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1 HEJIb PABOTBI. KPATKHUE TEOPETUYECKHUE CBEJAEHUS O IOCTPOEHUN
MHOI'OKAHAJIBHOU CUCTEMBI HIEPEJJAYU HA OCHOBE KOMITIO3UIINOHHBbIX
KOMILJTEKCHO3HAYHBIX IOCJEIOBATEJIBHOCTEM

Heap paboTbl: ucciaenoBaHue 4-X KaHAJIbHOW CHUCTEMBI IMepelayd Ha OCHOBE
KOMITO3UITMOHHBIX KOMIINICKCHO3HAYHbIX HOCHCIIOBaTeJIBHOCTeﬁ — HOMGXOYCTOI\/II'-II/IBOCTI/I,
IHEPreTUYECKOW U CMEeKTPaIbHOU 3(PPEKTUBHOCTH, C HCIOIb30BaHHEM MaKeTa (YHKIMOHAIHLHOTO
MmoenupoBanus Simulink.

1.1 Kparkue TeopeTnuyeckue cBeJeHHA

Hcnonp3yemble B CUCTEMaxX MHOTOKaHAJIbHOW IMepelayd CUTHalbl U METOJAbI UX Ipuéma u
00pabOTKM OpPUEHTHPOBAHBl HA MHUHHMH3AIUIO0 B3aWMMHOTO BJIHMSHHS CHTHAJIOB OT pPa3HBIX
ucTouyHUKOB. Ilpu »TOM s Hang&KkHOro OOHApY)KEHHMsS cuUrHaia TpeOyeTrcs KOMIAKTHas
ABTOKOPPEISAIMOHHAS (YHKIIUS ¢ MUHUMAQJIBHBIMH OOKOBBIMHU JICTIECTKAMH, a JUIS HaIEKHOTO
paslenieHrs CHUTHAIOB TpeOyeTcsi MUHUMAalbHAas B3aUMHO KOPPEJSAIMOHHAs (YHKIHS, YTO
CYIIECTBEHHO OCJIOXHSET IMOMCK IMOJOO0HBIX CHUTHAIOB. B maHHOW paboTe Ui YIOBICTBOPEHUS
3TUM  TPOTHUBOPEUYHMBBIM  TPEOOBAaHUSAM  MPEANIATaeTCs  HCIONb30BaTh  KOMIIO3UIIMOHHBIE
KOMIUIEKCHO3HAYHbBIE TOC/IEA0BaTeIbHOCTH [1-3] ¢ paBHOMEPHBIM CIIEKTPOM, Ha OCHOBE KOTOPBIX
coOpana 4-x xaHanbHas pyHKIHOHAIbHAS MOJIE]h CUCTEMBI ITepeIayH.

[Tpu MoxyysMu HECyliero KojeOaHus TeKymeld HHPOPMAIIMOHHOM TTOCIIEI0BATEIIBHOCTHIO
peaiu3yeTcsi JIOCTaTOYHO Y3KOIMOJOCHBIM CHEKTP, KOTOPBI B YCIOBUAX MHOTOIYYEBOTO
pacrpocTpaHeHUs CHIIBHO TMOpa)kaeTcsi UHTep(epeHnren gydeil pacpocTpaHeHUs MPUILEIIINX B
TOYKY MpuéMa C pa3HON 3aaep>KKOH. B CBA3M C 3TUM MNPUILIM K BBIBOAY O HEOOXOAUMOCTH
pPaCHIMPEHHUH CIIEKTpa.

Jns pacmmpeHus crekrpa HEoOXOIUMO YBENWYHTh 0a3y HH(DOPMAIIMOHHOTO CHUTHajia
(mpousBeneHne MOJOCH curHana B wa mmmrtensHOCTh T). Jlisi OOBIMHBIX WH(OPMAIIMOHHBIX
curHaioB B - T~1 u ana yBenuueHus 0a3bl UCIONB3YIOT, HAPUMEpP TEXHOJOTHIO PACIIUPEHUS
CTIEKTpa MOBTOPSIOIIEHCS PIN- WM YHIT-TIOCIEI0BATEIIbHOCTHIO KOPOTKMX HMMITYJILCOB HMEOIIEH
MICEBIOCITYYaHbIA CTATUCTUYECKUI 3aKOH pacipesesieHus. B mpoiecce pacimpenus crekrpa pin-
MOCJIeI0BATEILHOCTh, UMEIOIAsl CKAYKEM TayCCOBCKUHM XapaKTep paclpeesICHHs U JUIUTEIbHOCTHIO
¢  UWHPOPMAIMOHHBI  CHUMBOJA  WJIM  OUT, TepeMHOXaercs ¢  HWHOOPMAUOHHON
MOCJIeI0BATEITLHOCTBIO.

B pesynbTare mmpuHa crnektpa B Oynmer omnpenensiThCs IIUTETLHOCTHIO UMITYIBCOB YHI-
MOCJIEIOBATEILHOCTH BIHUCHIBAEMOM B CUMBOJ uiu Out. Ilpm »TomM 0Oa3a curHama u IIUpuHa
CIEeKTpa YBEJIMYUTCS B UWCIO YHUIOB BIUCHIBAEMBIX B CHUMBOI uiau Out. Tenepb
UHTEep(EPEHIIMOHHBIE HUCKAKCHUS, UMEIOIINE Y3KOIMOJOCHBIA XapakTep, OyayT Mopa)xaTh JIHIIb
4acTh CIEKTpa CHTHajla M WX TOCHEACTBUS MOTYT OBITh MPEOJOJICHBI MOMEXOYCTOWYHBBIM
KOJIMPOBAHUEM.

Tenmepp, ecnum OBl  ymaaoch MOCTPOUTh HAOOP  CTAaTHCTUYECKH  HE3aBUCHUMBIX
TICEBIOCTYYalHBIX TTOCIIEIOBATEIFHOCTEH U HCIOIB30BaTh UX B COCEIHUX KaHalax Tepenayu, TO
3TO TO3BOJIUIO OBl CTPOUTH MHOTOKAHAIbHBIE CHUCTEMBI Tepefaud. B 3TOM M COCTOUT CYTh
n3BecTHOU TexHomoruu CDMA (ko70BoTo pa3jieneHus KaHAJIOB).

CyliecTByeT HECKOJbKO MOJAXOJ0B K CHHTE3Y ICEBAOCTYyYaWHBIX MOCIEAOBATEILHOCTEN.
OnuH U3 MOJAX00B OCHOBAH HA MCIOJIb30BAaHUHU TaK HA3bIBAEMBIX PETUCTPOB CABUTA C OOPATHBIMH
ceazamu (OC) (LFSR). Tcesmocmyuaitiple mocnenoBaTeNbHOCTH peanm3yeMble CTPYKTYPaMu
LFSR naspiBator M-mocnenoBarenbHOCTAMU. B cBOIO o4epens cTpykTypa peructpoB casura ¢ OC
MOXET OBITh OINKCaHa TOJWHOMAMH W €CJIM CTPYKTypa pPErucTpa CABUTAa COOTBETCTBYET TakK
Ha3bIBAEMOMY NPUMUTUBHOMY IMOJIMHOMY, TO PETUCTP TE€HEPUPYET HEMOBTOPSIOIIYIOCS
MICEBAOCIYYaHHYIO MTOCIEN0BATEIbHOCTh MAKCUMAJIBHOM JJIMHBI ONPEACISIEMON BhIpakeHUEM L =



(2™ — 1), rue N- NopsI0K NPUMHUTUBHOTO MOJIMHOMA. YeM BbIIIe MOPSIIOK MOJIMHOMA, TeM OOJIbIIe
CpeAd HUX NMPUMHUTHUBHBIX. YHCIO MPUMUTUBHBIX MOJIMHOMOB N-TO MpsIKa MOXKHO OIPEICIUTh,
HCTIONB3Ys GYHKIHIO DUjepa.

[Ipobnema mMOCTPOEHUS TICEBIOCIYYAMHBIX IOCIEIOBATEIBHOCTEH [UIS TOCTPOCHUS
MHOTI'OKAHAJIbHBIX CHCTEM C KOJOBBIM pa3lelICHUEM KaHaJOB MPEINoiaraeT OJHOBPEMEHHOE

JOCTH)KCHHME  JIByX  YCIOBHM —  aBTOKOPPEILIMUOHHBIE  XapaKTEPUCTUKH  KaXIOW W3
[I0CJIeI0BATENbHOCTEN JIOJKHBI ObITh KOMIIAKTHBI, T.€. UMETh SIBHO BBIPaKEHHBIH MakcUMyM 0e3
OOKOBBIX  JICTIECTKOB,  B3aUMO  KOPPEJLMOHHBIE  XapaKTEPUCTUKU  JIIOOOW  mapsl

MOCJIEZIOBATEILHOCTEH HE MOJKHBI MMETh 3HAUUTENbHBIX JiemecTKoB. IlepeuncrienHble ycnoBus

JeNaroT MpodiieMy CHHTE3a Habopa MCeBI0CTYYallHbIX MOCIEA0BATEIbHOCTEH HETPUBHATILHOM.
ABTOpBI paboTr [1-3] MOKa3BIBaOT, YTO IEPEXOJ OT BEHICCTBEHHBIX IICEBIOCTyYalHBIX

MOCIIEZIOBATEIbHOCTE K KOMITO3UTHBIM  KOMIUIEKCHBIM  CIHOCOOCTBYET — HAaXOXKICHHIO

HOCHGHOB&TCHBHOCTCﬁ C PAaBHOMEPHBIMHU CIICKTpaMH, YTO COOTBETCTBYET IOHATHIO KOMIIAKTHBIX
ACF.

1.2 MaremMaTu4ecKoe OnMucaHue KOPPECJIIIIHOHHBIX CBOMCTB KOMIIO3UTHBIX
KOMIIJIEKCHO3HAYHbIX HOCJIBI[OBaTeJIbHOCTEﬁ

B Tabnuue 1.1 mpuBeneHbl KOMIUIEKCHO3HAYHBIC MMOCIEAOBATEILHOCTH IIMHOW 9 u3 [1] m
MOCKOJIbKY B MOJEIM TMpH pACHIUPEHHH CIeKTpa (MOAYJSILIMM  IOCJIEJOBATEIbHOCTHIO)
UCIIONIb3YeTCsl  OumosispHass ~ MHQPOPMAIMOHHAS — TOCIEAOBATEIBHOCT, 33  PACHIUPSIONINAC
MOCIIEI0BATEIHLHOCTH KaHAIOB BEIOpaHBI MOCIEA0BATEIHLHOCTH, COOTBETCTBYIOLINE CUMBOIY « 1.

