 MI'n.
BukopucTaHHs JyI/IEKCHOTO PO3HECEeHHs..

3B’30K L|eHTpa/IbHOI 4acToTH 3 ii HoMepoM:

KaHaJsl 3BOPOTHiM:

KaHaJI MpSIMUH :

Puc. 1.5. Crpykrypa EI (kanan Tpadiky) cucremu GSM
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Y tuni GSM 900 f HopmaLil npsMoro KaHany iaBogutecs cmyra 935 ... 960
MTI'1, a 38opoTHOTO - 890 ... 915 MTI'ly, TO6TO ABOGIUHMI PO3HOC 3a YACTOTOIO TAKOXK CTAHOBUTh
45 MTI'u. 1 UK 3aiimae cmyry Ar = 200 xI'1.

®i3nunuii kaHan (PK) B cucTemi 3 MHOKMHHOLO OCTYIy 3 TUMUacoBuM noginom (TDMA) - ne
THMYaCcOBHUM C/IOT 3 BU3HaU€HUM HOMepoM B rociifioBHOCTI KazipiB EI. Takum unHOM, B 0iHOMY
YK B tuni D-AMPS npu nosHomBHAKICHOMY 1M(pyBaHHi NepefaeTscs iHdopMariis Tppox PK,
MpY HamiBIIBUKICHOMY IMdpyBaHHI - iHopmauis wmwectn ®K, a B Tuni GSM 3aBxau
nepefaethes iHpopmariis BocbMmu @K, ae npu HaniBIBUAKiCHOMY HrdpyBasHi 1 @K mictuTh
2 xaHam Tpagiky. Peasmisaris wacoBoro 3meHmenHs KH B 3 abo 8 pasiB BifmoBigHO mpu
TOBHOILIBH/KICHOMY IIM(pyBaHHi i B 6 a60 16 pa3ie - Mpy HaMiBLIBUAKICHOMY.

Jloriuni xaHamu (JIK) pospisHstoTbes 1o BUAY (ckaagy) iHdopmariii, mjo nepefaerscs y ©K. B
nipuHLpri B @K moxke OyTH peasnizoBanuii 1 3 gBox TwmiB joriuHuxX KH - kaHan Tpadiky abo
KaHan ynpasriiHeasA. JIK Tpagiky - Lle KaHam TiepeHeceHi MOB/eHHs, TOOTO Tiel iHbopmaLii,
3apaau siKol i cTBoproeTbes C3. [5]

Y tuni D-AMPS Bepcii 1S-54 3 BigHocHo mpoctum EI monsarrs JIK Hemae. PosrisHyTa
cTpykrypa cioty s JIK, me vactkoBo mepenaerbcsi iHdopmarisi KoHtpostoBanHs (SACCH,
CDVCC, Sync). JIK y TakoMy Tumi MO CyTi sB/is€ COOOK CKOPOUeHy Iauky, sIKY
BUKODHMCTOBYIOTh Ha eTarli BCTAHOBJIEHHS 3B’S3KY, a TaKOXK i3 IIBHUJKUM CyMiCHUM KaHalI0M
koHTposmoBaHHs FACCH (Fast Associated Control Channel). [JomyctriMa uactota 3amiH He
peryaMeHTOBaHa.

JIK koHTpO/IFoBaHHs THIty IS — 136 mepepaxoBani B Tab/1.1.2.

Tabmuns 1.2

JloriuHi KaHa/IM KOHTPO/IIOBaHHA THIy IS — 136

Y tumi 1S-136 Buginennx KH koHTpo/moBaHHA HeMae, To6to Bci UK piBHOMpaBHi BiAnoBifHO
iHdopmaniiiHoMy CK/azy, 10 MepesaeThes, ajie € HeoOxXigHicTs 3actocyBaHHs JIK — KH Tpadika
i koHTpO/MoOBaHHs1. [ nepeHecei iHdopmauil JIK KoHTposmoBaHHs BUAisoTh 1 @K, To6TO 2
oot B Mexkax 1-ro kagpy EI Y 3BoporHomy HanpsmMky (MC — BC) nepenaerscs iHpopmariis
1-ro JIK KoHTpOIOBaHHS — KaHajly Bunazkosoro goctyry RACH (Random Access Channel).

Y npsimomy Hanpsamky (BC — MC) nepepiaerbes indopmariist Takux JIK KOHTpotoBaHHS:

. BCCH (Broadcast Control Channel), «Tpanc/isnifiHui» pexkuM nepeHeceHHs! iHpopMariii
npo craH Mepexi i3 migkaHanamu Fast BCCH — mBugke kontpomoaHHsi, Extended BCCH —
posiuupeHe KoHTposoBanHs, S-BCCH — 06MiH MoBifoM/IeHb;

. kaHainy SPACH i3 nmifkananamu Bukavky PCH (Paging Channel), BianoBizii Ha BUK/IMK
ARCH (Access Response Channel), 06MiH KOPOTKHX ITOBiZIOM/IeHb 3a BH3HAUEHOIO a/ipeCcoro

. 3arajbHOro KaHany 3BopotHoro 3B’s3Ky SCF (Shared Channel Fed-back), npusnauenoro

U151 TIepeHeceHi BinoBizHOT iHpopmaLii B mpoueci opranisatii goctyny MC y cucremy.

¥ kanani BCCH nepegaetbest iHbopmariist ais Bcix MC: nipo ctan mepexi (F-BCCH Ta E-
BCCH), koporki noBifgomnenss (S-BCCH) Ta indopmatiis, 1o notpebye 4acToro oHoB/eHHs (TI-
Tpu KH KOHTDOJIIOBaHHS, BaXK/IUBi MOKAa3HUKM /IS Opraisalii goctymny B mMepexy). F-BCCH
OHOBJTIOETBCS 3 YACTOTOXO CyIepKa/ipiB.

Kanan SPACH mnpusHaueHud Jjd IepeHeceHi afipeCHUX MOBifioM/ieHb KOHKpeTHMM MC.
Ipuiinara cTpykrypa K koHTposoBaHHs nepedBauae Taky oprasisailito BUKIMKY MC, ska
MiAATPUMYE «PeXHUM CHy». BUK/IMK TIOBTOPIOETbCS 3 TIepiOAWYHICTIO KaJpy BUKIIHKY,
TIPOTSDKHICTB SIKOTO 3a/eXXUTh Bifi Moro kiacy i craHoBUTSH Bif 1,28 ¢ go 123 c. MC npuiimae
(mexopye) indopmariito B mepiioMy cyrepkazpi, i sKijo BUKIMKY B 1i agpecy Hemae, To MC
«3acrHae», To0To BifikmouaeThest. IIpOTSHKHICTD KaZpy BUK/IMKY BU3Hauae Mepexka. [1]
Crpykrypa JIK GSM y cripoiieHOMy BUIVIsZi HaBefjeHa B Tabm.1.3.

Tabmurs 1.3

Cnpomgena crpykrypa JIK tuny GSM

JIK tunty GSM ginarecs Ha KaHaau Tpagiky i KaHaM yrpaBIiHHS.
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Kanamu tpadiky TCH (Traffic Channels), B cBotro uepry, ainstecs Ha nosHouBuakicHi TCH / FS
i mamiBmeuakicai TCH / HS. Tunm Ku tpadiky g1s nepeHeceHi ganux B Tabm.1.1pu.1.2 He
sxmoueni (TCH / F9.6, TCH / F4.8, TCH / H4.8 i T.I.).

MogHi kaHamu ynpaeninHg BCCH npusHaueHi jj1s1, nepeHeceni indopmauii Big bC go MC B
MOBHOMY pexkumi, To6T0o 6e3 agpecyBanHs [0 Oyab-sKoi KoHkpeTHoi MC. B unciio moBHux KH
ynpaBiiHHsI BX0oAsATh: KaHan Kopekuii uacrotu FCCH (Frequency Correction Channel) - gns
nigcrporoBaHHs yactoty MC mig yactoty BC, kaHan cunxponisanii SCH_ (Synchronization
Channel) - ans kagpoBoi cunxpoHi3anii MC, a TakoXK KaHasl 3arajbHOr0 iHpopMmatiii, 110 He Ma€e
OKpeMOro HaliMeHyBaHHSI.

3aranbHi KaHamM ynpasiinasg CCCH Bkmrouaroth: KaHan BUkaukKy PCH (Paging Channel), sikuii
3acTocoByeTbcs 15 BUKIUKy MC BC; kaHan fo3Bosty foctyny AGCH (Access Grant Channel) -
JU1s1 TIpPY3HAYeHHs! 3aKpilyieHoro KaHamy yTIpaB/iHHS, sIKMM Takox rnepegaerbest Bif BC Ha MCG;
kaHasn Burnazikooro goctyny RACH (Random Access Channel) - aist Buxony 3 MC Ha BC i3
3alIMTOM IIPO TpU3HAYeHHs BUJi/EHOro KaHany ynpasrmiHHs. ITpu mepeneceHi iHgopmariii o
3araJlbHUM KaHa/laM YTIpaBJliHHs TIPUOM iHdopMallil He CyrpOBOKYETHCS MiATBEPAKEHHIM.
Bugineni 3akpinneHi kaHamu ympasiaiHHd SDCCH - aBTOHOMHI KaHa/lu YIIpaB/IiHHA A/
nepeneceHi iHpopmauii 3 BC Ha MC i B 3BOPOTHOMY HarpsMmKy. [5]

1.3.2 Ininiasizanis i BCTaHOB/IEHHS 3B’ SI3KY

Iepetifemo 10 po3risAAy opraHisalil OCHOBHUX pexxuMiB pobotu CC3.

LK i BC nparjtorots 24/7. TIpy HasIBHOCTi B HUX HeIoJ/a/j0K Mpale3/aTHiCTh MiJTPUMY€EThCS 3a
paxyHOK reped BauyBaHOr0 KOHCTPYKIi€l0 pe3epByBaHHs1, 3 PEMOHTOM (3aMiHO0) CK/Ia/|OBUX.
I'nsiHeMO Ha MPOCTHH BUMAaZoK - pobory MC B Mexax 1-ro ocepefky CBO€EI («JOMAIIHbO1»)
cuctemu, 6e3 mepeHeceHi cepeicy. B 1iboMy Bumagky B po6oti MC MOXXHa BUALIATH 4 eTary,
SIKUM BiZIlIOBiZat0Th 4 peXXKUMH poboTH:

. BKJ/IFOUEHH 1 iHiLliasi3arisg;
. PEXUM UeKaHHSs;
. PEXKHM BUKIIHKY;
. peKUM PO3MOBHU.

Micnsa extoueHHs MC, ToOTO Mic/sA 3aMUKAHHS JIAHLFOTA XKUBJIEHHS], TPOBOJMUTHCS iHilliami3awis
- MoYaTKOBHI 3amyckK. [TpoTsrom 1koro etany BidByBaeThcs HamamtyBanHs MC Ha po6oTy B
CKJIaZli CUCTeMH - 3a CUTHalaMy, siKi pery/isipHo nepeparotecsi BC Mo BiANOBIAHMX KaHamax
KOHTPOJIIOBaHHS, micist yoro MC mnepexofiuTb B peXXuM uekaHHs. KoHKpeTHUH 3MicT eTamy
iHinjianizauii 3ane)xuTs Bif Ty C3, 110 3aCTOCOBYETHCSI.

¥ tuni D-AMPS Bepcii IS-54 MC nounHae 3i CKaHyBaHHs BU/ijieHMX KH yrnpaBiiiHHsA i BUGOpY
KaHajly 3 HaWbibII CUJIBHUM CHTHAJ/IOM; TIOTIM 10 iH(opMalii, 110 mepeJaeTbCsl UM KaHaJIoM,
MC Bu3Hauae Homepu KH BHUK/HKY, 3HAXOJWUTh CEpeJ, HUX KaHaj i3 CTabiIbHUM CHIHA/IOM,
T1ePeCTPOIETLCSI Ha MOr0 YacTOTY i OUiKYE.

¥ tuni GSM MC ckanye Bci HasiBHi UK, Ha/alITOBYEThCS HAa KaHa i3 CTabi/IbHUM CUTHA/IOM i
BU3Hauae, 4ud TpaHCMoeTbcs B LboMy UK iHdopmanis i3 BCCH. fxujo Hi, To BTC
TepeHanaliToByeTbCsl Ha Apyrui mopiBHi curHamy UK, i Tak moku He 3Haije KaHain BCCH.
IMotiMm MC 3HaxoguTh MauKy CHHXPOHi3allil, CHHXpOHi3yeTbcs 3 obpanuM UK, posmmdposye
nopatkoBy iHdopmarito ripo BC (6-bit kog izentudikauii BC) i mpuiimae octaTouHe pileHHs
TIPO MPOJOBKEHHS MOLLIYKY ab0 poO0Ty B IaHOMY OCEpeJKY.

IMepeGyBarouu B pe>kuMi uekaHHs1, MC crigkye 3a:

. 3MiHOI0 cucTeMHOI iHdopMaliii — 3MiHu 1o pyci MC;

. CHCTeMHi KOMaH/[1 — KOMaH/1 MiJTBep KeHHsI JIoKaLlil K/TieHTa;

. BUKJIVK 3 CTOPDOHU CUCTEMHU;

. BUK/IUK BJIaCHOTO aDOHEHTY.

Y tuni GSM MC BumMiptoe i nepioanuHo nepegae Ha BC HacTynHi n-tpu:

. cryminb curHany BC pobodoro («cBoro») ocepefiky i o 16 JiNsHOK, IO MeXXYIOTh 3

L0aHOI0;

. SIKICTb CUTHasTy Ha pobouiii TepuTOpii —MIOMHIJIKA, sIKa MpUMagac Ha 6iT iHdopmariii.
CX0XicTb I LUntatn I MocunaHHs KomeHTap A MigmiHa cumBonis

IO xepen Ha cTopiHui: 2,10, 17, 23, 27, 44, 53


https://unicheck.com

ID cphanny:

Ha3Ba pokymeHTy: 2019_Konomieub IOpin_lNaHenbHa aHTeHa Ans... 1000788553

Po3rnsiHeMo nipoLielypy BCTaHOBJ/IEHHS 3B'SI3KY.

SIKijo 3 60Ky cHCTeMH HaJXOAWUTh BUKIMK Homepa MC, 11K Hanpagsisie el Bukiuk Ha BC Toro
ocepeKy, B sKili «3apeectpoBaHa» MC, abo Ha Kinbka BC B OKOMHIN LIbOTO OCEpefKy - 3
ypaxyBaHHSIM MOXX/IMBOIO IepeMillleHHsl KJIi€HTa 3a 4ac, 1[0 MUHYB 3 MOMEHTY OCTaHHbOI
«peectpanii», a BC mnepepatoTh Ioro mno BifNOBiAHMX KaHajlax BUK/IWKY. IIpu BipHOMY
pe3ynbrari ayreHTH(ikauil npusHauaeTbcst KaHan Tpadiky, i MC mnoBiJoMIsSETECS HOMEp
BignoigHoro YK. MC HanalToByeThCsl Ha BUineHuid kaHaa. MC HanallITOBYETLCSI HA JAHUM

HOMep C/I0Ta B Kafipi, YTOUHIOE 3aTPUMKY B uaci, MiJIalliTOBY€ CTYIiHb BUIIPOMiHIOBaHOI
TOTY>KHOCTI 1 T.I1.

Bubip uacy uekaHHs TIPOBOJUTHLCS 3 METORO MOTOMKEHHS CJIOTIB B Kafpi (Ha mpuiiom B BC) mpu
oprasnisauii 38's13Ky 3 MC, 1110 3HaXosTbCs Ha pi3HUX BiAcTaHsx Bifg BC. [Ipu 1jpoMy TMYacoBa
3aTpuMKa nepezianoi MC mauku perymoetscs 1o KoManziam BC. ¥ tumi D-AMPSnpu Bubopi
TUMYacoBOl ueKaHHs pobO0Ta 3[iWCHIOETBCS YKODOUEHMMHU Tlaukamu. [louaTKOBe 3HaueHHs
yeKaHHs CTaHOBUTH 88 bit; BOHO MOXe 3MeHIIyBaTHUCs Ha BemunHy 0 30 bit 3 kpokom 1 bit

(20,55 mkc). ¥ tumi GSM npu BUOOpi yeKaHHST BUKOPUCTOBYIOThCS TIAUKH JOCTYIy. 3aTpUMKa
perymoeTbcs B Mexax Bif 100 6Tpu bit 3 suckperom 1 bit (3,69 Mkc). Hapani BC Bigcrexxye

3MiHy fanbHOCTI 0 MC i Kopurye BeJlMUMHy YeKaHHS, BU/Ial0uu BiJnoBigHi komaHau Ha MC.

ITpn MaMx TeOMeTPUYHHUX pO3Mipax ocepejKy, TOOTO IpY MasIiX BeTMUMHAX YeKaHHs (B MeXKax
3aXUCHOro 6siaHKa abo 3aXMCHOTO MPOMDKOKY), KOMITEHCALlisi THMYacOBOI UeKaHHsS MOXe He
npoBoOOUNTUCH.

Y tuni GSM BUpoO/s0TECs Takox rpuB'sska MC o BC 3a 4acToTOlO 3 3aCTOCYBaHHSIM MaukKu
KopekLlii yacToTy i TumMuacosa cuuxposisariss MC 3 BC 3 TounicTio 1o 1/4 bita, gy1s1 yoro B naurji
CUHXpOHi3alil nepefatroTbcs HoMepa uBepTi bita (QN - Quarter bit Number, B mexxax Big 0 o

624), bita (BN - Bit Number, B mexxax Bif, fo 156), ciota (TN - Timeslot Number, B Mexxax0

Big 0 go 7) i kazpy (FN - Frame Number, B Mexxax Big 0 fo 2715648)

[Morim BC Buzae roBijoM/IeHHsT PO Yac Ha/XO/pKeHHs A3BiHKa, sIKWi mifTBep/KyeTbes MC, i
KJIIEHT OTPUMYE MOXJIUBICTb OYYTU CUTHA/ BUKI/IHKY.

B mporeci po3moBr MC BHKOHYe 006p0OKY HafiC/aHMX Ta OTPUMAaHWX CUTHAJIB MOBJIEHHS, a

TaKO)XX CHUCHA/iB YIIpaBliHHS, 10 TepeJaloThCs OAHOYACHO 3 TpoMoBow. Ilo 3aBepiieHHi
po3moBu BidByBaeThcs 06MiH cay)x6oBuMu moBizomieHHsMH Mixk MC i MC, micst yoro I1f
MC BUMMKAETBCS i CTaHLIig MepexoUTh B PeXKUM UeKaHHS.

SIKiio BUK/IMK iHiLitoeTbess 3 60Ky MC, TO6TO KIIi€eHT Habupae HOMep KIi€HTa, IO
BUK/TUKAEThCSA, TEPEKOHYEThCS B TPABUIBHOCTI Habopy Mo BifiobpakeHHIO Ha AucIuiel i
HAaTHCKAae BiOBiZAHY KHOMKY («BUK/IMK») Ha IMaHesi yrpasyiHas, To MC repefae uepe3 CBOIO

BC mnoBigoMieHHs1 3 3a3HayeHMM MOTPiOHUM HOMepoM i iHdopmariero s ayTeHTHpiKawii
pyxomoro kiieHta. ITicisi ayrentudikauii BC npu3Hayae kaHan Tpadiky, i HaCTynHi KpOKH 3
Ti/[TOTOBKY CeaHCy 3B'I3Ky BUPOOJISIFOTHCS TaKMM JKe UMHOM, SIK i Mij Yac BCTYIy BHUKJIHKY 3
OOKY CHCTEMH.

[lanuii mporjec xapakTepyU3y€eTbCsl HACTYITHORO NIOC/IiJOBHICTEO Aiif:

1. MC 3a gornomMororo KaHasy 3 BurnaakoBum gocrtyrnoM (RACH) Hajcuae 3anmMTHa BU/ieHUI
kepytounii KaHan (SDCCH) a/1st BCTaHOBJIEHHS BUKJ/IHKY.

2. Kontpomtotounii opran BTC BUKOpUCTOBYIHOUM KaHasl, iKW Bignosigae 3a goctyn (AGCH)
Hajae kaHan SDCCH.

3. MC xopuctytourch KaHasamu SDCCH npoBoauTh ayTeHTH(iKaLlito i TeneoHye KIi€HTY.

4. 11K Ha3Hauae KaHasl, KUl Bignosbkae 3a tpadik (TCH).

5. IIK mae HoMep, A/1s1 BUK/IMKY i 3aKiHuye 3'eaHaHHs. [1]

1.3.3 Ayrenrudikanis i izenTudikanis

AytenTudikalis - npoueaypa mifTBep/pkeHHs1 ocobu Kiienta cuctemu MC. HeobxigHicTb
BBe/IeHHS 11i€l Tpolleflypy BUK/IMKaHA HEMUHYUUM 3BabjleHHSIM OTPUMAaHHs HeCaHKI[iOHOBaHWI
pocryry fo nocayr C3, 1m0 IpU3BOAUTH /10 UMC/IEHHHX i Pi3HOMaHITHHUX TPOsiBiB 0COBIHUBOrO

pogny wmaxpaiicta. CiioBo ayTeHTH(iKallis (aHr/ilicbke authentication) MoxoAuTh Bifj rpeLIbKOro
authentikos - cripaBHiH, 1110 BUXOAUTH i3 MepILofyKepea.
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ImenTucikauis - mpoueaypa oTotokHeHHs: MC, To6TO TpoLieAlypa BCTAHOBJIEHHS HAJIEXKHOCTI /10
MeBHOI IPYTIH, 1[0 MalOTh CBOI BiMiHHI prcH.

Y tuni GSM npouesypa ayTreHTUdiKallii MoB'si3aHa 3 3aCTOCYBaHHSIM MoAy/sl ifeHTUdiKawil
kiieHTa (Subscriber Identity Module - SIM), 3BaHoro Takoxx SIM-kaprtoro.Moaynabs SIM - ne
MOJy/b, 1[0 BCTaB/SIETbCS BiJMOBifHE THI3A0 KII€HTCHKOro amapaTy. Mofynb MiCTUTh
MepcoHa/bHUN ijeHTH®iKaLiliHii HoMmep kiieHTa (Personal Identifiication Number - PIN),
MikHapogHuil igeHTudikarop kmienta MC (International Mobile Subsc Identity - IMSI),
inguBigyanbHUA Kmrou ayTeHTHGiKail KiieHTa, iHAWBiAyaneHUMM anroput™ ayTeHTH(iKariil
kimeHnra A3, anroput™M obuncieHHs Kmoda ImudpyBaHHA A8. [na  ayTeHTHiKarii
3aCTOCOBYEThCS 3alIM(POBaHUI BiATyK S, SIKUil € pe3y/bTaTOM BUKOPUCTAHHSA aaropurmy A3 1o
kmoua Ki i kBasiBumnagxoBoro kinbkocTi R, 1m0 orpumyerbcsi MC Bif LieHTpY ayTeHTHbiKaLjii
yepe3 IIK. Anroputm A8 3acTOCOBYETHCS A/ OOuUMCIeHHs MUQpPy KOAyBaHHsA iH(popMariii.
YHikanbHuit inenTudikarop IMSI 3aminroetses inenTudikaropom TMSI.

