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AHAJII3 ITPOAYKTUBHOCTI 3ABAJO3AXNIIEHUX CUCTEM IIEPETABAHHA
JUCKPETHOI IHOOPMAIIII

Background. Efficient use of energy and frequency resource of telecommunications channels is needed.

Objective. The main objective is favor of a discrete communication channel productivity analysis through the
identification of behavior reliability patterns of the demodulated multiposition signal manipulation by using redundant
error-correcting codes.

Methods. Estimation of capacity and productivity extremum search is carried out in a gradual increase in the symbol
rate. Potential noise immunity given estimated error probability value in the telecommunications channel with
white noise. The error probability is achieved by correcting the reliability of the demodulator output using the
error-correcting code.

Results. Analysis of capacity and productivity without coding, and with coding showed the extremum in the
respective energy condition in the channel. At the same time at the point of extremum signals QAM-16 are more
productive than the signals QAM-64. This demonstrates the rationality of using signals QAM-64 in wireless systems
(e.g., LTE), that are useful to apply in a wide area wireless systems (e.g., UMTS).

Conclusions. Efficient use of energy resources and frequency of communication channels occurs at the point of
extremum performance in well-defined values of the transfer rate. If the maximum is to the left of it is advisable to

increase the symbol rate, and if the maximum is to the right the signal energy can be reduced.
Keywords: channel capacity; productivity; error probability; multiposition signals; productivity extremum.

Beryn

Hecrmune 3pocranHst oOcdriB iH(popMallii, 1110
MEepPeJacTbCsl 3a ITOIOMOIOK TEIEKOMYHIKaLiMHUX
CUCTEeM, 3MYIIYE PO3BUBATHUCS Tally3b 3B’SI3KY H0O-
CUTb CTpiMKO. [i pO3BUTOK BM3HAYAETBCS peaiza-
i€l OUIBII IIBUAKICHMX TEXHOJIOTIM Iepenadi pi3-
Hux BuAiB Tpadiky. Hampukian, y cBiTi aKTMBHO
po3pobJtoroTbest Mepexi 5SG [1].

OpHak 3pocTaHHSI MOTped Yy IlepedaBaHHI
SIKiCHOI iH(opMmallii 00’€KTUBHO HE CYIIPOBOIXKY-
€TbCS TIPONOPLIAHMUM 3POCTAaHHSIM YaCTOTHUX Ta
eHepreTMYHUX PEeCypciB, HEOOXimHMX 11 3abe3me-
YeHHS1 poOOTH BIAMOBIZHMX TEICKOMYHIKALIIAHUX
cucteM. lle 3HaYyHOIO MipOIO CTOCYETHCSI OE3MpO-
BOJOBMX TeJICKOMYHIKalliii.

Otxe, mopsia i3 3aBOAaHHSIM CTBOPEHHS TEX-
HOJIOTi#l, $Ki JaioTh 3MOry IIBUAKO IIepeaaBaTh
BeJIMKi 0bcary iHdopmaliii, icHye mpo0bseMa paiio-
HaJIbHOTO BUKOPUCTAHHS HAsSIBHOTO pecypcy: Yac-
TOTHOTO, €HEPreTUYHOTO.

st BupillleHHS 1i€i mpoOJeMu HeIOCTaTHHO
TUIBKMA apXiTeKTypHMX pillleHb II0A0 I100Yd0BU
Mepex abo BIPOBAIXEHHSI HOBUX METOIB i ajiro-
pUTMIB 300py, 30epiraHHsI, 0OpoOKM i TpaHCHOpP-
TyBaHHS iH(popMaiii. Takox ciig 3BEpHYTHUCS 10
iH(opMaliifHOTO ITIXOMy peajidalil CydacHUX Me-
pex. Ile o3Hauae, 1m0 O0e3 3HAHHS 1 PO3YMIHHS
acMeKTiB KJIaCUYHOI Ta cy4yacHoi Teopil iHdopma-
wii [2], 30kpeMa MOpukiIagHoi Teopii iHdopmarlil

JIJI TeJIEKOMYHIKallill, HEMOX/IMBO BUPILIUTU 3aB-
JaHHS pallioHAaJIbHOIO BUKOPUCTAaHHS Ta €KOHOMIil
pecypciB.

JocmimKeHHs OCTaHHIX pOKiB y rajysi cydac-
HOI Teopii iH(opMalil JeMOHCTPYIOTh €(heKTUBHE
BUKOPHMCTAHHS 3aBag03axMIIEHUX KOIMiB Ta CHUT-
HaJIbHO-KOAOBUX KOHCTPYKIIilA Yy 3amgavyax IIigBU-
1IeHHs iH(opMaliiiHOI EMHOCTI curHajiB [3, 4].

Po3yMiHHS i BUKOpUCTAHHSI iHCTPYMEHTY KO-
PEKTHOTO aHaJji3y IIPOMYCKHOI 3JaTHOCTI Ta IIPO-
JYKTUBHOCTI KaHaJliB 3B’SI13KY YMOXJIMBIIIOE PO3BU-
TOK MNPUHILUIIB CUCTEMHOTO aHajli3y B IIPUKJIAI-
Hil Teopil iHdopMallii I TeJIeKOMYHIKalIilA.

