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5
BBEJAEHHUE

[ToBeneHue peasbHBIX CUCTEM MOXKET OBITh OMUCAHO MOJICTSIMU JBYX
TUIIOB. JCTCPMHHHPOBAHHBIMHU (TIOJHOCTBHIO ONPEICICHHBIMH) M CTOXacC-
THYCCKUMHU (BEPOSITHOCTHBIMH WJIH CTATUCTUICCKUMH).

B nerepMUHHPOBAHHBIX MOJEJSX MOBEACHHUE CUCTEMbI CUUTACTCS
MOJHOCTBIO ompeaeneHHbIM. [Ipeamonaraercsi, 4To0 CTPYKTypa CUCTEMBI
ABJISICTCS 3apaHEe W3BECTHOW; MapaMETPhl CUCTEMbI U BHEIIHUE BO3JACHCT-
BUs (BXOJHBIC CUTHAJbI) SBJISIOTCSA 3apaHee 3aJaHHBIMU JIETEPMUHHUPO-
BaHHBIMU (DYHKIMSIM BPEMEHH; PEaKIMsi CUCTEMbl Ha BXOJHBIC CHUTHAJIbI
(BBIXOJIHOM CHUTHaJI) TaKXe€ SBISETCS JACTEPMUHUPOBAHHON (YyHKIMEH

BPEMECHU.

Ipumeuanue. OOviuHO 68 OeMePMUHUPOBAHHOU MOOeIU 8 Kadecmee
BXOOHBIX CUCHAN08 NPUHUMAIOMCS MUNOBble 8030elCMBUs 8 BUOe eOUHUY-
HOU cmynen4amou QyHKyuu 1(t), O PyHKYUU (UOEAIbHO20 UMNYILCA) UL
HeKomopulx Opyeux QyHKYull 8pemenu, Komopule blOUParOMcs, UCX005 U3
ONbIMA UAU UHMYUYUU Uccaedo8amers 07151 Y00OCmea pacuema CUCeM.

CaMmu AeTEpMUHUPOBAHHBIE MOJEIN ONPEAEISIIOT 0OHO3ZHAYHOE COOM-
gemcemeue mexHcoy pearusayusamMu 6X00H020 U 8bIX00H020 cueHanos. 11ose-
JIEHUE CHUCTEMBbl ONMUCHIBAECTCS OOBIKHOBEHHBIMU JU(PepeHInaIbHBIMU
ypaBHeHUsIMU. OHO OJTHO3HAYHO OTPEIENSAETCS COCTOSSHUEM CUCTEMBI B Te-
KYIIMiI MOMEHT BpEMEHH (HAYaJIbHBIMU YCIOBUSIMU) U MOKET OBITh TOUYHO
NPEICKa3aHO s JIF0OOTO MOCIEAYIOIIEr0 MOMEHTA BPEMEHHU.

HccnenoBanue MOBEEHUSI CUCTEM IOCPEIACTBOM JI€TEPMUHUPOBAH-
HBIX MOJIENIEH CBOJIUTCA K M3YUYEHHIO Ipolecca MpeoOpa3oBaHUs IETEp-
MUHHUPOBAHHBIX BXOJIHBIX CUTHAJIOB B JE€TEPMHUHUPOBAHHBIC BBIXOJHBIC
CUTHAJIBI. ITOT MPOIECC TAKKE CUUTACTCS JETCPMUHUPOBAHHBIM.

B cToxacTuyecKMX MOAeJSIX BXOJHBIC CHUTHAJIBI, MapamMeTpbl U
CTPYKTYpa CUCTEMbI B OOILIEM Cly4ae CUMTAIOTCS CIy4allHBIMU (yHKIIHS-
MU BPEMEHU WJIU CIy4yalHBIMU BEJIMYMHAMH C W3BECTHBIMU CTATHUCTHUYE-
CKUMH XapaKTEePUCTUKAMH.



6

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

noeeodeHUuU CUCTNEeMbl 6 PealbHblX yYCI0BUAX

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

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

Ilpumeuanue. Yacmuuoim cnyuaem npumeneHus Cmoxacmuueckux mo-
oeliell A6emcs U3yueHue nogeoeHUss 0emepMUHUPOBAHHOU CUCEMbL, HA-
X00AUelucs n00 GIUAHUEM CIIYHUAUHBIX 6XOOHBIX CUSHAN08. B Opyeom uacm-
HOM Cllyuyae 8X0OHble CUSHANbI CUUMAIOMCS 3apaHee U38eCMHbIMU (YHK-
YusMU 8pemenu, a CMpYKmypa cucmemvl U ee napamempuvl UMEOm C1y-

YauHbLU Xapaxkmep.

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

[7@)
2

o(t) x(t)

C noMoubio saoamuyuxa 1 ycmaHaeaueaenicil HYyHCHoe 3HAYCHUE Kyp-

ca g(’[). Ha nemamenvHoltl annapam 2 Oeilicmeyem 603MyujeHUe ammo-
cghepul f(’[). 3aoaua cmabunuzayuu 3aKi04aemcs 8 no00epHcanuu oeli-

cmeumeslbHoco Kypca, paeHbiM 3ClaaHHOMy.
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Hccneoys npoyecc cmabunuzayuu ¢ nomoujpto 0emepmuHUpO8aHHoU
MOOeU, MONCHO CUUMAMb, YMO 3A0AHHBILL KYPC NOCMOSHEH (g(t)= do);
8O3MYUeHUEe amMocepbl 3a0aHO KaK QYHKYUs epemeHu (Hanpumep,
f(t)= fo); ounamuueckue ceoticmea cucmemovl onpedenenvt 6 gude ough-
pepenyuanvHoeo ypasuerus. BulxoOHOU cueHa X(t) npeocmasisiemcs 8

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

0=0 — 07"

— I |—

Ilpu makom pewienuu 3a0auu OuHaAMUYECKUe CEOUCMBA CUCHEeMbl
NPUHAMbL NOTHOCMbIO ONPEOeNIeHHbIMU 80 8PEeMeHU, d 3a0aMYUK CUUmMa-
emcs U0eaibHO MOYHbIM.

Cucmema cmadbunuzayuu Moxcem ucciedo8amsvcsi ¢ NOMOWbIO CMa-
mucmudeckou Mmooenu. Tax kaxk peanvHvle 3a0amyuku padomarom c
OUWUOKOL, MO HYIICHBIU KYPC MOdcem Obimb NpeoCmasier KaK CAyYauHbllL
npoyecc G(t)= g(t)+ N(t), 20e g(t) — noaesnviil cuenai, N (t) — nomexa,
onpeodensiemMas CAy4auHoOU NOSPeuHOCmblo 3a0anus Kypca. Bozmywenue
ammocghepol npedcmasisiemcs CAyyauHbiM NPoYeccom F(t). Buvixoonoti
CUCHAl CYUMAEmCs CYYauHbIM NPOYEeccom X(t), NOJYYEHHLIM 8 X00e

cmamucmuyeckozo npeoopazosarusi C (cm. cxemy).

g(t)N% S0 X

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

npoc 0 MoOM, KaK cucmema cmabuiu3ayuu 8bl0epicusaem 3a0anHblll Kypc
8 CpeoHeM Npu MHO2OKPAMHOM ee UCNOIb308AHUU C PeanlbHbIMU 3a0amyu-
Kamu 8 peanbHoU 803MYUeHHOU ammocgepe.
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Bp100p TOTO M1 MHOTO BHAa MOJICIHM 3aBUCUT OT MUMEIOIIEHCSI UCXO/I-
HOM MH(pOpPMAIMH, OIbITa IMIPOSKTUPOBAHUS CUCTEM, YCIOBUHU HUX IPHUME-
HCHUS.

JleTepMUHUPOBAHHBIE MOJICJIM BOCIPOU3BOJAT TOJBKO PETYJISIPHBIC
COCTABJIAIOIIME PEATbHBIX CUTHAJIOB M HE YYMUTBHIBAKOT UX CIIY4aWHBIX CO-
cTaBAomMX. [103TOMy MX MOXHO paccMaTpuBaTh KaK YaCTHBIA Ciy4dau
CTaTUCTUYECKUX MOJICNICH, ONEPUPYIOMIMX HanboJiee BEPOSATHBIMU 3HAUE-
HUSIMHM CUTHAJIOB.

JleTepMUHUPOBAHHBIE MOJEIH IMO3BOJISIET CUHTE3UPOBATH CHUCTEMBI,
ONTHMAaJIbHBIE TOJBKO JUII KOHKPETHOrO HaOOpa BXOJHBIX CUTHAJIOB (1
JIPYTUX, CYIIECTBEHHO OTJIWYAIONINXCSI CUTHAJIOB OHU MOTYT OBITh JaJIEKO
HE ONTUMAaJIbHBIMK). CTaTUCTHYECKUE MOJCIU AT BO3MOKHOCTH CIIPO-
EKTHUPOBAaTh CHUCTEMBI, SABJISIOIIMECS ONTUMAJIBHBIMH JJISL LIEJIOI0 MHOXE-
CTBA pEAJIbHBIX BXOJHBIX CUTHAJIOB.

JleTepMUHUPOBAHHBIE MOJIEIM MOTYT MCIIOJIb30BATHCS JJI MPOCKTH-
POBaHUSI CUCTEM MPHU CIIyYalHbIX BO3AeUCTBUSAX. [Ipu 3TOM 00BIYHO cUuTa-
€TCsl, YTO ATU BO3AECHUCTBUS MAKCUMAIIbHBI, U K CUCTEME MPEABABISIOTCA 3a-
BEJIOMO OoJiee KeCTKHe TpeOOBaHMsI, YeM 3TO He00X0uMO. B pse ciydaeB
TaKOM MOJIXO/I OKA3bIBAETCS 1EJIE€CO00Pa3HbIM WU JIa)Ke €IMHCTBEHHO MPHU-
emieMbIM. OJIHaKO TOJOOHBIE HEOIArOMPHUSTHBIE CUTyallUd BCTPEUAIOTCS
penko. [ToaToMy mpuMEHEHNE CTOXACTUYECKUX MOJIEJIEH, ONIEPUPYIOIIUX HE
MaKCUMaJbHBIMH, a HauOO0JIee BEPOATHBIMUA 3HAUCHUSIMU BHEIITHUX BO3JICH-
CTBUM, TPUBOJUT K MOJYUCHHIO 00Jiee pallMOHATBLHBIX TEXHUUYECKUX peIlle-
HUW (€CTECTBEHHO, MPEIHAMEPEHHO JOMYCKAETCA CHMKCHHE KadyeCTBa CHC-
TEMBI B MAIIOBEPOSTHBIX CUTYAIIUSIX ).

N3yueHuem MOBEAECHUS CUCTEM NPHU CIyYAWHBIX BO3JICHMCTBUSAX 3aHU-
MAeTCsl CTATUCTHYECKAasd AMHAMHMKA CUCTeM. B Hell yuyuThIBaeTcs, 4TO
BXOJIHBIE CJIyYallHbI€ CHUTHAJIBI MOTYT COJAEPKATh HAETEPMUHUPOBAHHBIC
COCTaBJIAIOIINE, @ CTPYKTypa CUCTEMBI M €€ MapaMeTphbl MOTYT OBIThH Jie-
TEePMUHHUPOBAHHBIMU. CTaTUCTUYECKAas JAUHAMHUKA H3Yy4aeT CIEAYIOIIUE
POOJIEMBI:

® CTaTUCTHUYECKOE OMNUCAHUE CIYyYalHBIX IIPOILECCOB, 3aKIIOYar0-
1IEECs B ONPEACICHUN UX CTATUCTUUECKUX XaPAKTEPUCTHK;
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® CTAaTUCTUYECKUN aHAIU3 CUCTEM, 3aKJIOYAIOIIUICS B OOIIEM CIy-
yae B HaXOXKJCHUU CTaTUCTUYECKUX XapaKTEPUCTUK MX BBIXOIHBIX CHUT'HA-
JIOB T10 3aJJaHHBIM CTaTUCTUYECKHM XapaKTEePHUCTHUKAM BXOJIHBIX CUTHAJIOB
1 CTAaTUCTHUYECKUM XapaKTEPUCTUKAM JUHAMUUYECKUX CBOMCTB CUCTEM;

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

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

BOITPOCHI JJIs1 CAMOKOHTPOJIA

1. Kakme momenu cuuTarOTCs JeTepPMUHHUpPOBaHHBIMU? Kakoil Bui
UCXOMHOW MH(pOpMaUuu OHM HUCTHONB3YIOT? Kakoe mpeoOpa3zoBaHHe WH-
dbopMalii OHU PEATU3YIOT?

2. Kakme momenu cuuraroTca croxactuueckumu? Kaxkoil Bum wuc-
XOJHOM mMH(OpMaMu OHM UCToNL3yIoT? Kakoe nmpeodbpazoBanue uHdOp-
MAIM{ OHU PEATU3YIOT?

3. B ueM mocToMHCTBA M HEIOCTATKH JICTCPMUHUPOBAHHBIX M CTATH-
CTHYECKUX MOJCICI?

4. Yrto u3yyaer CTaTUCTHYECKAsl TUHAMHUKA CHCTEM?
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1 CJIVYAHUHBIE NPOLECCHI

1.1 Ciyyaiinble IpoOLecChl M UX XaPAKTEePUCTHKH

Cayuaiinble nmpouecchl — ciiydyaiiHble (PyHKIIUM HE3aBHUCUMOM Mepe-
MeHHOU — BpemeHu t. CiyuaiiHOM cuuTaercsi PyHKIMS, 3HAYCHUE KOTOPO
JUTSL KQKJIOTO 3HAYEHUS apTyMEHTa SIBIACTCS CIy4anHOW BeIMYMHOM. I1o
pe3yabTaTaM N ONBITOB CIYYalHBIN IIPOLIECC X(t) MOXET 0TOOPa3UTHCS N

pa3Iu4YHBIMUA (QYHKLIMSIMU BPEMEHHU X; (t), rae 1 =1, ..., N, KOTOpbIC Ha3bI-

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

JIETLHOCTH, @ CBOMCTBA BCErO0 MHOXKECTBA X(t).

Xl(t)

Xk (t)

X, (t:

|

|

|

|

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

Pucynok 1.1 — Peanmnmzanum ciayyaitHOro nporuecca

s n1r000ro (pUKCMPOBaHHOIO MOMEHTa BpeMeHu i =t; peanusanus
Xi(t j) ABJISIETCSL PETYJSIpHON (HECIydaitHO#), a X(t j) — CIy4aulHOWU

GbyHKIMEH, MOTYyYEHHON MyTeM CTaTUCTUYECKOTO YCPEIHEHHSI CBOMCTB

pa3uuHbIX peanu3anui. DyHKIUS X(t j) HA3bIBACTCS CeYeHHeM CJIy-

YailHOr'0 MpoIecca B MOMEHT BpeMeHH 1.
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Ilpumeuanue. Henvzs ymeepoicoams, umo Cy4atiHbli Npoyecc 8 OaH-
HbIU MOMEHM 8PEMEHU NPUHUMAEN HEKOMOopoe 0emepMUHUPOBAHHOEe 3HA-
yenue. MooxxcHo 2o60pums auulb 0 MOM, YMO C HEKOMOPOU 8EPOSIMHOCMbIO
9MO 3HAYeHUe Haxo00Umcs 8 ONPeodeleHHblX npeoelax.

CTaTUCTUYECKHE XAPaKTEPUCTUKH CIYYaHHOTO MpOoIecca ONMpeIess-
I0TCSL €ro @yHKkyueu pacnpedenenus (MHTETrpaJbHBIM 3aKOHOM pacipeie-
JeHus1) U naomuocmoto eeposmuocmu (auddepeHInaIbHbIM 3aKOHOM
pacnpeaeaeHus).

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

Fy(§)=Pix<é},

Foc0)=0, F, ()= 1. -

BeposTHOCTB TOTO, YTO CilydarHas BEJIMYMHA X MMOMAAAET B 3aJaHHBIN
MIOJIYOTKPBITHIM UHTEPBAJI, PABHA

P{Asx<B}=FX<B)-FX(A)=EwX<:>d:, 12)

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

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

F (&)= fwx(.:)dc,
B (1.3)
dF, (&

B Teopumn cucrem Hambojiee ynoTpeOUTETbHBIMU SIBIISIIOTCS PaBHO-
MEpPHOE, SKCITIOHEHIINAIbHOE U HOPMAJIBHOE PACTIPEAECIEHUS.

PaBHOMepHOe pacnpeaesieHHe XapaKTEpHO I CIyYaHBIX SKCIIe-
PUMEHTOB C PaBHOBEPOSTHBIMU Hcxoaamu. Ero ¢yHkius pacnpeneneHus
U TUIOTHOCTh BEPOSATHOCTHU HAXOAATCA 10 (opMyiam
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[0, £<a,
_Jé-a
F@)=10—, selabl (1.4)
1, &€>D,
1
@,(&)=1b-a’ gelabl (1.5)
0, £¢la,b],

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

CYTCTBHUCM HOCJIGI[GI?'ICTBI/I}I, Koraa
P{x+s<&s<&f=P{x<¢&}, (1.6)

B CBSI3U C YEM OHO SIBJISIETCS OCHOBHBIM B T€OPHUU CKAUYKOOOPA3HBIX Map-
KOBCKHMX MpoliieccoB (cM. nanee). Ero ¢yHkius pacnpenesieHuss U mioT-
HOCTb BEPOSITHOCTH HAXOJATCs 110 hopMysiaM

F, (&) 0 o< 1.7
(6)= 1—exp(-1-&), £20, (1)
0, £<0,

@, (&)= (1.8)

A-exp(=4-&), €20,

rae A — ko3 UIMeHT 3aTyXaHusl.

HopmasibHoe pacnpeaesieHre XapakTepHO JJIs CIyYailHbIX BEJIMYMH,
OnpeaeasIeMbIX CyMMapHbIM 3(PGhEKTOM OT JEeUCTBHS OOJBIIOIO YHCHa
cinydailHeiX ¢aktopoB. Ero gyHkuusi pacnpenesieHuss u mIOTHOCTb BEPO-
ATHOCTHU HaXOJTCA 1Mo (popmyiiam

£ _ 2
@)= | exp[— %}dc, 19)
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2
- expl:— m} (1.10)

2-0')%

G

X

rie My — MaTeMaTUuecKoe OXKUJAHUE, Oy — CPEIHEKBaIpPaTHUYECKOE OT-
KJIOHEHUE CIIyYaHOW BEJIWYUHBI X.
I'paduku pynxuuii F, (f) U, (5) JUIsl pa3IMYHBIX BUJIOB pacrpeie-

JIEeHUM TOKa3aHbl Ha pucyHke 1.2.

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

Pucynok 1.2 — OyHKIIMU pacnpeesieHus] U TJIOTHOCTH BEPOSITHOCTH:
(a) paBHOMEpHOE pacupeaenenue; (0) SKCIIOHECHITMATBHOE pacpeaceHue;
(B) HOpMaJIBHOE pacupeaeICHUE
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JInst cimy4aliHBIX MPOIIECCOB MOYKHO OMNPENICIUTh Pa3iudHble GYHKIUU
pacapenenenus. OoHomepHou yHkuuel pacnpeoeieHuss Ciy4auno2o npo-
yecca X(t) (byHKUMEH nepBoro mopsijaka) cuuraercs (yHKIHS, ONpeje-
JISTOIAsi BEPOSITHOCTh TOTO, YTO €r0 CeYeHHEe OyJeT MEHBIEe HEKOTOPOTO
3aJIaHHOT'O 3HAYEHUS JIJI1 MOMEHTa BpeMeHH 1

Fl(fl ’t1)= P{X(t1)< 51}’

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

Oynaknus (1.11) xapakTepusyer ciiydyallHbIN MPOIIECC U30JIUPOBAHHO B
OTAEIbHBIX CEUCHUAX, HE OTPpaKas B3aMMOCBA3U MEXAy HUMU. OHOMED-
HOM (yHKIIMEH pacrpeeseHus] OJHO3HAYHO XapaKTEPU3YEeTCsS TOJIBKO
YUCTO CJIYYalHBIA mOporecc win Oeablil myM. Ero pasnuuHbie ceyeHUs
COBEPIIICHHO HE3aBUCUMBI JIPYT OT ApPYra.

Jleymepnou ¢yuxkyuei pacnpeoeneHus CLyYyatiHo2o npoyecca X(t)
Ha3bIBaeTCS (PYHKIIMS, OMpEJeNstonias BEpOsITHOCTh TOTO, YTO €ro ceve-
HUE OyJeT MEHbBIIIE HEKOTOPHIX 3aJJaHHBIX 3HAUYCHUN ISl IBYX Pa3IUYHBIX
MOMEHTOB BpemMeHu t1 u t,

Fz(fl 158 ’t2)= P{X(t1)< &1 X(t2)< 52}’
Fo(—o0,t) 18, 1) =F,(& ty—o,t,) =0, (1.12)

F2(+oo,t1 ;+oo,t2)= 1.

Mo>xHO onpeAenuTs N-uepHyo GYHKYUIo pacnpedeneHus

Falfi oty 0 tn) = PIX(t) < & e X () < €0
Fo(-o0,t; 5080t )= .= F (&, .t 5..;=0,t,) =0, (1.13)
Fo(+o0,t;;.;40,t,)=1.
Yewm BbIIIE TOPSIAOK (DYHKIIUM paCTpeNesICHUsI, TEM TOYHEe ompee-
JSI0TCS cBOMcTBa mponecca. OmaHako 3akoHoMepHOCTH Bua (1.13) 00bIY-

HO OBIBAIOT TPOMO3JIKMMU, MIOITOMY Ha MPAKTUKE OTPAaHUUYUBAIOTCS (PyHK-
LHUASIMHA IIEPBOTO MIIA BTOPOTO MOPSIAKOB.
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CymiecTByeT 0COOBIM KJacC CIIydallHbIX MPOIECCOB, JISI KOTOPBIX
GYHKIMH pacupejielieHus B JIF000i MOMEHT BpeMeHu t >ty (B Oyayiiem)
ONPENETSAIOTCS TOJBKO 3HAYCHUEM X(to) (B HACTOSIIIIEM), U BCE 3HAUCHUS
X(t) npu t <ty (B mpouiomM) He YTOUHSAIOT 3TO onucaHue. Takue mporec-
Chl HA3bIBAIOTCSI MAPKOBCKMMHU (110 UMEHU BIIEPBBIC UCCIIEAOBABIIIETO UX
MateMatuka A.A. MapkoBa). OHM XapakTEepHBI JJII CUCTEM C OMCYMCHI-

suem namsmu (AN CUCTEM Oe3 Nocieoeticmeaust).

Hpumeltanue. Ananoecom MAPKOBCKOcO npoyecca MOIHCHO cHUumdanob

peuenue ougppepeHyuanbHo20 ypasHeHus nep8oco NopsoKd

Sx(0)=2ft.x(0)

Komopoe zasucum om X(to) u He zaesucum om npouseodﬁbzx 11006020 no-

pAOKa om X(’[) no epemenu 6 momenm 1{y.

[To MaTeMaTU4ECKOMY OINMUCAHUIO MAPKOBCKHUE IMPOLECCHI MPOIIE HE-
MapKOBCKHUX.
Jlia ciywaiiHOro Inporuecca X(t) MOKHO OIIPEHEIIUTh INIOTHOCTH Be-

POSITHOCTH TpeOyeMoro mopsijaka

0 ,
z71(51"[1)= Fl(g?l tl),
(1.14)

an ' ,1 n'%n
@, (&1t Enitn) = Fn(glé tlas‘ - )'
1--06n

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

7(t)=m, ()= M[X ()] = j: x- @, (x,t)dx. (1.15)
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Mamemamuueckoe oxcuoanue CiyyauHo2o npoyecca — pecyiapHas
@ynKyus, 3navenue Komopou 6 nooou momenm epemenu t; pasno mame-

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

JEICTCA pE3YyJIbTATOM BEPOATHOCTHOTI'O YCPCAHCHUA cnyqaﬁﬂoﬁ BCJIIMYMHBI,

IIpA KOTOPOM Ka)KJI0€ €€ BO3MOKHOE 3HaUE€HUE OEPETCs C BECOM @; (X s )

MO3KHO OIpeAeauTh HEHTPUPOBAHHBIN CJIyYalHbIN NpoLecc

X(1)=X(t)-mx (0) (1.16)

MaTEMaTUYECKOE OKUIaHUE KOTOPOIO
M| X(1) |= MIX())-mx (O]= M[X(O]-my ([)=0.  (1.17)

JIro0oit ciryyallHBIN TIPOILIECC MOKHO MPEACTABUTh KAK COBOKYITHOCTh
PETYJISIPHON COCTaBISAONIEN (MAaTEeMaTUYECKOTO OXKHUIAHUS) U LEHTPUPO-
BAHHOM CIIyYalHOW COCTaBJISIOLIEH

X (t)=my (t)+ X (). (1.18)

Cpez[Hee M0 BPEMEHU OIIPCACIIACTCSA HA OCHOBC Ha6J'IIOI[CHI/I$I 3a OT-
I{CHBHOﬁ peanmauneﬁ cnyqaﬁHoro nponecca B TCHCHUC JOCTATOYHO JIN-
TCIBbHOT'O BpCMCHHU, KaK

o 1 1 1
X = lim——. [x(t), (1.19)
2:-T
€CJIM 3TOT NPEJEN CYIIECTBYET. B 00IIeM cilydae 3TO 3HAYEHHE PA3IMIHO
IS OTJIEIBHBIX PeaM3alliii CIIy4aliHOTO Ipoliecca.

Jlucnepcuei IEHTPUPOBAHHOIO CIYYaHOTO MpoIecca CYUTACTCS Ma-
TEMaTUYECKOE OKHUIAHUE €ro KBajpaTa

D, (1)= M| X2(1) =j’° [x-m,@OF -@,(c.t)dx.  (120)
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Hucnepcus cayuaiinoco npoyecca — pe2ynsapHas (QyHKYyus, 3HaYeHue
Komopot 6 niobou momenm eépemenu t; pasno oucnepcuu coomeemcm-

8yIouje20 ceueHus X(t j )

CpenHexkBaJpaTHYHOE OTKJIOHEHHE LICHTPUPOBAHHOIO CIYy4ailHOTO
MPOILECCA HAXOIUTCS KaK KBAJIPATHBI KOPEHB U3 €r0 TUCIIEPCUU

oy ()= /Dy (1). (1.21)

[To xapakTepy U3BMEHEHUS CTAaTUCTUYECKUX XapPAKTEPUCTUK C TCUCHHU-
€M BPEMEHHU CJIy4YalHbIC MPOIECCHI JEIAT Ha CTANMOHAPHbIE M HECTAa-
HHOHAPHBbIE. Pa3IMyaroT CTallMOHAPHOCTh B Y3KOM U B IUPOKOM CMBICIIE.

CmayuonaphvimM 8 Y3KOM CMbicle Ha3bIBAIOT CIIYYalHBIM MPOLECC
X(t), CTaTUCTUYECKUE XAPAKTEPUCTUKU KOTOPOTO HEM3MEHHBI BO BpEME-
HU. OyHKIHUS pacrpeaeseHus] U IIOTHOCTh BEPOSITHOCTH JIFOOOH pa3mep-
HOCTH HE 3aBUCAT OT Ha4yajia OTCUETa BPEMEHH 1, T. €.

|:n(fl L5560 ’tn)= Fn(fl 2 =155 8n 1t —to)’

(1.22)
wn(§1 558 1tn)=wn(51 A PRl (PP —to)’

rae t o BeIOupaeTcst MpoU3BOJIBHO.

Cmayuonapuvim 6 WUpOKOM CMblclie HA3bIBAIOT CIyYalHBIM Mpouecc
X(t), MaTEMaTHYECKOE OXKUJAHHWE KOTOPOro MOCTOSAHHO, 8 (PYHKIIUH pac-
NPEACIICHUS] U IUIOTHOCTH BEPOATHOCTH JIIOOOW Pa3MEPHOCTH 3aBUCSAT
TOJIBKO OT BEJIMYMHBI C/IBUTA BCEX TOYEK tj BIONb OCH BPEMEHHU HA OJMHA-

KOBYIO BeJIMYUHY 7 (T. €. 3aBUCAT OT HayaJla 0TCUYeTa BpEMEHH)

Fo(& .t +7500 8t +1)= Fo (&), & 0 7),

(1.23)
wn(gl 1t1 +T;'";§n ’tn +T)= wn(gl ’-'-’gn ’7)'

[Iporecchl, cTalnMoHapHBIE B y3KOM CMBICTE, 0053aTEIBHO CTaIlMO-
HapHBI U B IIUPOKOM cMbIciie. OOpaTHOE yTBEP)KJICHHUE BEPHO HE BO BCEX
cinydasx. CiydailHbIe TMPOIECChl, HE 00JIaIarole CBOMCTBAMHU CTaIlHO-
HAPHOCTH, CYUTAKOTCS HECMAYUOHAPHBIMU.
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Ilpumeuanue. CmayuonapHvlili npoyecc Moxicem CYuumamscs aHanio-
20M YCMAHOBUBUE20CS PENCUMA 8 OeMEPMUHUPOBAHHBIX CUCTNEMAX, a He-
CMAaYUOHAPHBIIL NPOYECC — AHANO20M NEPEXOOHO20 PEeNCUMA Npu aH000M
CAVYAUHOM 8XOOHOM CUSHATE.

CrauuoHapHbIN CIy4alHBINA MPOIECC CUMTACTCA IProAMYEeCKUM, €CIIU
T00asi CTATUCTUYECKAsT XapaKTePUCTHKA, ONpeieiseMas YCPEIHEHUEM 10
MHOECTBY €TI0 peaju3alyii, paBHa COOTBETCTBYIOIIECH XapPaKTEPUCTHUKE,
OIPELICNISIEMON YCPEAHEHUEM IO BPEMEHU €r0 MPOU3BOJIBHOM JOCTATOYHO
JUINTENIFHOM peanu3alnuu (3TO I03BOJIIET, HalpuUMep, MPUPaABHATH CpE-
HUE TI0 MHOKECTBY U T10 BpeMeHH). EOouncmeennan peanuzayusn ip2oou-
YecK0z20 CAy4ailHo20 npouecca 6 0EeCKOHeUHOM UHmepeaie 6pemMeHuU
HOJIHOCMbIO Onpeodensem 6ecb Npouecc, 4YTo CYIIECTBEHHO YMOPOIIAeT
pacyeT €ro CTaTUCTUYECKUX XapAKTEPUCTHK.

Ilpumeuanue. He rxadxxcowviii cmayuoHaphwlil CIyyaHvlil npoyecc 56-
nsiemcs apeooudeckum. Ilpumepom mooicem cayxicums npoyecc X(t), Ka-

HCOAsl peanu3ayus Komopoz2o NOCMOAHHA 80 8peMeHU (CM. pucyHok 1.3).

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

Pucynok 1.3 — [Ilpumep cTanmoHapHOTO  HEIPTOJAHUYECKOTO
CIIy4alHOTI0 IIpoLecca

OnuH U TOT K€ MPOLIECC MOXKET ObITh IPrOJAMUYECKUM MO OTHOIICHUIO
K OJHUM CTATUCTHYECKUM XapaKTEPUCTUKAM M HEIPTrOJUYECKUM MO OT-
HOIIIEHUIO K JApyruM. B panpHeiiiem OyJIeT CUMTAThCS, YTO MO OTHOIIIE-
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HHUIO KO BCCM CTATUCTHUYCCKHM XAPAKTCPUCTHKAM YCIIOBHUA SProandHOCTH

BBITIOJIHSIFOTCS.
1.2 KoppeasiunonHubie QyHKUIMH CIYYAUHBIX MPOLIECCOB

CratucTuyeckrue XapakTEPUCTHKH, NEpeUncCieHHble B m. 1.1, HE OT-
paXarT B IIOJIHOM MEpE XapakTepa cliydahHoro mnpouecca. Hampumep,
IpoIiecChl Ha pUCYHKE 1.4 pa3iaudHbI IO CBOEH CTPYKTYpPE, XOTS U UMEIOT
OJIMHAKOBBIE 3HAYCHUS MAaTEMaTUYECKOTO OXKHUIAHUS M JUCTIEPCUHU (IITPHU-
XOBBIMH JIMHUSAMU MOKA3aHbl 3HAYEHHUST My (t)i 3.0 (t); Py HOPMaJTh-
HOM pacIpe/ieJIeHUH 3HaUeHHe My (t) nomaaacT B ATOT JUaIla30H ¢ BEpo-
stHocThIO 0,997). IIporecc Ha pucynke 1.4 (a) mpoTekaeT OTHOCUTEIBHO
IJIABHO, M CTATHCTHYECKAas CBSA3b MEXKAY €ro CEUCHHSIMH JOCTaTOYHO
cuibHas. [Ipornecc Ha pucynke 1.4 (0) xapakTepusyeTcsi CUIbHOU U3MEH-
YUBOCTBIO, CBSI3b MEKIY €ro ceueHusMu ciadas. OqHako HH MO MaTeMa-

THYCCKOMY OKUIAAHHIO, HA 110 JUCIICPCUHN OIIPCACIINTDL 3TO HCBO3MOXKHO.

M) me@®+3-0,0)  XO]  m(O)+3 04 ()

—

/ AN

Pucynok 1.4 — Cny4aiiHble IPOLIECCHI PA3JIMYHON CTPYKTYPhI

YTOoOBl y4ecTh CTAaTUCTUUECKYIO CBSI3b MEXKAY Pa3IMYHbIMU CEUCHUS-
MU CIy4aillHOT'O MPOILIECCa, UCTIOIB3YIOT KOPPEISALMOHHbIE (PYHKIINU.
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KoppeasiunonHoil (pyHKIHEH CIIy4ailHOTO MpoIlecca X(t) HAa3bIBa-
I0T HECTyYaHy10 (PYHKIIMIO BYX apryMmMeHTOB U u t,, KoTopas mJisi Kax-
JI0¥ TIapbl MPOU3BOJIBHO BEIOPAHHBIX MOMEHTOB BPEMEHH paBHA

Ry (ty ) = M[;((tl)- >°<(t2)} -

= T TTxe = m @] [ =M (6 )] @0 (x4 1ty % 1t Yo,

—00 —00

(1.24)

KoppensiiimonHast pyHKIMs cIy4aifHOTO IMpoIecca, CTAllMOHAPHOTO B
Y3KOM CMBICJIE, HE 3aBUCUT OT Pa3HOCTH apryMeHToB 1, u t;. Koppemsuu-
OHHas (YHKIMS CIy4allHOTO TMpOIEcca, CTAMOHAPHOTO B IIHPOKOM

CMBICJIC, 3aBUCUT TOJIBKO OT OJJHOI'O aprymeHTa 7 — t2 - tl

Ry (£)=Ry (t,t+7)= M|:)O((t). >°<(t+r)}=

= TO-TO[Xl ~my (O] [xz =mx (t+7)]- @, (x;, %, . 7)dx;dx,

—00 —00

(1.25)

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

Re(6)= M X0 X(+7) -

(1.26)

+00 400

=I le'XZ'wz(Xlaxz ,z')dxldxz.