IMpoueaypa igentudikanii nossrae B MOpiBHAHHI ifeHTHdiKaTOpa KIi€HTCHKOrO arapary 3
HOMepaMy, If0 MICTATBbCSI y YOPHMX PEeeCTPOBCHKMX CITHCKAX, 3 METOI BHAA/NeHHs 3 0biry
HeCIIpaBHUX JeBaliciB. IneHTH(iKaTOp anapaTry BUrOTOB/ISIETHCS TAKAM UMHOM, I1{00 iioro 3amiHa
abo migpobka GyaM BaXKKUMH i eKOHOMIUHO HeBUTifHUMH. [9]

1.3.4 O6miu cepricy

IIpu nepemimenni MC 3 1-ro ocepefky B iHuly Ii cepBicy BiAnoBifHO mepepaetscs Bifi BC
nepumoro ocepefky jo BC gpyroro. lLleif npoijec HasuBaeTbcsl Ilepefiadyelo Cepsicy
[TigxpecmmMo, 1110 TpoLieAypa repeHeceHi cepBicy Mae Miclie TiIbKM B TOMY BUIAAKY, kKo MC
repecikae KOpJJOH ocepeJKiB | yac ceaHCy 3B'si3KY, i 3B'130K (TesiepoHHA po3MOBa) MPU LibOMY
He nepepuBaeThcsl. SIkio xx MC nepemilaersest 3 1-ro ocepeiky /o Apyroro, nepebyBaroud B
peXxrMi ueKaHHsl, BOHa IPOCTO BiAcTeXye Iii mepeMileHHs1 3a iHbopMaljiero cucTemy, IIo
Tiepe/Ia€ThCsl 110 KaHa/IaxX yNpaB/iHHSA, i B MTOTPiOHUI MOMeHT repeOy/iOBY€TbCS Ha CHJIBHILINIA
curHan inmoi BC.

TexHiuHO TIpOIieZlypa TiepeHeceHi CepBicy 37iHCHIOETHCS HACTYMHUM 4MHOM. HeoOxigHicTh y
TepeHeCeHI CepBiCy BUHUKAE, KOJIU AKICTb KaHaly 3B'SI3KY, 1110 OLIIHIOETHCA 3a piBHEM CUTHay i /
abo uwactotu bit MOMHIKHM, Majae Hkdue AomyctuMmol Mexi. Y tumi GSM 3a3HaueHi n-Tpu
MOoCTiiHO BuUMIipIOIOTEC MC K [l CBOTO OCepejKy, Tak i Ajisi psay cyMikHux (mo 16
ocepeJKiB), i pe3yabTaTti BUMiproBaHb nepefatoThest Ha BC.

OO0O0B'sI3KOBOD YMOBOIO TepeHeceHi cepBicy 3 1-ro ocepefky B iHIIY € Gi/iblll BUCOKA SIKiCTh
KaHasy 3B's13Ky B /Ipyriii kKiTuHLi B TopiBHAHHI 3 nepiioo. [15]

1.3.5 Poyminr

PoyMiHr - 11e QyHKList TOCayr aboHeHTy 1-ro orepartopa B CUCTeMi iHILIOTO orepaTopa.

KrieHT MOGiMBHOrO 3B'3KY, SIKMH OMMHUBCS HA [iISHI[i«UyXKO1» CHUCTEMH, IO [O3BOJISIE
peasi3aliito pOyMiHTY, iHil[if0O€ BUK/IMK TaKMM YMHOM, SIKIIIO 6 BiH 3HAXOAWBCS Ha [i/ISTHLI «CBOEI»
cncremMn.

11K, nmepekoHaBILUCE, 1110 B HOTO /OMAIIHbOMY DericTpi Liel K/Ii€eHT He UMC/IUThCS, CIpUiiMae
Hioro siK poymepa i 3aHOCHTb B OCTbOBil perictp. OgHouacHo (abo 3 /IeSIKOI0 3aTPUMKOI0) BiH
3alUTy€ B JOMAllHbOMY DericTpi CBO€i cMCTeMM poyMepa BIJTIOBiJHI NP0 HBOTO BiZJOMOCTI,
HeoOXi/Hi /11 opraHi3atiii cepgicy, i moBifomIsie, B sKiii cucTeMi poymep 3HaXOAUTBLCS B AaHUMN
yac; ocTaHHs iHdopmalisi (iKCyeTbCs B AOMAIIHBOMY PEricTpi «pifHOI» cUCTeMH poymepa.
Iicns uyporo poymep BUKoprcToBye C3, sIK BIOMA: BUXiZHI BiJj HbOr0 BUK/IMKUA 0OCITYTOBYFOTBCS
3BUYAaiHMM UYMHOM, 3 TIi€H0 JIMIIe Ppi3HHWLEel0, II0 BiZIOMOCTi, sKi [0 HBOTO BiZIHOCSATHCH,
(hiKCyrOThCSl He B JOMAIIHBOMY DETiCTpi, a B TOCTHOBOMY; BXi[iHi BUK/IMKU TepeasipeCoBYHOThCS
CBOEIO CUCTeMOIO Ha Ty CUCTeMy, Zie poyMep roctroe. Ilic/s noBepHeHHs poymepa AOAOMY B
JIOMaIlIHbOMY PeTiCTpi CBOET CHCTeMM CTHPAETHCS afipecy Tiel cucteMy, Jie poymep repebyBaB, a
B TOCTHOBOMY pericTpi Ti€i cuctemMu, B CBOIO Uepry, CTUparOThCS BiJOMOCTI Mpo poymepa.
On/aTta MOCAYr POYMIHTY IPOBOJMTBCS KI/LIEHTOM uepe3 «/|OMAllHIO» CUCTeMYy, a JOMallHii
OIeparop BifUIKOZOBYE BUTpATH OIlepaTopy, 10 3pobuia MOCAyrd pOyMIHTry, BiANOBifHO 3a
POYMIHIOBOIO yroforo. [1]
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1.3.6 MoX/IMBOCTi MOOI/ILHOTO 3B’ A3KY

Po3rnisi; mwTaHb oOpradizaiii poOOTH 3aBepLIMMO KOPDOTKMMH BiZIOMOCTSIMH TpO Habip
MOXX/MBOCTeH, rmpornoHoBaHux C3 cBoiM KiieHTaM. KpiM 3BUYaliHOI [JBOCTOPOHHBOIO
pasioTenedoHHOro 3B's13Ky (06MiH MoBM) 3 MC CTiNbHUKOBOI Mepexi i HepyXOMHUMHU K/li€HTaMu
crarjioHapHoi Tene)OHHOI Mepexi, BK/IIOUAOUM MDKMICBKMH Ta MiKHapoAHWH Tese)OHHUI
3B'130K, CC3 MOXyTb 3arporoHyBaTW KJI€HTaM Ie LiU{ psif TOCAYI, B TOMY UMCIi
repeHeceHHs1 ()aKCUMIILHUX TIOBi/JOMJ/IeHb i KOMITIOTEPHUX [AHUX, Tepeasipecallitd BUK/IMKY i
aBTOZ03BOH, aBTOMAaTHUHY peecTparjifo yacy TerneOHHHX pPO3MOB, OJIOCOBY IOMITY i GaraTo
iHIIOrO.

CranziapT GSM pae uiTky K1acudikarito miTpuMyBaHUX HUM MOXJ/IUBOCTEH.

MosxmBocti C3 CK/IafjaloThCsl 3 OCHOBHUX 1 0JjaTKOBUX MOKIMBOCTeH. [Tepii 3 HUX MOXYTh
icHyBati cami 1o cobi, BOHM MOZIISIOTHCS Ha 2 BeNUKI K/IacH - MOXKIMBOCTI IepeHeceHi
OpieHTOBaHI TiZILKM Ha TpaHCIIOPTyBaHHs iHdopmanii MK BiJNOBiAHMMH CTHUKaMU KJIi€HT /
Mepexka, i Ha BiAMiHy Bij TeneMOXIMBOCTI TypOOTa TMPO CYMICHICTH INPOTOKOJIB 3B'A3KY
KiHLIEBUX [eBaiiCiB (TepMiHa/IBHOI armapaTypi) 3aMILAETbCsl 3a KIi€HTaMM L[UX JeBaiciB; i
TenedyHKIii -opieHTOBaHa Ha Ge3mocepeZiHii 3B'I30K KTi€HT / KIT€EHT i Ma€e (yHKLiIO 3B'SI3KY
KiHL|eBUX JieBaiiciB. [[0JaTKOBI MOXMJIMBOCTI MOXKYTb Ha/IaBaTUCS TiIbKU O[HOYacCHO 3

OCHOBHUMMW.

MoK/IMBOCTi IepeHeceHi BK/IIUaloTh 4 KaTeropii:

1. AcuHXpoHHMH OOMiH iHdopMalji€ro 3 KOMyTOBaHMMH CIiTKaMH 3ar. BUKOPMCTaHHs 3i
mBrgkoctssmu 300...9600 bit / c.

2. CuHxpoHHMH 0OMiH iHdopMamiero 3 KOMYTOBaHMMHM CiTKaMH 3ar. BHKODUCTaHHS,

KOMYTOBaHMMHM CiTKaMH TlepeHeceHi [JaHWX 3al. BUKOPUCTAHHS Ta LU(POBUMU CiTKamMH 3
iHTerpatiero MoxBocTe# 3i mBuakoctamu 300...9600 bit / c.

3. ACYHXpOHHUMI TakeTHUH OOMIH iHQopMarjiero 3 MepeXkelo IepeHeceHi [JaHUX 3ar.
BUKOPMCTaHHS 3 AaKeTHO KoMyTatjieto 3i mBuaxoctsamu 300...9600 bit / c.
4. CuHXpOHHMI MakeTHUH OOMiHy iHdopMmaliiero 3 Mepexelo TMepeHeceHi MaHWX 3ar.

BUKOPHMCTaHHS 3 ITAKeTHOI0 KoMyTati€to 3i mBuakoctsamu 2400...9600 bit / c.
TeneMoXX/IMBOCTI BK/IIOUAKOTh TaKi KaTeropii:

1. O6MiH iHopMaLiii MOB/IeHHs i TOHa/IbHOT CUrHai3aLii B TI0JI0Ci MOBJIEHSI.
2. O6miH kopoTkrx CMC

3. Hoctyn go cuctemu 06pobku CMC

4, O6MiH (hakc MOBiJOM/IEHb.

JloaTKOBi MOXUIMBOCTI BK/IIOUAIOTh Kareropii:

1. InenTudikaris i BigoOpakeHHsT HOMepa, SIKMH BUK/IUKAETbCS ab0 KOHEKTHTHCST i
obmexkeHHst ifieHTHDiKkallii Ta Bio6paskeHHst HOMEPA, KUK BUK/TUKAETHCST 800 KOHEKTUTHCS.

2. TlocrifiHa mepeajpecariis BUK/IMKIB Ha iHIMA Homep (6e3ymMOBHa mepeajpecariis i
repeazipecatlisi B BUIMaJKax, KOJIM K/Ti€HT 3aiiHATHI abo He BimoBizae) i 0OMiH BUKIHKY

3. UekaHHA BUK/IUKY (TIpM 3alHATOMY TepMiHa/li KII€HT OTpUMY€E TIOBiZIOM/IEHHS IIpO

BUKJIUK, IIJ0 HAZJiMIIIOB i MOXKe BiZJTIOBiCTH Ha HBOTO, BiZIMOBUTUCS Bi/i BCTAaHOBJIEHHS 3'€[HAHHS
abo mpoirHopyBaTH Horo HaJX0KeHHsT) i 30epe)KeHHsT BUK/TUKY

4. KoHndepeHiiist - ojHOUacHa po3MoBa TPhOX abo OifibIie KIi€HTIB.

5. 3akpurTa rpyrna KIi€HTiB - sl (YHKLIisl JO3BOJISIE TPYIIi K/Ti€HTIB CIIJIKYBaTHCS TITBKU MK
co6oto; ipu HeoOXxigHOCTI 1 abo Ginblle uleHiB TPyNU MOKYTh MaTH JOCTYII TI0 BXOAY / BUXOZAY
10 KJIIEHTIB, 1110 He BXOJATh B IPYITy.

6. OrneparyBHa iH(opMarlisi [1po BapTiCTh HaZ@HUX MOCIIYT.

7. 3abopoHa Ha TeBHi MOX/IMBOCTi, HamlpWK/IaZ Ha BXiJHI BHUKIVMKH, Ha MiKHapoZHi
BUK/IMKM 200 Ha BUXIiJiHI BUK/IMKHU J|/Is1 POYMIHTY.

8. Hapanus Bigxpuroi siHii 3B'I3SKy Mepeka / Ki€HT [y peasisaljili MOX/IHUBOCTeH,

BH3HaU€HUX OrepaTtopoM
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BignoBigHo 10 BUK/IafieHOro MOXK/IMBI pi3Hi BapiaHTu KoHirypauii MC cucremu GSM, 10
3abe3rneuyroTh pi3Hi TOUKU AOCTymy. Y 3aranbHoMy BuUmagky MC CK/Iafa€TbCsl 3 TepMiHamy
CHCTEMH PYXOMOTO 3B'sI3KY i TepMiHa/IbHOI anapaTypy. TepMiHamu MOXKyTb OyTH TPbOX THITIB:

. MTO - dyHKLioHaNIbHO 3aKiHUeHa PyxoMa CTaHLlid, 10 Ma€ K Mepe>xeBUil TepMiHa
. MT1 - nigrpumye anaparypy tvmy TE1 3 nporpamuuM 3abe3neuenHsiM ISDN;
. MT2 - migTpumye TepMiHa/mbHY amaparypy turny TE2 3 mporpamMHMM 3abe3reueHHSIM

cepiit X i V MKKTT; anaparypa tuny TE2 mMoxxe GyTH MifjK/IroueHa TakoX Ao TepmiHaay MT1
yepe3 aganrtep TA. [1]

BHCHOBKH: B JaHOMY pO3/ii/li PO3I/IIHYTO OCHOBHI acriekTu opradizaiii poboru CC3; ocHOBHi
TIPUHLUITK BCTAHOBJIEHHs 3B’s3Ky, TOOTO izeHTudikauii Ta ayTeHTHdikarii; opraHisawito
OCHOBHMX pexuMiB poboru CC3; mnpuHLMI TiepeHeceHi cepBicy i Horo HeoOXifHICTB;
MOXJIMBICTP KODUCTYBaHHsI He TUIBKA «JOMAILIHBbOI» CHCTEMOK — POYMIHI; TOJIOBHL
MoxBocTi CC3.

1.4 MeTo/iu MHOXXHHHOI0 AOCTYIly

1.4.1 BapiaHTH MHO)XHHHOT'0 JOCTYILy

[MousiTtst MHOXKMHHOTO foctyny (M/[) (anrniiicbka exBiBaseHT multiple access) moB's3aHo 3
OpraHi3aili€lo CITiJIbHOTO BMKOPHCTaHHS 0OMe)KeHOi [AiiTHKU criekTpa baratbMa kii€eHTamu. B
OPTOZIOKCANbHUX MiJIX0axX BUALISETHCS AT BapiaHTiB M/1:

M/ 3 yactotHUM noginom K3.

M/, 3 TumuacosuM noginom K3.

M/ 3 kogoBuM nozisniom K3.

M/ 3 mpocTopoBuM po3gineHHsM K3.

5. M/ 3 nonsipusauifinum noginom K3.

1.4.2 MH 3 4acTOTHUM PO3/ii/IeHHAM

M/ 3 yactoTHUM ToginoM (aHrmiiickke FDMA- Frequency Division Multiple Access), abo M/ 3
noziisioM KH 3B'sI3Ky 10 4acTOTi, - HAWOI/bII TPOCTHIA 3 TPHOX METOAIB MHOXXUHHOTO AOCTYIIY 5K
3a CBOEHO ifie€ro, TaK i 10 MOX/IMBOCTI peaniszatiii. Y 1jbOMy MeTo/i KO)KHOMY K/Ii€EHTeBi Ha uac
CeaHcy 3B'3Ky BUAUTAETHCS cBost cmyra yactot Af (UK), sikoro BiH Bosoziie 6e3po3aimbHo. MeTog,
FDMA3acTocoByeThCs y Bcix aHanoroBux CC3 (cucTeMax Mepuioro rokojiHHS) - Lie €AUHUN
MeToJ, SIKMM [OL{iIbHO BHKODHCTOBYBaTM B aHAJOTOBHUX CHCTeMax, npu 1pomy cmyra Af
cranoBuTh 10...30 KI'11. OcHOBHe clabke miciie FDMA- HeZlocTaTHBO e(heKTHBHE BUKOPHCTAHHS
CMyTH yacTor. [14]

1.4.3 MH 3 yacoBHM po3/ji/IeHHAM

M/ 3 uacoBum nogisiom (aHriificbke TDMA - Time Division Multiple Access), abo M/] 3
noginom KH 3B'a3ky 3a yacom. CyTHicTs 1jboro Metogy TDMA nosnsrae B Tomy, 110 koxkeH UK
PO3AIIAETLCS B yaci MiX feKisbkoma kitientamu, T06T0 UK 1o uep3i Hafla€ThCs [EKITLKOM
KJ/Ii€EHTaM Ha TIeBHi MPOMDKKH Yacy.

[MpakTruHa peani3ayist merogy TDMA Bumarae tpaHcdopmyBaHHsS cUrHasiiB B LidpoBy dhopmy
i xapakTepHOro «CTUCHeHHs» iHdopMawii B uaci. ITudpoBa obpobka curHanis i cxema TDMA
BHUKOPHCTOBYIOThCSI B craHzaptax C3 apyroro mokominus D-AMPS, GSM, PDC. Oco6mieo
HAOYHHUH B LjbOMY BiJHoLIeHHi cTanAapT D-AMPS: nipu 36epexxenHi Tiei ) cmyru UK A f = tpu0
KI'm, o i B aHanoroomy tuni AMPS, uncio @K B HbOMy 3pocTae BTpuui i 6isbin HiXK BTpyui
3pOCTA€ €MHICTb CUCTEMH; 3 BBEAEHHSM HamiBIIBHUAKICHOrO IIUQpyBaHHS el KoediljieHT
301N TCS e B 2 pa3u. [13]

1.4.4 MH 3 Ko0BHM pPO3Ai/IeHHAM

M/ 3 xogoBuM rofinom (aHraificeke CDMA - Code Division Multiple Access) npocTuii TinbKu
Ha piBHi ()eHOMEHOJIOTiUHOTO ONKCY METOZY: B HbOMY BeJIMKAa IpyIa K/I€HTIB (HarlpuKiaj, Bif
30 go 50). ITo-cyti )x merog CDMA focuTh CK/IaJHWHM, i He TiNIbKM MO BiJHOIIEHHIO [0
npuHLMIiB no6y0BY, aje i B ruiaHi npakTuuHoi peasnisarii. Ik i TDMA, metoq CDMA moxe
OyTH peasti3oBaHUH TiMBKY B L{U(POBiii hopmi.

TonoBHumy nepeBaramu CDMA Oyny CKpUTHICTb, HafiiHiCTh i BHUCOKa cTifiKicTb. OCHOBHa
o3Haka Metogy CDMA - 1je po6oTta B MIMpPOKil cMy3i uacToT. CucTeMa 3B'f3KY, 1[0 peasi3ye
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CDMA, € cucteMor 3 pO3IUIMPEHUM CIIeKTpoM (aHrnilickke spread spectrrm) - CIEKTp
iHpopMallifHOr0  TOBiOM/JIEHHS IUTYYHO PO3LIMPIOETHCS 3@  ZOTMOMOIOI0  MOAYJISLil
(iudpyBaHHS) MepioJUUHOI0 TCEeB/JOBUMNAZKOBOIO MOC/iJOBHICTIO iMITy/bCIB 3 OCUTH MaauMm
JUCKPETOM.

Mo/IMBiCTh  yCmilmHOI POOOTH B  yMOBax BCHOJU-TIPOMEHEBOTO IIOIIMPEHHS TaKOoX
6e3rnocepeHBO TIOB'sI3aHa 3 KOpeJsLiiiHUM rpuiioMoM. SIKio Kopessitiiiauii [Tm Mae Kinmbka KH
i KO>KEH 3 HUX MOKe OyTH Ha/allITOBaHWI Ha CBOIO 3aTPUMKY CUTHAJTY, TO Pi3Hi KaHa/IH MOXYTb
OyTH y3ro/KeHi i3 uekaHHs 3 CUTHa/IaMH, sIKi TIPOMIIIA Pi3HUMM IIIAIXaMH, a CUTHA/IN 3 BUXO/IiB
Bcix KH micsist BifinoBifHOTO BUPiBHIOBAaHHS B Uaci MOXKYTh OyTH MiZICyMOBaHi.

TosoBHUM (haKTOPOM y BUpILlIeHH] 3aBJaHHsl OTPUMAaHHS TPaHUYHOI EMHOCTI € Ta 00CTaBKHa, 110
B CDMA 0CHOBHUM BHECOK Y Bi[JHOIIEHHSI CUT'Hasl / Mepellkofia BHOCSATh 3aBaKarodi CUIHAIM

inmmx @K (iHmmx KrieHTiB) B «CcBoeMy» (pobodyoMy) ocepefky, OCKimbkKH Bci DK
BUKOPHUCTOBYIOTb OZIHY i Ty XX IIMPOKY CMYTY uacToT, ToAi sik B FDMAiI TDMA nepemiko0Buit
(hOH CTBOPIOETHCS KaHalaMH 3B's13Ky, 1110 TIPaLIOIOTh B iHIIMX ocepeakax B Tomy X UK, a ans

TDMA - i B Tomy X yacoBoMy cioTi. Tomy B CDMA peTesibHe pery/itoBaHHs PiBHIB CUTHaiB,
BUKODHCTaHHS CeKTOpHUX aHTeH Ha BC i BukopucTanHs (akTopy «MOBHOI aKTMBHOCTI» (CTaHL{is
BUIPOMIHIOE JIMILIEe TOZi, KO/M K/Ii€HT FOBOPUTS, i He BUIIPOMIHIOE B [lay3ax MOBH) B II0€HAHHI 3
OMNEepaTUBHOK 3MIHOK KUIBKOCTI 3afisHUX KH 3B'I3Ky B Me)kax HasiBHOTO PeCypCy [03BOJISIE
MPaKTUYHO - 32 MiCL|eM, [10 KOHKPeTHil cuTyallii, 11j0 CK/1aZaeThCs - peanizyBaTh TPaHUUHO Maje
jonyctumMe 3HayeHHst C / 1, TO6TO OTpUMaTH rPaHUUHO BeMKY TPOIYCKHY 3AaTHICTh i eMHICTb
cuctemd. Y mertogax FDMAiI TDMA ue He peami30BYeThCs, TEpII 3a BCe IOZ0 IEpIIOro
(hakTOpy - pery/oBaHHsI DiBHIB CHUrHa/liB, TaK fIK Take Dery/JIOBaHHS MOXJ/IMBe Ti/IbKU 3a
KpUTepisMU CBOIX («BifjaneHunx») ocepejkis, 6e3 ypaxyBanHs BigHoweHHs1 C / 1 B mokasHUKUI
pobouiii komipri. ITpaktTnuno x B FDMAiI TDMA Hactinbku omepatuBHOi, 5K B CDMA,

peryyoBaHHS piBHIB CUrHajiB 3a3BHYali He TNPOBOAUTHCS, (PaKTOp «MOBHOI aKTHBHOCTI»
3aCTOCOBYEThCSI He 3aBXK/W, a CEKTOpi3allis 3aCTOCOBYEThCS (DAaKTUUHO SIK BapiaHT JpOOJeHHS
ocepenkie. Kpim Ttoro, kombiHoBaHe BukopuctanHs B CDMA KiJIbKOX [OCHTb CKIQJHUX i
edeKTHBHUX MeTOAiB mm¢pyBaHHS A03Bossie€ 3HM3UTH mopir C / 1 B mopiBHsAHHI 3 FDMAI
TDMA. ¥ metoni CDMA €, 04eBU/IHO, i MOXK/IUBICTb OTlepaTUBHOrO perymtoBaHHs nopora C/ 1,
HAIIpUK/Ia/, KOPOTKOUACHOTO HOro 3HMKeHHs (TIpM BiAIOBiZIHOMY MOTipIleHHI XapaKTepHUCTHK
3B's3KY) /1 3a0e3reueHHsI eTarny TiepeHeceHi cepaicy.

