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(}>CiJ.CpaJlbHOe areHTCTBO no 06pa30BaHlUO 

rOCYiJ.apCTBeHHoe otipaaouarensaoe yqpeiK,UeHHe asrcnrero 
npomeccaouam.noro 06pa30BaHHH 

«CaHKT-IIcTep6yprcKIIH fOCYiJ.apCTBCHHbIH TCXHOJIOrHqeCKHH 

yHlIBcpCHTCT paCTHTCJlbHblX nOJIHMCpOB}} 

Kaqienpa HH(jlopMau,HOHHO - H3MCPIITCJlbHblX TCXHOJIOfHH H . 

CHCTCM ynpaBJICHHH 

TEOPMlI ABTOMATINECKOrO
 

YIIPABJIEHIDI
 

(,l(HcKpeTHhle CUCTeMhI aBTOMaTHqeCKOrO 

peryJIHpOBaHHH) 

MCTOiJ.HqCCKHC YKa3aHHH iJ.JlH BblIlOJlHCHHH
 

. KOHTpOJlbHOH pa60TbI X!! 4
 
!'J)ISI CTYI'ICHTOB 3aOqHOH I}>OPMbI OOyqCHHH
 i 
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VnK 62-5(07) 

Teopas aBTOMaTI1'IeCKOro ynpaBJJeHIUI '(,I(HcKpeTHble CHCTeMbI 

aBTOMaTI1'IeCKOro perynaposanaa): MeTO):U1'leCKlfe yKaJaHIUI ,llJUI 'BbIDonHeHIDl 

KOHTpOJIbHOH pa60TbI N!'. 4 .uIDI crynenros 3aO'IHOH <P0PMhI o6ytieHHll/ COCT. 

A.B.qepHHKoBa; rOYBITO CIT6rTYPIT.- eIT6., 2009. - 27 c.: Hn. 13. 

MeTO)l,I1'IeCKHe yKaJaHIDl npenuaanaaensr CTy).leHTaM 3aOl.JHOH <POPMhI 

o6y4eHHH no aanpaaaeamo «ABTOMaTl13aUHll M ynpasneane» ,llJUl BhInOnHeHI111 

KOHTponhHoM pa60Tbi N!'. 4, conepzcauiea sananaa no nocrpoeaaio nepexoaasix 
npoueccos II 06JIaCTH' YCTOM411BOCTH nncxpernux CI1CTeM. Moryr 6bJTh 

HCDOJ1h30aaHhI crynearaua 04HOH <pOPMbI o6Y':lemIH npa asmonnenna KYPCOBOH 

pafiorsi H npa H3Y'leHiUl coorsercreyionnrx paanenos xypca T AY. 

llO,llrOTOBJIeHhI 11 ,peKoMeH.uoBaHhl 'K ne-rara Ka<pe):lpOil I1H<popMaUHoHHo­

H3MepHrenhHhlx TeXIiOJlOrHH !oJ CHCTeM, ynpasnenas rOY BITO eIT6fTYPD 

(nporoxon N!'.2 OT 24.09.2009). 
YTBep)J:{):leHbI K H3.uaHHlO Y4e6Ho-MeTOllH'leCKOM KOMHccHeH <paKynhTeTa 

aBToMaTH3HpoBaHHhlx CHCTeM ynpaaneaaa rCXIIOJJOrlfl1CCKHMT1 npoueccaxut 
roy B110 eTI6rTYPTI (nporoxon N!'.1 OT 28.09.2009). 

Peuensear: 
npooeccop Ka'!pe,llphl aarowaraaanaa XHMH'IeCKHX rrpoH3Bo.u13TB 

CaHKT - Ilerepoyprcxoro rocYllapcrBeHHoro reXHOnOrI-FleCKOro irncrnryra 
(TeXIIHyeCKOrO ynasepcarera), n-p TeXH. sayx PycHHOIl JI.A. 

© rOYBITO Caaxr-Ilerepoyprcxas 
rocynapcraeaasni TeXHOJlOrHl.JeCKHH yuanepcarer 

pacrnrensnux rrOJJHMepOB, 2009 ' 
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Beeoeuue 

KOHTpOJIbHaH pafiora N!! 4 BhlIIOJIWleTCH crynearaan 3aOlfHOR cPOPMhl 
06YlfeHHj[ B 8 cesrecrpe H BKJIlOlfaeT B ceos 2 sanasn: 

- pacser H nocrpoenne nepexonaoro nponecca nenpepsranoii sacra 
,nHcKpeTHOH CHCTeMhI asrosiarasecxoro perynaposaaaa (CAP); 

- pacser H nocrpoeaae 06JIaCTH YCTOHlfHBOCTH ,nJIj[ 3aMKHyToll nacsperaoa 
CAY B nJIOCKOCTH nacrpoex perynaropa. 

BapHaHThI KOHlpOJIhHOR pa60ThI npanenensr B IlpHJIo)KeHHH 3. 

1. Pacuem nepexoouoeo npouecca peiuenueu pasnocmnozo ypaeuenun 

PaCCMOlpHM sanaxy, xoraa rpecyerca paccsarars rrepexozmsia nponecc aa 

ssrxone 3JIeMeHTa nacxperuoti CAP pemenaesr norrysennoro Pa3HOCTHOro 
ypaBHeHHR ,nJI~ 3a.[{aHHoro BH,na Bxo,nHoro B03,neHCTBHH H nocTpoHTh rpacPHK 
H3MeHeHHH ssrxonaoro CHrHaJIa 3JIeMeHTa. 

O,nHHM H3 cnocooon pacsera nepexonnoro npouecca HBJIlieTCH pemenae 

coorsercrayrourero pasnocrnoro ypaBHeHHH. QTo6hI nOJI)"lHTh Pa3HOCTHOe 

ypasnenae, onacsieeroutee 3aBHCHMOCTh 3HalfelIHH ssrxonaoro CHrHaJIa OT ero 
npensinyniax 3HalfeHHR H 3HalfeHHR sxozmoro CHrHaJIaB ,nHcKpeTHhle MOMeHThl 
BpeMeHH, He06xo,nHMO BhIlIO,1HHTh pH.II: ,neRcTBHH: 

1. Haiimu oucxpemuyto nepeoamonuyio rPYHKlJUIO 3J1eMeHma UJlU cucmeuu, 
3a6UCUMocmb MeJICdy euxoonuu U exoouu» CUZHaJlaMU xomopux ueotixoouuo 
nonyuumu. 

)J,HcKpeTHaH nepe,[\aTOlfHaH cPYHK[(Hli 3JIeMeHTa W(z) nOJIylfaeTcli. H3 
nenpepusaoa nepeaarosnok cPYHK[(HH W(p) ua OCHOBe 'CJIO)KHOro 

MHorocTyrreH'laTOrO npe06pa30BaHHR W(p) -.-, wet) -.-, w[nT] -.-, W(z), xoropoe 

mono-raer B ceos ofiparaoe p - npeofipasoaanae Jlannaca, 3aMeHy nenpepsrsaoii 
cPyHK[(HH na penrerxaryso H npsxoe Z - npeoopasosaaae Jlannaca. Ozmaxo, B 
pane cnysaes, xorna MaTeMaTHlfeCKaH Mo,neJIh 3JIeMeHTa HBJIHeTCH THnoBoR, 

,nHcKpeTHyIO nepenaro-myro cPYHK[(HlO MmKHO llOJIYlfHTh C HCnOJIb30BaHHeM 
Ta6JIH[(Jlarmaca (ITpHJIO)KeHHe 2). 

06bJ1iHO CHMBOJI Z coorsercrsyer nacxperaoay rrpJlMoMy 

npe06pa30BaHHlO Jlarrrraca, xorna no pemeraaroa cPYHK[(HH >l{nT] aaxonar ee 

nacxperaoe H306pa)KeHHe W(z). MhI )Ke, BbIIIOJIHJlH npeoopasoaaaae no 

Ta6JIHuaM, 6y,neM nOHHMaTh non 3THM CHMBOJIOM BClO uenonxy npe06pa30BaHHH 

nenpepsmaoii nepenaroxaoa cPyHK[(HH 'B nacxperayio nepenaroxayro cPYHK[(HlO: 

W(z) =:: Z{W(p)}. 
B 06Il\eM cny-rae ,nHCKpeTHaH nepenaro-raas cPYHK[(HH HMeeTBH,n 

m b m-[ b b
W(z)= b",Z + m_1Z + + I Z + 0 

G,Z' +a~_lz'-l+ +alz+aO' (1) 

rzre H3 yCJIOBHH cPH3HlfecKoll ocyU\ecTBHMoCTH ycrpoacrsa m :S k . 
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3aMeTHM, 'ITO ~JlH CHCTeMbl ynpaanenna He scerna MO'KHO n0JIy'lHTb 

".HCKpeTHylO nepenarounyio !jlYHKl\HIO. 3TO 3aBHCHT OT BH):(a CHfHaJIaaa axone 
CHCTeMhI. B cnysae, xorzta BXO):(HOH CHrHaJI ,I1HCKpeTHOH CHCTeMhI ynpaBJIeHml 

RBJUleTCR HerrpephIBHhIM, nanpavep, B03Myil.(alOil.(ee B03):(eHCTBHe ftt), rrOJIyqHTh 

nepenarosayro Q>YHKQHIO 3aMKHYTOH CI1CTeMhI rro ):(aHHOMy B03):(eHCTBHIO 

HeBq3MO)KHO. A 3HaqHT HeJIh3R 'rroJIY'IHTh cooraercrayrontee pa3HOCTHoe 

YpaBHeHHe. B :nOM cnysae ):(JIR rrOCTpoeHHR rrepexonnoro npouecca HcrrQJIh3Y1OT 

zraa nonxona: pa3JIO)f(eHHe H306pa)KeHHR perynapyeraoro napaxerpa B pR):( 

Jlopaaa rro CTeneHRM rrepeMeHHOH Z HJIH MeTO):( crpyxrypaoro Mo):(eJIHpOBaHHR, 

KOTOphlH COCTOHT B pelIIeHHH CHCTeMhl Pa3HOCTHhIX ypaBHeHHH, KOTOphlMH 
onacsrsaercs 3aMKHyTaR CHCTeMa perynapoaanaa. 

