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BBEJAEHUE

[ToBeneHuEe peasbHBIX CUCTEM MOKET OBITh OMMCAHO MOJIEISIMU JIBYX
TUIOB: JE€TEPMUHUPOBAHHBIMU (MOJHOCTHIO OMPECICHHBIMU) U CTOXa-
CTUYECKUMHU (BEPOSITHOCTHBIMU WJIM CTATUCTUYECKUMHU).

B nerepMUHUPOBAHHBIX MOJEJSX IMOBEJACHHE CUCTEMBI CUUTACTCS
MOJHOCTBIO ompeaeneHHbIM. [Ipeamonaraercsi, 4TO0 CTPYKTypa CUCTEMBI
ABJISICTCS 3apaHEE M3BECTHOW; MapaMeTpPbl CUCTEMbI U BHEIIHHUE BO3JCH-
CTBUS (BXOJHBIE CUTHAJIBI) SBJISIIOTCS 3apaHee 3aJlaHHbIMU JIETEPMUHUPO-
BaHHBIMU (DYHKIMSM BPEMEHHU; PEaKIUsl CUCTEMbl Ha BXOJHBIC CHUTHAJIbI
(BBIXOJIHOM CHUTHAJI) TaKXe€ SBISETCS JACTEPMUHUPOBAHHON (yHKIMEH

BPEMECHU.

Ipumeuanue. OObiuHO 6 OeMEPMUHUPOBAHHOU MOOeIU 8 Kadecmee
BXOOHBIX CUCHANO8 NPUHUMAIOMCS MUNOBble 8030eliCMBUs 8 8UOe eOUHUY-
HOU cmyneH4amou yHKyuu l(t), O-QpyHKYUU (UOeabHO20 UMNYTbCA) UU
HeKomopulx Opyeux QyHKYull pemeHnu, Komopule 8blOUPArOMCsL, UCXOO05 U3
ONbIMA UNU UHMYUYUU UcCaed08amesl OISl Y00OCmea pacuema CUCEM.

CaMu 1IeTepMUHUPOBAHHBIE MOJENH ONPEIEISIOT 00OHO3HAYHOE COONI-
gemcmeue mexcoy peanuzayusmu 6Xo0H020 U 8bIX00H020 cucHanog. I1ose-
JICHUE CHUCTEMBbl OIUCHIBACTCA OOBIKHOBEHHBIMHU AU(pepeHnaIbHbIMU
ypaBHEeHUSIMHU. OHO OJHO3HAYHO OMPENEISAETCS COCTOSHUEM CHCTEMBI B Te-
Ky MOMEHT BpeMEeHU (HauyaJbHBIMHU YCIOBUSIMH) U MOKET OBITb TOYHO
NpEeACKa3aHo JJlis J000ro MoCIeIy0Iero MOMEHTa BpEMEHH.

WccnenoBanve MOBEAEHUS CUCTEM MOCPEICTBOM JAETEPMUHUPOBAH-
HBIX MOJEJIell CBOJUTCS K M3YUYEHHUIO MpoLecca NpeoOdpa3zoBaHUsl JETep-
MUHHUPOBAHHBIX BXOJHBIX CUTHAJIOB B JIETEPMUHHUPOBAHHBIC BBIXOJHBIC
CUTHAJIBI. DTOT MPOLIECC TAKKE CUUTACTCA I€TEPMUHUPOBAHHBIM.

B croxacTuyecKHX MoOJAeJsIX BXOJIHBIE CHUTHAJbI, TMapameTpbl H
CTPYKTYpa CUCTEMbI B OOIIIEM Clly4ae CUMTAIOTCS CIy4allHbIMU (YHKIIHUS-

MU BPCMCHHU HJIN CJ'I}"—I&IZHBIMPI BCJIMYMHAMU C N3BCCTHBIMU CTATUCTHUYC-



CKHMH XapaKTCPUCTUKAMU.

Ilpumeuanue. Heobxooumvle cmamucmuyeckue XapakmepucmuKku
ONpeodensomcs 8 xo0e CMmamucmu4ecko20 aHaIu3a ONbIMHbLIX OAHHBIX O

no8eodeHUuU CUCTNEMbl 6 PeAlbHblX YCIIOBUAX

CraTuCTUUYECKHUE MOJICTU KAXMCOOU peanu3ayui 6X00H020 CUSHAA
cmasam 8 COOmMBEmMCmeaue MHOHCECMBO BbIXOOHBIX CUCHANO08, XAPAKTEPHU-
3yeMo€ ONpEJICJICHHBIM 3aKOHOM pacmpejesneHus. Eciu n3BecTHbl CTaTH-
CTUYECKHE XapaKTEPUCTUKH BXOAHBIX CUTHAJIOB M JUHAMUYECKUX CBOMCTB
CUCTEMBbI, TO TIOBEJICHUE CUCTEMBI OYJIET MOJHOCTHIO ONPEICIICHO B CTaTH-
CTUYECKOM CMBICJIE (T. €. MOTYT OBITh HalJIEHbl COOTBETCTBYIOIIUE CTATH-
CTUYECKHE XapaKTEPHUCTUKHU BBIXOJHOIO CUTHAA).

N3ydeHue moBeIeHUs] CUCTEMBI C TIOMOIIBIO CTOXaCTUYECKOM MOJIeNn
B OOIIIEM CJIydae CBOJMTCS K M3YYCHHUIO MPEeoOpa3oBaHUsI CUCTEMOM CITy-
YalHBIX BXOJAHBIX CUTHAJIOB B CITy4alHbIC BBIXOHBIE CUTHAJIBI.

Ilpumeuanue. Yacmuuvim cnyuaem npumereHus Cmoxacmuyeckux Mo-
Oeseli A61€MCsl U3YUeHUe NOBeOeHUsl O0emePMUHUPOBAHHOL CUCTNEMDbL,
Haxooaweucss noo GIUsSHUEM CIYYAUHbIX 6XOOHbIX CUcHaNo08. B Opyeom
YACMHOM ClIyude 6XOOHble CUSHATbL CUUMAIOMCS 3apaHee U38eCmHbIMU
QyHKYUAMU 8peMeHU, a CMPYKMYPA CUCeMbl U ee Nnapamempuvl UMeron

CAVYAUHBIU Xapakmep.

Ilpumep. Cucmema cmabdbunuzayuu Kypca iemameipbHo20 annapa-

ma. CmpykmypHas cxema cucmemvl umeem uo

g(?)

C nomowwio 3adamuurka 1 ycmanaenueaemcs Hyi#CHoe 3HAUeHUue Kyp-
ca g(t). Ha nemamenvnuiii annapam 2 oeiicmayem 603MyujeHue ammo-

chepovl f (t) 3adaua cmabunuzayuu 3aKnouaemcs 8 no00epiIcaHuu oeti-



CMBUMENIbHO20 KYPCA, PAGHBIM 3A0AHHOMY.
Hccnedysa npoyecc cmabunuzayuu ¢ nOMOwbo 0emepMuHuUpOo8aHHOU

MOOenuU, MONCHO CUUMAamb, Ymo 3A0AHHbIU KYPC NOCMOSHEH ( g(t)= 80);
gosMyuleHue ammocgepvl 3a0aHO KAK (PYHKYUL epemeHu (Hanpumep,
f (t)= fy); Ounamuueckue ceoticmea cucmemvl onpeoeieHsvl 6 guoe oug-
Qepenyuanvroco ypasHenus. BvlxoOHoU cucHa x(t) npeocmasnsiemcs 8

sUde KOHKPEeMmHOU (YyHKYUUU 8pemeHU, onpeoeisieMoll KaK pe3yibmam oe-
mepMUuHUpoB8anno2o npeoopazosanus [l (cm. cxemy).

lf(t)= Jo x(t)

g(t)=g0
— A }—

IIpu maxom pewenuu 3a0auyu OuHaAMUYECKUe CEOUCMBA CUCTEMbl
NPUHAMbBL NOTHOCBIO ONPEOENIeHHbIMU 80 8PEMEHU, d 3A0AMYUK CUUMA-
emcs U0eaibHO MOYHBIM.

Cucmema cmabunuzayuu mMoxcem uccied08amsvcsi ¢ NOMOUWbIO CMa-
mucmuydeckou Mmooenu. Tax kaxk peanvHvle 3a0amyuKku padomaiom c
OWUOKOU, MO HYIICHBIU KYPC MOdcem Obimb NPeoCmasieH KaK CAy4auHbliL
npoyecc G(t) = g(t)+ N (t), 20e g(t) — noaesnvil cueuai, N (t) — nomexa,
onpeodensieMas CAy4auHoU NOZpeuwHoOCmvlo 3a0anus Kypca. Bozmywenue
ammocgepvl npeocmasisaemcs Cry4auHblM HPOYeccoMm F(t) Buvixoonot
CUSHANl CUUMAemcs CAyyauHvim npoyeccom X (t) HOJYUEHHbIM 8 X00e

cmamucmuyeckoz2o npeoopazosarus C (cm. cxemy).

0 6l) )

llpu maxom pewenuu 3adauu modxcem ObIMb NOJYYEH OMBEM HA 60-
npPOC 0 MOM, KAK CUCmeMa cmaduIu3ayuu 8bl0epiHcusaem 3a0anHbulil Kypc
8 cpedHeM Npu MHO2OKPAMHOM ee UCNOIb308AHUU C PealbHbIMU 3a0amyu-
Kamu 8 peanbHOU 803MYUWEeHHOU ammocgepe.



Br100op TOro miam MHOTO BUAA MOJIEIH 3aBUCUT OT MMEIOIIEHCS UCXO0/-
HOW WH(OpPMAITMH, OMBITA MPOSKTUPOBAHUS CUCTEM, YCIOBUU UX MpPHUME-
HCHUS.

JleTepMUHUPOBAHHBIE MOJEJIM BOCIPOU3BOJAT TOJBKO PETYJISIPHBIC
COCTABJIAIOIIME PECATBbHBIX CUTHAJIOB U HE YUYHUTHIBAIOT MX CIYYaHMHBIX CO-
cTaBAomMX. [103TOMy MX MOXKHO paccMaTpuBaTh KaK YaCTHBIA Cilydau
CTaTUCTUYECKUX MOJICNICH, ONEPUPYIOMIMX HanboJiee BEPOSTHBIMU 3HAYE-
HUSIMHM CUTHAJIOB.

JleTepMUHHUPOBAHHBIE MOJEIH IMO3BOJISIET CUHTE3UPOBATH CHUCTEMBI,
ONTHMAaJIbHBIE TOJLKO I KOHKPETHOrO HaOOpa BXOJHBIX CUTHAJIOB (1
JIPYTHUX, CYIIECTBEHHO OTJIWYAIOIINXCSI CUTHAJIOB OHU MOTYT OBITh JaJIEKO
HE onTUMaabHBbIMHU). CTaTUCTHYECKUE MOJIESIN Jal0T BO3MOXKHOCTH CIIPO-
EKTUPOBAaTh CUCTEMBI, SABJISIIOIIUECS ONTUMAJIBHBIMUA JUIS 1IEJIOTO MHOXKE-
CTBA pEAJIbHBIX BXOJHBIX CUTHAJIOB.

JleTepMUHUPOBAHHBIE MOJIEJIM MOTYT MCIIOJIB30BATHCS Il MPOEKTHU-
POBaHMS CUCTEM IPU CIIyYalHBIX BO3IeUCTBUAX. [Ipr 3TOM OOBIYHO cUMTa-
€TCsl, UTO TH BO3JCUCTBUA MAKCUMAJIbHbBI, U K CUCTEME NPEIBSIBIISIIOTCA 3a-
BEJIOMO OoJiee KeCcTKUe TpeOOBaHMs, YeM 3TO He00XouMo. B psie ciydaen
TaKOM MOJIXO0JI OKA3bIBACTCS 1E€JI€CO00Pa3HBIM UJTH JIa)Ke €IMHCTBEHHO MPHU-
emieMbIM. OJIHaKO TOJOOHBIE HEOIArONMPUSATHBIE CUTYaIlMd BCTPEUAIOTCS
penko. [1oaToMy NpUMEHEHHE CTOXaCTUYECKUX MOJIEIIEN, ONIEPUPYIOLIUX HE
MaKCUMAaJbHBIMH, a HauOO0JIee BEPOATHHIMUA 3HAUCHUSIMU BHEIIIHUX BO3JICH-
CTBUM, TPUBOJUT K MOJTYUCHHUIO 00JIee pallMOHATBLHBIX TEXHUUYECKUX pellle-
HUN (€CTECTBEHHO, MPEIHAMEPEHHO JOMYCKACTCsS CHU)KCHHE KauecTBa CH-
CTEMBI B MAJIOBEPOSITHBIX CUTYalHsX ).

N3ydeHuem MoBEAECHUS CUCTEM NPU CIyYAWHBIX BO3JICHCTBUSX 3aHU-
MAeTCsl CTAaTUCTHYECKAasd NAMHAMMKA CUCTeM. B Hell yuyuThIBaeTcs, 4TO
BXOJIHBIE CJIyYallHbI€ CHUTHAJIBI MOTYT COJAEPHKATh HAETEPMUHUPOBAHHBIC
COCTaBJIAIOIINE, @ CTPYKTypa CHUCTEMBI M €€ MapaMeTphbl MOTYT OBIThH Jie-
TEePMUHHUPOBAHHBIMU. CTaTUCTUYECKAs JWHAMHUKA H3y4yaeT CIEAYIONIUe
poOJIEMBI:



® CTAaTHCTUYECKOE OMUCAHUE CIyYallHBIX MPOIECCOB, 3aKIIOYAIOIIEC-
€csl B OIIPEJICIICHUN UX CTATUCTUUYECKUX XapaKTEPUCTHUK;

® CTAaTUCTUYECKUN aHAIU3 CHUCTEM, 3aKJIIOYAIOIIMICA B OOIIEM CIIy-
yae B HaXOXKJICHUU CTaTUCTUYECKUX XapaKTEPUCTUK MX BBIXOIHBIX CUT'HA-
JIOB T10 3aJaHHBIM CTaTUCTUYECKHM XapaKTEPHUCTUKAM BXOJIHBIX CUTHAJIOB
1 CTAaTUCTHUYECKUM XapaKTEPUCTUKAM JUHAMUUYECKUX CBOMCTB CUCTEM;

® CTAaTUCTHUYECKHUM CHUHTE3 ONTHUMAJbHBIX CHUCTEM, 3aKIIOYAIOIIUNCS
B HAXOXJICHUHU U Peajr3allii ONTUMAIBHBIX B ONIPECICHHOM CMBICIIC U~
HAMHUYECKUX CBOMCTB CUCTEMBI IO 3aJJaHHBIM CTAaTUCTUYECKUM XapakTe-
PUCTHUKAM BXOJIHBIX CUTHAJIOB.

B KOHEYHOM HUTOre CTATUCTUYECKAs JUHAMUKA IMO3BOJISIET ONPEICIUTh
CTaTUCTUYECKHE XapPaKTEPHUCTUKHU BBIXOJHBIX CHUTHAJIOB, C MOMOIIBIO KO-
TOPBIX MOXHO OILIEHUTh MX TOYHOCTb, HAJAEKHOCTh, IIPOMYCKHYIO CIIOCO0-
HOCTb CHUCTEM.

BOITPOCHI JJIs1 CAMOKOHTPOJIA

1. Kakne mopenu cuurarorcs AeTEpMUHUPOBaHHbIMHU? Kakoul BuUI
UCXoAHON uH(pOpMalMu OHM HCHONB3YIOT? Kakoe mpeoOpa3zoBaHuEe WH-
dbopMalii OHU PEATU3YIOT?

2. Kakme mopmenn cumrtarorcs croxactudeckumu’? KakoWl BuI wuc-
XOHOM MH(OpMalMK OHU UCTONL3YI0T? Kakoe nmpeodpazoBanue uHOOp-
Malli¥ OHU PEaTU3yroT?

3. B yeM I0CTOMHCTBA M HEJOCTATKU JETEPMUHUPOBAHHBIX U CTATHU-
CTUYECKHUX MOJAENEN?

4. Yrto n3y4yaer CTATUCTUYECKAs] JUHAMUKA CUCTEM?



1 CIYYAHUHBIE NPOLIECCHI
1.1 Cay4aiinbie MpoLecChl M UX XapaKTePUCTUKH

Cayuaiinble nmpouecchl — ciydaiiHble QyHKIIMM HE3aBUCUMOW Tepe-
MEHHOU — BpeMmeHu ¢. CityyallHOM cuuTaercs PyHKIMS, 3HAYEHUE KOTOPOI
JUTSL KOKJIOTO 3HAYEHUS apryMEHTa SIBIACTCS CIydanHOM BeanuuHoM. Ilo
pe3yJibTaTaM # ONBITOB CIyYalHbIM mpouecc X (t) MOYKET 0TOOPa3UTHCS N
pa3sIUYHBIMUA (QYHKIMSIMHU BPEMEHHU X; (t), rae i = 1, ..., n, KOTOpbIC Ha3bI-
BAIOTCS peaJu3auusiMi (BO3MOXHBIMH 3HAUYECHUSIMH) CIIYyYallHOTO Mpo-
necca (cMm. pucyHok 1.1). JomkHa n3ydaTbCsi HE Kaxasi peaar3alus B OT-
JIEJIbHOCTH, & CBOWCTBA BCEr0 MHOXECTBa X (t)

x,(t) x,(;)
W
xk(t)i! ! Alxk!t.! N\:t

SO\ AN,
w Ix,(t;) VV

lj

Pucynok 1.1 — Peanusannu ciayyaliHOTO mporecca

s mro60oro (UKCUPOBAHHOTO MOMEHTA BPEMEHHM [ ={; pean3aius
X; (t j) ABJISIETCS PEryJIsIpHON (HecnmydaiiHol), a X (t J-) — ciy4aiiHOU (pyHK-
LUEH, TTOJTYYCHHOU IYTEM CTATUCTUUYECKOTO YCPEAHECHUS CBOMCTB Pa3iinuy-

HbIX peanuzanuii. OyHkiua X (t j) HAa3bIBACTCS CEYEHUEM CJIyYalHOro

nmpomecca B MOMCHT BpCMCHU tj.



Ilpumeuanue. Henvzs ymeepoicoams, umo Cy4atinbli npoyecc 8 OaH-
HblU MOMEHM 8PEMEHU NPUHUMAEN HEKOMOopoe 0emepMUHUPOBAHHOe 3HA-
yenue. MooxcHo 2o60pums auutb 0 MOM, YMO C HEKOMOPOU 8EPOSIMHOCHIbIO
9MO 3HAYeHUe HaX00UMCs 8 ONPeOeleHHbIX Npedenax.

CTaTUCTHYECKHE XApPaKTEPUCTUKH CIYyHYaHHOTO MpoIecca OMpeaes-
I0TCSL €r0 @yHKyueu pacnpedenenus (MHTErpaJbHBIM 3aKOHOM paclpe/ie-
JeHus1) U naomuocmoto eeposmuocmu (quddepeHInaIbHbIM 3aKOHOM
pacmopeaeneHus).

DyHKUUEH pacnpeaeeHusl CIIy4alHOW BEJIMYUHBI X CUUTACTCS HE-
npephiBHAsi HEYObIBaromass GyHKIUs, ONMpeestoNas BepOITHOCTh TOTO,
YTO 3HaYCHHE X OyJIeT MEHBIIIE HEKOTOPOTO 3aIaHHOTO 3HAYEHUSI

F.(&)=P{x<¢}, W
F.(-©)=0, F (+»)=1. '

BepoaTHOCTh TOrO, 4TO CllydaiHasi BEJIMYMHA X TOMAAAeT B 3aJaHHBIN
IOJIYOTKPBITBI UHTEPBAJ, paBHA

P{As»c<B}=Fx(B)-Fx(A)=§wx(5)d¢, (12)

rjie @, (é‘) HEeMpepbIBHAS PYHKIIMS, Ha3bIBaeMas IVIOTHOCTHIO BEPOSITHO-

CTHh cnyqaﬁHoﬁ BCJIIMYUHEI X. CHpaBCI[J'II/IBI)I COOTHOILICHMUA

OSSN

(1.3)
ZD-x (6) = dIZ; (5)'

5

B Teopumn cucrem HaumboJsiee ynoTpeOUTEIbHBIMU SIBJISIIOTCS PaBHO-
MEPHOE, DKCIOHECHIIMAIBHOE ¥ HOPMAJIbHOE PaCIpeaeICHUs.

PaBHOoMepHOe pacnpene/ieHHe XapaKTEpHO IS CIyYaWHBIX JKCIIEe-
PUMEHTOB C PaBHOBEPOSITHBIMHU McXoJaMu. Ero dyHKIus pacnpeneneHus
U TJIOTHOCTh BEPOSATHOCTHU HAXOAATCA 10 (opMyiam



r 0, £<a,
Fx(§)=4i%z, & ela,b) (1.4)
1, &> b,
1
w (&)={b-a’ » gelanl (1.5)
0, &¢la,b],

rancau b — HxHIA U BCPXHA I'paHULA JUalla3oHa pacCIipCaCICHUA.
BKCHOHGHHI/IaHbHOG pacnpeaecJacHue XapakTcpHo 111 CUCTCEM C OT-
CYTCTBHUCM HOCHGHCﬁCTBHH, Koraga

P{x+s<&s< &)= P{x <&}, (1.6)

B CBSI3M C YEM OHO SIBJISICTCS OCHOBHBIM B TEOPHUH CKAuyKOOOpa3HBIX Map-
KOBCKHMX mpoiieccoB (cM. nanee). Ero ¢yHkius pacnpeneieHuss U mioT-
HOCTb BEPOSITHOCTH HAXOIATCS 10 opMysiaM

© 0, £<0, |

F = 7

e I—exp(—/l-é‘), 20, (1.9
0, £<0,

@, (&)= (1.8)

ﬂ,-exp(—ﬂ-f), E20,

rne A — k03P UIMEHT 3aTyXaHHsl.

HopmasbHoe pacnpenesieHne XapakTepHO JJIs CIy4allHbIX BEJTUYUH,
onpeNeNsieMblX CyMMapHbIM 3(G(EeKToM OT ACHCTBUS OOJBIIOrO YHUCIa
ciydaiiHbix (hakTopoB. Ero (yHKIMS pacnpeneneHuss U miIOTHOCTh BEPO-
ATHOCTH HaxXOJsTCA 1Mo (popmysiam

Fx(é)=ﬁ- J exp[ (42' Z :) ]dc, (1.9)

X —© X



@ (&)= w—”—’_a-exp[— @] (1.10)

2
X Z'O-x

II€ M x — MAaTeMaTUYECKOE OKHMIAHUE, Ox — CPEIHEKBAAPATUYECKOE OT-
KJIOHEHUE CIIyYalHOU BEJINYHUHBI X.

I'paduku pynkuuit F,, ({f) U@, («f) U1 pa3IMYHbIX BUOB pacipeie-

JICHU MOKa3aHbl HA pUCYHKeE 1.2.

Fx(él) @ (¢)
1
b-a| | |
0 4 b
Fx(él) ____________ @.(£)
ﬂ\
0 4 0 S
6)
m, &

Pucynok 1.2 — @yHkumm pacnpeneneHus U MIOTHOCTU BEPOATHOCTH:
(a) paBHOMEpHOE pacnpezaesneHue; (0) SKCIOHEHIIMATBHOE pacpeaeiCHUE;
(B) HOpMaIbHOE paclpe/ieNiCHUe



JInst cimy4aliHBIX MPOIIECCOB MOYKHO OMNPENICIUTh Pa3iudHble QYHKIUU
pacapenenenus. OoHomepHol yHKyuel pacnpedenenus Cy4aiuHo20 npo-
yecca X(t) (bynxuueit mepporo nopsjaka) cuutaercs (GyHKIHS, ONpesie-
JISIFOIasi BEPOSITHOCTh TOTO, YTO €r0 ceYeHue OyAeT MEHbIIE HEKOTOPOTO
3aJIaHHOT'O 3HAYEHUS JIJI1 MOMEHTA BPEMEHU f 1

Fi(&,t,)=P{X(t;)< &}

1.11
FI(—oo,t1)=0, F1(+oo,t1)=1. (111)

Oynkuus (1.11) xapakTepusyeT ciiydallHbI MPOLIECC U30JUPOBAHHO B
OTAEIbHBIX CEUCHUSAX, HE OTpakas B3aMMOCBS3U MEXAy HUMHU. OgHOMED-
HOM (yHKIIMEH pacrpeiesIeHUs] OJTHO3HAYHO XapaKTEepU3yeTCs TOIbKO YH-
CTO CIIy4allHbIM Mporecc Win Oeablil miym. Ero paznuyHbie cedeHus co-
BEPUICHHO HE3aBUCUMBI APYT OT APyra.

Jleymepnou ¢yuxkyuei pacnpeoenenus ciyuatiHoco npoyecca X (t)
Ha3bIBaCTCS (YHKITHS, OMPESISIONias BEPOSITHOCTh TOTO, YTO €T0 ceye-
HUE OyJIeT MEHbIIIE HEKOTOPBIX 3aJJaHHBIX 3HAUYCHUHN JJIs1 IBYX Pa3IUYHbIX
MOMCHTOB BpEMCHU £ 1 U £ 2

Fy(&1,t1565,1,)=PiX(t,)< £, X(2,) < &, ),
Fz(—w’tzifz,t2)=F2(§1’t1;—°°,tz)=0’ (1.12)

F2(+ 0,1, ;+oo,t2)= 1.

MOXHO ONIpeAeUTh R-MEPHYIO PYHKYUIO pAcnpedeneHUs]

F, (&1t 55800t )= P{X(t,) < &7, X (2, )< &, },
Fn(— ©,t, ;...;fn,tn)= w=F, (fl,tl ;...;—oo,tn)= 0, (1.13)
F, (+ 0,1, ;...;+oo,tn)= 1.
UeM BbIlIE TOPSA0K (PYHKIMHU pacOpencsieHUus, TEM TOYHEE Ompeje-
JSIIOTCS CBOMCTBA mpornecca. OgHako 3akoHoMepHOCTH Buja (1.13) 0ObIu-

HO OBIBAIOT TPOMO3JKUMHU, MIOITOMY Ha MPAKTHUKE OTPAHUYUBAIOTCS (PYHK-
IUASIMHA TIEPBOTO WIIA BTOPOTO HOPSIKOB.



CymiecTByeT 0COOBIM KjacC CIIydallHBIX MPOIECCOB, IS KOTOPBIX
GYHKIMH pacupeelieHus B JIF000H MOMEHT BpPEeMEHU £ >ty (B Oymyiiem)
OTIPEACIISIIOTCS TOJIBKO 3HaUueHHuEM X (to) (B HacTOSAIIEM), U BCE 3HAYCHUS
X (t) npu ¢ <ty (B MPOIIJIOM) HE YTOUHSIOT 3TO onucanue. Takue mpoiiec-

Chl HA3bIBAIOTCSI MAPKOBCKMMHU (110 UMEHU BIIEPBBIC UCCIICIOBABIIIETO UX
marematuka A.A. MapkoBa). OHU XapaKTEpHbI JJIsI CUCTEM C OMCYM-
cmeuem namsamu (AU CUCTEM Oe3 Nocaie0eticmeust).

Hpumettauue. Ananozcom MAPKOBCKO2CO npoyecca MOIHCHO cHUumambs

peuterue ouppepeHyuaibHo2o ypasHenus nep8o2o NopsaoKa
d
- x(t)= [t x(¢)]

Komopoe sasucun om X(to) u He 3asucum om l’lpOMS’GO@Hle 1106020 no-

paoxa om x(t) no epemenu 6 momenm to.

[Io maremMaTM4eCKOMY ONMCAHUIO MapKOBCKHE ITPOLIECCHI MPOIIE
HEMapPKOBCKUX.
Hns cimydaitHoro mpouecca X (t) MOYXHO ONPEAEIUTH IJIOTHOCTH BE-

POSITHOCTU TpeOyeMOoro mopsiaka

0 ,
ZD'1(51,11)= Fl(g? tl),
1

(1.14)
0" F,(&1:t1500t)
0&,..0¢,

@, (Erot 15 lyrtn) =

CpenHee 1mo MHOXKeCTBY (MaTeMaTH4YeCKOe OKUIAAHHUE) OIPECIeIIsi-
€TCS Ha OCHOBE HAOJIOJCHUU 3a peaiu3alMsIMU CIy4alHOro Ipolecca B
OJWH U TOT K€ MOMEHT BPEMEHU

x(t)=mx(t)=M[X(t)]{j:x.w,(x,t)dx. (115)



Mamemamuueckoe odxcuoaunue CAyyauHo2o0 npoyecca — pecyiapHas
@yHKYUs, 3HaAYEeHUEe KOMOPOU 8 N000U MOMeHm 8pemeHU tj PABHO Mmame-

mamuiecKomy 0HCUOAHUIO coomeenicmeyruleco cederHus X(tj) OnHo sB-

JISIETCS PE3YNBTATOM BEPOSATHOCTHOTO YCPEIHEHUS CIIyYallHOM BEJIUYMWHBI,

IIpU KOTOPOM Ka)KJI0€ €€ BO3MOKHOE 3HAUE€HUE OEPETCs C BECOM @ (x, t j).

MOXHO onpenenuTs HEHTPUPOBAHHBIN CIYYalHbIN NPOLECe

X(0)= X(e)=m (1), (1.16)

MAaTCMATHUYICCKOC OKHIAHUC KOTOPOI'O
M| X(¢)|= M[X(t)-m(£)]= M[X(¢)]-m (£)=0. (1.17)

JIro0oi ciryyallHBIN TIPOIIECC MOKHO MPEACTABUTh KAK COBOKYITHOCTH
PETYJISIPHON COCTaBISAONIEN (MAaTEeMaTUYECKOTO OXHUIAHUS) U LEHTPUPO-
BAHHOU CIIy4YallHOM COCTaBJIIAIOLIEH

X ()= m () + X (¢). (1.18)

Cpez[Hee Mo BPEMEHU OIIPCACIIAACTCA HA OCHOBC Ha6J'IIOI[€HI/I$I 3a OT-
I[CJIBHOﬁ peanmauneﬁ cnyqaﬁHoro nponecca B TCHCHUC JOCTATOYHO JIH-
TCJIBHOI'O BPCMCHHU, KaK

T
%= lim . [ x(¢)at, (1.19)
Too2-T
€CJIM ATOT TpeJiell cyliecTByeT. B o0mieM ciyyae 3To 3HaUCHHUE Pa3IMuHO
JUTSL OTJICIBHBIX Peav3aiiil CIIy4alnHOr o Mmpolecca.
JAucnepcuren HEHTPUPOBAHHOTO CIYYAMHOTO MPOIECCAa CUUTACTCS Ma-
TCMATHUYCCKOC OKHUIAHHUC €TI0 KBaJApara

D, ()= M| X2(t)|= L [e—m () -, (x, ). (1.20)



Jucnepcus cnyuaiinoeo npoyecca — peynsapHas (OyHKYus, 3HaAYeHue
KOMOopoul 8 1000t MOMEeHmM 8peMeHU tj pAGHO OUcCnepcuu coOomeenmcmeay-

rowezo ceuenus: X (t f )

CpenHekBaJpaTHYHOE OTKJIOHEHHE LICHTPUPOBAHHOIO CIYy4ailHOTO
MPOIECCA HAXOIUTCS KaK KBAJIPATHBI KOPEHB U3 €r0 IUCIIEPCUU

ox(t)=/Dx(t). (1.21)

[lo xapakTepy U3MEHEHHUS CTATUCTUYECKUX XAPAKTEPUCTUK C TEUEHU-
€M BPEMEHU CIIyYalHbIE MPOLECCHI ACIAT HA CTAIIMOHAPHbIEC U HECTAIH-
OHapHbIe. Pa3nuyaroT CTAlMOHAPHOCTH B Y3KOM U B IIIMPOKOM CMBICIIE.

CmayuoHapuvimM 8 Y3KOM CMbice Ha3bIBAIOT CIIYyYalHBIM Mpolecc
X (t), CTaTUCTUYECKUE XAPAKTEPUCTUKU KOTOPOIO0 HEM3MEHHBI BO BpPEME-
HU. DyHKIHUS pacrpeeseHus] U IIOTHOCTh BEPOSITHOCTH JIFOOOH pa3mep-
HOCTH HE 3aBUCSAT OT Hayajla OTCUETa BPEMEHH f ¢, T. €.

Fn(él’tl ;"’;gn ’tn)= Fn(é]’tl _t0 ;"';5n’tn _t0)’

(1.22)
ZD.n(gl’tl ;'";fn ’tn)= wn(&]’tl — 1y ;'";gn sty — 1y )’

7€ ¢t 9 BHIOUpaeTCsl MPOU3BOJIBHO.

Cmayuonapuvim 6 WuUpoKoM cmbiclie Ha3bIBAIOT CIyYalHBIM Mpolecc
X (z), MmaTemaTHuecKoe OKHIAHHE KOTOPOTO MOCTOSHHO, a (DYHKIUU pac-
NPEACIICHUS] M IUIOTHOCTH BEPOATHOCTH JOOOW Pa3MEPHOCTH 3aBUCST
TOJIBKO OT BEJIMYMHBI CJIBUT'a BCEX TOYEK #j BIOJb OCH BPEMEHU HA OJIMHA-

KOBYIO BEJIMUMHY 7 (T. €. 3aBUCAT OT Hauajaa OTCYETA BPEMEHU )

F, (& t; +7538,,t, +7)= F,(&; 0l o),

(1.23)
@, (fl,tl +75..58, 8, + z') =, (51 yoresCp ,z').

[Iportecchl, cTalMOHapHBIE B y3KOM CMBICTE, 0053aTEIBHO CTaIlHO-
HapHBI U B IMIUPOKOM cMbIciie. OOpaTHOE yTBEP)KICHHUE BEPHO HE BO BCEX
cinydasix. CiyuyaifHble TMpOIECChl, HE 00JamaroIMe CBOMCTBAMH CTaIlHO-
HApHOCTH, CUUTAIOTCSI HECMAYUOHAPHBIMU.



Ilpumeuanue. CmayuonapHviili nPoOYecc Moicem Cuumamscs aHaio-
20M YCMAHOBUBUUE20CS PENCUMA 8 OeMEePMUHUPOBAHHBIX CUCTNEMAX, a He-
CMAaYUOHAPHBIL NPOYECC — AHANO20M NEPEeXOOHO20 DPeNCUMA Npu aHO0M
CAVUAUHOM 8XOOHOM CUSHATE.

CrauuoHapHbIN CIy4alHBINA MPOIECC CUMTACTCA IProAMYEeCKUM, €CII1
Tr00asi CTATUCTUYECKAS XapaKTepUCTHKA, ONpeieiseMas YCPEeIHEHUEM T10
MHOECTBY €r0 peaju3anyii, paBHA COOTBETCTBYIOIIECH XAPAKTEPUCTHUKE,
OIPELICNISIEMON YCPEAHEHUEM IO BPEMEHU €ro MPOU3BOJIBbHON JOCTATOYHO
JUIMTENIFHOM peanu3anuu (3TO I03BOJISIET, HapuUMeEp, MPUPABHATH CPEI-
HUE 10 MHOXECTBY U 10 BpeMeHM). Eouncmeennan peanuzayus ipzoou-
YecK020 CAy4aiinozo npouecca 6 0eCKOHeUHOM UHmepeaile epemMeHuU
HOJIHOCMbIO Onpedensiem 6ecb Npouecc, 4YTo CYIIECTBEHHO YMOPOIIAET
pACyeT €ro CTAaTUCTUYECKUX XAPAKTEPUCTHK.

Ilpumeuanue. He radxcoviii cmayuoHapHviii CI1y4auHbLl NPOYeEcc 56-
nsiemcesi apeooudeckum. Ilpumepom moocem cryscums npoyecc X (t)

Kaxcoas peanuzayus Komopoz2o NOCMOAHHA 80 8peMeHU (CM. pucyHok 1.3).

X(t) Xy (t )
X, ()

0 t

Pucynok 1.3 — [Ilpumep cTanmoHapHOTO  HE3PTrOJIUYECKOTO
CIIy4alHOTI 0 IIpoLecca

OnuH U TOT K€ MPOLIECC MOXKET ObITh APrOJAMYECKUM MO OTHOIIEHUIO
K OJHAM CTATUCTHUYECKUM XapaKTEPUCTUKAM M HEIPTOJAMYECKUM IO OT-
HOIIEHUIO K ApyruM. B panpHeiiemM OyJeT CUMTATHCS, YTO MO OTHOIIIE-



HHUIO KO BCCM CTATUCTHUYCCKHM XAPAKTCPUCTHUKAM YCJIOBHA SPTrOANYHOCTHU
BBITTIOJIHAKOTCA.

1.2 Koppeasiunonubie QyHKIMH CIyYAHHBIX POLECCOB

CraTucTuyeckrue XapakTEpPUCTHKH, NEpeUUCiIeHHble B M. 1.1, HE OT-
paXarT B IIOJIHOM MEpPE XapakTepa cliydahHoro mnpoiecca. Hampumep,
MPOILIECCHI HA pUCYHKE 1.4 pa3iauyHbI IO CBOEH CTPYKTYPE, XOTA U UMEKOT
OJIMHAKOBBIC 3HAYEHUSI MATEMATUUECKOTO OKUJAHUS U AUCTIEpCUH (LITPU-
XOBBIMU JIMHUSIMHM TIOKa3aHbl 3HAYCHUS M X(t)i 30y (t); MpA HOPMAJTb-
HOM paclpeeICHUN 3HAYCHUE M1 X(t) MOMAIAET B 3TOT IMANa30H C BEPO-
atHocThIO 0,997). Ilponecc Ha pucyHke 1.4 (a) OpoTekaeT OTHOCUTEIBHO
IUIABHO, WM CTAaTUCTUYECKAsA CBA3b MEKIY €r0 CEUYECHUSIMH JOCTATOYHO
cuibHas. [Iponecc Ha pucynke 1.4 (0) xapakTepusyercsi CUIIbHOW U3MEH-
YUBOCTHIO, CBSI3b MEXKIY €ro ceueHusiMu ciabdas. OqHako HM MO MaTeMa-
THUYECKOMY OKUJAHUIO, HU IO JUCTIEPCUH ONPENEIUTH ITO HEBO3MOXKHO.

(@) my()+3000) X0 my(0)+3-0x(0)

/ AN

my(t)-3-ox(t)
6)

Pucynok 1.4 — Cny4alibie IpOoLECChl PA3IUYHON CTPYKTYPbI

UT0OBI YyYECTh CTATUCTUUYECKYIO CBSI3b MEXKIY PA3IMYHBIMU CEUCHMUSI-
MU CIIy4allHOT'O MPOILIECCa, UCTIONB3YIOT KOPPESIIIMOHHbIC (PYHKIINH.



Koppeasiunonnoit pyHKuen cirydaitHOro mnpomecca X (t) Ha3bIBa-
I0T HEeCIy4alHyr0 (DYHKIIUIO BYX apTyMEHTOB f7 U 2, KOTOpas ISl Kax-
JI0¥ mapbl MTPOU3BOJIBLHO BEIOPAHHBIX MOMEHTOB BPEMEHH paBHA

Ry(t1,1,)= M[)o((tl)- )o((tz)] -

= TOT[xI —mX(tl)]-[xz —mX(tz)]'wz(xptz"xz’tz)d’cldxz-

—Q00 —00

(1.24)

KoppensitiionHass GyHKIUsI CIy4allHOTO MPOIEcca, CTallMOHAPHOTIO B
Y3KOM CMBICJIE, HE 3aBUCUT OT Pa3HOCTH apryMEHTOB 2 U t 1. Koppensiu-
OHHass (YHKIUMA CIIy4alHOTO TMpoliecca, CTAIMOHAPHOTO B IIMPOKOM

CMBICJIC, 3aBUCHUT TOJIBKO OT OAHOI'O aprymMCeHTa 7= t2—171

RX(T)= Rx(t,t+1')= M|:X(t)X(t+z')j| —
(1.25)

=T Tl =m0 Leo =y (4 20 (x50

—00 —00

Ecmu OTPaHUYUTHCA PACCMOTPCHUCM IMPOHCCCOB C HYJICBBIM MaTCMa-
THYCCKHUM OXHIAAHUCM, CTALNMOHAPHBIX B HIMPOKOM CMBICJIC, TO MOKHO

YIOPOCTUTH BBIPAKEHUE JIJIs1 KOPPEISIIUOHHON (QyHKIIMU

RX(T)=M[)O((t)-)O((t+7)]=

+00 +00

=j le‘xz‘wz(xz,xz’f)‘ixzdxz-

—00 —00

(1.26)

JIJst 3proguyeckux MpOIECCOB KOPPETISLUUOHHYI0 (DYHKIHIO MOMXHO
ONPENEIINTh KaK CPETHEE IO BPEMEHH OT MPOU3BEICHUS

Ry (z)=[x()- x] [x(z +7)-x]=

= lim ﬁ : _ler[x(t)— x]-[x(z +7)- x)at,

(1.27)



rIie x(t) — mobast peanusanus ciydaitnoro nporecca X (¢). Eciu cpennee

110 BPEMEHU PaBHO HYJIIO, TO

X(z')— x(t) x(t+7)= lm:o— jx(t) x(t+ r)dt (1.28)

@u3nyecknii CMbICJ KOPPESIMOHHON (PYHKIIUU COCTOUT 8 OYEHKe
6EPOAMHOCIMU MO20, YMO CeYeHUs CAYYauHo20 Npoyecca 6 MOMEeHMbl
gpemenu ti u t2 omauuaiomcs HesnavumenvrHo. llpu t2 —t; BIUsHUE
X (t,) Ha X (tz) IOCTaTOYHO BEIUKO, U Ry (tl,tz) CTPEMUTCS K MaKCH-
mymy. IIo Mepe yBenuueHus pasHOCTH f2— ¢ BiusgHue X (t,) Ha X (tz)
ocnabeBaeT, 1 3HaueHue Ry (t,,tz) yMmeHnbiiaercd. Ilpu ¢2 —¢1 — +oo Be-
POSAATHOCTH TOrO, 4uro X (tl) MaJlo oTiuyaercsi or X (tz), IIPAKTUYECKU
paBHa HYJIIO.

