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BBEJAEHHUE

[ToBeneHne peanbHbIX CUCTEM MOXKET ObITh OMKMCAHO MOJIEISIMU JIBYX
TUIIOB. JCTCPMUHHUPOBAHHBIMU (TIOJHOCTBIO OMPEACICHHBIMH) M CTOXa-
CTHYECKHMHU (BEPOSATHOCTHBIMH HJIM CTATUCTHYCCKUMHU).

B nerepMUHMPOBAHHBIX MOJEJAX MOBEIACHUE CHCTEMbI CUMTAETCS
MOJIHOCThIO ompejeiaeHHbIM. [Ipeanonaraercs, 4To CTPYKTypa CHUCTEMBI
ABJISIETCSL 3apAaHEE M3BECTHOW; MapameTpbl CUCTEMbI M BHEIIHUE BO3JECH-
CTBUSI (BXOJHBIE CUTHAJIBI) SIBJSIOTCS 3apaHee 3aJlaHHBIMU JIETEPMUHUPO-
BaHHBIMU (PYHKLHSIM BPEMEHHU; PEAKLMS CUCTEMbl HA BXOJHBIE CUTHAJIBI
(BBIXOJTHOM CHUTHAJl) TaKXe SBISIETCA JETCPMUHUPOBAHHON (YHKIIUEH

BPEMEHHU.

Ilpumeuanue. O6vbiuHO 8 OemepMUHUPOBAHHOU MOOeIU 8 Kauecmee
BXOOHBIX CUCHAI08 NPUHUMAIOMCS MUNOBblEe 8030ellCMBUS 8 8UOE eOUHUY-
HOU CMyneHuamou QyHKyuu 1(t), O yukyuu (udeanbHo2o UMNYIbCa) uiu
HeKOmopbwiX Opyux QYyHKYuULl 8pemeHu, KOmopole 8blOUPAOMCsl, UCX005 U3

onslma uau uHmyuyuu uccieoosamens 0Jis ydo6cm6a pacuema cucmem.

Camu 1eTepMUHUPOBAHHBIE MOJICNIU OMPEACISIOT 00OHO3ZHAYHOE COOM-
gemcmeue mMexncoy peanu3ayuimu 6Xxo00H020 U 8blXx00H020 cueHanos. Iloe-
JICHUE CHUCTEMBbI OMNHUCHIBAECTCS OOBIKHOBEHHBIMU U (epeHIInaTbHbIMU
ypaBHEHUsIMH. OHO OJHO3HAYHO OINPEAEISAETCS COCTOSIHUEM CHCTEMBI B Te-
KyIIUHA MOMEHT BpeMEHH (HA4aJbHBIMHU YCJIOBHUSIMH) U MOXKET OBbITb TOYHO
OpeCKa3aHo s JIF0OOTo MOCIeAYIOIIEro MOMEHTa BPEMEHHU.

HccnenoBanue IMOBEAECHUS CHUCTEM IOCPEACTBOM JETEPMHUHUPOBAH-
HBIX MOJENEN CBOAUTCA K M3YUYEHHUIO Ipolecca mpeoOpa3oBaHUsl JAETEp-
MUHHUPOBAHHBIX BXOJHBIX CHUTHAJIOB B JE€TEPMUHUPOBAHHBIC BBIXOJHbBIC
CUTHAJIBl. DTOT IPOLIECC TAKIKE CUUTAETCS I€TEPMUHUPOBAHHBIM.

B croxacTM4yecKHX MOJAesIX BXOJHBIE CHUTHAJbl, IapaMeTpbl U
CTPYKTYpa CUCTEMBI B OOILIEM Cllydae CUMTAIOTCS CIIy4alHbIMU (DYHKIIUS-
MU BPEMEHU WM CIy4allHbIMU BEIMYMHAMU C M3BECTHBIMHU CTaTHUCTHYE-



CKUMH XaAPAKTCPUCTUKAMMU.

Ilpumeuanue. Heobxooumvie cmamucmuueckue XxXapaxmepucmuxu
Onpeodenstomes 8 xo0e CMamucmui4ecko20 aHaau3d ONblMHLIX OAHHBIX O

Nno8eoeHUlU CUCTEMb] 6 PEAIbHbBLX YCIIOBUAX

CraTuCTUUECKUE MOIEIU KAdXHCOOU peanuzayuu 6xXo0H020 CUSHANA
CMagsam 6 CoOOmeemcmeaue MHOHCeCmMeEo 8bIXOOHLIX CUSHANO8, XapPAKTEPH-
3yeMoe OIpeJeIeHHBIM 3aKOHOM pacmpezenenus. Eciu u3BecTHBI cTaTu-
CTUYECKNE XapaKTEPUCTUKU BXOJIHBIX CUTHAJIOB U INHAMUYECKUX CBOWMCTB
CUCTEMBI, TO IOBEJEHUE CUCTEMBI OYIET MOJHOCTBHIO ONMPENEIECHO B CTaTH-
CTHYECKOM CMBICIIE (T. €. MOT'YT OBITh HAWIEHBI COOTBETCTBYIOIINE CTaTH-
CTHYECKHE XapaKTePUCTUKN BBIXOTHOTO CHTHAJIA).

N3ydeHne noBeIeHUs] CUCTEMbI C TTOMOIIBIO CTOXaCTUYECKOW MOJIENU
B O0IIEM Cilyyae CBOJUTCS K U3YUYEHUIO NPEOOPa30BaHUA CUCTEMOW CIy-

YaWHBIX BXOJHBIX CUTI'HAJIOB B cnyqaﬁHHe BBIXO/JHBIC CUT'HAJIBI.

Ilpumeuanue. Yacmnvim ciyuaem npumeHenusi Cmoxacmuyeckux mMo-
oefnell AGNAEMC U3YUeHUue No8eoeHUs 0emepMUHUPOBAHHOL CUCMeMbl,
Haxoo0saweucs noo 6auUsHUeM CAY4auHblX 6XOOHbIX CUCHAN08. B Opyzom
YACMHOM CllyYyae 6XO0OHble CUSHANbI CYUMAIOMCA 3apanee U38eCmHbIMU
QYHKYUAMU 8peMeHU, A CMPYKMYypa CUCmeMbvl U ee Napamempsbl umerom

CYUAUHBIU Xapakmep.

Ilpumep. Cucmema cmabunuzayuu Kypca iemamenbHo20 annapa-
ma. CmpykmypHas cxema cucmemsl umeem euo

o) oy ()

C nOMOUIbIO za0amyuxka 1 ycmaHaeaueaemcs Hys;HCHOoe 3HA4YeHUue Kyp-

ca g(t). Ha nemamenvnulii annapam 2 Oeticmeyem 603MyujeHue ammo-

cghepol f(t). 3adaua cmabunuzayuu 3aKar0uaemcs 8 n000epPHCAHUU oeli-



CMBUMENbHO20 KYPCA, PABHbIM 3A0AHHOM) .
Hccneoys npoyecc cmabunuzayuu ¢ nomMowbio 0emepMuHUpO8aHHOl

MOO€eNU, MONCHO CUUMAMb, YMO 3A0AHHbIUL KYPC NOCMOSHEH (g(t)= Jo);
B03MYUjeHUE amMocpepbl 3a0aHO Kak @QYHKYUs 8pemeHu (Hanpumep,
f(t)= fo); ounamuueckue ceoticmea cucmemul onpedenenvi 8 ude Ough-
Qepenyuanvroeo ypasrenus. BbixoOHoOU cucHan x(t) npeocmasnaemcs 8

suU0e KOHKpemHOU (YHKYUU 8peMeHU, onpeodessieMol KaK pe3yibmam oOe-
MepMUHUPOBAHHO20 npeoobpazosanus /I (cm. cxemy).

=0 — 07"

— I }—

Ilpu maxkom pewenuu 3adauu OUHAMUYECKUE CBOUCMBA CUCTEMbL
NPUHAMBL NOJIHOCbIO ONPEOESIeHHbIMU 80 8PEMEeHU, a 3a0amuyux Cuuma-
emcsi U0eanbHoO MOYHbIM.

Cucmema cmabunuzayuu mModHcem uUcciedo8amsvCs ¢ NOMOUWbIO Cma-
mucmudeckou Mmooenu. Tak Kaxk peanvHvle 3a0amyuxu pabomarom c
OUUOKOU, MO HYIHCHBLU KYPC MOMCEM OblmMb NPedCmAaesieH KaK CIy4auHblll
npoyecc G(t)= g(t)+ N(t), 20e g(t) — nonesuvtii cuenan, N(t) — nomexa,
onpedensiemas CAYYAUHOU NOSPEewHOCmblo 3a0aHusl Kypca. Bozmywenue
ammocghepvl npeoCmasiAemcs CAyuyauHblM Npoyeccom F(t). Buvixoonoti
CUCSHAL CUUMAemcs CAY4YauHbIM NpoYeccom X(t), NOJIYYEeHHbIM 8 X00e

cmamucmuyeckozo npeobpazosanus C (cm. cxemy).

g(t)N% 0 X0

Hpu maxKom peuteHuu 3a0ayu moacem Ovimv noJjliy4eH omeem Ha 60-

npOC 0 MOM, KaK cCUucmema Cmaouiuzayuy 8bloepicusaen 3a0anHbli Kypc
8 CpeOHeM NpU MHO2OKPAMHOM ee UCHOIb30BAHUU C PEealbHbIMU 3A0amyu-
Kamu 8 peaibHol 803MyWeHHOU ammocgepe.



Bp100op TOro viiv ”HOTO BUIa MOJIETH 3aBUCUT OT UMEIOIIEHCS MCXO/-
HOW MH(OpPMAIINH, OIbITa TPOSCKTUPOBAHUS CHUCTEM, YCIOBUM UX MPUME-
HEHUS.

JleTepMUHUPOBAHHBIE MOJAEIU BOCIPOU3BOJAT TOJBKO PETYJSAPHBIC
COCTABJIAIOIIME PEAIIbHBIX CUTHAJIIOB U HE YUYUTHIBAIOT UX CIY4YaWHBIX CO-
cTaBAOUX. [103TOMY MX MOXHO paccMaTpyMBaTh KaK YaCcTHBIM Clydau
CTaTUCTUUYECKUX MOJICNICH, ONEPUPYIOLIUX HanOoJiee BEPOSITHBIMU 3HAYE-
HUSIMU CUTHAJIOB.

JleTepMUHUPOBAHHBIE MOJENU MO3BOJAET CUHTE3UPOBATH CHUCTEMBI,
ONTUMAJIbHBIE TOJIBKO JIJI1 KOHKPETHOrO HAa0Opa BXOJHBIX CUTHAIOB (151
JPYTUX, CYIIECTBEHHO OTJIMYAIOIINXCSI CUTHAJIOB OHU MOTYT OBITh JaJIEKO
HE ONTUMaJbHBIMHU). CTaTUCTUYSCKHE MOJICIH JAl0T BO3MOXKHOCTH CIIPO-
EKTUPOBATh CUCTEMBI, SABJISIOIIMECS ONTUMAIbHBIMU IS LEJIOr0 MHOMXKE-
CTBa PEAIbHBIX BXOJIHBIX CUTHAJIOB.

JleTepMUHUPOBAHHBIE MOJEIN MOT'YT MCHOJb30BATHCS I IMPOEKTH-
POBaHUS CUCTEM MPU CIy4alHbIX Bo3aeHcTBUsAX. [Ipr 3TOM 00BIYHO cunTa-
€TCs, YTO ATU BO3ACHUCTBUS MAKCUMAJIbHBI, U K CUCTEME NIPEABSBIISIOTCA 3a-
BEJIOMO OoJiee )KecTKre TpeOoBaHus, YeM 3To HeoOxoauMo. B psne ciydaes
TaKOW MOJXOJ] OKa3bIBACTCA 1E€JIE€CO00Pa3HBIM WU JIa’Ke €IUHCTBEHHO MPH-
emieMbIM. OJIHaKO MOJAO0OHBIE HEOJArOMPUSTHBIC CUTYallMd BCTPEYAIOTCS
penko. [ToaToMy npruMeHEHHE CTOXaCTHYECKUX MOJIETIEH, ONIEPUPYIOIINX HE
MaKCUMaJbHBIMU, a Hau0oJIee BEPOSITHBIMU 3HAYCHUSIMU BHEIIIHUX BO3JIECH-
CTBUM, MPUBOJUT K MOJIYYEHUIO O0Jiee pallMOHAIIbHBIX TEXHUYECKUX pellie-
HUM (€CTECTBEHHO, MPEIHAMEPEHHO JONYCKAETCS CHH)KCHHE KayecTBa CH-
CTEMBI B MAJIOBEPOSITHBIX CUTYAIUSIX ).

N3yyeHueM MOBEIEHUsS] CUCTEM IPHU CIIyYalHBIX BO3AECUCTBUAX 3aHU-
MAETCs CTATHCTHYECKasi AMHAMHMKA CHUCTeM. B HEl y4uTBIBAETCS, YTO
BXOJIHBIE CIIyYalHbIC CHUTHAJbl MOTYT COJIEPkKAaTh ACTEPMUHUPOBAHHBIC
COCTaBIIAIOIIME, & CTPYKTypa CUCTEMBI U €€ MapaMeTpbl MOT'YT OBIThH Jie-
TEPMUHUPOBAHHBIMU. CTaTUCTHYECKAas JWMHAMHUKA H3Yy4aeT CIEAYIOIINE
pOOIEMBI.



® CTAaTUCTUYECKOE OMMCAHUE CIy4YalHBIX MPOIECCOB, 3aKIIOYAIOIIe-
€Cs B OIPEJCICHUU UX CTaTUCTUUYECKUX XapaKTEPHUCTHK;

® CTAaTUCTHYECKUI aHAIM3 CHCTEM, 3aKITIOYAIONTUNACS B OOIIEM CIy-
4yae B HAXO0XKJCHUU CTATUCTUYECKUX XaPAKTEPUCTUK MX BBIXOJIHBIX CUT'Ha-
JIOB TI0 3aJITaHHBIM CTaTUCTUYECKUM XapaAKTEPUCTUKAM BXOJHBIX CHUTHAJIOB
U CTAaTUCTUUYECKUM XapaKTEPUCTUKAM JIMHAMUYECKUX CBOMCTB CUCTEM;

® CTaTUCTUYECKUU CHUHTE3 ONTUMAJIBHBIX CHCTEM, 3aKIHOYAIOIIUNCS
B HAXOXJACHUM U PEaM3allii ONTUMAJIbHBIX B OMPEJCICHHOM CMBICIE JIU-
HAaMUYECKUX CBONCTB CHCTEMBI MO 33JaHHBIM CTaTUCTUYECKUM XapaKTe-
PUCTHUKAM BXOJIHBIX CUTHAJIOB.

B KOHEYHOM HTOre CTaTUCTUYECKASI TMHAMUKA MO3BOJIAET ONMPENCITUTh
CTaTUCTUYECKUE XAPAKTEPUCTUKU BBIXOJHBIX CHUTHAJIOB, C MOMOIIBIO KO-
TOPBIX MOKHO OIEHUTh MX TOYHOCTh, HAJCKHOCTh, IIPOIYCKHYIO CIIOCO0-

HOCTb CUCTEM.
BOITPOCHI JJIA CAMOKOHTPOJIA

1. Kakue Monenu cuuTaroTcs JeTEpMUHHUpPOBaHHBIMH? Kakoit BHA
UCXOAHOW MHpOpMaNMU OHU HCMoNb3yioT? Kakoe mpeoOpa3oBaHue WH-
dbopmalnuu OHM Peau3yroT?

2. Kakume monmenu cuurtarorcd croxactudyeckumu? Kakod BuI uc-
X0JHOM nH(pOpMaUM OHU UCHONb3YIOT? Kakoe mpeoOpazoBanue uH@op-
MaIllu¥ OHU PEATTU3YIOT?

3. B ueMm q0oCTOMHCTBA M HEAOCTATKHU JICTEPMUHUPOBAHHBIX U CTaTH-
CTUYECKUX MOJIEIICH?

4, Yrto nu3ydaer cTaTUCTHYECKas JMHAMHUKA CUCTEM ?



1 CIYYAHHBIE TPOLIECCHI
1.1 Cay4aiinble mpouecchbl U UX XapaKTePUCTHKHU

Cayuaiinble nmpouecchl — ciaydailHble QYHKIIMM HE3aBUCUMOW Mepe-
MeHHON — BpeMeHu t. CinydaliHol cunTaercs PyHKIUs, 3HAYEHUE KOTOPOU
JUIS KaXXJI0r0 3HAYCHUsI apryMEHTa SIBJIAETCS CIy4ahHOM Benu4yuHOM. Ilo
pe3yJibTaTaM N OMNBITOB CIYYaWHBIN MPOLECC X(t) MOXET 0TOOpa3uThCA N

pazIMYHBIMU QYHKIHSAMHA BpEMEHU Xi(t), rae | =1, ..., N, KOTOpbIC Ha3bI-

BaIOTCS peajm3anusiMU (BO3MOKHBIMU 3HAUYCHHUSMH) CIy4allHOrO IIPO-
necca (cM. pucyHok 1.1). JlomkHa u3ydaTbes HEe KaxKaas peanausaiys B OT-

JIEIbHOCTH, @ CBOMCTBA BCEro MHOXKeCTBa X (t)

Xl(t)

Xk(t) Xy t.

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

Pucynok 1.1 — Peanusanuu cnydaitHoro nporecca

Jist mo6Goro pukcupoBaHHOTO MOMEHTa BpeMeHH t =1 peanuzarus

Xi(t j) SBJISIETCSL PETYJSIPHOW (HEeCIy4dailHoil), a X(t j) — CIy4YaulHOU

GyHKIMENH, TOJIYYEHHOW MyTeM CTaTUCTUYECKOTO YCPEIHEHUsS CBOMCTB
pa3IvMuHbIX peanuzauui. OyHKIUA X(t j) HAa3bIBAECTCS CEYEHHMEM CJIYy-

YaHOr0 NMpouecca B MOMEHT BPEMEHH .



Ilpumeuanue. Henvszs ymeepocoams, umo ciyuatinwlii npoyecc 8 0aH-
HbIUL MOMEHM 8peMeHU NPUHUMAEM HeKOmopoe 0emepMUHUPOBAHHOe 3HA-
yenue. ModicHo 2080pums auuib 0 MOM, 4o ¢ HEKOMOPOLL 8EPOSIMHOCTBIO
9MO 3HAYeHUe HaXO00UMCcs 8 ONpeodeneHHbIX Npeoelax.

CraTHCTHUECKHE XapaKTEPUCTHUKH CIy4aHOrO IpoIecca ONpeaciis-
I0TCSL €ro yHKyuel pacnpedenenus (MHTErpaIbHBIM 3aKOHOM pacrpee-
JeHUs1) U naomuocmoeio eepoamuocmu (quddepeHnnaibHbIM 3aKOHOM
pacrpeaeneHus).

DyHKUMed pacnpeneieHUs CIYYalHOW BEIUYHUHBI X CUMTAETCS He-
npepbIiBHAS HEeyObIBatomasi PyHKIHS, ONpeeNsionas BEPOITHOCTh TOTO,
9TO 3HaUCHHE X OYJIeT MEHBIIIE HEKOTOPOT'0 3aIAHHOTO 3HAYEHUSI

Fy(&)=Pix< &},

F,(—0)=0, F (+®)=1. (11)

BeposTHOCTB TOr0, 4TO ClydyaiHas BEIWYMHA X ITONAAaeT B 3aaHHBIN

MOJTYOTKPBITBIA UHTEPBAJI, PABHA

P{A< x<B}= FX<B)-FX<A)=in<e)d¢, 12)

rje wx(/,‘) HEIpepbIBHAS (PYHKIIMS, Ha3bIBa€Mas MJIOTHOCTHIO BEPOSITHO-

CTH cnyqaﬁHoﬁ BCIIMYUHBI X. CHpaBe)IJ'H/IBbI COOTHOIICHUA

()= To, (),

4F,(©)
wx(§)=?'

B Tteopuu cucrem Hambosiee ymoTpeOUTEIHLHBIMU SIBISIOTCS PaBHO-

(1.3)

MEPHOE, SKCIIOHECHIIMAJIBHOE U HOPMAJIbHOE PaCIpEIEIICHUS.
PaBHOMepHOe pacnpeaejeHue XapakTepHO IS CIy4YaWHBIX DKCIIe-
PUMEHTOB C paBHOBEPOSATHBIMH HcxofaMu. Ero dyHkius pacrnpeneneHus

H IIJIOTHOCTDH BCPOATHOCTH HAXOIATCA I10 (l)opMynaM



[0, £<a,
F)=12=" gelab] (14)
1, £>D,
b
o (£)={p-a" £20) (L5)
O, &ela,b],

rjae a u b — HKHAS 1 BepXHsIS TpaHMIIA TUara30Ha PacipeIeIeHus.
IKCNOHEHUNAIbHOE pacnpeejleHre XapakTepHO i1 CUCTEM C OT-
CYTCTBHEM MOCJE/ICHCTBUSA, KOT/Aa

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

B CBS3U C YE€M OHO SIBJISICTCS OCHOBHBIM B TEOPUH CKAuYKOOOPAa3HBIX Map-
KOBCKHMX IporieccoB (cMm. ganee). Ero ¢yHkmus pacnpeneineHus U IioT-

HOCTh BEPOATHOCTH HAXOAATCA 1Mo (popmyiam

( ) 0, £<0,

F, (&)= 1.7
d 1-exp(-4-¢), £20, o
0, £<0,

@, (&)= (1.8)

A-exp(=4-&), £20,

rae A — Koo PUIMEeHT 3aTyxXaHu4.

HopmanbHoe pacnpeesienne XapakTepHO IS CIyYailHbIX BETUYHH,
onmpeaesieMbIX CyMMapHbIM 3¢ @(eKToM OT AEHCTBHUS OOJBIIOrO YHCIa
cnydaiHbiX gakTopoB. Ero dyHkums pacrpeneneHuss U MIOTHOCTh BEPO-

ATHOCTH HaXOHsTCs 1Mo (popmynam

Fx(é)wz—”—l.a J exp[ (g=m, )Z] ¢, (1.9)

X —o0 2'O-x



7O 5y

X

2
- exp[— m} (1.10)

2.02

rae My — MaTEeMaTHYECKOE OXKHUIAHUE, Ox — CPEAHECKBAJPATHUECKOE OT-
KJIOHEHUE CIIYYalHOW BEJIMYMHBI X.
I'paduku GyHKIHII Fx(é‘) u wx(f) IUISL pa3IMYHBIX BUIOB pacipere-

JICHUH TTOKa3aHbl Ha pucyHke 1.2,

Fx(gl) @, (&)
1
b-a| ! |
0 a —
Fx(gl) ____________ @, (&)
z\
0 £ 0 4
6)
~ .

Pucynok 1.2 — @yHKIMK pacrpeieIeHus] U TIIOTHOCTU BEPOSATHOCTH:
(a) paBHOMEepHOE pacrpeneneHue; (0) SKCIOHEHIINATLHOE PACIIPEICIICHHE;
(B) HOpMaJIbHOE pacrpe/ieeHNe



JIJst cy9aitHBIX TIPOIIECCOB MOKHO ONPEASTUTh Pa3IudHbIe ()yHKIINH
pacnpenenenusi. OonomepHol QyHKyueu pacnpedenretus Ciy4auHo20 npo-
yecca X(t) (byHKIIMEH TIEpBOrO MOPSAKA) CYMTAeTCS (DYHKIMS, Ompese-
JISIOIAst BEPOSATHOCTh TOT'O, YTO €r0 CCUCHHE OyAeT MEHBIIE HEKOTOPOro
3aTAaHHOTO 3HAYEHHUS JJIT MOMEHTa BpeMEHH 1 1

F1(§1 ’t1)= P{X(t1)< 51}’

1.11
Fl(_oo!t]_)=0, F1(+w,t1)= 1. ( )

Oynkius (1.11) xapakTepu3yeT ciIydalHbIA MPOIECC U30IMPOBAHHO B
OTAENBHBIX CEUYCHUSAX, HE OTpakas B3aMMOCBA3M Mexay HUMH. OgHOMED-
HOW (QyHKIIMEH pacmpesielieHUus OJHO3HAYHO XapaKTEPU3yeTCs TOJNbKO YH-
CTO CIy4alHBIM MPOLECC WM Oesblil WIyM. Ero pazinyHbie ce4eHUs CO-
BEPIIECHHO HE3aBUCHUMBI JIPYT OT APYra.

Jleymepnoii ¢ynkyueii pacnpedenenusi cry4auHo20 npoyecca X(t)
Ha3bIBaeTCs (PYyHKUMS, ONpEAENsionasi BEpOATHOCTh TOTO, YTO €ro ceye-
HUE OyJIeT MEHbIIIE HEKOTOPBIX 3a/IaHHBIX 3HAYEHUU ISl IBYX pa3InyHbIX

MOMEHTOB BpeMeHu 11 u t)

Fz(fl 158, 1t2)= P{X(t1)< 51’X(t2)< 52}’
Fz(—w’tl;fz’t2)= F2(§1’t1 ;—°°’t2)=0’ (1.12)

F2(+ o,t, ;+oo,t2)= 1.

MoxHO onpeAeuTh N-MepHYI0 YHKYUIO pacnpeoeienus

Fn(gl ’tl ;'--;gn 'tn)= P{X(t1)< 51 ""’X(tn)< gn}'
Fo(-o0,ty5580 )= o= Fo (&1t 55—o0,t,) =0, (1.13)
Fo(+00,t;;..40,t, )= 1.
Yem BbIlIe MOpsAOK GYHKIUM pACIpPENCNICHUs], TEM TOYHEE Ompeie-
JISIFOTCSL CBOMCTBA mporiecca. OnHako 3akoHoMepHOocTH Buaa (1.13) 00ObIu-

HO OBIBAIOT TPOMO3JKHMMH, MOITOMY Ha MPAKTUKE OTPAaHUYUBAIOTCS (DYHK-
LUSMU [IEPBOI0 UIIA BTOPOI'O IMOPSIKOB.



CymiecTByeT OCOOBIM KJacC CIy4ailHbIX MPOLECCOB, I KOTOPBIX
GbyHKIMU pacnpenelieHus: B 1000 MOMEHT BpeMeHu t > to (B Oyayiiem)
ONPECIISIOTCS TOJIBKO 3HAUYCHUEM X(to) (B HacTosIIEM), U BCE 3HAUYCHUS
X (t) npu t < to (B poLIJIOM) HE YTOUYHSIOT ATO onucaHue. Takue mpoliec-
Chl HAa3bIBAIOTCSI MAPKOBCKUMHU (10 UMEHH BIIEPBBIE€ MCCIIEIOBABIIETO UX
marematuka A.A. MapkoBa). OHM XapaKTE€pHBI Il CUCTEM C OMCYm-
cmeuem namsamu (WA CUCTEM Oe3 noCiedeticmeusl).

Ilpumeuanue. Ananocom MapKo8CKO20 NPOYECca MONCHO CHUUMAMDb
peuterue ougpeperyuaibHo20 ypasHeHus nepeoco nopsaoKd

%x(t)= oft, x(1)],

Komopoe zasucum om X(to) U He 3aeucum om I/lp0u3600Hle 11006020 no-

paoka om X(t) no epemenu 6 momenm to.

[Io MaremMaTH4eCKOMY OINMCAHUID MAPKOBCKHME MPOLECCHI MPOLIE
HEMAapPKOBCKUX.
s cinydakHOTO mporecca X(t) MOHO ONpPEAEIUTh MIOTHOCTU BE-

POSITHOCTH TpeOyeMoro mopsiaka

0 :
7161)- FE0)
1

(1.14)

an ) 11 n'%n
@, (&1t 6ntn) = Fn(glé tlaé - )'
1 oee n

CpenHee 1o MHO:KeCTBY (MaTeMaTHYeCKOe OKUJAAHUE) ONpPEICIsi-

€TCsS Ha OCHOBE HAOJIIOJICHUH 3a pealu3alusMU CJIydailHOro Impoiiecca B

OJHH U TOT )K€ MOMCHT BPCMCHHU

%(t)=m, ()= M[X(t)]= j: x- @, (x,1)dx. (1.15)



Mamemamuueckoe odcudanue cCaydauHo2o0 npoyecca — peyisipHasl
@dyHKYUs, 3HaueHue KOmopou 8 nobou momenm epemenu tj pasno mame-

mamudecKomy 02ICUOAHUTO coomeemcmeyruleco cedyerus X(tj ) OnHo sB-

JE€TCA PE3YJIbTATOM BEPOSITHOCTHOIO YCPEAHECHUS CIY4alHOM BEJIUYUHBI,
OpU KOTOPOM KaXJ0€ €€ BO3MOYKHOE 3HAueHHE Oepercsi ¢ BECOM

wl(x,tj).

MOXHO onpenenuTs HEHTPUPOBAHHBIN CJOy4YailHbIN MpoLece

X (€)= X(t)=my (1), (1.16)

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

JIro0ol cny4aliHbIN MPOIECC MOKHO MPEICTaBUTh KaK COBOKYITHOCTh
PETYJISIPHOM COCTABIIAIONICH (MAaTEMAaTUUYECKOTO OXHUJAHUS) U IIEHTPH PO-
BAHHOW CIIyYaliHOM COCTaBJISIOLIEH

X(t)=my (©)+ X(t). (1.18)

CpeaHee mo BpeMeHH ONPEAEISIETCA HA OCHOBE HAOMIOJECHUS 32 OT-
NEJIbHOW pealin3aluel CIy4YarHOro MpoIecca B TEUEHUE JTOCTATOYHO JJIU-

TCJIbHOI'O BpCMCHHU, KaK
1 T
im —— [ x(t)dt, (1.19)

€CJIM ATOT Ipejien cyiecTByer. B oliem ciydae 3TO 3HaYEHUE Pa3IuyHO
JUIA OTJICIIbHBIX PEANM3ALMN CIYYalnHOr O IIPOoLiecca.

JIucnepcuen HEHTPUPOBAHHOIO CAYYaMHOIO MPOIEeCCa CUUTACTCS Ma-
TEMaTUYECKOE OKUJIAHUE €TI0 KBaJapaTa



D, (1)= M| Xx2(0) =ij’° [x=m, OF @, (x.t)ix. (1.20)

Jlucnepcus cayuaiinoco npoyecca — pe2yisapHas QyHKyus, 3HaveHue
KOmopou 6 nto6ou momenm epemenu tj pagno oucnepcuu coomeemcmey-

rowe20 ceuyeHus X(t j )

CpeaHeKkBaJpaTHYHOE OTKJIOHEHHE LIEHTPUPOBAHHOIO CIy4YailHOIo

IpoLeCCa HAXOAUTCS KaK KBaJIPATHBIM KOPEHB U3 €0 JUCIIEPCUU

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

[To xapakTepy U3MEHEHUS CTATUCTUYECKUX XAPAKTEPUCTUK C TCUCHU-
€M BPEMEHHU CIyYaillHbIE MPOLECCHI AT HA CTAIIMOHAPHbIC M HeCTAIlH-
OHapHble. Pa3nnyaroT CTAMOHAPHOCTD B Y3KOM M B IIUPOKOM CMBICIIE.

CmayuonapHvim 6 Y3KOM CMbiCle HA3bIBAIOT CIIyYallHBIA IPOLECC
X(t), CTATUCTUYECKUE XaPAKTEPUCTUKU KOTOPOrO HEM3MEHHBI BO BpEMe-
HU. OyHKIUA pacnpeneneHus U MIOTHOCTh BEPOSITHOCTH JIEOOO0M pa3mep-

HOCTH HC 3aBUCAT OT Ha4daJla OTCUCTAa BPCMCHU to, T. €.

Fn(gl ’tl ;---;gn ’tn)= Fn(gl ’tl _tO ;'--;én ’tn _tO)'

(1.22)
za'n(gl ’tl ;---;gn ’tn)=wn(§1 1tl _tO ;"';gn ’tn _tO )’

rje to BhIOUpaeTcss MpOu3BOIBHO.

CmayuonapHvim 6 WUPOKOM CMbICe HA3BIBAKOT CIY4alHBIM IIPOLIECC
X(t), MaTEMaTHYECKOE OXKHUJAHUE KOTOPOro MOCTOSHHO, a (DYHKIMU pac-
OpeleseHusl U IUIOTHOCTH BEPOSATHOCTH JIO00M pPa3MEpHOCTH 3aBUCST
TOJIBKO OT BEJIMYMHBI CIBUI'a BCEX TOYEK tj BIOJIb OCH BPEMEHM HA OIMHA-

KOBYIO BEJIIMUMHY 7 (T. €. 3aBHCST OT Hayajia OTCUETa BPEMCHH )

Fo(& 47508t +7)=Fo(&y &0 1),

(1.23)
wn(él +75. 0800t +z')= wn(.fl e C ,z').

[Ipouecchl, cTalMOHapHBIE B Y3KOM CMBICHE, O0SI3aTENBHO CTalUO-



HapHbI U B IIUPOKOM cMbIcie. OOpaTHOE YTBEPKIECHUE BEPHO HE BO BCEX
cinyvasix. CiydaiiHble Mpolecchl, HE 00JaJarolire CBOWCTBAMU CTaIlMO-
HapHOCTH, CYUTAKOTCA HeCMAYUOHAPHLIMU.

Ipumeuanue. Cmayuonapuwvlii npoyecc mMoxcem cuumamscs amalo-
20M YCMAHOBUBUUE2OCS PEHCUMA 8 OeMEePMUHUPOBAHHBIX CUCMEMAX, d He-
CMAaYUOHAPHLLU NPOYECC — AHALO20M NePex00HO20 pedcuma npu aooom

CﬂyllaleOM 6XOOHOM CUcHAe.

CranuoHapHbIN CTy4YalHBIN MPOLIECC CYATAETCS IProAMYECKUM, €CITU
nar0basi cTaTUCTUYECKash XapaKTEPUCTUKA, ONpeaensieMasl yCpeIHEHUEM T10
MHOKECTBY €r0 peain3aliid, paBHa COOTBETCTBYIOLIEH XAPAKTEPUCTHUKE,
OIPENEIAEMON YCPEAHEHUEM 110 BPEMEHU €r0 IMPOU3BOJIBHON TOCTATOYHO
JUIMTEIIbHON peanu3aiuu (3TO MO3BOJISET, HAIPUMED, NPUPABHATH CPEI-
HUE 10 MHOXECTBY M 10 BpeMeHHU). Eouncmeennan peanuzayus p2oou-
YecKo20 CAy4aiHo20 npouecca 6 0eCKOHeYHOM UHmepeaie 6PEeMEHU
NOJIHOCMbIO Onpedensaem 6ecb npoyecc, 4YTo CYLIECTBEHHO YIIPOILIAET
pacyer ero CTaTUCTUYECKUX XapaAKTEPUCTHUK.

Ilpumeuanue. He xadxcowiili cmayuoHapHulil CIYYAUHbIL NPOYecc s6-
nsiemes apeooudeckum. Ilpumepom mooicem cayacumos npoyecc X(t),

Kaxcoas peanuzayus Komopo2o NOCMOsIHHA 60 8pemMeHU (CM. pucyHok 1.3).

X(t) Xl(t)

0 t

Pucynoxk 1.3 — [Ilpumep CTalMOHApHOrO  HEIPrOJAUYECKOrO
CIy4alHOr 0 Ipolecca



OnuH U TOT € MPOLECC MOKET ObITh IPrOJUYECKUM MO OTHOIIEHUIO
K OJHUM CTAaTUCTUYECKUM XapaKTECPUCTUKAM U HEIPrOAUYECKUM I10 OT-
HOIIICHUIO K JIpyruM. B manpHelnieM OyAeT CUMTAThCs, YTO MO OTHOIIIE-
HUIO KO BCEM CTATUCTUYECKUM XapAKTEPUCTUKAM YCIIOBUS IPrOAUYHOCTH

BBITTOJIHSFOTCA.
1.2 KoppeasiumoHHbIe PyHKIMHU CAYYAHHBIX IPOLECCOB

Cratuctndeckue XapakTEpPUCTHUKHU, NEpEeYUcieHHbIe B M. 1.1, He oT-
paxkaroT B IIOJIHOM Mepe Xapakrepa cilydyalHoro mpouecca. Hampumep,
IPOLIECCHl HA PUCYHKE 1.4 pas3iMyHBI 0 CBOEU CTPYKTYPE, XOTSI U UMEIOT
OJIMHAKOBBIE 3HAYEHUS MATEMATUYECKOI0 OKUJIAHUS U AUCIEPCUM (IUTPU-

XOBBIMH JTUHMSIMM IOKAa3aHbl 3HAYCHHUS My (t):l: 3.0 (t); IIpH HOPMaJib-
HOM pacHpeiesICHUH 3HaYeHue My (t) IIOMaaaeT B 3TOT JUAIa30H C BEPO-

satHocThio 0,997). [Ipomecc Ha pucynke 1.4 (a) mpoTekaeT OTHOCUTEIBHO
IJIAaBHO, M CTAaTHCTUYECKasi CBS3b MEXKJY €ro CEYCHUSMH J0CTaTOYHO
cunbHas. [Ipouecc Ha pucynke 1.4 (0) xapakTepu3yeTcsl CUILHOW U3MEH-
YUBOCTHIO, CBSI3b MEXJY €ro ceueHusiMH ciadasi. OHaKO HU MO MaTeMa-

THYCCKOMY OXKHNJAAHUIO, HU 110 AUCIICPCHUU OIIPCACIUTD 3TO HCBO3MOKHO.

XM meO+3-040) XO]  my(t)+3-04(0)

AN
f‘%‘\uﬁ\\k
ON

Pucynok 1.4 — CiyuaifHble IpOLECChl PA3TUYHON CTPYKTYPBI



YT00Bl y4€CTh CTATUCTUYECKYIO CBSI3b MEXKJY Pa3JIUYHBIMU CEUCHUSI-
MH CIIy4alHOT'0 IPOIecca, UCIOIb3YIOT KOPPEISIIUOHHbIC () yHKITHH.

Koppeassuuonnod GpyHKIUEH CIy4alHOrO Iporecca X(t) Ha3bIBa-
I0T Hecay4alHyro (QyHKIIUIO ABYX apryMeHTOB U1 u t2, KoTopas is Kax-

JI0¥ TIapbl TPOU3BOJILHO BHIOPAHHBIX MOMEHTOB BPEMEHU PaBHA

Ry (t1,t,) = I\/I|:)o((t1). >O<(t2)} _

= TOTO[Xl —my (t)]- [z —my ()] @5 (%0 15 x5t Jdxgdx,

—Q0 —00

(1.24)

Koppensinonnas GyHKIUS CIy4aifHOTO mporecca, CTalliOHapHOTO B
Y3KOM CMBICIIE, HE 3aBUCUT OT pa3HOCTU apryMeHToB t, u ti. Koppemsauu-
OHHasi (PyHKIUA CIy4alHOrO IMpollecca, CTAllMOHAPHOTO B IIHPOKOM

CMBICJIE, 3aBUCUT TOJILKO OT OJHOro aprymenra 7=1, —t1

R, ()= R, (t.t+7)= M[)O((t). ;;(H,)}:

= [ [l —my O [xz ~my (4 )] @5 (x; %, ),

—00 —00

(1.25)

Ecnmu orpaHM4YMTBCA pAaCCMOTPEHUEM IPOILIECCOB C HYJIEBBIM MaTeMa-
TAYECKAM OXHUIJAHWEM, CTANMOHAPHBIX B IIMPOKOM CMBICIE, TO MOKHO
YIIPOCTUTH BBIPAXKEHUE JJIs1 KOPPEISIIUOHHONW PYHKITUU

Ry (7)= M[i(t)-ii(m)}:

(1.26)

~+00 400

= .[ le " X3 'wz(xl » Xo ,T)dxldX2 .

—00 —00

JI1s 2proAMYecKux MPoIEeCcCOB KOPPEIAIUOHHYIO (YHKIIUIO MOKHO
OMNpeIeNINTh KaK CpeHEe 110 BPEMEHH OT IIPOU3BEICHUS



Ry ()= [x(t)- x]-[x(t+7)-X]=
- lim o JIx0- xb[x(e o)k

(1.27)

rie X(t) — m00ast pean3alys Ciy4aiHoro npoiecca X(t). Ecnu cpennee

10 BPEMEHU PABHO HYIIIO, TO

Ry (7)= x(t)- x(t+r)— lim = jx(t) x(t+7)dt. (1.28)

Du3nyecKuil CMBICT KOPPEISIIIUOHHON (DYHKIIMU COCTOUT 8 OYeHKe
8EepPOSIMHOCIU MO20, YMO CeYeHus CHY4auHo20 npoyecca 6 MOMEHMbL
gpemenu t1 u to, omauuaiomcsa nesnauumenvno. llpu to —t1 BIMsgHHE
X(tl) Ha X(tz) JOCTaTOYHO BEIUKO, U Ry (t1 ,t2) CTPEMHUTCS K MaKCH-
myMmy. [Io mepe yBenuuenus pazHoctu t, — U1 BiausHHUE X(tl) Ha X(tz)
ocnabeBaeT, U 3HaueHHEe Ry (t1 ,t2) ymenbuaercs. Ilpu t2 —t1 — +oo Be-
POATHOCTH TOI'0, YTO X(tl) Majao OTJIMYAeTCs OT X(tz), PaKTUYECKH

paBHa HYIIIO.
OcHoOBHBIE CBOICTBA KOPPESAIMOHHBIX (PYHKIUN ClIeTyIOIIHE.
1) Koppensiuonrass GyHKIUS CAMMETPHYHA OTHOCHUTEIBHO CBOHX

apryMEHTOB.
/lokazamenvcmeo:
Ry (tl ’t2)= M|:X(t1)‘ X(tz)i| = M[X(tz)' X(tl)i| =Ry (tz 'tl)'

JIJIst cTallMOHAPHBIX CIYYalHBIX MPOIECCOB KOPPESIIIMOHHAS (YHK-

IIUSI €CTh YeTHASI PYHKIIUSA 7.

