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METO/JMKA OIIHKHU BILJIUBY MAPAMETPIB MOJYJISALII CUTHAJTY
MOBLIbHOI CUCTEMHU CTAHJAPTY GSM HA IMTIOKA3ZHUKH AAKOCTI 3B’SA3KY

IIposooumucsa ananiz nobyoosu ma @yHKYioHyeanus MmoOinbHOI cucmemu 383Ky Yu@pposozo
cmanoapmy GSM, poseranymi pakmopu, wo nozipuyioms axicme nepedaui yugposoi ingpopmayii uepes
HAAGHICMb 000AMKOBUX KAHANIE NPUiomMy AK 6i0 0a306ux cmauyili, wo npayoioms Ha CHIBNAOAIOYUX
yacmomax, mak i i0 0A3068uUxX cMaHyil, WO NPAYIIOMb HA CYCIOHIX yacmomuux Kauanax. Hasedena
MemoOuKa po3paxyHKy HOKAZHUKIE AKOCMI KAHANY 368 A3KY (piéenb nepewkoo 3a CyCiOHiMu 4acmomHumu
KaHanamu ma UMOSIpHICING NOMUIKU HA OOUH Oim), AKA 8paxo8ye NOOIUHI BUNPOMIHIOBAHHA 68 MODILTbHIl
cucmemi cmanoapmy GSM.

ITocTanoBKka mnpo0/eMH. AHAJNI3 OCTAHHIX [JOCHIIXKeHb, Yy SAKHX 3aM04aTKOBAHO PO3B’fI3aHHA
npo6saemu. OCHOBHUM CTaHAapTOM MOOLIFHOT CUCTEMH 3B’SI3KY Ha CHOTOJHILIHIN NEHb € HU(PPOBUH CTaHAAPT
GSM [1-4]. VY cranpapti i Opuiiomy/mepenadi BigBeleHa CMyra 4acTOT IHHUPUHOK 25 MI'm, B skiii
po3minryeTbest 124 kaHamu 3B°s13Ky. PO3HECEHHS 4acTOT MK CYCIAHIMHU KaHaiamu 3B’s3Ky ckiagae 200 k[
BukopucTaHHS OJATKOBO YaCOBOIO VINITBHEHHS J03BOJISE€ HA OJMHINA HECYYiil YacTOTI PO3MICTHUTH 8 MOBHHUX
KaHaJiB ofgHO4YacHO. [l MoXymsamii pagioCHTHaIy BHKOPHCTOBYETHCS CHEKTPalbHO-e(DEKTHBHA IaycCiBChbKa
YaCTOTHA MAHIIyJIAIisA 3 MiHIMATEHAM YacTOTHUM 3cyBoM — GMSK. MaHinyssmist Ha3UBa€TbCSA TaK TOMY, IO
MOCITITOBHICTE 1H(pOPMAIITHEX OITiB IO MOAYNIATOpa MPOXOANUTH depe3 (iIbTp HIKHIX YacTOT 3 TayCCiBCHKOIO
aMIDTITyJHO-4acTOTHOIO xapakrepuctukoro ('®HY), mo nae 3Ha4HEe 3MEHINCHHSA WIMPHHU CMYTH YacToT
CUTHAIy, IO BHIPOMIHIOETECS. [lomepenHs raycciBcbka (UIBTpalis J03BOJSE 3HAYHO 30UMBIIUTH IIBHIKICTH
cnaganHs crnektpa GMSK curnany nopiBHsiHO 3 curHasamu MSK (MiHIManbHa YacTOTHA MaHIITYJISILIs).
OnHOYAaCcHO 3 BUCOKOIO CHEKTpajbHOI edekTuBHicTIO GMSK Moapynsuii mputamMaHHe TakoX 301IbIICHHS
MDKCHMBOJILHOT 1HTEp(EepeHIil, 10 MOXKe MOTIPIINTH SAKICTh nepenadi 1uppoBoi iHGopmanii yepe3 HasBHICTh
JIOJIATKOBUX KaHAJIB MPUHOMY SK Bil 0a30BUX CTaHII{, IO MPAIIOIOTh Ha CIIBIAJAI0UUX YacTOTaxX, TakK 1 Bif
0a30BHX CTaHIIi}, 1110 TPAILIOIOTh HA CYCIZHIX YaCTOTHUX KaHaJax.

Cmyra yacror cmekrpa curHary GMSK, sika MICTHTh 3aJaHUil BIJCOTOK MOTYXXHOCTI, 3aJ€XHTh Bia
3HaueHHs JO0yTKy mmpuHd cmyru ['®OHY B wHa TtpuBamicts omguoro 6ita T [5]. ¥V pasi BT =,
xapakrepuctukn GMSK ta MSK curnamiB 30iraroThcs. 3MEHIICHHS 3HaueHHS BT MPHU3BOAWTH A0 OLIBII
KOMITAKTHOTO CIIEKTpa, aje i 0 30UThIIeHHs PiBHI MIXXCHMBOJBHOI iHTepdepeHIIii.