OcHOBHBIE CBOICTBA KOPPEIAIMOHHBIX (YHKIIHH CJIeTYIOIINE.
1) KoppensiunonHass (GyHKIMS CUMMETPUYHA OTHOCUTEIBHO CBOMX

apryMEHTOB.
Jloxazamenvcmeo:
Ry(t;,1,)= M[X(tl)‘ X(tz)] = M[X(tz)‘ X(tl)] = Ry (t,.1;)

JInst cTaMoHApHBIX CIYyYalHBIX MPOIECCOB KOppEJSIMOHHAs (PYyHK-

1S €CTh YeTHast PyHKUUS 7.

ﬂoxas'ameﬂbcmeo:

RX(T)=M[)o((t)-)o((t+z')]=M[;((t—r)';((t)]=RX(—z').

2) 3HadyeHHE KOPPEIAIMOHHOW (PYHKIHUM CIyd4alHOro Ipoliecca Ipu
t; =1t2=1tpaBHO €0 JUCIIECPCUH.



Zlomwameﬂbcmeo:

Ry (t1,13)= Ry (6,6) = M| X* ()| = D (0).

HavanpHoe 3HAaueHHE KOPPENALMOHHOW (PYHKIUM CTAIMOHAPHOTO
CIIy4alHOr0 IIPoLEecca PAaBHO €ro JUCIIEPCUMN.

Hokazamenvcmeo:

RX(0)=M[)O((t)-)O((t)]=DX.

3) 3HaueHue KOPPEIAIMOHHON (YHKIHMHU MO MOJYJII0 HE MOXKET Ipe-
BBICUTh CPEAHETO FT€OMETPUYECKOTO AUCIIEPCHI TIPH £] U 12.

Jlokazamenvcmeo. Vicnonv3yem uzsecmuoe ocparuyenue Ojisi KOIQh-

Quyuenma Koppenrayuu Pxy 08X CIYYAUHLIX GETUYUH X U Y

) ‘cov(x,yx _ ‘M[(x—mx)-(y—my)] _ ‘M[x-y]—mx -my‘ <7

Pl =
Yoo, o, o, 0, c, 0,

Benuuuna cov(x,y) HA3bleAEMCA Koeapuauueii (KOppeﬂ}le}MOHHblM

MOMEHMOM) CAVYAUHLIX GeauduH X u y. /11 KopperayuornHou @yHKyuu
CAYUAUHO20 NPOYECCa MONCHO 3aNUCAMb

MDD

ox(t;) ox(t;) ) JDx(t;) Dx(t;)

Ry (t;,1,) <Dy (t,) Dy ().

<1,




Jlnst craimoHapHOro mpolecca 3HaueHUe KOPPEISIIUOHHON (DYHKIIUU

IIpU JIFOOOM 7 HE MOXKET MPEBBICUTH MO0 MOIYJIIO €TI0 TUCIICPCHH.

Hokazamenvcmeo:

Ry (r) <Dy (t)- Dx(t+7)< Dy = Rx(0).

4) Koppemsmuonnas ¢ynkius npouecca Z(r)= X(¢)+g(r) (tme
X (t) — CIIy4allHbIM MPOIIECC, g(t) — peryysipHas (QYHKIUS BPEMEHM)

onpeACIUTCA COOTHOILICHHUCM

R,(t;,t,)=Ry(¢,,1,). (1.29)

Jlokazamenscmeo:
2(r)= x(r)+ g(0),
2(r) =[x (e)+ g~ [m () + 5(e)] = X 2),
R, (t).1,)= M[é(tl ). (s, )} _ M[;}(t] ). X(, )} ZR(11,).

5) Koppensamuonnas ynxuus npouecca Z(¢)= X(¢)- g(¢) (rne X(¢) -
cyuaituiii nporece, g(t) — perynspras GyHKIMS BpeMeHH) OMpeeTHTCs

COOTHOILICHUEM

Rz(tl’t2)=Rx(tl’tz)'g(tl)'g(tz)‘ (1.30)

Jokazamenvcmeo:
z(t)=X(1)- g(e),
2(e)= X(1)- 2(0)-m (¢)- 2(6) =[X(0)- m ()] £()= X(0)- (c),



Ry (t1,)= M[z@l)- 2, )] _ M{[x(tz)- " )} - [x(tl)- o(t )}}
Yqumbleaﬂ CSOIZCWZ@CZ mamemamudecKkoco OOfCl/laaHu}l,

Rz(t,,t2)=M[Sf(tl)-&(tz)]-g(tl).g(t2)=Rx(tl,tz)-g(t,).g@z).

6) Koppemsimonnas GyHKIUsI CIy4ailHOrO MpoIecca, COAEPKaIlero
MOCTOSIHHYIO COCTAaBJISIONIYI0, TAKXKe OyJeT COAepKaTh MOCTOSHHYIO CO-
CTaBJIAIOIYIO.

Jloxkazamenvcmeo. I[lycmov nabarodaemvlti npoyecc npeocmasisiem

o001l NOCMOSHHBLI CUSHAIL x(t)= Ay (cm. pucynox 1.5 (a)). Toeoa

Ry (t,,t,)=M[x(z,)- x(t,)] = M[4, - 4,]= 4] .

7) KoppensdimonHast pyHKIUsI CIy4allHOTO MPOLIECcca, COAEPIKAIIETO
MEPUOJUYECKYIO0 COCTABIISIIONIYIO, TaKXe OYyIeT cojaep:kaThb Nepuoguye-
CKYIO COCTaBJISIFOLIYIO.

Jlokazamenvcmeo. I[lycmv nabnodaemsiii npoyecc npeocmasisem
co00U nepuooudecKull CUSHA x(t)= A, -sin(a)l t+ qo]) (cm. pucynox 1.5

(6)). Beedem obo3nauenua ti=t, t2 =t + Tu ucnoavzyem opmyny (1.28).

RX(r)— ltm — _[x(t) x(t+1')dt—

2 7T
= lim A— jsm(w, t+(01) sm(a)l tt+w;- 1'+(01)dt—
T—)OOZ -T
A2
= lim —— j[cos(a)l z')—cos(Z ;- t+wo;-T+2- (01)]dt

)



Ilpumem T pasnvim nepuody gyuxkyuu x(t), m.e T,=2-n/w,. To-
20a, UCNONBL3YSL NePUOOUUYHOCb NOObIHMESPANIbHbIX  (DYHKYUL, Nnpu
T — +oo unmeepan ¢ npeoenamu om —T 0o T modwcHo 3amenums cymmou
unmezpanos ¢ npederamu om (k—1)-T, 0o k-T,, 20e k =+1, £2... Vuu-

moleas makKyro 3aMery, MOMNCHO 3anucantob

1

X(r)-— {jcos(m, r)dt—jcos(z W, t+m, T+2- qo,)dt}

2 2
A cos(a)l 2') _[d A;
1 Ry

-t+w1-z'+2-gp1)dt=

A7 T A7
e

A
21 -cos(m; - 7).

-sin(Z-a)I-t+a)1-z'+2-qo1){;’ =

llonyuennasn koppeniyuonHas QyHKyus He COOepHCUm HUKAKUX CEe-
OeHull 0 pazosom cosuze.
Ecnu nabnrodaemulii cuenan onucvleaemces (oynkyue epemeHu, pasia-
k
eaemoltl 8 pso Dypve x(t)= Ay + Y A; -sin(a),- 1+ @; ) mo, UCNOJIb3ys pe-
i=1
3y1bmamsl, NOAYYEHHbIE 8 NPEObLOYUSUX NPUMEPAX, MONCHO 3ANUCAMDb

2

Ry(c)=A2+3
i=1

KoppensiuronHas QyHKIMS CTAIIMOHAPHOTO CIyYalHOTO IpoIiecca, He
COJIEpIKAIIETO MEPUOJUYECKON COCTABIAIONICH, MOXKET OBITh aIlMpPOKCHU-
MHPOBAHA BBIPAXKEHUEM BHUIA

Ry (z)=Dy -exp(-a-|z]), (1.31)

r7€ & — MapaMeTp 3aTyXaHUsl.



x(#) R,(7) S, (o

NS
S
S

x(¢) u N R, (2)l Dy x(w)
0

R,(r) Sy ()

S
S

0)

Pucynok 1.5 — Koppensuuonusle (QyHKIMH U CIEKTpaibHBIC
IJIOTHOCTU CIy4YalHBIX MPOLIECCOB PA3JIUYHON CTPYKTYPbI



KoppensiuirionHass (yHKIUS CTAIMOHAPHOTO CJIy4YailHOTO TMpoliecca,
COJZIEPXKAIIEr0 NEPUOJANUYECKYIO0 COCTABIISIONIYI0, MOXKET OBITh alIpPOKCH-
MHPOBAHA BBIPAXKCHUEM BHJIA

Ry (z)=Dy -exp(-a-|z|)- cos(8-7), (1.32)

rae B — pe3oHaHCHAs 4acTOTa CUCTEMBI.

Ha pucynke 1.5 (B) u () npuBEAEHBI IPUMEPHI CITyYalHBIX TPOLIECCOB
U UX KOPPEMSAUUOHHBIX QyHKIHI. O4eBUIHO, UTO C POCTOM 7 CBSI3b MEXY
CECUCHUSIMU CIIy4alHOTro mpoiiecca ociadeBaer. Koppensuronnas (yHk-
115, COOTBETCTBYIOIIAs MPOIEcCy ¢ 00ee TOHKOU CTPYKTYpoi (OOIbIITNM
3HaUYCHHEM «), yObIBaeT ObicTpee. Tak Kak il ClydaitHOro mpoiiecca THu-
na Oenoro myma XapakT€pHO OTCYTCTBHUE B3aMMOCBSI3M CEYEHHSIMU, €0
KOppemsioHHas (DyHKIHMS TpeacTaBisercss o-QyHKIUMEH, pacrloioKeH-
HOM B Hayvajie KoopAuHAT (CM. pucyHoK 1.5 (1))

Ry (z)=N-5(z), (1.33)

rae N — HeKoTopasi KOHCTAHTa.
Craructrueckas CBS3b IBYX CIy4alHBIX MPOLECCOB X (t) U G(t) xa-

pakTepu3yeTcs B3aMMHON KOPPeIAHOHHON (PYHKIMEH, KOTopas s
KaXJ10M mapbl MPOU3BOJILHO BHIOPAHHBIX MOMEHTOB BPEMEHHU paBHA

Ryg(t;,1,)= M|:)o((t1)- G(t, )} _

(1.34)
+00 +00
= [ [lx—mx(@)]-[g-mc(t,)] @, (x.1,5 8,1, Jaxdg.
J1J1s1 3proinyeckux Ciy4aHbIX MPOLIECCOB
1 T
Ry (7)= tim —— - [[x(¢)-x]- [g(t+7)- glat, (1.35)
Too2-T “f

rae x(r) u g(¢) — mo6wre peamusanmn mponeccor X (r) u G(z).

[{eHTpupOBaHHBIE CIyYalHbIE IPOLIECCHI CUUTAKOTCA KOPPEIUPOBAH-



HbIMU, €CITA X B3aWMHas KoppessiiuoHHas (yHKIUsS HE paBHa Hy’0. B
IIPOTUBHOM CJIy4a€ OHH CUUTAOTCS HEKOPPEAUPOBAHHBIMU.

B3aumHas koppensiiuoHHass (QyHKIUS HE SBJISETCS CUMMETPUYHOU
OTHOCHUTEJIBHO CBOMX APTYMEHTOB, OJTHAKO CIIPABEIIMBO COOTHOLIEHNE

RXG(tl,t2)=M[)o((tl)'(o?(tz)]=M[(O?(tz)-)o((t])]=RGX(t2,t1).(1.36)

Ecny B3auMHas KOppEIALMOHHAA QyHKIHMS IBYX CIIy4alHBIX ITPOLEC-
coB X (t) U G(t) 3aBUCHUT TOJIbKO OT Pa3HOCTH CBOMX apryMCHTOB, T. €.

Ryg(t;,t,)=Ryg(t; — ;)= Ry6(2), (1.37)

TO TAaKUE IPOLECCHl CYUTAOT CMAYUOHAPHO-CEA3AHHbIMU. JIJIs1 CTAalHO-
HAapHO-CBSA3aHHBIX CIIy4YalHBIX IIPOLIECCOB

Ry(7)=Rex (- 7). (1.38)

KoppensiiimonHass (QyHKIMsT CyMMBI JBYX CIyYallHBIX MPOIECCOB
VA (t) =X (t)+ G(t) BBIYHCIISIETCS TIO hopMyJie

Rz(tz ,t2)= Ry (tptz)"' RG(tI’t2)+ RXG(tl’t2)+ RGX(tI’tZ ) (1.39)

ﬂoxas'ameﬂbcmeo:

Ry (t,12)= M{X(1,)+G(r, )] [X(e,)+G(e,)]} =
=M[X(¢,)- X(t,)]+ M[G(z,)- G(z,)]+
+ M[X(¢,)-G(t,)]+ M[G(z,)- x(z,)] =

=Ry (t,,6,)+ R (t,,1,)+ Ry (t;,1,)+ Ry (2,,1,).

Koppemsauuonnas GyHKIHA IPOU3BEIEHH IBYX HEKOPPEINPOBaHHBIX
CIIyYalHBIX TPOLECCOB Z (t) =X (t) G(t) HaXOJUTCS IO COOTHOIICHUIO



Rz(tz,t2)=Rx(tz,tz)‘RG(tvtz)- (1.40)

Hokazamenvcmeo:

R, (t;,1;)=M{X(,)-G(,)]-[X(2,)- G(z,)]} =

= M[X(¢,)- X(z,)]- M[G(¢,)- G(t,)]= Ry (t,,1,)- R (.2, ).

[Ipn pemieHMH MPAKTUYECKUX 3a1a4 YACTO MOJIb3YKOTCS HOPMHUPOBAH-
HBIMU KOPPEIAIMOHHBIMHA (PYHKIIUSIMU

RX (T) RXG (T) (141)

, T)= )
D, pXG( ) m

KOppCHHHI/IOHHyIO q)YHKHI/IIO MOXHO HCIIOJIBb30BaATh I BBISABICHUA

Px (7) =

MOJIE3HOTO MEPUOANYECKOTO MOJE3HOr0 CUrHajla Ha (DOHE CIydailHOM mo-
Mexu. [l 3Toro ee onpenensioT Npu OOJIBIINX 3HAYEHUAX 7, KOT/1a BIIUS-
HUE CJIy4alHOTO CHUTHAaJIa CKa3bIBAaeTCs €J1a00 (CM. pUCYHOK 1.6, MyHKTHU-
pPOM MOKa3aHa KOPPEIALUOHHAS (PYyHKIIMS TOMEXH).

\ N\ / \ N /.
\VAAVAR IR VARV

Pucynok 1.6 — @unbTpanus MoJe3HOr0 NEPUOJIUYECKOTO CUTHAA C

UCIIOJIb30BAHUEM €TI0 KOPPEISIIUOHHONW PYHKIINU



1.3 CnekTpajibHble IVIOTHOCTH CJIYYaWHBIX NMPOIIECCOB

CnekTpajbHasi IUIOTHOCTh CTAllMOHAPHOIO CIIYYallHOTO Mpolecca
omnpeesieTcs Kak mpeoOpa3zoBaHue KOpPEIIIUOHHON GyHKIUMU 110 Dypbe

Sx(@)= [Rx(z)-exp(- j-@-7)dz =
e (1.42)

= J:j:RX(z-)-cos(w-r)dz'—j-ij:RX(r)-sin(w-z')dz'.

Tak xkak Ry (1') — YeTHasd, a sin(a)-z') — HedeTHass (QYHKIUS 7, TO B
(1.42) BTOpOW MHTErpan paBeH HYJIO. Y YUTHIBas, YTO cos(a) . z') — YEeTHAs

byHKIUA 7, TOJy4aeM

S (@)= 2- [ Ry (¢)- cos(w- o). (1.43)
0

Eciu cniekTpanpHas MIIOTHOCTh U3BECTHA, TO C IIOMOLIBIO OOPAaTHOIO
npeoOpaszoBanuss Oypbe MOKHO HAUTH COOTBETCTBYIOIIYIO €l KOPPEISLIN-
OHHYIO (PYHKIIHIO

Ry(r)=-". f[‘:sx(w)-exp(f-w-r)dm

27
1+oo
T

£ x(@)- cos(o- 7).

(1.44)

MO>XHO yCTaHOBUTH Ba)KHYIO 3aBUCUMOCTb CTATUCTUYECKHUMH XapakK-
TEPUCTHKAMU CIIy4alHOTro mpolecca

1 +00
Dy =Ry(0)==" [Sy(0)do. (1.45)
T 9
DuU3HYeCKUN CMBICJ CIEKTPAIBHOW IMJIOTHOCTU 3AKIIFOYAETCS B TOM,

4TO OHA Xapaxkmepuzyem pacnpeoeyeHue MOWHOCMU CAYYalHo20 npoyec-
ca no 4acmomHomy CHeKmp).



Hokazamenvcmeo. Eciu cuumamo x(t) peanusayuel Cay4auHvlx

Grykmyayuil HanpsajiceHus Ha nPo8ooHuKe ¢ conpomusienuem 1 Om, mo,
CO2NACHO Meopuu INeKmMpU4eckux KoaeOanull, cpeoHssi MOWHOCMb, Pac-

ceusaemas Ha Imom npogooruke 3a epemsa 2-T, pasna

I —— ?xz(t)dt
T 2T '

-T

Ecnu npuname 2-T — +0 u ucnonvzoeamo gopmynet (1.28) u (1.44)

npu T= 0, mo MOJCHO 3anucams

1

D
P. =R = . \dt = .
o = Rx(0) Th—’Z:oZ-T _fo (e 2.z

J:j: Sy (co)da)

Taxkum 0b6pazom, cpeoHssi MOWHOCIb CUSHALA MOdcem Oblmb Hatide-
Ha, KAk OECKOHEeYHAasi CyMMA dJeMeHmapHulx ciazaemvix S y (a))dco 6 oua-

nasoHe yacmom om —© 00 +o, Takum oopazom, Kaxcoas 31eMeHmMapHas

MowHoCmb O yacmomul @ 6ydem nponopyuonansia S x (@).

Ilpumep 1.1. Onpeoenenue cnekmpaivbHOU NIOMHOCMU CAYHAUHO20
npoyecca, KOppemiyuoHHas QYHKYUs KOmopo20 HAX0OUMCsi N0 COOMHO-

wenuro (1.31). Ucnonwvzya cpopmyny (1.42) u yuumeieas, umo \‘r\=z' npu

720 u |t|=-7 npu <0, sanuwem

Sy (w)= J_rj:DX cexp(-a-|7))-exp( j-w-7)dr =

=D, - iexp[(a—j-a))-r]dzwTexp[— (a+j-w)-r]d1'

_Z-DX'(Z

a’ + w?



Ilpumep 1.2. Onpedenenue cnekmpanvHoOU NIOMHOCMU CLYYAUHO20
npoyecca, KOpperayuoHHas QYHKYusi KoOmopo2o HAX00umcsi no COOMHO-
wenuio (1.32). Ucnonwvzysa popmyny (1.42) u npouzeoos 3ameny

c0S(:3 . T) = exp(— IF T); exp(j A T),

sanuuiem

Sy (@)= T)DX cexp(—a-|z))- cos(B-7)- exp(— j-w-7)d7 =

—00

Jexpl-a-le|- j-(@+ B)-thiz+
_Dx |= g

? +Texp[—a-\r\—j-(w—ﬂ)-r]dr

\

Oba unmezpana mocym Ovimv HAOeHbl MAK e, Kak u 8 npumepe 1.1,
nocne samenvt (@ + B) u (@ — B) na ®’u w”. Tozoa

OcHOBHBIC CBOMCTBA CIEKTPAJIBbHBIX IUIOTHOCTEH, OMNPEHECIAEMBIE
CBOMCTBAMH KOPPEJSIIMOHHBIX (QyHKIHM (cM. 1. 1.2), cneayromue.

1) CnekrpanbHas MJIOTHOCTh CIIYYallHOTO Mpolecca sIBISETCS Jei-
CTBUTEJILHON M YETHOM (DYHKIIMEN YaCTOTHI.

Jlokazamenvcmeo. I[loovinmezpanvroe evipadicenue 8 (1.43) coodep-
JHCUM NpouzseoeHue Yemuvix QyHKYull RX(T) u cos(a)-z'), nosmomy 0y-

oem cnpageodiu8o COOMHOULeHUe



sX(w)=szzex(r).cos(w.r)dn

=z.+£’°RX(_T).cos(_w.T)dT=sX(_w).

2) CnekTpanbHasi IUIOTHOCTh CIy4YalHOTO MPOIIECCa, COAECPKaIIETo

MIOCTOSIHHYIO COCTABJISIOINYI0, OYJIeT UMETh UMITYJIbC (S-DYyHKIHIO) TpH
4aCTOTE, PABHOU HYJIIO.

Jloxkazamenvcmeo. I[lycmov nabarodaemvlti npoyecc npeocmasisiem

co001l NOCMOSIHHBLI CUSHAT x(t)=A0 (cm. pucynok 1.5 (a)). Tozoa, uc-

NOTB3YA NOOXOO OM NPOMUEHO20, MONCHO 3ANUCAMY
Sx(@)=2-7-4; - 5(a),
Ry(D)=5 - (2743 -3()-explj- 0 b -
= A; -exp(j-w-r)wzo = A;

FpaqbuK CneKmpaﬂbHOﬁ niomHocmu nokasvleaem, uno e6CAa MOou-
HOCMb NOCMOAHHO20 CUcHAlA cocpeéomoqeﬂa npu H)UZ@GOZZ yacmome.

3) CoekTpanbHasi MUIOTHOCTh CIYy4YaWHOTO MPOIIECCA, COAECPKAIIETO
NEPUOINYECKYIO COCTABIISIONLYIO C YaCTOTON @1, OyAET UMETh UMITYJIbChI

(O~yHKITMHN) TIPH 9acTOTaX @ ;.

Jlokazamenvcmeo. [lycmov nabarodaemvllii npoyecc npeocmasisiem
o001 nepuoouYecKUull CueHaul x(t)= A, -sin(a)l 1+ gDI) (cm. pucynox 1.5

(0)). Tocoa, ucnonv3ys nooxo0 om NPOMUBHO20, MONCHO 3ANUCAMb

SX(co) 2-7- 0 [5(60 w1)+5(co+co1)]



(2')—— jZ 7T A” [6(0-o,)+8(0+,)] exp(j- 0 7)o =

2 © ®©
- +f5(w—w1)'exp(j-w-r)da)++I5(0)+wz)'exp(j‘0"7)dw -

A; 4;
== 70 ‘ [exp(j ;- 7)+exp(- j-o;- 2')] = 70 -cos(@; - 7).

I pagux cnekmpanvHol NAOMHOCMU NOKA3bIBAEM, UMO 6CS MOU-
HOCMb NePUOOULECK020 CUSHANA COCPe0OmOoYeHa npu 08yxX Yacmomax.
Ecnu nabnrooaemuviii cuenan onucvlieaemes ynkyueti spemenu, pasia-
k
eaemou 8 pso Dypve x(t)= Ay+ Y A; -sin(w,- 1+ @; ) mo e20 Chnek-
i=1
MpanvHas NIOMHOCMb Oyoem umemv U0 JTUHEUYAmMo20 Cnekmpa ¢ O
QYHKYUAMU, PACHONIOHNCEHHBIMU HA NOJIOHNCUMENbHBIX U OMPUYAMENbHBIX
yacmomax 2apmoHuk. Mcnonw3ys nonyuenHvie panee pe3yibmanbvl, MOiC-
HO 3anucams

Sy(@)=2-7z-34; - 5(m)+2

CHGKTpaJ'IBHaH IINIOTHOCTBH cnyqaﬁHoro Imponecca, HE COUCPKAIICTO
HCpPIOI[PI‘IGCKOfI COCTaBJ'ISIIOH_IGI‘/JI, MOKET OBITH HpI/I6J'II/I)K€HHO IpecacTaBlIC-
Ha BBIPAKCHHUCM

Sy (@)= : (1.46)
rae Tx — mOCTOsIHHAsE BPEMEHU. TaKOW CIEKTPAIbHOM IUIOTHOCTH COOT-

BETCTBYET KoppeisiiinonHas ¢yukuus (1.31).

Ilpumeuanue. Dopmyne (1.46) coomeemcmseyem CneKmpanbHasl

naomHocms, nojayuennasn 6 npumepe 1.1, eciu npunsamo a=1/Tx.



Ha pucynke 1.5 (B) u (I) mpuBeAEHBI IPUMEPHI CIIEKTPAIbHbBIX TJIOT-
HOCTEW U KOPPEJSIIMOHHBIX (DYHKIMI CIy4alHBIX MPOLIECCOB Pa3TUIHOMN
CTPYKTYphl. O4eBUAHO, UTO, YeM MIUpPE IpadUK CIEKTPaTbHOU MIIOTHOCTH,
TEeM YK€ rpauk COOTBETCTBYIOLIECH KOPPEISIIIUOHHON (PYHKIIMU. DTO CO-
OTBETCTBYET (HPU3MUECKON CYIIHOCTH Tpolecca (dyeM Oosee BBICOKHE 4Ya-
CTOTBI IPEACTABIICHBI B CIEKTPAJIBHOM MJIOTHOCTH, TEM BBIIIIE€ CTEIICHb €r0
n3MeHurMBOCTH). CrekTpalibHasi IJIOTHOCTh O€JIOro IIymMa CUYMUTAETCs IO-
CTOSIHHOM BO BCEM Juara3oHe 4acToT (CM. pucyHok 1.5 ()).

Jlokazamenvscmeo (om npomueHo2o):
Ry(r)=N-5(r),

SX(a))=TON-é'(r)-exp(—j-a)-z')dr: N-exp(—j-a)-z'){ﬁo =N.

[TOoCTOSHCTBO CHEKTPAIBHOM IIOTHOCTH OEJIOro IIyMa BO BCEM JHva-
MMa30He 4acToT (popMaIbHO O3HAYAET, YTO €Tr0 SHEPTHs paclpesesieHa 1o
BCEMY CIIEKTPY PaBHOMEPHO, a CyMMapHasi YHEPTHs IpoIiecca paBHa Oec-
KOHEYHOCTH. DTO YKa3bIBAET HA HEBO3MOMNCHOCHb (u3uyeckol peanusa-
yuu 6enoco wyma.

prneuauue. Ecnu CNeKmpajlbHyrO NJIONMHOCNIb CUcHAld MONCHO
CUUMAams NOCMOAHHOU 8 00CMAMOYHO WUPOKOM 4aCmOnHomM 0uana30He,
a epaHuysvl amoco ouanazoHa Haxoosamcs éHe noJjloCbl Yacmom nponycka-
HUs cucmemsl, mo u&eaﬂwauuﬂ Mmakoeo cucHaia 6 eude 0e1020 wyma
6N0OJIHEe L;eﬂecoo6pa3ﬂa.

B3aumMHasi cieKTpajibHas IVIOTHOCTD JIBYX CTallMOHAPHBIX CITydaii-
HBIX MPOLECCOB X (t) U G(t) OTpeAesieTCs Kak MpeoOpa3oBaHuE B3anM-

HOU KOppenauroHHON PpyHKIMU 1o Dypbe

SXG(j'w)= foRXG(T)-exp(—j-a)-z')dr. (1.47)



B oranune OT CHEKTpaJbHOM IUIOTHOCTH § X(a)) B3aMMHasl CIIEK-
TpaJIbHas TJIOTHOCTH .S XG( ]a)) JCHCTBUTEIILHOW W YETHOW (PyHKIHEH

YaCTOTHI HE SIBJISIETCS.

Ecnmun nponeccr X (t) 51 G(t) HEKOPPEJIUPOBAHHBIEC, @ UX CPEIHUE
3HAYEHMS PABHBI HYJIIO, TO UX B3aWMMHAs CIEKTPAIbHAS TJIOTHOCTh TaKkKe
paBHa HYJIHO.

Ha npaktuke 4acTto HCHONB3yIOT HOPMHUPOBAHHYK) CHEKTPAIBHYIO
IJIOTHOCTh, UMEIOIIYIO pa3MEpPHOCTh BPEMEHH, KOTOpasi ABJISIETCS MPeoo-
pa3oBaHUEM HOPMHUPOBAHHOUN KOPPENAIMOHHON (PyHKIMU 110 Dyphe

SX(“’) SXG(“’)
Bx = D, , Bxcl@ )——m- (1.48)

CnekTpaibHYyI0 MJIOTHOCTh MOKHO HCHOJB30BATHCA JJISI BBISBICHUS
MOJIC3HOTO MEPUOIMUECKOr0 CUrHaja Ha (oHe ciaydaitHoi momexu. Ilpu-
CYTCTBUE MEPUOANYECKON COCTABIISIIOLIEH 0OHAPYKUBAETCS MO BCIJIECKAM
Ha rpaduKe CIeKTPaTbHOU MNIOTHOCTH (CM. pUCYHOK 1.7).

Sy (@)

- 0 0

Pucynok 1.7 — ®@unpTpanus moje3HOro NepuOgUYECKOTO CHTHANIA C
IIOMOILBIO €T0 CIEKTPAIBbHOU IIIOTHOCTH

1.4  JkcnepuMeHTaJbHOE  ONpeAeJeHHMe  CTATHCTHYECKHX
XapPaKTePUCTHK

9KCHepI/IMeHTaHBHbI€ MCTOJAbI ONPCACIICHUS CTATUCTHUYCCKHUX XapaK-
TCPUCTUK OCHOBAHbLI HA TOM, YTO IIPHU AOCTATOYHO OOJIBIIIOM YHCJIE UCIIBI-

TaHUHU BCPOATHOCTD COOBLITHS MO’KHO 3aMEHUTL €r0 OTHOCHUTEJILHOU 4Ya-



CTOTOM, @ MATEMATUYECKOE OKUJIAHUE CIYYAMHBIX BEJIMUYUH — UX CPEIHUM
apupmernyeckuM. CTaTUCTUUECKUE XapaKTEPUCTUKH, TTOTYyUYEHHbBIC ITyTeM
00pabOTKH Pe3yNbTATOB TAKOI'O AKCIIEPUMEHTA, HA3BIBAIOT OUEHKAMU WC-
THUHHBIX CTATUCTUYECKHUX XapaKTEPUCTHUK.

Ha mpakTtuke 4ucio UCIbITAaHUM BCErJa OrpaHuydeHo. B Takux ycio-
BHUSX OTHOCHTEJIbHAs 4YacToTa M cpeaHee apudMETHUUYECKOE MOTYT CUH-
TaThCS CIy4YaHBIMM BEJIMYMHAMHU, MMOITOMY OLIEHKH CTAaTUCTUYECKHX Xa-
PAKTEPUCTHUK OMPECIISIIOTCS ¢ HEKOTOPOU OIIMOKOM.

N

[Tyctp £ — McKOMast CTaTHCTUYECKAs XapaKTePHUCTHKA, a & — ee OLeH-

ka. Toraa omubka B onpeaenenun & onpenenutcs, kak € =& —&. Tak kak

ATa OIIMOKA SIBJIIETCS CIy4alHOM, TO B KQU€CTBE MEPHI TOUHOCTH OMpPEe-
JICHUS CTaTUCTUYECKHUX XapaKTEPUCTUK MOXKHO IMPHUHATh MaTEeMaTHYECKOE

OXHNIAaHUC U NTHUCIICPCHUIO OIIIMOKH

Mlsl=m[é] -¢, ple]=D|E] (1.49)

Hpumeuauue. Hckomas xXapakmepucmuka §ﬂeﬂﬂemc;z H€u36€cmH0ﬁ,

HO He cAyYauHou, nosmomy M [f] =& u D[f] =0.

Ecnu maremaTnyeckoe OKHIaHUE OIIMOKUA & PABHO HYJO, TO OIIEHKY
& HaspIBalOT HecMeweHHOU. B TIPOTUBHOM Cllydae OHAa CUYHMTACTCS CMe-

U/eHHOU OIICHKOM.

[lycTh uMeeTCsi BEIOOpKA DKCIIEPUMEHTANIBHBIX JaHHBIX, MOTy4YeHHAas
nyTeM HaOJIOICHUS 3a CIy4ailHOM BEJIMYMHON X C MAaTEMATUUYECKUM OXKH-
JTaHueM m x U aucnepcuer D x. JlaHHbIE TIOTYyYEHbI B # HE3ABUCUMBIX UC-
IBITAHUSX, IPOBOAMMBIX B OJIUHAKOBBIX YCIIOBUSX.

Hcnonb3yss 4aCTOTHBIM ITOJAXOJ, aHAJOr (PYHKUUM pacrpeae/ieHUus
CIy4aliHOM BEJIMUYMHBI X MOKHO HaliTH o dhopMyJie

. £ 1
PO-5 L (1.50)

rjae ,u(f ) — YHCJIO DJICMEHTOB B BBIOOPKE, /TSI KOTOPHIX X i < &,



Ipumeuanue. J[isi X > X max 3nauenue F, (/,‘) pasno 1. Ecau n — oo,
mo F,(§) > F.(8).

AHJIOT IUVIOTHOCTH BEPOSITHOCTH CIIYYallHOM BEJIWYUHBI X MOMKET
OBITH HaifieH 10 popMmyie

i ¢) 1
wx(§)=n§;1 ~ (1.51)

rac 7](5 ) — YHCJIO 3JJICMCHTOB B BBI60pKC, HJIs1 KOTOPBIX BbITTIOJIHACTCS

A4 A4
ycinoBue & — 3 <x; <&+ 5 [IIupuny unTepBana A HaXOIAT, KaK

X - X,
A = Zmax min , 1.52
f (1.52)

rae k — 4uciio uHTEpBaloB (KBAaHTOB), HA KOTOpOE pa3duBaeTcs 00JacTh

3HAYEHUU X, OTIPEACIIIEMOE 10 OLIEHOUHOU popmyJie
k=1+3,2-1g(n). (1.53)

OueHkol MaTeMaTHYeCKOr0 OKMAAHUS CIIyYallHOW BEJIWMYHUHBI X
MOJKET CIY’KUTb CpeiHEee apu(PMETUUECKOE €€ peaTnu3alnid,

i 1
mx=—-Zx,.. (1.54)
n -

OmmnbKa OLEHKH M x paBHA

n
c )X, —m,. (1.55)
XapaKTepUCTUKU OIITUOKU

1 1 >z D
mg=M[;-§xi—mx}=0, D3=D[—-in—mx]= ~, (1.56)



MOKa3bIBAIOT, UTO Cpe/iHee apudMETUUECKOE peaiu3aluil X SBJISIETCS He-
CMEIICHHOM OILICHKOW €€ MAaTeMaTu4e€CKOro OXXWIaHWA, a JUCIIEPCHS
OIIMOKH ITOM OLIEHKH HEOIPAaHUYEHHO YOBIBACT C POCTOM H.

Ouenka AUCNEPCHUM MOXKET OBITh HailfieHa o dhopMyJie

S
Il
~
M=
—_
Nok
|
S
=
~
S

(1.57)

Ilpumeuanue. Ha npaxmuxe ons oyenku oucnepcuu 6vigaem y00OHO

ucnoJjibzoeamv COOmHouterHue

—-Zx,- —m | (1.58)

Ouenka ﬁx SIBJISICTCSI HECMEIIIEHHOW OIEHKOW TUCTIEPCUH TPH JII0O0M
pacupeieICHUH CIIy4YalHOW BEJIMYMHBI X.

CraTucruyeckue XapaKTePUCTHKH HEIProau4eCcKoOro CJay4aimHoro
npouecca X (t) MOTYT OBITh HaWJEHBI MO MHOXECTBY €ro peaau3aliui

X; (t), rae i =1, ..., n. IX 3Ha4eHUs1 ONPEACsaOTCS JJI1 MOMEHTOB BpeMe-

Hu tj,rnej=1,...,q.

Ilpumeuanue. Momenmoi 8pemenu tj yenecooopasHo 8blOUPAMb PAG-
Hoomcmoswumu. Ilepuoo HabarwOeHut yenecoooOpasHo evloupames us3

VCI08USL YO08NIeMEOPUMENbHO20 80CNPOU3BEOCHUST PeaTu3ayuil x,-(t) no

IKCnepumernmalbHblM mo4KamM.

OLIeHKH MaTEMAaTUYECKOTO OKUAAHUS, TUCTIEPCUN U KOPPEIALIUOHHON
GyHKIMHU ciiydyallHOTO Tporecca X (t) BBIYUCIISIFOTCA 110 (popMyJiam

”A'X(’j)= -éx,-(t,-), (1.59)

ﬁX(’j)=nfl'i[xi(’j)_’f'X(’j)]z’ (1.60)

i=1



Rt t)= " 3t )i, ) Lo )-rin ()} 161)

n—1 i=1
rncj, k=1,...,q.

Ilpumeuanue. Ha npaxmuke 011 oyenxku oucnepcuu u KOppeasiyuoH-

HOU (yHKYuu 6vieaem yOOOHO UCNONB30BAMb COOMHOULEHUS

Dyle)=-" [ Sy} e )2} (1.62)

n ;—j
ﬁx(tj,tk)= L-[i- ix,.(tj —n“cX(tj)-n“cX(tk)}. (1.63)

n-1

CrarucTuyecKkue XapaKTePUCTUKH 3ProauveckKoro CJjay4ailHoro
npouecca X (t) MOTYT OBITh HaWJICHBI 110 €r0 €IMHCTBEHHOUN pean3aiuu
x(t), Ha0II0/1aeMOM B T€YEHHUE JOCTATOYHO JIUTEIIHBHOTO MOJIOKUTEIHHO-
ro npomMexytka BpemeHu 7. I OUEHKH MaTeMaTUYE€CKOIrO OXKWJIaHUS
(cpenHero Mo BpEMEHU) U KOPPEISALMOHHON (PYHKIIMU MOKHO HCIOJIb30-
BaTh Gopmysl (1.19) u (1.28), mpeacTaBiaeHHbBIE B BUJIE

. 17
fily = £ x(¢)dt, (1.64)

Re(e)=-" T.Tﬁx(t)_mx].[x(ﬁr)_mx]dt. (1.65)

Ilpumeuanue. Ymenvwenue 6 (1.65) unmepsana T na eenruuumny T

00vsICHIEeMCS mem, 4mo 3HA4YeHUul X(t + T) U36eCmubl MOJIbKO 00 MOMEH-

ma epemenu t=T —7.

[IpomexxyTok BpeMeHH HaOmwojeHus T J0XKeH ObITh pa3OUT Ha n
paBHBIX UHTEPBATOB A= T/n TaK, uT00LI 3a 6pems A pynxyus x(t) usme-
HAnacy Hesnauyumenvro (cM. pucyHok 1.8). Uem OGombiiie T u yeM MEHbIIIE

A, TEM TOYHECC OLCHKA CTATUCTHYCCKUX XAPAKTCPUCTHK.



0 1T 1T 1T 1T 1T T 11 1T 1T 1T 1 1T 1T 1T 1 t
A i 4 >Lr,.=j-41

p T—z',-=(n—j)-A z',-=j-A)
< T=n-4A >
Pucynoxk 1.8 — Omnpenenenue KOPpeNSIIUOHHOW (DYHKIUU TIO

SKCIICPUMCHTAJIbHBIM JJaHHBIM

[TapameTtpam f 1 7 IPUIAIOTCS AUCKPETHBIE 3HAUECHUS

tl' =i‘A, i=1,2,...
(1.66)

z;=j-4, j=0,I,.

