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BBEJAEHUE

[Ipobmema ympaBjieHHsS CHUCTEMaMU B PEAbHBIX YCIOBUAX BCEraa
CBs3aHa C HEOOXOIMMOCTHIO yUeTa CIydYaHbIX (PaKTOPOB MO CIEAYIOIIUM
NPUYUHAM:

® HAYaJIbHOE COCTOSAHHE OOBEKTa YMpPaBJICHUS BCET/a M3BECTHO C
HEKOTOPOM IMOTPEMIHOCTBIO, TOATOMY MOYKET CUMUTATHCS CIYYANHOW BEJIM-
YUHOMU;

e B TMpoliecce YyMNpaBieHUS Ha OOBEKT YyIpaBJiCHUS ACHCTBYIOT
BHEIIHUE BO3MYIICHUS, IMOATOMY TPACKTOPUS €r0 JBUKCHUS SBISCTCS
ciyyaiiHOM (DyHKIUEH;

® U3MEpPEHHE BBIXOJHBIX MapaMeTpOB OOBEKTa YIPABJICHUS ITPOU3-
BOJIUTCS C MOTPEIIHOCTBHIO, MO3TOMY PE3YJbTaThl 3TUX U3MEPEHUN MOTYT
CUUTATHCS CIIy4alHbIMU BEJIMYMHAMU.

Cucrembl yrnpaBiaeHUs, HA MOBEICHUE KOTOPBIX OKA3bIBAIOT BIIMSHUE
cllyJaiiHele (DaKTOpBI, HA3bIBAIOTCS CTOXACTHYECKUMH (om Op.-epeu.
Ytoyo¢ — 1enb, npeanonoxkenue). CiaydaitHple BO3IEHUCTBHUS MOTYT IIpH-
KJIQABIBATHCA K CUCTEME W3BHE WJIM BO3HUKATh BHYTPHU HEKOTOPBIX €€ BJIe-
MEHTOB. COCTOSTHHE TAKHX CUCTEM OIMCHIBAETCS KaK BEJIMYMHAMU, KOTO-
pble MOTYT OBITh MPEJCKa3aHbl, TAaK U BEJIMUMHAMHU CiIydailHbIMU. JIt000e€
pa3BUTHE TAaKWX CHUCTEM BO BPEMEHH SIBJISECTCS CIyYaWHBIM IPOILIECCOM,
KOTOPBIN TOJKEH ONMCHIBATHCA B TEPMUHAX TEOPHUU BEPOSITHOCTEM.

Hucturuinaa «CiydalHbIE MPOLIECCHI B CUCTEMAX YNPABICHUS CTa-
BUT CBOEU I€1bI0 (DOPMUPOBAHUE CIICAYIONIUX KOMIETECHIIMN OyAyIlero
OakajaBpa 10 HampapieHur0 noArotoBku 15.03.04 — ABToMaTuzanus
TEXHOJIOTUYECKUX MPOLECCOB U MPOU3BOACTB.

Kon DopMyIMpOBKa

N-1nk-2 PaccunThiBaeT u NMpOEKTUPYET CPEACTBA U CUCTEMBI aB-
TOMATU3ALUU B COOTBETCTBUM C TEXHUYECKUM 3aJaHUEM.

NJ1-3nk-2 BrinosiHsieT cO0p U aHaIU3 UCXOIHBIX JAHHBIX IS

pacueTa u MPOECKTUPOBAHUS CPEJICTB U CUCTEM YITPABIICHUS




C UCIMOJIb30BAaHUEM COBPEMEHHBIX MH(GOPMAIIMOHHBIX TEX-
HOJIOTHUH.

['1aBHBIMH 3aJlayaM¥ JUCUUIUIMHBI SIBISIOTCS: YCBOCHHUE CTYJICHTAMH
IIPUHIMIIOB aHAIW3a U CUHTE3a CUCTEM YIPABICHUS, HAXOASALIUXCS IOJ
BIIMSIHUEM CJIy4alHbIX BO3ACHCTBUM, MPUOOPETCHUE MPAKTUUECKUX HABBI-
KOB MCMOJIb30BAHUS METOJIOB TEOPUHU ONTUMATLHON (QUIBTpAIUU.

B pe3yisbTaTe 0OCBOESHHS JUCIUILUIMHBI CTYJAEHT JOJIKEH:

® 3HATh NPUHIUIIBI ABTOMATU3AllUH POU3BOJICTBA,;

® yMeTh pa3padaTbiBaTh 000OIIECHHBIC BAPUAHTHI PEIICHUS MPOOIeM,
CBSI3aHHBIX C ABTOMATH3allMEN MPOU3BOJICTBRA,;

® BJIQJICTh HABBIKAMU aHAJIW3a BAPUAHTOB ONTHUMAJIbHOTO MPOTHO3U-
POBaHUs MOCIEICTBAN IPUHITOIO PEIICHHUS.

Y4ebHoe mocobue pazpaboTaHO HA OCHOBE Kypca JICKIUH, YNTaeMOTO
aBTOPOM CTYJICHTaM HAIIPABJICHUS IMOJATOTOBKH «ABTOMATU3AIUs TEXHO-
JIOTUYECKUX MPOILIECCOB U MPOU3BOJICTB», a TaKKe Ha 0a3e marepuaia
MPaKTUICCKUX U Ja0OPaTOPHBIX 3aHIATHI IO 3TOMY KypCy. YdueOHOe IMoco-
Oue JTOrM4ecKy pa30MBACTCS HA YACTH (TEMBI):

® MOJCIHU JUHAMUKHU CUCTEM,;

® CJIy4YalHbIE MPOIIECCHI;

® aHaJU3 CUCTEM IIPU CIYyYaWHBIX BO3ACUCTBUSAX;

® CHUHTE3 CUCTEM IIPH CIyYaWHbIX BO3IECHUCTBUAX;

® J1a0OpPATOPHBIN MPAKTUKYM.

Kaxnast Tema pazouBaeTcs Ha pa3fieibl, KOTOPbIE MOCBSIICHBI U3y4e-
HAK) CBOEM KAaTETOPHUM 33Ja4 YNPABICHUS CHCTEMAaMH, HAXOIAIIUMHUCS
O]l BJIMSIHUEM CIIYYalHBIX BO3IACUCTBHM. B mpenmenax kaxaoro paszaena
y4eOHMKa MpeajiaraeTcs eANHBIN MOAXO0 K U3JI0KEHUIO MaTepuala, KOTo-
PBIY IIPEAYCMATPUBACT:

® TIPEJ0CTaBICHUE HEOOXOAUMBIX TEOPETUUECKUX CBEIICHUI;

® [IOCTAHOBKY 33Ja4¥ aHAJIM3Aa WJIM CUHTE3a CUCTEM, HAXOASALIUXCS
T10]1 BJIMSIHUEM CIIyYaWHBIX BO3ICUCTBUM;



® ONUCAHWE METOJA PEIICHUS 3aJa4l aHAIM3a WA CUHTE3a CUCTEM,
HAXOJAIINXCSA MO BIMSHUEM CIIyYalHbIX BO3JICHCTBUN;

e pa300p MpUMEPOB PEIICHUS 3aJlauld aHaJIN3a WU CUHTE3a CUCTEM,
HAXOJAIUXCSA MO/ BIASTHUEM CIIyYalHBIX BO3JICUCTBUM,

® BBINOJHEHUE J1a00PATOPHON PAOOTHI.

B Teopernyeckoil yacTu 0co00€ BHUMAHUE YJEISAETCS MpaBUJIaM pe-
HICHUS KJIIACCUYECKHUX 3aJ1a4 TCOPUHU CIIYHYaHHBIX MPOLECCOB. B mpakTuye-
CKOM YaCTH aKICHT JEJIACTCS HAa aIrOPUTMax aHaJIN3a WA CUHTE3a CUCTEM
YIPaBICHUS B PAa3IWYHBIX PEKUMaxX MX (PyHKIUOHUpOBaHHS. M3n0xeHHE
COTIPOBOXKIACTCS OOJIBIITUM KOJTHICCTBOM MPUMEPOB.



1 CTOXACTHYECKHUE CUCTEMbI

[loBeneHne peasbHbIX CUCTEM MOXET OBITh OMUCAHO MOJIEISIMU JIBYX
TUIIOB. JICTEPMHUHHPOBAHHBIMU (TIOJTHOCTBIO ONPEICICHHBIMH) M CTOXa-
CTHUYECKUMU (BEPOATHOCTHBIMH HJTU CTATUCTUYCCKUMH).

B aerepMMHUPOBAHHBIX MOAEJAX ITOBEJECHHUE CUCTEMBI CUMUTAETCS
IOJIHOCTBIO ONpeNeNieHHbIM. [Ipenmnonaraercsa, 4ro CTpyKTypa CHUCTEMBI
ABJISIETCS 3apaHEE W3BECTHOMW; IMApaMETPbl CUCTEMbl U BHELIHUE BO3ICH-
CTBHS (BXOJHBIE CUTHAJIBI) ABJISFOTCS 3apaHEE 33/IaHHBIMU JIETEPMUHUPO-
BaHHBIMH (PYHKIMSIM BPEMEHH; PEaKIUs CUCTEMbl Ha BXOJHBIC CUTHAJIbI
(BBIXOJHOM CHUTHAJI) TaKXKe SBJSIETCS ACTEPMUHUPOBAHHOM (yHKIMEH
BPEMEHH.

Ilpumeuanue. O6b1yHO 6 OeMEPMUHUPOBAHHOL MOOENU 8 Kayecmee
BXOOHBIX CUSHAN08 NPUHUMAIOMCS MUNOBble 8030elCMBUsL 8 UOe eOUHUY-

HOU cmyneHuamou yHKyuu 1(t), FDyHKyuu (U0eanrbHO20 UMNYIbCA) UL

HEKOMOpuIX Opyeux pyHKyull epemen, Komopule 8blOUparomcs, UCXo0s u3
ONbIMA ULU UHMYUYUU UcCaedo8ames OJisl YO0OCmea pacuema Cucme.

Camu neTepMUHUPOBAHHBIE MOJICTTU ONIPEACIISIIOT 00HO3HAYHOE COOM-
gemcmeue Mexcoy peanu3ayusmu 6X00H020 U 8bIX00OH020 cucHanos. I1ose-
JICHUE CHUCTEMBbI OIUCHIBACTCA OOBIKHOBEHHBIMU AU(depeHIInaTbHBIMU
ypaBHeHUsIMU. OHO OJTHO3HAYHO OMPENEISETCS COCTOSHUEM CUCTEMBI B Te-
KyIIMd MOMEHT BpeMeHU (HadyaJbHBIMHU YCIOBUSIMHU) U MOXKET OBITb TOYHO
NpeJICKa3aHo JJIs JIF0OOTO MOCIeAYIONIET0 MOMEHTa BPEMEHH.

HccnenoBanue TOBEAEHUS CUCTEM MOCPEICTBOM JACTEPMUHUPOBAH-
HBIX MOJIeJIe CBOJUTCS K M3YUYEHMIO Tpollecca MpeoOpa3oBaHus JeTep-
MUHHUPOBAHHBIX BXOJHBIX CUTHAJIOB B JIETEPMHUHUPOBAHHBIC BBIXOJIHbBIC
CUTHAJIBbI. DTOT MPOIIECC TAKXKE CUUTACTCS I€TEPMUHUPOBAHHBIM.

B croxacTuueckux MoOAeJfAX BXOJHBIC CHUTHAJIBI, TMapaMeTpbl U
CTPYKTYypa CUCTEMBbI B OOIIIEM ClIy4ae CUMTAIOTCS CIy4allHbIMU (YHKIIUS-
MU BPEMEHHM WJIM CIIy4YalHBIMU BEJIMYMHAMH C W3BECTHBIMU CTATUCTHYE-
CKUMH XapaKTEPUCTUKAMHU.



Ilpumeuanue. Heobxooumvle cmamucmuyeckue XapaKxmepucmuKku
Onpeoenamcs 8 xo0e CMmamucmuiyecko20 aHalu3a ONbIMHLIX OAHHBIX O

noeeodeHuu cucmembl 6 PeAajIbHblX YCIOBUAX

CTaTUCTUYECKUE MOJCIH KAMCOOU peanu3ayuu 6X00H020 CUSHANA
Cmassam 8 COOmMBEemMcmaue MHOMCECMBO BbIXOOHBIX CUCHANIO8, XapaKTEePU-
3yeMO€ ONPEAECICHHBIM 3aKOHOM pacnpeAeieHus. ECiam U3BECTHBI CTaTH-
CTUYECKUE XAPAKTEPUCTUKNA BXOAHBIX CUTHAJIOB U JTUHAMUYECKUX CBOMCTB
CUCTEMBI, TO TTOBEJICHUE CUCTEMBI OYI€T MOJHOCTHIO OMPEIEIICHO B CTaTH-
CTHYECKOM CMBICIIE (T. €. MOTYT OBITh HAalJCHBI COOTBETCTBYIOIIUE CTATH-
CTHUYECKHEC XapaKTEPUCTHKH BBIXOTHOTO CUTHAJIA).

N3yyeHne noBeneHrsi CUCTEMBI C IOMOIIBI) CTOXAaCTUYECKON MOJEIN
B O0IIEM clly4ae CBOJUTCA K M3YYCHHUIO MPEeoOpa3oOBaHUSI CUCTEMOU CITy-
YaWHBIX BXOJAHBIX CUTHAJIOB B CIIyYalHbIE BBIXO/IHBIE CUTHAJIBI.

Ilpumeuanue. Yacmuvivm cayuaem npumeHeHus cmoxacmuyeckux mMo-
Oefell 561emcs U3yueHue NoBeOeHuUss 0emepMUHUPOBAHHOL CUCTIeMDbL,
Haxoosaueucs noo GIUsSHUEM CAYYAUHBbIX BXOOHbIX CUSHAN08. B opyeom
YACMHOM ClIy4ae 6XO0OHble CUSHANIbL CYUMAIOMCA 3apaHee U38eCMHbIMU
QYHKYUAMU 8peMeHU, a CMPYKMYpPA CUCMeMbl U ee napamempsvl UMerom

CYy4auHbli Xapakmep.

Ilpumep. Cucmema cmadbunuzayuu Kypca jiemameibHo20 annapa-
ma. CmpykmypHas cxema cucmemvl umeem uo

ifﬁ)
2

o(t) x(t)

C noOMoOuUbio saoamyuxa 1 yémaHaesaueaemcsid HYyHCHoe 3HAYCHUE Kyp-

ca g(t). Ha nemamenvnuiti annapam 2 Oevicmeyem 603MyujeHue ammo-
cghepnl f(t). 3adaua cmabunuzayuu 3aKa0uaemcs 8 n000epPHCAHUU Oeli-

CMBUMeNbHO20 KYPCad, PAGHLIM 3A0AHHOMY.
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HUccneoys npoyecc cmadbunuzayuu ¢ nomowpbio 0emepMuHuUpO8anHoU
MOOeNU, MONXCHO CYUMAmMb, YMo 3a0AHHbIUL KYPC NOCMOSIHEH (g(t): do);

go3MyuleHue ammocgepvl 3a0aHO KAK (DYHKYus epemeHu (Hanpumep,
f(t)= fy); Oounamuueckue ceovicmea cucmemsi onpedenenvl 6 ude Ough-

pepenyuanvroco ypasueHus. BbixooHou cucHan X(t) npeocmasisiemcs 8

8UOe KOHKDEMHOU (PYHKYUU 8peMeHU, ONpeoessieMol KaK pe3yibmam oOe-
mepMuHupoB8antHo2o npeoopazosarnus /] (cm. cxemy).

f(t)= f,
IR0 )

g(t)= g
—» A

Ilpu maxom pewenuu 3adauu OuHAMUYECKUE CBOUCMEA CUCTNEMbL
NPUHAMbL NOJTHOCMbIO ONPEOeIeHHbIMU 80 8PEMEHU, ad 3A0amyuK Cuuma-
emcsi U0eaibHO MOYHbBIM.

Cucmema cmadbunuzayuu mMoxcem uccied08amuvcsi ¢ NOMOWbIO Cma-
mucmudeckou mooenu. Tax xax peanvhvie 3a0amuuku pabomarom c
OUUOKOU, MO HYICHBLU KYPC MOdHCEM Oblmb NPe0CmaesiieH KaK CIy4auHblil
npoyecc G(t) = g(t)+ N (t) 20e g(t) — nonesnvui cuenan, N (t) — nome-
xXa, onpeoensiemas CIVYAUHOU NOZPEUHOCMbIO 3a0anusi Kypca. Bozmywe-
HUue ammocghepol npeodCmasisemcs CAy4auHbiM NPoUeccom F(t). Boixoo-
HOU CUCHAJL CYUMAEeMCsl CLYYAUHbIM NPOYECCOM X(t), NOJIYYEeHHbIM 8 X00e

cmamucmuueckozo npeoopazosarusi C (cm. cxemy).

N(t) lF@
C

) X (t)

———»

g(t) G()

1

llpu maxom pewenuu 3a0auu modxcem ObiMb NOJYYEH OMBEm HA 60-
npoOC 0 MOM, KaK cucmema cmaduiuzayuu 8vloepicusaem 3a0aHHblil Kypc
8 CpeoHeM Npu MHO2OKPAMHOM ee UCNOJIb308AHUU C PeanlbHbIMU 3a0amyu-
Kamu  peanvbHOU 8603MYWEHHOU ammocgepe.
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Bb100p TOr0 MM MHOTO BUJA MOJEIHN 3aBUCUT OT UMEIOLIEHCS UCXO/I-
HOM MH(OpMAIUH, ONbITAa MPOECKTUPOBAHUS CUCTEM, YCIOBUN HX MpUME-
HEHUS.

JleTepMUHUPOBAHHBIE MOJIEIA BOCIPOU3BOJAT TOJBKO PETYJISIPHBIC
COCTABIISIIOIIAE PEATbHBIX CUTHAJIOB U HE YUUTBHIBAIOT UX CIyYaWHBIX CO-
craBissroux. [103TOMy MX MOXKHO paccMaTpyBaTh KaK YaCTHBIM Ciydau
CTATUCTUYECKUX MOJIENICH, ONEepUPYIOIUX Hanubojiee BEpOSTHBIMU 3Haye-
HUSIMU CUTHAJIOB.

JleTepMUHUPOBAHHBIE MOJEIN MO3BOJSIET CUHTE3UPOBATH CUCTEMBI,
ONTUMAaJIbHBIE TOJBKO JJISI KOHKPETHOIO HA0Opa BXOJHBIX CUTHAJIOB (Ij1s1
JIPYTUX, CYIIECTBEHHO OTJIMYAIOIINXCSI CUTHAJIOB OHU MOTYT OBITh JIaJIEKO
HEe onTUMaibHBIMU). CTaTUCTHUECKHE MOJCIH Jar0T BO3MOXKHOCTH CIIpPO-
E€KTUPOBATh CHUCTEMBI, SABJISIOMIMECS ONTUMAIBHBIMU ISl LIEJOT0 MHOXKE-
CTBA PEAIbHBIX BXOJIHBIX CUTHAJIOB.

JleTepMUHUPOBAHHBIE MOJIEIM MOTYT HCIIOJIb30BaThCS ISl MTPOEKTH-
POBaHUSI CUCTEM MPHU CIydalHbIX Bo3AeHCTBUAX. [Ipu »TOM 00BIYHO cuuTa-
€TCs1, YTO 3TH BO3JICHCTBHUS MAKCUMAJIbHBI, U K CUCTEME MPEIbIBISIIOTCA 3a-
BEJIOMO 0oJiee KEeCTKHE TpeOOBaHus, YeM 3TO He0OX0oauMo. B psne ciyyaeB
TaKOM IMOJXO0/ OKa3bIBACTCS 11€1€CO00Pa3HbIM WJIH JaKe €AMHCTBEHHO MPHU-
emsieMbiM. OJIHaKO MOJ00HBIE HEOJArONPHUSTHBIE CUTYaIllMUd BCTPEUAIOTCS
penko. [lo3ToMy npuMeHEHUE CTOXaCTUYECKUX MOJENEHN, ONIEPUPYIOILINX HE
MaKCUMaJbHBIMH, a Hau0O0JIee BEPOATHBIMUA 3HAYCHUSIMHU BHEITHUX BO3JICH-
CTBUM, TIPUBOJIUT K MOJYUYCHHUIO 00JIee pallMOHATBLHBIX TEXHUYECKUX pellle-
HUN (€CTECTBEHHO, MPEIHAMEPEHHO JOIYCKAETCS CHIDKCHHE KauyecTBa CHU-
CTEMbI B MAJIOBEPOSITHBIX CUTYaITUsAX).

N3yyeHneM noBelIeHUsI CUCTEM MNP CIyYalHBIX BO3JCUCTBUSX 3aHU-
MaeTcsl cTaTUCTHYeCKasi IMHAMUKA cUcTeM. B Hell yuuThIBaeTCs, 4TO
BXOJIHBIC CIIyYalHbIE CUTHAJIBI MOTYT COJEpXaTh JIECTEPMUHUPOBAHHBIE

COCTaBJISIFOIINE, & CTPYKTYpa CUCTEMBI U €€ MapaMeTpbl MOTYT OBITH Jie-
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TEPMUHUPOBAHHBIMU. CTaTUCTUYECKAsh TUHAMHMKA H3Yy4daeT CIeIyIolIne
POOJIEMBI:

® CTAaTHCTUYECKOE OMHMCAHUE CIIyYalHBIX MPOIIECCOB, 3aKIIOYAIOIIe-
€Csl B OIIPEACIICHUN UX CTATUCTHICCKUX XapPaKTCPHUCTHUK;

® CTAaTUCTUYECKHM aHAJIM3 CHUCTEM, 3aKITIOYAIONIUICS B OOIIEM CITy-
4yae B HaXOXKJICHUHM CTATUCTHYECKUX XaPAKTEPUCTHK MX BBIXOJIHBIX CUTHA-
JIOB TIO 33JIaHHBIM CTaTUCTHYECKUM XapaKTEPUCTHUKAM BXOJIHBIX CUTHAJIOB
Y CTAaTUCTUYECKUM XapaKTEPUCTUKAM JUHAMUYECKUX CBOMCTB CHCTEM;

® CTAaTUCTUYECKUN CHMHTE3 ONTHUMAJBHBIX CHCTEM, 3aKIIFOYAIOITANACS
B HAXOXJACHUU U peai3allii ONTUMAJIbHBIX B OMPEEICHHOM CMBICTIE -
HAMHUYECKUX CBOMCTB CHCTEMBI MO 3aJaHHBIM CTATUCTUYECKUM XapakTe-
PUCTHKAM BXOJHBIX CUTHAJIOB.

B xoHEYHOM HTOTe CTaTUCTUYECKAsl TUHAMHKA [TO3BOJISIET ONPEICTUTh
CTATUCTUYECKUE XaPAKTEPUCTUKU BBIXOJHBIX CUTHAJIOB, C TTOMOIIBIO KO-
TOPBIX MOKHO OIIEHHUTh UX TOYHOCTb, HAJIEKHOCTh, IPOIMYCKHYIO CIIOCO0-
HOCTB CHUCTEM.

BOITPOCHI 1151 CAMOKOHTPOJIA

1. Kakme momenn cUMTArOTCS JeTEPMUHHUpPOBAHHBIMH? Kakoil BuT
UCXOJHOW MH(OpMaUK OHU MCHOJB3yI0T? Kakoe mpeoOpa3zoBaHHUE WH-
dhopMaluy OHU peaTnu3yroT?

2. Kakme momenu cumrarotrcs croxactmueckumu? Kakoit Bua mc-
XOAHOM MH(pOpMaIMK OHU MCIOJB3YI0T? Kakoe mpeoOpazoBaHue uH@oOp-
Malli¥ OHU PEATU3YIOT?

3. B ueM mocToMHCTBA M HEOCTATKHU JETCPMUHHUPOBAHHBIX M CTATH-
CTHYECKUX MOJEIei?

4. Yto m3ydaeT cTaTUCTUUYECKAs THHAMHKA CHCTEM?



13

2 CIYYAHUHBIE MPOLIECCHI
2.1 Cay4aiiHbie mpouecchbl 1 UX XapaKTEePUCTUKHU

Cayuaiinblie nmpoueccbl — ciy4yaiiHble (DYHKIIMM HE3aBUCUMOM Tie-
peMeHHoil — BpemeHu t. CiydyaiiHOW cuuTaetrcsi (PyHKIUA, 3HAYEHUE KO-
TOPOM Il Ka)KJIOTO 3HAYEHUS apryMEHTa SBJISETCA CIIyYallHOM BEIUYU-
Hou. [lo pe3ynmpraTaMm N OMBITOB CIy4YalHBIM MPOLECC X(t) MOET 0TOO-

pa3UTbCs N pa3INYHBIMU (DYHKIUAMHU BPEMEHHU X; (t) rae 1 =1, ..., N, Ko-

TOPBIEC HA3BIBAIOTCS peaju3alusaMM (BO3MOXXHBIMU 3HAYECHUSIMH) CITydaii-
HOro mpoiecca (cM. pucyHok 2.1). JlomkHa M3ydaThbcs HE Kaxkaas peallu-
3aIis B OT/ACIBHOCTH, a CBOMCTBA BCErO MHOXKECTBA X (t)

X1 (t)

Xk(t) Xi .

O AW,

Pucynok 2.1 — Peanuzanuu ciaydaifHOTo mpoliecca

Jist mio6oro (pUKCUPOBAaHHOTO MOMEHTa BpeMmeHH t = tj peanuzamus
Xi(t j) ABJISIETCSl PEryJsipHOM (Hecly4yalHOM), a X(tj) — CIly4yalHOM

byHKIMEH, MOTYyYeHHOW MyTeM CTaTHUCTHUYECKOTO YCPEIHEHMsI CBOWCTB
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pa3nuuHbIX peanuzauni. OyHKIUA X(tj) HA3bIBACTCAd CEYEHUeM CJy-

YalHOI0 NMPOoIecca B MOMEHT BPEMEHH 1 j.

Ilpumeuanue. Henvszsn ymeepoicoams, wmo Ciy4atiHulil npoyecc 8 OaH-
HbIUL MOMEHM 8PEeMEHU NPUHUMAEM HeKOMOopoe 0emepMUHUPOBAHHOE 3HA-
yenue. Mooicho 2o08opums auuib 0 MOM, YMO ¢ HEKOMOPOLL 8EPOSTMHOCIbIO
9MO 3HAaYeHUe HaxX00UMcsl 8 ONPedenNeHHbIX npeoelax.

CraTucThyecKkue XapakTEPUCTUKHU CIIYYalHOrO MpOoIecca OMpeneis-
I0TCSl €T0 hyHKyuel pacnpedeneruss (AHTETPATbHBIM 3aKOHOM pachpe]ie-
JEHUsA) U HnIomHocmuvio epoamHocmu (quddepeHuanTbHbIM 3aKOHOM
pacupeaeneHus).

DyHKIMEH pacnpeaeeHUsl CIy4YalHOU BEJIWYMHBI X CUMTAETCS He-
npepbiBHas HeyObIBaromas GyHKIMS, ONpeesaionias BepOITHOCTb TOTO,
4TO 3HAYeHUE X OyJET MEHbIIIE HEKOTOPOTO 3aIaHHOTO 3HAYEHUSI

F(&)=P{x<¢&},

Fy(-0)=0, F(+o)=1. &)

BeposdaTHOCTh TOTO, YTO CilydyaliHas BEJIMYMHA X MTOMAAAET B 3aJaHHbIN
MOJIYOTKPBITBHIN UHTEPBAJ, PaBHA

P{AS X< B}=FX(B)-FX<A)=in(s)ds, 22)

e wx(é) HerpepbiBHAs PYHKIIMS, Ha3bIBaeMasi JIOTHOCTHIO BEPOSITHO-

CTHU cnyqaﬁHoﬁ BCJIIMYUHEI X. CHpaBeI[J'II/IBBI COOTHOIILICHUA

F (€)= [o,()c.
~oo (2.3)

dF, (£)

o, (£)= TdE
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B Teopum cucrem HaumbOoJsiee ynoTpeOUTEIbHBIMU SIBIISIIOTCS PaBHO-
MEpPHOE, SKCITOHEHIIMAIbHOE U HOPMAJIBHOE PACTIPEACIEHUS.

PaBHOMepHOe pacnpee/ieHHe XapaKTEPHO Ui CIyYaWHBIX JKCIIE-
PUMEHTOB C PaBHOBEPOSTHBIMU HcxoaaMmH. Ero dyHKus pacnpeneneHus
U TJIOTHOCTh BEPOATHOCTH HAXOAATCA 1O (hopmyiam

[0, £<a,
_Je—-a
Fe@)=10—, £elabl (2.4)
1, &>D,
1
o,(£)={o-a" £20) (2.5)
0, £¢[a,b]

rac au b — HwKHAS 1 BCPXHAA I'PaHUIA AUAITA30HA PACIIPCACIICHHAA.
3KCHOH€HHI’I3JII>HO€ pacnpeacJaeHue XapakTcpHo AJisl CUCTEM C OT-
CYTCTBUCM HOCHGI[CﬁCTBPIH, Koraa

P{x+s<gs< &= P{x< &}, (2.6)

B CBSI3M C YEM OHO SBJISCTCS OCHOBHBIM B TEOPHH CKAYKOOOpa3HBIX Map-
KOBCKHMX mpoliieccoB (cM. nainee). Ero ¢yHkius pacnpeneieHus U IioT-
HOCTb BEPOSITHOCTH HaXOIATCS 110 (hopMyJiaM

( ) 0, £<0, ,

F — A

a 1—exp(-4-£&), €20, (1)
0, £<0,

wx(§)= (2.8)

A-exp(-=4-¢&), £20,

rne A — Kod(DPUIMEHT 3aTyXaHus.
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HopMmasibHOe pacnipeaesieHue XapakTEPHO ISl CIIyYaWHBIX BEJIMYUH,
OTPEACISIEMBIX CYMMapHbIM 3()PEKTOM OT JEHCTBUSA OOJIBIIOTO YHCIa
ciydaitHeix (hakTopoB. Ero gyHKIus pacnpeneneHus U TNIOTHOCTh BEPO-
SATHOCTU HaXOAATCs 1o hopmyiam

£ _ 2
_ 2
wx(§)=—_2”1.o- -EXpP _(622)2() , (210)

rae Mx — MaTeEMaTUYECKOE OKUJIAHHUE, O'x — CPEIHEKBAIPATUYECKOE OT-
KJIOHEHHE CITy4alHOW BEIIMYMHBI X.
I'papukn pynkumii F, (f) Uw, (5) JUISl Pa3JIMYHBIX BUJOB pacnpesie-

JICHUM MOKa3aHbl Ha pUCYHKE 2.2.

JI1st cimydaliHbIX MPOIIECCOB MOYKHO OMPEACIIUTh Pa3iudHbie (YHKIIUU
pactipenenenusi. QonomepHou GyHKyuel pacnpeoenenus Cyuyauno2o npo-
yecca X(t) (pyHKIIMEN TIEpBOTO MOPSAKA) CUUTAETCS (PYHKIMS, ONpee-
JISIFOIIAsi BEPOSITHOCTh TOTO, YTO €ro C€YeHUe OyJeT MEHbIIE HEKOTOPOTO
3aIaHHOTO 3HAYEHHUS JJIs MOMEHTa BpeMEHHU t 1

|:1(4:1 ’t1)= P{X(t1)< 51}’

2.11
Fi(—o0,t;)=0, Fi(+o,t)=1. (211)

®dynknus (2.11) xapakrepu3yeT CiIydaiHbIN IPOIECC H30JIUPOBAHHO B
OTACIBHBIX CEUCHUSX, HE OTpakas B3aUMOCBA3U MEX1y HUMHU. OHOMED-
HOM (YHKIIMEW pacrpeiesieHUs] OTHO3HAYHO XapaKTepU3yeTcs TOIbKO YH-
CTO CJIy4allHbIM mporecc uin 0esblil myM. Ero pa3indHbie ce4eHUs Co-

BCPIICHHO HC3aBUCUMBI APYT OT ApyTra.
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F. (&) @, (&)
lpmmmmmm 2 | 1|
/_ b-al | |
0 a b £ 0 5 B £
a)
Fx(:l) @, (&)
ﬂ\
0 & 0 &
6)
~ :

PucyHok 2.2 — ®yHKIUU pacnpeaesieHUs U IIIOTHOCTH BEPOSITHOCTH:
(a) paBHOMEpHOE pactpeeneHue; (0) SKCIOHEHITHAIBHOE PacpeiesICHIE;
(B) HOpMaJIbHOE PACIIPEICIICHUE
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Jlsymepnotl ¢ynxyuell pacnpeoeneHus CIyYaiiHo2o npoyecca X(t)
Ha3bIBaeTCsl (YHKIIUS, OMpEEAtoniasi BEPOSITHOCTh TOT0, YTO €ro ceue-
HUE OyJeT MEHbBIIIE HEKOTOPBIX 3aJaHHBIX 3HAYCHUM IS IBYX Pa3IMYHBIX
MOMEHTOB BpeMeHH t1 1 12

F2(51 1138, ’t2)= P{X(t1)< 51’X(t2)< 52}’
Fo(—o,t;;&,,t,)=F, (& ,t, ;—0,t,)=0, (2.12)

F,(+00,t; ;400,t,)=1.

Mo3kHO onpenenuTs N-mepHyro GYHKYUIO pacnpedenerus

Fn(él L5080 1tn)= P{X(t1)< & ’---'X(tn)< gn}'
Fo(-ootys& )= .= F (&t ;=00 t,, ) =0, (2.13)

F(+0,t;;.;400,t,)=1.

Yewm Bhillle MOPSAOK (PYHKIMH pacIpeieiieHusi, TeM TOYHEe OormpeJie-
JISIFOTCST cBOMcTBA mporiecca. OpHako 3akoHoMepHOCTH Braa (2.13) oObru-
HO OBIBAIOT TPOMO3JIKMMHU, TIOITOMY Ha MIPAKTUKE OrPAaHUIMBAIOTCS (QyHK-
USMH TIEPBOTO UM BTOPOTO MOPSIKOB.

CymiecTByeT 0COOBIM KJIacC CIIYY4alHBIX IPOIECCOB, IS KOTOPBIX
GyHKIMU pacnpenesieHus B JIF00o MOMEHT BpeMmeHu t > 1o (B Oymylem)
OTIPENIETISIOTCS TOJBKO 3HAYCHUEM X(to) (B HACTOSIIIEM), U BCE 3HAYECHUS

X(t) npu t < to (B mpolioM) HE YTOUHSIOT 3TO onucaHue. Takue mpouec-
Chl Ha3bIBAIOTCSI MAPKOBCKMMH (110 UMEHU BIIEPBBIE HCCIEAOBABIIETO UX
marematuka A.A. MapkoBa). OHH XapakTEpHbI JJIsI CUCTEM C OMCYM-
cmeuem namsamu (WA CUCTEM Oe3 NOC1e0eticmeust).

Ilpumeuanue. Ananocom Mapko8cKko20 Npoyecca MOMNCHO CHUUMANMb
peuieHue ouphepeHyuaIbHo20 YPasHeHUs nep8oco NopsoKa

%x(t)= oft, x(1)],
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Komopoe sasucum om X(to) u He zaesucunm om I/lpOZ/lS’@OaHblx 711006020 Nno-

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

ITo MaTemMaTH4ecKOMy OIMCAHHIO MAapKOBCKHME IIPOLECCHI IPOLIE
HEMApPKOBCKHX.
Js cimyvaiiHoro mporecca X(t) MO3KHO ONPEJACINUTh IIOTHOCTH BE-

POSITHOCTH TpeOyeMoro mopsijka

wl(fl 1t1)= 6F1(§1 ’tl),

0&,
(2.14)

5n ’ yuesy n:'*n
it ) G )
1--- n

CpeaHee mo MHOXKeCTBY (MaTeMaTH4YeCKOe OKUIAHHUE) OIPEICIIsi-

€TCSl Ha OCHOBE HAOIOJICHUM 3a peaju3alusMu CIy4alHOro mpoiecca B
OJIUH U TOT )K€ MOMEHT BPEMEHH

7(t)=m, ()= M[X(1)]= j x- @, (X, 1)dx. (2.15)

Mamemamuueckoe odcudanue CryuauHo20 npoyecca — pecyisipHast
QyHKYUs, 3HAYEHUe KOMOpOoU 8 000t Momenm epemenu tj pagno mame-
MAMUYECKOMY OHCUOAHUIO COOMBEMCMBYIOUe20 CeUeHUs X(t j ) OHo sB-

JISI€TCS PEe3yIbTaTOM BEPOSITHOCTHOT'O YCPEIHECHUS CIydYailHON BEJIUYUHBI,
IpU KOTOPOM KaXKJ10€ €€ BO3MOXKHOE 3HaUECHUE OEPETCs C BECOM @4 (X s )

MOHO onpeAenuTh HEHTPUPOBAHHBIN CJIyYalHbIN Mpouecc

X (t)= X (t)-my (t), (2.16)

MATCMAaTUYICCKOC OKUIAAHNC KOTOPOI'O
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M[)o((t)]= MX ()= my (O] = M[XE)]-m, ()=0.  (217)

JIro0o# ciy4yalHbIN MPOLECC MOXKHO MPEICTABUTH KaK COBOKYITHOCTh
PEryJsipHON COCTaBIISIIOLIEH (MAaTEMAaTUUYECKOTO OXKUJAHUS) U LEHTPUPO-
BAHHOM CIIyYallHOW COCTABJISIIOIIEU

X (t)=my (t)+ X (0). (2.18)

CpenHee 1Mo BpeMeHH ONpEACIsIeTCS Ha OCHOBE HAOJIOJACHUS 3a OT-
JIEJIbHOW pean3aluen CIIy4alnHOro MpoIrecca B TCUEHUE TOCTATOYHO JIJIH-
TEJILHOTO BPEMEHHU, KaK

: } x(t)dt, (2.19)

€CJIM ATOT MpeJiesl CyIecTByeT. B 001iem ciiydae 3TO 3HaUY€HHUE Pa3IUYHO
JUTA OTAETBHBIX PEAIM3AallAM CIIy4aliHOIrO MpoIecca.

JAucnepcuen LEHTPUPOBAHHOIO CIYYAaHHOTO IIPOLIECCA CUUTACTCS Ma-
TEMAaTUYECKOE 0KUJIAHUE €r0 KBaapara

D, (1)= M| x2() =f° [x=m O)F -, (x,)dx. (2.20)

Jlucnepcus crnyuaiinoeo npoyecca — pecynapuas QyHKyus, 3HayeHue
KOmMopotl 8 1000t MomeHnm épemeHu 1j pagHo oucnepcuu coomeemcmay-
owe2o ceuenus X(t j )

CpenHekBajgpaTu4HOEe OTKJIOHEHHE LICHTPUPOBAHHOIO CIYyYalHOTO
MPOIECCA HAXOIUTCS KaK KBAJIPATHBIA KOPEHB U3 €r0 IUCIEPCUN

oy (t)= /Dy (1). (2.21)
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[To xapakTepy U3MEHEHHS CTATUCTHUYECKUX XapaKTEPUCTUK C TEUCHHU-
€M BPEMEHU CIIyYailHbIE MPOLECCHI AETAT HA CTAIMOHAPHBIC U HECTALM-
OHapHbIe. PaznmuyaroT CTallMOHAPHOCTH B Y3KOM M B IIMPOKOM CMBICIIE.

CmayuonapuvimM 8 Y3KOM CMblcle HA3bIBAIOT CIYyYallHBIA IPOIECC
X(t), CTaTUCTUYECKUE XapaKTEPUCTUKU KOTOPOTO HEM3MEHHBI BO BpEMeE-
HU. OYHKIMSA pacnpeesieHUs] U TJIOTHOCTh BEPOSTHOCTHU 000 pa3Mep-
HOCTHU HE 3aBUCAT OT Hayaljia OTCUeTa BpeMeHH to, T. €.

Fn(fl L5580 ’tn)= Fn(éfl B =155 8nth — 1 )’

(2.22)
@, (&t b )=, (6t — g 0t = 1),

rje to BEIOMpaeTcs npou3BOJIBHO.

Cmayuonapuseim 8 WUpoKomM cMblcle Ha3bIBAIOT CIyYalHBIN mpouecce
X(t), MaTeMaTUYECKOE OXKHJAaHHUE KOTOPOTO MOCTOSAHHO, a PYHKIIMH pac-
npeJeyeHus] U TIOTHOCTH BEPOSTHOCTU JIFOOOM pPa3zMEpPHOCTH 3aBUCST
TOJBKO OT BEJIMYMHBI CABUra BCEX TOUEK 1j BIOJIb OCH BpeMEHU Ha OJMHA-

KOBYIO BCIIMYUHY T(T. €. 3aBHUCAT OT HadaJia OTCUCTa BpeMeHI/I)

Fn(él ’tl +T;"';§n 'tn +T)= I:n(él ’---'gn ’T)’

(2.23)
@ (4 +7;. 08t +1) =@, (&) ,...E, 7).

[Iporieccel, cTallMOHApHBIE B y3KOM CMBICIIE, 00s13aT€NIbHO CTallloO-
HapHBI U B IIHUPOKOM cMbIciie. OOpaTHOE YTBEPKIICHHE BEPHO HE BO BCEX
cinyyasx. CiydaliHble MpOLeCChl, HE 00JIalatolIie CBOMCTBAMU CTallHO-
HApHOCTH, CUUTAOTCS HECMAYUOHAPHBIMU.

Ilpumeuanue. CmayuonapHviii Npoyecc MOMIcem CUumamsvcs aHajlo-
20M YCMAHOBUBUUE20CS PEHCUMA 8 OeMEPMUHUPOBAHHBIX CUCEMAX, d He-
CMAYUOHAPHBLIL NPOYECC — AHAN020M NEePEXOOH020 PeXCuMa npu 10oom

CﬂyqaﬁHOM 8X00HOM CUHAE.