—00 —00

J{ns1 3progMdecKux MpoIEeCcCCOB KOPPEISIMOHHYI0 (DYHKIIUIO MOXKHO
OTIPEJICIIUTh KaK CPETHEE MO0 BPEMEHU OT MPOU3BEICHUS

Ry (z)=[x(t)- x]- [x(t+ r)- x]=

= TILnl%'_}T[X(t)_ x]-[x(t +7)- x]dt,

(1.27)
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rae X(t) — mro0as peanuzaiys CIIy4aiHoro mpoiecca X(t). Ecmu cpennee

II0 BPEMEHU PAaBHO HYJIIO, TO

Ry ()= x(t)- X(t+z')— Ilm— jx(t) x(t +z)dt. (1.28)

@u3nyecknii CMbICJ KOPPEISIMOHHON (PYHKIIMH COCTOUT 8 OYeHKe
BEPOSIMHOCMU MO20, YMO CeYeHUsl CAY4auHo20 npoyecca 8 MOMEHMbl
epemenu t1 u t, omauuariomca nesmauumenvno. llpu t, =1, BiIMsAHUE
X(tl) Ha X(tz) JNOCTAaTOYHO BEIUKO, U Ry (t1 ,t2) CTPEMHUTCS K MAKCH-
mymy. [lo Mepe yBennuenust pazHoctu t, —t; BiIusHHE X(tl) Ha X(tz)
ocnabeBaeT, U 3HaueHue Ry (t1 ,t2) ymensiaercs. [lpu t, —t; — +oo Be-
POSITHOCTH TOT'O, 4YTO X(tl) Majo OTJIMYAETCS OT X(tz), IIPaKTUYECKU
paBHA HYJIIO.

OcHOBHBIE CBOIICTBA KOPPEIAMOHHBIX (YHKIIUI CIIEAYIOIINE.
1) KoppensunonHass (QyHKIIUS CHMMETPUYHA OTHOCHTEIHLHO CBOHWX

apryMEHTOB.
ﬂor«wameﬂbcmeo:
Rx(tl,t2)=M[x(tl)-x«z)}M[x(tz)-x(tl)}Rx(tz,tl).

JInst cTalimoHapHBIX CIIyYalHBIX MPOLIECCOB KOpPPENAIMOHHAA (yHK-

IIUS €CTh YeTHasi QYHKITUSA T.

ﬂomwameﬂbcmeo:

R, (r)= M|:)O((t)- >°<(t+f)}= M|:)O((t—z')- >°<(t)}= R, (=7).

2) 3HaueHHE KOPPEIALMOHHON (DYHKIIMH CIIYy4alHOI'O Ipolecca IpH
t, =1, =t paBHO ero gucrepcuu.
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ﬂomwameﬂbcmeo:

Rx(tl,t2>=Rx(t,t)=M[x°2(t)]=Dx(t).

HauvanpHoe 3HadYeHHE KOPPEISIIUOHHON (YHKIHUM CTAllMOHAPHOTO
CIIy4alHOI0 MPOIIECCa PABHO €ro JUCIIEPCHUHU.

,Zlomwameﬂbcmeo:

R, (0)= M[)o((t)- >°<(t)]= D, .

3) 3HaucHUE KOPPEIAIMOHHON (YHKIIUH 10 MOJYIIFO HE MOXKET Ipe-
BBICUTBH CPETHETO0 TEOMETPUUECKOTO TUCIIEpCHi nipu t; u t).

Zlomwameﬂbcmeo. HCI’ZOJZbS’yeM uszeecniHoe ocpaHudeHue 05l K03¢-

Quyuenma xoppenayuu Pyy OYX CLYHAUHbIX 6eTUHUH X U Y

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

‘pxy‘= = <1
. O'X-o'y

Benuuuna COV(X,y) HA3bleAENICA Koeapuauueit (KOppeJlﬂZ/ﬂ/lOHHblM

MOMEHMOM) CAYHAUHBIX 6eaudur X u Y. [na KoppenayuornHot @QyHKyuu
CAYHUAUHO20 NPOYECCa MOICHO 3aNUCAMb

XD RG]y

O x (tl)'o'x (tz) ) \/Dx (tl)' Dy (tz) :

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

1,
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Jlnst cranmoHapHOro mnpoliecca 3Ha4YeHUE KOPPEISIUOHHON (DYHKIIUU

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

ﬂomwameﬂbcmeo:

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

4) KoppensaiuonHas (yHKIUSA Iporecca Z(t)= X(t)+ g(t) (rme
X(t) — CJIIy4aulHbINM Ipolecc, g(t) — peryJyispHast QYHKIUS BpEMEHHU) OIl-

peaACInTCA COOTHOIICHUCM

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

JloKazamensemeo:
Z(t)=X(t)+9(t),
2(t)=[X 1)+ 9(®)]-[mx (1)+ 9(®)]= X ().
R, (t,.t,)= M[i(tl). i(tz)}= M[i(tl). >°<(t2)}= R, (t,.1,).

5) Koppensamumonnas ¢pyHKIUs mpoiiecca Z(t)= X(t)- g(t) (rme X(t) —
CJIy4ailHBIN TpoIiecc, g(t) — perynspHas QyHKIMS BPEMEHH) ONPEACITUTCS

COOTHOILICHUEM

R, (tl ’t2)= Ry (t1 'tz)' g(tl)' g(tz ) (1.30)

ﬂ oKazamesjiosCmeo.
2(t)= X (1)- o(t),
Z(t)= X (t)- 9(t)- mx ()- 9(t) = [X (©)- mx @] 9(t)= X ¢)- 9t),
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Ra112)= M) 20, 202) |- M{] X2 o) X0 00

Yuumuwisas ceoticmea mamemamuuecko2o O.?fCl/laaHZ/lﬂ,

Rz (tl ’t2)= M|:)O<(t1)' X(tz)i| g(tl)' 9(t2)= Ry (tl ’tz)' g(tl)' g(tz)-

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

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

Ry (t .t;)= M[X(tl)' X(tz)]= M[Ao ‘ A0]=

7) KoppensiiiuonHasi (yHKIUsI CIy4ailHOrO MpoIecca, COAEpKallero
NEPUONYECKYI0 COCTABISIONIYI0, TakXkKe OylIeT coiepkaThb MepHOnYe-
CKYIO COCTaBJISIFOLIYIO.

Jlokazamenvcmeo. I[lycmv nabnrodaemvlii npoyecc npeocmasisiem
coboii nepuoouueckuii cuenan X(t)= A, -sin(@, -t +@,) (cm. pucynox 1.5

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

Rx(r)— Ilm—- jx(t) x(t +7)dt =

2
gim AL [sin(@, -t +¢,)-sin(e, -t +@; -7+ @, )it =

Too 2T T
2

.
= Jim L [[cos(w; - 7)—cos(2- @, -t + @, -7+ 2- @, )]t
Too4.T T
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Ilpumem T pasnvim nepuody gyHkyuu X(t), m.e T,=2-w/w,. To-
20a, UCNONBL3YST NePUOOUUYHOCb NOObIHMESPANIbHbIX  (DYHKYUL, Nnpu
T — +00 unmeepan ¢ npedenamu om —T1 0o T moorcHo 3amenums CymMmou

unmezpanos ¢ npedenamu om (K—1)-T, 0o K-T,, 20e k = %1, £2... Vuu-

mbleds makxKkyro 3dMEH), MOIICHO 3anuUcCamos

2
Ry (r)= él '

T, T,
2 -I-1 |:£COS(&)1 'T)dt_ _gcos(z‘wl -'[+a)1 T+ 2¢1)dti| =

A2 T, A2 T,
L .cos(@; -7) [dt——2—[cos(2-@; - t+ @, -T+2- 9, )dt =
Ty o 2:Ty g

2

Al Al

-Cos(wl-z')-t\}— -sin(2-w1-t+w1-r+2-g01]gl=

1 4-w,-Ty
A2
=" .cos(@, - 7).
2
Ionyuennas Koppersyuonnas (ynkyus He cooepicum HUKAKUX cee-

OeHUll 0 hazosom cosuee.
Ecnu nabnooaemvlii cuenan onucvigaemcs (oyukyuel 8pemeHu, pasia-

Kk
eaemoti 8 psi0 Dypve X(t)= A+ DA -Sin(a)i -1+ @ ) Mo, UCnoawb3ys pe-
i=1

3y1bmamsl, NOAYYEHHbIE 8 NPEOLLOYUSUX NPUMEPAX, MOHCHO 3ANUCAND

R (e)= A5+ 525 cox(@ 7).
i=1

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

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

I7€ & — MapamMeTp 3aTyXaHUs.
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KoppensitionHass (yHKIUS CTAIlMOHAPHOTO CJIy4YalHOTO Tpoliecca,
COZIEPKAIIEr0 NEPUOIUYECKYIO0 COCTABJISIIONIYIO0, MOXKET OBITh alIpOKCH-
MHPOBAHA BBIPAXKCHUEM BHJIA

Ry (r)= Dy -exp(-e-|7i)-cos(B - 7), (1.32)

rae B — pe3oHaHCHAs 4acTOTa CUCTEMBI.

Ha pucynke 1.5 (B) u (T) mpuUBEJEHBI IPUMEPHI CIyYalHBIX TPOIIECCOB
U UX KOPPETIAUUOHHBIX QyHKIHN. O4eBUIHO, UTO C POCTOM 7 CBSI3b MEXTY
CEUEHUSIMU ClIydyaiiHOro mpoiiecca ocinadbeBaer. KoppensainumonHas (yHK-
1IMsI, COOTBETCTBYIOIIAsI MPOIECcCY ¢ 0ojiee TOHKOM CTPYKTYpou (OOJIbIINM
3HAYCHHEM ), yObIBaeT ObicTpee. Tak Kak JUIs CAy4aiHOro mporecca TH-
na 0eyoro myma XapakT€pHO OTCYTCTBHE B3aMMOCBSI3M CEUYEHUSIMHU, €T0
KOppemsiuoHHas (DyHKIUS TpeacTaBisieTcss O-QyHKIUEH, pacroioKeH-
HOM B Havayie KOOpAUHAT (CM. pucyHOK 1.5 (1))

Ry ()= N-8(z), (1.33)

rae N — HeKkoTopasi KOHCTaHTa.

Craructrueckas CBS3b JABYX CIy4alHBIX MPOLIECCOB X(t) 51 G(t) Xa-
paKTEpU3yeTCs B3aUMHON KOPPEIAHOHHON (PYHKUMEN, KOTopas s
KQ)KJIOM Tapbl MPOU3BOJIBHO BHIOPAaHHBIX MOMEHTOB BPEMEHHU PaBHA

Rxo (ty,t2)= I\/I[;((tl)-é(tz)} =

rotos (1.34)
= [ JDx=my (t,)]-[9-mg (t,)]- @, (x.t:: 9.1, Jdxdg.
JIns 5proguyecKux CirydyaHbIX IPOLECCOB
: 1 1 = _
Ry (7)= lim = [[x(®)-x]-[9(t +7)-glt, (1.35)
—»o2-T 5

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

L{eHTpupOBaHHBIE CIy4YaWHbIE MPOLECCHl CUUTAIOTCS KOPPEAUpOBaH-
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HbIMU, €CITA X B3aWMHas KoppessivoHHas (yHKIUsS HE paBHa Hy’0. B
IIPOTUBHOM CJIy4a€ OHH CUUTAIOTCS HEKOPPEAUPOBAHHBIMUL,

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

Ry (t1 1) = M[)O((tl)-(o}(tz)} _ M[é(tz)- )O((tl)} — Rey (t, .1,). (1.36)

Ecnu B3auMHas koppensimoHHas QyHKIHS IBYX CIy4alHBIX MPOIEC-
COB X(t) 51 G(t) 3aBUCHUT TOJIBKO OT Pa3HOCTU CBOUX API'YMEHTOB, T. €.

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

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

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

KoppensuvonHass (yHKIUS CyMMBI JBYX CIIy4alHBIX TPOIIECCOB
Z(t) = X(t)+ G(t) BBIYHUCIsIETCS IO (hOpMyIie

R, (t;,t,)= Ry (t;,t,)+ Rg(t; 1))+ Ryg (t; 1, )+ Rax (t;,t,).  (1.39)

ﬂoxammem;cmeo:

Ry (t;,t,)= M{IX(t,)+G(t,)]- [X (t,)+G(t,)]} =
= M[X(t,)- X (t,)]+ M[G(t,)-G(t, )]+
+ M[X(t;)-G(t,)]+ M[G(t,)- X(t,)] =

= Ry (t;,1,)+ Rg (t 1, )+ Ryg (t;,t5)+ Ray (t1 11, ).

Koppensiiimonnast pyHKIMS TPOU3BEICHUS ABYX HEKOPPEIUPOBAHHBIX

ciyuaiinbix mporeccos Z(t)= X(t)- G(t) nHaxoaures no cooTHOIEHUIO
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Rz (tl’t2)= Rx (t11t2)‘ RG(t11t2)' (1.40)

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

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

RX (’Z') RXG (T) (141)

) T)= .
D, pXG( ) m

Koppensunorayro (GyHKIIUIO MOYKHO HCIIOJIB30BATh IS BBISBICHUS

px(r)=

MOJIE3HOTO MEPUOJUYECKOTO MOJIE3HOr0 CUTHANIA Ha (JOHE CIy4YalHOM IO-
Mexu. J[Jis 3Toro ee onpeaesstoT Mpy OOJBIINX 3HAYCHUSAX 7, KOTJa BIIHS-
HUE CIy4allHOTO CUTHaja CKa3bIBaeTcs ciabo (CM. pucyHok 1.6, myHKTH-
pOM TOKa3aHa KoppensiiuoHHast PYHKIUS TIOMEXH).

\ N\ / \ N /.
\VAAVARCIEERRVARY

Pucynok 1.6 — ®@uibTpalus MoJie3HOTO MEPUOANIECKOTO CHUTHAJA C

UCIIOJIb30BAHUEM €TI0 KOPPEISITUOHHONW PYHKIINHU
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1.3 CnexkTpajbHbIe IVIOTHOCTH CJAY4YailHBIX MIPOLECCOB

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

Sy (@)= TRX (r)-exp(- j-@-7)d7 =
- (1.42)

=f° Ry (¢)-cos(@- r)d7 - | E Ry (¢)-sin(@-7)dz.

Tak kak Ry (2') — YeTHad, a Sin(a)-r) — HedeTHas (QyHKIUS 7, TO B

(1.42) BTOpOI MHTETpa PaBeH HYJIIO. YUYUTHIBAs, YTO COS(a)-z') — YeTHas
byHKIUA 7, TOJy4aeM

Sy (@)= 2-+j°° Ry (7)-cos(@w-7)dz. (1.43)
0

Ecmu CIICKTpaJibHaA IINIOTHOCTb U3BCCTHA, TO C ITOMOIIbBIO 06paTHOFO

npeoOpazoBaHusa OPypbe MOKHO HAUTHU COOTBETCTBYIOIIYIO €M KOPPEIISIIU-
OHHYIO (PYHKIINIO

Ry (z')— IS (0)-exp(j-@-7)dw =
(1.44)

i\~l|l—‘l\)

X(a)) cos(w-7)dm.

O'—‘os

MOXHO yCTaHOBUTH BaXKHYIO 3aBUCHMOCTh CTATUCTHUYECKHMH Xapak-
TEPUCTUKAMU CIYYaWHOIO MPOoLecca

Dy _RX(O)—— j Sy (w)o. (1.45)

Du3nYeCKUl CMbICJ CIEKTPAIBHOW IJIOTHOCTH 3AKJIFOYAETCS B TOM

4TO OHA Xapaxkmepusyem pacnpeoenenue MOWHOCMU CYy4anuHo20 npoyec-
ca no 4acmomHomy CHeKmp).
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Hokazamenvcmeo. Eciu cuumamo X(t) peanuzayueu CrLy4auHblx
Gaykmyayuil HanpsdiceHus Ha NpoeooHukKe ¢ conpomuenenuem 1 Om, mo,
CO2NIACHO Meopuu INeKMpPULecKUx KoaeOaHui, CpeoHssi MOUHOCMb, Pac-

ceusaemas Ha IMom NPoBOOHUKe 3a 8pems 21, pasHa
1 % X2
- [x t)dt.
CP 2-T =

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

npu T= O, mMo MOJCHO 3anucanbs
P =R (0)= lim—=- [x?()dt = - [S, ().
P % Tow2:-T 2% X

Takum obpazom, cpeoHsss MOUWHOCMb CUSHALA MOdicem Oblmb HAloe-

Ha, KaK OECKOHEeYHAs CYyMMA INeMEHMAPHBIX Cla2aembix Sy (a))da) 8 dua-
nasone yacmom om —0 00 +owo. Takum obpazom, Kaxcoas 31eMeHmapHas

MOWHOCMYb 07151 Yacmombvl @ Oy0em npoOnopYUOHAIbHA Sy (a))

Ilpumep 1.1. Onpeoenenue cnekmpaivbHOU HNIOMHOCMU CAYYAUHO20
npoyecca, KOppensiyuoHHAs QYHKYUsi KOmopo2o HAXO00UmMcsi N0 COOMHO-

wenuto (1.31). Ucnonvsya ghopmyny (1.42) u yuumwigas, umo ‘1" =7 npu

20 u|t|=—7 npu t<0, sanuwem

+00
Sy (@)= [ Dy -exp(—a-\z‘\)-exp(— jro-7)dr=

Dy .{iexp[(a— j .w).r]dr++foexp[—(a+ j .a,).,]d,}=

2Dxa

al+w?
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Ilpumep 1.2. Onpedenenue cnekmpaibHOU NIOMHOCMU CAVHAUHOSO
npoyecca, KOppersyuoHHas QYHKYus Komopoz2o HAXoO0umcs no COOMHO-
wenuro (1.32). Ucnonwvsys popmyny (1.42) u npouzeoost zamemy

COS(ﬂ-Z‘): exp(— J 'ﬂ'7)2+ exp(j ')B'T)’
Sx(a))=+jooDX -exp(-a-[r])-cos(B-7)-exp(- j- @-7)dz =

Texp[—a-\z'\— j -(w+ﬂ)-r]d2'+

X

=X

2

+ fexpl-ar-le]— j-(0- ) 7Hiz

Oba unmezpana mo2ym Ovimv HAOeHbl mak e, Kaxk u 6 npumepe 1.1,

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

a a
S =Dy - + =
X (a)) X o2+ (w,)z a’+ (w")2

a N a
a’ +(w+p) a’+(0-B)

=D, -

OcHOBHBIE CBOMCTBA CIIEKTPAJIbHBIX IUIOTHOCTEW, OMpeaensieMbie
CBOMCTBAMHM KOPPEJSIIMOHHBIX QYHKIMM (cM. 1. 1.2), cnexyroiue.

1) CrekTpanbHas IUIOTHOCTh CIYYalHOTO IMpoIlecca SBISETCS JEHCT-
BUTEJIbHOMW U YEeTHOM (DYHKIIMEH 4acCTOTHI.

Jokazamenvcmeo. Iloovinmezpanvhoe evipadicenue 6 (1.43) cooep-
aorcum npousgedenue demuolx Qyuxkyuti Ry (z') u COS(a)-Z'), nosmomy 0y-

dem cnpaeeéﬂueo COOMHOULeHue
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Sy (@)= zg Ry (z)- cos(w- 7 )7 =

=z.+£°° Ry (=7)-cos(- @-7)d7 = Sy (- ).

2) CnekrtpanbHasi IUIOTHOCTH CIY4YailHOTO Mpolecca, COAEP KaIIero
IIOCTOSIHHYIO COCTaBJISIONIYI0, OYJIET UMETh MMITYJIbC (SHQYHKIHIO) MpH
4acTOTE, PABHOU HYJIIO.

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

nob3ys nooxoo0 om npomueHo2co, MOJNCHO 3anucamos

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

Rx(z')=i-:rj:2-rr-AO2 S(w)-exp(j-0-7)do =

2.7
=AS-explj-o-7) _ =A

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

3) CnekrpanbHas IUIOTHOCTH CIIy4aifHOTO IIpoIiecca, COAEPIKAIISro
MEPUOUYECKYIO COCTABIISIFOIIYIO ¢ YACTOTON @1, OyJIeT UMETh UMITYJIbChI

(FyHKMN) mpu YacToTax £@;.

Jlokazamenvcmeo. Ilycmv nabaooaemvlii npoyecc npeocmasisiem
co001l nepuooudecKuti CusHa X(t)= A - Sin(a)1 -t+q01) (cm. pucynok 1.5

(6)). Tozcoa, ucnonv3ys nooxoo om NPOMUBHO20, MOICHO 3ANUCANNb

Sx(w)= 2-7[-%?-[6(01—0)1% §(w+a)1)],
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Rx(z')—— j Aj [6(0-,)+ (0 + @,)]-exp(j- o 7)dw =

Ao
4

_[ij%(w_ 0,)-exp(j-@- 7)o+ if°5(w+ @, )-exp(] -w-r)dw} =

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

I'pagpux cnexmpanvroll nIOMHOCMU NOKA3bIGAENM, UMO 6CS MOUY-
HOCMb NepUOOUecK020 CUSHANA COCPe0OmOo4eHa npu 08yxX Yacmomax.
Ecnu nabnrooaemuiii cuenan onucvleaemces ynkyuel pemenu, pasia-

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

MPAibHas NIOMHOCMb OyO0em umems 6U0 JUHeuuYamo20 Cnekmpa c¢ o-
QYHKYUAMU, PACHONIOHNCEHHBIMU HA NOJIONCUMENbHBIX U OMPUYAMETbHBIX
yacmomax 2apMoHuK. Mlcnonv3ys nonyuennvie panee pe3yibmamaol, MONC-
HO 3anucamo

Sx(a))= 2.7 A02 -5(&))+ éATiZ-[ﬁ(w—wi)+5(w+a)i)] .

CnekTpanpHasi INIOTHOCTh CIYYaWHOTO MPOIIECCA, HE COAEPHKAIIETO
MEPUOUYECKON COCTABIISAIONIEH, MOXKET OBITh MPUOJIMKEHHO MpEICTaBlIe-

Ha BBIPAKCHHUCM

2- Dx TX
= ) 1.46
Sy (@)= VE L (1.46)

rae [y — moctositHHasg BpeMeHHW. Takoil CHeKTpalbHON IIOTHOCTU COOT-
BETCTBYET KoppeisimonHas ¢pyHkus (1.31).

Ilpumeuanue. Dopmyne (1.46) coomeemcmseyem cnexmpanvbHas

niomuocms, nonyuennas 6 npumepe 1.1, eciu npunsmo aa=11T 4.
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Ha pucynke 1.5 (B) u (r) mpuBeAEHBI TPUMEPHI CIIEKTPATIbHBIX IIJIOT-
HOCTEW U KOPPEJSIIMOHHBIX (DYHKIMI CIy4alHBIX MPOLIECCOB Pa3ITUIHOMN
CTPYKTYphl. O4eBUAHO, UTO, YeM IIUPE rpadUK CIEKTPATbHOU MIIOTHOCTH,
TEeM YK€ rpaduk COOTBETCTBYIOLICH KOPPEISIIIUOHHON (PYHKIIMU. DTO CO-
OTBETCTBYET (DU3UUECKON CYIIHOCTH Tpoiiecca (ueM 0oJiee BHICOKHE Yac-
TOTBI MPEACTABICHBI B CIEKTPAIIBHOUN MJIOTHOCTH, TEM BBIIIIE CTETIEHb €T0
u3MeHYMBOCTH). CrnekTpalibHasi IUIOTHOCTh OEJIOro IIymMa CUMUTACTCS IO-
CTOSIHHOM BO BCEM Juama3oHe 4acToT (cM. pucyHok 1.5 (x)).

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

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

[TOoCTOSHCTBO CHEKTPAIBHOM MJIOTHOCTH OEJIOro IymMa BO BCEM Jua-
Ma3oHe 4acToT (popMajIbHO O3HAYAET, UTO €Tr0 PHEPTUsl pacipejiesieHa 1o
BCEMY CIEKTPY PaBHOMEPHO, a CyMMapHasi dHEpTHs Ipoliecca paBHa Oec-
KOHEUYHOCTH. DTO YKa3bIBAaET HA HEBO3MOMNCHOCHb (PUIUYECKOU peanu3a-

yuu 6eno2o wyma.

Hpumelmuue. Ecnu CNEeEKMpAbHYO NJIOMHOCNIb CUcHAld MONACHO
cyumams NOCMOSAHHOU 8 00CMAMOYHO WUPOKOM 4aACmMONIHOM duanas’one,
a epaHuysbl o9moco ouanazoHa Haxo0smcs 6He NoJocbl Yacmom nponycka-
HUA cucmemsl, mo uéeaﬂu3auu}z maKoeo cucHaia 6 euoe 0en020 wyma

6NnoJiHe M@ﬂ@COO6pClS’HCl.

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

HOU KoppensiuuoHHON ¢yHKIMU 1o Oypbe

Sxe(j‘w)=+foRXG (T)‘EXP(—j‘w‘T)dT- (1.47)



36

B orianune OT CneKkTpajbHON IUIOTHOCTH Sx(a)) B3aMMHasl CIIEK-
TpajbHas IUIOTHOCTH ch;(j co) JACUCTBUTENBHOW M YETHON (PyHKUUMEH

JaCTOTBI HE SBIISICTCAL.
Ecnu mpouecchl X(t) u G(t) HEKOPPEIUPOBAHHbBIC, a UX CPEJIHHUE
3HAYCHUS PaBHBI HYJIO, TO MX B3aWMHAs CIIEKTpajbHasl TJIOTHOCTh TaKXKe
paBHa HYIIIO.
Ha mpakThke 9acTo HCIHOJB3YIOT HOPMHPOBAHHYIO CHEKTPAIHHYIO
IJIOTHOCTh, UMEIOIIYI0 Pa3MEPHOCTh BPEMEHHU, KOTOpas SBISETCS MPeo0-
pa3oBaHHEM HOPMHUPOBAHHOUN KOPPEIAITHOHHON (yHKINHU 110 Dyphe

Bx =SX—(0))’ Bxc (0))=SL(@) (1.48)

Dy JDx -Dg

CrexTpalbHyI0 MJIOTHOCTh MOKHO HCIIOJb30BATHCS [IJIsI BBISIBICHUS
MOJIE3HOTO MEPUOUYECKOr0 CUTHaia Ha (oHe ciyyaiiHou momexu. [Ipu-
CYTCTBHUE MEPUOAUIECKON COCTABIISIIONIEH 0OHAPYKUBACTCS MO BCIJIECKAM
Ha TpaKe CIEKTPAIBHON TUIOTHOCTH (CM. PUCYHOK 1.7).

Sx (@)

- 0 0]

Pucynok 1.7 — ®@unbTpanusi MOJE3HOTO MEPUOJUUYECKOTO CUTHANIA C
IIOMOIIBIO €TO CIEKTPATBHOMN INIOTHOCTH

1.4 JKCNEPUMEHTAJIbHOE  ONpeJeiecHHe  CTATHCTHYECKHUX
XapPaKTEePUCTHK

BKCHepI/IMeHTaJIBHble MCTOJAbI ONPCACIICHUA CTATUCTHUYCCKHX XapaK-
TCPUCTHUK OCHOBAHLI HA TOM, YTO IIPpHU JOCTATOYHO OOJIBIIIOM YHCJIE UCIIBI-
TaHUU BCPOATHOCTD COOBITHS MOJKHO 3aMEHHUTH €ro OTHOCHUTEIILHOM dac-
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TOTOW, & MATEMAaTHYECKOE OXXUJAHUE CIyYaWHBIX BEIUYUH — UX CPEIHUM
apupmeTnyeckuM. CTaTUCTUUECKUE XapaKTEPUCTUKH, MTOJTYyUYCHHBIE MMyTEM
00pabOTKH Pe3yJIbTaTOB TAKOI'O AKCIIEPUMEHTA, HA3BIBAIOT OUEHKAMU WC-
THUHHBIX CTATUCTUYECKUX XAPAKTEPUCTHK.

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

N

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

ka. Torma ommoOka B onpenencHun &£ onpenenurcs, kak £ =& —&. Tak kak

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

OXHNIAaHUC U NTHUCIICPCHUIO OIIIMOKH

M[e]=Mm[£] ¢, Dle]=D[¢] (1.49)

Ilpumeuanue. Hcrxomasn xapakmepucmuxa & sensemcs nHeuzsecmHotl,

HO He CIIYYaUHOU, NOIMOMY I\/I[f] =& u D[.f] =0.

Ecimu matemaTuueckoe OXHUIOaHUC OILIMOKH € PaBHO HYJIIO, TO OLICHKY

f Ha3bIBAIOT HecMewjeHHou. B TPOTUBHOM cilydae OHa CUUTAETCs cMe-
U/eHHOU OIICHKOM.

[IycTh umeeTcsi BRIOOpKA IKCIEPUMEHTANBHBIX JTaHHBIX, MOTY4YEHHAs
nyTeM HaOJIIOICHUS 3a CIy4ailHOM BEJIMUMHON X C MATEMAaTUYECKUM OXKHU-
naHnemM My u aucnepcuent D . J[aHHbIE mONy4YeHbI B N HE3aBUCUMBIX HC-
NBITAHUAX, IPOBOJAUMBIX B OJIMHAKOBBIX YCIIOBUSX.

Hcnonb3yst 4aCTOTHBIA TMOAXOJ, aHAJIOr (PYHKUMU pacupeaeseHus

CIy4yallHOM BETMYMHBI X MOKHO HalTH 10 opmylie
. ué) 1
£@)-% L 50
i=1 N

e ,u(f) — YHCJIO 3JICMEHTOB B BBIOOPKE, JUISI KOTOPHIX X < &



38

Hpumeuanue. /[na X > X pmax 3HAUEHUE IfX (f) pasuo 1. Eciu N — +o,
mo F, (&) F, ().

AHJIOT IUVIOTHOCTH BEPOSITHOCTH CIYYalHOW BEIWYUHBI X MOMKET
OBITH HaiiieH 1o popMmyie

)
ﬁx(§)=7§ - (151)

rac 77(5 ) — YHUCJIO JJICMCHTOB B BI>I60pK€, AJIA KOTOPBIX BBIIIOJHACTCA yC-

A4 A
nosue & — 2 <X; <&+ PR [IIupuny unTepBana A HaXOIAT, KaK

A = Zmax ~ min , (1.52)

rae K — urcino uHTepBaioB (KBAHTOB), HA KOTOPOE pa3OHMBacTCs 00JIacTh
3HAYEHUU X, OIPEAEIIEMOE 10 OLIEHOYHOU Popmylie

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

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

1 n
M, ==Y X. (1.54)
n =1
Ommbka o1eHK: M, paBHA
A 1 n
g=mx—mx=ﬁ-2xi—mx. (1.55)
i=1

XapaKTepUCTUKU OIITUOKU

n n D
mg=M[%-in—mx]=O, D8=D[E-in—mx]= ~,  (1.56)
i=1
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MOKA3bIBAIOT, UTO CpeAHEe apu(PMETHUUYECKOE peanu3aiuii X sBISIETCS He-
CMEUICHHOM OLIEHKOM €€ MaTreMaTUYE€CKOTO OXHUAAHWUSA, a JUCIEPCHUS
OIIMOKHU 3TON OLIEHKU HEOTPAHUUEHHO YOBIBAET C POCTOM N.

OrieHKa qUCIEPCUH MOKET OBITh HalijieHa 1o hopmyIie

5 =t

x =1 1(Xi _mx)z_ (1.57)
|

I M=

Ilpumeuanue. Ha npaxmuxe 011 ouenxu oucnepcuu o6viéaem y00OHO

ucnoJjibzoeanmv COOmHouterue

=N tsxom?|. (1.58)
OHCHKa [SX ABJIACTCA HeCMeLL[eHHOfI OHeHKOﬁ JUCIICPCHUH IIPH JIF000OM

pacIpeneICHUH CIIyYanHOW BEJIUYHUHBI X.
CraTtucTnyecKkue XapakTepUCTHKHA HEIProAu4ecKoro Cjay4aiHoro
npoiecca X(t) MOTYT OBbITh HAWIEHBI MO MHOECTBY €ro peaau3aluii

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

Hutj, roej=1, .., 0.

Ipumeuanue. Momenmor épemenu tj yerecoobpasno evioupams pas-
Hoomcmosawumu. Ilepuoo nabarodenull yenecoobpasHo 6vlOUPamv U3 yc-

J108Us1 YO08IemEOPUMENbHO20 80CNPOU3BE0eHUS peanuzayuil X; (t) no 9Kc-

nepumermalbHblM mo4Kam.

OueHKr MaTEMAaTUYECKOTO OKUAAHUS, TUCTIEPCUN U KOPPETALIUOHHON

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

mt)== 2 xi(t,) (1.59)

B lt)= = 2l (6)-m & )F (1.60)
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Ry (tj ’tk)= 'i[xi(tj)_mX(tj)]'[Xi(tk)_rﬁx(tk)]’ (1.61)

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

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

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

n—

n
st(t,.,tk)=L.[£zxi(tj)z_mx(tj).mx(tk)]. (163)
n-— n =1

CraTucTnyecKkue XapakKTePUCTHKH 3ProauveckKoro CJay4ailHoro
npouecca X(t) MOTYT OBITh HaWJICHBI TIO €T0 €AMHCTBEHHOW pealn3aiiiu
X(t), HAOJII0JaeMOM B TE€UEHUE JOCTATOYHO JIUTEIBHOTO MOJ0XKUTEIbHO-
ro MPOMEXyTKa BpeMeHH [. J[Jid OIEHKH MaTeMaTUYE€CKOTO OXKUJIaHUS
(cpenHero Mo BpeMEHH) W KOPPESIMOHHON (PYHKIIMU MOKHO HCIOJIb30-
Bath hopmyibl (1.19) u (1.28), npencraBieHHbIC B BUIE

1T
My =—- [ x(t)dt, (1.64)
TG
N T—¢
R@)=7 - [O-md Do)k es)

Ilpumeuanue. Ymenvuienue 6 (1.65) unmepsana T na eeruuuny T
00vACHACICA MeM, YO 3HAYEHUs X(t + 1') U36eCmHbl MOJLKO 00 MOMEH-

ma epemenu t =T —7.