[Ipu caenaHHbIX HOMyHIeHUAX UHTErpansl B hopmynax (1.64) u (1.65)

MOTYT ObITh MPHUOJIMX)KEHHO 3aMEHEHBI CYMMaMHU

. 4 & 1
mX=;-Zx(t,-)=—-Zx(ti), (1.67)

kX(Tj)= iex(j;f‘) = T—A;"A ‘g[x(ti)_’f’xl‘ [x(ti+j)_’ﬁX]=

= L e ri ) [l +7,)- iy )

n—j i=1

(1.68)

Boeruucnenust no ¢popmysie (1.68) BHIMOIHSAIOTCS 10 TAKUX 3HAYCHUH J,

j) HAYMHACT COBEPIIATh HEOOJBIINE HEPEryJsIPHBIC

KoJIeOaHUsI OTHOCHUTEILHO HYJS. JlIs mosiydyeHus omuoOku He Oojee 2%

NP KOTOPBIX Ry (r

KEJATebHO, YTOOBI BHIMOJIHSIOCH ycioBue j<0,I-n.

Jucnepcuto D x M0oxHO o1ieHUTH 1o (1.68) npu 7= 0.



BOITPOCHI JJIs1 CAMOKOHTPOJIA

1. Yrto cuurtaercs ciiydallHbIM IporeccoM? UTo Ha3bIBaeTCs peau-
3allM€N U CEYEHUEM CIIy4alHOro mnporecca?

2. Kakue ciyyaiiHbI€ MPOILECCHl CUUTAIOTCA MApKOBCKUMU, 3PTOJIU-
YECKMMHU, CTAIIMOHAPHBIMU, LICHTPUPOBAHHBIMU 7

3. Urto moka3bIBaloT PYHKIMS pacnpeaeieHUs U MIIOTHOCTh BEPOST-
HocTu? Kakue 0CHOBHBIE BUJIBI PACIIPEICICHUN CYIIECTBYIOT?

4. Yrto XapakTepusyeT CpPEHEE MO MHOMXECTBY, CPEIHEE MO BpeMe-
HU, JUCIEPCUS U CPEIHEKBAIPATUYECKOE OTKIOHECHHUE CIIyYallHOrO Ipo-
necca?

5. Uro xapakrepusyeT KoppeiasiuoHHas GyHKIUS CIy4aHOTro Mpo-
necca? KakoB ee ¢usuueckuit cmbica? KakoBbl CBOMCTBA KOPPEISIIUOH-
HBIX QYHKITUNA?

6. Uto xapakTepusyeT B3auMHas KOppeasuMOHHash (YHKIHUS JBYX
ciydalHbIX mporeccoB? KakoBbl CBONMCTBAa B3aWMHBIX KOPPEISIIMOHHBIX
byukiuii? Kakue ciygaliHple MPOIECChl CUUTAIOTCS KOPPETUPOBAHHBIMU,
HEKOPPEIUPOBAHHBIMU, CTALIMOHAPHO-CBI3aAHHBIMH ?

7. Kak MOXHO HCMOJIb30BaTh KOPPEISIITUOHHYIO (QYHKIUIO s
(bunIpTpanuu MOJE3HOro cUrHana’?

8. Uto xapakTepus3yeT CHEKTpajdbHasl IUIOTHOCThH CIy4allHOTO MpPO-
necca? KakoB ee gusnueckuit cmpici? KakoBbl CBONCTBA CHEKTPATBbHBIX
IJIOTHOCTEMN ?

9. UYro xapakTepu3yeT B3aWMHas CIEKTpajibHasg MJIOTHOCTh JBYX
CIIy4alHBIX IMPOLECCOB?

10. Kak MOXHO HCIOJIb30BaTh CIEKTPAIbHYIO TJIOTHOCTh JJIs1 (PUIIh-
TpalUu MOJE3HOrO0 CUTHAJIA?

11. Kakoii ciydaitHelil miporiecc Ha3bIBaeTcst 0eabiM 1rymomM? KakoBbl
€ro OCHOBHBIE CBOMCTBA?

12. Kak ompenenuTh CTaTUCTUYECKUE XAPAKTEPUCTUKHU CIyYalHOTO
Mpolecca SKCIEPUMEHTAIbHO?



3AJAYA JJIAA CAMOCTOATEJBHOI'O PEHIEHUA

1.1. I cTaiimoHapHOTrO Ciay4alHOro mnpormecca X (t), HMMEIOIIETO MO-

CTOSIHHYIO CIIEKTPaNbHYIO IIIOTHOCTH Sy (@)= N B qmanasoue gactor ot

—@1 10 +@ ONPEeACIUTh MaTeMaTUUYECKOE OKHUIaHUE, TUCIICPCHUIO U KOP-
PEISIMOHHYIO (PYHKIIHIO.

1.2. KoppensiinonHasi GyHKIUsI CTAIIMOHAPHOTO CIIy4ailHOTO IpoIiec-
ca X (t), MMEIOIIET0 MaTEMaTUYECKOE OKUAAHUE M y = 5, paBHA

R (2')= Dy - exp(— a- \r\)+ m3 =100- exp(— 5- \r\)+ 25.
OnpenenuTs CIEKTPAIBHYIO INIOTHOCTB 3TOT0 IIPOLEcca.

1.3. KoppenstinonHasi GyHKIUs CTAIIMOHAPHOTO CIIYy4ailHOTO IpoIiec-
ca X (t), MMEIOIIET0 MaTEMaTHYECKOE OKUAAHUE M y = 5, paBHA

Ry(2)= Dy -expl-a-[t]) {(p )+ % sinlp 1)}.

OHpCI[@J'II/ITB CIICKTPAJIbHYIO INIOTHOCTBb 3TOI'O IIpouecca.

1.4. KoppensuronHas QyHKIMS ciaydaitHOro npoiecca X (t) SIBJISCTCS

KYCOYHO-HEINPEPHIBHOMN

FDX ( —@J 7] <T,
RX(T)=‘ r

OnpenennuTs CIEKTPAIbHYIO IINIOTHOCTH 3TOrO MPOLECCa.

1.5. Koppemsiiimonnast pyHKIus ciiydaiiHOro mpoiecca X (t) paBHa
Ry (T)= D, - exp(— a’- 1'2). OnpenenuTs CHOEKTPATBHYHK) TIIJIOTHOCTB

9TOr0 mmponuecca.



2 AHAJIN3 CUCTEM IIPU CJOIYYAMWHBIX BO3JIEMCTBUSIX

2.1 IIpeoOpazoBaHue BXOAHBIX CJAYYANWHBIX CUTHAJIOB JIMHEHMHOU

CHUCTEMOM

[IycTte MmeeTcsa OJHOMEpHas JIMHEWHAash CUCTEMA, HAa BXOJ KOTOPOHU
IOCTYIAET CIYYaWHBIM MPOIECC G(t), MMEIOIIMKA MAaTEMaTUYE€CKOE OKH-

JaHUE mG(t) U KOPPEJSIIUOHHYIO (DYHKITUIO RG(tl,tZ). Cucrema npeo0O-

pasyeT ero B BBIXOJHOI ciyuaifnbiil mpouece X(¢), cratncruueckue xa-
PaKTEPUCTUKHU KOTOPOro TpedyroT onpenenenus. COBOKYIHOCTL Ipeodpa-
30BaHuUi, KOTOpbIE HEOOXOIMMO BBINONHUTE Hajl peanusanueil G(t), 4ro-

OBl TMOJYYUTh peanm3anuio X (t), ONPENCISIET Oonepamop Cucmemvl

Q(’){ } (BEpXHUI MHJIEKC YKa3bIBA€T HA apryMEHT, IO KOTOPOMY IpUMeE-

Hsiercss omneparop). [IpeoOpazoBaHre BXOAHOrO CIIy4allHOTO mpolecca ¢
MOMOIIIbIO TAKOTO ONEpaTOpa MOKHO ONPEACIIUTD, KaK

x(1)=296()). (2.1)

MartemaTuuyeckoe OXHNOaHUC cnyqaﬁHoro mponecca X(t) HaXO0JIUTCA

C YUYETOM NEPEMECTUTEIBLHOCTHU JIMHENHBIX OnlepaTtopoB M u .(2(’), Kak pe-
3yJbTaT IpeoOpa3oBaHus

m (1) = M[2O{G()] = 29 fmg (o)) 22)

Koppensuuonnas yHkius ciaydaiHoro mporecca X (t) HAaXOJIUTCS

TAK¥KE C YUETOM NEPEMECTUTEIBLHOCTH OIIepaTtopoB M u .Q(’), KaK pe3yJib-
TaT ABOMHOTO MPe0oOpa3oBaHuUs

Ry(t),1,)= M[)O((t,)- )o((tz )} = M[.Q(”){(o;(t, )} : g(’z){(o;(tz )H =

(2.3)
=a<~>a<tz>{M[c(t,)-G<t2)}}=a(’ﬂa(fﬂ{k(;(n,tz)}.



Ilpumeuanue. Ilopsoox evinonnenus npeobpazosaruil 8 (2.3) He ume-

em 3HAYEeHUA.

Ilpumep 2.1. Onpedenenue mamemamuyecko2o 0A*CUOAHUS U KOppe-
JIAYUOHHOU (DYHKYUU CAYHAUHO20 NPOYECcd HA BblX00e CYMMUPYIOULe2o
36ena. bByoem cuumams, umo Ha 6Xx00 MAKO20 386€HA NOCHYNAIOM R CJy-

YAUHBLIX NPOYECCO8 Gl-(t), uMenwux mamemamuieckue O0ACUOAHUS
mGi(t) U KoppeniyuouHvle @OYHKYUU RGiGj(tI,tZ), eoe i, j=1,..,n

Kaowcoou  onepayuu  npeobpazosanus coomeemcmeyem onepamop

!2,(’){ }=I{ }. Tocoa nocre cymmuposanus

nx)=£ i 0)= £ 0.
Ry(t;,1,)= ZZ I{]{RGG (tzatz)}} ZRGG (t1,22)

i=1j=1 i=1j=1

(2.4)

B uacmuom crydae, K020a 6X0OHbLE CUSHAIbL ABIAIOMCS HeKoppeaupo-
6AHHbIMU CﬂyqainblMM npouyeccamu,

Ry(t),1,)= iRG,- (t1,1,). (2.5)

Ilpumep 2.2. Onpedenenue mamemamuiecko2o OHXCUOAHUS U KOppe-
JIAYUOHHOU (DYHKYUU CYHAUHO20 NPOYecca Ha 6blx00e YCUIUMENbHO20
36eHa. Takoe  36eHO  8blNONHAem — onepayurd  npeodOpPaA306aHUs
X (t)= c(t)- G(t) (20e c(t) — HecnyuauHas QyHKYUs), KOmopou coomeem-

cmeyem onepamop Q(t){ }= c(t)°{ } Toeoa

my (£) = c(t)- m(2),

(2.6)
Rx(tz’tz) = C(tl)' c(’z)' RG(tI’tZ)‘



Ilpumep 2.3. Onpedenenue mamemamuyecko2o 0*CUOAHUS U Koppe-

JIAYUOHHOU DYHKYUU CAYYAUHO20 Npoyecca Ha evixooe oughpeperyupyio-

d
we2o 36ena. /s maxkozo 36eHa onepamop [2(’){ }= E{ } Tozoa

()= me(0),

d 2
dt dt,

2.7)
RG(t,,1,)

Rx(tptz):
[ X M J

Ilpumep 2.4. Onpedenenue mamemamuiecko2o OHCUOAHUSL U KOoppe-
JIAAYUOHHOU DYHKYUU CAYHAUHO20 NPOYECcd HA 8bIX00e UHMeZPUPYyule2o

t
36eHa. [ maxkoeo 36ena onepamop Q(t){ }= I { }d/'t. Tozoa

ty

my ()= [mg(A)dA,
JZ (2.8)
Rx(t;.12)= | [ Re(A, p)dAdp.

Lty

2.2 CraTtucTHYeCKHE XAPAKTEPUCTUKH CJIYYAHHBIX NMPOLECCOB HA
BbIXO/I€¢ JIMHEIHOW CHCTEeMbI BO BpEMEHHOM 00J1aCTH

[lycts nMeeTcs ycTOMUMBas CTAMOHAPHAA JTMHEHHAS cUCTeMA, s
KOTOPOM M3BECTHA MMIYJIbCHAS MEPEXOJHAs XapaKTEPUCTUKA (MM 8eCo-
8asl PYHKYUSL) k(t) (cM. pucyHok 2.1). OyHKIUA k(t) J0JDKHA Y0BJIETBO-

pATH yciosuro qbu3uquK0L7 peaiusyemocnu Cucniemosl
k(t)=0, ecmu t <0, (2.9)

VYcnopue (2.9) onpenenser, 4To peakiius CUCTEMbl HE MOXKET HAaCTY-
IIATH PAaHBIIIC MOMEHTA MTOCTYIJICHHS BXOJHOTO CHTHAJIA



Ha Bxozx cucteMbl IOJAaeTCs CIIyYalHbIM MPOLECC G(t) C MaTreMaru-
YECKUM 0KMIaHUEM mG(t) U KOppesiUoHHON pyHKIMe R (t 1:’2)- On

npeoOpa3yeTcst B BBIXOJHOM ciydaliHbIN nporece X (t) (cM. pucyHok 2.1),

JIJI1 KOTOPOTO TPpeOYETCs ONPEACIUTh CTATUCTUUECCKUE XapaKTEPHUCTUKH.

G(r) X(2)

mg(t), Rg(t;.t,) my (), Rx(tz’tz)'

k()

Pucynok 2.1 — Jlumeiinas cuctema ¢ BecoBoit dymxumeii k(z),

HaxogA1masiacAa 1104 BIIUAHUCM cnyqaﬁﬂor (6] BO3I[CI>10TBH$I

CBa3b MCIKAY pCain3alilusiAMU cnyqai/’leIX poucCcCoOB Ha BXOJC U BbI-
X0A€ CUCTCMbI YCTAHABJINBACTCA HAa OCHOBAHHUHN (bOpMy.]'IBI CBCPTKHU

X(r)= jk(t — 1) Guhu = t_f;c(ﬂ)- Glt - A)ia, (2.10)

rne T A =t — j — He3aBUCHUMBIE mapaMeTphl nHTerpupoBanms. Gopmyma
y

(2.10) ompenensieT onepaTop CUCTEMBI o { }= _[ k(ﬂ,) { YA Vicnons-

3ys npasuia (2.2) u (2.3), MOXKHO 3amucaTth

mx(t)="f”k(z)-m0(t-m,

1=ttty

Ry (;,1;)= I Ik(’i) k(u) R (1, = 2,1, — p)dAdp, (2.11)

DyO=""[2) () Role- 2. i

Ecmn G(t) — CTAllMOHAPHBIN CIIYYaWHBIM MPOLECC, TO Ml G = COnSt, a

R G 3aBUT TOJIBKO OT PAa3HOCTH apTYMEHTOB f2 —¢ 1 = 7. Torna



my(t)=my - t_{t(;c(ﬂyﬂ,

1—tp T2

Ry(e,ty)= [ [k(2)-k(p) Ro(t, =1, + A - p)dddp,  (2.12)
0 0

D)= | !){}f(l)-k(ﬂ)-Rc(ﬂ-ﬂ)dMu-

dopmyisl (2.12) moka3bpIBalOT, YTO cayuatisii npoyecc X (t) Ha 6bl-
xXo00e yCcmou4uou CmayuoHApHoOU JTUHEUHOU CUCMeMbl 8 NePexOOHOM pe-
arcume Oyoem HeCmayuoHAPHbIM, 0axce eciu CEOUCMBAMU CMAYUOHAPHO-
cmu obnadaem 6xo0notl cayuaiinwiii npoyecc G(t)

B ycraHOBUBLIEMCS peXUME IIPU 9 — —00 (f — +00)

my =mg -Tk(ﬂ)dﬂ = const,
0

Re(e)= [ Th(2)-k(u)-Role + 4 whidau, .13)
D, = +j:) +ij(ﬂ,)- k(u)- Re (A — p)dAdu = const.

@opmyiibl (2.13) moka3bIBAIOT, YTO cayuatinsii npoyecc X (t) Ha 6bl-
xXo00e yCmou4ugot CmayuoOHaApHoU JTUHEUHOU CUCMeMbl 8 YCIAHOBUBULEMCS]
pedrcume 6yoem CmayuoHapHuIM, eCliu C8OUCMEAMU CIMAYUOHAPHOCMU 00-
nadaem 6Xx00HOU CIYUAUHBIU NPOYecc G(t).

Ecnu cucrema siBnsieTcsi HECTAIIMOHAPHOM, TO €€ BecoBas (PyHKIUA
OyJZleT 3aBUCETh HE TOJIBKO OT BPEMEHU HAOIIOACHUS f, HO U OT BPEMEHU
MOCTYIUICHHS] €IMHUYHOTO UMITyJIbca Ha BXOJ cucTeMbl A. YcioBue pusn-

YECKOM PeagIn3yeMOCTH CUCTEMBI IPUMET BU/T
k(t,A)=0, ecnu t < A. (2.14)

CBsi3p MKy peau3allusiMy CIIy4alHBIX MPOIECCOB HA BXOJIE€ U BBI-
X0JIE€ CUCTEMBI OIPEICIISIET COOTHOIIIEHUE, aHajoruyHoe (2.10),



X(t)= fk(t,,z)- G(AMA. (2.15)

B 3TOM City4yae omneparop CUCTEMBI ol ){ }= ik(t,/?,)-{ YdA . Ha ocuosa-
)

HuU npasud (2.2) u (2.3)

mX(t)=t}k(t,z).mG(zm,

Ry(t.1,)=| [K(t;,2)- k(t,, 1) Rg (R, u)dAdp, (2.16)

Lyty

Dy ()= [ [K(t,.2)- Kty 10)- Ro (o m)ird

Lyty

Ecnu B (2.16) npuHsTh #9 ——00, TO MOXXHO MOJIYYUTh COOTBETCTBY-
omue GOpMyNIBI IS ONMPEACICHUS CTAaTUCTUYECKUX XapaKTEPHCTHK B
YCTaHOBUBIIEMCS PEKUME (€CJIM OH CYIIECTBYET).

®opmyisl (2.16) OKa3bIBAIOT, YTO cayuatinsii npoyecc X (t) HA 8bl-
X00e HeCmAayUuoOHApHOU JUHEUHOU cucmembl 8ce2oa Oyoem HecmayuoHap-
HbIM, HE3ABUCUMO OM XAPAKMepa 6X00H020 CIY4atiHO20 npoyecca G(t).

Ha ocHOBaHHM BBIIICH3IIOKEHHOIO MOYKHO CHAEJIaTh BBIBOJ, YTO HeE-
CTallMOHAPHOCTH MPOIECCa Ha BBIXOJI€ JIMHEHHONW CUCTEMBI OMPEACIseTCs
KaK MUHUMYM OJTHOW U3 TPEX MPUYHH:

® HECTAIMOHAPHOCTh BXOJHOTO CIy4allHOIo mMpoliecca; Toraa Jyis
CTAllUOHAPHOU CUCTEMBbI B YCTAaHOBUBIIIEMCS PEXKUME

Ry(t112)= 1‘” *fka)-k(p)-zec(t, — Aoty — p)dAdp;

® HECTallMOHAPHOCTH PEeKUMa PabOThI; TOr1a ISl CTAllMOHAPHOM CH-
CTEMBI U CTAIIMOHAPHOTO BXOJIHOT'O CIIy4YaiHOTO TpoIlecca

11—t 21

RX<t1,t2)=’£ ;}(z)-k(u)-ze6<t2-t,+z.-ﬂ)mﬂ,.



® HECTAIMOHAPHOCTH CUCTEMBI; TOT/IA
1t
Ry(tr,1,)= [ [k(e;,2) ke, 1) RG(A, p)dAdp.
tpty

Ilpumep 2.5. Onpeoenenue cmamucmuyeckux Xapakxmepucmuk ciy-
yauHo20 nNpoyecca Ha B8bIX00e CUcmeMvl C 8eco80U  PyHKyuell
k(t)= exp(— t), Ha 8X00 KOMOPOU NOCmynaem yeHmpupo8aHHulil C1y4ai-

HbllL npoyecc ¢ eOUHUYHOU Oucnepcuel U KOPPersuuoHHOU @yHKyueu
Rg(7)=exp(- ]).

s onpedenenus KopperayuoHHOU QYHKYUU 8bIXOOHO20 CAYYAUHO20
npoyecca 8 yCmaHo8UBUEMCSL pedcume 80Cnob3yemcs gopmynamu (2.13)

+00 +

Ry (7)= £ :exp(— 1) exp(— p)- exp(~|z + A — pJdAdyp.

Hucnepcus 6b1x00H020 CyualiHoeo npoyecca 8 nepexoOHOM pedicume
Haxooumcs no gopmynam (2.12). Ilpumem to = 0. Tozcoa

Dy (t) = _Eiexp(— /1)- exp(— y)- exp(— A - ,U‘)d/ld,u =
= i exp(— 1)- B exp(— p)- expl—|A - y\)dy}dﬂ.

Ilpu pacueme enympenne20 unmezpana yumem

( M D exp(,u—/l), H<A,
exp\—|A— )=
T epa-p) w2 a

Tocoa

fexp(- u)-expl- .- -



= iexp(— p)-exp(p—A)dp + iexp(— p)-exp(A— p)du =
=exp(— 1) idy +exp(A)- /IZexp(— 2. p)dy =

= 2eexpl- 1)~ L exp()-[expl-2-0)-expl-2- 2)]-

= A-expl(- ﬂ)—%-exp(}t -2 t)+§-exp(— ).

Iloocmasum HailOennoe 3HaueHue 8HympeHHe20 UHMe2paid 6 6blpd-
JiceHue 0 onpeoesieHus OUcnepcuu

Dy (¢)= iexp(— A)- I:Z cexp(=1)- % cexp(A—2-1)+ g -exp(- ﬂ)}dﬂ =.

1 1
_E_E-exp —Z-t)—t-exp(—Z-t).

B yemanosuswemcs pescume npu t — +oo, D x = 1/2.

Ecnm Ha cucremy momaeTcss HECKOJIBKO CIyYalHBIX MPOIECCOB, TO Xa-
PaKTEPUCTUKH BBIXOJHOTO IIPOIlecca MOTYT OBITh OINMPEACICHBI MO MPHH-
IIUITY CYTIEPIIO3UIIUM C UCTIOIb30BaHueM dopmyi (2.4) u (2.5).

) t
@), 1,(6) LY X0
) NOWN®

@), By @) | )

Pucynok 2.2 — Cucrema, Haxomsmiascs IOJ BJIUSHUEM JBYX

CIIy4YalHBIX BO3/ICUCTBUM



Ilpumep 2.6. Onpedenenue KOpperiyuoHHOU @OYHKYUU CAVYAUHO2O
npoyecca X (t) Ha 8bIX00€ CMAYUOHAPHOU NUHEUHOU CUCmeEMbl, HA 6X00

KOMOpoUu nooaiomcst 08a YeHMPUPOBAHHBIX CMAYUOHAPHBIX CAYYAUHBLX
npoyecca G(t) ufF (t) (cm. pucyrok 2.2) ¢ KOppensyuoHHbIMU PYHKYUAMU

R, (T) u R, (1') Peaxyuro cucmemul no kasccoomy 6xoody onpeoensiom Ge-

cosvle pynxyuu kg (t) u kg (t)

Koppenayuonnas ¢yukyus cnyuaunozo npoyecca X (t) 8 yCmaHo-

BUBLULEMCSL pedicume Modicem Obimb Halloena no gopmynam (2.4) u (2.13)
+00 +00
Ry(z)= [ [kG(A) k() R (z+A— p)dAdu+
0 0

+ | Jhe(A)-kp(p) Rep(z+ A - pldAdp+
0 0

+00 +00

+ | khp(2) k() Rpg(z+ A - pldAdu+
0 0
+00 +00
+ [ [kp(A) -kp(u) Rp(c+A— p)dAdp.
0 0
Ecnu 6XO0Hbl€ npoyeccosl cmamucmuveckKu He3asucumsl, mo

RX(T)= +£’°+ka(/1)- kG(,u)- RG(T+A — p)dMy+
+ f f k(1) kp() Rp(z+A—p)dAdp.

2.3 CratucTu4ecKre XapaKTePUCTHUKHU CJIYyYalHbIX MPOIECCOB HA
BBIXO/I€ JIUHEHHOM CHCTEMbBI B YaCTOTHOM 00/1aCTH

ITycts mMeeTcss ycTonunBasi CTAallMOHAPHAS JIMHEWHAs CUCTEMa, IJIA
KOTOpPOM M3BECTHA mepeAaTouHass (yHKIU W(s) KOMILUIEKCHOU Mepe-



MeHHOM § (cM. pucyHOK 2.3). Ha BXoa cHCTeMbl MOJACTCS CIIy4YalHbIN

poIece G(t) CO CHEKTPAIBHOM IIOTHOCTHIO SG(a)). On npeobpasyercs

B BBIXOJIHOM CIIy4aWHBIN mpouecc X (t), TUIS KOTOPOT'O TpeOyeTCs ompe/ie-

JIUTh CTATUCTUYCCKHUC XaPAKTCPUCTHUKH.

G(r)

X(7)

o). So@) YT )

Pucynok 2.3 — JIuHeiiHas cucTeMa ¢ nepeIaTouHoi QpyHKIuei W(s),

HAaXOAIIASCS MO BIUSHUEM CIIY4aluHOTO BO3JCHCTBUSA

B nomo0HBIX yCIOBUSAX BBIXOJHOW CIIy4allHBIN Tporiecc Oynet oOna-

JaTh CBOMCTBAMH CTAallMOHAPHOCTU. Hanbonpimmii mpakTUYeCKUi HHTEPEC

NpeACTaBIACT OIIPCACIICHUC CI'O CTATUCTHYCCKUX XAPAKTCPUCTHK 6 ycma-

HOBUBWEMCA peatrcume.

MaremaTnueckoe OXMNJaHUC X(t) B YCTAHOBHUBLICMCA PCKHME MO-

KeT OBITh HaIeHO MO GopmyJie

my (£) = +j:k(/’£)-m(;(t—ﬂ)dﬂ.

Paznoxum mG(t —ﬂ.) B psx Teitnopa

o mOE)
mole=2)= 5 (1) 40

Torna

mg

me@)= K2)- T 1"
-

'),(’) (-1)- +j°° k(1)- A'dA.

i=0

€. 41—

2.17)

(2.18)

(2.19)



BecoBas u nepegaTouHas PyHKIIMU CUCTEMBI CBSI3aHbI COOTHOIIIEHUEM
+00
w(s)= | k(1) exp(— s - A MA. (2.20)
0
Huddepenuupys (2.20) mo s Hy>KHOE YUCIIO0 pa3, ONPeacTIuM
a +o0
— W(s)= - _[k(/l)- A-exp(—s-AYA,

N 2 w(s)= I k() 47 - expl-s - AYiA, (2.21)

wO(s)= (- 1) ffk(z)./v cexp(— 5 AW,

[Ipunumas B (2.21) s = 0, noayuum
wO0)= (1) - [k(2)- AdA. (2.22)
0

[ToncraBus (2.22) B (2.19), Haitnem

ro i) i
my (f)= z (t) w0 (0)= ) ‘;,(t)-;iw(s)( . (2.23)

Ilpumeuanue. ©opmynoii (2.23) M0oIAHCHO NOIL3086AMBCA KAK OJIsL CMA-

UUOHAPHOCO, MAK U 0t HecmayuoHapHo2co 8X00H020 Cﬂy’{aleOZO npoyec-

ca. Heobxooumo, umobwl ¢hynxyus mG(t—ﬂ.) packnaowsieanacs 6 pso Teti-

JI0pa, CXO0AWUNCA NpU 8CeX 3HAYEHUAX apeyMeHmd, a nepeoamoyHas

QyHKYUA W(s) oughgepenyuposanace mpedyemoe wucio pas.

dopmyia (2.23) onpeaenser CIEAYOMMI ONepaTop CUCTEMBI



{} > Wl.,(o) Zl,{}. (2.24)

CrieKTpasibHasi WIOTHOCTh CiyyaiiHoro npouecca X(z) MoxeT GbITh

OTpeJie/ieHa MO €r0 KOPPEMSIUOHHON (PYHKIIMHM C UCTOJIb30BaHUEeM (op-
Myl (1.42). YuurtsiBas (2.13), MOXHO 3anucarhb

(@)= [Ry(2)-expl= j-@- )z =

—Q0

+00 400 +00

= [ [KQ) ku) Ro(e+ 2~ p)-expl= - - 2)iAdpdz =

—0 0

00 +00 +00

=TT T ) k) R+ 2- -l -0+ 2- )]
xexp(j-w-/’t)-exp(—j-w-y)didydr =

| T e(7- 0242 T e - b}

0

x{f;:RG(TM_ ) exple jo-(c+ 4 y)]df}.

(2.25)
BBenem 0003HaUYeHUS
Wi j-o)= | kA)-explj-@- AMA,
0
Wi @)= [ k(u)- expl— j-o- wap, (2.26)
0
Se(@)= [Re(c+A-p)-expl=j-@- (v + A - p)liz.
Torma
Sx(@)=W(-j 0)W(j o) S¢(w)=
(2.27)

=W (j-0) - Se(w)= 4% (@) S¢(w),



rac Az(a)) — AMINIUTYAHO-9aCTOTHAA XapPaKTCPHUCTUKA CUCTCMBI.

KoppensiiimonHyo (QyHKIHIO CIy4alHOrO MpoIlecca Ha BBIXOJE CH-
CTEMBbI MOKHO HaiTu 1o popmyie (1.44) c yuerom (2.27)

Re(@)= 5" Ts(0)-ewlj-0-e)io=
(2.28)

+00

=i._{o W(i-0) - Se(@) ep(j- o Mo.

Jucnepcuto ciaydaitHoro mporecca X (t) MOYXHO OIPEACINUTh IO
dbopmye (2.28)

1 +00
Dy =Rx(0)=ﬁ' [Sx (@)=

(2.29)
) 1 2
=T WG-e) - Se(oMa=_- [W(j-0) - S(oko.
—0 0

Ilpumeuanue. Pacuem oucnepcuu 8b1Xx00H020 CAYHAUHO20 Npoyecca 8
VCMAHOBUBUIEMCSL PedCUMe Yepe3 CHeKMPAIbHYI0 NIOMHOCHb CUCHeMbl
no ¢gopmyne (2.29) 3nauumenvno npouje, 4em aHalocuiHoe onpeoeneHue
9MO20 dHce napamempa uepe3 KOppPenAYUOHHYIO QYHKYUIO cucmemvl HO
gopmyne (2.13). Kpome moeco, 6 smom cayuae oucnepcus (Kaxk u cnex-
MPanbHas NJI0MHOCMb) Modicem Oblmb NPeoCmasieHa KaKk OYHKYus napa-
Mempo8 cucmemul (UMNYIbCHASL NEPEXOOHAS] XapaKkmepucmuKd, Kaxk npa-
BUJI0, IBHO Yepe3 Napamempbl CUCHEMbL He 8bIPANCACMCS).

Ecin W( j-a)) HSG(a)) ABJISAIOTCS JTPOOHO-PALMOHATIBHBIMU (YHK-

USMHU @, TO 3ajlaya onpenesieHus nucnepcuu no gopmysie (2.29) cBoaur-
Cs1 K BBIUHUCJICHUIO CTaHJAPTHBIX UHTETPAJIOB BU/IA
1 =2 B ( J: a))

= a A e)raca)® (230

e MOJMHOMBI A, ( K 60) u B, ( K a)) PaBHBI



A(j-o)=a,-(j- o) +a, -(j-0) " +...4a,,
(j-o)=a,-(j-®)" +a,-(j- o) o)

B,(j-ow)=b,-(j- @) +b,-(j-0)"* +..45b,_,.

[Tonunom B, ( J- w) COJIEP/KUT TOJIBKO YETHBIE CTEIIEHM MHUMOM Ya-
cToThl. J{st ycTol4MBO# cucTeMbl MOTMHOM A, ( K co) MMEET BCE KOPHH,

PacCIOI0KEHHBIE B JIEBOW MOIYIUIOCKOCTH j - @. UHTterpan (2.30) npu ito-

OOM n BeIYHUCIISAETCS IO (hopMyJie

n+1
J, = ('21) o (2.32)
oao

n

rae An — crapmuii onpeaenuTenb ['ypBuiia, COCTaBIeHHBIN U3 KOdhPuiu-

eHTOB moinHoMa A, ( Jj -(0), U — onpenenurens A, B KOTOPOM IepBast

CTpOKa 3aMeHeHa Ko3(puurenramu noauHoma B, ( j: w)

al a3 a5 eoe eoe bo bI bZ eoe eoe
a0 az a4 eee eee ao a2 a4 (XX XY

An = 0 al a3 (XX} oo |9 Un = 0 al a3 LY eeo (o (2.33)
eeoe eeoe eoe eee an eoe ece eoe eoe an

Tabnuna 3HaYeHUN CTAHIAPTHBIX MHTErpaioB J, MpUBEJEHA B TPH-
JIOKeHuu A.

Ilpumep 2.7. Onpeoenenue cmamucmuyeckux Xapakxmepucmux Ciy-
YauHo20 npoyecca Ha BblX00e CUCmemMbl C NnepedamoyHol QyHKyuell

2 .
W(S)= (s + 1)/ (S + 5+ 1), HA 8X00 KOMOPOU NOCMYnaem yeHmpuposa-
HbIU  CAYYAUHBIL npoyecc ¢ eOUHUYHOU oOucnepcueli u CHneKmpaibHOU

nAOMHOCMBIO S (w) = 1/(1 + o’ )

Cnekmpaﬂbnaﬂ nJi1OmHOCHb Cﬂyqaiinoeo npoyecca Ha gbIx00e cucme-



Mbl HAX00Umcs no ypaetetuio (2.27)
(-o) +1 \2 1
(j-co)2+(j-a))+1‘ I+w

Sx(@)=W(j-0)" - S¢(0)= ;

| Geysr 1
G-of +(-0)+1 [1+(-o)
G-o) +1 ?

G-o) +2-(j-o)f +2-(j-0)+1

ey
(1-2-0?f +0-(2-0?f

ﬂucnepcuﬂ Cﬂyqaﬁnoeo npoyecca Ha 8bIX00e cucmembl 8 ycmaHoeue-

uiemcs pevcume Haxooumces no ypasHeruio (2.29)

2

1 (-0) +1
D, = . do =
Y2 ey +2-(ro)+2-(jro)+ I
© . V4
_ 1 '+I (j-0) +1 o,

2-7 —w‘(j-wf+2-(j-w)2+2-(j-a))+1‘2

B oannom cnyuae n=3. Kospduyuenmor nonunomos A3(j-m) u

B; (] m)paenbz

a0=1, a1=2, a2=2, a3=1,
b0=1, b1=0, b2=1.

3nauenus onpedenumenneti Haxooamcs no gopmyne (2.33)



a, a; 0| (2 1 0

0 a;, a; 0 2 1
b, b, 0| |1 0 0

0 a;, a; 0 2 1
3nauenue oucnepcuu 6 YCMAHOGUBUUEMCS pPedCUMe HAXOOUMCs No

Gopmyne (2.32)
(_ 1)3+1 U3 ~ 1
2-a, A4; 2-1

W~

2
DX= -§=

Wuterpan (2.29) moxeT ObITh ONpeeeH YUCICHHO MO MPUOIMKEeH-

HOU opmyTie

Sy(wMa, (2.34)

Q'—.el

1
DX ~—-
/4

rje 4acToTa @ BHIOMpaeTCs Tak, uToObl B Auanasone [0,@] cocpenorauu-

BaJIaCh OCHOBHAs 4acTh MOITHOCTH curHaia (1m0 90%). Cxema 4uCIEHHOTO

ONPENECIICHUS TUCTIEPCUM TTOKa3aHa Ha pUCYHKE 2.4.



S, (@)

0 @ )]

Pucynok 2.4 — YucnenHoe ornpeesieHue TUCIepcuun

Ecnu Ha crcreMy moJaeTcss HECKOJIBKO CIy4YailHbIX mporeccoB G; (t)
C B3aUMHBIMH CIICKTPaJIbHBIMHU IJIOTHOCTAMHU S (. ( R a)), TO CIIEKTpajb-
i

Hada IJIOTHOCTb BBIXOJIHOT'O ITPOHIECCA MOKCT OBITH OIIpCACIICHA I10 IIPHUH-
UITY CYIICPIIO3ULINHN

Sx@)=23 We (i )W (i) Sge (j-0)  (233)

i=1j=1

Ecnu BXOoaHBIE clTy4aliHbIE POLIECCHI CTATUCTUYECKH HE3aBUCUMBI, TO
BbIpaxxeHue (2.34) npumer BUA

Sy (0)= ;1 W, (j-0) - S () (2.36)

Ilpumep 2.8. Onpedenenue cnexmpanvHoOU NIOMHOCMU CAVYAUHO2O
npoyecca X (t) Ha 8bIX00€ CMAYUOHAPHOU JAUHEUHOU CUCmEMbl, HA 8X00

KOMOPOoU nooaomcsi 084 YeHMpPUPOSAHHBIX CAVHAUHBLIX Npoyecca G(t) u
F(t) (cm. pucynox 2.5) co cnekmpanvHuIMu NAOMHOCAMU SG(a)) u
S g (a)) Peakyuro cucmemor no xasxcoomy 6xody onpeodensirom nepeoa-

mounvle hynkyuu W (s) u Wp(s)



G(t)
@), 54(0) | e X0
F0 ). 51(0)

@), 7))

Pucynok 2.5 — Cucrema, HaxoAdmascs MOJ BIUSHUEM JBYX
CJIyYalHbBIX BO3JICHCTBUN

C6513b CNeKmpanibHblX NIOMHOCMEN CIYYAUHbIX NPOYECCo8 HA 8X00e U
8bIX00€ cucmemvl NPU 08YX BXOOHBIX 8030€UCMBUSAX ONPEOeIemcs COOM-
HoOUleHUeM

SX(C')) = ‘WG(]. : wXZ Sg(w)+ WG(_ J- a)) WF(j . 0)) SGF(j . 0))"'
+ WG(j . 0)) WF(_ J 0)) SFG(j . 0))"' ‘WF(J. ‘ a)y ‘ SF(“’)~
Ecnu 6x00Hble npoyeccyl Cmamucmuiecku He3aeUuctmbl, Mo

Sx(@)=We(j- @) - Se(@)+ Wi (i- o) - Sp()

2.4 AHAJIM3 TOYHOCTH CHCTEM NPH COYYAHWHBIX BO31eHCTBUAX

HYCTB HMEETCs JIMHeHHas 3dMKHYTass CUCTEMdA, HAa BXOIbI KOTOpOﬁ
noaacTcCs MOJIC3HBIM CUTHAI G(t) Hu 1momMexa F(t), IMPUJIOKCHHAA B IIPOU3-

BOJIBHOM TOYKE (CM. PUCYHOK 2.6).



mF(t)
F() & F()
mg(t) o> G(t) E(r) : X(r)

Cucmema
G(r)

\ 4

Pucynok 2.6 — Cucrema, HaxoaAmasascs Mo BIUSHUEM JBYX CIydau-
HBIX BO3JCHUCTBUI

B o0memM ciydae BO3ACHCTBUS Ha CHCTEMY MPEICTABISIOT COOOMU
IIPOU3BOJILHO U3MEHAIOIUECS BO BPEMEHU PETYJISPHBIE CUTHAJIBI, HA KO-
TOPBIE HAJIOKEHBI IECHTPUPOBAHHBIE CIIyUYalHbIE ITPOLECCHI

Gle) = mg (1) + G(r),
F(r)=m; )+ F(2),

rae m G(t), m ;. (¢) — SKBUBANCHTHbBIEC PEry/IAPHBIC COCTABISIONINE MOITE3-

(2.37)

HOIO CHUTHajla W MOMEXH, BKIIOUAIOIINE B CEOSl KaK COOmeemcmeyiouui
Pe2YIAPHbBIN CUSHAT, MAK U MAMeMamuieckoe 0dCUOaHue coOmeenmcme)-
rouje2o Cy4aunoz2o npoyecca.

