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Moayab 1 OcHOBHbIE MOHSATHSI MOIEJTUPOBAHNS U YIIPABJIEHUS CHCTEMAMM

Tema 1.1. OcHOBHBIE MOJIOKEHUSI TEOPUU CUCTEM

JIEKIIUA 1. CYIIHOCTH MW HNPUHIUIIBI CHUCTEMHOI'O
HOAXOJA K HCCIEJOBAHHUIO CJIOKHBIX JUHAMHUYECKHUX
OBBEKTOB.

1. IMousiTue cucrembl. IIpUHIUI «4ePHOTO ALUKA»

Omnpenenenue 110001 KOHKPETHOW CHCTEMBI SBISETCA NPOU3BONIbHBIM. [lo
CYILLIECTBY, BCS BCEJIEHHAas COCTOMT M3 MHOXKECTBA CHCTEM, KaxJas M3 KOTOPBIX
COJIEP)KUTCS B OoJiee KPYMHOM cHCTeMe MOAOOHO MHOXKECTBY MyCTOTENbIX KyOWKOB,
BJIOXKEHHBIX JpYyr B Jpyra. Tak e, Kak BCEerja MOYKHO IpeACTaBUThH cebe Ooiee
OOIIMPHYIO CUCTEMY, KyJa BXOJIUT JaHHAs, BCETJa MOXXHO BBIACIUTH W3 JIaHHOM
CUCTEMBI 00JI€€ OTPAaHUYEHHYIO.

CrnenoBaTenbHO, NPU CTPEMIICHUM MCCIIEIOBAaTh BCE BO3JACHCTBHUS, BIIMSIOLINE
Ha KaKOW-TMOO €TMHUYHBIN MaTepUadbHbI 00BEKT, HEOOXOAMMO pacCMaTPHUBATh €ro
KaK 4acTb HEKOTOPOM CUCTEMBI. JTa CHUCTEMA SIBJIAETCS CUCTEMOM IIOTOMY, YTO OHa
COCTOUT M3 B3aMMOCBSI3aHHBIX YacTE€d M B OINPEIACICHHOM CMBICIE MPEACTABIISET
co00i1 3aMKHYTOE 11EJI0€.

Cucmema — LIEIOCTHBIM KOMIUIEKC B3aHMOCBSI3aHHBIX 31€MEHMO6, UMEHOUIUN
ONPENEIEHHYIO CPYKmypy U B3aUMOAECHCTBYIOIUUI C gHewnel cpedoil.

Brewnss cpeda — Bce TO, YTO HE BOILIO B CUCTEMY.

Brigenenue cucteMbl HOCUT CyOBEKTUBHBIN XapakTep U TpeOyeT HATUIHs:

® 00vekma, COCTOSILIETO W3 MHOKECTBA AJIEMEHTOB, CBS3aHHBIX B HEKOTOPYIO
COBOKYITHOCTb;

® (cyOvekma, NCCIEYIONIEro OBEACHNE O0BEKTA;
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® yenu ucciedoBamnusl, XapakKTepHU3yIolle OTHOIIIEHHE HAa0I01aTeNs K O0BEKTy U
ompeensioneld Habop pacCMaTpUBAEMbIX JJIEMEHTOB M WX CYIIECTBEHHBIX
CBOICTB.

B naubosiee oOmieM ciiydae cucTeMa MOXKET ObITh MpEJICTaBIeHA KaK «YEPHBIN

AMUK». JJaHHBINA TEPMUH BBEJI aHTTTUHCKUAN yUEHBIH-KHOEpHETUK Y. D1Iou.

Bxo0ut: Cucrema, Boixoowi:
npeoOpasyromias BXOIbI
X B BBIXO/IbI Y

«UepHubvim AauuKom» UMEHYIOT TaKOW 00BEKT, BHYTPEHHSISI CTPYKTYpa KOTOPOTO
HE W3BECTHA, INOBEJICHHE €ro OIMCHIBAECTCS TOJBKO 3aBUCHMOCTBIO BXOJOB OT
BBIXO/JIOB.

Bx00wb1 — xaHaJBI, C TOMOIIBIO KOTOPBIX BHEIIHSSI Cpe/ia BIUSET HA CUCTEMY;
gyepe3 BXOJIbI M3 BHEIIHEH Cpeabl B CHUCTEMY IMOCTYHAIOT BEIIECTBO, DHEPTHUS WA
uH(pOpMaLs.

Bovixoobr — xaHanbl BIUSHUS CUCTEMbl Ha BHEIIHIOIO CpPENy; YEPE3 8b1X00bl Y
PE3yNbTaThI MPOIIECCOB MPE0OpPa30BaHUs BXOI0B ITOCTYMAIOT BO BHEITHIOIO CPEY.

BBenem 0003HaueHUS:

® MHOXECTBO BXOJIOB cucTeMbl: X = {X;! = {X,, X,, ..., X,,};
® MHOXECTBO BBIXOOB cucTeMbl: ¥ ={Y;} = {Y, Y, ..., ¥,}}
OTcrosia cucTeMa THIa «9EPHOTO SIUKA» MOXKET ObITh ONPE/ICICHA KaK:
Y={R}X (1)

rae {R} - npeoOGpa3oBaTesib BXOJI0B B BBIXO/IBI.

Ilpeumywecmea koHyenyuu «4epHo20 AWUKA». TAET BO3MOKHOCTU U3YUCHUS
MOBEJICHUSI CUCTEM, BHYTPEHHEE YCTPOHUCTBO KOTOPHIX HEWU3BECTHO WJIM HE SIBIISICTCS

npeaMeToM u3ydeHus (Hanpumep, craHok ¢ YITY, nomeHnHas neys).

Heoocmamxu KoHyenyuu.: BO3MOXHOCTH MCCICJOBAHUSA «HUYCPHOI'0 AMIHUKA»
A0CTATOYHO OI'paHHUYCHBI, T.K. Ooiee ACTAJIIBHOC UCCICAOBAHUC MMPCAIOJaracT 3HaHHUEC

CTPYKTYPbI CUCTEMBI.
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2. DJIeMEeHT U CTPYKTYPA CHUCTEMBI

Ilepsuunvim Inemenmom cucmemsyl SBISETCS OOBEKT, BbIMIOIHAIOIIUI
orpeieieHHble (YHKIMU U HE MOJUIeKAIIUN JajdbHEHIIeMy pa30MEeHHI0 B IpaHUIax
JAHHOT'O HUCCJIEJIOBAHUS.

KoHuenuuss mepBUYHOrO »JIEMEHTA IMO3BOJISIET MPOU3BOJIUTH CTPYKTYPHBIN
aHaJlu3 CHUCTEMBbI, MPUYEM 3JIEMEHTHI SIBISIFOTCS MOIYJSMU CTPYKTYPBI, «UE€pPHBIMU
SUIMKaMI», BHYTPEHHSISI CTPYKTYPa KOTOPBIX HE SIBJISIETCS MPEAMETOM HCCIIEIOBAHMS.
L{e10CTHOCTD CUCTEMBI 00ECTIEUNBACTCS CBSI3IMU MEXKIY €€ HJIIEMEHTaMHU.

CocTtaB 37eMEHTOB M CHOCO0 HMX OOBEAMHEHUS OMNPENCISIIOT CHpPYKmypy
cucmempl. DopmManzyeM MOHITHE CTPYKTYPbI CUCTEMBI.

Cucrema npeaACTaBACT coOoM COBOKYITHOCTb KOHCYHOI'O YH1CJia IMOACUCTCM:

S=1{s.}i=11 (2)

1

rne Vvs,eS,;
ﬂSi =5 ;
i
s, =s.
Bce noacucteMbl B3aMMOCBSI3aHbI MEXAY COOOM:
A=(Si(S,.8, i # i jel (3)
I71€ A - OTHOIIIEHHUE CBSI3H.
Otcrona B HauboJsiee 00IIEM BHUIE CTPYKTypa CHUCTEMbI OMpeNesseTcs
CJIEIYIONTUM 00pa3oM:
G = <{Si }’A> (4)
Casi3u, obecnieunBarole B3aUMOJEHCTBUS 3JIEMEHTOB CUCTEMbI MEXK]y COOOM
U C BHEIIHEW Cpelol, pasHOOOpa3HBI TaK ke, KaK CBOWCTBa 00bekTa u cpenbl. [Ipu
aHAJIM3€ U CUHTE3€ CUCTEMbl IPUHUMAIOT BO BHUMAHUE JIMIIb CYUecmeenHvle CBsI3N, a

IMpOo4YnuMHn HpeHe6pera}0T, paccMaTpuBasd UX KaK IIOMCXH UJIN KIIYM)).

CTpyKTypa CUCTEMHI SIBJISIETCS HanboJiee yCTOMUNBON €€ XapaKTePUCTUKOM.
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CTpyKTypa CUCTEMBI C OOPATHOM CBS3BIO

BHyTpeHHSIs1 CTPYKTYpa CUCTEMBI ONPEACIIAET €€ COCTOSIHUS.

Cocmosanue cucmemobt — BHyTPEHHSISI XapAKTEPUCTUKA CUCTEMBI, ONpeAesieMas

COBOKYITHOCTBIO ITapaMETPOB.

CUHCTEMA
X; Y,

B X U, U,,...,.U Y, Buemnss
HEIHsAs cpena
cpena '

X » - Yo

U={U}={U, U,,..., U} - cOCTOSIHHS CUCTEMBL.

Kaaccudguxanus cucrem

KuaaccuguxanuoHHbIN NPU3HAK

Buanl cucrem

1. Cnoco6 mpeoOpa3oBaHuUs BXOTHBIX

napaMcTpoOB B BBIXOJIHBIC

¢ JIMCKPCTHLIC,

® HENPEPHIBHBIC
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® 3aKpLITBIC,

2. Hanuuwue cBS3U ¢ BHEIIHEN Cpeaoit ® OTKpBHITHIE
3. U3MeHeHnEe COCTOSTHUS CUCTEMEI BO ® CTaTHYECKHUE;
BpEMEHU e JMHAMHYECKHE

® JIETEpPMUHUPOBAHHBIC;

4. Tlpupona noBeIeHUs CUCTEMBI U €€ ® CTOXAaCTUYECKHE
3JIEMEHTOB

5. HeogHopoaHOCTS, ® IIPOCTHIE;
Pa3HOKA4YE€CTBEHHOCTh 2JIEMEHTOB U ® CIIOXKHBIE;

CBsI3eH ® OuYeHb CIIOXKHBIC (OOBITHE)

B coorBercTBMM ¢ TpeACTaBICHHOW Kiaccudukarued BBeIeM  psll

ONPENECTICHHM.
1. ®@yukyuonanvnas cucmema.
Ecnu S siBnsieTcst pyHKIIHMEH:
S:X->Y ®))

rie X = {X;} — BXOJbI CUCTEMBI;

Y = {Y;} — BBIXOJBI CUCTEMBI,
TO COOTBETCTBYIOIIAsl CUCTEMA HA3BIBACTCS (DYHKYUOHANLHOLL.

Ilpumeuanue. VIHpIMu cI0BaMHM, Takas CHCTEMa IPEACTaBIsET CO00M «UepHBIN

AWK, TJI€ MPEe0Opa30BaHKE BXOJOB B BBIXOIbI 331a€TCSI HEKOTOPOU (DyHKITHEH:
Y = f(X) (6)
OyHKIMOHAIBHAS CHUCTEMA MOXKET ObITh KaK JUCKPETHOH, TaK U HEMPEPHIBHOM.
2.  Juckpemnasa cucmema — cucreMa, B KOTOpOH mpeoOpa3oBaHUE BXOJOB B
BBIXOJIBI pacCMaTpUBAETCS B (PUKCUPOBAHHBIE MOMEHTHI BPEMEHHU.
3. Henpepvienaa cucmema — 1peoOpa3oBaHME BXOJOB B  BBIXOJbI
paccMaTpuBaeTCsl Kak HeTPEPBIBHBIN MpoIiecc.
B naumbonee oOmeM cnydae ¢yHKIMOHAIbHAS CHCTEMa KakK OOBEKT

KUOEPHETUKH SIBISIETCA OTKPBITOM, JMHAMHUYECKON, CTOXaCTUYECKOI.
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4. Oml('pblma}l cucmema — CUCTCMA, COCTOAHUC KOTOpOﬁ 3aBHCHUT OT (baKTOpOB

a |

s

X Y

BHEIIHEUN CPEBI.

MHO0XeCTBO BXOIHBIX BO31eHCcTBUI X BK/IIOYAET B ceOd IBa IIOAMHOKECTBA:
° YOPaBJISIOMIMX BO3AeHCTBUI X, - HaOOp (pakKTOpOB BHYTPEHHEMU
cpenbl, cChOPMHUPOBAHHBIX B OTBET HA BHEIITHUE BO3JCHCTBUS,
o BO3MYILAIOMIMX Bo3aehcTBUi (2 — HabOp (hakTOpOB BHEUIHEH
cpeabl, Han0oJee 3HAaUMMBbIX JIJIs CHCTEMbI B ITAHHOE BpEMS;
Otcrona GpyHKIMOHABbHAS MOJENIb CUCTEMbI IPUHUMAET BU/L:
S:XxQ->Y (7)

U1 MOACJ/Ib OTKprTOﬁ CUCTCMBI OIIPECACILICTCA KaK (1)YHKI_[I/IH:

y=f(x,0) (8)

I€ X, — YIOPaBISIOLINE BO3JACHCTBUS;
® — BO3MYIIAIOIIHE BO3CHCTBUSI.
Ecnu yuecTb, 4TO Ha BBIXOJbl CUCTEMBI BJIUSIOT HE TOJBKO BXOJIbl, HO U

BHYTPCHHEC COCTOAHUC CUCTCMbI, UMCCM:

¥ = f(x,,0u) ©

5. ,Zluuamultecmm cucmema — CHCTEMA, COCTOAHUC KOTOpOﬁ HN3MCHSCTCA BO

BpeMeHH. B m000i1 MOMEHT BpeMEHU COCTOSIHUE TAKOW CUCTEMBI CYTh (DYHKITHSI:
u(t)=o[tt,u(t)t<ttceT (10)
rA€ ! - IPOU3BOJIbBHBIM MOMEHT BPEMEHH;
T - MOMEHT BPEMEHH, IIPEALIECTBYIOIINN PAaCCMaTPUBAEMOMY;

U (T ) - COCTOSIHME CUCTEMBI B MPEIIIECTBYIOIINI MOMEHT BPEMEHH.

