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Цель работы: изучение методов спектрального анализа дискретных сигналов.
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HpX/I HMCII0JIb30BAaHH N HenapaMCTquecmx METOLOB pacueTra CIIEKTpa CJIy‘lZlI“HiOI‘O
nporecca MCIIOJIb3YETCs TOMbKO MHPOPMALHs, 3aK/TIONEHHAA B OTCUETaX CUIHala, 6e3
KAKMX-TMO0 TOTIOJTHUTENBHBIX NPEANONOKEHMM. MBI KPaTKO PacCMOTPUM /B TaKHX
MeToZia — TIePHOZIOTPaMMy M METOZ YauIya (Welch). ITpmyeps peajnsalin 1aHHbIX
METOJIOB CTIEKTPAILHOTO aHaIu3a OyayT PUBE/EHBI /ayiee, TIPH OIMCAHMU COOTBETCT
pyfonux Gpynxuit MATLAB.

Mepuoporpamma

JTMM I0BOJIbHO CTPAHHO 3BYYAlIUM TEPMHMIOM — nepuo00zpaMMa (periodogram) —
HA3BIBAETCS OIIEHKA CIIEKTPAIBHOH IVIOTHOCTH MOILHOCTH, TIOJIy4eHHAs 110 N orcue-
TaM OJIHOW peau3aliii CcJIydalfHOro Ipolecca COLJIACHO OINpEIEJIeHHIO (5.19) (eCT'e-
CTBEHHO, HE IyTeM B3SATHS NPEAETa, & yCpeHeHneM KOHG‘{HOFO“‘{MCJIa C.na}'aeMbm).
Taxum o6pasom, repuoaorpaMmMa pACCUMTHIBACTCA T10 caenyoueit popmyJie:

2

1 (5.21)

W(m) =

N-1 :
3 x(k)e
| &=0 &
HRenenye Ha wacToTy AMCKpETH3ALHI f, He06XOMMMO UL nonyqexzzaB%gE:;?ogzz:‘
TPATBHO IUIOTHOCTH MOLIHOCTH 0200020 ¢JIyJauHoro x;%ocuﬁ:mbbl SRR
HOro 110 oTcueram x (k) (Beab B dopmyIe 3.7, CBﬂSbIBaIO;l/J.T)
4 IMCKPeTM3NPOBAHHOTO CHIHAJIOB, UMeeTcs MHOXKUTE/Lb :

¢ k0o puLHEH"
ecopas (yHKUusA (OKHO)
Ecan npy pacuere criexTpa MCHOMB3YETCR : TSt — BMECTO HHCIIa OTCUETOB NB

Tamu w(k), popmyra (5.21) cuerxa Mo;m«ui)xzxmlpyOﬂyﬂef4 rconbumiterTop oxa. ITo-
SHaMeHaTe e OJIKHA CTOATH CyMMA xngl:;‘;:;; odlchpOaaOl nepuodozpat-
AYueHias oleHKA CTIEKTPa MOIHOCTH HaSHEEEt 2

Moil (modified periodogram):
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B [10] noxasano, uTo [epPHOAOTPAMMA He SBJISCTCS Lotu?m.e?mmn OlenKoj; .
TPAIBHOI MIIOTHOCTH MOIIHOCTH, TTOCKOJIBKY JHCICPCHS 1:“0" OLICHKH CPamnNat
RBQIPATOM €€ MaTeMaTHYecroro oxuaanns. C pocToM UHCIA HCNOMbayenyy OTeye
33 X N M D N yeo - >
TOB SHAQUCHIS MEPHOAOTPAMMBI HAUIHAIOT BCE Guictpee GaIyKTYHpOBaTs,

MeTon Yanua

TIpit BHIHCIEHIN TIEPHOIOTPAMMBI T10 JUTHHHOMY (DPArMEHTy CyHaiiHoro ciriar, o
OKASBIBACTCS BECHMA HI3PE3AHHOT (CM. Ja/1ee IPHMEP BHIYHCIICHHUS NePHONOpayy 5
pasierte, NOCBSIEHHOM OMMCAHITO (BYHKWI periodogram — pirc. 5.24). Mg VMeRs-
LIRS STOI H3PESAHHOCTIL HEOGXOIMMO MPHMEHHTD KaK0e-T60 yepeanente, Jays.
e (Daniell) mpeaoxiT craxnBaTh GhICTPbIE QIIYRTYAIHI _131;160poquoro ClIeKTpa
IyTeM YCPeQHEHMS 110 COCEHHM YacToTaM crieKTpa. JlaHHbll MeTox, Hashisaeni
nepuodozpayiou Jlanverra, CBOIMTCS K BHIMHCICHHIO CBEPTKH TEPHOAOTPAMME oy
crixuBatomeli yuxuieit. B Meroze Baprierra (Bartlett) ananusupyemsii ciray
JIETUTCS. HA HEIePeKPHIBAOIIIECS CErMEHTBI, JUIS KaXKJIOIO CErMEHTA BBIMHCISeTcs
TIEPHOAOTPAMMA M 3aTeM STH NePHOOTPAMMbL yepeausiorest. Ecan koppensioniag
(OYHKWHS CHIHATA HA JUTHTEIBHOCTH CEIMEHTA 3aTyXaeT 0 MPEeHeOPERHMO MaTxy
SHAUEHII, TO NEPHOTOrPAMMbI OTAEIBHBIX CETMEHTOB MOXHO CUHTATh HE3ABHCHMH:
M. B sTon cayuae micnepenst nepuodozpamist bapmaemma o6paTHO TPONOPINIOATS:
HA YHCIY HCTOJb3YEMBIN CerMEHTOB, OAHAKO C POCTOM YHCJA CETMEHTOB mpH iik-
CHPOBAHHOM OOIIEM YHCJIE OTCYETOB CHIHANA MajaeT CIIEKTPATBHOE paspeetie (3
CHET TOTO, YTO CEMEHTDI CTAHOBATCS KOPOUe).

Yo (Welch) piec n Meron Baprierra aBa ycOBepIIeHCTBOBAHIS: HCTOTbI0RUIE
BECOBOI PYHKUMM 1 pasbueHite cHrHata Ha nepexpuiearousuecs: GpparmenTsl. [Ipine
HeHHe Becosoii (GYHKUMH MOSBOISET ocaabuTh PACTEKAHHE CIEKTPA I YMeHbIUIT
CMEIUEHILE IOYYACMOIT OUEHKIT CIEKTPA THIOTHOCTH MOMIHOCTIE LEHOI HeSHAuITeN:
HOTO YXVIULEHHS paspeuraonelt cnoco6HoCTIL. ITepexphiTie cerMeHTOB BBeeHo A%
TOTO, NTOOBL YBEMMUHTD HX UHCTO 1 YMEHBIIHTD JHCTIEPCHIO OLEHKH.

- Urak, Beruncrenus TIPH HCTIOIb30BAHMH MeToRa YaIua (OH Ha3bIBAETCH ellie Merotot
Yepeanenns Monud)uuuponanﬂux'Hepﬂollorpmm — averaged modified periodogr
‘method) opraumsyiores CRAYIONTIM 06pason:
1. Bextop otcueros cnrnana JeTHTCS Ha
10, AKTHKE HCMOMB3yeTes:

phIBatontecs cermenTtsl. Kax “pa?:

* Ha 50 %. Ctporo roBops, on‘r}ma-wl

Moit Becosoii yxint. B [«,
npoueccon P! !

rpa mIoTHOC
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o a, COIVIACHO o
Metoa 1a; o [10], stBasiercs HanGosee oy,

{¢TOOM CICKTPATIBHOTO aHaJaa, VIPHEIM Tiepuozorpavmitpiy

MapaMeTpuvyeckue MeToabl

Jcrob30BAHNE TAPAMETPUUECKHX METOA0B TO/pasyMeBaeT Hammme HeKoTopO M
TeNATHYECKOIT MOJenu aaIuBupyemoro CAYYAITHOTO Tporecca, Cl](‘KT[)’;l\'n,n|]u'"1 r”:1
/13 CBO/UTCSL B JIAHHOM CIIYHae K PELICHMIO ONTHMUBAIHOHHO 3ajauu, 10 L-m 1,,11(:|‘;<-|‘:1\'
TaKHX NapamMempos MOJIEIH, TpH KOTOPBIX OHa HauGonee Grm3ka Kk peaIbio Habro-
JaeMOMY. CHTHAJLY.

Mpl pacCMOTPUM /IBA TIAPAMETPUYECKUX METOja: aBToperpeccuonnbit 1 MUSIC
(MUltiple SIgnal Classification).

ABTOperpeccuoHHas mMonenb

Cpenu BO3MOZKHBIX ITAPAMETPUYECKHX METO/O0B CIIEKTPAIbHOIO aHa/i3a HanGoblice
pacnpocTpaHeHne IOJIYIHIM METOJIbl, OCHOBaHHBIE Ha aBTOPErpecCHoHHOi (Autore-
gressive, AR) Mozemn (opmMupoBanysl curHaia. 10 06yCIOBIEHO HPOCTOTOI MOjie-
1, yi06CTBOM PACUETOB Ha €6 OCHOBE H TeM, YTO AaHHas MOJEIb XOPOIIO COOTBETCT-
BYeT MHOTMM DE€aJbHbIM 3ajlauaM. :
Cornactio aBroperpeccHoH O Mo, curHam {x(k)} GOPMHUPYETCs MyTeM MporycKa-
15 IMCKpETHOTO 6esoro wyma {n(k)} uepes «9ucro PEKypPCHBHBII> GHibTP N-ro 1Mo-
panka (puc. 5.12).