Buxonsun 3 1poro, MeTol0 craTi € po3poOKa METOIMKHM BpaxyBaHHS IOOIYHMX BHUIPOMIHIOBAHb Y
MOOULTBHIN cucteMi craHmapty GSM mix gac po3paxyHKY IMOKa3HHKIB SKOCTI KaHaly 3B’s3Ky. BpaxyBaHHs
iHTepEepEHIIITHAX CKIATOBUX HA CYCITHIX YaCTOTHUX KaHANaX JO3BOJHUTH OLIHUTH IMOTIpPIICHHS WMOBIPHOCTI
MOMUJIKH Iiepenadi udpoBoi iHGopmallii B MOOUTBHUX CHCTEMAaX 3B SI3KY.

IMocranoBka HaykoBoro 3aBiaanus. @opmyaoBannsi Meru crarri. PoGora MoOiNbHOrO 3B’SI3KY
3a0e3neuyeThcs PO3BHHYTOI0 MEpEKer0 0a30BUX CTaHUiH (PpiKCOBAHUX aHTEH), SIKi MepeAaloTh iHpopMallio Ha
KOMYTAIliiHI [[CHTPH 3a IOMOMOIOI Pajio4acTOTHHX CHTHAIIB. 3 METOK 3a0C3MEeUYCHHS MiJABHMIICHHS SKOCTI
MOOITBHOTO 3B’SI3Ky OMEpaTropu 30UIBINYIOTh KUIBKICTh 0a30BHX CTaHIIIA Ta 3AIHCHIOIOTH iX MOCTiiHe
MepEOCHAIIECHH BiIITOBITHO O HAWHOBITHIIIMX TEXHOJIOTIYHUX PO3POOOK raimy3i [6].

JAnst TOKpaIeHHs SIKOCTi 3B’s13Ky, B IIEpIIy 4Yepry, HOTPiOHO PO3pOOMTH 4aCTOTHO-TEPUTOPIabHUH IIIaH
(YTII). ITix yac nmpoeKTyBaHHS CUCTEMHM BUKOHYETHCS IPHB’S3Ka CHCTEMH BHOPAHOTO CTAaHIApTY /0 PeajbHOi
tepuropii. 1 11poro HeoOXiaHO:

— BU3HAUHUTH JIOIyCTUME YMCIIO MOBHHX KaHAJIB Y CTUILHHKY;

— 3abe3meunTH Tpadik BiANOBIAHO 10 neMorpadiyHoi CHTYalii Ha TepUTOPiT;

— BU3HAYUTH KIUJIBKICTh CTIJILHUKIB Ta 1X MEXI;

— po3paxyBaTH MOTYKHICTh niepenaBada 6a3oBoi cranmii (bC) tomo [7].

AHani3 craHy TpoOJieMH YacTOTHO-TEPUTOPIALHOTO IUIAHYBaHHS MEpeXi PyXxoMoro i (ikcoBaHOTO
panmio3B’sI3Ky IOKa3ye, IO A HOTO BHpIIIEHHS HE iCHye CcyTo (OpMai30BaHMX aNTOPUTMIB, a BXiAHI AaHi
YacTO BHABIIIIOTHCS HENOCTATHIMHM 1 HETOYHHUMH, IO TO3BOJSIE 3pOOMTH BHCHOBOK IIPO T€, IO HAHOINBII
KOHCTPYKTUBHUM TIIJIXOJOM JO BHpIIICHHA JaHOi CKIaAHOI 3a4adi € JEeKOMIIO3HWIliS BCi€l MpoIenypH
TUTAaHYBaHHS HA PSiJl €TaliB.

Takox JaHy npo0ieMy MOKHA BUPIIIMTH 38 paXyHOK ONTUMI3alii Micllb po3TanryBaHHs 0a30BUX CTaHIIMH,
MOTYKHOCTI Tlepe/iaBadiB, BUCOT aHTEH Ta iX THIIB (HecIpsSIMOBaHI a0 CIPSMOBaHI 32 CEKTOpPaMH) i pO3IOLNT
4acTOT MiX 0a30BUMU cTaHIisIMH [8].
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[Ipu po3poOui METOAMKH IOKpAIIEHHS SKOCTI 3B’SI3KY AY)KE BAaXIJIMBO BpaxyBaTH yYMOBH ITOLIMPEHHS
panmioxBwib. [lpu opraizamii Mepexi CTUTBHHKOBOTO 3B’SI3KYy JUIS BHU3HAYEHHS ONTHMAJIBHOTO MiCIls
BCTaHOBJICHHS 1 KimbkocTi BC, a TakoX mIpW BHpIIICHHI IHIIMX 3aBAaHb HEOOXIMHO BMITH pPO3paxyBaTH
XapaKTepUCTHKH CHTHATY B OyIb-iKiii TOYI NpoCTOpy B MeXax BCi€l 30HH OOCIyroByBaHHS. Michke
CepeZOBHUINE YTBOPIOE CIICIM(iTHI YMOBHU IS TOMINPEHHS pagioXBWIb. TiHBOBI 30HHU, Oararopa3zoBe BiIOUTTS i
po3cifoBaHHS XBWJIb (OPMYIOTH OaraTONMPOMEHEBI MO 13 CKIATHOI0 IHTepPEepeHHIHHOI CTPYKTYPOIO Ta
PI3KHMHU TIPOCTOPOBUMH 3MiHAMH PiBHA cUTHANY. baraTonmpomeHeBuii XxapakTep MOMIUPEHHS pagioXBHIIb, KOJIH B
TOYKY TPUHOMY MPUXOIATH XBHJI 3 PI3HUX HANPSMKIB 1 3 PI3SHUMH YaCOBHMH 3aTPUMKAMH, ITOPODKYE SBHIIC
MDKCHMBOJNIBHOT iHTepdepeHii y pasi mepeladi KomoBHX mociuizoBHOcTed. CHOTBOpPEHHS CHIHANy, sKi
00yMOBJIEHI MIKCHMBOJILHOIO IHTEP(EPEHIi€l0, MOXYTh BUKIMKATH CEPHO3HI MOTIPIICHHS XapaKTEPUCTHK
CHCTEMH 1 SIKOCTI BUCOKOIIBHUAKICHOT mepeaadi 1udposoi iHpopmarii, SKII0 TPUBATICTh 3aTPUMKH HEPEBHIIYE
TPUBAIICTH CUMBOILY.

