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CITIOCOb MOAVJIAINN-TEMOAVYIEALMN CUT'HAJIOB
C KBAZIPATYPHbBIM U3MEHEHUEM YIJIOBOU KOMIIOHEHTDI

Paspaboman noswiii cnocob yenoeoti manu-
nyaayuu ¢ K8a0pamypHou MaHunyisayuet
Ven08oU KOMROHEHMbl OJi NOCMPOeHUs
yempoucme KoOupoB8aHusi-0eKoOUpo8aHUs.
CUCHATL08.

Pa3ButHe cucTteM CBSI3U MPHUBENO K YBEIHMUCHUIO
Crpoca Ha IU(POBEIC KAaHAJBI CBSI3U. JTa CUTYaIHsI O~
TpeboBana npuMeHeHus () (HEKTUBHOTO UCTIONB30BaAHMSI
BBIJICICHHOTO YaCTOTHOTO JAWAla3oHa, YTO TPHBEIO K
MOSBJICHUIO UCCIIEIOBAHNH CTIEKTPaIbHOM 3(h(heKTHBHO-
ctu MetonoB Moxyisauuu [1—3]. B paguopeneitHsix u
CIIyTHHKOBBIX KaHAJaX CBSI3U TpeOyeTcs TakKe IpuMe-
HeHHe Y(PPEKTUBHBIX METOIOB MOAYJSIMU C ITOCTOSTH-
Hoii orubaromeil. [IpumepaMu MOAYISIMH C TIOCTOSH-
HOW Oorubarome ABISI0TCS KBaapaTypHas ga3oBas Ma-
aumyssinus co casuroM (Offset QPSK — OQPSK) u
MaHUITYJIALIS ¢ MUHIMAJIBHBIM CABUTOM (minimum shift
keying — MSK) [1].

OpHako BCe 3TU METOABI ABJISIOTCS Pa3HOBUIHOCTS-
MU KJIACCHYECKON MOYJISAIUH YITIOBOM KOMIIOHEHTHI rap-
MOHHYECKOU cocTaBitomnieit [4, 5]. [ToBeIeHne criek-
TpaibHOU 3P (HEKTUBHOCTH CUTHAIIOB [2, 3| MPUBOAUT K
3HAUUTEILHBIM TPYIHOCTSIM I10 IETEKTUPOBAHHIO CUTHA-
JIa TIPH WCTIONIB30BAHMH ATUX METOMOB (HAIpHUMEp IS
OQPSK), uto cBs3aHO ¢ OY€Hb MAJIBIMH 3HAYCHUSIMHU
Pa3HOCTH MEX Ty 3HAYeHUSMH (Pa3bl IByX COCETHUX 3Ha-
9eHUH (pa30BOTO CO3BE3IUS MOTYIISIIHH.

Ienbto qaHHOM paOOTHI SBIIAETCS pa3paboTKa HOBOTO
croco6a yrioBoi MaHUMYJISAUY C KBaAPATypHOH MaHU-
nymsueid yriosoi komnoneHTsl (KMYK) s moctpoe-
HUSL yCTPOKUCTB KOAUPOBAHUS-ICKOIPOBAHNUS CUTHAIIOB.
PesynbpraT HOCTUTHYT MyTEM HCIOJIb30BaHHUS METOJOB
MHTETPAIEHOTO UCYHMCICHUS U 3aMEHBI TAPMOHIYECKOM
COCTABILIOMICH MOIYTHPYIOIIETO CUTHAIIA JJIST MOTYJIS-
LIUH YIJIOBOH KOMIIOHEHTHI BEKTOPHBIM MPECTaBICHUEM
MOAYIHpYIOIIero curuaia. B nannoit pabore nomydeHo
AHATNTIYECKOE IPEICTaBICHHE I(POBOI MAHHITYIISIIHH,
KOTOpoe 00ecreunBaeT NOIy4eHHE BEICOKOM CIIEKTpallb-
HOU 3((EKTUBHOCTH MOIYIHPOBAHHOTO CHUTHAJA UL
CHUTHAJIOB C MOCTOSIHHOM OTHOAromeii, 1 moCTpOCHHE
CTPYKTYPHBIX CXeM ISl KoZiekoB Ha ocHoBe KM VYK.

YrnoBasi MOLYJISINMS ¢ KBAAPATyPHbIM M3MeHeHHU-
€M YIJI0BOH KOMIIOHEHTBhI

Jl1st rapMOHHYIECKOTO KomebaHus

a(t) = A costat+ 0, )= A cog () (1)
C 4aCTOTOH (), AMILTUTY/I0H 4, ¥ HaYaILHOH (asoi O
Haber daser §(7), kak usBectHo [1, ¢. 197], 3a kakoii-

MO0 KOHEYHBIH MPOMEXKYTOK BPEMEHHM OT ¢=t, 10 I=t,
Oyzer paBeH

¢(t2) _¢(t1) = (wotz + @0) - ((*)J:1+ © () =
=@y (t; -t,). @

N3 (2) BuaHO, 9TO yTIIOBasi 9acTOTa €CTh CKOPOCTh
n3MeHeHus (asbl koebanus. B uaTerpansHoi hopme [4,
. 99] aTn ypaBHEHUsI IPUMYT BUJ