(k) x(k)

<

oran MOA®T>

operpece

Puc. 5.12.

(hopMUpOBaHUA CUTHANA




[image: image4.jpg]3AMEYAHUE S ol ; : 7
{OPEIPECCHONIION CYIECTBYIOT H JIPYTHE MOACIIT qf[‘f"_””"”\“]”””' CHIHag g

ITomiyo amol)f‘% O LIYMa q{\pc;x dopmupyonuit prastp. Tak, B 1 ’\"‘".)‘110-'ln

NPOIYCKAHIS 0(‘»“;11[((3 {»pcnncc») JUISE DTOTO. MCTIOABIYCTCS HEPERYPCHBHLIIY  (hyye

419 8 SROLSS 8 . o i &3 T A . 4 N o

A;{L\l;&ib “I\Ol E/\ulorcgrcx\‘ivc Moving Average) — Guiabtp obiero g, Conepsay

ARMA-moze S !
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Moviy,
D, 4y
i Pe-

@ pajibHast IJIOTHOCTD MOIHOCTH TaKOro CHIHaJa H])OHO])L[IIOHR.’ILH&
TIEKTPAJIbHA J

KBapary
MORYJIs KO3 UIIeHTa (DYHKIIN Tepeaunt BHIbTpa:

2 1 :
=Zn - 3 iNoT|2 ° (6
‘V(m)_ fa “—ale_lmT —a2e_J~mT —...Taye 2y ;

TakuM 00pa3oM, AAHHBIH METOJ CHEKTPAJIbHOrO aHAIM3a CBOAUTCS K Ompezerex
K03((DHITMEHTOB MOJIeJH {@;} 3aIaHHOTO NOPsAKA N, OlleHKe MOLIHOCTH Geroro 1y
G, 1 pacyery CEeKTPaIbHOI MIIOTHOCTH MOLUIHOCTH 10 hopMyJie (5.23).

n v

Jnst onpezieeHust KO9MOUUMEHTOB MOAEIH TPOMSBOXMTCS MUHIMHUSALUS Ouifi
nuneunozo npedckazanus curnana. CyIHOCTh 3TOTO METOAA COCTOUT B CTIenyHIey,
Curnan {x(k)} mpoIyckaercsi 4epe3 HepeKypCHBHEII GuILTP ¢ Koadbummentam
{1, =by, =b, ..., by} (puc. 5.13).

(k)
x(k) )_}

Ownbka
npeAckasaxus

MpenckasanHoe
3HayeHue

Puc.

5.18. JluHeitHoe npeAckasaHue curHana
AL
quneit
UUx OTCYETOB BXONHOIO CHIHAJIA HaabmalO'T "Hoﬁ o
CJIEAYIOLIEr0 BXOAHOTO OTCYETa, & Bmogarw #
TO €CTb Pa3HOCTH MeKy MCTHHHBIM H TP
— owubKol npedexazanus (prediction error).

151 C
XM NIDENCKASAHNS ¢ yueTom Moze (hopMUpoBal
GIenyIonmm o6pasom:

Bspewennyio cymmy npedsidy,

npedcxazanuen (linear prediction)
HaJl paccMaTpHBaeMoro huibrpa,
HBIM 3HAYEHHEM oTcuera,
Z-npeoGpasoBanue omme
{ac(k)) MoxHo 3ammcars

”J-Hg‘l.'l
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y(k) = n(k) + hyn(k - 1) + hyn(h — Pyt

[TocKOJIBKY OTCYETDI Gesroro 1ym

AABISIOTCS Hegapyey

SABHCHMBIMH, sere,
pACCUHTBIBACTCS COMMIACHO Cutey S,y AHerie
:

e CHSL CHIHa; 5
yioueii (])‘)])My.'lc: PCHST curiasng {y(k))
5 2 2 2

O',,z = c"v (L + A + Ry + )

2 2
Q100a BHARS OO = 10/ IDaBeIiCTRO. oy
seex i. DTO BO3MOXKHO, €CJIu Ha6ops Koabuuuenron {a} w {b) cobnanaror.

Taxum 00pasoM, Koadduimenty buibrpa, MHHUMU3H DY I011Cro Aucnepenio (uau

CPeAHEKBAPATHYECKOE BHAYCHNE) 0Ny HpeacKasanms, COBNajaioT ¢ Koahhuum-
o

eNTaMH aBTOPEIPECCUOHHON Mozeu (I)ODMMDOBQHHH CHrHaJIa,

Tenepb 0OpaTHMCS K COGCTBEHHO TPOLE/ype pacuera Kkos
Baiolero YUALTPA MO OTCYETAM CHrHasa {a(k)}.
o KaK

y(k) =2 (k) = by (k= 1)~ byx (k=2)~ .. ~byx (h-N) =
= () ()

m=1

ACTCA, TOJNBKO Korya hi = 0 g

bbuimenron TPe/ICKa3pl-
Oumbra npenckasars onpezessier-

Han HysHo nioxo6pats koaddumments: b, obecneunpaionmie MiHiMaibHoe cpeze-
KBaapariyecKoe auadenue y(k). Bossexem y(k) B xpazpar:

YAy = 22 (k) -25(k) S, by (k —rh)+[ib,,.x(k—m>] -

m=1 m=1
N W dore
= xz(k)—2x(k)i b, x (k—m)+ mz.l "Z-;bm b, x (k =m)x (k —n)

m=1 ;
i JIHUI KBaZpaT
Mif, UTOOBI TIOJIYYHTH CPE,
aHcaMOJII0 peasnaaLmii, : S
g;:?:';}-)b YCpenHﬂ;M ;‘;0 g;ouecc x(k) LEHTPHPOBAHHBIM, noamm;] é};i;eu)-
aeM YaitH G i H JMC ;
OKulanye ‘;Jge) Z}rz:uoxe PABHO HyJIIO, & CPE/HHIT KBAAPAT PancH X

R T
. by by (k= m)x (R =n).
o =y2(k)=x7(k)-2ib,,,x(k)x(k—m)+ ﬁ 5

el n=l

m=1

T % xoagaume
Yepenmenmnie TonapHsle npouaneﬂé"?;';o”wm o
3 KOppesANMOnHOI yHKIIH BXO/E

B ATO BbIpaKeHHe, ZaloT 3Have-
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TakiM 06pasoM, VISl HAXOXKIEHUS KOS DHIMEHTOB JIMHEIHOTO TIPE/ICKA3AHNS Heof.
XOJIIMO DEIlHTh CHCTEMY JIMHEHHBIX yPaBHEHUI

S b, R(m-k)=R(k), k=1,2 ., N.
m=1

MO3KHO 3aIMcaTh 9Ty CHCTEMY B MAaTPUYHOM BHJE:
R.b=p.
3pech R, — KoppessiuoHHas MaTpulia curHana {x(k)} (cM. paszem «/luckperise

CJIyyaifHble CHTHAIIBI> TJIABBI 3), b — cronbeu xoahuunenTos b,,, p — crouben iz
YeHHiT Koppesionnon dynkuun R,(R) mis k ot 1 no N.

Tenepb MOYXHO 3amucaTb HCKOMOE pelIeHne:
= =1 T
b=R,"p. (5.29)

TloxcranoBKa HaiieHHOro BekTopa b B hopmyity (5.24) 1aeT MHHIMAIBHO BOINOA:
HOE 3HAYEHNE CPEHEro KBaJpaTa OLMOKH Npe/icKa3aHust:

(02 )min =02 =P" R p. (62)
3AMEYAHUE

B nprBezieHHbIX BHIKIAIKAX MPEATIONAraloCh, uTo curta {x(k)} emecrsenblii. 910 6b110 C1&
JIQHO JINWID /1715 YIPOLIEHUS! M3OKEHHS MATEPHAA I He ABJIAeTCA npuimabioit. B X
IIEKCHOM cilyyae dopmyna (5.25) He Memsercs, a ONEpalMIO TPAHCIIOHHPOBAHUA B (5.20)
CIIEAYCT SAMEHHTD SPMHTOBBIM CONDSTKCHNEM (COUETAHMEM TPAHCTIONUPOBAHNS € KONITE
HbIM conpsikenHem). Kpome Toro, npu BbiuucIienns KoppeisiHOoHHOI hyHKIHH KOMILTEKCHO

Ha npaxTyike Ml He SHaeM HCTHHHOI KOPPEJISIMOHHOMN (hyHKIMI HCCEAYeNOr? o
HJIA, TTOITOMY JUIsl MEHMMMSAIH OLIMGKH IIPEACKASAHMS HCIIOIb3YIOTCS 0Uelkt e
TOJIYHEHHBIE TyTeM BPEMEHHOTO ycpeaHenus. Baur paspadoTan uedblil Pia \eror0®
ABTOPErPECCHOHHOTO AHAN3A, OTIMYAIOMMUXCS B OCHOBHOM TOAXOIOM K o6pacor™®
Kpaesbrx I GEKTOB (T0 ecTs K crocoby BoBteters b pbuCTHMsT TEX KPACH™ 2
‘CYETOB CUIHANIA, /Usl KOTOPBIX TIPK BhIuncierm KD e oxasbmaercst GABHHYTON wep
910 Meron Bepra (Burg), KoBapnaunonnsiii merox, MO LEPOBAHHBL xompi{‘;
l\luOlle’l METOLL, aBTOpErpecCHORMEI Meron IOna—Youkepa (Yule—W"‘lker) p it
OPETHYECKHE CBEJIeHHIst 06 STIX METOXAX MOKHC Hm,w-
TO, UTO MNpPU aHAJIH3E JUIMHHBIX nocneuo"“rej:m
TIPAKTHYCCKH O/IMHAKOBbIE pesyJIpTarbh Paa‘mﬁxﬂ
OTKUX curHaop, JocTouncTsa o HEAXT





