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KAPHIIO

X031prH 3aMOR PaKaMITH PaiN03IeKTPOH KyPHIMANapH Ba TH3HMIIapH XK
XIKANMPHHUHT TYPAH coXaiapH (paanoancka, TeNIeBUICHHE, KOCMHMK yHHll
annapatinapy, panuoOOIUKAPYRIM  pakerasiap, PpalHOJIOKaUHOH  TH3HMIAp,
MEIHUMHA KyPHIMANAPH)IA KeHT KyJulanwiaau. Yiuby KypumManapHi spaTuill Ba
ynapaad yHymad doinanasnin MHKEHEp-TEXHHK XOAMMiiapaad “IyKyp 6unum
Tanab xunany.

Curnaniapra paxammm vnos Gepumn (CPUB) dann Pagnorexanka, MoGun
anoka TH3MMIapH, TeleBHACHHE, paaHoOAIoKa Ba TEICPAAHOIMHTTHPHIN
jiynannunapy 6yiinua Gakanaspnap TaiGpnam yKyB penacHIaru TaIos daunapy
KATOpHIa KHpaau.

®an ¥3 waB6atvaa DJEKTP 3amKuUpnap Ha3apuacH, JIHCKpeT MaTeMaTHka,
Onexrponuka Ba CxeMoTexAWKa, PaaHoTexHMK 3amXHpiap Ba CHIHaLIap,
CyrHannapHi  WAKINAHTHPHIL Ba MmnoB Oepuiu, Pakaman TexHuka Ba
MHKponpoueccop dhannapuaan Tanabanap onaran GHAKMHra acocyIaHaau.

danun yprauuw xapatiuaa tanabanap Kyiinaarwiapsy yprassiiii Kepax:

- aHaJor CMTHAIUIAPHW PaKaMJIM CHrHALIapra aiJaHTHPHII Ba paKamiIH
Kaitra Muwtam yoryOnapHHHHE aCOCHH PHBOXIIAHHIL HYHATHIIAPH, CHIHAILIApra
paKaMiIM MuwtoB Gepuiu Ba GpusTpraly; :

- TYpnu KYpHHHIIAArH CHFHAUIADHM MIAK/UTAHTHPHIN, YNapHH Tax;mn
STHm Ba CHHTE3NANI, PakawiH GWILTpnam Ba ynapra HUUIOB GEpHUIAMHT
3amoHaBuil ycyOnapu;

- CHMrHAIIapra paxamie MOUIoB Oepuuiga  Z-amMalITHPHIN, © Youu,
Aaamap, Beiirner, @ypre Te3 alMaUITHPHIUIAPH, PakAaMIM GHIBTPAAPHH ApaTHII
(noiiMxanai), MMIYJILC XapaKTEPHCTHKACH YEKIH Ba HEKCH3 (WIbTpAapHU
Joliuxanaill, TYPJIH Te3MHKAAPAA CHTHAIUTApra pakamyM Huwios GepHil, Taxyun
3THII Ba ANANTUB GUILTPAAP TYFPHCHAA TYNIyHYara ra 6YHIuIapH Kepax.

CPUB ¢anv Hasapuii OunnmmapHs aManuif Tap3ja MycTaxkamwjamra
nMroHuaT Gepagu. Typmu paxamiad y3aThil Ba Kalymlam KypHWIMalapH Ba
TH3MMIIADHMHMHT acocit  dyHkumonanm Kucmmapuparn (HU3NK kapagunap,
YAApHUHT aCOCHIA KYPCATKHWIAPHMHH ONTHMA/UTAIN HMKOHUATHHH Gepanu. YiapHu
3aMOHABHI ANMEMEHTIAP ACOCHIA APATHIN YCTHAArH CuiMMiIapHA amanjia TanbHk
ITHIINA WAapPOKUT Ba KYHHUKMa spaTaliy.

VkyB K¥umanmMa onuit yxys 10prnapusHHr “Paanorexnuka”, “TeieBnueHie,
paaMoaIoKa Ba PajHOILMTTHPHII”, “Mo6mn amoxa TH3MMIAPH’ TIBIHM
#iyuanuuwiapy 6yiinua Gaxanaspnap Taliépraira MymhxamwiaHran 6ymu6, ymaau
“TeneKOMMYHHKAUMS™ TabmM iiyHanmmny Tanabamapu xam oiinaranumapu

MYMKHH.



1. CATHAJLIAPHH TABPH®JIALI BA CHTHAJIIAPTA PAKAMJTH
‘ HIUIOB BEPMLI YMYMJIAIIIAH CXEMACH

1.1. CargajL1apHBHY 2cocHii Typiapu

CHI'HaJmap!er acocuil Typilapura KyHHaarmnap KMpajau: aHasor, AHCKpeT
Ba pakamim. . "
AHaror curnamnap yamykens a Gynaknapn ymykcis x(z) dynxnps Gunan

nbofananazm, Gyraa GyRKINAHAAT 31 Ba apryMeRTH Xap KaRfai KiitvaTnapHy
KM MyMKHH, SbHH £, <1 <t X, Sx<x, (1.1a-pacm).
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1.1-pacy. Vamykcus cursansy AMCKpeTian.

Aucxper curman x (1) yarykcus cwrman x(t) M mMCKpeTH3AUWANAI
dymemmacn y(f) ra wynaiitupmu nanwkacuna xoown xumams. Bywsa y()
MMCKpETNaW QymawicH Al ommM Gwram Jappuil TaXpOPRAHYBTH  KIHK
RABOMMI HMITymECap KetMa-kermiry (1.1a-pacM)nan oiinanarnnam. Mnean
Xomataa muckpernam $ynkumsicn cudatHaa AeabTa-QyHKUHANAD ZaBpuii KeTMa-
KeTIHriaan goinanaminamm (1.16-pacm).

T =kAt opamnx mwckpernam JaBpH e6 aTanajy, YHra TECKapH Ofnran
KaTTATHK AHCKpETNANl TACTOTacH fe6 atanajm,

|
fo=g

Juckper curuanuuur nT pagrnaru KuiAMaTIapH yuiaur OHHMH KuiiMaTIapH
e aramamy. JIMCKPET CHrMan xawmuif kM KOMIUIEKC GMiumt Mymet.



KoMniieke CHIHANHMHT XAKMKHii Ba MABXYM KHCMHM XaKMKHi KeTMa-KeTIHKiap
opxanu HhopanaHanH

x(nT) =x,(nT)+ jx, (nT).

Paxammi curHan x,(r) KBaHTIaHTau namxapacHMoH ¢ymkuma (1.2-pacm),
ALHY KATOP JICKPET CATXJIaPHH KBAHTIAIN CATXH mq KuiMariapra nT Baxriapaa
ara Gynysun mamkapackmor QyHximamp. bynna g — carx 6yitnua xBawTIAM
OJMMH, m — KBaHTIawl opamuru Taprib pakavs, m=0,1,2,..M -1, M=2"
6ynub, n — 6yTyH Mychar Con.

1.2-pacm. Pakammn cHrHan.

PakaMn¥ CHMrHaJl YEKJIAHTAH PpaspUTH COHNTAp KeTMa-KeTIMTH OpPKaiH
nponananaayu. bBab3aH JHCKpeT Ba paKaMiM CHTHAUIapHM  Horaramaa
HOPMAVTALITHPHITAH BaKT / TYHIYHYacHAaH Xam (oitnanaHiLiaan, fbHH

e6 xabyn KMNHHANM Ba y 1=nT Gynica, ONMHraH onHil KMHMAT TapTHO pakaMmu n
t .
HH aHUAATANM, A-HH JWMCKPET BaKT n=-_=i. HopMainamITHpWIraH BaxT

TYWyHYacH JHCKPET CHIHAI x,(t) um y3rapysuan 6yTyH cor dyHKuMACH x(n)

mwaknuaa nhoaanal HMKOHUATHHY Gepaan. ByHaa nuckper CHrHanHu udoaaam
yuyH Gup-6upHra aiiHaH Tenr Kyinaaryn udonanapaas ¢oiinanaHHLI MyMKHH:

x(n) va x(nT); x(nT)sx[n].
1.2, uckper CHrHAJLTAPHHHT MATEMATHK MOAE/UIADH

JIuckpeT curHaNAH Kyiuparn mareMaTHK HboZamap OpKATH aHHKIAm

MYMKHH:
— nuckper Bakt dpymxumacn nT,: x(nT,)=x(t)t =nT,, 6yana n=0,1,2,..,

Nap AHATOT CHIHANHHHI JIMCKPET JaBpHii TaKpOpMaHyBYH BaKTAArH ORMiIt
(TaMnaHraH) XHiMaTIapHra Moc Ke/lyBYH HOpMAUTALITHPMANAH BaKT,
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= ONHET2H KHiMaT TApTHO pakaH n-gymawmscn: x(n)=x(nT, )T, =1,
YMyMaH oiranjia BaKr OHnaH TYTpHAAH-TYTpH G0FIaAMaran;

= YIMYKCH3 BaKT GyRKumACH:
x(r):x(r)jQ(z):x(r)i&(t—nﬂ): ix(nT,)&(I—nT;) (n

amanor curman x(t) mu auckpernam Qymxmscu  f(f)= is(f-"Ta) ra

mm@m HaTIXKACHAA XYHHOATH YEeKCH3 KACKA NABOMMILTH HMITYNLCTIap
A3BPHH KETMA-KETIHIH yuyH HOJAHH ONAMH3;

st =ul,.

s(r—nr,)={

0,7=nT,.

HArcxper CHTHAJUIap TaHNAWl TapTHO paxkamH n &xH JHCKper BaxkT nl,
byHKIIACH KyprEHIIIA TAaCBHpaHHIK MymkuH (1.3-pacm).

(Y
I(’ﬂ;l) t xinTy

Ta

’ .
—p 0l

o 12 3. "
1.3-pacm. Vanyxens x(r) sa nuckper x{(nT,) curaan rpaduxnaph.

1.3-pacMna kerrrpmmran Baxr cH3 (YRKIMACHAM JWCKpET CHTHAT
ArT) ra moc KemysaH amanor x(t) curmwma & x(n) ypomwcura

MYMKHH
x(r) 3 x{nT,) crrmammapy Gup-6HpH GrTaR YM3MCTH GOFTHKITHKAS

x(nT:)=j-‘lusoslr, (f)dl

by
n-08jr, 2

Ba GHp xu xoccanapra sra, avmo 0B GRpIHKTADY TYDITHTA.

Taunanran omwmi; FKHiMaT/apRH TapTHO paKaMM # OpxaitH HpojANaHTan
CWTHAINAPHR DAKAMMAD KeTMa-keTAWIW fe0 XM &Tanapi. VIIYKCH3 BAKT
bymamacn (1.1) uy HUCKPET CHTHA KYPHHKIIMAA aHHKIAUL GANAHC MOTY/ALHMA
CUrsaimra Gxn aBpuif TaKpopnauysuu f, (t) 8 nMmynscnap x(t) JIHCKPETIaHran
CHTHANIAD OHMH KyiMaTIapHra nponopIyORAN 103353 1A Gynran ummynscnap



KeTMa-KeTurH &xu yuunr x(n7, ) BaRT/IApHAATH HMITY/TLCHIAP OHUH KHHMATIapHra

Kynaitrmacura Tedr aed xucoGnaur mymkut (1.4-pacv). By Tavpud ananor curaan
Ba THU3NMAApHH TabpHnoBYH ycymnap (veroa) <paamMuia MaTeMaTHK
nboganapHd oMM XaMAa yAapHH JMCKPET CHTHal Ba TH3UMIApra XoC
xycycuarnap (kypcatkuaiap) 6iiaH COMHUITHPHIL KMKOHHHH Gepaan.

x(y m)

-/><\ .
&f) '_. L
2 xml3)
i oo
-2 -1 0 1 2 nh

1.4-pacm. Cvrdannu Bakr Oyiinua AUCKpeTanl S5KBUBANEHT CXEMacH.
1.3. CunoB AMCKpeT CHrHaNapa

Curnatapra pakamma kumos Gepwmn (CPUB)aa 6up katop CHraan
TypaapuaaH TabCHP 3TYBYM CHHOB CHrHamwiapH cH¢aruna doipamanunamy. SHT
Kyn groiiranaHWIagUrad CHHOB CHTHALIAPHTa KyHH/arH CHTHAIUIAp KHPaJH:

1. Paxasnu Supaux umnyasc, Kydiuaard keTMa-kemHK Ounan HdoganasHan:

1, n=0;
uo(n)={0 %0 (1.2)

seay, Oy curHan n=0 G6GynraHga Gupra Tewr Ba n HuHT Gowka XamMa
KuiiMaTiapuaa Hosmbra TeHr 6ymanu (1.5-pacm).

tgfar)
1

T o 1z s "
1.5-pacM. Paxammm GHpIHK HMITY/IBC.

Keauxtupwiran (ynuianu6 KoiraH) pakamid OMpIHK HMITynAbC KyHMpars
KeTMa-KeTIHK OpKamu udoaaiaHaam:



, n=m
uo(n—m)= 0. nem (1.3

g"‘m’ 6y curman KECIHKTHPHIIMAraH CHTHAAH (papKIHpOK, n=m OyAranne
pg;? TCHT Ba » AuHAT GomIKa XaMMa KMiMaT:1apuna Homera TeAr Gynamm (1.6-

" wg(n-11)

1 m=2

a2 o 12 3
1.6-pacm. KeumkTHpwiran paxavITH OHPITHK MMITYJTBC.

"

Kewnmcrapunran paxasm GHPIMK HMITyILC TabPHOHORH KyHHIArH TCHTIIHK
Xemuto YHUKAAU

x(n) = X5 _ox(mug (1 — m). (1.4

2. Pakammu 6umma caxpaws KyAHAary xeTMa-KeTaux 6unad nboyananany

‘1,n = 0;

u(n) = .
0,1 < 0. (1.5)

ALEH, Oy CHIHAN n HWRT XaMMa Mandwii 6YIMaran KHiMaT/TapHaa GMpra TeHr
(1.7-pacm).

ngln)

1] m=2_

10 1 2 3 "
1.7-pacM. Pakamnu 6urTa cakpam.

Keauxrupuiran paxanom GHpyMK cakpaml KyiH/Iarn KerMa-KeT/IHK OpPKAH
ubonananamu



L, nzm;
uy = (n—m) {o, n<m (1.6)

ALK, Gy CHIHAN KeTHKTHPHIIMATH CHTHAmiaH (GpapKiHpoK, 722 m HHHL XaMMa
KiiMaTNapHAa GHpra TerT B2 n [T GOMKa XaMMa KHiMATIapHIa HONra TCHT
6ynanu (1.8-pacm).

Hg{h-11)

1 0 1 2 3 ' J
1.8-pacM. KeuMKTHpHITaH pakaM/TH GHTTa caxpall

3. luckpem 3xcnoneHma KyHHATH KeTMA-KETIHK OpKami koaanaHam
_(a™,n=0.
x(n) = [ 0,n<0. ‘ (1.7

Oynna, a — XaxHKHii Y3rapMac KaTTaniK (KORCTaNTa).
a HuHr Kuiivatu Ba Genrcu (+ ékn -) ra GOFMHR paBHIIIE JHCKPET
3KCNOHEHTA Kyiilaruya HOMIAHARK:
. |a] <1 Ba a>0 — wraxraurysay Gervucy YarapMac (1.9a-pacn) M =1,
a<0;
o |a/<1 Ba @ <0 - xurmxnANyB'N F3rapyBdaH Geirnin (1.96-pacn);
|a| > 1 - karranantypam (Yeysur);
la|=1 Ba a >0 — paxamom Gupmix caxcpams (1.7-pacM);
a|=1 Ba a <0 — GenrHen J3rapysuan GHpMHINAp KETMA-KSTIHTH.

1.9-pacm. Benrucu yarapmac (@) Ba
GenrHcH HaBGaT Owial Y3rapypu (6) MCKPET IKCIIOHEHTANAP.



- 4. Bucxpem 2aponux cuznan, MHCOn yuyH ANCKPET KOCHHYCOMAR Kyiiniaru
"KETMA-KETIHK OPKamH HopanaHam

x(nT) = x(n) = Acos(2nfnT,) = A cos(wnTy). (18
6ynza T, - muckpernam naspy; A - aMIUIMTY[a; © - aiinamva gactora 6ymu6,
UMRIHK (12BpHiA) YacToTa f GMAAH MPOMOPLOHAMIHK xo3dpuuEeHTH 27T OpKanH

Gornasiran (o =2nf).

Huckper KOCHHYCOH/IA aHANOT KOCHHYCOMAANAH Y3MyKCH3 BAKT/IM JHCKPET
BaKT nT, Gunan ATMALITHPHIL OPKANH OTHHAAM, THHN

x(t) = Acos(2nft) = A cos(wt)

6ynca Ba yamycus saxr ¢ mu nT, 6wian anMAIITHPHII HATIDKACH/IA KyHMIArHHK
onammu3 (1.10-pacw)

xN)=x(n)= A cos(wt)l,mﬂ-‘ = A cos(wnTy). (1.9)

ZiuckpeT cuuycomna xam urysra yxwan maknza npoaanaHamm.

1.10-pacm. Jiuckper KOCHHyCOHJIa.

5. Juckpem xomnnexc 2apMOHUK CUZHQN, KOMIUIEKC KETMa-KeTIMK Oninan
HQonanasamgn

x(n) = AelT

CKH HKKH XAKHKHH KeTMa-KeTmK: KOCHHYCOMJIA (XAKHKHI KHUCMH) BA CHHYCOMzA
(MaBxym Kucmu) opxany uboaIaHN M MyMKMH

x(nT) = Acos(wnT,) + jAsin(wnTy).
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1.4. Curnajuiapra pakam/il Hu108 Gepaml yMymMaamraH cXemMacu

BUpNaMIy KMPHIL RHAIOT CHTHAIMH X, (f) Hy GOIIKA THKMII aHATIOr CHTBAITH
3.(¢) ra Gepwrran anropuTM acocuia pakamiHM XpcoGnam TeXHHKAacH EplaMHAA
Y3rapTUpHII XapaéHH KeTMa-KeTnuH 1.11-pacMaa xenTHpHITaH.

x?) x(1) xo(nTy) yenT) ¥ 0
[ Ettalalddedaiabetalbedebedoduing ] fro—-=———=es=--soo--== H
— o M® L) APy s cPUBN Lol paY [— e h—
] Y ) [}
\ Kopep ' i Aexopep ;
f STemmTmmTm—sem - JE e T O, AP et
N

1.11-pacm. CHrRaiapra paxaMiin HOoL1oB Gepyns yMyMIaliraH CXeMacH.

Curmannapra paxaMny ¥notoB GepHmiaa KyiHHaarn y9 GOCKHIHM amoxHiaa
KpaTHII MyMKHH:
— Gupnavan cursan x,(¢) nau pakamns x(n7y) Hit IAKLTAHTHPHIIL;
- paxammm curman xp(nTy) acocupa paxamii yp(n7) CHIHATHEH
IUAKSLTANTHPHL;
— HATIDKABMil YMKMII AHATIOT CHIHAN yo(f) HM pakaMiH yu(nT;) acocHaa
LWAKJUTAHTHPHILL

CPUB yMmymiauran cxemacuaa 6y yu Gockuura yd GyHKIHOHAI KyprmMa

MOC Kelagu:
— KOZCP;
— CPHB npoueccopy;
— Hexonep.

Bupumum GoCKMWIA Kojep GMpnaMuu Kupuul apanor curman x,(f) =m
xy(nT,) pakaMyM WaKIra KeMTHpadM, dyakn Oy INaKJUIaBTHPHIIHH amaira
OIMMPMAaCIaR CHTHANTAPTA PAKAM/TH MIILTOB GepHmr yMyMaH MyMKHH sMac. Kozep
Tapxnbura apanor mnact dacrotanap ¢wistpH (ITU@-1) ba amanor-paxaM
yarapruprua (APY) kupamu. ITact yacroranap asanor ¢puiasTpy GUpiIaMIH CHIrHan
x,(t) cnexrpn x(jo) un aerapanamra xu3MaT KUTATH.

DHpnamMae CHTHAT CrexTpHHM uerapanamr KOTeNbHHKOB —TeopeMacH
Tanabuaan KeTHG SMKAH, TyHKK Gy TeOpEMATa aCOCaH AMCKPETIIAIT 9aCTOTacH f,
Kymmam INapT acocHia Tanamaau: f, 22f,, Oynna f, — CHIHAN CHCKTpH SHF
I0KOpH 9aCTOTACH.

CHrHan CHOeXTPHAK Yerapanalll HMKOHAATH YHHHI 2HEPrHACHHHHT y3nra
X0C XYCYCHATHHTa GOFJIMK: CHrHAN 3IHEPTHACHEMHT &COCHH XHCMH f=f, na

TYIUIaHraH, SbHH CHTHAJ CNEKTPAT TAIUKAT JTYBYHIAPH aMILTMTYAaCH KARA/IHAUD
f > f, nan Gonutab keckHWH xwaMIUTamIagW. CHrHan 10KOpH TacTOTacH f, m

yerapanam CHMrHAN Typura Ba CHUWIajWraH Macaiara GofmMK. Ayauo Ba
11



BljleocHTHAINapra HwioB Gepumaa f, ymGy curnamnaphy kaGyLiam ummysnse
XBPAKTEPHCTHKACH (U3HOIIOrHK XyCycustapura G6oraux, Mucon yuyll, CrauaapTt
Tenedon currany yuyH Jo =3,4 k'l Ba MHHHMaNT INCKPETIIALI YaCTOTACH /=8
xlu,

IM® uukumpa sacroracu cnekTpu uerapananran (puunt) x(r) cnexrpu
x (jm) Oynran amamor curman aKnadTHpuany (1.12-pacM). Ananor-paxam
y3rapruprug x(t) CHTHAITHH JUCKPETAII BA KBAHTMALL HATHXKACH/A Y3 YMKHMIIMAA
paravMimi x, (nT;) CHIHATMM WAKIIIAHTHPAIIH.

xq(nTy) |X ()|

1 : ' o
-, l Oy

x(¢t) |XGw)|

AN £, °
\J/ \/7 -G ' a, é

1.12-pacm. Curnannap Ba ynaprvmr ITY®D xupumy (@) Ba awxmumaary (6)
' AMIUIATY/A CIEKTpNapH.

Baxm 6y"ﬁw¢a Quckpemusayusnaw (ORAVHi JHCKpeTH3aUuMaAnam) xapaétu
ananor x(¢) curnanpan AMCKpETNAI OMMH AaBpH T, ra TEHr OpaTHKIapAa YHHHT
OHMi KuiiMaT (XucoG)iapimm ammKnamnas uGopar. Pakamm curman x(nT.)
ymuosu x(t) curBammmr ¢ =nT, BaKTZarM oHMii KHMilMATIapHTa TeHr (Moc)
Keyamm:

x(nT) = x(tx,_‘nrl .

Camy;, 6yiiuua xeanmmaw (xsamtnam) paxasm cursan x,(nT,) HuHr annk
VIraoBnapu x,(nTa) JIApDHHH YeKNaHraH pa3pa/UIH HKKHIHK COHIAp — KBAHTAAHTAH
ymaos x,(nT,) nap opramm ndonanam Maxcagnna amanra OMIMPHIA/H. BYHHHr
Y4YH JHCEPET CHTHAN x(nTA) HHHF JMHAMHK MaNAa30HH COHK YEKJIaHTaH JUCKpeT

CaTxJlapura — KBaHT/am catxnapura Gynunaay Ba xap 6up ynuosra MabJTyM KOHJa
8COCHAR YHTA Hr MKMH GYnram carxmapnaH GupH GupuxThpunaam. Keawrtnam
CaTXJIapH yMyMMH catxiap conn R ra GOFIMK paBMiLa paspaiiapu coku b ra
TeHr 6YIraH UKKHINK Ko Gunan koamanay:

R<2,
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6ynnan b=im(log2 R), int— oNHITaN DATIDKA 10KOPH TOMOHJArd OyTYH COUHH
OJIMIN aMaTKs GaXKapPHILIHHH AHINATANH.
Keanrnanran ymq0s xp(nTn) m (n=0,1,...) KOATAI HATHDKACAAA OJTMHTAH

HKXKIWINK CUTHAN paKkaMili CHrHan Je0 aTtananH.
AHanor CUCHATHM DaKAMINCA Y3TapTHPUII HAaTHKACHIATM KBaHTIAml
xatonuru £,_(n) aBBaniaH MatayM Ba Tacoauduii KMCMHHRA Gaxonamn Ky#unarisa

uboganammn:
| sn(n)=x(n7;)—xp(n7;).

Uxxunun Gockuypa CPUB mponeccopd pakawid CHTHAI x',(nT;) HH
PaKaMTH CHFHAN yp(nTn) ra Gepwmran amroput™ acocuaa ysraprupamn. CPHB
npoueccopy (CPUBIT) ypHura curHainapra pakamin MuuioB Gepuml maxcyce
JACTYP acOCH/Ia aManTa OLIMPIUTHIIM MyMKHH.

Vmyman osraAfa CPUB xypwimanapn (CPUBIl &kn macTyphii amanmra
OWIHPFUTHINN) pean BAKT EKM HOPCAN BAKTNApAa MIUTamm MyMKkwH. CHrRaUIapra
pean BaxTAa Mmios GepHIn xppum cHrBamH x{{) HMET YmUOBNapH xp(nf;
(n=0,1,...) HUHT YHUHT KHDHII TeATHIHra Kapa6 NIy ORXa aMaiTa OMMPHIHIIH
Kepak Ba Kyiiuars tanabnapHn KOH/IHPHILH JIO3HM.

- y,(nT,) uur ynuomnapumy xucoSnawr wam BaxkTH AL, x,(nT,) maur

MKKH KYIIHM Yi9OBNApH  OpPacHiarH BAaKTHaH Karra OymMaciHry, SbHH
nuckpernam BakTH T, 1an KuMuwk GyaUuDi Xepax:

Aty < Ty

- HpOUECCOp TAKT TaCTOTacH X, (nT;) CHIHAI JUCKpPCTIAMm JacToTacK f, AaH
aH9a kaTTa GY/HmM xepax,

> f.

Oxupry Tanad y,(ﬂ;) 6urra ymaammAn xucobmamra kepakm CPUB
anropuTMiapujary Gakapuiu Kkepak Gy1aauraH aMmaiap COHH XyJ@a KYTUIITHAAH
KeM0 YHKAIH. ,

Mmucon ydyH, AHCKpernam dacTorac 8 xI'iX 6ynran craupgepr TenedoH
CHrHA/TH y4yH TAKT 4acToTacH 6 MI'nl faH KHYHK 6ynMaciry kepak. Brpmavan
anayor CHruasn x(l) HH paxaMIiTH A0KA KaHaJtapH, OIy yMiafaH Internet oprayH
y3aTHm ylapra peal BaxTAa HOUIOB GepHIIEH Tana® xunamy. CPUbmap pean
BaKT/1a HmoB Gepuummy Tanad KWIaIHIraH pasudanapra KyHHaarunap Xupaam:
CHrHALTAPHH KUAHPHG TOMHIL, $HILTPIAIN, CHKHIL, TAHAAIN BA X.K.
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CHroanapay TaKHKOT KWIHII GriaH GoFHK 6ynras CPUB nopean paxraa
Gaxapwmmms Mymxun. Hopean makiza CPHEB Basudanapura Kyinzarwiap
KHpajii: ayZMo Ba BHAEO CHIHAIIApra CTYAMANA WIWIOB GEpHII, Typan ¢w3uK
TabuMit KaTTANMKNADHM 3NEKTP CHruanura yaraprupnG Gepysum  (aaTuix)
KyPHIMAApAaH OJMATAH MAhITYMOTIIapra HILIOB Gepyil Ba Gomkanap. )

~Yonan Gockmama pakaMiH cHrEAN ,(nT,) acocuna nexonep marwxapuii
THKHI CHrHAMH Y, () Hn maxmnawrupamn. flexoniep Tapkubira pakaM-aHanor
yarapruprira (PAV) Ba cwummxiosan nact qacrotanap Gpunstps (ITYP-2) xupanu.
Paxam-asanor yaraprupriy paxammt crrmAan Y,\nT,) HH 3MHacCHMOH aHaior
curuan y(t) ra aiinawtupany. Cuninosun dunstp PAY wicaumpar v, (1)
Aar¥ 3URACHMOH Y3rapHILTAPHK TeKHCAMIH.

Ha3zopam casonnapu
1. Cuznannapuunz acocuii mypapunu aiimunz ea yRapea Kucka mabpug

2. Baxm ea camx 6yiiuna Suckpemnaui dezanda Husmanu mywynacus?
3. Komenvwuroe meopemacunu aiimub bepunz.
4. Paxamnu cuznan de6 Kauoaii cuznanza aiinunadu?

5. Pakawmmu - cuznar muma yuyn  mamemamux ugpodanu &Eunz 6a
mywysmupuwu Gepunz. :

6. Baxm Gyituua duckpemnaw sa camx 6yituna keanmaaue xakuda 4uzma
acocuoa cjanab bepunz. :

7. Keanmnaus xamonuzu wumanu anznamadu ea ynumz Kuilmamu Humaza
menz?

8. Paxamnu cuenan KoOnapu paspaonapu comu numaza 6oznux,.
9. Rucxpem cuznan mamesamux modenu 5axuda mywynua Gepunz.

10. Taxcpuba  cuznamnapu mypnapunu canab jmunz ea yaap xaxuda
Humanapuu bunacuz?

11. Cuenanza wunoe Gepuwu IMyMAQUIZaH CIMPYKMYPAGUSE CXeMACUNY YUSUH2
64 Xap 6up mauuun smyswucununz easugacunu aiimub bepuse.
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2. JMICKPET CUTHAJUIAPHM AJIMALUTAPHII

Curnan Ba ()yHKUMSIAPHH OZATAArHYA, YNAPHUHT KHIMATIAPHHU MabIyM
aprymenT:iap (BaxT, uu3uknn éxu (asosuil xoopauHATANAp Ba IYHra yxmaninap)
6l1an TaWwkapy MawlyMOTIApra Muuiop Gepuil Ba YNapHM TAaXjIMI ITHINAQ
CHrHALIAPHH ApryMEHTH [IHHAMMK [MAKnfa ugojanaliarira TeCKapu 6ynran
apryMCHT.IN MaTcMaTHK HoRaIapian XaM KcHr doiinanaHunaii. Miucon y4ys,
BaKTra Teckapu Gynram apryment Gy wacroramup. By waxnga ndonanam ymby
CHTHAN Y3MHMHT GepHNTaH BaKT OpaNMHAA YeKCH3 Kym GynmMaran KvitmMaTiapra
3ra 6¥nca, xap Kanaail Mypakkal KYpHHHIIAArH CHrHANHW HuCOaTan coam, OnaHii
AMeMEHTAp CHPRAILTAD HHTHEIHCH OPKATH HoaNal MyMKHH, Ba XYCyCHH Xonja
O/ TApMORWK TeOpaHMIINAp HHFMHIWMCH KYpHHMIIHZa, fbEH QDypse
amvanrTHpimy opxany Gaxapwimmn MyMkuH. FOxkoprparmian Kenmnb THKKaR
XOMNa CHTHATHY 3NCMEHTApP TAPMOHHK TAIIKHIT STYBIHMapra EHim yryKchs &xn
Gomutanrys ¢azack KuHMatIapy oprami HonamanamH. Y3IMykcas Exu JHCKpET
BaKT apryMeHTAapH yJiapra Teckapu 6yirau udojanamra MOC KeSamH. Curnan
GMIraH rapMOHMK TALIKII OJTYBUWIADHMHI MDKMYACH YOy  CHIHAJHMHI
avranTyna cnextpu Ae6 atanaau Ba Goumnampuy Qasanap MaXMyacH Jaza
coexrpu neb aranany. Yiby MKKH CCKTP CHTHAIHMHI TY/IHK COCKTPHHM TaIKWI
sranm Ba Gy wmareMatk Hbosa ¥3 aEMKknury GunaH CHUTHAIHH JMHAMUK
KypunMaa ngoaanalra TYIHK MOC Kenaau. B -

dypbe rapMOHHK KATOPHIAH TALIKAPH CHIHANHH sHa GollKa KyPHHUILArH
AeMeRTap TAIIKWI STYBIWTapra EiMmmapan XaMm Qolinananrany, Gysap Yo,
Amamap, Beiisner Ba Gomkamapmwp. Bynpan Tammkapu YeGmmes, Jlarrep,
Jlexannp mnonuAoMnaph Ba OomKamapra &HWm ycyJUlapH  XaM  MAaBXyal.
Curnannapra pakanwti nuutos Gepunza Gypoe IHCKpeT amMaNTTHPHITK (®IA) Ba
YHH Teskop XHcobnam ycynH — (Pypse Te3 aiMaliTHPHIIN (PTA) mam xenr
dolizananmnam. Bynra Gmp newa caGaGmap Gop: ymap [acToTanap
KOOpAMHaTacK/[a JHT KHCKA BAKT /1aBOM 3TAJHraH CHrHAIUIAPAAH (< 1c¢) TamRapH
CHFHAIIApHH TY/MK — aHuK, Hdonanaimunap; yacrora Oyiinua KUCKAPTHPHINAH
dypbe TAaWKUN JTYBUHAAPH MABWIYMOTNApHH GOIKA Japaxamd KaTopiapra
HicGaTan anMKpoK, nonanainu. YHUHT aloXuia TAlKuUn STyBIIap CHHYConaa
K¥puHMInmza 67116, MM3HKIH TH3MMIAP OPKANH y3aTHwiranaa Gysunmvaiimunap (3
WaknNapuHK yarapTupmaiiawiap), wy cabanu ynapaaH sXUiH CHHOB CHIHANNApH
cndarnaa GoiiTananHIn MyMKHH.

CWrHaapeM NEMEHTap TAIKWI STyBYHMapra SHAIULA acOCHH mIapT
OmpxuifMaTIMK B3 MaTeMaTHK nponaEMAT TYIMK MochiWTH — Eifrragrrad
aneMenTap ¢yRKUMANAp Y3apO OPTOroHAN GYmHIUIAPH Kepax. AMMO CHrHAN
CH(ATIH TaXTUR ITHATAH TAKAWPAA YIapHHRAT Qoiifamm (pA3HK MABTYMOTNAPHAN
akC OTTMpMI YYyH KepakiH, ¥3Hra Xoc XYCYCHAT/IapHEW KYpCATYBYH
HoopTOroHAT QYHKILUIAPHAR XaM doiitanamm MymxiH. CHIBALIAPra pakaMIHd
Mo Gepmuyia SHF Ky KYJUIRHHIAZMray CHUHAUIApHH EHHIN yCyLIApHHH
KYpuob umkamus.
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2.1. ®ypre KaTopn

Xap Rampaii naspuii curnan S(f) mu uekcus kyn cuHycompan Ba
KOCHHYCOHIAN 2PTyMEHTH KAppad TAIIKHT JTYBWMIap BA AOMMMIl TALIKWT
STYBYH HYFHHIHCH KYPHEMIMAA kdonanam mMymxin. Byupaii ndonanam ®ypbe
KaTopHra &HMNL ne6 aranagM Ba Kyimjarn MateMmaTHK HGQOJa OpKATH
npogananazy

S()=a,+3 a, cos(noT)+ 3, sin(neT), @.n

Gyapa t — Mycraxun ¥srapypun 6ymm6, onatnma BakTHM aHrmaTa[H, aMMO Y
Macota &KH Xap Kaunai Gomka karramik 6ymuum Mymkun; S{f) — Kyn Xonapaa
KY‘mammu@ymamxcm apryMenT Bakrra GOFNTMKIMrHHM OunaupanH, aMMo
Xap Kaupait GolKa CHrHANMMM XaM GWIAMPHMIIH MYMKHH: @ =27t/ T, — WAk
9acrota acocwit (Gupurwn) rapmomurack 6ymu6, acocwi naspuii uactora
6mnan @ =2nf KYPHHMEINGA GoFimK, T, — curaan TaKpopJIAHHIN HABPH.

®ypse KaTOPH AoMMMIT Tamm 3TYBUMCH a4, Kyiimjgarn Hdgopa opKami
AHHKIAHAIH:

5 Cyrnamavear nonMuil Tamxun sTyRUHCH S(t) cursanmuur 6up nasp BakT
O¥itnua Ypraua KuiiMaTHra Moc Kenaay. Mucon Y4YH ¥3rapMac KywiaHui CaTXH

r’j'?g(l )cos(na)t)dt ,

2
T p T2
7,12

b, =% [S(¢)sin(noot)dr.

-T2

a =

N® HaCTOTA ® YACTOTAHMHI n1-YH rApMOHMKACH feiunagn, JleMak HeKcns
KATOp YACTOTara GOrNmmK Gynras Typn aMIVIMTYA2IM @, Ba b, KOCHHYCOHJAT Ba
' CHHYCOHJal 49acTOTANapH MyclarT nw TapMOHMKAIH TAWIKAN JTYBIWIApAaH

woopar. By xaropun okcnomenuman  GyHxums  CPIAMMAZ  HMIYIbC
XapaKFePHCTHKACH HX9aMPOK WAKNIA XaM Hoaanam MyMKHE

S()= 3 d e, 22)
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2

1" ;
GyHna d,=— [S(t)e*at (2.3)

T, n
KOMIuieke comap 6y-mo, Id,,| — BoniyTIapaa 6axonananMral KaTTAIHK.

(2.1) ndonana 1EMCHTAP TALIKWI JTYBYHIAP HIFHHAHCHHH aHMKIANLAA 7

RMHT MaHguii KuilMaTAapH XaM XHco6ra ONHHaAM, KATODHHHT ADHM TaIUKWI
aTyBupmapy nw Man¢mil dacrorara ora Gynam. Yaap ¢usnxk xuiimatra sra
6ynmaiimanap Ba ¢akar MaremarMxk TyuryHuanap 6ynub, OYHMHT HaTIDKacHAa
KOMIUIEKC aMIUIMTYAA d, TAPHHHT MOAYJUIapH |d.| Muxaop #uxaTaan ukkn mapra
KHuMK KuaHO onuxran. By mMycOar Ba mandmii yactotanapaa MoC amMILTHTYAanap
Gup-6upura TeHr >THO TaKCHMNaHrawmMruuu awrnatagu. Harmwkaga yacrorach
no GyNran TAMIKWI 3TYBIMHWHT XaKiioii KuiimatH Xwco0na6 aHHKIaHTaH
KMIMATHH MKKHMIa KYnaidTHPHIN OPKaIH AHUK/IAHATM.

CHrHATHHHT KOMIVIEKC B2 TPHTOHOMETPHK miax/yiary Hdonanapu 6up-OnpH
Gunan Kyiinaaruda GOFIAHIaH:

d|=(a: +8)", @4
¢, =—arctg(b,/a,), 2.5)

6yHza @, — n-4H rapMOHUKATIH TAIKII OTyBuMCH Gouutanruy dasacu 6yaud, yuu
d, HUHr MaBXYM B2 XAKMKHMI TAWIKWI JTYBYMNAPHHHHT APKTAHNCHCH chbaTHia

annknadany. Jiemak, CMrHaIHMHE Xap Gup rapMOHHKAcH Y3HHHHI aMIUIKTYAACH Ba
(hasacu crunxkuIM OMNAH XapaKTepIaHAH.

2.2, d;ypbe ANMANTHPHINY

Arap curean JaBpuil 6ynmaca, y xonma @ypbe Karopura EHMm
Mocnawrrnpunaan. Mucon  Tapukachaa 2.lg-pacmpa  KEITHPWIraH —TYTPH
Oypuaknm MMIyNLCAap KETMA-KETAMIHAAH MMITyNbeIap TAKPOplaHHI aaspu T,
HH YEKCH3ITMKKaya JABOM 3TTHPUII HATIDKACHAA AroHa TYPTOYPUAKIH HMITYILCHH
XOCHI GynuIIvHM KYPHO HHKaMu3,

[LUL d

|

1 >
—>

se-nn £=0 LT =7, ¢

2.1-pacM. JlaBpuii TakpOpIaHYBIH TYFPHOYPUAKITH HMITYIEC.

7, Hu Katranaurrupu6 Gopwica rapmoHMkanap opacufard 1/T, =w/2n

agems

.. . tA - : pany Ba HOMbra TeHr Oyimamu. By
} Toshkent Axbor




y3rapyBun JMCKpeT HacToTa nw AaH YITYKCH3 y3rapysund « ra yTamra, iy
6unan OHp Baxraa ¢azabmii Ba aMIUTHTY/aBHil CIIEKTP XaM y3ITykcH3 Oymmmra
onu6 xemamu. Jemax, T,»>w G6ymranpa d,—>do Oynam. ywdy

y3raprapummapem 36THGOpTa oncak (2.3) ndona Kyiimaarn KYpHHHIIHK ONaTH
do 5 _fut
d(w)= 7 [s(@)edt. (2.6)
n -0

Kynait 6Ymum yuyn (2.6) nponauu dw/2n ra 6ynub Kyiinmarn udomanu
onamus

d(w)
. d(o)/2n

= Flio)= [S()ed. @7

By dopmynafarn F(jo) ®ypbe waterpam éku onaniirina dyphe TacBupH
(xypurmm) ne6 aranamn. Arap F(jo) s xakuxuii Ba MaBXyM KHMCMIApH

HAFMHIMCH maknpaa Kyinaarimda apoxanam MYMKHH. Arap
F(jo)= Re(jw)+ j Im(jo)=|F(jo)e™, (2.8)
Gyica, y xonaa |F(jo) = [Re*(jw)+ Im* (jw)] (2.9)

Gynamu Ba 6y kaTTanmnk BombTha sMac B/ sapaa GaxonmaHamu. F (Iw) HH

aMITHTY/A 3HUTHTH, Gab3an 3ca aMILIATYAa CHICKTPH 3WWUTHTH CKH aMTUTHTYHA
CiexTpH Aeb aTanany. AMIUITYa cnexTpura Moc pasriuza (asa cupkmiy ¢(w)
KyHHaaruda aHMKIaHa iH

¢(w) = arcig[im(jw)/ Re(jw)]. (2.10)

[F(jo)' wivams B/ wakmma Gaxonanaay. HopMasIaluTHpHIras SICKTp
KyBBaTH, TbHH KAPIAWIHTH 1 OM Gynran kapmmnukaa axpamnb THKaéTran KyBBAT
B’ napna Gaxonamami, 6y [Jx/c & JoxTm ([Ixoyn 6y SHEprHA GHPTHTH)HH
anrnatai, y xonaa B/’ karramnc [l n-Tig= [T ra renr Gynam. Jlemax
[F(o) 6up taxcum I omeprusmm, moum |F(jo)'— cmextp oHepruscuumumr
IMUTHIHHA anrnatay. |F(jo) muer f ra GormcmmrH rpaduIrM OCTHIATH 1032
acocs f,—df Ba f,+df mnomoca f, wuacroracH ypraua KyWIAHMIIMHY
npomanaifm. |F(jo)' wmar f ra Gormmgmrs rpadurn octinarm 10z f

9aCTOTaflard JHEPruA yprava KuiAMaTHra TeHr Gynmaam. byRNaH Tauikapn CeKTp
TAXMUTHAA KYTI XOIIAPAA CTIEKTp SHEPTHACH SHLUTHTHHHAT 9acToTara GOFTHKIHK

rpadATH (TM3MACH) XaM KypHIaTH.
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Arap MMTynbC/aH OHMH KMIIMAaT OJIMIL YHWHT Mapkasura (KOK yprachra)
1 . "
MoC KeJica, AbHH X == 6ynranna ywoby ummymscHuHr Gypbe makmy (KYPHEHIIH)
Kylinnarnya Gepunaan

Arsin{wt/2)
wt/2

F(iw) = = At sinc(wt/2)

@.11)
Ba XaKHKHiH XucobmaHaau. |F (jo) dyuxums ymiyxcus 6ymuG, yunar A=1 B,

T, =10c Ba t=2c¢ KuiiMaTiapu yuyH rpaduru 2.2¢-pacMaa TacBHpuaHrad. By

AMIUIMTY/IA CIeKTPY OHHIi KHiiMaTiap GYHKUHsACHT nponopukosan 67u6, XaMma
BaKT Mjeal Nact yactora GuibTpHra TYFpHOYpUaKin HMIIYAbC TabCHPHAA XOCHI
Gynaau, my GuiaH GMpra Xap KaHIai AaBOMHIUIHIH ¢ GMnaH 9exaHraH HMITYIIBC
TABCHMPHAA XaM 103ara KeJHLUH MyMKHH.

IF (iw)) "

JA

b= -.pJ e \le 1) TR o 18 7]
Are3T-dr-lt ] 1Tkt 3rdr -4 327 -le LT2T3Tda

-

a ]
2.2-pacM. MMy aMnmuTyaack 2B: a) aMmumtynia cierpH; 6) Heprua
COEKTPH.

AMmpTygach 2 B GYIraH MMITYIThC SHEPrus CHEKTpand 3WUIMTH rpadHry
2.26-pacMAa TaCBUPAAHTaH, 2.24-pacMiia 3¢a aMILINTY /1A CIICKTPH TACBHP/IANTaH.

Ulyns anoxuaa TabKHANAIl — KCPAaKKH, byHRIMAHMHT  wacToTara
Gornuknuruaan Bakr QyHxupacura @ypse TeckapH ANMAIITHPHINH CpAamMHAR
yrum mymkun. By xonna

1 poc . iw = (% [ i
&) == 5 Fliw)e ‘dw = [_ F(iw)e'* df (2.12)

2.3. Gbypbe IRCKPET ATMANTHPAIIA (PIOA) Ba Teckapu DA
Amanna cursan ®ypbe TaUKWI 3TYBYMIADH, YHI® AHAIOT HIIIOB 6epum
HATIDKACHAA 3Mac, PaKkaMJIH XMCOONAILIAp HATIRACH OPKAIM aHWKTAHANW.
AHAIOr CHI'HAN YeKCH3 KyT Gup-OupHra AKMH HyKranapiax uGopar Gynrarmury
YMYH, YHMHT XaMma KuiiMatiapuny udomanamr MyMkuH dMac. Illymunr yayun
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PaKAMITH TH3AMITApAaH (oliflaflaHHII YIyH aRanoOr CHTHATHH OHp XWT BakT
OpaMKIapHAA JHCKpETNall kepak Oymami Ba Oy ommii Kuitmat(ViraoB)napmi
MKKHIMK PaKaMITH CHTHAJT IIAKIIHIa KeJITHPHIL Kepak 6Ynamy. By oumii KmitMaTiu
yAuam xorupaja caxnans KOHTYpH EPAAMMIA AMANTa OLIMPUIATH, CyHrpa asajor-
PaKaMiH y3rapTHphm avanra ONIMPWIAAM. AHANOr CHFHANHM IOKOPH AHHKIMK
Omian THXIAm yayH Gy GHp CeKyHA AABOMMIA ONMHIAH OHMH KuiiMaT(¥ruaur)nap
COHH CTapy napaxasa. Hasapuii HyKTau HasapaH JMCKPCTAL KCPAIUTH TCAHIH
Haitksrer uacrotacu ne6 atanany sa 2 f, ra Teur, J,, — CHTHAHUHT AMILTHTYIACH
CESHNApIH napakaja KaTTa JHT I0KODH 9aCTOTANH CHHYCOMANT KYpHHHILIATH
TALIKHIT 3TYBIHCH Y4CTOTACH.

