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1 KIACU®IKAIIA CUCTEM 3 POSIIMPEHUM
CIIEKTPOM

PosmmpenHs cnektpa mpencTtaBisie cobor Meton (popMyBaHHS
CHUTHAJTy 3a JIOTIOMOTOI0 JTOJTATKOBOI CTYTIeHI MOMYIIALI, Ska 3a0e3medye He
TITBKY PO3IIMPEHHS CIIEKTpa, ale W Mocia0ieHHsl HOoro BIUIMBY HA 1HIMI
curHanu. [lpu 1mpoMy pgomaTkoBa MOIYJSLisS HISIK HE TIOB’si3aHa 3
HOBITOMJICHHSIM, 110 TIEPEIAETHCSL.

Ane monmiOHe PO3MIMPEHHS CMYTH HE JI03BOJIAE TOCTAOWTH BILIHB
aauTUBHOTO Oinoro rayciBcbkoro mymy (ABI'IH), sk me, Hampukiam,
BiIOYBa€ThCSI MiJ 4ac MIMPOKOCMYTOBOI 4acTOTHOT MOAysawii. OCKiIbKA
cHCTeMaM 3 pO3MIMPEHHM CHEKTPOM HE MpUTaMaHHI BIACTHBOCTI
OpUAYIIEHHs] BIUIMBY OLIOT0 IIyMy, TO HEOOXiJHO BH3HAYHTH IX
MOTEHIIIHHI TIepeBart.

Jlo mepeBar cucTeMm 3 PO3IMIMPEHUM CIIEKTPOM HEOOXiTHO BiIHECTH
Taki BacTuBOCTI [1]:

1) migBHIIeHa 3aBaAOCTIHKICTH,

2) MOXJIMBICT peaiizaimii 0araToCTaHI[HHOTO (MHOXHHHOIO)
JIOCTYITY Ha IMiJCTaBi KOJOBOTO PO3/IiICHHS KaHAIB;

3) eHepreTUYHA CKPUTHICTH 3aBASKH HU3bKOMY PiBHIO CIIEKTPAIBHOT
HIUIBHOCTI MOTY>KHOCTI;

4) BUCOKa pO3iJIbHA 3ATHICTH i/l YaC BUMIPIOBAHHS BiIai;

5) 3axXMILEHICTh 3B’ SI3KY;

6) MOXKITMBICTh IPOTH/IISATH BIIMBY HABMUCHHX 3aBa];

7) migBUIIEHA MPOIMYCKHA 3/IaTHICTh 1 CIeKTpaibHa e(DEeKTHBHICTH Y
JeSKUX CHCTEMaX CTUTFHHKOBOTO IEPCOHAIIBHOTO 3B’ SI3KY;

8) MOCTynoBe 3HWKECHHS SKOCTI 3B 3Ky IIiJi 4Yac 30UIbIICHHS
KUTBKOCTI KOpPHCTYBadyiB, IO OJHOYACHO 3aiiMalOTh OJMH 1 TOH JKe
pajiokaHa;

9) HM3bKA KOIITOBHICTH peai3ailii;

10) HasiBHICTh Cy4acHOT eJeMeHTHOT Oa3H.

MoskHa BIJI3HAYUTH, IO PO3MIUPEHHS CIEKTPY I1HPOPMAIIITHOTO
curHaily BifgOyBaeTbcs B YCIX CHCTEMax, SKi peali3yloTb METOJ
MHOKHHHOTO JIOCTYITY i3 KOJ1IoBUM po3aiieHHsM kananis (CDMA).

B3zaraini cuctemu i3 pO3LIMPEHHSM CHEKTPY BiAPI3HSAIOTHCA TaKUMHU
ocoOsmBOCTAMH [2]:

— CUTHAJI 3aliMa€ CMyry 4acToT, IO 3HA4HO OiiblIa 3a /Jiana3oH
4acToT, MpuTaMaHHui iHGopmaiiHoMy curnany. Lle mpu3BoauTs 10 BHUIIIE
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BU3HAYEHUX I[IepeBar, cepel SKUX MOXHa BIJ3HAYATH ITiJBUIICHY
3aBaJIOCTIMKICTh /IO 30BHIMIHIX (MIKKaHAJIBHUX) 1 BHYTPINTHROKAHATHHIX
3aBaJl i, BIaCHE, MOXKJIMBICTh peatizallii MHOKUHHOTO JIOCTYITY;

— PO3LIMPEHHS CMYTH YacTOT JIOCATA€THCS 32 PaxyHOK aIpecHOro
KOy, KA aOCONIOTHO HE 3aJIeKUTHh Bifl 1HPOPMAIIHHOTO CHUTHANY, IO
CYTTEBO BINPI3HAETHCS BiA IHIMNX BUAIB MU(PPOBOI MOMYIALIi, AN SKAX
PO3LIMPEHHSI CIEKTPY BinOyBaeTbcad 3a PAaxyHOK MOIYJSLIi HECydoro
KOJIMBaHHSA iH(QOpPMAaIifHAM CUTHAJIOM;

— Ha IPUHUMAaIFHOMY OOl KOXXHOMY KOPHCTYBa4€Bi TAK0XK HATAE€THCS
BIJMOBIAHMN aJipecHUil KOJ, IO 32 YMOBU CHHXPOHHOTO NpUHOMY Hajae
MOJJIMBICTh MPUHHATH KOPUCHHH CHTHAJ BiJ] KOHKPETHOTO aOOHEHTa B
MeXax CIIJIBHOTO YacCTOTHOTO PeCcypCy, SKHH BHUKOPHCTOBYETHCS
0JTHOYAaCHO OaraTbMa KOPHCTYBadyaMHU.

Jis  migBWINEHHS ~— 3aBaJOCTIMKOCTI y  CTaHIaprax,  IIo
BUKOPHUCTOBYIOTE MeToZ, CDMA, 3acTOCOBYIOTHCS —TICEBIOBUIAIKOBI
nocimosHocTi (IIBIT) abo xomm.

e o3Hauae, mo koI XO04a 1 BWIVIAZA€ BHIAJAKOBUM, alleé BiH €
netepMiHoBaHUM. [leTepmiHOBaHICTh KOAy HEOOXimHa i 3a0e3medeHHs
MOJIMBOCTI y TpHWiMadi BiITBOPUTH came el Koa 1 B3HiACHUTH
CUHXPOHHUU MPUIOM KOPUCHOTO CUTHaly. Takuil ICeBI0-BUMTAIKOBUM KO
1le OTPHUMAaB Ha3BYy TICEBIOIIYMOBOTO Koy (aHrimiticekoro pseudo-noise —
PN kom).

Tob6to, CDMA npoTOKOJIM MPEACTaBJISIIOTh KJIAC MPOTOKOJIB JIJIs
SKUX MOXIIMBICTh peaizaiii MHOXXUHHOTO JOCTYIY  JOCATa€ThCs 3a
JIOTIOMOTOr0  KoayBaHHS. OCKUIBKM MIMPUHA CIEKTpa 3aKOJ0BaHOTO
curHaimy oOupaeThcss Habarato OUTBIIOD 3a CIHEKTp iH(QOpMaIiiHOTO
CUTHAITy, TO IMPOIeC KOJYBaHHS MPU3BOJAUTH JIO CYTTEBOIO PO3LIMPEHHS
CIeKTpa TOpIBHAHO 3 iH(OpMAIIfHUM CHUTHAIOM, 1 TaKHld METOJ
TPAKTYETHCS SIK MOJYJIAIISl 3 pO3MMPEeHHsIM crekTpa (spread spectrum —
SS).

PesynpTyrounii curHanm TakoX Ha3MBalOTh CHT'HAJIOM 3 PO3UIMPEHUM
cnektpoM (SS curHam) i CDMA 1npoTOKONIM YacTO HAa3HBAKOThH
MPOTOKOJIAMH MHOKMHHOTO JIOCTYITy 3 PO3LIMPEHHsM criekTpa (SS multiple
access protocols — SSMA).

IcHye pexinpka MOIYNSIIAHUX TEXHOJNOTiIH Ui TeHeparii SS
curHaniB. Knacudikamis SSMA ab6o CDMA nOpoTOKONiB  MOXe
NPOBOJIMTUCS 32 JIBOMa pPI3HHUMHU O3HAKaMHU: MO-TIepIle, Iie, BiacHe. 3a
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NPOTOKOJIAMH, IO BHKOPHCTOBYIOTBCS, a, MO-Ipyre, 3a THIOM
MOIYIISALIHHOT CXEMH.

Knacudikarmis 3a mepmioro 03HAKOI Aa€ JBi TPYNU MPOTOKOJIB —
yCepeIHIOIYN CHCTEMH 1 CHCTeMH 13 3amobiranusm [3].

VYcepenHioodi CHCTEMH 3MEHIIYIOTh BIUIMB 3aBaj [UIIXOM iX
yCepeqHEeHHS 3a [OCTaTHhO BEIWKWU iHTepBanm dacy. Cucremm i3
3ano0iraHHsIM 3MEHIIYIOTh BIUIUB 3aBa]] IIISIXOM iX YHHKHEHHS BIPOJIOBK
JOCTaTHBO BEJIMKOTO 1HTEPBAY Hacy.

Kimacudikamis SSMA ab6o CDMA 1poTOKONIB 3a METOIOM
MOYJISIIT JO3BOJISIE BUAUIMTH I’ ATh TPYI MPOTOKOMIB [3, 4, 5]:

— PO3MIUPEHHS CIEKTPY MPSIMOI0 MOCIIJOBHICTIO (aHTJIIHCHKOIO
DSSS — direct sequence spread spectrum) abo mpsiMe pO3IIUPEHHS CIIEKTPY
3a JIOMOMOTOI0 TICEBAO-BHIIAAKOBOI mociigoBHOCTI (PN-komy), Takox
MOIMBe BUKOpucTanHs TepMminy DS-CDMA texHouoris,

— PO3IIMPEHHS CIeKTpa 3a JOIMOMOTOI CTpUOKiB mo yactoTi FHSS
(Frequency Hopping Spread Spectrum). 3okpema, METOA pPO3MIHPCHHS
CIICKTPY 332  JIONIOMOTOK  TOBUIBHMX  CTPHOKIB 10  YacTOTI
BUKOPHUCTOBYEThCH y cTaHAapTi GSM uis minBUINEHHS 3aBaJIOCTIHKOCTI i
00pOTHOM 3 peNeiBCEKUME 3aBMHPaHHIM,

— PO3ILIMPEHHS CIEKTpa 3a A0MOMOrow ctpudkiB y yaci THSS (Time
Hopping Spread Spectrum); curHan mepenaeTbes Yy BH3HAYEHUX YaCOBHX
iHTepBanax (BikHax a0o cJoTax), SKi BUHHKAIOTh IICEBIOBUIIAIKOBO, a HA
npuiiManbHOMYy OOIll CHHXPOHI3yeTbcs poOOTa mpuiimMaya came JUist
KOHKPETHHMX YaCOBHX BIKOH;

— JTIiHIl{HA 9aCTOTHA MOYJIsAMis curHaiiB (chirp modulation);

— KOMOIHOBaHI METOJIN PO3IIUPEHHS CIIEKTPY.

3  mux nOpoTokomB  TexHojoris  DSSS  BigHOCHTBCH 710
ycepeaHoYnX SS TpOTOKOMiB. ['iOpHIHI TEXHOJOTIl TaKOXK MOXYTh
BITHOCHUTHCSL JI0 YCEPETHIOIOYMX TIPOTOKOIIB, fAKIIO, sSK merom DSSS
BXOAWTH MK CKJIaJoBa JI0 BiacHe TiOpuaHoi cucremu. OOuaBa BUAH
kiacudikaiii HapeaeHi y Ta0mumi 1.1.

VY cucremax 3B’S3Ky 3 PYXOMHMH OO’€KTaMu 1 O€3NpOBITHHX
JIOKaJbHUX MEpeXkax LIMPOKE 3aCTOCYBaHHS 3HAXOISATb METOAM HPSIMOTO
PO3LIMPEHHS CIEKTPa, 3 MePECTPORKOI0 YaCTOTH 1 PO3IIMPEHHS CIIEKTPa 3
KOHTPOJIEM HECYYO].
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Tabmums 1.1 — Kinacudikarmis SSMA mpoToKoITiB

DS FH TH Jliniiina lopumni
YacTOTHA
MOTYJISIITIS
3 ycepeIHeHHIM * *
13 3ano0iranusam * * * *

2 AHAJII3 METOAIB PO3IIMPEHHS CIIEKTPA 3A
THUIIOM MOAYJAHNINHOI CXEMHA

2.1 Po3mipeHHs cieKTpa NPSIMOI0 MOCTiI0BHICTIO

Jus DS-CDMA npoTtokouiB iHpOpMamiifHAi CUTHAN (CUTHAJ TaHUX)
0e3nocepeIHb0 MOJYJTIOETHCS ITUPPOBUM KOJOM. CHrHaJl JaHUX MOXKE
OyTH SIK aHAJIOTOBHM, TakK i IU(poBUM. Y OIMBIIOCTI BHIAAKIB CHUTHAI
JMAHUX TIONA€ThCS Yy NHU(POBOMY BUIJIAI 1 Yy TaKOMy BHIIAIKy BiH
0e3mocepeHbO MEPEMHOKYETHCS 3 KOJIOBHM CUTHAJIOM, a BXKE OTpUMaHHUN
PE3YNBTYIOUUI CUTHAI MOJYIIOE IIUPOKOCMYTIOBY Hecydy. Came 3 Takoro

anroputMy po0OoTu — Oe3MoCepeqHbOT0 MEPEMHOXKEHHS, LeH MeTox
orpuMmaB Ha3By DSSS — posmmupeHHs choekrpa METOJOM MpPAMOi
HOCJIIIOBHOCTI.

Ha puc. 2.1 300pakeH0 MOXIJIMBHN BapiaHT pealizailii CTpyKTypHOI
cxemu nepeaasaya it metoay DS-CDMA [4].

Ax BugHo 3 puc. 2.1 y DS-CDMA cucremi BinOyBaeTbcs
JBOXCTYIIEHEBA MOJYJISMisA. 3 METOI0 CIPOINEHHS aHali3y PpO3TIISTHEMO
Oe3nmocepeHbO IS PalioYacTOTHOI MOJYJIAIIl HAWMpOCTIIMA  BUJ
mudpoBoi MoayIsLii — OiHapHy ¢dazoBy MaHimyswito (BPSK).

Toni MoaynboBaHWI Ha MEpIIOMY €Tami pafioCHTHal 3a METOI0M
BPSK, skuit mae motyxuicte P 1 mocTiiiHy 0OBigHY, MOKHa MOJATH Y
TaKkoMy BHTJIsiI [4]:

s, (t)=~/2Pcos[w,t + 0, (t)], (2.1)

ne 0, (t) —indopmarniiina Moxynamis dasu.



s(t)=w“2?x(t)g(t)cosmut
Indopmanifinmii

curaan x(t — - -
© Moayastop sx(t)=V2P x(t)coswit |LInporocmyrosa
}iﬂHHX > KOo/0Ba
MOIYJISILLS
7P t
2Pcosat &)
I'eneparop I'eneparop
Hecyqoi KOIY

Pucynok 2.1 — CtpykTypHa cxema rnepeiaBaya CUCTEMH 3
PO3IIUPEHHSIM CHeKTpa 3a MeTogoM DSSS

Ha nmpyromy erami BimOyBaeTbesi, BIacHe, MpOLEAypa PO3MIUPEHHS
cnekrpa. Komoa mocmifoBHicTh ¢(t) ckimagaeTscst 3 BEMUKOT KiTBKOCTI
KOZIOBaHWX CHMBOJNIB, fKi MOXYTh TpHAMaTH 3HaueHHa +1 abo -1.
OcCkimbKA TIi KOIOBI CHMBOJHM HE HecyTh Hiskoi iH(opmamii, TO ix
Ha3UBAIOTh AMCKpPETaMH a0o0 “yinmamu”.

Hust Toro, mo0® OTpUMaTH HEOOXiJHE PO3UIMPEHHS CHEeKTpa
MOJYJIbOBAaHOI'O CHTHANy, MIBUAKICTH IOBTOPEHHS YilliB MOBHHHA OyTH
HabaraTo OUIBIIOIO 33 MIBUIKICTh Niepeadl iHhOpMaIiiHOrO CUTHAIY.

[Micns Momynsuii po3MIMPIOIOYMM KOJOM 3 TOCTIHHOIO OOBiIHOIO
PE3YIbTYIOUHI CUTHAJI MOXKHA TIOAATH SIK:

S, (t)=+/2Pcos[myt + 0, (t)+ Og 1. (2.2)
e 99 (t) — nomatkoBuit (ha3oBUil 3CyB, IO BHHHKAE B pPE3YJbTATI

MOJYJISINIT  pO3IIUPIOIOYMM KozoM. ToOTo, ¢aza curHanmy, skuidi Oyjue
nepeaBaTUC depe3 KaHal 3B’SI3KY, CKJIAIA€ThCsl 3 JMBOX KOMIIOHEHT -
0, (t), sxa BinnoBigae MoxyapoBaHUM 32 MetogoM BPSK nannmy i Og (1),

110 BUHUKAE Yepe3 3aCTOCYBAHHS PO3IINPIOIOYOTO KOLY.

Sx mnpaBuno, mortik iHQopMamiiianx Oitr s Mmeromy BPSK
nepeTBoproeThes 10 (opmary NRZ 6e3 mocTtiiHOI CKimajgoBoi, TOOTO
MOJA€ETHCS Y BUTIISIAL IBOTIOJIIPHOT HOCIIIZIOBHOCT] iMITYJIBCIB 3 piBHSAMH +1
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i -1. Tomi cam mpomec MOAyNSAMmii peadi3yeThCs MUIIXOM IPOCTOTO
TIEPEeMHOXKEHHS JaHuX y popmari NRZ 1 curHaimy Hecydoro KOJTUBaHHS:

s, (t)=~/2Px(t)cosgo,t). (2.3)

B pesynprari Takoi omepamii BinmOyBa€Tbcs MUTTEBa 3MiHa (pasm
MOJIyJIbOBAaHOTO KOJHMBAHHA Ha T pajiaH BIIHOCHO HECYYOT'O KOJMBAHHS
BiJIIOBITHO 110 iH(QOPMAIIHHUX JaHHX.

SIKIO pO3MUpPIOI0Ya IOCIIJOBHICTE TaKOX IOJAEThCs y (opMaTti
NRZ, 10 pe3ynbTyl0uuii CUTHaJ MOKHA 3alUCATH SK:

s, (t)=~/2P - x(t)-g(t)cos(,t). (2.4)

Amnami3z Bupasy (2.4) mo3Boinsie 3pOoOWMTH BHCHOBOK, IO IIPOIIEC
nBoxcryneHneBoi monyusaiii st DS-CDMA cuctem Moxe poO3IisfaTucs
K TIepeMHOKEHHs iH(opMamiiHoro moToky X(f) 3 po3IUPIOI0Y0I0
nociigoBricTio g(t) 1 HACTYMHOI MOMYJSIIEI0 HECYyd4Ooi OTPHMaHUM
currajiom (puc. 2.2).

s(t)=V‘2FX(t)g(t)cosmut

X(t
® .;/><\ HupokocMmyroBuii
MOAYIATOP
F Y
g \IQ_PCOSUJ(I
I'eneparop I'eneparop
PN-xonmy Hecy4ol

Pucynok 2.2 — Jlpyruii BapianT mo0y1oBu nepeaBava
DS-CDMA cucremu

Pesynprytounii DS-BPSK' curnan, sixuit ¢popmyerbest y nepenasadi
300pakeHo Ha puc. 2.3.
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ludopmauiitni Gitn

PN-koj1

[apopmaniitni it x PN-kox

-

Koposaunii indopmariiiinmii curaan
3 PO3IIMPEHUM CHEKTPOM

NV\A NW\ ¢ BPSK monynbosanuii
W W T e

Pucynok 2.3 — Enropu CUTHAMIB TSl CHCTEMH 3 PO3IIUPEHUM CIIEKTPOM 1
BUKOPHCTaHHSAM MeToay Moayssiiii BPSK

3 aHanizy puc. 2.3 BUXOIUTH, 110 3a OJUH iH(HOpMaLiHHUA CUMBOI
nepenatothest 10 komoBUX dimiB (MIBHAKICTH TEpeaBaHHS dYilmiB s
HaBeZieHOTO Tpukiany y 10 pas3iB Oinblna 3a IMBHAKICTH TepeqaBaHHS
iHdopMarii 1 BiAMOBIAHO KOe]iIiEHT pO3MHPEHHS CIEKTpa y JTaHOMY
BUTIAJIKY piBHAETHCS 10).

HeoOxifHO BiA3HAYMTH, IO JJISI pEATbHUX CUCTEM 3 BUKOPUCTAHHSIM
DSSS koedinienT po3mupeHHs (A7 LbOTO MapameTpy BUKOPHUCTOBYIOTH
TaKo)K TepMiH Burpam o0pobku G), obmpaeTscs HabaraTto OiTBITHM
(30kxpema, mas cranaapTy 2G cdmaOne 3HauenHss G oOpaHo piBHEM 128 )
[2].