[image: image7.jpg]Tabnuud 5.1. XapakTepucTuku BTOPEIPECCHOHHLIX e
0/108B ¢

|

=

¢TOROB ABTOPETPECCHOHHOIO CriekTpasmpiop,
KO TEPEUMCICHBI B Tabm, 5.1, 5

Kpar

aH

AT
34, peanusobanmpk 5 MATLAB
LAB,

?EKTpaanOFO aHanuaa

)

B03MOXHOCTh OLEHKH YaCTOT VIS
CHTHaNa, TIPE/ICTaBJIsIoIEro co-
60t CyMMY <UHCTBIX» CHHYCONI

OTcyTCTBMC pacuierieHus CIIEK-
TPaJIbHBIX TIHKOB

MeToA AocTtouncrtea [ —
Hepocratku
I
Pepra Bricokas paspemaionas cnocof. o0 S
HOCTD IIPH aHAJIH3E KOPOTKHX e B glckpanoig s
T KOB CHJIBHO 3aBHCAT OT Hayap-
HBIX (a3 cunyc
Tapantuposannas crabuibiocrs | Tipy 6 o |
PACCYMTaHHOro hopmupyiouiero \,g.. On.hgm'“ pebAIKE Mot
CbHJlepa MOJXET HabJoaTues pacuiene- |
Hue CI]CKTI)MthlX ITHKOB
I'lpu aHanse CYMMBI CHHYCOMJL C
HIYMOM TOJIY4AIOTCA CMelLeHHbIe
CHCKTPMMIMC ITHKH
papHallMOHHBI | Boabmas (mo 3
Kosap e ( 2 CPABHEHHIO ¢ MeTO- | Paccumranubrii Gopmupyionii
bit Jia—YOJIKepa) paspemiaio- | uibTp MOKET 0Ka3aThCs HecTa-
151 CIIOCOOHOCT IIPU aHAJIM3E GMIIBHBIM
KOPOTKHX CUTHAJIOB
B Hpn aHaJIU3e CyMMBI CHHYCOMJI C
03MOKHOCTb OIEHKY YaCTOT JUISI | LLyMOM IOJIy4aIOTCA CMELIEHHbIE
CHTHAJIA, IPCACTABJIAIOLIErO CO- CIIEKTPAJIbHBIE TTHKH
) 60¥1 CyMMY «UMCTBIX> CHHYCOMJ
Mouduupo- Bricokasi paspeliaiomast croco6- | Ilonokenns CnexTpaibHbix M-
BaHHBIH HOCTD NIPY aHaJIN3e KOPOTKUX KOB B HEKOTOPO# CTENEHU 3aBH-
Konapuaunomlblﬁ CHTHAJIOB CAT OT HaYaJIbHBIX (a3 CHHYCOMIL

PaccyuTaHHbIi HOPMUPYIOLHI ‘
(WIBT MOKET OKa3aThCs HeCTa- |
GHIIBHBIM

TIpy anaIu3e CyMMBbl CHHYCOHIL C
1IyMOM IIOJIyHAIOTCS Ce2Ka CME-
Ji{eHHbIE CMEKTPaIbHbIC MTHKH

1012—Yosnkepa

ABTOperpeccHOHHBIE METOABI aHall
7108, NeliCTBUTENHHO sABSAIONMXCA
POl peaysbTATHI 9TH METODI A
HMeeT ueTKo BpIpaXKeHHDIE THKH.
HECKOLKIX CHHYCOMA C LIYMOM:

Upy venonbaoparuu aBTOP!
0K antoperpeccuoHOj MOACTH

Xopolue peay/IbTarhl 1pu ata/i
3 JUIMHHBIX CHTHAJIOB
TapaHTHpOBaHHT cTabWIBHOCTD
PacCYyUTaHHOIO (hopMHPYIOIIEro

TI0xHe peay/ibTaThl DK aHAIH3E
KOPOTKHX CHIHAJIOB

Tlpy anajH3e CyMMbI CHHYCOHA @

LIyMOM MOJIy4aioTCA CcMelLeHHbIe

i
|
|
[
|
|
‘;

CrieKTpaJibHble MTHKH '

GunbTpa

a10T TOIAQ,
B uacTHOCTH,

rpeccHont
1 — oH

koTOpBIC P

Ji3a criexTpa 607blie B
aBTOpErpecCHOHHPIMI
Korzia CHeKTp anall
K TAKuM CHTHAJ

bIX METOJIOB BAXKHO
JI0JIKEH 6BITD
egupﬂoz(ﬂ'l' eJIbH

cero TOAXOAAT JUIA CHTHA-
TIpOLECCAMH. Boobute, X0-
3HPYEMOTO CUTHANA
M OTHOCHTCS CyMMa

[1pABHIBHO BBIOPATD 0P
paga GoJpute HHCIA CHHY-

B 1BA
H3HPYEMOM

0 COJICP)KRTCH B aHall




[image: image8.jpg]e mopAAKA MOJIENN Ha Pe3ysbTarh

& pac%T()a
by HKIUIT ABTOPETPECCHOHHOTO Criex

Hp]h\[ep, ﬂCMOlICTI)HP_YIOU.U[“ BJIMSTHHA I
Tpaﬂh}(gm

6\'1[CT ITPUBECH aajee, npu OITMCaHUM C
anammsa, nvelolmxes 38 MATLAB.
ITOMUMO CIIeKTPAILHOIO aHaIi3a TEXHHKA JIMHEHHOTO TTPCZICKa:ElH»m{ 'IJ.IH;)OKO HCrioy.
3yeTcs Auisl KORMPOBAHMS 3BYKOBBIX CHTHATIOB. IIpu aroxrxoslzgf ACTHTCA Ha (yparye.
TbI (KaApbI) M BMECTO CAMIX OTCYETOB 3BYKa IUIs KORIOLO KaZ D2 N epeNaioTCHlToyrg
K09(pUIMEHTBI aBTOPErPECCHONHOM Mozenu (HOpMUPOBAHMS 3By[fa,T HTO T03Bosge;
BO MHOTO pa3 yMEHBUIUTH TPeOyeMyIo CKOPOCTD IEpe/atiil I'[aHHbI)\. aKast Texgoy.
THST MCIIOJIb3YETCS], HATIUMED, B COTOBBIX TeJIE(OHHBIX CETSX GSM u B PazioTe e
Hax crangapra DECT.

®Dopmysa (5.25) NMeET OYEHb BAXXKHOE SHAYEHHE, 1 cqu)epa €€ MCTIONIb30BaHNA Nlanexy
He OTpaHMYMBAETCS PACIETOM KOI(DOULMEHTOB JIMHEHHOrO MPeACKasatus. Paccyqr-
pHBast Hally YaCTHYIO 3a/iauy, Mbl L0y 4l bopmyLy onmumansiozo gunsmpa By-
#epa, KOTOPHIil II03BOJISIET C/ETATh BXOAHOI CHTHAJ MAKCUMAIILHO GJIMBKIM (B Cafbic-
JTe CpeHeKBaIpPATHUECKOll omubKi) K 3aianHoMy obpasiy. Ilpu aTom R, Gopmyze
(5.25) — 910 MO-TIPEXKHEMY KOPPEISNMOHHAS MAaTPHIA BXOJHOTO CUTHAIA, A P — Bek-
TOP B3AMMHBIX KOPPEJIALHI MEXK/Y KeraeMbiM (06pa3LiOBBIM) 3HAYEHUEM BHIXOTHON
curHana (GUIbTPa M BXOJHBIMHI OTCUETAMM, HCIOIb3YEMbIMH IIPH BBIYMUCIIEHHSX (310,
KaK OOBIYHO, TEKYIIMI OTCYET 1 HEKOTOPOE KOJMYECTBO MPEABIAYIIHX).

Meton MUSIC

Merox MUSIC (MUItiple Signal Classification) npeanasnauen J/is CHEKTPaIbHON
aHa/IM3a CUTHAJIOB, MPE/CTABJIAIONINX COOON CyMMy HECKOIBKUX CHHYCOUA (TOUHEE,
B 0DIIEM CIIyYae — HECKOMbKUX KOMITTIEKCHBIX AKCIIOHEHT) ¢ GeJIpiM 1ryMoM. Llemsio
CIEKTPAJIbHOTO aHAIN3a TOAOGHBIX CHIHATIOB, KAK MIPABIIIO, SIBJIETCS He Pacyer Ciiek:
Tpa KaK TAaKOBOTO, & ONpE/e/eHNe YaCTOT 1 yPOBHEi (AMILINTY/ HJIH MOLIHOCTEI)
rapMOHMYeCKkuX cocrapimionux. Merox MUSIC npeanazHayeH WMEHHO AL T0I0,
TIO3TOMY ITOJIy4aeMast C ero MOMOUIBIO 3aBUCHMOCTH YPOBHS CUTHAJIA OT YacToTh! Ha:
abiBaetcst ncegdocnexmpon (pseudospectrum),

B 0ocHOBe MeToza JIeKUT aHANNS COBCTBEHHBIX YHCEI 1 COGCTBEHHBIX BEKTOPOB KOP"
PEJIALMOHHOM MaTpULbl curHana. IloapobHoe MaTeMaTHueckoe 060cHOBaHIe MOKH
Haiitu B [10], Hyke npUBOAATCS UL 6a30BBIe M,