Ta6n1z1ua 1.1 — CooTBeTCTBHE CHMBOJIOB U KOMIIJIEKCHO3HAYHBIX HOCHGHOB&TGHBHOCTGIZ B
MHOTI'OKaHAJIbHOH CHCTEME CBI3H

Kanan | CumBon KonxoBast komOuHanust
1 «0» 1,1,1,1,-0.5+0.866i, -0.5-0.866i, 1, -0.5-0.866i, -0.5+0.866i
«1» -0.5+0.8661, 1, 1, 1, 1, -0.5+0.866i, -0.5-0.866i, 1, -0.5-0.866i
2 «0» -0.5-0.866i, -0.5+0.866i, 1, 1, 1, 1, -0.5+0.866i, -0.5-0.866i, 1
«1» 1, -0.5-0.866i, -0.5+0.866i, 1, 1, 1, 1, -0.5+0.866i, -0.5-0.866i
3 «0» -0.5-0.866i, 1, -0.5-0.866i, -0.5+0.866i, 1, 1, 1, 1, -0.5+0.866i
«1» -0.5+0.866i, -0.5-0.866i, 1, -0.5-0.866i, -0.5+0.866i1, 1, 1,1, 1
4 «0» 1, -0.5+0.866i, -0.5-0.866i, 1, -0.5-0.866i, -0.5+0.866i, 1, 1, 1
«1» 1, 1, -0.5+0.866i, -0.5-0.866i, 1, -0.5-0.866i, -0.5+0.866i, 1, 1

Brimuimiem B BCKTOPHOﬁ q)opMe KOMITO3UTHBIE KOMIIJICKCHO3HAYHBIC MMOCICA0OBATCIIBHOCTHU
KaHaJIOB:

v11 = [-0.5+j*0.866 1 1 1 1 -0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866];

v21 = [1 -0.5-*0.866 -0.5+j*0.866 1 1 1 1 -0.5-j*0.866 -0.5-j*0.866];

v31 = [-0.5-j*0.866 -0.5-*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1 1 1];

v41 = [11-0.5-*0.866 -0.5-j*0.866 1 -0.5-*0.866 -0.5+j*0.866 1 1].

JIJis OIICHKH KOPPEJSIHOHHBIX CBOWCTB MOCJECIOBATEIBHOCTEH COCTaBUM TaOJUIy aBTO U
B3aMMHBIX KOPPEISALMOHHBIX (DYHKIIMHA, BBIUUCIAA CKaISPHBIC MPOM3BEIACHUS COOTBETCTBYIOIIMX
BEKTOpOB (cM. Tab. 1.2).




Tabmuma 1.2 - ABTO ¥ B3aMMHO KOPPEJSIITUOHHBIC (DYHKIIMH KOMIIO3UTHBIX
KOMILUIEKCHO3HAYHBIX MTOCIIEI0BATEIHHOCTEN KaHAJIOB

vil” v20° v3l’° v4l’
vll 8.9998 -4.4000e-5 -1.5000-j2.5980 1.5000+j2.5980
v21 -4.4000e-5 8.9998 -4.4000e-5 -1.5000-j2.5980
v3l -1.5000+j2.5980 -4.4000e-5 8.9998 -4.4000e-5
v4l 1.5000-j2.5980 -1.5000+j2.5980 -4.4000e-5 8.9998

Kak BuamMm, aBTOKOpPENALMOHHBIE 3HAYCHHUS IIOCJIEI0BATEIbHOCTEH MAaKCUMAJIbHBI U
MIPAKTUYECKH PaBHBI AJMHE MOCIeA0BaTeNbHOCTH. Hanxy/me B3auMoKOppeNIaliMOHHbIE 3HAUECHUS
HUMEIOT MOCJIeIOBATENILHOCTU 1-TO U TPEThEero KaHAIOB, a Takke 1-To U 4-r0 KaHAIOB U 2-TO U 4-T0
KaHaJoB. B KOHEUYHOM HTOre 3TH 3aMETHBIC B3aUMOKOPPEISLMOHHBIE 3HAUEHUS U ONPEAEIsIOT
CPaBHUTEIBHO HHU3KYID TIOMEXOYCTOMYMBOCTh 4-X KaHaJbHOM CHCTEMBI TMepefadyd MpHu
MCIOJIb30BaHUU JAHHBIX MOCIIEA0BATEIBHOCTEH.



2 OIUCAHUE ®YHKIIMOHAJLHOM SIM-MOJIEJIA 4-X KAHAJIbHOM CUCTEMBI
HEPEJAYN HA OCHOBE KOMIIO3UITMOHHBIX KOMINVIEKCHO3HAYHBIX
INOCJIEAOBATEJIBHOCTEU

CornacHO TEOPETUYECKUM IPEJCTABICHUSIM HCIOIb30BaHNE TEepeJaddl MIHNPOKOMOIOCHBIX
CHUTHAJIOB HAa OCHOBE KOMILJICKCHO3HAYHBIX IOCJIEJOBATEIBHOCTEH C PAaBHOMEPHBIM CIIEKTPOM
MO3BOJIsIET JOOUTHCS CKphITHOCTH [1-3]. Ha puc. 2.1 npuBenena GpyHKIIMOHAIbHAS MOJICTb CHCTEMBI
nepefayd  MIMPOKOMOJOCHBIX CHTHAJOB HAa OCHOBE KOMITO3UTHBIX  KOMIUIEKCHO3HAYHBIX
MOCJIEI0BATEIbHOCTEH.

Onucanune moaean. [TockoinbKy MOzens UMeeT 4-€ OJHOTUIIHBIX KaHalla OMUIIEM OIHMH U3
e¢ kaHaioB. VICTOUHMK OWNONAPHOM WHGPOPMAIIMOHHON IOCIEJOBATEILHOCTH MPEICTABICH
TeHEPaTOPOM TICEBOCIIYYAHOW MOCIIEI0BATEIBHOCTH C rayCCOBCKMM pacmpenerneHreM Random
Number u OnokoMm AByXCTOpOHHero orpanuumtens - Sign(x). [muHa mHdOpManuoHHOrO OHTa
3apaéres mapamerpom Sample Time=1 reneparopa Random Number.

KoMmrutekcHO3HaUHas IOCIIEOBATEIbHOCTh peaji30BaHa C MPUMEHEHHEM TIeHeparopa
MOBTOPSIIOIICHCS TocieaoBarenbHocTH Repeating Sequence B kadecTBe MOCIBHOTO BpPEMEHH
IMHOM 9, a cama KOMIUIEKCHO3HAYHAasl MOCIIEA0BATENbHOCTh MONAETCs Ha BBIXOJ T'€HEpaTopa C
nomoinsio MatLab-dynkiuit — ¢_sequensl, ¢_sequens2, ¢_sequens3, c_sequensd cwm. puc. 2.2 —
2.5.

B kagectBe wmopymaTopa  OWMONSpHOW  MH(POPMALMOHHOW  MOCIEIOBATEIHHOCTH
pacmumpsoneld KOMIUIEKCHO3HAYHOW TOCIIEA0BATEIbHOCTBIO HCIOJIb30BaH OJIOK  YMHOMKHUTEIS
Product.

MopynsTop Hecymiero koje0aHusl pacUIMPeHHONW MH(OPMALMOHHON MOCIEA0BATEIbHOCTH
TaK)Ke BBIMIOJHEH Ha OCHOBe Ojoka Product, ma BTopoii BXOa KoToporo c¢ Oioka Sine Wave
nonaéres Hecylee KojebaHue ¢ 4acToTo wg = 25 * pi paguaH.

[TockonbKy MpH pacIIMPEHHU CHEKTpa IMOJydaeTcss KOMIUIEKCHBIM CHTHAll, TO W MOJENb
KaHaja paclpoCTpaHeHUs HCIOJb3YeTCs] KOMILJIEKCHON Ha OCHOBe OJ0ka SUM, Ha BTOpPOW BXOA
KOTOPOTO TIOCTYMaeT KOMIUIEKCHAs IIIyMOBasi IICEBIOCTyYaifHasi MOCIEI0BATEIBHOCTh Ha OCHOBE
reHeparopoB Random Number ¢ rayccoBckuM pacrpezeneHreM 00beIuHEHHBIX Onokom Real-
Imag to Complex. [Tapametpsr renepatopoB Sample Time mo3BosiseT peaar3oBaTh HEOOXOIUMYIO
HIMPOKOIIOJIOCHOCTh [IYMOB KaHalla PAClpOCTPaHCHWs, a mapameTpsl Variance peryaupoBarh
MOIITHOCTh IIYMOB B TMpOIlECCe H3MEPEHHS IMOMEXOYCTOHYMBOCTH (3aBHCHMOCTH BEpPOSITHOCTH
o6uroBoif ommOku 0T cooTHoueHus curHan/myMm SNR). Jlnsg yaoGcTtBa mpeaycMoTpeHa
peryMpoBKa MOIIHOCTH IIYMOB KaHajla paclpocTpaHeHus ¢ momolpio Oioka Gain. Ha Beixome
aeMoaynsaTopa Ais  (UIBTpallMd  BBICOKOYACTOTHBIX COCTaBISIOIIMX cOOpaHa KOMIUIEKCHas
nojcucrema @HY BTOpOro nopsijika ¢ rpaHUYHBIMU YacToTaMu Wy = 18 * pi panuan/cexk.

JleMoaysITop 10 aHAJIOTHU € MOIYJIATOPOM PEaln30BaH C MCIoNb30BaHueM Oiioka Product
v nojcucrembl LF filter ¢ rpannunoii wacroroit w, = 18 * pi panuan/cex. Jlng kommneHcanuu
koo durmenta 1/2 TpuroHOMETpUUECKHX MpeoOpa3oBanmii Ha Bbhixogax PHY wcmonb30BaHbI
onoku Gain=sqrt(2).

KoppensuuoHHblii MpUEMHUK BBITIOJIHEH Ha SKCTPANONATOpPax HYJEBOro mopsaka Zero
Order Hold u 610x0B Buffer, koTopbie HakamnanBarT B Te4eHUE OUTAa 9 OTCYETOB MOBTOPSIOIICHCS
OMOPHONW KOMITJIEKCHO3HAYHOM MOCJIEI0BATENIbHOCTH M HPUHATHIE B IIyMax MOAYJIMPOBAaHHBIE
WHGOPMAIIMOHHBIME OUTaMU TIOCIIEI0BATEIbHOCTH. HaKOIIEHHBIE 0TCYETHI, KaK BEKTOPa CKAISPHO
MEPEMHOKAIOTC U cymMmupytoTcs Omokamu Product m Sum. bmox Complex to Real-Imag
BBIJICIISICT JICHCTBUTEIBHYIO YacTh KOPPEIAIMH, OJIOK SIJN HOPMUPYET 3HAYCHUS KOPPEIAIIUOHHOM
¢byaknuu Kk +1. B maHHOM ciydae peanmsyeTcs HaKOIUIeHHEe 9 KOMITJIEKCHO3HAYHBIX OTCYETOB B
TeyeHue OuTa.
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function c=c_sequencl1(x);

% function c=c_sequencl1(x);

% ®dyHkuMS resepannu 3aJaHHOM TUCKPETHOM

% (KOMILIEKCHOM ) MTOCJIeI0BATEILHOCTH BUICOMMITYIHLCOB

% X- BXOJTHOE 3HAYEHHUE TEKYIIETO MOJICIILHOTO BpEMEHHU

% C- TekyIee 3HaUCHNE BBIXOIHON KOMIUIEKCHOW UMITYJILCHOM MOCIIEIOBATEILHOCTH
%

%v10=[111 1 -0.5+j*0.866 -0.5-*0.866 1 -0.5-j*0.866 -0.5+j*0.866];
v11=[-0.5+j*0.866 1 1 1 1 -0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866];
%v20=[-0.5-j*0.866 -0.5+j*0.866 1 1 1 1 -0.5-j*0.866 -0.5-j*0.866 1];
%v21=[1 -0.5-j*0.866 -0.5+j*0.866 1 1 1 1 -0.5-j*0.866 -0.5-j*0.866];
%v30=[-0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1 1 1 -0.5-j*0.866];
%v31=[-0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1 1 1];
%v40=[1 -0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1 1];
%v41=[1 1 -0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1];
m=round(1+x); % BBIYUCICHUE TEKYIIEH KOOPAMHATHI BEKTOPA
c=vl1(m);, % TeKyllee 3HaU€HUE BBIXOIHOM NOCIIEI0BATEIbHOCTH