PosrnsiHemMo  mpouec  po3IIMpPEHHS CHEKTpa 3 TOYKU 30Dy
dhopmyBaHHs (Pa3u paaiogacTOTHOIO KOJHUBAHHS.
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[Ipumyctrmo, mo nepeTBopeHHs iHQOpMamiifHuX OiTiB 70 hopmary
NRZ BinOyBaeThCs 32 anTrOPUTMOM, SKOTO HaBeAeHO y Tabmmili 2.1.

Tabnuus 2.1 — AnroputwM BioOpakeHHi OiTiB

JIBitikoBe 3HaUeHHs iHGOpMamiifHnX | 3HaYeHHS eNEeKTPHYHOTO IMITYIIBCY
OiTiB
0 +1
1 -1

Toni mepmmit eran DS-BPSK momymnsiii Moxke po3riisigaTvcs sK
pe3yiabTaT JIOAaBaHHA 3a MOAyJdeM 2  JBiMKOBOi  iH(opMaIiiHol
MOCIIIOBHOCTI 1 JBIMKOBOI pO3MUPIOIOY0I mochigoBHOocTI. et mporec
NPOJICMOHCTPOBAHO Ha puc. 2.4 [4].

a)  x(t) 1 0

010100011 01011100110000 1

o w UL LI )

On0n000nnO0n0annn00ann 0000mR

1010111001011 1T1T0011000°0°1

B x(te() | L

N ()+0:(t) T0n0nnn00nO0rxnann00nx0000TS

Pucynok 2.4 — Ilpuxmnaj po3mypeHHs CIIEKTpa METO0M MPSIMOi
MIOCIiTIOBHOCTI

Ha puc. 2.4 a) noka3aHna /BilikoBa iH(opMalliiiHa mociI0BHICTh Ta 11
€KBIBAJICHT y BUIVIAAI OINOJSPHOTO IMIYJbCHOrO curHainy X(t) (dbopmar
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NRZ). IleperBopenns nBifikoBux mganux mo (hopmary NRZ BinOyBaeTbcs
3TiTHO 3 aITOPUTMOM HaBeIeHUM y Tabmumi 2.1.

Ha pwuc.2.406) HaBeieHO MONJIMBHI BapiaHT PO3LIMPIOOYOT
nocmigoBHocti  g(t) 'y Qopmari NRZ (GimonmsipHuii  eKBiBaleHT).
Pe3ynpTyrounii cUTHaN SK pe3ynbTaT JIOAaBaHHA 3a MOAyleM 2, To0To, y
MaTeMaTHYHOMY CEHCI pe3yibTaT MepeMHOKeHHs X(t)-g(t) 300pakeHo Ha
puc. 2.4 B). Pesynbryroua mutrTeBa (aza BUXIJHOTO CHTHATY MOIYJSTOpA
npezcTaBieHa Ha puc. 2.4 1).

[pu moxynsamii BPSK 3a Takum anroputmoMm (haza MOAyTp0BaHOTO
KonMBaHHA 0,(t)+04(t) piBHAETbCA 7, SKIIO PE3YJIbTAT IMEPEMHOKEHHS
x(t)-g(t) piBusieTbest -1 (abo cyma 3a MoayneM 2 iHpOpMaLiiHUX JaHHX i
PO3IIMPIOIOYOT TTOCTITOBHOCTI PiBHSIETHCS JIOTI9HI OWHUAIIL).

Bigmorigno ¢asza Momyanr0BaHOTO KOJMBaHHS HaOyBae 3HadeHHs O,
SKIIO pe3yNbTaT mepeMHokeHHa X(t)-g(t) =1 (abo cyma 3a momymem 2
iHQOpMaIiHHUX MaHWX 1 PO3MHUPIOIYOi TIOCTIIOBHOCTI PIBHAETHCS
JIBINKOBOMY HYJIIO).

SIKIIO MOPIBHATH €MIOPU CHTHAMIB puc.2.4 a) i puc.2.4 B), TO MOXKHA
3poOUTH BUCHOBOK MPO BIIACTUBICTH TEBHOI ‘‘CKPUTHOCTI” CHUTHATIB 3
po3mMpeHnM CcrHekTpoM. JlificHO cHrHam 3 pO3MIMPEHUM CHEKTPOM
MPaKTUYHO MICTHTh y c00i CXOBaHMH iHQOpMaIiiiHuii curHan gaHux X(t).
Ane Bi3yallbHO JOCTATHBHO CKJIAJHO BHIUIMTU 1H(GOpMaLiiHU curaan x(t),
SKHUI MTOBLUIBHO 3MIHIOETHCS y Yaci, Ha (OHI 3aKOJOBaHOI IMOCIiJOBHOCTI 3
Ha0araTo OUIBIIOIO IIBHUIKICTIO.

OueBHIHO, 1[0 TOYHO TaK OyJ]ie CKJIAJHO BUIUIUTH iH(GOpMAIiHHMI
CUTHaJ y TpuiiMadi, SKIIO He OyJe TOYHO BifjoMa TOCITIJOBHICTH, SKa
3aCTOCOBYBAJIacs i/l Yac PO3IMIMPEHHS CHEKTPA.

Pesynbryrounii  curman  X(f)g(t) 3 pos3mmpeHuM CHEKTpOM 3a
JIOTIOMOTOI0  TIEPEeTBOPIOBaYa 4YacTOTH (3MilllyBada) IEPEHOCUTHCS Ha
po0ouy YacToTy KaHaiy.

MoxHa BiJI3HAYHTH, IO XO4Ya TEPETBOPEHHS YaCTOTH, SIK y OiK
30UIBIICHHS YaCTOTH, TakK 1 y OiK 3MEHIIICHHS Palio4acTOTH, JIJIs OLIBIIOCTI
CHCTEM €, K MpPaBUJIO, HEOOXiAHUM IpOLEecOM, ajie Led eram AJsl aHOoi
TEXHOJIOTII HE € BU3HA4YalOYUM. TOMY MoJasi MOJKHA BBaXKaTH, 10 CHHTaJl
X(t)g(t) mepemaerbes Ha TMPOMIDKHINM 4aCTOTI 1 MIJACHCTEMH TEPETBOPEHHS
YacTOTU BHJIYYHMO 3 aHAIII3Y.

Toni MokHa BBakaTH, 110 A0 BXOAY NpHiiMauya HAAXOAUTH cymMa M
HE3aJIe)KHUX CUTHANIB 3 PO3IIMPEHUM CIIEKTPOM , SIKi 3aliMarOTh OJHY i Ty
K cMyry dacrtor [1]:
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(=) 0,050+ 10 +n0), (2.5)

Je M — 4HCenbHICTh 0JJHOYaCHO aKTUBHHUX KOPHCTYBAYiB;
g(t) — I1BII i-toi mapu nepeaaBay-npuiimay;
s(t) — Moy IbOBaHMIT CUTHAT,
I(t) — 3aBama (HaBMHCHA abo BiIacHa);
n(t) — agutuBHMiT Oinwii rayciBebkuil nrym (ABIIL).

CTpykTypHa CcXeMH mphiiMada Takoi CHCTEMH 300pakeHa Ha
puc. 2.5.

VY npuiiMayi KOpUCTyBa4a, AJsl SIKOTO MPHU3HAYCHO IMOBiJOMIICHHS,
(GopMyeTbcsi CHHXpOHI30BaHWil y dYaci nceBroBumankoBuii curaan ((t),
SKnil 3a0e3medye 3BOPOTHY HPOLENypYy — CTHCK CHEKTpa i MpeACTaBisie
TouHy Korito curHany [1BI1 Ha mepenaBansHOMY OOIIi.

- T i ay ST
Manomrymmeuii Hepersopﬁmnd 1 Kopenatop —
migcHmoRay YaCTOTH “'yHH3 _
CumyTOBHi r(t) CumyToRHit PSK \
H : —
binbrp (ineTp JEMOYJIATOP

Cunresarop| ['eneparop
HacToT PN-koay

Pucynok 2.5 — CtpykTypHa cxeMa npuiiMava CHCTEMH 3 TIPSIMHUM
PO3LIMPEHHSAM CIIEKTPa

OTtpumaHuii micist CTUCKY cHeKkTpa By3bkoCMmyroBuii PSK curnain ne
MOIYJIIO€ThCsl. Ha mpakTuii MOXIMBE 3aCTOCYBaHHS 1HIIMX BHIIB
monyisinii, Hanpukian, QPSK, MSK, GMSK, GFSK i . in.

Sxmo oOpano ancam6ib HekopenboBanux curHaiis [IBII, To micms
omeparii CTHCKY CIEKTpa 30epira€TbCs JIMIIE MOAY/IbOBAHUN KOPHUCHHMA
CUTHaJI. Yci iHIII CUTHAIM, 3aJMIIAI0YNCh HEKOPEIbOBAHUMHU, 30€piraoTh
HIMPOKOCMYTOBICTh 1 MalOTh HIMPHHY CHEKTpa, IO 3HAYHO MEPEBUIIYE
TpaHUYHY CMYTY MPOIYCKaHHS JEMOYJISITOPA.
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Hemonymsmiss DS-BPSK  curmamy wmoxe Oyrtm mpoBeneHa 3
BUKOPHUCTAaHHSIM KOPESIiifHOT 00poOKH mpuitHsaTOrO curHaiy. Llei mporec
MOYKHa TpPaKTyBaTH SK MOBTOPHY MOAYJSLII0 NPHUHHSATOrO CHUTHATY

CHHXPOHI30BaHOIO PO3LIKMPIOIOYOI0 mocaifosricTio g(t—T.) e T - ouinka

npuiiMayeM 4Yacy pO3IMOBCIO/DKEHHS CHTHAy MK IepelaBadeM i
npuMadem.

3a BiACYTHICTIO IIyMmiB Ta iHTepdepeHmii BUXITHUN CHUTHAI
KOpeJsTOopa MOXKe OyTH MOJAaHUN SIK:

Sas (D)= AV2PX(t-T,)-g(t - T,)g(t- T,)cosfm, (t-T,) + 9(t)]. (2.6)

Ie A — TOCTiiHWIA KoedillieHT, mo BWU3HA4Ya€ KOE(DIIi€HT ITiaCHUICHHS
cuctemu, @(t)- BUMagKoBe 3HAUeHHs (pa3oBoro KyTa 3 mianasony [0, 27).

Ockinpkn g(t)=£1, TO, OYEBHOHO, IO PE3YIbTAT IEPEMHOKECHHS
g(t-TQ)g(t-'i'g) sapkau Oyne pisnsrtucs 1, skmo T, =T_, 106710, W
BUMOTa O3HA4Yae€, M0 y NpHUiiMadi KOJOBHH CHUTHAJI MOBHHEH OYyTH TOYHO
CHUHXPOHI30BaHUM 3 KOJIOBOIO TIOCIIIZIOBHICTIO Tiepe/iaBaya.

Ane, tomi 3 aHamizy (2.6) BUXOAWUTH, IO BHUXIJIHUN CHUTHAI
KOpensiTopa TpPEACTaBIsie COOOI  BY3bKOCMYTOBE  IIPOMOJYJIHOBAHE
iHQOpMAIiIHHUM CHUTHAJIOM Hecy4e KOJIMBAaHHS (32 BUHSATKOM BHITaJIKOBOL
da3u @(t)i yacy 3atpumku T,). Ile o3Havae, 1m0 Ha LOMY eTari BigOynacs

orepariisi 3BOpOTHA JI0 OTepallii po3MIUpeHHs CIIEKTPa Ha MepenaBaIbHOMY
Oori — a came,BiI0OYBCS CTUCK CIIEKTpa.

[licas uporo mMOHOBJACHHS I1H(GOPMAIIHHUX JAaHUX BiJOYBAIOTHCS
3BUYaitHuM nemonyistopom BPSK.

To0To, TakOX MOXKHA CTBEPKYBATH, IO JEMOIYJISIiSI CUTHATY IS
DS-CDMA cucreM BiIOYBaEThCS TAKOXK Yy JIBA €TAIH.

Ilepmmii eram — 1€ CTUCK CIEKTpa NPUHHATOIO CUTHAY, SKUN
BUKOHYEThCS IIIIXOM BU3HAYCHHS KOPEIAlii MPUAHATOTO CHUTHATY 1
CHUHXPOHI30BaHOIO KOITI€I0 PO3IIUPIOI0Y0] TIOCIIIIOBHOCTI.

Hpyruii  eram  peami3yeTbcs 32 JIONIOMOTIOI)  3BHYANHOTO
JIEMOJTYJISITOPa BULY Paio4acTOTHOT MOIYJISIIII.

[ponec nemoaynsiii cUTHAITY 3 PO3IIMPEHUM CIIEKTPOM came 3 00Ky
MOHOBJICHHS (ha3u JIEMOJyJIbOBAaHOIO CUTHany 3a Meromom DS-CDMA
MPOJEMOHCTPOBAHO Ha puc. 2.6.
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Tak, Ha puc. 2.6 a) 300pakeHO CHUTHAI 3 PO3IIMPEHHUM CIIEKTPOM
KU OyJ0 OTPUMAHO Ha BUXOJI MOJYJIATOpa NepenaBaya, a Ha puc. 2.6 0)
MUTTEBA (ha3a OO CUTHAITY 3 PO3IIUPESHUM CIICKTPOM.

Ha puc. 2.6 B) BiaTBOpeHA TOYHA KOMisS KOMOBOI MOCIiTOBHOCTI
§(t) npuiimaua y Burisiai Gpa3oBoro 3cyBy ég (t) (0 abo m), siKa MOBHICTIO

IICHTHYHA KOJIOBI# MOCIiOBHOCTI nepenasayva (puc. 2.4 0).

101011100101:11100110000 1

) x(Vglt) | : L

6)9"(t)+eg([)TEOTEOTETETEOOTEUTIIETETETCOOTE]TUOOUTE

B)  8(t) 07 0x000nn0x0nnrn00nx0000T
r) taanranaannnan.00 000 0000000
X 1 0

Pucynoxk 2.6 — [Ipuxiiag cTUCKY CIIeKTpa 3a METOJIOM MPSIMOi
IMOCIIIHOBHOCTI

Ha pwuc.2.6 1) npencrasieHo mnpoiiec o04ncCaeHHs pa3u CHrHany Ha
BUXO/Ii KOpesiTopa éx (t), sk pe3ynbTar 101aBaHHS ég (t) 1 0x(t)+04(t).

AHaJi3 MUTTEBUX 3HaueHb (ha3u JUIs BUXITHOTO CUTHAIY KOpeasiTopa
éx (t) (puc. 2.6 T) nO3BOJSIE CTBEPIKYBATH, IO MIMCHO BiOYBCS CTHCK

CIIeKTpa TIPUHHATOIO CHUTHAITy, OCKUIbKM MUTTEBE 3HauYeHHA (asu

BIIPOJIOBX TPUBAJIOCT] iH(POpMALIHOTO OiTi 3aIMIIAE€THCS HE3SMIHHUM.
Hpyruii etan gemonyismii (puc. 2.6 1) nependayae MOHOBICHHS

iHpOpMaLliHHUX JaHUX 3 BHKOPHUCTAHHSM 3BHYAaHHOTO JEMOJYJISITOpa

BPSK.
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Ha puc. 2.7 HaBeseHi CrpoIlieH] 9acoBi 1 CIIEKTpaJIbHI JiarpamMmu, 1o
SAKICHO BiZmOOpa)karoTh MPOIECH PO3MHPEHHS 1 CTUCKY CIIEKTpa CHUTHAIIB.
30kpeMa, B HUX BiACYTHil CUTHAJI HECY4Oi YaCTOTH. 30KpeMa, CIPOILICHHS
TPOSIBIISIETBCS Y TOMY, IO B HUX BiJICYTHIM CUTHAJI HECYYOi YaCTOTH.

Inpopmaniitauii curnan,

mwo Moxymoerses Metogom BPSK  D(f), 1b Criexrp inopmaliiinoro cursaiy

d +1—|
-1 | »

—

Crnekrp curnany [TBIT
Curnan T1BIT

fira frat+fr

Curnan, o nepeaacToes CnexTp nicis po3IHpeHns

(ITBTK BPSK curnan)

sonto AR

fiu fuutfutfo

CHrHAI 3 PO3LIHPEHHM CIIEKTPOM, IO
nepeMHoMKeHHii 3 curnanom [1BI1 D(D), ab Cnextp curnany BPSK

g(td(t)x g(t)

S
-l Thb >
—>

il

R=fv=1/Ts -mBuakicTb nepenayi indopmarii 6it/c

f:=1/Tx=Ru -uacToa ciIKyBaHHA IUCKPETIB din/c

Pucynoxk 2.7 — YacoBi i crieKTpajibHi Jiarpam, 1o SKiCHO Bi00OpaKkaroTh
MPOLIECH PO3IIUPEHHS 1 CTUCKY CIIEKTPa CUTHAIIB
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Y mepmomy po3mim Oyno BH3HAYEHO TepeBarw TexHoJorii SS
curHaiiB. HaiOimpm BaXTMBUMH  BIIACTUBOCTSMH 3 TOYKH 30Dy
3actocyBaHHss CDMA TexHomorii MOKHa BBaKaTH TakKi: MOXKIIHUBICTBH
peamizamii MHOXHHHOTO  JOCTYIY, TNPHAYLUICHHS  MIKCUMBOJBHOL
iHTepdepeHtii, mpuIymeHHs] By3bKOCMYTOBUX 3aBaJl 1 B IAPHHI CTBOPEHHS
3aXWIICHNX 3aC00iB KOMYHIKallif — HU3bKa WMOBIPHICTh MEpPEXOIUICHHS
(LPI).  PosrnmsHeMo aeTajibHIille Li YOTHPH BIACTHBOCTI MeTomy DS-
CDMA.

1. Peamizamiss MHOXXHHHOTO AOCTYITy. SIKmio 6arato KOpHCTyBadiB
BUKOPUCTOBYIOTh OJHOYACHO OJMH 1 TOH ’K€ YacTOTHHH KaHal, TO
BIJIIOBITHO BeMKa KiUTbKiCTh DSSS cUrHamiB mepekpuBarOThCs y 4aci i 3a
yacToTor0. Ha  mpuiiManpHOMY OOl  KOTepeHTHa  JEeMOIYJIAIisS
(kopensmifiHuKA NPUHOM) 3aCTOCOBYETHCS Il BHUTATHCHHS KOJOBOI
MOTYJIALI.

Taka 00poOKa T03BOJISIE CKOHIIGHTPYBATH TOTYXHICTh CUTHATYy caMe
BiJl KOPHCHOTO a0OHEHTA Y BY3bKiil cMy3i iH(opMaIitHoro curaany. SIKkimo
KPOC-KOPEJIAIisl MK KOJAOM aOOHEHTa 1 IHIIMMH 33aBaJIOBUMH KOJAMH
MaJla, TO KOT€pPEHTHE IETEKTYBaHHS JIO3BOJSIE Y CMY31 HpOIyCKaHHS
iHQOpMAIiHHOTO CHUTHATYy OTPHUMATH 3HAYHO MEHIINY MOTYKHICTh BiJ
3aBaJIOBMX CUTHAIIB IMOPIBHSIHO 3 CUTHAJIOM KOPUCHOTO a0OHEHTA.

2. [puayuieHHs: MiXXCHMBOJIBHOT iHTEpdEpeHIlii, o BUHUKAE Yepes3
OaraTonpoMeHeBe  PO3MOBCIOJUKEHHS  PamioXBWib. SIKIIO  KOAOBa
MIOCHTIIOBHICTh Ma€ iJiealibHy aBTOKOPEJIINHY (YHKIiIO, TO 3HAYCHHS
KOPEJSIIHHOT (QYHKINT PIBHAETHCS HYIIO 3a Mekamu iHTepBaiy [-T,, T,
ne T, — TpuBaiicTh omHOTO nuckpeTa (uina). Lle o3Hadae, mo y BUMAIKy
KOJIN TIPUMMAIOTHCSI KOPUCHHUIA CUTHAJ Ta HOTrO KOIIif, sIKa 3aTpUMaHa yepes
nepeBiAONTTST Ha iHTepBay Oumbmmi 3a 2T, TO mHpH KOTepEeHTHIH
JEMOIYJIAIIT  3aTpUMaHUil CHTHaJI OyJe po3IJIsAAaTuCs SK 3aBaJOBUH 1
TIIBKM HE3HayHa 4YacTHHA TaKOr0 CHUTHANy IONaae Y BY3bKY CMYTY
iH(pOpMaLliHHOTO CUTHATY.

3. [IpuayiieHHs: By3pbKOCMYTOBOI 3aBaau. KorepeHTHE JIeTeKTyBaHHS
y TpuiiMaui mependavae MEPEMHOXKEHHS NPUHHATOTO CHUTHATY Ha
3reHepoBaHuil y mnpuiimadi PN-kox. Ause, momibHo a0 mponeciB y
nepeaaBadi, NEPEMHOKEHHS BY3bKOCMYT'OBOT'O CUTHAITY Ha
IINPOKOCMYTOBY KOJIOBY MOCTiI0BHICTh PO3LINPIOE CIIEKTp
BY3bKOCMYT'OBOI 3aBajil 1 B pe3yJbTaTi MOTYKHICTh 3aBaAM 3 PO3LIMPEHUM
CIEKTPOM y BY3bKill cMy3i 1H(QOpMAIIfHOTO CUTHAITy 3MEHUIYETHCS Y
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koe(imieHT, SKAW YUCEIHPHO BHU3HAYAETHCS  BHUTpaIieM  oOpoOKu
(xoedimienToM posmupeHHs) G.