CranuoHapHbIi CITy4alHbBIN MPOLECC CYUTAETCS IProAMIYeCKNUM, €CITU

ar00as CTaTUCTHYECKAs XapaKTepUCTHKA, ONpeeseMasl YCpeIHEHUEeM 10
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MHOKECTBY €ro peau3alifii, paBHa COOTBETCTBYIOIIEH XapaKTEPHUCTHUKE,
onpeaesieMOl YCPEAHEHUEM TI0 BPEMEHHU €ro MPOU3BOJBHOM JOCTATOYHO
JUTUTETILHOW pean3aiuu (3TO MO3BOJISIET, HAPUMEDP, MPUPABHATH CPEI-
HUE 10 MHOECTBY M MO BpeMeHU). Eouncmeennasn peanuzauus 3p2oou-
YecK020 CayuaiiHozo npouecca 8 0ecCKOHeUHOM UHmepeaie 8pemMeHuU
NOJIHOCMbBIO Onpeodennem 6ecb NpPoyecc, 4To CYIIECTBEHHO YIPOUIAET
pacyeT ero CTaTUCTUYECKUX XapaKTEPUCTHK.

Ilpumeuanue. He kaxcowiii cmayuoHapuslil CIy4atiHslil Npoyecc s6-
nsilemes apeooudeckum. Illpumepom mooxxcem cayxicums npoyecc X(t),

KAxcOast peanusayusi Komopo2o noCmMosiHHa 80 8pemenu (cm. pucynox 2.3).

X(t) Xl(t)

Pucynok 2.3 — [Ilpumep CTanMoHApHOTO HEIProOJUYECKOTO
CJIy4aiHOro Ipoiecca

OnvH U TOT K€ MPOLIECC MOXKET OBITh IPrOJAUYECKUM IO OTHOILICHUIO
K OJHAM CTATUCTUYECKUM XapPaKTEPUCTUKAM M HEIPTOJAMYECKUM IO OT-
HONIEHUIO K ApyruM. B nanpHeimem OyJeT cYMTaThCsi, UTO MO OTHOIIE-
HHUKO KO BCEM CTATUCTUYECKHAM XapPAKTEPUCTUKAM YCIIOBUS 3PTrOJIUYHOCTH
BBITIOJIHSIFOTCA.
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2.2 KoppeasinuoHHble (PYHKINH CJIYyYaiiHbIX NMPOLIECCOB

CratucTH4eCcKUe XapaKTepUCTHKHU, MEepeyuciaeHHble B 1. 2.1, He OT-
paxkaroT B IIOJHOW MEpE XapakTepa ciydaumHoro mpouecca. Hampumep,
IPOLIECChl HA PUCYHKE 2.4 pa3au4Hbl IO CBOCH CTPYKTYpE, XOTS U UMEIOT
OJINHAKOBBIE 3HAYEHUSI MATEMATHYECKOTO OKUJAHUS U AUCIIEpCHUH (IITpH-

XOBBIMM JIMHUSIMM IIOKa3aHbl 3HAYECHUS My (t)i 3.0 (t); IIPU HOpMaJlb-
HOM pacIIpelIeJICHUN 3HaYCHUE My (t) [OMIaaeT B OTOT JUAIA30H C BEPO-

stHOCTBIO 0,997). Iponecc Ha pucyHke 2.4 (a) mpoTEKaeT OTHOCUTEILHO
IJIaBHO, M CTaTUCTUYECKAasl CBSI3b MEXKAY €ro CEUCHHSIMU JOCTATOYHO
cunbHas. [Iporecc Ha pucynke 2.4 (0) xapakTepusyeTcsi CUJIbHOM U3MEH-
YUBOCTBIO, CBSA3b MEXKY €ro ceueHusiMu ciadas. OJHako HU MO MaTeMa-
TUYECKOMY OKUIAAHUI0, HU MO JUCIIEPCUN ONIPEACIIUTh 3TO HEBO3MOXKHO.

XM me)+3-04()  XO|  m(©)+3-04()

—

/. ,
0¥ —/= ‘.“\M“J g t
/ VY NON

My (t)-3-0x (1) ==
2 0)

Pucynok 2.4 — Cny4aitHble MPOIECCHl Pa3IUYHON CTPYKTYPHI

YToObI yuecTb CTATUCTHUYECKYIO CBSI3b MEXKIY Pa3IMYHbIMU CEUCHUS-
MU CIy4alHOTO Mpoliecca, UCTIOIb3YIOT KOPPEISIIUOHHBIC (PYHKIIHH.
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Koppeasiunonnoi GpyHKIMen CIy4yalHOTO Mporecca X(t) Ha3bIBA-
I0T HECIyJarHy0 (PyHKIMIO IBYX apryMeHToB t1 m 12, KoTOpas mjis Kax-
JIO¥ TIapbl IPOU3BOJIFHO BEIOPAHHBIX MOMEHTOB BPEMEHHU pPaBHA

Ry (t,.t,) = M[)o((tl)- )O((tz)} =

(2.24)

+00 +00
= | I[Xl = my (t)]- [x, =My ()] @5 (x4 .t %t Jdx dx,
—00 —a0
KoppensaunonHas QyHKIUs CIIy4alHOTO IpoIecca, CTAllMOHAPHOTO B
Y3KOM CMBICJIE, HE 3aBUCUT OT Pa3HOCTH apryMmeHToB t2 u t1. Koppemsuu-
OHHas (PYHKIMA CIIy4alHOTO TMpOIecca, CTAIMOHAPHOTO B IMIMPOKOM

CMBICJIE, 3aBUCHUT TOJIBKO OT OJIHOTO apryMeHTa 7=1t2 —t1

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

= TT[Xl ~my (O] [xz =mx (t+2)]- @, (x;, %, ,7)dx;dx,

—00 —00

(2.25)

Ecnu orpaHnyuThCs pacCCMOTPEHHUEM IMPOLECCOB C HYJIEBBIM MaTEeMa-
TAYECKAM OXWJIAHHEM, CTAMOHAPHBIX B IIIMPOKOM CMBICIE, TO MOYKHO
YIOPOCTUTH BBIPAKEHUE JI1 KOPPEISIUOHHON (QYHKIINU

R (z)= M[>o<(t)->o<(t+r)}=

(2.26)

+00 +-00

= I le - X5 'wz(Xl,XZ ,T)dxldXZ.

—00 —00

JUIst 3proguyeckux MpOLECCOB KOPPEISUUOHHYIO (DYHKIHIO MOYXHO
OIPEJIETUTh KaK CPEIHEE IO BPEMEHU OT MPOU3BEICHUS
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R (¢) = X~ ¥ [+ )~ ¥

= T”L*;ﬁi[x(t)‘ x]-[x(t+7)- x]dt,

(2.27)

rae X(t) — J1r00as peanuzalus CIy4yailHOro mpoiecca X(t). Ecnu cpen-

HEE 110 BPEMEHH PaBHO HYJIIO, TO

Ry (£)= () X(t+2)= lim %-_Tij(t)- (t+o)dt.  (228)

DOu3nvecKni CMbICJ KOPPEISIUOHHON (YHKIIMU COCTOUT 8 OYeHKe
BEPOSIMHOCMU MO20, YMO CeYeHUsl CAY4auHo20 npoyecca 8 MOMEHMbl

gpemenu t1 u t2 omauuaiomcsa ueznauumenvuo. llpn t2 —t1 BuusHUE
X(tl) Ha X(tz) JOCTAaTOYHO BEJIMKO, U Ry (tl ,t2) CTPEMHUTCS K MaKCH-
myMy. ITo mepe yBennuenus pasHoctu t2 —ti1 BausHue X(tl) Ha X(tz)
ociabeBaeT, U 3HaueHHe Ry (tl ,t2) ymenbmaercs. [lpu t2 —t1 — +oo
BEPOSITHOCTh TOTO, YTO X(tl) Majo OTJIMYaeTCs OT X(tz), NPaKTHYECKU

paBHA HYIIIO.
OcHOBHBIE CBOICTBA KOPPEIMALMOHHBIX (YHKIUN CIETYIOIIHE.
1) KoppensuuonHas (GyHKIHS CHMMETPHUYHA OTHOCHUTEIBHO CBOHX

apryMEHTOB.
ﬂomwameﬂbcmeo:
Re(ty )= M[x(tl)-xaz)}= M[x(tz)-x(tl)}= Re(io.t,)

JIist cTalmoHapHBIX CIYyYalHBIX MPOIECCOB KOPPEISIMOHHAA (PYHK-

IIMs €CTh YeTHast PyHKIHUS T.

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

2) 3HaucHUE KOPPEISAIMOHHON (YHKIHMH CIIy4alHOro Imporiecca Mpu
t1 =12 =1paBHO ero aucnepcuu.

ﬂoxammeﬂbcmeo:

Ry (1.)= R (t.0)— M[i Z(t)]= 0, (1)

HauanbHoe 3HaUY€HUE KOPPEISIIIMOHHONW (PYHKIIMU CTAI[MOHAPHOIO
CJIy4aiiHOTO MpOoLEcca PABHO €ro AUCIEPCHUH.

/Iomwameﬂbcmeo:

R, (0)= M|:)O((t)- )2(t)j|= D, .

3) 3HaucHUE KOPPEIAINOHHON (DYHKIIUU IO MOAYJIIO HE MOXET Ipe-
BBICUTh CPEIHET0 T€OMETPUYECKOro AUcTiepcui npu t1 u to.

ﬂomwameﬂbcmeo. HCI’IOJZbSyeM UzeecnHoe ocpaHudeHue 0151 K03d)-

Quyuenma xoppenayuu Pxy 08X CAYYAUHLIX GETUYUH X U Y

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

o, O

o=

o, O o, O

y y y

Benuuuna COV(X,y) Haszvleaemcs Kogapuayueu (KoppeniyuoHHbIM

MOMEHMOM) CAVUaUHbIX eaudurn X u Y. [nsa xoppenayuouHou @yHKyuu
CAYUAUHO20 NPOYECCa MONCHO 3aNUCAMb



27

M) g
O x (tl)‘o'x (tz) ) \/Dx(tl)' Dx(tz)

‘Rx (tl ,th < \/Dx (tl)' Dy (tz)-

<1,

JIJ1st cTallMOHAapHOTO MpOolecca 3HAYCHUE KOPPENSIIIMOHHON (DYyHKIIUU

Inpu JIFOOOM 7 HE MOJKET IMPEBBLICUTH 110 MOAYJIIO €TI0 AUCIICPCHUMH.

ﬂoxammeﬂbcmeo:

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

4) Koppemsironnas (yskimus nporecca Z(t)= X (t)+ g(t) (rme X(t)
— CJy4YalHBbIW MpoILecce, g(t) — peryisipHas GYHKIIUS BPEMEHH) OIpe-

R, (t;,t,)=Ry(t; .t,). (2.29)
Mokazamenvcmeo:
Z(t)=x(t)+9(t),
2(t)=[X )+ g(t)]-[my () + 9()] = X (©),
R, (t,.1,)= M[i(tl). i(tz)}= M[)O((tl)- >°<(t2)}= R, (t,.1,)

5) Koppemsimonnas dynxiums mpouecca Z(t)= X(t)- g(t) (rme X(t)
— CJIy4YalHbIA MPOIECC, g(t) — peryiisipHass GYHKIIUS BPEMEHH) OIpe-

ACJIINTCA COOTHOIIICHUEM
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R,(t,.t,)=R,(t,.t,)-o(t,)- o(t,). (2.30)
Jlokazamenscmao:
Z(t)= X (t)- o(t),
Z(t)= X (t)- 9(t)-my (t)- 9(t) = [X (1)~ my )] 6(t) = X ()- o(t),

R, (1, 1,) = M[z(m- z(u)}= M{[x(tz)- g(tz)][xm)- g(tl)}}
yll?/ln’IbZGGﬂ C601:ZCWI6& mamemamuiyecKkoco OOfCI/laaHZ/l}Z,

R, (t1,t,)= M[i(tl)- i(tz)] 0(t,)- 9(t) = Ry (t1.,t2)- 9(ty)- 9(t,).

6) KoppensiiimonHasi (pyHKIUSL CIy4ailHOrO MPOIECCa, COAEPIKaIIEro
MOCTOSTHHYIO COCTaBJISIIONIYI0, TakKe OyAEeT colepKaTh MOCTOSHHYIO CO-
CTaBJISIOMIYO.

Jlokazamenvcmeo. Ilycmv nabmooaemviii npoyecc npeocmasisien
0001 NOCMOAHHBLU CUSHAL X(t)= Ay (cm. pucynok 2.5 (a)). Toeoa

Ry (t1.t;)= M[x(t,)- x(t;)]= M[Ay - Ag]= AG.

7) KoppensiiimonHasi (yHKIUSI CIy4ailHOrO MPOIECcca, COAEPKaIEro
NEPUOJNYECKYIO COCTABIAIONIYIO, Takke OyAeT cojepkaThb NEepUoanye-
CKYIO COCTAaBJISIIOIIYIO.

Jlokazamenvcmeo. [lycmov nabarodaemvlii npoyecc npeocmasisem

coboll hepuoouyecKull CUsHa X(t) = A - Sin(ml T+ ¢1) (cm. pucynox 2.5

(6)). Beeoem oboznauenusn t1 =1, t2 =t + 7u ucnoavzyem ghopmyny (2.28).
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1 T
Ry (7)=lim = [x(t)- x(t + 7)dt =
x(z) Jim = _ITX() x(t +7)
Al T
= lim L. [sin(@, - t+@,) sin(@, - t+o, -7+, )it =
—>0 -T

2
= fim }[cos(a)1 7)—cos(2- @, -t + @, -7+ 2 ;).
Tood - T 5
Ilpumem T pasnvim nepuody ynxyuu X(t), m.e T,=2-nw/w,. To-
20a, UCHONBL3YSL NEePUOOUUYHOCHb  NOObIHMESPANbHLIX  (DVHKYUU, Npu
T — +o0 unmeepan ¢ npedenamu om —1T 0o T MOdx#CHO 3aMeHUMb CYyMMOTU
unmezpanos ¢ npedenamu om (K—1)-T, 0o K-T,, 20e k = £I, £2... Yuu-

mulea:l maxKyro 3dMery, MOMNCHO 3anucaniob

2

T, T,
Ry (7)= 26'1I'1 -hcos((o1 .7)dt - gcos(Z-co1 t+o T+ 2-qol)dt} =

A2 T, A2 T,
=1 .cos(@, -7)- [dt——2—[cos(2-@; -t+@ -T+2 @ )t =
2'T1 0 110

A12 T, A12 . T,
- -cos(@, - 7)-t|,' - _ Sin2- o, t+ @, T+2-9)) =
L Wt
Al

= cos(m, - 7).

Tonyuennas xKoppensyuounas QyHKyus He coOepIHcum HUKAKUX cee-
OeHuUll 0 pazosom cosuze.

Ecnu nabnooaemvlil cueHan onucvlgaemcs (hyHKyuel epemetu, pasia-
k -
eaemou 8 psao Dypve X(t)= Ag+ XA -Sln(wi -1+, ) Mo, UCNONb3YS pe-
i=1

3y1bmamol, NOJYYEHHbIE 8 NPEObLOYUUX NPUMEPAX, MONACHO 3ANUCAND

Ry ()= AC + Zk:%iz-cos(wi 7).
i=1
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X(t) Ry (z) Sx (@)

Ay 2
Gk

x(t) R« () S, ()
N NN/
\/o

\

@ —y 0 (0} @
x(t)vJ\,\,\ R, (z) S, (@
R
) 0 g 0 @
X(t) Ry (T) Dy Sy (w)
OM*VM%M‘V t N\
) 0 g 0 @
X(t) Ry (z) Sx (@)
0 t - -
l/ I N \\
/ \
o) 0 g 0 @
Pucynok 2.5 — Koppensimonasie (QyHKUMH U CHEKTpalbHBIE

IUIOTHOCTH CIIyYalHBIX IPOLIECCOB PA3JIMYHON CTPYKTYPBI
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Koppensauunonnas GyHKIUS CTAIlMOHAPHOTO CIIYYalHOTO IpoIecca, He
COJIEpIKaIllero MePUOIUYECKON COCTABISIONICH, MOXET OBITh aIMpOKCH-

MHUPOBAHA BBIPAKCHHUCM BH A
Ry (z)= Dy -exp(-a-[z]), (2.31)

r71€ @ — MapameTp 3aTyXaHwusl.

Koppemsimonnass ¢GyHKIHUS CTAlMOHAPHOTO CIYyYalHOTO MpoIlecca,
COJICpPIKAIIEro MEPUOANUECKYIO0 COCTABJISIONIYI0, MOXKET OBITh arpOKCH-
MHpOBaHa BBIPAKEHUEM BHUAA

Ry ()= Dy -exp(-a-|z])-cos(8-7), (2.32)

rie f— pe3oHaHCHAsl YacTOTa CUCTEMBI.

Ha pucynke 2.5 (B) u (T) IpuBeAEHBI MPUMEPHI CTyYalHBIX ITPOIIECCOB
U UX KOPPEISUMOHHBIX PyHKIMN. OUeBUHO, YTO C POCTOM 7 CBSI3b MEKTY
CEUEHUSIMH CIIy4alHOro mpoiiecca ociadbeBaer. Koppensaunonnas (pyHk-
1[MsI, COOTBETCTBYIOIAS MPOILeCcCy C 00ee TOHKON CTPYKTYpoil (0O0JIbIINM
3HaYCHWEM @), yObIBaeT ObicTpee. Tak kKak Il cydaifHOro Tporiecca TH-
na Oeyoro mrymMa XapakTepHO OTCYTCTBHE B3aMMOCBSI3M CEUEHUSIMU, €TO
KOppesiMoHHass (PYHKIUS MpeACTaBIsIeTCs O-QYHKIUMEH, pacroioKeH-
HOM B HavaJie KOOPAUHAT (CM. pUCYHOK 2.5 (1))

Ry (z)=N-6(z), (2.33)

riae N — HekoTopas KOHCTaHTa.

Cratuctrueckas CBsI3b ABYX CIIYYalHBIX IIPOLIECCOB X(t) 17| G(t) Xa-
paKTepU3yeTCcss B3aMMHON KOppeJsuUMOHHOW (GyHKUMel, KoTopas Ui
Ka)KJI0M Tapbl MPOU3BOJIBHO BHIOPAHHBIX MOMEHTOB BPEMEHH paBHA

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

= T flx=my (t)]-lo—mo &) @, (x.ty: 9., Joxdl.

—00 —00

(2.34)
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JI71 3proiM4ecKux Ciy4yaHbIX MPOLIECCOB
: 1 T - _
Rys ()= lim ——- [[x(t)- x]-[o(t +7)- gldt, (2.35)
To02-T T

rae X(t) u g(t) — JII00BIE peanu3aliy IpOLEecCOB X(t) u G(t).
LleHTpUpOBaHHBIE CIy4YalHBIE MPOLIECCHI CUUTAIOTCA KOPPeIUposam-
HbIMU, €CIIM MX B3aUMHAas KOppeJILUOHHAs (yHKUUSA HEe paBHa Hyio. B
IPOTUBHOM CIJIy4ae OHU CUMTAIOTCS HEKOPPeUPOEaAHHbIMU.,
B3anmHasg KoppensluoHHas (YHKIUS HE SABISCTCS CUMMETPUYHOM
OTHOCHUTEJIBHO CBOMX APTYMEHTOB, OJHAKO CIIPABEUINBO COOTHOILIEHHE

Roa (ty 1)) = M[)O((tl)-é(tz)} _ M[é(tz)- i(tl)} — Rey (t,.1,). (2.36)

Ecnu B3auMHas KoppeisiiinoHHas GyHKIUS ABYX CIy4alHBIX MPOIec-
COB X(t) 151 G(t) 3aBUCUT TOJIBKO OT PA3HOCTHU CBOMX aPT'yYMEHTOB, T. €.

Rxe (tl ’t2)= Rxe (tz —t1)= Rxc (7) (2.37)

TO TAKHUC MPOUCCChI CUHUTAOT CMAYUOHAPHO-CEA3AHHBIMU. I[J'IH CTaluo-
HapHO-CBA3aHHBIX CﬂyqaﬁHBIX npouccCcoB

Ry ()= Rgy (7). (2.38)

KoppensiunoHHas (QyHKIUS CyMMBI JBYX CIIy4aiiHBIX IIPOLIECCOB
Z(t)= X(t)+ G(t) Boraucnsercs no Gpopmyne

R (tl ’t2)= Rx (tl ’tz)"‘ Rs (tl ’tz)"‘ RXG(tl ’tz)"' Rox (tl ’tz)- (2.39)

ﬂoxasameﬂbcmeo:
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Rz (t1.t2)= M{X(t)+G(ts)]- [X (t2)+ G(t )} =
= M[X(t;)- X(t,)]+ M[G(t,)-G(t, )]+
+ M[X(t,)-G(t, )]+ M[G(t,)- X(t,)]=

= Ry (t;,t,)+ R (t 1, )+ Ryg (t; ,t5)+ Ray (t1 115 ).

Koppensiimonnas pyHKUINS TPOU3BEICHUS ABYX HEKOPPEIUPOBAHHBIX
ciyuaiiaeix nponeccos Z(t)= X(t)- G(t) HaxomuTest 10 COOTHONMIEHHIO

Rz (t1 ’t2)= Rx (t1 ’tz)‘ Rg (tl ’tz)- (2.40)
okazamenvcmeo:
Rz (t1.t2)= M{IX(t,)-G(t, )] [X (t)- G(t. )]} =
= M[X(tl)' X(tz)]' M[G(t1)‘G(t2)]= Ry (tl ’tz)‘ Rg (tl ’tz)-

[Ipu pemieHnn NMPaKTUYECKUX 3a7a4 4aCTO MOJIb3YIOTCSI HOPMHUPOBAH-
HBIMU KOPPEJISIITUOHHBIMU (DYHKITUSIMU

Rx (T) Rxc (7)

, Pyelr)= ==
o 79 o, 0,

Koppensauuonanyto (yHKIIUIO MOXXHO HCHOJIB30BAaTh JJI BBISBICHUS

px(r)= (2.42)

MOJIE3HOTO MEPUOANYECKOTO MOJIE3HOI0 CUTHalla Ha (DOHE CIydailHOM mo-
Mexu. {7151 3ToTo ee onpenenstoT Mpu OONBIINX 3HAYCHUSIX 7, KOT/Aa BIIUs-
HUE CIy4ailHOTO CHTHaja cKa3bIBaeTcs ci1abo (CM. pUCYHOK 2.6, MyHKTHU-
POM TIOKa3aHa KOppeNSIMoHHas (YHKITUS TIOMEXH).
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\ N\ / \ T
\VALVARCIEEERVARY

PucyHnok 2.6 — ®unbTpaiius Mojae3Horo NepruoJudeckKoro CurHaia ¢

UCIIOJIb30BAHUEM €TI0 KOPPEISIIUOHHON (QyHKITUU

2.3 CnekTpajibHble IIJIOTHOCTH CJIYyYaiiHbIX IPOIECCOB

CnekrpajibHasi IJIOTHOCTh CTAallMOHAPHOIO CJy4YallHOrO MpoIrecca
omnpeesieTCs Kak mpeoOpa3zoBaHue KOppeassiuoHHON GhyHKIMU no Oypwe

Sy (w)= J:jj:RX (c)-exp(- j-o-7)dz =

. . (2.42)

= [Ry(r)-cos(@-7)dz - j- [Ry(z) sin(w-7)dz.
Tax kak Ry (1') — 4YeTHas, a sin(co - z') — HeveTHas QYHKIUSA 7, TO B
(2.42) Bropoli MHTErpan paBeH HYJIO. YUUTHIBAs, YTO COS(co-T) — YerT-

Hasg PyHKUUA 7, TOJy4aeM
400
Sy (@)=2- [Ry(z)-cos(w-7)dz. (2.43)
0
Ecnu cniekTpanbHas MJIOTHOCTh M3BECTHA, TO C MOMOLIBIO OOPAaTHOIO

npeoOpaszoBanus Oypbe MOKHO HANTH COOTBETCTBYIOILYIO €M KOpPEISAIIN-

OHHYIO (DYHKITUIO
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R )=, 5. (o) exsli- 0 r)iar=
(2.44)
L. Sy (@)-cos(w- 7).

O'—-?i

T

MOXKHO yCTaHOBUTH BaXKHYK 3aBUCHMOCTb CTaTUCTHUYECKUMHU Xapak-
TEPUCTUKAMU CIYYaWHOTO MPOoLEcca

Dy = RX(O)—— jsx(w)da) (2.45)

DU3HYECKUH CMBICJI CIICKTPAILHON TNIOTHOCTH 3aKJIFOYAETCS B TOM,
4TO OHA Xapaxkmepuzyem pacnpeoenenue MOWHOCMU CIY4alH020 npoyec-
ca no 4acmomuomy CReKmpy.

Jloxkazamenvcmeo. Echu cuumamo X(t) peanuzayuel Cry4auHbix

@aykmyayull HanpsadxiceHus: Ha NPo8ooHuKe ¢ conpomugieruem 1 Om, mo,
CO2NACHO MeopuU NeKMPULeCKUx KoNeOAHUU, CPeoHssi MOUWHOCMb, PAcC-

ceusaemas Ha 3Mom NPosoOHuKe 3a epems 2-1, pasna
P = 1 } 2 (t )dt
r 2.7 '
o

Ecau npunsame 2-T — +00 u ucnonvzoeams gpopmyast (2.28) u (2.44)

npu Tt - 0, mo MOJCHO 3anucams

Py =Ry (0)= lim L ;TXZ(t)dt_Zi +j:s (0)o.

Taxkum obpazom, cpeoHssi MOWHOCMb CUSHALA MOJcem Oblmb Hauoe-
Ha, KaK OECKOHEeYHAs CYyMMA 3/1eMEHMAaPHbIX CAaA2aemblx Sy (a))da) 6 oua-
naszone yacmom om —o 0o +oo. Takum obpazom, Kaxcoas s1emMeHmapHas

MOWHOCMYb 0151 Yacmombl @ OyOem NPONoOpYUOHAIbHA Sy (a))
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Ilpumep 2.1. Onpedenenue cnekmpaibHOU NIOMHOCMU CAYYAUHO2O
npoyecca, KOpperayuoHHas QYHKYUs KOmopo20 HAXo0umcsi no COOMHO-

wenuio (2.31). Hcnonvsys popmyny (2.42) u yuumeisas, umo |t|=1 npu

720 u ‘r‘=—r npu T <0, 3anuwem
+00 _
Sx (@)= Dy -exp(-a-[r])-exp(~ j- @- )z =

-0 { forlla- i-0)-shr+ Torol-(a+ -0 ol | -

2'DX ‘a
a’ +w?

Ilpumep 2.2. Onpeodenenue cnekmpaivbHOU HNIOMHOCMU CAYYAUHO20
npoyecca, KOppensiyuoHHAsk QYHKYUs KOmopo2o HAXo0umcsi no COOMHO-
wenuio (2.32). Ucnonvzys gpopmyny (2.42) u npouszeo0s sameny

Cos(ﬂ_7)=exp(—J'-ﬂ-r)2+exp(j-ﬂ-f)’
Sy (@)= TODX -exp(-a-[z])-cos(B-7)-exp(- j-@-7)d7 =

T)exp[—a-\r\— j -(a)+,8)-z']dz'+

X

s S

2

+ fexpl-a-[el- (0 p)-7ie

\

Oba unmezpana mocym ObImb HAUOEHbL MAK e, Kak u 6 npumepe 2.1,

noce savenvi (@ + ) u (@— B) na ®’u @”. Tozoa
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a a
S =Dy - + =
X(w) X o2 +(a)')2 a2+(wn)2

o N o
a’ +(ao+,8)2 a’ +(6o—ﬂ)2

=D, -

OCHOBHBIE CBOWCTBA CICKTPAIBHBIX IUIOTHOCTEH, ONPEICISEMBbIC
CBOMCTBAMH KOPPEIAIMOHHBIX QYHKIIUH (CM. 1. 2.2), CIeAYIONIHE.
1) CnekTpanpHasi IUIOTHOCTh CIydYaldHOro Ipolecca SBISICTCS JCH-

CTBUTEJIbHOW Y YETHOM (yHKIIMEH YaCTOTHI.

Hoxazamenvcmeo. [loovinmezpanvhoe svipasicenue 6 (2.43) cooep-
orcum npousgedenue yemuvix Qyuxkyui Ry (Z') u COS(a)-Z'), nosmomy 0y-

()em cnpaee()ﬂueo COOmMHOUiLeHue
Sy (9)=2- [Ry (r)-cos(w-7)d7 =
0

= Z-T)RX (-7)-cos(-w-7)d7 = Sy (- @).

2) CnekrtpanbHasi IUIOTHOCTh CIIy4allHOTO Mpoliecca, COAEpKaIlero
IIOCTOSIHHYIO COCTaBJISAIOINIYIO, OyJIeT MMeTh MMIYJIbC (S-QyHKIHIO) TpH
4acTOTE, PABHOW HYJIIO.

Jlokazamensvcmeo. [lycmov nabarodaemvli npoyecc npeocmasisem
Cco001Ul NOCMOSIHHBIU CUSHAT X(t)= A, (cm. pucynok 2.5 (a)). Tozoa, uc-

noJb3yA nooxoo0 om npomueHo2c0, MOJNCHO 3anucamas
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Sx(@)=2-7-A; - 5(®),

Rx(r)=$-ij902-7r-A§-é‘(w)-exp(j-w-r)dw:

Q0

= A -explj-o-7), _ =A

ded)lﬂ(‘ Cl’leKmpaJleOIJ niomHocmu nokassleaem, 4mo 6CA MOUY-
HOCMb NOCMOAHHO20 CUcHAIA cocpec)omoqeﬂa npu H_)/JZ€6OIZ yacmome.

3) CrektpanbHas IJIOTHOCTh CIyYalHOTO MpoIlecca, COJEPIKaIero
NEPUONYECKYIO COCTABJISIONIYIO C YaCTOTOM @1, OyAET UMETh UMITYJIbChI

(6-pyHKIMN) TIpH YacTOTax +@1.

Jlokazamenvcmeo. [lycmov nabarodaemvlli npoyecc npeocmasisem
cobotl nepuoouyecKull CUHal X(t)= A - sin((ol T+ ng) (cm. pucynok 2.5

(0)). To2coa, ucnonv3ys nooxo0 om NPOMUBHO20, MONCHO 3ANUCAMb
As
Sy (a))= 2 -7[-7-[5(60—601)+ §(w+w1)],

+00 2
RX(T)=ZL. i 2-7z-%-[§(w—w1)+6(w+w1)]-exp(j-w-r)dw=
T
AO2 +00 +00
= T{ [8(w-@,)-exp(j- o 7)o+ [5(o+ @, ) exp(] -a)-z')da)} =
2 2
— % [exp(j- @, -7)+exp(-j- @, -7)]= % -cos(m, - 7).
Fpa¢ul< CneKmpaﬂbHOﬁ njiomHrocmu nokassleaem, 4mo 6cCiA MOUY-
HOCMmb neleO()ulleCKOZO cucHalia COCpeaOmO'-leHCl npu Oeyx yacmomax.
Ecau nabarodaemviii cuHal Onucvléaemcs QyyHkyueti 6pemenu, pasia-

k
eaemou 6 pso Dypve X(t)= Ag+ YA -Sin(a)i -1+ @, ) mo e20 cnek-
i=1
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MpanvHas NIOMHOCMb Oyoem umemv U0 JUHEUUAmo2o cnekmpa ¢ &
QYHKYUAMU, PACNOTOHCEHHBIMU HA NOJIONCUMENbHBIX U OMPUYAMETbHbIX
yacmomax 2apmMoHux. Vlcnonw3ysa nojyuenHnvie pamnee pe3yibmambl, MOAC-

HO 3anucamo

Sx(a))= 2-7- A02 -5(&))+ izzk:lATiz-[é'(a)—a)i)+5(a)+a)i)] :

CHCKTpaJ'IBHaSI IIJIOTHOCTD cnyqaﬁﬁoro mponecca, HE COACPKALLCTO
HGpHOI{H‘ICCKOﬁ COCTaBJ'IFIIOHJ;eI‘/JI, MOKET OBITH HpI/I6J'II/I)KeHHO npeacraBiic-
Ha BBIPAKCHUCM

2‘ DX ‘TX
1+T>% w?

Sy (@)= (2.46)

rae | x — IMOCTOsSIHHAsE BPEMEHU. Takoill CIEKTPaTbHOM IMJIOTHOCTU COOT-
BETCTBYET KOppeisuonHas GyHkius (2.31).

Ilpumeuanue. Dopmyne (2.46) coomeemcmeyem cnekmpanibhas

nIomHoOCmb, nonyuennas 6 npumepe 2.1, eciu npunsmo o =11T .

Ha pucynke 2.5 (B) u () npuBeACHBI IPUMEPHI CIIEKTPATBbHBIX MJIOT-
HOCTEH U KOPPENALMOHHBIX (PYHKIUNA CIIydyalHBIX MPOIIECCOB Pa3IMYHON
CTpYKTYpbl. O4eBUIHO, YTO, YeM IIHUpe rpaduK CIEKTPAIbHOU MIOTHOCTH,
TEM yXke TpauK COOTBETCTBYIOIIEH KOPPEISIIMOHHON (QYyHKIIMH. ITO CO-
OTBETCTBYET (PU3UYECKON CYIIHOCTH Mpolecca (dem Oojiee BBICOKUE Ya-
CTOTBI TPEACTABIIEHBI B CIEKTPAIBHOMN TJIOTHOCTH, TEM BBIIIIE€ CTENEHb €r0
n3MeHYnuBOCTH). CriekTpaibHas MIOTHOCTh OEJIOro IIyMa CUHUTAETCS IO-
CTOSIHHOM BO BCEM JIMAITa30HE YacTOT (CM. pUCYHOK 2.5 (1)).

Jlokazamenbcmeo (om npomuenozo):
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Ry (z)=N-&(z),

Sx(w)=iij 8(z)-exp(- j-@-7)dz =N -exp(—j-a)-z'){r=0 =N.

[TOoCTOSHCTBO CHEKTPaIBbHOM IUIOTHOCTH OE€JI0TO IIIymMa BO BCEM JIHMa-
ma3oHe 4acToT (opMajabHO O3HAYaAeT, YTO €Tr0 PHEPTUs paclpejiesieHa 1o
BCEMY CIIEKTPY PaBHOMEPHO, a CyMMapHasi dHEpTHs Ipoliecca paBHa Oec-
KOHEYHOCTH. DTO YKa3bIBAE€T HA HEBO3MONCHOCMb (DU3UYECKOU peanu3a-
yuu 6eno2o wyma.

Hpumeltauue. Ecnu CNEKMPAJbHYIO NJIOMHOCNb CUcHALId MOINCHO
CYUmMams NOCMOAHHOU 6 00CMAMOYHO WUPOKOM 4ACMOMHOM 01/[61716130716,
a epaHuysvl amoco ouUanazoHa HAxXo0Amcs 6He NoJaoCbl Yacmom nponycka-
HUA cucmemsl, mo udeaﬂwauuﬂ MaKo2o cucHala 6 euoe 06enoco wyma
6NnoJiHe L;eﬂecoo6pa3ﬂa.

B3anmHas cneKkTpaJibHas MJIOTHOCTH JABYX CTAallMOHAPHBIX CIIyYau-
HBIX IPOLIECCOB X(t) U G(t) OIIPEEIAETCS KaK MPeo0pa3s0OBAHNUE B3aUM-

HOH KOPPEISALMOHHON PYyHKIIUM 110 Dyphbe
+00
SXG(j'w)= IRXG(T)'eXp(_j'w'T)dT- (2.47)

B omimune OT CcneKkTpaabHOM IUIOTHOCTH Sx(a)) B3aMMHasl CIIEK-
TpajabHas IUIOTHOCTb S XG(j a)) JNEHUCTBUTENBHON M YETHOM (yHKLIHEH

YaCTOTBI HE SIBJISIETCAL.

Ecmu mpoueccsl X(t) 51 G(t) HEKOPPEJIMPOBAHHBIE, 4 UX CPEIHUE
3HAYEHUs PaBHbI HYJIO, TO UX B3aUMHAasl CIIEKTPaJbHAS MJIOTHOCTh TAKKE
paBHa HYJIIO.

Ha npakTuke 4acto HCIHOJIB3YIOT HOPMHUPOBAHHYIO CIEKTPaJIbHYIO
IUIOTHOCTh, UMEIOLIYI0 Pa3MEPHOCTh BPEMEHHU, KOTOpPasl SIBISETCS MPeoo-
pa3oBaHKEM HOPMHUPOBAHHOMN KOPPEIAIMOHHON GyHKIMU 110 Dypbe
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Bx =SX—(w)’ ,Bxe(a’)=SL(w) (2.48)

Dy JDy -Dg

CHoexTpalibHyI0 TUIOTHOCTh MOYKHO MCITOJIB30BaThCS JJIS1 BBISBIICHUS
MOJIE3HOTO MEPUOJUYECKOr0 curHaia Ha (oHe ciyuaiiHod nomexu. [Ipu-
CYTCTBHUE NMEPUOJUUYECKON COCTABIISIIONIEH O0OHAPYKUBAETCS O BCILJIECKaM
Ha TpaMKe CICKTPAIBHON IJIOTHOCTH (CM. PUCYHOK 2.7).

Sx (@)

- 0 [0,

Pucynok 2.7 — OunbTpalius Mojae3Horo NepruoJuYecKoro CurHaia ¢
IIOMOILBIO €70 CIEKTPAIBbHON IIJIOTHOCTH

2.4  JKcnepuMEHTAJIbHOE  ONpeleieHHe  CTATUCTHYEeCKHMX
XapPaKTePUCTHK

OKCHEPUMEHTAIBHBIE METOAbBI ONMPEJCICHUS CTATUCTUUYECKUX XaPaAK-
TEPUCTUK OCHOBAHBI HA TOM, UYTO MPHU JOCTATOUYHO OOJIHIIIOM YHUCIIEC UCIIbI-
TaHU BEPOSITHOCTH COOBITHUSI MOXHO 3aMEHUTh €TI0 OTHOCHUTEJIBHOM Ya-
CTOTOM, 4 MAaTEMATUYECKOE OKUJAHUE CIIyYaWHBIX BEJIMYUH — UX CpEl-
HUM apupMeTHdeckuM. CTaTUCTHUUYECKUE XAPAKTEPUCTHUKHU, MOTyUEHHBIE
nyTeM OOpaOOTKU pe3yJIbTaTOB TAaKOTO SKCIEPUMEHTA, HA3bIBAIOT OYEH-
Kamuy ACTAHHBIX CTATUCTUYECKUX XaPAKTEPUCTHUK.

Ha npakTrke 4yuciio McnbITaHUN BCerjga orpaHuyeHo. B takux ycio-
BUSIX OTHOCUTEJIbHAS 4acTOTa W CpeHee apu(PMETUYECKOE MOTYT CUU-
TaTbCS CIyYaWHBIMU BEJIMYMHAMH, MIOITOMY OLIEHKM CTATUCTUYECKUX Xa-
PAKTEPUCTHUK OINPECIISIIOTCS ¢ HEKOTOPOM OIIMOKOM.
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N

[Iycte & — uckoMasi cratucTuueckas XapakTepuctuka, a & — ee

oreHka. Torga ommbka B ompenenennn & ompenenurcs, kak €=&—&.

Tak xak 3Ta omMOKa ABJISIETCS CIIy4allHOM, TO B KQU€CTBE MEPbl TOUHOCTH
ONPENECIICHUSI CTATUCTUYECKUX XapPaKTEPUCTUK MOXKHO NPUHATH MaTeMa-

THYCCKOC OKNAAHHUC N TUCIICPCUIO OILIIMOKH

M[e]=M[£] - &, Dle]=DJ¢] (2.49)

Ilpumeuanue. Hcxomas xapakmepucmuxa & sensemcs neuszsecmuotl,

1o ue ciywaiinoti, nosmomy M[E] =& u D[¢] =0.

Ecnan matemaTtnyeckoe 0XKUJAaHUE OLIMOKHU & PaBHO HYJIIO, TO OLIEHKY
£ Ha3bpIBAOT HecMmeuwjeHHou. B NPOTUBHOM Cilyyae OHA CUHUTAETCS CMe-

W/eHHOU OLICHKOM.

[IycTh nmeeTcs BbIOOpPKA IKCIEPUMEHTANBHBIX JAHHBIX, MMOJTyYECHHAs
nyTeM HAOJIIOJCHUS 32 CIIy4ailHOM BEJIMUMHOW X C MAaTEMATUYECKUM OXKU-
naHveM Mx u aucnepcueil D x. JlaHHbIe MOy4YeHbl B N HE3aBUCUMBIX HC-
IBITAHUAX, IPOBOAUMBIX B OJJTUHAKOBBIX YCIIOBUSX.

Hcnonp3yss 4aCTOTHBIM MOAXOJ, AHAIOr (PYHKUMH pacnpeleieHus
CJIy4yallHOM BEJIMYMHBI X MOKHO HalTHU 110 (hopmyiie

. £)
£ @-% L (2.50)

rae ,u(é‘) — YHUCJIO0 JIEMEHTOB B BBIOOPKE, /JIs1 KOTOPHIX X < &,

Ipumeuanue. J{na X > X max 3uauenue F, (5) pasro 1. Eciu n — +o,

mo F,(&)— F,(£).