Wrax, nycrs curHan npencrasiser coGoi CyMMy M KOMILIEKCHBIX 9KCHOHEHT, Has”
HbIe (a3bl KOTOPBIX CIYYalHbI, ¢ Gembiv LIy MOM:

M ”
x (k) =n(k)+ 2. A, exp(jo, kT + jo, ). (321)
m=1
3necn n(k) — oreyersr AMCKPETHOTO 6es10ro uryma, A, Oy 1 Oy — coo-rnercmeﬂ:g
AMILTUTYJIBI, SACTOTLI 1 HANANBHBIE (ha3bl KOMILIEKCHBIX IKCTIOHEHT, coue[»lmu““":al ;
curHane, T — niepuoa auckperssamiy, Hauanbsie dasst g, — HeaasnciBe GV
HIBI€ BEMMHMIBL PABHOMEPHO pacnpeaeseriibie Ha uireppare 0..21.

ol LY i
w SEMIECTREIHAA CHIYCOWMANLHAR CocTanNAoa cirHaa Mosker GbiTs NPEACTA™
BEHRIY | T ¢ noMoubio dropmyer Jitzepa. —
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: M
R.(k) = 052 (k) + D Xp(~ja,, kT ).

m=1

I' uMery, (‘Jl()}l_\’l()lllll“ BMJL:

371eCh xp(k) — emHMuHas UMIyJIbCHag (
TabHBIX CIYHAAX, G,° — Ancepeuys 1Ly
Jlanee U3 OTCUETOB KOPPeIUMoHHoif

piia pasMepa Nx N, npuyem pasnmep
HBIX OKCIIOHEHT: N > M.

bynkius (3.17
Ma n(k).

bynkimy bopyu
MAaTPHIbL 107K eH

), PaBHas 1 pnuk=0u0poc-

pyercst KoppeJssinnonnas

mar-
IpeBbIIaTEH YUC

JIO KOMIIIeKe-
AHaIM3NPYA CO6CTBCHHM€ JHucIa u COﬁCTBCHHbIC

2
aBHO G2, U OHO
IAIOT 6%, a ux

KCIIOHEHT.
CobcTBEHHbIE BEKTOPDI, COOTBETCTBYIONE M. HaMOOIBIIM COBCTBEHHBIM

(TaBISIOT COOOIT IMHENHbIE KOMGUHAIIN KOMIITIEKCHBIX 9KCIIOHEHT, Co
cnraasie. MHOYKECTBO BCEX TaKMX JIMHEHHBIX KOMOMHAIHIT 1
npocmparcmeonm (signal subspace), a YIOMSIHYTBIC COBCTB
6a3uc B 5TOM TIOANIPOCTPAHCTBE.

HnCIaM, npea-
ZIEPKAIMXCS B
A3DBIBAIOT CUZHANLIBIM NOO-
CHHbIE BEKTOPBI 06])33)’10'[’

Ocrasmuecst N — M coGCTBEHHBIX BEKTOPOB OPTOrOHAJIbHbI BCEM KOMIUICKCHBIM 9KC-
TIOHEHTaM, COACPKAIMMMCS B CHTHAJE. DTH BEKTOPBI 00PasyloT 6asuc uymos0z0 nod-
npocmparcmea (noise subspace).

CrieKTp KOMITJIEKCHOI 9KCIIOHEHTBI, PACCUMTAHHBIH AHATHTHYCCKH, npeﬂCTaJéJmeT co'-
601t iebTa-(HYHKIMIO, PACIIOJIOKEHHYIO Ha COOTBETCTBYIOLIEH YacToTe. UT0ObI 110y~
yliTh GECKOHEYHBIE BHIOPOCHL HA YACTOTAX (,,, MCEBAOCIIEKTP MPH UCIOIb30BAHNM Me-
tona MUSIC paccumuThiBaeTes CeAyommM 06paso:

7 (5.29)
W(w) = 7
N, N=1

- jonT
X D o(m)e
k=M+1|n=0
if MATPHIIBL.
KTOpPA KOPPEJSIHOHHOM
et 0g) s gl oI R k-rg chme}zggl;geiecmy?omnx 1M COOCTBEHHBIX YHCEL.
I RIBAHIO P TYHCJICHUAX
%emopsgnpOHyMep:;iz; cyM)llwa 10 k ot M + 1 go N sazaer yuacrue cnrzzme; e
& 8 Ma mpe
TO::I::)ong;(xt’xlsco6cmeﬂﬂmx BEKTOPOB. BHyTpeHH:forczbgwLLIP;'\Ioubre coOCTBEH-
f a Ha Ya . A i
BCTBEHHOIO BEKTOD ¢ 4acTOTaMU O, CO
e S HBI BCEM KOMIUIEKCHBIM BKCHOHeIlTaMC MMBbI paBHbI HYJIIO,
Hble BeKTOPBI opTorOHaJIIhosToMy npH © = ©p BCE BHYTPEHHHE CY
AEpXKaIMMesT B CUTHAJIE.

i g : opmyJsl (5.29):
Mo b, TIPMPABHSB K HYJIIO HAMCHATET> oot

Cav wacrorsr @,, MOKHO 2HOHY‘m )

N N-{ e

p zvk((n)g-ﬂﬂ"r W 0. 5

kaM+1 | n=0 cyMMY:
0 B AABOHHYIO

Pacipoey kpanpar Moy, IPEBPATID €F (530)

N N-t N-1 g

(oD
k-zu:ﬂ ,Z_o gyﬁ (mu( )






[image: image10.jpg]YYEHHOI'0 BBIDAKCHUS B KOHEYHOM cuete Tip

Terreps BIHO, UTO JIeBast YacTh MOy CHH i
ol crenennt 2N — 2. Te KopHu aroro 1y an.

Jisiet co6oit TIOJIMHOM OTHOCUTEIBHO € P Moy,
KOTOPBIC JIEKAT HA CUNHIYHON OKPYKHOCTH, PaBHLL exp(—jo, 1), n 1 Pacyery ‘ia(d
TOT OCTAETCST BHIUMCIITD APTYMEHTHL ITHX KOMIVICKCHDIX THCEIT I PASIENUTE yy 4y T
Bee CKA3AHHOE /10 CHX TOp OTHOCHIOCH K MICATHBHPOBAHHON MOEIN CHrHag (5'27).
AHATITIYECKI TIOYYEHHOI KOPPEISALIOHHOI Gynkimn (5.28). B pearnbipix CHTY, 4
X, KOIZ@ CHTHAJ HE BIIOJHE COOTBercTByer Moaem (5.27), a ero KO[)DCJIHIIPX(;IIILIM
(hyHKIMST OLEHUBACTCA 110 Pe3yJbTaTaM uszMeperuii (K TOMY e 3auactyio Gey B;:
MOSKHOCTH YCPEAHEHH S TI0 HECKOIBKIM HAGIONCHUAM), PE3YJILTATB OKasbiBaiorey He-
CKOJIBKO MHBIMH — MHKH B (5.29) Gy/yT MMETH KOHEUHYIO BBICOTY, & KOPHU TI0TMHHOM,
(5.30) He GytyT J1eKaTh CTPOIO HA eIMHUYHON OKPYIKHOCTH. Onnako eciu crrnay 65“.
30K K IPEATOoIaraeMoii MOJEIM, METOL MUSIC faer Xopouine pesyJibTatsl. [ pacye-
T4 YACTOT BRIGHPAIOTCA KOPHHU rosHOMa (5.30), G/skaiiiiie K eMHIIHON OKpyskiocn;

MeTop, EV

Bimsxum pozctsennukom MUSIC ABIseTcs: METO aHAJIN3A COOCTBEHHBIX BeKTopo
(eigenvectors, EV). Ero omiune COCTOUT JIMLIb B TOM, 4T0 B (hopmyax (5.29) u (5.30)
IIPH CYMMIDOBAHIH 1O & HCTIOJB3YIOTCS BECOBbIE KOA(MMUNEHTDI, 0GPATHO Nporiop-
HUOHATLHBIE COOTBETCTBYIONM COOCTBEHHBIM uncaaM. Takmy 06pason, (opmya i
TICEBJIOCIIEKTPA IPUHIMAET BHIL:

W(w) = L ; (531)

N

1 N-1 5 2
Z el ka(n)e-ﬂ»ﬂ

k=M+1Np | n=0
a YpaBHEHUE, KOTOPOE H€06XOL[PIMO PELIXTD I OLIEHKH 3HAUEHMI YaCTOT, OKa3biBa-
CTCA CJIEAYIOUIIM:

N 1 N-1 N-1 N :
D =D Do Qe =0, (532)

k=M+1 7\1 n=0 1=0

B arux (opmysax A; — co6CTBEHHOE YHCIIO, COOTBETCTBYIOLIEE R-MY COOCTBEHHOMY
BEKTODY Vj. :

B [10] npUBOASTCS CBEACHNS O TOM, UTO [IPH SafaHHOM 3HAYCHHM mopsaKa M MeTX
EV 1OPOYKAAET MEHbIIIe JIOKHBIX CHIEKTPATBHBIX HKOB, yem MUSIC, 1, Kak npasitic:
Jiyuuie nepefaer GopMy CHeKTpa mynma. :

Enie pas nofuepKren, uto neesocnextpsr (5.29) i (5.31) e spasiores oueka!
UCTHHHOTO CTEKTPA IVIOTHOCTY MOLIHOCTH, & NPEJCTABISIOT COOOH JILIb criexTpah