3i cKa3aHOro 0JJHO3HauUHO BUILIMBAE, 1110 B CDMA perystoBaHHS piBHIB CUTHa/liB, BUKOPUCTaHHS
CeKTOPHMX aHTeH i BifmpaljfoBaHHS «MOBHOI aKTMBHOCTi» € TIPUHLIUIIOBO Ba)KIMBUMH i
000B'SI3KOBUMH €/IeMeHTaMH METOZY.

¥ wmetopi CDMA peani3yeTbcsi Tak 3BaHa «M'sika oOMiH cepBicy» {soft handoff): komu MC
HaOMKAETHCS 10 MEXi ocepenKy, To6To curHamu Bif aBox BC - po6ouoi KoMipku i ofHi€r0 3

CYMDKHMX - CTalOThb OHOKOBI 3a piBHeM (1ie dikcyerbest MC i moBigomsietbest Ha BC pobouoi
ocepeaxu), 1o komauzi 3 LIK yepe3 BC cymikHilM ocepefiKy OpraHi3oBYeTbCSI [DYTHMM KaHas
3B'A3Ky 3 Tieto )x MC; mpu 1jboMy Mepuuii KaHaa (B «CTapoMy» OCepefiKy) IpPOJOBXKYE

npaioBati, T06T0 MC TipuiiMae CUrHa/mM OfHOYacHO Bif ABox BC. «M'sika oOMiH cepBicy»,

6e3yMOBHO, MiZBHUILYE SKIiCTh i HaAIWHICTD 3B'S3KY, ase i opraHisamis 06XOOUTBECS aX HisK He

0e3KOILTOBHO: KpiM Toro, 110 B mpoueci nepeHeceni cepeicy MC 3aiimae He 1 @K, a 2 (mo

OJHOMY KaHa/ly B [IBOX OCepeJKax), peryatoBaHHs piBHsa curHany MC Moxke 37iliCHIOBaTHCS
JIMIIe OJHUM 3 OCepejKiB, a TO-APYroMy CHTHal MOXKe BUSIBUTHCS abo cyabeHpKHMM, abo

3aBe/IMKUM.

Metogq CDMA Bumarae TouHoi cunxpoHisariii BC cucremu. Lle Moxke OyTH peasizoBaHoO,
HanpuKiaz, 3a AOIOMOIOI CYIyTHHUKOBOI reofesuuHoi cucremu GPS (Global Positioning
System - [nobanbHa cucTeMa MO3UL[iOHYBaHHs), ase B pe3yabTati CC3 BUSBISETLCI He
aBTOHOMHOLlO.

¥ metoni CDMA HeMae 3aXHMCHUX MPOMIKKIB (6/1aHKiB), ik B MeTozii TDMA, a Be/IMKe YKMCII0
3HaKiB B  BUKODHCTOBYBaHHUX  KOJOBHMX TMOC/TIZIOBHOCTSX  TIOJIErmye  30epexkeHHs
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KoHigeHUiliHOCcTi  iHdopMmanil, 1m0 mnepefaeTbcs  (yckiaagHOe 1 HecaHKIiOHOBaHe
neirdpyBaHHs).

MMigsenemo miacymky. Metog CDMA Mae TIOpiBHSTHO BUCOKY 3aBa/JOCTiHKiCTh i 100pe mparjoe B
yMOBax BCHOAWUIIPOMEHEBOrO0 TIOLIMPeHHsl. Bifpi3HseTbCsl BUCOKOIO IIPUXOBAHICTIO, He
BHUKODHCTOBYE UYaCTOTHOTO KOZAYBAHHS, [03BOJISIE 3pyUHY 3MiHy IOC/YT, aje BCe Lie BUMarae
BUKODHCTaHHSl He IPOCTUX 3aBJaHb: aKypaTHe KOHTDOJIOBAHHsS DIiBHs CUTHAJ/IB, 3aly4yeHHs
CeKTOPHUX aHTeH, TouHoi cuHxpoHisauii BTC. [12]

1.4.5 INiiaxu migBUIEHHSI EMHOCTi CHCTEeMH MOOI/IBHOrO 3B’ A3KY

lonoBHUII MeTO[, - Lie NOKpallleHHs] MeTO/iB UUTaHHs CUTHAJIB, 30KpeMa, [epexiJ Bifl aHasora
Jo uudpu.

Opyruii uuisix - apobsieHHs1 ocepefkiB, TOOTO mepexifi 0 MEHIIMX TepUTOpid B MicLsX 3
Be/IMKUM TpadikoM 3 THM >Ke KoedillieHTOM MOBTOPHOTO BUKOPUCTaHHs YacToT; uncio BC ripu
LIbOMY BiJIMOBiZIHO 36i/BLIYETHCS, a MOTY>KHICTb BUMPOMiHIOBaHHS - 5K A1t BC, Tak i ansa MC -
3HWKYETbCS.

B sKoCTi TpeThOro LuIAXy IiJBUILEHHS €MHOCTI BiJI3HAUMMO MOJXK/IMBICTH BUKOPHCTaHHS
apanTvuBHoro npusHaueHHsi KH (Adaptive Channel Allocation - ACA) B merogax FDMA i
TDMA. Tobto Bci UK B Mexax B JaHili cMy3i, 3a TME€BHHUM 3aKOHOM pO3[UISIOTHCSS MDK
[IUISTHKaMHU KJacrepa.

HaperurTi, ocTaHHil 115X - Le TpUBiasbHe PO3LIMPEHHSI CMYTH YacTOTH. AJie Lieil HIISX Masio
KOPUCHUNA.

BucHoBKH: nipoaHasizoBaHo TpU MeTogu M/I: 3 yacoBUM, YaCTOTHUM i KOZOBUM PO3[i/IeHHsM, a
TakO)X MeTOJY MifIBUILIeHHs €MHOCTI cucTeMH MOOGimbHOTO 3B’s13Ky. Haiibinbin mepeBar mae
MeTofi CDMA, 0CHOBHI 3 SIKUX: CKPUTHICTb, Ha/IilIHICTb i BUCOKa MeperkofocTikiKicTb. OCHOBHA
o3Haka Metofly CDMA - 11e poboTa B MIMPOKii CMy3i 4acTOT, 1J0 3HAYHO IEpEBUIIYE CMYTY
CUTHa/ly MOBJIEHHS, B TO€JHaHHI 3 TakuM LMdpyBaHHSIM iHpopMmaril koxHoro 3 @K, ske
JI03BOJII€ BUJLIATH IX i3 3aranpHOi LIMPOKOI CMYyTH, 10 3aCTOCOBYEThCS OfHOYAacHO BciMa K.
Cucrema 3B's3Ky, 1o peanisye CDMA, € cucTeMOr0 3 DO3LIMPEHHM CIIeKTPOM (aHIvIiHchKe
spread spectrum) - CrekTp iHGOpPMAI[ifHOrO TOBiJOM/IEHHS IUTYYHO PO3LIMPIOETHCS 3a
JIONOMOro0  MoAy/sauil  (mudpyBaHHsS) MepiofUYHON ICEeBJOBUMNAJKOBOI IOCTiJOBHICTIO
IMITy/bCIiB 3 IOCUTh MaauM JAUCKPETOM.

1.5 Hudpora 06podka curuassis

1.5.1 Posib i noGygoBa 1u¢)poBoi 00po0KH. XapaKTepHUCTHKH MOB/IEHHEBUX CUTHAJIIB
Liudposa 06pobka curnaiis (LJOC) - BOXK/IMBYI efeMeHT B arnapaTypHiit peastisarlii NpUHLMIIB
C3. Tinbku B 1udpoBiii (Hopmi BUSBISETHCS MOX/IMBUM BHKODHUCTAHHS €KOHOMIUHOro (3
yCyHeHHsIM HazMipHOCTi) ummMdpyBaHHs MOBY, e(eKTUBHOIO KaHa/AbHOIO IIM(pyBaHHA 3
Be/IMKUM PiBHEM 3aXUCTY BiJj IOMU/IOK.

BukopuctoByBani B C3 merogu LJOC, xapakTepuCTHKMA i TI-TPH peani3yloTh iX JeBaicCiB,
3okpema ALIIT i koziepa, HaMTICHIIIIMM YMHOM TOB's3aHi 3 XapaKTepUCTUKAMU 1epefiadi CUrHamy
MoB/leHHsl. CIIeKTp MOTY)KHOCTi CUTHa/ly MOBJIEHHsI MakcUMaibHUN Ha vactoti 400 I'y i cnagae
Ha BUIIMX YacToTax Ha 9 dB Ha okraBy. IIpOTSKHICTE 3BYKiB MOBHOTO CHTHATy CTAaHOBUTH Bif
JIeKiIbKOX [ecAaTKiB [0 JeKiIbKOX COTeHb MIMiCeKyH[ MNpH cepefHbOMy 3HavyeHHI 130 Mmc,
MIpUYOMY CepeJiHE 3HaueHHs [/ ToA0CHUX 3BYKiB 210 Mc, a ajs mpuronaocHux 95 mc. Y
3aBfIaHHSAX MK(GPYBaHHS CUTHAT MOBHM YacCTO PO3IJIAAAIOTH SIK KBa3iCTallioHApHHUH rayCCOBCKUM
TIpOLIeC, CreKTpabHO-KOpesIsLiiHi XapaKTepuUCTUKU SIKOr0 TOCTiMHI Ha nmpomixkoki 20 ... 30 mc.
ITpu TenedonHil po3MoBi MUTTEBUI CTYIiHb MOBHOIO CUI'Ha/ly 3MiHIOEThCS B AianasoHi 35 ... 40
dB. I1pu LjpOMY CTYTIiHb IPUTOJIOCHUX B cepeaHbOMY Ha 20 dB HKue piBHS FOJIOCHUX.
CrnyxoBe BifuyTT Ty4YHOCTi NpPUOMM3HO TPOMOPLIHHO 0orapuMy iHTEHCHBHOCTI BIUIUBY.
I'paHnuHe Jyis1 C/yXy 3MiHa piBHS 3BYKy He mepesuiye + 1 dB. Ciyx ciabo uyTimBuil fo
TOYHOCTI IlepeHeceHi (a30BHX CIHiBBifIHOIIEHb CKIafioBUX curHany. IlocriliHa yacy ciayxy B
cepeJHLOMY CTaHOBUTB: TIPY HapocTaHHi curHainy 20 ... Tpr0 Mmc, ripu crazi 100 ... 200 mc. [1]
1.5.2 AnanoroBo-pu¢pose TpanchopmyBaHHsA
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Ananoro-1iudpoBe TpaHC(OpPMyBaHHS € MepLIMM eTanoM Lp$poBol 0o6pobKM curHamiB B
nepesiaBaJibHOMY TpakTi. K MizKa3ye cama Ha3Ba, aHanoro-uygpoBuii nepersoproBau (ALITI) €
CIMOTyYHUM e/IeMeHTOM MDK aHaloroBUMH i 1M(POBUMH JiNsTHKaMU TPakTYy, 10 TpaHchopmye

curHain 3 Buxogy B LucpoBy dopmy. Bignosigno nudpo-ananorosuii nepersoptopau (LAIT) -

TpaHC(hOpMYE LIMPPOBUI CUTHAJT B aHAJIOTOBUH.

Po6ora ALITI Mae 2 BUAW: AUCKpeTH3aLlii CUTHATY 1110 HAAXOAWUTh B Yaci - 3a3BUYaii 3 OCTIHHUM
KPOKOM, TOOTO uepe3 piBHi MPOMIXKOKHM Yacy, i KBAHTYBaHHSI BeJIMUMHU CUTHAJTY IO PiBHIO /ISt

[[UX JUCKPETHUX MOMEHTIB uyacy. B pesysmbprari Ha Buxozi ALITI mosiBisioThCst 2-Bi Habopu
OJVHULIL 1 Hy/iB, BiAMOBifHI piBHIM CUrHaay B MOMeHTU juckperusanii. Ileit mpouec
rokKasaHuii Ha puc. 1.6.

3a Teopemoro KoTenbHHKOBA, YaCTOTa AUCKPETH3alii MOBMHHA OyTH TIpUHaNMHI BABiuUi OisbIie

MaKCHMaJIbHOI YaCTOTH B CIIeKTpi curHamy. OCKibKY MpH [upOBOMY IepeMilljeHHi CUTrHasIiB

mo MoGIMbHUX JiHISIX 3B'A3Ky OOMEXYIOTbCSI cMyrow uyactotT Bix 300 go 3400 T,

3araJIbHONIPUIHSATOO € YacToTa Auckpetu3sanii Fa = 8 kI'n.

Puc.1.6. [lnuckpuresawis curHany B yaci 3a gornomororo ALIIT

Yucno pgifikoBux pospsziB AL 3a3Buuali BUOUpaeTbcs PiBHUM 8, BK/IIOUAHOUM 3HAKOBUH
PO3psj, Tak 1o Aiara3oH urcesn Ha BuxoAi ALITT craHoBUTE Bif -127 fo +127.

B pe3ynbraTi Ha Buxozi ALITT BUXoauTh MOTIK 8-bit umces, 1o cifytoTh 3 yacToTo 8 KI'I,

MaeThCs Ha yBasi 1o noTik iHdopmanii Ha Buxozi ALITI cranoButs 64 kbit / c. [1]

1.5.3 IlIudpyBaHHS MOBJ/IEHHSA

Kozep MOBM € mepmiiM eneMeHTOM BjlacHe LM(POBOI [iNSHKU IepefjaBajibHOIO TPakKTY,
HactynHuM nicis ALIT. OcHoBHe 3aBJjaHHS Kogepa (aHIVIiIMCbKUM TepMiH encoder) 3MeHIIeHHs
CUTHAJy 3 YCYHEHHSIM Ha/JIMIIKOBOTO IIPY HOPMasIbHIl SIKOCTi Y TpaxTi, 11j0 npaljtoe a npuiiom
niepes; LTAIT 3HaX0AUTHCS AeKo/ep; 3afiaua fekofepa (aHrniicekuid TepMmiH decoder) — nosisirae y
BiZiHOB/IeHHI curHasy. IloegHaHHs Koziepa i iekoZiepa Ha3UBalOTh KO/IeKOM (aHIVIMChKUM TepMiH

- codec).

IcTopuuHO cK/1an0Ccs 2 HanpsMKU MKGPYBaHHS MOB/eHHS: LMbpyBaHHS (opMH CUrHamy
(waveform coding) i umbpyBaHHS mKepesa curHamy (source _coding). ITepmmii metop
3aCHOBaHUI Ha 3aCTOCYBaHHI CTaTUCTUUHMX TapameTpiB curHaiy. Taki Kozgepu 3abe3neuyroTsb
BHUCOKY SIKiCTh IepeZiaui iHdopMmaiiii, ane pisHATbCS eKoHOMiuHicTIO. MeTog, mbpyBaHHs hopMy
CUTHa/lly BHKODHCTOBYIOTBCS TPU OCHOBHHX CIOCOOM INH(PYBaHHS: iMITy/IbCHO-KOZOBA
Mopyssuis, PCM (anruniiiceke Pulse Code Modulation - PCM), nudepenuiansHa PCM - DPCM
(Differential PCM_- DPCM) i pmenvra-moaynsuisi - DM (Delta Modulation - DM). PCM
BignoBizae 1udposuit curHan 6esnocepegHbo 3 Buxogy AIII, B HbOMy 306epiraerbcsi BCs
Ha/|/TMIIOK aHa/IoroBoro MoBHOro curuany. [Ipy DPCM 151 Ha//IMILIOK 3MEHIIYETHCS 32 paXyHOK
TOrO, 1110 KBAHTYBaHHIO 3 MOZa/bLINM HIK(PYBaHHAM i Nepefayvero 110 JiiHii 3B'A3Ky MiAJa€ThCs
Pi3HMIA MDK BHXiJHAIM MOBHHM CHTHajioM i Horo mepedBayeHuM 3HaueHHsM. SKIIO TIpU
wdpyBaHHI CUrHanmy BUKOPUCTOBYIOThCS CK/IaZloBi ajarnralii, To BiAMoBiAHY pi3HOBHZAHICTbH
DPCM HasuBatoTth agantuBHo0 DPCM - ADPCM (Adaptive DPCM - ADPCM). DM - ne
DPCM 3 ozrobitoBrM KBaHTyBaHHSIM, BOHA TakoXX Moxe OyTu agantusHow (ADM). ADPCM
3HAXOJWTh 3aCTOCYBaHHS, HAaNpUKnaj, B 6e31poToBoMy TenedoHi 3 KoedillieHTOM CTHCKaHHS
curHany 6mu3bko 2. Y C3 3aCTOCOBYETHCS BUK/IIOYHO JPYTHH MeToJ LIM(PYBaHHs, K Oi1bI
eKOHOMIUHHMH, - KoehillieHT CTUCHeHHsS O/TM3bKO 5...8 3i 36i/bIIIeHHAM HOT0 B MEpPCITeKTHBI I1je
BAOBIYi.

Opyruit mMetof - mMQpyBaHHsA [pKepena CUrHamy, abo IUQpyBaHHs MapaMeTpiB CUTHANY, -
CrIOYaTKy TPYHTYBAaBCS Ha [JaHMX [P0 MeXaHi3MM MOB/IEHHEBOTO CTBOPEHHs, TO6TO
BHUKOPHMCTOBYBaB CBOI'O POJY MOZe/b T0JI0COBOTO TPakTy i MPUBOAMB [0 CUCTEM THUILy aHai3-
CHHTe3, sIKUi OTpUMaB Ha3By BOKOJIEpHOI cucTeMu abo BOKoJepiB (vocoder - CKOPOUeHHs Bif
voice_coder, To6T0 Kozep romocy abo Komep MOBJEHHs). Y)Ke paHHiii BOKOJep [03BOJISB
OTpUMaTH [IOCHTh HH3BKYy UIBHZKICTb TiepeHeceHi iH¢opmariii, ase mpu XapakTepHii
«CHHTETUYHiW» SKOCTi MOBJIEHHS Ha BUXO[].
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MeTa kopyBaHHs iHdopMariii MeTozoMm JiHitiHoro nepedBauenss_(Linear Predictive Coding -
LPC) nonsirae B ToMy, L0 110 JIiHil 3B'I3Ky Ilepe/jal0ThCsl He II-TPY MOBHOI'O CUTHaYy, K TaKoro,
a I-TpU JiesKoro (inbTpa, B JaHOMY pasi eKBiBaJIeHTHOTO FOJIOCOBOMY TPaKTY, 1 II-TPU CUTHaIy
30y/pkeHHs1 Ljporo inerpa. B skocti Takoro ¢inbrpa 3acTocoByeThCst GiABTP JliHIKMHOrO
nepedBauenHs. 3apfaHHA IIUQPYBaHHS Ha IlepefaBajbHOMY ejeMeHTi JiHii mosnsrae B
OL[iHIOBaHHI T-piB QinbTpa i M-piB 30YKyIOUMX CHrHaMiB, a 3aBJaHHS AelM(pyBaHHS Ha
NPUHOMHOMY e/leMeHT] - B IIPOIyCKy TaKoro CUrHajy uepe3 (ibTp, Ha BUXO/i SKOTO BUXOJUTh
BiZIHOB/IEHHH CUTHA/I MOBH.

MeToro MeTogy JiHifHOTO HepedBaueHHs € Te, III0 KO)KHA MOBHA BUOIpKa CUTHAY S, 3 JeKUM
CTyneHeM To4HOCTi nepedBauaeThcs ninifiHOI KoMbiHarii M nonepeaHix BH6ipok:

Je a; - KoedilienTu niniftHoro nepedBauenns, M - nopsiok nepedBaueHHs.

PizHu1is Mk ictiHHENM i meped BaueHnM 3HaueHHsM BHOiIpKY BH3Haua€ IOMWIKY IepedBaueHHs
(3anuiok neped BayeHHs):

B pesynbTari z-rpaHchopMyBaHHSI MaEMO:

ne, byHkis A (z)

iHTepIIpeTyeThCs K Mepe/jaBajbHa XapaKTepUCTHKa JiessKoro ¢inerpa (iHBepcHoro ¢insrpa abo
¢inbTpa-anamizatopa), YacTOTHa XapaKTePUCTHKA $KOro oOepHeHa [0 4YacTOTHOI X-KM
rOJIOCOBOTO TPaKTy. Ilofiaya CUTHa/My MOBJIEHHSI Ha BXiJ iHBepCHOTO (pijibTpa O3HAYaE, 1[0 Ha
BUXOAi GinbTpa BUXOAUTH 30Y/KYIOUMX CHTHA/l, CXOXKWM (3 TOUHICTIO [0 MOMMWIOK, $IKi
BU3HAYalOTbCsl KiHLIBKOIO MopszKy nepedBauenHs M i moxubkowo OLIHKK KoedillieHTy
nepedBauenHst) curHaiy 30y/pKeHHs Ha BXOZi (QisbTPY roJIoCOBOrO TPAKTY.

Otpumanuii Bupas Ans A (z) BiamoBizae cTpykTypi TpaHcBepcanmbHOro ¢ineTpy. Ilopsiok
nepedBaueHHs1 BUOMPAETHCS 3 YMOBH KOMIIPOMICY MDX SIKiCTIO TIepeHeceHi MOBH i IPOIyCKHOIO
CITPOMOXKHICTIO JiHiT 3B's3KY; pakTHuHO M 6GepeTscst 6m3bko 10.

3HaueHHs KoedilieHTiB nepedBayeHHs, MOCTilHI Ha IPOMI>KOKI KOZIOBAHOTO CerMeHTa MOBU (Ha
MpaKTHLi TPOTSDKHICTH CerMeHTa CTaHOBUTH 20 MC), 3HAXOAATbCSA 3 YMOBU MiHimi3zauil
cepeHbOKBAJPAaTHYHOTO 3HAYEHHS 3a/IUIIKY neped BaueHHs Ha IIPOMDKOKI CETMeHTy.

