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BBEJAEHHUE

[ToBeneHue peasbHBIX CUCTEM MOXKET OBITh OMUCAHO MOJICTSIMU JIBYX
TUIIOB. JCTCPMHHHPOBAHHBIMU (TIOJIHOCTBIO ONPEJCICHHBIMH) M CTOXa-
CTHYCCKUMU (BEPOSATHOCTHBIMH MJIU CTATUCTHYCCKUMHU).

B nerepMUHHPOBAHHBIX MOJEJSX MOBEACHHUE CUCTEMbI CUUTACTCS
MOJHOCTBIO ompeaeneHHbIM. [Ipeamonaraercsi, 4TO0 CTPYKTypa CUCTEMBI
ABJISICTCSL 3apAaHEE M3BECTHOW; MapamMeTpbl CUCTEMbl U BHEIIHHUE BO3JCH-
CTBUS (BXOJHBIE CUTHAJIBI) SABJISIOTCS 3apaHee 3aJlaHHBIMU JIETEPMUHUPO-
BaHHBIMU (DYHKIMSIM BPEMEHH; PEaKIMsi CUCTEMbl Ha BXOJHBIC CHUTHAJIbI
(BBIXOJIHOM CHTHAJ) TakKKe SBISCTCS JICTCPMHHHPOBAHHON (QYyHKIUEH

BPEMECHU.

Ipumeuanue. OObiuHO 68 OeMePMUHUPOBAHHOU MOOeIU 8 Kadecmee
BXOOHBIX CUCHAN08 NPUHUMAIOMCS MUNOBble 8030elCMBUs 8 BUOe eOUHUY-
HOU cmynen4amou QyHKyuu 1(t), O PyHKYUU (UOEAIbHO20 UMNYILCA) UL
HeKomopulx Opyaux QyHKYUll pemenu, Komopule blOUparomcs, UCXo0s U3
ONbIMA UAU UHMYUYUU Uccaedo8amers 07151 Y00OCmea pacuema CUCeM.

CaMmu AeTEpMUHUPOBAHHBIE MOJEIN ONPEAEISIIOT 0OHO3ZHAYHOE COOM-
gemcemeue mexHcoy pearusayusamMu 6X00H020 U 8bIX00H020 cueHanos. 11ose-
JIEHUE CHUCTEMBbI ONMUCHIBAECTCS OOBIKHOBEHHBIMU JU(PepeHInaIbHBIMU
ypaBHEHUAMHU. OHO OJHO3HAYHO OIPENEISAETCS COCTOSHUEM CUCTEMBI B TeE-
Kyl MOMEHT BPEMEHH (HAYaJIbHBIMUA YCIOBUSIMH) U MOKET OBITh TOUYHO
NPEICKA3aHO IS JIFOOOTO MOCIEAYIOIIEr0 MOMEHTA BPEMEHHU.

HccnenoBanne MOBEAEHUS CUCTEM MOCPEICTBOM JAETEPMUHUPOBAH-
HBIX MOJIENIEH CBOJIUTCA K M3YUYEHHIO Ipolecca NmpeoOpa3oBaHus JIETEp-
MUHHUPOBAHHBIX BXOJIHBIX CUTHAJIOB B JE€TEPMHUHUPOBAHHBIC BBIXOJHBIC
CUTHAJIBl. DTOT MPOLIECC TAKKE CUUTACTCA IETEPMUHUPOBAHHBIM.

B croxacTuyeckHX MOAeJNSIX BXOJHBIE CHUTHAJbI, MapameTphbl |
CTPYKTYpa CUCTEMbI B OOILIEM CIIy4ae CUMTAIOTCS CIy4allHBIMU (yHKIIHS-
MU BPEMEHU WJIW CIAyYallHBIMUA BEJIMYMHAMM C W3BECTHBIMU CTATHCTHYE-

CKMMU XapaKTEPUCTUKAMHU.



Ilpumeuanue. Heobxooumvle cmamucmuyeckue XapakmepucmuKu
ONpeodenstomcs. 8 xo0e CMamucmu4ecko20 aHaIu3ad ONbIMHbIX OAHHbLIX O

noeeodeHUuU CUCTNEeMbl 6 PealbHblX yYCI0BUAX

CraTuCTUUYECKHUE MOJICTU KAXMCOOU peanu3ayuu 6X00H020 CUSHAA
cmasam 8 COOmMBEmMCmeaUe MHOHCECMBO BbIXOOHBIX CUCHANO08, XAPAKTEPHU-
3yeMo€ ONpEACICHHBIM 3aKOHOM pacmupeaesneHus. Eciyu u3BecTHbI CTaTH-
CTUYECKHE XapaKTePUCTUKH BXOAHBIX CUTHAJIOB U TUHAMHYECKUX CBOMCTB
CUCTEMBbI, TO TIOBEJICHUE CUCTEMBI OYJIET MOJHOCTHIO ONPEICIICHO B CTaTH-
CTHYECKOM CMBICIIE (T. €. MOT'YT OBITh HaiJICHBI COOTBETCTBYIOIIUE CTATH-
CTHYECKHE XapaKTEPUCTHKU BBIXOJIHOIO CUTHAJIA).

N3ydeHue moBeIeHUs] CUCTEMBI C TIOMOIIBIO CTOXaCTHYECKON MOJIeNu
B OOIlIEM CJydae CBOJAMUTCS K M3YYCHHUIO MPeoOpa3oBaHUsI CUCTEMOM CITy-
YalHBIX BXOJAHBIX CUTHAJIOB B CIIy4alHbIC BBIXOJHBIE CUTHAJIBI.

Ilpumeuanue. Yacmuuoim cnyuaem npumeneHus Cmoxacmuueckux mo-
Oeseli A618emcsl U3yyeHue NoGeOeHUss O0emepMUHUPOBAHHOU CUCHeMbl,
Haxooaweucss noo GIUsSHUEM CIYYAUHBIX 6XOOHbIX CUCHAN08. B Opyeom
YACMHOM ClIyude 6XOO0Hble CUSHAbL CUUMAIOMCA 3apaHee U38eCHmHbIMU
QyHKYUAMU 8peMeHU, a CMPYKMYpa CUCeMbl U ee Napamempsbl UMeron

CAVYAUHBIU Xapakmep.

Ilpumep. Cucmema cmadunuzayuu Kypca 1emameibH020 annapa-
ma. CmpyKkmypHas cxema cucmembvl umeem uo

[7@)
2

o(t) x(t)

C noMoubio saoamuyuxa 1 ycmaHaeaueaenicil HYyHCHoe 3HAYCHUE KYp-

ca g(t). Ha nemamenvHoltl annapam 2 Oeilicmeyem 603MyujeHUe ammo-
cghepul f(’[). 3aoaua cmabunuzayuu 3aKni04aemcs 8 no00epICaHuu oeli-

CMBUMENbHO20 KYPCA, PAGHBIM 3A0AHHOMY.



Hccneoys npoyecc cmabunuzayuu ¢ nomouspio 0emepmuHUpo8aHHoU
MOOeU, MONCHO CUUMAMb, YMO 3A0AHHBILL KYPC NOCMOSHEH (g(t)= do);
8O3MYUeHUEe amMocepbl 3a0aHO KaK QYHKYUs epemeHu (Hanpumep,
f(t)= fo); ounamuueckue ceoticmea cucmemuvl onpedenenvl 6 gude Ough-
pepenyuanvroeo ypasrenus. BvixoOHou cueHan X(t) npeocmasisiemcs 8

8UOe KOHKPEMHOU (DYHKUUU 8pEeMEeHU, ONpeoeisemMoll KaK pe3yibmanm oe-
mepMuHuUposarnno2o npeoopazosanus /I (cm. cxemy).

=0 — 07"

— I |—

Hpu maKkom peuteHuu 3a0ayu OUHAMUYECKUe CBOUCMBA CUCTEMbl
NPUHAMbsL NOJTHOCMbIO onpedeﬂeHHbmu 60 6peMeHU, a 3a0amyuK cyuma-

emcs U0eaibHO MOYHbIM.

Cucmema cmadbunuzayuu Moxcem uccied08amsvcs ¢ NOMOWbIO CMa-
mucmuydeckou Mmooenu. Tax kaxk peanvHvle 3a0amyuku padomaiom c
OWUOKOL, MO HYICHBIU KYPC MOdCem Obimb NPeoCmasier KaK CAyYauHbllL
npoyecc G(t)= g(t)+ N(t), 20e g(t) — NOJIe3HbIU CUSHA, N(t) — nomexa,
onpeodensiemMas CAy4auHoOU NOSPeuHOCmblo 3a0anus Kypca. Bozmywenue
ammocghepol npedcmasisiemcs CAyyauHbiM NPoYeccom F(t). Buvixoonoti
CUCHAl CYUMAEmCs CYYauHbIM NPOYEeccom X(t), NOJYYEHHLIM 8 X00e

cmamucmuueckozo npeoopazosarusi C (cm. cxemy).

g(t)N% S0 X

Ilpu maxom pewtenuu 3a0aqu modicem OblMb NOJYYEH OMBEM HA 8O-

npoc 0 MoM, KaK cucmema cmabuiu3ayuu 8bl0epicusaem 3a0anHblil Kypc
8 cCpeOHeM NPU MHO2OKPAMHOM ee UCHOb3068AHUU C PealbHbIMU 3A0amyu-
Kamul 8 peaibHOl 803MYUeHHOU ammocepe.



Bp100p TOTO M1 MHOTO BHAa MOJICIHM 3aBUCUT OT MUMEIOIIEHCSI UCXO/I-
HOM MH(pOpPMAIMH, OIbITa IMIPOSKTUPOBAHUS CUCTEM, YCIOBUHU HUX IPHUME-
HEHMUSL.

JleTepMUHUPOBAHHBIE MOJICJIM BOCIPOU3BOJAT TOJBKO PETYJISIPHBIC
COCTABJIAIOIIME PEATbHBIX CUTHAJIOB M HE YYHUTHIBAIOT UX CIIYYaWHBIX CO-
cTaBAomMX. [103TOMy MX MOXHO paccMaTpuBaTh KaK YaCTHBIA Ciy4dau
CTaTUCTUYECKUX MOJICNICH, ONEPUPYIOMIMX HanboJiee BEPOSATHBIMU 3HAUE-
HUSIMM CUTHAJIOB.

JleTepMUHUPOBAHHBIE MOJEIH IMO3BOJISIET CUHTE3UPOBATH CHUCTEMBI,
ONTHMAaJIbHBIE TOJLKO 11 KOHKPETHOrO HaOOpa BXOJHBIX CUTHAJIOB (1
JIPYTUX, CYIIECTBEHHO OTJIWYAIONINXCSI CUTHAJIOB OHU MOTYT OBITh JaJIEKO
HE ONTUMAaJIbHBIMK). CTaTUCTHYECKUE MOJCIU AT BO3MOKHOCTH CIIPO-
EKTHUPOBAaTh CHUCTEMBI, SABJISIOIIMECS ONTUMAJIBHBIMU JJISL LIEJIOT0 MHOXE-
CTBA pEAJIbHBIX BXOJHBIX CUTHAJIOB.

JleTepMUHUPOBAHHBIE MOJIEIM MOTYT MCIIOJIb30BATHCS JJI MPOCKTH-
POBaHUS CUCTEM MPHU CIIyYalHbIX BO3AeUCTBUsAX. [Ipu 3TOM 00BIYHO cUuTa-
€TCsl, UTO TH BO3JCUCTBUA MAKCUMAJIbHbBI, U K CUCTEME NPEIBSIBIISIIOTCA 3a-
BEJIOMO OoJiee KeCcTKUe TpeOOBaHMs, YeM 3TO He00XouMo. B psine ciiydyaen
TaKOM MOJIXO/I OKA3bIBAETCS 1EJIE€CO00Pa3HbIM WU JIa)Ke €IMHCTBEHHO MPHU-
emieMbIM. OJIHaKO TOJOOHBIE HEOIArOMPHUSTHBIE CUTyallUd BCTPEUAIOTCS
penko. [ToaToMy mpuMEHEHUE CTOXACTUYECKUX MOJENIEN, ONIEPUPYIOIINX HE
MaKCUMaJbHBIMH, & HauOO0JIee BEPOATHBIMUA 3HAUCHUSIMU BHEIITHUX BO3JICH-
CTBUM, TPUBOJUT K MOJTYUCHHUIO 00Jiee pallMOHAIBLHBIX TEXHUUYECKUX pellle-
HUN (€CTECTBEHHO, MPEIHAMEPEHHO JOMYCKAETCS CHI)KCHHE KauecTBa CH-
CTEMBI B MaJIOBEPOSITHBIX CUTYAIIHSIX ).

N3yueHuem MoBEAEHUSI CUCTEM IPU CIyYAWHBIX BO3JCHUCTBUSAX 3aHU-
MAeTCsl CTATUCTHYECKAasd AMHAMHMKA CUCTeM. B Hell yuyuThIBaeTcs, 4To
BXOJIHBIE CJIyYallHbI€ CHUTHAJIBI MOTYT COJAEPKATh HAETEPMUHUPOBAHHBIC
COCTaBJIAIOIINE, @ CTPYKTypa CUCTEMBI M €€ MapaMeTphbl MOTYT OBIThH Jie-
TEePMUHHUPOBAHHBIMU. CTaTUCTUYECKAs JUHAMHUKA H3Yy4aeT CIEAYIONIUE
POOJIEMBI:

® CTaTUCTHUYECKOE OIMUCAHUE CIYYAWHBIX MPOILECCOB, 3AKIHOYAOIIE-
€Csl B ONPEACIICHUUN UX CTATUCTUYECKUX XAPAKTEPUCTHK;



® CTAaTUCTUYECKUN aHAIU3 CUCTEM, 3aKJIOYAIOIIUICS B OOIIEM CIy-
yae B HaXOXKJCHUU CTaTUCTUYECKUX XapAKTEPUCTUK MX BBIXOIHBIX CHUT'HA-
JIOB T10 3aJJaHHBIM CTaTUCTUYECKHM XapaKTEePHUCTHUKAM BXOJIHBIX CUTHAJIOB
1 CTAaTUCTHUYECKUM XapaKTEPUCTHUKAM JUHAMUYECKUX CBOMCTB CUCTEM;

® CTAaTUCTUYECKUNM CHMHTE3 ONTHUMAJbHBIX CHCTEM, 3aKIIOYAIOIIUNACS
B HAXOXJCHUHU U peajii3allii ONTUMAJIBHBIX B OIIPEICICHHOM CMBICIIC M-
HaMHUYECKHUX CBOWMCTB CHCTEMBbI IO 3aJJaHHBIM CTAaTUCTHYCCKHUM XapaKTe-
PUCTHUKAM BXOJHBIX CUTHAJIOB.

B KOHEYHOM HUTOre CTaTUCTHYECKAs JUHAMHUKA IMO3BOJISIET ONPEICIUTh
CTaTUCTUYECKUE XapPaKTEPHUCTUKHU BBIXOJHBIX CHUTHAJIOB, C MOMOIIBIO KO-
TOPBIX MOXHO OLIEHUTh MX TOYHOCTb, HAJEKHOCTh, IIPOIMYCKHYIO CIIOCO0-
HOCTb CHUCTEM.

BOITPOCHI JJIs1 CAMOKOHTPOJIA

1. Kakme momenu cUMTArOTCS IeTePMUHHUpPOBaHHBIMU? Kakoil B
UCXOMHOW MH(pOpMaluu OHM MCHONB3YIOT? Kakoe mpeoOpa3zoBaHHe WH-
dbopMalii OHU PEATU3YIOT?

2. Kakme momenu cuuraroTca croxactuueckumu? Kaxkoil Bum wuc-
XOJHOM MH(OpMalMu OHU HCIOIL3yI0T? Kakoe mpeobpazoBanue uHOOP-
MAIM{ OHU PEATU3YIOT?

3. B yeM mocToMHCTBA M HEJIOCTATKH JETCPMUHHUPOBAHHBIX M CTATH-
CTHYECKUX MOJEIICI?

4. Yto m3ydyaeT CTaTUCTUYCCKAS THHAMHUKA CHCTEM?



1 CIYYAMHBIE TPOILIECCHI
1.1 Ciyyaiinble IpoOLecChl M UX XaPAKTEePUCTHKH

Cayuaiinble nmpouecchl — ciiydyaiiHble (PyHKIIUM HE3aBHUCUMOM Mepe-
MeHHOM — BpemeHu t. CiyuaiiHoi cuuTaercsi PyHKIMS, 3HaYCHUE KOTOPOM
JUTSL KQKJIOTO 3HAYEHUS apTyMEHTa SIBIACTCS CIy4anHOW BeIMYMHOM. I1o
pe3yabTaTaM N ONBITOB CIYYalHBIN IIPOLIECC X(t) MOXET 0TOOPa3UThHCS N
pa3Iu4HBIMA (QYHKIMSIMU BPEMEHHU X; (t), rae 1 =1, ..., N, KOTOpbIC Ha3bI-

BAIOTCSI peaju3auusiMi (BO3MOXXHBIMM 3HAUEHHUSMH) CIy4allHOTO MPO-
necca (cM. pucyHok 1.1). JlomxHa U3ydaTbesl HE Kaxaas peaan3alus B OT-

JIETLHOCTH, @ CBOMCTBA BCErO0 MHOKECTBaA X(t).

Xl(t)

Xk (t)

X, (t:

|

|

|

|

|
OV AN g
w tj!xn(tj)\/\/

Pucynok 1.1 — Peanmnmzanum ciayyaitHOro nporuecca

st moboro (pUKCUpPOBAHHOTO MOMEHTa BpemeHu t = tj peanuzanus
Xi(t j) ABJISIETCSL PETYJSIpHON (HECIydaitHO#), a X(t j) — CIy4aulHOWU

GyHKIMEH, MOTYyYeHHONM MNyTeM CTaTUCTUYECKOTO YCPEIHEHHSI CBOMCTB

pa3nuHbIX peanu3anui. DyHKIUS X(t j) HA3bIBACTCS CeYEeHHeM CJIy-

YalHOI0 MPOIEecca B MOMEHT BPEMEHH 1.



Ilpumeuanue. Henvzs ymeepoicoams, umo Cy4atiHbli Npoyecc 8 OaH-
HbIU MOMEHM 8PEMEHU NPUHUMAEN HEKOMOopoe 0emepMUHUPOBAHHOE 3HA-
yenue. MooxcHo 2o60pums auutb 0 MOM, YMO C HEKOMOPOU 8EPOSIMHOCHIbIO
9MO 3HAYeHUe Haxo00Umcs 8 ONPeodeleHHblX npeoelax.

CTaTUCTUYECKHE XAPaKTEPUCTUKH CIYYaHHOTO MpOoIecca ONMpeIess-
I0TCSL €ro @yHKkyueu pacnpedenenus (MHTETrpaJbHBIM 3aKOHOM pacipeie-
JeHHs1) U naomHocmoto eeposmuocmu (auddepeHInaIbHbIM 3aKOHOM
pacnpeaeaeHus).

DyHKIHEH pacnpeleleHus CIy4alHOW BEIWYMHBI X CUMTAETCS He-
npepbiBHAsE HeyObIBaromas (yHKIMs, ONMpeaesoNas BepOITHOCTh TOTO,
YTO 3HaUYCHHUE X OyJIeT MEHBIIIE HEKOTOPOTO 3aJaHHOI0 3HAYCHUS

F.(&)=P{x<¢&},

Fy(-0)=0, F (+»)=1. ¢

BeposTHOCTB TOTO, YTO CilydyarHas BEJIMYMHA X MOMAAAET B 3aJaHHBIN
IIOJIYOTKPBITHIM MHTEPBAJI, PABHA

P{A< x<B}=F,(B)-F,(A)= iwx(f)df, (1.2)

TIE @y (5) HernpepbiBHas (PYHKIMA, Ha3bIBaeMasi MJIOTHOCTBIO BEPOSITHO-

CTH cnyqaﬁHoﬁ BCJIMYUHEI X. CHpaBGI[J'II/IBBI COOTHOIICHUA

F. (&)= I o, ({)S,

a,(6)=F (f). -

B Teopun cucrem Hambojiee ynoTpeOUTEIbHBIMU SIBIISIIOTCS PaBHO-
MEPHOE, SKCIIOHEHIIMAJIbHOE Y HOPMAJIBHOE PACIIpEIEIICHUS.

PaBHOMepHoOe pacnpenejeHHe XapakTepHO I CIIyYalHBIX JKCIIE-
PUMEHTOB C PaBHOBEPOSITHBIMHU UcXxonaMmu. Ero QyHkuusa pacnpeneineHus

U TUIOTHOCTh BEPOSATHOCTHU HAXOAATCA 10 (opMyiam



r 0, &<a,
F(6)=1572, £efasb] (L4)
1, &>D,
b
o ()=1p-a <l (L5)
O, E¢lab]

rie a u b — HIKHAS 1 BepXHssA TpaHUIla Juana3oHa pacipe/ e ICHNU.
JKCINOHECHIHAJbHOE pacnpelejeHue XapaKTEPHO I CUCTEM C OT-

CYTCTBHUCM HOCHCI[GIZCTBPDI, Koraga
P{x+s<&s<&p=P{x<¢&}, (1.6)

B CBSI3M C Y€M OHO SIBJISICTCS OCHOBHBIM B TEOPHH CKAYKOOOPA3HBIX Map-
KOBCKHUX TIporieccoB (cMm. nmanee). Ero dyHKus pacnpeneieHus U mioT-
HOCTb BEPOSITHOCTH HAXOJATCs 110 hopMysiaM

F, (&) 0 o< 1.7
(6)= 1—exp(-4-¢&), £20, (1)
0, £<0,
za'x(§)= (1.8)

A-exp(-=4-¢&), £20,

rae A — ko3 UIMeHT 3aTyXaHusl.

HopmasibHoe pacnpeaesieHre XapakTepHO JJIs CIyYalHbIX BEJIMYMH,
OnpeaeasIeMbIX CyMMapHbIM 3(PGhEKTOM OT JEeUCTBHS OOJBIIOIO YHCHa
cinydailHeiX ¢aktopoB. Ero gyHkuusi pacnpenesieHuss u mIOTHOCTb BEPO-
ATHOCTH HaxXOoJsTCA 1Mo (popmysiam

£ _ 2
@)= | exp[— %}da 19)



wx(§)=\/2—ﬂ—1_o_

X

2
- exp|:— m] (1.10)

2.0%

rIe Mx — MaTeMaTHIeCcCKoe OXKUIAHHUE, Ox — CPEIHEKBAIPATHUECKOE OT-
KJIOHEHUE CIIyYaHOW BEJIWYUHBI X.
I'paduxu pynkuuit F, (f) U, (5) JUTSl pa3IMYHBIX BUJIOB pacmpeie-

JIEeHUM TOKa3aHbl Ha pucyHke 1.2.

Fx(fl) @, (&)
1
b-a| ! |
0 a —
Fx(ﬁl) @, (&)
z\
0 £ 0 g
6)
~ -

Pucynok 1.2 — @yHKuMM pacnpeneneHuss U MIOTHOCTU BEPOATHOCTH:
(a) paBHOMEpHOE pactpeneneHue; (0) IKCIOHEHIIMAIbHOE pacpeleNICHUE;
(B) HOpMaJIBHOE pacupeaeICHUe



JInst ciy4aliHBIX MPOIIECCOB MOYKHO OMNPENIECIUTh Pa3IMdyHbie (QYHKIIUU
pacapenenenus. OoHomepHou yHkuuel pacnpeoeieHuss Ciy4auno2o npo-
yecca X(t) (byHKUMEH nepBoro mopsijaka) cuuraercs (yHKIHS, ONpeje-
JISTOIAsi BEPOSITHOCTh TOTO, YTO €r0 CeYeHHEe OyJeT MEHBIEe HEKOTOPOTO
3aJIaHHOTO 3HAYEHUS JIJIT MOMEHTa BpeMeHH 11

Fl(fl ’t1)= P{X(t1)< 51}’

1.11
Fl(—oo,t1)=0, F1(+oo,t1)=1. (L10)

Oynaknus (1.11) xapakTepusyer ciiydallHbIM MPOIIECC U30JUPOBAHHO B
OTAEIbHBIX CEUCHUAX, HE OTPpaKas B3aMMOCBA3U MEXAy HUMU. OHOMED-
HOM (yHKIIMEH pacrpeiesIeHUs] OJTHO3HAYHO XapaKTEePU3yeTCsS TOIbKO YH-
CTO CIIy4allHbIN Mporecc win Oeablil miym. Ero pasznnyHbie cedeHus co-
BEPIIIEHHO HE3aBUCUMBI JIPYT OT ApPYra.

Jleymepnou ¢yuxkyuei pacnpeoeneHus CLyYyatiHo2o npoyecca X(t)
Ha3bIBACTCS (YHKIHS, OMPEISISIONias BEPOSITHOCTh TOTO, YTO €ro ceue-
HUE OyJEeT MEHbIIIE HEKOTOPBIX 3aJJaHHBIX 3HAUYCHUN ISl IBYX Pa3IUYHbBIX
MOMEHTOB BpeMeHU t1 1 {2

F2(§1 156, ’t2)= P{X(t1)< 51’X(t2)< 52}’
Fz(—°°’t1;§2’t2)= F2(§1’t1 ;—°°’t2)=0’ (1.12)

F,(+o,t; ;+00,t,)=1.

Mo>kHO onpeAenuTs N-uepHyo GYHKYUIo pacnpedenerus

Fn(gl ’tl ;---;gn ’tn)= P{X(t1)< 51 10 X(tn)< gn }'
Fo(—o0,ty ;&0 0t )= .= F (&)t 5. i—00,t,,) =0, (1.13)
Fo(+00,t;5.40,t,)=1.
Yewm BbIIIE TOPSIAOK (DYHKIIUM paCTpeNesICHUsI, TEM TOYHEe ompee-
JSI0TCS cBOMcTBA mponecca. OmaHako 3akoHoMepHOCTH Bua (1.13) 0ObIY-

HO OBIBAIOT TPOMO3JIKMMU, MIOITOMY Ha MPAKTUKE OrPAaHUYUBAIOTCS (PyHK-

LHUASIMHA IIEPBOTO MIIA BTOPOTO MOPSIAKOB.



CymiecTByeT 0COOBIM KJacC CIIydallHbIX MPOIECCOB, JISI KOTOPBIX
GYHKIMH pacupejielieHus B JIF000H MOMEHT BpeMeHu t > to (B Oyayiiem)
ONPENETSAIOTCS TOJIBKO 3HAYCHUEM X(to) (B HACTOSIIIIEM), U BCE 3HAUCHUS
X(t) npu t < to (B mpouiomM) He YTOUHSAIOT 3TO onucaHue. Takue mpoiec-
Chl HA3bIBAIOTCSI MAPKOBCKMMHU (110 UMEHU BIIEPBBIC UCCIIEAOBABIIIETO UX
MaremMatuka A.A. MapkoBa). OHM XapakTEepHBI IJII CHUCTEM C OMCYM-

cmeuem namsamu (WM CUCTEM Oe3 nociedeicmeust).

prneltanue. Ananoecom MAPKOBCKOcO npoyecca MOIHCHO CcHUumdaniob

peuenue ougppepeHyuanbHo20 ypasHeHus nep8oco NopsoKd

Sx(0)= 2t x(0)]

Komopoe zasucum om X(to) u He zaesucum om I’lpOuS’GOdelx 71006020 no-

pAoOKa om X(t) no epemenu 6 momenm lo.

[To MaremMaTM4ecKOMY ONMUCAHUKD MAapPKOBCKHUE MPOLECCHl MPOLLE
HEMAapKOBCKUX.
Jlia ciywaiiHOro Inporuecca X(t) MOKHO OIIPEHEIIUTh INIOTHOCTH Be-

POSITHOCTH TpeOyeMOoro mopsijka

0 ,
w1(§1’t1)= Fléi’ll tl),
(1.14)

0" 5 6nath
R

CpeaHee mo MHOKeCTBY (MaTeMaTH4YeCKOe 0KHIAHUE) OIpeIeiis-
€TCSl Ha OCHOBE HAOIOJCHUN 3a peaiu3alusaMy CIIy4yalHOTo Tpoiiecca B
OJIMH M TOT K€ MOMEHT BPEMCHH

%(0)=m, (t)= M[x(t)]{j: x- @, (X, t)ix. (1.15)



Mamemamuueckoe oxcuoanue CiyyauHo2o0 Npoyecca — pecyiapHas
@yHKYUs, 3HaAYeHUe KOMopou 8 nbou momenm epemenu tj pasno mame-

mamudecKomy 0HCUOAHUIO coomeemcecmeyrnuleco Ce4erHuA X(tJ ) OnHo sB-

JEICTCA pE3YyJIbTATOM BEPOATHOCTHOTI'O YCPCAHCHUA cnyqaﬁﬂoﬁ BCJIIMYMHBI,

IIpA KOTOPOM Ka)KJI0€ €€ BO3MOKHOE 3HAaUEHHE OEPETCs C BECOM @'y (X Y )

MOKHO ONpeAeauTh HEHTPUPOBAHHBIN CJIyYalHbIN MpoLecc

X(1)=X(1)-mx (1) (1.16)

MATEMATHUYCCKOC OKUIAHHUC KOTOPOI'O
M| X(t) |= M[X(t)-my (t)]= M[X(t)]-my (t)=0. (1.17)

JIro0oit ciryyallHBIN TIPOILIECC MOKHO MPEACTABUTh KAK COBOKYITHOCTh
PETYJISIPHON COCTaBISAONIEN (MAaTEeMaTUYECKOTO OXKUIAHUS) U LIEHTPUPO-
BAHHOW CIIyYallHOM COCTaBIIAIOLIEH

X (£)=my (t)+ X (). (1.18)

Cpez[Hee M0 BPEMEHU OIIPCACIIACTCSA HA OCHOBC Ha6J'IIOI[CHI/I$I 3a OT-
I{CHBHOﬁ peanns;auneﬁ cnyqaﬁHoro nponecca B TCHCHUC JOCTATOYHO JIN-
TCIbHOT'O BPCMCHHU, KaK

.
X = lim——. [ x(t)dt, (1.19)
Tow?2-T -T
€CJIM ATOT IpeJiell cyllecTByeT. B 001eM ciiyyae 3To 3HaUCHUE Pa3InyHO
JUTSL OTJICIBHBIX Peav3adil CIIy4anHOoro Mmpolecca.
JAucnepcuren HEHTPUPOBAHHOTO CIYYAMHOTO MPOIECCA CUUTACTCS Ma-
TCMATHUYCCKOC OKHUAAHHUC €TI0 KBaJApara

D ()=M| x2()|= T [x=my (OF -, (x,t)x. (1.20)

—00



Hucnepcus cnyuaiinoco npoyecca — pe2ynsapHas (OYHKYus, 3HAYeHue
KOmopotu 8 1060t MomeHm eépemenu tj pasHo oucnepcuu coomeemcmaey-

roue2o ceveHus X(’[ j )

CpenHexkBaJpaTHYHOE OTKJIOHEHHE LICHTPUPOBAHHOIO CIYy4ailHOTO
IPOIECCA HAXOUTCS KaK KBAJIPATHBIA KOPEHB U3 €r0 TUCIEPCUU

oy (t)= /Dy (0). (1.21)

[To xapakTepy U3MEHEHUS CTAaTUCTUYECKUX XAPAKTEPUCTUK C TCUCHHU-
€M BPEMEHHM CIIyYalHbIE TTPOLECCHI JICJISIT HA CTAMOHAPHBIE M HECTAIM-
OHapHbIe. Pa3nmuyarT cTalMOHAPHOCTH B Y3KOM M B IIIMPOKOM CMBICIIE.

CmayuonaphvimM 8 Y3KOM CMbicle Ha3bIBAIOT CIIYYalHBIM MPOLECC
X(t), CTaTUCTUYECKUE XAPAKTEPUCTUKU KOTOPOTO HEM3MEHHBI BO BpEME-
HU. OyHKIHUS pacrpeaeseHus] U IIOTHOCTh BEPOSITHOCTH JIFOOOH pa3mep-
HOCTH HE 3aBUCAT OT Ha4yajia OTCUETa BpEMEHH to, T. €.

|:n(§1 L5 8n ’tn)= I:n(fl B —1o55 801, —to)’

(1.22)
wn(‘fl L5060 ’tn)=wn(§l b =15 ént, —to)’

rae to BeIOUpaeTcst MpOU3BOJIBHO.

Cmayuonapuvim 6 WUpOKOM CMbiclie HA3bIBAIOT CIy4YalHBIM Mpouecc
X(t), MaTEMaTHYECKOE OXKUJAHHWE KOTOPOro MOCTOSAHHO, 8 (PYHKIIUH pac-
NPEACIICHUS] U IUIOTHOCTH BEPOATHOCTH JIIOOOW Pa3MEPHOCTH 3aBUCSAT
TOJIBKO OT BEJIMYMHBI CIBUIa BCEX TOYEK 1j BIOJb OCH BPEMEHHU Ha OJIMHA-

KOBYIO BCIIMYUHY T(T. €. 3aBHUCAT OT Hadajia OTCUCTa BpeMeHH)

Fn(gl ’tl +T;"';§n ’tn +7)= Fn(gl v"wgn ’T)’

(1.23)
wn(gl L4758t +T)= wn(gl e Cn ’T)'

ITpouecchl, cTavoOHapHBIE B Y3KOM CMBICIE, O0S3aTE€IbHO CTalMO-
HapHBI U B IIMPOKOM cMbIciie. OOpaTHOE YTBEPKJIEHHE BEPHO HE BO BCEX
ciydasx. CiayyaliHble IpolLecchl, He 00JaJalllue CBONCTBAMHU CTaLMO-
HAapHOCTH, CUUTAIOTCS HECMAYUOHAPHLIMU.



Ilpumeuanue. CmayuonapHvlili npoyecc Moxicem CYuumamscs aHanio-
20M YCMAHOBUBUE20CS PENCUMA 8 OeMEPMUHUPOBAHHBIX CUCTNEMAX, a He-
CMAaYUOHAPHBIIL NPOYECC — AHANO20M NEPEXOOHO20 PEeNCUMA Npu aH000M
CAVYAUHOM 8XOOHOM CUSHATE.

CrauuoHapHbIM CIy4alHBINA MPOIECC CUMTACTCA IProAMYEeCKUM, €CIIU
T00asi CTATUCTUYECKAsT XapaKTePUCTHKA, ONpeieiseMas YCPEIHEHUEM 10
MHOECTBY €TI0 peaju3alyii, paBHa COOTBETCTBYIOIIECH XapPaKTEPUCTHUKE,
OIPELICNISIEMON YCPEAHEHUEM IO BPEMEHU €r0 MPOU3BOJIBHOM JOCTATOYHO
JUINTENIFHOM peanu3anuu (3TO I03BOJISIET, HalpUMeEp, MPUPABHATH CpEI-
HUE TI0 MHOKECTBY U T10 BpeMeHH). EOouncmeennan peanuzayusn ip2oou-
YecK0z20 CAy4ailHo20 npouecca 6 0EeCKOHeUHOM UHmepeaie 6pemMeHuU
HOJIHOCMbIO Onpeodensem 6ecb Npouecc, 4YTo CYIIECTBEHHO YMOPOIIAeT
pacyeT €ro CTaTUCTUYECKUX XapAKTEPUCTHUK.