 HbI€ TICEBJIOOLEHKH, MIO3BOJISIONIIE OLEHUBATD YACTOTEI CHHYCOUATHBIX I ySK::
O Cod DELIeHIEN, HeCKOJIbKO PEBOCKOAAIIN Y
10 GYHE

ATLAB umeercst Goipuioe e
© oGprarioro TP 40 MUSIC.
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a specgram — BbIMHCIEeHue MI‘HOBGHHOI‘O cn

a periodogl‘a"\l' — BBIYUCIIEH e CeKTpasnboj IIOTHOCTY MOmHocTH o104 pe
[ CYYAIHOTO CHIHaua;

€KTpa CHMTHauta;

aJIn3a-
g pwelch — OUEHKA CHeKTpanbhoj; 10

THOCTH MOLLLHOCTII C.
TONOM YCPEAHEHUS MO HIIpOR

AHHbIX nepuoaorpam.\t

J[1 AeMOHCTPAIHH piléOTbl MHOTUX yHKIn; CIERTPAILHOTO ananusy 6
~<; paThCS AMCKPETHBIH CIIyyaiinbij Tpouece
el

C SKCIOHeH ALy
s, OPMHpPOBaHite Takoro Hpouecea Grro p
;saﬂ j1e CJIy4aiiHBIX CHTHANOBS FaBp Sh

aee OyZYT NPHBOAUTECS Ges KOMMeHTapues,
<

JIYHAIHOTO Tiportecea Me-

YAET HCTIOosb-
oit (ynkiumeii Koppe-
ACCMOTPEHO B pasnene «®opmupo-
QOTBETCTBYIOMME cTpoKH JIMCTHHTOB

OJIyyaembre pPe3ynbTarsl, TOCTpOIM
HOTrO curHasna. HOCKO.’IbK)’ OH SABJIS-

PBOTO MOpsizka, €ro CuekTp MokHO paccun-
atb 110 hopMyIe (5.23), OMOKMB B Heii N = 1. Koaddpumuent ay, xax u s TnpHMepe
T

1anbi 3, NPHHIMAGM PaBHBIM 0,9, a wactory auckpernsamm Ja 1 aucuepeino Gezoro
I N

MA G CYMTAEM DABHBIMI HHUILE. QyHKIMI ceKTpaibHOTo HANI3A Maketa Signal
;IyAcessi"ng LT BELLECTBEHHOTO CHIHANIA PACCUMTBIBAIOT 00/0Cmoponuii CNEKTP IUIOT-
ro

H MOIIHOCTH, IIO3TOMY YMHOXHM De3yJIbTaT BRIYHCIEHUI] 10 dopuyue (5.23) na
:;.:TC;ponM rpaguK CIIEKTPA MIOTHOCTH MOIIHOCTH (puc. 5.22):

>T=1; % nepuon AMCKpeTu3auuu

> var_n = 1: % pucnepcufl Genoro wyMa ; :

:> al = 0.9: ¥ napaMeTp 3KCNOHEHUMaNsHON Koppenﬂutm

> f = l"inspace((}. 1/(25T). 100): ¥ BEKTOP 3HAYEHWH YacToT

>> ¥ pPacCHUTLIBAEN CREKTP nn((nﬂocn; ZOS:ZET?*z*pi*f*T)).*Z:

>> P =2 * vapiniiiin/iabs(l —sal 5 ,

>> psdplot(P. f. “Hz') :
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Cnexmpozpammoti (spectrogram ) CHrHaja HasbIBACTCS IO M2NOGCIHILL] Cnexmp, sapy.
csimit oT Bpemenn. st BLIUMCACHMsT CIEKTPOIPAMMDE BEKTOD CHIHaza Pasbupae;.
Csl HA CerMeHTbI (BO3MOXKHO, ¢ mepekpoiriem). s Kaxuoro cermenta BOMHCIIser0q
CIEKTP ¢ MoMOWbIo (hynkuun fft, Habop criekTpon Beex cermenton u ob6pasyer (:”m'('.
TPOrpamMMy.

JLJ1st BBIMHCIICHUST CIIEKTPOrPAMMBI CJLY’KHT (DYHKLMsI Specgranm:
B = specgram(x, Nfft, Fs, window, numoverlap)

3jech X — BEKTOp cHrHaza (CHrHa He MOXKET OBITh MHOTOKAUALHBIM), Nfft — He
T0JIb3yeMast Pa3MepHOCTD JIMCKPETHOTo rpeobpasonans Dypue, Fs — yacrora Jc-
KPeTH3alMI B repuax, window — BeKTOp OTCYETOB BECOBOW (hyHKI(HH (paamep arorg
BEKTOpA ONPE/EJAET padMep CerMEHTOB, Ha KOTOPbIC pasbuBaetcs AN DY M
CHTHAI), numoverlap — BeIMUMHA NEPEKPBITHS COCCAHMX CETMEHTOB (B oreyerax),

OBsigaresbHHIM BXOAHBIM APAMETPOM ABIISCTCS TONBKO BEKTOP 3HAYCHUI CHriaa %,
OCTAJILHBIC NAPAMETPLI MMEIOT 3HAYCHMS 110 YMOJIYAHHIO, KOTOPBIE HCIONL3YIOTCs,
€C/IM B KauecTBe Napamerpa ykasana nycras Matpuua ([1) WA ecim HeCKoMbKo 1o-
CJIE/IHUX TIAPaMETPOB TPU BBI3OBE OINYILEHDBL:

Q Nfft = min(256, length(x));

Q Fs=2;

Q window = hann(nfft, 'periodic');
O numoverlap = length(window)/2.

Boixosmoit napamerp B — marpuua, crosbumst KOTOPOI SABJAIOTCH KOMIICKCHBIMI CIICK-

l‘,p,aMp OTAENBHBIX CEIMEHTOB curHasa. Eciu Bxoanoi BEKTOD X ABJIAETCS BEIECTBeH~

HbBIM, CIIEKTD BBIMHCIISETCS TOJBLKO VIS IONOKUTCALHBIX YACTOT U BO3BpalaeMai
- Matpuua B coxepxut Nfft/2+1 (aist yernoro NFft) mom (NFft+1)/2 (u1s HEeyeTHoro
Nfft) crpox. B ciyuae kommiexcioro ananusupyemoro BEKTOPA X CHEKTP He 0071a/@cT
CUMMETpMEH, 1 BoBpalaeMas MaTprua B conepxut Nfft crpok. ;

P OTCYTCTBMM BBIXOZIHBIX IIAPAMETPOB (yHKIMsA Specgram cTpoMT rpadiueckoe
o unew,cnempprpammm B KOOpAMHATAX «BpeMsl — Yacrorar, orobpazas 3Hd"
AMIUIMTYZHOTO CIIEKTPA C IOMOMIBIO LBETA (VIS HTOr0 HCmo/bayercs hyHKii

24

€ npuBomImch b raapax 3 1 4 (c""’
noKaKem, KaKoii saGanpiii b M
AHHOTO M3 HECKOJILKHX nw{”‘;ﬁzc
O |
a conepxntcs B haiise veosid:
M6 ajine K%alwrc.ﬂ i aua;g
S), Dopupyen CrexT

i
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Puc. 5.23. MpuMep 1Cnob30BaHNs ¢kauwm specgram

BHUMAHUE

Jnst oToGpasken st CrieKTPOrPaMmbl MCTIOJIB3YCTCS HBETOBAs MAMTPA jet, TaK UTO MIHHMALHO-
MY YPOBIHIO aMIINTY/IHOIO CIIEKTPa COOTBETCTBYET TeMHO-CHHIIT LBET, MAKCHMAIIBIOMY = TF.\I-
Ho-kpachpiii. [lepexozi 0T CHIEro K Kpactomy [[POMCXO/IT CPC3 oTTelKH rony6<?ro, 3CJEHON0 1
xKeroro. B pesysbraTe npu qepno-éc.noﬁ [TeuaTH 3aBHCHMOCTD oTTeHKa rpaduKa oT ypos! m6cne|<-
TPa OKA3LIBACTCS fiemonorounoi. Ans npammunoi’: nepe/iayH ypoBiit creKTpa B ‘llq?"o- c,mm
BHJIE CJICAYET YCTAHOBHMTD JUISL pHcyHKa HaJUTpy OTTEHKOB ceporo KOMalmO: rf[(,: o; axmgll{,h:ye
B rannom TIPHMEPE DTOTO HE caenaio TOJILKO 110TOMY, YT «pPOKHIA> Bbll‘-’lflflﬂa “efr’l i
MMEHIO HHoCIe ipeo6pasoBaisl JICXO/HIBIX 1IBETOB pHCcyHKa B OTTeHKI CEpOro; P!

30BaHNM CepOil MAJMTPDI VIS BHIBO/A CHEKTPOrPaMMDL- :

F acyeT nepuno, | ) .
nopor pamMMb o
: periodogran.
Mot poraucrenust J1ePHOIOTPAMMDI 5 MATLAB [ipeAHasHadcHa ysxust periodod

Cunrakcuc ee BH30Ba CIELYIOIH:
[Pxx, ] = periodogram(x, window:

Emimicrneniipim 06s3aTenIHBIM BXO. ; | KoTOpBIE HCNOTE”
CHrHasta, OcrasbHBIC TTAPAME! - pMeIoT 3P e i ecmit uego*repne
3yloTest, ecom B KAueCTBE p YN [ :
Konuyeerio napamerpos (Ha Sol oro oxHa (PH 9TOM
Bextop window ot COX ] : 22)), o yuori
Bblyucnserces MQAKW 12 @t‘mcaa
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Bxoanoit curHas, yMHOXEHHDIH Ha OKHO, TIPUBOAMTCA K pasMepy Nfft (06peag
JIMOO ONOJHSIETCS] HYIAMIM).