JIt00y10 UCKOMYIO KOOPJIMHATY CUCTEMBI MOKHO MPEACTABUTh B BUE
JIBYX COCTAaBJIAIOLIMX: JKBUBAJICHTHOM PETYJSPHOW W LEHTPUPOBAHHOM
ciayyaiiHoi. Torma ommOKa CHCTEMBI, XapaKTEpU3YyIOllas ee JAuHaMuye-
CKYIO0 TOYHOCTb, MOKET OBITh ONpeiesieHa, KaK

E(t)= G(t)- X(t) = m ; (¢)+ E(2). (2.38)

Ha ocHOBaHuMM NOpUHIUIIA CYNEPHO3UIIMU COCTABJISIIONINE OIIHOKU
CKJIQJBIBAOTCSI U3 COCTABJISIFOIIMX OT JEMCTBUA MOJIE3HOTO CHTHANa U IO-
MEXH, KOTOPbIE MOKHO HaXOJWUTh HE3aBUCUMO APYT OT JIPyTa.



PerysipHyto COCTaBIISIONIYIO OLIUOKUA M (t) MO’KHO paccMaTpUBaTh

KaK pCakKuiO CUCTCMBI Ha PCTYJIAPHBIC BHCIITHUC BOBI[GfICTBHH

mE(t)= mg(t)+ mg(t) (2.39)
B uzo0paxenusix no Jlammacy
M (5)=ME()+ ME(5)= )
=Wei(s) Mg (s)+Wpg(s) My (s),

rae WGE(S) u Weg (s) — IepefaTovHble QYHKIMHA 3aMKHYTOM CHCTEMBI

10 KaHaJIaM «ITOJIE3HBIM CUTHAJI — OITHOKa» M «IIOMeXa — OITHOKa.

Ipumeuanue. CmpykmypHas cxema munogou 3aMKHYMOU CUCMeMbl

F(¢)

G(t) ; E() 8 »é)» ® X(0)

Ecu Wy(p)=1, mo moxcno cuumams, umo nomexa nodaemcs Ha

umeem 8uo

6X00 pa3oMKHymou cucmembvl, a eciu W, ( p) = I Ha ee 6bIx00.

llepeoamounsie GyHKYUU NO KAHAIAM «NOJIE3HbIU CUSHAT — OUUOKAY
U «nomexa — OuUOKa» Haxo0samcs no Gopmynam

1
Wer (p)= 1+w,(p)-w,(p)’ (2.41)
W (p) = o) .

1+w,(p)-W,(p)

[Ipu MeIeHHO M3MEHSIOIMUXCS BXOAHBIX BO3JICUCTBUSAX PETYISPHYIO
COCTABJIAIONIYI0 OIIMOKU OOBIYHO OMPEACISIOT Menmodom Kodpduyuen-

moe ouubox.



BennuuHy cocTtaBisromen mg (t) MO’KHO HAWTH MO COOTHOIIICHUIO,

aHaJIorn4yHOMY (2.23)

W (0) (0)

m (t)= Z -m@(t)= Z C;-m(t),

2.42
o 1 5 (2.42)
Tl Os’

, i = 1,2’...
s=0

re C,-G — KOA(GUITUEHTHI OIIMOOK CUCTEMBI 10 KaHaIy «IO0JE3HBIN CHT-

HaJ — omrOKay. OnpenenTh NX MOKHO 0€3 BBIITOJTHECHHS OIeparuil 1ud-

¢depenuupoBanus W (S) o hopMyaam

C0(;=WGE(SXS=0,
1 i-1 ,
Cf=—|Wels)-XC;-s"| ,i
Jj=0

l i
s=0

(2.43)

1,2,...

CootHouieHusi, aHajgoruunbie (2.42) u (2.43), MOTyT OBITh TOJYYEHBI
U JUIsl KaHasla «IoMeXa OIIMOKay.

Ecnu perynsipHble BHEIIHWE BO3AECMCTBUA MOCTOSHHBI WIIA OTCYT-
CTBYIOT, a CIIy4alHbI€ BO3JICUCTBUS MPEICTABISIOT COOOM CTallMOHApHBIE
CIy4ailHbl€ MPOIECCHI, TO OIIMOKAa OYAET CTAllMOHAPHBIM CIyYailHBIM
MIPOLIECCOM, MATEMATUYECKOE OXHUIAHUE KOTOPOTO OIPEAENSACTCS Yepes3
YPABHEHHE CTATUKU CUCTEMBI

my=Wep(0)-mg+Wep(0)-my. (2.43)

[{eHTpHpOBaHHYIO CIYyYaHYIO COCTaBIISIONTY O OMUOKN E (t) MO>KHO
paccMaTpuBaTh KaK PEaKIMI0 CUCTEMbl Ha IEHTPUPOBAHHBIE CIydailHbIC
COCTABJISIIOIIME TOJE3HOr0 CUTHAJIA U MOMEXU U ONPEAeNsITh €€ 4Yepes
KOppESLMOHHBIE (DYHKIIUU RG(Z') u Ry (z'), WU 4Yepe3 CIEKTpalbHbIE

IIIOTHOCTU S¢ (a)) u Sp(®) (ecnu Bxommbie BO3nEHCTBHA KOppemupo-

BaHHBI, TO HOJDKHBI 3a1daBAaTbCsl UX B3daMMHAA KOPPCIANHUOHHAA (bYHKI_II/IH



WM WX B3aMMHas CIIEKTpaJibHas IIOTHOCTH). 110 3TMM HaHHBIM HAXOAAT
KOPPEISIIIUOHHYI0 (DYHKIIMIO MJIM CIEKTPajJbHYIO INIOTHOCTH OIIMOKH, a
3aTeM — JUCIIEPCUIO OIIMOKH.

B mpakThueckux pacyerax 4aiie BCEro HMCHOJb3YIOT CHEKTPaJbHYIO
IJIOTHOCTh, PACCUUTHIBAEMYIO TIO (hOpMYIIE

SE(w)=‘WGE(j'wXZ Sg(w)+
+ WGE(_j'w)' WFE(j'w)' SGF(j'w)+
+ WGE(j'w)' WFE(_j'w)' SFG(j'w)+

W e (J ' wy ‘Sp (a))

(2.44)

UToObl HAWTH OUCIEPCUIO OLIMOKHM TPHU CIyYaWHBIX BO3JACHCTBUSX,

H€O6XOZ[I/IMO BBIYUCJINTb UHTCTPAJI

1 +00
Dp=——"[Sp(o)o. (2.45)
2.
Jlucnepcusi OIMMOKM COCTOUT M3 OT/ACIBHBIX COCTaBISIONINX, OIpe/Ie-
JI€MBIX cliaraeMbiMu (2.44),

D, =D¢ + D" + DL + Df. (2.46)

Bce COCTAaBJAOIMUEC JUCIICPCUN MOT'YT BBIYUCIIATHCA OTACIIBHO. 3aTeM

OHHU OOJIDKHBI CYMMHUPOBATHCA.

Ilpumep 2.9. Onpedenenue oucnepcuu 8bIXOOHO020 CAYYAUHO20 NPO-
yecca. Ha 6xo0 3amxnymotul cneoswetl cucmemvl nocmynaem noJjie3Hbvlll
CIYUAUHBIU NPOYecc CO CNeKMPAlbHOU NIOMHOCHbIO SG(a)). Ha 6xo00
PA3OMKHYMOU cucmembl NOCMynaem CHyyauHdas nomexa co CneKmpaibHoll
niomuocmoio S p (w) Koppenayusa medcoy 6xoouvimu npoyeccamu om-
cymcmeyem. Buewinue 6o30elicmeusi He coo0epicam pecyusipHblX COCMAG-

nsrouux. CmpyKmypHas cxema cucmembsl UmMeem 6uo



F(r)

G(r) @ E() é)» 70 TX_(t)>

R 2-Dg - T ~
W(S)_s-(T s+1) (‘0)—1 TG2°(02, Sr(@)=N.

llepedamounbie hyHKyuu 3aMKHYMOU CUCMEMbl N0 OUUOKe

1 T-s°+s
WGE(S)— I+W(s)_ 7.2 +S+K’
W K
WFE(S)= (S) =

1+W(s) T-s’+s+K

Cl’leKmpClJZbHCl}Z NAOMHOCMb OUWUOKU pasHa

)= T(]a))2+(]a)) ‘2. - @)+
Se () TG0 +(i-0)s K Se(j- )
K 2
Gy +Gayen re

COCI’I’ICZGJZ}UOWCI}Z Oucnepcuu OWM6KM, 06yCﬂ06Jl€HHCl}Z noJIE3HbIM CUc-
HAJ10M, HAX0OUMCS U3 6blPAINCEHUA



1w 1-(-0) +(-0) Z-Z-DG-
2.7 _ooT-(j-a))2+(j-a))+K 1+Té-w2

1 1GaleGe) [ 2D T,

2.z _ooT-(j-a))2+(j'60)+K \1+TG-(j-a)y

=2'DG'TG'L'TO Tz'(j'w)ll_(j'w)z do =
2T _p ’

1T (o) + (1 +75)-(j-a) +
+(I1+K-1,)-(j- o)+ K
=2-D;-Tg-J;.

B oannom cnyuae n=3. Kosagppuyuenmor noauromos A3(j-0)) u
B, (j . 0)) DpagHbl
b0=T2, b1=_1, b2=0.
Tozoa

1 T+K-T-Tg+Tg
2:Tg T+K-TZ+Tg

J3=

Cocmasnarowas oucnepcuu owubKY, 00YCl08IEHHASI NOJIe3HbIM CJL)-

YAUHbIM npoyeccom, paeHa

DC=2.D.-T.-J.=D,..
E A Y Oy

Cocmasnaowas oucnepcuu owmudbKU, 00YCI0BIEeHHASI NOMEXOU, HAXO-

OUMCSL U3 BbIPANCEHUS]



2
R K |

D, = : - Ndw =
2 _LT-(j-w)2+(j-w)+K‘
2 00
KN ! do=K>-N-J,.
2-r

= [7-(j-0) +(j-w)+ k|

B oannom cnywae n=2. Koagpcpuyuenmor noaunomos Az(j-a)) u

B, (j : a)) paenbvl
a0=T, a1=1, d2=K, b0=0, b1=1.

Tozoa

1

J,=—.
272K

COC'mCZGJZfliOWClﬂ ducnepcuu OZMM6KM, 06yCJZ06Jl€HHa}l nomexoﬁ, pasra
P K-N
DE=K? - N.J,=—"".
2

Pesyromupyrowee 3nauenue oucnepcuu:

D,=D
A ' S 2

2.5 ®opmupyomue GUIbTPHI

@opMupyrOIiuM (GUIBTPOM HA3BIBAIOT JUHAMUYECKYIO CHUCTEMY,
KOTOpasi NPy BXOJHOM CHUTHAJIE G(t) B BHJIe 0€JI0ro 1yMa UMEET Ha BbI-
XOJ€ CIIy4YauHbIM npouecc X (t) C 3aJIaHHBIMU CTaTUCTUYECKUMHU XaPaAKTE-
puUcTHKaMu (MaTeMaTUYECKUM OXUJAHUEM, KOPPEISLHOHHON (DyHKIMEH
WJIU CIIEKTPaIbHOM IJIOTHOCTHIO).



Hcnonb3oBanue Gpopmupyromiero GuibTpa mo3BoIsSeT NEPEUTH OT CHU-
CTEMBI C TPOU3BOJIBHBIM BXOJHBIM BO3JCHCTBHEM K 9KBUBAIEHMHOU CU-
cmeme, Ha BXOJ KOTOPOM JEMCTBYET O€NbIi ITyM. DTO JOCTUraeTCs I10-
CJIEIOBATENIbHBIM COCTMHEHUEM (popMupyromiero GpuabTpa U UCCIIeTyeMO
CUCTEMBI (CM. pUCYHOK 2.7).

G(t ) @opmupyrowuu X (’ ) Uccnedyemasi Y (t ) .

¢unbmp cucmema

PucyHnok 2.7 — Cxema 3KBUBaJICHTHOW CUCTEMBI

Ecnu cnyyaitHbie mpo1ecehl G(t) nX (t) SBJIAFOTCS CTAlMOHAPHBIMU,

TO YaCTOTHYIO XapaKTEPUCTHUKY JHUHEHHOro Qopmupyromero QuibTpa
¥ ( J- a)) MOYXHO HAUTHU U3 COOTHOIIECHHUS

Sx(@)=P(-0)’ - S;(@). (2.47)

Ecnu SG(a))=N, TO

G-ay < 52(0)_55(0)_8:0:0) 5, 10)

So@)- N T~ NI (2.48)

B kadecTBe MCKOMOW 4acCTOTHOM XapakTEPUCTUKH (PuiIbTpa Oepercs
TOT U3 COMHOXUTENEH (2.48), KOTOPBI UMEET HYJIU U TOJIOCHI B JEBOM
MOJIYTIJIOCKOCTH j - @

SX(j-a)).

¥(j-o)= N (2.49)

Ecmu Sy (a)) — JIpoOHO-parmoHaabHas (PYHKIMSA, TO YaCTOTHYIO Xa-

PaKTEPUCTUKY JIMHEHHOTO (opmupytoiiero ¢puibtpa no gopmyie (2.49)
ONpPEeICIUTh MOXHO BCET/IA.



Ilpumep 2.10. Onpeoenenue wacmomuou xapaxmepucmuku Gopmu-
pyowezo unbmpa 01 NOIYYeHUs: CMAYUOHAPHO20 CIYYAUHO20 Npoyecca

CO CNeKmpanbHoU NIOMHOCMbI0 Sy (a)) =2-Dy -Ty /(I + Ty - a)Z) 7E;

Oen020 Wyma co CReKmpaibHoU nIomHoOcmyvio S g (a))= N.

Ilo popmyne (2.48) naiioem

Z.DX.TX 2-DX-TX
2‘DX‘TX 1_ N

¥(j- o)’ = = — .
1+T2 0> N 1+Tx-(j-0) 1-Ty -(j- o)
Omcrooa
2-D, - T 1 K
w(i-w)= X °X, = ,
(-o) \/ N 1+Ty -(jr@w) 1+T7-(j o)

c0e K= \/2- Dy Ty /N, T=Ty. Ilepedamounas Qynxyus gurvmpa 6

uzobpaxcenusx no Jlannacy

OT0equBaOmuM (PUIBTPOM HA3bIBAIOT CUCTEMY, KOTOpasi mpeoOpa-

3y€T CIy4YaulHBIM MPOLIECC G(t) CO CHEKTPaJbHON IUIOTHOCTHIO S (a)) B

Oenblif myM. J[jsi cTaliMOHapHBIX MPOIECCOB G(t) u X (t) €ro 4acTOTHas

XApaKTCPpUCTHKA paBHA

1 N
¥(j-0) Se(i-@)

o(j-0)= (2.49)



BOITPOCHI JJIs1 CAMOKOHTPOJIA

1. Kak BeimonHsieTcsl mpeoOpa3oBaHUE BXOJIHBIX CIyYallHBIX CUTHA-
JIOB IMHEMHOW cucteMor? UTo onpenenser onepaTop CUCTEMBbI?

2. Kakas cBA3b CyHIECTBYET MEXKAY CTATUCTHUYECKUMH XapaKTEpH-
CTUKAMHU CJIYYalHBIX MPOLECCOB HA BXOJI€ Y BBIXOJE JIMHEMHOU CHUCTEMBbI
BO BpeMeHHOoM oOactu? Kak onpenenuts ux aHaJIuTUUYECKU?

3. KakoBhbI yClIOBUS CTAlMOHAPHOCTH CIIYYaHOTO MPOIEecca Ha BbI-
XOJI€ TMHEHON CUCTEMBI?

4. Kakas cBA3b CyHIECTBYET MEKIY CTAaTUCTUYECKHUMHU XapaKTEpH-
CTUKaMU CITyYalHBIX TPOIECCOB HA BXOJI€ U BBIXOJE JTUHEHHOW CUCTEMBI B
yacToTHOM 00siacTu? Kak onpenenuts ux aHaJTUTUYECKU?

5. Kakoii o0mnuii moaxoa K aHaJIM3y TOYHOCTH CUCTEM MPH CIIydaii-
HBIX BO3JCUCTBUSAX?

6. Kak HaxoauTcs peryJisipHasi COCTaBIISIONIAs OIIMOKU CUCTEMbI?

7. Kak HaxoauTcs ciaydaiiHasi COCTaBIAIONIAs OMUOKU CUCTEMBI?

8. Urto HazwiBaetcs hopmupyronmM puiasTpom? KakoBo ero HazHa-
YyeHue?

9. Urto HazbiBaeTcsa oTOenuBaromuM ¢uibTpoM? KakoBo ero Ha3Ha-
YyeHue?

3AJAYA JJIA CAMOCTOATEJBHOI'O PEHIEHUA

2.1. Ha Bx0o4 yCHJIMTEIBHOTO 3B€HA MOCTYIAET CIYYAWHBIA MPOLIECC

X (t) C MaTEMaTHUYECKUM OKHUJIAHUEM M X(t) U KOPPETSLUOHHON (PyHK-
uuen Ry (t 1t 2). TpeOyerca HallTH MaTEMATUYECKOE OKUJAHNUE U KOPpE-

JSAAOHHYI0 (PYHKIIMIO BBIXOJHOTO CIIy4alHOTO Tporecca Y (t), €CJIU KO-

s¢durmenrt ycunenus K = 8.

2.2. OnpeaenuTs KOppelsaiuoHHy0 GyHKINIO Ry (t 7t 2) CIIy4arlHOT' O
nporecca Y (t) Ha BbIXOJIe TU(dEpPEHIMPYIOIETO 3B€HA, €CIU KOoppes-

ITMOHHAS (PYHKITUS BXOJHOTO CIIydyalHOTO Tiportecca X (t) paBHa



RX(tl,t2)=exp[—a-(t1 —12)2] :

2.3. Pemnte npeapIayIyro 3a1a4y Ipy yCIOBUU

coslo- (1, - 1,)]
t,+t,

RX(tI’t2)=DX .

2.4. Cnyuaiiaeiid miporiecc X (t) HUMEEeT MaTeMaTH4YeCKOe OXXKHIaHUE

m X(t) U KOppEsLUOHHYIO (pyHKIMIO Ry (t,,tz). Haiitnu maremarude-

CKOE OXKHJIaHUE M KOPPETALHOHHYI0 QyHKIUIO nporecca Y (t), eciu
t
Y(t)= IX(A)- exp(— A)dA.
0

2.5. Ha Bxon muddepeHupyomero 3BeHa MOCTYMAaeT Cly4dalHbIN

npouecc X (t) ¢ MaTemaTHueckuM oxunanuem m y (t)= A- sin(t) u xop-

pPENSALMOHHON (QyHKIHEH

(e, =1,)°

RX(tl,t2)=2-exp - p

Hant marematnueckoe OXuIaHUE U AUCIIEPCUI0 Dy BBIXOJHOTO

ciry4aiHoro mporecca Y (t)

2.6. HaiiTmu MaTeMaTH4YeCKOE OXHUIAHWUE U AUCIEPCUIO CIYYaWHOTO

nporecca Y (t) Ha BBIXOJE allepUOANYECKOTO 3BEHA
d
T-—Y(t)+Y()= K- X(t),
dt
€CJIM Ha €ro BXOJ C MOMEHTAa BPEMEHMU ¥ ¢ IOCTYHAET BO3ZMYILECHUE, IPEI-

CTaBJsitolIee coOOM CTalMOHApHBIM CIy4ailHBIM mpoliecc ¢ MaremMaTuye-
CKUM OXUJAHUEM My = CONSt W KOPPEISIITUOHHON PyHKIIHEH



Ry (z)=Dy - expl-a-|z])

2.7. Haiftu aucnepcuto ciyuyailHoOro mporecca Y (t) Ha BBIXOJE ame-

pPUOANYCCKOI'O 3BCHA
T. %y(m ¥(e) = x(2),

€CJIM Ha €r0 BXOJ] C MOMEHTa BPEMEHH ¢ MIOCTyIAaET OeJbIil IIyM CO CIIEK-

y 2
TPaJIbHOM IUIOTHOCTBIO S y (a))= c”.

2.8. Ha BX01 HECTAaIMOHAPHOTO 3B€HA C UMITYJIbCHOW MEPEXOTHOM Xa-

k(t,7)= % : exp(— t_Tr)

MOCTYyMaeT HECTAIIMOHAPHBIN CIy4ailHbIi mporecc X (t) C Maremaruue-

PAKTEPUCTUKOM

CKUM OXXHUJIAHUEM
U KOPPEJALMOHHON PyHKIMEH

Ry(t,7)=Dy -exp[2-(t+7)-|t—7]] .

OHpCI{CHI/ITL MATCMATUYICCKOC OXHUIAAHHUC M AUCIICPCHUIO BBIXOJIHOI'O

cirydaiHoro mporecca Y (t)

2.9. Ha onvH # TOT K€ BXOJ CIEASIIEH CUCTEMBI ITOCTYIIAET IOJE3-
HBI CIIy4YaWHbIN IPOLIECC G(t) U ciydaiiHas nomexa F (t) Craunonap-
HBIA CIIYyYalHBIA IIPOLIECC G(t) UMEET MaTeMaTU4YeCKoe OXHUIAaHUe

M = CONSt ¥ KOPPEISLMOHHYIO (DYHKIINIO

R (z')= 2. exp(— 4- ‘r\)



[Tomexa F (t) SBJISIETCSL CTALMOHAPHBIM CIIyYalHBIM IIPOLIECCOM C HY-

JIEBBIM MAaT€MAaTUYECKUM OXKHUJAHUEM U KOPPEISIUOHHON (QyHKITUEH

City4daiiHblEe TIPOLIECCHI G(t) u F (t) B3aUMHO HE KOPPEIUPOBAHBL.

Rp(z)=3-exp(- 3|z

NmnysibCHast mepexoiHas XapaKTEPUCTUKA CUCTEMBI
k(t) =4. exp(— 2. t).

Tpebyetcst ompenenuTh MaTeMaTUYECKOE OXKHIAAHUE U JUCIIEPCUIO

ciyqaitHoro mporecca X (t) Ha BBIXOJIE CUCTEMBI.

2.10. Pemuth nNpeaAbIAYyIYyro 3aaa4y, UCIIOJAb3ys CIICKTPAJIbHBLIC IIJIOT-
HOCTHU CﬂyqaﬁHBIX MponuecCoOB U MEPCAATOYHY O (bYHKHI/IIO CUCTCMBI.

2.11. JIlunerinas cucTeMa ONUCHIBACTCS YPABHEHUEM BHU/IA

d d

a1 . _Y(t)+ ao . Y(t)= bl y _X(t)'l' b0 y X(t).

dt dt

Crnydaitasiii mpouecc X (t) Ha BXOJI€ CUCTEMBI UMEECT KOPPEIIALIUOH-
HYIO0 (PYHKIIMIO
RX(Z')= D, - exp(— a- \r\).

Haiitu nucnepcuio ciyyaitHoro nporecca ¥ (t) HAa BBIXOJE CUCTEMBI.

2.12. Ha BX0j 3aMKHYTOUM CHUCTEMBI MOCTyMHaeT Oenblid myM X (t) CcO
CHEKTPaJbHON IUIOTHOCTHIO § y (a)) = N . IlepenaTounas QyHKuus pazo-

MKHYTOfI CHUCTEMBbI UMECCT BH /I

[TokazaTe, yTo mucnepcus curHaiga ¥ (t) Ha BBIXOJIE CUCTEMBI HE 3a-

BUCHUT OT ITIOCTOSAHHOM BpemeHu 7.



3 CHHTE3 CUCTEM ITPU CJIYYAHUHBIX BO3JEHCTBUAX

3.1 O0mas mocraHoBKa 3a/1a4M CMHTE3a CHCTEM NPHU CIAY4YalHBbIX
BO3/1eMCTBUAX

[TycTte nMeeTcst cucrema, Ha BXOAbl KOTOPOM IMOCTYIIAKOT IOJIE3HBIN
CUTHAJI G(t) u riomexa F (t) (cM. pucyHok 3.1).

lp(t)

PearnbHas X (t )
G(t) cucmewma E(t)
— >
UNodeanbHas
cucmewma Z(t)

Pucynok 3.1 — Cxema npeoOpa3oBaHus MMOJIE3HOTO CUTHAIa

Cucrema JOJIZKHa KaK MOXHO 0oJj1ee TOYHO BOCIIPOU3BOJAUTH HCKOTO-

py1o pyHKIHMIO OT G(t), KOTOpas 3a71aeTcsl OTIepaTopoM (P(’){ }, T. €.

z(t)= oV {G(r)). (3.1)

B 3aBucHMOCTH OT BUa onepaTopa (D(’){ } cUCTeMa MOXET peulaTh
CJIeIYIOIINE 3aa4u:
e BOCHpPOU3BeEeHHUE, €CIU Q(t){ }=c(t)-{} (ecmu ¢(t)=1, cu-

cTeMa CTaHOBUTCS cledsuyeli);

e nuddepeHunpoBaHUE, CCIIU (D(t){ }=%{ };

® HHTErpUpOBaHMeE, ECIIH (D(’){ }= j{ Y

Zy
® yHOpexACHUE WU IKCMpanoaayus, eCiu (P(t){ }=1 (HT){ } (rme 7

— BpeMsl YIPEXKICHUSA).



B obmem ciydae mpeoOpasyromniuii onepaTop (D(’){ } MOXKET OBITh

IIPOU3BOJIBHBIM.

Hoeanvnoe npeobpazosanue nonesno2o cucHala 6 COOmMeemcmeul ¢
Gopmynoti (3.1) HeB03MOANCHO U3-3A HEBOZMOICHOCTIU MOUHOU Pearu3ayuu
NOJIe3H020 CUSHANA G(t) U GIUAHUS NOMeEXU F(t) BrixonHou curHai cu-
creMbl X (t) OyJeT OTau4yaThCsa OT TpeOyemMoro curHaia Z (t) Ha BEJINYU-

HY OIIMOKHU
E(t)=z(¢)- x(2), (3.2)

IIO3TOMY MOXKET CTaBUTHCS 3a7ada IMOJABJICHUS MOMEX, KOTOPYIO Ha3bIBa-
10T 3371aueid puiabTpanuu (CriaxuBaHus ).

Ecin BXOaHBIE CUTHAIIBI G(t) 51 F(t) MPEACTABISAIOT COOOM Ciydaii-
HbIE TIPOIIECCHI, TO olmbKa cucTembl E(t) Takske OyaeT ABNATHCS Clyyaii-
HBbIM IporeccoM. [Ipy Takux yCIOBHUSX CUHTE3 CUCTEMBI 3aKIHOYAETCA B €€
CTATHCTHYECKON ONTHMM3AalUM, [10CIE KOTOPOU OyaeT o0ecrneuynBaThbCs
HaWJIydlllee 3HAYEHUE HEKOTOPOro xpumepus onmumanvHocmu. OCHOB-
Hble TPeOOBAHUS K HEMY:

® BO3MOXKHOCTh KOJMYECTBEHHOW OILIEHKH KayeCTBa CHUCTEMBI U €€
YCHEUTHOCTH B JOCTH>KEHUU NTOCTaBJICHHOM LEIH;

® BO3MOKHOCTh MAaTE€MaTHYECKOTO (AaHAIUTHUYECKOTO) pEUICHUs 3a-
a4l OTNITUMHU3ALINH.

Haunbonee ynorpeOUTEIbHBIM U POCTHIM KPUTEPUEM ONTUMAIBHOCTH
CUCTEMBI SIBIIIETCSI MUHUMYM CpPEHEr0 KBaJipaTa €€ OlMnOKU

&7 = MlE* ()] = M[(z(r)- x()2|= m2()+ Dy > min.  (33)

OueBHIHO, UTO KpUTEpUU min(gz ) YUYUTBIBAET U PETYISIPHYIO CO-
2 .
CTaBIISIOLLYI0 OIUUOKHU M, (t), Y €€ CIyYallHyI0 COCTaBJIsAIOIY0 D E.
[Ipy CcTaTUCTHYECKOW ONTHUMHU3AIUAM MOTYT PEMIAThCA CICAYIOIINE
YaCTHBIC 3a1a4H.

Onpezle.ﬂemle OIITUMAJIBHBIX MAapaMeETpoOB CUCTECMBbI. B sTom Cly-

qac CTPYKTypa CHUCTCMblI M CTATHCTHYCCKUC XAPAKTCPUCTHUKHW BXOIHBIX



BO3JICUCTBUM CUHUTAIOTCA M3BECTHBIMH. CUHTE3 CUCTEMBI 3aKIIFOYACTCA B
OMPE/ICICHUU TaKUX €€ MapaMeTpoB, MPU KOTOPBIX BhipakeHue (3.3) ume-
€T MUHUMYM.

Ilpumeuanue. Ha npaxmuxe Haubonee uwacmo peuiaemcsi UMEHHO
makas 3a0ayd, max Kaxk CmpyKmypa cucmemvl 0ObIYHO ONpedeisiemcs ee
DYHKYUOHATbHLIM HA3HAYEHUEM, 8 MO 8peMs KaK Nnapamempvl CUCHEMbl
oonyckarom nooCmpouKy.

CuHTe3 ONTUMAJIBHON CHCTEMbI ¢ MPOU3BOJIBHOM CTPYKTYypOii. B
ATOM clydyae uMeeTcs UHGOopMaIus TOIbKO O MPUHAIJICKHOCTH CUCTEMBI
K HEKOTOPOMY KJIacCy, M M3BECTHBl CTAaTUCTUYECKHUE XapPaKTEPUCTUKHU
BXOJIHBIX BO3/IeMCTBUU. CHHTE3 CUCTEMBbI 3aKJIIOYAETCS B OMNPEACICHUU
Takoi ee mepeaaTouHo (HyHKIIUU W(s), pu KOoTopoi BeIpakeHue (3.3)
uMeeT MUHUMYM. [Ipyu 3TOM JTOJKHO YUUTBHIBATHCA YCJIOBUE (huzuueckou
Dpeanu3yemocmu CUucmembi.

Ilpumeuanue. B smom cayuae cmano8umcst 803MONCHLIM Meopemu-
YyecKu Omnpeoenums npeoesl COBEePULEHCMBOBAHUSL CUCEM BblOPAHHO20
K1acca U UCNONb308amMb NOJYVYEHHYIO UHGopMmayuto 018 KOPPEeKmHO20
Gopmynuposanus mpeoosaruil K HUM HA Imane npoeKmupo8aHusl.

CHHTe3 ONTUMAJBHOM CUCTEMbI C HENPOU3BOJbHOU CTPYKTYPOH.
B sTOM ciiydae cTpykTypa OJHOW 4acTH CUCTEMBI (Hampumep, 0ObEKTa
yIpaBIICHUs) 3aJlaHa, a JApyras €€ 4acTh (HampuMmep, YCTPOMCTBO YIpaB-
JICHUS) MOYKET MPOU3BOJBHO BBIOMPATHCS M3 HEKOTOPOIO Kiacca IMOJCH-
creM. CTaTUCTHUYECKUE XAPAKTEPUCTUKH BXOJHBIX BO3JCHMCTBUU H3BECT-
Hbl. CHHTE3 CHCTEMBI 3aKJIOYACTCS B ONMPEACICHUN TaKOM MEepenaTOYHOU
(YHKIMUA U3MEHSIEMOW YacTH CUCTEMBbI W(s), IIPU KOTOPOMN BBIPAKEHUE

(3.3) uMeeT MUHUMYM.

Ilpumeuanue. Taxas nocmano8rka 3a0auu A61A€MCsA PEalbHOU, MAK
KaK HA Npakmuke 8bl00p CmMpYKMypbl CUCHEMbL 8ce20a o2paHuiet. B psoe
cyuaes CMaHo8UMCs 803MONCHBIM, UCHONb3YA peuleHue npeovloyujell 3a-
o0auu, 8b10eUMb U3 CUCHEMbL ONMUMATLHYIO NOOCUCTEM).



B 3aBHCHMOCTH OT COOTHOWIEHUS CIIEKTPAIbHOM IUIOTHOCTH IOJIE3HO-
ro CUTHAJIA U IOMEXU 3a/la4a CUHTE3a MOYKET PEIIaThCs MO-Pa3HOMY.

Ecau cnexkTpsl 4acTOT MOJIE3HOrO curHana Sy (a)) U 1IoMexu S (a))
HE HAKJIaJIbIBAIOTCS APYT Ha Apyra (CM. pucyHOK 3.2 (a)), TO aMILTATYJHO-
yacToTHas xapakrtepuctuka (AYX) 3aMKHYyTON CUCTEMBI A(a)) JOJKHA

pacnojiaratoeCs B o0JacTH CIICKTpa IMOJIC3HOT'O CUI'HAJIA.

S (a))
A(a))

S (a))

A(a))

6)

Pucynok 3.2 — CoOTHOUIEHHE CHEKTPAIbHOM IUIOTHOCTH IMOJIE3HOTO

CUI'HaJia U IIOMEXHU



Ecnu criekTp 4acToT MOJIE3HOTO CHUTHalla OBICTPO yObIBaeT ¢ Bo3pac-
TaHHUEM YacCTOTHI, a CIEKTP IOMeX OJIM30K K OeaoMy HIyMy (CM. PUCYHOK
3.2 (6)), TO aMIUIUTYAHO-4aCTOTHAsA XapaKTEPUCTUKA PA3OMKHYTOU CH-

CTCMbI ‘Wp ( J y 0))‘ AOJIDKHA PacCIlojiaratbCsa B 00J1aCTH HU3KHX qacCTOoOT, I'IC

COCpe0TauYnuBaETCs OCHOBHAS YHEPTHUsl TIOJIE3HOT'O CUTHAJA.

Ecnu criekTphl 4acTOT MOJIE3HOTO CUTHAJIA M TIOMEXHU HAKJIAIbIBAIOTCS
JIpyT Ha JIpyra U UMEIOT MPOU3BOJIbHYIO hopMy (CM. pucyHOK 3.2 (B)), 3a-
Ja4a CHHTE3a HE UMEET TPUBUATILHOTO PEIICHUS.

3.2 OnpenesieHue ONTUMAJIBHBIX IAPAMETPOB CUCTEMBI

B sToM ciydyae MuHUMyMa cpeaHel KBajapaTuyHou omuoku (3.3) mo-
OMBAIOTCS MYyTEM M3MEHEHUS 3HAYCHUM TapaMeTPOB CUCTEMBI.

Ecnu Ha cucteMy OJHOBPEMEHHO JACHCTBYIOT MOJIE3HBIM CHUTHAII G(t)
U omexa F(t), TO W3-3a Pa3HOT0 XapaKTepa UX BIUSHUS MPOCTOU Moa00p

napamMeTpoB OOBIYHO HE O00ecTeYrBaeT ONTHUMAJIbHOCTH (Hampumep,

G
CTpEMJICHHE YMEHBIIUTH B (2.46) cocTaBisAromyo Dy MOXKeT NPUBOAUTH

F
K pocty D u Hao00poT). JJ0JPKHO UCKATECS HEKOTOPOE KOMNPOMUCCHOE

peulerue.
Jns pemieHust 3aadyd CUHTE3a IepeaaTouyHass (DYHKIHS CHUCTEMBI,
oToOpakarouas €€ CTpyKTypy, NPEJICTABISETCS B BUE

W(s)=W(s,B1 B (3.4)

rac ﬂ] ""’ﬂm — HapaMeTpbl CUCTCMBbI, HOI[60pOM KOTOPbIX MUHHUMHU3HUPY-

etrcst BeipaxkeHue (3.3). x BbIOOp A0MxKEH ObITh 0OOCHOBAaHHBIM. 3Haye-
HUs OOJIBIIMHCTBA MAapaMeTPOB OMNPEIESIOTCS TEXHUYECKUMHU WU KOH-
CTPYKTUBHBIMU COOOpaXEHUSIMU, TIO3TOMY M3MEHSITh UX TPYAHO WM He-
BO3MOKHO. OOBIYHO 11 KOPPEKIMH BBIOMPAIOT JABa-TPU IapameTpa
(Hampumep, MOCTOSIHHBIE BPEMEHU KOPPEKTUPYIOUIUX 3BEHBEB, KO3 U-
IIUEHT YCUJICHUSI PA30MKHYTOW CUCTEMBI U T. I1.).

321)121‘121 CHUHTC3a pe1acTCA B CIICAYIOIICM ITOPAIKE.



1) Omnpenensitorcsi nepenaaTouyHblie (PYHKIMU CUCTEMbI MO KaHaIam
«TIOJIC3HBIM CUTHAJ — OIMIMOKa» M «IIoMeXa — OIIMOKa» Kak (DYHKIMHU Ma-
pPaMETpPOB CUCTEMBbI

Wee (S) =Wk (S’ﬂl .y )’

(3.5)
W re (s) =Wgg (S’ Biseees B )

2) Ilo cOOTBETCTBYIOUIUM MEPEAATOYHBIM (YHKIMSIM M CHEKTPasb-
HBIM IUIOTHOCTSIM ITOJIE3HOT'O CUTHAJIA U TIOMEXH ONPEAEIAIOT CIIEKTPAb-
HYIO IJIOTHOCTh OMIMOKHM Kak (YHKIMIO MapaMeTpoB cucTeMbl. [Ipu oT-
CYTCTBUHU KOPPEISALMNHU BXOJIHBIX CUTHAJIOB

S5(@,B1rsBu)=Wei (i@, B1rsBu) - S (@),
Sg (w’ﬂl ""’ﬂm ) = ‘WFE (J ) w’ﬂl "--’ﬂm XZ ) SF (0)), (36)

SE (a)’ ﬂ] "“’ﬂm ) = Sg (w’ﬂl ”“’ﬂm )+ Sg (w’ﬂl ’“"ﬂm )'

3) Ilo cnexkTpaidbHOW TIJIOTHOCTH OIIMOKH OMNPESSIOT IUCIEPCHUIO
OIMMOKY KaK (PyHKITHIO TapaMeTPOB CUCTEMBbI

]
DE(ﬂI""’ﬂm)=n' ISE(w’ﬂI’""ﬂm yw (3.7)

4) Muddepenumpys (3.7) mo By,..., 5, ¥ NpUpPaBHUBAS HYJIO TOIY-
YEeHHBIE YaCTHLIE MPOU3BOAHBIE, IOIYYalOT CHCTEMY M YPABHEHUM, pelle-

HHEM KOTOPO# HaxOMASAT ONTHMAllbHbIC mapamerpel B; ..., , obec-
onm

onm

nmeynBaromiue MMHUMYM cpenHeﬁ KBaI[paTHIIHOﬁ OILIMOKH.

5) 3nauenus B 1 9w ﬂmonm OLICHUBAIOT, UCXOId U3 BO3MOKHOCTH UX

TeXHUUYECKON peanu3aiuyd M JOMYyCTUMBIX JIWHAMHYECKHX IOKa3aTenei
CHUCTEMBI (BPEMEHH PETYJIUPOBAHUS, HAUTMYHS U BETUYHUHBI IEPEPETYIUPO-
BAaHUS, YCTOMYMUBOCTH U T. II.).

JlaHHas METOAMKA MOXET TaK)Xe MPUMEHSIThCA MPHU OJTHOBPEMEHHOM

BO3JCHUCTBUM HA CUCTEMY PETYJIAPHBIX U CIyYalHbIX CUTHAJIOB.



Ecnu cnekTpanbHbI€ MIIOTHOCTA CUTHAJIIOB M YaCTOTHBIE MEPEIATOU-
Hble (YHKIUU CUCTEMBI SIBJISIIOTCS IPOOHO-palMOHATbHBIMU (YHKIUSIMU
@, TO ONTUMAaJIbHbIC 3HAYEHUS TTAPaMETPOB CUCTEMbI MOTYT OBITh Halie-

HbI aHAJIUTHYCCKU.

Ilpumep 3.1. Onpeodenenue xoaghguuuenma ycunenus pazomMKHYmolu
cucmemvl, paccmompeHHou 6 npumepe 2.9, komopwlii Obl 0becneuusan
MUHUMATIbHOE 3HaYeHUue ee cpedHeksaopamuunou owuoku. Tax xak ozo-
BOPEHO, YMO BHEUIHUE B030€LUCMBUS HE COOEPHCAM DeSYNAPHbIX COCMAB-

2
JIAOWUX, cpedHeKeaopamuyeckas oumuobka &° 0ydem cosnadams ¢ Ouc-

nepcueti owuoxu D E.
Tlonyuennoe 6 npumepe 2.9 3nauenue oucnepcuu ouuoKu

T+K-T-T,;+T, +K-N
T+K-T+Tg 2

DE(K)=DG .

s uccnedosanus oucnepcuu owuOKU HA MUHUMYM HE0OX00UMO

NPUPAasHAmMs HYa0 npou3eoonyo om Dy (K ) no Ko3ghpuyuenmy ycuieHus
pazomxHymou cucmemovl K

oD, (K) __DgTo-(12-12) N _,

0K (r+k-12+7,f 2

Omciooa Haxooumcs ONMUMAIbHOE 3HAYEeHUe KOdpduyuenma ycuie-

HUA pa:)’OMKHyWZOI:i cucmemsl

2-DG-(TG2—T2)_TG+T

K
N-T; T,

onm —

Munumym ¢ysknuu (3.7) MOXKeT OBITh Takke HaWAeH JIIOObIM YHC-

JICHHBIM METOJI0M.