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

A, TEM TOYHCC OLICHKA CTATUCTHYCCKUX XAPAKTCPUCTHK.
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x(t)
x(t;) Xl )
O AI 1T 1T 1T T T T 1 1T 1T 1T 1 1T 1T T 1 t
>
’ T-7,=(n-j)- 4 Jzi=i4]
< T=n-4 >
Pucynox 1.8 — Omnpenenenue KOppeasiiuOHHONW (YHKIUM 10

OKCIICPUMCHTAJIbHBIM JTdHHBIM

[Tapamerpam t 1 7 IPUIAOTCS AUCKPETHBIE 3HAYEHHUS

ti=i'A, |=1,2,
(1.66)
Tj=j‘A, J=0,l,

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

: _zn;x(ti ), (1.67)

fex(r,-)=fex(""‘] V2 LRI LN
= Z[x(t )—mx]-[x(ti +rj)—rﬁx].

n—J i=1

(1.68)

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

HMucnepcuto D x moxHo otienuTs o (1.68) npu 7= 0.



42
BOITPOCHI JJI1 CAMOKOHTPOJIA

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

2. Kakue ciaydaitHble MpoIecchl CUUTAIOTCS MAPKOBCKUMM, dPTOJIU-
YECKUMHU, CTAIIMOHAPHBIMU, ICHTPUPOBAHHBIMHU ?

3.  Uto moka3bIBalOT PYHKIIMS pacHpeaeeHUs U IIIOTHOCTb BEPOST-
HocTu? Kakue 0OCHOBHBIE BUJIBI PACTIPEICICHUN CYIIIECTBYIOT?

4. Yro xapakTepusyeT CpellHee MO MHOXKECTBY, CpEHEE 0 Bpeme-
HU, JUCIEPCUS U CPEIHEKBAAPATUYECKOE OTKIOHEHUE CIIYyYallHOIro MpO-
necca?

5. Urto xapakTepusyeT KoppeasiuoHHas QYHKIHS CIIy4alHOTO Mpo-
necca? KakoB ee usuueckuit cmbica? KakoBbl cBOCTBa KOPPEISIIMOH-
HBbIX QYHKIUNA?

6. Uro xapaktepusyeT B3aMMHasi KOppEISIUOHHAs (YHKIUSA IBYX
ClIydalHbIX mporeccoB? KakoBbl CBONCTBAa B3aWMHBIX KOPPEISIIMOHHBIX
byukiuii? Kakue ciiydaliHple MPOIECChl CUUTAIOTCS KOPPETUPOBAHHBIMU,
HEKOPPEIUPOBAHHBIMU, CTAIIMOHAPHO-CBI3aAHHBIMH ?

/. Kak MOXHO WUCHOJB30BaTh KOPPEIAIHMOHHYIO (DYHKIMIO s
(bunpTpanuu MOJE3HOro curuana’?

8. Uto xapakTepusyeT CIeKTpaibHasl IMJIOTHOCTh CIy4allHOTO Mpo-
necca? KakoB ee gusnueckuit cmpici? KakoBbl CBONCTBA CHEKTPATBbHBIX
IJIOTHOCTEMN ?

9. Uto xapakTepuzyeT B3aMMHas CIEKTpajibHas IIJIOTHOCTh JIBYX
CJIy4alHBIX MMPOLECCOB?

10. Kak M0HO HMCMOJIb30BaTh CIEKTPAIBbHYIO MNIOTHOCTH JIsl (PUIIHT-
paluu MoJe3HOr0 CUTHAJIA?

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

12. Kak ompenenuTh CTaTUCTUYECKUE XapaKTEPUCTUKH CIIy4aitHOTO

poiiecca KCIEePUMEHTAIBHO?
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SAJAYMH JJIA CAMOCTOATEJBHOI'O PEHIEHUA

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

CTOSIHHYIO CHEKTPAJIbHYIO TUIOTHOCTh Sy (a)) = N B JMamna3oHe 4acTOT OT

—@1 10 + @, ONPEIeTUTh MAaTEMAaTHIECKOE OXKUJAHWE, JUCTIEPCUIO U KOP-
PENSIUOHHYIO (PYHKIIHIO.

1.2. KoppensitinonHast pyHKIMsI CTAllMOHAPHOTO CIIy4alHOTO Mpoliec-
ca X(t), MMEIOIIEr0 MaTeMaTUYECKOE OKUIAaHUE My =5, paBHa

Ry (r)=Dy -exp(- - [z[)+ mZ% =100 exp(-5- |z[)+ 25.
OHpCI[@J’IHTB CIICKTPAJIbHYIO INTIOTHOCTDb 3TOI'O IIpouecca.

1.3. KoppensitiuonHasi GpyHKIMS CTAllMOHAPHOTO CIy4aHOI'O Mpolec-
ca X(t), MMEIOLLEr0 MaTeMaTUYECKOe OKUJIaHUE My =5, paBHA

Ry (r)= Dy -exp(-a- \r\)-[cos(ﬂ T)+ % -sin(g - r)}

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

1.4. KoppensauuronHas pyHKIHS CIydailHOTO Mmpoiiecca X(t) ABIISICTCSA

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

0, \1‘\>T.

KYCOYHO-HEIPEPBIBHOMN

RX(T)=ﬁ

\

OnpenenuTh CIEKTPAIbHYIO INIOTHOCTH 3TOTO MPoIlecca.

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

9TOI0 Mmmponecca.
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2 AHAJIU3 CUCTEM IIPU CJOYYAUHBIX BO3JIJEUCTBUSX

2.1 IIpeoOpa3oBaHne BXOAHBIX CJOYYalHBIX CUTHAJIOB JIMHEHHOM
CHCTEeMOM

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

naHue Mg (t) U KOPPEJSIMOHHYI0 (pyHKIMIO R (t1 ,tz). Cucrema mpeo0-

pa3yeT €ro B BBIXOJIHOW CIIy4alHBIM MPOIECC X(t), CTaTUCTUYECKHE Xa-
PAKTEPUCTHKU KOTOpOro TpeOyroT onpeneneHusi. COBOKYIHOCTh Mpeodpa-
30BaHUM, KOTOPbIE HEOOXOIUMO BBHITIOJIHUTH HaJ peaiu3aluei G(t), 4TO-

Obl TMOJYYUTb PpPEATU3ALMIO X(t), ONIPENENSACT onepamop Ccucmemvl

Q(t){ } (BEpXHUI MHJIIEKC YKa3bIBAET HA APTYMEHT, 10 KOTOPOMY IpUMeE-

Hsiercss oneparop). [IpeoOpa3zoBaHre BXOAHOTO CIy4allHOTO Mpoliecca ¢

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

MarteMaTudeckoe OXXHUIaHHUE cnyqaﬁHoro Imponecca X(t) HaXOOUTCA

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

my ()= M[eOGE)] = 20{m () 2.2)

KoppensunonHas (QyHKIUsS ciaydalHOTO IIpoliecca X(t) HAaXOJUTCS

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

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

(2.3)
=Q(t1)[2(t2){|\/||:é(t1)- é(tz)i|} =Q(tl)ﬂ(t2){RG (tl ,tz)}-
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Ilpumeuanue. I[lopsook evinonnenus npeobpazosaruil 8 (2.3) He ume-

em 3HAYEeHUA.

Ilpumep 2.1. Onpeoenernue mamemamuieckoco ONCUOAHUS U KOppe-
JISAYUOHHOU (DYHKYUU CYYAUHO20 NPOYECccd HA BblX00e CYMMUPYIOUe20
36ena. byoem cuumamo, umo Ha 6x00 maxozo 36ena nocmynaiom N ciy-

YAUHBIX NPOYECCOos Gi(t), UMEIOWUX MAMEeMAMU4ecKue ONCUOAHUSL
Mg, (t) U KoppensyuonHvle QyHKYuU RGiGj (tl ,tz), eoe i,j=1, ..., n. Ka-
HCOOU  onepayuu  npeodOpPA30eanusi  COOMBEMCMEYem  Onepamop
Qi(t){ }= 1{ } Toz0a nocne cymmuposanus

n

1{mGi (t)}= Zn:mGi ®)

1 i=1

my (t)=

(2.4)

n n n n

Ry (tl ’t2)= 22 1{1{RGiGj (tl 1 )}}= 22 RGiGj (tl :tz)-

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

B uacmuom cuydae, K020a 6X0OHbIe CUSHAIbL ABTSAIOMCS HeKoppeaupo-

6AHHbIMU CﬂyllainblMM npoyeccamu,

Ry (t1.t2)= éRGi (t,.t;). (2.5)

Ilpumep 2.2. Onpedenenue mamemamuiecko2o OXCUOAHUS U KOppe-
JIAAYUOHHOU DYHKYUU CIAYUAUHO20 NPOYeccd HA 8blX00e VCUTUMENbHO20
36eHa. Takoe  36eHO  GvlnOJHAEm — onepayuilo - NpeodpPaA308aHUs]
X(t)= C(t)- G(t) (eoe C(t) — HecnyuauHas QyHKYUs), KOmopou coomeem-
cmeyem onepamop Q(t){ }= C(t)-{ } Tozoa

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

(2.6)
Ry (ts.t;) = clt;)-c(t,)- Rs (ty .t5).
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Ilpumep 2.3. Onpeodenerue mamemamuieckoco OMCUOAHUS U KOppe-
JIAYUOHHOU DYHKYUU CAYYALIHO20 Npoyecca Ha 6vixooe oughgepenyupyro-

d
we2o0 36ena. /i1 maxkozo 36eHa onepamop .Q(t){ }= a{ } Tozoa

mx(t)=%me(t),

Ry (t1.15) =

2.7)

dt 1d , RG(tl’tZ)

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

t
36eHa. [ maxozo 36eHa onepamop .Q(t){ }= | { YA. Toz0a
to
t
my (t)= [mg (2)d4,
o (2.8)

Ry (1 1) = R (2, )00

toto

2.2 CTaTHCTHYECKHE XAPAKTEPUCTUKH CIYYANHBIX NMPOLECCOB HA
BbIX0/I€ JIMHEHHON CHCTEeMbI BO BpEMEHHOM 00J1aCTH

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

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

VYcnopue (2.9) onpenenser, 4To peakius CUCTEMbl HE MOXKET HacCTy-
IIATH PaHBIIIC MOMEHTA MOCTYIJICHHS BXOJHOTO CHTHAJIA
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Ha BXOJ CHCTEMBI MOAAETCS CIIyYalHBIM IIPOIECC G(t) C MaTeMaTu-

YECKUM 0XKMIAHUEM Mg (t) U KOppEIIMOHHON QyHKIMen R (tl ,tz). On

npeoOpa3yeTcsl B BBIXOAHOM CIIy4alHbIN MpoIece X(t) (cM. pucyHok 2.1),

JUTSI KOTOPOT'O TpeOyeTCsl OMPEIeNIUTh CTATUCTUYECKUE XapaKTEPUCTHUKHU.

G(t) X (t)

mg (t), RG(tl’tZ)) my (), RX(tl’tZ)}

k(t)

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

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

CBs3b MCIKAY pCain3alilusiMU CﬂyqaﬁHBIX npouecCcCoOB Ha BXOJC U BbI-
X0A¢€ CUCTCMbI YCTAHABJINBACTCA HAa OCHOBAHUU q)OpMy.]'II)I CBCPTKHU

x(t)=jk(t-y>-e(u)dﬂ=:ﬁ<<z)-e(t-zm, 2.10)

rae Tu A =1 — u — He3aBUCUMBIE TTapaMeTphl HHTErpupoBanus. Dopmyra
t—tq
(2.10) ompenenseT onepaTop CUCTEMBI .Q(t){ }= j k(/l)-{ }dl. Hcmnons-
0

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

m )= k@) mo (i~ 3

t1—tg to—1p

Ry (ty t2)= I Ik(ﬂ) k(u) Rs (t; = 4,t, — u)dAdy, (2.11)

0. ()= 1 [(0)- () Re - 2.t~ i

Ecmu G(t) — CTAllMOHAPHBIN CIIyYaWHBIA MPOIECC, TO Mg = CONSt, a

R g 3aBUT TOJIBKO OT pa3HOCTU aprymMeHToB t, —t; = 7. Torna
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my (t)=mg -t_gt(i((l)u,

170 2~

Rl )= gﬁ(z)-k(u)-RG(tz-tl+z-u)dmu, (2.12)

t—tg t—t

D, ()= | gi(z)-k(u)-RG(z-y)dzdy.

@opmyiibl (2.12) mMOKa3bIBAIOT, YTO CAYHAUHBIU NPOYECC X(t) Ha 8bl-
X00e yCmou4ueou cmayuoOHaApHOU JUHEUHOU CUCTEMbl 8 NePEXOOHOM pe-
Jrcume 6yoem HeCmayuoHApHbIM, 0axdce eciu C8OUCMBAMU CIMAYUOHAPHO-

cmu o6nadaem éxoonoi cryuaiinwiii npoyecc G(t)

B ycTaHOBUBIIEMCS peXXMME IIPH t g — —oo (1 — +00)
+00
my =mg - [K(A)4 = const,
0

Re(®)= | JK(A)-k()- Rz + 1~ u)iadu, 213)
00

Qo0
Dy = [ [k(2)-k(u)- R (4 — u)dAdu = const.
0 0

®opmyiel (2.13) MOKa3bIBAIOT, UTO CIYYAUHBIU NPOYECC X(t) Ha 8bl-
X00e yCmou4ugou CmayuoOHApHOU JUHEUHOU CUCeEMbl 8 YCMAHOBUBULEMCS
pedrcume 6yoem CmayuoHapHuIM, eCliu C8OUCMBAMU CIMAYUOHAPHOCMU 00-
nadaem 6xoomoii ciyuatinwiii npoyece G(t).

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

YECKOW PeaTn3yeMOCTH CUCTEMBI IPUMET BUJL
k(t,2)=0, ecu t< A. (2.14)

CBs13pb MEXKAY peaau3alusaIMy CIy9alHBIX MPOIECCOB HA BXOJIE U BbI-
X0JI€ CUCTEMBI OIIPEJIEIsEeT COOTHOIIEHHE, aHajoruuHoe (2.10),
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X(t)= }k(t,z)-e(z,)d,i. (2.15)

t
B sTOoM cityuae onepaTrop CUCTEMBI Q(t){ }= ) k(t,A)-{ JdA. Ha ocuosa-
to

Huu npasui (2.2) u (2.3)

mx(t)=jk(t,/1)-me(ﬂ)m,

Ry (t: 1) =  [k(t: 2)-K(t ) R (A )ddd,  (216)

to ty

Dy ()=  [K(ty 4)- k(t . 12)- Re (4. )dAd

toto

Ecou B (2.16) mpunare ty ——0, TO MOXHO IOJIyYUTh COOTBETCT-
Byromue (popMyIbl IS ONMpeeeHNUs CTaTUCTHYECKUX XapaKTEPUCTUK B
YCTAHOBUBILIEMCS PEKUME (€CJIM OH CYIIIECTBYET).

®opmyiibl (2.16) MOKA3bIBAIOT, YTO CAYHAUHBIL NPOYECC X(t) Ha 6bl-
X00e HeCMAayuoOHapHOU JUHEUHOU cucmembl 6ce20a Oyoem HeCcmayuoHap-
HBIM, HE3A8UCUMO OM XapaKkmepa 6X00H020 CIyY4auH020 npoyecca G(t).

Ha ocHOBaHMM BBINICH3I0’)KEHHOTO MOXKHO CJlieJlaTh BBIBOJI, YTO He-
CTaIlMOHAPHOCTH MpOIlecca Ha BBIXOJAE JIMHEHHON CHUCTEMBI OMpeIeIsIeTCs
KaK MUHUMYM OJTHOM M3 TpeX MPHUUYHH:

® HECTAallMOHAPHOCTh BXOJHOTO CIIY4alHOIO IpoIlecca; Toraa s

CTaHHOHapHOﬁ CUCTCMbI B YCTAHOBHUBIICMCS PCIKUMC

+00 +

Rult )= | fk(z)-k(y)- R (t; — A.t, — m)dAdu;

® HECTAIMOHAPHOCTHh PEXHMa pPaOOThI, TOrJa [JIs CTAllMOHAPHOM

CHUCTEMBI U CTAIMOHAPHOTO BXOITHOTO CIIY4aHHOTO Mpolecca

1~ to—tp

Rx(tl,tz)Jg T8 K1) R 1 -t + 2 A
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® HECTAalMOHAPHOCTb CUCTEMBI; TOI A
tit,
Rx (tl ’t2)= ”k(tl J)' k(tz 1.”)‘ Rs (ﬂ.,p)dx%d,u.
to to

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

HblUL npoyecc ¢ eOUHUYHOU Oucnepcuell U KoppersyuoHHOU ¢yuKkyuell

Rs (7)=expl(- 7).

s onpedenenus KoppersyuoHHOU GYHKYUU 8bIXOOHO20 CAYYAUHO20
npoyecca 8 yCmano8USULEMCS pedicume 80Ccnov3yemcs hopmynamu (2.13)

+00 400
Ry (z)= [ [exp(-4)-exp(— 4)-exp(-|z + A — p|)dAd .
0 0
Hucnepcus 6b1X00H020 Cry4alino20 npoyecca 8 nepexoOHOM pexcume
Haxooumcsi no ¢popmynam (2.12). Ipumem ty = 0. Tocoa

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

= i exp(=4)- F exp(— 41)- exp(= |4 - ,u\)d,u}dﬂ.

0

llpu pacueme enympenne2o unmezpana yumem

exp(u—4), p<4,
exp(A—p), u=A.

exp(=|2 - pf)= {

Toeoa

i exp(— p1)- expl=|2 - ) =
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= iexp(— p)-explu—A)dp+ i exp(— u)- exp(4 — u)du =
- exp(- 4)-Jau+exp(a)- fexpl-2- ) -

=1-exp(-=4)- % -exp(1)-[exp(=2-t)—exp(-2- 1)] =
= A -exp(- l)—%-exp(/l ~2. t)+%-exp(— ).

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

Dy (t)= iexp(— 1) [ﬂ -exp(=A4)- % -exp(A—2-t)+ % -exp(- l)}dﬂ =.

1 1
_E_E.exp(_2-t)—t-eXp(—2't).

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

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

G(t)
ne®). Ro(e) | el SO
) ). R6)

@), R G) e

Y

Y

Pucynok 2.2 — Cucrema, HaxoJsmascs I0J BIUSHUEM JBYX
CJIyYalHbBIX BO3JICHCTBUU
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Ilpumep 2.6. Onpedenenue KOpperiyuoOHHOU OYHKUUU CYYAUHO20
npoyecca X(t) Ha 8blX00€ CMAYUOHAPHOU JUHEUHOU CUCMEMbl, HA 6X00
KOMOPOU nooaromcs 08a YEeHMPUPOBAHHBIX CMAYUOHAPHBIX CAVYAUHbBLX
npouecca G(t) u F(t) (cm. pucynok 2.2) ¢ KOppersuuoHHbIMU QYHKYUIMU

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

cosvlie ynryuu K (t) u K (t)

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

BUBULEMCSL pedcuMme Modcem Obimb Hatioena no gopmynam (2.4) u (2.13)
+00 +

R(e)= | g"kGu)-kG(u)-Re(m-ﬂ)dzdw

+00 +00
+ f Ike(ﬂ)'kp(,u)-RGF(T+1—,u)d/’Ld,u+
0 0

+00

+ +(I:O gkp (1) ke (1) Reg (z+ 4 — p)dAdu +
T The (2)- ke (- R e+ - stz

Ecnu exoonvie npoyeccsl cmamucmuvdeckKu Hesaeucumsl, mo
+00 +

R(e)= | :ke(z)-ke(u)- Ro (¢ + 4 - m)dAdu +

+*£°° { ke (4)-ke (1) Re (7 + A — )dAdu.

2.3 CtaTucTHYeCKHEe XapAKTEPUCTHKHU CIAYYAHHBIX MPOIECCOB HA
BBIXO0/I€ JINHEHHON CHCTEMBI B YACTOTHOM 00J1aCTH

[IycTtp mMeeTcss ycToMuMBas CTallMOHApHAas JIMHEWHas CUCTEMA, IS

KOTOPOU M3BECTHA MepeAaTouHast QyHKIUs W(S) KOMILJIEKCHOW MEpEMEH-
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HOW S (cM. pucyHok 2.3). Ha BX0/ cucTeMbl TIoj1aeTes ClIydalHbIN TpoIiecc
G(t) co cnexrpanbhoit mrotHOCTEIO S (@). OH mpeobpasyercs B BHIXO-

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

THUCTHYCCKUC XapPAKTCPUCTHUKHMU.

0 0

me(t). Se(@) | my ©), Sx(@)

Pucynok 2.3 — JIunelinasi cuctema ¢ nepeaToyHoi GpyHKIuen W(S),

W (s)

HAaXOAIIASACS MO/ BIUSHAEM CIIY4aHHOTO BO3JACUCTBUSA

B mo00HBIX yCIOBUSAX BBIXOJHOW CIIy4allHBIN Tpoiiecc Oyner oOa-
JaTh CBOMCTBAMH CTAallMOHAPHOCTU. HanOonpimmii mpakTUYECKU HHTEPEC
IIPEICTABISAET ONPEACICHUE €T0 CTATUCTUYECKUX XAPAKTEPUCTUK 8 YyCcma-
HOBUBULEMCS PeHCUME.

MaremaTu4yeckoe OXUIAHUE X(t) B YCTAaHOBUBIIEMCS PEXUME MO-

KeT OBITh HaIeHO 0 hopMmyIie
my ®)= [k(2)-mg (t-A)A. (2.17)
0

Paznoxxum Mg (t — /’L) B psn Teitnopa

w . o mDE)
mg(t-4)= X2 (-1)" - mGil(t)-z' . (2.18)
i=0 .
Torna

mc(si)(t)_lidl _
i!

my ()= | k() S(-1) -
0 =0 (2.19)

-5 "0 Cy Ty 2o

i=0
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BecoBas u nepenaTouHast QyHKIIUH CUCTEMBI CBSA3aHbI COOTHOIIICHUEM
+00
W(s)= [k(2)-exp(~s-A)A. (2.20)
0
Huddepenmupys (2.20) 1o S Hy»KHOE YUCIIO pa3, ONPEASTUM

2W (s)= -+f° k(1)- 1 -exp(-s-A)A,

aazzw(s) jk(/l) A2 -exples- YA, 021
WOE)=(-1)"- [k(3)- &' -expl-s- 22
[purimvas B (2.21) § = 0, momydnm
w®(0)=(-1)" - T k(1) A'dA. (2.22)
Ioncrasus (2.22) B (2.19), naiizem
(=3 & me (t) w0 0-=-3 g m() o w(s) . (2.23)

! Bs! o

Ilpumeuanue. Dopmynoii (2.23) M0I*CHO NOIL308AMbCA KAK OJIsl CMA-

UUOHAPHOCO, MAK U ot HecmayuoHapHo2co 8X00H020 CﬂyqaleOZO npoyec-

ca. Heobxooumo, umoobul ¢hynxyus Mg (t —/1) packaaoviganacs 6 pso Teii-

J10pa, CXO0AWUNCA NpU 8cCeX 3HAYEHUAX apeyMeHma, a nepeoamoyHdsl

@pynryus W (S) oupgepenyuposanace mpebyemoe yucio pas.

dopmyna (2.23) onpeaensieT CICAYIOMNN ONepaTop CUCTEMBI

(0) d {} (2.24)

v{)=5 W 0.&
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CnekTpalibHasl INIOTHOCTh CIY4YallHOI'O IIpolecca X(t) MOKET OBITh
ompejiesieHa MO €ro KOppeasilMOHHON (PYHKIMM ¢ UCIHOJb30BaHueM Gop-
myJibl (1.42). YuuteiBas (2.13), MOXKHO 3ammucaTth

sx(w){[‘jax(r)-exp(-j-m)du

+00 +00 +00

=_L£ gk(ﬂ)-k(,u)-RG(z'+/1—,u)-eXp(—j-a)-z')d/’idpdr=
T T e k) R4 )l 0o+ 2- )

xexp(j-@-A)-exp(- j-@- p)dAdudr =

-{ i@ exo(i-0- o} T o0t -0k

0

x{tj:RG(r+l—y)-exp[—j-a)-(r+/1—/1)]dr}.

(2.25)
BBenem o603HaueHMs
W i-@)= [k@)-exli-@- )2
W(j- )= f k() exp(= - @- pu)du, (2.26)
Se(@)= R (e + 2= w)-0xpl- J-0-(r + 2~ e
Torna
S (@) =W(- j-0)-W(j-0)- S (@)= oom

=W(j-0)" - 5o (@)= A*(@)- So ().

2
rae A (a)) — aMIUIUTYTHO-4YaCTOTHASl XapaKTEPUCTUKA CUCTEMBI.
Koppensuronayro (GyHKIIMIO CIIy4alWHOTO Mpoliecca Ha BBIXOJE CHC-
TEMbI MOYKHO HaiTH 110 opmyiie (1.44) ¢ yuetom (2.27)
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Ry (T)— o ISx (@)-exp(j-@-7)do =
(2.28)

400

= wv(J o) 56 (0)-ox(j-0-Ko,

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

1 @
Dy =Ry (0)=-——- ISx(w)d0)=
2.7

(2.29)
1 @ 5 1+ 5
= - W(i-0)" - Sg(@da==- [ W(j-0) - Ss(0)da.
2% % T 0
Ilpumeuanue. Pacuem oucnepcuu 8b1Xx00H020 CAYHAUHO20 NPOYecca 8
VCMAHOBUBUIEMCSL pedCUMe Yepe3 CHeKMPAIbHYI0 NIOMHOCHb CUCHeMbl
no gopmyne (2.29) 3nauumenvHo npowje, 4em aHAI02UYHOE OnpeodeeHue
9MOo20 dHce napamempa uepe3 KOppelayuoHHYIO QYHKYUo cucmemvl HO
Gopmyne (2.13). Kpome moeco, 6 smom cayuae oucnepcus (Kak u CHek-
MPpanbHAsk NIOMHOCMb) MOdcem Oblmb NPeOCmasieHa Kak QYHKYUs napa-
Mempog8 cucmemul (UMNYIbCHASL NePEXOOHAST XapaKkmepucmura, Kaxk npa-
BUJI0, IBHO Yepe3 Napamempul CUCMEMbL He 8blpANCAemcsl).

Eciu W(j a)) nSg (a)) SBIITFOTCS. TPOOHO-pAIIMOHATBHBIMA (DYHK-

IIUSMH @, TO 3a7a4a onpeeyieHus aucnepenu mo popmyne (2.29) croant-

Cs K BBIYHUCJICHUIO CTAHAAPTHBIX MHTCT'PAJIOB B 1A

1 B (J a))
J. = 2.30
r A Ge) AT e (2:30)
rae nomuromel A, (j- @) u B, (] - @) pasusi
Ai-@)=2;-(j-0)" +a,-(j- @) +..+a,,
(2.31)

By(i-@)=by-(j- @)™ +b,-(j-0)""" + .40
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ITosimaom B, (j a)) COIEPKUT TOJBKO YETHBIE CTEIIEHU MHUMOM 4Yac-
TOTBL. [[JIs1 yCTOWYMBOM CHUCTEMBI ITOJIUHOM An(j a)) MIMEET BCE KOPHHU,
PacroIOKCHHBIC B JIEBOM MOJIYIUIOCKOCTH |-@. MHTerpan (2.30) npwu

J1000M N BeIYUCTsAETCS 110 (hopMyJie

_(_1)n+1 _Un
T 2-a, A,

J

, (2.32)

n

rae A, — crapmuii onpeaenuress ['ypBula, cocTaBieHHbI U3 K03 Puiu-

€HTOB IOJIMHOMA An(j co) U, — onpeaenurens 4, B KOTOPOM TepBas

CTpOKa 3aMeHeHa K03 (prLreHTaMy IoMHoOMa B (j ' a))

a, a4z 4asg by b; b
Ag dp; ady Qg dp; ady
4,=/10 a; aj , U, =0 a; aj (2.33)

an

an

Tabnuia 3HaYeHU CTaHJIAPTHBIX MHTErpaioB J, IMpHBEJICHA B MPHU-
J0KeHuu A.

Ilpumep 2.7. Onpedenenue cmamucmuueckux Xapaxmepucmuk CJy-
YariHo20 Npoyecca Ha BvlX00e CUcCmembl C NnepeoamouHol @yHKyuel

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

naomnocmvio Sg (@) = 1/ (1 +o° )

CnekmpanbHas NIOMHOCMb CAYYAUHO20 NPoYyecca Ha 8bixooe cucme-

Mbl HAX00umcsi no ypaeteruio (2.27)
2
(j -a))2 +1 ‘ 1
(j-a))2+(j-a))+l‘ 1+ w”

Sy (@)=W(j -a)){2 .S (@)=
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‘ 2

=‘ (j-a))2+1 . 1 _
(-0l +(-0)+1 [1+(j-0)
(j-o) +1 i

=‘(J-w)3+2-(1-w)2+2-(J-w)+1
_ (12‘“’2)2 .
(1—2-0)2) +a)-(2—a)2)

Hucnepcus cnyuatinoeo npoyecca Ha vlxooe cucmemvl 8 YCMAaHOBUE-
uemMcs pexcume Haxooumces no ypastenuro (2.29)

D. = 17 (j-o)° +1 ‘Zdw_
T 2.x _oo(j-a))3+2-(j-a))2+2-(j-w)+l‘
_ 1o (ire) +1 i
2. '

o _w‘(j-w)3+2_(j_w)2+2.(j.a))+1‘2

B oannom cnyuae n = 3. Koaghguyuenmor nonunomos A3(j a)) u

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

A3 = a.o 8.2 0

1 2 0]=3,

0 a; az] 0 2 1

by b, O] |1 0 0
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3Hauenue oucnepcuu 8 YCMAHOBUBUEMCS pedcuMe HAXOOUMCS No
Gopmyne (2.32)

7 2.4y 43 2-13

1
5

HNuterpan (2.29) MmoxeT ObITh ONPEACIICH YUCICHHO O MPUOIUKEH-

HOM hopMyIie

1 @
Dy z—-_[SX(a))da), (2.34)
T 0
i€ 4aCTOTa @ BBIOHpAETCS Tak, YTOOBI B AMANa30HE [O ,E)] cocpeoTayu-
Bajach OCHOBHAS 4acTh MomHOCTH curHaia (10 90%). Cxema 4iCICHHOTO

OTpee/ICHUs TUCTIEPCUU TTI0Ka3aHa Ha pucyHke 2.4.

Sx(@)

0 a w

Pucynok 2.4 — YuciaeHHoe onpeeicHue TUCTICPCUU

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

C B3aMMHBIMH CIICKTPAJIbHBIMU IINIOTHOCTSAMU SGiGj (J . 0)), TO CIICKTpPAJIb-

Hasd INIOTHOCTH BBIXOAHOTO IIpOoHECCa MOKCT OBITH onpcaciicHa 1o 1npuH-

LAY CyNEPIIO3ULIUU
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Sx(@)=3 3 We (i -0)Ws (j-0)-Sec (i-@).  (235)

i=1j=1

Ecnu BXOJHBIE ClTy4allHbIE MPOLECCHI CTATUCTUYECKH HE3ABUCHMBI, TO
BbIpaxkeHue (2.34) npumer BUA

Sy (@)= g We (j-@) - S, (@). (2.36)

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

mounvte gyrryuu W (s) u We (s)

Y

St) o)

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

W (s)

Y

Pucynok 2.5 — Cucrema, Haxoidmascs IOA BIUSHHEM JIBYX
CJIyYalHbBIX BO3JICHCTBUU

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

Sy (@)= W (j-@)” - Se(@)+Wq (- j-@)-We (j-@)- See (j- @)+

"'We(j 'w)'WF (_ ] 0)) Ske (j ‘w)""WF(j -wlz ' SF(w)'
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Ecnu exoonwvie npoyeccosl cmamucmudecKku Hesasucumvl, mo

Sx(w)=‘WG(J- ‘0))2 - S (a’)""WF (i ‘0))2 - Se (o).

2.4 AHAJIM3 TOYHOCTH CUCTEM NMPH CJIYyYalHbIX BO3€eiiCTBUSIX

[IycTte mmeeTcsa JMHEWHAs 3aMKHyTas CUCTEMA, Ha BXOJbI KOTOPOM
MOJAETCS MOJIE3HBIN CUTHAI G(t) U oMexa F(t), IIPUJIOKEHHAs B IIPOU3-

BOJILHOU 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, Haxoasmiascs 1Moj BIUSHUEM JABYX CIIydai-
HBIX BO3IEUCTBUU

B oOmem ciydae BO3ACHCTBHS Ha CHUCTEMY IIPEICTABISIOT COOOM
IIPOU3BOJIFHO M3MEHSIONINECS BO BPEMEHH PETryJISIPHBIC CHTHANIBI, Ha KO-
TOPBIC HAOKECHBI IICHTPUPOBAHHBIC CITYYalHBIC MPOIIECCHI

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

rae Mg (t), me (t) — DKBMBAJICHTHLIE PErYJISPHBIE COCTABIIAIOIIUE MTOJIE3-

(2.37)

HOI'O CHUT'HAJIa U IIOMCXH, BKIIOYAIOIIIHEC B celst kax 0007’7’26617’1077’26‘)/}01/{4141/7
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DEYNAPHBIL CUCHAL, MAK U MAMeMamuieckoe OXCUOaHUe COOmeemcn-
gyroue20 Cayuauno2o npoyecca.

JTr00y10 UCKOMYIO KOOPJMHATY CUCTEMbI MOXXHO MPEJACTABUThH B BUJC
JIByX COCTAaBJIAIOIIMX: JKBUBAJCHTHOW PETYISPHOU U LEHTPUPOBAHHOU
cinydaitHoil. Torga ommOKka CHUCTEMBbI, XapakTepu3ylollas €€ JUHaMHu4de-
CKYIO TOUHOCTh, MOXKET OBITh OIIPE/IeIeHa, KakK

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

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

PerynsipHyto coCTaBIISIOIIY0 OLIMOKH Mg (t) MOKHO PacCMaTpHUBaTh

KaK PeaKIHio CHCTEMbI Ha PEryIIspHbIE BHELIHHUE BO3ACHCTBHS
meg ()= mg (t)+ mg (t). (2.39)
B u306pakenusx mo Jlamacy
Me(s)=Mg (s)+ ME (s)=
=Wee (s) Mg (8)+Wee (s)- Mg (s),

rne Wge (S) u W (S) — TmepenaToyHbie GYHKIUHA 3aMKHYTON CHUCTEMBI

(2.40)

10 KaHaJIaM «ITOJIC3HBINA CUTHAJI — OIINOKa» M «IIOMEXa — OIINOKa.

Ipumeuanue. CmpykmypHas cxema munogou 3aMKHYMOU CUCTEMbl

F(t)

0@ A [ma}

Ecnu Wl(p)= 1, mo moowcno cuumams, umo nomexa nooaemcs Ha

umeem 8uo

6x00 pasomnymoii cucmemvt, a eciu W, (p) =1 na ee eb1x00.
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Ilepeoamounvle yHKYUU NO KAHALAM «NOJIE3HbIU CUSHATL — OUUOKAY
U «nomexa — ouuoKa» Haxo0samces no Gopmynam

1
WGE(p)=1+W1(p)'W2(p)’ (2.41)
Wee ()= 1 ()

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

[Ipu MeaIeHHO M3MEHSIOIMUXCS BXOAHBIX BO3JICUCTBUSAX PETYISIPHYIO
COCTABJIAIONIYI0 OIIMOKH OOBIYHO OMPEACISIOT MemoooM Kodpguyuen-
Mo ouuoOOoK.