Wlynpaii k6, Ysraprupuwmmm xepax G6yaram Xxamma MahITyMOTAap SHIH
AMCKpeT Ba HoAaBpHit Xam Oymunm  MymxuH. Illynuar yuyn ®ypse
amvanrTHpunmaal GolinanaHHI MyMKHH SMAC, YyHKH Y YIYKCH3 MabiyMOTIap
Y4YH Mymxannauras. AMMO, OIyHaii aHANOr ANMAWTHPHII GOPKH, YHH JHCKpET
:Aaulymomapra XaM Kynuiam Mymxkud — Gy (Pypbe MMCKpeT anMamrtupuim
DIA).

®apas wanaliTHK, aHaNor CHTHATHM GMp XWI BakT T OpanMKIapuia
Anckpernam HatwkacHa N Ta oHmii KuiMaT(Yrdam)ra sra 6ynraH Kyimnaru
JWMCKpET KeT™a-KeTHK ommrran Gyncnn {x(nT)} = x(0), x(t),...,xﬁ,N -1)T), 6ynma
P — omMNTan omMii XHiMatr TapTHO pakamu 6Ymu6, n=0 gam n=N-1 raua
KuiiMatnapan xabyn wwramn. x(nT) wuiimati (aKaT KydnamMmin chexTpura
;ﬁmnnm BAaKT KATOPHUra TCrHIUIM KHAMaTnapHy nofanaraiia XakKMKuit KaTTamuk

yIanmu.

Wynmsr yuyn curnammumr pakT GyiiMua Xawmkuii 6yiman N Ta
Kuitmatnapu GJIAHMET YacToTa 6yitnga N Ta koMIUleke KuiiMaTnapura aitnananu

- X(k) = Fplx(nT)) = ZN -3 x(uT)e~*T, k =0,1,..,N ~ 1 @2.13)

Oyuna F, opxanu ®ypse micxper amvaurripumy Genrunanraz,
Teckapu dypoe mcxper amvammapun (TOLA) KyHHIaryIa aHHKnanaam

X(nT) = Fy[X ()] = SN X ()™, = 0,1,..., N — 1 2.14)

Oynna F,' opkanu Teckapn Qyppe AUCKpeT AIMAITHPHIIY GeruIaHraH.

24. luckper kocanyc anmanrruphm (JKA)

Juckper xocumyc AMMAITHPHMIILIAPAAH KOppEJIAIHA Ba cBEpTKa (YpaM)mu
XMCOOAAMM TeanAWTHPHIIAE Ba cuexTp Taxjawauaa doinanaumnany. Byunau
Taukapy 6y ycyanapaau MabIYMOTI2PDHH CHKMILI, MMCOA YdYH OBO3HH (TOBYLI)
CKM TacBMPHHM Y3ATHIL, JMEKIPOKAPIMOrpaMMa Ba EKTPOIHUCHOTpaMMa Kabu
MCJMIHHA CHrHAIUTApHHA &3uml yuyn dolinananunamu. [lymuuraex JTKAzau
Taceup Ba Hycxa (maGnoH)napun TamMmta xam doiizanamwiamM. Bymuur
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HATIKACHA CHFHAUIAPHH Y33THLI YUyH Koanauya tanab sTiniamiras “Gutnap
COHM KamasiM, Oy CHFHAN y3aTHIL TERTMTMHHM ommpazu. By aca nucGaTas Top
MONOCANM anoka NMHUANapHAaH QoitanaHiil HMKOHHATHHH KeTTHPHO YHRapany,
LIYHUHTACK Hycxa (waGnoH)napHi TaHHNY ocornawrrupany (6y ax6opor xammu
KamaiiTHpuIHM Xucobura pyii Gepaan). AKAHMHT ymOy XyCyCHATIapH YHH
CHPHAILTAPHM CHKMIL HYKTaH Ha3apujiaH camapaiopiuruiy Gunaupant, 6y curuan
SHEPrUACHHMHI 1ACT YCTOTANAPAA TYIIAHHILY HATHXAcHIA pyi Gepaay. Byunad
TAIKapH XWUCOOGNAULIAPHHWHI CONJAMMIM B2 Ypraya KBAAPATHK XATONMKHWHT
KUK (MHHWMaT) OYIHUIHY TABMUHAQAH.

IOxopuparu ¢uxpnap Pypse AKCKPET KOCHHYC anMAIITHPHIIAAH (PIOKA)
doiifananuman  Taxo3o sraan. Ymyvan omramna ©®IOKA dypee auckper
ANMAUTHPHIMHKHT XAKUKMIA KucMuaas nbopar, syHkH dypbe KaTOPH XaKHKFi
Ba )y(T KucMM (aKaT KOCHHYCOMAAN TAIIKWI STyBuMnapaaH wuGopar 6ym6,
MHCONl YYyH KyunaHMIIHHHF JMCKPeT XHiiMmaTiapuaan —doifnanaHwimrania
MabJyMOTAAp XAKHKiit 6Yaany, ynapHH HKKH MapTa KyN KHAHL Y4YH yjiapra akc
TALIKWA 3TYBYUNAPHEN KYIUKLI Kepak Gynazn.

(2.13) dopmynara acocan DA Kyiinars kypunuwaa 6ynaan

X(k) = YN 1x,e 2mnk/N, =01, ,N—1.

Ywly anMaluITHpHILNUET XakHKuii kucvy JIKAHH aHrnatanu

TN

X (k) = Re[X(k)] = Z¥-3x,cos (Z7), k=0.1,...N-1

By JKAnuar 6up xycycuit xypunnmu. JKAmMHT yMyMul KYPHHHIIH
KyHnaaruua auuxiaHaau

N 1 oN- k2antkeY _
Xc(l‘) = :\‘E‘nr.(% Xn COS( 2'~ ) -

_ lon-1 krr(2n+1) - _
_Nz"=oxncos[———2‘v ]. k=o01,..¥ 215)

2.5. Yoo anMAIITApRINH

Xosupraua Kkypu6 YMKHWITAaH AIMANTHPHIWIAP CHHYC Ba KOCHHYC
dyuxumanapura acocanras m. Mmnynbcra yxuiam +1 8a -1 ra acociauran
amMaiiTHpHI HUcOaTaH OCOH Ba Te3 xucobmam MMKOHHATHHU Oepaxn. Bynpan
Tawkapy OyHpal aIMawTHPHILIAD YITYKCHIMHIH Oy3unrai  curHanapHm
upomanama anya Kynail XucoOnaHamy, MHCON YYyH, TacBHP CHIHRJLTapHHH
amvanrmipumaa. Wy Gnmag 6upra ynap y3nmyKCH3 CHTHRIIApHH ndopanana
aHya HoKymnaii 6yiu6, ynap dasanapu 6yiinya MOCIMKHY TabMHHIamakaunap, Gy
CHTHAY CTEKTPHHUHT GY3WIHILMIA BA HATIDKANA CHTHA IWAKNHHHHT Oy3SHiHImra
onu6 wenanu. UHlymuur ydyyH Yomu anMalITHPHILIMASH OfATAa TACBHP
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CHIRAMIapHra WIIOB GepHIT (aCTPOHOMHA Ba CTIEKTPOCKOMHA)IA CHTHAMNAPHH
KoAnam Ba demsTpnaniia goiinanamnany.

DYpse ZHCKper amMAUITHDHIIE TAPMOEMK CHEYCOHIAT Ba KOCHRYCOMZAN
TRMRUL STyRumnap opkami uponanasramugex, YOI JMCKPET aMMAIITHPHULIN
(YIA) Vom bysximsnapu ne6 aramysuH TYFPH TYPTOYpUami YpoBdwiy
TapMomrmK CHrHamiap TymwiaMu opKamH HQOAANALNA 4COCTAHIaH. AMMO
TYFpuGypaaknn marynscnap YUYH YAapHUHL TAKPOPJIAHHIL YaCTOTACH HOMAaBJIyM
Oymramm yaym amanor curman yuyn QoiIanaHuAaiuran  “KeTMa-KeTHK”
aTaMacHian doligananmnagy. “KerMma-kemmx” — Gy BaKT GUPITUIMEA HOMbHHM
Kecw6 yrumap commmmar ApMara Terr Gynamw. 2.3-pacna N =8 raua 6ynran
Taprubparn Yomm ¢ymxmmanapn katrananmm TapTHOMAA KypeaTHnran. By
KYpImMIER Yomr 6¥itwaa TapTHOTa KeTHpWITaH (QYHKIHA ne6 aTamami.
Aasormiinmx sakr ¢ ra Ba Tapubn n ra Tear Yomm QYHKIMACK Kyiunarwaa
Gemrimanagm WAL(n,1). 2.3-pacMman xypuHAIHKH XyAaH Pypse KaTOPHIA TOK
23 wyhr cmmycomnanm sa xocuwycomman ¢yHKuMANAD 6Hp-GMpura Temr
me'ame& Yomu dyrximscuaa xam 6up Xl COHH TOK Ba Xy (T dyHxumsnap
Synamn. Vomm WAL(2k,1) sydr ¢ymammnapy CAL(k,r) xypusnmmpa
Mbonananamm sa WAL(2k +1,¢) Tox dymamanaps CAL(2k +1,7) kypusmmna
Hbonananamy, Gy epna k =12,.., N /21
... Xapxaunaii S(r) curnamm Vorm ysxumanap Maxaya (Kamnama)napira
CHHII MyMK#HR (xymm Oypse KaTopura SiTanzex)

s()= G WAL(0, ) + Z?:lf-l }_‘,J-:/f_l[aiSAL(i' t) + b;CAL(j,t)]. (2.16)
Gyuna g, Ba b, - katop koaddmmenTnapy.

Xap xannait mckura Vo dynkmascn yuyn Kyiinnaru ndona Kyura sra

amo N aeapn=m,
; WAL(m, JWAL(n,()= { 0 azapn#m.

FERH Yomu ymiagmapy ¥3apo oproronan.
Yo UTMAIITHPHI Y9YH TYFpPA BA TECKAPH ATMANITHPHILNAPHH Taabux
ITHIN MYMKHR:

Xie = SV X WALG, D) . k= 0,1,..,N — 1. @17)
xi = LI X WAL(K, i), k=0,1,..,N —1. (2.18)

Arap 1/N xymairvans 3sTR6Opra omiAMaca TeCKApH ATMAIITHPHNI TYrpi
anmannupum Guan 6up xun sa WAL(k,i) = +1 6ynama.
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7 raua TapTHOra KeTTHPHAraH PyHKLMIADH.

2.3-pacM. YORWHHHT 8%8 TapTHOIM aManTHPHIIH MATPHUACH yIYH YHHHT

KETMa-KET KaTTajJIalllnIlIH n

pMII HATHXAcHAA TOMMIWI MYMKHH. AmMo ¢asa

[vy

KynaiTH

lyuunr ydyd “wakn’snap XyQTiapiuHH MaTPHUANapHH PakamiH ycCyn

(Meron) acocuna
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Xagupara axGopor AYKTHIH yUyR Y]IA Tes xoppensmims (koppensuns OpaTTH
'KMYHK)IAPHH Ba YpamIapHH XHCOOIAI YYyH APOKCH3.

(2.17) Temrmmx YA k HIM SNEMEHTHHM IMCKPET CHMIHand Xap ©up
JIEMEHTH X, HM k KeTMa-KeTHiH Yonm ¢pysxupscura Kynaiitupuum Ba k
HHHT XaMMa KHHMaTNapH Y9yH KYIIHI OPKaH onum Mymxua k =0,1,..,N—1. k
HHHT XamMMa 3;1eMEETIapH YIYH YHH MATPHIA KYPHRHIIAAA E3HOI MyMKHH

Xi = x;Wy; . 2.19)

6yapa x, = [xox,xz..x,,_,] — MabIyMOTNIap KeTMa-KETJIHTH,

Wol Woz e lvo"\’_l
W, W, Wy a—
O GRS
Wy-11 Wy-12 o Wy-an-g

~ Yo amvamrtwprmms Matpumach, X, =[X X, X,.X,.] - (N-1) vIA
MATPHIIACH TALIKHI ITYBYHIAPH.

Anoxuna Tabknmpiaiivus, W, — 6y NxN Tapruban Matpuia, 6ynna N
Gepwiral HyKTanap coHH, AbHA KMCKPET CHIHAN HyKranapu. Arap N Gepiwmran
HyKranap conn Gynca, y xonma Yo GYHKIHACHRAAT Jactnabkn N Ta TapTHora
KSIITHPHIMAMIAPHEY KypHO IHKMIN Xepak Gymamy. YiaapaMET Xap OHpH N Mapra
IMCKpeTH3amsanaau, Oyana W, MaTpHUauuMHr %k H'YM KATOPH Xk KOMIOHEHTa
KeTMa-KeTTHrHHHAr N T2 JHCKpeT KHAMATIapHra TYFpH KeJJaau.

2.6. Anamap anMamITHpREIIH

Anavap aIMaITHPHIDH &kn Yomm-AfiaMap anMMamITHDHIUH 0y Xam
MasMyHaH Yol amMamTHpHmH 6ymi6, ¢axar Gommka TaptHGHarH Voumm
$yaxumanapr Ba GomKa ATMAINTHDHTI MATPHIACH KATOPHAMD. Bywnaii §prm
anMaNITHPHODIAD HATAXACHAA OJHEAOWIraH AJaMap MAaTpHIACH, HKKHEWN
TAPTHO/IH MATPHUAHUHT MACCHB OCTHHM ¥3 HuMra oazy. 2.4-pacmia A iamapHuur
8x8 TaprHOim MaTpumacu KypeaTuiran 6¥nu6, y °H kypuuuiimnaa Genrmnanany.

VHM MaTPHUANAD OPKANM E3UM MyMKHH

el 3w - med Y

AuamapsHHr Xap kaunaif 2N Tapmbmu patpuuacknd *H 1au pexypews
MIAK/JA OTHOI MYMIHH, AbHH

2Ny [NH NH]‘
Ny Ny

(2.20),
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2.4-pacm. AnamapeEHHT 8 x 8 TapTHONH ATMANITHPHIN MaTPALIACH.

By pexypcHBAMK XoccacHAan Yonm (yRKOHACHEHW AjaMap TOMORHZAH
AHWKJIAHTAH TApTHONA XOINANITHPHII HATHKACHAA ONHETAE Yomm-Ajamap Ted
anvaurTprsHy VIAra sucGaTtan anga XaTTa TE3NHK Oiman xucotnam MyMKHH.
Anamap Taptubuza woinamran Yomm (Sxe Tabumii. Taprufna sxoiinamrat)
$yaxupacu 2.5-pacMia KypeaTuira.

WALy (0,2)

WALg(L.2)

WALL(2.0)

WALy (3.t)

2.5-pacM. Agamap 4 x4 TapTHOIH aNMAIITHPHII MATPHOACH YIYH
IHCKpeTH3aNAANANI BAKTHHH KYPCaTyBuH n =7 rada Axamap TapTaOuma
woitnanmran Yonm GpyHKmmsCH.

2.7. Beiisyier anMalITHPHIIR

[efizenGepr HOMABTYMIMK (HOAHMIUIMK) (HUIMK MpHHIMTIHTA acoca, GHp
BAKTHHHI Y3MAa X 3apPAYAHMHI XOJIaTH BA YHHHI MMOYILCH p HH QHHK GHIMI
MYMKHH 3Mac. AManaa

xp = h = 6.626 x 10734 [k - c. (.21
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Oynna 4 — Tnank powmmiicH. DMHITEHAHHHT E = mc® TeHrIamach acocuna Oy
NPHHIMITHY CHIHAIIApra MILIOB GepHIN coXacHua XaM Kyinawr Mymkun. Bynna
TeitsenGepr npummmy Kyimparuua Taspudnanam: 6up BaKTHMHT ¥3HAa xap
KaH/Iai aHMKTHK GHJIaH BaKT Ba YaCTOTAHHM aHHKJAII MYMKHH 3Mac, SbHH

. Af-T=21, (2.22)
6yana 4f sa T wacrora Ba BakT 6yinaa dapxranuumu ndoaanaiimy. Arap
HacToTa KHMIMATH IOKOPH aHMKIHK Gunan dapxnmanca (amuxnanca), y xoama
4acToTa HHCOaTaH KaM aHWKNMK GUNaH Gaxonanamy Ba aKCHHYA.

Hampxana 61p BaKTHHHC Y3una CHIHAN TAWIKMA STYBYMIAPH YaCTOTACHHM
Ba YHHHT Nain0 OYmim BakTMHM &KM CHCHAM TYQIH YacTOTANH TALIKHI
STYBYUMIAPDHHH BaKT O¥iinua awpatun TanabG napaskacuaarin 10KOpH SHHKAMK
Gunan ymaamt erapmu Japaxana Mypakka® Gymnmu Mymkun. By Xonat arap
CHrHAN IOKOPH YaCTOTA&NHM TAIUKWI ITYBYMiapAaH ubopar Gynca Ba ynap Bakr
CoXacufia y30K AABOMMANMM TAWKHI 3TYBUMIApra JKyHa XaM sSKMH Koiltamuray
Gynca Ba ynap xaum ¥'3 BAKTH/Ia UACTOTA COXaCHa AKHH JKoiLIaumran 6yca, xavna
* TYPJM OHIap (BaKTnap)na xocun 6ynca 103 GepHIin MyMKHH.

Bynpaii curnannap naspuii 6¥nmaiian. By uacToTa-BakT TAXWIM YMyMuii
MYaMMOCHHH eYnm y4yyH Beiner amvanrrupumian dofimananmnaay (wavelet
transform), y HOCTAMOHAD CHTHALIAPHH TaXJHN ITHII BOCHTACH XUcoOnamagw.
BefiBner amvaurrmpmupan  cuTHannapHM  QUILTpRamAa, INOBKHUHIIADHH
RYKOTHIZIA, CHHYNSpNHK ><OMMHH TOMMIU BA YJADHMAT TAKCHMIAHWIIMHM
aHHKnaw Kabu Macananapun eumuga goiinanannin MyMKus,

®yphe anMAIITHPHIIMAA CHIHAT KHHMATH JapaxacH KypcaTKH4YHaa MaBxym
6ynran xucca (BecoBoi) xoaddmumentn 6¥nca Ba aprymeut rapMOHMK HIaKnAa
6ynu6 uacrorara GormMk Gynca, ABHM CHHYCOMAAT TALIKWI STYBYM Oynca,
Beiisrer anMaurrnpumaa xycycnit xucca koapunuenTiapn xuitmatn cudatnaa
Beiiner ¢yHKupsuiapaan ¢oiifananamm.

Xamma Beiinner dyrxumanap acocuii (6azasuii) Beiisner dyHxupsacHaan
onuHam¥. ban3u Xuccanap GYmmuMMM TanMMHIAII Y9yH OMp Katop acocuii
(6azapmii) dymcmanapnan goiiganammnamu. Tana6 Tunanuran xoccanapra ara
6ynum yayn BefiRner yHxuna TeSpaHHIDap MaKaHAa 6nu6, KonMuil Tawkmn
aTyBuHCH 6¥nMacnury xepak, CreKTPH MabiyM OHp KHYHK NMOnocana xoinaumray
GYMHImM, XIIMK BAKT HHAA HOMBrA TEHT KMIAMATTAYa KHIMKIALIMIY BA AKCHHYA,
KH'HK BaKT OPANTHFHIA Y3MHHHC 3HT KaTTa KuifMaTHra sra Gynmum kepak. By
Xycycuar Bedirner anmamrmupum 6Hp kuitvamim 6ymmmmra kagonar Gepasu.
Acocuit dynxapsan ¥ (1) xypunnumnga &uw Mymkun. Mucon yuyH, Mopier éxu
Faycc vomnduxammsnanran acocuit pynkmmscy (Mopre Beiimners) Kyitnaaryaa
nbonananazy

15
iv
>
—

W(t) = eiwnt o2, (
Vunar Oypee kypunmumm
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H(w) = \1 2ne —(w-wp)*f2 (2 24)

BY HKKH CHTHA 2.6-pacMia KeTTHpHITaR 6ym6, GyRian KypHHAIMKA w(t)
JyHKIOMA 10KOpHAA KENTHPWITaH Tanabnapra wapol Gepamy, THHH TeOpaHyBIaH
Ba HONLTa9a KITIHITAIIANH.

‘Re{¥(t) H(w)

Fal m N /\
U ’ U ; w
2.6-pacM.Mommdurarmananrrupuirad Fayce éxin Moprer, 9"(1) OHa
(acocwii) BefiBneT GpyRKIHAACH Ba YHHHT ®yphe KYpHRAIN H (w).

Konran (xu3, sxxwiamuy) (ywxuusnap Oupnamam acocuil ¢yHrumuanap
MaclTaGyHy ¥3rapTHpUIll BaTWXackaa ONMHAAH, Oynap ¢yHKRuMAnAp OMIACHEM
TAWKWT HTagunap. Xap 6up uxkuiamun (xu3) GyHKUMAHH KyHunaruda nbonanam
MYMKHH '

Z¥I(t - 1)/al.

6yHna a — macirraGud y3raprupuin ysrapysyan xoddduipents, 7 — omb yTim
y3rapMac kos(uumeHTdH. Arap @ HMHT MacIiTab KaTTanamica ¢yHKIMSAHHT
aMIVTUTYlacH Ba GPrYMEHTH KMUHKNAWAAM. AMIUIHTYAa Gepwnran KuiMaTHAa
ApPTYMEHTHHHT KHIHKJIAUTHINIH 9aCTOTAaHHHI KHIHK/TANIMITHHA 8HTJIATAIH.

Macmrra6au  y3raprupum kosdgdrumentn a Ba ommb yTHmr yarapMac
Koa(QuLMeHTH T EpAaMIAA KaTTa Ba KHIMK (TypiW) aMIUTMTYARIH, IOKOPH Ba
nact (Typiu) gacrotamy GyHKIMIApHN SpaTHII MYMKHH B2 YNapHH BaKTHHHI
TYPJTH OIUIapHTa HKOIIAINTHPHIN MyMKHH.

Illyapaii xwmw6 TYypIH BakT OPaNMFHIa JKOIANMaH TYPiH YTacTOTamH
TALKAI 3TYBYMNAPra 3ra KOCTALHOHAD CHIHAUIADHH TYpIH BefiBneT QyHRumIap
jfiurmagncn  opxan  momanawl  MymxuH. BeitBner (QyHRUWACHAAH 0Ty
Makcauiapaa ok anaHunany.

Vanykcns Beiiner anMawruprumn (YBA) (a,7) Kyiinzaraua Hdonanam

MYMKHH
VBA(a,7) = (1/Va) [ s(t)?{(t — v)/a}dt. (2.25)

By TeHrmaMa MapaMTepiapHHH JHCKPETIAaml HAaTIDKACHNA JHCKPET
napamerpian Beiiner anmamrrnpunm (ITIBA) (m,n) wu omHMII MYMKHH, Y
Kyitnaaruya aHMKIaHATH
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JUIBA(m, n) = a;'"/z [ s(t)#{(t — ntpad)/af}dt, (2.26)
Oynza KyiMparn aIMAINTHpYULIAD aManra OWIMpUAraH: a=a;, T=nta,. By
ATMAIITHPHIILIAPAZ 4, Ba T, 1ap a Ba T JIap YUYyH AUCKPETH3AUMAIAL OPANHFH;
m B2 n nap aca 6yTyH counap.
Kyn xomapaa a,=2a, t,=1 ra Tenr ne6 omnagn. KOkopuaarinapuu
asTHOOpra onmMmca

JUIBA(m,n) = 2~™/2 f s(6) W{(t — n2™)/2"}dt =

=2"mf2 j s(t)¥W(2 ™t — n} dt.

By Bakt yiumu 27" Maporaba xeHraiiTupaay, HaTHXaga BeiBieT QYHKIMA
BaKr G¥iira MycGar ToMoura 2”1 KaTTanuMKKa Cypiaa.

Beiipner gymxumann Bakr 6¥iiMua auckpeTMsamusulall, AUCKPET BAaKTIH
Befirner amvaurrupuing (IBBA)un 6epann, y Kyiiugarnia auuxiauanm

ABBA(m,n) = a;’"/z 2k S(K)¥(ag™ k — nty). (2.27)

Arap xafitamau a, =2a Ba 1,=1 neb6 xucobnacax y xonmaa JABMH
KyHHAaruya aHuKIaHagH

JIBBA(m,n) = 27™2 %, s(K)¥(2 ™k — n). (2.28)

(2.28) ndona sejipner muckper ANMALITHPHLIN XHCOGNAHAIH.

Hlynpaii kw6, seitsner muckper ANMAIITHPHILN  Y3TYKCH3 BeiiBner
AIMAWTHPHMIIMAAE MacmTab mapamerpy a MM, onu6 yTmm  ¥3rapmac
KOO(HUHERTH T BA BaKT/M JIHCKPETH3aIMsAIall, CYHTpa AWCKPETIAll OPAmHTH
KAMaTnapu g, =2 Ba 1, =1 fe6 xHcoBAI HATHKACHAA ONHAAH.

Beiipner AIMAITHPHILIAPAAH CHTHAUIAP H4acTOTa-BaKT TapkuOnapyuuu
yprauumuzia doiinananumzan TAIUKAPH, YNApaH CHrHAUTapHH QuIbTpIaut, AbHK
IIOBKWHHUHT KaHAAHIMp KMCMMHM onu6 Tauuampa Xam Qoiinamanum MyMKuH.
BYHMHr YYyH CHTHLI TANIKWI OTYBUWIapra XpaTWIMIDH Kepak. CyHrpa
TaKKOCHAN! ACOCH/IA INOBKMH TAIIKWI JTyBIwiapu omu® Tamwanagy. Ba Huxost
IOBKHHAAPAAH TO3AMAHIAH CHTHAN TAIKKI JTYBYHIApH BeiBNET QyHKUMANapH
ODKAIM  Kaifta  THKiaHagy. YWIykcH3  BeiiBeT  aIMAlITHPHIIMAAH
¢oiinanannunranna curRanHM xaiima THxIA (TECKApH AIMALITHPHILK) Hdoaacy
Kyimuparn ypuamuaa 6¥namm

s(t) = é [ [ HBI(a,T) {%} w((t - 1)/a} {75} dadt.  (2.29)
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Gynna Cy = fow(lH(w)lz/w}dw <.
Ba H(w) - acocnii uvmysse ¥(f) muar dypoe KypHHHILIM.
Hasopam casonnapu

1. Haepuii cucnarmu Pypse Kamopuza Eunz 6a yHUHz mauun amyesurapu
Xaxuoa cyanab bepunz.

2. ®ypve myzpu ea meckapu aMauImupuuy  GopMyacury &unz ea
mywynua bepurie.

3. ®ypve myzpu e6a meckapu Ouckpem amaumupuuiuday  anoail
cuzHannap 6a Kaiicu onnapoa hotidaranunau?

4. Dypbe Quckpem KOCUHYC ATMAUUMUPUUAY XAKUOA MYULyHIMUpULY Gepune.

5. Yomu awawmupuwiu 5akuda myuiynsa bepune.

6. Adawap anmaumupuuty XaKuoa myuysya bepun2.

7. Beiianem aamauimupuul XaKuoa myuynia 6epune.
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3. Z-AJIMAIITHPHI

JIMCKpeT BakT CHIHAT Ba TM3HMJADHWHM aHaIM3 Ba JioHMXanawna
KyAaHWIHIIM KT Kynaii 6¥nran anMaurrupuw 6y z-anvaurmipri xucobnanann.

3.1. Jinckper BaKT TH3HMJIApH

JluCKpeT BaKT TH3MMM — Gy kupuwmra x(n) CHIHan KETMa-KeTIHIHM
Gepwiranfa SHRMOMZA () KeTMA-KeTIMIHHM XOCHI KHMAHMI MaTeMaTik
anropuTMH. JICKpET BaKT TH3MMIIapHTa KyHHAArWIapHH MHCOM KWIHG KemTHpHm
MYMKHH: PAKAMIM KOHTpOJIEp (Hazopamiail KyPWIMa)iapH, CNCeKTP pakamiu
aHAM3ATOP/IAPH Ba pakammy GunsTpaap.

Juckper BaKT TH3HMH YM3HKIIH Ba HOYM3MKIM, BaKT Gyiinga Kypcarkuyiapy
yarapmac (WHBapHaHT) &kn Y3rapypuan Gymuum MyMKHH.

JIMCKpeT BaKT TH3UMH TH3HK/H A1e6 aTanamm, arap Oy Tusumra HucbaTau akc
TaBCHP YHHHT KMpHIUMra GMp Baktaa Oup meua curnan GepwiraHaarn Xuiimaru
xap GHp KHDHII CHTHA/UIADH ANOXMAa-aNOX¥Aa YHIA TAECHP TTaHfar! anoxuna-
aNoXMAA aKC TALCHPNAP HHFHHANCHTA TeHT Gyca.

Mucon yuyn, ysuBr Gupuiun kupummra x,(n) curnan Gepivica YHKHWHAa
»,(n) xocun 6ymanu Ba mKKumuM kmpuwmra x,(n) curnan Gepuica UMKummza
9,(n) xocwn 6ynams. V Xonma TH3WUMHHMHT Xap MKKM TAbCUp CHFHAMArA axc
TEBCHPH, AbHU YNKHILMAArYA CHIHAN KyiHJAr1ya aHUKIaHaxH

agx;(n) + ayx,(n) = a;y1(n) + azy,(n) . (3.1

GyHaa a, Ba a, —Xap XaHaai y3rapMac KaTTaIMK (KOHCTAHTa).

JIHCRpeT BaKT TH3HMH (Bakrra GOFIMK 5Mac) MHBAPMAHT EKH YHra CMrHan
TabCHP ITHIN BakTHra 60FIHK 3Mac ne6 XucoOnaHaau, arap YHHHT YHKHLIMAArY
CHIHAN Y n) KHMPHIUMIa KAHCH BAKTAA CHrHAT x(n) Gepwiranura, sbuu x(n—k) ra
Gormmk aMac, 6ymna k ~ curHan xeuwxum BakTH. MHCON ydyH, arap ynumr
xnpynmira x(n) curman Gepwica wicomumga y,(n) xocwn 6ynamm, arap x(n—k)
curnan Geprica uHKkumMAa y,(n —k) curnan xocH1 631amH, AbHH

x(n) = y(n). (3.2a)
x(n—k)->yn-k), 3.26)

Gynanu, AbHH KMPULI CHIHANK KAHYA BAKTTA KEYMKCA YHKHMUI CUCHANM XaM IyHua
BaKITa KewHKaiM. Ymsmom wmBapuastT Tusum (YMT) xupum Ba ynkmm
CHIBAINAPH OpacHiarH GOFMKAIMK YpoBdM (CBEpTKA) WHFHHIHCH OpKATH
Geprramm

y(n) = ¥ _h(K)x(n — k). (3.3)
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6ynna h(k) — TH3uM wMmynLe xapaxTepuctikack. h(k) HMEr KHitMaTH JHCKpET
BAKT TH3HMHHI BAKT GYiisiya y3rapHiumo TYIMK anuxnaims. Arap YAT uMimynsc
XapaKTCPHCTHKACH Kyitnaarn Tanabra xasob Gepea, y 6apkapop xucoGiananm

SRl (k)] < oo G4

By wapr arap (k) uexnanran napoMuitmixka ki k KaTrananmuii GHiaH
h(k) nonra uiruaTana Kyura sra.

dakaT KHpHIHAA curHAn OyyraRfda YHKHOHZA aKC CHTHAT XOCHI
Gynamnran THINM — GU3MK KUXATAAH aMAITa OLIMPHITHIIN MyMKHH Gynran TH3MM
neb arasagd. YMymMaH onranga, AUCKpeT BaKT KCTMa-KeTTHIHIA MaBxXyd x(n) &xm
JHCKPET BAKT TH3UMM MMITYJIC XapPaKTEPHCTHKACH (MIHK >KMXaTAaH amaira
OlMPHII MYMKHH GYIraH TH3UMAAp YYYH BaKT HONHMHYM OHMIaya HOJra TeHT
6ynamu, avun x(n)=0, n<0 &xu h(k)=0, k<0.

3.2, Tyrpu Ba TecKapn z-aaMaWITHPHILAAP

x(n) BWRr » EMET XaMMa xHiiMATNApH YIYH Xakukui Gymram z-
ANMaIUTHPHIIHH AHKKNAHMN3 i

X(2) = ¥R x(m)z™™, .5

OyHAA Z — KOMIUIEKC ¥3rapyBuH.

Axc Tancupu Mamxyn TH3nMtapaa x(n) ¢axaT 0< 7 <o opamFMIa ROJTa
TeHT OVmMaiimn Ba (3.5) Temrnamagan OMp TOMOHJIaMa Z-alIMALTTHPHII Aeb
aTatamuraH KyHHIarH aniMaiIrHp o HoTacHHH oJTaMH3

X(2) = X0 px(n)z™". (3.6)

Teckapy z-anmamrriphum (z™') x(n) mMCKpeT BaKT KETMA-KETAMTHHHM YHHHT 2-
KYPHHUIIN OPKANHK THKJIAW MMKOHMATHEM Gepamy. z™ TecKapH Z-UIMAIUITHPHLIL
CPHBna keur ¢oiinananunagy, MICON yIyH pakamiH GHILTPIAPHUET HMITYIBC
XAPAKTCPUCTHKACHHM  anuKiamaa. CHMBONHK  IMAKAAQ — Z-IMAUITHPHILH

KyliHaarsda aHuKIamn MyMKHH.
x(n) = Z71x(2)). .7

oynma X(z) — x(n) xerMa-xermomuur z-kypummmm, Z7' 3ca Z-Teckapi
AMMAIITHPHIN aAMATHHHA aH[IATYBYH CHMBOIL.
x(n) xerma-keTmMK anfarTa akc TRBCHP XOCHT GymvmmTa QMG Kenamw ned

Xucobnab, (3.6) Tenrmamanan X(z) RMET z-KYPHHMIIMAM JAPDKATH KyHHAard
Karopra ¢Hum MyMKHH:
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X(2) = T ox(M)z™ = x(0) + x(1)z7 + x(2)z7 2 + x(3)273 + .. (3.9)

(3.8) KaTopmaH KypHMHAZMKXH KeTMa-KemMK Kuiimatnapu x(n) — Oy z™
(n=0,1,..) xoadduunenriapy 6YnuO, WIYHMHr yuyyH ymapHu TYFPHAAH-TYFpH
aEMKAAm MyMKHH. AMamuéria, kyn xomnapaa X(z) mu z™' nau éku ynra teur
Kywm OyaraH z 1aH OJIMHTAH MKKHM KYIXAAHHHT HucGaTh opxany Hboxamm
MYMKHE:

- - -N
bo+byz " 4byz7 %+ . +byz
ao+a z-1+axz 2+ . +apyz~M

X@) = (3.9)

x(n) HuHr 6y KYpHHMIIZArM Z-aNMALTHPMIUMEM KyHHAard ycywuiapiau
GupH EpaAMHIA AHHKIAII MyMKHH:

a) lapaykaimn Karopra CiHm ycyaH,

6) anementap commap HucGaTH (kacp cOmnap) KypuHRWMWIA Hpozanam
YCyny;

B) aligpumI ycymH (BErger).

3.2.1. Japaxamm KaTopra €#nm ycyas

Arap X(z) axc TALCHPIH KeTMa-KeTAHMK (3.6) z-anmawrrupyiun Gepuran

62‘““" Y Xoma yBH z”' &m z ra mmucbaran ycryn (cronbuk)ra 6YImMII CHHTETHK
OYamam ycymu 1e6 aranysun ycynnan oiinanarm6 sexcus karopra SHWI MyMiuit:

X(z) = bo+byz - +b2 24 . +byz~N
z) =S =
agta,z-1+azz-2+ .. +tayz

=x(0) +x(1)z7! +x(2)z7 2 + x(3)z7% + - (3.10)

By ycyanau gofinananunranga X(z) pynkumscnuusr Maxpaku Ba cypatu
AaCTNAl Z HMHr NapaxacH KaMAlOBYM AKAMAA KM zW HMHC Aapaxaci
KATTANANIYEYH Kartop cudarupa wudosanasamu, cyurpa yYWapAH  6¥nnm
HATHKACHAA XYCYCHit KMiiMaTH TONHAALH.

3.2.2. dnemenTap connap ucharn (kacp connap) Kypruumnga udonanam
ycymm

By ycynnam ¢oitmananwmanna nactnab z-anmanrmipuimn xacp comnap
HHCOaTH maxmpa &imnams. Xap 6p JneMeHTap KACPHHHT Z-Teckapu
ATMAIITHPUIY  TOMHNANH. Dy HaTHAANApHH KyWMII HATHXacHAa YMYMui z-
UTMAIITHPUIT ONHHAMH. AManja Kym Xolmapsa z-anMAWTHPHI z kM z™' xyn
XAUTANAPHHHT HHCOATH RYpHHHINAa Gepiniamy Ba KyHHAArH KYPHHAIAA 6Ynam:
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Dob 27t +byz "2+ bz N
agtayz-itasz=2 4+ +apz~M

X(@2)=
=x(0) +x(1)z" + x(2)z72 + x(3)z73 + ... (3.11)

Arap X(z) dyukumsHunr yr6napy Gupundn TapuGnu 6yica Ba N=M
6ynca, y xonna yHu Kyiftnaard xaropra Cinm MyMKHH!

Cy [ Cy
= + ———— — aee —
X(z) =By prampp v
€z C.2 Cuz M Cr2
= By + +—=—t .+——=DBg+ i . 3.12
° T z-p  zpy z=py 0 Zi17p, 3-12)

6ynma p, — X(z) ¢ymxumsumer kyrénapu, C, — 2MeMEHTap KacplapHUHT
koxbduipenTiapy Ba

Bo = bn/aN . (3'l3:

C, xodpdunmenTnapuai 6aw3aH X (z) dymamanunr afinpmack (Bbriet)
Aeb xam aranagn. :

Arap (3.11) TeHrnamMaza CypaTHMHI JapaXkacy MaxpaKHHHI JapaxacupaH
KuauK 6ynca, abiu N <M Oynca, y xomma B, nomra teur 6ymanu. Arap N > M
6ynca, y xonga X (z) HH N € M HHK K¥pHHHLINAA OJIMID YIyH JacTiab yHM cypat
Ba MaxpaKHMHr z~ HM Japakacu kamain6 OopyBUM KYpHMHHIAA CoMmTaH
ndonacunn ycrysra 6ynmm kepak Gynaan. Komamknu (3.12) TeHrnamana
KCSNTHPUIITaH KYpHHHILAA Hdoaanalll MyMKHH.

C, xoopduumenthuur p, Kyr6 Onnan fbormk, KuiiMathau  (3.12)
TEHINIAMAHMHT Han Ba YHC TOMOHMHU (z— p,)/z ra KynaiiTHpHII, CyHIpa z = p,
ATMALITHPHILIHH aMATTa OWHPHO TONHIL MYMKHH:

X(2) -
G = 'Tz(z - pk)lz:p;,- .14

Arap X(z) dywams 6up Gxu Gup Heva GMPHHUM TapTHGNHAAH KaTTa
KyT6napra ara 6ysca (THH MOC KeTyBuM KyTGrapra), y xosa 6ynH 3bTHGOpra
onuu yuyH (3.12) TeHrnamara Kyuiumua Xaatap Kyuiuii Kepax Gynann.

Mucon yuys, arap X (z) dysxuma z = p, Hykrana m-TapTHGNK KyT6ra sra
6ynca, y XOIna aMeMeHTap Kacpiapra &dwiura Kyiuaarn KYPHHUIIJArH Xaanap
KHMPHLIM Xepax:

D,
Y —rs (.15,

D, ¥0>pOHIUHEHTITAPUHHHT KMAMATNAPDHRH KyHHaary OOFIHKJTHKAAH
TONMHUIN MYMKHH:
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=1 dm—l__ m X(2) 11e
D; = (m—i)! azm-t [(Z = Pi) _3-“2=pk (3.6

3.2.3.Aliupam ycynn
By ycyna 2™ xomTyp MHTerpanums XMCOGNAID OPKAIH aHMKIAHATH:
x(m) = %sﬁcz""lX(z)dz. (3.17)

Gynna C - 6y mmrerpamnam xourypu 6ymm6, X(z) i xamva KyT6napunu 3
waura onapy (kampab onam). PausoHan xymxamiap yuys (3.17) resrnamaman
KOHTYp O¥itHaa uHrerpan kommiekc y3rapyBuunap Ha3apHsaCH acoCHii HaTHXacura
acocyianu®b, aitmpmuutap (Berer) Xakpmarn  Kowm TeopeMacH {pilamMina
HAKTAHAOA:

x(n) = #gﬁ 2" X (2)dz =

=2"X(z) mmnr C wavparn xamma KyT6napH aiiMpmanapu fiurusamicu (3.18)
ABBairu Mynoxasanapaa C, HH SNEMCHTAp TAINKHIT 3TYBUMNapra &ifHm
koopdmmentnin X (z) dymxuuamiur alimpmanapu ne6 atanamn ae6 aiTHG
¥Tanran Ba yRMAT KuAMATapHHH XHCOGNAII yCYIUIAPH KeTHPHITaH 371, Hlymm
3cab Ko KepaxkH, xap Grp aiinpma C, Ky16 p, 6mnam Gormmk. By yeynna sca
z"X(z) mmr p, xyr6narn aiinpmacu (X(z) dysKmmusHusr aliupmanapu amac)

KylHparu KypHEAmIAa Gepragn:

RES[F—(Z)' P}J = (1%1),';;",% [(Z - pk)F(Z)”z=pk . (3-19)

6ynna F(z)=z"X(z), m -6y p, nyxranaru kyr6 TapTvbn, Res[F(z), p,] - F(z)
HWHT' 2 = p, HyKTajiaru aiiupmac (ssrdetH). Onmmii (anoxuaa) Kyr6 yayu (3.19)
TEATIaMa KYHHAATH KYPUHUILIHK OIafM:

Res[F(2),p] = (z - pp)F(2) = (z — pi)z"'X (D) z=p;.-

32.4. Z-reckapu armmamTapam YCY/LTADHHH TAKKOCIALT
Kypu6 unxmnran 2-TeCKapH anIMalITHPHUUIADHHU XHCOONaw ycyatapiun
TakKocnaHvm3. Jlapaxanu katopra Gimm YCYJIHHHHI KaMUWINMH  LIYHAQH
nBopatku, Gy ycyn amamiix KYpHBEHIZArY eanMAn GepMaiimyn (Gawaan ozymwit

X01apna yRW aHUKNAll MyMKHH), aMMo y comaa 6ym6 KOMIMbIOTEp EpaamMmna
xucobnampaa Qoiinamammm Mymkun. Ammo y Tabuatam pekypcuB xapaxTepra
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STAMFH YdYH 2-Teckapl ANMALITHPHIIRKHC OepuiiraH HyKTalapH kyn 6ynaca
XaToNuK oG GopumIn MyMKHH.

DreMenTap Kacpnapra &Mm YCynH Ba BBMNETNAp YCYNH aHAMHTHK
KYPHHMILZA HATHXKA OfMIN  HMKOHMHH Gepann. By ycymnapHumr acocui
KAMUIUTHTH MaXpOX KyN XaTird KYNaiTKHaMEy &M Tanab STHIHLH, SLHH
X(z) dymawseunr KyrénapuHn TOMWm Tamal sTWnumM XucoGmanagu. Arap

X(z) dywxuus oxopH TapTH6n 6¥nca Ba Gynkuna Efnran maxnna Geprvaran
6yaca, y X013 YHHHr KyTGnapuHH KHAHDHIL €Tapiy Japakana KWIfHE Macana
xucobnanan.

3.3. Z-aaMaWTHPRIDHHHT X0CCATAPH

Kyii/ia CHFrHAJIapra pakasis HOLToB GepHiuga keHr doinananunagyuras z-
anMawTHpuwHKHr 6231 Goiiiann xoccanapuHi KHCKA4a KETHPaMK3.

1. Yusuxmomix. Arap x,(n) Ba x,(n) xemma-xemmxnap X,(z) sa X,(z)
WAKAHIArH Z-KYpURKLLTapra Jra 6ynca, y xonna z-XKyPHHHIUIADHUHT YH3HKIA
KOMOHHAUMACH Kyiinarinya ndofanaHaam:

axy(n) + bxy(n) - aX,(2) + bX,(2). ) (3.20)

2. Kewuxu éxu cunnciud. Arap x{n) KeTMa-KeTIHKHRHT z-Kypimmm X (2)
6¥nca, y XoAa m ANeMEHTTa KEIMKKAH KeTMA-KeTIHKHUHT Z-KyPHHHIH 277X (2)
Gymanu. By xoccanaH AMCKpeT BaKT TH3MMJIApH y3aTHill (GYHKUMACH Z HH BaKT

Gyiinua (papxIanyBuH TEHIIAMAra AiIaHTHPHILAR KEHT (doHgaranunann
x(n) — X(z).
x(n —m) - z7™X(2).

3. Ceepmxa (¥pam). Kupniu curHanu x(n) BA MUMNYJ/bC XapaKTePHCTHKACH
h(k) 6ynran AucKpeT BaKT TH3HMM Gepwirad Gynca, TH3HM YHKMLIIHAATH CHTHAN
KyHunarnua aHMKIaHaaH:

y(n) = Yo h(K)x(n = k). (G.21a)
Z-KypUHHIILIAp OPKAIH TH3UM KHPHII Ba IHKHIIH Kyitraarmaa Gornasran:
Y(2) = H(2)X(2). (3.216

6ynna X(z), H(z) sa Y(z) map Moc pasumma x(n), h(k) pa y(n) rerma-
xe'mmmapuﬁur z-xypunsumapy. Arap X(z) Ba H(z) Gepwirau 6ynca, y Xomua
y(n) HM Y(2) HMHr Teckapy Z-2IMAITHPHIUM OPKANH TOMHIN MYMKHH.
FOKopuaarnaan Kypunamuiy (3.214a) TenrnaManan cBeprka (Ypam) oIl xapadhy
Z-COXaAa KyNaiTHPHII aManura ainaHuG KonamH.
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. 4. Hupepenyuarnau. Arap X(z) opxamu x(n) KerMa-keTIMK z-
KypuHHIM  udonananca, y xonpa nx(n) HuHr zZ-KYpuHMNIMHM @ X(2Z) HM
A dupeperTmamant opxami Tomum Mymiam

x(n) = X(2).
nx(n) » —z 25, (3.22
Z-anManrTrpymmEMET Oy xoccacnnman X (z) rokopH TapTHETH KyTGNApra ra
Gynrauna, yumer TECKAPH Z-aMMAIITHPHIMAN XHcobnamyia doiinananunaju.