3.3 CuHTe3 ONTUMAJIBHOM CHCTEMBI € MIPOU3BOJILHON CTPYKTYPOil

[lycth umeeTcs cucteMa, cirykaiias Jjisi Ipeoopa3oBaHus MOJE3HOTO
CUTHAJIA G(t) NpU HATMYUU CllydyailHOU romexu F (t) BxosiHbIe CUTHAJIBI

ABJISFOTCSI CTAllMOHAPHBIMU CIIYYaWHBIMHA MPOLECCAMHA C PAaBHBIMU HYJIIO
MAaTEMATUYECKUMU OXKUJIAHUAMU. TaKk KaK CTPYKTypa CUCTEMbl HEU3BECT-
Ha, Oy/JeM CYUTaTh, YTO G(t) u F (t) MPUWIOKEHBI K OJJHOMY U TOMY K€

BXOJy (CM. pUCYHOK 3.3).

Hpumeuanue. Ecnu cuenanet G(t) u F(t) npunoocenvt x pasmvim
6X00aM, MO NPUBECMU UX K OOHOMY 8X00Y MONCHO MEMOOOM IKBUBATICHN -
HbIX NPeoOPaA308aHUL

F(r)

X(z)
Z(r) 4 E0)

G(r) U(t)

W (s)
H(s)

Pucynok 3.3 — Cxema npeoOpa3oBaHus MOJIE3HOTO CUTHAJa

M3BECTHBIMM  CUMTAIOTCS CIICKTpAJIbHBIC  IINIOTHOCTH  CHUI'HAJIOB

S (60), Sp (a)) U orneparop npeodpazoanust H (s) Pemenue nmpoBoauT-

Ca A YIOPOUICHHOI'O, HO YaCTO BCTPCHAKOLICTOCA CiIy4dasa, Koraa I10JIC3-
HBIM CUTHAJI M ITOMEXa CTaTUCTHUYECKH HE3aBUCHMBI. CYMMapHI)IfI CUTI'HaJI

Ha BXOJIC CHCTEMBbI OYJICT paBeH
U(¢)= G(t)+ F(2). (3.8)

B n306pakenusx mo Jlammacy BBIXOJHOW CUTHAN CUCTEMBI X (t) CBSI-

3aH ¢ BXOHBIM curHaoM U(f) cooTHOmeHHEM
X(s)=w(s)-Uls)=w(s)-[G(s)+ F(s)] (3.9)

rae W(s) — nepeaaroyHas PyHKIMS 3aMKHYTOW CUCTEMBI.



Jrobast peanuzanusi CiIydyalHOM CyMMapHOW OHIMOKU MOXET OBbITh
HalJeHAa, KaK

E(s)= Z(s)- X(s) = H(s)- G(s)- W (s)-[G(s)+ F(s)] =
=[H(s)-W(s)]- G(s)-w(s)- F(s).

BripaxkeHue /1 CrieKTpaabHOM IIIOTHOCTH OIMMMOKU NMEET BU/T

(3.10)

Se(@)=|H(j-0)-W(j o)’ - Se(@)+W(-0)’ - Sp(w). (3.11)

YacToTHBIC TIEpeaaTOUYHbIE (PYHKIIMK MOTYT OBITH TIPEACTABICHBI Clie-
JTYIOIIUM 00pa3om

W(j . a)) = A(a)) . exp[i . (o(a))] =
= A(@)- cos[p(@)]+ j - A@)- sinlp(a)]

(3.12)
H(j . a))= H(a)) exp[j-l//(a))]=
- H(0)- cosly ()] + j - H(0)- sinly (o)}
Torna
H(j-0)-W(j-0) =
(3.13)

= H*(0)+ 4°(0)- 2- H(0)- A0)- cosly (@) - p(a)]

rae A(a))= ‘W( J- (o){ — aMIUTMTYJHO-4aCTOTHAs XapaKTEPUCTHUKA 3aMKHY-
Tou cucremsl, H (co) = ‘H ( J- co){ — aMIUIMTYIHO-4YaCTOTHAsl XapaKTepH-

CTHKa IIpeoOpa3oBaTelsl.
H?(0)+ A% (0)- ]}.S )+
—2-H(w)- A(@)- cos[y (o) - o(@) : (3.14)
+ Az(a))- SF(a)).

SE(“’)={

Jucnepcust onmmoKu



1 o0
E-Z—I (oMo, (3.15)

6YI[€T MHHHM&HBHOﬁ, KOraa HAauMCHbIICC 3HAYCHUC ITPUHUMACT IMOJBIHTC-

rpasibHOE BhIpakeHue. Tak kak Bxomsmue B (3.14) H (a)), A(a)), S¢ (60),
S (@) monoxuTenBHBI IPH MOGOM 3HAYCHUH YACTOTHI, IS MHHHMH3A-
i S g (a)) HE00X01UMO, 4TOObI HauOOJbIIEE 3HAYCHUE IPUHUMAIIO BbI-

paxenue 2- H (a)) A(w) cos[l//(a))— ¢(a))] OTO JOCTUTAETCS IIPH

o(0)=y (o) (3.16)

C yuerom (3.16) Beipaxkenue (3.14) 3anumercs, Kak

55 (@)=[H @)+ 42(0)-2- H(0)- 4(©)] - $¢(w)+
+ Az(a))- Sk (a))

(3.17)

Jns ompeneneHuss MUHUMyMa (DYHKIIUU CHEKTPaIbHOM TUIOTHOCTH
OlIKOKHU S g (a)) IPUPABHAEM HYIIIO €€ IPOU3BOAHYIO 110 A(a))

OSg (co)

(o) =[2- A(w)-2- Hw)]- S;(0)+ 2 A(w)- S (w)=0. (3.18)

OTCIOI[a HaXOOUTCA OITUMAJIbHAA aAMIUIMTYAHO-9aCTOTHAA XapaKTC-

pUCTHUKA SaMKHYTOﬁ CHUCTCMBI

A(w)= s, (S)Gf‘;l o) H(w). (3.19)

O6benunsts (3.16) u (3.19), MOXKHO MOJYYUTh ONTUMAIIBHBIE XapaKTe-
PUCTHUKU 3aMKHYTON CUCTEMBI

S¢ (‘0)
Sc(@)+ S (o) (o) (3.20)

0 oum (@) = ¥ (@).

Ay (@) =



BripaxkeHue i1 ONTUMAIBHON 4YaCTOTHOW TepenaToyHOr (yHKIUU
3aMKHYTOM CUCTEMBI UMEET BUJL

W o (i @)= Ay () expl - @ (@)=

] SG(S)GF;)F (a? ')H(w)- el G21)
AV )
= 5(0)r S, (w)-H(J-w).

[TonydyeHHas yacToTHas nepeaaTouHas (QyHKIUS Wonm( ]-(o) MOXET

OKa3aTbCsAa (I)I/ISI/I‘IeCKI/I HepeaHHBYGMOﬁ.

Ilpumeuanue. 3namenamensv svipadicenus (3.21) cooeporcum cymmy 08yx
nonodicumenvhvlx  geauyur. Illocne paznogicenuss e20 HA  KOMNIEKCHO-
CONPSICEHHbIE COMHOACUMENU OOUH U3 HUX 0053amelibHO 6)0em umemn HYu 8
npasotli noIynaocKocmu j-@. Mmnyabchas nepexoouas xapakmepucmura

ons1 nepedamourol Qynkyuu (3.21) 6yoem cywecmeosamv u npu ompu-
YamenbHbIX 3HAYCHUAX 8PeMeHU (00 NPULONCEHUST BXOOHBIX 8030€UCMBULL),

YUMo CEUOEMEeNbCMEYem O HepeaIu3yemocmu Wonm( ja)) Kpome moco, 6

PeanbHblX CUCeMax 6ce20a Cywecmayem Cesa3b Medcoy Ux amniumyoHo-
YacmomHou U ¢Hazoe0-4yacmomHoOU XapaKkmepucmukamu, Komopas He
VUUmMwvl8aiacs npu 8vigooe gopmynvi (3.21).

Ecnu uckmounts u3 (3.21) HEepeanuzyemyro COCTaBISIONLYI0, MOKHO
MOJYUYUTh K8AZUONMUMATILHYIO NEePe0amoytyIo DYHKYUIO — IYUULYIO U3 8CeX
BO3MOJCHBIX C MOYKU 3PEHUs. MUHUMUZAYUU CDEOHEKBAOPAMUYHOU OUUOKU
cucmembl.

Ecnu ucnons3zoBath memoouky 1. booe u K. Illennona, T0 3amaya
CUHTE3a PEUIACTCs B CIAEAYIONIEM MOPSIKE.

1) Boinonusercs pasnoxenue 3HameHatenst (3.21) Ha KOMIUIEKCHO-
CONPSDKEHHBIE MHOXKUTENH (T. H. «ghakxmopuzayusy)

Sc(@)+ S (0)=P(-0)’ =¥(j-0)- P(-j- o), (3.22)



rae ¥ ( K a)) — (pyHKIIMS, BCE MOJIOCHI KOTOPOI JekKaT B JIEBOU MOITYIIOC-
KOCTU j-@ (B 00JIaCTH peannu3yeMOCTU CUCTEMBI), ¥ (— J: a)) — (yHKIIHS,
BCE€ MOJIIOCHI KOTOPOM JieXKaT B MPaBOM MOJYIUIOCKOCTH j-@ (B o0jacTu

HEPEATN3YEMOCTH CUCTEMBI).
Beipakenue (3.21) nocine dhakropuzanuu IpUMET BUJT

Sclj-») - H(j- )
¥(j o) ?-j o)

W i (J - @) = (3.23)

2) BeimoaHseTcs pasziokeHue BeIpaxkeHHs (3.23) Ha peanusyeMble U

HEepeaJI3yeMbIe COCTABIIIONINE (T. H. «pacujenierue))
o i-0)= gl Sl HUe))
v(j-o) | P-je) ],

1 {Sc(j-w)-H(j-w)l,

“e(j0) | ¥(j-o)

(3.24)

rJie peaau3yemasi 4acTb CUCTEMbI OTMEUAETCSl 3HAKOM «IUTIOCY», a HEpealu-
3yemasi — 3HakoM «MHHYc». [locie oTOpackiBaHUsI HEpEAINM3yeMOW 4acTh
3aIUCHIBACTCS BBIPAXKEHUE ISl MEePEIaTOuYHONM (PYHKIMU 3aMKHYTOW CH-
CTEMBI

e e

3) BeinosiHsieTcst pasiioxkeHue BeIpakeHus, ctosuiero B (3.25) B kBaj-
paTHBIX CKOOKaX, Ha MPOCTEUIIINE CaracMble

SG(j'w)~H(j'w)=Q1(j-w)+ Qz(j'w)
(- j- o) P(j-0)  P(-j o)

(3.26)

N3 (3.26) uckmrodaercss coctasisoomas Q, ( j-a))/P(— j-w), COOT-

BETCTBYIOIIAsi HEYCTOMYHUBOU cUCTeME. Torga KBa3uonTUMalIbHAsA 4acTOT-
Has nepeiaTouyHas QyHKIMs 3aMKHYTOM CUCTEMbI TPUMET BU]I



w(j-o)= T(j_Q;()’: P“(’z o) (3.27)

[lepenaTounyto QPyHKIHUIO 3aMKHYTOM CHUCTEMBI B M300paXEHHUAX IO
Jlannacy W(s) MOJIYy4Yar0T [0 HAWJIEHHOM YAaCTOTHOW IE€PEIaTOYHOMN
byHKIMY, 3aMEHSIS j - @ Ha .

du3znyecku peanuszyemasi nepenarouHas (QyHKIUS pa30MKHYTON CHU-
CTEMbI HaXOJUTCSI IO COOTHOIIICHUIO

w,(s)= M. (3.28)

Ilpumep 3.2. Onpeoenenue nepedamounoli GyHKyuu cieosauieil Cu-
cmembl ( H(s)=1 ) no Kpumepuo MUHUMYMA ee CPeOHeK8aopamuyHoOu
owudbxu. Ha 6xo0 cucmemvl nocmynaem none3Hulli CUCHAN G(t), Ha Ko-
MOpPbIU HAKIAObLBAEMCSL CIYHYAUHAS NoMexa F(t) muna «oenvlil wym» (Cm.
pucyrok 3.3). CnekmpanbHvie ni0OMHOCMU 8XOOHbIX CUSHAIO8 PABHDI

2-Dg-Tg __ Sg(0)

Se(0)= 2-(02=1+Té-w2’

Sp(@)=N=5.(0).
Cnekmpafsza;z NnJi10OmMHOCMb CYMMAPHO2O B8X00H020 CUSHANA pasHa

_86(0)+5,(0)-(1+7¢ - 0?)
Sg(@)+ Sy ()= 14T o :

Pasznoosicenue smoeco 6blpAdJHCeHUSl HA KOMNJIEKCHO-CONPAINCEHHbLE
CoMHOCUmMenu 0acm pesyiomam

Ss(0)+ 5, (0)-(1+ 1 - 0?)
1+T; -0’

1+T; o’ -Sp(o)/(sc(o)"'SF(o)):
1+T; -’

=[55(0)+5,(0)]



1+a’ o’ _
1+T; o’

=[5(0)+ 57 (0)]-

I+j-a-0o 1-j-a-o

=18,(0)+ S (0)]- ' -
[S(0)+ 5-(0)] I+j-T, -0 1-j-T, o

=¥(j-0)-¥(-j- o),

e0e a=Tg - \/SF(O)/[SG(0)+ SF(o)j‘

QOuesuono, ymo

#(j- @)= [$s0)+ $:0) T
#(j @)= (Se0)+ 5, 0)- [ =10

Ilocne PAaA3JI0IHCEHUA HA ITIEMEHMAPHbLE ()p05l/l uckKarovaenmcs 4acmis,
coomeemcemeyroulad HeyCI’I’ZO?j’{MGOZZ cucmeme.

Se(j-0) H(j-0)_ Sc(0) 1 1-jTg o _
v(-j- o) 1+T2 -0 (Sq(0)+5.(0) 1-j-a-o
SG(”) 1

=JSG(0)+SF(0)'(1+]‘.TG .w).(z—j-a-w)=

5. (0) [ Te 1 a 1 ]

= . -|- .
JSc(0)+85:(0) |Te+a 1+jTg-0 Tog+a I-j-a-o

Bmopoe cirazaemoe 8 CKOOKax umeem NoJiroCoul, pAaACnollONCEHHblE 6

npasou KOMNIEKCHOU noayniockocmu j-@. Ono omopacvleéaemcs.

Onpeodensiemcsi peanuzyemas 4acmomuas nepeoamoyHas QyHKYusl
3AMKHYMOU CUCmeMbl

1 [ S (0) T, 1 ]

lIJ(J."”)' \/SG(0)+SF(0).TG +“'1+j'TG'w

W (j- w)=




_ S0 Is 1 _ K
S;0)+85,(0) T, +a I+j-a-0 T-(j-o)+I’

c0e K=8§g (0)/ [S G (0)+ Sk (0)] T/ (T ¢t a) — K03 uyuenm ycunenus
3amxrymotu cucmemvl, T =@ — ee nocmosnnas epemenu.

3anucvieaemcs peanuszyemas nepeoamoynas YYHKYus 3aMKHYMou CU-
cmembl 8 uzobpadxicenusix no Jlannacy

K

W(S)=T-s+1'

Haxooumcsa nepedamounasn ¢hynkyus pazomKHymotul cucmemobl

W(s) _ K
1-w(s) T-s+(I-K)

Wp (s) =

Onpedensemcs nepedamounas QyHKYus cucmemul o ouubKe

1 T-s+(1-K)
1+W(s)  T-s+1

WeE (s ) =
Haxooumcs cnekmpanbuas niomuocms ouuoKu

SE(w)=‘WGE(j'w)‘2 'SG(j'w)+ ‘W(j‘w)‘z 'SF(j'w)=

_|1-(-0)+(1-K)" 2-D¢ T, ‘ K |7y
T-(j-o)+1 14T -0° |T-(j-o)+1
T-(j-o)+(I-K)" 2.Dg T, ‘ Kk |
=L - A N =
T-(j-o)+1 | |147,-(j-w)’ IT-(i-)+1

_ -T(o) +(-K)
T-To (o) + (T +76)-(-0)+ 1

.2-D; T +

KZ
+ 7
T-(j-w)+1




Ananumuuecku onpeoensiemcs oucnepcusi oumuoxu (cm. n. 2.4)

T+7T.-(1-K K?
= G ( )‘DG+ 'N.
T+T, 2.T

E

3.4 ®uabTp Bunepa

B 1949 rony amepukanckuii matematuk H. Bunep npennoxun metoau-
Ky OIpEIeNICHUS pealn3yeMOi YaCTOTHOU MepelaTOuHON (PYHKIIMN 3aMKHY-
TOM CHCTEMbI, OOECIECUMBAIONIEH MHUHHUMYM €€ CpEIHEKBaAPATHUYHOU
ommOKu (urempa Bunepa).

[Ipu cunteze ¢unbrpa BuHepa uCXosaT U3 MPEANONOKEHUS, YTO Ha
BXOJl CHCTEMBI MOCTYIAET aUIuThBHas cMech U(¢) crydaiiHoro mone3Horo
CUTHasa G(t) u nomexu F (t) (cM. pucyHOK 3.3), KOTOpBIE SIBIISIFOTCS CTa-
[IMOHAPHBIMH CIIy4alHBIMU TPOILIECCAMU C HYJEBBIMH MaTEeMaTHYECKUMU
OXXKHUJIaHUSIMU. X CTaTUCTUYECKHE XapaKTEPUCTUKUA U3BECTHBHI.

Heobxooumbim u docmamounvim ycio8uem onmumMaibHOCmu cucme-
Myl no kpumepuio (3.3) Aensaemcs omcymcemeue Cmamucmudeckou cesasu
meancdy owubroti E(t) u evixodom udeanvnoti cucmemvt Z(t). Ins uen-

TPUPOBAHHLIX IPOLIECCOB
M[E(r)- z(e)]= M[{2(r) - Xx(0)}- Z(1)]=o0. (3.29)

N3 (3.29) MoxkeT ObITh NOJIYyYEHO MHTErpajibHOe ypaBHeHHe BuHe-
pa-Xonga, CBI3bIBAIONICE ONTUMAIBHYIO BECOBYIO (DYHKIIUIO 3aMKHYTOMN
CHUCTEMBI U CTATUCTUYECKNE XAPAKTEPUCTUKH CITYUYANHBIX MTPOLIECCOB

RZU (1'.) = +.£ok0nm (77) RU (T - ﬂ)dﬂ, z20. (330)

Bui600 ypasnenus Bunepa-Xongha. 3nauenus Ha 8vix00ax uoeaibHol
u cunmesupyemoti cucmem Z(t) u X(t) mozym 6vimo natioenst, xax



2()=2"6()}, x()=2"{U (),

eoe (D(t){ } npeosapumenibHo 3a0AHHbIL ONepamop npeoopaso8anus (Cm.

n. 3.1), .Q(t){ } onepamop cucmembvl, NOOAEHCAUJUL ONPEOEIeHUTO.

Jlucnepcus owubku onpeoensiemcs no popmyne
D, = Ml{z())- x()}*]= M[(Z(t)— QO ]

HCl’lOJZbSyeM NOJIOSCEHUA meopuu 6apuayuOHHOc0 UCHUCTIEHUAL. Hped—
t
noJjlosticum, 4mo onepamop .Q( ){ } A6JAencia onmumalbHbiM, U emMmy CO-

omeemcmegyem 3Hauenue Dp . 3aoasas eco eapuayuro, navoem Hogoe

min

SHAYeHue ()ucnepcuu
v}, = M| (2()- 29U} -7 -6V W |

t o
20e @( ){ } — NpPOU360JIbHbIU Oonepamop U3 paccmampueaemozo Kiaccea, y

— Manwli napamemp. Ima gopmyna moxcem Ovimv NPeooPaA306aHda

Dy =, -2-7 -M[z(t)- @) 0] +
+y? - mleOu )] .

IIpenebpezas manvimu nopsoka y? u eviue, nonyuum eapuayuio D g
D, =D -D, =-2-7-M|z(e)- 29{U()})- 0 U (r)}] .

Hugpgepenyupys 6Dy no y u npupaenueas npouz8ooHyl HYJIO,

t
onpeoenum HeobXxooumoe yciosue oOnmumMailbHOCmu .Q( ){ }

0 o0, =2-Mz()- 20 W()- 0 ()]-0,

dy
ml(z()- 2V} 0w (]=0.



Bxooswue 6 Oamnoe ycnoeue sumaueHuss mocym Obimb HAUOEHbl NO
Gdopmynam, ananocuunvivm (2.15), m. e.

QOU() = [k, 4)- U(A)A,
6 {w(e)}= [ole.)- Uluan

20e k(t,/’l,) UCXOOHAS ONMUMATbHASL 6€C06as (YYHKYUA CUCTNEMDL, 0(t, ,u)

npou3B0.bHas ecosas ynkyus. Toeoa

m (z@)— f(0.2) U(WJ. fo(e10) U(ﬂ)dﬂ} _

ty ty

i j{M:z@)- UGl [ 2) U ) U(u)]dﬂ} o

s npouszsonvrou QyHKYUU 6?(t, ,u) Mo svlpadicerue 6yoem pasHo

HYTI0 MOTLKO NPU DAGEHCMEE HYTIO GbIDANCEHUA 6 (PULYPHBIX CKOOKAX
M[2(0)- U()]- jk(t,}t)- MUQ)-U()Ai =0, t, < u<t.
0
Omei00a MoHCHO NOTYUUmMb
Ry (t,1) = jk(t,/?,)- Ry (A, ), t, < u<t.
,,

Tax kax 6x00Hble NPOYECChbl U Cama cucmemda AGIAIMcs CMayuoHap-
HbIMU, MO Ol YCMAaHO8UBULe20cs pedxcuma (to — +ow) nonyuenHoe ypas-

HeHUue MOIICHO 3anuUcams 6 6Uoe

o0
Ry (t—p)= [k(t—2) Ry (A — p)dA, t,<u<t.
0



Buvinonnue 3ameny nepemennvlx T =t—pu u 1n=1=t—A, MON*HO NOJY-

yums ypasrerue (3.30).

Jlns  cTarmoHApHBIX BXOMHBIX CIIYYaWHBIX IPOIECCOB YpaBHEHHUE
(3.30) pemaroT myTemM npuMeHeHHs mpeoOpazoBanus dypre F { } K €ro

JIEBOU U ITPABOM YACTSIM.

Ilpumeuanue. B npasoii wacmu (3.30) evinonnsemcs ceepmra QyHK-

yuu konm(ﬂ) u RU(T —77), npeobpazosanue komopou no DPypve pasHo

npousgedenulo npeobpazosanuti ceepmouigaemvix @yukyuti no Dypoe.
lIpeobpaszosanue umnynvcnou nepexooHou xapakmepucmuku no Dypve
onpeoenum onmuMailbHy0 nepeodamoutyo GYHKYuo cucmemsi.

[Tocne BeIMoHEHUS PeoOpa30BaHUMN OIYIUM

F {RZU (T)} =F {konm (T)} F {RU (T)}’

SZU(j' 0))= Wonm (-] w) SU(w)’ (331)
.Y SZU(j'a))
Wonm J w)_ SU (w) ’

Sy(@)=Ss(@)+ Ser (- @)+ S (- @)+ S (),
S (- @)=876(j- @)+ S (j- @)= (3.32)
=H(j- o) [Sc(@)+Sr(i- o))

[Ipn OTCYTCTBUHM B3aMMHOU KOPPEIALMHU MOJIE3HOTO CUTHAJA U IIOMEXU

w(j- )= SG(jffﬁl (w)-H(j-w), (3.33)

yTo coBnagaer ¢ (3.21).



Ilepenarounas ynkiusa (3.31) B obOmem ciydae Oyaer (U3MYECKHU
Hepeann3yemMon. ECiau CIEeKTpalbHbIE IUIOTHOCTH BXOJHBIX CIIyYaWHbBIX
MPOIIECCOB SBJISIIOTCS JPOOHO-PAITMOHATTBHBIMU (DYHKITUSIMU, TO TTOTYyYUTh KBa-
3UONTUMATbHYIO TIEPEAATOUHYIO (DYHKIIMIO CUCTEMbI MOYKHO, UCTIONB3YSI METO-
nuky boje u IllenHona (cm. 1. 3.3).

Ipumep 3.3. Cunmes onmumanvrozo purompa Bunepa ons creosweti
cucmemvl (H ( R a)) = 1). Ha 6x00 cucmembl nocmynaem ciayyatiHvlii npo-

yecc U(t), na ee evixode nabmooaemes npoyecc X(t). Cnexmpanvrvie

nianmHocmu CucHaloe padcHol

S, 0 Sy 0
@)= S0 s )=, S

Daxmopuzayusi CNeKmpaibHOU NAOMHOCMU 6XO00H020 CAYHYAUHO20
npoyecca oacm pe3yibmam

Sy(@)=#(j-0)-¥(-j o)

. J84(0) , /8,0
i"("6")=1+TU-(J'-w)’ T(""“’)=1—TU-(j-w)'

Du3uyecku peanuzyemas Yacmov nepeoamodHou QYHKYuu 3aMKHYmMou
cucmemul ONPedeIUmcs ¢ NOMOWbIO BbLPANHCEHUS]

SXU(J a)) H(J 0)) SXU(o) I-Ty - (J a))

ﬁV(‘Jﬁ") \/SU( ) 1+TXU

Sy(0) 1-T, -(j- o)

—J5,(0) 1+ Ty - w) (1+j-Tyy - 0))
== SXU(o) 1 |: TU+TXU _ TU_TXU i|

JS,(0) 2-Tyy 1+TXU'(J"(0) I_TXU'(j'm)

Bmopoe crazaemoe 6 ckobkax umeem nooCvl 8 NPAGOU NOLYNIOCKO-
cmu j-@. Ono ombpacvieaemcs.

Peanuzyemasn vacmommnas nepedamounas @ynkyus pasHa



1 |:SXU(J a)):|
¥(-j- )
SXU(O) Ty +Txy 1+Ty-(j o)
SU(0) 2-Tyxy 1+TXU (J a))

Kesasuonmumanvuas nepeoamounas oynkyus pasua

A+Tyes Sxu(0) Ty +Txy
I+Tyy s’ Sy(0) 2Ty

[TomyuuTs peann3yeMyro UMITYJIbCHYIO MTEPEXOTHYI0 XapaKTePUCTHKY
k(t), apisitonnyrocs pemenrueM (3.30), BO3MOXHO MYTEM HpugeoeHus

8XOO0H020 8030€UCMBUsl HA CUCMEMY K DETIOMY WYM) .
[IycTth Ha BXOJ 3aMKHYTOM CHUCTEMBI IIOJACTCS CIyYalHbIM IPOLIECC

V(t) TUNa Oeyoro Iyma ¢ KOppeasiuoHHON (QyHKIuel R, (z')= 5(2') u
CIIEKTPAILHOW TUIOTHOCTBIO S, (60)= 1. JInsg moiry4eHHs] BXOJIHOTO IpO-

1ecca C 3aJlaHHBIMM XapaKTEPUCTUKAMU HCIOJIB3YETCS OTOETUBAIOIINI
(UIBTP C YaCTOTHOM XapaKTEPUCTUKOU CD( K a)) (cm. 1. 2.5).

X(z)

G\t U\t V
LN RN S [0
Z\t E(t
» H (s) ( ) ( ) >
Pucynok 3.4 — Cxema 1mnpeoOpa3oBaHUs IIOJE3HOIO CHUTHala C

UCIIOJIb30BAaHUEM OTOEIMBAOLIETO (QUITBTPA

YactoTHas xapakTepuCTHKa oTOeIMBaromero GuiabTpa 3aaaetcs Gop-

Mmyoit (2.49). Ing nanHoro ciay4das
1 1
¥(j-o) Sy(j-o)

(j- w)= (3.34)



[Ipu ucnons3oBaHuu (GuibTpa ONTUMAIbHAsI YACTOTHAs IMepeaaTou-
Has QYyHKIUS CUCTEMbI HAXOJUTCS IO COOTHOILICHUIO

Woum(j - @)= @(j - @)- W, (j - @), (3.35)

rae W, ( j- (o) nepenaToyHas (OyHKIIUS 3aMKHYTON CUCTEMBI, ITOJIjIexKalas

OINPEJIETIEHUIO.

Hcnonb3ys (3.30) u yciaoBre peaan3yemMoCcTu cuctemsl (2.9), a Takxke
PaBEHCTBO €IMHMIIC MHTETpasia OT J-(QYyHKIUHA B OECKOHEUHBIX Ipenesax,
MO>KHO HATH BECOBYIO (PYHKIIUIO 3aMKHYTOW CUCTEMBI

R, (1), t2>0,
k,(t)= ) it (3.36)

[Ipeobpazoras 06e yactu (3.36) mo dypre, moxyyum
+o0
W,(j-0)= [k,(t) exp(~j-o-t)dt =
0

+00
= _[RZV(t)-exp(—j-a)-t)dt =
0

+00 1 +00 (337)
) I{ﬁ' ISZV(j-w)-exp(j-w’)d“’]"xp(—j-w-t)dt=

0 ) —00
=ﬁ. _50|:J?OSZV(j'w)'exp(j‘w‘t)da)i|‘exp(—j'Q)'t)dt.

B3auMHas cnekTpaibHas MIOTHOCTh S ZV( J (o) MOYKET OBITh BBIYHC-

JIeHa 110 YPABHEHHUIO, aHAIOrHYHOMY (2.35).
So(j-@)=H(j-0) o(-j- o) Ss(0)+
+H(j-0) 0 j-0) S (j-0)=
=H(j-0) 0(- j- 0)-[Ss(@)+ Ser (j - @)] =
=0(-j-0) Sz (j- o).

(3.38)



OnrTumanbHasl 9acTOTHAS IepeaaTodHas PyHKIUS CUCTEMbl HAXOINUT-
cs myteMm oowenuHenus (3.34), (3.37) u (3.38)

Wy (- @) =
-2 T ol -0)-5,.G-0)-enli-or o] 039

X exp(— Jj o t)dt.

Ecnn BXOIHBIE CilydallHbIE TPOLECCHI G(t) U F(t) CTaTUCTUYECKHU
HE3aBUCHMBI, CIIEKTPaJIbHAS TJIOTHOCTD IMOJE3HOI0 CUTHAJIA ONUCHIBAECTCS
JIPOOHO-pAIIMOHAIBHOW (YHKIIMEH BHUAA SG(w)=Q(602 )/ P(coz ), a ciy-
yaifHas momexa SBJISETCS OeNbIM IIYMOM CO CHEKTPaJbHON IIOTHOCTBIO
Sr (a))= Sy (0), TO ONMUMATLHAA YACMOMHASA NePeoamoyHas QYHKYus

ceosweti cucmembl ONPENENsieTCs 0 YIpOoUIeHHOH (popmyie

JS:(0)

—, 3.40
?(j- ) (340

Wonm(j'w)=1_

rae Y(j- ) serancisercs ¢ nomormpo (3.22).

prneuauue. Ecnu CRneKmMpajlbHas Nji1ONHOCMb SG ((0) He Aejislemcs

OpOOHO-PAYUOHATLHOU DYHKYUEU YACMmOmbl UIU NOJYYEeHA IKCHEePUMEH-

manvHo, mo ons naxoxcoenus W, (j- w) ee HYJMHCHO annpoKCUMUpO6ams

OPOOHO-PAYUOHATLHOU (DYHKYUEL.

Ilpumep 3.4. Onpedenenue nepedamounou GyHKyuu creosujel Cu-
cmemvl N0 Kpumepuro MUHUMYMA ee CPeOHeK8AOpAMUYHOU OUUOKU NO
oanHvim npumepa 3.2. CnekmpanvHble NIOMHOCMU 6XOOHbIX CUSHAO8 CO-
CMasisaom

2:Dg-Tg _ Sg(0)

SG(“’)=1+T2 o’ =1+T2 o2 SF(m)=N=SF(0)'
G " G "

Haiioennoe 6 npumepe 3.2 snauenue ¥ ( J: a)) pasHo



I+j-a-o
1+j-T, o

?(j-@)=56(0)+5:(0)-

OnmumanvHas 4acmomuasn nepedamounas QyHKYus 3aMKHYmou cu-
cmemvl HaxXo00Uumcs c1edyruwum oopazom

JSc(0) 1+ T
V86 (0)+5:(0) 1+j-a-o

=\/SG(0)+SF(0)_\/SF(0)_ 1

W(j-o)=1-

JS6(0)+55(0) 1+j-a-w+
a-Ss(0)+8:(0)-Tg Sk (0) 1
[N A O P O B RV P2

Tax xax a=Tg -+/Sr(0)/ I_SG 0)+ S, (0)] mo emopoe ciazaemoe

PABGHO HYJIO. P€Cl]lu3y€Maﬂ yacmommHua nepedamquaﬂ (byHKL;u}Z 3AMKH)’-
Mot cucmemul umeem 6uo

)=\/SG(0)+SF(0)_\/SF(0)_ 1

[S.0)+5.(0) 1+jao

- [IJ sG(gi(?F(o)}‘ e

Peanuzyemas nepeoamounas ¢ynxkyus 3amMxHymou cucmemsl 8 U300-

W(j-a)

padicenusix no Jlannacy umeem 6uo

e0e K=1- \/ S (0)/ I_S G (0)+ Sr (0)J — Ko3(Puyuenm ycunenus 3a-

mrymotl cucmemst, T =@ — ee nocmosinnas epemenu.



3.4 ®uabTp Kanmana-berocu

B 1960 r. P. Kaniman u P. berocu npemaioxunm MeTol CUHTE3a CUCTE-
MBI, ONITUMAJIBHOU II0 KPUTEPUIO MUHHMYMa CPEIHEKBAJIPATHYHOM CIIy-
qaitHo! omnOku (purempa Kanmana-bvrocu).

Ilpumeuanue. Quromp Bumnepa obecneuugaem MuHUMYM CcpeoHe-
K8AOpAMU4HOU OWUOKU MOJIbKO 8 YCMAHOBUBULEMCS pedcume npu ycio-
8UU, UMO CHIYYaliHble NPOYeccobl ABGNANMCL cmayuoHapHuimu. Duibmp
Kanmana-bvrocu aensiemcs onmumMaibHbIM U 8 NepexoOHOM pexcume (npu
KOHEYHOM 8pemMeHU HAOA00eHUs), a NONEe3HbIU CUSHATL U NOMeXd MO2YH He
001a0amv Cc80UCMEOM CIMAYUOHAPHOCMIU.

3aaya cUHTE3a pellaeTcs B npocmpancmee cocmosiHuti (BO BPEMEH-
HOU oOsactH). OnTUMalibHAs OLIEHKA BBIXOJHOTO CHUTHAJIa CUCTEMBI HaXo-
TUTCSL pelIeHueM cucTteMbl AudPepeHInanbHbIX ypaBHEHUM, YTO OOBIYHO
npole peuieHuss ypaBHeHus Bunepa-Xomnda, 0ocOOEHHO s HecTaluo-
HApHBIX CIyYalHBIX MPOIIECCOB.

[Ipeanonaraercs, 4To cUCTEMa JOJKHA BOCHPOM3BOIUTH IOJIE3HBIN
curHan Z (t) (B o01IeM ciTyyae — HECTAllMOHAPHBIA CIy4YaillHbIN MPOIIECC).
Ha ee Bxojne neiicTByeT momexa F(t) (B o0OmeM citydae — O€JbIi IIyM C
HYJICBBIM MaTE€MaTHYEeCKUM OxujaHuem). CxemMa BOCIPOU3BEICHUS CHTI-
HaJla IOKa3aHa Ha pUCyHke 3.5.

F(r)

(1)

U (t)) 70 X(z)

5G|

Pucynok 3.5 — Cxema BOCIIpOU3BENCHUS MMOJIE3HOTO CUTHAJIA

3agaya cuHTe3a ontumanbHoro ¢uinbrpa Kanmmana-brrocu 3akiouda-
€TCA B ONpPEACICHUM €ro mnepeaaToyHoll (yHKIIHUU W(s), KoTOopasi Obl

o0ecrnieuynBaia MUHUMYM CpPEeIHEKBaIpaTUUHON omuOku (3.3).



OntumanbHas cucteMa, o0ecreynBaronias B 000 MOMEHT BpEMEHU
t > t¢ BOCIIPOU3BEJCHUE CUTHAJA Z(t) IpU BbINOJHEHUU ycioBusa (3.3),

onuckiBaeTcs qudPpepeHIuaIbHbIM ypaBHEHUEM
4 X(0)=0)- X))+ €(0)- Ue) 341

rae U (t) — CYMMapHbI BXOJIHOM CUTHAJI, PABHBIN
U(t)= z(t)+ F(z). (3.42)
Ciyyaiinbeii mpouecc Z (t) onpeaensieTca nuddhepeHImaibHbIM ypaB-
HEHHEM IIePBOTO MOPsIKa

%z@): Ale)- 2()+ V(o). (3.43)

rae A(t) — (GyHKIMS BPEMEHHU, 3aBUCSIIAS OT XapaKTEPUCTUK Z (t) ; V(t)
— HECTaIIMOHAPHBIN MPOIIECC TUTIA «OENBIN IIyM» C HYJIEBBIM MaTeMaTH4e-
CKUM OkuaanueM. KoppensiuroHHble PyHKIIMN HECTAIIMOHAPHBIX CIy4dail-
HBIX POLIECCOB V(t) uF (t) CUUTAOTCS PABHBIMHU

R, (t,7)=M[V(t)-v(z)]= L(t)- 5(t - 7),
R, (t,7)= M[F(¢)- F(z)] = N(¢)- 6(¢ - 7), (3.44)
R, (t,z') =0,

re L(t)Z 0u N (t)> 0 — HernpepbIBHBIE HENPEPHIBHO AuddepeHupye-
Mble (YHKITUU BpeMEHH. {71 CTallMOHAPHBIX CIIyYalHBIX MPOIIECCOB V(t)

u F(t) cipaBeyIuBBI COOTHOIIEHHUS
R,(z)=L-6(t-7), R.(z)=N-6(t-7),

Ry (r) =0,

(3.45)

rae L u N — KOHCTaHTHI.
g nonyuenuss Z (t) HEe00x01uM GOPMUPYIOINK QUILTP, CTPYKTYpa



KOTOpOro, onpezessiemas (3.43), mokasaxa Ha pucynke 3.6 (W, (s) — Tie-

penaTouHas GyHKIUS GOPMHUPYIOMIETO QUIBTPA).

40 Z4(t)}

J
A(r) j

Pucynok 3.6 — CtpykTypHas cxema popmMupyroiiero GuibTpa

Ws (S )

CTtpykTypa ONTHMAJIIBHOTO (UIBTpPA, OMpeaeaseMas ypaBHCHHEM
(3.41), nokazaHa Ha pucyHke 3.7 (W(s) — mepenaToyHas QyHKIUS OITH-

MaJIbHOTO (hUIIBTPA).

YO L O] x()

0(¢)

W(s)

Pucynok 3.7 — CTpykTypHas cxema ONTUMAJIBHOTO (priibTpa

B teopun ontuManbHON (UIBTpAIlUU JOKA3bIBAETCSA, YTO MUHUMYM
kpurtepus (3.3) gocturaercs npu

0(1) = A(1)- c(e), C(f)= N((’t)) (3.46)

OyHKIHSA r(t) HAaXOAUTCA MyTeM peuieHus auddepeHunaibHOro

ypaBHeHUs Pukkaru

%r(t) = L(r)+ 2- AQ)- (1) - ¥ (e)/ N (). (3.47)



C yuetom (3.46) ypaBHeHHE onTUMaibHOrO puiabTpa Kanmana-brrocu
MO>KHO 3aITMCaTh B CJICIYIONIEM BHUJIC

%X(t)=A(t).x(t)+c(t).[U(t)_x(t)l (3.48)

JI71s1 HecTallMOHAPHBIX CIyYalHBIX MPOILIECCOB (PYHKIIUU A(t), C(t),
Q(t) 3aBUCST OT BPEMEHH, U onTuMalbHbli puiabTp Kanmana-berocu mo-
Jy4aeTcss HECTAUMOHAPHBIM. JIJisi CTallMOHAPHBIX CIIyYalHBIX MPOLIECCOB
A(t) = A. B ycmanosuswemcsa pexcume guromp Kaimana-bviocu 6yoem
CMayuoHapHvimM, Tak Kak QyHKIUU C(t)= Cu Q(t) = A—-C =(Q He 3a-
BUCAT OT BpeMeHu. OH onpenenserca audepeHnanbHbIM ypaBHEHUEM C
MOCTOSIHHBIMU KOd(PuIineHTamMmu

“ X(0)=(4-0)- X(0)+ €-U(0), (3.49)

Ilpumeuanue. /ladxxe npu cmayuoHapHwviX 6030€UCMBUAX GuUibmp
Kanmana-bviocu 6 nepexoonom pedxcume A6151emcs HeCmAayuoOHAPHLIM,
Maxk Kaxk Ko puyuernm C(t) U3MEHSEeMCsl 80 8PEMEHU.