AHaJIOT IUIOTHOCTH BEPOSTHOCTH CIIYYaWHOW BEIUYMHBI X MOMKET
OBITH HaiieH Mo popMmyie



£)
@, (&)= ni“ % (2.51)

rae 77(5) — YKUCJIO 3JIEMEHTOB B BBIOOPKE, JII KOTOPBIX BBITIOJHSIETCS

A4 A4
ycioBue & — E <X <&+ E . [llupuny nHTEepBasia A HAXOIST, KaK

A:Xmax_X

Kk

min (2.52)

rae K — uucio uHTepBaioB (KBaHTOB), HA KOTOPOE pa30ouBaeTcs 001acTh
3HAYCHHH X, OIIPEIeNIIEeMOe TI0 OIEHOYHOU (hopmyJie

k=1+3,2-1g(n). (2.53)

OLeHKON MATEeMATHYEeCKOI0 OXHUIAHMSA CIy4YalHOW BEIMYUHBI X
MOKET CIIY>KUTb CpesiHee apu(METHIECKOE €€ peaTn3aliui,

A 1 0
M, ==X X;. (2.54)
n =1
OmrOKka OoIeHKH M x paBHA
o 1 Q2
g=mx—mx=ﬁ-2xi—mx. (2.55)
i=1

XapakTepUCTUKH OIINOKU

n n
m, = MF- > X; —mx]=0, D, = DF- > X; —mx]= & (2.56)
n i=1 n j=1 n
MOKa3bIBAIOT, YTO Cpe/lHEe apu(PMETUUECKOE pean3aluil X SBISAETCS He-
CMEUICHHOW OLIEHKOM €€ MAaTeMaTUYECKOr0 OXHUIAaHWSA, a IUCHEPCUs
OIIMOKH 3TOW OLIEHKU HEOTPAHUUYEHHO yOBIBAET C pOCTOM N.
O1eHKa qucnepcuu MOKET ObITh HalifieHa 1o hopmyJie



) =i1 i(x. _, ). (2.57)

Ilpumeuanue. Ha npaxmuxe 0na oyenxu oucnepcuu o6vigaem yOoOHO
UCNONb308aMb COOMHOUEHUE

D, = X; . 2.58
*“n-1 [n .21 } (2:58)
Ounenka Ijx ABJISIETCSI HECMEIICHHOM OLEHKOMW JUCIIEPCUU TIPU JTF000M

pacupeieICHUH CIIy4YaHOW BEJIMYMHBI X.
CraTucTnyeckue XapaKTepUCTHKU HEIProgudecKoro Cay4aimHoro
npoiecca X(t) MOTYT OBbITh HAWJEHBI MO0 MHOXXECTBY €ro peaau3aruil

X; (t), rae 1 =1, ..., n. VX 3HaueHUsA ONpEACIIIOTCS JJII MOMEHTOB BpeMe-

autjronej=1,..40.

Ilpumeuanue. Momenmor epemenu tj yenecoobpasno evlbupams pas-
Hoomcmosawumu. Ilepuod Haba0OeHUll YenecoobpasHo 6vloupamov U3
YCI08USL YO0BIeMBEOPUMENbHO2O 80CNPOU3BEOCHUsT Peanu3ayull Xi(t) no

IKCNEePpUMEerRmMAalbHbIM NMO4YKAaAM.

OueHkn MaTeMaTHYECKOTO 0KUIAHUS, TUCIIEPCUNA U KOPPEISIHUOHHON
(GYHKIMM CIIy4allHOTO TpoIiecca X(t) BBIYUCIISIOTCS IO popMyiam

iy (t;)= %% xi(t;) (2.59)

ﬁx(tj)=i'é[xi(tj)‘mx(tj)]z’ (2.60)
Ry (tj ’tk)= ﬁ i=Zl[xi (tj )‘ My (tj )] [x(t)-mx ()], (260)
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Ilpumeuanue. Ha npaxmuke 011 oyeHKu oucnepcuu u KOppeusiyuoH-

HOU (hyHKYUU Obl8aem YOOOHO UCNOIBL308ANMb COOMHOUEHUS

[3x(tj)=L.[1.%xi(tj)2—nﬁx(tj)z] (2.62)

Ryt 1t )= L[% >l - ) rﬁx(tk)}. (2.63)

CraTucTHYEeCKHE XAPAKTEPUCTHKHU 3JProAUYeCKOro CJay4YaiHOro
npoiecca X(t) MOryT OBITh HAWJEHBI I10 €0 €ANHCTBEHHON pealn3alnuu
X(t), HA0JII01aeMO B TE€UEHHUE TOCTATOYHO JIUTEILHOTO TOJI0KUTEIbHO-
ro IPOMEXYTKa BpeMeHU [. [[7s OLICHKH MaTeMaTH4eCKOIrO OKHIAHUS
(cpeaHero mo BpEMEHM) U KOPPEISIITUOHHON (DYHKIIMA MOXKHO HCIOJIb30-
Bath hopmyisl (2.19) u (2.28), npeacTaBICHHBIC B BUJIC

1 T
My == [ x(t)dt, (2.64)
T 0
N T-z
R ()= (IO ere)-midt. @es)

Ilpumeuanue. Ymenvuwienue 6 (2.65) unumepsara T na eenuuuny T
00vsCHAemCs meM, Ymo 3HA4eHUs X(t + r) U38ECMHbL MOJILKO 00 MOMEH-

ma eépemenu t =T — 7.

[IpoMexxyTOK BpeMeHM HaOMrOJeHHUs | JOMKEH OBITh pa3OUT Ha N
paBHEIX HHTEpBaNoB A =T /N Tak, 4to0sl 3a épemsa A dyuxyus X(t) usme-
Hanace nesnawumenvbro (cM. pucyHok 2.8). YUem Oonbie T ¥ YeM MEHBIIIE
A, TeM TOYHEE OIIEHKA CTATUCTUUYECKUX XapaKTEPUCTHK.

[Tapamerpam t u 7 IpUIAOTCS AUCKPETHBIE 3HAUEHUS

ti=i‘A, |=1,2,
(2.66)
Tj=j'A, J=O,1,
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x(t)
x(t;) i+
O AI 1T 1T 1T T T T°1 1T 1T T 1 1T 1T T 1 t
>
. T-7,=(n-j)-4 Jzi=i4 ]
< T=n-4 N
Pucynok 2.8 — Omnpenenenue KOppeISIIMOHHOW (QYHKIMUA TIO

SKCIICPUMCHTAJIbHBIM JJTAHHBIM

[Tpu ciemaHHBIX TOMYIICHUSIX HHTETpaibl B hopmyax (2.64) u (2.65)
MOTYT OBITh TIPHOJIMKEHHO 3aMEHEHBI CYyMMaMHU

=2 2t)=

fax(r,-)=fex(“‘)= A )=} i) mx]-

T—1]-4

—||b
3||—\

Z x(t), (2.67)

. _ (2.68)
= B x()- iy ][ + 7))
-] iz
Berunciaenus o gopmyiie (2.68) BBIIOIHAIOTCS 10 TaAKKX 3HAUCHUH |,
Opu KOTOphIX Ry (z' j) HAYMHAET COBEPIATh HEOOJBIINE HEPETYISPHBIC
KoJieOaHusl OTHOCUTEIbHO HYyJA. [ momyueHus ommOku He Oosnee 2%
’KeJlaTeIbHO, YTOOBI BBIIOIHIOCH yeaoBue | <0,1-n.

Jucriepcuro D x MoxxHO oneHnTs 110 (2.68) ipn 7= 0.
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BOITPOCBHI JJIs1 CAMOKOHTPOJIA

1. UYto cuurtaercs ciaydaiiHbIM mporeccom? UTo Ha3bIBaeTCA peayu-
3aI[Meld U CEUEHUEM CIIyYalHOro mmpoiecca?

2. Kakue cimydaitHple MpoLecChl CYUTAIOTCS MAPKOBCKUMHU, 3PTOAu-
YECKUMHU, CTAI[MOHAPHBIMU, LICHTPUPOBAHHBIMU ?

3. Urto nokasbiBatoT (GYHKIIUS pacrpe/iesieHUs U TUIOTHOCTh BEPOSIT-
HocTh? Kakue OCHOBHBIE BUJIbI PACIIPEAEIECHUN CYIIECTBYIOT?

4. Yrto xapakTepu3yeT CpelHee IO MHOXKECTBY, CPEIHEE IO BpeMe-
HU, JTACHEPCUA U CPEAHEKBANAPATUYECKOE OTKIOHEHHE CIIyYalHOIrO IIpo-
necca?

5. Uro xapakTepu3yeT KOppeasuuOoHHasT PYHKIMS CIy4allHOro Mpo-
necca? KakoB ee dusnueckuit cmpici? KakoBbl CBOWCTBa KOPPEISIIMOH-
HBIX QYHKITAN?

6. Uro xapakTtepu3yeT B3auMHas KOPpETSLMOHHAS (PYHKIUS ABYX
CIy4daiiHbIX mporeccoB? KakoBbl CBOWCTBa B3aUMHBIX KOPPEISIIUOHHBIX
bynkuuit? Kakue ciaydaifHble MPOIECChl CUUTAIOTCS KOPPETUPOBAHHBIMU,
HEKOPPEIUPOBAHHBIMU, CTAIMOHAPHO-CBSI3aHHBIMU ?

7. Kak MOXHO WHCIHOJIb30BaTh KOPPEISAIUOHHYIO (YHKIUIO JIs
buIpTpanyMy MoJIe3HOro curHana’?

8. Uro xapakTepusyeT CIEKTpajibHas MJIOTHOCTh CIy4YalHOIO Mpo-
necca? KakoB ee gusnueckuii cmbicn? KakoBbl CBONCTBA CIEKTPAIBbHBIX
IJIOTHOCTEN?

9. Uro xapakTepusyeT B3aMMHasl CHEKTpajbHas IUIOTHOCTh ABYX
CJIyYalHBIX MPOLECCOB?

10. Kak MOXHO MCIOJIb30BaTh CHEKTPAJIbHYIO MIIOTHOCTh TSl (DUIIb-
TpalHH MOJIE3HOrO CUrHasa’?

11. Kakoii cinyuaiiHblii iporiecc Ha3biBaeTcs 0esbiM myMoM? KakoBbl
€ro OCHOBHBIE CBOKCTBA?

12. Kak omnpeneinuTh CTaTUCTUYECKHE XAPAKTEPUCTUKU CIIYyYalHOTO
poLECCA IKCIIEPUMEHTAIIBHO?
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SAJAYU JJIAA CAMOCTOATEJBHOI'O PEHIEHUA

2.1. Jlyist cTanimoHapHOTO CIy4aiHOTro Ipoliecca X(t), VIMEIOLIETO MO-

CTOSIHHYIO CIIEKTPAIbHYIO INIOTHOCTD S y (a)) = N B nuama3zoHe 4acToT OT

—®@1 10 +®1 ONPENECIUTh MATEMAaTUYECKOE OXKHWJAHWE, AUCIIEPCUI0 H
KOPPEJISIITUOHHYIO (DYHKITHIO.

2.2. KoppenstinonHasi pyHKIHS CTAllMOHAPHOTO CIIy4aiHOTO TpoIiec-

ca X (t), UMEIOLIEr0 MaTeMaTHYecKoe OKuJanue My =S, paBHa
Ry (z)=Dy -exp(— @-|z])+ m% =100 - exp(- 5 -|z[) + 25.
OnpenenuTh CeKTPATbHYIO INIOTHOCTH 3TOTO IIpoIiecca.

2.3. KoppensiuinonHasi pyHKIMS CTAllMOHAPHOTO CIIy4alHOIO IMpoliec-
ca X (t), UMEIOIIIET0 MAaTEMAaTHUECKOe OXKHIaHue My =5, paBHA

R, ()= D, 'exp(—a-\r\)-[cos(ﬂ-z')+%-sin(ﬂ-r)}.

OHpC}IGJ’II/ITB CIICKTPAJIbHYIO IINTIOTHOCTD 3TOI'0 ITponecca.

2.4. KoppenauuronHas GyHKIUSI CIy4allHOTO Tpoliecca X(t) SABJISICT-

Cs KYCOYHO-HETIPEPBIBHOU

rD -(1-@ | <T
X 1 - 1
Rx("):‘ T

0, [7|>T.

OnpenenuTh CIEKTPAIBHYIO INIOTHOCTH 3TOTO MPOIEcca.

2.5. KoppensiiinonHasi pyHKIMs cliydallHOro mpoliecca X(t) paBHa
Ry (r)= Dy -eXp(— a’ -2'2). Onpenenuth CHEKTPAIBHYIO IJIOTHOCTH

9TOro IIponecca.
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3 AHAJIU3 CUCTEM IIPU CJYYAHUHBIX BO3JEUCTBUAX
3.1 [IpeoOpa3oBanue CayYaiiHBIX CHUTHAJIOB JIMHEHON cMCcTeMOM

[Iycte uMeeTcsa OOHOMEpPHAs JIMHEMHAS CUCTEMA, HA BXOJ KOTOPOHU
NOCTYIAET CIIyYalHBIN MPOLIECC G(t), UMEIONINM MaTeEMaTHYECKOE OXKH-

JaHue Mg (t) U KOPPEJSILMOHHYI0 QYHKIMIO Rg (t1 ,tz). Cucrema mnpeoO-

pasyer €ro B BBIXOJHOW CIIy4YalHBIA MPOLIECC X(t), CTAaTUCTHUYECKHE Xa-
PAKTEPUCTUKHU KOTOPOro TpedyroT onpenenenus. COBOKYNHOCTL nIpeodpa-

30BaHUM, KOTOPbIE HEOOXOAMMO BBITIOJHUTH HAJ peanu3aiuen G(t), YTO-

Obl TMOJYYUTHb peaTu3aluio X(t), ONPENETAET Onepamop Cucmembl
.Q(t){ } (BepXHUI HMHJIEKC YKAa3bIBAET HA apryMEHT, 10 KOTOPOMY MpUME-

Hsiercst oneparop). IIpeoOpazoBaHure BXOJHOTO CIy4allHOTO TMpoliecca ¢
MTOMOUIBIO TAKOTO ONEPATOPa MOKHO OMPEACIIUTh, KaK

x(t)= 2060 (3.1)

MaremMaTH4eCcKoe OKMJaHuE CIy4alHOro Ipolecca X(t) HAXOJIUTCS

e t
C Y4ETOM NEPEMECTUTEILHOCTH JIMHEUHBIX onepaTopoB M u o] ), KaK pe-
3yJbTaT MpeoOpa3oBaHus

my ()= M[eOGBE) = 2O, ©)} (32)

Koppensunonnas QyHkKiusa ciaydailHOro mpoiiecca X(t) HAXOJUTCA

t
TaKXKe ¢ YUYETOM MEePEMECTUTEITLHOCTH orepaTopoB M u o] ), KaK pe3yib-
TaT JBOMHOIO MPEe0Opa3z0BaHUs

R, (t,.1,)= M[)o((tl)- >°<(t2)}= M[g@l){é(tl)}.gﬁz){é(tz)ﬂ=

(3.3)
= Q(tl)g(‘z){m [G(tl)- G(t, )}} = WoEMR (t,.1,))
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ITpumeuanue. Ilopsook évinonnenus npeoobpazosanuil 6 (3.3) ne ume-

em 3HAYEeHUA.

Ilpumep 3.1. Onpeodenenue mamemamuyecko2o OHCUOAHUSL U KOppe-
JSAYUOHHOU DYHKYUU CYYAUHO20 NPOYecca Ha B8biX00e CYMMUpPYIoue2o
36ena. byoem cuumams, umo Ha 6x00 makozo 36ena nocmynaiom N Ciy-
YAUHBIX NPOYECCcos Gi(t), UMernWux mamemamuyecKue O CUOAHUS

Mg, (t) U KOppenayuouHvle QYHKYUU RGiGj(tl,tz), eoe 1,j=1,..,n.

Kaowcooui  onepayuu  npeobpazoeanusi coomeemcmeyem — onepamop

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

me(®)=2 1fme, ()}=Zme, (1)
o = (3.4)
Rx (tl ’t2)= 2 1{1{RGiGJ— (tl ’tz)}}= Z Z RGiGj (tl ’tz)-

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

B uacmnom aiydae, K020a 8X00Hble CUSHAIbL ABIAIONCS HeKoppeaupo-

6AHHbLIMU C]ly’-laleblMu npoyeccamu,
n
i=

Ilpumep 3.2. Onpeodenenue mamemamuyeckoeo OHCUOAHUS U KOppe-
JIAAYUOHHOU (DYHKYUU CYHAUHO20 NpoYecca HA 6blx00e YCUIUMENbHO2O0
36eHa. Takoe  36eHO  GvlNOHAem — onepayurd  npeodpPaA306aHUs
X(t)=C(t)-G(t) (eoe C(t) — HecnyuauHas QyHKyus), Komopou coom-
gemcmaeyem onepamop Q(t){ }= C(t)-{ } Tocoa

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

(3.6)
Ry (tt2) =clty)- c(t,)- Rs (ts.t,).
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Ilpumep 3.3. Onpeodenenue mamemamuyecko2o OHCUOAHUSL U KOppe-
JIAYUOHHOU DYHKYUU CNYUAUHO20 Npoyecca HAa 8bixooe oughgepenyupyro-
d

T
dt{ } 020a

t
uieco 36€end. ﬂJZ}Z makxkoco 36eHa onepanop Q( ){ }=

my ()= 5 mo 1)

d 2
dt, dt,

(3.7)

Rx (t1’t2)= RG(tl’tz)-

Ilpumep 3.4. Onpeodenenue mamemamuyecko2o OHCUOAHUS U KOppe-

JIAYUOHHOU (DYHKYUU CAYHUAUHO20 NPOoYeccd HA 8biX00e UHMe2PUpyrouje2o

t
36ena. [{na maxkoz2o 36ena onepamop Q(t){ }= | { }dﬂ. Tozoa

to

()= fmo ().
tlfz (3.8)
R (tl ’t2)= JIRe (Z’ﬂ)dﬂdﬂ-

totg

3.2 CtaTucTH4YeCKHEe XaPAKTEPUCTUKH CJIY4YailHBIX MPOLECCOB HA
BbIX0/I€ JIMHEHHON cCMCTeMbl BO BpEMEHHOM 00J1acTH

IIycTe nMeeTcs ycTOMYMBas CTAMOHAPHASA JMHEHHAsA cCUCTeMA, 1S
KOTOPOM W3BECTHA MMITYJIbCHAsA MEPEXOAHAA XapPaKTEPUCTUKA (MM 8eCo-
8as (hyHKYUA) k(t) (cM. pucyHok 3.1). DyHKITHA k(t) JOJDKHA YIOBJIETBO-

PATD YCI08UI0 PUUUECKOU Peau3)eMOCIU CUCTEMbL

k(t)= 0, ecm t<O. (3.9)
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Ycioue (3.9) onpenenser, 4To peakius CHCTEMbl HE MOXET HacTy-
MIATh PAHBIIE MOMEHTA MOCTYIJIEHUS] BXOJHOTO CUTHAJIA

Ha Bxoa cucteMsbl moaaercsl Cay4yalHbIA MPOLIECC G(t) C MaTreMaTu-
YECKUM OKHMIaHUEM Mg (t) U KOPpeIUMOHHON QyHKIMEeH R; (t1 ,tz). On
npeoOpasyeTcsi B BBHIXOJHOU CIy4aiHbIi mporece X (t) (cM. pucyHOK 3.1),

JUISl KOTOPOTO TpeOyeTCsl ONPENCIUTh CTATUCTUYECKUE XapaKTEPUCTUKH.

G() X(1)

mg (t), RG(tl’tZ)) my (t), Rx('[l’tz)>

k(1)

Pucynok 3.1 — JluHeilHas cuctemMa C BECOBOM (QyHKUUEH k(t),

HAXOAAIIASCS 0] BIUSIHUEM CIIY4aWHOTO BO3AEUCTBUSA

CBsi3p MEXy peali3alusiMU CIIyYalHBIX MPOLECCOB HA BXOJIE U BBI-
X0J1€ CUCTEMbl YCTAHABJIMBAETCA HA OCHOBAHUM ()OPMYJIbI CBEPTKH

x(t)=jk(t-u)-e(u)du=jfi<(z>-e<t-zm, (310)

rae 7 A =t — g — He3aBHCHMBIC ITapaMeTphl HHTerpupoBanus. Dopmy-
t—to

na (3.10) ompenenser omepaTop CHCTEMBI Q(t){ }= I k(}t)-{ }d/l. Uc-
0

noJis3ys npasmia (3.2) u (3.3), MOXKHO 3ammcaTh

mx(t)=t_!)'t(i<(/1)- me (t— )4,

1—tp to—1g

Rx(tl,t2)=£ gk(ﬂ)-k(u)-RG(tl—z,tz—u)dzdu, (3.11)

D, ()= | g‘k(a)-k(ﬂ)-RG(t-a,t-uwdu.
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Ecmn G(t) — CTAI[MOHAPHBIN CIIy4YaulHbIA MPOLECC, TO M = CONSt, a

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

m, )=ms - [K(ap

t1—tg tr—tg

Ry (ty,t2) = I Ik(’i) k(e)- R (t =t + A - p)dAdu, (3.12)

t—tp t-1fo

Dy (t)= / Ik(ﬂ) k(u)- Rg (4 - p)dAdu.

®opmyisl (3.12) MOKa3BIBAIOT, YTO CAVHALHBLU NPOYECC X(t) HA 8bl-
Xo00e yCcmou4ueou cmayuoHApHoOU JTUHEUHOU CUCmeMbl 8 NePexXOOHOM pe-
arcume Oyoem HeCmayuoHAPHbIM, 0axce eciu C8OUCMBAMU CMAYUOHAPHO-

cmu 001a0aem 6x00HOU CYHAlHbIL npoyecc G(t)

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

My = Mg -Tk(/%)di = const,
0

Ru(e)= | k(A)-K(u)- Ro e+ - i (313)
Dy = T +fk(/l)- k(u)- Rg (A4 — p£)dAdu = const.

®opmyitel (3.13) MOKa3bIBAIOT, YTO CIYUAUHBIU NPOYECC X(t) Ha 6bl-
Xo00e yCcmou4ugou CmayuoOHapHoUu JUHEUHOU CUCmeMbl 8 YCMAHOBUBULEMCS]
pedicume 6yoem CmayuoHaApHuIM, eClid CBOUCMEAMU CIMAYUOHAPHOCMU 00-
Jla0aem 6X00HOU CIY4auHbll npoyecc G(t).

Ecnu cucrtema siBI€TCS HeCTAIIMOHAPHOM, TO €€ BecoBasi (PyHKIHUS
OyZIeT 3aBHUCETh HE TOJIBKO OT BPEMEHH HaOMOAEHUS t, HO U OT BpEMEHU
MOCTYTUICHHS] €IMHUYHOTO UMITYJIbCa Ha BXOJ CUCTeMBbI A. Y cioBue pusu-

YECKOW Peain3yeMOCTH CUCTEMBI IPUMET BU]]
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k(t,A)=0, ecu t < 4. (3.14)

CBsI3bp MEXK]y peaM3alMsIMK CIydalHBIX MPOIIECCOB HA BXOJIC M BbI-
XOJIE CHCTEMBI OIpEe/IeIsIeT COOTHOIIeHUe, anajgoruunoe (3.10),

X (t)= [K(t,2)-G(A)A. (3.15)

t
B aToM cityyae onepaTtop CUCTEMBI Q(t){ }= _[ k(t ,ﬂ)-{ }dl. Ha ocHoBa-
to

Huu npasui (3.2) u (3.3)

mx(t)=jk(t,/1)-me(ﬂ,)lﬂ,

Ry (t1.t2)= Iljzk(t1 A)-K(t2 #)- Rg (2, p)dAdu, (3.16)

to to

Dy (0)= ] [k(t: 4)-k(t, .4)- Ro (2. )iAde

to to

Ecnu B (3.16) npuHsath to — —00, TO MOXKHO IOJYYHTh COOTBETCTBY-
fomue GopMynbl TSI ONPEASTICHUsT CTAaTUCTUUECKUX XapaKTePUCTUK B
YCTAaHOBUBIIIEMCS PEKUME (€CITM OH CYIIECTBYET).

®opmyitbl (3.16) MOKA3BIBAIOT, UTO CIYUAUHBIU NPOYECC X(t) HA 8bl-
X00e HeCmayuoHApHOU JUHEUHOU CUCmeMbl 6ce20a Oyoem HeCmayuoHap-
HbIM, HE3A8UCUMO OM XApaKmepa 6X00H020 CYYAUHO20 npoyecca G(t).

Ha ocHOBaHHMM BBIIIEU3IOKECHHOTO MOXHO CJENIaTh BBIBOJ, YTO He-
CTAIlMOHAPHOCTH TPOIIecca Ha BBIXOJE JTMHEHHON CHCTEMBI OTpPEIeIIsIeTC s
KaK MUHUMYM OJTHOHM U3 TpeX MPHYHH:

® HECTAllMOHAPHOCTh BXOJHOTO CIIYY4allHOT'O MpoIlecca; Toraa s
CTAIlMOHAPHOMW CHCTEMBI B YCTAHOBUBIIIEMCS PEKUME

+00 +

Ryt t2)= | TK(A)-k(k)- Re (t, 4.t = )dAdu
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® HECTAIMOHAPHOCTh PEKUMa pabOTHI; TOTIAa 1JISI CTAIIMOHAPHOM CHU-
CTEMBbI U CTAIlMOHAPHOI'O BXOJIHOTO CIIy4ailHOTO Mpoliecca

1—1p to—tp

t
Ry (t1.t2)= I Jk(ﬂ)‘ k(z)-Re (t, =ty + 2 — p)dAdu;
0 0
® HECTALMOHAPHOCTb CUCTEMBL; TOIJa
tyty
Ry (t1,t2)= J .[k(tl A)-K(tz,1)-Rs (2, u)dAdp.
toto

Ilpumep 3.5. Onpedenenue cmamucmuueckux Xapaxmepucmuk ciy-
yauHo20 npoyecca HA B6bIX00e CUCmeMbl C 8eco80U  PyHKyuell
k(t)= exp(—t), HA 8X00 KOMOPOU nocmynaem yeHmpupoeauHvlil C1y4al-

HblUL npoyecc ¢ eOUHUYHOU Oucnepcueli U KOppersyuoHHOU @YHKyuel

Rs ()= exp(— ‘T‘)

s onpeoenenus KoppersiyuoHHOU QYHKYUU 8bIXOOHO20 CIIYUAUHO20
npoyecca 8 YyCmanosusuemcs pedicume socnoavzyemcsi gpopmynamu (3.13)

+00 +

Ry(z)= | wexp(— A)-exp(— p)- exp(=|z + A — g )dAd .

0 0

Hucnepcusi 6bIX00H020 CYYANIHO20 NPOYECCA 8 NEePexOOHOM PeXCUME
naxooumcsi no gopmynam (3.12). Ipumem to = 0. Tocoa

D, (t)= iiexp(— A)-exp(= p2)- exp(=|A — p)dAdu =
= iexp(- A)- [i exp(— 1) exp(= |4 - ,U\)d;t}dﬂ.

llpu pacueme enympennezo unmezpaia yumem
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explu—4), u<i,

_A—u)=
expl-|2 - ul) exp(A—p), u=A.

Tozoa

fexol- ) expl-12.- uou -

= ieXp(— 1)-exp(p— A)dp + i exp(— 42)- exp(A — p)dp =
- exp(-2)-du+ex0(2)-Jexp(- 2- K=

=1-exp(-=4)- % -exp(1)-[exp(=2-t)-exp(-2- )] =

=A-exp(-1)- % cexp(A-2- t)+%-exp(— ).

lloocmasum HatidenHOe 3HAUeHUe SHYMPEHHe20 UHmezpana 8 vlpa-
Jicerue 0 onpeoeieHust OUCnepcuu

D ()= iexp(— ,1)-[,1 exp(- 1)~ -exp(-2-t)+ - expl(- 1)}d1 -

1 1
_E_E.exp(_Z-t)—t-eXp(—2't).

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

Ecnm Ha cucTeMy moJiaeTcss HECKOJIBKO CIyYaiHBIX IIPOIECCOB, TO Xa-
PaKTEPUCTUKH BBIXOIHOTO IPOIlEcca MOTYT OBITh ONPEICICHBI 10 MPHH-
Uy CYIIEPIIO3HUINH C UCTIOIb30BaHKeM Gopmy (3.4) u (3.5).
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o)
@, Re) Tl X
F(t) mx(t)’ RX(T)'

e, Ree) | =)

Pucynok 3.2 — Cucrema, Haxomsmiascs TOJ BIMSHUEM JIBYX
CJIy4YalHbIX BO3/ICHCTBUMN

Ilpumep 3.6. Onpedenenue KOppersyuoHHOU QYHKYUU CAYHAUHOSO
npoyecca X(t) Ha 8bIX00€ CMAYUOHAPHOU JTUHEUHOU CUCTEMbl, HA 6X00
KOMOPOU nooaromcs 08a YEeHMPUPOBAHHBIX CMAYUOHAPHBIX CAVYAUHbBLX
npoyecca G(t) u F(t) (cm. pucynox 3.2) ¢ KoppensiyuoHHbIMU YHKYUSMU

R.(z) u R; (z') Peakyuto cucmemol no Kaxicoomy 6xo0y onpeoensiom ee-

cosvre hynxyuu Kg(t) u Ke (t)

Koppenayuonnas ¢yuxkyus cayyainozo npoyecca X(t) 8 YCmaHo-

susUIEMCSL pedicume Modicem bbimb Hatioena no popmynam (3.4) u (3.13)

+00 +

Rule)= [ Tha () ke (1) Role + 2 pircu
[ Tho(2) ke () Ror (e + 2 o+
[ T (2)- ke ) Rec e+ 2 s+
+ ] T (3)- (1) Re -+ 2= )z

Ecnu exoonvie npoyeccsl cmamucmudecKu Heasucumsl, mo
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Ry ()= *g" +§° ke (1) ke (1) Ro 7+ 4 - pe)dAdu +

+00

[ The (-t (u)-Re e+ 2= )t

3.3 CraTucTH4YecKHe XapPaKTEPUCTUKH CJIYYalHBIX MPOLECCOB HA
BbIXO0/I¢ JINHEHHOU CUCTEMbI B YACTOTHOM 00J1aCTH

[Iycte mmeercss ycToMumBasi CTalMOHApHAs JIMHEMHAS CHCTEMa, JJIs
KOTOPOH M3BECTHA nepenaTodnas Gynkuus W (S) KOMILUIEKCHOU IEPEMEH-
HOM S (cM. pucyHok 3.3). Ha BXoj cHCTeMBI 1T01aeTCs CIyYalHbBIN IIPOIIece
G(t) CO CIIEKTPAJIbHOU IUIOTHOCTBIO Sg (a)) OH npeoOpa3yeTcs B BBIXOA-
HOM CIlly4aliHbId MPOIIECC X(t), JUIsL KOTOPOro TPeOYyeTCs ONpEe/e/IUTh

CTATUCTHUYCCKHUC XaAPAKTCPUCTUKH.

G(t) X(t)

70, 5@ I 5@

Pucynok 3.3 — JluneitHas cuctema c nepegatounor gpynknuen W (S)

, HAXOJA1ascsAa 1101 BJIMAHNCM cnyqaﬁHoro BOBI[GﬁCTBI/IS[

B nmogoOHBIX yCIIOBHSX BBIXOAHOM CIy4alHBIM mpoliecc OyaeT ooOna-
JaTh CBOMCTBAMU CTAIlMOHAPHOCTH. HambonbIIui MpakTUYECKU UHTEPEC
IPEACTABIISAECT ONPEACICHUE €r0 CTATUCTUUYECKUX XAPAKTEPUCTUK 8 yCcma-
HOBUBULEMCS pedicume.

MaremaTnyeckoe 0XKUJIaHUE X(t) B YCTAHOBUBIIEMCSI PEXKHUME MO-

KeT OBbITh HalieHO IO hopMmyIie

my @)= [K(A)-mg(t-ApA. (3.17)
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Paznmoxum mg (t - ﬂ) B psan Teitiopa

0 - m)
me(t-4)=X(-1)"- mGil(t)-,i' (3.18)
i=0 .
Torna
oo o0 - m) _
my (t)= I k() 2(-1)' m‘%,(t)-/vdh
=0 . (3.19)

L m<' g

(=2) - [k(2)-AidA.
0
BecoBas u nepeaarouHast QyHKIIUU CUCTEMBbI CBA3aHbI COOTHOIICHUEM
W(s)= | k(2)-exp(s- A)A. (3.20)
0
Juddepeniupys (3.20) mo S Hy>KHOE YHCIIO pa3, ONPEACIUM

%W (s)= —T k(4)- A -exp(=s- A4,

8> e
o2 W)= [k(@)2*expl-s- 2p2 (3.21)

WO ()=(1)' - [k(2)- ' -expls- A)pA.
0
[Mpuanmas B (3.21) s = 0, mosryanm
wO(©)= (1) - [k(R)- 4da. (3.22)
0

IToacrasus (3.22) B (3.19), natigem
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om0 _ ro mU) i
m (t)= gé me (t),W(l)(0)= 5 me (t) ssi W(S)‘ . (3.23)

! - !
1=0 s=0

ITpumeuanue. ©opmynoii (3.23) mosucro nonvzosamscs Kax 0jisi cma-
YUOHAPHO20, MAK U OJisl HeCMAYUOHAPHO20 8XOOH020 CIYYAUHO20 NPOYec-
ca. Heobxooumo, umobwi ynkyus Mg (t — /’L) packiaovieanacs 6 pao Tei-

JI0pa, CX00AWUUCA NPU B8cCeX 3HAYEHUSAX apeyMeHma, a nepeoamoyHdsl
@dyuxyus W (S) oupgepenyuposanace mpebyemoe yucio pas.

dopmyna (3.23) onpeenser CIeIyONIHA OTIEpaTOP CUCTEMEI

+00 W(') i

Q0¥ W0 4y (3.24)
i=0 I! dt'

CnekTpanbHasi IIOTHOCTh CIYYalHOTO Mpoliecca X(t) MOXET OBITh

oIpeielicHa TI0 €r0 KOPPEISIIIMOHHOW (YHKITUH C HUCIOJb30BaHuEM (op-
myitbl (1.42). YauteiBas (3.13), MOKHO 3amucath

Sx(w)=z Ry (2)-expl- j- - )z =

400 400 400

= _{0 g gk(/i)- k(u) Rg(z+A—p)-exp(- j-o-7)dAdudr =

= | g gk(ﬂ»)-k(ﬂ)-RG(TM—#)-GXIO[—J'-w-(f+/1—ﬂ)]><

xexp(j-@-A)-exp(- j-o- u)dAdmzr =

_ {{ K(2)-exp(( -w-ﬂ,)dﬂ} - {g k(u)-expl- j- @- u)du}x

x{jERG(T+l—y)-exp[—j-a)-(z'+/?,—,u)]dr}. .25

BBenem 0003HaueHus
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W= i-@)= T@)-exli- - )2
W(i- @)= [i(u)- ol j-0- w)ip (326)
sG(w){ERG(Hz_y).exp[_j.w.(fm_,,)]df.

Tornma

Sx(@)=W(-j-0)-W(j-0) S(0)=

=W(j-0) - Se(@)= A*(@)- S5 (@),

rae A (a)) — aMIUTMTYIHO-4YaCTOTHAs XapaKTEPUCTUKA CUCTEMBL.

(3.27)

Koppensiuuonnyro (yHKIUIO CIydalHOro Mpoliecca Ha BBIXOJE CH-
CTEMbI MOYKHO HalTH 110 ¢popmyiie (1.44) ¢ yuerom (3.27)

Rx(r)=i-ij:8><(w)-exp(j -a)-z')da)=

. (3.28)
=5 [W(j-®)°-Sg(@) exp(j-o-7)dw.

Jlucrepcuio ciay4aiHOro mpoiecca X(t) MOJKHO OIPEACIUTh II0
dopmyire (3.28)

(R
Dy = Rx(0)=ﬂ' ij(a))da)=
- (3.29)

- W) sclopa=2- TWG -0 5o akio

Ilpumeuanue. Pacuem oucnepcuu 8b1x00H020 CAYHAUHO20 NPOYeccd 8
VCMAHOBUBUUEMCSL pedcUMe Yepe3 CHeKMPAIbHYI0 NIOMHOCHb CUCHeMbl
no gopmyne (3.29) snauumenvno npowje, 4em AHANOSUHHOE ONPEOeieHUe
MO0 dce napamempa uepe3 KOppeusyuoHHYIO QYHKYU cucmemvl HO
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Gopmyne (3.13). Kpome moeco, 6 amom ciyuae oucnepcusi (Kak u cnek-
MpanbHas NJIOMHOCMb) Modicem Oblmb NPeoCmasieHa KaKk (OYHKYus napa-
Mempos cucmemvl (UMNYIbCHASL NEPEXOOHAs XapaKmepucmuKa, Kax npa-
BUJ0, SIBHO Yepe3 Napamempol CUCTNEMbl He BbIPANCAENC).

Ecin W(J - a)) nSg (a)) ABJISIIOTCS. APOOHO-PALIMOHAIBHBIMU (DYHKIIU-

MU @, TO 3a/1a4ya onpeaeacHus aucnepcun mo gopmyie (3.29) ceoaures K
BBIUMCJICHHIO CTaHAPTHBIX HHTETPAJIOB BU/IA

1 * Bn(j-a))

Jo=—"
" 2@ _{oAn(j-w)-An(—j-w

do, (3.30)

i€ MOJMHOMBI A (j . a)) u B, (j - a)) paBHBI

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

Bn(i-@)=bg-(j-@)"" " +b-(j-@)""™" +..+b ;.

[TonuHoM Bn(j a)) COJICP’KUT TOJIKO YETHBIE CTEIIEHHM MHHMOU 4Ya-
CTOTBI. [[711 yCTOMYMBOM CHCTEMBI TTOJIUHOM An(j a)) MMEET BCE KOPHHU,
pacroyioKeHHbIe B JIEBOM monyIuiockoctd |+ @. Wurterpan (3.30) mpu

11000M N BBIYUCTSAETCA 110 (hopMyIie

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

Jn , (3.32)

rae An — crapimuii onpeaenurtenb ['ypBuiia, cocTaBieHHbIH U3 Kod(pdu-

[IUEHTOB MOJIMHOMA An(j -a)), Un — omnpenenutens An, B KOTOPOM Tiep-

Basl CTPOKa 3aMEHEeHa K03 PpuIueHTaMu mojuHoma B, (j - a))
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a; az ag .. .. b, by b,
dp A, adg .. .. dg d, Qu
d, P -

Tabnuia 3Ha4eHUN CTaHAAPTHBIX MHTETPajioB Jn MpUBElIeHA B MpHU-
JTOKeHUU A.

Ilpumep 3.7. Onpedenenue cmamucmuyeckux XapaKmepucmux Cay-

YatiHo2o0 npoyecca Ha BvlX00e CUCmeMbl C NepeoamoyHou @yHKyuell
2 o

W(S)= (S + 1)/ (S + s+ l), HA 6X00 KOMOpOU nocmynaem yeHmpuposat-

HblU CAVYAUHBIL npoyecc ¢ eOUHUYHOU oOucnepcuell U CHeKmpaibHOU

NJIOMHOCMbIO S (a)) = 1/(1 +o° )

CnekmpanbHas nIOMHOCMb CIYHYAUHO20 NPOYEecca HA 8bIX00e CUCHIe-

Mmbl Haxooumcsi no ypasnenuro (3.27)
2
(j -w)2 +1 ‘ 1
(j -a))2 +(j -a))+ 1‘ 1+ w°

Sx(@)=W(j- @) - Sq (@)=

oGeper [[1
(i-0)+(i-0)+1 [1+(-0)°
(j-w) +1 °

(i-0)+2-(j-0) +2-(j-0)+1

I (S5 S
(1-2-0°) +0-(2-0?f

ﬂucnepcuﬂ CﬂyqaﬁHOZO npoyecca Ha 8bIX00€e Cucmembvl 8 YyCmaHo6Ue6-

wemcst pexxcume Haxooumcsi no ypastenuio (3.29)
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I (j-w)? +1 \Zdwz
C2m Ll(e) +2-(0) +2-(-0)+ 1

o Y
=2.17;'+I (@) +1 do.

=[(j-0) +2-(j-0) +2-(j-0)+1

B oannom cayuae n=3. Kosghguyuenmor nonurnomos A3(j a)) u

Bg(j a)) pasHbl
a, =1, a;, =2, a,=2, az =1,
bo=1, b; =0, b, =1.
3unauenust onpederumeneti naxoosmes no ¢gpopmyne (3.33)
a, az 0/ (2 1 0
4; =a, a, 0|=]1 2 0/=3,

0 a; az] 0 2 1
b, b, 0] L 0 0

0 a;, ag] 0 2 1

3unauenue 0ucnepcuu 6 YCmMAaHoBUBWEMCA peircume HAXO0O0UMCcs. No

popmyne (3.32)

2
D = . = . — =
X 3

1
2-a, 4y 2-1 3

Wuterpan (3.29) MoXxeT OBITh ONPEACIICH YHUCACHHO 1O MPUOIFIKCH-
HOU hopMyTie
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1 @
Dy == [Sx (@ Ya, (3.34)
T 0
IJle 4acTOTa @ BBIOMpAETCs TaK, YTOOBI B AHAINIA30HE [O ,&5] COCpenoTauu-

Bajlach OCHOBHAS 4acTh MOIIHOCTH curHaia (10 90%). Cxema 4iCIIEHHOTO
onpeesICHUs TUCTIEPCUH MOKa3aHa Ha pucyHke 3.4.