ITocTanoBka 3anaui

ILlenTpanbHUM 3aBOAHHSIM POOOTH € aHai3
OPOAYKTUBHOCTI AUCKPETHOIO KaHaly 3B’SI3KYy 4e-
p€3 BUSIBJIIEHHSI 3aKOHOMIipHOCTE! IMOBEAIHKUA OOC-
TOBIPHOCTI [I€MOMYJIbOBAaHMUX CHUMBOJIIB CUTHAaJiB
0araTOIO3UIIAHOI MaHINyJSLii Ta BU3HAYEHHS
YMOB JIOCSITHEHHSI MAaKCUMYMY MpPOIYyKTUBHOCTI
KaHaly 3B’SI3Ky 3a HasiBHUX €HEPreTUYHOTO, Yaco-
BOTO Ta YaCTOTHOTO PECypcCiB.

JochimKeHHs 3MiH NPOMYCKHOI 3JaTHOCTI y 3a-
BA/103aXUIIEHUX CHCTEMAX

Tpamuuiiini B Teopii iH(GopMalil MOKa3HUKU
NPONYCKHOI 3JaTHOCTI Ta 3aBadOCTIiAKOCTiI B Aiiic-
HilA poOOTi OCTIIKYIOTbCS OPUTIHATBHUM IIUISIXOM.
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3 omHOro OOKYy, Ii ITOKA3HUKM PO3IISIAI0Th-

cs aK (DYHKIIST eHepreTMYHOro mapamerpa h2,
XapaKTEepHOTO JIsl JOCIiIKEHHSI JTOCTOBIpPHOCTI Ie-
pemavi curHamiB. 3 iHIIOro OOKY, TOJIOBHOIO 3MiH-
HOI0O apryMEHTIiB BHUCTYINA€ IIBUAKICTh Ilepeaadi
CUMBOJIB V.

V TakoMy minxofi BUSIBISIETbCSI TOJOBHA 0CO0-
JIMBICTb MPUKIAAHOI Teopii iH(opMallii 11s1 Tene-
KOMYHiKallili: BUBYEHHs iH(MOpMaLiifHUX BJIaCTU-
BOCTell KaHaJliB 3B’SI3KY 4epe3 XapaKTepUCTUKMU,
BJIACTUBI T€JEKOMYHIKalliiHUM CHCTeMaM.

OlLiHKa MPOITYCKHOI 3MaTHOCTI Ta MOIIYK €KC-
TpEMyMY TMPOAYKTUBHOCTI BedeThCS B yMOBax IIO-
CTYMOBOI'O 30iIbIIEHHS IIBUAKOCTI Mepenadi cuM-
BoJiiB. Bubip 1ipboro mapamerpa 3yMOBJIEHUI HOro
3PO3YMUTICTIO LIMPOKOMY KOJY KOPUCTYBauiB Ta
MpoBalepiB TeJeKOMYHiKalliiHUX TOCayr. 30ii1b-
LIIEHHS IBUIKOCTI HE TUIbKU 3aJ0BOJIbHSIE TTOTpe-
OM KOpUCTYBauiB, ajie il MPUBOAUTHL OO 30iMbIICH-
HSI Pe3yJIbTYIOUOi MPOAYKTUBHOCTI Ta IPOITyCKHOI
3aTHOCTI.

IMpunyctumo, 110 Ha BXild KaHaly 3B’SI3KY
MOXHAa MOAAaBaTW CUTHAIW Bill Pi3HUX IKEpen, SKi
XapaKTepU3YIOTbCs Pi3HUMU PO3MOAiJIaMU MMOBIp-
HocTeil moMuiku. KoxkHe 3 Takux JxKepesi repenae
KaHaJIOM JIesIKy KiJIbKicTh iH(opMalii. Makcumab-
He 3a BciMa 0araTOBUMIipHUMM PO3MOIiiaMU MMO-
BipHOCTEM MOMWJIKU BUXiIHOTO CUTHAy 3HAYEHHS
LIBUAKOCTI mepeaadi iHdopmalii KaHajaoM 3B’SI3KY
MpU BiAMOBIAHOMY Y3rOJKeHHi Ikepeja 3 KaHa-
JIOM Ha3MBAEThCS MPOIYCKHOIO 3IaTHICTIO [5]:

C:VC.|:10g2M+pCMM.10g2pC¢+

+ (1= peyy)-log,(d —pCHM)}, (1

ne VC — IIBUAKICTh Mepeaadi CUMBOJIB; Peunt

MMOBIPHICTh CMMBOJIbHOI IOMWIKHM, M — Kpart-
HICTh MaHIITyJIsIIIil.

®opmyna (1) MIiCTUTB Y CBOEMY CKJIali MHOX-
HUKM, SIKi MaIOTh CyIlepEewIMBi 3a 3HAKOM MOXiIHi:
3i 30iIbLIEHHAM 3HayeHHs V. 3pocrae HMOBIip-

HICTb P\, 1, K HACTIIOK, 3MEHLIYETbCS €HTPO-

Misi mepeJaHoro CMMBOJILY.