0(6) - 0(t) = fxet;

J (3)
o) =%- 4)

Cornacho (3) u (4), nomHyo (azy BEICOKOYaCTOTHO-
T0 KoJIcOaHMsI B MOMEHT { MOXKHO OTIPEIEITUTH KaK

(1) = [et)dt + O, (5)

rJie IepBOE CllaraeMoe B MPABOW YaCTU OMpPEASIIeT Ha-
Oer (a3l 32 BpeMsi OT Havaa OTcyeTa 0 paccMaTpuBa-
€MOro MOMEHTA BPEMEHH £, a © ) — HadanbHas pasa Ko-
nebanust B MOMEHT BDEMEHH £,

Tak kak B 00IIeM ClTy4yae paJloCHIHAN, HECYIIUil B
cebe H(OPMAIIHIO, MOKHO IIPEJICTABHUTH B BUIC

a(t) = A(t) cosfw,t+ 0O (t)]= A(t)cosh ), (6)
To ¢ yuetoM (5) dasy wyt +O(t) B (6) cnenyer 3ame-
HHTb HA

0(t) =yt +O(t) + O, (7)
Ilycts
O(t) =a, cosQt + b, sinQt, (8)

rae Q — dasza mMonynupyromero curuana, a, u b, —
AMIUIMTYAbI IBOUYHBIX YUCEJI, KOTOPBIC 3aar0TCA Ipa-
BWJIAMH M-yPOBHEBOI MOJYJSLMU B 3aBUCUMOCTH OT
TPUHSITOTO 3HA4YEHUs M, HanpuMep

#*1+3 mpu M =4
L35 7 mpi M =8

(k1;+ 3+ 5+ 7+ 9+ 11;
a b =+13+ 15

%1;1 3+ 5+ 7% O 11

O+13:+ 15+ 17+ 19¢ 21;

Ht 23+ 25+ 27+ 29+ 3lnpu M =32
OT KaKOI'0-TO 3HAYCHUA aMHJ'II/ITyI[LI U()'

mpu M =16

0
o
N/
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IToxcraBuMm (8) B (7) M MOTyYNM MaTeMaTH4ecKoe
BBIpaKCHHUS AJ1s HaOera (asbl:

o(t) =Wt + (w,a, cosQt + w b, siMt O, =
= Wt +, (8, cosQt+b, siMt O, . 9)
3anunieM ¢ ydetoM (8) MTHOBEHHOE 3HaueHHE Yac-

TOTBI MOAYJIUPOBAHHOI'O KoJIcOaHus (TOKa WJIN HaITpsKe-
HI/I}I), JaCcTOTa KOTOPOTro MEHACTCA 11O 3aKOHY

w(t) = w, +w, (a,cosQt+ b, sinMt ), (10)

e W =2TY npezcTaBiser co0oH HEKOTOPbIH Kodhdu-
IIUEHT MPOTOPIUOHAIEHOCTH — aMIUTUTY/y YACTOTHOTO
OTKJIOHEHUS (JIeBHAIIMIO 4acToTHI) [4, c. 99].

[ToncraBuB (9) B (5), MOIyYnM MaTeMaTHIECKOE BBI-
paxerue

d(t) :‘[[oo0 +(w,a,cosQt+w b, simt)+ 0, =

t t t
:_[ooodt+_[ooﬂan cosQt (1+J’ooﬂh1 simt d+0©, (101)
0 0 0

[Tocme B3ATHS HHTETPATOB (B JTaHHOM CIyJae HHTET-
paJibl TAOTUYHBIC) TIOTYYHUTCS CIIEAYIOIIEe BEIpaKeHHUE:

O @by

q)(t):ooot+Tsith+ o (~coxdt + 1

+O, =yt +%(aﬁ SinQt — b cot+ b, J O, =
(11)

YTO COOTBETCTBYCT MHACKCY yT-

=wt+ml{g sinQt— Q coNt+ h H0O,,
e m=w /Q=0

JIOBOH MOAYJSALIUY.
Honaras —b,=c,, moxuo (11) 3anucars Kak

max 2

O(t) =t +m(a,sinQt+ G coN t+ h O, =
=t +m(g,sinQt+ g cotHF mh+0, =

=t +m(g,sinQt+ g cot)y mg+0, . (12)

B maremartnyeckom Bbipaxkenuu (12) snauenue —mc,
SIBJISICTCS TOTIOTHUTEIIEHBIM IOCTOSTHHBIM CIIBUTOM (ha3bl
Y IIPU JIETEKTUPOBAHUU MOXET HE YUUTHIBATHCS, T. K. HE
3aBUCUT OT Q (T. €. OT YaCTOTHI MOAYJIUPYIOIIETo KoJie-
Oanusa kBanparypHoit moxynsauuu (KAM)) u Oynet mo-
nasieH GpusTpoM rmocie KAM-geMomyssium.