Pucynox 1.2 - CxpuH daiin pyHKIMH reHepaliy InceBA0CTyYaitHoi KOMIUIEKCHO3HAYHOM
nocleoBaTeNbHOCTH C_Sequencl

function c=c_sequenc2(x);

% function c=c_sequenc2(Xx);

% @yHKUMS reHepanuy 3aJaHHONU JUCKPETHOMN

% (KOMILIEKCHOM ) TTOCJIEI0BATEILHOCTH BUCOMMITYIHECOB

% X- BXOJIHOE 3HaUEHHUE TEKYIIEro MOJEIBHOTO BPEMEHU

% C- TexyIee 3HaYECHUE BBIXOHOW KOMIUIEKCHON UMITYJILCHOM TTOCIIEI0BATETLHOCTH
%

%v10=[111 1 -0.5+j*0.866 -0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866];
%v11=[-0.5+j*0.866 1 1 1 1 -0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866];
%v20=[-0.5-j*0.866 -0.5+j*0.866 1 1 1 1 -0.5-j*0.866 -0.5-j*0.866 1];
v21=[1 -0.5-j*0.866 -0.5+j*0.866 1 1 1 1 -0.5-j*0.866 -0.5-j*0.866];
%v30=[-0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1 1 1 -0.5-j*0.866];
%v31=[-0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1 1 1];
%v40=[1 -0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1 1];
%v41=[1 1 -0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1];
m=round(1+x); % BbIYMCIIEHUE TEKYIIEH KOOPIUHATHI BEKTOPA
c=v21(m);, % TeKyllee 3HaU€HUE BBIXOIHOM MOCIIEI0BATEIbHOCTH

Pucynok 2.3 - CkpuH aiisn pyHKIMN reHepaliy ICceBA0CayYaifHOi KOMIUIEKCHO3HAYHON
TIOCIIEI0BATEILHOCTH C_Sequenc?



function c=c_sequenc3(x);

% function c=c_sequenc3(x);

% ®dyHkuMS reHepanuu 3aJaHHON TUCKPETHON

% (KOMILIEKCHOM ) MTOCJIeI0BATEILHOCTH BUICOMMITYIHLCOB

% X- BXOJTHOE 3HAYEHHUE TEKYIIETO MOJICIILHOTO BpEMEHHU

% C- TekyIee 3HaUCHNE BBIXOIHON KOMIUIEKCHOW UMITYJILCHOM MOCIIEIOBATEILHOCTH
%

%v10=[111 1 -0.5+j*0.866 -0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866];
%v11=[-0.5+j*0.866 1 1 1 1 -0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866];
%v20=[-0.5-j*0.866 -0.5+j*0.866 1 1 1 1 -0.5-j*0.866 -0.5-j*0.866 1];
%v21=[1 -0.5-j*0.866 -0.5+j*0.866 1 1 1 1 -0.5-j*0.866 -0.5-j*0.866];
%v30=[-0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1 1 1 -0.5-j*0.866];
v31=[-0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1 1 1];
%v40=[1 -0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1 1];
%v41=[1 1 -0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1];
m=round(1+x); % BBIYHCICHHE TEKYIIEH KOOPANHATHI BEKTOPA
c=v31(m);, % TeKyllee 3HaU€HHUE BBIXOIHOM MOCIIEI0OBATEIbHOCTH

Pucynox 3.4 - CxpuH aiin pyHKIMH reHepaliy IceBA0CTyYaitHOi KOMIUIEKCHO3HAYHOM
MOCIIeJOBAaTEILHOCTH C_Sequenc3

function c=c_sequenc4(x);

% function c=c_sequenc4(x);

% @yHKkuMS reHepanuy 3aJaHHON TUCKPETHON

% (KOMILIEKCHOM ) TTOCJIEI0BATEILHOCTH BUCOMMITYIHECOB

% X- BXOJIHOE 3HaUEHHUE TEKYIIEro MOJEIBHOTO BPEMEHU

% C- TekyIee 3HaYeHUE BBIXOTHON KOMIUIEKCHON UMITYJIbCHOM TTOCIIETIOBATEILHOCTH
%

%v10=[111 1 -0.5+j*0.866 -0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866];
%v11=[-0.5+j*0.866 1 1 1 1 -0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866];
%v20=[-0.5-j*0.866 -0.5+j*0.866 1 1 1 1 -0.5-j*0.866 -0.5-j*0.866 1];
%v21=[1 -0.5-j*0.866 -0.5+j*0.866 1 1 1 1 -0.5-j*0.866 -0.5-j*0.866];
%v30=[-0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1 1 1 -0.5-j*0.866];
%v31=[-0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1 1 1];
%v40=[1 -0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1 1];
v41=[1 1 -0.5-j*0.866 -0.5-j*0.866 1 -0.5-j*0.866 -0.5+j*0.866 1 1];
m=round(1+x); % BbIUKCIIEHHUE TEKYILEH KOOPAUHATHI BEKTOpPA
c=v41(m);, % TeKyllee 3HaU€HUE BBIXOIHOM MOCIIEI0BATEIbHOCTH

Pucynoxk 4.5 - Ckpun daiin QyHKIHH TeHepaIiuy CeBA0CTydaifHON KOMIUIEKCHO3HATHOM
TIoCIIeI0BaTeNILHOCTH C_Sequencd

[Moncucrema Subsystem Calc Err, 6moku Display u Scope mpusBanbl 0TOOpa)aTh 4HCIIO
OIIHOOK Tepeiaun U GUKCHPOBATH MOMEHTHI MX BO3HHUKHOBEHHSI.
[Moncucrema Subsystem Measuring Power u 6ok SCOpPe mNpU3BaHBI BBIUUCIATH U

OTO6pa)KaTI) HN3MCHCHHUEC YpPOBHSA MOMNIHOCTH CHUTHAJIa HWJIX CMECHU CI/IFHaJ'H'IHYM B IIponecce
HU3MCPCHUA HOMCXOyCTOfI‘-IHBOCTPI. Touka HOAKIIOYECHUS HU3MCPUTECIIA MOIIHOCTU 06yCJIOBJ'IeHa

OJIOKOM MIPUHSITHUS PEIICHUH, KOTOPBI coOTBETCTBYET Os1oky Zero Order Hold.
bnok Spectrum Scope npu3BaH 0TOOpakaTh CIEKTPbl CUTHAIBHBIX U IIIYMOBBIX ITOTOKOB.
Koppensiumonnsiii npuém. [Ipm KOppensiiMOHHOM IpUEME ONPEEHseTCs 3HAYeHHe

(GYHKIMN KOPPENSIUH MEXIy NPUHUMAEMbIM M ONOPHBIM CHUTHAJIOM. DYHKIHUS KOPpPEISIUU
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sBigeTcs QyHKUMEH mapaMerpa CMElIeHUsl T U 0OObIYHO (DYHKIUSI aBTOKOPPENALUNA CUMMETpUYHA
oTHOCUTENbHO T = 0 U MOXeT cogepxarb OOKOBble MUKU. DYHKIUS KOPPENSIUU HEMPEPHIBHOIO
CUTHaJIa ONpeJeNsieTCs COOTHOIICHUEM:

R(t) = [ x(7) * y(t — D)dT,

rae y(t) = x(t) + n(t);

x(t) — mmoJIe3HbBIN CUTHA,

n(t) — ABI'LLL

[Ipu mosHOM COBHAJIEHUHM CHUTHAJIOB OyJET MOIYyYeH MOJOKUTEIbHBIH MAaKCHMyM 3HAuCHUS
byskuun Koppensuuu. Eciau curHanel HaxoAwsuMch B TpoTHBo(daze, TO MaKCHMYM CTaHET
oTpuuaTeabHbIM. [Ipy OTCYTCTBHU MOXO0KECTH MEXAY CUTHAIIAMHU 3HAa4eHUE (QYHKIIMU KOPPEISALUN
Oyner paBHO Hymio. IIpy YacTHYHOM COBMAJCHWHM W TMPU HAJTMYHHM T[OMEX 3HaueHUE (YHKIHUH
KOppeJ'IFILII/II/I HaAXOIUTCA B AHUAIIA30HEC OT HYJIA 10 3HAYCHHUA €€ MaKCI/IMYMa. I[JI?I I[I/ICerTHOFO u
uudpoBoro curHaia GyHKUIUS KOPPENALUU ONpeAesseTcs] Yepe3 CyMMY IpOU3BENeHUs (PYHKIIHA
OTCUCTOB

1 [oe]
R(m) = lim ~ > x(n) - y(n — m).
n=0

HerekTop ommuO0K. Mojenb NOACHCTEMBI aeTekTopa ommbok Subsystem Calc Err
npuBeeHa Ha puc. 2.6.

B gerektope oOmMOOK BBIYUCIAETCS MHTETpall OT MOIYJAS Pa3HOCTH BXOJHBIX
MOCJIeIOBATEILHOCTEH, T.. IUIOMIAAh PA3HOCTHOrO TMpoliecca. 3areM, B 3aBUCHUMOCTH OT
JUTATEIGHOCTH OWTOB M OJHO- WJIM OWITOJSIPHOCTH MOA0MpacTcs MHOXKUTEAL Gain, mepeBoasiuii
HMHTETpal pa3HOCTU B SKBUBAJIEHTHOE KOJIHMUYECTBO OUTOB (OIIHUOOK).

Ha nepsBeiii BXoa momaercs CUrHaJ, NPOLIEAIIMM 4Yepe3 BCKH CXEMY, Ha BTOPOH BXOJ
MOCTYMAeT CUTHAM ¢ TeHepaTopa BXOIHOM HH(POPMALIMOHHON MOCIIE0BATEILHOCTH ¢ HEOOXOUMON
3asiepkkoid. K BBIXOMy MOJCHCTEMBI MPUCOSIMHEHBI TUCTUICH U ocMiuIoTpad), Ha JUCIUICE B CIIyvae
HaIW4us OMMOO0K, OYAET YKa3aHO WX KOJIMUYECTBO, a Ha ociuiuiorpade MokHO (UKCUPOBATh BPEeMsI
HX BO3HUKHOBCHHUSI.

e e

Qutl

Fbs Integrator &ainid

Pucynoxk 2.6 - Mojeins moacucTeMbl IETEKTOPa ONIHO0K

H3meputenp MomHocTH. Mojeiab TMOACUCTEMbl HM3MEPHUTEIsl MOIIMHOCTH Subsystem
Measuring Power npuBeneHa Ha puc. 2.7.