Mopenb nouMpeHHs pajioXBWIb y BUIBHOMY MPOCTOPI 3HAXOAMUTH IIUPOKE 3aCTOCYBAHHS ITiJ] 4ac aHai3y
YMOB TOIIMPCHHS PaJiOXBWIb y PI3HUX CHUCTeMax 3B’s3Ky. Llg Mojenp MpoOmoHye BiJCYTHICTh BiIOWMTTS
pamioxBuib Bix Oyap-fkuX TOBepxXoHb. CepemoBHINE MONIMPEHHS B MeXax pamioTpacd BBAaXKAETHCS
onHOpimHOM. He BpaxoByeThCs nudpakiis XBIIb Ha IIEPEIIKOIaX, pO3CilOBaHH, pedpakiiis Ta iHIII SBHIIIA, IO
CYIIPOBODKYIOTh TIPOLIEC TOMIMPEHHS pamioxBwib [9]. Brpatm y BimbHOMY mpocTOpi B JaHId METOAHMII
BPaXOBYIOTHCS.

HactynmauM KpokoM, micist po3poOKH 4aCTOTHO-TEPUTOPIaIbHOTO IUIAHY, € PO3PAXYHOK CITIBBITHOIICHHS
CUTHAJI-IITyMY Ha BXOJi puiiMada MoOimeHOI cTaHii (MC).

UyTauBicTh MpUiiMaya XapaKTepHU3yeThCsl HOr0 MOXKIIMBICTIO IpUMaTH ciialdki pajgiocurHaiy. J{is omiHKK
YYTJIMBOCTI BUKOPUCTOBYIOTh MIHIMaJbHO JONMYCTHME 3HAYEHHS HANPYXKECHOCTI MOJS pajliOCUTHANY B aHTEHI,
a00 MiHIMaJNbHO JOMYyCTHME 3HAYCHHS MOTYXXHOCTI palioCUTHAITY Ha BXOJII MpUiiMaya.

Buxonsuu 3 11b0r0, HayKoBe 3aBIaHHS I0JISITa€ B pO3po0LIi METOAMKU MOKPAIIEHHS SKOCTI 3B’ 3Ky, Yyepe3
BpaxyBaHHS BIUIMBY MapaMeTpiB MOIYJALIl cUrHanmy MoOineHOI cuctemu cranmapty GSM. Ilpu upomy
PO3PaxOBYIOThCS TTOKA3HUKHU SKOCTI KaHay 3B’3KY. PiBeHb NEPEUIKOA 3a CYCiIHIMHM YaCTOTHUMH KaHAJaMH Ta
HMOBIpHICTH IOMUJIKH Ha OJWH OIT.

BuxisiaeHHsI OCHOBHOTO Martepianty. MiHIMaTbHO JONyCTUME 3HAYEHHS IOTYXKHOCTI paJiOCHTHAIy Ha
BXOJI IpuiiMava MOXKHa pO3paxyBartH, sk [9]:
P = M ’ (1)
(47R)
ne P. — moTyxHicTs mpHiiManeHOTO cHTHANY; P,. — moTyxHicTe mepenaBada 6asosoi cranmii; G, 1 Gy —
KoeilienTy miacuieHHs npuiiManbpaol anteHun MC 1 nepenaBanbhoi antenu bC, BianosigHo; R — Biacraxi Bix
neperaBagbHOl 10 IPUMMalIbHOI aHTEHHU.

Ha Bxoni npuiivaua MC nitoTh BIIAaCHI TEIJIOBI INYMH 1 30BHILIHI MEPEIIKOJM. 30BHILIHI MEPEIIKOIN
MOAUISIFOTHCS Ha 1HAYCTpiaJIbHI Ta HIYMU BUIIPOMIHIOBaHHS. BBaXkaroTh, 1110 TakKi 30BHILIHI NEPEIIKOIH B MEXaX
HIYMOBOT CMYyI'H IpUiiMada MarOTh PIBHOMIPHHUI CIEKTp Ta iX OLIHIOIOTH 32 JOMOMOI0I0 KoedilieHTa IIymy.

[MoTyXHICTh TEIUIOBHX IIYMiB MpuiiMaua jopisHioe [10]:

P =N kT, /7, (2)
ne N; — koediumient mymy npuitmaua; Kk — mocriiina Bonbimana; T, — Temmeparypa mpuiimaua; [7 —
e(eKTUBHA IIMPUHA IIyMOBOT CMYTH TpHiiMaya.