BinnmosinHo mo Teopemu IlleHHOHa, B aMC-
KPETHOMY KaHaJli MOXe OyTM IOOCSITHyTa SIK 3aB-
rogAHO Majla WMOBIPHICTh TOMMJIKM MPUIAOMY iH-
¢dopMaLiiHUX CUMBOJIB 3a paXyHOK HaIJUIIKOBO-
ro KOIyBaHHS, SKIIO KUIBKICTh iH(oOpMarii, 110
TeHePYEThCS IXKepesoM (MPOAYKTUBHICTh), HE Me-
peBUIIYE MPONYCKHOI 3JaTHOCTI KaHamy [5].

IIponyckHy 3maTHICTP MOXHa pPO3LIHIOBATU
gk rpaHulito IlleHHOHa 111 IMCKPETHOTO KaHaly
3B’s13Ky. OCOOIMBICTD 11 MOBEAIHKMU TOJSTA€E B TO-
My, 1O BOHa MOXE€ 3MilllyBaTUCS BiAIMOBIAHO A0
3MiH TMapaMeTpiB IMCKPETHOTO KaHaly 3B’sI3KY,
SIKi IPUBOJSATH 10 3MiHM 3HAYEHb P, .

IIponyKTUBHICTh IKepena AUCKPETHUX CHUT-
HajgiB R — KiJIbKicTh iH(popMalii, mo ¢pakTUIHO
MepesaeThes Bil aXepesa IO OTpUMyBaya 3a OAM-
HUIIO 4Yacy. B 3araJibHOMy BUMAaAKy aHaJTiTUYHO
MPOAYKTUBHICTb BU3HAYAETHCST (hopMYJIoI0 [2]

R=Vs-[1+ pg, - 10g, pgiy +
+ (1= pgip) - 10g, (1= pgip)l,

ne Vg — IWBUAKICTb (DOPMYBaHHS CUMBOJIB, pg. —
iIMOBIpHIiCTb GiITOBOI MOMMJIKM.

InTerpaibHUM MOKAa3HUMKOM, IO BimoOpaxae
MPOCTOPOBO-CHEPIeTUYHI TapaMeTpy KaHaIy 3B 13-
Ky, BUCTYIIa€ mapameTp h’> — Ge3po3MipHa BesH-
YyHaA, SKa XapaKTepMU3Yy€ BiTHOILIEHHS CepeaHbOI
€Heprii CUrHajgy B TOYLi IPUIOMY OO0 OHZHOCTO-
POHHBOI CIEKTPaAIbHOI MOTYKHOCTI 1Iymy [2]:

Pc

h?=_"C
VC.NO

ne Vi — WBKUIKICTb Mepeaadi CUMBOJIIB Y IMCKPET-

HOMY KaHaJli.

[HIIMM TTOKAa3HUKOM, 1110 MOB’SI3yE€ EHEPreTUuy-
Hi XapakTepUMCTUKM CUTHAJy Ta 3aBaau, € MOKa3-
HUK o

o = i’
Ny
TOOTO
h? ==
Ve

[ToTeH1iliHA 3aBaOCTIMKICTh OLIHIOETHCSI Mi-
HIMaJIbHO MOXJIMBMM 3HAYEHHSIM iMOBIipHOCTI IO-
MUIKU P, V KaHaji mepenadi 3i craiMMmu mapa-
MeTpaMUu TIpU BIUIMBI (bIyKTyaliliHOI 3aBaau TUITY
6iJ10T0 TayCCOBOTO IIIYMY.

[Tpu mpuiimMaHHiI 06araToNMo3ULiMHUX CUTHAJIB
PO3pPI3HSIOTh TIOMWIJIKY HpHMAMaHHS CHMMBOJY Ha
BUXOi AeMoayisitopa (IKuii MicTUTb M CUMBO-
JIB aXKepesia Yy M-NO3ULIIMHOMY CUTHaji) Ta II0-
MWJIKY NMPUMMaHHS CHMBOJIy Ha BMXOMi JeKoaepa
(B1acHe MOOAMHOKOro cUMBOIY mxkepena). [lpu
npuiioMi OiHapHMX CUTHAJIB 1Ii TIOMMJIKM 30ira-
IOTBHCHI.
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IMOBipHICTb MOMMJIKM CUMBOJIYy 0OaraTorno3u-
LiIAHOTO CHUTHAJy Ha BUXOHi AEMOAYJSATOpa MpU
QPSK BusnavaeTbcs 3a popmynoio [3]

pCMMQPSK:%_%CD(\/h_z)_%cDZ(\/h_Z); (2)

a MMOBIpHICTb MOMMJIKM CUMBOJY Jkepena (6iTa)
IIJISl LIbOTO BUITAAKy CTAHOBUTH [3]

1
PeirQpsk = §|:1 - CD( 2h2 cos gj:| 3)

IMOBipHiCTb CMMBOIBHOI TOMUIKU TIpy QAM-M
Mae Takuii Burnsn [3]:

pCI/IMQAM—M =1-

i.hZ
M-1
ge M — TO3ULIMHICTD MOMYJISILi.
ImoBipHicTh 6iToBOI momwmiaku npu QAM-M
BU3HAYa€eThes [3]

N T I
p6iTQAM—M:W j eXD[—u;jdu. (5)

st gocnimkKyBaHUX BUAIB MaHimyisuii M
HaOyBa€ TakKuX 3HAYCHb:

mss QPSK M =4;
mst QAM-16 M =16; (6)
mist QAM-64 M =64.