[ToncucTtemMa mTO3BOJNSET HM3MEPHUTh MOIIHOCTh KakK pPETYISIPHBIX, TaK W CIy4alHBIX
MIPOIIECCOB, KaK BEIIECTBEHHBIX, TaKk M KOMIUIEKCHBIX. C momomrsio Giioka Dot Product mporiecc
yYMHOXaeTcs Ha conpsbkeHHbId. biiokom Complex to Real-Imag Beinensiercs: BerecTBeHHAs 4acTh.
bnok Integrator BerumMCaseT HEPIUIO Tpolecca, a aeieHue osokom Product sueprum Ha Bpems
(610 Clock) Berumcrisier MOIITHOCTD Kak CKOPOCTh MOCTYIICHUSI SHEPTUH.
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PI/IcyHOK 2.7 - Mopenb NoACUCTEMbBI HU3MEPUTECIIA MOITHOCTHU

Mogaeab koppeasitopa. KoppensioHHBINH NPUEMHHUK peain30BaH CIEAYIOIUM 00pa3oM
(cMm. puc. 2.8):

12

Zero-Order

Holdz Buffer 5
1z

12 .é Froductt

I

Zero-Order
Holds Bufferi

Pucynok 2.8 — Peanu3zaiiust KOppenssiuOHHOTO PUEMHHUKA

[Ipu peanuzanmu (YHKIMOHATBHOM MOJETH  KOPPEISLMOHHOTO TIpHEMa pPEeLIeHO
OTPaHUYMTHLCS 3HAYEHHEM (QYHKIMH Koppessiiun npu T = 0.

T.K. UCTIONB3YIOTCS IUCKPETHBIE (LM(POBBIE) CUTHAIBI, TO 3HaUeHUE (DYHKIIMU KOPPEISILUN
BBIUUCIISICTCST Yepe3 CyMMY IPOM3BEICHUI OTCYETOB MPUHSATOTO B IIyMax CHUTHajda M OTCYETOB
OIMIOPHOTO T€HepaTopa KOMIO3UTHOW KOMILJIEKCHO3HAYHOM MOCIeI0BATEIbHOCTH C PAaBHOMEPHBIM
CTIIEKTpOM. MoIeTTh KOppENATOpa COACPKUT JIBa TIIeda HAKOIUICHUsI OTCYETOB. B KaxkmoM ruiede ¢
nomoineio 61mokoB Zero-Order Hold curnan auckperusupyercst Ha OTCUETHI (B JAHHOM cilydae Ha
9) u HakammMBaeTcs B Onokax Buffer. [lanee HakorieHHBIE OTCYETHI MOMAPHO MEPEMHOXKAIOTCS B
Onoke Product. 3arem BbIUHCISETCS CyMMa 3THX MPOW3BEICHUI OJ0KOM SUM, T.e. pealu3yercs
CKaJIIPHOE TIPOM3BEIEHNE BEKTOPOB HAKOIUIEHHBIX OTCUETOB.

HN3mepenne SNR. OtHomenne curnan/mym (SNR) usmepsiercs no crneayromeil METOIUKeE:
JUIL TOTO YTOOBI OINpENeNUTh MOILIHOCTh CUTHajla 0e3 IIyMOBOH cocTaBisoueil § Heo0XoauMo
OTCOEJIMHUTH FeHepaTop LIyMa OT MOJEIH KaHajla pacupocTpaHeHus. s Toro yToOsl OnpenenuTh
MOIITHOCTh CMECH I0JIE3HOr0 curHaja ¢ mymoM SN reHepaTop IIyMOB JOJDKEH OBITh MOJIKIIIOYEH K
KaHaly pacrnpocTpaHeHus. M3meHeHue oTHomieHus curHain/mym SNR pocturaercss Bapuanuei
napameTpa AMCIIEPCUU T'eHepaTopa IMCeBA0CTyYaifHON rayCCOBCKOM MOCIIEI0BAaTEIbHOCTH MOJIENN
KaHaJia pacipoCTpaHCHHUSI.

SNR paccuntsiBaercs o ¢popmysie, IpeaACTaBICHHON HUXKe:

SNR = 5/ gn _s).

PesynbraTsl u3mepenuii pukcupyercs B ab.
[Tpu GOJIBIITIOM YHCIIe MCIBITAaHWM, YaCTOTA TOSIBJICHUNA OWTOBBIX ONIUOOK, T.€. OTHOIICHUE
Yrclia OMMOOK K 00IIeMy YUCITy OUTOB, CTPEMUTCS K BEPOSATHOCTH OUTOBBIX OIIMOOK.
PexoMeHaaumu 115 MPOBEACHUS UCCIEAOBAHMS MTOMEXOYCTOMUNBOCTH. [Ipy OTKITIOUeHHOM
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reHepaTope UIyMOB KaHajla paclpoOCTpaHEHUs Ha BBIXOJE IpeoOpazoBaTeisl U3MEpSETCs YPOBEHb
MOIIBHOCTH curHana S. [ToakIrounB renepaTtop HyMoB KaHajla pacCpOCTpaHEHUs, MEHsS apaMeTp
Variance poOuBaeMcs ckaxkem l1-oii ommbOkum Ha 1000 OwroB, Mmoidy4aeM OIHY TOYKY
BOJIONAJI0NIOI00HOM KpuBOH. Jlanee, MOCTENIEHHO YBENIWYHMBAs MOIIHOCTH IIYMOB C IOMOIIBIO
mapamerpa Variance mobuBaemcs mo odepenud 3-x, 5-tu u 8-mm omuOOK, mojay4aeM 4-¢ TOUKH
BOJIONA/IONIOI00HOM KPUBOM, KOTOPYIO CTPOMM B IOJYJOTapu(MUUYECKM MacIiTadbe ¢ MOMOILBIO
MatLab- ¢yukiuu semilogy.

Takum ob6paszom, u3mepenne SNR mpu COOTBETCTBYIOIIEM 4YHCIE OMIMOOK IO3BOJISAET
ONpeAeNuTh  TOYKM  BOJONAAOMNONOOHON  XapakTEpUCTUKHU,  IO3BOJIAIOIIEH  OLIEHUTHh
IIOMEXOYCTOMYUBOCTb MOJEMA.
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3 IPUHIUII PABOTHI ®YHKIIMOHAJIbHOM SIM-MO/IEJIN 4-X KAHAJIBHOM
CACTEMBI HEPETAYHA HA OCHOBE KOMIIO3UTHBIX KOMIIVIEKCHO3HAYHBIX
INOCJIEAOBATEJIBHOCTEU

OnwumemM mpuHIMI padboThl (YHKIHOHAIBHONH Sim-momenu 4-X KaHAJIBHOTO MOZEMa
nepeayr Ha OCHOBE KOMITO3UTHBIX KOMIUICKCHO3HAUHBIX MOCIIEA0BATEIHbHOCTEN MPECTaBICHHOM
Ha puc. 2.1. Mcrounnku Ha ocHOBe reHeparopoB Random Number u 6mokoB Sign dhopmupyrort
NceB0CTy4YaitHbie HPOPMAIMOHHBIEC OUITOJISIPHBIC OMTOBBIE IIOTOKHU.

KoMrmo3uTHble KOMIUIEKCHO3HAYHBIC TIOCIIE0BATEIEHOCTH (OPMHPYIOTCS TeHepaTopaMu
MOBTOPSIONIUXCS TMOCeIoBaTeIbHOCTe Repeating Sequence B kauecTBe MOACIHHOTO BPEMCHU
JUIMHOU 9, a caMU KOMITO3UTHBIE KOMILICKCHO3HAYHBIE TIOCIICIIOBATEIbHOCTH MOJIAIOTCSI Ha BBIXOJIBI
rereparopoB ¢ nomoinsto MatLab-pyukuuii - ¢_sequensl, c_sequens2, c_sequens3, ¢_sequenss
CM. puc. 2.2 — 2.5.

Pacmmpenne  criekTpoB  MH(POPMAIMOHHBIX — TOCJICIOBATCIILHOCTEH  KOMIIO3UTHBIMHU
KOMIUICKCHO3HAYHBIMHU  TTOCJICOBATEILHOCTSMU C PAaBHOMEPHBIM  CIIEKTPOM  POM3BOJIUTCS
ymHOXHTenssMu  Product.  Mogaynsuuu — Hecyliero  KoyieOaHusi CyMMOW — PacIIMpPEHHBIX
HH(POPMAIIMOHHBIX TMOCIIEI0BATEIBHOCTEH TaKke BbIMONHACTC OnokoM Product. B pesynbrare
nMeeM 00beTMHEHHBIA CUTHAJI C KOMIUIEKCHBIM CIIEKTPOM.

KomruiekcHasi Mozienb KaHalla paclpoCTpaHEHHs peaji30BaHa Ha OCHOBE OJioka Sum, Ha
BTOPOH BXOJI KOTOPOTO IMOCTYIAET KOMIUICKCHAsI ITyMOBAs MCEBIOCTy4YaiiHas MMOCIIC0BATEILHOCTh
Ha ocHOBe reHeparopoB Random Number ¢ rayccoBckuM pacrpeieiaeHueM O0beInHEHHBIX
onoxkom Real-Imag to Complex. [lns ynoOcTBa mpeaycMOTpeHa peryiupoBKa MOIIHOCTH LIYMOB
KaHaJla paclpoCTpaHeHHUs ¢ TOMOIIIBIO Os1oka Gain.

JleMoayJIATOp 1O aHAJIOTMH ¢ MOAYJIATOPOM pealii30BaH C MCIoJib30oBaHUeM Oiioka Product
u noacuctemsl LF filter ¢ rpannunoit yacroroit wgy = 18 = pi panunan. Iloxcucrema LF filter na
BBIXOZIE JIEMONYNATOpa Ui (PUIbTpAlMd BBICOKOYACTOTHBIX COCTaBIsoOmMX BKItodaer ®HY
BTOPOTO MOPSAJKA C TPAHUYHBIMU YaCTOTaMu Wy = 18 * pi paauan oTaenbHO A JeHCTBUTENBLHOM
1 MHUMOH COCTaBJIAIONINX.

Koppensiuonnbsie mpuéMHUKY BBITTOTHEHBI Ha OJI0KAaX SKCTPAMOISITOPOB HYJIEBOTO MOPSIIKA
Zero Order Hold u 0noxos Buffer, koropele HakamiuBarOT B TEYEHHE OWTa OTCUETHI
CUHXPOHU3UPOBAHHBIX  TOBTOPSIOMIUXCS ~ OMOPHBIX  KOMIO3UTHBIX  KOMILJIEKCHO3HAYHBIX
MOCIIEZIOBATEIFHOCTEH M OTCUETHI MPHHSTHIX B IIyMaxX OOBEIMHEHHBIX WH(OPMAIMOHHBIX OWUTOB
MOJYJIUPOBAHHBIX KOMITIO3UTHBIMH KOMITJIEKCHO3HAUHBIMH IOCJIEI0BATENbHOCTSIMH. HakorieHHbIe
OTCUETHI, CKAISIPHO MEPEMHOXKAIOTCS U CyMMHUpYroTcs Ookamu Product u Sum. Biioku Complex to
Real-lmag BbimenseT AEHCTBUTEIBHYIO YaCTH KOPPENSIHi, OJOKH SigN HOPMHPYET 3HAYCHHUS
KOPPESAIUOHHBIX (YHKIUMHA K +1, 4TO SKBUBAJEHTHO BOCCTAHOBJICHHUIO OUMONSPHON (HOPMBI
MPUHATHIX HMH()OPMAIIMOHHBIX TIOTOKOB. B JaHHOM cliydae B KaXKIOM KaHalle peaau3yercs
HaKOIUICHHE 9 KOMITO3UTHBIX KOMIUIEKCHO3HAYHBIX OTCYECTOB B TCUCHUE OUTA.