SIKII0 MOBHMIA CUTHAJT Ha [IbOMY IIPOMDXKOKI BBa’KA€ThCsl CTaL[iOHAPHUM BHUIAJKOBUM IIPOLIECOM
(aBTOKOpe/ALIMHUN MeToZ, OLHKU KoedillieHTiB nepedBayeHHs), TO Marpuls CUCTEMHU
TertinieBa i po3B’s3yerbcst anroputMoM [lapbiHa, i ¢inbTp-cuHTE3aTOp BUXOAUTH CBifOMO
CTiKMM. IHKO/IM MOB/IEHHEBUI CUTHa/ € MPOLIeCOM He CTallioHapHUM (KOBapialliOHHUH MeTof,
OL{HKM), TO CUCTeMHa MaTpulll CHMeTpPUYHA, CUCTeMa BUPILIyeTbCS 3 3aCTOCYBaHHSIM
po3kiaZianHs XoJelkoro, a s 3abe3neueHHs CTifikoro ¢inbTpa-cHHTe3aTopa KoBapiawjiiiHuit
METO/], JOBOAUTHCS BiIMOBIJHUM YUMHOM MOJU(DiKyBaTh.

CuHTe30BaHUM (ibTP Ma€ Ty XK CTPYKTYpY, 110 i aHanmizoBaHU (iHBepCHMIA), i BU3HAYAETHCS

THM )Xe HabOpOM MapameTpiB, ajie BXOAY i BUX0Y 0OMiHIOIOTHCS MiCLIIMU.

TakuM uYMHOM, Tpoleaypa MmMGpPyBaHHS MOBJEHHS B METOJi JIiHiHHOrO II YeHHS
3BOJIUTBLCS [10 HaCTyMnHOro (puc.1.7):

. CUTHAJl MOBJIEHHS, IKUM NMPOHNIIOB olupyBaHHs, CKIaJa€eThCs i3 TPOMDKKIB TpUBaCTIO
20 mc ( mprbm3Ho 140-160 Brubipok 1o 8 bit B KOXKHOMY CEermMeHTi);

. [/I1 KOKHOI'O CerMeHTa OLIiHIOIOThCS N-TpU (inbrpa jiHiliHOro nepedBauenHs i n-Tpu

30y/PKYIOUOr0 CUrHaly; CUTHajJoM 30y/pKeHHs1 B IIPOCTOMY BHIMAJKy MoXe OyTM ocTaua
nepedBayeHHs, 1[0 OTPUMYETbCS TiJ Yac MPOMYCKYy CerMeHTa MOBU (isbTpoM JiHiHHOTO

nepedBayvyeHHs;

. n-tpy ¢inbTpa i N-TpU 30y[PKYIOUOrO CUrHaMy IUMGPYIOTHCS 3a TIeBHUM KOJOM i

TPaHCJIFOIOTHCS [I0 KaHay 3B'S3KY.

IMpouenypa femmdpyBaHHS MOBU: CUTHAJI IPOXOAUTH Uepe3 GibTp cuHTe3y 30ypKeHHs BifloMoi
CTPYKTYpH, II-TPU SIKOTO TIePeroKa3HUKN OJHOUYACHO 3 CHIHa/IOM 30yzkeHHs. CHUrHam Ha BXif

¢ineTpy aHanisy Bech yac HafixoAUTh 3 BuxofAy AIIIl, a BuxifHuii curHan sSiIKUi cuHTe3ye (inbTp
nioTparuisie Ha Bxif LIATT (puc. 1.2).

HaBezienuii omuc npoueciB mudpysaHHs i JemndpyBaHHS MOBU He € BUUYEPIHUM, BOHO

TIOSICHIOE JIMIIIe IPUHLIUI Aii KoZeka.
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1. OmnucaHa sBuile 3 fiHiMHUM nepedBaeHHsM - 4YacTKOBe MPOPOKyBaHHs {Short-Term
Prediction - STP) - He Ha/la€ B MOBHi Mipi BUAa/IeHHs HaJIUILKOBOCTi. TOMy 3aCTOCOBY€EThCS
e gosrocrpokose nepedBauenns {L.ong-Term Prediction - LTP), sike 3Ha4HOIO MIpOIO yCyBa€e
3a/IULIKOBY HaJI/IUIIIOK.

Puc. 1.7. PoboTa KozieKa MOB/IEHHS B MeTOZi JTiHifHOro nepedBaveHHs:

2. BuxopucTaHHS 3a/nMIIKoBOi iHdopmanii mepedBavenns B siKOCTi 30ympKeHHS CHTHATy
BUSIB/ISIETBCSI He e(eKTMBHUM, TOMY IO HeoOXiJHO /sl IM(pyBaHHS 3aHAJTO BEJMKOTO
Kinekocti bit. Uepe3 e mpakTWuHe BHUKODHCTaHHS 3HaxXo4ATh OilbIl eKOHOMiuHI MeTozu
¢hopMyBaHHs CUTHAJTY 30yIKeHHsI.

Y tuni GSM 3acrocoByeTbest Metog, RPE-LTP (Regrular Pulse Excited Long Term Predictor -
JiHiliHe mepedBauenns 3i 30yKeHHsIM pery/IsIpHOI TIOC/TiZI0BHOCTI iMIy/bCiB i ZOBroTpUBaINM
npoBicHrKOM). CripoljeHa MOZly/Ib-CXeMa Ko/ieKa Ipe/icTaB/leHa Ha puc.8.

IMouneMo 3 po3rnsiAy Kofiepa. Mogyib ornepeiHb0I 06po6KY 31iHCHIOE:

. Tepe/IBUKPEB/IeHHsI CUTHAITY i3 BX0OAYy LindpoBuM dinbTpom, 1jo obpizae BY;

. CerMeHTHHUH MoAiA curHany Ha 160 Bubipok (20 misicekyHz);

. aHasli3 CerMeHTy BiIKOHM XeMMiHra .

IMoTiMm st Ko)KHOTO 20-MC cerMeHTa pOOMTBHCA OILfiHKA T-TpU (iNIETPY KOPOTKOUACHOTO
NiHilHOTO I ueHHS - 8 KoediuieHTiB uactkoBoi Kopemsmii kii = 1,...,8 (mopszok
nepedBauenHs M = 8), fKki [/ I[epeHeceHi MO KaHaly 3B'SI3Ky I1€DeTBOPIOIOTHCS B
siorapumiuni BiJHOCMHM IIOL Ij , TIPUUOMY [JIsI MOXUIMBOCTI Jlorapugma 3acTOCOBYEThCS
KYCKOBO-JIiHi}Ha arfpoKCHUMaLlisi.

Pnc.1.8. CnipoieHa Mofy/b-cxeMa KofieKa MOB/eHHs: Thiy GSM

CurHan 3 BUXOAY MOAy/sl TIONepefHbOI 3MiHM 00po6JsIETbCs  IpaTyacTMM  (iNBTPOM-
aHani3aTOpoM KOPOTKOUAacHOro JiHiliHoro mepedBaueHHs, i 10 CHUTHaly 3 BUXOZAY - 3a/IMIIKy
nepedBayeHHs _ e,- OL{HIOIOTBCA II-TPU JIOBIOCTPOKOBOro mepedBaueHHd: KoeillieHT
nepedBauenns g i 3atpumka d. CurHan e, 06poOIIOETBCS  (iTbTPOM-aHaMi3aTOPOM
[IOBrOTPUBAJIOr0 JiHidHOrO nepedBauyeHHs, a BUXiZHUM CUTHaJl OCTAHHbOTO - 3aJIMLLOK
nepedBauenHs fn - QinbTpyeThCs 3rMa/KyrouuM (inbTpoM, i 1Mo HBOMY (GOPMYIOTHCS TI-TpU
curHay 30ypKeHHsl, OKpeMO Ai/isl KOKHOTO 3 40-B1OipKOBUX ITi/|CErMeHTIB.

CurHan 306ymKkeHHs 1-ro mifcermeHty Mae 13-Tb iMmysbciB, sKi MpsiMyioThb uepe3 piBHi
TIPOMDKKH 4Yacy (BTpudi 6isblmi, HiXK MPOMDKOK JMCKpeTH3aliil BUXiZJHOTO CHTHAMy), i MaroTh
pi3Hi ammnitysu. s ¢opMyBaHHs curHany 30ymkenHs 40 immynbciB mifcerMeHTiB
3r71a/PKEHOT0 3a/MIIKY f, 06po6/IIOI0TECST HacTymHUM YMHOM. OcCTaHHiH (COPOKOBHH) iMITy/IbC
BiJKUJa€eThCs, a mepmii 39 immynbCiB po30MBarOTLCS HAa TPU TMOC/IOBHOCTI: B MepIuid -
iMnynbeu 1, 4,...137, y apyrii - imnynbcu 2, 5, ... 3,8, y Tperilt - imnynbscH 6, 6, ... 49. CurHanom
30y/)KeHHsI BUCTYyMa€ TMOC/IJOBHICH 3 Oi/lblliol0 eHepriero. AMIuliTyga 3 HaWGiIbIIAM
abCOIIOTHUM 3HAUeHHsIM KOAYEThCs wLIicTbMa bit B jorapudmiuHoMy maciuTabi. ITosokeHHs
TI0YaTKOBOTO iMITy/IbCy 1TpH-esleMeHTHOI MOC/IiOBHOCTI KOZAYEThCS iBOMA bitn, To6TO HOMEp
MOCJTiZJOBHOCTI, 06paHoI B SIKOCTi curHasy 30y/pKeHHs /I JaHOTO Mi/iCerMeHTY.

TakuM uMHOM, BUXiZHa iH(opMallis kopepa MoBaeHHs Ajisi 1-ro 20-MificeKyHAHOrO CerMeHTa
MOBH Mage:

- O-Tpu  QinbTpa KOpoTKouacHoro JiHiMHoro nepedBauenns - 8 koedilieHTiB
JiorapudmMiyHOro BifHOIIEHHs oM i, i = 1 ..... 8 - 1 Habip Ha BeCb CETMEHT;

- [-TpU (iNBTPY JOBroTpUBasoro JiHiliHoro nepedBauennd - koedinieHT nepedBaueHns g
i 3aTprMKa d- 1151 KOYKHOT'O 3 UOTUPbOX ITi/ICErMeHTiB;

- [I-TPY CUTrHamy 30y[pKeHHs — IOCTiZIOBHUM HOMep N, max aMIuIiTyAa v, HOpMOBaHi
amrutityau b, i= 1, ..., 3, iMny/bciB nocstifloBHOCTI -J1s1 KOXKHOTO 3 YOTHUPBLOX IifiCerMeHTiB.
Yucro bit, 0 BiABOAATLCS Ha WM(PYBaHHS Mepe/jaHKX I1apaMeTpiB, MpyBejieHo B Tabm. 1.4.
Tabuus 1.4

IIndpysanHs BuxigHoi iHpopmanii kogepa moBu Ty GSM i D-AMPS

Iepeiinemo no pexogepa. ITociifoBHICTH BUKOHYBaHMX HUM MOX/IMBOCTEM B 3araabHOMY
3po3yMisia 3 HIDKHBOI UYaCTUHU MOAY/b-CXeMHU puc.1.2, i MU 0OMEXMMOCS HEBETUKUMH
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TIOSICHEeHHSIMHU 710 Hel. Mogynb (hopMyBaHHsI CUTHany 30ypKeHHsl, BUKOPUCTOBYFOUM MPUHAHATI TI-
TpU CUTHasTy 30y)KeHHs, Bi[HOB/IIOE 1TPU-iMITy/IbCHY MOC/IiZIOBHICTh CUTHAJTY 30y/KEHHS AJIst
KOXKHOTO 3 TiJICECMEHTIB CUTHaly MOBJIEHHs], BK/IIOYalOUd aMIUNTYAXd IMIy/IbCiB 1 ix
po3TalllyBaHHsl y Yaci.

BucHoBku: m1dpysaHHs MOBU B cucteMi GSM Mae psj, IlepeBar y MopiBHSAHHI 3 cucTeMoro D-
AMPS

Tabmurg 1.5

XapakTepHCTHKH cHCTeM HU(PyBaHHA MOBH B cTaHAapTrax GSM i D-AMPS

1.6 BopoTrh0a 3 BIVINBOM 0ararorpoMeHeBoOro po3noBCHO/KeHHSI

1.6.1 BaraTonpomeHeBe PO3MOBCIO/KeHHH i HOro NposiBu

KapTuHa 1pOrO sIBUIIIA CXeMaTM4YHO 300paxkyeTbcsi Ha puc.l.7. PakTHuHO 006/1aCTh iCTOTHUX
BidBuBaHb 0OMeXyeTbcsi 3a3BUYail HeBenukowo Tepuropiero MC. Ilpu mepemimenni MC 1is
00671aCTh paxyeTbcs 3 HUM. [Ipu CyMi KiTbKOX CHTHAJIIB, [0 MPUHLUIM 3 Pi3HUX TOYOK i B TOUL]
npuiiMaHHs 3MiljeHHi Mo ¢asi, cymMapHMil CUrHaa MoXe Oyfe BMIMH HDK cepefHif piBHb.
BUKpUB/IEeHHS KiHLIEBOTO CHUTHAJTY, UM SIK KaXKyTh «iHTep(epeHllis CUMBOJIiB», Oy/e Juie Tozi,
KOJIM CHH(a3aHWH [OJAaHOK CUTHAlTy B MOPIBHSIHHI [0 iHIIMX aMIunTyg Oyze pisHUTHCS 1O TI0
XOZY, 1110 CUMBOJIM 1-T0 CHUrHasty Hajli3yTh Ha G/IM>KHI CUMBOJIM JpyTrOro.

KomiBanHst 6/3Ki 0 PiBHIO 3aBMMpaHHS CHTHATy 3aBXKAM CKIQ[AroThCsl 3 JBOX YacTUH —
wBUAKOI 1 noBinbHOI. IIIBUMAKI 3aBMHMpaHHS - HaC/AiOK TakKOro MOLIUPEHHS, OMHUCYHOTHCS
peJleeBCKMM 3aKOHOM TIOLLIMPEeHHs, i ToMy iX iHOZi Ha3UBalOTh peleeBCKUM 3aBMUDaHHsM. 3MiHa
[iarma3oHy YpOBHSI CHUTHaJ/ly TIPH IIBUAKWX 3aBMHUpaHHsAX gocsrae 41 dB, me maibke 10 dB —
Bullle cepeiHboro pbiBHA i 30 dB — mpoBamu, siKi 3Haxo[AThCS HWKUe Liboro piBHs. Ilpu
HEPYXOMOMY KJ/Ii€EHTCbKOMY arapaTi iHTeHCHBHICTb CHUTHajy, IPUPOJHO, He 3MiHIO€eThbCs. Ilpu
pyci aboHeHTa nepiofnuHiCTh (QryKTYyalliii B pocTopi JopiBHIOE MiBXBUI, To6TO Maixke 10 ...
15 cm. Ilepiox ¢mykryaliii y yaci Mae 3a/leXXHiCTb Bifi IIBHAKOCTI NepecyBaHHS abOHEHTY.
KinbkicTe 3aBMupaHbs rmbuHa skux gocsirae T30 ... 10 dB mpu pyci 50 xm / rog € 5 ... 50
CeKyH/JHUX TIPOBAJIB, a cepeJHsl MPOTSDKHICTh 3aBMUpaHb Hipkue piBHs TpuO ... 10 dB npw Tiit
Ke MIBUAKOCTI - 61m3bKo 0,2 ... 2.

Puc.1.9. Cxema BCHOAUIIPOMEHEBOIO PO3HeCeHHsI B yMOBax MicTa

IToBinbHI 3aBMUpAHHS 3yMOBJIEHi 3MiHEHHSIM YMOB IIpH TepeMilijeHi abOHeHTa i 3a/IeXUThb Bif
HODMaslbOHO 3aKOHY JIorapu()MavyHOro pO3MOZiMy. KiMBKICTh He MIBUAKAX (QIyKTyamriii He
nepebibinye 5 ... 10 dB, a ix nepiofuuHicTb BifIOBila€ NepecyBaHHIO KJIi€HTa Ha JeKilbKa
MeTpiB. ToMyTOBi/NIbHI 3aBMHpaHHS 1ie 3MiHa CUTHaJTy TI0 cepeZlHbOMY PiBHi NP pycCi K/Ii€HTa.
HenpreMHHMM € IIBU/KI 3aBMUPaHHs, TOMY 1[0 BOHU MOXKYTh OyTH AOCTaTHBO TTMOOKI, i mpu
LJbOMY 3Ha4eHHs CUTHaJI / ILlyM MO>Ke BIIACTU Jly>Ke CU/IbHO, 11J0 KOpPHCHA CUTHa/IbHA iHdopMalis

3aBMHUPaHHSIMU iCHYIOTh HaCyTIHi Cr1ocoou:

i l'[pI/II‘/'IOM 0 pO3HeCeHHK, BUKOPHUCTAHHA BEJ/IMKOHO KiJIbKOCTI dHTEH, 110 MpallTb Ha
npuimnom;
. 3MiHa CMIEKTPOBOTO PO3LLIMPEHHS

Y metozsi CDMA, npy BUKOPUCTaHHI CUrHay i3 LIMPOKOI0 CMYTO0 YacToT i pedk-I1IM, moTy»kHi
CHUTHalIu PpIiBHAKOTBCSA MO 3aTpuMLi I micas 1boro pojarwTbca. B mamocmyrosux CC3,
KOPUCTYIOTbCS MeTogoM TDMA, pans  60poTe0M 3  MDKCUMBOMBHUMU — CKPUBJ/IEHHSIMU
3aCTOCOBYIOThCS eKBasjiak3epu. TakoX [yt 60poThOM 3 LM SIBULLEM DO3MOBCHOIKEHHS, [JIs
TIOMWJIKOBOTO YCYHEHHsI 3aCTOCOBYETHCS 3aBaJIOCTiliKe IIM(PYBaHHS KaHamy: MOAY/IbOBe i
3ropTKoBe Mg pyBaHHs. [6]

1.6.2 Po3HeceHul npuiiomM

Po3HecHuii mipuiioMm (aHrfidcbkuii TepmiH diversity  reception, abo mpocto diversity -
po3HeceHHst) K 3acib 06opoTeOM i3 MOAIOHWMH 3aBMHUDAHHAMM [OJIITa€ B CITIILHOMY
BHUKOPMCTaHHI /IeKiZIbKOX CHUTHaliB, 10 PO3Pi3HSIOTHCS (PO3HECEHMX) T10 TMeBHOMY INapameTpy
abo KOOpAWHATI, MPUUOMY Lie PO3HECEeHHsT 00epaeThbCs TaK, 10 MOX/IMBICTH 3aBMUpaHb BCiX
CKJIa[[OBUX CUTHA/Ty HEMOJKI/THBA, HiXK Oy/Ib-AKOro 1-T0 3 HUX.
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Mox/IMBi HACTYIHI BUJU NPUIIMaHHS:

- 3 YacoBHM poO3HeceHHsAM (time diversity): curHaau 3CyHyTi B yaci OfyH BiJHOCHO

Apyroro;

- 3 4acTOTHUM po3HeceHHAM (frequency diversity): curHamu 3CyHyTi MO 4acTOTi OAWH

BiZJHOCHO J]pyroro;

- 3 KyTOBUM pO3HeceHHsM, abo mo HanpaMmky (angle diversity, abo direction diversity):

NIpY 1[bOMY TNpUIMaHHSI CUTHaMy 3abe3neuyloTh KilbKa aHTEHHUX MOZAYMIIB 3 Hey3ro[KeHUMH

JliarpaMaMy CrIpsiIMOBaHOCTi;

- 3 mo/IApM3aniifHUM po3HeceHHAM (polarization diversity), konu BiffyBaeTbCsl NpUKoM

HAa aHTeHY B Pi3HUX O/IApU3aLlisiX;

- 3 MPOCTOPOBHM po3HeceHHAM (space diversity), curHan npuiiMaeTbcsl Ha aHTeHH, sKi

PO3HeCeHI y IpOCTOpi 0JjHa BiJHOCHO IHILIO];

st ocTaHHBOTO MeToAy NMOTPi6HO IOHalMeHIIIe /[Ba PUIMANbHUX aHTeHHNX MOAYI, 3MilrjeHi

ofiuH BifgHOCHO iHmmoro. ITepeBara Bij Takoro mpuiiomy Oijbllla NpPY BUKOPHUCTaHHI 6iblioi

KIi/IBKOCTi TakuX aHTeH. ToMy TNpaKTW4YHe BUKOPHCTAHHS 3HaXOJWTb HAMWIPOCTillla cUCTeMa 3

[IBOMa NpuiiMaZbHUMY aHTeHaMH, i B ocHoBHoMY B BC.

Y pasi BOX aHTeH, L0 MpAL{fOIOTh Ha NpUHOM edeKTHBHA CK/IafoBa L{bOr0 CIOCO0y He €

BEJIMKOIO, i 3a3BMYa€ KOPUCTYETHCS MOTUTOM MPOCTIMMiA 3 HUX - BUOip MaKCHMalIbHOTO 3 IBOX

CHUTHAJIIB 3 KOMYTaLi€l0 BUX0Y BiAnosizHoro IIM Ha BXif TpakTy mozanbiioi 06po6ku. [1]

1.6.3 EkBanai3uHr

ExkBanaif3vHr - MeTOf, SIKMii BUKOPHCTOBYIOTb B MajocMmyroBux TDMA-cucremax C3 pans

KOMIIeHcallil CIoTBOpeHb MK cUMBo/1aMu. ExBanaiisep - Iie afanTUBHUN (inbTp, HalallTOBaHUM

TaKuUM criocobom, 106 BuXifHUH curHan 6yB 6e3 COTBOPeHb MK CHMBOJIAMH, I1J0 MiCTATBCS Y

BXi/JHOMY CHTHaJIi.

Cama npocTa peasisatlisi ekBanaisepa (puc.1.8). [Ipoctuii puknaz Toro, 1110 JaHa cxeMa MOJKe

noc1abuti Mi>KCUMBOJIBHI crioTBopeHst. Hexalf, 1110 curHas i3 BXoJy eKBanaiizepa CK/Ia/la€TbCsl 3

OCHOBHOTO CHTHasy i Horo Korii, sika noc/iab/eHa B feKijbKa pasiB B yaci Ha TPUBAJiCTh T 1-ro

cuMBony (gpyruit rpadik Ha puc.1.9, a). Ko AUCKpeT ouiKyBaHOI JIiHii GisbTpa JOpiBHIOE T, a

3HaueHHs1 KoedillieHTa B NepLIOMY BifiBefieHHi ¢; = -1/Tpy, TO Mpy 0/aBaHHi BXiZIHOrO CUrHaMy

i curHamy 3 mepioro BifBoAy oTpuMaeMo HactymHe (puc.1.9, 6): ocHOBHMI curHai (Tiepiia

CKJIaZioBa BXi/[HOTO CHTHAITY) 3a/MIIaeThCs 6e3 3MiH; Apyra CK/IazioBa BXiJHOTO CUTHAIY.