OTcroga MOAENbI0 TUHAMUYECKONW OTKPBITOW CUCTEMBI SIBISETCS QYHKIHS:

y(t)= flx,(0)o@)u()lieT (11)
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A€ X, (1) — ynpaBJsOIIUe BO3JICHUCTBUSI B MOMEHT BPEMEHHU ;
® () — BO3MYIIIAIOITME BO3CHCTBHS B MOMEHT BPEMEHH f;
u(t) - COCTOSIHME CHCTEMbl B MOMEHT BpeMeHHU !¢ (ompenensiercs (popmyron
(10)).
6. Cmoxacmuueckasa (eéepoamHocmuas) cucmema — CUCTEMA, I KOTOPOU
MepPexXoJ] M3 COCTOSHUS B COCTOSHUE OCYIIECTBISICTCS CIydalHBIM 00pa3oM.
Mopenpto  CTOXaCTUYECKOM  OTKPBITOM JUHAMHYECKOM CUCTEMBI  SIBIISIETCS

ciyvaitHast QyHKIMS:

y(O)=Elx (o()ul)lieT (12)

Paccmotpennsbie coiictBa (5) — (12) nexat B OCHOBE OINpPENEIEHUS CIOXKHOMN

CHCTCMBEI.
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JIEKIIUA 2. OCHOBHBIE XAPAKTEPUCTUKHU CUCTEMBI

Baxneimeld  XapakTepUCTHUKOHW  CUCTEMBI  SIBISICTCS  pa3HoobOpasue,
ONPEAEISAIOLIEE YACIIO PA3JIUYHBIX COCTOSIHUM CUCTEMBI.

Ecnu pasHoobOpasue cuctemMbl MPEeBOCXOAUT BO3ZMOKHOCTH aHAIW3a M CHUHTE3a
BCEX €€ DJIEMEHTOB M CBSI3€M MEXIy HHMH, TO TaKas CUCTEMa HA3bIBACTCS 00aAbULOU
cucmemoii. Kax mnpaBusio, OOJBIIME CUCTEMBI SIBISIOTCA CUCTEMAMH CLONCHLIMU.
dopmanu3yeM MOHATHE CIOKHOU CUCTEMBL

CaoxHasi cuUcTeMa TPEJACTaBIsACT COO0OM JTUHAMHUYECKYIO, OTKPBITYIO,

BEPOATHOCTHYIO CUCTEMY, ONPEACIISIEMYIO CIEAYIOIIMMHU ITapaMeTpaMu:
S=(T®,X,,Q,UY,GR) (13)

rae 1 - MHOKECTBO MOMEHTOB BPEMEHU;
@ - MakpO(yHKLIUS CUCTEMBIL;
X;— MHOXECTBO YIPABIISIIOIIMX BO3ICHCTBUM;
() — MHO»X€CTBO BO3MYIIAIOIINUX BO3JCUCTBUIA;
U — MHOXECTBO COCTOSIHMI CUCTEMBI;
Y - MHOX€ECTBO 3HAUCHUI BBIXOJIHBIX BEINYNH,
G - CTPYKTypa CUCTEMBI;
R - oTHOLLIEHWE AMEPAKEHTHOCTH.
I. T - MHOXeCTBO MOMEHTOB BPE€MEHM, TAKHUX, UYTO MEXIYy HUMHU 3aJIaHO

OTHOIIEHHUE TIOPs/IKa (MHOKECTBO YIIOPA0UYEHHBIX MOMEHTOB BPEMEHH)
e =Tttt #t,3t,.1, €T (14)

2. @ - MakpOQYHKIHS CHCTEMBI SIBISICTCS KOJIHMYECTBEHHBIM BBIPAKEHHUEM
IIEJI CUCTEMBI U 3aBUCUT OT YIPAaBIISAIONIETO Bo3aecTBHs X;. Bribop MakpodyHKIINN
o0OecrieunBaeT  JOCTIKEHHS  TpeOyemoro 3HaueHuss Y,. Takum  oOpaszom,
Makpo(YHKIIHUS CBsI3aHa C PEIICHUEM TJI00aTbHOM 3a/1a4u, CTOSIICH Mepei CUCTEMO:
QX 5Y, X, cX,Y,cY (15)
O6ocHoBaHMe BBIOOpA OMPEIECICHHOTO BUAa MaKpO()yHKUIMU MPOU3BOIUTCS B

COOTBETCTBUU C HEKOTOPBIM 3BPUCTHYECKOM KPUTEPHUEM Y :
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nyctb {@;, D,,..., ;! — HEKOTOPbI KOHEUHBIM HAOOp (DYHKIMI, CBS3aHHBIX C

LIEJILIO CUCTEMBI S:

d):e)\cvtr{de},jzl,J (16)
3. MHoXkecTBO BO3MYIIAKIIMX BO3AEHCTBHIA () HEIMYCTO:
Q=0 (17)
1. CymectByer mepexoanasi ¢pynkuusa U, 3HAUCHUSIMH KOTOPOW CIy»KaT

coctosiHuA (cM. popmyny (10)) cuctemMbl B MOMEHT BPEMEHHM ¢ € T, €CJIM B HaYaJIbHBIM

MOMEHT BPEMEHU T < ¢ OHA HAXOIMJIACh B COCTOSHUM u(t)e U, U B TEYEHHE OTPE3KA
[T, ) Ha Hee AelCTBOBAIM BXOIHbIEC BO3JICUCTBUS x € X :
u(t)=o(t,v,u,x)u(t)eU (18)

Ilpumeuanue. B nHaumbosiee oOiieM ciydae mnepexojHas (YHKIUs SBISIETCS

CIIy4ailHOM (BEpOSITHOCTHOM).

2. Crtpykrypa cuctembl G B CHJIy MHOTrooOpasusi CBSI3€H W 3JIEMEHTOB
CUCTEMBI OIpe/ieiieT HauboJee CYIECTBEHHbIE CBA3M A MEXy €€ dJeMeHTaMu (CM.
bopmyst (2) — (4)):

G =({s.}.4) (19)

3. OTHomleHHEe JMEPIKEHTHOCTH R 3a7a€T COOTBETCTBUE MEXKIY
Makpo(YHKIIMEH CUCTEMBI U PEATU3YIOUIEH €€ CTPYKTYpOr U U3MEHSIETCS BCSIKUM pas,
KOTJ]a ’TO COOTBETCTBHE HAPYIIAETCS:

R:®>G (20)

OmeposxceHmHocms — CBOMCTBO CUCTEMBI, COCTOSIIIIEE B TOM, YTO CUCTEME Kak
L[EJIOCTHOCTH, MPUCYIIU TAaKUE XapaKTEPUCTUKHU, KOTOPbIE HE MMEIOT OTJIENbHBIE €€
AJIIEMEHTBHI.

OcHosHble  Xapakmepucmuku — CAONCHOU — cucmemvl:  SMEPIKEHTHOCTb,
MHOTOYPOBHEBOCTh, JAMHAMHU3M, CTOXAaCTUYHOCTb, HMHEPIMOHHOCTh, OTKPBITOCTh U

AJaIlITUBHOCTD.
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OcHOBHBIE
XapaKTepuCTH
KH CJO0KHON

CHCTEMBI

— OMEP/IKEHTHOCTh

— MHOI'OYPOBHCBOCTD

— JHMHaAMH3M

— CTOXAaCTHYHOCTb

[ HHCPHOHUOHHOCTH

— OTKPBITOCTb

— aJalITUBHOCTDb

CBOMCTBO CHCTEMBI, COCTOSIIIEE B
TOM, YTO CUCTEME KaK I[ETOCTHOCTH,
OPUCYIIM TaKUE XapaKTePUCTHUKH,
KOTOpbIE HE HMMEIOT OTJEIbHbIE €€

DJIIEMEHTHI
HaJu4yue  pa3IM4YHbIX  YPOBHEU
UCCIICIOBAHNs CUCTEMBI, KaXKJbIH U3

KOTOPBIX UMCCT CBOU O0COOCHHOCTH

OBICTPOE U3MEHEHUE NTapaMeTPOB

CUCTCMbI BO BPpCMCHHU

BEPOSITHOCTHBIN XapakTep

IOBCACHHUA CUCTCMBI

3amna3JblBaHUC pC€aKIMu CUCTCMbI HA

YIIPABJISIFOIINE BO3ACUCTBUS

HaJU4YHUe€ B3aMMOCBS3U C «BHEIIHEH

cpenomn»

CIIOCOOHOCTH TeHepUpPOBAThH
CUTHAJIbI, KOMIIEHCUPYIOLIUE
BO3MYIIIAIOLINE BO3JECHUCTBUS,

HalpaBJICHHBIC Ha MW3MCHCHHUC HX

TEKYILINX CBOUCTB
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Tema 1.2. MoaenupoBaHue CUCTEM

JEKIHUA 3. MOHATHUE MOJEJIN CUCTEMBbBI, KTACCUDUKAITUS
MOJIEJIEA

1 Konuenuus mogenu. U3omoppusm u romomopdusm

B mpouecce mo3HaHUS OKpPYXKAIOIIEr0o MUpa Yy 4YellOBEeKa BbIpaOaThIBAIOTCS
NpPEICTaBICHUST O TEX WM MHBIX CBOMCTBAX OKPYXKaOMMX OOBEKTOB U UX
B3auMOCBs3sX. OHU (HOpPMUPYIOTCS B BHUJE OMMCAHUI ATUX OOBEKTOB Ha OOBIYHOM
A3bIKe, (DUKCUPYIOTCS B BUJE PUCYHKOB, IpadukoB, GOpMyn MU peaau3yroTcs Kak
MakeTbl WM JApyrue ycrpoictBa. IlomobHble cnocoObl omucaHusi 0000IIAIOTCS B
€IMHOM TIOHATHUU — MOJEJIb.

Mooeny — npencraBienre 00beKTa B HEKOTOPOl opme, OTIMYHON OT (POpMBI
UX PEaJbHOTO CYIECTBOBAHMS.

Mooenuposanue — NOCTpOCHUE U U3YICHHUE MOJIEICH 0O0BEKTOB.

llpeomemom mooenuposanusi MOTYT OBITh KOHKpPETHbIE U aOCTpaKTHbBIC
00BEKTHI, ACHUCTBYIOIINE U MPOEKTUPYEMbIE CUCTEMBI.

B kubepHeTHUYECKOM MOAETUPOBAHUNA OCHOBHYIO POJb UIPAET CXOJACTBO
NOBEJCHUSI W/UIU CTPYKTYpPhl OpUTHHAJIa U MOJEIH, Pa3IMuus B COJACPNKAHUU HE
UMEIOT OIpPEAETSAIONIer0 3HAU€HUs, TIOCKOJIbKY CXOAHBIE 3aBUCUMOCTH MEXIY
BXOJIaMH U BBIXOJIAMU MOTYT OBbITh, IO OIpPEACNICHUI0, pPEaTu30BaHbl OOBEKTAMHU
paznuyHO mpupoasl. [lpum aHanm3e MOBeNEHUS CHUCTEMbl OOBIYHO CTPEMATCS K
CIIEYIOIIEMY:
® U3Y4YuTh IMOBEJECHHE OOBEKTa, KAaK LIENOCTHOW CHUCTEMBI, HCHOJb3YysS MOJEIb

«UYEPHOTO SIIIUKAN;
® OMNpeAeIuTh MPUINHBI OBEIEHUS 00BEKTa C MMOMOIIBIO MOJIEIEH, PACKPBIBAIOIINX
€ro BHYTPEHHIOIO CTPYKTYPY.

MopenupoBanue npuoOperaer 0coboe 3HaAUeHUE MpPU H3YYEHUU OOBEKTOB,
HEJOCTYIHBIX B MOJHON Mepe MPsIMOMY HaAOJIOIEHUIO WM SKCIIEPUMEHTHUPOBAHHIO (B

HYaCTHOCTH, SdKOHOMHNYCCKUX 06’I)GKTOB).
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Ecnu mexay nByms oObeKTaMH MOXET ObITh YCTAaHOBJIEHO CXOJCTBO XOTs ObI B
KaKOM-JIN0O OJHOM OIPEJCICHHOM CMBICIE, TO OJWH M3 3THX OOBEKTOB MOXKET
paccMaTpHUBaThCS KaK OpUTHHAI, a IPYrod — Kak ero Mojieiab. OTHOIIEHUE «OpPUTHHAII-
MOJIENbY» MOTYT UMETh MECTO HE TOJBKO MEXIY JABYMS, HO U MEXIY JIIOOBIM YHUCIIOM
o0bekToB. OIleHKa aJeKBAaTHOCTH TMAaphl «OPUTHHAI-MOJCIBY» MOXKET OBITh
OCYILIECTBJICHA C UCIIOJIb30BaHUEM MOHITUH u30MOppuszma u comomoppusma.

PaccmoTpum opuruHan o0beKTa Kak «4EPHBIN SAMUK» ¢ BEKTOPOM BXOIOB X(2) 1
BbIX0JI0B Y(?). Ilpu mnutenbHOM HAOMIOJAEHUU 3a TOBEACHHEM OOBEKTa MOXKHO
JOCTUTHYTh TaKOT'O YPOBHS 3HAHUM €r0 CBOWMCTB, UTOOBI MPEICKA3bIBATh €0 BBIXOIbI
MpU PA3IMYHBIX 3aJaHHBIX M3MEHEHUSX ero BXO0M0B. OgHAKO 1axe TpH CaMOM
JUTUTEILHOM H3YyYEHUH «YEPHOr0 SIIMKA» HEBO3MOXXHO TOJYYUTh OJHO3HAYHOE
MPEACTABICHHNE O €ro BHYTPEHHEM YCTPOWCTBE, IOCKOJIBKY OJHH M TEM K
MOBEJICHUEM MOTYT 00JlafjaTh CHUCTEMBI Pa3IMYHON CTPYKTYphl U (HU3UUIECKOM
IPUPO/IBI.

Paccmotpum aBe cuctembl 4 U B, onMChbIBaeMble CIEIYIONMMUA BEKTOPAMH:

® BXOJbI XA(xIA,sz,...,xmA) Hu XB(xIB,XZB,...,xmB);
e BLIXOIBI Y, (¥, VssrVs) B Yy (V50 VogrerV,s ) COOTBETCTBEHHO.

["oBopsT, uto cuctemsl A U B uzomopghusl, ecnu ass 1o060ro MOMEHTa BpEMEHH
t € T cOOIOIAETCS YCIIOBHE:

X () =X5(0) 40 =Y(0)
XZA(t)=X25(t) - YzA(t)=st(t)

----------------------------------------------------

X ()=X,() Y, (0)=Y,5(1)

(1)

H30mopnbimu HAZBIBAIOTCS CHUCTEMBI, OIMHAKOBBIE JUIsl HAONIOAATENs,
CJIEIISIIETO TOJBKO 32 MX BXOJAMHU M BBIXOJIAMHU. 37€Ch N30MOPHHU3M TPAKTYeTCs KaK
MJICHTUYHOCTh TIOBEICHUS PAacCMAaTPHUBAEMBIX CHCTEM B HEKOTOPOH cpese, ¢ KOTOpOu
OHHM KOHTAaKTHUPYIOT Yepe3 CBOM BXOJbI M BhIXOHbI. [Ipu 3TOM cuctembr A u B mMoryr
UMETh pPa3Hyl0 (PU3NYECKYI0 TpHupoay (TMpUMEphl: MECTHOCTh M Teorpadudeckas

KapTa, 00BEKT CheMKH U oTorpadusi, HACTOSIINN CAMOJIET U €T0 MAKET).
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Opnako m3oMop(dH3M HE SABIAETCS HEOOXOAMMBIM YCIOBHEM COOTBETCTBHS
MOJENU OpurMHanay. YacTHBIM CIy4aeM OTHOIIEHUS «OPUTHHAI-MOJCIBY SIBIISICTCS
20MOMOPPU3M.