VYpaBuenuto (3.48) cOOTBETCTBYET CTPYKTypHas cxema (uiabTpa, mo-
Ka3aHHasl Ha pUCyHKe 3.8 (OHa 3KBUBaJIEHTHA cXeMe C pucyHKa 3.7). Oue-
BUJIHO, YTO MPHU TAaKOM IPEACTABICHUU onmumanvholi uremp Kaimana-
Bvrocu moorcno paccmampusams Kak OUHAMUYECKYIO CUCEMY ¢ OmpUuya-
MeibHOU 0OPAMHOLL C8A3bIO.

U(t)

X (t)>

C(r) | |1
Ar)

W(s)

Pucynok 3.8 — CTpykTypHas cxema ONTUMaJIbHOTO (hUIIbTpa



Pelienue 3agaum CUHTE3a ONTUMAJIBHOTO (DUIBTpA CBOJIUTCS K OIpeE-
NeJeHu0 QyHKIUN Q(t) U C(t), MpU KOTOPBIX 00ECTIEYUBACTCS BBITIOJ-

HeHue yciaoBus (3.3). OHO MpoBOAUTCS B TPHU dTala.

1) Onpenensitorcsi mapameTpsl (GOPMUPYIOMIETO (PUIBTPA, KOTOPBIN
npu BO3AEHCTBUM Ha ero Bxoj Oenoro myma V(t) co crekrpanbHoit
IUIOTHOCTBIO 8, (w) MO3BOJISIET MOJYYUTh Ha BBIXOJE CIy4YalHBIM Mpo-
necc Z(¢) c 3ananHoii cieKTpaibHOI IIOTHOCTBIO S , (a))

Ecnu ciyyaiiHble TPOUECCHl SIBIAIOTCS CTAlMOHAPHBIMHU, a4 CIIEK-
TpajbHasl IJIOTHOCTh S , (a)) SABJISICTCST APOOHO-PAIMOHAIBHON (DYHKIIUU

9acTOTHI, TO (cM. popmyitsl (2.49) u (3.44))

W¢(j-w)=%i“’), (3.50)

rie ¥(j-0)-?(-j-w)=S,(w). 3amenus B (3.50) s Ha j- @, MOXHO
HOJIy4UTh NEepPeJaToOuHyr0 (QyHKIMIO GopMupyromero GuibTpa B u300pa-
KEeHUsX 110 Jlamnacy

W, (s)= Y;(ZS)' (3.51)

ITo nepenaTtounor ¢pynkuuu (3.51) MoxHO HaliTu ypaBHeHue (3.43),

CBA3BIBAIOILIEE CIIy4ailHbIe MpoLecchl Z (t) u V(t).

2) Onpenensetcst Aucnepcus ciaydaitHod ommoku D g (t) KaK HEKOTO-
pas QyHKius Bpemenu r(¢) myTem (BO3MOKHO HHMCJIEHHOTO) pELICHHS
ypaBHeHust (3.47). st 3TOro HEOOXOJMMO 3HATh HAYAIbHOE 3HAUYCHUE
r(to) npu t9 = 0. O6b19H0 X (t0 ) = 0, mosTomy

E(ty)=2(t))- X(2)=Z(z,),

”(’0)=M[Ez(to)]=M[Zz(t0)]= Ry (t5.19)=D(t,)

3). HaxonsTca napameTpsl onTUMaiIbHOTO GuiabTpa (GyHKIUN C(t) 17|

(3.52)

Q(t)). J{71s1 aTOTO MCTIONIB3YIOTCS Popmyiibl (3.46).



Ilpumep 3.5. Cunmes onmumanvroco gurempa Kaimana-bvrocu. Ha
6X00 NUHEUHOU Clledsawell cucmemvl nocmynaem CmayuoOHAPHbILL C1y4ali-
noui npoyecc Z(t) u cryuaiinas nomexa F(t) muna «Genviii wiymy. Hx

CneKkmpajlbHble NjionHocmu paeHsl

2-D,-T, _ S4(0)
1+ o’ Tz 1+a)2-TZZ,

Sz(a’)_

SF(“’)= N= SF(O)'

Cnyuatinvii npoyecc Z (t) paccmampueaemcs Kak peaxyus gopmu-
pyowezo uibmpa Ha CMAYUOHAPHBILL CAVYAUHBIL NPOYecc V(t) muna

«Oenvlil Wymy», UMerwull CHeKmpatbHyio NI0MHOCHb
Sy (@)=L=5,(0)

B coomeemcmeuu c (3.50) onpedensemcs wacmomunas nepedamoyHast
QyHKyus hopmupyiowezo gurbmpa

1/SZiO; 1/SZIOi

+jwT, I-j-w-T,’

$(0)=¥(j-0)-¥(-j-0)=-

v(j-w) [S,(0 _ 1

w.(i-w)="—-"7_ .
o o) SV L 1vjeT,

3anucvieaemcs nepedamounasn QyHKyus opmupyroue2o urbmpa 8

usoopasxcenusx no Jlannacy

_[s,(0) 1
Wy(s)= L I+s-T,

llonyuenHnoti nepedamounoli yHKUUU coomeemcmayem ciedyrujee

ougppepenyuanvroe ypasneHue, cesasvigarouee Z (t) uF (t)

29) y (),

T, 2 2(0)+ 2(0) -



d 1 s, (0
fz()=-—-z V(¢).
4 20=~ 20+ 120

Umobwvl npusecmu smo ypasuenue K 6udy (3.43), cnekmpanvHas
niomuocme 6eno2o wyma L npunumaemes pasnoit 2- D, /T, . To2oa

1 Sz(o)_ T, Z'DZ'TZ_I
L 1] 2-D, T;

OxonuamenbHo Z(t) MOIHCHO npedcmaeumb, KAakK

% Z(1)= _é Z()+ V()= A-Z2(t)+V(2).

2c0e A=-1/T,. Coomeemcmesyrowas >momy YpasHeHuo CMpYKmypa

Gopmupyroue2o urbmpa nokazaHa Ha PUcyHKe.

40 Us Z(r) U(r)
F(¢)

1T,

W, (S )

IIpu nocmosinnvix A, L u N ypasuenue (3.47) pewaemcs kak oughge-
PpeHyUanbHoe ypasHeHue ¢ pazoessitouuUMUCs nepemeHHbLMU.

ir=L+2-A-r—r2/N, _[ dr 5 =_[dt.
dt L+2-A-r-r’/N
Ilocne UHmMmezcpupoeaHusl noryiaemcs 6blpasitCeHue
1 —r/N+A—+A° +L/N
A N v m(c),

JAP+LIN \-r/N+ A+ A’ +L/N

20e C — nocmosmnas UHmMmecpupoBaHrusl.



llocneonee svipasicenue MONCHO nepenucams ciedyiouum oopasom

i-—r/N+A—w/A2+L/N [y
’{c _r/N+A+m] AT LN

B coomsemcmeuu ¢ (3.52) r(0)= R, (0,0)= D ,, noomomy nocmosn-

HAsl URMecPpUPOBAHUsA pdeHA

—D,/N+A—\JA* +L/N
—D,/N+A+ /A’ +L/N

C =

Moocrno 3anucame

—r(f) N+ A= |4’ +L/N -D,/N+ A4+ 4’ +L/N _
—r(t)) N+ A+ JA* +L/N -D,/N+A-JA’ +L/N

= exp(t-w/AZ +L/N)

llocne HeobXx0OuUMbIX NPeobpa308aHULl OKOHYAMENbHO ONPeOensiemcs
dynxyusar(t). pu L=2-D, /T, u A=—1/T,

(-2 N, (1= 1+ p)- (14 1+ p)-explp-1)
T, (2+p—2-\/m)—(2+p+2-m)-exp(ﬂct)’

20e f=+JA°+L/N, p=S, (0)/S 5 (0). Hocre noocmanosxku snavenus

t — +oo, onpeoensemcs eenuuuna D g 6 ycmanoguswemcs pesxicume

N p-(1+w/1+p) _ 2-Dy
T, 2+p+2-\1+p 1+q/1+p°

W3 ypaenenus (3.46) naxooumcs (hyHkyus C(t)

c(r)= P (I—W)—(Hm)'exp(ﬂ't) .
T, (2+p—2-\/m)—(2+p+2-\/m)-exp(ﬂ-t)

r(oo)= D, =




3nauenus ynxkyuu C(t) 8 HayanbHbll MOMeHm epemenu (npu t=10) u

8 ycmaHnogueuiemcs pexcume (npu t — +0) paghol

Huggepenyuanvrnoe ypasuenue onmumanvrozo Quivmpa Kanmana-
bvrocu, ananocuunoe (3.48), umeem 6uo

ditx(t) =~ X(e)/ T, + C(o)-[U()- x (1)}

Coomeemcmeyiowas 2momy YpasHeHUuio CMpyKmypa OnmumMaibHO20
Gurbmpa noxazama Ha pucyHke.

u(e)

X (t)>

C(z) 1/s

/T,

W (s)

3amenan unmezpupyroujee 36eHO, OXBAYEHHOE OOPAMHOU CBA3bI0,
UHEPYUOHHBIM 36€HOM, MOXCHO npedcmasums cmpykmypy guirompa Kan-
mana-bvrocu unaue.

vle) »(;)» c(t) p| 1, /(1+5-T,) TX—(Q

W(s)

s yecmanogueuie2cocs pescuma MOM#CHO onpeoenums nepedamoymyio
DYHKYUIO ONMUMANLHO20 QUIbMPA KAK 3aMKHYMOU CUCMEMbl.



C(0) T, /(I+s-T,) K
1+C(0)-T, (I+5-T;) I+s-T’

W(s) =

K = C(OO)TZ =]- 1 T = TZ _ TZ
1+C(w)-T, ~ Ji+p = 1+C(0)-T, JI+p
[ N N J

BOITPOCHI JJIs1 CAMOKOHTPOJIA

1. B yem 3akirogaercs oOuias 3ajaya CUHTE3a JIMHEHHBIX CUCTEM TIPU
ciydaHeIX Bo3zaeucTBusx? Kakue mpeoOpa3zoBaHusi BXOJHOTO CHUTHaIa
MOKET BBITIOJHSITh CHHTE3UpyeMas cucrema’?

2. Uto moHUMAaETCs MOJ| CTaTUCTUYECKON ONTUMHU3AIUEH CUCTEMBbI?
Uto cuuTaeTca KpUTEPUEM ONTUMAIBHOCTH CUCTEMBI IIPU €€ CTAaTUCTHYE-
CKOM ONTUMU3AIAN?

3. Kakwue 3agaun MOTyT pemaThCsl B XOA€ CTATUCTUYECKOW ONTHUMU-
3allid CUCTEMBI?

4. Kak onpenensarorcsi napaMmeTpbl CUCTEMBI C 3aJJaHHON CTPYKTYPOHU,
ONTUMAJIBHOW MO KPUTEPHUIO MHUHUMYyMa CPEIHEKBAJAPATUYHOU OITUOKU?
[To kakOMy MPUHITUITY OTOMPAIOTCS MapaMeTpbl CUCTEMBI JJisi €€ CTaTu-
CTUYECKOW ONTUMU3AIN?

5. Kak cuHTE3upyeTcs cucrtemMa ¢ MPOU3BOJIBHOW CTPYKTYpPOM, ONTH-
MallbHasi 0 KPUTEPUI0O MUHUMYMa CPEAHEKBAIPATUUHON OIINOKH ?

6. Uto cuuraerca (uznuecku peanuszyeMon cucremor? B uem 3a-
kirovyaercs Meroauka bone u lllenHoHa, mpuMeHsieMasi sl cuHTe3a Pu-
3UYECKOMN Pean3yeMOu CUCTEMBI?

7. Uto cumtaercs ontumaibHbIM ¢GuibTpoM Bunepa? KakoBa 00-
JacTh ero npuMeHeHus? KakoB mopsiiok CMHTE3a ONTUMAIBHOTO (HIbTpa
Bunepa?

8. Urto cumtaercs ontumanbHbiM QuiabTpoM Kanmana-brrocu? Kako-
Ba oOnacth ero npuMeHeHus? KakoB MOpSIOK CHUHTE3a ONTUMAJIbHOIO
¢unerpa Kanmana-borocu?



3AJAYA JJIA CAMOCTOATEJBHOI'O PEHIEHUA

3.1. Ilepenatounas pyHKIMS PA3OMKHYTOW CUCTEMbI UMEET BUJ (CM.
npumep 2.9)

K'(T's+1).

2
S

W(s) =

Ha Bxoz cucteMbl oIaeTcs peryIspHbIA CUTHAI

b-t’
g(t)—a-t+7

U Clly4anHas IoMexa F(t), npeAcTaBJstonas cCo00n OembIil IITyM CO CIeK-
TPAJLHOW IUIOTHOCTBIO S f (a))= N . Onpenenuts 3Ha4YE€HUE MOCTOSHHOM

BpeMenu 7, oOecreunBaronieii MUHUMYM CpPEIHEKBAIPATUIHON OIMMOKHU
CUCTEMbI B YCTAHOBHUBIIEMCS PEXKUME, U BEITUYUHY STON OIIMOKH.

3.2. PemmTh mpeapIayIIyO 3aady B HPEANOJIOKEHUH, YTO MOXKHO
W3MEHATh KaK 3HA4YeHHE IOCTOSHHOW BpemeHm 7, Tak W KOX()PHUIIHCHT
ycuseHus K.

3.3. Pemuth 3agauy 3.1 B mpearonoKeHuu, 4To nepeaaroutas PyHk-
1S pa30MKHYTOW CUCTEMbI UMEET BUJ
K-(T-s+1)
s? (2' S+ I)

W(s) =

3.4. Ha BX0J cuCTEMBI MOCTYMAlOT HE3aBUCUMBIC MOJIC3HBIN ClTydai-
HBIW TIPOIIECC G(t) u nomexa F (t) (cm. pucyHok 3.3). Onpenenuts ONTU-
MaJIbHYI0 MO0 KPUTEPUI0 MUHUMyMa JUCIIEPCUU OMIMOKHU MEepeaaTOUYHYIO
dbyHkuuo crnendmeit cucrtemsl (H (s)= 1). CnexrtpaibHble TJIOTHOCTH

BXOOHBIX cnyqaﬁHbe MponeCCoOB PaBHbI

S¢(0)
1+T} - 0®

5:(0)
1+T¢ @’

SG(“’)= SF(“’)=



3.5. Ha BXOJ cUCTE€MBI MOCTYNAOT HE3aBUCUMBIE TTOJIE3HBINA CIIydail-
HBIN TTPOIIeCC G(t) U roMexa F(t) (cMm. pucynok 3.3). OnpeaenuTsb ONTH-
MajJbHYI0 M0 MUHUMYMY CPEIHEKBAJPaTUYHOM OIIMOKHU MEPETATOYHYIO
(GYHKIMIO CUCTEMBI, pelaromiei 3amaady uHTerpupoBanus (H (s)=1/ s).

CHGKTpaJ'IBHI)IG IIJIOTHOCTHU BXOJHBIX CﬂyqaﬁHBIX MpoHcCCOB PaBHbI

S¢(0)
1+T} - 0?’

SG(w)= SF(w)=SF(0)'
3.6. Pemute mpenpiaynryto 3agady B NMPEANONOKEHUHU, YTO CUCTEMA
pemaet 3anauy auddepenuunpoBanus ( H (s) =s).

3.7. Ha BXOJl CHCTEMBI TIOCTYMAIOT HE3aBUCUMBIC TTOJIC3HBIN CITydaii-
HBIH TIpOIIecC G(t) U romexa F(t) (cm. pucyHok 3.3). Onpenenutb uM-
MyJIBCHYIO TIEPEXOAHYIO0 XapaKTEPUCTHUKY CISAIICH CHCTEMBI, 00ecTIeUu-
BAIOIIYI0 €€ MUHUMAJIbHYIO CPETHEKBAIPATUUHYIO OIHOKY, €CIIU

R;(r)=3- exp(— 2- ‘7‘)’ R.(z)=2- exp(— ‘T‘)



4 JABOPATOPHBIN TIPAKTUKYM
4.1 Opranusanus JJa0OPATOPHOI0 MPAKTUKYMA

OCHOBHOI LeJbIO BBIMOJHEHUSI JTa0OPAaTOPHBIX PabOT SIBJISIETCSA TO-
JYYEHUE YCTOMYMBBIX MPAKTUUECCKUX HABBIKOB MCCIIEIOBAHUS CIy4YalHBIX
npoieccoB. B xoze BbINOIHEHUS] padOT y CTyJAEHTa JAOJIAKHO CHOPMUPO-
BAThCS MPEACTABJICHUE O MPUHIMIIAX AHAJM3a U CUHTE3a CUCTEM, HAXOs-
LIAXCS MMOJ BIIUSTHUEM CIIyYaWHBIX BO3/ICMCTBUM.

Ilpumeuanue. Tax kax 6vinonHeHue 1aO6OPAMOPHLIX pabom Npeono-
jazaem wUpoxKoe UCNOIb308aHUe UHOOPMAYUOHHBIX MEXHOA02UL, MO
BCNOMO2AMENLHOU YEeAbl0 NPAKMUKYMA MOJNCem CHUMAMbCSA U3YUYeHUe
BO3MOJNCHOCMEU NPOCPAMMHBIX CPeOCmE peuleHuss 3a0ay cmamucmuye-
ckou ounamuxu (nanpumep, MathCAD unu Matlab).

B xoze BbINONHEHUS Ta0OPaTOPHOTO MPAKTUKyMa IO KHBI PeIIaThCs
CJIEIYIOIINE 3aJa4YH:

® Pa3BUTHUE JIOTUYECKOTO U AITOPUTMHUYECKOTO MBIIIICHUS;

® BBIpa0OTKAa YMEHHUS OIEHMBATH CTATUCTUYECKHE XapPaKTEPUCTUKHU
JTMHAMHUYECKHX CUCTEM;

® BbIPa0OTKA YMEHMSI CAaMOCTOSATEIBLHO CTaBUTh M pElIaTh 3aJaqyu
aHaJMn3a U CUHTE3a JUHAMHUYECKHX CHUCTEM;

® M3y4YCHHME MPHUHIUIIOB pabOThl MPUKIIAJHOTO MPOrpaMMHOIro obec-
MICUYCHUS.

J171s1 BBITIOJTHEHUS Ta00PATOPHBIX PAOOT CTYICHT JOJKECH 3HATD:

® OCHOBHBIC MOJIOKECHUS TEOPUHU BEPOSTHOCTEM U MATEMATUYECKOMN
CTaTUCTHUKHU;

® OCHOBHBIC MOJIOKEHUSI TCOPUH (HYHKIIMU KOMITJIEKCHOTO TEpEeMeH-
HOT'O W OINEPAIMOHHOTO UCUUCIICHUS;

® OCHOBHBIC XaPaAKTECPUCTUKH CIIyYaWHBIX IMPOIIECCOB;

® 3aKOHOMEPHOCTH U CIEIU(PUKY MOBEACHUS CUCTEM IO BIUSHUEM
CJIyYalHbIX BO3/ICHCTBUN;



® METOJbl aHAIW3a CHCTEM, HAXOJSIIMXCS MOJ BIUSHHUEM CIIydail-
HBIX BO3JICUCTBUM;

® METOAbl CHHTE3a CHUCTEM, ONTHUMAJbHBIX MO BHIOPAHHBIM CTaTH-
CTUYECKHUM KPUTEPUSIM;

® BO3MOXXHOCTH HOBBIX HH(pOPMAIIMOHHBIX TEXHOJOTHUN PEIICHUS
MaTeMaTHYEeCKUX 3a7a4.

CTyneHT DOKEH YMeTh:

e (dopMmynupoBaTh TpeOOBaHUS K CHCTEMaM Ha dTallax MX aHaJIn3a U
CHHTE34;

® KOPPEKTHO HCIIOJb30BATh MATEMATUYECKUE 3aKOHOMEPHOCTH IIO-
BEJICHUS CUCTEM B YCJIIOBUSIX CTATUCTUYECKOW HEOTIPECICHHOCTH;

® [IPEJCTABIIATh PE3YJbTATHI PEIICHUS OTMEIbHBIX 33/1a4 B Y00HOM
JUJISL BOCOPHUSTHS U TAIbHEHIIIETO UCIIOJIb30BAHUS BUJIE.

[IpakTuKyM mpeamnoyiaraeT BBIIIOJIHEHUE MATH JA0OpaTOPHBIX padoT,
TEMAaTHUKa KOTOPBIX B I[EJIOM COOTBETCTBYET CTPYKTYPE HACTOSAIIETO MOCO-
ousi. B kax ol pabote pelraercs oJHa KOHKpeTHas 3ajaya. [lomydeHHbie
OJWH Pa3 pPe3yJbTaTbl MOTYT UCIIOJIb30BATHCS HA BCEX MOCIECAYIOIIUX 3Ta-
nax JabopaTopHOro MpakTUKyMa.

O0s13aTenbHBIM YCIOBUEM JOMYCKa CTYJEHTA K BBIOJHEHUIO JTabopa-
TOPHOU palOTHI SIBISETCS YCBOCHHE COOTBETCTBYIOIIETO TEOPETUUECKOTO
Marepuasnia. Pabora cuutaeTcs BBIMOJHEHHON W 3alIUIIEHHOM, €CJIM CTY-
JICHT OTBETHUJI HAa BCE BOMPOCHI IO METOJUKE €€ MPOBEACHUS U TEOPUH, MO-
Jy4uJT HEOOXOAUMBIE PEe3yIbTaThl U JaJl UM MPABUIIbHYIO OIIEHKY, MPO/Ie-
MOHCTPUPOBAJI YBEPEHHOE BJAJCHUE COOTBETCTBYIOIIMMH HWHCTPYMEH-
TaJIbHBIMU CPEJCTBaMHU.

Ipumeuanue. /[ nposepku meopemuyeckux 3HaHu MoO2ym UCHO/Ib-
308ambcsi KOHMPOJIbHLIE BONPOCHL, NPUBCOEHHbIE 6 COOMBEMCMEYIOUIUX
pazoenax nocoous.

[IpakTUKyM HE MIPETEHIYET Ha MOJHOTY OXBaTa BCeX MpoOJeM, pela-
€MBIX TPHU AHAJIW3€ U CUHTE3€ CTOXAaCcTHUYEeCKHX cucrteM. He craBmiach
TAKXKE€ LEJIbI0 M3YYCHUE TMPUEMOB PEUICHUS MPUKIAJAHBIX 3a/1a4 B KOH-



KPETHOM MPOTrpaMMHOU cpejie. Tem He MeHee, aBTOp HAJIEETCs, YTO peallu-
3alMs TMPeIaraéMor IMporpamMMbl MPAKTUYECKOM IMOJATOTOBKU ITO3BOJIUT
aKTUBU3UPOBATH CAMOCTOSITENIbHYIO pabOTy CTYAEHTOB, YIPOUUTh UX TEO-
pPETUYECKHE 3HAHUSI U YCOBEPILICHCTBOBATh HABBIKUA PEILICHUS 3aja4 B 00-
JIACTU CTATUCTUYECKOM TMHAMUKU CUCTEM.

4.2 JladopaTtopHas paoora Nel. Onpenesnenne CTaTUCTHYECKHX
XapaKTEePUCTHK CJAYyYailHBIX MPOLIECCOB

[{enb paboThl — MPUOOPETEHUE HABHIKOB OLICHUBAHUSI OCHOBHBIX CTa-
TUCTUYECKUX XapAKTEPUCTUK CIyHYalHBIX MPOIIECCOB.

Coneprxanue pabOThl — pacuyeT CTATUCTUYECKUX XAPAKTEPUCTUK CITY-
YalHBIX MPOIIECCOB C 33aJIaHHBIMU 3aKOHAMH pacIpeieieHUs 10 OrpaHu-
YEHHOMY Ha0OPY OINBITHBIX JAHHBIX.

J1o BbITIOJTHEHUS paOOThl HEOOXOAMMO CAMOCTOSTEILHO U3YUUTh:

® OmpejeseHUE CIIyYalHbIX MPOIECCOB U UX BU/IBI;

® OCHOBHBIC CTATUCTHUUYECKUE XAPAKTEPUCTUKU CIyYaAWHBIX IMPOIEC-
coB ((yHKIMIO pacmpeqeseHns, MIOTHOCTh BEPOATHOCTH, MaTeMaThye-
CKO€ OKHUJIAHUE, JUCIIEPCHIO, KOPPEIALUOHHYIO (PYHKIMIO, CIEKTPAIbHYIO
IJIOTHOCTH) U UX CBOWCTBA.

Bce HeoOxoauMble TEOPETUUECKUE CBEJCHUS U PAaCUETHBIE (POPMYJIbI
coJiepKaTcsl B JAHHOM MOcoOuU. BapuaHThl 3a1aHuil 171 BBITTOJTHEHUS J1a-
O0opatopHOl paboThI NnpuBeAeHbI B Tabnuue 4.1 (kononku B u B2 onpe-
JIEJISIFOT 3aKOHBI pacnpenencHus, KoJoHku Il 1 v IT 2 — 3HaueHus napameT-
POB pactpeiesieHus: u3 Ta0nuisl 4.2).

[Ipu BBIMOIHEHUH JTa00PATOPHOU PabOTHI HEOOXOIUMO:

® CreHepupoBaTh ABE BHIOOPKH 00beMoM 50 — 100 cinydailHbIX yucel
C 3aJlaHHBIMU 3aKOHAMH PaCIpeeICHUs], UMUTUPYIOIINE CTallMOHAPHBIE
ProJInUECKre CilydyalHbIe MPOIECCHI;

® ISl KaXJO0W BBIOOPKH CIIyYalHBIX YHMCE ONPEACTUTh (PYHKIIHUIO
pacrpesiefieHis] U TIJIOTHOCTh BEPOSITHOCTU, OIICHUTh MAaTeMaTHUYECKOe
OXXKHMJIaHUE U JUCTIEPCHIO;



JUISl KOKJIOW BBIOOPKU CIYYaHBIX YHCEIN ONPECTUTh KOPPEIIsIu-

OHHBIC (I)YHKI_II/II/I, CIICKTPAJIbHBIC IIJIOTHOCTH, B3AUMHLIC KOPPCIILNOHHBIC

(GYHKIIMY U B3aUMHBIE CTIEKTPAJIbHBIC TNIOTHOCTH.

Tabnuna 4.1 — BapuanTel 3aaHuil 1711 BBINOJHEHUS J1a0OpaTOpHON

padotsl Nel

Ne B 11 11 B, I 11
1 1 0,0 1,0 3 0,0 0,2
2 2 0,5 1 3,0 3,0
3 3 1,0 0,5 2 2,0

4 1 0,0 2,0 2 0,5 —
5 2 1,0 2 1,0 —
6 3 0,0 0,4 1 4,0 5,0
7 1 0,0 3,0 1 1,0 2,0
8 2 1,5 1 1,0 3,0
9 3 2,0 0,3 3 1,0 0,3
10 1 0,0 4,0 3 2,0 0,4
11 2 2,0 3 0,0 0,5
12 3 0,0 0,2 2 1,5

13 1 0,0 5,0 2 2,0 —

14 2 0,5 1 2,0 4,0

15 3 1,0 0,1 1 3,0 4,0

16 1 1,0 3,0 1 1,0 4,0

17 2 1,0 2 0,5

18 3 2,0 0,1 3 1,0 0,4

19 1 2,0 5,0 3 2,0 0,3

20 2 1,5 3 0,0 0,2

Tabnuna 4.2 — Tunsl 1 mapameTpsl pacupeaeaeHun

No B Il 11
1 Pasnomepnoe pacnpeoenenue a b
2 IKCNOHEeHYUAIbHOE pacnpedenenue A —
3 Hopmanvnoe pacnpeoenenue mx ox




DYHKIUIO pacrpeiesieHus PEKOMEHIYeTCS HaXOAUTh TI0 BBIPAXKEHUIO
(1.50). AnHanor MJIOTHOCTH BEPOSITHOCTH PEKOMEHIYETCS MOJaydaTh IO
dbopmyiie (1.51). KadecTtBo IUCKpETHON aNmpOKCHUMAIIUK XapaKTEPUCTUK
MO>XHO OIICHUTBH MYTEM HUX CPaBHEHUS C pe3yJbTaTaMH, MOJYYEHHBIMU C
MOMOIIBIO MPOrPAMMHBIX CPEACTB (CBEIECHUSI 00 OCHOBHBIX (PYHKIIUSIX
pacapenenenus cuctrembl MathCAD tipuBesieHbl B Tabauie 4.3).

Tabauna 4.3 — ®yukuuu pacupeaeiaeaus MathCAD

Dynxyus Pezynomam

run if(n,a, b) BekTop n ciiydallHBIX 4YHCEJ, UMEIOIIUX PABHOMEp-
HOE pacupeaesCHUE B THAIa3oHe OT a 10 b.

BekTop n cny4aliHBIX 4MCell, UMEIOIINX YKCIIOHCHIU-

AJIbHOE pacIpe/ie]IiCHUE C 3aTyXaHueMm A.

BekTop n ciyyaillHBIX YHCEN, UMEIOLIUX HOPMAaJbHOE

morm(n,m,cr) pacOopeaeieHe ¢ MaTEMAaTUYECKUM OKUIAAHUEM M U

CPEIHEKBAIPATHYECKUM OTKJIOHEHUEM O.

pun if(x,a, b) OyHKIKS PaBHOMEPHOTO PACHPEAECICHHS X B IHAAIa-
30HE OT a 10 b.

DyHKIMS SKCIOHCHIUAIBHOIO PACHPENCICHUSI X C

3aTyxaHueMm A.

OyHKIMS HOPMAIBHOTO PACIPENCICHUS X C MaTeMa-

pnorm (x,m,O') TAYECKUM OXHUJAHUEM M W CPEIHEKBAJIPATUUYECCKUM

OTKJIOHEHUEM O.

dunif (x,a, b) IIIOTHOCTEP BEPOATHOCTA PABHOMEPHOTO pacmpese-
JICHHS X B IMAIa3oHe OT a 10 b.

IJTOTHOCTH BEPOSITHOCTH 3KCMOHEHIIMAIBHOTO Pac-

IpeIeNICHHs X ¢ 3aTyXaHuem A.

IIIOTHOCTE BEPOATHOCTH HOPMAJIBHOIO pacmpesesie-

dnorm (x,m,cr) HUSI X C MAaT€MaTU4YECKUM OXKHJIAHUEM m U CPEIHE-

KBaJIPATUYECKUM OTKIIOHCHUEM O.

r exp(n,ﬂ)

p exp(x, l)

d exp(x,)

his t(D x) BekTop 4acTOTHOTO pacnpenciaeHus X MO HHTEpBa-
’ J1aM, TPaHULBI KOTOPBIX XpaHATCs B BEKTOpeE D.
] BekTop 4acTOTHOroO pacupenciicHus x 1o kK MHTepBa-
htst(k,x) p paciipel p

JaM OT X min A0 X max.
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Pucynok 4.1 — Onpenenenrie pyHKIMU pacupeaeneHus (a) U mIoTHO-

CTH BEPOSITHOCTH (0)



JIisi BBIYMCIICHUSI CTAaTHCTHYECKUX XapaKTEPHUCTHUK BBIOOPOK PEKO-
MEHAYETCS HCIO0JIb30BaTh IUCKpeTHbIE cooTHomeHus (1.54) u (1.57).
HalinenHnple 3HaUYeHHS PEKOMEHAYETCS CPaBHUTH C pe3yjbTaTaMH, IOJIY-
YEHHBIMHU C TTOMOIIBIO CTAaHAAPTHBIX (YHKIHMH (CBEJICHHUS O CTATUCTHYE-
ckux QyHkuusix MathCAD npuBenensl B Tadnuie 4.4).

Ta6nuna 4.4 — Cratuctuueckue pyukuuu MathCAD

Dynxkyus Pesynomam
Cpennee 3Ha4Y€HHE X, BBIYUCIsIEMOE 110 hopMyJie

1 n

. Z X; .

n j-j

Jlucriepcus X, BeIUUCIsseMast 1o popMyie
1 xz 2

—. Z[x,- - mean(x)] .

n ;-j

s npakmuuecko2o UCNONb3068AHUS  NOJIYYEHHOE

3HaueHue 00NHCHO OblMb UCNPABIEHO HA YUCIO CHe-
nemneu c80600bl NO cxeme var(x)- n/ (n — 1).

mean(x) mean(x) —

var (x) =
var (x )

CpenHekBagpaTHUECKOe OTKIOHEHHE X, BBIUUCIIsIE-
Moe 110 hopMmyJie

stdev(x) = Jvar(x).
Hns npakmu4yecko2o UCNOIb306AHUS  NOJYHYEeHHOe
3HaYeHue OO0NIHCHO OblMb UCNPABIICHO HA YUCTO Ce-

nemeti c6o600bl NO cxeme stdev(x)' Jn/ (n-1).

stdev(x)

Koppensiiimonasie GyHKIMH BHIOOPOK M B3aUMHBIE KOPPEISIITUOHHBIC
(GyHKIIMUA MOTYT onpeaensaTbes mo popmynam Buaa (1.68). UToObl CHU3UTH
MOTPEITHOCTh WX OMPENENICHUS TPU CYIIECTBEHHBIX U3MEHEHUSAX CITydaii-
HOM BEITWYWHBI, PEKOMEHIYETCS BBIMOJHUTH MHTEPIOJSAIUIO HCXOIHBIX
JAHHBIX JJIsI MEHBILIETO Iara mno BpemeHu (cM. pucyHok 4.2 (a)). Crek-
TpaJIbHBIE TIJIOTHOCTH BHIOOPOK M MX B3aUMHBIE CIIEKTPAJIbHBIE TNIOTHOCTHU
MOTYT OBITh HAWJEHBI MyTEeM YHCJICHHOTO MHTETPUPOBAHUS HaWIECHHBIX

AKCTIICPUMEHTATBHO KOPPEIAIIMOHHBIX (DYHKIIMM C MCIIOIB30BAaHUEM YpaB-
Henuit (1.43) u (1.47).



®parmeHTsl JokyMeHTa MathCAD, nimoCTpUpyrolue OlCHUBAaHUE
ATHUX XapPaKTEPUCTHUK, TOKA3aHbl HA PUCYHKE 4.2.
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Pucynok 4.2 — OnpeneneHue KoppenssiuoHHON (yHKIUK () U CHEK-

TpaJIbHOM IJIOTHOCTH (0)



CojnepxkaHue oTdeTa o JJabopaTopHOM padoTe:

® WCXOJIHbIE JaHHBIC /IS BBIMTOJHEHUS J1a0OPaTOPHOI pabOTHI;

® pe3ynbTaThl OIICHWBAHHUS CTAaTUCTUYECKUX XapaKTEPUCTHUK CITy-
YaKWHBIX IIPOLIECCOB;

o rpaduku (QyHKIUN pacrpeneseHus, IMJIOTHOCTEH BEPOSTHOCTH,
KOPPEJISIIIUOHHBIX (DYHKITUN U CIIEKTPAbHBIX TUIOTHOCTEH.

4.3 JIabopaTopHasi padoTra Ne2. AHAJIU3 CUCTEMBbI NIPH CIAYYaAHBIX
BO3/1eHCTBUAX

[{ens paboThl — MPUOOPETEHUE HABBIKOB pacyeTa JUHEUHBIX CHCTEM
IIPU CIIyYaWHBIX BO3ACUCTBUSX.

Copnepxannie pabOThl — pacyeT PEryJaspHOM U CIIy4aillHON COCTaBIIsi-
IOIIEH CITyYalHOTO MPOLIECCA HA BBIXOJIE JINHEWHON CUCTEMBL.

J1o BhIMOTHEHUS pabOThI HEOOXOIUMO CAMOCTOSITETLHO U3YUYHUTh:

® IMIPABWIA OMNPEACICHUS XAPAKTEPUCTHK CIyYaWHBIX MPOILECCOB Ha
BBIXOJIC CUCTEMBI IO XapaKTEPUCTUKAM €€ BXOIAHBIX BO3JAECHUCTBUM;

® TIpaBWJIa pacyeTa PEryJspHON COCTABIAIOIICH OMIMOKW JIMHEHHOM
CHUCTEMBI 10 XapAKTEPUCTUKAM €€ BXOJIHBIX BO3JAECHCTBUN;

® [IpaBWIa pacyeTa CIy4yalHOW COCTaBJAIONICH OIMOKW JIMHEHHOU
CHUCTEMBI T10 XapAKTEPUCTUKAM €€ BXOJIHBIX BO3JIECHUCTBUU.

Bce HeoOxoauMble TEOPETUUECKUE CBEJICHUS U pacueTHbIe (OPMYJIbI
cojiepKaTcsl B JAHHOM MOcoOuu. BapuaHTel 3a1aHuit 171 BBITTOJTHEHUS J1a-
O0opatopHoi paboThl mpuBeneHbl B Taduie 4.5 (npunsats K = I). Ctpyk-
Typa pacCUMTHIBAEMON CUCTEMBI ITOKa3aHa Ha pUCYHKE 4.3.

F(¢)

Wi (s) W, (s)

G(e) ~ E()

X (t)}

Pucynok 4.3 — CTpykTypa pacCUUTHIBAEMON CUCTEMBI



Tabnuna 4.5 — BapuaHThl 3aJjaHUil 711 BBITIOJTHEHUS J1Ta0OPaTOPHBIX
padot Ne3 u Ne4

N | w(s) w,(K,s) S¢(o) Sy ()
1| s+1 K-s/(s+1) 0,4/(1+ 0’ 0,1
2| (s+1)s  K-s/G-s+1) 0,3/(1+2 o) 0,2
3 1/s K-s/(5-s+1) 0,2/\1+3-o°) 0,3
p 7 K-s/7-s+1) 0,1/(1+4 o) 0,4
5 s K-s/(9-s+1) 0,1/(1+5- ) 0,1
6 s+ 1 K/(s+1) 0,2 (1+6-a)2) 0,2
7 | (s+1)s K/(3-5+1) 0,3/(1+7 - o) 0,3
8| Is K/(5-s+1) 0,4/\1+8- o) 0,4
9 1 K/ s+1) 0,1/(1+9-07) 0,1
0l s K/(9-s+1) 0,2/(1+9-0) 0,2
11| s+1 K-s/(2-s+1) 0,3/(1+8-o?) 0,3
12| (s+1)s K-s/(4-s+1) 0,4 (1+7-602) 0,4
13 1s K-s/(6-s+1) 0,1/(1+6-0°) 0,4
14 1 K-s/(8 s+1) 0,2/(1+5 o?) 0,3
IT ; K/(2-s+1) 0,3/(1+41-0°) 0,2
16| s+1 K/(4-s+1) 0,4/\1+3- 0°) 0,1
17| (s+1)s K/(6-s+1) 0,0/(1+2- o) 0,1
18| 1s K/(8-s+1) 0,2/(1+0?) 0,2
9] 1 K-(2-s+1)/s?  02/(1+2-0%) 03
20 Is K-(4-s+1)s 0,1/(1+»?) 0,4

[Ipu BbINOMHEHUH J1a00PATOPHOU PabOTHI HEOOXOIUMO:

® ONIpEACIUTh IepenaTouHble (DYHKIIUH CHCTEMBI 0 KaHajlaM «IIO-
JIC3HBIN CUTHAJ — OIIMOKA» U «IIOMeXa — OITHOKa;

® OIPEACIUTDH PETYJIIPHYIO COCTABIISIIONIYIO OIIMOKH 110 KaXXJIOMY M3
KaHAJIOB KaK PEaKIMIO CHCTEMbl Ha CTaHAAPTHBIC €IMHUYHBIC CTyIICHYA-



ThIC BO3JCHCTBUS;

® OMNPENETUTh JUCIICPCHUIO OIMUOKH 10 KaXIOMY U3 KaHAJIOB;

® TIPOMOJICTUPOBATH MOBEICHUE CUCTEMBI.

Ornpenenenre TUCTIEPCUU OIIMOKU 11€JIECOO00Pa3HO MPOBOJUTH YHC-
aeHHo. J[71a MonenupoBaHus MOBEACHUS CUCTEMbI PEKOMEHIYETCS CreHe-
PUPOBATH TIOMEXY C HOPMaJIbHBIM 3aKOHOM pacrpe/eiieHrs, HyJIeBbIM Ma-
TEMaTHYECKUM OKUIAaHUEM, PACCIUTAHHOHN JUCTIEPCUEH U HAJIOKHUTh €€ Ha

PEryJISPHYIO COCTABJISIONIYIO OITUOKHU (CM. pUCYHOK 4.4).