PiBeHb NOTYKHOCTI TETJIOBOTO IIyMy B 1b:

p, =10lg P, =10Ilg(N,KT,/7) = n. +10lg(kT,) +10lg /1. 3
BpaxoBytouu, 110
n; =10IgN; , nb. (4)

ta 10Ig(kT,) =—-174 nbm/Tn, sxmo T, =290K; 3amumemo st piBHS HOTYXXHOCTI TEIUIOBOTO IIyMy MPH
BKA3aHHMX YHCIIOBHX 3HAUCHHSX:

pr =n; —174+10I9 77, (5)
ne Il,, —3HaueHHa II, sike BupakeHe B Kinoreprax. Tumose 3HaueHHs KoedillieHTa MIyMy mpuitmMada N; =

7...9 nb nns gactot 800...1000 MI'y [10].
ChiBBiTHOIICHHS CHTHAJI-TIIYM Ha BXOJi MpUiiMada BU3HAYAETHCS 32 TAKOIO (POPMYIIOIO:

R
Qe = FT : O]
ChiBBiTHOIICHHS CHTHAJI-IIYM, sIKC BUpaXKeHe B b HaOyBae BUTIIAAY:
Ae—r (R) = Pc (R)—p; . ()
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Po3paxyBaBiim CHiBBIJHOIIEHHS! CHI'HAJI-IIYM Ha BXOJl INpuiiMaya, MOTPIOHO BpaxyBaTH HAasBHICTh
iHTepdepeHiHHNX NepenKo/] Ha CIIBIAJaloYMX YacToTaX. 1OMy HAcTyIHHM KpPOKOM JaHOI METOIUKH €
PO3paxyHOK CITiBBiTHOIIEHHS cUTHAN/(ITyM + iHTepdepeHtIis) Ha Bxoai npuitMaya MC.

B cucremax pyxomoro 3B’s3Ky Ha BXix mpuiimada MC Hamxomuts kopucHH# curHan BC i 3aBaxaroumit
curnain Bix inmmx BC mepexi. Komn Hecydi 4acTOTH KOPHCHOTO Ta 3aBa)KaIOUOTO CHTHAJIB CIHIBHANAIOTh, TO
BUHHUKAIOTHh 1HTEp(EpeHIIiiiHI MepemKoaq Ha CHIBIAaJarounx dYacToTax. Taki mepemkonu ctBoprooth BC
cycignix kmactepiB. Ha pucynky 1 mokazano ¢parment UTII posmiprictio N = 7. Hudpamu 1...7 mozHageHi
YaCTOTHI TPYIIH IPUCBOEHI CTIPHUKAM. Po3risimatoun fito curHamy i inTepdepenniiianx mepemkon Ha MC, ski
poO3TalioBaHi Ha MEXKI CTUIbHHMKA, BUIHO, IO TMEPCIIKOAU CTBOPHOIOTHECA bC, ski mosnadeni M1,....M6.
Haii6inbm HecnpusTIMBHH BUIAJOK BiJIOBiAa€E MIHIMAJIbHOMY pIBHIO MpPUIIMalbHOTO CHUTHal1y, TOOTO
nonoxeHHio MC Ha Mexi CTiIbHUKA (TI03Ha4YeHa )KUPHOIO Kparkoro). Ha pucyHky | mokaszaHi IUIIXH PUXOIY
3aBakalo4MX CUrHajiiB Ha 110 MC.

Puc. 1. ®paemenm uacmomuno-mepumopianerozo naamy 3 N, =7

[otyxHIiCTh KOPHUCHOTO CUTHAINY, 1o Haxxoauts Ha MC Big bC, momamo B Burisazi (1). Toxi moTyXHiCTh
JUISL j-TO 3aBa’Kal0uoro CUTHANY, MPUHHABIIN R =R, :

2
_ PocGnpGpc
i 2
(47R;)
CyMmapHy NOTYXHICTh iHTep(EepeHILIITHNX MepenKoa Ha CITIBIAJal0unX 4acTOTaX MOXKHA 3HAUTHU SIK CyMy
MOTYKHOCTEW 3aBayKatouux curHaiis j-oi BC:

(®)

J
ZI3,.=Pﬂ+Pﬂ+...+Ej. )
i=1

EdextuBHEM cOCOOOM IiJBHUIIECHHS CITIBBIJHOILIEHHS CUTHAJI—IHTEp(EPEHLlisl € 3aCTOCYBaHHS CEKTOPHHUX
anateH. ®parmentn UTII mpu N = 7 3 BUKOPHCTaHHAM CEKTOPHUX aHTEH 3 MIMPHHOIO JiarpaMH CIIPSIMOBAHOCTI
(I0JIC) o = 120° Ta o = 60° nokasai Ha PUCYHKY 2.