Ilpumeuanue. He rxadxxcowviii cmayuoHaphwlil CIyyaHvlil npoyecc 56-
nsiemcst opeoouyeckum. Ilpumepom modxcem Cuyxrcumes npoyecc X(t),

Kaxcoas peanu3ayusi Komopo20 NOCMOSHHA 80 8peMeHU (CM. pucyHok 1.3).

X(t) Xl(t)
Xg(t)

Pucynok 1.3 — [IlpumMep cTanmoHapHOTO  HE3PTrOJIUYECKOTO
CIIy4alHOTI0 IIpoLecca

OnuH U TOT K€ MPOLIECC MOXKET ObITh APrOJAMYECKUM MO OTHOIICHUIO
K OJHUAM CTATUCTHUYECKUM XapaKTEPUCTUKAM M HEIPTrOJUYECKUM MO OT-
HOIIECHUIO K ApyruM. B nanpHeiiemM OyIeT CYUTAThCs, YTO MO OTHOIIE-



HHUIO KO BCCM CTATUCTHUYCCKHUM XAPAKTCPUCTUKAM YCJIOBHA SProgUYHOCTHU

BBITIOJIHSIFOTCS.
1.2 KoppeasiunonHubie QyHKUIMH CIYYAUHBIX MPOLIECCOB

CratucTuyeckrue XapakTEPUCTHKH, NEpeUncCieHHble B m. 1.1, HE OT-
paXarT B IIOJIHOM MEpE XapakTepa cCiiydarhHoro mpouecca. Hampumep,
IPOIIECChl HA PUCYHKE 1.4 pa3iaudHBI IO CBOCH CTPYKTYpPE, XOTSI U UMCIOT
OJIMHAKOBBIE 3HAYCHUS MAaTEMaTUYECKOTO OXHUIAHUS U JUCTIEPCUH (IITPHU-
XOBBIMH JINHUSAMU MOKA3aHbl 3HAYEHUST My (t)i 30 (t); Py HOPMaJTh-
HOM pacIpe/ieJIeHUH 3HaUeHHe My (t) nomaaacT B ATOT JUaIla30H ¢ BEpo-
stHocThIO 0,997). IIporecc Ha pucynke 1.4 (a) mpoTekaeT OTHOCUTEIBHO
IJIABHO, M CTATHCTHYECKAas CBSA3b MEXKAY €ro CEUCHHSIMH JOCTaTOYHO
cuibHas. [Ipornecc Ha pucynke 1.4 (0) xapakTepusyeTcsi CUIbHOU U3MEH-
YUBOCTBIO, CBSI3b MEXKIY €ro ceueHusMu ciabas. OqHako HH MO MaTeMa-

THYCCKOMY OKUIAAHHIO, HU 110 JUCIICPCUU OIIPCACIINTD 3TO HCBO3MOXKHO.

M) me@®+3-0.0)  XO]  m(O)+3 04 ()

—

/ AN

Pucynok 1.4 — Cny4aiiHble IPOLIECCHI PA3JIMYHON CTPYKTYPhI

Y10o0BI Y4CCTh CTATUCTUYCCKYIO CBsA3b MCKAY pPa3/IMYHBIMU CCUCHU -

MU CIy4YailHOTO MPOILIECCa, UCTIONB3YIOT KOPPEIALMOHHBIE (PYHKIINU.



Koppeasiumonnoit pyHKIMen CIydailHOro Mporecca X(t) HAa3bIBa-
I0T HeCly4yaHy0 (YHKIIMIO JIBYX apryMeHTOB t1 u t2, KoTopas s Kax-
JI0¥ TIapbl MPOU3BOJIBHO BEIOPAHHBIX MOMEHTOB BPEMEHH paBHA

Ry (ty.t2) = M[>°<(t1)- )O((tz)i| -

= +fo+fo[x1 —my (t)]-[x, = mx ()] @, (%1t 5 %5t Jdx dx,

—00 —00

(1.24)

KoppensiiimonHast pyHKIMs cIy4aifHOTO IMpoIecca, CTAllMOHAPHOTO B
Y3KOM CMBICJIE, HE 3aBUCUT OT PAa3HOCTU apryMeHToB {2 u t1. Koppemsuu-
OHHas (YHKIMS CIy4allHOTO TMpOIEcca, CTAMOHAPHOTO B IIHPOKOM

CMBICJIC, 3aBUCUT TOJIBKO OT OJJHOI'O aprymeHTa 7 — to—11

Ry (z)= Ry (t,t+7)= M|:)O((t). >°<(t+,)]=

= TOT)[Xl —my (O)]-[x, —mx (t+7)]- @, (%, %, , 2)dx,dx, .

—Q0 —Q0

(1.25)

Ecnu orpaHMYUTBECS PaCCMOTPEHUEM IPOLECCOB C HYJIEBBIM MaTeMa-
THYECKUM OXHUJAHUEM, CTAlMOHAPHBIX B IIUPOKOM CMBICIE, TO MOXKHO
YIPOCTUTH BBIPAKEHUE 11 KOPPETSALUOHHON (QYHKIIUU

Re(e)= M| X0 X(0+7)]-

(1.26)

+00 +00
= I le ) X2 .EZ(X]_ ) X2 1T)dX1dX2 .

—00 —00

Jns1 sprogMdecKux IpOoIEeCCOB KOPPEISAIUOHHYIO (PYHKIUIO MOXKHO
OTIPEJICIIUTh KaK CPETHEE MO0 BPEMEHU OT MPOU3BEICHUS

Ry (z')= [X(t)— x| [X(t +7)- X|=

_ TILTO%'_L[X(O_ x]-[x(t+7)- xt,

(1.27)



rae X(t) — mro0as peanuzaiys CIIy4aiHoro mpoiecca X(t). Ecmu cpennee

II0 BPEMEHU PAaBHO HYJIIO, TO

Ry ()= x(t)- x(t+z')- I|m— jx(t) x(t+7)dt. (1.28)

@u3nyecknii CMbICJ KOPPEISIMOHHON (PYHKIIMH COCTOUT 8 OYeHKe
BEPOSIMHOCMU MO20, YMO CeYeHUsl CAY4auHo20 npoyecca 8 MOMEHMbl
epemenu t1 u t2 omauuaromca nesmauumenvno. llpu t2 =11 BIMsAHUE
X(tl) Ha X(tz) JIOCTAaTOYHO BEIUKO, U Ry (t1 ,t2) CTPEMHUTCS K MAKCH-
mymy. [lo Mepe yBennueHnus: pazHoctu t2 —t1 BiusiHHE X(tl) Ha X(tz)
ocnabeBaeT, U 3HaueHue Ry (t1 ,tz) ymenbaercd. Ilpu t2 —t1 — +oo Be-
POATHOCTH TOrO, 4YTO X(tl) Maja0 OTIUYAETCS OT X(tz), IIPAKTUYECKU
paBHA HYJIIO.

OcHOBHBIE CBOIICTBA KOPPEIAMOHHBIX (YHKIIUI CIIEAYIOIINE.
1) KoppensunonHass (yHKIUS CHMMETPHYHA OTHOCHUTEIIBHO CBOMX

apryMEHTOB.
ﬂor«wameﬂbcmeo:
Re(tty)= M[xm)-x(tz)} M[x(tz)-xm)}Rxaz,tl).

JInst cTaliMoOHapHBIX CIIyYalHBIX MPOLIECCOB KOPPENAMOHHAA (PyHK-

1S €CTh YeTHasi QyHKITUSA T.

ﬂomwameﬂbcmeo:

R, (r)= M|:)O((t)- >°<(t+f)}= M|:)o((t—r)- )O((t)}= R, (=7).

2) 3HaueHUE KOPPEISIMOHHON (QYHKIIMW CIIy4aifHOro Iporiecca Mpu
t1 =12 =1paBHO €ro aucrnepcuu.



ﬂomwameﬂbcmeo:

Rx(tl,t2)=Rx(t,t)=M[£2(t)]=Dx(t).

HauvanpHoe 3HadYeHHE KOPPEISIIUOHHON (YHKIHUM CTAllMOHAPHOTO
CIIy4alHOr0 MPOIIECCa PABHO €ro JUCIIEPCHUHU.

Hokazamenvcmeo:

R, (0)= M[)O((t)- >°<(t)]= D, .

3) 3HaucHUE KOPPEIAIMOHHON (YHKIIUH 10 MOJYIIFO HE MOXKET Ipe-
BBICUTH CPEIHEr0 T€OMETPUUECKOTO Aucnepcun npu ta u to.

,Zlomwameﬂbcmeo. HCI’ZOJZbS’yeM uszeecniHoe ocpaHrHuvdeHue 0151 K03¢-

Quyuenma xoppenayuu Pxy 08X CIYYAUHLIX GETUYUH X U Y

cov(x, y) _ ‘M[(x—mx)-(y—my)] _ ‘M[X- y]-m, -my‘ §

‘pxy‘ = <1

Benuuuna COV(X,y) HA3bleAENCA Koeapuauueﬁ (KOppeJl}ZLﬂlOHHblM

MOMEHMOM) CAYHAUHBIX 6eaudur X u Y. [nsa KoppeniyuonHou @yHKyuu
CAYHUAUHO20 NPOYECCa MOICHO 3aNUCAMb

X))
o (6)-oxlt) ~ Dy (1) D (0)

Ry (t1,t,) < /Dy (t,) D (t,).

<1,




Jlnst cranmoHapHOro mnpoliecca 3Ha4YeHUE KOPPEISIUOHHON (DYHKIIUU

IIPH JIFOOOM 7 HE MOKET MPEBBICUTD 110 MOJYJIIO €T0 JUCIIEPCHUHU.

ﬂomwameﬂbcmeo:

Ry (7) < /Dy (t)- Dx (t+7) < Dy = R (0).

4) KoppensaiuonHas (yHKIUS Iporecca Z(t)= X(t)+ g(t) (rme
X(t) — CJIy4YaWHBIM MOpoLEcCC, g(t) — perynspHas (YHKIHS BPEMCHH)

opecaACIUTCA COOTHOIICHUECM

R, (t;.t,)= Ry (t; t,). (1.29)

JloKazamenscmeo:
Z(t)=X(t)+9(t),
Z(t)=[x )+ 9(@®)]-[mx (1)+ 9(®)]= X (),
R, (t,.1,)= M[i(tl). i(tz)}= M[;((tl)- >"<(t2)}= R, (t,.1,)

5) Koppensaimonnas ¢pyHKIus npoiiecca Z(t)= X(t)- g(t) (roe X(t) —
CJIy4alHBIN TIpoIiecc, g(t) — perynspHas QyHKIUS BPEMEHU) OTPEICITATCS

COOTHOILICHUEM

R, (tl ’t2)= Ry (tl ’tz)' g(tl)' g(tz)' (1.30)

ﬂ oKazamesjiosCmeo.
2(t)= X (t)- 9(t).
Z(t)= X(1)- 9(t)- mx (1)- 9(t)=[X (t) - mx (O] 9(t) = X (©)- 9(¢),



Ra(112)= M) 2(:)-20) |- ] X o0 | X0 o) |

Yuumuwisas ceoticmea mamemamuuecko2o O.?fCl/laaHM}Z,

R, (t,.t;) = M[i(tl)-i(tz)]g(tl)-g(tz)= Ry (t:.1,)- 9(ty)- 9t ).

6) Koppemstimonnast yHKIUSI ClIy4ailHOTO MpOIecca, COAEPIKaIero
MOCTOSIHHYIO COCTABJIAIOLIYI0, TaKke€ OYIET COJEpk aTh MOCTOSHHYIO CO-
CTaBJIAIOIYIO.

Jokazamenvcmeo. [lycmv Habnodaemsiii npoyecc npeocmasisem
0001 NOCMOAHHBLU CUSHAL X(t)= A, (cm. pucynox 1.5 (a)). Tocoa

Ry (t; .t;)= M[X(tl)‘ X(tz)]= M[Ao ‘ Ao]= A

7) KoppensiiiuonHasi (yHKIUsI CIy4ailHOrO MpoIecca, COAEpKallero
NEPUOINYECKYI0 COCTABISIONIYI0, TakXkKe OylneT coiepkKaTh NepUuoanye-
CKYIO COCTaBJISIFOLIYIO.

Jlokazamenvcmeo. [lycmov nabarodaemvlli npoyecc npeocmasisiem
coboii nepuoouueckuii cuenan X(t)= A, - sin(w, -t+@,) (cm. pucynox 1.5

(6)). Beedem obo3nauenua t1=1t,t2 =t + tu ucnonvsyem chopmyny (1.28).

]

Rx(r)=TIim%- [ x(t)- x(t + 7)dt =
—>»Q0 . -T

2

.
- lim 2L [sin(@, -t+@;) sin(o, - t+ @, -7+, Mt =
T—)OOZ'T -T

. A?
= lim —
T4 T

.
- [[cos(w, -7)—cos(2- @, -t + @, -7+ 2, )t
T



Ilpumem T pasnvim nepuody gyHkyuu X(t), m. e T,=2-w/w,. To-
20a, UCNONBL3YST NePUOOUUYHOCb NOObIHMESPANIbHbIX  (DYHKYUL, Nnpu
T — +00 unmeepan ¢ npedenamu om —T1 0o T moorcHo 3amenums CymMmou

unmezpanos ¢ npedenamu om (K—1)-T, oo K-T,, 20e k = %1, £2... Vuu-

mbleds makxKkyro 3dMEH), MOIICHO 3aNUcCamos

2 Tl Tl
Ry (7)= AL [cos(w, -z)dt— [cos(2-@; - t+ @, -7+ 2, )t | =
2-Ty |0 0
Af T, A12 T
-coslw, -7)- |dt— -|cosl2-w, t+@,-T+2- t=
2.1, ( 1 )g 2.1, .g ( 1 1 ¢1)d
A T Al
. )t —
. COS(a)l T) ‘O 4'0)1'T1
1

'Sin(Z'wl-t+wl-r+2-¢l){} _

= A? -cos(e, - 7).

llonyuennas koppeniyuonHas yHKyus He COOepIHCUm HUKAKUX Cee-
OeHUll 0 hazosom cosuee.
Ecnu nabnooaemvlii cuenan onucvigaemcs (oyukyuel 8pemeHu, pasia-

Kk
eaemoltl 8 psio Dypve X(t)= A+ A -sin(a)i -1+ @, ) Mo, UCnoawb3ys pe-
i=1

3y1bmamsl, NOAYYEHHbIE 8 NPEObLOYUSUX NPUMEPAX, MOHCHO 3ANUCAND

Ry (2')= AS + i%iz-cos(wi -r).
i=1

KoppensiuronHas QyHKIMS CTAIIMOHAPHOTO CIIy4alHOTO IpoIlecca, He
COJICpIKAIIETO MEPUOJUUYECKON COCTAaBIAIONIEH, MOXET OBITh alMpOKCH-
MHPOBAHA BBIPAXKCHUEM BHIA

Ry (z)= Dy -exp(-a-[7]), (1.31)

I & — lapamMeTp 3aTyXaHUs.
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Pucynok 1.5 — Koppensuuonusle (QYHKIUH UM CIEKTpaibHBIC

IJIOTHOCTH CIIyYalHBIX MPOLIECCOB PA3JIUYHON CTPYKTYPbI



KoppensiiionHass (yHKIMSI CTAI[MOHAPHOIO CIy4ailHOTO Mpolecca,
COZIEPXKAIIEr0 NEPUOIUYECKYIO0 COCTABJISIONIYIO0, MOXKET OBITh alIpOKCH-
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 (T) mpuUBEJEHBI IPUMEPHI CIyYalHBIX TPOIIECCOB
U UX KOPPETMSAUUOHHBIX QyHKIHN. O4eBUIHO, UTO C POCTOM 7 CBSI3b MEXKTY
CEUYEHUSIMU CilydailHOro mpoiiecca ociabeBaer. KoppensaiumonHas (yHK-
1IMsI, COOTBETCTBYIOIIAsI MPOIECcCY ¢ 0ojiee TOHKOM CTPYKTYpou (OOJIbIINM
3HAYCHHEM ), yObIBaeT ObicTpee. Tak Kak JUIs CAy4aiHOro mporecca TH-
na 0eyoro myma XapakT€pHO OTCYTCTBHE B3aMMOCBSI3M CEUYEHUSMH, €ro
KOppemsiuoHHas (DyHKIMS TpeacTaBisercss O-QyHKIUEH, pacroioKeH-
HOM B Havayie KOOpAUHAT (CM. pucyHOK 1.5 (1))

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

rae N — HeKkoTopasi KOHCTaHTa.

Craructryeckas CBS3b JABYX CIy4YaWHBIX MPOILECCOB X(t) 51 G(t) Xa-
paKTEpU3yeTCs B3aUMHON KOPPEIAHOHHON (PYyHKIMEH, KOTopas s
KQ)KJIOM Tapbl MPOU3BOJIBHO BHIOPAaHHBIX MOMEHTOB BPEMEHHU PaBHA

Rxo (ty,t2)= I\/I[;((tl)-é(tz)} =

rootos (1.34)
= [ JIx=my (t.)]-[o-me (t.)]- @, (x.t; ; 9.t, Jixdg.
JIns1 5proguyecKkux Ciryd4aiHbIX IPOLECCOB
: 1 1 = _
Ry (7)= lim = [[x(@)-x]-[9(t+7)-glet, (1.35)
o 2-T 5

rae X(t) u g(t) — III00BIE pealn3aluy POLECCOB X(t) u G(t).

[{eHTpupOBaHHBIE CIIyYalHbIE IPOLIECCHI CUUTAKOTCA KOPPEIUPOBAH-



HbIMU, €CITA UX B3aWMHAasl KoppemsiuoHHas (QyHKIUS HE paBHaA HYJO. B
IIPOTUBHOM CJIy4a€ OHH CUUTAIOTCS HEKOPPEAUPOBAHHBIMUL,

B3aumHas koppensiiuoHHass (yHKIUS HE SBJISETCS CUMMETPUYHOU
OTHOCHUTEJIBHO CBOUX APTYMEHTOB, OJIHAKO CIIPABEJIMBO COOTHOIIEHUE

Ryt )= M[)o((tl)-é(tz)}= M[é(tz)- )O((tl)} — Re (t, 1,). (1.36)

Ecnu B3amMHas koppensimonHas QyHKIHS ABYX CIy9alHBIX MPOIeC-
COB X(t) 51 G(t) 3aBUCHUT TOJIBKO OT Pa3HOCTU CBOMUX apr'yMEHTOB, T. €.

Rxc (tl 1t2)= Rxc (tz - t1)= Rxc (T) (1.37)

TO TAKHUC IIPOLHECCChbI CHUTAOT CmMayuOHAPHO-CEA3AHHbIMU. I[J'ISI crangmo-
HAapPHO-CBA3aHHbIX CﬂyqaﬁHBIX npoucccoB

Ryc (7)= Rgx (= 7). (1.38)

KoppensuronHass (yHKIUS CyMMBbI JBYX CIIy4alHBIX TMPOIIECCOB
Z(t) = X(t)+ G(t) BBIYHUCIsIETCS IO (hOpMyIie

R, (t;,t,)= Ry (t;,t,)+ Rs(t; 1, )+ Ryg (t; .1, )+ Rox (t;,1,).  (1.39)

ﬂoxammem;cmeo:

Ry (t;,t,)= M{IX(t,)+G(t, )] [X (t,)+G(t, )]} =
= M[X(tl)' X(tz)]"' M[G(tl)‘G(tz)]"'
+ M[X(t)-G(t.)]l+ M[G(t,)- X (t.)]=

= Ry (t; ,t2)+ Ro (tr t2)+ Ry (t1 12 )+ Rox (11 1 t2).

Koppensiimonnast pyHKIMS TPOU3BEICHUS ABYX HEKOPPEIUPOBAHHBIX

ciyuaiinbix mporeccos Z(t) = X(t)- G(t) Haxoaures 1o cooTHOIEHUIO



Rz (tl ’t2)= Ry (tl ’tz)‘ Rs (t11t2)- (1.40)

Hokazamenvcmeo:
Rz (tl ’t2)= M{[X(tl)‘G(tl)]‘[X(tz)‘G(tz)]}=
= M[X(tl)' X(tz)]‘ M[G(tl)'G(tz)]= Ry (tl ,tz)‘ Rg (tl ’tz)-

[Ipu penieHNH MPAKTUYECKUX 3a1a4 YACTO MOJIb3YKOTCS HOPMHUPOBAH-
HBIMU KOPPEIAIMOHHBIMHA (PYHKIIUSIMHU

px (z)= Rgi’), pxo(7)= % (1.41)

Koppensiimonnyo (QyHKIIHIO MOXHO HMCIOJIb30BaTh MJIsl BBISBICHUS
MOJIE3HOTO MEPUOANYECKOTO TMOJIE3HOT0 CUTHajla Ha (JOHE CIydaHOW IMO-
Mexu. J[Jis 3Toro ee onpeaesstoT Mpy OOJBIINX 3HAYCHUSAX 7, KOTJa BIIHS-
HUE CIy4allHOTO CUTHaja CKa3bIBaeTcs ciabo (CM. pucyHOK 1.6, MyHKTH-
pOM TOKa3aHa KoppensiiuoHHast PYHKIUS TIOMEXH).

\ N\ / \ N /.
\VAAVARCIEERRVARY

Pucynok 1.6 — ®@uibTpalus MoJie3HOTO MEPUOANIECKOTO CHUTHAJA C

UCIIOJIb30BAHUEM €TI0 KOPPEISITUOHHONW PYHKIINHU



1.3 CnexkTpajbHbIe IVIOTHOCTH CJAY4YailHBIX MIPOLECCOB

CnekTpajibHasi IUIOTHOCTHh CTAllMOHAPHOIO CIIYYallHOTO Mpolecca
omnpeesieTcs Kak mpeoOpa3zoBaHue KOppeassuMOHHON GyHKIMU 110 Dypbe

Sx(@)= [Rx(¢)- ol j-0-7)ir =
=iERX(T).cos(w.r)dT_ j f" Ry (¢)-sin(w- 2 )dr.

(1.42)
Tak kak Ry (2') — YeTHas, a Sin(a)-z') — HedeTHas (QyHKIUS 7, TO B
(1.42) BTOpOI MHTETPa PaBEH HYJIIO. YUYUTHIBAs, YTO COS(a) . z') — YeTHas

byHKIUA 7, TOJy4aeM
Sy (@)=2- [Ry (¢)- cos(e-7)dr. (1.43)
0

Ecnu cnextpanpHasi mIOTHOCTh M3BECTHA, TO C MTOMOIIBIO 0OPATHOTO
npeoOpazoBaHusa OPypbe MOKHO HAUTHU COOTBETCTBYIOIIYIO €M KOPPEIISIIU-
OHHYIO (PYHKIINIO

(z')—i TS (a)) exp(j Xox z')da)—

— (1.44)

Sy (@)-cos(@- 7)w.

2.7
_ 1
T

O'—~*s'

MOXHO yCTaHOBUTH Ba)KHYIO 3aBUCHMOCTH CTATUCTHUYECKHMH Xapak-
TEPUCTUKAMU CIYYaWHOIO MpOoLecca

Dy = RX(O)—— js (0)o. (1.45)

DuU3nYeCKUl CMBICJ CIIEKTPAIBHOW TJIOTHOCTU 3AKIJIFOYAETCS B TOM,
4TO OHA Xapaxkmepusyem pacnpedenenue MOWHOCMU CY4alH020 npoyec-
ca no 4acmommuomy CHeKmpy.



Hokazamenvcmeo. Eciu cuumamo X(t) peanusayuel Cry4auHblx
Gaykmyayuil HanpsdiceHus Ha NpoeooHukKe ¢ conpomuenenuem 1 Om, mo,
CO2NIACHO Meopuu INeKMpPULecKUx KoaeOaHui, CpeoHssi MOUHOCMb, Pac-

ceusaemasd Ha osmom I’ZPOGOOHMKQ 3a epem 2'T, pasHa
1 T 2
T

Ecnu npunsame 2-T = +00 u ucnonvzoeams opmyavt (1.28) u (1.44)

npu T-= O, Mo MOJMCHO 3dnucanisb

_ L 1 T ) _i +00
Py = Rx(0)=lim 2 [ = - 15, (o)do

2: o

Takum obpazom, cpeoHsss MOUWHOCMb CUSHALA MOdicem Oblmb HAloe-

Ha, KaK OECKOHEeYHAs CYyMMA INeMEHMAPHbIX Cla2aembix Sy (a))da) 8 dua-
nasone yacmom om —o 00 +o. Taxum oopazom, Kaxcodas 31eMeHmapHas

MOWHOCMb 0151 Yacmombl @ 0yOem nponopyuoHaiIbHa Sy (a))

Ilpumep 1.1. Onpeoenenue cnekmpaivbHOU HNIOMHOCMU CAYYAUHO20
npoyecca, KOppensiyuoHHAs QYHKYUsi Komopozo HAXo0umcsi no COOMHO-

wenuto (1.31). Ucnonvsya ghopmyny (1.42) u yuumwigas, umo ‘r‘ =7 npu

720 u ‘z" =—7 npu 7 <0, 3anuwem

+00
S (@)= [ Dx -expl-ar-rl)- oxpl- j - @- ) =

Dy - {iexp[(a —j-@)-rldr+ Texp[— (a+]-o) ,]d,} _

2Dxa

(Z+60



Ilpumep 1.2. Onpedenenue cnekmpaibHOU NIOMHOCMU CAVHAUHOSO
npoyecca, KOpperyuoHHas QYHKYus Komopoz2o HAX0O0umcs no COOMHO-
wenuro (1.32). Ucnonwvsys popmyny (1.42) u npouzeoost zamemy

COS(ﬂ-Z’): exp(— J 'ﬂ'7)2+ exp(j 'lB'T)’
Sy (@)= TDX .exp(-a-[z])-cos(B-7)-exp(- j- @-7)dz =

T)exp[—a-\z'\— j -(a)+,8)-2']dz'+

+ [expla-le- j-(0- B)-7kiz

-

Oba unmezpana mocym 6blmov HAlOEeHbl MAaK e, Kak u 6 npumepe 1.1,

nocae samenvt (@ + B) u (@— B) na @’ u @”. Tozoa

OcHOBHBIC CBOMCTBA CIEKTPAJIbHBIX IUIOTHOCTEH, OMPEHECIIEMBIE
CBOMCTBAMHM KOPPEJSIIMOHHBIX QYHKIMM (cM. 1. 1.2), cnexyroiue.

1) CnektpanpHas TUIOTHOCTH CIyYalHOTO TIpoliecca SIBISETCS ICH-
CTBUTEJILHON U YETHOW (PYHKIIMEH YaCTOTHI.

Jokazamenvcmeo. Iloovinmezpanvhoe evipadicenue 6 (1.43) cooep-
aorcum npousgedenue yemnolx Qyuxkyut Ry (2') u COS(a)-T), nosmomy 0y-

oem cnpageodiu8o COOMHOULeHUe



Sy (@)= zg Ry (z)- cos(@- 7 )7 =

=2-+£° Ry (= 7)-cos(—@-7)dz = Sy (- @).

2) CnekTpanbHasi IUIOTHOCTh CIy4alHOTO MPOIIECCa, COAECPKAIIETO
IIOCTOSIHHYIO COCTABJISIONIYI0, OYJIET UMETh MMITYJIbC (SQYHKIHIO) MpH
4acTOTE, PABHOU HYJIIO.

Jlokazamenscmeo. Ilycmv nabnooaemviii npoyecc npedcmasisiem
co00U NOCMOSHHBIL CUSHAIL X(t)= Ay (cm. pucynok 1.5 (a)). Tocoa, uc-

nob3ys nooxoo0 om npomueHo2co, MOJNCHO 3anucambs

Sx(@)=2-7-A; -5(w)

Rx(z')=i-jj:2-7r-A§ .8(@)-exp(j-o- 7)o =

2.7
=AS-exp(j-o-7) _ =A

degblxlk Cl’lek'l’}’lpa]leOlZ njiomrocmu nokassleaeni, 4nio 6CiA MoOul-
HOCMb NOCMOAHHO2CO CUcHAIA cocpebomoueHa npu HyJZQGOI;Z yacmome.

3) CnekTpaibHas IUIOTHOCTH CIyYalHOTO IPOIlecca, COJAEPIKAIIETo
NEPUOINYECKYIO COCTABJISIONIYIO C YaCTOTON @1, OyAET UMETh UMITYJIbChI

(o-pyHKIMHN) MpU YacTOTax +@1.

Jlokazamenvcmeo. Ilycmv nabaooaemvlii npoyecc npeocmasisiem
co001l nepuooudecKuti CusHa X(t)= A - Sin((o1 -t+q01) (cm. pucynok 1.5

(6)). Tocoa, ucnonwv3ysi NOOX00 OM NPOMUBHO20, MONCHO 3ANUCAMb

Sx(a))= 2-72‘-%?'[5(0)—0)1)+ 5(a)+a)1)],



)=, Toon 72 [5(0-0,)+ 50+ 0,)]-oxp(j - 0- e)io =
Ay
4

.ﬁ:a(w—ml).exp(j .a,.r)dmzcs(wml).exp(j ,w,,)dw} _

2

—= %? [exp(j- @, -7)+exp(= j- @, -7)]= % .cos(@, - 7).

I'pagpux cnexmpanvroll nIOMHOCMU NOKA3bIGAENM, UMO 6CS MOUY-
HOCMb NepUOOUecK020 CUSHANA COCPe0OmOoYeHa npu 08yxX Yacmomax.
Ecnu nabnroodaemuiii cuenan onucvleaemces (oynkyuel epemeHu, pasia-

K
eaemou 6 pao Dypve X(t)= Ag+ DA -Sin(a)i -1+ @, ) mo e2o Cnex-
i=1

MPAnbHas NIOMHOCMb OyO0em umMems 6U0 JTUHeuuYamo20 Cnekmpa ¢ o-
QYHKYUAMU, PACHONIOHNCEHHBIMU HA NOJIONCUMENbHBIX U OMPUYAMETbHBIX
yacmomax 2apMoHuK. Mlcnonv3ys nonyuennvie panee pe3yibmamaol, MONC-
HO 3anucamo

5 (0)=2-71 K -5(0)+ 32 [s(0-0 )+ S0+ )|

CHGKTpaJ'IBHaH IIJIOTHOCTDH cnyqaﬁHoro Impomecca, HEC COLCPKAIICTO
HCpPIOI[PI‘IGCKOfI COCTaBJ'ISIIOH_IGI‘/JI, MOKET OBITH HpI/I6J'II/I)K€HHO ImpeacraBJic-
Ha BBIPAKCHHUCM

2- DX T><
= ) 1.46
Sy (@)= Tl oo (1.46)

rae [ x — MocTositHHAsg BpeMeHHW. Takoil CHeKTpalbHOM IJIOTHOCTU COOT-
BETCTBYET KoppeisimonHas ¢pyHkus (1.31).

Ilpumeuanue. Dopmyne (1.46) coomeemcmsyem CcnexkmpanibHas

niomuocmo, nonyyennas 6 npumepe 1.1, eciu npunsme aa=11T x.



Ha pucynke 1.5 (B) u (r) mpuBeAEHBI TPUMEPHI CIIEKTPATIbHBIX IIJIOT-
HOCTEW U KOPPEJSIIMOHHBIX (PYHKIMI CIy4alHBIX MPOLIECCOB Pa3ITUYHOMN
CTPYKTYphl. O4eBUAHO, UTO, YeM IIUPE rpadUK CIEKTPATbHOU MIIOTHOCTH,
TEeM YK€ rpaduk COOTBETCTBYIOLICH KOPPEISIIIUOHHON (PYHKIIMU. DTO CO-
OTBETCTBYET (PU3MUECKOMN CYIIHOCTH Tpoliecca (4eM Oosiee BBICOKHE 4a-
CTOTBI IPEACTABIICHBI B CIEKTPAIHLHOM MJIOTHOCTU, TEM BBIIIIE€ CTEIEHB €70
U3MeHYMBOCTH). CrnekTpalibHasl IUIOTHOCTh OEJIOro IIymMa CUMUTACTCS IO-
CTOSIHHOM BO BCEM Juama3oHe 4acToT (cM. pucyHok 1.5 (x)).

Jlokazamenvscmeo (om npomueHo2o):
Rx (z)=N-8(z),

Sx(a))=:rfoN 8(z)-exp(= j-o-7)dz=N -exp(—j-w-r]rzo =N.

[ToCTOSTHCTBO CHEKTPaIbHOM MIOTHOCTH OE€J0ro mryma BO BCEM AMa-
Ma30HE YacTOT (OPMAJIbHO O3HAYAET, YTO €r0 SHEPrusl pacrpeseseHa o
BCEMY CIIEKTPY PaBHOMEpHO, a CyMMapHasi 3Heprus npoiecca paBHa Oec-
KOHEYHOCTU. DTO YKa3bIBAE€T HA HEBO3MONCHOCMb (DUUYECKOU peanu3a-

yuu 6eno2o wyma.

Hpumeltanue. Ecnu CNEeEKMpAbHYO NJIOMHOCNIb CUcHAld MONACHO
CYUMAams NOCMOAHHOU 8 00CMAMOYHO WUPOKOM 4ACMONIHOM Ouanas’OHe,
a epaHuysbl o9moco ouUanazoHa HAxo0samcs 6He NnoJoCbl Yacmom nponycka-
HUA cucmemsl, mo udeaﬂuszauuﬂ makoeo cucHaia 6 euoe 0en02o wyma

6NnoJiHe M@ﬂ@COO6pClS’HCl.

B3aumHas cneKTpaJbHAs IVIOTHOCTD JIBYX CTAallMOHAPHBIX CIyYau-
HBIX MPOIECCOB X(t) u G(t) onpeJensieTcs Kak mpeoOpa3oBaHUE B3aUM-

HOU KoppensiuuoHHON ¢yHKIMU 1o Oypbe

Sxe(j'w)=+foRXG (r)-exp(- j-@-7)d7. (1.47)



B orianume OT CreKkTpajabHON IUIOTHOCTH Sx(a)) B3aMMHasl CIIEK-
TpajbHas IUIOTHOCTH ch;(j a)) JACUCTBUTENBHOW M YETHON (PyHKUUMEH

YaCTOThI HE SIBJISICTCAL.
Ecnu mpouecchl X(t) u G(t) HEKOPPEIUPOBAHHbBIC, a UX CPEJIHHUE
3HAYEHUs PaBHbI HYJIO, TO UX B3aUMHAs CIIEKTpalbHasl IUIOTHOCTh TaKkKe
paBHa HYJIIO.
Ha mnpakTuke 4acTo HUCHOJB3YyIOT HOPMHPOBAHHYIO CHEKTPAIBHYIO
IJIOTHOCTh, UMEIOIIYIO Pa3MEpPHOCTh BPEMEHU, KOTOpask SABJISETCA MpPeoO-
pa3oBaHUEM HOPMHUPOBAHHOUN KOPPEIALMOHHONU PyHKIIMU 110 Dypbe

Bx = g(“’) Bxc (@ )——% - (1.48)
X X "YG

CrexTpalbHyI0 MJIOTHOCTh MOKHO HCIIOJb30BATHCS [IJIsI BBISIBICHUS
MOJIE3HOTO MEPUOUYECKOr0 CUTHaNa Ha (oHe ciyuaiiHoW momexu. [Ipu-
CYTCTBHUE MEPUOAUIECKON COCTABIISIIONIEH 0OHAPYKUBACTCS MO BCIJIECKAM
Ha rpaduke CIeKTPaIbHON IIIOTHOCTH (CM. PUCYHOK 1.7).