Takum 00pa3zoM, HCIIOTB30BaHNE KBAIPATYPHOI MO-
AyJasinuu (BEeKTOpHOI) (a30BOH KOMIIOHEHTHI HE TIPH-
BOJIUT K M3MEHEHHUIO (PU3NYECKUX IPOLIECCOB MPHU yITIO-
BOU MOIyNSIIMU. BO3MOXHOCTB TPUMEHEHUS KBaAIpaTyp-
HOH MOZYNALUH YTIIOBOH KOMIIOHEHTHI II03BOJISIET YITyU-
AT JETCKTUPOBAHNE CUTHAJIOB C YaCTOTHOM MK (ha3o-
BOI MonysIsIMEH, T. K. KBaJpaTypHbIE KOMIIOHEHTHI XO-
POLIO pa3aeNnsaoTCca CHHXPOHHBIM JETEKTOPOM JJIs KBaJl-
patypHoit Moxynsiuim (KAM-nemonyssitopom). J{ist atoro
HE00XOIMMO BBIIEITUTH KBAPATy pHYIO KOMIIOHEHTY u3 (6),
TJIe yIJIoBasi KOMIIOHEeHTa 3a/1aHa ¢ yueToM (12), u mogarb
ee Ha CUHXPOHHBIH ferekTop KAM- nemonymnsropa.

U3 (12) BuaHO, 4TO NpH m=1 MUpHUHA CIIEKTpa MO-
naynupytomero KAM-konebaHus paBHa IIMPUHE CIEKTPa
Ipu yIII0BOM KBaxpaTypHoit mogynsuu (YKAM), 1. k.
JICBHAIUSI YaCTOTHI COBIIAIACT C YACTOTOM MOAYIHPYIO-
IET0 KOJIeOaHuUsl, YTO MO3BOJSIET OCYLIECTBIATh YIIIO-

BYIO MOIYJALMIO (4acTOTHYIO Win (a3oBylo) 0e3 pac-
IIMPEHHS CIIEKTPA CUTHAJIA HA HECYIIEH 9acTOTE W),

IIpeacraBieHue yrioBoi MOAYJISIIUU € KBaAparTyp-
HOW MOAYJsIEH YIIIOBOW KOMIIOHEHTHI B dopme
paauyc-BeKTOpa

NzBectHO [6, ¢. 71], uTO

pcosA+ gsinA= r cosp-y ), (13)
YTO MO3BOJISAET MPEACTABUTH (8) B BUC paJNyC-BEKTO-

pa, e I =+/p? + P Mﬂp:g;gnw:g;p:%;
r
g=h.

Jl1s mosTy4eHrss MTHOBEHHOTO 3HAYCHUS KOJIeOaHNH
(TOKa MITH HAIIPSKSHUS ), 4aCTOTa KOTOPOTO MEHSETCS IO
rapMOHHUYECKOMY 3aKoHY, HeoOxonumo (10) 3amucars ¢
yuerom (13):

wt) =w, +wrcosQt, Qt=A-y, (14)
e w, = 211 fH IPENCTaBIISIET co0oit aMIUTUTYYy YacTOT-

HOT'0 OTKJIOHEHHUS — JICBUALIHIO YaCTOTHI.
C yuerom (14) 3HaueHue ¢asbl (5) MOXKHO 3arucaTh Kak

(15)

Ilocne HHTCTPHUPOBAHUA ITOJTYYUM CIICAYIOIICEC BbIpa-
JKCHHUC:

o(t) =j(w0 +wrcosQt)d+0, .

o(t) =ooot+%rsiant,

1

(16)

e W, /Q; =M — HHAEKC MORYIALMA.

BripaxkeHue 11si BLICOKOUACTOTHOTO KoseOaHus (6)
(pa3oBol MAHHUITYIIAINH C KBaJPATypHON KOMIIOHEHTOM
— ®MK) c yaerom (16) u ¢ yaeToOM MTHOBEHHOTO 3Ha-
yeHus (Pas3pl OyIeT UMETh BH/T

a(t) = A cosfw,t+ mrsinQ,t+ 0, ]. (17)

OueBunHO, uTo B (hopmyse (17) MrHOBEHHOE 3HaUe-
Hue (a3oBoro Habera COOTBETCTBYET (ha30BOMY HAOETy
(12), uro moarBepxkaaercs (13). JlomonmanTensHbIN (a-
30BbIi HaOer B (12) yunuThiBaeTCs B 00IIEM apryMeHTe
Q, B (13). ®opma 3anucu B BujE paauyc-BekTopa (13)
IPEANOYTUTENbHEE, T. K. COBIAAAET C KIACCHUYECKUM
MpeCTaBICHUEM 3aliCH KoJIeOaHHi ¢ YTIIOBON MOYIs-
uueil. OfHaKo 11 AEMOIYNIATOpa CUTHANIA PEATOYTH-
TenpHee (popMa MpecTaBIeHI MOTYITUPYIOIIETo KoJie-
OaHMA B BUJIE CHHYCA U KOCHHYCA.

Koadduuuent m (MHaEKC MOIYNALINN), KAK U3BECT-
HO, TIOKa3bIBAa€T Ha BEJIMYMHY paclIMpeHus crekrpa. Jns
pa3HBIX BUJIOB MOAYJSINH OH (KaK U3BECTHO) pa3iiny-
HbIU. Tak, AJIs1 4aCTOTHOW MaHUIYJISILIUA HHAEKC MOJY-
nsuK BeIOMpaercs B npeaenax (1+1,2) npu yciosuw,
4TO @, ¥ b, €CTh 3HAYEHNUsI AMIUTUTYL PU M-ypOBHEBOK
MAaHUITYJIALHH.