Benmnuuny cocTaBisroien mg(t) MOYKHO HAWTH IO COOTHOIIEHHMIO,

aHaJIornaHOMYy (2.23)

+00 (I) . +00 .
me()- 5 Y= n00)-§ .m0
o = (2.42)
ce =1 . D we(s)] ,i=12..

il |
oS 0

re CiG — KO3(PUIMEHTHI OIMOOK CUCTEMBI 10 KaHATy «IOJE3HBIN CHT-

HaJl — ommOKay. OnpenenuTh UX MOKHO 0€3 BBIIIOJIHEHUS onepanuil 1ud-

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

1 i—1 . _
1=0 s=0

(2.43)

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

Ecnu perynsipHbie BHEIIHUE BO3JCHCTBUS MOCTOSIHHBI WJIM OTCYTCT-
BYIOT, a ClIydyailHble BO3JICMCTBHUS MPEACTaBISIOT COOOM CTallMOHApHBIC
CIydyailHbI€ TPOIECCHI, TO OIIMOKAa OYJEeT CTAllMOHAPHBIM CIyYailHBIM
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npoucccoM, MATCMATHYCCKOC OXHUIAAHHUC KOTOPOI'o OINPCACIACTCA YCPC3
YPaBHCHHUC CTATHUKHU CUCTCMbI

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

[{eHTpupOBaHHYIO CIyYaliHYIO COCTABIISIIOILYIO OIIMOKHU E(t) MOKHO
paccMaTpuBaTh KaK PEaKUUI0 CUCTEMbl Ha LEHTPUPOBAHHBIE CIy4YailHbIE
COCTABJIAIOIIME MOJIE3HOIO CUTHAJa W MOMEXH M ONPEAENSATh €€ 4Yepe3
KOppesiiMoHHble pyHKIUMN Rg (2') u R (z') WUJIM 4Yepe3 CIEeKTpajbHbIC
IUIOTHOCTH Sg (a)) U SF(a)) (ecau BXOJHBIE BO3JICUCTBUSI KOPPEIUPO-
BaHHBI, TO JOJKHBI 33JaBaThCsl UX B3aUMHas KOPPEJSIIIUOHHAS (yHKIIHUS
WIA MX B3aMMHas CICKTpajbHas IJIOTHOCTB). 10 3TMM JaHHBIM HAXOMST
KOPPEJISIIIMOHHYIO (PYHKIHUIO WIHA CHEKTPAIbHYIO IJIOTHOCTH OIIMOKHU, a
3aT€M — JUCIIEPCUIO OIITUOKH.

B mpakTthueckux pacuerax 4aile BCEro HCHOJIb3YIOT CIEKTPaIbHYIO
IJIOTHOCTh, PACCUUTHIBAEMYIO IO (hOpMYJIe

Se(@)=Wee(j-@)° - S (@) +
+WGE(_ ] 'w)'WFE(j a)) SGE (j -a))+
+WGE(j 'w)'WFE (— j a)) Sk (j ‘0))"'

Wee (j -w]z - Sk (a))

UToObl HAWTH IUCHEPCUIO OUMIMOKU MNP CIIyYalHBIX BO3JICHCTBUSIX,

(2.44)

HCO6XOI[I/IMO BBIYHCJINTb UHTCTPAJI

1t
De =5 [Se (0N (2.45)

Jlucniepcusi OMMMOKK COCTOMUT U3 OTJEIBHBIX COCTABIISIONINX, OMPE/Ie-
JSEMBIX ciiaraeMbimMu (2.44),

De =Dg + DEF + DE® + DE . (2.46)
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Bce cocrapisironye qucnepcuyd MOTYT BBIUMCIIATHCS OTACIBHO. 3aTeM

OHH OOJIDKHBI CYMMHUPOBATLCA.

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

CLYYAUHBIU NPOYecc CO CNeKMPATbHOU NIOMHOCMbIO S (a)) Ha 6x00 pa-

30MKHym01/7 cucmemsl nocmynaem C./'lyllalea}l nomexa co Cl’l@KWlpdﬂbHOlZ

NAOMHOCMbIO SF(a)). Koppenayusa medxncoy exoowvimu npoyeccamu om-

cymemeyem. Brewmnue so3oeticmeus ne codepafcam PESVIAIPpHbIX cocmaeé-

JAAIOWUX. CmpykmypHafl cxema cucmemul umeem 6uo

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

2‘ DG ‘TG
1+TG2 0%

Se (w)=N.

W)= Selo)=

llepeoamounsie pyHKYUU 3aMKHYMOU CUCMEMbl O OUUOKe

1 T-s%+s
W = =
o (¢) 1+4W(s) T-s?2+s+K'
W (s K
Wee (s)= O

1+W(s) T-s®+s+K

CnekmpanvHas n1omHoCmMb OUUOKU PaBHA

Dl T (j-0) +(j- ) ‘2_ Ca)e
O ey s Gaek 0
+ K ‘2- @
T (j a))2+(j a))+ K‘ SF( )
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COCmCZBJl}lIOWa}l Oucnepcuu 0WM6KM, 06yCJZO6’Jl€HHaﬂ NOJIESHbIM CUc-

HAJIOM, HAX0OUMCS U3 BblPAIICEHUA

1 * T-(j-o)+(j- 2-Dg - T
pg = LT lia)+(ie) |1 2D To g,
2.1 _wT-(J-a)) +(J-a))+K 1+T5 o
_ 17T e) + (i) 2:Dg-Te . _
2.7 oT-(j-o) +(j-@)+K 1+ 75 -(j- @)
0 2- .- 4— -- 2
_2.DG.TG.2.L.+I T (J a)) (J w) o=
FoolT T (i-0) +(T+T6)-(j- @) +
+(1+K-Tg) (jro)+ K
=2-Dg - Tg - J5.

B oannom cayuae n = 3. Koaghpuyuenmor nonunomos A3(j (o) u
B;(j - @) pasuwi
ao =T‘TG, a1=T+TG, a2 =1+K‘TG, a3=K,
bo =T2, bl =_1, b2 =O
Tozoa

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

Cocmasnarowas oucnepcuu owubKY, 00YCl08IEeHHASI NOJIe3HbIM CJL)-

YAUHBIM npoyeccom, pasHa

D¢ =2.D. .T~-J.=D. -
= T T KT 4T,

Cocmasnaowas oucnepcuu ouuodOKy, 00yClo6IeHHAs NOMEXOL, HAXO-

oumcs us 6bIPAINCEHUA
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T K ‘2
Df = :
o TG+ Grae
K2.N * 1
= [

27 ot (o) +(j- o)+ K[

- Ndw =

do=K?.N-J,.

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

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

Tozcoa

1
J,=——
27 2.K

Cocmasnawowas oucnepcuu ouuoKu, 00yC1061eHHAsI NOMEXOU, PABHA

K-N
DE:KZ.N.J2=T.

Pesynemupyrowee snauenue oucnepcuu.

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

DE=DG

2.5 ®opmupyonue GUIbTPbI

@®opmupyroimiuM (GUIBTPOM HA3BIBAIOT JUHAMHYECKYIO CHCTEMY,
KOTOpas IPH BXOJHOM CHUTHAJIC G(t) B BHJIc O€JI0T0 IITyMa MMEET Ha BHI-
XO/JIe CIy4alHBIN TIporiecc X(t) C 3aJJaHHBIMH CTATUCTHYCCKUMH XapaKTe-
pUCTHKaMU (MaTeMaTHYECKUM OXXKHMJIAHHEM, KOPPEISIITUOHHOW (yHKITUEH
WJIU CIIEKTPaIbHOM IJIOTHOCTHIO).
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Hcnonb3oBanue (opmupyromero ¢GuibTpa MO3BOJIET NEPEUTH OT
CHUCTEMBI C TMPOU3BOJILHBIM BXOJIHBIM BO3JCHCTBUEM K OKBUBANIEHMHOU
cucmeme, Ha BXOJI KOTOPOM JIEMCTBYET OCNbIM IIyM. ITO JOCTUTAETCS I10-
CJIeIOBATENIbHBIM COEUHEHUEM (POopMUpyIolero GuibTpa U UcciaeayeMoi
CUCTEMBI (CM. pUCYHOK 2.7).

G(t)

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

PucyHnok 2.7 — Cxema 3KBUBaJICHTHOW CUCTEMBI

Ecnu ciny4anHbie mponeccol G(t) 151 X(t) ABJIIFOTCS CTAllMOHAPHBIMU,
TO YaCTOTHYI XapaKTEPUCTUKY JHUHEWHOro Qopmupyroiero QuibTpa

Y’(j : a)) MO>KHO HAaWTH U3 COOTHOLIECHUS

Sy (@)=#(j-»)* - Sg (). (2.47)

Ecmn Sg (co)= N, 1o

o 30520 500 0 10)

B kauecTBe MCKOMON YaCTOTHOW XapaKTEpPUCTUKU (puibTpa Oepercs
TOT U3 COMHOXUTeNeH (2.48), KOTOPBIM MMEET HYJHU U TOJIIOCH B JIEBOU

MOJTYTUTIOCKOCTH | * @
. y_ Sx(i-®)
?(j-0)=—"2——. 2.49
(j-@)= =5 (2.49)
Ecmu Sy (w) — NpOoOHO-paIMoHajbHas (yHKIUSA, TO YaCTOTHYIO Xa-

PaKTEpPUCTUKY JIMHEHHOTO (opmupytoiiero ¢puibtpa no gopmyie (2.49)
OTIPEICTUTh MOXKHO BCET/Ia.
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Ipumep 2.10. Onpeoenenue wacmomnou xapakmepucmuku Gopmu-
pyiowe2o Gurbmpa 0151 NOIYyYeHUs: CMAYUOHAPHO20 CIYYAIHO20 npoyecca
CO CNeKMpAaIbHOU NIOMHOCMBIO Sy (co)= 2-Dy - Ty /(1+T>% °a)2) us

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

Ilo popmyne (2.48) naiioem

\/Z‘Dx‘TX \/Z‘Dx‘TX
_2-DX-TX 1 N

¥(j-0)° = == . N
) = ot N T LT, (0) 1T (-0)
Omcrooa
N [2:Dy Ty 1 ~ K
() w)_\/ N 14Ty -(j-0) 1+T-(j-»)’

eoe K =\/2- Dy - Ty /N, T =Ty. Ilepeoamounan @ynxyus ¢urompa €

usoopascenusx no Jlannacy

K
1+T-s

W (s)=

OT0equBaOmIuM (PUJIBTPOM HA3BIBAIOT CUCTEMY, KOTOpasi mpeoOpa-
3yeT CIy4YallHbIN Mmpoliecc G(t) CO CIIEKTPAIbHOM IJIOTHOCTBIO Sg (a)) B

OenbIil myM. /{71 cTallMOHApPHBIX IPOLIECCOB G(t) 151 X(t) €ro 4acToTHas

XapaKTepHUCTUKA pABHA

1 JN

20 G a) 5e (- 0)

(2.49)
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BOITPOCHI JJI1 CAMOKOHTPOJIA

1. Kak BeInoyiHsIeTCSI TPe0oOpa30BaAHUE BXOJHBIX CIyYallHBIX CUTHa-
JIOB JIMHEMHOW cucteMor? UTo onpenensier onepaTtop CUCTEMBbI?

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

3. KakoBbI yclioBHSI CTAlMOHAPHOCTH CIYYAWHOTO MPOIIECCa HA BhI-
XO0JI€ TMHEHON CUCTEMBI?

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

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

6. Kak HaxomuTtcs perysspHasi COCTaBIISIONIAS OIMIMOKA CUCTEMBI?

/. Kak Haxonurtcs ciaydaifHas COCTaBIISIONIAs OITUOKU CUCTEMBI?

8. Uro naswiBaeTcs opmupyronmm ¢punstpom? KakoBo ero HazHa-
YyeHue?

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

SAJAYA JIAA CAMOCTOATEJBHOI'O PEHIEHUSA

2.1. Ha BX0J yCWJIMTEIBHOTO 3B€HA MOCTYIAET CIYyYalHBIA MPOIIECC

X(t) C MATEMaTUYECKUM OXUIAHUEM My (t) U KOPPETSLUOHHON (PyHK-
e Ry (t 1,1 ) TpeOyercst HaliTH MaTeMaTU4YECKOE OKUAAHUE U KOPpe-

JSUMOHHYI0 (PYHKITUIO BBIXOJHOTO CIy4alHOTO TpoIecca Y(t), €CIIh KO-

s durment ycunenus K = 8.

2.2. OnpenenuTb KOPPETAIMOHHYI0 QYHKINIO Ry (tl ,t2) CIIyYalHOTO
mporiecca Y(t) Ha BbIXOJE AUGPEPEHIIUPYIOMIETO 3BEHA, €CJIM KOpPpes-

IIMOHHAs (PYHKIIUSA BXOJIHOTO CIy4aiHOTO Mpoliecca X(t) paBHa
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Ry (1 ,t2)=exp[—a-(t1 —tz)z] :

2.3. Pemnte npeapIayyro 3a1a4y nIpy yCIOBUU

coslw - (t, —t;)]
t, +1, '

Ry (t1’t2)= Dy -

2.4. Cnay4alHbIi OPOIIECC X(t) MMEET MAaTEMATUYECKOE OXKHUJIAHUE
mx(t) U KOppEeIIMOHHYI0 QYHKIHUIO Ry (t1 ,tz). Hantu maremaruue-

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

2.5. Ha Bxonm mmbdepeHnupyromero 3BeHa IMOCTYMAeT CIydalHbBIN
npouecc X(t) C MaTeMaTUYECKUM OKUJAHUEM My (t)= A Sin(t) U KOp-

peAMOHHON yHKIMEH
2
Ry (t; ;) =2-exp _@

Halitn maremaTuueckoe OXKHIAHUC N OUCIICPCUIO DY BBIXOJHOT'O

ciyuaittoro mpouecca Y (t).

2.6. Haiftm maTreMaTH4ecKoe OXHAAHWE W IHUCICPCHIO CITYY4alHOTO
mporecca Y(t) Ha BBIXOJIC allepHOJNIECCKOTO 3BSHA

d
T -aY(t)+Y(t)= K- X(t),
€CJIM Ha €ro BXOJ C MOMEHTa BpEMEHU 1y MOCTynaeT BO3MYIIEHUE, TIPE/I-

CTaBJISAIOIEe COOOM CTAIIMOHAPHBIN CIydYalHBIN MpoIlecC ¢ MaTeMaTh4e-
CKUM OXKUJAHUEM My = CONSt u KopperaurOoHHON (PyHKIHEN



72

Ry (r)=Dy -exp(—a-|z]).

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

PHOIUYCCKOI'O 3BCHA
d
T-—Y(t)+Y(t)= X(1),
dt
€CJIM Ha €T0 BXOJ C MOMEHTa BpEeMEHH t g MocTymnaeT Oesblil IIyM CO CIeK-

TPaJIbHOU INIOTHOCTBIO Sy (60) =c”.

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

T

k(t,7)= 'Ii' : exp(— t—_z-)
MOCTYIMaeT HeCTaIHOHapHbii ciyuaitaeii mporece X (t) ¢ maremarnue-
CKHM OYKHIaHHEM
my (t)=a, +a, -t
M KOPPETAIHOHHOI byHKICH
Ry (t,7)=Dy -exp[2-(t+7)-|t—7]] .

Onpenenuth MaTeMaTUYECKOE OKHUJIAHME W JUCIEPCHIO BBIXOJIHOTO
CIIy4aiiHOTO TIpoIiecca Y(t).

2.9. Ha onuH 1 TOT € BXOJl CIAEIAIICH CUCTEMbI MOCTYIAET MOJIE3-
HBII CJIy4ailHBIM Mpolecc G(t) U Cily4yailHasi momexa F(t). Cramuonap-
HBI CJyYauWHBIM MPOLECC G(t) MMEET MaTeMaTU4YEeCKOE OXKUJIAHUE

Mg = CONSt U KOPPENIALMOHHYIO (DYHKIIHIO

Re(r)=2-exp(~4-|z))
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[Tomexa F(t) ABJISIETCS CTALMOHAPHBIM CIIyYaWHBIM IIPOLECCOM C HY-

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

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

NMiyiscHast epexogHas XapaKTepPUCTHKA CHCTEMBI
k(t)=4-exp(-2-t).

TpeOyeTcsa ompenenuTb MaTeMaTHYECKOE OXKHUJAHWE U JUCIEPCHUIO

CJIy4allHOTO IpoI1iecca X(t) Ha BBIXOJIE CUCTEMBI.

2.10. PemuTh NpeaAbIAYIYO 3aaa4y, UCIIOJIb3ysl CIICKTPAJIbHBIC I1JIOT-
HOCTHU CﬂyqaﬁHLIX MpoueCcCoOB U NEPCAATOYHY IO (I)YHKHI/IIO CUCTCMBI.

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

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

HYI0 ()YHKIIHIO
Ry (r)=Dy -exp(-a-|z])
Haiitu nucnepcuto ciyyaiiHoro rnpoiecca Y (t) Ha BBIXOJI€ CUCTEMBI.

2.12. Ha BXx0a 3aMKHYTOM CHUCTEMBI TIOCTYMAeT OCNbIN MIyM X(t) co
CTIIEKTPaJIbHONW TUIOTHOCTBIO Sy (a))= N. Ilepemarounas ¢Qyskius pa-

BOMKHYTOfI CHUCTEMbBI UMCCT BH /I

K
s-(T-s+1)

W(s)=

[Toka3aTp, 4TO IHUCIIEPCUS CUTHAIIA Y(t) Ha BBIXOJIE CUCTEMBI HE 3a-

BHCHUT OT IOCTOSIHHOW BpeMEHU T .
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3 CUHTE3 CUCTEM IIPU CJIYYAHUHBIX BO3JEHCTBUAX

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

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

|F©

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

Pucynok 3.1 — Cxema npeoOpa3oBaHus MMOJIE3HOTO CUTHAIa

Cucrema JOJDKHAa KaK MOXKHO 0oJIee TOYHO BOCIIPOU3BOAUTH HCKOTO-

py10 QYHKIIHIO OT G(t), KOTOpas 3a7aeTCs OIepaToOPOM (D(t){ }, T. €.
Z(t)=2{G(t)}. (3.1)

B 3aBHCHMMOCTH OT BHJa OIeparopa (D(t){ } CHCTEMa MOXKET PEINATh
CICAYIOIINE 3aa4u:
® BOCHPOH3BEIEHHE, CCIIH ¢(t){ }= C(t)-{ } (ecnn C(t)= 1, cuc-

TE€Ma CTAHOBMTCS Credsujell);

e uddepenuupoBanme, eCiu ¢(t){ b= %{ };

t
* HHTErpUPOBaHHUE, CCIU (D(t){ Y= [{ Joa;

t
® yHpeKICHHE WIH SKCMPanonayus, Ciau (D(t){ }= 1(t+7){ } (rme 7

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

Hoeanvnoe npeobpazosanue nonie3Ho2o CUSHALA 6 COOMEEMCMBEUU C
Gopmynoti (3.1) HeB03MOIHCHO U3-3A HEBOZMOICHOCTNU MOYHOU Pearu3ayul
NOJIe3H020 CUCHANA G(t) U BIUSAHUS NOMEXU F(t). BbixogHOM cUrHai cuc-
TEMBI X(t) OyJleT OTJIMYaThCsA OT TPEOYEMOro CUrHasna Z(t) Ha BEJIIMYUHY

OIIINOKH

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

MIOATOMY MOET CTABUTHCA 3ajaya MOAABICHHS NTOMEX, KOTOPYIO Ha3bIBa-
0T 3a7auci puabTpanuu (CriaxuBaHus ).

Ecnmu BXOOHBIE CUTHAIIBI G(t) 151 F(t) NPEACTABIISIIOT COOOW CiTyyaid-
HBIE MMPOLIECCHI, TO OMINOKA CUCTEMBI E(t) TaKXe OyJeT SABJISAThCS Clydan-
HBIM MpoueccoM. [Ipu Takux yCIOBUAX CUHTE3 CUCTEMBI 3aKII0YAETCS B €€
CTATHCTHYECKON ONTHMM3AIUM, [10CIIE KOTOPOil OyAeT 00ecreunBaThCs
Haujydlllee 3HAYEHUE HEKOTOPOro xpumepus onmumanvrocmu. OCHOB-
HbIE TPEOOBaHUS K HEMY:

® BO3MOXHOCTb KOJIMYECTBEHHOW OIEHKM KaueCTBa CUCTEMBI U €€
YCIEIIHOCTH B JOCTHUKEHUH TTOCTaBJICHHOM 11€1H;

® BO3MOXHOCTb MaT€MaTUYECKOTO (AaHAJIUTHYECKOT0) PEIICHHS 3a-
Ja4d ONTUMU3AIINH.

Hawnbonee ynorpeOUTENbHBIM U MPOCTHIM KPUTEPUEM ONTUMATBLHOCTH

CUCTEMBI SIBIIIETCSI MUHUMYM CPEHEr0 KBaJipaTa ee OlMnOKu
2 =M[E2(t)] = M[iz()- X)) ]=mZ(©)+ De 5> min.  (33)

OueBUAHO, YTO KpUTEpPUU min(g2 ) YUYUTBIBAET U PETYISPHYIO CO-
2 .
CTaBJISIFOLIYIO OLUMOKK Mg (t), U €€ CIIy4alHYI0 COCTaBIISIOMYO D .
[Ipu cTaTucTHYECKONW ONTUMHU3ALMU MOTYT PEIIATHCS CIEAYIOIIUE Ya-
CTHBIE 3a/1a4H.

OnpeneseHue ONTHUMAJIBHBIX MAPAMETPOB CHUCTeMbI. B 3TOM ciy-
4ae CTPYKTypa CHUCTEMbl U CTATUCTUYECKUE XAPAKTEPUCTUKH BXOHBIX
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BO3JICUCTBUM CUHUTAIOTCA M3BECTHBIMH. CUHTE3 CUCTEMBI 3aKJIIOYACTCA B
OMpE/ICICHUU TaKUX €€ MapaMeTPoB, MPU KOTOPBIX BeipaxkeHue (3.3) ume-
€T MUHUMYM.

Ilpumeuanue. Ha npaxmuke Hauboliee 4acmo peuiaemcss UMEHHO
makas 3a0ayd, max Kaxk CmpyKmypa cucmemvl 00bIYHO ONpeoelsemcs ee
DYHKYUOHATLHBIM HA3HAYEHUEM, 8 MO 8peMs KaK Napamempvl CUCHEMbl
oonyckarom nooCmpouUK) .

CuHTe3 ONTUMAJIBHOW CHCTEMbI ¢ NMPOU3BOJBHOM CTPYKTYypOii. B
ATOM clydae uMeeTcs UHGOpMaIus TOIBKO O MPUHAIJIC)KHOCTH CUCTEMBI
K HEKOTOPOMY KJacCy, W M3BECTHBbl CTATUCTHUUYECKUE XapPaKTEPUCTUKHU
BXOJHBIX BO3/IeUCcTBUM. CHUHTE3 CHUCTEMBI 3aKJIOYACTCA B OMNPEICIICHUU
Takoil ee mepeaaToyHou (PyHKIUU W(S), IIpyU KOTOpOH BeIpaxkeHue (3.3)
uMeeT MUHUMYM. [Ipu 3TOM JOKHO YYUTBHIBATHCSA YCJIOBUE @hu3uueckou

PEeAIUIYEMOCMU CUCMEMBbL.

Ilpumeuanue. B smom ciyuae cmanoBUMCA 603MOIICHBIM Meopemu-
yecku onpeoenums npeoesl CO8ePUIeHCMBOBAHUS CUCEM BblOPAHHO2O
K1acca U UCNONb308amb HNOJYVYEHHYIO UHGoOpMayuto 018 KOPPEeKmHO20
Gopmynuposanus mpebo8anuil K HUM HA ImMane nPpoeKmupo8aHusl.

CuHTe3 ONTHMAJIBHON CHCTEMbI ¢ HENIPOU3BOJIbLHOM CTPYKTYPOIi.
B sToM ciiydae cTpyKTypa OJHOM YacTU CHUCTEMBI (Hampumep, oObeKTa
yIpaBJieHHs) 3aJlaHa, a JApyras €€ 4acTh (HampuMep, YCTPOMCTBO YIpaB-
JICHUS1) MOXKET MPOU3BOJBLHO BBHIOMPATHCS M3 HEKOTOPOTO Kilacca MOJCHUC-
teM. CTaTHCTHUYECKHE XAPAKTCPUCTHUKU BXOIHBIX BOSﬂCﬁCTBHﬁ HNU3BCCTHBI.
CuHTE3 CHCTEMBI 3aKJIIOYACTCA B ONPEACICHUM TaKOW IEepeaaTOYHOU
GYHKIIMA U3MEHSIEMOW YacTH CUCTEMBbI W(S), IIPU KOTOPOM BBIPAKEHUE

(3.3) uMeeT MUHUMYM.

Ilpumeuanue. Taxas nocmanosra 3a0ayu A6AAEMCs PearbHOU, Max
KaK Ha npakmuke 8bl00p CMpPYKmMypvl CUCmeMbl 6ce20d 02paHuieH. B psaoe
CAYyHae8 CMaHo8UMCS 603MONCHbIM, UCNOJIb3YS peulenue npeovloyuel 3a-
oauyu, 8blOeIUmMd U3 CUCHEMbl ONMUMATIbHYI0 HOOCUCTEM).
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B 3aBUCHMOCTH OT COOTHOIICHUS CIIEKTPAIbHOM TIOTHOCTH MOJIE3HO-
IO CUTHAJIa ¥ IOMEXH 3ajJladya CHHTE3a MOXKET PEIaThCsl MO-pa3HOMY.

Eciu CHeKTphl acToT nosiesHoro curnana Sg(@) u momexu Sg (@)
HE HAKJIQJbIBAIOTCS JPYT Ha Japyra (cM. pucyHok 3.2 (a)), ToO aMIUTMTYIHO-
yacToTHas xapakrtepuctuka (AYX) 3aMKHYTON CHUCTEMBI A(a)) TOJKHA

pacojiaratbCsa B o0acTH CIICKTpa IMOJIC3HOT'O CUI'HAJIA.

S(w)

A(a))

5(a)

A(a))

6)

Pucynok 3.2 — CoOTHOIIIEHHE CHEKTPaIbHON MJIOTHOCTH TMOJIE3HOTO

CHUT'HAJIa U IIOMCXH
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Ecnu criekTp 4acToOT MOJIE3HOTO CHUTHalla OBICTPO yOBIBaeT ¢ Bo3pac-
TaHHEM YaCTOThI, a CICKTP MOMeX OJIM30K K OelomMy IIyMy (CM. PUCYHOK
3.2 (0)), TO aMIUIUTYJTHO-4YaCTOTHAsI XapaKTepUCTUKA PA3OMKHYTOM CHC-

TCMBbI ’VV p(J . 0)1 AOJIKHA pacCIiojiararbCsa B 00J1aCTH HU3KHX qacCToOT, I'AC

COCpEe0TauYnuBaACTCA OCHOBHAS DHEPTHS MOJIE3HOTO CUTHAJA.

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

3.2 Onpenesienne ONTUMAIbHBIX IAPAMETPOB CUCTEMbI

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

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

napaMeTpoB OOBIYHO HE 00€CICYMBACT ONTHMAJIbHOCTH (HAIpuUMep,

G
CTpeMJIEHUE YMEHBIINUTD B (2.46) coctaBisitonryro DE MokeT npuBoauTh

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

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

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

rne B ,.... B, — MapaMeTpbl CUCTEMBbI, MOA00POM KOTOPHIX MHUHUMU3HPY-

ercs BeipakeHue (3.3). VX BBIOOp JOKEH OBITh OOOCHOBAaHHBIM. 3HAYEC-
HUs OOJBUIMHCTBA MapaMETPOB ONPECISIOTCS TEXHUYECKUMHU HIIM KOHCT-
PYKTUBHBIMH COOOPaXEHUSMH, IOATOMY U3MEHSATh UX TPYIAHO WU HEBO3-
MOHO. OOBIYHO /JI1 KOPPEKIIMU BBIOMPAIOT JIBA-TPU MapaMeTpa (Harpu-
Mep, MOCTOSIHHbIE BPEMEHU KOPPEKTHPYIOLIUX 3BEHBEB, KOI(PPUIUEHT
YCUJICHUSI PAa30MKHYTON CHCTEMBI U T. 11.).

3ajada CHHTE3a PEIIAETCS B CIAEAYIOIIEM MTOPSIKE.
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1) OmnpenensroTcs IepeaaToYHble (YHKIHMH CHCTEMbI II0 KaHajlaM
«TIOJIC3HBIN CUTHAJ — OIIMOKa» M «IloMeXa — OIIMOKa» Kak (PyHKIMU Ta-
PaMETPOB CUCTEMBI

Wee (8) =W (5,81 -0 B ),
Wee (5)=Wee (5,81 Brm).

2) Tlo CcOOTBETCTBYIOIIMM TEPEIATOYHBIM (YHKIMSIM W CIICKTpPajlb-

(3.5)

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

S(E;(w’ﬂl ""1ﬂm)= ’\NGE(j N vwﬂm]z -Sg (@),
SE(@. 81, Bn)=Wee (j-@,81 . B0 )’ - Sk (@), (3.6)
SE(a)’:Bl 1"-’18m)= S(E;(a)'ﬂl ""uBm)"' SE(w'ﬂl s Brm )

3) Ilo cnekTpanbHOW TIOTHOCTH OIIMOKH OMPEACISIOT JTUCTIEPCHIO
OIIMOKY KaK (PyHKIMIO IapaMeTPOB CUCTEMBbI
1 +0
DE(ﬂlv--uBm)=2_—' ISE(a),,Bl,...,,Bm)ja). (3.7)
—a0

T

4) Mudbdepermmpys (3.7) mo B ,..., [, U NpuUpaBHUBAs HYIIO MOTY-
YeHHBIC YaCTHBIC MPOU3BOJHBIC, IOTYYAIOT CHCTEMY M ypaBHEHUH, pere-
HUEM KOTOPON HAaXOISAT ONTUMAlbHbIC mapamerpsl By ...By ., obec-

onm

NEYMBAIOIINE MUHUMYM CpEIHEN KBapaTUYHOUN OLINOKH.

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

TEXHUYECKOM peANN3ali U JONYCTUMBIX JTHUHAMUYECKUX ITOKa3aTeJeh
CHUCTEMBI (BPEMEHU PETyJIUPOBAHUSI, HATUYUS U BEJIMYUHBI IEPEPETYITUPO-
BAaHUS, yCTOMYMBOCTH U T. II.).

JlaHHas METOAMKA MOXKET TAKXKE NPUMEHATHCA MPU OJHOBPEMEHHOM
BO3JCUCTBUM HA CUCTEMY PETYJISIPHBIX U CIyYalHBIX CUTHAJIOB.
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Ecnu cnekTpanbHbIE TIOTHOCTH CUTHAJIOB M YaCTOTHBIE NEPEIAaTOU-
Hble (YHKIMA CUCTEMBI SIBJISIOTCS IPOOHO-PAIMOHATBHBIMU (DYHKIIUSAMU
@, TO ONTUMAaJbHbIC 3HAUYCHHS TTapaMETPOB CUCTEMbl MOTYT OBITh Haiine-
Hbl AaHATUTUYECKH.

Ilpumep 3.1. Onpeodenenue xoaghuuuenma ycunenus pazomKHymotu
cucmemvl, paccmompeHHou 8 npumepe 2.9, komopwlii Obl obecnevusan
MUHUMATIbHOE 3HAYeHUue ee cpedHeksaopamuuHou owuoxku. Tax xak ozo-

6OPDEHO, 4NoO 6HeEUlHUe 6030eUcmeus He codepofcam PESVIAIPHBIX cocmaeé-

2
JIOWUX, cpedHeksaopamuyeckas owuoka £ Oydem cosnaoamsv ¢ Ouc-
nepcueti owuoxu D .

llonyuennoe 6 npumepe 2.9 3nauenue oucnepcuu ouubKu

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

DE(K)= Dg -

s uccneoosanus oucnepcuu OowuUOKU HA MUHUMYM HEO0OX00UMO

NPUPABHAMb HYIH0 NPOU3BOOHYIO OM DE(K) no Ko3ghpuyuenmy ycuieHus

pazomkuymot cucmemst K

5D5(K)=_ Dg - Tg (Tc32 ‘Tz) N
oK (r+k-T2+T5)

Omcro0a Haxooumcs onmumManlbHoe 3HaveHue Kodpouyuenma ycue-
HUSL PA3OMKHYMOU CUCTEeMbL

« 2-DG.(TGZ-T2) To +T
onm — 3 - .

N - TS T

Munumym pyHkiuu (3.7) MoKeT OBITh TaKXKe HaWICH JIFOOBIM YHC-
JICHHBIM METOJIOM.
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3.3 CuHTe3 ONTUMAJIbHOM CHCTEMBI C TPOU3BOJIBLHON CTPYKTYPOM

[IycTe uMmeercs cuctema, ciiykamias i npeoOpa3oBaHus MOJIE3HOTO
CUTHAJIA G(t) MIPY HAJIMYHUU CIIyYaliHON TTOMEXH F(t). Bxonnbie curnanbl
SBJISIFOTCSL CTAIIMOHAPHBIMU CIy4alHBIMU MPOILIECCAMH C PABHBIMHU HYJIIO
MaTeMaTUYECKUMH OXHUAAHUSIMU. Tak Kak CTPYKTypa CUCTEMbl HEU3BECT-
Ha, OyJIeM CYUTaTh, YTO G(’[) U F(t) MPUIIOKEHBI K OJJHOMY U TOMY K€

BXO1y (cM. pucyHok 3.3).