W3mepenue otHomenust curHai/myM SNR MoxeT ObITh OCYIIECTBICHO KaK Ha BXOJE TaK H
Ha BBIXOJIC KOPPEJSATOpa, U4TO IMO3BOJISET OIEHUTH BIHsIHHE KoppensTopa Ha SNR B 3aBHCHMOCTH
OT KOHKPETHBIX YCIOBUH.

Jlis wnmoctpanuu paboThl MojieMa 4-X KaHAIBHOW Iepeaadyd Ha OCHOBE KOMITO3UTHBIX
KOMIUIEKCHO3HAUHBIX MOCTEI0BaTENbHOCTEH Ha puc. 3.1 mpuBeneHbl (parMeHThl OCIHIIIIOTPAMM
MTOBTOPSIFOIIEHCS KOMIO3UTHON KOMIUIEKCHO3SHAYHOW PACHIUPSIONIEH IMOCIeI0BaTeIbHOCTH 1-TO
KaHaJa.

Ha pucynke 3.2 mnpuBemeHbl (parMeHTBl OCIHWJUIOTPAMM  HECYIIEro  KoJieOaHUS
MOJYJIUPOBAHHOTO 00bETUHEHHBIMUA MH(DPOPMAIIMOHHBIMH TTOCIEIOBATENILHOCTSIME PACITUPEHHBIMH
KOMITO3UTHBIMA KOMILJICKCHO3HAYHBIMHU TTOCIICJIOBATEILHOCTSMA B OTCYTCTBHE IIIYMOB KaHaia
pacmpocTpaHeHHUS.
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SB LLL ARE

Pucynok 3.1 - @parmMeHThl OCHMIIIIOTPAMM MOBTOPSIOLIEHCS KOMIO3UTHON KOMIIEKCHO3HAYHOU pacIlupsIOIIeH
MOCJIEIOBATENILHOCTH 1-T0 KaHaia

J Scopel

SB LLL AREE

- BX]

= O -

' '
= [

Time offzet; 0

Pucynok 3.2 - @parMeHTs! OCIIUIIOTPaMM HECYIIEro KojeOaH!sI MOAYIUPOBAHHOTO 00heIMHEHHBIMU
HHGOPMAIMOHHBIMHU TOCIICA0BATEILHOCTIMY PACITMPCHHBIME KOMITO3UTHBIMH KOMILICKCHO3HAYHBIMH
[TOCJIEIOBATEILHOCTIMM

Ha pucynke 3.3 mpuBeneHbl (hparMeHTHl OCIHUIOTPAMM OTCUETOB HAKAIUIMBAEMbIX B
rieyax Koppensaropa 1-ro kaHaima B OTCYTCTBHE IIIyMOB KaHaJla pacipOCTPaHEHUSI.
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) Scopes FBX
SB LPLL HhE

Pucynox 3.3 - @parmMeHThI OCIHIIIOrPaMM OTCUETOB HAKAIUTMBAEMBIX B II€Yax Koppensropa 1-ro KaHala B OTCYTCTBHE
IIyMOB KaHaJla pacIpOCTPaHEHHS

Ha pucynke 3.4 npuBezneHna cekTporpamma curtaia 4-x KaHajabHOI'O MOJeMa Iepeiadu Ha

OCHOBE KOMIIO3UTHBIX KOMIUIEKCHO3HAUHBIX IOCIIECIOBATEIBHOCTEH B OTCYTCTBHE IIYMOB KaHaia
pacnpocTpaHeHusI.

J Test_PodShum_Compozit_Compl_Posled_ccp_1/... [ |[B][X]
File Axes Channels ‘Window Help

10

= m

(n

Magnitude, dB

-10

=15

a 0.05 0.1 0.14
Frame: 32 Frequency (krad/s)

0.2

PI/IcyHOK 34- CHCKTpOFpaMMa CHTHaJIa 4-X KaHAJIbLHOTO MoaeMa nepeJiaiu Ha OCHOBE KOMITO3UTHBIX
KOMIINICKCHO3HAYHBIX HOCHG,Z[OBaTeHBHOCTeﬁ B OTCYTCTBHE IIIYMOB KaHaJIa paCIIpOCTPAHCHU

Ha pucynke 3.5 npuBeneHbl ¢parMeHTHl OCHMIUIOTpaMM Ha BBIXOJ€ Koppenstopa 1-ro

KaHaja JI0 ¥ TOCJe HOPMUPOBAHMS MO aMIUIUTYZAE W TepefaBacMble OUTHI B OTCYTCTBHE IIIYMOB
KaHajia pacIpOCTPaHEHUSI.
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) Scope?

Pucynox 3.5 - @parmMeHTsI OcHIIIOrpaMM Ha BEIXOZIE KoppeusiTopa 1-ro kaHaima 10 M Iociie HOPMHUPOBAHUS 110
aMIUIATY/E U NIepeiaBacMble OUTHI B OTCYTCTBHE IIIyMOB KaHalla paclipOCTPaHEHUS

HpI/IBeI[éHHBIe oCUJIJIOTpaMMbl MOACIIBHOTO HCCICAOBaHUA 4'X KaHaJIbHOT'O MOJE€Ma Ha

OCHOBE KOMIIO3MIIMOHHBIX KOMILJIEKCHO3HAYHBIX IOCIEI0BATEIbHOCTEH MPU3BaHbl OPUEHTHUPOBATh
CTY/ICHTA B ITPOIIECCE BHIMOJIHEHUS Ta00paTOPHO pabOTHI.
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4 KPATKOE OIIUCAHUE IMTAKETA SIMULINK U UCITIOJIB3YEMBbIX BJIOKOB

[Maker Simulink paspaboran komnanmeii Mathworks u pacmpocrpansieTcsi B cocTaBe
MaTeMmaTuueckoro makera MatLab. Ilaker ocHoBan Ha rpaduueckoM uHTepdeiice U ABISCTCS
TUIUYHBIM  CPEJCTBOM  BHU3yaJbHO-OPHEHTHUPOBAHHOTO mporpammupoBanus. OH oOnamaer
OOImMPHOI OMOIMOTEKOH TOTOBBIX OJOKOB ¢ MOIU(UIMPYEMBIMU MapaMeTpaMu Ui MTOCTPOSHUS
MOJIeJIell pacCMaTPUBACMbBIX CHCTEM M HATJISATHBIMH CpPEACTBAMHU BU3YalHU3allMH PE3yJIbTATOB
MojienpoBanus [4 — 7).

4.1 3anyck u padora ¢ makerom Simulink
Jlns 3amycka makera Simulink HeoOX0qMMO TPEIBAPUTEIBHO BBIMOJIHUTD 3alTyCK CHCTEMbI

MatLab. ITocne OTKpbITHS KOMaHIHOTO OKHa cucteMbl MatLab wyxHO 3amyctuth cucremy
Simulink. 9To MOXHO cienaTh OAHUM U3 TPEX CIHOCOOOB:

° HakaTh KHOMKY = (Simulink) na nanenu uHcTpyMeHTOB cructeMbl MatlLab;

° B CTpoKe KoMaHaHoro okHa MatLab nanewarate Simulink u Haxkath KiaBHIIY
Enter;

° BBIMOJIHUTH onuto Open B mexio File u otkpeiTh daitn mogenu (Mdl- daiin).

[Tocnemuuii coco® MpEAnoYTUTENICH MPH 3aIlyCKe YK€ TOTOBOW M OTIAKEHHOH MOJENH,
Koraa TpeOyeTcs JIMIIb MPOBECTH MOAEIUPOBAHHUE U HE HY)KHO JOOABISATH HOBBIE OJIOKH B MOJEIIb.
[Tpu mprMeHeHNH IBYX MEPBBIX CHOCOOOB OTKPHIBACTCS OKHO 0003peBaress OMOIMOTEKH OJIOKOB
(Simulink Library Browser) (pucynok 4.1).
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{g1ter searchterm v (M v (P > ™~ = (F

Simulink
4 |Simulink

Commonly Used Blocks Q
Continuous

Dashboard .

Discontinuities Commonly  Continuous  Dashboard  Discontinuities
Discrete Used Blocks
Logic and Bit Operations

Lookup Tabies

s a8 +-
Math Operations 1 y=flu) & x
Model Verification

Model-Wide Utilities

Ports & Subsystems
Signal Attributes

Signal Routing [
Sources 0 &
String
User-Defined Functions Model-Wide Model Ports &
b Additional Math & Discrete Utilities Verification Subsystems
> Quick Insert
> Aerospace Blockset ﬁ RS T4
: St - -
> Communications Toolbox ”\
> Communications Toolbox HDL Support
> Control System Toolbox Sinks
> DSP System Toolbox
> DSP System Toolbox HDL Support

> Embedded Coder —_
I» Fuzzy Logic Toolbox
> HDL Coder

> HDL Verifier
Instrument Control Toolbox

Discrete Logic and Bit Lookup Math
Operations Tables Operations

User-Defined Additional Math Quick Insert

Pucynok 4.1 — bubnmoreka 6mokos Simulink Library Browser

Ha pucynke 4.1 BbiBemena OuOmmoreka cucremsl Simulink (B neBoit wacté OkHa) ©
MOKa3aHbl €€ pas3fensl (B mpaBoll dacTu okHa). OcCHOBHass OHMOMMOTEKAa CHCTEMBI COJEPIKHUT
CICYIOIIIE Pa3/ICIbL:

° Continuous — 6JI0KU aHAJIOTOBLIX DJIEMEHTOB;

° Discontinuous — 610k HEJTMHENHBIX DJIEMEHTOB;

(] Discrete — GJI0KH TUCKPETHBIX JJIEMEHTOB;

. Look-Up Tables — 6;10ku a6

L Math Operations — 6;10ku 371eMEHTOB, OIPEACIIAIOIINE MAaTEMAaTHUECKUE OICPAIlIH;
L Model Verification — 6;10ku IpOBEpKH CBOWCTB CUTHATA,

° Model-Wide Utilities — pa3aen 10MONHUTETBHBIX YTHIINT;

o Port & Subsystems — mopTsI U MOICHCTEMBI,
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° Signal Attributes — Giioki MapIIpyTH3alUU CUTHAJIOB;

° Signal Routing — 6;10ku MapIIpyTH3ayuy CUTHAIIOB;

° Sinks — 61oku prieMa 1 0TOOPaKEHHSI CUTHAJIOB;

° Sources — 0J10KH UCTOYHMKOB CUTHAJIA;

° User-Defined Function — ¢pyakiinu, onpeaeasieMbpie 0b30BaTEIEM.