Ecnu mogynupyercs yactoTa, TO 4aCTOTHasl MAHUITY -
s Oyner 3anaBaTbest curHayioM (17) B BEKTOpPHOM
(dopme. [Tpu 3TOM vacToTa OyIET MEHATHCS CKAYKaMU.
Ho tak kak 1eTekTHpoBaHHUE BBIICIIEHHOM U3 YaCTOTHOTO
CHUTHaJIa KBaJApaTypPHOU KOMIIOHEHTHI ITPOBOIAT CHHXPOH-
HBIMU JeTekTopamu st KAM-monynsanuu, To OHU He
OyAyT BIUATH Ha MPOIECC CHHXPOHHOTO JETEKTHPOBa-
Hust KAM-curnana, 1. k. KAM-co3Be3nue quckpeTHo, 1
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CKauKH 4YacTOThl OYJyT MPHUXOAUTHCS HA TPOMEKYTKH
Mexay 3HaueHusIMu KAM-co3Bes3nust.

[pu nemomyssuiu da3oBbix 3HaUeHNH MeTogoM DMK
KAM-nemonynaTopsl HO3BOJISIIOT HA CETOAHSAIIHUHN IEHb
JIEMOJTyTUPOBATh CUTHAIBI BIUIOTH 0 3HadeHnt KAM-
512 (a B mepcrektuBe — mpeanonaraercs 10 KAM-
2048). B sToM city4ae mepefada CUTHAJIOB METOJAMHU
OMK 103B0JI5I€T NOTYUUTh 3HAYECHUS CIIEKTPATbHON -
¢dextuBHOoCcTH 8 11 9 6UT/I'11/C, YTO Bechma MpobiIeMaTny-
HO JUTS TPAJUIIHOHHBIX M-yYpPOBHEBBIX METOIOB (Da30BOiA
W yacToTHOW Manumynsuit. Tak, npu M=256 nis dazo-
BOW MaHHITYIISIMH IPUIIIOCH OBI (pa30BBIM IETEKTOPOM
pa3enaTh CUTHAJBI C TOYHOCTHIO 360°/256=1,4° nnn
0,7° nma M=512.

[Toctpoenue Takux Gpa3zoBbIX AETEKTOPOB MIPU HAJIH-
YUM HIYMOB B KaHaJax CBSI3U BBI3BbIBACT 3HAYUTEIIbHbIE
TPYIHOCTH (axe pH 00eCIIeYSHUH OTHOIIICHUS CUTHAJI/
IIyM B KaHalle CBS3M M3-3a COOCTBEHHBIX IIIYMOB IIO-
JYTIPOBOJHUKOBBIX PUOOPOB), UTO MOXKET MPUBECTU K
HEOOOCHOBaHHOMY YAOPOXKaHUIO CUCTEeM CBs3U. Jlemo-
nynstop MK crpoutcs B 3TOM citydae U3 AByX JAEMO-
IYJISITOPOB, BKJIFOUEHHBIX I10CIIEA0BATE/IbHO: CHaYasIa mpo-
BOJUTCS JIEMOIYJISIHS (Da30BBIM JETEKTOPOM C COOTBET-
CTBYIOIEH (uibTparmeil (B COOTBETCTBUU C IOJIOCOI
KAM-cocrasistoneit), a mocie npoBoautcs KAM-ne-
MOYJISIIUS BEIIEIEHHOTO (DA30BBIM JeTEKTOPOM M-ypOB-
HeBoro KAM-curnana.

4&0» VmHO- |
JKUTEIb L
_T a +b ‘{aCTOTHLuH?I
n " Fnt—p (pasoBsrit) —»
MOIYIATOP Berxon
bn J CHI'Haja C
p| YMHO- KBa/[paTypHOU
KUTEIB MOIyJIAIUEN
YaCTOTEI
(daser)

I'eneparop Ly n

TOTHECYTIeH 2

Puc. 1. CtpykTypHasi cxema MOAYISITOpa ¢ KBaIpaTypHBIM
NU3MCHCHHEM yl".]'[OBOl71 KOMITIOHCHTBI

Ha puc. 1 npeacrasieHa CTpyKkTypHas cxema, KOTo-
pas peamusyet (17). Jlemomynsinus mpoBOTUTCSI B 00-
paTHOM MOPSKE.

PacimimpeHue cnekTpa CUrHaJjIa NPH YIJIOBOMH

MOAYJISIIMH ¢ KBAIPATYPHOH KOMIIOHEHTOM

B Bripaxkenuu (12) BeKTOpHAs COCTaBIAIOIIASL
a,sinQt+c, coX2 t ymoBoi KOMIOHEHTBI €CT HE YTO
WHOE, KaK KBajaparypHas (opma 3amucu Bektopa. Ilpu
WCTIOJIb30BaHUH OPTOTOHAIBHOTO YIIOTHEHHS C 4YaCTOT-
HBIM MYJIBTHILIEKCUpOoBaHeM — moayisinua OFDM [3,
. 272] — NMpHUMEHSIOT TaKKe KBaJIpaTypHYIO MOMYJIs-
U0 KKIO0T0 YaCTOTHOTO KaHana. [Ipuuem Bce yacToT-
Hble cocraBmsitonue curaana OFDM nepemarotcst mo-
CJIEZIOBAaTENbHO B KaHAJ CBA3H, T. €. OAHOBPEMEHHO JIBE
nim OoJee 4acToTHBIX koMmoHeHT OFDM B kaHaute cBsi-
34 MOSIBUTHCA He MOryT. ClrienoBareibHo, ecid B (12)
wiu (17) mogcTaBUTh BMECTO KBaApaTypHOU KOMIIOHEH-
161 curaan OFDM, To Hapy1ieHni B mporiecce HHTEerpH-

