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BBEJAEHUE

[ToBeeHUE peasbHBIX CUCTEM MOXKET OBITh ONMKMCAHO MOJACISIMU JIBYX
TUIOB: JIETEPMUHUPOBAHHBIMU (MOJHOCTBHIO OMPEACICHHBIMUA) H CTO-
XaCTUYECKUMHU (BEPOSITHOCTHBIMU WJIM CTATUCTUYECKUMHU ).

B nerepMUHHUPOBAHHBLIX MOJAESIX MOBEJICHUE CUCTEMBI CUHUTAETCS
MOJTHOCTRIO omnpeAeneHHbIM. [Ipennosnaraercs, 4To CTPYKTypa CHUCTEMBI
SBJISIETCS] 3apaHee M3BECTHOMW; MapaMeTpbl CUCTEMbl M BHEIIIHHE BO3JICH -
CTBUS (BXOJHBIE CUTHAJIBI) SBJISIOTCS 3apaHee 3aJaHHBIMU JIETEPMUHUPO-
BaHHBIMU (DYHKIIUSIM BPEMEHU; PEAKIMS CUCTEMbl HAa BXOJHBIE CUTHAJIBI
(BBIXOJIHOM CHUTHAJI) TaKXe SBISETCA JI€TEPMUHUPOBAHHON (GYHKIHEH
BPEMEHU.

Ilpumeuanue. Ob6b1uHo 6 OemepMUHUPOBAHHOU MOOeIU 8 Kayecmee
BXOOHBIX CUSHANO8 NPUHUMAIOMC MUNO0Bble 8030€lCMBUsl 8 ude eOUHUY-

HOU cmyneH4amou QyHKyuu 1t] , O-pynxkyuu (udeanvnozco umnyivca)
UU HEKOMOPBIX Opyaux yHKYuULl epemeHru, Komopule 8bloUparomcsi, Ucxo-
051 U3 ONbIMA UIU UHMYUYUU ucciredosamens OJisi yoobcmea pacuema Cu-

cmem.

Camu 1eTepMUHUPOBAHHBIE MOJIEJIH ONPEACIIAIOT 0OHO3HAYHOE COOM-
gemcmeue mMexncoy peanuzayusmu 6Xo0H020 U 8bIX0OOH020 cueHanos. Ilose-
JICHUE CHUCTEMbl OIUCHIBACTCS OOBIKHOBEHHBIMH U depeHITnaTbHBIMU
ypaBHeHUSIMU. OHO OJHO3HAYHO OMPEIEISICTCS COCTOSHUEM CUCTEMBI B Te-
KyIIIMA MOMEHT BPEMEHH (HAYaIbHBIMH YCIIOBHSAMH) U MOXKET OBITH TOYHO
npecKa3aHo sl J1000ro MoCIeayIIIero MOMEHTa BpEMEHH.

HccnenoBanre TOBEACHUS CHCTEM IOCPEACTBOM JIETCPMUHHPOBAH-
HBIX MOJIeJIel CBOJUTCS K U3YUYECHHIO TIpoliecca npeoOpa3oBaHUs I1€TEPMHU-
HUPOBAHHBIX BXOJHBIX CHTHAJIOB B JICTCPMHUHUPOBAHHBIC BBIXOHBIC
CUTHAJIBI. DTOT MPOIIECC TAKKE CUUTACTCS JIETEPMHUHUPOBAHHBIM.

B croxacTmueckux Mmojesisix BXOJIHbIE CHUTHAJbI, MapameTpbl H
CTPYKTypa CHUCTEMBI B OOIIEM Cllydae CUMTAIOTCS CIy4aWHbIMU (YHKIIH-



AMHU BPEMCHU HJIA CﬂyqaﬁHBIMH BCIIMYMHAMHU C U3BCCTHBIMH CTATHCTHUYC-

CKHUMU XapaKTEPUCTUKAMH.

Ilpumeuanue. Heobxooumvle cmamucmuueckue Xapaxmepucmuru
ONpeoeslomes. 8 Xxo0e CMAmucCmuyecko2o aHaiu3a ONbIMHbIX OAHHLIX O

noseodeHuu cucmembol 6 pedjibHblX )Y CIIOBUAX

CTaTuCTUYECKHUE MOJEIU KadCOOU peanu3ayuu 6Xxo0H020 CUSHANLA
CMAagsm 6 cOOMEemcmeaue MHONCECME0 GbIXOOHLIX CUCHANO8, XapaKTEPH-
3yeMO€ ONpPEAECICHHBIM 3aKOHOM pacnpeieneHus. Eciaum U3BeCTHbI CTaTH-
CTUYECKUE XapaKTEPUCTUKN BXOJHBIX CUTHAJIOB U TMHAMUYECKHUX CBOMCTB
CUCTEMBI, TO TOBEJICHUE CUCTEMBI OYJIET MOJHOCTBIO ONPEEICHO B CTATH-
CTUYECKOM CMBICIIE (T. €. MOTYT OBITh HalJIEHbI COOTBETCTBYIOIIUE CTATH-
CTUYECKHUE XapPAKTEPUCTUKHU BBIXOJHOTO CUTHAJIA).

N3ydeHue moBeIeHUSI CUCTEMbBI C TTIOMOIIBIO CTOXAaCTUYECKOW MOJIETU
B O0IIEM Clydae CBOAMTCS K M3YUYEHHUIO NMPEOoOpa30oBaHUs CUCTEMOM CITy-
YalHBIX BXOJHBIX CUTHAJIOB B CITy4YallHbIE€ BHIXOHBIC CUTHAJIBI.

Ilpumeuanue. Yacmuwviv cryuaem npumeHeHusi CmMoOXacmuyeckKux
MoOenell A811emcs U3yueHue nogeoeHuss 0emepMUHUpOSaHHOl CUCeMbL,
Haxo0awelcss noo GIUAHUEeM CAVYAUHbIX 8XOOHbIX CUSHAN08. B Opyeom
YACMHOM Cy4ae 6XOO0Hble CUSHANbL CUUMAIOMC 3apaHee U38eCHbIMU
QYHKYUAMU 8pEeMEHU, a CMPYKMYpa CUCmeMbvl U ee Napamempsl Umerom

CAVYAUHBIU XapaKmep.

Ilpumep. Cucmema cmabdbunuzauyuu Kypca J1emamenpHO20 anna-

pama. CmpyKmypHas cxema cucmembvl umeem euo

ﬁf(’) »

L

C noMoubro sa0amyuxka 1 ycmarnasiaueaemcs HYJHCHoe 3HAYCHUE KYyp-

g(7)




ca g(t] . Ha nemamenvnuiii annapam 2 deticmeyem 603myujeHue ammo-

cghepoi f (t) . 3a0aua cmabunuzayuu 3aKaouaemcs 8 n000epIHCaHUU Oeli-
CMBUMENbHO20 KYPCA, PABHBLIM 3A0AHHOMY.
Hccneoys npoyecc cmabunuzayuu ¢ nomowpio 0emepmMuHuUpOB8anHo

o tI=
MOOeU, MONCHO CHUMAMb, Ymo 3A0AHHbLU KYPC NOCMOsSIHEH ( gltl=g 0 );
BO3MYUEeHUE amMocepbl 3a0aHO Kak QYHKUUs epemeHu (Hanpumep,

L= .
flel=f 0 ), OuHamuueckue CBOUCMBA CUCHEMbl ONpeodesieHbl 8 Buoe

ouppepernyuanvno2o ypasHenus. Bvixoonou cuenan x|t npeocmaeiisi-
emcsi 8 6ude KOHKpemHOU (DYHKYuU 6pemenu, Oonpeoesiemol Kax
pe3yarbmam 0emepMuHUpo8anHo2o npeoopasosarnus [l (cm. cxemy).

d-r —20 " g

= > I —

Ilpu maxom pewenHuu 3adauu OUHAMUYECKUE CBOUCMBA CUCTEMbL
NPUHAMbL NOJHOCMbIO ONPEOesIeHHbIMU 80 BPEMEHU, a 3a0amuuK Cuuma-
emcst U0eanbHO NMOYHbBIM.

Cucmema cmadbunuzayuu mMoxcem uUcciedo8amsvcs ¢ NOMOUWbIO CMA-
mucmudeckou mooenu. Tax Kaxk peanvHvle 3a0amyuxu pabomarom c
OULUOKOU, MO HYIHCHBLU KYPC MOMCEM Oblmb NPeoCmasieH KaK ClyYaliHblil

Glt|=glt]+Nlt

nomexa, onpeoensemMas CAY4auHOU NOSPEeuHOCMbl0 3a0aHus Kypcd.

npoyecc , 20e gitl nonesnoiii cuenan, N o

Boswmywenue ammocgepol npedcmasniemcs CAVHAUHbIM — NPOYECCOM

Flt] . Buixoomoii cusnan cuumaemesn cryuaiinsivm npoyeccom X t] , NO-
JIYYeHHbIM 8 X00e cmamucmuueckozo npeoopazosarnus C (cm. cxemy).

M) |l

) X o),




Ilpu maxom pewenuu 3aoauu modxcem OblMb NONYYEH OMBem HA
BONPOC O MOM, KAK CUCmema cmadouiuzayuu evloepicuéaenm 3a0aHHbl
KYpC 8 cpeoHem npu MHO2OKPAMHOM €€ UCNOJIb308AHUU C PEAIbHbIMU 3d-
0amuuKamu 8 peanibHol 803MYUeHHOU ammocgepe.

Bri00op TOro mim MHOrO BHUAa MOJEIN 3aBUCUT OT UMEIOIIECS UCXO/T-
HOM MH(OpMaIIUU, OTIBITA MPOSKTUPOBAHUS CUCTEM, YCIOBUN UX TIPUMEHE-
HUSL.

JleTepMUHUPOBAHHBIE MOJEIM BOCHPOMU3BOIAT TOJBKO PETYJISIPHBIE
COCTaBJISIFOIIME PEANTbHBIX CHUTHAJIOB W HE YYUTHIBAKOT WX CIyYaWHBIX
cocTaBiisiroIMX. 1103TOMY UX MOYKHO pacCcMaTpyBaTh KaK YaCTHBIM CIIydaun
CTaTUCTHUYECKUX MOJENCH, ONepUpYyIOMMNX HanuOoaee BEPOSITHBIMUA 3HAYe-
HUSIMHA CUTHAJIOB.

JleTepMUHHUPOBAHHBIE MOJIEIN MO3BOJSAET CUHTE3UPOBATH CHUCTEMBI,
ONTUMAJIBHBIE TOJIBKO JIJI1 KOHKPETHOTrO Ha0Opa BXOJHBIX CUTHAJIOB (JJIs
IPYTUX, CYIIECTBEHHO OTJINYAIOIINXCSl CUTHAJIOB OHU MOTYT OBITh JTaJIEKO
HE ONTUMAIbHBIMHU). CTaTUCTUYECKUE MOJEIH JAKT BO3MOXKHOCTH
CIIPOEKTUPOBATh CHUCTEMBI, SBISIOMIMECS ONTUMAJIbHBIMU JUJIA LEIOrO
MHO>KECTBA PEAJIbHBIX BXOIHBIX CUTHAJIOB.

JleTepMUHUPOBAHHBIE MOJICJIM MOTYT MCIIOJIB30BaThCS JJISI MPOCKTH-
POBaHMS CUCTEM MPHU CIyYallHBIX BO3JEHCTBUSIX. [Ipr ATOM 00BIYHO CUMTA-
€TCsl, YTO ITU BO3JCHUCTBUSA MAKCUMAJIbHbI, U K CUCTEME MPEIbIBIIAIOTCS 3a-
BEZIOMO OoJiee KeCcTKue TpeOoBaHus, YeM 3TO HeoOxoaumo. B psiae cirydaes
TaKOW MOJIX0JT OKa3bIBACTCA 1EJIECO00PA3HBIM WJIU AK€ €IMHCTBEHHO MPH-
emsieMbiM. OIHaKO MOJO0HBIE HEOJArONMPHUSATHBIE CUTYaIlMUd BCTPEUAIOTCS
penko. [loaToMy npruMEHEHHE CTOXACTUYECKUX MOJAEIIEN, OEPUPYIOIIUX HE
MaKCUMaJIbHBIMH, a Han0oJiee BEPOSITHBIMU 3HAYCHUSIMHU BHEIITHUX BO3CH-
CTBUM, TIPUBOJUT K MOJTYUYECHUIO 00JIee pallMOHAIbHBIX TEXHUYECKUX pellie-
HUN (€CTECTBEHHO, NMPEIHAMEPEHHO JOIMYCKAECTCS CHM)KCHHE KauyecTBa CH-
CTEMbI B MAJIOBEPOSITHBIX CUTYyaIUSsIX).

N3ydyenueM mnoOBEAEHUS CUCTEM IPU CIYYAWHBIX BO3IEUCTBUAX 3a-
HAMAETCS CTATUCTUYECKAs JUHAMHUKA CUCTeM. B HEl yduThIBaeTCA, 4TO



BXOJIHBIE CJIyYalHBIC CHUTHAJIbI MOTYT COJEpKaTh JIE€TEPMUHUPOBAHHBIC
COCTaBIIIONINE, a CTPYKTypa CHCTEMbl U €€ MapamMeTpbl MOTYT OBITh
JNETEPMUHUPOBAHHBIMU. CTaTUCTUYECKAsd JUHAMUKA MU3Y4YaeT CIICAYIOIINE
MPOOJIEMBI:

® CTaTMCTHUYECKOE OMHUCAHUE CIYyYaHWHBIX IMPOIECCOB, 3AKIFOYAIOIIIEC-
€Csl B ONIPEJICIICHUH UX CTaTUCTUYECKUX XaPAKTEPUCTHK;

® CTaTHCTHYECKUN aHAIM3 CHUCTEM, 3aKIIOYAIONIANCS B OOIIEM CITy-
4ya€ B HAXOXICHUHM CTAaTUCTUYECKHUX XAPAKTEPUCTHUK WX BBIXOJHBIX
CUTHAJIOB TO 3aJJaHHBIM CTAaTUCTUYECKUM XapPaKTEPUCTUKAM BXOIHBIX
CUTHAJIOB M CTAaTUCTHUYECKUM XapaKTEPUCTUKAM JUHAMUYECKUX CBOMCTB
CHUCTEM;

® CTAaTUCTUYCCKUM CHHTE3 ONTUMAJbHBIX CHUCTEM, 3aKJIIOYAIOIIUMCS
B HAXOXJCHUU U PEan3alii ONTUMAIBHBIX B OIIPEACICHHOM CMBICIIC JIH -
HAMHUYECKUX CBOMCTB CUCTEMBI T10 3aJITaHHBIM CTATUCTUYECKUM XaPAKTEPH -
CTHUKaM BXOJHBIX CUTHAJIOB.

B KOHEYHOM HUTOTE CTAaTUCTUUYECKAsA TMHAMUKA MO3BOJIAET ONPEACTIUTh
CTAaTUCTUYECKUE XAPAKTEPHUCTUKU BBIXOHBIX CUTHAJIOB, C TIOMOIIBIO KOTO-
PBIX MOXHO OIEHUTh MX TOYHOCTh, HAJECKHOCTH, MPOIYCKHYIO CIIOCO0-
HOCTh CHUCTEM.

BOITPOCHI JJIs1 CAMOKOHTPOJIA

1. Kakue mMomenu cuuTaroTcs neTepMUHHpOBaHHBIMH? Kakoil BHI
UcXonHOW uH(oOpManMK OHM HUCHONB3YIOT? Kakoe mnpeoOpazoBaHue
uH(pOpMalUKi OHU PeaTU3yIOT?

2. Kakue monenu cuuraroTcd croxactunueckuMu? Kakou BUI UCXO/-
HOM WMH(pOpMaIUK OHU HCMoJb3yioT? Kakoe mpeoOpazoBanue wmHbOpMa-
MU OHU PEATU3YIOT?

3. B d4eM nocTOMHCTBA U HEAOCTATKHU JETEPMUHUPOBAHHBIX U CTATH -
CTUYECKHUX MOJAENEH?

4. Yrto n3y4yaeT CTATUCTUYECKAS] JUHAMUKA CUCTEM?



1 CIYYAMHBIE TPOIIECCHI
1.1 Ciyuaiinble MpoOecChl U UX XaPAKTePUCTHKHU

Cayuaiinble mpouecchl — cliydaiiHble (YHKIIUM HE3aBUCUMOM Tie-
peMeHHO# — BpeMmeHu £. CinydyaiiHOM cuuTaercs: PyHKIUs, 3HAUEHUE KOTO-
PO I KaXXJI0TO 3HAYCHUS aPTyMEHTA SIBIISIETCA CIIYYalHOM BEIIMYHUHOM.

ITo pesyibTaraM m OMNBITOB CIyYaWHBIA MPOLECC X|t) MOXET OTO00-
x[t] . _
pa3suThCS B Pa3IUYHbBIMU (QYyHKUMSAMU BpemeHu “i' | rae i=1, ..., n,

KOTOpPbI€ Ha3bIBAIOTCA PeaJU3aAMUAMHU (BO3MOKHBIMU 3HAYEHUSIMH) CITY-
yaiiHoro mporecca (cM. pucyHok 1.1). JlolbkHa M3ydaThes HE KaxKas pea-

Jm3anus B OTACIIBHOCTH, A CBOMCTBa BCETO MHOKECTBA X (t)

p xilt))

UV AV
W )W

Pucynok 1.1 — Peanuzanuu cnyyaliHOTO nporecca

st mro6oro GUKCUPOBAHHOTO MOMEHTA BPEMEHU f ={¢; peaau3arus

x.(t.) . . . X(t.) ..
i\"j] sBmAeTcs peryispHOM (HECIy4alHOM), a JI — ciry4yaiiHOM
GyHKIIMEH, MOJTYUYEHHOM IMyTeM CTaTUCTUYECKOTO YCPEAHEHUsI CBOWMCTB



. X|t|
pa3uyHbIX peanu3anui. OyHKIUA J/ Ha3bIBACTCA CEeYEHUEM CJIy-
YaiHOI0 MPOLECCAa B MOMEHT BPEMEHHU ;.

Ilpumeuanue. Henvzsa ymeepoicoams, Ymo Cyuatinvlii Npoyecc 8 OaH-
HbIU MOMEHM 8peMeHU NPUHUMAEm HeKOmopoe 0emepMUHUPOBAHHOe 3HA-
yenue. MoocHo 2060pums auUb 0 MOM, YMO C HEKOMOPOU 8EPOSAMHOCINGIO

MO 3HAYEeHUEe HAXOOUMCS 8 OTZpeaefleHHle npedeﬂax.

CraTtucTuyeckne XapakTEpUCTHUKHU CIIyHYalHOTO ITpOLIEcCa OIpenac-
JSII0TCA €T0 yHKyuel pacnpedeieHus (MHTETPAIbHBIM 3aKOHOM pacIipe-
HEJIEHUs) U naomuocmoio eepoamuocmu (IudPepeHInaTbHbBIM 3aKOHOM
pacrpeiesieHus ).

DyHKIHEH pacnpeleeHus CIy4alHOU BEIWYMHBI X CUMTAETCS He-
npepbiBHAs HEyObIBaromas (PyHKUHs, ONPEAeIIsIionias BepOsSTHOCTh TOTO,
YTO 3HAY€HUE X OyJET MEHBIIE HEKOTOPOTO 33/IaHHOTO 3HAYEHUS

F [§)=P x<&],
FX‘;_OO]\:O,FX\]+OO}:1. (1.1)

BeposTHOCTB TOTO, UTO CilydyaliHas BEJIMYMHA X MMOMAAACT B 3aIaHHBIN
MOJIYOTKPBITHIM UHTEPBAJ, PaBHA

P/A<x<B|=F |B|-F A= w,[&]dE,
A (1.2)

re wx(é) HenpepbiBHAS (PYHKIUS, Ha3bIBaeMas MJIOTHOCTHIO BEPOAT-
HOCTH Clly4aiiHOM Benn4yuHbI X. CIripaBeIJIMBbI COOTHOIIICHUS

dé - (1.3)

B Teopum cucrem Hambojiee ynoTpeOUTEIbHBIMU SIBISIOTCS PABHO-



MEPHOE, SKCIIOHEHIIMAIIbHOE ¥ HOPMAJIBHOE PACIIPEACIICHUS.

PaBHOMepHOe pacnpeaeseHHe XapaKTEPHO ISl CIIyYalHBIX JKC-
NEPUMEHTOB C PAaBHOBEPOSATHBIMU HcXojaMmu. Ero ¢yHkuus pacrnpenene-
HUSA U IJIOTHOCTh BEPOSITHOCTH HaXOATCs o popMynam

FXE:CU,M,L;_G{ ol

(5) b% § € [a,b],

0,¢&la,bl,

(1.4)

(1.5)

racau b — HIDKHSAS 1 BCPXHA I'PaHUIA JUAlla30Ha paCIIpCaACICHU].
BKCHOHGHHI/IaHBHOC pacnpeacaieHue XxapakrTcpHo Ajid CUCTEM C OT-
CYTCTBHUCM HOCJIC,Z[CfICTBHH, Koraga

P|x+s<&|s<&|=P|x<&, (1.6)

B CBSI3U C YEM OHO SIBJIIETCS OCHOBHBIM B TEOPUHM CKAYKOOOpa3HBIX Map-
KOBCKHMX mpolieccoB (cM. nanee). Ero ¢pyHkiust pacnpeneneHuss u IioT-
HOCTb BEPOSITHOCTH HAXOISATCS O (hopmysiam

F E=00,E<0, ki

(1.7)

(1.8)

rae A — K03 GUIIUEHT 3aTyXaHusl.
HopmasbHoe pacnpeaeneHue XapakTepPHO s CIIy4YalHbIX BEJIMYKH,



OTnpeNeNsieMbIX CYMMapHbIM 3(G(EKTOM OT ACUCTBUA OOJIBIIOrO YHCIIA
cny4yaiiHbIX (akTopoB. Ero (yHKIMsS pacnpenciieHus U IUIOTHOCTH Be-
POSTHOCTH HaXOJATCs 10 hopmyiam

£ [ (r—m P
V2mo, S 207 (1.9)
1| e P
e T e | (1.10)

A€ m, — MaTeMaTU4YeCKOE OXUAAHUE, O, — CPEAHEKBAApaTUYECKOE
OTKJIOHEHUE CIIyYalHOW BEJIUYHHBI X.

I'paduku dhyHKIIMIMA F X(E) " wx(é) JUISl pa3JUyHbIX BUJOB pac-
MPEICJICHUI MIOKAa3aHbl HA PUCYHKE 1.2.




0 m & 0 m '3
6)

Pucynok 1.2 — @yHKIIMU paclpeiesieHUs] U TJIOTHOCTU BEPOSITHOCTH:
(a) paBHOMEpHOE pacrtipeseneHue; (0) IKCIOHESHIIMAIBHOE pacTpeIeTICHNUE;
(B) HOpMaIbHOE pacIpeeICHNUE

JIIst ciiydalfHBIX TIPOIIECCOB MOYKHO OTIPEICIIUTh Pa3IuIHbIC (PyHKIIHH
pactipeneneuusi. OOHomepHOU @YHKYuel pacnpedeneHusi CayyauHo2o

npoyecca X t] (pyHKIIMEN MepBOTO MOps/iKa) cyuTaercs (yHKIUS,
OTIpeIETISIONIasl BEPOSITHOCTh TOTO, YTO €ro cedeHue Oy/IeT MEHbIIE He-
KOTOPOTO 33JJaHHOT0 3HAYCHUS IS MOMEHTA BPEMEHH 7

Fl(él’tl):P{X(t1)<€l}’

F (—oo,tl):O,Fl(+oo,t1)=1.

1 (1.11)

Oyuknus (1.11) xapakTepusyeTt ciydailHblid NPOIECC U30JIUPOBAHHO B
OTZIEJIbHBIX CEUYCHHMSIX, HE OTpakas B3aMOCBS3H MEx)]y HUMU. OgHOMED-
HOM (yHKUHEN pacnpeAesieHus] OJJHO3HAUYHO XapaKTEPU3YETCs TOJIbKO YH-
CTO CIly4alHBIA IpoLecCc Wiu Oesiblii IyM. Ero pasiuyHble CEYEHUs
COBEPLICHHO HE3aBUCHUMBI JIPYT OT JIpyTa.

Jleymepnot pynxyueti pacnpeoenenus CiyyauHo2o0 npoyecca X (t)
Ha3bIBaeTCs (YHKIMS, ONMpPEEsoNnas BEpOITHOCTh TOTO, YTO €ro ceye-
HUE OyJIeT MEHbIIIE HEKOTOPBIX 3a/IaHHBIX 3HAYCHUMN JJIS JBYX Pa3TUYHBIX
MOMCHTOB BPECMCHHU £; U £ ;



Fz(él,tl;éz,tz):P[X(t1)<él,X(t2)<.§2],
F( 0,158t 2) (51’1’ OOt) 0,
F2(+oo,t1;+oo,t2):1.

(1.12)
MOXHO OIPENEINUTE H-MEPHYIO (DYHKYUIO PACHPEOeneHUs.
Fn(él)tl;' En’tn) P| (t1)<61) (tn <€n ’
Fn —® t én) nl = _F Elj 1 —OO,tn :0)
F +oo,t1;...;+oo,tn):1. (1.13)

Yem BbImIe MOpsIOK (PYHKIIUM pactpeesICHHs, TeM TOYHEE OIpeie-
JISAIOTCS CBOMCTBa mporecca. OaHako 3akoHomepHocTH Bujaa (1.13) oObIu-
HO OBIBAIOT TPOMO3JAKUMH, IOATOMY Ha TMPAKTHKE OTPAHUYHUBAIOTCSA
(GYHKIMSIMU TIEPBOTO UM BTOPOTO MOPSIKOB.

CymiecTByeT 0COOBI KJIacC CIyYalHBIX IPOIECCOB, TSI KOTOPBIX
GyHKIMM pacnpeiesieHus] B JIF0OO MOMEHT BpEeMEHU £ > ¢, (B OyIyIlIem)

X |ty
ONPENIETSAIOTCS TOJBKO 3HAUCHUEM 0/ (B HacCTOsIEM), U BCE 3HaUe-

s X ¢ npu t <t, (B MpOILILJIOM) HE YTOUHSIOT 3TO onucaHue. Takue
MPOLIECCH HA3bIBAIOTCS MAPKOBCKUMM (M0 MMEHU BIEPBBIE HCCIEIO-
BaBIlero ux maremaruka A.A. MapkoBa). OHU XapaKTEpHBI JJIsl CUCTEM C
omcymcmeuem namamu (AU CUCTEM Oe3 NOCiedelcmaust).

Ilpumeuanue. Ananocom mMapko8cK020 Npoyecca MON*CHO CYUMAMb
pewenue ouppepeHyuarbHo20 ypasHeHus nepeoco nopsioKa

d

dt (I)[t x|t ]

x[to|
Komopoe zasucum om 0 u He zasucum om I’lpOl/L?GOaHblx 11006020 no-

pAoxka om xlt] po 8peMeHU @ MOMEHM t .

ITo MAaTCMATUYCCKOMY OIIMCAHHUIO MAPKOBCKHC IIPOLCCCHI IIPOLIC



HCMApPKOBCKUX.

g cinydallHOTO mpouecca X[t MOKHO ONpPENECIUTh IUIOTHOCTH
BEPOSITHOCTH TPpeOyeMOro MnopsiaKa

8F1(£vt1)
w1(€1’t1):a€ )
1
O"F &, t;;...;8 .t
w (E,t;...;¢ ,t |= .
ni>1271 0&,...0&, (1.14)

CpenHee 1o MHOKeCTBY (MaTeMaTH4YeCKOe OKUJAAHUE) OIPEIeIsi-
€TCS Ha OCHOBE HAOJIOJACHUN 3a pealn3alldsMy CIydaHOTO Iporecca B
OIYH U TOT K€ MOMEHT BPEMEHU

%M=mxm:N“XMk{E”wJXJM” (1.15)

Mamemamuueckoe odxcuoanue CayyauHo2o0 npoyecca — peyasipHasl
@QyHKYyUs, 3HAYEeHUe KOmMOopou 6 J00U MoOMeHm 8pemeHu t; pPAaHO

X (t )
MameMamMLlQCKOMy Omcudaﬂwo coomeemcmeyiou;eeo CeyeHuUA J
OHoO sBISIETCS PE3yJIbTaTOM BEPOSTHOCTHOTO YCPETHEHUS CIy4alHOU Be-
JIMYUHBI, HpI/I KOTOpOM KaKa0€ €€ BO3ZMOXHOC 3HAUYCHUC 6epCTCH C BECOM

@, (%t}

MoO2KHO OnpeAeauTs HEHTPUPOBAHHBIN CJIyYalHbIN MpoLecc

0]

X(t|=X[t|=m]t], (1.16)

MATCMATUYICCKOC OKHUIAAHUC KOTOPOI'O

Xl =M[ X c-my e =3 X -, =0,

(1.17)

JIt000i1 ciryyaliHbIN TIPOLIECC MOKHO MPEACTaBUTh KaK COBOKYITHOCTb



PEryJISIPHOM COCTaBJISIOIICH (MAaTeMaTHYECKOTO OXKUJAAHUSI) U LIEHTPUPO-
BAHHOM CJIyYaliHOW COCTABJIAIOILICH

O
X[t)=m,[t|+X]t].
X (1.18)
CpenHee mo BpeMeHM OIPEICISIETCS HA OCHOBE HAOIIOJICHUS 32 OT-
JEIIbHOW peaIM3alluer CIIy4YalHOr0 MpoLEeCcca B TEYEHUE JOCTATOYHO JJIH-
TEJILHOTO BPEMEHH, KaK

T
XZIimL- f x|(t|dt,
rew 2l (1.19)

€CJIM ITOT MpeJiell CylecTByeT. B o01eM ciydae 3To 3HaYEHUE Pa3IMYHO
JUTSL OTJICJIBHBIX PeATM3aIi CIIy4alnHOT O MPOoIecca.

JAucnepcue UEHTPUPOBAHHOIO CIYYAaWHOTO IIPOLIECCA CUYUTACTCS
MaTEeMaTHYECKOE OKUJAHUE €TO KBaJipara

+00

:_Ux—mx(t)] )lx,tld. (1.20)

0

X[t

D,ltI=M

Jlucnepcus cnyuaiinoeo npoyecca — pe2ynsapHas (yHKyus, 3HaAYeHUe
KOMOpou 8 000l MOMeHm 8peMeHU t; pagHO OUCNEPCUU COOMBENMCMBY-

X (t )
fOW@ZO ceyeHuA J
CpenHekBagpaTUyHOe OTKJOHEHHE IICHTPUPOBAHHOTO CIy4aifHOTO
HpOHecca HaxXOOUTCA KaK KBaHpaTHBIﬁ KOpeHB U3 1o I[I/ICHepCI/II/I

oy lt|=vD,lt]. (1.21)

[To xapakTepy M3MEHEHMSI CTATUCTHUUECKUX XapaKTEPUCTUK C Teue-
HUEM BPEMEHHM CIIyYalHbIE MPOLECCHI AEISAT HA CTAMOHAPHbIE M HECTA-
HMOHApPHBbIE. Pa3inyaroT CcTallMOHAPHOCTH B Y3KOM U B IIUPOKOM CMBICIIE.

CmayuonapueiM 6 Y3KOM CMblc/le Ha3bIBAIOT CIyYaillHBIM mporuecc

X(t) , CTATUCTHUYCCKHC XAPAKTCPHUCTUKHU KOTOPOTO0O HCU3MCHHBI BO



BpeMeHu. DyHKIMA pacnpeneneHus U IUIOTHOCTh BEPOSTHOCTH JIFOOOM
Pa3MEPHOCTHU HE 3aBUCAT OT Hayajla OTCYETa BPEMEHH £y, T. €.

FI’I

Wy

El’tl;"';én’tn
Eiotyss,t,

:Fn

:wn

ot —tys &t ty),

El)tl_to;“';énstn_to), (122)

rjaecty BI:I6I/IpaCTC$I IMPONU3BOJILHO.

CmayuoHapuviM 6 WUpoOKOM CMblcle Ha3bIBAIOT CIIyYalHbBIA MPOLIECC

X|t] , MaTeMaTH4eCKOe OKHJaHUE KOTOPOrO IMOCTOSHHO, a (YHKIIUU
pacnpesiesieHs] U TJIOTHOCTH BEPOATHOCTU JIFOOOM pa3MEpHOCTH 3aBUCST

TOJIBKO OT BEJIUYMHEBI CJIBUT'A BCEX TOUEK f j BAOJIb OCH BpEMCHHU Ha OJWHA-

KOBYIO BEJIMUMHY 7 (T. €. 3aBUCAT OT Hayaja 0TcueTa BpPEeMEHH )

Fn(El,tlﬂ;...;En,tnﬂ):Fn(El,...,cfn,r),

El,t1+r;...;En,tn+T):wn Epperes €y Tl

w
n (1.23)
[Iporieccel, cTallMOHAPHBIE B Y3KOM CMBICIIE, 0043aTEIbHO CTallMOHAP-
HBI ¥ B IIUPOKOM cMbIciie. OOpaTHOE YTBEP)KICHHE BEPHO HE BO BCEX CIIY-
yasix. Ciay4dailHble NpolecChl, He 00JIalatole CBOMCTBAMM CTAI[MOHAPHO-
CTH, CUUTAIOTCA HECMAYUOHAPHBIMU.

Ilpumeuanue. Cmayuonapuviii npoyecc Modcem  CUUMAMbC
AHATIO20M YCMAHOBUBULEZOCS PEAHCUMA 8 OeMEePMUHUPOBAHHBIX CUCMEMAX,
a HeCMAaYyUOHAPHBILL NPOUECC — AHAIO2OM NEPEXOOHO20 PedcumMda npu Jio-
OOM CYUatHOM BXOOHOM CUCHAJLE.

CranroHapHbIN CIIyYalHBIM MPOIIECC CUUTACTCS IPrOAMYECKHAM, €CIU
mo0as CTaTUCTHYECKasl XapaKTePUCTHKA, ONpeensieMas yCpeaJHEHUEM 10
MHOECTBY €r0 peaju3aluii, paBHa COOTBETCTBYIOLIEU XapaKTEPUCTHUKE,
ONPENECTAEMON YCPEIHEHUEM IO BPEMEHU €r0 MPOU3BOJIBHOU TOCTATOYHO
JUTUTENBHON peaiu3aluy (3TO MO3BOJIAET, HAPUMED, MPHUPABHATH CPE.I-
HUE 10 MHOXXECTBY U 110 BpeMeHU). Eouncmeennaa peanuzayus ip2oou-
YecKo20 CAy4ailHo20 npouecca 6 0eCKOHeYHOM UHmepeale 6pemMeHu
NOJIHOCMbIO Onpeodesisien 6ecb NPOUecc, 4TO CYIIECTBEHHO YIPOIIAET



pacucT €ro CTATUCTHYCCKUX XAPAKTCPUCTHUK.

Ilpumeuanue. He xasicowiii cmayuonapHulii CIYHAUHbIL NPOYECC 5615 -

emcs opeoouueckum. Illpumepom modicem crysdcums npoyecc Xl
Kax#coas peanusayusi Komopo2o HOCMOSIHHA 80 8peMeHU (CM. pucyHok 1.3).

X(z) (1)
x,(1)
x,(1)
0 t
Pucymok 1.3 — [IpuMep CTAIMOHAPHOTO  HEIPrOIMHECKOTO

CIIy4arlHOro Ipolecca

OnvH ¥ TOT K€ MPOIIECC MOXKET OBITh IPTOJIUUYECKUM MO OTHOIIIEHUIO
K OJHUM CTAaTUCTUYECCKUM XapaKTEpUCTHKAM M HEIProJWYECKUM IO OT-
HOIIIEHUIO K JAPYyruM. B nanbpHeiiem OyJIeT cYuTaThCsi, UTO MO OTHOIIIE-
HHUIO KO BCEM CTATUCTHUYECKHM XapAKTEPUCTHUKAM YCJIOBHUS 3PTOJAUYHOCTH
BBITTOJIHSIOTCS.

1.2 KoppeasiumoHHbIe GyHKIMHU CIIYYAUHBIX IPOLECCOB

CratucTtrueckrne XapakTEpUCTHKH, MEpEeYrcieHHble B m. 1.1, He oT-
pXaT B MOJHOM MEpPE XapakTepa CIy4d4aumHOro Iporecca. Hampumep,
MPOIIECCHI HA pUCYHKE 1.4 pa3nuyHbI IO CBOEU CTPYKTYpE, XOTA U UMEKOT
OJINHAKOBBIE 3HAYEHUS] MATEMATUUYECKOTO OXXKUAHUS U AUCTIEpCUd (IITpHU-

mX(t)iB-GX(t)

XOBBIMH JIMHUAMU ITOKA3aHbI 3HAYCHU A , IIpU HOpMaAJIb-

m[t]

HOM pacCIIip€ACICHNUN 3HAYCHHC nomagacT B 3TOT AHUAIIA30H C BC-

positHocThiO (,997). IIponiecc Ha pucyHke 1.4 (a) mpoTeKaeT OTHOCUTEh-



HO IUIABHO, U CTaTHCTUYECKasl CBS3b MEXKY €ro CEYEHUSIMU JOCTATOUYHO
cunbHas. [Iporecc Ha pucynke 1.4 (0) xapakTepusyercsi CUILHON W3MEH-
YUBOCTBIO, CBSI3b MEXKIY €ro ceueHusamu ciadas. OgHako HU MO MaTema-
TUYECKOMY OKHMJIaHUI0, HU IO JUCIIEPCUM ONPEICIUTh 3TO HEBO3MOXKHO.

x(1) my (1) +3-a (1) x(1) my (1) +3-a (1)

o
,@@ I

'\;'
N\

V4

Pucynok 1.4 — Cny4aiiHbple IpPOLIECCHI PA3JIUYHON CTPYKTYPbI

YToOBI y4EeCTh CTAaTUCTUYECKYIO CBSI3b MEXKIY Pa3IMYHBIMU CEUCHHU-
SMH CIIy4aifHOTO TMPOIIecca, UCIOJIb3YIOT KOPPEISAIIMOHHBIE (PYHKIIUH.

Koppeasiumonno pyHkuuerd CaydalHOro Iporecca X|t] Ha3bl-
BalOT HECAy4YalHYIO (PYHKIIUIO IBYX apr'yMEHTOB f; U £, KOTOpas JIsl KaxX-
JI0¥ TIapbl MPOU3BOJIBHO BRIOPAHHBIX MOMEHTOB BPEMEHH paBHA

0

X[t X[t

Rylty by =M

+00 +00

Z,_foo _foo [xl—mx(tl)]-[xz—mx(tz)]-wz(xl ,tl;xz,tz) dx, dx,.
(1.24)

KoppensunonHas GyHKIUs ClIydallHOrO IMpoIecca, CTallMOHApHOIO B
Y3KOM CMBICJIE, HE 3aBUCUT OT PAa3HOCTH ApTyYMEHTOB #, U ;. Koppemsuu-



OHHasi (DYHKIUSA CIIy4allHOTO TMpoIlecca, CTAlMOHAPHOTO B IIMPOKOM

CMBICJIC, 3aBUCUT TOJIBKO OT OAHOI'O apryMCeHTa 7 = t—t;

R,1I=R, [t t+t/=M Xlt}X|t+1]=

+

0

Z,TO xl—mx(t)]-[xz—mx(tﬂ)]- (xl,xz,r)dx dx,.

— 00 —00 (1.25)

Eciau orpaHn4uThCs pacCMOTPEHHUEM IIPOLIECCOB C HYJIEBBIM MaTeMa-
TUYECKUM OXKUJAHHUEM, CTAIMOHAPHBIX B IIMPOKOM CMBICJIE, TO MOXKHO
YIOPOCTUTH BBIPAKEHUE JIJIs1 KOPPEISITUOHHON (PyHKIIMU

R, /=M X[t} Xt+1]=

(}_fw _fw X, Xy (xl,xz,r)dx dx,. .

JIJIst 3proguyYecKux MPOILECCOB KOPPEISIUOHHYIO (DYHKIIUIO MOXKHO
ONpPENECTUTh KaK CpeAHEE MO BPEMEHU OT MPOU3BEICHUS

RX(T):[X(t)_)_(HX(t+”[)—)—<}:

b lim.i-j: [x(t)—?}-[x(Hr)—)_(}dt,

(S X(t) — Jro0as peanuzalus ClydaiiHOro Ipoliecca X[t] . Ecim
CpEIHEE IO BPEMEHU PABHO HYJIIO, TO
T

1
Rx(r)=X(t)-><(t+f)=]1}f;ﬁ'_fT xt)x(e+r)dt. (1.28)

Du3nYeCKHil CMBICJ KOPPEISIIUOHHON (PYHKIIMU COCTOUT 8 OYeHKe
6EPOAMHOCMU MO20, YMO CEeYEHUs CIYYaUHO20 npoyecca 6 MOMEHMbl

gpemenu t; u t; omauyaiomcsa Hesnavyumenvuo. llpu t, —t; BIUsAHUE

Xt Xty

RX(tl’ tz)
Ha JOCTAaTOYHO BCJIMKO, U CTPEMHUTCA K



X[t
MakcumyMy. [1lo Mepe yBenmueHus: pa3HOCTH ¥, — ¢ ; BIUSIHUE 1) Ha
X|t,) Ry(t;,t,)

Xt

ocia0eBaeT, M 3HAYEHUE yMmeHblaerca. [Ipu

t;—1t; —>+to0 BEPOATHOCTHL TOT'0O, 4YTO
X|t,)

MaJIO OTIHU4YacTCsa OT

, IPAKTUYECKU PABHA HYJIIO.
OcHOBHBbIE CBOIiCTBA KOPPEIAIMOHHBIX (PYHKITUH CIETYIOIINE.
1) KoppensuronHass (QpyHKIUS CUMMETPUYHA OTHOCHUTEIIBHO CBOHX

apryMEHTOB.