Ilpumeuanue. Ecnu cuenanv G(t) u F(t) NPUNIOJICEHbL K DA3HbIM
8X00aM, MO NPUBECMU UX K OOHOMY 8X00Y MONCHO MEMOOOM IKEUBALEHM -

HbIX NPeobpa308aHull.

F(t)

G() u(t)

» W(s)

2) g E0)

> H(S)

Pucynok 3.3 — Cxema npeoOpa3oBaHus MOJIE3HOTO CUTHAJIA

M3BeCTHBIMU CUUTAIOTCS CIICKTPAJIbHBIC IINTOTHOCTHU CHUI'HAJIOB SG (&)),

SF(a)) U orepaTop MpeoOpa3oBaHUs H(S). Pemienue mpoBoauTcs Ist

YIpomeHHOro, HO 94aCTO BCTpCHAIOUWICTOCA Cliydas, KorJa MOJIC3HBIN CHUT-
HaJI 1 ITOMEXa CTaTUCTUNYCCKU HC3aBHCHUMBI. CYMMapHBIfI CUI'HAJI Ha BXOJEC

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

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

3aH C BXOJIHBIM curuaiom U (t) COOTHOILICHUEM

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

raie W (S) — miepeatoyHasi GyHKIUS 3aMKHYTON CHUCTEMBI.
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JIroOast peanuzanusi CiIydyalHOM CyMMapHOW OHIMOKU MOXET OBbITh
HalJeHa, KaK

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

BripaxkeHue 1 CrIeKTpaabHOM IIIOTHOCTH OMMMOKH UMEET BU/T

(3.10)

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

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

W(j- @)= Al)- explj - plo)]=
= Al@)- coslp(@)]+ i - Al@)- sin[p(a)]

(3.12)
H(j- @)= H()-explj - y(o)]=
= H(w)- cos[y(@)]+ j - H(@)- sinfy(w)]
Torma
H(-0)-W(j- ) = (3.13)

= H?(@)+ A%(@)-2- H(@) - A(@)- cos[y(@) - p(o))

rie Alw)= NV(] ' w) — aMIIMTYJHO-4aCTOTHAs XapaKTEPUCTUKA 3aMKHY-
TOH cuctemsl, H ((o) =|H (j ' a)] — aMIUIMTYIHO-4aCTOTHAs XapaKTEpH-

CTHKa MpeoOpa3oBaTeis.
H2(a))+ AZ(w)— ]}-S (a))+

2. H(): A@)- cosly(@)-p(@)] (3.14)
+ A%(0)- S, ().

SE(“’)={

Jucnepcust ommoKu
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De =5+ [Se(w)io, .19

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

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

paxenue 2- H(w)- A(w)- cos|y(@)— o(@)]. 1o nocturaercs mpu

o(@)=y(o). (3.16)

C yuetowm (3.16) Beipakenue (3.14) 3anumercs, Kak

Se(0)=[H?(@)+ A(0)-2-H(0)- A@)] -Sc(@)+
+ A%(0)- S¢ ().

JIJISI ONpCACIICHUA MHUHUMYMa (bYHKHI/II/I CHGKTpaHBHOﬁ IIJIOTHOCTHU

OMOKN Sg (a)) IPUPABHSAEM HYJIIO €€ MPOU3BOAHYIO 11O A(a))

0S (co)

oA(w) =[2- Alw)-2- H(0)]- S (@) +2- Al@)- S¢ (@) =0. (3.18)

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

Aw)=—2@ L) (3.19)

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

PUCTHKHU 3aMKHYTOfI CHUCTCMBbI

Ss (@)
Ao (@) = S (@)+ S, (@) H() (3.20)

Poun (@) =y (@)
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BripaxkeHue i1 ONTUMAJIbHOM 4YaCTOTHOW TepenaToyHor (yHKIUU
3aMKHYTON CUCTEMBI UMEET BUJL

W (- @)= A, (@) €XD]J - @ (@)] =

Se (@) -
=s. @)+ 5. (@) H(w)- exp[j - w(w)]= (3.21)
Ss (@) -H(j- o).

" Sc(@)+ 5S¢ (0)

[Tomyuennass yacToTHasi mepenaroyHas (yHKIIUSI Wonm(j a)) MOET

OKa3aThCsl (GU3UYSCKU HEepeaTn3yeMO.

Ilpumeuanue. 3namenamensv svipadxcenus (3.21) cooeporcum cymmy 08yx
nonodicumenvhvlx  geauvur. Illocne paznodicenuss e20 HA  KOMNWIEKCHO-
CONPSIICEHHbIE COMHOMCUMENU OOUH U3 HUX 0053ameibHO 6)y0em umens HYJu 8
npasoll noayniockocmu |- @ . MUmnyabchas nepexoonas Xapaxkmepucmukd

o1 nepedamoynou pyuxyuu (3.21) 6yoem cywecmeosams u npu ompu-
UamenbHbIX 3HAYCHUSAX 8PeMeHU (00 NPULOHCEHUS BXOOHBIX 8030€UCMEUlL),
Ymo ceudemenbcmeyen 0 Hepeaiu3yemocmu Wonm(j a)) Kpome moeo, &

PEeANbHbIX CUCeMax 6ce20d Cywecmayem Ce:A3b MedHcoy UxX amMuaumyoHo-
Yacmomuou U ¢hazo8o-4acmomHol XapaKkmepucmuKamu, Komopas He
VUUMbIBANACH NPU 8bl1800e opmynvl (3.21).

Ecau uckmounts u3 (3.21) HEepeanuzyemMyro COCTaBIISIONTYI0, MOXKHO
MOJIYYUTh K8A3UONMUMALLHYIO NEPeOamoutyIo OYHKYUIO — IyHuyio U3 6cex
BO3MOJICHLIX C MOYKU 3PEHUS. MUHUMUSAYUU CDEOHEK8AOPAMUYHOU OWUOKU
cucmembil.

Ecau ucnonw3zoBate memoouxky I. booe u K. Illennona, 1O 3amada
CHUHTE3a PEIIACTCs B CICAYIONIEM MOPSIKE.

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

Sg(@)+ Sk (@)=7(j-0)’ =%(j-0)- ?(- j- »), (3.22)
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rac Y’(j . a)) — (yHKIIUSI, BCE MOJIOCHI KOTOPOH JIe’KaT B JIEBOM IMOJTYILIOC-
KOCTH |-@ (B 00JIaCTH peaan3yeMOCTH CUCTEMBI), &”(— J a)) — (dyHKIHS,
BCE IOJIIOCHI KOTOPOH JIeKAT B MPaBO# IMOJIYIUIOCKOCTH |-@ (B oOnactu

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

Se(j-»)-H(i- )
¥(j-0)¥(-j o)

2) BoimonHseTcs pasiokeHne BeipaxkeHus (3.23) Ha peaau3yeMmbie U

Wonm(j ) w)= (3.23)

HEepealn3yeMbIe COCTABIIAIONINE (T. H. «pacujeniienuey)
: 1 SG(J.'Q’)‘H(J-‘“’)}
Wonm ' w = - ’ - +
(-2)= 5 o) [ Zar

1 _{SG(J.‘@)‘H(J-‘UO)]_’

"v(i-0)| ?Ci-0)

(3.24)

rac peajansyemMas 4aCTb CUCTCMbI OTMCYACTCA 3HAKOM «ILJIIOC», a HEPCAJIU-
3yCeMasl — 3HAKOM «MHUHYCH». ITocae OT6paCBIBaHI/I$I HepeaﬂmyeMoﬁ qaCcTu
3aIIUChIBACTCS BBIPAKCHUC IJIA Hepez[aTquoﬁ (bYHKI_II/II/I 3aMKHYTOﬁ CHUC-
TEMbI

: 1 SG( a)) H( a))
CRET T ot i R

3) BeimosiHsieTcst pasyioxkeHre BeIpaKeHus, cTosIero B (3.25) B kBaj-
paTHBIX CKOOKaX, Ha MPOCTEUIIINE CiaracMble

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

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

(3.26)

BETCTBYIOIAs] HEYCTOMYMBOW cuCTEME. Toraa KBa3uoNTUMalIbHAsI 4aCTOT-
Has nepeaaTouHas QYHKIIUSI 3aMKHYTOU CHCTEMBI PUMET BU/T



W(j- )= _(_31(j'“’) | (3.27)

[lepenatounyo QyHKIUIO 3aMKHYTOM CHUCTEMBbI B M300pPa)KCHUSIX IO
Jlarutacy W(S) MOJIY4arOT 110 HAWJCHHOW 4YAaCTOTHOW MNEPEeAaTOYHOU
GbyHKIINY, 3aMEHSIS | - @ Ha S.

du3znyecku peanuszyemas nepeaarouHasi GyHKIUsS pa3oMKHYTOM CHUC-
TE€MbI HAXOJUTCS 110 COOTHOIIECHUIO

W(s)

W(S) . (3.28)

W, (s)=

Ilpumep 3.2. Onpedenenue nepedamoyrou QyHkyuu ciredsujel Cuc-
memol ( H(S)=1) nO Kpumepuio MUHUMYMA ee CPeOHeK8aAOpamuiHou
owudbxu. Ha 6xo0 cucmemvr nocmynaem none3mulil CueHal G(t), Ha Komo-
Ppblil HAKIAObIBAEMCS CAVHAUHASL NoMexXd F(t) muna «oenvlti wym» (Cm.

pucynok 3.3). CnekmpanbHvie niomHOCMU 8X0OHbIX CUSHATIO8 PABHDL

2'DG'TG_ SG(O)
14T 0% 1+4T2 0%

Sk (@)=N=5¢(0).
Cnekmpaﬂbna;z NJi10OMHOCMb CYMMAPHO2O B8X00H020 CUSHANA pasHa

56 (0)+S¢(0)-(1+T¢ - 0?)
1+TGZ-a)2 |

S¢(@)+ Sk (@)=

Pasznoosicenue smoeo 6bIPAINCEHUS HA KOMNJIEKCHO-CONPAMNCEHHbIE CO-

MHONCUMENU 0ACM pes3yibmam
S6(0)+5¢(0)- (1478 -0?) _
1+TS - »?

_ 1+T¢ - @” - S¢ (0)/(Sg (0)+ S¢ (0))
=[S (0)+ s ()] T2 o =




87

1+a’ -
=|S-(0)+ S (0)] =
[ G() F()] 1+TGZ'0)2

) 1+Jaw1—1aw_
—[SG(O)+SF(O)] 1+j‘TG'w 1_j'TG'a)_

=¥(j-0)-?(- - o),

20e a=Tg -/Se (0)/[Ss(0)+ S£ (0)].

QOuesuono, umo

: 1+j-a-o
#(j-0)= Se 0)+5: 0)- 70
l1-j-a-w

7 j-0)= 50+ 5-0)- ;10

Ilocne PA3N0AHCEHUA HA I]leMeHmdapHbsle 0p06u uckKiouaemcs 41acmo,
coomeemcecmeyroua Heycmodlmeod cucmeme.

Se(i-®)-H(j-®)_ Sc(0) 1 1-jTs o _
v(-j- o) 14T2-0? Sc(0)+S-(0) l-j-a-o
S;(0) 1

" /5a0)+5.0) A+ To-w)(-j-aw)

S¢(0) [ Te 1 a 1 }

— . . + .
JSc(0)+S:0) [Tg+a 1+ Tg0o Tg+a l-j-a-o

Bmopoe crazaemoe 8 CKOOKAx umeem NoJiroCovl, pPAaACnolONCEHHbIE 6

npasoll KOMNIeKcHou noayniockocmu |- @. Ono ombpacwvléaemcsi.

Onpedensiemcs peanusyemas YacmMoOmMHAs NepeoamovHas QyHKYus
3AMKHYMOU CUCeMbl

1 )_[ S (0) To 1 ]

W(j'w)=w(' /5c(0)+S-(0) To+a 1+-Tg o

Jro
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S O R I T K
- S6(0)+S:(0) To+a 1+j-a-0 T-(jro)+1’

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

3anuceisaemcs peanuzyemas nepeoamoyHas QYHKYus 3aMKHYMOU
cucmemul 8 u30Opaxcenusax no Jlannacy

K

W(S)=T-s+1'

Haxooumcs nepedamounas ¢hynkyus pazomKHymou cucmemsl

W (S)_1WVE/SZS) T. s+|?1 K)

Onpedensemcs nepedamounas QyHKYus cucmemsl o ouudKe

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

Wee (5) =
Haxooumcsi cnekmpansHas niomHocmy OuubKu

E(w) ’\NGE(J w] SG(J w)+NV(j w] +S (J a))—

T-(j-0)+(1- K)2 2.Dg - Tg ‘ K
= + ; 'N=
T-(jro)+1 1+T2 -0® |T-(j-0)+1
ST T N S
T-(jro)+1 1+4Ts-(j-0)? T-(i-0)+1

~T?2.(j-0) +(1-K)

_‘T-TG (j-o) +(T +TG)-(j-w)+l‘2

.2-Dg - Tg +

K2
+ =
T-(j-0)+1
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Ananumuuecku onpeoensiemcs oucnepcusi omuoxu (cm. n. 2.4)

T+T.-(1-K 2
_T+Te(1-K) K2
T +Tg 2.T

E

3.4 ®uabTp Bunepa

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

[Tpu cunrese ¢unpTpa BuHepa ucxoaar u3 NpearnookKeHHs, 4TO Ha
BXOJ] CUCTEMbI MOCTYMAeT aJIUTHUBHASI CMECh U(t) CITy4alfHOTO TIOJIE3HOTO
CUTHaJIa G(t) U TIOMEXH F(t) (cM. pucyHok 3.3), KOTOpBIE SBJISIIOTCS CTa-
IIMOHAPHBIMH CIIYYalHBIMU TIPOIIECCAMU C HYJEBBIMH MaTEeMaTHYECKUMU
OXXKHUJaHUSIMU. X CTaTUCTUYECKHE XapaKTEPUCTUKUA U3BECTHHI.

Heobxo0umvim u docmamounvim ycioguem OnMuMAaibHOCMU cucme-
Myl no Kkpumepuio (3.3) Aensaemcs omcymcemeue Cmamucmuyeckol Cessu
MedACoy OmUbKoU E(t) U 6bIX000M UOCANbHOU CUCTHEMb] Z(t). Jns nen-

TPUPOBAHHBIX ITPOLECCCOB

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

N3 (3.29) moxeT ObITh MOJTYyYEHO MHTErpajibHOe YypaBHeHne Bune-
pa-Xomnda, cBI3bIBAKOIIEE ONTUMAIbHYIO BECOBYIO (PYHKIIMIO 3aMKHYTOM
CUCTEMbI U CTATUCTUYECKUE XAPAKTEPUCTUKHU CIIyYalHBIX MPOIIECCOB

Ry (z) = *gj" Ko (7)- R, (= )77, 720, (3.30)

Buv1600 ypasnenusa Bunepa-Xonga. 3nauenus na 661xo0ax uoeaivbHou

U CUHmMe3UpPYeMoU cucmem Z(t) u X(t) Mo2ym Oblmb HAUOEHbl, KAK
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2(t)=2V{6)}. x1)=2{Uu}

20e Q(t){ } npeosapumesibHo 3a0AHHbIL Onepamop npeoopaz’o8anus (Cm.

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

Jlucnepcus owubku onpeoensiemcs no popmyne
De = M[{z(t)- xR ]= M[(Z(t)—Q(t){U(t)})z:l.

HCI’ZO]ZbS’yeM NOJIOSCEHUA meopuu 6apudyuOHHOc0 UCHUCTIEHUAL. Hped—
t
noJoasrKcum, 4mo onepamop .Q( ){ } A6JAEemciad onmumalbHbiM, U em)y CO-

omeemcmeyem 3HA4YeHUue DEmin' 3aoasas ezo esapuayuro, Hatioem HoBoe

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

t o
20e @( ){ } — NPOU360JIbHbLU onepamop U3 pacemampueaemozo Kiaccea, y

— manvli napamemp. ma hopmyna modrcem Obimsb NPeoopa3068ana

D; = D¢, -2-7 M[2()- 2O} 6] +
RV

lIpenebpecas manvimu nopsioka }/2 u eviute, nonyuum eapuayuio D g
D¢ =D -De _ =-2-7-M[[z()- 29U )})- 6O} .

Hugpgpepenyupys dDg no yu npupasnusas npouzeoonyio Hyo, onpe-

oenum Heobxooumoe yciogue OnmuMatbHOCmu .Q(t){ }
5 ®e =2-M[z()- 29 e} 0O Y=o,
M[(z()- 29 ))- 09 uEH]-o
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Bxooswue 6 oamnoe ycnoeue suaueHuss mocym Obimb HAUOEHbl NO
Gdopmynam, ananocuunvim (2.15), m. e.

QO = [K(t,4)-UA)A,
U0} = [6(t.4)-Ulukiu

eoe k(t,/?,) ucxoonas onmumanvnas eecoeas (yuxyus cucmemvt, O(t, u)

npou3eobHas ecosas hyukyus. Toeoa

M[z«)—h(nz)-u(z)mj-ie(t,u>-u<u>dy]=

to to

ty

- j{m 2(1)- UGl [K(1.2) M[uu)-u(ﬂ)]dz}-ea,u)dy.

nsa npouszsonvHou ynxkyuu 0(t, /1) Mo GvlpadiceHue Oyoem pagHo

HYTIO MOTKO NPU PAGEHCTEE HYII0 G6IPAINCEHUS. 6 (PUSYPHBIX CKOBKAX
M[Z(0)-U()]- [k(t,2)- M[UQR)-U(@)lid =0, t, < p<t.
to
Omci0da moxcHo noaywuns
RZU(t,,u)=jk(t,l)- R, (A, )4, t, < p<t.
:

Tax xax éxoonvie npoyeccol u cama cucmema A6JNAIomcA cmayuoHap-

HbIMU, MO OJIs1 yCmaHo8usuie2ocs pexcuma (1o — +owo) nonyuernnoe ypas-
HeHUe MOJICHO 3aNUCaAmb 8 8UOE

+00
Ry (t—u)= [k(t-4)-Ry(A— ), to<pu<t.
0
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Buvinonnue 3ameny nepemennvix T=t—pu u n=1t—A, modxcHo nony-

yums ypaeuenue (3.30).

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

JIEBOU M ITPABOM YACTSIM.

Ilpumeuanue. B npasoui wacmu (3.30) evinonnsemcs ceepmra hynk-
yutl konm(n) u R, (1'—77), npeobpaszosanue komopou no Dypve pasHo

npousgedenulo npeobpazosanuti ceepmouléaemvix Gyuxyuii no Dypoe.
lIpeobpazosanue umnyrbcuou nepexoonou xapakmepucmuku no Dypve
onpeoenum onmuMailbHy0 nepeoamoityo OYHKYUo cucmemsi.

[Tocne BbIMOTHEHUS TPEOOPA30BAHUN MOTYYUM

F{Rzu ()} = F Ko ()} FRy (2)}

Szu (j 0)) =W0nm(j 0)) Sy (a)), (3.31)
Wi (j- @)= %(‘w)“’)

Su(@)=Sc(@)+ Scr (i - @)+ Ses (i - @) + Sk (),
Szu(i-@)=Sz6(i-@)+ Sz (i-w)= (3.32)
= H(j- ®)-[S¢(@)+ Sce (- @)).

[Ipu OTCYTCTBUY B3aMMHOU KOPPEISIANA MOJIE3HOTO CUTHAJIA U TIOMEXHU

W(j- )= Sol@) . H(j- ), (3.33)

yTo coBnagaer ¢ (3.21).
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Ilepenarounas Qynkius (3.31) B obmeM ciaydae OynaeT (puzmdecku
HEepeam3yeMon. EcCiM CIeKTpajdbHbIE IUIOTHOCTA BXOIHBIX CIyYaWHBIX
MPOIIECCOB SIBJIIOTCS JPOOHO-PAITMOHATEHBIMU (DYHKITUSIMU, TO TTOTYyYUTh KBa-
3UONTUMAJTbHYIO TIEPEAATOUHYI0 (DYHKIIMIO CUCTEMbI MOXKHO, UCTIONB3YST METO-
nuky bogne u IllenHona (cM. 1. 3.3).

Ipumep 3.3. Cunmes onmumanvrozo ourompa Bunepa ons creosweti

cucmembl (H(j a)) = 1). Ha 6x00 cucmemwvl nocmynaem Ciy4aiiHvlii npo-

yecc U(t), Ha ee @vixolde Habnooaemcs npoyecc X(t). CnexmpanbHule

njaiamHocmu CucHajlos paeHbl

Sy (0 Syxu\0
NONEPPRIE )
+T2 - @ 1+T2, - @

Su(co)=1 5 -

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

Sy (@)=¥(i-0) #(- |- ),

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

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

¥(- jo) /S, (0 0) 1+TZ, - @

_Sxw(0) 1-Ty -(j- @)

[S,00) (14 Tyy -@)-(1+ Ty - ‘@)

_ Sxu (0) 1 { Tu+Txww Ty -Tww }
1/SUi ) 2 - TXU 1+TXU (Jw) 1_TXU (Ja)) |

Bmopoe clazaemoe 8 CKOOKAx umeem noJitocol 8 I’lpdGOl/vl NnoJjayniocKo-

cmu |-@. Ono ombpacwieaemcsi.

Peanuzyemas vacmomnas nepedamounas (hynkyus pasra
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W(j-0)=—r [qu(ﬁaﬁ} _

¥(j-0) | ¥(-j-o)],
_ SXU(O)_TU +Tyy 14Ty (i-») _
SU(O) 2:-Tyy 1+ Tyy (Ja’)

Keasuonmumanvuas nepeoamounasn oynkyus pagua

1+T, - ‘ Svu (O)-TU +Tyy

W =K.— =
(s) 1+Tyy S Sy(0) 2Ty,

[TomyuuTs peain3zyemMyIo UMITYJIbCHYIO TIEPEXOIHYI0 XapaKTePUCTUKY
k(t), apisitolnytocss pemenreM (3.30), BO3MOXKHO MYyTEM NpuUBeOeHUsl
BXOOH020 8030€UCMBUSL HA CUCMEM) K OElOMY WYM) .

[TycTh Ha BXOJ 3aMKHYTOM CHCTEMBI MOAACTCS CIyYalHBIA IMPOIIECC
V(t) Tuna Oejaoro myma ¢ KOppeslsuuMoHHOM pyHkiuell Ry (2')= 5(2') U
CHEKTPaJbHON IUIOTHOCTBIO S, (a))= 1. JInsg momydeHuss BXOJTHOTO IIPO-
1ecca ¢ 3aJaHHBIMU XapaKTEPUCTUKAMH HCTIONIB3YeTCS OTOSIMBAIONTUI

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

0 F%u@)) SO X0
Z(t) Eﬁ))

> H(S)

Pucynok 3.4 — Cxema mnpeoOpa3oBaHus TMOJE3HOTO CHUTHalIa C

UCIOJIb30BaHKEM OTOENMBAIOUIETO (PUIIbTpa

YacToTHasa xapakTepuCcTHKa oTOenuBaroiero GpuibTpa 3amaercs ¢op-

MyJiol (2.49). Jlist naHHOTO cityyas

|
¥(j-@) Su(i-@)

D(j-o)= (3.34)
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[Ipu ucnonp3oBanuu (GpuibTpa ONTHUMAJIbHAS YAaCTOTHAs MEpeaaTod-
Hast QYHKIUS CUCTEMbI HAXOJUTCS 10 COOTHOIICHUIO

Wonm(j ) w)= Q(J | w)Ws(J ) 0))’ (3.35)

rae W3(j co) nepenaToyHas (QYHKIUS 3aMKHYTON CHUCTEMBI, IOJIJIeKalas

OTIpEIETICHUIO.
Ncnonb3ys (3.30) u yciaoBue peannzyeMocTu cucteMsl (2.9), a Takxke
PaBEHCTBO €IMHUIIC MHTErpaia OT &-QYHKINH B OSCKOHEUYHBIX Ipeieiax,

MO>KHO HAUTH BECOBYIO (DYHKIIUIO 3aMKHYTOW CHCTEMBI

R,y (t), t>0,
kg(t)={ “ e (3.36)

[Ipeo6pazoBaB 06e yactu (3.36) no Oypre, MoITydnum
+00
Wg(j -a))= _[kg(t)- exp(— ] -a)-t)dt =
0

=T’ Ry (1) exp(- |- - )t =
° (3.37)

= L-T{T}SZVG -0)-exp(] -w-t)dw]exp(— j-o-t)dt.

2.7 0 L-o

B3anmHas criekTpaibHas IJIOTHOCTh S zv(j a)) MOKET OBITH BBIYMC-

JICHA TI0 YpaBHEHHMIO, aHanoruaaomy (2.35).
Sv(i-@)=H(j-0) &(- |- )- Ss(0)+
+H(j-0)- &(- |- 0)- Se (j- @) =
=H(j-0) - @(- j- ©)-[Sc (@) + Scr (i - @)] =
=0(- j-0)- Sz (- o).

(3.38)
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OnruMainbHas 4aCcTOTHAs mepeaTodHas QYHKINS CUCTEMbl HaXOIUT-
cs myreM oobenunenus (3.34), (3.37) u (3.38)

W, (i - @)=
- %ﬂ“’) - g [E O(~ - @) Sz (- @) exp(] -w-t)dw}x (3:39)
x exp(— j-@-t)dt.

Eciu BXOmHBIC CiydaliHBIE MPOIIECCHI G(t) u F(t) CTAaTHCTHYCCKH
HE3aBUCHUMBI, CIIEKTpajbHas IJIOTHOCTH IIOJIC3HOIO0 CHTHAja OIHMCHIBACTCS
JIpOOHO-pallMOHATIBHON (QYHKIUEN Buaga Sg (co)=Q(co2)/ P(mz), a ciy-
JaifHas 1moMexa SBISICTCS] OebIM IITYMOM CO CHEKTPaTbHOUW IIOTHOCTBIO
S,:(co)= S,:(O), TO ONMUMAIbHASL YACTMOMHASL Nepedamodnas QyHKYus

creosaweti cucmembl ONPENENSIETCs 0 YIPOLUIEHHOU GopMmyiie

/Se (0) (3.40)

Wonm(j -a))= 1—m,

e Y’(j a)) BBIUMCIISICTCS ¢ TTOMOIIIbio (3.22).

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

OpOOHO-PAYUOHANILHOU (QYHKYUE H4acmomyvl UIU NOTY4YeHd IKCHepuMeH-

MAnbHO, MO OJis1 HAXOHCOCHUS Wonm(j - w) ee HYJHCHO annpoKCUMUpo8ams

OpOOHO-PAYUOHANBHOU PYHKYUE.

Ilpumep 3.4. Onpeodenenue nepedamoynou yuxkyuu ciredsujel Cuc-
membl N0 Kpumepuio MUHUMYMA ee CPeOHeK8aAOpAMUYHOU OUWUOKU NO
oannvim npumepa 3.2. Cnekmpanvhsie NIOMHOCIU 8XOOHbIX CUCHATIO8 CO-
CMassom

2:Dg - Tg S (O)

So@)=225Te =SB s (a)=n=5.().
G ° G °

Haiioennoe 6 npumepe 3.2 3nauenue Y’(j a)) PAaBHO
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: 1+ j-a-w
#(j-0)= 5.0+ - 0) 5T
G

OnmumanvHas yacmomuas nepeodamoyras @QYHKYus 3aMKHYmMoOu
cucmemuvl HAX00UMCs C1edyruWUM 00pa3oMm

W(Jw)=1— SG 0 -1+J_.TG-w=
5.0)+5:0) 1+j-ao

5045050 1

JSc(0)+S:(0) 1+j-a-o
, a-/S(0)+Se(0)-Tg - /Se(0) 1
IRNEN O PN O B Y Ry

Tax xax a=Tg ++/Sg (0)/I_SG (0)+ S (O)J mo emopoe clazaemoe

pasHo Hynto. Peanuzyemas wacmommuas nepedamoynas (yHKyus 3aMKH)-
Mot cucmemvl umeem uo

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

/56 (0)+ S, (0) 1+j-a-o

PJ se(f)i(?p (o)}' e

Peanuzyemas nepeoamounas ¢ynkyus 3amMxHymou cucmemvl 8 U30-
opasicenusx no Jlannacy umeem 6uo

W(j-o)

K

W(S)=T-s+1’

e0e K=1- \/ Sk (0)/ I_SG (O)+ Sk (O)J — Ko3Puyuenm ycunenus 3aMK-

Hymoﬁ cucnemal, T =a — ee nocmosinnas 6DEMEHU.
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3.4 ®uastTp Kannimana-berocu

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

Ilpumeuanue. Quromp Bunepa obecneuugaem MUHUMYM CpheOHe-
K8AOPAMU4HOU OWUOKU MOIbKO 8 YCMAHOBUBULEMCS pPedcuMe Npu YCio-
8UU, YMO CIYYAUHbIe NPOYEccobl AGNANMCA cmayuoHapHuimu. Durbmp
Kanmana-bvrocu aensiemcs onmumanbHulM U 8 NepexoOHoM pexcume (npu
KOHEYHOM 8pemMeHU HAOA00eHUs), a NONEe3HbIU CUSHATL U NOMeXa MO2YN He
001a0amv C80UCMEOM CIMAYUOHAPHOCU.

3aaya cUHTE3a pellaeTcsa B npocmpancmee cocmosiHuti (BO BPEMEH-
HOM oOnacTn). OnTUMaIbHas OIEHKA BBIXOJHOTO CHTHAIA CUCTEMBI HAXO-
JUTCS pelIeHuEM CUCTEMBI U depeHITnaIbHbIX YPAaBHEHHMA, YTO 0OBITHO
npole peuieHuss ypaBHeHus Bunepa-Xonda, 0ocoOOCHHO i1 HECTAlHO-
HAPHBIX CIIYYaHBIX TPOIECCOB.

[Ipenmonaraercs, 4To cucTeMa JOHKHA BOCIPOU3BOAWUTH IOJIC3HBIN
CUTHAJI Z(t) (B 00OmmIEeM citydae — HECTAIIMOHAPHBIA CITy4YalHBIA MpoIIece).
Ha ee Bxoje nmelicTByeT momexa F(t) (B oOmeM cirygae — OCIbIH 1IyM C
HYJICBBIM MaTeMaTHYSCKHM OxupaHueMm). Cxema BOCHPOU3BEIACHHUS CHT-
HaJia MoKa3aHa Ha pucyHke 3.5.

X (t)

W (s)

E@))

Pucynok 3.5 — CxeMa BOCIIpOU3BEICHUS MTOJIE3HOTO CUTHANIA

3amada cuHTe3a onTuMaibHOro QuiabTpa Kammana-berocu 3akmroua-
€TCS B OIpEICICHUH ero IepelaTouyHoON (QyHKIIUU W(S), KoTopasi Obl

oOecreynBajga MUHUMYM CpETHEKBaApaTHIHOM omuoOku (3.3).
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OnrtumanbsHasl cucteMa, o0ecreyrBaronias B 000 MOMEHT BpEMEHU
t >ty BocnpousBeIeHUE CUTHAlA Z(t) P BBIMOJTHEHUH yciaoBus (3.3),

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

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

£2(0)= A©)-2()+V () (343

rae A(t) — (ODyHKIIUSI BpEMEHH, 3aBUCAIINAS OT XapaKTEPUCTUK Z(t); V(t) —
HECTAI[MOHAPHBIN MPOLIECC TUMA «OEIbI IIyM» ¢ HYJIEBBIM MaTeMaTHYe-
CKUM oxkuganueM. KoppensaiuuoHHbeie (yHKIIMN HECTALIMOHAPHBIX CITyYai-

HBIX ITPOLIECCOB V(t) 17| F(t) CUUTAOTCS PABHBIMH
Ry (t,7)= MV (1)-V(z)] = L(t)- 6(t - 7),
Re (t,7) = M[F(t)- F(z)] = N(t)- 6(t - 7), (3.44)
Ryr (t ,1') =0,

rje L(t)Z 0w N(t) > (0 — HempepbIBHBIC HEMPEPBHIBHO Tu(depeHImpye-
Mble QYHKIIMU BpeMeHU. J[Jisi cTalilMOHApHBIX CIyYalHBIX MPOLIECCOB V(t)

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

Rve (7)=0,

(3.45)

rae L v N — KOHCTAHTHI.
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s mosyuenus Z(t) HeoOxoauM GopMUpYyOIUN PUIBTP, CTPYKTYpa

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

penarouyHas GyHkius GopMupyromero GuibTpa).

V(1) f zﬁl

A(t)

W, (S)

Pucynok 3.6 — CtpykTypHas cxema ¢hopMupyroiiero GuibTpa

CtpykTypa ONTHMAaIbHOTO (QUILTpa, OMNpenaeseMas ypaBHEHHUEM
(3.41), mokasana Ha pucynke 3.7 (W (S) — mepenatoyHas QyHKIUs ONTH-

MaJIbHOTO (PUIIBTPA).