Puc.1.10. JTiHiliHuii exBanaiizep Ha 6a3i TpaHCBepcaJbHOrO (ibTPa 3 TPHOXEJIEMeHTHOI JIiHie

YeKaHHA

KOMITEHCY€EThCS T1epILIO0 YaCTHUHOO, 3aTPMMAaHOI Ha T; pyra YyacTHHa L[bOIO CUTHA/y JA€ KOMito

OCHOBHOTO, ajne cabury Bke B 10 pa3, 3aTpuMaHy Ha 2 T i 3 Bif’eMHHUM 3HakoM. SKIO y

[Ipyromy BiziBesieHHi /iHil yekaHHs KoedilieHT ¢, = 1/9, To Mpu JoAaBaHHI TPHOX CUTHAJIB -

BXiZIHOTO i [OBOX 3aTpUMaHMX - OTPMMAaEMO He3MiHHMN OCHOBHHUM CHrHaj i WoOro Koriro,

3aTpUMaHy Ha TpU T i ociabmeHy B 27 pasiB. TakuM YMHOM, B PO3IJISIHYTOMY MPHUKIazi

JlI0fiaBaHHsl KOXXKHOIO HACTYIHOTLO ejileMeHTa JIiHiI 4YeKaHHs 3 BiANOBIJHUM 3HAueHHSIM

KoedilfieHTa ¢, TPU3BOAWTH [0 OC/IA0/IeHHsT CIIOTBOPEHOr0 CHTHAIy BTPHYi i /[0 /1OJaTKOBOI

yeKaHHs Moro B vaci Ha T.

Puc.1.11. [lo nosicHeHHsIM po6OTH CXeMH eKBaslak3epa

ITpocTuil anropuT™ HajalITyBaHHS (ifbTPa, 10 3MEHIIy€e cepeAHili KBaipaT MOMHIKK Ha HOTO

BUXOJi - CTOXaCTUUHUI TPaJiieHTHUI aAroputM, BiAnoBigHO A0 skoro BekTop C KoedillieHTiB

(hinbTpa OHOBMIOETLCA B Pe3y/IbTaTi MOCIiJ0BHOrO BUKOPUCTAHHS peKypPeHTHOI IpoLie/lypu:
Ci=Cy+pe X, ,k=0,1,....

Ie, k - Homep KpoKy iTeparifHOro mporjecy HaCTPOKH, X - BeKTOp BUOIPOK BXiZJHOTO CHUTHATY

(hinbTpy, e - curHaa NOMUIKY (Pi3HULS MK IepeJaHAM CHMBOJIOM i HOTO OLIIHKOIO Ha BUXOZL

¢inerpa), P - KoedillieHT mnpomnoprifHOCTI (BeaMYMHA KPOKY), IO BHU3HAua€ IIBH/KICTb

361KHOCTI iTepanifiHOro rpouecy i 3amac CTifKocTi.

BHCHOBKHM: pO3ITITHYTO OfHY 3 OCHOBHHX mpobmem CC3, Taky sK OaratorpoMeHeBe

PO3MOBCIO/PKEHHS], HOro MposiBU Ta MeTou 60poTEOM 3 HUM - pO3HeceHHUi mpuiioMm, a came 3
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pO3HEeCeHHsM B mpocTopi (space diversity), To6To 3 MpUHOMOM CHTHAIIB Ha Ki/lbKa TIPOCTOPOBO
pO3HeceHuX aHTeH. Lle e[uHUIA MeTOJ, 110 3HaXOJUTh NIPaKTUUHEe 3aCTOCYBaHHSI.

2. TEOPETUYHA YACTHUHA

2.1 Moaynb cxeMa MoOiIbHOI CTaHLIii

Mopayib-cxeMa MOOLIBHOI cTaHLji (puc.2.1) Mae:

1- MiKpOWOH, y sikoMy MOBHHMI1 CHrHal TPaHChOPMYETLCA B €IeKTPUUHUM, [IMPHUHA CIIEKTPa
sikoro obmesxeHa ¢insrpoMm i cranoBuThb 4 KTy,

2- ITigcunroBay HU3bKOI yacroTu (ITHY)

3- AIIII MOBHOrO CUrHaJTy

MoBHu# cUrHasi, repeTBopeHUH MiKpO)OHOM B e/IeKTPUYHKI aHalIOroOBUI CUrHA i MOCUIeHUH
ITHY, Hagxoauth B ALITT, Ha BUXO[i SIKOTO MOBHMIA CUTHa/ TpaHC()OPMYEThCS B Li(poBy dopmy
i masmi 06MiH CHTHaY MOBJIEHHS TPOBOAUTHCS B [UGPOBii dhopmi.

4- Kopep MOBH 37ilicHIOE 1M(pyBaHHS MOBHOTO CUTHAIY.

5- Kojep kaHajy [ojae B CUTHaj, SIKMUM HaAXOAWUTb 3 BUXOJY MOBHOIO KOJepy, [OLAaTKOBY
(Hag/TMLIKOBY) iH(OpMaLlito, sIka 3aXHIL[Aa€ CUTHA Bijl TOMUJ/IOK;

6- YacroTHmii MaHinyasTop (UM) peanizye raycoBy MaHIMmyJsILjito 3 MiHiMaJbHAM 9aCTOTHUM
3pyireHHsM (GMSK - Gaussian_Minimum_Shift Keving), To6To peasisye TpaHCIOpTyBaHHS
U(POBOro CUrHanay B 00/7acTh pafiodyacToTHOro KaHany. Y tumi GSM 3 mogynsiiero GMSK
nobytok BTe, 10 BH3HAYa€ 4YacTOTy 3pi3y IepeAMOAY/SILIHHOrO rayciBCbKOro ¢inbTpa,
nopieHioe BT = 0,Tpu (ze B - cMyra yacToTHOrO crieKTpa, Te- MPOTSHKHICTH bita MoBijoMneHHs).
Take 3HaueHHs [0OyTKy BTs AocsraeTbCs LUIIXOM CK/IAHOI arapaTypHOi peasnisanii s
30isb1IeHHsT HeoOXigHoro BigHoMIeHHs1 C / IT (curHas / mepelukoza) i 3MeHIeHHsI BIUTUBY YMOB
MOLLIMPEeHHs paiioXBIJIb i HeifeanbHOCTI anaparypu. ITpu GMSK 3abe3neuyerbes Bucokuii KK
TificUmoBaYa MOTY)KHOCTI i MpUIHATHA CTiMKiCTh: HMOBipHiCTE TOMUIKH P = 10™" mpu C / N =
Tpu0 dB (C / N - curHan / uym).

7- 3mimyBau (3M) npu3HaueHuit /11 OTPUMaHHsI CUTHa/IIB Ha BUXOZAi (a3oBoro mMozynsropa 3
nianazoHom vactot 890 ... 915 MI'y miz giero curHany, 110 HaAXOAUTb 3 CUHTe3aTopa 4acTor,
KepoBaHoro 3 CPI.

8- ®inpTp (P) (3a3BUUAll BUKOHYETHCS 3 KPEMHII0) Ha/AlITOBYEThCS Ha OAHY 3 0OpaHUX
JIOTIYHUM MOJyY/IbOM 1TpH HeCyyuX 4acTOT Ta 37ilicHIoe QinbTparjifo BUIMX TapMOHIK, sKi
3aB/IKU MapasUTHAM 3B’s13KaM HaJXO[ATh 3 CycifHix KH.

9- Il mory>xHocrti (ITII) He Ti/IBKY MiZCHIIOE BUCOKOYACTOTHUI CUrHa 3 BUXOZY MOJy/iba 8, a
i mig piero komaHg 3 CPU 3MiHIOe KoedillieHT mocusieHHs (TOOTO BUKOPHUCTOBYE PEXUM
HeJIiHIMHOTO MiJCKeHHs), 30epiralour MoMiXoCTiHKiCTh, TUM CaMMM B 3aJIe)KHOCTI Bif BizcTaHi
Mk MC i BC BuxizHa notyxHicts I1ga MC aBTOMaTUYHO PETymOeThCs: unM ommkue MC f0
BC, Tum MeH1e noTy>xHicTb [1na MC, TUM MeHIlle TOTY>XHICTb, sIKa BUIIPOMiHIOETHCSI aHTEHOIO
MC.

10- ®inbTp cenmekyii — 00po0O/sie BUCOKOUACTOTHUH curHam Ha Buxofi IIIT Ta B pexuMi
repe/iaBaHHs] MOBHOTO CUTHAJTy TI0/la€ MOr0 Ha aHTeHHUI NepeMUKau.

11- AHTeHHMH IlepeMHKau — eJIeKTPOHHUM IlepeMMKauy, IL[0 YIIPaB/s€TbCS Bifj JIOTi4HOTO
Mofy/nea 1TpY Ta MifKMIOYae BXif aHTeHH abo Ha Buxig I, abo Ha Bxifg IIm. Ilg ta IIm
TMpaLiOI0Th OJHOUACHO. PexxuM nepejaBaHHsl 34iHCHIOETHCS TiZIbKU T1iJ| uac 1/8 JOBXUHU KaJpy —
L|e 3MEHILY€ BUTPATH eHeprii akyMy/nsaTopHOi 6Garapei sk TP PO3MOBi, TaK i NpU CIyXaHHI
BI/JIMIOBI/ii, @ IpY NlepeHeCeHi — MOBHOT'O UMTHaJTy.

12- AHTeHa - mpoBigHuk abo cucTeMa TIPOBiAHUKIB, sIKi BUKOPHCTOBYIOTHCSI ISt
BUIPOMiHIOBaHHs abo [i/1s1 y/IOB/IFOBaHHSI e/IeKTPOMAarHiTHOI eHeprii 3 mpocropy. [is1 iepeHeceHi
CUTrHaJly pafliouacTOTHI iMIy/bCH INepeZiaBa/bHMKA 3a JOMNOMOIOK aHTeHU NepeTBOPIOOTLCA Y
e/IeKTPOMArHiTHy eHeprito, KOTpa BUIIPOMIHIOETLCS y OTOUYHOUMI MpocTip, aTMocdepy, KOCMOC.
BucokoyacToTHMii curHan B [iana3oHi 9tpu5 ... 960 MI'L mpuiiMaeTbCsi aHTEHOHO i uepe3
aHTeHHMI nlepeMyKad (MaeTecst CPU B pexxumi npuiiomy) Hagxozuts B BU ¢insTp (3a3Buuait
dinbTp ITAX)- Kepamiunuii GinbTp), Mocuoersesi B BU ManomyMHoMy Hificu/oBadi.
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14- T / Q reHepaTop Tmpu3HaueHUH [JJii (OPMYBAaHHS CHUTHaMy, IO MOZY/IOETHCS 3
cdopmoBaHoro ypoBoro cUrHasy rnpu 6esnocepeHLOMY yripaesinHi Big CPU.

15- BU kepamiuHuii (ijIbTP MOBEPXHEBOI aKyCTHYHOI XBHJTL

16- BUTIIp

17- Tepwuii 3mimyBauy 3M-1 no3Bonsie 3pymuTy curdan B 6ineury HY obacts, mpu yomy Ha
BXig 2 3M-1 reTepoJUHHHUIM CUTHA/J TOAAETHCS 3 CHHTE3aTopa 4acToT, (iabTp 30cepemKeHoi
ceneknii Ha ITAX pobuTh BUIiIEHHS] CUTHAITY 3 TIepLIoi TPOMKHOI YacTOTH i fasi el curHan
MOCU/IIOETHCS B TPaKTi MifiCH/II0BaYiB Nepioi MpoMiKHOI 4acTOTH

18- CunTte3arop uacrot (CY), 1110 OTpUMye KOMaH1 3 Kepytouoro moayiasy CPU, Bupobiisie
CUTHAJI, KU NoflaeThCsl Ha pyruil Bxif 3mimnyBaua. CU € 3a7iaBalbHUM reHepaTopoM KOJIMBaHb
BUCOKOI Hecyuyl 4acToTU Jjisi nepeHeceHi iHdopmarii IImy mo pagiokaHany. B tuni GSM
3[iHCHIOIOTECS TIOBI/IbHI CTPHOKHM 3 TIEPEKJTFOUeHHSIM T10 YacTOTi y KOKHOMY UeproBoMy Kazpi. Y
Kapi KoKHOMY (hi3uHOMY KaHasi BifnoBiziae 1 c/10T, TOMY, [j/1s1 T€pIIOro JIMIoro 3 ¢isuuHux
Ka/piB CHTHaTy Taka yacToTa CTPUOKIB eKBiBasleHTHa 3MiHi yacToTHUX KH 3 4acTOTO!O C/IOTIB.
19- ®inbTp ceneknii Ha ITAX

20- IIx Ha mepuIiii MPOMDKHIN YacTOTI MiJBUIIYE aMIUIITyAy [IbOTO CUTHAJIY A0 PiBHS, SKOTO
noTpebye HACTYIHUI MEPEeTBOPIOBAY YaCTOTH.

21- ipyruii 3mimryBau (3M-2) Ha nepiioMy BXOZi Mae CUTHaJ/I Iepiioi IPOMiXKHOI YacToTH, a Ha
JPYromy — cUrHaj retepla, a Ha BUX0Zi BUpOO/Isie CUTHAI ApYyTroi IPOMIKHOI YaCTOTH.

22- ®inbTp 30cepemKeHoi cenexiii Ha ITAX Bujiinse curaan pyroi NpoMi>KHOI UaCTOTH.

23- IMigcwmoBay Ha JPyrii NPOMDKHIN YacToTi MmiCWI0e CcUrHan A0 HeoOXiZAHOro piBHS Ta
repezia€ Moro 0 MOAy/bY JeMOAYIIALT.

24- Mopynb pemopy/asAnii. Y O/oLi CUrHam CrovyaTky JeMOAYMHETbCsT B - (hasoBomy
JleMOJy/IATOpi , TpU LIbOMY Ha BXi/lI KaHa/JbHOIO eKBajak3epa BiH HafXOAUTb y BUIIsAAL
1(pOBOro BifleoCUTHAIY;.

25- ExBanai3ep rpuiiMae Ha BXOJi JeMoAy/iboBaHUN LjudpoBuit Biseocurnan. IIpr3HayeHHsS
eKBasalizepa — CyTTeBe 10c/1abieHHs CIOTBOPEHb Y BUIVIsAI MDKCHMBOJIBHOI iHTepGepeHLiii, sika
o0OyMOB/TeHa Ppi3HMIEI0 XOAy MDK CKIaloBUMM DajiONpOMeHI0 IIpH OaraTrornpoMeHeBOMY
PO3TIOBCIO/)KEHI, Ta BUK/IMKAHA TMEBHOIO Ki/mbKicTio BidBrBaHb pajionpomMeHs Bif repeukof, i
MOJKe IIPU3BECTH [J0 IOMUJ/IOK Ta TIepeKpydeHb Ha Mpuiiomi.

26- [lekopep KaHaJsly peasi3ye MpoLec, 3BOPOTHIM [0 IMQPyBaHHS i 3AiHCHIOE AeKOAYBaHHS
BCbOr'0 NOTOKY iH(opMauil.

27- [lekomep MoOBHM [eKkoiye 1udpoBuii mnoTik MoBHOI iHbopMalii [ MO/a/IbIIOro
TpaHcopMyBaHHs ii 3 1dpoBoi popmu B aHanorosy B ITATI.

28- UATM wmictute dopmyBau curHany 30y[pKeHHs, (inbTp-CHHTe3aTOp 3 JOBrOCTPOKOBHUM
MIPOPOKYBaHHSM, (isIbTP-CUHTe3aTOp 3 KOPOTKOYACHUM IPOPOKYBaHHSM, NOCT-(inbTp.

29- MHY

30- TenedoH MC.

31- SIM-kapTa,

32- NMamM’ATb cucremu.

33- [Jderekrop MoBieHHs (VAD _-_Voice Activity Detector), iKW 3aCTOCOBYETbCS AJisI
©€KOHOMHOCTI eHeprii, 1110 HaZIXOAWUTb BiJ| [pKepesa )KUB/IEHHs], 3HWKEHHs PiBHS TepeLikoj, sKi
CTBOPIOIOTBCS ISl iHINIMX CTaHIiii Tpu mparforouomy IIa, a Takok mae pobory Ilza Ha
BUMPOMIHIOBaHHS Ti/IbKM B TIeBHi TPOMIXKOKM Uacy, KOJM K/Ii€EHT TOBOPUTH (TOOTO KOMH
MikpodoH MOCHIa€e aHaAoroBi MOBHI CUrHaliu B TpakT mepeHeceHi). Ha wac maysu B
NpUHMaIbHUIN TPakT BBOAATH KOMbopTHUH 1IyM. I1pu notpe6i B MC MOXYTh BXOAWUTH OKpeMi
TepMiHa/bHI MPUCTPOI, 10 MepeMHUKArOTbCA Yepe3 CIelianbHi afanTepy 3 3aCTOCYyBaHHSIM
BiAinoBifHUX iHTepdeiicis.

34- AHTeHHMI MOJY/Ib CK/Ia[JA€THCS 3 IBOX PO3HECEHHMX aHTEeHHUX fleBaiiciB, siKi 3abe3neuyroTh
peXXUM NpHUKMaHHs-TIepe/jaBaHHs 3a [JOINOMOIOK e/eKTPOHHOIO MNepeMuKaua. Y 3BHYaiHIN
CTIILHUKOBIH cucteMi 38’30k Mk BC Ta MC 3a0e3meuyeThes 3a AOMOMOTOK0 HeKepoBaHOI abo
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CEeKTOpHOI aHTeHU. TUMOBi eJIEKTPOHHI aHTEHHW BUIPOMiHIOIOTH ab0 MpPUHMAlOTh CHUIHAIA B
cekropi 60°, 120° a6o 180°.

35- EneKTpoHHMII aHTeHHHI MepeMHKa4 3’€/IHy€ aHTeHy 3 BUXifAHUM MmopyasoM 17 (Tpub)
abo BxigHUM MoayneoM IIM (Tpu7).

36- EyleKTpOHHMIA cymaTop 3abe3srieuye y peXXuUMi Mepe/laBaHHs BHXifl Ha aHTEHHY CHUCTEMY
(tpu4) 3 N IIziB, BUKOHYIOUM CyMyBaHHS BHUXIJHMX NOTY)XHOCTeM 3 N BUXiJHUX KacKaJHHUX
Npais.

37- IIp BC 3 kinekicTio N, sIKi MarOTh Ty XX CaMy CTPYKTypHY cxeMmy, K y MC, 3a BUHATKOM
Toro, 1o BigcytHi ALIT Ta LJAII, ToMy 1o BuxigHi curHamu I1zaiB Maroth 1H¢poBy ¢opmy, a
TaKO)X MalOTh 3arajibHi OMOPHI reHepaTopH, siKi 3a0e3MeuyroTh iX y3rofykeHe HaJlallTyBaHHS MPU
nepexozii 3 1-ro kaHany Ha iHIIUH.

38- EnekTpoHHMI MOALTBHUK 3abe3reuye ofHouacHy poboty y pexxumi mpuiiomy N IIm, Ha
BUXi/| SIKOTO MPUXOJUTb CUTHAJI, TIPUMHATHIN 3 BUXOAY aHTeHH, a 3 N BUXO/IiB — MepeflaeTbCs Ha
Bxify, N IIMm. B pexumi npuiioMy eneKTpOHHUM MOAIMBHUK 3AiMCHIOE MOZiNEHHs HaNpyru
MIPUAHATOrO CUrHaay Ha N BXOZIB MiICK/TFOBaYiB Ha MOJIbOBOMY TpaH3UCTOpi 3 6ap’epom IIIoTKi.
39- Im BC (xinekicHo N) y pexkuMi ripuiiomy (MoAysib Tpu6) OfiHOYACHO MPUKMMAIOTh 3 BUXOZAY
MO/Ii/IbHYKA TPU8 aHTEHHOI CUCTEMM CUTHAJI /st TIO/AJTbII0T 06POOKH.

40- Mopy/ib 3’€{HaHH#A 3/IiliCHIOE yIaKoBKY LuibpoBoi iHdopmariii, o nepegaerses mo J13 Ha
koHTposiep BC Ta po3nakoBKy 1jdpoBoi iHdopmaliii, 1[0 HaXOAUTh BiJj HOTO.

41- J13 nepeyae ynakoBaHy 1udpoBy iHpopMariito Ha KeHTposep BC.

42- Koutposnep BC 3abe3mneuye KOHTpO/tOBaHHs pobororo ycix BC y 30Hi cepicy, a Takox
KOHTPOJIb Mparie3JaTHOCTI YCiX MOAY/biB Ta By3JIiB, 1[0 BXO/STH /10 00/1ajHanHa BC.

43- HOani o J13 3aificHroerbest 06miH indopmariii Big koutposnepa BC B LK.

44- UK ta konTposiep BC 3a6e3neuyroTh KOHTPO/IIOBaHHSI POOOTOIO yCiX MOAY/IbIB Ta By3/iB,
1110 BXOZAATH /10 o6aguanus BC. [2;5]

2.2 MoGinbHwuii 38’130k TunyL.TE

LTE (Long Term Evolution) - uie riio6aibHuU CTaHAAPT [jis1 4-T0 MOKOJTiHHS MOGITBHUX Mepex
(4G).LTE € BEOCKOHANEHUM TPOAOBKEHHSIM TeXHOJIOTiH TpeTtboro nokoninas CDMA i UMTS
(3G). UIBugkicts nepeHeceHi Aanux B Mepexxax LTE pocsirae 173 Mbit / ¢ Ha nipuiiom i 58
Mbit / ¢ Ha iepeHeceHHsI.

2.2.1 Ctpykrypa mepexi Tuny LTE

Puc.2.2. Ctpykrypa mepexi turty LTE

Cxema Jiae 3Mory 3po3yMiTH, 1o icHye Benuka pisHung 2G i 3G. IctoTHi 3miHM 3a3Hana i
migcucrema BC, i migcucrema 3’egHaHHS.

Mo>kHa BUZIIUTU HACTYIHI OCHOBHI cknazfoBi Mepexi tuny LTE:

. Serving SAE Gateway a6o mnpocto Serving Gateway (SGW) - uwmo3 [ajs
obcnyroByBanHs ctaHgapty LTE. OcHOBHe Tipe3HauyeHHsI SIKOTO: aHasli3 i MapuipyTu3arjis
MaKeTHUX JaHuX, 10 HaAaXxoaaTs 3 / B nifcucreMy BC. SGW Lie psive 3’€jHaHHS 3 Mepe)kaMu 2-
ro i 3-ro MOKOJIiHb TOTO K OIepaTopa, 110 CMpPOILy€e NepeHeceHHs 3'€/JHaHHS B / 3 HUX 3 IPUYMH
TIOTipLIIeHHST 30HU MTOKPHUTTS, TlepeBaHTa)KeHb i T.II..

. Public Data Network SAE Gateway a6o npocro PDN Gateway (PGW) - 1103 o Mepex
repeHeceHi JaHux iHmuMX oneparopiB A Mepexi LTE. OcHoBHe 3aBganHa PGW mnonsrae B
MapiupyTu3aiii Tpadiky mepexi LTE [0 iHIIMX MepeXX riepeHeceHi JaHux

. Mobility Manag entity (MME) — kepye mMo6ibHicTE Mepexi C3 turny LTE. 3gificHioe
006po6Ky iHdopMmariii, sika 1oB’s13aHa 3 KepyBaHHSIM MOOi/IbHICTIO aBOHEHTIB B Mepexi.