3.4. Macxper pakr THSHMJIZPHHHA KYT6 BA HOL1ap opKana Hpogaiam
Amanpa dolinanamanapran KYOruHa JHMCKPET BaKT TH3UMIApPH y4yH 2z-

ATMAITHPHLITH, SLHU THIWM y3aTHin pyHKUMACH H () HU YHUHT XYTOH Ba HOMH
OpKamH HpoNananr MymKHI. Mucon masomna, N ~TapTHONHM JHCKpET BaXT OmaMii

bwiETpy yayn Kyiunars Z-aIMAITHPHIUHM KYpuO wHkamms (N =M Gynrau
XOJIAT YUYH);
A’
H@z) =35 (3.23)
6 N(Z) = boZN + b,z"";.l + ..+ b.‘V‘

D(2) = apz® + @z + @z + L+ ay.
a,Ba b, — pwmtp KooddHUMenTIApH.

Arap H(z) ¢pynxmas z=p, P>, Py HYKTANApAa KyTONMapra sra 6ynica sa
2=2,,2y,-,Zy HYKT2NApZA HOMTa TeHr Oynca, y xomua H(z) dyuxumuann
KymaiiTManapra Ei{ynr Ba KyiHunary KypHHNINTA OIHG KeIHII MyMKWH:

K(z=2,(2=25)..{2~2y) .
D) = D aparteom (3.24

Oynna z, — i -yau BOWDb, p, — i-H4M KyT6 Ba K — Kyuairupu KoddpduumenTy. z-
ATMAIITHPHIMHMHT KyTONMapn ne6 z aunr dpyHxmms H(z) HM 9EKCHIMHKKA Tenr
6ynuura omu6 xemyB4dH KuiimaTnapura aitunamy. z HuHr H(z) HM Honra Tenr
Gy/MmmMAM TapMMHIOBYM KMiMaTIApN YHHAT Howlapu jeb atamamd. H(z)
bymxupsmyar KyT0 B2 HOMTAPH XAKMKHI EKH KOMILIEXC GYTHIUM MYMKHH. Arap
£yT6 Ba HO/LTAp KOMIEKC G¥ca, y xonna ynap GyHKIHAra KOMILIEKC MOCTaITag
Ky 6¥aué Kupanunap, 9yHru a, Ba b, koohpHUHEHTNAP XaKUKUit Gy mumm
kepak. (3.24) TeHTNaMANAH KypuHamMkW, arap H(z) ¢yEKIMARMET KyT6 Ba
HO/IADY XOIAUMIIM Mawtym Gynca, y xomma H(z) ¢yHKiMsHM Y3rapmac
KaTTanyk (KOHCTARTA)rada aHHKIHK Onnal Kalita THKTam MYMKHH.
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Z-KYpHHMUIIArH aXGOPOTHH KyTO Ba HOJLIADHUHT AMTPAMMACH KYPHHHIMAR
Taceupnaw Kynaii (3.1-pacm). Yiuby anarpammaia Kyr6napuuur ypru (*) 6unan
Genrwianran, Honb oca (0) 6unan Genrwnamrad. 3.1-pacMparu  MHconma
z=0.5+05i Ba z=075 HyKranapuaa KyrGnap xoiiawras, Honb 3ca z=-1
HYKTaja #oialiray.

. 10.75/Re(z)
N

3.1-pacM. z-aTMalITHPHILHK KyT6 (*) Ba Homwnap (0) auarpammack
KYpHHHIIMAA TACBHDRALLL

Kyt6 Ba HonnapHMHI AHArpaMMac AMCKPET BAKT TH3HMH XOCCANapHHH
om6 Gepaan. Mucom yuyw, Kyr6 Ba HOWNapHWHT oilnammunira xapab
TH3MMHHHI aMIUIMTY/Ia-4aCTOTA XapaKTEPUCTHKACKHH BA YHUHT KaHj(aH Japaxana
Gapkapopnuruuu 6wmd omnu Mymxus. bapkapop ThsMMiIap YYyH XamMa
KyT6nap, Gupauk yiuam (paauyc)ra ora foupa Wuuaa G6ymumm &ku GupaHK
ynuamau JOMpa HOMAAPUTa MoC 6YIHIUN MyMKHH.

K¥n xonnapna z-anMAIITHPHIUHK &Maran kypununa ndoaanam MyMKHH
aMac, ynu (3.24) Tenraamanaruiek Kyn Xamlap muobatn cnudatmna upomanam
mMymcnd. By xonmapna H(z) WM yHMHr HOMb Ba KyT0Aap Z-KypHHMUIMAA
ugonanaw yuyn, maxpax kynxammru D(z) sa cypar kynxamars N(z) wanr
AIM3IAPHHA TOMI Kepak 6yaamn.

ax® +bx +c KypuHMMAA GepunaguraH MXKKWHYHM TAPTHOMM KYTIXQmuMHT
WUmM3Inapu Kyiunaru gopMyna opKanr TOIHIaIH:

—bi{b?-4aci*?
2a ’ (

‘4

25)

N(z) Ba D(z) KYNXALIAPHUHr HACOATaH 10KOPH TapTHOMHM WIAH3NapHHH
Tonum Mypakkab macana XxucoGnamagu. Amanna 6y WIAM3NapHK TONHINJA
paxamii ycy;uapnas ¢oiianannnam éxu Hutoron éxn/xamaa Boiicroy (Baistow)
anrropuTMnapuian doiinananuinaan.

3.5. BapKapopJHKHH TAAKMKOT KHJIHIN
Kyn xomnapna MAMCKpeT BaxT TH3MMJIADHHH APaTHIAA  YIapPHHHT
GapxapopnuruHK  (YCTOHYMBOCTE) Taxmwl 3ITHII kxepak Gynamu. Tusumnap

GapKapopaHTHHHHT Qoiiany eTapiii ME3OHMHH KyHnIaruya TabpHGIaln MyMKHH:
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XaMMa KHPHIN CHTHA/UTAPHTA TH3WMHWET 4KC TABCHPH XaM YeKkIaHTan Gyminm
Kepak. By mapr KUUY (xupam wernam, HIHKMIO YEeKNIalll) mapTH Ae0 aTanai.
Onaraa KYYY isimu Gapxapop ne6 xapamanu ¢axat Kyliugarn Gapkapopimix
IapTH Gaxapuica:

Tisolh(k)| < o . (3.26)
Oymna h(k) - T HMITYJC XapaxTePHCTHKACH. MakTyMKH, arap HMIYLC
XBpAKTCPHCTHKACH HCKNAHraH (Y1ca 10KOpHia KeNTHpWIran waprT Gaxapunasy.
TYHKA MMITYNIBC XAPaKTEPHCTHKANAD KO3M(UIMEHTH Yexan KuitmaTra sra 6¥naam.
Miyspait  xwmb, 6GapkapopiMKEH  Taxamn  STvwmm ¢dakar uMmyasc
XApaxTCPHCTHKANAPY YCKCH3 IaBOMNN TH3HMIAPra HUCGATAH KY/LIal MyMKHH.

"HKAII CHTHANH CATXM YeKNAHTaH Gynmuum Y4yH, XamMMa KyTOnap Gupnuk
pampyciv JoMpa MumMaa GYIHMIM wapt. Arap Kyrénap Gupmux panuycii fomupa
Tamkapucuia 6ynca, TH3mM Gapkapop smac aeb xucobmanamn. AManna Kyrou
OupmHK fI0Hpa yeTHAA KoHNamran TH3MMIAp XaM Gapkapop GymMaran TH3uM j1e6
XHcOOnanpazy EKH NOoTeRIMAN HOGapKapop Ae6 xucoGnaHama, TyRKH KA KHIUK
KY3TaTyBIH Kyd &KW CESHNAPNH XaTONMK THIMMHH 6apkapop Gymmaran xonarra
om0 kenapy. Bynman Gupmc Konpazarn KyTG HOJIra MOC KeJITaH XO0NiaTAa YHHAr
TabCHpH OMp-GHpHHH xomnaiian (KoMmeHcaipsn xunanx). Bapkapop 6ynmarau
TH3HM HMITY;IbC XAPaKTEPUCTHKACH BAKITa GOFNHMK INAKIA HCKCH3 KATTANAILHG
Oopay.

Tasuvuuer Gaprapopmurimm HA30paT KWIMII XXY/a OCOH: Z-aMMAIUTHPHIL
KyrOnapu skoiinapuHM aEMKnam Kepax, arap Kaumaiaup xyrG GupIMK aompa
YCTATa TYFpHM Kejica $KH YHJAH TALIKApHAA 6¥nca TH3um Gapkapop smac neb
Xucobnanamm (daxat KyT6 xonarw GHprmk AOHpa yCTHAATH HOrA MOC KesTMaca).
AMarnza KyTonap XonaTiuu aHHIOTAI OCOH Macana 6¥mMacri MyMKHH.

Arap H(z) Tmnmm Z-KYPHHUIIMAN KYIXaanapra SHHII MyMKHH 6ynmmaca,
oAl TEKIMpHI ycymk 6y eTapmu comparn HMITYJTEC XapaKTePHCTHKANAPHAH
TONHIN B2 TECKApH Z-a/IMAIITHPHIIAK XHcOONal THKHO rpadUrHHH  IM3Hmzan
ubopar. Arap TH3MM HMIyABC XapaKTepHCTHKACH BAKT YrumiM GHNaH YeKkcus
katTananm6 Gopca &xu Te3na Houra MHTHIICA, y X042 TH3UM Oapkapop sMac Sxu
yna xaM iapaxana 6apkapop 6ynanu.

3.6. dapxirapum TeHTIAMACH
(dapriraRUUI TEHTNaMAaCH THCKPET BAKT THIMMHUHKHT KMPUIII MABITyMOTIapH
YCTHIAH KEpaKiM wiKAIl CHTHAMH Y9yA pean GakapaguTal aMaTwau
Tabpudnalign. Kymrmna amannéraa myxim Xonatnap GapxiaHHOI TeHTIaMacHAN
KyW#HAarn KYPRAWIINA E3UT MyMKHR:

y(n) = T oqx(n — k) - ¥ by(n — k). (3.27)
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Gynma x{(n) — KADHII CHTHATH KETMa-KeTAHIH SIeMeHTH, y(n) — THKMII CHTHATH
Kerma-Kermury anementh, y(n —k) — 6uTTa aBBAITH MKHMII CHIHANH, G, BA b, —
TH3MM KodpdHuHenTapy. (3.27) TEHrIaManaH KyPHHAIHKH, KOPHit y(n) xopuit
KHIMaTH KeTMa-KeTIHIMHMHE Wy OHJarH Ba OWTTa aBBAINH ICMEHTNApH Ba
Gurra assanri Yk curnanura y(n —k) nap opkanu onunany (aHMKIaHAIM). Z-
AMMATHPUIIHHET KEUMKHW XoccacuiiaH ¢oiaanannG, BaKT AMCKpET TH3HMH
y3atiin GyHKIMACH yuyH Kyiinaark GapkiaHuil TeHMIaMacHHH ONHII MyMKHH Ba
aKCHHYA!

a,x(n) « a, X (2).
agx( — k) & agz "*X(2).

Illyunait xum6 (3.27) TeHrnamanM Kyjinnark Kxypuauuyia Hdopanaw
MYMKHH:

Y (2) = ZN_o iz ¥X(2) — Tio iz ¥V (2). (3.28)

(3.28) noonanu copnanamtuput z-KuitmMaTIapH MaKMYacH yHYH AMCKPET
TH3nM y3atn dyuxuwacn H(z) Huur ndonacunu onamns -

Z;‘:n akz-k

1453 ez

Arap maxpax b, HUHI XaMMa KMHMATJIapH HOIra TEHr 6ynca, y xomnma
(3.27) Ba (3.28) Tenrnamaiap Kylnaarn KypHHHLUIADHH ONlaaniIap:

y@) = I _oapx(n — k).

H(z) = % =¥ oapz7r. (3.30)

DHAH YHKHLI CHCHATTH y(n) KMpULI KETMA-KETJIMrHHUHI (aKar Wy oHaaru

Ba aBBAArH >neMeHTnapura Gorauk Gynaam Ba (3.27) Tenrnamaza ubonanawran
UMKMOI CHTHANHM aBBAITM KMiiMaTura Gormk Gyamaim. Ymby xonatma a,
KO3OUIMEHT THIHM UMITYIIBC XapaxtepucTkach 67mi6, onataa h(k) cuveom
opkamM  Oenrunanazgd. By Typ  TH3WMIADHH  HCKIAHTaH  HMITYIBC
XapaKTEpHCTUKAIH TH3WMIAD A0  aTanamd, HyHKH hlk) xerma-keTHMK
AaBoMuiiiurv anbatra yeitanran 6ynanu. (3.27) a (3.29) Tenrnamanap OpKajiH
#honANAHANMIAH THIMMIAP YIYH YHHHT MaxpajJIapHIaH KamMuzaa 6HTTacH HONTa
TeHr Gymmaiian, Gynaail TH3UMIAP YEKCH3 HMIYJILC XapAKTEPUCTHKAIH THIUMITEP
Ae6 aranann. VIMmynbc XapaKTepHCTHKACH YEKCH3 TH3KMIIapAa KytOnappan
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KaMHna GATTacH HonTa TeAT GYNMMaiimH, HMITYIhC XapaKTepHCTHKACH YCKJIAHTaH
TH3HMJIApHANT 3ca OAATAA KyTOnapH GymMaiim.

3.7. AMOyIbLC XAPAKTEPHCTHRKACHHY 6ax0J1ain

Juckper BakT  TM3MMIADMEM NORHXAnAA Kyn XojLIapfa yNapHUur
MMIYJILC XapaKTCPUCTHKANAPHHH XHcoGHauma sxruéx Tyrwiagu. Mncon YUyH
TH3HMHHM  nofiMxanamia yHH aManrad OLMPHIN Y4YH WYEKNAHTAH HMITYAbC
X3paKTCPHCTHKACHHH  Gwman  xepak  OYymagM  Ba  uekcHs HMITYIThC
XapaKkTepHCTHKATH TH3WMHH JOWHXANAIAA 3C2 YHHHT OapKAPOPNMMIHHY TaXAMA
THII yayR kepak. HIyRHATek TH3MM YaCTOTa XapaKTepHCTHKACHHH GaxoNamia
XaM MMITYHC XapaKTepHCTHKACHaH Boiianalmm MyMKHH.

JWICKpeT BaKT THIMMM MMIYNLC XAPAKTEPHCTHKACHAH YAWMET HMITYNhC
XapaKTepHCTHKaCH H(z) ra TeckapH z-aTMANITHpHIIHM aManra OLIMPHII
HATIDKACHNA AHMKNAI MYMKHH:

h(k) = Z7[H(2)}, k=0.1,..
Arap H(z) Bubr z-anManrtupummey napaxanu KaTopra Ssica, spHH
H(z) =32  h(n)z™™ = h(0) + h(1)z"! + h(2)z72 + ... (3.31)

O¥cay xompa Z-aIMANITHPHI  Ko3(bMmeRTnapy Tyrpunan-tyrpu  H(z)
HMITYIEC X2paKTePHCTHKACUTA TEHT Oymamm.

MIbC XAPAKTEPHCTMKAHM MIMCKPET BAKT TH3uMuHuur u(n) Gupnux
CaKpanmvMHr n=0 Gysramna Gupra TeHr 6ymuum Ba n HUEr Gomma Xamma
KHHMAT/APH YIYH HOMIA TeHT GTan THIHM aKe TabCHPH 160 Kapatliy MyMKHH.
ByHnafi kapaw arap Tuamv ki crrmam x(n) mn Gupm cakpam mmymcn
u(n) Ta Temr, mum x(n)=u(n) Gymamma Tmm wnem chrmamm THamM
Xapaxrepuctixacy h(n) ra renr 6ynummnuu aurnaTunm Guman Y3uuu oxnaitay

Yn) = X2 o hk)x(n ~ k) = T2 o h(K)uln — k) =
h(O)n(n) + h(Duln - 1) + h2u(n — 2) + ... = h(n), n = 0.1,..(3.32)

By hln) xacobnanummr ama Gup renr xyamt ycymmm Gepazy (avamza aca,
Z-UIMAIITHPHILIHMHKT THA 61p yeymmm onaMmu3).

Hasopam casonnapu

1. Baxm duckpem musuny Oezanda Humanu mywynacus?

2. Yuzuxnu éa nowusuxmu 8axm 6yituua uneapuanm muzumaap 6up-Gupudan
Kandail papxranadu?
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3. Tyspu ea mecxapu z-anmauumupuid XaKuoa yMyMmui myuyHmupuu

bepune.

4. Z-ammaumupeuda Ooapavicanu Kamopea Sthnu ycynu Xaxuda mywynua
Gepunz.

5. Z-anmawmupmuda 3iemenmap Kacp Cownap Kamopuza s ycyau
Yaxuda myuiynua Gepunz. .

6. Z-awawmupuwda vexnaw (aiiupuus) ycymuoan gotidananuw xaxuda
nywynaa oepure.

7. Z-auMaumupuuHuKZ acocuii Xoccanapurl aitmure.
8. [uckpem eaxm musumadpunu Kymb eéa noanap opKami mavpupnaw

dezanda numanu mywymacus?
9. dapxranuwe men21amMarapuoaH duckpem munuAIapoa Kuma Maxcadda

doidanamunacu?

10. Qapxrarmau  menzramacuny  €sunz ea yrOazu ughodanapa mavpud
bepunz. -

11. HMnynec XapaKmepucmuxacy RuManu anzramaou?
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4. KOPPE/ILINA BA YPAM

Koppensmmus TymryswacH curmannapra smnnos Gepumaa Myxum  YpHH
Tyragd. By MareMaTtMKk anmapaTAaH Ky#HMAars MacanajiapHd  eyuwaa
¢oiinanarnunazn. Macanas, KOMILIOTEp OPKATH KYpHIl EKM Macodanan ep cywsHii
AYNNOWM OpPKANH SOHAjAla TYPIM TACBUPAApHM TaKKOCHALAZ, panap &ku
THAPOAKyCTUKA KypAIManapuia Macodany yi4all Ba CUCHAN HyplaTHiu MaHGau
HKOILNalraH XOHHA aHUKnaILaa (NeleHrauusaaa), ThHH Y3aTHNaauran Ba Kabyn
KHIMHTaH CHFHATAPHH TakKocaana ¢oiaananum MyMIGH.

Koppensips GHp xapabHHUHT HKKMHYH GHp xapatHra GOFNTHK 3MacaMruHu
€xH ynapHuEr OMp-OMpHra YXIWMAULMTHHH AHHKJIAIl HMMKOHMATHHH OGepaam.
Koppensups, mynunraex ypav onmur sxapadauHUHT GUp KUCMH XucoGnanazay, 6y
HKKH MahlyMOT/ap KE€TMa-KeTIMIHHHHT KOPPEALHACHHN XHcobnawna ynaprax
GUPHHMHT KeTMa-KET/IMIMHM BaKT G¥iinua Mypxaat KwiHHamu. By koppensius sa
CBEPTKaHH XxHcobnawaa sroHa anropuT™iaH (OWAATAHMIL MYMKHHIHIMHY
aATaTaIN.

4.1. Koppensnusa ¢pyHxumncn Xaknaa ymymuii TymyHuanap

Arap Mxxu cursan Gup-Gupura yxwaw 6ynu6, 6up HyKTanau Gowkaciura
yTraHna YRMHT KOPpeNAUMACH MHKIOPHHM ymOy HKKM XydhT Hyxranapmarn
Kynaitmanap AWFHHIMCH OpKamM XucoGrawr mymxws. FOxopmna xearupunran
¢vxp arap uxiu Gup-Gupyra Gormur 6Ymvaran, Taconudmii MARTYMOTIAp KeTMA-
KCTIHrHHA KypwO wmumna mmcGaran acocm Gynamn. By xonma 6up xydr
HyKTalap KyMaiTMACHHHHT HMFMHINCH HEKCH3 KHUMK Tacomudmii coura
HHTHIAH. By MycGar Ba man(uii connap GHp XHT 3XTHMOLIMK GunaH naiino
6ynHmM, HaTWRama XynaiTManapHUHr Xy(QTIMKIapH HAFHHANCH T
ROINAHIH (KoMmeHcaumsmaiinn), iykxka umkapamm. [y Gwian Gupra inrunam
KHiMaTH 9eKNH, SBHH Homra Tewr Gynmaca, 6y yhap opachfia Koppensips
Gopmurvnn  Gwunupann. Manduit  xoppensums  (Maudwit  FiMFHHIM) Gup
Y3rapyBUMHMHI KATTANALMIIY HKKMHYHCHHMHI KMUMKIAWHMWN OWiIan GOFMMK.
Ilynnait KummG, xku MabIymotiap N Ta 3/IEMEHTIAp KeTMA-KETIHUry X, (») Ba

X, (n) JIAPHUHT ¥33PO KOPPEJALMACH 7,, HY KyUHAATH KYPUHHILAA E3UII MyMKHH:
Nz = TN dx, (n)xz (1),
Vaapo xoppensuwamy 6y ycynna aHMKIAU HATIKACH ONMHIAH HyKranap

conira GormK, By GOFMHMKMMKRM iyKoTHIN YYyH r;, HH OSMHTAH HYKTaNnap coHm

N ra 6ymuan. By aManuu kynaitrvanap HHFAWIHCHHHHT YpTaua KuiiMaTHHH
aBMKIam 66 xapam MyMKuH

Tip = %E’#Z& x1()xz (n). (4.1)
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Bapsit Xomapha IOKOpHAA KENTHpWITaH —yCyl Orman aHﬂKJlgm'aH
KOPpeJISIHA KHAMATH HKKH KETMa-KeT.THK XaKHKaTAa 6np-6upara 100% G¥iran
X012 HONTA TeHT Gymum Mymknn. By mxxn cursan 6ap-6upH GHuaH ¢azacu
Giwian (apkiauraHna, MHCON YHyH CHHYC Ba KOCHHYC (PyHKImAmap opacuiard
§3apo Koppelsily, XHCOGNAI HATIDKACHAA HOJTA TEHT, aMMO yrap Gup-Gupuiad
n/2 ra apxnavany. ®azanapu dapkraHyBuH HMIYACIAp KETMA-KECTIMIH 4.1-
pacM) KOPPCIAIMACHHH Xucobnail HATHXACH KCHMKMII HOura Tewr 6ymranpa
HOMYA TEHT.

x1(n)
3

]

n

1‘ x(n)

—_—

n
4.1-pacm. Pazacu dapknanysan 100% kxoppenaunanaiTan CHTHANIAP
KCUMKHII HOJITa TCHT OYIIraRfa KOppeamiig HOJTa TeHT.

‘ 4.1-pacM/ia XeNTHpHIraH Xap Oup mMOynbcnap xypTiMRIapH YIyH
Koppenslus QyHKUMACH HONTA TEHT, JEMaK HATIDKABHH KOppesmA dymxamsicu
XaM Hoira TeHr, YyHKH X, Ba X, jlapAiaH GMpM XaMMa BaKT HOAra TEHr. AMMO

CHTRAUTap GMp-GUpn GMMaR Kywm koppensmara (Gormikmmkka) sra. by mxxn
CHTHANTapAaH OWDHHM: X, HH KAHAAHIVWp J3TWIOH CHTHAN, X, HA 3Ca TH3HM
YMKHIUMAATH KEMHUKKAH CHTHAT 1e6 Kapam MyMkuH. Koppensims (yHKUHACHEH

aHMKNAl y9yH ynapaaH OupuHu Bakr GyiMaa cypum (KedMKTHpHIN) Kepak
6ynamn. Oparia, KOPPeNAUMAHH XucoGnaml ydyH X, d9all TOMOHIa CypHIAnM.

Byrm 4.2-pacMpa Kypcamwmanaex, x,(n) mm x,(n+ j) ra amvanrrapanran neb
TacaBByp 3T MyMKuH (GyEAa j — X, HM KCUMKTMPHII KHIAMATH SKH HMITYJHLCHH
j Ta TeHr CORNH MHCKDET BAKITA CHDKHTHIN GWiaH TeHT Kyara ara). YMyma®
ONraHfa X, HH YHI TOMOHIa CWDKMTHII X, HM YHIr TOMOHIa CHIDKMTMII GinaH

TeHr Kywms. HaTikaga ¥3apo KOPPeIAIMAHM aHHKJIAm  yIyH KyHupard
(opMynann ofTaMH3:

ra(f) = SENE xy(mixa(n + ) = 1a(—j) = TG 12 (s (1 = ). (42)

AMaiJa MKKM CHTHAN OpacMia Koppensauua Gynca, Kym Xxownapaa yaap
opacuaary (azapuii GOFTHRIMK HOMabayM Gynazy, DIyHMHr y9yH KOPCIALHANH
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CHIDKHIN (KeMKHMII)HMHT 6Mp Heua KMIMATIAPH YYyH aHMKIAll Ba YJapiaH JHr
KaTTACHEH KOPPeNlHa XaKHKhii KHitMaTi ned xucobnau xepax.

x(n) A Xy = ".+j Xy =N
‘_']_’ n
4.2-pacM. x, CHrHanTa HUCOaTaH j OPAIMK BAKITA CHDKHTIINAH
x,=x+j.

Pyupan  rtammapu  koppenAumst  OYHKUMACHHM  Y3IYKCH3  BaKT
JaBOMHAMMIMJIA XaM aHMKNAM MYMKMH. Y3IYKCH3 CHMrHaniap KOppessums
(ysxouacHEn annknanyia aHANOr CHIHALIAP KOPPENATOpAapH YWy airopHTM
acocuaa wmuaiimp. Bakr yamykcus Oynrampa n—?¢ ra Ba T nra
amvaIITHpPUNANU

. 7/2 e -
112(8) = limg_ o2 7/ PENGEA RT3 (4.3)

lily Gunan 6wpra, arap x,(r) Ba x,{t) aap Takpopnamum naspu T ra Tenr
6yuica, y xonna (4.3) hopmyna nucbaran copnanananm

(1) = ,.iof;-ﬁg x(O)xy(t + 1)dt. (4.4)

i\rag MABIIYMOTIIAp CHIHANTK YEKJIAHIaR JHEpruAra asra 6yica, MUCON yuyH
AaBpud Oyimaran MMImyLCCHMOH curHannap, y xomga T BakT G¥itnua Ypraua
KMHMaTHH anuknam T — o0 ja Gaxapunmaitan, uynxkn 6y xonna 1/7 wonra
maTunam (1/7 - 0) Ba r,(t) xam momra WHTWIYBUM KMuMK KuiiMatra sra

6ynamr. By xonga xyimparu dopmynanan goiinananmnanm:

ra(r) = [ (Ot + 7). (4.5)
AMaMMETAA HEKIAHTAH JABOMMItNMKKA Jra OYraH CHIHALIAPrA WMHLIOB

Gepriazmy, IyHHAT yuyH (4.2) &xm (4.6) opmynatapaan ofinananmnam
na(r) = if:xl(,t)xz(t + 7)dt. (4.6)

x(n)=x,(n) 6ynram xycycuir xon, curmamHMHr Y3uHW Y3u  Gunan
KOPPEenAUMACHHM aHHKNAliMm3. By apatu aBrokoppensius (YHKUMACHHM



aAMKnam  xapaéud ne6 aramamy. CHrHan  aBTOKOpPENIAIMA dysxamacH
KyHHari4a anmxnanaiH '

() = 3 ENZ8 xa(mxa(n + ),
Astoxoppentsua pyHKIuACH GHTTa XKYna doiiaarn xoccara sra, FbEH

1 on-
111(0) = ‘;Z‘;L& x¥(n) = S.

G6yHaa S — CHFHal1 HOpMALTAIITHPWIraH 3Heprmsicy. Hamoxana cursan
SHEPrHACHHM aHMKAAII YCYNHHH ONaMu3. Arap CHrHan TH3MMFa OK LIOBKHH —
Taycc IMOBKMHM KYPHHHULIMAA TAHCHP TCA, YHHHT aBTOKOppENSImsA (yHKIMACH
=0 GyiraHza Y3UHHHT OHT KATTa KMitMaTHTA ora Oymagm Ba j#0 Gymnum
6nnan yHURT aBrokoppensuma Gymamscn j=0 par KuiiMaTHAaH Tacomudpi
y3rapyByaH KHYMK KHiiMaTraya Knduxaaman (4.3-pacM).

r11(j)

4.3-pacM. Taconn¢Hii CHrHan aBTOKOppeNALHA GYHKIHACH.

4.2, Ypamuunr raspudgu

Vpam TH3MM WHMKMII CHTBANM YIMET XupHIl curpamM Omiam  ¥3apo
TabCHPIAHNLIH OpPKANH aHHKIAHMIHHY ubomanaiimi. OsiaTaa, TH3HM THKHII
CHTHAH KMPHIN CHIHAMINAT KeTDMKKAH, Cycaiiran (aMIlmTyAacH KITTHRIAIITAH)
éxu KydaliTupunrad xypumumna Oymaam. Tusum OMOIMAA HMMIYNBC KHPHII
CHTHANH TABLCHPU HATIDKACHAZ XOCWI Gyiran curman Bakr Gyimua ysrapysdan

616, MabayM OHp BaKTAa Y3MHMHI MAKCHMAN KuiiMarura sra 6ynamu (4.4-
pacm).

4.4-pacMnaH KypHHamMkH, yHra n=0 BarTAa TabCHp 3Trad GMpIHK
MMIIYITEC TABCHPHAA TMKANIHAAIY CHIHAIZIAH OJIMHTAH OHHH KHitMatiap h(m) ra
Terr Gynaan. By KaTTAITHK TH3HMHMHT HMIYNbC XapaKTEpPHCTHRACH EKM YHHHI
HMITYJTbCTA AKC TARCHPH Ael aTainam.

TusuM xMpummra m BakKTiapaa x(m) uMOymLCTAp KeTMA-KETIHIHHH
Geprmumpaary xapaginapHi KYpub umMxami3. YMKHII CHMrHAIM BAKT HOIMA TCHT
6ymrauna y(0) ra Tenr 6¥maau, ury 6unas Gupra
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¥(0) = h(0)x(0).

Kipyanx (1)
1
] 1 1 [ * + ] ]
m=01 234567587
| RN
1 [ []
Yoounh(m)} ¢ i :
PTE0] T D S U S T PPN
a1 ; O T R )
b(l)-“, : HiA VA T [ Y71
a(0) - In(7)

m=0 1 2 3 4 56 7 8 ¢
4.4-pacm. KnpHiI mMmysLCH Ba TH3UMHWHT YHTZ MOC MMITYJThC
XaPaKTEPHCTHKACH.

Auckper Bakr m=1 6Ynranpa umkum curnann mycGar h(1)x(0) ra tenr
(xupuna x(1) 6yrranma woouuma h(0)x(1), 6y m=0 na Gepuran cursamuuur
KEIUKKAH TABCHPH), HATIKAAa

y(1) = h(1)x(0) + h(0)x(1).
Hlynpaii KW, KEJITYCH YHKHTI CHTHAILIAPH KyHHAArn4a E3naanm:

¥(2) = h(2)x(0) + h(1)x(1) + h(0)x(2).
¥(3) = h(3)x(0) + h(2)x(1) + h(1)x(2) + h(0)x(3).

Y() = h(n)x(0) + h(n — D)x(1) + -+ h(0)x(n). @7

Arap TH3HM THIMKAH GJIIca SHKHII CHTHATHHH ABBAITH KHPHII CHTHAILTAPH
TabCUPHHRET YBUKIH HHFMHINCH OPKANH aHHKJIA MYMKHH. BHpHHYM TapTuénn
MSHIOTH TA3HM KW CHTEATH (4.7) TeRriama opkany udoaanaHam.

Kexrnpunran ndonanapun ypramwm narmxacuaa TMKHMII CHTHATH KMpHII
CHTHATA RETMA-KET/IATHHH TH3HM KWMITYJIBC XAPAKTEPHCTUKACHHHHT BaKT Gyiiuua

MYyPOXaaTH HYRTaNapHJark KMAMaTHIa KYNAHTHPHIL OPKATH OTMAHIIN XaKMIArH
Xynocara kenasis. (4.7) TewrnuwuM Kyidmgard KyPHHAUAA Xam udopanaw
MYMKHH:

y() = h(0)x(m) + h(1)x(n — 1) + -+ h(n)x(0). (4.8)



Jlemak, YMKHIOI CMTHATHHH TH3MM HMIYARC XapakTepHCTHKACH Kyt
HyKTanapyiard KUHMATIADHIBON KHPHII CHIHANH KeTMa-KETHHIHHWET BaKT
OyiiMua MypoxaaT KHNQMMTaH KHHMATAapH KynmadTMacH WAKIHAa aHHKIamt
MYMKHH.

Hevak, ypam jiuruHmucd GMp xeTMa-KeTIHK Ba BAKT OyiiMua Mypoxaar
KilauraH GOIIKA KETMa-KCTIHKIAp Opacuia y3apo KOppenanua (yHKIHACHIa
MOC KCaan.

(4.7) Ba (4.8) Tenrnavanaphi Kyifuaars Mxdam KYpHHHHIAA XaM Hpoxanam

MYMKHH:

y(n) =32 _oh(n —m)x(m). (4.9
yn) =31 _oh(m)x(n —m). (4.10)

Vmby ¢yHKiupMa KUpHMII CHTHAJUIADHHMHI HMILYJIBC XAapaKITCPHCTHKACH
6unan ypamu MnFMHIMCH ne0 aTanagy Ba YHKHIL CHIHANH KHPHIN CHTHANHHMHN
TH3HM HMITYNBC XapaKTePHCTHKACH OHITAH YPany OPKANH GHHKTAHAIH.

(4.9) Ba (4.10) TeHrnaManapHH YeKCH3 NaBOMHINM CHrHALIAp Y4YH XaM
Kynana YA Kyiuaara KypHHHIIAA E3aMH3:

y(n) =22 x(m)h(n —m) = x(n) ® h(n). | (@.11)
y(n) = Eﬁ=_mh(riz)x(n —m) = h(n) ® x(n). “.12)

Kenrupunran tesrnamanapaa “ * (OUIrucH ypam aManany aHrnaTaam.

Arap KHMpHLI CHTHANH Y3MyKCH3 MMIYIhCIAp KeTMa-KeTIMruaas uGopar
6ynca, y xonaa I10KOpHAA XEITHPWITAH TEHIIaManapiard HUFHIN aMaIMEH
HHTCrpaiall amMany GIilal aMranrrapuin MyMkud. By xomaa (4.11) TeHrnamanu
KyiiHaaru Wwaxara KeTHpHIL MyMKHH:

@) J2 x(DA(t —N)dA. 4.13)

(4.13) — ypam uaTerpanu neb aranaau.

VpaM geramma ysmu 6M3 Top MabHOAA TH3MM  MMIOYIEC
XAPAKTEPUCTHKACHHMHI KMPHMII CHrHANM OWIaH YpaMuHM TyHIyHaMH3. YMyMaH
oirania Ypam TyUIyHYacCHHM Xap Kaujal MKKH MAWTYMOT/IAp TYTUIaMUra KyJmau
Ba Oy aTamMaHM HHCOATAH KEeHT MabHOZA Kynnaml MyMKHH.

(4.11)-(4.13) TenrnaManapian KYpPHHAXHKH YpaMHM OO aMank BAKT
dymamacn — saxkr 6yiivga Ypav ONMINAM aHTNaTamM. MaBioymKd, TacroTanap
ODKATH THSUMEMAT f dYacrotachiarn wikim curamn  Y(f) Kyiparmda

AHHKIIaHaau:

Y(f) = H)X). (4.14)
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6yena H(f) — TM3MMHHHT f 9acToTajar 4actoTa Xapaktepuctikack, X(f) -
xupun curnamy x(1) uusr ®ypve Kypummmy. Bynnan tawkapu H(f) tusum
4acTOTa XapaKTepHCTHKaCH h(t) HHHT (Dypbe KYPHHMIIM SKAHTHTHHM XaM

Tacuxnam MyMxHH. (4.14) TenrnamaBMHT Xap WKKH KucMHra dypbe TeckapH
AIMATUPHINMHY KYTU1a0 KyiinaaruHy onamms:

FTHY(N] = y(®) = FHHX()) - (4.15

(4.13) Ba (4.15) Tewrnamanapun GHpranmxaa Taxawn oth6 (4.16) TeHrnamaHH
ONIaMH3

y(t) = [ x(Di(e — A)dA = x(t) @ h(t) = FHH(FIX()]. (4.16)

Ulynpait kunnG, ukxu cursanHuar Bakr Gyiiuua Ypamu (cBeprkacu) ymby
cargan ®ypse KypHHUILIapura Dyphe TeCKapH ATMALITHPUIIHHK KyJUIalira MOC
kenams. Ywly XxymocaHn uckaua “akr 6¥iiMua ypam onmm yactora Gyiimua
KynaiTHpHINTra Teur (MOc) Kenaau” aeitunamy.

Kesrupunran tabcupuuur ana 6up yura moc HKkMHumcH XaM Gop, sbHH
Hacrora G¥iivaa Ypam Bakr Gyiinua KymaiTHpHIIra TeHr (MOC) KJIaaH. Ulyvpnait
KO Kyitnaaru ndozanm onamus:

Y(@) = =% X(w—wH)du = X(f) @ H(f) = Flx(h(D)]. (4.17)

Wlynpait xpnn6, wckM  Baxr KeTMa-KeTHHIUIapH  Dyphe  KYPHHHIIH
KYNIaHTMACH HKKH KeTMa-KeTIMK Pyphbe KYPHHHUIIH {paMura MOC KenaH.

4.3. Ypamnnnr xoccanapn
1. KomMyTaTHRIMK KOHYHY
x1(t) @ x2(t) = x2(t) @ x,(2). (4.18)
Olysu Tasxunativusicn (4.18) udona Kyiinaaru udona 6unaH Tenr xyura
m Lot1@ xa(t —1)dt = [ x,(1) x, (¢ — Ddr.
2. TucTpsOYTHRIIMK ROHYHH
- x1(£) @ [x2() + x3()] = x, () ® x,(t) + X, (1) @ x3(t).  (4.19)
3. ACCOUMATHBITHK XOHYHH

x1(t) @ [x2(t) ® x3(t)]=[x1(t) © x2(t)] ® x3(t). 4.20)
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4.4. TuaAM.1apHNA UReATRGAKANAAIA

(4.12) TeHrIaMaja THU3HM KHDHIU CHTHATH x(n) Ba uMxum curnamn y(n)
opacugard OOFMMKAMK Xenrupwirad. Maentnpuxaims aramMacH TH3HMHHHT
MMIYNbC Xapakrepuctikack A(n) Hu aHuKnaumy awrnataad. TH3MM KHPHUIMTE
x(n) cinoB cursamnun GepuG, unkiw curHamu y(n) Ba HMIYJILC XapAKTEPHCTHKA
h(n) HH KyiiMnaru KerMa-KeTIHK/a aHnKnal MyMxHe: (4.8) TeHrIamaaan IHKHII
CHTHATHHH aHHK1aiIMH3

y(n) = h(0)x(n) + h(1)x(n = 1) + -+ h(n)x(0).
n=0 6yaranaa 3(0)=h(0)x(0) 6ynanu, wynwnr yuyn

1(0) =3 (4.21)

Auan (4.10) tenrnamanax doiirananud, KyHHAarHH! ONIaMH3

y(n) = h(x(0) + 5 Lh(mdx(n—m). n 2 1, (4.22.

6ynaan
— ¥n)- Tk ai{m)x(n-m) . : s
h(n) prr . nz1, x(0) # 0. (4.23;

4.5, YpaMAHAT MypoRaaTH

Arap TH3MM HMNYJLC XapaKTepHCTHKACH Ba YHKHIL CHIHAIH MabIyM 6ymca,
HOMAWITYyM KWPULI CHTHATMHM H3nall (xnaupui) ydyH ypam MypoXaaTuiaH
(oitnananunaam. ypaMHH MYpOXaarra AHNAHTHPHIIHY TH3HMHH
dpenTHdHMKasUITaNa Golinatannnaguran sxkapaéHaa ¢oiinanann® GolKapuut
MyMKHH. (4.14) TenrnaManaH oiinanaHnG KyHHIarHHH ONaMH3:

y(n) = h(0)x(®) + Th_, h(m)x( —m) . 4.29)
Arap n=0 6ynca y(0)=H(0)x(0), wymmr yuyn

¥(0) ”
x(0) =35 (4.25)

(4.24) Tenrnamanan x(0) — KMpHII CHrHATHHM aHMKTAWl YYYH KyAMJaru
ndoaany onamms:

=R -
x(0) = y(n) Em=;:l°()m)x(n m) ) (4.26)
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4.6. YpaMunur “xypona” mypowmaatn

Tuzum HMITYJ[EC XAPaKTEPHCTHKACH HOMABIYM GYNIrania XHpHIL CHIHAIHHH
THEMIN CHIHAJIM OPKAIH AHMKIAM XapalHHHM Ypam KypoHa MypoxaaTH nel
aTana. Kyiiuna xelTHpHIaMras yoynaa KMPHII CHIHANMHY asukiam Benn sa
Cexai0BcKy MDITARMANAPHTE ACOCNANTAH,

YmSy ycyn Epnamuna Macanasy caHm xapadup 4.6-pacMsia TacCBHP/aHraH.

THIIM
——p £

>
x(n) S(n) = h(n) @ x(n)
a
all
-

¥  w(m e "
Sty u(n) = w(n) @ S(r) ¥ = glum) =
= glw(n) ® S(my]

-~

[]
4.6-pacM. VpammvAT KpoRa MypoxaaTH.

4.6a-pacmpa anmaunum Kepak G¥mran x(n) Gupnamuu curman mmymsc
Xxapaxrepucrugacy h(n) Gyran TH3UM OPKATH y3aTHIMIM HaTHXAcHAE YITHAHTAH
o cursam S(n) ommmamn. S(n) cwrman h(n) mm x(n) 6unan ypasm
(h(") ® x(M)uu udopanatims, mamvkama y x(n) mHr wewnman HycxacH
TabeHpHia kucMan Gyswiran 6ynamu. Macanana x(n) ra sxmm mapaxana Moc
(xmam) carman u(n) mm xucofmam Tama6 smmams. [emak 4.66-pacmma
Taceupnanraungex S(n) KMpMmI CHrHATMHH Ypaw Hamokacuna kepaxiH u(n)
THKAIN cHranmm GepyBm w(n) dUILTPHMM Tommm Tanab srwnamu. Bympmaii
GwiTp  cupatmma 4.7-pacMaa  TaceHpnamram  TpamcBepcan  (GHIKTPAAH
donanammm mymmm.

S-{&—-2)) sm-(L-1)

B e S Gl e

;v(l.) wil-1) ! w(2) w(l)
A * A 4 A

T =wll)S(n) + w(l — 1)s(n— 1) + -+ w(2)S(n — (L - 2)} + w()S(n— (L — 1))

—su@m) = T wm)Sn - m)
4.7-pacM. Kypona ypav yayn w{n) tpancsepcan GuisTp.

By ¢nwisTp THKHIN CHYRAMM KyiAaarura Tenr
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u(n) =i w(m)s (n—m),

6ynu6, ynu Basudacunyn Gaxapnm xobwinaTura ora 6ynran udopanyn Kyinnaru
MatpHua Kypuuuimaa uponanaimus

U=WF,
Oynna U = {u(0), u(1), ., u(M}".
w(l) 0 0 0
w{l—-1) w(Ll) - [\ 0
W=l w1) w@ - wl) - 0
6 s vee u](l) JN \V(‘L)

F ={5(0),5(),...,S(N)}, N — Baxr KaropHzari 31€MeHT/Iap COHH.

Macanauu euiii ydyH MHKAOp KO3(QuureHTIapHH ananTHs xucobnain
anroput™ugad  Qoiimananub axGoporHi MAKCHMAQLTAIITHPHII  NIPHHUBIHAAH
doinananmmn mMymxun. Hatwxaga u(n) HyKTajapH OpacHiary XuiiMarnapu
opacujarM CTATHCTHK OOFAHMKIMKHM KaMaiTHPHMII OPKUIM COlnaul aManHHH
Gaxapui xepax 6y1amm. Byaait énnammm 1(n) HY OKAPTHPHIN YCYTH cHATHAR
MabIyM, 4YYHKM OK IUOBKHH KETMA-KeTSINrHAA OJIHHTaH ONHif KHIMaT/IapH
craTHeTHK GOFIHNK 9Mac. By HaTinkara SpuLIMIN YHYH IOKOPH TapTHOIM CTATHCTHK
GoruKmkTapiy Gaprapad Kwiw kepak. Bymur yuyw u(n) Tusumra glu(n)]
HOYM3HKIU TA  QyHKUHACK OpKanys Oopiiand Ba YHWHT YHKHUIIMIATH
y(n)= glu(n)] axGopor maxcumamnaurrupunamy. Kosdduumuentnapru sHrunam

Kyinaars ¢opmynanap OpKann avanra OluHpHIaan:

Aw(L - j) « Zi‘{':,-(ﬁ;, - 2x(n)y(n)) (4.27)
Aw(L — j) x TN _(-2x(n - 1)y(n)). (4.28)

Xucobnam anropurmit Aw(L) na Aw(L— j) nap xuunk Gynarynrata gasom
strupunany. CYHrpa TONWITaH KEUMKHOI BA MabIYMOTJIAPHHHT HILIOB Gepum
YyUYyH TONMAraH MMKAOD Koa(uIHEHTNapHIaH doiinanainb, rernuin GuisTp
amanra omMpUnNaH.

Hazopaimn casonnapu
1. ABmokoppenayus 6a y3apo KOppeIAyus myulyRvanap HuManu anznamaou?
2. Vpam mywynuacudan Kandaii xonnapoa dhotidananunadu 6a yHuH2 KaHoai
acocuii xoccanapu 6op? ’

3. Tusum umnynbe xapaxmepucmuxacuza mawpugh Gepun2.
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4. Hoenmupuxayus MYywyHacy HUMany anznamady?
5. Tpauceepcan dunbmp deb Kandaii dunrempnapza atimuiadu?

. Tpmceepcan puremp yrmymnauzan cmpyxmypaeteil cxemMacunu HusuHz ea
Wunaw npunyununy aiimub Gepune.
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5. PAKAMJIY ®HJIbTPJAPHHA JOHAXAJIAII

Pakamiu GUABTP aTaMacH OPKAIH KMpHIL CHFHAH PaKamiTH CHrHan 6ynras
Ba YHUKHUI cUrHaM OOILKa paxaman CHrHAHA OJMILIHH TAbMHHIIOBYH MaTEMATHK
aNropHTMHH annapat &kH AacTypuil TabMHHOT OpKIM amanra OIIHDYBIH
KypHWiMa Tymynwiagd. Bynna pakamnn QuIbTPHMHC aMmuHMTy#a Ba ¢asa
xapakrepucrakacH Maxcyc waxnanTipuiarad Oynamn. Kyn Xomrapaa paxkamia
¢unbTpnapaan doiinanarim adsauMknapra sra, ymap aMmimMTyAa Ba asa
XapakTepHCTHKANapH KuiiMaTnapuns HucOaTaH aHMK TabMHEIA HMKOHHSTHHH
Gepaiu.