2. Bunonuums	 oeneuue uucnumens u snaueuamenn 1Ia },faKcUMQ}/b1lYJO 
~ • . k 

emenens nepeuenuou z, m.e. 1Ia Z .
 
. . k
 

3aMeTHM, 'ITO ecna He npOH3BO):(HTh neneaaa aa Z , TO Pa3HOCTHOe 

ypasnenae, nonysaexroe aa OCHOBe nepenaroxaojt Q>YHKIII1H (1), 6y):(eT CBR3hIBaTh . 

rexynree aaaxeaae BhIXO):(Horo carnana HeC rrpe):(hl):(YIIIHMH, a C rrOCJIeiJ:YIOIIIHMH 

3HaqeHMMH. B peam.nsrx CHCTeMax 3HaqeHHR BhIXO):(Horo carnana 3aBHCJlT He OT 

6Yl\Yil.(HX, a OT npomnsrx, 110 OTHOlIIeHHIO K MOMeHTy BpeMeHH nT, 3HaqeHHH. 

3TO H ssnusaer He06xo):(HMOCTh aenenas (1) na Z
k

.
 

I1o.cne ):(eJIlbHHR ssrpaxeaae (l) npaaer B}[):(
 
.,-k"b .,-.-1 b I-k b -k
b··'W(z)=_mz.. + m~lz +,..+ lZ + OZ 

. - . - '. . -I -hi -k (2)
". + ak_lz +..: + atz + aoz 

3. Sanucanu, ypaeueuue (J U306pa:JICe1llmx. 
Cornacno onpenenenmo nepenaro-mas Q>YHKIIHR anesreara (HnH cacrevsr) ­

OTHOlIIeHHe H306pa)KeHH5I BhlXO):(HOro caraana K H306pa)KeHHIO BXO):(HOro 

carnana npn nyneasrx HaQaJIhHhlXYCJIOBmIX. 

W(z) =Y(z) 
X(z) . 

Torna nsrpaaenae (2) MO)KHO sanacars B BH):(e: 

V() b Z m-k b m-k-1 b I-k b.z"
1'Z m + m_l z +... + IZ + oZ 

-I -hi -k (3) 
. X(z.) = 

a k +Gk_1Z + ... +Gj .?' +GoZ . 

Ypasaeaae B H306pa)KeHH5IX nonysaior H3 (3) B COOTBeTCTBHH co CBOHCTBOM 
rrponopuaa: 

-I -hi -k) X() (b m'k b ",-k-I b -hi + b -k)Y(Z) . (ak +ak.1z + ... +alz +aOz '" Z· mZ + ,._IZ + ... + ,Z oZ 

HJIH 

akY(z) + ak_lz-1y(Z) + ... + alz-k+ly(Z) + aoz-ky(Z) = 

m (4)=bmzm-kX(Z) + b m_1z -k
1X(Z) + ... + b1z-··IX(Z) + bOz-kX(z) 

4. Ilepeumu om U306pa:JICe1luu Kpetuemuameiu PY1lK/1UJlM. 
B!-!!'!0_T!.!!..~'::':~!"! S'5r~'Y:::i8e z ~;,,,:,:,~pZW~.IDu.n.n\,.J ,Li,jlJ1 DDJpaJt\CHVUi (3). 

4 

Z-I {a.YCz) + ak-j Z·IY(z) + ... + alZ·k+1 ycz) + aoz-kY(z)} = 

=Z-I {bmz m-k X(z) +. bm_IZmk-lx(Z) + ... + b1z'k+1X(Z) + bOz-kX(z)}. 

3m nponenypa rrpoBo):(HTCJI aHaJlOmQHO 06paTHoMy p - rrpe06pa30BaHHIO. 

I1pH 3TOM . 

• see H306p~eHHR 3aMeH5IIOT na cooTBeTcTBylOIIIHe penrersarsre Q>YHKIIHH 

fez) ~ y[nT];X(z) ~ x[nT]; 
• ace K03Q>Q>HIIHeHThI, COrJIaCHO reopeve miHeHHocTH (I1pHnO)KeHHe 1) 

BhlHOC5lTC5I 3a 3HaK rrpe06pa30BaHH5I; . 

• cornacno TeopeMe CMeil.(eHHJI (I1pHJIO)KeHHe 1), 

Z-I {a" X(z)} = x[nT - mTl.
 

C YQeTOM BhllIIeH3JIO)KeHHoro nonysaev
 

aky[nT] + ak_1y[nT - T]+... + a1y[nT - kT + 7]+ aoy[nT - kT]=
 
= b>[nT + mT -kT] + hm_lx[nT +mT - k'T - T]+ ... h1x[nT - kT +T]+hox[nT - kT]' (5)
 

5. Sanucam» ypaeuenue 6 y006110M euoe. 

):051 sroro ):(eJIJlT K03Q>Q>HIIHeHThl nonyseaaoro ypaBHeHRJI aa G k H 

rpynnapytor cnaraevsre: TaKHM 06pa30M, QTo6hI B JIeBOH QaCTH ypaBH~HRJI 6hlJIO 

3HaQeHHe BhIXOX\HOro caraana B TeKYIIIHH MOMeHT speveaa nT, a ocransnsre 
CJIaraCMhle - B npasoii '1aCTH. 

~I ~ . ~ y[nIl =--y[nT - T]- ... --y[nT-kT + T]-- y[nT - kIl+ 
~ ~ ~ 

(6) 
+ hOI x[nT+mT-kT)+ bm_ 

1 x[nT +mT-kT-T)+ ... +~i[nT-kT). 
a

k
ak ak 

4T06hl pennrrs nonysenaoe Pa3HOCTHOe ypaBHeHHe H nocrpoars rparpax 
nepexonnoro npouecca, He06xo):(HMO' paccvarars 3HalfeHM y[nT] rro urarax npn 

aprysreare n = 0, 1, 2... , H3BeCTHOM 3HalfeHHH nepaozra znrcxperaocra T H 

H3BeCTHhlX 3Ha'leHHRX BXO):(Horo carnana B ztacxpernsre MOMeHThI BpeMeHH. 

I1PHMEP 1. I1yCTh H3BeCTHhI Mo.neJIh 3JIeMeHTa X\HcKpeTHoH CAY B sane 

aenpepuaaoil rrepenaro-moa Q>YHKIII1H W(p), BH):( BXO):(HOro B03):(eHcTBH5I x(t) H 

nepaozr ):(HcKpeTHocTH T: 

x(t) 

- 2· e- P
 

W(p)= p.(3p+l)' x(t)~4'I[t-2], T~l.
 

rT1""lr"'\TlCO,...,...~r.......... r:::. ... ...... .,...,...". rTa.....":.. '.r"\ TT'l"TT 1'1'1"
......... ,...,...l'TTY"T""'""'1"T
 

• t'vVJ v.v,. j-'~vv ....-.~ ..."-....t"_... '-' ...... A .......~ .. £ r"'"".......,--- TTrl ~~~:-:();2.~ ?~~~.!~!-::9. n
 
~ ... 

rrOCTpOHTh rparpax. 
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PElIlEI-lliE. 
1. HaH,neM ,nHCKpeTH)'IO rrepe,naTO'!HyfO tPYHKl.\HIO 3JIeMeHTa rro
 

aenpepsmaoa nepeztaro-mon tPYHKl.\HW
 

. ~(z) =Z{W(p)} = z{;:~e~~)} 
lIT06bI BblIIOJIHHTb npeofipaaosanae no ratinnuax, He06xo,nHMO rrpHBeCTH
 

BblpIDKeHHe B tPHIYPHblX cK06Kax K Ta6Jm'IHOMY BIIJ\Y (IIpIIJIO)KewJ.e 2), B
 

a 
,naHHOM cnyxae 3TO BblpIDKeHHe ( ) . 

p p+a 
BbIIIOJlHHM CJle,n)'IOIl(He npeotipasoaanas: 
• B COOTBeTCTBHH C reopevoa CMeIl(eHHll (l1pHJlO)KeHHe 1) H306pa)KeHHe 

peurersaroji tPYHKl.\.m· C sanaazrsrsaaaea na uenoe '{HCJlO m nepaonoa KBaHTOBaHIDI 

p
rrOMHO)KaeTCjI sa z-m, T.e. W(p)·e- r 

. ~w(t-T)-+w[nT-mT)-+W(z)'z-m; 

r
 
r,ne m =-, 't - 3ana3,nbIBaHHe3J1eMeHTa, T -rrep~o,n ,nHCKpeTHocTII;


T . . ... 
• B 3HaMeHaTeJle BbIHOCHM sa CK06KY MHO)KHTeJlb rrepen nepesaenaoii p; 
• B COOTBeTCTBHH C reopestoii JlHHeHHOCTH (l1pHJlO)KeHHe 1) BblHOCHM 

K03tP<!>Hl.\HeHT aa 3HaK npeoepaaosaaas.
 