ﬂomwam ejibcmeo:



R, (r)= M[)o((t)- )o((t+z')}= M|:>O((t—z')- )O((t)]= R, (-7).

2) 3HaueHNE KOPPEISIMOHHON (PYHKIIMU CIIy9aifHOr'o Ipoliecca MpH
t1 =12 =1 paBHO €ro AUCIEPCUM.

ﬂomwam ejibcmeo.:

Ry (t1.15) = Ry (t,t) = M| X2(t)| = Dy (1)

HavanpHoe 3HavyeHHME KOPPEIAIMOHHONM (QYHKIIMHU CTAIlMOHAPHOTO
CIy4alHOT'O TIPOLIECCA PABHO €r0 JUCIIEPCHUU.

ﬂomwam ejibcmeo:

R, (0)= M[)o((t)- >°<(t)}= D, .

3) 3HaueHre KOPPEIAIMOHHON (YHKIIMM 10 MOIYJII0 HE MOXET Ipe-
BBICUTH CPEIHEr0 TEOMETPUUECKOTO AUCIIEpCU npH {1 U to.

Jlokazamenvcmeo. Hcnonvzyem uzgecmuoe ozcparHuuerue O KOIgh-

Guyuenma Koppersyuu Py 08YX CLYUAUHBIX eaUYUH X U Y

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

c, O

<l

‘pxy‘=

c, O c, 'O

y y y

Benuuuna COV(X,y) Hasvleaemces Kogapuayueu (KoppersyuoHHbIM

MOMEHMOM) CAVYAUHBIX Geauyur X u Y. /i1 KoppersyuorHou @yHKyuu
CAYYAUHO20 NPOYecca MOAHCHO 3aNUCamy



MI O] g
O x (tl)'o'x (tz) ) \/DX(tl)' Dx (tz)

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

<1,

JIJist cTalimoHapHOro mpoilecca 3HaYeHUE KOPPENSIIUOHHON (yHKIIMU

pH JIFOOOM 7 HE MOXKET MPEBBICUTH IO MOAYJIO €r0 TUCIIEPCHUHU.

/lokazamenbcmeo:

Ry (z) <Dy (t)- Dx (t+7) < D = Ry (0).

4) Koppensauuonnas ¢yukuus mupouecca Z(t)= X(t)+ g(t) (rme
X(t)— CIIyYalHBIA IPOLECC, g(t) — peryisapHas (QYHKIUS BpPEMEHH)

onpcaACInTCA COOTHOIICHUCM

R, (t;,t,)= Ry (t;,1,). (1.29)

JloKazamenscmeo:
Z(t)=x(t)+9(t),
2(t)=[X 1)+ o]~ [y 1)+ o®)]= X (1),
R, (1, 1,)= M[i(tl). i(tz)i|= M[)O((tl)- >°<(t2)}= R, (t,.1,)

5) Koppensinonnas dynxuus npouecca Z(t)= X(t)- g(t) (rme X(t) -
cyyaitasiii mponece, g(t) — perynspHas GyHKIMA BpeMeHu) OMpeIenTes

COOTHOIICHHUEM



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

,ZI oKazamejibCcmeo.
2(t)= X (1)- o(t),
Z(t)= X(t)- 9(t)- mx (1)- 9(t) = [X (1)~ mx O] () = X (¢)- 9(t),

R, (t,t)= M[zal)- z(tz)} _ M{[x(tz)- g(tz)][xm)- g(tl)}}.
Y'-ll/lmbl@aﬂ CGOﬁCWl@(l mamemamudecKkoco OOfCUOClHM}l,

Ry (t; t,)= M|:>o<(t1)‘ X(tz)i| o(t,)- o(t2)= Ry (t:.t2)- 9(t:)- a(t,).

6) KoppensiunonHas GyHKIUS CIy4allHOTO MpOIEcca, COJEPHKAIIEro
MOCTOSIHHYIO COCTAaBJISIFONIYIO, TaKXKe OYyJIeT COAepKaTh MOCTOSHHYIO CO-

CTAaBJIATOIIY1O.

Jloxkazamenvcmeo. [lycmv nabarodaemvlil npoyecc npeocmasisiem

Cco00U NOCMOSAHHBIL CUSHA X(t)= Ay (cm. pucynoxk 1.5 (a)). Toeoa

Ry (t;.t2) = M[x(t,)- x(t )]= M[A; - Ag]= A .

7) KoppensiunonHass (pyHKUHS CIy4ailHOrO MpOIECcca, COJEPHKAIIETO
NEPUOUYECKYIO COCTABJISIONIYIO, TaKKe OyJeT coaepaThb Mepuoanye-

CKYI0 COCTAaBJIAOIIYIO.

Jlokazamenscmeo. [lycmv HabaroO0aemvlii npoyecc npeocmasisem

coboii nepuoduueckuii cuenan X(t)= A, -sin(w, -t + @, ) (cm. pucynox 1.5

(6)). Beeoem obo3nauenust1 =1, t2 =t + tu ucnonvzyem ghopmyny (1.28).



R (r)- lim —— jx(t) x(t + 7)dt =

2
~lim AL [sin(@, -t+¢,)-sin(@; -t + @, -7+ @, )dt =

Tow 2T T

2

: }[cos(a)1 7)—cos(2- @, -t+ -7 +2-p,)]dt.
Towd T 5
Ilpumem T pasnvim nepuody ynxyuu x(t), m.e. T,=2-7/w,. To-
204, UCNOABL3YS NePUOOUYHOCb HNOOLIHMESPANIbHLIX  (DVHKYUU, npu
T — +00 unmeepan ¢ npederamu om —T 0o T mooicHo 3amenums cymmoll
unmezpanog ¢ npedenamu om (k—1)-T, 0o k-T,, 20e k = £1, £2... Vuu-

moleas maxKkyro 3adMeH), MOINCHO 3aNuUcambs

2

A
Rx(7)=2_-1|-
1

T, T,
'[jcos(wl 7)dt- [cos(2- ;- t+ @, -T+2-¢1)dt}=
0 0

A2 T, A2
=2._1|_1-cos(w1-z')-£dt— '11
2

Tl
fcos(2- @ t+ @, T+ 2@ Yt =
0

2
-cos(@, - 7)- t\} Al

. T
-SiINl2-w, - t+w,-7+2- t =

2
AL cos(m, - 7).

Ilonyuennas Koppersiyuonnas QyuKyus ne cooepicum HUKAKUX cee-
OeHuil 0 pazosom cosuee.

Ecnu nabnrooaemvolii cuenan onucvigaemcs (hynkyueti 6pemeHu, pasna-
k -
eaemoti 8 psio Dypve X(t): Ay + 2 A -Sln(a)i 1+, ) mo, UCNOb3YA pe-
i=1

3y16mamsl, NOJY4YeHHble 8 NPEObIOYIUX NPUMEPAX, MOICHO 3aNUCAMb

2
Ry (z')= Ag + i%-cos(wi -2').
i=1



Koppensunonnast GyHKIHS CTaIlMOHAPHOTO CIYYalHOIO Tpoliecca, He
COJICPIKAIIET0 MEePUOANUYSCKON COCTABIAIOIIEH, MOXET OBITh aAIlMpPOKCH-
MHPOBAHA BBIPAKEHUEM BU 1A

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

II€ & — MapameTp 3aTyXaHHUsl.



X(t) R(7) Sx (@)
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I

x(t) R (7) S, (@)
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X(t)\ﬁ/\,\,\ Ry (7) Sx (w
o\
6) 0 4 0 @
X(t) Ry (T) Dy Sx (w)
) 0 4 0 @
x(t) Ry (z) Sx (@)
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Pucynox 1.5 — Koppensiuonnsie GYHKIIMM U CIEKTpajIbHbIC

IJIOTHOCTH CIIYYaMHBIX MPOLECCOB PA3TUYHON CTPYKTYPHI



KoppensiunonHass (yHKIUS CTAlMOHAPHOI'O CIy4ailHOro mpoliecca,
COJIEpIKaIllero MEPUOANYECKYI0 COCTABIISIONIYI0, MOXKET OBITh alIpOKCH-

MHUPOBAHA BBIPAKCHUCM BU 4
Ry (z)= Dy -exp(-ea-|z])- cos(B8 - 7), (1.32)

rae ff— pe3oHaHCHasi 4acTOTa CUCTEMBI.

Ha pucynke 1.5 (B) u (T') npuBEICHBI MPUMEPHI CIYUYaHBIX POI[ECCOB
U UX KOPPEJSIUOHHBIX GYHKIUN. O4eBUAHO, YTO C POCTOM 7 CBSI3b MEXKIY
CEUYEHUSIMU ClIydyailHOro mpoiiecca ociadeBaet. KoppensdiuumonHas ¢yHk-
1[Us1, COOTBETCTBYIOIASI TTPOIeCcCy ¢ 00Jiee TOHKOM CTPYKTypoi (OOibIINM
3HaYCHUEM ), yObIBaeT ObicTpee. Tak Kak JuIsl CIydaHOro Imporecca TH-
na 0enoro myma XapakTepHO OTCYTCTBHE B3aMMOCBS3U CCUCHUSMH, €O
KOPPCIAIUOHHAS (PYHKIMS HPEACTABIICTCS O-QYHKIMEH, pacIoloKeH-

HOI B Hayaje KoopauHat (CM. pucyHok 1.5 (1))
Ry (r)=N-6(z), (1.33)

rae N — HekoTopasi KOHCTaHTA.

Cratuctryeckas CBsI3b JIBYX CIyYaWHBIX MPOLECCOB X(t) 151 G(t) Xa-
PAKTEPU3YETCSI B3aMMHOM KOPPEJISIUUOHHOM (YHKIHUEH, KOTopas s
Ka)XJI0M Mapbl TPOU3BOIILHO BEIOPAHHBIX MOMEHTOB BPEMEHU paBHA

R t,12)= M| X(1)-6(;) -

00 +00 (134)
= | I[X— my (t1)]-[9—mg (t2)]- @, (x.t; ;9. t, Jdxdg.
s DprogAuvYecKux Ciay4alHbIX IPOLIECCOB
: 1 T - _
Ry (7)= lim —=—- [[x(t)-x]-[o(t +7)- gldt, (1.35)
02T 5

rae x(t) 1 g(t) — JII00BIE pean3aluy IMpoLEeCCOB X(t) 1 G(t).

LleHTprpOBaHHBIE CIyYallHbIE MPOLECCHl CUUTAKOTCA KOPPEaUPOBaH-



HbIMU, €CJIM UX B3aMMHas KOppelsiMOHHAas (yHKIMS HE paBHA Hy’Ii0. B
IIPOTUBHOM CJIy4a€ OHU CUUTAIOTCA HEKOPPEAUPOBAHHBIMU.
B3anmnas koppensimoHHas (QyHKUHMS HE SIBISETCS CUMMETPUYHOU

OTHOCHUTCJIIBHO CBOUX aPryMmcHTOB, OJHAKO CIIPABCJIMBO COOTHOIICHUC

Ryo(t; 1,)= M[i(tl).é(tz)} _ M[é(tz)- )O((tl)} — Rey (6, 1,). (1.36)

Ecnu B3auMHas koppensauuoHHas QYHKIUS JBYX CIy4YaillHbIX IPOILIEC-

coB X (t) 151 G(t) 3aBUCUT TOJIbKO OT Pa3HOCTU CBOUX APT'YMEHTOB, T. €.

Rxc(t1,t;)=Rya(t, —t;)=Rxs (7). (1.37)

TO TaKUE€ MPOLIECCHl CUUTAKOT CMAYUOHAPHO-CBA3aHHbIMU. JIns cranuo-
HapHO-CBS3aHHBIX CIIyYalHBIX IIPOLECCOB

Rxe ()= Rox (- 7). (1.38)

Koppenanuonnas QyHKIMa CyMMBI JBYX CIy4ailHBIX IIPOLIECCOB
Z(t)= X(t)+G(t) serancasercs mo hpopmyne

Rz (ty.t;)= Ry (t; . t;)+ Ra (t; .t;)+ Ryg (t1 .12 )+ Rox (t1.t,). (1.39)

/lokazamenvcmeo:

R (t1.t2)= M{X(t,)+G(t,)]- [X (t2)+G(t) =
=M[X(t,)- X(t,)]+ M[G(t,)-G(t, )]+
+M[X(t,)-G(t,)]+ M[G(t,)- X(t,)]=

= Ry (t;,t,)+ Rg (t; .1, )+ Ry (t; 1, )+ Ray (.1, ).

Koppenstnonnas pyHKIUS MTpoU3BEeACHUS ABYX HEKOPPETUPOBAHHBIX

CIIy4alHBIX IIPOLIECCOB Z(t) = X(t)- G(t) HAXOJUTCS 110 COOTHOLIECHHUIO



Rz (tl’t2)= Ry (t1’t2)' Rs (t1’t2)' (1.40)

Jlokazamenvscmeo:
Rz (tl ’t2)= M{[X(tl)'G(tl)]‘[X(tz)'G(tz)]}=
= M[X(tl)' X(tz)]‘ M[G(tl)'G(tz)]= Ry (tl ,tz)‘ Rg (tl 1t2)-

[Ipu penieHny MPaKTUYECKUX 33]1a4 YaCTO IMOJb3YHOTCS HOPMUPOBAH-
HBIMU KOPPETSLIMOHHBIMU (PYHKIHSIMU

RX (T) RXG (T) (141)

, T)= .
D, pXG( ) m

Koppensinonayo (yHKIHUIO MOXHO HCIOJIb30BaTh JJIS BBHISBICHUS

px(7)=

MOJIE3HOI0 MEPUOANYECKOTO MOJIE3HOTO CUTHalla Ha (JoHE CiaydaillHO# Mo-
Mexu. s 3Toro ee onpeAesstoT Npu OOJIbIINX 3HAYCHUSIX T, KOT/Ia BIIUS-
HUE CIy4alHOT'O0 CHUTHajla CKas3bIBaeTcCs ciaabo (CM. pucyHOK 1.6, myHKTH-
POM TTOKa3aHa KOPPENSIUOHHAs () YHKIIUSI TTIOMEXH).

\ N\ / \ N /.
\VAAVARCIEERRVARY

Pucynok 1.6 — ®@uibTpanus IMoJe3HOr0 MNEepHOJIUYECKOTO CUTHajIa C

UCIIOJIb30BAHUEM €0 KOPPETALMOHHON () YHKIUU



1.3 CnexkTpajibHble IVIOTHOCTH CJOY4YallHBIX MPOLECCOB

CnekTpajibHasi INIOTHOCTH CTAllMOHAPHOI'O CJy4YaillHOro Iporecca
onpeenseTcs Kak mpeo0pa3oBaHue KOPPEIAIMOHHON (yHKIMHU 110 Dypbe

Sy (a))= T)RX (r) exp(— J -a)-r)dr =
% (1.42)

=IRX(T).cos(m.T)dr_ ‘L Ry (¢)- sin(w-z)dz.

Tak kak Ry (Z') — 4YeTHasd, a Sin(w-r) — HedeTHass QyHKUUS 7, TO B
(1.42) BTOpOI MHTETpa paBeH HYIIO. Y YUTHIBAs, YTO Cos(co - z') — YeTHad

byHKIMS 7, ToTydaeM
Sy (@)=2- [ Ry (r)- cos(w-7)dr. (143)
0

Ecnu cniekTpasibHasi MIIOTHOCTh U3BECTHA, TO C MOMOIIbI0 OOPATHOIO
npeoOpazoBanusi Dypbe MOKHO HAUTU COOTBETCTBYIOLIYIO €l KOppEJIsIIU-

OHHYIO (DYHKIIUIO

Ry (T)— Py .[Sx(w) exp(j- o 7)o =
(1.44)

+00

% [51(@)-cosf- Yo

MOXHO YCTAaHOBHUTb BAKHYIO 3aBUCHMOCTb CTATUCTUYCCKUMU XapaK-

TEPUCTUKAMHU CIIyYaWHOI'O IIpoLecca
Dy = RX(O)— j Sx(a))da) (1.45)

@u3nYecKUuil CMBICJ CIIEKTPAJIbHON MIOTHOCTH 3aKJIHOYACTCS B TOM,
4YTO OHA Xapakmepusyem pacnpedenreHue MOWHOCMU CAYYAUH020 Npoyec-
ca no 4acmomHoMy CneKmpy.



Hokazamenvcmeo. Eciu cuumamo x(t) peanuzayueu Cay4yauHblx

@aykmyayuii Hanpsdcerus Ha NPo8ooHuKe ¢ conpomuesnenuem 1 Om, mo,
CO2NACHO MeopuU INeKMPUYecKUx KoaeOaAHUul, CPpeoHsss MOUWHOCHb, PAC-

ceusaemas Ha 3MoM NPoBOOHUKe 3a 8pems 21, pasHa
1 1 2
-T

Ecau npuname 2-T — +0 u ucnonvsosamov gopmyawt (1.28) u (1.44)

npu T= O, mo MOJCHO 3anucambs
P =R (0)= lim —- [x?()dt = - [Sy ().
PN 502 T 5 2 Sy

Taxum obpazom, cpedHss MOWHOCMb CUCHANA MOdcem Obimb Hallde-
Ha, KaK 6eCKOHEeYHas CyMMA deMEHMAPHbIX C1a2aemblx Sy (a))da) 6 oua-
nazone yacmom om —0 00 +0o. Takum oOpasom, Kaxicoas 21emMeHmapHasl

MowHOCmb 0151 Yacmombvl @ OyO0em NpoONnoOPYUOHANbHA S x ((o)

Ilpumep 1.1. Onpeoenenue cnekmpanbHolt HIOMHOCMU CAVYAUHO2O
npoyecca, KoOpperiyuoHHas (QYyHKYus KOmopo2co HAXO0OUMCs N0 COOMHO-

wenuto (1.31). Ucnonvzys gopmyny (1.42) u yuumwieas, umo ‘z" =7 npu

720 u |r|=-7 npu <0, 3anuwenm

S (@)= [Dx -expl-r-/r])- oxpl- - @- ) =

Dy - {iexp[(a —j o) 7l + TEXp[— (@+j- o) ,]d,} _

2Dxa

a’+w?



Ilpumep 1.2. Onpeoenenue cnekmpanibHou NIOMHOCMU CAYHAUHO2O0
npoyecca, KOpperiyuoHHas QYHKYus KOmMopo2co HAXO0OUMCs N0 COOMHO-
wenuio (1.32). Ucnonvzys popmyny (1.42) u npouzsoos samemny

COS(ﬂ‘T): eXp(_ J 'ﬂ'r)z'l' EXp(j 'ﬂ"l')’
Sy (w)= TDX -exp(—a-|r])-cos(B-7)-exp(- j- w-7)d7 =

[expl-a-|c]- j-(0+ B)-clz +
_Dx [
2

+ [expl-a-le|- j-(0- )7k

\

Oba unmezpana mocym 6bims HAlOeHbl Mak e, Kak u 8 npumepe 1.1,

nocne samenvt (@ + B) u (@ — B) na &’ u @”. To2oa

OcHOBHBIE CBOWCTBa CIHEKTPaJIbHBIX IJIOTHOCTEH, OMpEaesieMbIe
CBOMCTBaAMHU KOPPENSIUOHHBIX GYHKIUN (cM. 11. 1.2), ciaeayromue.
1) CnekrtpanpHas IUIOTHOCTH CIyYalHOTO TIpoliecca SBISETCS IeH-

CTBUTEJIbHON M Y€THOW (PYHKIIMEN YaCTOTHI.

Jlokazamenvcmeo. Iloovinmeepanvhoe svipaxcenue 6 (1.43) codep-

orcum npousgederue yemnwvlx ynkyui Ry (z') u Cos(a)-z'), nosmomy 0y-

dem cnpaseodiuéo COOMHOULEHUE



Sx(w)=2-+£° Ry (¢)-cos(@- )z =

= Z-TRX (-7)-cos(-w-z)dz = Sy (- ).

2) CnekTpanbHasi IUIOTHOCTh CIYy4alHOrO Mpoliecca, CoAepKaliero

MIOCTOSTHHYIO COCTABJISIONIYI0, OyJIeT UMETh UMITYNbC (S&(DYHKINIO) Tpu
4acTOTe, PaBHOW HYIIIO.

Jlokazamenvcmeo. Ilycmov nabaroOaemvili npouecc npeocmasisiem
co00U NOCMOSHHBIUL CUSHAIL X(t)= Ay (cm. pucynok 1.5 (a)). Toeoa, uc-

noiv3ys nooxoo0 om npomueHoco, MOJICHO 3anucamaos

Sx(@)=2-7-A; - 8(o),
1

Rx(r)=ﬁ-ij902-7r-A§-§(w)-exp(j-a)-r)dw=

=ASexp(jro-t) = A

de(f)uk‘ cnekmpaﬂbnoﬁ niomHocmu nokKasbvleaem, 4no 6CA MOUL-
HOCMb NOCMOAHHO2O CUucHAlA cocpeéomoqua npu H)UZ@@OlZ yacmome.

3) CrnekTpanpHas TJIOTHOCTh CIy4alHOTO Ipoliecca, COACpIKAIIero
MEPUOANYECKYIO COCTABJIAIONIYIO C YACTOTOM @1, OYJIET UMETh UMITYJILCHI

(O-byHKIHM) IpU YacTOTaX £@1.

Jlokazamenvcmeo. Ilycmv Habrooaemvlli npoyecc npeocmasisem
cob0ti nepuooUdecKuti CUSHA X(t)= A - sin(wl 1+ gol) (cm. pucynok 1.5

(6)). Toeoa, ucnonvsys nOOX00 om NPOMUBHO20, MOICHO 3ANUCAMb

Sx(a))= Z-ﬂ-%?-[é'(w—wlﬁ 5(a)+a)1)],



Rx(z')=i-ij:Z-ﬂ-%?-[c‘i(w—wlﬁ5(a)+a)1)]-exp(j-a)-r)da)=

%?Efoé'(w— w,)-exp(j-o-7)do+ J:fo5(a)+ @, )-exp( ] wr)da)} =

A fexp(j- )+ expl- -0 -2)]= 22 cos(a 7).

de(f)uk‘ cnekmpaﬂbnoﬁ niomHocmu nokKasbvleaem, 4nmo 6CA MOUL-
HOCmMb nepuodu%cxoeo cuzcHaia cocpedomoqua npu ()ny yacmomax.

Ecnu nabnrooaemuolii cuenan onucvigaemcs QyHkyueu 8pemenu, pasia-

ecaemoti 8 pso Dypve X(t) AO+ZA Sln(a) t+(o,) mo e2o0 ChHekK-
i=1

MPAIbHASL NAOMHOCMb OyO0em umems 6UO JTUHEUYAMO20 CHeKmpa ¢ O
DYHKYUAMU, PACHOJIONCEHHBIMU HA NOJONCUMENbHBIX U OMPUYAMETIbHbIX
yacmomax 2apmonuk. Mcnoav3ys nonyuennvie panee pe3yibmamol, MON’C-

HO 3dnucams

Sx(a))= 2-1- Ag -5(w)+ éATiZ-[é'(a)—a)i)+5(a)+a)i)] :

CnekTpalibHast TNIOTHOCTh CIIYYalHOrO IPOLEcca, HE COAEPIKAIIErO
NEPUOANYECKON COCTABIISIONIEH, MOXKET ObITh MPUOIUKEHHO MPEICTaBIIE-
Ha BBIPAXKECHUEM

2-Dy TX
W)= , 1.46
X( ) 1+Tx ( )

rae T x — MocTosHHas BpeMeHH. TakoW CHeKTpalbHON IIOTHOCTU COOT-
BETCTBYET KoppeisinnonHas Qynkuus (1.31).

Ilpumeuanue. Dopmyne (1.46) coomeemcmeyem cnexmpanvHas

niomuocmo, noayuennas 6 npumepe 1.1, eciu npuname a=1/1T .



Ha pucynke 1.5 (B) u (r) npuBeaeHbl IpUMeEPhl CHEKTPAIbHbBIX IJIOT-
HOCTEH M KOPPEISAUMOHHBIX (DYHKIUNA CIy4alHBIX MPOLECCOB pPa3IuyHON
CTPYKTYpbl. O4EeBUAHO, UTO, YEM I PE TPaPUK CIIEKTPaIbHON MIOTHOCTH,
TEM yXe rpaduk COOTBETCTBYIOIIEH KOPPETALMOHHON (DYyHKIUU. DTO CO-
OTBETCTBYET (hU3WUECKOW CYIIHOCTH mporecca (dyeM 0osee BBICOKHE 4a-
CTOTBI IPEACTABIICHBI B CIICKTPAJIbHOM TIJIOTHOCTH, TEM BBIIIE CTETICHb €0
u3MeHYnBoCTH). CriekTpalibHasi TIOTHOCTh OENOro myma CYMUTAETCs IOo-

CTOSIHHOW BO BCEM JMana3oHe 4acToT (cM. pucyHok 1.5 (1)).

Jlokazamenbvcmeo (om npomueHo2o):
Rx (z)=N-8(z)

sx(w){f"m 8(z)-expl( j- -7} = N -exp(= j-@-7),_, = N.

[TOCTOSIHCTBO CHEKTPAILHOM IMIOTHOCTU OEJIOro IIymMa BO BCEM JiMa-
Na3oHe 4acToT (hopMajbHO O3HAYAET, YTO €r0 PHEPrus pacrpejerneHa mno
BCEMY CIIEKTPY PaBHOMEPHO, a CyMMapHas dHEprus mpoiiecca paBHa Oec-
KOHEYHOCTH. DTO YKa3bIBAET HA HEBO3IMONCHOCMb (PU3UYECKOU peanu3a-

yuu benoco wyma.

Hpumelmnue. Ecnu CNeKmpajlbHyr w0 NJAI0OMHOCNb CUcHAlIAd MOINCHO
CyUUMams NOCMOSIHHOU 6 00CMAMOYHO WUPOKOM 4ACMOMHOM 0uana30He,
a epaHuyvbl 5moco OUANA30HA HAXOOSAMCS 6HEe NOJIOCLL YaCmOom nponycka-
HUs cucmemyvl, mo udeaﬂmauuﬂ MmaKko2o cucHala 8 euoe 06enoco wyma

6NOJIHE L}@JZ€COO6pCZ3HCZ.

B3aumHasi cieKTpajbHas IVIOTHOCTH JBYX CTallMOHAPHBIX Cy4Yai-
HBIX IIPOLICCCOB X(t) u G(t) onpelensaeTcs Kak IpeoOpa3oBaHUE B3aUM-

HOUM KoppessiimoHHon QyHKIMu mo Oypbe

Sxe(j'w)=+foRxe(T)'eXP(—j'w-f)dr- (1.47)



B ornuume oT cnekTpajibHOW MJIOTHOCTH Sx(a)) B3aMMHAsl CIIEK-
TpanbHasi MIOTHOCTH SXG(j-a)) JNEeUCTBUTEILHOM M YETHOW ()yHKIMEH

YaCTOThI HE SIBJISICTCH.
Ecimu mporeccel X(t) 51 G(t) HEKOPPEIUPOBAHHBIEC, & UX CPEIHUE
3HAYCHUs PaBHbI HYJIIO, TO UX B3aUMHAas CIIEKTpajbHas IJIOTHOCTh TAKXKE
paBHA HYJIIO.
Ha mpakthke 4acTo MCHONB3YIOT HOPMHUPOBAHHYIO CIEKTPAIbHYIO
MJIOTHOCTh, UMEIONIYI0 Pa3MEPHOCTh BPEMEHU, KOTOpas SIBJISICTCS MPE0O-
pa3oBaHUEM HOPMHUPOBAHHOU KOPpeNsuoHHON PyHKIMU 110 Dyphe

— SX(a)) _ SXG(a)) (148)

ﬁx ?’ ﬂXG(w)_m'

CHoekTpaibHYI0 IUIOTHOCTh MOHO HCHOJB30BaThCA A1 BBISBICHUS
MOJIE3HOT'O TIEPUOJUUYECKOro cUurHaia Ha ¢oHe ciydaitHoi momexu. [Ipu-
CYTCTBHE MIEPUOJUUYECKON COCTABIISIONIEH 0OHAPYKUBAETCS 10 BCIJIECKaM
Ha rpaduKe CIIeKTPaIbHOM IIOTHOCTH (CM. pUCYHOK 1.7).

Sx (@)

- 0 0]

Pucynok 1.7 — ®@uibTpanus moiae3HOr0 NEepUOJIUYECKOTO CHTHAIA C

IIOMOIIIBIO €TI0 CHGKTpaHbHOﬁ IINIOTHOCTHU

1.4  DJkcnepuMeHTaIbHOE  OmNpeaejieHHMe  CTATHCTHYECKHX

XapaKTePUCTUK

9KCHepI/IMeHTaHBHBI€ MCTOAbI OIIPCACICHUA CTATUCTHYCCKHUX XapaK-
TCPUCTUK OCHOBAHBI HA TOM, YTO IIpU JOCTATOYHO OOJIBLIIIOM YHCJIC UCIIBI-

TaHUU BCPOATHOCTD COOBITHSI MO’KHO 3aMEHHUTBL €TI0 OTHOCHUTEJIHLHOH 4Ya-



CTOTOU, & MATEMATUUYECKOE O0KUJIAHUE CIYYaWHbBIX BEIUUYUH — UX CPEIHUM
apupmeTrnueckuM. CTaTUCTUYECKUE XapPAKTEPUCTUKU, TTOJTYUYECHHbBIE TYyTEM
00paboTKU pe3yJbTaTOB TAKOIO SKCIEPUMEHTA, HA3bIBAIOT OYEeHKAMU WC-
TUHHBIX CTATUCTUYECKUX XaPAKTEPUCTUK.

Ha npakTtuke 4nciao uCnbITaHUM BCErja OorpaHuueHo. B takux ycio-
BUSIX OTHOCUTEJIbHAS YacTOTa M CpeaHee apuMeTHYecKoe MOTyT CUH-
TaTbCsl CIIyYalHbIMUA BEIWYMHAMH, MMO3TOMY OLICHKU CTATUCTUYECKUX Xa-

PaKTEPUCTHUK OIMPECISIOTCS ¢ HEKOTOPOI OIIMOKOM.

[Tycts &— uckomas craTUCTHYECKasl XapaKTepUCTUKa, a & — ee OlleH-

ka. Torma ommbka B onpenencann & onpenenurcs, kak &€ =& — & . Tak kak

9Ta OIINOKA SBJISIETCS CﬂyqaﬁHOfI, TO B KAUCCTBC MCPblI TOYHOCTHU OIIPCIC-
JICHUA CTATUCTHYCCKUX XAPAKTCPUCTHK MOXHO IIPUHATb MATCMATHYCCKOC

OKUJIaHHUC U TUCIICPCHUIO OIITNOKH

M[e]=M[£] -¢&. Dle]=DJ¢] (1.49)

Ilpumeuanue. Vckomasa xapakmepucmuxa & aensaemcs Heuz8ecmHol,

Ho He cryuaiinoii, noomomy M[E] =& u D[€] =0.

Ecnu maTemMaTuyeckoe OXKUJIaHUE OLIMOKU & PaBHO HYJIO, TO OLIEHKY

f HA3bIBAKOT HecMmewenHou. B MPOTUBHOM Ciiydae OHa CUYUTAETCS CcMe-
ujeHHoU OLICHKOM.

[TycTh uMeeTcsi BEIOOpKa IKCIEPUMEHTABHBIX JTaHHBIX, MOJTyYEeHHAs
yTeM HAOJIIOJICHUS 32 CIy4ailHOM BETWYMHON X C MAaTEeMaTUUYECKUM OXKH-
naHueM My u aucnepcuend D x. JlanHble momyyeHbl B N HE3aBUCUMBIX HC-
NBITAHUSX, TPOBOJAUMBIX B OJJMHAKOBBIX YCJIOBHUSX.

HMcnonp3ys 4acTOTHBIM ITOAXOJ, aHaAJor (PyHKUHUM pacrnpeneieHUs
CIy4aiiHOM BETWYHMHBI X MOXKHO HalTH 1o hopMyJie

. £)
F, (&)= ﬂé % (1.50)

rae ,u(ﬁ) — YHCIIO DJIEMEHTOB B BBIOOPKE, IS KOTOPBIX X < &



Ilpumeuanue. /[na X > X max 3Ha4eHue Ifx(f) pasno 1. Ecau N — +oo,
mo Ifx(f)—) Fx(f).

AHaj0or MJIOTHOCTH BEPOSATHOCTH CIYYalHOW BEJIMYMHBI X MOXKET
ObITh HaiifieH 1o (hopMyIie

1

&, (&)= i - (1.51)
i=1 n

rae n(.f) — YHUCJIO 3JIEMEHTOB B BBIOOPKE, Ui KOTOPBIX BBIMOJIHSAETCS

A4 A4
ycnoBue & — > <X <&+ rX Iupuny nHTEpBaIa A HaXOIAT, KaK

min_ (1.52)

rae K — gucino mHTEpBaioB (KBAaHTOB), HA KOTOpOE pa3OMBaeTcs 00IacTh
3HAUYEHUM X, OMpeIeTIIeMOe 1O OI[EHOYHOU (popMyIie

k=1+32-1g(n). (1.53)

OueHkoli MaTeMAaTHYeCKOr0 OKUIAHMSA CIy4YalHOW BEJIIMYMHBI X

MOJXKET CIYKHUTh CpeAHee apu(pMETUUECKOE €€ peann3allui,

3. (1.54)

i=1

3||—\

Omnbka o1eHKH M x paBHA

n
C )X =My . (1.55)
XapaKTepuCTUKU OLITUOKU

=M[E-Zn‘,xi—mx}=0, D£=D[E-Zn‘,xi—mx}=Dx, (1.56)
n j=1 n j



MOKa3bIBaIOT, YTO Cpe/iHEEe apu(PMeTHUecKoe peanu3aluil X ABISIETCA He-
CMEIICHHOM OLEHKOM €€ MaTeMaTU4YEeCKOro OXUAAHUA, a4 JUCIEPCUsd
OIIMOKHU ATON OIEHKH HEOTPAaHUUECHHO YOBIBACT C POCTOM N.

OneHka JUCNIePpCUH MOXKET ObITh HalJIeHa 110 opmylie

A

B, = 2(x -1, (157)

Ilpumeuanue. Ha npaxmuke onsa oyenxku oucnepcuu ovieaem y00OHO
UCNOIb3068aMb COOMHOUEHUE

=——- [ =2 x{ =M |. (1.58)
X n-1|n & i X
Omnenka D, sBnsieTcst HECMEIIEHHOM OIICHKOW TUCTIEPCHUU TIPU JTFOO0M

pacupelesICHUH CIy4YailHOU BEJIMYUHBI X,
CraTucruyecKkue XapaKTepPUCTHKH HEIProJau4eCKOro CJay4aiiHoro
npoiecca X(t) MOT'YT OBITh HAWJEHBI MO MHOXECTBY €T0 peajin3aiui

X; (t) rae i =1, ..., N. IX 3HaYCHUS OMpeneatoTCs I MOMEHTOB BpeMe-

Hu tj, rme j =1, ..., Q.

Ilpumeuanue. Momenmuol spemenu tj yenecoobpaszno evlbupamo pas-
Hoomcmoawumu. Ilepuod HabawOeHull yerecoobpasHo 6vioupams U3

YCI08UsL YOOBAEMBOPUMETILHO2O BOCNPOU3BEOCHUS Peanu3ayuil Xi(t) no

IKCNEPpUMEHMAIIbHbIM MOYKAM.

OHGHKI/I MAaTEMATUYCCKOTI'O O KU IaHUA, TUCIICPCHUHU U KOppeHHHI/IOHHOfI

GyHKIMU caydaitHoro npomecca X (t) BBIYUCIIAIOTCS O PopMyiam

it )= g xi(t;) (1.59)

B (1)= - 25 2 )i (1.60)



Ryt )=~ i) - )} D (6) - )] o)

roej, k=1, .., Q.

Ilpumeuanue. Ha npaxmuxe 011 oyenku oucnepcuu u KOppeusiyuoH-

HOU (hyHKYUU Oblaem YOOOHO UCNOIb308AMb COOMHOULEHUS

B )= " [ 2 2 F -, (162

n =1

n
Fax(t,.,tk)=L.[1.zxi(t,.)z_mx(t,.).mx(tk)] (163)
n-11|n i3

CraTucruyecKkue XapaKTePUCTUKH IProau4ecKoro CJjay4aimHoro
npouecca X(t) MOT'yT ObITh HAWJICHBI MO €r0 €AMHCTBEHHOW peaau3aliniu
x(t), HaOII01aeMOM B TEUCHHE JOCTATOYHO JJIUTEIHHOTO MOJIOKUTEIHHO-
ro NpoMexXyTka BpeMeHu [. J[Ji1 OUEHKM MaTeMaTUYE€CKOIro OXHUJaHUS
(cpenHero mo BpeMEHHU) W KOPPEISIIUOHHON (DYHKIIMM MOXKHO HCIIOJIB30-

Bath popmynsl (1.19) u (1.28), mpeacraBieHHbIE B BUIE

1 T
My =—- [ x(t)dt, (1.64)
T o
A T-1¢
Rx(r)=Tfr. [IX0) =0}t 2) =10 Jot (1.65)

Ilpumeuanue. Ymenvwenue 6 (1.65) unmepsanra T Ha eenuuuny T
00vACHAemc s meM, Ymo 3HAYEHUs] X(t + z') U38eCmHbl MOALKO 00 MOMEH-

ma epemenu t =T — 7.

[IpoMexyTOK BpeMeHHM HaOJroJeHUs | JOMXKEH ObIThb pa30UT Ha N
paBHbIX UHTEPBaNOB A =T /N Tak, 4T00bI 3a 6pems A ynrkyus X(t) usme-
Hsnaco Hesnayumenvho (cM. pucyHok 1.8). Uem Gombiie T 1 ueM MEHbIIE

A, TEM TOYHCC OLICHKA CTATHCTUYCCKUX XAPAKTCPUCTHUK.



X(t)
x(t;) (i, ;)
O AI 1T 1T 1T 1T T 11 1T 1T 11 1T 1T 11 t
ti=i'A ’LT|=JA

«

’ T-7,=(n-j)-4 7i=j-4
< T=n-4 >

Pucynok 1.8 — Omnpenenenue KOppedsaMOHHON (YHKIUU IO

OKCIICPUMCHTAJIbHBIM JTdHHBIM

[Tapamerpam t 1 7 IpUIAOTCS AUCKPETHBIE 3HAUYECHUS

ti=i‘A, |=l,2,
(1.66)
TJ=JA, j=0,1,...

[Tpu cienaHHBIX TOMYIIEHUSX UHTErpaisl B hopmynax (1.64) u (1.65)

MOTYT OBITh MPUOTUIKEHHO 3aMEHEHbl CYMMaMu

" A 1 0
iy =2 2 x(t)=—- Ex(t), (1.67)

i=1 i=1

Fﬂex(fj)= Fﬂzx(j-A)= 4 |Z‘1[X(t )_mx]'[x(ti+j)_mx]=

" —1-4 (1.68)

=n+j-’§[x(ti)-mx]-[x(ti +1;)-1hy]

Beruncienus mo gpopmysie (1.68) BIIOMHSIIOTCS A0 TAKUX 3HAYCHUH |,
P KOTOPBIX IQX (z' j) HAauYMHAET COBEPIIATh HEOOJIBIIINE HEPETYJIsIpHbIC
KojeOaHus OTHOCUTENbHO HYJs. Jlis monydeHus ommbOku He Oonee 2%
’KeJlaTeIbHO, YTOObI BRIMOIHUIOCH yenoBue | <0,1-n.

Hucnepcuto D x MoxkHo onenuTs 1o (1.68) npu 7= 0.



BOITPOCHI JJIA CAMOKOHTPOJIA

1. Yro cuuTaercs ciydalHbIM mporeccoM? UTo Ha3bIBaeTCsl peayiu-
3alME€N U CEYEHUEM CIIy4alHOro npouecca?

2. Kaxkue ciydailHble IPOIIECCHl CYUTAIOTCSI MAPKOBCKUMHU, 3Projiu-
YECKUMHU, CTAIIMOHAPHBIMU, IICHTPUPOBAHHBIMU ?

3. Urto moka3biBatoT (QYHKIUS paCHpeieSICHHs] U MIIOTHOCTh BEPOSIT-
HocTh? Kakre OCHOBHBIE BUbI PACIIPEACICHUN CYIIECTBYIOT?

4. Yrto xapakTepu3yeT CpeJHee M0 MHOXKECTBY, CpE/IHEE MO BpeMe-
HU, JUCIEPCHS U CPEIHEKBAJPATHYECKOE OTKIOHEHHE CIYyYaWHOrO IPO-
necca?