Sx (@)

- 0 0]

Pucynok 1.7 — ®@unbTpanus MojJe3HOr0 MEPUOJAMYECKOTO CUTHAJA C
MTOMOIIBIO €TO CIIEKTPATBLHOM INIOTHOCTH

1.4 JKCNEPUMEHTAJIbHOE  ONpeJeiecHHe  CTATHCTHYECKHUX
XapPaKTEePUCTHK

BKCHCpI/IMeHTaHBHHe MCTOJAbI ONPCACIICHUA CTATUCTHUYCCKHX XapaK-
TCPUCTUK OCHOBAHbLI HA TOM, YTO IIPpU JOCTATOYHO OOJIBIIIOM YHCJIE MCIIBI-
TaHUU BCPOATHOCTD COOBITHS MO’KHO 3aMEHUTL €TI0 OTHOCHTEIBLHOM dYa-



CTOTOM, 4 MATEMATUYECKOE OKUJAHHUE CIIYYAUHBIX BEJIUYMH — UX CPEIHUM
apupmeTnyeckuM. CTaTUCTUUECKUE XapaKTEPUCTUKH, MTOJTYyUYCHHBIE MMyTEM
00pabOTKH Pe3yJIbTaTOB TAKOI'0 AKCIIEPUMEHTA, HA3BIBAIOT OUEHKAMU WC-
THUHHBIX CTATUCTUYECKUX XAPAKTEPUCTHK.

Ha npakTuke 4muciio ucnplTaHUKA BCErja OrpaHUu4eHo. B Takux ycio-
BUSIX OTHOCHUTEJIbHAsI 4acTOTa M CpejHee apuPpMeTHUYeCKOe MOTYT CUU-
TaTbCAd CIYYaWHBIMUA BEIIMYMHAMH, MTOPTOMY OIEHKH CTAaTUCTHYECKUX Xa-
PAKTEPUCTUK OMIPEICISAIOTCS C HEKOTOPOU OIIMOKOM.

N

[Tyctp & — uckomas cTaTUCTUYECKAs XapaKTepucTuka, a £ — €€ OICH-

ka. Torga ommobka B onpenencHun £ onpeaenurcs, kak € =& —&. Tak kak

9Ta OIINOKA SIBIISETCS CﬂyqaﬁHOfI, TO B KAQ4CCTBC MCPbI TOYHOCTH OIIPCHAC-
JICHUA CTATUCTUYCCKUX XAPAKTCPUCTHUK MOKHO IIPHUHATH MATCMATHYCCKOC

OXHNIAaHUC U NTHUCIICPCHUIO OIIIMOKH

M[e]=M[é] - &, Dle]=Dl¢] (1.49)

Hpumeuauue. Hckomas xXxapakmepucmuka fﬂGﬂﬂemC}Z H@MS’GQCWZHOI;Z,

no ne ciyuaiinoi, nosmomy M[E] =& u D[€] =0.

Ecnu MatremaTuyeckoe 0XHIaHUE OUIMOKHU £ PaBHO HYJIIO, TO OLIEHKY
f Ha3bIBAIOT HecMewjeHHou. B TPOTUBHOM cilydae OHa CUUTAETCs cMe-
U/eHHOU OIICHKOM.

[IycTh nmeeTcsi BRIOOpKA IKCIEPUMEHTANIBHBIX JTaHHBIX, MOTYYEHHAS
nyTeM HaOJIIOCHUS 3a CIy4ailHON BEJIMUYMHON X ¢ MATEMAaTUYECKUM OXKHU-
naHnemM Mx u aucnepcuent D x. JlaHHbIE mOMy4YeHbl B N HE3aBUCUMBIX HC-
NBITAHUAX, IPOBOJAUMBIX B OJIMHAKOBBIX YCIIOBUSX.

Hcnonb3yst 4aCTOTHBIA TMOAXOJ, aHAJIOr (PYHKUMU pacupeaeseHus

CIy4yallHOM BETMYMHBI X MOKHO HalTH 1o opmyie
. u&) 1
F (&)= é = (1.50)
i=1

rae ,u(.f) — YHCIIO 3JIEMEHTOB B BEIOOPKE, I KOTOPHIX X i < &,



Ilpumeuanue. [{na X > X max 3HaueHue IfX (f) pasno 1. Eciu N — +oo,
mo Ifx(‘f)_> Fx(é:)'

AHJIOT IUIOTHOCTH BEPOSITHOCTH CIYYallHOW BEIWYUHBI X MOMKET
OBITH HaiiieH 1o popMmyie

£)
5.0=% * wsy

rae 77(5) — YHUCJIO AJIEMEHTOB B BBIOOpPKE, JJII KOTOPBIX BBIMOJIHAETCS

A4
ycioBue & — 5 <X <&+ g . lllupuny nHTEpBaia A HaXOIIT, KaK

A = —max ~ min ’ (1.52)

rae K — urcino uHTepBaioB (KBAHTOB), HA KOTOPOE pa3OHMBacTCs 00JIacTh
3HAUYCHHU X, OTIPENIENIAEMOE 110 OIICHOYHOU (popMyrie

k=1+3,2-1g(n). (1.53)

OLeHKOM MATEeMATHYeCKOI0 OKUIAHMSA CIy4alHOW BEJIMYUHBI X
MOXET CITYKUTh CpeliHee apu(hMETUUECKOE €€ peaTu3aluu,

1 N
M, ==Y X;. (1.54)
n =1
Ommnbka O1EeHKH M x paBHA
" 12
g=mx—mx=ﬁ-2xi—mx. (1.55)
i=1

XapaKTepUCTUKU OIITUOKU

1 & 1 & D,
m, =M E-in—mx =0, D,=D|=-X>x;—m, |=—=, (1.56)
i=1



MOKA3bIBAIOT, UTO CpeAHEe apu(PMETHUUYECKOE peanu3aiuii X sBISIETCS He-
CMEIICHHOM OLIEHKOM €€ MaTreMaTUYE€CKOTO OXHUAAHWUSA, a JUCIEPCUs
OIIMOKHU 3TON OLIEHKU HEOTPAHUUEHHO YOBIBAET C POCTOM N.

OreHKa qUCIEPCUH MOKET OBITh HaliJieHa TIo hopMmyJie

/\

—il i( M, ). (1.57)

Ilpumeuanue. Ha npaxmuxe 011 ouenxu oucnepcuu o6viéaem y00OHO
UCNOIb308AMb COOMHOUIEHUE

LI L3 v (1.58)
OHCHKa IjX ABJIACTCA HeCMeLL[eHHOI‘/Jl OHeHKOﬁ JUCIICPCHUH IIPH JIF000OM

pacIpeneICHUH CIIyYalnHOW BEJIUYHUHBI X.
CraTucruyecKkue XapaKTePUCTHKH HEIProau4eCKOro CJay4amHoro
nmpouecca X('[) MOT'YT OBITh HAWJEHBI MO MHOXKECTBY €ro peaiu3aluii

X; (t), rae i =1, ..., n. X 3HaYeHUs ONpeACIIIIOTCS JIJI1 MOMEHTOB BpeMe-

autjroej=1,..40q.

Ilpumeuanue. Momenmor epemenu tj yenecoobpasno vlbupams pas-
Hoomcmosawumu. Ilepuod wHab0OeHUll yenecoobpasHo 6vloupamo U3

VCI08USL YO0BIeMBOPUMENbHOSO 80CNPOU3BEOCHUSl Peatu3ayuil Xi(t) no

IKCNepumMermalbHblM mMo4Kam.

OueHKn MaTEMAaTUYECKOTO OKUAAHUS, TUCTIEPCUN U KOPPEIALMOHHON

(GyHKIIMU cIy4allHOTrO mpoiiecca X(t) BBIYUCIISIIOTCA 110 (popMyJiam

fxlty)= - 2xle) (159

i=1

By t3)= - 2bat)-m 6 (160



Rx (tj ’tk)= L i[xi (tj )— My (tj )] [ (t)-my (6] (L62)

rae j, k=1, .., Q.

Ilpumeuanue. Ha npakmuke 0151 OyeHKU OUCNEPCUU U KOPPENTUUOH-
HOU hyHKYUU Obl8AEM YOOOHO UCNONb308AMb COOMHOUIECHUS

sx(t,.)=L.[1.__§lxi(t,.)z_mx(t,.)z], (162)

n—

Fax(t,.,tk)=L.[%.§xi(t,.)z_mx(t,.).mx(tk)]. (163)

n-— i=1

CraTucTnyecKkue XapaKTEePUCTUKH 3ProauveckKoro CJjay4ailHoro
npouecca X(t) MOTYT OBITh HAalJICHBI TIO €T0 €AMHCTBEHHOW pealn3aiiiu
X(t), HAOJII0JaeMOM B TE€UEHUE JOCTATOYHO JIUTEIBHOTO MOJ0XKUTEIbHO-
ro MpoMeXyTka BpeMeHH [. [[Js OIEeHKM MaTeMaTUYeCKOIO OXKWJaHUS
(cpenHero Mo BpeMEHH) W KOPPESIMOHHON (PYHKIIMU MOKHO HCIOJIb30-
Bath hopmyinbl (1.19) u (1.28), npencraBieHHbIC B BUJIE

L 17
= _([x(t)dt, (1.64)

R )= -Tg_ix(t)—rﬁx]-[x(t+z')—rﬁx]dt. (1.65)

Ilpumeuanue. Ymenvuienue 6 (1.65) unmepsana T na eeruuuny T
obvscnsemes mem, umo snauenus X(t+7) uzeecmuvl monvko 0o momen-

ma epemenu t =T — 7.

[IpoMexxyToKk BpeMeHH HaOroJeHus | JO0KEH ObITh pa3OUT Ha N
paBHbIX uHTEpBaNOB A =T /N Tak, 4ro0sl 3a 6pemsa A pynxyus X(t) usme-
Hsnace Hesnayumenvho (cM. pucyHok 1.8). Uem Gombiie T ¥ yeM MEHbIIIE

A, TEM TOYHCC OLICHKA CTATUCTHYCCKUX XAPAKTCPUCTHK.



x(t)
x(t;) Xl ;)
O AI 1T 1T 1T T T T 1 1T 1T 1T 1 1T 1T T 1 t
>
’ T-7,=(n-j)- 4 Jzi=i4]
< T=n-4 >
Pucynok 1.8 — OmnpeneneHne KOppelsIIUOHHON (YHKIMU 10

OKCIICPUMCHTAJIbHBIM JTdHHBIM

[Tapamerpam t 1 7 IPUIAOTCS AUCKPETHBIE 3HAYEHHUS

ti=i‘A, |=1,2,
(1.66)
Tj=j'A, j=0,1,...

[Ipu caemaHHBIX qomyIieHusX HHTerpaibl B hopmynax (1.64) u (1.65)
MOTYT OBITh NPUOJIMKEHHO 3aMEHEHBI CyMMaMHU

—||l>

=L 3x(t)=1 2x(0), (1.67)

i=1 i=1

Ry (z;)= ﬁx(jﬁA)= T —A} -A'E[X(ti)_mX]'[X(ti”)_mX]:(l 68)

LS o)

Berurciienns o gopmyiie (1.68) BBIIOIHAIOTCS 10 TAKUX 3HAYCHUH |,
pU KOTOPBIX IQX (1' j) HAYMHAET COBEPIIATh HEOOJIBIINE HEPETYISPHbIC
KoJieOaHusi OTHOCUTEIBHO HyJA. [ monydenus omuOku He Oomnee 2%
’KeJIaTeIbHO, YTOOBI BRIMOIHIOCH yenoBue j <0,1-n.

Hucnepcuto D x moxxHo onieHuTh 1o (1.68) mpu 7= 0.



BOITPOCHI JJI1 CAMOKOHTPOJIA

1. UYto cumrTaeTcs ciydariHbIM mporeccoM? UTo Ha3bIBaeTCs peaiu-
3aIMel U CEYEHUEM CIIyYalHOro mporecca?

2. Kakue cinydaifHble MPOLECCHl CYUTAIOTCS MAPKOBCKUMH, 3Pro/IU-
YECKUMHU, CTAIIMOHAPHBIMU, ICHTPUPOBAHHBIMHU ?

3. Urto noka3biBatOT (PYHKIMUS paclpeeseHus U INIOTHOCTh BEPOSIT-
HocTu? Kakue 0OCHOBHBIE BUJIBI PACTIPEICICHUN CYIIIECTBYIOT?

4. Yro xapakTepusyeT CpellHEee 0 MHOXKECTBY, CpEHEE IO Bpeme-
HU, TACHEPCUS U CPEOHEKBAIPATHUYECKOE OTKJIOHEHUE CIIyYaWHOTO MpO-
necca?

5. Uro xapakTepu3yeT KOppelasiiuOHHAas (PYHKIUS CIy4ailHOro Mpo-
necca? KakoB ee ¢usuueckuit cmbicia? KakoBbl cBOCTBa KOPPEISIIMOH-
HBbIX QYHKIUNA?

6. Uro xapaktepusyeT B3aWMHas KOppesiUOHHas (YHKIUA JIBYX
ClIy4aHbIX mporeccoB? KakoBbl CBOWCTBa B3aUMHBIX KOPPEISIIUOHHBIX
bynkuuit? Kakue ciaydailHble MPOIECCHl CUUTAIOTCA KOPPETUPOBAHHBIMU,
HEKOPPEINPOBAHHBIMU, CTALITMOHAPHO-CBSI3aHHBIMU ?

/. Kak MOXHO HCHOJIb30BaTh KOPPEISAIUOHHYIO (PYHKIMIO s
(bunpTpanuu MOJE3HOro curuana’?

8. Uro xapakTepusyeT CIeKTpajibHasi MJIOTHOCTh CIy4alHOTO Mpo-
necca? KakoB ee gusnueckuit cmpici? KakoBbl CBONCTBA CHEKTPATBbHBIX
IJIOTHOCTEMN ?

9. Uro xapakTepuszyeT B3aWMHasl CHEKTpalibHasl MJIOTHOCTh IBYX
CJIy4alHBIX IMPOLIECCOB?

10. Kak M0>XHO MCHOJIb30BaTh CIEKTPAIbHYIO IJIOTHOCTH ISl (QUITb-
TpalXH MOJIE3HOTO CUTHANA?

11. Kakoii cimyualiHblii mponecc Ha3biBaeTcs O0enbiM mymom? KakoBsl
€ro OCHOBHBIE CBOMCTBA?

12. Kak ompenenuTh CTaTUCTUYECKHUE XapaKTEPHUCTHUKHU CIIy4aitHOTO
IpoLECCa IKCIIEPUMEHTAIIBHO?



3AJAYMU JJIA CAMOCTOATEJBHOI'O PEHIEHUA

1.1. JIns cTaiimoHapHOro CIIy4alHOTO Ipolecca X(t), HMMEIOIIETO T10-

CTOSIHHYIO CHEKTPAJIBHYIO IUIOTHOCTh Sy (0)) = N B auama3oHe 4acToT OT

—@1 10 + @1 ONPEeNIeTUTh MAaTEMAaTHIECKOE OXKUJAHNE, JUCTIEPCUIO U KOP-
PENSIUOHHYIO (PYHKIIHIO.

1.2. KoppensitinonHas QyHKIUsI CTAllMOHAPHOTO CIIy4alHOTO Mpoliec-
ca X(t), MMEIOIIEr0 MaTeMaTHYECKOEe OKUJIaHuE My =5, paBHa

Ry (r)=Dy - exp(- @-|z[)+ m2 =100 - exp(-5-|z])+ 25.
OHpeI[eJII/ITB CIICKTPAJIbHYIO INIOTHOCTDb 3TOI'O IIpouecca.

1.3. KoppensitiuonHasi GpyHKIMS CTAIlMOHAPHOTO CIy4ailHOTO MpoIec-
ca X(t), MMEIOLLEr0 MaTeMaTUYECKOEe OKUJIAaHUE My =5, paBHa

Ry (z) = Dy -exp(—a-\r\)-[cos(ﬂ : r)+%- sin( - z')i|

OHpCI[@J'II/ITB CIICKTPAJIbHYIO INTIOTHOCTDb 3TOI'O ITpouecca.

1.4. KoppensauuronHas pyHKIHS CIydailHOTO Mmpoiiecca X(’[) ABJISICTCSA

rDx- 1_@ , |7 <T,
T

0, |o|>T.

KYCOYHO-HEIPEPBIBHOMN

Rx(z')=<

.

OnpenenuTh CIEKTPAIbHYIO INIOTHOCTH 3TOTO MPoIlecca.

1.5. KoppensimonHnast pyHKIMsI CIydailHOTO Mpoliecca X(t) paBHa
Ry (z')= Dy -exp(—a2 -1'2). Onpenenuty CHEKTPAIBHYIO IIJIOTHOCTh

9TOI0 mmponecca.



2 AHAJIU3 CUCTEM IIPU CJOYYAUHBIX BO3JIJEUCTBUSX

2.1 IIpeoOpa3oBaHne BXOAHBIX CJOYYalHBIX CUTHAJIOB JIMHEHHOM
CHCTEeMOM

[IycTte MmeeTcs OJHOMEpHas JIMHEWHash CUCTEMA, HAa BXOJ KOTOPOM
MOCTYIACT CIYYaWHBIA MPOILIECC G(t), MMEIOIIU MAaTeMaTUYE€CKOE OXKH-

naHue Mg (t) U KOPPEJSIMOHHYI0 (QyHKIMIO Ry (t1 ,tz). Cucrema mpeo0-

pa3yeT €ro B BBIXOJHOW CIIy4aWHBIA MPOIIECC X(t), CTATUCTUYECKUE Xa-
PAKTEPUCTUKH KOTOPOTO TpeOyroT omnpeaenenns. COBOKYITHOCTh IIpeodpa-
30BaHWM, KOTOPHIE HEOOXOAMMO BBITIOJHHATH HAJ peaau3aluen G(t), YTO-

Obl TMOJYYUTb PpPEATU3ALMIO X(t), ONIPENENSACT onepamop Ccucmemvl

Q(t){ } (BEpXHUI MHJIEKC YKa3bIBAET HA ApT'yMEHT, 10 KOTOPOMY IIpUMe-

Hsiercss oneparop). I[IpeoOpa3zoBaHre BXOAHOTO CIy4allHOTO Mpoliecca ¢

IMOMOIIBIO TAKOI'O OIICpaTropa MOKXHO OIIPCACINTD, KAK
X (t)=2Y{6()}. (2.1)

MarteMaTudeckoe OXXHUIaHHUE cnyqaﬁHoro Imponecca X(t) HaXOOUTCA

. t
C YYETOM MEPEMECTUTEIILHOCTH JIMHEHHBIX oniepaTopoB M u ol ), Kak pe-
3yJbTaT NpeoOpa3oBaHUs

my ()= M[eOGE)] =29 {ms 1)} 22)

KoppensuuonHas (QyHKIUS ciay4aiHOTO Ipoliecca X(t) HaXOJUTCS

t
TaK)Ke C y4eTOM MEePEMECTUTEIILHOCTH onepaTopoB M u .{2( ), KaK pe3yib-
TaT JBOWMHOTO MPeoOpa3oBaHuUs

R, (t,.1,)= M[)o((tl)- >°<(t2)}= M[Q(tl){é(tl)}. Qun{é(tz)H:

(2.3)
=_Q(t1)g(tz){|\/||:é(t1). G(tz)i|} — Q(tl)g(tz){RG (t, ’tz)}-



Ilpumeuanue. I[lopsook evinonnenus npeobpazosaruil 8 (2.3) He ume-

em 3HAYEeHUA.

Ilpumep 2.1. Onpeoenernue mamemamuieckoco ONCUOAHUS U KOppe-
JISAYUOHHOU (DYHKYUU CIYYAUHO20 NPOYeccd HA BblX00e CYMMUPYIUe20
36ena. byoem cuumamo, umo Ha 6x00 maxozo 36ena nocmynaiom N ciy-

yatinblx npoyeccos  G; (t) UMernwux mamemamuyeckue O0NICUOAHUS
Mg, (t) U KoppensayuoHHvle @QYHKYUU RGiGj (tl ,'[2), 20e i,j=1,..,n.
Kaoicoou  onepayuu  npeobpazosanus coomeemcmaeyem onepamop

.Qi(t){ }= 1{ } Toz0a nocne cymmuposanus

my()=3 1fme (©)}= X me, (t).
=1 =1 (2.4)

Rctt)= 22 1fifRoc, ()= £ E R, ().

i=1j=1 i1=1]

B uacmuom crydae, K020a 6X0OHbIE CUSHAIbL ABTAIOMCS HeKkoppeiupo-

6AHHbIMU CﬂyllainblMM npoyeccamu,

Ry (t1.t2)= éRGi (t;.t5). (2.5)

Ilpumep 2.2. Onpedenenue mamemamuyecko2o 0ACUOAHUSL U KOppe-
JIAAYUOHHOU (PYHKYUU CIAYUAUHO20 NPOYecca HA 6blX00e YCUTUMETbHO20
36eHa. Takoe  36eHO  GvlnOJHAEm — onepayuilo - NpeodpPaA308aHUs]
X(t)= C(t)- G(t) (eoe C(t) — HecnyuauHas QyHKYus), KOmopou coomeem-
cmeyem onepamop Q(t){ }= C(t)-{ } Tozoa

my (t) = c(t)- mg (1)

(2.6)
Ry (tt2) =c(t;)- c(t,)- R (tit5).



Ilpumep 2.3. Onpeodenerue mamemamuieckoco OMCUOAHUS U KOppe-
JIAYUOHHOU DYHKYUU CAYYALIHO20 Npoyecca Ha 6vixooe oughgepenyupyro-

d
we2o 36ena. /{1 maxkozo 36eHa onepamop .Q(t){ }= a{ } Tozoa

M ()= 5 mo 1)

d 2
dt, dt,

2.7)

Ry (t;.t,)= Rs (t;.t,).

Ilpumep 2.4. Onpeoenernue mamemamuieckoco OMCUOAHUS U KOppe-
JISAYUOHHOU (DYHKYUU CAYHAUHO20 NPOYECcd HA 8bIX00e UHMeZPUPyoue2o

t
36ena. [[ns maxkoeo 36ena onepamop Q(t){ }= I { }dl. Tozoa
to
t
m ()= me (A)ik
o (2.8)
ity
Ry (ty,t2)= JIRs (4, p)dAdp.

toto

2.2 CTaTHCTHYECKHE XAPAKTEPUCTUKH CIYYAHHBIX MPOIECCOB HA
BbIX0/I€ JIMHEHHOM CHCTEeMbI BO BpEMEHHOM 00J1aCTH

ITycTh nMeeTCs yCTOMYMBAs CTAMOHAPHASA JIMHEeHAA cUCTeMa, s
KOTOPOM M3BECTHA MMITYyJIbCHAs IMEPEXO0JHas XapaKTepUCTUKa (WU 8eco-
8ast (OyHKYUL) k(t) (cM. pucyHok 2.1). dyHKIHS k(t) JOJKHA YIOBJICTBO-

PATH YCI08UIO (PUBUHECKOL Peau3yeMOChu CUCTNEeMbl
k(t)= 0, ecm t<O. (2.9)

VYcnopue (2.9) onpenenser, 4To peakius CUCTEMbl HE MOXKET HaCTy-
IIATH PaHBIIIC MOMEHTA ITOCTYIJICHHS BXOJHOTO CHTHAJIA



Ha BXOJ CHCTEMBI MOAAETCS CIIyYalHBIM IPOLECC G(t) C MaTeMaTu-

YECKUM OXKUAAHUEM Mg (t) U KOppeIIIUOHHON QyHKIMen R; (t1 o ) On

npeoOpa3yeTcsl B BEIXOAHOM CIIydalHbIN MpoIece X(t) (cM. pucyHok 2.1),

JUTSI KOTOPOT'O TpeOyeTCsl OMPEIeNIUTh CTATUCTUYECKUE XapaKTEPUCTHUKHU.

G(t) X (t)

mg (t), RG(tl’tZ)) my (), RX(tl’tZ)}

k(t)

Pucynox 2.1 — JluneiiHass cuctemMa ¢ BECOBOW (DYHKITHCH k(t),

HaxogA1masiacAa 1104 BIIUAHUCM cnyqaﬁHoro BOBI[@P'ICTBI/IH

CBs3b MCIKAY pCain3aliusiMunu CHY‘I&IZHBIX npouecCcCoOB Ha BXOJC U BbI-
X04A€ CUCTCMbI YCTAHABJINBACTCA HAa OCHOBAHHUHN (I)OpMYJ'IBI CBCPTKH

x(t)=jk(t-u)-cs(u)dﬂ!'gm)-e(t—zm, 2.10)

rae Tu A =1 — u — He3aBUCUMBIE TTapaMeTphl HHTErpupoBanus. Dopmyra
t—tq
(2.10) ompenenseT onepaTop CUCTEMBI .Q(t){ }= _[ k(ﬂ,)-{ }dﬂ,. Hcmnons-
0

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

m )= Tk(2)-mo (1~ 2pa

1~ to—tp

Rty )= I Ik(ﬂ) k(u)-Rg(t; - 4.t — p)dAdu,  (2.12)

Dy (t) = J Ik(ﬂ) k() R (t— 4.t - u)dAdu.

Ecnu G(t) — CTAalMOHAPHBIN CIy4YauWHBIN IPOLIECC, TO Mg = CONSt, a

R G 3aBUT TOJIBKO OT pa3HOCTH apryMeHToB t2 —t1 = 7. Torna



my (t)=mg -t_gt(i((l)u,

1=t 27

Rl )= gﬁ(z)-k(u)-Reaz-tlm-u)dm, (2.12)

t—tg t—t

Dy ()= ] g‘k(z)-k(u)-RG<z-u)dzdu.

@opmyiibl (2.12) mMOKa3bIBAIOT, YTO CAYHAUHBIU NPOYECC X(t) Ha 8bl-
X00e yCmou4ueou CMmayuoOHApHOU JTUHEUHOU CUCmeMbl 8 NePexoOHOM pe-
Jrcume 6yoem HeCmayuoHApHbIM, 0axdce eciu C8OUCMBAMU CIMAYUOHAPHO-

cmu o6nadaem éxoonoi cryuaiinwiii npoyecc G(t)

B ycraHoBuBLIEMCs pexuMe TpH to — —oo (t — +o0)

my = Mg -Tk(ﬂ)u = const,
0

+00 +

Ru(e)= | :ku)-k(u)- Re (r+ A — p)dAdu, (2.13)

%
Dy = [ [k(4)-k(g)- R (4 — p)dAdy = const.
0 0

®opmyiel (2.13) MOKa3bIBAIOT, UTO CIYYAUHBIU NPOYECC X(t) Ha 8bl-
X00e yCmou4ugou CmayuoOHApHOU JUHEUHOU CUCeEMbl 8 YCMAHOBUBULEMCS
pedrcume 6yoem CmayuoHapHuIM, eCliu C8OUCMEAMU CIMAYUOHAPHOCMU 00-
Jlaoaem 6xX00HOU CJIY4AlHbLL NPOYecc G(t).

Ecnau cucrema siBiseTcss HeCTAIIMOHAPHOM, TO €€ BecoBas (yHKITUA
OyJzieT 3aBUCETh HE TOJIHKO OT BpEMEHHU HaOmoAcHUs t, HO U OT BpeMEeHHU
MOCTYTUICHHS] €IMHUYHOTO UMITYJIbCa Ha BXOJ cUCTeMbl A. YcioBue pusn-

YECKOW PeaTn3yeMOCTH CUCTEMBI IPUMET BUJL
k(t,1)=0, ecm t < 4. (2.14)

CBsi3p MEXIy pealu3alysMy CIy4alHbIX MPOILECCOB HA BXOJIC U BBI-
X0JI€ CUCTEMBI ONIPEJIEISAECT COOTHOLIEHHE, aHajoruuHoe (2.10),



X(t)= fk(t,z)-e(z)d,z. (2.15)

t
B sTOoM cityuae onepaTrop CUCTEMBI Q(t){ }= | k(t,4)-{ }dA. Ha ocuosa-
to

HuM npaBui (2.2) u (2.3)

mx(t)=jk(t,/1)-me(ﬂ)u,

Ry (t1,t2)= Ilfk(tl A)-K(t2 . 4)- R (4, p)dady, (2.16)

to to

Dy ()= [ [k(t . 4)-K(t, .1)- Ro (4, )iad

tolp

Ecnu B (2.16) npuHsTh to — —00, TO MOXXHO MOJIYYUTh COOTBETCTBY-
fomye GOpMyINIBl TSI ONPEACICHUST CTAaTUCTUYSCKUX XapaKTePUCTHUK B
YCTAHOBUBILIEMCS PEKUME (€CJTU OH CYIIIECTBYET).

®opmyiibl (2.16) MOKA3bIBAIOT, YTO CAYHAUHBIL NPOYECC X(t) Ha 6bl-
X00e HeCMAayuoOHapHOU JUHEUHOU cucmembl 6ce20a Oyoem HeCcmayuoHap-
HbIM, HE3ABUCUMO OM XAPAKMepa 6X00H020 CIY4atiHO20 Npoyecca G(t).

Ha ocHOBaHMH BBINICH3I0)KEHHOTO MOXKHO CJlIeJlaTh BBIBOJI, YTO He-
CTAIlMOHAPHOCTH MPOIIecca Ha BBIXOE JIMHEHHON CUCTEMBI ONMpeIeIsaeTCs
KaK MUHUMYM OJTHOM M3 TpeX MPHUUYHH:

® HECTAallMOHAPHOCTh BXOJHOTO CIIY4allHOTO MpoIlecca; Toraa s
CTaIlMOHAPHOM CHCTEMBbI B YCTAHOBUBIIIEMCS PEIKUME

+00 +

Rultu )= | g"’k(z)-k(u)-RG(tl-z,tz — u)dAdu;

® HECTAIMOHAPHOCTH peXKUMa pabOTHI; TOTJA JJis CTAIlUOHAPHOU CH-

CTCMbI U CTALITUOHAPHOI'O BXOJAHOTI'O cnyqaﬁHoro Imponecca

1~ to—tp

Rx(tl,tz)!g (K- K(0)- R 1 -t + 2



® HECTAalMOHAPHOCTb CUCTEMBI; TOI A
tyty

Ry (ty,t2)= J Ik(tl A)-k(tz 1) Rs (A, udAdu.
toto

Ilpumep 2.5. Onpeoenenue cmamucmuyeckux Xapakxmepucmuk cCay-
yauHo20 nNpoyecca Ha BvIX00e CucmeMvl C 8eco80U  QyHKyuell
k(t)= eXp(— t), Ha 6X00 KOmMOpOU nocmynaem yeHmpuposaHHulll CIyyau-

HblUL npoyecc ¢ eOUHUYHOU Oucnepcuel U KOoppersyuoHHOU @yHKyuell

Rs (7)= exp(— "'D

s onpedenenus KopperayuoHHOU @YHKYUU 8bIXOOHO20 CIYHAUHO20
npoyecca 8 yCmaHoB8UBUEMCSL pedcume 80Cnob3yemcs opmynamu (2.13)

+00 +00
Ry (z)= [ [exp(-A)-exp(— )-exp(~|z + A — 4 )dAdu.
0 0
Hucnepcus 6b1X00H020 Cly4alino20 npoyecca 8 nepexoOHOM pexcume
Haxooumcsi no ¢popmynam (2.12). Ipumem to = 0. Tocoa

Dy (t) = iiexp(— 2)-exp(= p)- exp(=|A — p|)dAdp =

= i exp(-4)- ﬁ exp(— p)- exp(— A - ,u\)d,u}dl.

0

Ilpu pacueme 6nHympenne20 unmezpana yumem

exp(u—2), u<a,
exp(A—-u), u=A.

exp(=|2 - p)= {

Toeoa

i exp(- p1)- exp(= |4 — pl)dp =



= ieXp(— p)-explu— A)dp + i exp(— p2)- exp(A — p)dp =
- exp(- 4)-fdu+ exp(2): fexpl-2- )=

- 100l 2)- +-exp(2)-[oxp(- 2-)-expl- 2. )] -

= A-exp(- l)—%-exp(/l - 2-t)+%-exp(— ).

lloocmasum HatideHHOe 3HAYEHUe BHYMPEHHe20 UHMe2pand 8 Bblpa-
JiceHue 0 onpeoeieHus: OUCnepcuu

DX(t)=£'exp(—/1)-[ﬂ-exp(— l)—%-exp(ﬂ—2-t)+%-exp(—ﬂ)}dl -

1 1
_E_E.exp(_2-t)—t-exp(—2-t).

B ycmanosuswemcs pescume npu t — +oo, Dx = 1/2,

Ecnu Ha cuctemMy nojaaeTcsi HECKOJIBKO CIIyYalHBIX MPOIIECCOB, TO Xa-
PAKTEPUCTUKHU BBIXOJIHOTO IIpollecca MOTYT ObITh OMNpeAeeHbl M0 MPHH-
IIUITY CYTIEPIIO3UIIUM C UCTIOIb30BaHueM dhopmyi (2.4) u (2.5).

G(t)
ne®). Ro(e) | el X0
) ). R6)

), R G) eV

Y

Y

Pucynok 2.2 — Cucrema, HaxoAdmascs IOA BIUSHHEM JIBYX
CJIyYalHbBIX BO3JICUCTBUU



Ilpumep 2.6. Onpedenenue KOpperiyuoOHHOU OYHKUUU CYYAUHO20
npoyecca X(t) Ha 8blX00€ CMAYUOHAPHOU JUHEUHOU CUCMEMbl, HA 6X00
KOMOPOU nooaromcs 08a YEeHMPUPOBAHHBIX CMAYUOHAPHBIX CAVYAUHbBLX
npouecca G(t) u F(t) (cm. pucynok 2.2) ¢ KOppersuuoHHbIMU QYHKYUIMU

R; (2') u R: (1') Peaxyuro cucmemol no xasicoomy 6xody onpedensiom ge-

coevie gynryuu K (t) u ke (t)

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

BUBULEMCS pedicuMe Modicem Obimb HatioeHa no gopmynam (2.4) u (2.13)

+00 +00
Ry (T)= I ke(ﬂ)'ke(ll)- RG(T+1—,u)d/?,d,u+
0 0
+00 +00
+ [ [ke(2) ke (1) Rep (z+ 24— p)dAdp +
0 0
+00 +00

+£ g ke (4)- ko (4)- Reg (7 + A — p)dAdp +
+ TT& (1) ke (1) Rz (z+ A — p)dAd.

Ecnu éxoonvie npoyeccsl cmamucmuvdeckKu Hesaeucumsl, mo
+00 +

Rx(e)= | g"kg(z)-ke(u)-Re(m-y)dw

++£0+£OkF(’1)‘ Ke (1) Re (7 + 24— p)dadp.