Puc. 2. ®pazmenmu YTII y pazi N = 7 3 suxopucmaHnusim
cexmopnux anmen 3 [IIJ[C: a) a=120°, 6) a = 60°
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CeKTopH CTIIbHUKIB, Y IKUX BUKOPHUCTOBYIOTHCSI OJTHAKOBI 4aCTOTH, MTO3HAYCHI KUPHUMH JTiHisMu. Ko o
= 120° 3anmuIMIOCh ABa 3aBAKAIOYNX CUTHAIHM Ha Biactadi R, ta Ry . s Bapianta oo = 60° 3anummeest TibKH

OJIMH 3aBakalouuil curuai ta Bifcrani Ry.

Ha MoOinpHy craHLilo, sika 3HAXOMUTHCS Ha Mexi crinbHuka Ne 1 (puc. 1) BIUIMBaroTh 1 IIymu, i
iHTepdepeHiiHi MepemKo M Ha CHiBIaJaloYuX 4acTOTax, TOMY 3arallbHHUI BIUTMB MOJYKHA TIOJIaTH SIK JOOYTOK
MOTY>KHOCTI IIIyMy Ta CyMapHOi MOTYXHOCTI BiJl 3aBa)kKalo4mx CTaHIiid. ToMy CriBBiIHOMICHHS cUrHaJ/(IyMm +
iHTepdepeHIlis) MOKHA 3aIMCaTH TAKUM YHHOM:

P

c

P, +ZJ:Pl.
i=1

YacTOTHUI TUTaH TPUCBOIOETHCS CTAHAAPTY 1 BH3HAYAE PO3IMONUT YaCcTOT NPHHOMY 1 mepemadi Mix
KaHanaMu. YacTOTHI KaHANH, SIKi pO3TAIIOBaHI B TAKOMY IUIaHI ITOPs, HA3UBAIOTHCS CYCITHIMU.

UTII po3pobmnseTbess A7l KOHKPETHOI TEpUTOpii, Ha SAKiH pO3ropHyTa cucTeMa. B HBOMY BKazyeThCs
PO3MIpHICTD KIIacTepa; pO3IOAL YaCTOTHHX TPYN MK CTUTBHHKAaMH; PO3MIIIEHHS CTIIbHHUKIB Ha TEPUTOPII;
KUTBKICTh KaHAJIB Y KOKHII YaCTOTHIN TPyYTIi, IO HAIEKHUTH CTUTFHIKY; HOMiHAIbHE 3HAUYEHHS YacTOT KaHANIB Y
takiit rpymi. Ha BC no omuiei anTeHn mMoke OyTH MigKIIOYeHO OO0 16 KaHANBHWUX mpuitomomnepenaBadiB. s
3ano0iraHHsl YTBOPEHHsI B3a€EMHHX MEpEIIKo]] He JOMYCKaeThCsi poboTa IepenaBadiB CyCiHIX KaHAJIB depes
3aranpHy aHTeny bC.

Ha MC inTepdepeHItiiiHi mepenkoi Bil CYCiIHIX KaHaJiB CTBOPIOIOThH IepeaaBadi CyCiTHIX CTUIbHUKIB.
BubipkoBicTh 3a IMMU KaHanamu 3abe3neuye cMyroBuit ¢inetp npuiimaua MC. Ha pucynky 3 nmokasaHa TUIoBa
(omnocroponns) AUX poro ¢insrpa. Tyt mosnaueno f; — nenrtpanbHa yacrora kanany; f,, f,, f, — Hecyui

chu[u =

(10)

cycinnix kananis; F — poscrporoanns; Il — mmpuHa cMyru mporyckanus Ginstpa 3a pisaem -315; 3, —
nocyadiaeHHst GpinbTpa MO0 PiBHA Ha Kpato cMyru. THIOBUI QiIbTp 32 MEKXaMHU CMYTH NPONYCKaHHS BHOCUTH
3aTyXaHHS J, = 24 nb Ha okTaBy.

IaTepdepenniiina mepemkona Mo CyCiTHbOMY KaHaly Moke BMHHKHYTH Ha BC B curyamii, ko MCl
3HAXOUTHCS Ha MEXi cTisibHUKa, a MC2 61t BC (BcepenuHi crinbHuKa) (puc. 4).

él b adl—-n 1
-10 24 1B
-30 E
-50 :
70 , F/Tlo
o 12t 23
fo fi 6 f
Puc. 3. Tunosa AYX cmyeos020 ghinempa Puc. 4. Inmepgepenyiiina nepewikooa
nputimaya MC 1o CyciOHbOMY KAHATLY

ro mpobnemy 3a3BuYail BUPINIYIOTH ABOMA NIISXaMH: BUOMPAIOTH MpHAMAd 3 BUCOKOI BHOIPKOBICTIO 1
3a0e3Ieuy0Th PETYIIIOBAHHS MOTYXHOCTI BUNpoMiHtoBaHHSI MC.

MC, mo 3Haxoauthes 6ist bC, MoXe CTBOPIOBATH IMEPEIIKOAN TpuiioMy curHairy BigmareHoi MC gepe3
MepeHaBaHTAXCHHS MMIJCIIIIOBAaYa TpUiiMadya (piBeHb CHUTHANY IEPEBHIIYE MaKCHUMAIbHUA BXiIHUI pPIiBCHB).
Touka HaCHUYEHHS TAKOTO IIIJCHIIOBAaYa Bi/AINOBIIa€ MaKCUMAIBHOMY BXiTHOMY piBHIO curHairy P, .~ 55nbwm.