4.2 OnucaHue HCMOJIb3yeMbIX 0J10KoB oubauoTexkn Simulink

Hwxe onucanbl OCHOBHBIE 0J0KK 0a30BbIX pasnenoB OudmuoTeku Simulink, ncrmonezyemsie

B pynkmonanpHoU cxeme OQPSK-monema:
Random Number — 050k HCTOYHMKA CIIy4allHOIO JUCKPETHOIO CHTHala ¢
M L. HOpMaJIbHBIM pacrpeieicHueM. Ha3zHauenue: popMHUpOBaHUE CIy4aifHOrO CHUTHAA C
HOpMAaJIbHBIM paclipesiejieHueM ypoBHA curHana. [lapamerpsl Oioka: Mean - cpeanee
Random  3pauenne curmama, Variance - gucmepcust (CpeIHEKBAaAPAaTHISCKOE OTKIOHCHHE),

Number pjtial seed — nauansHoe 3HAuCHNE.
Sign — 610k onpezencHus 3HaKa curHaia. Ha3HadeHue: ompenenser 3HaK BXOTHOIO
|— CUTHAJIa, TIPU ATOM, €CIIM X — BXOJHOM CUTHAJI, TO CHUTHAJl Ha BBIXOJIC ONPEAeIsieTCs
=) BbIpaKEHUEM:
Sign —1, ronex < 0;
sign= 0, rapex = 0;
1, rtnex > 0.

[Tapametpnr Onoka: (aaxxox Enable zero crossing detection mosBosisier (ukcupoBaTh
IIPOXO’KJIEHUE CUTHAJIAa Yepe3 HYJIEBOH ypOBEHb.
Constant — 00K HMCTOYHMKA IIOCTOSHHOrO curHaia. HasHauenme: 3amaer
g L TOCTOAHHBIM 1O ypOBHIO cHrHal. Ilapamerpsr: Constant value — mocrosiHHas
BenuuuHa, Interpret vector parameters as 1-D — wuHTEpHpeTHpOBATh BEKTOP
Constant TTapaMeTPOB KaK OJHOMEPHBIN (IIPU YCTAaHOBJIEHHOM (iaXkke). 3HauyeHHe KOHCTAHThI
MOXET OBITh JeHCTBUTENFHBIM WM KOMIUIEKCHBIM YHCJIOM, BBIYHCIISIEMBIM
BBIpQ)KEHUEM, BEKTOPOM WJIM MaTpPHUILIEH.
Relational Operator — Gyiok BbIYHMCIICHUS Omepanuy oTHolleHus. HasHaueHue: 010Kk
* .. | cpaBHuBaeT TeKylME 3HAue€HHs BXOAHBIX curHanoB. Ilapamerpei: Relational
» Operator — Tum omepandu OTHOIIEHUS (BBIOMpAETCS W3 CITUCKA): «“= =»—
%3;'{';'::' TOXKIECTBEHHO PaBHO, «~ =» — HE PAaBHO, «<» — MEHbIIIE, «< =» — MCHBIIIC W PABHO,
) «> =» — QOJIbLIIE UJIU PABHO, «» — OOJIBIIIE.
Data Type Conversion — 6ok mpeoOpa3oBaHusi TUma curHaia. HasHaueHue:

doubleip 010k TIpeoOpa3yeT Tun BxoaHoro curHaina. [lapamerpsr: Data type — Tum maHHBIX
Data Type BBIXOJIHOTO CHUTHaja. MOKET NPUHUMATh 3HaueHUs (BBIOMpAIOTCS M3 CIHCKA):
Canversion auto, double, single, int8, intl6, int32, uint8, uintl6, uint32 « boolean. Saturate

on integer overflow (¢naxkok)— momaBnsgeT mnepenonHeHHe mnenoro. Ilpu
YCTaHOBJICHHOM (p1aykKke OrpaHUYeHHe CUTHAJIOB 11€JI0T0 THIIA BBIOJIHSIETCS KOPPEKTHO.
Product — 610k ymHOXeHHs u JeneHus. Ha3HadeHue: BBIYMCIICHHE MPOU3BEICHHS
1 x TEeKyIIUX 3Ha4YeHuil curHanos. [Tapametpsl O61oka: Number of inputs — xomuuecTBo
3 ‘ BXOJ/IOB, MOYKET 33aJaBaThCs KaK YKMCJIO MJIM KaK CIUCOK 3HAKOB. B crmcke 3HaKoOB
Product MOXHO HCITOJIb30BaTh 3HAKH: * — YMHOKHUTH M / — paszaenuts. Multiplication — croco6
BBITTOJTHEHUS OTIEPALlK, MOKET IPUHUMATh 3HaueHus u3 crucka: Element-wise — mosnemeHTHBIN;
Matrix — matpuunbii. ®naxxox Show additional parameters — moka3aTh IOMOJHUTEILHBIC
napametpsl. [Ipu BeicTaBieHHOM (uakke otoOpaxkaeTcs okHo cnucka Output data type mode, B
HamieM cirydae (JiaKoK He UCIIOIb3YeTCsl.
Sine Wave— OloK HCTOYHMKAa CHHYCOMAAIBHOTO CHrHaja. HasHaueHwue:

Sine Wave
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(dhopMHUpOBaHHE CHHYCOMJAIBHOTO CHUTHAJIA C 3aJaHHOM YacTOTOH, aMIUTMTYyIou, ¢azod u
cmerienreM. [lapamerper O10ka: Sine Type — crioco® GpopMUpOBaHUS CHTHATA PEaTU3yeTCs TBYMS
anroputMamu: Time-based — o TexymieMy BpeMeHHU (JUIs aHAJIOrOBBIX CHCTEM) HIIH I10 3HAUYCHUIO
CUrHajla Ha NOpeAbIAYHIEM HIare v BCJIWMYHMHC TaKTa AUCKPCTHOCTHU (Z[JISI JAUCKPCTHBIX CI/ICTCM);
Sample-based — mo Benu4MHE TakTa AMCKPETHOCTH M KOJMYECTBY PACUCTHBIX IIArOB Ha OJUH
NepUOJT CHHYCOUIAFHOIO CUTHANA. Buj OKHaA 3a7aHus mapaMeTpoB MEHSIETCS B 3aBUCUMOCTH OT
BBIOpPaHHOTO crioco0a GOpMHUPOBAHUS CUHYCOUIaJIbHOIO CUTHAIA.

Scope — 6nok ocumwmnorpada. HasHauenwe: moctpoeHue TpaduKOB HMCCIEAYEMBIX
,|:| CUTHAJIOB Kak (QyHKUuil BpemeHH. OTKpbITHE OKHa ocuuuiorpada Ipou3BOIUTCS
nBoiHbM mienmukoMm JIKM Ha nukrorpamme Onoka. B ciyyae BEKTOpPHOro CHUTHalia
Scope  K@XKZlasg KOMIIOHEHTA BEKTOpa OTOOpaXkaeTcsi OTAeNbHBIM LBeToM. HacTpoiika oxna
ocumiorpada BBITIOIHIETCS ¢ MOMOUIBIO MaHENeH WHCTPYMEHTOB, MO3BOJISIONINX: OCYIIECTBUTh
neyarb COACPKUMOr0 OKHa ocuuwniorpada; yCTaHOBHThH IapamMerpbl, B yacTtHoctH, Number of
axes — 4mcii0 BXOAOB ocumwwiorpada, Time range — oroOpakaeMblii BPEMEHHOW HHTEpBal H
Apyrue; W3MEHUTh MaclTaObl Trpa(UKOB; YCTAHOBUTh U COXPAHUTh HACTPOMKH; IMEPEBECTH B
IIJIABAIOIIMM PEXKUM U TaK Jajee.

Add — 610k cymmaropa. Ha3HaueHue: BBIYHCICHHE AlreOpandecKoil CyMMBbI TEKYIIUX

1 3HAUEHHWI BXOJHBIX curHanoB. [lapamerper Oioka: lcon shape— ¢opma Oioka,
d« [ BwiOGupaeTcs w3 cnmcka: round — kpyr; rectangular — npsmoyronsnuk. List of sign —
=7 CIHMCOK 3HaKoB M3 Habopa: +— ImOC; -— MHHYC, |— pasmenurens. Pnaxox Show

additional parameters — mokaszath IOMOJHUTEIbHBIE MAPAMETPhI, MPH BHICTABICHHOM
dnaxke orodpaxaroTcs okHa crucka Output data type mode, B Hamem ciydae HE HCIIOJIB3YETCS.
KomnuecTBO BXOJ0OB U COOTBETCTBYIOIINE MM OIEPAIlMH ONPEACIAIOTCS CIUCKOM 3HakoB List of
sign. Ilpu 3TOM METKM BXOJOB 0003HAYAKOTCS COOTBETCTBYHOIIMMHU 3HaKamu. B crmcke List of
SigN MOYKHO TaKXe yKa3aTh YUCJIO BXOJOB, IIPH 3TOM BCE BXO/IbI OYIYT CYMMHUPYIOIIUMH.

outter Analog Filter Design— 610k anamoroBoro (uIbTpa 3aJaHHOTO METO/a
NpOCKTUpOBaHUs M THma u3 moxapasnena Filter Design; noapasmena Filtering,
pazaena DSP Blockset. Haznauenue: ananoroBast GuiabTpaiyss HU3KOUYACTOTHBIX
COCTaBJISIFOLIIMX CIIEKTpa BXOMHOTO curHama. [lapamerper Omoka: Design
method — meton mpoekTupoBaHus, BeIOMpaeTcst U3 crmcka: Butterworth — ¢unstp barrepropra;
Chebuschev | — ¢unsrp Yebsimesa 1-ro poma; Chebuschev Il — ¢unstp Yebbimesa 2-ro poaa;
Elliptic— ¢unbtp smmuntuyeckuii; Bessel — ¢unbtp beccens. Filter type — tun ¢unbtpa,
BbIOMpaeTcss u3 crhucka: Lowpass — mmkHux yactoT, Highpass — Bepxuux uwactor; Bandpass —
HOJIOCHO-TIpoNycKaroluii; Bandstop — monocHo-3arpaxnarommii. Jlanee i Kaka0oro MeToja
MPOSKTUPOBAHUS W THIA (QHUIBTPAa BBIACTCS CBOM CIIMCOK mMapaMeTpoB. Tak s QuibTpa
barrepBopra THNAa HMKHUX YacTOT mapamerpamu siisitotTcs: Filter order — mopsmok ¢GunbTpa;
Passband edge frequency (rads/sec) — HwKHsS rpaHWdHas vactota (pagdaH B ceKyHmy). Jlis
APYTHX METOAMK NPOCKTUPOBAHUS U THIIOB (DMIIBTPOB OIpE/elsieMble TTapaMeTPhl OYEBHU/IHBI.
Gain — onok ycunutens. Hasnauenwe: 010k Gain ymMHOXaeT BXOJHOW CHTHaid Ha
nocTosiHHbI ko3 dunment; [Tapamerpsr 610ka: Multiplication — cioco6 BeImonHEHHS
ornepalMy, 3HaYeHHe TapaMeTpa BbiOMpaeTcs w3 crucka: Element-wise K*u —
Gan  modneMeHTHBIN; Matrix K*U— wmarpuysblid, KOI(PQHUIMEHT YCHICHHS SBISETCS
JICBOCTOPOHHHUM ormeparopoM; Matrix u*K — MaTpuuHbiii, KOIQQHUIUEHT YCUIICHHS SBISCTCS
NpaBOCTOPOHHUM ormepaTopom; Matrix K*u (u-Bektop) — BEKTOpHBIH, KOIPPHUIMEHT yCHUICHHS
SIBJSIETCSL  JICBOCTOPOHHUM  omeparopom. ®dnaxox Show additional parameters — mnokasathb
JOTIOJTHUTEIbHBIE TapaMeTphbl, NpPU BBICTABICHHOM (IaXKe OTOOpaXKaloTCs OKHA CIIMCKOB
Parameter data type mode, Output data type mode. Saturate on integer — moaaBIATH
nepenoyiHenne 1enoro. [Ipu ycraHOBIEHHOM (Iakke OrpaHWYEHHE CUTHAJIOB IIEJIOTO THIIA
BBITTOJTHSIETCS] KOPPEKTHO.
j Zero-Order Hold—  skcrpanonsitop  HysneBoro — mopsinka.  HasnadeHwue:

Analog Filter Design

F

Zero-Crder

Haold
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SKCTPAMOJIAKs BXOJHOIO CHUTHAJIa Ha WHTEpBalie AUCKpeTuzanuu. biok Quxcupyer 3HaueHue
BXOJHOI'O CUTHAaJIa B Ha4ajie UHTEpBaJla JUCKPETU3ALUY U IIOAACPKUBAET Ha BBIXOJE 3TO 3HAUYCHUEC
JI0 OKOHYAHMSI MHTEpBala JAMCKPETHU3ALMHU. 3aT€M BBIXOJHOW CHUTHAJ H3MEHSETCS CKA4KOM [0
BEJIMYMHBI BXOJHOI'O CHUTHAJA Ha CIEAYIOIIEM Miare auckperusaimu. [lapamerpsr Omoka: Sample
time — TakT AMCKPETHOCTH. BIJIOK 3KCTpamossitopa HyJIEBOrO MOPSIKA MOXET HCIIOJIb30BAThHCS
TaKKe JIJIsl COTJIACOBAHUS pa0OThI TUCKPETHBIX OJIOKOB, UMEIOIINX PA3HBIC TAKThI TUCKPETHOCTH.

Unit delay — 610k eauHUYHON TUCKpETHOW 3amep:kKku. Ha3HaucHHE: BBIMOJHACT
3a/IEpKKY JHUCKPETHOTO CHUTHaja Ha 3aJaHHBIA IIar MOJAEJIIBHOIO BpPEMEHH.

1
i - | Tlapamerpsr 6xoxka: Initial conditions — HaganpHOE 3HaYCHHE BBIXOJHOTO CHTHAINA;
Sample time — mar MoIeTbHOTO BPEMEHH.
Unit Delay
Display — 650k tudpoBoro aucruies. HazHaduenue: 0ToOpaxaer 3HAaYCHUE CHTHANA B
Buje uucia. [lapamerpei: Format— dopmar oroOpaxkenus naHHbiX. [lapamerp
Format mosxeT nmpuHUMaTh CIIEAYIOIINE 3HaYeHus: Short — 5 3HavaImX JeCATHYHBIX
S udp, long — 15 3Havamumx gecATHYHBIX 1Udp, Short_e — 5 3Havammx AecATUIHbBIX

uudp u 3 cumBoIa creneHu aecsatd, long_e — 15 3Havamux aecsaTH4HbIX udp U 3
cuMBOia crencHu aecatd, bank — "nenexusiii" Gopmar. dopmar ¢ (UKCHPOBAHHOM TOYKOH U
IBYMsI JICCITUYHBIMU LU(ppamMu B ApoOHOH yactu ymcia; Decimation — kpatHocTh 0TOOpaKeHUsI
BXOJIHOTO curHaia, mpu Decimation = 1 oroOpaxaeTcst Kax0e 3HaY€HHE BXOIHOIO CHUTHAJIA, TPH
Decimation = 2 orobpaxaercsi KaxJ0e BTOpoe 3HaueHue, mpu Decimation = 3 — kaxaoe Tperbe
3HaueHWe W T.1.; Sample time— mmar MoaenpHOro BpemeHH. Omnpenenser IUCKPETHOCTb
oroOpakenust nanubix; Floating display (¢uaxok) — nepeBox 6s0ka B “cB0OOMHBIN” pexuM. B
JAHHOM pEXHUME BXOJIHOW MOpT OJIOKa OTCYTCTBYET, a BBIOOp CHTHaja IJs OTOOpaKeHUS
BBINOJHAETCS 1ienukoM JIBM Ha coOTBETCTBYIOIIEH JTMHU CBS3U. B 3TOM pexxkume i mapamerpa
pacuera Signal storage reuse momkHO ObITH YecTaHOBICHO 3HaYeHue Off (Brimaaka Advanced B okHe

nauanora Simulation parameters...).

MatLab Fcn — 6nok 3aganust Gpynkumu. HasHaueHue: 3amaeT BBIpaKCHHE B

Interpreted . i
¥ ATLAB Fon | CTHJIE 5I3bIKA NPOTPAMMHPOBAHHUS Math_;lb. ITapamerper: MatLab function —
Interpreted MATLAB Beipaxkenue Ha s3pike MatLab. Output dimensions — pa3MepHOCTb BBIXOAHOTO
Function CUTHaJIa. 3HAaYeHWE TMapaMeTrpa MHUHYC | MpeAnuchIBaeT OJIOKY OINpenesiTh

pa3MepHOCTh aBTOoMaTHyeckd. Output signal type — Tum BBIXOAHOTO CHUTHajA.
Brioupaercs u3 crnmcka: real — neiicTBuTeNbHBIN cUTHAI, COMPleX — KOMIUTEKCHBINH curHal, auto —
aBTOMaTuyeckoe ompexaeneHue tuma curhana; Collapse 2-D results to 1-D — mpeoGpa3oBanue
JIBYMEPHOTO BBIXOJTHOTO CUTHAJIAa K OJTHOMEPHOMY.
Subsystem — BupTyanbHas W MOHOJNHWTHas MOACHCTeMbL. JloCTym K OKHY
»lint  ouw]  mapamerpoB mojcucTemsl ocymectBisiercss depe3 menro Edit xomanmoit Block
,1‘,,,: out2 Parameters. ITapamerpsr: Show port labels — mokasare meTku mopros, Treat as
“Subsysem  atomic unit (daaxox) — c4MTaTh MOACHCTEMY MOHONMTHOH. Takum oGpasom,
OJIOKM BUPTYaJIbHOW W MOHOJHMTHON TOJCHUCTEM — 3TO OJMH U TOT K€ OJIOK,
OTJIMYAIONIMKCS 3HAYeHUEeM JaHHOTO TapaMeTpa. ACCESS — JOCTYIHOCTh TIOJACHUCTEMBI IS
u3MeHeHuid. BeiOupaercs u3 cnucka: ReadWrite — mosb30Baresib MOKET OTKPHIBATh M U3MEHSTh
noacuctemy, ReadOnly — nonp30BaTens MOXKET OTKPBIBATh IOACUCTEMY TOJBKO JUIS IMPOCMOTpA,
NoReadOrWrite — mons30BaTeb HE MOXET OTKPBIBaTh U W3MEHATH mojcuctemy; Name of error
callback function — ums ¢yskumMm wucnonb3yemoid aast 00paObOTKM OMIMOOK BO3HMKAIOMIUX B
JTAHHOU ITOJCUCTEME.
IMepexawuarens. HasznaueHuwe: BBINONHAET NEPEKIIOYCHUE  BXOIHBIX
CHTHAJIOB 110 CUTHAIY yIIPaBICHUS.
[Tapametper Onoka: Criteria for passing first input: 3nadenue mnapamerpa
BBIOMPAETCS M3 CITUCKA:
U2>= Theshold — BxoHoi#i curHain 0oJbliie WK paBEeH HOPOTOBOMY 3HAUCHHIO;

Switch
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U2> Theshold — BxoaHoii curnan 6oJibliie moporoBoro 3HauCHHS,
U2~= Theshold — BxoaHo#t curHan He paBeH MOPOroOBOMY 3HAYCHUIO.
Theshold — mopor.

S— Pulse generator — 010Kk HCTOYHHMKA HMITYJIbCHOTO CcUTHana. Hasnauenue:

. dbopMupoBaHue curHaia B (opMe MPSIMOYTOJIbHBIX HMITYJIBCOB. [lapamempoi

Fulse onoka: Pulse Type — crmocod hopMupoBaHus CUTHAjIa, MOXKET MPHHUMATh J1Ba
Ganerator

sHayeHus: Time-based — mo Tekymemy Bpemenu; Sample-based — 1o
BEJIMYMHE TaKTa JUCKPETHOCTH M KOJIMYECTBY IIAroB MOJCIUpPOBaHUsS. Buj
OKHa MapaMeTPOB 3aBUCHUT OT BBIOpAaHHOrO crocoba ¢opmupoBanus curnama. Amplitude —
ammuiutyaa; Period — mepuon, 3amaercs B cekyHaax mpu crocode Time-based wiu xoandecTBOM
TakTOB Ipu criocobe Sample-based; Pulse width — mupuna ummnysbca, 3agaercss B MpoICHTaX OT
nepuoa mnpu crocode Time-based mnu koamuecTBOM TakTOB mpH crocobe Sample-based; Phase
delay — ¢a3oBas 3amepkka, 3agaeTcs B CeKyHaax mpu crmocode Time-based wiu xosudecTBOM
TakTOB IpH crrocodbe Sample-based; Sample time — takt auckpernoctu; daaxok Interpret vector
parameters as 1 - D — uHTepnpeTupoBaTh BEKTOP KaK MacCUB CKaJIIPOB.

Hcrounuk Bpemenu. Haznauenue: @opMupyer cursai, BeJIM4rHa KOTOPOro Ha
@ KaX/IOM 1Iare paBHa TEeKylleMy BpeMeHH MozenupoBaHus. [lapamerps! Gioka:
i Dlsplay _ time: BxkiatoueHue OTOOpak€HUSI BPEMEHUM Ha MHUKTOTPAMME;
Decimation: Illar oGHOBIICHHS BPEMEHHU.

Biok ckaasipHoro mnpousBeneHusi. Hasnauenue: BepimonHser BbluncieHue
CKaJISIPHOTO Tpou3BeleHUs JBYX BekTopoB. IlapamerpoB Omnoka Het. biox
Dot Fraductd BBINOJIHSAET BHIYHUCIIEHUE BBIXOAHOIO CUTHAJIAa B COOTBETCTBUU C BBIPAXKEHUEM
y = sum(conj(ul)).* u2),

rae ul u uZ2 — BXOIHBIE BEKTOPBI; CONJ — ONEPALUs KOMIIEKCHOT'O COMPSIKEHHUS; SUM — OIEpalus
CYMMHPOBaHHS.
Trigonometric Function- Tpuronomerpudeckast GyHkus. Hasnauenue: BBIYISET
BBIOPAHHYIO TPUTOHOMETpHYECKYI GyHKuuI. [lapamempor 6roka: Function-

sin P BUJI BBIYHUCIISIEMOM (I)yHKI_II/II/I. Bun (byHKuI/II/I BBI6I/IpaeTC$I W3 CIIMCKA: Sin, cos, tan,
Trigenometric asin, acos, atan, atan2, sinh, cosh, tanh. Output signal type- Tun BbIX0aHOTO
Functian curHaia. Tum BBIXOJHOI'O CUTHaJ1a BLI6I/IpaeTC$I M3 CcIIMCcKa: auto- aBToMaTHYECKOe

ompezeneHue Tumna, real- neiicTBuTenbHBIA curHan, Complex- komruiekcHbId curHan. [lpu

BEKTOPHOM WJIM MAaTPUYHOM BXOJHOM CHTHajie OJIOK BBHITIONHSET TORJIEMEHTHOE BBIUHCIICHHE
3aIaHHON (DYHKITHH.