2.3 CrtaTucTHYeCKHEe XapAKTEPUCTHKHU CIAYYANHBIX MPOLECCOB HA
BBIXO0/I€ JINHEHHON CHCTEMBI B YACTOTHOM 00J1aCTH

ITycTh mMeeTcss ycTonunBas CTAllMOHAPHAS JIMHEWHAs CUCTEMa, IJIA

KOTOpPOU M3BECTHA MepeAaTouHast QyHKIUs W(S) KOMIIJIEKCHOW TTEPEMEH-



HOW S (cM. pucyHok 2.3). Ha BX0/1 cucTeMbl Toj1aeTes ClTydalHbBIN TpoIiecc
G(t) CO CHEKTPAJIbHON IUIOTHOCTBIO Sg (a)) OH npeoOpa3zyeTcs B BBIXO/I-

HOW CIIy4aWHBINA ITPOIECC X(t), JUI. KOTOPOT'O TpeOyeTcsl ONpeIe/IuTh CTa-

THUCTHYCCKUC XapPAKTCPUCTHUKHMU.

G(t)

mg(t). Se(@)

X (t)

My (t) Sx (a))

W (s)

Pucynok 2.3 — JIuHeitHas cuctema ¢ nepeaaTouyHon (PpyHKIeH W(S),

HAaXOAIIASCS MO BIUSHAEM CIIY4aHHOTO BO3JACUCTBUSA

B mo00HBIX yCIOBUSAX BBIXOJHOW CIIy4allHBIN Tpoiiecc Oyner oOa-
JaTh CBOMCTBAMH CTAallMOHAPHOCTU. HanOonpimmii mpakTUYECKU HHTEPEC
IIPEJCTABISAET ONPEACICHUE €T0 CTATUCTUYECKUX XapAKTEPUCTHUK 8 ycma-
HOBUBULEMCS PeHCUME.

MaremaTnudeckoe OXKUIaHUE X(t) B YCTAaHOBUBIIEMCS PEXUME MO-

KeT OBITh HaIeHO 0 hopMmyIie
my (t)= f° k(1)- mg (t—A)A. (2.17)
0

Paznoxxum mg (t — ﬂ,) B psn Teitnopa

o m® _
mg (t-4)= EO(— ) . e (t)-z' . (2.18)

Tornma

0= ) E-1) - "0, g1
(2.19)

. m?(t) (-1) - jk(/l) AdA.



BecoBas u nepenaTounasi GyHKIIMH CUCTEMBI CBSI3aHbI COOTHOIIICHUEM
+00
W(s)= [k(2)-exp(~s-A)pA. (2.20)
0
Huddepenmupys (2.20) 1o S Hy»KHOE YUCIIO pa3, ONPEASTUM

QW (s)= -+j°° k(1)- 2 -exp(-s- 1),

o5 2 W()- I [K(2)- 4% -exp(- s 2)i4. (2.21)

WO ()= 1) - k(1) 4 -expls- A)pA.
0
[Tpunumas B (2.21) s = 0, noayuum
wO©)=(-1) - [k(1)- 4da. (2.22)
0

[ToncraBus (2.22) B (2.19), Haiinem

m, (t)= f e _(t) w®0)=3 .+: m‘il(t) aa'l (3# L (2.23)

Ipumeuanue. Dopmynoii (2.23) M0oIHCHO NOIL308aAMbCA KAK OJIsl CMA-

UUOHAPHOCO, MAK U ot HecmayuoHapHo2co 8X00H020 CﬂyqaleOZO npoyec-

ca. Heobxooumo, umooul ¢hynxyus Mg (t —ﬂ) packaaoviganacs 6 pso Teii-

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

QyHKYUS W(S) oupgepenyuposanace mpebyemoe yucio pas.

dopmyna (2.23) onpeaensieT CICAYOMNN ONepaTop CUCTEMBI

QY =2 5 I_(O)- jtii {} (2.24)



CnekTpalibHasl INIOTHOCTh CIY4YallHOI'O IIpolecca X(t) MOKET OBITh
ompejiesieHa MO €ro KOppeasilMOHHON (PYHKIMM ¢ UCIHOJb30BaHueM Gop-
myJibl (1.42). YuuteiBas (2.13), MOXKHO 3ammucaTth

sx(w){f}x(r)-exp(-j-w-r)du

+00 +00 +00

= _{O g gk(/i)- k() Rs(z+A—p)-exp(- j-@-7)dAdud7 =
=TT ) ) Role 2= o0l -0+ 4= )

xexp(j -w-l)-exp(— J -a)-,u)d/ld,udr =

{ T exoli-0- o2} Tt o0t -0

x{j:RG(Hz_ﬂ).exp[_j.w.(ﬂz-u)]dr}.

(2.25)
BBenem o603HaueHMs
W(- j-@)= [k(3)-exn(j-0- 2)i2,
W(j- @)= f k(p)- exp(= j- @ u)du, (2.26)
Se(@)= R+ 2= p)-xl- j--(r+ 1= ).
Torna
S (@) =W(- j-0)-W(j-0)- Sc (@)= oom

=W(j-0)" - Sg(@)= A*(@)- Se (o).

rae A (a)) — aMIUTUTYAHO-4aCTOTHAS XapaKTePHUCTHKA CUCTEMEI.
KoppensimonHyo (yHKIHMIO CIy4yalHOTO Tpollecca Ha BBIXOJE CH-
CTeMbI MO’KHO HaiTu 1o popmyite (1.44) ¢ yuerom (2.27)



1

Ry (7)= E-T)SX () exp(j-@- 7)o =
- (2.28)

+00

1 : :
=5 [ W (] ‘0)° - Sg(@)-exp(j- @-7)w.

Jlucniepcrro  Ciy4alHOro Ipolecca X(t) MOKHO ONPEIEIUTh IO
dopmyie (2.28)

Dy =Rx(0)=, - [ Sx(0)do=
% (2.29)

+00

=5 IWG ) -Ss(o)o= - TW(i-a) -Ss(o)io

Ilpumeuanue. Pacuem oucnepcuu 8b1Xx00H020 CAYHAUHO20 NPOYecca 8
VCMAHOBUBUIEMCSL pedCUMe Yepe3 CHeKMPAIbHYI0 NIOMHOCHb CUCHeMbl
no gopmyne (2.29) snauumenvHo npowje, 4em aHAI02UYHOE OnpeodeeHue
9MOo20 dHce napamempa uepe3 KOPpeuayuoHHYIO QYHKYU cucmemvl HO
Gopmyne (2.13). Kpome moeco, 6 smom cayuae oucnepcus (Kak u CHek-
MPpanbHAsk NIOMHOCMb) MOdcem Oblmb NPeOCmasieHa Kak QYHKYUs napa-
Mempo8 cucmemul (UMNYIbCHASL NEPEXOOHAsl XapaKkmepucmuKkd, Kaxk npa-
BUJI0, IBHO Yepe3 Napamempul CUCMEMbL He BblPAiCaemcs).

Eciu W(j - a)) nSg (a)) SIBIITFOTCS IPOOHO-pAITMOHAIBHBIMU (DYHKITH-

SMH @, TO 3aJ1a4ya ONpeeNieHusI Tucriepcuu o Gopmyite (2.29) cBoautes K
BBIYMCIICHUIO CTaHIAPTHBIX MHTETPAIOB BHU/IA

= 1 .-To Bn(J'w)
2 o An(j -a))-An(— j-o

J, )dw, (2.30)

rae nomuromel A, (j- @) u B, (- @) pausi

Aji-o)=ay-(j-0)" +a,-(j-0)" " +..+a,,
(2.31)
Bo(j-@)=by-(j-@)" " +b-(j-@)""* +..+by ;.



[TomuaOM Bn(j a)) COJEPKUT TOJIBKO YETHBIE CTCIIECHU MHHMOU 4a-
CTOTBL. JIJIl YCTOMYUBOW CHUCTEMBI MOJUHOM An(j a)) VIMEET BCE KOPHHU,
PacroIOKCHHBIC B JIEBOM MMOJIYIUIOCKOCTH |- @. MHTerpan (2.30) npwu

J1000M N BeIYUCTsAETCS 110 (hopMyJie

~ (_ 1)n+1 | Un
2.3, A,

J , (2.32)

n

rae An — cTapmuid onpeaenurens ['ypBulla, COCTaBISHHBIN U3 KOdPdUIu-

€HTOB IOJIMHOMA An(j a)) Un — onpenenurens An, B KOTOPOM IepBas

CTpOKa 3aMeHeHa KO3 (rLreHTaMU IToMHOMa B (j - a))

a; az as by b, b,
a, a, a, a, a, a

a

n

a

n

Tabnuia 3HaYeHU CTaHJAAPTHBIX MHTErpajoB Jn IMpHBEJCHA B MPHU-
J0KeHuu A.

Ilpumep 2.7. Onpeoenenue cmamucmuyeckux Xapakxmepucmuk ciy-
YauHo20 npoyecca Ha BblXo00e CUCmeMbl C NepeoamoyHou @yHKyuel

W(S)= (S + 1)/ (82 +S+ 1), Ha 6X00 KOMOPOU NOCMYNaem yenmpupoeaH-
HblUL CNYYAUHBIL Npoyecc ¢ eOUHUYHOU oOucnepcuell U CneKmpaibHOU

NJIOMHOCMbIO S (a)) = 1/(1 + w° )

CnekmpanbHas NIOMHOCMb CAYYAUHO20 NPoyecca Ha 8bixooe cucme-

Mbl HAX00umcsi no ypaeteruio (2.27)
2
(j -co)2 +1 ‘ 1
(j -a))2 +(j -a))+ 1‘ 1+ w°

Sx(@)=W(j-@)" - S¢ (@)=



‘ G-of+1 | 1 _
G-of +(-0)+1 [1+(-o)

‘ 2

(j-a))2+1
(j-0) +2-(j-0) +2-(j- @)+ 1]
_ (12‘“’2)2 .
(1—2-@2) +a)-(2—a)2)

Hucnepcus cnyuatinoeo npoyecca Ha 8blxooe cucmemvl 8 YCMaHOBUG-
uemMcs pexcume Haxooumces no ypastenuro (2.29)

1t (j-0) +1
Do = : dw=
T 2m —oo(j-a))3+2-(j-a))2+2-(j-a))+1
_ 1o (j-w)' +1 i
2.

P e sz (eaf ez ot

B oannom cnyuae n = 3. Koaghuyuenmor nonunomos A3(j co) u

B;(j - @) pasusi
ap, =1, a;, =2, a,=2, az=1,
b,=1, b, =0, b,=1
3Hauenus onpedenumerneu Haxooamcs no gopmyne (2.33)
a, ag 0, 12 1 0

A3 = ao a2 0

1 2 0]=3,

0 a; az) 0 2 1

by b, 0| [1 0 O




3Hauenue oucnepcuu 8 YCMAHOBUBUEMCS pedcuMe HAXOOUMCS No
Gopmyne (2.32)

W=

2
D —_— . —_— « — =
X 3

HNuterpan (2.29) MmoxeT ObITh ONPEACIICH YUCICHHO O MPUOIUKEH-
HOH popmyie

1 @
Dy z—-_[Sx(a))da), (2.34)
T 0
rjie 4acToTa @ BHIOMpaeTCs TaK, 4ToObl B auamasone [0,®] cocpenoraun-
Bajach OCHOBHAS 4acTh MomHOCTH curHaia (10 90%). Cxema 4iCICHHOTO

OTpee/ICHUs TUCTIEPCUU TTI0Ka3aHa Ha pucyHke 2.4.

Sx(@)

0 a w

Pucynok 2.4 — YuciaeHHoe onpeeicHue TUCTICPCUU

Ecnu Ha cucTeMy IOJaeTcsl HECKOJIBKO ClIydalHbIX mpoueccoB G; (t)

C B3aMMHBIMH CIICKTPAJIbHBIMU IINIOTHOCTSAMU SGiGj (J . &7), TO CIICKTpPAJIb-

Has IJIOTHOCTH BBIXOJIHOTO MPOIECcCa MOKET OBITh OMpeJiesieHa MO MPUH-
LAY CYIEPIIO3ULIUN



Sx(@)=33 We (-j-0)-We (i-0)-Sec (j-@).  (235)

i=1j=1

Ecnu BXOJHBIE ClTy4allHbIE IPOLECCHI CTATUCTHYECKH HE3ABUCHMBI, TO
BbIpaxkeHue (2.34) npumer BUA

Sy (@)= é Ws, (j-@) - S, (@) (2.36)

Ilpumep 2.8. Onpedenenue cnekmpaivbHoOUu NIOMHOCMU CAYYAUHO20
npoyecca X(t) Ha 8blX00€ CMAYUOHAPHOU JTUHEUHOU CUCMeMbl, HA 6X00
KOMOpoU nooaromces 08a YeHmMpUpOBAHHbIX CYUAUHBIX NPoYecca G(t) u
F(t) (cm. pucynox 2.5) co cnexmpanibHbiMu NIOMHOCMAMU Sg (a)) u
SF(co). Peaxyuro cucmemvr no xascoomy 6xoody onpeodensirom nepeoa-

mounvte gyrryuu W (s) u We (s)

Y

St) o)

mg(t), Se(@) X(t) R
F(t) mx(t)’ Sx(w)
me(t), Se(@)

W (s)

Y

Pucynox 2.5 — Cucrema, HaxoAfmascs IOJ BIUSHUEM JIBYX
CJIyYalHBIX BO3JICUCTBUU

Cés13b CnekmpaibHblX NIOMHOCMel CAVYAUHBIX NPOYECCO8 HA 8X00e U
8bIX00e cucmemvl Npu 08YX BXOOHBIX 8030€UCMBUIX ONPeOesisiemcs COOm-
HOUuleHuem

Sy (@)= W (j-@)* - Se(@)+We (- j-0)-We (j-@)- Sgr (j- )+

+We (j- @) We (= j- @) See (- @)+ W (] '0’)‘2 - S¢ (@).



Ecnu exoouvie npoyeccosl cmamucmudecKku Hesasucumvl, mo

S (0)=Mis (- 0)” - S5 (@) + We (- 0) - S¢ (@),

2.4 AHAJIM3 TOYHOCTH CUCTEM NMPH CJIYyYalHbIX BO3€eiiCTBUSIX

[Iycte uMeeTCa JNMHENHAs 3aMKHyTas CUCTEMa, Ha BXOJbl KOTOPOHU
MOJAETCS MOJIE3HBIN CUTHAI G(t) U IoMexa F(t), MPUJIOKEHHAS B IPOU3-

BOJILHOU TOYKE (CM. PUCYHOK 2.6).

me(t)
F(t) & F()
ma(t) o G(t) E(1) ; X(t)

Cucmema
G(t)

Pucynok 2.6 — Cucrema, Haxoasmiascs mMoj BIUSHAEM JABYX CIIydai-
HBIX BO3IEUCTBUU

B oOmem ciydae BO3ACHCTBHS Ha CUCTEMY NPEICTaBIAIOT COOOM
MIPOM3BOJIbBHO U3MEHSIOIINECS BO BPEMEHM PETYJIAPHBIE CUTHAJbI, HA KO-
TOPBIE HAJIOKEHBI IIEHTPUPOBAHHBIE CIIYYaHBIE TTPOIECCHI

G(t) = mg (t)+ G (1)
F()=me )+ F(),

rae Mg (t), Mg (t) — DKBUBAJICHTHBIE PETYJISPHBIE COCTABIISAIOIIME ITOJIE3-

(2.37)

HOI'o CHMTIHajia U IIOME€XHU, BKIHOUYAIOIINEC B ceds Kax coomeemcmeymmuﬁ



DeYIAPHBIU CUSHAT, MAK U MAMeMamuyeckoe 0XCUOaHue coomeemcme)-
rowezo CIyyauno2o npoyecca.

JTr00y10 UCKOMYIO KOOPJMHATY CUCTEMbI MOXXHO MPEJACTABUThH B BUJC
JIByX COCTAaBJIAIOIIMX: JKBUBAJCHTHOW PETYISPHOU U LEHTPUPOBAHHOU
cinydaitHoil. Torga ommOKka CHCTEMBbI, XapakTepu3ylolllas €€ JUHaMuye-
CKYIO TOUHOCTh, MOXKET OBITh OIIPE/IeIeHa, KakK

E(t)=G(t)- X(t)= mg (t)+ E(t). (2.38)

Ha ocHOBaHuMM NOpUHIMIIA CYNEPHO3UIMU COCTABIISIIOIINE OIIMOKU
CKJIQJBIBAOTCSI U3 COCTABIISIFOIIMX OT JIEMCTBUA MOJIE3HOTO CHTHANA U IO-
MEXH, KOTOPBIE MOKHO HaXOAUTh HE3aBUCUMO APYT OT JIPyTa.

PerynspHyto coCTaBIISIIOIIYO0 OLIMOKH Mg (t) MOKHO PacCMaTpHUBaTh

KaK PEaKIIMio CHCTEMbI Ha PETyISPHBIC BHEITHHE BO3ACHCTBHS
meg(t)=mg (t)+ mg (t). (2.39)
B m306paennsix mo Jlammacy
Me (s)= Mg (s)+ ME (s)=
=Wee () Mg (5)+Wee (5)- Me (s),

rae Wee (S) u W (S) — IIepeNaToOYHble (PYHKIUU 3aMKHYTOH CHCTEMBI

(2.40)

IO KaHaJIaM «IIOJIE3HBIM CUTHAJI — OIMHOKA» U «IIOMEXa — OIIHOKA)).

Ilpumeuanue. Cmpykmypras cxema munogou 3aMKHYMOU CUCTNEMbL

F(t)

W, (s) W,(s)

umeem 8uo

G(t) ~ E(t)

X(t)

Ecnu Wl(p)= 1, mo mooxcHo cuumamsb, umo nomexa nooaemcs Ha

6x00 pazomxnymoii cucmemvt, a eciu W, (p) =1 na ee ebixo0.



Ilepeoamounvle GyHKYUU NO KAHAIAM «NOJIE3HbIU CUSHATL — OUUOKAY
U «nomexa — ouuoKa» Haxo0samces no Gopmynam

1
Wee (P)= T (W, () (2.41)
Wee ()= i o

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

[Ipy MeaIeHHO U3MEHSIOMINXCS BXOIHBIX BO3ICHCTBHIX PETYISAPHYIO
COCTABJIAIONIYI0 OIIMOKH OOBIYHO OMPEACISIOT MemoooM Kodpguyuen-
Mo ouuoOOoK.

Benmnuuny cocTaBisrolien mg (t) MOYKHO HAWTH IO COOTHOIIEHHMIO,

aHaJIornaHOMYy (2.23)

me)-5 Y2000 -5 ¢ .m0
| B (2.42)
ce=| L. 5_ Wee(s)| L i=12,..

il
s=0

re CiG — KOA(PUIMEHTHI OIMOOK CUCTEMBI MO KaHAIy «IOJE3HBIN CHT-

HaJl — ommOKay. OnpeaenuTh UX MOKHO 0€3 BBIIIOJIHEHMS onepanuil 1ud-

(depenuupoBannsg W e (S) o ¢hopMyiaam
G
Co =Wee (SX 5=0 ’

cC = S [WGE(S) zc } L i=12,.. &
S 1=0 s=0

CootHomieHus, aHamoruyHbie (2.42) u (2.43), MOTYT OBITH TIOJTyYCHBI
U JUIs KaHasla «IoMexa OIIMOKay.

Ecnu perynspHble BHEIIHWE BO3JCWUCTBUSA IMOCTOSHHBI WU OTCYT-
CTBYIOT, a Clly4allHbI€ BO3JICUCTBUSI MPEJCTABISIOT COOOM CTallMOHAPHBIE
CIydyailHbI€ TPOIECCHI, TO OIIMOKAa OYJEeT CTAllMOHAPHBIM CIyYailHBIM



npoucccoM, MATCMATHYCCKOC OXHUIAAHHUC KOTOPOI'o OINPCACIACTCA YCPC3
YPaBHCHHUC CTAaTUKU CHUCTCMbI

Mg =Wge (0)- mg +We (0)- me. (2.43)

[{eHTpupOBaHHYIO CIYyYaHYI0 COCTABJISIIOLLYIO OIIMOKHU E(t) MOKHO
paccMaTpuBaTh KaK PEaKlUI0 CUCTEMbl Ha IEHTPUPOBAHHBIE CIIydalHbIE
COCTABJISIIOIINE TOJIE3HOTO CUTHAJIA M TMOMEXU M OMNpPEACNsITh €€ Yepe3
KOppesiiMoHHble (pyHKIMN Rg (2') u Re (1'), WJIM 4Yepe3 CIEKTPalbHbIE
IUIOTHOCTH Sg (a)) U S,:(a)) (ecau BXOJHBIE BO3JICUCTBUSI KOPPEIUPO-
BaHHBI, TO JOJKHBI 33JaBaThCsl UX B3aUMHas KOPPEJSIIIUOHHAS (yHKIIHUS
WIA MX B3aMMHAas CICKTpajbHas MJIOTHOCTB). 10 3TMM JaHHBIM HAXOMST
KOPPEJSIIIUOHHYIO (PYHKIMIO WA CHEKTPAIbHYIO IJIOTHOCTH OIIMOKH, a
3aT€M — JUCIIEPCUIO OIITUOKH.

B mpakTuyeckux pacyeTax daiie BCEro HCIHOJb3YIOT CIEKTPAIbHYIO
IJIOTHOCTb, PACCYUTHIBAEMYIO 1O (popMyie

SE(w)=’\NGE(j ‘0))‘2 Sg(@)+
+Wee (- - @) Wee (j- @) Ser (i @) +
+Wee(j- @) Wee (- j- @) See (- @)+

Wee (] -w]z - S (@),

UToObl HAWTH IUCHEPCUIO OLMIMOKU MPU CIIyYalHBIX BO3JICHCTBHUSIX,

(2.44)

HCO6XOI[I/IMO BBIYUCJINTb UHTCTPAJI

De =$-+f°sE(w)dw. (2.45)

—00

Jlucniepcusi OMMOKM COCTOUT M3 OTJACIBHBIX COCTaBIISIONINX, OIpeie-
JSIEMBIX cllaraeMbIMH (2.44),

D =DE + D" + DE® + DE. (2.46)



Bce cocraBinstoniye qucnepcud MOTYT BBIUMCIIATHCS OTACIBHO. 3aTeM

OHH OOJIDKHBI CYMMHUPOBATLCA.

Ilpumep 2.9. Onpedenenue oucnepcuu 8biXOOHO20 CIYYAUHO20 NPO-
yecca. Ha 6x00 3amxmymou credswei cucmemvl nocmynaem noJie3Hbslll

CYYAUHBIU Npoyecc CO CHeKMpAIbHOU NIOMHOCMbIO Sg (a)) Ha 6x00

paS’OMKHymOIZ cucmembsvl nocmynaem Cfly'—lalxlea}l nomexa co Cl’lekmpaﬂbHOZZ

NAOMHOCMbIO S,:(a)). Koppenayusa medxncoy exoowvimu npoyeccamu om-

cymcmeyem. BuewiHue 8030elicmeusi He cooepaicam pe2yisapHulX COCMAs-

JAAIOWUX. CmpykmypHafl cxema cucmembul umeen 8uo

G(t) @ E(t) @ e x(t)

2‘ DG ‘TG
1+TS - »? |

Se (w)=N.

W)= K sa(o)

llepedamounslie pyHKYUU 3aMKHYMOU CUCMEMbl O OUUOKe

1 T-s%+s
W = =
o () 1+4W(s) T-s2+s+K'
W(s K
Wee (5)= O

1+W(s) T.s2+s+K

CnekmpanvHas n1omHoCmMb OUUOKU PaBHA

o T (J-a))2+(j a)) ‘2- o)t
e (@) T-(j-0) +(j- o)+ K| Ssi-o)
+ K ‘2- @
T-(j-0) +(j-0)+K S (@)




COCmCZBJl}ZIOWa}l Oucnepcuu 0WU6KM, 06yCJZO6’Jl€HHaﬂ NOJIESHbIM CUc-
HAJIOM, HAXOOUMCS U3 BbIPAIICEHUA

17 T-(-o)f+(i-0) | 2D

2.7 oT-(j-0) +(j-0)+K| 1+T¢ 0°

DS =

1 .+°0 T(Jw)2+(JQ)) 2- 2'DG'TG
T _OOT(JQ))2+(J&))+K ‘1+TG(Ja))2
+00 2 (i. Y (- 2
=2-D(3-TG'2-L'I B
FooelT T (i) +(T+T6)-(j-0)" +
+(1+K-Tg)-(j- @)+ K

=2‘DG ‘TG ‘\J3

B oannom cayuae n = 3. Koaghgpuyuenmor nonunomos A3(j a)) u

B,(j- @) pasuvi

aO=T‘TG, a1=T+TG, 8.2=l+K-TG, a3=K,

bo =T2, b1=_l, b2 =O

Tozoa

1 T+K-T-Tg +Tg
T2 T TH+K-TE 4T

Cocmasnarowas oucnepcuu owubKY, 00YCl08IEeHHASI NOJIe3HbIM CJL)-
YAUHBIM NPOYECCOM, PAGHA

T+K-T-Tg+Tg
T+K-TZ+Ts

DE =2-Dg T -Jy=Dg -

Cocmasnaowas oucnepcuu ouuodKy, 00yClo6IeHHAs NOMEXOL, HAXO-
OUMCSL U3 BLIPAICEHUSL



2
F 1t K

D = . - Ndw =
" 2en o T-(j-0) +(j- o)+ K
2 o
KN 1 do=K2-N-J,.

F (o) +(i-0)+ K|

B oannom caywae n =2. Kosagpduyuenmor noaurnomos Az(j a)) u

Bz(j a)) pashbvl
8.0=T, a1=1, 8.2=K, b0=0, b1=1

Tozcoa

1
J, =—.
27 92.K

Cocmasnarowas oucnepcuu ouuoKy, 00yCci06/1eHHAs NOMEXOU, PABHA

K-N
DE=K2-N-J2=T.

Pesynemupyrowee snauenue oucnepcuu.

T+K-T-TG+TG+K-N
T+K-TZ +Tg 2

DE=DG

2.5 ®opmupyonue GUIbTPbI

®opMupyrOmMM (PUWILTPOM HA3BIBAIOT JTUHAMHUYECKYIO CHCTEMY,
KOTOpasi NIpYA BXOJHOM CHUTHAJE G(t) B BHUJIE O€JIOro IymMa MMeEET Ha BhbI-
XO0JI€ CITyYalHBIN MPOIIECC X(t) C 3aJJaHHBIMU CTaTUCTUYECKUMHU XapaKTe-

pUcTHKaMu (MaTeMaTUYECKUM OXHUJAHUEM, KOPPEIALHUOHHON (PyHKIMEH
WJIU CIIEKTPaIbHOMN IIOTHOCTHIO).



Hcnonb3oBanue Gpopmupyromiero puiabTpa mo3BojseT NEPEeuTu OT CU-
CTEMBI C TPOU3BOJIBHBIM BXOJHBIM BO3JEHCTBHEM K 3KEUBAIEHMHOU CU-
cmeme, Ha BXOJ KOTOPOM JIEMCTBYET OCNBIM ITyM. DTO JOCTUraeTcs I10-
CJIEIOBATENIbHBIM COCTMHEHUEM (popMupyromero GuiabTpa U UCCIIeTyeMOn
CUCTEMBI (CM. pUCYHOK 2.7).

G(t)

Dopmupyrowuu X (t) Uccnedyemas Y (t) >
unbmp cucmema

PucyHnok 2.7 — Cxema 3KBUBaJICHTHOW CUCTEMBI

Ecnu citydaiinbie mpo1ecchl G(t) 17| X(t) ABJIAKOTCS CTAIlMOHAPHBIMHU,
TO YaCTOTHYI XapaKTEPUCTUKY JHUHEWHOro Qopmupyroiero QuibTpa

Y’(J a)) MO>KHO HAaWTH U3 COOTHOLIECHUS

Sy (@)=#(j-»)° - Sg (). (2.47)

Ecmn Sg (a))= N, 10

o)t <3052 500) 5. 10)

B kauecTBe MCKOMON 4YaCTOTHOW XapaKTEPUCTUKU (puiibTpa Oepercs
TOT U3 COMHOXUTeNEH (2.48), KOTOPBIM MMEET HYJHU W MOJIIOCH B JIEBOU
TOJTYTUTIOCKOCTH | * @

: Sy (j- o)
w(i-w)= "2 "7 2.49
(i-@)= == (2.49)
Ecmu Sy (w) — NpOoOHO-paIMoHajbHas (yHKIUSA, TO YaCTOTHYIO Xa-

PaKTEpPUCTUKY JIMHEHHOTO (opmupytoiiero ¢puibtpa no gopmyne (2.49)
OMPEICIIUTh MOXKHO BCETIA.



Ipumep 2.10. Onpeoenenue yacmomnou xapaxmepucmuku @Gopmu-
pyiowe2o gurbmpa 0151 NOIYyYeHUs: CMAYUOHAPHO20 CIYYAlIHO20 Npoyecca

CO CNeKMpAaIbHOU NIOMHOCMBIO Sy (a))= 2-Dy - Ty /(1+T>% 'a)z) us

0eno2o wyma co CneKmpaibHOU NIOMHOCIbIO S (a))= N .

Ilo popmyne (2.48) naiioem

\/2-DX-TX \/2-DX-TX
MZ=2-DX-TX 1 N

. N
(- == : .
P = T ot N T LT, (0) 1T ()
Omcrooa
. 2.-Dy -T 1 K
y’ * = X X° = ,
(i-@) J N 14Ty (jrow) 1+4T-(j-®)

ede K =\/2- Dy Ty /N, T=Ty. llepeoamounan ¢ynxyus ¢urompa €

Z/l306pa.9fC€H1/l}lx no ﬂanﬂacy

K
1+T-s

W (s)=

Ot0euBaromuM GUIBLTPOM HA3BIBAIOT CUCTEMY, KOTOpas mpeodpa-
3yeT CIIy4ahHBbIA MPOLIECC G(t) CO CIIEKTPAIbHOMN IJIOTHOCTBIO Sg (a)) B

Oenblid myM. /(s cTalimoHapHBIX MPOIIECCOB G(t) 151 X(t) €ro 4aCTOTHAs

XapaKTepHUCTUKA pABHA

JN

¢(j‘w)=‘f’(j.w)=SG(j.a))'

(2.49)



BOITPOCHI JJI1 CAMOKOHTPOJIA

1. Kak BeInoyiHsIeTCSI TPe0oOpa30BaAHUE BXOJHBIX CIyYallHBIX CUTHa-
JIOB JINHEMHOW cucTeMor? UTo onpenenser onepaTrop CUCTEMBbI?

2. Kakas cBsi3b CyIIECTBYET MEXAY CTAaTUCTUYECKUMU XapaKTEepH-
CTUKAMHU CJyYalHBIX MPOLECCOB HA BXOJI€ Y BBIXOJEC JIMHEMHOW CHCTEMBI
BO BpeMeHHOM o0sacTtu? Kak onpeaenuTs ux aHaTuTUIECKU?

3. KakoBbI yclioBHSI CTAlMOHAPHOCTH CIYYAWHOTO MPOIIECCa HA BhI-
XOJI€ TMHEHON CUCTEMBI?

4. Kakas CBA3b CYIIECTBYET MEXJY CTAaTUCTUYECKUMH XapaKTepu-
CTUKaMU CITy4YalHBIX ITPOIECCOB HA BXOJI€ U BBIXOJIC IMHEMHOW CUCTEMBI B
yacToTHOM 00siacTu? Kak onpenenuts ux aHaJTUTUYECKU?

5.  Kakoitl o0uuii moaxoa K aHaau3y TOYHOCTH CHUCTEM MPH CIIydai-
HBIX BO3JICUCTBUSIX?

6. Kak HaxomuTtcs perysspHasi COCTaBIISIONIAS OIMIMOKA CUCTEMBI?

/. Kak Haxonurcs ciaydaitHas COCTaBJISIONIAs OITUOKU CUCTEMbI?

8. Urto nHazbiBaeTca Gopmupyromum ¢uastpoM? KakoBo ero HazHa-
YyeHue?

9. Uro HazbiBaeTcsa oTOenuBaromuM ¢uibTpoM? KakoBo ero HazHa-
YyeHue?

SAJAYA JJIAA CAMOCTOATEJBHOI'O PEHIEHUA

2.1. Ha BXOJ yCWJIMTEIBHOTO 3B€HA MOCTYIAET CIYyYaWHBIA MPOIIECC

X(t) C MaTEMaTHYECKUM OXHUJAHUEM My (t) U KOPPESALUOHHON (PyHK-
et Ry (’[1 L ) TpeOyercst HaliTH MaTeMaTU4YECKOE OKUAAHUE U KOPpe-

JSMOHHYI0 (PYHKITUIO BBIXOJHOTO CIy4alHOTO TpoIecca Y(t), €CIIh KO-

s durment ycunenus K = 8.

2.2. OnpenenanTs KOPPEIsIMUOHHY0 QYHKIUIO Ry (t 1 ,t2) CITy4aifHOT O
mporiecca Y(t) Ha BbIXOJe AUGPEPEHIIUPYIOMIETO 3BEHA, €CIIU KOppes-

MOHHAs (YHKIMS BXOJHOTO CIy4ailHOTO Mpolecca X(t) paBHa



Ry (t: 1) =@ (1,7

2.3. Pemnte npeapIayyro 3a1a4y nIpy yCIOBUU

cosl@ - (t, —t;)]
t, +t, '

Ry (tl ’t2)= Dy -

2.4. Ciy4daliHbIil TIpOLIECC X(t) AMEET MATEMATUYECKOE OXKUIAHUE
mx(t) U KOppESILMOHHYI0 (pyHKIMIO Ry (’[1 ,tz). Hantu maremaruue-

CKOE OJKHIAHHE ¥ KOPPESIHOHHY0 (hyHKimio mpouecca Y (), ecu
t
Y(t)= [ X(1)-exp(- A)dA.
0

2.5. Ha Bxonm mmbdepeHnupyromero 3BeHa IMOCTYMAeT CIydalHbBIN
IIPOLECC X(t) C MaTeMaTU4YECKUM OXXHMIaHUEM My (t)= A- Sin(t) U KOp-

PENALMOHHON QyHKIMEH
2
Ry (t;,t,)=2-exp| - @

Halitn maremaTuueckoe OXKHIAHUC N OUCIICPCUIO Dy BBIXOJHOT'O

CJIy4aiiHOT O Tpoluecca Y(t).