> C(t) J
Q(t) j

W (s)

u(t)

xQ

Pucynok 3.7 — CTpyKkTypHas cxeMa ONTUMAJIbHOTO (pUiIbTpa

B teopuu ontuManbHOM (DUIBTpallUM TOKA3bIBAETCS, YTO MUHUMYM

kpurepus (3.3) qocturaercs npu

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

OyHKIHSA r(t) HaXOAUTCA NyTeM pemieHuss auddepeHnnanrbHOro

ypaBHEeHUs Pukkatu

%r(t)= L(t)+2- A)- r(t)=r2(t)/N(). (3.47)
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C yuetom (3.46) ypaBHeHHE onTUMaibHOrO puiabTtpa Kanmana-brrocu
MO>KHO 3aITMCaTh B CJICIYIONIEM BHUJIC

% X(t)= At)- X(t)+C(t)-[u®)- X)) (3.48)

JInsi HeCTallMOHAPHBIX CIIyYalHBIX MPOIECCOB (YHKIUU A(t), C(t),
Q(t) 3aBUCAT OT BPEMEHH, U ONTUMAIbHBIA PribTp Kanmana-brrocu mo-
Jdy4daeTcsl HeCTalMOHApHBIM. JJis CTallMOHApHBIX CIyYalHBIX IMPOIIECCOB
A(t) = A. B ycmanosusuwemcs pexcume gpunomp Kanmana-bvrocu 6yoem
CMAYUOHAPHBLIM, TaK KaK (QYHKIIHH C(t)= Cnu Q(t) = A-C =Q =He 3a-
BUCAT OT BpeMeHH. OH omnpenensercs auddepeHnanbHbIM ypaBHEHUEM C
MOCTOSIHHBIMU KO3 (pduiineHramu

£X(@)=(A-C)- X(O)+C-u(0) (3.49)

Ilpumeuanue. /ladxxce npu cmayuoHapHwvix 6030eUCMBUIX Quibmp
Kanmana-bvrocu 6 nepexoonom pedicume 5A611emcsi HeCmMAayuOHAPHBIM,

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

VYpaBuenuto (3.48) cooTBETCTBYET CTPYKTypHas cxema (uibTpa, mo-
Ka3aHHas Ha pucyHKe 3.8 (0Ha SKBHBAJIEHTHA cXeMe C pucyHka 3.7). Oue-
BUJTHO, YTO MPHU TaKOM MPEACTABICHUN onmumanvhsii puiemp Kaimana-
Bvrocu mooscno paccmampusams Kax OuUHaAMu4eckylo cucmemy ¢ ompuya-
MmeibHOU 0OPAMHOIU C853b10.

u(t)

X(t)}

C(t) J
A(t)

W (s)

Pucynok 3.8 — CTpykTypHas cxeMa ONTUMaJIbHOTO (PUiIbTpa
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Pelienue 3agaun CUHTE3a ONTUMAIILHOTO (DUIBTpA CBOJUTCS K OIpe-
nenaeHut0 QyHKIUM Q(t) U C(t), IpU KOTOPBIX 00ECIIEUYMBAECTCS BBIMOJI-

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

1) Omnpenensrorcs mapaMeTpsl (GopMupyromero (QuibTpa, KOTOPHIM
IIPY BO3JCHCTBUHU HA €0 BXOJ OEIoro myma V(t) CO CIIEKTPAJILHOM IIJIOT-
HOCTBIO Sy (a)) MTO3BOJISIET IIOJYYUTh HA BBIXOAE CIIYYaWHBIM MPOLECC
Z(t) C 3a/IaHHOM CIIEKTPaIbHON IUIOTHOCTBIO S5 (a))

Ecnu ciyyaliHblE TPOLECCHI SIBIISIIOTCSA CTALMOHAPHBIMU, & CIEK-

TpaJibHasi MJIOTHOCTh S Z(a)) ABJISIETCSL TPOOHO-PAIMOHATBHON (yHKIIUH

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

: 7(j-w)
W (] w)=——", 3.50
e Y’(] -w)-&”(— [ -w)= Sz(w). 3amenuB B (3.50) S Ha |-®, MOXHO
MOJIYYUTh MEPEIaTOuHYI0 (QYHKIHIO (popMmupytoiiero Gpuibtpa B u3o0pa-
KEeHUsIX 110 Jlannacy

W, (s)= %ﬁ) (3.51)

[To mepenarounoit pynknuu (3.51) MoxxHO HaliTn ypaBHeHue (3.43),
CBA3BIBAIOILIEE CITyYailHbIE MPOLECCHI Z(t) u V(t).
2) OnpenensieTcs aucriepcus cirydaiiHoit ommoku D (t) KaK HEKOTO-

pasg GyHKIUS BpPEMEHU r(t) nyTeM (BO3MOXKHO YHCJIEHHOIO) pEIICHUs
ypaBHeHus (3.47). s 3TOro HEOOXOIUMO 3HATh HAvajJbHOE 3HAYCHHE
r(to) npu to = 0. O0br4HO X(t0)= 0, nostomy

E(to )= Z(to )_ X(to )= Z(to )
r(to)= M[E? (to)]= [z (to)]= Rz (ts )= D (&)

3). Haxongrcs mapamMeTpbl onTUMaIbHOro GuiabTpa ((yHKIHMA C(t) U

(3.52)

Q(t)). J1i1st 5TOTO UCTONB3YIOTCS hopmMysl (3.46).
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Ipumep 3.5. Cunmes onmumanvrnoco guiempa Karmana-borocu. Ha
6X00 NUHEUHOU clledswell cucmembl nocmynaem CMayuoOHAPHbIU CIy4aui-
HblU npoyecc Z(t) U caydauHas nomexa F(t) muna «benvlti wym». Hx

CnekmpdajlbHble NjIOmHOCmMu paeHbsl

2'Dz‘Tz_ SZ(O)
l+w? T2 1+ -T2

Sz(w)=

Sk (@)=N=5¢(0).

Cryuatineiu npoyecc Z(t) paccmampueaemcs Kak peaxyusi hopmu-
pyowezo uibmpa Ha CMAYyUOHAPHLIU CYYAUHBIU NPOYECcc V(t) muna

«Oenvlil wymy», UMerwull CHeKmpaibHyio NI0MHOCHb
Sy (@)=L=5,(0)

B coomsemcemeuu ¢ (3.50) onpedensemcs vacmomnasn nepedamounast
GQyukyus oopmupyrowe2o purbmpa
Q/SZiOi Q/SZiOi
1+j-0-T, 1-j-0-T, '
v(j-w) [S,(0 1

W, (j- )= - .
s(i-o) /5, (@) L 1+j-0-T,

3anuceieaemcs nepedamounas GyHkyus gopmupyouie2o puibmpa 8

Sz(0)=¥(j-0) ¥(-j-0)=

uzoopasxcenusx no Jlannacy

_[s,0) 1
Wi (5)= L 1+s-T,’

llonyuennou nepedamouHoll yHKyuu coomeemcmaeyem cieodyoujee

ougppepenyuanvroe ypasHeHue, cesa3vlearoujee Z(t) u F(t)

T, 200+ 2()= W/SZL((’) V().
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d 1 s, (0
—7(t)=-—-Z V(b).
2020+ P20 v

Ymobwr npusecmu smo ypasuenue K 6udy (3.43), cnexmpanvhas

nromuocme 6en02o wiyma L npunumaemes pasnou 2 - D, [T, . Toeoa

\/E_sz(o)_\/ T, 2D, T, .

L TS 2-Dy, TS

OkoHyamenbHo Z(t) MOJICHO NpeodCcmasumsb, KaKk
9 2()=-L . 2()+V(©) = A- Z(0)+V ().
dt T,

20e A=-1/T,. Coomeemcmsyowas 5momy ypasmeHuio CmpyKmypa

Gopmupyroue2o purbmpa nokazana Ha pucyHKe.

V(t) s Z(t) u(t)
E 1T, =)
W, (S)

IIpu nocmosnnvix A, L u N ypasuenue (3.47) pewaemcs kax oughghe-

PEHUUANIbHOEC YDABHECHUE cpa3c)eﬂ}ziou4wwuc;z nepemeHrHHbIMU .

d 2
“r=L+2-A-r=r?/N,
=Lt r—r?/N, |

dr
L+2-A-r—r?/N

= [dt.

Ilocne UHmMezcpupoeaHusl nojaydaemcs 6blpas;iCeHue

1 In(—l’/N+A—q/A2+L/NJ=t+In(C)’

JA? +L/N —r/N+A+A*+L/N

20e C — nocmosnnas UHmMecpupOo6aHUsl.
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Ilocneonee svipasicenue MOMNCHO nepenucams C1eoyiouum oopa3om

In{l —r/N+A—1/A2+L/NJ AT UN.

C _r/N+A+AZ2+L/N

B coomsemcmeuu ¢ (3.52) r(0)= R~ (0 ,0)= D, nosmomy nocmosn-

HAsl URMecPpUpOo6aHusl padeHa

c_~Dz/N+A-JA*+L/N
-D,/N+A+A?+L/N

Mooicrno 3anucameo

—r(t)N+A-JA*+L/N -D, /N+A+ A%+ L/N _
—r(t)/N+ A+ /AZ +L/N —DZ/N +A-JA?+L/N

= exp(t A%+ L/N )

llocne neobxooumeix npeobpazo8anuti OKOHYAMENbHO ONpeoeisiemcs
dynxyusr(t). Mpu L=2-D, /T, u A=—1T,

r(t)=2 N (1—W)—(1+W)-e><p(ﬂ-t)
T, (2+p—2-\/m)—(2+p+2-m)-exp(ﬂ-t)'

20e B=~/A*+L/N, p=5,(0)/Sg(0). ITocre noocmanosxu snauenus

t — +o0, onpeodensiemcs senuuuna D g 6 ycmanosusuiemcs pescume

N p-(l+J/1+p)  2.D,
T, 2+p+2 J1+p 1+«/1+

U3 ypasnenus (3.46) naxooumcs @ynkyus C(t)

C(t)— (1—m)—(1+m)-exp(ﬂ-t)
T, @+p-2-y1+p)-(2+p+2-J1+p)-exp(B-t)

r(oo) =Dg =
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3nauenus ghynxkyuu C(t) 6 HauabHoblll momenm epemenu (npu t =0) u

8 ycmaHnoguguiemcs pexcume (npu t — +0) pasnol

c0)= z-er

D,
TN S )

Huggepenyuanvrnoe ypasuenue onmumanvroz2o guivmpa Kaimawna-
bvrocu, ananocuunoe (3.48), umeem 6uo

SX(@)=- X/ +c0)-LO- X0

Coomeemcmayowas 3momy YpAagHeHuro CmMpyKmypa OnmumManibHo20
Qurbmpa noxazama Ha pucyHke.

u(t) 3 0 s X(t)}

1T,

W (s)

3amensan unmezpupyroujee 36eHO, OXBAYEHHOE O0OPAMHOU CBA3bI0,
UHEPYUOHHBIM 36€HOM, MOXCHO npedcmasums cmpykmypy ¢urompa Kan-
mana-bvrocu unaue.

u) »(%)» ct) b| T /(+s-T,) X(t)>

W (s)

s ycmanosueue2ocs pexcuma MONCHO onpeodeiums nepedamoutyro
DYHKYUIO ONMUMATILHO20 PUIbMPa KAK 3AMKHYMOU CUCTNEMBbL.
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Ce) T, /(1+s5-T;) K
1+C(0)-T, /(145-T,) 1+s-T'

W (s)=

K = C(w)TZ —1— 1 T= TZ _ TZ
1+ C(w0)- T, J+p  1+C(0)T, J1+p’
o000

BOITPOCHI JJ1s1 CAMOKOHTPOJIA

1. B dewm 3akmirouaeTcst 00mIas 3aa4a CUHTE3a JTUHEHHBIX CUCTEM TIPU
ciy4daiHbix BosnencTBusax? Kakue mnpeoOpa3oBaHus BXOJHOTO CHUTHaa
MOYKET BBITIOJHATh CHHTE3UpyeMas cucrema’?

2. Uto moHMMAaeTCs MOJl CTAaTUCTHYECKON ONMTHUMHU3AIUEH CHUCTEMBI?
Uto cuuTaeTCa KpUTEPUEM ONTUMAIBHOCTH CUCTEMBI IIPU €€ CTaTHUCTHUYE-
CKOM OIITUMMU3AINN?

3. Kakue 3amaum MOTYyT pemaThCcsi B X0JI€ CTATUCTUYECKONW ONTUMHU-
3aIMU CUCTEMBI?

4. Kak omnpenensroTcs MapaMeTphbl CUCTEMBI C 3aIaHHOM CTPYKTYpPOil,
ONTUMAJIBHOW MO KPUTEPUIO MHUHUMYMa CPEIHEKBAAPATHYHON OIIMOKU?
[To kakOMy MPUHIUITY OTOMPAIOTCS MAPaMETPbl CUCTEMBI I €€ CTaTHh-
CTUYECKOU ONTUMU3ALINH ?

5. Kak cuHTesupyercs cucrema ¢ MpOU3BOJIBLHON CTPYKTYpPOM, ONTH-
MallbHasi IO KPUTEPUI0O MUHUMYMa CPEAHEKBAIPATUUHON OITMOKHU ?

6. Uro cumraercs ¢uzMUECKH peanudyeMoi cuctemoi? B uem 3a-
kirovaercs Meroauka boae u IllenHoHa, mpuMeHsieMas Jjisi CUHTe3a (Pu-
3UYECKOMN pealln3yeMON CUCTEMBI?

7. Uto cumtaercs ontumanbHbiM ¢unbTpoM Bunepa? KakoBa 00-
JacTh ero npuMmeHeHus? KakoB mopsiiok CUHTE3a ONTUMAaIbHOrO (PuibTpa
Bunepa?

8. Uto cumraetcs ontuManbHeIM QribTpoM Kanmana-berocu? Kako-
Ba o0JacTth ero npuMeHeHus? KakoB MOpSIOK CHUHTE3a ONTUMAaJIbHOTO
¢unprpa Kanmana-borocu?
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3AJAYMU JJIA CAMOCTOATEJBHOI'O PEHIEHUA

3.1. Ilepenatounas pyHKIMS PA3OMKHYTOW CUCTEMbI UMEET BUJ (CM.
npumep 2.9)

W(S)=K-(T-Zs+1).

Ha Bxoz cucteMbl oIaeTcs peryIapHbIA CUTHA

2
g(t)=a-t+b%

U ciiydyaiiHasi moMexa F(t), MpeCTaBIISIONIAs COOO0M OEbIi IITyM CO CIIEeK-
TPAJIbHOM IUIOTHOCTBIO Sp ((o)= N . OnpenenuTs 3Ha4eHHE MOCTOSIHHOU

BpeMeHHu [, oOecreunBaronedi MUHUMYM CpPETHEKBAIpPaATUYHON OIMMOKU
CUCTEMbI B YCTAHOBHUBIIEMCS PEXKUME, U BEJIUUYUHY 3TON OIIMOKH.

3.2. Pemuth mpenplayllyr0 3ajady B MPEANOI0KEHUU, YTO MOXKHO
U3MEHATh KaK 3HAY€HUE MOCTOSHHOM BpeMeHH 1, Tak U KO3(PPUIIMEHT
ycunenus K.

3.3. Pemuts 3agauy 3.1 B mpeaIonoKeHuu, 4To nepeaaroutas PyHk-
Ms pa30MKHYTOW CUCTEMbI UMEET BUJ

3.4. Ha BXOJ CUCTEMBI MOCTYNAOT HE3aBUCUMBIC TOJIC3HBIA CIIydau-
HBIW TTPOLIECC G(t) U IIoMexa F(t) (cM. pucyHok 3.3). Onpenenurs ONTH-
MaJbHYIO MO KPUTEPUI0O MUHUMyMa JHUCIEPCUHU OIIMOKH MepelaTOYHYIO
GYHKIIUIO CIEIAIIe CUCTEMBI (H(S)= 1). CuekTpanbHbIe TUIOTHOCTH

BXOOHBIX cnyqaﬁHbe MponeCCoOB PaBHbI

S (0)
1+TG2 @

5:0)
1+T,:2 . @*

e () . 5e(0)-
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3.5. Ha BX0J cUCTE€MBI MOCTYNAOT HE3ABUCUMBIE TTOJIE3HBIA CIydau-
HBIN TTpOIIeCC G(t) U rIoMexa F(t) (cMm. pucyHok 3.3). Onpenenurh ONTH-
MaJIbHYI0 10 MUHUMYMY CPEIHEKBAJAPATUYHON OIIMOKU MEepeaaTOUYHYIO
(GYHKIMIO CUCTEMBI, pelIaloIIed 3ajady WHTETPUPOBAHUS (H(S)=1/ S).

CHGKTpaJ'IBHBIC IINIOTHOCTHU BXO/JHBIX CJ'IY‘IElfIHBIX MpoucCCOB PABHbI

S (0)
1+TS - »° |

Se(@)= Sk (@)= S¢(0).

3.6. Pemuth mpeapiaynlyto 3agady B MPEANOJIOKEHUH, YTO CUCTEMA

pemaet 3anauy auddepenuuponanus (H (S)= S).

3.7. Ha BX0oa cuCTEMBI MOCTYNAIOT HE3aBUCUMBIE MOJIE3HBIN ClTydaii-
HBIA ITPOLIECC G(t) U IIoMexa F(t) (cMm. pucyHok 3.3). Onpenenutrs UM-
MYJIbCHYIO MEPEXOIHYI0 XapaKTEPUCTUKY CIEIAIEH CUCTEMBI, 00eCIeun-
BAIOIIYIO0 €€ MUHUMAJIbHYIO CPEIHEKBAIPATUUHYIO OIIHOKY, €CIU

Rg (z')= 3- exp(— 2- \r\), Re (2')= 2- exp(— \r\)
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4 JABOPATOPHBINA NPAKTUKYM

4.1 Opranusauus JJa0OPATOPHOI0 MPAKTUKYMA

OCHOBHOIl LeJbIO BBIMOJHEHUSI JTA0OPATOPHBIX Pa0OT SIBJISIETCA TO-
JYYEHUE YCTOMUYMUBBIX MPAKTUUYECKUX HABBIKOB HMCCIIEIOBAHUS CIIy4alHBIX
npoiieccoB. B Xojie BhIMOIHEHUST padOT y CTyJACHTa JOJKHO CPOPMUPO-
BaTbhCS MPEACTABICHUE O MPUHIIMIIAX aHAIW3a U CUHTE3a CUCTEM, HAXO1d-
LIAXCS O] BIIUSTHUEM CIIyYaWHBIX BO3/ICHCTBUM.

Ilpumeuanue. Tax kax evinonneHue 1abOPAMoOPHLIX pabom npeono-
nazaem wUpoKoe UCNOIb308aHUEe UHMOPMAYUOHHBIX MEXHOA02UL, MO
BCNOMO2AMENLHOU Yeabi0 NPAKMUKYMA MOJNCem CHUMAMbCSA U3YYeHUe
BO3MOICHOCMEl NPOSDAMMHBIX CPeOCmE peuleHus 3a0ad Cmamucmue-
ckotl ounamuxu (nanpumep, MathCAD wiu Matlab).

B xone BbINOMHEHUS 1a0OPATOPHOTO MPAKTUKYMA JOJIKHBI PEIaThCs
CIIEAYIOLIME 324U’

® pa3BUTHE JIOTUYECKOI0 U aJITOPUTMUYECKOTO MBILUIEHHUS;

e BbIPaOOTKAa YMEHHUS OLIEHUBATh CTATUCTUYECKHUE XAPAKTEPUCTHUKU
OTUHAMHUYECKUX CUCTEM;

e BbpIPa0OTKAa YMEHHUS CaMOCTOSITEJIbHO CTaBUTh M pEIIATh 3aJaqyd
aHaJIN3a U CUHTE3a JUHAMUYECKUX CUCTEM,

® U3y4YEHUE NPUHUUIIOB PAa0OTHI MPUKIAAHOTO MPOrpaMMHOIO 0bec-
IICYCHUS.

J171s1 BBINIOJIHEHU S JTa0OPaTOPHBIX padOT CTYIEHT JIOJHKEH 3HATD.

® OCHOBHBIE MOJIOKEHUS TEOPUU BEPOSATHOCTEW U MATEMAaTUYECKOMN
CTaTUCTHUKHU;

® OCHOBHBIC MOJIOKEHUS TEOPUHU (PYHKIIUU KOMIUIEKCHOTO MEepEeMEH-
HOI'0 ¥ ONIEPALIMOHHOI'0 UCUUCIICHHUS;

® OCHOBHBIC XapAKTEPUCTUKHU CIIyYaUHBIX IIPOLIECCOB;

® 33aKOHOMEPHOCTH U CHNEUU(PUKY MOBEACHUS CUCTEM I10]] BIUSHUEM
CIIy4YalHBIX BO3IEUCTBUN;
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® METOAbI aHaIU3a CUCTEM, HAXOIALIMXCS I0J BIUSHUEM CiIydau-
HBIX BO3JECUCTBUM,

® METOJAbl CHHTE3a CUCTEM, ONTUMAJbHBIX IO BBIOPAHHBIM CTATH-
CTUYECKUM KPUTEPHUSIM;

® BO3MOKHOCTH HOBBIX HH(POPMAIMOHHBIX TEXHOJIOTUN pEUICHUs
MaTEeMaTUYECKUX 3a/1ay.

CTyIeHT JOMKEH YMeETh!

e (popMynupoBaTh TPeOOBAHUS K CUCTEMAaM Ha dTalax MX aHajau3a
CUHTE3a;

® KOPPEKTHO HCIIOIB30BaTh MAaTEMaTUYECKUE 3aKOHOMEPHOCTH IIO-
BEJICHUSI CUCTEM B YCIIOBUX CTATUCTUUYECKOW HEONIPEAEICHHOCTH;

® TIPEACTABIATH PE3YJIbTAThl PEIICHUS OTIEIbHBIX 3a7a4 B yA00HOM
JUISL BOCIIPUSATHSA U JAJbHENIIEr0 CII0JIb30BaHUS BUIE.

[IpakTrikyM mpeamnoJiaraeT BBIOJHEHUE MSATH J1a00OpaTOpPHBIX padoT,
TEMAaTHUKa KOTOPBIX B LIEJIOM COOTBETCTBYET CTPYKTYPE HACTOSAILLETO I1OCO-
ousi. B xaxxnoit pabote pemiaercst oJJHa KOHKpeTHas 3ajaya. [lonmyueHHbie
OJIUH pa3 pe3yJIbTaTbl MOT'YT UCIIOJIb30BATHCS HA BCEX ITOCIEAYIOLIMX ITa-
nax JiabopaTopHOTO MPaKTHUKyMa.

OO0s3aTeNbHBIM YCIOBHEM JIONYCKa CTYJIEHTA K BBITIOJIHEHUIO J1abopa-
TOPHOU PaOOTHI ABISETCS YCBOCHUE COOTBETCTBYIOLIETO TEOPETHUECKOTO
Matepuaia. Pabora cuuTaeTcs BBINOJIHEHHOW U 3allMIIEHHOW, €CIU CTYy-
JICHT OTBETHUJI HAa BCE BONPOCHI IO METOAUKE €€ IIPOBEACHUS U TEOPUH, I10-
JTy4Yrs HEOOXOAUMBIE PE3yJbTaThl U J1ajl UM MPaBUIBHYIO OLICHKY, MPOJie-
MOHCTPUPOBAJI YBEPEHHOE BJAJCHUE COOTBETCTBYIOIIMMHU HWHCTPYMEH-

TAJIbHBIMHU CPCACTBAMMU.

Hpumeuanue. /[na nposepxu meopemuyeckux 3HAHUU MO2YM UCNONb-
308ambcsi KOHMPOJIbHLIE BONPOCHL, NPUBCOEHHbIE 8 COOMBEMCMBYIOUIUX
pazoenax nocoous.

[IpakTuKyM HE MpPETEHJYET Ha MOJIHOTY OXBaTra BCEX MpoOJieM, pe-
IIa€MbIX TIPU aHAJIU3€ M CUHTE3€ CTOXAacTH4yeckux cucrtem. He craBunach
TaKXe IeJbI0 U3YYEHHE MPUEMOB PEIICHUS MPUKIAAHBIX 3a7a4 B KOH-
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KPETHOM MPOTrpaMMHOM cpejie. Tem He MEHee, aBTOp HAJIEETCs, YTO peasu-
3alMs MPeIaraéMor IMporpamMMbl MPAKTAYECKOM IMOJATOTOBKUA IO3BOJIUT
aKTUBU3UPOBATH CAMOCTOSITENIbHYIO pabOTy CTYIEHTOB, YIPOUUTh UX TEO-
pPETUUYECKHE 3HAHUSI U YCOBEPILICHCTBOBATh HABBIKUA PEILICHUS 3a7a4 B 00-
JIACTU CTATUCTUYECKOW IMHAMUKU CUCTEM.

4.2 Jladopatopnas paGora Nel. OnpegesieHne CTaTHCTHYECKHUX
XaPAKTEPUCTHK CJIYYAHHBIX MPOLIECCOB

[{eas paboThl — MPHUOOPETECHNE HABBHIKOB OLICHMBAHUS OCHOBHBIX CTa-
TUCTUYECKUX XapaKTEPHUCTUK CIyYaHBIX ITPOIIECCCOB.

Conepkanue pabOTBl — pacyeT CTAaTUCTUYECKUX XaPaKTEPHUCTHK CITy-
JaiHBIX MPOIIECCOB C 3aJaHHBIMU 3aKOHAMHU PACTPEICIICHUs 110 OTPaHMU-
YEHHOMY HaOOPY OIBITHBIX JaHHBIX.

J1o BBIMOTHEHUS pabOThI HEOOXOIUMO CAMOCTOSTEILHO U3YUHUTh:

e omnpeJeneHre CyYalHBIX TPOIIECCOB U UX BUJIBI;

® OCHOBHBIC CTATUCTHYCCKHE XaPAKTEPHUCTHKU CIyYalHBIX ITPOIIeC-
coB ((yHKIMIO pacmpeeseHus, MIOTHOCTh BEPOSTHOCTH, MaTeMaTude-
CKO€ OKHUJaHUE, TUCTIEPCUIO, KOPPETSAIUOHHYIO0 (PYHKIIUIO, CIIEKTPAIbHYIO
IJIOTHOCTH) U UX CBOMCTBA.

Bce HEeoOxoanMBbIe TEOPETUUECKUE CBEICHHS U PacdeTHbIC (POPMYJIBI
coJiepaTcs B JaHHOM MocoOouu. BapuaHTel 3aanuii 171 BBITIOJHEHHS Jla-
OopatopHOi paboThI npuBeAeHbI B Tadnuie 4.1 (kononku B, u B, omnpe-
TIENSI0T 3aKOHBI pacupenenenusi, kKoaoHnku I1, u I , — 3HaueHus mapaMeT-
POB pacnpeaesIiCHus U3 TaOIuIsl 4.2).

[Ipu BbIMOSHEHUU J1a00PATOPHOU PabOTHI HEOOXOIUMO:

e creHepupoBath ABe BIOOpKH 00bemMoM 50 — 100 cmydaifHBIX gncen
C 3aJIaHHBIMHM 3aKOHAMHU pacIpeeiCHUs], UMUTUPYIOIINE CTallMOHAPHBIE
IPrOANYECKUEC CTyIaHbIEC MPOIIECCHI,

® IS KaXIO0W BBIOOPKM CIIYyYaWHBIX YUCET OMPEACIIUTh (PYHKITHIO
pacrpeieieHusi U TUIOTHOCTh BEPOSITHOCTH, OIICHUTh MaTeMaTUYeCKOe
OKHJIaHUE U JTUCTIEPCHUIO;
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® ISl KOKJIOW BBIOOPKHU CIIyYalHBIX YHCEIN OMPEJCTUTh KOPPEIISIU-
OHHBIE (PYHKIIUH, CIIEKTpaJIbHbIC TIJIOTHOCTH, B3aUMHbBIE KOPPEIAIIMOHHBIE
(GYHKIIMU U B3aUMHBIE CTICKTPAJIbHBIC TUIOTHOCTH.

Tabnuna 4.1 — BapuanTsl 3aaHuil 1711 BBIMOJHEHUS J1a00OpaTOpHOU

padotsl Nel
No B, 11, I, B, I, I,
1 1 0,0 1,0 3 0,0 0,2
2 2 0,5 — 1 3,0 5,0
3 3 1,0 0,5 2 2,0 —
4 1 0,0 2,0 2 0,5 —
5 2 1,0 — 2 1,0 —
6 3 0,0 0,4 1 4,0 5,0
/ 1 0,0 3,0 1 1,0 2,0
8 2 1,5 — 1 1,0 3,0
9 3 2,0 0,3 3 1,0 0,3
10 1 0,0 4,0 3 2,0 0,4
11 2 2,0 — 3 0,0 0,5
12 3 0,0 0,2 2 1,5 —
13 1 0,0 5,0 2 2,0 —
14 2 0,5 — 1 2,0 4,0
15 3 1,0 0,1 1 3,0 4,0
16 1 1,0 5,0 1 1,0 4,0
17 2 1,0 — 2 0,5 —
18 3 2,0 0,1 3 1,0 0,4
19 1 2,0 5,0 3 2,0 0,3
20 2 1,5 — 3 0,0 0,2
Tabnuia 4.2 — Tumnel U mapaMeTpsl pacrpeaeicHui
No B 11, I,
1 Pasnomeproe pacnpeoenenue a b
2 IKcnonenyuanbHoe pacnpeoenenue A —
3 Hopmanvuoe pacnpeoenenue m x Ox
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OYHKIH PaclpeeeHUs] PEKOMEHIYETCSI HAXOIUTh 10 BBIPAKEHUIO

(1.50). Ananor IJIOTHOCTH BEPOSTHOCTH PEKOMEHIYETCS IOJIy4aTh IIO

dbopmyiie (1.51). KadecTBo IUCKpETHON aNmpOKCHUMAIUU XapaKTEPUCTUK

MOXHO OLCHHUTL IIYTCM HX CpPAaBHCHHUA C PC3yJibTaTaMH, IMOJTYYCHHBIMU C

IIOMOIIBI0 TIPOTPAMMHBIX CpeACTB (CBEJACHUS 00 OCHOBHBIX (DYHKIIMSX

pactpeaenenus cucreMbl MathCAD npusenens! B Tadnuiie 4.3).

Tabmuua 4.3 — ®yuknuu pacupenencaus MathCAD
Dynxkyus Pezynomam
runif (n, a,b) BekTop N ciydailHbIX 4YKCEN, UMEIOIIUX PaBHOMEP-
HOE pacIpe/ecHue B Juamna3oHe ot a fo b.
BekTop N ciiy4allHbIX YHCEI, UMEIOIIUX SKCIIOHECHIIU-
rexp(n,A) p T ey = B

AJIBHOC PACIIPCACIICHUC C 3dTYXAdHHUCM A

rnorm(n,m,o)

BGKTOp n cnyqaﬁHHx quCCil, UMCIOIIIUX HOPMAJIbHOC
pacipeaciceHue ¢ MaTeMaTHYCCKUM OXHJIAHHUEM M H
CPCOAHCKBAAPATHICCKHUM OTKIIOHCHHUCM O.

: DVHKIMS PaBHOMEPHOT I HUS X B auarna-
punlf(x,a,b) VHKIIAS PaBHOMEPHOTO pacIpejierie nuana
30He OoT a 10 b.
DVHKIMS DKCIOHECHIMAIBHOTO DacCIIpeleiiCHUus X C
pexp(x,4) | 77" ! pactipes

3aTyxaHuem A.

pnorm(x,m,o)

OyHKIMS HOPMAIBHOTO pacnpeieieHnus X ¢ MaTeMa-
TUYECKUM OXHUIAHUEM M U CPEAHEKBAIPATUYECCKAM
OTKIJIOHEHHEM O.

i II10THOCTE BEPOSTHOCTH PABHOMEPHOTO paclpee-
dunif(x,a,b) P P P paclipea
JIeHUs X B IUAara3oHe oT a 110 b.
[110THOCTh BEPOSTHOCTH HSKCIOHEHIHMAJIBLHOTO pac-
d exp(x,4) P B P

npeIesIeHus X ¢ 3aTyXaHuem A.

dnorm(x,m,o)

[I1OTHOCTH BEPOSATHOCTH HOPMAIBHOTO pachpeelie-
HUS X C MAaT€MaTU4YECKUM OXXHJAAHUEM M U CpeaHE-
KBaJpPaTUYECKUM OTKJIOHEHUEM O.

hist(D, x) BeKTOp 4acTOTHOro pacmpeneneHus X [0 MHTEpBa-
’ J1aM, TPaHUIIBI KOTOPKIX XpaHsaTcs B Bekrope D.
. BekTop gyacrtoTrHOro pacmnpeneneuns X mo K uarepna-
hist(k, x) P pactipedt P

JaM OT X min ,Z[O X max:
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®parmentsl nokymeHTa MathCAD, mmocTpupylolye OICHUBAHUEC

XapaKTePUCTUK BHIOOPKHU CIyYailHBIX YKMCE, OKa3aHbl HAa pUCyHKe 4.1.

M Mathcad - [Mathcad D ;
ﬂ File Edit View Inset Format Tools Symbolics Window Help ~
[D-sE|8RY|+EB|oo|m: (wo=|e© 0| o) @D||@ 4= g0

A

Wmuranus caydaliHOTO Mmpoliecca:
n:= 100 i=0.n-1

= x = rnorm(n ,0,1)

F&) =3 (vi< )
i
F(x;)
;noorc;n (sart(x),-,{), I)

™|
Press F1 for help. AUTO Pagel
M Mathcad - Mathcad Document >
Ml Fle Edit View Insert Format Tools Symbolics Window Help ) [ [=]x]
|D-ZEBRY| L 2B|oc|T: (wo =00 <) 0| @420
k=6 j=0.k
max(x) — min(x
A . max(x) - min(x)
% 0
| £
1
~-hist(k ,x); /
n
L Q.21
dnorm(sort(x)i A I) \
A N
. . . [
=2 = 0 1 2
min(x)+(j+0.5)-A ,sort(x);
<« [ r =
Press F1 for help. AUTO Page 2
0)

Pucynok 4.1 — Onpegenennie pyHKIMU pacupeneneHus (a) U IIOTHO-

CTH BEpOATHOCTH (0)
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JIsi BBIYMCIICHUSI CTAaTHCTHYECKUX XapaKTEPHUCTHK BBIOOPOK PEKO-
MEHAYETCS HCIO0Jb30BaTh IUCKpeTHBIE cooTHomeHus (1.54) u (1.57).
HalinenHple 3HaUYCHHS PEKOMEHIYETCS CPaBHUTH C Pe3yjbTaTaMHU, IOJTY-
YCHHBIMU C ITOMOINBIO CTaHIAPTHBIX (PYHKIMH (CBEIECHUS O CTATUCTHYE-
ckux ¢pyHkiusax MathCAD npuBenens! B Tabiuie 4.4).

Tabmuna 4.4 — Cratuctuueckue ¢pynkiun MathCAD

Dynkuus Pezynvmam
CpenHee 3HaU€HUE X, BEBIYUCISIEMOE 0 (hopMyIie

mean(x) mean(x) = % TX;
i=1
Jlucriepcus X, BeI9KCasgeMas o GopmyJie
var(x) = 1 Zn:[xi —mean(x)]*.
var(x) =1

Hna  npakmuueckozo UCNONb308AHUA NOLYYEHHOE
3HaueHue 00NIHCHO ObIMb UCNPABIEHO HA YUCIO Cme-
nemeu c60000bl NO cxeme var(x). n/ (n - 1).

CpennekBagpaTHYeCKOe OTKJIOHEHHE X, BBIYHUCIISE-
Moe 110 hopMmyJie

stdev(x) stdev(x) = y/var(x).

ﬂ]lﬂ npakmu4eckozco Ucnojlib306aHusl nNoOJJIy4€HHoe
3HAYeHue 00JNHCHO Obimb ucnpaeierHo Ha 4ucio cnie-

nemeu c60000bl NO cxeme StdeV(X)- Jn/ (n-1).