Sx(@)

0 @ 1)

Pucynoxk 3.4 — YucnenHoe onpeaeiacHue TUCIICPCUN

Eciiu Ha cHCTeMy MOJIaeTCa HECKOIBKO CTydaiiHbx mporeccos G, (t)

C B3aUMHBIMHU CIICKTPAJIbHBIMHU IINIOTHOCTAMMU SGiGj (J . &)), TO CIICKTpPAJIb-

Hasl IUIOTHOCTH BBIXOJIHOTO MPOIECCa MOKET OBITh OMpEe/esieHa MO MPUH-
LUITY CYNEPIIO3ULINU

Sx (@)= 2% Wo, (- i-0)-We (i) Seg,(i-0).  (3:35)

i=1j=1

Ecin BXoiHBIC CiTy4aitHbIe TIPOIECCH CTATUCTHYECKU HE3aBHCHMBI, TO
BeIpaxkeHue (3.34) npuMer BU

Sy (@)= é W, (j-@) - Sg, (@). (3.36)
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Ilpumep 3.8. Onpedenenue cnekmpanbHOU NIOMHOCMU CAYHYAUHO2O
npoyecca X(t) Ha 6bIX00€e CMAYUOHAPHOU JIUHEUHOU CUCTNEeMbl, Ha 6X00
KOMOpOU nooaiomcest 06a YeHMPUPOBAKHLIX CILYHAUHbIX Npoyecca G(t) u

F(t) (cm. pucynox 3.5) co cnekmpanvmblMu HAOMHOCMAMU S (a)) u
SF(a)). Peaxyuro cucmemvl no xasicoomy 6xody ompeoensirom nepeoa-

mounvie ¢yuxyuu W (s) u We (S)

20
o). So(0) [ X0
F(t) my (t), Sy (@)

), 5 (@) | e ®)

Pucynokx 3.5 — Cucrema, Haxomsmiascs IOJA BIUSHUEM JBYX
CJIy4YalHbIX BO3/ICMCTBUMN

Ce53b CneKmpanbHblX NIOMHOCIEU CYYAUHBIX NPOYEeCCO8 HA 8X00e U
8bIX00€ cucmemvl Npu 08yX 6XOOHBIX B030€UCMBUSIX ONPeOeIsiemcs COOM-
HOWweHUuem

Sx(@)=Ws(j-®)° - Sg(@)+We (= j- @)W (j- @) Sge (j - )+
+Ws(j- @) We (= j- @) Ses (i - @)+ We (j- @) - Sk (@).
ECJZM 6XO0Hbl€ I’lpOl/;eCCbl cmamucmudecKu Hezasucumst, mo

Sx (@) =We (i- @) - S¢(@)+We (j- @) - S¢ (o).
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3.4 AHAJIU3 TOYHOCTHU CHCTEM MPH CIAYYAWHBIX BO3AeHCTBUAX

ITycTth nmeeTcs JIMHEWHAs 3aMKHYTas CUCTEMA, Ha BXOJbl KOTOPOH
MOJIAETCS TOJIE3HBIN CUTHAT G(t) Y IIoMexa F(t), IPUIIOKEHHAS B ITPOU3-

BOJIBHOH TOYKe (CM. pUCYHOK 3.6).

me(t)
F(t) & F()
mg (t) o G(t) E(t) , X(t)

Cucmema >
G(t)

Pucynoxk 3.6 — Cucrema, HaXosIIasICs MO/ BIUSHUEM JIBYX CIydai-
HBIX BO3JEUCTBUM

B oOmem ciydae BO3ACHCTBUS HA CUCTEMY HPEIACTABIAIOT COOOM
IIPOM3BOJIFHO M3MEHSIOIINECS BO BPEMEHHU PETYJISIPHBIC CUTHAIBI, HA KO-
TOpBIC HAJIOKEHBI IICHTPUPOBAHHBIC CITYYaHBIC TPOIIECCHI

G(t) = mg 1)+ G(1),
F()=me (0)+F (),

rae mG(t), Mg (t) — DKBHUBAJICHTHBIC PETYJISPHBIE COCTABIISIIOIIUE T10-

(3.37)

JIE3HOTO0 CHUTHAJIa U TIOMEXH, BKIIOUAIOIIUE B CEOSl KAK COOMBEmcmaeyio-
WUL pecylapHblU CUSHAT, MAK U MAMeMamuyeckKoe 0dCUuoaHue coomeem-
Cmeyoue2o cIy4auHo20 npoyecca.

Jr00y10 UCKOMYIO KOOPJMHATY CUCTEMBI MOXKHO MPEACTABUTH B BHUJIC
JIBYX COCTAaBJISIOIIMX: JKBUBAJICHTHOW PETrYISIPHON UM LEHTPUPOBAHHOU
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cinydaitHoil. Torga ommOKa CHUCTEMBI, XapaKTepuU3ylolas ee JuHaMude-
CKYIO TOYHOCTh, MOXKET OBITh OIIPE/IC/ICHa, KaK

E(t)=G(t)= X(t)= me (t)+ E(). (3.38)

Ha ocHoBaHMM mNpUHIMINA CYMNEPHO3UIMA COCTABISIONINE OIIMOKH
CKJIQABIBAKOTCS] U3 COCTABJISIFOIIMX OT JACHMCTBUS MOJIE3HOTO CHTHANA U IO0-
MEXH, KOTOPBIE MOKHO HaXOAWUTh HE3aBUCUMO APYT OT JIPyra.

PerysnsipHyto cOCTaBISIONIYIO OLIMOKKA M ¢ (t) MOKHO PaccMaTpuBaTh

KaK PEaKIUIO CHCTEMbI Ha PEryJIPHBIC BHEITHHE BO3ICHCTBIS
me(t)=mE(t)+mE (t). (3.39)
B m306paxenusx 1o Jlammacy
Me(s)=ME (s)+ Mg (s)=
=We () Mg (s)+Wee(s)- Mk (s),

rae Wge (S) u W (S) — mepeaaTouHbie (QYHKIUU 3aMKHYTOW CHCTEMBI

(3.40)

10 KaHaJIaM «ITOJIE3HBIM CHTHAJI — OIIHOKa» M «IIOMeXa — OIIIHOKa.

Ipumeuanue. CmpykmypHas cxema muno8ou 3aMKHYMOU CUCHEMbL

F(t)

%G(t) 20y W Ny BRAGA

Ecnu Wl(p)z 1, mo mooxcno cuumams, umo nomexa nooaemcs Ha

umeem 8uo

6x00 pasomnymoti cucmemsi, a ecnu W, (p)= 1 na ee 661x00.

llepedamounvle hyHKyuU N0 KAHALAM «NOAE3HBI CUSHATL — OUUOKAY
U «nomexa — owmubKay Haxoo0samcs no popmyniam
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1
Wee(p)= 1+W,(p)-W,(p)’ (3.41)
Wee (p)= - WeelP) .

1+W, (p)-W,(p)’

[Ipu MeaJIeHHO U3MEHSIOMIMXCSI BXOJHBIX BO3JICUCTBUAX PETYISPHYIO
COCTABJISIFOIIYI0 OIIMOKA OOBIYHO OMPEACISIOT MemoooM Kodghguyuen-
moe OouuooK.

BCJ’II/I‘II/IHy COCTAaBJISIONICH Mg (t) MOKHO HaWTH IO COOTHOILICHHIO,

aHaoruaaomy (3.23)

me®-3 GE() mO)=% c,-md0)
v = (3.42)
cé=|=

1 |' a |WGE(S) y i=1,2,...

s=0

rae C° — ko9 QUIHUEHTHI OIMOOK CHCTEMBI [0 KaHAY «IOJIE3HBIHA CHT-

Hal — omuOkay. Onpenenutb UX MOXKHO O€3 BBIMOJHEHUS Omeparui
i pepernunpoBanust W ;e (S) 1o ¢popmysiam

C(g; =WGE (SX s=0"'

ce-1 [WGE(S) zc } L i=12,... (343)
S 1=0 s=0

CootHommenus, anaoruunbie (3.42) u (3.43), MOTYT OBITH TIOJTYYCHBI
U IS KaHajla «IIoMeXa OLIMOKay.

Ecnu perynsipHble BHEIIHHME BO3ACHCTBHUS MOCTOSHHBI WM OTCYT-
CTBYIOT, & CIIy4alHbIE BO3JICHCTBUS MPEACTABISAIOT COOOM CTAallMOHAPHBIE
CIyyallHbI€ MPOILIECChl, TO OIIMOKAa OyAeT CTalMOHApHBIM CIIy4alHbIM
IIPOLIECCOM, MAaTEMAaTUYECKOE OXKUAAHUE KOTOPOro OIpPEIEISIETCS Yepe3
YPaBHEHUE CTATUKU CUCTEMBI
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Mg =Wge (0)- mg +Wez(0)- mpg. (3.43)

[{eHTpUpOBaHHYIO CIYYailHYIO0 COCTABJISIONIYIO OLIMOKH E(t) MOKHO

paccMaTpuBaTh KaK PEAKLUUIO CHUCTEMbl Ha LIEHTPUPOBAHHBIE CIy4alHbIC
COCTAaBJISIIOLINAE IOJE3HOIO CUTHAJIA M TIOMEXU U ONPEACHATH €€ 4Yepe3
KOppeJsIIMOHHbIe (pyHKIMU Rg (z') u Rg (r), WJIA 4epe3 CIEKTPAJIbHBIE

mnotHoctd S (@) m Sp (@) (ecim BXOmHBIE BO3MEHCTBHA KOppEMHpPO-

BaHHBI, TO JOJDKHBI 3a7aBaThCsl UX B3aMMHas KOpPEJSIITUOHHAS (yHKIIUS
WIK MX B3aUMHAas CICKTPaJibHAs IJIOTHOCTB). 10 3TMM JaHHBIM HaXOMST
KOPPEJSIITUOHHYI0 (DYHKIMIO WJIM CIEKTPAIbHYIO IUIOTHOCTH OIIMOKH, a
3aT€M — JUCIIEPCHUIO OITHOKH.

B mpakTuyecknx pacyerax daiie BCEro HCMOJB3YIOT CIEKTPAIbHYIO
MJIOTHOCTh, PACCUYNUTHIBAEMYIO TIO popMyJie

SE(w)=’VVGE(j ‘“’)‘2 - Sg (@) +
+Wee (- j- @) Wee(j- @) See (i - @)+
+Wee (j- @) Wee (- j- @) See (i - @)+

Wee( ‘“’)‘2 - Se ().

YToObl HAUTH OUCMEPCUIO OUIMOKHU TPHU CIy4YalHBIX BO3JIECUCTBUSAX,

(3.44)

HCO6XOJII/IMO BbIYHCJINTD UHTCTPAJI

De =$-T08E(w)jw. (3.45)

—00

Jlucriepcusi OMIMOKH COCTOUT U3 OTICIIBHBIX COCTaBJISIONINX, OIpeie-
JSIEMBIX cllaraeMbimiu (3.44),

D. =D¢g + DEF + DE® + DE . (3.46)

Bce COCTABJAOIUEC TUCIICPCHHU MOTYT BBIYHUCIIATBHCA OTIACIIBHO. 3aTem
OHHU OOJIDKHBI CYMMHUPOBATLCA.
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Ilpumep 3.9. Onpedenenue oucnepcuu 6bIXOOH020 CAYHAUHO2O HPO-
yecca. Ha 6xo0 3amxnymotl credsweti cucmemvl nocmynaem noJjie3Hbviil

CLYY4aUHbIL Npoyecc CO CNeKMpAanbHOU NIAOMHOCMbIO Sg (a)) Ha 6xo00

pCZS’OMKHymOZZ cucmemsl nocmynaem C]ly’{aﬁHaﬂ nomexa co Ci’leKmpaJZbHOZZ

NIOMHOCMBIO S,:(a)). Koppenayus meoncoy éxoonvimu npoyeccamu om-

cymcemeyem. BuewiHue 6030elicmeusi He cooepacam pe2yisipHbIX CoOCmas-
nsarowux. CmpyKmypHas cxema cucmembsl umeem 6uo

F(t)

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

2‘ DG ‘TG
1+TGZ-co2’

W(s)= s- (T l-<s+ 1)’ 56 (@)=

St (w)=N.

llepedamounvle hyHKYUU 3aMKHYMOU CUCMEMbl NO OUUOKe

1 T-s?+s
W = =
e (9) 1+W(s) T.52+s+K'
W (s K
Wee(s)= ) _

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

Ci’leKmpaJleaﬂ NAOMHOCMb OUUOKU pasHa

@ T (J w)2+(J w) ‘2. l-w)+
R (P (9 R B
+ A ‘2- (4]
T Gof (oK )

COCI’I’ldGJZ}UOZMCZ}Z ducnepcuu OWU6KU, 06yC]l08JZ€HHCl}l NOJIE3HbIM CUc-

HAJIOM, HAXO0OUMCSL U3 6bIPAINCEHUA
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1 -+oo T(Ja))2+(ja)) 2-2.DG.
2.7 %T-(j-o) +(j-0)+K| 1+T¢ 0°

1 e T(a) (o) [ 2057
2.1 _wT(Jw)2+(Ja))+K ‘1+TG(JG))(2
1 .+oo TZ(Ja))A'—(Ja))Z
2% ol T (j0) + (T +T5)-(- @) +
+(1+K-Tg)-(j-@)+ K

=2'DG 'TG 'J3.
B oannom cnyuae N =3. Kosgppuyuenmor noaunomos A3(j a)) u
B,(j- @) pasusi
ao =T‘TG, a1=T+TG, 8.2=1+K-TG, a3=K,
Toeoa

1 T+K-T-Tg +Tg

J, =
T2 T TH+K-TE+T,

Cocmasnarowas oucnepcuu ouUuOKY, 0OYCI081eHHAS NOJIe3HbIM CJI)-
YAUHBIM NPOYECCOM, PABHA

D¢ =2.D~. .T~-J.=D. -
= T T KT 4T,

COCma&/'lﬂiOlMa}l ducnepcuu 0WM6KU, O6yCﬂ08Jl€HHCl}l I”lOM@XOlZ, HAXO-
oumcsi u3 6bIPAINCECHUA
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I K ‘2
Df =——-
"2 _{OT-(j-w)2+(j-w)+K‘
_K?.N 1

J

=[T-(-0) +(j- o)+ K[

- Ndw =

do=K?-N-J,.
2.7

B oannom caywae n = 2. Koaghguyuenmor nonunomos Az(j a)) u
B,(j- @) pasnvi
aO =T, al =l, a2 - K, bo =O, bl =1

Tozoa

J2=

1
2-K
Cocmasnarowas oucnepcuu ouubKy, 00yCl081eHHAs NOMEXOU, PABHA

DE:KZ.N.\]2=%

Pe3yrvmupyrowee 3nauenue oucnepcuu.

D. =D
T Tk TE4T, 2

3.5 ®opmupywomue GUIbLTPLI

DopMHUPYOIIUM (PUIABTPOM HA3BIBAIOT IUHAMHUYECKYIO CHCTEMY,
KOTOpAas TIPA BXOAHOM CHUTHAIIE G(t) B BHUJIE 0O€JI0ro 1nryMa UMEET Ha BbI-

Xo0Jie cilydaiiHblil mponece X (t) C 3aJJaHHBIMU CTATUCTUYECKUMU XapaKTe-
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pUCTHKAMHU (MAaTEeMaTUYECKUM OXXHUJAAHUEM, KOPPEISIUOHHON (DyHKIuen
WM CIIEKTPAJIbHOM MJIOTHOCTHIO).

Hcnonp3oBanue GopMupyromiero GuibTpa mo3BOJsSeT MIEPEUTH OT CH-
CTEMBI C TIPOU3BOJBHBIM BXOJHBIM BO3JECHCTBUEM K IKBUBANEHMHOU CU-
cmeme, Ha BXOJ KOTOpPOH NEUCTBYeT Oenblil myM. DTO JOCTUTAETCs TMO-
CJIEIOBATENIbHBIM COeIMHEHUEM (popMupyroiero GuabTpa U UccieryeMoi
CHCTEMBI (CM. pUCYHOK 3.7).

G (t) Qopmupyrowut X (t) Uccnedyemasi Y (t)
unbmp cucmewma

>

Pucynok 3.7 — Cxema SKBUBaJICHTHON CHCTEMBI

Ecnu ciryyaiinbie mponeccsl G(t) u X(t) ABJIAIOTCS CTAllHOHAPHBIMU,

TO YaCTOTHYK XapaKTEPUCTUKY JHUHEUHOro (QopMupyromero QuibTpa
' (j a)) MO’KHO HAaWTHU U3 COOTHOIIICHUS

Sx(@)=#(j-)* - Sc (). (3.47)

Ecmn Sg (a))= N, To

B kayecTBe MCKOMOI YaCTOTHOW XapaKTEpUCTUKHU (uibTpa Oepercs
TOT U3 coMHOXuTener (3.48), KOTOPBIH MMEET HYJIM M TIOJIOCHI B JICBOM
HOJIYIUIOCKOCTH | * @

?(j-o)= %I\I“’) (3.49)
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Ecmm Sy (a)) — JIpoOHO-parmoHanbHas GyHKIUS, TO YaCTOTHYIO Xa-

PaKTePUCTUKY JIMHEHHOTO (hopmupyromero ¢uiasTpa mo dopmyne (3.49)
OIPEICTUTh MOXHO BCEI/Ia.

Ilpumep 3.10. Onpedenenue wacmommoui xapakxmepucmuku popmu-
pyioweeo gurbmpa 0Jisi NOJYYeHUs: CMAYUOHAPHO20 CIYYAiHO20 Npoyecca

CO CNeKmpanbHOU NIOMHOCMbIO Sy (a)) =2-Dy - Ty /(1+T>% -602) us

6en020 wyma co cnexmpansroii niomnocmoio Sg (@)= N .

I1o ¢hopmyne (3.48) naiioem

\/Z‘DX ‘TX \/Z‘DX ‘TX
_ 2-D, -T 1 N N

(i -w)° = XX 2 : _
7(j- o) 1+T - w®> N 14Ty -(jr0) 1-Ty -(j- @)

Omcrooa

2.D, T 1 K
(i )= X" 'x . _ ’
(i-o) \/ N 14Ty (jr0) 1+4T7-(j-o)

e0e K = \/2- Dy - Ty /N, T =Ty. Ilepeoamounas ¢pynxyus purompa &

uzoopasxcernusx no Jlannacy

K
1+T-s

W(s)=

OT0enuBawmuM (pUJIBTPOM HA3bIBAIOT CUCTEMY, KOTOpasi mpeoodpa-
3yeT CIy4YahHBIA MPOIIECC G(t) CO CIEKTPAIBHOU INUIOTHOCTBIO Sg (a)) B

Oenblil mrym. J{s cTallMOHAPHBIX IPOLIECCOB G(t) u X(t) €ro 4acTOTHas

XapaKTEPUCTHUKA pPaBHA
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_UN
¥(j-w) Se(i-o)

o(j-o)= (3.49)

BOITPOCHI 1151 CAMOKOHTPOJIA

1. Kak BbINONHSETCSA NPeoOpa30BaHUE BXOJHBIX CIIyYalHBIX CUTHA-
JIOB JJUHEUHOM cuctemMon? UTo onpenenser oneparop CUCTEMBI?

2. Kakas cBsA3b CyHIECTBYET MEXK]Y CTAaTUCTHUYECKUMH XapaKTEpH-
CTUKaMH CIIyYalHBIX MPOLECCOB HA BXOJAE U BBIXOAE JUHEWUHON CHUCTEMBI
BO BpeMeHHOU oOnacTu? Kak onpenenuts UX aHaTuTUYECKH ?

3. KakoBbl yclioBHSI CTAIIMOHAPHOCTU CIYyYaHOTO MpOIecca Ha BbI-
XOJI€ JIMHEWHON CUCTEMBI?

4. Kakas cBsI3b CYIIECTBYET MEXKAY CTATUCTUYECKUMH XapaKTepH-
CTUKaMH CIIy4alHbIX MPOLIECCOB HA BXOJI€ M BBIXOJIEC JINHEMHOW CUCTEMBI B
yacTOTHOU oOnacTu? Kak onpenennuTs UX aHaJTuTUYECKU?

5. Kakoitl o0uuii moaxoa K aHaau3y TOYHOCTH CHUCTEM MPH CITydai-
HBIX BO3JICUCTBUSAX?

6. Kaxk Haxoaurcs peryisipHas COCTaBJISAIONIAs OIIMOKN CUCTEMBI?

/. Kak HaxoauTcs ciiyyaiiHasi COCTaBIISIFOIIAS OITMOKUA CUCTEMBI?

8. Uro HaswiBaetcs opmupyronuM puinbtpoM? KakoBo ero HasHa-
yeHue?

9. UYto HazbiBaeTcs oTOenuBaromuM ¢uiabTpoM? KakoBo ero Ha3Ha-
yeHue?

SAJAYA JJIAA CAMOCTOATEJBHOI'O PEHIEHUA

3.1. Ha BX0J yCWJIHMTEIBHOTO 3BEHA IMOCTYIAET CIy4alHBIA MPOIECC

X(t) C MaTeMaTHYeCKHUM oXumaHueM My (t) U KoppensmuoHHOM (yHK-
nuen Ry (t 1.t ) TpeOyercst HAWTH MaTEMAaTHYECKOE OKUIAHUE U KOppe-

JSUAOHHYI0 (QYHKIIMIO BBIXOAHOTO CIy4YaiiHOTO Tpoliecca Y(t), €CIIN KO-

s punment ycunenus K = 8.
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3.2. Onpenenuth KoppensiunoHHyo ¢pyHkuumo Ry (tl ,t2) CJIy4aitHO-
ro Impoiiecca Y(t) Ha BbIXoJie AuddepeHIMpYOIero 3BeHa, eclii Koppe-

JSAMOHHAS (QYHKITHS BXOJHOTO CIIydallHOTO Tporiecca X (t) paBHA

2
Ry (t1.t2)= exp[— a-(t, -t,) ] :
3.3. PemuTh npeapIayIyIo 3a1a49y MPH YCIOBHU

coslm - (t, —t;)]
t, +1, '

Rx (tl 1t2)= Dy -

3.4. Ciy4aliHblii ITpOLIECC X(t) UMEET MATEMATHYECKOE OKMIAHHE
m (t) U KOPPEISILUOHHYI0 (PYHKIMIO Ry (’[1 ,tz). Hantn maremarnue-

CKOE OKHTaHUE M KOPPEIAIUOHHYIO (YHKITHIO mporiecca Y (t), €CIIu

Y(t)=ix(ﬂ)-exp(— 2)A.

3.5. Ha Bxoxm mmddepeHnupyromero 3BeHa IMOCTYMAeT CIydalHBIN
nporecc X(t) C MaTEMATUYCCKUM OXHUIAHHEM M y (t) = A.- sin(t) 1 KOp-

peNsuMOHHON (QyHKIIMEH

Ry (t;,t,)= 2-exp|:— w:l .

Haiitu marematuueckoe oxxkujaaHue U aucnepcuto Dy BbrIXogHOTO

cirydaitHoro mporiecca Y (t)

3.6. Haitftu Marematuueckoe OXHIAHUE M JUCIEPCUIO CIy4allHOIO

npouecca Y (t) Ha BBIXOJIE allEpHOIMYECKOI0 3BE€HA

T-%Y(t)+Y(t)= K- X(t),
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€CJIM Ha €ro BXOJI C MOMEHTA BPEMEHHU to MOCTYIIAET BO3MYILEHHUE, TTPE-
CTaBJIsIIOIee COOOM CTAallMOHAPHBIN CIy4alHBIA MPOIeCC ¢ MaTeMaThude-
CKUM OXKMJIaHHEM My = CONSt W KOPPENSILIMOHHON (QyHKUIUEH

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

3.7. Hailtu aucnepcuto ciydailHOro mpolecca Y(t) Ha BBIXOJIEC ame-

pI/IO)II/I‘ICCKOFO 3BCHA
d
T-—Y(t)+Y(t)= X(t),
dt
€CJIM Ha €ro BXOJl C MOMEHTa BpeMeHH o IMOCTyImaeT OeIblii IIIyM CO CITCK-

. 2
TPAJILHOU IVIOTHOCTBIO Sy (a)) =C".

3.8. Ha BX0j1 HeCTallMOHApHOTO 3B€HA C UMITYJILCHOM MEPEXOIHOM Xa-
PaAKTEPUCTUKOU

T

k(t,7) = % : exp(— t—_r)
MOCTYMAeT HecTAMOHApHSIT ciydaitubiii mpomece X (t) ¢ maremarmae-
CKHM OKHIAHHCM
my (t)=a, +a, -t
M KOPPETAIHOHHOR (hyHKIICH
Ry (t,7)=Dy -exp[2-(t+7)-[t—7]] .

OHpC}IGJ’II/ITB MATCMATUYICCKOC OXWIAAHHUC WU HUCIICPCHUIO BBIXOIHOI'O

ciy4aiiHoro mpouecca Y (t)

3.9. Ha onuH ¥ TOT XK€ BXOJ CIEAAIIEH CHCTEMBI MOCTYIIAeT IMOJe3-
HBIM CIIy4aWHBIN IPOLIECC G(t) U Clly4yailHas moMexa F(t). Cranuonap-
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HBIA  CIy4YalHBIA IIPOILECC G(t) UMEET MAaTEMaTUYECKOe OXKHMIaHHE

Mg = CONSt ¥ KOPPETAUMOHHYIO (PYHKIIUIO

Re (z)=2-exp(-4-[z]).

[Tomexa F(t) SABJISICTCS CTALIMOHAPHBIM CIIyYalHBIM MPOLIECCOM C HY-

JICBBIM MATEMATHYCCKHUM OXUJIaHUCM U KOppGJ‘IHL[PIOHHOfI (I)YHKHHGIZ
R (r)=3-exp(-3-|])

Crny4daitHpie MPOIECCHI G(t) U F(t) B3aUMHO HE KOPPEIUPOBAHBI.

MMnynbCHas MEPEXOHAS XaPAKTEPUCTUKA CUCTEMBI
k(t)=4-exp(-2-t).

TpeOyerca ompenenuTb MAaTEMaTUYECKOE OXHIAHUE WM JUCIEPCHUIO
ciyvaitHoro mporecca X (t) Ha BBIXOJE CUCTEMBI,

3.10. PemuTh npeapiIyliyto 3a/1aqy, UCHOJIb3Ysl CIIEKTPaIbHbIE MJI0T-
HOCTH CJIy4alHBIX MPOLECCOB U MEPEIATOYHYIO (DYHKIUIO CUCTEMBI.

3.11. JIuHeitHas cucTeMa ONUCHIBAETCS YpaBHEHUEM BUAA
d d
dt dt
CiydaliHBIN IIpoLIECC X(t) Ha BXOJI€ CHCTEMBI UMEET KOPPEIALMOH-
HYI0 (DYHKIIHIO
Ry (r)=Dy -expl-a-|z]).
Haiitu aucniepcuto ciydaiinoro mpouecca Y (t) Ha BBIXOJI€ CUCTEMBL.

3.12. Ha BX0J 3aMKHYTOW CHUCTEMBI MOCTYHAET OCNbIA IIyM X(t) CcO
CIIEKTPAJIbHOM IIOTHOCTBIO Sy (a))z N . Ilepenarounas ¢yHKUUs pa3o-

MKHYTOﬁ CUCTEMbI UMECT BU
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K

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

ITokasare, 4TO AMCIIEPCUs CUTHAJA Y(t) Ha BBIXOJIC CUCTEMBI HE 3a-

BHCUT OT IIOCTOSIHHOW BpeMeHH T .
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4 CAHTE3 CUCTEM IIPU CJIYYAHUHBIX BO3JIEUCTBUSX

4.1 O0mas MOCTaHOBKA 32/1a4M CMHTE3a CHCTEM IPH CIAYYallHbIX
BO3CHCTBHUAX

IIycte mMmeercs cuctema, Ha BXOJbl KOTOPOM MOCTYHAOT IOJIE3HBIN
curnan G(t) u momexa F(t) (cm. pucynox 4.1).

JF©

PearnbHasi X (t)
G(t) cucmema E(t)
—— e
UNdeanbHas
cucmema Z(t)

Pucynok 4.1 — Cxema npeoOpa3zoBaHus MOJIE3HOTO CUTHAIA

Cucrema JOJIZKHa KaK MOXHO 0oJiee TOYHO BOCIIPOU3BOJAHUTb HCKOTO-

Py QYHKIUIO OT G(t), KOTOpasi 3aJ1a€TCs ONEepaToOpoM (D(t){ }, T. €.

Z(t)=2W{G(1)}. (4.1)

B 3aBrcuMocTH OT Buaa oneparopa cD(t){ } CHUCTEMA MOXET pellaTh
CJHIEIYIONINE 3aJa4UH:
e BOCIPOM3BEJAEHHE, CCIIU (D(t) =clt)- ecim C\t)=1, cu-
p

CTEMa CTAaHOBMTCS Clledsiujell);

e auddepeHupoBanue, eCIu ¢(t){ }= %{ I

t
e unterpuposanue, ecmn @V }= [{ Jda;

to
® VIpEeKACHHE UIH IKCMPAnoaayus, €Cliu ¢(t){ }= 1(t”){ } (tme 7

— BpeMsl YOPEeXKACHUS).
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B o0mem citydae mnpeoOpa3yroniyii orepaTop (D(t){ } MOKET OBITh
IIPOU3BOJIbHBIM.

Hoeanvrnoe npeobpazosaHue noniesHoco CUSHALA 8 COOMEEMCMBUU C
popmynoti (4.1) He803MOIHCHO U3-3G HEBOZMOICHOCTNIU MOYHOU PEATU3AYUL
NONe3H020 CUSHANA G(t) U 6AUAHUS NOMEXU F(t). BeIxoaHou curHan cu-
CTEMBbI X(t) OyJleT OTJIMYaThCsl OT TpeOyeMOoro curHaia Z(t) Ha BEJINYU-

HY OLIMOKH
E(t)=z(t)- X(t), (4.2)

MO3TOMY MOXET CTaBUTHCS 3aj[ada MOJIABJICHUSI TIOMEX, KOTOPYIO Ha3bIBa-
10T 3a1aucii puabTpanuu (CriaKuBaHus).

Eciau BXOJHBIE CUTHAIBI G(t) u F(t) IPEACTaBIIOT COO0H CIrydaid-
HBIE TIPOIECChI, TO OITHOKA CUCTEMBI E(t) TaKxe OyJIeT SIBJIATHCS CIIydaii-
HBIM MporieccoM. [Ipu TakuX yCIOBUSIX CUHTE3 CUCTEMbI 3aKITI0YAETCS B €€
CTATUCTHYECKOI ONTUMU3AIUM, TIOCTIE KOTOPOH Oyner obecrieunBaThCs
HaWIyylllee 3HAY€HHE HEKOTOPOro Kpumepus onmumanbHocmu. OCHOB-
HbI€ TPEOOBAHUS K HEMY:

® BO3MOXXHOCTh KOJIMYECTBEHHON OIIEHKM KayeCTBa CHCTEMbl U €€
YCHEIIHOCTH B JOCTUKEHUHU MTOCTABICHHOMN ENH;

® BO3MOXXHOCTh MaTeMaTHYE€CKOro (aHAJIMTHYECKOr0) pelIeHUs 3a-
Ja4v OTNITUMHU3ALIIH,

HaubGosnee ynotpeOUTENbHBIM U IPOCTHIM KPUTEPUEM ONTUMATBHOCTH
CUCTEMBI ABJISIETCSI MUHUMYM CPEHET0 KBaJpaTa €€ OlInOKU

&2 = M[E2(0)] = M[z()- XOF]=m2()+ De 5> min.  @3)

OueBUAHO, YTO KpUTEpUU min(gz ) YUUTBIBAET U PETYJSPHYIO CO-
CTaBJISIFOLIYIO OLIMOKKA M é (t), U €€ CIIy4yaliHyI0 cocTaBiisitonryto D e.

HpI/I CTaTUCTUYECCKOU OIITUMH3AIIMKU MOI'YT peIaTbCA CJICAYIOIIHNC

YaCTHBIC 3a4a4U.
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OmnpenesieHne ONTHUMAJIBHBIX MAPaMeTPOB cucTeMbl. B 3TOoM ciy-
4ae CTPYKTypa CHCTEMBI M CTATUCTUYECKUE XAPAKTEPUCTUKH BXOIHBIX
BO3JCHUCTBUN CUHUTANOTCS W3BECTHBIMU. CUHTE3 CHCTEMBI 3aKIIFOYAETCS B
OIIPEICTICHUH TaKUX €€ IMapaMeTpoB, IPH KOTOPHIX BhIpakeHue (4.3) ume-
€T MUHUMYM.

Ilpumeuanue. Ha npaxmuke Haubollee 4acmo peuiaemcss UMeHHO
maxas 3a0a4a, maxk KaKk Cmpykmypa cucmemvl 00blYHO Onpedeisiemcs ee
DYHKYUOHATILHBIM HABHAYEHUEM, 8 MO 8peMs KAK napamempuvl CUCHeMbl
00NYCcKarom nooCmMpouKy.

CuHTe3 ONTUMAJILHOM CHUCTEMBbI ¢ NMPOU3BOJBLHOM CTPYKTYpOii. B
3TOM Cilyyae MMeeTcs HH(OpMalus TOJbKO O MPUHAJICKHOCTH CUCTEMBI
K HEKOTOPOMY KJIACCy, W M3BECTHBl CTATUCTUYECKHUE XaPAKTEPUCTUKHU
BXOJHBIX BO3/IeUCTBUIM. CHHTE3 CHCTEMBI 3aKJIIOYAETCS B OINPEICICHUU
TaKoW ee MepeaaTOuYHON (QYHKIIMH W(S), py KOTOpo# BhIpaxenue (4.3)
uMeeT MUHUMYM. [Ipu 3TOM NOKHO YUHUTHIBATHCS YCIOBUE (PU3UUECKOU

peaiuzyemocmu Cucmemaol.

Ilpumeuanue. B smom ciyuae cmano8uUmcs 603MONCHbIM Meopemiu-
yecKu omnpeoenums npeoeil COBEPUICHCMBOBAHUSL CUCEM B8blOPAHHO2O
K1acca u UCHOIb308amb NOJVYEHHYIO UHGOpMayuio 01 KOPPEKmHO20
Gopmynuposanus mpeoo8aHull K HUM HA Imane npoeKmupo8aHusl.

CuHTe3 ONTUMAIBHONU CHUCTEMbI ¢ HENPOU3BOJIbLHOU CTPYKTYPOIi.
B sTOM ciiydae CTpyKTypa OJHOM 4YacTH CUCTEMBI (Hampumep, oObeKTa
yIpaBJICHUs) 3ajlaHa, a Apyras €€ 4acTb (Hampumep, YCTPOMCTBO yIpaB-
JICHUS) MOXET MPOU3BOJIBHO BBIOMPATHCA U3 HEKOTOPOIO Kjacca IMOJCHU-
creM. CTaTUCTHUYECKUE XAPAKTEPUCTUKU BXOIHBIX BO3JCHUCTBUN HM3BECT-
Hbl. CHHTE3 CHCTEMBI 3aKJIFOYACTCS B OMPECIICHUN TaKOM MepeaaTOuYHOU
(GYHKIIUA U3MEHSIEMOM YacTH CHUCTEMBI W(S), MPA KOTOPON BBIPAKEHUE

(4.3) umMeeT MUHUMYM.
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Ilpumeuanue. Taxas nocmanogka 3a0aqu A611emcsi pealbHOU, Mmak
KaK Ha NpaKkmuke 8bl00p CmpyKmypbl CUCHeEMbl 6ce20a 02paHudet. B psoe
cyuaes CmMano8UMCs B03MONCHBIM, UCHONb3YS peuleHue npeovloyujell 3a-
oauu, 8b10eUMb U3 CUCHEMbL ONMUMATLHYIO NOOCUCTNEM).

B 3aBUCMMOCTH OT COOTHOIIEHUSI CIEKTPATIBLHOMN MIIOTHOCTH IMOJIE3HO-
ro CUTHaja U TOMEXH 3aJja4a CUHTE3a MOXKET PelIaThCs MO-Pa3HOMY.

Ecnu crieKTphbl 4acTOT MOJE3HOIO CUTHAla Sg (a)) U IIOMEXU S (a))
HE HAKJIQJbIBAIOTCS JIPYT Ha Jpyra (cM. pucyHok 4.2 (a)), To aMIUIHTYIHO-
yacToTHas xapaktepuctuka (AUX) 3aMKHYTOW CHCTEMBI A(a)) JOJIKHA
pacronaratrbcsi B 00J1aCTH CIEKTpa MOJIE3HOI0 CUTHAJA.

Ecau criekTp 4acToT moJie3HOro cUrHajga ObICTpO yOBIBaeT ¢ Bo3pac-
TaHHEM YaCTOTHI, @ CIIEKTP MOMeX OJM30K K OeloMy myMy (CM. pUCYHOK
4.2 (6)), TO aMIUIUTYJAHO-4aCTOTHAsl XapaKTEPUCTHUKA PA3OMKHYTOW CHU-

CTEMBI ‘W p(j a))( JI0JDKHA PAcroJiarathCsi B 00J1aCTH HU3KHUX YacTOT, TC
COCPE0TaYMBACTCSI OCHOBHAS YHEPIUs MMOJE3HOTO CUTHAIA.
Ecnu cniekTphl 4aCTOT MOJIE3HOTO CUTHAJIA M MOMEXHM HAKJIAbIBAIOTCS

JpYT Ha JIpyra U UMEIOT MPOU3BOJILHYIO popMy (cM. pucyHok 4.2 (B)), 3a-
Jadya CHHTE3a He MMEET TPUBHUAIILHOTO PEIISHUS.

4.2 OnpenesieHue ONTUMAJIbHBIX IAPAMETPOB CHCTEMbI

B sToM ciydyae MuHUMyMa cpeiaHed KBajapaTuuHou omunoku (4.3) mo-
OMBAIOTCS MyTEM M3MEHEHUS 3HAUYCHUM TapaMeTPOB CUCTEMBI.

Ecnu Ha cucteMy OJHOBPEMEHHO ACHUCTBYIOT MOJIE3HBIM CUTHA G(t)
u omexa F (t), TO M3-3a Pa3HOI0 XapaKTepa UX BIUSHHUS MIPOCTOM MOJ00p

napaMeTpoB OOBIYHO HE O0OECHEeYMBaET ONTHUMAJIbHOCTH (HaIpuMmep,

CTpeMJICHHUE YMEHBIIUTH B (4.46) COCTaBIISIIOULYIO DE MOYKET IPUBOJUTH

F
K pocty Dg u Hao60port). JJ0JKHO HCKAThCS HEKOTOPOE KOMNPOMUCCHOE

peuterue.
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Pucynok 4.2 — CoOTHOIIIEHHUE CHEKTPAIbHON MJIOTHOCTU MOJE3HOTO
CUTHAJIa U IOMEXH
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Jlnst pelieHust 3ajayd CHUHTE3a NepefaTouyHas (YHKIUS CHUCTEMBI,
oToOpakarolas ee CTpyKTypy, NPeJCTaBISICTCS B BUJIE

W (s)=W(s. 5. fm), (4.4)

rae fi,.... By — HDapaMmeTpbl CUCTEMBI, IOJOOPOM KOTOPBIX MUHUMU3UPY-

ercst BeIpakeHue (4.3). MIx BBIOOp MOMKEH OBITh 00OCHOBAaHHBIM. 3HAYeE-
HUs OOJBIIMHCTBA MapaMeTPOB ONPEIECSIOTCS TEXHUYECKUMHU WU KOH-
CTPYKTUBHBIMU COOOPaXEHUSIMH, TIO3TOMY M3MEHSITh UX TPYAHO WIH He-
BO3MOXKHO. OOBIYHO JI1 KOPPEKIMH BBIOMpAIOT JBa-TpU Mapamerpa
(Hampumep, MOCTOSIHHBIE BPEMEHHM KOPPEKTHUPYIOIIUX 3BEHbEB, KOA(Pdu-
IIUCHT YCHJICHUS Pa30MKHYTOM CHCTEMBI H T. II.).

3aaya CHHTE3a PelIaeTcs B CIACAYIOIIEM TOPSIIKE.

1) OmpenenstoTcss MmepenaTodHblie (YHKIUHA CHCTEMBI 10 KaHaJIaM
«TOJIE3HBIM CUTHAJI — OLIMOKa» U «IoMexa — OIIMOKa» Kak (YHKIUU
napaMeTpoOB CUCTEMBI

Wee () =Wee(s. 81 Bm),
Wee (5) =Wee (S'ﬂl s Brm )

2) Ilo COOTBETCTBYIOIIMM MEPEIATOYHBIM (YHKIUSAM U CICKTPasib-

(4.5)

HBIM TUIOTHOCTSAM ITOJIE3HOTO CUTHAJIA U TTIOMEXHU OMPENCIIAIOT CIEKTPab-
HYIO TUIOTHOCTh OIIMOKHM Kak (PYHKIHIO mapameTpoB cucTeMbl. [Ipu oT-
CYTCTBUH KOPPESALMNU BXOIHBIX CUTHAJIOB

SE(@,B1Bm)=Wee (i-@, 81 s B ) - Se (@),
SE(@, 8y Bn)=Wee(ji-@ B8y, Bn) - Sk (@), (4.6)
SE(w’ﬂl ""1ﬂm)= S(E;(w’ﬂl ""'ﬁm)+ SE (w’ﬂl s P )

3) Tlo crekTpaiabHOW IUIOTHOCTH OINMMOKH OIPEACSIOT JHUCIIECPCHIO
OIIUOKH KaK (YHKIIUIO MapaMeTPOB CUCTEMBI
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DE(ﬂhuwﬂm):i‘TSE(w’ﬂlwwﬂm)jw- (4.7)

—o0

4) Muddepenuupys (4.7) no fy,..., [, W NpUpaBHUBAS HYIIO MOIY-
YCHHBIC YaCTHBIC MPOU3BOIHBIC, OIYYalOT CHCTEMY M ypaBHECHUH, pelie-
HHUEM KOTOPOM HAXOJAT ONTHUMAJIbHBIC ITapaMeTpPhl 'Bl,mm 'Bmonm’ o0ec-

MICYMBAIOIINE MUHIMYM CPEIHEH KBaAPATUIHOMN OIHOKH.
5) 3nauenus B, ...,y  OLCHHUBAIOT, UCXOMAS U3 BOSMOKHOCTH UX
onm onm

TEXHUYECKOW pealn3allid U JIOMyCTUMBIX JUHAMHYECKUX IOKa3aTenen
CUCTEMBI (BPEMEHH PETYIUPOBAHUS, HATUYUS U BEJTUIMHBI TIEPEPETYITUPO-
BaHUSI, YCTOMYUBOCTH U T. 11.).

JlanHas MeToAMKa MOXKET Tak)Xe MPUMEHSIThCS MPU OJHOBPEMEHHOM
BO3JICCTBUY HA CUCTEMY PETYJISAPHBIX U CIIyYailHBIX CUTHAJIOB.

Ecnu cnexTpanpHble TUIOTHOCTH CHUTHAJIOB M YaCTOTHBIE MEpeaaToy-
HbIe (PYHKIIUM CHUCTEMBI SIBJISIIOTCS APOOHO-PAMOHAIBHBIMU (PYHKIIUSIMHU
@, TO ONTUMAJIbHbIEC 3HAYCHUS MapaMeTPOB CUCTEMBI MOTYT OBITH Halife-

HbI aHAJIMTUYCCKU.