‘Mathcad - [Mathcad [
"Mathcad - [Mathcad 1) - ) b _ ! e’ |
fdl File Edit View Insert Format Tools Symbolics Window Help [= =] =]

|0 -FH|SRY| 4 2B[oc|[": WD =@ 0| )| @4EH=2ED s

PerynapHas cocTaBISOmMas BRIXOAHOTO CHTHAIIA: -
x(t) = exp(—0.05-1)-(cos(0.2-t) +sin(0.2-¢)) i:=20..100 ¢t;:=i

Jlucrepcust BRIXOJTHOTO CHTHATIA:

D, = 0.0 e = rnorm(101 .0,./D,)

1.57

™| b
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Pucynok 4.4 — MonenupoBaHue MOBEJCHUS CUCTEMBI

Conepxanue oTueta o 1a00paTopHOl padoTe:

® UCXOJHBIE JaHHBIE JJIS1 BHIMOJHEHUS Ja00paTOPHOU pabOTHI;

® pe3yJbTaThl OMpPEJCICHUS MEePEeNaTOUHBIX (YHKIIUNA CHUCTEMBI IO
OIIIMOKE I KaXKIO0ro U3 KaHaJIOB;

® pE3yJIbTaThl pacueTa PEryJSIPHbIX W CIYYalHBIX COCTaBIISIOIINX
OIIMOKU JIJIsl K&KOTO U3 KaHAJIOB;

e rpadUKU MEPEXOJHBIX NPOILIECCOB JJIs KaXI0TO U3 KaHAJIOB.

4.4 JladopaTtopHass paoora Ne3. OmnpegeseHue ONTHUMAJbHbBIX



NapaMeTpoB CUCTEMBbI

ens paboThl — NpHUOOPETEHNE HABBIKOB CUHTE3a JTUHEUHBIX CUCTEM C
3aJIaHHOW CTPYKTYpOH, 00€CHeYMBaIOMIMX MHUHHUMYM CpPEIHEKBaJpaTUY-
HOM OIIMOKH, MPU CITYyYaHBIX BO3JCHCTBUSAX.

Conepxanue pabOThl — OIpeJICNICHHE MMapaMeTPOB JIMHEHMHON CHCTe-
MbI, 00€CIIEYNBAIOLIUX MUHUMYM €€ CPEIHEKBAPATUIHON OLIUOKH.

J10 BBINOJIHEHUS pabOThl HEOOXOIUMO CaAMOCTOSITEbHO U3YUYUTh:

e 0O0IIME MpaBujia CUHTE3a JIMHEHHBIX CUCTEM IPHU CIIyYalHBIX BO3-
JICUCTBUSIX;

® [IPAaBWJIa CUHTE3a CUCTEM C 3aJJaHHOU CTPYKTYPOM IPHU CIIyYaHbIX
BO3JCHCTBUSX.

Bce HEeoOXxoaMMBbIE TEOPETUUECKUE CBEICHHS U PacdeTHBIC (hOPMYJIBI
CoJIepKaTcsl B JAHHOM MOcoOuU. BapuaHTel 3a1aHuil 171 BBIITOJIHEHUS J1a-
O0opatopHol paboThl puBeacHbl B Tabnuie 4.5. CTpyKTypa CUHTE3Upye-
MOW CHCTEMBI ITOKa3aHa Ha pUCYHKE 4.3.

[Ipu BeIMONIHEHNH TaOOpaTOPHON PabOTHl HEOOXOIUMO:

® OMpeNenuTh NepeAaTouHble (PYHKIMH CUCTEMBI MO KaHajlaM «II0-
JIE3HBIN CUTHAJ — OIIKOKa» U «IIoMeXa — OlMOKa» Kak GyHKIUUA KO3(Phu-
LMEHTAa YCUJIEHUS PA30MKHYTON CUCTEMBI;

® ONPEIEIUTh CHEKTPAJbHBIE IUIOTHOCTH COCTaBIISIIOIIMX OLIMOKH
M0 KaHAJIaM «TMOJIE3HBIM CUTHAN — OIIHUOKa» U «IIoMeXa — OIIMOKa» U CyM-
MapHYI0 CIEKTPaIbHYIO MJIOTHOCTh OIIMOKU Kak (PyHKIIUU KO3 uLreHTa
YCUJICHUSI PA30MKHYTOW CHUCTEMBI;

® OMNpENeNUTh JUCIEPCUI0 OIIMOKM Kak (PyHKIHIO Ko3hPuuueHrta
YCUJICHUS! Pa30MKHYTOU CUCTEMBI;

® OMNpEeNeNuTh ONTUMAJbHOE 3HaueHHUE KOd(PPUIMEHTa YCUIICHUS
PA30MKHYTOM CHCTEMBI M3 YCIIOBUS MUHUMyMa CYMMAapHOM AUCIEPCUU
OIITNOKH;

® OMNPENETUTh PErYJISIPHYIO COCTABJISIONIYIO OLIMOKH ISl KaXXIO0ro
U3 KaHAJIOB MPU BHIOpAaHHOM KO3(PUIIMEHTE YCUIICHHUS PA30OMKHYTOU CH-
CTEMBI KaK PEaKIMI0 CUCTEMbI Ha CTaH/IaPTHBIE €IMHUYHBIE CTYIICHYAThIE



BO3/ICHCTBUS;

® ONpEAeIuTh JAUCIECPCUIO0 OLIMOKHU JJISI KaKJAOTO U3 KaHAJIOB MpHU
BBIOpaHHOM K03 (PUIIMEHTE YCUIIECHUS PA30MKHYTOM CUCTEMBI;

® IIPOMOJECIUPOBATH MOBEACHNUE CUCTEMBI.

Pacuer pucnepcuut u MOJIETUPOBAHUE CUCTEMBI PEKOMEHYETCS MPO-
BOJIUTh TaK e, Kak U B padote Ne2.

ConeprkaHue oTdeTa o JabopaTopHOM padoTe:

® UCXOJHBIC JaHHbIC JJIsl BHIMOJHEHUS Ja00paTOPHOU pabOTHI;

® CXema OMpeeseHUs ONTUMAIBHOTO KO3 (DUIIMEHTA YCUIICHHUS;

® pE3yJbTaThl pacueTa PErySIPHBIX M CIyYalHBIX COCTaBJISIOIINX
OIIMOKY JIJIs1 KaKI0TO 13 KaHAJIOB;

e rpadUKU MEPEXOTHBIX MPOIIECCOB JJIs KaXI0TO U3 KaHAJIOB.

PekomeHnyeTcs Takke BBIMOJHUTH CpaBHEHUE HAWJICHHBIX IMMOKa3aTe-
Jielt TOYHOCTHU CUCTEMBI C pe3yJIbTaTaMu BBIMOJHEHUS paOOThI No2.

4.5 JlaGopaTopHas padora Ne4. CuHTE3 ONTHMAJIBHON CUCTEMBI €
NMPOU3BOJILHOMN CTPYKTYPOil

[{enb paboTHl — MPUOOPETEHNE HABHIKOB CUHTE3a JIMHEHHBIX CUCTEM C
MPOU3BOJILHON CTPYKTYpOM, 00ECIeUunBaOIIUX MUHUMYM CpPeIHEKBaJpa-
TUYHOU OLIMOKH, MPU CITyYaHBIX BO3ACHCTBUSX.

Conepxxanue pabOThl — OMpeAeseHUEe NepeaaToyHol (YHKIUU JIH-
HEWMHOW CUCTEMBbI, HAXOASIIECHCS 1101 BIUSHUEM CIyYaliHOTO BO3/ICHCTBUS,
KOTOopas o0ecreurBaeT MUHUMYM €€ CPEHEKBAIPAaTUUHON OINOKH.

J1o BbITIOTHEHUS paOOTHl HEOOXOAMMO CAMOCTOSTEILHO U3YUUTh:

e 0OMIIME MpaBuiia CUHTE3a JIMHEHHBIX CUCTEM IPU CIIyYalHBIX BO3-
JICUCTBUSIX,

® [IpaBUJla CUHTE3a CUCTEM C NPOU3BOJILHOW CTPYKTYpPOHU IPU CIY-
YaWHBIX BO3JICUCTBUSIX.

Bce HeoOxoauMble TEOPETUUECKUE CBEJCHUS U PacueTHbIE (OPMYJIbI
coJiepKaTcsl B JAHHOM MOcoOuU. BapuaHTel 3a1aHuil 171 BBITTOJTHEHUSI J1a-
O0opatopHOi paboThI NnpuBeAeHbI B Tadnuie 4.6. CTpyKkTypa CUCTEMBI TO-



KazaHa Ha pUCyHKeE 3.3.

Tabnuna 4.6 — BapuaHTsl 3aJjaHUi 7711 BBITIOJIHEHUSI J1a0OPaTOPHBIX
padot Ned u Ne5

Ne S (@) Sp(@) H(s) | M S (@) Sr(@) H(s)
1 04i+a®) o1 1 [11]03/li+8-0?) 03 s
2103/1+2-0?) 02 s |12]04/l1+7-0) 04 Us
slo2/li+3-02) 03  ys |3]01fli+6-0?) 04 1
10/lt+4-0°) 04 1 [14]02/li+5-07) 03 s
slogli+s-o?) o1 s [15[03/l1+4.07) 02 s
602/+6-0°) 02 s |i6|oa/li+3-07) o1 1
7103/(1+7-0°) 03 1 |17)01/li+2-0°) o1 s
8| 04fl1+8-0°) 04 s [18] 02/(1+0?) 02 Us
9| 01/(1+9-0?) o1 s [19]02/(i+2-0°) 03 1
10002/1+9-0°) 02 1 |20 01/1+0?) 04 s

[Ipu BeIMONIHEHUH TabOpaTOPHON PabOTHI HEOOXOIUMO:

® omnpeAenuTh (GU3NUECKH PEea3yeMyl0 TEpelaTOuHy0 (YHKIIUIO
3aMKHYTOW CHCTEMBI, BBITIOJHSAIONICH 3aJaHHOE MpeoOpa3oBaHUE IOJIe3-
HOTO CHTHaJIa IPH MUHUMYME CPEIHEKBAAPATUIHON OIITHOKH;

® OIpEACNUTh MEePEAATOUHYIO (PYHKITUIO PA3OMKHYTON CUCTEMBI;

® OIpEAeNUTh MepelaTOuHble (PYHKIIMU CHCTEMBI 1O KaHajaM «IIo-
JIC3HBIN CUTHAJ — OIIHNOKA» U «IIOMEXa — OIITHOKA;

® OMNPENeNTUTh TUCIICPCUIO OIINOKH I KaXA0TO U3 KaHAJIOB;

® POMOJIETUPOBATH MOBEJICHNUE CUCTEMBI.

PacueT mucnepcun U MOACIUPOBAHUE CUCTEMBI PEKOMEHIIYETCS TPO-
BOJIUThH TaK e, Kak 1 B padotax No2-3.

Coneprxkanue oTdeTa o JabopaTopHOM padoTe:

® WCXOJIHBIC JaHHBIC IS BBIMTOJHEHHUS JIa0OPATOPHOMH pabOTHI;

e cxema oOmnpeAcieHus (PU3NUECKH pealu3yeMol MepeaaToOuHOon



(YHKIMH Pa30MKHYTON CUCTEMBI,
® pe3yibTaThl pacyeTa PEryjasIpHBIX M CIy4YalHBIX COCTABIISIOIIUX
OIMOKH JJI Ka)KJ0ro U3 KaHAJIOB;

e rpadUKU MEPEeXOHBIX MPOIIECCOB JJIs KAXI0TO U3 KaHAJIOB.

4.6 JIadopaTopHasi pabora NeS5. CuHTEe3 ONTUMAJIBHOIO (pUIbTPA
Kanvana-bsrocu

[lenp pa®oThl — MpHOOPETEHNE HABBLIKOB CHHTE3a B IIPOCTPAHCTBE CO-
CTOSIHUHM CIEIAIIMX CUCTEM, 00€CTIeUMBAIOIIUX MUHUMYM CpETHEKBaIpa-
TUYHOU OIIMOKH, MPU CIyYaHBIX BO3JACHCTBUSIX.

Conepxanue pabOThl — OMpeAeICHUE TepeaaTouyHol (YHKIUU JIH-
HEWMHOW CHCTEMBbI, HAXOASIICHCS 1101 BIUSHUEM CIy4YaliHOIO BO3/ICHCTBHS,
KOTOpasi 00eCIeunBacT MUHUMYM €€ CPETHEKBaIPAaTUIHOM OINOKH.

J1o BhIMOTHEHUS pabOThl HEOOXOIUMO CaAMOCTOSTETLHO U3YUYHUTh:

® OCHOBBI TEOPUHU ONTUMAILHOM JIMHEHHON PUIBTpAIUY;

® TIpaBWJIa CHUHTE3a onTUMabHOTO (pribTpa Kammana-berocu B mpo-
CTPAHCTBE COCTOSTHUM.

Bce HeoOxoauMble TEOpETUUECKUE CBEJICHUS U pacueTHbIe (OPMYJIbI
cojiepkarcss B JaHHOM MocoOuu. CriekTpaiabHble TJIOTHOCTH TOJIE3HOTO
CUTHaJa U TIOMEXH, HeOOXOIUMBbIE JIJIsI BBITIOJIHEHHUS J1a00opaTOpHOU pado-
Thl, IPUBEICHBI B TabUIIE 4.6.

[Ipu BeIMONIHEHUH TaOOpaTOPHON PadOTHI HEOOXOIUMO:

® ONpEACIUTh MapaMmeTphl GOpMUPYIOIIETO DUIBTPA;

® pa3peumuTh ypaBHEeHHE PUKKATH JJIs OIEHKH AUCIIEPCUM CITydaii-
HOTO Tpoliecca Ha BHIXOJE CUCTEMBI;

® OIpeAeIUTh MapaMeTphl onTuMaabHOro GuibTpa Kanmana-berocu;

® [IPOMOJECIUPOBATH MOBEACHNUE CUCTEMBI.

MopaenupoBaHne CUCTEMbl PEKOMEHAYETCSl MPOBOJUTh TaK K€, KaK U
B MPEJIBIAYIINX paboTax.

ConeprxaHue oTdeTa o JabopaTopHOM padoTe:

® UCXOJHBIC JaHHBIE JJIsl BHIMOJHEHUS Ja00paTOPHOU pabOTHI;



® pe3yibTaThl pacyeTa nmapaMeTpoB (HOPMUPYIOMIETO PUIbTPA;

® pE3yJIbTaThl pacueTa JAUCIEPCUM BBIXOJHOIO CIIYYaHHOTO MpOleC-
ca (peuieHus: ypaBHeHus PukkaTn);

e pe3yibTaThl pacueTa mapaMmeTpoB oNnTUMalbHOTO puiabTpa Kamma-
Ha-briocu;

e TpaduKu MepexoaHBIX MPOLIECCOB.
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HPUJIOXKEHUE A

CTAHIAPTHBIE UHTEI'PAJIBI

g, =L B,(j-o)

do.
" 2m A w)A(-jo @

[Tonunoms! A4, ( J- a)) uB, ( J- m) NOPSAJKA 1 UIMEIOT BU]

A,(j-o)=a,)-(j-0) +a,-(j-0)" +..#a,,

B,(j-®)=by-(j-@)" 7 +b,-(j- @) +..4b,_;,

U Bce KOpHU A, ( A a)) PacIoJIOKEHBI B JIEBOH MOJIYIIJIOCKOCTH j- @ .

[lpun=1
b
J1=—0.
2'“0'“1
[Ipu n =2
—b,+a,-b,/a
J,= 0 0 1/2.
Z‘ao'al
[Ipu n =3
—ay-by+ay-b;—a,-a;-b,/a;
J3=
2‘“0‘("0‘“3_“1“12)
[Ipnn =4
U
J4=_4,
A,

U4=(a2‘a3_a1'a4)‘b0_a0'a3 ‘b1 +a0'a1‘b2+
+a,-(a;-a;-a;-a;)-b;/a,,

_ 2 2
A4—2'a0‘(a0‘a3 +a1 ‘a4_a1‘a2‘a3)



HPUJIOXKEHUE b

U30BPAKEHMUSA MO JAIIJIACY ®YHKIIMI BPEMEHU

H3zoopasicenue no

e Opucunaz f(t) Jlannacy F(s)

0, t#0,
i 5(t) = 1

+o00, t=10
0, t<0, 7
2 1(t)= !
1, t=>0 S
n—1
3 v L
(n—-1) s"
1
4 exp(a-t) s
@
5 sin(w- 1) RN
s
6 cos(@ - 1) R
. (0]
7 exp(a-t)- sm(a)-t) (s—a)2 o’

1 A

8 > exp(a - t)- [a - sin(a) - t)+ - cos(a)- t)]

(s—a)’ + o’

A.exp(a-t)-sin(a)-t+l//),

9 1 2 2 a
A=—' 9 —
. \/(a+7) +o", Yy arctg{a_l_y

s+y

J (s—a) + 0’

Ilpumeuanue. @ u @ — 6ewecCmM8eHHAs U MHUMASL 4ACMU KOPHEU 3HA-

menameiis F(S), Y — KOHCcmaHnma.



MHNPUJIOKEHUE B
PEHIEHUSA 3ATAY
1 Cay4yaiiHbie pPouecchl

1.1. MaremMaTuueckoe OKUJIaHWE CIy4alHOM BEJIWYHWHBI PaBHO HYJIIO,
T. €. my = (), TaK KaK CleKTpaJibHas TNIOTHOCTD Ipu @ = () He UMeeT 0Cco-

oeHHocrel Tuna &~pynknuu. lucrepcus paBHa

1 1 +a; N-0)1
D=——:-|S =——- | Ndo=
2. _L X(a))dco 2-r {,1 “= /4

KoppensiimonHast GyHKIUS CIyd4aifHOW BETUYUHBI

1

Ry(e)= " - [Sx(0)-exp(j-0-e)io -

k\IN

+w; N .
_g cos(a) - r)da) = sm(a)l -2').

1.2. CnexTpasibHas IIIOTHOCTh paBHA

— .|.2. . 2.5 3
Sx@= 2 o)

1.3. CnexTpasibHas IIIOTHOCTh paBHA

_a 2-f-w 2-f+w
Sx(@) B Dx l:a 24+ (8- co)2 a’ +(ﬂ+w)2:|
+2-7-m3 - 5(o).

1.4. CnextpasibHas IIIOTHOCTh paBHA

Sy (@)= z.f R, (2)- cos(- t)dr =



0

{(1 - %J . sin(w- r)[ + joT'sin(a) - z')d(%ﬂ -

_Z.DX
T- o’

=2-D,

: z(z - %) cos(o- )iz = > 'al))X : f(z - %)d[sin(a) .7)]=
2-Dy

[1-cos(w-T)]
1.5. CriekTpasibHast INIOTHOCT PABHA
Sx(@)= [Ry(c)-exp(-j-0- hir =
=D, -Toexp(—az .7’ —j-w-r)lz'.

ITpeoOpa3yem nokazaresiab SKCIIOHEHTHI K TOJTHOMY KBaJIpaTy

2 2. . @ w’
o’ ’+jwr=|lart+j —| + i

2-a 4-a’

Torna

2 +oo 2

@ [0
Sv\w)=D, -exp — clexp-lat+j-——| ldr=
X( ) X P( 4-0{2} __[O PI: ( J Z-a) :I

= -exp| — ..
a 4.a2

2 AHaJu3 cuCTeM IPHU CIAYYAHHBIX BO3IeHCTBUAX

2.1. ITo popmynam (2.2) u (2.3) noxyuum
my(t)=8-1my(t);=8-my(r),
Ry(t;,2,)=8-18-{Ryx(t,,1,)}}=64- Ry (¢,,1,).



2.2. KoppensimonHasi GpyHKIUs

RX(tI’t2)=

RY(tl’t2)= dt dt,
1

=2-a'[1—2'0!'(t1 _tz)z].exp[—a-(tl—tz)zl

2.3. KoppensimonHasi GyHKITUS

(¢, +1,) -0’ +2
(t; +1,)

2.4. ITo popmynam (2.2) u (2.3) moayuum

Ry(t;,1;)=Dy - -cos[- (¢, - 1,)}

my (t)= [m (2)- exp(— A)dA,
0
Ry (t1.5)= | | Ry (A p)- expl= 2)- exp(— uyiAd
00
2.5. ITo popmynam (2.2) u (2.3) nomydum

my (t) = % A- sin(t) =A- cos(t),

RY(tl,t2)=ﬁRX(tl,t2)=2-expl:— M:l-[l—(tz —t1)21
Dy (t)=Ry(t,1)=2.

2.6. Jlnist naHHOM cUCTEMBI BecoBasl (PYHKIIMS paBHA

Ke2)= ex,{_ %j

3HaueHNEe MaTEMaTHIECKOTrO OXXHNOJaHUA

m, (£) = jk(t,ﬂ)-mX(/l)dﬂ _



- t—t
= ES exp(—g) mydA = K-mx-[l—exp(— 0)].
0wl T T

Jucnepcus onpeaensiercs o popmyie

Dy (6)= Ry (t,6)= [ [K(t, 2)- k(t, 1) Ry (A, p)dAddps =

Lty

_Hexp( =4 t;'u—a-‘/l—,u\)dﬂ,dy=

Lyty

KZ 2 t 11 l + ﬂ
- D ° L]
— exp( ) t{ t_[} exp( a \/1 ,u‘)dﬂd,u

Pa300beM MHTEpBAI MHTETPUPOBAHMUS 110 IEPEMEHHON L HA JIBE YACTU

[t0 ,/1] 7 [l,t]. DTO NO3BOJIUT OCBOOOIUTHCS OT 3HAKa MOIYJIS M ITOJIyYUTh

TaOJIMYHEBIC HHTCI'PpaJibl BUAA

2
DY(t)= Dy -%-exp(— 2)x

T

x;{;exp[%_a (4- ,,)]dyqexp[%_a (u- l)]dy}dﬂ-

Ly Lo

( h

1 -T
5 l—a-T—Z-exp[—L-(t—to)]+
K T
=D, - .

2 2
I-a”-T +(1+a-T)'exP[—%'("’0)]

8

= e
.

2.7. 1t naHHOW CUCTEMBI BecoBasi PyHKIIUS paBHA

k(t,2)= % - exp(— %)

KoppensuronHas QpyHKIHs O€10T0 1ITymMa UMEET BU/T

Ry(Lu)=c’-8(2-p)



Jlucriepcust BBIXOJJTHOTO CUTHAIa

Dy ()= [ [ k(e 4)- ke, 1) Ry (A, pe)dAdps =

Lyty

2 ¢ 2:6-4-
- € e - 2274 60 - i -

Lty

¢’ ( 2-1)
= | I —expl —— ||
2.T? { T

2.8. 3HaueHne MAaTEMATUYECKOTO OKUIAHHS PABHO

my(t)= %-iex{—%)-(ao +a, - A)dA =

=a0+a,-(t—T)—(a0—a1-T)-ex —%)

Jlucrepcust OnpeaennTes, KaK
tt
Dy ()= [ [K(e,2) k(t, ) Rx (A, p)dAdps =
toty

tt o f — —_
-Ifexp[—z d Tﬂ ’u+2-(/1+,tt)—\ﬂ,—,u‘]d}idy.

Lty

_ Dy
-3

I/IHTCFpI/IpOBaHI/Ie IMPONU3BOAUTCS TAK KC, KAK U B ITPUMCPC 2.6.

2.9. MaremaTtuueckoe OXKUJaHuE ClydaitHoro mporecca X (t) Ha BbI-

X0A¢€ CUCTCMbI B YCTAHOBUBIICMCS PCIKHUME PABHO

mx(r)!fk(z)-[mG(t—a)+mF(t-z)]dz=

=+£°k(/1)-(ma +0)dA=4-mg -+f~‘v<f1rf(-2-/1)d/1=

=—2-mG-exp(—2-/1);;°°=2-mG.



Hucniepcus ciaydaitHoro npomecca X (t) HaxoJuTCA 1Mo Gpopmyiie

+00 +00
Dy = [ [k(4a) k(u)-[R(A - p)+ Ry (A - p)ldrdp =
0 0
+00 400
=32- _[ _[exp(— 2. Z)- exp(— 2. ,u)- exp(— 4- M — ,u‘)dxld,u +
0 0
+00 +00
+48-_[ jexp(—2-/1)-exp(—2-,u)-exp(—3-‘/1—;1‘)dﬂd,u=
0 0
+00 [ +o0
=32 [ exp(-2-2)- _[exp(—Z-,u—4-\/1—,uDdy}dﬂ+
0 L0

+00 [ +o0
+48- [ exp(-2-2)- jexp(—Z-y—S-\/l—y\)dy}d/1=
0 0

+00 +00
=32 [exp(-2-2)-1,dA + 48 [exp(-2-1)-I,dA.
0 0
Pa300beM KaxJblii U3 BHYTPEHHUX UHTErpayioB Ha ABa. [lomyyum

z,=jexp[-z-u-4-(z-u)]du+*fexp[-z-u+4-<a-u)]du=

exp(Z-,u—4-ﬂ)d,u++foexp(4-/l—6-y)dy=
A

D =

=%-exp(—Z-/’L)—é-exp(—4-/1),

1, =iexp[—2-u—3-(ﬂ—u)]du++fexp[—2-ﬂ+3-(ﬂ—u)]du=

D

explu—3-A)dp+ [exp(3- 25 uhip=
A

= g cexp(—2-A)-exp(- 3- A).

OKOHYATENBHO MOJTYYHUM



D, = 32-+foexp(— 2-2)-[§-exp(— 2-1)—§-exp(—4-l)jldl +
0

+00

+48 - _£ exp(—2-2)-[g-exp(—2-i)—exp(—3-/1)}01/1:

= g.[exp(— 6 - /1)— 4- exp(— 4- ﬂ)]\;w +

48 w 112
+—.[exp(—5-/1)—3-exp(—4-/1)];r =—.

5 15
2.10. 3agaHHBIM KOPPETALMOHHBIM (YHKIMSM COOTBETCTBYIOT Clle-

AYHOHIHUEC CIICKTPAJIbHBIC INIOTHOCTHU BXOJHBIX Cﬂyan\/’IHI)IX IMpoHecCCoOB

16
16 + @? ’

18
9+ w? .

S(@)- 51 (@)

3aJaHHOM UMITYJIbCHOM IEPEXOTHON XAPAKTEPUCTUKE COOTBETCTBYET
nepeaaToyHas PyHKIUS CUCTEMBI

4
s+2

W(s) =

MareMaTtnueckoe OXXKHAaHHE CIIy4yalHOro mporiecca X (t) Ha BBIXOJIE

CUCTEMBI B 300paxkenus no Jlanmacy paBHO

My (s)=W(s)-[Mg(s)+ M (s)]=
-4 -[mG +0:|=2-mG -[1— ! ]
s+ 2 S s s+2
OpurrHaI JaHHOTO BBIPAYKCSHHUSI

mX(t)=2'mG -[I—exp(—Z't)].

B ycTraHoBuBIIEMCS pEXKUME

mX(oo)=2-mG -[I—exp(—oo)]=2-mG.




CHGKTpaJIBHaH IINIOTHOCTDH BBIXOJHOI'O CUTI'HAJIa

Sx(@)=W(j-0) -Se(@)+W(j-0) - S (0)=

4 [ 16 +‘ A L
G-o)+2 [4+(-o) G-0)+2 3+( o)
_ 256 + 288 .
G-0f +6-(-0)+8 ((j-0) +5-(-@)+6]

I[I/ICHepCI/IH BbIXOJHOI'O CUI'HaJIa B YCTAHOBHUBLICMCS PCIKUMC

] @
Dy Y ISG(a))dw=

0 256 0 288
256 |1 8| 288 |1 6| 112
2 16 0 2 5 0 15°

1 8 1 6

2.11. Iucnepcust ciiydyailHOTO mporiecca

2 2
a'ao'bl +a1'b0

D, =D, - .
Y X ao-al-(a-a1+a0)

2.12. IlepenatouyHast GpyHKIMA 3aMKHYTON CUCTEMBbI paBHA

w(s) K
¢(S)=1+W(S)=T-s2+s+1.

CHGKTpaJII)HaSI INIOTHOCTDB BBIXOJHOI'O CUT'HAJIA IIPUMCT BU/I

K’ N

51(@)=10(- 0)’ - 51 (@)= .
1) +(-0)+ 1

Huterpupopanue Sy (@) mo Bcem yacTotam naet pesysibTar



1+ K°-N K-N
D, = | do=—.

PElr (ol +(o)+d

OueBuaHO, uTo aucnepcus D y He 3aBucut ot 1.
3 CuHTEe3 CUCTEM MPH CIIYYAUHBIX BO3AeCTBUAX

3.1. Ilepenarounasi GpyHKIMS CUCTEMBI MO KaHAIy «PETYJISPHBINA CUT-
HaJ — olnOKay» paBHA

1 s?

1+W(s) s?+K-T-s+K

Wee (s) =

PerynsipHasi coctapisitoiiasi ONMOKH B YCTAHOBUBIIIEMCS PEKUME

d d?
mE(t)= C, -g(t)+ C, -Eg(t)+ C, -dt—zg(t)+...,

rac

b-t* d d’
g(t)—a-t+7, Eg(t)—a+b-t, Pg(t)—b.

ITpousBoaHbIE OOJIEE BBHICOKOTO MOPSAIKA OT g(t) 10 BPEMEHU PaBHBI

Hyto. Koadpuunentsl ommodok, HailAeHHBIE 1ociie pa3noxeHust Wy (s) B

CTeIeHHoi psin, pasusl Cy =0, C; =0, C,=1/K.Torna

me(D)=—-

IlepenaTounass (pyHKIIUS CUCTEMBI MO KaHAIy «IOMeXa — OIIHOKa»
paBHa
w(s) = K-(T-s+1)
1+W(s) s>+K-T-s+K

W e (s ) =



Jucnepcust cnydaiiHOM OIMOKY B YCTAHOBUBILIEMCSI PEKUME

2 o0 — 2- .- 2 . 2 .
p, =K .N-+I T2 -(j-0) +1 2dw=(K T2 +1) N
2z —w‘(j-w)2+K-T-(j-a))+K‘ 2T

Cpennuii kBagpaT CyMMapHOW OLIMOKU paBeH

o0 (K1 41) N
CK? 2-T '

&

JI1s1 OTBICKaHWSI MUHUMYMa 3TOTO BBIPAXKEHUS PUPABHIEM HYJIIO €r0
MEPBYIO MPOU3BOAHYIO MO MOCTOAHHOW BpeMeHu T

2.K-T -(K-T? +1)=0,
otkysaa nonyumm 1, = IVK .

3.2. luddepeHumpys BeIpaxeHue sl CPEAHETO KBaapaTa OIKUOKH 10
napamerpaMm T v K, noiny4uM cuCTemMy ypaBHEHUU

T=1/JVK,

2-b° T-N
i -|- =
K3 2

0.

Orcrona naitnem K, = 5\/16-b4/N2 o T o =1/1/K0nm .

3.3. Cpenuuii kBagpaT CyMMapHOW OITMOKHA paBEeH

L, b (kT 41)N
="+ i
k:  2-(T-7)

OnrtuManabHOE 3HaYeHHUE MTOCTOSHHOM BpPCMCHHU

T,,. =z'+,/1'2 +i.
K



3.4. CrnextpasibHas IIIOTHOCTh CYMMapHOI'0 BXOJJHOI'O CUTHAJIA paBHA

S0)-(1+72 - 0?)+ 5,(0)-(1+ 7 - 0?)

S¢(@)+8;(0)= (1+TG2.0,2)-(1+TFZ-w2)

PaznoxkeHue Storo BBIpAXKCHUA Ha KOMINICKCHO-COIIPAXKCHHBIC
COMHOKUTCIIN JaCT pC3yJibTaT

I+j-a-w
'TG'w)'(1+j'TF'w)’
I-j.-a-w
T -0)-(1-j Ty o)

P(j-w)=1/S(0)+ 5. (0)- 1+

Y’(—j-a))=\/SG(0)+SF(0)- (1_].

2 2
rie a =Ty -\/[SG(O)- TZ + 5. (0)- TG] /[SG(0)+ s (0)].
[Tocne pa3noxxkeHus Ha dIEMEHTApHbIE IPOOU UCKIIOYAETCS 4acTh, CO-
OTBETCTBYIOIIAS] HEYCTOMYMBOW CUCTEME.

Se(j-0) Hj-0) _

v(-j-o)

_ Sglo) 1 (-jTg-0)(1-j-Tp-0)_
1+T -0? Sq(0)+S:(0) I-j-a-o

~ 5q(0) 1-j-Tp - ~

T /Sq0)+5,(0) (1+)-Tg-0)-(1-j-a o)

5600 _[TG+TF_ 1 JTr-a 1 ]
JSc0)+85,(0) [ T +a 1+ T 0 T;+a I-jaof

Bropoe cnaraemoe B CKOOKax UMEET IMOJIFOCHI B TPABOM KOMILIEKCHOM

MOJIYTIJIOCKOCTH j @ . OHO orOpackiBaeTcsa. Peanuzyemas yactoTHas Te-

penarouHas QyHKIUS 3aMKHYTOM CUCTEMBbI TPUMET BT

1 [ S (0) T, + Ty 1 ]

S”(J."”)' \/SG(0)+SF(0)' Tg +a .1+J"TG"U

W (j- w)=
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3.6. Ilepenarounas QyHKIMS 3aMKHYTON CHUCTEMBI paBHA
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3.7. OnTuManbHas UMITYJIbCHAS XapaKTePUCTUKA CUCTEMBI OyJET UC-
KaThCs B BUJIC

k(t)=D, -5(t)+ D, -exp(—d, - ).

Tpebyetcs Halitu ee mapamerpbl Do, D1 u d ;. YpaBuenue Bunepa-
Xorda B TaHHOM CiTydae NpUMET BUJ

+f)k(n)- Ry(c-n)n- R, (z)=0, >0

Tak kak cuHTE3UpyeTCs chensmas cucrema, To Z (t) = G(t). Torna
R, (2') =R (2') + Ry (2') =3- exp(— 2. ‘r\) +2- exp(— ‘r‘),

Ry (T)= Rg (T)= 3- exp(— 2- ‘T‘)

[ToncTaBuM 3HaY€HHS KOPPETMSALMOHHBIX (YHKIMA M MCKOMOU UM-
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+00
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M3 nByX KOpHEH 3TOro ypaBHEHUsI BHIOMpPAEM TOT, KOTOPBIA COOTBET-
CTBYET YCTOMUYMBOU cucTeME (NOJIOKUTEIbHBIN), T. €. d; = J7 / 2=132.
13 aByx Apyrux ypaBHeHHI cuctembl Haxonum D; = -0,22 u D, =0,68.

C y4eroM 3THX 3HAYECHUN UMITYJIbCHAS MEPEXOAHAA XapaKTEPUCTUKA OIl-

TUMaJIbHON CUCTEMBbI IPUMET BUJ
k(t)=0,68-5(t)— 0,22 - exp(- 1,32 - ).
DTOM XapaKTEPUCTUKE COOTBETCTBYET MepenarouHas QpyHKIus

22
w(s)=0,68- 2% —g51.—S*1
s+ 1,32 0,76 - s + 1
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BBEAEHHUE

JucuurinHa «YHpasiaeHUE CUCTEMaMU B YCJIOBUAX HEOIPEIECIIEHHOCTH
CTaBUT CBOCH IeNbI0 (POPMUPOBAHUE CIEAYIONINX KOMIIETCHIIUNA Oy IyIIero Maru-

CTpa MO HampaBiieHHI0 NoArotoBku 15.04.04 — ABToMatu3amus TEXHOJIOTHYE-

CKHUX IMTPOICCCOB U IMPOU3BOACTB.

Kox, bopmynupoBka
KOMITETCHITHH

Kon, dbopmynupoBka
WHIUKATOpa

[Imannpyemsle
pe3yabTaThl 00yUYEHUS IO
JTUCHUIUIMHE (MOJYJIIO),
XapaKkTepU3yrolume
sTansl POpMUPOBAHUS
KOMIICTCHIIUM,
WHJMKaTOPOB

[1K-1. CriocobeH yuact-
BOBaTh B paboTax 110
pacyeTy ¥ mpOeKTUPOBa-
HUIO CPEJICTB U CUCTEM
aBTOMAaTH3allMH C MC-
MOJIb30BaHUEM COBpE-
MEHHBIX HH(POpMAIOH-
HBIX TEXHOJOTHH, METO-
JIOB U CPEACTB MPOEKTHU-
pOBaHUs

N/-1nk.1. [Ipumensier
COBPEMEHHBIE CpPE/ICTBA
aBTOMATHU3AINH MPOCK-
TUPOBAHUS TIPH pa3pa-
0OTKE MPOEKTOB aBTOMa-
THU3UPOBAHHBIX MPOTIEC-
COB U MPOU3BO/JICTB

JleMOHCTpUpYET MOHHU-
MaHHU€e MMPUHIUIIOB pac-
4yeTa U NPOCKTHUPOBAHUS
CPEACTB U CUCTEM aBTO-
MAaTHU3aIM1 B YCIOBUAX
HEOIPEAECIECHHOCTH.
Hcnons3yer coBpeMeH-
HbIE [IPOrPaMMHBIE CPEX-
CTBa aBTOMAaTU3aLNHU
MPOEKTUPOBAHUSL.

['maBHBIMA 337ja4aMH AUCLUIUIMHBI SIBISIOTCA: YCBOCHHME CTYJIEHTAMU MPHH-
LIMIIOB aHAJIM3a U CUHTE3a CUCTEM YNPABIICHUS, HAXOISIIMUXCS 10 BIMSIHUEM CIIy-
YallHBIX BO3JECUCTBUI, NPUOOPETEHNE MPAKTUUECKUX HABBIKOB UCIIOJIb30BaHUS Me-
TOJIOB TEOPUH ONTUMAJIbHON (PUIBTpALIUU.

B pe3ynbTaTe 0CBOCHUS TUCHUIUIMHBI CTYACHT JTOJIKEH:

® 3HATh NPUHIUIIBI ABTOMATU3AlMU TPOU3BOJICTBA;

e yMeTh pa3pabaThiBaTh 00OOIIEHHBIE BapUAHTHI PELIECHUS MPOoOIeM, CBS-

3aHHBIX C AaBTOMATH3alMeN TPOU3BOICTBA;

® BJAJCTh HABBIKAMH AHAJIN3a BAPUAHTOB ONTUMAJIBHOTO MPOrHO3UPOBAHHUS

MOCJICICTBUN MPUHATOTO PELIEHUS.
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Metoauueckue yka3aHusl NpeJHa3HAUYEHbI JJI BBIIOJHEHUS CaMOCTOSITENb-
HOW padoTe Mo JUCHMIUIMHE «YTIPABIEHUE CUCTEMaMU B YCIOBUAX HEOIPEIEIICH-
HOoCT» ¢ yueToM TpeboBanuii ®I'OC BO nns Hampasnenus noarotoBku 15.04.04
— ABTOMAaTH3alUsl TEXHOJIOTMYECKUX MPOIECCOB M Npou3BOACTB. OHM crocoO-
CTBYIOT JIyYILIEMY YCBOGHHUIO CTYyJCHTaMH TEOPETUUYECKUX MOJOXKEHUN U obecrie-
YUBAET MPUOOPETEHHE MPAKTUYECKUX HABBIKOB IO HCCIEAOBAHUIO 3JIEMEHTOB U

CUCTEM aBTOMATHUYCCKOI'O PCryJIMPOBAHUSA U YIIPABJICHHA.

1. OBIIASI XAPAKTEPUCTUKA CAMOCTOSTEJIBHOM PABOTHI
OBYYAIOIIUXCA ITPHU N3YYEHUU JUCHUIIJIMHBI «YIIPABJIEHUE
CUCTEMAMM B YCJIOBUAX HEOITPEAEJEHHOCTW»

CamocrositenbHast pabora ctyneHTos (nanee — CPC) sBnserca HeoTbemIie-
MO COCTaBJIsAIOIIEH 00pa30BaTEILHOIO MpoIllecca B YHHUBEPCUTETE U SBISIETCS
oOsi3aTenbHON 1ist Kaxaoro cryaeHTa. OcnoBHas nenb CPC — ocBoeHue B 1oJi-
HOM 00BbEME 00pa30BaTEIbHON MPOrpaMMbl U MOCIENOBATEIbHOE (POPMUPOBAHUE
KOMITETEHIUH 3(P(EKTUBHON CaMOCTOSTENIbHON MPO(PECcCHOHAIBHON (IpaKThye-
CKOM M Hay4YHO-TEOpeTHYecKoM) nestenbHOCTH. CaMmocTosATenbHas padboTa KOH-
KpEeTHA M0 CBOEH MpeIMETHON HANIPABICHHOCTU U COMPOBOXKAAECTCS HEMPEPHIBHBIM
KOHTPOJIEM U OLICHKOH €€ pe3yJbTaToB.