Torna
 

. . . { 2 -P} {Il)~(z),'=Z - ·e =-2.z-I . Z /3 /
 
"" ', p(3p+l) . P'(P+}!3)
 

Ilonyanna Bblpil)KeHIIe _ B tPmypHblX cK06Kax, xoropoe coorsercrsyer 
Ta6mJ.liHoMY Bblpa)KeHHlO ,nJIli p-H306pa)KeHH5I tPYHKl.\HH, rorna OKOH'IaTeJIbHO 

rroJlY'IHM: 
1 

-2·0,3 _ -0,6W(z)=-2.z-1 • z.(I-e 3) 
-. 2

(z -1)· (z - 0,7) z ~ 1,7z+ 0,7 . 
(z-I).(z-e~) 

2. PaJ,neJlIIM 'IHCJlHTeJlb·, H aaasrenarenr, nonyseaaoro asrpaacenas na 
MaKcHM!mbH)'lO crerrens nepeaennori Z H aarrauresr nepenaro-uryro <!>YHKl.\HlO KaK 

OTHomeHHe H306pa)Kemf5I ssrxonnoro cnraana K H306pa)KeHHlO sxonaoro 
CHrHaJIa npn HYJleBi;>IX HaliaJIbHblX YCJlOBHllX: 

2
W z)= Y(z) = -0,6z­

( X(z) 1-1,7z-[ +0,7z-2 • 

3. 110JlY'iHM ypasaeaae B H306pa)KeHHllx:
 

Y(z)· (1-1,7z-1 + 0,7z- 2
) = X(z)· (-0,6z-2

)
 

Ji!.'lH, pacxpsm cK06KH, 

Y(z) -1,7z-[ .Y(z) + 0,7z-2 
• Y(z) = -0,6z-2 ·X(z). 

4. Ileperlnesr OT H306pa)j(eHHH K peWeT'iaTbIM <!>YHKIJ;H5IM, BblIIOJlHHB 

oOn~THnf' 7 - nnpnf)n"'l""'''l-ll'P''• •• . 2 

Z-I {Y(z) -1,7z- 1 • Y(z) + 0,7z- 2
. y(z)} = Z-I {-0,6z- . X(z)} 

6 

I1pH3TOM 

• BCe H306pa)j(eHHll 3aMeHHM 1111 COOTBeTCTBYlOIl(He pernerxarsre tPYHKl.\HH 

Y(z) -+ y[nT);X(z) -+ x[nT]; 

• see K03<!>tPHIJ;HeHTbI BbIHeceM sa 3HaK rrpe06paJOBaHIIjI; 

• COrJlaCHO reopeae CMeIl(eHHll cnaraexnae, IIMelOIl(He MHO)j(HTeJleM 

nepeaeaayro Z B OTpMI.\aTeJIbHOH CTeneHH, 3aMeHHM aa pemersaryio tPYHKI(HlO C 

aanaaasrsanaea aa uenoe 'IHCJlO nepaoztos KBaHTOBaHHll. 

110JlY'iHM 

y[nT] -1,7y[nT - T].+O,7y[nT - 2T] = -0,6x[nT -2T], 
5. OKOH'IaTeJlbHO paJHOCTHoe ypasaeaae 3J1eMeHTa npaaer BHil.:
 

y[nT] = 1,7y[nT - 1] - 0,7y[nT - 2T] - 0,6x(nT-:- 2T].
 
6. HaH,neM 3HalieHHK sxozmoro CHfHaJIa x(t) B zracsperasre MOMeHTbI 

BpeMeHH. 

COrJlaCHO sanaamo, BXO,nHOH. CHfHaJI npencrasnser C060H tPYHKUIIlO 

BHil.ax(t) = 4 ·l[t - 2]. 
3Ha'ieHIDI BXO,nHOro CHfHaJIa onpenennorcs Bblpa)KeHHeM 

a, t < 2
 
x(t) = {4, t ~ 2 .
 

lIT06bI HaRTH 3Ha'ieHIIll BXO;:lHOrO CHrHaJIa B ,nHCKpeTHble MOMeHTbI 

BpeMeHH, rrepeH,neM OT nenpepsmnoti tPYHKI(IUl K peurer-raroit. B ,naHHOM cay-rae 
3TO MO)KHO cztenars nyrea tP0PMaJIbHOH 33MeHbI t na nT x[nT] = 4 ·l[nT - 2] 

a, nT <; 2 {a, n < 2 
x nT = x n = [ ] {4, nT~2 IIJlH,nJlllT=1 [] 4, n?::2' 

ClICTeMa 3Ha'IeHHH sxoznroro ClIrHaJIa ,naeT B03MO)KHOCTb norryaars 
aaaseaae caraana B nacxpemsie MOMeHTbI BpeMeHH, B ,naHHOM npaxepe 
COBna,nalOII.\He C HOMepOM TaKTa: 

na °TaKTe (n=O) x[O]= 0, 

na 1 TaKTe (n=l) x[l] = 0, 

na 2 TaKTe (n=2) x[2] = 4, 

na 10 TaKTe (n=lO) x[lO] = 4. 
7. Ilepernnuex pasaocraoe ypasnenae, nO;:lCTaBHB 3Ha'ieHIIe nepaona 

,ni!cKpeTHocTH T= 1 H peIIIIIM ero rro marasr, I1pH ::nOM nonaraesr naxam.nsre 
YCJlOBHll HYJIeBbIMH, 3TD oaaaxaer, 'ITO na OTpHuaTeJlbHbIX raxrax . 3Ha'ieHHll 

sxonaoro H sstxonaoro CHrHaJIOB pasnsr Hy.1lO. 

y[n] =1,7y[n -1] - 0,7y[n - 2] - 0,6x[n- 2] (7) 
n=O y[O) = 1,7y[-I) - 0,7y[-2] - 0,6x[-2) = ° 
n=1 y[l] =1,7y[O] - 0,7y[ -1] - O,6x[-1] =0 

n=2 y[2] = l,7y[11-0,7y(0)-0,6x[0] =0- 0- 0,6· 4 =-2,4 
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------

n=J y[3] = 1,7y[2] - 0,7y[l] --0,6x[1] == 1,7 . (-2,4) - 0 - 0,6 . 4 "= -6,48 

n=4 y[ 4] = 1,7y[3]-0,7y[2]-0,6x[2] =1,7·(-6,48) -0,7' (-2,4) -0,6·4 =-11,74 
n=5 y[5] ~ 1,7y[4]- 0,7y[3] - 0,6x[3] =1,7·(-11,74) - 0,7·(-6,48) -0,6·4 =: -17,82 

H TaK nanee. 

Ilouraroaoe peureaae Pa3HOCTHOro ypaBHeHHH ,LlaeT HamH,LlHOe 

npencrasneaee 0 TOM, KaK H sa cxer xero H3MeHHeTCH 3Ha1.J.eHHe BbIXO,LlHOrO 

CHrHaJIa. O,LlHaKO aasacryro 3TOT crroco6 HBJUleTCH secsva TPY,LlOeMKHM, rr03TOMY 

ecna crynenr yCBOHJI OCHOBHbIe MOMeHThI pemenns TaKHX ypaBHeHHH, OH MOlKeT 

BOCrrOJIh30BaTbCH rrplfnOlKeHHeM Microsoft Officerafinaaaux pe,LlaKTOpOM Excel. 

ITPH 3arrOJIHeHHH 3JIeKTpOHHbIX Ta6nHlJ, na 1 arane CJIe,LlyeT BBeCTI1 

HCXO,LlHbIe naansre: sanars H3MeHeHHe noxepa TaKTa n, 3HaqeHHH BXO,LlHOro 

CHrHaJIa B .,LlHCKpeTHb"Ie ·MOMeHTbI BpeMeHH H HyJIeBbIe 3HaqeHHH BbIXO,LlHOro 

CHrHaJIa na OTpliIJ,aTeJIbHbIX raxrax pasnsre H)'JIIO (pac.I), 
Ha 2 arane paCC'iI1TbIBaIOT aaa-reans y[n] ITO ypaBHeHHIO (7), .npa 3TOM_ 

snaxeaae y[ n -1] na 2 TaKTe pasno 3HaQeHHIO y[n] na 1 TaKTe H T.,Ll., a saaseaae 

y[ n - 2] na 3 TaKTe pasno 3Ha'ieHHIO y[n - I] aa 1 TaKTe H 3Ha'ieHHIO y[ n] aa ° 
TaKTe H T.,Ll. (pnc.Z). 

ITo ,LlaHHbIM Ta6JIHIJ,bI CTpOHT rpadnrx 3aBliCHMOCTli y[n] OT II (pac.S). 
lJTo6bI oITpe,LleJIHTh MOMeHT OKOH'iaHHH pacxera, MOIKHO BOCrrOJIb30BaTbCH 

npenensnsrua reopeaava Jlannaca 0 -HaQanbHOM H KOHe'iHOM 3Ha'ieHHHX 

(ITpHJIOlKeHHe 1). 
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KOHCt-lHOC 3HaQCHHC BbIXO));HOrO CHrHaJIa MO)l(eT 6bITb paCC411TaHO rro 

Bblpa)l(CHMIO: 

limyen] =lim(Z -1. Y(Z)j\ = lim(Z -1. W(z)· X(z»). (8) 
n-+oo . ::.-+1 Z :-+1 Z 

)],JI5I paccvarpasaeaoro rrpavepa ));MCKpeTHali rrepenarosnaa !PYHKIJ.HSl 

'W(z) = -0,6 
Z2 - 1,7Z + 0,7 . 