5.1. PakaM.TH QAL TPAAPHAAT TYPJIapH: HMITYJIEC XAPAKTEPHCTHKANIAPH
YeK/H BA HMINYJIbC XAPAKTEPHCTAKAIAPH YeKCH3 HRALTPAAP

Paxamsin GUALTPRap HKKH KaTTa Typra 6¥nusany:
- YeKCH3 MMITYNhC XapaKTepUcTHKanH GWILTPIAp;
- 4eK/IM HMAYJIbC XapPAKTEPHCTHKANH GHILTPAAP.
Xap MKkM Typ ¢winTpIapHH (CTAHAAPT KYPHHHILAA) YNAPHHHT HMITYIIbC
XapakTepucTHkanapu koadpdummentn h(k) (k=0,1,..) opramu S5.1-pacmpa

KeITHPWITAHAEK TACBHPJIANI MYMKHH.

x(n) (KHPHM KETMA-KCTIIHTH) h(k), k=0,1,.. y(n) (UHKHII KCTMA-KCTAHTH)
S —— (Cu% —
XapaKTepHCTHKA)

5.1-pacM. Pakamuin (rnbTpHH KOHUEITYAN TaCBHpAauL.

®unETP KHPHII BA YHKWLI CHTHAUIADH YpaM amami opxain Gup-Gupwra
6ornanran. Ymby Gormuxnvk (5.1) dopMyna opkanu HMITYJIEC XapaKTepHCTHKACH

gexcu3 GuIsTp Y4yH Ba (5.2) Gopmyna opratn MMITyJIbC XapaKTePHCTHRACH YEKIH
umLTpaAp YIYH KEATHPHINaH.

y() = I8 h(k)x(n —k). G
y(@) = I¥3 h()x — k). (5.2)

Ywby (5.1) Ba (5.2) Tenrnamanapgan DIyHM Xynoca KHIOHII MYMKHHKH,
HMIYJIbC XapaKTePUCTHKacH YEKCHU3 (hUnbTPIAPHHHT RMITYIILC
XapaKTCPHCTHKANAPH YEKCU3 NABOMMIINKKA 9ra Ba HMITYNILC XApAKTCPUCTHKACH
4eKnH (GWILTPAAp YYYH WMIYJILC XapaKTepHCTHKACH JABOMHIANIMIH YEKNAHraH,
YYHKH  MMIOYALC  XapaKTepUCTHKACH  4YeKnaHraH QLT  HMITymsC
xapakrepucruxacy (k) axat N Ta xuiiarau RaGy] KHIagH. AMania HMITyIbC
XapakTepHcTHKacH uekcu3 ¢uaeTp umxun cursanuuu  (5.1) Tedrnamanaun
(oiimanann6é xmcobnam MYMKHH 3Mac, YYHKH akC TabCHD HMNYIsC
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XapaKTEPHCTHRACH XyAa KATTa MHKIOPA2 NABOMITH (Hasapuii HyKTad Hazapaal
HeKcH3 KatTa). Llymimr y9yn HMITyabC XapaKTepHCTHKACH 9eKCH3 (QIILTP YIyH
*(5.1) Tenrnamanu pexypeuB wawia Kyinaarnaa nponanaimms:

y@) =T ghk)x(n— k) = TN _obpx(n — k) = T8 apy(n — k).(5.3)

Oynma a, Ba b, ~ ¢punsTp koadpdbuumentnapu. Ulynaaii xnan6 (5.2) Ba (5.3)
TCHIlamManap WMNYIBC  XapakTePHCTAKAacH  YeKIaHTaH Ba  HMMIYJBC
XapaKkTEpHCTHKACH YeKianMaran GWibTpiapHWHr (apkimi  TeHTaManapH
xXucobnanamm. Ymby TeHrIaManapiaH paxamid GWILTPAApHH JoHHXaNal GHian
Gornux MacananapHu eyMuia keur Qoiiaanamunany.

(5.3) TeHrnamMaga THM3MM HHKMIN CHIHATMHHHT pean BaKTAANM OHMii
Kuiimatnapu y(n) yupau onmMHry wmkmm bymapanapy 6¥1H0, XO3Mp YHHMHT
KHDHIINTA TabCHP 3Ta¢TTaH Ba OyHAaH aBBAITH TABCHD TTaH KMPHII CHTHAIUIADH
OHMA  KMHMATNIapHEMHT  XaM  ¢yHKUMACH  Xucobnawagn.  MMmynnc
XapaKTEPHCTHKACH YeKcH3 GHABTp — 6y TeckapH GormaHMIUTH TH3MM. UMMynse
Xaj HCTHKACH YEKIM (GUALTPIAPHHWAT YHKHIN CHTHATH OHHMi KHHMaTmapi
y(n) apBan TavcHp 31Tan Ba X03HPAR TaLCHP 3TaéTran KHPHII CHITIAH KHiiMaTHra
Gornux. Arap (5.3) TeHraMaHHHT XaMMa b, kos(@pHUUMEHTNApHHH HONra TeHr

KW oirca, Y Xonaa (5.2) TesrnaMa xeimb IHKanm.

(5.4) TeHrnamanapna MMNYALC XAPAKTEPUCTMXACH 4YEKCH3 BAa YCKIM
bunsTpnap ynapHuur y3atim Gpysxumanapu opkanu ndoaanauras 6ynu6, Gysaaii
KYPHHMINAA TAIKMH JTHII YIAPHHHE YaCTOTA XapaKTepUCTHKanapuHi Gaxonauna
Kynainuinap KeNTHPUG YuKapany: -

H(z) = Z¥ 3 h(oz . (5.42)
H(Z) =T obkz™*/(1 + T, apz7%). (5.46)

Pakammit ¢unsTprapmn noiimxanamma (5.4a) ékn (5.46) TEeHTIIAMANAPAaH
dolipanamum nojiMxananatTran GWILTPEMAT Kaiicw Typ ¢unetp rypyxura -
HMITYNIEC XapKTePHCTHKACH YEKNHM EKH YEKCH3 TYPHTA TErHMIUIATMTHTAa GOFIHK.
[].Iymmr Y9yH pakamimn GumsTpnapan 6up-6upunan GapkurM GwiH ynapHMAT
Y3Hra XOC XapakTepHCTHKANAPHITH Ba SIF KEPAaKTHIH Kalcu Typ GHALTpIH
TaHNAOIHH GHIAIL Kepax.

5.2. AMOyaBC XAPAKTEPACTHKACH TEKCH3 BA UEKTH (UALTPpNapHEA TARIAII

VMOYNBC XapaKTepHCTHKACH YCKCH3 BA YCKIM bwnsTprapaan  GupHuK
TaHAAW yNAPHAHT Y3uTa XOC ad3amnknapura GOFImK.

1. Mmmymec xapaxtepHcTMKach wexim pakamau  GUALTPAZP  IOKOPH
hapaxana TH3MKM (asasuii xapaxTeprcruxara asra. LllymwAar y9yr y curman
CHEKTpan Tamkwr OSTYBTUAPA (asanapH opacumarm  MyHocabarnaprwar
Gyswmvumvra #yn wyiivaiizm, HaTKaZa CHTHAN WAKMH Gy3HAMAiiM. By xim
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XOINap/a MyXMM XMCOOMAHaM, MHCON YUyH, MabIyMOTIapHH ysarHuila,

GHOMERMLMHAA], ay[iMO BA BHIEO CHIHALIAPra HIWIoB GepHiyia Ba XK. Hmynsc

XapaKTepHCTHKAacH HeKCH3 (HILTPAApHHHT ¢azaBHit  XapaxTEPHCTHKANADH
" HOMMIMKN, AiTHHKCA CUIHAN YTKA3IMIL NOJIOCAcH YeKKanapHaa.

2. UMmynsc XApaKTepUCTHKacH HeKin ¢$WILTpIap HOPESKYPCHB amaira
oWMpWIraH, sbHU yTap Xamma Bakr Gaprapop (Oy 5.2-popMyna TaXIHUIHARH
kenué umxamy). HMOynsc  XapakTepHCTHKacH — MCGKCH3 GUIBTPIAPHHMT
6apKapopIMIHra XaMMa BaxT xam xatdonar Gepub 6ymvaiim.

3. OunsTpIApHM - aMATIA KyJuiam ydyH ueKnanran Gmrnap cOHMAAH
doiinananunagy. BYHHMAr amamMii TABCHPH HMIYIbC XapaKTEPHCTHKACH JEeRIH
¢unsTpnapra xaparaHja. MMITYJIbC . XaPAKTEPHCTHKACH HEKCH3 ¢uasTpRapra
HucOaTan kaM (MHUCON YHyH, GyTyHIall IOBKMEH Ba KBAHTIAII XaTONHIH).

4, YekgaHra AaBOMHMIUTH MMOYILC XapaKTCPHCTHKAHH- ONMIZIA 9aCcTOTA
XAPAKTEDUCTHKACHHMHT KWLM  katra  6ymmm  y4yH MMITYAILC
XapaKTepHCTHKACH YeKnaHMarad GuibTpuuKUra Kaparanaa Kyn xo3gduuuenTIap
Kepak Gynaan. HaTaza MMOYAbC XapaKTepHCTHKAcH JCKTaHral AUX Gepwiran
nLTPHY aManra OUIMPHUIL YYYH HMIY/LC XaPAKTEPHCTHKACH HeRCHIra Hucbaran
KaTTa XucoGuall KyBBaTH Ba XOTHpa Kepak.6ynamm...

5. Ananor ¢uibTpnapHu ynapra JKBHBICHT fymran  MMITYIBC
XAPAKTEPHCTUKACH - 4eKCH3 - UNIbTpra AMMANITHPHIL HWCOATaH OCOH. Hmmynec
 XBPAKTEPUCTHKACH YeKTH GumsTpnap ydyn Gymaal amManrrHpuil MyMKHH SMaC,
UyHKM yHra VXmAW a@anor GWALTp TYpAapH AYK. AMMO HMAYIEC
XBPAKTEPUCTHKACH ek GuisTpnap. EpaaMupa Mcranran AUXmi QHILTPHH
SPATHII OCOH.

6. VMiTy/bC XapaxTEepHCTHKACH HeKIH (MIBTPIADHH CHETEINANI arap
KOMIbIOTepAaH doiinananwmMaca anreGpaKK KHUXaTAAH MypPaKkaGpoK.

7. FIMITy/IbC XapakTepUCTHKACH HeKiH (GUILTPNap PeKypenT. By y opram
“pakT Gyiimma Teckapu'cHra ysrapyBuM sroHa curmamnu Gepramja, yMymaHn
onranaa, 613 GolXa HaTwkanapiyu oniaMu3. Arap Oy Bakr 6yitiia aHM3aTPOIHA
HYTK CHFHANMK Y4yH TaOumit Gynrany Gmnay, TacBHp CHUrHaIapH y4yH Kyuiain
MyMKHH 3Mac. LIyHUHT yyyH nMNynbC XapaKTepHCTHRACH YEKCH3 ¢$unsTpnapaay
doisnanannm yuyn 6up KaTop deKnaHMunap MaBxya,

' IOxopHaa KeJTHPWITAH XYACCANap acOCHAA HMITYJLC XapaKTCPHCTRKACH
YeKH Ba HeKCH3 DHILTPAAPHH TAHMANA KyHHAArHIapra y5THOOp GepHI Kepax:

- arap ¢unetp AYX curman $Tkasum nomocacmpa Gup Xwu ySaTHII
KO(DHIMEHTUTa Ba CHTHAN YTKa3MIl MMKOHMATH KaTTa GyaMmM srosa Tanal
6ynca MMNYNALC XaPAKTEPHCTHKACH YeKCH3 (MILTpnapian ¢oHnanasym xepax,
YYHKH HMMNYJIBC XApAaKTEPHCTHEACH veKlauMaraH  (@HHWKCA  JMICNTHK
XaPaKTEPHCTHKACHIAR doitnananmunapmran) ¢uisTpap AMITyILC
XapiKTEpUCTHRACH  dYekmM  (WiIsTpIapra  Kaparaaga  kaM  COHIH-
K03 pUIHEHTNAPHY ARUKIANIHN Tana6 sTany;

- HMNYNbC XapaKTEpHCTHKACH 4eKknn ¢unsTpnapnas, arap ¢uisTpap
koa(puumentnapy  ymur Karra  Gynmaram, xycycaH arap  ¢asa
xapaKkTepHcTHKacuaa Oyswmmumapn  Gynmacmurn  Eku KHUMK Oynranga
doiimananuin Taschs sTwiamu. ByHmaH Tamkapn CYAITH WWTApAa ApaTWITaH
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CHIHaJIIapra pakamitH HILTOB Gepyil MPONECCOpRapH HMITYEC XapaKTepUCTHKACH
9eKIH GHIETPIAp apXHTEKTypacH (tysmmmm)ra acocnanran 6ynu6, ymappan
Gab3nnapu Maxcyc HMIYJIBC XAPAKTCPHCTHKACH HEeKIH GHALTPNAp yTyn Huwiab
YHKWITaH.

5.3. PRILTPIIApHE SoliHXANam 60CKHLIapH

Paxammu dunstprapan noftuxanam Gem Gockmaaa Fraam (5.2-pacm).
. OUIBTpra KyimnaauTran acocuii TexaHk Tanmabnap.
PHILTPHAAT MOC KeTYBIH K03 DHIMERTIApHAK XHCoONAmL.
OHRILTPRVAT TErHITH CTPYKTYPACHAH TACABBY]D JTHILL
OunbTpRUAT Vmmanr  cndarHra Paspaaiap COHM WeKIAHTAHITHIHAHN
TaxJnLT ITHNL.
5. ®unuTpRw nacrypwii & (Ba) anmapar JapaxacHia amanTa OMIHpHIL.
IOxopras kermpwiran 6em Gockia Gavszanm Gup-Guprra Gormk 6ymamm:
Gysnam Taumxapy yiap XamMMa BaKT XaM KEJNTHPWIrAH TapTHOZa xoiinammraH
Oynamu. Amamna MxxmraH GOCKMIHH YUMHYH Ba TYpTuHYM Gockuwiap Gunax
GHpra KypHIIl HMKOHMATHHM Gepauras ycyiUIap XaM 60p.

Maxcye TanaGnap
Py

Ounbtp KoadhHUHEHTIApHHH
XHCOOmanr

!
| Taplmﬁﬂln Tammam fe—

hWN =

A 4

Xapartcpuerukanm
Kaifta kupATUM

Yexm paspAIUBUIHK XOAHCACHHH E g ‘g
TAROHPIBPHH KYDHII & E. %
] 3,
2
Anmapar ¢xn (a) JacTypHii

Aapaka (+TecTanijcHaa Tanbuk

THI
]
e
5.2-pacm. UMITYIIHC XAPAKTEPACTHKACH YEKIH (DHILTPAAPHH JIOHHXATAII
Gockuunapy.
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AMMO caMapazop GWISTDRM omMm ydyR ymGy xapafsEm Gup Heua
“yrepaums’” ~ AGUUIALTHpHOUIAPAAN GOHJATANHG aMATTa OMMpPHUTa TYTDH
KeTam, afiuKca QUIBTPra 6YIran Maxcyc Tanatiap TYMHK ManiiyM Gymmaras
Xonnapaa &xu Mumab wukapypuu Gomka Teur xywm CPHB (QUILTPHEY TaxXoil
ITMOKuH GynraH Xomnapaa 103 Gepanu.

5.3.1. Maxcyc Tana6aap pyiixaTa

Maxcyc TanaGnap pyiixaT Kyiugarnsapaat nGopar:

1) cHTRan XapaxTepucCTHKanapu (CATHAN Ba YHH ONyBIH TYPH, CHTHAJTHA
KHPHTHIO-THKAPHII - uBTepdeiicH, MaBIyMOTIApHH Y3aTHII TeMHIH Ba nonoca
KEeHTTHTH, SHT 10KOPH JacToTa);

2) puTETp XapakTeprCTHKaTapH (Tanab sTHiagurad AUX Ba ®UX 8a yniéy
XapaKTepHCTHKANApra TanabnapHWHT KAHUATMK KATHHIUTATH, MDA TR Ba
HILTp HuI pexFIMH (pean SKH KeTMKTHpHIran (MOIEN) BaKT));

3) aManra OWMpHII NMPHHUMIH (MMCOS YIYH, KOMMLIOTCP ydyH 10KOpH
Dapakany JacTypiam THIHAA EKM OpOLeccopra acoci]aHrad CPHUB TH3HMH, LIy
Guwian Gupra CUrHan NPOUECCOPHHH TAHMAI XaM aMaira ONIMPUNAIH);

4) prneTp TaprubH (CTpyKTypack)ra Kyitunanuran Goura tanaGnap (Mucon
yuyH, ¢wisTp Taunapxu). JoiiMxanopus Ba Humab ‘MKapyBIH GoumasFHd
GocKuunapuaa TVAKK ax6opoT (MabIyMOT)napra ara Oy Maciuri MYMKHH. AMMO
noliMXanawl Ba MIUNA6 UMKAPMII JKAPAGHWEHM CONJANALITHPHIIL YIyH HITOXH
Goprua Ky CORM TanaGnap MawTyM GYrani MaBKyJ. ,

. QuALTPIAP XapaKTEPHCTHKAIAPH KYI XO/U1apia gacToranapra Gormanran
Kypurvmpa  Gepwnami. YacroTa TAENOBYAH (MNBTpIAp; MACT HacToTa
dursTpnapy; acToTa nonocacH GWIETPH YIyH OJATAA Maxcyc Tanabnap pyxcar
sTWRymran apKTamMIITp waMacH opkami Hofanamame. Ilacr wacroTa
TPy yayR niynail wusMa 5.3-pacMia KENTHpHINaH.

[Itpuxnanrad ropH3oHTAI YH3UKAAp pyXcaT (apriaHHIIap gerapacHHH
Genrmwnmaii.  Acocwii  yIkamom  TONOCACHAA  AMILIMTYIA-SACTOTA
XapaKTepHCTHKACUHUHE SHI KaTTa (hapKIaHHIIH &,, YTKASMACIHK OJIOCACHAa SHT
KaTTa (papKIaHHmI J, .

KjumumMua $THI MONOCACH KEHTTHrH (HILTP XapaxTepHCTHRAacH KaHjai
Japaxana THIOTMMEM Gngupand. AUX ysaTvil XO3(UUHEHTH H(f) 6y
KMCMHIA 4CTA-CEKHH, TO YTKAIMACHMK MOJOCACHIa KAAAD KamaiiuG GopazH.
Amanza Kyiinaar acocuit KypeaTKu-nap acoCHH KU3MKHIL Grnaupany:

&, — yTKa3Mm noocachiard GWILTP Y3aTHIL xospduupmerTn H(Jf) mmmr
dapxrmammm (Y3raprmni);

5, — yrKa3MacnuK moNocaCHEArM (WALTP Y3aTHUL xospdmmentn H(f)
HUHr GapxnaHuLy (Y3rapuiim);

f, — §Txa3um nonocack JerapasHil TaCTOTACH;

f, — ¥TRA3MACHHK DONOCACH yerapaBHii YACTOTACH.
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3.3-pac. Tact wactoranap GUIBTPH YHYH PYXCAT STHIaIMIaH
¢dapkoanunLIap uM3MacH.

Yerapasuii HACTOTANAD HOPMANTAIUTHPWIrAH KYpUHHILAA Oepiany, abHU
JHCKpETIAN qacTotach f/F, ymynm KypUHUIIMZA, aMMO K¥T XOJUTapfa It &Ku
K napna  Gepwmam maxcyc TanaGnapmam  Goimanammnam.  Yrxasum
TIONIOCACHIATH BA YTKA3MAaCHHK MOMOCACHAArH (apKIaHMIWIAD OMIMH CORIap
opray Eku sieunGennapna mponanaHumu MyMKHR: MHCON yHYH, $TKAIMACIHK
TonocacHuarn CYHMIIHMAT 2Hr KHYHK KMIfMATH A, Ba YTKasuIm monocacuaar
MAKCHMaN yarapmu (papkuanwm) menwbentapia MMIYAhC XapaKTEPHCTHKACH
WICKIH QUILTANAP yuyH Kyliunaria Aonananam:

A, (Freasmacmux nonocacarn cymmm)=—201g(1 + J,) (5.5a)
A, (yTxasm nonocacupary dapknanuun)=—201g(1+5,).  (5.59)

Paxasimt  utetp asa-uacrora xapaxtepucruxacura Tamabnap Kym
Xomwnapaa $asa XapaKTePUCTHRACH HOUH3HKIHIHIH KYpcarkium KeTupwIaan Ekun
¢hasa xapaxTepHCTHKACH HIean YWIHKIH 6ymummm Tanab atwiamy.

532 Paxanwm Gmmstp koaddmupenT.1apany xucofaam

By Gocrrana anmpokcumanu yoynuapunan GMpn TaHnaHaIM B2 MMITYNBC
XapakTePHCTHRACH YekimH ¢wistpiap yayn h(k) xoopduimeHtnap Ba HMITYIBC
XB8PAKTEPHCTHRACH veKCH3 ¢uneTpnap yuyn a, Ba b, xoadduuMeHTIap
xucobnanamy. Koappmmenrnapmn xucobnam ycym ymby

mﬁb@memmpﬂm HMITYNEC XAPAKTEPHCTHKACH HERIIH &K WeKCH3 PWIbTpra
TETHILUIH 3KAFTHIHTa GOFMHK,
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MMy BC  XapakTepPHCTHKACH YEKCH3 (HILTPHHET Ko pHIHEHTIIAPHEH
xucoOnatn amnana 6yitiaa ManiIyM amanor (HIETpAapEHHT
XapaKTCPHCTHKANADHHH YHIa MOC paxammi ¢uibTpiap XapaKTepHCTHKANApHTa
ATMALITHPHIITa acochaHrad. byHaa MKKH acocHi €HAAIIMMAAH (ofinanamunamy:
MMIYNbC  XapakTEDHCTHKAHM  MHBADHAHT  anMaliTHpumm B2 OUMM3HKIH
ATMaLUTHPHI YCYIH.

MMnynsc  XapaKTCPUCTMKAHM — MHBApHAHT  YCYJHaH doiinananu6é
ANMAWITHPHINAA AHATOTH (UALTDHH PaKawIHra ATMAINTHPWIrAHAa GupnamIn
aHanor QWTLTPHUHT MMITYIILC XAPAKTEDUCTHKACH CAKTAHMAMIL. Wuxu 6up-
GupHHH ycTHTa Tymmn cababny ymGy yCyTHH I0KOpH JacToTa QWISTPTapH Ba
pexextop GUABTPRAp YIyH Kyrumab 6y mvaiiam.

VIKKHHYH TOMOHJAH GHDMUKIH (MKKH WH3MKIH) YOy XKyfa camapaim
QWIBTpMAIINA  TABMMHNAHZM BA YacTOTA TAamHAOBYAH  (EIBTPAAPHHHT
Ko3hdHLMERTADURY XyMcoONAmTa AXmM MOC Kenami. Harwmeaja ambanasiit
XapaKTepHCTHKATH paxawm (uuistpnapmm: Batrepeopr, YeOHmes Ba JSUTHIITHK
unLTPNapHK ApATHII MYMKHH Gynanu.

BuuMsuxnu ycynsa spatwiral ¢uisTpiaap, yMyMadn OMrania anbaHaBUi
(UIETPNAap AMIMHTYAA XAPAKTEPUCTHKACHTA VXA, aMMO BakT Gyiiuia Gonmxa
xoccanapra ora 6yaamu. MMoynbe XapaKTepHCTHKAHM MHBADHAHT IMAINTHPHIL
YCYNH aHATOF TU3MMIAPHH MOJIE/UIALI YYYH AXim 6Yu6, avmMo JacToTa TAHNOBIH
UMOYNGC XAPAKTEPHCTHKACH YeKCH3 OQWILTpNap Y4yH OWUMMKIH YCylAas
Goligananwrany MabKyII.

UMIymEC  XapakTepUCTHKACH dYekcns (HiIBTpIap K03 pHATHEATIAPHHE
XHcoGnamaa YHWHET ypHMEM 60CyBYM (@JTepHATHB) HOML Ba KyTOnapan
KOITAUITHDHII yCyTHIAH XaM (oitnamanca 6ymams — Oy ycymian oumii
dursTprapRUAT K03 HIHERTNAPHHN OCOH XHMCOONALl WMKOHAATHHH Gepam.
Lily Gunar Gupra, 6y ycymian sXIIH aMILTHTYA2 XapaKTCPHCTHRAIH (ABTpNapEN
XHCOGIal YIyn TABCHA ITWUIMAIM, GyHKH Gynfa xyJa Kyn HOIb Ba KyTonap
Gopnuru xucobnan XaxMHUHY OnMpHE 1660paH.

VIMIyIBC XapaxTepucTHXack dexmi GwinTpnap xoodduipenTnapuim 6up
Heya ycy/iap Gmrad XucoGnam MyMKMH: KeCMil (TOPTHIL — Ba3HHM aHUK/1a1L),
yacrora 6yiinua Tamnam Ba ITapxc-Mak-Kinmnax onTHMAI aFOpHTMA.

Kecuil  ycynH MMIYNLC  XaPAKTepUCTHKACH — HEKIM ¢unsTpnap
KOMpOULMEHTIAPUHN  XMCOONAIIHHHT Xy#a OCOH B4 MOCTAmIyBiaH YCy:I
XHcoGanamM, aMMO JIOHITXANOBYH, Huab wHKapyBInra GIIBTP MapaMeTpIapHEH
KEpaKiTH MUKIOPAA Y3rapTAPHII HMKOHMATHIH GepMaiim.

Yacrora 6yitnda Tamnanr ycynn nry Gunan y3ura 5TMGOPHN TOPTAMKH, Y
EpRaMMia WIMITYNBC XapaKTEPHCTHKACH 9YeKNW (HIBTPNAPHA PEKYPCHB IAKINA
aMayra OMMPHII MMKOHHATHHH Gepamn, 6y cowtH xpco0nanmAN Kymani HyKTan
Hasapuaan 3sTHGOpIH. AMMo 6y yeysra QHIETD apaMeTpRapiHH Gonxaprm Ba
Y3rapTHPHII YIyH MOCANTYBYANTHK CTHIIMAHIH.

Xosupna canoar Huwa6 uMKapa€rraH pakaMid ¢unpTpIApAa ONTHMAN
ycynpan doitaanaHuiam, dyHen Gy ycyn OMTIaH MMITYJIEC XGPAKTEPHCTHRACH
YeKNH (MILTPRAPHHHI YHTA KYHMITAH TEXHHK tanabra xasol0 Oepumura
spuupuramy. Iynusr yuyH GyHnaid ¢uisTpIapuM  JoHHXanauia Jacrnab
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offTiMan ycyaan Goinananu6 Kypum kepak (arap Gouxa ycynaaH droiinanaxmm
1WapTH aBBaNziad GenTHnaHTaH Gymvaca).

' 53.3. OIILTPHA YHTa MOC KeJTyBYH CTPYKTYPa OpKai H(oaAaal

By Gockwupa Gepwman H(z) ysarmm kxospdHumeHTHHH yHra MoC
misTprioBuH  TapEuG (CTpyKTypa) opkanM HM(OAANAIl AMANTA OLIUPHIAMIH.
OwasTp TapKMOMEM TacBMpNAII YYYH KYN XOMnapia Gnok-cxemanap KM
$yrxmmonan cxemanapnau QoiinanaHunamm Ba ynapaa pakamin GUIBTPHH aMaara
OMNMPHIIHK OCOHJALITHPHIN YYyH XMcOOManl aMamlapuad GaxapHimu KeTMa-
KETJHTH XaM KYPCaTHIaH.

dolinanawiviaiMran  CTPYKTYpa KafiCH Typ (MILTPHM  MMTIYSBC
XapaKTePHCTHKACH YEKITH EkH YeKCH3 (PIILTPHH TaHNAHrAHNHTHT2 GORITHK,

WMnymsc. xapakrepucTHKacH uexcns QHIBTPNap yuyH KyWHIardn yd waki
CTpyKTypanapaan dolifanaHiiany: TYFpH, KACKAUTH Ba NapaUlen WAaKIAaruiap.

Tyrpu wakn — 6y mwmynsc xapakTepucTHKAacH 4ekcH3 GMILTP y3aTHi

$yrxupachEn TYrpraan-Tyrpu ndonanam (5.4-pac).

y(n)

-‘ﬂ “
() = ; bex(n -kb—zaaj'tu -k)
S 1

. -04
5.4-pacM. TYprusun TapTi6an MMyJIbC XapaKTEPHCTHKACH HEKCH3
GHIBTPHY amaira omMpANI TYEPK makn CTPYKTYpPacH.
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Kackax maximaa — MMIYNBC XapaKTEPHCTHRACH UeKCH3 (WIBTD Y3aTAII
dymamsacn (5.5-pacM) Gup Heua Gop TAKpOPNADANHM Ba HKKHHYH TapTHOIH
3BEHOJIAp KynanTMac opKaiH HQoJaTaHa 1. :

Mapawien waxnia - H(z) mompuu TapTHOns 3peHonap HMFMEMCH
wawmaa xoinawrrupiiaan (byHaa JTEMENTap KacpnapiaH doiinanannam).
5.6-pacmaa ysatiiu ko>dpduumentnapu Ba (GapkARHHII TEHraManapHHUHT
GUALTP CTpYKTYpacHHH TaCBHPAOBYH TYPAAPH KEITHPHITAH. .

x(n) wy(n) ) w,(n) }'(ﬁ)
Ve i B D ®

—Qyy bu —Q22 baz
Wz = cr[ L4byzi 4 Byt wy(n) = G{n) = a, uy(n = 1) = aywy(n—2)
Wt oasT  y(n)= s +ouwiln = D4 byw(n = 2)

Wa{n) = )3{n) = By5W@:(n = 1) = Gaywz(n = 2)
y(5:) = Dpziws(R) + Mawz (8 = 1) + baaweln = )

5.5-pacM. TYPTHRESY TapTHGMI MMITYITEC XBPAKTEPHCTHKACH JEKCH3 |
$HILTPEH aManTa ommMpHII KACKAX CTPYRTYPACH.

HE =4 ) _ Seewbas!
el +ana™s +ans™s

wy(n)

x{rn)

»(n) |

wy(n) & x(n) = a,my(n = 1)~ azn(n = 2)
wy(n) = x(n) =awi(n=1) = A-,;w,‘(n -2)
5(0) 2 bawaln) + bawaln = 1)

ya(n) = begwy(n) + B owe(a - 2)

sy(n) = Cxtn)

Y1) = 0in) + 500 + 1l

5.6-pacM. TypTvrIH TapTHOTH MMITYITEC X3PAKTCPHCTHKACH TEKCH3
$wIETPAM aMaNTa OIIHPHIN Napasien CTPYKTypacH.
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UMImymsc  XapakTepHCTHKACH 4eKcH3 (MIbTpnapHu Joimxanam  Ba
ApaTHIAa TIApAUIeN BAa KacKajl CTPYKTYpamapuaaH 3Hr kym ¢oinananunani,
9yHKH ynap HucGataH coaza GWILTPaUHA aNnropHTMAapH OpKUTH amanra
OLIMPHNAAN BAa YIapHMHr uexnauraH coHnu Gutnapaad ¢oiinananné amanra
OLIMPWINIIIATA CESTHPIMIY TYFPH CTPYKTYpaiH (HILTPIAPHHHI CE3THPIIMrUra
HHOaTaH KMYUKPOK.

Hmnynbe xapakrepucTHKacy Yekiny GUILTPIApHH JoHMXana Ba ApaTHuyIa
3Hr Kym dolinanannnanuran crpykrypa — 6y Tyrpu CTpyKTypa (5.7-pacmM), uyHKH
YHM amaima ommpHIu 6olIxa CTpyKTypanapra Kaparatfia OCOH.

5.7-pacM. UMITYIbC XapaKTEPHCTHKACH HYeKTH (PIIBLTPHH aMaira owmnpui
TY¥pH CTpyKTypacH (Tpaxcsepcan GpuisTp).

Hmnynse xapaxrepuctukacu yexinu ¢uabTprapHuur (5.7-pacv) Oyunait
CTPYKTYpa acOoCHAa APAaTWITaHWHH 6ap3aH Oup Heda YHKMIND HyKrauapH Gop
KETHKTHPHII JIMHUACH &xn TpaucBepcan ¢uabTp aeb arananu. bynaan Taurkapy,
SHHM GOmKAa WMKKM CTpyXTypaman (oifmamaHwnazy: 4YacTOTacH TaH/IaHraH
CTPYKTYpa B2 Te3KOp ¥pall CTPYKTYpacHAaH Xam doiinananunann (5.8-pacm).

Tpancesepcan CTpyKTypara KaparaHfa TaWIaHraH dvacrora (KuiiMaTH)
6yinma xucobmam Hucbaran camapajiop, YyHKH KaMm COHIH KoapduumeHTnapuu
XucoGnam Tanab THNAMH. AMMO YHI aMaira OLIHPHII OCOH 3Mac, YyHKH Y KaTTa
xotHpawn Tamab6 xunaaum. Teskop ypam (ceeprika)lan Dypbe Teskop
avanrrupy (PTA) adsannuxnapuaan doiinananunagy, 6y ycyn sHa IYHHCH
Gunan spTHGOpIMKM, y EpAaMuAA CHrHANI CMEKTPHHM XaM XMCOONAIl UMKOHM
MAaBKYL,

ByHJAH TANKAPH paxamiM GHILTPIAPHH aMATTa OIUMPHIUHMHT XKYHA Kym
CTPYKTYpaBHii CXEMANApDH MaBKyl, aMMO yJIapHHHT Kymowmru (akaT Mabiym
coxanappa dolizanaHun y9yH My DKaUIanrag.

Mucon ydyn nasEapacHMOH CTPYKTYPajiaH HYKT CHTHQLIAPHIA HIILIOB
Geprmnsia Ba aM3MKIM Gamoparnam coxanapuia doitnananunaan. IlamxapacHMoH
CTPYKTYPaAaH HMITYILC XAPAKTEPHCTHKACH 4YEKIH Ba HEKCH3 (GHILTPIAPHHH
nponanamza xam Goiinananym Mymxun, Gyraa ynap SroHa kupum Ba 6up xydr
YMKHILIAP OPKANH (5.9-pacM) CTAHAAPT KYPUHMILAA TACBUPNAHAINIAD.
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5.8-pacM. FIMITy/IbC XapakTepHCTHKACH YEKIaHran (ILTPHH TAEIAHTaH
4acToTa aCOCHAa aMAIIra OUIKPHIL CTPYKTYpacH (4) Ba Te3Kop JpaM OHII CXeMACH
.

yi(n)

5.9-pacM. ITamxapacHMOH CTPYKTYpa.

YV acocHaa ONMHTaH IADKAPaCHMOH CIPYRTYpa OPKANA HMIYNEC
XapaxTepHCTHKACH e N HyKranu (WISTPHM TebpEduoB cxema 5.10a-
PacMIia KeITHpMATAH Ba XAMMA KyTONapH MabilyM MKKMHIM Taprim (Gaxar
Maxpax Kxo3()MUMEHTIApH KEITHPHIIAH) MMIYJLC XAPAKTEPHCTHRACH 9EKCH3
¢uisTpEM Hndpoaananra MYIDKATIIAHTAH CTPYKTYpPa 5.106-pacMAaa KeITHpAITaH.



vi(n) y«( n)
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G Al El e R &N

5.10-pacM. N KacKaJIH MaH¥KapacCHMOH HMIYIbC XapaKTEPUCTHKACH YEKUTH
GwWIBTP (@) Ba MKKH KACKAUIH MAHXapaCHMOH XaMMa KyTenapy Oepiiiran
HMITYJTbC XapPaKTEPHCTHKACH YEKCH3 GMILTD CTPYKTYpacH.

5.3.4. Pazpagnap coHn 9eKIAHTAHIATHAAHT GHILTP TE3KOPJIHTH Ba
Gapxapop.TATATA TALCHPHA

AnnpoxkcHManpsUTaul Ba aMaNnTra OIHPHI GoCKUYNApH GUIBLTPAPHH YEeKCH3
aHMKIMK Omnan &Kn Kyna 10KOpH aHMKIMK GMnaH MUDTAWMHK HA33PAA TyTaau.
ynuur 6mnan 6vpra ymapuu amanra oumpHuyia GUILTp Koa(pdUUMEHTIaPHEN
YEKNaHray cownM Gurnap (onarna-8 aan 16 Taraya Gutnap) opranu ndoaanaw
Tanab Srwiagu. Byugan TawkapH (apKIaHuiy  TCHINAMAacHIard amaunap
AHHKAMTH JeKnanran apudMeTHkagan doinanannt amanra omypriaim.

Paspsanapnarn GMTIAp COMMIMHET YEKNAHTaHAMTH QWILTP TEKOPIHTHHM
Kamaiiumiura onn6 xemamu Ba Harwxana GuusTp Gapxapopiury EMOHIAIAnM.
Ilynuur yqyn noiimxanosuu ymby xonariapuu an6aTra LTHOOPra OMMIIM Ba
¢uneTp koapduIMenTNapHHH HpoRANALT YIYH TermuiH JaBOMMILTHKHH (6HTiap
COHHHM) TaHRALIH, GUNLTP Y3rapyBuaHnap (SLHH, KMPMII B2 YMKHII CHTHALTapH
ymgamnapi)un Ba GuaTpaa apHudMeTHK amannapau GaxapuiHiuMHM 3bTHGOPra
ONHIUM Kepak. DHALTP Te3KOpAMIHHM EMounawmmura onubd KenyBdu cabaGnap
Kyiinaarunapaas nbopar.

o Cuznanwu dpunomp xupuwu 6a Hukuwuda xeawmaaw. XyCyCaH, Bakr
6yiiMya KMPHII CHTHA/UIAPHHH KBaHT/IAll HATHIKACHAA APVaa xocunt 6ynaauran
LIOBKHH —~ 6y 35TH60pra JI0iHK RaTTAIIK.

o Ko3gduyuenmnapnu Kxeanmaaui. Yuwby Kapaéy MMITYnbc
XapaKTePHCTHKACH YeKIH Ba geKcH3 ¢wibTpnap 4acToTa
XapAKTEPHCTHKAAPHHUHT OY3WIHIIMIa Ba MMNYALC XapaKTePUCTHKACH wdeKkcu3s
¢mnsTpnapaHHr Gapkapop 6ymmacnurira onHG KeHINH MyMKHH.

o Bymywiaw xamonuzy. OWIbTpnaml yYyH 4eKIaHraH aHHKIHKAArH
apupmeruxanan QoifpataHvinl HaTHXANApUHH Hoanam KymuMmHa OGuTiap
KMPHTWIMILKEH Taial kulamy. Arap KBauTnanml HaTHXAacHAa OJMHTaH KoAnap
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paspsiu (6uTaap conm) wewnanran Gynca, GyTyHnaml MOBKHHH naiiao Gynamu.
Hamikana HMNyJIbC XapakTepucTHkacu dexcus dunsTpnapaa 6apkapopIMKHHHT
EMOHNALMILNKTA YXILAL XOaTAap 103 GepHIld MYMKHH.

o Tymuw. By xoauca iHHFHUI HaTHXKacH ‘“cy3” yYyH pyXcaT ITHIraH
AaBOMHMILTMKAAH KaTTa Gynranaa pyit 6epaay. By UMKHIU CUTHATH YIaMIapHHHHT
HOTY¥pv OyIMWwHMIa Ba MMOYILC XAPAKTCPUCTHKACH HEKCH3 ¢pwsTpIap
Gapkapopiury évorrausingra cabab 6ynamm.

Pakamin GrabTp cHbaT KYPCATKIWIAPHHMHI EMORNTALIMIIK KyHHAArniapra
Gormux:

1) ¢unpTpramga doiiaananunanuran’ cynap ysymIHrd Ba apndMeTHKa
TypHra;

2)  ¢unbtp  ko3hdHIMEHTIADMHM  KBAHTNAm  Ba  y3rapyBuan
ko3 puuHMeHTIAPHN TAHNAHTaH YIrMaMIapra o6 ke yCynnra;

3) GuILTp CTPYKTYpacHTa.

Yy caGaGnaphn Gunran xonaa noHuXanosBuH Ba Huwa® uHMKapyBYH
paspsanap COHM YEKTAHTAHNWTHHHHT WIETP TE3KOPJHTHra TaLCHPHHH
Gaxonauiy pa TEPMULTK YOpa-TaaGupnap KYpriun Mymkuk 6ynany.

®unbrpnapra Kyiwiran Ttanabnapra xapab Gabsu canbuii TabCHpIAapHH
SLTHOOPra OAMACIMK MYMKMH, Muconm ydyH, arap ¢wisTp AacTyp LIaKiMaa
10KOpH Japakany Tuaaa 6¥nn6, komnslorep EpAaMuiia aMaIra OLKPHIICA, y X0
ko3pdunmenTiapHy KeaHTIaml Ba OYTymiaml XaTONMIUIApHMHH . aTHOOpra
0MACTMK MyMKHH, Knpnw Ba yMkum curaawtapuny Guastp Kosdumpentiapu
Ba apndMEeTHK aMaulap HaTWKalapura pean Bakija HIUIOB Oepymaa
ZAaBOMMIUTMTH YexnaHran cyanap (ogataa 8, 12 Ba 16 6ur)nan doinanamraim. By
XOInapia aMalia XaMMa BakT KBAHTHAIUHM QMILTP Te3KOPIHIHra TAbCHPHHH
TAXJIMJI ITHII KePax.

5.3.5. Pakanmun GRALTPHA J0iNXaNAM

Pakamimu  ¢wisTp KkoahduimeHTnapHHH Xucofmam yHra MoOC amaira
OLUMPHIL CTPYKTYPACHHH TAHIALN, TRHIIAHIAH AABOMMHNHKAATH CY3Napra TerHuLm
koapdunuenTmapuy Ba GUILTD Y3rapyBuM apryMEHTINAPHMHI PpaKaMmidra
AIMAIITHPHID HaTiokacuga GUILTp cHdar KypcaTKHUIapHHMAT EMORIAIIHIIN
PYXCAT OSTWITAHMAAH KATTA 3MaCIMIMra WINOHY XOCHJI KWITaHnad CyHr
thaprianmin TeHrnamManapHHy anmapart ¢kM JACTYP ASpaxacHaa amanra OIIHDHIN
Tana® yrvnanyn. TannauraH ycyniaH ¥aTbuil Hazap (GHILTp YUMKHLIMATH CHTHAIN
Xap OMp ¥muaM. yuyH (apKiaHW TEHINIAMACHTA aCOCHAHTAH TapTHONA
XucoGnanmim xepax (GyHaa BaxT 6¥iivua avaira OLMPHII HA32PAA TYTHITEH).

dapianui Tenrnamanapi (5.2) Ba (5.3) napnan xypunamuxu y(n) uu
QWILTD “MKMII CHMTHAIMHW XHcoOmami, KyNadTHpHil, Kyumiui, ajiMpum Ba
KCYMKTHPHII aMaiiapi opkanH Gaxapunamu. JleMax QuIbTPHE aMaiTa OUIHPHIN
YUYH KyHHIAr# acockii TAIKWI 3TyB4Yunap 6yMHum Tanab xumBanm:

- xorupa (MacanaH, [13Y) Guietp KodhuIUHEHTNIAPHAR CAKNANT YIYH;
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XOTHpa (Macanar, O3Y) XO3MPrH Ba aBBANTH KHDHIU BA YHKHII
CHMATISDHIM XoTHpaja  cakmam  yuym, swm  {x(n), x(n-1),..}pa

{)’(")’ Y(ﬂ - l), s

~ mmapar &kH AacTypwii KynaiTHpria (KynmaiTHprianap);
HHFYBIH EKH apu(h)MeTHK MAHTHK CXEMACH.

Paxavm buneTprapun a6 umMkapyBuM yHra TerHMuUlM  acocHii
MALTYMOTIADHN BA YHJIAH MABIYM MACANAHH CMMII YdyH MYIDKALIAHMAHTHTHIA
xadonar Gepany. Paxamnu GunbTpHu spaTMmina y GaxapanuraH Basupa —
CHrHAIIApra pakamnu MuLIoB Gepum pean sakTAa Eku Moaenna (NAKETNH MILIOB
Gepiu) doiinanamumura Kapab Typnu CTpYKTypa Ba OJJEMEHT/ApAAH TAIIKKIT
Tomman 6ymany.

1‘40113" BAKIZa CHTHaj/Ulapra HUmOB Gepuuia XaMMa MabiIyMOTAap
KAHJAMINpP XOTHpa Kypumvachma caxfamaérra 6ynamn. By xomar KaHmaiamp
TaXpHGa RaTxamapuan ommm ma CyHrpa ynapra vmuros Gepwimna 103 Gepamn.
Bynnaii xonnapna paxanom GuIETp Ky XoMnapaa IOKOpH mapaXATH AACTypram
THIHAR AMaJITa ONMIWDHIIAN BA YHWBEPCAN KOMITBIOTEPAA 6axapunanay. Lilyraaii
XMmHO, CHIEaTTa Mojen M wmmios Oepumray (axar nacTypuii avanra ONHPHII

HHHIIA Tabpidnam Mymun. ByEfia MIuia6 THKApyBTH CHTHANTA PAKAMITH
HULT0B Gepun xapaduumy TENAUTHPHIN YYyH KYLIMMUa annapat BOCHTATApHHH
KMPHTHIIHM MYMKHH.

Cursannapra pean saxraa umos Oepuiupa wisTpnapaan Kyluaaruiap
TANA6 STHIAIM: KMpHII curmans Ynuamu x(n) Gop BaKTAA MILTAW BA SKHMI
cursaim y(n) YmiaMuHy, kupADI cHraamm waBGaTaArM ymgamu maiino 6ynrysraua
XOCHIT KA, EKH KMPUIL CHIHANIAPK GHOKIAPHTA POHOPLMOHA 6ynra YK
CUTHATNIApH GNOKNIAPHH OMMIm (MHCOT y4yH, ®ypre TE3K0p ANMAIITHPHIILIAH
tofinananu6). Arap nmcxperyammran uacToTacH Kyna KaTra KU I10KOpH
TapTHOMK QunETp Xepax 6ynca pean Bakrtaa QuALTpAAII Te3KOp Ba Maxcyc
AMN2paT BOCHTAaCHHM TanaG KMy MymKkHH, AyIHocHrHa/Iap GMnay HIUAmAA
boiinananuiu yuyn kjn xomrapaa DSP56000 (Motorola) &xu TMS320C25 (Texas
Instruments) ¢upmanapusnmer CPUB NPOLECCOPNapH  TE3KOPIHIM  eTapii
xucobnanamy. By uponeccopmap TapkuGWIA xamMa Taab KHIHHATHTAH acocHii
Gnowoapu, mry scymnanan KynaifApwm armaparypanapy 6op. CPUB Gnoxnapuan
MIIa6 SHKADYBTH (JOHVXQnoBYH) YHWHT TAapKMOWTZ, MabIyMOT ManGau Ba VW
OIYBTH TypHTa Kapa® GuisTpra yHra Moc pakamnm anmmapat GHiIan TabMHRIARTAH
RHPATHIN-GHKADHII HWHTepdelicnapiAn XaM KHPHTHIDH MYMKWH (MHCON y9ym,
2HANOT-PaKAM Y3rapTHpHILUIapha).