SIKmo piBeHb CHTHAITy HEPEeBUINYE I 3HAUYEHHS, TO B CIEKTPI CHTHAIY Yepe3 HeNiHiHHI Ipomnecu BUHUKAIOThH
HeOaxaHi ckiagoBi. Komy iX 9acTOTH NOTPAIUIAIOTh B CMYTY MPOIMYCKAaHHS CYCIIHIX KaHaTiB, BOHH CTBOPIOIOTH
nepemkoan. [Ipu mpuitMaHHI B CyCiTHROMY KaHalli CHUTHamy Bin BigganeHoi MC 3Ha4YeHHS CHiBBiTHOIIECHHS
CHTHAJI/TIEPEIIKOIa MOXKe BUSABUTHUCS HIDKYe nomyctumoro [10].

[MpoananizyBati piBeHb iHTEp(EPEHIIHHUX TMEpPEeIIKo], II0 CTBOPIOIOTHCS CYCITHIMH YacTOTHUMH
KaHaJlaMd MOKHa 3 BHKOPHCTaHHSM HOPMOBAHOI CHEKTPaJbHOI LIUIBHOCTI MOTY)XHOCTI curHaimiB 3 MSK Ta
GMSK, mio HaBeneHa Ha pucyHKy 5 [11].

Ha rpadiky mokazaHo piBeHb IOTY>KHOCTI TOJIOBHOI TEJIIOCTKH, SIKa HEepeJaeThcsl Ha IEHTpabHINH 4acTOTi
kaHany f, i piBHI mOTyKHOCTEH GIUHUX IENIOCTOK, SKi HepPeNalOThCS B CYCilHIX KaHamax Ha gactotax f, f,,

fy it o
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Jocmipkyrodn caMe piBeHb OIYHMX IMETIOCTOK, a TAKOXK MOTPAIUITHHS CIIEKTPa CUTHATY OIYHUX METFOCTOK
B CMYry NpOITyCKaHHsS IpHUiMaya, HI0 Npalloe Ha OCHOBHIM 4YacTOTi, MOXXHa BCTAHOBHTH HETaTHBHUH
iHTepepeHITIHNI BIUTUB Ha KOPUCHHUI CHTHAJI, III0 HAIXOANUTH Bijx 3aBaxkarounx bC cycimapoi wactot 1o MC.

Po3paxyHOK piBHS CyMapHOI HOTYXXHOCTI iHTeppepeHIiHHNX MEPEIKO] Bil CYCiIHIX JaCTOTHUX KaHAJIB €
OCHOBHHM 3aBIAHHSIM pO3pOOKH METOAWKH BIUIMBY IapaMeTpiB MOAYIIIIl CUTHAIy MOOUTBHOI CHCTEMH
craagapty GSM Ha MMOKa3HUKH SIKOCTi 3B’SI3KY.

ol — VA

0,25
03

CnekTpanbHa LWinbHicTb, Ab

=100

LX
A
N\
0 05 1,0 1,5 20 25

HopmoBaHa vactota  (-f) T

-120

Puc. 5. Hopmosana cnekmpanvha winonuicmes nomyoscnocmi cuenany 3 GMSK

[Micns po3paxyHKy piBHA CyMapHOi MOTYKHOCTI iHTep(EepeHIIHHNX MEepemKo BiJl CYCIIHIX YacTOT
noTpiOHO BU3HAYWTH CIIBBITHOIICHHS CHTHAN/(IIyM + iHTepdepeHIis + iHTepdepeH s Bil CyCiIHIX 9acToT) i
MOPIBHATH 31 CIIBBITHOIICHHS CHTHAN/(IyM + iHTepepeHIs), a TOTIM 3HAWTH BIACOTOK YTOYHCHHS
PO3paxyHKY CITiBBiIHOIICHHS CUTHAI/TITYM.

3Hal04M CHIBBIJHOIIEHHS CUTHAJ/IIYM Ha BX0Jl npuiiMada MC, MO)KHa BU3HAYUTH WMOBIPHICTh MOMHJIKA
nepenaui ogHOro OiTa.

[Mpuknazn 3anexxHOCTI HMOBIPHOCTI HOMIJIKY npuitomy curHany GMSK Bij criiBBiHOLICHHS CUTHAI/IIYM
Ha BXOJIi BUPIMIATbHOTO IPHCTPOIO MPUBEICHA Ha pUCYHKY 6 [12].

3 rpadika pucyHka 6 BHIHO, IO ITiJ] 4ac 301IBIICHHS CIIBBIIHOIICHHS CUTHAJ/IIYM WMOBIPHICTD TOMHJIKH
nepeaayi oxHoro Oita iHdopmariii 3MeHiyetscs. Tomy, mob mepegada indopmaiii Oyna OE3MOMUIKOBOIO,
MOTPIOHO 3MEHIIYBaTH, a B KpallOMy BHUIQAKY YCYBaTH, IIYMH Ta iHIII CHI'HAJHM, IO 3aBa)KalOTh, HA BXOJI
npuiimaua MC.