ﬂoxas'ameﬂbcmeo:

Rylt;, =M )O((tl)-)o((tz)

:M{)O((tz)-)of(tl)]:RX(tz,tl).

Jns  cTanmuoOHApHBIX  CIIyYalHBIX MPOLECCOB  KOPPEIALMOHHAS

(byHKIMA €CTh YeTHast QyHKITUSA T.

ﬂomwameﬂbcmeo:

Ryrl=M Xlt-Xlt+t|=M X=Xt |=R /-]

2) 3HaueHuEe KOPPEIAIHMOHHOM (PYHKIIMU CIy4aHOTO MpoIlecca IpH
t; =1, =1paBHO €ro JUCIICPCHUMU.

ﬂoxas'ameﬂbcmeo:

Rty =Ry, t1=M X |=D,

HavanpHoe 3HadYeHHE KOPPEISIIMOHHON (QYHKIIMU CTallMOHAPHOTO
CJIy4alHOTO TIPOLIECCA PABHO €r0 JUCIICPCHUH.



ﬂo:«wameﬂbcmeo:

R/0/=M Xt Xlt|=D,.

3) 3HaueHue KOPPEISIMOHHON (YHKIIMU TTO MOIYJII0 HE MOXET Ipe-
BBICUTH CPEIHEr0 TEOMETPUUECKOTO JUCIIEPCUM TIPU #; U L.

Jlokazamenvcmeo. Hcnonvsyem uzgecmuoe  ocpanuyenue  OJiA

K03ghuyuenma koppeniyuu Py, 08YX CIYHAUHBIX 8EIUUUH X U Y

kvl M oe=m,{y=m, | _|Mlx-y-m m)|
0,0, 0,0, 0,0,

<1.

Benuuuna cov|x, y ) Haszvleaemcs Kogapuayueu (KOppeniyuoHHbIM
MOMEHMOM) CAVYAUHBIX 8eluduH X U y. /s KoppenayuonHou QyHKyuu

CﬂyqadHOZO npoyecca MOMCHO 3anucamnb

(tl) (tZ) |R (1’ 2)‘ <1
0 (f)ﬂx(tz) DDy
Ry[t1:85|<y D[t Dy

JIJist cTallOHApHOTO MpOoIecca 3HaYEHUE KOPPETSIIMOHHONW (yHKIIUH

npu JI000M T HE MOJKET IMPEBLICHUTH 110 MOAYJIO €T0 AUCIICPCHUM.

ﬂoxas'ameﬂbcmeo:

IR, [t]|<VD,[t] D (t+1|]<D,=R,(0)].



4) Koppensamuonnas (yHKIUsS Ipoiiecca Zlt|=X[t]+glt (rme

Xle) _ CIy4alHBbI MPOIIECC, g(t] — peryisipHas PyHKIIUSI BPEMEHU )
ONPENIETUTCA COOTHOLLICHUEM

Ry (t1,t,]= R[t;, 1) (1.29)

onxasameJlbcmeo:

5) KoppensiuonHas (yHKLIUS IIpolLecca Zlt|=X[t]-glt] (rae

Xle| CJIy4aiiHbI Mporuecc, gitl _ peryisipHas (QyHKIUSI BPEMEHH )
OIIPEEIINTCA COOTHOUIEHUEM

Ry (t1,65)=Rx[ty,6,)-9(t;]-g(t,). (1.30)

ﬂomwameﬂbcmeo:

Ryt =M [t 2]t =M

Yuumuieasn ceoucmea mamemamuuecko2o ODiCZ/laClHZ/l}Z,



0

Rt =M X Tl gl =R )

6) Koppensaimonnas QpyHKIMs CIy4ailHOrO Mpoliecca, COEPKaIIEro
MOCTOSIHHYIO COCTaBJISIIOIIYIO0, TaKKe OyJeT coJiepKaTh ITOCTOSHHYIO
COCTaBIISIIOIIYO.

Jlokazamenvcmeo. I[lycmv nabarodaemvllii npoyecc npeocmasisem

x(t):AO

000U NOCMOSHHBIU CUCHAL (cm. pucynok 1.5 (a)). Toeoa

Ry[t;,t,|=M |x(t, | x[t,]|=M[ Ay Ay|=A7.

7) Koppenamuonnas QyHKIUS CIy4ailHOTO IMpoliecca, COAEPIKaIIero
MEPUONYECKYIO0 COCTABISIONIYI0, TakXke OyleT COAep:KaTb MEpHOInYE-
CKYIO COCTaBIISIFOLIYIO.

Jlokazamenvcmeo. I[lycmv nabn00aemvlil. npoyecc npeocmasisiem

x(t):A1~sin(a)1~t+¢1)

co001U NnepuoouUuecKuli CUcHA (cm. pucyHox

1.5 (6)). Bsedem obo3nauenus t;=t, t;=t+ T u ucnoavzyem ¢opmyny
(1.28).

T
RX( )_}1£ﬁ TX t+T)dt
A2 T
(lim ——- sm(oo1 t+¢1) sm(oo1 t+w;- T+¢1) =
T 2 -T

T
(6 lim iT _[r [cos(ool-r)—cos (2-wl-t +w1-r+2-¢1)]dt.

T—)oo

Ilpumem T pasnvim nepuody ynxyuu x[t] , m. e. r=2nlo,

Tocoa, ucnonvzys nepuoOOUYHOCHb HOObIHMESPANILHLIX (QYHKYUL, npu



T — +oo unmeepan ¢ npedenamu om —T 0o T moorcHo 3amenums CymMmou

UHmMe2palos ¢ npeoeiamu om k=1]-T, 00 kT, , 20e k==I, £2...

Yyumwisas makKyro 3dMery, MONCHO 3anucansb

AZ T, Ty
RX(T):Z-I{l. {Cos(wl-r)dt—{Cos(2-w1&t+wlér+2-¢1)dt =
A} ¢ 2 0 o
= 2-T1.Cos(w1‘r)."([ dt_Z-Tl c{cos(2'w16t+wlcr+2-¢l)dt =
A2 2
=2.;1-cos(col-r)-dgl—ﬁi,sin(Z-wli,t+colé, T+2'¢1)|§1:
AZ
=—1-cos(w1-r).
2

llonyuennas kopperayuornHas QyHKYyus He CO0epHCUM HUKAKUX cBede-

HUll 0 Qhazoeom cosuze.
Ecnu nabniodaemviti cuenan onucviéaemcsi QyHKyuelu 8pemeHu, pas-

k
x[tj=A,+ D, A;bsin|@ t+;] ¢
nazaemoii 6 psio Pypue i=1 , MO, UCNONb3YA

pe3yibmamol, NOJIY4eHHble 8 NPeOblOYUUX NPUMEPAX, MOHCHO 3aNUCANb

k 2
R,[t)=A%+ ), f-cos(wi-r).
i=1

Koppensiiimonnast pyHKIMs CTalIMOHAPHOIO CIy4aitHOro mpoliecca, He
COJZIEPXKALIETO NMEPUOANIECKON COCTABIISAIONICH, MOKET ObITh alllTPOKCUMH -

poBaHa BBIPAKCHHUCM BHUJ1A

R,[t|=D-exp|—a-|t]], (1.31)

IJie o — ImapaMeTp 3aTyXaHusl.



Pucynok 1.5 — Koppensimonnbie «¢GYHKIMA W CHEKTpalbHbIC
IUIOTHOCTH CIYyYalHBIX MPOLIECCOB PAZIAYHOU CTPYKTYPbI



Koppensiiimonnass ¢GyHKIMS CTAllMOHAPHOTO CIIy4aHOTO IIpoliecca,
COJIEPXKAIIEro NEPUOIUYECKYI0 COCTABJISIIONLYIO, MOXKET OBITh ANMpPOKCH-

MHUPOBaHa BHIPAKEHUEM BH/IA
R,|t|=D-exp|—a-|t|-cos|B-T/, (1.32)

r7ie S — pe30HaHCHAs 4acTOTa CUCTEMBI.

Ha pucysnke 1.5 (B) u () mpuBEeIEHBI IPUMEPHI CIyYaHHBIX ITPOIIECCOB
U UX KOPPEISIUOHHBIX QYHKIMM. O4EeBUAHO, UTO C POCTOM 7 CBSI3b MEXKIY
CEYEHUsIMM  cllydyailHoro mpoiiecca ociabeBaer. KoppensuuonHas
(GyHKIHMSA, COOTBETCTBYIOIIAsl IMpoIleccy ¢ 0ojee TOHKOM CTPYKTYypOM
(OonmpIIMM 3HaAYEeHHEM @), YObIBaeT ObicTpee. Tak Kak ISl CIy4altHOTO
mpolecca Tuma 0eyioro myMa XapakTepHO OTCYTCTBUE B3aUMOCBSI3U CEYE-
HUSMH, €0 KOPPEISIIMOHHAS QYHKITUS MPEACTABISICTCS O-PYHKITUEH, pac-
MI0JI0KEHHOM B Havyajie KoopauHat (cM. pucyHok 1.5 (1))

Ry(t|=N-§l1), (1.33)

rae /N — HEKOTopas KOHCTAHTA.

CratucTuyeckas CBsI3b JIBYX CIy4YaWHBIX MPOILIECCOB X|t) u Glt]
XapaKTEPU3YETCS B3AMMHOM KOPPEJSUMOHHOU (PyHKUMEH, KOTopas s
KQKJI0W Mapbl MPOU3BOIBLHO BHIOPAHHBIX MOMEHTOB BPEMEHU paBHA

Ryslty,t) =M )O((tl)-co;(tz)

1N x—mX(tl)Hg—mG(t2)]-w2(x,tl;g,tz)dxdg. L

JI71 3proAnYecKux Ciay4yalHbIX IPOLIECCOB

T

= lim —

Ryglt)=lim 5=

- [x(t)—;‘c]-[g(t+r)—§]dt,
-T (1.35)

rIie xlt] g gl — M00BIE PeaM3aLiH POLIECCOB X tl y Gl



L{eHTprupOBaHHBIE CIy4ailHBIE MPOLIECCHI CUUTAKOTCA KOPPEIUPOSAH-
HbIMU, €CIIA MX B3aUMHasl KOppEJsIIMOHHAs (yHKIMS HE paBHA HyJ0. B
IPOTUBHOM CIIy4a€ OHU CUUTAIOTCSI HEKOPPEIUPOBAHHBIMU.

B3anmuas koppensiumoHHas (yHKLIHS HE SIBISETCS CUMMETPUYHOMN
OTHOCHUTEJIbHO CBOUX apTyYMEHTOB, OJJTHAKO CIPABEIJIMBO COOTHOIICHHE

=Reylty ).

X (t1)~é(t2) =M Co;(tz)do( 1

(1.36)

Rylty,t, =M

Ecnu B3auMHas koppensiiuoHHas (QyHKIUS ABYX CIIy4alHBIX Mpoliec-

cos Xltl u Glt| sapucur romro ot Pa3HOCTH CBOMX apTyMEHTOB, T. €.
Ryc(ti:ty| =Ry t,—t; | =Rygl1l, (1.37)

TO TaKUE€ IPOLECCHl CUUTAIOT CMAYUOHAPHO-CEA3AHHbIMU. JIJIsI CTalHUO-
HapHO-CBSA3aHHBIX CIYYalHBIX MPOLIECCOB

R

x|T/=Rax = T). (1.38)

Koppensiiimonnass ¢GyHKIHMS CyMMBI JIBYX CIy4ailHBIX TIPOIIECCOB

Z(t)=X[t}+G|t] pprapcnsercs mo Gopmyiie

Rz(tl’tz):R t2)+RG(t1’ t2)+RXG(t1’t2)+RGX(t1’t2)’

x(ty

(1.39)

Jlokazamenscmeo:
:MHX[tl)m(tlw-lx[g)w[gm:aL:M{X(tl)-X(t2H+M|G[q).Gw
+M|X[t-GH+M[ A
ooty ity Rt

o



Koppensiiimonnast pyHKIIUS TpOU3BeICHUS ABYX HEKOPPEITUPOBAHHBIX

CﬂyqaﬁHBIX IMpoucCcCoB Z (t):X (t)G(t) HaxXoaUuTcCs IO COOTHOIICHHNTO

Ry (t1.ty)=Ry [ty t5] Re[t;, 1) (1.40)

Jokazamenvcmeo:

b

X(rl)oG(qW-{X(g)-G(tZ

it

]

}:thl,g]'RGrl,g.

[Ipu penmieHnn MpakTUYECKUX 3a]1ad 4acTO MOJIb3YIOTCS HOPMUPOBAH-
HBIMU KOPPEJISALUOHHBIMU (PYHKIIHSIMU

L L
XU Dy XD y-Dg (1.41)

Koppensiimonnyo (yHKIHIO MOXKHO HMCIOJb30BaTh JJIS BBISBICHUS
MOJIE3HOTO TEPUOJUYECKOTO TOJIE3HOTO CUTHaiMa Ha (oHE CIydaiHOM
nomexu. J[Jig 3TOro ee ompeAessitoT Nnpu OONBIIMX 3HAYEHUSX 7, KOrja
BIWSHUE CIy4allHOrO CHUTHaja cKa3biBaeTcs cjiabo (CcM. puUCYHOK 1.6,

NYHKTAPOM TOKa3aHa KOPPeJSIMOoHHas (YHKITUS TOMEXH).

\ N\ / \ N /.
VAAVAREERVARY

Pucynok 1.6 — @unbTpanus MoJe3HOr0 NEPUOJIUYECKOTO CHTHANA C



UCIIOJIb30BAHUEM €TI0 KOPPEISIIMOHHON (QyHKIINH
1.3 CnexkTpaJjbHbIe IVIOTHOCTHU CJAYYAHHBIX MPOLECCOB

CnekrTpajbHasi IIOTHOCTb CTallMOHAPHOTO CIY4YallHOro Mpolecca
omnpeesieTca Kak mpeoOpa3zoBaHue KOppeassuuoHHON GyHKIuu no Oypee

fR exp j-w'r)drz

+00
Lf RX(T)-cos(w-r)dr—j-f RX(T)-sin(w-T)dr.
— 00 —00 (1.42)
Tak kak Rx LI yerHas, a Sl (©'T) _ yeuernas (GYHKIUSA T, TO B
(1.42) BTOpOI1 MHTErpaJl paBeH HYJO. YUUTHIBAs, YTO cos(@T|  _ yer-

Hasi QyHKIUSA 7, TOJTy4aeM

=2- f R, cos - T)dT
(1.43)

Ecnu cnekrpanbHas MIOTHOCTh M3BECTHA, TO C TOMOILBbIO 0OPaTHOIO
npeoopazoBaHusa Oypbe MOKHO HAUTH COOTBETCTBYIOILLYIO €1 KOPPEIISIIH-
OHHYIO (PYHKIIUIO

0 (1.44)

MOXHO yCTaHOBUTH BOXXHYIO 3aBUCUMOCTH CTaTUCTUYECKHMU XapaK-
TEPUCTUKAMHU CIIYYaHOIO Ipolecca

1 +00
Dy=R,l0j==[ s,
T 5 (1.45)



DuU3HYeCKUN CMBICI CIIEKTPAIIBHON TUIOTHOCTHU 3aKIIFOYAETCS B TOM,
4TO OHA Xapaxkmepuszyem pacnpeoeieHue MOWHOCMU CIY4atiHo20 npoyec-
ca no 4acmomuoMy Cnekmpy.

Jlokazamenvcmeo. Eciu cuumams X t peanuzayueu Cay4auHblx
Gaykmyayuu HanpaxceHus Ha npo8ooHuxe ¢ conpomusienuem 1 Om, mo,
CO2ACHO MeopuU dJIeKMPUYECKUX KONeOAHUl, CPeOHsst MOWHOCMb, pacce-

usaemas Ha mom npogoonuxe 3a epems 2-T, pasua

1 T
cp:_T J;

Ecnu npunsme 2-T — +o0o u ucnonvszosamo gopmynvt (1.28) u (1.44)

npu tT= 0, mo MOJCHO 3anucams

(O)—hm— x° t—L-T} Sylw|dw.

cp X T = oo 2'T 2'7-[ — 0

Taxum ob6pazom, cpeodHsas MOUWHOCMb CUSHANLA MOdcem Oblmb Hatloe-

SX(oo)dco

Hd, KAdK beckoneunas CYyMMA IJ1EMEHMAPHBLX CllacAemMblX 6

ouanaszone yacmom om —0 0o +o. Takum obpasom, kaxcoas s1emeHmap-

Has MOWHOCMb OJIsL YACMOmbl @ Oy0em nponopyuoHaiIbHd Sxlw]

Ilpumep 1.1. Onpedenenue cnekmpaibHOU NIOMHOCMU CAYYAUHO20
npoyecca, KOPpeIAYUOHHAsE (DYHKYUSL KOMOpPOo2o HAXOOUMCS NO COOM-

Howenuto (1.31). Hcnonvsya gopmyny (1.42) u yuumwieas, umo |T|:T

npu T=0 y 1l=-1 npu T<0 | sanuwem



SX(co):jf: D, -expl—a-|t|-exp|—j-w-T|dr =
LDy J. exp[(a—jm)-r}drﬁfexp[—(a+j-oo)-r}dr =

— 0

2D«
Z; X

a’+w?
o000

Ilpumep 1.2. Onpeoenenue cnekmpaivbHOU NAOMHOCMU CLYYAUHO20
npoyecca, KOppensiyuoHHas QYHKYUs KOMOPO2O0 HAXOOUMCS NO COOM-
Howenuto (1.32). Ucnonw3ys chopmyny (1.42) u npouszeoos sameny

exp|—j-B-t/+explj-B-1]

cos|B-T|= > ,
SX(w):f D exp|—a-Jt]-cos |p- expl- joTldr=

D +00
e O : ol
(= fexp[—a°]1\—]~(a)+ﬁ)ﬂdr+c o).
l %
Ob6a unmeepana mo2ym 6blmsv Hali0eHbl MAaK e, Kak u 8 npumepe 1.1,

nocine 3amemnl (C‘)"'B) u ((‘)—B) Ha @ u @”. Tozoa

SX(oo)ZDX ; a —+ @ —|=
o +(w) a +(oo ) |
: a o
6Dy
o+ o+BP a?+Hw— )2_




OcHOBHBIE CBOMCTBA CIECKTPAJIBHBIX IUIOTHOCTEH, ONPEAECIIEMBIE
CBOMCTBAMH KOPPEIALMOHHBIX (QyHKIMH (cM. 1. 1.2), cneayronue.

1) CrekTpanbHasl IUIOTHOCTh CIIYYalHOTO Ipolecca SIBISETCS ACH-
CTBUTEJIHOM M YETHOW (PyHKILIMEH 4acTOTHI.

Jlokazamenvcmeo. I[loovinmezpanvroe e@vipadxcenue 6 (1.43) co-

oepacum NpoussedeHue YemHvlx QYHKyuu Ryl u CosloT

nosmomy 6yoem cnpaseodiuso coOOmMHOUEHUE
+00
SX(oo) =2- I RX(T)-cos(oo-r) dr=
0

o)

LZ-T RX(—T)-cos(—w-T)dT:SX(

2) CnekrtpanbHasi IUIOTHOCTh CIIYYalHOTO IMpoliecca, COAEpKaIlero

MIOCTOSTHHYIO COCTABJISIONIYI0, OYJIET UMETh UMITYJIbC (S-(DYHKIHMIO) TpH
4acTOTe, PABHOU HYIIIO.

Jlokazamenvcmeo. Ilycmv nabnwooaemvlii npoyecc npeocmasisiem

x[t|=A

co00U NOCMOSIHHBIU CUSHAIL 0 (cm. pucynok 1.5 (a)). Toeoa, uc-

nomv3ys nooxoo0 om npomueHo20, MOJNCHO 3anucaniv

S,lo|=2-1-A%5|w),

RX(T):ﬁ°_L 2:m-AZ-8| w|-expl j-wT|dw=

LACexpljoTl| _ =A;

0 w=

Fpaqbuk Cl’leKmpa]ZbHOZZ niomHocmu nokKdasviedeni, 4no 6CA MOui-
HOCMb NOCMOAHHO20 CUZHAA cocpe@omoueHa npu Hle€601/7 yacmome.

3) ChekTpanbHas IJIOTHOCTh CIIy4alHOTO MPOIECCa, COJEPIKAIIETo



NEPUOIUYECKYIO COCTABJISIIOILYIO C YaCTOTON @/, OyJIET UMETh UMITYJIbCHI

(O-GYHKIIUN) TIPH YaCTOTaxX @ ;.

Jlokazamenvcmeo. Ilycmv nabnooaemviii npoyecc npedcmasisiem

o o — -Qi -t +
cob0ll nepuoouyecKull CUsHal x[t] Ay Sm(wl t ¢1) (cM. pucyHox

1.5 (6)). Toeoa, ucnonv3ys n00X00 om NPOMUBHO20, MOINCHO 3ANUCAMb
2
Ay

SX(oo)=2-7T-T-[5(oo—w1)+5(oo+oo1”,

oo 2
RX(T)—i-_L 2-71-%-[6(oo—ool)+6(w+w1)]-exp(j-w-r)doo:

2 +00 +00
L%-[_w S(w—wl)-exp(j-w-r)dw+_[o 6(@ +oo1)'exp(j-w'r)dw]=
A Aj
2270-{exp(j-w1-r)+ exp(—j-wl-r)}zjo-cos(ool-r).

Fpaqbuk cnekmpaﬂbnod njioniHocmu nokKassledaem, 4nio 6cCiA MOUL-
HOCMmb nepuoduquKoeo cucHala cocpedomoqua npu d@yx yacmomax.

Ecnu nabarooaemsiii cuenan onucvigaemcsi QyHKyuel pemeHu, pas-

k
x[t|=Ag+ D Arisin(o,t+¢,]
nazaemoul 8 pso Dypve i=1 mo eco cnek-

)

MPAanvHas NIOMHOCMb Oyoem umemv GUO JUHEUYAmo2o cnekmpa ¢ O-
QYHKYUAMU, PACNOTIOHCEHHBIMU HA NOJIONCUMENbHBIX U OMPUYAMETbHbIX

uacmomax 2apmoOHUK. HCI’lO]le’yﬂ NOJIY4Y€HHble paHee pe3ylbmambsl, MOINC-
HO 3anucambs

Sylw|=2-m A3-6(w)+z 4’ -[6(w—wi)+6(oo+wi” :

CnektpasibHasi IJIOTHOCTh CIYyYallHOTIO Mpolecca, HE COMEPIKAIIETro



MEPUOANYECKON COCTaBIISIFOIIEH, MOKET OBITh MPUOIMKEHHO MPECTaBIIC-
Ha BBIPAKECHUEM
_2:DyTy

((1))— 2 PIE

rae T — nocrossHHas BpeMeHU. Takou CHEeKTPaIbHOU IIJIOTHOCTUA COOTBET-
CTByeT KoppensainuonHas pyukmus (1.31).

Ilpumeuanue. Dopmyne (1.46) coomeemcmeyem cnekKmpaibHAsL

nAOMHOCMb, nojyyenHas 8 npumepe 1.1, eciu npunsme a=1/T ..

Ha pucynke 1.5 (B) u (r) mpuBeAEHBI TPUMEPHI CIIEKTPATbHBIX IUIOT-
HOCTEW U KOPPEJSAIMOHHBIX (DYHKIMM CITydalHBIX MPOIECCOB Pa3IMYHOM
CTPYKTYphl. O4eBHAHO, UTO, YeM IIUPE TpaduK CIEKTPATLHON MIOTHOCTH,
TE€M YK€ rpauk COOTBETCTBYIONIEH KOPPETAIMOHHON (DYHKIIUHU. ITO CO-
OTBETCTBYET (PU3UUYECKOM CYIIHOCTH Tpoiiecca (4eM Oosiee BBICOKHE Ya-
CTOTBI TPEACTABIICHBI B CIEKTPATIBHOMN MJIOTHOCTH, TEM BBILIE CTENEHD €TI0
n3MeHYMBOCTH). CriekTpaibHas MJIOTHOCTh OEJIOT0 IMIymMa CYUTAETCS T0-
CTOSTHHOM BO BCEM JIMANa30HE 4acToT (CM. pUCyHOK 1.5 (11)).

Jloxkazamenvcmeo (om npomuenozo):
R, [T)=N-6lt),

S, lwl= f N-8lt|-exp|—j-w-t/dt=N-exp|—j-w-1/|._,=N.

ITOoCTOSHCTBO CHEKTpaldbHOM IIJIOTHOCTH O€IOro IrymMa BO BCEM
Juara3zoHe 4actor opMaabHO O3HAYaEeT, YTO €ro IHEPrusl pacrpenesieHa
0 BCEMY CIIEKTPY PaBHOMEPHO, a CyMMapHas dHEprus IMpoliecca paBHA
OECKOHEUHOCTH. DTO YKa3bIBAET HA HEBO3ZMOMNCHOCHb (DUIUYECKOU peanu-
3ayuu b6enozo wyma.

Hpumelumue. Ecnu CNEeEKMpAalbHYyr O NJIOMHOCMb CUcHAIA MOINCHO



CUUMAams NOCMOSIHHOU 8 00CMAMOYHO WUPOKOM 4ACMONIHOM 6uana30He,
a cparuybl 5moco ouUanazona HAXo00Amcs 6He NoJIOCbl Yacmom nponycka-
HUs cucmembsvl, mo M()@Cl]lbl&’dlxﬂ/l}l MmaKko2o cucHaia 6 6uoe 0en02o wyma

6NnoJiHe l4€ﬂ€C006pa3HCl.

B3aumnas CIICKTPaJbHadA NJIOTHOCTDb JIBYX CTAlIMOHAPHbBIX cnyqaﬁ-

HBIX TIPOLECCOB X tl oy Gl OIpEeIENIETCS KaK MPeoOpa3oBaHNeE B3a-
MMHOW KOPPEJSIUOHHONW PyHKINU 110 Dypbe

+00

SXG(j-oo):_foo RXG(T)-eXp(—j-w-T)dT. (147

Sxle)

B omimuue OT criekTpajabHOM MJIOTHOCTH B3aMMHaA CIIEK-

TpaJIbHAs IJIOTHOCTH SXG(J ‘o) JCHUCTBUTEILHOW M YeTHON (pyHKIMen
YaCTOTHI HE SIBJISICTCS.

Ecnu npoueccer X1t u Glt] HEKOPPEJIMPOBAHHBIE, 4 UX CPEIHUE
3HAYEHUS PABHBI HYJ0, TO UX B3aMMHAasl CIIEKTPaJIbHAsA IUIOTHOCTh TAKKE
paBHa HYIJIIO.

Ha mnpaktuke 4acTto HCHOJIBb3YIOT HOPMUPOBAHHYH) CHEKTPAIBHYIO
IUIOTHOCTh, MMEKIIYI0 Pa3MEPHOCTh BPEMEHU, KOTOpas SBIISIETCS Mpe-
00pa30BaHNEM HOPMUPOBAHHOUN KOPPEISAIMOHHON (yHKIMU 110 Dyphbe

_Sylw) )= S ol
D, "X D, D.’
X v X 7G (1.48)
CnekTpanbHyHO IUIOTHOCTh MOYXHO HCIIOJb30BAaThCS IS BBISIBICHUS
MOJIE3HOTO MEPUOAMYECKOTro CUrHajia Ha ¢oHe ciaydaitHo nomexu. [Ipu-
CYTCTBHUE NMEPUOJUUYECKON COCTABIISIIOLIEH OOHAPYKUBAETCS MO BCIJIECKAM
Ha rpaduke CeKTpaIbHON INIOTHOCTH (CM. pUCYHOK 1.7).



_..--""/I |\---.__
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Pucynok 1.7 — @unbTpanusi Moje3HOro NEepUoOIMYECKOr0 CUTHaIa C
TIOMOIIBIO €TO CIIEKTPATBLHOMN TIOTHOCTH

1.4 JKCIePUMEHTAJIBLHOE onpeaeieHue CTATUCTUYECKHUX
XapaKTepUCTHK

3KCHepHMeHTaHBHbIe MCTOAbI OMPCACIICHHUA CTATHCTUYCCKUX XapaK-
TEPUCTUK OCHOBAHBI HAa TOM, YTO IMPU JOCTATOUYHO OOJBIIOM YHUCIIE HC-
MBITAHUN BEPOATHOCTH COOBITHS MOKHO 3aMEHUTH €TI0 OTHOCHUTEIHLHOMN Ya-
CTOTOM, a MAaTEMaTUYECKOE OKHMIaHHUE CITyYalHBIX BEIMUMH — UX CPEIHUM
apupMeTnueckuM. CTaTUCTUUECKUE XapaKTEPUCTUKH, MTOJTYyUYCHHBIC MTyTEM
00pabOTKH Pe3yIbTaTOB TAKOI'0 AKCIIEPUMEHTA, HA3bIBAKOT OUEHKAMU WC-
TUHHBIX CTATUCTUYECKUX XapPaAKTEPUCTHUK.

Ha mnpakThke 4YWcIO HCHIBITAHWM BCerja orpaHudeHo. B Takux
YCJIOBHUSIX OTHOCUTEJIbHAs YacToTa U CpelHee apu(PMETHYeCKOe MOTyT
CUMTATHCS CIIyYalHBIMH BEJIMYMHAMU, MMOATOMY OIIEHKH CTATUCTHYECKHX
XapaKTEPUCTUK OMPEACIISIFIOTCS C HEKOTOPOH OITUOKOM.

A

[Tycte & — uckomasi cTaTUCTHYECKas XapaKTePUCTHKA, a § _ ee

omenka. Torma ommOKka B onpeneneHud & ONpenennTcs, Kak ¢ =¢—¢§ :
Tak kak »Ta omuOKa sIBJISAETCS CIIy4alHOM, TO B KAYECTBE MEPbl TOUHOCTH
ONpeJIeICHUsI CTATUCTUUYECKUX XAPaKTEPUCTUK MOKHO MPUHATH MaTeMa-
TUYECKOE OKHJAHHUE U JTUCTIEPCUIO OITUOKU

: :

Ilpumeuanue. Hcxomas xapakmepucmuxa & sensemcs HeuzsecmHol,

Mle|=M|¢-¢,De|=D|¢|. (1.49)



HO He CILYYauHOoU, NOIMOM) M [ﬂ_ u m_
Ecnau matemaTHyeckoe 0KMIAHUE OIIMOKHU € PAaBHO HYJIIO, TO OLIEHKY

{  HaspiBaroT HecmeujeHHou. B TPOTUBHOM Cllydae OHa CUMTAETCS cMe-
U{eHHOU OLICHKOM.

[lycTh MMeeTCsl BHIOOpKA IKCIIEPUMEHTAJIBHBIX JaHHBIX, TOTyUYCHHAs
mMyTeM HaOIIOJICHUS 3a CIIy4YaliHON BEIMYMHON X ¢ MAaTEeMaTHYECKUM OXKH-
JaHueMm m . u aucriepcueit D .. J[aHHbIE TTOJyYEHBl B 1 HE3aBUCUMBIX HC-
MBITAHUSX, IPOBOJUMBIX B OJJMHAKOBBIX YCIIOBUSIX.

Hcronb3yst 4aCTOTHBIM TOAXOJ, aHajJor (YHKUUU pacnpeneieHus
CIy4ailHOU BEJIMYMHBI X MOXKHO HAUTH 110 hopMyIie

ul&)
1
23

(1.50)

rie H (E) — YUCJIO 3JIEMEHTOB B BBIOOPKE, IJIST KOTOPHIX X ; < &,

F
Ilpumeuanue. J[na X >X e 3HAUEHUE x(é) pasuo 1. Ecau

2> 400 mo FxlEIPF[E]

AHQJIOT IUIOTHOCTH BEPOATHOCTH CIIyYaHOW BEJIUYUHBI X MOXKET
OBITh HaliJieH 1o hopmyiie

3

=

A 1
() X ( E ) — ; >
i=1 (1.51)
rae n (E) — YHCJIO0 JJICMCHTOB B BBI60pKC, AJI1 KOTOPBIX BBIIIOJHACTCA
A A
E——=<x.<&+—
yCIIOBUE 2 [Iupuny nHTEpBaNia A HAXOAST, KaK
A — Xmax o XIIIID

ko (1.52)



rae k — 9uciao MHTEpBajJoB (KBAHTOB), HA KOTOPOE pa30OuBaeTcs 00JIacTh
3HAUYEHMH X, OIIpeiesIsieMOoe MO OLEHOYHOU opmyIie

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

OLeHKON MATEeMATHYeCKOI0 OXHUIAHMS CIy4YalHOW BEJIWYUHBI X
MOXET CIIYKUTh CpeaHee apuhMEeTUUECKOE €€ pean3alui,

ﬁiX:l-Z X..
m =1 (1.54)
OmmbKa OlICHKHU m , paBHA
1 n
szmx—mxz—-z xX,—m,.
=1 (1.55)
XapaKTeprUCTUKU OITHOKHU
n n D
m_ =M lz x,—m |=0,D =D lz x,—m, |=—=,
mi=1 mi=1 n (1.56)

MOKa3bIBAIOT, YTO Cpe/iHee apu(METUUYECKOE peau3aluil X sSBJISCTCS He-
CMEIICHHOM OILICHKOM €€ MAaTeMaTUYE€CKOTO OXHWAAHWS, a JUCIIEPCUS
OIMMOKHU 3TOH OICHKH HEOTPAHUYCHHO YOBIBACT C POCTOM H.

O1eHKa qucnepcuu MOXKET ObITh HalifieHa 1o opmyJie

n

A 1 .
D = n—l.z (xl.—mx)2.

i=1 (1.57)

Ilpumeuanue. Ha npakxmuxe ons oyenku oucnepcuu d6vigaem y00OHO
UCNONIb308AMb COOMHOULEHUE

ﬁX: nl. l-Zx.z—ﬁ”F )
N RO (1.58)

OH@HKa X SABJACTCA HCCMCHICHHOﬁ OHGHKOﬁ AUCIICPCUMN TIpU JIHO-



OOM pacrupeaeeHur CIydaiiHONW BETMINHBI X.
CraTucruyecKkue XapaKTePUCTHUKH HEIProJAu4ecKOro CJaOy4amHoro

nmpomecca X(t) MOI'YT OBITH HaﬁHeHBI IO MHOKCCTBY €Io peaﬂmauﬂﬁ

X' .
l(t) , tne i=1,..., n. IX 3HaueHUs ONpENENIIOTCS I MOMEHTOB

BpeMeHHu ¢, taej =1, ..., q.

Ilpumeuanue. Momenmuvl 6pemenu t; yenecooopasHo 6vlOUPaAMb
pasroomcmoawumu. Ilepuoo nabrooenull yenecooopasHo vlOUpamsv u3

v X\t
YCA06US ydoeﬂemeopumeﬂbnoeo eocnpou%edeﬂuﬂ peanuzayuu l( ) no
OKCnepumMernmanbHblM MO4YKAM.

OlLieHKH MaTEMAaTUYECKOT0 OKUJIAHUS, TUCTIEPCUH U KOPPEIISITUOHHOMN

dyHKIHH cIydaiinoro mpomecca X ] BrrmcsioTes 1o dopMynam

ni= (1.59)

=i ' (1.60)

- =L ST (e = (e )] x (6, )= [t
Rultrtul= =g 2 Lol =l e = e (1.61)

rnej, k=1, ...,q.

Ilpumeuanue. Ha npaxmuke 015 oyenku oucnepcuu u KOppeisiyuoH-
HOU (yHKYuu Ovi8aem YOOOHO UCNONB308AMb COOMHOUEHUS]

Dylt;)=r 7 %Z Xi(tj)2_mx(t1)2]’
= (1.62)
Rylt; t, )= nf 1 % 2 X, (6P =t [t )iy (e
i=1 (1.63)




CraTucTHYeCKHe XapPaKTePUCTHKH 3ProauyecKoro CcJy4aiiHoro
npomecca X 0 MOTYT OBITh HaWJEHBI MO €r0 €IWHCTBEHHOU peann3a-

10501 xlt] , Ha0JII0JJaeMOl B TEUEHHE JIOCTATOYHO JIUTEIBHOTO MOJIOMKH-
TEJILHOTO TTpoMeEXyTKa BpeMeHH 7. JJisl OLIeHKM MaTeMaTUYeCKOTO OXKHU1a-
HUSA (CpEHEr0 MO BPEMEHHM) U KOPPENALMOHHON (DYHKIHMH MOXKHO HC-
noJyib30Bath GpopmyJasl (1.19) u (1.28), npeacraBieHHbIE B BUIE

o1
e T£ (1.64)
IA?X(T):TiT- f [x(t)—ﬁ'lX]-[x(t+T)—ﬁ1X]dt. (1.65)

Ilpumeuanue. Ymenvuwenue 6 (1.65) unmepsana T nma eenuuuny T

00BACHACMCA MeM, 4mo 3HauyeHus X (t+T)  yzgecmubr monvxo do mo-
menma epemenu =T —T
[TpomexxyTok BpeMeHn HaOmroneHus T moDKeH OBITH pPa3OUT Ha n

PaBHBIX MHTEPBAJIOB A=TIn TakK, 4YTOObI 3a épemsa A ¢yHxyus xlt]
usmensnacy HesHayumenvro (cM. pucyHok 1.8). Uem Oonbiie T u dem

MCHBIIC A, TEM TOYHECC OLUCHKA CTATUCTUYCCKHUX XAPAKTCPHUCTUK.

x(2)

T=n-A

Pucynox 1.8 — OmpeneneHue KOPpeISIMOHHOW (YHKIIMM 1O

OKCIICPUMCHTAJIbHBIM JJTAHHBIM



[TapameTtpam ¢ v T IPUIAIOTCS JUCKPETHBIC 3HAYEHUS

t=i-A,i=1,2,...

1=j4,j=01,.. 66

[Ipu cnenanHbIX HOMyIIEHUSAX UHTErpayibl B hopmynax (1.64) u (1.65)
MOTYT OBbITh MPUOJIUKEHHO 3aMEHEHBI CYMMaMu

. _AN 1<
= 2 X=X (1.67)
. L [jA A . .
RX(Tj):RX ]n “T_ia lZ; [x(tl)—mX] [x(tl.”.)—mx]:
1 .
2 X[t =y | X[+ =y

(1.68)
Brruncnenust no ¢popmysie (1.68) BBIMOIHSIIOTCS 10 TAKUX 3HAYCHHU J,

Ryt
IpU KOTOpbIX ~ X! 'j/ HauMHAET COBEpIIATH HEOOJBIINE HEPETYISIPHBIE
KOJIe0aHUsI OTHOCUTENbHO HyJs. [[ns monydeHus omuOku He Oonee 2%

JKeNaTesIbHO, YTOOBI BHIIONHSIOCH yeiopue J = 0,1n

Jucnepcuro D x MOXHO onieHUTH 110 (1.68) npu 7= 0.
BOITPOCHI JIJIsA CAMOKOHTPOJIA

1. UYro cunraercs ciaydauHbIM mpoueccom? UTo Ha3pIBaeTCA peayu-
3alMel U CEYEHUEM CIIyYalHOro mmporecca?

2. Kakwue ciiyyaliHble NPOLIECCHl CYUTAIOTCS MapKOBCKUMHU, 3ProOJIv-
YECKUMHU, CTAIIMOHAPHBIMHU, LIECHTPUPOBAHHBIMHU ?

3. Uto moka3piBaloT PYHKIMS pACHpPENCIICHUS U TUIOTHOCTh BEPOSIT-

HocTH? Kakne OCHOBHBIE BUIbI PACIIPEICIICHUN CYIIECTBYIOT?



4. Yro xapakTepu3yeT CpelHee II0 MHOXECTBY, CPEAHEE 110 BpeEMe-
HU, JHUCHEPCUs W CPEOHEKBAAPATHUYECKOE OTKIOHEHHE CIyYalHOIO
npoiecca?

5. Uto xapakTepuszyeT KOppesiuoHHas (YHKIUS CIIy4aillHOTO
nporecca? KakoB ee ¢pusnueckuii cmpicn? KakoBbl CBOMCTBA KOPPEIISIIH--
OHHBIX (QYHKIUNA?

6. Uto xapakTepusyeT B3aMMHasi KOPpEISIUOHHAs (YHKIUSA JBYX
CIy4alHbIX TporeccoB? KakoBbl CBOKWCTBAa B3aMMHBIX KOPPEISIIMOHHBIX
¢bynkumii? Kakue ciyyaiiHble TTPOIIECCHI CUUTAIOTCS KOPPEIUPOBAHHBIMU,
HEKOPPEITUPOBAHHBIMH, CTALIMOHAPHO-CBSI3aHHBIMU ?