4. Hwusbka iiMoBipHicTh mepexomieHHs. Ockinbku DSSS curnan
BUKOPUCTOBYE BECh 4Yac NPAKTUYHO MOBHY HIMPOKOCMYTOBY MOiISTHKY
BUJIUIEHOTO CHEKTPY, TO I MPU3BOAMTH 1O Jy’Ke Mayloi HOPMOBAHOI 3a
YaCTOTOO MIBHOCTI MOTYy)HOCTI (BT/I'mt) . Lle#t dakt cyTTeBO ycKimagHioe
JETeKTyBaHHS TakOro0 CHUTHaly 1 BIANOBIZHO, Mally WMOBIPHICTb
HEePEXOIUICHHS.

Oxpim Buie Bu3HaueHuX BiactuBocrer DS-CDMA mpoTokoan
MaloTh IIe HU3KY OCOOJMBOCTEH, SKi MOXKHA PO3AUIMTH Ha Taki sKi
HAQ/AIOTh TepeBary MeToAy, a TaKOX Taki, fKi MOXXHa BIIHECTH [0
HEZOJIIKIB.

o nepesar metony DS-CDMA MoHa BiTHECTH TaKi BJIACTHBOCTI
[3]:

— TeHepalmis KOIOBAaHOTO CHTHalNy BiIOyBaeThCS JIOCTATHBHO
MPOCTUMH 3aco0amu. 30KpemMa Ieé MoKe OyTH 3HiHCHEHO IPOCTHM
MEPEMHOKEHHSIM, SIK TIOKa3aHO Ha puc. 2.2;

— OCKIIBKH HEOOXiTHO peati3yBaTH TIIBKH OJHY HECydy YacToTy,
peatizailisi 9aCTOTHOTO CHHTEe3aTopa (TeHepaTop Hecydoi) He MPeaCTaBIIsIe
mpooJIeM;

— MOYKJIMBE 3aCTOCYBaHHS KOI'€PEHTHOI AEMOAYJIALIT SS CUTHATY;

— HISKOT CHHXPOHI3aIlil M’k KOpHCTyBadyaMH He TTOTPiOHO.

J1o HeIOMIKIB METOY MOYKHA BIJIHECTH TaKi XapaKTCPUCTUKU:

—BCTAHOBJICHHS 1 MATPUMaHHSI CHHXPOHi3allil MPUHHATOTO CUTHAITY
3 KOZOBUM CHUTHAJIOM TMpHiiMaya € JOCTaTHhO CKJIQAHOIO 3aJaueto.
[IpruoMy cHHXpOHI3aIlis MOBUHHA MIATPUMYBATHCS Ha 1HTEpPBaIi OIIHOTO
4imna;

—IUTS KOPEKTHOTO MPHHOMY KOJOBa TMOCHIJOBHICTh y TNpHUiMadi
NOBUHHA CUHXPOHI3yBaTUCS 3 MNPHUHHATHM CHUTHAJIOM BIIPOAOBX
iHTepBally, SKAH CKJIaJae JOJII0 TPHUBAIOCTI OXHOrO 4ima. BpaxoByroui
HEJIOCTYIHICTh BEJIMKHX CYMDKHHX YaCTOTHHX Jialla3oHIB, Iel YMHHUK
o0Mexye rpanHuili po3mupeHHs criekrpa g0 10...20 M.

—yepe3 Te, M0 B3a€EMHA KopessiuiiHa (yHKmist Mk aBoma PN-ko-
JIAMH Pi3HHX KOPHUCTYBaviB HE TOYHO JIOPIBHIOE HYITIO, CHCTEMaM 3B’sI3KY 13
Bukopuctansiv  CDMA  mpuramanHi  mpobiemu  OnM3bKO/Aaieko
pO3TaIIOBaHUX a0OHEHTIB.
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2.2 MeToa po3MIMPEHHS CIEKTPA 3 BUKOPUCTAHHAM CTPHOKIB MO
YyacToTi

Hnst mporokonie CDMA, siKi BUKOPHCTOBYIOTh CTPUOKH IO YacTOTI
(FH-CDMA), wHecy4ya wyacTtoTa MOMAYJbOBAHOTO KOJHMBAaHHA HE €
KOHCTAHTOIO 1 TMEepioguYHO 3MIHIOEThCA. T00TO, BHIPOMOBXK IEBHOTO
YacOBOT'0 iHTEpBaJy (YAaCOBOIO CIIOTY) YaCTOTa MiATPUMYETHCS TOCTIHHOIO,
aie yepe3 NeSKAH 9acOBWI 1HTEpBaN BiIOYBaeThCS CTPUOOK HYACTOTH [0
IHIIIOTO 3HAYeHHS HECY40i. ANTOPUTM CTPHOKIB BU3HAYAE KOJIOBHI CHTHAIL.
Habip MoXIMBHUX 3Ha4eHb 4YacTOTH HA3UBAIOTh YaCTOTHO-YaCOBOIO
MaTpuUleo. 3alHATICTh BUIUICHOTO YacTOTHOro miana3oHy miusi FH-SS
CHCTEM IPUHIMIIOBO BiApizHsAeThes Big Merony DSSS. Cuctemu 3 npsiMum
posumpenssm crekrpa (DSSS) B mporeci mepemavi 3aiiMarOTh Bech
BUJIICHUH Ha CHCTEMY YacTOTHMI jJiama3oH. Y Tou ke vac st FH-SS
cucteM Oe3mocepeHhO B TMpOIeci mepefadi 3aliMaeThCsl TUTBKA Maja
YaCTHHA BUIIEHOTO Jiana30Hy, aie ii po3TanryBaHHs Y 4aci 3MiHIOETHCS.

Ha puc. 2.8 npeacrasnena rpagivyna inTeprperaiist 000X METOIiB.

Yacrora

Yacrora

H

DSSS Hac
0)

FHSS

Pucynok 2.8 — I'pagiuna imoctpanis metonis FHSS (a) 1 DSSS (6)

[pumyctumo, mo FH cucrema 3piiicHIOE Tiepenady y BiJHOCHO
BY3bKill cMy3i yactor. Ha puc. 2.8 e BigoOpaxkeHo GopMyBaHHIM CITKH
9acTOT 3  BHIUICHHSAM  BY3bKOI CMYyrH  4YacTOT Ul  OJAHOTO
kaHajy.(puc. 2.8 a) Y Toii xe yac DS-crucTema po3IMpIoe CIIEKTp CUTHATY,
110 MepeAaeThCcA Ha BeCh YaCTOTHUH JianazoH (puc. 2.8 0) i sk pe3ynbTar,
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MOTY>KHICTH, SIKa BUIPOMIHIOETHCS y TIOBHOMY YaCTOTHOMY Jliara3oHi Oyze
Habararo meHmia mopisasaHo 3 FH cucremoro [4, 7].

Ane, DS-cuctema 3aiiicHIOE Tiepeady BIPOAOBXK yChOTO YaCOBOTO
iHTepBaity, y Toi uyac sk FH cuctema BHKOpHCTOBYE 4acTOTHHI KaHal
TUIBKM YacTUHY LBOTO YacoBOIO iHTepBaly. B cepenHbOMy, MOXHa
BB)KaTH, M0 OOWABI CHCTEMH TPAHCIIOIOTH OMHY W Ty K MOTYXHICTB y
BUAUICHOMY 4YacTOTHOMY pecypci. Lls  pisHMms ABox MeTomiB i
IIPOLIFOCTPOBaHA Ha puc. 2.8.

Ha puc. 2.9 300pakeHO CTPYKTYpHI CXeMH TiepejaBava i mpuidmMada
FHSS cucremu [3].

A Indopmantiiini
Inopmauiiini d Opmatl
pe- 0ITH
01TH
N, Monytstop JleMOILyIATO] 5:
ocHOBHOT eMyrH [——{ 3MilTyBay 3mimysaq s 1} it

i JaHHX
HacToT

-

CuHxXpoHi3anis/|
CYNPOBOKEHH!

Tenepatop Cunresarop l
KOJLy HACTOT

Cunresarop| | Teneparop
4aCcTOT KOJLy

Pucynoxk 2.9 — CtpykrypHi cxemu nepenaBaua i npuiimada FHSS cucremu

CurHan JaHuX MOJYJIIOEThCS B OCHOBHIM CMy3l 4acToT 1 3a
JOIIOMOTOI0 3MilllyBaya NEPEeHOCUTHCS Ha Hecydy yacToTy. st Momymswii
MOXYTh 3aCTOCOBYBATHCS Pi3HI THUMU MOXYIALIi i, B HMPUHIUI, HE Ma€
CYTTEBOI Pi3HMIN, SIKUH KOHKPETHUH THIT MOMYJIALII 3aCTOCOBYIOTHCS JUISI
TEXHOJIOT1] CTPHOKIB IT0 YaCTOTI.

3BUYAHO JUIS aHAJIOTOBUX CHCTEM 3aCTOCOBYETHCS YacTOTHA
monyisiis (FM), a mast imdpoBUX cCUCTEM BUKOPHCTOBYETHCS JBIHKOBA
yacrotrHa MaHinmymsiiss  (FSK).  3actocyBaHHS — BUCOKOIIBHIKICHOTO
CHHTE3aTOpa, IO KEPYEThCS KOJOBUM CHUTHAJIOM (CYMICHO 3i 3MillIyBaueMm)
JIO3BOJISIE pealli3yBaTh IEPEHECEHHs CUTHATY Ha poO0Yy YacToTy.

Ha mnpuiimansHOMy ©Oomi BifIOyBa€eTbcsi 3BOPOTHHH Iporec. 3a
JOMIOMOT0I0  3T€HEpOBaHOi y IMpuiMadi MOCHIJOBHOCTI Yy 3MillyBaui
BiIOyBa€ThCSI 3BOPOTHE NEPEHECEHHsS PadioCHTHally 10 OCHOBHOI CMYyTH
yactor. Ha BuXoJi 3MillyBada OTPUMYETHCS MPOMOAYJILOBAHUN CHUTHAI
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maaux. Ilicms  memomynsmii  GopMyeTbcs — MOHOBICHHMHA — TOTIK
iHpopMaIiiHUX OiTiB.

CxeMa CHHXpOHI3alii Ta CYNpPOBOMXEHHS TapaHTy€, IO CTPUOKH
Hecydoi Ha TmepedaBaJbHOMY OOLl TMOBHICTIO CHHXPOHI30BaHi 3
NTOPUTMOM CTPHOKIB y TIpuiiMadi, 110 i 3a0e3nedye KOPEKTHUI MeXaHi3M
PO3IMINPEHHS CIIEKTpa.

FH-CDMA cuctemn kinacuikyloTh 3a MIBHAKICTIO CTPHOKIB
Hecy4oi. SIKImIO KimbKICTh CTPUOKIB HabaraTto Oumplla 3a IIBHAKICTH
nepenaBaHHs iHGopmMarlii, To Taki cuctemu TpakTyoTh sk FH-CDMA 3
mBHAKUM nepectpoeHHsM yactoTu (fast FH — F-FH). V takomy Bapianti
3HAYCHHS HECYy4Yoi 4YacTOTH 3MIHIOETBCS JICKiJbKa pa3iB  BIPOJIOBXK
TPUBAIIOCTI OAHOTO OiTa, TOOTO OoaWH iHoOpMaIiii OiT mepenaeTbcs Ha
JICKIJIbKOX YacToTax. SIKIO K KUIBKICTh CTPUOKIB MEHIIA 3a IIBUIKICTh
nepenaBanHs iHopMalii, ToO Taki cucteMu TpakTywoTh sik FH-CDMA
CHUCTeMH 3 MOBUTRHUME cTpruOKkamu mo 4actoTi (slow FH — S-FH). [ns
TaKOTO BapiaHTy JACKiTbKa OiTiB IepeaaroThCs HA OJHIN HEeCYydiil 4acToTi.

CMyra 4acTOT OJHOTO YacTOTHOTO KaHany (Ha oAHIHA 3 Hecydii,
3HAaYeHHS SKOI 3MIHIOETBCS CTPUOKAMM) 3alIe)KUTh HE TITBKU BiJl CMyTH
iH(opMaIifHOTO CHTHAIY, aje i Bif (GOpMHU CHUTHANY, IO 3aJa€ CTPUOKH
M0 YaCTOTI 1 3HAYCHHs CTPHOKA MO YacTOTi. SIKIO 3HaUeHHS CTpUOKA IO
4acTOTI HAabaraTo MEHIIE MOPIBHSAHO 3 CIIEKTPOM 1HPOPMAIIIIHHOTO CUTHATY
(1o BiamoBinae BapiaHTy MoBUIEHUX cTpUOKiB S-FH), To mmmpuna cnekrpa
iH(pOpMaLIIHHOTO CUTHAITy BUCTYNA€ OCHOBHUM (DakTOpOM, IO BH3HAYAE
CMYTY 4acToT.

Sxmo >k 3HaueHHS 4acToTh cTpuOka Habarato Oumbmie 3a cMyTy
iHQopMaIifHOrO cHUTHaNy, TO ¢opMa iIMIYJIBCHOTO CUTHANY, IO 33J1a€
CTpUOKH 4acTOTH OyJie BU3HAUATH MIMPUHY CMYTHU TPOIYCKAHHS HA OJHIN
HECy4Yill 4acToTi.

Axmo ¢opMa IMIYyIBCHOTO CHTHAIy ONHM3bKa IO 1I€aNbHOT
OpSAMOKYTHOT (IO Tepemdadae ayke BHCOKY MIBHIKICTh YacTOTHUX
CTpUOKIB), TO CMyra 4acToT, IO 3aiiMae OJWH YacTOTHHWW KaHan (OJHa
Hecy4ya) Oyne JyXe BEIHMKOKW, IO TMPUHIMIIOBO OOMEXY€E KiIBbKICTh
MOJJIMBUX YaCTOTHHUX CTPUOKIB.

SIKIIo 3riaguTH 3aKOH 3MIHM YacTOTH, TO CMyra MPONYyCKaHHS Ha
onHil Hecyyiit cknane 1/T¢ pa3iB Big cMyru npomnyckaHHs iHQopMauiiHoro
curHaiy, ne T, TpuBamictb crpuOka mo yactori. MokHa peanizyBaTu
3rVIQJDKEHHS CTPUOKa TI0 YacTOTi, SKIIO 3MEHIIUTH MOTYXHICTh, IO
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MIEPENAEThCA Tepe]l CTPUOKOM, 1 3HOBY 30IIBIIWTH 11 MIiCHs 3MIHCHEHHS
cTpubKa 10 9acToTi.

I[Moniono mo cucrem DS-CDMA posrinsHemo BiactuBocti FH-
CDMA 3 ToukH 30py MOXJIMBOCTI peaji3alii MHOXHHHOTO JIOCTYITY,
TP TYIIIECHHS MI>KCHMBOJILHOT iHTepdepeHtii, MPHUTYTIIECHHS
BY3bKOCMYTOBHX 3aBaJl i BITHOCHO MMOBIPHOCTI MePEXOTIIEHHS.

1. MoxnuBicTh 3a0€3MEYeHHS MHOXXHHHOTO JOCTymy. SKIio
3actocoBytoTecsl F-FH mpotokoun, To onuH OiT mepenaeTbest Ha JEKITbKOX
PI3HUX YacTOTax. SIKIIO CUTHAJI BiJf KOPUCHOI'O KOPUCTYBada € €UHUM, IO
nepeaaeTbes Ha ACKUTBKOX 4acTOTaxX, TO MOTY)KHICTh TaKOTO CHTHATY BiX
KOPHCHOTO KOpHUCTyBaua Oyne HabaraTo OUIBIIOK 3a TOTYXHICTh
3aBaJIOBOTO CHUTHANY i, BIATIOBIAHO, BiNOYAETHCS KOPEKTHHUI IPUAOM caMe
KOPHUCHOTO CHUTHAITY.

VY Bapianti Bukopuctanus S-FH mnporokomy pekineka OiTiB
MIePeNaloThCSl Ha OJHIN 1 Ti ke JacToTi. SIKImo WMOBIpHICTH mepemadi
CUTHAJIB BiJ IHININX KOPUCTYBadiB Ha IIiif )K€ YACTOTI Malla, TO came
CUTHAJI BiJi KOPUCHOTO KOPHCTyBaua OyJe MpeBaTOBaTH OifbIly YacTUHY
yacy. Jlns MOMeHTIB dYacy, KOJHM 3aBaJlOBI CHTHANM Bix 1HIIAX
KOPHCTYBadiB OyIyTh MepeNaBaTUC Ha Till )K€ HeCydid, TO 3aCTOCYBaHHS
KOJ/IIB 3 BHIIPABJICHHSM IOMHJIOK JO3BOJISIE MOHOBHTH CaMe€ CHUTHAI BiJ
KOPHUCHOTO KOPUCTYBaya y Iei IPOMiXOK 4acy.

2. llpuaynieHHss MiXKCHMBOJIBHOI iHTep(hepeHIlii, 10 BUHUKAE depe3
OaraTonpoMeHeBe PO3MOBCIOIKEHHSI Pa/liOXBUIIb.

Hus F-FH-CDMA npoTokoisiiB, HeCcy4a YacToTa 3MIHIOEThCS
JISKiTbKa pa3iB  BIOPOJOBXK TIepemadi omHoro Oita. Sk Bimomo
MDKCHMBOJIbHA iHTEpQEpeHLiss NPU3BOIUTH 10 YaCTOTHO-CEIEKTHBHUX
3aBMUpaHb. B pe3ymbraTi Ha JIeSKMX YacTOTaX CHUTHAT MOXe
MiICHITIOBATUCS, & HA IHIIUX MPUAYUIyBaTUCS. Y TMpuiiMadi BiAKIUKA Ha
pI3HMX  HECyYHWX, sKIi BHUKOPHCTOBYBaJWCS IIiJi dYac CTpPHUOKIB,
YCEePEIHIOITHCS, 10 MPU3BOAUTH JI0 3MEHIIEHHS! BIUIMBY MIXCHMBOJILHOT
inTepdepenmii y minomy. lleli epekT He € TakuMm e(EKTHUBHHUM, SIK IIie
BinOyBaeThcst y DS-CDMA cuctemax, ane BCe K TaKH PeabHO MOKpAIIye
YMOBH Iiepeaadi.

3. [IpuaymeHHst By3bKOCMYToBoi 3aBajin. [IpumycTuMo, o Ha oHii
3 Hecy4ux 3 Habopy 4acToT, IO IependayeHi alrOpuTMOM CTPHOKIB IO
YacTOTi, [li€ BYy3bKOCMYroBa 3aBajia. Takox NpUHAMEMO, IO KiIbKICTh
4acToT, sKi IepeadadyeHo alroOpUTMOM CTPUOKIB YHCENBHO PiBHSAETHCS
Burpamy oOpoOku. B pesynmbrari KOpHCHUI KopHcTyBau Oyne B
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CepeAHbOMY BHUKOPHUCTOBYBAaTH 4YacTOTy Ui SKOi Ji€ By3bKOCMYI'OBa
3aBajga TUTbKK 1/G BiICOTKIB Bif TpuBaJIoCcTi niepenadi. Ile o3navae, mo mis
BY3bKO CMYTOBOI 3aBajIM 3MCHIIYEThCS Y BUTpail o0pooku G pasis.

4. Huszpka iMOBipHICTh mepexomieHHs. CKIagHICTh MepeXOIUIeHHs
FH-curnanis momsrae He y TOMy, IO MOTY)XHICTb CHUTHaly Maia, SIK 1€
crioctepiraeTbcst st DS-curmamis. Ilim Wac mepemawi JiIs  mbOTO
MPOTOKOJY peali3yeThCsl MaKCHMMalbHA LIUIBHICTD MOTY)KHOCTI Ha OAWH
repil, MoMI0HO IO TOTO SIK 1€ Peajli3yeTbCs B aHAJOTOBHUX CHCTeMax. Ale
4acTOTa Ha AKil mependadaeThCs mepegada CUrHaly HEBiIoMa 1 TPHBATICTh
nepeaayi Ha KOHKpETHIH Hecydill ayxe mana. Tomy xoua Teopetnyno FH-
curHan Oinplie miiirae mepexoruieHHIo mopiBHsAHO 3 DS-curnanamu Bce
K TaKd L4 331a4a BUTTISIIAE JOCTATHRO CKIAJHOIO.

Oxpim Buie Bu3HaueHux BiactuBocted FH-CDMA mpoTokosu
nonioHo mo DS-CDMA mnpoTOKONiB MarTh HU3KY OCOOJUBOCTEH, SIKi
MOJKHA PO3IIINTH Ha TakKi SKi HAAIOTh MEpPeBary METOMY, a TAKOXK TaKi sKi
MOJKHA BITHECTH 10 HEJOMIKIB.