),
(‘V"C'A

Mapamerp Fs — yacTOTa AMCKPETH3ALMM B Iepuax. dTa BEANYMHA HChomy;
dopmymax (5.21) u (5.22), a Takske A5 omuposKu rpaduka n pacuera pog
MOT0 BEKTOpa YacToT f. 3HaueHue 10 yMOIYaHIIO PaBHO 27,

YeTCy p
BPaiige.

CTpoKOBbIiT TapamMeTp 'range’ ONpeAesAeT YaCTOTHBIA ANATA30H /715 BO3BPalLe oy,
BeKTOpa Pxx.' BO3MOJKHBI 1B 3HAYEHMSL:

QO ‘'twosided' — BexTopnl Pxx 1 f mmeroT uuHY Nfft 1 COOTBETCTBYIOT nomHoMy g
nagony 4actor 0...Fs. DTOT BapHaHT MCIOJIB3YETCS 110 YMOIYAHHIO, ey x Cofiep-
JKHT KOMIIJIEKCHBIE OTCYCTHI;

O ‘onesided' — pexTopui Pxx 1 f mmetor amuny ceil((NFft + 1)/2) u coorsererpy,
IOJIOBHHHOMY AuanasoHy yactoT 0..Fs/2. DTOT BAPMAHT MCHOIB3YETCA MO Yioy.
YaHUIO B CJIyyae BEUIECTBEHHOIO BEKTOPA X.

ITapameTp 'range' MOXeT OBITh yKasaH B CIIHCKE NAPAMETPOB B JI0G0M MecTe foce
window.

BosBpaniaemble napaMerpsl: Pxx — BEKTOP 3HAYEHUH CIIEKTPAIbHOU IIOTHOCTH MOl-
HOCTH, f — BeKTOp 3HaYeHUI! YacTOT, UCMOIb30BAHHBIX AJIs pacyera. Llar mexay co-
CeIHMMU dJIeMEHTaMHU 3TOTO BeKTOpa paBeH Fs/Nfft, mepBhlit aeMeHT paBeH Hyio.

Eciu BIX0/HbBIe TTapaMeTpPhI IPU BbI30BE HE YKA3aHLI, (DYHKIHSA CTPOMT Tpadk crek-
TPaJbHOU IJIOTHOCTH C TIOMOIIBIO (DyHKLHH psdplot.

Periodogram PSD Estimate

Power Spectral Density (dB/Hz)

b TR 0.3 0.4 05

i ~  Frequency (Hz) ' < - :
Puc. Ww<%§iqﬂémihanwb KOPPENMPOBAHHOrO CRyaiHOro NPOLEC:
Hasa ¢ NoMoLUbo dyHKuMM periodogram

i copr
[ CIIEKTP MIOTHOCTH MOLIHOCTH SKCHoHeHuHaTbio & ¥

ipouecea (puc. 5.24):

1

!
]
1




[image: image16.jpg]>> ¥ QOpMMPOBaHue CNySaiHoro oy

>> X0 = randn(1, 1000): i
>>a=0.09:

> X = filter(1l, [1 -a], Xp).

>> ¥ OUEHKA CNEeKTPa NnoTHocTy HOWHOCTY

>> periodogram(X. [], [1. 1

Kak BHHTE, XOTS obuuiii xop D

aduka ¢ ;
cneKTPOM AaHHOTO CayyalHOro n 4 CoBmap;

;’.:(e"l'_nglla.‘lll'l'll‘lelil\"ll TOCTPOEHHBIM
ETC:I-;).' ), IICPHOI[OI‘DZ\MMH OKa3piBa-
np”BeneHHbIM i e «HenapaMe.rp“ YEeT 'IGODCTH‘IC(‘KH.\X CBEIEHU N,

(0! ) (bHIMpoBaHHEIX TIePHOZOrPAMM —
averaged modified periodogram method). Cunrakcuc shizona byHKwm c.‘xe;x\r')lou‘mii'

[Pxx. T = pwelch(x, Nwin, Noverlap, Nfft, Fs. "range')

EMHCTBEHHBIM 005I3aTEIbHBIM BXOAHBIM T1APAMETPOM SBJISIETCS X — BEKTOP OTCYETOB
aHAIM3UPYEMOTO CHrHaia. Bee ocTaibHble napaverpsr uneiot snaves o yMomya-
HITIO, KOTOPBIE HICITOJIb3YIOTCS, EC/IH MPH BbI30BE B KAYECTBe MIApaMeTpa YKasaka myc-
tagt MaTpHua ([]) WK eCH HECKOIBKO NOCTEHIX MTaPaMeTpoB OmyIIeHo. :

ITapameTp Nwin yIpaBJisieT BIGOPOM OKHA, HCIIOIB3YeMOro UIst aHaIuaa. Ecuti Nwin —
YHCJIO, HCIIOJIb3YETCs OKHO XOMMUHIA YKa3aHHOI JUIMHDI, €CTH BEKTOP, TO JAaHHbIT
BEKTOD MCIIOJb3YeTCs] B KaueCTBE OKHA. 1[0 yMOIYaHMIO MCIOJIb3YeTcst OKHO XoM-
MHHTQ, JJHHa KOTOPOro BBIOUpAETCs TakK, YTOOBI C YYETOM 3aNaHHOIO MEePeKpPHITHs
(cM. HIDKE) CHTHAJI OKa3ascsi PasfeeHHbIM Ha 8 (parMeHToB.

ITapamerp Noverlap sazaer (B OTCYETaX) EPEKPBITIE COCEMHIX (parMeHToB CHIHATA,
A7t KOTOPBIX BBIUMCJISIIOTCS TIEPHOA0TPAaMMBL. ITo yMO14aHHIO TIEPEKPHITHE PABHO IO
JIOBMHE JUIMHBI OKHA.

Mapamerp Nfft samaer pa3MepHOCTh BIID, 1cronnay!

zorpamymel. ITo yMOTYaHHIO Nfft = max(256. 2‘nextpow?(Nw
MEeHTa curHana (ATHHA MCIOJb3yeMOro OKHa).

HapameTp Fs yka3pIBaeT 4acToTy JVCKpEeTH3AUMH CUTHAA. 310 Sfmqelll[”ealcl‘(;g‘l?(:lgz?i
€TCS JUIsI HOPMUPOBKH PacCYHTaHHOIO CTEKTPA MOIIHOCTH, & TAKKE TP p

Hile 9TOTO
Bpamaemoro BekTopa f i IS otpoBKy rpaduKa. [0 yMOIYaHHIO 3HAYE!
NapameTpa paBHO 27.

€MOTO JUISl BBIYHCICHHS ITepHO-
in)), cae Nwin — junna ¢par-

o 03BPALIAEMOTO
Crpokosrit mapamerp 'range’ OMpENE/AET YACTOTHEE e Bl B
BbIH 114

BEKTOpa Pxx. BO3MOJKHBI (B 3HATEHIT:

¢ ¢ JTAHY
Q 'twosided' — br Pxx 1 T HMEIOT X
twosided BEKTOP e HODS

nasony yacrot 0..Fs. DTOT BapHA
KUT HbIe OTCHETB i
KOMIIJIEKCHBIE etor oy ceil((

9 “onesided" — pexroput P 17K 0..Fs/2. Dtor BapH

2 R 0T
TOOBHHHOMY AUAASOHY SACTIL 0 b,
v 5 i e EeTmRrHOTO/ X TOP

Nfft 1 COOTBETCTBYIOT MOJIHOMY AHa~
yercs 110 YMOIYAHHIO, eCIH X coep:

fft + 1)/2) 1 COOTBETCTBYIOT
auT HCIOJB3YETCs 110 yMOJI-
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Toe
Noverlap. Bl

BOBB[)HUIaCMbIe TapamMeTpol: Pxx — BekTop 3HauyeHMit CHIEKTPATbHOMN TI0THOCTy MG
- " e a0 " oI
HOCTH, f — BEKTOP 3HaYeHMii YacTOT, HCMOIb30BAIHDIX UL pacuera, [1lap MC3Kyy c”
0-

CEIHUMHM dJICMEHTaMM HTOTO BekTopa pasen Fs/Nfft, IIEPBDIi dJIEMEHT PaBey HYigg
.

Ecun Borxonmmre NTApaMeTpLI MPU BBI3OBE HE YKa3aHbl, (hyHiimst crpour Tpachuk CIte

o K-
TPAJILHOM IJIOTHOCTH MOIIHOCTH C ITOMOIIBIO (])yllK[U'IH psdp]ot,

Pacver criexrpa nponssozmrest CHE/LYIONNM 06pa3oM. Ananusupyemmpiii CHTIa x .
JIMTCS HA TIE€PEKPBIBAIOLIHECS (hpArMEHTDI COLIACHO napametpam Nwin u Noyep] ap. Jlng
KaXkZoro (hparMenTa BLIYHCISETCS MOAMDUIPOBAHHasT TIEPHOJIOTpaMma ¢ HCTIO 135
BAHHEM 3a/laHHbIX OKHa 1 pagMepHocTH BITD (cM. pasnen «Pacyer TIEPHOZIOrpayyy,
B 9T0# raase). [lonyyennprii Ha6op MOAMPUITHPOBAHHBIX TICPHOZOTPAMM yepesiger.
Cs1, M Pe3yJIbTaT AeJHuTCs Ha Fs.