Ilpumep 4.1. Onpedenenue xoaghpuyuenma ycunenus pazomMKHymou
cucmemvl, paccmompeHnHou 6 npumepe 3.9, Komopwlil Obl obecneuusan
MUHUMANbHOE 3HAYeHUe ee cpedHeksaopamuunou owubku. Tax kaxk o2o-
BOPEHO, UMO BHeUlHUe B030elUCMBUSL He COOepHCam Pe2VISIPHbIX COCMAas-

JAIOWUX, cpedHekeadpamuieckas owubka £° 6ydem cosnadams ¢ Ouc-

nepcueu omudbku D .

llonyyennoe 6 npumepe 3.9 3nauenue oucnepcuu ouwUOKU

De(K)=D
=(€)=P T+K-TE¢+Ts 2

Jlna uccneoosanusi oucnepcuu OwuUOKU HA MUHUMYM HE0OX00UMO
npupasuams wynio npouseoouyio om Dg(K) no xosgpduyuenmy ycunenus

pazomkuymot cucmemot K
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(%IE—(K)=_DG ‘Tg (Tc32 _Tz)_,_ﬂ:o
oK r+k-12+7) 2

Omcrooda Haxooumcs ONMUMalbHoe 3Ha4eHue Koagguyuenma ycue-
HUSL PA3OMKHYMOU CUCTNEMbL

2- Dg -(TG2 —T2) To +T
Konm = 3 - .

N.-Tgs TS

Munumym QyHKIUU (4.7) MoKeT OBITh TaKXKE HAWJICH JIFOOBIM YHC-
JIEHHBIM METOJIOM.

4.3 CuHTe3 ONTHMAJIBHOI CHCTEMBbI € IPOU3BOJIbHOM CTPYKTYPOii

ITycTs nMeeTcst cucteMa, Ciryamas Uil IpeoOpa3oBaHusl MOJIE3HOTO
CUTHaja G(t) IIPY HAJIMYKUU CIIyYaHOM NTOMEXHU F(t). BxonHble cursaibl
ABJISIOTCS CTALMOHAPHBIMU CIIyYalHBIMHU IIPOLECCAMU C PABHBIMU HYJIIO
MAaTEMATUYECKUMU OXKUIAHUAMU. Tak Kak CTPYKTypa CUCTEMbl HEU3BECT-
Ha, OyJleM cuuTaTh, YTO G(t) 1%} F(t) IIPUJIOKEHBI K OJHOMY U TOMY K€

BXO1y (cM. pucyHok 4.3).

Ilpumeuanue. Eciu cucnanv G(t) u F(t) NPULOJCEeHbL K DPA3HBIM

6X00am, mo nNpuUeecmu Ux K 0OHOM) 8X00Y MONCHO MemOOOM IKBUBAICHM -
HbIX NPeobpaz08aHull.

X(t)
2() g E()

> W(S)

H(s)

Pucynok 4.3 — Cxema npeoOpa3zoBaHus MOJIE3HOTO CUTHAIA

Y
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M3BECTHBIMM CUHTAIOTCA CIIEKTPAJIbHBIE FIOTHOCTH CUTHAJIOB S (a))
, Sk (a)) U orepaTop nmpeoOpa3oBaHuUs H(S). Pemienue mpoBoauTcs it

YIPOIIEHHOI'0, HO YaCTO BCTPEUYAIONIIErocsl Clyyasi, KOrjia MoJIe3HbIA CHT-
HaJl 1 IOMEXa CTATUCTUYECKU He3aBUCUMBbI. CyMMapHBIN CUTHAII HA BXOJIE
CUCTEMBI OyJIET paBeH

U(t)=G(t)+ F(t). (4.8)

B n3oOpaxenusx no Jlannacy BbIXOAHOW CUTHAJ CHUCTEMBI X(t) CBSI-

3aH ¢ BXOAHBIM curHaiaom U (t) COOTHOIIEHUEM

X(s)=W(s)-U(s)=W(s)-[G(s)+ F(s)] (4.9)

rne W (S) — nepenaroyHas PyHKIUA 3aMKHYTOW CUCTEMBL.

JlroOast peanuzanusi Cayd4alHOM CyMMapHOM OLIMOKH MOXET OBITh
HalJieHa, 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)

BoipaxeHue 151 CHEKTPalbHOM MJIOTHOCTH OUIMOKHA UMEET BU/L

(4.10)

Se(@)=H(j-@)-W(j-@)* - Sc(@)+W(j-®)° - S¢(@). (4.12)

YacTtoTHbple TIepeaaTouHbIe (PYHKIIMH MOTYT OBITh MPEJCTABIICHBI ClIe-
JTyIOIKUM 00pa3om

W(j - @)= Alw)-expl | - plw)]=

= A(@)- cos[p(@)]+ j - A(@)- sin[p(a)],
H(j- @)= H(w)-explj - y(o)]=

= H(w)- cosfw(@)]+ j- H(@)- sinfy(»)]

(4.12)
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Torma

H(i-0)-W(j o) =

(4.13)
= H*(@)+ A*(@)-2- H(@)- Al@)- cosly (@) - p(@)],
rae A(a))= \W (j a)] — AaMIUIUTYJHO-4aCTOTHAsA XapaKTEPUCTUKA 3a-
MKHYTOW CHCTEMBI, H(w) = \H(j a))( — AMIUIATYIHO-YACTOTHAS XapaK-
TEpPUCTHKA MpeoOpa3oBaTes.
H 2(co)+ Az(w)—
Se(w)= S (@) +
—2-H(@)- Alw)- cos[y/(w) — (o) (4.14)
+ A2(0)- S¢ ().
Jucrepcust ommoOKH
1 oo}
De =——- [Se(0)o, (4.15)
2

6y216T MHHHMaHBHOﬁ, KOoraa HAaMMCHbIICC 3HAYCHUC ITPUHUMACT IOABIHTC-

rpajgbHOe BhIpakeHne. Tak kak Bxopsmiue B (4.14) H (a)), A(a)), Sg (60),
Sg (a)) TIOJIO)KUTEIIBHBI TIPU JTI000M 3HAYCHHWH YacCTOTHI, JIII MHHHMH3a-
un Sg (a)) HE00X0IUMO, 4TOOBI HAMOOJBIIEE 3HAYCHUE PUHUMAJIO BbI-

paxenue 2- H (a)) A(a)) Cos[y/(a))— go(a))] DTO JocTUTaeTCs IPU

o(0)=y (o). (4.16)

C yuerom (4.16) Beipakenue (4.14) 3anumrercs, Kak

Se (0)= [H2(0)+ A2(0)-2- H(0)- A@)] - S (0)+
+ A2(0)- S¢ (o).

(4.17)
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st onpeneneHuss MUHUMyMa (YHKIIMU CHEKTPAIbHOM IUIOTHOCTH

omunoKku Sg (a)) IPUPABHSIEM HYJIIO €€ TPOU3BOAHYIO I10 A((o)

0S¢ (@)
oA(@)

=[2- A(w)-2-H(®)] Sg (@) + 2 A(@)- Sg (w)=0. (4.18)

OTCIOI[a HaXOAUTCA OIITUMAJIbHAA aMIUIMTYJHO-49aCTOTHAS XapaKTC-
PHUCTHUKA BaMKHYTOfI CHUCTEMBI

Aw)=— @) ) @.19)

Oo0benunss (4.16) u (4.19), MOXKHO HOJYYHUTH ONTUMAJIbHBIC XapaKTe-
PUCTUKU 3aMKHYTON CHCTEMBI

Sg (w)
Sc (@)+ Sk (

o (@) = ¥(0).

Ao (@) =

(4.20)

BoipaxeHue i ONTUMaIbHOM YaCTOTHOM MepenaTOYHOu (YyHKIIUU
3aMKHYTOW CUCTEMBI UMEET BUL

Wy (- @)= A (@) €XDLJ - @ (@)] =

Ss(@) :
" Se(@)+Se (@) H(o)-expli y(o)]= (4.21)
0) 1(j-a)

) Se(@)+ SF(“’)-

[TonyueHHast yacToTHas nepegaTodHast QPyHKUIUS Wonm(j a)) MOKET

OKa3aThCs (PUBNICCKU HEPEATH3yEeMOH.

Ilpumeuanue. 3namenamenv evipadxcenus (4.21) codeporcum cymmy 08yx
nonodicumenvHolx  @eauyur. Illocne paznodiceHuss e20 Ha  KOMNIEKCHO-
CONPSIdICEHHBIE COMHONCUMENU OOUH U3 HUX 0053amebHO 0)y0em umems Hyu 8
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npaeotl NOAYNAOCKoCmu |+ @ . Mmnyavcuas nepexoonas Xapakmepucmuxa

onsi nepeoamounon gyuxyuu (4.21) o6yoem cywecmsosamo u npu ompu-
UamenbHbIX 3HAYEHUSX 8PeMeHU (00 NPUTIOHCEHUSL BXOOHBIX 8030€UCMBULlL),
Ymo ceuoemesbCmayem 0 Hepeaiusyemocmu Wonm(j a)) Kpome moeo, &

PEANbHbIX CUCTNEMAX 8Ce20a CYUleCmeyent C853b MeHcoy Ux amMniumyoHo-
YacmomHou U ¢Hazoe0-yacmMomHOU XapaKkmepucmukamu, Komopas He
yuumsli8anacy npu 6vleooe gopmynol (4.21).

Eciu uckmounts u3 (4.21) Hepeam3yeMyr COCTaBJISIOIIYIO0, MOXKHO
HOJIYUUTh KBA3UONMUMANLHYIO Nepeoamounyto (QYHKYuo — JYYUyIo U3
8CEX BO3MOIICHBIX C MOYKU 3DEHUSL MUHUMUZAYUU CPEOHEKBAOPAMUYHOL OUUUO-
KU CUCTNEMDL.

Ecnu ucnonwizoBate memoouxy I. booe u K. Illennona, TO 3amada
CUHTE3a PEUIACTCS B CIEIYIONIEM MOPSIIKE.

1) BemmomanHseTcs pasznokeHue 3HameHarens (4.21) Ha KOMILICKCHO-
COIPSKCHHBIC MHOXKHTEIH (T. H. «pakmopuzayusy)

S (@) + S,:(a))=\‘l’(j-a)){2=S”(j-(0)-¥’(—j-a)), (4.22)

rae ¥ (j a)) — (YHKIIUSI, BCE TOJIOCHI KOTOPOW JIe)KaT B JICBOM IOJY-
IUIOCKOCTH |-@ (B 0O0JaCTH pealn3yeMOCTH CHCTEMEI), Y’(— J a)) —
(bYHKIHS, BCE MOIIOCHI KOTOPOH JIeXKaT B IMPaBOii MONYIIIOCKOCTH |- @ (B

00JIaCTH HEPEaTu3yeMOCTU CUCTEMBI).
Bripaxkenue (4.21) mocie ¢akTopu3ayy MPUMET BH/T

Se(i-@)-H(j- )
¥(i-0)-#(-j-0)

W o (i - @) = (4.23)

2) BreimomHsieTcs pasnoxeHue Boipaxkenus (4.23) Ha pealmzyeMbie U
HEepeaTnu3yeMble COCTABIISAIONIHNE (T. H. «paclyenienue))
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1 _[SG(J-w)-H(J‘-w)}++

W09y | 9 i-a)

L[]

"¥(i-0) | ¥(Ci-o)

(4.24)

/I peanu3zyemasi 4acTb CUCTEMbI OTMEUYAETCSl 3HAKOM «IUTIOC)», a HEpEeasu-
3yeMasi — 3HaKoM «MUHYC». [locie oTOpachiBaHusI HEpeaIn3yeMou 4acTu
3aMUCBHIBAETCA BBIPAKECHHUE ISl TIEpeJaTOYHON (PYHKIMH 3aMKHYTOM CHU-
CTEMBI

W(j- )= _1. '{SG(;K)} Haf)l ‘“’)L (4.25)

3) BrimonHseTcs pa3ioKeHUe BoIpaxkeHus, crosiiero B (4.25) B kBaj-
paTHBIX CKOOKax, Ha MPOCTEUIIINE CIaracMble

Se(i-®)-H(j-®)_Q:(i-®) Q,(i-o)
P(-j-) P(j-0)  PCj-0)

W3 (4.26) uckmouaercss coctapmsomas Q,(j- w)/P(- j- w), coor-

(4.26)

BCTCTBYrOI1asa HGYCTOﬁ‘IHBOfI CUCTCMC. TOFI[a KBa3uOIITUMAJIbHAA 4aCTOT-
Has 1nnepeaaTodHast (I)YHKI_II/IH BaMKHYTOﬁ CUCTCMbI ITIPUMCT BUI

Ql(j‘w)
¥(j-@)-P(j-o)

[lepenatounyto (yHKIMIO 3aMKHYTOM CHUCTEMBI B U300PaKCHUSX IO
Jlamnacy W(S) MOJIy4arOT [0 HAWJEHHOW 4YacCTOTHOM TNEepeAaTOYHON
(GyHKINH, 3aMEHSIS | - @ Ha S.

duznyecku peanuszyemas nepenarouyHas QyHKIHUS Pa30MKHYTOW CH-
CTE€MbI HAXOJUTCS TTO0 COOTHOILICHUIO

W, (s)= % . (4.28)
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Ilpumep 4.2. Onpedenenue nepedamounoli GyHKyuu cireosujei cu-
cmemwl ( H(S)= 1) no kpumepuro munumyma ee cpeoHeK8aOpPaAMUYHOU
owudxu. Ha 6xo0 cucmemvr nocmynaem none3nsii CueHal G(t), Ha KOmo-
PUlll HAKA0bl8AemMcs CAYHAUHAs nomexd F(t) muna «oenviti wym» (cm.

pucynox 4.3). Cnexmpanvhble nI0OMHOCIU BXOOHbIX CUCHANIO8 PABHbI

2'DG'TG_ SG(O)
14T -0 1+T2-0?

S (a)) =
Se(@w)=N=5(0)
CnexmpanbHas NIOMHOCMb CYMMAPHO20 6X00H020 CUSHANA DAGHA

56(0)+S¢(0)- (L+T¢ - 0?)
1+TS - 0° |

S (@) + Sk (@)=

Pasznooicenue smoco 6blpAJICEeHUSl HA KOMNJIEKCHO-CONPANCEHHbLE

COMHoOMCUmMmenu Oacm pes3yibmam
S6(0)+ S (0)-(1+ T2 - @?)
1+T¢ - 0?

] 14TE 075 (0) (S60)+ 5 0)
- [560)+ 5 O)] R -

l+a’- o’
=1S50)+ S (0)] =
[ G( )+ F()] 1+T(_;2'a)2

3 -1+j-a-a).1—j-a-a)=
_[SG(O)+SF(O)] 1+ T -0 1-|-Tg-®

=¥(j-0)-7(- j- o)

ede a=Tg - \/SF (O)/I.SG (0)+ Sk (O)J
Quesuorno, umo
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#(i-0)=5e(0)+5: 0)- 1, 72
7(--0)= S0+ 0)-

Ilocne PA3N0AUCEHUA HA IdlleMeHmdapHbvle dp06u UCKilrowaemcs d1acmo,
coomeemcecmeyrouad H@yCﬁ’lOlZ%UGOZJ cucmeme.

Se(i-®) H(j-0)  S.(0) 1 1-jTs 0 _
?(-j- ) 1472 0? y5.(0)+5.(0) 1-j-a-o
S (0) 1

" /5000)+5.0) 0+ jTg-w)(0-]j-a-w)

S¢(0) [ Te 1 a 1 }

= . . + .
JSc(0)+Sc(0) |Tg+a 1+jTg0 Tg+a 1-j.a -

Bmopoe crazaemoe 8 CKobOkax umeem NnoJiroCsul, pAaAcCnolONCEeHHble 6

npasoil KOMNieKcHou noayniockocmu |- @ . Ono ombpacvleaemcs.

Onpedensemcs peanusyemas yYacmomHas nepeoamovHas QyHKyus

S’CIMKHyI’I’ZOZZ cucmemsl

W(i-o)e L [ S¢(0) Te 1 }

¥(i-0) | /55 0)+5:0) To+a 1+j-Tg o

_SG(O)-TG-l_ K
~5:(0)+Sc(0) To+a 1+j-a0 T-(jrw)+1’

20e K =55(0)/[Sg(0)+ Sk (0)]-T5 /(Tg + @) — xoappuyuenm ycune-
HUSL 3AMKHYMOUL cucmembl, T =& — ee NOCMOAHHASL 6DEMEHU.

3anucvieaemcs peanuzyemas nepeoamoyras OYHKYus 3aMKHYMoU Cu-
cmembl 8 uzobpadxicenusix no Jlanaacy

K
T-s+1

W(s)=
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Haxooumcsa nepedoamounasn ¢hynkyus pazomkHymotu cucmemobl

W(s K
W, (5)= 1—VE/ZS)=T-S+(1— K)

Onpeoensiemcs nepedamounas YYHKYus cucmemsl no ouuoke

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

Wee (S) =
Haxoal/lm(fﬂ CneKmpa]leClﬂ NJTIOMHOCM»s» 0WU6KU

Se ()= ’\NGE(J w] +Sa (i w)"“W(J w] -Se(j-o)=

T-(j-0)+(1-K) 2:Dg - Tg K

2
= + N =
T-(jfo)+l | 1472 02 ‘T-(j-w)+1\
_T'(j'w)+(1‘K)2_ 2:Dg - Tg +‘ K ‘Z_N_
T-(G-o)+1 | [14Te-(j-0)® [T-(i-0)+1

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

~.2.Dg - Tg +

KZ
+ >
T-(j-0)+1

Ananumuuecxu onpedensiemces oucnepcus outuoku (cm. n. 3.4)

5 =T+TG-(1—K)-D +K_2_N_
E T+T, T
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4.4 ®uabTp Bunepa

B 1949 rony amepukanckuii Mmatematuk H. Bunep npenioxuin meToau-
Ky ONpEJENICHUs pealn3yeMon YaCTOTHOM NepeaTouHOM (YyHKIIUN 3aMKHY-
TOM CHCTEMbI, OOECIEeUMBAIOLIEH MHHUMYM €€ CpEeIHEKBaAPATHYHON
omuoku (urempa Bunepa).

[Ipu cunrtese puibTpa BuHepa HMCXOIAT M3 MPEAINOJIOKEHHS, YTO Ha
BXOJl CUCTEMBI MOCTYIAET aJIUTUBHAS CMEChH U(t) CIIy4ailHOTO TOJIE3HOTO
CHTrHaJIa G(t) U IIOMEXU F(t) (cM. pUCYHOK 4.3), KOTOpPBIE SIBJIAIOTCS CTa-
UOHAPHBIMU CIIy4alHBIMU IPOLIECCAMU C HYJEBBIMH MAaTE€MaTUYECKUMU
OKHUJIaHUSIMU. VX CTaTUCTUYECKUE XapaKTEPUCTUKHU U3BECTHBI.

Heobxooumbim u oocmamounvim ycioeuem OnmuMaibHOCMu cucme-
moul no kpumeputro (4.3) aensiemess omcymcemeue CMAmMUCmMuyeckol Ces3u
MmedHcoy oumubKou E(t) U 6bIX0O00M UOEANbHOU CUCHEeMbl Z(t). Jns nen-

TPUPOBAHHBIX MPOLIECCOB

MLE(t)- ()= MLZ(t)- X (1)} z(D)]=0. (4.29)

N3 (4.29) MoxeT OBITH IMOJIyYCHO MHTErpajibHOe YpaBHeHue BuHe-
pa-Xomndga, CBA3BIBAIOIIECE ONTUMAJIBbHYIO BECOBYIO (PYHKIIMIO 3aMKHYTOM
CHUCTEMBI U CTATUCTUYECKNE XAPAKTEPUCTUKH CITYHYANHBIX MPOLIECCOB

Ry (£)= Ko (7)- Ry (= )77, 720, (4.30)
0

Buv1600 ypasnenus Bunepa-Xonga. 3nauenus na 8b1xo0ax uoeaivbHou

U CUHmMe3Upyemou cucmem Z(t) u X(t) Mo2ym Obimb HAUOEHbl, KaK
z(t)=0V{60)} x1)=2{u}

eoe @(t){ } npeosapumenibHo 3a0aHHbIL Onepamop npeoopaso8anus (Cm.

n. 4.1), Q(t){ } onepamop cucmemsl, NOOJEHCAUULE ONPEOEIEHUIO.

Jucnepcus owubku onpedensiemcs no popmyne
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pe = Mfiz®)- x O] M[(z(t)_g<t>{u(t)})2].

chwzbs’yer NOJIOSHCEHUA mMeopUuu 6apuayuOHHO20 UCHUCTIEHUAL. Hpea—
t
noJjlosicum, 4mo onepamop .Q( ){ } Aesemcia onmumalbHbiM, U emy CO-

omeemcmeyent 3HadYeHue DEmin' 3aoasasn eco eapuayuio, Hatioem Hoeoe

SHAYEeHRUe ducnepcuu
;. = M| (20)- 2OV} -7- 0O L) |

t o
20e @( ){ } — NPOU380JIbHblIU Oonepamop u3 paccmampusaemozo Kiacca, y

— Manwli napamemp. Ima Gopmyna moxcem 6vlmv npeobpazoeana

D: =De —2-7-M[z(1)- 2OU(©))- 0V )] -+
RIS

IIpenebpezas manvimu nopsaoxa y? u eviute, nonyyum sapuayuio D g

D¢ =D; -Dg_=-2-7-M[z()- 20U E)}) @V U )] |

HHuggdepenyupya 6D no y u npupagnusas npouzeooHyio Hyat0, onpe-

oenum Heobxooumoe yciosue onmumMailbHOCmu .Q(t){ }
%aDE -2-M[z()- 29U @))- eV )=0,
m[z()- 20U @})- eV )=0

Bxooswue 6 Oannoe ycnosue suaueHus mocym Ovbimb HAUOEHbL NO
Gopmynam, ananoeuunvim (4.15), m. e.
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QO = [K(t,4)-U(A)A,
U} = [6(.1)- UG

eoe k(t,/l) UCXOOHAsL ONMUMANbHASL 8€CO8ASL (DYHKYUSL CUCEMDL, 9(t, ,u)

npou3eonbHas ecosas hynkyus. Tozoa

M-(Z(t)-}k(t,ﬂ)-U(ﬂ)dﬂJ-jH(t,ﬂ)-U(ﬂ)dﬂ}=

to

_ ;{M 2(t)-U ()]~ [k(t,2)- M[U(2)- U(p)]dl}-e(t, w)p.

to

s npoussonvHol yHKyuu 0(t, ,u) Mo svlpadiceHue 6yoem pasHO

HYJII0 MOAbKO NPU PABEHCMEBE HYJII0 BbIPAIICEHUS 8 (DUSYPHBIX CKOOKAX
M[Z(t)- U (u)] - j K(t,2)- M[U(2)-U(e)ld4 =0, t, < w<t.
:
Omco0a MOJ*CHO NOTYUUMb
Ry, (t.4) = [K(6,A)- Ry (A, 1)dA, t, < p<t.
b

Tax kax 6xo0Hble npoyeccyl U cama cucmema A6IAIOmMes CMmayuoHap-
HbIMU, MO 07 ycmanosusuie2ocs pexcuma (Lo — +oo) nonyuennoe ypas-
HeHUue MOMCHO 3anUcamsy 8 guoe

+00
Ry (t—u)= [k(t=2)-Ry (A - p)dA, t,<pus<t.
0

Bvinonnus sameny nepemennvix v =t—pu u n=t—A4, mooxcno nony-

yums ypasrenue (4.30).
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JUist  cTaMOHApHBIX BXOJHBIX CIIyYalHBIX MPOLECCOB YpPaBHEHUE
(4.30) permaroT myTeM mpuUMEHeHUs npeodpasoBanus Dyphe F{ } K €ro

JIEBOW U IIPABOU YACTSIM.

Ilpumeuanue. B npasoui wacmu (4.30) evinonnsemcs ceepmra hymk-

yut K, (77) u Ry (1'—77), npeobpazosanue komopou no Dypve pasHo

npousgedenuio npeobpazosarull ceepmouléaemvix @Gyukyuii no Dypwve.
lIpeobpazosanue umnynrbcHou nepexoonou xapaxkmepucmuku no Dypve
onpeoenum onmuMailbHy0 nepeoamodnyro OYHKYUo cucmemol.

[Tocre BeIMOMIHEHHS TTPeOOpPa30BaHUMN TTOTYYUM

F {Rzu (T)} =F {konm (T)} F {Ru (")}

Szu (j 'w)=W0nm (j a)) Sy (a)), (4.31)
Wonm(J-w)=%(ja;)‘"),

Sy(@)=5g(@)+ Ser (i - @)+ See(i- @)+ Sk (),
Sz (i-@)=55(j- @)+ S (j-0)= (4.32)
= H(j 0’) [SG (a))+ SGF(j a))]

[Ipu OTCYTCTBUY B3aMMHOM KOPPEISAIMH MOJIE3HOTO CUTHAJA U IIOMEXHU

W(J ‘w)= Se (j)G_l_(aS))F (w) H(J 'w)’ (4.33)

yro coBnazgaet ¢ (4.21).
[Tepenarounas ¢yuknms (4.31) B oOmiem ciaydae Oyner Qu3MYSCKH
HEpeanmn3yemMon. ECiIu CIEeKTpaldbHbIE IUIOTHOCTH BXOJHBIX CITyYaWHBIX
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IPOLIECCOB SIBJISIOTCS APOOHO-PAMOHATILHBIME (DYHKIMSMH, TO MOTYyYHThH KBa-
3HONTUMAIBHYIO TIEPEIATOUHYIO (PYHKIIMIO CUCTEMbI MOYKHO, UCIIONB3YSI METO-
muky bone u Illennona (cm. 1. 4.3).

Ilpumep 4.3. Cunmes onmumanvroco ¢urbmpa Bunepa ons creosuei
cucmemvl (H(j- @)= 1). Ha 6x00 cucmemvt nocmynaem ciyuaiinwiii npo-
yecc U(t), Ha ee 6vblxo0e Habooaemcs npoyecc X(t). CnexmpanbHule
NAAMHOCMU CUSHATIO8 PAGHDL

5,(0) Sxu(0)
Sy (@)= Sxu(@)=

1+T} 1+T2, -@w?

CDCZKW!OPMS’CIZ/;M}Z Cl’l@KmpClJleOIJ NAOMHOCMU 6X0O0HO20 C]Zy’{aleOZO

npoyecca 0acm pe3yibmam
Sy(@)=¥(j-0)-#(- j-o)

yj(j‘w)=1+-ru_(] ) ( Ja))—

VSu(0)

1-Ty -(j-@)

Duzuuecku peanuzyemas yacmos nepeoamodHou QYHKYuu 3aMKHYmou

cucmemabsl onpe@eﬂumc;l C NOMOWBIO 6bIPANHCEHUA

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

(- jo) T /5,0 1472, - @?

qu(o) 1-T, -(j- @)
/s, (0) (l+j Ty @)1+ Ty - a))

__Sxu (O) 1 [ Tu+Txy Ty —Txy }
JSu (0 ) 2:Tyy [1+Txy-(ir@) 1-Ty -(j-0)]

Bmopoe crazaemoe 8 CKOOKAx umeem nojitocvl 8 I’lpCIGOZ:Z noJiynjiockKo-

cmu |-@. Ono ombpacvieaemcsi.

Peanuzyemasn uvacmomuas nepedamounas pynkyus pasra
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1 -[qu(j-w)} _
¥(j-0) [¥(-]-o)
_qu(o) Ty + Txy 1+TU'(j'w)
B SU(O)- 2-Txy .1+Txu'(j‘w).

W(j- @)=

=+

Keazuonmumanvuas nepeoamounasn ¢oynkyus pagua

14Ty -8 K_qu(O)_Tu +Tyy
14Ty, -s' Sy(0) 2Ty

[Tony4uuTh peanu3yeMyro UMITYJIbCHYIO IIEPEXOIHYI0 XapaKTCPUCTHKY
k(t), sBisrornytocs permeareM (4.30), BO3MOXXHO TYTEM npuseoenus

BXOOH020 8030€UCMBUSL HA cUCmeM) K OenoMy Wym)y.
Ilycte Ha BXOJ 3aMKHYTOM CHUCTEMBbI MOJAETCS CIy4aWHbIM MPOLECC

V(t) Tuma Genoro myma ¢ koppensmuonHoit dynkimeit Ry (z)=8(z) n
CIEKTPAIILHOU IJIOTHOCTBIO Sy, (a))= 1. Jlnsg momy4yeHus: BXOJHOTO ITIPO-
1ecca ¢ 3aJlaHHBIMU XapaKTEPUCTUKAMU MCIIOIB3YETCS OTOCIUBAIOIINI

(GUIBTP C YACTOTHOM XapaKTEPUCTUKOM ¢(j a)) (cMm. 1. 4.5).

F(t)

X(t)
0% NON

G() u(t)

20 MYwE

> H(S)

Pucynok 4.4 — Cxema mnpeoOpa3oBaHHUsl IOJE3HOIO CHUTHalIa C

UCIIOJIb30BaHUEM OTOEIUBAIOIIETO (PUIBTPA

YacToTHas xapakTepucThka otdenuBaroiiero GpuibTpa 3amaercs Gpop-

myJtoit (4.49). JIns maHHOTO Citydast



104

11
¥(j-w) Sy(i-e)

o(j - 0)= (4.34)

[Ipu ucnonp3oBaHuu (UIbTPa ONTHMAJIbHAS YAaCTOTHAs NEpeaaToy-
Hast QyHKIUS CUCTEMbI HAXOUTCS IO COOTHOIICHUIO

Woun (i @)=@(j- @)-W,(j- ), (4.35)

rae W, (j a)) nepegaToyHas (yHKIUS 3aMKHYTOW CUCTEMBI, MOJjIeKaIas

OIPEICIICHUIO.
Hcnomnw3ys (4.30) u ycimoBue peannzyeMocTu cucteMsl (4.9), a Taxke
PaBEHCTBO CJMHMIIC MHTErpana OT SPYHKIMK B OCCKOHCUHBIX Ipejeax,

MO>KHO HANTH BECOBYIO (DYHKIIMIO 3aMKHYTON CUCTEMBI

R, (t), t=0,
k, (t) = ZV((? s (4.36)

[TpeoOpazoBaB 06¢ yactu (4.36) mo dyprwe, moaydum
+00
W3(J '0))= .[ks'(t) EXp(— J ‘- t)dt =
0
+00
= [ Ry (t)-exp(- j-@-t)dt =
0

(4.37)
szv(j-w)-exp(j-w-t)dw]exp(-j-w-t)dt=

O'—OS
1
l\)
[HEN
'—.

+ 8

[o¢]

=-i +_§O|:_[SZV(1 w)-exp(j-o- t)dw} exp(- j- @-t)dt.

B3anuMmHas crieKTpanbHAas MWIOTHOCTE S, (j- @) MoxkeT 6HITH BEIMMC-

JICHa 10 ypaBHEHHIO, aHAIormaHOMY (4.35).
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S, (j-@)=H(j-0) D(- j-0) S;(0)+
+H(j- @) (- j-0) See (i - @) =
=H(j- @) &(- j- »)-[Sc (@) + S (i- 0)] =
=0(-j-0) Sy (j-)

(4.38)

OnTuMmanbHas 4acTOTHas mepeaaTodHas QyHKIHUS CUCTEMbl HaXOJINUT-
cs1 mytem oobenuuenus (4.34), (4.37) u (4.38)

Wonm (J ’ 0)) =

- 200 ¥ o j-0)-5.,(1-0)-exli-0 ko]« 439

—o0

x exp(— j- @-t)dt.

Eciin BXOJHBIE Cily4alHBIE ITPOLECCHI G(t) u F(t) CTAaTUCTHYECKH
HE3aBUCHUMBI, CIIEKTPAJIbHAS IJIOTHOCTH IOJE3HOTO CUTHAJIA ONHUCHIBAETCS
IpOOHO-pallMOHAILHON (YHKIUEN BHIA Sg (a))=Q(a)2)/ P(a)z), a ciy-
YaifHas momMexa SBISIETCSl OelbIM IIYMOM CO CHEKTPaJIbHOW IIOTHOCTBIO
Se (a)) =S¢ (O), TO ONTUMAaJbHAsg YacTOTHAas MepenaroyHas (QyHKIUS

CJEMSIIEeH CUCTEMBI ONPEIEsAETCA MO YIPOIEHHOU (popMmyie

JSe(0)

Wonm(j‘w)=1_m,

(4.40)

rIe ?’(j -a)) BBIYHCIIICTCS ¢ TTOMOIIbIO (4.22).

HMpumeuanue. Ecuu cnexmpanvnas niomnocmo Sg (@) e aensemes

OpOOHO-payUOHANILHOU (PYHKYUEl Yacmomsl UlU NOAYHYEHA IKCHePUMEH-
manvHo, mo 01 nHaxoxcoenus W, (j - w) ee HYJICHO annpoKCUMUPOBAMb

OPOOHO-PAYUOHANBHOU (DYHKYUELL.
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Ilpumep 4.4. Onpedenenue nepedamouHnol GyHKyuu cireosujei cu-
cmemMbl N0 Kpumepuro MUHUMYMA ee CPeOHeK8AOPAMUYHOU OWUOKU NO
oaunvim npumepa 4.2. CnekmpanivHvle NIOMHOCMU 6XOOHLIX CUSHANO08 CO-
CMassom

2- DG ) TG SG (O)

Se(w)=l+_|_2 a)2=1+T2 2 SF(m)=N=SF(O)'
G " G °

Haiioennoe 6 npumepe 4.2 3nauenue ¥ (j . a)) PABHO

1+ j-a-@
1+J‘TG -0),

¥ (j-w)=1/55(0)+ Se(0)-

OnmumanvHas 4acmomuas nepedamounas QyHKYus 3aMKHYmou cu-
cmembvl HAX00UMCsl Ce0VIoWuUM 00pazom

JSe(0) 1+jTs o
J5c(0)+5S:(0) 1+j-a-o
=\/SG(O)+SF(O)_\/SF(O)_ 1

JSc(0)+ Sk (0) l+j-a-o

_a'\/SG(O)"'SF(O)‘TG‘m 1

JS6(0)+S¢(0) 1+jao

W(j-w)=1-

+

+]-o

Tax rkax a=Tg ++/S¢ (0)/[Sc(0)+ S (0)], mo emopoe crazaemoe

pasHo Hymo. Peanuzyemas uwacmommuas nepedamoynas (yHKyusi 3aMKH)-
Mo cucmembl umeem 6Uo

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

JSc(0)+ 5. (0) 1+j-ao

] |:1_\/SG(OS)F+(OS)|: (0)}' 1+ j-la.w'
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Peanuzyemas nepedamounas ¢)ynkyusi 3aMKHymou cucmemsl 8 u300-
padcenusx no Jlannacy umeem 6uo

20e K=1-./S:(0)/[Sc(0)+ S (0)] — xospdpuyuenm ycunenus sa-

MKHymOMU cucmemabl, T =a — ee nocmosnnas 6pDEMEHU.

4.5 @uabTp Kanmana-berocu

B 1960 r. P. Kaniman u P. bprocu npeioxuiam METOA CUHTE3a CUCTE-
MbI, ONTUMAJLHON MO KPUTEPUI0 MHUHUMYyMa CpPEIHEKBAJIpaTUYHOU CITy-
qaiftHOH omuoku (purempa Karmana-bviocu).

Ilpumeuanue. Qunomp Bunepa obecneuusaem MUHUMYM CpeOHe-
K8AOPAMUYHOU OWUOKU MOAbKO 8 YCMAHOBUBUEMCS pPedCuMe Npu ycio-
8UU, YMO CIy4alHble NPoYeccvl AGIAIOMCA cmayuoHapHvimu. Durbmp
Kanmana-bvrocu siensemes onmumanibHbM U 8 nepexoOHoM pedcume (npu
KOHEUHOM 8peMeHU HAOI00eHUs), A NOJIe3HbIU CUSHANL U NOMeXd MO2Ym He
001a0ams C80UCMEOM CIMAYUOHAPHOCIU.

3amaya CUHTE3a PEUIaeTCsl B npocmpancmee cocmosnutl (BO BpeMeH-
HOU oOsacT). OnTUMalibHasl OLIEHKA BBIXOJHOTO CUTHAJIA CUCTEMbl HaXO-
TUTCS pelieHueM cuctembl JudPepeHInaibHbIX YPaBHEHUM, YTO OOBIYHO
nmpoie penieHus: ypaBHeHus: Bunepa-Xornda, ocoOeHHO Jisi HECTalHo-
HApHBIX CIyYaHBIX MTPOIIECCOB.

[Ipeanonaraercs, 4to cucTemMa AOHKHA BOCIHPOU3BOAMTH IMOJIE3HBIN
CUTHAJI Z(t) (B 00IIIEM ClTydyae — HECTaI[MOHAPHBIN CIyYalHBIN MpoIiece).
Ha ee BXoze AeicTByeT momexa F(t) (B obmiem ciryyae — Oemnblif IIyM ¢
HYJICBBIM MaTeMaTH4YeCKUM OxupanueM). Cxema BOCIPOU3BEICHUS CHUT-
Haja NoKas3aHa Ha pUCyHKe 4.9.
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20 "% v X(t)

_ N W (s) % E(t)}

Pucynok 4.5 — Cxema BOCIPOU3BEICHUS MOJIE3HOTO CUTHAa

3amada cuHTe3a onTuMaibHOro ¢QuiabTpa KamMana-berocu 3akmtoua-
€TCS B OMPENENICHUH €ro MepeaaTOYHOu (yHKIIHH W(S), KoTOpasi Obl
oOecrieurBajia MUHIMYM CPeTHEKBaIpaTHuHOM omuoku (4.3).

OnTuManibHas cucTema, ooecrednBaroias B 11000l MOMEHT BPEMEHH
t > to BocmpousBeeHNE CHUTHAJIA Z(t) IpH BBIMOTHEHUH yciaoBus (4.3),

onuckiBaeTcs quddepeHIuaibHbIM YPaBHEHUEM
£X()=Q(0)- X(0)+c)-u(0), (0.42
rae U (t) — CYMMapHBIA BXOJHOM CUTI'HAJI, paBHBIN

U(t)=z(t)+ F(t). (4.42)

CityyaliHbliil ponecc Z(t) onpenensiercs nuddepeHuanbHbBIM ypaB-

HEHUEM IIEPBOTO MOPSAIKA
%Z(t)= AQ)- Z(0)+V (0), (4.43)

rae A(t) — (yHKIIUSI BpEMEHH, 3aBUCSINAS OT XapaKTEPUCTUK Z(t); V(t)
— HECTaI[MOHAPHBINA MPOIECC TUMNA «OETbIi IyM» C HYJIEBbIM MaTEMaTH-
yeckuM oxuganueM. KoppensuuonHble (GyHKIIMM HECTAlMOHAPHBIX CITY-

4aliiHbIX Mpo1eccoB V (t) ukF (t) CUMTAIOTCS PABHBIMU
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Ry (t.7)= M[V(t)-V(z)]= L(t)- 8(t - 7),
Re(t,7)= M[F(t)-F(z)]= N(t)-8(t - 7), (4.44)
Rye (t,z')= 0,

rae L(t) >0 u N (t) >0 — HempepbIBHBIC HENPEPBHIBHO AU EpeHITNpPY-
eMble (PyHKIIMM BpeMeHH. [[Is CTalMOHapHBIX CIIy4alHBIX IIPOIECCOB
V(t) u F(t) CIPABEJIMBBI COOTHOIIICHHSI

R,(r)=L-6(t-7), Re(r)=N-68(t-7),

R (7)=0,

(4.45)

rne L 1 N — KOHCTaHTEI.
J1s mostyueHus Z(t) HEe0O0XoauM popMHUPYIOITHI PUILTP, CTPYKTYpa

KoToporo, onpeaensemas (4.43), nokasana na pucyuke 4.6 (W, (S) — me-

penarouHasi GpyHKIUsa GopMupyromero GuibTpa).

V(t) I zﬁl
i A(t)

W, (s)

Pucynok 4.6 — CtpykTypHas cxema GopMUpYIOIIETro GpuiabTpa

CtpykTypa oONTUMaabHOrO (QUIbTpa, OMNpenesieMas ypaBHEHUEM
(4.41), mokazana Ha pucynke 4.7 (W (S) — nepegaTovHas PyHKIMS ONTH-

MaJbHOTO (PHIIBTPA).
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u(t) X(t)

> C(t) J —
Q(t) j

w(s)

Pucynok 4.7 — CtpykTypHas cxeMa ONTUMaJIbHOTO (GUIbTpa

B teopun ontumManbHOW (PUIBTpalM JAOKA3bIBACTCS, YTO MHUHUMYM
kputepus (4.3) nocturaercs mpu

t)= Alt)-C(t), C(t)=—/5. 4.46
Q)= A)-c(). ()= (4.46)
DOyHKIHSA r(t) HaxXoAUTCA NyTeM pemieHus auddepeHnaIbHOro

ypaBHeHHs Pukkaru
()= L)+ 2+ AR r(D)-r (/N (@.47)

C yueroMm (4.46) ypaBHeHue ontuMaiibHOro Gribrpa Kammana-berocu
MO>KHO 3aIMCATh B CJIEAYIOIIEM BUE

% X(t)= A(t)- X(t)+ C(t)- () - X (V)] (4.48)

JI1s1 HecTallMOHAPHBIX CIIyYalHBIX MPOIECCOB (PYHKIIMU A(t), C(t),
Q(t) 3aBUCAT OT BPEMEHH, U ONTUMANIbHBIN QuibTp Kanmana-brrocu no-
Jy4daeTcsi HeCTallMOHApHBIM. JIJIsi CTallMOHAPHBIX CIYyYaHBIX MPOIECCOB
A(t) = A. B ycmanosusuiemcs pescume guromp Kanrmana-bviocu 6yoem
CMAayUoOHapHviM, TaK KaK (QyHKIIHN C(t)= C uQ(t)= A-C=Q ne 3a-
BUCAT OT BpeMeHU. OH onpenenserca AudpepeHinanbHbIM yPaBHEHHEM C
MOCTOSIHHBIMU KO3 PuMeHTaMu
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%X(t)=(A—C)-X(t)+C-U(t). (4.49)

Ilpumeuanue. Jladxce npu CcmayuoOHapHulX 6030€UCMBUSIX @OUIbLMD
Kanmana-bvrocu 6 nepexoOnom pedcume A815Aemcsi HeCmAayuoOHAPHLIM,

mak Kaxk kodppuyuenm C(t) UBMEHAEMCA 60 BPEMEHU.