T'omomopghusm XapakTepu3yeT 0OJJHO3HAYHOE COOTBETCTBUE MEXKTY COCTOSTHUEM

cucteM A u B 1 HeogHO3HaYHO-00paTHOE cOOTBETCTBUE (pHC.1).

A B

Puc. 1. 'omomopdHbIe cuCTEMBI

ITycte cuctema A - opurunan. Cucrtema B - Mosiens cuctemsl A, mojiydeHHas
U3 CUCTEMbI A TIyTeM ee ynpouleHus (YMEHbIIEHHS YHUCIa pacCMaTPUBaEMBbIX
MEPEMEHHBIX 3a CUeT UX 00beauHeHus). Cucrema A uMeeT pa3MepHOCTh n, a B -
pa3MEepHOCTh M < n.

Ecnu ipu 5TOM KaKI0My COCTOSIHUIO A OTBEYAEeT OJHO ONPENEIEHHOE
cocTosiHHE B, HO HE KaKIOMy COCTOSIHMIO B 0TBEUaeT 01HO COCTOSHHE A, TO CUCTEMY
B HazwIBatOT 2c0omomopghnoii mooenwvio cuctems A.

Utaxk, moodenb — amo comomopusiii 0bpaz opucunaia.

2 DkKoHOMHKO-MaTeMaTudeckue moaeau. Ux kinaccupurkanus

MopenupoBanue — METOJN, TMOBBIMIAIINN 3(PHEKTUBHOCTh  YIPABICHUS
CUCTEMOM KakK KHOEpHETHMYECKUM OOBEKTOM. MaTreMarhudeckoe MOJeIUPOBaHNE
MO3BOJISIET M3y4YaTh U ONTUMHU3UPOBATH MOBEIAEHUE HUCCIEAYEMON CHUCTEMBI IMyTEM
(GbopMaIbHOTO TPEACTABICHUS €€ CBOWCTB, II€J€BOM (PYHKIIMU YIpaBICHUSA,
HaKJIaJIbIBAEMbIX OIPaHUYCHUH.

IKOHOMUKO-Mamemamuieckoe MOoO0eiuposanue paccMaTpuBaeT MNOCTPOCHUE
MOJENeH, MCIOJIb3YEMBbIX JIJIsl YIIPaBIECHUSI SdKOHOMUYECKUMU 0ObEKTaMHU.

DKoHOMUKO-Mamemamuueckas mooeap - 370 GHOpMaIu30BaHHOE OIKMCAHUE
PA3JIMYHBIX YKOHOMUYECKUX SIBICHUM, UCCIIEIOBAHUE KOTOPHIX MO3BOJISIET MOJYYUTh
HE0OX0MMYI0 HMHGOPMAIIUIO JJIs pealn3aluM IeJie ympaBieHUs MOJETUPYEeMOM

CUCTEMOI.
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TpeboBanus, MpeabsIBIsIEMble K SKOHOMUKO-MAaTEMAaTHYECKUM MOJICIISIM:

® [IOCTPOCHHE Ha OCHOBE SKOHOMHUYECKOW TEOPUU M OTPAKEHHE €€ OOBEKTUBHBIX
3aKOHOB;

® TMpaBUWIbHOE OTOOpa)keHWEe (PYHKIMH W/WUIU CTPYKTYpbl H3y4aeMoOM pealbHOM
SKOHOMMYECKOI CUCTEMBI;

® VIOBJIETBOPEHUE OMPEICICHHBIM MAaTEMaTUYECKUM YCIOBUSAM (Pa3peuriuMOCTh,
COTJIACOBAHHOCTH Pa3MEPHOCTEH U T.1I.).
Kaxk u Bcsakas MoJienb, SJKOHOMHKO-MaTeMaTHIeCKast MOACIb SIBJISICTCS
VIPOIIEHHBIM OTPAKEHUEM PEATBHOCTH, BBIICIISIS HAMOO0JIee CYIIIECTBCHHbIE
(dhaxTopsl (mepeMeHHbIe). [lepeMeHHbIE B SKOHOMHKO-MAaTEMATHUYECKUX MOJEISAX
JEJSTCS Ha 2 TPYIIbL:

1. Ok3o0cenmnvie (6newinue, Hezagucumole) - UX BEIMUUHA ONPEIETSAECTCS BHE MOJIEIH.

2. DHOocenHbie (BHYymMpeHHUe, 3aeucumvle) - WX 3HAYCHHUS YCTAHABJIMBAIOTCS B
pe3ynbTaTe penieHus MOICIIH.

Knaccnpukanus IKOHOMHUKO-MATEMATHYECKUX MO/ eJIel

KanaccupuxanuoHHbIN Tunsl mopesien
NPU3HAK
1. Vuer ¢akTopa BpemeHu ® CTaTUYECKHE;

® JTHMHAMHYCCKUC

2. Hanuuwue 3ama3pIBaHust e KHHeMaTuyeckue (Oe3bIHEPIUOHHEIE);

MCXKAY BXOJ0M H BbIXOAOM ® HMHCPUOHOHHBIC

® JICCKPUIITHUBHBIE;
3. Onpenenenue cOCTOSHUSA ® HOpPMAaTHUBHBIE

o0BbeEKTA

Cmamuueckas 3KOHOMUKO-MAMeMamMu4eckas mMooejb B 06IIICM BHUAC MOXKECT

OBITh MPEJCTABICHA TaK:
Y = Flx,,0,a] 2)

rie X, — HK30TCHHbIE yIpaBisieMble IEpeMEHHbIE (yUTeHHBIE (DAKTOPHI);
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® — DK30TE€HHBIC HEYIIPABIsIEMbIC IEPEMEHHBIC (HEyUTEeHHBIE (DaKTOPHI);

oL - mapameTpbl MOJIEIIH;

Y - sHnorenHbie nepeMeHHbIe (BBIXOAbI, OTKIIUKH);

F - onpenensier BUJ PYHKIIMOHAIBHON 3aBUCUMOCTH SHJOTE€HHBIX MEPEMEHHBIX
OT 3K30TC€HHBIX.

[Ipy wu3yyeHUM AUMHAMUKH 3KOHOMHYECKOM cuctemMbl B (opmyiny (2)

nobasisiercst pakTop BpeMEHHU:

Y(t)= Fx,(¢)o(t) 0] 3)

B cBow ouepenb, AMHAMUYECKHME MOJIENU JENATCS HAa KUHeMAamuyeckue u
UHepYUOHHbLe.

Kunemamuueckaa (0e3viHepyuonHnas) mooenb — MOJIeNb, OCHOBaHHAas Ha
MPEANONIOKEHUHN, YTO PEaKUHUsl CUCTEMbl Ha BXOJHBIE BO3JCHUCTBUSL SIBIISIETCS
MTHOBEHHOM, TO €CTh (PaKTHYECKH CYIIECTBYIOIIME B JI0O0W peasbHON CcHCTeMe
3ama3/blBaHus (J1arv) MEXKAYy BXOJOM U BBIXOJIOM HE YUUTHIBAIOTCHI.

Hnepyuonnaa mooenp yUUTHIBAET 3ala3[blBAHUE PEAKIMU BBIXOJOB Ha
U3MEHEHHE BXOJ0B B CHCTEME.

@opMaNbHO OTIIMYMS MEXKIYy KHHEMATHYECKOM U HMHEPLUOHHOM MOJIEIBIO
MOKHO MPEJICTABUTD CISTYIOIIUM 00pa3oM:

® HHEPIMOHHASA MOJIETh
u(t)=oltr, x(t)u(c)r<ttreT 4)
rj€ ¢ - TPOU3BOJIbHBIM MOMEHT BPEMEHH;

T - MOMEHT BPEMEHHU, MPEAIICCTBYIOITUN paCCMaTPUBAEMOMY;

X (t) —Ha0Op BXOIAHBIX BO3/ICHCTBHI B MOMEHT BPEMEHH f;

u (T ) - COCTOSIHUE CUCTEMBI B IPEAIICCTBYIOIIUM MOMEHT BPEMEHHU.

® KHHEMaTHu4ecKas MOJCIb
u(t)=o[x(@)]ter (5)
rje ¢ - IpOU3BOJIbHBIM MOMEHT BPEMEHH;

X (t) —Ha0Op BXOAHBIX BO3JEHCTBUI B MOMEHT BPEMEHH .

,ZIeCKpuanBHa}l Mmooenb — MOJACJIb, NPCAHASHAYCHHAA IJIA 00BICHCHUS
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Ha0JIt01aeMbIX (AaKTOPOB HWJIM TMPOTHO3a MOBEJIEHUS OO0beKTa (Harpumep, MOJENb
omHO(MaKTOpHON (TpeHI) W MHOTO(AKTOPHOW PErpecCuy, MMHUTAIIMOHHAS MOJEID).
JIeCKpUNITUBHBIE MOJIEIN OTBEYAIOT HA BOIPOCHI «KaK 3TO MPOMUCXOAMUT, Kak OyneT
pa3BUBATHCA?»

Hopmamuenaa modeny — wmoAenb, NPEAHA3HAYCHHAs U1 OIPEACIICHUS
HAWTYYIIero WU JIOMYCTUMOIO C TOYKU 3PEHUSI MCCIIEIOBATENsl COCTOSIHUS O0OBEKTa
(HampuMep, ONTUMH3ALMOHHAST MOJIeNb). Takue MOJIETM OTBEYAIOT Ha BOIMPOCHI «KaK

JIOJ’KHO OBITH?)
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JIEKIIUA 4. METOIUKA MOAEJINPOBAHUA CUCTEM

MopaenupoBaHue TMPEACTaBISET CO0OM CIOXKHBIM TPYJOEMKHH IpoIece,
COCTOSIIIUH U3 CIIEYIOLINX 3/MAN08:
1. [TocTaHOBKa 3a7a4H.
2. IlocTpoeHne MaTeMaTU4eCKON MOIEH.
3. [loaroroBka UCX0HON NH(OPMALIUY.
4. YucneHHoe pellieHue.
5. AHaJIN3 MTOTYYEHHOTO PELICHHS] U YTOUHEHHE MOJIEIIN.
6. IlpakTUueckas peaausaius MOJIEIH.
1. Ilocmanogxa 3a0auu.
[loctanoBKa SKOHOMHYECKOM MpoOJEMbI W €€ KauyeCTBEHHBIN aHaIu3
IIPEAIIOIAraeT:
® u3yyeHue o0bEKTa MOJICIUPOBAHMS MMYTEM BBIJEICHUS €0 OCHOBHBIX CBOWCTB,
CTPYKTYpbl (TpeAnpUsTAEC WM €ro MOoJpa3/ieNieHusl, PEruoH, OTpacib
SKOHOMUKH H IIp.);
® OmpeleNieHuEe IeJId MOJEIUPOBaHUs, KOTOpasi COCTOMT B HCCIEJOBaHUU (U,
BO3MOXHO, ONTUMHU3AIMN) OJHOTO WJIM HECKOJIBKHUX MPOLIECCOB, MPOTEKAOIINX
B MOJIETTUPYEMOM OOBEKTE;
® H3yYCHHUE PA3TMYHBIX MOAXOJOB K PEAIM3alMM MOCTABIECHHON LEIH, KOTOPBIE
YK€ MMPUMEHSIIUCH UM MOTYT ObITh IPUMEHEHBHI.
2. Ilocmpoenue mamemamuyeckoil mooenu.
dopManuzanus 3KOHOMHYECKON MpoOsieMbl, T.€. BBIPAXKEHUE €€ B BHUJE
KOHKPETHBIX MaTEMAaTUYECKUX 3aBUCUMOCTEN:
® ONpEAETIECHUE TUIIA IKOHOMHUKO-MAaTEMAaTUUYECKOW MOJEH;
® H3y4YCHUE BO3MOKHOCTEHN €€ MIPUMEHEHUS B TAaHHOW 3a7a4e;
® YTOYHEHHUE MEePEUHs MEPEMEHHBIX U (POPMBI CBA3ZEH.
3. Iloozomoexka ucxoonoit ungpopmayuu.
Haubonee tpynoemkuii stan. MaremaTuueckoe MOAETUPOBAHUE TMPEABSBIISAET

KecTkue TpeboBaHus K MH(opmanuu. B 3Toil cBsi3u mpu MOAroToBKE MH(OpMALMH
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UCIIOJIB3YIOTCS METOJbl TEOPUU BEPOSATHOCTEM M MATEMATUYECKON CTATUCTHKU
OpraHU3aIHK BEIOOPOYHBIX 00CTIEI0BaHUH, OIICHKU JOCTOBEPHOCTH JTAHHBIX.
4. Yucnennoe pewienue.
[lonydeHre YHCIOBBIX XapaKTEpPUCTHUK MOJEIM M PACUYEThl MCCIEAYEMbBIX
AKOHOMHUYECKHX MMOKA3aTEIICH:
e pa3paboTKa aJIrOPUTMA YUCIICHHOTO PEIICHUS 3a/1a4H;
e KOMIIBIOTEpHAs peanu3anus MOJEIN.
5. Ananu3 nonyuennozo pewienusn u ymouHeHue Mooeu.
Pemienne Bompoca O TMPaBWIBHOCTH PE3yJIbTATOB  MOJACIHMPOBAHUSA U
NPUMEHHMOCTH UX JJI YIIPABICHUECKUX PEIICHUIN:
® gepugukrayus — €€ IPoBEACHUE YOSKIaeT B TOM, YTO MOJIEh BEIET ce0s Tak, Kak
OBLJIO 32/ TyMaHo;
® OyeHKa adeKkeamHoCmu — MPOBEPKA COOTBETCTBUS MOBEICHUSI MOJIEIH MMOBEJICHUIO
pEATIbHON CUCTEMBI;
® npobnemuvlli amaiuz — (POPMyIHPOBKA 3HAYMMBIX BBIBOJIOB Ha OCHOBE
PE3yJAbTATOB, MOJYYEHHBIX B XOAE€ MOAECIUPOBAHUS.
[Tponiecc MoaenrpoBaHusE HOCUT LIUKIMYECKUN XapaKTep, CBUACTEIbCTBYIOIIUN
0 HEOOXOIMMOCTH BO3BpaTa K MPEANMICCTBYIOIMMM 3TamaMm. Haumbonee dwacto 3To

IMPOUCXOAUT Ha OTAIIC IMOATIOTOBKH PICXO,ZIHOﬁ I/IH(I)OpMaLII/II/I.
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Tema 1.3. YnpasieHue cucteMon
JEKIUA 5. YHIPABJIEHUE CUCTEMOM

1. IlonsaTue ynpapjeHusi cucreMoil. O0beKT U Cy0ObEKT yIpaBJICHUS
Ynpaenenue cucmemoit — nenenanpaBieHHOE BO3JECHCTBUE HA €€ MOBEJICHUE

(cocTosiHKE) TPU U3MEHSIOIIMXCS YCIOBUSAX BHEIIHEN CPE/IbI.
l X
S

ly

.HIO6YIO CUCTEMY, ABJIAIOIIYIOCA 00BEKTOM KI/I6CpHCTI/I‘ICCKOI‘O HCCIICO0BaHUA,

MO>KHO MPEACTABUTD KAK CUCTNEMY YNPAGTIeHUA.
Cucrema yrpaBiieHHs BKJIIOYAET ABE MOACUCTEMBI:
S| — cyObeKT ynpaBieHus (ynpaBIsiolas MoJICUCTEMA);

S, — 00BeKT ynpaBieHus (ympasiasieMas oJICUCTEMA)

Lx
rF—— = 77

Cy

y

Cucmemoii ynpaenenus Ha3bIBACTCSI OPraHU30BaHHAs JUHAMHUYECKAsl CUCTEMA

c oOpaTHOM CBA3BIO. YIPABICHHWE B TAKOW CHCTEME COCTOUT B IIEJICHAIPABICHHOM
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BOSHCﬁCTBHH CY naOVYc OCJIbO JOCTUIKCHHA ITOCICIHHUM XEJIAEMOI'0 COCTOSIHHUA U

moaACPIKaHuA 3TOIr0 COCTOAHMA HA 3a/TaHHOM YPOBHC.