poBanus (10.1) He TPOU3OUIET, T. K. HA OJJHOM CHTHAJIb-
HOM MHTEpBAJIE £,~, B (2) OylIET MPHUCY TCTBOBATH TOJIHKO
OZlHa KBaJIpaTypHas KOMIOHEHTa &, SinQ t+c, coX t
JUIS 33JaHHOTO YaCTOTHOT'O KaHala, COOTBETCTBYIOILETO
HOMeEpY 7.

CrenoBarenbHO, BEIPKEHUE IS yTIIOBOW MHOTOTO-
HOBOW MOIYIISIIIMH C OPTOTOHAIEHBIM YaCTOTHBIM MYITb-
TUIUIEKCUPOBaHNEM (ha3bl HIIH YaCTOTHI MOKHO, HCXOMS
u3 (12) u [8], 3anucaTh Kak

a(t) = A cosk,t+ mz“s( K+ 0,1, (18)

rae S(K) ecTh aHaOroBBIi CHIHAI, KOTOPBIH MOTyYaeT-
cs u3 nudpoBoro currana s(k), HOTYYESHHOTO, B CBOIO
ouepeib, Kak o0paTHOe peodpazoBanue Dypre:

N-1

s(k) = Z a nexp( 'ZTEK), k=0, 1, 2,..., N-1. (19)

ITpudem curHan c(n) 3agaeTcst HICXOAsI U3 YCIIOBUS, IPH-
cymero DMT-monynsun [9, 10], koTopoe onpenesns-
eTCs CIEAYIOMUM 00pa3oM.
[Mycte {a(m)} n {b(m)} — nBe peanabHBIE MOCIEI0-
BaTEJILHOCTHU OJJHOT'O CUTHAJIA C JIMHOW MaccuBa M.
OnpenenstoT HOBYIO MOCIEN0BATEIFHOCT AITUHON
N=2M, TaK 4t0

¢(nN) =0 mpu n=0,

c(n=am+ jdm mpu = N2-m,

c(n) =0 opu n= N/2,

c(n=am- j{mopu = N2+ m
rae 1sm< N/2-1.

Taxoii curHan c(n) ABIsSeTCS CHMMETPUYHBIM OTHO-
CHUTENBHO TOUKH N/2. Vcxofst U3 CBOWCTB mpeoOpa3oBa-
Husa @ypee (cymma B (19)) mocne BBEIIOTHEHHUS 3TOTO
npeoOpa3oBaHus Oy/IeT MmojydeHa JICHCTBUTEIbHAS T10-
cienoBaTenbHOCTD s(k) [10].

CrpykrypHas cxema monyistopa ¢ OFDM-monyns-
1uell yIioBoil KOMIOHEHTHI ITPUBECHA HA pUC. 2.

(20)

dopmuposa-
TC/Ib BEKTOpA TTpoueccop I{aCTOTHLvHﬁ
_»/ TOTOKa [y ®dypbe ™ (dpazoBwIi) —>
JTAaHHBIX MOJYIIATOP Beixon
JUTHOM N MOZLYJIHPOBAH-

HOI'0 CUrHalia

Puc. 2. Crpykrypnas cxema moaynsitopa ¢ OFDM-monyns-
el yriaoBOW KOMIIOHEHTHI

BoccranaBnuBaercsi curHaa B 0OOpaTHOM TOPSAKE.
[Tocne 4acTOTHOTO AETEKTUPOBAHUS MOTYYalOT CUTHAI
f(k) =5(k) + N,, tne N, — mym kanana cessu. Cur-
nan (k) momeepramoT nudpoaHanroroBoMy mpeobpa-
30BaHUIO, a MOTY4YEHHBII HN(POBOI CUrHAN MTOBEpra-
0T IIpsAMOMY TipeoOpazoBanHio Pypre. [lomyueHHbIi KoM-
IUIEKCHBIN 1IU(POBOM cUrHan ¢(n) MOABEPraroT AEKOM-
MO3UIIMH ¥ BOCCTAHABJIMBAIOT JIBE PealbHbIC TOCIE0-
BarenwHOCTH {a(m)} u {b(m)} ogHOTO CUTHANIA C AJIU-
HOM MaccuBa M. 3HaYOK HaJl CUTHAJIOM C(7) yKa3bIBaeT
Ha BO3MOXXHBIC W3MEHEHUS BCIIEICTBUE OIIMOOK H3-32
nryma B KaHalie cBsi3H. Tak kak curHaisl ¢ OFDM a¢-
(exTUBHBI NPy OOJBIIIOM YHCJIE YACTOTHBIX HECYIIUX
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(512, 1025, 8186), TO ¥ CHTHAIIBI C YIJIOBBIM YacTOT-
HBIM MyJbsTUILICKcHpoBanueM (YUM), oueBUAHO, TaK-
ke OyIyT UMETh 3TO CBOMCTBO, MOCKONBKY (18) He BHO-
CHUT B YaCTOTHOE MYJBTUILIEKCUPOBaHHNE HUKAKUX HOBBIX
KOMITOHEHT.