7. Kak MOXHO WHCIOJb30BaTh KOPPEIAIUOHHYI0 (DYHKIMIO IS
(buIbTpalvK MOJIE3HOr0 CUrHasua’?

8. Uro xapakrepu3yeT CIEKTpajdbHas IUIOTHOCTh CIIy4YalHOIO
npoiecca? Kakop ee duzndeckuii cMpicii? KakoBbl CBOHMCTBA CHEKTPAIIb-
HBIX TUIOTHOCTEN?

9. UYro xapakTepu3yeT B3aMMHas CIIEKTpallbHas IUIOTHOCTH JBYX
CIIy4YauHBIX MPOLIECCOB?

10. Kak MOXHO HCHOJIB30BaTh CIHEKTPAIbHYIO IUIOTHOCTh JUJIS
(GuIbTpanuu MoJe3HOro curHana’?

11. Kaxkoii cny4aiinslii mpouecc Ha3biBaeTcs 0enbiM myMoM? KakoBbl
€ro OCHOBHBIE CBOMCTBA?

12. Kak ompenenuTs CTATUCTUYECKUE XAPAKTEPUCTUKHU CIYyHYaNHOIO
MPOIIECCA IKCIIEPUMEHTAIBHO?

SAJAYA JJIAA CAMOCTOATEJBHOI'O PEHIEHUSA

1.1. JJ;mg cTanrMoOHapHOrO CIy4YalHOro IMpolecca X\t , UMEILIEro

TOCTOSIHHYIO CHEKTPAIBHYIO TJIOTHOCTH S X(w):N

B JMAara3oHe 4a-
CTOT OT —@; 10 +@ ; OTIPEACIUTh MaTEMAaTHIECKOE OKHUTaHUE, TUCTICPCHUIO

Y KOPPESLIMOHHYIO (PYHKIIHIO.

1.2. KoppenstimonHasi yHKIIMS CTAIlMOHAPHOTO CIy4aifHOTO IpoIiec-



m.=
ca X(t) , IMCIOIIICTO MaTCMAaTHYCCKOC OKUAaHHC X > , paBHa

R, |t)]=D,-exp|—a-|t]|+m;=100-exp|—5-|t||+25.
OmnpeaenuTh CIEKTPaIbHYIO INIOTHOCTH STOrO IpoIiecca.

1.3. KoppensitinonHast pyHKIMs CTAllMOHAPHOTO CIy4aiHOTO Mpoliec-

m.=
ca X(t) , IMCIOIIICTO MaTCMaTHYCCKOC OKUAaHHC X > , paBHa

COS(ﬁ'T)+g-SiIl(B'T) :

B

OnpenenuTs CIEKTPaIbHYIO INIOTHOCTH ATOT0 IpoLecca.

R,|t|]=D-exp|—a-|t]):

1.4. Koppensiimonnass GyHKUMs CIydailHOTO Tpoliiecca X|t) ABJIA-
€TCsl KYCOYHO-HEMPEPHIBHOMN

Onpenenuts CHIEKTPAIBHYIO INIOTHOCTh 3TOT0 MPOIIECCa.

1.5. Koppensamnuonnasi GyHKIUS CIy4ailHOTO Mpoliecca Xlt paBHA

— . 2.2
RX(T)_D x €Xp ( a -t ) . OnpenenuTh CHEKTPAIbHYI IUIOTHOCTb

9TOro npouecca.



2 AHAJIN3 CUCTEM IIPU CJOYYAUWHBIX BO3JIEMCTBUSIX

2.1 IIpeoOpa3zoBaHne BXOAHBIX CJYYANHBIX CUTHAJIOB JIMHEWHOMN
CUCTEMOM

ITycTte nmeeTcs OOHOMEpHas JIMHEWHas CUCTEMA, HAa BXOJ KOTOPOM

MOCTYIAET CIYYaAWHBIW MPOIIECC Glt| , AMEIOIIAN MAaTEMATUYECKOE OXKHU-

IaHue mG(t) U KOPPEISIITUOHHYIO (DYHKITUIO RG(tl’tZ) . Cucrema npe-

o0OpasyeT ero B BBIXOJHOM CIy4aillHbIA Mpolecc X[t , CTaTUCTUYECKUE

XapaKTEPUCTUKU KOTOPOTOo TpeOyroT ompeaeneHusi. COBOKYMHOCTh Mpe-
o0pa3zoBaHui, KOTOpbIE HEOOXOAMMO BBITIOJIHUTh HAJl peaau3auei Glt|

, YTOOBI IMOJIYYUTb PCAIN3allUIO X(t) , OIIPCACIIACT onepamop cucniemuvl

t]
Q {} (BEpXHUU MHAEKC YKa3bIBA€T HA apryMEHT, 10 KOTOPOMY MpPH-
MeHseTcs onepatop). [IpeoOpazoBanre BXOJHOTO CIy4YailHOTO mpolecca ¢
IIOMOIIIBIO TAKOT'O onepaTopa MOXHO Ol'IpGJIeJ'II/ITB, KadK

X[t|=Q"[Gld]]. 2.1)

MareMaTh4ecKoe 0XKUAAHUE CIYYarHOTO mpolecca X (t) HaXOOUT-

o (t]
Ci C yY4eTOM IIEPEMECTHTENLHOCTH JHMHEWHBIX omepatopoB M u 2 |

KaK pe3yJbTaT IpeoOpa3oBaHUs

mylt)=M|Q"[Glt)[=Q" m[t]]. 22)

Koppensiiinonnast GpyHKIus ciiydyaiiHOTO Tpoiiecca X|t] HAaXOJUTCS

[t
TAK)KE C YYETOM IIEPEMECTUTENLHOCTH omepatopoB M u €2 | kak
pe3yabTaT ABOMHOTO MpeoOpa3oBaHus



o]

Ryt t) [X(t I )] M[Q(tl)[G(tl)]z,sz(

61|
” :Q(tl)Q(IZ)[RG(tl,tZ)].

.
sl [M[G

Ilpumeuanue. Illopsook evinonnenus npeoobpaszosanuti 6 (2.3) He
uMeem 3HaAUeHUs.

Ilpumep 2.1. Onpedenenue mamemamuiecko20 OHXCUOAHUSL U KOppe-
JIAYUOHHOU DYHKYUU CAYYAUHO20 HPOYEeccd HA BblX00e CYMMUPYIOUe2o
36ena. byoem cuumamv, umo Ha 6X00 MaKo2o 36eHa NOCMynaiom n Cciy-

. G|t

UAUHbLX npoyeccos 1() ,  umernwux mamemamudecKue 0XHCUOAHUS
Rg [tits)
Kaowcooui  onepayuu  npeobpazosanusi coomeemcmeyem — onepamop

Q()=1)

1

mg, [t

i U KOppenayuoHHvle (QYHKyuu ,e0e Lj=1,..,n

. Toeoa nocne CYMMUPOBAHUA

1= 1mg e = m o

Rylt),ty]= 2 1[1[RGiGj(t1,t2)” :g ;Z;RGiGj(tl,tz).

i=1j

(2.4)

B yacmuom cauyuae, K020a 6X0OHbIE CUSHAIbL ABTAIOMCS HeKoppeaupo-

6AHHbIMU ClellCllZHblMl/l npouyeccamu,

Rx(tv tz):; RGi(tl’ ty).

(2.5)

Ilpumep 2.2. Onpedenenue mamemamuiecko20 OHXCUOAHUSL U Koppe-
JIAYUOHHOU (DYHKYUU CIIYHAUHO20 NpOYecca Ha BblXx00e YCUNUMENbHO2O
36eHa. Takoe  36eHO  6bINOAHAEM — Onepayulo - NPeoopPaA308aHUs



X(t|=ct]-Glt| (eo0e cle] _ Hecyuaunas QyrHKyus), Komopou coom-

[ty —
gemcmeyem onepamop Q\t) ()= C(t){} . Tozoa

(2.6)

Ilpumep 2.3. Onpedenenue mamemamuidecko2o OHXCUOAHUS U KOppe-
JIAYUOHHOU (DYHKYUU CAYHAUHO20 npoyecca Ha evlxode oughgeperyupy-

')=2()

joue2o 36ena. J{is makozo 36ena onepamop dt " Tozoa
mytj=Sme ],
2
Rx(tp tz): dtj]dtZ Rc(tp tz) o
oo

Ilpumep 2.4. Onpeoenenue mamemamuuecko20 0HCUOAHUS U KOppe-
JIAYUOHHOU (DYHKYUU CYHAUHO20 NPOYecca HA 8bIX00€ UHMESPUPYIOULeco

t

= [ {}da

36ena. [[na makozo 36eHa onepamop fo . Tozoa

fm

()

t, t

1

(tl,tz) f R (A, pldAdy.
fo Ty (2.8)

N

~

0

2.2 CtaTuCTH4YeCKHE XaPAKTEPUCTUKHU CJIYYAWHbIX MPOLECCOB HA
BbIXO0/I€ JINHEHHOMW CUCTEMbI BO BPEMEHHOM 00/1aCTH



IIycTe nMeeTcs yCTOMUMBas CTALMOHAPHASA JMHEHHAsA cUCTeMA, JJIs

KOTOPOW M3BECTHA MMITYJIbCHAS MEPEeXOAHasl XapaKTepHUCTHKA (HIIH 6eco-
6as hyHKYU) kle) (cM. pucyHok 2.1). OyHKIUS klt] JOJKHA yIOBJIe-

TBOPATD YCl106UI0 qbu3uuecx0b7 peaiuzyemocmu cucmemysl

k[t|]=0, ecnu t<0. (2.9)

VYcnoeue (2.9) onpenenser, 4yTO peakiius CHUCTEMbl HE MOXKET Ha-
CTYIUTH PaHBIIIC MOMEHTA TOCTYIUICHUS BXOIHOTO CUTHAja

Ha Bxoz cucteMbl OaeTCsl CIIy4aHbIN MPOLECC G(t) C MaTeMaTu-

YECKHUM OXXKHJIaHUEM mG(t) 1 KOPPEJSILIUMOHHOU (byHKuHeﬁ RG(tl’tZ)

OH mpeoGpa3yercsi B BHIXOAHON CIydaifHbIi mporece X t] (cMm. pucy-
HOK 2.1), 1iig KoToporo TpeOyeTcs ONmpeaeuTh CTAaTUCTHUYECKUE XapaKTe-

PUCTHKH.

G(1)

) X(¢)
mg(t), Rg(t;,1,)

) (s Rylorn)

Pucynok 2.1 — JluneiiHas cuctema ¢ BecoBOWM (yHKIuMeEH klt) ,
HaxOoA11asACs M0/ BIMHUEM CIIyYaliHOTO BO3JIEHCTBUSA

CBA3b MEXy pealn3alusiMU CIIyYalHBIX ITPOLECCOB HA BXOJE U BBI-
X0J1€ CUCTEMBbI YCTAaHABIIMBAETCS HA OCHOBAHUM (POPMYJIBI CBEPTKHU

¢ t—t

X(t|=f klt—p)-Glp|dp
‘o 0 (2.10)

[l
—
»
>
Q
-
|
p
N

rie tu A=t—H _ yesaBucumble napameTpbl uHTeErpupoBanus. Dopmy-
t—to
Q)= [ KlA-(}dr
0

na (2.10) onpexaensieT onepaTop CUCTEMBbI . Uc-



noyb3yst npasuia (2.2) u (2.3), MOXKHO 3alucaTh

t—t,

myltl= [ k(Almgle—2lda,

0

Ryt 2): f f k(A Rg(t,—A,t,—p|dAdp,
t—(t) t—t(())
:j | k(A R.[t—A,t—p|dAdy.
0 0 (2.11)
Ecnun Glt| _ CTallMOHAPHBIN CIIyYalHBINA IIPOLECC, TO M ¢ = COnSt, a
R ¢ 3aBUT TOJILKO OT Pa3HOCTH apryMEHTOB f,—t; = 7. Toraa
t—t,
mylt)=mg- [ klAlda,
t,—ty 6, —t, °
Relt,.t,)= | | Kk(Al-klp]-Rg(t,—t,+A—p)|dAdy,
P
Dylt)= [ [ KklAlklpl-Rg(A—p|dAdu.
o 0 (2.12)

@opmyibl (2.12) MOKa3bIBAKOT, YTO CAYYAUHBIU NPOYecc X[t] g
8bIX00€ YCMOUYUBOU CMAYUOHAPHOU JTUHEUHOU CUCEMbl 8 NepexoOHOM
pedxcume 6yoem HeCmayuoHapHuIM, 0adxce eciu C8OUCMEAMU CIMAYUOHAD-

Hocmu 0baadaem 8X00HOU CYYAUHbBLU NPOYecc Glt|

B ycranoBuBIIEMCS PEKUME NIPU g — —00 (f — +00)

My =mg: f k(A|dA=const,
0

TTk G(T+)\—u)d)\du,
0 0
D,= ffk()\ klp)-Rg(A—p|dAdu=const.
0 0

(2.13)



®opmyibl (2.13) MOKa3bIBAIOT, YTO CAYUAUHBIU NPOYECC Xlt Ha
8bIX00€  YCMOUYUBOU  CMAYUOHAPHOU  JUHEUHOU  CUCmemvl 8
YCMAaHo8uUsUIeMCsl pedxcume Oyoem CMAayuoOHAPHbIM, eClu CEOUCMBAMU

cmayuoHaprHocmu 061aoaem 8x00HOU CLYYAlHbLL NPOYeCc Glt|

Ecnu cucrema siBIseTCS HECTAIMOHAPHOM, TO €€ BecoBas (PyHKIIUs
OyJZleT 3aBUCETh HE TOJIBKO OT BPEMEHM HAOIIOJCHUS f, HO U OT BPEMEHHU
MOCTYIICHUS §IMHUIHOTO UMITYJIbCA Ha BXOJ CUCTEMBI A. YcioBue Gusn-
YECKOHM PEAIM3yEMOCTH CUCTEMBI IPUMET BU]

kit,A|=0 , ecnu t<A. (2.14)

CBsi3bp MEXTy pealu3allusiMy CIy4alHbIX MPOIECCOB Ha BXOJE U BbI-
X0JI€ CUCTEMBI OIIPEAENSET COOTHOLIEHHE, aHanoruuuoe (2.10),

Xltl= Kle,A-GlA]dA.
ty (2.15)
Q“){}:j ke, A)-{)dA

t

B sToMm ciydae onepaTop CUCTEMBI 0 . Ha ocHno-

BaHuM TpaBui (2.2) u (2.3)

2 (2.16)

Ecnau B (2.16) puHATh £y —» —0, TO MOXXHO TOJYyYUTh COOTBETCTBY-
omue GopMynbl ISl ONMPEACICHUS] CTaTUCTUYECKUX XapaKTEPUCTUK B
YCTaHOBUBILIEMCS PEXUME (ECJIM OH CYILIECTBYET).

®opmyibl (2.16) MOKa3bIBAIOT, YTO CAYUAUHBIU NPOYECC X|t Ha
8bIX00€ HeCMAYUOHAPHOU JIUHEUHOU cucmemvl ce20a 0yoem Hecmayuo-



HAPHBIM, HE3A8UCUMO OM Xapakmepa 6X00H020 CIYYAUHO20 npoyecca
Glt|
Ha ocHOBaHMM BBIIICU3IIOKEHHOTO MOXKHO CJHI€JIaTh BBIBOJ, YTO
HECTAIlMOHAPHOCTH IMPOIIECCA HA BBIXO/JIC JINHEWHON CHUCTEMBI OIIPECIISACT -
Cs KaK MUHUMYM OJHOM W3 TPEX MPUYHH:
® HECTAallMOHAPHOCTh BXOJHOTO CIIYYalHOI'0 Ipolecca; TOrJaa I

CTaHHOHapHOﬁ CUCTCMBI B YCTAHOBHUBLICMCS PCIKUMC

+00 +00

R (1:t2) f fk()\)'k(li)'RG(ﬁ_)\,tz_ﬂ dAdp;

® HECTAIMOHAPHOCTH peXUMa pabOTHI; TOTJA JIJIsl CTAIlMOHAPHOW CH-

CTEMBbI U CTAlIMOHAPHOI'O BXOJHOTO CIYYalHOIO IIpoLecca

t,—ty L, —t,

Rylt, t,)= [ fk (p)-Rg(t,—t,+A—p)dAdp;;

0 0

¢ HCCTAOWMOHAPHOCTb CUCTCMBbI, TOT'1a

t. t

-

2

Ry(ty,t))=) ) k[t AJ'k(ty, u| R (A, pu)dAdp.

o to

~

Ilpumep 2.5. Onpeoenenue cmamucmuyeckux Xapakxmepucmuk Ciy-
yaliHo20 nNpoyecca HA B8bIX00e CucmeMmvl C B8eco80lU  (hYHKyuel

k(t):exp(—t) , Ha 8X00 KOMOpOU NOCMynaem yYeHmpuposaHHbulll CIy-

YQUHBILL NPoYecc ¢ eOUHUYHOU Oucnepcuel U KoppeisyuoHHou yuxkyuel

R, [t|=exp(—[t]]

s onpeodenenus KoppersyuoHHOU QYHKYUU BbIXOOHO20 CIYYAUHO20
npoyecca 8 yCmaHo8UBUEMCSL pedcume 80Cnoav3yemcs gopmyramu (2.13)

+00 +00

= | expl—2)exp|—p)-exp|—|t+A—p| dAdy.

Jlucnepcus 8b1X00H020 CIYYAUHO20 NPOYECca 8 NePexOOHOM pPedlcume



naxooumcs no ¢popmynam (2.12). Ilpumem ty = 0. Tocoa
t t
t)=f f exp|—A|-exp(— p)-exp(—|A—p||dAdu=
00
t
Z,f exp|— fexp J-exp|—|A—p| du |dA
0

Hpu pacdeme 6HYmMpeHHe20 unmezcpaja yimem

explu—2|,pu<i,

exp = e

Tozoa

feXp [ exp|—|A—pl/du=

:fEXP(—H)'EXP(M—A)dw}exp(—u)-exp()\—p)d,u:

cexp fdp+exp )-fexp(—Z-u)dy:
A
U\-exp(—)\)—%-exp A) -[exp(—Z-t)—eXp(—Z-)\)]z

(',)\-exp(—)\)—%-exp()\—2-t)+%-exp(—)\).

lloocmasum HavloeHHoe 3HAueHUe 6HYMPEHHe20 UHmezpaia 8
svipadicerue 0Jisi onpeoeieHus OUcCnepcuu

t
:f exp(—AJ- )\-exp(—)\)—%-exp(A—Z-tH%-eXp(—)\) dA=.
0
1 1
(,2 2exp( 2-t)—t-exp(—2-t].

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



Ecnu Ha cuctemMy noJaeTcsi HECKOJbKO CIy4alHbIX MPOLECCOB, TO Xa-
PaKTEePUCTUKU BBIXOJHOTO TMPOIECCa MOTYT OBITh OIpPEACNCHbl IO
OPUHIUITY CYTIEPIIO3UIUU C UCTIONBb30BaHueEM dopmyi (2.4) u (2.5).

G(¢) PR
>
m(1), Rs(z) - X(1)
>
F(1) my(t), Ry(7)
» kF(t)
mF(t)’ RF(T)
Pucynok 2.2 — Cucrema, Haxomsmiascss TMOJI BIUSHUEM JBYX

CJIyYalHbIX BO3/ICHCTBUI

Ilpumep 2.6. Onpeoenenue KOPpersuuoHHOU @YHKYUU CIy4aunoco

npoyecca X[t na evixooe CMAYUOHAPHOU JIUHEUHOU CUCeMbl, Ha 8X00
KOMOpoU nooaiomcst 08a YEHMPUPOBAHHLIX CMAYUOHAPHBIX CAYYAUHBIX

npoyecca Glt| u F 1 (cm. pucyHoxk 2.2) ¢ KOppeniyuoHHbIMU

RG(T) RF(T)

dyHKUUAMU . Peaxyuro cucmemvol no xaxcoomy 6xooy

onpeoensaom 8ecosvle (yHKYUU kG(tJ u kglt

Koppensyuonnas — yukyus — ciyuaiinoeo  npoyecca X t] 8
YCMAHOBUBULEMCSL pedicuMe Modicem Obimb HatioeHa no gopmyaam (2.4) u

(2.13)



RX(T): T kG(A)’kG(#)'RG(“‘)\_H)d)\dll'"
kel

0
# [ koAl kplpl R gplt+ A—pr|dAdp+
A
+ | [ Kl Alkg ) Rpg v+ A—p ) dAdu+
0 O

+,([ {kp()‘)'kp(ﬂ)'RF(T+)\—u)d)\dy.

2.3 CraTtucTu4ecKre XapaKTEePUCTHKHU CJIYYAHMHBIX MPOLECCOB HA
BBIX0/I€ JIHHEHHOM CUCTEMBbI B YaCTOTHOM 00J1aCcTH

IIycte mmeercss ycroMumBas CTalMOHApHAas JMHEWHAs CHUCTEMA, IJIsS

KOTOpPON H3BECTHA mepefaTodyHas (QyHKIHsS Wis) KOMILUIEKCHOW TIe-
peMeHHo# s (cM. pucyHok 2.3). Ha BXoja cucTtembl mogaeTcs ClydaHbIN

Sglo

IMpoLecCcC G(t) CcO CHGKTpaHBHOﬁ IIJIOTHOCTBIO . On npeo6pa-

3yE€TCs B BBIXOJTHOM CIIyYalHbIN ITPOLIECC Xle , 1L KOTOPOro TpedyeTcs
OIPENIEIIUTh CTATUCTUYECKUE XaPAKTEPUCTUKHMU.

G(1)
mg(t), Sq()

g W( s) >

Pucynok 2.3 — JluHeilHasg cucTemMa C MepeJaTOYHOW (PyHKIMEH



W(S) , HAXOIAIIASACS MO BIMSIHUEM CITyYailHOIO BO3/ICMCTBUS

B 1omoOHBIX YCIOBHAX BBIXOAHOW CilyyalHBIM mpolnecc Oyjaer
o0nagaTh CBOMCTBAMH CTallMOHAPHOCTU. Hambonbmnii mpakTH4ecKui uH-
TE€pEC NPEACTABISIET ONPEAECIEHNUE €r0 CTATUCTUYECKUX XAPAKTEPUCTHUK 6

YCmMAaHoBUBUEMC A pestcume.

MareMatrueckoe OXKUJIaHUE X[t] g YCTAaHOBHUBILIEMCSl PEKUME
MOXET OBITh HaIeHO MO PopmyJie

+00

myt|= [ k(Al-mglt—2ldA.

0 (2.17)
Pa3 mglt=A 7
JIOKUM B psin Teiunopa
(i)
+ o0 . t R
mglt—Al=> (— 1] m?,( ) Al
i=0 L (2.18)
Torna
+oo0 +oo (ﬂ( )
— _q |1 G i —
nww—{kuhﬂ(l)i! AldA

(2.19)

BecoBas u nepcaarouHast (I)YHKHI/II/I CHUCTEMBI CBA3aHbI COOTHOILLICHUEM

+ o0

W(s)z f k()\)-exp(—s-)\)d)\.
0 (2.20)

Huddepenuupys (2.20) mo s HyKHOE YUCTIO pa3, ONPEeaCTUM



+00

0s )
52—2 s|= [ kl2]-A*-exp(—s-A|dA
oS 0
W(IJ(S)Z(—I)' f k(A]-Alexpl—s-A)dA.
0 2.21)

0 (2.22)
[ToncraBus (2.22) B (2.19), Haitnem

mi

+ 00 t ) +00 mm t i
mX(t):z :;,( ).W(l)(()):z ;},( ).aaSi (S)|s=O'
i=0 : i=0 : (2.23)

Ilpumeuanue. @opmynoti (2.23) MOIMCHO NOIL308AMbBCA KAK Ol CMaA-
YUOHAPHO20, MAK U Ol HECMAYUOHAPHO20 6XO0H020 CIYYAliHO20 Npoyec-

mG(t—)\)

ca. Heobxooumo, umobwl yHxyus PACKIaowleanacy 8 pso

Teunopa, cxodawutics npu 8cex 3HAYEHUSAX apeyMeHma, a nepeoamoytas

QyHKyus Wis) oupgepenyuposanace mpebyemoe uucio pas.

®dopwmyna (2.23) onpenenseT CIeAyOINui onepaTop CUCTEMbI

i

dl
1
dt’ (2.24)

CrieKTpanbHas IIIOTHOCTb CIy4aifHOro mporecca X t] moxer GoiTh
onpeJieJiecHa IO €ro KOPPEJSIIUOHHOM (QYHKIMH C HMCIHOJb30BAHUEM
dopmyiel (1.42). YuuteiBas (2.13), MOKHO 3anucaTh



5,02 f R, e - jot di=

] TRk R, e - o =
00

+00 +00

k(M'km]-RG(r+/\-u]'exp’— j-w~[r+)\—y”><LLXexp[ i exp - Al =

{ fkl)t]-exptjw-)tld}t

0

+00

1] g exp oo da X
0

+00

{ f RdHA—u)-exp’— j-w~r+)l—u‘drl.

(2.25)

Bsenem 0003HaueHMs

+0o0

Wi-j-wl=] klAlexplj-w-AldA,

0

+ o0

Wlj-ol|= [ kip|-exp|—j-o-u|dy,

w):_foo RG(T+7\—p)-exp[—j-w-(rﬂ\—y”dr. 226)

Torna

Sylol=W(—j-ol-Wljwl|S;lw=
JWljolf-Sglel=A%el-Sglwl, 2.27)

2
rie A ol aMIUTUTYJHO-4YaCTOTHAsI XapAKTEPUCTHUKA CUCTEMBI.
Koppensunonnyto (GyHKIHMIO CIy4alHOTO Ipollecca Ha BBIXOJE CH-
CTEMbI MOXKHO HaiiTu 1o opmysie (1.44) c yuerom (2.27)



+00

1 :
Rx(r[):ﬂ'_f SX((U)'EXP(]'OO'T)dO_):
o U .
c.—-f Wij-olf-S;lo-explj-o1|do.
2.1 (2.28)

Jlucepcuro Ciry4aliHOTO mponecca Xlt MOYKHO OIIPEAECIUTDH IO
bopmyie (2.28)

Dy=Ry0]=>— st do=
L ol _1f
oo _L|W(] w|[*-S,lo|do - {|W S.lw|do.

(2.29)

Ilpumeuanue. Pacuem oucnepcuu 8b1Xx00H020 CLY4atiHO20 npoyecca 8
YCMAaHOBUBUIEMCSL pedicuMe depe3 CNeKMpalbHyl0 NIAOMHOCHb CUCTNEMbL
no gopmyne (2.29) 3nauumenvHo npowe, uem aHAIO0SUYHOE OnpeoesieHue
9MO20 Jce napamempa uepe3 KOPpEeNAYUOHHYIO (DYHKYUIO CUCmeMbl No
Gopmyne (2.13). Kpome moeco, 6 smom cayuae oucnepcus (Kaxk u cnek-
MpanbHas NAOMHOCHb) Modcem Oblmb NpedCcmasiena Kax (YHKyus na-
pamMempo8 cucmemvl (UMNYIbCHASL NEPeXOOHaAs XApaKmMepucmukd, Kak
npasulo, 6HO Yyepe3 napamempvl CUCIEMbl He 8bIPACAemcsl).

Ecnn W(J -oo) U SG((‘)) ABJISIIOTCA  IPOOHO-pallMOHATIBLHBIMU

GYHKIMAMU @, TO 3ajja4a ompeseieHus aucrepcuu mno gopmyne (2.29)
CBOJMUTCS K BBIUMCIICHUIO CTAaHAAPTHBIX HHTETPAJIOB BUA

P B |j-w
]n:LJ‘ - n(J ) - do,
27T v n(](x))An(—](x)) (230)
r7ie TOJIMHOMBI An(j 0| u Bn(j 0| PaBHEI



A ljwl=a,ljo+a j o +. +a,

Bn(j-a)): bo.(j.(1))2.”_2+b1.(j.(1))2'n_4+. .+b . (2.31)

B, (J ' oo) COJCPKUT TOJBKO YETHBIE CTEIIEHM MHUMOM Ya-

A,ljw)

IHomuHaOM

CTOTHI. JIJIsl yCTOMYHMBOW CUCTEMBI TTOJIMHOM MIMEET BCE KOPHHU,

PACMOJIOKEHHBIE B JIEBOU IMOJTYIJIOCKOCTH Jo Nuterpan (2.30) npu
11000M n BBIYHUCIAETCS 10 (hopMyJie
—1 n+l U
Jn:( 2 ) ) An)
Ay Sy (2.32)

rae A, — cTapimii onpeaeanuTenb [ ypBrIia, cocTaBiaeHHBIA U3 KO3 hHITH-

A,ljol

€HTOB MOJWHOMA , U, — onpenenutens A,, B KOTOPOM IepBast

B |lj-w
CTpOKa 3aMeHeHa KO3 PUIIMeHTaMH TIOJIMHOMA n (J )

a, a, a. b, b, b,
a a4, a .. .. a a, a,
A= U= .
" |O a a, .. ...L n ‘0 a, a, .. ..ﬂ
a, e e e (2.33)

Tabauia 3HaYeHUM CTaHJIAPTHBIX MHTErpajaoB J, mpUBEJEHA B IIPH-
JoKeHuu A.

Hpumep 2.7. Onpedenenue cmamucmuueckux Xapaxmepucmux cJy-
YaliHo20 Npoyecca Ha 6vIXooe cucmemvl C NnepedamoyHou @yHKyuel

_ 2 ) 5
Wls|=[s+1]/ (S +s+1)  1a 6x00 xomopoii nocmynaem yenmpupo-
BAHHDBILL CAVYAUHBIL NPOYecc ¢ eOUHUYHOU Oucnepcuell u CneKmpaibHou

NJ10MHOCMbIO SG (oo) = 1/( 1+ 0)2)



Cnexmpanvhas NIOMHOCMb CAYYAUHO20 HPOYecca Ha 6blxooe Cu-
cmembl Haxooumcs no ypasneruio (2.27)

o[+l |2. 1
o+ o+l 1+’
2

—| (j'w)z"'l | 1 _

Sylw=Wlj-wlfS;le)=

1+[j- lf
2

ol +jwl+1

)
(.}| (]oo)+1

joP+2)j ol +2-jwl+1
[
1-2-0+w(2-w?f

Jlucnepcus  cnyuarinoco npoyecca Ha  8bIX00e  CUCMEMbl 8
YCMAHOBUBULEMCSL pedcUuMe Haxo0umcs no ypasHeruto (2.29)

1 +00 (_](1))2+1 2
D,=—-: dw=
t2m —foo|(j-oo)3+2-(j-a))2+2-(j-co)+1|
1 +00 (]@)4"'1

2.7-[._00 |(j_w)3+2.(j.w)2+2-(j-a))+].|2

b

b dw.

B oannom cnyuae n=3. Kosgppuyuenmor nonunomos A3(J &l u

B,lj-o| paeHbl

a,=1,a,=2,a,=2,a,=1,
b,=1,b,=0,b,=1.

3Hauenus onpedenumeneti Haxooamcs no gopmyne (2.33)



a a 0 2 1 ¢
Ay=la, a, 0[=11 2 03,
0 a, q 0 2 1
by by 01 0 0
Us=la, a, 0fF[1 2 0[=2.
0 q a, 0 2 1

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

p =1 Us_ 1 2.1
X~ e, A, 213 3
00

Nuterpan (2.29) MoxeT ObITH ONpeeeH YUCICHHO 0 MPUOIMKECH-
HOU dopmyIie

(2.34)

~

rje yactota @ BBIOMpAETCS Tak, YTOOBI B IMAITa30HE 0,3 cocpeioTa-
YyBajach OCHOBHAs 4acTh MOIIHOCTH curHaia (1o 90%). Cxema 4uCiICH-
HOTO OTpeIeIICHUsI TUCTICPCHH TTOKa3aHa Ha pUCYHKe 2.4.



Sy(@)

0 @ @
Pucynok 2.4 — YucneHHoe onpeneineHue TUCIepCcun

Ecim Ha cucreMy moOmaeTcs HECKOJBKO CIIYYaWHBIX IIPOLIECCOB

G.lt| SG.G.(]'O))
i C B3aUMHBIMHU CIIEKTPAJIbHBIMU IIJIOTHOCTSIMU i) , TO

CIICKTpaJIbHAA IINIOTHOCTDb BBIXOJAHOI'O IIPOHIECCA MOXKCT OBITH onpcaciiCHa
MO0 MPUHIMITY CYIICPIIO3UIINN

SX(OO):Z Z WG_(_j'w)'WG.(j'w)Z’SG.G.(J.'OO)'
i=1 j=1 ’ J v (2.35)

Ecnu BXoIHBIE CITydaiiHbIE MPOLECCH CTATUCTUYECKU HE3ABUCUMBI, TO
BbIpakeHue (2.34) npumer BUA

Sylw|=2[Wq ljwl¢S, o).
i=1 ’ (2.36)

Ilpumep 2.8. Onpeoenenue cnekmpaibHOU NIOMHOCMU CIIYYAUHO2O0
npoyecca X ) ua 8bIX00€ CMAYUOHAPHOU JTUHEUHOU CUCMEMbl, Ha 6X00

KOMOPOU nooaomcs 064 YeHMpUpOBAHHbIX CJIYUALHbIX Npoyecca Gle| 4

F|t] (cm. pucynok 2.5) co chneKkmpanbHbIMU NIOMHOCAMU SG((‘)) u

Splo) . Peakyuro cucmemwvr no xasxcoomy 6xody onpedensrom nepeoa-

Welsl  Wls]

mouHble GyHKYUU u



neld). So(o) |ret % X
F(t) mX(t)’ Sx(a’)

WF(S)

Y

Pucynok 2.5 — Cucrema, Haxondmascs MOOJ BJIUSIHUEM JBYX
CJIlyYalHbIX BO3/ICHCTBUM

Ce53b cCnekmpanbHbiX NIOMHOCMel CIYYAliHbIX NPOYECcco8 Ha 8X00e U
8bIX00€ CUCEMbl NPU 08YX BXOOHBIX 8030€UCBUIX ONPedesiemcs COON-
HOuwleHuem

Sylo=WljollSy(w)+Wl=jol Wl jolSljo+
+Welj-0lWol=joFSljo+Wljol*S.lol.

ECJZU 6X0()Hbl€ npoueccw cmamucmudecKu Hezasucumst, mo
S, lo|=IW ol S.lw+ Wl jol*S,lo).

2.4 AHAJIM3 TOYHOCTH CHCTEM NPH CJIYyYaHHbIX BO3ACCTBUAX

ITycTte nmeeTcs JIMHEWHAs 3aMKHYTas CUCTEMa, Ha BXOAbl KOTOPOM

MOJAETCS TOJIE3HBIA CUTHAI Gltl i momexa Flt! , TIPUJIOXKEHHAs B
MIPOU3BOJILHOM TOYKE (CM. PUCYHOK 2.6).



E(Y) : X(¢)

Cucmema >

Pucynok 2.6 — Cucrema, Haxoasmascs 1moJ BIUSHUEM JIBYX CIIy4ai-
HBIX BO3JEUCTBUU

B o0meM ciydae BO3JEHCTBUS HAa CUCTEMY MPEACTABISIOT COOOM
MIPOM3BOJILHO U3MEHSIOIINECS BO BPEMEHHU PETyJIApHbIE CUTHANBI, Ha KOTO-
pbI€ HAJIOKEHBI [ICHTPUPOBAHHBIC CITyYatHBIE MPOIECChHI

Glt|=m_[t[+Glt],
rac mG(t) 9 mF(t) — OKBUBAJICHTHBIC PCTYJIAPHBIC COCTABJIAIOMINC I10-

JIE3HOTO CHUTHAajla M TIOMEXH, BKJIIOYAIOIIME B CEOSl KAk coomeemcmey-
IOWULL pe2YNISIPHbIL CUSHAT, MAK U MAmeMamuyeckoe 0xCUuoanue coom-
6eMCmMEYIue20 Cy4auHo2o npoyecca.

JIt00y10 UCKOMYIO KOOPJIMHATY CUCTEMBI MOKHO MPEJACTaBUTh B BHUJIC
JIBYX COCTAaBJISAIOIIMX: SKBUBAJIECHTHOW PETYJSIPHOM W LEHTPUPOBAHHOM
ciyuyaiiHod. Torma ommOKa CHCTEMBI, XapaKTepHU3ylolllas ee JUHaMuYe-
CKYIO TOYHOCTh, MOXET OBITh OIIpejieieHa, KakK

Eit|l=G|t|—=X|t|=m_[t/+E|t].
t=Glt|=X[t|=my[t|+E[t] (2.39)

Ha ocHOBaHuMM NOpUHIMIIA CYNEPHO3UIIMU COCTABJISIIOIINE OIIMOKHU
CKJIaJIBIBAIOTCSI M3 COCTABILAIOIIMX OT JEHUCTBUS ITOJIE3HOTO CUTHANA H
IIOMEXH, KOTOPBIE MOKHO HAXOJIUTh HE3aBUCUMO APYT OT JPYyTa.



my|t]

PerynsipHyto COCTaBISIIONLYIO OIIMOKH MOXHO paccMmar-

pUBaTh KaK PEaKIUI0 CUCTEMbI Ha PETYJISIPHbIC BHEITHUE BO3/ICHCTBUSA
G F
mg(t|=mg(t|+mflt]. (2.39)
B u3o6paxenusx no Jlammacy

M |s|l=MCls|+ME|s|=

W gl sl- Ml s|+W pgls- M gls), (2.40)

w

e GE(S) " WFE(S)

— mepeAaTouHble (DYHKIUMU 3aMKHYTOH CH-
CTEMBI 10 KaHaJaM «II0JIE3HbIM CUTHaJ — OIHMOKa» U «IIOMEXa — OIIMOKay.

Ilpumeuanue. CmpykmypHras cxema munogou 3aMKHYMOU CUCHEMbL

umeem 6uo
F(1)
G(t) —~ E(1) X()
—»@—» w,(s) »é—» w,(s) >
Ecnu Wl(p =1 , MO MOJCHO CYUMAamMb, Ymo nomexa nooaemcs Ha

Wz(P):l

6X00 pCIS’OMKHyWIOlZ cucmemsl, a eciau Ha ee 8bIX00.

llepeoamounvle yHKYUU NO KAHAIAM «NOJIE3HBIU CUSHAT — OUUOKAY

U «nomexa — ouubKay Haxooamcs no hopmynam

B 1
Weelpl= 1+W,(p)-W, p|’

_ W,lp)
WFE(p)_1+W1(p)-W2(p)’ (2.41)

HpI/I MCIJIICHHO U3MCHAIOIINXCS BXOJHbBIX BOBI[GﬁCTBHSIX PETYIIAAPHYIO



COCTaBIISIONIYI0 OMIMOKH OOBIYHO OMPEACIISIIOT Menmooom Kodghduyuen-
moe ouubox.

mt)

BennuuHy cocrasisironen MOKHO HaWTH 110 COOTHOIIEHHUIO,

aHaJIOTUYHOMY (2.23)

G + 00 (Cl})E(O) () + 00 ()
mglt|=2, —%— mglt)=2, Crmglt),
i=0 : i=0
_|1. ¢ _
CP= i_!'asiWGE(S) | _gri=1,2,...
(2.42)
CG
rae i — KO3(pHUIMEHTH OMMOOK CHUCTEMBI IO KaHAy «ITOJIC3HBIM

CUTHal — omuoka». Onpenenutrb UX MOXHO O€3 BBIIIOJHEHUS Onepalui

mudpepeHpoBaHus WGE(S) o popMyinam

C(C);:WGE(SHs:O’

i—1
1 ; .
i WGE(S)_Z Cj'SJ =0, 1=1,2,...

j=0 (2.43)

CG:

CooTtHomtenusi, anajgoruuabie (2.42) u (2.43), MOTYT OBITh MOJTYYEHBI
U JUIS KaHaja «IoMexa OITnOKay.

Ecnu perynspHbie BHEITHUE BO3/ICUCTBUSI TTOCTOSIHHBI WJIM OTCYTCTBY-
10T, a CIy4aiiHble BO3JICHCTBUS MPEACTABIISIIOT COOOM CTallMOHAPHBIE CITY-
YyaliHbIC IIPOIECCHI, TO OIMIMOKA OYAET CTAIlMOHAPHBIM CIyYalHBIM IIPOIIEC-
COM, MaTEMaTHYECKOE OKHJIaHUE KOTOPOTO OIpPEEseTCsl yepe3 ypaBHe-
HUE CTAaTUKHU CUCTEMBI

mE:WGE(O)'mG"' WFE(O)'mF' (2.43)

Elt

HO pacCMaTpuBaTbh KaK PCAKIUIO CUCTCMbl Ha LICHTPHUPOBAHHLIC cnyqaﬁ-

[{eHTpUpOBaHHYIO CIIyYalHYI0 COCTABJISIFOIIYIO OIIUOKHU MOX-

HBIC COCTABJIAOMINC ITOJIC3HOI'O CUT'HAJIa U IIOMCXHU U OIIPCACIIATL €€ YCPC3



KOPPEJIALMOHHbIE (PYHKIIUU RG(T) 151 Rp(t] , WIM 4epe3 CIEeKTpab-

S;lo] S

u S

HBIE TUIOTHOCTH (eciu BXOAHBIE BO3JICHCTBUS KOppe-
JMPOBAaHHBI, TO JOJDKHBI 3aJaBaThCi HX B3aWMHAS KOPPEIALMOHHAS
GyHKIMSA WIK WX B3aMHAasl CIEKTpayibHasA IIOTHOCTH). [lo 3TUM HaHHBIM
HaxXOJAT KOPPEIANMOHHYIO (YHKIUIO WIH CICKTPATbHYIO IIOTHOCTH
OIIIMOKH, a 3aTEM — JTUCTIEPCUIO OLIUOKHU.