Jlo mepeBar MeTOly MOYKHA BiJJTHECTH Taki BIacTUBOCTI [3]:

— cuaxpoHizamis maus1 FH-CDMA npoTokomiB J0CSTaeThCsl 3HAYHO
nerme nopiBHsHO 3 DS-CDMA mnpotokonamu. ns FH-CDMA cucrem
CHUHXPOHI3allisl TOBUHHA OYTH BCTAHOBJICHA 3a Yac, IO BiAMOBITA€ YaCTUHI
yacy MepecTporOBaHHS YaCTOTH;

— OCKIJIbKM PO3IIUPEHHs CIEKTpa BigOyBaeThcs B, MEpIIy 4Yepry, 3a
pPaxyHOK BEIIMKOTO 4YacTOTHOIO Habopy a He 30UIbIICHHS 3HAYeHHS
CTpUOKa YacTOTH, TO YacC BIIPOAOBXK SIKOTO BiIOYBAETHCS CTPUOOK YaCTOTH
€ BUXOJIUTHh HAa0araTo OUTHIIMM TMOPIBHSIHO 3 TPUBAIICTIO Yilla JJIsi METOILY
DSSS. Tomy FH-CDMA cucteMH MNpHUIIycKalOTh Oinblll 3HAYEHHS
MOMWJIKH CHHXPOHI3allii;

— pi3HI 3HAYEHHS HECYYHX, 3 SIKHX MOXE CKIaJaTHCS Habip 4acToT
JUIsE CTpUOKiB, HE mependadae 0OOOB’SI3KOBO HEMEPEPBHOCTI BHIIJICHOT
4acTOTHOI cMyTH. Lle ToB’sA3aHO 3 TUM, IO CHHTE3aTOpP YaCTOT JOCTATHHO
JIETKO MOXX€ BUKOPUCTOBYBAaTH pi3HI BH3HAYCHI JUISHKA BHUJLJICHOTO
yacToTHOro cnekrpa. CymicHO 3 OUIBII JIETKOIO CHHXPOHI3ali€io IIe
JIO3BOJISIE BUKOPHCTOBYBAaTH OiNbIIe PO3IIMPEHHS CIEKTpa TOPIiBHAHO 3
meTonom DSSS;

— MO>XXJIMBE 3aCTOCYBAaHHS KOT€pPEeHTHOI IeMoayisinii SS curnany;

— HISIKOI CHHXPOHi3alil Mi’K KOpHUCTYBa4aMH HE TIOTPiOHO.

J1o HeOMIKIB METOAY MOYKHA BIJIHECTH TaKi XapaKTePUCTUKHU:
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— BCTAHOBJICHHS 1 MiITPUMaHHS CHHXPOHI3aMii MPUIHATOTO CUTHAITY
3 KOZOBUM CHUTHAJIOM IpHiiMada € JOCTaTHbO CKJIAJHOKIO 3a7ayero.
[Tpudyomy cHHXpOHI3alis MOBUHHA MiATPUMYBAaTHCS Ha iHTEpBalli OIHOTO
CHMBOJLY;

— s KOPEKTHOTO TMPHIOMY KOJOBa TIOCTIIOBHICTh y MpHiiMadi
MOBHHHA CHUHXPOHI3yBaTUCS 3 MNPHUHHATHM CUTHAJIOM BIIPOAOBXK
IHTEepBaIly, SKHH CKJIaIa€ 00 TPUBAIOCTI OIHOTO CUMBOIY. BpaxoByroui
HEJOCTYITHICTh BEJIMKUX CYMIKHHX YaCTOTHHX [Iiala30HiB, IIeH YHHHUK
oOMexye rpaHumili po3mupeHHs crekrpa 1o 10...20 MI';

—1npobieMa OJMU3BKO-NAJICKO po3TamoBaHux aOoHeHTiB mius FH-
CDMA npoTOKONIB MPOSBISEThCS HabaraTto MeHIre mopiBHsSHO 3 DS-
CDMA npotokonamu. [IificHO, SIKIIO KOPHUCTYBau, HAIPHUKIAJ, 3IIHCHIOE
nepeaavy i 3HaXOJAUTHCSA Ha MEXKi CTIIbHHUKA (J1ajieKa BiJICTaHb), TO HABITh,
AKIIO To0M3y 0a30BOi CTaHINI 3HAXOAWUTHCS HU3KA iHIIUX aOOHEHTIB, TO
KOPEKTHHH TPUHAOM CTa€ MOXMJIMBHM, OCKUTBKM TIepefada BiJ 1HIINX
a0OHEHTIB 3/IICHIOETHCS 3 BEJTUKO HMOBIPHICTIO 3IICHIOETHCS Ha THIIAX
4acToTax;

— 4epe3 OLIbIITy MOKIIMBY CMYTY YacTOT, IO Peali3yeThCs B MPOIECi
posmupenns crektpa, FH-CDMA cuctemMn MOXyTh peanizyBaTu Oiniblie
MIPHUTYTIIECHHS By3bKO CMyroBoi 3aBaau mopiBHsHO 3 DS-CDMA
CHCTEMaMH.

o nenonikis FH-CDMA cuctem MOXKHa BiJTHECTH HACTYITHE:

— BHCYBAIOThHCS JIOCTATHBO BUCOKI BUMOTH JI0 CHHTE3aTOpa YacToT;

— pi3ka 3MiHa CHUTHAJy Tijl Yac 3MiHH YaCTOTH HECY4Oi MPHU3BOJIUTH
JI0 30UIBIICHHS TTOBHOI'O YaCTOTHOTO Jliana3oHy, skuil 3aiimae FH-CDMA
cucrema. J{ist 3anmo0iraHHs IbOTO HETAaTHBHOTO €(EeKTy BUKOPUCTOBYETHCS
BUKJIFOUEHHS Ta BKJIIOYCHHS IepeJaBaya Ha MOMEHT CTpHUOKa,

— CYTTEBO YCKIAIHIOETBCSA peaji3allisi KOTepeHTHOI IeMOIYJALii
yepe3 HEOOXiJHICTh MIATPUMKH (Aa30BUX CIIBBIJHONICHb BIIPOJIOBXK
cTpudKa.

Le#t merox y psai BUNAIKIB BUXOIUTH JOCTATHHO €(EKTHUBHHUM i
BUKOPUCTOBYETHCS, Hampukiaj, B TexHonorii Bluetooth 1 crammapti 2G
GSM.
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2.3 MeTox po3lIMPeHHs CIIEKTPA 32 I0NOMOro10 CTPUOKIB y yaci

Hns meromy crpubkiB y wuaci (time hopping) TH-CDMA
nepefaeTbcss y KOPOTKMX YacOBUX CJIOTaX, Yac BHHUKHEHHS SIKMX
BU3HAYAETHCS PU3HAYCHUM KOPUCTYBAYy KOJIOM.

ToOTo WacoBa Bich po30HMBa€THCS HA KaIpH, a y MEXax KOXXHOTO
KaJpy MPOBOJIUTHCS PO3IiNIEHHS Kaapy Ha M 4acoBuX cJOTiB. Brpomosik
KOXKHOTO KaJ[py KOPUCTYBa4 MOXE 3/IiHCHIOBATH TIepeiavy B OJHOMY 3 IHX
M croriB. Skmif camMe 9acoBWil CIOT BHUKOPHUCTOBYETHCA LTSI TIepemadi
3aJIeKUTh BiJ] KOJOBOTO CHTHally, SIKHH TPUCBOIOETHCS KOKHOMY
KopucTyBauy. OCKIJBKH KOPHCTYyBad BHKOPHCTOBYE TUIBKH OIUH 3
MOKJIMBUX M YacoBHX CJIOTIB, TO YaCTOTHUH Jialia30H HEOOXIOHUM IS
nepepayi 30ubIyeThcs B M paziB. CrpykrypHa cxema TH-CDMA
crcTeMu 300paxeHa Ha puc. 2.10 [3].

]HLb(:!]MaILiﬁHi Bydep Bydep IH(]JgE:aluum
6itn =
[loBinbHui [IBnaKmit /
Nyl oBxin Moaynatop VlemomynaToy] BXin

BHIKHI] JIaHHX JaHHX OBLTLHUIA
BHXIJT BHXiIl
T'eneparop .| T'eneparop Teneparop Teneparop
Koay HCCYH01 Hecy4ol Koy

Pucynok 2.10 — CtpykTypHi cXeMH nepeaBaya i npuiiMayda
TH-CDMA cucremu

Ha puc. 2.11 npencraBneHa rpadiuna inteprpertamnis TH-CDMA
IPOTOKOJTYy B KOOPJIMHATAX Yac-4acTOTa.
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Pucynok 2.11 — I'padiuna imocrtpamist meronry TH-CDMA

Yac

SAxmmo mopiBaATH rpadiku puc. 2.8 Ta 2.11, TO MOXKHA TTOOAYHTH, IO
TH-CDMA BUKOpPUCTOBYIOTh TTOBHHI YaCTOTHHH Mdiara3oH Ha KOPOTKHMA
iHTepBaJl Yacy, 3aMiCTh BHUKOPUCTAHHS YAacTUH BHUIIIEHOTO CIEKTpa
BIIPOJIOBXK YChOTO iHTEpBAITY Yacy.

MosxmBicTh peanizamii MHOXHHHOTO AocTymy s TH-SS curnanis
B IPpUHIMMI moaioHa 10 curHaniB FH-SS, a came WMOBIpHICTh 0HOYACHOT
po0OTH TepeaaBaviB Pi3HUX KOPHCTYBadiB y BUAUICHOMY YacTOTHOMY
nmiama3zoHi myxke Mama. Y Bumaaky TH-SS curmamis yci mepemadi
BiIOYBalOTHCSA B OJHOMY W TOMY JK Jiama3oHi i, BIAMIOBIAHO, HMOBIpHICTH
poboTH Oinblle OJHOTO TepenaBadya BUXOIUTH HEBHCOKOM. lle Takox
JOCATAETHCA MPU3HAYCHHSAM PI3HUX KOAIB Pi3HUM KOPUCTyBadaM. SIKII0
BCE K TakM BUHHMKAE€ BHUIAJOK OJHOYACHOI pPOOOTH OEKIIBKOX
KOPHUCTYBauiB, TO 3aCTOCOBYETHCS KOJYBAaHHs 3 BHIIPABICHHSM MOMUJIIOK,
IO TapaHTY€E KOPEKTHE MOHOBICHHS JaHUX.

Sxmo mus ycix KOpPHUCTYBadiB 3/[iHCHEHa CHHXpOHI3alis pobot: i
NpU3HAYEHI KOJM 3a0e3Mevy0Th YMOBY, IO y KOXKHOMY CJIOTI MOJIJIMBA
nepefada TiMbKA omHOrOo KopuctyBada, To TH-CDMA mnpoTokoin
MPAKTUYHO NepeTBOpIOeThcst HAa TDMA mpoToKoJI B IKOMY 4acOBHH CJIOT,
10 BUIUIAETHCA KOKHOMY KOPUCTYyBauy He € (piKCOBaHHMM, a 3MiHIOE CBOE
MOJIOXKEHHS B KaJIpy JI0 Kajapy.

CTOCOBHO BIACTUBOCTI MPUAYLICHHS MiXKCHUMBOJIBHOT iHTephepeHLii
TH-CDMA Bigpi3Hs€TbCA BiA paHilie PpO3TISIHYTHX MPOTOKONiB DS-
CDMA i FH-CDMA. CnpaBa y Tomy, mo TH-curHanm mnepenaerbes
BIIPOJIOBXK KOPOTKOTO iHTEpBaiy 4dacy. B pe3ynbTari MBHUIKICTH mepenadi
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cIy’)k00BUX CHTHANiB, 30KpeMa CHWTHANliB CHTHai3allii 3pocrae i fK,
HACIiAOK, II¢ TPHU3BOAWTH JO YacOBOI JWCIEepcii 1, BIAMOBIIHO, IO
MDKCUMBOJNIBHOT  iHTepdepeHnii. Tomy HisSIKOTO BUrpamlry CTOCOBHO
NpUAYIIEHHs MiXKCUMBOJIBHOT iHTep(depeH il el MeToa He HafaE.

3 irmoro OOKy, UIsI By3bKOCMYTOBOI iHTep(epeHIiii KOpOTKHi dac
mepenadl MPOSIBISIETECS SIK TMTO3UTUBHUAN e(ekT.. Skimo BuUTpam oOpoOKH
piBHsIeThCsl G, TO 3arayibHe 3MEHIIEHHS 4Yacy Imepenadi Uit KOHKPETHOTO
KopHcTyBada nponopmiiao 1/G. Ane Tofi Ui 3aBaloBOTO CHUTHANY, SKIIO
BiH NMPUXOAUTHCS CaMe Ha 16 MOMEHT 4Yacy, IPUHOM BiIOYBAETHCS TUTHKH
y 1/G BiAcCOTKIB Bij 3arajbHOro 4yacy Iepenadi i BiAMOBIZHO MOTYXHICTh
3aBajii 3MEHINY€eThcs y puiimMadi y G pasis.

BinHOCHO ¥MOBIpHOCTI TEpPEXOIUIEHHS IIell MEeTOI TaKOX Mae
JOCTaTHRO BHUCOKY €QeKTHBHICThb. JliiCHO, KOpHUCTyBad BHUKOPHUCTOBYE
MOCTIMHUH YaCTOTHHIA Jiana3oH, aje Jac rnepenadi HeBiJOMUH 1 JI0 TOTO XK
BiH Mae AyXe Majlly TPUBAJiCTh. ToMy y BHUIAJIKY, KOJIU y CEaHCI 3B 3Ky
MpUMalOTh y49acTh OaraTo KOPHCTYBadiB, TO Il  TpuiiMada, SKHUHA
HaMaraeThsCsl 3p0OUTH MEPEXOIUICHHS, BKpail Ba)KKO BU3HAYUTH MOYATOK 1
KiHeUb Tiepeadi i BU3HAYUTH KU 3 CUTHAJIB, 1110 TIEpeIaBaBCs, HAICKUTh
SKOMYCh KOHKPETHOMY KOPUCTYBaueBi.

Takok MOKHa BiJ3HAUUTH AOAATKOBI IepeBarn mportokoiay TH-
CDMA:

— TtexHiune BmpoBamkeHH TH-CDMA peanizyerscsi mpocrimie
nopiBasiHO 3 FH-CDMA,

— Iel MeTOoJ| BUIIISIIAE YK€ KOPHCHUM JUIS 3aCTOCYBaHb, KOIHU
oOMexeHa cepelHs TOTYXKHICTh B IPOLECi Iepenadvi, aje He OOMexeHe
miKoBe 3HAueHHA MNOTYXHocTi. Ockinbku Oe3nocepeHbO Iepenava
BiZIOYyBa€ThCSI BIIPOJIOBK KOPOTKOTO 1HTEPBAIy Yacy, TO JUIS TAKOTO CIOTY
MOJKHA peai3yBaTh BUCOKI MIKOBI MOTY>KHOCTI,

— moxaiobno 10 FH-CDMA cucteMm aisi bOro MeToIy He KpUTHUYHA
pobJieMa OJIM3bKO-aJIEKO PO3TAIIIOBAHOTO a0OHEHTA.

SIKIO0 KOPUCTYBad 3HAXOMUTHCS JaleKko Bia mpuiiMaya 0a30BOi
CTaHLii, TO MPAaKTUYHO OUIBIIY YaCTHHY 4Yacy Iepeaadi BiH mpamioe 0e3
3aBaJJOBUX CUTHANIB BiJ IHIIMX KOPUCTYBayiB, IO 3HAXOAATH MOOIHU3Y
0a3oBoi craHmii (y 4Yaci He 30IraroThCsl 3aBISKM KOJOBHM CHI'HajaM
KO>KHOTO KOpUCTYBaya).

Jlo HenomnikiB MOKHA BiIHECTH CKJIAAHICTh pealtizallii CHHXpOHi3aLii,
OCKITKM 4Yac BXOJDKCHHS B PEXHM CHHXPOHI3allii MNOBHHEH OyTH
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JOCTaTHBO MajJHM, a caMa KOJOBa CHHXPOHI3allis BHMAarae JOCTaTHBO
TPHUBAJIOTO 1HTEPBAITY Yacy.

Takox, SKIIO BUHUKAE, XOU 1 MaJOHMOBIpHA, CHUTYyallis OJHOYACHOI
pobotu 0araTb0X KOPHUCTYBadiB, TO METOJ| BHUMara€ o0O0OB’S3KOBOTO
3aCTOCYBaHHS TIOTY)KHOTO KOJIYBaHHS 3 BHIIPABICHHSAM ITOMHJIOK 1
MepeMinTyBaHHs OiTiB.

[loniOHuit  MexaHi3M peami3oBaHO B  CHCTEMax 3B’SBKY 3
HaAAIUPOKOI0 cMyToro Kommasnii Time Domain.

2.4 Po3smmpeHHs1 CcHEeKTPa MeTOAOM JIiHIHHOI YacTOTHOI
MOy ALl

B mpuHmuMmi, MoXHa BiJ3HAYMTH, MO IeHd METOJX pPO3IIMPEHHS
cnekTpa 6e3nocepenuno st CDMA npoTokoJiB HE 3aCTOCOBYBaBcs. Aule,
JUTS 3aKiHYEHHS aHai3y METOIIB PO3IMIUPEHHS CIEKTpa HaBeIeMO OCHOBHI
0COOJIMBOCTI IILOTO METOITY.

Buxomsum 3 Ha3BH, PO3MIMPEHHS CIEKTPY pealizyeThCsl 3a
JTIOTIOMOTO0 JTIHIHOT YacTOTHOI MOYJSIii HEeCydoro KOJHMBaHHA. [mes
METOy MTPOAEMOHCTPOBaHa Ha puc. 2.12.

t

Pucynok 2.12 — IIpuHIun po3MMpeHHs CIEKTpa 3a J0IOMOr0r0
JHIAHOT YaCTOTHOT MOAYJISIIIIT

Burpam oOpoOku Al Takoro MeTOy BHM3HAYA€THCA SIK 3100yTOK
YacTOTHOTO iHTEpPBaJy MEPECTPOIOBaHHS 1 TPHUBAJIOCTI 3amaHoi GopMmu
CUTHAITy BITPOJIOBXK SIKOT BiZIOYBa€ThCSI EPECTPOIOBAHHS YaCTOTH.
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G=BT. 2.7)

2.5 I'iopuani cucrtemu

Ho ribpuganx cuctem BigHOCATH yci CDMA cucremn B SKHX
peanmizyerbcss KOMOiHAmisE ABOX abo Oinble pO3MISIHYTHX TEXHOJOTIH
PO3LINPEHHS CIEKTpa.

BinmoBigHo 10 pO3TISHYTHX SS-CHTHAIIB MOYKHA OTPUMATH YOTHPH
MOXJMBHX TiOpumaux TexHojorii: DS/FH, DS/TH., FH/TH i DS/FH/TH.
Konmneniist moOymoBu TiOpHIHOI CHCTEMH IIOJIATaE € Yy TOMY, III00
CKOMOIHYBaTH Ti epeBard, siki BIaCTUBI KO)KHOMY 3 METOJIIB.

SAxmmo, Hanpuknan, posrasaata DS/FH cuctemy, To MoxkHa 00patn
BJIACTUBICTH OOPOTHOM 3 MIKCUMBOJIBHOIO iHTepdepeHticto DS cucrem i,
gka  O0’€OHYeThCS 3  BIJCYTHICTIO  TpoOJieMH  OJIM3bKO-JalIeKO
po3TaimoBaHoro abOHEHTa, IO € XapakTepHuM st Metoxy FH-SS.

OueBHIHO, IO HEIOIKN TaKMX CUCTEM B, IIEPIIY Yepry, OB’ sI3aHi 3
HEOOXiZHICTIO amapaTHOrO YCKIQJHEHHs MepegaBada i npuiimaya. Ha
puc. 2.13 300pakeHa CTpyKTypHa cxema mepemaBadya TiOpumuaoi DS/FH
CDMA cucremu.

Indopmarniinmii 3mitryBad
CHI'Hal1 /—\
Teneparop Teneparop Cuntesatop
koxy koIy 4aCTOT

T |

TaxTopa gacToTa
KOJIYBaAHHA

Pucynok 2.13 — CrpykTypHa cxema nepeaaBava riOpuaHoi
DS/FH CDMA cuctemu

Just iHpOpMAaIiiHOTO CHT'HAJ CIIOYATKYy MPOBOIMTHCS PO3IIUPEHHS
cnekTpa 3a nornomoror Merona DSSS. IloTiM meli curnan 3 po3mupeHuM
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CTIIEKTPOM BHCTYIIAE MOJYJIOIOYHMM JUISl HECydoi, 3HAUYCHHS YaCTOTH SKOT
CTpUOKaMH 3MIHIOETHCA BIATIOBITHO O KOMOBOI IMOCIIAOBHOCTI APYTOTO
remeparopa Komy — TOOTO, 3miHCHIOETBCS peanizamis Meromy FH.
TakTyBaHHsI Ipolecy KOIyBaHHs TapaHTye (iKCOBaHE CITiBBiIHOILIECHHS
MDXK JBOMA PI3HIMH KOJIaMH.

2.6 Burpam o0pooxu

BaXIMBUM MOHATTAM IS CHCTEM 3 PO3IIUPEHHSAM CIEKTPa € BUTPAII
00po0OKH.