Hazopam casonnapu

1. Hmnynsc xapaxmepucmuxacu vexnu ea wexcus drunempnapnunz Gup-
Gupudan chapru wumada?

2. Pexypcus 6a nopexypcue dunsmpnaprunz bup-6upudan hapru numada?

3. Hmmymoe xapaxmepucmuxacu  wexnawzan dunempnap  azaeuii
XAPAKMEPUCTUKACY KAHOAT Kyputiuwza 32a?
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4. Paxamnu dhurnmpnaprunz 6apxapopruzumu Kanoau anuknaul MyMiun?
5. Hmnyasc XapakmepucmuKkacu Hekaauean dpuismprapiu Aottuxanau

6ockuunapu numanapoan ubopam?
6. Hunynec  xapaxmepucmuxacu — YeKAaHeaW — 6a  NEKNaHMAaZaH

dunempnapuunz cimpyxmypaguii CXeManapunyl Husub Kypeamunz.
7. Yacmomanap Kuiimamu 6a me3kop ypamu OpKanu amarea ouupuraousan
uMnyabC  XapaKmepucmuKacu ‘eKnanean  uromp cmpyxmypaguii  cxemacury

Keamupume.
8. Hunyabc Xapakmepucmukacu veKnanzan uibmp  naHICapACUMOH

CIMpyKmypasuti CXeMacu.
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6. IMITYJTbC XAPAKTEPMCTHKACH YEKJIU GUILTPIAPHU
JIOMMXANAILL

Paxammn  dunmetprapun noiinxanaumm Oup-Gupn Gunan Gormuk, Gewrra

CKIIa BKPaTHIN MyMKUH: (WIBTPra KyHMIaaMran acocHil TEXHUK TanaGnap,

xoobbuumenTnapsy  xucobnau, XATQHKAGPHH TaXAMA KWW, GUILTpHH
MNapat WakmMAa Ba (EK¥) NaCTyp MIAKIAR aMaira OLIMPHIL.

., PHILTpra acocnii Texuk Tanabnap ynaaH (GoHAANAHMIL cOXacHra GORMMK
66, avmumiTyna sa (€xu) ¢a3a xapaxrepucrukacura Tanabnap anGarra
KHPHTIIVOI Kepakx.

Koapdmmerrnapau xucobnam, Oy acocan GWIBTPra Ky ifHIaAIMIan TEXHHK
Tanabnapra xaso6 Gepamyran h(k) xuiiMatnapwEn TomMminan uGopar. Mmmynsc
X8pAKTEPHCTHKACH YexIaHTaH (GUIBTPIAp KopOUIMEHTIAPHHH XHCOBIAINA HT
Kyn d)Oﬁnana}mnanm-aH ycyniap: kecuu (BA3HMHH aHMKIIAM1); YACTOTAHH TaHjaml
(armvxnans) sa ommivan yeyanap,

6.1. Avmrys.c XapaKTepHCTHKACH YeKTH (PRILTPIAPHMHNr acocHii
XYCYCHATIapH

1. Cranpapr HMITYJTEC XapPaKTepHCTHKACH QCKN4HraH GunbTpiap Kyiimgaru
TeHrIaManap 6rran xapaxtepnanamm:

N-
OIS lel(]\').'\'(!l ~k). (6.1a)
kw0 .
N-1
H(z)= > hk)="*. (6.18)
k=0

Oyrna h(k), k=0,1,..N ~1 — uvmynse xapaxrepncThia KospdHuwenTH, H (z) -
$wIBTP y3atem kosbdmmenTst, N — bwibTp xo3ddHIMEHTNapH COHM. (6.1a)
bopmyna 6y mmmynbc xapakrepucTHkacH uexnaHraE (GHISTP (apxraumm
TCHINamacH. Ymly Teurnama aprymemtn BakT Oy:imb, y uMmymsc
XApaKTEPHCTHKACH YEKNM PHIBTPHM peKypcHB Kypuuiinaa ugonanaiinn: xosupna
YHHHT UMKMIIMIArH CHIHAN y(n KHpHIBWAary CUraal xn) HHHI XO3Mpru
BAaKTAArH Ba ONIMATH BaKriapaarn XuiiMmatiappn ¢yaximmsacn.  Mnymsc
XapakTEPHCTHKACH dekuii GwibTpHH yby maknaa, sbHH (6.1a) dopMya Tyrpn
TacaBByYp 3THICA, Y Xonma ¢umbTpiap xamma BakT Oapkapop Oymami. (6.16)
¢opmyna opxamm GHILTD ysatMm kospdHIMEnTHIM TAXIHMA KHAMID Ba
4MILIHTY/Ia-4aCTOTa XaPAKTCPHCTHKACHHH XHCODAI MyMKHH.

2. NMoynsC XapaKTepHCTHKAcH uexan GUIbTPAap anuK 4u3HKaM (asapuit
XApaKTEpPHCTHKara Jra.

3. MMIynpc XapakTepHCTHKACH 9eKiIH (PUNBTPIAPHH aMaIra OLIMPHLL Xyna
ocon. Xoaupaa a6 uumxkwiran CPHB  npoleccOpiIapuAaH  HMMIynbe
XApaKTEpHCTUKACH ek GUALTpnap cudaruaa oiinananminl MyMKHH. Byunau
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TAWIKAPH HOPEKYPCHB HMNYJLC XAPAKTCPUCTHKACH HEKIH $UIETPRap HMITY/IBC
XapaKTEePHCTHKACH 4YeKCH3 (PHIbTPIIapra Kaparanja paspajyiap COHH YEKIHNNIHTa
KaM OOFNHK.

6.2. Ynann ¢azasuii XApaKTEPUCTHKANE PAKaMiid prisTpaap

VIMOy/bC XApaKTEPUCTHKACH 4eKIH  (DHILTPNAPHMHE acOCHH MyXuM
XYCYCHATNapuiaH OWpH ynapha I0KOpH japaxaza unsukaM  (asasuii
XapaKTEPHCTHKA oMy MyMKHH. CHTHa1 pakamnu QWILTpAaH YTrania YHMHT
avmnTysa Ba (Sku) dasack MoauukaunsnanaaH. CHIHATHHHI y3rapHI cababu
Ba KHiiMaTH QWISTPHHHT AaMILIMTYfa Ba (asa XapakTepHCTHKacHra GOFMK.
®azany MoAHDHKAUMIAHAIL KHItMAaTHHH GaxOoNalIHMAT Kynaii Typrapuias Oupu
cHrHanHuHr (azacH CKH rypyXuii XeuHKuIn Xxucobnanany. Arap CHIHAI CIEKTPH
Gup Hewa wuacroTamapman uGopar Oynca (Mucom ydyH, TOByll Ba
MOAYIAUMSIAKIAH cHrHamnap) GuibTp (asacuHMHr Keuukuwn Oy Bakr Oyiuua
KEUHKMIL KHitMaTh GYIK6, Y CHrHANHHHT Xap 6Hp criekTpan Tk 3TYBYRI2pH
dunsTpaan yruwaaru keunkuwy. Typyxuit keuuxui 6y CHrHAN CNEKTPH TaLIKWA
3TYBYMIADHHHMNT BAKT GyiiMua yprada KeyMKHIIH. MaremaTHk ycynaa ¢asaBuii
KeUHKHI (a3a cypuavn Mandmii KuiiMaTHHMHr uyactotara nucbath (6ymmiwm)
OpKANHM aHMKfAaHAmy, TypyXiii kewmxmu 3ca — Oy dasapaw wacrora Gyiuaa
OJIHHTaH XOCWIAHUHI' MUHYCH KHIIMATHI2 TCHT

I,=-8(0)/o. (6.2a)
T, =—dB(w)/ do. (6.26)

Hounsukmi dasasuii XapakTepHCTHRAIH (PHILTP Y OPKAITH YTaRuraH CHIHA
dazacunp  ysraprupanu (Oy3aan). bByHaa CHrHaN CHCKTPHHMHI  TAUIKHI
STYBUMNAPH YNApHHHT YacToTalapura mponopmyonan GymvaraH KuHMaTnapra
yarapajM, HaTIKaga ynap opacuAark TapMOHHK GomraHMmIIap (pazanap)
yarapanu. DBywpaii Gy3wmmmnap Xymo Xoanapaa 3apapiu 6ymm6, yum pyi
6epMaciury ydyH CUrHa1 CHEKTPH XKoinalurad 4acToTanap AHanasoHuaa dazapmit
XapaKTepHCTHKAacH um3MkaH GuwibTpaapaas Qolinananmin kepak (Mucon ydyH,
MaLIyMOTNIApHH Y3aTHUA, MYCHKAHHM OIIMTHII, BHAEOTACBHDNAPHH KYPHII Ba
GuoMenMuMHana curnan yradrrad GuasTp ¢asaBHii XapakTepHCTHKACH HH3IHKIH
6ymimyra anoxuna Tanabnap Kyiunaam).

Arap Kyiiunarn mysocabatnap Gaxapunca QHABTD uM3MKIH (hasasui
XapaktepHcTHrara sra ae6 xucobnanam:

8(w)=-uw. (6.3a)
O(v)=p-uwo. (6.38)

6ynga a Ba S — yarapmac xarranuknap. Arap ¢uistp (6.3a) waptura xasoG
Gepca, y xonaa ysrapMac rypyx Ba ¢asa Keuumkuwn pyi Gepamu. (6.3a) wapr

GKAPHWIHIIM YuyH (GMALTP MMIYALC XapaKTEPHCTHKACH MycbaT Ba cMMMETpHK
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Oynrmm kepax. By xomar yayn GumTp dasasuii xapakTeprcTHkach (akat GuIsTp
Y3YHTHTHEMAT (yHKIHACH 6Ynamm

#=01..(N-1)/2(N —~ ToK).
n=01..(N/2)=UN - rox).
o=(N-1)/2.

hy=h(N -n-1). {

..

(6.36) mapr Gaxapwmumiu yuyu GuwibTp rypyxmit keunkTHpuwn daxat
yarapmac Gymumm xepax. By xon YIYH QUILTD MMITYJIbC XapaKTEpPHCTHKACH
Maubuii cHvMeTpuk 6y namu:

h(ny=~h(N -n-1).
a=(N-1)/2. p=n/2.

®azaBuil  XapakrepHCTHMKAcH UMK HMIOYJALC  XapaKkTePHCTHKACH
UeKNAHTaH GUILTPIAP MMITYILC XapaKTEePUCTUKACH YCKIM QUILTPAAP OMATICHAA
anoxuna Ypumra sra Gymm6, daxar ymapHMHT ¥3ura xoc KypcaTKuunapra sra

G?mau, ywby ¢wibTpnapuu oifuxanam Ba amanra OWIMPUILTa TABLCHP
Kypcaranu.

6.3. Ym3mcn dazasuii xapakTepneTHKANM HMIYABC XAPAKTEPHCTHKACH
YEKITH paKkamin GuILTPIAPHHHT Typiapn

Qusmxn dasasmit xapaxTepucTHKANE MMITYTEC XAPAKTCPHCTHKACH TCKIM
$esTpnapmuir Typrra Typu G6ynub, ynap N wmur xygrauru sa h(n) maur
CUMMETPHKITHK TypH (MycGar Ba Manduii) 6uan Gup-6upnaan hapx wiiam. 6. 1-
pacMiia wmsim dasammii xapaxrepucTHaNM TYpT TYp $uwisTpnap umnynnc
XapaKTePHCTHKANADH KeJTTHpHITaH,

YuiGy dwstpnapunr acocuit §3ura xoc XYCYCHATIAPH HANBAT IAKIHAA
KesrTHprma (6. 1-xamsan).

Hxkmram Typ dwmstp wacrora XapakTepucTHKAcH (Mycbat cHMMeTpHk
Koaddmmentap Ba wydr naBomMminkk) f =0,5 Gynranza XamMma BaKT HoMTa
TERr (IMCKDETNAIN HACTOTACHHMHI ApHM KMIIMATH, MYHKM XamMa yacrotanap
AUCKpeTnam JaCTOTACHTA Hucharan HucOHiLTaurrupunray
(opMasnanrTpunran)). Wynner yayn Gy Typ OMILTPNapAaH IOKOpH 4acToTa
¢wibTpnapn cugarnaa doiinananu6 6ynmaiiam. 3- Ba 4-puneTpnap (Mandwuii
CUMMETPHK kobbiuenTn) 90° ra Tenr Gran $asa CUDKIIIMHA KMPHTAIH Ba
GyRnaii GUIBTPRapRAAT vacToTa XapakTepucTHRACH [ = 0 Gynranna Homra Tesr,
WYHHHT ydyH Oy Typaard ¢wnnrpnappam macr uacrota buabtpu cudatina
Gofinananu6  Oynvaiimi.  Bywpan Tauapy  3-Typ  ¢unsTpnapuuur
XApAaKTEPHCTHKANAPK f =0,5 Gyaranna xamma BAKT HONIA TEHT, WIYHMHI yuyH
¢wisTp Gy TypHAAH I0KODH 9acTora bunbTpy cudaaa doiizanann6 6yiMaiim.
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6.1-%ansan.
Y3 ¢azaBuii XapaKTEePHCTHKATH HMITY/ILC XaPAKTEPHCTHKACH YEKNaHTaH

TYPT TYpIH QHIALTPRAPHUHT Y3HIra X0C XYCYCHSTIADH
Uu3uKiu
Hunymse Koappu- YacToTa XapaKTEPUCTHKACH, hasabHii
XapaKTepHCTHKAcH | IHEHTIap H( ) Xapak-
CHMMETPIACH coun, N TEPUCTHKA
TYpH
NN .G
MycGar TOK e NS a(w)cos(eon) 1
CHMMCTpHA, 0 =0
h(”)= h(N -1 _") wybr eTraly=n-2 > b(n)cosloin-172)) 2
— =y
Maudmii TOK ol -1 2-522) 2_a(nsin(en) 3
CMMeETpH4, 2=l
h(”) = "h(N -1- '7) KypT - floty-1 2=z Y- atn)sinto{n—1/2)) 4
nel

a0y = if(N - 172). a(m) = 2h[(N =1)72—n). b(n) =20(N /2-n).

l-Typ pHIBTpIAp 3Hr yHHBepcan XkcobGnanamH. 3- Ba 4-Typ GHIETpIapAaH
$unerpnapunsr anddepennmnanam ieMeRTH (KMcMH) makmuaa Ba ynap 90° ra
dasa CUDKMIIMHKM aManTa OMHPHILI XYCYCHATIApura sra OyIralivkiIapy yvyH
ynapaad CunsOepr anmawTupnm (¥3rapTHpHII)MHHM aMaira OMHPHII YYYH Kyl
XONaTnapia KyalaHHIany.

daza xeumknumun (1-Ba 2-Typmarm ¢uuisTprap ydyH) €KM rypyxui
KEeUMKHIMEY (XamMMa TYpT Typ GuibTpnap yuyH) GwibTp xoddoHuHeHTIApDH
opkanu udoAanam MyMKHH, YMapHH GHILTP KO3(HMUMEHTNAPH COHH OPKAMH
wyHnaii  udosanam MyMKMHKN, HaTikaga ¢uisTp Qasasuii Ba Trypyxwii
CHKMTHIUM HONra TeHr Gynmmm TabmunnaHaa. Mucon ydyH, 6upunun Ba
MKKHHYH Typ QUILTpNap yuyH (ha3a KeUMKHIIHN Kylinaarnia npoganaHany:

L
N-1 . (6.42)

Tp=t :

Ba YUMHYH XaMJa TYPTHHYH TYplapyu Y4yH CypyXuif KeUHKHIIH 3Ca KyHHAarH
ndona opkann aHMKIaHaH:

T = (————‘N —i-x3 (6.46)

Oynua T — AMCKpeTIal JaBpi.
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Civerpna Mapkasn
( N -rox, Myc6at civverpis)
=13 (rok)
] l

0 8 n

CHMMCTPHA MapKa3i
(N -toK, MycBat cumMmerpHa)

N =12 (xydpr)

|
!
|

(N -Tok, Myc6aT cuMMeTpRs)
N=9 (vox)

6 8

CuMMeTpHA MapKa3H
(N -toK, MycBar cummeTphst)

N =10 cxy¢m)

6 8

[T :

6.1-pacm. YrsHioh dasaswii XapaKTepHCTHKATH TYPT Typ/iark GWILTpIap
MMITYJTLC XapakTepHeTHKanaph koxhdrunenTnapm.
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6.4. UMIy16C XapaKTEPUCTHKACH MEKIH PRALTPAAPHH JOHHXATA
fockawiapy :

VIMNyIbC XAPAKTEPHCTHKACH YCKIM (WIBTPIADHHM SpaTHIL GocxudnapH,
ymyman onranaa 5.3-maparpadaa Kypwiras pakamiH $unsTpAAPHH APATHIN
Gociuwrapunas Gapk KMIMaiau. AMMo, ynap 6an3u ¥3ura Xoc¢ XycycuaTaapra sra
6yn6, ynaphi aloXuaa-anoxuaa KYpHO YMKaMu3.

6.4.1. IMITY.1bC XapaKTePACTHKACH JEK/TH PaKaM.TH AL TPSIAP TEXHAK
XAPAKTEPHCTHKAIADH

PakaMH (WUTSTPIAPHHET (asaBuit XapaKTEPHCTHKATAPHHA TaXJIAN JTHIIAA
YHWHT XOCCANZPHHH KYpPCaTHIl Y9yH YHHHT Wwy$pr EKM TOK CHMMETpHK
SKAHIMrHAN 6w eTapiw (Gynna ¢uisTp (a3aBHi XapaKTEPHCTHKACH TH3HKTH
ne6 ¢apas snwiami). AMIyNLC XapakTepHCTHKACH HEKIH ¢uneTp -aMmmHTYAA-
YaCTOTA XapaKTEpHCTMKACH ONATAA PYXCaT ISTIIMAH (apKIaHMIUIap OpKaIM
Gepunaan. YmOyHu nact yacrora (WIbTPIApH YYyH TAacBHPIOBIM unima 6.2-
pacMaa XeATHpHIraH.

)

e T T ——
NONOCACH  mosocacH  MONOCACH
. 6.2-pacM. TTacT uacroTanap GUIETPH TEXHAK XAPAKTEPHCTHKAIAPH.
_YTKa3ulil Ba yTKasMacnu nonocanapuaara Gaprnap ab napaa ndonanaHamy.
V1razum nonocacuaa dapxnap 201g(l + 6‘,) AB ra; ¥TKa3MaCIHK NONOCACHIArH

¢dapxiap —-20|g(6”) 1B ra Teur.

Amanna &, Ba &, nap neunGesiapna ndonananamu (6.2-pacM). f, Ba f,
YaCTOoTaNapH OpacHIarH KCHITHK (ATETPHHAT 2COCHH YTRA3HIN MONIOCACH 6mras
CHTHAT COEKTP TAIIKH JTMai{raH gerapa OpacHJATH JACTOTAIAp LOJNOCACH —
$THm monocacH Aed arananH. ®wTpHuHr AHa Gup acocuii mapamerpu — 6y
yuunr ysywmrn N 6ym6, y ¢unbTp KOIDGUUHEHTIAPH COHHHH GriLpamu.
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Kym xonnapna 10kopHAa KeTHpHIraH KyPCaTKHWIAp HMITYJILC XapaKTePHCTHKACH
4eKTH QUILTP YaCTOTa XaPaKTEPHCTHKACHHY aHHKNAiIH,

Bynnan Tanmapn pakamin Gpunstp sma 6up xatop aManuii axamMuaTra sra
Oynran TexHMK KypcaTkuunapra sra: Mucon YuyH, GuibTp yuyn makcuman
koopummentnap conn (6ymmait wexmaumap MaBJIyM XoNnapia KHPHTHIAAH,
MHCON yyH CHTHRIIrA HIIOB GEPHIL TEIHIH YEKIaHraH Ba Makaynm Gyca).

6.4.2. AMDy.,1bc XapaKTepHCTHKACH YEeKJIH $BALTPAAP KOHpPHUHEHTARPHHH
XHCOONam ycyanapu

Kymaunnx HMITYIIbC XapaKTepHCTHKACH geKnu (unpTpnap
ROIpOHUMERTIApHEN XuCOGNALl (TaKpHOHit XHMCO01al) YCYJUIADUHHMHT ATOHA
maxcamu h(n) KHiiMaTapuin onuin 6ymu6, 6y ¢punstpnap aMIUINTY3-4yacToTa
XapaKTepHCTHKANAPHIa, XYCYCaH YNapHHHI CHTHAT ¥TKasHIl KOGHIMATHTA
TETHUUIM  Gymran  Texuuk Tanabnapra xaBo6 Gephium xepak. h(n) un
XucobnaumuHr  Gup mHewa  ycymwiapu MaBXyA. VYnappaaH 9Hr  Kyn
d)OﬁllaﬂaHHnamn‘aJmpu: KecHLl YCyJi, OITHMANl YCyJ Ba TAHWIAHTaH 4aCcTOTaNap
ycymu.

Xap XalCH yd4 ycyn WMIyAbC XapakTEPUCTHKACH 4eKiH ¢unsTp yuyH
UHM3MKIH (a3aBHit XapaKTEPHCTHKA ONHIL NMKOHHMATHHU Gepay.

Taxxocnaw ycynu. By yeynna GuisTp uactora xapakrepucrukacu H,(w)
ywby ¢wmp uMnymec xapakrepucTMkacH f,(n) 6Guman dypre Teckapu
AIMAWTHPHIIIN OPKaTH GOFNaHrarMrHaan Qoiaananmunany:

1 = tes;
hp () =5 j_:HD(c-))e de. (6.5)

D vmpexcunan unean pa peanm aMangary HMIyIsc XapaKTePHCTUKATAPHHH
Gup-Gupunan daprnan doiinanannnany. Byraaii hapkeu GUIHILTA HHMA SXTHEK
Goprurysm 61po3 keitvnpok kypH6 wKamus. Arap H,(w) manaym 6¥aca h,(n)
HA (6.5) TeHrmavanMEr xap KM TOMOHHra Myphe ATMALITMPHIUMMH KyLTALI
OPKaIH oI MyMKWH. HOKOPMZATrMENM TACAMKIAII YYyH TacT qacTtoTanap
buibrpunu apatim kepak aeb xmcoGnafimns. Hum 6.3a-pacmaa xentupwirau
Mheall 4acToTa xapakTepHCTHKacHmaH Gownaiimus, 6y pacmia W, -
HOPMALAIITUPHIraH YaCTOTANAp WKANACHAArH KecHl YacToTack (T = | )-

Hnean dpwitp yacroranap xapaxrepncrixachaa uacrota -, AaH @, raya
y3rapagm ae6, MuTerpatnam amanuu COMAANAIITHPAMHU3 Ba KYHHAArH HMIYJILC
XapaKTePHCTUKACHHY OJIAMM3:
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B 1%
Iy ()= % j 1xedo =§ I edo=

21 s v
LU B S P
He,

n=0,

(66)

IOKopH wacroTanap Miean (MILTDH mnonoca (UABTPH Ba PEXKEKTOP
(UILTPNapUHUHI HMIYJBC XapakTepucTHxanapy (6.6) Tenrnama 6.2-Xafpanman

TOMHJIAMK.

HD(‘E’)M

6.3-pacM. ITacr gactoTanap GUILTPHHHHAT HACAL YaCTOTA
XapaKTepHUCTHKACH (), nacT yacToTalap GWILTPHHHMHT HMITYIBC

XapaxTepucTHkach (6).

-

6.2-xampan.

CranaapT 9acToTa TAwI1oBYH GHUTBTPIAPHIHT HACAT BMITYIIEC

XapaKTCPHCTHKANAPH.
Hneas 1acTOTa XapaKTEPHCTHRACH, h,(0)
DuTsTp TYpH hy(n), n=0 h,(0)
Tlacr qacroranap 2, Snlne) 2 f
brrsTpH 0, e
IOKopH 3acroTanap _ay, Snie) 1-2f
dLm'rp" ne, e
sin(no,) ., . sm(ne,)
TMonoca GHALTPH 2/, o, 2h= o 20H-4H)
TCKMIUTHK KHITyBSH 2, S71c),) —2f, sin(no,) 1-2(f, - £})
WIETD ne, "0

6.2-xanBanga f., f, Ba f, JNap 4acToTa YTKA3MII MONOCANAPH JerapaBHii
gacTOTANAPH EKH 1ACTOTA YTKA3MACHK JacToTanap, N — GQHILTP Y3YHINTH.
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Tlacr wacrora (uWIBTPH MMIYNbC XapaKTEpPHCTHKACH 6.36-pacmna
KeTHpuira 6ynu6, yanan h,(n) wurr n=0 ra uncGaran CHMMETPHKIHIH (STbHH
hy(n)=~hy(n)) wmasnym 6ymam. Illymmr YayR  ymuHr  (asasuit
XapaKTepHCTHKACH 9YM3MKTH (dasanap kmiiMatH Honra Tewr). Taspudnanran
Macanara opakii Enpamnm Gan3u 6up Myammonap Gunad Gornux. Vnapaau aur
MyxnMH n=0 _ HyKrajan y3oknammaH capH h,(n) xapakrepucTikac
kirrxnanv6 Gopami, Gy xapaéH Hasapns HYKTAH Ha3apaaH n=+co raya JaBoM
ra. Jlemak onMHraH GWILTP HMIYIEC XaPAKTCPHCTHKACH YEKNAaHMaH (GuibTp
3Mac.

Hnean nvmysme xapakreprcTHrack 1=0 JaH y30KIaWran capy CYHUWHAK
IbTHOOpra OMKG, yAM KaHZAHAMP KatTanuk M aH KaTta GynraH n KuiiMaTiapH
yayr hy(n)=0 ne6 xmco6nab KMCKAPTHPWIHIUK MYMKMH. AMMO, GyHWHT
HATIOKAacKaa 3apapi (Kepakch3) HOTEKHCIMK Ba TeOpauuuuiap I'mé6c xoccac

2e6 aranamuran xomar 103 Gepamu. KoaddmumenTnapun KuckapTupHmmuHr
(HIETP XapaKTepHCTHKACHTa TABCHPH 6.4-pacMaa KeATHPIIFaH.

©

o]

-, 0 [oN ©
e
6.4-pacM. Htean uMImynbc XxapakrepucTHKa Ko3GOHUIMeHTIapH connm
KMCKAPTHPHIN (YEKNAUIHH YHHHI YaCTOTATap XapaKTEPHCTHKACHTA TALCUPH a)l3
Ta KO3 PHIMEHT KonaupHIraH; 6) 25 Ta K0IPPHUMEHT KOIMPHITaH;
6) X03(hdHIMEHTNAP COHM YEKCH3 KV

Karua xjm kodbduureniap xongupwiran 6ynca ¢uisTp opxamu jrran
CHTHAN CHEKTPH Hfiean (uaLTp XapaxTepucTHkacura sxuH Gynamm (6.5a,6-
pacmnap). JOkopuna Tabpudmanranunex /,(n) HUHC TVFPHAIH-TYIPH KecHMwMK
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$HILTD WIcan XapaKTEpUCTHKacHRM TYFpu TYpTOypuak mMaKimjard BasH
(ynxumsacHra KymaiitMacH GHTall TENT KMHMATTa 3ra

o( =1L |n| =0.1,...(A&,-1)/2

=0.

By uacroranap Gyiinua H,(®) mu W(w) Gunam ypaMmura SKBUBANEHT
Gynamy, Gynna W(w) — w(n) wurr dypee xypummm. W(w) omatnarm knaccrk
sin(x)/x wypurmmmpa Gynca, y xomma h,(n) mE xpCKapTHpRIHI GUILTD
YacTOTaNap XapaxTepHCTHKacHfa TeSpamuumap naiino Gynuunma onub xenam.
Amamétna h,(n) wmacan 9acToTa XapaKTCPHCTHKACH YHIA MOC KCIYBHH
NABOMIMILTUTH TIEKITaHTan BasH GyRKkmuack W(n) ra xymaiiruprmiagn (6.5-pac).

6.5a-pacMaa (PMILTPHHMI H€AN YACTOTANAD XapaKTCpHCTHKACH Ba YHra
MOC OyiraH Macal HMMIOYIbC XaPaKTCPHCTMKACH KelTupwirad. 6.50-pacMaa
NABOMMILIMIY YeKIaHraH Ba3sH QYHKIHSCH Ba YHMHI COEKTPH KSJITHpIUTaH. 6.56-
pacmaa A, (n) 11 w{n) ra xymaifrupum HaTiKacHma omMuamiran h(n) dyEknma
KENTHPHITaH.

Hylo)
[ B ’ 7
{w) win)
-~
_ll* .:fﬂ [h.“
o) 0 n
|H(e)] h{n)=hy(m)vin)
WA il
= [ ", T“Y“r n
6.5-pacm. h(n) dwibTp KoaddImMEHTNAPH BAZHHHH AHARTALIHH
KypcaTyBIH pacMuiap.

Terumny 4acToTanap XapaKTePUCTHKACU/AH KYPHHANHKH, TYFPHAAH-TYFPH
KecHura xoc 6YaraH HOTEKHMCIMIH Ba TeGpaHMOUIapH CEe3WIApNX Aapaxana
6aprapad srwirawmra kypunazu. Iy Gunan Gupra yTHil nOSOCacH KEHINIMIH,
TVrpH TyprOypyakny pyHamacHra Kaparaiia xarra. Manirymxs, JTrIu nonocacu
KCHIJIMTH, Ba3H (YHKIMACH aCOCHH ANMPOKJACH KEHITMrH OMiaH auuKnIaHam.
Oyuxips EH ANpoKYaTapH GUALTPHHHI YTKA3MII Ba YTKasMACHHMK Monocachzia
HOTEKHCIMKIAPHMAT a0 6ymnmra cabab 6ynamm.
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BasHHM auMKnam MeTOAM Kynaii XHCOGNaHanH, YyHKH yunan doiifananim
COAZa Ba TYWIYHHIN OCOH. By MeroaziaH ¢oiinanaHniur xucoGrauuiap XQKkMHEH
KaMaifTHpaau.

By MetoaumHr acocuii kamumnanrn — ynaad doiaananmin uMKOHMATIAPH
HCKNH (WIBTPHHAT CHTHANM CHEKTPAT TAWKHI STYBUYKTAPHHM yTKasum B2
YTKa3MacHHK MONOCACHIArH MaKCHMall HOTEKHCIIMKIAp TaxMuHaH Oup-Gupura
TEHr, IIYMUHr YYYH Jouxamosyn ¢GuiIbTp YTKasHw nosiocacuua KyJa KHYMK
HOTCKHCIIHKHH  &Kn  YTKa3MaciMK TNONOCACHAR  XaiJaH TAWKApH KarTa
CYHHILIAPHH QIIMIIA MyMKHH. ‘

Y6y meroana kecyBun (yHKIMA Ba Tanab >Twiajuran XapaKTepHCTHKACH
ypaMM KaTHamTAHMHrH cababnM  QUABTPHMHT VYTKasmw  Ba YrKa3zMacsiHK
TIOIOCANApH YCrapanapHii aHUK Tanad 3THII MYMKHH 3Mac.

Bepwran Qymawma yuyn yHuMr wacrora XapaKTepUCTHKacHIarH
TeGpaHMINap aMITUTYAacH N HUAT KaHAal KaTTa KWIHG TaHNaHWIMAan KaTbHi
Hajap Mawaym 6up xartanukka sra Gynaau. Xyanu lmyHusraex thnnsTp
¥Txasmacmuk nonocacumaru cynumap xam ymby TaHMaHTraH TEXHHK (yHKLUHI
opxanu Genrunamanu. Hlywpahi xuan6, duiabTpaas TanaG >munanuran TexHUK
KYpeaTiid CYHMUUTapHH TABMMHNAI ydyH NOAHXATOBMM ymGy Tanabra xapol
Geparan dymamany Tannawm (Tonuum) Kepax.

Bavau xonmapna H,(w) dopmynanan doiinananmu wymaamic mypaxcab
Gymummt Mymiarxu (6.5) opwyna opamu k,(n) HM anamuTHk yeysna Tonui
Maxcamra MyBoduk smac. Bynpali xomnappa h,(n) HM Tammanram wacroranap
MCTOZH aCOCHAA QL CYHTpa BasH GYHKIMACHHY KYIUIAII Kepak.

Onmumannawmupuiy  memoouw. ®uieTp ko3 dHUMeHTIADHEN kecH
(KHCKApTHpHII) MeToaM acocupa xucoGNAmA TANab STHAAAUrAH Eku uzean
HacToTa  XapaKTEPUCTHKACHHH TYFPM TaCBHPJIOBYH — QNNPOKCHMAUMANIOBYH
GYHRUMAHM Tawnam MyammocH kenu6 wmkama. Bawan xoahHIMeHTIApHH
TaKKocnaul (BIBELIMBAHME) METOmMIAH doiinananmnranna  punbTp wacrora
X2paKTepHCTHKACH IOKOPH YerapacHia TeGpaHHUUIap aMIUTHTYAacH KatTa Gymagu
BA yHMaH y30KNalran capu KHYMKIAWLAIM (6.6a-pacm). Arap ywby teGpanuuuiap
GWILTPHMHHI §TRasMm Ba §rxasmacmik monocanapuma 6up XWn karranuxma
6ynca, y xomma Tama6 srwmmmman  uactora XaPaKTEPHCTHKACHHH
annpoxcHManmsanant ‘GbyHkumuacH nucbatan IOKOPH aHUKIHKHH TabMHHIAIMMra
SpHIIHLI MYMKHH (6.66-pacm).

Omnnasammanam  mMeronn y9yH Gumtp §rkasum Ba  Yrrasmacnuk
Tonocanapiziary TebpanmuLiap xap Gup noioca MaMza 6up xun karranmxnapra
ra, aMMO XAp HKKM DONOCAZA yMyMaH OAT2HAA TYDPIHYANAIHMEM acoC KMuG
onunrad. Ilact sacroranap QWILTPHHHHT 6.7-PacMAa TACBHPNAHIaH 4acrotanap
XApaRTEPHCTHKACHHU KYpu6 =HMKamus. OWISTP yTKasHm nonocacHia pean
XapakTepHCTHKA 1-48, nan 1+ 6, raua opacuua TyGpauaay (3rapamm). duitep

yTRasMaiuraH NONOCACHAR YHHHT xapakrepucruiacu 0 Ba &, opamruia 6ynamu.
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6.6-pacM. DUIHTP YACTOTANAP XAPAKTEPHCTHKACHHH TAKKOCIALL: )
ATLTPHIHT KecHm (KIHCKAPTHPHIL) METOZM aCOCHA ONHHTaH TaCTOTaNap
XapaKTepHCTHKACH, 6) OTHMAN GHIBTP TacToTaNnap XapaKTepACTHKACH.

148, ba-- o -~n=
AN ’\\IH(@)I-—Ammumm(pcan)xapanepncmm

1—6‘r VAR | H,(e2)| - Ancan xapakrepucnina

6.7-pacm. TlacT 1acroTanap ONTHMAT GHILTPH TACTOTA XapaKTEPHCTHRACK
(@). Mnean Ba pean XapaKTepHCTHKATAD OPACHAIH XaTOMHK XaPaKTEPHCTHKANAPH

)

dunbTpiap HAcan Ba peal YacToTa XapaKTCPUCTHKANApH opacHrarn
dapiun xaTonMk GyHKIMACH CHOATHAA KAPALT MyMKHH

E(o) = (0)[Hp (o) - H(o)} 6.7

Gynna H,(w) — waean ¢xu Tana6 STANAIMTAH YacTOTANAP XapaKTCpHCTHMKACH,
W(w) — Basn ¢ymamscn GynHG, y Typnu mMonocanapia amMPOKCHMAIGIAIAM
XATOSMTHINH AIHKJTAII MMKONHATHIIN Gepau.

OITHMALIAI METOMHMHT MAKCATH ~ MAKCHMAJ JITHaHraH XaTomiK |E (@)

MakcuMan KMAMATH YTKa3ull Ba YTKA3MACHHK MOJIOCAcCHIa MHHHMAN (it
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TABMHHIIOBIH h(n) GwIbTp KOIGOHMUMEHTIAPHHN aHMKAAWIAaH ubopaT GY/HO,
YHH Kylinparsaa udoaanam MyMKuH

min{max|E(w)]].

max|E(w) HM MUHAMATNAUITHPWITaHAA GUALTD FTKAIMMW BA FTKAIMACTHK

TIOJIOCATADH OpacHNA 6Hp X TeGpaHMIIAp aMILTUTYAACHra SPUILKAANH, WY
6unan Gupra gacrora xapaxTepscTHKacH Te0paHMm KyT6napu Typauua GyiraH
caTxnap oOpkatH yramu  (6.66-pacM). UacToTa  XapaxTepUCTHKANApHaar
TeGpaHMIIIapHM JHI' KaTTa Ba 3HI KMYMK KHMi{MaTNapra aXpaTwil mIAPT IMac,
ymapuu Gerwnaw  erapim  xucobmamand. Mmuconm  yuyH, umsukin  dasa
XapaKTepHCTHKAIK NacT uacroranap OQuiastpmapyn yuyH r+1 ékun  r+2
akcTpeMymnap Maekyn, Oywma r=(N+1)/2 (l-typ ¢wistpnap ydays) &k
r=N/2 (2-Typ dwmstpnap yuyn), 6.66-pacMaa IKCTpEMyMIap KHYHK ailtaHanap
Omnan Genrunanras.

OwLTp  yd4yH  TexMMk  Tanabmapaa  monocanap  yerapacuia
KOHNAIrannapuaaH GolIKa 3KCTpeMan 4acToTanap aBBANAH GepwIMailnu, sLHH
f=f, Ba f=F,/2 uacroranapnai 60lIK2 4YacTOTaNapaarH 3KCTPeMyMIap

HoMabnyM Oymamn. Jlemak onTHMaUIANI METOMMHMHT acocHii Basudacn -
SKCTPEMANl 9aCTOTanap OHnalmraH XWiMaTHHM asuknampaaH ubopar. Bynpait
MacanaHH equmaa Pemes anmMalUTHPHII AAFOPHTMHrA ACOCHAAHIAH MeEToAA3H
bolinananamus (6.8-pacu).

OUWILTpAAH TATa0 DTHAAIHIaH TEXHHK

KypcaTKiruIapHu aHHKAa6 Aactyp
KHPHIIHAN aHHK1aUI

}

Okctpemym r + 1 xonatnapy yuyn
AacTnabkn Taxamumap

|E(w]lmnayman r+ 1 oHr xaTTa
IKCTPEMYMIIAPHE ANAIGTA

Hmnynsc XapakTepHCTHKa
KO HIHEHTIAPHAN OGTHIN

6.8-pacM. ONTHMAN METORMET COANAIITHPHATAH GYHKIMONAN CXEMACH.
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DreTpeMyM  HAcTOTANApH  OKOMIAlrAaH — HacTOTANapHHH  AHHKAAM
HATIKACHNA XAKMKHH YacToTamap XapakTEpHCTHKACHHHM OJNHMII MYMKHH, NCMaK
YHHHI HMITYJIbC XapakTepHCTHKACHHH XaM aHHKIaul MYyMKHR. OunsTpHH
nofiMxanaw yuyw OGepunran Texuuk Tanabnap (fbHM YTKasum MOJ0CACH
YerapaBvii KHitMaTH N Ba GWIBTp YTKasHI Ba YTKasMaciMK [orocacHiaard
TeOpanyuuiap aMIIMTYaac HUCGaTH) yuYH onTMMan METol Kyiinaarn acocuit
Bockuynapra sra:

- PeMe3s anvAWTHPHII AIrOPHTMH MetopmuaH (oiinananub, sKcTpeman
HacTOTA/Iap ONTHMA YaCTOTANAPHHH TOMUIL,

- JKCTpeMymiap koinamran uacToranappan dofinananu®, uacroTanap
XapaKTePHCTHKACHHH AaHHKJIALL,

- KMITYJIBC XapaxTepucTHKanap xo3¢$uuHeHTIapHHN OJHIL.

Yacmoma marnau ycyau. JacTora TaHIaW yCyaM HOPEKYPeHB QHIBTPRap
TapkuGHra KUpYBYM OJIMH YacToTa TaHNnoBYH (uUABTPNAp (nacr uacroranap
$unerpy, 10Kopy uacroTanap GuILTPH Ba YacToTanap nosiocack (WILTPAApH)HHK
BA Xap KAHJAN YACTOTA XApaKTEPUCTHKATH (GHNETpAApHM JoHHXanall (apaTH)
MMKOHUATHHM Gepaan. YacToTa Tamnaul METOAMHMHI ¥3ura XOC XYCYCHATH
uryHaaH MGOpaTKH, y HMITYJIbC XapaKTepHCTURACH JEKITH (UALTPIAPHH PEKYPCHB
ycynna xucodnama camapanu xucobnaul ycynuaan GoinanaHuil HMKOHHATHHA
Gepany. Baw3y xonmapaa HMOYIBC XapaKTePHCTURACH HEKIH, KkO3(PHIHCHTIAPH
6YTyH coH GY/IraH peKypcHB QMILTPIapHH XHcoOMan! HMKOHHATHHH Gepamu. By
yeynaan dakar ot apudMeTyK avamiapan G6axaphira acocnaHran Crangapr
vukponpoueccopnapias  QoHfaNaHWNaIMran  THIAMNAp  yuyH KynaH
XHCOONAHAIH.

Yacmontanapy manianzan HOpeKypcue Quiasmpaap. Mucon y4yH,
4acrora XapaKTePHCTHKACH 6.9a-pacMaa KeATHPHWITaH HMITYJIEC
XapaKTEPUCTHKACH 4eKtd (UIBTP Y4yH KoS(hOUIMEHTIADHH AHWXTAU Kepax
Gyncun. JlacnaG uactoTanap xapaxrepucrixacu KF,/n, k=0,1..,N-1
HyKTanapu ydyn N T4 4aCTOTANapHH TaHMaHMM3. @OunsTp KoadduimeHTRapH
h(n) mu Tammawran N Ta uacroranap yuyH ®ypee TecKapH JHMCKpET
ATMAIITHPHLINNY Ky7U1a0 aHHKIan MyMKHH

N~1 R
W)= '}\72 Hk)e' s (6.8)

<Y pel

Oynpa H(k), k=0,1,..,N—1 — wugear Ba TOMMXANAHHIIA MaKcaj Kwinb

KyHnnran GuabTp uacToTanap XapakTepHCTHKACKAA TaHAHIaH yacroranap (6.8)
TEHITUKHHU KyiHIard KypHHHILTa KeTTHPaMH3:
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-1
Z'H(k)lellt(u—a}s N

1 N4
h(n):—r-ZIH(k)Ie-llukJ.\' POE =_l_
A =0 1V m@

1 X1
= E;IH(k)lcos[Zn(n - a);’N]+ Psin)2x(n —a)/ \'] =
1 N-y
Y 2 HE)cos[2n(n - 0)/ V], (6.9)
€0

byuna @ =(N-1)/2, N(k) - punbtp wacroranap xapaxrepuctixacuna kF./n
HyKranapaars tamnossap, h(n) — Ty xaxwrii bynxum.

|7 ((n)h

e

0 F oo

| 2|

AW WIS U )

6 8101214 K
]
0 (0]
8
6.9-pacm. Yacroranapuu Tannam xaxuaa TydIyH4a: @) nact Yacroranap
HIean GUILTPHHHHT YacToTa XapaKTepHCTHKAacH; 6) HAeaN 0acT YacToTanap

(bgm'rpwxa HacToTanap Tawnam; 6) 6 pacMa TARIARTAH HYKTaNap YayH
JIOHHXANAHTAR NTACT 9acTOTanap QHUIETPH JaCTOTANAD X2PAKTEPHCTHKACH.

&k

5 Kymammx MYXHM Xoapfa, (aza XapakTepuHCTHKacH WH3HKMH Gyrranna
(n) crvmerprk 6ymam pa YHH Kylingarnda ndoaanam MyMKHH:

1 N2-1
(i) = ﬁ[ 2 JH(k)|cos[2a(n —a)/ N + H(O)]] (6.10)
&~0
Arap N Tox 6ynca, firrurymt oxopy serapacu (N —1)/2 ra Tenr 6ymamm.

Hamimxana omumazuran QunbTp wactoranap XapakTepHCTHKacH qactoTanapi
TAHIAHTaH MACAT 4YaCTOTA XapaKTEPHCTHXACHTA TY.IHK Moc kenam. Llymsmr
Omna# Oupra, XapaKkTCPHCTHKA/ia TAWNAHraH HyKTanapna karra (apk Gymumm
MYMKHH (6.96-pacwm). Jloiiuxananapuran $uabTp qacroranap
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XapaKTePHCTHKACHHH AMMNPOKCHMALMANAl yYyH eTapid COHJArH YACTOTANapHH
TaHjall Kepak.

YacToTa TAHMAIUra acOCNAHHG Kypuiral, ambTepHaTHB (2-Typ $wisTp)HH
onui yuyH Kyitwaaru HyKranapia yacroTanap Tannaill kepak:

fo=(k+UDF,/N. k=0.1..N-1. (6.11)

6.10-pacMaa wacToTanap TaHnall HKKHTA CTPYKTYpaBHii  CXeMacH
raxxocnanrad, Texuuk TanaGnap 6up xun Gynmumra Kapamaii Gy HXKH METOA
Gup-6npunan  QapknaHyB4H 4acToTanap XapakTepHCTHKANApHHH KeJTTHPHO
qukapanut. JIOHMXANOBYMHMHI Basudac Wy WMKKH (uibTprat xaiicu 6upu
KyHuIran mMacanaHy e4mill yuyH Kynpox MOC KETHIUHHH aHHKNIALIAAH nbopar.