B mpakThueckux pacyerax 4amie BCEro MCMOJIb3YHOT CHEKTPAIbHYIO

IJIOTHOCTD, PACCUNUTHIBAEMYIO TI0 (hOpMYyJIIe

Selol=|Weljol™Ss()+
+W ( ]@)'WFE(j'w)'SGF(j'(x))+
+WGE(]'&))'WFE(—j'w)'SFG(j'O))+

W g0l S plwl.

(2.44)

YtoOBl HAWTH IUCTIEPCUIO OMIMOKM MPH CIyYalHBIX BO3JICUCTBUSIX,
HEO00XO0IMMO BBIYMCIUTh UHTETPAJI

Sk
Dp= 2. _foo (2.45)

Jlucniepcust ommOKU COCTOUT M3 OTHEIBHBIX COCTABIIAIONINX, OMPe/Ie-
JsIeMBIX cllaraeMbiMu (2.44),

G GF FG F

Bce COCTAaBJAOIMUEC JUCIICPCHUN MOT'YT BBIYUCIIATHCA OTACIIBHO. 3aTeM
OHHU OOJIDKHBI CYMMHUPOBATLCA.

Ilpumep 2.9. Onpeoenenue oucnepcuu 6bIXOOHO20 CIYHYAUHO20
npoyecca. Ha 6xo0 3amxnymoil ciedswel cucmemvl nocmynaem noJjies-

-~ - = -~ (6))
HblU Cy4YauHsvlu npoyecc Cco CneKkmpajlbHOU NJIAOMHOCHbIO G( ) . Ha
6X00 pa30M1<Hym0L7 cucmemsl nocmynaem CﬂyqaﬁHGﬂ nomexa co CnekK-



MpanbHOU  NIOMHOCHbBIO S¢lal . Koppenayus meocoy 6xoonvimu

npoyeccamu omcymcmeyem. Brewinue 6o3oeiicmsusi ne cooepicam pecy-
JApHblx cocmasaaowux. CmpykmypHas cxema cucmembsl umeen 6uo

w(s) X(f)}-

_2:D, Ty

_ 2 27
1+TGoo

K
W(S):s-(T-s+1)’SG(w)

w|=N.

llepeoamounbie hynKkyuu 3aMKHYmMou cucmemvl no ouudKe

1 T-s°+s
W = = ,
x| 1+Wls| T-s*+s+K
Wis)] K

FE(S):1+W(S) CT-s2+s+K

Cnekmpafszaﬂ NAOMHOCMb OUUOKU pasHa

jePdiel Eo
K g .
T

COCma6JZﬂIOLl/;aﬂ Oucnepcuu 0WM6KM, 06yC]Z06]l€HHClﬂ noJle3HbiM

CUuzcHailom, HAX0OUMCS U3 6bIPANHCEHUA



+00 PN 3 22'D T
el “T(Jw)+(1w) "2De e

P2 %0 T jof+jo+K 1+T%0°
+00 2 . 22,D T
L1—°f|T(]w) Hol | ——= - do=
2 2o Tl jowl+[j oK [1+Tg|jwll {

+ 00

1 friljel-ljef
62:D T, f .3 P
2.71 Yo |TTG(]00) +(T+TG)-(]-Q)) +(,|(,()()
b

6

B oannom cnyuae n=3. Kosaghguyuenmor nonunomos A3(J | u

B,|j-| paeHbl

a,=T-T,,a,=T+T_.,a,=1+K-T.,a,=K,
b,=T%,b,=—1,b,=0.
Toeoa

1 T+K-T-T_ +T,
, .
2T, T+K-Ti+T,

Cocmasnarowas oucnepcuu oumudKu, 00YCl081eHHAsT NONE3HbIM CIY-
YAUHBLIM NPOYECCOM, PABHA

T+K-T-TG+TG

D¢=2-D T, .-J.=D,.-
E ¢ e T+K-T2+T,

G

Cocmasnaowas oucnepcuu owudOKU, 00YCI061eHHAS NOMEXOU, Ha-
XOOUMCA U3 BbIPANHCEHUS]



+ 00 )

Df;:l—-f |K > | -Ndow=
2T 2o T jof+jw/+K
2 +00
EALY S ~dw=K*N-J,.
27 e|T{ o+ j-o/+K|
B oannom cnyuae n = 2. Kosagpghuyuenmor nonunomos Aylj-o) u
B,lj-®| pasHul
a,=T,a,=1,a,=K,b,=0,b,=1.
Toecoa
__ 1
JZ_Z-K'

Cocmasnarowas oucnepcuu ouubKu, 00)YCl0681eHHAsL NOMEXOU, PABHA

F_ g2 _K-'N
Di=K*N-J,===.

Pe3ynomupyrowee 3nauenue oucnepcuu:

. T+K-T-TG+TG+ K-N

=D 5
T+K-TG+TG 2

G

2.5 ®opmupyomme GpUIbTPbI

DopMupyrOIIMM (PUIBTPOM HA3BIBAIOT JUHAMUYECKYI0 CHUCTEMY,
KOTOpas IpU BXOJHOM CUTHAJIE Glt| B BHUJie 0€JI0ro IrymMa UMEET Ha BBbI-

XOJI€ CIYyYalHbIN MPOLECC Xle C 3aJITaHHBIMHM CTaTUCTUYECKUMU XaAPaAK-
TEPUCTUKAMHU (MATEMATUYECKUM OXKHIAHUEM, KOPPEISLHMOHHON (PYyHKIIH-



€l UJIU CIIEKTPaJIbHOM IUIOTHOCTHIO).

HcnonwszoBanue Gpopmupyroiiero GuibTpa mo3BoysieT MeperuTr OT CH-
CTEMBI C MPOW3BOJBHBIM BXOJHBIM BO3JICHUCTBUEM K 9KBUBATEHMHOU CU-
cmeme, Ha BXOJI KOTOPOH JEUCTBYET O€NbIi IIyM. ITO JOCTUTAETCS MOCIIe-
JIOBATEJIbHBIM COeMHEHUEM (OpMUpYIONMIETO (GUIbTPpa M HCCIETYEMOM
CUCTEMBI (CM. pUCYHOK 2.7).

G( t ) Qopmupyrowuu X ( t ) Uccnedyemas Y ( t ) >
¢unbmp cucmema

Pucynok 2.7 — Cxema 3KBUBaJICHTHOW CUCTEMBI

Eciu ciaydaliHble ITPOLECCHI Gt y Xlt| gemmores cTalMoHap-
HBIMH, TO YAacTOTHYIO XapaKTEpHCTHKY JIMHEHHOro (HOPMHPYIOLIETro

¢umstpa T @] moxHo HaiiTn w3 cooTHOmEHUS

Sylo|=[¥[j-wlf-S;lw). (2.47)
Ecnu Silw|=N 10
|‘P(j-a))|2:SX(w):Sx(w):Sx(j'w) S, —j-o

Sglwl~ N VN VN qus)

B kaudecTBe MCKOMON YaCTOTHOW XapaKTEPUCTUKU (PpuibTpa OepeTcs

TOT U3 COMHOXHUTeNeh (2.48), KOTOphI UMEET HYJH U MOJIIOCHI B JIEBOM

nonymiockoctu J @

Syljw
o= 22
VN (2.49)
Ecmn Sx o) _ IpoOHO-paloHaNIbHas (PYHKIUS, TO YaCTOTHYIO Xa-



PaKTEpUCTUKY JIMHEWHOTO (opmupyromero ¢uastpa mo gopmyie (2.49)
OTIPEJICIUTh MOXKHO BCET/IA.

Ilpumep 2.10. Onpeoenenue yacmomHou Xxapakmepucmuxu opmupy-
owezo gurbmpa 0 noyYeHUs CMayUuOHAPHO20 CLYYAUH020 NPOYECcca Co

—n. . 2 .2
CNEeKMPAIbHOU NIOMHOCMbIO SX(OO)_Z Dx TX/(1+TX @ ) us oe-

. S . lo|=N
J1020 ULYMA CO CNEKMPANbHOLU NIIOMHOCTbIO G( ) .

Lo ghopmyne (2.48) natioem

, 2Dy, T, 1 N N
Pl ol =—F"m—— <= . .
T2 ! N 14Ty {jow] 1=Ty{j o)
Omcrooa
RN 2
Jrw= N 14T, [jrw| 1+T-j-w)’
20e K:\/z'DX Tx/N , =Ty Ilepeoamounas  ¢ynrkyus

Gdunompa 6 uzobpasicenusx no Jlanaacy

Wis|= K
1+T-s

Ot0eanBawmuM GUILTPOM HA3BIBAIOT CUCTEMY, KOTOpas mpeodpa-

3y€T CIyYalHBIN MPOIECC Glt| CO CHEKTPaIbHOU TNIOTHOCTHIO G( |

B Oenblil myM. J[Jig cTallMOHApHBIX MPOIIECCOB Glt| n X 0 ero ya-
CTOTHAs XapaKTEpUCTUKA paBHA
. 1 VN
Dlj-w|= ) — o]
?lj-ol Seljw (2.49)




BOITPOCHI JJIsi CAMOKOHTPOJIA

1. Kak BbImonHsIETCS TPeoOpa3oBaHUE BXOJHBIX  CIIyYalHBIX
CUTHAJIOB JJMHEWMHOMN cuctemMoi? UTo onpenenser oneparop CUCTEMBI?

2. Kakas CBs3b CyLIECTBYET MEXKAY CTATUCTUUYECKUMHU XapaKTEpH-
CTUKAMHU CIYYaWHBIX MPOLECCOB HA BXOJE U BBIXOAEC JIMHEWHOU CHUCTEMBI
BO BpeMeHHOU obnactu? Kak onpenenuTs uX aHaTUTHYECKU?

3. KakoBbI yCIIOBUS CTAIMOHAPHOCTHU CIIYYaWHOTO IMPOLIECCA HA BbI-
XOJI€ JIMHEUHON CUCTEMBI?

4. Kakas CBs3b CYIIECTBYET MEXIY CTAaTHCTUYECKUMHU XAPAKTEPHU-
CTUKAMHU CJIyYaWHBIX MPOLECCOB HA BXOJAE U BBIXOJI€ JUHEMHON CUCTEMBI B
yacTOTHOU oOnactu? Kak onpenenuTs ux aHaTUTHYECKU?

5. Kakoil o0uuii moaxo1 K aHaIM3y TOYHOCTH CUCTEM IPHU CIydail-
HBIX BO3JICHCTBUSX?

6. Kak Haxomurtcs peryysipHasi COCTaBIISIONIAs OTUOKA CUCTEMBI?

7. Kak HaxoauTcs ciaydailHas COCTaBISAONIAs ONTMOKU CUCTEMBI?

8. Urto HazwiBaetcs hopmupyronuM puiasTpom? KakoBo ero HazHa-
yeHue?

9. UYro HazbiBaeTcs otOenuBaromuM puiasTpoM? KakoBo ero HazHa-

yeHue?
3AJJAYU JJISA CAMOCTOSATEJBHOI'O PEHIEHUSA

2.1. Ha BXOZ yCWUIMTEIBHOTO 3BE€HA MOCTYIIAET CIYYAWMHBIA MPOLIECC

m | t]

X (t) C MATCMAaTH4YCCKHUM OXHNIAHHUEM 41 KOppCHHHI/IOHHOﬁ

R [t ,t o
X( 1 2) . Tp€6y€TC$I HauTu MaTeMaTH4YCCKOC OXHNIAaHUE U

Y|t]

dyHKLIMEH
KOPPEJALMOHHYIO (YHKIIMIO BBIXOAHOTO CIY4YailHOrO Mpolecca

ecii kodduiment ycunenns K=38

2.2. OnpenenuTh KOPPEISIUOHHYIO (DYHKITUIO RY(tl’t2) CIy4au-

HOTI'0 IIpolecca Yl Ha BBIXOJIe TP hepeHIUPYIOIEro 3BeHa, €CIIH KOP-



pensiuoHHas PYHKIMS BXOJHOTO CIy4ailHOTO mpolecca Xt paBHa

Ry[t,,t,|=exp|—a-[t,~t,|.

2.3. PemnTh Npeaplayyro 3aaady nIpu yCIOBUU

cos[w-(tz—tl)}

RX(tl’t2):DX. t,+t,

2.4. Ciy4ailHbI OPOIIECC X (t) MMEET MAaTEMaTUYECKOE OXKHUJIAHUE
My it U KOPPEJSIIIMOHHYIO (PYHKITHIO RX(tl’tZ) . Hanitu maremaru-

YEeCKOEe 0XKMIAHUE U KOPPEIALMOHHYIO (PYHKIIMIO TTpoliecca Yl , €CIIH

Y(t):j X[ Al-exp(—AldA.

2.5. Ha Bxon auddepeHIUpYIONIEro 3Be€HA MOCTYMaeT CIy4YalHbIN

mX(t)ZA-sin(t)

IMpoLeccC X(t) C MareMaTH4YCCKUM OXHWIAAaHHNEM 141

KOPPEISLMOHHON (yHKIIEH

RX(tl,t2)=2-eXp T

Havtu MmaTemaTnyeckoe 0KuIaHue U JUCIIEPCUIO D y BBIXOJHOTO CIIy-

waifsoro mpouecca ! i

2.6. HalitTu MaTremMaTH4eCKOE OXHMJIAHUE M JUCIEPCHUIO CIYyYallHOrO

nmponccca Y(t) Ha BBIXOAC AIICPHUOJNYICCKOIO 3BCHA

T-%Y(t)+ Yit|=K-X|t/,



€CJIM Ha €ro BXOJI C MOMEHTa BPEMEHHU fy IOCTYIIAET BO3MYIICHUE, NIPEI-
CTaBJISIIOIIEE COOOM CTAIlMOHAPHBIN CIyYalHBIN TPOIECC ¢ MaTeMaTHh4e-

m,= const

CKUM OXXUJIAaHUEM U KOPPEJSILIMOHHON PyHKIIUEH

R, |t|=D,-exp|—a-|t|].

2.7. HailTu nucriepcuro Ciiy4yalHOro mporecca Y(t) Ha BBIXOJE are-
PUOANYECKOTO 3BEHA

T-%Y(t)+Y(t)=X(t),

€CJIM Ha €T0 BXOJ] C MOMEHTA BPEMEHHU # 4 MTOCTyHaeT OBl IITyM CO CIIeK-

_ 2
TPaJILHOM IIOTHOCTBIO Sx l=c

2.8. Ha BX01 HECTAalIMOHAPHOTO 3BEHA C UMITYJIbCHOM MEPEXOTHOM Xa-
PaKTEPUCTUKOMN

MOCTYIIAET HECTALMOHAPHBIN CIy4YalHbIA IPOLIECC X (t) C MareMarTuye-
CKUM OXXKHJIAHUEM

m,(t|=a,+a,-t

U KOPPEJISIITUOHHON (pyHKIIHEH

.

Onpez[eJme MAaTCMATHUYCCKOC OXHIAAHUC WU AUCIICPCHUIO BBIXOIAHOI'O

RX(t,T):DX-exp[Z-(t+T)—|t—T

CIIy4aiiHOTO mpolecca Yt

2.9. Ha onuH 1 TOT %€ BXOJ CHEIAIICH CUCTEMBbI MOCTYIAET IMOJIe3-

HBIA CITyYaWHBIM IPOLECC G(t) Y CIy4auHas ImoMexa F (t) . Cranuo-



HApHBIM CIyYaWHBIN ITPOLECC Glt MMEEeT MAaTeMaTU4YECKOe OKUJAHUE

MG=CONSL y koppensimontyio yHKio

R_[t|=2-exp|—4-|1]|.

Momexa T (t) SIBJISIETCA CTAlMOHAPHBIM CIIYYalHBIM IPOIECCOM C
HYJIEBBIM MaTEMAaTHYCCKUM OXKHIAHUEM M KOPPEIAIUOHHON (QyHKITHEH

R,[t|=3-exp(—3-|1]|.

City4dailHbIe TTPOLIECCHI Glt n F it B3aNMHO HE KOPPEJIHPOBAHBL.
NmnynbcHas nepexoaHas XapakTePUCTUKA CUCTEMBI

kit|=4-exp|—2-t|.
TpeOyeTcst onmpeAennuTh MaTeMaTUYECKOE OXKHUJIAHUE U JAUCIIEPCUIO
CJIy4alHOTr 0 IporLecca X (t) HA BBIXOJE CUCTEMBI.

2.10. Pemunts mpenpIayniyto 3aqavdy, UCIOJb3Ysl CIEKTPAIbHBIE TUIOT-
HOCTH CITy4alHBIX MPOIIECCOB U MEPEAATOUHYIO (DYHKIIUIO CHCTEMBI.

2.11. JInneiiHast cucTeMa OIMUCHIBAETCS YPABHEHUEM BH/IA

d

(t)+a0~Y(t)=b1'E

a1~%y X(t]+b, X|t].

CrnyyaliHbli mpoliecc Xt Ha BXOJI€ CUCTEMbBI UMEET KOPPEIALIMOH-
HYI0 (QYHKITUIO

R, |t|=D, -exp|—a-|t|].

Hautu gucnepcuro ciiydalHOro mpoiecca Y(t) Ha BBIXOJE CHU-
CTEMEI.

2.12. Ha BX0J 3aMKHYTOU CUCTEMBI TTOCTYIAET OCJbIN IIIyM Xt co



Sylw]

CIIEKTPAITLHOM TIJIOTHOCTHIO =N IlepenaTounast pyHKIUs pa3o-

MKHYTOfI CHUCTEMBI UMECCT BH /]

K
Wisl= sty

HOKaBaTB, 4qTO AUCHICpCUs CUTHAJIA Y(t) Ha BBIXOJAC CUCTCEMEI HEC 3a-

BHUCHUT OT IIOCTOSIHHOM BpeMeHHU T.



3 CUHTE3 CUCTEM IIPU CJAYUYAWHBIX BO3JIEUCTBUSX

3.1 O0mas mocTaHOBKA 32/1a4M CHMHTE3a CHCTEM NPHU CIAYYAHHBIX
BO3/1eCTBUAX

ITycTte nMeercss cucrema, Ha BXOAbl KOTOPOM MOCTYIAKOT I1OJIE3HBIN

curman Gltl wmomexa Flt] (cM. pucyHOK 3.1).

lp(t)

PearnbHas X (t )
G( t) cucmema E( t)
———>e
NoearnbHasi
cucmema Z( t)

Pucynok 3.1 — Cxema npeoOpa3oBaHus MOJIE3HOTO CUTHAIA

Cucrema JOJIDKHa KaK MOXHO 0oJIee TOYHO BOCIIPOU3BOAUTHL HCKOTO-

[t
Pyt PyHKIIUIO OT Gle| , KOTOpast 3aJ1a€TCs ONEPATOPOM D {} , T. €.

zlt|l=0"|Glt). 3.1)

t]
B 3aBHCHMOCTH OT BHa oIepaTopa D { }‘ CHUCTeMa MOJXKET pelliaTh
CIIEAYIOIINE 3aaYu:

thi—
e BOCHPOM3BEIEHHUE, €CIH @[ }=clt)-{} (ecnm Clt/=1
CUCTEMa CTAaHOBUTCS credsujell);

o )=2 ()
e au(pdepeHNpoBaHHNE, €CIIN dt )

: t
@)= {}da
* HHTErPUPOBAHUE, CCITH ‘o ;

[ty _ 4lt+T]
e ympemIeHue wiu okcmpanoiayus, eciu P (=17 (rme



T — BpeMs YIPEXKACHUS).

B obmiem ciyuae nmpeoOpa3yromuii onepaTop (p(t)” MOXET OBITh
IPOU3BOJIBHBIM.

Hoeanvnoe npeobpazosanue nonie3Ho2o CUsHald 8 cOOmMeemcmeuu ¢
Gopmynoti (3.1) HeB03MOIHCHO U3-3A HEBOZMOICHOCMU MOYHOU Pearu3ayuu

noJjliezHo20 CucHala G(t) U 6JIUAHUA NOMEXU F(t) . BI)IXO,Z[HOfI CHUTHAJI

cucremsr Xt/ GyeT OTIMYaThCs OT TpebyeMoro curhama 2 ] Ha pe-
JUYUHY OLIUOKU

Elt|=Z[t|-X[t), (3.2)

MIOATOMY MOYKET CTAaBUThCA 3ajiadya MOJABJIECHUS MOMEX, KOTOPYKO Ha3bl-
BAIOT 3a/1aueii puiabTpanum (CriiakxuBaHus).

Ecnu BXOIHBIE CUTHAJBI Glt| y Flel IpPEJICTABISAIOT cO00M City-

YailHple MPOLIECChl, TO OMIMOKA CHUCTEMBI Elt]  raoxe OyIeT SBISATHCA
ciyyallHbIM mpoueccoM. [Ipy Takux ycCIOBHUSIX CHHTE3 CHUCTEMBI 3aKIIO-
YaeTcs B €€ CTATHCTHYECKOI ONTUMM3AIUM, ITOCIIe KOTOpo Oyaet obec-
NIEYMBATHCS HAWIYYIIEE 3HAYEHUE HEKOTOPOIO Kpumepus OnmumMaibHO-
cmu. OCHOBHBIE TPEOOBAHHUS K HEMY:

® BO3MOXKHOCTh KOJMYECTBEHHOM OILIEHKHM KauyeCTBa CHUCTEMbl M €€
YCHEIIHOCTH B JOCTUYKEHUHU MTOCTABICHHON LENH;

® BO3MOXKHOCTh MaTE€MaTHYECKOTO (AaHAJIMTUYECKOT0) pelieHus 3a-
a4y ONTUMHU3AIINH.

Haubosnee ynorpeOUTENbHBIM U MIPOCTHIM KPUTEPUEM ONTUMAIIBHOCTH
CUCTEMBI ABJIICTCSI MUHIMYM CPEHET0 KBaJipaTa €€ OIIMOKU

e=M|E*(t||=M||z[t|]- X (t|}|=mZ(t|+ D, min.

E (3.3)

min(e_z)

OueBUAHO, 4YTO KpUTEpPUU YUUTBIBAET U PETYJSPHYIO

myt]

COCTABJISIFOIIYIO OIIMOKHU , U €€ CIIy4alHYyI0 COCTaBJIAIOIIYIO D .

HpI/I CTaTUCTUYECKOMN ONTUMHU3AIIUN MOTYT pCIIATbCA CIACAYIOLINUC



YaCTHBIC 3a/1a4H.

Omnpenesienne ONTHUMAJIBHBIX IAPaMeTPOB cucTeMbl. B 3TOM Ciy-
yae CTPYKTypa CHUCTEMBI U CTAaTUCTUYECKUE XAPAKTEPUCTUKU BXOIHBIX
BO3JICMCTBUM CUMTAIOTCA M3BECTHBIMU. CHHTE3 CHUCTEMBI 3aKJIIOYAETCS B
ONpENICTICHNA TAaKUX €€ MapaMeTpoB, MPU KOTOPBIX BbIpakeHue (3.3)
UMEET MUHUMYM.

Ilpumeuanue. Ha npaxmuke Haubonee uacmo peuiaemcss UMEHHO
makas 3a0aud, maxk Kaxk CmpyKmypa cucmemuvl 0ObIYHO ONpeoesisiemcs ee
(DYHKYUOHATIbHBIM HA3HAYEHUEM, 8 MO 8PeMsl KaK Nnapamempsl CUCHEMbl
00ONnyCcKarom nooCmpoux).

CuHTe3 ONTUMAJIBLHONM CHCTEMBbI ¢ POM3BOJILHON CTPYKTYpoOil. B
ATOM Ccliydae UMeeTcsi UHGOpMalUs TOJBKO O MPUHANICKHOCTH CUCTEMBI
K HEKOTOPOMY KJIACCy, W M3BECTHBI CTAaTUCTUYECKHE XapPaKTCPUCTUKHU
BXOJHBIX BO3J€UCTBUN. CHHTE3 CHCTEMBI 3aKJIIOYACTCS B OINPEACICHUN

TaKoM ee mepeaaTouHor PyHKIUn Wis| , Ip1 KOTOpO# BbIpaxkenue (3.3)
uMeeT MUHUMYM. [Ipu 3TOM MOJKHO YUYUTBHIBATHCS YCIOBHUE (U3UUECKOU

peaiusyemocmu cucmemasl.

Ilpumeuanue. B smom crnyuae cmanosumcs 803MOICHbIM Meopemu-
yecKku omnpeoeiums npeoesl COBEePULEHCMBOBAHUS CUCMEM BblOPAHHO20
KIacca U UCHOIb306aMb NOJAVYEHHYIO UHDOpMayuro O KOPPEeKmHO20
Gdopmynuposanus mpeobosarull K HUM HA Imane npoeKmupo8anusl,

CuHTE3 ONTHMAJBLHON CUCTEMbI ¢ HENPOM3BOJBbHON CTPYKTYPOI.
B »TOoMm ciydae cTpykTypa OJHOW 4YacTH CHUCTEMbI (Hampumep, oOBhEeKTa
yIpaBJeHus1) 3a7iaHa, a Apyrasi e 4acTb (HalpuMmep, YCTPOMCTBO yIpaBJie-
HUS) MOKET MPOU3BOJIBHO BEIOMPATHCS U3 HEKOTOPOTO KJlacca MOJICUCTEM.
CraTuCTHYECKHE XapaKTEPUCTUKU BXOIHBIX BO3JACUCTBUMN W3BECTHBI. CHH-
T€3 CUCTEMBI 3aKJII0YACTCS B OMPECICHUN TaKOW MepeaaTOuHON QYHKIIUU

W3MEHSIEMOM YacTH CHUCTEMBI Wls| , TIpU KOTOpoH BeIpakeHue (3.3)
UMEET MUHUMYM.

Ilpumeuanue. Taxas nocmarHoska 3a0auu A6IAEMCsL PealbHOU, Max



KaK Ha npakmuke 8bl00p CMPYKMypovl CUCHEMbL 8ce20a ocpanuyiet. B psoe
Cy4Uae8 CMaHoOBUMCS 803MOIICHBIM, UCNOJIb3YS peuleHue npeodbloyuiell 3a-
oauyu, 8bl0eUMb U3 CUCTEMbL ONMUMAIbHYI0 NOOCUCTEM).

B 3aBUCMMOCTH OT COOTHOIICHMS CHGKTpaHBHOfI IINIOTHOCTHU IIOJIC3-
HOT'O CMI'HaJIa U IIOMCXU 3a/la4d CMHTC3a MOXKCT PCIIATHCS I1O-PA3HOMY.

Ecin cnekTpbl 4acTOT IMOJIE3HOTO CHUTHAJIA SG((D)

Sl

N IIOMCXH

HE HaKJIaJbIBAIOTCS APYr Ha apyra (cM. pucyHok 3.2 (a)), To
aMIUIUTYJIHO-4aCTOTHasl Xapaktepuctuka (AUX) 3aMKHYTONW CHCTEMBI

A ((x)) HOJIDKHA pacCIiojaratbCsa B o0JacTu CIICKTpa IMOJIC3HOT'O CUT'HAJIA.



Pucynok 3.2 — CoOTHOIIEHHE CIEKTPAIBHOM IUIOTHOCTH IOJIE3HOTO

CHUI'HaJIa U IIOMCXH

Ecnu criexTp 4acToT MOJIE3HOr0 CUrHajia ObICTpO YObIBaeT ¢ Bo3pacTa-
HUEM YacTOThI, a CTIIEKTP MOMEX OJIM30K K OeoMy IIymMy (CM. pUCYHOK 3.2
(0)), TO aMIUIMTYAHO-4YACTOTHAsI XapaKTEepPUCTUKA PA3OMKHYTON CUCTEMBbI

W, ljol

J0JKHA pacrojiaraThCsl B 00JIaCTU HUBKUX YacTOT, TJE CO-
CpeI0TaunBaCTCsl OCHOBHASI SHEPTHUS MOJIE3HOTO CUTHAJIA.

Ecam criekTpsl 4acTOT MOJIE3HOTO CUTHAJIA M TTIOMEXH HAKJIaIbIBAIOTCS
IpYT Ha JIpyra U UMEIOT MPOU3BOJIbHYIO hopMy (cM. pucyHok 3.2 (B)), 3a-



Jlaya CUHTE3a HE UMEET TPUBUAIBLHOTO PEIICHUS.
3.2 OnpeneneHue ONTUMAJIBHBIX IAPAMETPOB CHCTEMBI

B »>TOoM ciydae MuHUMyMa cpenHend KBaapathuuHoM ommoku (3.3)
N0OUBAIOTCS MYyTEM U3MEHEHUS 3HAUCHUI TapaMETPOB CUCTEMBI.
Ecnmu Ha cucreMy OIHOBPEMEHHO JCUCTBYIOT IIOJIE3HBIM CHUTHAI

Glt) u nomexa Fltl , TO W3-3a Pa3HOro XapakTepa MX BIUSHHS IPO-
CTOM MOa0Op MapaMeTpPOB OOBIYHO HE OOECIIEUYHMBAET ONTHUMAJIBbHOCTH

G
(Hampumep, CTpeMJIEHUWE YMEHBIIUTh B (2.46) COCTaBISIOLIYIO Dg

F
MOKET IPUBOJUTH K POCTY Dy y Ha000poT). Jl0JKHO UCKAThCS HEKOTO-
pPO€ KOMNPOMUCCHOE peuleHue.

Jlist pelieHusi 3aayu CHHTE3a TepeAaToyHas (PYHKIUS CUCTEMBI,

oToOpaXkarolas ee CTpyKTypy, NpeACTaBIseTCsS B BUIE

W(S):W(Syﬁly“"ﬁm)’ (34)

rae p 1""’ﬁ m  — mapaMeTpbl CUCTEMBI, MTOAOOPOM KOTOPHIX MUHUMM3H-
pyetcs Beipakerue (3.3). Ix Be1OOp H0MKeH ObITh 000CHOBaHHBIM. 3HAUE-
HUs OOJBIIMHCTBA TIApaMETPOB ONPEACISAIOTCS TEXHHUYCCKUMH WM
KOHCTPYKTHBHBIMH COOOPaKCHHSIMH, TIO3TOMY HM3MCHSITh MX TPYIHO HIIH
HEeBO3MOXXHO. OOBIYHO JUIsi KOPPEKIMH BBHIOHMPAIOT ABA-TPU IapameTrpa
(HampuMep, MOCTOSIHHbIE BPEMEHHM KOPPEKTUPYIOIIUX 3BEHBEB, KO3 hu-
IIUCHT YCUJICHUS PA30MKHYTOW CUCTEMBI U T. II.).

3amaya CHHTE3a PelraeTcs B CIASAYIOIIEM TOPSIKE.

1) Omnpenensrorcst mepeaaTouHble (PYHKIIMH CUCTEMBI IO KaHaJIam
«TOJIE3HBIA CUTHANI — OIMOKa» M «IoMeXa — OIIMOKa» Kak (PyHKIUU ma-
paMeTpPOB CUCTEMBI

WoplsI=Weg[s,Byse B,
WFE(S):WFE(S’BD'“’ﬁm)' (3.5)



2) Ilo COOTBETCTBYIOIIUM TMEPEAATOYHBIM (YHKIMSIM M CIEKTPaib-
HBIM IUIOTHOCTSIM TOJIE3HOTO CUTHAJIa U MOMEXHU OMNPEACISIOT CIEKTPAJIb-
HYIO TJIOTHOCTh OIIMOKH Kak (PYHKIIMIO MapaMeTpoB cuctemsl. [Ipu oTcyT-
CTBUU KOPPEJISIIIUU BXOJIHBIX CUTHAJIOB

S50, By s Bl FWeg o0,y Byl S6l0),
Sg(a”ﬁv“"ﬁm :|WFE(j-w,Bl,..,,Bm)\2~SF(w),
SE(w’Bl’""Bm :Sg(wugl""’ﬁm)'l'sg(waﬁl"“:ﬁm

3) Ilo cnekTpajbHON TJIOTHOCTH OIIMOKKA OMPEAEHSIOT IUCIEPCHUIO

(3.6)

OIIMOKU KaK (PYHKIMIO TApaMETPOB CUCTEMBbI

+00

DE(ﬁl,...,Bm):i-fsE(w,ﬁl,...,ﬁm)dw.

2: 2o (37)

4) Huddepenmupys (3.7) mo Br-esBy Y TIPUPABHUBAS HYJIIO TO-
Jy4eHHBIC YaCTHBIC MPOW3BOAHBIC, TMOJYYAIOT CHUCTEMY M ypaBHEHUH,

peleHreM KOTOPOH HaXOST ONTHMAIbHBIC TapaMeTPhI Blonm” R ,
00€eCIIeUnBaIOIINE MUHUMYM CpeIHEN KBaIpaTHYHOMN OIINOKH.
5) 3nauenus P 1onm"”"8 Monm  OLIEHUBAIOT, UCXOS U3 BO3MOKHOCTH

WX TeXHUYECKOU peasln3alliy ¥ JOMYCTUMBIX JUHAMUYECKHUX TOKa3aTeleH
CUCTEMBI (BPEMEHHU PETYJIMPOBAHUS, HAJTUYHS U BEJIMUUHBI ITIEPEPETyIUPO-
BaHUS, yCTOMYMBOCTH U T. 1I.).

JlaHHass METOAMKA MOXKET TaK)Ke€ MPUMEHATHCS MPU OJTHOBPEMEHHOM
BO3JICHCTBUU HA CUCTEMY PETYJISIPHBIX U CTyYalHBIX CUTHAJIOB.

Ecnam cnekTpanabHbIE TUIOTHOCTH CUTHAJIOB M YaCTOTHBIC IEpEIaTo4-
HbIe (DYHKIIMM CHUCTEMBI SBJISIOTCS JAPOOHO-pAIlMOHATBHBIMU (DYHKITUSIMHU
@, TO ONTUMAaJIbHbIC 3HAUYCHUS TTapaMETPOB CUCTEMBbl MOTYT OBITh Haiijie-
HbI AaHATUTHYECKHU.

Ilpumep 3.1. Onpeoenenue kodpduyuenma ycunenus pazomMKHymolu



cucmemvl, paccCmMompeHnHol 8 npumepe 2.9, Komopwiii Obl 0becnewusanl mu-
HUMAIbHOE 3HaA4eHUue ee CpeOHeK8aopamu4tol owuoku. Tak kak ocosope-

HO, 4YmoO 6HeulHue 6030€lCmeEusl He CO@@prCClm PESVIIPHBIX CcoCmae-

2
agowux, cpeonekeaopamudeckas owubrxa € b6yoem coenadamo ¢
oucnepcueti ouuoxu D g.

llonyuennoe 6 npumepe 2.9 3nauenue oucnepcuu oumudOKY

.T+K-T-TG+TG+ K-N

K|=D, .
T+K-TG+TG 2

Jlna uccnedosarus oucnepcuu OuUOKU HA MUHUMYM HEOOX00UMO NpuU-
D_ (K]

gl

PABHAMb HYIO NPOU3BOOHVIO OM no Koagguyuenmy ycuneHus

pazomxknymou cucmemvl K

0D K| Dy Ty (Te—T°
0K [T+K-T2+T.[

+2 =0,

Omcrooa Haxooumcs onmuMaibHoe 3Hadenue Ko3gouyuenma ycuie-
HUSL PA30MKHYMOU CUCTNEMbL

2D (TE—T?| To+T

K =
3 2
N-T2 T2

onm

MunumyM ¢yHk1M# (3.7) MOXKET ObITh Tak)Ke HalJeH JIOOBIM YHC-
JIEHHBIM METOIOM.

3.3 CuHTe3 ONTUMAJBHOM CHCTEMBI C IPOU3BOJIbHON CTPYKTYPOH

[lycth umMeeTcst cucTeMa, ciiyxaiias Jijis peoopa3oBaHus MOJE3HOTO

CUrHajia Glt| IPA HAJIMYUM CIYYAMHOU ITIOMEXH Flt . BxonHbie
CUTHAJIBI SIBJISIFOTCS CTAalMOHAPHBIMHU CIIyYaWHBIMH MPOLIECCAMHU C PaB-



HbBIMH HYJIO MAaTCMATUYCCKHMHU OXUIAHHUAMHA. Tak kak CTPpYKTYypa CH-

CTEMbl HEM3BECTHa, OyJeM CUHUTaTh, YTO Glt|] o Flt| MIPUIIOKEHBI K
OJIHOMY M TOMY K€ BX0Jy (CM. pUCYHOK 3.3).

Ipumeuanue. Ecnu cuenanot Glt| u F t] NPUTOHCEHBL K PA3HBIM
6X00aM, MO NPUBECMU UX K OOHOMY 8X00Y MONCHO MEMOOOM IKBUBATEHN -
HbIX NPeobpaz08aHull.

7), g El).

Pucynok 3.3 — Cxema npeoOpa3oBaHus MOJIE3HOTO CUTHAA

M3BECTHBIMM  CUMTAIOTCA CIICKTPpAJIbHBIC  IINIOTHOCTH  CHUT'HAJIOB

Sc(w) , SF(O))

U orepaTop Ipeodpa3oBaHus Hls| . Pemienune npo-
BOJIUTCS JJI1 YIPOUICHHOI'0, HO 4aCTO BCTPEYAOIIETOCS CiIydasi, KOrja mo-
JIC3HBIA CHUTHAJI M TIOMEXa CTaTUCTUYECKH He3aBUCUMBL. (CyMMapHbIi
CUTHAJI Ha BXOJIe CUCTEMBI OyJIET paBeH

Ult|=Glt|+F|t). (3.8)
B wu3o0paxkenusx no Jlamnacy BBIXOJHOW CHTHAJI CHCTEMBI Xle
CBSI3aH C BXOJHBIM CHTHAJIOM Ule COOTHOIIEHHEM
X[s|=w/s) Uls|=W(s|{Gls|+Fls], (3.9)
rae Wis| _ nepeaaToyHas QyHKIUS 3aMKHYTOW CUCTEMBI.

JIroGast peanmuzanusi cilydyalHOW CyMMAapHOM OIITMOKH MOJKET OBITh
HalJeHa, KaK



E|s|=2[s|-X[s|=H[s)-Gls|~W/s|{G|s)+F|s]=
&[H(s)—W(S)]'G(S)—W(S)'F(5)- (3.10)

BripakeHue 15 CIEKTPabHOM MNIOTHOCTH OLIMOKHU UMEET BHUJI

Splo)=|H|j-0|-W{j-o|Ssol+W(jol*Slal. ;)

YacTtoTHpIe TMepenaTovYHble (YHKIMH MOTYT OBITh IPEACTABICHBI
CIEAYIOUUM 00pa3oM

Wlj-ol=Alw|exp|j-¢lo]=
:A(a))-cos[qb( ]+]A )sm[qﬁ(co)},
Hlj-w|=Hlo|exp|julo||=
=H|w|-cos|¢|o||+j-Hlo)-sin|y ). (3.12)
Hljo-Wjol=
(H 0+ Ao -2Hlo|Alo)cosylo]-¢lo], (3.13)
rie A(@):|W(j w“ — aMIUIMTYJHO-YaCTOTHAs XapaKTEPUCTUKA 3aM-

Hlw/=|H|j ]

pUCTHKa MpeoOpa3oBaTesl.
S 0=t Ho+A o/ L]&{}SG((»H
+A2(a))-SF(w).

KHYTOfI CHUCTCMBI, | — AMIUIMTYAHO-YAaCTOTHAA XapaKTC-

(3.14)

Jlucniepcust OmmoOKu



100
Dy=5 ) Silo

6YI[€T MHHHM&J’IBHOﬁ, KOorJa HAaMMCHbIICC 3HAYCHUC IIPUHUMACT ITOJAbIH-

(3.15)

TerpajibHOE BhIpakeHHe. Tak kak Bxondmue B (3.14) Hlo) , Al )

S .o
G( ) , S F(w) MOJIOKUTENIBHBI MPHU JIFOOOM 3HAYEHWHU YacTOTHI, JJIS

SE((‘)) HEO00XO0IMMO, YTOOBI HAaMOOJIbIIICE 3HAUCHHUE MPH-

2-Hlo)-Alo)-cos |y o] —¢ (o]

MHWHHUMM3allN

HHUMAJIO BBIPAKCHUC . JTO JOCTUT'aCT-

sl TIpU
dlo/=ylo). (3.16)
C yuerom (3.16) Beipaxkenue (3.14) 3anumercs, Kak

:[Hz(a))+A2(w)—2-H(w)°A(w)]'5c(w)+

+A2(w)-SF(w). (3.17)

st ompeneneHuss MUHUMyMa (YHKIMH CIEKTPAIbHOM IJIOTHOCTH

OIITMOKHU SE((*)) IIPUPABHSIEM HYJIO €€ IPOU3BOJHYIO T10 Alw)
0S .lw
AZ[ZA((»)—Z-H(@)]-SG(co)+2-A(oo)-SF(co)=0.
oAl (3.18)

Otcro1a HAaXOAUTCA ONTUMANIbHAS AMIUIATYIHO-4ACTOTHAS XapakKTe-
PUCTHKA 3aMKHYTOW CUCTEMBI

SG(w) -H(a)).