Cy

A 4
A

oy

A

Xapakmepucmuka npoyecca ynpaeieHus:
¢asa naanuposanus (onpeoenenue NIAHOBLIX NAPAMEMPO8 PYHKYUOHUDOBAHUSL
OYV): CY Ha OCHOBe LieNM YMpaBlIeHUs, 3aJarolledl 3HAY€HUS BXOAOB X, U
anpuopHOW MHGOPMAIUU O 3aKOHaX (YHKIIMOHUPOBAHUS CHCTEMBl BO BHEITHEH
cpene A reHepupyeT YNpaBIISIIOIINE BO3AEHCTBUS X;:

S, XxAd—> X, (1)

¢aza yuema (ycmauonenue axmuyeckux napamempos @QyHKYUOHUPOBAHUS
0Y): OV pearupyer Ha ynpaBisiolue BO3JIEHCTBUSI Xy C YYETOM BO3MYILAIOIINX

BO3JIEUCTBUU W:
S, X xQ Y 2)
Gaza ananuza (oyenka omlOHeHUEe HAKMUYECKUX NAPAMEMPO8 OM NIAAHOBLIX):

pe3ynbTaThl paboThl 00bEKTa Y 1Mo KaHalmy OOpaTHOM CBSI3W MOCTYIAIOT HAa BXO/I

CVY u aHanu3upyroTcs;
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OQ

v 9
L70c 1o

* ¢aza pe2yiupo8ans. (Koppexmuposka NIIAHOBbIX napamempos
@ynxyuonuposanua OY): CY, ucnonb3ys pe3yabTaThl aHanmm3a (HaKTHIECKOTO
cocTosiHMsI 00BeKTa ¥ U MPOTHO3HBIC 3HAYCHUST BO3MYIIAIONINX BO3JIEHCTBHUI W,
BbIpA0aThIBAET HOBBIE YIIPABJISIOIINE BO3ICUCTBUS Xy

S, : Xx¥YxQ > X, 3)
Wrak, B 00111eM clly4ae COCTOSIHUE BXO/I0B CUCTEMBI X(1) 3aBUCHUT OT:
® y(t) - Texymero coctosiuusg OVY;
® W(?) - BO3MYIIAIOIINX BO3JCHCTBUM.

CY renepupyeT ynpasisiolIUe BO3ACHCTBUS C yUETOM KakK y(?), TaKk U w(?).
2. OcHOBHbIE IPUMHIUIBI YIIPABJICHUS

Hns  obGecrieuenust >(QPEKTUBHOCTH TMpoliecca YINPaBICHUS HEOOXOJAUMO
cOOJTI0ICHNE CIEeYIOIINX MPUHILIUIIOB.

1. IIpunyun neob6xo00umoco paznoobpasus

OcHoBHas 3ajaya yOpaBJIeHUS — YMEHbLIEHUE pa3HooOpasusi B yNpaBiseMOn
cucteme (OY).

Ouenum cootBeTcTBUE pazHooOpazus CY pazHooOpasuio OY.

[IycTh B NHCKpPETHBIE MOMEHTHI BpeMEHH ¢ =/,2,... TIPOUCXOIUT N3MECHCHHE
BX0JI0B X(?) (mon BnustHueM Y(t) u w(t)), a CY BbIpabaThiBaeT BEKTOP YIIPABIISIONINX

BO3JIEHCTBUI X,(7), B pe3ysbTaTe KOTOphIX coctossaue OV onpeznensercs Kak:
u(t)=ofx(t)x, ()t er 4)

Jliss Toro 4to0bl B COOTBETCTBHH C IIE€NbI0 ympaBieHus nepeBectu OY u3
cocTosiHUA u(t) B coctossHue u(t+1) , CY HNOmKEeH «IpOrHO3UPOBATHY X(?) (MyTeMm

MPOTHO3UpOBaHUs y(t) ¢ yueTtoM w(t)) U BBIYUCIUTD 3HAYEHUE X,(?):
ut + 1) =olx(t + Dx,(t+ 1) u(t)teT (5)
Eciu  pa3HooOpasue 3amauu  ympaBi€HUs, HU3MEPSIEMOE  KOJUYECTBOM
uH(popmaIuu, onpeaenuTs Kak V, a nuapopmannonnyr momuocts CY kak W, To s
OCYIIIECTBJICHUS Tepexona u(z) — u(t+1), HeoOXoaumMo, 9TOOBI B KaKIbIH MOMEHT

BPEMCHH BBITIOJHAIOCH YCIOBHUEC!
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W(t)=V(t)onavteT (6)

Otciona npunyun Heo0X00UMO020 pazHO0Opa3ua TPUMEHHUTEIBHO K
YIOPaBICHUIO TaKOB: HeoOxooumo, umobwl pasznoodpazue CY 0Ovii0 He MmeHbuue
pasnooopazus OV.

2. Ilpunyun ynpaenenus 6o30eticmauem Ha «21asHbliy Gaxmop

B peanbHBIX cucTeMax yMOpaBJICHHs] CIOXKHBIMH OOBEeKTaMu (B YaCTHOCTH,
AKOHOMUYECKUMH) «ITOJTHOE» pazHooOpasue OV u BHENTHEN CPebl CTOIb BEJIIUKO, UYTO
cooTHoleHue (6) He BoinoaHsgercs. [loatomy CY dhopmupyeT romoMoppHYyIO MOJIEIb,
mpuberas K arperupoBaHUIO, TMPEBPAIICHUIO TEPEMEHHBIX B  KOHCTAHTHI,
JMHEapU3aluy CBSI3ed U JAPYTUM METOJaM YMPOIIEHHUS MOJETU. ITO MPOU3BOJIUTCS C
LEJIbIO BBIJICJIICHUS OCHOBHBIX napameTpoB («TJIaBHBIX» (bakTOpoB)
(YHKIIMOHUPOBAHUS CUCTEMBI, HA KOTOPHIC HAMIPABJICHBI YIIPABJISIONINE BO3ACHCTBUA.

3. Ilpunyun obpammoti cesa3u

OOpatHast CBSI3p SBJISETCS OJHUM W3 OCHOBHBIX TOHATHA KHOEPHETHKH,
MTO3BOJISIONINX TTOHATH MHOTHE SIBJICHHS, POUCXOIAIINE B CUCTEMAX YIIPABJICHHUSI.

Bun coeauHeHust 31eMEHTOB, NMPU KOTOPOM BBIXOJHOE BO3JEHCTBHUE OIHOTO
AIIEMEHTA NEePeacTCsl Ha BXOJ APYTOro, Ha3bIBACTCS NPAMOU C8A3BIO.

Bun coeauHeHus 3ieMEHTOB, NMPU KOTOPOM BBIXOJIHOE BO3JEHCTBHE OIHOTO
AJIeMEHTa TepeAaeTcsl Ha BXOJ TOrO K€ CaMOro 3JIEMEHTa, Ha3bIBA€TCS 0OpamHoll
ceéa3blo. Paznuuaior 1Ba Buaa 0OpaTHOM CBSI3U:

® ompuyamenbHas — €CIU TOJ JIEUCTBUEM OOpaTHOW CBSI3U NEPBOHAYAIBLHOE

OTKJIOHEHHE BBbIXOJ]a CUCTEMBI ), BHI3BAHHOE BO3MYIIAIOUIMMU BO3ACHCTBUSIMU

W, yMEHbIIaeTcs (ympaBieHHE HKOHOMHUYECKMMH H  OHOJOTUYECKUMHU

CHUCTEMaMHu);

® nonodcumenvHas - €CiAu TMOJA ACHCTBHEM OOpaTHOW CBS3M IEPBOHAYAIbHOE

OTKJIOHCHHE BBIX0JIa CHCTEMBI ), BO3pACTaeT (CUCTEMBI OOyUCHHUS ).

[TonoxutensHas OC ycunuBaeT JEHCTBUE BXOJHOTO CUTHANA, a OTpULIATENIbHAS
— ymenbimaer. CnemoBaTtenbHO, mojoxuTenbHass OC CcrnocoOCTBYeT YBEIMUYCHUIO

BO3HUKIICTO B CUCTCMC OTKJIIOHCHM:A, YTO IIPUBOJHUT K €€ HCYCTOI\/'I‘-II/IBOCTI/I. HaHpOTI/IB,
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ompuyamenvras OC cIocOOCTBYET BOCCTAHOBJIEHUIO PAaBHOBECHS B CUCTEME, TO €CTh
o0ecrevnBaeT ee yCTOMYUBOCTb.

OC co3zgaer BO3MOXHOCTh 3(G(EKTUBHOTO YIpaBiICHUS B W3MEHSIOIMIMXCA
ycioBuax ¢yHkuuoHupoanusi OV, 1M03BOJsIA OLICHUTh KAadeCTBO YIPABJICHHS B
COOTBETCTBUU C BRIOPAHHBIM KPUTEPHUEM.

3. Buasl ynpaBjieHUst

CBoiicTBa CHCTEM YIpaBICHHS CYIIECTBEHHO 3aBUCAT OT  crocoda
(dhopMHUpOBaHUS YIIPABJISIOMIUX BO3EHCTBUM, ONIPEAEISIONIETO BUAbI YIIPABICHHUS.

1. ’Kecmroe ynpasnenue

[lon scecmkum ynpasnenuem nonumaercs takoe BosznelictBue Ha OV, mpu
KOTOPOM JIOCTH)KEHHUE pe3ynbTaTta He coobmaercs CY (oOpaTHast CBSI3b OTCYTCTBYET).

JIns  KECTKOTO  YIIPABJICHUS XapaKTepHO HAJIMYKME PA30MKHYTOIO KOHTYpa

yHIpaBJICHHUS.
x(1)

| ____________ |
I |

|
| cy |
: A

|
| Xy(1) |
: v |

|
| oy < w(t) |
| ° |
| y(t) s :

Hasznauenne CY coCTOUT B CIIEIYIOIIEM:

® B COOTBECTBMM C HEKOTOpOW mporpammoi Ha Bxoa CVY mocrynaror 3agaroniue
BO3JCHCTBUS X(1), TpeOyromue, 4ToObl YIpaBlIAeMbI mapaMeTp V(?) TPUHSI
3HAYEHHUE Vy;

e CV reHepupyeT ynpaBisitOIIUE BO3JACHCTBUS X,(?), IO BOZMOKHOCTH YUUTHIBAS
BiusiHUuE Ha OY BO3MYLIAIOIINX BO3JAECUCTBUN W(1);

e OV ¢dopmupyer pe3ynbTaThl B BUJI€ BHIXOIHBIX 3HAUCHUH V(7).
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B cBsA3M ¢ HEBO3MOXKHOCTBIO IIPEeABUACHUS Bcex Bo3MylieHu CVY, He umes
uH(popMaluu o BIusHUU uX Ha OV, 1oOUTHCS BBHIIOJHEHUS PaBEHCTBA J(1) =), KpaiiHe
TPYIHO.

IIpeumywecmea  dcecmko2o — YNpaeieHus: OTHOCHTEJILHO pocTast
ANrOPUTMHUYECKAs U MPOrPaMMHAsI peaan3alus.

Heodocmamku oicecmko2o ynpaenenus: OrpaHUYeHHOCTh 00JIaCTH NPUMEHEHUS
Ha IIPAKTHUKE.

Ilpumenenue:  TPOCTEUIIME  ABTOMATUYECKUE  YCTPOMCTBA,  KECTKOE

AJMHUHUCTPUPOBAHUC.

1 Pecynuposanue
Pezynupoeanue nipencrasisier coooii Takoe Bo3aeicTeue Ha OV, mpu KOTOpoM
uHpopmanusa o coctosaun OV moctymaer B CY, 4To MO3BOJsET OOECHEUMBATH
noJJIep>KaHUEe COOTBETCTBHUSI 3HAUYECHUM BBIXOAHBIX MNapameTpoB OV 3agaHHbIM (3a
cyer Hamuums oOpaTHOW cBs3m). [[ms peryaupoBaHHs XapakTEPHO HAIMUYWC
3aMKHYTOT'O KOHTYpa.
Hasznauenune CVY TakoBo:
® B COOTBETCTBUU C 33JaHHBIMHU 3HAYCHHUSIMHU BXOJOB U COOTBETCTBYIOIIUMH UM
yHOPaBISIOMMMEU BO3iedcTBUSIMU OV BbIJAET BEKTOP BBIXOJIHBIX PE3YJIbTaTOB
y();
® U3MEPHUTENbHBIA OJOK CIYyXKHT I8 U3MepeHus (aKTHUYECKOTO 3HAYCHUS
BBIXOJIHOW TEPEeMEHHON )(#) W ee mpeoOpa3oBaHUs B CUTHAN, YIOOHBIM s
nepenauu B perynstop CY;
® PETYISATOp OCYIIECTBISIET CPAaBHCHHE )(?) C 3aJaHHBIM 3HAYE€HHUEM BBIXOJa V) U
BbIpabaTeiBaeT curHal O y = k[y(t)-yy/, KOTOpBI ¢ OOpaTHBIM 3HAKOM
MOCTYTAET B HCTIOTHUTEIBHBIN OJI0K;
® UCIOJHUTENbHBIA OJO0K (OpMUPYET HOBBIE VYIPABISIIOUIME BO3JCUCTBUS,
YBEJIMYMBAs WIM YMEHbIIAs UX UHTEHCUBHOCTD X(1) + X,.
Ecnu perynupoBanue obecnieunBaeT n3MeHeHne Bpixoaa OY B COOTBETCTBHH C

HEKOTOPOM POrpaMMOi, OHO UMEHYETCS NPOCPAMMHBIM Pe2yIUpPO8aAHUEM.
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_ Peryisarop
g (cpasuenue y(1) M yg)

N3MeputenbHbIi

|
I
I
|
| 010K
I
I
I

_ay

WcnonmanTenpHBIN
0JIOK

oy

'y(l?

lIpeumywecmea pecynupoganus no omxioHeHuto: oBbIlIeHUE 3(HPEKTUBHOCTH

yhopaBieHus: 3a cueT yuera coctossHus OV mnpu  BbIpabOTKE yHpPaBISIONIUX

BO3JIEUCTBUH.