Baok BhIYMCIEeHHSA KOMIIJIEKCHOI'O0 YHMCJIA 110 €r0 AeHCTBUTEILHON U MHUMOM

()
ﬁ b yactu. [Tapamerps 610Ka:
Complex o Input: 3naueHue napamerpa BHIOMpAETCs U3 CIIHUCKA:
Real-lmag1 Real — neiicTBuTenbHAS YaCTh;

Image — MEMMas 4acTh,
Real&Imag — neiictBuTenbHas 1 MHIUMAs 4acTh.

bnok eviuucnenusn oeiicmeumenvhoi uw/uau MHUMOU Yacmu KOMILIEKCHOTO

Ul
ﬁgu; X ymcna. [lapamerps! O10ka:
Complex to Output: Tun curnana BBI6I/IpaCTCH U3 CIIHUCKA:
Real-lmagi Real — NEeUCTBUTEIILHAS YacTh,

Image — MEMMas 4acTh,
Real&Imag — neiictBuTenbHas 1 MHIUMAs 4acTh.
BxoaHoli curHain 610ka MOXeT ObITh CKaJIiPHBIM, BEKTOPHBIM HJIM MAaTPUYHBIM.
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Discrete-Time Scatter Plot Scope — 610k O0TOOpakeHHS AMArPaMMbI
paccesiusi (a30BbIX COCTOSHUN cHrHajma w3 mojapazaeina Comm Sinks
pazneaa Communication Blockset 6ubmuorexu Simulink [6]. Haznauenue:

SE 0TOOpaKeHUE THarpaMMbl paccestHus (ha30BbIX COCTOSIHUIT 32 CUCT BIIUSIHUS
Scatter Plot MOJIOCHI MPOIYCKaHUS W TOMEX Tpakrta mnepenadu. llapamempwi Onoka:
Scope dnaxok Show Plotting Properties — nokaszats rpaduueckie yCTaHOBKH;
Samples per Symbol — mar mepuoma cumoma; Offset (samples) —
cmerienne mraro; Points displayed — w4ymcno oTcueToB curHana, HayMHAsS C  KOTOPOTO
orobpakaercs aumarpamma; New points per display — uucimo orcueroB mpu OOHOBICHHU
oroOpaxkenust; ¢maxku Show Rendering Properties, Show Axes Properties, Show Figure
Properties — moka3ath CBOiicTBa OTOOpakeHHs, oOcCeii W (GUrypbl B HalleM clydae He
UCIIOJIb3YHOTCSL.

Discrete-Time Signal Trajectory Scope — 6110k 0TOOpakeHHUsT AHarpaMMbl
nepexoz0B  (a30BbIX COCTOSIHMM cHUTHada u3 moapasaena Comm  Sinks
pasneara Communication Blockset 6ubmmorexu Simulink [6]. Hasnauenue:

b ) 0TOOpaXKeHHEe AUArpaMMbl paccesHus (a30BbIX COCTOSIHUI 3a CUCT BIIUSIHUSI
c,"f,;;'z MOJIOCHl  TPOMYCKAaHUS M TOMEX TpakTa mnepenadyn. [lapamempwi 610Ka:
Scops ®naxok Show Plotting Properties — moka3ate rpaduyeckue yCTaHOBKH,
Samples per Symbol - mar mepmoma cumsoma; Offset (samples) —

cmerienre mraros; Points displayed — wuymcno oTcueToB curHana, Ha4YMHAS C  KOTOPOTO
orobpaxkaercs aumarpamma; New points per display — uwucmo orcueroB mpu OOHOBICHHU
oroopaxkenust; ¢uaxku Show Rendering Properties, Show Axes Properties, Show Figure
Properties — moka3ath CBOiicTBa OTOOpakeHHs, OCeii W (GUrypbl B HalIleM clydae He

UCITOJIB3YFOTCSL.

B narrem ciyuae auarpammsl 6;10koB Discrete-Time Scatter Plot Scope u Discrete-Time
Signal Trajectory Scope mo3BoJIsIOT OIEHUTD BIAMSHHE METOAa MOIYJISIIMH, [TOJOCKHI TPOITYCKAHUS
U [IIyMOB KaHaja nepenavn Ha (pa3oBy0 HMarpaMMy COCTOSHHIA MPUHITOTO CHTHAJA.
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5 OKCIHEPUMEHTAJIBHOE 3A/IAHUE

Hcxonnblie 1anHbIE.

Jna nccnenoBanus 4-X KaHaAJbHOM Iepelayd Ha OCHOBE HCIOJIB30BAaHUS KOMITO3UTHBIX
KOMILUIEKCHO3HAYHBIX IIOCJIEIOBATEIBHOCTE € PAaBHOMEPHBIM CIEKTPOM YCTaHaBIMBAaEM B
reHepaTopax MHPOPMAIMOHHBIX mocienoBaTenabHocteit Random Number ¢ momomsio mapamerpa
Sample Time mTenbHOCTH OHMTa uUHPOpPMANMOHHOIO TMOTOKa T, = 1. Pacmmpsromue
KOMIIO3UTHBIE ~ KOMIUIEKCHO3HAYHbIE I10CJIEIOBATEIbHOCTH  PEAJU30BaHbl C  I[PUMEHEHHEM
reHepaToOpOB MOBTOPSIOIIEHCS MocenoBaTeibHOCTH Repeating Sequence B kadecTBe MOJICIBHOTO
BpeMEHHU JUIMHOM 9, a caMu KOMIUJIEKCHO3HAYHBIE MOCJIEIOBATEIBHOCTA TOJAIOTCA Ha BBIXOJBI
reHepaTopoB ¢ momoinbio GyHKIMK C_Sequensl, ¢_sequens2, c_sequens3, C_sequensd cm. puc.
2.2 — 2.5 ¢ mrarom 1/9. Jlnst obGecriedeHus MUPOKOTIOIOCHOCTH IIIyMa B FeHEepaTopax Iiyma KaHaia
pacrpoctpaneHuss mapamerp Sample Time 3amate paBubiM  0.0125; wactoTy OmOpPHOrO
TapMOHHYECKOT0 TeHepaTopa HECyIel BBICTaBUTh pPaBHBIMH g = 25 pi paauan/cek. Bce
OCHOBHBIE TTapaMeTphl OJIOKOB, B KaUueCTBE MOJCKAa30K yKa3aHbl Ha pHc. 2.1 Hax O1oKamMHu.

JKcNnepuMeHTabHOe 3a/1aHue.

1. CobOpare Sim-mozenb 4-X KaHAIBHOTO MOJIEMa Iepeiadd Ha OCHOBE HCIIOJIb30BAHUS
KOMITO3UTHBIX ~ KOMIUIEKCHO3HAYHBIX  IIOCJIEIOBATEIbHOCTE C  pPaBHOMEPHBIM  CIIEKTPOM,
nmokazanHyo Ha pucynke 2.1. [TapameTrpbl Mojenel 3aaarh, Kak moka3aHo Ha puc. 2.1. Omragky
MOJIeTIeil BECTH MPH OTKIIIOYSHHBIX IIyMax KaHajla pacinpoCTpaHEHHUS.

2. OnpenenuTh IpU KaKOM YPOBHE IIyMa TOSIBIISICTCS BEPOSTHOCThH IOSIBJICHHS OMTOBOM
omn6Oku paBHas 0.001 xors O6bl B OJHOM M3 KaHalOB 4-X KaHAJIBHON HCCIETyeMOH MOJIENH.
N3mepenuss SNR mpowmsBecTn kak Ha BXOJE TaKk M Ha BbIXOje Koppensropa. [1o momydeHHBIM
nanabpiM paccuutath SNR (B dB). [nuny uH(OpMannoHHOrO MoToKa ycTaHOBUTH Hopsaka 1000
ouToB. J[aHHBIC HCCIICTOBAHUS 3aHECTH B OTYCT.

3. OmpenenuTh IpU KaKOM YPOBHE IIyMa TOSBISETCS BEPOSTHOCTH MOSBICHHS OUTOBOI
ommOku paBHas 0.001 B 2-Xx W OJHO KaHAIBHOH MOJENSX, OTKIIOYAas OT CcymMmaropa Mepen
MOAYNIATOpOM mocneanue kaHanbl. M3mepenuss SNR mpousBecT kKak Ha BXOJ€ TaK M Ha BBIXOJE
koppensrtopa. [To momydeHHbIM naHHbIM paccuutath SNR (B dB). [dnuHy HHGOPMAIMOHHOTO
noToka ycranoBuTh nopsiaka 1000 6urtoB. JlanHbie uccieqoBaHus 3aHECTH B OTUET.

4. CpaBHHUTBH pe3yabTaThl U3MepeHus: nmomexoycroinunBocteir (SNR) 1o BXomy u BbIXOIY
KOppemsTopa, cleiarh BBIBOABI O BIUSHUU HAa MOMEXOYCTOMYMBOCTh YHCIA KaHAJIOB H O
CKPBITHOCTH CHUCTEMBI TIEPE/IavH.

5. CocraBuTh OTUET MO MPOJETAHHON padoTe (Lenw, 3ahayd, (YHKIMOHAIbHAS CXeMa,
MIPUHIIAIT PabOTHI, HarboJIee BaXXKHBIC OCIUIUIOTPAMMBI U CIIEKTPOTPAMMBI, BHIBOJIBI).
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6 KOHTPOJIBHBIE BOITPOCHI

1. CKpbIThIE CCTEMBI IIepeayun, IPUMEHEHHE, PA3HOBHIHOCTH.

2. MHorokaHanbHas cucTeMa Iepejaud Ha OCHOBE KOMITO3UTHBIX KOMIIJIEKCHO3HAUYHBIX
[10CJIEI0BATEIbHOCTEH.

3. [Tpuniun paboThl KOPPENALMOHHOTO TPUEMHUKA.

4. [TpuHIMT NPSIMOro pacIIMpEeHus CIEeKTpa.

S. Bnusiaue xoppenstopa Ha SNR npuHMMaeMOro mypoKonoI0CHOTO CUTHAIA.

6. TpeboBanusi, npeabaBIsieMble K paCIIUPSIONIECH 0CIe10BaTEIbHOCTH.

7. OT 4ero 3aBUCUT BEPOATHOCTH MOSBICHUS OMUTOBBIX OMINOOK?

8. Ocob6enHoctu (OpMUPOBAHUS KOMIIO3MTHOW KOMIUIEKCHO3HAYHOM pacIIMpsOIIeH
[I0CJIEI0BATEIBHOCTH.

9. Uto 03HayaeT paBHOMEPHBIN MCEBAOCIYYaiHON KOMIIO3UTHOM KOMILIEKCHO3HAYHOM
MOCJIEI0BATEIBHOCTH ?

10.  Yewm ompenensiercs nosoca NpoIycKaHus ICeBIOCIy4aifHOro OUTOBOTO MOTOKa?
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