Burpam po3risiHyToi KopensuiiHoi 00poOKK abo MPOCTO BUTpaLI
00po0Oku (processing gain) — e KoedillieHT, 110 MOKa3ye, Y CKiJIbKH pa3iB
BijHomeHHs curHai/myMm (S/N) abo BigHomieHHs curHain/ 3aBaga (S/1) Ha
BUXO/i 301IBIIYETHCS TOPIBHSIHO 3 aHAJOTTYHUMH MapaMeTpaMy Ha BXOIi
CHCTEMH.

Hanpukian, sikmo (S/N), a6o (S/1) . y Toumi A Ha puc. 2.5
piBHsETBCST 5 nb, a micias CTHCKY CIIEKTpa KOPHUCHOTO CHTHAly 3a
JIOTIOMOTOI0  y3TOPKeHOTro 3 HUM curHaimy omoproi I[IBII BimHomeHHS
(S/N)pux vy Toumi B (Ha Buxomi kopesstopa) cramo piBauM 27 b, To
Burpamnt o0poOku ckiane 22 nb. ToOro Burpamr oOpoOku Moxe OyTH
BU3HAYCHO SIK:

G = N 29)
(SIN),,,

JocuTe yacTo BHUTpan 0OpOOKH OIIHIOETHCS 1 3 CIIEKTPAIBHOT TOYKH
30py SIK:

Af,  Af,  Af,
G=—ltt=p e (2.9)
AF R f,

ne Af,, — muprHa cMyry npoIycKaHHs [l pafio4acTOTHOTO CUTHAILY,
AF — mmprHa cCMyTH MOJTyJTIOIOUOTO CUTHAITY.
OCKiNbKH  IMUpUHA  CHEKTpa  PajioyacTOTHOTO  CHUTHAIYy 3
PO3LIMPEHUM CIIEKTPOM MPAKTUYHO BH3Ha4daeThcs cnekTpoM IIBIL, To
3rijHo 3 puc. 1.4 HOro MoKHA BU3HAYUTH SIK BIJHOIIEHHS YacTOTH
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CIIIKYBaHHSI JTUCKPETIB fZl no uacroru F=f,, 3 sKow HagXOIUTH

iropmariiina mocimoBHicTs[ 1, 2, 6]:
G= L, (2.10)
- F . .

ToOto, BUrpam oO6poOKM MOXKHA TPAKTYBaTH, SK CHCTEMHHUH BH-
rpaii, sIKMi BiZoOpakye Ti IepeBary, siki Hagae pO3MMUPEHHS CHEKTPY CH-
THay.

Bucoke 3HaueHHs BUrpamnty oOpoOKH MPUBOJUTE IO TAKHX MO3UTHB-
HUX HACTIIKIB [2]:

— MOKPAIIYEThCS OCNIA0JICHHS 3aBajl, OCKLILKH BJIACTHBOCTI CHCTEMHU
3B’513Ky CTOCOBHO 3aBa/IOCTIHKOCTI IIPSIMO NPOIOPLINHI 3Ha4eHHIO G, |

— €MHICTh CHCTEMH 3B’S3KYy TaKOX MPSIMO MPOMOPIiiiHA BHUrpanry
00poOKH.

Tomy, 30UIBIICHHS IBUIKOCTI Mepeaadi MCeBI0-BUITAIKOBOTO KOIY
(a 3HaYWTH 1 OLNBIIE PO3MIUPEHHS CMYTH 4acToT, 1o 3aiimae CDMA
CHUTHAJT) MTOKPAIIYE XapAKTEPUCTHUKH CUCTEMH Y LIJIOMY.

3 moHATTSAM Burpama oO0poOku G TakoX IOB’S3aHUM Ie OJUH
napaMmeTp, SKuil BU3HAYa€ IKICHI XapaKTePUCTUKH CUCTEMH 3 POLUIUPEHUM
CIIEKTPOM, a came Koe(iIlieHT 3aBaI0PaXHUIIEHHOCTI.

KoeinienT 3aBago3axumeHHocTi M BpaxoBye HEOOXiHEe 3HAUYEHHS
BIJTHOIICHHSI CHUTHAI/IIYM 1 MOXIUBI EHEPreTH4YHi BTPAaTH TMiJl 4ac
peauizaii cuctemu (L) 1 BU3HAYA€THCS 32 HACTYITHUM BUpPa3oM [6]:

M, =G-[L.+(SN),.]. (2.11)

2.7 Anaji3 Biaactusocreit DS-CDMA cucrem

OckinbKM TEXHIYHE 3aBJaHHSI Ha KypcoBy poOOTy mnepeadaydae
nociimkenns: came DS-CDMA cucteM, TO OibIl IETaIbHO 3YITHHHUMOCS
Ha OIiHII KUIbKICHUX XapaKTePUCTHK CHUCTEM 3 BHUKOPUCTAHHAM METOIY
DSSS.

2.7.1 Bromue ABI'I Ha XapakTepHCTHKH CUCTEMH 3 PO3IIUPEHUM
CIIEKTPOM.
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SKIO TOBEpHYTHCS OO CTPYKTYPHHX CXEeM, [0 300paxkeHi Ha
puc.2.1, puc.2.2, TO MOXKHA BiJ3HAYUTH, 110 PO3IMUPEHHS CIIEKTPa CUTHATY
3a0e3MeuyeTbcss y Apyromy (MepIioMy) MOIYJIATOPI 33 JTOMOMOTOO
cuHrainy posmupenHs crektpa Q(t) y Burmsmi [IBIT 3 wacrororo
cmiakyBanus auckperiB R,=f,=1/T,. CurHan po3IIUpEeHHS CIEKTpa HE
3aNIeXKUTh Bifl 1HQOPMAIIHHOTO CUTHANY, SKHA Ma€ 49acTOTy CIIiJIKYBaHHS
0iTiB szllTb.

PosrissreMo HaiimpocTimmmii BapiaHT ABIMKOBOI (a30BOi MaHIMyIIsIii
BPSK 6e3 ¢inpTparii, ko 3MiHa curHanbHuX cTaHiB +1 1 -1 BinOyBaeThest
3i mBunkictio f,=1/T,. 3mina x craniB curnamy I[IBIl mpoxomuts 3i
mBuakicTio f,=1/T,. SIKuo po3risimaTé CUCTEMY 3 PO3IIUPEHHIM CIIEKTpa
y minomy (miepenaBad - MpwiiMad), TO MOXXHA BiI3HAYUTH, IO CHUTHAI
noBiomieHHs X(t), 10 MepeaaeThes, MEPEMHOKYEThCS Bi4i HA CHUTHAI
posmmpenns crucky crekrpa g(t) y surmsaai IIBII1. Buxomuts , mo g*(t)=1,
ockinexn 1%=1 i (-1)’=1, i BmB curtany g () HisIK He MPOSBISAETHCS Y
BUXIJIHOMY CTUCHYTOMY 3a CIIEKTPOM CHUTHAJI MpuiimMaya.

TemmoBuit mym ab6o ABIII 3a cBoero  MpPUPOAOID €
IMIIPOKOCMYTOBUM 1 Ma€ TPUOIM3HO TaycCiBChbKY (YHKIIIIO PO3MOILTY
HMOBIPHOCTI.

HlymoBa cMyra MalOIIyMJIMBOTO MiJACHJIIOBaYa y NpuiimMadi i
MePEeTBOPIOBAaYa YaCTOTH YHU3, SIK MPABUIO, TEPEBUINYE IIHPUHY CMYTH
CHTHATy 3 PpO3LIMPEHUM CIEKTPOM. Y TIPOIECi CTHCKY CHIHAIy
3MIHCHIOEThCS TEPEMHOKEHHS IIYMYy Ha TICEBJOBUIAJKOBUI CHUTHAI B
pe3yibTaTi SKOro BiIOYBAE€ThCS 3MiHA TOISPHOCTI IIYMOBOI peamizamii y
HOMIHAJIbHO BHITaJKOBI MOMEHTH 4Yacy, 10 KpartHi Tpuamocti T,=1/f;
cumBouis [IBII. 3mina monsipHOCTI HEe BIUIMBA€E HA CHEKTPAJIbHY LIUIBHICTD
1 pyHKIi0 po3noauty iimoBipHocTi ABI'TLI.

ToOTO, MOXKHA CTBEpPKYBAaTH, IIO OMNEpaIlii pO3IIUPEHHS/CTUCKY
CIIEKTpa HE 3MIHIOIOTh CIIEKTPAIbHI i CTATUCTUYHI BIIACTUBOCTI CUTHANY i
urymy. Tomy koedimieHT 6iToBOT MOMWIKH Py Uit cucTeMu 3 po3mupeHnM
cnektpoM B ymoBax Jnii ABI'II 3anumiaeThcst TakuM ke sSIK B cucteMi 0e3
PO3LIMPEHHS  CINEKTpa  MNpH  BIANOBIAHOMY  BUOOpI  METOIIB
moxaysiii/ nemoymsanii:Po=f(Ex/No). Hampukman, xoedimient 6itoBoi
NOMWJIKH JIJII CUCTEMH 3 PO3IIMPEHHUM CIEKTPOM 1 KOTEPEHTHOIO
JeMOAyJsiLi€ro, ski Oynu po3risHyTi Ha puc. 2.1, 2.2, 2.3 (to6T0, DS-
CDMA cucreMa 3 BUKOPUCTAaHHSM SIK PaZio4acTOTHOI MOIYJISLii METOAY
BPSK) Busnauaetbcs Bipazom [6]:
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P, =0,5erfc(\/E,/N,). (2.12)

ne E,= PTy, — ynineHi eHepreTuyHi 3aTpatu, a00 cepeiHs eHepris CUTHAY,
10 TIPUHMAETHCS, Ha OAMH OIT TTOBIOMIICHHST;

P — cepenHs MOTyXHICTh CUTHATY HECYUOi;

No — ciekTpaibHa MIIBHICTH MIYMY — TOOTO, MOTYKHICTh mIyMy Ha 1 'y
CMYTH;

Tp=1/f,— TpuBaicTs 6iTa OBiTOMICHHS;

fy — mBHMAKICTH Mepemadi, 6iT/C.

AHaINoOriYHi BUCHOBKM MOXXHA 3pOOHMTH BiJHOCHO €KBiBaJEHTHOCTI
XapaKTePUCTUK WMOBIPHOCTI MOMHJIKOBOTO MPHUHAOMY 1 AJIS IHIIMX BUIIB
MOTYJIALI.

2.7.2 llpunyuieHHs BIUIMBY BY3bKOCMYTOBOI 3aBaJIH.

[pumycTtrmo, mo notyxHicte ABI'II y cMy3i mporyckaHHsS CyTTEBO
MEHIIIa 3a MOTY)KHICTh BY3bKOCMYroBoi 3aBaau. Y [6, 9] mokasamo, mo
rapMOHIYHA 3aBaJla € HANTIPIIOKO 3 KJIacy BYy3bKOCMYTOBHX 3aBajl. BXigHwuii
CUTHAJI IpUiiMava y TaKOMY pa3i MOKHA MOJaTH HACTYITHHM BUPA3OM :

U, (t) = /2P, x())g(t)cosw,t + /2P, cos(mot +0) ,  (2.13)

ne X(t) — curHan moBiIOMIICHHSI, IO MEPEAaEThCs Ha BXOJI mepenaBaya i
BUXO/Ii IpuiimMaua;

g(t) — curnan IIBII 3 gactotoro cuiakyBanus f,=1/T,; ®y — 4acToTa
Hecy4oi ab0 IMPOMIKHOT YaCTOTH TiciIsi HEPETBOPEHHS YaCTOTH YHHU3;

P .. — TIOTYXKHICTh 3aBaJIM HA BXOJ1 NMpHiiMaya;

P, — MOTY>XHICTh KOPUCHOTO CUTHAITY HA BXO/Ii pUMaya;

0 — BumaikoBa (¢asa, 1o piBHOMIPHO po3Mo/IijieHa Ha inTepsaii [0,1].

[licnst CcTHCKY CHeKTpa BXiJHHH CHUTHaJd JOMHOXYETHCS Ha

cuaxponnnit curman IIBIT g(t). V upunymenni, mo g°(t)=1, Bxigmuii
CHUTHAJI IHTErpaTopa MOXKHa MOJIATH SIK:

U, @®= \/ﬁ x(t) + /2P, g(t)cosé . (2.14)

Axmo Ttpusamicte Oita T, Habararo Oinmpina 3a mepiog Hecydoi
gacrotu To=1/f=2n/w, i/abo BoHa KpaTHa MiBIEPiOAY HECYUOI, TO HA BXO/I
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IHTETpaTopa CreKTpajibHa MIIHHICTD JeMOYIH0BaHOI 3aBaAN BU3HAYUTHCS
K [6]:

P,.cos’0 _sinzff,
2f, nfff,

G..(H= (2.15)

3 Bupazy (2.15) BuxoauTh, MmO JEMOAYJIbOBaHA 3aBaja CTa€
IIPOKOCMYTOBOIO, TPH I[HOMY TMEPIIi HYyJI CIEKTPaTbHOI IIITBHOCTI
maroTh Micite ipu f=f,. Ha puc. 1.8 300pakeHa ekBiBajeHTHA CIIEKTpaIbHA
IIiTBHICT 3aBajy, IO PO3TalIoBaHa B okomi yactotu f,,. OueBumHo, mo
mepmi HyJdi CHeKTpa MaroTh Micme Ha gactortax f,, + f.  Ilicis
IHTETpyrouoro ¢imbTpa 31 CKHIOM , IO Ma€ EKBIBAICHTHY CMYTy
npormyckanss pieHy f,=1/Ty, oTprMaemo:

e If|<f, (2.16)

Ockinbku (haza BIIHOCHO BY3bKOCMYI'OBOI 3aBajJidi € BHIIAIKOBOIO
BEJIMYMHOKO 3 PIBHOMIPHUM PO3MOIIJIOM 1 HE3aJIeXKHOI0 Bif (a3u Hecydoi

KOPHCHOTO CHTHamy, To (0$0=05 1{ CHeKkTpalbHa MNIIBHICTH

BY3bKOCMYT'OBOi 3aBaJd Ha BUXOII AEMOAyNsTopa Oyae BH3HAYaTHUCS
BHPA30M:

P

Gsas(f) :ﬁ |f |S fb (217)

pis

3 Bupazip 2.15 1 2.17 BUXOJUTH, IO TapMOHIYHA BY3bKOCMYTOBa
3aBajia, 0 MA€ MOTYKHICTb Py, Ha uacToTi 0=2nf=2nf,, neprBoproeTscs
Ha [IMPOKOCMYTOBHHM CHTHaj, II0 Ma€ MPAKTUYHO PiBHOMIpHY
CIEKTPaJIbHY 3TiIHO 3 BHpa3oMm (2.17).

Otpumani pe3ynpTaTi rpadidHo MPOAEMOHCTPOBaHI Ha puc. 2.14.
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A
Curnan 3araia
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Af Afiﬂﬁ
Posmnpenns
crieKTpa Jasasa
Curnan /\
N 4+ A |< : JAVAN
¢
CTHuCK Afsan
CcrieKTpa
Curman asana

TAVASZAN AVA RIS
f

Pucynok 2.14 — JlemoHcTpaIis BIDIMBY CUCTEMH 3
PO3MIMPEHUM CIIEKTPOM Ha BY3bKO CMYTOBY 3aBajay

ToOTo, crmekTpambHa WIUTBHICTH 3aBajyl 3BOPOTHO MPOMOPIliiiHA
4acToTi cimigkyBanHs cumBostiB [IBI1. CriekrpasbHa miinbHicTh 3aBaan G(f)
BU3HAUeHa I JofaTHUX 1 Bix'emumx uwactor -f<f<fy. TIpaxtmune
3HAYCHHS MAalOTh TUIBKM JIOAATHI YaCcTOTH, TOMY BBEIEMO CIICKTPAIbHY
LI[iIBHICT, KA BUSHAYEHA TUIbKU I JOJATHUX 3HAa4eHb yacToT 0<f<f,:

1(f)=2G(f), 0<f<f,

Bupa3z s #imoBipHocTi mommiku (1.8) MOXHa BHKOPUCTOBYBATH
TAKOXK 1 y BHNAJKy BY3bKOCMYIOBUX 3aBajl, y NpPHUIYIIEHHI , IO
JeMOAYJIbOBaHA 3aBaja Y y CMy3l MOAYJIIOIOUYHMIX YacTOT Ha BXO.i
BUPILIYBAJIBHOTO NPUCTPOIO Mae BiactuBocTi ABI'II.

V Bunaaky korepeHTHoi aemoayssiii PSK curnazis maemo [5]
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P, = 0,5erfc E =0,5erfc Es =0,5erfc
N I(f)

0

(2.18)

Benuunny

e (2.19)

P3aB =
of /f,

MOYKHa PO3TIISIATH SK €EKTUBHY MOTYKHICTh 3aBaau. ToMy BiJHOIIEHHS
MOTYXHOCTI CHUTHalTy a0 e(eKTHBHOI MOTYXHOCTI 3aBaad BH3HAYa€e
HWMOBIPHICTh IOMUJIKH Y CHCTEMI 3 PO3MIMPEHUM CIIEKTPOM.

3 (2.19) BuxomuTh, IO BITHOIIIEHHS] YaCTOTH CIIiJKyBaHHS
JIUCKPEIIIB JIO IIBH/IKOCTI Mepeiayl BU3HAYAE CTEIICHD MPUIYIICHHS BY3bKO
cMmyroBoi 3aBaju. Tomy Burparn o0poOku Moxe OyTH BuzHaueHwHi 3a (2.10)

G-t
f,

Binmosigao Burpam o0poOku GopMaTbHO MOKHA BUZHAYUTH SIK

G _ (Pc / Psas)gux. — Afpol‘ , (220)
(PC / P )gx fb

3ae6

1€ (Pe/P.ag)enx. — 1€ BiIHOIMIEHHS CHTHAJI/3aBaia Ha BUXO/II IEMOIYIISATOPa,

(Pc/Psas)sx. — BIIHOIIICHHS CHTHAN/3aBajia Ha BXOJI MpHiiMaua, TOOTO y
Bupasi (2.20) 3niificHeHa 3amiHa crekTpanbHOi mibHOCTI mymy N Ha
BeNM4HHY P.,;, Ka aJieKBaTHO XapaKTepu3ye BUMAJOK Jil By3bKOCMYTOBOT
3aBajiy.
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2.7.3 TpuaytieHHs MUPOKOCMYTOBOI 3aBaJIH.

[TpuHIMIIOBO MeXaHi3M TPHIYIIEHHS BY3bKOCMYTOBOi 3aBajH,
PO3TIISIHYTHH  BUINE, 3alMIIAETHCS  CHOPAaBEAJIMBHM TaKOX 1 JUIA
IMIMPOKOCMYTOBHX  3aBaJOBHX  CHTHANIB. CyMmapHa TOTYXHICTh
MIMPOKOCMYTOBHUX 3aBaJJOBUX CUTHAJIIB, HAIPHUKJIIA]], BHYTPIITHHOCHCTEMHOT
3aBajd, Mo GOPMYETHCS Y CUCTEMI 3 IPSMUM PO3IIHPEHHIM CIIEKTpa 1 sika
Mae pisHi mnceBmoBumankoBi mocmigoBHocTi gl(t), g2(t),g3(t)... gm(t)
3MEHIIYETBCSI B PE3yNbTaTi BUKOHAHHS OIeEpalii CTHUCKY CHEKTpa Ha
npuiiMaibHOMy  Oomi.  Ilpm  mpoMy — 3MEHIIEHHA  TOTY>KHOCTI
HIMPOKOCMYTOBOT 3aBaly BiIOYBA€ThCS Y CTINBKM X pasiB, HACKUIBKU
3MEHIIYEThCSI TMOTYXKHICTh BY3bKOCMYI'OBOI 3aBajliy, IO pO3Tisaanacs y
naparpadi 2.6.2.

@DakTHYHO MEXaHi3M MPHIYLHICHHS HIMPOKOCMYroBOi 3aBaid B
OCHOBHOMY CXOKHH /10 MEXaHi3My NPUAYIICHHS BY3bKOCMYTOBOi 3aBajH.
B pesynbraTi BUKOHAaHHS oOmepallii CTUCKY CIIEKTpa €HEprisi KOPHUCHOTO
CHTHAJTY 30CEPEKYETHCS Y CMYy31 MOTYTFOIOYHX YacTOT.

CTHCK CHeKTpy Ma€ BiJHOMICHHS TUTBKW AJISl KOPHCHOTO CUTHAIY,
ockinmpku [IBII, mo mnepemaBanacsi, BHXOIWTh ]l Yac TEPEMHOXKEHHS
KopenboBaHoto 3 aHanorigHor IIBII mpuiitmada. IllupokocmyroBa 3aBama
HEePEeMHOXKYEThCS 3 HeKopenboBaHuM onopauM curnaino (I1BIT) g, (t), Tomy
B pe3ynbTari neptMHOKeHHST (OpMYyeThCcS TaKHH K€ HIMPOKOCMYTOBHI
cnektp. Ilix wac ¢inpTparnii BiZHOCHO BY3bKOCMYTOBHM (GiIbTpOM Yy
npuiiMadi TUIbKM He3HaYHa YaCTHHA €HEpril IUPOKOCMYTOBOI 3aBaiu Oye
MPOXOJIUTH A0 BUXOJY JIEMOIYJIATOpPA.