2.6. Haiftm maTremMaTH4ecKoe OXHIaHWUE W JTUCICPCHIO CIIY4alHOTO
mporecca Y(t) Ha BBIXOJIC allepHOJNIECCKOTO 3BSHA

d
T -aY(t)+Y(t)= K- X(t),
CCJIM Ha €TI0 BXOJ ¢ MOMCHTAa BPCMCHHU to IMOCTYNacT BOSMYIICHUC, IIPCI-

CTaBJISAIOIEe COOOM CTAlIMOHAPHBIN CIy4YailHBIN MpoIlecC ¢ MaTeMaTh4e-
CKUM OXKUJAHUEM My = CONSt 1 KOpperALrOHHON (PyHKIHEN



Ry ()= Dy - exp(-a-|])

2.7. HaiiTu nucnepcuio ciiydyallHOro mpoliecca Y(t) Ha BBIXOJIC arie-

pI/IOI[I/I‘leCKOI“O 3BCHA
d
T-—Y([)+Y(t)= X(t),
dt
€CJIM Ha €r0 BXOJ C MOMEHTa BpeMEeHH to MocTymnaeT Oelblil IIyM CO CIeK-

TpanbHO# miotHOCTRI0 Sy (@)= C2.

2.8. Ha BX0OJ HECTAllMOHAPHOI'O 3B€HA C UMITYJIbCHOM MEPEXOJHON Xa-
PAKTEPUCTUKOU

k(t,7) = % : exp(— J[_T_—T)

MOCTYIAET HECTAMOHAPHBIN CIYYaWMHBIA ITPOLIECC X(t) C Maremaruye-

CKUM OKUJIAHUEM
my (t)=a, +a, -t
U KOPPEISLIUOHHON (yHKIUEH

Ry (t,7)=Dy -exp[2-(t+7)-[t—7]] .

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

CIIy4aiiHOTO TIpoIiecca Y(t).

2.9. Ha onuH ¥ TOT K€ BXOJ CIIEISIICH CHUCTEMBbl MOCTYMHaeT MOJIe3-
HBII CJIy4ailHBIM Mpolecc G(t) U Cily4yailHasi momexa F(t). Cramuonap-
HBI CJyYauWHBIM MPOLECC G(t) MMEET MaTeMaTU4YEeCKOE OXKUJIAHUE

Mg = CONSt U KOPPEIALMOHHYIO (DYHKIIHIO

Re(r)=2-exp(-4-|z)).



[Tomexa F(t) ABJISIETCS CTALMOHAPHBIM CIIyYaWHBIM IIPOLECCOM C HY-

JIEBBIM MAaT€MAaTHYECKUM OXKHUJAHUEM U KOPPEIAIMOHHON QyHKIIMEH
R (z) = 3-exp(- 3-[]).

CiyyaliHble MPOLIECCHI G(t) U F(t) B3aMMHO HE KOPPEIUPOBAHBI.

MMy iscHast IepexogHas XapaKTEPUCTHKA CHCTEMBI
k(t)=4-exp(-2-t).

TpeOyeTcsa ompenenuTb MaTeMaTHYECKOE OXKHUJAHWE U JUCIEPCHUIO

CJIy4allHOTO IpoI1iecca X(t) Ha BBIXOJIE CUCTEMBI.

2.10. PemuTh ONpeaAbIAYIYO 3a1a49y, UCITIOJIb3Yys CIICKTPAJIbHBLIC ITIJIOT-
HOCTHU CﬂyqaﬁHLIX MpoueCcCoOB U NEPCAATOYHY IO (I)YHKHI/IIO CUCTCMBI.

2.11. JImneHast cucTeMa OIMCBIBAETCS YPaBHCHHUCM BHU 1A
a, - %Y(t)+ a,-Y(t)=b, - % X(t)+ 1Dy - X(1).

CitydaiiHbIM TIpoIIECC X(t) Ha BXOJE€ CUCTEMBI UMEET KOPPEIIALNOH-

HYI0 ()YHKIIMIO
Ry (r)=Dy -exp(-a-|]).
Haittu nucnepento cirydaiiHOro mpouecca Y(t) Ha BBIXOJI€ CUCTEMBI.

2.12. Ha BXx0a 3aMKHYTOM CHUCTEMBI TIOCTYMaeT OENbIN MIyM X(t) co
CTIIEKTPaJIbHOU TUIOTHOCTHIO Sy (a))= N . Ilepenatounas QyHKIUsS pazo-

MKHYTOﬁ CHUCTEMBI UMECT BU /I

K

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

[Toka3aTth, 4YTO AUCHEPCUs] CUTHANa Y(t) Ha BBIXOJIC CUCTEMBI HE 3a-

BHCHUT OT IOCTOSIHHOM BpEMEHU T .



3 CUHTE3 CUCTEM IIPU CJIYYAHUHBIX BO3JEHCTBUAX

3.1 O0mas mocTaHoOBKAa 3a/1a4d CHHTEe3a CUCTEM NPHU CIAyYaAHHBIX
BO31eHCTBHUAX

[TycTte uMeeTcst cucrtema, Ha BXOAbl KOTOPOM MOCTYIIAKOT IOJIE3HBIN
CUTHAJI G(t) U IIoMexa F(t) (cM. pucyHok 3.1).

|F©

PearnbHasi X (t)
G (t) cucmema E (t)
—  >¢
UNoearnbHasi
cucmema 7 (t)

Pucynok 3.1 — Cxema npeoOpa3oBaHus MMOJIE3HOTO CUTHAIa

Cucrema JOJDKHAa KaK MOXKHO 0oJIee TOYHO BOCIIPOU3BOJUTHL HCKOTO-

pyto QYHKIIMIO OT G(t), KOTOpas 3aJ1aeTcs ONepaTopom (D(t){ }, T. €.
2(t)= 2V {G(). (3.1)

B 3aBucuMOCTH OT BHJa Oneparopa (D(t){ } cucrema moxer permarts
CIEIYIOLINE 3aa4u:
® BOCHPOM3BEJIECHHE, €CIIH ¢(t){ }=c(t)-{} (ecmm c(t)=1, cu-

cTeMa CTAaHOBHTCS clieodsuyell);

e uddepenuupoBanme, eCiu 47(0{ }=%{ I

t
* HHTErpUPOBaHHUE, CCIU Q(t){ Y= [{ J4;

t
® yHpeKICHHE WIH IKCMPanonayus, eCiau (D(t){ }= l(t”){ } (rme 7

— BpeMsl yIIPExKACHUS).



B oOmem ciyuae mpeoOpasyromuii onepaTtop (D(t){ } MOXET OBITh
POU3BOJIbHBIM.

Hoeanvnoe npeobpazosanue nonie3Ho2o CUSHALA 6 COOMEEMCMBEUU C
Gopmynoti (3.1) HeB03MOIHCHO U3-3A HEBOZMOICHOCTNU MOYHOU Pearu3ayul
NOJIe3H020 CUSHANA G(t) U GIUAHUSL NOMeEXU F(t). BrixogHoM cUrHal cH-
CTEMBI X(t) OyJleT OTIMYaThCs OT TPEOYEeMOro CUrHalia Z(t) Ha BEJINYU-

HY OIIHOKHU

E(t)=2(1)- X (1), (32)

MO3TOMY MOKET CTaBUTBHCS 3ajavya MOJIaBJICHHs MTOMEX, KOTOPYIO Ha3bIBa-
0T 3a7auci puabTpanuu (CriaxuBaHus ).

Ecnu BXOJIHBIE CUTHANBI G(t) U F(t) MPEACTABISIOT COOOH Cydaii-
HBIEC TIPOIIECCHI, TO OITUOKA CUCTEMBI E(t) TaK)Ke OYyJIeT SIBISATHCS CITydaii-
HBIM TIporieccoM. [Ipu Takux yCIOBHSX CUHTE3 CUCTEMBI 3aKITI0YAETCS B €€
CTATUCTHYECKON ONTHMM3AIUM, TTOCITIE KOTOPOi OyaeT oOecrednBaThCs
Haujydlllee 3HAYEHUE HEKOTOPOro xpumepus onmumanvrocmu. OCHOB-
HbIE TPEOOBaHUS K HEMY:

® BO3MOXXHOCTh KOJMYECTBEHHOW OIICHKHM KayeCTBAa CHUCTEMBl M €€
YCIEIIHOCTH B JOCTHUKEHUH TTOCTaBJICHHOM 11€1H;

® BO3MOXHOCTb MaT€MaTUYECKOTO (AaHAJUTUUYECKOT0) PEIICHUs 3a-
Ja9¥ OTITUMH3AIIHH,

Haunbonee ynmorpeOUTEIbHBIM 1 MPOCTHIM KPUTEPHUEM ONITUMAITBHOCTH
CHUCTEMBI SIBJIICTCSI MUHUMYM CpPEHEr0 KBajipaTa ¢ OIMOKH

2 =M[E2(1)] = M[iz@®)- xOF]=m2()+ De 5> min.  (@33)

O4eBUIHO, UTO KPUTEPUU min(gz) YUYUTBIBAET U PETYJSIPHYIO CO-
2 o
CTaBJISIFOLIYIO OLUMOKK Mg (t), U ee cily4alHyto coctasistomlyto D E.
[Ipn CcTaTUCTHYECKOW ONTHUMHU3AIUAM MOTYT PEMIAThCA CIICAYIOIINE
YaCTHBIC 3a1a4H.

Onpezle.ﬂemle OIITUMAJIBHBIX MMAapaMETPOB CUCTEMbI. B sTom Cl1y-
qac CTPYKTypa CHUCTCMbI M CTATHCTHYCCKUC XAPAKTCPUCTHKH BXOIHBIX



BO3JICUCTBUM CUHUTAIOTCA M3BECTHBIMH. CUHTE3 CUCTEMBI 3aKJIIOYACTCA B
OMpE/ICICHUU TaKUX €€ MapaMeTPoB, MPU KOTOPBIX BeipaxkeHue (3.3) ume-
€T MUHUMYM.

Ilpumeuanue. Ha npaxmuxe Haubosee uyacmo peuiaemcsi UMEHHO
makas 3a0ayd, max Kaxk CmpyKmypa cucmemvl 00bIYHO ONpedensiemcs ee
DYHKYUOHATLHBIM HA3HAYEHUEM, 8 MO 8peMs KaK Napamempvl CUCHEMbl
oonyckarom nooCmpouUK) .

CuHTe3 ONTUMAJIBHON CHCTEMbI ¢ NMPOU3BOJIBHOM CTPYKTYpOii. B
ATOM clydyae uMeeTcs UHGOpMaIUs TOJIBKO O MPUHAICKHOCTH CUCTEMBI
K HEKOTOPOMY KJAacCy, U H3BECTHBl CTATUCTHUYECKHE XapaKTECPUCTUKHU
BXOJHBIX BO3/IeUCcTBUM. CHUHTE3 CHUCTEMBI 3aKJIOYACTCA B OMNPEICIICHUU
Takoil ee mepeaaToyHou (PyHKIUU W(S), IIpyU KOTOpOH BeIpaxkeHue (3.3)
uMeeT MUHUMYM. [Ipu 3TOM JOKHO YYUTBHIBATHCSA YCJIOBUE @hu3uueckou

PEeAIUIYEMOCMU CUCMEMBbL.

Ilpumeuanue. B smom ciyuae cmanoGUMCA 603MOIICHBIM MeOpemu-
yecku onpeoenums npeoesl CO8ePUIeHCMBOBAHUS CUCEM BblOPAHHO2O
K1acca U UCNONb308amb HNOJYVYEHHYIO UHGoOpMayuto 018 KOPPEeKmHO20
Gopmynuposanus mpebo8anuil K HUM HA ImMane npoeKmupoO8aHusl.

CuHTE3 ONTHMAJIBHON CHCTEMbI ¢ HENPOU3BOJIbHOU CTPYKTYPOI.
B sToM ciiydae cTpyKTypa OJHOM YacTU CHUCTEMBI (Hampumep, oObeKTa
yIpaBJieHHs) 3aJlaHa, a JApyras €€ 4acTh (HampuMep, YCTPOMCTBO YIpaB-
JICHUS) MOKET MPOU3BOJIBHO BBIOMPATHCS M3 HEKOTOPOI'O Kiacca IMOJCH-
cteM. CTaTUCTHYECKHE XapaKTEPUCTUKU BXOJHBIX BO3JIECHCTBHII H3BECT-
Hbl. CHHTE3 CHCTEMBI 3aKJIIOYACTCS B OMPEICICHUN TaKOM MepeaaTOuYHOU
GYHKIIMA U3MEHSIEMOW YacTH CUCTEMBbI W(S), IIPU KOTOPOM BBIPAKEHUE

(3.3) uMeeT MUHUMYM.

Ilpumeuanue. Taxas nocmanosra 3a0a4u A61emMcsi pealbHoll, Mmax
KAaK Ha Npakmuke 8bl00p CMpYyKmypbl cucmemul 6ce20a oeparuyel. B psoe
cydaes CMaHOBUMCs B03MONCHBIM, UCNOAb3YS peuleHue npeovloyujeli 3a-
oauu, 8bl0eIUMb U3 CUCMEMbl ONMUMATLHYI0 NOOCUCTEM).



B 3aBHCUMOCTH OT COOTHOIICHUS CIIEKTPAIbHOM MJIOTHOCTH TOJIE3HO-
ro CUTHaja ¥ TIOMEXH 3a]ja4a CHHTE3a MOYKET PelIaThCs MO-Pa3HOMY.

Eciu CHeKTphl acToT nosiesHoro curnana Sg(@) u momexu Sg (@)
HE HaKJIaJbIBalOTCS APYT Ha Apyra (cM. pucyHok 3.2 (a)), TO aMIUIUTYIHO-
yacToTHas xapakrtepuctuka (AYX) 3aMKHYTON CHUCTEMBI A(a)) TOJKHA

pacojiaratbCsa B o0acTH CIICKTpa IMOJIC3HOT'O CUI'HAJIA.

S(w)

A(a))

5(a)

A(a))

6)

Pucynok 3.2 — CooTHOIIIEHHE CHEKTPaIbHON TMJIOTHOCTH TMOJIE3HOTO

CUI'HaJIia U IIOMEXHU



Ecnu criekTp 4acToOT MOJIE3HOTO CHUTHaJla OBICTPO yOBIBaeT ¢ Bo3pac-
TaHUEM YacTOTHI, a CIEKTP ITOMeX OJIM30K K OeaoMy IIyMy (CM. PUCYHOK
3.2 (0)), TO aMIUIUTYJAHO-4aCTOTHAs XapaKTEPUCTHKA PAa30OMKHYTOU CH-

CTCMbI ’VV p(J . wx AOJIDKHA PacCIlojiaratbCsa B 00J1aCTH HU3KHX qacCToOT, I'ZIC

COCpEe0TauYuBaACTCA OCHOBHAS DHEPTHS MOJIE3HOTO CUTHAJIA.

Ecnu criekTpsl 4acTOT MOJIE3HOTO CUTHAJIA M TIOMEXHU HAKJIaAbIBAIOTCS
JpyT Ha JIpyra U UMEIOT MPOU3BOILHYIO opmy (cM. pucyHok 3.2 (B)), 3a-
Ja4a CHHTE3a HE UMEET TPUBUATILHOTO PEIICHUS.

3.2 Onpenesienne ONTUMAIbHBIX IAPAMETPOB CUCTEMbI

B sTOM ciiyyaec MHHMMYMa cpelHel KBaapaTudHou ommoku (3.3) mo-
OMBaIOTCS MyTEM W3MEHEHUS 3HAYCHUI TapaMeTPOB CUCTEMBI.

Ecnu Ha cucteMy OJHOBPEMEHHO JIECHCTBYIOT MOJIE3HBINM CUTHAI G(t)
U IoMexa F(t), TO M3-3a Pa3HOI'0 XapaKTepa UX BIUSHUS IIPOCTOM OA00D

napaMeTpoB OOBIYHO HE O00€CIeYrBaeT ONTUMAIbLHOCTH (HAIpUMED,

G
CTpeMJIEHUE YMEHbIINUTD B (2.46) coctaBisitonryro DE Moxker npuBoauTh

F
K pocty Dg 1 Ha060poT). J0KHO UCKATHCA HEKOTOPOE KOMNPOMUCCHOE

peuterue.
Jlns pemieHust 3aaud CUHTE3a IMepeaaTouyHass (DYHKIMS CHUCTEMBI,
oToOpaxkarolas ee CTpyKTypy, NpeACTaBIsAeTCs B BUJIE

W(s)=W(s, By ), (3.4)

rne B ,.... B, — MapaMeTpbl CUCTEMBbI, MOA00POM KOTOPBHIX MHUHUMHU3HPY-

ercs BeipakeHue (3.3). VX BBIOOp JOMKEH OBITh 00OCHOBAaHHBIM. 3HAYE-
HUs OOJIBIIMHCTBA MapaMeTPOB OMPEICSIOTCS TEXHUYECKUMHU WU KOH-
CTPYKTUBHBIMU COOOPaXEHUSIMU, TIO3TOMY M3MEHSITh UX TPYAHO WIH He-
BO3MOKHO. OOBIYHO 11 KOPPEKIMH BBIOMPAIOT JBa-TPU IapameTpa
(HampuMep, MOCTOSIHHBIE BPEMEHU KOPPEKTUPYIOIIUX 3BEHBEB, KOA(DPu-
ITUCHT YCUJICHUS Pa30MKHYTOW CHCTEMBI H T. II.).

321)121‘121 CHUHTC3a pC1acTCA B CIICAYIOLICM ITOPAIKE.



1) OmnpenensroTcs IepeaaToYHble (YHKIHMH CHCTEMbI II0 KaHajlaM
«TIOJIC3HBIN CUTHAJ — OIIMOKa» M «IloMeXa — OIIMOKa» Kak (PyHKIMU Ta-
PaMETPOB CUCTEMBI

Wee (8) =Wee (5,81 1B ),
Wee (5)=Wee (5,81 B ).

2) Tlo CcOOTBETCTBYIOIIMM TEPEIATOYHBIM (YHKIMSIM W CIICKTpPajlb-

(3.5)

HBIM IUIOTHOCTSIM ITOJIE3HOTO CUTHAJIA U TIOMEXH ONPEAEISAIOT CIIEKTPAJIb-
HYIO TJIOTHOCTHh OMIMOKHM Kak (DYHKIIMIO MapaMeTpoB cUCTeMBI. [Ipu oT-
CYTCTBUHU KOPPEISALMNHU BXOJIHBIX CUTHAJIOB

S(E;(a)’ﬂl ""’ﬂm)= ’\NGE(j o, ,---’ﬂmy - Sg (@),
Sg(w’ﬂl ""’ﬂm)= ’\NFE (j ‘@, B wwﬂm)z - Se (@), (3.6)
SE(w'ﬂl ’-"’ﬂm)= Sg(w'ﬂl 1"'1ﬂm)+ SE (0)’:31 - )

3) Ilo cnekTpaabHOW TIJIOTHOCTH OIIMOKH OIPEACIISIOT TUCTIEPCHIO
OIIMOKHY KaK (PyHKIMIO TapaMeTPOB CUCTEMBbI
1+
DE(ﬁb---’ﬁm):z_—' ISE(w’ﬂli""le)jw' (3.7)
—0

T

4) Mudbdepermmpys (3.7) mo B ,..., [, U NpuUpaBHUBAs HYIIO MOTY-
YCHHBIC YACTHBIC TTPOU3BOJIHBIC, TTOJIYIAIOT CUCTEMY M ypaBHEHUH, pelire-

HHEM KOTOPOW HaXOJAT ONTUMalbHbIE mapameTpsl f; ,...B, , obec-
onm

onm

NEYMBAIOIINE MUHUMYM CpEHEN KBapaTUUHOUN OLINOKH.

5) 3nauenust f; ,...,[B,  OICHHUBAIOT, UCXOJS U3 BOZMOKHOCTH UX
onm onm

TEXHUYECKOW pean3ald M JOMYyCTUMBIX AMHAMUYECKUX IMOKa3aTesaei
CUCTEMBI (BPEMEHHM PETYJIHPOBAHUS, HAJTMYUS U BEJIMUUHBI IEPEPEryIUpO-
BAaHUS, YCTOMYUBOCTH U T. II.).

JlaHHasg METOAMKa MOXKET TakKXe MPUMEHSIThCA MPU OJHOBPEMEHHOM

BO3JCUCTBUM HA CUCTEMY PETYJIIPHBIX U CIyYalHBIX CUTHAJIOB.



Ecnu cnekTpanbHbIE TIOTHOCTH CUTHAJIOB M YaCTOTHBIE NEPEIAaTOU-
Hble (YHKIMA CUCTEMBI SIBJISIOTCS IPOOHO-PAIMOHATBHBIMU (DYHKIIUSAMU
@, TO ONTUMAaJbHbIC 3HAUYCHUS TTAPaMETPOB CUCTEMBbl MOTYT OBITh Haiijie-
Hbl AaHATUTUYECKH.

Ilpumep 3.1. Onpeodenenue xoaghuuuenma ycunenus pazomKHymotu
cucmemvl, paccmompeHHou 6 npumepe 2.9, komopwlii Obl obecneuusa
MUHUMATIbHOE 3HAYeHUue ee cpedHeksaopamuuHou owuoxku. Tax xak ozo-

6OPDEHO, 4MO 6HeUlHUe 6030eUCmeus He codepofcam PESYIAIPHBIX COCMAB-

2
JIAOWUX, cpedHeksaopamuyeckas owuoka € 6ydem cosnaoamsv ¢ Ouc-
nepcueu ouwudrku D E.

llonyuennoe 6 npumepe 2.9 3nauenue oucnepcuu ouubKu

T+K-T-TG+TG+K-N
T+K-TZ +Tg 2

DE(K)= De -

s uccneoosanus oucnepcuu owuOKU HA MUHUMYM HE0OX00UMO

NPUPABHAMb HYIH0 NPOU3BOOHYIO OM DE(K) no Ko3ghpuyuenmy ycuieHus

pazomkuymot cucmemst K

oDg(K) _ D T S —T2)+E=O
oK r+k-T2+T) 2

Omcrooa Haxooumcs onmumanbHoe 3HaveHue Kodpguyuenma ycue-
HUSL PA30OMKHYMOU CUCTEMbl

« 2-DG-(TGZ—T2) To +T
onm — 3 - .

N TS T

MunanmyM QyHKIHE (3.7) MOXKET OBITh TakXe HaWCH JFOOBIM YHC-

JICHHBIM METOJ0M.



3.3 CuHTe3 ONTUMAJIbHOM CHCTEMBI C TPOU3BOJIBLHON CTPYKTYPOM

[IycTe uMmeercs cuctema, cityKamias i npeoOpa30BaHUsl MOJE3HOTO
CUTHAJIA G(t) MIPY HAJIMYHUU CIIyYaliHON TTOMEXH F(t). Bxonnbie curnanbl
SBJISIFOTCSL CTAIIMOHAPHBIMU CIy4alHBIMU MPOILIECCAMH C PABHBIMHU HYJIIO
MaTeMaTUYECKUMH OXHUAAHUSIMU. Tak Kak CTPYKTypa CUCTEMbl HEU3BECT-
Ha, OyJIeM CUYUTaTh, 4YTO G(t) U F(t) MPUIIOKEHBI K OJJHOMY U TOMY K€

BXO1y (cM. pucyHok 3.3).

Ilpumeuanue. Ecnu cuenanvl G(t) u F(t) NPUTONCEHbL K DA3HBIM
8X00aM, MO NPUBECMU UX K OOHOMY 8X00Y MONCHO MEMOOOM IKEUBALEHM -

HbIX NPeobpa308aHull.

F(t)

G() u(t)

» W(s)

2) g E0)

> H(S)

Pucynok 3.3 — Cxema npeoOpa3oBaHus MOJIE3HOTO CUTHAA

M3BeCTHBIMH CUUTAIOTCS CIEKTPajIbHbIE IUIOTHOCTU CUTHAJIOB S (a)),
SF(a)) U orepaTop MpeoOpa3oBaHUs H(S). Pemienue mpoBoauTcs JIst

YIpomeHHOro, HO 94aCTO BCTpCHAIOUWICTOCA Cliydas, KorJa MOJIC3HBIN CHUT-
HaJI 1 ITOMEXa CTaTUCTUYCCKHU HC3aBHCHUMBI. CYMMapHBIﬁ CHUI'HAJI Ha BXOJC

CUCTEMBI OYJIET paBeH
U(t)=G(t)+ F(t). (3.8)

B n300paxenusx no Jlamnacy BbIXOJIHOW CUTHAJI CUCTEMBI X(t) CBsI-

3aH C BXOJIHBIM curuaiom U (t) COOTHOILICHUEM

X(5)=W(s)-U(s)=W(s)-[G(s)+ F(s)] (39)

rjae W(S) — nepeaToyHas PyHKIUS 3aMKHYTOW CUCTEMBI.



JIroOast peanuzanusi CiIydyalHOM CyMMapHOW OHIMOKU MOXET OBbITh
HalJeHa, KaK

E(s)=2(s)- X(s)=H(s)-G(s)-W(s)-[G(s)+ F(s)] =
=[H(s)-W(s)]- 6(s)-W(s)- F(s).

BripaxkeHue 1 CrIeKTpaabHOM IIIOTHOCTH OMMMOKH UMEET BU/T

(3.10)

Se(@)=|H(j-@)-W(j-®)" - Sg(@)+W(j-®)" - Se(@). (312)

YacToTHBIC TIEpeAaTOYHbIE (PYHKIIMK MOTYT OBITh MIPEACTABICHBI Clie-
TYIOIIUM 00pa3om

W(j- @)= Al@)- exp|j - pla)]=
= A(@)- coslp(@)]+ i - Al@)- sin[p(e)]

(3.12)
H(j- @)= H(w)-explj - y(o)]=
= H(@)- cos[y(@)]+ j - H(@)- siny()].
Torpa
H(-0)-W(j o) = (3.13)

= H? (co)+ A2 (w)— 2-H (w) A(a)) COS[’/’(“’)‘ (0(0’)]

rae A(a))= NV(] . co) — aMIUIMTYTHO-9aCTOTHAs XapaKTepUCTUKA 3aMKHY-
Toi cucremsl, H (a)) = ‘H (j a)] — aMIUIMTYJIHO-4YaCTOTHAsl XapaKTepu-

CTHKa MpeoOpa3oBaTeis.
e Lo,

~2-H(0)- Al)- cosly(@)-0(@)] (3.14)
+ A%(0)- S (o)

SE(“’)={

Jucnepcust ommoKu



E-2i T Se (0)do, (3.15)

6yz[eT MHHHMaHBHOﬁ, KOraa HAaMuMCHbIICC 3HAYCHUC ITPUHUMACT ITOABIHTC-

rpajgbHOe BhIpakeHue. Tak kak Bxomsmue B (3.14) H(co), A(a)), Sg (a)),
Sg (co) MOJIOKUTENBHBI MPH JTI000M 3HAYEHUHU YaCTOTHI, JUIi MUHUMH3A-
1005051 SE(a)) HE00X0UMO, 4TOOBI HauOOJIbIlIee 3HAUYCHUE TPUHUMAIIO BHI-

paxxenue 2-H (a)) A(a)) Cos[y/(a))— (o(a))] OTO AOCTUraeTcs MpH

o(w)=y (o) (3.16)
C yuetowm (3.16) Beipakenue (3.14) 3anumercs, Kak
Se (@)= [H?(@)+ A%(0)-2- H(2)- A@)] - Se(w)+ a1
+ A2(0)- S, (o).

I[JISI ONpCACIICHUA MHUHUMYMa (I)YHKHI/II/I CHeKTpaHBHOﬁ IIJIOTHOCTHU

OMOKN Sg (a)) OPUPABHSAEM HYJIIO €€ MPOU3BOAHYIO IO A(a))

OS¢ (a))
oA(w)

=[2- A(®)-2- H(®)]- Se(0)+ 2+ A(®)- Sk (0)=0. (3.18)

OTCIOI[a HaXOOUTCA OIITUMAJIbHAsA aMIUIMTYAHO-4aCTOTHASA XapaKTC-
PHUCTHUKA SaMKHYTOﬁ CHUCTCEMBbI

Aw)=— 3@ L) (319)

S(@)+ S (@)

O6wenunsis (3.16) u (3.19), MOXKHO MOJYIUTh ONITUMAJIbLHBIE XapaKTe-

PUCTHKHU 3aMKHYTOﬁ CHUCTCMBI

Ss (@)
Ao (@) = So(@)+ 5, (@) H(e). (3.20)

Poun (@) = p(®).



BripaxkeHue i1 ONTUMAJIbHOM 4YaCTOTHOW TepenaToyHor (yHKIUU
3aMKHYTON CUCTEMBI UMEET BUJL

W (1 - @)= A, (@) €XDLj - @ (@)=

Se (@) i
=sG(m)+sp(o?')“(“’)'ex"["”’(“’)]: 520
Sgl@ :
= 5e(@)+ 5. () HU?)

[Tomyuyennass yacToTHasi mepenaroyHas (yHKIIUSA Wonm(j a)) MOET

OKa3aThCsl GU3UYSCKU HEepeaTn3yeMO.

Ilpumeuanue. 3namenamensv svipadxcenus (3.21) cooeporcum cymmy 08yx
nonoxcumenvuvlx  genudut. Illocne pasznooiceHuss e20 Ha - KOMNJIEKCHO-
CONPANCEHHbLE COMHONCUMETU OOUH U3 HUX 0053amelbHO Oyoem umems HyJu 6

npasotl NOaYnIocKocmu |+ @ . MUmnynvcuas nepexoonas Xapaxmepucmuxd

ons1 nepedamourou @ynkyuu (3.21) 6yoem cywecmesosamo u npu ompu-
UamenbHbIX 3HAYCHUSAX 8PeMeHU (00 NPULOHCEHUS BXOOHBIX 8030€UCMEUlL),
Ymo ceudemebcmaeyem 0 Hepeaiusyemocmu Wonm(j a)) Kpome moeo, &

PEeANbHbIX CUCeMax 6ce20d CYWecmayem c:13b MenHcoy Ux amMuaumyoHo-
Yacmomuou U ¢hazo8o-4acmomHol XapaKkmepucmuKamu, Komopas He
VUUMbIBANACH NPU 8bl1800e opmynvl (3.21).

Ecau uckmounts u3 (3.21) HepeanuzyemMyro COCTABISIONIYI0, MOXKHO
MOJIYYUTh K8A3UONMUMALLHYIO NEPeO0amoutyIo OYHKYUIO — IyHuyIo U3 6cex
BO3MOJICHLIX C MOYKU 3PEHUS. MUHUMUSAYUU CDEOHEK8AOPAMUYHOU OWUOKU
cucmembil.

Ecau ucnonw3zoBate memoouxky I. booe u K. Illennona, 1O 3amada
CHUHTE3a PEIIaeTcs B CIASAYIONIEM TOPSIIKE.

1) Bemonnsiercss pasziokeHue 3HameHarens (3.21) Ha KOMIUIEKCHO-
COMPSKECHHBIC MHOXKUTENH (T. H. «hakmopuzayusiy)

Sg(@)+ Sk (0)=7(j- @)’ =¥(j- 0)- P(- j - w), (3.22)



rac Y’(j . a)) — (yHKIIUSI, BCE MOJIOCHI KOTOPOH JIe’KaT B JIEBOM IMOJTYILIOC-
KOCTH |-@ (B 00JIaCTH peaan3yeMOCTH CUCTEMEI), ?{’(— ] a)) — (dyHKIHS,
BCE IOJIOCHI KOTOPOH JIeKAT B MPaBOM IMOJIYIUIOCKOCTH |-@ (B oOnactu

HEPEATU3YEMOCTH CUCTEMBI).
Bripaxenue (3.21) nocne dakTopuzauu NpuMeT BU

S (i-@)- H(i- »)
?(j .Ja,). yf(_Jj ‘) (3.23)

2) BoimonHseTcs pasinokeHue BoipakeHus (3.23) Ha peaau3yeMbie U

Wonm(j ’ 60)=

HEepeaIr3yeMbIe COCTABIISIONIHNE (T. H. «PACUENTICHUE))
: 1 SG(J.‘W)‘H(J.‘@)}
Wonm ) w = - ’ H +
(@)= (i 0) [ vCio) |

1 _[se(j-w)-H(j-w)l,

"v(j0) | ¥Ci-o)

(3.24)

rac peajansyemMas 4aCTb CUCTCMbI OTMCYACTCA 3HAKOM «ILJIIOC», a HEPCAJIU-
3yCeMasl — 3HAKOM «MHUHYCH». ITocae OT6paCBIBaHI/I$I HepeanmyeMoﬁ qaCcTu
3aIIMCbIBACTCsI BBIPAKCHUC [IJIA HCpCI{&TO‘IHOﬁ (1)YHKI_II/II/I BaMKHyTOﬁ CHu-
CTCMbI

: 1 Ss(j-@)-H(j- o)
W("w)=w(j.w)'[ {F(_j.w)J L (3.25)

3) BeimosiHsieTcst pasiioxkeHre BIpaKeHus, cTosero B (3.25) B kBaj-
paTHBIX CKOOKaX, Ha MPOCTEUIIINE CiaracMble

SG(J w) H(J ‘U) Ql(l ‘U) Qz(J w)
Y(-j-) P(j-0) " P(-j-0)

M3 (3.26) mckmouaercs cocrapmsomas Q,(j-w)/P(= j- ), coor-

(3.26)

BETCTBYIOIAsI HEYCTOMYMBOW cucteMe. Toraa KBa3uonTUMallbHasl 4acTOT-

Has nepeaaTouyHas GyHKIMS 3aMKHYTON CUCTEMBI TPUMET BH]T



W(j- )= _él(j'“’) . (3.27)

IlepenaTounyro (PyHKIHIO 3aMKHYTOM CHUCTEMBI B H300PaKCHHUSIX I10
Jlarutacy W(S) MOJIY4arOT 110 HAWJCHHOW 4YAaCTOTHOW MNEPEeAaTOYHOU

GbyHKIINY, 3aMEHSIS | - @ Ha S.

du3MUecKu peanuzyeMas IepenatroyHas GyHKIHMS Pa3OMKHYTOH CH-
CTE€MBbI HAXOJUTCS 1O COOTHOILICHUIO

W, (s)= % . (3.28)

Ilpumep 3.2. Onpeoenenue nepedamouHol @QyHKyuu cieosujel Cu-
cmemol ( H(S)= 1) no xpumepuro MunumMyma ee cpeoHeK8aOPAMUYHOU
owudbxu. Ha 6xo0 cucmemvr nocmynaem none3mulil CueHal G(t), Ha Komo-
Ppblil HAKIAObIBAEMCS CAVHAUHASL NoMexXd F(t) muna «oenvlti wym» (Cm.

pucynok 3.3). CnekmpanvHvle N10MHOCMU 8XOOHbIX CUSHAIO8 DABHbL

2'DG'TG_ SG(O)
14T - 0? 1+T¢ - 0°

Sk (@)=N=5¢(0).

Cl’lel('mpafleCl}Z NJi10OMHOCMb CYMMAPHO2O B8X00H020 CUSHANA pasHa

S (0)+ S¢ (0)- (1+TG- 2)
14T @ '

S (@) + Sk (0)=

Pasznoosicenue smoeo 6bIPAJNCEHUSl HA KOMNJIEKCHO-CONPAMNCEHHbLE

COMHO2McCumeiu dacm pesyiomam
S (0)+ S (0)-(1+7¢ - 0?) _
1+T¢ o

14720 5-(0) (5(0)+ 5,0)
-[5:0)+ 5 O)) B




l+a’- o’
-[56@)+5: O 77,

1+jaa-00 1-j-a-w
=|S0)+ S (0 =
[5c0)+s: ()] ; e Al

=¥(j-0)- ?(-j- o),

20e a=Tg -/Se (0)/[Ss (0)+ S¢ (0)].