HaH,lleM 11306pa)l(eHHe BXO));HOrO CHrHaJIa X(z). EbIJlO OTMC4eHO, 'fTO 

BXO));HOH CHTHaJI KaK aenpepsrsaax <PYHKIJ.HlI ormcsrsaerca BhIpaiKeHYleM 

x(t) =4 ·1[t- 2], COOTBeTCTBYIOllla5I eMY peurernaras !PYHKU;HlI MMeeT Bli)); 

x[nT] = 4 '1[nT - 2],. rorna naofipaxeuae BXO));HOro CMrHaJIa, rrOJIY1J.eHHoe rro 

-2 Z 
Ta6JJMIJ.aM Jlarmaca, rrpHMCT BH,ll X (z ) =4 . z .-- . 
, z-1 

TIO));CTaBliM W(z) M XCi) B (S), TOr));a KOHe1J.HOe 3Ha4eHHe BhIXO)lHOrO 

CHrBaJIa 

· [] l' (z -1 - 0,6 4 -2 z J l' - 2,4 .1Imy n = 1m --. . ·z .-- = Im--=-CXJ 
""",00 HI Z (z -1)(z - 0,7)' z -1 HI ° . 
I10JIY4eHHoe snaxeaae rr03BOJlJleT HaM Bhl6paTb Jl1060H MOMeHT OKOH'laHliSl 

pacsera, KaK TOJIbKO CTaHOBHTCli rrOHSlTeH xapaKTep H3M~HeHl1Sl caruana. DYCTb 

));JJlI paCCMaTpHBaeMQ[O npl1Mepa nK OH =19 . OKOH4aTeJlbHO rpadmx rrepexonnoro 
npoueoca mpencrasnen Ha pHcA. TaK KaK nepaon ):(HCKpeTHOCTH T=1, TO 

3Ha4CHHlIIIO OCH BpeMeHH H no OCH TaKTOB COBrra,L\aIOT. 

PaCCMOTPHM rrpHMep, xorna rrepaoa ,UHCKpeTHOCTH He pasen 1. 

TIPI1MEP 2. TIYCTb H3BeCTHa MO));eJIh 3JIeMeHTa B BH):(e nerrpepsrsaoii 
nepenarosnoa !PYHKl\l1H W(p), BH,i'\ BXO.L\HOro B03.L\CHCTBIDI x(t) H nepnon 
):(HcKpeTHOCTJoI T: 

x(t) >.r x'(t) I I yet)
• W(p) I • 

4. e-3p
 

W(p)=-~ x(t)=-2t T=3
 , 2p+ 1 ' ,. 

Tpc6YCTCSl paCC4HTaTb nepexozmsia npouecc aa ssrxozte 3JIeMeHTa H 

rrOCTpOHTh rparpax, 

PEllIEHI1E. 

PCUIHM aana-ry B COOTBCTCTBMH C H3JIO)l(CHHOH: asnne MeTO));HKOH, no):(p06HO 

OCTaHOBHMCSl TOJIbKO aa TCX MOMcHTax, rzte Ba)l(HYIO pOJJb npn paC4eTC arpaer 
1Haq-PHt-fp TIPnnC\TT<C:t :rT.Jf""lI'1"'\A'T'TTAr'"",T'" 

~ r.,-· '-".-w·~r"'~~4""'''''''''''' 

10 

y[n] 
20 

-20 

-40 ' 

-60 -

-80 

-100 

-120 

- . --1 
J BpeMJ!, t, C 

2,{) Tasmu, n 

I 
--_.---- -"'-" ­ --,----~--~-·140 1­

PHcA. rpa<l!HK nepexozmoronpouecca 3JJeMeHTa CAP 

3J1eMeHTa no1. Hai-i,UeM ,UHcKpeTHYro rrcpe):(aT04HYIO !PYHKIJ.HIO 

aenpepsrsaca nepe,UaTO'lHOH !PYHKIJ.llll. " 

) {4.e-
3P 

} . -1 { I} -I { 1 }W()z =z{W(p)J=Z -- =4·z·Z . =2·z·Z -- '" 
2p+l 2(p+}~) p+}~ 

-1 Z 2 2 ' 2 
=2·z . =--= O:j--­

_L3 ~ Z - 0,216 z - 0,22
 
z-r e ? z-e 2
 

,2. Pa3~CJlHM 'IHCJlHTCJIb M 3HaMeHaTeJIb rrOJlY'!eHHoro aupaxeaas na 
MaKCHMaJIhHYIO CTerreHb rrepeMeHHOH: Z M sanaure» nepenaroxayro !PYHKIJ.llIO KaK 

OTHOIlIeHHlI H306pa)l(eH~1I BbIxo)],Horo CMrHaJIa K 11306pa)l(eHHlO BXO,UHoro 

carnana: 
w z = Y(z) =~ 

() X(z) 1-0,22z-I
' 

3. TIOJIY4HM ypasneaae B H306paJKCHHSlX:
 

Y(z)' (1- 0,22z-1
) = X(z)· (2z-

l
)
 

HJIH, pacxpsrs cK06KH, 
1 

Y(z) - 0,22z- 1 
• Y(z) == 2z- • X(::). 

BblIIOJJHllB
4. I JepeH,UCM 0'1' H30bpa)l(eHHH K pcmeTlJaThlM !PYHKumIM, 

ofiparaoe z - rrpeo6pa30BaHMe: 
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T: {Y(z) - 0,22z-1 
• Y(z)) =". I {2z- J 

• X(z)} 

IlOJIyqRM 

y(nT] -O,22y(nT -T] =2x(nT - T], (9) 
5, Oxon-rarensno, C yserou 3HaqeHHll nepnona ARCKpeTHOCTH T=3, 

Pll3HOCTHOe ypasaenae 3JIeMeHTa npaxer BRA: 

y(3n] =O,22y(3n - 3]., 2x(3n - 3] . 

6. HaHAeM 3Ha'1eHRlI sxozmoro caruana x(t) B ,LIRcKpeTHble MOMeHTbI 

BpeMeHR. 

COrJlaCHO 3aAaHHlO, BXO,LIHOH caraan npeztcrasnaer C060ll JIlmeHHYIO 

q,yHKURIO Blf,l(a x(t) == -2'· t , 

3HaqeHll5l sxonaoro carnana npa HYJleBbIX nasansnsrx YCJIOBR5IX 

onpe,L(eJI5IIOTC5I CRCTeMOH: 

a, t< ° 
x(t) == {_ 2t,t '20' 

l.{T06bl HaHTH 3HaqeHRll sxonaoro CRrHaJIa B ,LIRCKpeTHble MOMeHTbl 

apeveaa, nepeH,L(eM OT aenpepusaoa q,YHKUllR K pearersaros. B ,L(aHHOM cnysae 

oro MOJKHO cnenars nyresi q,opMaTJbHOli 3aMeHbl t aa nT x[nT] == -2· nT 

". . {a, nT < 0 {O, 3n <° 
X nT = ., X 3n ==.( 1 4 T T -> 0 . l,fJlR ,L(JIli T=.J (] - 6 > O' . n .'~ n, _ . n, n_ 

CHCTeMa 3HaQeHllH BX01lHOro CIfrHaJIa ztaer .B03MO)J(HOCTb nOJIY'{llTb 

3HaqeHRlI' CIfrRaJIa' B.' nncxperaue MOMeHTbI· BpeMeHH. ):VIll paccraarpasaeuoro­
npllMepa 3TH MOMeHTbl BpeMeHR OTCTOliT npyr OT ,LIpyra aa ommaxoaste 
HHTepBaJIbl, pasnsre nepnony 1lliCKpeTHOCTll T=3, 

na °TaKTe (n=O) x(O] = 0, 

aa 1 TaKTe (n= 1) x[3] == -6, 
na 2 TaKTe (n==2)' x(6] == -12,' 

na 10 TaKTe (n=10) x[30] == -60. 
7. PeIIIllM Pa3ljoCTHOe ypasaeaae no marau, IlOJIaraJI npH :nOM Haqa"lbHble 

yCJIOBli51 HYJIeBhIMli (na orpanarensasrx raxrax 3HaqeHli51 sxonaoro II BbIXO,LIHOrO 

CllrHaJIOB pasasr HYJIlO). 

y[3n] == 0,22· y(3n - 3]- 2 .x[3n - 3] 
n==O y[O] == 0,22y[ -3]"": 2x[- 3] == 0 

n==] y[3] == 0,22y[0]- 2x[0] =0 
n=2 y[6] == O,22y[3] - 2x(:3] == 0 - 2· (-6) = 12 

n=3 y(9] = O,22y[6]- 2x(6] = 0,22'12- 2·(-12) == 26,64 

n=4 yf121 == 0,22vf91- 2xr9] == 0.27·)6 h4-? (-1 R) - 41,86 

n=5 y[15] == 0,22y[12] - 2x(121 = 0,22,41,86- 2, (-24) == 57,2 R TaK nanee. 