3 NPUHIUIN ®YHKHIOHYBAHHS DS-CDMA CUCTEM

Cucremn 3 0araTOCTaHIIWHWAM JIOCTyIOM Ha 0a3i KOJOBOTO
PO3AUICHHS KaHATIIB MPE3EHTYIOTh PO3BUTOK CHCTEM 3 NPSIMUM
PO3IIMPEHHSIM  CHEKTpa 3  BHKOPHUCTAHHSAM  IICEBIOBHUIIAIKOBHX
MOCIIZIOBHOCTE 1 CHCTEM 3  PO3IIUPEHHSM CHEKTpa  I[UISIXOM
MEPECTPOIOBaHHS PO00Y0i 4YacTUTH. BOHM CKIamaloTh OCHOBY JUIS
0araTocTaHIIITHOTO 3B’SI3KY.

Ak Oylio BH3HAYEHO, Y TAaKMX CHCTEMaX KOXXHOMY KOPHCTYBadeBi
BUJIICHA OKpeMa, sKa BIJIPI3HAETHCS BiJ IHIINX, IICEBJOBHIIAKOBA
nociigoBHicTs. Skio i [IBI1 € HekopeabOBaHUMHU, TO Y MEKax OJHOTO
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crinmpbHrKa K He3amexHMX aOOHEHTIB MOXYTh IMEpelaBaTH IOBiTOMICHHS
OJTHOYACHO, TIPH IIbOMY 3aliMal04y OJHY i Ty 5K CMYTY palio4acToT.

VY mpuiiMauax 31HCHIOETBCS KOpENsliifHa 0OpoOKa CUrHalliB (CTHUCK
CIIEKTpa), B Pe3yJbTaTi YOTO 3/iHCHIOETHCS TTIOHOBIICHHS MOB1IOMIICHB, IO
nepemasanucs di(t), i=1,...K. Ha puc. 3.1 npoaeMOHCTPOBAaHO KOHIIEIILIIIO
CYMICHOTO BUKOpPHCTaHHS criektpa B cucremMi CDMA, B sxkiid
BUKOpUCTOBYEThCss K=10 Hecyuux 3 3 IpsSIMUM PO3LIMPEHHSAM CIIEKTpA.

N 4

Mobinbuuit ‘\
nepeiaBay /
- / \

[TepenaBau
6a3oBoi
ds(t), ga(t) cnaHii
dio(t), go(t)
dn(t), gn(t)  MoGinbHuii
d2(1), g2(t) nepejaBay

10

Pucynok 3.1 — bararocranmiiiauii moctyn Ha migcrasi metogy CDMA

Axmo npunyctutd mo yci K=10 ™MoOinpHMX mepenaBadiB
3MIHCHIOIOTH Tepeady OJHOYACHO, TO Ha BXOIi MpHUiiMada 0a30BOi CTaHIIT
OyayTh mpucyTHi 10 curHaimis, mo NEPeKpPHBAIOTHCS SK y Yaci, Tak i 3a
yactoTor. Te K caMe MOKHa CTBEP/KYBaTH 1 MPO MpuiiMad MOOLTbHOL
CTaHLii. SIKIIO MOTYXHOCTI YCiX CHUTHANiB, 10 NPUHAMAIOTHCS BBAXBTU
piBHUMHU P. 1 TiIbKM OJHUH KOPUCHHMH CUTHaN iHTepdepye 3 IHIIMMHU
CDMA curnanaMy piBHOI HOTY>KHOCTI, TO BIJHOIICHHS CHUI'HAJI/3aBaja Ha
pazioyacTOTHOMY BXOJi NpuiimMada Oyzae piBastucs 1/9 abo P./P.,,=-9,54
nb.

Take Bim’€eMHE 3HAYEHHS BIiJHONICHHS CHTHAj/3aBaja 3yMOBIIEHE
BHYTPITHHOCHCTEMHOIO (BHYTpIIIHEOKAHATBHOIO) 3aBaJIok0, 10
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YTBOPIOETHCA [E€B’AThMa IHIIMMH HECYYMMH 3 HPSMUM PO3IIUPEHHIM
CIEKTpa, SKi OJHOYACHO 3aMalOTh Ty JK CaMy CMYTY YacTOT. IO W
KOPUCHHIA CUTHAJI.

B pesynbrati kopenaniHoi 00poOKH (CTHUCKY CIEKTpa) 1€ BiJ €MHE
3HAQUCHHS BIMHOIICHHS CHUTHA//3aBaja y MIMPOKiIH CMy3i pamaiodacTtor
HIePETBOPIOETHCSl HA JIOJAaTHE 3HAYCHHs CUTHai/3aBaza y BY3bKil cMys3i
MOJYJIOIOUMX YacTOT. BinHOIIEHHs curHan/3aBajia y cMy3i MOIYJTIOKOUYHX
Y4acTOT MOBUHHO OyTH JOCTaTHBO BHCOKHUM, 1100 IapaHTyBaTH AOCSITHEHHS
BIIHOCHO MaJInX 3HA4YEHb Py

SIk mpaBWJIO, 3HAUCHHS CUTHAJI/3aBajia y CMy3i MOJYJTFOOUYHI 4acTOT
0o0MpaeThcs HA JIGKUIbKA JNEHUOEIIB OLIBIIMM IMOPIBHSIHO 3 BiJHOIICHHS
CHUTHAJI IIIyM.

BripooBk OHOrO W TOro X 4YacoBOTO iHTepBaldy oaHOYacHO K
KOPHUCTYBauiB MepelaloTh CUTHAIN 3 MPSIMUM PO3LIMPEHHSM CIIEKTpa , SKi
3aliMalOTh OJHY U Ty 5K CMYTy PaaiovacToT 3 HEHTPaIbHO 4acToToro Ty i
MaloTh BUNAAKOBI (asi ¢;, IO € He3aNeKHUMHU Bix  ¢a3 iHmmxX
KOPHUCTYBaiB.

Koxen moOinpHUE mepenaBad Mae yHikanbHy [IBII posmmpenHs
criektpa Qn(t). SIKIIO NPUMyCTHTH HASBHICTH i€ABHOTO aJalTHBHOTO
peryJIIOBaHHS TOTY)KHOCTI, TO Ha BXOAI NpuiiMaya 0a30BOi CTaHIIT
npucyTHi K cHrHadiB 3 PIBHOIO MOTYKHICTIO.

Koxxen nepenasau nepenae moBioMiIeHHS NPUOIM3HO 3 OJHAKOBOIO
mBuakicTio f, 1 wactora cmigkysamus uimiB IIBIT migTpumyerbes
npuOIU3HO TocTiiiHo. Ha BXoai mpuiimMaua ©a30BOi CTaHIIT NPUCYTHIH
CyMapHUi palioyacTOTHUM CUTHAJ , SKUH MO>KHA BU3HAYHUTH SIK:

U<t)=iJz_Pﬁxia)g(t)cos@owei). (3.1)

VY npwuiimaui 6a30Boi cTaHIlii HEOOXiTHO BUKOHATH ONEPAIlil0 CTUCKY
curHany 1 gemoxayimoBatd K HE3aleKHMX CHTHAJIIB 3  [PSIMHM
po3mupeHHsM crekrpa. s 1mporo BUKOpUCTOBYIOThCA K KoOpensTopis
(puc. 3. 2).
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CDMA curnamm,
110 MepeKpHBAIOThCA Y Uacl

ITeperpoproBay
JacTOTH “BHH3"

CMyroBHi PSK
@ b Y l ; I —
Qinerp | AEMOYIATOP
I'eneparop [1BIT 1
ManourymnHsmHi Cuntesarop patop
mijcHITIoBaY 4aCTOT
CMyroBHii PSK
(insrp JIEMOJIYIISITOP
T'eneparop [1BIT 2
CMyToBHH PSK
(bi'-"’Tp ,'leMG;ly.'lﬂ Ii')p

I'eneparop [1BI1

Pucynok 3.2 — Bapiaat nodynosun CDMA-nipuiiMada 3 mo4aTkoBUM
CTHUCKOM CUTHAJTy 1 HACTYITHOIO JIEMOLYJISILIE0

VY npomy BapiaHTI CXeMH PO3IIMPEHHS CIIEKTpa BiAOYBa€TbCA Ha
npoMmixkHiit wactoti. Hdpyruii Bapiant CDMA-npuiimaua 300paxeHo Ha
puc. 3.3.

CymapHuil pafio4acTOTHUH CHTHAJI NEPETBOPIOETHCS IO YaCTOTI
BHU3 Ha 3py4YHY HPOMIKHY YacTOTY 1 JEMOJIYJIIOETHCS OJHHUM CIUTBHHM
KOTEPEHTHUM IIUPOKOCMYTOBUM JeMOAyJsTopoM. CMyra HpoIycKaHHs
(himbTpa HMKHIX YaCTOT OOMPAETHCS JOCTATHHO IUPOKOIO 1 Y3rOHKEHOIO 3
4acToTor0 ciiakyBaHHs auckpertiB f,. Koxen 3 K okpemux KopensaTopis
3ailficHioe 00poOKy CHUTHaJIiB Ha BHXIOHIN cragii oOpoOku y cmysi
MOJIYJTIOI0YMX YacTOT.
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CDMA curnanu,
110 NEPEKPHBAIOTLCS Y Yaci

IleperBopioBau
YACTOTH “BHHU3™

/>—<\ HPOKOCMYTOBHIA

lrerparop
31 ckuzOM

I'eneparop I1BIT 1

[HTerparol
31 CKHIOM

l'eneparop [1BIL 2

©®HY
frs=fe

Manourymnnsuii HHTE3aTop
II]:,‘J.C HITHOBAY HaCTOT

[Nonoenenus Hecyqoi
3 LIMPOKOCMYTOBOTO
PSK curnamy

[[HTerparo;
31 CKHIIOM

I'eneparop I1BI1 K]

Pucynok 3.3 — Bapiant nooynosu CDMA- npuiimada 3 mo4aTkoBOO
HIMPOKOCMYTOBOIO IEMOJYJIALIEI0 CTUCKOM 1 HACTYITHUM CTUCKOM CHTHAITy

[lpuBeneHni HWXK4YEe BUpa3W CHOpaBeMIWBI i 000X BapiaHTIB
peamizanii mpuiimaua, siki 300paxeHi Ha puc. 3.2, puc. 3.3.

Curnan Ha BHXOAI JeMoaynsTOopa npuiimMaya 3 puc. 3.3 3
ypaxyBaHHSIM e(eKTy HH3bKOYacTOTHOI (iNbTpallii iHTerparopa, SKOro
BOy0BaHoO 10 PSK nemomyssTopa MOXKHA HOJATH SIK:

U= 2P x, (00,00, 0c0s(0, ~6), 62
U0 = y28.0,(0+ X" 2P (08, (D9, (Dcos(6, ~6,) . 63)

i Bupasu noxaibHi 1o Bupasy (1.16), o BU3HAUa€ CUTHAI IpUiiMaya
3 TPSAMHM PO3IIMPEHHAM CIHEKTpa y CMy3l MOJYJIIOIOYHX YacToOT, 3a
BUHATKOM noaaTkoBux K-1 ckiamoBux 3aBagu. MoKHA II0Ka3aTH, IO
cyMapHa cHekTpaibHa ImimbHicTE K-1  ckiagoBux 3aBamu  Oyze
BU3HAYaTHCA SK []
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PC
4f

pis

G3aB ~ (K -l) ! | f |S fb (34)

SKI0 cyMapHy HOTYXKHICTh 3aBa/IM TPUUHATH PIBHOIO
PaaB = (K _l)Pc !

TO WMOBIipHICTH TTOMHIKK P, ming 9ac mii BHyTpHCHCTEMHOI 3aBajd, siKa
yTBOpro€Thcst K-1 curHajmamu OHAKOBOI MOTYXKHOCTI, IO MPHHAMAIOTHCS
OJIHOYACHO, BU3BHAYUTHCS SIK:

P, = 0.5erfc (3.5)

3 Bupasy (3.5) BUXOAUTH, 11O IS 3a0€3MEUCHHS 33/]JaHOTO 3HAUCHHS
P, nmpu ¢ikcoBaHOMy 3Ha4YeHHI KiNbKOCTI KopucTyBadiB K HeoOXimHO
peTeNbHO Y3rO/KYBaTH 3HAYCHHs MIBHAKOCTI mepaadi f, 1 vactotm
cmiakyBanus ginis TIBII. fo.

BimnocHo Bupaszy (3.5) HeoOXimHO BiA3HAYWTH, IO BUpa3 Oyio
OTPUMAHO 3 TIEBHIMH MPUIYIIECHHSIMH, a CaMe:

— CHTHAJHM 3 TMPSMUAM PO3UIMPEHHSM CIEKTpa, L0 MPHHMArOThCS,
MAaloTh PiBHI MOTYKHOCTI i ()OPMYIOTBCS 32 JOMOMOTOI HEKOPEIhOBAHUX
[IBII. PiBHicTh TOTY)XHOCTEW Tmependadae 3acTOCYBaHHS iI€allbHOTO
peryJIIoBaHHS MOTYKHOCTI,

— BPaxOBYEThCSl TUIBKM BIUIMB BHYTPIIIHBOCHCTEMHOI 3aBajM 1 He
BPaXOBYETHCS Jisl TEIUIOBOTO IIyMYy.

4 ICEBJOBHUITAAKOBI ITIOCIIAOBHOCTI

VY mepmoMy i Apyromy posminax Oyio BU3HAYEHO, IO y NU(POBHX
a00 TepCOHANBHUX CHCTEMax pajio3B’si3Ky, IO BUKOPUCTOBYIOTH METOJ
CDMA i MeToJl pO3MIUPEHHS CHEKTPa 3a JTOTIOMOTOK TICEBIOBUMAIKOBUX
MIOCJITOBHOCTEH BUPILIYIOTHCS TaKi OCHOBHI 3a/1a4i:

— PpO3IIUpPEHHsS] CHEeKTpa MOJIYJIbOBAHOTO CHTHAY 3 METOI0
30UIBIICHHS IMUPUHHA CMYTH YaCTOT I1iJ] Yac repejiadi;



43

— PO3MiJIEHHS CUTHATIB Pi3HUX KOPUCTYBAiB, SIKIi BUKOPHUCTOBYIOTH
OJIHY ¥ Ty K CMYTy YacTOT B PEXHUMi 0araTocTaHI[iIfHOTO JOCTYITY.

Jlyis BUpILICHHS] BUBHAYCHUX 33]1a4 TICEBJIOBUIAIKOBI ITOCIiIOBHOCTI
MTOBMHHI MaTH CIICLialbHI KOPEIAIidHI BIIACTUBOCTI.

ABTOKOpesmiifHa (QyHKIiS y 3araJlbHOMY BHITQIKy BH3HAYAETHCS
iHTerpamom [1]:

R, (t) = TX(t) X(t-7)dr (4.1)

Bona BucTymae mipoto BiamoBigHOCTI Mik curHaiom f(t) i #oro
KOTI€l0, 110 3CYHYTi y 4aci Ha iHTepBal T.

Bzaemna kopensniiina ¢yHkuis Ryy(t) € Mipoto BiANOBIAHOCTI ABOX
pizanx curHamiB f(t) i g(t), mo 3cyHyTi y waci Ha iHTEepBam T, i
BU3HAYAETHCS HACTYITHUM 1HTETPAJIOM:

R, (1) =T1]xa).v(t—r)dr 4.2)

VY BiZOMHUX cHCTEMaX Palio3B’sI3Ky SIK CUTHAJIM PO3IIUPSHHS CIIEKTPa
BUKOPHUCTOBYIOTHCS JBIHKOBI TICEBIOBUIAIKOBI TTOCIITOBHOCTI.

Jlnsi pO3MIMPEHHS CIEKTpa 1 PIBHOMIPHOTO 3aBaHTAXCHHS CMYTH
nepegavi  ClIeKTpajibHa IIIJIBHICTH  IOCHIJOBHOCTI IMOBHHHA OyTH
PIBHOMIPHOO MOIIOHOO JI0 aTIUTHBHOTO O1JTOr0 TayCiBCHKOTO MIymy/

Taxa mocmiIoBHICTh MOXKE OyTH OTpUMaHa 3a JOMOMOTO0 CXEMH, IO
300paxxeHa Ha puc.4.l, ne mymomnomiOHa cTpykTypa IUGPOBOI
MOCITITIOBHOCTI (POPMYETHCSI IIJISIXOM OOMEXEHHSI aHaJOrOBOTO CHTHATY Y
MOETHAHHI 3 oTeparliero BuOipka-30epiranus [5].

Thkepeno Usx) a0
/almummom Tpurep [—*
Outoro mymy ] Usx

Taxtoni iMIyIBCH [Moporoeuii gerexrop

3 yactoTow fi=1/Te
S ——

Bubipka-30epiranus

Pucynok 4.1 — Cxema reHepartii HOBHICTIO BUTIQJIKOBOT TIOCITi IOBHOCTI
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YacTtora BHOIpOK (WacToTa IWUCKpETH3arii) PIBHAETHCS YaCTOTI
CITIIKyBaHHS CHMBOJTIB.

f, =1/T,.

Enropa curnanmy Ha BUXOJi Takoi cxeMH 300pakeHa Ha puc.4.2, a Ha
puc.4.3 HaBeoeHa aBTOKOpeNsliiiHA (YHKIIST Takoi  BHIIAQAKOBOL
IIOCHITOBHOCTI.

d(t)

o

Pucynok 4.2 — Enropu IOBHICTIO BHIIAJKOBOTO JIBIHKOBOTO CHUTHAITY

Aprokopensiiiina QyHkuis
YUCTO BUIAJIKOBOI
R nocnigosHocTi d(t)

Pucynok 4.3 — ABrokopensuiiiHa QyHKIis TOBHICTIO BUMAAKOBOI
JIBIMKOBOI IOC/IIJOBHOCTI

HasiBHICTE €AMHOTO BY3BKOTO BHKHIY aBTOKOPESIUiHHOI (QyHKIII
mist =0 € JyXe BaXKIMBOK BJACTUBICTIO 1 CYTTEBO CIIPOIIYE
CHUHXPOHI3aIlif0 MpuiMaya.
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Ha BimMiHy Biff TOBHICTIO BHITaJKOBOTO CHTHAITY, aBTOKOpPEJAIiitHA
(GYHKIS A7 TICeBIOBUIAAKOBHX TIOCHTIIOBHOCTEH Mae TepiognyHUMA
xapakrep(puc. 4.4).

HynboBnii 3cyB (amrutityna 21)

Rax

Pucynok 4.4 — ABTokopensiiiiHa GyHKIlis ICEBIOBUNIAIKOBOT
MOCJIIJOBHOCTI

Jpyroto 1 HaWOUIBII CKIATHOK 3aJadelo, SKa BHUPIMIYEThCS 3a
JOIOMOTOI0  TICEBJIOBUIAJIKOBUX  IOCHIAOBHOCTEH Yy CHUCTeMax 3
BukopuctanHsM CDMA 3 OaraThmMa KOPHUCTyBayaMH € PpO3AUICHHS
CUTHAJIIB Pi3HUX KOPHUCTYBa4iB, [I0 BUKOPHCTOBYIOTH OJIHY U TY 3K CMYTY
gactoT. Curnan I[IBIl BukoHye QyHKmif0o “kimoda” mis  KOXXHOTO
KOpHCTYBaua 1 JAO3BOJSIE Y MpHUiiMadi BUAUTUTH NMPU3HAYCHUN caMme HoMy
CHUTHAJL

Tomy noBuwmit ancam6i1b [1BI1 noBuHeHn Oyt oOpaHUM TakuM,, I00
B3a€MHA KONl MK Oynb-KOI0 TMapor IOCIiJOBHOCTEH Oyna
JIOCTaTHO MaJIOF0 TEOpEeTHYHO HYJIBOBE 3HAUCHHS B3a€EMHOI KOOIl
MalOTh aHcaMOJli OPTOTOHAJIBHUX CHUTHAB PO3MIMPEHHS CIIEKTpa
(mampuknan, 6a3osi ¢pyskuii psaiB Pyp’e 1 pynxuii Yomma).

Ane, y peaqbHUX CHCTEMaXx Paio3B’si3Ky BUMAraeTbes, sK MIPaBUIIO,
3a0e3MeYeHHs] MaKCUMaJlbHOT TIPOCTOTH KorepeHTHoro ¢gopmyBanHs [1BIT
SK Ha TIepeJaBAIbHOMY, TaK i Ha IpUHAMaIBEHOMY OOIT.

Jo Haibimem  BimoMHMX 1 J00pe BUBYEHHX  BIJHOCSATHCS
MOCHIIOBHOCTI  MakCUMaJlbHOT JOBXMHH (M-mocnigoBHOCTi). Bonn
NPEJICTABIISIOTH IHTEpeC Ul CUCTEM 3B’SI3KY 3 PO3LIMPEHUM CIEKTPOM, SIKi
30pi€EHTOBaHI Ha OJHOTO KOPHCTyBaua 1 HIMPOKO 3aCTOCOBYBAIHUCS Y
3aCTOCYBaHHSX BIHCHKOBOTO MIPU3HAYEHHS.