VYpaBaenuto (4.48) cOOTBETCTBYET CTPYKTypHas cxema (QHIbTpa, 1o-
Ka3aHHas Ha pucyHke 4.8 (oHa SKBUBaJICHTHA cxeme ¢ pucyHka 4.7). Ode-
BUJIHO, UTO MPU TAaKOM MPEACTABICHUU onmumanvhuli uremp Kaimana-
Bvrocu moorcno paccmampusams Kak OUHAMUYECKYIO CUCEMY ¢ Ompuya-
MebHOU 0OPAMHOIU C853b10.

o).

x(t)>

c(t) J ?
At)

W (s)

Pucynok 4.8 — CtpykTypHas cxemMa ONTUMaJIbHOTO (GUIbTpa

Pemenue 3aaun CMHTE3a ONTUMAIBHOIO (PMIIBTPA CBOAUTCS K OIpE-
NEJICHUI0 (PYHKIUI Q(t) U C(t), IIPU KOTOPBIX 00€CIIeUnBAETCS BBIIOJI-
Herue ycnoBus (4.3). OHO MPOBOAMTCS B TPH dTara.

1) Ompenenstorcs mapameTpsl (GopMHUpYIOMIETO (PHIBTPA, KOTOPBIHA
Y BO3JICIICTBUU HA €ro BXOJ 0EIoro nryma V(t) CO CIIEKTPaJIbHOM IUIOT-
HOCTBIO Sy (a)) MO3BOJISIET IOJYYUTh HA BBIXOJE CIYyYaWHBIM ITPOLECC
Z(t) C 3aJJaHHOM CIIEKTPAJILHOM IUNIOTHOCTBIO S5 (a))

Ecnu cimydaiiHple MpPOLIECCHI SABJISIIOTCS CTAllMOHAPHBIMU, a CIIEK-
TpaJibHas IUIOTHOCTH S (co) ABJIAETCS TPOOHO-pallMOHANBHOW (DYHKIIMU

4acTOThI, TO (cM. hopmyitel (4.49) u (4.44))



W, (i -w)=M, (4.50)

rIe Y’(j -w)-?’(— J -w)= Sz(w). 3amenuB B (4.50) S Ha |-®, MOXHO
MOJIYYUTh MEpeaTounyo QyHKIMO Gopmupytoiiero GuiabTpa B u3o0pa-
KEeHUsX 110 Jlamnacy

W, (s)= %E) (4.51)

[To nepemarounor ¢ynkuu (4.51) moxxHO Halith ypaBHeHue (4.43),
CBSI3BIBAIOIIICE CITYYaHBIC MPOIIECCHI Z(t) nuV (t)

2) OnpexnensieTcst tucnepcust ciryvaiiHoi ommoku D g (t) KaK HEKOTO-

pas GyHKIMS BpEMEHU r(t) nyTeM (BO3MOKHO YHCJIEHHOIO) pEUICHUs
ypaBHeHus (4.47). Il 5Toro HEOOXOAUMO 3HATh HAadyajdbHOE 3HAYCHHE
r(ty) mpu to = 0. O6sramO X(ty) =0, mosTOMY

E(to)= Z(to)_ X(to)= Z(to )
r(to)=M[E(t)]= M[22(t0)|= R, (t 0 )= D (&)

3). HaxonsTcs mapaMeTpsl ONTUMAITBHOTO QrutbTpa ((PyHKITHIHA C(t) U

(4.52)

Q(t)). dns oToro ucrnoms3yiores Gopmysi (4.46).

Ilpumep 4.5. Cunmes onmumanvrozo gurempa Kaimana-borocu. Ha
6X00 JNUHEUHOU Cledsauell cucmemsbl NOCMynaem CcmayuoHapHulil C1y4ati-

HblUL npoyecc Z(t) U Cryyaunas nomexa F(t) muna «oenviti wymy». Hx

CneKmpdajlbHble Ni1onHocmu paerHsl

2‘Dz‘Tz_ SZ(O)
l+0? -T2 1+ -T2

Sz(w)=

Sk (@)=N=5¢(0).
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Cryuaunviti npoyecc Z(t) paccmampugaemcs Kak peakyusi popmu-
pyrouwe2o uibmpa Ha CMAYUOHAPHBIU CIIYYAUHbBIU NPOYEcc V(t) muna

«Oenblil UYyM», UMEIOUWUTL CReKMPANbHYIO HIOMHOCb
Sy (a))= L=Sy (0)

B coomeemcmeuu ¢ (4.50) onpeodensemes uacmomuas nepedamounas
@yuKyus hopmupyrowezo purbmpa
1/SZiOi 1/SZiO;
I+j0T, 1-j-0-T,
Y(j-0)  [S,(0 1

W.(]-w)= . :
o(i-0) @ VL 1+jeT,

3anucvieaemcs nepedamounasn QyHkyus opmupyrowe2o gurbmpa 6

S2(0)=¥(j-0) ¥(-j-w)=

uzobpascenusx no Jlannacy

s,(0) 1
W, (s)=, %~ .
o(s) L 1+s-T,

llonyuennou nepedamoynou @ynkyuu coomeemcmeyem cleodyioujee

oupgeperyuanvroe ypasHeHue, cesa3ol8aroujee Z(t) u F(t)

T, 200+ 2()= ,/SZL(") V()

d 1 s, (0
—Z(t)=——-ZI(t -V (t).
2020+ P2Elv()

Umobwvr npueecmu smo ypasnenue k eudy (4.43), cnexmpanvhas
niomuocms 6eno2o wyma L npunumaemcs pasnou 2 - D, /T, . Toeoa

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

L T 2-D, TZ
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Oxonuamensho Z(t) MOJCHO NPeOCcmasumo, Kax
9 2()=-L.2()+ V()= A- Z()+V ().
dt T,

e0e A=-1/T,. Coomeemcmeylowas 5momy YPAGHEHUIO CMPYKMYpd

Gopmupyrowe2o unrbmpa nokazana Ha pUCyHKe.

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

Ipu nocmosnnvix A, L u N ypasuenue (4.47) pewaemcs kax oughghe-

PEHUUATIBHOEC YDABHEHUE CpCZS’aeJl}ZiOZMMMMC}Z nepemerHbviMU.

d

dr
—r=L+2-A-r-r?/N,
dtr + r r/ j

L+2-A-r—r?/

= | dt.
< =)

Ilocne UHmMezcpupoeaHus nojydaemcs 6blpastCeHue

1 N —r/N+A- A +L/N _t+1n(C)
JAZ4LN | =r/N+A+/AZ+L/N |

20e C — nocmosunas UHmMecpupoeaHUusl.

Ilocneounee svipasiceHue MOMCHO nepenucams ciedyrouum oopazom

i-—r/N+A—q/A2+L/N . [
'”(c _r/N+A+m] PAATHUN,

B coomeemcmeuu c (4.52) r(0)= R- (O ,O)= D, noomomy nocmosn-

HAaA UHmMezcpuposearusl pacHa



115

C_—DZ/N+A—1/A2+L/N

—D, /N+A+|AZ+L/N

Moorcrno 3anucame

—r(t)/N+A-JA®+L/N —D, /N +A+ A+ L/N _
—r(t))N+A+ /A +L/N —D,/N+A- /A% + L/N

= exp(t A%+ L/N )

Ilocne HeobxoO0umvlx npeobpazoearull OKOHYAMEIbHO ONpPeoensemcs
dyuxyuar(t). pu L=2-D, /T, u A=-1/T,

r(t)=2 N (1—m)—(1+m)-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). Hocre noocmarnosxu snavenus

t = +o0, onpeoensiemcs eeruuuna D g 6 ycmanosusuwiemcs pescume

r(OO)=D _ N - p'(1+'\/1+p) _ 2DZ
ST, 24p+42-f1+p 1+ fl+p

U3 ypasnenus (4.46) naxooumces pynkyus C(t)

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

3nauenus ynxyuu C(t) 8 HauanbHwlil Momenm epemernu (npu t=0) u

8 ycmanoguguiemcs pexcume (npu t — +0) pasmwi

cO)=,~ )= 7

Tz (1"‘\/@)'
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Jugepenyuanvrnoe ypasuenue onmumanviozco Quirvmpa Kaimana-
Bviocu, ananocuunoe (4.48), umeem 6uo

SX([0)=-XQ)/T, +c0)-LO)-xQ)]

Coomeemcmeyowas 5momy ypagHeHuio CmpyKkmypa OnmumaibHO20o
Gurbmpa noxazawa Ha pucyHke.

U Cc(t) —»(%)—» 1/s X(t)>
1/T,

W (s)

3amensan unmezpupyroujee 368eHO, OXBAYEHHOE OOPAMHOU CB:3bI0,
UHEPYUOHHBIM 36€HOM, MOXCHO npedcmasums cmpykmypy gurompa Kan-
mana-bviocu unaue.

v »@—» c(t) P T./(1+s-T,) X(t)>

w(s)

s yemanoguguie2ocs pescuma MO#CHO Onpeoeums nepeoanmoyHyo
@DYHKYUIO ONMUMATILHO20 PUILMPA KAK 3AMKHYMOU CUCTNEMBI.

Cleo) T, /(1+s-T;) K

()= 1+C(w)- T, /(L+5-T,) 1+s-T

C(°°)'Tz —1_ 1 Tz Tz

K= = —_, T = = .
14 C(w)-T, Ji+p 1+C(0)-T, 1+p
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BOITPOCBHI JJIs1 CAMOKOHTPOJIA

1. B dem 3akmrodaeTcs o0Ias 3ajaya CUHTE3a JIMHEHHBIX CUCTEM TIPU
ciyyaiiHbIX BoznaeucTBusax? Kakue mnpeoOpa3oBaHUs BXOJHOTO CHUTHaja
MOYET BBINOJHITh CHHTE3UpyEMas cuctema’?

2. Uto moHMMaeTcs IOJ CTAaTUCTUUYECKONM ONTUMHU3ALMEN CUCTEMBI?
YTo cUMTaETCA KPUTEPUEM ONTUMAIBHOCTH CUCTEMBI IIPU €€ CTaTUCTHYE-
CKOM ONTHMMU3ALNUN?

3. Kakue 3amaun MOTryT peliaTbCcsi B X0JI€ CTATUCTUYECKOW ONTHUMHU-
3allUU CUCTEMBI?

4. Kak onpenenstorcs MapaMmeTpbl CUCTEMBI C 3aIaHHOM CTPYKTYPOU,
ONTUMAJIBHON MO0 KPUTEPUI0 MUHUMYMa CPEIHEKBAIPATUYHOU OIIUOKH?
[lo xakomMy OpUHIMIY OTOMpAIOTCS MapameTpbl CUCTEMBbI JIJIsi €€ CTaTHu-
CTUYECKOU ONTUMHU3ALINU ?

5. Kak cuHTesupyercsa cucrema ¢ MpOU3BOJIBHON CTPYKTYpPOM, OINTH-
MaJjbHas 10 KPUTEPUI0 MUHUMYMa CPEIHEKBAIPATUYHOMN OIIUOKH?

6. Uro cumraercs ¢uzMUeCKH peanuzyeMon cucrtemon? B uem 3a-
kimovaetrcs Meroauka bone u [llenHona, mpumeHsemas s cuHTe3a (u-
3UYECKOU peaTn3yeMON CUCTEMBI?

/. Uto cuurtaercsa ontumaibHbIM (uibTpoM Bunepa? KakoBa 00-
JacTh ero npuMeHeHusa? KakoB mopsI0K CHHTE3a ONTUMAJILHOTO (PUIIbTpa
Bunepa?

8. Uro cumraercs ontumanbHbIM QuiabTpoM Kanmana-berocu? Kako-
Ba o0JacTh ero mpuMeHeHus? KakoB MOpSIOK CHHTE3a ONTUMAJIBHOTO
¢unpTpa Kanmana-berocu?

SAJAYA JJIA CAMOCTOATEJBHOI'O PEHIEHUA

4.1. IlepenaTtounast (pyHKIUSI PA3OMKHYTOM CUCTEMBI UMEET BUJ (CM.

npumep 2.9)
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K-(T-s+1)_

SZ

W(s)=

Ha Bxox cucteMsbl mogaeTcs peryiasipHbIi CUTHAI

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

U CllydaliHas nmomexa F(t), IpeAcTaBIAonas co0or OebIi IIyM CO CIEK-
TPaJabHOU IIOTHOCTBIO Sp (a))z N . Onpenenuts 3Ha4YE€HHE IMOCTOSHHOU

BpeMeHH [, oOecrneunBaronieii MUHUMYM CPEIHEKBAJIPAaTUYHON OIIMOKH
CUCTEMBbI B YCTAHOBUBILIEMCS PEKUME, U BETUUUHY 3TOU OLITUOKHU.

4.2. PemnTh OpeABIAYILIYIO 3a7ady B MPEANOI0KEHUHU, YTO MOXKHO
U3MEHSTh KaK 3Ha4YeHHE IOCTOSHHOM BpeMeHM [, Tak U KO3()PUIMEHT
ycunenus K.

4.3. Pemuth 3a71auy 4.1 B NpeanoaoKeHuu, 4YTo nepeaaTouynas QpyHk-
YsI pA30MKHYTOM CUCTEMBI UMEET BUJL

4.4. Ha BXOJ CUCTE€MBbI IOCTYNAIOT HE3aBUCHUMBbIE TIOJIE3HBIA CITydaii-
HBIW ITPOLECC G(t) U IIoMexa F(t) (cm. pucyHok 4.3). Onpenenutsb ONTH-
MaJIbHYIO 10 KPUTEPUI0 MUHHUMYMa JUCIEPCUU OLIMUOKU MEpeaaTOUYHYIO
GYHKIUIO CHEsued CUCTEMBI (H(S)= 1). ChekrpanabHble IUIOTHOCTH

BXOJHBIX CﬂyqaﬁHBIX IMponeCCOB PaBHbI

S¢(0)
1+T¢ @

5:0)
1+T¢ - 0°

Se(0) =22 s, (a)-

4.5. Ha BXx0a cuUCTEMBI MOCTYyNAIOT HE3aBUCUMBIE TOJIE3HBIA CITydai-
HBIW TTPOIECC G(t) U roMexa F(t) (cM. pucyHok 4.3). Onpeaenurb ONTHU-

MaJbHYIO 110 MUHHMYMY CPEIHEKBaJIpaTUYHON OLIMOKH TMepelaTOYHYIO
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(GYHKIIMIO CHUCTEMBI, PeIIaroliel 3anadyy HHTETPUPOBAHUS (H(s): 1/s).

CHCKTpaJ'H)HBIC INIOTHOCTHU BXO/JHBIX CﬂyqaﬁHBIX IMpoIcCCOB PAaBHLbI

S~ (0
S6(0)= 1+'I?GZ()0)

;. 5¢(0)=5:0).

4.6. PemmnTh mpeapIAyllyto 3a1ady B MPEANON0KEHUU, YTO CHUCTEMA
pemaet 3anauy nuddepenuuposanus (H (S) =3).

4.7. Ha BX0J CHUCTE€MbI IOCTYIAlOT HE3aBUCHUMBbIC TOJIC3HBIA CITydaii-
HBII TpoIiecc G(t) U rnomMexa F(t) (cm. pucynok 4.3). Onpeaenutb M-
MyJIbCHYIO TIEPEXOAHYI0 XapaKTePUCTHKY CIEISIICH CHUCTEMBbI, 00eCIeyn-
BAOIIYI0 €€ MUHUMAJIbHYIO CPEIHEKBAIPATUUHYIO OIIHOKY, €CIIU

Rg (r)= 3- exp(— 2 - \1’\) Re (1')= 2 - exp(— \r\)
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5 JABOPATOPHBIN NPAKTUKYM

5.1 Opranu3anus JJa00OPATOPHOT0 MPAKTHKYMA

OCHOBHOH 1eJIbIO BBITIOJIHEHUS JTA0OPATOPHBIX padOT SBISETCS TIO-
JyYEHHUE YCTOMUYMBBIX MPAKTUUECKUX HABBIKOB MCCJICIOBAHUS CIy4alHBIX
nporieccoB. B Xojie BeIMIOTHEHHUS pabOT y CTyJAE€HTa JOKHO CHOPMHPO-
BAaThCS MPEACTABICHUE O NMPUHIIMANAX aHAM3a U CUHTE3a CUCTEM, HAXO/Is-
LIAXCS MO/ BIMSTHUEM CIIYYalHBIX BO3/ICHCTBUM.

Ilpumeuanue. Tax kax 6vlnonHeHUe 1AOOPAMOPHBIX paboOm npeono-
naeaem WUpoKoe UCHONIb308AHUE UHDOPMAYUOHHBIX MEXHOA02UU, MO
BCNOMO2AMENLHOU YeNbl0 NPAKMUKYMA MONCem CUUMAMbCs U3VUeHUE
B03MOIICHOCEU NPOCPAMMHBIX CPeOCMmE peuleHus 3a0ay Ccmamucmuye-
ckoul ounamuxu (nanpumep, MathCAD wru Matlab).

B xone BbINOTHEHUS 1a00PaTOPHOrO MPAKTUKyMa JOJIKHBI PelaThCs
CIEAYIOIIME 3aJaYM:

® Pa3BUTHE JIOTUYECKOTO U aJITOPUTMUYECKOTO MBIIIEHHUS;

® BBIpa0OTKAa YMEHHS OICHMBATh CTATUCTUYECKUE XapPaAKTECPUCTUKU
JTAHAMHUYECKUX CUCTEM;

® BbIpAa0OTKAa YMEHHUSI CaMOCTOSATEJILHO CTaBUTh W pelIaTh 3aJayu
aHAJIN3a U CUHTE3a JUHAMUYECKUX CUCTEM;

® U3Yy4YECHUE MPUHLMIIOB PadOTHI MPUKIATHOTO MIPOTPAMMHOI0 00ec-
MIEYCHUS.

J1J1s1 BBITIOJTHEHM S JTAOOPATOPHBIX padOT CTYJICHT JIOJKEH 3HATh.

® OCHOBHBIE MOJIOKEHUSI TEOPUU BEPOSATHOCTEU M MATEMATUYECKOMN
CTaTUCTHUKU;

® OCHOBHBIC ITOJIOKCHUSI TCOPHUU (I)YHKI_II/II/I KOMIIJICKCHOT'O IICPCMCH-
HOT'O U OIICPAITHMOHHOT'O UCUUCIICHUA,

® OCHOBHBIEC XapaKTEPUCTHUKHU CIIyYaWHBIX ITPOLECCOB;
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® 3aKOHOMEPHOCTH U CHEUU(PUKY TMOBEJACHUS CUCTEM IO/ BIUSHUEM
CJIy4YaliHbIX BO3JICHCTBUM;

® METOJbl aHaIW3a CUCTEM, HAXOASAIIUXCS MOJ BIMSHUEM CIydau-
HBIX BO3JICUCTBUM,

® METOJIbl CHHTE3a CHUCTEM, ONTHUMAJIbHBIX MO BBIOPAHHBIM CTATHU-
CTUYECKUM KPUTEPHUSIM;

® BO3MOXHOCTH HOBBIX HH(OPMAIMOHHBIX TEXHOJIOTUW pEIICHUS
MAaTEMATUYECKUX 3a/1a4.

CTyZIeHT TOJKEH YMETh.!

e (dopmynupoBaTh TpeOOBaHUS K CUCTEMaM Ha dTamnax uX aHalusa u
CHUHTE3a;

® KOPPEKTHO HCIOJb30BAaTh MAaTEMaTUYECKUE 3aKOHOMEPHOCTH IIO-
BEJICHUS CUCTEM B YCIOBHUSAX CTATUCTUYECKON HEOIPEICICHHOCTH;

® [IPEJCTABIIATh PE3YJbTAThl PEIICHUS OTIEIbHBIX 3a/1a4 B YJ00OHOM
JUJIs1 BOCIIPUSITHS M JAJbHEUIIIETO NCTIOJIb30BAHUS BUJIE.

[IpakTUKyM TIpejnoiaracT BBIIIOJIHEHHUE MSATU JTa0OpaTOPHBIX PadoT,
TEMATHKA KOTOPBIX B IIEJIOM COOTBETCTBYET CTPYKTYPE HACTOAIIETO MOCO-
ousi. B kaxnolt pabote pelraercsi oJHa KOHKpeTHas 3ajaya. [lomydeHHbie
OJIUH pa3 Pe3yJIbTaThl MOTYT UCIIOJIb30BATHCS HA BCEX IMOCICAYIOMINUX HTa-
nax JadopaTopHOro MpakTUKyMa.

OO0s3aTenbHBIM YCIOBUEM JIOMYCKa CTYJICHTA K BBINOJHEHUIO Jadopa-
TOPHOUN paOOTHI SIBISETCSI YCBOEHUE COOTBETCTBYIOIIETO TEOPETUUYECKOTO
Marepuana. Pabora cunTaeTcs BBHINOJHEHHON W 3alUILEHHON, €CIIN CTYy-
JICHT OTBETHUJI HA BCE BOMPOCHI IO METOAUKE €€ MTPOBEACHUS U TEOPUH, MO-
Jy4rJ1 HEOOXOAUMBIE PE3YIbTATHI U Jajl UM NMPaBWIbHYIO OIEHKY, MPO/Ie-
MOHCTPUPOBAI YBEPEHHOE BJAJICHUE COOTBETCTBYIOIIMMHU HWHCTPYMEH-
TAJIIbHBIMH CPEIACTBAMU.

Ilpumeuanue. /{11 nposepku meopemuyeckux sSHAHULL MO2Ym UCNOJIb-
308ambCsi KOHMPOJIbHbIE BONPOCHL, NPUBEOEHHbIE 8 COOMBENCMEYHWUX
pazoenax nocoous.
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[IpakTHKyM HE TIPETEHAYET Ha MOJHOTY OXBaTa BCeX MpoOJjeM, pela-
€MbIX MPH aHAJINU3€ M CHUHTE3€ CTOXAaCTHYECKUX cucteM. He craBuiiach
TAK)K€ IIEJIbI0 M3YUYCHUE MPHUEMOB PEIICHUS MPUKIAAHBIX 33Ja4 B KOH-
KPETHOM MPOTrPaMMHOU cpejie. Tem He MEHee, aBTOp HAJIEETCs, YTO pealin-
3alMsl NPEAJIaraéMor MPOrpaMMbl MPAKTHYECKOW MOATOTOBKUA TO3BOJIUT
aKTUBU3UPOBATH CAMOCTOSITEIIbHYIO pabOTy CTYACHTOB, YIIPOUUTh UX TEO-
pEeTUYECKHE 3HAHUS W YCOBEPIICHCTBOBATh HABBIKU PEIICHHS 3a7a4 B 00-
JIACTU CTATUCTUYECKOW IMHAMUKH CUCTEM.

5.2 Jlabopatopnass padora Nel. OmnpeaesieHne CTaTHCTHYECKHUX
XapPaKTEePUCTHK CIYYalHBIX IPOLECCOB

[lens paboTbl — mOpuOOpETEHHE HABBIKOB OLICHUBAHUS OCHOBHBIX
CTATUCTUYECKUX XaPAKTEPUCTHUK CIyUalHBIX MIPOIIECCOB.

Conepxxanue pabOTbI — pacyeT CTAaTUCTHYECKUX XapaKTEPUCTUK
CJIy4alHBIX TIPOLIECCOB C 3a/IaHHBIMKM 3aKOHAMU PacIpeAesiCHUs Mo orpa-
HUYEHHOMY HAa0OpY OMBITHBIX TAHHBIX.

J1o BBIMOIHEHUS pabOThl HEOOXOIUMO CAMOCTOSTEIILHO U3YUYHUTh:

® oMpeeNieHue CIyYalHbIX MPOIIECCOB U UX BUJIBI;

® OCHOBHBIC CTATHUCTHYCCKHE XaPAKTEPUCTHKU CIAyYalHBIX ITPOIIEC-
coB ((pyHKIMIO pacmpeieneHus, MIOTHOCTh BEPOSTHOCTU, MaTeMaTHYe-
CKOE OKHJIaHUE, TUCTIEPCUI0, KOPPEISIITUOHHYIO (PYHKITUIO, CIIEKTPATIBLHYIO
IJIOTHOCTh) M UX CBOMCTBA.

Bce HeoOXxoamMbIe TeOpeTUUECKHE CBEJACHHUS U pacdeTHbIC (hOPMYIIbI
coJiepKaTcsl B JaHHOM 1OcOOMU. BapuaHThl 3a1aHuii 1715 BBITIOJIHEHHUS Jia-
OopaTopHOW padOTHI MPUBEIEHBI B Taduuie d.1 (kojoHku B 1 u B2 ompe-
JIEJISIFOT 3aKOHBI pacrpenesneHus, KonoHku I11 w Il — 3HadeHus mnapa-
METPOB pacipeeicHus U3 Ta0uIpl 5.2).

[Ipu BeITIONIHEHUY TAOOPATOPHON PAOOTHI HEOOXOIUMO:

e creHepupoBarth JiBe BbIOOpKU 00beMoM 50 — 100 ciaydaitHbIx un-
cell ¢ 33JJaHHBIMM 3aKOHAMH paCIpeIesIeHUs, UMUTHPYIOIIUE CTallnOHap-
HBIC PrOJIMYECKUE CITyYailHbIC MPOIIECCHI,
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® IS KaXJOW BBIOOPKU CIIyYaWHBIX YHUCEI ONPEACNIUTh (DYHKIUIO
pacnpenesaeHus] U IUIOTHOCTh BEPOSITHOCTH, OLEHUTh MaTEMaTU4YECKOE
OXUJIAHUE U IUCIICPCHIO;

® ISl KOXJIOW BBIOOPKHU CIyYaMHBIX YHUCEN ONPENCIUTh KOPPESIr-
OHHbIE (PYHKIUH, CIICKTPaJIbHbIE TJIOTHOCTH, B3aUMHbBIC KOPPEISLIMOHHBIE
(GYHKIMU U B3aUMHbBIE CIIEKTPAJIbHBIE TIIOTHOCTH.

Tabnuua 5.1 — BapuaHTbl 3agaHuil Jyisi BBINOJHEHUS J1a00OpaTOpHON

padotsl Nel
Ne B 111 11, B> JI14 11,
1 1 0,0 1,0 3 0,0 0,2
2 2 0,5 — 1 3,0 50
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 50
7 1 0,0 3,0 1 1,0 2,0
8 2 15 — 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 50 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 50 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 50 3 2,0 0,3
20 2 1,5 — 3 0,0 0,2
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Tabnuna 5.2 — Tumnsl ¥ mapamMeTpsl pacupeacacHun

Ne B 11 11,
1 Pasnomeproe pacnpeoenenue a b
2 OKCNnOHeHYUAIbHOe pacnpedenenue A —
3 Hopmanvnoe pacnpeoenenue m x OX

OYHKIHIO paclpeieNIeHus PEKOMEHIYETCSI HAXOAUTh TI0 BBIPAXKEHUIO
(1.50). AHanor IIOTHOCTH BEPOSTHOCTH PEKOMEHIYETCS IOJIy4aTh II0
dbopmyne (1.51). KauecTBO IUCKpPETHON anmpOKCUMAalUM XapaKTEPUCTUK
MOKHO OIIEHUTb MyTEM HMX CPABHEHHUS C pe3yJIbTaTamu, MOJTYyUYCHHBIMHU C
IIOMOIIIBIO TIPOTPAMMHBIX CPeACTB (CBeleHUs 00 OCHOBHBIX (YHKITUSIX
pacupenencuus cuctembl MathCAD npuenens! B Tadauie 5.3).

Tabauma 5.3 — Oynkuun pacnpeaenenus MathCAD

Dynxkyus Pezynomam

- BekTop N ciiydailHbIX YHCEIl, UMEIOLIUX PaBHOMEP-

runif (n,a,b) P Y ’ Hx p P
HOE paclpeie/icHUe B IMana3oHe oT a Jo b.

BekTop N ciayyalHbIX 4KMCell, UMEOIINUX SKCITOHEHIU-
aJbHOE paclpeie]ieHre ¢ 3aTyXaHueMm A.
BekTop N ciiydyallHbIX 4KCell, UMEIOLIUX HOPMAaJIbHOE
rnorm(n,m,a) pacupeeniceHue ¢ MaTeEMAaTUYECKUM OXUAAHUEM M U
CPETHEKBAIPATHYECKUM OTKIIOHEHUEM O,

rexp(n,4)

punif (x a b) DyHKIUSA PAaBHOMEPHOI'O PacIpeAciiCHUsT X B Juara-
o 30HE OT a 710 b.
pexp(x ﬂ) OyHKIMA SKCIIOHEHIIMAIIBHOTO PACIpeNciaeHuss X C

3aTyxaHuem A.

DOyHKIMS HOPMAILHOTO pachpeiesieHus X ¢ MaTeMa-

pnorm(x,m,o) | TaeckuM OKMZAHHEM M M CpeAHEKBaAPATHUECKAM

OTKJIOHEHUEM O,

dunif (x, a,b) [110THOCTH BEPOSTHOCTH PABHOMEPHOTO pacmpenie-
JICHMsI X B JIMAIIa30He OT a Jio b.

[110THOCTE BEPOATHOCTH HKCIOHCHITMAIBLHOTO pac-

npejiesieHus X ¢ 3aTyXaHuem A.

dnorm(x,m,a) [110THOCTH BEPOSATHOCTH HOPMAJIBHOTO pacipejelie-

d exp(x,1)
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Dynkuus Pezynvmam

HHSA X C MAaTEMAaTHYCCKUM OXHUAAHUEM M M CpeaHe-
KBaJIPATHICCKUM OTKJIIOHCHUCM O.

hist(D, x) BeKTOp 4YaCTOTHOrO paclpeieieHus X M0 HHTEpPBa-
! J1aM, TPaHHULLI KOTOPKIX XpaHsATcs B BekTope D.
. Bekrop yactoTrHOro pacmnpenenenus X mo K uarepna-
hist(k, x) P paciipea P

JaM OT X min 40 X max.

®parments gokymenTa MathCAD, winmocTpupyrolipe OleHUBAHUE
XapaKTEePUCTUK BHIOOPKH CIIy4alHBIX YHCENl, TOKa3aHbl HA pUCYHKE 9.1.

JIist BBIUMCIIEHUSI CTAaTUCTHYECKUX XapaKTEPUCTHK BBIOOPOK PEKO-
MEHJIyeTCSl MCHOJIb30BaTh IUCKpeTHbIe cooTHomeHus (1.54) u (1.57).
HaiineHHble 3HAYEHUST PEKOMEHYETCS CPABHUTH C pE3yJIbTaTaMH, MOJIY-
YCHHBIMH C IOMOIIBIO CTAHIAPTHBIX (QYHKIUH (CBEJACHHS O CTaTHCTHYEC-
ckux pynakmusx MathCAD mnpuBeneHs! B Tabnuie 5.4).

Tabauma 5.4 — Cratuctuueckue pynkiun MathCAD

Dynkuus Pezynomam
CpenHee 3HaU€HUE X, BBIYUCISIEMOE IO (hopMyJie
mean(x 1 3
(x) mean(x)=~- Y x; .
n i=1
Jucniepcus X, Beraucisiemas 1o gopmyiie
l n
var(x)= = ¥ [x; — mean(x)]*.
var(x) N i=

HAnsa  npaxmuuecko2o UCHONb308AHUA NOTYUEHHOE
3HaueHue 00NAHCHO OblMb UCNPABIIEHO HA YUCIO CMe-
neneii c60600vt no cxeme var(x)-n/(n—1).

CpenHekBapaTUYECKOEe OTKJIOHEHUE X, BbIUHUCIISC-
Moe 1o hopMyJie

stdev(x) stdev(x) = +/var(x).

ﬂ]l}l npakmu4eckoco Ucnojib306AaHusl noly4eHHoe
3HaYeHue 00INHCHO Obimb ucnpaeleno Ha 4ucio cnie-

nemet c60000bl NO cxeme Stdev(x)- Jn/(n=-1).




126

Ml File Edit View [nsert Fo

rmat Tools Symbolics Window Help m
D-FHEGRY|FBB|oc "t (o=@ 0||lwe )@ @4H=8EDwn
WmMutanus ciydaiHoro mporecca: é
n:= 100 i=0..n-1
= F x = rnorm(n ,0,1)
Jl
F(gi="- " (35 )
n
i
F(x;)
o 0o
pHorm (sort(x),-, 0,!)
X,s0rt(x); .
<« 3
Press F1 for help. AUTO Pagel
a)

M Mathcad - [Mathcad Document]

4l File Edit View Insert Fo

rmatmsiockamSymibulicomWindowmbely

|D-BEERY| 4 LB|loc|": (WD =|ae0||loe ) 0| B4EH=EETgn
k=6 j=0.k
A max(x) — min(x)
: % .
/ @
1
—-hist (k ,x)j /
W 4.2
dnorm(sort(x),-,{),]) \
A \
; : ; [
-2 -1 0 i 2
min(x)+(j+0.5)-A ,sort (x);
<« [l 3 =
Press F1 for help. AUTO Page 2

0)
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HOCTH BEPOSITHOCTH (0)
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Koppensiimonusie (yHKIIMU BHIOOPOK M B3aUMHBIE KOPPEISAIUMOHHBIE
(GYHKIHUHA MOTYT ONpeaeisaThes o popmynaM Buaa (2.68). UToObl CHU3UTH
MOTPEUIHOCTh WX OMPEACNICHUS] TIPU CYIIECTBEHHBIX U3MEHEHUSX CIydaii-
HOM BEJIMYUHBI, PEKOMEHYETCSl BBINOJHUTH HMHTEPIOJSAIUIO HUCXOIHBIX
JTAQHHBIX JJIsI MEHBIIIETO Iara 1mo BpeMmeHu (cM. pucyHok 5.2 (a)). Cmek-
TpaJibHbIE TIJIOTHOCTH BHIOOPOK M UX B3aUMHBIE CIIEKTPAJIbHBIC MIOTHOCTH
MOTYT OBbITb HAWJEHBbI IMyTEM YHUCJICHHOTO WHTETPUPOBAHUS HANUJICHHBIX
IKCTIIEPUMEHTAIBHO KOPPETAUUOHHBIX (YHKIIMI C UCHOJb30BAHUEM YPaB-
Henuii (2.43) u (2.47).

®parmentsl gokymenTa MathCAD, wnmrocTpupyrolipe OleHUBaHUC
ITUX XapaKTEPUCTHK, MTOKAa3aHbl HA PUCYHKE 9.2.

Coneprxanue otuera o jabopaTopHO padoTe:

® JCXOJIHbIC JaHHBIE JJIS BHIMOJHEHUS JJa0OpaTOPHON pabOTHI,

® pe3yNbTaThl OICHUBAHHUS CTATUCTHUYCCKHX XapaKTEPUCTUK CIIy-
YalHBIX MIPOLIECCOB;

e rpabukd (QYHKIUN pacrpeeseHus, IJIOTHOCTEH BEPOSTHOCTH,
KOPPEJISIITUOHHBIX (DYHKITUN U CIIEKTPATBHBIX TIJIOTHOCTEH.

5.3 JlabopaTopHas padora Ne2. AHAJIU3 CHCTEMBI PH CIAYYaliHBIX
BO31EHCTBUAX

[lenb pabOThl — MPUOOPETEHNE HABBIKOB pacueTa JIMHEHHBIX CUCTEM
IIPU CIyYaWHBIX BO3JICHCTBUSAX.

Conepxanue pabOThl — pacyueT PeryJsipHON U CIy4alHOM COCTaBJIs-
FOIIEH CIIYYalHOTO MPOLIECCa HA BBIXOEC JIMHEMHOWU CUCTEMBI.

J1o BbITIOJTHEHUS paOOTHI HEOOXOAMMO CAMOCTOSITEIbHO U3YUHTh:

® [IPABWIA OMNPEACICHUS XAPAKTEPUCTUK CIyYaWHBIX MPOILECCOB HA
BBIXOJIE CUCTEMBI 110 XapaKTEPUCTUKAM €€ BXOJHBIX BO3JICHCTBUM;

® TIpaBWJIa pacyeTa PEryJspHON COCTABISAIONICH OMIMOKU JIMHEHHOM
CHUCTEMBI 110 XapaKTEPUCTHUKAM €€ BXOJIHBIX BO3JICHCTBUN;

e [IpaBWIa pacyeTa CIy4alHOW COCTaBJIAIOINIEH OIMMOKH JIMHEHHOMN
CHUCTEMBI 110 XapAKTEPUCTUKAM €€ BXOJIHBIX BO3JICHCTBHU.
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Pucynok 5.2 — Omnpezenenue KOppessiiuoHHON (yHKIUU (a) U CIIeK-
TpajbHOU MIOTHOCTH (0)
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Bce HeoOXoaumbIie TEOPETHUECKUE CBEJCHUS U pacueTHbIE (hOPMYIIbI
coJiep>Karcsi B JaHHOM TTocoOnu. BapraHThI 3a1aHnid 7151 BHITIOJIHEHUS Jia-
O0opatopHO# paboThl mpuBenaeHBI B Tadmuile 5.5 (mpuasaTh K = 1). Ctpyk-
Typa pacCUUTHIBAEMOM CUCTEMBI MOKa3aHa Ha PUCYHKE 9.3.

F(t)

Wi (s) W, (s)

G(t) E(t)

X (t )}

Pucynok 5.3 — CtpykTypa pacCUuThIBAEMOI CUCTEMBI

[Ipu BEITIONTHEHUY JTaOOpaTOPHOU PabOTHI HEOOXOIUMO:

® OmpenenuTh NepeaaTounble GyHKIMH CHUCTEMBI MO KaHallaM «IIo-
JIE3HBIA CUTHAJ — OIIMOKa» U «IIOMeXa — OIINOKa;

® OMNPENETUTh PETYISIPHYIO COCTABIISIIOULYIO OIIMOKH M0 KKIOMY U3
KaHAJIOB KaK PEaKIIUI0 CHCTEMbl Ha CTaHIApTHBIC SAWHUYHBIC CTyICHYA-
ThIC BO3/ICHCTBUS;

® OMNpENeNUTh TUCIICPCHUIO OMUOKH 10 KaXXIOMY U3 KaHAJIOB;

® TIPOMOJICITUPOBATH MTOBEJEHNE CUCTEMBI.

OnpeneneHue IUCIEPCUN OMIMOKU 1EIECOO0pPa3HO MPOBOJUTH YHUC-
aeHHo. JJis MoJenmupoBaHUs TTOBEJCHUS CUCTEMbI PEKOMEHIYETCSI CTEeHE-
pUPOBATh TIOMEXY C HOPMAJIBHBIM 3aKOHOM pacTpe/ielieHNs, HYJIEBbIM Ma-
TEMaTHYECKUM OKUIaHUEM, PACCUNTAHHOMN JUCTIEpCUEN U HAJIOKUTh €€ Ha
PETYJISPHYIO COCTABJISIONIYIO OITMOKHU (CM. pUCYHOK 5.4).
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Tabnuna 5.5 — BapuaHTbl 3aaHuii U151 BBITIOJTHEHHUS J1Ta00paTOPHBIX
pabot No3 u Ned

N | W,(s) W, (Ks) S; () S¢ (@)
1| s+1 K-s/(s+1) 04/(1+»?) 0.1
2 | (s+1)/s  K-s/(3-s+1) 03/(1+2-»?) 0,2
3| s K-s/(5-s+1)  02/(1+3-w?) 0,3
A 1 K-s/(7-s+1) 0,1/(1+4-?) 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-®?) 0,2
7 | (s+1)/s K/(3-s+1) 03/(1+7 - »?) 0,3
8 1/s K/(5-s+1) 0.4/(1 +8-a)2) 0,4
9 1 K/(@7-s+1) 0,1/(1+9-?) 0,1
10 s K/(9-5+1) 0.2/(1+9-»?) 0,2
11| s+1 K-s/(2-5+1) 03/(1+8-0?) 0,3
12| (s+1)/s K-s/(4-s+1) 0 4/( .wZ) 04
13 1/s K-s/(6-5+1) 0,1/(1+6-w?) 0,4
14| 1 K-s/(8-s+1)  02/(1+5 w?) 03
15 s K/(2-s+1) 03/(1+4-?) 0,2
16| s+1 K/(4-s+1) 04/(1+3-»?) 0,1
17 | (s+1)/s K/(6-s+1) 0,1/(1+2-0?) 0,1
18] s K/(8-s+1) 0,2/(1+ »?) 0,2
19 1 K-(2-s+1)/s?  02/[1+2-0?) 0,3
20| 1/s K-(4-s+1)/s 0,1/(1+ »?) 0,4
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Jlucrepcus BRIXOJTHOTO CHTHATIA:
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Press F1 for help.
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Pucynok 5.4 — MojenupoBaHue TOBEICHUS CUCTEMBI

ConeprkaHue oT4yeTa o JabopaTopHoi padore:

® UCXOJHBIC JaHHBIC VISl BHIMOJHEHUS Ja00paTOPHOU padOTHI,

® DPC3yJbTaTbl OIPCACICHUA IICPCAATOUYHBIX CbYHKHI/Iﬁ CHUCTEMBI 110

OIITHOKE JJIS1 KaXXKA0I'0 U3 KaHAaJIOB,

® pe3yNbTaThl PACYETa PETYJSAPHBIX U CIYYaWHBIX COCTABIISFOIIUX

OIIMOKY IS KaKIOI'0 U3 KaHAJIOB,

L4 FpanI/IKI/I IMMCPCXOAHBIX ITPOUCCCOB IJIA KAXKIOI'0O N3 KaHAJIOB.

5.4 Jlabopatopnasi padora Ne3. OmnpejaesieHne ONTHUMAJbHBIX
napaMeTpoB CUCTEMbI

enp paboThl — NpHOOpPETEHNE HABBIKOB CUHTE3a JIUHEHUHBIX CHCTEM
C 3aJIaHHOW CTPYKTYpO, 00€CleunBaroluX MUHUMYM CPEIHEKBAApaTUy-
HO OLIMOKH, PU CITyYANHBIX BO3AEUCTBUAX.

Coneprxkanne paboThl — OIpeJIeSICHUE TapaMeTpOB JIMHEHHON cUCTe-
MBI, 00€CIEUNBAIOIIUX MUHUMYM €€ CPEIHEKBaIPaTUYHOMN OLINOKH.

I[O BBITIOJIHEHUA pa6OTI>I HGO6XOI[I/IMO CaMOCTOATCIIbBHO U3YYUTD:
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e 0OIIKe MpaBWiIa CUHTE3a JIMHEHHBIX CUCTEM IPHU CIyYalHBIX BO3-
JNEUCTBUSIX,

® [IPaBWJIa CHUHTE3a CUCTEM C 3aJaHHOU CTPYKTYPOH IPHU CIIyUYaMHBIX
BO3/ICCTBUSX.