Ouesuono, ymo

: 1+ j-a-w
#(i-0)= 5.0+ 5: 0) -1
G
1-j-a-w

l*’U(—j‘w)=\/SG(O)"‘SF(O)‘ 1-]-Ts -

Ilocne PA3N0AHCEHUA HA I]leMeHmdapHbsle 0p06u uckKiouaemcs 41acmo,
coomeemcemeyroua Heycmoitlmeod cucmeme.

Se(i-0)- H(i-0)_ So(0) L 1 iTew
V(- |- o) 1+TS - 0 \/SG(O)+S 0 1-j-a-o
S6(0) 1

" /5.0)+5.0) 0+ Te-w)-jaw)

S (0) [ Te 1 a 1 }

" /56(0)+5:0) |To+a 1+j-Tg - TG+a l-j-a-o

Bmopoe crazaemoe 8 CKOOKax umeem NoJiroCovl, pPAaACnolONCEHHbIE 6

npasoll KOMniekcHou noayniockocmu |- @®. Ono omopacwvléaemcsi.

Onpedensiemcs peanusyemas YacmMoOmMHAs NepeoamovHas QyHKYus
3AMKHYMOU CUCeMbl

W(j-)= (1 )[ S.(0) Te 1 }

\/SG(O)+SF(O) TG+a 1+)-Tg o




S0 T 1 K
_SG(O)+SF(O) Tg+a l+j-a-w_T-(j-w)+l’

20e K =S5(0)/[Sg(0)+ Sk (0)]- T /(Te + @) — kosppuyuenm ycunenus
3AMKHYMOU cucmembl, T =@ — ee NOCMOSIHHASL BDEMEHU.,

3anuceisaemcs peanusyemas nepedamoyuras QyHKYyus 3aMKHYmMou Cu-
cmembl 8 uzobpaxcenusx no Jlannacy

K

W(S)=T-s+1'

Haxooumcs nepedamounas ¢hynkyus pazomKHymou cucmemol

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

W, (s)=

Onpedensemcs nepedamounas QyHKYus. cucmemsbl o OuuUOKe

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

Wee (5) =
Haxooumcsi cnekmpansHas niomHocmy OuubKu

Se(0)=Wee(j-0) - Se(j-0)+W(j-@)?-Se(j-0)=

Tl oK) 200 T, | K
= - . + - -N:
T-(jro)+1 147202 T-(j-0)+1
_[T-(i-@)+(1-K)*  2:Dg-Tq +‘ K \2-N=
T-(o)+1 | p4+7y-(jro)? T-(-0)+]]
2 - 2 2
~ ~T2.(j-0) +(1-K) 2.Dg Te+

- 2
TTo (o) +(T+Te)-(j-0) 1
K 2

+ 1\
T-(j-o)+1




Ananumuuecku onpeoensiemcs oucnepcusi omuoxu (cm. n. 2.4)

T+T,-(1-K 2
— G ( )'DG+K .N.
T+T, 2-T

E

3.4 ®uabTp Bunepa

B 1949 rony amepukanckui marematuk H. Bunep npeanoxuin metonu-
Ky OIpeNEIeHUs pealn3yeMOi YaCTOTHON MepeaaTouHoN (QyHKIUN 3aMKHY-
TOW CHUCTEMBbI, OOECHEUMBAIOUIE MHUHUMYM €€ CpEeJHEKBaJApaTUYHOU
omuoku (purbmpa Bunepa).

[Tpu cunreze ¢unpTpa BuHepa MCXOmAT U3 NPEANONOKEHUS, YTO Ha
BXOJ] CUCTEMbI MOCTYMAeT aJIUTHUBHASI CMECh U(t) CITy4alfHOTO TIOJIE3HOTO
CUTHaJIa G(t) U TIOMEXH F(t) (cM. pucyHok 3.3), KOTOpBIE SBJISIIOTCS CTa-
IIMOHAPHBIMH CIIy4alHBIMU TIPOILIECCAMU C HYJEBBIMH MaTEeMaTUYECKUMU
OXXKHUJaHUSIMU. X CTaTUCTUYECKHE XapaKTEPUCTUKUA U3BECTHHI.

Heobxo0umvim u docmamounvim ycioguem OnMuMAaibHOCMU cucme-
Myl no Kkpumepuio (3.3) Aensaemcs omcymcemeue Cmamucmuyeckol Cessu
MeHcoy oumuoKou E(t) U 6bIX000M UOCANbHOU CUCTIEMbL Z(t). Jns nen-

TPUPOBAHHBIX ITPOLECCCOB

MLE()- Z(t)]= M[Z(1)- X ()}~ Z(1)]=0. (3.29)

N3 (3.29) moxeT ObITh MOJTYyYEHO MHTErpajibHOe ypaBHeHne Bune-
pa-Xomnda, cBI3bIBAKOIIEE ONTUMAIbHYIO BECOBYIO (PYHKIIMIO 3aMKHYTOM
CHUCTEMBI U CTATUCTUYECKUE XAPAKTEPUCTUKH CIIYUYANHBIX MPOLIECCOB

R20(@)= [k () Roe=n)in, r20 (3:30)

Bu1600 ypasnenus Bunepa-Xongha. 3nauenus Ha 6vixo0ax udeaibHoll
U CUHmMe3UpPyeMou cucmem Z(t) u X(t) Mo2ym Oblmb HAUOEHbl, KAK



z(t)=0V{6)} x1)=2Yu0),

20e Q(t){ } npeosapumenibHo 3a0aHHbIL onepamop npeoopas’o8anus (Cm.

n. 3.1), .Q(t){ } onepamop cucmembl, NOONEAHCAWUL ONPeOeIeHUIO.

Jlucnepcus owubku onpeoensiemcs no popmyne
pe = M[{z(t)- xR ] M[(z(t)_g<t>{u(t)})2].

HC?ZO]le’yeM NOJIOSHCEHUA meopuu apudyuUOHHOcO0 UCHUCTIEHUAL. Hped-
t
noJoasrcum, 4mo onepamop .Q( ){ } A6JAEemciad onmumalbHbiM, U em)y CO-

omeemcmeyen 3HA4YeHue DEmin' 3aoasas ezo esapuayuro, Hatioem HoBoe

SHA4YeHue Oucnepcuu
;. = M| 20)- 2OV O}-7- VL) |

t o
2o0e @( ){ } — NPOU360JIbHbIU onepamop u3 paccmampueaemozo Kiacca, y

— manvli napamemp. ma hopmyna modrcem Obimsb NPeoopa3068ana

Di =Dg,, -2-7-M[z()- 20U E})- 0O} +
+r2 - MeOUY] -

IIpenebpezas manvimu nopsaoka y? u eviue, noxyyum eapuayuio D g
D¢ =D -De _ =-2-7-M[[z()- 2OU)})- 6V )] .

Hugpgpepenyupys g no yu npupasnusas npouzsoonyio Hyo, onpe-

oenum Heobxooumoe yciogue OnmuMatbHOCmu .Q(t){ }
5 e =2-M[z(0)- 2O} 0V Y=o,
mlz®)- 20 ))- 0V uB)-o



Bxooswue 6 oamnoe ycnoeue suaueHuss mocym Obimb HAUOEHbl NO
Gdopmynam, ananocuunvim (2.15), m. e.

QOU©) = [K(t,4)-UR)A,
OOV} = [6(.4)-U (i

2oe k(t,ﬂ.) UCXOOHAS ONMUMAIbHASL 8eC08as (DYHKYUS CUCMeMbl, H(t, ,u)

npou3eobHas ecosas hyukyus. Toeoa

y (z(t)—ik(t,z)-u(z»)dﬂ»)-ita(t,u)-uwdu}=

to to

to

_ ;{M 2(t)-U(W)]- [K(t,4)- M[U(A). U(,u)]dﬂ} -6(t. )

s npoussonvHol yHKYUU 0(t, ,u) Mo evipadxceHue 06yoem pasHo

HYTIO MONBKO NPU PAGEHCIEE HYTIO GbIDAICCHUS 6 (PUZYPHBIX CKOOKAX
M[Z(0)-U ()]~ [k(t.2)- MU()-U(u)lia = 0, t, < p<t.
to
Omci00a ModICcHO noTyuunN®
R,y (t, 1) = jk(t,l)- R, (. A, to < p<t.
:

Tax xax éxoonvie npoyeccsl U cama cucmema A6JAAIOmciA cmayuonap-

HbIMU, MO 051 ycmanosusuiezocs pexcuma (to = +oo) nonyuennoe ypas-
HeHUe MOJICHO 3aNUCaAmb 8 8UOE

+00
Ryy(t—p)= [k(t—4)-Ry(A-u)da, ty<us<t.
0



Buvinonnue 3ameny nepemennvix T=t—pu u n=1t—A, modxcHo nony-

yums ypaenenue (3.30).

Jlns  crarmoHApHBIX BXOAHBIX CIIYYaWHBIX IPOIECCOB YpaBHEHHUE
(3.30) pemaroT nmyTeM MpUMEHEHUs mpeoOpazoBaHuss Dypne F{ } K €ro

JIEBOU M ITPABOM YACTSIM.

Ilpumeuanue. B npasoii uvacmu (3.30) evinoansemes ceepmra QhyHx-
yut konm(n) u Ry (2' —77), npeobpasosanue komopou no Dypve pasHo

npousgedenulo npeobpazosanuti ceepmouléaemvix Gyuxyuii no Dypoe.
lIpeobpazosanue umnynbcnou nepexooHou xapaxkmepucmuku no @ypve
onpeoenum onmuMailbHy0 nepeoamoityo OYHKYUo cucmemsi.

[Tocne BeIMoMHEHHS TIPe0Opa30BaHUMN TOTYIUM
F {RZU (T)} = F {konm (T)} ’ F {RU (T)}’
Sou(i-@)=W,,,(i-®)- Sy (@), (3.31)

Wonm(J-w)=%("a;)“’),

Su (@)= S6(@)+ Ser (i- @)+ Ses (i - @)+ Sk (@),
Szu(i-@)=Sz6(i- @)+ Sz (i- @)= (3.32)
= H(j- @) [Sc (@) + Sqr (i - )]

[Ipu OTCYTCTBUY B3aMMHOU KOPPEISIANA MOJIE3HOTO CUTHAJIA U TIOMEXHU

W(J -a))= Se (;)G_fa;)lz (a)) H(J 'w)’ (3.33)

yTo coBnagaer ¢ (3.21).



Ilepenarounas ynkiusa (3.31) B obOmem ciydae Oyaer (U3MYECKHU
HEepeam3yeMon. EcCiM CIeKTpajdbHbIE IUIOTHOCTA BXOIHBIX CIyYaWHBIX
MPOIIECCOB SIBJIIOTCS JPOOHO-PAITMOHATEHBIMU (DYHKITUSIMU, TO TTOTYyYUTh KBa-
3UONTUMAJIbHYIO TIEPEAATOUHYI0 (DYHKIIMIO CUCTEMbI MOXKHO, UCTIONB3YST METO-
nuky bogne u IllenHona (cM. 1. 3.3).

Ipumep 3.3. Cunmes onmumanvrozo ounompa Bunepa ons creosweti

cucmembl (H(J a)) = 1). Ha 6x00 cucmemwvl nocmynaem Ciy4aiHvlil npo-

yecc U(t), Ha ee 6blx00e Habaoaemcs npoyecc X(t). CnexmpanvHvle

njaiamHocmu CucHajlos paeHbl

Sy (0)
l+TU2 @

Sxu(0)
1+T)§U - @

Su(w)= 5 Sxu (a))=

5

@axmopwauuﬂ CneKmpClJleOZZ NAOMHOCMU  6XOOHO20 C]ly‘{ainOZO
npouyecca dacm pesyiobmam

Su(@)=?(j-0) #(- |- o)

Quszuuecku peanuzyemas 4acms nepeoamodHou QYHKYUU 3aMKHYmou
cucmembl Onpedeaumcsi ¢ HOMOUbIO 8bIPANHCEHUS

Sxu (ja)) H(j-a))_ S xu (O) 1-Ty -(j-a))_

(- jo)  JS,00) 1+TZ -0?

=qu(0)_ 1_TU'(j'm) _

JSu(0) 1+ Ty @)L+ Ty - )

__Sw(@ 1 { Tu+Tw Ty -Ty }
JSu(0) 2-Tyy [14Tyy -(i-@) 1-Tyy -(j-@)]

Bmopoe cracaemoe 6 cxobrkax umeem nonrocel 8 npagou NOAYNIOCKO-

cmu |-@. Ono ombpacwieaemcsi.

Peanuzyemas vacmomnas nepedamounas (hynkyus pasna



W(j-o)= 1 {SMJG'aﬁ] _

¥(j-0) | #C-i-o)],
_ SXU(O).TU +Tywy 14Ty (i - o) .
SU(O) 2-Tyy 1+Txy (Ja))

Keasuonmumanvuas nepeoamounasn oynkyus pasua

14Ty -8 K_SXU(O)_TU +Tyy
14Ty, -s° S,0) 2Ty

[TomyuuTs peain3zyemMyto UMITYJIbCHYIO TIEPEXOIHYI0 XapaKTePUCTUKY
k(t), apisitolnytocss pemenreM (3.30), BO3MOXKHO MYyTEM NpuUBeOeHUsl
BXOOH020 8030€UCMBUSL HA CUCMEM) K OElOMY WYM) .

[TycTs Ha BXOJ 3aMKHYTOM CHCTEMBI MOAACTCS CIyYalHBIA IMPOIIECC
V(t) Tuna 0ejaoro nyma ¢ KOppessuMOHHOM (pyHKmueil R, (2')= 5(1') 1
CHEKTPaJbHOU IUIOTHOCTBIO S, (a))= 1. JIna monaydeHus BXOJHOTO IPO-
1ecca ¢ 3aJaHHBIMU XapaKTEPUCTUKAMH HCIOJB3yeTCs] OTOETUBAOIINMA

(GUIBTP C YACTOTHON XapaKTEPUCTUKOM @(j a)) (cm. 1. 2.5).

0 F%u@)) SO X0
Z(t) Eﬁ))

> H(S)

Pucynok 3.4 — Cxema mnpeoOpa3oBaHus TMOJE3HOTO CHUTHalIa C

UCIOJIb30BaHKEM OTOENMBAIOUIETO (PUIIbTpa

YacToTHasa xapakTepuCcTHKa oTOenuBaroiero GpuibTpa 3amaercs ¢op-

Mmysoit (2.49). Jlng nanHoro ciaydas

|
¥(j-0) Su(i-)

D(j-w)= (3.34)



[Ipu ucnonp3oBaHuu (puibTpa ONTHUMAIbHAsI YAaCTOTHAs MepeaaToy-
Hast QYHKIUS CUCTEMbI HAXOJUTCS 10 COOTHOIICHUIO

Woun (i @)=2(j - 0)-W,(j - @) (3.35)

rae W3(j a)) nepenaToyHas (QYHKIUS 3aMKHYTON CHUCTEMBI, IO1JIeKalas

OTIPEIEIICHHUIO.

Ucnons3ys (3.30) u ycrnoBue peann3zyeMoCTH cUCTEMEI (2.9), a Takxke
PaBEHCTBO €IMHUIIE WHTErpayia OT O-PyHKIMH B OECKOHEUYHBIX IMpeenax,
MO>XHO HAMTH BECOBYIO (PYHKIIUIO 3aMKHYTOW CHCTEMBI

R, (t), t>0,
kg(t)={ “ s (3.36)

[Tpeo6pazoBaB 06¢ yactu (3.36) mo Pypbe, MoTyIUM
+o0
W,(j-®)= [k,(t)-exp(- j-w-t)dt =
0

= T)sz (t)-exp(- j- @-t)dt =
° (3.37)

2.7

= T{i-ij}zv(] - o)~ exp(] -a)-t)da)]exp(— j-o-t)dt =

- L-T[TSZV(j - @) exp( ] -w-t)dw]exp(— j-o-t)dt.

2.7 0 L—wo

B3aumHas criekTpasibHas IJIOTHOCTh S zv(j a)) MOKET OBITH BBIYMC-

JICHA TI0 YpaBHEHHMIO, aHanoruaaomy (2.35).
Sav(i-@)=H(j-0) o(- j-0) Ss(@)+
+H(j- @) &(- j- @) See (j- @)=
=H(j-0) - @(- j- @)-[Sc (@) + Sc (i - @)] =
=0(-j-@)-Szy(j- )

(3.38)



OnruMainbHas 4aCTOTHAs mepefaTodHas QYHKINS CUCTEMbl HaXOJIUT-
cs myreM oobenunenus (3.34), (3.37) u (3.38)

Wonm(j -w)=
= %j’)f [To O(~ - @) Sz (j- @)-exp(] -w-t)dw}x (3.39)
7
x exp(= j-@-t)dt.

Eciu BXOmHBIE CilydaliHBIE MPOIIECCHI G(t) u F(t) CTAaTHCTHYCCKH
HE3aBUCHUMBI, CIIEKTpajbHas IJIOTHOCTH IIOJIC3HOIO0 CHTHAja OIHMCHIBACTCS
ApOOHO-pallMOHAIBHON (QYHKIMEN Buga Sg (a))=Q(a)2)/ P(a)z), a ciy-
JaifHas 1moMexa SBISICTCS] OSbIM ITYMOM CO CHEKTPaJIbHOW TUIOTHOCTBIO
S,:(co)= SF(O), TO ONMUMAIbHASL YACTMOMHASL Nepedamodnas QyHKYus

creosaweti cucmembl ONPENENSIETCs 0 YIPOLUIEHHOU GopMmyiie

/Se (0) (3.40)

Wonm(j'w)= 1—m,

e l}’(j co) BBIUMCIISICTCS ¢ TTOMOIIIbio (3.22).

Ilpumeuanue. Eciu cnekmpanvHas niomHocms Sg (a)) He 56/11emcsl

OpOOHO-PAYUOHANILHOU (QYHKYUE H4acmomyvl UIU NOTY4YeHd IKCHepuMeH-

manvro, mo 014 Haxoxcoenua W, (j . (u) ee HYHCHO annpoKCUMUPOBAMb

OpOOHO-PAYUOHANLHOU PYHKYUEU.

Ilpumep 3.4. Onpeoenenue nepedamounou GyHKyuu cireosaujei Ccu-
cmemMbl N0 Kpumepuro MUHUMYMA ee CPeOHeK8AOpaAMU4YHOU OWUOKU NO
oannvim npumepa 3.2. Cnekmpanvhsie NIOMHOCIU 8XOOHbIX CUCHATIO8 CO-
CMassom

2-Dg -Tg S (O)

So@)=225Te =SB s (o)=n=5.0).
G’ G’

Haiioennoe 6 npumepe 3.2 3nauenue Y’(] a)) pasHo



1+ j-a-»
1+J‘TG '0)’

¥(j-w)=1/Ss(0)+ Sk (0)-

OnmumanvHas 4acmomHas nepeoamoyHas QYHKYus 3aMKHYmMOU CU-

cmemul HAX00UMCcs C1edyruuUm 0opazom
1/SGiOi .1+j-TG-a)_
VS6(0)+Se(0) 1+j-a-o

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

W(j-w)=1-

VSc(0)+ S (0) I+jao
. a-/S5(0)+ 5S¢ (0)-Tg - /SE(0) 1
T [5:0+5:0  Hiao

Tax xax a=Tg -+/S¢ (O)/I_SG (0)+ Se (O)J mo emopoe cla2aemoe
pasHo Hymo. Peanuszyemas uwacmomuas nepeoamoynas QYHKyus 3aMKHY-

Mot cucmemwvl umeem uo

(O)"‘SF(O)‘\/SF(O)_ 1

/5:.0)+5.0) 1+j-ao

PJ sG(oS)i(?F(o)] e

Peanuzyemasn nepeoamounas ¢ynxkyus 3amkHymou cucmemsl 8 U300-

W(j-w)=\/SG

padicenusix no Jlannacy umeem 6uo

20e K=1- \/ Sk (O)/ I_SG (0) + S¢ (O)J — Koo(puyuenm ycunenus 3a-

MKHYymou cucmemvol, T = — ee NOCMOAHHAS 6DEMEHU.



3.4 ®uastTp Kannimana-berocu

B 1960 r. P. Kaniman u P. berocu npemaioxunm MeToJl CUHTE3a CUCTE-
MBI, ONITUMAJIBHOU II0 KPUTEPUIO MUHUMYMa CPEOHEKBAAPATHUYHOU CITY-
qaifHo# ommOku (purbmpa Karmana-bviocu).

Ilpumeuanue. Quromp Bunepa obecneuugaem MUHUMYM CpheOHe-
K8AOpaAMu4HOU OWUOKU MONbKO 8 YCMAHOBUBULEMCS pedcume Npu yCio-
8UU, UMO CIIYYaliHble NPOYeccobl ABGNANMCL cmayuoHapHuimu. Duibmp
Kanmana-bvrocu aensiemcs onmumanbHulM U 8 NepexoOHoM pexcume (npu
KOHEYHOM 8pemMeHU HAOA00eHUs), a NONEe3HbIU CUSHATL U NOMeXa MO2YN He
001a0amv c80UCMEOM CIMAYUOHAPHOCMIU.

3aaya cUHTE3a pellaeTcsa B npocmpancmee cocmosiHuti (BO BPEMEH-
HOU oOsmactr). OnTUMaibHAs OIEHKA BBIXOJHOTO CHTHAJIAa CUCTEMbI HaXO0-
TUTCSL pelIeHueM cucTteMbl AU PepeHInaibHbIX YPaBHEHUM, YTO OOBIYHO
npole peuieHuss ypaBHeHus Bunepa-Xonda, ocoOOEHHO i1 HECTalUO-
HApHBIX CIyYaHBIX MTPOIIECCOB.

[Ipeanonaraercs, 4To cUCTEMa JOJKHA BOCHPOM3BOIUTH IMOJIC3HBIN
CUTHAJI Z(t) (B 00OmmIEeM citydae — HECTAIIMOHAPHBIA CITy4YalHBIA MpoIIece).
Ha ee Bxoje nmelicTByeT momexa F(t) (B oOmeM ciryqae — OCIbIH 1IyM C
HYJICBBIM MaTeMaTHYSCKHM OxupaHueMm). Cxema BOCHPOU3BEIACHHUS CHT-
HaJia MoKa3aHa Ha pucyHke 3.5.

X (t)

W (s)

E@))

Pucynok 3.5 — CxeMa BOCIIpOU3BEICHUS MTOJIE3HOTO CUTHANIA

3agavya cuHTe3a onTtuMaibHOro ¢GuiabTpa KamMana-berocu 3akiroda-
€TCSl B OMNPEJEICHUU €ro MepeaaTouHor (PyHKIUU W(S), KOTOpasi Obl

oOecreynBajga MUHUMYM CpeTHEKBaApaTHIHON ommoOku (3.3).



OnrtumanbsHasl cucteMa, o0ecreyrBaronias B 000 MOMEHT BpEMEHU
t > to Bocnpou3Be/IeHUE CUTHAJIA Z(t) P BBIMOJTHEHUH yciaoBus (3.3),

onuckiBaeTcs quddepeHinaibHbIM YpaBHEHUEM
£ X0=Q0)-x0)+c()-u ) 342

rae U (t) — CYMMapHBIA BXOJTHOM CUTHAJI, PABHbBIN
U(t)=z(t)+ F(t). (3.42)
CityyailHbIi TIpolecc Z(t) onpenensiercs quddepeHinaibHbIM ypaB-
HEHHEM IIepPBOTrO MOPsIKa

£2(0)= A©D)- 20 +V(0) (343

rae A(t) — (ODyHKIIUSI BpEMEHH, 3aBUCAIINAS OT XapaKTEPUCTUK Z(t); V(t) —
HECTAI[MOHAPHBIN MPOLIECC TUMA «OENbI MIyM» C HYJEBBIM MaTeMaTHye-
CKkuM oxkupanueM. KoppensaiuoHHbeie (yHKIIMN HECTAIIMOHAPHBIX CIydai-

HBIX IpoiieccoB V (t) ukF (t) CUUTAOTCS PABHBIMH
Ry (t,7)= MM (t)-V(z)]= L(t)- 8(t-7),
Re (t,7)= M[F(t)- F(z)] = N(t)- 8(t - 7), (3.44)
Ryr (t 17) =0,

rae L(t)Z Owu N(t)> 0 — HempepsIBHBIE HENPepbIBHO AU PepeHIupye-
Mble QYHKIIMU BpeMeHU. J[Jisl cTalilMOHApHBIX CIy4alHbBIX MPOLIECCOB V(t)

U F(t) CIpaBeqIUuBbl COOTHOIICHUS
Ry (z')= L-8(t-7), Re (2')= N - 5(t -7),

Rve (7)=0,

(3.45)

rae L u N — KOHCTaHTHI.



s mosyuenus Z(t) HeoOxoauM GopMUpYyOIUN PUIBTP, CTPYKTYpa

KoTtoporo, onpenensiemas (3.43), nokazana ua pucynke 3.6 (W, (S) — TIe-

penarouyHas GyHkius GopMupyromero GuibTpa).

V(t) f zﬁl

A(t)

W, (S)

Pucynok 3.6 — CtpykTypHas cxema ¢hopMupyroiiero GuibTpa

CtpykTypa oONTHMaabHOTO (QUILTpa, OmpeneseMas ypaBHEHHEM
(3.41), moka3ana Ha pucynke 3.7 (W (S) — mepenatoyHas QyHKIUs ONTH-

MaJIbHOTO (PUIIBTPA).

> C(t) J
Q(t) j

W (s)

u(t)

xQ

Pucynok 3.7 — CTpyKkTypHas cxeMa ONTUMAJIbHOTO (pUiIbTpa

B TCOPpUU ONTUMaJIbHOU (I)I/IJ'IBTpaI_[I/II/I AO0Ka3bIBACTCA, YTO MHUHUMYM

kputepus (3.3) gocTuraercs npu

ot)= A)-c(t), c(t)= % (3.46)

OyHKIHSA r(t) HaXOAUTCA NyTeM pemieHuss auddepeHnnanrbHOro

ypaBHeHUs Pukkaru

%r(t)= L(t)+2- At)- r(t)-r2 Q)N (D). (3.47)



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

SX(0)= A0 X(0)+CO)-[LO- X (3.48)

JIst HeCTallMOHAPHBIX CIIYYalHBIX MPOIECCOB (YHKIUU A(t), C(t),
Q(t) 3aBUCSIT OT BpEMEHH, U onTuMaibHbil GuibTp Kanmana-brrocu mo-
Jy4aeTcss HECTAUMOHAPHBIM. JlJIsl CTallMOHApHBIX CIIyYalHBIX MPOLIECCOB
A(t) = A. B ycmanosuswemcs pesxcume uromp Karmana-borocu 6yoem
CMAYUOHAPHBLIM, TaK KaK (QYHKIIHH C(t)= Cnu Q(t) = A-C =Q =He 3a-
BUCAT OT BpeMeHHu. OH omnpeensiercs nuddepeHImanbHbIM ypaBHEHUEM C
MOCTOSIHHBIMU KO3 (pduiineHramu

%X(t):(A—C)-X(t)+C-U(t)- (3.49)

Ilpumeuanue. Jladxice npu cmayuoHapHviX 6030eUCMBUAX QUIbMP
Kanmana-bviocu 6 nepexoonom pedcume A8151emcs HeCmAayuoOHAPHLIM,

mak Kax Kosgpuyuenm C(t) U3BMEHSEMCsl 80 8PEMEHU.

VYpaBuenuto (3.48) cooTBETCTBYET CTPYKTypHas cxema (uibTpa, mo-
Ka3aHHas Ha pucyHKe 3.8 (OHa SKBHBAJICHTHA cXeMe C pucyHKa 3.7). Oue-
BUJTHO, YTO MPHU TaKOM MPEACTABICHUN onmumanvhsii puiemp Kaimana-
Bvrocu moocno paccmampusams Kax OuHamMu4eckylo cucmemy ¢ ompuya-
meibHOU 0OPAMHOI CE53b10.

u(t)

X(t)}

C(t) J
A(t)

W (s)

PucyHnok 3.8 — CTpykTypHas cxeMa ONTUMAJIbHOTO (PUiIbTpa



Pelienue 3agaum CUHTE3a ONTUMAJIBLHOrO (DUIBTpA CBOJUTCS K OIpe-
nenaeHut0 QyHKIUM Q(t) U C(t), IpU KOTOPBIX 00ECIIEUYMBAECTCS BBIMOJI-

HeHue yciaoBus (3.3). OHO MpoBOAUTCS B TPHU dTala.

1) Omnpenensrorcs mapaMeTpsl (GopMupyromero (QuibTpa, KOTOPHIM
IpY BO3JCHCTBUU Ha €ro BXOJ 0OEJIoro myma V(t) CO CIIEKTPAJILHOM IIJIOT-
HOCTBIO Sy, (a)) MTO3BOJISIET IIOJYYUTh HA BBIXOAE CIIYYaWHBIM MPOLECC
Z(t) C 3a/IaHHOM CIIEKTPAJIbHOM MJIOTHOCTBIO S (a))

Ecnu ciyyaliHblE TPOLECCHI SIBIAKOTCS CTAllMOHAPHBIMHU, a4 CIIEK-

TpasibHasi MJIOTHOCTh S Z(a)) SBIISIETCS APOOHO-PAIIMOHAIBHON (PYHKIIUU

9acTOTHI, TO (cM. popmyitsl (2.49) u (3.44))

: v (j -w)

W, (j-o)=—"=7, 3.50

o(i-0)=—"1 (3.50)

e Y’(j -a))'Y’(— ] -w)=SZ(w). 3amenuB B (3.50) S Ha |-®, MOXHO

HOJIYYHUTh MEPEAATOYHYI0 QYHKIHIO (GOpMHUPYOIEro GuibTpa B H300pa-
KEeHUsX 110 Jlannacy

W, (5)="12 T(S) (3.51)

[To mepenarounoit pynknuu (3.51) MoxxHO HaliTn ypaBHeHue (3.43),
CBSAI3BIBAIOLICE CIIy4alHbIE IIPOLECCHI Z(t) u V(t).
2) OnpenensieTcs aucriepcus cirydaiiHoi ommoku D (t) KaK HEKOTO-

pasg GyHKIUS BpPEMEHU r(t) nyTeM (BO3MOYKHO YHCIEHHOIO) pEIICHUs

ypaBHeHus (3.47). s 5TOro HEOOXOAUMO 3HATh HAvajJbHOE 3HAYCHHE
r(to) npu to = 0. OObI4HO X(to ) =0, nostomy

E(to )= Z(to )_ X(to)= Z(to )
r(to)=M[E? (to)]= [z (to)]= R2 (ts )= D2 ()

3). HaxoasTcst mapaMeTpsl ONTUMAIBHOTO QruIbTpa ((PyHKITHIMA C(t) "

(3.52)

Q(t)). J11st 5TOTO UCTIONB3YIOTCS hopmyIsl (3.46).



Ipumep 3.5. Cunmes onmumanovrnoco guirempa Kanmana-bvrocu. Ha
6X00 NUHEUHOU clledswell cucmembl nocmynaem CMayuoOHAPHbIU CIy4aui-
HblUL npoyecc Z(t) U caydauHas nomexa F(’[) muna «benviti wym». Hx

CnekmpdajlbHble NjIOmHOCmMu paeHbsl

2‘DZ‘TZ_ SZ(O)
l+w? T2 1+0? -T2

Sg (@)= N=5¢(0).

Cryuatinbiu npoyecc Z(t) paccmampueaemcs Kak peaxyusi hopmu-

Sz(w)=

pyowezo uibmpa Ha CMAYyUOHAPHLIU CYYAUHBIU NPOYECcc V(t) muna

«Oenblil utymy, UMerouull CReKmpanbHylo Ni0OMHOCHb
Sv(@)=L=s,(0).

B coomsemcemeuu ¢ (3.50) onpedensemcs vacmomnas nepedamounasi
QyHKyus hopmupyiowezo gurbmpa
1/SZiOi q/SZiOS
I+j0-T, 1-j-0-T,
Y(j-0)  [S2(0 1

W, (j- )= : .
+(1-@) /5, (@) L 1+j-e-T,

3anuceisaemcs nepedamounas GyHkyus gopmupyoue2o puibmpa 8

Sz(0)=¥(j-0) ¥(-j-0)=

usobpasicenusix no Jlanaacy

_[s,0) 1
Wi (5)= L 1+s-T,

llonyuennou nepedamouHnoll yHKyuu coomeemcmeyem ciedyioujee

ougppepenyuanvroe ypasHeHue, cesa3vléaroujee Z(t) u F(t)

v, - 820+ 20)- %20 v )




%Z(t)=—_|%-z(t)+ /%T(‘?.v(t).

Ymobwr npusecmu smo ypasuenue K 6udy (3.43), cnexmpanvhas

nromuocme 6eno2o wiyma L npunumaemes pasnou 2 - D, [T, . Toeoa

\/l_sz(o)_\/ T, 2-D,-T, .

L T 2-D, T

OkoHyamenbHo Z(t) MOJICHO NpeodCcmasumsb, KaKk
9 20)=-2 . 2()+V () = A- Z(©)+V(0).
dt T,

20e A=-1/T,. Coomeemcmsyowas 5momy ypasmeHuio CMpyKmypa

Gopmupyroue2o purbmpa noKazaHa Ha pUcyHKe.

V(1) s Z(t) u(t)
E 1T, =)
W, (S)

IIpu nocmosnnvix A, L u N ypasuenue (3.47) pewaemcs kax oughghe-

PEHUUANIBHOEC YDABHECHUE cpas’deﬂﬂiomwwuc;z nepemeHHbIMU .

d 2
“r=L+2-A-r=r?/N,
dtr + r r/ j

dr
L+2-A-r—r2/N

=[dt.

Ilocne UHmMezcpupoeaHusl nojaydaemcs 6blpas;iCeHue

1 In[_r/N+A_“/A2+L/N]=t+ln(c),

JAZ + L/N —r/N+A+A%+L/N

20e C — nocmosnnas UHmezcpupoeaHusl.



Ilocneonee svipasicenue MOMNCHO nepenucams C1eoyiouum oopa3om

Ir{i-—r/N+A—w/A2+L/N]=t_ /—A2+L/N.