3 TOYKH 30py BUMOT JIO KPOCKOPEINSIIHHWUX BIACTUBOCTEH, SIKi
BuMararThes Bix CDMA cucrteM CTiIIBbHHKOBOTO a00 MEpPCOHAIBLHOTO
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3B’SI3Ky, OLIBII IIKaBUMH BUTIIAAAIOTH TociimoBHocTi ['omma, Kacami i
VYomma. B fgeskux Banaakax BOHA KOMOIHYIOTECS 3 M-TTOCITITOBHOCTSIMH.

ANTOPUTM OOYHCIICHHSI aBTOKOPEJISLIKHOI 1 B3a€EMHOT KOpeNsiiHOT
GyHKUIT 171 TOCIiAOBHOCTEH TOCTATHRO MPOCTUH 1 Toysrae y pearizamii
JMUCKPETHUX 3CYBIB, KpaTHUX TPHUBAJOCTI cuMBoiy. Jlami BinOyBaeThes 1O
CHUMBOIIbHE (TI00ITOBE) MOPIBHIHHS 3CYHYTO] 1 MOYaTKOBOT MOCITiIOBHOCTEH
3 00YHCIICHHSM KiJIbKOCTI 30iriB A (puc. 4.5) i kinbpkocTi po30ixknoctei (D)
Yy CHMBOJAX, IO TOPIBHIOIOTHCS. 3HAYEHHS KOPEIAMiiHOI (GyHKIT ams
JTUCKPETHUX MOMEHTIB 3CYBY BH3HAUA€ThCA AK [ 1, 5]:

R=A-D.
111 0 0 1 0

7 cuMBOJIIB

Kinekict 30iris A=7

3cyn Kinekicte Biaminnocreit D=0

A-D=0

Kinbkict 36iris A=3

3cys 3cye Ha 1 cumBon

KinskicTs BigMinnocreit D=4

A-D=-1

Pucynok 4.5 — AnropuT™ BU3HaYEHHS KOPENALIHHUX XapaKTEPUCTUK

B pesynabTari 0OYHCIIEHHS KUIBKOCTI 30iriB 1 BigMiHHOCTEH
aBTOKOpeJsiiitHa GyHKiis HaOyBae Takoro Burisiny (puc. 4.6) [5].
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/\\//\ VANIUN

\/ \\/ \/ Yac

Pucynoxk 4.6 — ABrokopensiitna ¢yukmnis curaany [1BI1, sxa o6unciena
SIK PI3HULA MK KIJIBKICTIO 30iTiB 1 BiAIMIHHOCTEH

4.1 I'enepanis po3MMPIOKYNX KOAIB 3a JOMOMOTOK pericTpiB
3CyBY 3i 3BOPOTHUM 3B’ SI3KOM

Jusa posrnssaytnx CDMA npoTtokoitiB BUOip KOJOBOI MOCIIJOBHOCTI
€ Ay’Ke BOXJIMBHUM K 3 TOUYKH 30py peai3arii MHOXXHHHOTO AOCTYITY, TaK i
00pPOTHOM 3 MI>KCUMBOJILHOIO 1HTEP(EPEHITIETO.

J1o KOJ1iB BHCYBA€THCS JEKIJIbKa BAKIMBUX BHMOT .

1. KoxHa KOZ0Ba MOCIHIZOBHICTh, KA T€HEPYETHCS 3 JIOMIOMOTOI0
Habopy KoJO-TeHepytounx (yHKIiH, MOBUHHA OyTH MEPiOJNYHOI 1 MaTu
TIOCTIHY JTOBXKHUHY.

2 KokHa KOJOBa TOCIIIOBHICTb, SIKa T€HEPYETHCS 3a JIOTIOMOTOI0
Ha0Opy KOJO-TeHEepYIYHX (YHKIIH MOBHHHA OYTH JIETKO BiJJOKpeMJICHA
BiJ i1 3cyHyTO1 y yaci komii.

3 KoxHa KOmOBa ITOCIIJIOBHICTB, SIKA T€HEPYETHCS 3a JOMOMOTOO
HaOOpy KoAo-TeHepylounx (yHKIi MOBHHHA OyTH JIETKO BiJOKpeMIieHa
BiJ 1HIIMX KOJOBHX IIOCIIIOBHOCTEIA.

[lepmi 1Bi BUMOTH OCOOJIMBO Ba)UIMBI 3 TOYKH 30py OOpOTHOM 3
HachmigkamMd — eeKkTy 0araTONpOMEHEBOrO  PO3MOBCIODKEHHS,  SKHH
NPOSIBIISIIOTECSL Ky 30BHIIIHBOMY CEpEIOBHIN, TaKk 1 B cepeauHi
npuminieHb. TpeTs BUMOTa € BaXIIMBOK came 3 TOYKH 30py e(EeKTHUBHOI
peaitizaiiii MHO)KWHHOTO JIOCTYITY.

Jis  BU3HAYCHHS BIAMIHHOCTEH Yy KOJOBUX IIOCJIJIOBHOCTSX
BIAMOBIHO 1O mepmioi 1 JApyroi BHMOI KOJM HEOOXiJHAa OIliHKa
ABTOKOPEJISALIAHOI Ta B3a€MHOT KOPEJSILiHHOT (QyHKIIH.
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Icaye gexinpka MOXJIMBHX ~ BapiaHTIB  TeHepalmil KOHOBUX
HOCTiIOBHOCTEHA.

OpnuH 3 HaWOIIBII PO3MOBCIOKEHUX METOMIB € IreHepallis KOIO0BOI
MOCHITOBHOCTI 32 JOTIOMOTOI0 PEriCTpiB 3CYBY 31 3BOPOTHUM 3B’S3KOM 1
came e Metoj 3actocoByeTrbes y CDMA cucremax.

Perictp 3cyBy npencrasise coboro Halip KOMIpOK (SKi HyMepyIOThCS
BiZ 1 70 1) i KO’KHA KOMipKa MiCTHTb iH(OPMALIilO, SIKa IiJl Ai€I0 TAKTOBOTO
IMITyTTECY 3CyBa€ CBiff BMICT /10 BUXOIYy B MpOIECi 3YUTYBaHHS HOBOTO
KOHTEHTY Ha BXOJI pericTpy. Y cTaHmapTHii KoH(]Iryparlii perictpa 3cyBy
31 3BOPOTHHUM 3B’SI3KOM BXiJ KOMipku m Oyzae ¢yHkmi€to komipku m-1, a
BUXiJT KOMIipKH T (OCTaHHS KOMipKa perictpy 3cyBy) (opmye OakaHy
KOZIOBY TTOCITiTOBHICTb.

OyHKIis, MO 3B’s3y€ BUXOIU KOMIpPKH m-1 1 KOMIpKH I' 3 BXOIOM
KOMIpKH MOKe OYTH SIK JIIHIHHOIO TaK 1 HeliHilHOo (puc. 4.7).

()

h(x)=x ¥x *1

Pucynok 4.7 — Y3araneHeHa CTpyKTypHa cXeMa reHeparii
TICEBIOBUITIAAKOBUX MOCHIJOBHOCTEH

B pesynmbrari MOXIUBI BapiaHTH peaiizaiii pericTpiB 3CyBy fK 3
JHIMHUM 3BOPOTHHUM 3B’SI3KOM, Ta i 3 HENMIHIMHUM. Y NaHii mMaricrepchKii
pO0OTI PO3rIsAAalOTECS KOJOBI TMOCHIZOBHOCTI Ha 0a3i perictpy 3CyBY 3
THIMHAM 3BOPOTHHM 3B’ SI3KOM.

V 3aranbHOMY BHIIAAKY KOH(Irypauis JiHiiHOTO GiHAPHOTO pericTpy
3CYBY 3 Nl KOMipOK OITUCYETHCS T€HEPYIO YUM TOIIHOMOM CTETIEHi N.

h(x)=h,x"+h X" +..+hx"+h x*+1  (h, e{01). (4.3)
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Uwcno n BU3HAa4Ya€ KUTBKICTH KOMIPOK Y pericTpi 3cyBy. Hampukmian,
Ha puc.4. 7 300paxxeHO JHINHWNA NBINKOBUN PETICTP 3CYBY SKHHA MOXE
reHepyBaTH MOCIiI0OBHICTh Ha MiCTaBi TCHEPYIOUOTO MOJIIHOMY:

h(x)=hex® +h,x* +1 .

MosxHa BiJI3HAYUTH, IO i3 3aCTOCYBaHHIM TAaKUX PETICTPIB 3CYBY
BiZOyBa€eThHCA reHeparis OinbIocTi PO3IINPIOIOYH KOJOBUX
HOCIiIOBHOCTEH.

4.2 M-niocaimoBHOCTI

BaxauBy ponb y mudpoBHX cHCTeMax, CHCTEMax 3 PO3MIUPEHHSIM
CIIEKTpa 1 CHCTeMaxX BHMIPIOBAaHHS BiIJalli BiIrpar0Th JIHIHHI KOIM
MaKCHUMAJIBHOI JOBXXHHUA a00 MOCIIZOBHOCTI 3 MAaKCUMAIBLHOIO JTOBXXHUHOKO
pericTp 3cyBy — M-TIOCTTi TOBHOCT!I.

M-TIOCTITIOBHOCTI T€HEPYIOThCA OKPEMHM JIHIHHUM PETICTPOM
3cyBy. 30KpeMa, MOCIHIJOBHICTh 3 MaKCHMAJIbHOK JIOBKHHOI IEepioxy
(N=2"-1) reHepyeTbcs nN-KaCcKaJHHM pPETiCTPOM 3CYBYy 3 JIHIHHUM
3BOPOTHUM 3B’ I3KOM.

st renepanii M- MOCTiIOBHOCTI CTEMiHb T'€HEPYIOUOro MOJIHOMY
MOBHHHA PIBHSITHUCS N.

Ha puc. 4.8 HaBenmeHa amapaTHa peamizallis reHeparopa M-
MTOCITIIOBHOCTI [5].

I'eneparop [.. ...
Oita
napHocTi | .
0 Qi Q2 Qn-1
» Do (3 D D2 | e » Dn-1 -
Q() —o 6] —o Q2 o QlH —0

Taxtosi iMmyecH

Pucynok 4.8 —Y3araneHeHa NpHUHIMIIOBA cXxema reHepaTopa M-
HOCJIITOBHOCTI
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I'eneparop ckimamaeTbess 3 JIHIMKK ITOCHTIIOBHO BKIIOYEHHX D-
TpurepiB, Buxoan Q SKuX 3’€qHAaHI 3 BXOJaMH HACTYIHHX TPHTEPIB, 3a
BUKJIIOUEHHsIM BXxoay Dy mepmoro tpurepa. Jeski 3 BuxoniB Q tpurepis
He 3’€JHaHI 3 TeHepaTopoM OiTa MapHOCTI, IO BiJ3Ha4YeHO Ha puc. 4.8
MTyHKTHPHOIO JIHIETO.

3arambHa KiJIbKICTh TPUTEPIB N 1 KUTBKICTh TPUTEPIB, IO MiTKITIOUEH]
JI0 TeHeparopa OiTa MapHOCTI BU3HAYAIOTH BIJNOBITHO JOBXKHHY 1
BiactuBocTi PN-koxy , mo ¢opmMmyeTncs.

Ha Buxoni renepatopa 6ita mapHOCTI (POPMY€ETHCS JOTIYHUN HYIb 32
HasBHOCTI MapHOI KIJIBKOCTI JIOTIYHUX HYJIiB HA BXOJAAX 1 JIOTIYHA OJTUHHLIS
3a HasABHOCTI HemapHHX JioriuHuxX | Ha Bxoaax. ['enepartop Oita mapHOCTI
TpeJICTaBIIsIE COO0I0 CyMaTop 3a MOJTyJieM 2.

VY3arajgpHeHa CTPYKTYpHa cXeMma KOpeisTopa MpHiiMada, alropuTM
poboTH sKoi Bianosigae puc. 4.5, 300paxena Ha puc. 4.9.

BikHo aHami3zy ABIHKOBOT MOCTITIOBHOCTI

L3 h 2 y 3 3 v v 9 3

OGuncnenns piznumi A-D
CJIOBA y BiKHI 1 YHIKQJIBHOTO CJIOBA

7 'y 3

VHiKaJIbHE CIOBO

Pucynok 4.9 — Anroputwm peaitizaiii kopeastopa

Baxnusoro XapaKTEPUCTUKOIO TSt MICEBIOBUIIAKOBUX
MOCTIOBHOCTEH € 11 JoBkuHA. JlIsg IHIAHUX KOHIB MaKCHMAaIbHOL
JIOBKMHU 3aBXKIM MOKHA 3HAWTH TaKUH TOPSIOK MIAKITIOUEHHS BUXOIIB
TpurepiB 10 reHeparopa OiTa mapHOCTI uig SKOro (OpMyeTbes
MOCITIIOBHICTh MAKCUMAITLHOT JTOBKWHU 3 TIEPIOJIOM CUMBOJTIB

L=2"-1, (4.3)
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JIe N — KUTbKICTh TPUTEPIB.

Kinpkicte pizHuX MoOxIuBHX M-mociinoBHOcTel. BusHavdaeThes
KUTBKICTIO PO3PSIIIB 1 MiCIIEM MiAKIIOYEHHS 3BOPOTHOTO 3B S3KY.

VY tabnumi 4.1 HaBemeHa JIOTIKa MiAKIIOYCHHS BUXOIIB TPUTEPIB O
BXOJIIB Te€HEpaTOpa MapHOCTI sl cXeMu puc. 2.18 mis 3HadeHb n Big 3 10
15. [oxkuna M-nocmigoBHOCTEH, MO (GOPMYIOTECS TIPU TaKOMY
anroputMy Moxe OyTu Binx 7 no 32767 OiTiB.

Tabmums 4.1 — Jlorika migKIIOYEHHS BUXOJIIB TPUTEPIB J0
reHepaTopa MapHoCTi st M-1oCIIi IOBHOCTEH
KinpkicTh Tossxuma
POSpALIB OCITi IOBHOCTI Kimexicts M- Do ans L=2"-1
(Tpurepis) L=on1 ’ | mocmimoBHOCTEH S 0
n
3 7 2 QD Q.
4 15 2 Q:® Qs
5 31 6 Q:®Q,
6 63 6 Qs® Qs
7 127 18 Qs® Qs
Qi®Q:
8 255 16
DQ:s®Qy
9 511 48 Q@ Qg
10 1023 60 Qs ® Qg
11 2047 176 Qs® Qyo
12 4095 144 QOO QKO
0® Qu
Qo® Q1o
13 8191 630
®Qu® Q2
Q:®Qu
14 16383 756
® Q2@ Q13
15 32767 1800 Q1P Qs

MoskHa Bi3HAYMTH, 110 Y Ta0auii 4.1 npuBeeHO OJMH 3 MOXJIUBUX
BapiaHTIB 3’€JHAHHS BUXO/IIB TPUT'EPIB PETICTPa 3CYBY 3 reHepaTopoM OiTa
napHocTi. ICHYIOTh TakoX iHIII BapiaHTH sKi NPU3BOIATH A0 Pi3HUX M-
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MTOCITITOBHOCTEH 3 MaJIMM piBHEM B3aeMHOI Kopelsmii. BepxHs mexa s
KUTBKOCTI pi3HEX M-TIOCTiZOBHOCTEH BU3HAYAETLCS BUPA30M

S<(L-1)/n (4.4)
3HavyeHHs S Tako npuBeleHi y Tabmumi 4.1.

4.3 Ocnosui Biaactusocti I1BII

Cepen ocHoBHux BiactuBoctedd [IBII HEoOXigHO BiJ3HAYUTH
HacTymHi [1, 5]:

— BHacTuBicTh OamaHcy. Tak, B ogHOMY mepioai M-TociimoBHOCTI
micturses 2M-1 mynis i 2 o gurmms;

— BJACTUBICTh 3CyBY Iij uac gomaBanHsi. Cyma 3a mod2 M-
MOCIIOBHOCTI Ta i JOBUTFHOTO IUKIIYHOTO 3CYBY TNPEACTaBISE COOOFO
IHIWHA TUKIIIYHAR 3CYB MOYaTKOBOT M-TIOCIITOBHOCTI;

— BJIACTUBICTH TEPIOAMYHOCTI aBTOKOpesAlidHOI yHKIii. Skmo y
noyaTtkoBii M-mocnmioBHOCTI , sika ckiagaetbess 3 cumBoidiB  (0,1)
npoBecTH 3aMminy cuMBoiiB 0 Ha +1 1 1 Ha -1 1 oTpUMaTH MOCIiAOBHICTH 3
ancamb6mo (-1,1), To mepionnyHa aBTOKOpeJsAMiiiHa (GYHKIIIS BUSHAYUTHCS
BUPa3OM

2" -1 r=0
R, (r)= 4.5
") -1 r=0. (4.5)

Taxa TOCHIJIOBHICTh € HAHKPAIIO y TOMY CEHCI, IO He iCHY€E Oy/Ib-
SIKOi 1HIIOI TOCJIJIOBHOCTI 3 MIiHIMAJIbHUM 3HAYCHHSIM AaBTOKOPEIISIIIHOT
¢yskmii gng r # 0. Lg BmacTuBICTh Mae Ba)XJIMBE 3HAYEHHS ITJI 4ac iX
BUKOPHCTaHHS SIK CHHXPONpeaMOya i 3a0e3MeUeHHS CHUMBOJIBHOT 1
IIUKJI0BOT CHHXPOHI3allii.

MoxnuBe TakoX THoAaHHS aBTokopensuiiinoi ¢ynkuii [IBIT y
HOpMOBaHOMY BuIIsAi. IlepiomnyHa HOpMOBaHAa aBTOKOpEINAIiHA
¢byHKIist M-TIOCITIIOBHOCTI BU3HAYAETHCS SIK:

t=0modN

Rxx(t):
-1/L tz0modN

(4.6)
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SAxkmo nz#0mod4, To IiCHYOTh TapH  MOCIiJIOBHOCTEH
MaKCHMaJIbHOI JOBKHHH 3 TPbOMa 3HAYCHHSAMH KPOC-KOPEISAIIHHOT
¢yukii [4]. TIpu 1iboMy 1Ba 3Ha4YeHHs Bu3HavaoThes sk{-t(n), t(n)-2}, ne

1+202 n:yenapue

14222 n:mapme

— BIIACTUBICTHh BHUHAAKOBOCTI. OCKUTBKH M-TIOCTIAOBHICTD € MEePioHIHOIO
MOCJIITOBHICTIO, TO BOHA HE MOXE BBKATHCS MTOBHICTIO BUIIAIKOBOIO. AJe
JUIL HEl Bce K TakM MOXKYTb OyTHM BWU3HAYEHI CTATUCTHYHI BIIACTHBOCTI
cepiit omuHUIE 1 HymiB. JlificCHO, Y KOKHOMY TIepioJii TIOJIOBHHA Cepild Ma€
JOBXXHHY 1, 9BepTH cepili — JOBXKUHY 2, BOChbMa YacTHHA — JOBXHUHY 3 1 T.
iH.

MaxkcuManbHe 3HAa4eHHS aBTOKOPEISIMIHHOT (QYHKIII MPUIHITO
HA3MBaTH MaKCUMAJILHUM BUKHUIOM aBTOKOpeIAIiitHOT ¢yHKii. Llei Bukug
BUKOPHCTOBYEThCS JUIS KOJOBOI a00 IMKIOBOI CHHXpoOHi3amii. Jlns
NPOMIKHUX 3Ha4eHb YaCOBOTO 3CYBY, SIKi 3HaxosaThbest Mixk 0 1 +1 abo -1,
aBTOKOpeIsniiHa QyHKIS € JTHIHHO magardor. ToMy aBTOKopensIiiiHa
¢ysKIis M-mochimoBHOCTI Mae TPUKYTHY (opMmy, SK 1€ TOKa3aHO Ha
puc. 4.6.

JlBa abo Oinpllie HE3aIEKHUX CHTHAIIM MOXYTh OyTH TepenaHi B
ONIHIHN 1 Ti#l k€ CMy31 YacTOT 1 MOTIM YCIIIIITHO BUJIJIEH], SKIIO X KOJOBI
MIOCITIIOBHOCTI MPECTABIISIFOTh COO0I0 IUKIIIYHI 3CyBH M-TociifoBHOCTEH
OiNbple HIK HA OJWH CHUMBOJ. Y CHUCTEMaX BHUMIPIOBAHHS BIJJIai MOXe
OyTu 3a0e3redeHa TOYHICTh BUMIPIOBAHHA Y MEXKaX TPUBAIOCTI OIHOTO
CHUMBOJIy, SKIIO SK MapKep BHKOPHCTOBYBATH MAaKCHUMAaIbHUN BHKH]
ABTOKOPEISIIHHOT QYHKITIT.