Bce HeoOxoamMbIe TeOpeTUUECKUEe CBEJACHHUS U pacdeTHbIC (hOPMYJIIbI
coJiepKaTcsi B JAHHOM 1OcOOMU. BapuaHThl 3a1aHui 171 BBITIOJIHEHHUS Jia-
OopatopHOl palbOThI MIpUBEACHBI B Tabiuie 5.5. CTpyKTypa CUHTE3UpYe-
MOU CHCTEMBI TTIOKa3aHa Ha PUCYHKE 5.3.

[Ipu BBIMOJIHEHUH JTA00PATOPHOUM pabOTHI HEOOXOAUMO:

® OMNpeneNuTh MepeAaTouHble (YHKIIMU CHUCTEMBI 10 KaHAJlaM «IIOo-
JIC3HBIA CUTHAT — OIMIMOKa» U «IOMeXa — OIMOKa» Kak PyHKIIUU KOI(-
dbuLMeHTa YCUIICHHS pa30MKHYTON CUCTEMBI;

® OMNpENeNUTh CHEKTPAIbHbIE MIOTHOCTH COCTABJISIIONINX OIIMOKU
[0 KaHajaM «IOJIE3HBIM CUTHAT — OIIMOKa» M «IoMeXa — OILIMOKa» U
CYMMapHYIO CIIEKTPaJIbHYIO IJIOTHOCTh OMIMOKK Kak GyHKIMH Kodhuiu-
€HTa YCWJICHUS] PA30MKHYTOW CUCTEMBI;

® OMNpENENTUTh JUCIEPCUI0 OIMOKM Kak (PyHKIHIO KodhduiueHrta
YCUJICHUS PA30MKHYTOW CHCTEMBI;

® OMNpeNeNuTh ONTUMAJbHOE 3HAauCHHE KOd(PHUIMEHTA YCHUIICHUS
PA30MKHYTOM CHCTEMBI M3 YCJIOBHS MHUHHMYMa CYMMapHOW IHCIIEPCHUU
OIITNOKM;

® OMNPENETUTh PETYJISPHYIO COCTABJISIONIYIO OIMMOKH ISl KaXKIOTO
U3 KaHAJIOB MPU BBIOpAaHHOM KO3()PUIIMEHTE YCUIICHUS PA30OMKHYTOU CH-
CTEMBI KaK PEaKIMI0 CUCTEMbI Ha CTaHJIaPTHBIC CAMHUYHBIC CTYNEHYATHIC
BO3JICHCTBUSI,

® OMNPENeNUTh AUCIEPCUIO0 OMMOKHM ISl KaKIOr0 U3 KaHAJIOB MPH
BBIOpAaHHOM KOX((PUITMEHTE YCUICHUSI PA30MKHYTOM CHUCTEMBI;

® TIPOMOJICITUPOBATH MOBEJCHNE CUCTEMBI.

Pacuer nucnepcun u MOACIMPOBAHKME CUCTEMBI PEKOMEHIYETCS MPO-
BOJIUTH TakK ke, Kak U B paboTe Ne2,

Coneprxanue otuera o JadbopaTopHOU padoTe:

® UCXOJHBIC JaHHBIC VISl BHIMOJHEHUS Ja00paTOPHOM padOTHI,
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® CxeMa OMpeIeNICHUsT ONTUMAIBHOTO KO3h(PUIIUeHTa YCUICHNUS;

® pe3yJbTaThl pacueTa PETyJSPHBIX U CIy4alHBIX COCTABJISIFOIIAX
OIIMOKY IS KaKI0r0 U3 KaHAJIOB,

e rpaduKu IepeXoIHBIX MPOILIECCOB IS KaXI0T0 U3 KaHAJIOB.

PexomeH1yeTcsl TakKe BBITIOJHUTh CPAaBHEHHUE HAWJICHHBIX MOKa3aTe-

JIeli TOUHOCTH CUCTEMBI C Pe3yIbTaTaMM BBITIOJHEHUS paOoOThI No2.

5.5 JlabGopaTopHasi padora Ne4d. CuHTE3 ONTUMAJIBLHOM CHUCTEMBI €
MPOU3BOJIbLHOU CTPYKTYPOH

[ens paboTbl — mprOOpETEHNE HABBIKOB CHHTE3a JIUHEUHBIX CHCTEM
C MPOU3BOJIbHON CTPYKTYpO#, 00€CTIEUMBAIOIINX MUHUMYM CpPEIHEKBA/I-
paTUYHON OLIKUOKH, TIPU CITyYalHbBIX BO3ICHUCTBUSIX.

Conepxxanue paboOTBl — OIpeseeHUue NepeaaTouHon (PyHKIUU JTU-
HEMHOW CHCTEMBbI, HAXOIAIICHCS MO/ BIUSHUEM CIIy4YallHOTO BO3JAEHUCTBUS,
KOTOpas 00ecrneunBaeT MUHUMYM €€ CPETHEKBAIPATUYHON OIIHOKHU.

J1o BBIMOTHEHUS pabOThl HEOOXOIUMO CAMOCTOSATEILHO U3YUYHUTh:

e 0OIIME MpaBuia CUHTE3A JIMHEMHBIX CUCTEM IPU CIYYAUHBIX BO3-
JICUCTBUAX,

® [IPABWJIA CUHTE3a CUCTEM C MPOU3BOJILHOW CTPYKTYpPOH IIPU CIIy-
YaHBIX BO3JCUCTBUIX.

Bce HeoOxoauMble TeOpEeTUUECKHE CBEJICHUS U pacueTHbIe (OPMYIIbI
cojiepKaTcsl B JaHHOM MOcoOMU. BapuaHTel 3a1aHuii 171 BBITIOJTHEHHUS Jia-
OopaTopHOW pabOTHl MPUBEEHBI B Tabiuuie 5.6. CTpyKTypa CUCTEMBI TO-
Ka3aHa Ha pucyHke 4.3.
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Tabnuna 5.6 — BapuaHThl 3agaHui ISl BBITIOJTHEHUS J1a0OPATOPHBIX
pabot No4 u Ne5

No Ss (@) Se(@) H(s) |0 Ss (@) Se(@) H(s)
1| 04/li+w?) 01 1 |11]03/(1+8-0?) 03 s
2103/(1+2-@2) 02 s |12]04/(1+7-0%) 04 s
3/02/(1+3-02) 03 ys [13]01/lt+6-02) 04 1
4101/(1+4-02) 04 1 |14|02/(1+5-0%) 03 s
5|01/(t+5-?) 01 s [15(03/[1+4-0%) 02 s
6|02/(1+6-02) 02 s |16]04/l1+3-02) 01 1
7103/1+7-0%) 03 1 [17]01/{1+2-@?) 01 s
8|0a/ll+8-0°) 04 s [18] 02/t+w?) 02 s
9101/(1+9-02) 01 s [19]02/(t+2-0?) 03 1
10[02/(1+9-w2) 02 1 [20] 01/[1+0?) 04 s

[Ipu BbIONIHEHNY TaOOpPATOPHON PAOOTHI HEOOXOUMO:

® OmpeAenuTh (PU3NUECKH PeaU3yeMyl0 TEPeNIaTOYHy0 (HYHKIIUIO
3aMKHYTOW CHCTEMBI, BBIMIOJHSIONICH 3a/laHHOe MpeoOpa3oBaHUE MOJE3-
HOT'O CUTHaJIa TP MUHUMYME CPEIHEKBAIPATUIHON OIHUOKH;

® OIpEACNUTh NMEePEAATOUHYI0 PYHKIIUIO PA3OMKHYTON CUCTEMBI;

® OIpeAeNUTh NepelaTouHble (PYHKIMU CUCTEMbl IO KaHAJlaM «I10-
JIC3HBIM CHTHAJI — OIIMOKa» U «IIOMEXa — OIIHNOKay;

® OIpEACNIUTh JUCIIEPCHUIO OIIMOKH JIsl KaXA0ro U3 KaHAJIOB,;

® [POMOJIETUPOBATH MOBEJICHUE CUCTEMBI.

Pacuer aucnepcun U MOJEIMPOBAHUE CUCTEMBI PEKOMEHIYETCS MPO-
BOJMTH TaK K€, KaK U B paboTax Ne2-3.

Copeprkanue otuera o 1abopaTopHOIl padoTe:

® HCXOJHBIC JaHHBIC JIsl BBIMOJTHEHUS JIA0OPATOPHOU paboTHI;

e cxeMa ormpejelneHus (U3NMUECKH pealn3yeMol MepelaTOuHON
(GyHKIMK Pa30MKHYTOM CHUCTEMBI;
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® pe3yJbTaThl pacueTa PEryJSIPHBIX U CIy4alHBIX COCTABIISIIOIINX
OIIMOKY IS KaKIOr'0 U3 KaHAJIOB;,

e TpaduKH NEPEeXOAHBIX MPOILIECCOB JJIA KaXJA0T0 U3 KaHAJIOB.

5.6 JIabopaTopHasi padora NeS. CHHTe3 oNTHMAJIBHOI0 GUILTpPa
Kanmana-bsrocu

[lenb pabOThl — NPUOOPETEHUE HABBIKOB CHUHTE3a B MPOCTPAHCTBE
COCTOSTHUM CHEISAIIUX CUCTEM, 00ECIEUMBAIOIINX MUHUMYM CpPEIHEKBA/I-
paTUYHON OUIKMOKU, IPU CIyYaHBIX BO3/ICHUCTBUSIX.

Conepxanue padOThl — ONpEJEICHUE MepeaaTOYHON (DYHKIUM JIU-
HEWUHOM CUCTEMBI, HaXOIALLIECHCA IO BIUAHUEM CIIy4ailHOr'O BO3AEUCTBUA,
KOTOpas 00ecrneuruBaeT MUHUMYM €€ CPETHEKBAAPATUYHOMN OIIMOKHU.

J1o BbITIOJTHEHUS paOOTHI HEOOXOAMMO CAMOCTOSITEILHO U3YUUTh:

® OCHOBBI TEOPUHU ONTUMAILHON JTUHEWUHON QUIbTpAIUY;

® TIpaBWJIA CUHTE3a onTUMabHOrO PpribTpa Kanmmana-berocu B mpo-
CTPAHCTBE COCTOSIHUM.

Bce HeoOxoamMBble TEOpEeTUUECKUE CBEACHUS U pacyeTHbIE (hOPMYJIIbI
cojiepxkarca B JaHHOM mocoOuu. CrneKTpaiabHble IUIOTHOCTH MOJIE3HOTO
CUTHaJia ¥ TTIOMEXH, HeOOXOMMBIC /IS BHITIOJIHEHUS J1Ta00paTOpHOU pado-
ThI, IPUBEICHBI B TA0IHUIIE 5.0,

[Ipu BBITIONTHEHUY JTabOpaTOPHON PabOTHI HEOOXOUMO:

® OMNpeNeNuTh MapaMeTpbl GOPMUPYIOIIETO GUIBTPA;

® pa3peuIuTh ypaBHeHUE PUKKaTH Uil OLEHKH IHUCIIEPCUU CIydau-
HOT'O TIPOIECCA HA BBIXOAE CUCTEMBI;

® ONpEAeIuTh MapaMmeTpsl onTuMaibHOro GuibTpa Kanmana-beiocu;

® IIPOMOJCIUPOBATH ITOBEACHUE CUCTEMBL.

MonenupoBaHUE CUCTEMBI PEKOMEHIYETCS MPOBOAUTH TaK K€, KaK U
B MPEJBIAYIIUX paboTax.

Coneprxanue otuera o jjabopaTopHO padore:

® JCXOJIHbIC JaHHBIE JJIS BBIMOJHEHUS Ta0OpaTOPHOH pabOTHI,
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® pe3yJbTaThl pacueTa nmapaMeTpoB GpopMupyromiero GUiIbTpa;

® pe3yNbTaThl pacueTa JUCIIEPCUH BBIXOJHOTO CIYyYalHOTO IpoIiec-
ca (pemeHus ypaBHeHUs1 PUkkaTn);

e pe3ysbTaThl pacyeTa MmapaMmeTpoB onTuMaibHOro (prbTpa Kanma-
Ha-brrocu;

e TpaduKu MepexoaHBIX MPOIIECCOB.
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I[MPMJIOXXEHUE A
CTAHJIAPTHBIE UHTEI' PAJIBI
1 @ B, (j . a))
J n—~ ° j . .
2T An(J a)) An(— ] @

)da).

[TonnHaoMEl A, (J - a)) u B, (J - a)) MOpsIKa N UMEIOT BUJ
A(i-@)=2,-(j-@)" +a;-(j-@)"" +..+a,,
B,(j-@)=by-(j-@)""* +by-(j- @) +..4+b, 4,

U BCE KOpHU A, (j - a)) PAacIOJIOKEHBI B JICBOH MONYIUIOCKOCTH |+ @ .

IIlpun=1
b
J1=—0.
2:a,-a,
[Ipun=2
\J2= .
2-3, -3,
[Ipun=3
3 _—a, by +8y by —a, -a; -b, /a;
3= .
2-ay-(ap-a3-2a;-a,)
[lpun=4
U
\]4=_4,
4,

U4=(a2‘a3_a1‘a4)‘b0_a0‘a3'b1 +a0‘a1‘b2+
+a-(a0-a;5—a;-a,) by /2y,

A4=2-a0-(ao-a§+a12-a4—a1-a2-a3).
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IPUJIOKEHUE b

W30BPAXKEHUSA MO JAILUIACY ®YHKIIUA BPEMEHU

H3zoo0pasicenue no
N Opucunan f(t) Jlannacy F(S)
0, t=#0,
1 s(t)= :
+o00, t=0
0, t<O 1
2 1t) = s
1, t20 °
tn—l 1
. il
(n-1) 5"
4 exp(a - t) S 1a
_ 0]
5 sm(co-t) 82 +602
S
6 cos(w- 1) 2 1 o2
_ W
7 exp(a-t)-sm(a)-t) (s—a)z iy
1 - °
8 g‘exp(a't)'[a'S'n(w‘t)+“"cos(w't)] (s-a)’ + o’
A-expla-t)-sin(@-t+w), S+y
9 A=£-\/(a+y)2+a)2, V,:arctg( @ ) (s—oz)2+a)2
o a+y

Hpumeuauue. a u @O — eeuecCmeeHHad U MHUMAas dacmu KOpHel:Z

SHAMEHRAMEJIA F(S), Y — KOHCmaHmada.



141
HHPUJIOXKXEHUE B
PELIEHUSA 3ATAY
1 Cnyuaiinbie mpouecchl

1.1. MaTemaTnueckoe OXHWJIaHUE CIYyYalHON BEJIMYMHBI PaBHO HYJIIO,
T. €. My =0, Tak KaK ceKTpalibHas IJIOTHOCTh pu @ =0 He umeeT oco-

oenHocrell Tuna o-pyHkmuu. Jucnepcus paBHa

1 +°° 1 +“’ ¥

Koppensimonnast GyHKIUs C1ydaitHOM BEJTMYUHBI

1

+o0

Rx(")=ﬁ' [Sx (@) exp(j-@-7)do =
+oy

_1 [N -cos(@w-7)dw = N sin(w, - 7).

T T-T

1.2. CnekTpanbHas MIIOTHOCTh paBHA

= -+ 2 .m2 . 5(w).
@=L o oo

1.3. CnekTpanbHas MIOTHOCTh paBHA

2-f-w 2-f+ o
a’+(B- a))2 a +(,[3+a))2
+2-7-m% -8(w).

Sx(w)=%‘ Dy -

1.4. CnextpanbHas IJIOTHOCTh PaBHA
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Sx(a))=Z-TRX(T)-COS(w-r)dr:

=2-D, -}(1—%)-cos(m-r)dr = Z'GE))X .E(l—_lz_)d[sin(w-r)k

0

- z'a[))x [(1—%] sin(w-r){: +lsin(a%r)d(%ﬂ =

2‘DX
T -w°

-[1-cos(@-T)).

1.5. CnekTpanbHas MIOTHOCTh paBHA
+o0 ]
Sy (@)= [Ry(z)-exp(- j-@-7)d7 =
+00
=Dy - jexp(—a2 Tl = -a)-r)dz-.
[TpeoOpa3yem nokazaresnpb HIKCIIOHEHTHI K MOJTHOMY KBaJpaTy

2 2 ; ( ; a ) 0)2
a ‘7T +)o-TtT=la-T+ ) — + .
2-a 4.q®

2 AHaJIu3 CUCTEM MPHU CIYYAHNHBIX BO31eHCTBUAX

2.1. ITo popmynam (3.2) u (3.3) momyunm
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my (t)=8-{my (t)}=8-my (t).
Ry (tr.tp)=8-{8- {Ry (tz .t J}}=64- Ry (t:.1,).
2.2. KoppensiimonHast QyHKITUs

d2
1 2

=2-a-[1—2-a-(t1 —tz)z]-exp[—a-(tl —tz)z].

2.3. Koppensiiuonnast GyHKIus

2 2
RY(t1’t2)= Dx‘(t1+t2) 0 +2-COS[a)-(t2—t1)].

(tl +1, )3

2.4. TTo popmynam (3.2) u (3.3) momyuum

m, (t)=£mx(ﬂ)-exp(—ﬂ)d/1,
Ry (t:t2)= [ TR (2.0 ex0(- 2)-exp(- s
2.5. Tlo popmynam (3.2) u (3.3) nomyunm
m, @):EA.sm(t):A.cos(t),
Ry (t;,t)=—— d’ Ry (t;,t,)=2- exp{ %} [1 (tz—tl)z]

dt, dt,
Dy (t)=Ry (t,t)=2.

2.6. [Ins nanHOM cucTteMbl BecoBasi (PYHKIMS paBHA

k(t, /1)_— exp( t_l).

T
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3HaueHHE MaTEeMaTHYECKOIO OXnaaHuA

my (0)= Jk(t,2)-my (204 =

to

LK t—A1 t—t,
=|—-expl —— [-mydA=K-my -| 1—exp| - :
ool fmcsa -y ool 50

Hucnepcus onpeaensiercs mo ¢hopmye

D, (1) = Ry (t,0) = [ [K(t.4)- K(t. 1) Ry (2, 2)dAcks =

toto

t—41 t-—
L e )

toto

=DX-K—2 exp(—T) He (

Pazo0Onem HHTCPBAJI UHTCI'PUPOBAHUA 10 HepeMeHHOﬁ M Ha IBC 4aCTHU

- y\]dmy.

[to ,ﬂ] U [}L,t]. OTO MO3BOJIUT OCBOOOIUTHCS OT 3HAKa MOAYJS U IIONY-

YUTH TAOJIMYHBIE HHTCTPAJIbl BUA

K? 2-1
D, (t)= DX-T— exp( = )x

x j{jexp[l? —a-(A- ,u)]d,u + jexp['lT —a-(u- l)}d,u}di =

to | to
0 1—a-T—2-exp[—1+$'T-(t—to)]+

=Dy - - 2-4 , 9
1=a®-T +(1+a-T)-exp[—?-(t—to)]

"

r 3

2.7. JIns naHHOW CHCTEMBI BecoBasi (PyHKITUS paBHA
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k(t, /1)—— ex p( t_ﬂ).

T

Koppensauumonnas GyHkIus 6€10T0 1ryMa UMeeT BUJ

Rx (4, 4)=c*-8(2 - ).

I[I/ICHepCI/IH BBIXOAHOI'O CHUI'HAaJIa

D, (1) = [ [K(t,2)- k(t,z)- Ry (4, p2)dAclzs =

to o

c? tt 2-t—A-—
- S o - A4, 50 - woatu -

2
T oty

— CZ .| 1—-ex (_ﬂ)
- 2.T? )]

2.8. 3HaueHne MaTeMaTHIECKOTO OKUIAHUS PAaBHO

mY(t)=Tl-£exp( t;_ )(a0+a1 A)A =

=a,+a,-(t-T)-(a, —a, -T)-exp(— %)

Jucnepcust onpenenuTes, Kak

Dy (V)= ] [K(t,4)- Kt 1)- Ry (A, e)dAcls =

toto

tt ot — ] —
=D—>2<-_”expl:—2t A 'u+2-(l+/l)—‘ﬂ—,u‘:|d/ld,u.
T 6t T

HNHTerpupoBanue Npou3BOAUTCS TaK ke, Kak U B IIpuMepe 2.6.

2.9. MaTremaTh4eckoe OKHAAHUE CIYYalHOIro mporecca X(t) Ha BEI-

X04€ CUCTEMBI B YCTAHOBHUBIICMCS PCKHUME PABHO
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mx<t)=+§°k(a)-[me(t-z)+mF(t-z)]dz=
=+fok(1)-(mG +0)dA=4-mg -Texp(— 2-A)dA=
=-2-mg -exp(-=2-4) ;" =2-mg.

Hucnepcus ciaydaitHoro nporecca X (t) HaxoAuTCA 1o GopmyJie

- j" [(2)- k(o) [Re (2 - 1)+ R (2- o0 =

jexp(— 2-2)-exp(-2- p)-exp(= 4|4 — p)dAdu +

va8. exp(—2 A)-exp(-2- p)-exp(- 3|4 — p)dAdy =

o'—.8 oo.—-.s

[ +c0
exp(—2-4)-| [exp(-2-pu—4-|A— pul)dp |da +

!
2

+48- j exp(-2- 1) +jwexp(—2-y—3-\/1—y\)dp dA =
0

+o0 +00
=32- [exp(-2-1)-1,dA +48- [exp(-=2-4)-1,dA.
0 0
Pa300beM KaxkIblii U3 BHYTPEHHUX UHTErpaioB Ha ABa. [lomyuum

Il=§exp[—2-p—4-(/1—p)]dy++foexp[—2-,u+4-(l—,u)]dp=

~

=[exp(2- p—4-A)du+ jexp(4 A—6-p)du=
0

=§-exp(—2-1)—§'eXp(—4'/1)’
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ul=jexp[-z-u-s-(z-ﬂ)]duﬁfexp[-z-u+s-(z-u)]du=

O =y s

exp(u—3-A)du+ +j°° exp(3-4-5- u)du=
A

_ g cexp(~ 2- ) —exp(= 3- ).
OKOHYATEIBHO MoJIyaYmnm

Dy = 32-+jwexp(— 2-1)-[§-exp(— 2-1)—%-exp(—4-/1)]dﬂ+
0

+48. T exp(=2-4)- [g -exp(=2-4)—exp(-3- l)}d/l =

= % [exp(-6-2)—4-exp(-4-4)])” +

+ 1—8 [exp(-5-1)-3-exp(-4-4)];” = % .

2.10. 3agaHHBIM KOPPEISILUOHHBIM (PYHKIUSM COOTBETCTBYIOT Clie-
JIYIOIIUE CIEKTPAIbHBIE TNIOTHOCTH BXOAHBIX CIIyYaWHBIX MPOLIECCOB

16 18
.S = .
16 + @2 ,:(a)) 9+ w?

Sg (a))=

3aJlaHHOM MMITYJIbCHOW MEPEXOJTHON XAPAKTEPUCTUKE COOTBETCTBYET
nepeaaroyHasi GyHKIUS CUCTEMBbI

W(s)=——.

MaTtemaTu4yecKkoe OXKUIAAHUE CIIy4ailHOro IIpolecca X(t) Ha BBIXOJIE

CUCTEMBI B M300paxeHus no Jlanmacy paBHO
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My (s)=W(s)-[Mq(s)+ M (s)]=
B sjzl[msG +O}= 2:Mg E_i}

OpI/II‘I/IHaJ'I HJAHHOT'O BBIPAKCHUA

my (t)=2-mg -[1—exp(=2-1)].

B ycraHoBuBIIEMCS pEKUME
my (0)=2-mg - [1-exp(-=o)]=2-mg.

CHCKTpaJ'IBHaH IINIOTHOCTH BBIXOJHOI'O CUTHAJIa

Sx(@)=W(j-0)° - Ss(@)+W (i o) - Sk (0)=
_‘42- 16 +‘42_ 18
Gr@)+2 ja+(jre)? l(-e)+2 B4(j-o)?
_ 256 N 288 |
-0y +6-(-0)+8  [(i-0) +5-(i-@)+6]

I[I/ICHepCI/IH BBIXOJHOI'O CUI'HaJIa B YCTAHOBUBIICMCA PCIKUMC

1 +0o
Dy oz ISG(a))da)=

0 256 0 288
_ 256 |1 8| 288 |1 6| 112
2 6 0 2 |5 0 15°

1 8 1 6

2.11. lucniepcus ciay4alHOTO Ipolecca
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a-a,-bl+a, b
ay-a; -(a-a;+ay)

2.12. Tlepenarouynast GyHKIUS 3aMKHYTOM CUCTEMbI paBHA

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

D(s)=

CHCKTpaJ'IBHaH IIJIOTHOCTBH BBIXOAHOI'O CHUTHAJIA HpI/IMeT BUJI
K2.N
. 2 .
T-(j-0) +(j-0)+1

S, (@)=/0(j-0)° - S (0)= .

WurerpupoBanue Sy (a)) 110 BCEM YaCTOTaM JaeT pe3yJbTaT

o _ 1+I°° K?-N 4o KN
Y 2m LN (s 277 2
‘T-(J'a)) +(j-a))+1‘

OueBuaHo, uto qucnepcusi D y He 3aBucut ot T.
3 CuHTEe3 CHCTEM NPHU CIOydYallHbIX BO3/1elCTBHAX

3.1. IlepenatouHas GyHKIHSI CUCTEMBI TIO KaHATy «PEryJISIpHBINA CHUT-
HaJ — OIMOKa» paBHA

1 5
1+W(s) s?+K-T-s+K

Wee(s)=

PerynsipHas coctapsitoniasi OMOKH B YCTAHOBUBILIEMCS PEKUME

d d?
me (t)=C, - 9(t)+C, o g(t)+C, -dt—zg(t)+

rae
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2

2

d d?
t)=a-t , —O\t)= b-t, —-glt)=b.
g(t)=a-t+ g d)=a+b-t. o o(t)

[IpouzBoiHbIE 0OJIee BHICOKOTO MOPSAJIKA OT g(t) 0 BPEMEHU PaBHbI

nymo. KosddurmenTs! ommbok, Haiinenusie nocie pasioxkenus We (s) B

crernieHHoit psin, pasust Cy =0, C, =0, C, =1/K. Torga

me@®)=1

[lepenarounast GyHKIMA CUCTEMBI MO KaHAy «IIOMEXa — OIIMOKa»
paBHa
W(s) = K-(T-s+1)
1+W(s) s2+K-T-s+K

Wee (s)=

Jlucniepcus cnydaifHOM OIITMOKH B YCTAHOBUBIIEMCS PEKUME

=K2-N_+I°° -T2 (jrw)’ +1

(K-T2 +1)- N
2.7 —oo‘(j.a,)2 +K-T-(j-0)+ K‘z

2-T

do =

De

Cpennuii KBaJpaT CyMMapHOM OIIMOKU paBeH

k2 2.T

o b (KT?+1)N

JI71s1 OThICKaHWUSI MUHUMYMa 3TOTO BBIPAKEHUS MIPHUPABHSIEM HYIIIO €T0
MIEPBYIO0 MPOU3BOIHYIO 10 ITOCTOSIHHOW BpeMeHu T

2.K-T2-(K-T?+1)=0,
OTKyJa nojryuum T ,,,, = 1/VK.

3.2. MuddepeHumpyst BeIpakeHUE IJI1 CPEIHETO KBaipaTa OMUOKH T10
napamerpam [ u K, moay4uM cuctemy ypaBHEHUM
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T=1JK,
2
2D +T N _,
K3 2

Orcrona Haitnem K, = 5{/16 b*/N2?, Tonm = 1/ VK pm -
3.3. Cpennuii kBajgpaT CyMMapHOU OIMOKK paBeH

,_ b (K-T?+1)N
K2 2(T-7)

OnTuMajibHOE 3HaU€HHUE ITOCTOSHHOMN BpEMCHU

| 1
Toum =T+ T+
K

3.4. CniexTpanbHas MIOTHOCTH CYMMapHOTO BXOIHOTO CHTHAJIa paBHA

S6(0)-(1+T2 - @)+ 5£(0)-(1+T¢ - 0?)
1+7¢-0%)-(1+T¢ 0?) |

S (@)+ Sk ()=

Paznoxxenue »srtoro BBIpAXKCHHUA Ha KOMINUICKCHO-COIIPAKCHHBIC
COMHOKHUTCIIN JaCT PC3yJIbTAT

1+ j-a-o

6 ) (1+]-Te o)
1-j-a-o

G 'w)'(l_j'TF a))

#(i-0)= 500+ 5:0)- (1 7 7

(- | 'w)=\/SG(O)+SF(O)'(1_J‘.T

e a=Tg -[86 0)- T2 + ¢ 0)- 2] /[560)+ 5+ O)]

[Tocinie pa3nokeHus Ha AIEMEHTApHbIE APOOU UCKITIOYAETCS YacTh, CO-
OTBETCTBYIOIAsl HEYCTOMYMBOU CUCTEME.
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Sg(j-@) H(i-o)_

¥(- |- o)
_ Ss(0) 1 .(1—j-TG-w)-(1—j-TF-w)=
1+TZ - w? JSg(0)+SE(0) l-j-a-o

~ ss(0) 1-j.Tr o _
~/Sc(0)+5:(0) (1+jTs @) (1-j-a-0)

_ S0 -[TG+TF- 1 JTe-e 1 ]
JSc(0)+S0) [ To+a 14jTgo Tg+a l-j-a-o]

BTopoe ciiaraemoe B CKOOKax MUMEET MOJIOCHI B IPaBOM KOMILIEKCHOM
HOJIYIUIOCKOCTH |+ @ . OHO oTOpackiBaeTcs. Peannsyemasi 4acToTHas rie-

penatouHas GyHKIUS 3aMKHYTON CHCTEMBbI IIPUMET BT

W(j-0)= ! [ S (0) To+Te 1 }

¥(j- o) \/SG(O)+SF(O)- Te+a 1+)-Tg-o
_ S6(0) -TG+TF-1+j-T,:-w_K-T,:-(j-w)+1
S.(0)+S:(0) Tg+a 1+ja-0  a(j-o)+1’

rae K03 PUUUEHT YCUICHUS 3aMKHYTOM CUCTEMBI

_ S6(0) Te +T¢
- 55(0)+S£(0) Tg+a

Peanusyemas nepenaroyHasi PyHKIMS 3aMKHYTOM CHUCTEMBI B U300-
paxeHusx 1o Jlarmacy umeeT BUJ

W(s)=K- .
(S) a-S+1

[lepenaTounas GpyHKIMS Pa30MKHYTOW CUCTEMBI paBHA

Te-s+1
(@-K-T)-s+(1-K)

W,(s)=K-
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3.5. Ilepenarounast GyHKIMS 3aMKHYTOM CUCTEMBI paBHA

y-s+1
s-(a-s+1)’

W(s)=K-

/i€ 3HauYeHUs1 KO3 (PUIMEHTOB

K = Sg (0) =T, - \/ F(O) Tga

56 (0)+5:0)" 5c(0)+8:0) " T +a’

[lepenaTounas ¢hyHKIMS Pa30MKHYTOW CUCTEMBI paBHA

. y-s+1
W)= K ) s e (1=K

3.6. Ilepenarounas GyHKIMS 3aMKHYTOM CUCTEMBI paBHA

K
a-s+1°

W (s)=

r/ie 3Ha4YeHUs1 KO3P(PUIIMEHTOB

SR 10T S i 20

5 (0)+5:(0) To+a’ S6(0)+ 8¢ (0)

[lepenaTounas GpyHKIMS Pa30MKHYTOW CUCTEMBI paBHA

W, (s)=

- s+(1 K)

3.7. OntumanpHas UMIYJbCHAS XapaKTePUCTHUKA CUCTEMBbI OyAeT HC-
KaTbCs B BUJIE

k(t)=D, - 8(t)+ D, -exp(-d, - t).

TpeOyercs Haliti ee mapameTpbl Do, D1 n d1. YpaBHenue Bunepa-
Xorda B TaHHOM CIy4ae IPUMET BUJL
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Tk(’?)‘ RU(T—ﬂ)dﬂ— Rzu (T)=O, 7 > 0.

Tax Kak CHHTE3upyeTcs caemsmas cuctema, To Z(t) = G(t). Torza
Ry (z)=Rg (r)+ R (z)=3-exp(= 2 - [¢])+ 2 - exp(= [7]),
Rzu (r)=Re (r)=3-exp(-2-r]).

[TonctaBuM 3HAYCHUSI KOPPEISIIMOHHBIX (YHKIIUM M HUCKOMON HM-
MyJIbCHOM MEPEXOHON XapaKTEepPUCTUKHU B ypaBHeHHE Bunepa-Xomnda

+(I:03 -exp(~2-|r = 7])-[Dy - 8(7)+ D, - exp(~d; - )l +

+00
+ [2-exp(~|z—7])-[D, - 8(7)+ D, - exp(-d, - 7)ld7 -
0
~3-exp(-2-]¢])=0, r>0.

[Ipeobpazyem 3TOT UHTETPa K BUY
+00
| Do - 8(n)-[3-exp(= 2|z — )+ 2 expl= |z - 7))ld +
0
+[ Dy -exp(=d; -77)-{3- exp[~ 2+ (z ~ 1)+ 2 - expl~ (z ~ )}y +
0

++fD1 -exp(=dy -17)-{3-exp[~ 2+ (7~ 7)]+ 2- exp[~ (7 — 7) }dlry -
—3-exp(-2-7)=0.

BpInoIHUB 371€EMEHTAapHBIE ONIEPALIMN UHTETPUPOBAHUSA, IOJTYYUM
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D, -[3-exp(=2-7)+2-exp(-7)] +

ML G O I WS EE

2_d,
+2'Dl'eXp(_T)-{exp[(l—dl)-r]—1}+
3:-D,-expl2-T
+ 12+dp1( )-exp[—(2+d1)-z-]+
+2'Dl'EXp(r)-exp[—(1+d1)-r]—3-exp(—2-r)=0.

1+d,

[IpupaBHsiB HymII0 Kod(PhUIUEHTH TpH (YHKIHIX eXp(— 2-2'),

exp(—7) u exp(—d; - 7), momyunm cucTeMy ypaBHeHHii

-

3-D
3-D, — L _3=0,
2-D
4 2-D, - L0,
3-D 2-D 3-D 2-D
L+ NS ZH L0

W3 nepBoro ypaBHEHHs MOTydaeM
3-(1-d?)+(4-d?)=0.

N3 nByX KOpHEH 3TOr0 ypaBHEHHUS BHIOMPAEM TOT, KOTOPBIM COOTBET-
CTBYET YCTOMYMBOW cucTeMe (IOJIOKUTENbHbIN), T. €. d; = J7 / 2=1,32.
W3 nByx npyrux ypaBHeHUM cucreMsl Haxooum D; =-0,22 u D, =0,68.

C y4eTroM 3THX 3HAYCHUW MUMIYJIbCHAS MEPEXOJHAS XAPAKTEPUCTHKA OIl-
THUMaJIbHON CUCTEMBI IPUMET B/

k(t)=0,68-5(t)-0,22-exp(-1,32- ).

DTOM XapaKkTEpUCTUKE COOTBETCTBYET NEpeaaTouHas PyHKIUS
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0,22 s+1

W (s)=0,68 - =051 ————.
s+1,32 0,/6-s+1




MUHUCTEPCTBO HAYKH U BBICHIEI'O OFPA3OBAHUSI
POCCHUIMCKOMH ®EJEPAIINN
(I)euepa.ﬂbﬂoe rocyiapCcrB€eHHO€ aBTOHOMHO€ Oﬁpa3OBaTeJIl>Hoe YUpPEKACHUE
BbICIIIET0 00pa30BaHUs
«CEBEPO-KABKA3CKHUI ®EJEPAJBHBbIA YHUBEPCUTET
HEBUHHOMBICCKHI TEXHOJOI'MYECKUN UHCTUTYT
(PHITUAJT)

MeTonnueckne yka3zaHus K CaMOCTOSITEIHHOU paboTe
JUISl CTYICHTOB HaITPaBJICHHUS
15.03.04 «ABTOMaTH3anKsI TEXHOJOTHYECKUX ITPOLIECCOB U TPOU3BOJICTB)
10 JMCUMIINHE

«CJIYYAWHBIE MMPOLIECCHI B CUCTEMAX YIIPABJIEHUS»

HeBunnomsicck, 2023



Metonuueckne ykazaHUs pa3pabOTaHbl B COOTBETCTBUU C TPeOOBAHHMSIMHU
®I'OC BO B yacTtu coaepKaHHsl U YPOBHS NMOATOTOBKHU BBIITYCKHUKOB HalpaBJe-
Husi noarotoBkn 15.03.04 «ABToMaTu3anuys TEXHOJOTMYECKUX IMPOLECCOB H
MIPOU3BOJICTBY.

MeTonuueckue yka3zaHus COAEpPKAT PEKOMEHAAIMU MO OpraHU3allu Camo-
CTOSITEILHOM pabOThI CTYJIEHTA MPU U3YUCHUU TUCHUILIMHBI « CilyyaliHbIe MPOoIec-

Chbl B CUCTEMAX YIIPABJICHU).

CocraButenb noueHt kadeapsr UCOA J1.B. bonnbipes

OTBETCTBEHHBIN PEIAKTOP notent kadeaper MCOA A.A. EBgokumoB



COJIEPKAHUE

BBEIIEHUE. ..ottt et 4
1. OBIIASI XAPAKTEPUCTHUKA CAMOCTOSTEJIBHOM PABOThI
OBYYAIOIIMXCS ITPU U3YUYEHWH JJUCIATIIMHBI « CJTYYAMHBIE

[MTPOLECCBI B CUCTEMAX VIIPABIIEHMSI»....ccovviiiiiiiiiiiiiiiieeieeeieeeee 6
1.1. TTOATOTOBKA K JIEKIIHITM.....uneeeneeeneeeeneeeeeeeeeeaeeeenaeeeaeeeeneeeenaeeeneeseneeenneeeeeneennns 7
1.2. IToAroTOBKA K TA0OPATOPHBIM BAHATHSIM....ccccuvvreeeereeeeenereeeasssreeessssseseeassensnnnnens 9
1.3. CaMOCTOSITENBHOE N3YUEHUE MATEPUATIA TE€M...ceruevrreeenrrrreeeeeennnnrrreeeeeessnnnnnens 10

2. CPEACTBA OLIEHMBAHUNA YPOBHA COOPMHMPOBAHHOCTU
KOMITETEHIIUN OBYYAIOIUXCS ITPU N3YUEHUU JUCLUTIJIMHBI

«CJIYUYAVIHBIE TTPOLIECCHI B CUCTEMAX VIIPABJIEHUS»..................... 13
3. OTUHETHOCTD ITO AUCHUIIIIMHE........ccooiiiiiiiiiiee e 15
PEKOMEHIAYEMAS JIMTEPATYPA ...t 17



BBEJIEHUE
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1eIpl0  (POpMHUpPOBAHUE CIEAYIOMIMX KOMIETEHIMA Oyayuiero OakaiaBpa 10
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ABTOMaTI/IBaHI/IH TCXHOJIOTHYCCKHUX

HaIIpaBJICHUIO ITOATOTOBKH

IMpOoIECCOB U IMPONU3BOACTB.

Kon, popmynupoBka
KOMIIETCHIINN

Kon, popmynupoBka
WHAUKATOpa

[Imanupyemele
pe3yJbTaThl 00yUYEHHUs IO
JUCHUIUIMHE (MOYJIIO),
XapaKTEPU3yOLIUe
3Tanbl OPMUPOBAHUS
KOMIIETEHIIUM,
WHIMKAaTOPOB

VYK-2. Cnnocoben
ONpEeNeNATh KPYT 3aa4 B
paMKax MOCTABJIECHHOU
LEJIU U BBIOUPATh
ONTUMAaJIbHBIE CITIOCOOBI
WX PEIICHUS, UCXOJI U3
JIEUCTBYIOIIUX MPABOBBIX
HOPM, UMEIOIIIUXCS
PECYPCOB U OTpaHUYCHUI

N-1yk., Dopmynupyer
1eJTh TIPOEKTa, OTPeIes-
€T COBOKYITHOCTh B3a-
MMOCBSI3aHHBIX 33144,
00eCIeUnBaIoIINX €€ 10-
CTHDKCHHE B OTIPEIeIIseT
OKHJIAEMBIC PE3YJIbTAThI
pelieHus 3ajay;

DopmMynUpPyeT NOCTAHOB-
Ky 3aj71a4, ooecre-
YUBAIOUIUX JOCTHKECHUE
LEJIH; TPOrHO3UPYET
0XKHMJIaeMbI€ Pe3yJIbTaThl
pelieHust dJIeMeHTapHbIX
3aaa4

N-2yk., PazpabatbiBaet
IUIaH JeUCTBUM IJIsT
pelIeHus 3aa4 IpoeKTa,
BBIOMpast ONTUMAJIbHBIN
croco0 uX pelieHus, uc-
XOJs U3 AEUCTBYIOIINX
MPaBOBBIX HOPM U
UMEIOITUXCSI PECYPCOB U
OrpaHUYCHUU

Bri6upaet ontuManbHBbIM
croco0 pa3paboTku
MPOEKTa aBTOMATU3UPO-
BAHHOM CHCTEMBI 3as1B-
JIEHHOT'O KQ4eCTBa U 3a
YCTAHOBJIEHHOE BpeMsi

NJ1-3yk.. ObecrieunBaet
BBITIOJIHEHUE TIPOCKTA B
COOTBETCTBUU C YCTAHOB-
JICHHBIMM TEJISIMH, CPO-
KaMU U 3aTpaTaMH, UCXO-
I U3 JEUCTBYIOIINX Ipa-
BOBBIX HOPM, UMEIOIIUX-
Csl pECYPCOB U OTpaHUYe-
HMI, B TOM YHCJIE€ C UC-
MOJIb30BaHUEM LU PO-
BBIX HHCTPYMEHTOB

Pa3pabateiBaeT muiax pa-
OOTBI HAJl TPOEKTOM
aBTOMAaTU3UPOBAHHOMN
CHCTEMBI, oOecIie-
YUBAIOUIETO JIOCTUKEHUE
MMOCTABJICHHBIX IICJICH,
cOOJII0JIEHNE CPOKOB BbI-
NOJIHEHHUS padoT u
3aTpar, UCXOMs U3 JIeu-
CTBYIOIIIMX MTPABOBBIX
HOPM, UMEIOLITUXCS pe-

4




CypCOB ¥ OTPAHUYEHNN, B
TOM YMCJIE C UCTIOIB30BA-
HHUEM CPEACTB aBTOMATH-
3UPOBAHHOTO MPOEKTUPO-
BAHUS

ITK-2. CnocobeH yuact-
BOBaTh B pabOTax 1o
pacueTy U MpOeKTUPOBa-
HUIO CPEJICTB U CUCTEM
aBTOMATHU3aIIUU C UC-
MOJIb30BAaHUEM
COBpPEMEHHBIX HH(MOpMa-
ITMOHHBIX TEXHOJIOTHUH,
METOJ/IOB U CPE/ICTB
MIPOCKTUPOBAHUS

NJI-1nk.» PaccuntsiBaet
Y MIPOEKTUPYET CPECTBA
Y CUCTEMbI aBTOMATHU3a-
MU B COOTBETCTBUU C
TEXHUYECKUM 3aJIAHUEM.