. Home Subs Server (HSS) - cepsep knieHTChKUX AaHUX Mepexxi C3 tury LTE. € Benukoro
0a3010 /laHuX i 371iHCHIOE 30epiraHHs JaHUX TPO KITi€HTIB.
. Policy and Charging Rules Function (PCRF) - enemMeHT Mepe>xi MOOI/IbHOTO 3B'SI3KY THITY

LTE, ujo 3abe3neuye KepyBaHHs abOHIUIATOO 3a MOC/IYTH 3B'A3KY, @ TAKOXK 3a SIKICThb 3'€AHAHb
BiZITTOBiZIHO /10 3a/JaHIX KOHKPETHOMY KJIIEHTY XapakTeprcTUKamu. [16;18;19]
2.2.2 Oprani3anis indopmaniitnux Kananis
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HOns Ttoro, mwo6 TmoOKasHMKM MoraM OyTv TpaHcriopToBaHi uepe3 iHrtepdelic LTE,
BHUKOPHMCTOBYIOThCS pi3Hi KH. HUMH KOPUCTYIOTBCS TOMY, 11[00 BH/I/IATH He O/HAKOBI CTaHAApTH
[aHUX iHopMmarii i HajaTH IM MOXIHBITH TPAHCTIOPTYBaHHS 4epe3 MePeXY JOCTYIy OibIn
edextuBHo. IIpu HasBHOCTI Aekinbkox KH 3abesneuye iHTepdelic 6Ginbll BUCOKOro piBHS B
Mexax crangapry LTE i BkmrouaroTs GibI iTKy i BU3HaUeHy cerperariifo JaHuX.

IcHye Tpu Kateropii, siKi 371iliCHIOIOTh NepeHeceHHs iHdopMaLiii:

. JloriuHi KaHamM - Hajae MOCAYTM CepeJHbOrO piBHA ympasiiHHA goctyioM MAC
(Medium Access Control) B Mexax cTpykTypu nporokony LTE. JIK Ha xumtant mepezaHoi
inpopmanii pginatecs Ha JIK konTpomoBanHs i JIK Tpadiky. JIK KOHTpO/OBaHHS
BUKODUCTOBYIOTbCS JJIs1 TIepeHeceHi Pi3HUX CUTHa/IbHUX Ta iHdopMmauilHuX MoBifomieHsb. 3a
JIK Tpacdiky nepeatoTh MpyU3HayeHi /s K/Ti€HTa MOKa3HUKH.

. Tpauncrioprai kKaHam (TK) - TK ¢isuuHoro piBHS NpONOHYIOTH NlepeHeceHHs iHdopMarii
B MAC i Bumie. Indopmatiito sk micist 06po6ku Ha RLC / MAC piBHsx po3mingytots B TK ass
nojanbiiol mnepeHeceni mo pagioiHTepdeiicy B ®K. TK BusHauae sK i 3 sKUMH

XapakTepuctikamu BidByBaeTbcs 06miH iHdopMariii pagionocyr. Indopmauiiini nosigomaeHHs
Ha TPAHCIIOPTHOMY PpiBHI pO30MBAlOTL Ha TPAHCHOPTHI MOAY/IbM. B KOXKHOMY 4YacoBOMY
npomikoki repeneceni (Transmission Tme Interval, TTI) pagiornociyra rnepefarTs xoua 6 1
TPaHCIIOPTHUHM MoAysb. IIpu 3actocyBaHHi TexHosorii MIMO MoxiuBa 0OMiH 10 YOTHPBOX
MoZy/biB B ogHOMy TTT.

" ®i3uyHi KaHa/lu - 1je KaHalaWd MepeHeceHi, sKi MepeHOCATb INpU3HaueHi [/ K/Ii€HTa

TOKa3HUWKH i Kepyroui MoBizomieHHs. BoHU 3MiHIOIOTHCSI MK BUCXiZHUM i CITajHUM [TOTOKaMH,
OCKIi/IbKM KOYKeH 3 HUX Ma€ pi3Hi BUMOTH i flie mo-cBoemy. [16;18;19]

2.3 XapaKTepuCTHKa KaHasly 3B’ fI3Ky

Kanar 3B's13Ky XapaKTepH3yeThCsl TPbOMa apaMeTpaMu:

1. e()eKTHBHO MepejaHoI0 CMYIoK JacToT KaHaty IIK, sKy KaHa/l 3jaTHUH TPOITYCTUTH 3
BUKOHAHHSIM BUMOT [I0 SIKOCTi [IePeHeCeHi CUTHaIiB;

2. yacom TK, TIPOTATOM SIKOTO KaHaJl HafIaHO ijIsl TIepeHeCeHi CUrHasiiB abo MoBifOMIIeHb;
3. JAVHAMIYHHMM /[iara30HOM KaHaJ1y

ne, PK.MakC —MakcuMajibHa HEeCIOTBOPeHa MOTYXKHICTh, sIka MOXKe OyTH mepefjaHa Mo KaHaiy;

Px.MiH - MiHiMa/sbHa TOTY)KHICTh CHTHANYy, TIpY sIKili 3abe3neuyeTbcst HeoOXifjHa 3axHMILeHiCTb

Bi/l Meperkoz,.

OueBKziHO, 1[0 06MiH CHrHamy 3 e)eKTMBHO MepejiaHor0 CMyror yactotr [, , TpuBanicTio
T, i gunamiunum pgianasoHom D, no kaHamy 3 napamerpamu 1, , T, i D,

MOXX/IMBa 3a yMOBU

[HIMMU c1oBaMu, 3a3HaueHi BUIe TN-TPU [/l KOHKPETHOrO CUTHasly, L0 TepefaeTbcsi, He

TIOBYHHI NlepeBHUILlyBaTH 3HaueHb, BIaCTUBUX KaHay 3B'SI3KY.

Puc.2.3. Mogenb By3na 3’€fHaHHS

IobyToK TphOX MapamMeTpiB KaHaly Ha3HBAa€TbCs €MHICTIO KaHamy. CurHan mMoxe OyTH

yCIHillIHO MepesjaHuii 1o KaHajy, K0 HOro EMHICTh MepeBUILye 00Csr cUrHaiy. SIKIo cuctemMa

HepiBHOCTel (2.2) He BHUKOHYETbCS, TO MOX/IMBa 3MiHa 1-T0 3 MapameTpiB CHTHany AJist

Y3rofKeHHs1 00CsATy CHrHamy 3 €MHICTIO KaHaiay. OT)Ke, YMOBY MOX/IMBOCTI mepeHeceHi

CHUTrHAJIy 110 KaHaJIy MO)KHA ySIBUTH B y3araJbHeHOMY BUIJIsIZII:

KaHasn xapakTepusyeThesi 3aXULLEHICTIO

Zle, PK.1ep - MOTY>KHICTh MepelKo/, B KaHaJIi.

ITponyckHa 3faTHiCTh KaHasTy 3B'fA3KY, 1110 MpeJCTaB/se€ MAaKCUMaIbHO MOXKI/IUBY JJIs IaHOTO

KaHaJly IIBU/IKiCTb TiepeHeceHi iHdopMmallii, OrMCcy€eTbCs HACTYITHAM BUPa30M:

ze, PK.cep - cepe/iHsi ITOTY)KHiCTb TlepeJJaHOr0 110 KaHaly CUrHaJy.

Ipu komyrauii KH Mepe)ka MoBHHHA HajaTh KaHai (eJeKTPUUHMI JIAHLIFOT) BiJ| ZpKepesa [0

oJlep)KyBaua Ha yac ceaHcy 3B'sa3Ky. @K Moxe ckiazarucs 3 iHil 3B'3Ky, sKi 3'ejHy0ThCS 1 3

OJJHUM Y BY3/1i KOMyTaLlil.

Po3rnisiHeMo y3aranbHeHy Mofenb By3na Komytauii (puc. 2.3), 1[0 MpejcTaBisie€ CYKYIHICTb

3acobiB KomyTarlii Ta ympaBiiHHsA, 1[0 3abe3rneuyioTh ¢isuuHe 3'€aHaHHS M BXiJHHX
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(xmieHTCBKMX) MiHIM 3B's3ky 3 N KiHieBUMM craHuisMu Mepexi. Tyt @K moxe 6ytn
Mpe/ICTaB/IeHNI KaHAJOM TOHA/bHOI YaCTOTH aHa/IOrOBOI CHUCTEMM TepeHeceHi abo 1m¢ppoBol
CHCTeMU IepeHeCeHi 3 TUMUaCOBUM TO/i/I0M.

Bygp-sika 3 M K/Ii€EHTCHKUX JIiHIM 3B'A3Ky MOXKe reHepyBaTH BUK/IMK abo OyTH BiIbHONO
TIPOTSTOM TPOMDKOKY Yacy T, pO3IMOJiJeHOro 3a eKCIOHeHLlialbHUM 3aKOHOM i3 cepefHiM
3HaueHHsM 1/ A:

BUKIMK Moe OyTH OOC/Iy)KeHWMII IIPOTArOM [IesKOrO BHITQIKOBOTO IIPOMDKOKY uacy,
PO3MO/i/IEHOT0 3a eKCIIOHEeHI[ia/IbLHUM 3aKOHOM i3 cepe/iHiM 3HaueHHsM 1 / .

Hexait BUK/IMK, 1[0 HafilII0B Ha Oy/p-AKHUi BXifl, 3aiiMae Gy/b-sKuii BiIbHUH BUXif. SIKIo BCi
BUXO/Y By3/la KOMyTallil 3alHATi, TO BUKJIUK MOAy/byeTbcsl. IIpy 1ibOMy cucTeMa BiJMOBJIse
K/TiEHTY B 0OC/IyTOBYBaHHi.

Puc.2.4. MomMeHTH NOSIBU NTOTOKY BUK/IUKIB

SIkicTh Oyab-sKOi Mepexi 3B's3Ky 3 KomyTariero KH BU3HauaeTbCsi HMOBIpHICTIO (YCilHICTHO)
MIPOBe/leHuX 3'€/JHaHb, 1110 3a/1eXKUThb Bif:

. KIJIBKOCTi K/TI€HTIB Nas (PyXOMUX JleBaiiciB B pasiiomepeski);

. YaCTOTH BHKJIHKIB Foyy, 1110 TIPEJCTABIISIE KiMIbKICTh /13BiHKIB, 1[0 IPHUIaJal0Th Ha 1-TO
KJlieHTa B rly;

. cepeHbOI Yacy KO)KHOT'0 MOBiIOM/IeHHS Tc.

[ns BunagkiB M »N, sIKi 4aCTO 3yCTpivarOThCsl Ha MPaKTHULIi, HAXO[KeHHSI BUK/IMKIB Ha

BXO/IY By3/la KOMYTallii 33/{0BOJIbHSIE TPHOM YMOBaM:
1. SIKimo po3ramryBaTh BUKIMKHM IO oci yacy t (puc. 2.4), To WMOBIipHICTb MomajaHHS
33/JaHOT'0 KiJIbKOCTI BUKJ/IMKIB Ha BifIpi3ok T 3a/e;KuTh Ti/IbKM Bifi JOBKMHU LIbOTO BiJjpi3Ka, a He
Bi/l TIOIO’KEHHSsI BiJjpi3ka Ha uacoBiil oci. OcTaHHE BKa3ye Ha Te, 1[0 BUKJIUKHK PO3MOZileHi rno
Yacy 3 0ZJHaKOBOIO I[i/IBHICTIO A, sIKa XapaKTepr3ye CepeJHI0 KiIbKiCTh BUK/IUKIB B 1HI{0 Yacy.
2. Bukmuku po3noginstoTbest B yaci He3anexxHo 1 Bif 1-ro. Ile o3Hauae, 1110 WMOBIipHICTb
TOMAaZlaHHs 3aJ]aHOTO Ki/MbKOCTI BUK/IMKIB Ha 0OpaHWi BiZpi30K uacy He 3aJIeXUThb BijJ TOTO,
CKi/TbKM BUKJ/IMKIB MTOTPAITA/IO Ha OY/Ib-AKHUI iHIIINI Bipi30K, 1110 He TIEPeKPUBAETHCS 3 HUM.
3. IMOBipHiCTh TIOSIBH [JBOX i GifbIlle BUK/IMKIB B 1 MOMEHT 4Yacy JOpPiBHIOE HYJTFO.
I71s1 aHami30BaHOTO MOTOKY BHK/IMKIB HMOBipHICTH Moy /IbyBaHHs (BifMOBU B 06C/TyrOBYBaHHI
BUK/IMKY 4epe3 3alHATICTh ycix N BUX0/iB) onmucyeTbes po3noaisiom Epianra
HaBaHTakeHHss Y = A / |, CTBOpIOBaHe OZHHM JKeDeJOM BUK/IVKIB, [OpiBHIOE [NOOYTKY
iHTEHCUBHOCTI BUKJ/IMKIB A Ha MPOTSDKHICTDL cepiicy 1/ .
Crporo Kakyud, posnofin (2.7) BipHuit mpu M - oo, BuxopucTanHs(2.7) npy iHXeHepHUX
pO3paxyHKax Mepexki 3 BeJIMKOIO Ki/JIbKiCTIO BXO[IB [ja€ /esiKy IMOXHOKa, aje BOHA LIiJIKOM
MPUAHATHA.
3alHATICTh KaHa/Iy OL{iHIOIOTh B «TO/IMHY ITiK» B NIPOLIEHTHOMY Bi/jHOLIEeHHi 1o Gopmyiti
3aliHATicTe MOXKe OyTH TakoX BupaxkeHa B Epsmanrax (Eps). B upomy Bumazky 3a 1 Epn
nipuitHsTa 100% 3alHATICTH KaHamy Oe3nepepBHUM TOTOKOM. 3adHATICTH MeHIe, HiK 100%,
BUPAXKAETHCS IECITKOBUM Apo6oM, Harpukiaz, Tpru0% 3aiiHAToCTi cTaHOBUTHL 0,Tpu Epit.

3aliHATICTL KaHajly MOXKe BHUpakaTucs B luigx Tpadiky (TOBifomieHb, Hafic/laHUX Ta
OTpUMaHUX MO JiHil 3B's3Ky). ITig TepmiHOM «Tpadik» (traffic - TemedoHHe HaBaHTaKeHHS)
Ma€ThCsl Ha yBa3i HaBaHTa)KeHHs, CTBOPIOBaHe MOTOKOM BUK/IMKIB, BUMOI, IOBi/JOM/IeHb, 110
Ha/IXOAATb Ha BXOZU CUCTEMMU.
Tpadik Mo>ke BUMIDIOBAaTUCS B UacO-3aHATTSIX abo epsiaHrax, nmpuuomy 1 Eps gopiBHroe 1 gaco-
3aHATTIO B I'ly.
Tpadik, 1110 CTBOPIOETHCA OAHUM JKEPesIoM, 1ie Cepe/IHE UUC/Ty OJHOYACHUX 3aHSTh [IPOTIIOM
opHiel r1u i MoKe OyTH po3paxoBaHHiA 3a (HOPMYJIOK0
e, Ngykn - KUTBKICTh BUK/IMKIB 3a yac T.
Slkirio Bizomo, 1o npotsirom yacy T ¢ikcyrorbest vacy T, Bcix 1,,, 3aHATh BUXOAIB By3/a
KOMyTaLlii, TO
Haperuri, Hexaii poTtsiroM uacy T BUKOHYETLCS N CIOCTEpe>KeHb Yepe3 piBHI MPOMDKKY yacy At
3a Ki/IbKiCTIO X;j OZIHOYACHO 3aiHATUX BUXOZIB By3/a KomyTauii. Tozai
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BemmuuHa Y TYT NpeAcTaB/s€ CepefHIO KiAbKICTb OJHOYACHO 3alHATUX BUXOAIB By3/a
koMmyTauii mpotsirom yacy T. ITepe TUM sIK PO3I/ITHYTA 0COO/IMBOCTI MepeHeCeHi MoBiZioM/IeHb B
CIIC, po3risiHeMO OCHOBHI I-TpH Tpagiky.

InTeHcuBHIiCTH Tpagiky A BH3HAUMMO sK ZOOYTOK CepeJHBOI KilIbKOCTI BHK/IMKIB 3a 1WI0
yacy Reay, €7, Ha cepe/iHIO MPOTSHKHICTD 3B'A3KY Tean

[MpurycTMo, L0 KiJbKICTh KIT€HTIB MOCHIAIOTb BUK/IMKA HabaraTo Oinbiie KinbkocTi KH
38'a3ky C MK TepMmiHanamu i TepepBaHi BUK/IMKK He 36epirarotbes. Tomi MMOBIPHICTb
3aiHaATOCTI N KH (Nn<C) OL1iHI0ETHCS BUPa3oM

a HMOBipHicTh epepuBaHHsA BUKJIHKY (0 = C)

Ha puc. 2.5 306pakeHa 3ane>xHicTb HeobXifHOI KinbkocTi KH 3B's13Ky Bijj iHTeHCHBHOCTI Tpadiky
i IMOBipHiCTb NlepeprBaHHS BUK/IUKY.

Puc. 2.5. 3anexxHicte HeoOxigHOi Kinbkocti KH 3B'SI3Ky Bif iHTeHCHMBHOCTI Tpadiky i
MMOBIpHICTb TlepepyBaHHsI BUK/IUKY
Heo0xigHa KiibkicTe Ku 6yeMo OL[iHIOBaTH CITIBBiJHOLIIEHHAM
e, o - CTerleHeBMH TOKa3HWMK MHOXHMKa 10 - xapakrepusye 00'€KTHBHY HMOBipHiCTh
nepepuBaHHs 3B'SI3KY.

MMicisi BcTaHOBMeHHs 3B's13Ky BidByBaerbcsi 06MiH iHpopmarii. ITaketHa 06MiH [gaHMX
BiZJHOCUTBCS [I0 iMITy/JIbCHOTO THIYy TepeHeceHi [JaHuX. [HQopMallis MepefaeTbcsi y BUITISIL
MakeTiB [JAHUX, Ki FeHepyHOTbCSl Uepe3 pi3Hi MPOMDKKY uyacy. 3a3Buuail Lie BidByBaeThcs, Ko
MepCOHA/IbHUI KOMITIOTED aKTHUBYETHCS OIEPaTopoM MicC/sl [esKOoro NpocTor abo mpu il
crieljia/IbHUX TIPOTOKOJIIB TiepeHeceHi iHdopmariii, po3aisieHoi B riepeAaBaJbHOMY TepMiHasi Ha
¢dparmeHTy, sKki 1A nojanbliol IepeHeceHi MepefaBaJbHUM TepMiHanoM (IiKCylOTbCS B
npuiMaibHOMY TepMiHadl y BUIVIAAI KOPOTKUX IOBifomieHb. Halimommupenimuii npuknag -
Tpadik, 1o rerepyetscst TCP / IP (Transmission Control Protocol / Internet Protocol - mpoTokon
yTIpaBiHHS Tlepefadeto / mpoTokos IHTepHery). ITakeTHa OOMIH [aHHWX XapaKTepU3yeThCS
JlesKUM NMOKa3HMKOM PO3PifKeHOCTi, SKUM BU3HAYA€ThCs SIK BiJHOLIEHHs MIiKOBOI MIBUKOCTI
nepeHeceHi /pKepesia akTHBHOI iHbopMallii 10 cepeAiHBOI MIBHKOCTI I1epeHeCeHi:

ne, R - mikoBa IIBUZKICTH MepeHeceHi, bit / ¢; A - yacToTa MOBTOPEHHs MOBizoMIeHHs, ¢ L -
[IOBXKMHA TMOBiZIoMJIeHHS, bit.

Be3nepepBHa iHdopMmaliisi BifnoBiziae HU3bKiH PO3PiZPKEeHOCTi MakeTHOI MepeHeceHi (TTIOTOKOBHA
Tpadik 3 BU nopszaky 1-5), B Toii yac sk Tpadik 3 JOBrUMH ITepeprBaHHIMHI XapaKTepPU3yEThCS
BeJIMKOIO po3pimpkenictio (BU = 10°...10%). [1;5;6;9]

2.4 TlaHenbHa anTeHa ansa BTC

Haii6isbill pO3MOBCIOZ)KEHA CepeJi YCiX TWIIIB aHTeH — TaHe/JbHA CEKTOpHA aHTeHa. BoHu
TIpU3HAueHi JjIs opradizallii MOKPUTTS TMeBHOI 06/acTi i came uepe3 HUX BHUIIPOMIHIOETHCS
CHUTHaJT 10 MOOLIBHUX CTaHLIif KII€HTIB i IPUAMAETHCS Bifi HUX.

Puc. 2.6 30BHillIHIH BUI/ISAA NTaHEIbHOT aHTeHU 6a30B0i MOGIIbHOIT CTaHLIii

CeKTOpHa aHTeHa abo0 "ceKTOpHA MaHesb" - Lie CIpsIMOBaHa aHTeHa /ijIsl 30BHILIHIX 3aCTOCYBaHb.
BoHu HaliuacTillle BUKOPUCTOBYIOTLCsI 6a30BUMHM CTaHILisSIMH i IX MO>KHa 106aunTH, BUBIIIEHUMH
Ha BeXKax MOOILHOTO 3B‘s3Ky. BOHM SB/ISIOTH COOOO [OBri BY3bKi AHTEHW 3 BHCOKHM
nocuseHHAM. CeKTODHI aHTeHU CK/1alatoThCs 3 MacUBy JUIO/eH, po3MillieHuX nepes GirypHUM
BidBuBauem. Po3mip i dopma BidBupaua BU3Ha4arOTh NPOJAYKTUBHICTb LUX aHTeH. BidBupau
3a3BUUail IIOCKUH 3 esKUMHU XpebTamu abo iHIIMMK 03HAKaMH T10 Kpasix.

CeKTOpHa aHTeHa Maibke 3aBXAu Kaacu(ikyeTbcs 3a il IIMpHHOIO NMyuka Tpu-dB miomuHu
asyuMyTa. BoHu 3a3Buuail JOCTYIHI KyToM PO3KpUBY JiarpaMu Hampae/ieHOCTi Ha 60 rpafycis,
90 rpagyciB i 120 rpagyciB. 3a3BrUyail CEeKTOPU DO3rOPTalOThCS BHIlle B TOBITPi, a BUCOTa
pO3ropTaHHs JjorioMarae BHOpaTH HeoOXiJHy aHTeHy, OCKIIbKU Ile BIUTMBAE€ Ha MOCHJIEHHS Ta
JANbHICTh 30HU aHTEeHU.

OcHoBHul BidBrBarouuii eKpaH CeKTOPHOI aHTEeHW - pe(IeKTOp CK/IAJAa€ThCs 3 a/IFOMiHilO, a
aHTeHa Mae€ pafiio, fKWM 3a3BHUuYail PO3POOMAETHCS i3 CKIIOMIACTHKOBOrO Marepiaiy, IO
3abe3rneuye 30epe)keHHs: KOMIIOHEHTIB BCepe/MHI aHTeHW i [03BOJISE aHTeHi NpPOTHCTOSITH
CYBOPHUM IIOTO/JHUM YMOBaM, a TaKOXX He MOTipIiye koedillieHT cTosiuol XBU/i 1 He BIpU/IaBae Ha
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JlarpaMy HarpaBJ/IeHOCTi aHTeHU 3aB/sKU HU3bKOMY KoedillieHTy JieneKTpU4YHOI MPOHUKHOCTI.
CeKTOpHi aHTeHHM LIMPOKO BUKOPHUCTOBYIOTbCS /jIss MOOUIBHOrO 3B'sa3Ky. Haiibinblie
BUKOPHUCTaHHS [JUX aHTeH it 6a30BUX CTaHLii MOGiLHOTO.