AN
\\ r/m) \ ,,/Re(')

() )

N AN
\_ J Re() 1— Jke@

1-typ, N-xygr  2-typ, N -ydr

6.10-pacm. UKku Typ GpunbTpaap yuyH 4aCTOTa TAHNAMHHAT G

MyMKHH G¥ran TYpTTa CTPYKTYpacH (ROMIUIEKC TEKHCITHKA] TaCBUPIIAHIaH).
Tannanzan sacmomanap pexypcué Guabmpnapu. Arap TaHTaHraH
YaCTOTATAPHMHI KYMUWIMK KuiiMaTiapn Hosnra TeHr Oyica, y Xxomna peKypcHs
AKAar¥  TAWIaHTaH  9acToTa  QMIBTPIADHAM  XACOONAIl  HOpEKYPCHB
dwibTpnapun xpcofnamra Kaparasaa ce3Mnapiy fapaxana Kynad. Mimymse
XapaKTepUCTHKAacH YeKnH GuneTp y3atv kodpuipentH H (z) mm pexypcus

KYPHREHINIA Kyituaaruya E3ni MyMKHH:

o=z Hk) '
H(z)=— gl_em.\.:_, =H,(2)H,(2). 6.12)
6ynna
1—--~
Hl(:)= '- 1]
& H®k
Hy(2)=2 :,Er?.- a
l-e z
Pexypcns maiga H(zy un nanid saveawnn welBTPIApaan uGopar xe6
KApall MyMKHH: GMpIHK pajuycau foupa nunmna 6Mp TEkHC Xkoiinawran N Ta
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HOMMapAan nbopar Tapokcrmor ¢wiETp H,(z) B2 6Mp Kytorm N Ta H,(z)
$unsrpnap inEunmicu cudatuza. TapoxkcamoH ¢uabTp HoOMnapy Ba 6up KyTGMI
$uETpnapunsr Kyr6napn Gupmux panuycnn aitnanaam z, =e™'" Hyxranapma
6up-Guprra Moc xenamr. Hatmxama Hostap Kytomap Ouaan ¥3apo Gup-6upwrn
KoMmencarmsanaiimn Ba H(z) xyrnapra sra Gymmaramu yays y dewranran
HMMITYJIBEC XapaKTepHCTHKAra TeHr Gynamu.

AManga cyanapuuHr rasomuiinury yeknanrauy yuyH H,(z) unur kyrénapu
OMpivx aiinanana aRMK KOMNANIMACTITH HOMIAPHH TYAHK KOMITEHCAIMIAMARIH
Ba H(z) noremman — kadonatin Gapkapop GynMaraH HeKCH3 MMITYIBC
Xapaxrepuctukanu ¢uibTpra aiinanagy. Bapxapopnuk Myammocuuu H(z) um
PaiycH ynmuamu r GyaraH 6upaaH XMuPK ailaHaza AMCKPET/IAll OPKAIM
Gnprapad kwom Mywam. By xoma y3aTHIl K02 PUIUMCHTH Kyitaaru ¢opmyita
OPKQIH aHHKIAHAaH:

) 1-¥2" 8 HE) N
H“:) = AT Zl 2efe N =1 " (6'1")
K ol ? -

—re

YMyman onranna H(k) mwmr Tamnamram wactotanmapH — 6y KOMIUIEKC
KaTranminap 6ymub, (6.12) éxu (6.13) TeRrnmamanapBn TYFPHOAH-TYFPH eUHII
KOMIDICKC comnap apudMernkacvaan doiiganarumeyn Tanab nagy. Ymoy
MypakkaGnHKnapra Ayd KeIMaciIHK YIyH Xap KAHAAI HMITYJTbC XapaKTCPHCTHKACH
HCKIM MMIymbC XapakTepucTuxack h(n) Xaxuxuii Gyaran ¢MsTp yacroranap
XapakTepHCTUKallapHTa Xoc Gynran CHMMETPHAUIMK XoccachiaH doiinananamus.

Ommii  ¢asa xapakTepucTHKacH YM3HKIH 6YiaraH yacToTa TAHIOBYH
UMITYJIbC XapakTepHCTHKACH Ky (T — CUMMETPHK GUALTD y3aTHII K03ddHLMenTH
Kymaaruga nbonananany:

1-7%=%
H(z)=""—
C=—5 "
Y, X n_ 7 il +a)/ N 2
><!Z|H(A)|2z:os(.‘!;rlm/z\) 2 cos[.zrl.g 1+a) N): LHOL
1-2rcos(2nk/N):="" + 7727 1-z7

L E=i

6yana a=(N-1)/2. N ok 6ymranaa M =(N-1)/2 Ba N xydt 6yrranna
M=N/2-1,

0d0uii Kosppunuenmau uacmomacu mannanzan Gunsmpnap. Hmmynse
XapaxTePHCTHKACH YeKIM (HALTPAApEH PpeKYpcHB JioHHXanam Ba aMaimra
OLUMPHIUHH  pakaMiH  (WIBTPAapia amanra OWHPHIANMraH  apHUpMETHK
aMALIAPHH Ce3WNapiIn japaxana xamaitrupann. Iy 6wian 6upra, arap tunsTp
OyTyH cowm kodpduumentnapra sra 6ynca (Wy KyMIAAAH MKKHHMHE
Aapaxcanapu KYPHHMUDiZIA), y XO/A2 YHHHT XHCOOIAII CaMAPANOPMIH OLLATY, 6y
AHHHKCA  apupMeTHX amamiapHu Gamapumuza oaaMii  mpoueccopiapaaH
¢doinanannmaa camapany xucobnaHamu. AMMO OyTyH coH KYpHHMmMAaru
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xoapduiteHTapHK (aKaT y3aTHII KOXPOHUHCHTIAPHHIHT KyTOJIapH MabiIyM
XonatTiapfia xoiinamran 6ymHum xepax (6.14-Texrnama). Ymby TabKHITAIHH
Kyiinparnua ugopanam  Mymkun: GyTyH COHIH ro3¢pyuMenTnapra ara
duibTpnapHn ¢axkaT MamTyMm uacTotanapa conaw (CHMMETPHK KYpHHHILAATH
YaCTOTa XapaKTepUCTHKATapura ora 6ymmim) MymkiH. IUyHH anoxuaa TabKuiam
Kxepakky, GuisTp KoddduuneHTIapu GyTyH cownapias nGopar 6yaranH y4yH
KyrGnapun OMpHK pajuycId aiiaHara Haean Xoana JKOHNAWTHPHIN MYMKHH.
Yy 10KopHma KeNTHPWIraH yCyiia spaTwirad QHALTpnap 9actoTacu
TaHmaHraH GUABTPIAPHH XyCYCHil KypHEHULIAPH Xpcobnanany.

Ha3zopam cagonnapu

1. Hunyme Xapakmepucmuxacu Hexnanza# ¢punbmprapuyu  Rowwyarau
bocxuunapunu atimub bepun2.
2. Paxkammu umemp asa Xapaxmepucmukacu Husuxau Oymuu Kanoai

mavmunanaou?
3. Yisuxnu chazasuti XAPAKMEPUCTIUKATY UMRYALC XAPAKTNEPUCIIUKACY

uexnanzax ghunsmpnapnunz Kandaii myprapu maeicyo?

4. Hunpasc Xxapaxmepucmuxacu HeKnaHzau gurmpnapnu  notiuxanawt
bockuunapunu atimub bepune.

5. Ilacm vwacmomanap pakamiu Qumbmpnap —amnrumyda-iacmoma
XAPAKMEPUCIUKACY ~ yMYMUTT  KPDUHUWWUNN  WUSUHZ  6a  YHUNZ2 y3uea xoc

xycycusmaapuny aiimud bepuna.
6. Hunynec Xapaxmepucmuxacu uexiawzan unompaapru  Xucobnaw

yeynunu aiini6 bepune.
7. HMnynsc xapaxmepucmuxacy vexiaHeaw gumbmp nacm Hacmomanap

unbmpu onmusan wacmomanap xapaxmepucmuxacu Kanoaii yuconanadu?
8. Tamnanean vacmomanap ycyaudaw  Hopexypcus — Gurompnapru
notiuxanaununz agsariuxiapu sumarapoan ubopam?
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7. AMIIVJLC XAPAK'I‘EPHC;I'HKACFI YEKCHA3 ®GWUTLTPJIAPHU
JOHMXAJIALIL

7.1. AMOyALC XapAKTEPHCTHKACH 9eKcH3 uapTpaapunnr
XapaKTepHCTHKAJIAPH

MMoynbe  xapakTCpHCTHXACH —9CKCH3 pakawiM  GUILTpRap Kyiiaard
PEKYPCHB TEHINIaMa OPKAIM XapaKTepaHaau:

= N M
Mu)= ik )xlu =4 )= bx{n—-4)- Dayv{n—R). (7.1)
k<0 s

ELIS

Gyana h(k) ~ ¢bumsTpEMET MITYnBC xapazmvepncnn(acu 6ynub, Hazapuii Hyxrau
HA3apRau 4excH3 KaTTa JasoMuilnmkxa ora, b, Ba a, - (wisIp
koapprmentnapH, x(n) Ba y(n) — drmTp KMpHI Ba THIGIM CHTHATTAPH.
HUMOymsc xapakTepucTuxack w9excu3s (GUALTPHMHC y3aTuu (ryHKUMACH
KyHBparu Kypuuunira sra:
. Z\: k
- -x b="
b°+b1:‘+...+bN:; - . (7.2)

1+3 a,=~*

k=]

H(z)=

1+a=" +  +ay,z”

Umnymse xapaxrepucrHkach gekcH3 QMISTPA2PHH NOHUXANAMIATH MyXUM
*apaganapnas Gupu Oy b, Ba a, koa(pHIMERTHApHAM MIYRAAH KHAMATNADHEW
Tomumaae MOOpaTKM,  HATKAZA (WILTPHHHI MabIyM XapaKTepPUCTHKAapH,
MMCOJ y9yH 4aCTOTa XapPaKTEPHCTHKACH MAbIyM KYPHHMILra 3ra GYJIMILM Kepak.
HMITYJILC XapaKTepHCTHKACK HekcH3 GunbTpiapun uhoganosun dopmynanap (7.1)
Ba (7.2) nappau n6opart.

(7.1) Terrnamana punbTpHuHr Y6y oHjaru umMkuw curHams y(n) yrran
THKHII CHTHANNApU y(n—k) Ba ymby OHJArd KMPHMIK CHTHAIH x(n) Ba YHUHAT
aBBAIIY JUCKPET KuitMaTnapu x(n — k), ALHM MMOYTbC XAPAKTEPUCTHKACH YEKCH3
¢ansTp 6y ‘MawiyM KYpHEMIIArM TecKapH GornamyIiH TH3MM. HMmymbe
XAPaKTEPHCTHKACH TEKCH3 (QHILTPHUAT a(3UTHTH TeCKapH aloKa HATIKacHaa
OpHIIANAMHIaH MOCNTAIYBYARITHIH  XucoOnanaxn. MHCOT ydyH, HMITYIIBC
XapaKTepHCTHKACH 9YCeKCH3 (WILTpIapHM JofHXanam, 0aTaa Oup Xungar
Texuuxk Tanabmapan GakapHIl ydyH HMITY/ILC XApaKTCPHCTHKACH WYCKIAHraH
¢unpTpapra Kaparania kam CORMM K03pQUIMEHTNAPHM TANAG KIIAMM, UIYHUHT
YIyH  HMOYJBC  XADAKTEPHCTHKACH  4eKcu3  QWIBTpAapAaH  4acrora
XApaKTEPHCTUKACHHMHI §TKA3MIL BA YTKA3MACIMK HOJIOCANIAPH OPACHAATH YTHIL
nomocacH KM4MK 6yiran xonamiapma, sBHM 9actoTa XapaKTepUCTHKACH YTHII
KHCMH KHAIMIH KecKHH GYnuum Ttana6 smwiranna doiipananmwianu. Hatuxana
HMITYJILC  XapaKTePHCTHKACH YeKCH3 (GWIBTD NOTEeHUMAN GApPKAPOPNHTHHHHI
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EvonnaumMuM Ba OyHAaH TAWKAPH JofMXanamyja Maxcyc 9opa Kypuimaca
(I)Hﬂb’l'pHHHl" HUTAIH TE3TUNH KaMasaaH.

VIMITyIbC XapaKTepHCTHKACH HEKCH3 (HIBTDHUHT y3aTHII X03(QHIHEHTH
H(z) u1 ndonanosun (7.2) GpopMynann Kyiuaarnya Efnur MyMKHH:

K(:—:, )(:—:: )---(Z—Zx)

H(z)= . (7.3)
=-pY==p,)-z-py)

6yHR 2,, Z,,... — y3aTHm Koadbduimentn H(z) nomunapw, suum H(z) wonra Tewr

GYITMILMHK TAabMHHIOBUH z HUHT KMHMaTiapH, p,, p,,... — H (z) HMHI' KyTOIapH,

AbHYM z HUHT H(z) yexcHINMKKa TeHr Gynammran KiitMaTIapH.

Vaaruw xoadpuientv GYHKUMACKH KyT6 Ba HOLTADHHMME JKOHNaumiuy
rpadurM Honb Ba KyTONApHMHT AuarpaMmack Aeb araiami Ba (WILTpHH
KOMILIEKC AICCH 103a/1a TACBHPAAIL BA TAXANA YuyH Ky/ai BOCHTA XucOO/MaHanH.
dunetp Gapkapop 6y MM YHYH XaMMa KyTOnap GpIHk pauycnH aoMpa Winjia
(Exu noNnap Gunan Moc GUPINK PanMyC aillaHACKIA) KOMIALlral 6ynHiIH KepaK.
Honnapuunr skoftnalumiu XoAaTura YeKnanuunap iyx.

7.2. UMOyJbc XapaKTepHCTHKACH YEKCH3 pakavi QIILTPIapHA
noiinxanam GocKHLIApH

VMvyMas ONTaHna WMIYIbC XApPaKTEPHCTHKAaCH YEKCH3  paramili
dunbTpnapuy  nofixanaus GOCKWIApH HMIYNIBC XapaKTEpHCTHKAcH HEKiIH
PakamH (pUILTPIapHH Nojinxanal GockyuunapHuaH kaM apKiaHaj. Ammo yaH
NOiMXANAlHMHE ¥3ura XoC XycycHATiaph 6ynub, Gus ynapuu kearycuia Kypu6
YUKaMH3.

7.2.1, UMOyabc XapaKTEPHCTUKACH MEKCH3 PAKamM/In $naLTPIAPHUAT
Te3KopAnrura 6ynran Texank Taaabaap

Bourka  KynrpHa ~— TEXHOJOTMK  Macananapra yxmiam — UMITYJIBC
XapaKTepHCTHKACH 4eKCH3 (IBTPIAPHH NOHMXANAll YHWHT TCGKOPIHIHIA
Kylimnanuran Tanabnap pyiixaTuim Tysumzan Goumasams. Tanabnap pyiixatnaa
Kylinparusap KeJITHPIIHIIN KepaK:

YacToTa TAWIOBYH (WIETPIAp KATOPHIa KMPYBYH NacT dacroranap
¢umbTpR Ba Tonoca (QHILTPIApH YOYH HACTOTE XapaKTEPHCTHKANApH AOITYCK
yyamack KypuHMwMaa Gepunaan. Mucon TapuRacHia 7.1-pacmza HMITYJC
XapaKTEPHCTHKACH HUEKCH3  Mojloca ¢wisTpH  ydyH JONMYCKIap H3MACH
KeITHpWIraH.

MMMy LC XApaKTEPHCTHKACHHUHT WITPHXIAHTAH KHCMJIApH JOTYCKIIADHHU
Genrwraiiny. Yacrota xapaxrepucrikacuHM faxonamja  OmATAR Kylinnarn
napamerpaapaH GoiIaTaHUNAIMN:
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&' — rRasvm nonocachaarn HOTCKHCITHKNApHY Gaxonosuw mapaverp; &, —
yrxasum nonocacuparn oy aMILTHTynacH; &, — YTKa3MaclIMK nosocacHaari
OFMII aMmumTynack; f,, sa 1 YTKA3HII 0ONOCACH yerapaawii yacroranapy; f,
B4 f,; ¥TRasmMaciik nonocack serapaswit qacToTaNapu.

---—-'-----‘

7.1-pacm. MMirynnc xapakTepHCTHKAcH 9eKCH3 MTONOCA GYITLTPH YayH
Jomycknap rpagsry.

Yerapasmii HACTOTaNapHHAT HOPMAIANTAR KHIMAaTH KSNTHPHIAIH, SHHH

HAHCKpeTnam uacrorack yyn cadarena ( f/ F,), amMo 6ab3an opauii wacrora

XiivaTuna  Tepy  exu KWIOTepIyIapAa XaM KeNTHpWIanH. YTKasMw Ba
yrkasmacmix  momocanap

HIA aAMILTHTYA2 OFWIUMHH OMUIMH  KaTTAMK  &kU
Rermbemnap opkamy vdonananran KypURHILIA Mpoaanall MyMKHH: OFHULIAp

(RoTexncmiicnap) aMIUTMTYRacH JTKa3HII MoocacHaa Aenuberuiapaa Kyiingarima
Gaxonanaym: e :

A, =101g(1+¢?)=-20-1g(1-35,), (7.4a)

Ba YTKa3MacHK Tonocacus,

a OFFIIIap aMIUTHTYZacH AcuMOGennapaa Kyiinzaruaa
Gaxomananm:

4, =-20-1g(3,). (7.46,

. PMnymsc xapakrepreryacy vexcus gpunstpap YIYH OFHL (HOTEKHCITHK) —

Oy ykasumr nonocacimar maxcyvan sa vmmMan OFMILINAP KHIMATHHHAT (apKH.
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7.2.2. UMOyabC XapaKTEPHCTHKACH YEKCH3 $rnbTpnap xo3pdHIHEHTIAPAHA
xucofaam ycynu

By Gockuia kenrycuna g, a b, xoaduuuentiapn KuiiMaTnapunu (7.2)
TEHTNIaMa acOCHAA XWCOGNAMAW TABMHEIAHIMIaH anmpOKCHMAIMANAM METOAN
TamnanaH, KosqpysenTIapHHAT xucoOnami HATIKAaCHIA ONMHTAH KHHMATIapH
noitmxanam 6uprrun Gocxkiumaa GUIBTP aMILTATYA-TaCcTOTa XapaKTePHCTHKACH
Y9yH O:THHTaH TanabnapHn KOHHKTHPHIIH KEpaxK.

Mmmynsc  XapakTepucTHKacH  dekchs  GuabTp  xos(prmmenTiapn
KMHMATA2PHEN OJIMi paBHIAA ONTHII YIYH YHHHT KyTO Ba HOMTAPHHA KOMILTEKC
103314 KOIUTAIITHPHN HaTxacHia GIILTPIaH Tanal STHIAMHIAH AMIUTHTYAA-
YACTOTA XAPAKTEPHCTHKACHHM ONMm MyMkHH. Ymby xyr6 Ba HommapEM
xoilnairrupum oprani GuikTp KodpQHIMEHTNAPHEY AHMKIAIL METOAH, daxar
oAyl UIbTPIAapHH noHMXanamaa Ky/LIAHWNHINN MYyMKHH, MHCON YYYH TOp
NOAOCANH YTKA3MII NOMOCACHAANH HOTCKUCIMINIAPHTa Gynran Tanabnap Hucbatan
anuK GepwiMaraH pexextop GunbTpnapHH NofiMXanamma dodmamanum Kymaif
xucobranany. Hucbaran camapany Meroa, Oy nactiab TexHUK TanaGumapra xapod
6epagvran aHanor GWIBTPHH NOHMXAIAIN, CYVEIPa YHH JKBHBAICHT PAaKAMITH
dwisTpra anMamTHpum XpucoGnanagd. Kynrmea MMIynsc XapakTephCTHKacH
9EKCH3 paKaMHi (GUILTpRap Iy METOJ aCOCHAa Apariiaay. Yudy MeToanan KeRT
doiipanammmmmira cabab, X03nMpA2 aRANOr (GHILTPIAPAK JNOHMXANam XaKHza
eTapm fgapaxama ManGa Ba Maniymomiap MaBxyA 6Ynn6, ynapmam parkammi
drursTpnapam noiixanamaa Golnananumr MyMKHH. AHanor GpUNETpIapER ynapra
MOC KeITyBIH paxamiy ¢isTpriapra aiMAliTHPHIUZAAR KyiMTArH Y9 METONfaH
doiiganaHum MyMKHH: MMIOYJLC XADAKTCPUCTHXAHH HHBADHAHT ANMMANITUPHII;
MOCHAILraH Z-AIMANITHPHUII B2 CHIM3MKIH (MKKM YM3HKIM) Z -QNMAIITHDHIL.

Qunsmp Kodpunuenmnapunu Hob 6a Kymbnapuu dcoinausmupuui
yoynu 6unan  Xucobnawi. Arap KaHIAHAMP KOMIUICKC lo3ara HONHH
KOIUIALITHPCAK, Y Xonaa ywby HYKTaZia HacTOTa XAPAKTEPHCTHKACH KHHMATH
Honra TeHr Gynamu. [y Gunan xyT0 ¢mnbTp wacTora XapaKTCpUCTHKACHAA
MAKCHMYM Taiimo Gymmmra ca6ab Gymamn (7.2-pacm). BHpiHK pammycimm
aiylanara SKMH KOMMAINraH KyTOJNap, aMIUTHTYA2-9acToTa XapaKTEepHCTHKacHIa
KaTTa GYKKWiap Tajifo Gymummra caba6 Gymamn Ba my GraH Grpra GHpIHK
pamsyciH aiimaHara AxWH koinamran €ku ycTATa TYHTaH HOUIAp aMIMTynA-
YacTOTa XapaKTCPHCTHKaJa MMHAMyMIap mnaigo Gymmuura omib xenamu.
[lyngaii a6 mDoms Ba KYTONapiIr KOMIUIEKC 103a]i8 JKOWNAIITHPHIN
HaTIDKAacHIa OAMIA macT yactotanap GWIETPHEM tku GOlIXa JACTOTa TAHNORTH
(UIBTPHH ORI MYMKHH,
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Mactora

(R PO, W

35/
a ¢
7.2-pacM. Onyii QIIBTPHHHF HONB Ba KyTGNapu anarpamMmacH (a); ymoéy
GUALTD YacTOTa XapaKTEPHCTHKACHHUHI CXEMATHK TacBUpH (6).

Pakawm duneTpapiy nofinxanaua Kyinparn MyxuM Xonarra atoxmaa
axamusaT Gephm xepak: GMIETP KO3 HIMEHTIApH XaKHKHIH GYmuwuK yayR KyT6
Ba HOJUIAP XAKMKUii 6YMHILTAPY EKM ¥3apo KoMONeKe MocTaliral GV Kepak.

Dunomp  Kopunuenmnapu  uMnyISC  XAPAKMEPUCIUKACUNHU
uneapuanm anmauwmupuws ycynu 6unan xucobaaw. By ycyn paxamnn ¢ounstp
HMITYJILC XapaxTepucTnkac A(t) WM Moc ananor (WIsTp Y3aTum (YHKIHACH
H(s) nam Jlannac anMalrmupuiny  €pAamMuaa onnura acocnanradH. CyHrpa
MMIYJEC  XBpakTepHCTHK2 h(f) HM IMCKpeTH3amMAnall HAaTHKAacCHAA OMHHIAH
h(nT) bymxoms yoerwman z amanrrapwmm Gaxapwiaak Ba HaTHXARa 6u3
nanagrran ysatum dymamscu H(z) ommamn (T — mackpetnam opanuru). Arap

g;anor uabtp ysatuw yukumscn xyituparu GyHKuMs opxann uojanaHrau
nca o

Hq,)=;f_P_ (7.5)

Oyuna p - H (S) byHKups Kyron, C — aoumuii, y3rapMac KaTTAINK (KOHCTaHTa).
By xonaa umnynnc xapaxrepuctnkacu h(r) Jlannac Teckapu amanitupuiy
OpKatH KyHnaaru udoaa opkany aHWKIaHaH:

ht)= _L'l[H(s)] = L_l(_s—ip] =Ce? .

Oynaa L' Jlannac Teckapn anmawrmpuwumen  anrmatagd.  Mmnyisc
XapaKTCPHCTUKACHHH WHBADHAHT AMMAIITHPHII METOAW acOCHAA OSKBHBAJIEHT
pakaMimH GwILTP HMIYIEC xapaktepucniacn h(nT) ananor ¢puasTp HMIymBC
Xapaxrepucrukacu h(f) wuHr muckper makmap (=nT paru KHMiiMaTiapu
Hurniaycura Tenr (n=0,1, 2,..., ), abuu

Int)= h(t],zﬂ =Ce?T.
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H(z) ysatum Ko(pQHMUMEHTH 2z AIMAIUTHPHIIHHK h(nT) ra TaBCupu
HarwKacu cudaTia aHUKnaHaiu:

Ny ot~ pnT - c
H(:)=§)hlnT): ="Z=‘:)ce - =m

JleMak, 10KOpHIA KEITHPWITAR HaTIDKafan (olinananuG Kyinaariam &omm
MYMKITH:

¢ ¢ a.6)
s-p 1-ePT:7

HMnynsc XapakTepUCTHKACH YekJaHMaraH IOKOpH (MHCOX Y9yH M-m)
TapTu6:am onauii KyToan GHIBTpIapra UMITYJIbC XapaKTepUCTHKACHHH HHBAPHAHT
METONMIN Kynnanyia, AacTinat drumstp y3arwmr dymkmsen H(s) mn ommait xacp
coRyapra &iwm kepak (ByRmaii SHMm AroHa KyTOmH ommuii QHIBTpNAp KeTMa-
KETJIHrHIH alriaTam):

G , G .., S S G
S—h S—P S=Pr k1S Pr

His)= 7.7

6ynna p, — H(s) pymanistemer Kyr6u. (7.7) TERITaMaHUAT VAT TOMOHHIAIH Xap
Gup Tawkua sTyBuncH (7.6) dopmyna xypHEMUIMAA GYnub, HaTHXKABHIE GHILTD
H EY) dynkmuscH Xap 6up anoxmma $mIBTpnap XycycHit GyHKIHANApH
WnruromcHTa Tenr. JlemMak

>G5 G 0.9

T 1"
t-ls—Pg- h]l—e}’) -

IOKopsi TapTHéIM HMIYJIBC XaPAKTEPHCTHKACH HEKCH3 GHUIBTpOap oAaTAa
KeTMa-KeT Xackajulap CKkd napauien Kackayiap KypHHHOD{Iar# HKKHHYH
Taptubny GuIsTpaap WAKIHAA amanra owmpunams. Kyn xomnapaa M=2 -
MKKMHuM TapTHONM (uwisTpnapnan oiigananwnann. M =2 6yaraH Xonar yayH
(7.8) anmanrTHpnI KyiHHaard KypHHHIIHA ONIaZu:

G C, C, C,
+ L —> 7 -l+ T —l=
s-p, s-p, 1-eMz7 l-ePr

_ G +Cy—(Ce?T 4+ CyePT) 7!
1_(e.=':1' + et ):-l IR SR

7.9
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Arap p, Ba p, KyTGIap KOMILIEKC Mocawran 6ynca, y xonna C, Ba C, nap
XaM KoMImlexkc mocnamran 6ynaay pa (7.9) Tenrnama Kyiuiarn Kyputuwra ora
6Vmamu:
C, C,
+
.- 1-ePT="l BT
- ZCvr_[Cm cos(pmr)-:— Cm: Siu(}’lm‘r)]2","..‘"’]":-l
1-2e™ cos(p, T)="! + ¥’ =72 )

(7.10)

6yana C_ Ba C_ nap C, HMHT Xaxuxuii Ba MaBXyM KHMCMH, p_ Ba p, Jap p,
HHHI XaKHKH{E B2 MaBXYM KHCMH, “*”’ — KOMIUIEKC MOC/IALUFAHIHKHH aHMNAaTyBYH

Kynuunuk umnynse xapakTepuCTHKACH MHBApMAHT aiMAIUTHPULL CXEMACH
acoCHAA amaira - - OIIMpHII OYAraR MMIYNLC  XapaKTEPHCTHKACH — eKcH3
bwisTpnaprMar y3aTHm Ko3ppHUMEHTHNApHHN XucoGnawt yayH (7.6), (7.9) Ba
(7.10) anmanrrnpuinapunn Gaxapuiu erapnn xpcoGnanaan. Y6y 6obra wnosa
iaknuaa GuisTp koddpHIMeHTIapHHY IOKOpMAA kerrupwiraH Taptnopa C
THIHAA JacTypH XeNTHpHITaH Oymb, KyHHAArM KeJITHPIUITAH MHCON YOy
ACOCHH METONHM TaCAHKIAIHAN.

lyspaii kw6, HHBapHaHT aNMMAWITHPHII METOMHAAH ¢oiifananuil yuyH
KyiMparu aMannapan Gaxapui kepax Gynami:

1. Pakamnu QuisTpAaH Tanad ITHIAAMIaH TEXHUK KYPCATKUWIAPra XKaBob
6epamuran ananor QUALTP HOPMANIAWITHPWITAH YACTOTA XapaKTEPHCTHKACHHH
aHHKIaNL.

2. Cyarrd Gockuyna GakapunaguradH aMaulapHH OCOHIAIUTHPHIL YIyH
H (s) HH 3JIEMEHTap Kacprap HHFHHANCHTA CHHLLL

3. Xap Gup xacpra z-anvawrTHpulny Kyyiad (7.8) ra yxwaw udogann
om/m,

4. 3-GapmpM TANIKWI TYBYWIAPHHEM MKKMHYH TApTHOMM TALIKWI 3TyBYH
XaMIap TypyXH KypHHHIIMTA KenTHpHG (éku Gupmuum Tapruomm) H(z) mm
AHMKNANL Arap peal AMCKpeTJIam gactotacuaad dwoiinananwiran 6yaca, y xonna
H(z) mu T ra xynairrupum kepax 6§nagmn.

Wmnynsc XapakTepHCTHKACHHM WHBApHAHT ANMALITHPHIL MCTOAM Gup
KaTOp XyCyCHATIApra 3ra;

1. Pakamny ¢unsTp MMmymbe xapaxrepuctukacn h(nT) amanor dunstp
MMITYJILC XapakTepHcTHracu h(t) muur auckper BakT { =nT, n=0,1,... napaarn
KHHMAT/IApHTa HHBAPHAHT (MOC) keaam (7.3-pacM). Wyuuur yuys 6y MeTOAHH
HMAYJLC XAPAKTCPHCTHKACHHH HHBAPHAHT AIIMALITHPHLL METOAH AcO aTanaau.

. 2. IMaynsc XapaKTepUCTMKAHH HHBAPHAHT ATMALITHPHII CXEMACH ACOCHIA
JIOMMXANAHTaH PAKAMIH GUILTPHMHT 4acTOTa XapaKTEPHCTHKACHTA AWCKPCTIALI
HACTOTaCH TabCHP KuiamM. JloiHxananITHpWIAETraln pakaMimi QHILTP 9acToTa
XapAKTEPHCTHKACH aHANOr (GHIBTP YACTOTA XAPAKTEPUCTHKACHrA AKHH (Yxiuair)
Gnnmm yayH etapay qapaxana karra JHUCKPETJIaI 4yacToTacH Tanad KWinHaaH.
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3. Baxr 6¥iiuta micKpeTnanTan THsHMAapra yxmam H(z) ra Moc HMITyIBC
XaPaKTepHCTUKACH HHBAPUAHT ANMAIITHPWIraH pakamm GWILTP (YTRA3MI
NONOCacH) COeKTpH XaMm GHpnamau ananor QuibTp coexTpy (YrKasmur nONOCacH)
H(s) ra yxuwaw AMCKPET/IAL YaCTOTACHTA TEHI PaBHIVIA AABPHI TAKPOPAARAIH
Ba CRICKTPHHMHT GMp-GMpHWH ycTHTa Tyummummra ca6a6 6ymamn (7.4-pacm). Lly
6mnan Gupra 6MpnaMau aHATOr GMIBTP JACTOTA XAPAKTECPHUCTHKACHHHHT OV B4
OpKa KccHMIapH €Tapiii Japaxafia THK Oynca &ku amamor QHIBTp HacTora
YTKasuIo MONOCacH MMIYNIEC XapaKTEPHCTHKACHHH HHBapHAHT aMAlITHPHIIAAH
aBpan uerapananran Gynca, y Xoiia CIeKTpIapHHHT Gup-OHpH ycTHIa TYIIHIIH
KHuHK (ce3uwiapcus) 6ynau.

t)

Bax, ¢ (yarykeis)

.
4
) %\
y
‘
’ ‘|

L
VT e T erras

O 2T 4T 6T $T10T 127  Baxr, nT (mickper)
8

7.3-pacM. AHaIOr QWILTP MMITYJILC XaPAKTEPHCTHKACH h(t) (a) Ba ynra
3KBHBANCHT PaKaMIH GrvsTp h(n T) (6) yMITyABC XapaKTEPHCTHRACHHH
TAKKOCHAWI.

JluckpeTnanr 9acTOTACHMHH KATTANANITHPHIN OPKATH XaM OKOpHparH
HATIDKAHH, CICKTP OHp-GMpPH YCTHTa TYIIHIIMHH KCCKHMH KaMaATHPHII MyMIHH.
Hlynpait xanu6, 1oxopunarunap acocuna Oy MeTojyiaH uerapanaml KHTHTH
erapnu  napaxaga TMK Gynaral nacr wacroranap (GUIBTPHHH AparHiia
JMCKpETJIALl YAacTOTACHHM KATTa TAHMANl acoCHAa CHEKTpIap 6up-GHpUHMHT
YCTMra Jespnu TyWMaiiauran xoiapaa doiifananuiu TaBCHA STHIATH. By
METOmfiaH IOKOpPH YacToTarap Ba pexexrop GuisTprapHu foHuxananuia
doiipananum yuyn cnekTpaap GHp-GMpHHMHT  YCTHra  TyNIMACHHIHMHN
TABMUHJIOBYH XHMOAIOBYM WIKTPAaH Qoiigananynr kepak 6ynanH.
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[H#()|

0 Hacrora

| =

2F, Macrora

7.4-pacMm. ARanor QIWILTP aMILTHTYAA-9aCTOTa XaPaKTEPHCTHKACH
(cnextpn) (a); UMITY;TBC XapPaKTEPHCTHKACHHH HHBAPHAHT AIMALITUPHIN METOAH
OPKAJH OJIMHTAH 3KBUBAJICHT pakaMiTH (PUILTP aMILTHTYAa-4acToTa
XapaxTepHcTHRacH (cnekTpH) (6), 6ynaa 6Hp-6HpUHH yCTHTa TYIIHIN XONATH
LUTPUXAHIAH.

Mocnawezan z-anmawmupuus époanuda unemp xo3pduuuenmnapunu
Xucobnaw. Mocnamra z-anMaliTHpHIL aHanor GMALTPHH pakawiu GuabTpra
ATMANITHPHUIN UMROHMSATHHM apaTtanu. By merofna asanor GuUILTpHUHT Xap Gup
Kyt Ba HO/UTApH 5 103a8aH z 103ara (KOMIDIEKC 103ara) ¥TKasunanm:

(s—a)>Q-z"eT). (7.11)

Oymapa T — micxkpernam faspy. (7.11) anMaWITHPMIL 5§ =a HyKTaga xoilfamran
KyTO (KM HON)HM XOMIUIEKC 103a7arK z =€ HYKTaCHAa oinamran Kyt6 (Exu
HOM)ra ¥TKa3HUIHNM TacBUpAaian.

1Oxopn TapTiGau ananor ¢puasTp y3artHix kodddunuerTH 6up Hewa KyTE Ba
(€xw) nonnapra ara 6YnuG, ynapau s 103ajlaH z 103ara ¥Tka3nG TaceHpiam Tanab
STHRAAH. DHr IOKODM JAPaXKald TYPId KyTG Ba HOANapra sra asanor ¢Gunstp
Yy3aru koapdHHeBTHEN KyiHIArH KYPHHHIIAA E3011 MyMKHN:

e (s—5ds=z2,)...(s~zy)
A) (s—p)s—pa). . (s—py)

(7.12)

OyHaa z, Ba p, ~ysarum xospdmmmerTn H(s) BUHT HosTb Ba KyTGNApH.
Onmu (7.12) TeHrMaMa Xap OMp TAINKHN STYBYHCMIA MOCHAITAH Z-

ATMAUITUPHIT OWIIaH TALCHD TAMMU3:
(s—z)> 1=zt
(s—pg) > (1-zTeP),
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VIMITY/THC XapaXTepHCTHKACH TeKCH3 IOKOPH TapTHOM! GHIBTpIapaa acoCHit
(HIBTPIOBIH TAWKWI 3TYBIH 6Nk Oy MaamTH Taprubmm 6ok XUCOONAHA]IH.
[Iysuur yuyn (7.12) Tenrnamana Ousun M =N=2 Oyirau xomar anoxuaa
Ku3uKTHpazy. By xonar yuyn amanor $puiabTp ysatum kodpdunmentn Kylnaard
KYPHHUIIHH OSNafH:

1 s=n)s-2) ;
H = m—— (7-13)
s} (s-pls-p2)

Y6y ¢yHKIMATa MOCHAUraH z-aIMANITHPUONMHM KyL1ab Xyiinparu
uboaanu onamms:

(s==z)s-2) 1-(T +e3 )z 4olva o2 (7.14)
(- pXs—p.) 1= (e 4 ¢Pf )z 2 grom 2 ’

Arap HKKHHIH TapTHOmMM 3BeHO HOMB Ba KyTOiapH KOMIUIEKC MoCTamraH
KyQTIHKNADHM MAKUIAHTHpCa, y Xoina p,=p, Ba z, =z Ba (7.14)
TeHrIaMauuHr YHI TOMOHHM KyHuAarn KYPHHHLIEY OJIaIH: '

127 cos(z, T)zt e =72
1-2eP cos{p,, T)=" +eP =2

{7.15)

Gynna z, Ba z,; p, Ba p, Nlap MOC PaBMLIA z, BA p, JIADHMHI XAKUKHi Ba

MABXyM KHCMIIApH.
AManna WKKHAIM TapTHOIM aRamor ¢rsTpram Gnoxmapram Gw3napra
Tafwm 6yNraH panHoRaT Kacp Maknva ndoaanam Kynai, TeHH

H(S): (S —:lXS —:2) - .‘.lo +‘4|S+'A25‘;: .
(s—pXs—py) By+Bs+Bys"

By xonar yuyn ysatum kodbouumentn H(s) maor xyr6 sa mosnapu
Kyiinparn npoaanap OpKany aHHKIaHAAN:

)
J
o™

p=—tig|| B] B (7.16a)
*7 2B, "|\28,}) B,|°
1
[, 2 T
. __] _A (7.166)
2774 24 ) T g
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Amanna (7.16a) Ba (7.166) ananor GriasTp y3aTHil QYHKUMSLIADH OPKAIH
TYFPHAAB-TYFPH HONMB BA KyTONapy koiliawraH HyKTanap (IeMak, yMapHUHT
X2KHKHH B MABXYM KHCMAapH)HH anuKaai MyMknH 6ynaan. H(s) uunr Kyr6 sa
HOIUTApHHMAT XAKMKMi Ba MaBXyM KMCMIapHHM aHMKAail acocuaa (7.14) &xu
(7.15) Temr: OpKaiH asanor GUABTpra MOC pakamiaH QUILTPHHHI Y3aTHII
xoopdunpenTs H(z) Hu xucobnamr myviamm.

Wlyapali kw6, Mocnamiran z-amMalITHpMIN MeTOAMAAaH (oiinanannm
YUYH Kyinaara aMauiapuy 6axapui kepax:

1. Jlofmxananuom Tana6 armnaéreaH pakamim GUIBTp KYpeaTkHuIapura
MOC KellyBuH asalor GuisTp ysaruin dyuxunscn H(s) sy anuxnaum,

" 2. H(s) vmr xyT6 Ba HOXNApH YpHHHK TOmMIL.

3. (7.11) dopmynanan doiinananud KyT6 Ba HonIapHH s 103a0aH z lo3ara
akc IrTHpAm. WKKuHIH fapakamy 6noxnap ydys (7.14) Ba (7.15) ¢opmynanapnan
dolinanasum MyMKHH.

4. z 103ana EWITAH TCHINAMAHH H(z) y3aTHIl Ko3(ppHUHEHTHHH oMM
YuyH OHpnalTHpurm.

Mocnaniran z-anmMairTHpH MeTOMM GHp KATOP XYCYCHATIApra Jra:

1. Mocnamras z-anMamTHpuil  METOAM  aHanor OQWILTP  y3aTHW
KoO(GPHUHMCHTIAPHAMHET HOML Ba KyTONAPHAMHT JKOWNANIMNI HYKTATApHAH
Gwnmmmmyu Tana6 kunagy. By Xakujary MamIyMOT/IAPHWM ONMII YYYH aHaior
y3ariu pyrkupacy H (s) HM KyTIaI0BYMIapra EHMIL MyMKHH.

2. Mocnamran z-aNMANITHPHII BAa MMIYILC XapaKTEPUCTHKANAPHH
HHBAPHAHT ANMANITHPMIU 'METOANAPH aifHaH OWp XHA Maxpawiu PpaKaMiau
bmisTpiTapay Gepann,

3. Paxamnu dwietprapna doitnany yacrotanap ¥TKa3uw nonocack HONb Ba
Haiiksrer sacToTac (AMckpersam yacTOTRCHHHHT ApMH) opachaa KojlauraH
6ynany, asanor GuisTpIapsa 3ca HOMmAH uEKCMNMKKAya GYIraH YacToTanzp
opacifia G6ynany. Hammkapa mocnawran z-anMamrTupHin akC TabCHPH AHANOT
(mIbTp uexcM3 yTKasMm nonocanap uacTOTACHHM  ueKIH yacToranap
nonmocacurada Topaiftpamu. By JKkBMBaneHT pakammu GuibTpIap 9acTora
XapaKTepHCTHRACHHH aHANOr GMWILTP YacTOTAa XapaKTepHCTHKACHTZ HHcOaraH
¢dapxnapynmra ~ Syswommnra ca6a6 6ynamn. Mocnamran z-anManrmHpMinra
acocnaHraH QWILTPNap aWanor ¢MIBTpRApra Kaparamaa KarTa  y3aTHI
xo3ddunpeHTHTA Sra.

4. Arap ananor ¢unetp HaiikeHCT wWacToTacHra AKMH 4acToTanapaa
KytOnapra sra 6ynca &m HalikBucr sacToracHaan Karra 4acroTaiapAa Honapra
ara Oynca, y Xomma Xocwn GynamMraH  paxammm ¢mwieTp dacrora
XapaKTepHCTUKACH yCT-yCTHA TYUIMIN XORHCACH HaTipkacuaa GyawnraH Gynaau.
Bynpaii  xomatmapma  jozara  KejamMran  aHamor ¢unsTp  wacroTa
XBpAKTCPHCTHKACUHMHI HaifkeueT uacToTacnpal [OKOpHM KMCMH  CE3HNApiM
Aapaxana Gynamm. Yacrora xapaktepucTHKacHHMET Oy KMCMMHH Kepaki,
yriasmn nonocacura  §TkasMil yyyH MOOWIKOp JMCKpCTIAWl skapadHuman
dolinananunamy.
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5. MOCHALIraH Z-aIMAITUPHIL XaM OHp KyT6iH QUIETPAAPHH paKaMiTHra
ANMAIUTHPHII YYyH #POKCH3, 4yHKM Yy HaifkBHCT 4acToTacujaH TamlkapHia
Honnapra sra amac. By xonatau z =—1 (FbHH HaitxeueT yacroTacnsa) HyKracHaa
HOJNapHH Kywul Gunan 61po3 sxwnnam MyMKHH.

Buumsuxau  (uxkxku SU3UKAN)  T-anMammupum & damuda Guwismp
Kodppunuenmnapunu xucobnaw ycyan. Ymoy ycyn H(s) amamor ¢IBTP
XApaKTEPHCTHKACHHM YHTa OJKBHBAJIEHT (TCHT Ky4wiH) pakamiH G(GHIBTp
XAPaKTEPUCTHKACHTA KyHnaaru anMauiTHPHIIHY aMaira OIHPaH:

s=k22) k=texmk=2/T (7.17)
z+1

HOkopHAa KENTHPWIFAH ANMALITHPHII S 103312 Moaananran H(s) anamor
y3aTHl (GYHKUMACHHM 7.5-pacMlia KYPCATHIraHACK KOMILTEKC 03a/arH y3arTHill
dyuxunscn H(z) waxnupa axc strupanu. Ulysra anoxuaa awTuGop Gepuw
KEpakkH, 7.5-pacMaa jw VKM s Io3acnaa OGMpIMK pajpycra dra ailanaga akc
STTHpWIaM, s 103aHWHT 4anm spMH OMpIMK pasMyciH aiitana WYHa aKc
STTUpWIANH, YHI SpMH 3¢a GHP/NK aiinaHa TAUIKAPHCHAA aKC STTHPHIATH.

Z 10338

7.5-pacM. BHUH3MKIH Z-AIMAIITHPHUIUIAH doiinanannG s 103aHH KOMIUICKC
Z 1033738 AKC ITTHPHILTA OHJ pacM.

Illynna#i kb, s 1032 Yan ApMMRard KyT6ix Gaprapop aHauor bwmTp
GUPINK paaMycay aiinaHa HMAArn pakamn GHILTpra ainanany.

Illynra anoxuaa 5THOOp Gepuill kepakks, GHp XWi opaiHKia WoinamraH
KyT6/1ap 10KOpH HACTOTANADAA AAMAWTHPWIraHAaH CYHI CHXWJIaiH Ba 3W4POK
skoinamam. AdCycku, s Hu TYFpunan-Tyrpn H(s) ra anvaurmpum, suim (7.17)
dopmynana udonanaHraHACK KEPAKIMIHIAH KaTTa dapknaHyBYR paxaMiIH
¢wisTpun xocun 6¥mmunra cabab 6ynaay. bynu (7.17) Teurnamagary z =e’”’ Ba
5= jo' napHw §33po ANMAMTHPHIN OPKAIK Kypcatum MymxuH. ConananTHPHII
HaTHXKACKAA aHanor dYacTora @' Ba pakawiM 4YacTora @ 6up-Cupn OHman
Kyiinaarnya GOFTMKIMIHEN TONAMH3:
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w'=klg(%T), k=1exu k=2/T, (7.18)

(7.18) Gornuxmmk 7.6-pacMaa akc sTTUpsarad. Bynaau kypuuamxu, ananor
9acTOT2 @' pakaMiiM JacTora @ GUNAH YaCTOT2 @ HHAT KHYMK KniiMaTnapnaa
IeApIH YM3MKIH GOFIMIOIMKKA dra, aMMO @ HIHT KaTta KMiMaTmapuaa Oy
Gormuwmk Rommukm Oynamu, Gy HaTikaza pakaMiu  QEILTp wacToTa
XapaKTepHCTHKACHEAHT Oy3HimnIHra (nedopManHsaIaRHIHATa) OMHO Kenaaw.

)» """"""""""""""""""" kglel 2}

« (Enaior vaciora)
—

S

@ (paxLny SIcTOTA)

7.6-pacm. JlebopMalmsuramies TaCBUPIOBYH, AHATOT BA PAKAMITH
T2CTOTanap opachaaru COFMMIINK.