5. Urto xapakrepu3yeT KOppeasiuuoHHass QYHKIUS CIy4ailHOrO Mpo-
necca? KakoB ee ¢usnueckuid cmpbici? KakoBbl CBOWCTBA KOPPESIIUOH-
HBIX QYHKIIHI?

6. Uro xapakTepu3yeT B3aMMHas KOpPpeIALUOHHAs (DYHKIUA ABYX
ciy4dailHbIX mporeccoB? KakoBbl CBONCTBAa B3aUMHBIX KOPPEIISITMOHHBIX
byakuuit? Kakue coydaitHble TpOIecChl CYUTAIOTCS KOPPEITHMPOBAHHBIMH,
HEKOPPEJIUPOBAHHBIMH, CTAIHOHAPHO-CBSA3aHHBIMU?

/. Kakx MOXHO WHCHOJB30BaTh KOPPEIANMHUOHHYIO (QYHKIHIO IS
(bUIbTpaIMK MOJIE3HOTO CUTHaja?

8. Urto xapakTepu3yeT CHEKTpasibHas IUJIOTHOCTh CIIy4ailHOTO Mpo-
necca? KakoB ee gusnueckuii cmpici? KakoBbl CBOMCTBA CIEKTPATIbHBIX
IJIOTHOCTEN ?

9. Uro xapakTepusyeT B3aWMHasl CHEKTpalibHas IUIOTHOCTh JABYX
CIy4alHBIX TIPOLIECCOB?

10. Kak MOXXHO HCMOJB30BaTh CHEKTPAIBbHYIO TIIOTHOCTD JJIsSI (DUITh-
TpalMu MOJIE3HOI0 CUTHAJIA?

11. Kakoii cnyyalinblii mpoliecc Ha3biBaeTcs OenbiM myMoM? KakoBbl
€ro OCHOBHBIE CBOMCTBA?

12. Kak ompeaenuTh CTAaTUCTHYECKHE XapPaKTCPUCTHUKH CIIYy4aiiHOTO
poIecca 3KCIEPUMEHTAIBHO?



SAJAYU JISA CAMOCTOSATEJBHOI'O PEHIEHUSA

1.1. lns cranuonapHoro ciydaiinoro nporecca X (t), umerorero mo-
CTOSIHHYIO CIICKTPaJIbHYIO INIOTHOCTh Sy (a)) = N B JuMama3zoHe 4acToT OT

—@1 10 + @1 ONPENETUTh MAaTEMAaTHUYECKOE OXKHUIaHUE, TUCIEPCUIO U KOP-
PENSIUOHHYIO () YHKIUIO.

1.2. KoppensiumoHHast (yHKIUSI CTALIHOHAPHOTO CIIYYalHOr'O MpOoILeC-

ca X (t), MMEIOLIEr0 MATEMATHYECKOE OXKHUIAHUE My =5, paBHA
Ry (r)=Dy -exp(-a-|z[)+ m% =100 exp(- 5 -|z])+ 25.

OnpenenuTh COEKTPAIBbHYIO INIOTHOCTH 3TOr0 IpoLecca.

1.3. KoppensiiinonHast PyHKIIUS CTaIlHOHAPHOTO CIYYalHOrO IpoIec-
ca X(t), MMEIOIIET0 MATEMAaTUYECKOE OKUIaHue My =5, paBHA

R ()= D -expl- o) cos(p 1)+ 4 sin(s )|

OnpenennuTs CIEKTPATBHYIO INIOTHOCTH 3TOT0 MpoIecca.

1.4. KoppensiunonHasi GyHKIHS CIy4alHOTO Mpoiecca X(t) SIBJISICT-

Cs1 KYCOYHO-HENPEPHIBHON

X T ] s I,
ItX(T) )\

0, \r\>T.

OnpenennuTe CIEKTPAIBHYIO INIOTHOCTB 3TOT0 MpoIecca.

1.5. Koppensiiinonnas (yHKuusi ciaydailHOro mpoiiecca X(t) paBHa
Ry (z')= Dy -exp(—a2 T 2). OnpenenuTh CHEKTPaIbHYIO TUIOTHOCTD

9TOro mponuecca.



2 AHAJIM3 CUCTEM IIPU CJOYYAMUHBIX BO3JEVMCTBUSX

2.1 IIpeoOpa3zoBaHue BXOJHBIX CJOYYAHHBIX CUTHAJOB JIMHEIHOI
CUCTEMOM

[Iycte mmeercsa omHOMEpHas JUHEWHAs CUCTEMA, HA BXOJ KOTOPOH

IOCTYIAET CIYyYalHbIN MPOLECC G(t), MMEIOLINNA MaTEMAaTUYECKOE OXKH-
naHue Mg (t) ¥ KoppensuonHyo GyHknuo Rg (t1 ,tz). Cucrema npeoo-
pa3yeT €ro B BBIXOJAHOW CIYYaWHBIM MPOIECC X(t), CTATUCTUYECKUE Xa-
PaKTEPUCTUKHU KOTOPOTO TPeOyIoT onpeaeneHusi. COBOKYMHOCTh Mpeoldpa-
30BaHMM, KOTOPbIE HEOOXOAMMO BBIMOJIHUTh HAJl pean3aiuen G(t), qTO-
Obl TIONYYHUTh peaATU3AIUIO X(t), ONpENEHACT onepamop Cucmembvl
Q(t){ } (BepXHUM MHJEKC yYKa3bIBa€T HA apryMeEHT, 110 KOTOPOMY IpUMe-

Hsercs omneparop). [IpeoOpa3zoBaHre BXOJHOrO CIy4allHOTO Mpolecca C
MOMOIIBIO TAKOTI'0 ONepaTopa MOKHO OMPENEIUTh, KaK

X (t)=20{(t). (2.1)

MareMaTndeckoe 0XUJaHUE CIy4YalHOro Impoiecca X(t) HAXOJIUTCSA

C YYETOM MEPEMECTUTENBHOCTH JUHEHHBIX onepaTopoB M u .Q(t), KaK pe-
3yJbTaT MpeoOpa3oBaHUs

my ()= M[2Of6W)] = 29{ms @)} 22)

KoppensiunonHass pyHKIMsI ClIydalHOro Iporecca X(t) HAXOOUTCS

TaK)KE C YYETOM MEPEMECTUTENILHOCTH onepatopoB M u .Q(t), KakK pe3yib-
TaT JBOMHOr0O MpeoOpa30BaHus

R, (t, 1, )= M|:)O((t1)- >"<(t2)}= M[gm{é(tl)}.g<tz>{é(t2)H _

(2.3)
— Q(tl)Q(tz){M{é(tl)- (o;(tz)j|} — Q(tl)g(tz){RG (tl ’tz)}-



Ilpumeuanue. Ilopsodox evinonnenus npeoopazosanuii  (2.3) He ume-

em 3HA4YEeHUA.

Ilpumep 2.1. Onpeoenenue mamemamuyecko2o 0ACUOAHUS U KOppe-
JIAYUOHHOU (DYHKYUU CAYHAUHO20 NpOYecca HA 8blX00e CYMMUPYIOULe2o
36eHa. bydem cuumams, 4mo HA 6X00 Maxkoco 36eHa nocmynaiom N ciy-

uaiinblx  npoyeccos  G; (t) UMEIOWUX  MAMEMAmuyecKue O*CUOAHUS
Mg, (t) U KOppeNAYUOHHbIE (YYHKYUU RGiGj (t1 ,tz), ede I,]=1,..,n.
Kaowcoou  onepayuu  npeobpasosanus coomeemcmeyem — onepamop

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

mye()=3 1fme (©)}= Zme, (t).
=1 =1 (2.4)

n n

1{1{RGiGj (t, ., )}}= 2 2 Rge, (t,.t,).

1 i=1j=1

RX(tl’t2)=z_

n
i=1j=

B uacmmuom cyuae, K020a 8X00Hble CUSHAIbL AGISIOMCS HeKkoppeaupo-
6AHHbBIMU CﬂyllaﬁHblMM npoyeccamu,

Rx (tl ’t2)= _%Rei (t1’t2)' (2.5)

Hpumep 2.2. Onpedenenue mamemamuyecko20 OHCUOAHUA U KOppe-
JAYUOHHOU QYHKYUU CAYYAUHO20 NpoYecca Ha 6blXxooe YCUNUMENbHO20
3¢ena. Taxoe  36eHO  6bINOJHAEM — ONepayuio  NpPeoopPaso6aHus.
X (t)=c(t)- G(t) (e0e c(t) — necnyuaiinasn gynxyus), komopoii coomeen-

cmeyem onepamop Q(t){ }= C(t)-{ } Tozcoa

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

(2.6)
Ry (t1t2)=cl(t;)-clt,)- R (t ;).



Ilpumep 2.3. Onpedenenue mamemamuiecko2o 0HCUOAHUS U KOppe-

JIAYUOHHOU DYHKYUU CAVYAUHO20 Npoyecca Ha 8vlxooe oughpepenyupyro-

weeo 38ena. /[ makoz2o 36eHa onepamop Q(t){ }= %{ } Tozcoa
d
my ()= me (1),
5 (2.7)
d
Rx (tl 19 ) = dt, dt, Rs (tl e )

Ilpumep 2.4. Onpeoenernue mamemamuyeckoeco 0ACUOAHUS U KOppe-

JIAYUOHHOU DYHKYUU CYYAUHO20 NPOYeCcca HA 8bIX00e UHMeZPUpyouezo

t
36ena. J[nsa maxozo 36ena onepamop £2 (t){ }= j { }d/l. Tozoa
to
t
my ()= me (A)iz
o (2.8)
tit,
Ry (ty:t2)= JIRs (4, p)dAdp.

toto

2.2 CTaTHCTHYECKUE XaPAKTEPUCTUKHU CJOYyYalHBIX MPOLECCOB HA
BbIX0/I€ JINHEIHOW CUCTEMbI BO BPEMEHHOM 00J1aCTH

[IycTh uMeeTcst ycTonurBasi CTallMOHAPHASA JIMHEeHHAs cucTeMa, s
KOTOPOM M3BECTHA MMITYJIbCHAsI MEPEXO0/IHAS XapaKTepucTUKa (WIH 6eco-
8as pyukyus) k(t) (cM. pucynok 2.1). ®yHKIHUSA k(t) JOTI’KHA YJIOBJIETBO-

PATH YCA08UI0 PUu3ULeCKOU peanu3yemocmu CUCmeMmbl
k(t)=0, ecu t <0. (2.9)

Ycnoue (2.9) onpenensier, 4To peakivsi CUCTEMbl HE MOXKET HACTY-
IIUTH paHBIIIC MOMEHTA MOCTYIUICHUS BXOIHOT'O CHTHAIA



Ha Bxox cucteMbl MOJAETCs CIy4alHbIM IPOLIECC G(t) C MaTeMaTu-
YECKUM OXKHUJAaHUEM Mg (t) U KoppessnuoHHon GyHknued Rg ('[1 ,tz). On
npeoOpa3yeTcs B BBIXOJAHOM Cly4alHBIN IpoIecc X(t) (cM. pucyHok 2.1),

AJIs1 KOTOpPOro Tpe6yeTc;1 onpecaACIINTb CTATUCTUYCCKUC XAPAKTCPUCTHUKU.

G(t) X(t)

mg (t), RG(tl’tZ)) my (), RX(tlltZ)}

k(t)

Pucynox 2.1 — JluneiiHas cucrema ¢ BecoBoi (yHKIUEH k(t),

HAaXOSIIAACA MO BIUSHUEM CIyYallHOrO BO3/ICCTBUS

CBsA3b MEXKy pealiu3alusiMu CIyYalHBIX MPOILECCOB Ha BXOJI€ U BbI-
X0J1€ CUCTEMbI YCTAHABIMBAETCS HA OCHOBAaHUM (POPMYJIbI CBEPTKHU

x(t)=jk(t-y)-e(u)du!‘gi(z)-e(t-z)rm, 2.10)

rne 7u A =1 — y — He3aBUCUMBIC TapaMeTpbl UHTErpupoBanus. opmyra

t—t
(2.10) ompexmenseT omepaTop CHCTEMBI Q(t){ }= | 1((1){ YdA. Mcnons-
0

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

mx(t)=t_£t(i<(ﬂ)-m6(t—/1)dﬂ,

1~ tr—

Rultite)= ] gli(ﬂ)-k(u)-RG(tl—/%,tz—u)d/%du, (2.12)

Dy ()= ] g“k(z)-kw)-RG(t-a,t-u)dmﬂ.

Ecmu G(t) — cTanmonapHsIii cydaifHbIi mporecc, To Mg = CONst, a

R G 3aBUT TOJIBKO OT pa3HOCTH apryMeHToB to —t1 = 7. Torma



m ©)=me - (k2.

t1—tg to—tg

Ry (t:,t2)= I Ik(}“) k(g)-Ro(t, —ty +A—p)dAdu,  (212)

t—tg t—1p

Dy (t)= I I K(2)-k(z)- Rs (- )dAdp.

®opmyinbl (2.12) moKa3bIBAIOT, UTO CIYUAUHBIU NPOYECC X(t) Ha 6bl-
X00e yCmou4ueou cmayuoHapHoU JTUHEUHOU CUCMeMbl 8 NePexoOHOM pe-
Jrcume 6yoem HeCmAayuoOHApPHbIM, 0ddXdce eciu C8OUCMBAMU CIMAYUOHAPHO-

cmu obrnadaem 6xoonoii cyuaiinwiii npoyecc G(t)

B ycranoBuBmeMcs pexume npu to — —oo (t — +o0)

my =mg -T)k(/%)dﬂ = const,
0

RX(T);f Tk(/%)-k(p)- Re (¢ + 4 - p)dAdy, (2.13)
Dy = T +fk()u)- k(x)- Rg (A — p)dAdu = const.

®opmynel (2.13) MOKa3BIBAIOT, UTO CAVHAUHBIL NPOYECC X(t) Ha 6bl-
X00e ycmouuueou CmayuoOHapHou JUHEUHOU CUCmeMbl 8 YCMAHOBUBUUEMCSL
pedicume 6yoem CmayuoHaApHbIM, eCllu COUCMBAMU CIMAYUOHAPHOCMU 00-
nadaem 6xoonoti cayuatinsiii npoyecc G(t).

Ecnu cucrema siBisieTcsi HeCTAIIMOHAPHOM, TO €€ BecoBask (PYHKIMS
OyZeT 3aBUCETh HE TOJbKO OT BpeMEeHHU HaOtoJeHus t, HO U OT BpEMEHHU
MOCTYIIJICHUS €AMHUYHOTO UMITYJIhCA Ha BXOJl CUCTEMBI A. YcioBue Gpusu-

YECKOU PEeATM3yEMOCTHA CUCTEMBI IPUMET BU/I
k(t,1)=0, ecu t < 4. (2.14)

CBsi3b MEXKy peanu3alysaMu CIy4ailHbIX MPOIECCOB Ha BXOJE U BbI-
X0JI€ CUCTEMBI ONPEENISIET COOTHOIIEHUE, aHatornyHoe (2.10),



X(t)= ik(t,,%)-c;(,t)dz. (2.15)

t
B sTOM ciydae onepaTop CHCTEMBI Q(t){ }= | k(t ,ﬂ)-{ }dﬂ,. Ha ocHoBa-
to

HuU npasui (2.2) u (2.3)

my(0)= Tk(t,2): me ()04,

to

Ry (tl ’t2)= Ilfk(tl ’/1)‘ k(tz ’,U)' Rs (/11ﬂ)d/7vdﬂ, (2.16)

to to

Dy (0)= [ K(ty . 2)-K(t, . ) R (4. u)dAdu

tolp

Ecau B (2.16) npunsaTh to — —00, TO MOKHO MOJIYYUTh COOTBETCTBY-
fore GOpMyIbl I ONPENeNICHUs] CTATUCTHYECKUX XapaKTEPUCTHK B
YCTaHOBMBIIIEMCS pEKUME (€CJIM OH CYILECTBYET).

@opmyibl (2.16) MOKa3bIBAIOT, UTO CAYVUAUHBIU NPOYECC X(t) Ha 6bl-
X00e HeCMAayuoOHAPHOU TUHEUHOU cucmemsl ece20a Oyoem HecmayuoHap-
HbIM, He3A8UCUMO OM XapaKmepa 6X00H020 CYYalH020 npoyecca G(t).

Ha ocHOBaHWM BBIIIEW3IOKEHHOTO MOXHO CJIeJIaTh BBIBOJI, YTO He-
CTallMOHAPHOCTH MPOIIECCA HA BBIXOJIC JIMHEHHON CUCTEMBI OMpPeAeIsieTCs
KaK MUHUMYM OJTHOM M3 TPeX MPUYHH:

® HECTAIMOHAPHOCTh BXOJHOIrO CIy4aHOrO Mpollecca; TOorjaa s

CTaHHOHapHOﬁ CUCTCMBI B YCTAHOBHUBIICMC: PCIKHUMC

+o0 +

Rulty )= | fk(z)-k(u)-RG(tl-z,tz — u)dAdu;

® HECTAallMOHAPHOCTh PeKHUMa pabOThI; TOrJa JJIS CTAI[MOHAPHOM CH-

CTCMbI U CTAHMOHAPHOI'O BXOAHOI'O CJ'IyIIaI\/IIHOFO mponoecca

1~ tr—t

Rx(tl,t2)=‘g (K1) k()R 1 -t + 2 A



® HECTAI[IOHAPHOCTb CUCTEMBI; TOTJa
tyty

Ry (t1 t2)= J .[k(tl A)-k(tz 1) Rs (A, u)dAdu.
toty

Ilpumep 2.5. Onpeodenenue cmamucmudeckux XapaKkmepucmux cJy-
yaliHo2o0 npoyecca HA BblX00e Ccucmemvl C B8eco80U  (QYHKyuell
k(t)= exp(— t), HA 6X00 KOMOpPOU nocmynaem yeHmpuposarHHvll Cayyatl-

HblUL npoyecc ¢ eOUHUYHOU oOucnepcuei U KOoppeusyuoHHOU QyHKyuell
Rs(z)= exp(— ‘T‘)

s onpedenenus KopperayuoHHOU QYHKYUU 8bIXOOHO20 CYYAUHO20

npoyecca 8 YCmaHo8UBULEMCSL pedcume 80Cnoav3yemcs popmynamu (2.13)

+00 00
Ry (z)= [ [exp(=2)-exp(— z)-exp(=|r + A — p)dAdu.
0 0
Hucnepcus 6b6Ix00H020 CAYYAUHO20 NPOYECca 6 NepexoOHOM PedCUMe

nHaxooumcs no popmynam (2.12). Ipumem to = 0. Toeoa
tt
Dy (t)= [ [exp(- 4)- exp(~ x)- exp(~|A — p|)dAdu =
00
t t
= [exp(-4)- [I exp(— )- exp(-[2 - u\)du}dxl -
0 0

Ilpu pacueme enympennezo unmezpana yumem

explu—-1). p<i,
exp(A—p), u=A.

i

Tozoa

fexpl- ) exp(-14 - =



O ey N

exp(— 2)- exp(u— A )dp + i exp(— )- exp(4 — p)dp =
- exp(- 2)-Jdu+ exp(2)- fero(- 2- b -

=A-exp(-A1)- % -exp(1)-[exp(=2-t)—exp(-2-1)] =
= A-exp(-1)- % cexp(A-2-t)+ % cexp(=A4).

Iloocmasum Hatioennoe 3HaweHue 6HYMpeHHe20 UHmezpald 6 8vipa-
Jicerue 0 onpeoesieHus: OUCnepcuu

Dx(t)=£exp(— l)-[l-exp(— 2L exp(a-2-0)+ - -expl- l)}dﬂ -

1 1
_E_E.exp(_2-t)—t-exp(—2-t).

B ycmanosusuemcs pesxcume npu t — +oo, D x = 1/2.

Ecnu Ha cuctemy mojiaeTcsi HECKOJIbKO CIIy4aifHBIX MPOIIECCOB, TO Xa-
PAKTEPUCTUKHU BBIXOJHOTO MPOIIECCa MOTYT OBbITh OMPEACIICHBI MO MPUH-
UMY CYNEPHO3UIUU C UCTIOJIb30BaHUEM popmyi (2.4) u (2.5).

G(t)
ne®). Ro(e) el X0
F(t) my (t), Ry (7)

e, Re(e) | el

Pucynox 2.2 — Cucrema, HaxoAsmascs TOA BJIUSHHEM JBYX
CIIy4YallHbIX BO3/ICHCTBUU



Ilpumep 2.6. Onpedenenue KOppeniyuoHHOU QYHKYUU CAYUAUHO20
npoyecca X(t) Ha 8bIX00€ CMAYUOHAPHOU JUHEUHOU CUCTNEMbl, HA 6X00
KOMOpOoU nooaromcs 08a YEHMPUPOBAHHbLIX CMAYUOHAPHBIX CLIYYAUHBIX
npoyecca G(t) u F(t) (cm. pucyHok 2.2) ¢ KOppersyuoHHbIMU QYHKYUAMU

R (2') u R (z') Peaxyuro cucmemvol no xasxcoomy 6xoody onpeodensiom ee-

coswie gyniyuu Kq(t) u ke (t)

Koppensyuonnas ¢yuxkyus cryyaunoeo npoyecca X(t) 8 ycmawo-

BUBULEMCS pedcuMe Modcem Obimb HatioeHa no gopmyram (2.4) u (2.13)

+00 +

R(e)= | fkg(z)-ks(u)-RG(r+a-u)dmu+

+ [ [ke(A) ke (1) Roe (z + A — p)dadu +
0 0

+00 +00

T g ng (1) ks () Reg (7 + A — pu)dAdp +
++£°+£Okp(ﬂ)- ke (1) Re(z 44— p)dAdu.

Ecnu exoonele npoyeccol cmamucmuiecKu Hesasucumsl, no
+00 +

Ru(e)= | fkg(z)-ke(u)-RG(r+z-u)dmu+

+ ?T& (1) ke (1) Re (7 + A — p)dAdp.

2.3 CtaTucTH4YecKHe XapaKTEePUCTHKHU CJOYYAHHBIX MPOLECCOB HA
BbIXO/I€¢ JIMHECHHOM CUCTEMBbI B YACTOTHOM 00J1aCTH

[lycts mmeercss ycroWuuBas CTalMOHApHAs JIMHEWHAs CUCTEMA, IS

KOTOPOM M3BeCcTHa nepeaarouHas Gynkmus W (s) KOMITJIEKCHOM MepeMeH-



HOM S (cM. pucyHOK 2.3). Ha BX01 CHCTEMBI IOIaCTCS CITy4alHBIN MPOIIECC

G(t) CO CIIEKTPAJIbHOM IJIOTHOCTBIO S (co) OH npeoOpa3yeTcsi B BBIXO/I-

HOM CIyYaWHBIA MPOLECC X(t), IUIsl KOTOPOTO TpeOyeTcs: OnpeaeianuThb

CTaTUCTUYCCKUC XaPAKTCPHUCTUKHU.

G(t)

mg(t). Se(@)

X(t)
mx (1), Sx(@)

Pucynok 2.3 — Jlunelinas cucrema c nepeaatrounor ¢pyukiuen W (s),

W (s)

HAaXOSIIAACA MO BIUSHUEM CIyYallHOrO BO3JICCTBUS

B 1mog00HBIX yCI0BHSAX BBIXOJHOHM CIIydalHBIN mpoliecc OyaeT oOna-
JaTh CBOMCTBAMM CTallMOHAPHOCTH. HanOombImMi MpakTUYECKUN MHTEPEC
MPEACTABIISIECT OMPEJACIICHUE €r0 CTATUCTUYECKUX XaPAKTEPUCTUK 8 yCcma-
HOBUBULEMCSL pedcume.

MarteMaThuyecKoe OKMJIaHHE X(t) B YCTaHOBHBIIIEMCS PEXKHUME MO-

eT ObITh HalJIEHO 10 hopMyJie
my ®)= [K(A)-mg (t = 2)A. (2.17)
0

Pasznoxum Mg (t - /?,) B psa Teiinopa

O
me(t-2)= 51y )4 (218)

Torna

mx(t)=+f° k(2)- _+Z°°(— 1) - mg?(t)-z‘d/h

+

(2.19)

8

<(3 (t) (-1)"- jk(/l) 2'dA.

I
o



BecoBas u nepegaTounast GyHKIHU CUCTEMbI CBSI3aHbI COOTHOILIEHUEM

W (s)= +fk(ﬂu)- exp(—s-A)A. (2.20)

Huddepenuupys (2.20) mo S Hy>KHOE YUCIO pa3, OMpPeAeTUM

ﬁw(s)=_+f° k(1) 4-exp(=s- A)A,

2W(s) jk(/l) A% exp(=s-A)A,

s (2.21)
WOE)=(-1) - [k(3)- &' -expl-s- 22
IIpuanmast 8 (2.21) s = 0, mony4nm
w ©0)=(-1)" - T k(1)-A'dA. (2.22)
Ioxcrasus (2.22) B (2.19), Haiinem
m()-5 " 0w00)-5 M0 2 w  ez

||
i= O s=0

Ilpumeuanue. @opmynoti (2.23) MOINCHO NONL308AMBCA KAK 0N CA-

UUOHAPHOZO, MAK U 0715 HecmayuoHapHozco 8X00H020 CﬂyqaﬁHOZO npoyec-

ca. Heobxooumo, umobwl ¢hynxyus Mg (t —ﬂ.) packnaovieanacs 8 pso Teii-

J10pa, CXOOAUWUNUCS NpU 6CeX 3HAYEHUSX apeymMeHma, a nepeoamouHas

¢dyuxuus W (S) ouggepenyuposanraco mpebyemoe 4ucio pas.

dopmyna (2.23) onpeaensier CISAYIONUM onepaTop CUCTEMbI



0()-F W00 gy

" (2.24)

CnekTpalibHasl IJIOTHOCTh CIIy4alHOTO Ipoiecca X(t) MOXET OBITh

OIpeJIeiCHa 10 €r0 KOPPENSIHOHHON (DYHKIIMU ¢ HCIOJIb30BaHueM (op-
myJbl (1.42). Yuutsias (2.13), MOKHO 3amucaTh

Sx(@)= [Ru(¢)- 00l j-0-c)ir =
(I) Tk(A)- k(1) Rg (¢ + A - r)-expl= j - @+ 7)dAdpad =

= j;o g gk(ﬂ)-k(y)- RG(1'+/1—/1)-exp[— J -w-(r+)£—,u)]x
xexp(j-w-1)-exp(- j-o- p)dAdudz =

-{ Tiw-exoli-0- 02| { T o0t -0
o rele 2= ol e 2= e}

(2.25)
BBenem 0003HaueHUS
+o0
W(=j-o)= [k(1) exp(j-@-A)da,
0
+00
W(j- @)= [k(u)-exp(- j-@- p)dp, (2.26)
0

SG(a))=ij:RG(r+ﬂ,—y)-exp[— jro-(r+A-pr.

Torma

S (@)=W(- -0} W(i-0)So (@)= o
-W(j-0)"+5c(0)= A2(@)- 5o (o). |



rae A’ (a)) — aMIUTATYTHO-4aCTOTHAs XapaKTEPUCTUKA CUCTEMBI.
Koppensiunonnyto (QyHKIUIO ClIydyalHOro Ipoliecca Ha BBIXOJE CHU-
CTeMBbI MOXKHO HaiTu 110 popmyite (1.44) ¢ yuerom (2.27)

Ry (7)= %-TSX () exp(j-@-7)do =
o - (2.28)

- i_{ONV(J ‘o)’ - Sg(@)-exp(j-0-7)a.

Jucnepcuio ciay4alHOro Impornecca X(t) MOXKHO OIIPEIEINUTh 110
dopmyie (2.28)
1 +00
Dy =Ry (O)=2_—‘ [ Sx (@)=

T
(2.29)

+00

=, TWGo) so(oko= 2. Tw(i-0)" ook

Ilpumeuanue. Pacuem oucnepcuu 8bix00H020 CAYHAHO20 NPOYyeccd 6
YCMAHOBUBUIEMCSL pedicuMe depe3 CNeKMPAIbHY NIOMHOCHb CUCTHEMbl
no gopmyne (2.29) snauumenvHo npowse, yem aHaAI02UUHOE ONpeoesieHuUe
9MO20 Jice napamempa uepe3 KOPPeISUUOHHYIO (DYHKYUIO cucmemvl No
Gopmyne (2.13). Kpome moco, 6 smom ciayuae oucnepcusi (KaKk u chnex-
MpanbHas NIOMHOCIb) MOdCEM OblMb NPeOCMasileHd KaK QYyHKYUs napa-
MemMpo8 cucmemvl (UMNYIbCHASL NEPexoOHAsi XApaKmepucmuxa, Kak npa-
8UJI0, IBHO Yepe3 Napamempbl CUCTEMbL He BbIPAICAEMCSL).

Ecnn W(j a)) uSg (a)) SBJISIFOTCS APOOHO-paIMOHATBHBIMU () YHKIIH-

SMH @, TO 3ajJla4a ompeaeieHus aucrnepcun mo Gopmyne (2.29) ceoaurcs k

BBIYUCIICHUIO CTAHAAPTHBIX UHTCI'PAJIOB B 1A

= 1 .+J?O Bn(Jw)
"2 LA(jre)A (-

J do, (2.30)

rxe nomuuomsl A, (j- @) u B,(j - @) pasubi



Aj-o)=a,-(j-0)" +a,-(j-0)" " +..+a,,
(2.31)

Bo(i-@)=b-(j- @) +b,-(j-0)" " +..4b .

[TomuHoM Bn(j a)) COJEPIKUT TOJILKO YETHBLIE CTENIEHH MHUMOW 4a-
CTOTHI. /I yCTOMYUBON CUCTEMBI ITOJTMHOM An(j co) UMEET BCE KOPHH,

pacIooKeHHbIE B JIEBOH MONYIUIOCKOCTH |- @. WuTerpan (2.30) npu

1000M N BRIUKCISAETCS IO GopMyIie

_(_1)n+1 _Un
2.8, A,

Jn , (2.32)

rae An — crapmmuii onpeaenurens ['ypBuIia, COCTaBICHHBIN U3 KO3 PHUIIH-

€HTOB ITOJMHOMA An(j -co), Un — ompenenutens An, B KOTOPOM TepBas

CTpOKa 3aMeHeHa K03 hHIMeHTaMu mojuHoMa B, (j . w)

a, a4z asg by by Db
a, a, ay a, a, a

an

an

Tabnuna 3Ha4eHUN CTAHJAPTHBIX MHTErpaioB Jn MNPUBEICHA B IMpU-

JIOKEeHUU A.

Ilpumep 2.7. Onpedenenue cmamucmudeckux Xapakmepucmuk cJy-

YaliHO20 Npoyecca Ha BblXx00e CUCMeMbl C NnepedamoyHou QyHKyuer
2 y

W(s)=(s+1)/\s” + S+ 1), na 6xo0 komopou nocmynaem yenmpuposan-

HbIU CAVYAUHBIL Npoyecc ¢ eOUHUYHOU Oucnepcuer U CHeKmpaibHOU

NIOMHOCMBIO S (60) = 1/(1 + o* )

Cnekmpajleaﬂ niaionHocmb C]lyllaleOZO npoyecca Ha gvixo0e cucme-



Mbl HAX00Uumcsi no ypaeueruio (2.27)

)= '.a)z- w)= (j-co)2+1 . 1 =
Sx (@) ‘W(J X Sg (@) (j-a))2+(j-co)+1 1+ o2
o Geper [

(-0 +(i-@)+1 [1+(j-0)’

_ (j-0) +1 "

(j-0) +2-(j-0) +2-(j-0)+ 1
1—a)22

- 2 2"
(1—2-(02) +a)-(2—w2)
Jlucnepcus crnyuatinoco npoyecca Ha 8vixo0e cucmemvl 8 YCmaHo8Us-
uieMcs pedcume Haxooumces no ypasuernuio (2.29)

D. — 1 -+°° (j.a))2+l ‘zda)=
T2 _oo(j-a))3+2-(j-a))2+2-(j-co)+l‘
" Y
_ 1 -+j (j-o) +1 i

27 wl(-a) +2-(-a) 2 @)+ 1

B oannom cnyuae n = 3. Koagpduyuenmor noaurnomos A3(j a)) u

B;(j- @) pasnoi
a0=1, a1=2, a2=2, a3=1,
b0=1, b1=0, b2=1

3nauenus onpedenumeneil Haxooamcs no gopmyne (2.33)



I
[EEN

0 a; ag] 0 2 1

3nauenue oucnepcuu 8 YCMAHOBUBUUEMCS peXCUMe HAXOOUMCS NO
Gopmyne (2.32)

D )ty o1 2 1
X = - 3_

2-a, 4; 2-1 3

[ 2 N J
Nuterpan (2.29) moxeT ObITh ONPEACICH YUCICHHO MO MPUOIHKEH-
HOU opmyIie

D« zi ij (o )Xo, (2.34)
T 0

I/le 9acToTa @ BHIOMpAeTCs TaK, 4ToOwI B guanasone [0,@ ] cocpenoradn-

Bajlach OCHOBHAs YacTh MonTHOCTH curHaia (1o 90%). Cxema 4nuCiIeHHOTO
oIpeJieNIeHUsT TUCTISPCHY TTOoKa3aHa Ha pUCyHKe 2.4.



Sx(@)

0 @ 17

Pucynok 2.4 — YucneHHoe onpe/ieieHue U CIepCUu

Ecnu Ha cucTeMy moJaeTcsi HeCKOIbKO ciiydaitHbiX mporeccoB G; (t)
C B3aMMHBIMH CIIEKTPAJIbHBIMU TUNIOTHOCTAMHU Sg 5. (j -a)), TO CIIEKTPAJIb-
1~

Hasl TIJIOTHOCTh BBIXOJIHOT'O IPOIIecCa MOXKET ObITh OMpeJiesieHa MO MPUH-
Uy CYIEPHO3ULINU

Sx(@)=3 3 We (-j-0)-We (i-0)-Sec (i-@).  (2:35)
i=1]=1

Ecmu BXOJIHBIC CﬂyqaﬁHBIC npouecCChbl CTATUCTUYCCKHU HEC3aBUCUMBI, TO

BbIpakeHue (2.34) npumer BUa

Sy (@)= é W (i-@) - Sg, (@). (2.36)

Ilpumep 2.8. Onpedenenue cnexmpanivHoU NAOMHOCMU CAVYAUHO2O

npoyecca X(t) HA 8bIX00€ CMAYUOHAPHOU JUHEUHOU CUCEMbl, HA 6X00
KOMOPOU nooaromcs 08a YeHMpPUpOBaAHHbIX CIYYAUHBIX npoyeccd G(t) u
F(t) (cm. pucynox 2.5) co cnexkmpanrbhoimMu niomHocmamu  Sg (a)) u
SF(a)). Peaxyuro cucmemvr no xasicoomy 6xo0dy onpeodensirom nepeoa-

mounvie gynxyuu Wg (S) uWe(s)



o) :
o). 50(0) | e X0
) 7). 5:(@

), 5. (@) | e

Pucynok 2.5 — Cucrema, Haxomsmascs TOA BJIUSHHEM JBYX
CIIy4allHbIX BO3/ICHCTBUU

Ce513b cnexmpanbHblX NIOMHOCMEN CAYHAUHBIX NPOYECCO8 HA 8X00e U
8bIX00e cucmemvl NPpuU 08YX 6XOOHbIX B030€UCMBUSX ONpeOeiemcs COON-

HOUuilernuem
Sx (@)=Wqg(] '0’12 -Sg(@)+Wg (= |- @) We(j- @)- See (i - @)+
+We(j-@)-We (- j- @) See (i @)+ We (] -wlz - Sk ().
Ecnu exoonele npoyeccol cmamucmudecKu Hesasucumsl, no

Sx (w)=‘WG(j ‘0’)2 - Sg (@) +We (] ‘0’)2 - S (@)

2.4 AHAJIN3 TOYHOCTH CUCTEM MPH CJIY4ailHBIX BO3/1eiiCTBUAX

IIycte MMmeeTcsa nvHENWHas 3aMKHYyTas CUCTEMA, Ha BXOJbl KOTOPOU
IIOJIAETCS MOJNE3HBIN CUTHAI G(t) U 1momMexa F(t), IPUIIOKEHHAS B IIPOU3-

BOJILHOM TOYKE (CM. PUCYHOK 2.6).



me(t)
F(t) & F()
ma(t) o G(t) E(t) : X(t)

Cucmema >
G(t)

Pucynok 2.6 — Cucrema, Haxosascsi moJ BIUSIHUEM JIBYX Clydaii-

HBIX BO3JICHCTBUU

B oOmem ciydyae BO3JICHCTBUS Ha CUCTEMY MPEICTABISIOT COOOMU
IPOM3BOJILHO M3MEHSIOIIMECSS BO BPEMEHU PEryJIsipHbIC CUTHAJIBI, HAa KO-
TOPbIC HAJIOKEHBI [IEHTPUPOBAHHBIE CIyYalHbIE TPOIECCHI

G(t) = mg (t)+ G(t),
Ft)=me (t)+ F(2),

rae Mg (t) me (t) — DKBUBAJICHTHBIE PETYJIIPHBIC COCTABIIAIOLINE I1OJIE3-

(2.37)

HOTO CHTHaJla U NIOMEXH, BKJIIOYAIOIINE B CEOSl KaK COOMmMeemcmeayoujuti
PeYNAPHBIL CUCHAN, MAK U MAmMemMamuyeckoe 0dcuoanue coomeemcma)-
rowe2o Cy4auno2o npoyeccd.

JIro0yr0 UCKOMYIO KOOPJAMHATY CUCTEMbI MOKHO TIPEJICTAaBUTh B BUJIC
JBYX COCTABJISIOIINX: DKBUBAJIECHTHOM PETYJSIPHOM U LIEHTPUPOBAHHOU
cnyyaiiHoi. Torga ommOKka CHCTEMBI, XapakTepusyroulas €€ JUHaAMH4e-
CKYIO TOUHOCTh, MOXXET OBITh OMpeJIeicHa, KaK

E(t) = G(t)= X(t)= me(t)+ E(t). (2.38)

Ha ocHOBaHuM MNpUHIMIIA CYNEPHO3ULUN COCTABJIAIOLIME OUIMOKU
CKJIaJBIBAIOTCS U3 COCTABIISIOMINX OT JIEWCTBUSA MOJIE3HOTO CUTHANIA U T0-
MEXHU, KOTOPhIE MOKHO HAXOAUTh HE3aBUCHUMO APYT OT Jpyra.



PerynapHyro cocTaBISOMY0 OIIMOKH M ¢ (t) MOKHO paccMaTpUBaTh

KAK PEAKIIMIO CHCTEMbI Ha PEryJIAPHbIE BHELIHHE BO3ICHCTBHS
me (t)=mE(t)+mE (t). (2.39)
B u306paennsx 1o Jlammacy
Me (s)= ME (s)+ ME (s)=
=Wk (s)- Mg (s)+Wee (s)- M (s),

rae Wge (S) u W (S) — IIepeNaTOYHbIC ()YHKIMH 3aMKHYTON CHCTEMBI 110

(2.40)

KaHaJIaM «IIOJIE3HBIM CUTHAJ — OIIMOKAY) U «IIOMEXa — OIIMOKA)).

Ilpumeuanue. CmpyxmypHas cxema munogou 3aMKHYMOU CUCINeMbl

F(t)
E(t

%G(t) ey W sy AR

Ecnu Wl(p)= 1, mo mooicHo cuumamo, umo nomexa nooaemcs Ha

umeem 8uo

6x00 pazomknymoiu cucmemsl, a eciu W, ( p) = 1 Ha ee 6b1x00.

llepeoamounvie pyHKyuu no KAHAIAM «NOJE3HBIU CUSHAT — OUUOKA»
U «nomexa — OuuUoOKa» Haxooamcs no gopmyiam

1
Wee (p) = 1+W,(p)-W,(p)’ (2.41)
Wee (p)= Vel

1+W,(p)-W,(p)’

[Tpr MenmeHHO U3MEHSIONUXCS BXOIHBIX BO3JCHCTBHAX PETYIISIPHYIO
COCTaBJISIIOIIYIO OIMOKK OOBIYHO ONPEACISIIOT Memooom Kodghhuyuen-
moe ouubox.



o E o
Benmnunny cocrasisromen Mg (t) MO>XHO HAWTH II0 COOTHOIICHHUIO,

aHajgoruaaomy (2.23)

+00 (I) . +00 .
ne()- 5 Y= 005 ¢, .m0
o =0 (2.42)
CP = i-a—_WGE(s) L i=12,...

| -
1! !
oS 0

G .
rne C;” — koadduumeHTs OmMUOOK CHCTEMBI MO KaHATY «IOJE3HbIN CUT-

HaJ — OIIMOKay. OHpGI{GJ’II/ITB X MOKHO O€3 BBIIOJIHCHUS onepaunﬁ I[I/I(b-

pepennupoBanus W (S) o ¢popmynam

Co =WGE(5)‘SZO’
1 i—1 .
j=0

=
S s=0

(2.43)

CoorHorenust, anamorunddbie (2.42) u (2.43), MOryT OBITh HOJYUYEHBI
U JUIsl KaHajla «IoMeXa OIHnOKa.