3a 3amponoHOBaHOI METOJMKOI0 MOXKHa IOOYIyBaTH alITrOPHTM JOCHIUKEHHS BIUIMBY HapaMeTpiB
MOJYJISILIT CHrHay mepefaBada MOOUIEHOT cuctemMu ctaHaapry GSM Ha mMoka3HUKHM SIKOCTI 3B’s13Ky (puc. 7).
3rifHO 3 HaBEAEHUM AITOPUTMOM, AJs JOCIHI/DKEHHS BIUIMBY IapaMeTpiB MOAYJISLII CHUTHay NepenaBada
MOOinbHOT cuctemn crangapTy GSM Ha NMOKa3HUKH SKOCTI 3B’S13Ky HEOOXiIHO CIIOYaTKy BBECTH INapamMeTpu
UTII (Bka3zyeThCs pO3MIPHICTH KIacTepa; pO3MOAia YACTOTHHX I'PYI MIXK CTUTBHUKaMH; PO3MIIIEHHS CTiIbHUKIB
Ha TEPHUTOPIi; KiNbKICTh KaHANIB y KOXHIA YaCTOTHIH IpyMi, OO0 HAJIEXHUTh CTUIBHHUKY; HOMIHAJbHE 3HAUYCHHS
YacTOT KaHAJIB y TaKiil Tpymi), 3TiHO 3 SIKUM i OyayTh MIPOBOAMTHUCS MOCTipKeHHs. Jlami, 3rigHo 3 oOpaHuM
YaCTOTHO-TEPUTOPialbHUM IIIAHOM, OOMPAEMO 4UYACTOTy, Ha fAKiH OyIyTh NPOBOAWTHUCS PO3PaXyHKH i
po3paxoByeMo 3rigHO 3 Bupazamu (1), (5) Ta (9) moTyXHICTH KOPHCHOTO CHTHANY, TOTYXHICTh IIYMY i CyMapHy
MOTYXKHICTh 1IHTEPPEPEHIIINHNX MEPEIIKO ] Ha CIiBMaJar0YuX YacToTax Ha Bxoai MC, BignoBimHo. HactymHum
KPOKOM, 3Ti/IHO 3 aJlTOPUTMOM, € BU3HAUEHHS CITiBBIJHOIICHHS curHai/(1nyMm + inTepdepeHnis) 3a Bupazom (10).
JlaHe CHiBBIJHONIEHHS MO3BOJMTH INPOAHATI3yBaTH BIUIMB IIyMiB  Ta iHTeP(EpEeHIIHHUX MNepemKoy Ha
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CHiBHaﬂaIO‘-II/IX JacToTax Ha HOTy)KHiCTL KOPUCHOI'O CUT'HAJTY i 3’5[0yBaTI/I NOPpUYMHU BUHUKHCHHS Ta MOAOJJIaHHSA
HassBHOCTI X NepemKoa.

MMoBipHICTE NOMANKK NpKvoMy curHany GMSK

Curnan/wym  (oB)

Puc. 6. I'paghix 3anesncnocmi timogiprocmi nomunxu nputiomy cuenary GMSK
810 CNIBBIOHOUIEHHS CUSHAL/WYM

[MoTiM HEOOXiTHO BH3HAYUTH PIBEHb MEPEIIKO]] BiJl CYCIHIX YaCTOTHHUX KaHAJIB 3aJEXKHO BiJ| apameTpiB
Moaynsinii. [l BU3HA4YEHHsS PIBHS TMEPEIIKOJ BiJl CYCIIHIX YacTOTHMUX KaHaJiB 3aJIe)KHO Bijl MapameTpiB
MOJIYJISILiT MOTPIOHO BUKOPHCTATH PUCYHOK 5 Ta MpOAHANi3yBaTW NOTPAIUIIHHS CIIEKTpa CHIHANY OIYHUX
MEMOCTOK B CMYry NPOMyCKaHHS INpuiiMaya, IO MPAIO€ HAa OCHOBHIM YacTOTi, 1 SIKUM YHHOM JaHE
MOTPAIUISIHHS BILIMBAE HA 3HAYEHHS CITIBBIHOIIEHHS curHan/(mym + intepdepentii).

[icns mpoBemeHHMX pO3paxyHKIB 3HAWAEMO 3arajbHe 3HAYCHHS CIIBBIIHOMICHHA CHTHAN/(IIyM +
iHTepdepeHIls + iHTepepeH st Bi CYCiIHIX YacTOT) i MOPIBHAEMO 3i CHIBBiIHOIIEHHSIM CHUrHaN/(Irym +
iHTepdepeHtlis). 3HaiIeMo BiICOTOK YTOYHEHHS CITIBBIIHOIICHHS CUTHAN/(IIIyM + iHTep(hepeHTIIis).
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C ITowatox )

A 4

Beenenns napamerpis UTIT

Bu3sHa4yeHHs MOTYXHOCTI KOPUCHOTO CUTHAITY, HOTY>KHOCTI LIIyMY i CyMapHOT
MOTYXKHOCTI 1IHTep(epeHIIHHNX HEePelIKo ] Ha CIiBIaJal0uiX 4aCTOTax

)

BusnaueHns criBBigHOIICHHs curHan/(imym + iHTepdepeHiis)

)

Po3paxyHOK piBHS CyMapHOI HOTYKHOCTI iHTep(epeHIIHHIX ITepeKo Bi
CYCITHIX YaCTOTHHX KaHAaJiB

)