AHanor QWILTP YTKA3HI NONOCACH Fam TOMOHH Y3rapMac KCHTITHKKA 3ra
Gymamy Ba yHMHT Mapkasw GMp X1 OpaTHKIapAa Xoinamran 6ynamy, pakammy
¢wisTpmmr §TRasum monocach 3ca Gupos swanamran 6ynamm. By xomarim
HyKoTHII y9yH GHYM3HKIN ANMMANITHPHIIHY KY/UTallZaH aBBAT anaNor (GHUILTP
Oup &iu Gup Heda KPHTHK Yacroranapia nedopmauusmanany. MHCon yayn nact
4acToTanap GWILTPHHM NOHMXanamyia uerapaBuii (KeCHmI) 4acTOTacH Aactiab
ZesopMaUIaTHpuil (AedopMmalni)

o,= ktg{ °’§T ) (7.19)

6yAna @, — Geprira Yerapasuii (kecum) uacToTacH;
@), — nactnab AeopMalmAnayran Yerapapuii (KCCHIL) YaCTOTACH;

k=1&mu k=2/T; T - puckpernam naspu.
Hmmynsc xapaxtepHcTukacH dexcus (QWILTPNAP Y4yH GHUMIMKAM 2-

amvamTHpuAaE  Golaanakmum GockuanapuHM  KyHMIaruua YMYMIAIUTHPHIL
MYMKHH:
1. Pakammm ¢uibTpra wyimiras Texmuk Tanabiap acocuna ysamuw

xosdbdummenTH H(s) 6ynran Moc ananor GHILTPHH aHHKJTALI Kepak.
2. Kepakms GWIBTp y9yH derapa (KecHMII) 9YacCTOTACHRH TONMOI Ba
nepopmamianam kepak. Ilact pa 10kopH qacToTa GUTHTPNAPH YUYH ATOHA qerapa
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(kecnw) yacrotacH @, Mabxynd. Ilojioca Ba pexexTop ¢unpTpap yTRAsHm
nonocanapu @, Ba @, WKKHTa 4erapa (kecHm) wacroTanapura 3ra GYiHG,

ynapHHur Xap Oupunn aedopmanmanan Kepaxk Gynamm (XymmH IIyHWHIZICK
yTKa3MaciMK TOJIOCACHHHHI Yerapa 4YacToTalapH XaM Gepwiran GysmHmmH
MYMKHH): '

©, = rgf T ): (7.20a;
i 4 \ 2
T 0,7 .
O, = rg{(—o’;—-] D0, = rg[-Lj—J. (7.206

3. Moc aHanor ¢pueTp y3aTuill ko3dhHuHeHTHAATH S HH NoitHxXananaérras
$uneTp Typura kapalG Kylimpard anMamTHpHUOUTAPHHHT Gnpunan doiinananub
Goluxacy GuIaH AIMALITHPHL OPKAIM AcopMauaall Kepak:

s
§ =— TaCT 4acTOTaHH [1acT Yacrorara, | (7.21a)
P
wl
s =—% MACT HACTOTAaHM IOKOPH HaCTOTara, (7.216)
s
s+ ,
§= T" NACT YaCTOTAHA M0J0CA YaCTOTACHIA, (7.21B)
W, 21
§ =~ mact YACTOTAHH PEXEKTOPIIALI HACTOTACHTY, (7.21r)
s’ +o,

0

bynga ©p = @04, W=, —0.

4, BHaU3HKIH Z-AMMAUTTHPHIL METOAMAHN Ky/1al, kepakiH paKaMiH $usTp
ysatum ynkumsicn H(z) Bu ommm y4yH ACROPMALIANTHDHITAH y3ATHOI
dysrumscn H'(s) narv s Hn Kyinarn xuiiviaTs G1nan anvamTHPHIN QTHHATH:

Hazopam casoanapu

1. Hmnynsc xapaxmepucmuKacu yexcus dunomp acocuii
XAPaKMEPUCMUKARAPUHY MYULYHMUPUH2. N
2. Hmnyasc  Xapakmepucmuxacu - UeKcus Qunompnapru  rouuxanaul

Gocxuunapu wumanapoan ubopam?
3. Hunyasc xapaxmepucnmuKacu Hexcus Gunomp AYXcunu qusuHe 6a yHunz

acocuii Kypcamxuiaapuiy atimub bepune.
4. Hunymec xapaxmepucmukacu HeKcu3 GrunempnapHy  AOUMDANAURUNRE

Kandaii ycynnapunu bunacus?
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8. CHTHAJUIAPTA TYPJIH TE3JIMKJIAPIA PAKAMJIM HLLLIOB
BEPHIU

Paxamms  dunsTpnapra 3amon Tanabiapuuuar own6 Gopuum TypmH
AHUCKPETIAI YACTOTACHIIM CHIHALIAPra PAXAMILA MILNOB GepHill HMKOHHSTUIA ora
Gyuran, TypnM TeanMKNArH AMCKpeT CHrHalUlapra pakamid HOLTOB GepyBuM
$unTpnapn spifmunes Takaso stami. JIMCKPCT curHawmapra Gy/aii MILIOB
Gepumiza kylinparu ukkn aManzan GoiaaAnAHUNAH: TYPAH YIATHII TEXTHITAPHEH
caMapanm HaBGaTMa-HABGAT aManTa OWIMPHILHY TALMMHIIOBYH AemMMALMTAL Ba
PHTEPIONAHATAI aMannapy. JlemManmsanam curranaarn axGopoTHH cakiaran
XONfia YHM CHKHII XHCOOWTa JMCKPETNall 9acTOTACHHM KMMHKTAILITHPARH.
Unrepnonsmpanam  mamioxachma  aca TECKapH  [OHUCKPETIam  9acToTacH
KaTTalalITHPHIA M.

- Ayauo curnamiapra unmos Geprmm coxackma 6Mp Heda Te3NMKIAPAA HILUTOB
Gepam ynm caxnamma xepaxim XoTHpanam KYPHIMACH XaKMI XiaHK OYmHimim
&k y3aTHmn TeaTHruHM KHMHIJIAWTHPHINEY TAbMHUHTaHAM. AYAHO CHrHaINapra
paKaMnu Homio Gepuiuna goiizananmiamran nucbaran ap30H IOKOPH aHMKIHK/3
4HAJNOr-paKaM Y3rapTHPHMILHM TALMHENAI ONATAATH KETMa-KeT AKMHIAILMI
MCTOIM JPHHTa MMCKPETNAIN HATHKACHNA OMHAJMCAH KMAMATIapHH 3axHpan
MeToqmzal doHnanaHuiura YTHIMHEHE Tanas KW,

Typm Teanmminapaa curnannapra umioB Gepuil, CHrHANIAPra PAKAMIH
HIUTOB GepHIr GYHKIHACHHH CAMAPATH aMaNTa OWMPHILHY TaAbMHHIAHAH. Mucon
YIyH HMIT:ThC X2paKTEPHCTAKACK JEKTH TOp TIONOCATH pPaKaMiTH (HIBTPIALTHH
omatfarn CPUBnan ¢olinanamn6 amanra ommpum GHp Heda yeTHGOpra NoiHK
MyaMMOnapHy KeTHpHG THKapany, TyHkH GyHAaii GUILTpAap ynapHUHT 9acTOTa
XapaKTEpHCTHKaNAapHTa KYHIIran XuLUmii Tanabnapis GaxapHm yayH Kyaa Ky
xoabpHImeRTIapHIN XHCOONANFH TATa6 KHITATH.

Typm Te3NMAKIIapAa CHrHAIApra HIUIOB Gepunl METONH YHH XyJa KaTTa
Cavapa OMiaH aManra OmMpHIIM HATIKACHAA aHYa KHMYHK TEXIMKIAPAA
emsTpnanmy, nakaa GuIsTp TAPTHGHHY aHYarnHA nacaifTrpay.

8.1. Carnannapra Typiu TeaTHKIapAa HINJIOR GepRMI acocIapH

Pakamnu curaan AVCKpeTNall YacTOTACHMHN KaMARTUPHILHUIT 3HT OAIMiA,
OCOH yCynH — Oy yHHM AacTnabku amanor KYPWHWMIIMIa KaifTapum Ba KaiframaH
Gouka yacroTana micKpeTHIamAAIANL. AMMO PAKAM-ARANOT YITAPTHPANI Xapadnn
KyHHgarH KaMIWIHKIApra 3ra; KBAHTIANI BA HHFHIIAA XOcHA Oynamuran
XaToJIHKnap, CATHAN MIAKTHHEMAT CeswlapiiM Jlapaxana Oysunwumra ca6ab
Oynajy. IllymenT yayn arap CHrHanm paxamm KypHHHIIAa Gepwira Gynca, yhra
PaKaMiTH MeTOX acocHaa WmuioB Gepram mankyn. Typmm Teamiknapaa pakammH
Huwos Geprmr 6y CHTHAN ANCKpeTNam TACTOTACHHH PaKAMIH MCTOX ACOCHAR
camapany yaraprupum 6¥nu6, Gyuna cursamiapra paxavud Mnuios GepuinHusr
aweaHaBHH  MeTommapuaH  Qoiinanammnamm.  MHCON  yuyH,  CHCHAI
COCKTPNAPHHMHT GHP-GHPMHHHI yCTMra TymMIUM BAa aKC YACTOTAE TABCHPHHH
xamaiiTHpuit yayn CPUBHH pean Bakria pakaMid IUAKIIA aMATTA OMIMPHIL
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MYMKHH, HaTxkana (WIbTpIap amIUIHTY[a-4acToTa  XapaKTepHCTHKATAPH
KMSTMKIApH KeCKMH omaau Ba ¢aza XapaKTEPHCTHKACH HM3HKIH 6y nuumra
SPHILIMNIAMIH.

8.2. inckperiau YaCTOTACHHH KHIHKAAWTHPUEL: 6yTYH Kanamin
JenuHMaEs

8.1a-pacmpa x(n) cursanum GyTyH kagam M 5ap OpKANH AeIHMARMANAL
Gnox-cxemacu kentmpwiran. by pacmaa hk(k) cnextpnapuEK ycr-yctHra
TyWHWAAH  XAMOAIOBYHM  Ba  JMCKPETNall  4acTOTACHHM  CHKMuI
(koMNpeccHsNali)H{ aManra OIHPYBUM pakamMiy GUIBTP CTPYKTYpaBHi CXxeMacH
kesrupunrad. Bysaga M puckpernaw kosddmuuentd 6ynmb, y Oupnamun
AWcKpeTnall yacroracH F, uu F,/ M raua xamaiitupaam.

E Cricxpacp Gup-Gopnane ':
? YOI TYUNTIAQT OCTOTRCHHA oD |
§ XHMOTIO0S PAKDOTH PHILTD (ccampeostaem)
: 1
N wir H
7 LY,
i b M i W
: i
LI |
F. F; Fi
i g
- a
'~ Y " o
[T AT
o 2 T $.J..8 J o 2 "
wonl T T AT
LLAL L7 "
Comm== T TN
_l’(".')i T ‘\ '/’T-
0 1 ‘\12.-"“‘- ENAE m

o
8.1-pacM. @) Jeunmanuanaiu Kypunmacu 6mox-cxemacu, 6) M =3 6uran

AceapManHaIanl BakT agMarpaMmMaiapi.

Hncbatan nact AuCKpeTNaml YacTOTACHAA CHEKTPIADHHHT YCT-YCTHra
TYIUMACIHIHHH TABMMHIAI YIYH aHANOT CHTHAI AMCKPETIAIAH aBBajl YTKasHm
nonocacH F,/2M ©ynran duasTpaan yrxasunand. Jinckpernam 4acTOTACHHH
KamaifTupui xap 6up M Ta oumii kuiiMataan M —1 Tacu spTHOOpPra ONMHHMAH.
Jleummanmanail KypuaMacH 4¥Kall Ba KHDHIU CHrHannapu Gup-Gupn Gunas
KXy#hnaarnga OoFjIaHHILTa 3ra.

vim)=olmM )= ih(k W(mM k). (8.1a
ko=
Gynna oln)= ih(k}\'(n -k). (8.15;

ko=
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8.16-pacmna M =3 Gynran, mean x{n) mumr xap yuTa OHMH KuiMaTHnaH
MKKHTacy YETHGOpra 0IMHMAaraH OAnMii XONAT Taceupnanrad. JlenuMaumsnanm 6y
aManza MakTyMOT.IAPHH CHKHILL XKapaéHu xHcoOaHaau.

8.2-pacMaa KxMpHUIATA KEHT MONOCANH CHIHANT x(n) Gepunran xonar YIyH
AemAMalHTAnT XKapatHHHH CTIEKTPAT KYPHAWINA2 HGOaANam KeTHPIDTaH.

3 ‘I——'
0m)

6wl 6 xlu 2xlu
a

. g Omla_.z_mrmcxmcnnp
I-\(f)l \Y

(1) w{n)
itk

2 3 4 S Ay
F,/2
|7 ’II \ A
2 3 4 K (i Vgl
F,+ s .
La nf’\ _
2 3 + 5 AxDy)
F, 1250 e
, N T N Gy, f
¥~ \/ Y o mew 4/
) 1 2 3 4 S fixdy)

F i2M F /M 2F.iM
0
8.2-pacm. Yacroracy 6 xI'uy 6ynran curnanan 2 k[ raya
JAeTHMANMANaUTHHET CTIEKTPaN KYPHHNIIAA TACBUPJIALL.

8.3. inckpernaiu 4acToTacCHHH KaTratamTHpn: 6yTyn Kagaman
MHTEPIONALALIAN

HUorepnonsuma — Gy aHanor paxamid Y3rapTHPUIUHMHI  paKkamsH
9KBHBAJICHTH OYmnG, Gynna paxam-aHanor y3rapTupruy KHpHiuura Gepwirau
PaKaMIH OHMIl KuiMATNApAaH MHTEpHOAAWMA CpjlaMMiaa aHAIOr CHrLan
THKJIAHAY.

Bepwiran  guckpernawn  wacrorac  F,  6ymran  x{n)  curman
HHTEPNONAHATANT HATIKACHAA AUCKpETIA 9acToTacH L Mapra KaTTanamam,
AbHH LF, ra Tenr 6ynamn. UnTepnonsTop ctpyxtypasuii cxeMach 8.3a-pacmua
KEeTTHPHJITAH.
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--u-w:xptmun “aCTOTECIN yeryeTHrn
IRCTRAIGICpAnT TYWHHLREN XADOLIO0HTE
x(m) .z wins) Tlacr
waCTOTAAP
Fesd— »m)

IF;
a
o ™
[4] 1

o, 2
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P e -
0 1 3 4\ S [ 7
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—— e e - .“
() ‘\ 1 s 6
0 1 2 3

\\_L___L-J

8.3-pacm. Bakr 6¥iinua L =3 xaaam GHIan MHTEpnoaAUMANALHNT
TacBHpJIALLL ‘

118

Wntepnomsiyuananl KypHnaMacy KyHuhars KUCMIAapAaH TAUIKHA TONraH:
AMCKpETIall YacTOTACMHH METeprnoisAupsiiaml  Kodpdumentw L  Oymras
JNCKpETNal YacTOTacH 3kcnanaepu. Kupum cursami x n)‘mmr Xap Oup omHmil
KuiMaTH yayH Kymmmua (L—1) Ta SHrM OHHii KMifMAT KMPHTHII OPKATH AHTH
AMCKpetnam yactotac LF, 6ynran w{m) curnanuy mawwiasrupaay. Cyerpa 6y
CHIHAT JMCKPET/AIl YACTOTACHHM KATTANALITHPUIN HATAXACHAA XOcHm Gymran
AKC YACTOTAIH TAIKIT STYBYHCHHH HYKOTHII YUyH NacT JacTotanap GHIBTPHAAH
YTKa3UNAnY Ba y(m) GUKHII CHIRATH OJHHAH.

(L-1) Ta HONNAPHHHT XMPHTHIHIIM Xap 6Up AAacTNaGkH OMMH KHHMAT
SHEPTUACHAM L Ta QHKMII CHFHATH OHMH KMIMAT/IapHra TAXCHMIAHWIINTA OJHG
KeJa/li, SHHU Xap Oup JacTnabku oHMii XuiiMar L MapTa KuuMinamany. Ywby
xonaTHu Gaprapad STHII yHyH UMKML CHTHH y(n) Hu L ra KynaifTHPHII Repax.
Hnreprnonsums xapaéHy amaira OWIMPHWIraHAa KMpHII Ba YMKHIN CHIHAILIAPH
Kyiinaars GornaHunLap opxany noaananaum:

v(m)= ih(k)m(m -k). (8.2a

ko—te
[x(n/L) m=0.£L.+2L....

6ynna wim)= 10 (8.26)
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L=3 xonar yayn BaKT GyiiHda HETEpRONATHANAL *apaéau 8.36-pacmaa
KelTHpIral. Bynaa xap Gup KHpHID onuii KHilMaTH YITa SHKHII OmMii HiiMATH
Wakanuumra cabab Gymamu (axcnanmep mxxuTa HOML oM KuiiMaTiaapHu
KUpHTaIH). _

VYmby xapaaun 4acToTa (QYHKUMACH OpKatn udopanaunmn 8.4-pacyaa

KSNTHDIIIraH. -
N Ve Vo
4 v 4 “ 1]
: a Y N Y hY
¢ 1 2 3 3 S 6 7 Adw
F,i2
3 Oituagarnsex Tecnip
|rrf.f)|/v~/\,---——-{ >
o 1 é 3 4 ; .6 ; Ko
LF,:2
o\
6 L 2 3 4 S5 6 T g
F,'2 LF:2
lr ()]
R SR TR S S S R o
8.4-pacm. Curnanum 2 ' aaH 6 KTl ra METEPIOAMMSIIALLEY CHEKTpAS
KYPHHHIIA TACBHPALLL.
x(r), w(f) sa Y(f) dymcmsmap moc pasvmma x(n) w(n) sa y(m)
CHIHAIAPHMIT 9acToTa Xapakrepucrukach (cmektpu). H(f) - 6y axc

HacToTanapuy HyKOTHI QHILTPH aMILIMTYAA-4acTOTa XapaKTepHCTHKacH. By
bunsTp W(f) aa mysxTHp uMIMKNAp Gunan GeAMTARTAH aKC YACTOTA TALIKMA
STYBTIAPHHK HYKOTHII yIyR xepax. LIlyHn TabKkHaIam KepakkH, ACIAMAIHATAIL
Ba MHTECpHONAUMANAN XapaHaapH GHp xyTiMK (MKKHIMK) HH TAIIKII 3TaH,
TbHM OMp-GHpura Teckapy amammap., By i ydTamMK XOCCACH MHTEPHONATOPHH
SKCHAHACpAAH OCOHTMHA ONMII MyMKMH Ba 4KCHHYA, OKCHaHjepiaH
MHTEPIO/STOPHH OMMII MyMKHH.

8.4. Iackpernam wacroracHun 6yTyH 6y IMaras KagamM.aHa IMAIITHPHNI

) Bawin xommapma muckpermam gacrotanapuan OyTyw OYymMaraH coHra
YIrapTapumra 3XTHEX TyrMmaan. Mmcon Y9yH, pakaMiiH ayano TH3MMWAA,
MabIyMOTIapHH GHP XOTHPA KypWiMacHiarR GomKacwra y3aTHIIAA YNapHUHT
AMCKpETNAIl  9acTOTacH Typiwda Oymnuu MymxuH (HOKOHYHMIl Hycxa
KYHHPHRIIHHHT ONHHK OTMII yuyR). Muconm ydyH, 6y KOMMNAKT IMCKNapard
MaBTYMOTIAPHH KAiTa SMMTHIzA 44,] xI'IX yHH ayapo TacMa (JIGHTa)ra pakammH
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maxnzaa émmaa (48 k). Yoy xapaéAau amanra OIMPHII YIYH KOMITakT AHCK
JMCKpETTam 4acTOTaCHIH 48/44,1 MapTa RaTTANAIITHPAII Kepak 6ynamH. v
Amanna Oyunait 6yTyH con 6ynmaran xymaiitma (xodddmerrnap)an
palsonan cOH KYPHHHUIMAQA, AbHM WKKH Gyryn comnap L Ba M nap mucGary
maxnuaa Gynrad, Tanab ITulanMra\ Kynaitdara wioxs Gopuya AKHMH Gyiras
Kacp coH waxmaa udonananany. JUCKpeTal YACTOTACHHY ANMANITHPHIN HIKH
GockMuna aManra  OIUMpHRAAM:  MawiyMoTiapuk L xamaM  Owiad
HHTepronsuAnait Ba M xanam Gunan aempmanpsnam (8.5-pacm).

Hurepnoarop . TJemnuarop -

[ phutednbabeiebbeded bt b L] :'
s k) o LM |
]
H

x(n

;-fl

1
t
1
1
1 ]
C leccmmmcmeme—————a—aa——) ——— -
F. LF, LFJIM

8.5-pacm. Paironan xanaMm Giian MHTEPIONALGUIAIHE TACBHPIAM.

XaMMma BaxT ACUMMALHAIALIEH OJUTMH HHTEPIOJAIMAIAL XapaCHH aMarnra
ONMPIIMILK Kepak, aKC XONa ACUMMAIMANANI HaTxacuja 6an3d dacToTanu
TALKW STYBUWIAp MYKOTIWIMIIM MyMKuH. JOKOpHAa Kemrupwirad (ROMOaxT
AMCKJAH PaKAMIIM ayAMOTacMara) aiMailTHpHMILAATH Tanal sTAnagMrad 48/44,1
HM Kyligaruya amanra owmpuut MymxuH: L=160 6ynran’ xanam Gunan
MATEpONMMSITANI Ba CYyHrpa M =147 kagav 6unam JerpManMATamAA aManra
OMIMpPHIN KepaK, AHH AACTNA® KOMIIAKT MUCK Teamry L =160 mapra 7056 xI'm
Taya KaTTANANITHpWIamH, cymrpa M =147 wmapra, sesm 48 xI'm rasa
KU TANI THPHAIM, :

8.5-pacmuary mact gacroranap GmisTpH A (k) Ba Ay (k) xerMa-keT Xackan
IAKITHAA YIAHraHU Ba GHP Xu1 AMCKPETNAall YaCTOTACHIa JTAMIH YIYH YIapHH
GUpIANITUPHIL HATIDKACHMA ArOH2 AMCKPeTialll YaCTOTacH KOHBEPTOPHHH OMHII
MyMkuH (8.6-pacm).

xui) J 7z u‘r o t(JI) J i )
F; LF; LF; LFiM
8.6-pacM. Panonan KaaamiTi HHTEpHONSIAATANT KYPHIMACH CTPYKTYpaBHi
cXeMacH.

Arap M > L 6ynca, y X042 KOHBEPTOp TOMOHHZAH Gaoxapriajrad aMal
GyTyn Gymmaran KaJaMilH AemHMAm4Iam Ba M <L Gymca HHTEpUOALMATAL
ne6 aranamu. Bywnan Tawapn arap M =1 Gynca ymymnammrad cxema —
KoHBepTOp Gaxapadrran aman OJIMA OYTYH KAJAMIH MHTEPNOIIUMA Ba L=1
Gyran xomna 3ca GYTyH KaaMmH AeluMaups Gynaju. 8.7-pacMia KanaMu 3/2
6ynras MATEPNONANMIANI TACBHPIAHTAH. Bynpa factnal AUCKpeTHALl YACTOTAcH
3 Mmapra ommpinamy (x(n) HUHT Xap GHp OHWH KuiiMaTHra MKKHTA HOJUTH OHVH
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KMHMaT KYIAIaH), CYHTpa CHIHAIL NACT YacToTanap GpMAbTPUAAH JTKasHia Ba
HaTIKaaa vii) omMHamM.

s ST A
() T\ y;
.. 0 RN N
- - hnd e »
W h
‘(i)t b il
b g
o 1 2 3 4 2 - i

———— e \‘ ,
yom) . 7
0 1 *

M eae 3. . m

8.7-pacM. PamioHan xanamiaH HHTEPNONALMSABHAT BAaKT AMArPAMMAIapH.
Keityirn Gocxiuza GuibTpraHraH curnaniad AacTnabXucura Kaparanaa

MKKH MapTa KaTTa KagaM GunaH oHuit KMifMaTiap OAMHamu, SbHM Xap Hkkn v(i)

OHMA RuAMaTAaH OuTTacH xonagu. Y6y xapabuuu yacrotanap oGnacruuarn
TacBHpaanuiy 8.8-pacmza keTHpHITAH.,

IX(f )I ’l.-'-‘-’-"‘ I.”-‘-' ‘\ I.--—
/ v/ Y
'l 4

A2 S

I7iry

o
—
(5}
w
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o
b
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|7(r))

o 1 2 3
LF,/2M  IF,IM
8.8-pacm. Jipckpernam yacroracuny 2 k' JaH 3/2 MapTa OLIMPHILHK
CHERTPAN KYpHHUIIA TACBHPJIALL.

2

5

Paikl bl |
\ / N
P 3
4

Jlactna6 xmpmm curnam x(n) amckpernam uacroracn 2 kTu 3 (yu)
Maporaba waTTamawTHpiaan Ba 6 xI'm ra Tewr 6ymamn, cyurpa cHrHan
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CTIEKTPHHMHT Gup-GHpPHAN ycTHTa TyWHuIra ca6ab GymyBaH aKc 9acTOTaNapHH
HKOTII YaYH (HILTpUAIIANHM B2 MHXOAT, Oy CHIEAN TaCTOTACH HIKH Maprara
KaMaHTHpuIanH.

8.5. JIACKPETIAT 9ACTOTACHHE KYT KACKA/IH AIMAmITHPHIT

JIMcKpeTnal! HacTOTACHHM ArOHa JCUMMAlpnaml Ba MHTCPIOJALMATALT
ko3pduuMenTHaan doiiaananné amManra OLMPHIN MYMKHH. Arap muckperialt
YaCTOTACHHM X(yJa KyN MapoTaba KaTTanamiTHpHII CKH KUGMKTAUITAPHIL Tar
3THNICA, Y XONAA AUCKPETNALI JaCTOTACHHH ATMAIITHPHIIEH OHp Feda Gociarisa
amanTa oLMpUT MaKcaara MyBODHK XHcoGnaramm, Gyrna Gup Heda KeTMa-KeT
VNAHTAH KacKaiNapaai  (oiaTaHiam. AMaija TyPiH  KaTTMHKAArd
JMCKpPETaNl Y9acTOTANAPHTa paKaMTH HULIOB Gepumiaa Kym Kackaum MCETOANAH
ot nananunamm. Harikana MICKPETNANT 9aCTOTACHRH aCTa-CeKHH KaMaHTHPHII
‘B KaTTANANITHPHII OPKAJIH CHeKTpnapmur Gup-OupH ycrHra TYHIMACITHTHITH
TALMHHJIOBUM GWIBTPNApra KyHMNaMMraH TanaGnap nacasy, ury Grias Gupra axc
YacTOTANapHI HYKOTHII CH(ATH OLIATH.

M Ta KacKauM JeUHMALMATALINM amanra OMMPYBYH KypHWIMA
CTpYKTYpasuii cxemacy 8.9-pacMia KeTHPHITaH.

Kackaa 1 Kackaa 2 KackaaV
prem———ne- - R st ]
X() : I = : : : h M =
5 : 1K) M, T i (k) M T i (&) N T )
P I ] 1
P - “ a I e ot o m w om -
F; Fs 10y F. MM FiM
8.9-pacm. Kyn xackayi1 ACUMMAIHMANAHY aMaira OIHPYBYH KypHmMa
CTpPYKTYpaBHii CXeMacH.

Jenumaimsanawl yMyMHi KaZlaMH KMUYMK Kajamniap KynaHTMacH OpKaTH
nboaanananH, shHH

M=MM, M,. (83)

Gynna M, — GyTyn cod N-xackaj JeUMMALMANAIl KaZaMi. Xap Oup Xackan
anoxXpAa — MyCTakwn AemuMarop Gynub, MyRKTHp TH3HKIap GwraH TH3HITaH
TYrpuTYpTOypuaxnan uGopar. Arap M >>1 Gynca, Kym KackajmH IeHMaTop
xucobnamra Ba YHHHT XOTHpacura Oymrasm TanaGnapau KaMaiTHPaITH,
AempMalgiUIamaa GoifaTaHIIaMraR GHIETPNIap XapaKTCPHCTHKATApHTa 6ysran
Tanabnapuy nacaiiTHPai BA HATIDKANA YEKNAHTAH PasPAUUIHIHK XOCCACHTa KAM
cearup Gynran duisTprapaan doiifananunr uMKoHMATHHH Gepau. Kearupuiras
apsawiMIapEy  KypWIMaHW  JloHMXananHy  Ba  aMara OLIMPHIIHY
MypaKKaGnanITupuil XHCOOHTa aMaNTa OIMPHITAIH.
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8.6. PwrbTpnapra kyiiniagaran acocnif Tanabaap

Paxammy GuABTD KOHBEPTOPHAAH CHIHAN CHEKTPHHMHT GHp-OMpM ycTura
TYIIMIIHHY EKH aKC 4acTOTa TALIKMN 3TYBYMCHMHM ifyKoTnwna doitnanasuianm.
Typmm TeamuxAa cHrHamiapra wnutoB Oepym Teskopnnrn doiinanannnaauran
¢uwTp Typu Ba cudarnra Gornuk, JlemuMauHAnaul Ba MHTEPRONAUMAIAWIAA
MMIYNILC XApaKTepHCTHKACH YEKCH3 Ba 4ewid ¢uastpsapaad  doiananmm
MYMEHH, aMMO HMITYJIbC XapaKTEPHCTHKACH 9eKiH (PHILTPRApAAH Kyn Xouwnapaa
boiimananunanm.

Typnv Te3nHRAA CHTHaIapra HOUIOB Oepyiua, CHrEaiapra OJaMi
pakaMiH HIUIOB OEpHIIIA MMOYALC XAPaKTEPUCTHKACH YEKIH (HALTPHH
Xpcobnam caMapafOpINIH MMIY/IBC XapaKTEPHCTHKACH HEKCH3 (DWILTPIAPHHKH
Ounan pespmu 6up xmn, 6ab3y¥ Xoumapaa KatTa. JMCKpeTnall YacTOTACHHH
KAMAHTHPHII HATHRACHAAQ HEMUMATOp CHIHAN CNEKTPH GHp-GHPHMHMHT ycTura
TYIIMACHHIMHH TAbMHHAAW y4yH GUILTP Kyinaarn TanaGnapra xaBob Gepuum
Kepax:

CHTHAI YaCTOTANAPHHH YTKa3um nojiccach— 0< f< f (8.42)

CHIHAM YACTOTANAPHHH ¥TKasMacnuxk nonocacu — F,/2M < f<F,/2, (8.40)

yTrasum nonocacuaary haprnanunap — J,, (8.4B)
yTRasmMacnHK nonocacuaary dbapkraHumiap — 8, , (8.4r)

Oynga f, < F,/2M 6ynu6, F, — Gupnamuu auckpernau yacroracy. Onaraa S/, -
Grpnamy CHrHAN YbTHEOPrA ONHHAMMIAH JHT KATTA YACTOTA.

Hurepnonsmumsanamaa Gomrka MyaMMo — akC 4actoTa MyaMMOCH 103ara
KenagH. By Myammonu Xan kanum yuyn dakat doitaani axG6opoT coekTp Tamkun
ITYBUMIADHHH VYTKAa3yBIM Ba MHCKpETHAll HacTOTacCH ¥3rapraH CHTHaliap
cnexTpuHK F,/2 raua jrxasann. AMMO 3Hr KaTTa bTHEOpPra OIHHAAMIAH 4acToTa
HHTEPNOMAUMA HaTHXacHaa LF, raya xarranaurr4pwiraliiMrMHH  9bTHGOpra
oncak LF,/2 ra TeHr G¥namu, CHIHANHM QUCKPETH3ALMANALI TEOPEMACHTA ACOCaH
yHuHr nonocackmm- F,/2 wexnam kepax, gymku 6y x(n) wmmr our karra
3BTHOOPra OJIMBAHTaH YAaCTOTACH.

Hurepnonsumanawsa goinananunanmuran GuisTpra yMyMuii tanabnap:

bnaeTp YTiasun nonocacn - 0< f<f, , - (8.59)
GwibTp yTRasmacnuk nosocacn — F,/2< f < LF,/2, (8.56)
¢GwiIbTp §TKa3uI nonocacuaarn GapKaaHULLIAp — 5, (8.5B)
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(GWILTP YTKA3MACIIHK NONOCACHAArH (papKramymmap — J,, (8.5r)

Oynnma f, < F,/2.

Hurepnonxmw'lam HaTIDKacH/la CHIrHA'l aMIUIHTYaCAHUHI KHIMKAAIMHIIH
YpHHEK KOIWIaIl (KOMNpeccHsiian) ydyH GuibTp YTRa3MIL NOTOCACHNATH CICKTP
TAKWI STYBYHIAPU SHEPTUACHHH L MapTa OIUMpPHII KEpaK.

8.7. Kackamiap CONH Ba JeNAMANAANAN KAJAMAHH aHAKTAMm

Pakanurn (QWIBTPHH KYN Kacka[UiM IUaKiJa JoHHXanam XpcoOnam Ba
xoTHpara 6ynran Tanmabmapna 6Mp KackammH CTPyKTypara Kaparanfa Ce3wIapiTH
TEKAMKOPIMKHH TabMHHIAHmI. TexaMkopiHMK AapaxacH GoHJaTaHRIaIirag
KacKajnap CONHra Ba ANOXWAA KacKajyiap ACHAMAIAIAM  KANAMHOH
TanaHMmMTa Gormix. Bympma acocwii Macama KacKaalap ONTHMAN COHMHHM
aHMKyaml Ba Xap OHp Xackall yuyH RelMMAINHANAIL XaJaMHHM AHUKIAN]
xpcoGnanamy. KackatapHuur 3ur onTuMan comy GHpra TeHr, YyHKH OyHaa
XHcoOnauLnap XaKMH JHE KHIHK Gynamu, arap yuu Gup conmana 6axapunanuran
amawtap coun (CAC) opkanu Gaxonacax ¢k ko3¢ HIMCHTIAPHH CarjIall ydyH
yMymnit Tana6 sTinaanran xotupa (YTX) kyiingarniap OpKANH aHUKIaHATH:

CAC=3K/F, (8.62)
=1
VIx =3'K,, (8.66)
i=] .
6ynna K, — i un kackan koopdmumentnapn comn 6yanb, Gywma ¢uistp

K03 FIMCHTIAPH CHMMETPHK SKaHITHIH JRTHOOPra ONMKEMAMIH.

Kackammap coHM N Ba [emuMamialanl KalaMHEM Tammam — Gy
(nerpuBHa) ojuii Macana sMac. Onatia, amana Kackajap coHn 3 éa 4 ra
Teur >0 Tamnasand. Bywpan Tamkapy M mupr GepwiraH KMMATH y4yH
yexnauran G6yryH coHnap kymaiirvacu maexys. JHemax M HH Xerrupu®
YMKAPYBYM XaMMa KynaiTManap M, KuiiMatnapy, SbHH M, HMMT XHAMATIApM BA
yara moc 6ynran CAC Ba YTX napaMeTpiapHHy aHHKIAMI KEPaK. Cymrpa ynap
OpacHaH SHT ONTHMAT Ba MacanaHH eyMil YdIyH JHI MaKcajra MYBOGHKHEH

TaHNam Kepax. .
Yvyman omragaa CAC sa VTX napaMeTpiapi ONTHMAI KHHMATIApHIA
SPHLIMLI yuyH JICHMAIATALL KANIaMH Kyiinsiary Tanabra xasol Gepuum xepax:

M, > M, > M, 3.7
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6ynaa M, (i=1,...,N) ysrapmac xatranuk. Lllysunr 6Gunad 6upra arap kynaiirma
TalKWI TyBuwnapy Oyryn comnap 6ynca, N HMHI MaLIyM KHiiMaTAapu yyyu
(8.7) TeRTCHIMAKHY XaMMa BaKT Xasm Gaxapumn MyMKHH GynMaiifd, Micon yaym,
arap N =3 Ba M =32 6¥nran xonaa.

N=2 sguHH MXKM KacKynu Aenumatop yuyH YTX mnapamerpaapuns
MIHHMALIANITHPYBYY REIMMAI(HANANT ONTHMAN KaaMil Kyiuaarura Teur 6ynanu:

M, = 2 (8.82)
2-Af + (2Maf
M
M, =21 (8.86)

Arap N >2 Gyaran XonaT ydyH oaauii aHamwtHk Mpona MaBKyX 3Mac,
WYHHHI YYyH ONTHMan JeuHMalisiaml KanamM¥ M, HM aHuKIall yuyH
KOMMNBIOTEpAa ONTHMAILTAIITHPHII AacTypHaan Qoiinanammb cowmu xncobramun
KyJU1an! Kepakx.

Hazopam cagonnapu

1. HQuckpemnawu yacmomacunu xamaiimupuwdar Kandaii xorampapda
doiidanaunadu?

2. Bymyn kadamnu deyumayuanaw kandaii amanza ouupuiadu?

3. HAeyumayusnaw Kypunmacu cmpyxkmypasuti cXemacunu yusunz éa ynoa
6adicapunaduean scapaénnapru myurysmupuse.

9. Heyumayusnaumunz cnexmpan ycynu xanoaii amanza owupunadu?

3. Hucxpemnaws  wacmomacunu owwupuwdan Kawdai  xonamaapoa
oiidananunadu?
. 6. Baxm ea cnexmp 6yiiwua unmepnonsyusnawi ycymu xakuda cjznab

epuHe.

7. Huckpemusayusnaws  wacmomacunu  Gymyn  Gyamazan  Kadamza

amaumupuw Kandaii amanza owupunadu?

8. Kyn xacxadnu Oeyumayusnaw xaxuda acocuil mywiynvanzusiu aimub
Gepunz.
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9. AIANITUB OUJIbTPJAP XAKHJA ACOCHH TYILYHYAJIAP

CHrHAUIApTa ONTHMAT HILIOB GCpHIl YCYNapHEH HILTAIZIA Ky XOIIapAa
CHFHLI Ba MIOBKUIUIADHMHI CTaTHCTHK MOZE/UIapujaH (oiinanaHHnl TaBCHA
swnaan. Kyn xomwrapaa cHrHawiapra Huuiop GepHil KypHIMacH HM3MKIH
pexHMIa MUUIAMAM XaMAA YHTA CTAallMOHAp Ba HOpMaji TaKCHMOT KOHYHHId
GyicyHyBYHM CHMrHAI TALCUP STalM ACO (UKD IOPHTHIAMH. AMMO peal IAapoHTAa
10KOpHAa KabyJl KHAMHraH Wapiap TYAHK Sakapunmaiay Ba HATHXA CHIHATHHHA
Kabyn xunum ycymura XaM Oormuk Oynaau. ByHmad xomnmapaa KMpHID
CHTHAJIADHAMAT CTATHCTHK KYPCATKHUTApHTA Kapa® V3 mnapameTprapiHd
Y3rapTUpyBYM afanThB GuisTpnapian ¢olinaraH I YPHATH XpHcobnanam.

Xoswpra amanTiB GUIETpIIap XHCOONAml AMATMHMHT MYpaKkaGIiTH,
JarapyBYaRHK XYCYCHATNapH, QoiinananHnaguran nacTiiabkw ManTyMoT/iap Ba
MocTamaJuran (aianTHe) GUIETPAp TAPKUOHIT YIHIHIINTA XaM GOTIIHK. ,

AjanTin (umLTpnapns Gup HedYa Typhapra sxpaTHIl MyMKHIL bymna
acocuii Gerunapaan 6upu Gy Iranon (AHA03aBHi) EKM TasHY CHIHATMEMHT GOp
Exu Wy xIurn xucoGnanaau. Arap 3Tanos cursans 6op 6ynca, y xonaa ananraumt
(Mocnammm) xapaHi YKHTYBuH SpAaMuja GwinM o el aranam. By xonna
ajanTys GMALTP ¥3 YMKMU CHTHAIMHM Hnoxu 6opuua JTaNoOH CHrHAITA
MOCHAUITHPHIITZ MHTMNARM. Mocnaumiu japaxaci afanTup (HIETpIapHHHT
HIINAW ARTOPHTMHTR GOFMHK, DTAanoH CHUTHANCH3 MOCTAUMI “Kyp-KypoHa™
MOCHAUIYB GKH YKMTYBYMCH3 GuiM o Ae6 atanamm. By xomia anbarta KaGyn
KITHHAETTaH KEPHII CHTHANTMHWHT TAPKHOH XakuAa 6ab3H KyPCaTKHIap MabilyM
6ynumu xepak (MHCON YSyH, MOXYJALMA TYPH Ba YHHHT ¥3rapHim gerapanapm).
Kyp-xipoHa apanTalMAHH aMaJITa OMIMPHII ITATOH CHTHAMHH afanTamH yCyymra
KaparaRfia aHda Mypaxxa6 xucoGnans aMauTapHHy GaxaprmIHA TaTat KunamH.

AaTiB (HIBTPNApHH Typaapra axparnmpga 5TH6Op Geprimmm Kepak
Gymamuran Gemrunapiad aua GupH, Gy cArmamra HOUIoB Geprmr TH3HMHIHD.
Byuna ajanTus TH3HMIAp ¥3 HaBCaTija MKKH Typra: YH3HKIM Ba TH3HRCH3
TH3HMIapra AKPaTWIAAM. DBynna uM3sMKDUIMK KMDHIN CUTHAIM  CaTXura
GOFMMIUIMIM SMAC, ANANTALMS JXKapadHuAa CoAHAMMTaH NapaMeTpra GOFMHKINrY
Hasapsia TyTiianH. Ky xomiapnia CHrHanapra HOpEKypCHB (GpHILTpIapia HILIOB
Gepuumra  acocnaHraH M3MKIM AaJaNTHB TH3MMIApAaH  Qoinanatunai.
HopekypcHB  QuIBTPNAapHWHT  acockii  adsammmnapuaan  Gupn dunsTp
KO>DOHUMEHTIADHAKAT Xap Kapjai KuiivaTiapuia YHMAT WOI  XONMaTH
Gapxapopmrmmp. Llyam 3sTHOOpra OMMII  Kepaxkd, ANaNTAIATAHHN
ATOPHTMH TecKapd OOFTAHMII 3AFKHpHTA 3ra 6ynu6, 6y MocuauryBIH
TH3MMHAWAT GapKapOPIHTHHY EMORNAITHPHIIA MyMKHH.

HouM3HKTH afiaiTHB TH3AMJIApra THPHK OpraHH3MJIapHHHI HIX XONaTHHHA
MabiyM fAapaxafa MojeJUlanma a0CnaHraH HelfpoH TapMOKMApH KHpagw.
HUmmuxH azanTip TH3AMISPHHMET AHa 6up TypH Oy peKypcHB amanTHB
dwmTpnapmup. AMmo Gy Typ (WISTPNADHM SPATHIN YHHHT 6aprapOpIMTHAN
TALMHIJIOBYM MYXMM MyaMMOapHH xenTHpHO wMxapumm caGabmu 6y TYp
(unsTprapnan kenr MuKéena GoiranaHuIMaiing.
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" JTAIOH CHMTHAMHAAH (poiiianaHMIITa acoCHaHraH aAanTHB (WILTPIIAPHH
KypuO 4HKamu3. By Typ aaanTuB GUALTPHMHr TapkuOMi cxemacu 9.1-pacMaa
KJTHPAITay.

LN dunsTp

=]

Anantaumn
aropuTMu

9.1-pacM. AfanTHB GUILTP CTPYKTYPa CXEMACH.

Kupum anckper curhamu x(k) ra auckper GUABTpAZ HUWOB Oepum
HaTHXacHAa SHKVMIN CHTHAITH y(k) Xocwn Oynamu. By 9MKMII CHIHaNM 3TANOH
curnan d(k) 6unan TaxkocHAHMImIM HaTIRACHAA XaTONMMK curHamk e(k) Xocun
Oynamu.  AsanTHB = OWIBTPHHHr  Basu(acH  XaTONMK  JapakacHHU
MHHHMAQJUTAIITHPHII OPKANH STANOH CHITHATHH ApaTHILfaH nbopar. Ly Maxcamna
ananraiua 6noxe xap Omp oHMii KMifMaTra HIWIOB GepuInfaH CYHP XaToNmMK
cursamk elk) Hu Ba PUILTPAAH ONMHAGTIaH KYIMMYA MaWIyMOTIAPHH TAXJIHI
xumagd, ymby  Taxypun  HaTWKanapuaad  GWIsTp  mapamerpnapu
(xo3dgdbrHenTnapn)Hy KyumMUa co3nam yayH ¢oiinananmiamm.

Pamuorexuyk TH3WMIIApAa aManAa acocaH MKKM Typ anmantus (GuIsTpaam
anropuT™iIapuaan  Qolnanannnagu. Bymap SHF XMYMK KBAAPaTHK XaTOJMK
ycymunas  Goiipanammimra acocnamran anroputm (OKKX) Ba 3ur Kuuwmk
KBafipaTHK XaTONHK PEKYyPCHB yCysmra acocaanrad amroput™ (3KKXPY). By xap
HKKH QITOPHTM oONTHMan GuALTpAall TeHIyaManapura acociannG amanra
omHpHnagH. OnTHMAN GUABTPAAL Macanack TypIHYa edwIHIM MyMKHH, Gynap:
TpaaMeHT ycynuua ontHman ¢uisTpram Ba  CTATMCTHK  SHAAlLMIian
doiipananmmra acocnasran ycysm.

9.1. Bunep onraman UiIbTPH

Ontuman dunsTpiall Xakuaa GUKp IOpUTIUIranAa KyHMpars UKku Hapcara
acOCNAHHII KepaK: KHPMII CHIHAMH METeMATHK MOACIM BA ONTHMALIAUITHPHLI
cudath Me3onM. By mwapraap mabirym Gynca, onTuMan GBABTPRALI MAcanacH —
ONTHMAJLIAINTHPHII MATEMATHK MONEIHHM TY3HII Ba YHH aHANHMTHK EKHM CORIH
MIAKIAA eTHILTA ONHO KeNan.

Mucon wakmua, xupHmmra Tacomudwmii Auckper curnan {x(k)} N-
Taprunu koddpdnunentnapu {w,}, n=0,,...,N 6yran auckper dmastpnap
opraH HuLIoB 6epAILHHH KYPHG ankamu3 (9.2-pacm).