Heoocmamku pezyaupoearusi N0 OMKJIOHERUIO:

e 0oJee cloKHas ANrOPUTMUYECKasi U MPOrpaMMHasi peann3alus;

® HEIMOJHOTA y4eTa BO3MYIIAKIINX Bo3elcTBH Ha OY.

Ilpumenenue:  CUCTEMBI

aBTOMATHYECKOU CTa6I/IJII/ISaI_II/II/I B TCXHHKC

(Temneparypa, BIaXHOCTb, KypC CaMmoOJI€Ta), CTAaHKH C IMPOrPAMMHBIM YIIPABJICHHUEM,

YIPABJICHUE JKU3HEAEATENBHOCTBIO )KUBBIX OPraHU3MOB (MOJAEPKAHUE TEMIEPATYPbI

TeJa, KPOBSHOTO JAaBJICHUS ), YIIPaBIeHUE EPEBO3KAMHU IPY30B.

2.2. PecynuposaHue no 603myueHuio

B s3TOM ciydyae mnporpaMma YNpaBi€HUs HE pPAaCCUMTHIBAETCA 3apaHee, a

OmnpeAcIsICTCA IMOBCACHHUEM Ha6moz[aeMoro oonekra. CY YUUTBIBACT, HU3MCEPSCT

go3mywaouue 6030eticmeus 1 KOMIEHCUPYET UX PErYIISITOPOM.
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y(t) PerygsTop w(t)
”| (cpauenue y(1) u y, [
¢ y4eToM w(t))

| |
: |
o I
N3meputensHeli HN3mepurenbHbIii
| s | [@rmm) | " has |
: HcnonnurenpHbIH :
§)
| JIOK cy |
(1) x(1) +x,
w(t)
oy )
()
v

lpeumywecmea pecynuposanus no 603myueHuio: oBbilieHue 3h(HEeKTUBHOCTH
YIOPABJICHHUSI HE TOJBKO 3a CUET y4yeTa BHYTpeHHero coctosHus OV, HO M OLIEHKHU
BJIMSIHUS BHEILIHEN CPEJIbI.

Heoocmamxku pezynuposanusi no 603mMyujeHuio:

erie 6oJiee CloKHasl aNrOpUTMUYECKasi U MPOrpaMMHas peanu3aiusl.
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Mopyab 2 TunoBbsie MaTeMaTHYeCKHE CXeMbl MO/JeJIMPOBAHMS CHCTEM

Tema 2.1. CtoxacTuueckue MOIEIU

JEKIUS 6. KOMIIOHEHTHI U KTACCU®UKAIIUS MOJEJIEHN
MACCOBOT'O OBCJIYKUBAHUA

Cucmema maccoeozo oocayncuseanus (CMO) — cuctema, npelHA3HAYCHHAS
IUIsl OOCIYyKMBaHUSI TOTOKa 3asBOK (TpeOOBaHMIii), MOCTYMAIOIIUX B CilIy4yalHbIE
MOMEHTBl BpPEMEHHM (HalpuUMep, CTAaHOK, OO0palaThIBAIOIIMI [E€Tald; MarasuH,
o0CTy>KUBAIOUIUH MOKYMAaTeNel; KOMIbIOTEpP, PEeIIAOIIUNA 3a/1a4Un).

B mo6oit CMO npenycmaTpuBaeTcsl HAIHYHUE:

® 3a4BOK Ha OOCTy)XMBaHHE (JeTajeil, TOKymaTele, 3amad, 3aKka3oB),
00pa3yIoluX MOTOK;
® KaHAJIOB 00CITyXHBaHUs (TPUOOPORB), 0OCITYKHBAIOIINX 3aBKHU.

OO6cnyxrBaHHUE KaXA0M MOCTYNUBIIEH B CIy4YailHBIA MOMEHT BPEMEHU 3as1BKH,
OCYUIECTBJISIETCS B TE€UEHUE HEKOTOPOTO CIy4yalHOTO Mepuojia BPEMEHH, MOCIE YEero
KaHaJl 0CBOOOXKAAETCSI U TOTOB K IPUEMY CIEAYIOIIEH 3asBKH.

CrnydaiiHbI XapakTep MOTOKa 3asBOK IMPUBOJUT K TOMY, YTO B HEKOTOpPBIE
NPOMEXKYTKH BpeMeHHu Ha Bxoje CMO ckaminBaercsi M30bITOUHOE YUCIIO 3aBOK (OHU
o0pa3yloT ouepenb JUOO MOKHIAIOT CHCTEMY HEOOCTYXEHHBIMU); B JApPYyTrue e
nepuojsl CMO paboTtaer ¢ HeAOTPY3KOHM HIIU MPOCTAUBAET.

Lenvro mooenuposanuss CMO sBIS€TCS YCTAHOBJIEHUE 3aBHUCHUMOCTH MEXKIY
XapaKTEPOM MOTOKA 3asBOK, YUCJIOM KaHAJIOB, UX IPOU3BOAUTEIBHOCTHIO, IPABUIIAMHU
paboTel CMO 1 3 (heKTUBHOCTBIO 00CTY>KUBAHUS.

Ontummsarust u orneHka s¢pdextuBHOcTH CMO COCTOMT B HAXOXICHUU
CPEIHHX CYMMAapHBIX H3JEP’KEK Ha CEPBUC KaXIOW 3asBKM U HAXOXKIEHUE CPEIHHUX
CYMMapHBIX 3aTpaT OT 3asiBOK HE OOCTY>KEHHBIX.

CMO cocTtouT U3 OMNPEACICHHOTO 4Yuciaa OOCTYKUBAIOUUX KaHAJIOB U
npeaHa3HayeHa JIJIsl BBIMOJHEHUS 3asiBOK C Pa3JIMYHBIM XapaKTepOM paclpeiesieHUs

MOMCHTa BPpEMCHHU HAa CCPBUC.
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MonaenupoBanne CMO npeanosnaraer:

1) moctpoerre OMM, cBs3biBatonx xapakrepuctuku CMO (4ucino kaHamos,
UX MPOU3BOAUTENBHOCTD U T.I1.) ¢ mokazarensimu 3¢ PEeKTUBHOCTH;

2) ONTUMU3ALMIO JAHHBIX XapPaKTEPUCTUK C IEJIbI0 MOJYyYEHUs] HauOOJbIlIeH
s pexTUBHOCTH.

Hns omucanuss CMO MOXKET UCIIOIb30BaThes o0o3Hauenue A/B/m — d, rne A —
0003HAaUCHHE 3aKOHA PACIIPECIICHHs] WHTEPBAJIOB BPEMEHU MEXIy 3asBKaMu; B —
000O3HAaUEHHUE 3aKOHA pacHpeiesieHus BpEeMEHU OOCTY>KMBAHHUS 3asBOK; m —
KOJIMYECTBO KaHaJOB; d — 0003HaUYeHHE AUCIUIUIMHBI 00CIy)uBaHus. B kauectBe 4 u
B 00bIYHO WCHONB3YIOTCS CcheAyomue o0003HaueHus: M — DKCIOHEHIIUAILHOE
pacnpenenenue, G — nobdoe apyroe. s HEKOTOPHIX paclpeeieHHil UCTOIb3YIOTCS
crienuaibHbie 0003HAYeHMs, Hanmpumep, DD — JAeTepMUHHpPOBAHHAS Benu4yuHa, Fk —
pacmpeneneHue OpiaHra k-ro mnopsaka, u T.JA. Vmeercss HECKOJbKO BapUaHTOB
kinaccudukanuu CMO (1abm.1).

Tabmuma 1 — Knaccudukammss CMO

[IpusnHax Tunst CMO Onucanue
KJIacCU(PUKAITNH
1 2 3

3aKOHBI MapkoBckue WHTepBanbl BpeMEHH MEX1y MOMEHTaMHU TMOCTYIUICHUS

pacnpeeneHus 3asiBOK U BpeMeHa  OOCHyXHMBaHUSA  3asgBOK

UHTEPBAJIOB pacrpeieie sl 10 IKCIIOHEHIINATbHOMY 3aKOHY

BPEMCHH HemapkoBckue 3aKOH pachpeelicHusi WHTEPBAIOB BPEMEHH MEXKIY
MOMEHTaMH TIOCTYIJICHHS 3asBOK W/WIM BpEeMEH
00CITyKUBaHUS 3asiBOK OTIINYaeTcs oT
HKCHOHEHIMATIHLHOTO

OnHoOKaHaJILHEIE B mo6oit moment Bpemenm B CMO  moxer
Konnuectso 00CITy>)KUBaThCsI HE O0Jiee OAHOM 3asiBKU
KaHAJIOB Muorokananeiele | B CMO  0JHOBpEeMEHHO MOXET — OOCIYKHUBAThCS

HECKOJBKO 3asBOK

OrpanndeHust Ha
ouepenb

be3 orpannyenuii
Ha ouyepe.b

Ecnu 3asBka moctymaer Ha oOCIIy)KHBaHHE B MOMEHT,
KOrJa BCE KaHAJbl 3aHATB, TO OHAa CTAaHOBUTCS B
ouepenb. OrpaHMYeHHH Ha KOJMYECTBO 3aiBOK B
ouepesin U Ha BpeMs IpeObIBaHMs B HEW HET.

C orpannueHUsIMHU
Ha ouepenpb

HNwmerorcsa OrpaHu4CHUs Ha KOJHUYCCTBO 3adBOK B
ouepeau W/uiv BpeMs UX mpeObIBaHus B ouepean. Ecim
3asBKa MMOCTYIIACT Ha OGCJIy)I(I/IBaHI/IC B MOMCHT, KOrjga B
ouepesu yxKe UMeeTcs MpeAebHOEe KOJIMYECTBO 3asiBOK,
WINA BpeMs MpeObIBaHUS 3asBKU B OUYEPEIH IMPEBBHIIIACT
nomyctumoe, TOo oHa  mnokumaer CMO  (He
00CITYKIBAETCSI)
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be3s ouepenu

Ecnm 3asBka moctymaer Ha oOCIy)KMBaHHE B MOMEHT,
KOTJla BC€ KaHaJbl 3aHATHI, TO oHa mokumaaeT CMO (He

obcmyxuBaetcsi). Ouepenr B Takoii CMO He
obpazyercs
KonnuectBo 3aMKHYTbIE Nmeercst  pukcHMpoBaHHOE  KOJMYECTBO  3asBOK,
3a51BOK NEPUOINYECKU TPEOYIOMINX 00CTyKUBAHHS.
PazomkHyTBIE KonuuecTBo 3asBOK, KOTOpbIE MOTYT HOCTyHaTh B
CMO, He orpaHU4eHO
CwmeniaHHbie Nmeercst  ¢pukcHMpoBaHHOE  KOJMYECTBO  3asBOK,
nepuogudecku Tpedyromux obciyxuBanus. [Ipu stom
BO3MOKHO TOCTYIJICHUE JTIONOJHUTENIbHBIX 3asIBOK
Konnuectso Onnodasubie OpavH TUIIOBOH y3€ei
y3moB  CMO wu | (O@uHOYHBIC)
CBSI3b Mexnay | MuorodasHusie [TocnenoBarenbHOCT, THUNOBBIX Y3710B. Bce 3asdBKH,
HUMU OOCITy’)kKeHHBIE B OJHOM Yy3Jie, HAalpaBiAIOTCS B
CIEAYIOUIUN y3ell
Cers CMO CMO, cocrosimas U3 HECKOJbKUX THUIIOBBIX Y3JIOB.
KonuuectBo  y3moB, B KOTOpHIX  TpeOyercs
o0CITy’)KMBaHHE, U TOPAJOK HX TNPOXOXKACHUS MOTYT
OBITh Pa3IMYHBIMU JJIS1 PA3HBIX 3aBOK
Hucuuninuza FIFO «IIepBbIM HpUILIEeT - [IEPBBIM 00CITyKeH»
o0cITy)KMBaHUS (oOcyKrBaHHME B TIOPSIKE MOCTYTUICHHMS )
(TTopsiok
00CITyKMBaHHSI LIFO «[lepBBIM mIpHIIET — MOCIEAHIM OOCITY>KEH)»
3as1BOK m | C [lepBpiMU U3 oOuepenu BBHIOMpAIOTCA 3aiABKU C Oosee
ouepenn) OTHOCUTENIHBIMU | BBICOKMM MpHOpUTeTOM. Ecim o0cimyxuBaHHE 3asBKH
MPUOPUTETAMU HAYyaJloch, TO OHO BCETJa JOBOAMUTCA JI0 KOHIIA, Jaxe

€CJIM B 3TO BPEMsI TMOCTYyMAET 3asBKa ¢ 0oJiee BHICOKHM
MPHOPUTETOM

C  a0COMIOTHBIMU

[lepBbiMM U3 ouepenu BHIOMparOTCA 3asiBKU C Ooiee

IIPUOPUTETAMU BbICOKUM  npuopureToM. OOcCiyXuBaHUE  3asBKU
NPEPBIBACTCS, €CIIM MOCTYIAET 3asBKa ¢ 00JIee BHICOKUM
IIPUOPUTETOM

KBantoBaHHOE Ha oOcnyxuBaHue KaXIOW 3asBKH  BBIIENIAETCS

00CITy’)KUBaHHE ompeneneHHoe  BpeMsa. Ecam  3a 310 Bpems
oOCITy’)kKMBaHME  HE  3aBeplIaercsi, TO  3asBKa
BO3BpalllaeTcss B  o4epeab, U 0OCIYKHMBAETCS

CJICAYIOIIasa 3asiBKa

[To HEoOXOAMMOMY
BpEMEHU
00CITy>)KUBaHUS

[TepBoiMU  OOCTY)KMBAIOTCS 3asBKH, JJISI KOTOPBIX
TpeOyeTcsl MeHbIIIE BPEMECHH

Tema 2.2. JleTepMUHUPOBAHHBIE MOJICIIN
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TATOB 9KCIIEPUMEHTA

O hekTHBHOCTh MAIIMHHBIX IKCIIEPUMEHTOB C UMUTAIMOHHBI-
MU MOJEJISIMU CHUCTEMBI S, (popMann3yeMbIxX B BHIE CXEM MacCOBO-
ro oOCITy>KUBaHHUsI, CYIIECTBEHHO 3aBHCUT OT BBIOOpa IUIaHa JKCIie-
PUMEHTa, TaK KaK IMEHHO IUIaH OmpeJessieT 00beM U MOPSAOK Mpo-
BeleHUs BbrurcieHudd Ha [I9BM, nprueMbl HaKOIJIEHUSI U CTATUCTH-
4ecKoil 00pabOTKH Pe3ylbTaTOB MOACIMPOBAHUS CHUCTEMBI U B Lie-
oM BimseT Ha A((EKTHBHOCTh HMCIONB30BaHUs pecypcoB [I9BM
IIpyu MOACIIUPOBAHUU.