Opnnako (18) mo3BomnseT momyunth curHan OFDM c
MOCTOSTHHOM orubaromeii, T. k. npu OFDM-monynsiun
Ka)/1asl YaCTOTHAs! KOMIIOHEHTa MOAYIHPYETCSI METOAOM
aMIUTUTYAHO-(a30Boi Mogymsuuu (ADOM). VUM no3so-
JISIET MOJTYYUTh KaHaJI CBsI3U ¢ acToTHOW YUM (UYUM)
i ¢pazopoir YUM (®OYUM). [Ipumensats YYUM u
OYYM MOXHO B KaHaJIaX C 3aMUPAHHSIMH U JJIS CITyT-
HUKOBO# cBsi3u (DYUM), T. K. 3TOT CUTHAJ MPH JICTEK-
THUPOBAHUH CJ1a00 TIOIBEPKEH apa3UTHON aMIUIUTYJHOM
MOJYJIALIAY U TTO3BOJISIET YCTPAHUTH [TOCIIEAHION TIepes
nemonysiiiei. @YUM Takoke mo3BosisieT H30aBUThCS OT
JIOIIJIEPOBCKOI'O CJIBUT'A YACTOTHI ITyTEM IPUMEHEHUS aB-
TOMaTH4YECKON moacTpoiiku yactoTsl (AITYH) nepen ne-
TEeKTUpOBaHUEM 3TOro curaaia. Curtanst HYYUM moryt
MIPUMEHSTHCS Ha Tpaccax MPSMON BUANMOCTH B KaHaJIaX
CBSI3U C 3aMHUPaHUSIMU, T. K. IOSBISAIOLIAsICS Tapa3uTHAs
AMITUTATYIHAS MOTYILSIIIHSI MOXKET OBITH ITOIaBJIeHA aBTO-
MaTHYEeCKOH perynupoBkoi ycuiieHus (APY) npueMHu-
Ka 0e3 ymep0Oa IuIsl mpoliecca ASMOMYJISIMKA CUTHAJIA.
Kpowme toro, curnanel ¢c HYYUM- n @Y UM-Mmonynauus-
MH MOTYT IPUMEHSTHCS B CHCTEMax Nepeaavyn JaHHbIX
no kabemro. M3Menss napamerp m B (18), MOXHO J10-
IIOJIHUTEIbHO MEHATD IIUPHUHY CIIEKTpa IIEpeAaBaeMoro
CUTHAJA.

OtHocuTebHAsA (a3oBass MAHUILYJISIIUA € KBaj-
paTypHOii KOMIIOHEHTOI YIJIOBOM cocTaBJsIomiei

N3BecTHO, uTO TPy (Pa30BOM MAHUTTYJISILIUY JJIS yCTPa-
HEeHHs «00paTHO# paboTe» [7, . 29] mpUMEHSIOT KO-
JIMpOBaHUE He caMoil (as3bl, a pasHOCTH (a3 ABYX CO-
CeHUX paanouMIyNbcoB. Takoe npenacrasieHue (aspr
JaeT BOBMOXXHOCTB ITOJTyYUTh OTHOCHTEIBHYTO (pa3oByIo
MaHHTYISIHIO ¢ KBaipaTypHO# KoMmiioHeHTor (OPMK).
Torna 3Hauenue ¢asbl B paguocurHae (6) OyaeT omnpe-
JeTAThCS KaK

a(t) = A cosfw,t+ m(r, sinQ ,t—r, sim t # ©  ]. (21)
VunthIBas, 4To HacTota Q, = Q, = 4 Takas ke, KaK
u B (13), TO MOXKHO 3amucaTh:

p,COSA+ g SinA- p, CosA- g SinA=

=(p, — p)cosA+ (g, — q)sin A= B si . 1,(22)

oMk

1€ Py—P;> 454, — PA3HOCTHU 3HAYEHHUH aMILTUTY/l MOJY/IUPYFOLIUX
(undpoBBIX) MOCIEIOBATENBHOCTEH B MEPUOA
BpPEMEHH TIepeiaull U NpeIIecTByomuil nepu-
0] BpeMeHH;

o — /(P = P2+ (0, — Q)2

Qmpm =A-y;

cosy = PR .
oK
[Ipudem 3T 3HaYEHUS COBMAAAIOT C aMIUIUTYAaMH 3Ha-
YeHud 171 quddepeHInanIbHOi UMITYIbCHON KOOBON
monyisitiu (JIUKM) Ge3 ripejickazanust, Te aMIuIATyaa
CUTHAJIa TIPEJICTABISIETCS] PA3HOCTHIO COCETHUX 3Hade-
HHI CHTHAIIA.