C _r/N+A+/A?+L/N

B coomsemcmeuu ¢ (3.52) r(0)= R, (O ,O)= D, nosmomy nocmosn-

HAsl URMecPpUpOo6aHusl padeHa

c_~Dz/N+A-JA +L/N
~D,/N+A+A?+L/N

Mooicrno 3anucameo

—r(t)N+A-JA* +L/N —D; /N+A+ A’ +L/N _
—r(t)/N+A+ /A +L/N —D,/N+A-/A?+L/N

= exp(t A%+ L/N )

llocne neobxooumvix npeobpazo8anuti OKOHYAMENbHO ONpeoesiemcs
dynxyusr(t). Mpu L=2-D, /T, u A=—=1/T,

r(t)=2 N (1—m)—(1+m)-e><p(ﬂ-t)
T, (+p-2-J1+p)-2+p+2-J1+p)exp(B-t)’

20 B=~/A> +L/N, p=5,(0)/Sg(0). ITocre noocmanosxu snauenus

t — +o0, onpeodensiemcs senuuuna D g 6 ycmanosusuiemcs pesrcume

N p-(1+41+p)  2.D,

T, .2+p+2-w/1+p_1+q/1+p'

U3 ypasnenus (3.46) naxooumcs @ynkyus C(t)

cgep o) fisp)enlp)
T, 2+p-2-1+p)-(2+p+2- 1+ p) exp(B-1)

r(oo) =Dg =




3nauenus ghynxkyuu C(t) 6 HauabHoblll momenm epemenu (npu t =0) u

8 ycmaHnoguguiemcs pexcume (npu t — +0©) pasnol

_ P

D,
C(O)=2-pTZ TN C(OO)=TZ {141+ p)

Huggepenyuanvrnoe ypasuenue onmumanvrozco Quivmpa Kaimana-
bvrocu, ananocuunoe (3.48), umeem 6uo

SX(@)=- X, +c(0)-LO-X0)

Coomeemcmayowas 3momy YpAagHeHuro CmMpyKmypa OnmumManibHo20
Qurbmpa noxazama Ha pucyHke.

u(t) 3 0 s X(t)}

1T,

W (s)

3amensan unmezpupyloujee 36eHO, O0XBAYEHHOE O0OPAMHOU CB:3bI0,
UHEPYUOHHBIM 36€HOM, MOXCHO npedcmasums cmpykmypy ¢urompa Kan-
mana-bvrocu unaue.

v »(%)» ct) b| T /(+s-T,) X(t)>

W (s)

s ycmanogueue2ocs pexcuma MO*CHO onpeodenrums nepedamoutyo
QDYHKYUIO ONMUMATILHO20 PUIbMPA KAK 3AMKHYMOU CUCTNEMBbL.



Clo) T, /(1+s-T;) K

W (s)= =
(s) 14C(0) T, /(1+5s-T,) 14s-T'
K = C(°°)'TZ 1 1 T = T, Ty
1+ C(w)-T, J1+p’ 1+C(w0)- T, J1+p

BOITPOCHI JJ1s1 CAMOKOHTPOJIA

1. B dewm 3akirouaeTcst 00mIas 3aa4a CUHTE3a JMHEMHBIX CUCTEM MPH
ciy4daiHbix BosnencTBusax? Kakue mnpeoOpa3oBaHus BXOJHOTO CHUTHaa
MOYKET BBITIOJHATh CHHTE3UpyeMas cucrema’?

2. Uto moHMMAaeTCs MOJl CTAaTUCTHYECKON ONMTHUMHU3AIUEH CHUCTEMBI?
Uto cuuTaeTca KpUTEPUEM ONTUMAIBHOCTH CUCTEMBI IIPU €€ CTaTHUCTHUYE-
CKOM OIITUMMU3AINN?

3. Kakue 3amaum MOTyT pemaTrbCcsi B X0JI€ CTAaTUCTUYECKONW ONTUMHU-
3aIlU CUCTEMBI?

4. Kak omnpenensroTcs MapaMeTphbl CUCTEMBI C 3aIaHHOM CTPYKTYpPOil,
ONTUMAJIBHOW MO KPUTEPUIO MHUHUMYMa CPEIHEKBAAPATUYHON OLIMOKU?
[To kakOMy MPUHIUITY OTOMPAIOTCS MAPaMETPbl CUCTEMBI I €€ CTaTHh-
CTUYECKOU ONTUMU3ALINH ?

5. Kak cuHTesupyercs cucrema ¢ MpOU3BOJIBLHON CTPYKTYpPOM, ONTH-
MallbHasi IO KPUTEPUI0O MUHUMYMa CPEAHEKBAIPATUUHON OITMOKHU ?

6. Uro cumraercs ¢uzMUecKH peanuzyeMoi cuctemoi? B uem 3a-
kirovyaercs Meroauka bone u IllenHoHa, mpuMeHsieMas Il CUHTe3a (Pu-
3UYECKOMN peain3yeMOu CUCTEMBI?

7. Uto cumtaercs ontumanbHbiM ¢unbTpoM Bunepa? KakoBa 00-
JacTh ero npuMmeHeHus? KakoB mopsiiok CUHTE3a ONTUMAaIbHOrO (PuibTpa
Bunepa?

8. Uto cumraetcs ontuMmanbHeIM QribTpoMm Kanmana-berocu? Kako-
Ba oOjacth ero npuMeHeHus? KakoB MOpSIOK CHUHTE3a ONTUMAJIbHOIO
¢unerpa Kanmana-borocu?



3AJAYMU JJIA CAMOCTOATEJBHOI'O PEHIEHUA

3.1. Ilepenatounas pyHKIMS PA3OMKHYTOW CUCTEMbI UMEET BUJ (CM.
npumep 2.9)

W(s)= (T s+1)

Ha Bxoz cucteMbl MOJaeTcs peryJIApHBIA CUTHA

2

b-t
g(t)—a-t+T

U ciiydyaiiHasi moMexa F(t), MpeCTaBIISIONIAs COOO0M OEbIi IITyM CO CIIEeK-
TPAJIbHOM IUIOTHOCTBIO Sp (a))= N . OnpenenuTs 3Ha4eHHE MOCTOSIHHOU

BpeMeHHu [, oOecreunBaronedi MUHUMYM CpPETHEKBAIPATUIHON OIMMOKU
CUCTEMbI B YCTAHOBHUBIIEMCS PEXKUME, U BEJIUUYUHY 3TON OIIMOKH.

3.2. Pemuth npenplayllyro 3ajady B MPEANOIO0KEHUU, YTO MOYKHO
U3MEHATh KaK 3HAY€HUE MOCTOSHHOM BpeMeHH 1, Tak U KO3(PPUIIMEHT
ycunenus K.

3.3. Pemuth 3agauy 3.1 B mpeaIonoKeHUu, 4To nepeaarounas QyHk-
Ms pa30MKHYTOW CUCTEMbI UMEET BUJ

3.4. Ha BXOJ CUCTE€MBI MOCTYNAOT HE3aBUCUMBIC TOJIEC3HBIA CIydau-
HBIW TTPOLIECC G(t) U IIoMexa F(t) (cM. pucyHok 3.3). Onpenenurs ONTH-
MaJbHYIO MO KPUTEPUI0O MUHUMyMa JUCIEPCUU OIIMOKU MEepelaTOYHYIO
GYHKIIUIO CIEIAIIe CUCTEMBI (H(S)= 1). CuekTpanbHbIe TUIOTHOCTH

BXOOHBIX cnyqaﬁHbe MponeCCoOB PaBHbI

S (0)
1+T62-a)

Sg (w) =



3.5. Ha BX0J cUCTE€MBI MOCTYNAOT HE3ABUCUMBIE TTOJIE3HBIA CIydau-
HBIN TTpOIIeCC G(t) U rIoMexa F(t) (cM. pucynok 3.3). Onpeaenursb ONTH-
MaJIbHYI0 TI0 MUHUMYMY CPEIHEKBAJAPATUYHON OIIMOKU MEepeaaTOUYHYIO
(GYHKIMIO CUCTEMBI, pelIaloIIed 3ajady WHTETPUPOBAHUS (H(S)=1/ S).

CHGKTpaJ'IBHBIC IINIOTHOCTHU BXO/JHBIX CJ'IY‘IElfIHBIX MpoucCCOB PABHbI

S (0)
1+TS - »? ’

Se(@)= Sk (@)= S (0).

3.6. Pemuth mpeapiaynryto 3agady B MPEANONOKEHUH, YTO CUCTEMa

pemaet 3anauy auddepenuuponanus (H (S) =3).

3.7. Ha BX0oa cuCTEMBI MOCTYNAIOT HE3aBUCUMBIE MOJIE3HBIN ClTydaii-
HBIA ITPOLIECC G(t) U IIoMexa F(t) (cMm. pucyHok 3.3). Onpenenutrs UM-
NMYJIbCHYIO MEPEXOIHYI0 XapaKTEPUCTUKY CIEIALIEH CUCTEMBbI, 00eCIeyn-
BAIOIIYIO0 €€ MUHUMAJIbHYIO CPEIHEKBAIPATUUHYIO OIIHOKY, €CIU

Rg (1')= 3- exp(— 2 - \r\), Re (z')= 2 - eXp(— \z'\)



4 JABOPATOPHBIN NIPAKTUKYM
4.1 Opranusauus JJa0OPATOPHOI0 MPAKTUKYMA

OCHOBHOIl LeJbIO BBIMOJHEHUSI JTA0OPATOPHBIX Pa0OT SIBJISIETCA TO-
JYYEHUE YCTOMYMBBIX MPAKTUUECCKUX HABBIKOB MCCIICIOBAHUS CIyYaWHBIX
npoiieccoB. B xone BbIMOMHEHUS] padOT y CTYJAEHTa JOJIKHO CHOPMUPO-
BAThCSl MPEACTABJICHUE O MPUHIMIIAX AHAJM3a U CUHTE3a CUCTEM, HAXOI -
LIMAXCS O] BIIUSTHUEM CIIyYaWHBIX BO3/ICHCTBUM.

Ilpumeuanue. Tax kax evinonneHue 1abOPAMOPHLIX pabom npeono-
nazaem wUpoKoe UCNOIb308aHUEe UHMOPMAYUOHHBIX MEXHOA02UL, MO
BCNOMO2AMENLHOU Yeabi0 NPAKMUKYMA MOJNCem CHUMAMbCSA U3YYeHUe
BO3MOJNCHOCMEl NPOSDAMMHBIX CPeOCmE peuleHus 3a0ad Cmamucmuye-
ckotl ounamuxu (nanpumep, MathCAD wiu Matlab).

B xone BbINONMHEHUS 1a0OPATOPHOrO MPAKTUKYMa JAOJIKHBI PEIIaThCs
CIEAYIOIIUE 3a1aYM:

® pa3BUTHE JIOTUYECKOI0 U aJITOPUTMUYECKOTO MBILUIEHHUS;

e BbIPaOOTKAa YMEHHUS OLIEHUBATh CTATUCTUYECKHUE XAPAKTEPUCTHUKU
OTUHAMHUYECKUX CUCTEM;

e BbpIPa0OTKAa YMEHHUS CaMOCTOSITEJIbHO CTaBUTh M pEIIATh 3aJaqyd
aHaJIN3a U CUHTE3a JUHAMUYECKUX CUCTEM,

® U3y4YEHUE NPUHUMUIIOB PAa0OTHI MPUKIAAHOTO IPOrpaMMHOIO 0dec-
IICYCHUS.

J171s1 BBINIOJIHEHU S JTa0OPaTOPHBIX padOT CTYIEHT JIOJHKEH 3HATD.

® OCHOBHBIE IOJIOKEHUS TEOPUU BEPOSATHOCTEM U MATEMAaTUYECKOM
CTaTUCTHUKHU;

® OCHOBHBIC MOJOKEHUS TEOPUU (PYHKIIUU KOMIUIEKCHOTO MEepEMEH-
HOI'0 ¥ ONIEPALIMOHHOI'0 UCUUCIICHHUS;

® OCHOBHBIEC XapAaKTEPUCTUKHU CIIyYaWHBIX IIPOLECCOB;

® 33aKOHOMEPHOCTH U CHEUU(PUKY MOBEACHUS CUCTEM I0]] BIUSHUEM
CJIyYalHbIX BO3/ICHCTBUN;



e METOAbI aHaIU3a CUCTEM, HAXOJALIUXCS II0J BIUSAHUEM CiIydau-
HBIX BO3JECUCTBUM,

® METOJAbl CHHTE3a CUCTEM, ONTUMAJbHBIX IO BHIOPAHHBIM CTATH-
CTUYECKUM KPUTEPHUSIM;

® BO3MOKHOCTH HOBBIX HH(POPMAIMOHHBIX TEXHOJIOTUN pEUICHUs
MaTEeMaTUYECKUX 3a/1ay.

CTyIeHT JOMKEH YMeETh!

e (popMynupoBaTh TpeOOBaHUS K CUCTEMAaM Ha dTalax MX aHajau3a
CUHTE3a;

® KOPPEKTHO HCIIOIB30BaTh MAaTEMaTUYECKUE 3aKOHOMEPHOCTU I10-
BEJICHUSI CUCTEM B YCIIOBUX CTATUCTUUYECKOW HEONIPEAEICHHOCTH;

® TIPEACTABIATH PE3YJIbTAThl PEIICHUS OTIEIbHBIX 3a7a4 B yA00HOM
JUISL BOCIIPUSATHSA U JAJbHENIIEr0 CII0JIb30BaHUS BUIE.

[IpakTrikyM mpeamnoJiaraeT BBIOJHEHUE MSATH J1a00OpaTOpPHBIX padoT,
TEMATHUKa KOTOPBIX B 1IEJIOM COOTBETCTBYET CTPYKTYPE HACTOSAILETO ITOCO-
ousi. B xaxxnoit pabote pemiaercst oJJHa KOHKpeTHas 3aj1aya. [lonmyyeHHbie
OJIMH pa3 pe3yJIbTaTbl MOI'YT UCIIOJIb30BATHCS HA BCEX IOCIEAYIOLIMX ITa-
nax JiabopaTopHOTO MPaKTHUKyMa.

OO0s3aTeNbHBIM YCIOBHEM JIONYCKa CTYJIEHTA K BBITIOJIHEHUIO J1abopa-
TOPHOU PaOOTHI ABISETCS YCBOCHUE COOTBETCTBYIOLIETO TEOPETHUECKOTO
Matepuaia. Pabora cuuTaeTcs BBINOJIHEHHOW U 3allMIIEHHOW, €CIU CTYy-
JICHT OTBETHUJI HAa BCE BONPOCHI IO METOAUKE €€ NIPOBEACHUS U TEOPUH, I10-
JTy4Yus HEOOXOAUMBIE PE3YJbTAThl U J1ajl UM MPAaBUIBHYIO OLICHKY, MPOJie-
MOHCTPUPOBAJI YBEPEHHOE BJAJCHUE COOTBETCTBYIOIIMMU HWHCTPYMEH-

TAJIbHBIMHU CPCACTBAMMU.

Hpumeuanue. /[na nposepxu meopemuyeckux 3HAHUU MO2YM UCNONb-
308amvbcsi KOHMPOJIbHLIE BONPOCHL, NPUBEOEHHbIE 8 COOMEEMCMBYIOUUX
pazoenax nocoous.

[IpakTuKyM He TIpETEeHIYyEeT Ha MOJIHOTY OXBaTa BCEX MpoOjeM, pelia-
€MBIX TPHU aHAJIU3€ W CUHTE3€ CTOXAaCTHUYECKUX cucrteM. He craBmiach
TAKXKE€ LEJIbI0 M3YYCHUE IMPUEMOB PEIICHUS MPUKIANAHBIX 3a]1a4 B KOH-



KPETHOM MPOTrpaMMHOM cpejie. Tem He MEHee, aBTOp HAJIEETCs, YTO peasu-
3aUMs TMPeIaraéMor IMporpamMMbl MPAKTAUYECKOM ITOJATOTOBKU IO3BOJIUT
aKTUBU3UPOBATH CAMOCTOSITENIbHYIO pabOTy CTYIEHTOB, YIPOUUTh UX TEO-
pPETUUYECKHE 3HAHUSI U YCOBEPILICHCTBOBATh HABBIKUA PEILICHUS 3a7a4 B 00-
JIACTU CTATUCTUYECKOW IMHAMUKU CUCTEM.

4.2 Jladopatopnas paGora Nel. OnpegesieHne CTaTHCTHYECKHUX
XaPAKTePUCTHUK CJIYYaUHBIX MIPOLIECCOB

[lenb paboThl — MpUOOPETEHUE HABBIKOB OLICHUBAHUSI OCHOBHBIX CTa-
TUCTUYECKUX XapAKTEPUCTUK CIyYalHBIX MPOIIECCOB.

Coneprxanurie pabOThl — pacdyeT CTATUCTUYECKUX XapaKTEPUCTUK CIIY-
YalHBIX MPOIIECCOB C 3aJIaHHBIMU 3aKOHAMU pPacIpeeieHUs] 0 OrpaHu-
YEHHOMY HaOOpY OIBITHBIX JAHHBIX.

J1o BbITIOJTHEHUS paOOTHl HEOOXOAMMO CAMOCTOSTEILHO U3YUUTh:

® ONpejeseHUE CIyYalHbIX MTPOIECCOB U UX BU/IHI,

® OCHOBHBIC CTATUCTUYECKUE XAPAKTEPUCTHKU CIIyYaMHBIX IMPOIEC-
coB (pyHKUMIO pacmpeneneHus, IMIOTHOCTh BEPOSITHOCTH, MaTeMaTh4e-
CKO€ OKHUJIAHUE, JUCIIEPCHIO, KOPPEIALMOHHYIO (PYHKIUIO, CIEKTPAIbHYIO
IJIOTHOCTH) U UX CBOMCTBA.

Bce HeoOxoauMBble TEOPETUUECKUE CBEJCHUS U PaCUETHBIE (POPMYJIbI
coJiepKaTcsl B JAHHOM NTocoOuu. BapuaHThl 3a1aHuil 1711 BBITOJIHEHUS Ja-
OopatopHOl paboThI NpuBeAeHbl B Tadnuie 4.1 (kononku B1 u B2 omnpe-
JIEJISIFOT 3aKOHBI pacupenencHus, KoJoHKku IT1 u 112 — 3HaueHus nmapameT-
POB pacnpeaesICHUs U3 TaOIHIsI 4.2).

[Ipu BbIMOSHEHUU J1a00PATOPHOU PabOTHI HEOOXOIUMO:

e CcreHepupoBath JBe BbIOOpKH 00beMoM 50 — 100 cmydaifHbIX ducen
C 3aJlaHHBIMU 3aKOHAMH PaCIpeeICHUs], UMUTUPYIOIINE CTallMOHAPHBIE
ProJINYECKUE CIydalHbIE MPOLECCHI;

® ISl KaXJOW BBIOOPKU CIIyYalHBIX YHUCE ONPENCTUTh (PYHKIIUIO
pacripefiefieHisi U TIJIOTHOCTh BEPOSITHOCTU, OIICHUTh MAaTeMaTHUYECKOe
OXXHJIaHUE U JUCTIEPCHIO;



® ISl KOKJIOW BBIOOPKHU CIIyYalHBIX YHCEIN OMPEJCTUTh KOPPEIISIU-
OHHBIE (PYHKIIUH, CIIEKTPaJIbHbIC TJIOTHOCTH, B3aUMHbBIE KOPPEIAILIMOHHBIE
(GYHKIIMU U B3aUMHBIE CTICKTPAJIbHBIC TUIOTHOCTH.

Tabnuna 4.1 — BapuanTsl 3aaHuil 1711 BBIMOJHEHUS J1a00OpaTOpHOU

padotsl Nel
No B 111 11> B> VI g
1 1 0,0 1,0 3 0,0 0,2
2 2 0,5 — 1 3,0 5,0
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
/ 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 5,0 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
Tabnuia 4.2 — Tumnel U mapaMeTpsl pacrpeaeicHui
No B Il Il
1 Pasnomeprnoe pacnpedenenue a b
2 IKCNOHEeHYUAIbHOE pacnpedenenue A —
3 Hopmanvnoe pacnpeoenenue m x oX




DYHKIMIO PaCMPEICICHUS PEKOMEHYETCS HaXOUTh MO BBIPAKEHUIO
(1.50). Ananor IJIOTHOCTH BEPOSTHOCTH PEKOMEHIYETCS IOJIy4aTh IIO
dbopmyiie (1.51). KadecTBo IUCKpETHOM ammpoOKCHUMAIIUK XapaKTEPUCTUK
MOHO OIICHUTH ITyTEM HX CPABHEHUS C pe3yJibTaTaMU, MOJTYUYCHHBIMU C
IIOMOIIBI0 TIPOTPAMMHBIX CpeACTB (CBEJACHUS 00 OCHOBHBIX (DYHKIIMSX
pactpeaenenus cucreMbl MathCAD npusenens! B Tadnuiie 4.3).

Tabmuua 4.3 — ®yuknuu pacupenencaus MathCAD

Dynxkuyus Pezynomam
runif(n, a,b) BekTop N ciydailHbIX 4YKCEN, UMEIOIIUX PaBHOMEp-
HOE pacripejieJicHUe B Auamna3oHe ot a jio b.

BekTop N ciiy4allHbIX YHCEI, UMEIOIIUX SKCIIOHECHIIU-
JIBHOE pacIipe/ieICHUE C 3aTyXxaHueMm A.

BekTop N ciiydailHbIX 4MCEN, UMEIOIUX HOPMaIbHOE
rnorm(n,m,o) | pactipesenienne ¢ MaTEMaTHYECKHIM OKHJIAHHEM M U
CPETHEKBAPATUYCCKUM OTKJIOHCHUEM O.

rexp(n,A)

: DVHKIMS PaBHOMEPHOT I HUS X B quara-
punlf(x,a,b) YHKIHS PaBHOMEPHOT'O pacIpejesie nuana
30He OoT a 10 b.
DVHKIMS HDKCIOHECHIMAIBLHOTO DAaCIDEICIICHUS X C
pexp(x,4) | 77" ! pAacHipEA

3aTyxaHuem A.

DyHKIMS HOPMALHOTO pacIpeneIcHuss X ¢ MaTeMa-

pnorm(x,m,a) TUYCCKUM OXHUJAHUEM M H CPEIHEKBAIPATHUCCKUM

OTKJIOHCHUEM O.

dunif(x, a,b) [T10THOCTE BEPOSITHOCTH PAaBHOMEPHOTO pacrpeie-
JIeHHS X B IMana3oHe ot a jio b.

[110THOCTH BEpPOSATHOCTH AKCIIOHEHIIMAIHLHOTO pac-

npenieseHus X ¢ 3aryxanuem A.

[IOTHOCTH BEPOSITHOCTH HOPMAIBHOTO pacipeselie-

dnorm(x,m,a) HUS X ¢ MaTEMaTHYCCKUM OXKHMJAHHEM M W cpejHe-

KBaJ[PATHYECKUM OTKIIOHCHUEM O.

dexp(x,4)

hist(D, x) BeKTOp 4acTOTHOro pacmpeneneHus X [0 MHTEpBa-
’ J1aM, TPaHUIIBI KOTOPBIX XpaHsTcs B Bekrope D.
. Bexrop gacrtoTrHOrO pacmpeneneHusa X mo K naTEpBa-
hist(k, x) P paclipea P

JaM OT X min A0 X max.




®parmentsl nokymeHTa MathCAD, mmocTpupylolye OICHUBAHUEC

XapaKTePUCTUK BHIOOPKHU CIyYailHBIX YKMCEIN, MOKa3aHbl HAa pUCyHKe 4.1.
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Pucynok 4.1 — Onpenenenne pyHKIMU pacnpeneieHus (a) U miIOTHO-

CTH BEpOATHOCTH (0)



JIsi BBIYMCIICHUSI CTAaTHCTHYECKUX XapaKTEPHUCTHK BBIOOPOK PEKO-
MEHAYETCS HCMOJIb30BaTh JIUCKpeTHbIE cooTHomeHus (1.54) u (1.57).
HalinenHple 3HaUYCHHS PEKOMEHIYETCS CPAaBHUTH C Pe3yjbTaTaMHU, IOJTY-
YCHHBIMU C ITOMOINBIO CTaHIAPTHBIX (PYHKIMH (CBEIECHUS O CTATUCTHYE-
ckux ¢pyHkiusax MathCAD npuBenens! B Tabiuie 4.4).

Tabmuna 4.4 — Cratuctuueckue ¢pynkiun MathCAD

Dynkuyusn Pezynovmam
CpenHee 3HaU€HUE X, BEBIYUCISIEMOE 0 (hopMyIie

mean(x) mean(x) = % 3X
i1
Jlucriepcus X, BeI9KCasgeMas o GopmyJie
var(x) = 1 3 [x; mean(x)]” .
var(x) N =1

Hna  npakmuueckozo UCNONb308AHUA NOLYYEHHOE
3HaueHue 00HCHO ObIMb UCNPABIEHO HA YUCTO CHe-
nemeu c60000bl NO cxeme var(x)- n/ (n - 1).

CpennekBagpaTHYeCKOe OTKJIOHEHHE X, BBIYHUCIISE-
Moe 110 hopMmyJie

stdev(x) stdev(x) = y/var(x).

ﬂ]lﬂ npakmu4eckozco Ucnojlib306aHusl nNoOJJIy4€HHoe
3HAYeHue 00JNHCHO Obimb ucnpaeierHo Ha 4ucio cnie-

nemeu c60000bl NO cxeme StdeV(X)- Jyn/ (n-1).

Koppensiiimonasie ¢GyHKIMH BHIOOPOK M B3aUMHBIE KOPPEISIITUOHHBIC
GyHKIIMUA MOTYT onpeaensaThes o Gpopmynam Buaa (1.68). UToObl CHU3UTH
MOTPEITHOCTh WX OMPENEIICHUS TP CYIECTBEHHBIX U3MEHEHUSAX CITydaii-
HOM BEITWYUHBI, PEKOMEHIYETCSl BBIMOJHUTH WHTEPIOJSAIUIO HCXOJIHBIX
JAHHBIX JJISI MEHBILIETO Iara mno BpemeHu (cM. pucyHok 4.2 (a)). Cnek-
TpaJIbHBIE TIJIOTHOCTU BHIOOPOK M MX B3aUMHBIE CIIEKTPAJIbHBIE TNIOTHOCTH
MOTYT OBITh HAWJEHBI MyTEM YHCJICHHOTO WHTETPUPOBAHUS HaWECHHBIX

AKCTICPUMEHTATBHO KOPPEIAIMOHHBIX (DYHKIMI C MCIIOJIb30BAHHEM ypaB-
Henuit (1.43) u (1.47).



®parmentsl mokymeHTa MathCAD, wmrocTpupylolye OlCHUBAHKE

ATUX XapaKTEPUCTHUK, MMOKa3aHbl HA PUCYHKE 4.2.
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Cp=01-k
f (1) := interp(ispline(C ,r) ,( ,r,T)

max(()
s(w) ::Z-J f(1m)-cos(w- 1) dTt
0

<[ »
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Pucynok 4.2 — OnpeneneHue KoppensaiuoHHON (yHKIUM () U CHEK-
TpaJIbHOM IJIOTHOCTH (0)



ConepxkaHue oTdeTa o JabopaTopHOi padoTe:

® WCXOJIHbIE JaHHBIC I BBIMOJHEHUS JIA0OPATOPHOH PabOTHI,

® pe3ysibTaThl OIICHWBAHHUS CTAaTUCTUYECKHX XapaKTEPUCTUK CITy-
YaKWHBIX IIPOLIECCOB;

o rpaduku (PyHKIUN pacrpeneseHus, IMJIOTHOCTEH BEPOSITHOCTH,
KOPPEJISIIIMOHHBIX (DYHKITUN U CIIEKTPAIbHBIX TUIOTHOCTEH.

4.3 JlabopaTopHasi padoTra Ne2. AHAJIM3 CUCTEMbI PHU CJAYyYaANHBIX
BO31EeHCTBUAX

[ens paboThl — MPUOOPETEHUE HABBIKOB pacyeTa JUHEUHBIX CHCTEM
IIPU CIIyYaWHBIX BO3AECUCTBUSAX.

Conepxanrie pabOThl — pacyeT PErysipHOM U CIy4YailHOM COCTaBIis-
IOIIEH CITyYalHOTO MPOLIECCA HA BBIXOJIEC INHEWHON CHUCTEMBL.

J1o BhIMOTHEHUS pabOThl HEOOXOIUMO CAMOCTOSTETLHO U3YUHUTh:

® IMIPABWIA OMNPEACICHUS XAPAKTEPUCTHUK CIYYAaWHBIX MPOILECCOB Ha
BBIXOJIC CUCTEMBI IO XapaKTEPUCTUKAM €€ BXOJHBIX BO3JACUCTBUM;

e [IpaBWIa pacyeTa PEryiasipHON COCTABISAIONIEH OIIMOKHU JIMHEHHOU
CHUCTEMBI T10 XapAKTEPUCTUKAM €€ BXOJIHBIX BO3JIEUCTBUN;

e [IpaBWIa pacyeTa CIy4alHOW COCTaBJIAIONICH OIMOKK JIMHEHHOU
CHUCTEMBI 10 XapAKTEPUCTUKAM €€ BXOJHBIX BO3JAECHCTBUMN.

Bce HeoOxoauMbIe TeOpETUUECKUE CBEICHUS U pacueTHbIC (OPMYJIbI
coJiepKaTcsl B JaHHOM TocoOuu. BapuaHThl 3alaHuil JIJ1s1 BBITTOJTHEHUSI J1a-
OopaTopHO# paboThl npuBeAcHBI B Tabnuie 4.5 (nmpunare K = 1). Ctpyk-
Typa pacCUYMTHIBAEMOI CHCTEMBI TTOKa3aHa Ha pUCYHKeE 4.3.

F(t)

W, (s) W,(s)

G(t) ~ E()

X (t )>

Pucynok 4.3 — CTpyKTypa pacCUUTHIBAEMOM CHCTEMBI



Tabnuia 4.5 — BapuanTtsl 3a7aHuii AJ1 BBITIOJTHEHUS JIa0OPATOPHBIX
paboT Ne3 u Ne4

N | W,(s) W, (K,s) Sc () S¢ (@)
1 S+1 K-s/(s+1) 04/(1+0° 0,1
2 | (s+1)s K-s/(3-s+1) 03/(1+2-0?) 0,2
3 1/s K-s/(5-s+1) 02/(1+3-0?) 0,3
4 1 K-s/(7-s+1) 0.1/(1+4-w?) 0,4
5 s K-s/(9-s+1) 0,1/(1+5- »?) 0,1
6 | s+1 K/(s+1) 0.2/(1+6-0?) 0,2
7 | (s+1)s K/(3-s+1) 03/(1+7 - 0?) 0,3
8 1/s K/(5-s+1) 04/(1+8-2?) 0,4
9 1 K/(7-s+1) 0 1/(1+9-co2) 0,1
10 s K/(9-s+1) 0.2/(1+9-w?) 0,2
11| s+1 K-s/(2-5+1) 0,3/(1+8-a>2) 0,3
12] (s+1)s  K-s/(4-s+1) 04/(1+7-0?) 0,4
13 1/s K-s/(6-s+1) 0,1/(1+6-w?) 0,4
14 1 K-s/(8-s+1) 0.2/(1+5-w?) 0,3
15 s K/(2-s+1) 03/(1+4- 0?) 0,2
16 s+1 K/(4-s+1) 0 4/( .0)2) 01
17 | (s+1)/s K/(6-s+1) 0.1/(1+2-0?) 0,1
18|  1s K/(8-s+1) 02/(1+@?) 0,2
19 1 K-(2-s+1)/s?  02/(1+2-0?) 0,3
20| s K-(4-s+1)/s 01/(1+»?) 0,4

[Ipu BbINOJSIHEHUHU JTA00PATOPHOUN pabOTHI HEOOXOAUMO:

® OIpEeAeIUTh INepeaaTouHble QYHKIIMU CUCTEMbI 10 KaHajlaM «II0-
JIC3HBIN CUTHAJ — OIIMOKa» U «IIOMeXa — OIITHOKa;

® OIPEACIUTDH PETYJSIPHYIO COCTABIISIIONIYIO OIIMOKH 110 KaXJIOMY U3
KaHAJIOB KaK PEAKIMI0 CUCTEMbl Ha CTaHAApTHBIC €IMHUYHBIC CTyIleHYa-

TBhIC BO3JICCTBHUS;



® OMNPEIETUTh JUCIICPCUIO OIMHUOKH 0 KaXIOMY U3 KaHAJIOB;

® TIPOMOJICTUPOBATH MOBEJICHUE CUCTEMBI.

Ornpenenenre TUCTIEPCUU OIIMOKU 11€JI€COO00pPa3HO MPOBOJUTH YHC-
aeHHo. J{71a MonenupoBaHus MOBEACHUS CUCTEMbI PEKOMEHYETCS CIeHe-
PUPOBATh TIOMEXY C HOPMAIBHBIM 3aKOHOM pacTpeIesieHUsI, HyJICBbIM Ma-
TEMaTHYECKUM OKUJaHUEM, PACCUUTAHHOHN JUCTIEPCUEH U HAJIOXKUTh €€ Ha

PETYJISPHYIO COCTABJISIONIYIO OITHOKHU (CM. pUCYHOK 4.4).

EilepEditm\ViewsisertpFormatmfiolsmSymbulicsmWindow ﬁe! e - - .'
D -FWH@RY| s BR(o | (wo =] 0|e o) @] @4 =g 50

Pel"yJISIpHaSI COCTaBIIMIOIIAaA BBIXOOJHOI'O CHIHama: ¥
x(?) = exp(—0.05-1)-(cos(0.2-8) +sin(0.2-¢)) i:=0..100 ¢t;:=i

HHCHGPCHS[ BBIXOOJHOT'O CHTHAaIA:

D, = 0.0 e = rnorm(101 ,0,./D,)

15
p/
d (E')_ 0.5

x(tf)-i-E,'

<« b

Press F1 for help. AUTO Page 5

Pucynok 4.4 — MoaenupoBaHUE MOBEJCHUS CUCTEMBI

Coneprxanue otuera o 1abopaTopHOU padoTe:
® JCXOJIHbIC JaHHBIE JJIA BBIMOJHEHUS J1a0OpaTOPHOH pabOTHI;

¢ PC3yJbTaTbl OIPCACICHUA IICPCAATOUYHBIX (I)YHKHI/II\/’I CHUCTEMBI 110
OIIINOKE JJI KaXKJ0I'0 U3 KaHaJIOB,

® pe3yibTaThl pacyeTa PEryasIpHBIX M CIAy4alHBIX COCTABJISIOIIUX
OLIMOKM I Ka)KI0I'0 U3 KaHAJIOB;

® TpaduKy NePEexXoJAHBIX MPOLIECCOB I KaXJA0T0 U3 KaHAJIOB.



4.4 Jladbopatopnasi padora Ne3. OmnpeaesieHne ONTHMAJbHBIX
apamMeTpoB CHCTEMbI

enp paboThl — NpHOOPETEHNE HABBIKOB CUHTE3a JTUHEUHBIX CUCTEM C
3aJIaHHOW CTPYKTYpOH, 00€CHeYMBaIOMIMX MHUHUMYM CpPEIHEKBAaJpaTHY-
HOM OIIMOKH, MPU CITYyYaHBIX BO3JCHCTBUSX.

Conepxanue pabOThl — OIpeICNICHHE MMapaMeTPOB JTUHEHHON CHCTe-
MbI, 00€CIIEYNBAIOLIUX MUHUMYM €€ CPEIHEKBaIPATUIHON OLIMOKH.

J10 BBIMOJIHEHUS pabOThl HEOOXOIUMO CAMOCTOSITEIbHO U3YUYUTh:

e 0O0IIMEe MpaBWIa CUHTE3A JIMHEHMHBIX CUCTEM IpPH CIy4YalHbBIX BO3-
JNIEUCTBUSX,

® [IpaBWJIa CHUHTE3a CUCTEM C 3aJaHHOU CTPYKTYPOH IPHU CIyYaMHBIX
BO3JECUCTBUAX.