Al =5 T s o] 519

O6benunsis (3.16) u (3.19), MOXKHO MOJYYUTh ONTUMAJIbHBIE XapaKTe-
PUCTHUKY 3aMKHYTON CUCTEMBI



SG
om! 1= 5T s o)

onm @/ =U 0], (3.20)

)

-H(oo),

BoipaxeHue ajig OoNTHUMalbHOM YaCTOTHOW TMepeaaTOuYHOM (PYyHKIIHUH

BaMKHYTOfI CUCTCMBbI UMECT BU/

Womml - @|=A,,, ((J‘))'GXP[J"Qbonm (oo)} =

SG(O‘)) . )
Sglel |
CSG(Q))"'SF(O)).H(J'@)- .

[Tonyyennast yactoTHas nepenaTouyHas QyHKIUS Wonm(] | MOXET
OKa3aThCsl (PU3NYECKHU HEPEATU3YEMOI.

Ilpumeuanue. 3namenamens evipasxcenus (3.21) codeporcum cymmy 08yx
nonodicumenvhvlx eeruuut. llocie pasznosicenus e2o Ha KOMNIEKCHO-CONpsi-

JHCEHHBIE COMHOMCUMENU OOUH U3 HUX 00513amelbHO OyOem umemsb HYu 8 npa-

6ot nonyniockocmu J'O | Hunynechas nepexoOuas xapakxmepucmuxa
o151 nepedamounoul Qynkyuu (3.21) 6yoem cywecmsogams u npu ompuuya-
MENIbHBIX 3HAUEHUSX BpeMeHU (00 NPUNONCEHUS BXOOHBIX 8030elCmeEull),

P
umo ceu()emeﬂbcmeyem O Hepeauzyemocnmu Wonm(-] )

. Kpome moeo,
8 PealbHblX Ccucmemax 6ce20a Cyujecmeyem  Céi13b  MedHcoy  Ux
AMIAUMYOHO-YACMOMHOU U  (PA3080-UYACMOMHOU XAPAKMEPUCTNIUKAMU,

KOmMopas He y4umosleaiacs npu 6vieooe gopmyunvt (3.21).

Ecnu uckmounts u3 (3.21) Hepeann3zyemyro COCTaBIISIONIYIO0, MOKHO
MOJIYUYUTh K8A3ZUONMUMATILHYIO NEPEOamOyHyI0 (DYHKYUIO — JIVHULYIO U3 BCeX
BO3MOJICHBIX C MOYKU 3PEHUS. MUHUMU3AYUU CPEOHEK8AOPAMUYHOU OUUOKU
cucmemol.

Ecnu ucnonwizoBate memoouky I. booe u K. Illennona, 10 3amada



CHUHTE3a PeIaeTCs B CJICIYIONIEM MOPSIKE.
1) BeimonusieTcss paznoxkenue 3HameHatens (3.21) Ha KOMILIEKCHO-
COMPSIKEHHBIE MHOKUTEIU (T. H. «hakmopuzayusiy)

Sclwl+S lo)=¥j ol =¥j o -¥l-jol (3.22)

Yj-ol

— (yHKLHMSI, BCE MOJIOCHI KOTOPOM JiesKaT B JIEBOW MOTy-

?l-j-l

rje
mwiockoct  J'®@ (B 00macTH peanm3yeMOCTH CHCTEMBI),

GyHKIHS, BCE MOIOCHI KOTOPO# JIe)KaT B MpaBoi mosymiockoctu J @
(B 00J1aCTH HEPEATU3YEMOCTH CUCTEMBI).
Bripaxxenue (3.21) nocne ¢pakTopuzaiuu NpuMeT BU/I

Sglj-w|-H|j o
P/ jwlPl—jwl (3.23)

Wonm(j'w):

2) BrinoaHseTcs pasziokeHue BhIpakeHHs (3.23) Ha pean3zyembie U
HepeaIu3yeMble COCTaBIIIomMe (T. H. «pacuenienue))

1 |Ssljrw)lHlj o
P(j-w Y(—j-o
S¢ljwlHlj-w]
¥(—j o)

4

Wonm(j'w):

+

1

")

- (3.24)

r7ie peaau3zyemasi 4acTb CUCTEMbI OTMEUAETCS 3HAKOM «IUTIOCY, a HEpPEeau-
3yeMasi — 3HakoM «MuHyc». [lociie oTOpackiBaHusI HEpeaTn3yeMOl 4acTH
3aMUCHIBAETCS BBIPAKECHHUE IJISI TIEPEAATOYHON (PYHKIMU 3aMKHYTOM CH-
CTEMBbI

Sglj-w)-Hl|j-w)
V(—j o

1 .
V) o

Wlj-ol=

. (3.25)

3) BrlinonHseTCs pa3nokeHue BhIpaKeHuUs, cTosimero B (3.25) B kBaI-
paTHBIX CKOOKax, Ha MPOCTEHUIIINE CllaraeMbie



SclirwlHlj-o|_Qljo Q)ljw
7[—jwl  Pljol Pl-jol (3.26)

N3 (3.26) uckimovyaeTcss COCTaBISIOIIAs Q2(J |/ Pl—j-o , COOT-
BETCTBYIOIAsi HEYCTOMYMBOU cUCTEME. Toraa KBa3MONTUMAJIbHAS YaCTOT-
Has nepeaaTouHast QyHKIHS 3aMKHYTOU CUCTEMBI IPUMET BU/T

Q,lj
¥(j-wlPlj ol (3.27)

Wlij-ol=

[lepenatounyto (pyHKIMIO 3aMKHYTONH CHUCTEMbI B M300pakKE€HUSIX IO
Jlarutacy Wls| MOJIYyYar0T N0 HAWJEHHOW YacCTOTHOM MepeaaTOYHOU

Gyukiwm, 3amensas J @ Has.
dusnuecku peanusyemasl repeaaTodynas (QyHKIMsS Pa3OMKHYTOU CH-

CTCMbI HAXOUTCA 110 COOTHOIICHUIO

= Wls
W,s! 1-Wis|’ (3.28)

Ilpumep 3.2. Onpedenenue nepedamounou GyHKyuu cireosaujei cu-
cmemor (H s|l=1 ) no Kpumepuio MUHUMYMA ee CPeOHeK8AOPAMUYHOU
owudbrku. Ha 6xo0 cucmemvr nocmynaem nonesHvili CUCHA Glt| , Ha

KOMOpbl HAKAAObIBAEMC A CILY4aliHas nomexa Flt| muna «Genviii wym»
(cm. pucynok 3.3). CnekmpanvHule nIOMHOCHU 6XOOHbIX CUCHATI08 PABHbL

2D T, 8510
C1+T3 07 1+T% 0
S.lw|=N=S_.(0].

Sglo)

CneKmpa]leCl}l NnJiOmHOCmMb CYMMAPHO2O 8X00H020 CUSHANA paerHa

S|

0)+5,(0)(1+T2 0

S, 0)+5,(w)= I
G



Pasznooicenue amoeo 6bIPAINCEHUA HA KOMNIEKCHO-CONPANCEHHbIE CO-
MHOMCUMENU 0acm pesyibmani

S;10)+S ,[0)(1+T2 2]

1+Té-oo2
1"'Té'0‘)2'51?(0)/(5(;(0)"'51:(0))

:[SG(O)+SP(0)}-1+Tsz2 =

- 1+ e’ w?
=|S.10+S.(0]| =

' G( ) F( ) 1+Té-oo2

- 1 1+ja0 1—j-aw
=[5.(0)+5.(0] -1+J, - _l —

- I+ j T o 1-j- T

=¥(j ol ¥l-jo,

v A=To/Sel0)/[Sgl0)+s.(0]]

Ouesuono, umo

¥ (jeo =S, 0+ 8,101 T
R O e

Ilocne PA3N0IHCEHUA HA ITIEMEHMAPHblE 0p06u uckKjimoyaemcs 4acmo,
coomeemcmeyrouia Heycmoﬁqueoﬁ cucmeme.

SgljrwlHljw| S50/ 1 1-jTg o _
P(—j ol T14T2-0° S [0]+S,.(0) 1—jaw
_SG(O) 1 _
S 10]+5,(0] 1+ Too)1—jaw|

S;10) Te 1 L 1

VS, 0+5.0] |Tora 1+jTgo Tora 1-jao|



Bmopoe crazaemoe 8 CKOOKAx umeem NoJroCsl, pAacnolONCEeHHble 6

npaeoil komniexcruou noayniockocmu J'®@ . Ono omépacvisaemcs.
Onpeodensiemcs peanusyemas 4acmomuas nepeoamoyras OYHKYus 3a-
MKHYMOU CUCEeMbl

1 Sglo)  Tg 1
- \/SG(O)"'SF(O) Tgta 1+ Tsw

W(j-oo)=q,

SG(O) T, 1 K

S.0/+S.(0] Te+a 1+j-aw T-jwl+1

5

K=5;(0)/[S;[0)+S,(0]|- T, /(T;+a]

2oe — K03 puyuenm ycune-

HUA 3aMKHYmoll cucmemvl, 1=Q — ee nocmosHHas épemeHi.
3anuceisaemcs peanusyemas nepedamoyras QyHKYus 3aMKHYMou Cu-
cmembl 8 u30opadxcenusx no Jlannacy

Haxooumcs nepedamounas (hynkyusi pazoMKHymou cucmemol

__Wls) . K
WP(S)_1—W(5)_T-S+(1—K)'

Onpeodensiemcs nepedamoyras GyHKYus cucmemul no oumudKe

s)= 1 :T-s+(1—K)
GE 1+W|s) T-s+1

Haxooumcs CneKkmpajlbHasl nji1OMmMHOCmMb ouuUoOKU



)=|W plirolSeljwl+WljolF-Spljol=
) (1 K)22D -T- +K |2
1+T2-0> T-ljow/+1
)|2_2'DG'TG K |2
14Tl Tjowl+1

. 2
— . N . D 2D T+

Ananumuyuecku onpeoensiemcs oucnepcusi ouuoxu (cm. n. 2.4)

5 _ T+T;(1-K] b Kz N
E- T+T, ¢t

3.4 ®uabTp Bunepa

B 1949 rony amepukanckuii maremaruk H. Bunep npennoxwun meronu-
Ky ONpeAeSICHUsI pealu3yeMOil YaCTOTHOM MepeAaTouHol (QyHKIUN 3aMKHY -
TOM CHUCTEMbI, OOECMIEeUMBAIONIEH MHUHHMYM €€ CpPEIHEKBaApaTUYHOMN
omuoku (unempa Bunepa).

[Ipu cunteze duibTpa BuHepa UCXOAST U3 MPEANONIOKEHHUS, YTO Ha

BXOJ CUCTCMBI ITIOCTYIIACT aJAUTHBHAA CMCCh U (t) CHY‘—I&fIHOI‘O ITOJIE3HOI'O

curmama Gltl u nomexu F 1 (cM. pUCYHOK 3.3), KOTOpBIE SIBJISIFOTCS
CTallMOHAPHBIMU CIYYaWHBIMHU MPOILIECCAMU C HYJIEBBIMH MaTEMaTHUYECKH-
MU OXKUJIaHUSIMU. VX cTaTUCTHYECKHUE XapaKTEPUCTUKUA U3BECTHBI.
Heobxooumviv u Odocmamounviv ycioguem ONMUMALIbHOCMU CU-
cmembl no Kpumepuio (3.3) Aensemcs omcymcmeue Cmamucmuieckou



CBA3U MedAHCOY OUUOKOTU Elt] U 8bIXOOOM UOEAIbHOU CUCTEMbl Zlt| :
J11s1 IIeHTpUPOBAHHBIX MPOIIECCOB

M[E(t)-Z[t)|=M[(Z(c)— X [¢)}-Z(t)]=0. (3.29)

N3 (3.29) MoxeT ObITh MOJIYYEHO HHTErpajibHoe ypaBHeHue Bu-
Hepa-Xomnda, CBA3BIBAIOIICE ONTUMAIBHYIO BECOBYIO (DYHKIIMIO 3aMKHY -
TOW CUCTEMBI M CTATUCTUYECKHUE XaPAKTEPUCTUKU CITyYalHBIX MTPOIIECCOB

+0o0

RZU(T): f konm(n)'RU(T_’?)dn,TZO-
0 (3.30)

Buvi600 ypasnenua Bunepa-Xonga. 3nauenus na evixooax udeanibHoll

U CUHmMe3UpyeMou cucmem Zlt) 4 X 0 Mozym 6blmb HAUOEHbl, KaK

]
20e P {} npeosapumenvHo 3a0aHHbLL ONepamop npeoopaz’08aHusl

¢]
(cm. n. 3.1), Q") onepamop cucmembl, NOONEHCAUSUL ONPeOeIeHUTO.
Jlucnepcus owubku onpeoensiemcs no hopmyie

D,=M|\Z[t|-X|t|*|=M (Z(t)—Q(t){U(t)]H.

HC?IOJZbSyeM nonostcenusl  meopuu  6apuayuoOHHOcO  UCUHUCTIEHUAL.

t]
Hp@()l’lOJZODfCMM, umo onepamop €2 {} Aeiemcest onmumailbHbiM, U

D
emy coomeemcnigyent 3HA4Y€eHUe Enin . 3aoasas eco eapuayuio, Hatioem

HOB0€ ZHAYEHUEe ducnepcuu
B} ’ 2
Di=M|(zltl-" [Ult|-y-0" U],

t]
2()6 @ {} — np0u360ﬂbelu onepamop usz paccmampueaefwoeo Kiacca,

¥y — manvli napamemp. dma opmyna modxcem 6vimsb npeobpa3o06ana



Dy=D, -2y-M|[z(t|-Q"[Ult]|co" U] |+
+y2-M[@(t')|U(tHZ}'

IIpenebpezas manvimu nopsaoxa ¥’ u eéviwe, noayuum éapuayuio D g

§D,=D,~D, =-2y-M|[zlt|-"U[t)|c0"[Ult)].

Jugphepenyupys 0Dy nO ¥ U NPUPABHUBAS NPOU3BOOHYIO HYTIO,

onpeoenum Heobxooumoe yciosue ONMUMAalIbHOCMU Q(t) {}
0 \t]
28D,=2: M|(zlc]-© )@ uld)||=0,

M[(z(t)—Q“W Ule)]=0.

Bxoosawue 6 Odanmnoe ycnosue 3nawenHus mo2ym Obimb HAUOEHbL NO
dopmynam, ananocuunvivm (2.15), m. e.

th){U(t)]:jk(t,;\)-U(;\)d;\,

@“’{U(t)}:j"e(t,u)-U(u)du,

2o0e k(t’)\) UCXOOHASL ONMUMAIbHAS 8ECO8As (ﬁyHKlﬂl}l cucmemsl,

lt, H ) npou3BobHas 8ecosas Qyukyus. Toeoa

M

CjH(t,u)-U(u)du

to

[ Kle,2-U AldA

0

(0t pldy.

-/

0

M| z[t)- U lpl]— [ kle, Al M[U (AU (] dA

s npoussonvHol yHKyuu G(t,ﬂ) Mo ebipadicenue 6yoem pasHo
HYJII0 MOJIbKO NPU PABEHCMBE HYIIO 8bIPANCEHUS 8 PULYPHBIX CKOOKAX



M[Z(t)-U(ﬂ)]—j klt,A-M[U(A]-U(p)|dA=0,t5 p<t.

Lo

Omcro0a MoAHCHO NoYYUmMb

t
Ryt p)=[ klt, ARy (A, pldA, tyt p=<t.

Lo

Tax xaxk 6xo0Hble nNpoyeccvl U cama cucmema A6IAmcs CmayuoHap-
HbLMU, MO O YCMAHOBUBUE20CS pedxcuma (ty — +o0) nonyuerHoe ypasHe-

HUe MOJCHO 3aNnUcams 8 8uoe

RZU(t_IJ): f k(t_A)'RU(A_IJ)d)\,toSﬂSt-
0

Buinonnus 3ameny nepemennpix T—C(—H y N=1— A, mooicno no-

yuums ypaeuenue (3.30).

I[J'IH CTAllMOHAPHBIX BXOJIHbIX cnyqaﬁHHx npouccCoB YpPaBHCHUC

(3.30) pemaroT nyTeM IpuMeHeHus npeodpazoBanus Oypne F {} K €ro

JIEBOM M MPABOM YACTSIM.

Ilpumeuanue. B npasou uacmu (3.30) evinoamnsemcs ceepmra

@yHKYUll konm(n) u RU(T_U) , npeoobpaszosanue xomopou no Pypve
PABHO NpOU3BeOeHUI0 Npeobpazoeanuli ceepmoigaemvlx Qyukyuii no Dy-
pve. IIpeobpazosanue umMnyibCcHOU nepexooHol xapakmepucmuku no dy-
pbe onpedenum ONMUMAIbHYI0 NepeoamoyHyio QYHKYUIO CUCmemul.

[Tocne BeINOMHEHHS TPEOOPa30BAHUIN TOTYUUM



FRyyltl[=F |k

S,uljwl=W

(T)J'F{RU(T)}’
j-w)-SU(oo),

onm
onm (

):Szu(j'w),

W
Sylo) (3.31)

ol

rac

Syl0|=S l0]+S 4l j-ol+S..ljol+S,lwl,
SZU(j'w):Szc(j'w)'l'Szp(j'w):

CHIj 0l Sglo]+S gl j-o).

ol

(3.32)

IIpu OTCYTCTBMY B3aMMHOM KOPPEISLMHA MOJIE3HOTO CUTHAJIA U IIOMEXHU

SG(OO) H(]a)),

W(j-w):SG(w)_I_SF(w) (3.33)

yTo coBnazaaer ¢ (3.21).

IlepenaTrounas ynkius (3.31) B obOmem ciydae Oyaer U3MYECKH
HepeanuzyemMon. Eciv CnekTpajgbHbIE IIJIOTHOCTH BXOJHBIX CITyYalHBIX
MPOLIECCOB SIBJIIOTCS IPOOHO-PAIMOHATEHBIMU (DYHKITUSIMU, TO MOTyYUTh KBa-
3UONTUMAJIBHYIO TIEPEAATOUHYIO (DYHKIIUIO CHCTEMBI MOYKHO, UCTIONIB3YST METO-

muky bone u [llennona (cM. m. 3.3).

Ilpumep 3.3. Cunmes onmumanvroco guivmpa Bunepa ons cneosawet

cucmemvl ( H|;j -a)):1 ). Ha 6xo00 cucmemvl nocmynaem Cly4atiHblil

npoyecc Ult , Ha ee @wixode Habuwodaemcs npoyecc X t] . Cnex-
MpanvHble NIAMHOCMU CUCHAIO8 PABHbI

0] S

SXU(CO) XU(O)

- 2 2°
1+TXU-oo

S
S =— ,
U(w) 1+T%]-a)2

CDCZKWZOpMS’CII/;M}Z Cl’leKmpa]ZbHOZZ NAOMHOCMU  6XOOHO20 CﬂyqaﬁHOZO

npoyecca oacm pe3yibmam



Sylow|=%[j-w|-¥(—j o,

S0l s,
el e ¥ ST el

Duzuuecku peanuzyemas 4acms nepedamoyHol QYHKYuU 3aMKHYmotu
cucmembubl ONpeodesumcst ¢ HOMOWbIO BbIPANCEHUS

SXU(JC‘))H(J@) S (O) 1_Tu'(j'w)

Xu
w(— jo) “Js,[0) 1+T2,- o
5,,00) 1-T, (o) )
_\/m (1+j-TXU-oo)-(1+j-TXU-o))
__ Sxul0l 1 T'y+Txy T'y—Txy

5

__\/SU(O) .Z'TXU 1+TXU°(j'O‘)) 1—TXU'(j°(x))

BWZOpO@ caazaemoe 6 CKOOKAx umeem noarocsl 6 npaeoii noJynjiocKo-

cmu 1'®@ . Ono ombpacwisaemcs.

Peanuzyemas vacmomnas nepedamounas gyHxyus pagua

S "
wijwl=l—{Sxuli@l )
Y(jo |Pl—jol
:SXU(O) Ty+Txy 14Ty jw
S 0] 2Ty, 1+T,,|j o]

Keazuonmumanvnas nepedamounas gynkyus pagna
1+T,-s Syw|0] T, +T,,

Wi(s|=K-————— ,K= :
1+T ('S Sy0]  2:Tyy

[TonyunTps peann3zyeMyro UMITYJIbCHYIO IEPEXOJAHYI0 XapaKTEPUCTUKY

klt] , sBisitonytocst pemeHueM (3.30), BO3MOXKHO MNYTEM NpuUBeOeHuUsl
8XOO0H020 8030€UCMBUS HA CUCEM) K OeNOMY ULYMY .
ITycTth Ha BXOJ 3aMKHYTOM CHCTEMBI TOJAETCS CIyYaHBIA MPOLECC



R, (t)=6(1]

VIt tuma Gemoro IyMa ¢ KOPPEIAIUOHHON QyHKIMEH vl

Sv(co):1

141 CHGKTpaHBHOﬁ IJIOTHOCTBIO . 21.]'[5{ MMOJIYYCHHUA BXOIOHOI'O

npooecca C 3aJaHHBIMH  XAPAKTCPUCTHKAMM  HUCIIOJIb3YCTCA oTOe-

JUBAIOMINHN (PUIBTP C YACTOTHOW XapaKTEPUCTUKOM CD(J 'w) (cm. m. 2.5).

Fly)
G\t U\t V X\t
() U0 o sy X
Z\t E\t
PaiEl SEUR
Pucynok 3.4 — Cxema mnpeoOpa3oBaHUs TMOJE3HOTO CHUTHAJIA C

UCIIOJIb30BAaHUEM OTOCITMBAOIIET0 GUIbTPa

YacToTHasg XapakTepuUCTHUKAa OTOeNMBaroIiero GuibTpa 3aJaceTcs
dbopmyiioii (2.49). Jlis naHHOTO cliyvast

P|j-eo)= o=

Pj-w) SU(J.'CO). (3.34)

[Ipu ucnonb3oBanuu ¢GUILTpa ONTUMAJIbHAS YaCTOTHAs MepenaToy-
Has PYHKIMSA CUCTEMBbI HAXOAUTCS TTO COOTHOIICHUIO

Womlj-@|=@j-o|W,_[jol, (3.35)

onm

e Wsliro)

nepenaroyHas (PyHKIUS 3aMKHYTOM CHCTEMBbI, IOJIJIeKa-
11ast OnpeeICHUIO.

Ucnonwiys (3.30) u yclioBue peaiu3yeMOCTH CUCTEMBI (2.9), a Takxe
PaBEHCTBO CIMHHMIIC MHTETpasia OT O-(QYHKIMH B OECKOHCYHBIX Ipejesax,

MO>KHO HATH BECOBYIO (PYHKILIMIO 3aMKHYTON CUCTEMBI



'

R

{ - (3.36)

[ J

TpeoGpasosas 06e uacty (3.36) no Dypbe, MOMTyINM
W j-wl= | k,(t-expl— j-c-tlde=
0
(,fR t]-exp(—j-o-t)/dt=
&T > TOS j-ow)-explj-w-t|dw |-exp|— j-c-t|dt=
0 oo

i T[J'E Szv j ol exp(] -o-t)dw exp( J - t)dt. -
B3auMHas CHEKTpaJbHas IIOTHOCTh Sy i) MOKET OBITH BBI-

YUCJIEHA [0 YPAaBHEHUIO, aHAJTOTHYHOMY (2.35).
Szv(j°w):H(j°w)'q) (_j'w)'sg(w)'l'
+H|j 0| ®|-jolSylje=
(Hjo|@-j-olSslol+S:|j-ol=

&db(—j-w)'SZU(j‘w)- (3.38)

OnTrManbHas YacTOTHAS MepeaaTodHas GyHKIHUS CHCTEMbI HaXOJIHT-
cs myteM oobenunenus (3.34), (3.37) u (3.38)

Wonm(j (x))_

w)jp[joqb o lj-wlexplj-o-tldo |X
0 o0
cexp(—]w't)dt- (3.39)

Ecmu BXOJHBIC CJIY‘IE[I?IHI:IG IMPpOHECCChI G(t) n F(t) CTaTUCTHNYCCKHU



HC3aBUCUMBI, CIICKTPAJIbHAA INNIOTHOCTDH ITOJIC3HOI'O CUTHAJIa OIIMCBhIBACTCA

=Qlw? /P[]
IpOOHO-palIMOHATIBHON (PYHKIIUEH BUIA SG((‘))_Q " |/Plw , & CIIy-
JaiiHas moMexa SIBISETCS OCNBIM IITyMOM CO CHEKTPaJbHON IUIOTHOCTBHIO

Sl w|=S,(0]

, TO ONMUMATIbHASL YACMOMHASL Nepedamounas QyHKYus
credsuell cucmembl OMPEACISIETCS 1O YIIPOIIIEHHON (popmyIie

VS 0]

W, [jo/=1- ,
el Y(j o (3.40)

onm

e ¥ (J -oo) BBEIYHCIISICTCS ¢ TToMOIIbIo (3.22).

®|

S
Ilpumeuanue. Ecnu cnekmpanvhas niomnocme G( He s6J1Aem-

csi OPOOHO-PAYUOHANLHOU (QYHKYUE Hacmomsl UIU NOJY4YeHd OIKC-

Wonm(j.w)

nepumernmailbHo, nmo ONsl  HAXONCOCHUS ee H)IICHO

ANNPOKCUMUPOBAMb OPOOHO-PAYUOHATILHOU (DYHKYUE.

Ilpumep 3.4. Onpedenenue nepedamounou QyHKyuu cireosawei cu-
cmembl N0 KpUmepuro MUHUMYMA ee CPeOHeK8aopamuyHou OwubKy no
oanHvim npumepa 3.2. Cnexmpanvhvie HIOMHOCMU 6XOOHbIX CUSHATIO8
cocmasnsaom

_2:Dg T, S. (0]

N 1+Té-a)2_ 1+T2 0

S¢lw Splw|=N=S_(0].

Haiioennoe 6 npumepe 3.2 snauenue ql(] 'w) PagHO
T A+ joaw
P (jrw)=5s[01+S6 (0L 7520

OnmumanvHas 4acmomuas nepedamoyras QYHKYus 3aMKHYmMou Cu-
cmembl Hax00Umcsl CedyrouuUM 00pa3om



VS.[0] 1+jToo
s 0)+S,(0) 1+jaw
_VSgl0]+S:(0/-Vs.[0] 1

Wljwl=1

s;lo]+s,.[0] Trjao
4 CY\/SG(O)+SF(O)—TG\/SF(O) .1
/ w\/SG(O)+SF(O) 1+jaow’

a=T;/S,0]/[S;(0)+S,(0]]

Tak kax , MO emopoe ciazaemoe

pasHo Hynto. Peanuzyemas wacmommuas nepedamounas (QyHKYus 3aMKHY-
MO cucmembl umeen U0

. Sslo]+Ss.[o]—vs.(0] 1 B
W(J'OO)—\/SG(O)_FSF(O) '1+j-o(.oo_

~ \/sFm)
=" \s_[0j+s, 0]

Peanuzyemas nepedamounas ¢hynkyus 3aMKHYmou cucmemvl 8 u300-

1
1+j-a-w

PadssiCeHUAX Nno ﬂanﬂacy umeem 6uo

K=1—1/S.(0]/[S;(0]+S.(0]]

2oe — KO3(Puyuenm ycunenus 3am-

KHymOlj cucmemsl, T=a _ €€ NOCNOARHAA 6DEMEHU.

00
3.4 ®OuabTp Kasimana-berocu

B 1960 r. P. Kanman u P. Berocu npenioxuinm MeToj CUHTE3a CH-
CTEMbI, ONTUMAJLHON IO KPUTEPUID MHUHUMyMa CPEIHEKBaJIPaTUUHOM
ciy4daitHou ommoku (purempa Karmana-borocu).



Ilpumeuanue. Quromp Bunepa obecneuusaem MUHUMYM CPeOHe-
K8aopamu4Hol OwudKy mojabKo 6 YCMAHOBUBUIEMC pedicume Npu
VCI08UU, YUMO CAYYAUHbLE NPOYECCHl ABNAIOMCS cmayuoHapuvimu. urbmp
Kanmana-bvrocu sensemcs onmumanibHbIM U 8 NePexo0OHOM pedxcume (npu
KOHEYHOM 8peMeHU HaON00eHUs), a NOJE3HbIU CUSHAT U NoMeXa MO2ym He
0011a0amo C8OUCMBOM CIMAYUOHAPHOCTU.

3agaya CMHTE3a pelIacTcs B npocmparncmee cocmosnuii (BO BPEMEH-
HOM oOmactu). OnTUManbpHas OLEHKAa BBIXOJHOTO CUTHAJIa CUCTEMbI Ha-
XOJUTCSl PEIICHUEM CUCTEMbI TU(PPepeHIIMaTbHBIX YPaBHEHUN, YTO OOBIY-
HO TIpollle peleHus ypasHeHus Bunepa-Xornda, 0cOOEHHO 17151 HECTaIUO-
HApHBIX CIyYaiHBIX MPOIIECCOB.

[Ipenmnonaraercs, 4To cucTeMa JOKHA BOCHPOU3BOJUTH MOJE3HBIN

curman  ZIt] (B oOmmeMm ciiyyae — HECTallMOHAPHBIA CIy4ailHbIN

nporecc). Ha ee Bxoge meiictByer momexa i (B obmiem cimydae — Oe-
JIBIA IIIYM ¢ HYJIEBBIM MaTeMaTHYeCKUM OKugaHueM). Cxema BOCIpOu3Be-
JCHHS CUTHAJIA TIOKa3aHa Ha pUCYHKe 3.5.

Z(t) F(:()% U(t)) W(s) X(t)
E(t)

PI/ICYHOK 3.5 — Cxema BOCIIPOU3BCACHUA ITOJIC3HOI'O CUTHAJIA

3aiada cuHTe3a ontuMaibHoro ¢punbrpa Kanmana-berocu 3akimodaet-

Csi B ONpPEACIICHHH €ro mnepeaaTOuyHOM (PyHKIHUH Wis) , KoTopasi Obl
oOecrieunBaia MUHUMYM CpeIHEKBaApATUIHON omnoku (3.3).
OnTrManbHas cucTemMa, 00ecTieurBaroIIasi B JJIOOOM MOMEHT BpEeMEHHU

t >ty BOCIIPOU3BEICHNUE CUTHAJIA Zlt| MIpU BBIMOJHEHUHU ycioBus (3.3),
onuckiBaeTcs quddepeHinaibHbIM YpaBHEHUEM



L X[t)=Qle} X [c}+Clel-Ut,

dt (3.41)
rae Ule) _ CyYMMapHbIY BXOJHOM CUTHAJ, PABHBIN
Ult|=z[t]+F|t]. (3.42)

CnyyaliHblid TpolLIeCC Zlt| onpenensierca auddepeHnaIbHbIM
ypaBHEHHUEM TICPBOTO TOPSIIKA

L z(t)=Altl-zle|+V ],

dt (3.43)
rme Al byHkums BpeMenw, 3aBHCAIIAS OT XapaKTEPHCTHK Zle|
Vil HECTALMOHAPHBIN IIpolecc TUMa «Oemblii IIyM» ¢ HyJIEBBIM

MaTeMaTH4YeCKUM okuaanueM. KoppensinonHbie PyHKIIUA HECTAlIMOHAP-

HBIX CﬂyqaﬁHBIX IMponIeccCoB V(t) n F (t) CHHUTAIOTCA PaBHBIMHU

e Tl= M|V [tV (t]=L (e 61,
R[t,1/=M|Fle)-Flt[=N - 6le—),

Ryt 7/=0, (3.44)

rme LIt/=0 4 Ni¢/>0 _ HENPEPLIBHLIE HEMPEPHIBHO TU((eEpEHIH-

pyeMble PyHKIMH BpeMeHHU. [ cTallMoHapHBIX CIIyYalHBIX MPOIECCOB

V(t) 41 F(t) ClIpaBCAJIMBbI COOTHOICHUS

RV(T):L-6(t—r),RF(T):N-5(t—T),

RyelT/=0, (3.45)

rne L u N — KOHCTaHTHIL.
s mosydeHus Zlt| HeoOXxoauM (GOpPMUPYIOIINN (PUIBTP, CTPYK-

Typa KoToporo, onpezaensiemas (3.43), nokazaHa Ha pucyHke 3.6 ( W(I)(S)



— nepeaatouHas PyHKIUS GOPMUPYIOMIETO GUIBTPA).

(i)

2(1)

[ Bl |
A(r) j

Pucynok 3.6 — CtpykTypHas cxema GopMUpyromiero GuibTpa

qu(s)

CtpykTypa oONTUMaabHOrO (QUIBTpa, OMNpeaesieMas ypaBHEHUEM

(3.41), mokazana Ha pucynke 3.7 ( Wis|  _ nepeaarouHas (QpyHKIus
ONTUMAJIBHOTO DUIBTPA).

u(e)

) e

0(1)

Pucynok 3.7 — CTpykTypHas cxema ONTUMAJIBHOTO (PHIIbTpa

B teopun onTtuManmbHOM (QUIBTpAalMU AOKA3bIBAETCS, YTO MUHUMYM
kputepus (3.3) nocTuraercst npu

Nlt| (3.46)

Oyukmus " i HAaXOJUTCS TyTeM pemieHus auddepeHnaaTbHOro
ypaBHEeHUs PukkaTu

4 l=Lle]+2-Ale)rle) =/ N2).

dt (3.47)



C yuetom (3.46) ypaBHeHue ontumanbHoro puibtpa Kanmana-berocu
MO>KHO 3aIlMCaTh B CJIEIYIONIEM BUE

9 X(e)=Alt)}-xe)+Cle/ Ul —x2)].

dt (3.48)

JInsi HecTallMOHApHBIX CIyYallHBIX TPOIECCOB (YHKIUU Alt] ,

Clt| , Q(t) 3aBUCAT OT BPEMEHH, U oNTUMaibHbIH QuiabTp Kanmana-
brrocu monyyaercs HecTauuMOHApHBIM. /s CTAallMOHAPHBIX CIIy4alHbIX

MPOLIECCOB Alt]=A . B ycmanosuswemca pexcume uromp Kanmana-

bviocu 6yoem cmayuonapnvim, Tak Kak GYHKIUU Cltl=C

Q[tl=A-C=Q HEe 3aBUCAT OT BpeMeHu. OH ompenensercs nudde-

PEHIIMATIEHBIM YPaBHEHUEM C MOCTOSHHBIMH KO3 DUITIEHTaMU

iX(t):(,L\—c)-x(t)+c-U(t).

dt (3.49)

Ilpumeuanue. Jladxce npu cmayuoHapHwvlX 6030€UCMBUSIX QUIbMP
Kanmana-bvrocu 6 nepexoonom pedxcume A6151emcs HeCmAayuoOHAPHLIM,

mak KakK KOB@QbMZ/ﬂ/leHm C(t) U3MEHAENICAH 60 BDEMEHU.

VYpaBuenuto (3.48) cOOTBETCTBYET CTPYKTypHasi cxema (uiabTpa, mo-
Ka3aHHas Ha pucyHke 3.8 (OHa PKBHMBaJICHTHA cxeMe ¢ pucyHka 3.7). Oue-
BUJIHO, YTO MPHU TaKOM MPEICTABICHUU onmumanvhsii unemp Kanimana-
bBvrocu moorcno paccmampusams Kaxk OUHAMUYECKYIO CUCIEMY C OMpuya-
MebHOU 00PAMHOIU C853bI0.

U(z) Xx(1)

C(7) | ’ >




PucyHnok 3.8 — CTpykTypHas cxema ONTUMaJIbHOTO (GUIbTpa

PelreHne 3aaun cuHTE3a ONTUMAIBHOTO (DUIIBTpA CBOJUTCS K OIpe-

AeneHuto (QyHKIUH Qlt u Clt] , TIPU KOTOPBIX OOECIIEYMUBACTCS BBI-
noiHeHue ycaoBus (3.3). OHO MpoBOAUTCS B TPHU 3Tala.
1) OnpenensitoTcsi mapaMeTpsl (GopMHUpYIOIIETo (UIbTPa, KOTOPHIN

IIpY BO3JICUCTBUMU Ha €ro BXoj OeJIoro Imryma 411 CO CHEKTPATIbHOU

o]

IUIOTHOCTBIO 4 II03BOJISIET TMOJIYYUTHh HA BBIXOJAE CIyYaWHBIN

poIece Z(t) C 33JIaHHOM CIEKTPaIbHOMN MJIOTHOCTHIO SZ((*))

Ecnu cnyqaﬁHHe IMPOLECCChI ABJIAKOTCA CTAIMOHAPHBIMHU, a4 CIICKTPAJIb-

S

Hasda IINIOTHOCTDb 4 (00)

ABJISIETCSL JPOOHO-PALIMOHAIBHOM (PYHKIIUU Ya-
CTOTHI, TO (cM. popmyJibl (2.49) u (3.44))

R V)
Woll-el==77 (3.50)

rae V(j-o|Pl—jw|=S,lo . 3amenus B (3.50) sHa J'® | MOXKHO
MOJIYYUTh TEepeaTOuHyl0 (QyHKIHU0 ¢GopMmupylomero GuibTpa B HU300-

paxxeHusx no Jlamnacy

Pls)

W [s|=—]
o= (3.51)

[To nmepenatounoit ¢pynkuuu (3.51) MoxxHO HalTH ypaBHeHHE (3.43),

CBA3BIBAIOIIEE CIyYailHbIE MPOLECCHI Zlt] u Vvl

2) OmnpexensieTcss ucCHepcus CIy4yallHOM ONIMOKU Dylt] KaK He-

KOoTOpast QyHKIMs BpeMeHH ' i nmyTeM (BO3MOXHO YHCJIEHHOT0) peliie-
Husa ypaBHeHus (3.47). [dns 3Toro HeoOX0AMMO 3HATh HayaJdbHOE 3HAaue-

HUE r(to) npu £y = 0. OObIYHO X(to):O , TO3TOMY



E[to|=2(t| - (o)=2(to)’
r(to):M[Ez(to} M[Zz ] Ry [ty:to|=Dylto)- (3.52)

3). HaxoasTcst mapameTpsl oNTUMaIbHOTO GuiabTpa (hyHKIHH Cle]

u Q(t) ). Jlitst aToro ucnoas3yrorcs hopmyis (3.46).
Ilpumep 3.5. Cunmes onmumanvrnozco gurempa Karmana-bvrocu. Ha
6X00 JUHEUHOU Cledsauell cucmemsvl NOCmynaem CmayuoOHApHbL CyYati-

HblU npoyecc Zlt| U CAyYauHas nomexa Flt| muna «6envuii wymy. Mx
CHeKMpabHvle NIOMHOCMU PAGHbI

S( )_Z'DZ'TZ_ Sz(o)
2O TR0 T 14wt T
S, lw|=N=S_(0].

Cnyuatinsbiu npoyecc A paccmampueaemcs KaKk peakyus hopmu-

pyrowe20 uibmpa Ha CMAayUoHApHLILL CIYYAtHbIL NPOYecc VIt muna
«benvli Wym», UMerowjuti CHeKmpaibHy10 NIOMHOCMb

S,lw|=L=S,(0].
B coomseemcmesuu c (3.50) onpeoensiemcs wacmomuasn nepeoamoyHast
dyukyus popmupyiowezo gurbmpa

Vs ol ys,lo]

1+j 0T, 1—jwT,

S,lol=¥lj ol Pl—j o=

qj(J@) . Sz(o) 1

JS o] VL 1+joT,

3anucwieaemcs nepedamounas GyHkyus gopmupyroue2o uibmpa 8

Wd)(j.w):

usobpasicenusix no Jlannacy



llonyuennou nepedamouHnoll @ynkyuu coomeemcmeyem cleoyioujee

Ouppepenyuansroe ypasnenue, ceazvigaiouee L tl 4 Flel

Tz'% Z(t)+Z(t)=\/SZL(O)- ],
%Z(t)z—%z-Z(tH iz.ig)-V(t)

Ymobwvlr npusecmu >mo ypasHeHue kK eudy (3.43), cnexmpanvHas

. 2-D,IT
niomnocms 6enoz2o wyma L npunumaemcs pasnoti z' >z ., Toeoa

\/l.sz(o):\/ T, 2D, T,

2 . 2
L T2 2D, T2

=1

OxonyamenbHo Z(t) MOIHNCHO npe@cmaeumb, KakK

d 1
Ez(t):_T_Z.Z(t)+V(t):A-Z(t)+V(t).

A=-1/T,

2oe . Coomeemcmeyowas 3momy ypasHeHuio CmpyKmypa

Gopmupyrowe2o uibmpa noKa3aHa Ha pUcyHke.

1o 140, o )
— T

IIpu nocmosinnvix A, L u N ypasnenue (3.47) pewaemcs kak ougge-

Wyls)

PEHUUAIBHOE YPABHEHUE cpa3()eﬂﬂiou;wwuc;z nepemerHbviMU.



d 2
—r=L+2-A-r—r°/N,
dtr r—r f

dr
L+2-A-r—r?