Ecnu perynsipable BHEIIHUE BO3JICMUCTBHUS MOCTOSHHBI WJIA OTCYT-
CTBYIOT, @ Clly4allHbl€ BO3JICHCTBUS MPEICTABIISIIOT COOOM CTalMOHAPHBIE
CillydyallHbl€ MPOLIECCHI, TO OIMMOKa OYJIEeT CTAllMOHAPHBIM CIyYalHBIM
IPOLIECCOM, MAaTEMaTUUYECKOE OXHUAAHWE KOTOPOrO OIPEHETsIeTcs 4epes

YPABHCHUC CTATUKHU CUCTCMbI

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

[{eHTpUpOBaHHYIO CIYYalHYIO COCTABIISIONIYIO OIITHOKH E(t) MOKHO
paccMaTpUBaTh Kak PEAKIMI0 CUCTEMbl Ha IEHTPUPOBAHHBIE CIIy4YailHbIE
COCTaBJISIFOIIME IOJE3HOr0 CUTHAJIa U TMOMEXU U ONpPEAeNsTh €€ 4Yepes3
KOppeIsAIHOHHbIe GYHKIUU Rg (2') u Re (r), WU 4Yepe3 CHEeKTpaIbHbIE
TUIOTHOCTH Sg (a)) U S,:(a)) (ecnu BXOJHBIE BO3AEHCTBUSL KOPPEIUPO-

BaHHBI, TO AOJIDKHBI 3a1aBAaTbCA HX B3dMMHaAsA KOPPCIALHWOHHAA (bYHKHI/IH



WIM WX B3aWMHAas CIEKTPaJIbHAS TJIOTHOCTH). [0 3TUM JaHHBIM HaXOIAT
KOPPEJISIUUOHHYIO (PYHKIUIO WM CHEKTPaIbHYIO IUIOTHOCTh OIIMOKH, a
3aTeM — JUCIEPCUIO OITHOKH.

B mpakThueckux pacuerax yaille BCEro MCIOIb3YIOT CHEKTPAIbHYIO
MJIOTHOCTh, PACCYUTHIBAEMYIO 11O PopmyIie

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

Wee (] ‘“’)‘2 - S¢ ().

YToObl HAWTU JUCIEPCHUIO OIMIMOKU TPU CIAYYAMHBIX BO3JICHCTBUSIX,

(2.44)

HCO6XOI[I/IMO BbIYUCIUTDb HHTCIPAJl
1 +00
De =5 [Se (0. (2.45)

I[I/ICHGPCI/IH OIIIMOKHA COCTOHT U3 OTACJIbHBIX COCTABJIANOIMINX, OIIPCAC-

JSICMBIX cllaraeMbimMu (2.44),
D =D¢ + DE™ + DE® + DE. (2.46)

Bce COCTaBJIAOMNEC JUCIICPCUN MOTI'YT BBIYUCIIATHCA OTACIIBHO. 3aTeM

OHH OOJI’)KHBI CYMMHUPOBATLCA.

Ilpumep 2.9. Onpedenenue oucnepcuu 8bIXOOHO20 CYYAUHO20 NPO-
yecca. Ha 6x00 3amkuymoil ciedsweli cucmemvl nocmynaem nojie3Hblil
CYHAUHBIL NPOYecc CO CREeKMPAIbHOU NIOMHOCMbIO Sg (0)) Ha e6x00
PA30OMKHYMOU CUCMeMbl NOCHYNnaem CIy4aiuHas nomexa co CHeKmpaibHou
NJIOMHOCMbIO S,:(a)). Koppenayus meoxcoy exoonvimu npoyeccamu om-
cymcmaeyem. BuewiHue 6030eticmeust He cooepaicam pecyisapHblX COCMAG-

JAIOWUX. Cmpykmypﬂaﬂ cxema cucmembvl umeen 8uo



G(t) @ E(t) é)» e T><_(t)>

W(S)=s.(TI.<s+1) (w)_f ij.TG F(@)=N.

llepedamounvie pyHKyuu 3aMKHYMOU cucmemuvl no owudKe

1 T-s?+s
Woe (5)= 1+W(s) T-s?+s+K'
W(s K
Wee (s)= O

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

Cl’leKmpaJlea}Z NAOMHOCMb OWUOKU paeHa

T-(al (@) | ¢ (i,
TG0+ Gra)ek el

+ K ‘ (0]
T- (j a))2+(J w)+K‘ F( )

SE(“’)=

COCWICI@JZﬂ}OWaﬂ Oucnepcuu 0WU6KM, 06yCJl08]Z€HHaﬂ NoOJIe3HbIM CUc-
HAJIOM, HAX00UmMcs us 6blpAaAdIICEeHUA



1w T(y@ﬁwyw)z_ZDy
2.7 T-(j-0) +(j-0)+K| 1+T¢ 0°

1 -+oo T(Jw)2+(ja)) 2_ 2:Dg - Tg
2. 1 _wT-(j-w)2+(j'w)+K \1+TG-(j-w){2
1 .+oo TZ(Jw)A'—(Ja))Z
27 Sl T, (jr0) + (T +T5)-(j-0)? +
+(1+K-Tg)-(j-@)+K

dew =

2

=2-Dg -Tg - J5.
B oannom cnyuae n = 3. Koagpduyuenmor noaurnomos A3(j 60) u
B;(j- @) pasusi
ag=T-Tg, a;=T+T5, a,=1+K T, a;=K,
bo=T?, by =-1, b, =0,
Tozeoa

1 T+K-T-Tg +Tg
T2 Ty TH+K-TZ 4T

Cocmasnawowas oucnepcuu owudOKY, 00YCl061eHHAs NOAE3HLIM CAY-
YAUHBIM NPOYECCOM, PABHA

T+K-T-Tg +Tg

D¢ =2.D. .T~-J.=D. -
= T T KT 4T,

Cocmasnsaowas oucnepcuu ouudbKU, 00YCl0BIEeHHAS NOMEXOU, HAXO-
OUMCSL U3 BLIPANCEHUS



N <
2w [T (@) +(j-0)+ K
K2.N *+= 1

_ -

27 () + (o) K|

- Ndw =

De

do=K?*-N-J,.

B oannom cnyuae n=2. Kosgppuyuenmol noaunomos Az(j a)) u

Bz(j a)) Pashbl
a0=T, a1=1, 8.2=K, b0=0, b1=1

Tozoa

1
J, =—.
27 2.K

Cocmasnsaowas oucnepcuu ouubKu, 00yCl08IeHHAS NOMEXOU, PABHA

DE:KZ-N.J2=%.

Pe3zynomupyrowee snauenue oucnepcuu:

T+K'T‘TG+TG+K‘N

D. =D
Y TR T 4T, 2

2.5 ®opmupywuue GUIbTPHI

®opMupyrmiuM (GUIBTPOM HA3bIBAIOT JUHAMUYECKYIO CHCTEMY,
KOTOpAasi IIpU BXOJHOM CHUTHAJIE G(t) B BHJIe 0€J0ro 1mymMa UMEET Ha BbI-
XO0JI€ CIy4YauHBbIM IPOLECC X(t) C 3aJaHHBIMU CTATUCTUYECKHMM XapaK-
TEPUCTUKAMHU (MATEMAaTUYECKUM OXUIAAHUEM, KOPPEIALHNOHHON (YHKIIH-

el WM CIEeKTPaIbHOMN MIIOTHOCTHIO).



Hcnonp3oBanue popmupyroniero GuibTpa mo3BOJISIET EPEUTH OT CH-
CTEMBI C MPOU3BOJIBHBIM BXOJHBIM BO3JCUCTBUEM K IKBUBAIEHMHOU CU-
cmeme, Ha BXOJ KOTOPOH AEHCTBYeT OENbId IIyM. DTO JOCTHTACTCS I10-
CJIEIOBATEIbHBIM COEAMHEHUEM (DOPMUPYIOIIEro (PUIbTPA U UCCIEAYEMOM
CHUCTEMBI (CM. pUCYHOK 2.7).

G(t)

Dopmupyrowuu X (t) Uccnedyemasi Y (t)
————> >
unbmp cucmema

Pucynok 2.7 — CxeMa 3KBUBaJI€HTHOU CUCTEMBI

Ecim cnyyaiiHbie mponeccesl G(t) 151 X(t) SIBJIAOTCS CTAllMOHAPHBIMU,
TO YaCTOTHYIO XapaKTEPUCTUKY JIMHEHHOro (opMupyromero (uibTpa
%(j- ) MOXKHO HANTH 3 COOTHOIICHHS

Sx(@)=#(j-@)* - S¢ (@) (2.47)

Ecin Sg (@)= N, 1o

1ot <30 520 000 5iC 1)

B kadecTBe MCKOMON 4YaCTOTHOM XapaKTEPUCTUKU (PUIbTpa Oepercs
TOT U3 COMHOXUTeENER (2.48), KOTOPBII UMEET HYJIU U MOJIOCHl B JIEBOU
HOJYIIOCKOCTH | - @

Sx(j‘w)

Ecin Sy (a)) — npoOHo-parMoHaibHas (QYHKIMS, TO YaCTOTHYIO Xa-

¥(j-w)= (2.49)

PaKTEpPUCTUKY JUHEWHOro Gopmupyromiero guiastpa mno Gopmyne (2.49)
OINpeAeIUTh MOXKHO BCET/Ia.



Ilpumep 2.10. Onpeodenenue wacmommuou xapaxmepucmuxu Gopmu-

pyrowe2o duibmpa 015 NOAYUEeHUs CMAYUOHAPHO20 CIYYAlHO20 npoyecca
. 2 2
CO CNneKmpanbHOU NAOMHOCMbIO Sy (a))= 2-Dy - Ty /(1+Tx X0 ) uz

6e1020 Wyma co CneKmpaibHoll NIOMHOCMbIO Sg (a))= N .

Ilo popmyne (2.48) naiioem

\/2-DX-Tx \/2-DX-TX
. 2.Dy -Ty 1
P(j-w) =" N N

147202 N 14T, -(jo@) 1-Ty -(j-@)

Omcrooa

_ 2.D. -T 1 K
w(i.o)= X 'x _ ,
(i-o) \/ N 14Ty (jr0) 1+T7-(j- o)

20e K= \/2- Dy - Ty /N, T =Ty. Illepedamounan ¢ynxyus ¢unompa 6

usobpasicenusx no Jlanaacy

OT0euBarmuM (PUIBLTPOM HA3BIBAIOT CHCTEMY, KOTOpas mpeoopa-

3yer ciydaitapii npomecc G(t) co cmekTpampHOl MIOTHOCTEIO Sg (w) B

Genbiit mym. Jlns cranmonapusix nporeccos G(t) u X(t) ero wacrornas

XapaKTEepUCTUKA paBHA

1 JN

2005 )" 5. G-0)

(2.49)



BOITPOCHI JJIA CAMOKOHTPOJIA

1. Kak BeimonHseTcs npeoOpa3oBaHue BXOJAHBIX CIyYalHBIX CUTHA-
JIOB JINHEWHOU cucteMoii? UTo onpeaensieT onepaTop CUCTEMBbI?

2. Kakas cBs3b CYIIECTBYET MEXKIY CTATUCTUUYECKUMHU XapaKTepH-
CTUKAMHU CIYYaWHBIX MPOLIECCOB HA BXOJIE€ Y BBIXOJE JIMHEMHOW CUCTEMBI
BO BpeMeHHO# oOnactu? Kak onpeaeauTs nX aHaJIUTHISCKHU ?

3. KakoBblI yCI0BHS CTAallMOHAPHOCTH CIy4alHOro Impoliecca Ha BbI-
X0J1€ TUHEUHON CUCTEMBI?

4, Kakas CBsI3b CYIIECTBYET MEXIAY CTATUCTUUYECKUMHU XapaKTepu-
CTUKAMHU CIy4alHBIX MPOILIECCOB HA BXOJE U BBIXO/IC JUHEHHON CUCTEMBI B
4acTOTHOW oOnactu? Kak onpeaenuTs uX aHaJIUTUIECKH ?

5. Kakoi#i o6muit moaxo K aHAJIM3y TOYHOCTH CUCTEM IIpU ClIydail-
HBIX BO3JEMCTBUIX ?

6. Kak HaxoauTcs peryisipHas COCTaBIAIONIAs OITUOKH CUCTEMBbI?

/. Kax HaxoauTcs ciydaifHasi COCTaBJISIOINIAs OIIMOKA CUCTEMBI?

8. Uto HazpiBaercs hopmupyromum puiasTpom? KakoBo ero HazHa-
yeHue?

9. Uro HasmBaeTcsa orOenuBaromuM GmibTpoM? KakoBo ero HasHa-

yeHue?
SAJAYNA I CAMOCTOSATEJIBHOI'O PEHIEHUSA

2.1. Ha BX04 yCHJIMTENBHOTO 3BEHA IMOCTYNAET CIyYaWHBIA MPOILIECC

X(t) C MaTEMaTUYECKUM OKUIaHUEM M y (t) U KOpPEIALUOHHOW (DyHK-
nueit Ry (t 1,1 ) Tpebyercst HaliTH MaTEMATHYECKOE OKUJAHUE U KOppe-

JTSIUAOHHYIO (DYHKIMIO BBIXOJHOI'O CIY4YaillHOrO IMpolecca Y(t), €CIU KO-

s dunment ycunenns K = 8.

2.2. OnpenenuTh KOppEeIsUMOHHYI0 QyHKIHIO Ry (tl ,t2) CIIy4anHO-
ro Ipoiecca Y(t) Ha BbIXoJe U HEepeHITUPYIOIIEeTro 3BeHa, ClIu Koppe-

JSIMMOHHAS (PYHKIMS BXOAHOI'O CIIy4ailHOro npouecca X (t) paBHa



Ry (tl’t2)=9Xp[_“‘(t1 _tz)z] :

2.3. PemnTh npeAbIAyIIYIO 3aJ1a4y OIPHA YCIOBUH

coslw- (t, —t;)]
t, +1t, |

Rx(tl ’t2)= Dy -

2.4. Cimy4yalHbII TPOIECC X(t) MMEET MATEMAaTHYECKOE OXHUJIAHUE
mx(t) U KOPPEIALMOHHYIO (QyHKIHMIO Ry (tl,tz). Hantu maremarunye-

CKO€ OXHJIaHUE U KOPPEISAIMOHHYIO (YHKIIHIO TIporiecca Y (t), eciu

Y(t)=ix(/1)-exp(— 2)dA.

2.5. Ha Bxon auddepeHIUpyomero 3BeHa IMOCTyHaeT CaydalHbIN
Ipolecc X(t) C MaTEMATUYECKUM OXUJAHUEM My (t) = A- Sin(t) U KOp-

PEMALMOHHON (yHKIMeH
2
Ry (t;,t,)=2-exp| - @

Haiitu maTeMaTuueckoe oOxujaaHue U aucnepcuro Dy BBIXOAHOTO

cyuaitroro mponecca Y (t).

2.6. HalitTm maTeMaTH4ecKoe OXHJIaHUE W JUCIICPCHIO CIYy4aiHOTO
nporecca Y (t) Ha BBIXO/IC allepPUOINYECKOr0 3BEHa

d
T -av(t)w(t): K- X(t),
CCJIM Ha €ro BXoA ¢ MOMCHTAa BPCMCHHU fo IMOoCTYNnacT BO3MYIICHUEC, ITPCI-

CTaBJIAIOLEe COOON CTAllMOHAPHBIN CIy4YalHBIN MPOIECC ¢ MaTeMaThye-

CKUM OXKHJIAaHHEM My = CONSt U KoppensiuuoHHOW (pyHKIMEH



Ry (z)=Dy -exp(-a-[z]).

2.7. HaiiTu nucmnepcuio cliydaifHOro mporiecca Y(t) Ha BBIXOJE are-

pUOAUYICCKOI'O 3BCHA
d
T -aY(t)+Y(t)= X(t),
€CJIM Ha €ro BXOJ ¢ MOMEHTa BpEMEHHM o ImocTynaer Oenblil IyM CO CIEK-

TPAJTbHOM MIOTHOCTBIO Sy (a)) =c”.

2.8. Ha Bx0/ HecTallmOHAPHOTO 3B€HA C UMITYJILCHOM MEPEXO0HON Xa-
PAKTEPUCTUKOU

T

k(t ,z') = Ti . exp(— t—_r)
MOCTyNaeT HecTalMOHAPHbIA crydaitubiii npornece X (t) ¢ maremaTuye-
CKHM OKHIaHHEM
my(t)=a, +a, -t
M KOpPEIAIHONHOH hyHKITEHt
Ry (t,7)=Dy -exp[2-(t+7)-[t—7]] .

Omnpenenuts MaTeMaTHYECKOE OXMIAHME M JMCIEPCHUIO BBIXOJHOIO
ciyuaiinoro npomecca Y (t).

2.9. Ha onuH M TOT K€ BXOJ CIEASILEN CUCTEMBI IOCTYNAET MOJIE3-
HBIA CIyYalHBIA MPOLECC G(t) U CllydailHasi momexa F(t). Crauuonap-
HBIM  CIlyYalHBIA IIPOLECC G(t) UMEET MATEMAaTHYECKOE OXKUJAHUE

Mg = CONSt 1 KOPPETAUUOHHYIO () YHKIIUIO

Rg (2') =2- exp(— 4 . \r\)



[Tomexa F(t) SIBJIAETCS. CTAIMOHAPHBIM CIYYalHBIM IPOLIECCOM C HY-

JICBBIM MAaTEMAaTHNUYCCKUM OXHNAAHUEM U KOppCJ’IHHHOHHOﬁ (1)YHKHI/I€ﬁ
Re (z) = 3-exp(- 3-z]).

CiyyaliHbIE TIPOLECCHI G(t) 17} F(t) B3aMMHO HE KOPPEIUPOBAHBI.

HMiyiibcHast IepexoiHas XapaKTEPUCTHKA CHCTEMEI
k(t)=4-exp(-2-1).

TpeOyercst onpenenuTh MaTeMaTHYECKOE OXUJAHUE U AUCIEPCHUIO

cyuaiinoro nporecca X (t) Ha BEIXOIE CHCTEMBI.

2.10. Pemmuth npeapiaymyro 3agady, ACHOIb3Yys CIIEKTPaIbHbIC TLIOT-
HOCTH CIy4aillHBIX IPOLIECCOB U NMEPEIATOUYHYIO () YHKIIUIO CUCTEMBI.

2.11. J/IlunenHas cucTeMa ONMCHIBAETCS YPABHEHUEM BH A

d d

a,-—Y(t)+a,-Y(t)=Db; - — X(t)+by - X(1).

dt dt

CiydailHbIM poLecc X(t) HA BXOJIE CUCTEMbI UMEET KOPPEISAIINOH-
HYI0 () YHKITHIO
Rx ()= Dx - exp(-a- ).

Haiitn nqucnepcuto ciydaitHoro nporecca Y (t) Ha BBIXOJE CUCTEMBL.

2.12. Ha BXOJl 3aMKHYTOM CHUCTEMBI TTOCTyNaeT OeNbIi 1IyM X(t) co
CHEKTPAJIBHON IJIOTHOCTBIO Sy (a))= N . Ilepenatounasi ¢pyHKIus pazo-

MKHYTOI‘/JI CHUCTCMBI UMCCT BU

K

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

ITokasats, uto mucepcus curnana Y (t) Ha BhIXOmE cHCTEMBI He 3a-

BHUCHUT OT ITOCTOSIHHOW BpeMeHU T .



3 CUHTE3 CUCTEM IIPU CJOYUYAHHBIX BO3JJEUCTBUAX

3.1 O0masi moCTAaHOBKA 3a/1a4M CMHTE3a CHCTeM NPH CIAy4YailHbIX
BO3/1eMCTBUAX

[lycTth umeeTcst cucTeMa, Ha BXOJbI KOTOPOW IMOCTYIAOT TOJIC3HBIN
CUTHAII G(t) U roMexa F(t) (cMm. pucyHok 3.1).

JF©

PearnbHasi X (t)
G(t) cucmewma
——>e
NoeanbHas
cucmewma Z(t)

Pucynok 3.1 — CxeMa npeoOpa30oBaHus MOJIC3HOTO CUTHAJIa

Cucrema JOJIZKHAa KaK MOXHO 0osiee TOYHO BOCIIPOU3BOJUTH HCKOTO-

pPYyIO G YHKIIHIO OT G(t), KOTOpast 3aJIa€TCs OIEePaTOPOM ¢(t){ } T. €.

2(t)= 2V ()} (3.1)

B 3aBucuMocTH OT BHjaa omepaTopa (D(t){ } CHUCTEMa MOXET peIIaTh
cleAyroume 3a0a4u:
e BOCNpPOU3BEJIEHME, €CIIU (P(t){ }= C(t)-{ } (ecmu C(t)= 1, cu-

CTeMa CTaHOBHTCS credsuyell);

e gudpepeHunpoBaAHHE, ECIIH (D(t){ }= %{ };

t
* HHTErpHPOBaHHUE, CCIHU (D(t){ }=[{ Jda;

to
® VIpeKACHHE WUIH SKCMPAnoaayus, Clu (D(t){ }= 1(t+7){ } (rme 7

— BpeMsl YIIPEXKIACHUS).



B obmiem cinyyae npeoOpasyromui onepaTop (D(t){ } MOXET OBbIThH
MIPOM3BOJIbHBIM.

Hoeanvnoe npeobpazosanue nonesHo20 CUSHALA 8 COOMEEmMCmeul ¢
Gdopmynoii (3.1) HeBOZMOINICHO U3-3A HEBO3ZMONICHOCMU MOYHOU Peanru3ayuu
NOJIe3H020 CUCHALA G(t) U GIUAHUS NOMeEXU F(t). BrixonHoil curHan cu-
CTEMBI X(t) OyZeT OTIMYaThCS OT TPEOyeMOro CUrHalia Z(t) Ha BEJINYU-

HYy OIIHOKHK

E(t)=z(t)- X(t), (3.2)

IO3TOMY MOXET CTABUTHCA 3a/aya MOJABJIEHUS IIOMEX, KOTOPYIO Ha3bIBa-
10T 3a7a4eil GuabTpanuy (CriIaxuBaHUs).

Ecu Bxomubie curnansl G(t) u F(t) mpeacrasnsior coboit cryyaii-
HbI€ TTPOLIECCHI, TO outnOka cucTembl E(t) Takske GyneT ABAATHCA CTydaii-
HBIM TporieccoM. IIpu Takux yCIIOBUSAX CUHTE3 CHCTEMBI 3aK/II0YACTCS B €€
CTATHCTHYECKOM ONTHMM3ALHUHU, [10C]IE KOTOPOi OyneT o0ecreuynBaThCs
HaWIydllee 3HAYEHUE HEKOTOPOro xpumepus onmumanbrocmu. OCHOB-
HbIE TPEOOBAHUS K HEMY:

® BO3MOXHOCTb KOJUYECTBEHHOM OIIEHKM KA4eCTBA CUCTEMBI U €€
YCIIEIHOCTH B JIOCTHKECHUH TIOCTABJIEHHOM 1IEJIN;

® BO3MOYXHOCTb MAaTEMATUYECKOrO (aHAJMTHYECKOrO) pEIICHUs 3a-
Ja4d ONTHUMH3ALIKH.

HanOonee ynoTpeOUTENBEHBIM U IPOCTBIM KPUTEPUEM ONITUMAIBHOCTH
CHCTEMBI SBJIAETCS MUHMMYM CPEIHEro KBaJpaTa €€ OIIMOKH

&2 =M[E2()] = M[z@®)- x@)2]=m2 @)+ De s min. @33

OueBUAHO, UTO KpUTEPUH min(gz) YUUTHIBAET U PETYISIPHYIO CO-
CTaBJIAIOUIYIO OLIMOKH M é (t), U ee cilydaitHyto coctasistomyto D E.

[Ipn craTUCTUYECKOW ONTUMHU3ALMU MOTYT PEIIAThCS CIEIYIOIINE
YacTHBIE 3a]a4H.

Onpenenenne ONITUMAJIBHBIX MMApaMETPOB CUCTCMBI. B sTom Cl1y-
qac CTPYKTypa CHUCTCMbI M CTATUCTHYCCKHC XaPAKTCPHUCTHKHU BXOJHBIX



BO3/JCHUCTBUN CUYUTAKOTCSA W3BECTHBIMU. CHHTE3 CUCTEMBI 3aKIIHOYAECTCA B
ONpEeCNICHUU TaKUX €€ MapaMeTpoB, MPU KOTOPHIX BbipaxkeHue (3.3) ume-

€T MUHHUMYM.

Ilpumeuanue. Ha npaxmuxe naubonee uacmo peuiaemcss UMEHHO
makas 3a0a4a, maxk KaKk CmpyKmypa cucmemvl 00bI4HO Onpeoensiemcs ee
@DYHKYUOHATbHBIM HA3HAYEHUEM, 68 MO 8peMs KaK napamempwvl CUCHIEMbl

donyckawom nooCmpouKy.

CuHTe3 ONTHMAJIBHON CUCTEMbI C MPOU3BOJIbHON CTPYKTYpOil. B
ATOM Ciydae UMeeTcs UHGOpMaIUs TOJIHKO O MPUHAIIC)KHOCTH CUCTEMBI
K HEKOTOPOMY KJIAacCy, U H3BECTHbl CTAaTUCTUYECKUE XapPaKTEPUCTUKU
BXOJHBIX BO3JEeUCTBUI. CUHTE3 CHCTEMbI 3aKIIOYAETCA B OMPEICICHUU
TaKOW ee MepenaTouyHor (yHKIUU W(s), npu KOTOpOM BhIpaxeHue (3.3)
uMeeT MUHUMYM. [Ipu 3TOM JTOMKHO YUYMTBHIBATHCS YCIOBUE (Pu3uuecKoll

peaiusyemocmu cucmemaol.

Ilpumeuanue. B smom cryuae cmano8umcs 603MOICHbIM Meopemu-
yecku onpeoenums npeoesl COBePULeHCMBOBAHUS CUCMEM BblOPAHHO20
KIacca u UCnOIb308aMb NOIYUEHHYIO UHGOpMayuro O0as KOPPeKmHoz2o
Gopmynuposanus mpebo8aHull K HUM HA ImMane npoeKmupo8anusl.

CuHTe3 ONTHMAJIBHON CHCTEMbI C HENPOU3BOJbHOU CTPYKTYPOIl.
B sToM ciiyuae cTpyKTypa OJHOW YacTW CUCTEMbI (Hampumep, O0ObeKTa
yIIpaBJiCHUs) 3aj7laHa, a JIpyras €€ 4acTh (Hampumep, YCTPOMCTBO yIpaB-
JI€HUS) MOKET MPOU3BOJIBHO BBIOMPATHCS M3 HEKOTOPOTO KJlacca MOJICH-
creM. CTaTHCTUYECKHE XAPAKTEPUCTHUKHA BXOJHBIX BO3JCHCTBUN H3BECT-
Hbl. CUHTE3 CHUCTEMBbI 3aKJII0YACTCS B ONPEACICHUU TAaKOW IMEepeaaTOYHOon
(GYHKIIMU U3MEHSIEMON YacTU CHUCTEMBI W(s), P KOTOPOU BBIPAKEHUE

(3.3) umMeeT MUHUMYM.

Ilpumeuanue. Taxas nocmanosxka 3a0auu A6NAEMCS pPeaibHOU, Mak
KaK Ha npaKkmuke 8bl00p CMPYKMypbl cucmemvl ce20a ocpanuiet. B psoe
CAyYae8 CMAHOBUMCS B03MONCHLIM, UCHOIb3YS peuleHue npeovioyujel 3a-
oauu, 8vl0eIUms U3 CUCHEMbl ONMUMATILHYIO HOOCUCTNEMY.



B 3aBHCHMOCTH OT COOTHOIICHHS CIEKTPaIbHOW TUIOTHOCTH IMOJIE3HO-
IO CUTHAJIa ¥ TIOMEXH 3ajJiaya CHHTE3a MOYKET PEIIaThCsl TI0-Pa3HOMY.

Eciu criekTpbl 4acTOT MOJIE3HOTO CHTHANIA S (0)) U TTIOMEeXU Sp (a))
HE HaKJIaJABIBAOTCS IPYT Ha Apyra (cM. pucyHok 3.2 (a)), ToO aMIUIUTyAHO-
yacToTHas xapakrepuctuka (AUYX) 3aMKHYTON CHCTEMBI A(co) TOJKHA

paciaojaaratbCsa B o0JacTu CIICKTpa IMOJIC3HOI'O CUTHAJIA.

A(a))

S(a))

Al@)

6)

Pucynok 3.2 — CooTHOIIIEHUE CNEKTPAIBHON MIOTHOCTH MOJE3HOI0

CHUTHaJIa U IIOMEXHU



Ecnu crniexkTp 4acToT moJIe3HOro CUrHaia ObICTpO yObIBaeT ¢ BO3pac-
TaHUEM YacCTOThI, @ CIIEKTP MOMeX OJM30K K OeloMy IymMy (CM. pUCYHOK
3.2 (6)), TO aMIUIMTYAHO-YaCTOTHAsI XapaKTECPUCTUKA PA3OMKHYTOH CH-

CTEMBI ‘W p(j co] J0JDKHA pacmoliaratbCs B 007aCTH HU3KUX YacTOT, TJIE

COCPCaAOTAUYNBACTCA OCHOBHAA SHCPIUA IOJIC3HOI'O CUTHAJIA.

Ecin CIICKTPbI 4aCTOT ITOJIC3HOI'O CUTHAJIAa U ITOMCXH HAKJIAJAbIBAOTCA

APYT HA Ipyra ¥ UMEIOT MPOU3BONIBHYIO hopMmy (cM. pucyHOK 3.2 (B)), 3a-
Ja4a CUHTE3a HE UMEET TPUBHAIBHOTO PEILICHHUS.

3.2 OnpeneieHne ONTUMAIBLHBIX IAPAMETPOB CUCTEMbI

B aToM citydae MUHHMYyMa cpenHel kBajapaTuuHor omuoku (3.3) go-
OMBAIOTCA MYTEM U3MEHEHUS 3HAUEHUI apaMeTPOB CUCTEMBI.

Ecinu Ha cucteMy OQHOBPEMEHHO ACHCTBYIOT MOJIE3HBIA CUTHAI G(t)
U romexa F(t), TO M3-32 Pa3HOI'0 XapakKTepa WX BIMSHUS TPOCTOM MOI00p

napaMeTpoB OOBIYHO HE O0OecleuynBaeT ONTUMAILHOCTH (HAmpumep,

CTpEMJIEHUE YMEHBIIUTH B (2.46) COCTaBIISIIOIIYIO DE MOXET MPUBOJIATH

K pOCTYy DE 1 Hao00poT). JIOIKHO UCKAThCS HEKOTOPOE KOMNPOMUCCHOE

peuierue.
Jlns penieHus 3ajladd CHHTE3a MepenatoyHas (YHKIUS CUCTEMBI,
oTOOpakarouiasi €e CTpyKTypy, NpeACTaBIsSeTCs B BUIE

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

rae i, Py — HapaMeTpbl CUCTEMBI, TOA00POM KOTOPHIX MHHUMU3UPY-

ercs BeipakeHue (3.3). x BbIOOp J10MKeH OBITH 0OOCHOBAHHBIM. 3HAYE-
HUs OOJIBIIMHCTBA MapaMeTPOB OIMPEIEISIIOTCS TEXHUYECKUMHU WU KOH-
CTPYKTUBHBIMU COOOPaKCHHUSIMHU, TTOITOMY U3MEHSITh UX TPYIAHO WU He-
BO3MOKHO. OOBIYHO TSI KOPPEKIIMH BBIOMPAIOT JBa-TpH IapaMeTpa
(HampuMep, MOCTOSHHBIE BPEMEHHU KOPPEKTHUPYIOIIUX 3BEHBEB, KOA(Ddu-
IIUCHT YCUJICHUS Pa30MKHYTOM CHCTEMBI H T. I1.).

33]13‘-121 CHUHTC3a pCHIaCTCA B CIICAYIOIICM ITOPAIKE.



1) OmnpenenstoTcs nepenaTodHbie (QYHKIMA CHUCTEMBI IO KaHAJIaM
«TOJIE3HBI CUTHAJ — OIIHMOKa» U «oMexa — OmuOKa» Kak (GyHKIUU Ma-
paMeTpPOB CHUCTEMBI

Wee (8)=Wee (5,81 1. Bm ),
Wee(s)=Wee (s, By Bim)

2) TIo COOTBETCTBYIONIUM IEpPeNaTOYHBIM (DYHKIMSAM M CIICKTPalb-

(3.5)

HBIM IUIOTHOCTSIM MOJIE3HOT'O CUTHAJIa U TTIOMEXHU OMPEACISIOT CIEKTPAIb-
HYIO TJIOTHOCTh OLIMOKM Kak (PYHKIMIO mapaMeTpoB cuctembl. Ilpu ort-

CYTCTBHUH KOPpCIAIIHUH BXOOHBIX CUTI'HAJIOB

SE(@.B1 1 Bin)=Woe (i @81, ) - Sa (@),
SE (@81 Bn)=Wee (i @.81 . B0 ) - Sk (@), (3.6)
SE(w’ﬂl 1--"ﬂm)= S(E;(w’ﬂl 1""ﬂm)+ SE (wuB1 e P )

3) Ilo creKkTpaibHON IJIOTHOCTH OIIMOKH OMPEICIISIFOT JUCIEPCHIO
OLIMOKHU KaK PYHKIMIO TapaMeTPOB CUCTEMBbI
1 400
DE(ﬁl,...,,Bm)=2_—- [Se(@.B1 .0 M. (3.7)

T
4) Tuddepenuupys (3.7) mo By,.... [y, ¥ IpupaBHUBAS HYJIIO IOIY-

YCHHBIC YaCTHBIC ITPOU3BOAHBIC, ITIOJYYAOT CUCTEMY M ypaBHeHHﬁ, peuc-

HHUEM KOTOPOW HaXOJSAT ONTUMAJbHBIEC MapaMeTpbl ﬂlonm - ﬂmonm, obec-

NEYMBAIOIIME MUHUMYM CPEAHEN KBaIpaTUUHOW OLIUOKHU.

5) 3uauenust B ,...,[,  OIECHUBAIOT, UCXO/S U3 BO3MOKHOCTH MX
onm onm

TEXHUYECKON peanu3ald M JOMYCTHUMBIX JUHAMUYECKHUX TOKa3aTesen
CUCTEMBI (BPEMEHHU PETYJIMPOBAHMS, HAJTUIMS U BEJIMYUHBI IIEPEPETYIUPO-
BaHUs, yCTOMYMBOCTU U T. 1I.).

JlaHHass METOMKA MOKET TaK)Ke MPUMEHATHCS MPU OJHOBPEMEHHOM

BOBHCﬁCTBHH Ha CUCTCMY PCryJIsIpHbIX U CﬂyqaﬁHbIX CHUT'HAJIOB.



Ecnu cnekTpanpHbI€ IUIOTHOCTA CUTHAJIIOB M YaCTOTHBIE MEPENaTOU-
Hble ()YHKIIMU CUCTEMBI SIBISIOTCA JIPOOHO-PALMOHATBHBIMU (PYHKUIHSIMU
@, TO ONTUMAJIbHBIEC 3HAYEHUS MapaMeTPOB CUCTEMbl MOTYT OBbITh Halije-

HbI aHAJIUTHYCCKH.

Ilpumep 3.1. Onpedenenue xozpguyuenma ycunenus pazomMKHymotl
cucmemvl, paccmompenHou 6 npumepe 2.9, komopwiti Obl 0becneuusal
MUHUMAIbHOE 3HAYeHUue ee CpeOHeK8aopamuunou owuoxku. Tax xak o2o-
B0pPEHO, UMO GHEeUHUE B030CUCMBUSL He CO0epICam DecYNaPHbIX COCMAG-

2
JIAWUX, cpedHeKkeaopamuyeckas omubka € 0Oydem cosnadams ¢ Ouc-

nepcueti owuoku D .
Ilonyuennoe 6 npumepe 2.9 3nauenue oucnepcuu ouuobKu

T+K‘T‘TG+TG+K'N
T+K-TZ +Tg 2

DE(K)= Dg -

Jlna uccnedosarus oucnepcuu OWUOKU HA MUHUMYM HeOOXO0O0UMO

NPUPABHAMb HYII0 NPOU3BOOHYIO OM DE(K) no Ko3gguyuenmy ycunenus

paszomxkHymou cucmemst K

oDg(K) __ Dg-To-(E-T2) N
oK Tk -T2+, )

Omciooa Haxo0umcs OnNMUMAaIbHoe 3HavyeHue Ko puyuenma ycue-

HUA pa30M1<Hym011 cucmemasl

2-DG-(TGZ—T2)_TG+T

K =
N-TS T

onm

Munumym GyHkuu (3.7) MOKeT OBITh TaKXKe HalJieH JIFOObIM YHC-

JICHHBIM MCTO/0M.



3.3 CuHTE3 ONTUMAJILHOM CUCTEMBbI € IPOU3BOJIbHON CTPYKTYPOii

[IycTh umeeTcsa cuctema, ciykalasi s npeoopa3oBaHuUsl MOIE3HOIO
CUTHaJIa G(t) IIPU HAJIWYUU CIIyYaWHOU MOMEXH F(t). BxopaHbie curHalibl
ABJIAKOTCSA CTAllMOHAPHBIMMU CIIYYaMHBIMU MPOLIECCAMHU C PABHBIMU HYIIIO
MATEMATUYECKUMU OKUJAHUAMU. TaKk KaK CTPYKTYypa CHCTEMBbI HEU3BECT-
Ha, OyJIeM CUMUTaTh, YTO G(t) 51 F(t) MPUJIOKEHBI K OJTHOMY U TOMY K€

BXOy (cM. pucyHok 3.3).

Ilpumeuanue. Eciu cucnanv G(t) u F(t) NPUTLOJICEHBL K DA3HBIM

6X00aM, MO NPpuUBeCmu Ux K 0OHOMY 8X00Y MONCHO MeMOOOM IKBUBAICHN -
HbIX NPeodPA3068aAHULL.

X(t)
Z(t) E(t)

H (S) >

W (s)

Y

Pucynok 3.3 — Cxema npeoOpa3oBaHus MOJIE3HOTO CUTHAJa

N3BecTHBIMU CUUTAIOTCS CIICKTPAJIbHBIC IINTOTHOCTU CUT'HAJIOB SG (&)),
S,:(a)) U omepaTop mpeoOpa3zoBaHUs H(S). Pemenre mpoBoauTCsS s

YIPOLIEHHOT O, HO YaCTO BCTPEYAIOLIErOCs Cy4das, KOrJa IMOJIE3HbIA CHUT-
HaJl ¥ IOMEXA CTATUCTUYECKU He3aBUCHUMBbI. CyMMapHbI CUTHAII HA BXOJIE

CUCTEMBbI OyJIeT paBeH

U(t)=G(t)+ F(t). (3.8)

B m306paxenusx mo Jlamtacy BeixonHoi curaan cuctemsr X (t) cs-

3aH C BXOOHBIM curHajiom U (t) COOTHOIICHUEM

X(s)=W(s)-U(s)=W(s)-[G(s)+ F(s)], (3.9)

rae W (S) — mepeaToyHas (PyHKIHS 3aMKHYTOU CUCTEMBI.



JroOast peanuzanusi Cily4yallHOW CYMMAapHOW OIIMOKH MOMKET OBbITh
HalijeHa, Kak

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

BrlpakeHue 11l CHEKTPaIbHOM NMJIOTHOCTH OIIMOKH UMEET BUJ

(3.10)

Se(@)=H(j-0)-W(j-@)* - Sg(@)+W(j-®)° - S (w). (3.10)

YacroTtHble niepeaaTouHble ()YHKIMH MOTYT OBITh ITPEACTABJICHBI Clle-
IYIOIIUM 00pa3om

W (j- @)= Al@)- expl] - p(w)]=
= A(@)- coslp(@)]+ j - Ale)- sin[p(w)]

(3.12)
H(j- @)= H(o)- explj - w(o)]=
= H(w)- cosfy(@)]+ j- H(@)- sin[y(@)]
Torma
H(-0)-wW(j-) = (3.13)

= H?(0)+ A%(2)-2- H(0)- Al@)- cosly(@)- p()],

rie Alw)= W (j- a)){ — aMIUIUTYJHO-4aCTOTHAs XapaKTE€PUCTHKA 3aMKHY-
toii cucremb, H(w)= ‘H(] w){ — aMILIUTYAHO-YaCTOTHAs XapaKTEpH-

CTHKa IMpeoOpa3oBaTeis.
oo g,

~2-H(0)- Alo)- cosfy(0)-o(@)]| (3.14)
+ A2(0)- S, (o).