B obmiem ciyuae panunocursan (21) ¢ M-ypoBHEBoO#
ODMK c yuerom (13) MOXKHO IPEICTABUTE TOT/IA B BUTIC

uod)Mk (t) = UO Z Z( (t_ k[) COS(}‘)O t+ m&bMK X

xsinQ_, t+0,), (23)

oMK

, kt<ts< (k+1)r;
rae Zk=(t—k[)=DL T e+ 1y
H, t<kt,t> k+1r, k=012,.0

0O

1=Tlog, M;
T— JIIUTECIBHOCTD 2JICMCHTA UCXOJHOTO HHquOBOrO CHUTHaJa.

Tak xax 3Hau€HUs KBAJAPAaTypHBIX aMIUIUTYA p U ¢
MOTYT OBbITh KaK MOJIOKUTENbHBIMU, TaK U OTpULIATEIb-
HBIMH, TO HEOHO3HAYHOCTh BOCCTaHOBJIECHUS (Da3bl OT-
cyTcTByeT. B aTOM ciydae HeT addekra «obparHoii pa-
00TEI», CBOMCTBEHHOM 00BIYHOI (pa30BOM MAHHUITYIISAIINY,
x0Ts u3MeHeHus ¢assl npu OOMK npoucxoast ot 0 1o
21t Kpome TOro, aMIuIuTy/a BEKTOpa 7, e B (23) meHb-
mie, 9eM y BEKTOpA rpy . B (21), T. K. U3BECTHO, YTO
amruntyna JJUKM menbiiie HCXOIHBIX aMIUIUTY.

Hemonynsauua OPMK

Hemonynsinus curaana OOMK moxer ocymecTs-
JISITHCST aBTOKOPPEISIITUOHHBIM MeToioM [ 7, ¢. 133]. Tlpu
3TOM 3/IeCh HYXXHO PacCMOTPETh CIEAYIOINe 0CoOeH-
HOCTH.

PaccMoTpuM TpH BpeMEHHBIX HHTEpBaa IidpoBoro
CUTHAJIa, KOTOPbIE COOTBETCTBYIOT TPEM BPEMEHHBIM I1€-
puonam T. ITycts Ha mepBom uHTEepBane KAM-cocTas-
Jstrorasi OyAeT ONMMCHIBATHCS MOLYIHPYIOIIEi KOMITOHEeH-
TOH r,SiNQt, Ha BTOPOM BPEMEHHOM HMHTEPBAJE —

r, Siant U Ha TPETbEM BPEMECHHOM WHTEpPBAJIC —
r,sinQt . Torna curaan OPMK Oy/ieT UMETh CMBICT Ha
BTOPOM U TPEThEM MHTepBaiax u T. A. Ha Bropom Bpe-
MEHHOM HHTEpBaje PaaroCUTHAI OyJIET OMUCHIBATHCS KaK

Uyg (1) = UOZ z (t= kr) cosfw, t+
+m(r,sinQ,t—r,sinQ )], (24)

a Ha TPE€TbEM BPEMCHHOM MHTEPBAJIC paJUOCUTHAL 6yI[CT
HUMCTb BU ]

Uy () = UOZ z (= kr) cosfw, t+

+m(r, sinQ,t —r, sinQ .t )].

IIpu nemonynsuinn ODPMK aBTOKOppENAIMOHHBIM
METOZIOM CTPYKTYpPHasi CXeMa IEMOAYIIATOPA IIPUMET BUL,
IpUBE/ICHHBIN Ha puc. 3.

(25)

Curnainsl Ha BXOJaX YMHOXKHUTENsSI B MOMEHT BpeMe-
HU TPETHETO Nleproaa OyayT UMETh BUJL

coslwyt + m(r, sinQ,t—r, sim t )] (26.1)
Ha OpsIMOM BXO€ YMHOXHUTEIIA U
p37p1
KAM- —»
(DHLI > HGMOHY-
—»
JIATOP (Iff]]

=

Puc. 3. CrpykrypHas cxema nemonyisitopa OOMK
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cosfuyt + m(r, SinQ,t—r, sim t )]— (26.2)

Ha BXOJI€ ITOCJIe IMHUU 3aJIep>KKHU. Torja curaan mocie
TepeMHOKEHUS OyJIeT UMETh BUJT

cosfu,t + m(r, sinQ,t—r, sim t )k
xcosfw,t + m(r, sinQ,t—r, sim  )F

1
:E[COS(Z*)Ot+G1+a2)+ cos@,-a, )], (26.3)
e d,=(r,sinQ f-r,sinQ 1 );a,=(r,sinQ t-r,sinQt ).
KomnonenTa ¢ 2w,t mocie puisTpaiyy OyneT oTcyT-
CTBOBATh, U, CICIOBATEIBEHO, €€ MOXKHO OITyCTHTB. Tor-
na (26.3) ¢ yuetom sddexra GUIsTpai MOXKHO 3allu-
caTb KaKk