12 

OTMeTllM, '{TO npa pacxere nepexonaoro npouecca llO pll3HOCTHOMy 

ypaBHeHRlO spyxayro HHKaKRX CJIOJKHOCTeR He B03HHKaeT, rax KaK KaJK,LIbIR pas 
MbI CqHTaeM apryvear 3n, AJHI xoroporo 3aTeM rro,LICTaBJUleM 3HaqeHIfe 

penrersaroti <PYHKUHR. 
8. IlpORJIJIlOcTPIfpyeM pacser Pll3HOCTHOro ypasneaaa C RCrrOJIb30BaHIfeM 

Excel (pnc.S). B 3TOM cny-rae npa 3HaqeHHR nepnozia llIfCKpeTHOCTH T=3 (a rarose 
il,JIll JI1060ro ztpyroro 3HaqeHHll nepaozta llHCKpeTHOCTll t 1) MOJKeT B03HIfKHYTb 

pllA CJIOJKHOCTeH: IIpl1 3allaHHI1 HYJIeBbIX HaqanbHbIX YCJIOBllH If npa sannca 

<pOpMyJlbI Pll3HOCTHOro ypasnenaa. 
TaK, aynesae aaaxeaaa sanacuaarorca ,1:(m1 q,YHKUIfH x[3n-3] 11 y[3n-3] npn 

n=O, qTO coorsercrsyer HX 3HaqeHHlIM ira -3 TaKTe. 
Peurersaras <pyHKUHH qeTKO orrpeztenaerca sepea 3HaqeHI1ll 

cooTBeTcTBYIOmRX . ~qeeK. Bupasenae, aanacaaaoe B crpoxe q,OpMyJI npa 
pacsere, rrpe,L(CTaBJIeHHOM ua pRc.5, RMeeT BH,L(: =O,22*C2-2*B2. 

_~ '-4'~{:liI 
~ i,:ic;u:;:Ji~ L~~-~I-C_ HiJ;/rilt ~ '. .. _ i5I x 
"iij)~.., ·~-'·~·~-;;;';ll -iP~ Cpotc ~ ~ ~~! OIri>q 