300pa3uMo 3ajeXHICTh MPOILYCKHOI 3JaTHOC-
Ti Big IIBMOKOCTI Iepenadi cCMMBOJIB 3rimHo 3 (1)
(puc. 1, @) Ta BiIOOBIIHI 3HAYEHHS CHMBOJIBHOI
MMOBIPHOCTI TIOMWJIKHM, 3aJIeXXHOI BiA Iapamerpa
h?, srinno 3 (2), (4) (puc. 1, 6).

MoxHa 06auuTH, 110 MPOMYCKHA 3IaTHICTh SIK
(dyHKuUig napameTpa V- MICTUTh TOUYKY €KCTpe-
MyMy, IO O3HAYa€ TIePEBMIICHHS TEMITy 3MEH-
LIEHHSI HEeJIIHIHHOTO MHOXHMKa (BUpa3 y dyXKKax)
HaJ JIiHiiHUM pocToM Vi 'y dopmyii (1).

IIpy moyarkoBOMy 3Ha4YeHHi IIBUIAKOCTI Ie-
pemaui V. = 1 M6ir/c nponopuisa B 3HaYeHHAX
MPOIIyCKHOI 3JaTHOCTI BIAIIOBIiZA€ IOYATKOBIK
KPaTHOCTI MaHinyssiuii 3rigHo 3 (6).

6

Puc. 1. IponyckHa 3maTHICTh (@) Ta WMOBIPHICTH CUMBOJIBHOI
MOMWIKU (0): =mmm — QPSK, =+= — QAM-I6,
==+ — QAM-64

[Ipn 3MiHi (3pocTaHHi) IIBUAKOCTI Tepeaayi
CHMBOJIIB y KaHaJli 3B’43Ky V- HaiOuibmii iHdop-
MauiiiHuii pecypc 30epiraiorh curHaaiu QAM-16.
Curnamu QAM-64 nocgaraioTb €KCTPEMyMY IO
MPOITYCKHiM 31aTHOCTI paHiire, Hixx QAM-16, ane
3 Oimbll HU3BKMMHU 3HA4YeHHsMU. IHDopmaliiiHe
HacuyeHHs1 curHaniB QPSK € moBinbHilIMM, aie
BOHM MalOTh IEpeBary i3 MOIJISIAy Ha 3aBadoCTili-
KicTb [8].

IMomyk ekcTpeMaJbHMX 3HAY€Hb NPOAYKTHUB-
HOCTi JMCKPETHOrO KAHATY 3B’S3KY

[TponyKTuBHiCTh JKepeaa AUCKPETHUX CUT-
HaJiB y BMIIAAKY, KOJM CTYIiHb 3aBagOCTiliKOTO
KOAYBaHHS He 3a[isHUI, BU3HAYa€ThCd Tak [6]:

R=V-log, M-[1+ pg,-log, peir +

+ (1= pgip)-log (1 - pgi )l (7
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Puc. 2. TlponyktrBHicTh (@) Ta WMOBIpHiCTb GITOBOI MOMUJIKHU
(6, 3): — QPSK’ - - QAM_16, - -+
QAM-64

300pa3suMo 3aJIeXKHICTh HPOAYKTHUBHOCTI Bif
LIBUAKOCTI Mepeaavi CMMBOJIIB 3rigHo 3 (7) (puc. 2, a)
Ta BiINOBimHI 3HAYe€HHS OITOBOI MMOBIPHOCTI IO-

MWJIKM, 3aJ1€XKHOI Bif mapamerpa A2, srino 3 (3),
(5) (puc. 2, 6, 6).

MoxHa 6auynTH, 10 TPOAYKTUBHICTh SIK (hyHK-
uisg V. aHaJoriYHO MNpOIYCKHIA 3MaTHOCTI MicC-
TUTh TOUYKY €KCTPeMyMy, 1110 O3HAya€ TMepeBu-
LLIEHHSI TeEMMY 3MEHIIEHHS HEeJiHiHHOrO MHOXHMU-
Ka Hajl JiHidHUM pocTtoM V. y dopmyii (7).

Ipu 3HayeHHi mapameTpa h2, KOJM LIBUAI-
KiCTb mepefadyi CHMBOJIB y KaHali 3B’A3Ky V.
CTaHOBUTHL 10 3 MOit/c, nepesary B iHpopmaliii-
HOMY HacWYeHHi curHaimiB Mae QAM-64, ane Taki
CUTHAJIW LIBUIKO IOCIATalOTh CBOIO MaKCHMMaJlbHO-
ro 3HauyeHHs. [loTiM HaOUIbILY MPOAYKTUBHICTD
MaloTh curHamm QAM-16. Curnam QPSK mepe-
BaXaloThb Ha IIBMAKOCTSX Oiutbiie 30 Mo6it/c, Koau
3aBaJOCTINKICTh IHIIMX CUTHAIIB 3HAYHO MOCIa0-
JIIOETHCSI.