SE(“’)={

Jlucriepcust ommuoKu



—Zi T (a))dw (3.15)

OyIeT MUHHMAaJIbHOM, KOT'/1a HaUMCHBIIIeEe 3HAYCHUE IIPUHUMAECT ITOJIBIHTE-
rpajbHOE BeIpakeHHe. Tak Kak Bxozsmue B (3.14) H (co) A(a)) Sg (w)
Sk (a)) MOJIOKUTEIIBHBI IIPH JTI0OOM 3HAYCHUU YaCTOTHI, I MUHHMU3A-
o Sg (a)) HEO0X0MMO, 4TOObl HAaUOOJbIlIEE 3HAUCHUE TPUHUMAJIO BbI-

paxenue 2 - H (a)) A(a)) Cos[y/(a))— qo(a))] JT0 pocruraercs npu

o(0)=y() (3.16)

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

St (0) = [H2(0)+ A2(0)-2- H(0)- A®)] - S¢(0)+ (3.47)
+ A*(@)- S¢ (@)

Jlist ompeneneHuss MUHHUMyMa (YHKIIMHA CIEKTPATbHOM IUIOTHOCTU

OLIMOKH S (a)) NMpPUpaBHSEM HYJTIO ee Tpou3BoHyio o A(w)

OSg (a))

A@) [2- Al@)-2-H(@)] Sg(@)+2- A(®)- Sk (@)=0. (3.18)

OTCIOI{EI HaXOOUuTCA OITHMAJbHAA aMIIIMTYJHO-4aCTOTHAA XapaKTce-

PUCTHKA 3aMKHYTOﬁ CHUCTCMbI

Aw)=— 3@ i) (319)

O6weaunss (3.16) u (3.19), MOXKXHO MTOJTYYUTh ONTHUMAJIbLHBIC XapaKTe-

PUCTHUKHU 3aMKHYTOﬁ CHUCTCMBI

Sg (“’)
Ay (@) = Sg(@)+ S, (a,) H(@). (3.20)

o (@) = ¥(@).



BolpaxkeHue s ONTUMalbHOW YaCTOTHOM NEepeJaTOYHON ()yHKIUU

BaMKHYTOﬁ CHUCTEMBI UMCCT BH /I

W (i @)= A, (@) eX0Li - 0,0 (@)]=

] se(jffaé)F @) H@-eali-ve)l- (321)
S (0’) H(j w)

) Se(@)+ SF(“’)-

[TonyuenHas yacTOTHas MepenaToyHas QyHKIUsA Wonm(j co) MOKET

OKa3aThCsl (PU3NYECKU HEPEaATU3yEMOM.

Ilpumeuanue. 3namenamens svipasxcenus (3.21) cooeporcum cymmy 08yx
nonoxcumenvublx  eenuuun. Ilocie pasznodcenus e20 HA  KOMNIEKCHO-
CONPSNCEHHBIE COMHONCUMENU OOUH U3 HUX 00513amelbHO OYy0em umenbs Hyu 8
npasoil NoaynIocKkocmu |+ @ . Umnynbcuas nepexooHds Xapakmepucmura
ons. nepedamourol yuxkyuu (3.21) 6yoem cywecmseosamov u npu ompu-
YamenbHbIX 3HAYEHUSX 8peMeHU (00 NPULONCEHUS BXOOHBIX 8030€UCmBULlL),

ymo ceudemenvcmeyem o nepearuzyemocmu W, (j 0)) Kpome mozo, 6

PEANbHbIX CUCTeMax 8ce20a Cywecmsayem Cesa3b MedxHcoy Uux amniumyoHo-
YyacmomHuou u ¢hazoeo0-uacmomHol XapaKmepucmukamy, Komopas He
YUUmMuvl8aniaco npu gvigooe gopmynol (3.21).

Ecnu ucknrounts u3 (3.21) Hepeanm3zyeMyr COCTaBJIAIONIY0, MOXKHO
MOJIYYUTh K8A3ZUONMUMALLHYIO NepedamouHy0 DYHKYUIO — JIYYULVIO U3 8CEX
B03MOJNCHLIX C MOYKU 3PEeHUs MUHUMUSAYUU CPEOHEeK8AOpAMUYHOU OWUOKU
cucmembl.

Ecnu ucnonb3zoBath memoouxky I. booe u K. Illennona, TO 3amaya
CHHTE3a PEIIaeTcs B CICAYIOIIEM MOPSJIKE.

1) Beinonnsiercss pasziioxkenue 3HameHatelns (3.21) Ha KOMIUIEKCHO-

COIPSDKCHHBIC MHOKUTEIH (T. H. «hakmopuzayusy)

Se(@)+ Sk (0)=7(j-0)° =%(j-0)-P(- |- »), (3.22)



re ?[’(j . a)) — (pyHKITHS, BCE TOIIOCHI KOTOPOH JICXKAT B JICBOM MONYIIOC-
KOCTH |:@ (B 00JIAaCTH peain3yeMOCTH CHUCTEMbI), ¥ (— J a)) — (hyHKIIHS,
BCE TOJIFOCHI KOTOPOM JICKAT B MPABOM MOJNYIUIOCKOCTH |-@ (B oOjacTu

Hepean3yeMOCTH CHUCTEMBI).
Breipaxkenue (3.21) mocie pakTopu3anuy IpuMET B

S¢(i-@)-H(i o)

7(j-0)-¥(-j-0) -

Wonm (J ) 0))=

2) BoimonHsiercst pasnokenue BelpakeHus (3.23) Ha peaauszyembie U
HEepeaTn3yeMble COCTaBIsoNue (T. H. «pacujenierue))

v 1 [Se(i-®) H(i-o) +
Wonm(J -60)— st/(J a)) |: Y’(— ] w) j|+

1 _[Se(j-w)-H(j-w)L

¥ (j- o) (- o)

(3.24)

+

r7ie peajanu3yemasi 4aCThb CUCTEMbI OTMEUAETCSl 3HAKOM «ILJIIOC», a Hepeasu-
3yeMasi — 3HaKoM «MHHYc». [lociie oTOpackiBaHUsI HEpeaIu3yeMoOll 4acTu
3aMUCHIBACTCS BBIPAXKEHUE NJI MEepeaaTOYHON (PYHKIIMU 3aMKHYTOH CH-

CTCMbI

T S

3) BrimmonHsAeTCS pas3ioKeHNe BeIPaKeHUs, cTosmero B (3.25) B kBa-

paTHBIX CKOOKax, Ha MPOCTEHIIINE CllaraeMble

Sc(i-0)-H(i-0)_Qi(i-0) Q(i-o)
vCi-0)  P(-o) PCj-o) (520

M3 (3.26) uckmouaercs coctapisomas Q,(j-w)/P(- j-w), coor-

BETCTBYIOIAs] HEYCTOMYMBOM CUCTEME. Toraa KBa3uonTUMalIbHAsE 4YaCcTOT-
Has nepenarouHas G yHKIUS 3aMKHYTON CUCTEMBbI IPUMET BU/L



W(j-o)= Qo) (3.27)
¥(j-0) P(i- o)
[lepenatounyio (PyHKIMIO 3aMKHYTOH CHUCTEMBI B M300pa)XEHUSIX IO
Jlanmacy W(s) MOJYYalT IO HAWJAECHHOM YaCTOTHOW IEPEIaTO4YHON
(GyHKITMH, 3aMEHSS |- @ Ha S.

du3nyecku peannszyeMasi nepenatoyHasi GyHKIUs pa3OMKHYTOU CH-

CTEMbI HAXOAUTCA 11O COOTHOILIICHUTIO
W, (s)=- V) (3.28)

Ilpumep 3.2. Onpedenenue nepedamounoll GynKkyuu ciredsujeli cu-
cmembl ( H(s)= 1) no xkpumepuio mMuHuMyma ee cpeOHeK8aOpaMmui4HoOU

owuoxu. Ha 6xo0 cucmemvi nocmynaem nonesuviii CueHal G(t), Ha KOmo-
Ppblll HAKAA0bl8Aemcs CAYYAUHAS nomexda F(t) muna «oenvitl uwym» (cm.
pucyrok 3.3). CnekmpanvHovle nIOMHOCMU 8XOOHbIX CUCHATIO8 PABHDBL

2:Dg-Tg SG(O)

S = =
c(@) 14+T2 02 1472 -0?

Sk (@)=N=5¢(0)

Cnekmpaﬂbnaﬂ njaomrocnb CYMMApHOcO B8X00H020 CUSHANA pasHa

S (0)+ S (0)- (1+TG .»?)
Se(@)+ S¢ ()= 1472 -

Pasznooicenue smoeo 6blpAJICeHUA HA KOMNJIEKCHO-CONPAJICEHHbLE

COMHOMCUmMeENU 0acm pesyiomam

Sc(0)+5¢(0)-(1+T2-0?)
1+T2 @ -
1472 -@°-S (O)/(SG(O)+S (o))
~[550)+5- )] e




1+a® -0’
=1S:(0)+ S (0)]- =
[Sc(0)+ Sk (0)] 1+T2 -0

_ -1+j-a-w-1—j-a-w_
—[SG(O)"'SF(O)] 1+ To-@ 1-j-Ts-@

=¥?(j- o) ¥(- - )

20e a=Tg -[S¢ (0)/[S (0)+ Sk (0)].

Ouesuono, umo

. 1+ j-a-w
¥(j-»)=/Ss(0)+ SF(O)-1+J_J'_|_ o
G
l-j-a-w

7 J-0)= (5005 0)- L

Ilocne paznooicenus na snemenmapHvie OpoOU UCKIIOUAEMCsl YaACmb,
COOMBEemMcmayIowas HeyCmoudugon cucmeme.

SG(j-w)-H(j-a))= S (0) _ 1 A1-iTg o _
'I’(—j-w) 1+T(32-a)2 \/SG(O)+SF(O) l1-j.-a-w
S¢(0) 1

" /5 0)+5:0) +iTe-0)-(-j-a-w)

S¢(0) [ Te 1 a 1 }

— . . + .
JSc(0)+S:0) |[Tg+a 1+jTg0o Tg+a l-j-a-o

Bmopoe ciazaemoe 8 CKOOKax umeem NnoJiroCsl, pacnolOJCEHHbLE 6

npasoil KOMNAEKCHOU noayniockocmu |- @. Ono ombpacwieaemcs.

Onpedensiemcs peanuzyemas Yacmomuas nepeoamoyHas QYHKyus
3AMKHYMOU cCUcmemvl

1 )_[ S (0) Tq 1 }

00 | (5504 5:0) To+a 141 To -0

jro



_SG(O)-TG.l_ K
- 55(0)+S:(0) Tg+a 1+j-a-0 T-(j-0)+1

ede K =Sg (0)/[SG (0)+ Sk (O)]'TG /(TG + a) — K03 huyuenm ycunenus
3aMKHYmou cucmemsel, T = @ — ee NOCIMOAHHAS 6peMeEHU.

3anucvieaemcs peanuszyemas nepedamodHas QyHKyus 3aMKHYmMoul Cu-
cmemul 8 Uzoopaxcenusx no Jlannacy

K

VV(S)=T-s+l'

Haxooumcs nepedoamounasn ¢hynkyus pazoMKHymou cucmemsl

W(s K
W, ()= 1—VE/()S)=T-S+(1— K)

Onpeoensemcs nepedamodHas GYHKYUs cucmemol no ouuoxe

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

Wee (3) =
Haxooumcs cnekmpanvHas niomHocms ouubKu

Se(@)=Wee(j- o)’ Se(j-o)+W(j-w)*-Se(j-0)=

T-(j-o)+(1- K)2 2.Dg - Tg ‘ K |
= -+ - N =
T-(jro)+1 1+T2 - T-(jro)+1
=T-(j-w)+(1—K)2_ 2.Dg - Tg +‘ K \2.N=
T-(-0)+1 | 4Ts-(j-o)? IT-(i-@)+1]
~T2.(j-0)* +(1-K)
_ (i-®)” +(1-K) 2.0, Ty +

T Te (of +(T+Te)-(j-0)+ 1
K2
+ -
T(i-0)+ 1




AHnanumuuecku onpedensiemcs oucnepcus ouuoxu (cm. n. 2.4)

T+T.-(1-K 2
= - )-DG+K—-N.
T+Tg 2.T

De

3.4 ®uabTp Bunepa

B 1949 rony amepukanckuit Marematuk H. Bunep npemnoxun meroau-
Ky OIpEAETIEHUs peai3yeMOil YaCTOTHOW MepeaaTOuHON (PYHKUNN 3aMKHY-
TOM CHUCTEMBI, OOECHEUYMBaAIOLIEH MHUHUMYM €€ CpEeIHEKBaJpaTUYHON
omnOku (urempa Bunepa).

[Ipu cunTeze ¢unpTpa BuHepa MCXOAAT U3 MPEANOIOXKEHHUS, YTO Ha
BXOJl CHCTEMBI ITOCTYIAET aJJIUTUBHASI CMEChH U(t) CIIy4ailHOTO TIOJIE3HOTO
CUTHaJja G(t) U TTIOMEXHU F(t) (cMm. pucyHOK 3.3), KOTOpbIE SIBJISIIOTCS CTa-
UUOHAPHBIMH CIyYalHBIMHM MPOLECCAMU C HYJEBBIMU MATEMATUYECKUMHU
OKHIAHUAMU. MIX CTaTUCTUYECKUE XapaKTEPUCTUKHU U3BECTHHBI.

Heobxo0umvim u docmamoyunviym yciosuem onmuMailbHOCmuy cucme-
Myl no Kpumepuio (3.3) saendgemcs omcymcemeue CmamucmuyecKkol Ces3u
mexncoy owubroi E(t) u evixodom uoeanvnoii cucmemsr Z(t). Jlns nen-

TPUPOBAHHBIX MTPOIECCOB

MIE(®)- Z(0)]= MLz () - X (1)} Z(t)]=o0. (3.29)

N3 (3.29) MoxkeTr ObITh MOJNY4YEHO MHTErpajibHOe YpaBHeHHe Bune-
pa-Xomnga, cCBA3bIBAIOLIECEC ONTUMAIBHYIO BECOBYIO (DYHKIIMIO 3aMKHYTOM
CUCTEMBI U CTATUCTUYECKUE XapAKTEPUCTUKHU CIyYalHbBIX IPOLIECCOB

Ry (£)= [ Ko (7)- Ry ()7, 720, (3.30)
0

Buv1600 ypasnenusa Bunepa-Xonga. 3nauenus na 6bixo0ax uoeaibHou

u cunmesupyemoti cucmem Z(t) u X(t) mozym 661mo naiioenst, xax



z(t)=2V{e0)}, x@)=2V{u)}

eoe (D(t){ } npeosapumenbHo 3A0aHHbLU Onepamop npeoopaszosarus (Cm.

n. 3.1), .Q(t){ } onepamop cucmemol, NOOJEHCAWUL ONpedeleHUIO.

Jlucnepcus owubku onpedensiemcs no gopmyie

De = M[{z(t)- X)) ]= M[(Z(t)—ﬂ(t){u(t)})z:l.

HCI’ZOJle’yeM noJostcerusl meopuu 6apuayuOHHOcO0 UCHUCTIEHUA. Hped—
t
noJjoasicum, 4mo onepamop Q( ){ } ABIAEMCA ONMUMAIbHBIM, U €M) CO-

omeemcmeyem 3HAYEeHUe DEmin' 3aoasas eco eapuayunro, Halioem HoBoe

3HA4YeHue ducnepcuu
;. = M| (2)- 20U}~ 7 6OV |

t .
eoe @( ){ } — NPOU3BOIbHBIU ONEpamop U3 paccmampueaemozo Kiacca, ¥

— manviil napamemp. Ima opmyna modxicem oObvimv NpeoopPa306anda

D: =Dg, . -2-7-M[z()- 20U (})- 0V U )] +
+y2-MleOuEy?]

lIpenebpeeas manvimu nopsaoka }/2 u eviue, noayuum sapuayuro D g
g =D; -De=-2-y-M|[z(t)- 20U (1)) 0O )] .

Hugpdepenyupys Dg no y u npupagnusas npouzgooHyio Hyat0, onpe-

oenum Heobxooumoe yciosue OnMUMAaIbHOCMu .Q(t){ }
5, ®e=2-M[z0)- 20U ) eV E)-0
mlz)- 20U @E}) eV i=o



Bxoosawue 6 Oannoe ycnosue smauenuss mocym Oblmb HAUOEHbL NO

Gdopmynam, ananocuunvivm (2.15), m. e.

QO = [k(t,2)-U(2)dA,

00U (1)} = je(w)- U ()i,

2oe k(t,ﬂ) UCXOOHAsL ONMUMAJIbHASL 8€CO8ASL (DYHKYUSL CUCTIEMDL, 0(’(, ,u)

npousgonvHas eecogas Gynkyus. Toeoa

(20 fit.2)-viaka ) je(w)-u(u)dy}

to

_ j{m:z(t)-uw)]—ik(t,z)- M[u(z)-u@)]m}-ea,ﬂ)du.

to

Jlna npouzeonvHolU pyHKYUU 0(’(, ,u) Mo evipadicenue Oyoem pasHO

HYTIO MONBKO NPU PABEHCIEE HYTIO GbIPAINCEHUA 6 PUZYPHBIX CKOBKAX
M[Z(0)-U)]- [k(t,2)- M[U(R)-U(e)lda = 0, t, < m<t.
to
Omci0da ModICHO noXyuUms
Ry (t.2) = [K(t,2): Ry (A, )04, 1, < p<t.
to

Tax xax 6xo00Hble Npoyeccvl U cama cucmema A6IA0MmMcs CMmayuoHap-
HbIMU, MO 0151 ycmanoguguezocs pexcuma (to — +w) nonyuennoe ypas-

HeHue MOJCHO 3ANUCAMb 8 8UOE

+00
Roy (t - 4)= Ik(t_ﬂ)‘ Ry(A-wp)da, to<pst.
0



Buinonnue sameny nepemennvix T=t—pu u n=1t—A, modxcno nony-

yums ypasnenue (3.30).

JIns cTalmOHapHBIX BXOJHBIX CIY4allHBIX MPOIECCOB YpaBHEHHUE
(3.30) pemratoT myTeM NpuMeHEeHUs npeoOpa3zoBanust Dypwe F{ } K €ro

JIEBOM Y MPABOM YaCTAM.

Ilpumeuanue. B npasoti uacmu (3.30) svinonusemces ceepmra yuk-

yuti K, (7]) u Ry (2'—77), npeobpaszosanue Komopot no Pypve pagHo

npousgeoeHuro npeodpazosanull ceepmvigaemvix Qyukyut no Dypuve.
lIpeobpazosanue umnynrocnou nepexoounou xapaxmepucmuku no @Pypve
onpeoenum onmuMalbHyI0 nepeodamoyHyIo YHKYUO cucmemsi.

IIociie BeImONMHEHUS Hpeo6pa3013aHI/H71 IMOJIYyYHUM
F {RZU (T)} =F {konm (T)} F {RU (T)}’
SZU (J 'w)=W0nm (J w) SU (w)’ (331)

Wonm(j-w)=%(ja;)“’),

Sy(@)=Sc(@)+ Ser (i - @)+ Se (i - @)+ Sk (o),
Szu(i-@)=Sz6(i- @)+ Sz (i-0)= (3.32)
= H(j- ) [Sc (@) + Sqe (i - )]

IIpu oTCYyTCTBHYM B3aMMHOW KOPPEJISLIMU MMOJIE3HOTO CUTHAJIA U TTIOMEXHU

W(j-w)= Se (S)G_fa;)F (w) H(j- ), (3.33)

yTo coBmnajaaer ¢ (3.21).



Ilepenatounas ¢pynkuusa (3.31) B oOmem ciydae Oyaer GU3NUECKU
Hepeanu3yeMon. Eciii CcnekTpaiabHbl€ IIOTHOCTM BXOIHBIX CIYyYaWHBIX
MIPOLIECCOB SIBIISTIOTCS APOOHO-PAIMOHATILHBIMA (DYHKITUSIMH, TO TIOTYYUTh KBa-
3UONTUMANIBHYIO MEePeIaTOUHYIO0 (DYHKIIMIO CUCTEMbI MOYKHO, UCIIONB3Yysl METO-
muky boje u lllennona (cm. 1. 3.3).

Ilpumep 3.3. Cunmes onmumanvrHo2o gpurempa Bunepa ons ciedawet
cucmemot (H (j a)) = 1). Ha 6x00 cucmemvl nocmynaem ciy4atiHvlii npo-
yecc U(t), Ha ee 8vlxo0e HabN0Aemcs npoyecc X(t). Cnexmpanvhble

niamHocmu CucHajloe padGHbl

S, (0 S« 0
2 (w)=1+'|EJU2(.)a>2 ' SXU(0))_1+TX)EJU( )a)2 '

Daxkmopuzayus CcneKmpaibHol WIOMHOCMU BXOOH020 CIY4aliHO20
npoyecca oacm pe3yibmam

Sy (@)=¥(i-0) ¥(- |- ),

JSu(0)

P(j-0)= (-o)’ V(- 0)=

JSu (0)

1_TU'(j'w).

Duzuyecku peanuzyemas 4acme nepeoamoyHou YHKYuu 3aMKHYmMotl
cucmemvl ONpedesumcs ¢ NOMOWbIO 8bIPANCEHUS

Syu(j-@)-H(j- a)) qu(o) 1-Ty - (i 0))

(- jo) ~JS,0) 1+TE, @2

qu(o) 1-Ty - (J 0))

\/Su< ) (1+J ‘Txu - a)) (1"‘] ‘Txu - a))

__Sxu (0) 1 |: Tu+Txo Ty =Ty }
\/SUZ ) 2:-Tyy [1+Txy (ja)) 1-Tyy (ja))

Bmopoe cnazaemoe 6 ckobkax umeem noaocsvl 8 npasou NOIYNIOCKO-
cmu |-@. Ono omopacwieaemcsi.

Peanuzyemasn vacmomunasn nepedamounasn gynxyus pagna



W(j-o)=— [qu(j-w)}_

¥(j-0) | ¥(jo)l,
_ qu(o)_Tu +Txy 14Ty (i-») |
SU(O) 2-Tyy 1+Txu‘(j‘w)

Keazuonmumanvuas nepedamounas gynkyus pagna

1+T, -5 ‘- Syu(0) Ty +Tyy

W(S)=K'1+Txu-s’ T 5,(0) " 2Ty

[Tony4uTh peaqn3yemMyro UMITYJIbCHYIO MEPEXOTHYI0 XapaKTEPUCTUKY
k(t), spistonytocs pemeHdeM (3.30), BO3MOXHO NyTeM npuseoeHus

BX00H020 8030€UCmMBUsL HA CUCMeEM) K OeJlOMY WyMm).
[IycTp Ha BXOJ 3aMKHYTOW CHCTEMBI MOJAETCS CIYYaMHBIM MPOLECC

V(t) THIIA OEI0ro IIymMa ¢ KOppeasiuoHHoi ¢yHkiueidn Ry (1')= 5(1') 51
CIIEKTPAIbHON IUIOTHOCTBIO Sy (co)= 1. Jlast monmydeHus BXOIHOIO IIPO-

necca ¢ 3aJaHHBIMU XapaKTEPUCTUKAMH HCIOJB3YETCSl OTOETMBAIOIINIA

(GUIBTP C YACTOTHON XapaKTePUCTUKOU (D(j a)) (cMm. 1. 2.5).

X (t)
Z(t) E(t) g

V(t)

o(s) = W,(s)

> H(s)

Pucynok 3.4 — Cxema mnpeoOpa3oBaHUs IMOJE3HOTO CHTHAJIA C

UCITOJIb30BaHUEM OTOEIMBAOIIEr0 PuIbTpa

YacroTHas xapaKTepucThka otOenuBaroiiero GuibTpa 3anaercs ¢hop-
MyJion (2.49). Jlis naHHOro ciyvas

1 1
¥(j-0) Sy(j-o)

o(j-w)= (3.34)



[Ipun ucnonb3oBaHuM (PUIBTPA ONTUMAJIbHAS YACTOTHAs IMEperaToy-

Haia (I)YHKIII/IH CUCTEMBI HAXOJIUTCA I1O COOTHOIICHHUIO
W, (j-o)=o(j-0)-W,(j- o), (3.35)

re W3(j a)) nepeaaTodHas GyHKIMS 3aMKHYTOW CHCTEMBI, TTOJyIeKaIas

OIpeJIeNICHHUIO.
Ncnons3ys (3.30) u ycinoBue peannzyeMocTu cucTteMsl (2.9), a Takxke

PaBEHCTBO €IMHMIIC MHTErpaja oT o-PyHKIIMU B OECKOHEYHBIX Tpeeliax,

MOHO HAWTU BECOBYIO () YHKITUIO 3aMKHYTOWU CHUCTEMBI

R t), t=0,
kg(t)={ ZV((? s (3.36)

[IpeoOpazoBaB 06e yactu (3.36) mo dypre, moaydum
W, (j- @)= [k, (t)- expl- - o-t)it =
0

= [Ryy (t)-exp(- j-w-t)dt =
0

4o 1 +00 (337)
= IL—' Iszv(j-W)-GXD(J’-w-t)dw]exp(—j-w-t)dt:
0 T _»
= 21 'T[Tszv(j -w)-exp(j -w-t)dw]exp(— J -w-t)dt.
T 0 |l-w

B3anMmHas crieKTpajibHas IJIOTHOCTh Sy (j a)) MOKET OBITh BBIUKC-

JIeHA 0 YpaBHEHHMIO, aHaTornaHoMY (2.35).
Sy (i-@)=H(j-0) &(- j- ) Ss(0)+
+H(j-0)-®(- j- ©)- Sge (j- @) =
=H(j- @) - @(- j- ©)-[Sc (@) + Sce (i - @)] =
=0(- j-0)- Sy (i 0).

(3.38)



OnTuMalbHas YaCcTOTHAs mepeaaToyHas (DYHKIUS CHCTEMbl HAXOJIUT-
csa nytem oobenuuenus (3.34), (3.37) u (3.38)

W (1 @) =
=%j’)g [I (p(—j‘w)‘Szv(j‘w)'eXp(j‘w‘t)dw}x (3:39)

x exp(— j - o - t)dt.

Ecnu BXOomHbIE Cly4yallHbIE IIPOLIECCHI G(t) u F(t) CTaTUCTUYECKU
HE3aBHUCHUMBI, CIEKTpaibHas MIOTHOCTh MOJIE3HOIO CUTHAJIa OMHUCHIBAETCS
ApoOHO-parMoHaIbHON (QYHKIMEH Buga Sg (60)=Q(a)2)/ P(a)Z), a Cly-
yallHas moMexa SIBJsieTcsl OENbIM MIYMOM CO CHEKTPAIbHON MIOTHOCTBIO
Sg (a))= Sk (O), TO ONMUMANbHAS YACMOMHASL NepedamoyHas QyHKYus

credsaweli cucmembl OIPENICNIIETCS MO YIPOIIeHHON hopmyrie

JS: ()

— 3.40
?(j- o) (540)

Wonm(j'w)= 1-

rne ¥ (j a)) BBIUMCIISETCS C TToMoIbio (3.22).

Ipumeuanue. Eciu cnekmpanohas niomHocnms Sg (a)) He A6Nsemcs
OpOOHO-paYUOHATLHOU DYHKYUEU YACmOomyl UIU NOJYYeHA IKCNepPUMEH-
manvno, mo 05 naxodcoenus W, (j -w) ee HYJICHO annpoKCUMUPOBANb

OpOOHO-PAYUOHANBLHOU DYHKYUEU.

Ilpumep 3.4. Onpeodenenue nepedamournotll Gynkyuu creosujeli cu-
cmemvl N0 Kpumepuio MUHUMYMA ee CPeOHeK8aopamudHou ouudKu no
oannvim npumepa 3.2. CnekmpaivHvle NIOMHOCU 8XOOHbIX CUSHANO8 CO-

cmasiaom
2:Dg-Tg _ S6(0)

SG(“’)=1+T2 a)2=1+T2 2 SF(G))=N=SF(O)'
G G

Hauoennoe 6 npumepe 3.2 snauenue ?’(] a)) pasHo



1+ j-a-w
1+j‘TG ‘w’

?(j-@)=1/S5(0)+ S (0)-

Onmumanvras 4acmomuas nepedamodtas QyHKyus 3aMKHYmMou Cu-

cmembl HAX00UMCsl C1e0VIouuUM 00pazom
VSs(0)+Se(0) 1+j-a-@

[5:0)+5:0)-45:0) 1

W(j-0)-1

JSc(0)+ SE(0) lijao
. @-/Ss(0)+Se(0)-Tg - /SE(0) 1
T B0s 0 tejae

Tax xaxk a=Tg -\/SF(O)/I_SG (0)+ SF(O)j, mo eémopoe ciazaemoe

pasHo Hymo. Peanuzyemas uacmomuas nepedamounas QyHKYusi 3aMKHY-

Mot cucmemsvl Umeem 6uUo

W(j-0)= 5@+ 0)-5:0) 1

/5.0)+5:0) 1+jaw

] {1 i \/SG (:)F+(?F (0)] 1+ j-la ‘o

Peanuzyemasn nepeoamounas ¢ynkyus 3amkHymou cucmemst 8 u300-

padcenusx no Jlannacy umeem 6uo

20e K=1-./SE(0)/ I_SG (0)+ S (O)J — K02¢huyuenm ycunenus 3a-

MKHymOIZ cucmemal, T =a — ee nocmoannas 6PEMEHU.



3.4 ®uabtp Kanmana-berocu

B 1960 r. P. Kanman u P. berocu nipeaiiosxxunym MeTo CUHTE3a CUCTE-
MBI, ONTHMAJIbHOW [0 KPHUTCPUI0O MUHHMYyMa CPEIHCKBAIPATUYHON CIIy-
yaitHoi ommOku (unempa Karmarna-bviocu).

Ilpumeuanue. Qunomp Bumnepa obecneuusaem MUHUMYM CpeOHe-
K8AOpAMUYHOU OWUOKU MOJIbKO 8 YCMAHOBUBUIEMCS pedicume Npu yClo-
8UU, YMO CNYUAlUHble NPOYECcCyl AGNAIOMCA cmayuoHapHvivu. Durbmp
Kanmana-bvrocu saensiemcs onmumMaibHbiM U 8 NepexoOHOM pedcume (npu
KOHEUHOM 8peMeHU HAOI00eHUs,), d NOJIe3HbIU CUSHAL U NOMeXa MO2Ym He
001a0amb C80UCMBOM CMAYUOHAPHOCMIU.

3ajaua CMHTE3a pelIaeTcss B npocmpancmee cocmosanuil (BO BpeMeH-
HOM obOnactu). OnTUMabHAS OI[€HKA BBIXOJHOI'O CUTHAJA CUCTEMbI HAXO-
IUTCSA PEUICHUEM CUCTEMbl TU(PEepeHIIMATbHBIX YPABHEHUN, YTO OOBIYHO
mpoie pemieHus ypaBHeHusi Bunepa-Xomda, ocoOEHHO s HECTaIuo-
HAPHBIX CIyYaWHBIX IIPOLIECCOB.

[Ipennonaraercs, 4To cUcTeMa JOJKHA BOCHPOM3BOJUTH MOJIE3HBIN
curnan Z(t) (B obuiem coydae — HeCTAaIMOHAPHBIN CITydaifHBIH TIporecc).
Ha ee Bxone nelictByer nmomexa F(t) (B oOmiem ciydae — OenbIid MIyM C
HYJIEBBIM MaTEMaTHYCCKUM OXuJaaHueM). CXxema BOCIIPOM3BEICHHS CHT-
HaJla ITIOKa3aHa Ha pUCYHKe 3.5.

200 T u

— W (s)

X(t)

E(t)>

Pucynok 3.5 — Cxema BOCIIPOU3BEICHUS TTOJIE€3HOIO CUTHAIa

3agava cuHTe3a ontumaibHoro ¢unbrpa Kammana-brrocu 3akimoda-
eTCSl B OMNpPEACICHUU €ro mnepeaaTOYHON (QYyHKIIUH W(s), KOTOpasi Obl

o0ecrneyrBaia MUHUMYM CpeHEKBaIpaTHIHON omuoku (3.3).



OnTtuManbHas cucTeMa, ooecrnieyuBatoiias B Jito00 MOMEHT BPEMEHHU
t > 1o BOocpou3BeieHUE CUTHANA Z(t) 1py BeIIONHEHHH ycioBus (3.3),

onuckIBaeTcs qudepeHnraibHbIM YpaBHCHUEM

£X()=0(0)- X(0)+c()-u(), (3:41)

rae U (t) — CyMMAapHbIN BXOJIHOM CUTHAJ, paBHBIN
U(t)= z(t)+ F(t). (3.42)

Cny4aitHbIil TIpolece Z(t) omnpenensercsa nuddepeHmaabHbIM ypaB-

HCHHUCM IICPBOI'O ITOPAAKA

%zﬁ): A(t)- Z(0)+V (1) (3.43)

rae A(t) — ()yHKIMSI BPEMEHHU, 3aBUCSAILAS] OT XapaKTEePUCTUK Z(t); V(t) —
HECTaIlMOHAPHBIN Mpolecc TUMa «OeNblid IIyM» C HYJIEBBIM MaTeMaTHye-
ckuM oxkujanueM. KoppensiuinonHbsie PyHKIIMU HECTAIIMOHAPHBIX CIIydaii-

HBIX IIPOI[ECCOB V(t) 51 F(t) CUMTAIOTCS paBHBIMU
Ry (t,7)= MM (t)-V(z)]= L(t)-8(t - 7),
Re(t,7)= M[F(t)- F(z)] = N(t)- 6(t - 7), (3.44)
Ryr (t ’T) =0,

rae L(t)z Owu N(t)> 0 — HempepbIBHBIE HENPEPHIBHO AU depeHunpye-
Mble QYHKIMHU BpeMEHHU. [[1s cTallMOHAPHBIX CIyYalHBIX IPOLIECCOB V(t)

u F(t) cnpaBeuTiBEI COOTHOMEHNUS
Ry(z)=L-6(t-7), Re(r)=N-8(t-7),

Ryr (T)= 0,

(3.45)

rae L v N — KOHCTaHTHI.



Jlns monmyyeHus Z(t) HE00X0 UM (OopMUPYIOMUN QUIBTP, CTPYKTYpa

KOTOpOro, onpezensiemas (3.43), noxkasana Ha pucynke 3.6 (W, (S) — TIe-

penarounas GyHkuusi opMupyromero GpuiabTpa).

V(t) I zﬁl

At)

W, (S)

Pucynok 3.6 — CrpyktypHas cxema popmupytomiero GpuibTpa
CrpykTypa onTuMalibHOro (uiabTpa, omnpeaensieMas ypaBHEHUEM

(3.41), nokazana Ha pucynke 3.7 (W (s) — nepenaToyHas QyHKIUS OITH-
MaJIbHOTO (PUIIBTPA).

> C(1) J
Q(t) j

W (s)

u(t)

x()

Pucynok 3.7 — CTpykTypHasi cxema onTUMaabHOro GUiIbTpa

B teopun onTuManbHOW (UIBTpALIMU JOKA3bIBAETCS, YTO MUHHUMYM
kputepust (3.3) focTuraercs npu

0(t)= A{)-c(t), c(t)= %)) (3.46)

OyHKIUA r(t) HaXOAWTCA MyTeM pemeHuss auddepeHImanIbHOro
ypaBHEeHUs PukkaTtu

%r(t) = L)+ 2- AQ)-r(©)-r2@)/N (). (3.47)



C yuerom (3.46) ypaBHeHue ontumainbHoro ¢puibTpa Kanmana-betocu
MOKHO 3alMCaTh B CIEAYIOIIEM BU/IE

£X ()= AQ): x(@)+C)-[LO- X0 (3.48)

JIJisi HeCTallMOHAPHBIX CIy4YalHBIX MPOIECCOB () YHKIIMU A(t), C(t),
Q(t) 3aBUCSAT OT BpeMEHH, U onTuMalbHbi ¢unbtp Kanmana-brrocu no-
Jy4aeTcsl HECTAaUMOHAPHBIM. J[JI CTalMOHAPHBIX CIIy4aWHBIX MPOLIECCOB
A(t) = A. B ycmanosuswemcs pesxcume guromp Kanmana-bvrocu 6yoem
CMayuoHapHvlM, Tak Kak (pyHKIIUU C(t) =C u Q(t)= A-C =Q He 3a-
BUCAT OT BpeMeHu. OH onpexaensiercss 1uddepeHnaibHbIM YPaBHEHUEM C

MOCTOSTHHBIMH KO3 puiineHTamu
%x(t)=(A-c)-x(t)+c-u(t). (3.49)

Ilpumeuanue. /ladxe npu cmayuoHapHwviXx 6030€UCMBUIX Quibmp
Kanmana-bvrocu 6 nepexoOHom pedicume A61iemcs HeCmAayuOHAPHbIM,

mak Kax koagguyuenm C(t) UBMEHAEMCsl 60 BPEMEHU.

VYpaBuenuto (3.48) cOOTBETCTBYET CTPYKTypHas cxema (UIbTpa, Mo-
Ka3aHHas Ha pucyHke 3.8 (oHa SKBUBaJICHTHA CXeMeE ¢ pHCcyHKa 3.7). Oue-
BUJIHO, YTO TIPU TaKOM MPEJICTABICHUN onmumanvhsii unemp Kaimvana-
bBviocu moorcno paccmampusams Kak OuHAMUYECKYIO CUCMEMY C Ompuya-
MelbHOU 0OPAMHOIU C853bI0.

u(t)

x(t)>

c() | 1
Alt)

W (s)

Pucynok 3.8 — CtpykTypHas cxeMa onTUMalibHOro puibTpa



Pelienrie 3aaun CUHTE3a ONTUMAIbHOIO (PUIBTPAa CBOAUTCA K OIpe-
JeNneHu0 (pyHKIMH Q(t) 17| C(t), Py KOTOPBIX 00ECIEUMBAETCS BBIIOJ-
HeHue ycinoBus (3.3). OHO IpOBOAUTCS B TPH dTala.

1) Omnpenensitorcs mapameTpbl (GopMHpYyromero (GHUIbTpa, KOTOPBIN
IIPU BO3JICVCTBUU HA €ro BXOJ O€Noro myma V(t) CO CIIEKTPAIIBHOU TIJIOT-
HOCTBIO Sy (a)) MO3BOJISIET TOJYYUTh HAa BBIXOJE CIIyYaWHBIN IPOIECC
Z(t) C 3aJaHHOM CIEKTPaJIbHOU MIJIOTHOCTBIO S (a))

Ecmu CJ'IyT-IaI‘/'IHBIG MpoHeCChl ABJIAKOTCA CTAUMOHAPHBIMH, a4 CIICK-

TpajpHasl IUIOTHOCTH Sz(a)) ABJISIETCA IPOOHO-PAIMOHANIBHOW (DYHKIUU

4acToThl, TO (cM. hopmyisl (2.49) u (3.44))
i P\
qu(j-w)=(Tw), (3.50)

rie P(j-o)-¥P(-j-w)=S,(w). 3amernus B (3.50) S Ha -, MOKHO
NOJIyYUTh MepeaaTouHyo GyHkuo Gopmupyromero GpuibTpa B u300pa-
)eHusx no Jlannacy

W, (s)= %i) (3.51)

ITo nepenaTounoii ¢pynkuuu (3.51) MoxHO HailiTh ypaBHeHUE (3.43),
CBSI3BIBAIOILIEE CIyYAHBIE MPOLECCHI Z(t) uvVv (t)
2) OmnpenensieTcs aucnepcus ciydaifHor ommoku D (t) KaK HEKOTO-

pas dynxuus Bpemenn r(t) myreM (BO3MOKHO HYHMCIEHHOTO) pEIIEHMS
ypaBHenus (3.47). s aToro HeoOXOAMMO 3HATh HadajdbHOEC 3HAUCHHE
r(tO) npu to = 0. OObIuHO X(to ) =0, nosTomy

E(to)= Z(to)_ X(t0)= Z(to )
r(ty)= M[Ez(to )]= M[Zz(to)]= Rz (to.to)= D (t;).

3). Haxonarcs mapaMeTpbl ONTUMAIbHOIO GUIbTpa ((yHKIHHA C(t) u

(3.52)



Q(t)). Jl1st aTOro Hcnoab3yrotes Gopmysl (3.46).

Ilpumep 3.5. Cunmes onmumanvrozo urvmpa Karmarna-bviocu. Ha
6X00 NUHEUHOU Cledswell cucmemvl NOCmynaem CmayuoOHAapHsIll Cy4at-
HblUL npoyecc Z(t) U cayyauHas nomexa F(t) muna «benvlii wymy». Hx

CneKkmpajlbHble NJIOMHOCNIU PA6Hbl

2-D, T S, (0
Sy(o)= 202 Tz 520
1+ o° TZ 1+ -T;

S (@)=N=5¢(0)

Cryyaunviu npoyecc Z(t) paccmampugaemcs KaxK peaxyusi popmu-

pyowezo uibmpa Ha CMAYUOHAPHBLU CIYVYAUHBIU NPOYecc V(t) muna

«Oenvlll Wym», UMerowull CHeKmpaibHy NIOMHOCHb
Sy (@)=L=5,(0).