MatemaTHdecKkue MCETOJbI IJIAHUPOBAHUA ISKCIICPHUMCEHTOB OC-
HOBaHbl Ha KHOEPHETUYECKOM IPEICTaBICHUU IpOllecca MpoBeae-
HUSI 9KCIIEPUMEHTa, HauOoJee MOIXOAAIeH MOAEIbI0 KOTOPOTO SIB-
nsieTcss abCTpaKTHasl CXeMa TUIa «YEPHOro sAlMKa» Buaa Y = (p(X),

rac Y Z(yl, Yo, ""yk) — MHOXXCECTBO BCKTOPOB 3aBUCUMBIX BbIXO/-

HbIX NEPEMCHHBLIX, HA3bIBACMbIX PCAKIUAMU HIIU OTKIHMKaAMH (,Z[J'IH
MAalIHHOT'O 3KCICPUMEHTA 3TU ICPEMCHHBIC ABJIAIOTCA OHAOTCHHbI-

mu); X = (Xl, X2,....,Xm) — MHOXECTBO BEKTOPOB BXOJHBIX HE3aBU-

CHUMBIX TIICPEMCHHBIX, HA3BIBACMbIX (1)aKTOpaMI/I (,Z[J'IH MAaIIMHHOTO
OKCIICPUMCHTA OHU SABJISAIOTCS 3K30F6HHBIMI/I).
(DYHKI_[I/UI @, CBA3bIBArONIAsA OTKIIMK C (baKTOpaMI/I, Ha3bIBACTCA

¢dbyHKUHMEH peakunu.

IIpn mpoBeneHNHM MAIIMHHOTO O3KCIEPUMEHTa C MO/JIENbI0
JUTS OLEHKW XapaKTEePHUCTHK Tporecca (yHKIHMOHUPOBAHHS HCCIIe-
IyeMOH CHCTEMBI HEOOXOAMMO CO3/IaTh TaKHE YCIIOBHS, KOTOpHIE
crocoOCTBOBaNM OBl BBISIBICHUIO BIUSHMS (HaKTOPOB, HAXOISIINXCS
B ()YHKLIMOHAJIBHOW CBSI3M C MCKOMOHM XapaKTepUCTUKOW. s atoro
HE00X0AUMO:

1) orobpath pakTopsl Xj,i=1m, Biusronme Ha KCKOMYIO Xa-

PAKTCPpUCTHUKY, U OIMUCATH (byHKL[I/IOHaIH:HyIO 3aBHUCUMOCTbD,
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2) yCTaHOBHTH JHMAMa30H U3MEHEHHs (haKTOPOB Xj .

"'Ximax X

3) ompenenuTh KOOPIHHATHI TOYCK (DaKTOPHOTO MPOCTPAHCTBA
{Xl, X2,.ees Xm }, B KOTOPOM CJICAYET MPOBOJMUTh 3KCIIEPHMEHT;

4) ompenennuTh HEOOXOAMMOE YHCIIO PeaTH3aNil U UX MOPSIIOK
B KCIICPUMEHTE.

CpoiicTBa 00BeKTa HMCCIEIOBaHUs, T.€. Mpollecca MaIIMHHOTO
MOJICTTUPOBAHMSI CUCTEMBI S HA MHOrO()aKTOpPHOE BO3MYIICHUE, —
OllHA W3 3aJlad MaTeMaTHYECKOTO IUIAHUPOBAHUS JKCICPUMEHTA.
HauGonee pacrnpocTpaHeHHBIMH M TIOJIHO OTBEYAIOLIUMH 3ajlayam
CTATUCTUIECCKOTO MOJICITUPOBAHHS SBIISIFOTCS MOJHHOMHAIBHBIC MO-
Jenmd. 3amava HaXOXICHHS MOJMHOMHAIIBHON MOJIENH, OIUCHIBAIO-
el CUCTEMY MM OTIENbHBIC €€ XapaKTEPUCTHKH, COCTOHT B OIICHKE
BUJla U TapaMETPOB HEKOTOPOW (YHKIMU OT IEpPEeMCH-
HBIX (X, X2,y X ) -

PaccmMoTpuMm  BiMsHME M KOJMYECTBEHHBIX  (aKTOPOB

Xj, =1, M Ha HEKOTOpPYIO peakuuio (OTKIWK) 77 B OTBEACHHOMN
IS 9KCHEPUMEHTHPOBAHUS JIOKaJIbHOM o0mnactu
[Ximin X i=1 m] ¢akropHoro mpoctpanctBa G . OyHKIUIO pe-

AKINH ({)(Xl, X2,y Xm) npeacTtaBuM B BHU/JC MMOJIMHOMA CTCICHU d

OT M IEPEMEHHBIX, KOTOPBIA COIEPKHAT C,(Tj] +d K02hPHUIMEHTOB:

n E(D=b0 + Z biXi +Zbinin +
1<i<m i ]
+ Zbilvin---rim XX X (5)
i, 09 i
Sij=d
Jist HaXOXKJICHUST 3HAYCHHH KOI(DPHUIIMEHTOB IaHHOTO IOJIH-

HOMa WCIIONB3YIOT PErpecCHOHHBIA aHamn3 (METOJ HauMEHbBIINX

kBagpatoB). st Hero HeoOxoauMo noayuuts N > Cg] +d Dpe3ynbTa-
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oJIaracTCs, 4TO BBIIIOJHACTCA pAa IMPEANIOCHIIIOK.

1) PesynbraThl HaOmoneHud Yi, Yo,...,YN — HE3aBHUCHUMEIE,
HOPMAaJIbHO pacCIpe/iesiCHHbIE CIy4yalHble BETWYUHBL Peub wumer
0 pacmpefeNieHNH Y OTHOCHTEIHHO HEKOTOPOH (UKCUPOBAHHON
TOYKH (xl, X2,...,Xm), TaK KaKk Ha 3HAYEHWE Y BIHSIOT U IPYTHE

HEKOHTPOJIMpyeMblIe apameTpsl. Ecim 3Ta mpeanocsiika He yIoBie-
TBOpsiETCA, TO KOIQOUIMEHTHl pEerpeccud HaWTH MOYKHO, OJHAKO
HUYETO HEJb3s OyJeT cka3aTh 00 3 (PEKTUBHOCTH METOA, T.C. HEJb-
35 OLCHUTHh TOYHOCTh YpaBHEHHs perpeccuu. Eciu y He moauuHs-

eTCsl HOPMAJIbHOMY pacIpe/ieieHHI0, TO CTaparoTcs 1Moaodpars Ta-
Kyto (pyHKITHIO TTpeoOpa3oBaHms, YTOOBI TIEPEUTH OT Y HOBOH CIIy-
yallHOM BenuuuHEe (= f(y), MPHOIKEHHONW — pacIipeIeIeHHOM
[0 HOpMaJIbHOMY 3aKOoHy. Hampumep, 17151 MHOTHX acCUMETPHUYHBIX
paclpeiesieHui Aeaercs 3aMeHa g = In(y).

2) Hucniepcun 0')2, =o? {yu }, u=LN paBHbI Ipyr Apyry. 910

03Ha4vacT, 4YTO €CJIM IMPOU3BOANTL MHOTOKPATHBIC W INOBTOPHBLIC Ha-

Onro/leHns HaJ BEJIMYMHOW Y|, IIPU HEKOTOPOM OIIPEAEIEHHOM Ha-
0ope 3HaueHHI (Xlu , X2u,...,xku), TO MOJY4YHM JUCIIEPCHIO 0')2,, KO-
Topas He OyJeT 3aBHUCETh OT MaTeMaTH4eckoro oxumanus My, , T.e.

2 o
HE GYJICT OTJIINYaThCA OT O'y , IIOJTY4YCHHOMN ITIPU IMOBTOPHBIX Ha0J110-

JIEHUSIX IS JIFo0Oro JApyroro Habopa HE3aBUCHUMBIX MEPEMEHHBIX.
OT0 TpeOoBaHUE TAKKE HE BCET/a BBITOIHACTCS JIJISl PEabHOTO DKC-
MePUMEHTA.

3) HesaBucumble TepeMeHHBIE X1, X2, X M3MEPSIOTCSA
C IPEeHEOPEKUMO MaJIOl OIMHOKOM MO CPaBHEHHUIO C OMTHOKON B OTI-
peneneHun Y .
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IIpy TAaKUX MPENOCHUTKAX OKA3BIBACTCS BO3MOMKHBIM BEITHC: &
JUTH KOA((UIMEHTH! MOJMHOMA, a TaKXKE OLEHUTh MX TOYHOCTH U
TOYHOCTH YPAaBHEHUS PEIPECCUHU B LIEJIOM.

IIpoBenaeHne SKCIEpPUMEHTAa HAI MOICIBIO OO0 CIOKHOM
CHCTEMBl 3aBEpIIACTCS MOIY4YEHUM OOJNBIIMX MAaCCHBOB JaHHBIX.
B coctaB maHHBIX MaccHBOB BXOZST HAOOPBI MCXOAHBIX JNaHHBIX,
3HAYEHUS IPOMEXKYTOUHBIX M PE3YIbTUPYIOIUX HapaMeTpoB. [Ipak-
THYECKU U JIIOOOH CHUCTeMBI TpeOyeTcsl ONpEeNeNuTh CTEeleHU
BIIMSIHUASL MUCXOJHBIX IIapaMETPOB Ha PE3yJIbTaT, MEPY JUHEHMHON 3a-
BUCHUMOCTH, U TONYYUTh MHBIE CTATUCTHYECKHE IOKa3aTelu (PyHK-
LUOHUPOBAHUS CUCTEMBI.

B nanHOM paszene NpUBOIATCSA METOABI IOIYYEHHS CTATHCTH-
Yyeckoil nH(opMamuy padboThl CUCTEMBI IyTEM HCIIOIB30BaHUS COOT-
BETCTBYIOIIEH MMHUTALMOHHON MOJENIM Ha OCHOBE CTATUCTHUYECKUX
uccnenopanuid. [y 00pabOTKH pe3ysIbTaTOB IKCIIEPUMEHTA UCTIONb-
3YIOTCS JIMHEHHbIE MHOT'O(aKTOPHbBIE MOJCIIH.

C noMo11bi0 rpaMOTHO OCTPOEHHOH MHOTO()aKTOPHOI MOenn
MOKHO OIpeNeNInTh, Kak ce0sl BeleT OTKIMK paccMaTpHUBaeMOM
CIIO)KHOW CHUCTEMBI B 3aBUCHMOCTH OT M3MeHeHus: (akropos. [lo-
CTpOCHUE JMHEHHOM MHOTO(MAKTOPHOW MOJETH OCYIIECTBISCTCS
C TIOMOIIIBIO0 METOJIOB KOPPEIAINOHHO-PETPECCHOHHOTO aHAIN3A.

7.1. O6o3HauYeHus

Y1
Y2 . .

y = . — 3HAUYCHMHUA OTKJIIMKA (3aBI/ICI/IMOI/I HCpeMeHHOI/I) B IIC-
Yn

puoaax BpeMeEHH, rac N— Yucio IepruooB Ha6J'IIO}IeHI/I$I.

X =(X1,X2,...Xm) — psaael M GakTopoB (HE3aBUCHMBIX HIIH

OOBACHSIOMINX TIEPEMCHHBIX ).
x' — cpexnee 3HadeHHeE | - if TTEPEMEHHOIA.
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7.2. llpenBapure/ibHbIE MIOHATHS U ONPeIeIeHUS

JMucnepcus crydaifHOW BeIMYWHBI X ompezemnsieTcs mo ¢dop-
MyJie:
n

Z (xi - x)2

G)% _i=l
n-1

Ee Ha3bIBaIOT ellie CpeHEKBAIPATHUSCKIM OTKIOHCHHUEM.

Omnpenenenne 7.1. Bennmumny oy :\10'3 Ha3bIBAIOT CTaH-

JApTHBIM OTKJIOHEHHEM BEIHYUHBI X .
Koadumument koppensinuu Mexay CiydailHBIMH BETHYHHAMHU

> [ -3l -]
(x, X)zz‘,( )

—1
Koaddumment koppemsinun xapakTepu3yeT TECHOTY WM CHILY

CBSI3M MKy IICPEMCHHBIMU Y M X. 3HA4YCHUS IPHHUMACMbIC [yy
HaxOoJATCS Ha OTPE3Ke [—1, 1]. Ecin 1y, >0, T0 KOppessiuus noso-

XKHUTENbHA, T.€. C YBeIUUYEHHEM (YMEHBIIEHHEM) OJTHON MEepPEeMEHHOM
(x) yBenmumBaercsi (yMeHbLIaeTcs) npyras nepemensas (Y ). Ecam

KOppensiiusa OTpULaTeibHa, TO HaOiofaercss oOpaTHas CHTyalusl.
IIpu HynEBOI KOppEISUH CBS3U MEXKIY ITEPEMEHHBIMU HET.
Ecnu peds uzietr 0 MHOrOQakTOpHOW MOJIENTH, TO BBIYHCIISETCS

K03 (UIIMEeHT MHOXKeCTBeHHOW Koppemsimmun R=_|[1-—

o-e2 — OCTaTOYHAs TUCIEPCHS OTKIIHKA, 0'5 = 0')2, — obmas nucrep-

CHs OTKJIMKA.
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OO6wias qucrepcust XapakTepusyeT pa3opoc HaOMIoAeHUH (ak: <
TUYECKUX 3HAYCHHUU OT CPEITHETO Y .

OcraTodHas TUCTICPCHS:
n

D i)

2 =l
Og =—
n-m-1
rae Yt — BBIYHACICHHBIE 3HAYEHHUA NEPEMEHHOM Y IOCPEINCTBOM

YPaBHEHHUSI PETPECCUH MPH MOACTAHOBKE B HEr0 HaOM0gaeMbIX (ak-

THUecKHX 3HaueHni X' . OCTaTOuYHas MUCHEPCHs XapaKTepH3yeT Ty
YacTh PacCEesiHUA IIEPEMEHHOM Y, KOTOpask BOZHUKAET U3-3a BCAKOIO
pona cirydaiiHOCTeH 1 BIMSHUS HEYYTEHHBIX (DaKTOPOB.

Koaddunuenrt aerepmunauu

2

_1-%¢
D=1 5
a

JanHbiii K03(QGUIMEHT CIYyXKUT JUI OLIEHKH TOYHOCTH perpec-
CHUH, T.. COOTBETCTBHUS IMOJIyYCHHOTO YPaBHEHUS PErPECCHH MMEHO-
IIUMCS SMITUPUYECKUM JTaHHBIM. 3HaueHre Kod(pQuimenTa u3mMeHs-
€TCs B TIpeJiesiax [0, 1]. Uem D Ommke K equHUIIE, TEM TOYHEE per-

peccuonHas Mozenb. CTaHaapTHas OMMOKa OLIEHKU paBHA \10'2 .
MoxHo Tmokazarb, uro mnpu D=0 KkoppensuuoHHO-
PErpeCCHOHHAs CBA3b MEXAY NEPEMEHHBIMM X U Y OTCYTCTBYET.

Ecmu D=1, To cBs3b GYHKIIMOHAIBHASL.