ExcTtpeMyM MNpOmyKTUBHOCTI [OJIsI CHUTHAJIiB
QAM-64 (11,5 M6iT/c) Hactae 3a IIBUIOKOCTI
Ve =4,8 Mbit/c, T06TO KOIM h?=6,7. VY upomy
BUMNAAKy MWMOBIPHICTh OiTOBOI MNOMMJIKM piBHA
DPeir = 0,137. MakcumyM NpPOAYKTUBHOCTI CHT-
HanmiB QAM-16 (23,5 MOir/c) Mae Miclie Tpu
Ve =17 Mbit/c, T06TO KON h?=1,9, a itmMoBip-
HicTb 6iTOBOI MOMWJIKM piBHa pg, =0,16. TobTO

MpY MaKCUMAaJIbHOMY 3Ha4eHHi TPOIYKTUBHOCTI
JIOCTOBipHIiCTb MPUIAHSATOI iH(opMallil He BiaMmoBi-
Ja€ BUMOIaM CydyacHMX cucteMm Tnepenadi. Ilapa-
metp o =32 [uc]™' npu upoMy 36epirae cBoe cra-
Jie 3HAYCHHSI.

ITomyk eKkcTpeMaTbHUX 3HAYEHD MPOXYKTHBHOC-
Ti 3aBaJI03aXMIIEHNX CHCTEM

OcCKiJIbKY MMOBIpHiCTb OiTOBOi MMOMUJIKU 30iJIb-
LIYETHCS 3i 30UIBLICHHSM IIBUAKOCTI Mepenadi CUM-
BOJIIB, HEOOXiZHO BMKOPUCTOBYBAaTHM METOAU ITiJI-
TPUMaHHS JOCTOBipHOCTI [9]. ¥ Takomy BuMauky,
HampuKJIaa 3a BiIOMMX EHEPreTUYHUX pEeCypcCiB
KaHajly, HeOOXilIHO 3aCTOCOBYBaTW 3aBaJOCTiliKe
konyBaHHS. IlapameTrpu 0J0KOBOTrO KOOy — JOB-
XKMHa OJIOKY #, KiJbKiCTh iH(pOpMalLliiHUX CUMBO-
JiB kK — BIUIMBAlOTb HAa 3HAYEHHS MPOIYKTUBHOCTI
TaKuM 4YMHOM [7]:

R=Vc-log,M-r; -[1+ pgi.-10g 5 pgi +
+(1- pGiT)'IOg 2(1 - pﬁiT)L
A€ r, — WIBMUAKICTb KOAYBaHHH, YMCENIbHO piBHA

BiIHOLLIEHHIO k/n, SIKE rapaHTye HEOOXilIHY MOCTO-
BIpHICTb.
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Axkio 3agaTM BUMOTU 1IOAO MiATPUMAaHHS
JIOCTOBIPHOCTI mepemaBaHHsI OiT Ha BUXOIi JEKO-
Iepa HaTMIIKOBOTO KOMYBaHHS Ha PiBHI pg.

= 10-%, To, y BUNAAKy, KO JOBXMHA OJIOKY DiB-
Ha n =200 cUMBOJIIB, a €HEpPreTUYHUI MapameTp
a =32 [uc]™!, oTpuMaeMo 3anexXHOCTi MPOLYKTH-
BHOCTi BiJ LIBMAKOCTI Ilepegadi CMMBOJIIB, ITOKa-
3aHi Ha puc. 3.

R, Mbit/c

20
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10 11,3 15 20
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Puc. 3. TIpogyKTUBHICTb MPY BUKOPUCTaHHI 3aBallOCTIHKOTO KO-
NyBaHHS|; == — QPSK, =+ = — QAM-16, = =+ —
QAM-64

MoxHa 6auuTH, 110 XapakKTep 3MiHM IIPOIYK-
TUBHOCTI IPU BBEAEHHI 3aBaJOCTiAKOTrO KOIyBaH-
HsI HE 3MIiHIOEThCS BiTHOCHO IIPOAYKTUBHOCTI 0e3
KOIOyBaHHS. AJie XapaKTepHOI OCOOJIMBICTIO € Te,
II0 MaKCHMaJIbHOTO 3HAYeHHs IPOMYKTUBHOCTI
MOXHa JOCSIITH 3 BUKopuctaHHIM QAM-16.

Tabauya. 1ocnimxeHHS] €eKCTPEMYMiB MPOMTYKTUBHOCTI 3a
pi3HUX 3HauUeHb o, # =200 cUMBOJIB

Bun .| a,luc] -1 Rm.ax’ Ve W Doir

MOAYJISLIL Moir/c | M6ir/c

20 7,684 6,8 2,94 | 0,043

QPSK 32 12,32 11,3 2,83 | 0,046

40 15,369 | 14,1 2,84 | 0,046

20 9,922 4,1 4,88 | 0,038

QAM-16 32 15,75 6,3 5,10 | 0,034

40 19,843 | 8,2 4,88 | 0,038

20 5,082 1,4 14,25 | 0,038

QAM-64 32 8,127 2,1 15,24 | 0,032

40 10,164 | 2,8 14,28 | 0,038

Axio Bubpatu hikcoBaHe 3HAUEHHST eHepre-
TUYHOTO TapameTpa (Hampukiaza, o =32 [uc]™!), To

npu 30iJbllIeHHI IIBUIKOCTI Tepenadyi CHUMBOJIB
y KaHasi 3B’3Ky 1o 2,3 MO0ir/c Haiibinbiia npo-
JQYKTUBHICTb CIOCTEPIraeTbcs MpU BUKOPUCTAHHI
QAM-64. Ipu TTomaIbIIOMY 30LTBIIICHHI IITBUIKOC-
Ti mepeBary Mae QAM-16, 3a sIKOI MaKCHUMaJibHE
3HAUE€HHSI TPOAYKTUBHOCTI piBHe 15,75 M6ir/c,
komu V. = 6,3 M6ir/c. [lpn mocsrHeHHi 1UBUA-