B coomeemcmesuu ¢ (3.50) onpedensemcs wacmomnas nepedamounas
Qyuryus hopmupyroweeo gpurbmpa
1/SziOi 1/SZiOi
J,+j-w-TZ 1-jo- T,
V(- 210 1
qb(J )= ¢ ) ‘

/sy (@) L l+j-0-T,

3anucvieaemcs nepedamounas QyHKyus Gopmupyrouie2o uibmpa 8

uzoopascenusx no Jlannacy

5,0 1
Wi (5)= L 1+4s.T,

llonyuenHnoti nepedamourol @QyHKyuu coomeemcmeyem cledyrujee

ougpgepenyuanvroe ypasuenue, cesazvisaroujee Z(t) u F(t)

S2(0)=¥(j-0) ¥(-j-o)=




T, S 2(0)+ 2(1)= 1220y

d 1 s, (0
—Z\t)=——-~Z(t -V (t).
2= 20+ P28y

Ymobwvr npusecmu smo ypasuenue k 6uody (3.43), cnekmpanvhas

niomuocme 6enoeo wiyma L npunumaemcs pasnou 2 - D, /T, . Toeoa

\/i.sz(o)_\/ T, 2:D,-T, _.

L T 2-Dy TZ

Oxonuamenvro Z(t) MOMCHO NPpeOCmasumy, Kax
d 1
—Z(M)=-—"-z(@t)+V({t)= A-Z(t)+V(t).
dt T,

20e A=-1/T,. Coomeemcmeyiowas 5momy YpagHeHuio CMpyKmypa

Gdopmupyrowezo hurbmpa nokazana Ha PUCyHkKe.

V(t) Us Z(t) u(t)
E 1T, F()
qu(s)

IIpu nocmosinnvix A, L u N ypasuenue (3.47) pewaemcs kax ougghe-

PEHUUAIbHOE YDPABHEHUE cpa3deﬂm0u4wwuc;z nepemerHbIMU .

d

dr
—r=L+2-A-r=r?/N,
dtr + r r/ )

L+2-A-r—r?2/

=[dt.
<)

Ilocne UHmezcpupoearus noiyvaemcs 6blpasiceHue



1 N —r/N+A-A?+L/N _t+1n(C)
JAZELN | =r/N+A+/AZ+L/N |

20e C — nocmosnnas UHmezcpupoeaHusl.

Ilocneonee 6blpasiCeHue MOIICHO nepenucamaos Cﬂeayrou;um 06pa30M

1 —r/N+A-JA% +L/N S I
Inl —. =1 .
n{c —r/N+A+ A2+L/N] bVATHUN

B coomeemcmeuu c (3.52) r(O)= R, (O ,O)= D, noomomy nocmosn-

HAA UHmMezpupoeanusl pasna

c _ =Dy /N+A-{A®+L/N
—D,/N+A+,A*+L/N

Mooicrno zanucameo

—r(t)N+A-JA*+L/N —D, /N +A+ A’ +L/N _
—r(t)/N+A+ /A +L/N —D,/N+A-/A*+L/N

= exp(t A%+ L/N )

llocne HeobX00uMbIX npeobpaz08aHUll OKOHUAMENLHO ONPeOesencsl
pynxyuar(t). Ipu L=2-D, /T, u A=-1/T,

r(t)=£ N (1‘\/m)-(1+ \/m)-exp(ﬁ.t)
T rp-2iep)-lerpr2- i p)en(sn)

20e B=+A*+L/N, p=5,(0)/Sg(0). Tocre noocmanosku snauenus

t — +o0, onpeoensiemcs senuuuna D g 6 ycmanosuswemcs pesicume

N p-(1+q/1+p) _ 2-Dy
T, 24p+2-J1+p 1+ 1+p

r(oo) =D =



U3 ypasnenus (3.46) naxooumces pynxyus C(t)

clt)=L- (1= i+ p)-(L+ 1+ p)-exp(s 1) -
T, @2+p-2-J1+p)-2+p+2:- 1+ p) exp(8-1)

3nauenus ynxkyuu C(t) 8 HauanbHoulll Momenm spemenu (nput=0) u

8 ycmanosusuiemcs pexcume (npu t — +oo) pasnul

_p _Dy _ p
C(O)_z-T N Cle) T

g 2 -(L+1+p)

Jugppepenyuanvruoe ypasnenue onmumanvHozo uiempa Kanrmana-

bvrocu, ananocuunoe (3.48), umeem 6uo

£X()=-XO/T, +c)-LO-x0)

Coomeemcmeyowas 3momy YpasHeHuro CmpyKkmypa OnmumaibHO20
Qurbmpa nokazana Ha pucyHke.

L C(t) —%%)—» 1/s ’ X(t)>
1T,

W (s)

3amenssn unmezpupyrouee 38eHO, OXBAUEHHOE OOPAMHOU CE:3bI0,
UHEPYUOHHBIM 36€HOM, MOICHO Npeocmasums cmpykmypy guivmpa Kan-
mana-bvrocu unaue.

&»(3)» c(t) b T, /(1+s-T,) X

w(s)




s yemanogugwe2ocs pescuma MOHICHO onpedeiums nepeoamoynyio
DYHKYUIO ONMUMATBbHO20 QUIbMPA KAK 3AMKHYMOU CUCTNEMBL.

_ C(w)-T,/(1+s-T,) K
W(S)_1+C(oo)-TZ/(1+s-TZ)_1+s-T'
_ C(w)TZ -1- 1 T= TZ _ TZ
T 14C(0)- T,  Ji+p'  14C(0) T, Ji+p

BOITPOCHI JJIs1 CAMOKOHTPOJIA

1. B uewm 3akitouaercst 001Ias 3aa4a CUHTE3a JUHEUHBIX CUCTEM MpU
CIydalHbIX BO3aeucTBUsiX? Kakue mpeoOpa3oBaHHs BXOJIHOTO CHUTHAJIA
MOYET BBINIOJHATh CHHTE3UpyeMas cucrema’?

2. Uto moHMMaeTcsl MOA CTAaTUCTHYECKOW ONMTHUMU3AIUEH CUCTEMBI?
UTo cunTaeTcsa KpUTEpUEM ONTHUMAIBHOCTH CHUCTEMbI MIPU €€ CTaTUCTUYE-
CKOH OITHUMHU3AIN?

3. Kakwme 3amaum mMoryT pemaTthbCsi B XOA€ CTaTUCTUYECKON ONTHUMHU-
3alUU CUCTEMBI?

4. Kak ompenensitoTcs mapaMeTpbl CUCTEMBI C 3aJJAHHOW CTPYKTYpPO,
ONTHUMAJLHOW MO KPUTEPUIO MUHUMYyMa CPEAHEKBAJIPATUYHOW OLIUOKHU?
[To kakOMy MPUHITUITY OTOMPAIOTCS MapaMeTpPbl CUCTEMBbI JJII €€ CTaTH-
CTUYECKOM ONMTUMU3BAIIUH ?

5. Kak cunTesupyercs cucreMa ¢ IpOU3BOJIBHON CTPYKTYpPOM, OINTH-
MaJibHasi IO KPUTEPUIO MUHUMYMa CPEIHEKBAIPATUYHON OMIMOKU?

6. Uto cumrtaercs ¢u3MuecKu peaausyemMoil cucremoii? B uem 3a-
kirouaercs meroauka bone u lllenHona, npuMeHsiemast AJisi cuHTe3a (u-
3UYECKOMN peann3yeMon CUCTEMBI?

7. Uto cumtaeTcsa onTuMaibHBIM (puiasTpom Bunepa? KakoBa 00-
nacTh ero npuMeHeHusa? KakoB mopsiiok CHHTE3a ONTUMAIbHOTO (QUIIbTpa



Bunepa?

8. Urto cumrtaercs ontumanbHbiM QuiabTpom Kammana-berocu? Kako-
Ba oOnacth ero npumeHeHus? KakoB MOpSIOK CHHTE3a ONTHMAIbHOIO
¢unprpa Kanmana-berocu?

SAJAYNA 1A CAMOCTOSATEJIIBHOI'O PEHIEHUSA

3.1. Ilepenatounast GpyHKIUSI PA3OMKHYTOM CUCTEMBI UMEET BUJ (CM.
npumep 2.9)

Ha BXxo1 cucteMbl mogaercs peryJisipHbld CUTHAI

2

b-t
g(t)—a-t+T

u cydaiinas nomexa F(t), mpescrapnsiontas co6oit Genblif myM co crek-
TPAJIBHOW IIJIOTHOCTBIO Sp ((o)= N . Onpenenuts 3Hau€HUE MTOCTOSIHHOM

BpeMeHHU |, o0ecrnednBaroIell MUHUMYM CPEIHEKBaAPATHIHON OIIMOKU
CHUCTEMBbI B YCTAaHOBUBIIIEMCS PEKUME, U BEJTUUYNHY 3TOU OIIMOKH.

3.2. PemuTh HpebIayIIYIO 3aJladyy B MPEAMNONOXKEHHH, YTO MOXKHO
U3MEHSATh KaK 3HAUYCHHE MOCTOSHHOM BpeMeHu I, Tak ¥ KOdPDUIUEHT
ycunenus K.

3.3. Pemuth 3agauy 3.1 B mpeanonoxKeHuu, 4To nepeaaTtodtas ¢yHk-
1Sl PA3OMKHYTOW CUCTEMbI UMEET BU /I

_K-(T-s+1)

Wis)- s (r-s+1)

3.4. Ha Bxoa cucCTEMBI OCTYNAOT HE3aBUCUMBIEC MOJIE3HBIA CITydail-
npiit mponece G(t) u momexa F(t) (cM. pucynok 3.3). Onpenenurs onTy-

MaJIbHYI0 TI0 KPUTEPUI0 MUHUMYMa JWCIEPCHUU OIMMOKHU TMEPEeIaTOUYHYIO



dyuxuio cesameit cucrembl (H(s)=1). CrekrpanbHble MIOTHOCTH

BXOJHBIX CIyYalHBIX TPOLIECCOB PABHBI

S¢(0)
1+T¢ @

5:0)
1+T,:2-a)2

Se (@)= 2 Sk (@)=

3.5. Ha BXxoa cuCTEMBI MOCTYMAIOT HE3aBUCHUMBIE MMOJIE3HBIN CITy4aii-
HBIW TIpoIECC G(t) U TIomMexa F(t) (cMm. pucynok 3.3). OnpenenuTs ONnTH-
MaJIbHYI0 TI0 MUHUMYMY CPEIHEKBAJIpPATUYHOW OMMUOKUA TEPEeaaTOUHYIO
(GYHKIIMIO CHCTEMBI, PeIIarollei 3ajJayy WHTErpUpPOBAHUS (H(S)= 1/s).

CnekrpaJibHbIE INIOTHOCTY BXOJHBIX CIYYaMHBIX ITPOLECCOB PABHBI

S (0)

1+TGZ .wz J SF(w)=SF(O)

Se (@)=

3.6. PemuTh mpenplaynyro 3aaady B OPEANONO0KEHUH, YTO CHUCTEMA

pemaet 3agaay auddepennupoBanus ( H (s) =5s).

3.7. Ha BX0j cUCTEMBI MOCTYNMAIOT HE3aBUCUMBIE MOJE3HbIN clydaii-
HBIW TIPOIIECC G(t) U momexa F(t) (cMm. pucynok 3.3). Onpenenutrb UM-

NYJbCHYIO TIEPEXOJIHYIO0 XapaKTEPUCTUKY CIEASIIEH CUCTEMBI, 00eceun-
BAIOLIYI0 €€ MUHUMAJIbHYIO CPEIHEKBAAPATUUHYIO OLIMOKY, €CIIH

Re(r)=3-exp(-2-]¢]), Re(z)=2-exp(-|z]).



4 JABOPATOPHbBI IPAKTUKYM
4.1 Opranusauus J1aOopaToOpPHOro NPaKTUKyMa

OCHOBHOI 1LeJbI0 BBIIIOJHEHUSI Ja00PaTOPHBIX PadOT SIBISETCS MO-
JTy4YEeHHE YCTOMYMBBIX MPAKTUYECKUX HABBIKOB MCCIIEIOBAHUS CIyYalHBIX
npoiieccoB. B xojie BbINONHEHUS pabOT y CTyJEHTa JOJKHO CPOpPMUPO-
BaThCsl MIPEJCTABIICHUE O MPUHIIMIIAX aHAJIN3a U CUHTE3a CUCTEM, HaXOJIs-

IAXCS MO/ BIUSHUEM CIIyYaWHBIX BO3ACHCTBUM.

Ilpumeuanue. Tax xax evinoanenue 1abOPamopuvix pabom npeono-
jaeaem WUpPoKoe UCNOIb306AHUE UHOOPMAYUOHHBIX MEXHOI02UU, MO
BCNOMOCAMENLHOU YEeNbl) NPAKMUKYMA MOJNCEM CUUMAMbC U3YYEHUE
BO3MOJICHOCTEN NPOCPAMMHBIX CPEeOCME peuwieHus: 3a0ay cmamucmuye-
ckott ounamuxu (nanpumep, MathCAD wuzu Matlab).

B xoze BeIONHEHUS J1a00paTOPHOTO MPAKTUKYMA JTOJKHBI PEIIaThCs
CIEIYIOLINE 3a/1aYH;

® pa3BUTHUE JOTMUYECKOTO U AJTOPUTMUAYECKOTO MBILILJIEHUS

® BbIPaOOTKA YMEHHS OLIEHUBATh CTATUCTUYECKHE XaPAKTEPUCTUKHU
JTUHAMUYECKUX CUCTEM,;

® BhIPadOTKA YMEHHUS CaMOCTOSITEIbHO CTaBUTh M PEIIATh 3aJlaud
aHaJIM3a U CUHTE3a JUHAMUYECKUX CUCTEM,;

® U3Yy4YEHHE MPUHUHUIIOB pabOThl MPUKIAJHOTO IPOrPAMMHOI0 00ec-
MEUYCHUS.

J171st BBITOTHEHHUS JTA0OPATOPHBIX padOT CTYAEHT JOJKEH 3HAT!

® OCHOBHBIE IOJIOKEHHUSI TEOPUU BEPOSITHOCTEM U MATEMATHYECKON
CTaTUCTUKU;

® OCHOBHBIC TTOJOXXEHUS TCOPUU (PYHKIIMU KOMILIEKCHOTO TEePEMEH-
HOI'0 ¥ ONEPAlMOHHOIO UCYUCIICHUS

® OCHOBHBIC XapPaKTEPUCTUKHU CIIyYaUHBIX ITPOLECCOB;

® 3aKOHOMEPHOCTU U CTEIU(UKY TOBEACHUS CUCTEM IO BIUSHUEM

CIIy4alHBIX BO3/IEUCTBUM;



® METOJbl AHAJIM3Aa CHCTEM, HAXOMSIIUXCS MOJl BIUSHUEM CIlyYaii-
HBIX BO3JICHCTBUM,

® METOABl CHMHTE3a CHCTEM, ONTHMAJbHBIX II0 BBIOPAaHHBIM CTATH-
CTUYECKUM KPUTEPHUSIM;

® BO3MOXXHOCTH HOBBIX HH()OPMAIIMOHHBIX TEXHOJOTHM peIICHUS
MaTeMaTH4YECKUX 3aad.

CTyneHT IONKEH YMETh!

e (dopmynupoBaTh TpEOOBAHMS K CUCTEMaM Ha dTamax UX aHalnuz3a U
CUHTE33;

® KOPPEKTHO HMCMOJIb30BaTh MATEMATHYECKUE 3aKOHOMEPHOCTH I10-
BEJICHUS CUCTEM B YCIIOBUSAX CTATUCTUUYECKON HEOMPEAEICHHOCTH;

® TIPEACTAaBISTh PE3YIbTATHI PEIICHUS OTACIBHBIX 3a7a4 B YI0OHOM
JUISl BOCOPUATHS U JATbHEUIIIEr0 UCIIOJIb30BAHUS BUJIE.

[IpakTUKyM MpearnoiaaraeT BhIIOIHEHUE MATH J1a0OpaTOPHBIX padoT,
TEMATUKa KOTOPBIX B IIE€JI0M COOTBETCTBYET CTPYKTYpPE HACTOSIIETO IMOCO-
ousi. B kaxxgoit pabote peraercst ojiHa KOHKpeTHas 3aaada. [lomydeHHbie
OJWH pa3 pPe3yJibTaTbl MOTYT MCIIOJB30BATHCS HA BCEX MOCIEAYIONIUX dTa-
nax J1a00paTOPHOro MPaKTUKyMa.

OO0s13aTeNbHBIM YCIIOBUEM JIOMYCKa CTY/IEHTa K BBIMTOJIHEHUIO Jabopa-
TOPHOU paOOThI SIBISIETCS YCBOCHUE COOTBETCTBYIOIIETO TEOPETHUYECKOTO
Marepuaia. Pabora cuuTaeTcs BBHIMOJIHEHHOW W 3aIUICHHON, €CIU CTY-
JIEHT OTBETHJI Ha BCE BOIPOCHI 10 METOJIUKE €€ MPOBEACHUS U TEOPUH, I10-
JTy4dsl HEOOXOIUMBIE PE3YIAbTAThl U Jal UM MPABUIBbHYIO OIIEHKY, MTPO/Jie-
MOHCTPUPOBAJI YBEPEHHOE BJIAJICHUE COOTBETCTBYIOIIMMU HWHCTPYMEH-
TaJIbHBIMU CPEACTBAMU.

Ilpumeuanue. /{1 nposepku meopemuyeckux 3HAHUL MO2YM UCHO.Ib-
308amMbCsi KOHMPOIbHbIE BONPOCHI, NPUBCOCHHbIE 6 COOMBEMCMEYIOUUX
pazoenax nocoous.

[IpakTKyM HE IpETEeHIyeT Ha MOJHOTY OXBaTa BCEX MpoOieM, periia-
€MBbIX TNpPU aHaJW3€ W CHHTE3€ CTOXacTuueckux cucrem. He craBuiach

TAKKC LCIbIO HM3YUYCHUC IMPUCMOB PCIICHUA IIPHUKIAAHBIX 3a/la4 B KOH-



KPETHOM NpOrpaMMHOU cpene. TeM He MeHee, aBTOP HAJIEETCsA, YTO pealiu-
3a0usd MPEeIaraéMord NpPOrpamMMbl MPAKTUUECKOM MOATOTOBKU ITO3BOJIUT
aKTUBH3UPOBATh CAMOCTOSTEIbHYIO pabOTy CTYASHTOB, YIIPOUYHTh UX TEO-
peTUYECKUE 3HAHUS U YCOBEPIICHCTBOBATh HABBIKM PEIICHMS 3a7ay B 00-

JIACTHU CTaTHUCTUYECKOU JUHAMHUKHN CHCTEM.

4.2 JladoparopHast padora Nel. OmnpegesieHne CTATUCTHYECKHX
XaAPAKTEPUCTUK CIYYaHBIX MPOIECCOB

[lens paboThl — mpuOOpETEHNE HABBIKOB OI[CHUBAHUSI OCHOBHBIX CTa-
TUCTUYECKUX XaPAKTEPUCTUK CIyUalHBIX MPOIIECCOB.

ConepxaHue padOThl — pacueT CTATUCTUYECKHX XAPAKTEPUCTHK CITy-
YalHBIX MPOIIECCOB C 33aJIaHHBIMU 3aKOHAMH DPACHpPECICHUs MO OTpaHU-
YEHHOMY Ha0OPY OIBITHBIX JaHHBIX.

J1o BbINOJIHEHUSI pa0OThl HEOOXOJIUMO CAMOCTOSITEILHO U3YUHTh:

® ONpeAesieHUE CIyYalHbIX MPOLIECCOB U UX BUJbI,

® OCHOBHBIC CTATHCTUYECKHE XAPAKTEPUCTUKH CIy4alHBIX IPOIIEC-
coB (pyHKUMIO pacmpeneneHusi, MIOTHOCTh BEPOSTHOCTH, MaTeMaTH4e-
CKO€ OKHJIaHUE, TUCIEPCUI0, KOPPETALMOHHYIO () YHKIINIO, CHEKTPATIbHYIO
MJIOTHOCTh) U UX CBOMCTBA.

Bce HeoOxonumbie TEOPETUUECKUE CBEJECHUSI U pacyeTHbIe POPMYIIbI
COJIepKaTcsi B JaHHOM MocoOuu. BapuaHTsl 3a/laHuil JJ1 BBITTOJIHEHUS Jia-
OopatopHOil paboOThl mpuBeAcHBI B Tabiuie 4.1 (komonku B1 u B2 onpe-
JEJSIIOT 3aKOHBI pacnpeseneHusi, komonku 111 v Il — 3HadyeHus: mapameT-
POB pacipeneacHus u3 TaouuIsl 4.2).

[Ipu BbITIOTHEHUH 1a0OPATOPHOM PadOTHI HEOOXOAUMO:

® CcreHepupoBath /B¢ BhIOOpKH 00beMoM 50 — 100 cinyuallHBIX YHCen
C 3aJJaHHBIMH 3aKOHAMH PaCHpEleiICHUs], UMUTUPYIOIINE CTAllMOHAPHBIE
PTrOIUYECKUE CIydalHbIC MPOIECCHI;

® Uil KaXJ0il BBIOOPKH CIy4alHBIX YMCEN ONPEACIUTh (DYHKIUIO
pacrpe/ieieHus] U TUIOTHOCTh BEPOSITHOCTH, OIIEHUTh MAaTEeMaTUYECKOe
OKHMJIAHUE U JTUCIIEPCHIO;



® ISl K&KJOW BHIOOPKH CIIYYaWHBIX YUCEN OMPEACTUTh KOpPEIsiu-
OHHbIC (DYHKIIUH, CIIEKTPAIbHbIC TUIOTHOCTH, B3aUMHBIE KOPPETIAIIMOHHBIE
(YHKIMY 1 B3aUMHBIE CIIEKTPaIbHbIE MIJIOTHOCTH.

Tabnuua 4.1 — BapuaHTbl 3aaHUil ISl BBITIOJHEHUS J1a0OpaTOpHOU

pabotsr Nel
Ne B V15 11, B 11, II;
1 1 0,0 1,0 3 0,0 0,2
2 2 0,5 — 1 3,0 5,0
3 3 1,0 0,5 2 2,0 —
4 1 0,0 2,0 2 0,5 —
5 2 1,0 — 2 1,0 —
6 3 0,0 0,4 1 4,0 5,0
/ 1 0,0 3,0 1 1,0 2,0
8 2 1,5 — 1 1,0 3,0
9 3 2,0 0,3 3 1,0 0,3
10 1 0,0 4,0 3 2,0 0,4
11 2 2,0 — 3 0,0 0,5
12 3 0,0 0,2 2 1,5 —
13 1 0,0 5,0 2 2,0 —
14 2 0,5 — 1 2,0 4,0
15 3 1,0 0,1 1 3,0 4,0
16 1 1,0 5,0 1 1,0 4,0
17 2 1,0 — 2 0,5 —
18 3 2,0 0,1 3 1,0 0,4
19 1 2,0 5,0 3 2,0 0,3
20 2 1,5 — 3 0,0 0,2
Tabnuna 4.2 — Tunsl U mapamMeTpsl pacupeacicHun
No B I, 11,
1 Pasnomepnoe pacnpedenenue a b
2 IKCNOHEHYUATIbHOE PAChpedeieHUe A —
3 Hopmanvrnoe pacnpeodenenue m x OX




OYHKIUIO PaCIPEACICHU PEKOMEHAYETCS HAXOAUTh MO BBIPAKECHUIO
(1.50). Ananor IJIOTHOCTH BEPOSATHOCTH PEKOMEHAYCTCS IIONYdYaTh IIO
dbopmyne (1.51). KadecTBO IUCKPETHOM amIIpPOKCHUMAalMU XapaKTEePUCTHK
MOYKHO OIICHUTh IYTEM HMX CPaBHEHHUS C pe3yJibTaTaMH, MOJTYYEHHBIMU C
MOMOIIBIO MPOrPaMMHBIX CpeJCTB (CBEJICHHS 00 OCHOBHBIX (DYHKITUSIX
pacupenenenns cuctembl MathCAD npuseaeHs! B Tabmurie 4.3).

Tabnuna 4.3 — dynkiun pacupenencans MathCAD

Dyukyusn Pe3ynomam
runif (n, a,b) BekTop N ciydailHBIX 4HCEs, UMEIONIUX pPaBHOMEP-
HOC pacIipeJieJiCHUe B Trama3oHe ot a Jio .
BekTop N ciiydalHBIX YMCEN, UMEIOIINX 3KCITOHCHIIH-
aJbHOE pacIipe/ieliCHUe ¢ 3aTyXaHuem A.
BekTop N ciayyalHbIX 4uCEN, UMEIOIIAX HOPMAIbHOE
rnorm(n,m,o) | pactpeneneHie ¢ MATEMATHYECKHM OXHIAHHEM M U
CPEJHEKBAPATUUECKUM OTKJIOHEHUEM O,

rexp(n,A)

punif (X’ a,b) DOyHKIKS paBHOMEPHOIO pacIipeaeacHus X B Juara-
30He oT a 110 b.
OYHKIUA DKCIOHEHIHAIBHOIO pacIpenelieHus X ¢
pexp(x,4) YHEN I pacripent

3aTyXaHuem A.

@OyHKIMSA HOPMAJIBLHOTO pacipeneicHuss X ¢ MaTeMa-

pnorm(x,m,a) THYSCKUM OXHUJaHUEM M W CPEIHEKBAJAPATHYCCKUM

OTKJIOHEHUEM O.

dunif (X, a,b) [110THOCTE BEpPOSATHOCTH PABHOMEPHOIO pacrpesc-

JICHHS X B TMaIia3oHe ot a Jio b.

d ex p(x, /1) [110THOCTh BEpPOSTHOCTH AKCIOHEHITMATBHOTO pac-
npeneseHus X ¢ 3aTyxanuem A.

[[10THOCTh BEpPOSATHOCTH HOPMAJIBHOTO pacIpesene-

dnorm(x,m,o) | Hus X ¢ MAaTEMAaTHYECKUM OXHIAHHEM M H CpeiHe-

KBAIPATUYECKUM OTKJIOHECHUEM O.

hiSt(D X) BekTop wacToTHOro pacnpeneneHuss X MmO MHTEpBa-
’ JlaM, TpaHUIIbl KOTOPBIX XpaHsTCA B BeKTope D.
. Bekrop wacTtoTHOro pacmpeneieHus X mo K marepna-
hist(k, x) p paciiped P

JaM OT X min 0 X max.
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Pucynok 4.1 — Onpenenenue pyHKIMHM pacrpeaeieHus (a) u mioTHO-

CTH BEpOSTHOCTH (0)



JIJIsl BBIYHMCIICHUS CTAaTUCTUYECKHUX XapaKTEPHUCTHK BBIOOPOK PEKO-
MEHJIYETCS HCIIOJIb30BaTh AUCKpeTHbIC cooTHomieHus (1.54) u (1.57).
HaiineHHbiec 3HaYCHUS PEKOMEHIYCTCS CPAaBHUTH C PE3yJIbTaTaMHM, ITOJIY-
YCHHBIMHU C ITOMOINBIO CTAaHAAPTHBIX (YHKIMHA (CBEACHUS O CTAaTHCTHYC-
ckux pynkmusax MathCAD npuseaens B Tadnuie 4.4).

Tabnuna 4.4 — Crarucruueckue Gynkruun MathCAD

Dyukyusn Pe3ynomam
CpenHee 3Hau€HUE X, BBIUMCIsIEMOE IO (hopmyIie

mean(x) mean(x)= % T x;
i—1
Jlucniepcus X, Beraucisemas mo Gopmyiie
var(x) = 1 Zn:[xi —mean(x)]* .
var(x) N -1

Hns npakmuuecko20 UCNONb306aHUSL  NOTYYEHHOE
3HaueHue O0JIHCHO OblMb UCIPABNIEHO HA YUCTO Che-
newneu c600600bl No cxeme var(x)- n/ (n - 1).

CpenmHekBaapaTHIECKOe OTKIOHEHHE X, BBIYHCIISC-
Moe 1o hopmyie

stdev(x) stdev(x) = \/var(x).

ﬂ]lﬂ npakmu4eckoco UCnoJjb306AaHUsl nNoOaly4YeHHoe
3HAYeHUue 00JIHCHO Oblmb ucnpaeieHo Ha 4ucio cme-

neweti c800600bl NO cxeme stdev(x)- q/I’l/i n-1).

Koppensuuonasie (yHKIIUA BEIOOPOK M B3aHMMHBIE KOPPEISIIHOHHBIC
GyHKIIUK MOTYT onpenensaThes mo dpopmynam Buja (1.68). UToObl CHU3UTH
MOTPEUTHOCTh MX OMPEACIICHUS MPH CYIMICCTBCHHBIX U3MEHCHHAX CydJaii-
HOM BEIIMYMHBI, PEKOMCHAYETCS BBIMOJHHUTh HWHTCPIOJISIIUIO HCXOIHBIX
JAHHBIX 11 MEHBIIEro Iara 1mo BpeMeHu (cM. pucyHok 4.2 (a)). Crek-
TpaibHbIE INIOTHOCTH BBIOOPOK M UX B3aMMHBIC CIIEKTPAIbHBIC INTIOTHOCTH
MOT'YT OBITh HAWJEHBI IMyTEM YHCICHHOI'0O WHTCTPUPOBAHUS HAaMICHHBIX

OKCIEPUMEHTAIBHO KOPPEIAIMOHHBIX (YHKIIUN C UCTIOJIb30BAHHEM YPaB-
Henuit (1.43) u (1.47).
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Pucynok 4.2 — Onpenenenue KOppeasiimoHHON GYHKIMH (a) U CIEeK-
TpajdbHOU MIOTHOCTH (0)



ConepxaHue oTyera o Ja00paTOpHOU padoTe:

® UCXOIHBIC JaHHBIE JJIs1 BBITIOJIHEHUS JJaOOpaTOPHOH pabOoTHI,

® pe3yibTaThl OICHUBAHMUS CTATUCTUYECKUX XapPAKTECPUCTUK CIIy-
YaWHBIX MPOLIECCOB;

o rpaduku (QYHKIMH pacrpeqeaeHus, TIOTHOCTEH BEPOSITHOCTH,

KOPPENISAIUOHHBIX (DYHKITUHA U CIIEKTPAThHBIX TNIOTHOCTEH.

4.3 JlabopaTropHasi padora Ne2. AHAJIU3 CUCTEMbI NIPH CIAYyYalHbIX

BO3/1eHUCTBUAX

[lenp paboThl — MPUOOPETEHUE HABBIKOB PAacCUeTa JIMHEWHBIX CHCTEM
IPYA CIYYalHbIX BO3JIEHCTBUAX.

Conepxanue paOOTBl — pacyeT PEerysipHOM U CIy4aHOM COCTaBIIs-
FOLICH CITYYanHOr0 IPOIECCa HA BBIXO/IE TUHEUHOU CUCTEMBI.

J1o BhINOJIHEHUSI paOOThl HEOOXOIUMO CAMOCTOSATENIbHO U3YUUTh:

® [IpaBUJIa ONPEHACIICHUS XaPAKTEPUCTUK CIy4YaWHBIX MPOLECCOB HA
BBIXOJI€ CUCTEMBI [0 XApaKTEPUCTUKAM €€ BXOJIHBIX BO3/ICICTBUH;

® [IpaBUJIa pacyeTa PEryJIsipHOM COCTABIISIONICH OMIMOKUA JIMHEHHOM
CHCTEMBI [0 XapaKTEPUCTUKAM €€ BXOJHBIX BO3JICHCTBUN;

® [IpaBWJIa pacueTa CIAYy4ailHOM COCTaBJISIIONICH OIIMOKH JIMHEHHOM
CHUCTEMBI MO XapaKTEPUCTUKAM €€ BXOJAHBIX BO3JICHCTBUM .

Bce HeoOX0IMMBbIE TEOPETUYECKUE CBEACHUSI U pacuETHbIE (POPMYIIbI
cojiepKatcsi B JaHHOM mocoouu. BapuaHTbl 3a/laHuil 171 BBITTOJIHEHUS Jia-
OopatopHoii paboThl mpuBeaeHbl B Tabmuie 4.5 (mpuusate K = 1). Crpyk-
Typa pacCUYMTHIBAEMON CHCTEMbI ITOKa3aHa Ha pUCYyHKe 4.3.

F(t)

W, (s) W, (s)

G(t) E(t)

X(t )}

Pucynok 4.3 — CTpyKTypa pacCUYUTHIBAEMOUN CHUCTEMBI



Tabnuna 4.5 — BapuanTel 3aaHuidl JUIsl BBITIOJIHEHUS J1a0OOPAaTOPHBIX
pa6ot Ne3 u No4

M| W, (s) W, (K,s) S¢ (@) S¢ (o)
1 s+1 K-s/(s+1) 0,4/(1+a)2 0,1
2 | (s+1)/s K-s/(3-5+1) 03/(1+2-0?) 0,2
3| 1s K-s/(5-s+1) 02/(1+3-»?) 0,3
4 1 K-s/(7-s+1) 01/( _wz) 0,4
5 s K-s/(9-s+1) 0 1/( -a)z) 0,1
6 | s+l K/(s+1) 02/(1+6-0?) 0,2
7 | (s+1)s K/(3-s+1) 03/(1+7-co2) 0,3
8 1/s K/(5-s+1) 04/(1+8-0?) 0,4
9 1 K/ -s+1) 01/(1+9-0?) 0,1
10 s K/(9-s+1) 02/(1+9-0?) 0,2
11| s+l K-s/(2-s+1)  03/[1+8-0?) 03
12 (5+1)/s  K-s/(4-s+1) 04/(1+7-0?) 0,4
13 1/s K-s/(6-s+1) 0 1/( .a,?) 0.4
14 1 K-s/(8-s+1) 02/{1+5-w?) 0,3
15 s K/(2-s+1) 03/(1+4-w?) 0,2
16 | s+1 K/(4-5+1) 04/(L+3-»?) 0,1
17 | (s+1)s K/(6-s+1) 01/(1+2- %) 0,1
18|  1/s K/(8-s+1) 02/(1+?) 0,2
19 1 K-2-s+1)/s?  02/[1+2-0?) 0,3
20 1/s K-(4-s+1)/s 0,1/(1+»?) 0,4

[Ipu BbITIOTHEHUH 1a00paTOPHON pabOTHl HEOOXOAUMO:

® OmpeAcIuTh MepeaTOYHbIe (PYHKIIMU CHUCTEMBI MO KaHalaM «Io-

JIC3HBIA CUTHAJ — OIIMOKa» M «IIOMeXa — OIINOKay;

KaHaJIOB KaK PCAaKIHUIO CHUCTCMbl Ha CTAHAAPTHBIC CAMHHUYHBLIC CTYIICHYA-

® ONpEeIeIUTh PEryISPHYIO COCTABJISIONIYIO OITMOKHU MO KaXI0MYy U3



Thl€ BO31CHCTBUS;

® OIPEEIUThL TUCIISPCUIO OITMOKHU IO KaKJIOMY M3 KaHAJIOB;

® TIPOMOJICITMPOBATH MTOBEACHUE CUCTEMEI.

Omnpenenenre MUCIEPCUU OMMOKU 11€71eCO00pa3HO MPOBOIUTH YHC-
neHHo. /{7 MonenupoBaHus MOBEJACHUS CHCTEMBl PEKOMEHAYETCS CreHe-
pUPOBAThH MMOMEXY C HOPMAJIbHBIM 3aKOHOM pachpeesieHus, HyJIeBbIM Ma-
TEMaTUUYECKUM OKHJIAaHUEM, PACCUMTAaHHOM JUCIIEPCUCH M HAJOKUThH €€ Ha

PEryJISPHYIO COCTABJISIONIYIO OMIMOKH (CM. pUCYHOK 4.4).

il B G Symbolics  Window Help EEE— . ..
[D-FRISRY| BB | (o= |e@0|m @)@+ =3P sn
PerynsipHas coCTaBISIOMAas BRIXOMHOTO CHIHATA:

x(?) = exp(—0.05-1)-(cos(0.2-t) +sin(0.2-¢)) i:=0..100 ¢t;:=1i
Jlucriepcus BRIXOMHOTO CHIHATIA!

D, = 0.01 & := rnorm(101 ,0 \/Kx)

1.57
¥

(@) s

X (t,')-i-éi

7l r
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Pucynok 4.4 — MoaenupoBaHue MOBEACHUS CUCTEMBI

Coneprxanue oTdera o JJabopaTOpPHOM padoTe:

® ICXOJIHBIC JAaHHBIC JJIsI BBITIOJHEHUS JIAOOPaTOPHOM PaOOTHI;

® pe3yJbTaThl ONpPEACICHUS IMEepPeAaTOYHbIX (YHKIHUN CHUCTEMBI IO
OIIMOKE I Ka)KJ0ro U3 KaHAJIOB;

® pe3ysbTaThl pacueTa PEryiaspHbIX W CIyYallHBIX COCTaBJISIONINX
OIIMOKY I KaKI0I'0 U3 KaHAJIOB;

e TrpaduKU NEePEeXOIHBIX MPOILECCOB ISl KAXKAO0TO U3 KAHAJIOB.

4.4 JlabopaTopHasi padora Ne3. OmpeneseHue ONTHMAJbHBIX



napaMeTpoB CUCTEMBI

[{ens paboOThI — MPHOOPETCHNE HABHIKOB CUHTE3a JTMHEHHBIX CHCTEM C
3aIaHHON CTPYKTYpoOM, OOECHeurBaIOIMX MHUHHUMYM CpPEIHEKBAaJApaTHU-
HOU OLIMOKH, MPU CIyYalHBIX BO3ICHUCTBUSIX.

Conepxanre pabOTBl — ONpeelICHHE MMapaMeTPOB JIMHEHMHON CHCTe-
MBI, 00€CTIEUMBAIOIUX MUHUMYM €€ CPEIHEKBAIPATUUHON OIIMOKH.

J1o BbIMOJIHEHUST paOOThl HEOOXOIUMO CAMOCTOSATENBHO U3YUYUTh:

e 0O0IIME MpaBUJIa CUHTE3a JIMHEHHBIX CUCTEM IPU CIy4YalHBIX BO3-
NEUCTBUSIX,

® [paBUJa CUHTE3a CUCTEM C 3aJaHHOM CTPYKTYPOU IIPU CIIyYANHBIX
BO3JICHUCTBUAX.

Bce HeoOXxonuMble TEOPETUUECKUE CBEIAEHUSI U pacyeTHbIE POPMYIIbI
CoJIepKaTcsl B JaHHOM TTocoOuu. BapuaHThl 3a/laHuil 171 BBITTOJIHEHUS Jia-
OopaTopHoil paboThl mpuBeneHbl B Tadnuie 4.5. CTpyKkTypa CUHTE3Upye-
MOl CHCTEMBI ITOKa3aHa Ha pUcyHke 4.3.

[Ipu BBITIOTHEHUH TaOOPATOPHON PabOTHI HEOOXOAUMO:

® OmpeAcIuTh MepeaaTOYHbIe (PYHKIIMHU CHUCTEMBI IO KaHajlaM «IIo-
JIC3HBIA CUTHAJ — OIMKOKa» U «IloMexXa — OImoKa» Kak GyHKIUU K03 u-
UCHTA YCUJICHUS pa30MKHYTOW CUCTEMBbI;

® ONpEACIUTh CIEKTPaJbHbIE MJIOTHOCTH COCTABJISIIOMIMX OLIUOKU
M0 KaHajlaM «IO0JIE3HBIM CUTHAN — OIMMOKa» U «IOMeXa — OIINOKa» U CyM-
MapHYIO CIEKTPaIbHYIO MIIOTHOCTh OMIMOKHU Kak PyHKIUU KodduireHTa
YCUJIEHUS pa30MKHYTON CUCTEMBI;

® ONpEeAeNuTh JUCHEPCUI0 OMMOKKA Kak (DYHKIMIO KO3 duilueHTa
YCUJICHUSI pPa30MKHYTOU CHCTEMBI,

® ONpEeACIUTh ONTUMAIbHOE 3HAauYeHUE KOA(D(PUIIMEHTA YCUIIECHUS
Pa30MKHYTOH CHUCTEMbI M3 YCIOBUSI MHUHMMyMa CyMMAapHOH JIHCIEpPCUH
O OKH;

® ONPEACIUTh PETYISPHYIO COCTABJISAIONIYIO OMIMUOKH ISl KaXKIOTO
U3 KaHAJIOB TPU BBIOpaHHOM KO3 (UIIMEHTE yCUIEHUS Pa30MKHYTON CH-
CTEMbI KaK PEaKIUI0 CUCTEMbI HA CTAHJIAPTHBIC €IUHUYHBIE CTYIIEHYATHIC



BO3JICH CTBUS;

® OMpeACIUTh MUCIEPCUIO OIMIMOKH IJis KKJAOro M3 KaHAJIOB IPHU
BBIOpaHHOM KO3(P(UIIMEHTE YCUIIEHUS Pa30MKHYTON CUCTEMBI;

® TIPOMOJCIMPOBATH MMOBEACHNUE CUCTEMBI.

Pacuer aucnepcuu U MOJIENTMPOBAHUE CUCTEMBI PEKOMEHIYETCS MPO-
BOJUTH TaK ke, Kak U B padbote No2.

Coneprxkanue oTdera o JJabopaTOpPHOU padboTe:

® UCXOIHBIC JaHHBIE JJIS BBITTOJTHEHUS JJaOOpaTOPHOH pabOTHI,

® CXeMa OMpeeTeHUs ONTUMAIILHOTO KOd(P(hUITMEHTa YCUIICHHUS;

® pe3yibTaThl pacyeTa PEryIsPHBIX U CIYyYaWHBIX COCTABJISIOIINX
OIIMOKU IS KaXJ0T0 U3 KaHAJIOB,;

e TpaduKU MEePEeXOIHBIX MPOIIECCOB ISl KAXKIOTO U3 KaHAJIOB.