KonnuecTBo yacoB, 0TBOAMMOE Ha CaMOCTOSITENIbHYIO padOTy, ONpeesieTcs
y4eOHBIM IUIAHOM HaripaBieHust oAroToBku 15.04.04.

ConeprkaTenbHO caMOCTOsITENbHAs paboTa cryaeHToB omnpenensiercs OI'OC
BO mnampasnenust noaroroBku 15.04.04, mporpaMMoii U y4eOHO-METOIUIECKUM
KOMILJIEKCOM JTUCHUIUIMHBI « YTIPaBJICHUE CUCTEMAaMHU B YCIOBUSAX HEOMPEIEICHHO-
CTH.

MeTtonuka OpraHM3aluu CamMOCTOSTEIbHOM paboOThl CTYAEHTOB 3aBUCUT OT
CTPYKTYpBI, XapakTepa U 0COOEHHOCTEN JUCHUIUIMHBI « YTIPaBIEHUE CUCTEMAMU B

YCJIOBUAX HCOMMPCACICHHOCTH Y, o0beMa JacoB Ha €€ HN3Yy4YCHUC, BUJIA SaI[aHI/Iﬁ JJIA
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CPC, uHauBHIyaIbHBIX BO3MOYKHOCTEH CTYJICHTOB M YCJIOBUH y4EOHOU JesTelb-
HOCTH.

®opMBl CaMOCTOSITENTFHOW PabOTHI CTY/IEHTOB OIMPENEISIOTCS COACPKAHUEM
JUCLUIUIMHBI «YTIPABICHUE CUCTEMAMH B YCIIOBUSAX HEONPEIEICHHOCTHY, CTEIe-
HBIO MOJTOTOBJICHHOCTH CTYACHTOB. OHH MOTYT OBITh TECHO CBSI3aHBI C TEOPETHU-
YECKUM KypCOM U HMETh Y4E€OHBI WIH Y4eOHO-MCCIIENOBATENbCKUN XapaKTep.
dopmy camMOCTOATENBHON pabOThl CTYIEHTOB onpenersitoT kapeapa MCOA mpu
pa3paboTKe MPOrpaMMbl JUCIHUIUIMHBI « YTIPaBJICHHE CHCTEMaMU B yCIIOBUSIX He-
OIIPEIEICHHOCTI.

CamocTrosiTenbHass pabOTa MOMKET OCYILIECTBISATHCA HHAMBUAYAIbHO WIH
rpyIIaMy CTYJEHTOB B 3aBUCHUMOCTHU OT LI€JH, 00beMa, KOHKPETHOW TEMATUKHU ca-
MOCTOSITEIBHOM pa0OThl, YPOBHS CI0KHOCTH, YPOBHSI YMEHHUN CTYJIEHTOB.

CPC, He npenycMOTpeHHas 00pa3oBaTENbHOW MPOTrpaMMOM, YUEOHBIM ILjia-
HOM M y4€OHO-METOJAMYECKUMHU MaTepHallaMU, PACKPBIBAIOUIUMU U KOHKPETU3U-
PYIOLIMMU UX COJEp>KaHUE, OCYIECTBIAECTCA CTyACHTAMU WHULIMATUBHO, C LIEJIBIO
peanu3anuu COOCTBEHHBIX YUYEOHBIX U HAYYHBIX HUHTEPECOB.

B ydeGHOM mpoliecce BBIIEISAIOT ayJUTOPHYIO U BHEAYAUTOPHYIO CaMOCTOsI-
TEJbHYIO paloTy.

AyauTopHasi caMoCToATeNbHAas padoTa Mo IUCLHUIUIMHE « YTPaBICHUE CUCTE-
MaMU B yCIIOBUSIX HEOIPEAEICHHOCTU» BBIMIOIHACTCS HA YUEOHBIX 3aHATHAX (JIEK-
LUSAX, TPAKTUYECKUX, Ja0OPATOPHBIX 3aHATUAX U KOHCYJbTALUAX) MOJA PYKOBOI-
CTBOM IIPENOAABATENS U IO €ro 3aJaHHMIO.

BHeaynutopHas camocTrosiTeNibHasi paboTa CTYJEHTOB BBINOJHSIETCS BO BHEa-
YAUTOPHOE BpeMs MO 3aJaHUI0 U TPU METOAUYECKOM PYKOBOJICTBE U KOHTpPOJIE
npernojaaBaress, Ho 6e3 ero HenocpeacTseHHoro ydactusi. CPC Bkitouaer B ce0st:

® T[OArOTOBKY K ayJAUTOPHBIM 3aHATUAM (JIEKUMOHHBIM U IIPAKTUYECKUM) U

BBITIOJIHEHUE COOTBETCTBYIOIINX 3a/I1aHU;
e paloTy HaJ OTAEIbHBIMU TEMaMHU y4€OHBIX TUCUUIUIMH (MOIYJieil) B CO-
OTBETCTBUU C YUYEOHO-TEMATUYECKUMU TJIaHAMU;

®  BBINOJHEHNE KOHTPOJIBHBIX PaboT;
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¢ J[IOATOTOBKY KO BCEM BHAAM ITPOMCIKYTOYHBIX U UTOI'OBBIX KOHTPOJIbHBIX

UCOBITAHUH.

1.1. HOI[FOTOBKa K JJeKIINAM

['1aBHOE B meproJ MOATOTOBKH K JIEKIIMOHHBIM 3aHSTHSIM — HAYyYHUThCS MeE-
TOJaM CaMOCTOSITEIbHOTO YMCTBEHHOTO TpYy/a, CO3HATEIIbHO pPa3BUBAaTh CBOU
TBOPUYECKHUE CIIOCOOHOCTU U OBJIAJIEBATh HABBIKAMU TBOPUYECKOM paboThl. Jist 3TO-
ro HE0OXOJUMO CTPOro coOJIt0/IaTh AUCIUIUIMHY yueObl W moBeAeHHs. YeTkoe
MJJAHUPOBAHUE CBOETO pabOYero BPEMEHU M OTAbIXa SBIISIETCS HEOOXOIUMBIM
YCJIOBHEM JIJISl YCIICITHOM CaMOCTOSTEIbHOM paboThl. B OCHOBY €ro Hy»HO IOJI0-
KUTh paboyrie MporpaMMbl U3y4aeMbIX B CEMECTPE NUCITUILINH.

KaxnoMmy CTyAeHTy CIEQyeT COCTaBIATh E€XKEHEIEIbHBIA U CEMECTPOBBIN
TIaHbl paboThI, a TaKXkKe TUTAH Ha Kaxabld padounit neHb. C Bedepa Bcerja Hajao
pacrpeniensaTh paboTy Ha 3aBTpAIlHUM JIeHb. B KOHIE KaXKI0T0 AHS 1erecoo0pas-
HO TOJIBOJIUTH UTOT Pa0OTHI: TIIATEIHHO TPOBEPUTD, BCE JIU BBHINOIHEHO O HaMe-
YEHHOMY IUIaHy, He ObLIO JIM KaKUX-JTUOO OTCTYIUJICHWU, a €CIM ObUIU, MO KaKOU
MPUYUHE 3TO MPoU3o1LI0. HyKHO OCYIIECTBISATh CAMOKOHTPOJIb, KOTOPHINA SIBIISI-
eTcsi HeoOXOMMBIM YCJIOBHEM YCIeHOW y4ueObl. Ecnu uTo-TO OcTanoch HEBBI-
MOJTHEHHBIM, HEOOXOAUMO M3BICKaTh BpeMsl JJIs 3aBEpIICHUS 3TOM 4acTu padoTHI,
HE yMEHbIIIasi 00beMa HEJACIBHOTO IJIaHa.

CrnymaHue U 3aluch JICKIIUA — CJIOKHBIN BUJ BY30BCKOM ayIMTOPHOM pado-
Thl. BHUMaTeNnbHOE CilylllaHWEe W KOHCIEKTUPOBAHUWE JICKIUUA MpeArnojiaraeT WH-
TEHCHUBHYIO YMCTBEHHYIO JEATEJIbHOCTh CTyAeHTa. KpaTkue 3amucu JeKUuid, ux
KOHCTICKTUPOBAHUE TOMOTaeT yCBOWTH YueOHbIH MaTepuayn. KoHCIEKT sBisieTcs
MOJIE3HBIM TOTJA, KOTJa 3allMCAHO CaMO€ CYIIECTBEHHOE, OCHOBHOE U CJI€JIaHO 3TO
caMuUM cTyZieHTOoM. He Hajio cTpeMuThCs 3anucarh JOCIOBHO BCIHO JIeKIHIO. Takoe
«KOHCIIEKTUPOBAHUE» MPUHOCUT OOJIbIIIE BpEJia, YeM MOJIb3bl. 3aluCh JICKIIUNA pe-

KOMEHJTyeTCSl BECTU IO BO3MOXXHOCTH COOCTBEHHBIMH (opmyiupoBkamu. JKema-
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TEJIbHO 3alHUCh OCYLIECTBIISATh HA OJHOW CTPAHUIIE, & CIAEAYIOLIYIO0 OCTaBIIATh IS
npopabOTKH yueOHOT0 MaTeprasa CaMOCTOATENILHO B IOMAITHUX YCJIOBUSIX.
KoHcrekT nexiuii aydie moapasiessaTh Ha MyHKTHI, maparpadsl, coOmroaas
KpPacHyIO0 CTPOKY. DTOMY B OOJIBIIONW CTENEHU OyIyT CrOcoOCTBOBATH IYHKTHI
MJIaHa JICKIUU, TPEAJIOAKEHHbBIE penoiaBaTeisM. [[puHnunuansabie MecTa, onpe-
neneHus, GopMyiIbl U APYroe CIeAyeT COMPOBOXKAATh 3aMCUAHUSMU «BaKHOY,
«0c000 BAXKHO», «XOPOIIIO 3alIOMHUTH» U T.I. MOXHO JeNaTh 3TO U C MOMOIIBIO
Pa3HOIIBETHBIX MapKepoB wWin pyduek. Jlydmie eciau oHu OyayT COOCTBEHHBIMH,
YTOOBI HE MPUXOJIUIIOCH MPOCUTH UX Y OTHOKYPCHUKOB U TEM CaMbIM HE OTBJICKATh
ux BO Bpemsi jekuuu. llenecooOpazHo pa3paboTath COOCTBEHHYIO «MapKorpa-
¢dburo» (3HaAYKK, CUMBOJIBI), COKpaleHust ¢ioB. He nuiHum OyaeT u u3ydeHue oc-
HOB cTeHorpaduu. PaboTas Hajx KOHCIEKTOM JIEKIIMM, Bcerga HEOOXOAUMO HC-
MOJIb30BaTh HE TOJBKO YYEOHHK, HO M Ty JUTEPaATypy, KOTOPYIO JOMOJHUTEIHLHO
pEeKOMeHI0Bal JIEKTOp. MIMeHHO Takasi cepbe3Hasi, KpornoTinBas padboTra ¢ JeKLHU-

OHHBIM MAaTCPHAJIOM ITIO3BOJIUT FJIY6OKO OBJIaACTH 3HAHUSAMMU.

1.2. IToaroTOBKA K NPAKTHYECKUM 3aHATHAM

[ToaAroTOBKY K Ka)XXI0OMy MPAKTUYECKOMY 3aHSTUIO CTYJICHT JIOJDKEH Ha4yaTh C
O3HAKOMJICHUSI C METOAMYECKUMH YKA3aHUSIMU, KOTOPbIE BKJIIOYAKOT COACPKAHUE
pabotel. TiaTenbHOE TPOAYMBIBAHHUE M W3YUYEHHUE BOMPOCOB OCHOBBIBACTCS HA
popabOTKe TEKYLIEro Marepuaia JeKI1HU, a 3aTeM U3ydeHus 00s3aTeIbHON U J10-
MIOJIHUTEJIBHOM JINTEPATYPhl, PEKOMEHJIOBAaHHYIO K AaHHOW Teme. Ha ocHoBe uH-
JTUBUTyJTBHBIX TPEANOUYTEHUN CTYJIEHTY HEOOXOIUMO CaMOCTOSITEIHHO BHIOpAThH
TeMy J0KJaja 1mo mpobsieMe U M0 BO3MOXKHOCTH MOATOTOBUTH 10 HEMY IIPE3eHTa-
LHIO.

Ecnu mporpamMoi AUCHUTUIMHBI PETYCMOTPEHO BBIMOJIHEHUE TPAKTUYECKO-
ro 3aJlaHusi, TO €ro HeOOXOIUMO BBINOJHUTH C YYETOM MPEJIOKEHHOU MHCTPYK-
1 (YCTHO WY NMUChbMEHHO). Bce HOBBIEC MOHATHS MO M3ydYaeMOl TeMe HeOO0X0Iu-

MO BBIYYHTh HaW3yCTh U BHECTH B TJIOCCApUM, KOTOPBIA I€eCO000pa3HO BECTH C
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caMoro Haydajla u3y4eHus Kypca. Pe3ynpTaT Takoil paboThl JOHKEH MPOSIBUTHCS B
CIIOCOOHOCTH CTYJI€HTa CBOOOJHO OTBETUTHh HA TEOPETHUECKUE BOMPOCHI CEMUHA-
pa, €ro BBICTYIUICHUHM M YYaCTHH B KOJUICKTUBHOM OOCY’KIEHHUU BOIPOCOB M3yda-
€MOM TEMBbI, MPABWJIBHOM BBIIIOJIHEHUU MPAKTUYECKUX 3aJaHUN U KOHTPOJBHBIX
pabor.

B 3aBucuMocTu OT cofiepkaHus U KOJUYECTBA OTBEJICHHOTO BPEMEHU HA U3Y-
YEHUE KaXJIOW TEMbl MPAKTUYECKOE 3aHITHUE MOXKET COCTOSITh U3 YETBIPEX-IATH
YacTeu:

1. Obcyx)aeHne TeopeTUIECKUX BOPOCOB, ONPEICICHHBIX MPOTPAMMOM JIHC-
LUTUIAHBI.

2. Jloxnaja u/Wiv BBICTYIUIEHUE C TPE3EHTAUAMHU 10 BHIOPAaHHOM ITpoOieme.

3. O6cysk/1eHre BBICTYIIEHUN 10 TeME — JUCKYCCHSI.

4. BeInoJIHEHUE MPAKTAYECKOTO 3aJ]aHus ¢ MOCIEAYIOIIMM pa30opoM MOITy-
YEHHBIX PE3yJIbTATOB WM O0CYX IAECHUE MPAKTUYECKOTO 3aJaHusl.

5. IloaBeneHne UTOroOB 3aHATHS.

[lepBas yacTh — OOCYXJAEHUE TEOPETUYECKUX BOIMPOCOB — IPOBOJUTCS B
BUJIe PpoHTATBHOM Oecelbl CO BCEH IPYIION U BKIIOYAET BHIOOPOUHYIO MPOBEPKY
npenojaBaTesieM TEOPETUUECKUX 3HAHUN CTYJeHTOB. [IpuMepHast mpo0KUTENb-
HOCTb — 110 15 MuHyT. BTOpas 4acTh — BBICTYIJIEHHE CTYAEHTOB C JOKJIAIaMH,
KOTOPBIE JTOJKHBI COMPOBOXKIATHCS MPE3CHTAUSMU C LETIbI0 YCUJICHUSI HArJIsI-
HOCTHU BOCHPHUSTHS, IO OJTHOMY M3 BOIIPOCOB MPAKTHUYECKOTo 3aHsATUsA. O0s3aTelb-
HBII DJIEMEHT JOKJaJa — MPEICTABICHUE W aHAJINU3 CTATUCTUYECKUX JaHHBIX,
000CHOBaHHUE COLMAIBHBIX TMOCIEACTBHI JTI0O0OTO AKOHOMHYECKOTO (hakTa, siBlie-
Hus uinm npouecca. [Ipumepnas nponoimkurensHocTh — 20-25 munyT. [locne no-
KJIAJIOB CJIETYET UX 00CYKIeHNEe — NUCKyccusl. B Xo/e 3Toro 3rama mpakTH4IeCcKo-
ro 3aHATHUS MOTYT OBITh 3aJ1aHbl YTOYHSIOIINE BOMPOCH K Jokjaadukam. [Ipumep-
Hasl POJIOJKUTEIBHOCTh — 110 15-20 munyT. Ecniu mporpamMoi npeaycMOTPEeHO
BBITIOJTHEHUE MPAKTUYECKOTO 33/IaHUSI B pAMKaX KOHKPETHOM TE€MBbI, TO MIpEenojaBa-

TCIIMHA OIIPCACIIACTCA €ro COACPIKAaHUC U NACTCA BPEMS HA €0 BBIIIOJIHCHUC, a 3a-
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MET UJEeT 00Ccyx)aeHue pe3ysbTaTtoB. [logBeeHneM UTOroB 3aKaHUMBAETCS IMPaK-
TUYECKOE 3aHSITHE.

B mporiecce moAroToBKM K MPaKTHUECKUM 3aHATHSIM, CTYJeHTaM HE00X0IMMO
o0paTuTh 0co000€ BHUMaHHWE Ha CaMOCTOSITENIbHOE M3YYEHHE PEKOMEHIOBAHHOM
y4eOHO-METOIMYECKOH (2 TaK)Ke HAYYHOUW U MOMYJSIpHON) muTepatypbl. CaMoCTO-
aTenbHas paboTa ¢ yueOHUKaMH, y9eOHBIMU TOCOOHMSIMU, HAYYHOU, CTIPABOYHOUN 1
NOMYJIIPHOM JIUTEPATYpPO, MaTepHallaMi NIEPUOIMYECKUX u3naHuil u MHtepHera,
CTAaTUCTUYECKUMU JTAHHBIMU SBJISICTCS HanOosiee 3PpGeKTUBHBIM METOIOM IOTyYe-
HUS 3HAHUM, MO3BOJSIET 3HAYUTEILHO AKTHUBU3UPOBATH IMPOIECC OBJIAJCHUS WH-
dbopmaruei, cmocodbcTByeT 0osiee riIyO0OKOMY YCBOEHHIO M3y4aeMOro MaTepuala,
dbopMUPYET y CTYJICHTOB CBOE OTHOIIICHUE K KOHKPETHOMU npobieme. bomnee riy0o-
KOMY PaCKpPBITHIO BOIIPOCOB CIIOCOOCTBYET 3HAKOMCTBO C JIOMOJHUTEIHHOM JIUTE-
paTypoi, peKOMEHIOBAaHHOW MpernofaBaTesieM MO KaXJAO0H TeMe CEMHHApCKOTO
WM TIPAKTHYECKOTO 3aHITHS, YTO MO3BOJISET CTYJCHTAaM MPOSBUTHh CBOIO WHIWUBH-
JyaJIbHOCTh B PaMKax BBICTYIUICHUS Ha JIAHHBIX 3aHSTHUSAX, BBIABUTH IIUPOKUN

CIIEKTp MHEHUH 10 U3y4yaeMoi mpoobJiieme.

1.3. CamocTosiTe/qIbHOE M3yYeHHE MAaTepPUAJIa TeM

Koncnexkr — Haubosiee coBepIiieHHas U Haubosee cioxkHas (opma 3alucu.
CnoBO «KOHCIEKT» MPOUCXOJUT OT JIATHHCKOTO «conspectusy, 4To o3Ha4aeT «00-
30p, U3JI0KEHNE». B MpaBUIBHO COCTAaBICHHOM KOHCIIEKTE OOBIYHO BBIZCIICHO Ca-
MO€ OCHOBHOE€ B M3Yy4aE€MOM TEKCTE, COCPEIOTOUYCHO BHMMaHHE Ha HauOoliee Cy-
IIECTBEHHOM, B KPaTKUX U YETKUX (POpMyIHpOBKax 000OIIECHBI BaXKHBIE TEOPETH-
YECKHUE TTOIOKCHHSI.

KoHcriekT mpeacTaBisieT co00il OTHOCUTENBHO TOAPOOHOE, MOCIEA0BATEIb-
HOE€ M3JIOKEHUE COACpKaHMsI MPOYNTAaHHOTO. Ha mepBhIX mopax 1menecoodpaszHo B
3aMmuCsIX OJMKE ACPKAThCS TEKCTY, IpuOeras 3a4acTyio K MPsSMOMY ITUTHPOBAHHIO
aBTOpa. B manpHeliem, mo Mepe BhIpaOOTKH HABBIKOB KOHCIIEKTHPOBAHUS, 3aITICH

OyIlyT HOCUTB 00Jiee CBOOOTHBIN U CKATHIN XapaKTep.
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KoHcrekT KHUTH OOBIYHO BEAETCS B TeTpaaud. B camMoM Hayaie KOHCHEKTa
yKa3biBaeTcsl (haMUiiusi aBTOpa, MOJHOE HAa3BaHUE MPOU3BENICHUS, U3ATEIbCTBO,
roja v Mecto uznanus. [Ipu nutupoBaHum o0s13aTesibHas CChUIKA HA CTPAHUILYY KHU-
ru. Ecnu mutaTta B3dTa M3 cOOpaHus COYMHEHHM, TO HEOOXOAUMO yKa3aThb COOT-
BEeTCTBYyIOIMUA TOM. CleayeT MOMHHUTH, YTO YETKas CChUIKA HAa MCTOYHHUK —
HEMPEMEHHOE TPABWIO KOHCIEKTUPOBaHHS. EcCIW KOHCHIEKTHPYETCA CTaThsl, TO
yKa3bIBaeTCs, IJIe M KOTJla OHA OblIa HareyaTaHa.

KoHcnekr nmoapasaensercs Ha 4acTH B COOTBETCTBHUU C 3apaHee IPOJTyMaH-
HbIM IJIaHOM. [IyHKTBI T1aHa 3amMCBIBAIOTCS B TEKCTE WIIM HA IMOJSAX KOHCIIEKTA.
[Tucath ero pexkoMeHayeTcs 4eTKO U Pa3z0opUyMBO, TaK KaKk HEOpexHas 3aluch C
TEUYEHUEM BPEMEHU CTAHOBUTHCS MAJOMOHATHOW JJis €€ aBTopa. CyllecTByeT mpa-
BUJIO: KOHCIIEKT, COCTaBJICHHBIN JIJIsi c€0sl, IOJDKEH OBITh MO BO3MOKHOCTH HaIlu-
CaH TaK, YTOOBI €r0 JIETKO MPOYUTAT U KTO-JIHUO0 JPYTOi.

@DopMbl KOHCIIEKTa MOTYT OBITh Pa3HBIMU U 3aBUCAT OT €T0 IEJIE€BOr0 Ha3Ha-
yeHusl (M3ydeHUE Marepuaia B II€JIOM WU MO ONpeJeJICHHBIM YIJIOM 3pEHHUS,
MOATOTOBKA K JOKJIAy, BRICTYIUICHUIO HA 3aHSATUU U T.J.), & TAKXKE OT Xapakrepa
npousBeneHus: (MoHorpadus, cTaThs, JOKYMEHT H T.M.). Ecnu peusb uaeT mpocto
00 U3JIOKEHUU COJICPKaHUS pabOThl, TEKCT KOHCIIEKTa MOXET ObITh CIUJIOIIHBIM, C
BBIJICJICHUEM OCO00 BaXKHBIX TMOJOXKEHUN TMMOJYEPKUBAHUEM WIM Pa3IUYHbIMU
3HAYKaAMH.

B cnydae, korga He OTpaHUYUBAIOTCS MEPETOKEHUEM COJIepKaHus, a QUKCH-
PYIOT B KOHCIIEKTE U CBOM COOCTBEHHBIE CYKJIEHHUS 0 JAHHOMY BOIIPOCY WUIIU JI0-
MOJIHSIOT KOHCIIEKT COOTBETCTBYIOIIMMHM MaTe€pUallaMH UX JIPYTUX HCTOYHHUKOB,
CIeAyeT OTBOJAWTH MECTO Ul TaKOro poja 3amucei. PekoMeHmyercs pa3faenuThb
CTpaHUIbI TETPAJU MOIOJIaM 10 BEPTUKAIU U B JIEBOW YaCTH BECTH KOHCIIEKT MPO-
W3BEJICHUA, 4 B MPABON CBOM JOMOJHUTEIbHBIC 3allMCH, COBMENIAS UX MO COAEP-
JKAHUIO.

KoHcrniekTupoBanue B 00bIlei Mepe, YeM IPyrue BHUIbI 3alKCel, TOMOTaeT

BBIpa6aTBIBaTB HABLIKH IIPABHUIJIbHOI'O HM3JIOKCHHA B MMCbMEHHOM (bopMe Ba’KHBIC
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TEOPETUUYECKUX U MPAKTUYECKUX BOIMPOCOB, YMEHUE YETKO UX (POpMYyIHpOBaTH U
SICHO U3JIaraTh CBOMMH CJIOBAMHU.

Taxkum 00pa3om, cocTaBlieHHE KOHCIIEKTa TpeOyeT BIyMYHBON pabOTHI, 3a-
TpaThl BpEMEHU U TPyJa. 3aTO BO BpeMsI KOHCIIEKTUPOBAHUSI TPUOOPETAIOTCS 3HA-
HUs, co3aaeTcs (HOH/T 3amuceil.

KoHcekT MOXeT OBITh TeKCTyaIbHBIM MJIM TEMAaTHUYECKUM. B TekcTyabHOM
KOHCIIEKTE COXPAHSIETCS JIOTHKA U CTPYKTYypa U3y4aeMoro Mpou3BeICHHUs], a 3aIUCh
BEJIETCS B COOTBETCTBUM C PACHOJIOKEHHEM MaTepuaia B KHUT€. 3a OCHOBY TeMa-
TUYECKOTO KOHCTIEKTa OepeTcs He TUIaH MPOU3BEICHUS], a COJIEPIKaHUE KaKOW-Tn00
TEMBbI WJIA POOIIEMBI.

TekcTyallbHBIM KOHCIEKT >KeJlaTebHO HAaYMHATH MOCJE TOTO, KaK BCS KHUTA
MpOYNUTAHA U MPOJYMaHa, HO TO, K COXKAJICHUIO, HE BCETJla BO3MOKHO. B nepByto
ouepeslb HE0OXOUMO COCTaBUTD IIJIaH MPOU3BEICHUS MUChbMEHHO WM MBICIECHHO,
MOCKOJIbKY B COOTBETCTBUU C 3TUM IIJIAHOM CTPOUTCA NalibHeimas padorta. Kon-
CIIEKT BKJIFOUAET B CEOsl TE3UCHI, KOTOPHIE COCTABJISAIOT ero ocHoBY. Ho, B oTiuune
OT TE3UCOB, KOHCTIEKT COJICPKUT KPATKYIO 3alKCh HE TOJbKO BBIBOJOB, HO U JIOKa-
3aTeNbCTB, BIUIOTH 70 (hakTHUecKoro Marepuaia. MlHaue roBops, KOHCIEKT — 3TO
pacUIMpeHHbIE TE3WCHI, JIOMOJHEHHBIE PACCYX ACHUSIMH W JI0Ka3aTeIbCTBAMH,
MBICJISIMA U COOOPKEHUSIMU COCTABUTEIS 3aITUCH.

Kak npaBuiio, KOHCIEKT BKJIIOYAET B C€Osl ¥ BBIMKUCKHU, HO B HETO MOTYT BOUTH
OT/ICJIbHBIC MECTa, IIUTUPYEMbIC JOCIOBHO, a Takxke (DaKThl, IpUMEpPHI, UPPHI,
TaONHIIBI U CXEMbI, B3sThie U3 KHUTU. CleayeT MOMHUTH, 4TO paboTa Haja KOH-
CIIEKTOM TOJIbKO TOTJa OyJeT TBOPYECKOW, KOrja OHa HE OrpaHMYEHa TEKCTOM
n3ydaeMoro nmpousBeneHus. HyHO HOMOTHATh KOHCIEKT JaHHBIMU U3 JPYTHUX HUC-
TOYHUKOB.

B koHcniekTe He0OXOAMMO BBIJEATh OTJEIbHBIE MECTa TEKCTa B 3aBUCHMO-
CTH OT MX 3HAYUMOCTU. MOHO MOJIb30BaThCS Pa3IMYHBIMU CIIOCOOAMU: TTOAYEp-
KUBAaHUSIMU, BOIPOCHUTEIBHBIMH W BOCKIWIATEILHBIMU 3HAKaMH, DPETUIUKaMH,
KpPaTKUMU OLICHKaMM, IMHCaTh Ha TMOJSX CBOUX KOHCIIEKTOB CJIOBA: «BAXKHOY,

«OYCHb BAKHO)», «KBEPHO», «XaAPAKTCPHO».
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B KOHCHEKT MOryT MOMeIIaTbCsl AMarpaMMbl, CXE€Mbl, TaOJHIIbI, KOTOpPbIE
NpUIagyT €My HArJSHOCTb.

CocTaBieHUI0 TEMAaTUYECKOTO KOHCIEKTa MPEAIIECTBYET TIIATEIbHOE U3yYe-
HUE BCEU JHUTEpaTypbl, MOJOOPAHHOMN NIl paCKPBITUS JaHHOW TeMbl. bhIBaeT, uTo
Kakas-11u00 TeMa pacCMaTpPHUBAETCS B HECKOJIBKMX IJIaBaX WJIHM B Pa3HbIX MECTax
KHUTH. A B KOHCIIEKTE BECh MaTepUall, OTHOCAIINICS K TeMe, OyIeT COCpeAOTOUCH
B OJHOM MecTe. B IiaHe KOHCIeKTa peKOMEHIYETCS AeNaTh MOMETKH, K KaKuM
MCTOYHUKAM (BIUIOTH 10 CTPAHMIIBI) IPUAETCS 0OpaTUTHCA AJISl PACKPBITUSL BOTIPO-
coB. TeMaTW4yecKuil KOHCIEKT COCTABIISIETCS OOBIYHO JUISI TOTO, YTOOBI TITyOXkKe
W3YUYUTh ONPEIEIICHHBIA BOIIPOC, TOATOTOBUTHCS K JOKJIAY, JIEKIIUHA WU BBICTYII-
JICHUIO HA CEMUHAPCKOM 3aHATHH. TaKoi KOHCHEKT IO COJAEPKaHUI0 MPUOIMKAET-
csl K pedepary, AOKIaAy MO U30paHHOM TeMe, OCOOEHHO €ClU BKJIIYAeT U CO0-

CTBEHHBII BKJIa]] B U3yUEHHE MPOOJIEMBI.

2. CPEACTBA OIEHUBAHMUSA YPOBHA COOPMUPOBAHHOCTHU
KOMIIETEHIIMI OBYUYAIOIIMUXCSA ITPU U3YUEHUU
JANCHUITVIMHBI «YITPABJIEHUE CUCTEMAMM B YCJIOBUAX
HEOITPEAEJEHHOCTHW»

Bonpocsl 115 codecenoBaHus

1. OcoOEeHHOCTH CTOXAaCTUUYECKUX CHUCTEM.

2. BHyTpeHHUE U BHEIIHUE CIy4YallHbIE BO3JACHCTBHUS.

(O8]

HccnenoBaHre CTOXaCTUYECKUX CUCTEM CTaHJAPTHBIMU M CHELUATH3UPO-
BaHHBIMU METOAaMHU. JIOCTOMHCTBA U HEJOCTATKU METOJIUK.

IloHATHE O CIIy4altHOM IpoLEecce.

Peanusanus cirydaiiHoro npouecca.

Ceuenus Ciy4aHOTO Mmporuecca.

NS s

OI[HOMepHBIG N MHOI'OMCPHBIC (bYHI(I_[I/II/I pacnpcacicHuss, OCHOBHBIC BH-

JIbl pacIpeieIICHU .
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21

30.

31.

32.

33.

OnHOMEpHBIE 1 MHOTOMEPHBIE INIOTHOCTH BEPOSATHOCTH.

CpenHee 10 MHOXKECTBY (MaTeMaTHUECKOE OKUIAHUE).

Cpennee no BpEMEHHU.

Jucrniepcus.

CpenHekBaipaTH4eCKOE OTKIIOHEHUE.

[TonsiTrie 0 KOPPENMAUUOHHON PYHKITHH.

KoppensumronHas GyHKIMS CTallMOHAPHBIX CIIy4ailHBIX IIPOLIECCOB.
Bzaumnas xoppensinoHHast pyHKIHA.

OCHOBHBIE CBOWCTBA KOPPEISILIMOHHBIX (QYHKIHI

[IoHATHE O CIIEKTPaAIBLHOMN IIJIOTHOCTH.

CrnekTpanpHas INIOTHOCTh CTALIMOHAPHBIX CIIYyYalHBIX ITPOLIECCOB.
B3anMHas criekTpanbHas IIOTHOCTb.

OCHOBHBIE CBOWMCTBA CIIEKTPAIIBHBIX INIOTHOCTEM.

. LlenTprpOBaHHBIE CIIy4alHbIE TPOLIECCHI.
22.
23.
24.
25.
26.
27.
28.
29.

MapkoBCKHE CilydaiHbIE ITPOLIECCHI.

CrauroHapHbIE M HECTAIMOHAPHBIE CIIyYalHBIE TPOIIECCHI.

DproanyuecKre ciry4ailHble IPOLIECCHI.

DU3NYECKHUI CMBICT KOPPETSIUOHHON (DYHKIIMH.

OcHOBHBIE BUIbl KOPPETISAUUOHHBIX (DYHKIIMM.

PU3NYECKUN CMBICI CIIEKTPAIbHOW INIOTHOCTH.

OCHOBHBIE BUJIbI CHEKTPAIBHBIX TIJIOTHOCTEH.

CBsi3b MEXAY CTATUCTUYECKUMH XAaPAKTEPUCTUKAMU CIIyYalHbBIX MpPOLEC-
COB Ha BXOJI€ U BBIXOJE JMHEUHON CUCTEMBI YIIPABIICHUS.
CraTucTu4ecKre XapakTepPUCTUKU BBIXOAHBIX CIIyYalHBIX MPOILECCOB BO
BPEMEHHOW 00JIaCTH.

CraTucTU4ecKre XapaKTEePUCTUKU BBIXOJHBIX CIYYalHBIX MHPOILIECCOB B
4aCTOTHOM 00JIacTH.

XapakTEepUCTUKN BXOJHBIX M BBIXOJHBIX CUTHAJIOB JINHEMHOW CUCTEMBI,
HAXOSIEUCS MO BIIUSTHUEM CIIyYalHbIX BO3ICHCTBUM.

MartemMaTH4eCKOE OMMMCAaHUE CUCTEMBI.
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34.
35.

36.
37.
38.
39.
40.
41.
42.

43.

44,
45,

46.

Pacuer peryisipHON COCTaBISIIONIEN BBIXOAHOTO CUTHAJA.
Pacuer HeHTpUpPOBAaHHOW CIIyYallHOW COCTAaBJISIOIIEH BBIXOJHOTO CHTHA-
Ja.
3agauu, peraeMble CUCTEMOI.

Omneparop cucteMbl. Busbl onepaTopos.

dopmupytomye u 0ToeIuBarore GUIbTPHI.
Craructuyeckass ONTUMU3AIUS CUCTEMBI.
Kpurepuit MUHUMyMa CpeTHEKBAAPATUYECKON OIINOKH.
Oco0eHHOCTH CUHTE3a ONTUMATBHONM CUCTEMBI TIPU 33IaHHON CTPYKTYpeE.
OcoOE€HHOCTH CHHTE3a ONTUMAJIBHONW CHUCTEMBbl TPH MPOU3BOJIHLHOM
CTPYKTYpE.
Ounbtp Bunepa, ypaBuenne Bunepa-Xomnda. OnTuMaibHOCTh B yCTaHO-
BUBILIEMCS PEKHUME.
OnpeneneHne ONTUMaIbHbBIX TAPAMETPOB CUCTEMBL.
OrnpeneneHue ONTUMAIbHON CTPYKTYPhI M MapaMETPOB CUCTEMBI. MeTo-
nuka Illearnona-bone.

Ounptp Kanmana-berocu. ONTUManbHOCTh B IEPEXOTHOM PEKUME.

Kpurepuu oueHUBaHMsI KOMIIETEHIIM A

OLieHKa «324YTEHO0» BBICTABIISIETCS CTYACHTY, €CIIM OH TBEPAO 3HAET MaTepH-

aJI, r'paMOTHO U 110 CYHICCTBY HU3JIaracTt €ro, NpaBUJILHO IIPUMCHACT TCOPECTUUCCKUC

IMOJIOKCHUA IIPpU PCHICHHUHN IIPAKTHYCCKHX BOIIPOCOB M 3aja4, BJIAJCCT HCO6XOI[H-

MBIMH HABBIKaAMH W IIPHUCMAMH UX BBIIIOJIHCHHA. I[OHYCKaIOTCH HCKOTOPBIC HCTOY-

HOCTH, HEJOCTATOYHO MPaBUJIbHBIE (DOPMYIUPOBKU B M3JIOKEHUH MPOrPaAMMHOIO

MaTepHaa, 3aTpyAHCHHS MPU BBITTOJIHEHUH MPAKTHUYECKUX PadoT.

OI_IeHKa «HE€ 3aYTE€HO0» BLICTABJIACTCA CTYACHTY, €CJIM OH HC 3HACT 3HAYU-

TCJILHOM 4YacTHU IIporpaMMHOI0 Marcpualia, AOIMYCKACT CYIICCTBCHHLIC OHII/I6KI/I,

HCYBCPCHHO, C OOJIBIITUMU 3aTPYAHCHUAMM BBIITOJHACT IMMPAKTUYCCKUC 3a/[aHHUA.
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3. OTYETHOCTD IO JUCIIUITJIMHE

VYcneBaeMoCTh CTYIEHTOB 0 JHUCLHUIUIMHE OLIEHHUBAECTCS B XOJE TEKYILEro
KOHTPOJISI yCIIEBAEMOCTH U MPOMEKYTOYHON aTTECTALUU.

[Ipouenypa 3auera Kak OTAEIbHOE KOHTPOJIBHOE MEPONPUATHE HE NIPOBOJIUT-
Csl, OLICHUBAHHE 3HAHUI 00YyYarolIerocs: MPOUCXOAUT MO pe3yJbTaTaM TEKYIIEro

KOHTPOJISI.
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https://www.iprbookshop.ru/120288.html (mata oopamenus: 22.04.2022). — Pe-

YKUM JOCTyNa: JJIsl aBTOPU3HP. TOJIb30BaTEEH.
IlepeyeHb JO0NOTHUTEIHLHOU JIUTEPATYPHI:
Pongun B.I1. Cnyuaiinbie mporieccsl B TUHEHHBIX CUCTEMax : ydeOHOoe mocolue
Mo Kypcy Teopus aBromatuueckoro ynpasieHus / Ponun B.I1.. — Capatos : By-
30BcKoe oOpazoBanue, 2013. — 19 c¢. — Tekcer : snexrponnsiii / IPR SMART :

[caitiT]. — URL: https://www.iprbookshop.ru/18388.html (mara oOpaieHus:

23.04.2022). — PexuM nocTtyna: AJjisl aBTOPU3UP. TTOJIH30BATEIICH.
ApkamoB H.C. Teopust BeposATHOCTEH H CiydalHBIE MPOIECCHI : Y4eOHOE

nocobue / ApkamoB H.C., KoBanesckuit A.Il.. — HoBocubupck : HoBocubupckuii
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roCyapCTBEHHBIN TexHuueckuil ynusepcuret, 2017. — 238 c¢. — ISBN 978-5-
7782-3375-1. — Texkcr : anextponubii // IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/91741.html (mata obpamenus: 23.04.2022). — Pe-

YKUM JOCTYyIa: JJIsl aBTOPU3HP. TOJIb30BaTeNen

TapacoB B.H. Teopust BeposiTHOCTEM, MaTreMaTH4eCKass CTAaTHUCTUKA W
ciIydaitHbIe TIporiecchl : yuebnoe mocooue / Tapacor B.H., baxapesa H.®.. — Ca-
Mmapa : [IoBOKCKUN TOCyAapCTBEHHBI YHUBEPCUTET TEIEKOMMYHUKAIIMN U WH-
dopmaruku, 2017. — 283 ¢. — ISBN 5-7410-0415-6. — TekcT : 3MeKTpOHHBIH //
IPR SMART : [caiiT]. — URL: https://www.iprbookshop.ru/71890.html (mara 06-

pamienusi: 23.04.2022). — Pexxum j1ocTymna: st aBTOPU3UP. MOJIb30BaTENCH.
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