Koppensiiimonasie ¢GyHKIIMH BHIOOPOK M B3aUMHBIE KOPPEISIIMOHHBIC
GyHKIIMUA MOTYT onpeaensaThes o Gpopmynam Buaa (1.68). UToObl CHU3UTH
MOTPEITHOCTh WX OMPENEIICHUS TP CYIECTBEHHBIX U3MEHEHUSAX CITydaii-
HOM BEIWYUHBI, PEKOMEHIYETCS BBIMOJHUTH WHTEPIIOJSAIIUIO HCXOIHBIX
JAHHBIX JJISI MEHBILIETO Iara 1no BpemeHu (cM. pucyHok 4.2 (a)). Cnek-
TpaJIbHBIE TIJIOTHOCTU BHIOOPOK M MX B3aUMHBIE CIIEKTPAJIbHBIE TNIOTHOCTH
MOTYT OBITh HAWJEHBI IMyTEeM YHCJICHHOTO WHTETPUPOBAHUS HaWEHHBIX

AKCTIICPUMEHTATBHO KOPPEIAIIHMOHHBIX (DYHKIIMHM C MCIIOIb30BAaHUEM YypaB-
Henuit (1.43) u (1.47).
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®parmentsl mokymeHta MathCAD, mimrocTpupyrolye OIlCHUBAHKE
ATUX XapaKTEPUCTHUK, ITOKa3aHbl HA PUCYHKE 4.2,

W] Ele Edit View Inset Format Tools Symbolics Window Help [ [=]x]

D GH|@RY| s h@|oc|[": mD=e0|be ) 3] @HEH~EED s ®
HHTeprionmpoBaHe NCXONHBIX TAHHBIX:
N:=10-(n-1) j=0. % k:=0.50
zj = interp(Ispline(t .x) .t .x ,min(f) + 0.1 -j)
7 N—k
rg=——- ; — mean(x)) - \2j g — mean(x
= = 3 [lg ) (zi +k )]

Jj=1 /i
0.6
y'e
J SN '
210 1 2

-0.2 3 4 5 o

0.1k
« [ r:

Press F1 for help. AUTO Page 3

W) File Edit View lnrmat ToolemSymbolicagWindowigielp — l=]=
|D-BEE@RY| B@B|loc | (wP=|e0||low 0| BAEH=IEEDs e
L= 01k |
f (1) := interp(ispline(C ,r) ,C ,r ,T)
max(()
s(w) ::Z-J f (1) -cos(w- 1) dt
0
].
s(w)
0.571
3
-3 -2 -1 0 /i 2, 3
w <
<= »
Press F1 for help. AUTO Paged
0)

Pucynok 4.2 — OnpeneneHue KoppensaiuoHHoN GyHKIUK () U CHeK-
TpaJIbHOM IIJIOTHOCTH (0)
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ConeprxkaHue oTdeTa o JabopaTopHOM padoTe:

® WCXOJIHbIE JaHHBIC I BBIMOJHEHUS JIA0OPATOPHOH PabOTHI,

® pe3ysibTaThl OIICHWBAHHUS CTAaTUCTUYECKHX XapaKTEPUCTUK CITy-
YaKWHBIX IIPOLIECCOB;

o rpaduku (PyHKIUN pacrpeneseHus, IMJIOTHOCTEH BEPOSITHOCTH,
KOPPEJISIIIMOHHBIX (DYHKITUN U CIIEKTPAIbHBIX TUIOTHOCTEH.

4.3 JlabopaTopHasi padoTra Ne2. AHAJIM3 CUCTEMbI PHU CJAYyYaANHBIX
BO31€HCTBUAX

[lens paboThl — MPUOOPETEHUE HABBIKOB pacyeTa JUHEUHBIX CHCTEM
IIPU CIIyYaWHBIX BO3AECUCTBUSAX.

Conepxanue pabOTBHl — pacyeT PEryasIpHOM W CIydyallHOW COCTaB-
JSFOLIEW CIYYanHOr0 MPOLIECCa HA BBIXOJE JUHEUHON CHCTEMBI.

J1o BhIMOTHEHUS pabOThl HEOOXOIUMO CAMOCTOSTETLHO U3YUHUTh:

® IMIPABWIA OMNPEACICHUS XAPAKTEPUCTHUK CIyYaWHBIX MPOILECCOB HA
BBIXOJIC CUCTEMBI IO XapaKTEPUCTUKAM €€ BXOJHBIX BO3ACUCTBUM;

e [IpaBWIa pacyeTa PEryiasipHON COCTABISAIONIEH OIIMOKHU JIMHEHHOU
CHUCTEMBI 110 XapaKTEPUCTHUKAM €€ BXOJIHBIX BO3JICHCTBUI;

e [IpaBWIa pacyeTa CIy4alHOW COCTaBJIAIONICH OIMOKU JIMHEHHOU
CHUCTEMBI 10 XapaKTEPUCTUKAM €€ BXOJIHBIX BO3/ICHICTBUM.

Bce HeoOxoauMbIe TeOpETUUECKUE CBEICHUS U pacueTHbIC (OPMYJIbI
cojiepKaTcsl B JaHHOM TTocoOuu. BapuaHThl 3a1aHuil JI71s1 BBITIOJTHEHUS J1a-
OopaTopHO# paboThl npHBeAcHBI B Tabnuie 4.5 (npunare K = 1). Ctpyk-
Typa pacCUYUTHIBAEMOI CHCTEMBI TTOKa3aHa Ha pUCYHKe 4.3.

F(t)

W, (s) W,(s)

G(t) ~ E()

X (t )>

Pucynok 4.3 — CTpyKTypa pacCUUThIBAEMON CHCTEMBI



119

Tabnuia 4.5 — BapuanTtsl 3a7aHuii AJ1 BBITIOJTHEHUS JIa0OPATOPHBIX
paboT Ne3 u Ne4

N | W,(s) W, (K,s) Ss () Sk (@)
1 S+1 K-s/(s+1) 04/(1+ 0’ 0,1
2 | (s+1)s K-s/(3-s+1) 03/(1+2-0?) 0,2
3 1/s K-s/(5-s+1) 02/(1+3-0?) 0,3
4 1 K-s/(7-s+1) 0.1/(1+4-0?) 0,4
5 s K-s/(9-s+1) 0,1/(1+5-»?) 0,1
6 | s+1 K/(s+1) 0.2/(1+6-0?) 0,2
7 | (s+1)s K/(3-s+1) 03/(1+7 - 0?) 0,3
8 1/s K/(5-s+1) 04/(1+8-?) 0,4
9 1 K/(7-s+1) 0,1/(1+9-0?) 0,1
10 s K/(9-s+1) 0.2/(1+9-»?) 0,2
11| s+1 K-s/(2-s+1)  03/(1+8-07) 0,3
12| (s+1)/s  K-s/(4-s+1) o,4/(1+7 »?) 0,4
13 1/s K-s/(6-s+1) 0,1/(1+6-0?) 0,4
14 1 K-s/(8-s+1) 0.2/(1+5-»?) 0,3
15 s K/(2-s+1) 03/(1+4-0?) 0,2
16 | s+1 K/(4-5+1) 04/(1+3-0?) 0,1
17 | (s+1)/s K/(6-s+1) 0.1/(1+2-0?) 0,1
18| s K/(8-s+1) 02/(1+@?) 0,2
19 1 K-(2-s+1)/s>  02/(1+2-0?) 03
20| s K-(4-s+1)/s 0,1/(1+»?) 0,4

[Ipu BbIMOSHEHUU Ja00PATOPHOUN pabOTHI HEOOXOAUMO:

® OIpEeAeIUTh INepeaaToyHble QYHKIIMU CUCTEMBbI MO KaHajdaM «II0-
JIC3HBIN CUTHAJ — OIIMOKa» U «IIOMeXa — OIITHOKa;

® OIPEACIUTDH PETYISIPHYIO COCTABIISIIONIYIO OIIMOKH 10 KaXXJIOMY U3
KaHAJIOB KaK PEAaKIMI0 CUCTEMbl Ha CTaHJAApPTHHIC €IUHUYHBIC CTYyIECHYA-
TBhIC BO3JICCTBHUS;
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® OMNPEIETUTh JUCIICPCUIO OIMHUOKH 0 KaXIOMY U3 KaHAJIOB;

® TIPOMOJICTUPOBATH MTOBEJCHNE CUCTEMBI.

Ornpenenenre TUCTIEPCUU OIIMOKU 11€JI€COO00pPa3HO MPOBOJUTH YHC-
aeHHo. J{71a MonenupoBaHus MOBEACHUS CUCTEMbI PEKOMEHYETCS CIeHe-
PUPOBATh TIOMEXY C HOPMAIBHBIM 3aKOHOM pachpe/ieiieHrs, HyJIeBbIM Ma-
TEMaTHYECKUM OKUaHUEM, PACCUUTAHHOMN AUCTIEPCUEH 1 HAJIOKUTh €€ Ha
PETYJISPHYIO COCTABJISIONIYIO OITHOKHU (CM. pUCYHOK 4.4).

Mathcad - [Mathcat a

File Edt View Insert Format Tools Symbolics Window Help - .:
[n-FEISGRY| BB 0| s (D=0 0|(we ) B)|[@AE=§E g

PeI‘YJISIpHa}[ COCTaBIIIOIIANA BRIXOOHOI'O CHI'HAIA: 3
x(f) = exp(—0.05-1)-(cos(0.2-8) +sin(0.2-¢)) i:=0..100 ¢t;:=i

I[HCl'IepCHS[ BBIXOJHOT'O CHTHAJIA:

D, = 0.01 & := rnorm(101 ,0,\/3,5)

1.5

<« r:

Press F1 for help. AUTO Page5

Pucynok 4.4 — MoaenupoBaHUE MOBEJCHUS CUCTEMBI

Coneprxkanue oTdeTa o JjadbopaTopHOM padboTe:

® WCXOJIHBIE JaHHBIC JJIS BBIMOJHEHHUS JJa0OpaTOPHOH pabOTHI;

® pe3yJbTaThl OMPENETICHUs TMepPeJaTOYHBIX (PYHKIIUA CHUCTEMBI IO
OIMOKE JIs KaXKJ0TO U3 KaHAJIOB;

® pe3yibTaThl pacyeTa PEryasIpHBIX M CIAy4alHBIX COCTABJISIOIIUX
OLIMOKM I Ka)KI0I'0 U3 KaHAJIOB;

® TpaduKy NePEexXoJAHBIX MPOLIECCOB I KaXJA0T0 U3 KaHAJIOB.



121

4.4 Jladbopatopnasi padora Ne3. OmnpeaesieHne ONTHMAJbHBIX
apamMeTpoB CHCTEMbI

enp paboThl — NpHUOOpPETEHNE HABBIKOB CUHTE3a JTUHEUHBIX CUCTEM C
3aJIaHHOW CTPYKTYpOH, 00€CHeYMBaIOMIMX MHUHUMYM CpPEIHEKBAaJpaTHY-
HOM OIIMOKH, MPU CITYyYaHBIX BO3JCHCTBUSX.

Conepkanue pabOThl — OIpEJICIICHUE MMapaMeTPOB JTMHEHMHON CHCTe-
MbI, 00€CIIEYNBAIOLIUX MUHUMYM €€ CPEIHEKBaIPATUYHOM OLINOKH.

J10 BBINOJTHEHUS pabOThl HEOOXOIUMO CAMOCTOSITEILHO U3YUYUTh:

e 0O0IIMEe MpaBWIa CUHTE3A JIMHEHMHBIX CUCTEM IpPH CIy4YalHbBIX BO3-
JNIEUCTBUSX,

® [IPABWJIa CUHTE3a CUCTEM C 3aJaHHOU CTPYKTYPOM IPHU CIIyYalHbIX
BO3JECUCTBUAX.

Bce HeoOXxoaMMBbIe TEOPETUUECKUE CBEICHHS U pacdeTHbIC (HOPMYIIbI
COJIepKaTCsl B JAHHOM NOcoOMU. BapraHThl 3a1aHuil JI71s1 BBITIOJIHEHUS J1a-
OopatopHOi paOoThl puBeAcHBI B Tabiuie 4.5. CTpyKTypa CUHTE3Upye-
MOM CHCTEMBI TTIOKa3aHa Ha PUCYHKeE 4.3.

[Ipu BbIMOSHEHUH JA00PATOPHOUN pabOTHI HEOOXOAUMO:

® ONpeAeIuTh NepeaaToyHble (YHKIUA CUCTEMBI MO KaHAJIAM «II0-
JIE3HBIN CUTHAJ — OIMOKa» U «IoMexa — OIMOKa» Kak GyHKIMU KO3 Pu-
[MEHTa YCUICHUS Pa30MKHYTOW CUCTEMBI;

® ONpEAECIUTh CIHEKTPalIbHbIE TUIOTHOCTH COCTABJISIONIUX OLIMOKU
M0 KaHaJIaM «TI0JIE3HBIM CUTHA — OIMHOKa» U «IoMeXxa — OIIMOKa» U CyM-
MapHYI0 CHEKTPaIbHYIO MIIOTHOCTh OIMOKH Kak (PyHKIMU KO3 dUlieHTa
YCUJICHUSI PA30MKHYTOU CUCTEMBI;

® OMNpEeNeNuTh JUCIEPCUI0 OIIMOKM Kak (PyHKUIHIO KodhduiueHrta
YCUJICHUS! PA30MKHYTOU CUCTEMBI;

® OMNpeNEeTuTh ONTUMAIbHOE 3HaUYeHUE KOr(PUIlMeHTa ycuieHus pa-
30MKHYTOM CHCTEMBbI W3 YCJIOBUS MHHUMYyMa CYMMAapHOW JIUCIIEPCUU
OIITNOKMU;

® ONPENETUTh PETYJISIPHYIO COCTABJISIONIYIO OLIMOKH ISl KaXKIO0ro
U3 KaHaJIOB IIPU BBIOpAaHHOM KOA(DPUIIMEHTE YCUICHUS PA30MKHYTON CHUC-
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TEMBbI KaK PEaKIMI0 CUCTEMBbl Ha CTaHJAPTHBIC SIWHUYHBIEC CTYIICHUYATHIC
BO3JICHCTBUS;

® ONpeAeIuTh JAUCIECPCUIO0 OLIMOKHU IS KaXJAOT0 M3 KAaHAJIOB MpHU
BbIOpaHHOM K03 (PUIIMEHTE YCUIECHUS Pa30MKHYTON CUCTEMBI;

® [IPOMOJECIUPOBATH MOBEACHNUE CUCTEMBI.

Pacuer aucnepcuu U MOJIEIUPOBAHUE CUCTEMBI PEKOMEHIYETCS TPOo-
BOJIUTH TaK K€, Kak U B pabote No2.

CopneprxkaHue oTdeTa o JabopaTopHOM padoTe:

® UCXOJHBIC JaHHBIC VISl BHIMOJHEHUS Ja00paTOPHOU padoTHI,

® CXema OMpe/eNeHUs ONTUMATBHOTO KO3 (DUIIMEHTA YCUIICHHUS;

® pe3yJNbTaThl pacyeTa PETYJSPHBIX W CIyYalHBIX COCTaBJISIOIIMX
OIIMOKH JIJIs1 KaK0TO U3 KaHAJIOB,;

e rpadUKU MEPEXOTHBIX MPOIIECCOB JJIs KaXI0TO U3 KaHAJIOB.

PekomeHnyeTcs: Takke BBITOJHUTH CPAaBHCHUE HAWJICHHBIX ITOKa3aTe-
Jielt TOYHOCTHU CUCTEMBI C pe3yJIbTaTaMU BBIMOJHEHUST pa0OThI No2.

4.5 JlaGopaTtopHas padora Ne4. CuHTE3 ONITUMAJIBHON CUCTEMBI €
NPOM3BOJILHOM CTPYKTYPOH

[ens paboThl — NprOOpPETEHNE HABBIKOB CUHTE3a JTUHEUHBIX CUCTEM C
IIPOU3BOJILHON CTPYKTYpO#, 00ECIeUnBAIOIIMX MUHUMYM CpPEIHEKBA/Ipa-
TUYHOU OIIMOKH, MPU CIyYalHBIX BO3JACHCTBUX.

Conepxxanue paboOThl — oOmpeeieHue nepeaaTouyHor (yHKIUU JIu-
HEWHOW CUCTEMBbI, HAXOASIIECHCS 1O/ BIUSTHUEM CIyYalHOT'O BO3/ICHCTBHUS,
KOTOpasi 00ecreunBacT MUHUMYM €€ CPEIHEKBaIpaTUYHON OLIMOKH.

J1o BbINOIHEHUS pabOThl HEOOXOIUMO CAMOCTOSITENILHO U3YUYUTh:

e 00IIMe MpaBWIa CUHTE3A JIMHEHHBIX CUCTEM MpPH CIy4alHBIX BO3-
JIEUCTBUSX,

® [IpaBUJla CUHTE3a CUCTEM C IPOM3BOJILHOU CTPYKTYpPOHU IPU CIY-
YalHbIX BO3JICUCTBUAX.

Bce HEoOXoAMMBbIE TEOPETUUECKUE CBEICHHS U PacUeTHbIE (POPMYJIbI
coJiepKaTcsl B JAHHOM NocoOuu. BapuaHThl 3alaHuil JIJ1s1 BBITIOJIHEHUS J1a-
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OopatopHOi paboThl npuBeieHbl B Tabmuile 4.6. CTpykTypa CUCTEMBI IO-
KazaHa Ha pUCyHKeE 3.3.

Tabmuma 4.6 — BapuanThl 3a7aHuii 11 BBIIOJHEHUS J1a00PaTOPHBIX
padot Ned u Ne5

N Ss (@) Se(@) H(s)|w S5 (@) Se (@) H(s)
1] 04/ll+w?) 01 1 [11]|03/(1+8-0%) 03 s
2|03/l1+2-0?) 02 s [12]04/(t+7-0?) 04 Us
3/02/(1+3-0°) 03 1s [13[01/(1+6-02) 04 1
4101/1+4.02) 04 1 [14|02/(1+5-02) 03 s
5 01/(t+5-@?) 01 s [15]03/[1+4-0?) 02 Us
6|02/(1+6-0°) 02 s [16]04/(1+3-02) 01 1
7103/l1+7-0?) 03 1 [17|01/[1+2.@?) 01 s
8|04/(1+8-0?) 04 s [18] 02/[t+w?) 02 Us
9 01/li+9-w?) 01 s [19]02/(1+2-0%) 03 1
10[02/(1+9-0%) 02 1 [20] 01/[1+w®) 04 s

[Ipu BeIMONIHEHUH JTaOOpaTOPHOM PabOTHI HEOOXOIUMO:

e ompenenuTh GU3NYCCKH PEATH3yeMYyI0 TIEPeIaTOuHYI0 (YHKITHIO
3aMKHYTOH CHCTEMBI, BBHITIOJIHSIONIEH 3aJaHHOE MPeoOpa3OBaHME IOJIE3-
HOTO CHUTHaJIa IIPH MUHUMYME CPEAHCKBAAPATHIHON OIITUOKH;

® OMNpEICITUTh MEePEAATOYHYIO QYHKIIHIO PA30MKHYTOW CHCTEMBI;

® OMpeNenuTh NepeaaTouHble (YHKIMH CUCTEMBI 10 KaHajlaM «II0-
JIC3HBIN CUTHAJ — OIIMOKa» M «IIOMeXa — OITHOKa;

® OMPENeNUTh TUCIICPCUIO OIMMOKH IS KaXI0TO U3 KaHAJIOB,

® IIPOMOJICTUPOBATH MTOBEJICHUE CHCTEMBI.

Pacuer nucriepcuu 1 MOJEIHPOBAHUE CHUCTEMBI PEKOMEHIYETCS IPO-
BOJINThH TaK e, Kak ¥ B padoTax Ne2-3.

Coneprxkanue otuera o 1abopaTopHOU padoTe:

® UCXOJHBIC JaHHBIC JJIS1 BBIMOJHEHUS Ja00paTOPHOU padOTHI,
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e cxeMa onpeaereHus (QU3NYECKH pean3yeMod NepeaaTouyHon
(GYHKIIMU Pa30MKHYTOU CUCTEMBI;

® pE3yJIbTaThl pacueTa PEryJSIPHBIX U CIYYaHBIX COCTAaBJISIOLINX
OILMOKH I KaXKJOT0 U3 KAaHAJIOB,

e rpadUKU MEPEXOJHBIX MPOILIECCOB JJIs KaXKI0TO U3 KaHAJIOB.

4.6 JlabopaTopHasi padora NeS. CHHTE3 ONTHMAJBHOIO (PUIbTPA
Kanvana-bbsrocu

[ens paboThl — MpUOOPETEHNE HABBIKOB CUHTE3a B MPOCTPAHCTBE CO-
CTOSTHUM CJHEISAIIUX CUCTEM, 00ECTIEUMBAIOIINX MUHHMYM CpEIHEKBaApa-
TUYHOU OIIMOKH, MPU CIyYaHBIX BO3JACHCTBUMIX.

Conepxanue pabOThl — OMPEAEICHUE MNEPeAaTOYHON (YHKUIUH JIH-
HEWMHOW CUCTEMBbI, HAXOASIICHCS 1101 BIUSHUEM CIyYaliHOT'O BO3/ICHCTBHUS,
KOTOpasi 00ecIeunBacT MUHUMYM €€ CPETHEKBaIpaTUIHON OITHOKH.

J1o BBITIOJTHEHUS paOOTHI HEOOXOAMMO CAMOCTOSTENBHO U3YUUTh:

® OCHOBBI TEOPUU ONTUMAIBHON JUHEUHON QUIBTpAIUY;

® [IpaBWIa CUHTE3a onTUMaibHOTO (uibTpa Kanmana-berocu B npo-
CTPAHCTBE COCTOSIHUM.

Bce HeoOxoauMble TEOpETUUECKUE CBEJCHUS U pacueTHbIC (OPMYJIbI
cojiep)kaTrcsi B JaHHOM MocoOuu. CrekTpaiabHble TJIOTHOCTH IOJIE3HOTO
CUTHaJa U TTIOMEXH, HeOOXOIUMBIE JIJIsI BBITIOJIHEHUS JTa0opaTOpHOUM pabdo-
ThI, IPUBEJICHBI B TaOHIIE 4.6.

[Ipu BeIMONIHEHUU JTaOOpaTOPHOM PabOTHI HEOOXOIUMO:

® OMNpeNeNuTh MapaMeTpbl GOPMUPYIOMIETO (HUITBTPA;

® pa3pelmuTh ypaBHEeHHE PUKKATH 171 OIEHKH AUCIIEPCUM CITydaii-
HOTO MpOoliecca Ha BBIXOJE CUCTEMBI;

® ONpeAeIuTh MapaMmeTpsl onTumanbHoro ¢puibtpa Kanmana-berocu;

® [IPOMOJEIUPOBATH MOBEJECHUE CUCTEMBI.

MopaenupoBaHHe CUCTEMBI PEKOMEHAYETCS MPOBOJNUTh TaK XKeE, Kak U
B MPEBIYINX paboTax.

Coneprxkanue otuera o 1abopaTopHOU padoTe:
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® UCXOJHBIC JaHHBIC VISl BHIMOJHEHUS Ja00paTOPHOU padOTHI;

® pe3yJbTaThl pacueTa napaMeTpoB Gopmupyroiiero GUiIbTpa;

® pe3yJbTaThl pacueTa JUCIEPCUH BBIXOJHOTO CIIy4aHOrO MpOIec-
ca (peuieHus ypaBHeHus PukkaTn);

® pe3yJbTaThl pacyeTa MmapaMmeTpoB onTuManbHoro ¢punprpa Kanma-
Ha-bpiocH;

e TpaduKu MepexXoaHBIX MPOILIECCOB.
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HHPUJIOXKXEHUE A

CTAHJIAPTHBIE UHTEI'PAJIBI

1 * B.(j- o)
Jp=——- . — dw.
" 2.x _‘LAn(j-a))-An(—j-a))

[TonrnHOMEI An(j a)) 5 Bn(j a)) HOpsIIKa N UMEIOT BH/I
Ai-o)=2,-(j-0)" +a;,-(j-0)"" +..+a,,
B.(j-w)=by-(j-@)"+b,-(j-0)"* +..4b,_,,

M Bce KOpHU A, (j ' a)) PacIoJIOKEHBI B JICBOM MOJIYILNIOCKOCTH |- @ .

I[Ipun=1
b
J1=—0.
2‘a0'a1
[lpun=2
J2= .
2-8.0-8.1
IIpun=3
3 _—a,-by+a,-b; —a, -a, -b, /ag
3— .
2-ay-(ay-a; -2, -ay)
[lpun=4
U
J4 =_4,
4,

U4=(a2'a3_a1'a4)‘b0_a0‘a3‘b1 +a0‘a1‘b2+
+3g (a0 -2 -2, -a,)- by /2, ,

A4=2-a0-(ao-a§+a12-a4—a1-a2-a3).
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HPUJIOXKXEHUE b

U30BPAKEHUA MO JAILIACY ®YHKIIMA BPEMEHU

H3oo0pascenue no
No Opueunan f(t) Jlannacy F(S)
0, t#0,
1 5(t)= !
+00, t=0
0, t<0 1
2 1(t) = s
1, t20 °
tn—l 1
3 (n-1) "
4 exp(e - ) P :
~a
_ @
5 Sln(co-t) s2 4 @2
S
5 cos(@ - t) N
| )
7 expla - t)- sin(e- 1) (s-a) +o°
1 - >
8| oola) oo )ro-coso] | T
A-exp(e-t)-sin(w-t +y), S+
9 1 5 5 [0} 2 2
A== , y =arct -
~ \/(a+}’) +o°, W ang(a+}/) (s-a) +o

Hpumelmuue. QU @ — eeuecCmeeHHaA U MHUMAA dacmu KOpH@lZ 3HA-

menamens F(S), ¥ — KOHCIaHnma.
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HHPUJIOKEHUE B

PEHIEHUSA 3AJAY
1 CayuaiiHble mpouecchl

1.1. MaremMaTuueckoe OXKUJIaHWE CIy4alHOM BEJIWYHWHBI PaBHO HYJIIO,
T. €. My =0, Tak KaKk CHeKTpalbHas IUIOTHOCTb pU @ =0 He uMeeT oco-

oennocrelt Tuna &pyuknuu. {ucnepcus paBHa

1 +00 l +6()1 N_w
=—— do=—" | Ndo= 1
2.7 L X(w)w 2.7 _{, @ /4

KoppensiiimonHast GyHKIUs CTy4aifHOM BEJTMYUHBI

Rx(r)—— jS () -exp(j- o 7)o =
= i +le -cos(@ - 7)dw = % sin(w, - 7).

1.2. CnextpasibHas IIIOTHOCTh paBHA

= 2. .m2.5 i
x(w) 14004-@ ; té-m-My (a))

1.3. CnexTpasibHas IIOTHOCTh paBHA

Sx(a))=%-Dx- Zﬁ (0] 2,B+a) :l

a’+(B- w)2 a’ + (B + o)

+2-7r-mx-6(a)).

1.4. CnekTpasibHas INIOTHOCTh paBHA

S, (0)=2- £ R, (r)- cos(@- 7)d7 =
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=20 |17 J-colo- e = 2 2 'E(l'gd[sm(w'r)k

()

= Z'GE)X -[(l—%)-sin(w-r){l +£sin(w-r)d(%ﬂ -

2'DX
T o

[1-cos(@-T)].

1.5. ClIeKTpabHas IIOTHOCTh PABHA
54 (@)= [Rx (r)-xpl- |- - )7 =
=Dy -Jrjooexp(—oz2 ti— -w-r)dz-.

[Ipeobpazyem mokasaTesib SKCIMIOHEHTHI K TTIOJTHOMY KBaJpaTy

2
2 2 . . 1) a)2
a 7 +])ro-T=la-T+])-—| + 5
2-a 4.a

2 AHaJIu3 cUCTeM MPHU CIYYAHHBIX BO3IEHCTBUAX

2.1. ITo popmynam (2.2) u (2.3) nonyyum
my (£)=8-{my (t);=8-m, (t)

Ry (t; t;)=8-{8-{Rx (t; . to )] =64 Ry (t;.t,).
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2.2. KoppensimonHasi GpyHKIUs

d2
1

=2-a-[1—2-a-(t1 —tz)z]-exp[—a-(tl —t2)2].

2.3. KoppensimonHasi GyHKITUS

Rx (t11t2)=

(ti+1,)" 0?42
(t; ""[2)3

2.4. ITo popmynam (2.2) u (2.3) nomydum

Ry (t;,t,)=Dx -cos[e- (t, —t,)]

m, ()= [mi (2)-ex0l- 2)02
Ry (t:t2)= [ R (4,00l 2)-exp(- s
2.5. Tlo dpopmynam (2.2) u (2.3) momyunm
m, (t)= % A-sin(t)= A- cos(t),
Ry (t; ,t2)=L Ry (t;,t,)= 2-exp|:— w:l-[l—(tz —tl)z],

dt, dt,
Dy (t)=Ry (t,t)=2.

2.6. Jlnst naHHOM cUCTEMBI BecoBasi (PYHKIMS paBHA

k(t,A)= ? : exp(— %)

3HaueHNe MaTeMaTHUYECKOIr O OXHNJaHUusA

my (t)=jk(t,ﬂ)-mx(ﬂ)dl=
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tK t—A t—1
=[=.exp| -——Z |-mydAi=K-m, -|1—exp| - —2 |[.

Jucnepcus onpeaensiercs o popmyie

D, (1) = Ry (t,0)= [ [k(t.4)- K(t, &) Ry (2, o)dAcls =

toto

¢ -4 t-
Hexp( T - T”—a-\/l—,u\]dld,u=
O

=Dy -— exp(——) He (——a A - ,u\)dﬂdy

toto

Pa3o0bem MHTEpBal UHTETPUPOBAHHUS IO TIEPEMEHHOMN 4 HA JIBE YacCTH

[to ,ﬂ] 7 [/'L,t]. OTO0 MO3BOIUT OCBOOOAUTHCS OT 3HAKA MOAYJIS U IOJIY4YHUTh

TaOJIMYHEBIC HHTCI'PpaJibl BUJA

K2 2-t
Dy (t)= DX-T— exp( = )x

r 3

xt{{t{exp[%—a (2- ,u)]d,u+jexp[lT—a (u- A)]d,u}dﬂ_
" 41—0:-T—2-exp[—1+1‘f{'T-(t—to)}+
- D, - .

1—a2-T2 L +(1+a-T)-€Xp|:—$'(t_tO)i|

2.7. JInst naHHOM CUCTEMBI BecoBasi (PyHKIIUS paBHA

kt, A)—— exp( t_l).

-~

T

KoppensaiuonHas GyHKIHUS O€I0T0 IyMa UMEET BU]T

Ry (2, 1)=c¢? - 8(2 - ).
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Jlucriepcust BBIXOJTHOTO CUTHAIa

mﬁﬁjﬁ@@«@mﬂgmme=

- S ool - 2152 5(2 - wosu-

toto

— CZ l1-ex (_2)
- 2.T2 Tl

2.8. 3HaYeHne MAaTEMATUYECKOTO OKUJAHHUS PABHO

mY(t)=_|1_ i ( ) (ap +a,-A)dA =

=ay+a,-(t-T)-(a, —a, -T)-exp(— %)

Jlucriepcus onpenenures, Kak

D, (t)= [ [K(t,2)- k(t, ) Ry (4, )i A =

toto

2.t— 1 —
O o -2 A1 0. (1 )1 - i
totp

HNuTerpupoBanme npou3BOAUTCS TaK XKe, Kak U B mpumepe 2.6.

2.9. MaTemaThueCcKO€ OKHJAaHUE CIIY4ailHOTO mpoilecca X(t) Ha BEI-

X0A¢€ CUCTCMbI B YCTAHOBUBIICMCS PCIKHUME PABHO
+00
My (t)= [k(2)- [ (t = 2)+ me (- 2)J2 =

= +jook()u)- (mg +0)dA=4-mg -Texp(— 2-A)A =

=-2-mg -exp(-2-1);" =2-mg,
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Jucniepcust caydaitHOTO mpoliecca X(t) HaxoAuTCA 1Mo Gopmyiie

= T k() k()-[Ro (4 - 1)+ Re (2 - )l =

0 O
jexp(— 2-21)-exp(—2- p)-exp(=4-|A — p)dAdp +
exp(— 2-2)-exp(-2- u)-exp(- 3|4 — p)dAdy =
-
xp(— 2-2)-| [exp(-2-pu—4-]a- y\)dy}dl +

+48. j exp(-2-4)- Texp(—Z-y—S-M—y\)dy}dﬂ:
0

+00 +
=32 fexp(-2-1)-1,dA+48- [exp(-=2-4)-1,dA.
0 0
Pa300beM KaKIbIi M3 BHYTPEHHHMX UHTErPAIOB Ha aBa. [lomyunm

Il=§exp[—2-y—4-(/1—y)]dy++foexp[—2-,u+4-(/1—/l)]d,u=

N

=[exp(2- p—4-A)du+ jexp(4 A—6-pu)du=
0

=§-exp(—2-2)—§-exp(—4-/1),

ul=§exp[-z-u-s-(z-u)]duﬁf"em[-z-u+s-(z-u)]du=

exp(u—3-A)du+ jexp(3 A=5-u)du=

O'—.N

= g cexp(—=2-1)-exp(-3- ).

OKOHYATENBHO MOJTYYHUM
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+o 2 1
Dy =32- [ exp(-2- ﬂ,)-[g- exp(-2-1)- > exp(—4- ﬂ,)}dl +
0
+48.- T) exp(-2-4)- [g -exp(=2-4)—exp(-3- Z)ild/l =
0
= % [exp(-6-1)—4-exp(-4-4)];" +

48 o 112
+— [exp(=5-1)-3-exp(-4- 1)) ===
5 15
2.10. 3agaHHBIM KOPPETMSANMOHHBIM (YHKIMSM COOTBETCTBYIOT Clie-

AYHOHIHUEC CIICKTPAJIbHBIC IINIOTHOCTHU BXOJAHBIX CquafIHBIX npouccCcoB

16
16 + w2

18
9+ w?

S (@)= Se (@)=

3alaHHOM UMITYJIbCHOW IEPEXOTHON XAPAKTEPUCTUKE COOTBETCTBYET
nepeaaToyHas GyHKIUs CUCTEMBI

4
W(S)=S+—2.

MartemaTnyeckoe OKHJIaHUe cnyqaﬁHoro Imponecca X(t) Ha BBIXOJIC

CUCTEMBI B 300paxeHus no Jlamnacy paBHO

My (s)=W(s)-[Mg (s)+ M (s)] =
el )

OpI/IFI/IHaJ'I JaHHOT'O BBIPAKCHUA

my (t)=2-mg -[1—exp(-2-1)].