CuHTE3UpYyET ONTUMAJIb-
HBIC CUCTEMBI yIIpaBJie-
HUs B COOTBETCTBUU C
TEXHUYECKUM 3aJaHUEM

NJ1-31x> Beimonasier
cOOp M aHaU3 UCXOHBIX
JAHHBIX IS pacdyeTa u
MIPOCKTUPOBAHUS
CPEIICTB M CHCTEM YIIPaB-
JICHUS C UCTIOJIb30BaHUEM
COBPEMEHHBIX MH(pOpMa-
IIUOHHBIX TEXHOJIOTHHA.

CuHTe3upyeTr onTuMallb-
HbIE CUCTEMBI yTIpaBJe-
HUS Ha OCHOBE Ipe/IBa-
PUTEIBHO COOPAHHBIX U
IPOaHATU3UPOBAHHBIX
UCXOJHBIX TAHHBIX C UC-
MIOJIb30BaHUEM
COBPEMEHHBIX UH(pOpMa-
IIMOHHBIX TEXHOJIOTUH

I'maBHBIMU 3amadaMu  JUCIHUILINHBI

ABJIAIOTCA .

YCBOCHHUC CTYACHTaMH

IMPUHIOMUIIOB aHAJIN3d U CHHTC3a CUCTCM YIIPABJICHUA, HAXOJAIMUXCS I10A BINAHUCM

CIIy4aliHbIX BO3ACHCTBUIA, MPUOOPETEHNE MPAKTUUECKUX HABBIKOB MCIOIb30BAHUS

METOJ/IOB TEOPHH ONTUMATILHOW (PHIIBTpAIIUN.

B PE3YIbTATC OCBOCHUA AVMCHUIIIIMHBI CTYJACHT OOJIKCH:

® 3HATb HPUHIMIIBI ABTOMATHU3alUHU ITPOU3BOJACTBA,

e yMeTh pa3pabaThiBaThb OOOOIIEHHBIE BApUAHTHI PELIECHUS MPOOJIEM, CBSI-

3aHHBIX C aBTOMaTHSaHHGﬁ ITPON3BOACTBA,

¢ BJIAJACTb HABBIKAMU dHAJIW3a BAPHUAHTOB OIITHMAJIbHOI'O IIPOIHO3UPOBAHUA

HOCJIG:,Z[CTBI/Iﬁ IIPUHATOIO PCIICHU:.

MCTO}]I/ILICCKI/IC YKazaHusa NpCAHAa3HAUCHBI JIs1 BBIMMOJIHCHUA CaAMOCTOATCIIb-

HOU paboTe mo nuctuiuinHe «CiydaiiHble MPOIIECCHl B CHCTEMaX YIPaBICHUS C

yuetom TpedoBanuii ®I'OC BO mis Hanpaiienus moaroroBku 15.03.04 — ABro-

MaTru3anusad TCXHOJOIMYCCKUX IIPOHCCCOB U IMPOU3BOACTB. Onn CHOCO6CTBYIOT

Jy4IIeMy YCBOEHHUIO CTYJIEHTAaMH TEOPETHUYECKUX TOJOKEHUH M oOecreunBaer

HpI/IO6peTeHI/I€ IMPAKTUYCCKHUX HABBIKOB II0 HCCICAOBAHHUIO 3JICMCHTOB M CHCTEM

ABTOMATHYECKOTO PETYJMPOBAHUS U YIIPABICHUS.
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1. OBIIASI XAPAKTEPUCTUKA CAMOCTOSATEJIbHOM PABOTHI
OBYYAIOIIUXCS IPU U3YUYEHUU JUCHUIIMHBI « CTYYAHHBIE
IMPOIECCHI B CUCTEMAX YIIPABJIEHU S

CamoctostenbHas padotra cryaeHToB (ganee — CPC) sBisercss HEOThEM-
JIEMOM COCTaBJISIIONIEH 00pa30BaTEILHOTO MPOIEcca B YHUBEPCUTETE U SIBIISICTCS
oOs3aTenbHON ISt Kaxaoro cryaeHTta. OcHoBHas nens CPC — ocBoeHue B moj-
HOM 00BEMe 00pa3oBaTENbHONW MPOrpaMMbl U MOCIEAOBaTeNIbHOE (POpMUpOBaHUE
KOMITETeHIIUH 3(P(HEKTUBHON CaMOCTOSTENbHON MpodecCHOHANBHON (MpaKTHye-
CKOM M Hay4YHO-TEOpeTUUYeCKOn) aestenbHOCTH. CamocTosTeNbHas pabdoTa KOH-
KpETHA 110 CBOEH MpPeIMETHON HAIIPaBIECHHOCTH U COITPOBOKIAETCS HENMPEPHIBHBIM
KOHTPOJIEM U OLICHKOM €€ pe3yJIbTaToB.

KonuuecTBo yacoB, OTBOAMMOE Ha CaMOCTOATENIbHYIO paboTy, onpeaensieTcs
y4eOHBIM ITUIAHOM HaripaBjieHust noarotosku 15.03.04.

CopeprkaTenbHO caMOCTOsITeNIbHAsI paboTa cTyneHToB onpenensercs OI'OC
BO mnanpasnenuss noarotoBku 15.03.04, nmporpammoil u y4eOHO-METOAUYECKUM
KOMILIEKCOM JUCHUIUIUHBI «CilydailHble TPOLIECCHl B CUCTEMAX YIIPABICHUSD.

MeTonuka OpraHu3aliu CamMOCTOSITEIbHOM paboOThl CTYJACHTOB 3aBUCUT OT
CTPYKTYpBbI, XapakTepa U 0cOOCHHOCTEW aucuUIUIMHbl «CiydaiiHble MPOIIECChl B
CUCTEMAX YIpaBJIEHUSN», 00bEMa YacOB Ha ee u3yuyeHue, Buaa 3aganui s CPC,
WHJIMBUAYJIbHBIX BOBMOKHOCTEH CTYJICHTOB M YCIOBUM YUEOHOU NESITEIHHOCTH.

@DopMbI CaMOCTOSTENBHOW PaOOThI CTYIEHTOB ONPEIENSIIOTCA COJIEpKaAaHUEM
mucuuIuiiHbl - «CiiydailHple TpoLecchl B CHCTEMAax YNPABICHUS», CTENEHbBIO
MOJITOTOBJIEHHOCTH CTYJIEHTOB. OHU MOT'YT OBITh TECHO CBSI3aHbI C TEOPETUYECKUM
KypCOM M HUMETh Y4YEOHBIH WM Y4eOHO-HMCCIEAOBATENbCKU Xapaktep. Dopmy
CaMOCTOATENLHON paboThl CTyNEeHTOB omnpeaensioT kapeapa MCOA npu paspa-
00TKe Mporpammbl JUCHUIUIMHBI «CilydailHble MPOLIECCHl B CHCTEMAX YIIpaBie-
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CamocrosiTenbHass paboTa MOXKET OCYIHIECTBISITHCS WHIAWBUIYATBHO WU
rpynnamMy CTYJEHTOB B 3aBHCHMOCTU OT II€JIM, 00beMa, KOHKPETHON TEeMaTHUKH
CaMOCTOSITEILHOM PabOThl, YPOBHS CJIIOKHOCTU, YPOBHSI YMEHUN CTYJIEHTOB.
CPC, ne mpemycMOTpeHHass o0O0pa30BaTEIbHOM MPOTPAMMOM, YUEOHBIM
IJIAHOM U y9eOHO-METOIUYCCKUMH MaTepuaiaMH, PAaCKPhIBAIOIIUMHA U KOHKPETH-
3UPYIOIIMMHU UX COJIEPKAHUE, OCYLIECTBIISICTCSl CTYJICHTaMU WHUIIMATUBHO, C 1Ie-
JIBIO pean3aluu COOCTBEHHBIX YUEOHBIX U HAYUHBIX UHTEPECOB.
B yueGHOM mporiecce BBIICTSIOT ayIUTOPHYIO U BHEAYJIUTOPHYIO CaMOCTOS-
TEJIBHYIO padoTy.
AynautopHasi caMocTosATeNbHas padoTa 1o auciuruinae «CirydaifHple mpoliec-
CBI B CHICTEMaX YIIPABJICHH BBITOTHICTCS Ha YUSOHBIX 3aHIATHIX (JCKIUIX, TIPAK-
TUYECKUX, JTA0OPATOPHBIX B3aHIATHSAX H KOHCYJBTAIMAX) TIOI PYKOBOJCTBOM
MPEnoIaBaTesis U Mo ero 3aJaHulo.
BneayautopHasi camocTosiTelbHAsE padoTa CTYJICHTOB BBINOJHSAETCS BO BHEa-
YAUTOPHOE BpeMs IO 3aJIaHUI0 U MPU METOAMYECKOM PYKOBOJCTBE M KOHTPOJIE
npenojaBaress, Ho 6e3 ero HenocpeacTBeHHoro yyactusi. CPC Bkitouaer B ce0si:
® TIOJITOTOBKY K ayJAUTOPHBIM 3aHATUSAM (JICKITMOHHBIM U TPAKTUICCKUM) H
BBHITIOJIHEHUE COOTBETCTBYIOIINX 33/ IaHHI;

e paboTy HaJ OTAETHHBIMU TeMaMHU y4E€OHBIX TUCIUIUINH (MOJIYJIEH) B CO-
OTBETCTBUU C YU4EOHO-TEMAaTUYECKUMH TJIAHAMU;

®  BBINOJHEHNE KOHTPOJBHBIX PadoT;

® TIOJTOTOBKY KO BCEM BHJIaM IMPOMEKYTOYHBIX U UTOTOBBIX KOHTPOJBHBIX

UCTBITAHNH.

1.1. IloaroroBKka K JeKIUAM

I'maBHOE B nepuoa MmOoAroOTOBKU K JICKIIMOHHBIM 3aHATUSAM — HAYUYUTBCA MC-

TOdaM CaMOCTOATCIBHOI'O YMCTBCHHOI'O Tpyldd, CO3HATCIIbBHO pPa3BHBATL CBOU

TBOPYCCKHUC CITOCOOHOCTH | OBJIaACBAaTh HABBLIKaAMH TBOp‘IGCKOfI pa6OTI>I. I[J'ISI



ATOr0 HEOOXOJMMO CTPOTO COOJIIOIAaTh AUCLUHUIUIMHY Y4eObl U MmoBeAeHUs. YeTkoe
IUIAaHUPOBAHHUE CBOEr0 pabOyero BPEMEHU U OTIbIXa SIBISETCS HEOOXOIUMBIM
YCJIOBHEM JJIsl YCHEIIHOW CaMOCTOSTEIbHOM paboThl. B OCHOBY €ro HyXHO IO-
JIOXKUTH paboyme MporpaMMbl U3y4aeMbIX B CEMECTPE AUCLUILINH.

Kaxnomy cTyneHTy clieqyeT COCTaBISTh €KEHENENbHBbII UM CEeMECTPOBBII
IJIaHbI pabOThI, a TAKXKE TUIAH Ha KaxJbld pabounii neHb. C Bedyepa Bcerga Hajo
pacnpenensiTh padoTy Ha 3aBTpallIHUM JeHb. B KOHIlE KaXkaoro aHs 1enecoodpas-
HO MOJIBOJUTH UTOT PabOThI: TIIATEIHHO MPOBEPUTH, BCE JIM BBIIIOJIHEHO MO HaMe-
YEeHHOMY IUJIaHy, HE ObUIO JIU KaKWUX-TMOO OTCTYIUICHWH, a €Clii OBbLIN, M0 KaKOu
OPUYMHE 3TO Ipou3ouwo. HyKHO OCyIEeCTBIATE CAMOKOHTPOJIb, KOTOPBIN SIBJIS-
eTcsi HeOOXOIUMBIM YCIOBHEM YCIEIIHOM y4yeObl. ECiM 4TO-TO OCTalloCh HEBBI-
MOJTHEHHBIM, HEOOXOAMMO U3bICKaTh BpeMs IS 3aBEpPUICHHs 3TOM yacTu paboThl,
HE YMEHbIIasi 00beMa HebHOIO IJIaHa.

Cnymanue u 3anuch JIEKUUMHA — CJOKHBIA BHJI BY30BCKOW ayJAUTOPHOU pa-
00Tbl. BHUMaTENbHOE ClTylIaHUE W KOHCIIEKTUPOBAHUE JIEKIIUN TPEIIoiaraeT uH-
TEHCHUBHYIO YMCTBEHHYIO IESTENbHOCTh CTyJeHTa. KpaTkue 3amucu JeKIuid, ux
KOHCIIEKTUPOBAaHUE MOMOraeT yCBOUTH y4eOHbIM marepuas. KoHcmekT siBisieTcs
IIOJIE3HBIM TOI'/IA, KOTJA 3allMCaHO CaMO€ CYILECTBEHHOE, OCHOBHOE M CZEIJIAHO 3TO
camMuM cTyJeHToM. He Hajo ctpeMuTthbes 3anucarh JOCIOBHO BCHO JIEKIUIO. Takoe
«KOHCIIEKTHPOBAHMUE» NMPUHOCUT OOJIbILIE BPEa, YeM MOJb3bl. 3aMUCh JIEKIHUI pe-
KOMEHJIyeTCsl BECTH IO BO3MOXHOCTH COOCTBEHHBIMH (opmyinpoBkamu. Ke-
JATEeJIbHO 3alKUCh OCYUIECTBIISITh HAa OJIHOM CTpaHHMIIE, a CIEAYIOLIYI0 OCTaBJISATh
JUIS IPOPAa0OTKU y4eOHOTO MaTepHralia CaMOCTOSITENIbHO B IOMAIIIHUX YCIIOBUSX.

KoHcnekT nexkiuit gyuiie nojapasaeisaTh Ha MyHKThI, naparpadsbl, coomtoaas
KPacHyIO0 CTPOKY. JTOMY B OOJIBIIION CTENEeHH OyayT CIOCOOCTBOBATH IMYHKTHI
IUTaHA JIEKLUH, NIPEIIIOKEHHBIE TpenojaBaresaM. [[puHunnuansape MecTa, onpe-
neneHus, GopMyIlibl U JAPYTroe CIeayeT COMPOBOXKIATh 3aMEYAHHUSIMHU «BaXKHOY,
«0Cc000 BaXKHO», «XOPOIIO 3aIOMHUTH» U T.M. MOXXHO AenaTh 3TO U C TMOMOIIBIO
Pa3HOLBETHBIX MapKepoB WK pyduek. Jlydiie ecnu oHM OyayT COOCTBEHHBIMH,

yTOOBI HE MMPUXOJUIIOCH ITPOCUTH UX Y OJHOKYPCHHUKOB U TEM CaAMbIM HC OTBJICKATDH
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ux BO Bpems Jnekmuu. llemecooOpazHo pa3paboTaTh COOCTBEHHYIO «Map-
Korpaduro» (3HaA4YKH, CUMBOJIBI), COKpalieHus ciioB. He numHuM OyneT u uzyde-
HUE OCHOB cTeHorpaduu. PaboTtas HaJ KOHCIEKTOM JIEKUUMI, BCEr/1a HEOOXOIUMO
UCIIOJIb30BaTh HE TOJBKO YUEOHUK, HO U Ty JIUTEPATYpPY, KOTOPYIO JOMOJHUTEIHHO
peKoMeH 10BN JeKTop. IMEeHHO Takas cephe3Hasi, KpOIoTauBas paboTa C JeKIIu-

OHHBIM MAaTCPHUAJIOM I1O3BOJINT FJ'Iy6OK0 OBJIAACTh 3HAHUAMMU.

1.2. IToaroroBka K J1a00paTOPHBLIM 3aHATHAM

Jliist TOro 4To0bI 1a0OpaTOPHBIE 3aHATHS MPUHOCUIN MAaKCUMAJIbHYIO MOJIb3Y,
HEOOXOAMMO TMOMHHUTh, YTO YIpa)KHEHUWE M pELIEHUE 3a/ad MPOBOISATCS IO
PAacCCMOTPEHHOMY Ha JIEKIUSAX MAaTepualy U CBS3aHbl, KaK MPaBUJIO, C AETAIbHBIM
pa3z0dopoM OTIENBbHBIX BOMPOCOB JIEKIIMOHHOTO Kypca. CrielyeT NoJ4epKHYTh, YTO
TOJIBKO TOCJI€ YCBOEHUS JIEKIIMOHHOTO MaTepuaia ¢ ONpe/IeJICHHOM TOUYKU 3pEHUs
(a UIMEHHO ¢ TOM, ¢ KOTOPOM OH M3JIaraeTcs Ha JEKUHUAX) OH OyJeT 3aKperiaThbCs
CTYJEHTOM Ha JIaDOpaTOPHBIX 3aHATUAX KaK B pe3yJibTaTe 00CYKJIEHUS U aHalIn3a
JIEKIIMOHHOTO MaTepHalia, Tak U C TOMOUIBIO pelIeHUs] MPOOJIEeMHBIX CUTYyallUi, 3a-
nad. IIpu 3TuX yCIIOBHAX CTYJEHT HE TOJIBKO XOpOILIO YCBOUT MaTepuai, HO U Ha-
YUMTCS IPUMEHSATD €r0 Ha MPAKTHUKE, a TAKXKE MOJYUYUT JONOJIHUTEIBHBIN CTUMYII
(¥ 3TO OYEHB BAaXKHO) JIJIs1 aKTUBHOW MTPOPAOOTKH JIEKIUH.

[Tpu caMOCTOSITEIBHOM pEIICHUH 33]]a4 HY>KHO OOOCHOBBIBATh KaXKIBIN 3TaIl
pElIeHUs, UCXOAsl U3 TEOPETUUYECKUX MOJOKEeHU Kypca. Eciu CTylneHT BUIUT
HECKOJIbKO MyTeW peIIeHus MpoOsieMbl (3aauu), TO HYXXHO CpPaBHUTh HX U
BbIOpaTh camblil panuoHanbHbIMA. [loe3Ho 10 Hayana BBIYMCIEHUH COCTABUTH
KpaTKU TJIaH peuieHust npoodsemsl (3agaun). Pemenue npoOieMHbIX 3a1ad WK
MPUMEPOB CJEAYET U3JlaraTh MoAPOOHO, BEIUMCIICHUS pacloyiaraTb B CTPOroM Io-
pAAKe, OTAENAs BCIIOMOraTelIbHbIE BBIUMCIEHUS OT OCHOBHBIX. PenieHus mpu He-
00XOJIMMOCTH HYKHO COIPOBOXKIATh KOMMEHTApHsIMHU, CXEMaMH, YepTeKaMu H

PUCYHKAMHU.



CrnenyeT MOMHUTH, YTO PEIICHUE KAXKIOW y4eOHOU 3aJauu JOJKHO JOBOAM-
ThCS JI0 OKOHYATEJIBHOTO JIOTUYECKOTO OTBETA, KOTOPOro TpeOyeT yClIOBUE, U IO
BO3MOXXHOCTH C BbIBOJIOM. [loiydeHHBI OTBET CIEAYET MPOBEPUTH CIIOCOOAMH,
BBITEKAIOIIUMH M3 CyllecTBa AaHHOU 3ajnauu. [lose3Ho Takxke (€ciau BO3MOMKHO)
peliaTh HECKOJIBKUMU CIIOCO0aMU M CPAaBHUTH MOJTYUCHHBIC pe3yJIbTaThl. Perenue
3a/1a4 TAaHHOTO THUIA HY>XHO MPOJ0JIKATH JO MPUOOPETEHUS] TBEPJIbIX HABBIKOB B

X PCIICHHH.

1.3. CamocTosiTe/IbHOE U3yYeHHE MaTepHaJia TeM

Koncrniekr — nanbosiee coBepiiieHHas ¥ HamOoJee ciokHas ¢opMa 3aIucHu.
CI0BO «KOHCHEKT» MPOUCXOJUT OT JATUHCKOTO «conspectus», 4To 03HadaeT «00-
30p, W3JI0KEHHE». B NpaBUIBHO COCTaBIEHHOM KOHCHIEKTE OOBIYHO BBIJECICHO
caMoe OCHOBHOE B M3y4aeMOM TEKCTE, COCPEIOTOYCHO BHUMaHKE Ha Hanboee cy-
IIECTBEHHOM, B KPAaTKUX U YETKUX (POPMYJIHPOBKAX 000OILEHBI BaXKHbIE TEOPETHU-
YECKHUE MOTOKEHHUSL.

KoncnekT mpezacraBiser co00il OTHOCUTENBHO MOAPOOHOE, MOCIEA0BATEIb-
HOE€ U3JIO’KEHUE CoAep Xk aHMs MpoyuTaHHOro. Ha mepBhIx mopax 1enecoodpaszHo B
3anucsx OJMXKe JepKaTbes TEKCTy, Ipuberas 3a4acTylo K NpsSMOMY LIUTHPOBAHUIO
aBTopa. B mampHeiimem, mo Mepe BHIpaOOTKM HABBIKOB KOHCIIEKTUPOBAHUS, 3aITH -
cu OyyT HOCUTH Oosiee CBOOOAHBIN U CXKAThIA XapakTep.

KoHcniekT kHUTH OOBIYHO BEAETCA B TeTpaau. B camoMm Hadaje KOHCIEKTa
yKa3bIBaeTcsl (aMuiIMs aBTOpa, MOJHOE Ha3BaHUE MPOUM3BEICHHS, W3/1aTEIbCTBO,
rog U mecto u3fanus. [Ipu nuTUpoBaHUMM 00s3aTENbHAs CCHUIKA HA CTPaHMILY
kHurH. Ecnu miutara B3sita U3 coOpaHusi COYMHEHUH, TO HEOOXOIUMO yKa3aTh CO-
oTBeTCTBYIOIIMM TOM. ClielyeT MOMHUTh, YTO YETKasl CChUIKA HA UCTOYHUK — HE-
IPEMEHHOE MPaBUJIO KOHCTIEKTUPOBaHUs. EciM KOHCIEKTUPYETCsl CTaThs, TO yKa-
3BIBAETCSI, TJI€ U KOT/1a OHA Obljia HareyaTaHa.

KoHncnekT moapasaensercs Ha 4acTH B COOTBETCTBUU C 3apaHee MpOoJyMaH-

HBIM IIJIAHOM. HYHKTBI II'TaHa 3allMChIBAIOTCA B TCKCTC HMJIM HaA ITOJIAX KOHCIICKTA.
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ITucate ero pekoMeHAyeTCs YeTKO U pa300pUmnBO, TaK Kak HeOpe)KHasl 3aIlliCh C Te-
YEHHUEM BPEMEHU CTAaHOBUTHCS MAJIOTIOHATHOM /1sl ee aBTopa. CyIlecTByeT paBu-
J10: KOHCIIEKT, COCTaBJICHHBIN JIJIA ce0sl, JOJDKEH OBITh IO BO3MOXKHOCTH HaITMCaH
TaK, 4TOOBI €T0 JIETKO MPOYUTAT U KTO-THOO0 APYTOH.

®opMbI KOHCIIEKTa MOTYT OBITh Pa3HBIMHU M 3aBHUCST OT €T0 IICJICBOI0 Ha3HA-
yeHus (M3ydeHHE Marepuaia B IIEJIOM WM IO/ OINPECIICHHBIM YIJIOM 3PCHHS,
MOATOTOBKA K JOKJaIy, BRICTYIJICHUIO Ha 3aHATHHU U T.J.), @ TAKXKE OT XapakTepa
npousBeAcHUs (MOHOTpadus, CTaThs, JOKYMEHT | T.1.). Ecau peds uaer mpocrto
00 U3IIOKEHUU COJIep)KaHMS pabOThI, TEKCT KOHCIIEKTa MOXKET OBITh CIUIONIHBIM, C
BBIZICJICHUEM OCO00 Ba)KHBIX IIOJIOKCHHM TOAYEPKUBAHMEM WJIW Pa3IMYHBIMH
3HAYKaAMH.

B ciyuae, korja He OrpaHUYMBAIOTCS MEPEIOKEHUEM COJIep KaHus, a PUKCH-
PYIOT B KOHCIIEKTE U CBOM COOCTBEHHBIC CY)KICHUS 10 JJAHHOMY BOIIPOCY WJIH JIO-
MOJTHSFOT KOHCIIEKT COOTBETCTBYIOIIMMH MaTEpHaIaMH WX JPYTHX HCTOYHHKOB,
ClIeayeT OTBOJUTH MECTO ]I TaKoro pojia 3amuceil. PekoMeHyeTcs pas3iaenuTh
CTpaHHMIIBI TETPAIU IOIOJAM I10 BEPTUKAJIM W B JIGBOW YaCTH BECTH KOHCIIEKT
MIPOU3BEICHUS, a B MPABOM CBOM JIONOJHHUTEIBHBIC 3aIMCH, COBMEIAs UX IO CO-
JepP KaHUIO.

KoHcnekTupoBanue B Oobllield Mepe, 4YeM JIpYrue BUJIbI 3alIUCEH, TOMOTraeT
BBIpa0aThIBaTh HABBIKH MPABHIIBHOTO HM3JI0KCHHS B IMMCHbMEHHOW (hOpPME Ba)KHBIC
TEOPETHUYECKUX M TPAKTUYECKUX BOMPOCOB, YMEHUE YETKO WX (HOPMYJIUPOBATH U
SICHO M3J1araTh CBOMMH CJIOBaMH.

Takum o00pa3om, cocTaBieHHE KOHCIEKTa TpeOyeT BAYMYMBON pPabOTHI,
3aTpaThl BPEMEHU W TPyJa. 3aTO BO BpeMs KOHCIEKTHPOBAHUS MPUOOPETAIOTCS
3HaAHUsA, co3/aeTcs GOH/I 3aruceil.

KoHcnekT MoXeT ObITh TEKCTyaJdbHBIM HJIM T€MaTHYeCKUM. B TekcTyanbHOM
KOHCITEKTE COXPAHSIETCS JIOTHKA U CTPYKTYypa H3y4aeMOro MPON3BEICHNUS, a 3aIHCh
BEJIETCS B COOTBETCTBHH C PACTIOJIOKECHUEM MaTepuasia B KHUTE. 3a OCHOBY TeMa-
TUYECKOTO KOHCIIEKTa OepeTcs He TUIaH MPOU3BEICHHUS, a COACP)KaHNe KaKOH-Ir00

TEMBbI UM TTPOOJIEMBL.
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TexkcTyanbHbI KOHCIIEKT JKENAaTeIbHO HAYMHATh I10CIIE TOr0, KaK BCsS KHHIA
[IPOYMTAHA U MPOLYMaHa, HO 3TO, K COKAJICHUIO, HE BCErla BO3MOXKHO. B niepBy1o
ouepeb He0OXOAMMO COCTABUTH IJIaH NMPOU3BEICHNUS MMCbMEHHO WM MBICJIEHHO,
MOCKOJIbKY B COOTBETCTBUHU C THM IUIAHOM CTPOMTCA JanbHeumas padota. Kon-
CHEKT BKJIIOYAET B CeOsl TE3UCHI, KOTOPHIE COCTABIIAIOT ero ocHoBy. Ho, B oTiuune
OT TE3UCOB, KOHCIIEKT COAEPKUT KPATKYHK) 3allMCh HE TOJIBKO BBIBOJIOB, HO H
JI0Ka3aTeIbCTB, BIUIOThH O (paKTUYECKOro Matepuaina. MlHade roBopsi, KOHCIEKT —
ATO PACUIMPEHHBIE TE3UCHI, JOMOJHEHHBIE PACCYKJICHUIMU U JOKa3aTEIbCTBAMM,
MBICIISIMU ¥ COOOPaKEHUSIMU COCTABUTEJS 3aITUCH.

Kak nmpaBuiio, KOHCIIEKT BKJIIOYAET B CEOs M BBHIITUCKH, HO B HETO MOTYT BOUTH
OTJIEJIbHBIE MECTAa, IUTUPYEMbIE JOCIOBHO, a TaKXe (PaKThl, MPUMEPHI, LUDPHI,
TaOJIMIBI U CXEMBI, B3ATble U3 KHUTH. ClieayeT MOMHUTh, 4TO paboTa HaJl KOHCIEK-
TOM TOJBKO TOrAa OyAeT TBOPUYECKOW, KOIrJla OHAa HE OrpaHuyYeHa TEKCTOM
M3y4aeMoro npousseneHus. HyKHO HOMOMHATh KOHCIIEKT JaHHBIMU U3 APYTUX UC-
TOYHHUKOB.

B xoHcnexkTe HEOOXOIUMO BBIACIATH OTIENIbHBIE MECTA TEKCTa B 3aBUCHMO-
CTH OT UX 3HAUUMOCTH. MOKHO MOJIb30BaThCs Pa3IMUHBIMHU CIIOCOOAMU: MOJUEp-
KUBAaHUSIMM, BONPOCUTEIBHBIMU W BOCKJIMLATEIBHBIMA 3HAKaMHU, PEIUIMKAMU,
KPAaTKMMH OLICHKaMHM, INHCaTh Ha IOJISAX CBOMX KOHCIIEKTOB CJIOBA: «BAXKHOY,
«OUYEHBb BAXKHO», KBEPHO», «XAPAKTEPHO.

B KOHCHEKT MOryT NOMeIaTbCs AMarpaMMbl, CXE€Mbl, TaOJHIIbI, KOTOpPbIE
MPUIAAYT €My HATJISIHOCTb.

CocTaBieHUIO TEMATHYECKOTO KOHCIIEKTa MPEAIIECTBYET TIIATEIbHOE U3yYe-
HUE BCEH JIUTEpaTyphl, MOJOOPAaHHOM VISl pacKpbITUS AaHHOW TeMbl. briBaeT, uTo
Kakas-mub0 TeMa paccMaTpUBAeTCs B HECKOJBKHMX TJlaBax WM B Pa3HbIX MeECTaxX
KHUTH. A B KOHCIIEKTE BECb MaTepHall, OTHOCSIIUNCA K TeMe, OyJIeT COCpPeI0TOUEH
B OJJTHOM MecTe. B miaHe KOHCIEKTa peKOMEHAYETCS AenaTh TOMETKH, K KAKHUM UC-
TOYHMKAM (BIUIOTH [I0 CTPAHUIIBI) TPUIAETCS OOpATUTHCA ISl PACKPBITHS
BOINPOCOB. TeMaTWyecKuili KOHCHEKT COCTaBISETCA OOBIYHO MJI TOrO, YTOOBI

FJ'IY6)K€ N3YYHTDb OHpeI[eHCHHBIﬁ BOIIPOC, MOATOTOBUTLCA K JOKJIAAY, JCKIMU WA
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BBICTYIUIEHUIO HA CEMUHAPCKOM 3aHSTUU. Takol KOHCHEKT MO COACPKAHUIO MPH-

ommkaeTcs K pedeparty, T0KIaay 1Mo u30paHHON TeMe, OCOOCHHO €CJId BKJIIOYAeT U

COOCTBEHHBIN BKJIAJl B U3yYEHUE TPOOIEMBI.

2. CPEACTBA OINEHUBAHHUA YPOBHA COOPMHUPOBAHHOCTH

KOMIETEHIUN OBYYAIOIIUXCA ITPU U3YUEHUU

JACHUNIAHBI «CJTYYAVMHBIE MPOLIECCHI B CUCTEMAX

W

N o v A

10.
11.
12.
13.
14.
15.
16.
17.

YIIPABJIEHU

Bonpocsl 1j151 codecenoBaHus

Oco00EHHOCTH CTOXAaCTUYECKUX CUCTEM.

BHyTpeHHNE 1 BHENIHUE CITy4YalHbIE BO3/ICUCTBUS.

HccnenoBanne CTOXaCTUYECKUX CUCTEM CTAHIAPTHBIMU U CIIELIMAIIU3UPO-
BAHHBIMHU MeTOoAaMU. JIOCTOMHCTBA M HETOCTATKU METOIMK.

[ToHsITHE O CITy4allHOM MpolLieCCe.

Peanusanus cirygaiiHOTO mponecca.

CeueHus Cly4aliHOTO IpoLecca.

OpHoMepHblE W MHOTOMEpHBbIE (YHKUMU paCHpe/iesieHus, OCHOBHBIC
BU/IbI PACTIPEACIICHUN.

OpHOMEpHBIE 1 MHOTOMEPHBIE TUIOTHOCTH BEPOSATHOCTH.

Cpeanee Mo MHOKECTBY (MaTeMaTUYECKOE OKHUJIaHUE).

Cpennee no BpEMEHHU.

Jucrnepcus.

CpenHeKBaIpaTUYECKOE OTKIOHEHHE.

[ToHsiTHE O KOPPEIALMOHHON (QYyHKLIHUU.

KoppensitnonHast GyHKIMS CTAlIMOHAPHBIX CIIy4YalHBIX MPOIIECCOB.
B3auMmHas koppensauroHHas QpyHKIus.

OCHOBHBIE CBOWMCTBA KOPPEISIITUOHHBIX (PYHKITUH

[TonsiTue o CHGKTpaHBHOﬁ IIJIOTHOCTH.

13



18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.

31.

32.

33.
34.
35.

36.
37.
38.
39.
40.
41.

CrnexTpanbHas INIOTHOCTh CTALIMOHAPHBIX CIIyYalHBIX MPOLIECCOB.
B3auMmHas criekTpanbHas INIOTHOCT.

OCHOBHBIE CBOVMCTBA CIIEKTPAIBHBIX INIOTHOCTEM.

L{eHTpUpOBaHHBIE CITyYANHBIE TPOLECCHI.

MapkoBCKHE ClTy4allHbIE TPOLIECCHI.

CranuoHapHbIE U HECTAIMOHAPHBIE CIIyYaWHbIE MPOLIECCHI.

DprouyecKue CiaydaiiHble MpOLECCHI.

DU3NYECKUI CMBIC KOPPEISIIIMOHHON (DYHKIIMH.

OcCHOBHBIE BUIBI KOPPEIAIUOHHBIX (DYHKITHIA.

PU3NYECKUN CMBICI CIIEKTPAIbHON IUNIOTHOCTH.

OCHOBHBIE BUJIbI CHEKTPAIbHBIX IIJIOTHOCTEM.

CBsi3b MEXAY CTATUCTHUYECKUMH XapaKTEPUCTUKAMM CIIyYalHBIX MPOLEC-
COB Ha BXOJI€ ¥ BBIXOJIE JMHEWHON CUCTEMBI yIIPABIICHUS.
CratucTndeckre XapakTepUCTUKU BBIXOJHBIX CIyYaWHBIX MPOLECCOB BO
BPEMEHHOH 00J1acTH.

CratucTrudeckre XapakTEpPUCTUKU BBIXOJHBIX CIIYYallHBIX MNPOIIECCOB B
4aCTOTHOM 00acTH.

XapakTEepUCTUKU BXOJHBIX M BBIXOJHBIX CUTHAJIOB JINHEMHOW CHCTEMBI,
HaXOJAIIEHCS MO/ BIUSHUEM CITy4YalHbIX BO3JACHCTBUMN.

MaremaTtnueckoe ONMMCaHUE CUCTEMBI.

Pacuer peryJisipHOi COCTaBIISIIOLIEN BBIXOAHOTO CUTHAJIA.

Pacuer neHTpHpOBAaHHOW CIyYaliHOW COCTAaBIISIIOIIEH BBIXOJHOTO CHUTHA-
Ja.

3agaun, permaeMble CHCTEMOI.

Omnepatop cucteMbl. Bujibl onepatopos.

dopmupyomye u 0TOeIUBaroNe GUILTPHI.

Cratuctrdeckast ONTUMU3ALNS CUCTEMBI.

Kpurepuit MuHUMyMa CpeTHEKBAAPATUUECKON OIIHOKH.

Oco0eHHOCTH CUHTE3a ONTUMAIbHOW CUCTEMBI IIPU 3aIaHHON CTPYKTYpE.
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42. OcoOeHHOCTH CHUHTE3a ONITUMAIIbHON CUCTEMBI TIPU MPOU3BOJIBLHOU CTPYK-
Type.

43. Gunbtp Bunepa, ypaBHenue Bunepa-Xonda. OntumManbHOCTH B
YCTaHOBUBLIEMCS PEXHME.

44. OnpenerneHre ONTUMAIBHBIX aPAMETPOB CUCTEMBL.

45. OnpeneneHue ONTUMAIBHOW CTPYKTYpPBI M ITapaMeTpPOB CUCTEMBI. MeTo-
nuka lHlennona-bone.

46. OuibTp Kanmana-berocu. ONTUMaNbHOCTD B IEPEXOTHOM PEKUME.

Kpurepuu oueHuBaHMA KOMIIETEHIU T

OueHka «32a4TEeHO0» BBICTABIISETCS CTYAECHTY, €CJIM OH TBEPJIO 3HAET MATEPH-
aJ1, TPAMOTHO U IO CYILIECTBY U3JIAaraeT €ro, NPaBUIbHO IMTPUMEHSET TEOPETUUECKUE
MOJIOKEHHSI TPU PEIICHUH MPaKTUUYECKUX BOMPOCOB M 3ajad, BajeeT HeoOXo-
JVMMbIMU HABBIKAMU U MPUEMAMH UX BBINOJHEHUA. J[OMYyCKAaIOTCS HEKOTOPHIE HE-
TOYHOCTH, HEIOCTATOYHO MPABWIbHBIE (POPMYIUPOBKH B H3JI0KEHUH MPOTPaAMM-
HOTO MaTepualia, 3aTpyIHEHUS TPU BHIMIOJHEHUH MPAKTUUECKUX paldoT.

OueHKa «He 3a4YTEeH0» BBICTABISCTCS CTYACHTY, €CIM OH HE 3HAeT 3HAYU-
TEJILHOM YacTH MPOTrpaMMHOTO Marepuaia, JOMYCKAeT CYIIECTBEHHbIE OIIMOKH,

HCYBCPCHHO, C OOIBIITUMU 3aTPYAHCHUSAMU BBIIIOJIHACT IMPAKTHYCCKHUC 3aJlaHHA.

3. OTYHETHOCTD 1O JMCHUITJIMHE

B pamkax peWTHHIOBOW CUCTEMBI yCIEBAEMOCTh CTYAEHTOB IO JACLMUIUIMHE
OLICHMBAETCS B XOJI€ TEKYLIEr0 KOHTPOJS YCIIEBAEMOCTH M IPOMEXKYTOYHOM aT-
TECTALUU.

MakcuMallbHO BO3MO>KHBIN 0aJlT 32 BECh TEKYITUH KOHTPOJIb YCTaHABIUBACT-
csa paBHbIM S55. Texkyuiee KOHTPOJIBHOE MEPOIPUITUE CUMUTACTCS CIAHHBIM, €CIIU
CTYJEHT ITOJIy4un 3a Hero He MeHee 60% OT yCTaHOBJIEHHOTO ISl 3TOI0 KOHTPOJIS

MaKCUMaJIbHOTO Oaiiyia. PEUTUHTOBBIN Oalijl, BEICTABISEMBIN CTYICHTY 3a TEKYyIIee
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KOHTPOJIbHOC MCPOIIPUATHC, CAAHHOC CTYACHTOM B YCTAHOBJICHHBLIC Fpa(bHKOM

KOHTPOJIbHBIX MEPOTIPUITUIA CPOKH, OTIPEEIISIETCS CIIEYIOITUM 00pa3oM:

VYpoBeHb BBIMOJHEHUSI KOHTPOJIbHOTO | PeittunroBsiil 6ayn (B % oT Mak-

3a/IaHus CUMaJIbHOTO Oajijia 3a KOHTPOJbHOE 3a-
JTAHUE)

OTanyHbIMi 100

Xopomuu 80

Y 10BIIETBOPUTEIBLHBIN 60

HeynBneTrBopurenbHbIN 0

IIpome:kyTouHas aTTecTanus

[Tporieaypa 3aueTa Kak OTJAEIbHOE KOHTPOJIHHOE MEPOTIPHUSATHE HE MPOBOIUT-
Csl, OICHWBAaHKME 3HAHUN O0YYaromIerocsl MPOUCXOAUT IO pe3ybTaTaM TEKYIIETO
KOHTPOJISL.

HToroBas olleHKa MO JUCIHILTUHE, H3y4aeMO B OJJHOM CEMECTpPE, ONPeIeIsi-
eTCs 10 cymMMe 0aiuioB, HaOpaHHBIX 32 pabOTy B TEYCHUE CeMecTpa, U 0aJUIOB, TO-
JyYEHHBIX MPHU cAade dK3aMeHa:

[lkana mepecdera pPEeUTUHTOBOTO Oauia MO JUCIHUIUIMHE B OLEHKY MO S-

OaJUIBHOM CUCTEME

PeliTHHTOBBII 0aJUT IO JUCIUILUINHE Or1eHka 1o 5-0a/UIbHOU cUCTEME
88-100 OTangHO

72-87 Xopo1io

53-71 Y IOBJIETBOPUTEIBHO

MeHee 53 HeynoBnerBoputenbHO

JlJisi CTy/I€HTOB OYHO-3204HON (OpMbI OOyUeHUsS PEHUTHMHIOBAsl OIL[EHKA 3HA-

HUW HE MPEyCMOTPEHA
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