~~--J.~ ;_~?!j_~_~?~:/.~);.1:_,t ",'. ~ 1: :}~.U ~.[;!l~OO~1o _~~~lji3 
i .... ~ . .:_;, ' __~~'_._. _. ._" .-------- _.j(; 

~~~ 
ox:

[~-

~_~..:_~~__!~_~~_~i!_:~_ OOtI:a 
f.

--'---8~-~ --'(:­ _]-=.J: ~_._- ~f-: 

~ '_~' ~~:_·_~:-~ __~·_ii· 
G H 

f,1 -'-'-N--;-- o: 
~ ~ 

Xii;'·]i Vf3;'·31 ~ifJiL) n 
, 2 0 0 0 0 

3 1 ~6 0 ~ 12 

" 2 .12 .12 .26,64 

15 '--l­ .18 ·2564 -41,8608 

l-~ \ ~ I 
.24 ' -418608 ·5720938 
.30 ' -572094 ·72.58606 

~i. 6 ·36 1·725861 -87,96893 

19 7 -42 ·87,9689 ·103.3532 
~, 8 .48 .103.353 ."118,7377 

j!'J­ ·54 -118,738 "1~4,1223 

'1}' 10 ·60 -1M122 ·149,0009, 
r;3-~ -66 .149.507 "1648915 

[14 ., __ Jl___l-_ ·72 _164.891\ -',f,O,27f;, : 

115 13 I ·78 ·180,276 .135,6607 
, ------t---­ _211,QilS41
i 16 _!1 ' -84 _195,66 1 

i-i7' lS ·90 ·211045 .22643 I 
tl8 16 ·96 .22643 ·241 31461 

119 : 17 .102 -241,815 .257,1<&21 

[2OI1S' .108 ·257199 .272 5838! 

L?11 19 .114 ·272584 .2879684 

t 22, 

!E_'----­ ._-1---1---­
,24 
'25 "I
:t~~. 1\\"""CTl;.:ll<T2.i~31.n.~cr4I.fk-orcT51 Il 
:A~HL:B",,' z AtlTO~~' -, .... D(;'~ ~ (. 1J ~1 ",,~~,~.==~, S- '.4..J~ 
;(;1{le( 

, '!lP~fIll~~&~~ 911U.~~'·:~;'j~~ - :~ ~ -,-l.!)~.K4!:.If 2~;34 
.~. !!H3eU ", TA}' 

Pac.S. <DparMeHT pacxera nepeXO,n:HOrO npouecca ,L(JI5I npliMepa 2 

no <popM'jJle (8) onpertemoa MOMeHT oJ(OH'IaHlili pacxera. 
,[(JIli paccMarpliBaeMoro npliMepa BXO,llHOli cnraan KaK acnpepsrsnas 

q,yHKUlili ouncbIBaerC5I Bblpa)J(eHlle~ x(t) == -2' t, COOTBeTCTBYlOIUalI exy 

ptwtJ'1<1U:l>lcPYHJ\.LI,I1>lI1Mttll1l'1).\ ;':(iirJ- 2. ,0'1', lUJ,L\a n.:luupall\(;nm:; OAu/..\nUlI,J 
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-350 

carnana, BbInOJIHeHHOe rro Ta6JIm.jaM JIannaca, npaver Bll.Q 
. z· z 

X(z)=-2·3·--, =-6·-­
(z-lt (z-1)2 

Iloncrasaa nonyxennoe asofipascenae B (8), rorrta xonexaoe saaxeaae 
BbIXO.llHOrO caraana 

·	 [] n (Z -1' 2 6 Z ) l' -121Imyn = 1m -_._--.- .--- = lm--=-OO. 
n-.'" z-->I z	 : z-O,22 (z-1)2 HI 0 

Ilonyseaaoe anaxeaae rr03BOJUleT HaM BbI6paTb .m060R MOMeHT OKOHlfamUI 

pacxera, KaK TOJIbKO CTaHOBllTCSl rrOHSITeH xapaxrep ll3MeHeHHSI carnana, nYCTb 

,n:JIH paccaarpasaesroro npmsepa nK OH =19 . OKOHqaTeJIbHO rpaqmK nepexonaoro 

npouecca rrpe;J.CTaBJIeH na pac.o, TaJ< KaK rrepaon )]HCKpeTHOCTll T=3, TO 3Ha'le~ml 

rro oca BpeMeHHII rro OCH TaKTOB He COBrra)]aIOT. 

y[n],y(t)j 0 3 6	 9 12.15 182124 2730 333639 42 4548 51545760 t, c 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1e 19 20 n 
-50 

-100 -v': 

-150 .-~--

-200 

-250 

-... 
-300 

. Pac.S. fpacPHK nepexoznroro npouecca 

B cnyxae, xorzia rpeoyercs pacc-nrrars fionsmce lfHcno roxex nepexornroro 

nponecca (aanpaaep, B KypCOBOR patiore), He TOJIbKO pa3YMHO, HO H neotixonaxro 

BOCrrOJIb30BaTbCSl cpeztcraaaa BbI'lllCJIHTenbHoR rexuaxoa. O,n:HaKO pa3HOCTHoe 

ypasaenae IIpH 3TOM MOJKeT HMeTb ,n:OCTaTOlfHO CnO)/(HbIR BH)I. Il03TOMy, QT06bl 

H36eJKaTb rpyznrocreit, ouacaansrx ssnne )]JISI npaxepa 2, MO)/(HO npHMeHHTb 

CJIeAYlOlllHH rroztxozt. 
Bo-nepnsrx, B paaaocrnov ypasaenna nOJrmKHTb T=l H sanacan, ero B 

y IllJUll.\etiHull tVujJMe. '1UJ i-lU ypasneaae (;;'J, nOJIyLJeHHOe B n.«, npHMeT BH)]: 

y[n] ~ O,22y[n -1] == 2x[n -1] 

HJIH y[n] = 0,22y[n -1] +2x[n -1]. 
BO-BTOPbIX, n.6 BblIIOJIHSleTCSl TaK JKe, KaK H B rrpHMepe 2, HO npa 

3arrOJIHeHllH anexrpoaasrx Ta6nHU cnezryer Y'lHTbIBaTb He saaseaae apryaeara 

sxonnoro CHrHaJIa, KOTOpblH sanacan B xsanparnsrx cK06Kax, a HOMep TaKTa n: 

npa n=O x[O] ~ 0, 

npa n=l x[3] = -6, 
npn n=2 x[6] =":"'12, 

Torzta rafinaua	 C 3anOJIHeHHbIMH Ha'laJIbHbIMI1 3HaQeHHSlMH npmrer Bll):l,
) rrpeztcraaneaasni na pac, 7. 

Bvrpersax, TaK KaK HOMep TaKTa H snaseaae BpeMeHH He COBna,n:aIOT, TO
.) paaynao BBeCTll B pacser erne O,n:llH '~Ton6eIJ, - BpeMSl,c - H rrepec-nrrars nosrepa 

TaKTOB B ceKyH)]bI (pnc.S). 
Bee OCTaJIbHbIe aransr pacxera - sanacs : paaaocrnoro ypaaaenaa II 

KOIUlpOBaHlle Sl'leeK - BbIIIOJIHSlIOTCSl TaK )/(e, KaJ< 3TO onncaao B npavepax 1 Ii 2. 
OKOH'IaTenbHM Ta6nHIJ,a paCCQHTaHHblx ,n:aHHbIX npaseneaa sa pHc.9, a rpacPl1K 

nepexozmoro npouecca - aa pac.l O. 

t;g-,JI'h..~·.•d-E.·.~,.\ - j'iW;lJ:t . "~,,.dl 
;~-. ~';":;n ~1I~e 1M; -e;;;,~ ~~~ c~~ 4_1l ~!'i<I ~5!IlUI 0frrtT'iq: • ~ if x 

~ .~. _~ .~_:4-~_I~_'~.:i"-_~~~;1~~'L:.J ,~. '.1 I ~:... ';! ~.:_J.1:)!. ~l~ll_o~~ . Y'_~ 
~..J: . '~ '-.:I. . ' -~ 
~-- - --- ..-. --~., - r: ; iB=-~.~-t-~ol: ~oo-;:g-~~~ ~If ~, .-~~.a~ •.~ Ariel 
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~~_=_...:_;__ ~T~~=-~	 'lo.__q_~._:'Ii~:; ~~--'_::::'.--=-~ -=-4:. =~ ~_ ~~i 

-,!)P~'fO<''1'''''J''ll' .. _ ~.:4C>~-:~·~7:::1'f, .t J«:O~~"'K""' a'i
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PHc.7. HaQaJIbHbIe 3HaHeHHSl peureraarsrx cPyHKUHR 

f-~- A. 
Xr~:1' itI~.;lI n I ¥t;ci 

o 0­! 0 
I 1 ·6
 
L, 2
 ·12 . ­
; 3 ·18
 
; 4 ·24
--5· I·30 

-36I s 
I. r -42
 
0 8
 -48 

·54~~:-1~- - - ·60 . ­
3 11 -66 u, '	 12 ·72
 

13
 ·78 
11 14 ·84 

.9D .. 
·96 

f~~	 18 

--~ 

17 
.l' 

15 

·102 
·108 

19 ·114 
t-~2 
:23 
i~~~~ 

15
14 

Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



~n ~ ~A' Bnll~"ll 1IaP.:!a' C~~ '_II! QID'o<I l:~1!1 Omr1PoloQe 

.: ..~tJ! 
~ - ~ ~ 

; J ;;...a ..1, _-.i:_~_~--=-I.~_~' J. -'. ~ ~ .I' __ ~~~, ~JLi!.~ ~r- , -:':ir. 

'-' -~ 11 tfIoJ "i 

~ .:.rial ~._._~! ·i~l~i~._~~~~~_;~~:-~~~~G~J-~~..~-· .....:;. ,i,--.i,2­
II< -=82"'3 

r-~'i- '. A ~ . Ei--'" --C 'Jpo>:"~11 ·-Jn~~-F·~k-~rc -- n ---jjn-1 vin-' 
2 0 0 0 0 

~ 3 3 1 .. 
'L 6 2 ·12 
I.s 
, 6 ' 12" 3 .'8 

4 .:14 
~~ 

" 15 
8 

5 ·30 
'8 6 ·36 

I~ 21 7 ·42 
10· 24 8 -48 

,11 27 9 .54 
[-12' 30 '0 .1;0 
:13' 33 11 .66r,-,; 36 12 ·72 

r~5 39 13 .78 , 
42'" I 45 15 

14 -84 
iO ·90 
I'" 48 16 ·96 
~. 51 17 ·102 
f2U.' 54 18 ·'08 
'21: 57 1" ·114 
t';22j. 
i 23" 

~~4 
~QI 

~ j _G.~. H ~ K~ ~f -_J~-=-_&_-=~::L ... r5-f~ L~ 

il4 6 ~ )·\flMI:Tl.b·\oIC12..(r\4:13jnwl.~~~~~_/ I. ~ ,: r­
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PHc.8., TaOJIH.uaC.norrOJIHHTeJIhHhIM CT01l6UOM 

;;. 

~~ ..;L!.>_.j[·",.~~"_1-.-':;I;~,.i} . ~:' ~ ... ,:..-If. 
:~ !katin QF.-''' liHA 'B.cTt"Kil ~, LfP8>tl' 1lt!il'T'''-''' ~ (r'PlIe"olo 

:J .. J .d_.A=!....~~~:~ -...:,' ~Dtr _~"IO 

BpeMJI, t, C o 
~--I 

Kl0 1:5 20 25 30 35 40 45 50 55 ~O 

! 

y(t) ·150..-- ' 

. ·200~-

;::1~-· 
I ~ 

-250 1- . 

-300,--- ­

-350 -"--,-~ , -_...-.---~-

PHC.! O. Fparpaxnepexomroro npouecca .nJHI npmrepa 2 

2. Ilocmpoeuue oiinacmu ycmoioiueocmu 
. no spumepuio Payca-Typeuua 

, 
_____ --- _'~I_'- ­

; PfoS ~ ue _ 1-. IC ~
 
.- -~ -~-~---

~1~" QQO -A__~ : ':-~__-_i. 
6e.:X-(~T6ro.':-;,~-- ,.;;------- ---­

_G_ - t-f--- __J .__.K~·:~-~-=L-=l-·M __.~=~~7~·-+1----- ~~--=~ -~-~=-- ---~~~1J --; --:;~~ I ~ 

nepeXOatlblH npeuecc 3",_Me""'" CAY r\.~ '---+-~-~ ~~ ~ -~'2 
. Sp__.,. '1L; 6 2 .12 .12 -26,64 

1"5 9 3 ~18 -26 64 -41 $603 

I<, I I. 

,b Jl 4> 5Ii 

l'lf~111mlm
o ""L ,b '1 I '4 4b 5b :0

-~- 12 4 ·24 -41,8608 -572 r)938 
\---7_ 1$ 5 .3D -572094·72 56606f -50I B_ 1.8 ~;6 ,.36 -72.5861 -8-7~16893 

~f'l' 21' 7 -42 -879689 -103,3532 -100
j.1Q. 24 8 ...48 -103 353- .11E..!377 

-150tt· ~~ 1~ : ~~~ ~~i :~~,~~~~ 
L:_~~ g :~~ ~'~49 ~~i ~:~6 ;~~~
\',s 39 13 _78 -1&021f -"';;156607 
11_~ 42 14 -84 ·195661 ·2110454 

H~~: ~: ~:~ -.1:;i~~3~ I .i~~6S~~61 
(19: 51 17 _102 -2-11.815 ·2571992 
!20 r-54 18 ·108 -257.1~9J -172.5~? I 
'21 51 H -114 -:::7':. 5~:4-r~287 96a4l 

-j---r-----·1 

--e --+1----;F£~ I I t_l==J 
~"~~j ~ "\lM<;.llj~T2jI"\-<CT3)r\.1:T4j,114:T5/ , ! 

". 
;A",ii:l_.· I~T~--= ".~ ~~_-~j -..ll '.: JoJ ~ ··· ... ·A·"" r: ~ _~ j! 

l.h06hI rrpHMeHHTh KpHTepHH ycroasaaocra Payca-Typaaua K ,L(HCKpeTHOH 

cacresre, npoasaonsr saxretry nepesrenaoa, BBO.nR HOByIO nepevemryro W 

rro.l1CTaHOBKoH 

w+1 
Z=-- (10)w -1 . 

. B 3TOM cnysae 0611aCTh yCTOHLIHBOCTH .l1HCKpeTJIOM CHCTeMhl aa rrJIOCKOCTH 

z. 3aKJlIOLIeHHaJl' BHYTPll xpyra e.nHHHl./HOrO pazmyca C UeH1'jJOM B ua-rane 

xoopnanar, OHa OT06pa3HTCR aa JIeBYJO rr0JIyrrllOCKOCTh HOBOH KOMrrlleKCHOH 

nepexennoii W. rpaHHueil YCTOHl./HBOCTH npa 3TOM ~IBJIReTCjj MHHMaJl' OCb 

rrllOCKOCTH W. B 3TOM cnysae YCllOBHR YCTOHqHBOCTH .nliCKpeTHoH CHCTeMbI 

COBrra,L(aIOT C yCJIOBHRMH yCTOHLIH.BOCTH nenpepsransrx CWCTeM. 

Anrefipaa-recxaa KpHTepHH Payca-Fypnnna ueJIeC006pa3HO npavensri, .nnR 

.nHCKpeTHhlX CHCTeM C xapar<TepHCTHLIeCKHM ypaanenaev He ssmre 4 - ro 

nopanxa. DpHMeHeHHe aroro KpHTepIDI,lLJUI znrcxpernsrx CHCTeM 60JIee nsrcoxoro 
rropanxa rrpHBO.l1HT K YCJIO){<HeHHhlM pacserav . 

• ~:;';; !;! I"J .., .;. e- ~jP~'L>iCT~'" >-;u· ~-:-~r~-2~~)~"~~~] ~ ~",o,;alt>" K~a;t D.~ 