BusHaueHHs criiBBigHOmeHHs curHan/(wym + intepdepenuist + inTepdepenris
BiJI CyCiHIX 9acToT)

)

BusHaueHHs BiICOTKA yTOYHEHHS PO3PaXyHKY CIIiBBiHOIICHHs CUrHAN/ (IIymM
+ inTepdepeHwis)

)

Po3paxyHok HMOBIpPHOCTI MOMHJIKH TIepeaadi ogHoro Oita iHpopmarii

)

BuBeaeHHs TaHUX

v
C Kinenp )

Puc. 7. Aneopumm 0ocniodxicenns gnaugy napamempie Mooyisyii
cuenany nepedasaua mooinoroi cucmemu cmanoapmy GSM na noxkasHuku skocmi 36 's13Ky

3a nomomororo rpadika (puc. 6) 3HaiijieMo WMOBIPHICTh OMHJIKH Iepeaadi 0JHOro 0iTa, 110 BiAMOBigae
YTOYHEHOMY 3HAYECHHIO CITIBBIZHOIICHHS CUTHAJ/IIYM i3 BpaXyBaHHSM BHUIIPOMIHEHHS IepejaBaya Ha CYCiHIX
YaCTOTHUX KaHanax.

BucnHoBku. TakuMm 4MHOM, Y CTaTTi BUpINIEHE 3aBAaHHS PO3POOKH METOJMKH OI[IHKH BILIMBY NapaMeTpiB
MOy curHainy MoOinbHOT cucteMu cranaapty GSM Ha MOKa3HHMKH SKOCTI 3B’SI3Ky, a came: po3poOlieHa
METOAMKA PO3PAXyHKY pPIBHS IOTY)KHOCTI KOPHUCHOTO CHTHANY, MOTY)XXHOCTI IIyMy Ta iHTep(epeHIIHHNX
MIEPEIIKO/ Ha CIIBIAJAI0UMX YacTOTaX W IHTep(QEpeHIIHNX MEePenIKo]] BiJ CyCiTHIX YacTOTHHX KaHAJiB Ha
BXOZ1 MOOiTBHOI cTaHIil. Po3po0iieH0 MaTeMaTHYHy MOJIENb, alTOPUTM Ta METOJ MOPIBHSAHHS, IO JO3BOJIHTH
Ha TPAKTHIII OUTBII TOYHIIIE OTPUMATH TTOKA3HUKH SKOCTI 3B’ 3Ky MPH 3MiHI TapaMeTPiB MOIYIIALIII.
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Puxanbcekmii O.P. MeToanka OLiHKY BIUIMBY NapaMeTpiB MOAYJIILII CUTHAIY MOOIJIBHOT CHCTEMHU CTaHAAPTY
GSM Ha NoKa3HUKH YSKOCTI 3B’SI3KY

Peixajabekuii A.P. Mertonynka OIEHKH BIHSHHUS TApaMeTPOB MOIYJSIMKA CHUTHANIa MOOWIBHOW CHCTEMBI
craagapta GSM Ha noKa3aTeIHn Ka4ecTBa CBSI3U

Rihalsky A.R. Methods of assessing the impact of modulation signal of GSM mobile system on quality of
communication

YK 621.396
MeToauka OleHKH BJIMSIHHS NMapaMeTPOB MOAYJSIMH CHTHAJIa MOOMJIBHOI cHCTEMBI CTaHIAapTa

GSM Ha noka3aresin kayecTsa cBsizu / A.P. Poixanbckuii

[TpoBoauTCst aHANN3 NOCTPOSHHUS U (PYHKIIMOHUPOBAHUS MOOMIIBHOM CUCTEMBI CBSA3M LM(POBOTO CTaHAAPTA
GSM, paccMoTpeHB! (akTOpBI, YTO YXYALIAIOT KayecTBO rnepenaun HudpoBoll MHGOpMAaLUKM H3-32 HATHMYUS
JIOTIOTHUTENBHBIX KAaHAJIOB MPHEMa Kak OT 0a30BBIX CTaHIMH, KOTOpble pabOTalOT Ha COBIAJAIONIMX YacTOTaXx,
TaK U OT 0a30BBIX CTaHLUH, KOTOpble pabOTarOT Ha COCEIHMX YAcTOTHBIX KaHamax. [IpuBeneHa MeToIuKa
pacdera IOKaszaTeled KadecTBa KaHala CBS3M (YpOBCHb IIOMEX II0 COCEAHHM 4YacTOTHBIM KaHalaM |
BEPOSATHOCTh OIMMOKM Ha OAWH OWT), KOTOpas YYHUTHIBa€T IOOOYHBIE HW3IY4YCHHS B MOOWIBHOHN cHcCTeMe
craagapta GSM.

VK 621.396

Methods of assessing the impact of modulation signal of GSM mobile system on quality of
communication / A.R. Rihalsky

The analysis of the construction and operation of digital mobile communication standard GSM, examined
factors that degrade the quality of digital transmission due to the presence of additional channels receive both the
base stations that operate on the same frequency, and from the base stations that operate on adjacent frequency
channels. The methodology of calculating the link quality (noise level at adjacent frequency channels and the
probability of error per bit), which takes into account the spurious emissions in the mobile system standard
GSM.
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