PexomeH1yeTcst Tak)Ke BBITIOJTHUTH CPaBHEHHE HAMIEHHBIX MOKa3aTe-
7€l TOYHOCTH CUCTEMBI C PE3YJIbTaTaMU BBINIOJHEHUS pa00Thl No2.

4.5 JladoparopHasi padora Ne4, CuHTE3 ONTHMAJBbHOM CUCTEMBbI C
NMPOU3BOJIbHOU CTPYKTYPOH

[lenp pabOThI — IPUOOPETEHNE HABBIKOB CUHTE3a JTUHEWHBIX CUCTEM C
MPOU3BOJILHOM CTPYKTYpOM, 00ECIEeUMBAIOIIMX MUHUMYM CpEIHEKBaIpa-
TUYHOMN OIIMOKH, IPH CIyYaHBIX BO3JECHCTBUSAX.

ConepxaHue paOOTbl — ONpEAETCHUE MEPEAATOYHON (PYHKIIUU JIU-
HEMHOW CUCTEMBI, HAXOIAIICUCS MO BIMSIHUEM CIIy4aluHOTO BO3JACHUCTBUS,
KOTOpasi 00ecrieunBaeT MUHUMYM €€ CPEIHEKBAIPATUYHON OIIMOKHU.

J10 BbITIOJIHEHUS pabOThl HEOOXOAMMO CAaMOCTOSITEILHO U3YUUTh:

e 00mIMe mpaBWiia CUHTE3a JIMHEWHBIX CUCTEM IMPU CIAy4YalHBIX BO3-
NIEUCTBUSIX,

e [IpaBUJa CHUHTE3a CUCTEM C MPOU3BOJIBHON CTPYKTYPOU IIPU CIIy-
YalHBIX BO3JICUCTBUSIX.

Bce HeoOXoauMbIe TEOPETHYSCKUE CBEACHUS M pacdeTHBIC (POPMYIIbI
cozepkaTcs B JaHHOM 1MocoOuu. BapuaHThl 3a1aHuM 714 BBITIOJHEHUS Ja-
OoopaTopHOU paboTHl TpuBeAcHBI B Tabnuie 4.6. CTpykTypa CUCTEMBI TO-



Ka3aHa Ha pucCyHke 3.3.

Tabmuma 4.6 — BapuauThl 3a7aHuil JIsl BBIIOJTHEHUS J1a00paTOPHBIX
pabot Ned u NeS

Ne S¢ (@) Se (@) H(s) | W S (@) Se(@) H(s)
1] 04/fli+0®) o1 1 [11]03/[1+8-02) 03 s
2]03/(1+2-0%) 02 s [12]04/[1+7-@?) 04 s
302/t+3-02) 03 s [138]01/t+6-0°) 04 1
4101/(t+4-0?) 04 1 |14]02/(1+5-0°) 03 s
5/01/\1+5-0?) 01 s [15/03/(1+4-0?) 02 /s
6|02/(1+6-0°) 02 Vs [16]04/l1+3-02) 01 1
7]03/(t+7-0?) 03 1 [17]01/(t+2-w?) 01 s
8|04/lt+8-0?) 04 s [18] 02/[1+0?) 02 s
9 01/1+9-02) 01 Vs [18]02/[1+2-02) 03 1
10/02/(1+9-0?) 02 1 [20] 01/(1+@?) 04 s

[Ipu BBITIOTHEHUH TaOOPATOPHON PabOTHI HEOOXOAUMO:

e ompeAcnuTh (PU3UIECKH PEATH3yeMyI0 MepeaaTOYHy0 (YHKITUIO
3aMKHYTOW CHCTEMBI, BBIMOJHSIONICH 3aJaHHOE MPeoOpa3oBaHUE IOJIE3-
HOT'O CUTHAJIa MPU MUHUMYME CPEHEKBAIPATUUHON OIIUOKHU;

® ONpEACIUTh MEePeIaTOUYHYIO0 (PYHKIIUIO Pa30MKHYTON CHCTEMBI;

® OIpEeNeNuTh MepPeaaTouHble PYHKIIMA CUCTEMBbI MO KaHajaM «Ilo-
JIE3HBIM CUTHAJ — OIIMOKa» M «ITOMEXa — OIIMOKa;

® ONpPEACNIUThH JUCIIEPCHUIO OIMOKH ISl KAXKA0r0 U3 KaHAJIOB;

® [IPOMOJEINPOBATH ITOBEAECHUE CUCTEMBI.

Pacuer aucnepcuu M MOJEIUPOBAHUE CUCTEMbI PEKOMEHIYETCS MPO-
BOJUTH TaK ke, Kak U B padborax No2-3,

Coneprxkanue oTdera o JJabopaTOpPHOM paboTe:

® UCXOJIHBIC JaHHBIE JJIs1 BBITTOJIHEHUS JJaOOpaTOPHOIH pabOoTHI,

e cxema onpejaelieHus (UINYECKH peaTu3yeMol MepenaToyHoM



(YHKIIMU Pa30OMKHYTOW CHUCTEMBI;
® pE3yJbTaThl pacyeTa PEryJSAPHBIX U CIYYaWHBIX COCTAaBJISIOIIUX
OLIMOKY ISl KaXJ0T0 U3 KaHAJOB,;

e TpaduKu MEePEeXOIHBIX MPOIIECCOB ISl KAXKIOTO U3 KAHAJIOB.

4.6 JlabopaTtopHas padora NeS. CuHTe3 oNTHMAJBLHOI0 (PUIbTPA
Kanmana-bsrocu

[lens paboTHl — MPUOOPETEHUE HABBIKOB CUHTE3a B MIPOCTPAHCTBE CO-
CTOSTHUM CHEISAIIMX CHCTEM, 00E€CHEYMBAIOIIMX MUHUMYM CpPEIHEKBaApa-
TUYHOMN OMIMOKU, MTPU CIyYaHBIX BO3/ICUCTBUSIX.

ConepxaHue pabOTbl — ONpeAeieHUuE MepeaaTOYHOn (YHKIUU JIU-
HEMHOW CUCTEMBI, HAXOIAIIECUCS MO BIMSIHUEM CIIYYalHOTO BO3JAECHUCTBUS,
KOTOpasi 00ecreurnBaeT MUHUMYM €€ CPEAHEKBAIPATUUYHON OIIMOKH.

J1o BINOJIHEHUSI paOOThl HEOOXOJIUMO CAMOCTOSITEILHO U3YUUTh:

® OCHOBBI TEOPHH ONTUMAIHHON JTUHEHHOU PUIBTPAIIUH;

e [IpaBMWJIa CHHTE3a onTuMaibHOro GuiabTpa Kanmana-brerocu B mpo-
CTPAaHCTBE COCTOSIHUM.

Bce HeoOxonumbie TEOPETUUECKUE CBEJCHUSI U pacueTHbIe POpMYIIbl
comepxkarcsi B JaHHOM mnocoOuu. CrnekTpaiabHbl€ MIOTHOCTH IMOJE3HOIO
CUTHAJIa U TIOMEXH, HEOOXOIUMBIE JIJIsl BHIMOJIHEHHUS JIAOOPaTOPHOU pado-
ThI, IPUBEJICHBI B Tabnuile 4.6.

[Ipu BeIMOTHEHUH J1a00OpaTOPHOM pabOThl HEOOXOAUMO:

® OmpeAcIuTh NapaMeTpbl popMUpPyOIIEro PUILTPa;

® pa3pelmuTh ypaBHEHUE PHUKKaTh HJIsI OLEHKW THUCHEPCHUU CIydail-
HOT'O MPOIIECCA HA BBIXOJI€ CUCTEMBI;

® OmpeAeIuTh MapaMeTpbl onTuManbHoro guiastpa Kanmana-berocu;

® [IPOMOJICIINPOBATH TOBEJAECHNUE CUCTEMBI.

MogaenupoBaHUe CUCTEMBI PEKOMEHYETCSI TPOBOJIUThH TaK K€, KaK U
B MPEIBIAYIINX paboTax.

ConepxaHue oTyera o Ja00opaTopHON padoTe:

® UCXOJIHBIC JAHHBIE JJIsI BBITTOJIHEHUS JJaOOpaTOpHON padoTHI,



® pe3yJbTaThl pacueTa mapameTpoB GpopMupyromero GuabTpa;

® pe3yJibTaThl pacuera JUCIEPCUU BBIXOJAHOTO CIY4ailHOro Mpoliec-
ca (peuieHusi ypaBHeHus Pukkatn);

® pe3yJibTaThl pacyeTa MmapaMeTpoB onTuMaabHOro guibrpa Kanma-
Ha-brrocu;

® TrpaduKU NEePEXOIHBIX MPOLIECCOB.
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HNPUJIOKEHUE A

CTAHJAPTHBIE NHTEI'PAJIBI
J = i . +J?0 Bn (J ) 0))
"2 LA (0)A (o

)da).

[Monmuaombr A, (j 0)) u B, (j 0)) nopsaKa N UMEIOT BUJT

Ai-o)=a,-(j-0)" +a,-(j-0)" " +..+a,,
B,(j-o)=by-(j-0)" % +b,-(j-0)*" ™ +..+b, ,,

U Bce Kopau A, (j - co) PACIIONI0KEHBI B JICBOU MONTYIIJIOCKOCTH |- @ .

I[lpun=1
b
J1=—0.
2-8.0-8.1
[Ipu n =2
J2= .
2‘a0‘a1
[lpu n =3
—a,-by+ay-b; —a;-a;-b,/a,
\]3= .
2-ay-(ap-a3-2a;-2,)
[lpun=4
U
\]4=_4,
4,

U,=(a,-a;—a;-a,)-by—ay-a;-b, +a,-a,-b, +
+ag-(ag-a3—a;-a,)-by/a,,

A4=2-a0-(ao-a§+a12-a4—a1-a2-a3).



HPUJIOKEHUE b

U30BPAKEHUS MO JAILJIACY ® YHKIIMA BPEMEHUA

H3zoopasrxicenue no

No Opuzunan f(t) Jlannacy F(S)
0, t#0,
1 5(t)= '
+o, t=0
0, t<0, 1
2 1(t)= s
1, t20 >
tn—l 1
; Rl 2
(n-1) s’
4 exp(e - t) S ;
—a
| @
5 sin(e - t) 2+ 2
s
6 cos(w - 1) 2+ 2
| @
7 exple - t)- sin(e - 1) (s—a) +w?
1 - °
8o ) fesinf oo ] oo
A-expla-t)-sin(w-t+w), S+y
9 1 2 2 @ 2 2
A== , y =arct B
~ \/(a+}’) +o°, ¥ arcg(a+},] (S a) to

Hpumetmuue. au w— eewecmeeHHas U MHUmMasda dvacmu KOpH@L? 3HA-

menamens. F(s), y— koncmanma.



HNPUJIOKEHUE B
PELHIEHUA 3ATAY
1 Cixy4aiiHblie mpouecchl

1.1. Marematnueckoe 0XUJaHUE CAY4alHOW BEJIWYHUHBI PABHO HYIIIO,

T. €. My =0, Tak Kak cHeKkTpaigbHas IIOTHOCTH Ipu @ =0 He nmeer oco-

OenHoctelt Tuma &dyaknuu. Jlucnepcus paBHa

_ 1 -1 NN
j X(a))da)—zﬁ _£}Nda)— _

Koppensiuonnas QyHKIUs C1ydailHONW BEIUYUHBI

1

Ry (z)= ﬁ-ij:SX(a))-exp(j o-7)o =

.:\||—\

fN -cos(@ - 7)d@ = N sin(e, - 7).
0 T-T

1.2. CnekTpanbHas INIOTHOCTh paBHA

X(a))—1 0040 +2.7-m% -8(w).

1.3. CnekTpanbHas INIOTHOCTh paBHA

Sx(@)="2 - Dx '[a 2+(ﬂ,; R 2+(/;++a;)2]

+2.7-m% - 6(w).

1.4. CnexkTpaliibHas INIOTHOCTh paBHA

S (@)= zg Ry (¢)- cos(w- 7)dz =



2-Dy -}(1—%)-cos(w-r)dz-= 2'0[)))( -l(l—_lz_)d[sin(m-r)k

= 2';)))( -[(l—%)-sin(w-r)ﬂ +£sin(w-r)d(%ﬂ -

2‘DX
T -w°

[1-cos(@-T)).

1.5. CrieKTpasHas MIOTHOCTH PABHA
Sx(@)= [Rx(¢)-0xp(- j- 0 e =
=D, -Toexp(—oz2 72— ] -m-r)dr.

[Ipeobpa3yeM mokaszaTenb SKCIOHEHTHI K MOJIHOMY KBaJIpaTy

2
2 2 ] . (0] 0)2
a ‘T +)-o-Tt=|0T+ ) — + 5
2-a 4.

Torna

2 oo 2
@ . @
Sy (@)= Dy -exp(—4-a2J-_{oexp|:—(a-r+J-E) :|d1=
DX ‘N ( 0)2 J
= -exp| — ..

a 4.q?

2 AHAJIM3 CHCTEM NPH CIYYANHBIX BO3IEHCTBHAX

2.1. ITo bopmynam (2.2) u (2.3) monyuum
my (t)=8-{my (1)}=8-my (1),

Ry (tl ’t2)=8‘{8‘{Rx(t1 ’tz)}}=64‘ Ry (tl ’tz)-



2.2. KoppensiuronHas QyHKIHS

Ry (tl ’t2)= dt, dt, Rx (tl ’t2)=

=2-a-[1—2-a-(t1—tz)z]-exp[—a-(tl—tz)z].

2.3. KoppensunonHas QyHKIus

(t, +1,)" - @® +2
(tl "'tz)3

2.4. ITo dopmynam (2.2) u (2.3) nonyuum

Ry (tl ’t2)= Dy - -cos[a)-(t2 _tl)]'

m, (t)=£mx (2)- expl- A)dA.
R, (t:t2)= | [ R (4,0 ex0(- 2)-expl- ac
2.5. Tlo Gpopmynam (2.2) u (2.3) monydum
m, ()= % A-sin(t)= A- cos(t),
Ry (t; ,t2)=L Ry (t;,t,)= 2-exp{— @}-[1—&2 —tl)z],

dt, dt,
Dy (t)=Ry (t,t)=2.

2.6. Jlns naHHOM cucTeMbI BecoBas (PyHKIIUSI paBHA

k(t,A1)= ? : exp(— %)

3Ha4yeHUEe MaTEeMaTHUYECKOTO OXHJaHUA

my (0)= JK(t,2)-my (4)04 -

to



LK t—A t—t,
=|—-expl——|'mydA=K-my -|1—exp| — .
t{T Xp( T) 4§ X[ Xp( TH

Hucnepcust onpenensercs mo Gopmyiie

D, (6)= R, (t.) = [ [K(t.2)- k(t, ) Ry (2, p2)dAcs =

toto

t—1 t-
Hexp( T _I_’u—a-\/l—,u\)d/ld,u=

toto

=D, - KZ - eX p(—?) jje (——a A - ,u\)dld,u

2
T to to

Pa3o0beM nHTEpBa UHTErPUPOBAHUS 11O TIEPEMEHHON 4 Ha JIBE YacCTU

[to ,/1] u [ﬂ,t]. OTO MO3BOIUT OCBOOOAMTHCA OT 3HAKA MOXYIA M IIOJIY-

YUTH TaOJUYHEIE HHTCT'PAJIbl BUJA

K? 2-1
Dy (t)= Dx 'T—Z-exp(—?)x

( 3

xt{{t{exp[l?—a (1- ,u)]dp+jexp['lT—a (u- ﬂ)]d,u}d,{_
" 41—a-T—2-exp[—14-_?'-'--(t—to)}+
=Dy - .

2 2
l-a®-T +(1+a-T)-exp[—1g_-(t—t0)]

.

= Vaun

J

2.7. J1ns nanHO#M cucTeMbl BecoBasi yHKIIUS paBHA

kt, l)—— exp( t_'l).

T

Koppenstnonnas GyHKIus 6€10T0 IITyMa UMEET BU /T

Rx (1, 4)=c?-8(2 - p).



I[chepcm{ BBIXOJHOI'O CUI'HaJIa

D, (1)= ] [k(t,2)-k(t. ) Ry (1. )20 =

toto

H D( 't_Tl_”]-J(/’L—u)dﬂdu=

totp

— CZ .1_ex(_ﬂ)
S 2.7? 1))

2.8. 3HaUYEeHNE MAaTEMATUUECKOTO OKUIAHUS PABHO

my (t)=_|_1 (i) xp(— —) (ap +a,-A)dA =
=a0+a1-(t—T)—(a0—al-T)-exp(—%).

Jucnepeus onpenenures, Kak

D, (0)= ] [k(t,2)-K(t, 4)- R (4, Ak —

toto

Ij l: .t__l_ﬂ_'u+2-(ﬂ+,u)—‘/l—,u[ld/1dlu.

to tg

I/IHTGFpI/IpOBaHI/IC IMPOU3BOAUTCS TAK KC, KaK U B ITPUMCPC 2.6.

2.9. MareMaTuueckoe OXWJIaHuEe CIy4YalHOro Ipolecca X(t) Ha BBI-

X0A¢C CUCTCMbI B YCTAHOBUBHICMCA PCKUMEC PABHO
+00
My (t)= [k(4)- [ (t=4)+ me (1~ 204 =

= [K(2)-(me +0)i=4-mg - Texpl-2-2)iA =

=—2-Mg -exp(—2-ﬂ){;°°=2-m6.



Jlucriepcus ciryqaiHoro mpomecca X (t) HaXOJUTCs 10 popmyIie

- f [(2)-k{a)-[Ro (2~ 1)+ Re (2 - )liAc =

jexp(— 2-2)-exp(=2- u)-exp(= 4|4 — p|)dAdu +
exp(— 2-2)-exp(-=2- ) exp(- 3|4 — pf)dAdp =
xp(— 2-1)- -T)exp(— 2-pu—4-|A- y\)dy}dﬂ +

+48- j exp(-2- 1) +foexp(—2-y—3-\ﬂ—y\)dy}d/1=
0

+00 +oo
=32 [exp(~2-4)- 1,04 +48- [exp(-=2-4)-1,d4.
0 0
Pa300beM Kax /bl U3 BHYTPEHHUX MHTErpalioB Ha jiBa. [lonyunm

|1=§exp[—2-#—4-(l—ﬂ)]du++foexp[—2-u+4-(/1—ﬂ)]du=

b

=[exp(2- p—4-A)du+ jexp(4 A—6-pu)du=
0

=§-exp(—2-1)—§-exp(—4-/1),

A +00
I, =[expl-2- p—3-(2 - p)ldu+ Iexp[—Z-u+3-(ﬂ—u)]du=
0

exp(u—3-A)du+ jexp(B A-5-p)du=

O'—oéé

= g - exp(— 2. }L)— exp(— 3- /1).

OxoHYaTeILHO IMOJIYYHUM



D, = 32-+jwexp(— 2-/1)-[%-exp(— 2-1)—%-exp(—4-/1)]dﬂ+
0
+48. +jw exp(-2-1)- [g -exp(=2-4)—exp(-3- ﬂ)}dﬂ =
0

= % [exp(=6-1)-4-exp(-4-1)];" +

48 o 112
+— [exp(=5-1)-3-exp(-4-2)];" ===
3) 15
2.10. 3amaHHBIM KOPPEJSIIUOHHBIM (DYHKIUSIM COOTBETCTBYIOT CJe-

AYIOHIHUEC CIICKTPAJIbHBIC IINIOTHOCTU BXOAHBIX CﬂyqaﬁHBIX IMpouccCoB

16 18
S¢ (@)=

SG(w)=16+a>2’ 9+w?

3aJjaHHOW MMIYJIbCHOM MEPEXONHON XapaKTEPUCTUKE COOTBETCTBYET
nepeaaToYHas PyHKIHS CHCTEMBI

4
W(S)=m.

MaremaTuuecKoe 0XKUJAHUE CIYUYAUHOrO Ipolecca X(t) Ha BBIXOHE

CHUCTEMBI B M300pakeHus 1o Jlanmacy paBHO

My (s)=W(s):[Mg(s)+ M (s)]=
B st'[msG +0}=2-mG [%_S-I-%jl

OpI/II‘HHaJ'I JAAHHOI'O BbIPAKCHUA

my (t)=2-mg -[1—exp(=2-1)].

B ycranoBuBLIEMCS pEKUME
My (0)=2-mg -[1-exp(-o)]=2-m,.

CHCKTpaJII)HaH IINIOTHOCTDH BBIXOAHOI'O CUT'HAJIa



Sx(@)=W(j-0)"-Ss(@)+W(i-0)" - S (@)=
_‘42- 16 +‘42- 18
G-@)+2] 4ty G-@)+2 3+(j-0)
_ 256 N 288 |
(-0 +6-(j-0)+8  [(i-@)+5-(i-@)+6]

I[I/ICHepCI/IH BBIXOIHOI'O CUTHAJIa B YCTAHOBUBIICMCA PCIKUMC

1 *
DX =ﬂ. ISG(w)d0)=

0 256 0 288

_ 256 |1 8| 288 |1 6| 112

2 60 2 |5 0 15 °
1 8 1 6

2.11. Iucnepcus cny4alHOrO Mpolecca

a‘ao‘bf+a1‘b02

Dy = Dx a, .a,-(a-a; +a,)’

2.12. IlepenaTouHas pyHKIMS 3aMKHYTON CHCTEMBI PaBHA

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

&d(s)=

CHGKTpaJIbHaH INIOTHOCTD BBIXOAHOT'O CUI'HAJIAa IIPUMCT BU

K% N |
T-(j-0f +(j-0)+1

Sy (@)=10(j- @) - S ()=

WUnTerpupoBanue Sy (a)) [0 BCEM YacTOTaM Ja€eT pe3yJbTaT



1+ K?.N K-N
Dy =—— | do=—"——.

PremGof (o)l 2

OueBuaHO, 4TO aucnepcus Dy He 3aBUCHT OT T.
3 CuHTe3 CHCTEM NPH CJAYYaHBIX BO3AeHCTBUAX

3.1. IlepenatouHast GyHKIUS CHCTEMBI 11O KaHATY «PETYJISIPHBII CHUT-

HaJl — oIuOKa» paBHa

1 52
1+W(s) s?2+K-T-s+K

We (s)=

PerynsipHas coctaBJsitonias OMMOKA B yCTAHOBUBIIIEMCS PEKUME

d d?
mE(t)= Co - g(t)+C1 ‘ag(t)"'cz ‘dt—zg(t)"' Y

rae

2

d d?
g(t)=a-t+ , ag(t)—a+b-t, dt—zg(t)—b.

[Ipon3BoHBIE OOJIEE BBICOKOIO MOPSAJKAa OT g(t) 0 BPEMEHU PaBHbI

Hyr0. KoappuuumeHnTsr ommbdok, HaliieHHbIE Tociie pas3ioxkeHus W g (S) B

crenenHoii ps, pasusl Cp =0, C, =0, C, =1/K. Toraa

mE(t)=%

[lepenatounass GyHKUIHMS CHUCTEMBI MO KaHAIY «IIOMEXa — OIIHOKa»

paBHa

W(s) = K-(T-s+1)
1+W(s) s?2+K-T-s+K

Wee (s)=



Hucnepcust ciiydailHOM OIIMOKY B yCTAHOBUBIIEMCS PEXKUME

KEN = -T2(lef+1 (K-T2+1)- N

2.7 _{0 =TT

De = -
‘(j-a))2 +K-T-(j-o)+ K‘

Cpennuiil kBapaT CyMMapHOM OIIMOKH paBeH

o_b® (K-T?+1)-N
€ _K2 o T .

I[J'ISI OTBICKAHHWA MUHHUMYMa 3TOI'O BBIPAXKCHUS IIPUPABHACM HYJIIO €TI0

TMIEPBYIO MIPOU3BOIHYIO 110 TOCTOSIHHON BpeMeHU T
2.K-T2-(K-T?+1)=0,
OTKyJa MOXy4YuM I, = 1/ JK.

3.2. Juddepenumpys BeIpakeHHUE A1 CPEIHETO KBaJpaTa OMINOKH 110

napamerpaMm | 1 K, moay4uM cUCTEMY ypaBHEHUI

T=1/JK,

2-b> T-N
—_ + =
K3 2

0.

Orcrona Haiinem K, = 5\/16~b4/N e Ty = 1/1/K0nm :

3.3. Cpennuii kBagpaT CyMMapHOW OIIMOKHU paBeH

,_b?  (K-T?+1)N
K2 2.(T-7)

3

OnTtuManabHOE 3Ha4YCHUE OCTOSHHOMN BpCMCHHU

T oum =1'+1/2'2 +i.
K



3.4. CnekTpasibHasi INIOTHOCTh CYMMapHOT'0 BXOJIHOT'O CUTHaJIa paBHA

_S6(0)-(14T2 -0 )+ 5. (0)-(1+7¢ -0)
Sa(@)+ S (@)= 1+ 0%)-(1+T¢ 0?) |

Paznoxxenue H3TOro BBIPAXKCHUA Ha KOMIIJICKCHO-COIIPSAKCHHBIC
COMHOKUTCIIN OACT PC3YyJIbTAT

1+ j-a-w

6 @) (1+])-Te o)
l-j-a-w

o -a))-(l—j-T,: a))

yj(j'w)=\/SG(O)+SF(O)'(1+j_-l-

llf(-J"a>)=JSG(O)’fSF(O)'(l—j.T

rae a=Tg -\/[S,G(o)-T,:2 + SF(O)-TGZ] /[SG(O)+ Se(0)].

ITocae Pa3JI0KCHHUS HAa 3JICMCHTAPHLIC I[pO6I/I HCKIIFOYA€TCA 4aCTb, CO-

OTBETCTBYIOIIASI HEYCTOMYNBOU CUCTEME.

S (i) H(j-@)_

v(-j )

_ Ss(0) 1 _(1—j-TG-w)-(1—j-TF-w)=
1+TZ -0? Ss(0)+SE(0) l-j-a-o

_ Sg0) 1-j-Te o _

~ /Sc(0)+S:(0) (1+)-Ts-0)(l-j-a-w)

_ S.(0) {TG+TF- 1 JTe-a 1 }
JSc(0)+S:(0) | To+a 1+jTg0 Tog+a l-ja-w]

Bropoe crnaraemoe B CKOOKax UMEET TMOIIOCHI B MIPaBON KOMIIJIEKCH O
HOMYIUIOCKOCTH |- @ . OHO oTOpachiBaeTcs. Peannsyemasi yacToTHas Iie-

penarouHas G yHKIMS 3aMKHYTOM CHCTEMBI IPUMET BH/I

N S, (0) Te +T¢ 1
W(J'w)'w(j-w)'[JsG(oﬁ Sc(0) Te+a 1+j-Tg -w:l




S (0) To+Te 1+)-Tr o T (jro)+1
= . . : =K. _ _
Sc(0)+S:(0) Tg+a 1+j-a-o a-(j-o)+1

rae K03 PUIHEHT YCUIICHUS 3aMKHYTOM CHCTEMBI

S, (0) To +T¢

K = : .
Sc(0)+S-(0) Tg+a

Peanu3yemast nepenatounas (yHKIUsS 3aMKHYTOW CHUCTEMBI B M300-
paxeHusx no Jlammacy nmeer Buj

[lepenatounas QyHKIUsS pa3OMKHYTONH CUCTEMbI paBHA

Tg-s+1
(@-K-T)s+(1-K)

W,(s)=K-

3.5. IlepenaTtounast pyHKIIMSI 3aMKHYTOM CUCTEMbI paBHA

y-s+1

W(s)= K's-(a-s+1)’

r7e 3HaueHus K03 PpuureHTon

S6(0) T \/ Se(0) TG_‘“_

5@+ @) T

[lepenatounas QyHKIUsS pa3OMKHYTONH CUCTEMBI paBHA

y-s+1

W”(S)=K'(a—K-y)-s+(1—K)'

3.6. [lepenaTounas yHKIMS 3aMKHYTOM CHCTEMBI paBHA




rje 3HaueHUs1 KO3PUIIMEHTOB

UM S 30

=SG(O)+SF(O)-TG+‘Z, “T Sc(0)+:(0)

[lepenaTounast pyHKIUS pa30OMKHYTOW CHCTEMBI paBHA

K
a-s+(1-K)

W, (s)=

3.7. OnTuMajbHas UMITYJIbCHAA XAPAKTCPUCTHUKA CHUCTCMBI 6}’I[€T Huc-
KaTbCia B BUJIC

k(t)=D, - 8(t)+ D, -exp(—d; - t).

TpeOyercsa Haiit ee mapamerpsl Do, D1 u d1. YpaBHenue Bunepa-
Xonga B JaHHOM cllydae NPUMET BUJ

o0
gk(n)- Ry(z—n)dn—Ry(r)=0, z20.
Tak KaKk CUHTE3UPYETCS CIEIsIIAs CUCTEMA, TO Z(t) = G(t). Torna
Ry (r)=Rg(z)+ R (z)=3-exp(-2- [z)+ 2 - exp(=[7]),

Rz, ()= R (r) = 3- expl- 2-|7]).

[ToncraBUM 3HAYCHUS KOPPEIALMOHHBIX (PYHKIHUM W HCKOMOM HM-
MyJIbCHOM TTepeX0HON XapaKkTepucTuku B ypaBHeHne Bunepa-Xomnda

+§03 cexp(-2-|z - 75|)-[D, - 8(7)+ D, -exp(—d, - )7 +

+00
+ j2-exp(— iz —7|)-[Dy - 8(7)+ D, -exp(—d, - n)Jd7 -
0
-3-exp(-2-|z[)=0, r>0.

[Ipeobpa3yeM 3TOT UHTETPAIl K BULLY



400
| Do - 8(n)-[3- expl=2-[z — nf)+ 2 expl- |z — nl)ldn +
0
+[ D, -exp(—dy -7)-{3-exp[-2-(z - 7)]+ 2- exp|- (r - 7)[}d 77 +
0
+00
+ [ Dy -exp(=dy -7)-{3-exp[- 2- (7 - 7)]+ 2 exp[- (7 - ) dm -
~3-exp(-2-7)=0.
BeimoyHuB SJICMCHTAPHBIC OIICPAll MHTCI'PUPOBAHUA, ITIOJTYUYUM
D, [3-exp(-2-7)+2-exp(-7)] +

MELLTEL L CLEL) B ) S ey

2_d1
+2'Dl'eXp(_T)-{exp[(l—dl)-r]—1}+
3-Dy-exp(2-
+ 12+dpl( T)-exp[—(2+d1)-r]+
2.D, -exp(r)

+

2200, oupl- (1+0,)- 1] 30l 2:7)=0

[IpupaBHsB Hym0 KO3DPUIMEHTHI NOpH PYHKIUIX exp(— 2-2'),

exp(— z') U exp(— d, -T), MIOJIYYUM CUCTEMY YpPaBHECHUU

-

3.-D, - ~3=0
2_d1
2-D
1-d,
3-D 2-D 3-D .
Laps 14 1,2 D1y

N3 nepBOro ypaBHEHHUS MOJTy4aeM

3-(1-d2)+(4-d2)=0.



N3 nByX KOpHEW 3TOr0 ypaBHEHHUS BbIOMPAEM TOT, KOTOPbIA COOTBET-
CTBYET yCTOMUMBOI cHCTeME (IIOJIOKUTENbHBIN), T. €. d; = J7 / 2=1,32.
W13 nByx apyrux ypaBHeHHi cucremsl Haxomum D, =—-0,22 u Dy =0,68.

C y4eToM 3TUX 3HAYEHUU MMITYJIbCHAs MEPEXO/HAas XapaKTEPUCTHUKA OI-

TUMaJIbHOM CHCTEMBI TPUMET BU/]T
k(t)=0,68-5(t)-0,22 - exp(— 1,32 - t).
DTON XapaKTEPUCTUKE COOTBETCTBYET NepeaTouHas (yHKIHUS

0,22 51 s+1

W(s)=068—-—""—-=051-—— .
s+1,32 0,/6-s+1
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BBEJAEHUE

Hucnunnuna «CiydaifHbie TPOIecChl B CUCTEMax YIPAaBICHUS» CTaBUT CBOEH
1nenplo  (popMUpoBaHUE CIEAYIOMIUX KOMIIETCHIIMN Oynyiiero OakanaBpa IO

HarnpaBiaeHuro mmoaroroBku 15.03.04 — ABromaruzaiiys TEXHOJIOTHYECKHX IPO-

IECCOB U IMMPONU3BOACTB.

Kon, popmynupoBka
KOMIIETEHLIUU

Kon, popmynupoBka
UHANKATOpa

[Inanupyemslie
pe3yabTaThl 00y4eHUs 10
JTUCHUILIMHE (MOIYIIIO),
XapaKTepU3yolme
3Tanbl GOPMUPOBAHUS
KOMIIETCHIIUM,
UHJAMKATOPOB

YK-2. CnocoGeH orpe-
JeNATh KPYT 3a7a4 B
pamMKax MOCTaBJICHHON
IEJIM U BBIOUPATH ONTH-
MaJbHBIE CITOCOOBI UX
pEIIeHUs], HCXOIS U3
JNEUCTBYIOLINX MPABOBBIX
HOPM, UMEIOIIIHUXCS Pe-

CYpCOB ¥ OIpaHUYECHUN

NJ-1yk-2 Dopmynupyer
11eJ1h TIPOEKTA, OTpee-
JIIeT COBOKYITHOCTD B3a-
MMOCBSI3aHHBIX 3a/1a4,
oOecreunBaroInX ee J10-
CTHXKEHHUE U OTPEACIISICT
OKHJIa€MBIC Pe3yIbTaThl
pelIeHus 3a1a4;

dopmynupyer mocra-
HOBKY 3a7a4, obecreun-
BAIOIINX JOCTH)KCHUE
IeJTU; TIPOTHO3UPYET
OXKUJaeMbIC Pe3yJIbTaThl
peIIeHUs DIIEeMEHTapHBIX
3a71a4

NJI-2yk-» Pa3zpabaTeiBaeT
TUIaH JEUCTBUM JJIS pe-
IICHUs 3a7a4 NPOeKTa,
BBIOMpAst ONTUMAJIBHBIN
Croco0 UX peleHus, uc-
X0 U3 AEHUCTBYIOIINX
MPaBOBBIX HOPM U UMeE-
IOLLIUXCS PECYPCOB U
OTPAHUYCHUM

Bri6upaer onTuManbHbINA
crroco0 pa3paboTKH IPo-
€KTa aBTOMaTU3UPOBaH-
HOW CUCTEMBI 3asBJICH-
HOT'O KauecTBa U 3a ycTa-
HOBJICHHOE BpeMs

NJI-3vk-2 ObecnieunBaet
BBITIOJIHEHUE TIPOEKTA B
COOTBETCTBHUU C YCTAHOB-
JICHHBIMU LETISIMU, CPO-
KaMU U 3aTpaTaMH, UCXO-
1 U3 JEUCTBYIOIINX
MIPaBOBBIX HOPM, UMEIO-
IIUXCSl PECYPCOB U Orpa-
HUYCHUM, B TOM YMCIIC C
UCIIOJIb30BaHUEM I (DPO-
BBIX HHCTPYMEHTOB

PazpabarsiBaeT miaH pa-
OOTBI HAJT TPOEKTOM aB-
TOMAaTHU3UPOBAHHOM CH-
CTEMBI, 00ECIICUNBAIOIIIC-
r'0 JOCTH)KEHUE TTOCTaB-
JICHHBIX IIeJIeH, COOJII0-
JIEHUE CPOKOB BBITIOJTHE-
HUs paboT U 3aTpar, uc-
X0 U3 JICUCTBYIOIINAX
MIPABOBBIX HOPM, HMEIO-
HIUXCSI PECYPCOB U Orpa-
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HUYCHUH, B TOM YMCJIIE C
HCTIOJIb30BAHUEM CPEICTB
aBTOMAaTU3UPOBAHHOTO
MPOEKTUPOBAHUSA

ITIK-2. CriocoOeH yyacTt-
BOBaTh B paboTax mo
pacyeTy v MpOeKTHUPOBa-
HUIO CPEJICTB U CUCTEM
aBTOMATU3aI1U C UC-
MOJIb30BAaHUEM COBpE-
MEHHBIX HH()OPMAIMOH-
HBIX TEXHOJIOTUM, METO-
JIOB Y CPEJICTB IIPOEKTHU-
pOBaHUs

N-1nk-2 PaccunteiBaer
U MIPOEKTUPYET CPEACTBA
1 CHCTEeMBbI aBTOMAaTH3a-
MM B COOTBETCTBHH C
TeXHUYECKUM 3aJaHUEM.

CHHTE3UpYET ONTUMAIIb-
HBIE CUCTEMBI yIIpaBJIe-
HUs B COOTBETCTBUU C
TEXHUYECKUM 3aJaHUEM

W/1-3nk-2 Bemomaser
cOOp M aHaJIU3 UCXOIHBIX
JTAHHBIX JJI pacdera u
MIPOCKTHUPOBAHUS
CPEIICTB ¥ CUCTEM
VIIPABJICHUSI C UCTIOIH30-
BaHHUEM COBPEMEHHBIX
UH()OPMAIIMOHHBIX TEX-
HOJIOTHH.

CuHTE3UpyeT ONTUMAIIb-
HBIC CUCTEMBI yIIpaBJIe-
HUS Ha OCHOBE ITpe/IBa-
pPUTETHHO COOpPaHHBIX U
IpOaHATN3UPOBAHHBIX
UCXOJHBIX JaHHBIX C UC-
M0JIb30BAaHUEM COBpE-
MEHHBIX UH(POpPMAaIOH-
HBIX TEXHOJIOTUI

['maBHBIMH 3a7auaMy TUCHUIUIMHEI SBISIOTCS: YCBOCHUE CTYICHTAMHU MPHH-
[IUIIOB aHAJIM3a U CUHTE3a CUCTEM YIPABJICHUS, HAXOIAIIUXCS 110]] BIUSHUEM CIIy-
YJaiHBIX BO3JIEHCTBUHN, TPUOOPETEHNE MPAKTUIECKIX HABBIKOB MCIIONIBb30BAHUS Me-
TOJIOB TEOPUU ONTUMAIIbHOW (PUITBTpaLIUy.

B pe3ynpTaTe 0OCBOCHHMSI TUCIUTUIMHBI CTYICHT JTOJKEH:

® 3HATh NPUHIUIIBI AaBTOMATHU3ALIUN [TPOU3BOICTBA;

e yMeTh pa3palaThiBaTh OOOOIIEHHBIE BAPHAHTHI PEIICHUS MPOOJIEM, CBS-

3aHHBIX C aBTOMAaTHU3allMel MPOU3BOICTBA;

® BJAJETh HABBIKAMH aHAJN3a BAPUAHTOB ONTUMAIBHOTO MPOTHO3UPOBAHUS

HOCJIEACTBUI MIPUHSATOTO PELICHHUS.

Metoauueckue ykazaHus MpeAHA3HAUEHBI JJI BBHIIOJHEHHS CaMOCTOSITEIb-
HoW pabote no gucnumuimHe «CiydaiiHble IPOIecChl B CUCTEMAaX YIPaBIEHUS» C
yaetroMm TpedoBannii ®I'OC BO nmns manpasnenus noarorosku 15.03.04 — Apro-
MaTH3alUsl TEXHOJIOIMUECKHUX MPOLECCOB U MPOou3BOACTB. OHHM CIIOCOOCTBYIOT

Jy4IIeMy YCBOEHUIO CTYJEHTAaMU TEOPETUYECKHX IMOJIOKEHUN U obecreunBaet
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HpI/IO6pCTCHHe IMPAKTUYCCKHUX HABBIKOB IIO0 HCCIICHOBAHHUIO 3JICMCHTOB M CHCTCM

ABTOMATHYCCKOI'O PCTYJIUPOBAHUA U YIIPABJICHUA.

1. OBIIASI XAPAKTEPUCTUKA CAMOCTOSITEJIbHOM PABOTBHI
OBYUYAIOIIUXCS ITPU U3YUYEHUU JUCHUTILIMHBI «CJTYUYAMHBIE
IHNPOLHECCBHI B CUCTEMAX YIIPABJIEHUS»

CamocrositensHas padota ctyneHToB (nanee — CPC) sBisieTcst HeoTbemIie-
MOI cocTaBisitonieil 00pa3oBaTEIbLHOrO Mpolecca B YHUBEPCUTETE U SIBISETCS
oOs3aTenbHOM i Kaxaoro cryaeHta. OcHoBHas nens CPC — ocBoeHme B TOJI-
HOM 00BEMe 00pa3oBaTeIbHOM MpOTrpaMMBbl U MOCJen0BaTeIbHOE (HOPMHUPOBAHUE
KOMIETeHIINH 3(PHEKTUBHON CaMOCTOATEIbHON MPOQecCHOHaTbHOU (IIpaKTHe-
CKOM M Hay4YHO-TEOpEeTUYECKOM) nesarenbHOCTH. CamocTosTeNnbHas paboTa KOH-
KpETHA 1O CBOEH MPEAMETHON HANPaBICHHOCTH U COMPOBOXKIAETCS HETIPEPHIBHBIM
KOHTPOJIEM U OLIEHKOH €€ pe3yJIbTaToB.