B kauecrse npumepa onenmm CIEKTP IVIOTHOCTH MOIIHOCTH 3KCIIOHEHIHAbio Kop-
PEIMPOBAHHOTO CJIy4aiiHoro rnpouecca (puc. 5.25):

>> % (OpMMPOBaHMEe CRYYailHOro cyrHana
>> X0 = randn(1, 1000):

>3 =0.9;

>> X = filter(1. (1 -al. X0):

>> % OUEHKA CNEKTPa NAOTHOCTH MOWHOCTH
>> pwelch(X. [, (1. [1. 1)

Welch PSD Estimate

Power Spectral Density (dB/Hz)

-0 0.1 0.2 0.3 0.4 0.5
Frequency (Hz)

:.njlag, 5.25. OueHka CNEKTPA NNOTHOCTU MOLIHOCTH, NonyyeHHas
S - C NOMOLBIO byHKUMM pwelch

1 ¢ 1eKTP
HUIO € TIEPHOIOrPaMMOI, II0Ka3aHHOI panee Ha pHc. 5.24, C:”mm
 MBPE3AH ¥ MPUOIIDKACTCS K TeopeTiecKkomy CriekTpy A8
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PeisiMin MATLAR 5
Kiin psd. Oya COXpa-
4CTCA yeTapesuieli, 11o-

Poenus rpacuka CHEKTPAUILHOI T10THO-

9TOTO Beemu q))’llKIllI}I.\lll CIIeK-

Tpa,v'leOI'O AHaIH3a, ecamn IpH ux BLI30OBE He YKasanpy BBIXOJHEIe TIZ]])ZL\ICT[)})I Cun-

TAKCHC BBI30BA DYHKIIMI psdplot CIIenyIonyii:

psdplot(Pxx. f, ‘units', 'yscale', "title!)

apa-
Y a(pHKOB, cOOT-
BeTCTBYIOIUMX OTAEIbHBIM CTOJIOLAM 3T0lf MATPHIIBL), f — BeKTOp Toit ke /i 4TOo

1 PXx, COIIep)KaU.[HfI 3Ha4Y€HHUs YacToT, KOTOPBIM COOTBETCTBYIOT 3HAYEH S CIIEKTpaJib-
HOI IIOTHOCTH MOIIHOCTH.

OcraibHble MapaMeTpLI SABIISIOTCS HeobsI3aTebHBIMIL. ITapamertp ‘units' sanaer mox-
IHCh VIS OCH ¥acTOT — ‘rad/sample' (pammam/oTcuer, sTor BAapHAHT HCIOJIb3yeT-
0 [0 yMOTYaHMIO) M ‘Hz'. Ilapamerp 'yscale' YIPABJISIET PEXHMOM IIOCTpOe-
11 rpaduka. IIpunaroe mo YMOJIMaHUIO 3HayeHue 'db' 3azaer BBIBOA MOUIHOCTH B
ZenGerax, T0 ecrh B JorapudMuUIEcKom MacirTabe. Juneiinnii MaciiTat YICIIOJIb3Y-
€1¢ TIpu 3HaueHuy ' linear'. HakoHel, napamerp 'title! — crpoka 3arononka ais

rpaduka.

MapameTpuyeckuii cnekTpasbHblii aHanus
B MATLAB

. T HX CIIEeK-
B nannon pasziesie GyzieT paccMOTPEHO CeMeHCTBO (PYHKIIIH, ocy"ieZT?f,figfluecxo.nb—
Tpa-ﬂb}lblﬁ QHAJIM3 C UCII0JIb30BAaHUEM ZlBTOpeI"pCCCHOHHle MO/JIeJIEH, p:
X0 QyRkumit, peamuayowmx meroasl MUSIC u EV.

n
Paﬁc-ra c aBToperpechOHHblMM mMopaensm

Ha OCHOBE aBTO-
B MATLAB peanusopano Heckoko MeTozion aHaml?a\fer;iﬁgaormma:oma ApYT
Perpecenonmoli moxenn popympopanis Ci :

rHana, OT¥
€H’
OT Ipyra criocoom omeHHBaHUs K0aHHLUT

TOB anroperpeccnonﬂoii .\xozxe_n(;.bKax:-
YHCAECHUS KO3 ML~
AoMy Metony coorBeTcTBYIOT ABe (QYHKIUIL (pyHKILMA BEI
0 seoemu - : TpaJIbF
EATOB Mozeyit U yHKIUS coBCTBEHHO CIEKTD

Joro anamsa. DyHKIHS c;eexi;
i MOZAEJIH, a 3 )\
i T (PyHKIHIO pacyera xoad)(I);;mueuTon
TPULHOrO apamaa BHI3bIAET PYHKINIO PACHEL, L, o
PonsBoT BRcaeHme CTIEKTPA no-fb@myn (

Tiﬁ MeHa d)yHKul[ﬁ CBeJIeHbI B
' e : al COBEpIIEHH

‘ . ek eToN0 HaJaHu3a

$eucistamon M€ TOL B a .

[eIBHOCTH 11 JME

0 OIMHAKOB,
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KOBapHaUHOHHLIIT METOA [

Meton Bepra | arburg | pburg
ABTOpPerpecCHOHHBIN MeTO aryule | pyulear

IO1a—Yonkepa ;

DyHKUMM pacyeTa KO3pPULMEHTOB
aBTOPErpecCcuoHHbIX Mogenemn

CHHTaKCHC BBI30BA (DYHKIMI, BHIIOTHSIOINX OLeHHBaHMe K03 duIenTon aBTOper-
PECCHOHHBIX MOje el (hOPMHPOBaHHSI CHTHAJA, TPUBEAEH HIDKE:

[a. e] = arxxx(x. p)

3Hech arxxx — HMs OXHOH U3 (YHKIMIL, MEPEYNCIeHHbIX BO BTOPOM CTO:0me
Tabm. 5.2.

- BxoxHbIe apaMeTps: X — BEeKTOP OTCYETOB CHTHAT, P — HOPSIAOK aBTOPEIPeccHos-
'HOIT Mozemu.

‘BBIXOHbBIE MTAPAMETPEL: @ — BEKTOP KO3(D(MHLHEHTOB MOTeH (9TO MOJHBII BEKTOP
3 ‘3HAaMeHaTeJst QYHKIMU nepesads hopMUPYIOIEro $uiIbTpa, ero AMHHa paBHap * L
2 IIepBBIif 97eMEHT paBeH 1), e — ouenxa aucnepcun 6e10ro 1IyMa, Bo36y RIakmen
TP o B
CTBE NPUMEPA OLEHHM I1apaMeTPhl aBTOPErPeCCHORHOIT MOIe/ I A71s SKCIOHeEH"

gpg@nponaqn,or_o uryma (Takoii 1y SIBISI€TCS ABTOPErPeCCHOHHBIM TPC-
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[

CHTAKCHC BBI30BA (1)ym<um“1, i

2 TOpEIPECCHOHHOM Monemy do
[Pxx, 1 = pXxx(x. p, Nfft, Es’) ‘range')

3ech PXXX — UMST OJHOIT 13 bynxuir, Tlepeymncenyy,

(O6si3aTe/IbHbIC BXOMHbIE MapaMerpy:

JTa, Pi— TIOPSIZIOK aB-

yaiiHi0, KOTOPBIE HCIIOIB3YIOTCS, eciy lapamerp NpencTaBiser ¢ ’BIllj‘lGCHH}I 10 yMOJI-
1y ([1) WIM OTCYTCTBYET, JIFACT Coboit mycryio MaTpy-

TapameTp Nfft sanaeérs'émiflm HACTOTHLIX TOYeK j1s Pacuera crextpa. o yamony

ero 3H.aqelrﬂ’lTeC ;?}r - llapamerp Fs — YacTora JMCKpPeTH3 a1y nxoﬂnél:o ;nnmna
(MCIOTIB3YE s PHU pacuere BO3BpaiaeMoro BEKTOpa YacTor f i ayiq OLM(BPOBKY To-
pH3OHTAILHOI OCH Ipaduka). 3nauenue o YMOMYaHMIo — 27 T

CrpokoBblii ITApaMeTp 'range’ ompenenser YACTOTHHII JIManazon
pekTopa Pxx. BOBMOXKHBI B2 3HAuCHIS:

AHMIO

JIst BO3BPALIaeMoro

0 'twosided’ — BEKTOPLI PxX u f myeior Amary NFft 1 cootsercrsyior nomHomy sta-
11a3oHy yactor 0..Fs. 3ToT Bapuant nenosayercs no YMOJTYaHHIO, €CTH X COfiep-
JKUT KOMIJIEKCHBIE OTCYETH;

Q ‘onesided’ — BexTOpHI Pxx U f MMetoT mmy ceil ((NFft + 1)/2) u COOTBETCTBYIOT
T0JIOBUHHOMY AuanasdoHy 4actoT 0..Fs/2. DT0T BapuaHT MCIIOIb3YeTCs 10 YMOI-
YaHUIO B CJIy4Yae BEIECTBEHHOIO BEKTOPA X.

[lapameTp ‘range’ MosKeT GBITH yKkasaH B JI060M MECTe CITHCKA TIapaMeTPOB Tocie p.