KocTi Oinbire 10 MOit/c abcooTHY nepeBary Mae
QPSK, curHaim gKoi OiIblI 3aBaJoOCTiliKi, HiX
CUTHAJIM 3 OLIBIIOI0 KPATHICTIO MaHIIMyJISILIii.

OTrpuMaHi 3HaYeHHSI MPOAYKTUBHOCTI 3Befe-
HO B TabJauUIIIO.

ITopiBHSIHO 3 BMITAIKOM 0€3 KOMYBaHHS €KC-
TPEeMyMM MPOTYKTUBHOCTI MOCSTAlOTh MEHIIMX 3Ha-
yenb (8,1 3amicte 11,5 M6it/c pu QAM-64 Ta
15,75 zamicts 23,5 Mo6it/c npu QAM-16 (nus.
TaOJMII0)) Ta CIIOCTEPiraloTbCs 3a MEHILMX 3Ha-
YeHb IIBUAKOCTI Tepelayi CMMBOJIB (BiAMOBiZHO
npu 2,1 3amicts 4,8 M6it/c s QAM-64 Ta npu
6,3 3amicte 17 Mb6it/c nng QAM-16 (nuB. Tabau-
mo)). Ile 3ymMoBiIE€HO TMM, IO YacTMHA peECypcy
BUTPAYAEThCSI Ha 3aBaJOCTiliKe KOMYyBaHHS, i YUM
BUILIA IIBUAKICTh Iepenadi, TUM Oijibllle CHMMBOJIIB
e Ha miATpMMaHHS JOCTOBIPHOCTI.

BucHoBku

AHaJi3 3aJIeXXHOCTEe IIPOMYCKHOI 3IaTHOCTI
(muB. puc. 1) Ta DpPOAYKTUBHOCTI 0€3 KOmyBaHHS
(ouB. puc. 2) CUTHajliB pi3HOI KpaTHOCTI MaHimy-
JIALiT TOKa3aB HAasBHICTb €KCTPEMyMY 3a BilMOBia-
HUX €HEpreTMYHUX OO0CTaBMH Yy KaHali. BapTo Bim-
3HAYNTH, 110 curHam QAM-16 y Toulli eKCcTpeMymy
€ MPOLYKTUBHIIIMMM, HiKX curHam QAM-64. lle
CBiIUMTH MPO palliOHAJbHICTh BUKOPUCTAHHS CHUT-
HamiB QAM-64 y Mao30HAIBHUX OE3MTPOBOIOBHUX
cucremax (Hanpukian, LTE), Ha BinMiHy Bin curHa-
niB QAM-16, sKi JOLIJIBHO 3aCTOCOBYBATH B KPYII-
HO30HAJIbHUX OE3MpOBOJOBUX CHUCTeMax (HaIpu-
ximag, UMTS).

HasBHicTh eKCcTpeMyMiB IMPOMYCKHOI 30aTHOC-
Ti Ta MPOAYKTUBHOCTI 3yMOBJIEHA MEPEBUILEHHSIM
TEMIIy 3MEHILIECHHS HEeJIiHIifHOrO MHOXHWKA Haj JIi-
HIfHMM POCTOM LIBMIKOCTI TIepeaavi CUMBOJIB V- .

AHaJi3 3aJIeXKHOCTI MPOAYKTUBHOCTI CUTHAJIIB
0araTono3uliiiHOI MaHiMyJsLil TpU BUKOPUCTAHHI
3aBafOCTIMKOTO KOMyBaHHS ITOKa3ye, IO 3a HeBe-
JIMKOT IIBUAKOCTI Mepenadi CUMBOJIIB HalOinbIIy
MPOOYKTUBHICT, MaioTh curHaiu QAM-64, moku
He J0CSraloTh CBOTO MaKCUMAaJIbHOTO 3HAYE€HHS.
IIpu mopmanbiIOMy 30iJbILIEHH] IIBUAKOCTI edek-
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TUBHIIIMM cTa€ BukopucranHs QAM-16, 3a sikoro
MPOAYKTUBHICTb MOXE AOCSATTU MaKCUMAaJIbHOTO
3HayeHHs. HaliOinply 3aBamoCTiMKICTh cepeln Ho-
climxyBaHUX BUIIiB MaHinynsuii mae QPSK, sky
JIOLIBHO BUKOPMUCTOBYBATU, KOJU TMPOAYKTUBHICTb
curHaiB QAM-16 cTae MEHIIOI0 3a MPOAYKTUB-
HicTh curHaniB QPSK.