cosf, sidt-r, siM2 f —r, si®{ +r, sit ¥
=cosf, sinQt -r, siMt F

=cos[(p; — p,)CosA+ @ — q )SinA]. 27)
Taxum 06pa3oM, Ha BbIXoJie Pa30BOTO JEMOAYISATO-
pa Oynet mpucytcTBoBath KAM-curnan ¢ npencrasie-
uHueM B Buze JJIUKM, HO MeX Ty aMILITUTy1aMu TPEThEro
U NIEPBOI0 BPEMEHHBIX MHTEPBAJIOB CUTHAJIAa MOIYJIATO-
pa, a He MEeXJy TIepBbIM U BTOPBIM HHTEpBaJaMH, KaK
npuHsTOo B kiaccuueckoM JIMKM. OueBuaHo, 4T0 ecinu
3armoMuHarh Ha Bbixoge KAM-nemoaynsatopa aMIuuTy-
JIbl HE 32 OJMH NPEIIESCTBYIOMUI IepHo/, a 3a Ba, TO
JANKM-curuan BOCCTaHaBIMBAETCS TaK ke, KaK U KJlac-
cuueckuid [IMKM-curnaan (3o BuaHo u3 (25)). OueBua-
HO, UTO MPH JIETEKTUPOBAHUU IIEPBOTO U BTOPOI'O MEPHO-
JoB curHana (21) Ha BBIXOJIE JIETEKTOpa CUTHAI OyneT
PaBCH CUTHAaJIaM rlsin Qtwur, SinQZt , COOTBCTCTBCH-
HO, ¥ HAYMHAs C TPETHET0 IIEPHO/Ia Ha BHIXO/E JETEKTOpa
Oyner curHain (22). 3amoMuHas Ha BBIXOZE IETEKTOpa
3HAYEeHUs JBYX MPENbIIYLIUX OTCYETOB, MOXKHO JIETKO
BOCCTaHOBUTH 3HAYEHUA p U ¢ ¢ nomousto JJUKM.

3aKjoueHue

IIpumeHeHue KkBaapaTypHOU MaHUIYJIALIUU YIJIOBOI
KOMITOHEHTHI JUIsl CUTHAJIOB C TIOCTOSIHHON orudaromeit
MIO3BOJISIET YCTPAHUTH OHSITUE «OOPATHOH PabOTED IPH
(ha30BOI MAHMITYISIINH 32 CIET BEKTOPHOTO MPEICTAB-
JIEHUsI MOLynupytollero curnana. IlonydyeHHsle aHanu-
THUYECKHE BBIpaskeHUs (ha30BOM U OTHOCUTEIILHOM (a3o-
BOI MAaHUMTYJISILIMHU C KBaJIPaTypHON KOMIIOHEHTOM MO3BO-
JISIFOT YIIPOCTUTH IPOLECC IEMOIYIALUHN CUTHAIIOB C yT-
J0BoM Mopynsinuen. [IpuMeHeHue e OTHOCUTEIbHON
(ha30BOH MOIYIISAIINH C KBAIPATYPHON KOMITOHEHTOM I10-
3BOJISIET 0O0MTHCH O6€3 TOPOTrOCTOSIINX MPOLEAYP BOC-
CTaHOBJIEHUSI (pa3bl HECYIEH YACTOTHI CIIOKHBIMHU METO-
JTAM{ U YMEHBIIHUTH JIEBUAIINIO YaCTOTHI 32 cueT nudde-
PEHLMAIBHOIO XapaKTepa aMILUIUTY bl BEKTOPa MOYJIHU-
PYIOLLEro CUrHaia.

[IpuBeneHHBIEC B CTaThe CXEMbI MOAY/SITOPOB H J€-
MOJIYIATOPOB MOTYT OBITh peaIM30BaHbl HA OCHOBE IU(-
POBOW MJIM aHAJIOTOBOM TEXHUKH.
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HoBeiiliee moco6ue no Teopuu U MpakTHKe UH(PPOBOH CBSI3U, He
uMelollee aHaJ0roB B IMTepaType Ha PyccKoM sidbike. Haunbonee akTHB-
HO UJEeH MOMEeXOyCTOHUHBOCTH KOJAMPOBAHUS BHEJPSAIOTCS B CHCTEMaX
MOOMJIBHON CBSI3H U B MAruCTPaJbHbIX BbICOKOCKOPOCTHBIX JTMHUSIX. Dbl-
cTpoe pacnpocrpaHenue MurepHera u cpencts My/ibTUMeHa CTUMYJIH-
pyeT NpuMeHeHHe KOJAO0B, HCIPaB/ISIOLULINX OLIHOKH, A5 3aLIUThl OAHKOB
JLAHHBIX OFPOMHOl €MKOCTH OT CJyuaiHbIX UM MpeHAMEPEHHbIX HCKa-
»KeHui. [ToMuMo KIaccuueckux aJropuTMOB AeKOJHPOBAHHUST OJOKOB H
CBEPTOUHBIX KOJIOB, 1€TaJbHO PACCMOTPEHbl COBPEMEHHbIE H/1eH AeKOH-
pOBaHHS ¢ “MSITKUM pelleHHeM” U UTEePaTUBHOTO AEKOAHPOBAHHUS.

HMneanbnoe y‘-[€6HO€ nocooue JJist CTYJI€HTOB NPOTrpaMMHUCTCKUX U CBA3HBIX CII€lUaJ/b-

|..| HOCTeH, MH2KEeHEepOB-pa3paboTUYMKOB U MPaKTHKOB.
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