= dt.
/th

Ilocne UHMeZpUupoeaHusl nojaydaemcs 8blpasicenHue

1

| =rIN+A—VA*+LIN
JA?+LIN

In
_rIN+A+VA2+L/N

=t+In|(C],

20e C — nocmosiHHasi UHmMe2pupoB8anus.
Ilocneonee svipasicenue MONCHO nepenucams ciedyiouum oopasom

1 —r/N+A—VA*+LIN

—t+A%+L/N.
C _r/N+A+VA%+LIN

In

r(0)=R,(0,0)=D

B coomeemcmeuu c (3.52) Z , n0O3MoOMy NOCMO-

AHHAA UHmMezcpupoearnusl pasHa

—D,IN+A—V A*+LIN
C= —_—
—D,/IN+A+JA’+LIN

Moorcno zanucame
—rltl/N+A—VA+LIN —D,/N+A+/A+LIN _
—r(t) N+A+VA*+LIN —D,IN+A—y A+LIN
Cexp(t-\/A2+L/N).

llocne Heobxooumbvlx npeobpa3o6aHuli OKOHUYAMENbHO ONpedensemcs

gbyHKuuﬂ r(t) .Hpu LZZ.DZ/TZ y A:—I/TZ
_p- N, [1—V1+p)—[1+V1+p]|-exp(B-]

rit

T, (2+p—2-\/1Tp)—(2+p+2-\/1+p)-exp(ﬁ-t) ’



—.] A2 _
eo0e E_\/A +LIN , p_Sz(O)/SF(O) . Ilocne noocmanosxku 3naue-

Hus t — +oo, onpedensiemcs eenuyuna D g 6 ycmanosusuiemcs pexcume

N p-(1+\/1+p) _ 2-D,
T, 2+p+2-V1+p 1+V1+p’

r'w:oo‘\:DE:

U3 ypaenenus (3.46) naxooumces ynkyus Cle]

_p _ [1-Visp|-1+Vi+plexplpt]
T, [24p—2-V1+p|—(2+p+2-V1+p]|-exp(B-t]

Clt]

3nauenusn gynxyuu Cle| 8 HauabHbll MOMeHm epemeHu (npu t = ()

U 8 YCMaHo8usuiemMcs pexcume (npu t — +0o) paghul

D
Ccloj=—L—=—"2 Cio= P .
2-T, N T ,(1+yV1+p)
Jugepenyuanvrnoe ypasunenue onmumanvhozo gurempa Kaimana-
bvrocu, ananocuunoe (3.48), umeem 6uo

d
Ex(t):—X(t)/TZ+C(t)°[U(t)—X(f”-

Coomeemcmeyiowas 2momy YpasHeHUuio CMpyKmypa OnmumMaibHO20
Gurbmpa noKazaHa Ha pucyHxe.

U(z)

C(t) 1/s ’ >

1T,

3amenan unmezpupyroujee 36eHO, OXBAYEHHOE OOPAMHOU CEA3bIO,
UHEPYUOHHLIM 36€HOM, MONMCHO NpPeoCmasums CmpyKmypy @uibmpa



Kanmana-bviocu unaue.

o).

c(r) p| 1,/(1+5-1,) T—>

w(s)

s ycmanosueue2ocs pexcuma MOo*CHO onpedenrums nepedamoytyio
@DYHKYUIO ONMUMATILHO20 PUIbMPa KAK 3aMKHYMOU CUCEMbL.

Coo-T,/|1+sT
W(S = Z ( Z) o K ,
1+C 0T, /| 1+5-T,| 1+sT
Cioo)-T T T
K: 2 :1_;,T: 4 — Z .
1+Cio0 T, \/1+p 1+Cio0-T, +1+p

BOITPOCHI JJIs1 CAMOKOHTPOJIA

1. B yem 3akmrodaeTcs oOmas 3agada CHHTE3a JIMHEHHBIX CUCTEM TIPU
ciy4daiHeiX BozjaeiicTBusix? Kakue mpeoOpa3zoBaHUsi BXOJHOTO CHUTHajIa
MOKET BBITIOJIHITh CHHTE3UpyeMasi cucrema’?

2. Uto moHMMAaeTCs IOJ CTaTUCTUYSCKON ONTHUMM3ALMEH CHUCTEMBI?
Uto cunTaeTcsa KpUTEpUEM ONTHUMAJIBHOCTH CUCTEMBI IIPU €€ CTaTUCTUYE-
CKOM ONTHMMU3AIINU?

3. Kakwue 3amaun MOTyT pemaTbCs B XOA€ CTATUCTUYECKON ONITUMU3a-
IIUU CUCTEMEI?

4. Kak onpenensroTcsi napaMeTphbl CUCTEMBI C 3aJIlaHHOW CTPYKTYPOid,
ONTUMAJIBHOW 1O KPUTEPUIO MUHUMyMa CPEIHEKBAJIPATUUYHOU OIIMOKU?
[To kakOMy MPUHITUITY OTOMPAIOTCS TTaApaMETPbl CUCTEMBI ISl €€ CTaTUCTH -
YEeCKOM ONTUMM3AIH ?

5. Kak cwuHTe3npyercss cucremMa C TPOU3BOJIBHOW CTPYKTYpPOU,



ONTUMAJIbHAA 110 KPUTEPUIO MUHUMYMa CPETHEKBAAPATUYHON OIIHMOKH?

6. Urto cuuraercsa Ppuzndecku peanzyeMon cucteMoin? B yeM 3akiio-
yaeTcsi Metoguka bone u lllennona, mpumensemas jyisi cuHTe3a (usuye-
CKOM peann3yeMou CUCTEMBI?

7. Uro cuuraercs ontuMalbHbiM (uibTpoM Bunepa? Kakosa
o0nacte ero mnpuMeHeHUs? KakoB NOpPSAOK CHHTE3a ONTUMAIBHOIO
bunerpa Bunepa?

8. Urto cumraercs ontumanbHbiM ¢GuasTpom Kammana-brrocu? Ka-
KOBa 00J1acTh ero npumeHeHus? KakoB mopsiioK CHHTE3a ONTHUMAJIbHOTO

¢unsTpa Kanmana-berocu?
3AJAYN JJIAA CAMOCTOATEJBHOI'O PEHIEHUSA

3.1. Ilepenatounast pyHKIMS Pa30OMKHYTONH CHUCTEMbI UMEET BHUJ (CM.
npumep 2.9)

W(S):K-(T-25+1).

Ha Bxox cucteMbl mofgaeTcs peryJisipHbli CUTHAT

_ b-t*
gltl=at+ :

U CiIydaifHas ToMexa F (t) , TIpeJICTaBsAtONIas coO00M OeNblid IIyM CO

Selo)

pl@]=N . OnpenenuTh 3HAYEHUE MOCTO-

CIIEKTPAJIBHOM TIOTHOCTBIO
AHHOM BpeMmeHu 7, 00ecleuMnBalOIIel MHUHUMYM CpPEIHEKBAIpPAaTUUYHON

OIIUOKHU CUCTEMBI B YCTAHOBUBILIEMCS PEKUME, U BETUUUHY 3TON OIIMOKHU.

3.2. PemmTh mpeaplAyIIyO 3aJady B OPEANOI0KEHHH, YTO MOXKHO
M3MEHSTh KaK 3HAYEHHME IOCTOSHHOM BpeMeHu T, Tak ¥ KO3 UIUEHT

ycuiienus K.

3.3. Pemutrs 3amauy 3.1 B OPEANOJIOKEHHH, UYTO IMEPEAaTOUYHAsS

(GyHKIMS pa30MKHYTOM CUCTEMbI UMEET BUJ



W(S):K-(T-s+1)
2.(

S T-s+1) .

3.4. Ha BXO4 CUCTEMBI MOCTYNAOT HE3ABUCUMBIE ITOJIE3HBIM CIIy4dai-

HBIA MPOLIECC Glt] momexa I i (cm. pucynok 3.3). Onpenenutb
ONTUMAJIBHYIO 10 KPUTEPUIO MHUHUMYyMa JAUCIIEPCUM OIIMOKU TMepeaaToy-

Hy10 byHKIMIO cremsmeii cuctemsr (1 s)=1 ). CriekTpasibHbI€ MIIOTHO-
CTH BXOJIHBIX CIIy4alHBIX MPOLECCOB PAaBHbI

S a)= Se(0]

Scl0)
Solel= C1+T2% .02
F

- 2 272
1+TG-oo

3.5. Ha BX0j cHCTE€MBI MOCTYNAalOT HE3aBUCUMBIC TMOJIE3HBIN CITydail-

HBIA MPOILIECC Glt] momexa 1 (cMm. pucynok 3.3). Onpenenutb
ONTUMAJIBHYI0 TI0 MUHUMYMY CPEIHEKBAJAPATUYHON OLIMOKHU mepeaaToy-
HYyI0O (QYHKIMIO CHUCTEMbI, pelIaloIed 3anadyy HWHTErpupoBaHus (

Hls|=1/s ). CrieKkTpanbHble IIIOTHOCTH BXOJHBIX CIIyYaWHBIX IIPOLEC-
COB PaBHBI

5 ()= S0

etz e @I=S0)

3.6. PemmmTh OpeaplaylIyo 3aaady B IMPEANOI0KECHUH, YTO CUCTEMA

peraer 3agauy guddeperunposanus (I s|=s ).

3.7. Ha BXOJ CHCTEMBI MOCTYMAOT HE3aBUCHUMBIE MOJE3HBIN CITydai-

HBIHA MPOIIECC Glt| u momexa F 0 (cm. pucynok 3.3). Onpenenutb
UMITYJIbCHYIO MEPEXOJHYI0 XapaKTEPUCTUKY CIEASAIIEH CUCTEMBI, o0ecTe-
YUBAIOIIYIO0 €€ MUHUMAJIbHYIO CPEAHEKBAIPATUUHYIO OIHOKY, €CIIU

R..|t|=3-exp|—2-|t||, R, |t|=2-exp|—[t]|.



4 JABOPATOPHBIN IPAKTUKYM
4.1 Opranu3anus JJadOpPaTOPHOT0 MPAKTHKYMA

OCHOBHOW 1eJIBI0 BBITIOJIHEHUSI JTA0OPATOPHBIX PadOT SABISIETCS IO-
Jy4YE€HHE YCTOMYMBBIX MPAKTUYECKUX HABBIKOB MCCIEAOBAHUS CIy4YalHbBIX
npoiieccoB. B xone BBIMOMHEHHS] padOT y CTyJAEHTa JOKHO CHPOPMUPO-
BaThCsl MPEJACTABICHUE O NMPUHLNINAX aHAJIU3a U CUHTE3a CUCTEM, HaXOs-
IIAXCS MO, BIUSTHUEM CITyYaWHBIX BO3/ICMCTBUM.

Ilpumeuanue. Tax xax evinonxenue 1ab60OpamopHulx pabom npeono-
naeaem wWUpoKoe UCHONb308AHUE UHQDOPMAYUOHHLIX MEXHOI02UU, MO
BCNOMO2AMENLHOU UYENbl0 NPAKMUKYMA MOXNCem CUUmMamvpcs usydeHue
B03MOJCHOCMEN NPOSPAMMHBIX CPeOCME peuleHUss 3a0ai Cmamucmuye-
ckou ounamuxu (Hanpumep, MathCAD unu Matlab).

B xoze BbINOHEHUS 1Ta0OPaTOPHOTO MPAKTUKyMa JIOJKHBI PeIIaThCs
CIEAYIOIIME 3a1a4YH:

® pa3BUTHUE JIOTUYECKOrO U aJITOPUTMUYECKOTO MBIIICHUS;

® BbIpa0OTKAa YMEHHS OICHHBATh CTATUCTUYECKUE XapPaKTECPUCTUKHU
JTUHAMHAYECKUX CUCTEM;

® BbIPa0OTKA YMEHHUSI CAMOCTOSTEIIbHO CTaBUTh W pElIaTh 3aJayu
aHAJIN3a U CUHTE3a JUHAMUYECKUX CUCTEM;

® U3y4YeHHE MPHUHIMIIOB PaObOTHI MPUKIATHOTO MPOrpPaMMHOTO obec-
MICYCHUS.

J171s1 BBITIOJTHEHMS 1a0OPATOPHBIX PabOT CTYJICHT JOJKEH 3HATh:

® OCHOBHBIE MOJIOKEHUS TEOPUU BEPOSTHOCTEM U MATEMATUYECKOU
CTaTUCTHUKU;

® OCHOBHBIC ITOJIOKCHUSI TCOPHUU (I)YHKI_II/II/I KOMIIJICKCHOT'O IICPCMCH -

HOT'O U OIICPAITMOHHOI'O NCHUCJICHHUA,
® OCHOBHBIC XapaKTCPHUCTUKHU CﬂyqaﬁHBIX IMpoHcCCOB;

® 3aKOHOMEPHOCTH U CIEIU(PUKY MOBEICHUS CUCTEM MO/ BIUSHUEM
CIIy4YalHbIX BO3JICHCTBUM;



® METOJbl aHaJIW3a CUCTEM, HAXOMSIIMXCS IMOJI BIUSIHUEM CIIydail-
HbBIX BO3JICHCTBUI;

® METO/Ibl CHHTE€3a CUCTEM, ONITUMAJIbHBIX 1O BRIOPAHHBIM CTATUCTH -
YECKUM KPUTEPUSIM;

® BO3MOXHOCTA HOBBIX WH(POPMAIMOHHBIX TEXHOJOTUH pELICHUS
MaTeMaTUYECKUX 3a/1a4.

CTyaeHT NOKEH YMeTh:

e (opmynupoBaTh TpeOOBaHUS K CUCTEMaM Ha 3Tarnax uX aHalv3a u
CUHTE3A;

® KOpPPEKTHO HCHOJIb30BATh MATEMATHYECKHE 3aKOHOMEPHOCTH IIO-
BEJICHUS CUCTEM B YCIOBUSIX CTATUCTHYECKON HEOIPEICICHHOCTH;

® [IPEJCTABIIATh PE3YJIbTAaThl PEUICHUS OTIIEIbHBIX 33/1a4 B YJ00HOM
JUISL BOCIIPUATHUSA U JATbHENIIEr0 UCTIOJIb30BaHUS BUJIE.

[IpakTUKyM TpeAnoyiaracT BBIOJIHEHUE ISTH Ja00paTOpPHBIX padoT,
TeMaTUKa KOTOPBIX B LIEJIOM COOTBETCTBYET CTPYKTYpE HACTOSILIETO I0-
cobusi. B xaxxmoit pabote peiraercs oHa KOHKpeTHas 3aaada. [lomyden-
HBIC OJIMH Pa3 Pe3yJIbTAaThl MOTYT MCITOJIb30BATHCS HA BCEX MOCIENYIOIINX
ATamnax JiabopaToOpHOIo MPaKTUKyMa.

O0s13aTeNIbHBIM YCIOBUEM JIOMYCKa CTYJIEHTA K BBITIOJIHEHHIO J1abopa-
TOPHOU PabOThI SBISIETCS YCBOCHUE COOTBETCTBYIOIIETO TEOPETUUYECKOTO
Marepuaina. Pabora cumTaeTcss BBIIIOJIHEHHOW M 3alIUILEHHOW, €CJH CTY-
JEHT OTBETHJI HA BCE BOIMPOCHI IO METOJIMKE €€ MPOBEICHUS U TEOPUH, TIO-
Jy4nsl HEOOXOAUMBIE PE3YJIbTAThl U J1ajl UM MPABUWIbHYIO OLICHKY, MPOJE-
MOHCTPUPOBAJI YBEPEHHOE BIAJCHUE COOTBETCTBYIOIIMMUA HHCTPYMEH-
TAJIbHBIMH CPEACTBAMHU.

Ilpumeuanue. /[ nposepru meopemuuecKux 3HaHU MO2ym UCHOJIb-
308amuvCsi KOHMPOIbHbIE BONPOCHl, NPUBCOCHHbIE 8 COOMBEMCMEYIOUIUX
pazoenax nocoous.

[IpakTriKyM He TIpeTEeHAYET Ha MOJHOTY OXBaTa BCEX MpoOiieM, pera-
€MBIX IIPU aHAJIN3E U CUHTE3€ CTOXAaCTUYECKUX cucteM. He craBunack Tak-
K€ LEJIBI0 N3YUYEHNE IPUEMOB PEIICHUS MPUKIIAIHBIX 3a1a4 B KOHKPETHOU



MPOrpaMMHOM cpene. TeM He MEeHee, aBTOpP HAaIEeTCs, YTO pealu3alus
npeajgaraeMoi mporpaMMbl MPAKTUYECKON MOATOTOBKU MO3BOJIUT aKTHUBH -
3UPOBATh CAMOCTOSATENIbHYIO Pa0OTy CTYACHTOB, YIPOUUTh UX TEOpPETHUYE-
CKHME 3HAHUS M yCOBEPIICHCTBOBATH HABBIKM PEILICHUS 3a7ad B 00JacTu
CTaTUCTUYECKOW TMHAMUKHU CUCTEM.

4.2 JladopaTopHasi padora Nel. OmnpenesieHHMe CTATHCTHYECKHX
XAPaKTEePUCTHK CJIYyYaNHbIX MPOLECCOB

[enp paboThI — NpUOOpPETEHNE HABBIKOB OLICHUBAHUSA OCHOBHBIX CTa-
TUCTHYECKHUX XaPAKTEPUCTUK CIYyYaNHBIX MPOLIECCOB.

Conepxanue pabOThl — pacyeT CTaTUCTUYECKUX XapPaKTEPUCTHUK CIY-
YailHBIX MPOLIECCOB C 3aJaHHBIMU 3aKOHAMH PACTPENIETCHUS [0 OrpaHu-
YEHHOMY HAa0OpY ONBITHBIX JAHHBIX.

J10 BBINOJIHEHUS pabOThl HEOOXOIUMO CaAMOCTOSITEIbHO U3YUYUTh:

® OMNpENEICHNUE CIYYANHBIX MTPOLIECCOB U UX BUIBI;

® OCHOBHBIE CTaTUCTUYECKHUE XAPAKTEPUCTHUKU CIyYaWHBIX IPOILIEC-
coB ((pyHKIMIO pacrmpeneseHus, MIOTHOCTh BEPOSTHOCTH, MaTeMaTHye-
CKOE€ OXKMAaHUe, JUCIEPCUI0, KOPPEISIUOHHYIO (PYHKIIMIO, CIEKTPATIBHYIO
MJIOTHOCTH) U UX CBOMCTBA.

Bce HeoOXoAnMMBbIE TEOPETUUECKUE CBEICHUS U PacyeTHbIE (POPMYJIbI
coaepKarcs B JaHHOM nocoOouu. BapuaHThl 3aaHUM JJIs1 BBITIOJHEHUS J1a-
OopaTopHoi paboThl puBeneHbI B Tabnuie 4.1 (konouku B; u B omnpe-
JEJSIIOT 3aKOHBI pacupeaesieHusi, KoJoHku I1; u I ; — 3HaueHus napamer-
POB pacnpeneneHus U3 Taonuilsl 4.2).

[Ipu BeITIONTHEHUU JTabOpaTOpHON PabOTHI HEOOXOAUMO:

® CreHEpHUpOBaThH JABE BEIOOPKH 00BeMOM 50 — 100 ciydailHbIX YuCen
C 3a/laHHBIMM 3aKOHAMHU pacCIpeesieHUs], UMUTUPYIOIIUE CTallMOHApHbBIE
AProANYEeCKUe CIydailHble MPOLECCHI;

® IS KaXJIOW BBIOOPKU CIIyYaWHBIX YHCEN OMPENeTUTh (HyHKIIHIO
pacupenelieHusl U IUIOTHOCTh BEPOATHOCTH, OLEHUTh MAaTeMaTH4YECKOE
OKHJIaHHUE U JIUCTIEPCHIO;



® JJIA Ka)KILOﬁ BBI60pKI/I CﬂyqaﬁHBIX qUCCJI ONPCACIINTD KOPPCIIALIN -
OHHBIC (bYHKI_II/II/I, CIICKTPAJIbHBIC TINIOTHOCTH, B3AUMHBIC KOPPCIHIIUOHHBIC

(YHKIMY ¥ B3aUMHBIE CIIEKTPaIbHbIE TIOTHOCTH.

Tabnuna 4.1 — BapuanTsl 3agaHuid JjIs1 BBITIOJIHEHUS J1abOpaTOpHOI

pabotsl Nel

.N:o B] H] Hz Bz HI HZ
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 3,0
7 1 0,0 3,0 1 1,0 2,0
8 2 1,5 1 1,0 3,0
9 3 2,0 0,3 3 1,0 0,3
10 1 0,0 4,0 3 2,0 0,4
11 2 2,0 3 0,0 0,5
12 3 0,0 0,2 2 1,5

13 1 0,0 3,0 2 2,0 —
14 2 0,5 1 2,0 4,0
15 3 1,0 0,1 1 3,0 4,0
16 1 1,0 3,0 1 1,0 4,0
17 2 1,0 2 0,5

18 3 2,0 0,1 3 1,0 0,4
19 1 2,0 5,0 3 2,0 0,3

20 2 1,5 3 0,0 0,2

Tabnuia 4.2 — Tumnel U napaMeTpsl pacrpeaeacHui

No B 11, 11,
1 Pasnomepnoe pacnpedenenue a b
2 IKcnoHenyuanbHoe pacnpeoenenue A —
3 Hopmanvnoe pacnpeoenenue m x Ox




QDYHKINIO paclpele]ICHus PEKOMEHIYETCS HaXOAUTh 110 BBIPAXKEHUIO
(1.50). Ananor mJIOTHOCTH BEPOSITHOCTH PEKOMEHIYETCA MOoJIy4yaTh IO
dopmyne (1.51). KagecTBo auckpeTHON ammpoKCUMAIMU XapaKTEPUCTHK
MOHO OIIEHUTh IyTEM HUX CPABHEHUS C PE3yJbTaTaMH, MOJIYUYEHHBIMU C
MOMOIIbI0 MPOTPAMMHBIX CPEACTB (CBEICHHS 00 OCHOBHBIX (DYHKIIUSX
pacnpenenenus cucrembl MathCAD nipuBenensl B Tabnuiie 4.3).

Tabnuua 4.3 — Oyukiuu pacupenenenust MathCAD

Dynukuyun Pezynvmam

BekTop m ciiydailHbIX 4HCEJ, UMEIOIMX PaBHOMEP-

HOE pacnpeiesCHUE B THAIa3oHe OT a 1o b.

BekTop n ciay4alHBIX 4MCEIl, UMEIOIINX YKCITOHECHIU-

AJIbHOE PACTIPEJICIICHHE C 3aTyXaHHeM A.

BekTop n ciiydallHBIX 4YHCEll, UMEIOLIUX HOPMAaJIbHOE

rnorm|(n,m,o| | pacmpeneneHue ¢ MaTEMATHYECKUM OKHMAAHHEM M 1

CPEIHEKBAIPATUYECKUM OTKJIOHCHUEM O.

DyHKIMS PAaBHOMEPHOTO PaCOpPEACICHNUS X B Jhara-

30HE OT a 110 b.

OyHKIMS SKCINOHEHIUAIBHOIO PACIpPEleIIeHUus X C

3aTyXxaHueM A.

OyHKIMS HOPMAJIBHOTO PACIPENCICHUS X C MaTeMa-

pnorm(x,m,a) THUYECKUM OXHUJAHUEM M W CPEIHEKBAAPATUYECKUM

OTKJIOHEHHUEM O.

duni f(x,a, b) IIIOTHOCTE BEPOSITHOCTH PABHOMEPHOI'O pacmpeesie-
HUA X B IUana3oHe oT a 1o b.

IIOTHOCTE BEPOSITHOCTH 3KCHOHEHIIMAIBHOTO pac-

IpeJIeJICHUS X C 3aTyXaHueM A.

IIIOTHOCTE BEPOATHOCTH HOPMAJIBHOIO pacmpenese-

dnorm|x,m,o| | HUS X ¢ MaTeMaTH4ecKUM OXKHUJIAHMEM m U CpeIHe-

KBaJIPATUYECKUM OTKIIOHCHUEM O.

BekTop 4acTOTHOrO pacnpeneneHuss X 0 HWHTEPBA-

J1aM, TPaHUIIbl KOTOPBIX XpaHITCs B BeKTOpe D.

BekTop wacToTHOrO pacnpeaeneHus x 1no k UHTEpBa-

JAM OT X min IO X max.

runif(n,a,b)

rexp(n, A

punif [x,a,b|

pexplx, Al

dexp|x, Al

hist|D, x|

hist [k, x|




®parMmenTbl n1okymMmeHTa MathCAD, unaocTpupyrolue OleHUBAHUE

XapaKTEPUCTUK BHIOOPKU CITyHYalHBIX YUCEN, MOKa3aHbl Ha pUCyHKe 4.1.

M Mathsd - Diathcad Docurmers R~ T T O )
[- [=]x]

mEiIe Edit View Inset Format Tools Symbolics Window Help
|D-FHSRY| L BB|loc |t (vo= 20| @@= FEDsn _
Wmuranus caydaliHOTO Mpolecca: |i|-.
n:= 100 =00
L= x = rnorm(n ,0,1)
i
F(£)= " (x5 €)
n
i
F(x;)
o 0o
pnorm (sort (x);.0, I)
™ b .
Press Fl for help. AUTO Pagel
a)
T Mathcad - [Mathcad Document] e 5T 3
#ll File Edit View Insert Format Tools Symbolics Window Help [=][=]=]
|D-ZFHISRY| m@|oc|T: (wo=|e20||oe | B | B4 =g S0
k=6 j=0.k
A max(x) — min(x)
' k
/04' E|
1
—-hist(k,x)j /
n
L g.2
dnorm(sort (x)i,0, 1) \
A \
. ; ; .
=2 il 0 1 2
min(x)+(j+0.5)-A ,sort (x);
= o]
AUTO Page 2

Press Fl for help.

0)
Pucynok 4.1 — Onpenenenne pyHKIMM pacmupeneieHus (a) U MIOTHO-

CTH BEpOATHOCTH (0)



JUJ1s BBIYMCIIEHHSI CTATUCTUYECKUX XAPAKTEPUCTUK BHIOOPOK PEKOMEH -
IyETCs UCTI0JIB30BaTh MUCKpeTHbIe cooTHomeHus (1.54) u (1.57). Haitnen-
HbIE 3HAYEHUS PEKOMEHAYETCS CPAaBHUTH C PE3YJbTATAMU, MOTYYECHHBIMU
C TOMOUIBI0 CTaHJIAPTHBIX (YHKIUN (CBEAEHUS O CTAaTUCTUYECKUX
dynkuusx MathCAD nipusenensl B Ta0nuue 4.4).

Tabnuua 4.4 — Cratuctuueckue Gpyukuuu MathCAD

Dynkyus Pezynomam

CpenHee 3HaUY€HUE X, BBIYUCISIEMOE TI0 hopMmyJie

x| Ly
medn x mean(x):—-z X,
n - _
Jucnepcus x, Berauciasgemas mo gopmyre
n
var|x|==-- 3 [x,—mean| x|
var(x|

JIna  npakmuuecko20 UCNONb306AHUA NOTYYEHHOE
3HaueHue OOMIHCHO OblMb UCHPAGIEHO HA YUCILO
cmeneneti c80600bl No cxeme var|x|-n/(n—1]
CpelHEKBaApaTHUECKOE OTKJIOHEHUE X, BBIYMCIIA-
eMoe o dhopMmyJie
stdev(x)Z\/wr(x).

stdev (| JIna  npakmuuecko20 UCNONb306AHUA NOLYHEHHOE
3HaueHue OO0NNHCHO OblMb UCHPAGLEHO HA YUCILO

cmeneneii c60600b1 no cxeme StV (X) V n/(n_ 1)

Koppensuunonusie QyHKIIMM BHIOOPOK U B3aUMHBIE KOPPEISAIMOHHbBIC
(GYHKIMH MOTYT orpenessaThes 1o popmynam Buja (1.68). UToObl CHUBUTH
MOTPEIIHOCTh UX OMpPEJEICHUS] TPU CYIIECTBEHHBIX U3MEHEHUSX Clydaii-
HOW BEJIIMYMHBI, PEKOMEHAYETCS BBIMOJHUTh HHTEPHOJSAIMNIO HCXOIHBIX
JAQHHBIX JIJI1 MEHBIIETo Iara 1mo BpeMeHu (cM. pucyHok 4.2 (a)). Cnek-
TpajbHbIE TUIOTHOCTH BBIOOPOK M UX B3aUMHBIC CIIEKTPaIbHbIE TNIOTHOCTH
MOTYT OBITh HaWJICHBI MyTEM YHCICHHOTO MHTETPUPOBAHUS HaWJICHHBIX
AKCIIEPUMEHTAIBHO KOPPENSAIMOHHBIX (DYHKIMI ¢ HMCIOJIb30BaHUEM



ypaBHeHut (1.43) u (1.47).
®parmenTsl 1okymMeHTa MathCAD, MIOCTPUPYIOIIUE OILICHUBAHUE
ATUX XapaKTEPUCTHK, TOKa3aHbl Ha pUCYHKE 4.2.

{4 Mathcad - [Mathcad Document e 0 |
mEiIe Edit View Inset Format Tools Symbolics Window Help . [:_:IE";_!
|D-BEERY|+eB|loc | : (M=l 0| | BAaEH~=-F<Dw e
HHTepl'IOJ'II/IPOBaHHe HCXOIHLBIX MAHHBIX!: i
N:=10-(n-1) j=0.N  k:=0.50
3j = interp (Ispline(t ,x) ,t ,x ,min(f) + 0.1-j)
7 N-k
rg = = 5 Z [(z_; = mean(x)) . (z;+k = mean(x)ﬂ
j=1 1
0.6
g
02
; u/_'—_—"‘_"‘-.— T e
_o.olo 1 2 3 4 5 o
0.1k
Pl |:| b
Press Fl for help. AUTO Page 3
a)
il Mathcad - [Mathcad Document e e S
m File Edit View Insert Format Tools Symbolics Window Help [:_:IE";_!

Cr=01-k
f (1) := interp(ispline(C ,r) .C .r ,T)

max (C)
s(w) ::2-J f(1)-cos(w- 1) dT
0

™| »
Press F1 for help. AUTO Paged

0)

Pucynok 4.2 — Onpenenenue KOppersiIuOHHON (QyHKIHMH (a) U CIIEK-
TpaJIbHOM TJIOTHOCTH (0)



Copneprxkanue oTdeTa o J1abopaToOpHOM padboTe:

® WCXOJIHBIC JaHHBIC /IS BBIMTOJHEHUS J1a00paTOPHOU padOTHI;

® pe3yJbTaThl OIICHUBAHMS CTATUCTUYECKUX XapaKTEPUCTUK CIydaid-
HBIX MPOIECCOB;

e rpabukd (PyHKOUN pacrpeaeiaeHns, IUIOTHOCTEH BEPOSTHOCTH,

KOPPEJISIITUOHHBIX (DYHKITUN U CIIEKTPAIbHBIX TJIOTHOCTEH.

4.3 JlabopaTopHasi padora Ne2. AHAJIU3 CUCTEMbI NIPU CIAYYAHHBIX
BO3/1eHCTBUAX

[lenbp paboThl — MpHOOpPETEHNUE HABBHIKOB pacyeTa JIMHEHHBIX CHUCTEM
IIPU CIyYaWHBIX BO3JICUCTBUSIX.

Cognepxanve pabOThl — pacyeT PEryJisipHOM U CIy4allHOM COCTaB-
JIAIOLIEH CIIY4alHOTO MPOLECCa HA BBIXOAE JTUHEUHOM CUCTEMBL.

J1o BbITIOJTHEHUS paOOTHI HEOOXOIMMO CAMOCTOSATEIIBHO U3YUYHUTh:

® IIPABWIA OMNPEACIECHUS XAPAKTEPUCTHUK CIYYAWHBIX IMPOLIECCOB HA
BBIXOJIC CHCTEMBI M0 XAPAKTEPUCTUKAM €€ BXOJHBIX BO3ICHCTBUN;

® [IpaBWJIa pacyeTa PeryasipHON COCTABJISAIOIICH OMIMOKHU JTMHEHHOMN
CHUCTEMBI 10 XapaKTEPUCTUKAM €€ BXOJIHbIX BO3/ICMCTBUN;

e [IpaBWJIa pacyeTa CIy4alHOM COCTaBJISIONICH OIMMOKH JTMHEHHOM
CHUCTEMBI I10 XapAKTEPUCTUKAM €€ BXOJHBIX BO3JICHCTBUM.

Bce HeoOxoanMBbIe TEOPETUUECKUE CBEICHHS U PacYeTHBIE (POPMYJIBI
cojiepKaTcsl B JAaHHOM NocoOuu. BapraHTsl 3a1aHuil 17151 BBIIOJIHEHUS Jia-
OoopatopHOil paboThl mpuBeacHBI B Tabnuie 4.5 (mpuuare K = I). Ctpyk-
Typa pacCUMTHIBAEMOM CUCTEMBI TOKA3aHA HA PUCYHKE 4.3.
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Pucynok 4.3 — CTpykTypa pacCUATBIBAEMON CUCTEMBI

Tabnuua 4.5 — BapuaHnTtsl 3ajaHUid 1J19 BBITIOJIHEHUS J1a0OPATOPHBIX
paboT Ne3 u Ne4

No W, ls) W,(K,s) S;lo) S o
] s+1 K-s/|s+1] 0,4/(1+oo2) 0,1
2 | [s+1]/s K-s/(3-s+1] 0 3/(1+2 wz) 0,2
3 1/s K-s/|5-s+1] 0,2/(1+3-0? 0,3
4 1 K-s/[7-s+1] 0,1/1+4 -0 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- 2| 0,2
7 | [s+1)/s K/(3-s+1) 0,3/[1+7-c?) 0,3
8 1/s K/(5-s+1] 0,4//1+8-w?| 0,4
9 1 K/[7-s+1] 0,1/(1+9-0°) 0,1
10 s K/|9-s+1] 0,2/(1+9- ?| 0,2
1] s+ K-s/[2-s+1) 0,3/(1+8-w?] 0,3
12| [s+1]/s K-sl|4-s+1] 04/(1+7 wz) 0,4
13 1/s K-s/(6-s+1] 0,1/(1+6- 02| 0,4
14 1 K-s/(8-s+1] 0,2/(1+5-0? 0,3
15 s K/[2-s+1) 0,3/(1+4-w? 0,2
16| s+l K/|4-s+1) 0,4//1+3-w? 0,1
17 (s+1)/s K/(6-s+ 1) 0,1/(1+2 wz) 0,1
18| 1 K/(8-5+1] 0,2/|1+w? 0,2
19 1 K- (2-s+1]/s> 0,2/[1+2-0? 0,3




Ne W, [s| W,|K,s] S;lw) Sl

20 s K-(4-s+1)/s 0,1/[1+0? 0,4

[Ipu BeITIONTHEHUU JTabOpaTOpHON PabOTHI HEOOXOAUMO:

® OIpeAeIuTh IepeaaroyHble GYHKIMA CUCTEMBI MO KaHajlaM «I10-
JIE3HBIM CUTHAJI — OIIMOKAa» U «IIOMeXa — OIINOKay;

® ONPEJCIUTh PErYJISIPHYIO COCTABISIONIYIO OITMOKH MO KOKIOMY U3
KaHaJOB KaK pPEaKIMI0 CUCTEeMbl Ha CTAHJAPTHHIC €AUHUYHBIC CTYTICH-
YaTbIe BO3JICHCTBUSI;

® OMNPENETUTh TUCIIEPCUIO OLIMOKH MO KaXXIOMY U3 KaHAJIOB;

® TIPOMOJECIUPOBATH MOBEJCHUE CUCTEMBI.

Onpenenenre TUCHEPCUU OIIMOKH LEIECOO0pa3HO MPOBOJIUTH YHUC-
JeHHo. /[ MomenupoBaHUs MOBEICHHUS CUCTEMbI PEKOMEHIYETCS CTeHE-
pUpOBaTh MOMEXY C HOPMAIBbHBIM 3aKOHOM PACHPEAEIEHUS, HYJIEBBIM
MaTeMaTUYECKUM OXXUJAAaHWEM, PACCYUTAHHOM JUCTIEPCUE U HAJIOXKUTH €€
Ha PEryJISIPHYIO COCTABJISIONIYIO OIIMOKU (CM. pUCYHOK 4.4).

Ml Mathcad - (Mathcad Document T oo S
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Jlucriepcus BBIXOHOTO CUTHAA:

D, = 0.01 €= morm(f()} ;0 \/Fx)
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Pucynok 4.4 — MoaenupoBaHue MOBEICHUS CUCTEMBI



Copneprxanne oTdeTa o 1abopaTOpHOM padboTe:

® UCXOJHBIC JAHHBIC JIJIS1 BHIMIOJHEHUS JAa00paTOPHOU padOThI;

® pe3yJbTaThl OMpPEACIICHUS TepeaTOYHbIX (PYHKIIMHA CUCTEMBI IO
OIIMOKE JJI KaXKJI0ro U3 KaHaJIOB;

® pe3yJbTaThl pacueTa PErysipHbIX U CIYyYalHBIX COCTaBJISIOIIUX
OITMOKH TS Ka)KJ0T'0 U3 KaHAJIOB;

e TpaduKM MEPEexXOaHBIX MPOIIECCOB JJIA KaXKA0TO U3 KaHAJIOB.

4.4 JladopatopHasi padoora Ne3. OmnpeaesneHue ONTHMAJbHBIX
napaMeTpoB CUCTEMbI

[enb paboThl — NPUOOPETEHNE HABBIKOB CUHTE3a JIMHEHHBIX CUCTEM C
3aIaHHON CTPYKTYpOM, 00€CIeUrBaIOINX MHUHHMYM CpPEIHEKBAIpaTHY-
HOM OIIMOKH, IPU CITyYaiHBIX BO3JICHCTBUSX.

Conepxanue pabOTBl — ONpeJelieHue MNapaMeTpPOB JIMHEHMHON CH-
CTEMBbI, 00ECIIEUYNBAIONIUX MUHUMYM €€ CPETHEKBAIPATUIHON OITHOKH.

Jlo BBIMOTHEHUS pabOThl HEOOXOIUMO CAMOCTOSTEILHO U3YUYHUTh:

e o0O0IlIMe MpaBWia CHHTE3a JIMHEUHBIX CHUCTEM MPU CIyYailHBIX
BO3JICHCTBUSAX;

e IIPaBWJIa CUHTE3a CUCTEM C 3aJaHHOU CTPYKTYPOM IPHU CIIyYaHBIX
BO3JIEUCTBUIX.

Bce HEoOXoAMMBIE TEOPETUUECKUE CBEICHUS U PaCUETHBIE (POPMYJIbI
cojiepKaTcsl B JAaHHOM NocoOuu. BapraHThl 3a1aHuil JI71s1 BBIIOJIHEHUS Jia-
OopaTopHol paboThl mpuBeaeHbl B Tabnuie 4.5. CTpykTypa CHHTE3UPY-
€MOM CHCTEMBI IT0Ka3aHa Ha pUCYHKE 4.3.

[Ipu BBIMOJIHEHUY JTA00PATOPHOM pabOTHI HEOOXOUMO:

® ONpeAeauTh NepeaaroyHble GYHKIMU CUCTEMBI MO KaHallaM «I10-
JIE3HBI CUTHAJIl — OIIMOKa» U «IOMeXa — OIIMOKa» Kak QyHKIHMH KO3DPu-
[IUCHTA YCUJICHUS PA30MKHYTON CUCTEMBI;

® ONPENEIUTh CHEKTPAIbHBIE MIOTHOCTH COCTABISIIOIIUX OLIMOKU
[0 KaHajaM «IIOJIE3HbI CUTHAJI — OIIMOKa» U «IoMexa — OLIMOKa» U
CYMMapHYI0 CIIEKTPAIbHYIO IJIOTHOCTh OMMUOKHU KaK PYHKIIUU KO3 PDHUIIH-



€HTa YCUJICHHS] PA30MKHYTOM CUCTEMBI;

® ONpENeNUTh JUCIEPCUI0 OLIMOKH Kak (PyHKIHIO KodhduiueHrta
YCUJICHUSI PA30MKHYTOW CHUCTEMBI;

® ONpeAeauTh ONTUMAJIbHOE 3HAuYeHUE KOd(PQUIIMEHTA YCUIICHUS
PA30MKHYTOM CHCTEMBI W3 YCIIOBUSI MUHUMyMa CYMMapHON JIUCIEPCUU
OIITNOKMU;

® OMNPENETUTh PErYJSPHYIO COCTABISIONIYIO OIIMOKH JIsl KaKJIOTro
U3 KaHAJIOB MPU BHIOPAHHOM KO3(P(GUIIMEHTE YCUICHUS PA3OMKHYTOW CH-
CTEMBI KaK PEaKIMI0 CUCTEMbI Ha CTAHAAPTHBIE €AMHUYHBIEC CTYIICHYATHIC
BO3JCHCTBUS;

® ONpEACIuTh JAUCIEPCUIO0 OIIMUOKHU IS KaXJ0r0 M3 KaHAJIOB MpU
BbIOpaHHOM K03 (PUIIUEHTE YCUIIEHUS Pa30MKHYTOM CUCTEMBI;

® [IPOMOJEIUPOBATH MOBEJECHUE CUCTEMBI.

Pacuer gucnepcut U MOJETUPOBAHUE CUCTEMbBI PEKOMEHYETCS MPO-
BOJUTH TaK ke, KaK U B padote No2.