Ino1ma MOKPUTTS CeKTOPHUX aHTeH BU3HAUAETHCS! MPOEKLIi€r0 KapTUHYM BUIIPOMIHIOBAHHS Ha
3eMJII0 — fliaraMa HarpaB/IeHOCTi, SIKy MO)XHa peryJ/oBaTH, 3MiHIOIOUYM KyT HaXWIy aHTeHU
aHTeHH. Y [esKUX MOJeJsiX Iie POOUTHCS MeXaHIYHO IISIXOM PYYHOTO peryJIFOBaHHS HaXUITy
aHTeHU 3a /IONIOMOTOI0 Pery/bOBaHOIO KPOHIUTeliHa. B oCTaHHIX ramyseBUX aHTeHaxX MOfelb
Moyke OyTH HaxuieHa eJIeKTPOHHUM LIUISIXOM, peryJ/iorouy (a3oBi nepeMyKadi B Iofiaui OKpeMux
JIUTIO/IBHUX CKJIaJIOBUX aHTeHH. BOHM perymooThCs CXeMOH AWCTaHLIIHOrO KOHTPOJIFOBaHHS
BiJl 3eMJTi, L]0 BUK/TFOUA€ HEOOXiHICTh TiJHIMATUCS Ha BEXKY aHTEHH.

30BHIlIHA MaHe/lbHa aHTeHa Mojimilye skicTb MobinpHOI Mepexi B Micipx 3i cmabkum i
HeBIIeBHEHUM curHajaoM. OyHKLioHa/mbHI 0COOMMBOCTI TaHeNbHOI aHTeHUW [O3BOJISTFOTH
CTBOPIOBaTH HaJiliHe MiJKIIOUEHHS KITi€HTIB MOOLIbHUX TIOC/AYT He3aleXXHO Bif JaJbHOCTI
po3rauyBaHHs BC.

OcHOBHa IepeBara IaHejbHOI aHTE€HU - BeJIMKWU Koe(illieHT MOCHIeHHs, a 3HAuUTh, BeIrKa
[ANbHICTh 30HM CepBiCy Ki€HTiB, TOOTO 306i/mblieHHs edeKTHBHOI 30HM BHUKOPHCTAHHS ISl
opHiei BC.

BHCHOBKH: pO3IVISTHYTO MO/AY/b-CXeMy MOOibHOI CTaHLil, il OCHOBHi KOMIIOHEHTH, MPUHLIUI
iXHBOI Aii Ta MOXX/IMBOCTI, sIKi BOHM BMKOHYIOTh; mnpoaHajizoBaHo CC3 tunyl TE, cTpyKTypy,
npuHLMn 1i Ail Ta nobygoBy @K, JIK Ta TK; BHU3HaueHO OCHOBHi XapaKTepUCTHKU Ta I-TPH
KaHay 3B’s13Ky; ITPOaHa/1i30BaHO OCHOBHI TlepeBary raHebHUX aHTeH.

3. PO3PAXYHKOBA YACTHUHA

3.1 Po3paxyHOK 0CHOBHMX IapaMeTpiB jiHii Mo#iibHOro 38’ a3kKy TunyL. TE

O6uunc/IeHHsI KiIbKOCTI coT B mi1aHoBaHoi Mepexki LTE. [l Toro 1106 06unc/MTy KibKicTh
COT B Mepexi CjijJ po3paxyBaTd 3aranbHa KijmbKicTb KH, o moTpibHi [/ po3ropTaHHS
HeoOxizHOI Mepexi LTE. 3aranbHa KinbKicTb KH Ny BU3HaUa€eThCsI JHACTYITHOO (OPMYJIOHO:
[Jie, BUZi/IeHa CMyTa 4acToT it poboTh Mepexi, sika pieHa 80 MI'y;  f,—¢ cmyra yactor 1-ro
KaHany.[4]

¥ mepexxax LTE miz paziiokaHasioM Ma€eThCsl Ha yBa3i Takuid TepMiH, sIK pecypcHuid moayib (PB),
SIKWM Bosogie mupuHoro 180 kI',.

Bu3HaueHHs PO3MipHOCTI K/1acTepa.

ne, p(C)- BiAcoToK yacy, 3a KU BiJHOILEHHS] CUTHAJI/IIyM Ha BXoZi [IMa 3HaXOAWUTbCS HUXKUEe
3axuCcHOro BifHoeHHs Po.[4] InTerpan npezcrasssie coboro TabynboBaHy Q-¢hyHKIIi0

HrKHS rpaHHLd L[BOTO iHTerpaay BHpakeHi B dB

Po3rnsiHeMo BUIAJIOK /1S HANpaB/ieHol aHTeHH, e, N.=Tpy, ,.Bubepemo C=3.

3uaiizemo

3HaiijleM0 HH)KHIO TPaHUII0 Q-MOXK/IMBOCTI

3 tabymui Maemo BemuuuHy 0.0178. OTpuMyemo OTprMaHe 3Ha4YeHHsI HIDKUe, 3HAYUTh JaHUH
THIT aHTEH! € HalO1/IbII ONTHMaTbHIM.

Po3paxyHOK NMPOMYCKHOI 3[aTHOCTi Mepexi

IporyckHa 3paTHiICTH Mepexi CHCTeMU TIOMAITIE Ha CepejiHiX 3HaueHHsSX CIleKTpajbHOI
edeKTUBHOCTI TepUTOpii B IEBHUX YMOBAX.

BoHa BU3Hauae MIBUKICTb PyXy iHdopMalil y geskiii cMy3i yactoT. CrieKTpasibHa e(heKTUBHICTb
cUCTeM MOOIBHOTO 3B'SI3Ky TMpeACTaBisie Co00K0 KoedillieHT, IO pO3pPaxOBYETbCA K
BiJIHOLLIEHHS] IIBUAKOCTI TepeHeceHi gaHux Ha 1 I'p cmyrm uacror (bit / ¢ / T'y), mwpo
crioxkuBaethcs. IllupuHa cMyru gactot Ajist yactotHoro Buny ayriekcy FDD B ocHosi 3GPP
Release 9 g pisHomaHiTHUX KoHGirypauii MIMO popiBHroe 20 MI'n.[4] Cepepns
CrieKTpajibHa eeKTUBHICTh /s Mepexxi LTE, npefcraeieHa B Tabmutii 1.

Taomuns Tpu.l

CepepHs cieKTpanbHa edeKTuBHiCTD i Mepexi L. TE
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CepeiHIO MPOIYyCKHY 37aTHicTh 1-ro cektopa BC s cucremu FDD MoXHa oTpyUMary LUISIXOM

MHO)KeHH$I IIMPUHH KaHa/Ty Ha CIIeKTpaibHy eeKTUBHICTh KaHaly:

ze, S —cepejHs criekTpajbHa edektuBHicTb (bit/c/I'); W — mupuna kaHany (MI'm); W = 10

Ml .
[Ons ninii DL:
Lt ninii UL:

s Toro 106 o6uucnuTy npomnyckHy 3aatHicte BC Ry, , TOMHOXHMO KiJIbKiCTb CEKTOPIB
BC Ha npomnyckHy 37aTHicTh 1-ro cektopa, B ofHieli BC eNB uncsio ceKTopiB /JOpiBHIOE TPbOM,

(dopmysna Oyze BUISAATH HACTYITHAM YHHOM:

ITicsist BctaHoBUMO KiibKicts Ku N, . , HeoOxigHuX s cepBicy KiieHTiB B 1-My cektopi

1-ro cri/ibHUKA:,

Jle, 3arajibHa KinbKicTb KH; pO3MIpHICTE K/lacTepa, BCTAHOB/IIOETHCS 3 YpaxyBaHHSM KiTbKOCTI
cektopis eNB, BuGepemo pisuum Tpu; M, —&  KinbkicTh cextopis eNB, npuiiMemMo piBHUM

Tpw.

Obuncmumo Kinbkicte KH Tpadiky B omHOMy cekTtopi opmiel crimbHmkd N, . .sKe

PO3paxoBYETLCS 3a GOPMYJIOLO |,

ne, - kimekicte KH Tpadiky B 0gHOMY paZiioKaHami, sike BCTAHOBJIFOETHCS CTaHJAPTOM

pagiogoctyny (ans OFDMA N, , =1...3), g LTE Bubepemo =2.

BianosigHo o moneni Epnanra BifoOpakeHoi y BUIIAAi rpadika Ha MaJFOHKY, BCTaHOBHUMO
HOMiHa/lbHe HaBAHTA)KEHHS1 B CEKTOPi OJHi€l CTIMBHUKU Acex TPU MOXK/IMBOMY 3HaueHHi
WMOBIpPHOCTI MOZAY/IbYBaHHS AOPiBHIOE 2% i 00unc/ieHnM Buile 3HaueHHi Nr.cex). BCTaHOBUMO,

TO 1O Acex = 84Epn

Puc.3.1 — 3anexHicTb AOMyCTUMOrO HaBaHTa)XeHHs B CeKTopi Bif kinbkocTi KH Tpadiky i

WMOBiIpHOCTi MOZY/IbyBaHHS
KiNbKiCTh NOTeHI[IHUX K/TIEHTIB.

KineKicTh K/i€HTIB, sike Oyme obCIyroByBaTHCS OfHiI€r0 6a30BOI0 CTAHIIiEI0, PO3PAXOBYETHCS 3a

TaKoI0 ()OPMYJIOH0:

Zie, - cepeZiHsi 3a BciMa BUJaMu TpadikKy K/IiEHTCbKe HaBaHTa)KeHHs Bifi 1-ro KilieHTa, 3HaueHHs!
A, wmoxe cranoButn (0,04 ...0,2) Epn. Tak K TIpOeKTOBaHAa Mepexka IUIaHy€EThCs
BHUKOPHCTOBYBATHUCS 11 BUCOKOLLIBU/KICHOr0 00MiHy iH(opMalliero, To 3HaueHHs1 A IPUMMEMO

piBaum 0,2 Eps1. Takum unnom: M, - KinbKicTh cekTopiB Ha ofHil 6a30Bii cranmii; A, -
HOMiHa/IbHe HaBaHTa)KeHHs1 B CeKTOpi 1-ro cTinbHUKa. [2]

Tabnuns Tpu.2

OcHoBHi nI-Tpu cucremu GSM 1y L TE

Kanas 3B's13Ky XxapakTepu3yeTbCsl TPbOMa NapaMeTpamMu:

1. e()eKTHBHO Mepe/jaHoI0 CMYIol0 YacToT KaHasny Ik, siKy KaHas 3/laTHUI TIPOIYCTUTH 3
BHMKOHAHHSIM BUMOT [0 SIKOCTi IlepeHeceHi CUrHaJIiB;

2. yacoM TK, TIPOTSTOM SIKOTO KaHa/l HaZlaHO Ji71s1 TepeHeceHi curHasiiB abo MoBijoM/IeHb;

3. JAUHAMIYHHUM [[iara30HOM KaHaj1y

Je, Pk.Makc —MakcuMasbHa HeCIOTBOPeHa TMOTY)KHICTB, sika Moke OyTH TepefiaHa I10 KaHaiy;
Px.MiH - MiHIMa/nbHa MOTY)KHICTB CHUrHaJy, NP siKili 3abe3neuyeTbcsi HeoOXiZHa 3aXUILeHiCTb

Bz nepemxoz.[1]

OueBuHO, 1[0 0OMiIH curHaay 3 e(eKTHBHO TepelaHOK0 CMYrOK YacTOT, TPUBAMICTIO i

JUHaMivHKUM fiarnazoHoM D, 1o KaHany 3 mapameTpaMy, i MOXK/IMBA 32 YMOBH
lo6yTOK TPHOX TapaMeTpiB KaHaTy Ha3WBAETHCS EMHICTIO KaHaiy. [1]

KaHas xapakrepusyeThcst 3aXMLWEHICTHO, [1]

Zle, PK.1ep - MOTY>KHICTh MepelKo/, B KaHali.

Hporlycm-la BAﬂTHiCTL KaHany BB'SIBKy, 110 rpe/cTaB/Iss€ MaKCUMa/JIbHO MOX/IUBY /I [AaHOr'0O

KaHaJTy IIBU/IKiCTb TiepeHeceHi iHdopMmaljii, OMCcy€eTbCs HACTYITHAM BUPa30M:
ne, PK.cep - cepeZiHs MOTY)KHICTb Tlepe/JaHOro 110 KaHasly curHany. [1]
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SIkicTb OyAB-KOi Mepexi 3B's3Ky 3 KomyTarliero KH BU3HauaeTbCsi HMOBIpHICTIO (YCHilHICTHO)
TIPOBe/IeHHX 3'€JHaHb, 1110 3a/IeKUTD Bifl:

. KIJIBKOCTI KJTI€HTIB Nas (DYXOMUX JleBaliCiB B pasjiomepeski);

. YaCTOTH BHK/IHUKIB Fgyn, 1110 MPe/CTABIISIE KiMbKIiCTh [3BiHKIB, 1110 MPUMaJaloTh Ha 1-ro
KJieHTa B rly;

. cepeiHBOI YaCy KO)KHOTO IOBijoMIeHHA Tc. [1]

3alHATICTL OyAb-sIKOI MepexXi 3MIHIOETbCSI B 3a/1eXKHOCTI Bif yacy fo6u. ToMy NMpozyKTHUBHA
MepeXka MOBUHHA MPOIMYCKATH MMOTIK JaHHX ITiJ YaC HaWOIbIIOI 3aBaHTa)KeHOCTL. 3aNHATICTb
KaHaJly oIiHIoI0Th B «T'ly MiK» B IIPOLIEHTHOMY BifHOIIeHHI 110 hopMyJti
3alHATICTE MOXe OyTu Takox BupaxeHa B Epsanrax (Epm). B npomy Bumagky 3a 1 Epn
npuiinsita 100% 3aiiHsTicTh KaHamy Ge3rnepepBHMM MOTOKOM. 3alHATICTH MeHiue, HDK 100%,
BUPAKAETHCA AeCITKOBUM Apobom, Hanpukiag, Tpu0% 3aiiHsrocti craHoBuTs 0,3 Eps. Tpadik,
L0 CTBOPHETHCA OAHMM /)Kepe/joM, [ODIBHIOE CepeJHbOMY UMC/y OJHOYACHUX 3aHATh
MPOTSTOM OfiHi€l r1u i Moyke 6yTH po3paxoBaHHii 32 POPMYJIO0
e, Deykn - KUTBKICT BUKJIMKIB 3a yac T.
3.2 Po3paxyHOK IaHe/IbHOI aHTeHH i1 GSM cTaHLii 3 EMHiICHUM )XMBJ/IeHHAM
Tabmuns 3.3
OCHOBHI po3paxoBaHi I-TPH NaHe/IbHOI AHTeHH
OCHOBHI NlepeBary rnaHebHOI aHTEHU 3 EMHICHUM JKUBJIEHHSIM:

. Hesenuki posmipu

. Taxy aHTeHy MO’KHa BUTOTOBJIAITY BE/IMKUM MAapTisiMU — SIK HaCJTJOK HU3bKa BapTiCTh

. AHTeHa MOJKe TIpaL[IOBATH SIK Ha TPUHOM TaK i Ha TIepeHeCeHHsI

. Mara KinbKicTb AeTaneii 360pku

. AnTeHa Mae eeKTHBHE JyKepeJio )KUBJIEHHS] aKTUBHOI'O e/leMeHTa — BUTIPOMiHIOBa/IbHOL

TUIOIIA/IKH, 1[0 He Jla€ MOMKJIMBOCTI BUHEKHEeHHsI MTapasUTHOTO BUITPOMiHIOBAaHHS i 3abe3reuye

MOXJTUBICTb POOOTH aHTEHH B IIMPOKOMY [liara30Hi 4acToT

Puc.3.1 3oBHilIHIN BUIIS] TaHEIbHOI aHTEHN

Puc.3.2 [liarpama HanpaBiaeHOCTi aHTeHH B 3D riomuHi

Puc. 3.3 [liarpama Harnpap/eHOCTi aHTeH! B BepTUKa/IbHIM M/I0LMHI

Puc. 3.4 [liarpama Harpap/eHOCTi aHTeH! Y FTOPU30HTa/IbHIH TIOIHHI

Puc. 3.5 3anexHicTs KoedillieHTy CTOSIU0I XBU/I (BTPATH) BiZIHOCHO YacTOTH

BHCHOBKM: PO3rsIHYTO XapaKTepUCTUKY Ta OCHOBHI I-TPY KaHa/Ty 3B’SI3Ky i po3paxoBaHo iX AJst
C3 tunylTE, Tak sK Liell cTaHAapT 3B’SKy TiNbKU 3’B/S€TbCA B YKpaiHi i, Ha MO0 AYMKY,

KO)KHOMY K/Ti€HTY Oy/ie 1[ikaBUM [[i3HaTUCS TIPO 1ie.

3MoZle/IbOBaHO TaHe/NbHY aHTeHy B jAiama3odi uvactor 2.1 — 2.7 I'Tu angs GSM craHuiit i

PO3paxoBaHo ii OCHOBHI N-Tpu: KoediwieHT crosiuoi xBumi 1.65, koediient migcunenns 24.8 dB
Ta iHIIi.

4. PO3POBKA CTAPTAII-ITPOEKTY

4.1 Onuc ipei npoekTy

OnuieMo crapran y TabJiuLi:

Tabmuns 4.1

Onuc ifiei crapran-npoexkTy

B HacTymHii Tabnuii MOpiBHSIEMO TepeBarw Ta HeJOJKW Pi3HMX TWIIIB aHTeH AJisi 06a30BUX
MOOiNIbHUX CTaHLIili: BCeHarIpaB/eHy i HarpaB/ieHy JOCTiKyBaHy aHTeHY.

Tabnuig 4.2

ITopiBHAHH NapaMeTpiB /{BOX THITiB aHTeH

$IK BUZTHO 3 MOPiBHS/IbHOI TabJIuLIi, ZOC/T/PKyBaHa aHTeHa Ma€ Kpallji [1-TPH, He3Ba)KalouM Ha Te,
110 /7151 3abe3reueHHst KPyroBol JiarpaMu CIIPSIMOBAHOCTI TIOTPiOHO I0HAMMeHILle BUKOPUCTATH
5 Takux TaHeJbHHMX aHTeH, 1i OCHOBHA mepeBara y 30isblieHi 30Hu cepsicy. B Toii uac, Koau

aHTeHa OMHI 3aCTOCOBYETBCSI OIlepaTtopaMyd IpH HeoOXiZHOCTI opraHi3yBaHHSI MOKPHUTTS B
KOMITaKTHUX 30HaX CepBicy. BU3HaueHHs] CU/IbHMX Ta C1abKUX MapameTpiB ifiel moTeHLiHHOro
TOBAapy € OCHOBOIO /17151 KOHKYPEeHTOCIIPOMOKHOCTI TOBapy Ha PUHKY.
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4.2 TexHo10riYHUM ayauT i/jei NPOeKTy

[lnst BU3HAYeHHsI TEXHOJIOTIYHOTO ayAUTY 3all0BHMMO HACTYIIHY TabJIHLIO:

Tabmmrg 4.1pu

TexHo0TiYHUI ayAUT NPOEKTY

4.3 AHani3 pUHKOBHX MO)XX/IMBOCTEH 3aMyCKy CTapTan-NpoeKkTy

Tak sIK JoC/iZi)KyBaHa aHTeHa Ma€ BeJlvKe 3HaueHHs Koe(illieHTy MifjCUIeHHs Ta BiJHOCUTLCS [0
TIAHEJIbHOTO TUITY aHTeH, TO MOMUT Ha BUKOPUCTaHHs OyZie 30Cepe/keHo B raaysi MoGiibHOTO

3B’SA3KY, a caMme /il BUKODHUCTaHHS JaHoi aHTeHU sIK aHTeHU [y BTC. Ockinbku aHTeHU €
HeBi/Jl’€MHOIO YaCTUHOIO B TpU TMOOYZOBI MOOITBHUX Mepes, TO ¥ MPUCTPOI, IO A03BOJISIOTH

TIpaLloBaTH B Ll Mepexi OyayTh akTyanbHUMU. Po3pobrieHa aHTeHa [JO3BOJISE MOKPUTH OisbIy
30HY CEpBICy, 1[0 y CBOO uepry 36i/bliye KibKiCTh Kai€HTiB. TOMY, Ha MO JYMKY, MOOiIbHI

oriepaToprobOB’I3KOBO 3BePHYTH Ha Hel yBary.

OTXe, Ha MOIO /YKy, CTapTan-TMPOeKT PO3POOKH KOMITAKTHOI TaHelbHOI aHTeHW aHTeHU 3
€MHICHOK CXeMOIO >KUBJIEHHS] Ma€ XOpOILi PUHKOBI MOX/IMBOCTI /15 3alyCKy i LIIIKOM MOXe
OyTH yCHiIHIM, SIKIL[O IPUKJIACTH 3y CH/UIS A/ T ATPUMKHU HOr0 KOHKYPEHTOCIIPOMOKHOCTI.
BUCHOBKW:

Y pe3yabTari BUKOHAHHS [AWIVIOMHOI po60oTH «CHcTeMu MOOIBHOTO 3B’SI3Ky»  AIHIUTA
HaCTYITHUX BUCHOBKIB.

1. PosmisiHyTO 3arasbHy CTPYKTYPHY CXeMy e/IeKTPOHHOI CHUCTeMH, SIKY MOXK/IMBO
nepepoOUTH B CUCTEMY MOGI/IBHOTO 3B’ SI3KY.
2. IMpoanani3yBaBiiy QYHKIIOHATBHY CXeMy MOGIILHOTO 3B 513Ky Ta ii CK/IaZi0Bi, BU3HAUMIH

TPY OCHOBHHIX CKJIaJIOBi: MOOINBHY CTaHLIif0, 6a30BY CTaHIif0 Ta LjeHTp KomyTarlii. KoxkeH i3 HuX
CKJ/Ia[]a€ThCSl 3 BEJIMKOI KibKOCTiI CK/IaZIOBUX Ta Ma€ CBOI TeBHi MoxmBocTi. MC TMoOBUHHa
MIePeTBOPUTH CHTHaI B 1UQpoBY dopMy, paBH/bHO Horo 06pobuty i Bifnpasutu Ha BC, To6T0
BosIoZi€ QYHKLisIMI TpaHCcopMyBaHHs, 00poOKM Ta BifmpaBneHHs iHdopwmarii. BC Takox
BOJIOZIi€ IIMMU (YHKIIisIMY, ajle BOHA TaKoX TIOBUHHA 6e3 CIIOTBOpeHb NPUHHATH Liel curHait. LK
B CBOIO uepry 3abe3reuye 38’130K MiX ycima BC.

3. Po3rnsnyBim EI gidiiiuim BUCHOBKY, 1110 BiH 3ab6e3mneuye 38’5130k MC 3 BC, BC — 3 1K,
IIm i I1g, IIK — 3 oMalHimM pericTpoM, 3 FOCTbOBUM PericTpoM, 3 pericTpoM arapaparypu Ta €
OCHOBOIO i1 poyMiHry. Tako)k BU3HauW/Id OCHOBHI TepeBaru Ta Hefomniku CC3 tuny GSM Ta
D-AMPS(auB. Tabm.1.1).