HaiiedpexTMBHIIIIMM BUKOPUCTAHHSI €HEPTeTUY-
HUX i YaCTOTHUX PECYpCiB KaHalliB 3B’SI3KY € B
TOYLli eKCTPEMYMY MPOAYKTUBHOCTI, TOMY y BUMAaI-
Ky 3HaXOMXKE€HHS 3JliBa BiJl MAaKCUMyMY MIOLJIbLHO
30i/IbIIYBaTU IIBUAKICTh Mepeaadyi CUMBOJIIB, a y

Cnucok Jiteparypu

BUITAIKY 3HAXOIKEHHS CIIpaBa Bil MAKCUMyMYy —
MOXHAa 3MEHIINTU €Heprilo curHaiay. B o0ox Bu-
nagkKax TPOAYKTUBHICTh, TOOTO (paKTWYHA IIBUI-
KiCThb Tepenayi KOpucHoi iH(opmMaillii, Oyae 30i1b-
uryBaTuch. ITpu 1iboMy MOTPiOHO BpaXxOBYBaTH, 1110
3MIHIOIOTBCSI TIapaMeTpU 3aBaJOCTIMKOIO KOMmy-
BaHHS, 10 JA€ 3MOry 3a0e3IeUYnTd HEeOOXigHY d0-
CTOBipHICTb.

HactynmauMm eTtarom QOCTimKeHHST ITPOXYKTHB-
HOCTIi 3aBaf03axMIIECHNX CHUCTEM Oyze ITOILIYK OITH-
MaJIbHOrO Ha0Opy KOMIB IJI MiATPMMKU HEOOXiI-
HOI JTOCTOBIpHOCTI.
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J1.0. Ypuscbkun, A.B. MowwuHcbka, C.M. BepryH

AHANI3 NPOOYKTVBHOCTI 3ABAOO3AXULLEHUX CUCTEM MEPEOABAHHSA ANCKPETHOI IHOOPMALLIT

MpobnemaTtnka. HeobxiaHICTb €PEKTVBHOrO BUKOPUCTaHHS EHEPreTUYHOTO Ta YaCTOTHOIO PECYpPCiB KaHamniB TenekoMyHikauin.

MeTta pocnipxeHHA. [onoBHUM 3aBAaHHsIM poboTW € aHania NpoAyKTMBHOCTI AUCKPETHOrO KaHamy 3B’si3Ky Yepe3 BUSIBIEHHS
3aKOHOMIpHOCTEeW NoBeAiHKN AOCTOBIPHOCTI 4EMOAYINIbOBAHUX CUrHaniB 6araTtonoanuiiHoi MaHinynsauii npy BUKOPUCTaHHI HAAMMLLKOBKX
3aBafoCTIiNKNX KOAIB.

MeTtopuka peanisauii. OuiHka NponyckHOI 34aTHOCTI Ta NOLYK eKCTpeMyMy NpPOAYKTMBHOCTI BEAYTbCA B YMOBax MOCTYNOBOrO
36inblUEHHs WBUAKOCTI nepeaayi cuMBorni. MoTeHLiMHa 3aBafOCTINKICTb OLIHIOETLCS 3a4aHUM 3HAYEHHAM IMOBIPHOCTI NOMUIIKU PGit Y
KaHani nepegaui 3i ctanvmu napameTpaMmu npu BnnuBi nykTyauinHoi 3aBagu Tuny Ginoro rayccoBoro LyMy, sika JOCAraeTbcs 3a pa-
XYHOK KOperyBaHHsi JOCTOBIPHOCTI Ha BUXOAi AeMoaynsaTopa 3a LONOMOro 3aBafoCTilKoro Koay.

PesynbTatn gocnimxeHHsi. AHani3 3anexHocTew MPOMNyCKHOI 34aTHOCTI Ta NPOAYKTMBHOCTI 6e3 KogyBaHHSA Ta 3 KOQyBaHHAM
CcuUrHaniB pi3HOI KpaTHOCTI MaHiNynsAUil Noka3aB HasiBHICTb eKCTPEMYMY 3a BigmnoBigHNX eHepreTUYHUX yMoB Y KaHani. MNpu ubomy B Touui
ekcTpeMmymy curdHanm QAM-16 € npoayKTUBHIWMMK, HixX curHanm QAM-64. Lle cBigunTb Mpo pauioHanbHICTb BUKOPUCTaHHA CUrHanis
QAM-64 y mano3oHanbHux 6e3npoBogoBux cuctemax (Hanpuknag, LTE), Ha BiamiHy Big curHanis QAM-16, siki gouinbHO 3acTocoByBa-
T B KPYNHO30HanNbHWX 6e3npoBoAoBUX cnuctemax (Hanpuknag, UMTS).

BucHoBkW. HaiiebekTVBHiILLE BUKOPUCTaHHSI EHEPreTUYHNX | YacTOTHUX PeCcypciB KaHaniB 3B’S3Ky CMOCTepiraeTbCA B TOYL eKc-
TPeMyMy NpOAYKTUBHOCTI 38 TOYHO BM3HAYEHWX 3HAYeHb LUBWMAKOCTI NepeAaBaHHs, TOMY Y BUMAAKy 3HAXOMKEHHS 3niBa Bid Makcumymy
AouinbHo 36inbLuyBaTV WBUAKICTE Nepeaadi CMMBONIB, @ y BUMNAAKy 3HaxXOOXXEHHS CnpaBa Bif MakCHMMyMy MOXHa 3MEHLUMTW eHeprito
curHany.