ConeprxkaHue oTdeTa 0 JabopaTopHOM padoTe:

® UCXOJIHbIC JaHHBIC JIs BBHINOJIHEHUS J1a00paTOPHOM padOTHI;

® CXema OMnpeJieNIeHUs ONTUMAIBHOTO KO3 (DUITMEHTA YCUIICHHUS;

® pe3yJbTaThl pacueTa PErysIpHBIX M CIyYalHBIX COCTaBJISIOIIUX
OIIUOKH JJI KaXJA0r0 U3 KaHAJIOB;

e rpadUKu NEPEXOTHBIX MPOIIECCOB ISl KAXKA0TO U3 KaHAJIOB.

PexoMeHayeTcsi Takke BBINOJHUTh CpPAaBHEHUE HAWJCHHBIX IIO-
Ka3aTeyiell TOUHOCTH CUCTEMBI C pe3yJIbTaTaMU BBITTOJIHEHUS paOoThI Ne2,

4.5 JladopaTopHas padora Ne4. CuHTE3 ONTUMAJIBHOM CHUCTEMBbI C
NPOU3BOJLHOU CTPYKTYPOH

[enb paboThl — MPHUOOPETEHNE HABBIKOB CUHTE3a JJUHEHUHBIX CUCTEM C
IPOU3BOJILHON CTPYKTYpOM, 0OECIICUUBAIOIIMX MUHUMYM CpEIHEKBaIpa-
TUYHOU OIIUOKH, IPU CIyYalHBIX BO3JACHCTBUSX.

Coneprxanuie padoThl — ONpe/ieTIeHUE NepeJaTOuHON (QYHKIIUK JIMHEHN -
HOM CHUCTEMBI, HAXOISIICHCS MOJ BIWSHUEM CIYYaWHOTO BO3JECHCTBUS,



KOTOpasi o0ecrneunBaeT MUHUMYM €€ CPETHEKBaIpaTUIHOMN OIINOKH.

J1o BeITIOJTHEHHUS paOOTHI HEOOXOIMMO CaMOCTOSATEIILHO U3YUHUTh:

e 0O0mMEe TMpaBwia CHUHTE3a JUHEHHBIX CHUCTEM IIPU CIy4YalHbBIX
BO3JCHUCTBUSAX;

e [IpaBUJIa CUHTE3a CUCTEM C MPOU3BOJILHOW CTPYKTYPOH IPU CIY-
YaWHBIX BO3JICUCTBUSIX.

Bce HeoOxoauMbIe TEOPETUUECKUE CBEJICHUS U PacueTHbIE (hOPMYJIbI
coJiepaTcs B JaHHOM MocoOouu. BapuaHTel 3a1aHuii 171 BBITIOJHEHUS Ja-
OopaTopHOl pabOTHI puUBeAeHBI B Tabauie 4.6. CTpyKTypa CUCTEMBI TO-
Ka3aHa Ha pUCYyHKe 3.3.

Tabnuua 4.6 — BapuaHTbl 3aJjaHUil JJIs1 BBITIOJTHEHUS JTa00paTOPHBIX
paboT Ned u NeS

M|  Sglw) Selwl Hisl[®|  Slo] Selw) Hls
1] 04ll1+e?) 01 1 |1I] 03/[1+8-w? 63 s
2| 03/[1+2:0* 0,2 s 12| 04/1+7-0Y 04 s
3| 02/(143-0% 03  Us [13] 0,1/[1+6-02] 04 1
4| 01/l1+4-02 04 1 |14] 02/14502) 03 s
50 0,1/11+5 02 61 s |15 03/[1+4-0* 02 s
6| 02/1+6-w? 02 Us |16] 04/143-02 01 1
71 03/1+7-0? 03 1 |17] 01/[1+2.02 01 s
s| 04/1+8-02 04 s 18] 02/[1+0? 02 s
9| 0,1/1+9-0? 01 Us [19] 02/[142.0w% 03 1
Dl oalie9e?l 02 1 |20] o0u/l14e? 04 s

[Ipu BeIMONTHEHWU JTabOpaTOpHOM PabOTHI HEOOXOAUMO:

e ompenenuTh (GU3NYCCKH PeaTH3yeMyI0 TEpeaaTouHyo (YHKITUIO
3aMKHYTOW CHCTEMBI, BBITIOJHSIONICH 3aJlaHHOEe MpeoOpa3oBaHUE IOJIE3-
HOT'O CUTHAaJIa MPU MUHUMYME CPEIHEKBAAPATHYHON OIIHMOKH;

® ONpEJCIUTh NEPEeIATOUHYIO (YHKIIUIO PA30OMKHYTON CUCTEMBI;



® OIpeAeIuTh IepeaaroyHble GYHKIUA CUCTEMBI MO KaHajlaM «II0-
JIE3HBIM CUTHAJI — OIIMOKAa» U «IIOMeXa — OIINOKay;

® OIPEACIUTh JUCIIEPCHUIO OIMOKH IS KaXJI0I0 U3 KaHAJIOB;

® [IPOMOJICTUPOBATH ITOBEJAECHUE CUCTEMBI.

Pacuet gucnepcun U MOJETUPOBAHUE CUCTEMBI PEKOMEHIYETCS MPO-
BOJIUTH TaK e, Kak U B padborax Ne2-3.

ConepxkaHue oTdeTa 0 JadopaTopHOM padoTte:

® HCXOIHBIC JAHHBIC JJIS1 BRIMOJHECHUS Ja00paTOPHOU padOTHI;

e cxema onpefeneHuss (U3UMYECKH peanu3yeMoi MepeaaTOuHON
(YHKITUHA Pa30MKHYTOU CHCTEMBI;

® pe3yJbTaThl pacueTa PErysipHBIX M CIyYalHBIX COCTaBJISIOIIUX
OIIMOKH JIJIsI KAXJ0TO 13 KaHAJIOB,;

e rpadUKU NEPEXOIHBIX MPOIIECCOB ISl KAXKI0TO U3 KaHAJIOB.

4.6 JIadboparTopHasi padora NeS. CuHTe3 ONTUMAJIBLHOIO (PUIBTPA
Kanmana-bsrocu

[lens paboThl — MPUOOPETEHUE HABBIKOB CHHTE3a B IPOCTPAHCTBE
COCTOSIHUM CIEISAIINX CUCTEM, O0ECIEUUBAIOIIUX MUHUMYM CpPEIHEKBA/I-
paTUYHOM OLIMOKH, PU CITyYaHBIX BO3IEUCTBUSAX.

Coneprxanue pabOThI — ONpeeieHUE NepeIaTOuHON PYHKIIUN JIUHEH -
HOW CHCTEMBbI, HAXOMSAILIECHCS IIOJI BJIUSHUEM CIyYaWHOI'O BO3JEUCTBUS,
KOTOpasi 00ecrneunBaeT MUHUMYM €€ CPEIHEKBAIpaTUYHOMN OLINOKH.

J10 BBINOJIHEHNS pabOThl HEOOXOIUMO CaAMOCTOSTEIBHO U3YUYUTh:

® OCHOBBI TEOPHHU ONITUMAILHON JUHEHHON HUIBTPALTUY;

e TIpaBuWJIa CUHTE3a onTuMasbHOro pribTpa Kanmana-betocu B mpo-
CTPAHCTBE COCTOSHUM.

Bce HeoOXoaumble TEOPETUUECKUE CBEACHUS U pacueTHbIE (POPMYIIbI
coiepxarcid B AaHHOM nocoOuu. CrekTpalibHbI€ IMJIOTHOCTH IOJE3HOTO
CUTHaJIa ¥ TMOMEXHU, HEOOXOJIUMbIE JisI BBIMIOJIHEHUS J1aDOpaToOpHOU pa-
00TBI, MpUBEICHBI B Ta0MIIE 4.6.

[Ipu BBIMOJIHEHUY JTA00PATOPHOM pabOTHI HEOOXOIUMO:



® OMpeNeTUTh NMapaMeTphbl GOPMHUPYIONIETO GUILTPA;

® pa3pemuTh YpaBHEHUE PUKKATH M1 OIEHKH IUCIIEPCUM CIydaidi-
HOTO Mpollecca Ha BHIXOJE CUCTEMBI,

® OMpeNenuTh MapaMeTphl onTuManbHOro GunbTpa Kanimana-berocu;

® TIPOMOJICTUPOBATH MOBEJICHNE CUCTEMBI.

MopenupoBaHue CUCTEMBI PEKOMEHIYETCSl MMPOBOAUTH TaK JKe, Kak M
B MPEIBIAYIINX padoTax.

ConeprxkaHue oTdeTa o JabopaTopHOM padoTe:

® UCXOJIHbIC JJaHHBIC JIs BBIMOJIHEHUS J1a00paTOPHOM padOTHI;

® pe3yJbTaThl pacyeTa napameTpoB GOpMHUPYIOMIETO GUIBTPA;

® pe3ysbTaThl pacueTa JUCIEPCUU BBIXOJHOTO CIy4YailHOrO Mpolec-
ca (pemeHus ypaBHeHus PukkaTn);

e pe3ynbTaThl pacueTra MapaMeTpoOB ONTHMAIbHOTO  (riIbTpa
Kanmana-berocu;

e rpadUKU NEPEXOTHBIX MPOIIECCOB.
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INPUJIOXKEHUE A

CTAHJAPTHBIE UHTETPAJIBI
_ 1 ff’ B,lj-
"2 e A ljolA,l—j o

J dw.

[ToMuHOMBI An(j ‘0| u B n(j )| TIOPSAIKA ° UMEIOT BUJL

n

A ljol=a,lj-o+a,jo" " +.. +a_,

B j-w|=bylj o/ " *+b | j:w "+, 4b _,

U BCE KOPHHU An(j -oo) PaCIONOKEHBI B JIEBOW MOJYIJIOCKOCTH
Jo
I[lpun=1
J. = %,
U 2-a,a,
I[lpyn=2
; _—b0+ao-b1/a2
2 2-a,a,
I[Ipu n =3
; :—az-b0+a0-b1—a0-a1-b2/a3
3 2-a0-(a0-c13—a1-a2
I[Ipu n =4
— U4
J,=—2,
A4

U4:(a2-a3—al-a4)-b0—ao-a3-b1+ ao-a1~b2+
+a0-(a0-a3— al-az)-b3la4,

_ . . . 2 2. — . .
A4—2 a, (ao a,+a;-a,—a,;a, a3).



HPUJIO’KEHUE b

U30BPAKEHMUS MO JAILUIACY ®YHKIIUA BPEMEHU

Ne Opuzunan f (t)

H3zoopasicenue no

Jannacy F|s]
d ER 1
z =41 :
n-1 1
3 (nt—l)! s
1 expla-t| ﬁ
5 sin (co-t| 52-(:)&)2
6 cos|w-t| sz-fooz
7 exp|a-t)-sin|c-t| (s—aa))2+w2
T e o
A-exp(a-t)-sin(a)-tﬂ//), S+y
? A:i-\/(a+y)2+a)2,tp:arctg — s—af+w?

) a+y

Ilpumeuanue. @@ u ® — sewecmeenHHas U MHUMASL YACMU KOpHel

SHAMeHamelA F(S) , Y— KOHCmaHma.



INPUJIOKXEHUE B
PEIIEHUA 3AJAY
1 CayuaiiHble MpoUecChl

1.1. MareMaTuueckoe OXUJIaHWE CIIy4alHOM BEJIWYHWHBI PaBHO HYJIIO,

re Mx=0 , TAK KaK CIIeKTpalabHas mioTHocTh mpu  ®=0  ge umeer

ocobeHHocTel Tuma d-pyHkiuu. Jlucrnepcus papHa

1 °F _N-
@,

KoppensuunonHas QyHKIMs crydaiiHON BEJIMUNHBI

RX(T)ZE-IZSX(w)-eXp(j-oo-T)dcoz

+()L)1

f N-cos|w-T|dw= N sm(oo (,T)
n 0 T

1.2. CnexktpasibHas IIOTHOCTh paBHA

40 )
w|= +2-tm,- S5lw).
x| 1+0,04-0> x8lo]

S

1.3. CnektpasibHas IIOTHOCTh paBHA

a | 2p-ow N 2-B+w

B M+ (B-wf a*+[Brof
+2-n-m§-5(oo).

SX(oo)z +

1.4. CnekTpanbHas MIIOTHOCTh PaBHA



SX(w)ZZ-TO RX(T)-cos(w-T)dT:

=2-D } 1-— ~cos(w'r)dT:2-DX-} 1-— d[sin(a)-r)]z
9 T AT T
2:D ’
—=. (1—1 -sin(a)-r)|g+fsin(oo-r)d(i) =
) T 0 T
2:Dy
6 ‘|1—coslw-T||.

T-w’ [ ( )]

1.5. CnekTpanbHas IIOTHOCTh paBHA
+00
SX(w)Z_f RX(T)‘EXP(—j‘a)'T)dT:
+00
(',DX~f exp(—a2-rz—j~w-r)dr.

[TpeoOpa3yem nokazaresab SKCIIOHEHTHI K MIOJTHOMY KBaJpaTy

2 2
a* T+ joT=|aT+j- +-2
2-a 4-a°
Torna
02 | e 2
S.lw|=D.,-exp|— exp|—|a-t+j-—| |dt=
xl@|=Dy-exp| =" Jexp I 54
.DX'\/E 2
8 -exp| —
04 P 4- o

2 AHaJIM3 CHCTEM MPH CIYYAHUHBIX BO31EHCTBUAX

2.1. ITo dpopmynam (2.2) u (2.3) noaydum



mY(t):8-[mX(t)}=8-mX(t),
RY(tl,t2)=8-[8-[RX(tl,tz)H=64-RX(t1,t2).

2.2. Koppensiiiuonnast pyHKIus

d2
Ry (t,,t,)]= -y Ry(t,,t,)=

&2-0(-[1—2-a-(t1—t2)2]-exp[—a-(tl—tz)z].

2.3. Koppensiiiuonnast pyHKIus

£+, 0 +2

Ry(tl’tz):DX'

s -cos[a)-(tz—tl)].

2.4. ITo ¢opmynam (2.2) u (2.3) noayuum

t

mY(t)z!)' mX()\)-eXp(—)\)d)\,

~

t

1 "2

RY(tl,tz):ffRX (A, p)-exp(—A)-exp|—pu|dAdp.
00
2.5. ITo popmynam (2.2) u (2.3) noayunm

d :
mY(t):E A-sin(t|=A-cos|t],
d2

-t
dt, dt,

RY(tl’tZ): 7

RX(tl,tz):ZeXp — -{1—(t2—tlﬂ,

D,t|=R,lt,t]=2.

2.6. [Ins naHHOM cucTeMbl BecoBasi (yHKITUS paBHA
K _t=A
|

—_ EXP

k(t,)\):T




3HaueHNUEe MaTeMaTHUYECKOIo OXMNJaHUA

(= [ Kkle, Al-m (2] da =

to

t
J'E (——A>m dA=K-m,{
> T T

0

t_to)
l1—exp|— T .

Hucniepcus onpeaensercs mo Gopmyiie

Dy (t=R, (6= [ [ Kle,A-Kle, u-Ry (A, ul didy =

_ t—A _t—p _
=D, = ;ft exp T T a-|A u|)d}\du—
0 %o
2 t t
—DX-% exp|— ZTt) ffexp )H-—IJ—(X |7\—y|)d)\du.
tot

Pazo0Onem HHTCPBAJI THTCTPUPOBAHUA T10 HCpCMGHHOfI M Ha IBC 4aCTU

oA At 5 6 ;
" . TO IIO3BOJIUT OCBOOOAUTHCA OT 3HAKA MO,HYHH nu HOHy
YUTb Ta6HI/IqHBIe I/IHTeraJIbI BHUJ1A4

Lt 1

T SR . »
t]:DX'Fexp K xuxj fexp —L- - dp+f o= -

- oo L

: . .
(- 1+GT.t to) .

Dy

|

oD i——6 1= T-D el -——1t-
YT | [

2.7. J1nst naHHOM cUCTEMBI BecoBast (PyHKIIMA paBHA




k(t,)\):?-exp

1 t—A
T

Koppemsinonnas GyHKIUs 0€I0r0 IryMa HMEET BH/L
RylA, pl=c*-8(A—pl.

I[chepcym BBIXOJHOI'O CUT'HAJIa

t t

={ [ klt,A Ry (A, dAdu =
to t

e - —A—
:F-J‘fexp — y)-é()\—y)dAdMZ

tO tO
= ¢ 11 —ex _2t
0.2 P\™ T

2.8. 3HaueHNE MaTeMaTUYECKOTO OXKUIaHUS PABHO

Jlucriepcus onpenenunTes, Kak

t t
t)=] [ kle, Alkle, p)-Ry( A, p) dAdp =
ty t,

D

t
__X.J”
t

T? )t T

fexp —M+2 A+ p)—|A— y|]d)\dy

HNuTerpupoBanre npou3BOAUTCS TaK ke, Kak U B mpuMmepe 2.6.

2.9. MaremaTH4eCKOE OXHUIAHHWE CIy4alHOro Ipolecca X (t) Ha
BBIXOJIC CHCTEMbI B YCTAHOBUBIIEMCS PEKUME PABHO



+ o0

mylt|= | k(AN mgle—Al+mg[e—2]|dA=
¢ [ I3 mg+0)d=4m,- [ expl—2:2]dA=
: (—2-mg-exp—2-Af*=2-m,.

Jlucriepcus Ciay4aluHOro Imporecca X (t) HaXoJUTCs o popMmyie
+00 +00

D, ffk 1l RglA—p+ R (A—p| dAdp=

+00 +OO

cBZ-f f exp|—2-A|-exp(—2-p)-exp(—4-|A— p||dAdp+

0 0
+48-f f exp|—2-A|-exp(—2-pu|-exp(—3:|A—p||dAdpu=
0 0
632-: exp|—2-A) | exp(—2-p—4-|A—p||du|dA+
0 0
+48- ; exp(—2-A)- F exp|—2-u—3-|A—pl|du|dA=
0 0

032- | exp(—2-A)-1,dA+48- | exp|—2-A]-1,dA.
0 0
Pa3o0beM KaXIbIi 3 BHYTPEHHUX MHTErpaioB Ha aBa. [lomyuum
)
f —2-u—4-[A— /,1 d/,1+f exp —2-p+4-(A— u)]d/,l
0

Z,f exp(2-y—4-)\)dp+ f exp(4-)\—6-y)dy=
0 2

2 1
cBeXp( 2:A 2exp( 4-1),



A +o0
11:f exp|—2-p—3(A—p)|du+ f exp|—2-p+3-(A—pl|du=
0 2
A +00
&fexp(u—B-)\)du+ f exp(B-}\—S-u)du:
0 A

Z,%exp(—Z-)\)—eXp(—B-)\).

OKOHYATENBHO MOTYYUM

DX:32-f exp|—2-A): %-exp(—2-)\)—%-exp(—4-)\) dA+
0

+48-f exp|—2-Al-
0

g-exp(—Z-)\)—eXp(—B-)\)]d)\z

Z,% lexp(—6:A|—4-exp(—4-A)[[;"+

48 112
+— .[exp |—5-A)—3-exp|— 4-)\)} 0 ==
5 15
2.10. 3agaHHBIM KOPPEISIITUOHHBIM (DYHKITUSM COOTBETCTBYIOT CIICITY-
FOIIUE CIEKTPAIbHBIEC INIOTHOCTHA BXOAHBIX CIIyYalHBIX MPOLIECCOB

_16
16+ >

_18

> (oo) 9+w?

G Splo]

= F
3aHaHHOﬁ HMHYHBCHOﬁ HGpGXOI[HOfI XAPAKTCPUCTUKE COOTBCTCTBYCT
rnepeaarodHasd (I)YHKI_[I/IH CHUCTCEMBI

MaremaTndyeckoe OKUJaHUE CIYYaluHOTO Mpolecca X (t) Ha BBIXO-
JIe CUCTEMBI B M300paxkeHus 1o Jlammacy paBHO

MX(S):W(S)'[MG(S)+MF(5)]:
4 |m

s+2.

1 1

S Ss+2

8

m .-
S G




OpuruHail JaHHOTO BBIPAXKEHHUS
mX(t):2-mG-[1—eXp(—2-t)].
B ycraHoBuBIIEMCS pEXKUME
meoo:w:2-mG-[1—expw‘—oo:w]=2-mG.
CnekTpanpHas INIOTHOCTh BBIXOJIHOTO CHTHANA
SX(oo)=|W(j-oo)\Z-SG(w)+|W(j-w)|2-SF(a))=

4 2 16 4 18
. | . 2+ | _
jolt2 j4+lj ol

0| : '
| Jwl+2 340
256 N 288

[jol+6{jol+8f |j-of+5(jol+6]

6
I[I/ICl'ICpCI/IH BBIXOJHOI'O CUTHAJIA B YCTAHOBUBIICMCS PCIKUMC
+00

X:ﬁ~_LSG(w)dw:

|0 256| ‘0 288‘
(.’_256‘1 8 2881 6:112.
2 ‘6 O‘ 2 ‘5 0‘ 15

1 8 16

D

2.11. Iucniepcust citydaitHOTO mporiecca

2 2
a-a, bi+aq-by

D,=D,-

a, -al-(a- a,+a,
2.12. Ilepenarounasi GyHKIMS 3aMKHYTON CUCTEMBI paBHA

CD(S)— W(s) . K
C14W(s) T-sP+s+1




CHGKTpaJ'H)HaH IUIOTHOCTDB BBIXOAHOI'O CUTHAJIA IIPUMCT BU

K°N
S,lw|=|D|jw %S |w|= :
O e aw
NuTerpupoBanue 5 Y(w) 10 BCEM 4aCTOTaM JA€T Pe3yIbTaT
+00 p)
1 KN q :K-N.

D.= 0
D2 T jo P4 o+ 2

OueBunHO, uTo aucnepcus D y He 3aBUCUT OT T.
3 CuHTe3 CHCTEeM NPH CJIYyYalHbIX BO3AeCTBUAX

3.1. IlepenatouHass (GyHKIUS CHUCTEMbl IO KaHATy «PEryJsipHBII
CHUTHAJI — OIIMOKa» paBHA

(S): 1 — 52
CE 1+Wls| s?*+K-T-s+K '

PerynsipHasi cocTaBiisonias OmrMOKN B YCTAHOBUBIIIEMCS PEKUME

mE(t):CO-g(t)+C1-%g(t)+C -d—29(t)+...,

rac

2

bt d d
g(t):a-t+7,ag(t)=a+b-t,?g(t)Zb.

[Tpon3BoaHbIe Goslee BHICOKOTO mopsaka or 9 ¢ 110 BPEMEHU PaBHBI

Hymo. KoadduineHnTsl ommoboK, HaliIeHHBIC TTOCTIE Pa3I0KEeHUS Wls|

C,=0,C,=0,C,=1/K

B CTEIIEHHOM PsiJI, PABHBI . Torna



mE(t)ZE.

[lepenaTounass (pyHKIMS CHUCTEMBI MO KaHAIYy «IOMEXa — OIIUOKa»
paBHa
Wi(s] _ K-T-s+1]
1+W(s) 52+K-T-s+K.

I[I/ICI'ICPCI/IH cnyqaﬁﬂoﬁ OILIMOKH B YCTAHOBHUBIICMCS PCIKUMC

_KAN L -THjef+l dw:(K-T2+1)-N.

Con fjerK T arkE 2T

CpenHuii kBaJgpaT CyMMapHOU OIIMOKU paBeH

., b* |K-T?+1)N
g =——+ .
K? 2-T

JI71 OTBICKaHUSI MUHUMYMa 3TOr'0 BBIPAYXKEHUS IPUPABHIEM HYIIIO €T0
MEPBYIO MMPOU3BOIHYIO MO ITOCTOSIHHOM BpeMeHu T

2-K-T?—|K-T?+1]=0,

T, =1/WK

OTKYyda IMOJIy4numM

3.2. MuddepeHunpyst BeIpakeHUE 71 CPEIHETO KBapaTa OIIMOKH 110
napamerpam T u K, nonyyuM CUCTEMY YpaBHEHUM

T=IhK L

Komm=V16-b*/N* Ty, =11VK,p

Orcro1a HanieM ,




3.3. Cpeanuit kBagpaT CyMMapHOU OITMOKU PaBEeH

., b |K-T*+1)N
E = + .
K?  2{T-—T1)

OnTuMajabHOE 3HaUCHHUE TIOCTOSHHOM BpEMCHU

> 1
Tonm: T+\/T +E.
3.4. CrekTpasibHas IIIOTHOCTh CYMMAPHOTO BXOJHOTO CUTHAJIA PaBHA

S¢10)-(1+T2 -0 |+5,(0){1+T%-?
(1472 -0 {1+ T} o’ ’

SG(Q))+SF(Q))=

Paznoxenue storo BBIPpA)KCHUA HA KOMINICKCHO-COIIPSAKCHHBIC CO-
MHOKUTCIIN JaCT PC3yJibTaT

1+ja-w
1+ To)(1+jTpw)’

P (j-w)=+S,0]+S.(0]

1—joaw

¥(—j-w|=vSs(0]+S:(0] T Te o 1= Tra]

o a=T (S, (01 T2+, (01 T2 /S04, 0]

[Tocnie pasznokeHus Ha AJIEMEHTapHbIE IPOOU MCKITF0YAETCS 4acTh, CO-
OTBETCTBYIOIIAsi HEYCTOMYMBOU CUCTEME.



P(—j-o B

_Sglo] (- Tw)1-jTro|
1+T% @ S,l0)+S.[0] 1—jaw

_S; 0] 1—j-Tp o B
VS, (0]+S.[0] (14 Tgol1—ja-o

:sG(o) |To*+Ty 1 JTe—a 1
\/SG(O)+SF(O) Te+a 1+jToo Teo+a 1—jaow |

BTopoe ciaraemoe B CKOOKax MUMEET MOJIOCHI B TPaBOM KOMILIEKCHOM

noaymiockoctu J'®W . Ono orOpaceiBaeTcs. Peamnsyemast 4acTOTHAs I1e-
penarouHast QyHKIHMS 3aMKHYTOM CHCTEMBI IIPHMET BH/T

S0 T +T
Wijo=—t S0 Te*Tr 1 |
Y(j o VS[0+S.(0] Tegta 1+j-Tg
S0 To+Tp 1+jTpw T, jow+1

S.(0)+S5.(0] Te+a 1+jaw  aljo)+l’

rae KodQPUIMEHT yCUIEHUs 3aMKHYTOU CUCTEMBI

_ Sgl0]  T+T,
S.0]+S.[0] To+a

Peanusyemas nepenatouHas (pyHKIUsS 3aMKHYTOM CUCTEMBI B H300-
paxxeHusX no Jlammacy nmeer Bua

T.s+1
Wis|=K-————.
a-s+1
[lepenaTounas ¢pyHKIHS pa30MKHYTON CHCTEMbI paBHA
T.-s+1
la—K-T|-s+(1—-K|

Wp(s)ZK-



3.5. Ilepenatounas GyHKITHS 3aMKHYTON CHCTEMBI paBHA

y-s+1
s-la-s+1)’

Wi(s|=K-

r/e 3Ha4eHus: Ko3PPUIHEHTOB

S..(0) B \/ S, (0]  T.a
SG(0)+5F(0)’O(_TG' SG(0)+SF(0)’Y_TG+0('

[lepenatounasi GyHKIMS pa30MKHYTOW CUCTEMbI paBHA

y-s+1
(a—K-y)-s+(1—K)'

Wp(s):K'

3.6. IlepenaTtouHas QyHKIUS 3aMKHYTOM CHUCTEMBI paBHa

Wlsj=—~—,
a-s+1

/1€ 3Ha4eHus Ko3(PPUIMEHTOB

Sglo] 1 _r \/ S0
S.[0/+S.0] To+a’ " "¢\'s_[0)+s,.(0

[lepenatounasi GyHKIMS pa30MKHYTOW CUCTEMBbI paBHA

_ K
a-s+(1-K|

W s

pl

3.7. OnTuMalnbHasi UMITYJIbCHAs XapaKTepPUCTHKA CUCTEMBbI OyJeT uc-
KaTbCs B BUJIC
klt)]=Dgy-8(t)+D;-exp(—d,-t|.

TpeOyercsa naiitu ee napametpsl Dy, D; u d;. YpaBuenue Bunepa-
Xomn(a B JTaHHOM clly4ae IPUMET BU/T



+ o0

f k(n)-RU(T—r])dn—RZU(T):O,TZO.

Tak KaK CHHTE3UPYeTCs CIeAmas cucrema, 1o 2 t|=Glt] Torga

R, [t|=R.|t/+R[t|=3-exp|—2-[t|+2-exp|—|1],
R, lt/=R,|t/=3-exp[-21].

[logcTaBuM 3HAYeHUST KOPPEIALMOHHBIX (GYHKIMHA HW  HCKOMOM
MMITYJILCHOM TIEPEXOIHON XapaKTEepUCTUKH B ypaBHeHUE Bunepa-Xomnda

f 3-exp|— 2|t —n]) [D -8|n)+D;-exp|—d;n| ]dn+

+ f 2-exp —|T—n|)-[D0-6(n)+D1-exp(—dl-n”dn—
0
—3-exp|—2-|1]|=0,7>0.

[IpeoOpaszyem 3TOT UHTErpAT K BUY

f Dy-6 nl{3-expl—2.ft —n|}+2-exp| |z —n dn+

+JZ Dl'exp(—dl-n)'[?)-exp[— 2-(T—n)}+2-exp[—(r—n)ﬂ dn+

++fo Dl-eXp(—dl-n)-[S-exp[—Z-(n—T)]+2-exp[—(n—T)Hdn—
T —3-exp|[—2-71)=0.

BroinoanuB SJICMCHTAPHBIC OIICPpAl HHTCTPUPOBAHUA, ITOJTYIUM



D, |3-exp(—2-1]+2-exp|—T ||+
3-D1-exp(—2-r)
+

weXpHZ——dlyr}—1]+

2—d,
2-I)-eXp(-T)
T L (U T
3-D. -exp(2-T|
+ 12+d1 .exp[—(2+d1).r}+
VORI el 2aimo,

1+d,

exp|—2-1|

[IpupaBHaB HymMO KO3(PPUUKEHTH MpU (QYHKIUAX ,

exp|—T| n &P (_ dl'T) , IOJTyYUM CHUCTEMY YpaBHEHUI

1/
-—[) il

L)
"

0

W3 mepBOro ypaBHEHHS MOJTydaeM
3-(1—d?|+(4—d?|=0.

N3 n1ByX KOpHEH 3TOro ypaBHEHUs BIOMpPAEM TOT, KOTOPBIA COOTBET-
d,=\7/2=1,32

D,=—0,22

CTBYET YCTOMUMBOUN cUCTEME (ITOJOKUTEIbHBIN), T. €.

. U3 ABYX Jpyrux ypaBHeHI/Iﬁ CUCTEMbI HaxXOIAUM

D,=0,68

n

.C YUCTOM I3THUX 3HAa4YCHUU HMITYJIbCHAs MCPCXOJHAA XapaKTC-
PUCTHKA ONTUMAJIbHOU CUCTEMbI IMPpUMCT BUJ

k(t|=0,68-5(t|—0,22-exp(—1,32-t].



DTOM XapaKTEpUCTUKE COOTBETCTBYET MepeaarouHas PyHKIus

0,22 £1 s+1

W(s|=0,68— =0,51" ————.
s+1,32 0,76-s+1
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BBEJIEHUE

HMucuunrnaa «CityyaliHbI€ MTPOIECCHI B CUCTEMAaX YIPABIICHUS CTaBUT CBOEH
1eIpl0  (POpMHUpPOBAHUE CIEAYIOMIMX KOMIETEHIMA Oyayuiero OakaiaBpa 10

15.03.04

ABTOMaTI/IBaHI/IH TCXHOJIOTHYCCKHUX

HaIIpaBJICHUIO ITOATOTOBKH

IMpOoIECCOB U IMPONU3BOACTB.

Kon, popmynupoBka
KOMIIETCHIINN

Kon, popmynupoBka
WHAUKATOpa

[Imanupyemele
pe3yJbTaThl 00yUYEHHUs IO
JUCHUIUIMHE (MOYJIIO),
XapaKTEPU3yOLIUe
3Tanbl OPMUPOBAHUS
KOMIIETEHIIUM,
WHIMKAaTOPOB

VYK-2. Cnnocoben
ONpEeNeNATh KPYT 3a/a4 B
paMKax MOCTABJIECHHOU
LEJIU U BBIOUPATh
ONTUMAaJIbHbIE CITIOCOOBI
WX PEIICHUS, UCXOJI U3
JIEUCTBYIOIIUX MPABOBBIX
HOPM, UMEIOIIIUXCS

PECYPCOB U OTpaHUYCHUIA

N-1yk., Dopmynupyer
1eJTh TIPOEKTa, OTPeIes-
€T COBOKYITHOCTh B3a-
MMOCBSI3aHHBIX 33144,
00eCIeUnBaIoIINX €€ 10-
CTHDKCHHE B OTIPEIeIIseT
OKHJIAEMBIC PE3YJIbTAThI
pelieHus 3ajay;

DopmMynUpPyeT NOCTAHOB-
Ky 3aj71a4, ooecre-
YUBAIOUIUX JOCTHKECHUE
LEJIH; TPOrHO3UPYET
0XKHMJIaeMbI€ Pe3yJIbTaThl
pelieHust dJIeMeHTapHbIX
3aaa4

N-2yk., PazpabatbiBaet
IUIaH JeUCTBUM IJIsT
pelIeHus 3aa4 IpoeKTa,
BBIOMpast ONTUMAJIbHBIN
croco0 uX pelieHus, uc-
XOJs U3 AEUCTBYIOIINX
MPaBOBBIX HOPM U
UMEIOITUXCSI PECYPCOB U
OrpaHUYCHUU

Bri6upaet ontuManbHBbIM
croco0 pa3paboTku
MPOEKTa aBTOMATU3UPO-
BAHHOM CHCTEMBI 3as1B-
JIEHHOT'O KQ4eCTBa U 3a
YCTAHOBJIEHHOE BpeMsi

NJ1-3yk.. ObecrieunBaet
BBITIOJIHEHUE TIPOCKTA B
COOTBETCTBUU C YCTAHOB-
JICHHBIMM TEJISIMH, CPO-
KaMU U 3aTpaTaMH, UCXO-
I U3 JEUCTBYIOIINX Ipa-
BOBBIX HOPM, UMEIOIIUX-
Csl pECYPCOB U OTpaHUYe-
HMI, B TOM YHCJIE€ C UC-
MOJIb30BaHUEM LU PO-
BBIX HHCTPYMEHTOB

Pa3pabateiBaeT muiax pa-
OOTBI HAJl TPOEKTOM
aBTOMAaTU3UPOBAHHOMN
CHCTEMBI, oOecIie-
YUBAIOUIETO JIOCTUKEHUE
MMOCTABJICHHBIX IICJICH,
cOOJII0JIEHNE CPOKOB BbI-
NOJIHEHHUS padoT u
3aTpar, UCXOMs U3 JIeu-
CTBYIOIIIMX MTPABOBBIX
HOPM, UMEIOLITUXCS pe-
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CypCOB ¥ OTPAHUYEHNN, B
TOM YMCJIE C UCTIOIB30BA-
HHUEM CPEACTB aBTOMATH-
3UPOBAHHOTO MPOEKTUPO-
BAHUS

ITK-2. CnocobeH yuact-
BOBaTh B pabOTax 1o
pacueTy U MpOeKTUPOBa-
HUIO CPEJICTB U CUCTEM
aBTOMATHU3aIIUU C UC-
MOJIb30BAaHUEM
COBpPEMEHHBIX HH(MOpMa-
ITMOHHBIX TEXHOJIOTHUH,
METOJ/IOB U CPE/ICTB
MIPOCKTUPOBAHUS

NJI-1nk.» PaccuntsiBaet
Y MIPOEKTUPYET CPECTBA
Y CUCTEMbI aBTOMATHU3a-
MU B COOTBETCTBUU C
TEXHUYECKUM 3aJIAHUEM.

CuHTE3UpYyET ONTUMAJIb-
HBIC CUCTEMBI yIIpaBJie-
HUs B COOTBETCTBUU C
TEXHUYECKUM 3aJaHUEM

NJ1-31x> Beimonasier
cOOp M aHaU3 UCXOHBIX
JAHHBIX IS pacdyeTa u
MIPOCKTUPOBAHUS
CPEIICTB M CHCTEM YIIPaB-
JICHUS C UCTIOJIb30BaHUEM
COBPEMEHHBIX MH(pOpMa-
IIUOHHBIX TEXHOJIOTHHA.

CuHTe3upyeTr onTuMallb-
HbIE CUCTEMBI yTIpaBJe-
HUS Ha OCHOBE Ipe/IBa-
PUTEIBHO COOPAHHBIX U
IPOaHATU3UPOBAHHBIX
UCXOJHBIX TAHHBIX C UC-
MIOJIb30BaHUEM
COBPEMEHHBIX UH(pOpMa-
IIMOHHBIX TEXHOJIOTUH

['maBHBIMU 3agadaMu  JUCHMIIIMHBI

IMPUHIOUIIOB aHAJIN3a U CUHTE3a CUCTCM YIIPABJICHUS, HAXOAMUXCS 110 BIMAHUCM

SABJIAIOTCA .

CIIy4ailHBIX BO3JICHCTBUMN, MPUOOPETEHUE MTPAKTUIECKUX HABBIKOB MCIIOJIb30BAHUS

METO/I0B TEOPHH ONTUMAIBLHON QPUIIbTpALIUU.

B pE3YyIbTATC OCBOCHUA JUCHHUIIJIMHBI CTYACHT JOJIDKCH!

® 3HATb IIPHUHIMUIIBI ABTOMATU3aIIUH ITPOU3BOACTBA,

® yMeTh pa3pabaThiBaTh O00OOIIEHHBIE BapUAHTHI PEIICHUS MPOOJIEM, CBSI-

3aHHBIX C aBTOMaTI/ISaHI/Ief/'I IMPOU3BOACTBA,

¢ BJIAJACTb HABBIKAMU dHAJIW3a BAPHUAHTOB OIITHUMAJIBHOI'O IIPOIHO3UPOBAHUA

HOCJ'ICJICTBI/II\/'I IIPHUHATOIO pCHICHMA.

MCTOI{I/I‘-IGCKI/IC YKa3aHuAa IPCAHA3HAYCHBI AJISA BBIIIOJIHCHUA CaAMOCTOATCIIb-

HOM pabote mo nucturuHe «CiaydyaiHble TPOIECChl B CUCTEMax yIPaBICHUSD C

yuetom TpedboBanuii ®I'OC BO mist Hanpasienus noarotoBku 15.03.04 — ABro-

MaTu3alnuAa TCXHOJOTHMYCCKUX IIPOOCCCOB M IIPOU3BOACTB. Onn CHOCOGCTBYIOT

JY4YlIEMY YCBOCHUIO CTYJIEHTAMU TEOPETHUECKUX TMOJOKEHUH M 00ecreyrmBaeT
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an06peTeHHe IMPAKTUYCCKUX HABBIKOB II0 HCCICAOBAHHIO 3JICMCHTOB UM CHUCTEM

ABTOMATHUYECKOI'O PETYJIMPOBAHUS U YIIPABJICHUS.

1. OBIIASI XAPAKTEPUCTHKA CAMOCTOSATEJIbHOM PABOTHI
OBYYAIOIIUXCS TPU U3YYEHUU TUCHUTLIMHBI « CTYYANHBIE
HPOLHECCHI B CUCTEMAX YIIPABJIEHUS»

CamocrositenbHas padota ctyneHToB (aanee — CPC) sBisercs HEOThEM-
JIEMOM cocTaBlfgIoNIe 00pa30BaTeIbLHOrO Mpoliecca B Y HUBEPCUTETE U SBIISIETCS
obsi3aTenbHON 11 Kaxaoro cryaeHTa. OcHoBHas 1einb CPC — ocBoeHue B moji-
HOM 00BEME 00pa3oBaTENIbHONW MPOrpaMMbl U MOCEAOBaTeNIbHOE (POpMUpOBaHHE
KOMITETEHIUHA 3(P(EKTUBHON CaMOCTOSTENbHON MpPOPecCHOHANBHON (IpaKTHye-
CKOM M Hay4YHO-TeopeTHuecKoil) nestenbHOCTH. CaMocTosiTenbHass paboTa KOH-
KpEeTHa 10 CBOEH MpeIMETHON HANPaBICHHOCTU U COMTPOBOXKIAETCS HEMPEPHIBHBIM
KOHTPOJIEM U OLICHKOI €€ pe3yJIbTaToB.

KonudecTBo yacoB, OTBOAMMOE Ha CaMOCTOATEIbHYIO PabOTy, ompeensieTcs
y4eOHBIM TUIAaHOM HarpaBjieHust noarotosku 15.03.04.

ConepxkaTenbHO caMoCToOsITeNbHAsA padoTa crylneHToB omnpenensercas OI'OC
BO wnampasnenuss noarorosku 15.03.04, mporpammoil U y4eOHO-METOAUYECKUM
KOMILJIEKCOM AUCHUIUTMHBI «Cy4daliHble MPOLECCHl B CHCTEMAaX YIPABICHUS.