KplfTepuH Pny('n-rYr\l:nn~::I nr!'!!'~~~5!~T ~ 7'e~r1~:: ;:'l:~:~r;:;:~;l~~;~ -.:~;..::~~;...~ ;';'.;:1n. 

nocrpoeaaa 06JIaCTH YCTOH'lI1BOCTI1. B 3TOM CJIyLIae anropzrv peureaas 3aLla'lHPHc.9. PacLIeT nepexozmoro npouecca 
CBO.l1Wl'Cll. K CJIe.l1YIOIUHM 3TalIaM. 
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1. TIOJIy'JaIOT nepeaarosayro epYHKl\HIO ';<", r;HyTOH CHCTeMbl peryJIHpOBaHHJI 
f/J(Z); . 

2. TIOJIy'JmoT xapaxrepacrtrrecxoe ypaaaenae 3aMKHyToH CHCTeMbI 

D(z) = 0; 

3. TIPOH3BO;:VlT saveay nepeveaaoii, BBO,n:JI HOBylO nepeaeaayro W B 

COOTBeTCTBHH c(10) H sanacusaror xapaxrepacra-recxoe ypasnexae 

OTHOCHTeJIbHO w (D(w) = °); 
4. 3arrHcbIBalOT yCJIOBHe YCTOH'JHBOCTH B BH,lI.e CHCTeMbl nepaaeacra 

OTHOCHTeJIbHO K03epepHUHeHToB xapaxrepacrasecxoro ypaBHeHHJI; 

5. Y!Jo6paJKalOT rparpasecxa nonyseanoe B rr.3 yCJIOBHe H onpenenmor 
06JIaCTb yCTOH'JHBOCTH. 

TJPMMEP 3. TIYCTb H3BeCTHa CTPyKTypHalI cxesra 3aMKHyToH ,n:HcKpeTHoH CAP 

(pac.l l ) H saaansr MaTeMaTJ1qeCKHe MO,lI.eJIH 3JIeMeHTOB: 

• aenpepsmaoii 'Jacm CHCTeMbI W](p) =0,2e- I
,5

p 
, Wz(p) =2e-

zp
; 

• epOpMHpylOmero 3JIeMCHTa - epl1KCaTOpa HyJIeBoro rrOpJl:,n:Ka 

, . I-e-~' , 

WcP J (p) =-'--, rne T - nepaozt ,lI.HCKpeTHOCTI1;p . 

• perymITopa, peanasyiomero ,lI.HCKpeTHblH ' 3aKOH yrrpaBJIeHl1lI 

. D (z) = ki z - k
2 

PEr 'z-1 

~ ,. 

li(!)! ~~ yet)
Dper(z) ~__' . W,(p) I l~~-I 

L---_----:-_~y...::...-[n...::...-J__~~, I 

PHc.II. CTPyKTYPHM cxesra ,lI.HCKpeTHOH ·CHCTeMbI 

Tpefiyercs HaHTI1 ypaBHeHHJI rpanau 06JIaCTl1 yCTOH'JHBOCTH, 3aMKHyToH 

CHCTeMbI H rrOCTpOHTb 3TY ofinacrr, B rrJIOCKOCTli HaCTPoeK perynsropa k, 11 k2• 

PEIIIEHI1E. 
I. HaH,n:eMnepenaro-myio epyHKUHIO3aMi<HyToH ,lI.HCKpeTHoH CHCTeMbI. 

B 06meM aazre BblpIDKeHHJI ./lJIJI nepenaro-moa epyHKUHH 3aMKHyToH 

,lI.HCKpeTHoH CHCTeMbI, lIMelOmeH CTPYKTYPY, npencraaneaayro aa pac.l l , HMelOT 

BH./l: 

18 

D(z)· Z{WHlJ((p)} D(z)· Z{W<jl,(P)WJp)W
2(p)}f/J(z) = = ' (11)

1+ D(z). Z{WHlj((p)} 1+ D(z). Z{W<jl,(p)W] (p)W ((p )J' . 
2

Ilpeotipaaosaane Z{W<j>,(p)W(P)}B CJIY'Jae, eCJIH epOPMHPYIOII(HH 3JIeMeHT 

- epHKcaTOpnyneaoro nopsnxa npmrer BH./l: 

{ . } z-1 {W(P)}
Z W<j>;(p)W(p) =7. 2 -P- . (12) 

Torzia, C yqeToM CBOHCTB z-rrpe06pa30BaHHJI H (12), MOJKHO 3arrHcaTb 

k,z-kz 0,4 

(/)(z)= -~.~ = ,(~z-kz)·0;4 
k,z-kz 0,4 z(z-I)+04.(kz- lr ) .1+ .-- , I "2 
z-1 z 

2. XapaKTepHCTH'JeCKHH rrOJII1HOM 3aMKHyTOH CHCTeMbI rrpe,lJ,CTaBJIJlCT C060H 
3HaMeHaTeJIb rrepe,lI.aTO'JHoH epyHKUI1H 3aMKHyToH. CI1CTeMbI, rr03TOMY 

~Z) =z(z-l)+0,4· (!sz-/s) ==Z2-z+O,4kjz-O,41s =Z2 +(0,4kj -l)z-O,41s.(13) 
3. TaK KaK paccMilTpHBaeMM CHCTeMa perymrpoBaHHJI 2-ro nopsznca, ,lJ,JIH 

rrOCTPoeHHH 06JIaCTH YCTOH'JHBOCTll BOCrrOJIb3yeMcH KpHTepl1eM Payca _ fYPBHf.ra 

H 'BbIIIOJIHllM6HJII1HeHHOe rrpeo6paJOBaHHe Jlannaca, rrepeHM OT rrepeMeHHOH Z K 
rrepeMeHHOH w.· . 

Torna xapaKTepl1Cm'JeCKoe ypaBHeHHe (13) npaaer BH,lJ, 

. 2 (w+1 )2 w+l.
D(w)=z +(O,4kl-l)z-0,4k21_w+l = - +(0,4kl-l)'(~'-)-O,4k2=O. 

t- w.1 W -1 w-l 
YrrpOCTI1M ssrpaxenne: 

(w+V + (O,4k] -1)'(w+I)'(w-l)-O,4k2'(w-l)2 °
 
(w-l)2
 

Pacxpoesr CKo6Kl1 11 npnpasaaea K HyJIIO TOJIbKO 'JHCm-ITCJIb ./lp06H 
z 

W +2w+I+O;4k,w
2 

-O,4k1 ~W2 +1-0,4k 2 +0,8k =0.zw 2w-O,4kz
Crpynnapyeu cnaraesrsre no CTeneHHM nepeMeHHoH w: 

(O,4k l - O,4k 2 )w 
2 

.;. (2 + O,8k 2 )w + (2 - O,4k l - O,4k ) == 0 . 
2 

3. COrJIaCHO KpHTepHIO Payca - fYPBHl.\a, 'JTo6bI HenpepbIBHalI CHCTeMa 2-ro 

nopazixa 6bIJIa yCTowIHBa He06xo,lI.HMO H ./lOCTaTo'JHo, 'JTo6bI Bce K03epcpHI.(HeHTbI 

xapaKTepHCTJ1qeCKoro ypaBHeHHJI 6bIJIH nOJIOJKHTeJIbHbI. KaK yJKe 6bIJIO 

OTMeqeHO, 'MJI xepaicrepacrasecxoro ypaaaeans ,lJ,HcKpeTHoH cacrevsr, 

sanacaanon OTHOCHTeJIbHO rrepeMeHIJ:oH w, YCJIOBI1H yCTOH'IHBOCTI1 COBna,lJ,alOT C 

YCJIOBl1lIMH YCTOH'II1BOCTI1 uenpepsrsasrx CHCTeM. 3anl1lIIeM CHcTeMy aepaaencrs, 
cooTBeTCTBylOII(I1X YCTOH'JHBOMy'COCTOlIHHIO CHCTeMbI: 
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OAk l - O,4k2 >° 
2 +O,8k2>O

{ (14) 
2 - O,4kl - O,4k2 > ° 

QTo6bI llOCTP0I1.Tb rpaaauu 06naCTH yCTOHQHBOCTll, npRpaBHHeM
Bblpax<eHIDl (14) K aymo: 

ypasneaae I-n rpaaansr - k, = k2 ; 

ypasaenae 2-n rpanausr . k2 = -2,5 ; 

ypasaeaae 3-n rpaaausr - k] := 5'--- k2 . 

Ibo6pa3RM rpaHI1.QbI YCTOHl.JHBOCTR B llJIOCKOCTH nacrpoex perynsropa R 
sanrrpaxyea llOJIYllm)CKOCTH, onpeneaaexsie HepaseHCTBaMH (14). BHA paooxero ' 
JIHCTa rrpH BbIllOJIHeHI1.H paCl.JeTa rpaHHu H nocTpoeHHH 06JIaCTH YCTOHl.JHBOCTI1. 
npencraanea na pHc.12, a CaM rparpax 06JIaCTI1. YCTOHl.JI1.BOCTH npasenea na 
pRC.l3. 

~,~b:j~I!;~!JJ!'-!.i:'!lt·-<!;'i!,J).cLf·' ' _-~-~.;~ (;8ll,o;a ..~ ~ ~1!Ma . .:J,:,:; t.J! 
c~ A~"rll _ ~ (~r('*""<! •• l!JI x 

; J .s E!l ~ -,I:~ _.l_i.~ ,,~~_; /"_j _~i:,.lJ 'I' £. 
~k .!

~N~. T.1~T!)f(i9_:"-
---.n;~'ll:-'2 . "; .-=--..--~--- -- -- :.----.-.- "_.. -:-_- .. ~_:£
 

4,--A_~ -~---~ ~D:'J:·.~C;·~~~--:T=~--=-7~__ ·~. 1 
it .1: .2' K2 .2 ' ~i','- :5 -5 -2,5 10 

Olinacn, YCTO"'~MBOCTM
: 3' -4 -4 -2,5 9,

i" ~ -3 -3 -2,5 S
 ,- ­ f2 --'"
 

[6' -1 -1 -2.5 6
 
, ',0 0 -2,5 5
 
'8-, 1 1 -25 4
 
!'9' 2 2 -2;5 3
 
Go. 3 3 -2.5 2
 
i.tt 4 4 -2.5 1
 
I t2 i 5 5 -2,5 0
 

i 5 -2 -2 -2,5 7, 

b! 6 6 -25 -1 K1 
lu'·7 -'7 ·25 -2 
r;s 8 8 -25 -3 ·~o 15 
r,6 ' $ , 9 I-2,5 -4 1
:1l'1ol 10 -2,5 I .-5-----1 
i '8 

~i ~~_ 

~~. 
; i2:
!-;j 
1M t) ~\1Io"ICTlifkr2'rM:T3inp4"<fkT5/ I· -'I 
~~. -, '_~~~!~ -, ~ 0 c) ::.1 ~..5~: _~ ~. ~t ~_-:'''..i T ~ =:c:= J J ,f;

,,""" 
_JlA.\sA/Hoi..'· tt l'il 4IJ [,I 0 r!,J(I27r:-:'~?t' . II ,~O" ..,/7:/)".01 "5C 

PHC. 12. PaCl.JeT H nocrpoeaae rpaamr 06JIaCTll yCTOH:tJ:HBOCTH 

20 

1<212 

i 
K1 : 

-1,0 1~ 
I 

PHC.13. Ofinacrs yCTOi1:tJ:HBOCTH B nJIOCKOCTH uacrpoex peryJISlTopa 
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npI1JIO)l(r:,:H}I 

I1PI1J10)l(EHI1E 1 

PaCCMOTpHM OCHOBHble CBoHcTBa il.HCKpeTHOrO rrpe06pa30BaHHH Jlannaca. 

. 1. Teopesra JlHHeHHoCTH. 

H306paJICeHUe cY.MMbi HeCKOJlbKUX ¢YHKljUUpaeno cY.MMe U306paJICeHUU smux
 

¢YHKljUU:
 

z{j;(t)+fit)+ ...+!,,(t) }=z{j;(t)}+4t;(t)}+...+L{j;,(t)} =If(z)+F;(Z)+...+F,;(Z)· 

U uaotiopom 

ZI{}f(Z)+F;.(Z)+...+F;,(Z) }=T {}f(Z)}+ZI {F;.(Z)}+...+ZI{F;,(Z)} =
 

=1;. (t) + 12 (t) + ... +in (t) .
 

Koucmauma 6blHOCUmCJl sa 3HaK U306paJICeHU5l:
 

Z{a· f(t)} =a- Z{f(t)} =a- F(z)
 

U uaoiiopom 

Z-I {a .F(z)} =_G';Z;-I {F(z)} =a· f(t)' 
.' 

2. Teopexe cMemeHHH.
 
11306paJICeHue om ¢YHKljUU C sanasoueanueu r-=mTpaeuo npouseeoenuto
 

MHO.JlCUmeJlJl z"m Ha U306paJICeHUe UCXOdHOU ¢YHKljUU:
 

Z{j(t-r)}= ZV(t~mT)}=z-m.z{j(t)} =z~m ·F(z)
 

U uaotiopom .
 

Z-1 {FCz) . Z-m } =J(t - mT) =J(t - r),
 

3. TeopeMa Jlannaca 0 Ha'laJlbHOM :ma'leHHH. 

limf(t) = limF(z) 
t~O z-+oo 

4. Teopesta JlanJiaca 0 KOHe'lHOM 3Ha'leHHH. 

limf(t) =lim z -1. F(z) 
t-+oo z -e-l Z 
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4 Ie-at I _1_ I z I 

I 
I p + a, -aT I

~! I z-e 

5 It. e-~' ~ I Tze -0' . ' 1­(p+a)2 (z ­ e­a7
) 2 

, I 
I .6 I 1_ 
~~ p(p+a) (z-I)(z-e-"') 

I . b I7 ie-at -u - a zi -e z I 
I (p+a)(p+b) I z_e­aT - z_e­bT I 

I1306pa)KeHHe 
lj>YHKII,HH no 
JIaIIJIacy P(p) 

Tz 
(z _1)2 

,lVicKpeTHoe asofipaaeaae 
lj>YHKII,HH F(z) 

~I .~. I 

z-I 

1 

p. 

1 

1 
p2 

T 
i 

3 

N.'! 
n/n 

I 2 I 

nPI1J10)I(E1lliE 2 

Ilpn OTblCKaHHH H306pa)l(eHHH 3a)l,aHHOH: lj>YHKII,IUf If IIpH ofiparaoa 
npeofipasoaaaaa na rrpaxraxe He BWIHCJIHIOT onpezteneaasre HHTerpaJIbI, a 
nOJIb3YIOTCH rOTOBbIMIf m6JIHII,aMH rrpe06pa30BaHHH: JIarrrraca (rafin, Il 1). 

T<i6JIHIJ,a rn 
<I>parMeHT Ta6rrHII, npeoopaaoeaaaa Jlannaca 

e<at a z(l - e -aT) 

I 1 -ot I ! ------l
8 t _ - e a I Tz z(l - e -aT) I 

~ I I (z-1)2 -~~-l)(z-e-aT)J, a p2(p+a) 

"P--' 
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ITPI1JIO)l{EHI1E 3 

Saoanue dim eunonneuus xoumponsnoi; patiomu Kg 4 

3a.r!aQa 1. 

TIOJIyqHTb Pa3HOCTHOe ypanaeaae, paCCtIHTaTb nepexonaaii npouecc aa 

BbIXOLl,e CHCTeMbI H rrocrpoars rpaqlHKH H3MeHemUI x(t) H y(t). 

HCXOOUble oouuble: 
1. CTpyKTypHaH cxesra CHCTeMbl HMeeT BHLI, 

T I yrox~-l w,(P) I -I W,(p) ­

2. 3a.naHbI MaTeMamtIeCKHe MOLl,errH 3rreMeHTOB W1(P), W2(p) H rrepaon 

Ll,HCKpeTHocTH T (CM. rafinauy TI2 3aLl,aHHjI cornacno npeanocnezraea I..\Heppe 
llHleppa). 

3. 3a)"\aH BHLI, BXOLl,HOro carnana x(t) (CM. rafinany TI3 3aLl,aHHjI cornacao 

nocnennea I..\Heppe lllHqjpa). 

..;' 

Tafinaua TI2 

BaD. ~, W.(D) W 2(D) T Bap. WI(D) . W 2(D) TI. I 

ie-zp 
, . 

I5 -2p 
I 
-qk~ 

e 
I 0 -- 2 5 -- 2 

3p+ 1 p P I I 
I 

- 2e-zp 
j 5 