4. Opranizanis pobotu CC3 monsrae y npaBWIbHOMY (GYHKL[IOHyBaHHI TppOX THIIB KH:
YacTOTHOTO (BU/LISIE CMYTY YacTOT Jyisi epeHeceHi 1-ro K3), soriuHoro (06MiH MOB/IeHHsT Ta
iHdopMmarlii koHTpo/toBaHHA) Ta (izuyHoro (yigiyibHeHHS KH). Tako)XK Ba)K/IMBUMH € TIPOLIEC
iminjamizanii — 3amycky i Hactpodni MC Ha poboTy y CK/Iafi CHCTeMH MO CUrHamax;
BCTaHOBJIEHHS1 3B’s3Ky — TO6TO oTpumMaHHi MC BUK/IMKY, INpH sikoMy BidByBaeThcs
inenTudikaris (nmpouenypa ototokHeHHs MC), mani MC Bianosigae Ha Hboro uepe3 BC,
repesjaloudl OJHOYACHO TIOKa3HWKH, HeoOXifHi ans mpouenypu yareHTudikauii. OgHuM i3
KmouoBux acnekTiB CC3 e poyMiHT — (yHK1isg nepeHeceHi nocayr C3 knieHTy 1-ro oneparopa B
cucremi iHmoro. Po3risiHyTO OCHOBHI MoxkmuBocTi C3: mepeHeceni (0OMiH iHdopmariiero),
Te/IleMOXIMBOCTI (0OMiH MOBMEHHST Ta TIOBiOM/IeHb) Ta [JOfaTKoBi (izeHTHikamis i
Bilo6pa’keHHs1 HOMepy, KOH(epeHLlisi, UeKaHHs BUK/IHUKY i T.1.).

5. [IpoananisoBano Tpu Metogu M/I: 3 yacoBKM, YaCTOTHUM i KOZIOBUM DO3[i/lieHHSM, a
TakO)X MeTOJW MifIBUILLIeHHs €MHOCTI cucTeMH MOOGimbHOTO 3B’s13Ky. Haiibinbin mepeBar mae
Metog, CDMA, 0CHOBHI 3 SIKUX: CKDUTHICTb, Ha/IiHiCTh i BUCOKA MepelkojoCTiMKicTb. OCHOBHa
o3Haka mMerogy CDMA - e po6oTa B IIMPOKil CMy3i YacTOT, 10 3HAYHO [EPEBUIIYE CMYTy
CHTHa/ly MOBJIEHHS, B TO€JHaHHI 3 TakuM Lm¢pyBaHHsAM iHdopmanii koxHoro 3 @K, sike
JI03BOJISI€ BU/LIATY 1X i3 3arasibHOI IIMPOKOI CMYTH, 11j0 3aCTOCOBY€ETHCSI 0JjHOUACHO BciMa PK.
6. Ludposa o6pobka curHanie (LIOC) - BXIMBUI eneMeHT B araparypHiil peasnisarii
npunimniB  C3. Tinbku B 1MdpoBid (oOpMi BHSBIAETHCI MOXJIMBUM BHUKOPHUCTAHHS
€KOHOMIUHOIO (3 yCyHeHHsIM HaiMipHOCTi) mMdpyBaHHS MOBJIEHHs, e()eKTUBHOIO KaHaIbHOIO
mUQPYBaHHS 3 BHUCOKMM CTYII€HEeM 3aXHCTy Bijj TOMWIOK, MeTofiB 6opoTebu 3
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6araTtonpoMeHeBUM IIOLIMPEHHSIM. PO3ISHYTO BaX/IMBY IVIaBY [/ TepeHeceHi CHUTHamiB —
um¢pyBaHHs MoejieHHs. [TopiBHsHo aBi CC3 tuny GSM Ta D-AMPSTa Bu3HaueHo, mjo CC3
tury GSM Mae psig niepeBar (guB. Tabs.1.5).

7. HocmimpkeHO OCHOBHI MeTogu 0OOpOTHOM 3 6araTOMpOMeHEeBUM PO3IOBCHOKEHHSIM
(po3HeceHuii MpUHOM, a caMe 3 PO3HeCeHHsIM B mpocTopi (space_diversity), To6To 3 npuifoMmoM
CUTHaJIB Ha KiZlbKa IPOCTOPOBO DO3HECEHHWX aHTeH - e €AWHUNA MeTOJ, L0 3HaXOAWUThb
TpaKTUYHe 3aCTOCYBaHHs), a/pKe Ha IIAXY CUTHAJY TParvifeThcs Oe3niu meperukos (OyauHKY,
CKa/IMCTa MiCLeBiCTb, iepeBa i T.4.), a [/is K/Ii€HTIiB, HacaMrepe[], BaK/IMBUM € SKiCTh 3B’SI3KY.

8. Jlnst KyiieHTiB TOJIOBHUM € TpaBU/IbHe (YHKL{iOHYBaHHS, Hacamrepes, MC, azke BOHa
6e3mocepesiHbO 3HAXOAUTHCS Y HUX B PyKax, TOMY PO3IJITHYTO MOAY/b-cxemMy MC, ii oCHOBHi
KOMITOHEHTH Ta IXHi MOXXJIUBOCTI.

9. Po3paxoBaHO M-TpH [yisi T06yA0BK JiHil MoGibHOro 3B’s13ky TumyLTE. CTilbHUKOBa
cucteMa pafiio3B’s3ky TunyLTE-2600 Mae O6ifbll BHUCOKY TIPOMYCKHY 3[4aTHICTb, HDK
MonepeiHKUKY, Oibiiy KibkicTh K 6isibii fy1st ofHiei BTS i MeHIIy MOXK/IHBICTb TIepepHUBaHHS
BUK/IMKY. CrannaptlTE Mae Be/lMKy €MHICTb Mepeki 3 BHCOKOI 3axMILeHICTb KaHaly, IO
BaXX/IMBO [|J151 BEJIMKUX MICT 3 BUCOKOIO CKYITUEeHiCTIO /irofeld. MeHIl1a 3aiHATICTh KaHaly 3B’s13Ky
B yac IiK B NOPIiBHSAHHI 3 IoNepeJHUKaMY, HanpuK/af 3alHATICTH KaHamy Aas GSM-1800
cTaHoBUTh 91%. Po3paxoBaHa crcTeMa Oifbln HaZiiHa, Ma€ CTiKKi X-KU Ta 3abe3rneuye HafiliHe
TOKPUTTS B LIBH/IKY NlepeHeCeHHs JaHuX.

10.  3MozenbOBaHO TaHE/NBLHY aHTeHy, sKa Mae€ €MHICHe JKWBJIEHHs, siKe BUKJ/IOYAE
HAMOBIpHICTh TMapa3sWTHOrO BUIIPOMIHIOBAaHHS i 3a0e3reuye MOK/IMBICTH POBOTH AHTEHU B
LIMPOKOMY Jliana3oHi 4acTOT. AHTeHa y TOpiBHsHHI 3 ii aHanmoramu Mae Gimblmii koegiieHT
nificuneHHs], skui ctaHoBUTh 24 dB, XapakTepu3yeTbCsi KPYroBOIO MOJIpU3aLliero, KoegilieHT
CTOSTYOI XBU/Ii aHTEHU CTAaHOBUTH 1,65.

CX0XicTb I LUntatn I MocunaHHs KomeHTap A MigmiHa cumBonis

IO>xkepen Ha cTopiHui: 3,7-8,12, 19, 21, 28


https://unicheck.com

HaszBa pokymMmeHTy: 2019_Konomieub KOpin_MaHenbHa aHTeHa AnA...

ID panny:

1000788553
CxoXicTb
CxoXicTh i3 pokepenamum 3 IHTepHeTy n
2 http://um.co.ua/10/10-8/10-88879.html 8 fixepeno
3 http://um.co.ua/10/10-8/10-88881.html
4 http://semenov.vk.vntu.edu.ua/file/0ae75983a20d06d4655eee1307da7639.pdf 8 lxxepeno
5 http://www.podelise.ru/docs/20929/index-6074-1.html 8 lxepeno
6  http://repository.dnu.dp.ua:1100/upload/eadfe66bc515cdbd021fd388f766af97Systems-of-satellite-and-cellular-communicatio...
7  http://www.8ref.com/10/referat 104096.html
8  http://www.podelise.ru/docs/20929/index-6074-1.html?page=2
9  http://ukrdoc.com.ua/text/809/index-1.htmI?page=12
10 http://jak.bono.odessa.ua/articles/inicializacija-i-vstanovlennja-zv-jazku-sistemi.php 2 fxepeno
12 http://ukrefs.com.ua/print:page,1,157075-Issledovanie-metodov-raznesennogo-priema-v-dekametrovom-kanale-svy: 2 Axepeno
13 http://ukrdoc.com.ua/text/29296/index-1.html
15 https://dmr.kiev.ua/ua/catalog/Ite 2 fixepeno
16 http://ed.kpi.ua/index.php/science/masters thesis
17 https://en.ppt-online.org/152090 6 Axepeno
19 https://docplayer.net/85059845-Sistemi-mobilnogo-zv-vazku.html 2 fxepeno
22 https://mypresentation.ru/presentation/efirnii-interfeis 4 fixepeno
23  http://ukrdoc.com.ua/text/809/index-1.html?page=7
24 http://um.co.ua/10/10-8/10-88878.html 2 Bxepeno
25 http://ir.nmu.org.ua/bitstream/handle/123456789/154485/%D0%94%D0%B8%D0%BF%D0%BB%D0%BE%D0%BC%20%D0%91...
26 http://ni.biz.ua/3/3 3/3 37746 obshchee-opisanie-algoritma-kodirovaniya-rechevogo-signala-CELP.html

CTtopiHka 32 3 36

2.92%

1.8%

1.3%

1.24%

1.12%

1.11%

1.11%

0.94%

0.8%

0.74%

0.69%

0.65%

0.6%

0.59%

0.53%

0.49%

0.47%

0.47%

0.46%

0.44%


http://um.co.ua/10/10-8/10-88879.html
http://um.co.ua/10/10-8/10-88881.html
http://semenov.vk.vntu.edu.ua/file/0ae75983a20d06d4655eee1307da7639.pdf
http://www.podelise.ru/docs/20929/index-6074-1.html
http://repository.dnu.dp.ua:1100/upload/ea4fe66bc515cdbd021fd388f766af97Systems-of-satellite-and-cellular-communication.PDF
http://www.8ref.com/10/referat_104096.html
http://www.podelise.ru/docs/20929/index-6074-1.html?page=2
http://ukrdoc.com.ua/text/809/index-1.html?page=12
http://jak.bono.odessa.ua/articles/inicializacija-i-vstanovlennja-zv-jazku-sistemi.php
http://ukrefs.com.ua/print:page,1,157075-Issledovanie-metodov-raznesennogo-priema-v-dekametrovom-kanale-svyazi.html
http://ukrdoc.com.ua/text/29296/index-1.html
https://dmr.kiev.ua/ua/catalog/lte
http://ed.kpi.ua/index.php/science/masters_thesis
https://en.ppt-online.org/152090
https://docplayer.net/85059845-Sistemi-mobilnogo-zv-yazku.html
https://mypresentation.ru/presentation/efirnij-interfejs
http://ukrdoc.com.ua/text/809/index-1.html?page=7
http://um.co.ua/10/10-8/10-88878.html
http://ir.nmu.org.ua/bitstream/handle/123456789/154485/%D0%94%D0%B8%D0%BF%D0%BB%D0%BE%D0%BC %D0%91%D0%BE%D0%BD%D0%B4%D0%B0%D1%80%D0%B5%D0%BD%D0%BA%D0%BE.pdf?sequence=3&isAllowed=y
http://ni.biz.ua/3/3_3/3_37746_obshchee-opisanie-algoritma-kodirovaniya-rechevogo-signala-CELP.html
https://unicheck.com

HaszBa pokymMmeHTy: 2019_Konomieub KOpin_MaHenbHa aHTeHa AnA...

27

29

30

31

33

34

35

36

37

38

39

40

41

43

44

45

46

48

49

51

52

53

ID panny:

1000788553
https://ppt-online.org/152093 2 fixepeno
https://studopedia.com.ua/1 47100 printsipi-pobudovi-sistem-ta-merezh-stilnikovogo-zvyazku-ta-ii-elementi.html 4 Bxepeno
http://ni.biz.ua/12/12 3/12 32488 metodi-mnogoimpulsnogo-predskazaniya.html
http://ukrdoc.com.ua/text/809/index-1.htmI?page=15
http://ni.biz.ua/8/8 3/8 39167 chto-takoe-trakt.html
http://inmad.vntu.edu.ua/portal/static/94FCAB52-AD3C-478F-B102-8EDEC8B97D8C.pdf
https://ela.kpi.ua/bitstream/123456789/28969/1/Stupak bakalavr.pdf
http://ukrdoc.com.ua/text/809/index-1.htmI?page=16
https://ukrbukva.net/page,6,61280-Kodirovanie-rechi-v-sistemah-sotovoiy-svyazi.html
http://ni.biz.ua/12/12 3/12 32485 efirniy-interfeys-standarta-GSM.html
https://en.ppt-online.org/160746 3 Axepeno
https://lektsii.org/12-55192.html 2 Axepeno

https://ela.kpi.ua/bitstream/123456789/23711/3/Yosypok magistr.pdf

http://dspace.oneu.edu.ua/ispui/bitstream/123456789/6355/1/%D0%95%D0%BA%D1%81%D0%BF%D0%B5%D1%80%D1%82...

http://um.co.ua/10/10-8/10-88880.html

https://lektsii.org/12-55193.html

http://ni.biz.ua/1/1 10/1 105091 tema----oborudovanie-sotovih-sistem-mobilnie-i-bazovie-stantsii-tsentri-kommutatsii.html

https://knowledge.allbest.ru/radio/2c0b65635b3bc78a5c43a88421216¢36 0.html

http://ukrdoc.com.ua/text/809/index-1.html?page=5

http://ni.biz.ua/4/4 12/4 127736 harakteristiki-rechevih-signalov.html

https://mykonspekts.ru/2-7765.html

http://uk.x-pdf.ru/5raznoe/1638421-2-lekciva-organizaciva-roboti-sistemi-stilnikovogo-zvyazku-chastotni-fizichni-logichni-kana.

CtopiHka 33 3 36

0.44%

0.42%

0.42%

0.41%

0.37%

0.37%

0.35%

0.33%

0.29%

0.29%

0.28%

0.28%

0.26%

0.24%

0.24%

0.23%

0.22%

0.21%

0.21%

0.19%

0.19%

0.18%


https://ppt-online.org/152093
https://studopedia.com.ua/1_47100_printsipi-pobudovi-sistem-ta-merezh-stilnikovogo-zvyazku-ta-ii-elementi.html
http://ni.biz.ua/12/12_3/12_32488_metodi-mnogoimpulsnogo-predskazaniya.html
http://ukrdoc.com.ua/text/809/index-1.html?page=15
http://ni.biz.ua/8/8_3/8_39167_chto-takoe-trakt.html
http://inmad.vntu.edu.ua/portal/static/94FCAB52-AD3C-478F-B102-8EDEC8B97D8C.pdf
https://ela.kpi.ua/bitstream/123456789/28969/1/Stupak_bakalavr.pdf
http://ukrdoc.com.ua/text/809/index-1.html?page=16
https://ukrbukva.net/page,6,61280-Kodirovanie-rechi-v-sistemah-sotovoiy-svyazi.html
http://ni.biz.ua/12/12_3/12_32485_efirniy-interfeys-standarta-GSM.html
https://en.ppt-online.org/160746
https://lektsii.org/12-55192.html
https://ela.kpi.ua/bitstream/123456789/23711/3/Yosypok_magistr.pdf
http://dspace.oneu.edu.ua/jspui/bitstream/123456789/6355/1/%D0%95%D0%BA%D1%81%D0%BF%D0%B5%D1%80%D1%82%D0%BD%D0%B5 %D0%BE%D1%86%D1%96%D0%BD%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F %D1%8F%D0%BA%D0%BE%D1%81%D1%82%D1%96 %D0%BD%D0%B0%D0%B4%D0%B0%D0%BD%D0%BD%D1%8F %D0%BF%D0%BE%D1%81%D0%BB%D1%83%D0%B3 %D0%BC%D0%BE%D0%B1%D1%96%D0%BB%D1%8C%D0%BD%D0%BE%D0%B3%D0%BE %D0%B7%D0%B2%E2%80%99%D1%8F%D0%B7%D0%BA%D1%83.pdf
http://um.co.ua/10/10-8/10-88880.html
https://lektsii.org/12-55193.html
http://ni.biz.ua/1/1_10/1_105091_tema----oborudovanie-sotovih-sistem-mobilnie-i-bazovie-stantsii-tsentri-kommutatsii.html
https://knowledge.allbest.ru/radio/2c0b65635b3bc78a5c43a88421216c36_0.html
http://ukrdoc.com.ua/text/809/index-1.html?page=5
http://ni.biz.ua/4/4_12/4_127736_harakteristiki-rechevih-signalov.html
https://mykonspekts.ru/2-7765.html
http://uk.x-pdf.ru/5raznoe/1638421-2-lekciya-organizaciya-roboti-sistemi-stilnikovogo-zvyazku-chastotni-fizichni-logichni-kanali-rozglyanemo-spochatku-pitann.php
https://unicheck.com

HaszBa pokymMmeHTy: 2019_Konomieub KOpin_MaHenbHa aHTeHa AnA...

54

56

58

59

60

61

62

65

66

76

ID cphanny:

1000788553
https://ukrbukva.net/page,3,59912-Sovremennava-sistema-sotovoiy-svyazi.html
https://ukrbukva.net/page,2,61280-Kodirovanie-rechi-v-sistemah-sotovoiy-svyazi.html
http://ni.biz.ua/3/3 6/3 6039 rossiyskoe-predprinimatelskoe-pravo.html
http://ukrdoc.com.ua/text/20277/index-1.html?page=2
http://uchika.in.ua/fosforileovanii-vuglecevii-sorbent-dlya-viluchennva-vaikih-met.html?page=15
https://compi.com.ua/chastina-sistemi-mobilenogo-radiozvyvazku.html?page=5
http://um.co.ua/3/3-15/3-159887.html
https://present5.com/lekciya-2-potoki
https://studopedia.su/10 10804 programne-zabezpechennya-merezh.html
http://its.kpi.ua/itm/Igloba/Lists/publications/Attachments/9/2--FullBook 11 0.pdf 2 Axepeno

CxoxicTb no bibnioTeui akayHTy “

11

14

18

20

21

28

32

42

47

50

55

Ounnom AdbenpukoB |ID channy: 8396885 Institution: National Technical University of Ukraine “Kyiv Polytc 2 Axepeno

ABpamyk, PT® D cbanny: 8416199 Institution: National Technical University of Ukraine “Kyiv Polytechnic 11 Bxepeno

CtyneHTcbka poboTta ID danny: 6050779  Institution: Lviv Polytechnic National University

2019_Fax PomaH_Cuctema pnsa pekonyBaHHa curHaniB_fch D cpanny: 1000783464  Institution: National 4 Axepeno

CTtypeHTcbka pobota ID chainy: 1066352  Institution: Lviv Polytechnic National University

CtyneHTcbKa pobota ID damny: 50623 Institution: Lviv Polytechnic National University

2019 _Stranskyy Ways_Hyroscope_Ilmprovements_fch ID channy: 1000781254 Institution: National Technical | 3 Axepeno

CtyneHTcbKa pobota ID damny: 1918166  Institution: Lviv Polytechnic National University 2 ixepeno

CtypeHTcbKa poboTta ID dainy: 1918913  Institution: Lviv Polytechnic National University 7 Bxepeno

CTtypeHTcbka pobota ID chainy: 5967656 Institution: Lviv Polytechnic National University

CtyneHTCcbKa pob6oTta ID dainy: 5897434  Institution: Lviv Polytechnic National University

CtopiHka 34 3 36

0.16%

0.15%

0.12%

0.11%

0.11%

0.11%

0.09%

0.07%

0.07%

0.06%

0.74%

0.65%

0.55%

0.53%

0.51%

0.43%

0.41%

0.24%

0.21%

0.19%

0.15%


https://ukrbukva.net/page,3,59912-Sovremennaya-sistema-sotovoiy-svyazi.html
https://ukrbukva.net/page,2,61280-Kodirovanie-rechi-v-sistemah-sotovoiy-svyazi.html
http://ni.biz.ua/3/3_6/3_6039_rossiyskoe-predprinimatelskoe-pravo.html
http://ukrdoc.com.ua/text/20277/index-1.html?page=2
http://uchika.in.ua/fosforileovanij-vuglecevij-sorbent-dlya-viluchennya-vajkih-met.html?page=15
https://compi.com.ua/chastina-sistemi-mobilenogo-radiozvyazku.html?page=5
http://um.co.ua/3/3-15/3-159887.html
https://present5.com/lekciya-2-potoki
https://studopedia.su/10_10804_programne-zabezpechennya-merezh.html
http://its.kpi.ua/itm/lgloba/Lists/publications/Attachments/9/2--FullBook_11_0.pdf
https://unicheck.com

ID cphanny:

Ha3Ba pokymeHTy: 2019_Konomieub IOpin_lNaHenbHa aHTeHa Ans... 1000788553

57 CrtymeHTcbKa pobota ID dainy: 6010079 Institution: Lviv Polytechnic National University 0.15%

63 CrtymeHTcbKa poboTta |ID dpainy: 54459 Institution: Lviv Polytechnic National University 30 Axepeno  0,.08%

64 CtymeHTcbKa poborta ID daiiny: 1000765829 Institution: National University of Water Management and [\ & Axepeno  0.07%

67 CTypeHTcbKa pobota ID cdainy: 51709 Institution: Lviv Polytechnic National University 0.07%

68 CTypeHTCcbKa pobota ID cdainy: 103034 Institution: Lviv Polytechnic National University 0.06%

69 BanakipeB_Mukona_6e3OxopoHulpaui D danny: 6000102 Institution: National Technical University of = & Axepeno  0.06%

70 CrtypeHTcbKa pobota ID channy: 5978682 Institution: Lviv Polytechnic National University 0.06%

71 CtymeHTcbKa poboTta ID dpaiiny: 1000050880 Institution: Lviv Polytechnic National University 4 fxepeno  0.06%

72 CTtypeHTCcbKa poboTta ID damny: 1772944  Institution: National University of Life and Environmental Scienc 2 Axepeno  0.06%

73 CrtypeHTcbKa pobota ID cdainy: 6055585 Institution: National University of Water Management and Natu 7 Axepeno  0.06%

74 CTtypeHTCcbKa pobota ID cdhanny: 1598991 Institution: Yuriy Fedkovych Chernivtsi National University 4 Bxepeno  0.06%

75 CypxukoB M B D damny: 5740372 Institution: National Technical University of Ukraine “Kyiv Polytechnic | 30 Aixepeno  0.06%

CropiHka 35 3 36


https://unicheck.com

ID dbanny:

Ha3Ba pokymeHTy: 2019_Konomieub IOpin_lNaHenbHa aHTeHa Ans... 1000788553

BunydyeHHA

Buny4yeHHs ..

http://ed.kpi.ua/wp-content/uploads/conferences/2019/2019-Matherial conferecne.pdf 4.81%

CTtopiHka 36 3 36


http://ed.kpi.ua/wp-content/uploads/conferences/2019/2019-Matherial_conferecne.pdf
https://unicheck.com