MeToauka OpraHu3aldyd CaMOCTOSITEIbHOW PaOOTHI CTYIEHTOB 3aBHUCHT OT
CTPYKTYpBI, XapakTepa U 0coOeHHOCTeW MuCHUIUIMHBI «CiaydaliHble MpPOLECCHl B
CUCTEMax YIpaBJeHUs», 00beMa 4acoB Ha ee u3yuyeHue, Buaa 3aganuil s CPC,
WUHAUBUIYATBHBIX BO3MOKHOCTEHN CTYJIEHTOB U YCIOBUHN yU4eOHOU IEATeTbHOCTH.

DopMbI CaMOCTOSTENILHONW PAOOThI CTYJIEHTOB ONPEIEISIOTCS COJIep)KaHUEM
aucuuIuiiEbl  «Cily4yaliHple IpOLIECCHl B CUCTEMAxX YIPaBJICHUS», CTEIEHBIO
HOJrOTOBJIEHHOCTH CTYA€HTOB. OHM MOT'YT OBITh TECHO CBSI3aHbI C TEOPETUUECKUM
KypCOM M HMMETh YYEOHBIH WM Y4eOHO-HCCIEAOBATENbCKUI Xapakrep. Dopmy

CaMOCTOATENLHON paboThl CTyNeHTOB ompeaensioT kadeapa MCOA mpu paspa-
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0OTKe mporpaMMbl JUCIUILIMHBI «CiydaifHbIe TPOIECChI B CHCTEMax yIIpaBlie-
HUSD.
CamocTtosiTenbHass paboTa MOXKET OCYHIECTBIATHCS HMHAMBUIAYAIbHO WU
rpynmnamMy CTYJEHTOB B 3aBHCHMOCTH OT II€JIM, 00beMa, KOHKPETHON TEeMAaTHUKH
CaMOCTOSITeILHOM paboThl, YPOBHS CJIIOKHOCTH, YPOBHSI YMEHUN CTYJIEHTOB.
CPC, ©He mnpeaycMoTpeHHass 00pa3oBaTelbHOW MpOrpaMMoM, Y4eOHBIM
IJIaHOM M Y4eOHO-METOAMYECKUMH MaTepuajaMu, PaCKPhIBAIOIITUMU U KOHKPETH -
3UPYIOIIMMHU UX COJIEpXKAHUE, OCYIIECTBIISICTCS CTYJICHTaMH WHUIIMATUBHO, C IIe-
JIBIO pean3allii COOCTBEHHBIX YUCOHBIX M HAYYHBIX HHTEPECOB.
B yueOGHOM mporiecce BBIICTSIOT ayIUTOPHYIO U BHEAYAUTOPHYIO CaMOCTOS-
TEIbHYIO padoTy.
AyauTopHasi CaMOCTOSITeNIbHAs paboTa mo agucruiuinie « CirydaitHbie mporiec-
Chl B CUCTEMax YIPaBJICHUS BBITIOJHSIETCS Ha YUYCOHBIX 3aHATUSIX (JEKIUAX, TPaK-
TUYECKUX, JIA0OPATOPHBIX 3aHATUAX M KOHCYJIbTALMAX) IMOJ] PYKOBOICTBOM
Iperno/aBaTess u Mo ero 3aaHulo.
BreayautopHasi camocTosiTelbHasE padoTa CTYJICHTOB BBITOJHSAETCS BO BHEa-
YIWTOPHOE BpeMs MO 3aJJaHUI0 U MPU METOJUYECKOM PYKOBOACTBE M KOHTPOJIE
npenoaaBaTess, Ho 6e3 ero HenocpeacTBeHHoro ydactus. CPC Bkiro4aeT B ceosi:
® [IOATOTOBKY K ayJIUTOPHBIM 3aHATHUSM (JEKIIMOHHBIM M MPAKTUYECKUM) U
BBITIOJTHEHNE COOTBETCTBYIONIUX 3aJIaHUI;

e paboTy HaJl OTACIbHBIMU TEMaMH yUE€OHBIX AUCIUILIMH (MOMIYJIEi) B CO-
OTBETCTBUU C YU4EOHO-TEMAaTUYECKUMH TIAHAMU;

® BBINOJHEHUE KOHTPOJIBHBIX paboT;

® [IOATOTOBKY KO BCEM BHJaM MPOMEXKYTOUYHBIX U UTOTOBBIX KOHTPOJIBHBIX

UCIIBITAHUN.
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1.1. IToaroroBka K JIeKIHUAM

['maBHOE B MEepHOJ MOATOTOBKM K JIEKIIMOHHBIM 3aHATUSAM — HAYYUTHCA Me-
TOJAAM CaMOCTOSITEJIbBHOIO YMCTBEHHOIO TpyJa, CO3HATEIbHO pa3BUBaThb CBOU
TBOPYECKUE CIIOCOOHOCTH W OBJAJEeBaTh HaBbIKAMU TBOpPYECKOW paloThl. Jlis
ATOr0 HEOOXOJUMO CTPOro COOMIOJATh AMCLUMIUIMHY y4eObl U noBeaeHHs. YeTkoe
IUTAHUPOBAHUE CBOETO pabouero BpEeMEHU M OT/AbIXa SABISETCS HEOOXOAUMBIM
yCIIOBUEM JUJISl YCHEIIHOM CaMOCTOSTENbHON paboThl. B OCHOBY €ro HyXHO MO-
JIOXKUTH paboyme MporpaMMbl U3y4aeMbIX B CEMECTPE AUCLUILINH.

KaxnomMy CTyaeHTy cCieayeT COCTaBlISATh €KEHEACIbHBIM U CEMECTPOBBIN
IJIaHbI pabOThI, a TAKXKE TUIAH Ha Kaxblid padounii nedsb. C Bedyepa Bcerga HaJIo
pacnpenensiTh paboTy Ha 3aBTpAIIHUN JeHb. B KOHIE KaXkIoro JHS 1enecooopas-
HO TMOJBOJIUTH UTOT pa0OTHI: TIIATEIBLHO MPOBEPUTD, BCE JIM BBHIMOIHEHO MO HaMe-
YEHHOMY IUJIaHy, HE ObUIO JIU KaKUX-TMOO OTCTYIUICHHH, a eclii ObUIM, IO KaKoi
OpPUYUHE 3TO Mpou3onuio. HyXKHO OCyILIECTBISITh CAMOKOHTPOJIb, KOTOPBIN SIBJISI-
eTcsi HeoOXOIUMbIM YCJIIOBHEM YCIEIHON yueObl. Eciu 4To-TO OCTalloch HEBbI-
MOJIHEHHBIM, HEOOXOAMMO M3bICKaTh BpeMs Ui 3aBEpUICHHs 3TOM yacTu paboThl,
HE YMEHbIIIasg 00beMa HeJIeTLHOTO TUTaHAa.

Cnymanue M 3anuch JIEKUUMNA — CJOKHBIA BHJI BY30BCKOW ayJAUTOPHOU pa-
00Thl. BHUMaTeNnpHOE CiIylIaHHe W KOHCIIEKTUPOBAHME JICKIMI MpearoiaraeT uH-
TEHCHUBHYIO YMCTBEHHYIO IESTENbHOCTh CTyJeHTa. KpaTkue 3amucu JeKIuid, ux
KOHCIIEKTUPOBAHHUE MOMOIAeT YCBOUTh y4eOHbI Marepuan. KoHCHekT sBisieTcs
MOJIE3HBIM TOT/A, KOT/a 3allMCaHO CaMOE CYIIECTBEHHOE, OCHOBHOE M CAEIAHO ATO
caMHUM cTyaeHToM. He Hajo cTpemMuThes 3anucarh JOCIOBHO BCHO JIEKIHIO. Takoe
«KOHCIIEKTHPOBAHMUE» MPUHOCUT OOJIbILIE BPEJa, YEM MOJb3bl. 3alUCh JIEKIHUI pe-
KOMEHJIyeTCsI BECTU MO BO3MOYKHOCTU COOCTBEHHBIMU (opMmynnpoBkamu. XKe-
JATEJIBbHO 3alMCh OCYIIECTBIATH HA OJHOM CTPAHHUIE, A CIEAYIOIIYIO OCTaBJIATH

JUTS IPOPAOOTKM y4eOHOTO MaTepHraia CAaMOCTOSITEIIbHO B IOMAIITHUX yCIIOBHUSX.
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KoHcriekT nexiuit gydrie nojapasaeisaTh Ha MyHKTHI, aparpadsl, coOmoaas
KpPacHyI0 CTPOKY. DTOMY B OOJIBIION CTENEeHH OyayT CHOCOOCTBOBATH IYHKTHI
JIaHa JIEKIUH, TPEUIOKEHHBIE TTpenogaBareisaM. [[puHIunmaipabpe MecTa, onpe-
nenenusi, GopMysbl U APYTroe CIEIYyeT COMPOBOXKIATH 3aMEYAHHSIMHU «BAKHOY,
«0Cc000 BaXKHO», «XOPOIIO 3alIOMHUTH» U T.M. MOXXHO A€NaTh 3TO U C TOMOIIBIO
Pa3HOIBETHBIX MapKepoB WM pydek. Jlydmie ecnu oHM OyayT COOCTBEHHBIMH,
9TOOBI HE MPUXOMIOCH TIPOCUTH UX Y OJTHOKYPCHHUKOB U TEM CAMBIM HE OTBJICKATh
uX BO BpeMmsa Jekmuu. llerecoobpazHo pa3zpaboTaTh COOCTBEHHYIO «Map-
Korpaduio» (3HAYKW, CUMBOJIBI), COKpaImieHus cioB. He numraum Oyner u uzyue-
HUE OCHOB cTreHorpaduu. PaboTas Haj KOHCIIEKTOM JICKIIUMH, BCEr/1a HEOOXOIUMO
MCITOJIB30BaTh HE TOJIEKO YUCOHHK, HO M TY JUTEPATYPY, KOTOPYIO TOMOJIHUTEIHHO
peKOMeHI0BaN JIeKTop. MIMEeHHO Takasi cephe3Hasi, KporoTinBasi paboTa ¢ JeKIH-

OHHBIM MAaTCPHUAJIOM I1O3BOJIUT I‘J'Iy6OKO OBJIAACTh 3HAHUAMMU.

1.2. IToaroToBKa K NPAKTHYE€CKUM 3aHATHSM

[ToaAroToBKY K KaXJa0My NPaKTUYECKOMY 3aHATHUIO CTYJEHT JOJDKEH HavaTh C
O03HAKOMJIEHUSI C METOAMYECKUMH YKa3aHUSMU, KOTOPbIE BKIIOYAIOT COJIEpPKaHHE
pabotel. TiaTenbHOE TPOIYMBIBAHHME M W3YUYEHUE BOMPOCOB OCHOBBIBACTCS Ha
popabOTKe TEKYLIEro Marepuaia JeKLIUHU, a 3aTeM U3y4eHUs 00s3aTeNIbHON U J10-
MOJIHATEIIBHOM JIMTEPATYPhI, PEKOMEHIOBAHHYIO K JaHHOU Teme. Ha ocHOBe mHu-
BUJIyaJbHBIX TPEANOUYTCHUN CTYACHTY HEOOXOJAMMO CaMOCTOSITEILHO BBIOpaTh
TeMy J0KJaja 1mo npobjieMe U 1Mo BO3MOXKHOCTH MOATOTOBUTH 1O HEMY MpE3eHTa-
LUIO.

Ecnu mporpamMMoi AMCHUILIMHBI MPEIYCMOTPEHO BBIMIOJHEHUE MpPaKTHYE-
CKOTO 3a/JlaHusl, TO €ro HEOOXOJUMO BBHIMIOJHUTH C YYETOM MPEIIOKEHHOU
MHCTPYKIMH (YCTHO WJIM MUCbMEHHO). Bce HOBBIE MOHSATHS MO M3y4aeMOil Teme
HEO0OXOJIMMO BBIYYUTh HAU3YCTh U BHECTH B TJIOCCApUiA, KOTOPBIH 11€51€CO00pa3HO
BECTH C CaMOro Hadajia W3ydeHus Kypca. PesynbTaT Takoil pabOThl JOJIKEH

IMPOsSABUTLECA B CIIOCOOHOCTH CTyACHTA CBO6OI[HO OTBCTUTh Ha TCOPCTHYCCKHC
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BOIIPOCHI CEMUHAPA, €r0 BBICTYIJIEHUHU M YYaCTUHU B KOJUIEKTUBHOM OOCYKJIEHUU
BOIIPOCOB M3y4Yae€MOM TEMBbI, TPABUJIBHOM BBIMOJHEHUHN NMPAKTUYECKUX 3aJaHUNA U
KOHTPOJIBHBIX padoT.

B 3aBucuMocTd OT cojiep:KaHUsi U KOJIMUECTBA OTBEJIECHHOIO BPEMEHHU Ha
M3YUYCHUE KAXKI0N TEMbI IPAKTUUECKOE 3aHITHE MOXKET COCTOSITh U3 YETBIPEX-TISITH
YJacTen:

1. O6cyx)aeHnue TeopeTUIeCKUX BOMPOCOB, OMPEIEICHHBIX MPOTPaMMOM JTUC-
IIUTITAHBI.

2. Jloxnaa u/viv BBICTYTUICHUE C TIPE3EHTAIMSIMHU 110 BEIOpAHHOM MpolbiieMe.

3. OOcyk/1eHrEe BBICTYTUICHU 110 TEME — JAUCKYCCHSI.

4. BbIlIOTHEHHWE MNPAKTUYECKOTO 3aJaHus C MOCJIEAYIOIIMM pa3zdopoM Io-
JYYEHHBIX PE3yIbTaTOB WA 00CYX ICHUE MPAKTUIECKOTO 3aaHusl.

5. IlogBeneHue UTOrOB 3aHSITHUS.

IlepBast yacTh — 0OCYXJICHHUE TEOPETHUUYECKUX BOIMPOCOB — IMPOBOJUTCS B
BuJie (DpOHTAILHOM Oeceibl CO BCEil TpyNoi ¥ BKIIIOYAET BRIOOPOYHYIO MTPOBEPKY
IPEernoaBaTeeM TEOPETUUECKUX 3HAHUN CTYJIEHTOB. [IprMepHas mpoioKUTeNhb-
HOCTh — 110 15 MuHyT. BTOpas 4acTh — BBICTYIUIEHHE CTYJIEHTOB C JIOKJIaJIaMH,
KOTOPBIE JIOJ>KHBI COMPOBOXKAATHCS MPE3CHTALMSIMU C LIEJIbI0 YCUIIEHUS HATJISAIHO-
CTH BOCHPUATHSA, 10 OJHOMY M3 BOIIPOCOB MPAKTUYECKOIro 3aHATHSA. OOs3aTenb-
HBII BJIEMEHT JOKJaJa — IMPEJCTABICHUE U aHAJU3 CTAaTUCTUYECKUX JIaHHBIX,
000CHOBaHUE COLMAIBHBIX MOCIEICTBUM JTI0OOOT0 IKOHOMHYECKOTO (pakTa, siBJe-
Hug win npouecca. [Ipumepnas npomomkurenbHocTh — 20-25 munyT. Ilocne
JIOKJIAJIOB CIIEIyeT UX 00CyXIeHue — AUCKyccusi. B xozme 3Toro stamna npakruye-
CKOT'0 3aHSITUSI MOTYT OBITh 3aJlaHbl YTOUHSIOIIUE BONPOCH K JoKIaaurKkam. [Ipu-
MepHas MPOAOKUTENbHOCTh — 110 15-20 MunyT. Ecnu nporpammoil npenycMoT-
PEHO BBINIOJIHEHUE MPAKTUYECKOIO 3aJaHUsI B paMKaX KOHKPETHOW TEMbI, TO
MIPENOIaBATENSIMUA ONPEIEISETCS €ro CoAepKaHue U JTaeTCs BPEMS Ha €ro BbIIOJI-
HEHUE, a 3aMeT UJET 00CyX)aeHNe pe3ynbTaToB. [loaBeIeHneM HTOTOB 3aKaHYHBA -

CTCA IIPAKTUYCCKOC 3aHATHC.
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B mpotiecce moAroToBKM K MPaKTUYECKUM 3aHATHSIM, CTyA€HTaM HE0OX0IUMO
o0patuth 0co00€ BHMMAaHHE HAa CaMOCTOSITEIbHOE M3Yy4YE€HHE PEKOMEHIOBAaHHOM
y4eOHO-METOIMUECKOM (a TakKe HAy4HOW W MOMmyJsspHOM) nuteparypsl. CamocTo-
arenbHas paboTa ¢ yueOHUKaMH, y9eOHBIMU MOCOOMSIMU, HAYYHOU, CTIPABOYHOU U
[IOITYJIIPHOU JIMTEPATYPOU, MaTEpUaIaMUu NEPUOAUYECKUX u3nanui u MHTepHera,
CTaTUCTUYECKUMU JIAHHBIMU SBIISIETCSI Hanbosiee 3pPEeKTUBHBIM METOJIOM IMOTyYe-
HUSL 3HAHWUM, TO3BOJSET 3HAYMTENBHO AKTHUBU3UPOBATH MPOLIECC OBJIAJICHHUS
uHdopMalmen, cnoco0cTByeT 0oJiee NTyOOKOMY YCBOSHHIO M3y4aeMOTo Marepura-
Ja, GopMHUpyeT y CTYIEHTOB CBOE OTHOIIEHHE K KOHKpPETHOM mpobieme. boiee
rIIyOOKOMY PAcCKpBITHIO BOIIPOCOB CHOCOOCTBYET 3HAKOMCTBO C JIOTIOJIHUTEILHOMN
JUTEPATYPON, PEKOMEHJIOBAHHOM IMpenojaBaTelieM N0 KaXKJI0M TeMe CeMHHap-
CKOTO WJIM MPAKTUYECKOI'O 3aHATHUSA, YTO MO3BOJISIET CTYJAEHTaM IPOSIBUTH CBOIO
WHIUBUYyAIbHOCTh B paMKaX BBICTYIUICHUS HA JaHHBIX 3aHSATHUSAX, BBISBUTH IIH-

POKHMI CHEKTP MHEHUH 10 U3y4aeMoi podieme.

1.3. CamocTosiTe/IbHOE H3yYEeHHE MAaTEePHAJIa TeM

Koncnektr — HamboJjiee coBepieHHas  HanOosee ciaokHas (Gopma 3ammcu.
C10BO «KOHCHEKT» MPOUCXOJUT OT JATHUHCKOIO «conspectus», YTO 03HayaeT «00-
30p, W3IOXKEHHE». B TpaBUIBbHO COCTaBICHHOM KOHCIEKTE OOBIYHO BBIJEICHO
camMoe OCHOBHOE B M3y4a€MOM TEKCTE, COCPEIOTOYCHO BHUMaHKE Ha Haubosee cy-
IIECTBEHHOM, B KPaTKUX U YETKUX (POPMYJIHPOBKAX 000OILEHBI Ba)KHbIE TEOPETHU-
YECKHUE MOTOKECHHUSL.

KoHcnekT npezacrasiser co00il OTHOCUTENBHO MOAPOOHOE, MOCIEA0BATEb-
HOE M3JI0KEHHUE COAEp KaHUs MPOYUTaHHOTO. Ha mepBhIX mopax 1enecooOpa3Ho B
3anucsx ONMXKe AepKaTbes TEKCTy, Ipuderas 3a4acTylo K NpSMOMY LIUTHUPOBAHUIO
aBTOpa. B nanbHelimem, o Mepe BbIpaOOTKM HABBIKOB KOHCIEKTUPOBAHUS, 3aIU-
cu OyZyT HOCUTh O0Jiee CBOOOHBIN U CHKATBIM XapakTep.

KoHcnekT kHuUTH OOBIYHO BeAETCA B TeTpaau. B camoMm Haudaje KOHCIEKTa

YKa3bIBACTCs (baMI/IJ'II/IH aBTOpa, IOJIHOC HA3BAHWC IMPOU3IBCIACHHA, U3AATCIILCTBO,
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rog U Mecto usnanusa. [lpu murupoBaHum oOs3aTeNbHAS CCHUIKA HA CTPAHUILY
kauru. Ecnu muraTa B3dTa U3 cOOpaHus COYMHEHHH, TO HEOOXOIMMO yKa3aTh CO-
OTBETCTBYIOIIMK TOM. ClielyeT TOMHHTh, UTO YETKAsI CChUIKA HAa UCTOYHHUK — HeE-
MMPEMEHHOE MPABUJIO KOHCIEKTUPOBAaHUS. ECIIM KOHCIIEKTUPYETCS CTaThsl, TO yKa-
3bIBAETCA, IJI€ U KOTJa OHA ObljIa HareyaTaHa.

KoHcnekr nmoapasaensercs Ha 4acTu B COOTBETCTBUM C 3apaHEe MPOLyMaH-
HbIM IUIaHOM. [IyHKTBI MIaHa 3alKCBIBAIOTCS B TEKCTE WM HA MOJISIX KOHCIIEKTA.
[Tucats ero pekoMeHAyeTCsl Y4eTKO U pa300pUmnBO, TaK Kak HEOpeKHasl 3alucCh C Te-
YEHUEM BPEMEHU CTAHOBUTHCS MAJOMOHITHOM 1uisl ee aBTopa. CylllecTByeT npaBu-
JI0: KOHCTIEKT, COCTABJICHHBIN JJis1 ce0sl, NOJKEH OBITh MO BO3MOYKHOCTH HAMKMCaH
TaK, 4TOOBI €T0 JIErKO MPOYUTal U KTO-TU00 JIPYTOH.

@®opMbI KOHCTIEKTa MOTYT OBITh Pa3HBIMHU M 3aBUCST OT €T0 IIEJIEBOr0 HA3HA-
YyeHus (M3ydeHue maTepuaia B IE€JIOM WJIW TMOJI ONpEeJeIEeHHBIM YTIJIOM 3pPEHMUS,
MOATOTOBKA K JIOKJIAy, BRICTYIUICHUIO HA 3aHSATUU U T.J.), @ TAKXKE OT Xapakrepa
npousBeaeHus: (MoHorpadus, cTaThs, JOKYMEHT H T.M.). Ecau peub uaer mpocto
00 U3JI0OKEHUU COJIep)KaHUS pabOThl, TEKCT KOHCIIEKTa MOXKET OBITh CIUIOLIHBIM, C
BBIZICIICHUEM OCO00 BaXKHBIX TIOJOKCHHM TMOMYEPKUBAHUEM WA Pa3TAYHBIMH
3HAYKaAMH.

B cnydae, korja He OrpaHUYUBAIOTCS MEPENIOKEHUEM COJIEpKaHUs, a (PUKCH-
PYIOT B KOHCIIEKTE U CBOM COOCTBEHHBIC CYXKICHUS 1O TAHHOMY BOIIPOCY WA JIO-
MOJIHAKOT KOHCHEKT COOTBETCTBYIOIIMMHU MaTE€pUAIAMU UX JIPYTHMX HMCTOYHHKOB,
CleAyeT OTBOJAWTH MECTO Ul TaKOro poja 3anuced. PexoMeHnyeTcs pas3neinThb
CTpaHULbl TETPAaM IOINOJIAM IO BEPTHUKAIM U B JIEBOW YacCTU BECTU KOHCHEKT
MIPOMU3BEJICHUS, & B IPABOM CBOU JOMOJIHUTEIbHBIE 3alIUCH, COBMEINIAsi UX IO CO-
JNEPKAHHUIO.

KoHncniektupoBanue B OoJbllieli Mepe, 4eM JIpyrue BUJIbI 3aIUCcei, TOMOTraeT
BbIpa0aThIBaTh HABBIKM MPABHJIBHOTO HU3JI0KEHUS B MUCHbMEHHOW (hOpME BaKHBIC
TEOPETUUECKUX M TMPAKTUIECKUX BOMPOCOB, YMEHUE YETKO WX (HOPMYIUPOBATH U

SICHO Hu3JjiaraTb CBOMMHU CJIOBaMU.
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Takum o00pa3omM, cocTaBieHHE KOHCIEKTa TpeOyeT BIyMYHBOW pabOTHI,
3aTpaThl BPEMEHU W TpyJa. 3aTO BO BpeMsl KOHCIEKTUPOBAHUS MPUOOpPETAIOTCS
3HaHMSI, co3/laeTcs (POHT 3anucen.

KoHcrekT MOXeT ObITh TeKCTyaJIbHBIM WJIM TEeMAaTUYeCKUM. B TekcTyambsHOM
KOHCIIEKTE COXPaHSIETCs JIOTUKA U CTPYKTYpa M3y4yaeMoro Mpou3BEICHUS, a 3aMKCh
BEJIETCS B COOTBETCTBHM C PACIOJIOKEHHEM MaTepuaia B KHUTe. 3a OCHOBY TeMa-
TUYECKOTO KOHCITIEKTa OepeTcs He MIIaH MPOU3BENICHUS, a COJEpKaHue KaKoH-I100
TEMbI UJIH TTPOOJIEMBI.

TekcTyanbHbId KOHCIEKT KENaTebHO HAYMHAThH MOCIE TOro, KaK BCS KHHIra
IPOYMTAHA U MPOJYyMaHa, HO 3TO, K COXKAJIEHUIO, HE BCEr/la BO3MOXHO. B mepByto
ouepeqlb HE0OXOMMO COCTABUTH IJIaH MPOU3BEJEHUS MUCHbMEHHO WM MBICJIECHHO,
MMOCKOJIBKY B COOTBETCTBHHU C STHUM IUIAHOM CTPOUTCS NanbHeimas padbora. KoH-
CHEKT BKJIIOYAET B CeOsl TE3UCHI, KOTOPHIE COCTABIIAIOT ero ocHoBy. Ho, B oTiuune
OT TE3UCOB, KOHCIEKT COJEPXKHUT KPATKyH 3aluCh HE TOJIKO BBIBOJIOB, HO H
JI0Ka3aTeIbCTB, BIUIOThH O (paKTUYECKOro Matepuaina. MlHade roBopsi, KOHCIIEKT —
ATO pacCHIMPEHHBIC TE3UCHI, JOTMOJHEHHBIC PACCYXKJICHUSIMU U JJOKa3aTeIhCTBAMH,
MBICIISIMH B COOOPaXKEHUSMU COCTaBUTEIS 3aIHCH.

Kak nmpaBuiio, KOHCIIEKT BKJIIOYAET B CEOs M BBHIITUCKH, HO B HETO MOT'YT BOUTH
OT/ICJIbHBIE MECTa, LIUTUPYEMbI€ JOCIOBHO, a Takke (haKThl, IpUMEPHI, HUPHI,
TaOJHIIBI U CXEMBI, B3sThIC 3 KHUTH. ClieayeT MOMHUTH, 9TO paboTa HaJ KOHCTICK-
TOM TOJIbKO TOrja OyJeT TBOPYECKOM, KOTJla OHAa HE OrpaHUuYCHAa TEKCTOM
M3ydaemMoro mpousBeneHus. HyKHO JOMOMHATh KOHCIIEKT JaHHBIMU U3 APYTUX UC-
TOYHHUKOB.

B xoHcniekTe HE0OXOAMMO BBIJEIATh OT/IECIbHBIE MECTa TEKCTa B 3aBUCHUMO-
CTH OT UX 3HAYMMOCTU. MOKHO TIOJI30BAThCSl PA3TMYHBIMU CIIOCOOAMU: TTOTUEP-
KUBAaHUSMH, BOINPOCUTEIBHBIMA M BOCKIMIATEIbHBIMU 3HAaKaMH, pPEIUIMKaMHU,
KpPaTKUMH OLICHKaMHM, MHCaTh Ha TMOJSX CBOUX KOHCIEKTOB CJIOBA: «BAXKHOY,
«OYEHb BAXKHO», KBEPHO», «XAPAKTEPHO».

B KOHCHEKT MOryT MOMEMIAThCsl JUarpaMMbl, CXEMbl, TaOJHUIIbI, KOTOPHIC

MPUIAAYT €My HATJISIHOCTb.
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CocTaBieHUIO TEMATHYECKOTO KOHCIIEKTa MPEAIIeCTBYET TIIATEIbHOE U3yYe-
HUE BCEH JIUTEpaATyphl, MOJOOPAHHOM ISl paCKphITUS JaHHOU TeMbl. briBaeT, uTo
Kakasg-11u00 TeMa paccMaTpUBAETCs B HECKOJBKHMX IJ1aBaxX WJIM B Pa3HbIX MeECTax
KHUTH. A B KOHCIIEKTE BEChb MaTepHall, OTHOCSIIMNNACA K TeMe, OyJIeT COCpeIoTOUYCH
B OZJHOM MecTe. B miiaHe KoHcIeKTa peKOMEHAYyEeTCs e1aTh MOMETKH, K KaKUM HUC-
TOYHMKaM (BIUIOTb IO CTpPAHHULbI) MPUIAETCS OOpaTUThCA [UIsl PACKPBITUSA
BONPOCOB. TeMaTHYeCKUi KOHCHIEKT COCTaBISETCS OOBIYHO HJisi TOTO, YTOOBI
rIIy0Ke U3YYUTh ONPEJETICHHBIA BOMPOC, MOJATOTOBUTHCS K JOKIIATY, JEKIUUA WU
BBICTYIUIEHUIO HA CEMUHAPCKOM 3aHSITUU. Takol KOHCHEKT MO COACPKAHUIO MPH-
ommkaeTcs K pedeparty, T0KIaay 1Mo u30paHHON TeMe, OCOOSHHO €CJI BKJII0YAeT U

COOCTBEHHBIN BKJIAJl B U3YyYEHUE TPOOIEMBI.

2. CPEACTBA OIUEHUBAHHUA YPOBHA COOPMHUPOBAHHOCTH
KOMIETEHIIUA OBYYAIOIIUXCA IMPU U3YUEHUU JUCIHUILINA-
HbI «CJIYYAVHBIE IPOLIECCHI B CUCTEMAX YITPABJIEHUS»

Bonpocsl 115 codeceoBaHusA

1. OcoOeHHOCTH CTOXaCTHYECKUX CHCTEM.

2. BHyTpeHHUE U BHEUIHUE CIy4YailiHbIE BO3AECHCTBHUS.

W

HccnenoBanne CTOXaCTUYECKUX CUCTEM CTaHAAPTHBIMU U CIIELUAIA3UPO-
BaHHBIMU MeToAaMU. JIOCTOMHCTBA U HETOCTATKU METOAMK.

[lonsATHE O CIIy4altHOM IpoLEecCe.

Peanuzanus cirygaidHOro rpouecca.

CeueHus C1y4aillHOTO MpoLecca.

NS s

OpHOMEpHBIE W MHOTOMEpHBIE (YHKIIUW paCIpeaesieHns, OCHOBHBIC
BUJIBI pacTIpeICTICHUIA.

8. OpHOMEpHBIE 1 MHOTOMEPHBIE TUIOTHOCTH BEPOSTHOCTH.

9. Cpennee o MHOXECTBY (MaTeMaTHUYECKOE OXKHUIAHHE).

10. Cpennee o BpeMEHHU.
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.

31.

32.

33.

34.
35.

Jucnepcus.

CpenHeKkBaIpaTUYECKOE OTKIOHEHHUE.

[ToHsiTHE O KOPPEIALMOHHON QYyHKLIHUU.

Koppenstnonnast GyHKIHS CTAIIMOHAPHBIX CITYyYalHBIX MPOIIECCOB.
B3aumnas koppensiuonHas GyHKIIHS.

OCHOBHBIE CBOMCTBA KOPPEISIIUMOHHBIX (PYHKIUN

[ToHsATHE O CHIEKTPaTbHOMN MIIOTHOCTH.

CnekTpasibHas IIIOTHOCTh CTAIMOHAPHBIX CITyYalHbBIX MTPOLECCOB.
B3anMmHas criekTpanbHasi INIOTHOCT.

OCHOBHBIE CBOMCTBA CIIEKTPAIbHBIX IJIOTHOCTEM.

L{eHTprpOBaHHBIE CIIy4YalHBIE MPOLIECCHI.

MapkoBCKHE CilydalHbIE ITPOLIECCHI.

CranuoHapHbI€ U HECTAIMOHAPHBIE CIIyYaWHbIE MPOLIECCHI.

DproauyecKue CiiydyalHble POLECCHI.

DU3NYECKUNA CMBICT KOPPEIAIIMOHHON (DYHKITUH.

OcHOBHBIE BUIbI KOPPESAIIUOHHBIX (QYHKITUH.

@U3NYECKUN CMBICH CIIEKTPAIbHOW INIOTHOCTH.

OcHOBHBIE BU/IbI CIIEKTPAIbHBIX IJIOTHOCTEM.

CBsA3bp MEXAY CTATUCTUUECKUMU XAPAKTEPUCTUKAMU CIYyHYaWHBIX MPOLEC-
COB Ha BXOJI€ Y BBIXOJE JUHEWHON CUCTEMBI yIIPABIICHUSI.
CraTucTudecKkre XapakTePUCTUKU BBIXOJHBIX CIyYaWHBIX MPOIECCOB BO
BPEMEHHOH 001acTH.

CrarucTu4ecKue XapaKTEepPUCTUKHU BBIXOAHBIX CIy4YalHBIX IPOLIECCOB B
4aCTOTHOM 00JIacTH.

XapakTepUCTUKU BXOJHBIX M BBIXOJHBIX CUTHAJIOB JINHEMHOW CHCTEMBI,
HAaXOISIENUCS MO BIIUSTHUEM CIIYYalHBIX BO3JICHCTBUM.

MaremaTtnueckoe OMMCaHUE CUCTEMBI.

Pacuer peryJisipHON COCTaBIISIIOLIEN BBIXOAHOTO CUTHAJA.

Pacuer LeHTpUPOBAHHOW CIIyYalHOW COCTAaBJISIOIIEN BBIXOJHOTO CHUTHA-

Ja.
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36.
37.
38.
39.
40.
41.
42.

43.

44,
45.

46.

3ajauu, perniaeMble CHCTEMOM.

Oneparop cuctemsl. Busibl orepaTopos.

dopMupyOIIME U 0TOEIUBAIOUIUE PUITBTPBHI.

Cratuctuyeckas ONTUMHU3ALUSA CUCTEMBI.

Kputepuit MuHUMyMa cpelHeKBaApaTUYECKON OIIHOKH.

Oco0OEeHHOCTH CUHTE3a ONTUMAIBHOW CUCTEMBI IIPH 3a/IaHHON CTPYKTYpE.
OcoOGeHHOCTH CUHTE3a ONTUMAIbHOM CUCTEMBI IIPU MTPOU3BOJIBHON CTPYK-
TypeE.

Ounetp Bunepa, ypaBHenue Bunepa-Xonda. OnTtumaibHOCTH B
YCTaHOBHBUIEMCS PEKUME.

Onpenenenne ONTUMAIBHBIX IAPAMETPOB CUCTEMBL.

OnpeneneHue ONTUMAIBHON CTPYKTYpbl M IApaMETPOB CHCTEMBbI. MeTo-
nuka lllennona-bone.

®unetp Kanmana-berocu. ONTUManbHOCTh B NEPEXOTHOM PEKUME.

Kpurepuun oueHuBaHMSI KOMIIETEHIIU A

OlLeHKa «3aYTEHO0» BBICTABIISIETCSI CTYACHTY, €CJIM OH TBEPAO 3HAET MaTepH-

aJ1, TPAMOTHO U 10 CYLLECTBY M3JIaraeT €ro, NpaBWIbHO IIPUMEHSET TEOPETUUECKUE

MOJIOKEHUS! MPU PEIICHUH NPAKTUYECKUX BOIPOCOB M 3a]ady, BIAJEET HE00XO-

AUMBbIMHW HABbIKAMHW W IIPpUCMaMM HX BBIIIOJHCHMAA. I[OHYCKaIOTCH HCKOTOPBIC HC-

TOYHOCTH, HEJIOCTATOYHO MPABUJIbHBIE (POPMYIMPOBKH B H3JI0KEHUH MPOTPaMM-

HOT'O Marcpuajia, 3aTpyJAHCHUA ITPHU BBIITOJJHCHUHN ITPAKTHYCCKHUX pa60T.

OHGHKa «HE€ 3aYTEHO0» BBICTABJIFACTCA CTYACHTY, €CJIIM OH HC 3HACT 3HAYHU-

TEJILHOM 4YacTH NporpaMMHOI0 marcpualjia, AOIMYyCKACT CYHICCTBCHHELIC OIHI/I6KI/I,

HCYBCPCHHO, C OOIBIIUMU 3aTPYAHCHHUAMM BBIIIOJHACT IIPAKTUYCCKHUC 3a1aHHAA.

3. OTYHETHOCTD 1O JMCHUIIJIMHE

YcneBaeMocThb CTYACHTOB IIO AUCHHUINIMHC OLCHHUBACTCA B XOJAC TCKYUICTO

KOHTPOJISl YCIEBAEMOCTH Y IPOMEKYTOYHOM aTTECTALUU.
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[Tponeaypa 3auera Kak OTJAEIbHOE KOHTPOJIBHOE MEPOIPUSITUE HE MPOBOIUT-
Csl, OIIEHMBAHKME 3HAHUIN O0YYalomIerocsi MPOUCXOAUT IO pe3yJbTaTaM TEKYIIETO

KOHTPOJISI.
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PEKOMEHIAYEMAS JIMTEPATYPA

IlepeyeHb OCHOBHOI JIMTEPATYPHI:

. TaBpunoB A.H. Teopusi aBTOMaTH4ECKOTO YNPABIECHUS TEXHOJIOTHUYECKIUMH O0BEK-
TamMH (JIMHEHBIE cucTeMbl) : yueoHoe nocodue / ['aBpunor A.H., bapmeros 10.I1.,
XBoctoB A.A.. — Boponex : BopoHexckuil rocygapCTBEHHBI YHUBEPCUTET
UHXEHEPHbIX TexHoJoruii, 2016. — 244 ¢. — ISBN 978-5-00032-176-8. — Tekct
: anektpoHHblid // IPR SMART : [caiit]. — URL: https://www.iprbookshop.ru/

50645.html (mara obpamenus: 22.04.2022). — Pexxum moctymna: Juisi aBTOPHU3UD.
II0JIb30BATEIICH.

. I'mazpipun I'.B. Teopusi aBTOMaTHYECKOIO pPEryJMpOBaHUs : yueOHOe mocodue /
I'maseipun I'.B.. — HoBocubupck : HoBocuOupckmii rocy1apcTBEHHBIN TEXHUYE-
ckuil yauBepcurert, 2017. — 168 c. — ISBN 978-5-7782-3438-3. — Tekcr : aiek-
tpoHHbiii // IPR SMART : [caiitr]. — URL: https://www.iprbookshop.ru/

91740.html (mara obpamenus: 22.04.2022). — Pexxum gocTyna: Jjisi aBTOPHU3UP.
I10JIb30BaTEIIEH.

. CosnoB C.IO. Teopust aBromatnyeckoro ympasieHus : yaeOnuk / Ceanos C.1O..
— Mockaa : Al [Iu Ap Menua, 2022. — 286 ¢. — ISBN 978-5-4497-1606-4. —
Texcr : oanextponnwsit // IPR SMART : [caiit]. — URL: https://
www.iprbookshop.ru/120288.html (mata oopamenus: 22.04.2022). — Pexum mo-

CTymna: JUisl aBTOPU3HP. NTOJIb30BATEIIEH.

IlepedyeHb 1OMOJTHUTEIBLHOM JIUTEPATYPHI:
. Pomun B.I1. Cnyuaiinble nmponecchl B JUHEHHBIX CUCTEMAX : yueOHOe MocoOue 1o
Kypcy Teopus aBToMatuueckoro ynpasienus / Ponun B.I1.. — CaparoB : By3oB-
ckoe obpaszoBanme, 2013. — 19 c¢. — Tekct : snexrponnsiit / IPR SMART :
[caiiT]. — URL: https://www.iprbookshop.ru/18388.html (marta oOpaieHus:

23.04.2022). — PexuM noctyna: sl aBTOPU3UP. MOJIH30BATEIICH.
. ApxamoB H.C. Teopus BeposSTHOCTEl M CiyyallHbIE MPOIECCHI : yuyeOHOE IOo-

cooue / Apkamos H.C., Kopanesckuit A.Il.. — HoBocubupck : HoBocubupckuii
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roCyJlapCTBEHHbIM TexHuueckuil yHuBepcuret, 2017. — 238 c. — ISBN 978-5-
7782-3375-1. — Texkct : anekrporHsiit // IPR SMART : [caiit]. — URL: https://
www.iprbookshop.ru/91741.html (nara oGpamenus: 23.04.2022). — Pexum po-

CTyTIa: JIJIsl aBTOPU3UP. TTOJIH30BATEICH

. TapacoB B.H. Teopusi BeposITHOCTEN, MATEMATUYECKAST CTATUCTUKA U CIy4YalHbIE
nporieccol : yuebnoe nocobue / Tapacos B.H., baxapesa H.®.. — Camapa : Ilo-
BOJDKCKHH TOCYNapCTBCHHBIN YHHBEPCUTET TEICKOMMYHHKAIMA ¥ HH()OPMATHKH,
2017. — 283 c¢. — ISBN 5-7410-0415-6. — Texkcr : snexktponnsid // IPR
SMART : [caiiT]. — URL: https://www.iprbookshop.ru/71890.html (maTa oOpare-

Hus: 23.04.2022). — Pexum pocryna: sl aBTOPU3HP. MOJIb30BaTENECH.
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	Если входные случайные процессы и статистически независимы, спектральная плотность полезного сигнала описывается дробно-рациональной функцией вида , а случайная помеха является белым шумом со спектральной плотностью , то оптимальная частотная передаточная функция следящей системы определяется по упрощенной формуле
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