KonuyecTBo 4acoB, 0OTBOAMMOE HAa CaMOCTOSITENILHYIO paboTy, OTpeeisieTcs
y4eOHBIM TJIaHOM HampasyieHus moaroroBku 15.03.04.

ConepkatenbHO camocTosATeNbHasE pabora cryaeHToB onpenensiercas OI'OC
BO wnamnpanennss moarorosku 15.03.04, mporpamMmoii 1 yd4eOHO-METOAMYECKUM
KOMIUJIEKCOM JAUCIUTUINHBI « CITydaliHbIe TIPOIECCHI B CHCTEMAaX YIIPABIICHHUS».

Meronuka OpraHuzalid CamMoOCTOSITENbHOW PabOThl CTYIEHTOB 3aBUCUT OT
CTPYKTYpBI, XapakTepa U 0COOCHHOCTEH MUCHUIUIMHBI «CllydalHbIe MPOLIECCHl B
CUCTeMaXxX YIpaBJICHHs», 00beMa 4acoB Ha ee u3ydeHue, Buaa 3aganuit qist CPC,
WHIUBUTYaJIbHBIX BO3MOXKHOCTEH CTYJEHTOB M YCIOBUI y4eOHOU NESITEITLHOCTH.

@DopMBbI CaMOCTOATEIILHON pabOThI CTYJIEHTOB OIPEACIIIOTCS COJEpPKaHUEM
TUCIUTUINHBL «CTyJaifHbIe TIPOIIECChl B CHCTEMax YIPABJICHHSI», CTENEHBIO IOJ-
TOTOBJICHHOCTU CTYJAeHTOB. OHU MOTYT OBITh TECHO CBS3aHBI C TEOPETUUYECKUM
KypcoOM M MMETh y4eOHBIH WM yueOHO-UCClen0BaTenbckuil xapakrep. ®opmy ca-
MOCTOSITEIILHOM PaboThI CTyIeHTOB onpeaessitoT kadheapa MCIA mpu pazpaboTke

IpOrpamMMBbl JUCHUTUIAHBI « CIlydailHbIE TPOLIECCHI B CUCTEMAX yIIPABICHUS.
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CamocrosTenbHas paboTa MOXKET OCYIISCTBISATHCS WHAWBUIYATLHO WIH
rpynnamMu CTYJICHTOB B 3aBUCUMOCTH OT IIeJIH, 00beMa, KOHKPETHOM TEeMaTUKH Cca-
MOCTOSTEITLHON paOOTHI, YPOBHS CIOXKHOCTH, YPOBHS YMEHHH CTYJICHTOB.
CPC, He mpemycMOTpeHHass 00pa30BaTeIbHOM IpOrpaMMoM, Y4eOHBIM IIjia-
HOM M Y4eOHO-METOIUYECKUMH MaTepuajaMH, PAaCKPHIBAIOIINMH M KOHKPETHU3U-
PYIOIIMMH UX COJIEP)KaHKE, OCYIIECTBISIETCS CTYJIEHTaMU WHUILIMATUBHO, C LETBIO
pea3anuy cOOCTBEHHBIX YICOHBIX M HAYYHBIX HHTEPECOB.
B ydueOHOM mpoiiecce BBIACISIOT ayIUTOPHYIO M BHEAYIUTOPHYIO CAaMOCTOS-
TeJIbHYIO padoTy.
AynuTopHasi camocTosiTelbHass padota mo aucnuiuinHe «CiaydaifHbie Tpo-
IIECChl B CHUCTEMaX YIPABIICHUS» BBIMOJIHSACTCA Ha YUCOHBIX 3aHATHAX (JICKIIHSIX,
MPAKTUYECKUX, JTA0OPATOPHBIX 3aHATUSAX W KOHCYJBTAIUAX) IO PYKOBOICTBOM
IpernoaBaTes v Mo ero 3aJaHulo.
BreaynuTopHas camocTosTeNbHas paboTa CTY/IEHTOB BBIMOJIHSAETCS BO BHEa-
YAUTOPHOE BpEMs IO 33JaHUI0 M TPU METOAMYECKOM PYKOBOJCTBE M KOHTPOJIC
npernojaBaTes, Ho 0e3 ero HenocpeacTBenHoro yuactus. CPC Bimodaer B ce0s:
® TIOJTOTOBKY K ayIUTOPHBIM 3aHATHSAM (JICKITMOHHBIM WM MPAKTUYECKUM) U
BBITIOJTHEHUE COOTBETCTBYIOIINX 3aJaHUH;

® paboTy HaJ OTJEIHHBIMU TEMaMHU Y4E€OHBIX TUCIUILIUH (MOIyJel) B CO-
OTBETCTBUU C y4COHO-TEMAaTUYECKUMHU TUTAHAMH,

®  BBINOJIHCHUE KOHTPOIBHBIX PalboT;

® TIOJTOTOBKY KO BCEM BHJIaM ITPOMEKYTOUHBIX M UTOTOBBIX KOHTPOJbHBIX

UCIIBITAHUM.

1.1. HoaroroBka K JeKIUAM

I'maBHOE B mepuoa MOATOTOBKHU K JICKIIMOHHBIM 3aHATHUSAM — HAY4YUTHCS Me-
TOAAM CAaMOCTOSITEJIbHOIO YMCTBEHHOI'O TpyZAa, CO3HATEIbHO pPa3BUBATh CBOU
TBOPUECKHE CITIOCOOHOCTH W OBJIJIEBaTh HABBIKAMU TBOpPUYECKOM paboThl. [ 3TO-

ro HEOOXOIWMO CTPOTO COOJII0AATh AUCIUILIMHY ydeObl W ToBeAeHus. YUeTkoe
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IUTAHUPOBAHUE CBOETO pabOyero BPEMEHU U OTJIbIXa SBISETCS HEOOXOIUMBIM
YCIIOBUEM ISl YCIICIITHOM CaMOCTOATENIbHON paboThl. B OCHOBY €ro Hy>KHO MOJIO-
KUTh pabourie MPOrpaMMbl U3y4aeMbIX B CEMECTPE JUCHIUILIINH.

Kaxnomy CTyneHTy cCleayeT COCTaBJISITh €KEHEACIbHBIA U CEMECTPOBBIN
IJ1aHbl pabOThI, a TaK)Ke MJIaH Ha KaxIbld pabounit neHb. C Beuepa Bcerja HaJo
pacnpenensaTh padoTy Ha 3aBTpAIllHHUM JIeHb. B KOHIIE KaX10ro AHS Iesnecooopas-
HO TMOJBOAUTH UTOT PaOOTHI: TIIATEJILHO TPOBEPUTH, BCE JIU BBHITIOJIHEHO MO HaMe-
YEHHOMY TUIaHy, HEe ObUIO JIM KaKUX-IHO0O OTCTYIUICHHH, a eclii ObUIH, 1O KaKOu
IpUYMHE 3TO npousouio. HyKHO ocyliecTBIATE CAaMOKOHTPOJIb, KOTOPBIN SIBJIS-
eTCsl HEOOXOIUMBIM YCJIIOBHEM YCIHENTHOW y4eObl. Eciim 94TO-TO OCTanoch HEBBI-
MOJIHEHHBIM, HEOOXOAMMO MU3BICKaTh BpeMs JJIs 3aBEPIICHUsS 3TON 4acTu paboThl,
HE yMEHbIlIasg 00beMa HEeJIebHOIO IJIaHa.

Crnynranue u 3anuch JEKIUH — CJI0KHBIM BUJT By30BCKOM ayJIUTOPHOMN pabo-
Tbl. BHUMaTenpHOE CllylllaHUE W KOHCIIEKTUPOBAHMUE JICKUIHUM MPENOIaraeT WH-
TEHCUBHYIO YMCTBEHHYIO JESITEIBLHOCTh CTyleHTa. KpaTkue 3amucu JIeKIui, ux
KOHCIIEKTUPOBAHUE MOMOTaeT YCBOMThH ydeOHbIN Marepuayn. KoHCHeKT sBisercs
MOJIE3HBIM TOT'/Ia, KOT/a 3allMCaHO CaMO€ CYILIECTBEHHOE, OCHOBHOE M CJEIaHO ATO
caMuM ctyaeHToM. He Halo cTpeMuThes 3anucath JOCJIOBHO BCIO JIEKIMIO. Takoe
«KOHCIIEKTUPOBAHUE» MPUHOCUT OOJIbIIE Bpeaa, YeM MOJIb3bl. 3aluCh JICKIIUNA pe-
KOMEHJTYeTCsI BECTH 110 BO3MOXKHOCTH COOCTBEHHBIMU (hopMmynupoBkamu. JKema-
TEJbHO 3aIlUCh OCYLIECTBIIATh HA OJJHOM CTPAaHULIE, a CIECAYIOIIYIO OCTABIAThH IS
MPOpadOTKH Y4eOHOTrO MaTeprasa CaMOCTOSATEILHO B IOMAITHUX YCJIOBUSIX.

KoHcrekt nekuuit aydiie mojapasaeisaTh Ha MyHKTHI, naparpadsl, coOmroaas
KpacHYI0 CTPOKY. DTOMYy B OOJBIION CTeneHu OyAyT CIOCOOCTBOBATH ITYHKTHI
IJ1aHa JICKIUHU, IPeaIOKEHHbIE MpenoaaBaresiaM. [I[puHuunuansHele MecTa, Onpe-
neneHusi, GopMyibl U APYroe CIeAyeT COMPOBOXKIATh 3aMEUaHHUSIMU «BAXKHOY,
«0C000 BaXKHO», «XOPOIIO 3alOMHUTH» U T.NM. MOXKHO JeiaTh 3TO U C MOMOIIBIO
Pa3HOIIBETHBIX MapKepoB WM pydek. Jlydiie ecnu oHU OyayT COOCTBEHHBIMH,
4TOOBI HE MPUXOIUIIOCH MPOCUTH UX Y OJTHOKYPCHUKOB U TEM CaMbIM HE OTBJIEKATh

ux Bo Bpems Jjekiuu. llemecooOpasHo pa3paboTaTh COOCTBEHHYIO «MapKOTpa-
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¢buto» (3HAUKU, CUMBOJIBI), COKpaIlleHUs ciIoB. He nuimHuM OyaeT U u3ydeHue oc-
HOB cTeHorpa¢uu. Paboras Haj KOHCIEKTOM JIEKUMH, BCeraa HEOOXOAMMO HC-
M0JIb30BaTh HE TOJBKO YYEOHUK, HO U Ty JHUTEpPATypy, KOTOPYIO JOMOJIHUTEIHHO
pexoMeH10Ball JekTop. VIMEeHHO Takas cepbe3Hasi, KpoloTiuBas paboTa C JIEKIH-

OHHBIM MaTCprajiOM ITO3BOJIUT FJ'IY6OKO OBJIAJACTh 3HAHUSAMMU.

1.2. IloAroTroBKa K NPaAKTHYE€CKUM 3aHSITHAM

[1oAroToBKY K Ka)XXJOMy MPAKTUYECKOMY 3aHATHUIO CTYACHT JOJIKE€H HauaThb C
O3HAKOMJICHHSI ¢ METOJMYECKUMH YKa3aHUSIMH, KOTOPHIE BKIFOYAIOT COJEP’KaHUE
pabotel. TriarenbHOE NPOAYMBIBAHME U W3YyYEHUE BOMPOCOB OCHOBBIBAETCS Ha
mpopaboTKe TEKYIETO MaTepuaia JeKIUU, a 3aTeM U3ydeHUs 00s3aTeIbHON U J10-
MOJIHUTEIHHOU JUTEpaTyphbl, PEKOMEHIOBaHHYIO K JaHHOW Teme. Ha ocHoBe uH-
JTUBUTyaTbHBIX MPEAMOYTCHUN CTYASCHTY HEOOXOAMMO CaMOCTOSITEIbHO BBIOPATH
TEMY JOKJaJia 1Mo mpodiieMe U MO BO3MOKHOCTU MOATOTOBUTH 110 HEMY IpE3eHTAa-
ITUIO.

Ecnmu mporpaMMoi AUCHUIUIMHBI MPEYCMOTPEHO BBIMOJIHEHHE MTPAKTUYECKO-
ro 3aJaHus, TO €ro HEOOXOAMMO BBITIOJHUTH C YYETOM IPEIJI0KCHHONW HHCTPYK-
1y (YCTHO WJIM TMCBMEHHO). Bce HOBBIE TTOHATHS MO U3y4yaeMOl TeMe HeOOXOaH-
MO BBIYYUTHh HAU3YCTh U BHECTH B TJIOCCAPHI, KOTOPBIN IEIECO00Pa3HO BECTU C
camMoro Havasja u3ydeHus Kypca. Pe3ynbTar Takoil paboThl TOJKEH MPOSIBUTHCS B
CIIOCOOHOCTH CTY/IEHTa CBOOOHO OTBETUTH HA TEOPETUUYECKHE BOIPOCHI CEMHUHA-
pa, ero BBHICTYIUICHHH U Y4aCTUU B KOJUIGKTUBHOM OOCYXKJIEHUM BOIIPOCOB M3y4Ya-
€MOU TEeMBI, TTPABMUJIIPHOM BBITOTHECHUH MPAKTUYCCKUX 33aJaHUU W KOHTPOJIBHBIX
pabor.

B 3aBHCcHMOCTH OT cofiepskaHusl M KOJIMYECTBA OTBEICHHOTO BPEMEHHU Ha H3Y-
YEeHUE KaXKJOW TeMbl MPAKTUUYECKOE 3aHATHE MOXET COCTOSITh M3 YETBIPEX-TSATU
yacTeu:

1. O6¢cyxaeHne TEOPETUIECKUX BOIIPOCOB, OMPEEICHHBIX MTPOrpaMMOi Tuc-

OUITJIMHBI.
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2. Jloxian u/viiv BBICTYIUJICHUE C TIPE3EHTAIUSIMHU 110 BIOPAHHOM MpoOsIeMe.

3. O6cyxaeHre BRICTYIUICHUH 1O TeME — JIUCKYCCHSL.

4. BpInONHEHUE MPAKTUYECKOTO 3aJaHus C MOCJIEIYIOIUM pa30opoM MoJy-
YEHHBIX PE3yJIbTATOB WJIA 00CYKIEHUE TPAKTUIECKOTO 3aJaHu4.

5. IlongBeneHne UTOrOB 3aHIATHSL.

[lepBasg yacTb — OOCYXJIE€HHE TEOPETHMUECKUX BOMPOCOB — IMPOBOIUTCS B
BuJe (PpOoHTAILHON Oecebl CO BCEHl IPyNIoi U BKIIIOYAET BHIOOPOUHYIO MPOBEPKY
pernoiaBaTe’aeM TEOPETUUECKUX 3HAHUM CTy/IEeHTOB. [IprumepHas npoaomKuTeb-
HOCTb — A0 15 MuHyT. BTOpast 4acTp — BBICTYIUIEHHE CTYJIECHTOB C JOKJIAJaMH,
KOTOpPbIE€ JOJKHBI COMPOBOXKIATHCS MPE3ECHTALMSIMU C UEIbI0 YCUJICHUS Harsi-
HOCTU BOCHPUATHS, 10 OJHOMY K3 BOIIPOCOB MPAKTHUECKOro 3aHsATUsA. O0sA3aTelb-
HBIM DJIEMEHT JOKJaJa — IPEICTABICHUE M AHAIU3 CTAaTUCTHUYECKUX JAHHBIX,
000CHOBaHHME COLMATIBHBIX MOCIEACTBUNA JTHOOOTr0 3KOHOMHUYECKOro (pakra, siBie-
Hus win npornecca. [Ipumepnas npopomkutenbHocTh — 20-25 munyrt. [locne no-
KJIQJIOB CIIEAYET UX 00CYKJIeHUuEe — AUCKyccus. B xolie 3Toro stana npakTU4ecKo-
r0 3aHATHUS MOTYT OBITh 33JlaHbl YTOYHSIOIINE BOMPOCH K AoKiIamdukam. [Ipumep-
Hasl MPOJOJDKUTENLHOCT — 10 15-20 munyT. Ecnm nporpamMmoi mpeaycMOTPEHO
BBITIOJIHEHUE MTPAKTUYECKOT0 3aJ]JaHUsI B paMKaxX KOHKPETHON TE€MbI, TO MperojaBa-
TEJSIMH ONPENEISIETCS €ro COACPKAHNE U AAETCS BPEMS Ha €ro BBINIOJIHEHHE, a 3a-
MET UIET 00CyXJeHue pe3ynabTaroB. [logBeneHneM MTOTOB 3aKaHYMBAETCS IMpPaK-
TUYECKOE 3aHATHE.

B nporecce moAroToBKU K MPAKTUYECKUM 3aHITUSAM, CTYJICHTaM HEOOXOAUMO
o0paTuTh 0c000€ BHUMAaHHUE HA CaMOCTOSITEIBHOE H3Y4YEHHE PEKOMEHOBAHHOM
y4eOHO-METOJUYECKON (a TakXke HAy4HOW U MOMYJspHOil) muTepaTypsl. CamocTo-
AaTenbHas padoTa ¢ ydeOHMKaMH, y4eOHBIMU MTOCOOUSIMH, HAYYHOH, CIIPAaBOYHON U
MONYJIIPHOM JIUTEPATYPOH, MaTepralaMy MEPUOANYECKUX n3nannid u MHTepHera,
CTATUCTUYECKUMHU JAHHBIMU sIBJIsieTCA HanOosee A(OPEKTUBHBIM METOIOM TOTyde-
HUS 3HAHWH, MO3BOJISIET 3HAYMTEIBHO aKTHUBU3UPOBAThH MPOLECC OBJIAJACHUS HWH-
dbopmariueit, cnocooCcTByeT 6oJsiee rIyOOKOMY YCBOSHHIO M3y4aeMOro marepuania,

dbopMuUpyeT y CTYIEHTOB CBOE OTHOIIICHHE K KOHKPETHOM npobieme. bosee rimybo-
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KOMY PAaCKpPBITHIO BOIIPOCOB CHOCO6CTBy€T 3HaKOMCTBO C HOHOHHHTCHLHOﬁ JINTC-
paTypoﬁ, pCKOMGHHOBaHHOﬁ IIpCrioaaBaTcJICM 110 K&)K,Z[Oﬁ TCMC CCMHHAPCKOI'0
HJIA ITPAKTUYICCKOI'O 3aHATHA, YTO IMO3BOJCT CTYACHTAM IIPOSBUTHL CBOIO MHAWBHU-
AYaJIbHOCTb B paMKaX BBICTYIIJICHHA Ha AJAHHBIX 3aHATHUAX, BBIABUTH HII/IpOKI/Iﬁ

CIIEKTp MHEHUH MO0 U3ydaeMou mpolieme.

1.3. CamocTtosiTe1bHOE U3YYEeHHE MATepHAJIa TeM

Koncnekt — Hanbonee coBepiieHHas U HaubOosee cioxHas (popMa 3alucH.
Cn0BO «KOHCHEKT» MPOUCXOAMUT OT JATUHCKOI'O «CONSPectus», uto o3HavaeT «00-
30p, U3JI0XKEHUE». B MpaBUIbHO COCTABIEHHOM KOHCIIEKTE OOBIYHO BBIJEJIEHO Ca-
MOE OCHOBHOE€ B M3Y4a€MOM TEKCTE, COCPEIOTOUYEHO BHMMAaHUE Ha HauOolee Cy-
IIECTBEHHOM, B KPaTKUX U YETKHX (POPMYIUPOBKAX 0OOOIIEHBI BaXKHBIE TEOPETHU-
YECKUE TOJIOKEHUS.

KoHcnekT npeacraBisieT coO0i OTHOCUTEIBHO MOJIPOOHOE, MOCIET0BATENb-
HOE€ M3JIOKEHHE COAEepKaHus MpoynTaHHoro. Ha mepBbIx mopax uenecoodpazHo B
3amucsax OJKe IepKaThes TEKCTY, Ipuberas 3a4acTyro K MpSIMOMY LIUTHPOBAHUIO
aBTopa. B nanpHeiem, o Mepe BhIpaOOTKH HABBIKOB KOHCIIEKTUPOBAHUS, 3aMKUCH
OyayT HOCUTH OoJiee CBOOOIHBIN U CKATHIM XapaKTep.

KoHcnekT KHUTH OOBIYHO BeAeTcs B TeTpaau. B camoMm Hadane KOHCIEKTa
yKa3bplBaeTcs (amMuins aBTOpa, MOJHOE Ha3BaHHWE MPOU3BEACHMSI, U3/1aTENbCTBO,
roJ u Mecto uznanud. [Ipy uuTupoBaHun o0s3aTeNbHAs CChUIKA HAa CTPAHUIY KHH-
ru. Eciu nurara B3siTa U3 COOpaHUs COYMHEHMM, TO HEOOXOAMMO YyKa3aTh COOT-
BeTCTBYIOIMI TOM. ClieqyeT NMOMHUTBH, YTO YETKas CChUIKA HA HCTOYHUK —
HEIIPEMEHHOE IPaBUJIO KOHCHEKTUPOBaHUSA. ECIM KOHCHEKTHUPYETCS CTaThs, TO
yKa3bIBA€TCA, IJI€ M KOTJa OHA ObljIa HareyaTaHa.

KoHcrekT moapaszensieTcss Ha 4acTh B COOTBETCTBHM C 3apaHEe MPOJyMaH-
HbIM TUTaHOM. [IyHKTBI MilaHa 3alUCBHIBAIOTCA B TEKCTE WM Ha MOJIAIX KOHCIEKTa.
[Tucatp ero pekoMeHAyeTcs 4eTKO U pa300puuBO, TaK Kak HEOpEeKHas 3aIluCh C

T€YEHUEM BPEMEHH CTAaHOBUTHCS MAJIOMOHSATHOM JiJisi e aBTopa. CyllecTByeT Ipa-
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BHJIO: KOHCIIEKT, COCTABJICHHBIN IS ceOs, TODKEH OBITH IO BO3MOXKHOCTH HaIH-
CaH Tak, YTOOBI €T0 JIETKO MPOYMUTAT U KTO-THO0 JPYroi.

@®opMbl KOHCTIEKTa MOT'YT OBITh Pa3HBIMHU U 3aBHUCSIT OT €r0 IIEJIEBOr0 Ha3Ha-
yeHus (M3ydYeHHEe MaTepuaia B II€JIOM WM IO/ ONPECICHHBIM YIJIOM 3pPCHHS,
MOATOTOBKA K JOKJaay, BRICTYIUICHUIO HA 3aHSATUM U T.]1.), @ TAaKXKe OT XapakTepa
npousBesicHUsT (MOHOTpadus, cTaThs, JOKYyMEHT U T.1.). Ecim peub maer mpocTo
00 U3JI0KEHUU COJIepKaHUsI pabOThI, TEKCT KOHCIIEKTAa MOXKET OBITh CIUIOUIHBIM, C
BBIZICIICHEM 0CO00 Ba)KHBIX ITOJIOKCHHM ITOAYCPKUBAHUEM HWJIM Pa3IMYHBIMH
3HAYKaMH.

B ciydae, korma He OrpaHUYUBAIOTCS MIEPETOKEHUEM COACPKAaHUS, a PUKCH-
PYIOT B KOHCIIEKTE M CBOU COOCTBEHHBIC CYXKJICHHS 10 JaHHOMY BOIIPOCY WJIU JI0-
MOJHSAOT KOHCHEKT COOTBETCTBYIOIIMMHU MaTE€pUAIaMU UX APYTUX HMCTOYHHUKOB,
CJIeayeT OTBOJAUTH MECTO JUISI TAKOrO poja 3amucei. PekomeHayercs pa3ienuThb
CTpPaHUIIbI TETPAJIH TIOIOJIAM 110 BEPTUKAIA U B JIEBOW YaCTHU BECTH KOHCIIEKT IPO-
W3BEJICHUSA, & B MPABOM CBOMW JOMOJHUTENBHBIC 3alMCU, COBMENIAs UX IO COJEp-
YKaHUIO.

KoncnektupoBanuie B OoJbIle Mepe, 4eM JAPYyrue BUJIbI 3alUCcel, TOMOraeT
BbIPaOaTHIBaTh HABBIKA IPABHJILHOI'O HM3JIOKCHHS B NMHUCHbMEHHOW (hOpME Ba)KHBIC
TEOPETUUECKUX U MPAKTHUYECKUX BOIMPOCOB, YMEHHE YETKO UX (HOPMYJIMPOBATH U
SICHO M3JIaraThb CBOMMM CJIOBAMHM.

Takum oOpa3oM, COCTaBJIICHHE KOHCIIEKTa TpeOyeT BIyMYHUBON pabOTHI, 3a-
TPaThl BPEMEHH U TPy/Aa. 3aTO BO BpeMs KOHCIEKTHUPOBAHUS IPUOOPETAOTCS 3HA-
HUS, co3aeTcs GOH/I 3alnuCei.

KoHcnekT MOXeT OBITh TEKCTyalbHBIM WJIM TEMaTUYECKUM. B TekcTyallbHOM
KOHCIIEKTE COXPAHSIETCS JIOTUKA U CTPYKTypa U3y4aeMOro MPOU3BEACHHUS, A 3aIUCh
BEJIETCS B COOTBETCTBUU C PACIIOI0KEHUEM Mareprana B KHUTE. 32 OCHOBY TeMa-
TUYECKOT0 KOHCIIEKTa OepeTcs He IIJIaH MPOU3BEACHUS, a CoAepKaHUuEe KaKOU-T100
TEMBbI WJIA TTPOOJIEMBI.

TexkcTyanbHBIA KOHCIEKT KE€JIaTEIbHO HAYMHATH IMOCIE TOr0, Kak BCS KHUTA

I[IpOYUTAHA U IMPOAYyMaHa, HO 3TO, K COXKAJICHUIO, HC BCCT/1a BO3MOKHO. B ICPBYIO
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ouepesib HEOOXOIMMO COCTaBUTh IUIaH MPOU3BEACHUS MMCbMEHHO WM MBICIEHHO,
IOCKOJIBKY B COOTBETCTBHM C 3TUM IUIAHOM CTPOMUTCS AajibHeimas padora. Kon-
CIIEKT BKJIIOYAET B C€0s TE3UCHI, KOTOPBIE COCTABIAIOT €ro ocHoBY. Ho, B oTimune
OT TE€3UCOB, KOHCIIEKT COJAEP/KUT KPATKYIO 3alMCh HE TOJIBKO BBIBOJOB, HO M JIOKa-
3aTeNIbCTB, BIUIOTh A0 (hakTHuecKoro mMarepuana. Haue roBops, KOHCIEKT — 3TO
pacIIMpEHHbIE TE3HCHI, JOMNOJHEHHBIE PACCYXACHHSAMU M JOKAa3aTeIbCTBAMM,
MBICIIIMH ¥ COOOpaKEHUSIMUA COCTABUTEIIS 3aITUCH.

Kak npaBuiio, KOHCIIEKT BKJIIOYAET B c€0s U BBITUCKU, HO B HET'O MOTYT BONTH
OTJEJIbHbIE MECTa, LIUTUPYEMBIE JIOCJIOBHO, a TakXke (haKThbl, MPUMEpPbI, LTUPBI,
TaOJMUIBI U CXEMBbI, B35Thie U3 KHUrU. CienyeT MOMHUTH, YTO paboTa Haja KOH-
CIEKTOM TOJBKO TOr/a OyIeT TBOPYECKOH, KOrja OHa HE OrpaHHuY€Ha TEKCTOM
M3y4aemMoro npousBeaeHus. Hy)KHO JOMONHATh KOHCIIEKT JaHHBIMH U3 JPYTUX UC-
TOYHHKOB.

B koHcniekTe HEOOXOIMMO BBIIETATH OTJENbHBIE MECTa TEKCTa B 3aBUCHMO-
CTH OT UX 3HAUMMOCTH. MOXXHO MOJIb30BAaThCS PA3IMYHBIMU CIIOCOOAMU: TIOIYEP-
KMBaHUSIMH, BOIPOCHUTEIBHBIMM M BOCKJIMUATEIbHBIMM 3HAaKaMH, pPEIUIMKaMH,
KpaTKUMH OLIEHKaMH, MHUCcaThb Ha TMOJSIX CBOMX KOHCIIEKTOB CJIOBA: «BAaXKHOY,
«OYEHb BAXKHO», «BEPHO», «XaAPAKTEPHOM.

B KoHCHeKkT MOryr moMemarbcs AuarpaMMbl, CXEMbl, TaOJHIIbI, KOTOPbHIE
MPUAATYT EMY HATrJIIAHOCTb.

CocTaBiIeHUIO TEMAaTUYECKOIO KOHCIIEKTA MPEAIECTBYET TIATEIBHOE U3yde-
HUE BCEW JUTEepaTyphl, NOJOOPAHHOMN JJIsl pacKpHITUA JaHHOW TeMbl. BeiBaeT, 4To
Kakas-mMb0 TeMa pacCMaTpUBAETCsl B HECKOJIBKMX IJIaBaxX WJIM B pa3HbIX MeECTax
KHUTU. A B KOHCIIEKTE BECh MaTepuall, OTHOCSIIMNICA K TeMe, OyIeT CoCpenoToueH
B OJJHOM MecTe. B I1aHe KOHCHEKTa PeKOMEHAYeTCs JENaTh IMOMETKH, K KaKUM
MCTOYHHMKAM (BIUIOTh O CTPAHMIIBI) MPUAETCS OOPATUTHCS I PACKPBITHSI BOIIPO-
coB. TemMaTH4yecKUid KOHCHEKT COCTaBIIICTCA OOBIYHO AJIA TOrO, YTOOBI TIIyOKe
U3YYUTh ONPEJEICHHBIA BONPOC, NOATOTOBUTHCA K JOKJIANY, JIEKUUU WINA BBICTYII-

JICHUIO Ha CEMUHAPCKOM 3aHATUU. Takoi KOHCIEKT MO COJAEPKAHUIO MPUOTUKAET-
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csi K pedepaty, AOKIany MO U30paHHON Teme, OCOOCHHO €ClU BKIIIOYaeT U Co0-

CTBEHHBIU BKJIaJd B U3YUCHHUC HpO6JIGMBI.

2. CPEACTBA OHEHUBAHUA YPOBHS COOPMUPOBAHHOCTH

KOMIIETEHIIUI OBYYAIOUIUXCH ITPU U3YUEHUN

JUCHUTLJIAHBI «CJTYYAHHBIE TPOIECCHI B CHCTEMAX

w

S A

©

10.
11.
12.
13.
14.
15.
16.
17.
18.

YIIPABJIEHU S

Bonpocsl 1is codecenoBanmsi

Oc00EHHOCTH CTOXaCTUYECKUX CHCTEM.

BHyTpeHHME U BHELIHHE CITydaiiHbIE BO3CHCTBHUS.

HccnenoBanne CTOXaCTUUECKUX CHCTEM CTaHIAPTHBIMHU U CIIELHUAIA3UPO-
BaHHBIMM MeTOoAaMU. JIOCTOMHCTBA U HEAOCTATKUA METOMK.

[ToHsTHE O CydaitHOM Ipolecce.

Peanuzanus ciyyaiiHOro npouecca.

Ceuenus ciayyallHOTO mpolecca.

OnHoMepHble 1 MHOTOMEpPHbIE (DYHKIIMM pacrpeeeHusi, OCHOBHbIE BU-
Ibl pacipeaeIeHUM.

OnHOMEpHBIE 1 MHOTOMEPHBIE TUIOTHOCTH BEPOSITHOCTH.

Cpeanee Mo MHOXXECTBY (MaTEMaTHYECKOE OKUIAHNUE).

Cpennee no BpeMeHHU.

Hucniepcusi.

CpenHekBaipaTH4eCKOE OTKJIOHEHUE.

[TonsiTHE O KOPPENIALMOHHON (YHKITUU.

KoppensiunonHast GyHKIMS CTallMOHAPHBIX CIyYailHBIX TPOLIECCOB.
B3aumnas xoppensuuoHHas QpyHKUHUS.

OcHOBHBIE CBOWCTBA KOPPEIALIMOHHBIX (PYHKITUI

[ToHsiTHE O CHIEKTPaTBbHOW IIIOTHOCTH.

CnekTpasibHasg MIOTHOCTh CTAIMOHAPHBIX CIYYAMHBIX MPOIECCOB.
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19.
20.
21.
22.
23.
24,
25.
26.
21.
28.
29.

30.

31.

32.

33.
34.
35.

36.
37.
38.
39.
40.
41.
42.

BzaumHas criekTpaibHas TNIOTHOCTb.
OCHOBHBIE CBOMCTBA CIIEKTPaIbHBIX IIJIOTHOCTEH.
LleHTprpOBaHHBIE CIydaliHbIE IPOLECCHI.
MapkoBckue ciiydyalHbI€ TPOLIECCHI.
CranuoHapHbIE U HECTALIMOHAPHBIE CITyYalHbIC MPOLIECCHI.
DproauyecKkre ciiydailHbIe MPOLIECCHI.
DU3NYECKHUI CMBICT KOPPEJALIMOHHON () YHKIIUU.
OCHOBHBIE BHJIBI KOPPEISIIUOHHBIX ()YHKITHA.
DOU3NYECKUN CMBICI CIIEKTPAIIbHOM TUIOTHOCTH.
OcCHOBHbIE BUJIbI CIIEKTPAIbHBIX IJIOTHOCTEM.
CBs3b MEXy CTATUCTUUECKUMHU XaAPAKTEPUCTUKAMU CIYYAMHBIX MPOIIEC-
COB HA BXOJI€ M BBIXOJI€ JUHEWMHON CUCTEMBI YIIPABJICHUS.
CraTucTU4ecKue XapakTePUCTUKU BBIXOJIHBIX CIy4alHBIX IPOILIECCOB BO
BPEMCHHOM 00JIACTH.
CraTtucTudeckue XapakTePUCTUKU BBIXOAHBIX CIYYalHBIX MPOLIECCOB B
YacTOTHOM 00JIacTH.
XapakTepUCTUKU BXOAHBIX M BBIXOJAHBIX CUTHAJIOB JMHEWMHON CHUCTEMBI,
HaXOASIEUCS IO/ BIIMSIHUEM CIIy4alHbIX BO3JICVCTBHM.
MartemMaTH4eCKOE OITMCAaHNE CUCTEMBI.
Pacuer perynspHON COCTaBISAIOIMIEN BBIXOJHOI'O CUTHAJIA.
Pacuer neHTpUpOBaHHON CIIy4allHOM COCTABJISFOLIEH BBIXOJHOTO CHUTHA-
Ja.
3ajauu, peniaeMbie CUCTEMOM.
Omnepatop cucrembl. Buibl onepatopos.
dopMupyromKe U 0OTOSTUBAIOINTNE (DHIIBTPHI.
CraTuctuueckas ONTUMHU3AIMS CUCTEMBI.
Kpurepuit MuHuMyMma cpeJHEKBaIpaTUYECKON OLINOKH.
Oco0eHHOCTH CHHTE3a ONTUMAJILHON CHCTEMBI IPHY 3a1aHHON CTPYKTYpE.

OcoOEeHHOCTH CHHTE3a ONTUMAJIbHOM CHUCTEMBI MpPU MNPOU3BOJIHHOU

CTPYKTYpE.
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43. Ounstp Bunepa, ypaBuenne Bunepa-Xomnda. OnTuMaibHOCTh B YCTaHO-
BUBILIEMCS PEKUME.

44. OnpeneneHue ONTUMAIBHBIX TAPAMETPOB CUCTEMBI.

45. OnpeneneHue ONTUMAIbLHONW CTPYKTYphl U MapaMeTpoB cCUCTEMbl. MeTo-
nuka [llennona-boge.

46. dunptp Kanmana-berocn. ONTHMaAIBHOCTD B IEPEXOTHOM PEKUME.

KpuTtepun oueHuBaHUS KOMIIETECHIIA A

OneHKa «3a4TEeHO0» BBICTABIISIETCS CTYICHTY, €CJIM OH TBEPAO 3HAET MATEpPHU-
aJ1, TPaMOTHO U IO CYHIECTBY U3JIAraeT €ro, NPaBUJIbHO NPUMEHSET TEOPETUUECKUE
MOJIOKEHHUS TIPH PEIICHUHU MPAKTHYECKUX BOMPOCOB M 3ajlay, BJIaJieeT HEOOXO -
MbIMU HaBBIKAMHM U MPHUEMAMU UX BBINOJHEHUA. [[OIMyCKalOTCS HEKOTOPhIE HETOY-
HOCTH, HEJIOCTATOYHO IPAaBUJIbHBIC (POPMYIUPOBKH B H3JIOKEHHH MPOTPAMMHOTO
Marepuaia, 3aTpyAHCHUS MPY BBITOTHEHUN MPAKTHIECKUX PadoT.

OueHka «He 3a4TEeHO0» BBICTABISIETCA CTYACHTY, €CJIM OH HE 3HAeT 3HAYM-
TEJIHLHON YacTH IMPOTPaMMHOr0 MaTepHaa, JOMyCKaeT CYIIECTBEHHBIC OIINOKH,

HCYBCPCHHO, C OOJIBIINMHA 3aTPYAHCHUSAMU BBIITOJIHACT IMTPAKTUYICCKUEC 3aJaHUs.

3. OTYETHOCTH IO JUCIIUITVIMHE

VYcneBaeMOCTh CTYAEHTOB IO JUCUUIUIMHE OLEHUBAETCA B XOJAE TEKYILIEro
KOHTPOJISI yCIIEBAEMOCTH M IPOMEKYTOUHOU aTTECTAIUU.

[Ipouenypa 3auera Kak OTAEIbHOE KOHTPOIHHOE MEPOIPUSTUE HE TPOBOAUT-
Csl, OLICHWBAHKME 3HAHMI OOYYarolerocs MPOUCXOAMUT IO Pe3ysbTaTaM TEKYLIEro

KOHTPOJIA.
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https://www.iprbookshop.ru/50645.html (mata o6pamenus: 22.04.2022). — Pe-
KUM O0CTyIla: HJIA aBTOPU3HUD. M0JIL30BaTEIICH.

I'mazpipua '.B. Teopust aBTOMATHYECKOTO PETYIMpPOBAHUSA : ydeOHOE

noco6ue / I'nmazpipun I'.B.. — HoBocubupck : HoBocubupckuit rocyiapcTBEHHBIM
Texunyeckuit ynuBepcurter, 2017. — 168 c¢. — ISBN 978-5-7782-3438-3. —
Texer : oamektponnsi //  IPR SMART : [caiit] —  URL:

https://www.iprbookshop.ru/91740.html (mata obpamenus: 22.04.2022). — Pe-

KUM JIOCTyMa: JIJIsl aBTOPU3UP. NOJIb30BaTENEH.

CpanoB C.1O. Teopus aBTomMarrueckoro ympasieHus : yaeOHUK / ChbsHOB
C.}O.. — Mocksa : Aii [Tu Ap Menua, 2022. — 286 ¢c. — ISBN 978-5-4497-1606-
4, — Tekcr : omexkrponasii // IPR SMART : [caiit] — URL:
https://www.iprbookshop.ru/120288.html (mata obpamienus: 22.04.2022). — Pe-

UM JIOCTYyMA: JJIs1 aBTOPU3UP. MMOIb30BATENEH.
IlepeyeHb TO0MOTHUTEIBLHOU JIUTEPATYPHI:

Ponun B.I1. Cny4aiinbie mpoiiecchl B JMHEHHBIX CHCTEMaxX : ydeOHOe mocodue
o Kypcy teopusi aBromaruueckoro ympasienusi / Ponun B.IL.. — Caparos : By-
30BcKoe obpazoBanue, 2013. — 19 c. — Texkcr : anexkrponnsiii // [PR SMART :
[caiiT]. — URL: https://www.iprbookshop.ru/18388.html (mata oOpamieHwus:

23.04.2022). — Pexxum mocTyna: i aBTOPU3UP. MOJIB30BaTEIICH.
ApxkamoB H.C. Teopust BeposTHOCTEH H ciaydallHBIE MPOIECCHl : y4eOHOE

nocooue / Apkamos H.C., KoBanesckuii A.Il.. — HoBocubupck : HoBocuOupckuii
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roCyJapCTBEHHBIH TeXHUUYeckui yHuBepcuteT, 2017. — 238 ¢. — ISBN 978-5-
7782-3375-1. — Texkcr : snekrponssiid // IPR SMART : [cait]. — URL:
https://www.iprbookshop.ru/91741.html (mata oOpamenus: 23.04.2022). — Pe-

UM JIOCTyHa: ISl aBTOPU3UP. MOJIb30BaTeIeH

TapacoB B.H. Teopusi BepodATHOCTEW, MareMaTU4YeCKas CTATUCTHUKA W
cirydaitHbie Tporiecchl : yueobnoe nmocodue / TapacoB B.H., baxapesa H.®.. — Ca-
Mapa : IIoBO/KCKMI rOCynapCTBEHHBI YHHUBEPCUTET TEICKOMMYHUKALUMN U UH-
dopmaruku, 2017. — 283 ¢. — ISBN 5-7410-0415-6. — Texkcrt : 27eKTpOHHBIN //
IPR SMART : [caiiT]. — URL: https://www.iprbookshop.ru/71890.html (nata o6-

pawtenust: 23.04.2022). — Pexxum nocTyna: Uit aBTOPU3HP. MOJIb30BATENEH.
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