4.4 llpukaan redepauii [IBI1 MmakcuMaabHOI 10BKUHH

Ak Oyno Bu3HaueHo, y DSSS cucremax MOBHHHI 3aCOBYBAaTHCS
TICEBONTYMOBI 200 TICEBIOBUIAIKOBI KOMOBI MOCHiOBHOCTI. Ha BimMiHy
BiJl TIOBHICTIO BUIIQJIKOBOI ITOCIIIOBHOCTI, SIKa TOBHICTIO HeTlepenoadeHa i
MOXe OyTH OIMCaHa TUIBKH y CTATUCTHYHOMY CEHCI, ICEBOBHIIAKOBHIMA
KOJI HE € BUIMAJKOBHM NPOIIECOM — II€ JETEPMIHOBAaHWUN MEPiOAUMIHUI
CUTHAJI, IKM{ BiIOMHUH K IepeiaBady, Tak i npuiiMady. AJie BiH IOBUHEH
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MaTH yCi BIIACTUBOCTI AWCKPETHOTO Oinoro mrymy. J[ist HecaHKIIiIOHOBaHOTO
KOpHCTyBaya TaKUil CHTHAJ TTOBHHEH BHUIJIAATH a0CONIOTHO BUIIAIKOBUM.

IcHye TpU OCHOBHMX BJIACTUBOCTI OY/b-SIKOT MEPiOUYHOI BIHKOBOT
MOCIIOBHOCTI, $IKIi MOXYTh OyTH BHUKOPUCTaHI JUId TepeBipku ii Ha
BHITaIKOBICTH [1,6].

1. 36anmancoBanicTh. Jlm KOXKHOTO IHTEpBAy MOCIITOBHOCTI
KUIBKICTh JBIMKOBMX OJIMHWIIL TIOBUHHA BIJIPI3HATUCS BiJ KIJTBKOCTI
JIBINKOBUX HYIIIB HE OiJbIIIe HXK HA OJJUH €JIEMEHT.

2. Hwxmigaicts. LlukiaoM Ha3WBalOTh HEMEPEepBHY IMOCIIAOBHICTH
OJTHAKOBHX JBIKOBMX 4MceN. 3sBJICHHS 1HINOI ABIMKOBOI HU(pPH MOYMHAE
HOBHMH IMKJI. JIOBXMHA LUKy BU3HAYAETHCS KIIBKICTIO UMD y HHOMY.
baxxaHo, 00 y KOXXHOMY (pparMeHTi IMOCIIiJOBHOCTI PUOIM3HO TTOJIOBHHY
cKiajanyd  IUdpu 000X THUMIB JOBXKWUHOIW 1, NMPUOJIM3HO YBEPTh —
JIOBKUHOIO 2, MPUOJIU3HO OJIHY BOCBMY — JIOBKHMHOIO 3 1 TaK Jai.

3. Kopemsmis. ko yacTrHa MOCTiAOBHOCTI Ta 11 MUKIIYHO 3CyHYTa
KOIIisl MTOENIEMEHTHO TOPIBHIOIOTHCA, TO Oa)xaHO MO0 KiBKICTh 30iriB y
€JIeMEHTaX BiJpi3HsIACS BiJ KITBKOCTI HECHIBIAAiHb HE OiNbIe HiXK Ha
OJTMHHUIIIO.

PosrissHeMo miHIMHAN pericTp 3CyBY 31 3BOPOTHHM 3B’SI3KOM, SIKUH
CKJIaJA€ThCS 3 YOTHPHOX PO3PSIHOTO pericTpy s 30epiraHHs 1 3CyBY,
cyMaTopa 3a MOJyJIeM 2, a TAaKOX KOHTYPY 3BOPOTHOTO 3B’S3KY 3 BXOJIOM
perictpa (puc. 4.10).

| 4

v

h 4
—_—
[§
A

w2

Pucynoxk 4.10 — JIiniiHUMI pericTp 3cyBY 31 3BOPOTHHM 3BSI3KOM

PoGora perictpa KepyeTbCcs IMOCIHIZOBHICTIO CHHXPOHI3YHOUHMX
IMIyJbCiB. 3 KOXKHAM TaKUM IMITYJIbCOM BMICT PETICTPIB 3CYyBa€ThCs Ha
OJIHY TO3UII0 BIPaBo, a BMICT perictpiB X3 i X4 nomaerscs 3a MOIyJIeM
2. Pe3ymbTaT momaBaHHS HAIXOIUTH JO po3psany X1. 3a BH3HAYCHHSM,
MOCJIZOBHICTb, 10 TE€HEPYEThCS TaKUM PETICTPOM 3CyBYy — IIe
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MOCIIAOBHICTh 3 BUXOy OCTAaHHBOTO PETICTPY (7151 HAaBEJEHOTO MPHUKIALy
e X4).

[Mpunyctumo, mo po3psim X1 mictuts 1 , a B ycix 1HIIKUX po3psiuax
30epiratloTecsi Hymi., TOOTO, ToOYaTkoBUM cTaH perictpa — 1000.
3acTOCOBYIOUH IMKIIYHUM 3CYyB Ha OJUH DPO3PSA BHU3HAYMMO HACTYIHI
CTaHU PETICTPIB:

1000 0100 0010 1001 1100 0110 1011 0101
1010 1101 1110 1111 0111 0011 0001 1000

OCKibKM OCTaHHIA CTaH iIEHTHYHUH MMOYaTKOBOMY, TO, OYEBHIHO,
[0 HaBEJCHA TIOCHTIOBHICTh IMOBTOPIOETBCS 4Yepe3 KOXKHI 15 TakTiB.
BuxizgHa MOCTIIOBHICT BU3HAYAETHCS BMICTOM OCTaHHBOTO PO3PSIy Ha
KOXXHOMY TaKTi:

000100110101111.

[lepeBipuMo oOTpuMaHy TOCTIOBHICTh Ha 30aJlaHCOBAHICTh 1
MUKIIYHICTD.. [10CiTOBHICTh MiCTUTh 7 HYJIIB 1 8 OJMHUIG, 11O BiANOBIIa€E
YMOBI 30aJlaHCOBaHOCTI. PO3riIsiHEMO MUK HYIIB — YChOTO iX 4, IPHIOMY
MOJIOBUHA 3 HUX Mae€ JOBXUHY 1, uBepTh — nA0OBXUHY 2. Take x
CTBEP/UKCHHS CIpaBeJIMBE 1 JJI UUKIIB OJMHUI. B mpuHImmi
MOCITIIOBHICTh HAJITO KOPOTKA, MI00 MPOJOBKHUTH IMEPEBIPKY, ane MOXKHA
CTBEP/DKYBATH, [0 YMOBA IIMKIIYHOCTI BHKOHYETHCS.

[NocninoBHICTB, SiKa TEHEPYETHCS TAKUM PETICTPOM, 3aJICKUTHh Bij
KUTBKOCTI PO3PSAIB perictpy, MICIsl MiJKIIOUSHHS 3BOPOTHOTO 3B’S3KY i
moyaTkoBoro Bwmicty perictpiB. [locmimoBHOCTI Ha BHXOII peTicCTpy
KIIACU(IKYIOThCS SK TOCIIJOBHOCTI MaKCHMAaIbHOI 1 HE MaKCHMAallbHOL
JIOBYKHHU.

[lepion MOBTOPEHHS MOCHIOBHOCTI MaKCHMAJIbHOI JIOBXKUHHU P, 1110
TEHEPYEThCS N-PO3PSATHUM JIHIHHAM PETICTPOM 3CYBY 31 3BOPOTHUM
3B’SI3KOM BH3HAYA€THCA 3a (4.3).

MoskHa BIJ3HAYWUTH, IO [OCHTIOBHICTh, IO PO3MIISIAETHCA Y
HABEJCHOMY TPHUKJIA/l BIHOCHTHCS [0 TIOCHTIJOBHOCTI MaKCHMAJIbHOI
JOBHHU.

PosriisHeMo  KOpeJsiifiHI  BJIaCTHBOCTI MMOCTIJOBHOCTEH,  SKi
OTPUMaHi TaKUM CIIOCOOOM, TOOTO OLIIHMMO TPETIO O3HAKy BHIIAJAKOBOCTI
MOCJTiTIOBHOCTEH.
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HopmoBana aBtoxopemsmiiina ¢yukuis [IBII, sxa € nepioguaaum
IMITyTHCHUM ~ CHTHAJIOM 1 CKJIAJa€Tbcd 3 HAOOPY dilliB OJWHUYHOL
TPUBAJIOCTI i IepiofoM p Moke OyTu moaaHa sk [1]:

Uwcrto 301riB 1 p030DKHOCTEH OTHOTO TTOBHOT'O
. (4.8)

R, (r) = =< nepioza nociigoBHO CTi 3 il MoaMGIKaLli €10, 1110

OTpHUMaHa NUISIXOM LMKJITYHOTO 3CYBYHA 7 ITO3UILiH

I'padix HopMoBaHOi aBTOKOpENALiiiHOT (yHKLIT Ry(T) mocnigoBHOCTI
MaKCHMAaJIbHOI TOBXXHHHA 300pakeHo Ha puc. 4.11.

R(™) [Tepiox
(B eleMEHTApHHUX CHTHAJIAX)
%_ p:2n_1 4%
+1

S A EAY
: T |

B HopmanizoBana -l/p
TPUBAJIICTH
€JIEMEHTAPHOTO CUTHATTY

Pucynok 4.11 — ABropensuiiina ¢pynkmis [1BI1 makcumanbHOT TOBKUHH

OueBuano, mo masg =0 , To0TO, KoMM cHUTHaI X(t) Ta Horo Komis
imeansHO 30iratoThes , Ry(t)=1. Y Toii e dac, st Oyap-1KOTro IUKIIYHOTO
3cyBy Mik x(t) 1 X(t+ 1) (1<t<p) aBTOKOpEIliiiHa QYHKIS PIBHIETHCS —
1/p.

Temep MOXHa JIETKO TPOBECTH  MEPEBIPKY  KOPENSIIHHUX
BJIACTHBOCTEH ISl MOCIIJOBHOCTI 3 PO3IJISHYTOI'O MPHUKJIAAY. 3alHUIIEeMO
OTpUMaHy MOCIIOBHICTh Ta 11 MOAM(IKALIi0, [0 YTBOPIOETHCS HUKITIYHHUM
3CYBOM Ha OJIUH PO3PSI BIIPABO.

0001001101 01111
1 00010011 0 10111
ps33pp 3p3p p pps3 3 3
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B TperboMy psiIKy HaBeIEHO pPE3yJIbTAaT ITOPIBHSIHHS EJIEMEHTIB
OTHOMY ¥ TOMY  CTOBITYUKY. EleMeHTH siKi 30irafoThCsi TO3HAYEHO Yepes
(‘ 2 Ce_ 9

, ¥ BHUNAJKy pPO301KHOCTI €JIEMEHTIB — BBEJCHO IO3HAYCHHS ‘P’
3F1I[HO 3 Bupa3oM (3.4) 3HaUCHHsI aBTOKOPEIISIIIHHOT PYHKIIIT PiBHAETHCS:

1
R (7= 1)_p{7 -8 }=- s

MoxHa Mokasartu, o OyAb-SKUil HUKIIYHUH 3CYB, SIKHI TPU3BOANUTH
OO BIAXWIEHHA BiJ  igealibHOI  CHHXpOHI3amii, Jae  3HAa4YeHHs
aBToKOopersniiHoi ¢yHKii -1/p. A me i o3Hadae, IO TPETS YMOBa
crocosHo [IBII, mo copmynpoBaHa BHIlE, TAKOXK BUKOHYETHCH.

Hait6inem mommpennmu Bunamu [1BII, siki MoxkHa moOyayBaTu Ha
MiZICTaBl 3alpOIIOHOBAHOTO aJITrOPUTMY, €, SK Oyno BU3Ha4YeHO, M-
MOCIIAOBHOCTI, TOCTiMOBHOCTI l'onmma i1 OpTOTOHANBHI ITOCIHIJOBHOCTI
I'onpa.

4.5 MMocainosuocti I'os1xa

M-IOCTiIOBHOCTI MarOTh TapHi aBTOKOPEJLiiHI XapaKTepUCTUKH.
Ane, Ha TpaKkTHLi y TEIEKOMYHIKALIfHUX CUCTeMax 3 PpO3LIMPEHHIM
creKTpa M-TIOCITiZIOBHOCTI 3aCTOCOBYIOTHCS JIy’Ke Majo. lle mosicHIoeTbes
TUM (aKTOM, IO KUIbKICTh M-TIOCHIJJOBHOCTEH 3 OJHIEI0 W TOH XK
JOBXKHHOIO 1 OTHAKOBHMH KOPEJISILIHHUMH BIIACTUBOCTAMHU OOMEXKEHA.

Jiis CDMA cucteM, e HeoOXiTHO peari3yBaTH B3aEMOJIiI0 0araThox
KOPUCTYBauiB HEOOXiHO MaTh TMOCIHiOBHOCTI $IKi pPeani3yloTh BEIHKY
KUIBKICTh Pi3HUX KOJIIB 3 OJIHAKOBUMH KOPENSIINHUMY BIIACTUBOCTSIMHU.

Jus mmx cucTteM HEOOXiJHO BUKOPHUCTOBYBATH 3HAYHO OLIBIITY
KUTBKICTb MOCITiTIOBHOCTEH 3 TapHUMU KPOC-KOPEISIIHHUMH
BJIACTHBOCTSMH MK HUMH. MeTo1 MoOyI0BU TaKKMX IOCII0BHOCTEH OYJ10
3anpononoBano ['ongom [8].

[opiBHsiHO 3i 3BHYaiHUMU M-TIOCITIIOBHOCTSIMH  ITOCITiJOBHOCTI
lonpa € 6inbin npuBabmuBrMHU Ui BukopuctanHs y CDMA cucremax 3
OaratbMa KopucTyBadamu [3, 4, 5].

IlocnimoBuocti ['onma  yTBOPIOIOTBCS — LUIAXOM  3aCTOCYBAaHHS
noriunoi omnepanii ABO (OR) (Buxmoune ABO - EXOR) 3 aBoma M-
MOCITIIOBHOCTSIMU ,5IKi OOUPAIOThCS 3 YMOBH BUOOPY HANKpaIIOl MapH.



58

Cxema reHepamii mocmigoBHOcTel Ioama 3  BHKOPHUCTaHHSIM
TPHOXKACKAJHOTO PETICTPY 3CYBY 300pakeHa Ha puc.4.12.

)
Pucynok 4.12 — CtpykTypHa cxema peaiizarii mociigoBHocTi ['onga

Kinbkicte mociigoBHOCTe [onfa, MmO TIeHEPYHOThCS 3a TaKOH
cxemoro piBHsgeTbes 2"-1 [1, 4]. BoHM OTPUMYIOTBCS NUISXOM 3MiHH
MOYaTKOBOTO 3HAYEHHS PEricTpy 1 A0JaBaHHSAM JBOX M-TIOCIiIOBHOCTEH
MpH BUKOPUCTAHHI N-KaCKaJHOTO pETicTpy 3cyBy. I IMOCIHiZOBHOCTI
I'onpa, mo reHepyerbes 3a CXEMOKO P BUKOPHUCTAaHHSIM Kpaioi napu M-
MOCIIOBHOCTEH, 3HA4eHHS  BEKTOpa  KPOC-KOPENAMmiHOI  (yHKIIil
BU3HAYAIOThCS TPhbOMA 3HAYEeHHsIMH, a came : [-1, -t(n,), t(n)-2],ze t(n)
BHU3HAYa€eThes 3a (2.17).

Ak BugHO 3 puc. 4.12, meton peaii3oBaHO Ha MiACTaBI JOJaBaHHS 3a
MOayJieM 2 IBOX Pi3HUX M-TIOCHIZOBHOCTEH , SIKi TaKTYIOTBCS €INHHM
TAKTOBUM TreHeparopoM. Ha#Oinbm cyTTeBHH MOMEHT mij 4Yac
dbopmyBanHs mochioBHOCcTI [onma 3 “rapHUMH’  KOPEISAILIHHUMH
BJIACTUBOCTSIMH € y TOMY, II0O MOKYTh OyTH 3aCTOCOBaHi TUIBKH O0COONHMBI
napu M-mociioBHOCTEH , SKi Ha3uBaroTh “Kpamumu’’. Li kpami napu M-
TIOCJTiTIOBHOCTEH TepetiueHi y TabnIsX, 0 HaBeaeHi, Hanpukiam, y [9].

Ockinbku, 06u1BI M-1IOCTiIOBHOCTI MalOTh OJHY U TY K IOBXUHY L
1 TaKTylOTbCS OIHUM TEHEepaTopoM, TO MociifoBHicTH [‘onga, mIo
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(dopMyeThCSl, TaKOXX Ma€ JOBXKHHY L, ale He € IOCIHiJOBHICTIO
MaKCUMAJIbHOI JOBKHWHH.

SKmo n — KiIBKICTH pO3psAiB pericTpa 3CyBy Yy reHeparopi M-
HOCTiJOBHOCTEH , TO HOBXKMHA MocaigoBHOcTi [omga L=2"-1.

[ligpaxyemMo dYHCeNpHICTH pI3HHX mocHigoBHOcTeW [onma, 110
(hOopMYIOTBCSL 3a JIONIOMOTOIO NIBOX TE€HepaTopiB M-TOCHiTOBHOCTEH MpH
pi3HMX TOYaTKOBHX yMoBaxX. HeoOximHO Big3Ha4YWTH, MO 332 OyIb-KOTO
HOBOTO IMKJIIIYHOTO 3CyBY TIOYAaTKOBHMX YMOB TeHeparopiB M-
MoCIiAOBHOCTEN (hOpMY€ETHCS HOBA TIOCHIIOBHICTH [ oma.

OCKiJTbKM KOKHA M-TIOCTIIOBHICTh Ma€ JOBXHHY L, TO KiJBKICTh
pi3HHX 3CYBiB MiK HHMH TakoX piBHSIeTbcs L. Tomy reHepaTop
nociigoBHOcTe ['omma Ha 0asi nBOX pi3HMX M-TIOCHIIOBHOCTEH MOXe
dopmysaru L=2"-1 nocninosnocreii [omnza.

[Tpu BuGOPi BiAmoBigHOT Mapu M-TIOCTIJOBHOCTEH MOKHA OTPUMATH
aHcamMOnp  mochimoBHOcTed lomma 3 TapHUMH — KOPENSAiHHUMHU
BJIACTUBOCTSIMH.

[puknan popmyBanns ["ona — MOCTiZOBHOCTI IPOAEMOHCTPOBAHO HA
puc. 4.13, puc. 4.14 i puc. 4.15.

Ha puc. 4.13 i puc. 4.14 300paxeH0 1Bi M-TIOCTiZOBHOCTI, fKi
oTpuMaHi Ha 0a3i TPHOXPO3PSITHOTO PETICTPY 3CYBY 3 PiI3HUM BKJIIOUCHHSIM
3BOPOTHOTO 3B’s13Ky. [lomaBaHHS 3a MOIyJeM JBa JIO3BOJSIE OTPUMATH
lNonnp-nocminoBHICTH, sika 300paxkeHa Ha puc. 4.15.

Pucynok 4.13 — M-nioci1i1oBHICTh 3 reHepaTopoM OiTa MapHOCTI MixK

BUXO/aMH JIPYToro i TpETbOro po3psilliB
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1 2 3 ? g B
Pucynok 4.14 — M-niociIoBHICTh 3 TeHepaTOpOM 0iTa TapHOCTI MiXkK

BUXOJIaMH TIEPIIIOTO i TPETHOTO PO3PAIIB

& & &
2 3 1 5 3

Pucynok 4.15 — ITocnigosnicts ['omna

4.6 OproronansHi nociainosnocti Nona

3a 1omoMoror MmocHioBHOCTI ['onga MoxkHaA copMmyBaTu Habarato
OibIIe PI3HUX KOJIB TMOPIBHAHO 3 M-TOCHiZOBHOCTSIMH. Alie iCHY€
JIeKibKa mpobiieM Tmia vac 3actocyBaHHs ['ona-mocmimoBHocteit. Cepen
OCHOBHUX MOJKHA BiJJ3HAYHUTH TaKi:

—cmiBBiguHomends Mixk 0 1 1 He 3aBkau 30aJaHCOBAHE;

— B3aeMHa KopeJsiiiina Gyukiis ['oa mociiiqoBHOCTI HE PIBHIETHCS
0 B OKOJI TOYKH CHHXPOHI3aMii;



61

— JIOBXXKWHA KOAY ["ONI-TIOCIIZIOBHOCTI € 3aBXK/IM HEMapHUM YUCIIOM.
Ile BuMarae 3actocyBaHHS CHEMIaTbHOI CXEMH TaKTYBaHHS JUIsS TeHeparlii
["ona-mocigoBHOCTI.

Jis BupilIEHHS LWX MPoOJIeMO OMWH dYin Jojaerbes nao [oma-
MOCTIAOBHOCTI, 00 30amancyBatu mpomoprito Mix O Tta 1. Taki
MOCIIZIOBHOCTI HA3MBAKOTHCS OPTOTOHATBLHUMY [ OJI-TIOCIiTOBHOCTSMU.
B3aemna kopensitiina GyHKIIisI U1l OPTOroHAIBHUX [ 01-nociigoBHOCTEH
piBHsETHCS 0 Y TOUIN CHHXPOHI3AIIii.

3 yciX IHMMX TWTaHb XapaKTePUCTUKH OPTOroHaNbHHUX [omm-
IMOCHIIOBHOCTEN OAI0H] 10 KinacuyHOI I 0JI1-110CiIi JOBHOCTI.
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