7.3. Ouenka mapamMeTpoB JUHEHOW MHOrogakTopHoOii MoO-
Aenu

OO6mwmit Bua TUHEHHOW MHOTO()AKTOPHON MOJIETH CIICAYOIIHN:
m

y= ald, ©)

=0
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e X0 =1 — JOMONHHMTENbHAS KOHCTAHTA A yueTa B ypaBHEHHUE -

perpeccun cBoOoHOTO K03 duimenTa (B 3TOM cllydae B MaTpPHUILY

X 100aBJsIeTCs €AMHUIHBIA BEKTOP-CTONOCI] U eIHHIYHAS CTPOKA):
§=(Yat:- - Ynt)-

B MaTpuunoii popme ypaBHeHue (6) mpuMeT BH

9=aTx.

s o1leHKH mapaMeTpoB PErpecCCHOHHON MOAETH HEOOXOAUMO
MUHHMMU3UPOBATh CICAYIOIIYIO (PYHKIHIO:

s(a)=(y—9)° =(y-Xa)' (y—Xa)—>min,
T.e. MHHUMH3UPOBAaTh CyMMY KBaJIpaTOB OCTaTKoB. Takod MeTon,
Ha3bIBAEMBII METO/IOM HaUMEHBIIINX KBaapaToB Bam n3BecTeH.
Huddepennnpys S(a) [0 KOMIIOHEHTaM BEKTOpa @, IMoIy4a-

€M cJIeayronee COOTHOICHUE:

ﬁ("")=—2xTy+2xTXb=o
oa

WIH
XTXa=XTy. ©)
CootHomenue (/) sSBISETCS CHCTEMON JMHEHHBIX YpaBHEHUH,

Y T
pelIeHreM KOTOPOH NpH YCIOBUM OOpPaTUMOCTH Marpuubl X X
ABIISIETCS

:(xTxfley

Pemenne cucrembl (7) MOKHO OCYIIECTBHTH COOTBETCTBYIO-
LIIMMH METOJIaMU, HanpuMep, MetooM Kopaana-I'aycca. 3nech

n Zx,l e
4 ZWf o D

s S - skl
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Korna nam m3BecTHa METOJMKA OIICHKH MapaMeTpOB JIMHEHHOM
MHOTO(AKTOPHOW MOJIEIH, MBIl MOXEM IMPHUCTYNaTh K €€ MOCTpoe-

HHIO.

7.4. IlocTpoeHue JIMHeHHOH MHOTO()AKTOPHOW PperpeccHoH-

HOH MoJeIu

[loctpoenne MHOTO(GAKTOPHOW MOJENN COAECPKHUT HE TOIBKO

9TaIlbl BEIYUCICHUN PErPECCHOHHBIX KOA(PPHUIUEHTOB, HO U OLIEHKY

MIpaBOMEPHOCTHU €€ HUCIHOJB30BAHUA 110 PA3JIUYHBIM KPUTCPUIM.

Tarxoke HeoOX0MMa TpoBepKa 00CYKIEHHBIX paHee MPEANOCHUIOK.

HOCTpOCHI/Ie MOZJCIN BBIIMOJHACTCA IO CIACAYIOIIUM dTallaM:

1)
2)
JIN3;
3)
4)
5)
6)
7)
8)
9)

anpPUOPHOE UCCIICIOBAHUE CUCTEMBI,
(dopMupoBanue nepeuHs (akTOPOB W WX JIOTHYECKUN aHa-

cOOp UCXOHBIX JaHHBIX U UX [IEpBUYHAsT 00pabOTKa;
cneunuKanys GyHKLIUH PETPECCHH;

OLIEHKa (DYHKIH PErPECCH;

0TOOp IMIaBHBIX (PAKTOPOB;

MPOBEPKa aJICKBATHOCTH MOJICIIH;

WUHTEPIIPETAIIS MOJIEIIH;

MPOTHO3UPOBAHWE HEU3BECTHBIX 3HAYEHUM 3aBUCUMOM Iie-

PEMEHHOI.
[ocneanuii 3Tan MOXKET HE BBITIOIHITHCS, €CITU TOJILKO TPeOy-
€TCsI OIICHUTDH BIUSHIE BEIOPAHHBIX (DAKTOPOB HAa OTKIIUK CUCTEMBI.

PaccMmoTpuM monpoOHee coliepkaHue STaroB.
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7.4.1. Anpuopnoe uccnedosanue cucmemul
B cooTBeTcTBUY C 1EbI0 pabOTH HA OCHOBE 3HAHUHN B 00IACTH
paccMaTpuBacMOi CHCTEMBbI KOHKPETHU3UPYIOTCS SIBICHHS, MpOIec-
CBl, 3aBUCUMOCTb MEXIY KOTOPBIMHU IIOJUIEXKHT OLeHKe. IIpu sTtom
[OJPa3yMEBaeTCsl, IPEXKIE BCETO, YETKOE OIpENesICHHUE SBICHUN
B CHCTEME, yCTaHOBJIEHHE 00BEKTOB U IIEPHOAA UCCIIECIOBAHUSL.
Ha sToM stamne nomkHbl ObITH CPOPMYTUPOBAHEI OCMBICTICHHBIC
" IPpUCMIIEMBIC TUIIOTE3bI O 3aBUCUMOCTHU HBJ’ICHI/II\/'I, HarpuMmep, 3aBu-
CUMOCTBb MMPOU3BOAUTCIIBHOCTH TPyJda OT aBTOMAaTHU3alluUu IIPOU3BOI-
CTBEHHOT'O IIpOLiecca, YPOBHS KBaTH(PUKALUN PabOIMX U pPa3MepoB
BO3HArpaXkICHUU 3a TPY/I.

7.4.2. @opmuposanue nepeuts hpaxmopos u ux
JnozuvecKuil ananus
Jlnis onpeneneHus pasyMHOTO 4YHCIia MEPEMEHHBIX B perpeccu-
OHHOU MOJIeNH, HEOOXOIMMO, TIPEXK/IE BCEro, OPUCHTUPOBATHCS HA
coobOpaxkeHus: TPodeccCHoHATLHO-TEOPETHIEeCKOro xapakrepa. Hc-
X011 U3 (PU3NYECKOTO CMBICIIA SBJICHUS, MPOU3BOMIT KiaCCH(UKa-
U0 NEPEMEHHBIX HAa 3aBUCUMBIC U O6’I)HCH5HOHII/I€.

7.4.3. Co0p ucxoOnvix OGHHBIX U UX NEPEUUHAS
oopadbomka

Hcxomnast wHOpManms MOXET OBITH IMPENCTaBICHA B TPEX
dhopmax:

1) nuHAMuYecKue (BpEMEHHBIC) PSIIbl;

2) mpocTpaHCTBeHHass MH(MopManus — UHopMalus o padore
HECKOJIbKMX OOBEKTOB B OJJHOM pa3pe3e BPEeMEHH;

3) cmenHas (tabiauyHas ¢opma) — mHPOpMAIHMsA O padoTe He-
CKOJIbKUX 00BEKTOB 32 Pa3HbIe IEPUOJIBI.

O0beM BBIOOpPKH (YHCIIO 3HAYCHUN IEPEMEHHBIX) HE MOXKET
OBITh IIPOM3BOJIBHBIM M 3aBUCUT OT KoJMuecTBa (hakKTOPOB, BXOIs-
LIMX B COCTaB MOJEIH C YUYETOM CBOOOAHOro uieHa. Pekomenayercs
JUI CTATUCTUYECKH 3HAYMMOW MOJENU Ha OAWH (aKTOp OCYILECTB-


http://www.pdfxviewer.com/
http://www.pdfxviewer.com/

KN paCCUYUTBIBACTCA UCXOAA M3 KOJIUYCCTBA q)aKTOpOB, a TaKXKC KO-
JINYECTBA CB06OHHLIX YJICHOB YPaBHCHUA PETPECCHUN.

7.4.4. Cneuyugpurkayusn pynxyuu pezpeccuu
Ha manHOM 3Tame wccienoBaHHs JAeTcs KOHKpeTHas (popmy-
JIUPOBKA TUNOTE3bl O (opMe CBs3M (JIMHEWHAs WIM HEJIMHCHHas,
MPOCTasi WK MHOKECTBEHHAS U T.1.). J[JIsl 5TOr0 UCTIONB3yr0TCS pas-
JIUYHBIC KPUTEPHUH JIJISI TPOBEPKU COCTOSITEITBHOCTH THITOTETHUECKO-
T'O BUJIa 3aBUCUMOCTH. Takke MPOBEPSIIOTCS NMPEANMOCHUTKA KOppes-
IUOHHO-PETPECCHOHHOT0 aHAJH3A.

7.4.5. Oyenka pynkuyuu pezpeccuu
31ech ONpeessIOTCS YUCIOBBIC 3HAUYCHUS TapaMeTPOB perpec-
CHH, M BEIYHCIIACTCS PSJ IIOKa3aTeeil, XapakTepu3yIOIUX TOYHOCTb
MOJIEIIH.

7.4.6. Omoop 2naenvix pakmopos

OnHUM U3 Ba)XKHBIX 3TAIlOB COCTABIEHUS MHOTO(PAKTOPHONH MO-
JIENA SIBJISIETCS OTOOP OOBSICHAIOIINX ITePEMEHHBIX.

B nepByro odepens Ha JaHHOM 3Tare (pOPMHUPYIOT IEpeueHb
TeX (haKTOpPOB, KOTOPBIE MOTYT BIHSITh Ha OTKJIUK cUCTeMBl. OOBIYHO
WX YHCJIO JOCTUTAET HECKOJIBKHX NecATKOB. [loaToMy mocTpoeHHas
C TaKUM KOJMNYECTBOM (DaKTOPOB MOJETh MOXKET OBITh HEYCTOWYH-
Boil. OHa MpOsIBIIsIETCA, KOT/Ia IPU U3MEHEHHH HEKOTOPHIX (pakTopoB
3HAYEHHUE 3aBHCUMON NEPEMEHHON OyZET pacTd BMECTO TOTO, YTOOBI
YMEHBIIATHCA.

[Ipu HeOompmoM KoJMYecTBE (HhaKTOPOB IMONYUCHHAS] MOJIEITH
MOJKET MPHUBOJMTH K ONIMOKAM TPU NPUHITHU PEUICHUH B XOje ee
aHaIM3a.

B cBsi3u ¢ 3TUM ONpeAeNsSIOT PaluOHANBHBIX MEpPeYeHb (PaKTo-
pOB.
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Ot16op (haKTOPOB M3 NPEABAPUTENLHOIO CIHMCKA MPOU3BOIAT &

C TIOMOIIBIO UX aHAJIN3 Ha MYJIbTHUKOJUIMHEAPHOCTD.
Onpenenenue 7.2. MyJIbTUKOJIUIMHEAPHOCTh — IOMAapHAasi KOP-
PEISLMOHHAs 3aBUCUMOCTh MEXAY (pakTopamu.
Cunraercs, 4YTO MYJIBTUKOJUIMHEApHAs 3aBHCHMOCTb MEXIY

dakropamu x' u x) npucyrcrtByer, ecim xoddduument maproit

xoppessiuuy fjj >20,7+08.

OTpuriarenbHOe BO3ACHCTBHE MYIbTUKOJIMHEAPHOCTH COCTOUT

B CJICAYIOIIEM:

1) ychoxHseTcs mpolieaypa BbIOOpa TTaBHBIX (aKTOPOB;

2) HCKaXaeTcsi CMBICI KOA(PUIIMEHTa MHOKECTBEHHON KOppe-
JIAUH (OH MPEAIoJiaraeT He3aBUCUMOCTh (PaKTOPOB);

3) YCHOXHSIOTCS BBIYUCICHUS MIPU MTOCTPOCHUH CAMON MOICIIH;

4) CHMKAETCs TOYHOCTH OIIEHKH MaPaMETPOB PErPECCHH, HCKa-
JKAeTCsl OIICHKA JIUCTICPCHH.

CrencTBreM CHIDKCHUS TOYHOCTH SIBISETCS HEHANE)KHOCTh
perpeccUoHHBIX KO3((PHUIMEHTOB M OTYACTH HEMPHEMIIEMOCTh HX
WCTIONB30BaHMSA JJIs HHTEPIPETAlMUd MEPhl BO3JIEHCTBHS COOTBETCT-
ByIOIel OOBACHSIONICH MePEeMEHHOM Ha 3aBUCUMYIO TICPEMEHHYIO.

OreHkn K03 (GUIMEHTA CTAHOBITCS OYEHb YYBCTBHTEIBHBIMU
K BBIOOPOYHBIM HAONIOJCHUSAM. 3/1eCh CTAHOBUTCS HEHAICKHBIM
MPUMEHEHNUE KPUTEPUEB 3HAYUMOCTH. TakuM 00pa3oM, CTAaHOBUTCS
SICHBIM, YTO TIPU IMIOCTPOSHUH PACCMAaTPUBAEMOIN MOJIENTd HE0OX0 -
MO YCTaHOBHTH CTOXACTHYECKYIO MYJIbTHKOJLTMHEAPHOCTh, KOTOPYIO
10 BO3MOXHOCTH CJIEAYET YCTPAHUTb.

Jns u3MepeHus: MyJIbTHKOJUTMHEAPHOCTH MOYKHO MCIIOJIb30BATh
KBajpat Kod(duIreHTa MHOKECTBEHHON KOPPEIISLIH:

D=R2.

3nauenne D sBusiercst koaddurmenrom nerepmuHanyu. Be-
aeM  koopduuuent napHod nerepmuHammm  dyj = ryzj . Torna,

IpUu OTCYTCTBUH MYJIbTUKOJUIMHCAPHOCTH
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D=>dy;. 8)
=1

CootHoureHue (8) mokasbIBaeT, YTO B MHOTO(AKTOPHOW MoJe-
JI1 TIPUCYTCTBYIOT CBSI3M TOJIBKO MEXAY 3aBUCHUMON NMEpEMEHHOH Y

u dakropamu X/, j =1,m. Css3u Mexay (paKkTopaMu OTCYTCTBYIOT.

PaBenctBo (8) MOKeT BBHIMONHATHCA B pEAKUX ciydasx. [loaTomy
BBOJAT MEPY MYJIbTUKOJIJIMHEAPHOCTH:

m
M = D—Zdyj .
j=1

UeM MeHblIE 3Ta Pa3HOCTb, TEM MEHbBILIE MYJIbTUKOJUIMHEAp-
HOCTh. M5l ee CHIDKEHMS HCIIONB3YETCsl METOA MCKIIIOYEHUs mepe-
MeHHbIX. CyTh METOJa ONPEAEISIETCs] UCKII0UEHHEM TeX (aKTOpOB,
KOTOpPBIE XOPOILIO KoppenupoBaHel. [Ipu 3ToM mopor Momysst Kodg-

(umeHTa Koppenanun fij» i=1m; j=1m 3amaerca 3HAUYECHHEM
oonpmre 0,6. Kak mpaBuio, ecmu |rij| >0,7,i,j=1m, 1o omuH

13 (aKTOPOB HMCKIIOYAIOT. 37eCh cpa3y BO3HHKaeT Bompoc: «Kakoi
M3 JIBYX XOPOIIO KOPPEIMPOBAHHBIX (hPaKTOPOB MCKIOUATh?» Pere-
HUE 00 MCKJIFOYCHUU TOTO WM MHOTO (haKTOpa MPUHUMAIOT, UCXOJIS
13 YIPaBIsieMOCTH (DAKTOPOB HA YPOBHE CHCTEMEL.