Bosppaiaemsre mapamerpsr: Pxx — BeKTOp 3Ha}1enm‘7x CNEKTPATBHOM IIOTHOCTH MOIL-
Hoeri, f — BeKTOp 3HAYEHMH YacTOT, HCIIOJIL3OBAHHBIX JUIA PACICTA. Illar Mexay co-
CeHUMI DIeMEHTAMM JTOTO BeKTopa paseH FS/NFft, MepBbli SJIEMEHT paneH HyJIo.
VHKLIH CTPOST rpaduK CITeK-

MPOBAHHOrO CIryyaifHOTO CUTHA
Poueccom mepporo mopsaKa, Mo
ABToperpecciomOi MOZE:
(prc, 5.26) mnap =1
Piok): i v

MpyeM BIUISHIE MOPAAKA
, TOCTPONB OLEHKH CITEKTPA
= 20 (u36BITOUHDII 110~

>> % $opMvpoBaH
>> X(] = rand
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paMeTpBI verlap. Hapa.\xerp Nwin Moxer OBITS wie m“p Bl YTIPABASIOT na
\ep MPSINOYTOIBHOTO OKHA, M Bekro, o " oih O003HavaomIM pas-

ZeTHTCS HA (DPALMEHTEI B COOTBeTeTR)

MO 0npe:1e.1nrb ATY M

) : \ » PASMED KoToporo & 8a pasa npe-
BHIIACT SATAHHYIO PASMEPHOCTD CHIHATBHOM TOATIPOCTPaHCTBa, Hepexpx;n?l‘e“(bpir-

AMRHTOB I10 YMOJHAHHIO HA eAMHHLY MeHbie PasMepa okHa (1o ects cocemmie (par-
MeATH! CHTHAJI CABHHYTA! APYT OTHOCHTEN:HO Apyra Ha ozt oTcuer).

Kpoxe BEKTOPR, BXOIIHOIT MapaMeTp X MoxeT Gt MaTpPHLEI, conepskamelt Heckon-
R0 peamtsaumii (nadmozenuit) cayuaiinoro nponecca. ITpu srom kaxzas crpoxa
MATPHUD! COOTBETCTBYET OTAeMbHOI peamusaumt. Koppeasionnas MaTpPHIA B 3TOM
CIY4a€ PACCUHTLIBAETCS Kak X'*x. [Tapamerp Noverlap HTHOPHDYETCS, TaK Xe Kax 1
uHCII0BOI mTapametp Nwin. Ecoin Nwin sazan B size BERTOPA, €ro JUIHHA JOKHA ObITh
DABHA YHCJTY CTOAOHOB B MATpHIE X (IIPH 9TOM Kaxuas PEATH3ALHS CHIHATA TOdTe-
AEHTHO YMHOXKQETCS HA BEKTOP KOI((DHINEHTOB OKHA IIepe;T BHIUHCICHIENM KOppess-
IHOHHOM MaTpHILbI). ;

Halcoueu, B KQYeCTBE X MOXHO IMOACTaBHTb YK€ NOTOBYIO KOPPEISUHOHHYIO .\mrpuql'
(8 aroM cayuae NapaMeTp X JOJDKeH YIOBJIeTBOPSTH cnoﬁcnizm K()ppe:’lﬂullomloll
MATPHUBL — GBITh KBJPATHOI SPMUTOBOI, TO eCTb’OéJIa.’mIOmell KQUUNIERCHO-CONpS-
Senof e, e Tenas). $ro6s oo, T, wpra
R O e cron oy, Tiapaon.
CIICKA apaMeTpOB MOCJIe PA3MEPHOCTH CHIHAILHONO NOANPOCTPAHCTEA P).

P NWin it Noverlap B aHHOM C1yuae HIHOPHPYIOTCS.

o " émraanbuoro NOANPOCTPAHCTEA

S e b CHTHAIBHOTO TOAPOCTPaH-
efillleN CYYAE PASNEPHOCTD CITH

pNUSTC TOSBOJISIET HCNIOIbSOBATH Goxree

PAHCTBA KOPPEISIIHOHHOI MaTPHLBL

Jl1st STOTO NAPaMETp p AOMKEH OnITH

it npe-
MAKCHMAJIBHO A0NYCTHMAI

.qHavenie p(2) = TIQPOTOBRIIT VPO~
X QUPHAIBHOMY TOANPOCTPAHCTBY.

pemimxoﬂuoﬁ MATPHLBL, TO codeT-
e HIYMOBBIN KOMITOHEHTAN,

CUTHAIBHBIN KOMITOHERTAN
bITh e MeHbLE, ueN P(1).
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OKa3bIBACTCH HEBO3MOMKHDBIM.

Ynpasnenue pacyeTom rncespocneKkTpa

[apamerp Nfft azaeT YNCIO TOUYEK VISt PacueTa MCeBIOCeKTpa. 3HavekHe g YMog
yaumio — 256. Yacrora JucKpeTH3aiii Fs HCIONL3YETCsI UL pacueTa BO3Bpalaey.
ro BeKkTopa T u Juist BeiBoza rpacuka. Ee snauenue 1o yMoIuyaHuio PaBio 2r. Haxo-
HEll, CTPOKOBBIIT IIapaMeTp ‘range' 3ajaer JUAMASOH YACTOT AHAN3a, JtoT Mapayery
MOXET IPHHHMATh OJIHO H3 ABYX 3HAUEHIIL:

Q ‘'whole' — anmHa BO3BpamaeMbIX BEKTOPOB S M f pasHa Nfft, pacuer TPOBOITey
JULSL BCETO YaCTOTHOTO Ananasona 0...Fs. DTOT BapuanT NPUHAT MO yMosyang it
CJIydast, KOTrZa X COAEPXKUT KOMIIVIEKCHbBIC SI€MEHTDI;

Q ‘half' — juniHa BO3BpaIlaeMbIX BEKTOPOB s M f paBHa ceil((Nfft+l)/2), pacyer
TPOBOJMTCS VIS ITOJIOBHHHOTO YacTOTHOTO Ananasona ...Fs/2. 9ot papuar npy-
HAT 110 YMOJIYAHUIO JUUIST BELIECTBEHHOTO CHTHAJIA X.

BbixoaHble mapamMeTpsbl
Bosspataembie (GyHKIWEIT pnusic pesysITaThl IMeIOT CIEAYIONHIT CMBICT:

O S — BEKTOP PACCYNTAHHBIX SHAUCHHIT IICEBAOCTIEKTDA;

8 f — BeKTOP YACTOT, KOTOPBIM COOTBETCTBYIOT SHAUCHIIS B BEKTODE S;

Q Vv — cOGCTBEHHBIE BEKTOPBI KOPPESIHOHHOIN MATPUILDL, COOTBETCTBYIOLIHE LIYMO-
BOMY ITOATIPOCTPAHCTBY;

Q e — cobCTBEHHbIE WNC/IA KOPPeISLUHOHHON MATPHLLB, COOTBETCTBYIOLIHE UIYMOBO-
My TIOATIPOCTPAHCTBY.

DyHKUMS rootmusic

Ecm ynkuus pnusic zaer BEKTOP PaCCUMTAHHBIX 3HAYECHMUIT CEBAOCTEKTPA, TO (YHK
15T rootmusic, HCIMOMB3YsI TOT 3Ke METO aHAINSA MUSIC, usBnexaer u3 KoppeJsii-
OHHOM MaTPHLBI CHTHAIA HECKOJILKO HHYIO HH(OPMALMIO — YaCTOTbI COAEPKAIIINCS
B CHTHAJIE KOMIIIEKCHBIX SKCIIOHEHT I COOTBETCTBYIOLIHE M MOLIHOCTH.
CHHTaKCHC BbI30BA QyHKIULIT CJICYIOLIIT:

[f. pow] = rootmusic(x. p. Fs, 'corr')
Bee BXOIRIC TTaPAMETPBI UMEIOT TOT JKe CMBICI, UTO 11 IS ynrium pnusic.

Pesyanrarayi pa6 HKLUIL SIBJISIOTCST BEKTOPbI YACTOT T It COOTB(:‘TCTB)’!OUHI:
 f paBHA PasMePHOCTH CHIHAJILHOTO no;mpoclp“;_
OT TOTO, BEUIECTBEHHBIM HIIH KOMIJICKCHDIM S5

HKLUH pmusic i rootmusic chopmupyen ot H;?“
OI'O YPOBHSI, CMELIAHHBIN ¢ BE I hIN T1TVAMOM, a 34T
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>> 3 = 300;

>> t = 0:1/Fs:1: & puckperhoe 8pens]
>> ¥ aHanu3upyemsii CurHan
>>'s = 2*COS(2*PI*FI*t) + 5x5in(2%ni%rox
>> 5 = awgn(s, 10, 'measured'):(é glngie:;ehcsmszcis(z*Pi*f3*t)
>> pmusic(s, 6. [J. Fs) % rpaduk ”CeBﬂocneKS 16
>> rootmusic(s. 6. Fs) % OUeHKa YacTor %
ans = > -

120.0306
-120.0306

49,8887

-49.8887

296.9443
-296.9443
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GuIenTsbl, 06PATHO NPONOPIHOHATHHBIE €LIYMOBBIMS CcOOCTBEHHBIM YHCIay
JISUHOHHOIN MaTpiust cirnata. CHHTakeHC Brsona GyHKLT caeayoummii:
[s. f. v. e] = peig(x. p. Nfft. Fs, Nwin, Noverlap. 'range’)
[f. pow] = rooteig(x. p. Fs. ‘corr’)
Bee BXOZHBIE I BRIXO/UIBIE MAPAMETPBI COOTBETCTBYIOT OMHCAHHSIM, IPHBeTeH
me aas QyHKuHit pnusic i rootmusic. iy

{ KOpp&
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