KnioyoBi cnoBa: nponyckHa 34aTHICTb; MPOAYKTUBHICTL KaHarny; VWMOBIPHICTb MOMUMKW; 6araTono3uuiviHi CUrHanu; ekcTpemymu
NPOAYKTUBHOCTI.

JI.A. Ypbisckuii, A.B. MowwuHckas, C.H. BepryH

AHANW3 NMPOV3BOAUTENIBHOCTU MOMEXOYCTOWUY/BbLIX CUCTEM MEPEOAYM OINCKPETHOW MHOOPMALINA

Mpo6nemaTtuka. HeobxoaumocTb a¢hheKTUBHOIO NCMOMNb30BAHUSI AHEPreTUHECKOrO M YacTOTHOTO PEeCypCOB KaHaroB TereKoM-
MYHUKaLWIA.

Llenb uccnepoBaHums. [nNaBHoN 3agayert B paboTe BbICTynaeT aHanu3 npon3BoAMTENbHOCTU AUCKPETHOIO KaHana CBA3u nytem
BbISIBIIEHNS1 3aKOHOMEPHOCTEN MOBEAEHUSA OOCTOBEPHOCTU OEMOAYNMPOBAHHBIX CUTHANIOB MHOMOMO3ULMOHHON MaHWUNynsaumMn npu uc-
Nonb30BaHUM N36bITOYHBIX MOMEXOYCTOMYMBBLIX KOLOB.

MeTtoguka peanusaumm. OueHka NponycKHOW CNOCOBHOCTU U MOUCK 3KCTpEMyMa NPOU3BOAUTENBLHOCTU BEAYTCS B YCIIOBUSX NO-
CTEMNEHHOro YBENMYEHUsI CKOPOCTU Nepedayn CUMBOSOB. [MoTeHumanbsHas NoMexoyCTOMYMBOCTb OLIEHMBAETCS 3a4aHHbIM 3HAYEHUEM
BEPOSTHOCTU OLUMOKU Pg,r B KaHamne nepegadu ¢ NOCTOSHHbIMW NapaMeTpaMu npuv BnvsiHUM dnykTyaumoHHoW nomexu Tuna 6Genoro
rayccoBoro Liyma, KoTopasi AOCTUraeTcsi 3a CHET KOPPEKLMU JOCTOBEPHOCTM Ha BbIXOAE AeMOAYNATopa C MOMOLLbK NMOMEXOYCTONYMBO-
ro koga.

Pe3ynbTaTthl nccnegoBaHus. AHanM3 3aBUCUMOCTEN MPOMYCKHOM CMOCOOHOCTU M NMPOU3BOAUTENBHOCTM 6e3 KoaMpoBaHUS 1
C KOOMPOBaHMEM CUTHArNOB PasfMYHOM KPaTHOCTM MaHUMyMsuMM nokasan HanuyvMe 3KCTpPeMyMa Mpu COOTBETCTBYHOLLMX 3HepreTndec-
Kux obcToaTenbcTBax B kaHane. [pu aTom B Toyke akcTpemyma curHansl QAM-16 asnsiotca 6onee nNpoaykTUBHBIMU, YEM CUrHasbl
QAM-64. 3710 cBMAETENLCTBYET O paLMOHaNbHOCTU UCMonb3oBaHus curHanoBs QAM-64 B manosoHanbHUX 6ecnpoBodHbIX CUCTEMax
(Hanpumep, LTE), B otnnume ot curHanoB QAM-16, koTopble Lenecoobpas3Ho NPUMEHSTb B KPYMHO30HanNbHUX 6ecnpoBOAHbIX cucTe-
max (Hanpumep, UMTS).

BbiBogbl. OpheKkTVBHOE UCMONb30BAHNE IHEPreTUYECKUX U YaCTOTHbIX PECYPCOB KaHanoB CBA3W HAOMNoOaeTcss B TOYKE 3KC-
TpeMymMa NpOU3BOAUTENBHOCTM MPU TOYHO OMNpPEAENEHHbIX 3HAaYEHUSIX CKOPOCTU Nepeaayn, No3TOMY B Crydae HaxoXAeHWs crieBa oT
MakcuMmyma LerecoobpasHo yBenuyvMBaTb CKOPOCTb Mepedadn CYMBOJIOB, @ B CIlyvae HaxoXAeHWs crpaBa OT MakCMMyMa MOXHO
YMEHbLUNTbL SHEPTUIO CUrHana.

KnioueBble cnoBa: npornyckHasi CnocobHOCTb; MPOM3BOANTENBHOCTb KaHarna; BEPOSTHOCTb OLMOKW; MHOTOMO3NLMOHHBLIE CUTHa-
Ibl; 9KCTPEMYMbI MPOV3BOAUTENBHOCTMU.

PexomeHnnosana Panoro Haniiiiuna oo pemaxuit
IHCTUTYTY TeTleKOMYHIKaILIIHHUX CUCTEM 22 ciung 2016 poky
HTYY “KIII”