B ycranoBuB1IeMCs pexKUME
My (0)=2-mg - [1-exp(-0)]=2-mg.

CHGKTpaJIBHaH IINIOTHOCTDH BBIXOJHOI'O CUTI'HAJIa
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Sx(@)=W(j-0) - Se(@)+W(i-0) - S (0)=
_‘42_ 16 +‘42_ 18
(-e)+2 (o) (-0)+2 3+(j-e)’
_ 256 N 288 |
(-0 +6-(i-0)+8  [(j-0) +5-(j-@)+6|

I[I/ICHepCI/IH BbIXOAHOI'O CUI'HaJIa B YCTAHOBHUBIICMCSA PCIKUMC

1 >
Dy oz ISG(C'))CM):

0 256 0 288

_ 256 |1 8| 288 |1 6| 112

2 60 2 |5 0 15°
1 8 1 6

2.11. Iucnepenst ciryq4alHOTO MpoIecca

2.12. Ilepenarounas QpyHKIMS 3aMKHYTOW CUCTEMBI paBHa

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

od(s) =

CHGKTpaHBHaH IUNIOTHOCTDB BBIXOJHOI'O CUTHAJIA IPUMCT BHUJI

K2.N
‘T~(j-w)2+(j~a))+1‘

Sy (@)=10(j- @) - S (@)= x

WuterpupoBanue Sy (a)) 110 BCEM YaCTOTaM JAET PE3YJIbTAT
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D - 1+I°° K?-N 4o N
Yoo Y2 277
T-(j-@) +(i-0)+1

OueBuHO, uTO Aucnepcus D y He 3aBucHUT OT T.
3 CuHTEe3 CHCTEM NPHU COyqYaliHbIX BO3/1€iiCTBUAX

3.1. Ilepenarounast GyHKIMSI CUCTEMBI 1O KaHAIy «PETYJSPHBIA CUT-
HaJl — oIIMOKa» paBHa

1 52
1+W(s) s24+K-T-s+K’

Wee (s)=

PGFYJ'IHPH&SI COCTaBJIAIOIIAs OILIMOKH B YCTAHOBUBIICMCA PCIKUME

d d?
me(t)=C, - g(t)+C, -ag(t)+ C, -dt—zg(t)+

rac

b-t?
2

d d?
g(t)=a-t+ , Eg(t)-a+b-t, dt—zg(t)-b.

ITpousBoaHbIE OOJIEE BBHICOKOTO MOPSAKA OT g(t) 110 BPEMEHU PaBHBI

Hy0. Koagpuurentsl ommbok, HaliieHHbIe TTociie pas3inoxeHus W g (S) B

crenennol psan, pasusl C, =0, C, =0, C, =1/K. Toraa

mE(t)=%

[lepenaTounass pyHKIMS CHUCTEMBI MO KAaHAIY «IOMEXa — OIIMOKa»

paBHa

Wi (S)= l_\:VV\(/S()S) = Szli-lgl_. TS-; ill-)K .
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Jucnepcust cnydaiiHON OMIMOKY B YCTAHOBUBILIEMCSI PEKUME

_KEN e oT2(e)rr o (KeTEe1)N

2.1 _{o T 2T

De -
‘(j-co)2 +K-T-(j-a))+ K‘

Cpennuii kBagpaT CyMMapHOW OLIMOKU paBeH

o b (KT?+1)N

T K2 2.T

JI1s1 OTBICKaHWSI MUHUMYMa 3TOTO BBIPAXKEHUS PUPABHSIEM HYJIIO €r0
MEPBYIO TPOU3BOAHYIO IO TOCTOSIHHOW BpeMeHH |

2.K-T?—(K-T2+1)=0,
otkyma momyanm T, =1/7/K.

3.2. JuddepeHuupyst BeIpakeHUE I CPEIHETO KBaipaTa OMUOKH T10
napaMmetrpam T u K, mojryduM cucTeMy ypaBHEHUIN

T=1/VK,

2-b> T-N
—_ + =

0.
K3 2

Orcrona Haiinem K, = E{/16 b*/N?, Toum = l/W/Konm :

3.3. Cpennuii kBajgpaT CyMMapHOU OKMOKK paBeH

, b2 (K-T?2+1)-N
E-=—%+ :
K2 2.(T_1-)

OnruManabHOE 3HaYeHHUE MTOCTOSIHHOM BpPECMCHHU

Toum =T +,|7° S
K
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3.4. CnekTpalibHas INIOTHOCTh CYMMApPHOI'0 BXOJHOTO CUTHAJIa paBHA

56(0)-(1+T2 - 02)+ 5 (0)-(1+T¢ - 0?)
Sc(@)+ 3¢ (0)= (1+72 0?)-(1+T2 - 0?) |

Paznoxenue storo BBIPpAKCHUA HA KOMIIUICKCHO-COIIPAKCHHBIC CO-
MHOKUTCIIX JaCT pC3yjbTar

1+ j-a-w

6 @) (1+]-Te o)
l1-j-a-@

—j-Te -w)-(l—j-T,: a))

#(j-0)=(3:0)+5: 0)- 15 7

P(- j-@)=Ss(0)+ S¢ (0)- (1

tre a=Tg - |[56(0)- T2 + 5¢ 0)-7¢] /[85 0)+ 5+ O)]

[Tocne pa3znoxxkeHus: Ha AIEMEHTapHbIe APOOU UCKIKOYAETCS YacThb, CO-
OTBETCTBYIOLLAsi HEYCTOMYUBOU CUCTEME.

Sg(i-)-H(j-@) _

P(-j- )

_ Ss0) 1 (1-jTe-0)-(1-)-Tr o) _
1+TS -w? JSg(0)+SE(0) l1-ja-o

_ Ss0 1-j-Te o _

~ /Sc(0)+5:(0) (1+)-Ts-0)(l-j-a-w)

_ S.(0) .[TG+TF. 1 JTe—a 1 }
JSc(0)+S(0) | To+a 1+jTg-0 Tg+a l-ja-w]

Bropoe cinaraemoe B ckoOKax MMEET MOJIIOCHI B MPABOM KOMITJIEKCHOU

HOJNYIIOCKOCTH |- @. OHO orOpackiBaeTcs. Peanm3yemas dactoTHas Tie-

penarouHas QyHKIUS 3aMKHYTONH CUCTEMBbI TPUMET BT

_ B 1 SG(O) Te + T 1 =
W(J'w)"w(j-w)'[JsG(oﬁ Sc(0) To+a 1+j-Tg “”}_
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S.(0) To+Te 14j-Tr 0 Te -(j-o)+1
= . . : =K. _ .
S;(0)+S-(0) To+a 1+j.-a-w a-(j-o)+1

rae KodQpGUIMEHT YCUIICHHS 3aMKHYTON CUCTEMBbI

_ S (0) Te +T¢
~S5(0)+8£(0) Tg+a

Peanuzyemas mniepenarouHas (QyHKIMS 3aMKHYTOM CHUCTEMBI B HU30-
OpaxeHusx 1o Jlammacy uMeeT BU

W(s)=K- .
a-S+1
[lepenaTounast pyHKIMS pa30MKHYTON CUCTEMbI paBHA

Te-s+1
(@-K-T)-s+(1-K)

W,(s)=K-

3.5. [lepenarounas GyHKIMS 3aMKHYTON CHUCTEMBI paBHA

r7ie 3Ha4eHUs1 KO3P(DUIIMEHTOB

S6(0) Ta \/ Se(0) Ts-a

5 0)+5:0) “T 56 0)+5:0) " Tera

[lepenaTounast GpyHKIMS pa30MKHYTON CUCTEMbI PaBHA

y-S+1

W”(S)=K'(a—K-y)-s+(1—K)'

3.6. Ilepenarounasi GyHKIMS 3aMKHYTON CHCTEMBI paBHA
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r/ie 3Ha4eHUs1 KO3POUITMEHTOB

56 (0) 1 a=TG_J S¢(0)

=SG(O)+ SF(O)-TG +a Sc(0)+S:(0)

[lepenaTounast pyHKIMS pa30MKHYTON CHCTEMbI paBHA

3.7. OntumanbHasi UMIYJbCHAS XapaKTEPUCTUKA CUCTEMBI OyJeT HC-
KaTbCs B BUJIE

k(t)=D, - 6(t)+ D, -exp(-dj - t).

TpeOyetcs Haiitu ee mapamerpsl Do, D, u d;. YpaBHenue Bunepa-
Xora B JaHHOM CiTy4ae IPUMET BU]I

+.§ok(77)‘ Ry (T—U)dﬂ— Rzy (T)=O, 72>0.

Tak Kak CUHTE3UPYyEeTCA CIEAsIIas CUCTEMA, TO Z(t) = G(t). Torna
Ry (7)=Rg () + Re ()= 3-exp(—2-|z])+ 2 - exp(=|¢]),
Rzu (T)= Rg (T) =3- exp(— 2 "'D

[ToncTaBuM 3HAaYEHUS KOPPETSLMOHHBIX (YHKIMA U MCKOMOU HUM-
MyJIbCHOM MEPEXOIHOM XapaKTepUCTUKHU B ypaBHeHUE Bunepa-Xomnda

+£03 cexp(-2-|z - 75|)-[D, - 8(7)+ D, -exp(-d, - )ld7 +

+ gZ-EXP(-\T—nD- [Do - 8(7)+ D -exp(=dy - m)dr -
~3.exp(-2-¢])=0, z>0.

[IpeoOpazyem 3TOT UHTETpa K BULY
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+00
] Dy - 8(n)-[3- exp(=2-[r — 7))+ 2- exp(- |z )i +
0
+] Dy -exp(=dy - n)-{3-exp[-2-(z — )]+ 2- exp[- (e — )7 +
0
+0
+ [ Dy -exp(=dy -7)-{3-exp[-2- (7~ 7)]+ 2 - exp[- (7~ 7)[}d 77 -
—3-exp(-2-7)=0.
BBITIOTHUB 371€eMEHTapHBIE ONEePaIMi HHTETPUPOBAHUSI, TIOTYUUM
D, -[3-exp(=2-7)+2-exp(-7)] +

2 PuC2) foflo- ) o] 1+

P22 00) s —,)-e]- 1)+

3-D;-expl2-
¥ 12+dpl( ). expl- (2+d,)- o]+
N 2-D, 'EXp(T)-exp[—(1+d1)-2']—3‘eXp(_2'7)=0'
1+d;

[IpupaBHaB HyJI0 KOIQUIMEHTH MNpu (QYHKIUAX exp(— 2- 2'),
exp(— z') U eXp(— d, - z'), MOJIyYUM CHUCTEMY YpaBHEHHUI

f 3-D
3-D, — L _3=0,
2-D
4 2-D, — L =0,
3-D, 2-D; 3-D :
L+ 14 1,2 D1y

N3 niepBOro ypaBHEHU MOIYy4aEM

3-(1-d?)+(a-d2)=0.
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N3 n1ByX KOpHE# 3TOro ypaBHEHHUs BHIOMpPAEM TOT, KOTOPBIA COOTBET-
CTBYET YCTOHYMBOH cucTeMe (NOJOXKUTEIbHBIN), T. €. d; = J7 / 2=132.
13 nByx npyrux ypaBHeHu# cucremsl HaxoauMm D, =-0,22 u D, =0,68.

C y4eTroM 3THX 3HAYEHUM UMITYJIbCHAS MEPEXOAHAA XaPAKTEPUCTUKA OIl-

TUMaJIbHON CUCTEMBbI IPUMET BUJ
k(t)=0,68-5(t)—0,22-exp(—1,32-1).
DTOM XapaKTEPUCTUKE COOTBETCTBYET MepenarouHas QyHKIus

0,22 051 s+1

W (s)=0,68 - =051 — .
s+1,32 0,/6-s+1
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Yuebnoe nocooue

Penaxrop JI./[. Fopooacmosa

[Tognucano B mevyatb . . dopmar 60x84 1/16
Vy.-u3n. 1. 7,2 Ven. neu. 1. 7,2 Tupax 1000 5x3.  3aka3z Ne
OI'AOY BIIO «CeBepo-Kapkaszckuii dhenepanbHblil YHUBEPCUTET»
HeBuHHOMBICCKUH TEXHOJIOTHYECKUN MHCTUTYT (uinain)
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MMHUCTEPCTBO OGPA3OBAHUS M HAYKHM POCCUIICKOM
®FEJIEPALIAN

®eepanbHOE roCyIapCTBEHHOE ABTOHOMHOE 00pa30BaTeIbHOE YUpPeKIeHHe
BbICHIET0 MPOodecCHOHATBHOT0 00pa30BaHus
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MeTtoauueckue yka3zaHusi pa3paboTaHbl B COOTBETCTBHU C TPEOOBaHHUSIMHU
®I'OC BO B vactu coaepkaHus U YpPOBHs MOJTOTOBKH BBIITYCKHUKOB HallpaBlie-

Hus 15.03.04«ABTOMaTH3aIMSA TEXHOJIOTHYECKHX MPOLECCOB U MPOU3BOICTB.

Meronuueckue ykasaHUs COACPKAT PEKOMEHAALMHU [0 OPraHU3aluu Camo-
CTOSITEJIBHOM pabOThI CTYJEHTa MTPU U3YYEHUH AUCHUILUIMHBI «CiydaiiHbIe poLec-

Chbl B CUCTCMAxX YIIPABJICHUI).

CocraBurenn J.B. bonpipes

OTBETCTBEHHBINA PENAKTOP KaHA. TexH. HayK /[[.B. bonneipes
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1 HO[[FOTOBKa K JICKIINAM

['maBHOE B MepHOJ MOATOTOBKH K JIEKIIMOHHBIM 3aHATUSM — HAYYUTHCS ME-
TOJAM CaMOCTOSITEIbBHOTO YMCTBEHHOIO TpPyJa, CO3HATEJIbHO pPa3BHBaTh CBOU
TBOPYECKUE CIIOCOOHOCTH U OBJIa/IEBaTh HaBbIKaMH TBOPYECKOW paboThl. Jls 3TO-
ro HEOOXOAMMO CTPOro COOJIIONATh JUCUUIUIMHY ydeObl M moBeAeHus. YeTkoe
IUTAHUPOBAHHUE CBOETO pabOyero BPEMEHH U OTJIbIXa SBISETCS HEOOXOAUMBIM YC-
JOBHEM JUIsl YCHEIIHON CaMOCTOATENbHOU paboThl. B OCHOBY €ro Hy»XHO IOJIO-
XKUTh paboyre NporpaMMbl U3y4aeMbIX B CEMECTPE AUCLMUILIINH.

KaxxioMy CTyZIeHTy CIIEIyeT COCTaBIISATh E€XKEHEACIBHBIA M CEMECTPOBBIN
IUTaHbI pabOThI, a TaKXKe IUIaH Ha KaxAblid padouunii neHb. C Beuepa Bcerja HaJllo
pacripenensTh paboTy Ha 3aBTpaIllHUM JIeHb. B KOHIIE KaxKI0r0 JHSA 1eaecoodpas-
HO HOJBOAUTH UTOT pabOTHI: THIATEILHO IPOBEPUTH, BCE JIM BBIIIOJIHEHO 110 HaMe-
YEHHOMY IUIaHy, HE OBLJIO JIM KaKUX-TUOO OTCTYIJIEHUH, & €CIU ObLIU, IO KaKOU
IPUYHUHE 3TO Mpou301u1o. HyXHO OCYyIIEeCTBIATh CAMOKOHTPOJIb, KOTOPBIM SIBIIS-
eTcsl HEOOXOMMBIM YCJIOBHEM yCHelmHON y4eObl. Ecinu yTo-TO OCTanoch HEBBI-
MOJIHEHHBIM, HEOOXOJIMMO M3bICKAaTh BpeMs JJIsl 3aBEpUIECHUSI ITOW YacTH padoThl,
HE YMeHbIIasi 00beMa HEJEIbHOTO TIaHa.

Crnyianue u 3anuch JEKUUNA — CI0KHBIN BUJ BY30BCKOM ayAUTOpPHOM pado-
Tbl. BHUMaTenbpHOE ClyllaHWEe M KOHCIEKTHMPOBAaHUE JIEKIMM mpenanoiaraeT WH-
TEHCHUBHYIO YMCTBEHHYIO JEATEIBHOCTh CTyJAeHTa. KpaTkue 3amucu JIEKIMi, uX
KOHCIIEKTUPOBAHUE TOMOIaeT YCBOUTH Y4eOHbIH Marepuain. KoHCHekT siBisieTcs
MIOJIE3HBIM TOT/A, KOT/Ia 3alIMCAHO CaMO€ CYIIECTBEHHOE, OCHOBHOE U CIEIaHO 3TO
caMuM CTyJaeHToM. He Hajo cTtpeMuThbes 3anucarh JOCJIOBHO BCHO JIEKIUIO. Takoe
«KOHCHEKTUPOBAHUE» MPUHOCUT OOJIbIIIE BPEAa, YEM MOJb3bl. 3aMUCh JEKIHUHA pe-
KOMEH/IyEeTCsl BECTH 10 BO3MOXKHOCTH COOCTBEHHBIMH (popmyiupoBkamu. Kena-
TEJIBHO 3alUCh OCYLIECTBIISATh HA OAHOW CTpPaHUIIE, a CIEAYIOLLYIO0 OCTaBJIATh JJIs
popabOTKH Yy4eOHOTO MaTepHralia CaMOCTOSITEILHO B JOMAIITHUX YCIOBHUSX.

KoHncnekr nekuuit mydrie noapas3aensTh Ha MyHKTHI, naparpadsl, coomonas

KpPacHYI0 CTPOKY. JTOMY B OOJIBbIION CTenmeHH OyAyT CHOCOOCTBOBATH IMYHKTHI
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TJIaHa JIEKIUH, MPEIOKEHHBIE TTpenoaaBaressaM. [[puHiunuansHbie MecTa, onpe-
neneHus, GopMysbl U APYroe CIeAyeT COMPOBOXAATh 3aMCUAHUSMU «BAXKHOY,
«0C000 Ba)KHO», «XOPOIIIO 3alIOMHUTH» U T.M. MOXKHO J€NaTh 3TO U C MOMOIIBIO
Pa3HOIBETHBIX MapKepOB WM pydeK. Jlydimre ecnu oHUM OyayT COOCTBEHHBIMU,
9TOOBI HE MPUXOMIOCH TIPOCUTH UX Y OJTHOKYPCHUKOB U TEM CaAMBIM HE OTBJICKATh
uX BO BpeMms Jekiuu. llemecooOpa3Ho pa3paboTath COOCTBEHHYIO «MapKorpa-
¢buto» (3HAYKH, CHMBOJIBI), COKpaIIeHusI ¢IoB. He mumHuM OyaeT u u3y4eHue oc-
HOB cTeHorpaduu. PaboTas HaJl KOHCIEKTOM JIEKIUH, BCerja HEOOXOIUMO HC-
M0JI30BaTh HE TOJBKO YYEOHUK, HO M Ty JIATEPATypPy, KOTOPYIO JOMOJHHUTEIHHO
pexoMeH10Bal JeKkTop. IMeHHO Takas cephe3Hasi, KpOIoT/inBas paboTa C JIEKIIH-

OHHBIM MAaTCPHUAJIOM IIO3BOJIUT I JIY6OKO OBJIaACTH 3HAHUSAMU.

2 [loaroTroBKa K J1a00pATOPHBIM 3aHATHAM

Jl71st Toro 4ToObl J1abOPaTOPHBIE 3aHATHS TPUHOCUIN MAaKCUMAJIBHYIO MOJIb-
3y, HEOOXOJMMO MOMHUTh, YTO YNPaXHEHHE M pEUICHHE 3a7ad MPOBOIATCS IO
PacCMOTPEHHOMY Ha JIEKIUSX MaTepuady W CBsSI3aHbl, KaKk MPaBUJIO, C AETAIbHBIM
pa3z00poM OTIENbHBIX BOIPOCOB JIEKIIMOHHOTO Kypca. CieyeT NoJ4epKHYTh, YTO
TOJIBKO TI0CJIE YCBOECHHMS JIEKIIMOHHOTO MaTepHalla C ONPEAEICHHON TOUYKH 3pEHUs
(a IMEHHO C TOM, ¢ KOTOPOM OH M3JIaraeTcs Ha JIEKUUAX) OH OyJeT 3aKperuiaThCs
CTYZACHTOM Ha JJa0OpaTOPHBIX 3aHATHUIX KaK B pe3ysbTare 0OCYXKIACHUS U aHaIHu3a
JIEKIIMOHHOTO MaTrepuania, Tak U C MOMOIIBIO PEIIeHUs] MPOOJIEMHBIX CUTYalUM,
3anad. [Ipu 3TUX yClIOBHAX CTYAEHT HE TOJBKO XOpOIIO YCBOMT Marepuai, HO U
HAy4YUTCs MPUMEHSTh €r0 Ha NPAKTUKE, a TAKKE MOJYyYUT JOMOIHUTEIbHBIA CTH-

MyJI (M 3TO OYE€Hb BaXKHO) JJI1 aKTUBHOUM MPOPAOOTKU JIEKLIUH.

[Ipu camMOCTOATENIBHOM PEIICHUH 3a]1a4 HY>KHO OOOCHOBBIBAThH KaXK/IbIi dTam
pELICHUs, UCXOAS U3 TEOPETHUECKHUX TMOJOKEHUN Kypca. ECiu CTyIeHT BUINUT He-
CKOJIPKO MyTEeH pelieHus mpoOaeMbl (3a/1auu), TO HY)KHO CPAaBHUTh UX M BHIOPATH
caMmblil pauvoHalibHbIM. [lOJIE3HO 110 Hadana BBIYMCIECHUH COCTAaBUTb KPATKUU

TJIaH pernieHus: mpoosieMsl (3a1aun). Permenue mpoOieMHBIX 3a7a9 WM MPUMEPOB
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ciIeayer usjiararb HOI[pO6HO, BBIYHCJICHUA pacriojiaratb B CTPOroM Imnopsaake, OT-
ACIA BCIIOMOI'aTCIIbHBIC BBIYMCIICHUSA OT OCHOBHBIX. Pemenus Ipu HCO6XOI[I/IMO—

CTH HYXKHO COIIPOBOXIAATb KOMMCHTAPUAMHA, CXEMAMHU, YCPTC)KAMH U PUCYHKAMMU.

Crnegyer MOMHUTB, YTO PEIICHHE KaXKJI0M y4eOHOW 3aqadyul JOJKHO JTOBO-
JTUTHCS 1O OKOHYATEIBHOIO JJOTUYECKOTO OTBETA, KOTOPOT0O TPEOYET YCIOBHE, U 110
BO3MOXXHOCTH C BBIBOAOM. [loiyueHHBI OTBET ciieqyeT MPOBEPUTH CHOCcOoOaMHu,
BBITEKAIONIMMH U3 CyIIeCTBa JaHHOW 3anauu. [lone3Ho Takxke (eciu BO3MOXKHO)
pemarb HECKOJIbKUMHU CIIOCO0aMH M CPAaBHUTD MOJYYEHHBIE pe3yJibTaThl. Pemenue
3aJa4 JJaHHOTO THUIMAa HYXHO MPOJOJDKATh A0 MPHUOOPETEHUSI TBEPABIX HABBIKOB B

HUX PCUICHUM.

3 CamocTosiTeJIbHOE H3y4YeHHE MaTepuasia TeM

Koncnekr — Hanbonee coBeplleHHas U HanboJee CiloxHas popMa 3aluCH.
C10BO «KOHCIIEKT» MPOUCXOJUT OT JIATUHCKOTO «CONSPECtUS», 4TO 03HAYaeT «00-
30p, U3JIOKEHUEY. B MpaBUIbHO COCTABIEHHOM KOHCIEKTE OOBIYHO BBIJIEJIEHO Ca-
MO€ OCHOBHOE€ B M3y4a€MOM TEKCTE, COCPEIOTOYEHO BHUMaHUE Ha HamboJjee Cy-
HIECTBEHHOM, B KPAaTKUX U YETKUX (POPMYJIHPOBKaX 000OIIEHBI BaXKHbIE TEOPETH-
YECKUE MOJIOKEHUS.

KoHcnekT npeacraBisieT co00il OTHOCUTENBHO MOAPOOHOE, MOCIEI0BATENb-
HOE M3JIOKEHUE COJEpKaHMsI MPOUYUTaHHOTO. Ha mepBhIX mopax Leaecoo0pa3Ho B
3anucsx OJIMKe AepKaTbes TEKCTY, Mpuleras 3a4acTyro K IPSIMOMY LIUTHPOBAHUIO
aBTOpa. B nanbHeileM, mo Mepe BbIpaOOTKH HABBIKOB KOHCIIEKTUPOBAHMS, 3aMu-
cu OyyT HOCUTh OoJsiee CBOOOAHBIN U CXKATBIA XapaKTep.

KoHncnekt kHUru oObIYHO BeneTcsl B TeTpaau. B camom Havane KOHCIEKTa
yKa3biBaeTcs (haMuiiusi aBTOpa, MOJHOE Ha3BaHHE MPOU3BEACHMS, U3AATEIbCTBO,
rog u mecto u3ganus. [Ipu nuTUpoBaHuM 00s13aTeNbHAs CChUIKA HAa CTPaHUILY
kHUTH. Ecnu nurara B3ara u3 coOpaHusi COUMHEHUH, TO HEOOXOIUMO yKa3aTh CO-
OTBETCTBYIOIIMM ToM. ClielyeT MOMHUTb, YTO YETKasl CChUIKA HA UCTOYHUK — HE-
IIPEMEHHOE MPABUIIO KOHCIEKTUPOBaHUA. ECIIM KOHCIIEKTUPYETCS CTaThsl, TO yKa-

3bIBACTCs, I'I€C U KOT'Ad OHA Oblyla HareyaTaHa.
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KoHcnekT noapaszzaensercs Ha 4aCTH B COOTBETCTBHM C 3apaHee IpoayMaH-
HbIM TUTAHOM. [IyHKTBI TU1aHa 3aMMCHIBAIOTCS B TEKCTE€ WJIM HA IMOJISIX KOHCIIEKTA.
[Tucath ero pekoMeHayeTcsi YeTKO U pa3dopurBO, TaK Kak HEOpexHas 3amuch C
TE€YEHUEM BPEMEHH CTAHOBHUTHCS MAJIOMIOHATHOM JuIsl ee aBTopa. CyliecTByer npa-
BUJIO: KOHCIIEKT, COCTaBJICHHBIN JIJIsi ce0sl, TOHKEH ObITh IO BO3MOXKHOCTH HaIlH-
CaH TakK, 4YTOOBI €ro JIETKO MPOYUTAI U KTO-IUOO0 IPYToi.

@®opMBbI KOHCIIEKTA MOTYT OBITh Pa3HBIMU M 3aBUCAT OT €r0 1IEJIEBOT0 Ha3Ha-
YyeHUs (U3ydeHHe MaTepuana B LEJIOM WM HOJ ONPEIECICHHBIM YIJIOM 3pEHuS,
MOJATOTOBKA K JOKJIaay, BBICTYIUICHUIO HA 3aHATHU U T.J.), @ TAKXKE OT Xapakrepa
npousBeneHuss (MoHorpagus, cTaThs, JOKYMEHT U T.I.). Eciiu peub uaer npocro
00 M3JI0)KEHUHU cofepx aHUs pabOThl, TEKCT KOHCIIEKTa MOKET OBITh CILIOIIHBIM, C
BBIZICJICHUEM OCO00 Ba)XXHBIX IOJIO)KEHUI NOMYEPKUBAHUEM WA Pa3IMYHBIMU
3HAYKaMH.

B cnyudae, korga He OrpaHUYMBAIOTCS MEPENIOKEHUEM COJIEp)KaHus, a QUK-
CUPYIOT B KOHCIIEKTE U CBOU COOCTBEHHBIE CY>KJEHHUS MO JaHHOMY BOMNPOCY WIH
JOTIOJIHAIOT KOHCIIEKT COOTBETCTBYIOIMMH MaTEpHAIAMUA UX JPYTUX UCTOYHUKOB,
CJIelyeT OTBOAUTH MECTO JIJIsi TAKOTO poja 3amucei. PeKoMeHmyeTcs pa3fenuTh
CTPaHMIIBI TETPAJM MOIOJIaM IO BEPTUKAIU U B JIEBOW YaCTU BECTU KOHCIIEKT IIPO-
U3BEJCHMS, @ B IIPABOM CBOM JOIIOJIHUTENIBHBIE 3aIIMCH, COBMELIAs UX IO COAEP-
AKAHUIO.

KoHncnektupoBanue B 0oJibliieil Mepe, 4eM JpYTrue BUJIbI 3aMHUCEH, TOMOTaeT
BbIpa0aThIBaTh HABBIKM MPABUILHOIO M3JI0KEHUS B MUCbMEHHOU (hopMe Ba’KHbIE
TEOPETUYECKUX U MPAKTUYECKUX BOIPOCOB, YMEHUE YETKO MX (POpMYyIHpOBATH U
SICHO U3JIaraThb CBOMMM CJIOBAMHU.

Takum 00pa3oM, COCTaBJIEHHE KOHCIIEKTa TpeOyeT BIyMUYUBOW pabOThI, 3a-
TpaTbl BpEMEHU U TpyJa. 3aTO BO BpeMsl KOHCIIEKTUPOBAaHUS MPUOOpETatOTCs 3Ha-
HUS, co3aaeTcs (DOH/I 3aImucei.

KoHcnekT MokeT ObITh TEKCTYalIbHBIM WM TEMaTH4YeCKUM. B TekcTyanbHOM
KOHCIIEKTE COXPAHSIETCS JIOTHKA U CTPYKTYypa U3y4aeMOro IMpOU3BEICHHUS, a 3alUCh

BCACTCA B COOTBETCTBHU C PACIIOJIOKCHHUEM MaTCpuala B KHUIC. 3a OCHOBY T€Ma-
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TUYECKOTO KOHCIIEKTa OEpeTCs HE TUIaH MPOU3BEICHUSI, a COJEPKaHNE KaKOU-THO0
TEMbI UK IPOOJIEMBI.

TekcTyalnbHbI KOHCIIEKT JKEJIATEIbHO HAYMHATH MOCJIE TOTO, KaK BCSI KHUTA
IIPOYNTAHA U IPOJYMaHa, HO 3TO, K COXKAJIEHUIO, HE BCETJa BO3MOXKHO. B nepByro
ouepe/ib HeOOXOAMMO COCTABUTH IJIaH NMPOU3BEICHUS MTUCbMEHHO WM MBICIIEHHO,
MOCKOJIbKY B COOTBETCTBUHU C 3THUM IUIAHOM CTPOUTCA JanbHeiias padbora. Kon-
CTEKT BKIJIIOUAET B c€0s T€3UCHI, KOTOPhIE COCTABIIAIOT €ro ocHOBY. Ho, B oTiinuue
OT TE€3UCOB, KOHCIIEKT COJIEPKUT KPATKYIO 3aIIUCh HE TOJIBKO BBIBOJIOB, HO U JOKa-
3aTeNIbCTB, BIUIOTH J0 (paKTHUYECKOro marepuana. MlHaue roBopsi, KOHCIEKT — 3TO
pPaCIIMPEHHBIE TE3UCHI, JOIMOJIHECHHBIE PACCYXKICHUSAMU M JI0Ka3aTEIbCTBAMH,
MBICJISIMH ¥ COOOpPaKEHUSIMU COCTABUTENISI 3aIUCH.

Kak mpaBuiio, KOHCIEKT BKJIIOYAET B ce€0s M BBIMUCKH, HO B HETO MOTYT
BOWTHU OT/EJbHbIE MECTa, IUTUPYEMbIE OCIOBHO, a Takke (aKThl, MPUMEPHI,
U@pPhI, TAOJIUIIBI U CXEMBI, B3sThie U3 KHUTH. ClelyeT MOMHUTh, YTO paboTa Haj
KOHCTIEKTOM TOJIBKO TOTrAa OyAeT TBOPUYECKOM, KOra OHA HE OrpaHUYeHa TEKCTOM
M3y4yaeMoro npoussencHus. HyKHO TONMONHATH KOHCIEKT JaHHBIMU U3 APYTHUMU
HMCTOYHUKOB.

B koHcriekTe He0OX0AMMO BBIIETATH OT/EIbHBIE MECTa TEKCTa B 3aBUCUMO-
CTH OT UX 3HAYMMOCTHU. MOKHO TOJIb30BAThCS PA3IMYHBIMU CIIOCOOAMU: TTOIUEP-
KUBAHUSAMH, BONPOCUTEIBHBIMU M BOCKJIMIATEIBHBIMU 3HAKaMH, PEIIMKAMH,
KpaTKMMHU OLICHKaMH, IHMCaTh Ha IMOJSAX CBOMX KOHCIEKTOB CJIOBA: «BAXHO,
«OYEHb BAXKHO», KBEPHO», «XaPAKTEPHOY.

B KoHCHEKT MOryT moMemarbcsl auarpaMMbl, CXeMbl, TaOJUIIbI, KOTOPHIE
MPUIALYT EMY HATJISIAHOCTb.

CocTaBieHNI0O TEMATHYECKOTO KOHCIIEKTA MPEANIECTBYET TIIATEIbHOE U3Y-
YeHUE BCEU JUTEPATyphl, TOJOOPAHHOW JUIsl PACKPHITUS JAaHHOW Tembl. briBaer,
YTO Kakas-Tub0 TeMa pacCMaTPUBAETCS B HECKOJIBKUX TJIaBaX WJIM B Pa3HBIX MeC-
Tax KHUTH. A B KOHCIIEKTE BECh MaTepuai, OTHOCAILIUNCS K TeMe, OyJIeT cocpeo-
TOYEH B OJTHOM MecCTe. B miaHe KOHCIIEKTa peKOMEHIYETCS [1eJIaTh IOMETKH, K Ka-

KM HCTOYHUKAM (BIUIOTH JO CTpPaHUIIbI) MPUAETCS OOpPATUTHCS IUISl PACKPBITHS
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BOMPOCOB. TeMaTWYeCKWii KOHCHEKT COCTABISETCS OOBIYHO JJISI TOTO, YTOOBI
Iy0’Ke M3yYUTh ONPEICICHHBIA BOIPOC, MOATOTOBUTHCS K AOKIANY, JEKITHMH HITH
BBICTYIUICHHIO Ha CEMHUHAPCKOM 3aHATHHU. Takol KOHCIEKT IO COJCP)KaHUIO TIPH-
ommkaeTcs kK pedepary, ToKIaxy Mo n30paHHON TeMe, 0COOCHHO €CIT BKIIFOYACT U

COOCTBEHHBIN BKJIaJd B U3YUCHUC HpO6HeMI)I.
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