Ywby Gunrtp unkuiu curaams Kyiuaaru noaa OpXaH aHKKIAHAAN:

(k)= _z:w,x(k-n). ©.1
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x(%)

9.2-pacM. XaTOJIHK CHTHATHHH AK/NaHTHPHIIL

Kupym curnams {x(k)} nau Tammapu sma mamynaswii Tacomuguii cHrEAN
d(k) xam 6yn16, HAMyHaBHI CUTHATTHU KAiTa aKC JTTHPHIL XATONMIH KyHHiarura
TEHT:

(k)= d(k)- y(k)=d(k)—gu¢,x(k—n). ©2)

Vmby Macanasu eqMil yuyH JUCKpeT unbTp Koapduumentnapy {w,} HuHr
yukiu curiann y(k) HM HAMYHABMH CHIHAJTA SHT RaTTd YXImAM KHHMATHHH
anuxnam, soiM e(k) XaTOMHKHMHT JHT KMUMK KMIMATHHW, TABMMHIOBYH
KiifMaTnapuHH Torm xepak Gynamm. e(k) Taconudmii wapatn 6yrany yuyH yrU
Gaxonamia ypraya KBaApaTHK XaToNMK TymwryH4acuaan doiinananamus. Iyspait
Kinub onTHMannalTApUnarad GyHKLHs Kyifnaary KypuHumra sra 6ynanu:

J({w,))=€*(k)— min. 9.3)

By macananu euuin yuyn (9.2) nponanu matpuna Ks"pmnmra KENTHPAMMS.
Bynusr yuyH GuibTp Ko3(@yuMEeHTIADH BEKTOp YCTYHNADMHM W OpPKAIH Ba
PWILTP k-4M KABAMWIArH KEUUKTHPHIL JIHHKACH THKUILINKATY RUAMATHHH i(k)

opKam GenrnnaiMus )

Wo x(k)
wel" ] @] Y. ©.4)
Wr x(k-N)
(9.4) nu pTHGOpra 0MG (9.2) TEHTIHKAH Kyitnaarusa Hhonanan MyMKHH:
e(k)=d{k)-x"(k)w. 9.5)

Xatomx e(k) xeanpaty Kyjinaarura Tesr 6ynamm:
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& (k)=(dlk)-x" (kIw) =d* (k) 2d (k)" (k) + (< (k! =

9.
=d*(k)-2d (k" (k}w + wix(k 7 (k)w. 09
(9.6) nponanm craTucTHK YpTana KuitMATH KyiHIarnga aHUKTaHAIN:
T(w)= (k)= a2 (k) - 20 ) w+ w x(k ™ (k)w . 9.7)

XaToNMHK ypTaua CTATHCTHK KuiiMaTH ?m EH aHWKIam “gomacu (9.7)
TAIKAT ITYBIHIAPHAH aNOXHIA-aNnoXHAa KYpHO THKAMMUS:

1. m — Oy naMymapuii cHrHATHMET ¥prava KBanpaTHK KuiimatH. (9.7)
UGONAHMHT ANOXMAA TALIKHA ITYBUHCH 6ymu6, y dwistp xospdmuentiapu
KHifMaTnapura GOrMK 3Mac, IIYHHHT YUYH YH# IBTHOOpPra onMacIHKk MyMKHH,
aMMO Y GWILTDP K03(pPUIMEHTIADHHHHT OMTUMANT KuitMaTIapusa XaTonux yprada
KBAJIPATHK KHHMATHTA TALCHD 3TATH.

2. d{kn(k) — 6y maMyRaBwii cATHAN k -KiMATH BA KETHKTHPHLI GILTETPH
k-xanamunars wuiMaTiapy Y3apo KoppensuACHEMAT Bextop yoryhm. x(k) pa
d(k) - Tacomuduii xapatnapau Guprammna crawponap xapadunap ne6
XHCOOMaiMH3, y XONAa ynapHHHF KOPPENsuHs BEKTOpapy OHWIi KHiiMaTIapuHi
ONILI oMY TapTHO pakamu & ra Gornux 6¥aMaiim:

dlk (k)
- d(kx(k 1) ) 9.8)

dikplk-N

3. x(k)"(k) - 6y (N+1)x(V+1) yramm xBagpaTHK MaTpHua GYIMG, y
CHTHATHWHAT KODpPeNAUMA MaTpHmacH ae0 aramamn. Craumporap Tacomndii

KapalHnap y4yH KOppeniIi MAaTpHUACH GYNHG YHHHT JHMAroHamiapHra
Xoppensamns GpyH«ima KHHMaTIIapH MOC KENajH:

RO RO RE .. RW)
RQ) R(0) R() .. R(N-1)

R={R(2) R() R() .. R(N-2)|, 9.9)
R(V) RN-1) R(V-2) .. R(O)

Gynna, R, (4k)=x{k)x{k - 4k) - xupumu CHrHATH KOPpENAMUA GYHKIHMACH.
Kuputunran GenrwnammmnapEs  3btHGopra omi6  (9.7)  dopMynamm
KYAHIArH KYPHHWIOITA KETTHPHIN MyMKHH:

J(w)=a?-2p"w+w'Rw. (9.10)
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(9.10) udopa w ra HucGaTan kBampaTHK wawn Oyaub, R MaTpuua sroHa
MUHHMYMra 3ra Ba (yHKUMA MHHUMYM KHHWMATMHH TONHII Y9yH TpamHEHT
BEKTOPHHH HOJIMA TEHIAAWTHPHII Kepak

VJ{w)=-2p+2Rw=0. 9.11)

Yuby (9.11) ndponanan Burep-Xond TeHrnaMacHiy onaMus:

Rw=p. 9.12)

(9.12) TEHrTHKHUHT Yar KHCMMHH TeCKapH KOppeALs MaTpruacH R™ ra
KynaiTuput, onruMan GUILTP yuyH KEPaK/H €YHMHH ONAMH3,

w=R"p. ©.13)

(9.13) Tenraava 6unas ndoganasamuran GwisTp BAEEp QUILTPH xeb
aTana.

Busep ¢unstpuan ndoganopun (9.13) Tenrnamara (9.10) ugonann
KMPHTHO XaTONMK CHIHANMH JOUCIEPCHACHHHHT OPHIUHIIH MyMKHH 6ysran
MHMHHMANT KHHMATH aHUKIAHATH:

ﬂk_)m = o-: —pTR"p . (9. 14)

elk)y(k)=0 Ba e{k)x(k)=0 sxanmirn, Bunep QHILTPH YHAKHUIHAATH XATOMHK
CHTHAIM  YHMHT ' YMKMIUMAArM BA  KHPHMIUMJarA CMTRa/map  Guuan
KOpPEAIMNIAHTAH IMAC, SbHM ynap GHp-GUpHra GOFIMK IMACIHIHHH GHIAHpaTH.

V3aTWITaH CHFHANHY Kaifta Tvknam, anbaTra GuIsTPAaH YTHINAR CHTHATHH
MabJTyM GHp BaKTra KedHKHmmTa cabab 6ymamy, uyRHHT yIYH HaMYHABHi{ CHTHAN
y3aTHNaéTraH CHTHAIHMHE Ke4HKKaH Hycxacu G6y/nim Kepax,

d(k)=x,(k - 4k). 9.15)

®WILTp KEUHKTHPHII JMHWACHHMHMI k 9M OQMMHra MOC YHKHILIAPHAA
Oy3naraH CHrHanHMHL k, k-1,k=2, .., k—N Taprué pakaMiy OHHH KuHMAaTAapH
Moc xenany, 6yrna N — GUIBTPHHHT TapTi6n. Ym6y oHmit KHAMATIAPHHHT Xap
6MpM ysaTwtras CMrHan OHMil KMiMaTIaph YM3MKIH KOMOMHAIMACHHY TAUIKKA

Jraau:

slk=n)= "gxu(m)h.ﬂ. (9.16)

BupnaMdH CHTHAN OHWI KHMHMATNapH CTATHCTHK GormuK GynMarannury
yuyH p BEKTODHMHI n YH JNEMEHTHHH Xucobnaina ypraya Kuiimata (9.15)
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AbofaHuRT (akaT GHp TANIKHN STYBTHCH YYyH HONTA TCHT Gymvaiimi. bynna
x(k) cHrEAMMMET Ypraga KkBampaTHK KHIMAaTH GHpra TEITIHIHIN XaM ILTHOOPra
OMII Kepax,

p,=x{k—n)d(k)= ixo(m)h,_,,_nxu(k—dk)= ih‘_ﬂ_,,xo mixk-dk)=h, .. (9.17)

Wynma#i xwmb, p BEKTOpP KAHANAVWAT TYHTAPWITAH  HMMIYIIEC
XapaKTepHCTHKACHEN (Kepax Xosutapfa Xap HKKH TOMOIMAAN Eku 6up ToMoIHaan
HOJUIAPH KEeCHJITaH KM HOJUIAPH TYSIAMPIITaH) aHTATaxH:

p=| 2 . (9.18)

9.2. OnTEMAan ¢YIMHEH rPAXACHTAN H2 1A

AfanTvB anropuT™IapiaH 3Hr xyn ¢oiisananunanurann 6y (9.11) mMakcan
GYRKIAACHENAT MAHVMYMHHEM (3HT KHYHK KMHMATHRW) 3T Te3 TYWHII YCYMH
opxamu TomMm XucoOmamamu. Ymy ycymman doiimanammmmranma  uistp
KO3¢dHIEHTNApH BEKTOPH MTEpalmA TapTHG paxamu & ra Gormk, aveu w(k).
Xap 6up WrTepammAna BeKTOPHAPH Makcal (YHKIMACH TPAIMEHTHHHHT ymGy
HyKTafary KMHMaTHIa IponopuHoHan paBHILIa CHDKHIANH:

wlk +1)=wk)- £ 9.1 (w(k)) = wk)+ up - pRwk), (9.19)

Gynna, p — Mycbar koadrumenT 6¥am6, y onmm Yraamu neb aranamy.
HOxopana kenrapriran (9.19) anropumm

0<pu<2/A,,, (9.20)
Oynmraupa sxuunamamn. Bynna A, — R KOPpesALHMA MTPUIACHHWHT MaKCHMAT
XyCycHit MHKIOPH. JIKHIIANWIN Te3NMTH KOPPGJAIMA  MATPHUACH R

KHHMATHapHHHEr E3WTanmirura Gormex Gyms6 A, /A, EMCOaTH Kamia KHumx
Gynca, urepauns sxapalHu DIyHua KMCKa BakTaa GyninG yramu.
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Iz KuuuK jpmaua  Keaopamux XQMORUKKU ~ MELMUNIOEHH
adanmuenanysul (MOCRauIyeuu) anN20pumm. (9.19) dopmysna acocha S TE3
Tyws  (AKMETAIMODHY  aMaira  OIMPHIL yayH TpagHeHT KuiiMaTIapHEH
xicobait Xepax, GyHH amanra owmpum yeyH y3 Hasbamina MatpHua R Ba
BEKTOp p JaPHMHI KuitMaTAapuHM GIUTMIL KCPax. Amanga 6y napaMeTpapHHHI
haxaT KMpHIL CHTHAIUTAPH ONHHIaH Gaxonapy MabIyM GYiuuM MyMKHH. Byupait
GaxonapaaH GUpH KOppesislMa MaTpHUacH Ba §3apo KOppe/AlHA BEKTOPH OHMit
KuitMaTaapn Xucodnanam. By KHitMaTIap xed Kangait YprananrHpHIUIapCeHs

ONTHHAAH:

R(k)=x(kx (&),
p(k)= dlkx(k). 9.21)

By OGaxonamnapaaf dotinananwranna  (9.19) ¢dopMyna  KyHHAar#
KYPUHVIUHH OJTazIH:

il 1) = wle) - () ()= il xR )< (). 9:22)

Kasc wunnari udonanap HAMyHABHii CMTHAi Ba QWILTP UMKMIUHAArH K
omiM (KanaM)aaru cursan (apku, sbHM (UIETPRANI XATONATH e(k) ra Tenr.
IOxopuaary ysTHGOpra ovHca, GHIETP KOS(hGHIMEHTIAPUEH PEKYPCHB FHTIIAI
udonacu xyaa coana 6ynanu, sbHH KyHupars KypHHHIIHH O

wlk +1)= w(k)+ pe(k)x(k). (9.23)

(9.23) dopmynara acocaHraH afanTHB (GHILTPIAI AMTOPHTMM SHI KHIHK
xsanparux kuiiar (LMS — Least Mean Square) aTOPUTMH HOMHM OHIaH
jopuTinami.  Ymby (9.23) Gopmynann ypraua KBaIpaTHK XaTomK  e2(k)
CTATHCTAK TPAMEHTH YPHAWTa YHMHT OHWH KHiMaTH e*(k) 6WIan amMaNITHPHII
OpKATM XaM ONHII MyMkuH. LMS aimropHTMH colja KYPHHHAIIT OSTANHIHra
KapaMmac/an aHHK aRATHTHK eTMH #iyx Mypaxxa6 macara xucobmanamy.

Viuy AIOPUTM | HWHT KHYMK OPAMHKIA yarapysuu KuiiMATIADHIA &)
HMHF MHHHMAS KHHMATJIQpUHH TabMHHNAMH MymxnH, GyHa p HHET SHI' KaTTa

yerapaBHif KHAMaTH

2

N
2
n=0

(9.24)

pmg

2 2
“traceR) (n+1 o2’

Gynna, A, — KOppe/NalUHs MaTpuuacH R HMHT XYCYCHii COHIApH, o} — pwITp
KMPHIT CHTHATTHAVAT Yprada KBAAPATHK KAHMATH.
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Hopmannanman LMS ITOPHTMI JaH doiinanannwiranna u

Koo dHIHeRTHRIGT Xap OHp oauM (kagam)maru  xuiiMaTH KeUHKTHpHILI
JMHHACHIArH CUrHAT SHEPrusiCH acocna XHCOONaHaIH, AbHH

plk)= 9.
( ) !TX +g ’ ( )
6}’3}18. Ko — pn HUHT 0 Ba 2 OpaMrHAa »oinamray Hopma.mlamran KHiMaT H, £ 2Ca

KHYHK MycGaT KaTTaiuk 6yaug, ursTp KMpumMRary curnan Oyamarau xomatna
B HUHF KaTTANALUMIMHHY Yerapanaiing.

(9-25) ndonanan xypunamuxu p munr sur garma KHiiMaTH % ra TeHr.
Paxarumy PwisTp ko3pdummentiapn KuiiMaTnapy & — o 6ynran xonatma xam
Y3unMHT onTHMan xuiaTn arpoduna racomudmii KHifMaT/apra y3rapu6 typaam.

lynunr yuyn yrum sxapatau Tyrarannan cyur xam ¢uisTpnam xaromury Buuep
bwnsTpy xaromurn & (k),, AaH karTa 6¥namu;

—

s =E®), +E,,, (9.26)

Oynaa, E,, — LMS airopuT™H OpTHKYA XaTo/THK ¥praua ksanpaTHx KuiimaTy,

Opruxua ¥praua KBanpaTvx xaromuk pa Bunep dwnstpn xaromurummur
HHCOaTH xaTonukaap (apKiaHum koopduumenty ne6 aTanand Ba KyHunaruya
aHmalaaanu:

N
_fWus 1=—Be “gh" W +)a? [ 9.27
B I e e e CE7)
min min 2~pzl" —M N+lkn,p Hpy —H
- a0

Koadpduumenr p myumr KHIMATIapH LMS anropuTMHHHHT HKKH acockii
KypcaTknunapu:  Tenrnawmura MMTHWMW  Testurm  Ba  cpapKnaumw
ko3¢pdummenTura TabCHp KWIamH. p KaHya katTa 6ynca Tenrnaunmura MrTwony

ANMTOPHTMH WIYHYa Te3 ﬁaxcaprmaml, amMMo bapknanun X03(pPHUHEHTH M ulyHya
Katra 6Ynanu Ba akcuaya,

KaTTanury  yuuyr KaMuunurnaup,  [ilyun AnoXKia TabKMANAL KCPaKKH
TEHMIAWMIrE  uHTUIMIYY TeawTupum  Ba  xucobn

KamaitTupuin 6up-Gupura 3uA 6¥nran Tanabnapzup.
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X034paa cHrHa'UTapra PakaMIIK HILLIOB GepuLIHUHT Gup KaTop

aTTopUTMIapu MaBxya 6¥nn6, ynapaas aMmanaa sur xeur ¢oﬁ;1anauuna.uura1mapu
Kyituparunapanp:

- onTHMaN GUALTPNALINa AETEPMHHAHTIM Macana
- agantus RLS anropurmu;

- OKCrioHenTa 6¥iinua xotupaman YHKapHLL,

Ae6 Kapauw,

Onmuman dunsmpnawza demepmunanmnu Macana waxnuda Endausuu.
LMS  anropurmipan  doiinanannnranpa bwsTp KHPHOIMAATH  CHrHAnHM
Tacomnguit xapaéu neb xucobnab, HamyHawii CHrHATAH GUILTP WMKMmMAary
dbapxnanmum — xaTonurn AucnepcnsacHHu MHHHMaNaWTupran smuk. Omnripvan
duneTpramra serepMuHaHTIN Macana WATHAA EHAAMMIAA CTATHCTHI METOAAaH
tolinanamnnmaiine.  Mucon  yuyn, KHpHII  curnanmaver  {x(k)}  ommii
KHHMaTiapura Muuios Gepum Kepak 6yncun, Synpa N -TapTHOmu HOpexypcHe
¢umsTpHUHr Ko3ddHUMeHTIapH v} (n=o0,,..., N) Tymnamunm tamkus 3TaJH Ba
Hamynasuii CHrHan onuit Kuitmatiapu >ca {d(k)} opxamu Gaxomanagm. By xomga
GUIBTP uMKHI cHrank (9.1), KUPHILl CUrBanKuK KaliTa Tuknam Xaromuru (9.2)
€KH BEKTOp Waknnaa (9.5) dbopmynanap OpKaM aHMKAaHaay.

Onuman  punsrpraw
HAMyHaBHH CHMHANMHM KaiiTa THKmaw xa

H TOIINCH ypTaua ksagpaTuk KuiMaTHHUHE
MHHHMA KUHMATHHM TZbMMHIOBYH i, } ko3 duunentiapu annxanay, 6y
xoa

I, )= g';]e(k)’ > min. (9.28)

Bynurr yayH (9.5) dopmynanu marpuua marnyma ¥rmm, wiomy currany
BEKTOp-YCTYHJIADH — Yy BA KMDHII CHTHAIMHHM KaifTa THXIaw X8TOHHIA — e Hiy
AHHKNAHMH3:

y= xTw s € =d—xrw N (9.29)

6 d — HaMyHaBHit CHrHan oHuil KuiiMaTiapn BEKTOP-YCTYHH Ba X — MaTpHua
yc’l'ylta:lapﬂ KeHHKTHPHIL! JHHACH TYPIH TPaKTIAPHAAr KHAMATIAPH:

d(0)
acl O X ok).x(v-1).
d(k -1)
XaTONHKHUHT JHT KHHHK KMITMATHIa SpHIINLI yIyH

J{w)=e"e —> min (9:30)
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OymHiun xepax, GyHHHT yayH VJ(w)=—2Xd-2XX"w =0 wapTu 6axapwnuy Tanaé
oTHnamH. PIILTP OOTHMAN GY/HIIH YdyH Kyiuaark wapTuy 6axapuur kepax:

w=(XX")'Xd (9.31)

Gynamm, avan (9.31) ndoaa (9.12) npopara yxmam 6yu6, CTATHCTHK MabHOMA
omtamMan 6yrran Bumep ®HIBTPHEM dcnatama. XakmkaTaa xaMm arap (XX')'/K
CUrHAMHM BAKT 6¥iiMua Ypravanaurrupuinras sroHa Ky3aTHII HATIKACH/A OJHHraH
KOPPE/AMOH MATPHUACHHUHT 6aX0cH 1e6 Xucobnacak Ba Xd/K HH HaMyHaBHii
CHTHAT BA KCUMKTHPHIL IMHWACH YMKMIIMAAH CHrHan GWIaH ¥3apo xoppenaims
dyrxgac neb xucobnam mymxu. By xonaa (9.12) sa (9.31) dopmynanap 6up
XHT Ma3sMyHTa 3ra 6ynamy.

RLS adanmue anzopummu. Cvrranapra pakaMmy GpuaLTpnaph2 Wumos
GepHIIa KMpHII CHTHAMHAHT Xap GHp & - ORMi1 KuiiMaTH aHUKTanTanna (9.31)
Gomyna opxamn GurETp KoaddumerTnapHEy Xucobmam MyMKuE. AnMo Gy
yeynpan doAaanaEuMml XHcoGNamuiap XaXMHIMET HHXOATAA KATTANAMMIUHra
onub xemanu. Xakuxatna xav xap Oup oM (kafam)na X MaTpuia yiuamu
KaTTanawazy, GyHjaH TalKapy Xap GMp MATPHUA Y4YH TECKapy MaTpuua (XX')*
KHAMATNApHHH Kaifra xucobnaw Tana6 srunanu. Xucobnawnap XaxmuHu xap 6up
OIMIIaH CYHT X MaTpHIara sHa GMp SHTH YCTYR KYIIMII Ba d BEKTOpra sarh Gup
TalIKWI 3TYBYM Kynmmiu kepak Gynaau. Hamikama xucoGnauriapuu peKypcHs
TAIIKWI 3THID WMKOHMATH Maigo Oymamn. By anropMT™ SHT KMUMK KHMItMATHM
pPeKypCHB Xuco0am MeTOMH ae0 HOMIaRAamN.

RLS apantus amroputmiaan Qolgananiimanaa KHPHII CHTHATHRWAT Xap
Gvp onnii KNHMaT/IapH OTHHTAHAAH CYHT KyHHIArH aManiapHi Gaxapim kepak:

1. Kupum curnamunuur uasGatnary x(k) ommii xuiiMaTiaapu onuHramnas
cyur ¢uasTpuunr wasGataarw  w(k-1) wosddunmentiapinan  doitnanannG
GunbTpram Ba YWKMINMEArH HAMYHABHH CHTHAT XaTONMTH  XMCOGNaHAIM:

Hie)=x{k) wlk-1), elk)= d(k)- y(k). (9.32)

2. Kywaiitupmm koxpHIIHeRTIapH BexkTOpH YCTYHNapu XHcoGNaRaau.
Bynna xap 6up nasGarnaru xmcoGnaumappia xyuaiftupnm xosbduivientn K
HUHT KuiMaTH KaHTajaH XMcoOnauanu, AbHH XMCOOnaul pexypcuB Gyinmaiitu,
CYHIpa HKKM Xuco0nanuiapaa Kacp Maxpaxyu ckanap KaTTamk 6ynamm (Marpuia
aMac):

Pk -1)x(k
x(k):mkl_%m. (9.33)

3. Curnan Teckaps KOppelsiMa MaTpuiiacH GaxOCHHM AHTMnAam amanm
Oaxxapwiany:
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P(k — Dx(k)x(k) P(k -
P(k)=P{k—1)- (]ﬂg:g,l)f(ﬂ ])f(k)l). (9.34)

4. OweTp KoM HUIMEHTNIAPH SHIMTAHAIH:

w(k)=wlk 1)+ K(k)e(k). (9.35)

Hap6arparn Bashga P Matpulia Ba - w  BEKTOPHHMHT DEKYPCHB
ANTWIAHANMraH OCOULIAHFMY KHITMATAApHra HUCOaTaH aHUKIMK KHPHTHIAAH
n6opar. Ozatna GuabTp KOIDOUUMEHTNADH BEKTOPH w anroputvu Oyiimua
aMa1HK GaxapuiliaH appan Honap Guwiad Tynmupuaanu. P MaTPHIAHH Taxiwi
KWAHI IIYHH KyPCATaoMKH, KEMHKTHPHIN JIHHMACH KHPHIU CHIHAJUIADH OHMH
KiiimaTnaps OuiaH TYAAWDWITAHAAH CYHT, XucoOnam HaTHkacK OCoLIaHFHY
maprnapra Sornnk 6ymvaiing, arapaa

w 0 0 .. 0
0 0« 0 .0

P(-1)=0 0 o« .. 0 (9.36)
000 ..

AManaa MaTpuua JparoHand  Karra Mycbar  kuiimarnap  Gmman
ﬁnnnpmw, MHCOJI YYYH YHH 100/61 fa TeHr K}UIHG OJIHHI TABCHA 3THNAAH.

LMS amroputmura kaparanaa RLS anropurmn mucGaran xym xucofnam
amaapuuy Gaxapriuny Tanab kwiami. OunsTp ko3dGUIHEHTIAPHHY SHIHIAW
yqyH XHCOONAlLIapHM ONTHMAal TAIUKWI JTHITAHAd 25N°+4N  xydr
“KymaliTHpPHID Ba KyWMI™ aMannapuun Gaxapum Tana6 stmnagM. Bynna
xucoGnammapHy onTHMan Xucobnaur aeranaa P MATPHIAHMHT CHMMETPHK
JKAHNMIMHH 3bTHOOpPra oM Halapaa Tyrwmad. lllynpaii xwmb, RLS
amropuTMpaa  Gaxapwiaguran amamnap coHd QWIBTP TapTHOMra GormHK,
KBAJIpaTMK KOHYH Oyiuga kymaiu6 Oopamu. Avmo RLS amropMT™Mmaan
olinanamwiranza LMS airOpuTMUra xaparaha TeHIJIHMKKA MHTHIHII TE3POK
amanra omaad. RLS airopuT™™H xap 6ump oamm  (kamam)ma  Qmistp
koxpduupentnapu (9.31) dopMynara MOC KelyBuM OOTHMAN KUAMaTiapra sra
OynanM, CHrHITa HULIOB Gepur Sommpa yrim xapaun P Marpuna 6axockHH
PEKYPCHB xucobnamra Ba KCUMKTHPHII JMHHACHHMHI KHPHII CHTBANH OHWMi
xuiiMaTnaph Grian acTa-CekHH TYIHLINTA GoFnHK,

Ixcnoenma Kouynu Oyiuua yrymuw. (9.28) sa (9.30) dopmynanapaa
xaronuK KMHMATJIapura CHIHan Y3aTHUl BakTH AaBoMuia 6up xun Tana
Kyiinnani. Hamixala KHPHIN CMCHATH CTATHCTHK WWFMATIADH BaKT JSBOMHIA
yarapuwn puasTpIALl cndaruHuHr émonnamnmura cabab 6ynaan. PunbTpra
KHpHII CHTHAIMHUHL HOCTAIHOHAPIHIHHH KY3aTHII HMKOHHATHHM GepHml y4yH
(9.28) dpopmynara JKCNOHCHUHOHA KOHYH Oyiinya yHyTHII HMKOHMATHHY Gepuil,
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AR XaTOMK CHTHATH aBBAH  KHMI{MATJapHAM  3KCNOHCHTA  Gyiiima
KIPHXTATHPHT K03/ HIHENTHIM KHPUTHI Kepak Gynanu:

J(w)=§k"‘"" &), (9.37)

Gynna A —yaSrmm Ko3pdummenTv (0<A<1).
JkcnoneHTa Gyiimma ymyTwmgan doiizamanmranna (9.33) Ba (9.34)
hopmynanap Kyiunara Ky pHIHIIH oNaHNap:

Pk~ 1)x(k)
K(k)= A+ x"(k)P(k - x(n)”

P(k)= %(P(k ~1)-K (kX" (k)P(k-1)). (9.38)

9.3. AnanTus ¢puibTpIapaan aMaanii ¢oiiaarannm

Ananthe QWIBTpNapiaR CcHTHAMApra WooB Gepum Gunam  Gormuk
TH3AMJIapAa KeHr Qoiimananmnagn. AZammuB QWILTPIAIIAH aMaTra OMMpPHIL
WICHTHQUKALAANAI ~ MacanacMBK  €9YHNI, #bHH  TIGHMHWHT  0ap3n
XapaKkTepHCTAKANAPHHIE aHMTans OpKaH amasra OLIHPILTAIM.
HaeHrTAdHKanHATAIINN aMaiTa OMMPHOIHAHT WKKM: TYFPH Ba TECKapH ycymu
Mamynl. bupmman Xomaraa amanTHB QWILTD TAAKMKOT 3THIAGTTaH TH3HUMTA
napawien ynanamu (9.3a-pacM). byHIa KHpHOI CHTHAIM TRIKHKOT 3THAASTraH
TH3HM B2 afianTUB QUILTP YUyH YMyMHii G¥Najiu, GHKHII CHIHAIH 3CA aaNTHB
GunsTp yayn saMymaeuii curman Basmgacumm GaKapanM. AJAmTANHEAIAHMIN
KapaCHMIA (HILTPHMEr BaKT BAa 4YacTOTAa XapaKTCPHCTHKANADH TAIKMKOT
ITHN2ETraH TU3HMHHMHT MOC XapaKTEPHCTHKANAPHTa HHTIIAMH.

Wiaommam xonataa, Teckapu MAeHTHGHKAUMA YCYNMIAH (oiaananumrana
ANANTHB QITHTP TA/IKMKOT 3THNAETTAH TH3AMIA KeTMa-keT ynaramm (9.36-pacm).
By ycynaa TagKMKOT 3THNABITaH THIUMHMHAT 9WKWII CHTHAIM aJanTHB T
KApHmMra Gepiotamy, TH3MM KHpHIN CHTHAIM 3C3 ajanTHB QWIBTD yuyn
HAMYHaBHi CHTHaN BasugacHAH Gaxapagy.

Tamaaxor mm | Tamokor
KM KHp N p KHPHII ‘;::::pn HHKHIN
— THIUM TH3HUM
naMyiasaii cenaa
AnanTis
b HaMyHaBsit
cHIman
a 6
9.3-pacM. AanTHB GuwiILTp EpRaMKa TH3NM HIEHTHDHKALMACH: a — TYFPH,
6 — Teckapn.
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Ulynpait kun6, anarTie GHIETP TAEKHKOT STHNAETTAH TH3HM TABCHPHHH —~
Oyswnmnapin 6aprapad 5™n6, GHpraMIM KHPHII CHITIAIHIH THKIAHAA. S1IH
yMyMTaumaH cxeManapias ajanTsB (HIBTpIApaH doiinanamnb, amux GHp
Basupany GaxapyBuH KypPHIMANAPHH KYPHO YHKAMM3.

9.3.1. Ynaax, m Gamopariam

Bauopariosuy GHALTIAP CHTHATHHMHT aBBAJTH OHHI KHiiMaTaps acocHa
§3 uMKMUINApWAA XAKMKMH KMPUIN CHTHANHIAH SHT KaM Yprauya KBAXpaTHK
XaTomiKk GHTaH GApKIARYBIH CHIHATHM THKNAiaW. YmGy sasndamn 6us kypub
yTran Bunep GWISTpH XaM OmkapHIlM MyMKHH, Gynja HaMyRaBRii CHIHAN
cifaTHAa CHTHAIHHAT KODHH OHHMI KHIiMATHIaH Ba (HIGTP KHpHII CHIHATH
cithatnpa GWp TAKTra KEMTHDHNTAH CHTHANAAH (oHmanamvnafd. AAanTAB
aropuTvwiap Wm  kapabAHfa Bumep ONTHMan eYHMMHHM TabMHEJNIANITA
nrmanamanap. Hlymmr ygyn omsHkmH Gamopatnam macawacHim edHIl yIyH
CTPYKTYpaBiii cxeMacH 9.4-pacMia KJITHPWIrad = ajanTHB ¢uIETpAAH
dofizananmm  Mymxus. Anamrauus  (Mocmammm)  okapaSumpa  QHIBTD
KOXMpHIIMEHTNApH ABTOPErpecCHs MOAETH KOMuMeHTIApHTa HHTHIAIH,

HATHXANQ XATOMHK CHIHATH YOy MOASIHH KY3FaTypus *‘OK IMIOBKUE~ MOACIHHEH
Gepany.
x(k) -1 KHPHIIL | Anarrras 5%0)
" 2 . dwntp
'y
HAMYHABHIA CATHRIT |

9.4-pacM. AzanTus GHIETP &pramMuma YM3HKTH GamopaTiant.

9.3.2. oBKuHHM GapTapad sTam

Mitcon yuyH CaMONETHH GOLIKAPYBIWIADHY — yqypavTapHRM EKH >
XAiiNoBuHCHHH HYTK 10Ka THI3HMM GUNaR TahMMHIAm Kepak GYncHH. Bytpxmm‘ma’
TaGumitky, MukpodoH OpKaIH Kka6yn KIWIMHAETTAN GourKapyBaH (GOHAATH TORYTIH
KaTTa caTxX/mM JBATATENh MOBKMHH TabCHPHIA 6¥namn. By xomaa ymy IIOBKAH
TaLCHpHHY TYFPUNAR-TYFPH {iyKOTHII MYMKHH 3Mac, aMMO YHHAT TaBLCHPHHEH
iKoTHI, KamaifTHpAIN YIYH ABHTaTeira & Gomxa mambara axum macodara
MUKpogon ypHATHO MOBKHH CHIHATH HAMYHAaCHHH OJMIN MYMKHH. Maiwymm,
ymuby wopKiR CHTHATWHH 0803 Ba IIOBKMAZAH HOOpaT CHrRANIAH OIHI ycymaa
aiinpuS, mopxpmHER Gaprapad) ITAII MYMKHH 3MAc, TyHKH ynap MIKpooRTaprada
TypIn Macodarm GocHO FTamuap ba TYPITIA Gysmmmnap onammap (9.5-pach).
AMMO xap s mOBKHH XaM Tacoluuii x2padn 631G, ynap 3apo xopperspia
~ GormKmmaea ora Gynamunap. TyHKH yIapHUHE MaHG6anapH Xap MKKH IMOBKHH
yayn ymymmii — sroxa. Uly Guian IIGBKMH CUTHANM OBO3 CHrHANH GHianm
KOppesuusra ora 9Mac, Gup-6uptra GOFMMK 3MAac.
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AjanTHB QUALTP €pAAMMAA CHTHATILOBKMHHM MHKpOQOHrada TyrpH
HOCHTHMKAIMANaW aMamu Gakapunagn. AJanTus GWIETD KHDHMIN CHCHRTH
BasH(ACHHH KYINHMEA WIOBKHH MHKPOMOHH YHKMILHMAATH CHIHAN 6axcapann (9.5-
pacMaa — WOBKMH MUKPOGOHH), HAMYHABHI CHIHAN Ba3H(DACHHH CHIHANHILIOBKUH
apananmacy curHam 6axapanu (9.5-pacM, acocuii MEKpodoH).

- CHrHAn+INOBKIH MkpOdaHH

Curnan
------- > ' }——
manbacu P

/’ 1-iigi Hauynagiit
S CHIHAT
S v Xatomix
Ioekim |." ___ > KHpHl | Anapyp | CHRIAWM » LLosRITaN TORaNANAN
makbacu 2-iiyn BT 0003 (HYTR) CHIHINR CHINAM
lomant xemxpodomt

9.5-pacM. AzanTus GHITLTp EpAaMHa IOBKMHHM Gaprapad v,

AJianTHB QWIETP KMPHII CHIHATHHHM OIyHAai y3rapTHpanuky, HaTHXana y
HaMyHABHH curuaira (Ypraua KsajipaTHK XaToNHMK Gunan) skuHmawamy. Ouistp
KHPHILHAArH CHFHAI+IIOBKMI apanaliMacHHMHT (aKaT WOBKMH TALIKAT 3TYBYM
KACMH OWNaH HAMyHaBMil CHrHAIHMHT (axaT LIOBKMH TAIIKII STYBYHCH
KOppenaisara ara, CONTMKIMKKA 3ranHMId YdyH auanTaums KapatHu oXupuaa
GWILTp YMXMUIMAA IOBKMHHMHT Gaxocy Xxocwn 6ynamm. XaTomux curhamm
ananTHB QWILTP YHKMII CUIHAIH BA HAMYHaBHI cHran opacuiark $apx Wwakmaa
aRMKTAHATH BA Y WIOBKMH/IAH TO3a/IaHTaH 0BO3 TOBYIIHTA TEHT 6ynann.

IOKopuaa KenTHpWIraH MeETOMAH pAagMOTEXHHKA, pajHoANoKa Ba
CHTHa/LIapra MILTOB GepHIl KyPHIMAnapH/a XaM (oiifiaianI MyMKHH.

9.3.3. A10Ka KanH Y2CTOTANIAP XAPAKTEPHCTHKACHHN TYFpH.1am

AJIOKA KaHATH OPKAIM CHrHAN Y3aTWITAHA Pean WapoMTIapaa KHpHI
CHFHANM WAKIH anbarra xucman Oysunamgn. By Gyswmuurap Hatmxacupma
PpaKaMITH aloKa TH3NMIAPH OPKAH AMCKPET XabapiapHM y3aTHuIga XaToMKnap
xenu6 umxummra caba6 6ynagu. Ymby xaronuxnapum ifyxkormmu (8ku xucman
KaMafTHPHIL) YYYH &IOKa KaHAAWHHHT CHMFHAIMA TabCHPMHM  HYKOTHI
(xamaifrupumt) tanal sTmnagM, OyHMHT YIYH TeCKapM MACHTH(HMKaNMAIam
MYaMMOCHHH edum kepak GOymagm (9.36-pacm). ANOKa Kawamm TabCHpina
CHrHawiap Oy3wmumMHH yMyMaH iiyxoTmm (kM KamaiTHpuwi) yays, yHuHr
YacTOTNap XapaKTEePHCTHKACHHW TYrpunaul (Ty3aTwim) kepax Gymamu. Yoy
Basudann 6akapysum TYFpunosun GuisTpNap SKBANAiiepnap ae6 atanaan.

Ananmus  unbTpnapaaH akBanaiizepnap cHdatmma  doitaanaHmTanna
HAMYHaBHii CHCHAIHK O/IHLI MyaMMOCH fo3ara xenaau. By MyamMmo anoka xananu
OpXaiy MabIyMOTHAp Y3aTHIIAAH ONAHH, Y OPKANIH Maxcyc coIoBYH
CHIHAIUIZPHH Y3aTHIli OpKas eunnagu. Yy coanosun curian cudaruaa “1” sa
“0” nap TacomupuiicHMon kerma-keTMruaaH doiiiananmtapn,  Coanosyp
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CHTRATHH MWAKATARTHPHII AMTOPHTMH Ky X0/Ulap/ia Kaiman TOMOHHAa MabilyM
6ynagn Ba ymi KaGyitam TOMONHAA MYCTAaKiN [eHepamuanam Ba yRAan
HaMyHapwii cHraan cudpaTiaa axanTus GIBTPEK Goumkapuu (YpraTau, YKHETHIL)
yuiyH Qoiigananuw MyMxui. By wmr xonatd anantus (HABTPHH GomIKAPHIL
(YpraTuiu, yxuTHiL) i xonaTH ae6 aranany (9.6-pacM).

KHpTn Ananms wiH | G HYKTanna
$rnbTp TaHnAIm

HAMYHA

Vprarm Baxonaw
Il X07aTH ) i xonath

CoTaim CHIRAMH |
TepeHaToOpH

9.6-pacM. AJIOKA KAHATH YacToTanap XapaKTepHCTHKACHHH aaNTHB GUIBTD
¢pravuna Tyrpunan.

AnoKa KaHATM OPKANM CO3Nall CHFHATH Y3aTHIIl TYTA/UTAHMAHJAH CYHI
acocsii MABIYMOTNAPHH Y3aTHIl Wm Xonatura yTunamu. Byrna RaOymmam
KypWIMacH KHDHLI CHTHATHHM Gaxomam wmi Xonathga Gynamu. HamyHnaswit
CUTHATHH O YHYYH pakaMIlM anoka TH3UMIApMAA CHIHAJUTADHHHT LIaKI
(X¥puEII)TapH YSKTAHTAHTHTHAAR (oiigananunam. HaGaTiarH ORW KHAMAT
KaGyN IGLTHHTARAAR CYHT YHTA SAKHH GYNTAH PYXCAT STHITAH KWIMAT KWIHPHO
Tomunam. By curHanian HaMyHaBwii cHTHAN cHaTHia dofipanaminaimm. Yoy
curRaN Ba KaGy/m KWIMATAaH CHTHAN opacHAarW ¢apk XaTONAK CHTHAIH 6ymnb,
yHAaH aJanTHBIAWMTHDHIN Yy9yE doiiganamoamd. 9.7-pacMaa  IOKOpHAArH
¢uxpnap 16-XONaTAH KBalpaTypa MaHMOYIALMSIH CHIHAN MHCONHJA axc
STTHPWIraH.

° * ¢ b KaGyn sounEHTaH CHTHAT

/:___{/Xmmx cHrHAmM
° °

NS ke
[ ] ® L] .\ JHr AKHH PyxXCaT JTHIraH
KH3DMAT HAMYRABHIF CHIHAN
cudamaa xabyn KM

9.7-pacM. baxonau uin XonaTu/ia HAMyHaBHii CHTHAIHH Ba X2TOJHK
CHTHATHHH 1AKVIAHTHPHIL.
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OxBanaiizep OoOlIKApHIN HMII XOJATHAA COXAHIAHNAH CYHT, QUIBTP
YMKHIUHZATH WOBKHH LIYHJAH KATTATMKKA 3ra OVIHIUM MyMKHHKH, SHT SKUH
TYpraH PyXcaT 3THATaH HyKTa caKjaHub Konajy (XaTONHK SXTHMOJLTHIH KMYHK),
6y miu xonaTtuaa anantus GuisTp ¥3 6apKapopnurutis caknab xonaam.

9.3.4. Akc canonn 6aprapad >Tam

Yy MeTomnaH XynH anoka KaHamlapy 4acToTanap XapaKTepHCTUKaCHHN
TYFpUIALl MCTOMHMCK 3aMOHaBHII Mofemiapaa keHr doiiganannmnaau. Karra
Te3nHK OMNaH HIUIOBYH MOAEMIApAaH AYIUICKC Ml XOJNAaTHAA — OUp BaKTHHHI
¥3una CHrHan y3aTHIl Ba KaOymnnamna doiimanamsnanu. Jyruekc M XonaTui’
CHTHAJUTADHH Y3aTHII Ba KaOy/naljia AroHa — YMyMHIii qacToTanap noaocacuaan
¢oiipananmnagy. By um Xonatmaa y3arwna¢rraH curiHan ymby CTaHUMAHMHI
xabymwram KypuiMacura TYFPHAGH-TYFpH TabCcMp KWAMO, YHMHT M XosaTvra
xanaxkut Gepanu. YiuGy y3aruul CTaHIHACH HYpRaTaGTraH CHrHan Typs Hysnap
Ounan Tapxamvmk Ba Typasda OyswnaumM MymkuH (9.8-pacM). By axc-canme
CHrHAIMHM afanTB GUALTP EpmaMMaa HyKOTHIN MYMKHH. ByHaa axc-cano
TapKAIMII TPAKTHHY TYFPH HHACTH)HKAUMATIAI YCYTHIaH (hoiiqanaHul MyMKHH,

AG6ouent ATCuap opaciparn  Agoment

JB{HHRCH PAKAMIH &10K2 KAHATH  gyyuacH
— ——————p P

R AL O S C S E e - .- —-—-
>y -

-~
-

’ ’ . -
PTRPEE S~ SYSPREE AP oA e

AXC-CaI0 CHIHANHHUAT YTvW i

Y30Kaarn Monem

9.8-pacM. AXc-cafio CHPHATHHHMHI LUAKIITAHUILN.

AfanTTHB (PMABTP KHPHILIKINA Y3aTHII KYPHWIMACH MOJEMH CHIHAIN TabCHP
XWIaH BAa HAMYHaBuii curHan cudatMaa axc-camonu xabyjuiaHran CHrHamaaw
doiinananunam (9.9-pacM). AnanTHB (QWILTp aKc-cano CHrHaN GaxocHum
MIAKUIAHTHPAAM Ba XaTONMK CHTHAIM aKC-CAAoNaH  TO3alaHraH kaGyn
KUAHAAETTaH doiinanu cHrHanra Moc OynanH.
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| Yaatkny Iﬁ A -mm——- >
KHpHUL HAMYHa Anoxa %

| AsarTin ¢RI I'_ STHHHACH ,:

| KaGymnars l‘ Xatonmx curHanu . A"
9.9-pacM.AzanTus GUILTP EPIAMHAA AKC-CANOHH HYKOTHIL TH3HMH
CTPYKTYpaBuii cxeMacH.

AKC cafioHH HYKOTHII TH3KMH TYFPH MULIAIIK y4YyH y3aThnatrrad Ba Kabyn
KHJUHTaH CHIHALIAP Y3apO KOPpEAIMACH — OORDMKIMrH GYIIMaciurd Kepak.
ByHHHr yJyH y3aTHII KyPHIMACH MOIEMHIa OCPHIaETraH JMCKpeT MablIyMOTIap
aactnab ckpembnepnamn xapa€HummaH YTaswnanM, SbHM NCeBAOTacOAMMi
GuTnap KeTMma-Keraurura anmainrupunany. Bynna ukks 6up-6upn 6unan Gupra
HUUTOBYM MoOAeMiIapAa TypsiM ckpemGnepiapnan ¢oiifananany, HaTHXana ynap
ysaTMnadrran  CHrnamnapuuur 6up-Gupu Ounman koppensumicu Gyamacnury
TabMHHIAHAAM, 9.9-pacMia KeNTHpHITaH CTPYKTYPaBHH CXeMa acocHlla akc-
caloHH MYKOTHIL METOMMAAH XaMMa 3aMOHaBUii MoeMnapaa Gofinanannnany.

Hazopam casonnapu

1. Kandaii dhunemp adanmue punemp 0e6 amanadu?

2. Adanmue punemp cmpykmypaguii cXemMacuru “USUNZ 6a yHunz wwnay,
npunyununy cyznab bepune.

3. Dnz xuwux ypmada Keadpamux Xamonux Oezanda Kandaii xamonyx

nazapda mymunadu?
1;. l(:m)aﬁ unomp Burep onmunan ¢urempu de6 amanadu?

5. Paxamm PunbmpAapOa XamOoRUK CUHANY WAKINAHUML HCAPAEHUNY iy
cmpyxmypasuii cxemacu (9.2-pach) épdamuda myuynmupub Gepune.
6. Adanmue Qurempnawoa  HaMyrasuil  cuzHan  KaHOQi eazupany

6ancapaou?
7 Bunep-Xong dunempunu ugpodanosuu ugodanu ésunz 6a ynunz uunay,

npunyununu mywynmupu6 bepune. )

8. Adanmus Jurbmpnawda 3z Kuwux Jpmaua xeadpamux xamomuon,
mavmunnosyu LMS anzopummu xvawda myuyna Gepune.

9. LMS ancopummu xanoail asarxka ea kavywuxnapea sza?

10. Onmuman  uibMpIGUHUHZ  OemepMunanmau  YOPIU  xaxuda
mywynmupuui Gepune.

)’“‘); 1. Olr)zmmmlﬂmlgLS adanmus ycyaudan (holidananunzanda Kanoaii am: -

Garcapuw kepax Gynaou? anvap,

12 LMS ea RLS ancopummiapuwu Gup-Gupu Ounaw maxxocnawe, yrap
nucbaman Kandaii agp3anTuK 6a KamMIWIKNapea 32a?

13. Onmusan uabmpaauioa IKCNOHEHMA KOHYRY Gunan ynymuwe ycynudan

xandaii maxcadda gotidananunadu?
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14. Hoenmugpuxayuaraw deazanda Kanoail sicapaéunu mywynacus ea y
adanmug gursmpnap épdamuda kandati amanza owupuniuy MyMKUn?

15. Adanmue  gnunemp époamuda wusukau Gawopamaaut Kypumacu
CMPYKImMypasuii Cxemacutu YusuHz 6a yHUK2 wurau npusyununu mywynmupune.

16. Aoanmue guremp épdamuda wosKunnu 6apmapad smuu ycyau xakuda
mywysmumuu Gepuse. T

17. Kandaii xonrapoa sxeéanaiisepnapdan ghotidananuradu?

18. Adanmue  punemp épdavuda  aroka  kanaiu vacmomanap
Xapaxmepucmukacutu myspunawidan xuma makeadda doidananraou?

19. Adanmue Gunemp épdamuda axe-cado cuznanunu dyKomuw mususu
CIMPYKmypaeuti cXemMacunu uu3unz ea wuaau npunyununu ainub epusa.
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