~~~ 
6 

1 - 2 6 2 
3p+l I P p(4p+l) 

I _e-4p 
, 

2e-2p 
I 2 

• -05

k2 -- -- 7 
I (4p;V 

-~~ 2 
2p+l . 'p 

I
-1 5e·3p 

I -09p 5e-4p . 
3 -- 8 I , 

~4 
I 3 4 

-I-~: ~t+1 I (3p+l)2 
--

I P 

! 4 I -fu...;Jp . O,le-
P 

3 
9 I (2P~ I)' ~~ 2 

LI i p 

24 

Tatinaua TI3 

BapuallT x(t) 

° 3*1[t]
I 
I 
i 
I 1 -2,5* l[t] 

2 0,8* l[t] 

3 3*t 

4 -0,2*t 

5 4*I[t] 

-0,5* 1[t] 6 

7 0,1 *t 

8 1,2*t 

9 i -1,5 *t
I 

3aLl,atIa 2. 

HaHTH ypaaneana rpaanu ofinacra YCTOHQHBOCTH 3aMKH)'TOH CHCTeMbI H 

nocrpoars 3TY ofinacrs B rrrrOCKOCTH uacrpoex perynaropa k, H k2. 

HCXOOUble oouuble: 
1. CTpyKTypHM cxeva ClfCTeMbI HMeeT BHLI, 

Dper(z) 

2. 3aLl,aHbl MaTeMaTHtIeCKHe MOLl,errH 3rreMeHTOB WI(p), W2(P) H rrepaozr 
Ll,HcKpeTHocTH T (rafin. TI4 sanaans cornacno nocnenuea I..\Hlppe IIIH<ppa). 

l-e-Tp 

3. cDopMHpylomm;r sneuear - <pHKcaTopa nynenoro rropszixa W<p3(P) = p , 

T"TTP T _ npnnnn 1'1H r-vnPTU.,-'("TT.l· 
-,.....,- ~ -·~r---"""""""""--·~-r -.--------' 
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--

--

--

D () = 
PEr z 

k1z - k 2 
z _ 1 C MO):lenb perynaropa, peanasyiourero ):lI1CKpeTHbIR 3aKOH 

yrrpasnenas. 

Tafinaua TI4 

BaPHaHT W1(p) 

! 
0 -2,5I 

I 

1 . I -1,5 
I 

W2(p) 

4 

3p+l 

6 

2p+l 

T 

2 1 
-l

\ 

2 I 
I 

! e-3 p 
I2 22p -­

, I 4p+ 1 
I 
i 

I e-3 p 
I ..3 I-2p 

5p+l II 

-. . l 
I . _ 2e- P
 

4 j-05e p. -' .
 
3 i" I P 

I 35 he-p~~-p 
,e 

; 
5 I 

.0-i~
, 

6 
21---_-+_2_e_-~2p___+I-3:s:11 : 

I -5p
. 7 2e~P 2 I

4p+l \ 

7 I 
8 - ­

3p +1 
2 I 4 I 

I 

9 
-6 
- ­
2p+ 1 

3 , 2 i

LJ 
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AHHa R1a,lJ,HMl1pOBJ-Ja llepHI1KoBa 

. TEOPfUI ABTOMATH4ECKOrO YTIPABJIEHIHI 

OlHCKpeTHhIe CHCTeMhI aBTOMaTJl<IeCKOrO peryJ1HpOBaHIUI) 

Merozmxecxae YKa3aHI1~ ,lJ,JI~ Bf,InOJIHeIIll51 KOHTpOJIhHOM pa60TbI N24 
,lJ,lliI CTY,2J,eHTOB 3aO'lHOll epOPMhl 06Y'leHI1~ 

Pe,D,aKTOp 11 KOppeKTOp T.A.CMl1pHOBa 

Texn. pezraxrop JI.51. TI1TOBa TeMnJTaH 2009 r, n03.111 

IlO~l11. K nexara 28. 10.09.<DopMaT60 x 84/ 16. Byvara TI1TI. N~ 1. Ilevars orpceraas. 

Ile'f.Jl. 1,75.Y'f.- 113,D,. JI. 1,75. THpajK JOO 3K3. I13.ll. N~ 111.UeHa «C». 3aKa3 J I 5'~. 

PI130rpa¢ rOYBI10 Canxr-Ilerepoyprcxoro rocynapcrseaaoro 
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198095, Caaxr-Ilerepfiypr, yJI. MBaHa Hepnsrx, 4 
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