Bce HeoOXoaMMBIE TEOPETUUECKUE CBEICHHS U PacyeTHbIC (POPMYJIBI
CoZIepXkaTcs B JaHHOM 1ocoOuu. BapuaHTel 3aaHnil 1J1 BBIOJHEHUS Ja-
OoopaTopHOii paboThl MpuBeaAcHBI B Tabmwuie 4.5. CTpyKkTypa CHHTE3Upye-
MO cucTeMbl TOKa3aHa Ha pUCyHke 4.3.

[Ipu BBIMOJIHEHUH Ja00PATOPHOUN pabOTHI HEOOXOAUMO:

® ONpENENIUTh NEPEAATOUHbIE (PYHKIIMM CHCTEMBI MO KaHajlaM «I10-
JIE3HBIN CUTHAJ — OIMOKa» U «IoMexa — OIMOKa» Kak GyHKIMU KO3 Pu-
LMEHTA YCUJIEHUS PA30MKHYTOW CUCTEMBI;

® ONPENENIUTh CHEKTPAJbHBIE IUIOTHOCTH COCTaBIISIIOIIMX OUIMOKH
M0 KaHAJIaM «TI0JIE3HBIM CUTHAN — OIMOKa» U «IIoMexa — OIIMOKa» U CyM-
MapHYI0 CHEKTPaIbHYIO MIIOTHOCTh OIMOKH KakK (PYHKIIMU KO3 duiireHTa
YCUJICHUSI PA30MKHYTOU CUCTEMBI;

® OMNpEeNeNuTh JUCIEPCUI0 OIIMOKM Kak (PyHKUIHIO KodhduiueHrta
YCUJICHUS! PA30MKHYTOU CUCTEMBI;

® OMNpeNeNuTh ONTHUMAJbHOE 3HaueHHE KOdI(PPUIIUEHTA YCUIICHUSA
PA30MKHYTOM CHCTEMBI M3 YCIIOBUS MUHHMyMa CYMMAapHOM OUCIEPCUU
OIITNOKMU;

® OMNPEIETUTh PETYJISIPHYIO COCTABJISIONIYIO OLIMOKH ISl KaXKIO0ro
U3 KaHAJIOB MPU BHIOpAaHHOM KO3(PUIIMEHTE YCUIICHHUS PA30OMKHYTOW CH-



CTEMBI KaK PEaKIMI0 CUCTEMbI Ha CTAHJIAPTHBIC CIUHUYHBIC CTYIIEHYATHIC
BO3JICHCTBUS;

® ONpeAeIuTh JAUCIECPCUIO OLIMOKHU IS KaXJA0TO M3 KaHAJIOB MpHU
BbIOpaHHOM K03 (PUIIMEHTE YCUIECHUS Pa30MKHYTON CUCTEMBI;

® [IPOMOJECIUPOBATH MOBEACHNUE CUCTEMBI.

Pacuer aucnepcuu U MOJIEIUPOBAHUE CUCTEMBI PEKOMEHIYETCS TPOo-
BOJIUTH TaK K€, Kak U B pabote No2.

CopneprxkaHue oTdeTa o JabopaTopHOM padoTe:

® UCXOJHBIC JaHHbIC VISl BHIMOJHEHUS Ja00paTOPHOU padOTHI;

® CXema OMpe/eNeHUs ONTUMATBHOTO KO3 (DUIIMEHTA YCUIICHHUS;

® pe3yJNbTaThl pacyeTa PETYJSPHBIX W CIyYalHBIX COCTaBJISIOIIMX
OIIMOKH JIJIs1 KaK0TO U3 KaHAJIOB,;

e rpadUKU MEPEXOTHBIX MPOIIECCOB JJIs KaXI0TO U3 KaHAJIOB.

PekomeHnyeTcst Takke BBITOJHUTH CPAaBHCHUE HAWJICHHBIX ITOKa3aTe-
Jielt TOYHOCTHU CUCTEMBI C pe3yJIbTaTaMU BBIMOJHEHUST pa0OThI No2.

4.5 JlaGopaTtopHas padora Ne4. CuHTE3 ONITUMAJIBHON CUCTEMBI €
NPOM3BOJILHOM CTPYKTYPOH

[ens paboThl — MprOOpPETEHNE HABBIKOB CUHTE3a JTUHEUHBIX CUCTEM C
IPOU3BOJILHON CTPYKTYpO#, 00ECIEUNBAIOIIMX MUHUMYM CpPEIHEKBaJIpa-
TUYHOU OIIMOKH, MPU CIyYalHBIX BO3JACHCTBUX.

Conepxxanue pabOThl — oOmpeaeneHue nepeaaTouyHord (QyHKIUU Ju-
HEWMHOW CUCTEMBbI, HAXOIAIICHCS MO/ BIMSTHUEM CIIyYalHOT'O BO3JCUCTBUS,
KOTOpasi 00ecreunBacT MUHUMYM €€ CPEIHEKBaIpaTUYHON OLIMOKH.

J1o BbINMOIHEHUS pabOThl HEOOXOIUMO CAMOCTOSITEILHO U3YUYHUTh:

e 00IIMe MpaBWIa CUHTE3A JIMHEHHBIX CUCTEM MpPH CIy4alHBIX BO3-
JIEUCTBUSX,

® [IpaBUJla CUHTE3a CUCTEM C IPOM3BOJILHOU CTPYKTYpPOHU IPU CIY-
YaWHBIX BO3JICUCTBUSIX.

Bce HEoOXoAMMBIE TEOPETUUECKUE CBEICHHS U PacueTHbIE (POPMYJIbI
coJiepKaTcsl B JAaHHOM NTocoOuu. BapuaHThl 3alaHuil JI71s1 BBITIOJIHEHUS J1a-



OopatopHOi paboThl npuBeieHbl B Tabmuile 4.6. CTpykTypa CUCTEMBI IO-
KazaHa Ha pUCyHKeE 3.3.

Tabnuma 4.6 — BapuanThl 3agaHuil 71 BBITIOJTHEHUS J1a00pPaTOPHBIX
padot Ned u Ne5

M| Sc@)  Se(@ HE) %] Scl@)  Se(@) H()
1] 04/1+0?) 01 1 [11]03/[1+8-4°) 03 s
2|03/(1+2-0?) 02 s [12]04/l1+7-0?) 04 s
3/02/(1+3-0°) 03 1s [13[01/(1+6-02) 04 1
4101/(1+4.-02) 04 1 [14|02/(1+5-0?) 03 s
5 01/lt+5-@°) 01 s [15]03/[1+4-0%) 02 s
6|02/t+6-0°) 02 s [16]04/(1+3-02) 01 1
7103/(1+7-02) 03 1 [17|01/[1+2.@?) 01 s
8|04/(1+8-w?) 04 s [18] 02/(t+w?) 02 s
9 01/li+9-#?) 01 s [19]02/(1+2-0°) 03 1
10[02/(1+9-0%) 02 1 [20] 01/[1+0®) 04 s

[Ipu BeIMOIHEHUH JTaOOpaTOPHOM PabOTHI HEOOXOIUMO:

e ompenenuTh GU3NYCCKH PEATH3yeMYyI0 TIEPeIaTOuHYI0 (YHKITHIO
3aMKHYTOW CHCTEMBI, BBITIOJHSAIONICH 3aJaHHOE MpeoOpa3oBaHUE IOJe3-
HOTO CHUTHaJIa TIPU MUHUMYME CPEIHEKBAAPATHIHON OIITHOKH;

® OMpENETUTh NMEePEIATOYHYIO QYHKIIMIO PA3OMKHYTOW CHCTEMBI;

® OMNpenenuTh NepeaaTouHble (YHKIIMU CHUCTEMBI MO KaHajlaM «II0-
JIC3HBIN CUTHAJ — OIIMOKa» M «IIOMeXa — OITHOKa;

® OMPENeNTUTh TUCIICPCUIO OIMIMOKH I KaXI0TO U3 KaHAJIOB,

® IIPOMOJICTUPOBATH MTOBEJICHUE CHCTEMBI.

Pacuer nucriepcuu 1 MOJEIHPOBAHUE CHUCTEMBI PEKOMEHIYETCS IPO-
BOJIUTH TakK ke, Kak U B pabotax Ne2-3.

Coneprxkanue oTdeTa o JabopaTopHOU padboTe:

® UCXOJIHbIC JaHHBIE JJIA BBIMOJHEHUS JIa0OpaTOPHOH pabOTHI;



e cxeMa onpeaereHus (QU3NYECKH pean3yeMod NepeaaTouyHon
(GYHKIIMU Pa30MKHYTOU CUCTEMBI;

® pE3yJIbTaThl pacueTa PEryJSIPHBIX U CIYYaHBIX COCTAaBJISIOLINX
OILMOKH I KaXKJOT0 U3 KAaHAJIOB,

e rpadUKU MEPEXOJHBIX MPOILIECCOB JJIs KaXKI0TO U3 KaHAJIOB.

4.6 JlaGopaTopnasi padora NeS. CHHTE3 ONTHMAJBbHOIO (PUIbTPA
Kanvana-bbsrocu

[ens paboThl — MpUOOPETEHNE HABBIKOB CUHTE3a B MPOCTPAHCTBE CO-
CTOSTHUM CJHEISAIIUX CUCTEM, 00ECTIEUMBAIOIINX MUHHMYM CpEIHEKBaApa-
TUYHOU OIIMOKH, MPU CIyIaHBIX BO3JACHCTBUSIX.

Conepxanue pabOThl — OMPEAECICHUE MNEPEeAaTOYHON (YHKIUU JIH-
HEWMHOW CUCTEMBbI, HAXOASIICHCS 1101 BIUSHUEM CIyYaliHOT'O BO3/ICHCTBHUS,
KOTOpasi 00ecIeunBacT MUHUMYM €€ CPETHEKBaIpaTUIHON OITHOKH.

J1o BeIMOIHEHUS pabOThI HEOOXOIUMO CAMOCTOSATEIILHO U3YUHUTh:

® OCHOBBI TEOPUU ONTUMAILHOMN JIMHEHHON QUIBTpaINY;

® [IpaBWIa CUHTE3a ONTUMaNIbHOTO GunbTpa Kanimana-berocu B npo-
CTPAHCTBE COCTOSIHUM.

Bce HeoOxoauMble TEOpETUUECKUE CBEJCHUS U pacueTHbIC (OPMYJIbI
cojiep)kaTrcsi B JaHHOM MocoOuu. CrekTpaiabHble TJIOTHOCTH IOJIE3HOTO
CUTHaJa U TTIOMEXH, HeOOXOIUMBIE JIJIsI BBITIOJIHEHUS JTa0opaTOpHOUM pabdo-
ThI, IPUBEJICHBI B Ta0MIIE 4.6.

[Ipu BeIMONIHEHUM JTaOOpaTOPHON PabOTHI HEOOXOIUMO:

® OMNpeNeNuTh MapaMeTpbl GOPMUPYIOMIETO (HUITBTPA;

® pa3pelmuTh ypaBHEeHHE PUKKATH 171 OIEHKH AUCIIEPCUM CITydaii-
HOTO MpOoliecca Ha BBIXOJE CUCTEMBI;

® ONpeAeIuTh MapaMmeTpsl onTumanbHoro ¢puibtpa Kanmana-berocu;

® [IPOMOJECIUPOBATH MOBEACHNUE CUCTEMBI.

MopenupoBaHue CUCTEMbI PEKOMEHAYETCS MPOBOJNUTH TaK ke, Kak U
B MPEIBITYIINX paboTax.

Coneprxanue oTdeTa o JadbopaTopHOM padboTe:



® UCXOJHBIC JaHHBIE VISl BHIMOJHEHUS Ja00paTOPHOU padOTHI;

® pe3yJbTaThl pacueTa napaMeTpoB Gopmupyroiiero GUiIbTpa;

® pe3yJbTaThl pacueTa JUCIEPCUHN BBIXOJHOTO CIIy4aHOrO MpOIlec-
ca (peuieHus ypaBHeHus PukkaTn);

® pe3yJbTaThl pacyeTa MmapaMmeTpoB onTuManbHoro ¢punprpa Kanma-
Ha-bpiocH;

e TpaduKu MePexXoaHBIX MPOILIECCOB.
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HHPUJIOXKXEHUE A

CTAHJIAPTHBIE UHTEI'PAJIBI

1+ B.(j-®)
Jp=—- . — dw.
" 2.x _‘LAn(j-a))-An(—j-a))

[TornHOMBI An(j a)) 5 Bn(j . a)) HOpsIIKa N UMEIOT BH/I
Ai-o)=ay-(j-@)" +a,-(j- @) + ..+a,,
B.(j-@)=by-(j-@0) " +b,-(j-0)"* +..4b,_,,

M Bce KOpHU A, (j - co) PacIoOJI0KEHBI B JICBOM MOJIYILNIOCKOCTH |- @ .

I[Ipun=1
b
J1=—0.
2-80-8.1
[Ipun =2
J2= .
2'a0‘a1
IIpun=3
] _—a,-by +a,-b; —ay-a; -b,/a,
3— .
2-25 (a0 -25 -, -,)
[lpun=4
U
J4=_4,
4,

U4 =(a2‘a3_a1‘a4)‘b0_ao‘a3‘b1 +a0‘a1‘b2+
+3,-(ag-a3—2a;-a,)-by/a,

A4=2-a0-(a0-a§+a12-a4—a1-a2-a3).



HPUJIOXKXEHUE b

U30BPAKEHUA MO JAILIACY ®YHKIIMA BPEMEHU

H3o0pasicenue no
No Opueunan f(t) Jlannacy F(S)
0, t#0,
1 5(t)= !
+o00, t=0
0, t<0 1
2 1(t) = s
1, t20 >
tn—l 1
3 (n— 1) "
4 exp(e - 1) . :
—-a
_ @
5 Sln(a)-t) $2 4 @2
S
6 cos(w - t) 2 1+ 02
_ @
7 exp(a - t)- sin(w- t) (s-a) +o°
. _ S
8 g'exp(a-t)-[a'S'n(a"t)+“"cos(m't)] (s-a)° +o?
A-expla-t)-sin(w-t+y), S+
9 1 5 5 ()] 2 2
A== , y =arct -
~ \/(a+}’) +o°, ¥ ang(a+y] (s-a) +o

Hpumelmuue. QU @— eeulecCmeeHHaA U MHUMAA dacmu KOpHeii 3HA-

menamens F(S), ¥ — KOHCIaHnma.



HPUJIOXKXEHUE B
PEHIEHUSA 3AJAY
1 CayuaiiHble mpouecchl

1.1. MaremMaTuueckoe OXKUJIaHWE CIy4alHOM BEJIWYHWHBI PaBHO HYJIIO,
T. €. My =0, Tak KaKk COEKTpajbHas IUIOTHOCTb pU @ =0 He uMeeT oco-

oennoctelt Tuna &pyuknuu. {ucnepcus paBHa

1 +00 1 +mw, N_w
=— =—— [Ndw= L
2.7 L X(a))da) 2.1 _L @ V4

KoppensiiimonHast GyHKIUs CTy4aifHOM BEJTMYUHBI

Rx(z')—— jS (0)-exp(j- @ 7)o =

k\ll—‘

j .cos(@ - 7)dw = N sin(m, - 7).
0 T-T

1.2. CnextpasibHas IIIOTHOCTh paBHA

= ~+2-7-my - S(o)
x(w) 14004 7 My (a))

1.3. CnexTpasibHas IIIOTHOCTh paBHA

2:-f-w 2-f+o
a’+(8- w)2 a +(,6’+a>)2

+2-7-m% - 6(@).

Sx(w)=%' Dy -

1.4. CnektpasibHas INIOTHOCTh paBHA

S, ()= 2-+£°Rx(r)-cos(a)-r)dr=



=2.D, -j(l—%)-cos(w-r)dr = Z'QI)DX E(l—%)d[sin(w%)k

= Z'EX -[(1—%)-sin(w-r£ +£sin(w-r)d(%ﬂ =

2‘DX
T -w°

[1-cos(@-T)).
1.5. ClIeKTpabHas IIOTHOCTh PABHA

Sx(@)= [Rx (0)- 00l |- @ )ir =

=Dy -Jrjooexp(—oz2 Tl - -w-r)dr.
ITpeo6pasyeM MOKA3ATEs SKCIOHEHTH K TIOHOMY KBAIDATY

2 2 . ( . a ) 0)2
a ‘T +t)o-Tt=|a-T+)-—| + .
2-a 4.q°

2 AHaJIu3 cUCTeM MPHU CIYYAHHBIX BO3IEHCTBUAX

2.1. ITo popmynam (2.2) u (2.3) nonyyum
my (t)=8-{my (t);=8-m, (t)

Ry (tl ’t2)= 8- {8 ) {Rx (tl 1t2)}}=64‘ Ry (tl ’tz)-



2.2. KoppensimonHasi GpyHKIUs

RY(tl 2)—d dt Rx(t1’t2)=
t,at,

=2-a-[1—2-a-(t1 —tz)z]-exp[—a-(tl —tz)z].

2.3. KoppensimonHasi GyHKITUS

(t, +1,)" -0 +2
(tl +t2)3

2.4. ITo popmynam (2.2) u (2.3) nomydum

Ry (t;.t,)=Dx - -cos[o- (t, —t,)]

m, ()= [mi (2)-ex0l- 2)02
R, (t:12) = [R(4.0)-030(- 2)-exp(- ac
2.5. Tlo dpopmynam (2.2) u (2.3) momyunm
m, @):EA.sm(t):A.cos(t),
Ry (t;,t,)=—— d’ Ry (t;,t,)=2- exp{ %} [1 (t2—t1)2]

dt,dt,
Dy (t)=Ry (t,t)=2.

2.6. Jlnst naHHOM cUCTEMBI BecoBasi (PYHKIMS paBHA

k(t, 2,)—— exp( t_l).

T

3HaueHNe MaTeMaTHUYECKOIr O OXHNJaHUusA

my (t)= jk(t,z>-mx(a>dz=



tK t—A t—t
=[=-exp| -——Z |-mydAi=K-m, -|1—exp| ——2|[.
3 p( T ) x " [ p( T )]

Jucnepcus onpeaensiercst o popmyie

D, (V)= Ry (t,t)= [ [k(t.4)- Kt 2)- Ry (4, e)dAcks =

toto

-1 t-
L e )

toto

_D, - K2 ex p[—?) [ Jex (——a A- y\)d/wy

2
T toto

Pa3o0bem MHTEpBaI MHTETPUPOBAHHUS 10 TIEPEMEHHOMN 4 HA JIBE YacTH

[to ,ﬂ] 7 [ﬂ,,t]. OTO0 MO3BOIUT OCBOOOAUTHCS OT 3HAKA MOAYJIS U IOJIY4YHUTh

TaOJIMYHEBIC HHTCI'PpaJibl BUJA

K 2 2.1
Dy (t)= DX-T— exp( = ]x

X t{{t{exp[%—a (A- ,u)}dp+ jexp[’lT—a (u- l)}dp}d;{_
" 41—a-T—2-exp[—14‘_‘;"'-'--(t—to)}+
=Dx' .

1-a® - T? 2
| +(1+a-T)-exp[—?-(t—t0)}

2.7. JInst naHHOM CUCTEMBI BecoBasi (PyHKIIUS paBHA

k(t, /1)—— exp( t_l).

( I

T

KoppensiuonHas GyHKIHs 0€10T0 ryMa UMEET BUJT

Rx (4, )=c?-6(A - p).



Jlucriepcust BBIXOJTHOTO CUTHAIa

Dy (1)= ] [k(t,2)- k(1. 4)- R (4. A =

toto

H ( 't_T}“_”)-a(;t—y)ol,lol,,=

toto

— C2 l1-ex (_2)
S 2.7? UT))

2.8. 3HaYeHne MAaTEMATUYECKOTO OKUJAHHUS PABHO

mY(t)=11_ i ( ) (ap +a; -A)dA =

=a,+a,-(t-T)-(a,—a, - T)- exp(— %)

Jlucriepcus onpenenures, Kak

Dy (1) = ] [k(6.2)- K(t.40)- R (2, YA

toto

2.t—1—
I B |
toto

HNuTerpupoBanme npon3BOAUTCS TaK XKe, Kak U B mpumepe 2.6.

2.9. MaremMaTtnueckoe OKHJaHUE CIy4ailHOro Impolecca X(t) Ha BBbI-

X0A¢€ CUCTCMbI B YCTAHOBUBIICMCS PCIKHUME PABHO

mx(t>=+§°k(a>-[mG(t-A)+m;(t-z)]dz=
=+fok(/1)-(mG +0)dA=4-mg -Texp(— 2-A)dA =

=—2-Mg -exp(—2-ﬂ]g°°=2-m6.



Jucniepcust caydaitHOTO mpoliecca X(t) HaxoAuTCA 1Mo Gopmyiie
= T Tk(2)- k() [Ra (2 - )+ Re (2 — w)}dAdus =
0 0
jexp(— 2-2)-exp(-=2- u)-exp(-=4-|A - g )dAdu +
exp(— 2-2)-exp(-2- )-exp(- 3|4 — p|)dAdu =
[ -+oo
xp(— 2-2)-| [exp(-2-pu—4-]a- ,u‘)d/{|dl +

+48- j exp(-2-1)- +foexp(—2-p—3-\/1—p\)dp}d/1=
0

= 32-+foexp(—2-l)- |1d1+48-+f°exp(-2-,1)- 1,dA.
0 0

Pazo0Onem Ka)KI[BIfI N3 BHYTPCHHUX MHTCTPAJIOB HA [BA. HOJ'IY‘II/IM

N

|, =[exp[-2-p—4-(1- p)ldu+ jexp[—z p+4-(A-p)du=

o
N

=[exp(2- p—4-A)du+ jexp(4 A—6-p)du=
0

=§-exp(—2-1)—§-exp(—4-/1),

exp[-2- p—3-(1— p)ldu + jexp[—2 p+3-(A—p)du=

O'—oN

exp(u—3-A)du + jexp(3 A=5-u)du=

O'-—-o@

- g cexp(- 2+ 4) - exp(= 3+ A).

OKOHYATENBHO NOJTYYHUM



Dy =32-+£Oexp(—2-1)-[§-exp(—2-/1)—%-exp(—4-/1)]dl+
+48-+£oexp(— 2-1)-[g-exp(— 2. 2)—exp(- 3-1)]dﬂ=
= % [exp(=6-1)—4-exp(-4-2)];" +
+%8.[exp(—5-ﬂ)— 3-exp(=4-4)];” =%.

2.10. 3amaHHBIM KOPPEISAIUOHHBIM (PYHKIUSIM COOTBETCTBYIOT Clie-
IYIOIIUE CIEKTPAIbHBIE INIOTHOCTHA BXOAHBIX CIIyYalHBIX MPOLIECCOB

16 18
Sk (@)=

SG(w)=16+a)2’ 9+ w?

3alaHHOM UMITYJIbCHOW IEPEXOTHON XAPAKTEPUCTUKE COOTBETCTBYET
nepeaaToyHas QyHKIUS CUCTEMBI

4
W(S)=S+—2.

MatemaTnueckoe OKHJaHHe cnyqaﬁHoro Imponecca X(t) Ha BBIXOJIC

CUCTEMBI B U300paxeHus o Jlarmnacy paBHO

My () =W (s)-[Mc (s)+ Me(s)] =
st {een )

OpI/IFI/IHaJ'I JaHHOT'O BBIPAKCHUA

my (t)=2-mg -[1—exp(=2-1t)].

B ycranoBuB1IeMCs pexKUME
my (0)=2-mg - [1-exp(-=o)]=2-m;.

CHGKTpaJIBHaH IINIOTHOCTDH BBIXOAHOI'O CUI'HaJia



Sx(@)=W(j- ) - Sg(@)+W(j- )’ - S¢ (@)=
=‘ 4 | 16 '
(i-0)+2| 4+(j-0)’

+ | : =
‘(J'w)"' 2l 3+(j- @)’
256 288

i-of +6-(ra+8” (-0 +5-(a)re

I[I/ICHepCI/IH BbIXOAHOI'O CUI'HaJIa B YCTAHOBHUBLICMCS PCIKUMC

1+
Dy oz ISG(w)dW=

0 256 0 288

_ 256 |1 8] 288 |1 6| 112

2 60 2 |5 0 15 °
1 8 1 6

2.11. Iucnepenst ciryq4alHOTO MpoIecca

2.12. Ilepenarounas QpyHKIMS 3aMKHYTOW CUCTEMBI paBHa

W (s K
()= 1+V5/23)=T'32 +s+1

CHGKTpaHBHaH IIJIOTHOCTBH BBIXOAHOI'O CHUTHAJIA HpI/IMeT BHU
K?.N
. 2 .
T-(j-o)f +(j-@)+1

S/ (0)=10(j- @) - Sy (0)= .

WuterpupoBanue Sy (a)) 10 BCEM 4acCTOTaM AAET pe3yJIbTaT



1+ K2.N K-N

2rar (o) (o)l 2

OueBuHO, uTO Aucnepcus Dy He 3aBucuT oT T.
3 CuHTEe3 CHCTEM NPHU COyqYaliHbIX BO3/1€iiCTBUAX

3.1. Ilepenarounast GyHKIMSI CUCTEMBI 1O KaHAIy «PETYJSPHBIA CUT-
Haj — olrOKa» paBHA

1 52
1+4W(s) s2+K-T-s+K’

Wee (S) =
PGFYJ'IHPH&SI COCTaBJIAAOIIAA OIHI/I6KH B yCTaHOBI/IBH_ICMCSI pe)KI/IMe
d d?
me(t)=C, - g(t)+C, o g(t)+C, - e g(t)+ ...

rac

b-t?

d d?
t)=a-t — = . — =D.
gt)=a-t+ o g(t)=a+b-t, e g(t)=b

ITpousBoaHbIE OOJIEE BBHICOKOTO MOPSAKA OT g(t) 110 BPEMEHU PaBHBI

Hy0. KoapuureHntsl ommbok, HaliieHHbIe TTociie pas3iioxeHus W e (S) B
crernenHoii ps, pasust Cy =0, C, =0, C, =1/K. Toraa
b
me(t)=—.
()=

[lepenaTounass pyHKIMS CHUCTEMBI MO KAaHAIY «IOMEXa — OIIMOKa»

paBHa

W(s) = K-(T-s+1)
1+W(s) s2+K-T-s+K

Wee ()=



Jucnepcust cnydaiiHON OMIMOKY B YCTAHOBUBILIEMCSI PEKUME

=K2-N_+I°° ~T?(j-w)* +1

_(K-T2+1)-N |
2.7 —oo‘(j.a))2+K.T.(j.w)+ K‘z

D deo =
E 2. T

Cpennuii kBagpaT CyMMapHOW OLIMOKU paBeH

o b (KT?+1) N

K2 2.T

JI1s1 OTBICKaHWSI MUHUMYMa 3TOTO BBIPAXKEHUS PUPABHSIEM HYJIIO €r0
MEPBYIO TPOU3BOAHYIO 10 TIOCTOSIHHOW BpeMeHu |

2.K-T?—(K-T2+1)=0,
otkyma momyanm T, =1/7/K..

3.2. luddepenumpys BeIpakeHue sl CPEIHETO KBaapaTa OMUOKH 10
napaMmetrpam T u K, mojryduM cucTeMy ypaBHEHUIN

T=1/JK,
_2:b* T-N_

K3+ > 0.

Orcrona Haitnem K, = 5\/16 b*/NZ, Toum = 1/4/ Konm -

3.3. Cpennuii kBaJgpaT CyMMapHOU OMIMOKK paBeH

22 _ b? +(K-T2+1).N |
K2  2-(T-7)

OnrtuManabHOE 3HaYeHHUE ITOCTOSIHHOM BpPCMCHU

T pum =2'+,/1'2 +i.
K



3.4. CnekTpalibHas INIOTHOCTh CYMMApPHOI'0 BXOJHOTO CUTHAJIa paBHA

56 (0)-(1+TZ - @?)+ 5 (0)-(1+ T2 - 0?)
(1+72 - 0%) (1+T2 - 0?) |

S(@)+ Sk (@)=

Paznoxxenue »storo BBIpAXKCHUA HA KOMINUICKCHO-COIIPAKCHHBIC
COMHOKUTCIIX JaCT PC3yJjibTaT

1+ j-a-@
6 o) (1+]-Te @)

(i o)=/Ss(0)+ SF(O)'(1+ j-T

1-j-a-w
G m)(l_JTF m)

Y’(—j'w)=\/SG(0)+SF(O)'(1_j.T

tre a=Tg - |[$6(0)- T2 + 5¢ 0)- 2] /I85 0)+ - O)]

[Tocne pa3znoxxkeHus: Ha AIEMEHTapHbIe APOOU UCKIKOYAETCS YacThb, CO-
OTBETCTBYIOLLAsi HEYCTOMYUBOU CUCTEME.

Sg(i-®) H(j-o)_

v(-j- )

__ S0 L (- Te @) (1-jTe -0)
1+TZ-0* Sg(0)+Sg(0) l-j-a-o

_ S (0) - 1-j-Te - _

T /Sc0)+S-(0) (l+j-Ts-0)(Q-j-a o)

_ S¢(0) -[TG+TF. 1 JTe-a 1 }
JSc(0)+Sg(0) | Tg+a 1+j-Tg-0 Tg+a l-jrao|

Bropoe cinaraemoe B ckoOKax MMEET MOJIIOCHI B MPABOM KOMILIEKCHOM

HOJYTIIOCKOCTH |- @ . OHO orOpackiBaeTcs. Peanm3yemas yacToTHas Tie-

penarouHas QyHKIUS 3aMKHYTONH CUCTEMBbI TPUMET BT

) _ 1 SG(O) Te +Te 1 =
W(J'w)_q/(j-w)'[JsG(oﬁ Se0) To+a 1+]-Tg “J_




S.(0) Te+Te 1+j-Te -0 T (jro)+1
= . . : =K - _ _
Sc(0)+Sc(0) To+a 1+j-a-o a-(j-o)+1

rae KodQpGUIMEHT YCUIICHHS 3aMKHYTON CUCTEMBbI

_ Sc(0) Te +T¢
~S.0)+S:(0) Tg+a

Peanuzyemas nepenarouHas (pyHKUIMS 3aMKHYTOM CHUCTEMBI B H300-
paxxeHusx no Jlannacy umeer BU

W(s)=K- .
a-s+1
[lepenaTounast pyHKIMS pa30MKHYTON CUCTEMbI paBHA

Te-s+1
(@-K-T)-s+(1-K)

W,(s)=K-

3.5. [lepenarounas GyHKIMS 3aMKHYTON CHUCTEMBI paBHA

y-s+1

VV(S)=K's-(oz-s+1)'

r7ie 3Ha4eHUs1 KO3P(DUIIMEHTOB

56(0) Ts \/ S¢(0) T«

5 0)+5:0) “T 5. 0)+5:0) " Tera’

[lepenaTounast pyHKIMS pa30MKHYTOM CUCTEMbI PaBHA

y-S+1

W, (s)= @K 7)) s+(@=K)

3.6. [lepenarounas GyHKIMA 3aMKHYTON CHCTEMBI paBHA




r/ie 3Ha4eHUs1 KO3POUITMEHTOB

e SOt [ SO

=SG(O)+SF(O)'TG+a’ Sc(0)+:(0)

[lepenaTounast pyHKIMS pa30MKHYTON CHCTEMbI paBHA

3.7. OntumanbHas UMIYJIbCHAS XapaKTEPUCTUKA CUCTEMBI OyJeT HC-
KaTbCs B BUJIE

k(t)=D, - 6(t)+ D, -exp(-d, - t).

TpeOyercs naiitn ee nmapameTpsl Do, D1 u d1. YpaBuenue Bunepa-
Xora B JTaHHOM cllydae IPUMET BU/T

+.§ok(77)‘ RU(T—U)dU— RZU(T)=0, z2>0.

Tak Kak CUHTE3UPYyEeTCA CIEAsIIas CUCTEMA, TO Z(t) = G(t). Torna
Ry ()= Rs(z)+ Re(z)=3-exp(=2-[z])+ 2 - exp(-|]),
Rzu (T)= Re (T)= 3 exp(— 2 ‘TD

[ToncTaBuM 3HAaYEHHS KOPPEMSLMOHHBIX (YHKIMA MU MCKOMOU HUM-
MyJIbCHOM MEPEXOHOM XapaKTEepUCTUKHU B ypaBHeHUE Bunepa-Xomnda

+£03-exp(— 2-\1’—17\)- [D, - 8(5)+ D, -exp(—d, - n)ldn +

+00
+ £2 -exp(= |z - 7)) [Dg - 8()+ D, - exp(=d; - m)ldn -
~3.exp(-2-|¢])=0, z20.

[IpeoOpazyem 3TOT UHTETpal K BULY



+00
oy -6r)-[3-exp(-2- e~ )+ 2-explcle )i +
0
+[ D, -exp(=d; -7)-{3-exp[-2-(z = 7))+ 2 exp[- (z = )[}d 7y +
0
+00
+ [ D, -exp(=d; -n)-{3-exp[-2- (- 7)]+ 2 exp[- (7 — 7)[}d 7 -
~3-exp(-2-7)=0.
Brimmonus 9JICMCHTAPHBIC OIICPpAlIU UHTCTPUPOBAHUA, ITOJTYUUM
D, -[3-exp(-2-7)+2-exp(-7)] +

L 3Deepl-207) ot a)). o] 2}

2_d1
20 epler) i d,)e0]- 1)+
3-Dy-expl2-
+ 12+dp1( T)-exp[—(2+d1)-r]+
+2D 'eXp(T)-exp[— (1+d;)-z]-3-exp(-2-7)=0.

1+d,

[IpupaBHaB HyJI0 KOIQUIMEHTH MNpu (QYHKIUAX exp(— 2 - 2'),
exp(— r) U eXp(— d, - z'), MOJIyYUM CHUCTEMY YpaBHEHHUI

( 3-D
3-D, — L _3=0,
2_d1
2-D
1-d,
3-D 2-D 3-D 2-D
Ly L4 1 L=0.

N3 niepBOro ypaBHEHUs MOJIy4aeM

3-(1-d?)+(4-d2)=0.



N3 n1ByX KOpHE# 3TOro ypaBHEHHUs BHIOMpPAEM TOT, KOTOPBIA COOTBET-
CTBYET yCTOWYMBOI cuCTeME (ITOJIOKHUTENbHBIN), T. €. d; = J7 / 2=132.
13 nByx npyrux ypaBHeHu# cuctemsl Haxoaum D, =-0,22 u D, =0,68.

C y4eTroM 3THX 3HAYEHUM UMITYJIbCHAS MEPEXOAHAA XaPAKTEPUCTUKA OIl-

TUMaJIbHON CUCTEMBbI IPUMET BUJ
k(t)=0,68-6(t)—0,22-exp(— 1,32 1).
DTOM XapaKTEepUCTUKE COOTBETCTBYET MepenaTouHas PyHKIUs

0,22 051 s+1

W (s)=0,68 - =051 — .
s+ 1,32 0,/6-s+1