Ecin dakTop Xopoiro yrpaBiseM H IO3BOJISIET YIIYYIIUTH
(hyHKITMOHUPOBAHUE CHCTEMBI, TO €r0 OCTABIIAIOT B Mojenu. Ho vac-
TO BO3HHMKAIOT CHTYyallUd, Korja 00a (hakTopa MOJIOKUTEIHHO BIIUS-
IOT Ha CUCTEMY, U Ha HUX MOXKHO BO3JIeicTBOBaTh. [loaToMy Bompoc
HCKITIOUCHHE (PaKTOPOB PENIAIOT ITyTEM MPOIEAYPHI OTOOpa TIIaBHBIX
(haxTopoB.

[lpunarue pemeHus 00 0TOOpE TIIABHBIX (DAKTOPOB IPOU3BO-
JUTCSL C IPUMCHEHUEM aHalIn3a 3HAYCHUM CHeluaibHBIX CTaTUCTHU-
YECKUX XapaKTEPUCTHK.
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[Ipouenypst oTO0Opa TIaBHBIX (PAKTOPOB BKIIFOUAET CIIETYFOTITHS <
STkl

1) ananu3 (HakTOpPOB HA MYJIBTHKOUIMHEAPHOCTh M €€ CHIDKE-
HHe (MCKITIOUCHUE);

2) aHanm3 TeCHOTHI B3auMocBs3u daktopoB X, j=1,m c 3aBu-
CUMOH IIEPEMEHHOH Y ;

3) aHamu3 CTENeHW BIMSHUS (HAKTOPOB HA 3aBHCHUMYIO Tepe-
MEHHYIO;

4) nposepka koddduumenta perpeccuu aj, j=0,m Ha craru-

CTHUYECKYIO 3HAYHMOCTB;
5) ananu3 GpakTOpPOB Ha YIIPABISIEMOCTbD;
6) mocTpoeHHe HOBOW PErpecCHOHHON MOJENU 0e3 UCKIFOUCH-
HBIX (paKTOpOB.
7) wuccimemoBaHWE IIEECO00PA3HOCTH HCKIIOUEHHUS (PaKTOPOB
M3 MOJIJIH C TTOMOIIIBIO KO3 (HHUIIUEHTA JeTCPMUHALINH.
JIJ1st BHITIOTHEHUS TIEPBBIX JBYX STAllOB COCTABIISIIOT KOPPEIs-
[IMOHHYIO MAaTPHILy CIIEAYIOMIETo BUaa (Tabnuma 2).
Tabnuua 2. KoppessiiimonHast MaTpuia

Ne mepemenHoif Xt x2 xM y
X 1 o Am Ry
x? 1 1 fom Ry
x™M M2 fm2 1 Tmy

i ananusa akTopoB Ha MyJIBTUKOJUIMHEAPHOCTH UCIIONIb3Y-

10T K03 QUUMEnTBI napHoi Koppemsiumy K, 1, j =1,m.

AHanu3 TecHOTHI B3ammocBssH X', j=1,m wu ynpoBomutcs

ral TACTINDTTIL2,NADRDALITAAN OO TRATOTRDVVINATITIAY VnQIhIhT/TTTT/TPUT{'\D nanur\ﬁ
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<oppensuun fjy, | =1,m. Eciu rjy=0, 10 j-if pakrop nckmoua- J"

eTcsa aBToMaTuuecku. Jlanee (hakTopsl COPTUPYIOTCS B MOPSIAKE BO3-
pacTanus Moxyied ko3 UIIMEeHTOB MapHO Koppemsuu. llpuHs-
THE peleHns] 00 UX UCKIIOYCHUH HAYMHAETCS C TICPBBIX AJIEMEHTOB
MONMYYeHHOW  MmocienoBaTeNbHOCTH. (OKOHYATEIbHOE  pellieHHe
00 HMCKIIIOUEHUH NMPUHUMAETCA B XOJI¢ aHAIN3a JPYTUX CTaTUCTHYe-
CKUX XapaKTEPUCTHK.

AHanu3 cTeneHu BIUSHUA (PaKTOPOB HA 3aBUCHMYIO IE€PEMEH-
HYIO OCYILECTBIIAETCS IIyTE€M BBIYMCICHHU KOdPPHULIUEHTa [ .

O Xk R
ﬁk =ay —, Tae k:1,m.
Oy
Koo duuueHT mokaspiBact, Ha CKOJIBKO Oy H3MCHHTCS 3aBH-

cuMas MEepeMEHHas Y, €CIM H3MEHMTh Ha O k k -it ¢axTop

npy (GUKCUPOBAHHBIX 3HAYEHUSX OCTAIBHBIX (hakTopoB. OH yUYHTHI-
BaeT BIMSIHME aHAIM3MPYEMOro (axkTopa Ha 3aBUCHMYIO IE€PEMEH-

HYIO «C Y4eTOM pa3jMuuil ypoBHs ero konebaemoctm». daxrop X!
i
C MEHbLIMM K03 duLHeHTOM [ 110 OTHOLICHHIO K (pakTopy X' (KO-

3 duieHT f;) MOKeT ObITh HCKIIIOYEH U3 MOJEINN.
[MpunsTre pemenus 06 MCKIOUEHHH (PakTopa U3 MOJEIH My-
TEM BBIYUCICHUS KO3 dULUEHTa [ UMEET MEHbIIHMHA BEC 0 OTHO-

MMCHUIO K NPUHATHIO PCHICHUA Ha baze OIICHKHU TCCHOTBI CBA3U (baK—

TOpa ¢ 3aBHCHMOIi nepemenHoii. T.e. ecimu ast pakropoB X' u X!

YCTaHOBJICHO, 4TO iy > [jy, HO [ < f3j, TO UCKIIFOYCHHUIO TIOJUICKUT

(akTop xJ.

ITpoBepka KO3(D(GHIMEHTOB HAa CTATUCTUYECKYIO 3HAYMMOCTh
MPOBOJIUTCS 110 OTHOMY U3 JIByX KPHUTEPHECB:

1) xpurepuit CTbIO€EHTa;

2) xpurepuii Gurepa.
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IpoBepka KOIhPHUIUEHTOB 10 KpUTeprio CTHIOICHTA MPOBO: &
JUTCSI TIO CIIeNyIoIIe opmyIe:

t = Sa—k, k=1m,
a
rae a, — koagduiment perpeccuu npu K -m ¢axrope,
Sa, — CTaHIAPTHOC OTKIOHCHHME OLCHKH Iapamerpa ay , BEI-
quciseMoe o popmyie:
Sa = o6 .
K ak(l—dijn—l)
31ech YUCIo cTeneHei cBo0o bl cTaTuCTHKH CTHIOACHTa PaBHO
f=n-m-1.

[Tonmyuennsle 3HaueHus ty, K =1,m cpaBHUBAIOTCS C KpUTHYE-

CKMM 3Ha4YCHHEM tf a> A€ & — YPOBCHb 3HAYMMOCTH. Ecimm

ty >t 5, TO OUEBMAHO @y CYIIECTBEHHO OONbLIE HYJIA, a (hakTop

xK okasmiBaeT Gonbiee BiMAHME Ha 3aBUCHMYI0 TIEPEMEHHYIO Y .

B npotuBHOM ciydae hakTop HCKIIOUAETCS U3 MOJICIH.
ITpoBepka CTaTUCTUYECKOM 3HAYMMOCTHU 1O KpuTepuio duiepa

MPOBOJUTCS C MOMOLIBLIO (POPMYJIBL:
2

| 2| i,
ay

31ech YHMCIO CTENeHel cBOOOMBI CTaTUCTUKU Fy  cienyromme
fi =1, fo =n—m-1. Kak B npeasiaynieii Metoanke, 3Ha4eHus Fy

CpaBHMBacM C  KpHTHYeCKMM 3HadenumeM Fy ¢, ,. Ecmm
k
F« > Fi,f,,¢, TO GakTop X OKa3sblBaCT CYIICCTBCHHOC BIMSIHHC

Ha Y. B mportuBHOM ciydae dakrop xX ncxmouaetes.
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IIpm ananm3e ¢GaxTOpPOB HA YNPABISIEMOCTDH OCyIJ.ICCTBJ'I?IETC}A
JIOTHYECKUH aHanu3 (aKkTOpoB Ha MPeaMET BO3MOKHOCTH BO3JIEHCT-
BUSl HA HUX Ha yPOBHE CHCTEMBI. Te (akTophl, KOTOphIE HE MOAA-
I0TCS YIPABICHHIO, HCKITIOYAIOTCS M3 MOJICTIH.

Hamnpumep, MBI nccieryeM 3aBUCHMOCTD 00BbeMa BBIITyCKaeMOi
HPOIYKIMH OT CIIEAYIONHX (aKTOPOB: pasMep BO3HArpaXKICHUS pa-
004rM, CKOPOCTb PE3KH JIeTajiei, KOTOPYIO BBITIOIHSAET CTAHOK, KO-
JUYECTBO TEXHUYECKHUX TMEPEPHIBOB 3a OJHY cMeHy. OueBUIHO, YTO
MBI HE MOXKEM BO3JICHICTBOBATH Ha BTOPOW (hakTop, T.K. OH Ompese-
JSIETCSl TEXHMYECKUMHU XapaKTepHCTHKaMu o0opynoBanus. [loatomy,
npu ONM3KKX 3HAYEHHAX KOd(P(UIMEHTOB KOppemauuu U [y, Mbl

€r0 MCKIII0YaeM.
[TocTpoeHne HOBOM PErPECCUOHHON MOJIENH.
[TycTh MBI HCKITIOYMIIM M3 TIOJIYYCHHOH paHee MOACIH C KO3(h-
¢unmentom perepmuHanuu Dp, My ¢akropos. Torga ctpoum Ho-

BYIO PETPECCHOHHYIO MOJENb C OCTaBIIMMHUCA My =M-—My dakro-
pamu. [lns Hee TakKe BBIYHCIAEM KOI(PQUIMEHT IeTepMUHAIMN
D, -

HccnenoBanue 11es1ecO00Pa3HOCTH UCKIIIOYEHUS My (hakTopoB

W3 MOJIENTH C TMOMOIIBI0 K03 uIeHTa IeTepMHHAIIMN OCYIIECTBIS-

CTCA MYTEM pacycTa CJ‘Ie,I[yIOIJ_IeI?'I BCJIIMYMHBI:
Dy, - D -m-1
= OnDnJo-m-y ©
(m—my X1— D)

C IIOMOIIBIO Z[aHHOﬁ BCJIMYHUHBI, KOTOpad HUMECT

F - pactipenenenne co creneHsMu cBobombl fi=m-my=m, wu
fo =n—m-1, ycranaBiauBaeTcs, BHOCST JII COBMECTHO MCKIIFOUCH-
Hble (DaKTOPHI CYIIECTBEHHYIO JIOJIO B BapUAIMI0 OOBSCHSIIONICH
nepemeHHoi Y. Pasnocts Dy, — Dml B (9) saBisIeTCS MEpOH OTOJ-
HHUTEILHOTO OOBSICHCHUSI BapHaIllMd ) 3a CYET OOpaTHOTrO BKIIIOYE-

HH BBIBCACHHBIX U3 MOJCIIN (baKTOpOB.
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3HaueHue F| cpaBHHBAIOT C KPUTHYECKUM Fa’fl’fz JUISL YPOB. &
Hsl 3HAYMMOCTH @ M cTeneneii ceoboawr fy, fo. Ecnm F > F, f1, 0

TO My OOBACHAIOUIMX MEPEMEHHBIX COBMECTHO OKA3bIBAIOT CYILECT-
BEHHOE BJIMSIHME HA BapHUALUIO NIEPEMEHHOW Y, U, CIENOBATEIIBHO,
BCE My MEPEMEHHBIE U3 MOJEIM HEIb3sd UCKII0YaTh. B MpoTUBHOM
cllydae, My IEPEMEHHBIX COBMECTHO HE OKA3BIBAIOT CYLIECTBCHHOIO
BIIUSHUS Ha BapHallMI0 NEpPeMEHHOM Y. 31ech 3T TepeMeHHBIe

OKOHYATCJIPHO UCKIOYAI0TCA U3 MOJCIIN.

7.4.7. IIposepka adexkeammnocmu mooenu
JlaHHbBII 3Tan aHanu3a BKIOYAET:
1) oleHKY 3HAYMMOCTH KOA(PPHUIIMCHTA ACTCPMUHALIUH;
2) NpOBEpPKY KayecTBa Mo00pa TEOPETUUECKOr0 YPaBHEHHUS
3) BBIYHCICHHUE CIICIUATIBHBIX TOKA3aTENCH.

OmeHka 3HAYMMOCTH KOI(P(HIMEHTA JeTepMUHAIMA HE00XO-
JMa JUIs pellieHHs BOMPOCa: OKa3bIBAIOT JIM BBIOpAHHBIE (PaKTOPHI
BIIMSIHUE HA 3aBHCUMYIO mepeMeHHyI0? OlieHKa MO3BOISET BBISIBUTH
Takue cuTyanuu, korja BenmunHa D nenmukom oOycioBineHa ciy-
YalfHBIMU KOJICOQHUSMH B BBEIOOpKE, HA OCHOBAaHHU KOTOPOW OH BBI-
YHCIICH.

Jns ounenku 3HaumMmoctu D wumcmomb3yercss F - crarucruka
co creneHsiMu cBodoapr fy=m, fo=n—-m-1:

e D(n-m-1)
m(l-D)

Ecnu 3nauenne F mpeBblmaeT KpUTHYECKOE, TO BKIFOYCHHBIE
B YpaBHEHHE PETPecCHUH NMEPEMEHHBIE JOCTATOUYHO OOBSACHSIOT 3aBU-
CHMYIO TIEPEeMEHHYIO Y .

ITpoBepka kadecTBa 1MoxdOpa TEOPETHIECKOTO YPaBHEHHS OCY-
IIECTBIISIETCSI C MCTIOJIB30BAaHUEM CPEIHEH OMIMOKH alIpOKCHMAINH.



http://www.pdfxviewer.com/
http://www.pdfxviewer.com/

n

£ =23 Yiit b,
n i=1 Yit

CriernuasbHbIC TTOKA3aTeNd MPUMEHSIOTCS JJIST XapaKTePHUCTUKU

BO3JICUCTBHS OTJCIBHBIX ()aKTOPOB HA UTOTOBBIN IMOKA3aTEb.

Koaddumuent smacTHaHOCTH:

e Xk
B ==
y

OH MoKa3bIBaeT, HACKOJIBKO TMPOICHTOB B CPEHEM U3MEHSCTCS
¢GbyHKUUS ¢ M3MEHEHHeM apryMeHTa Ha 1% mpu (QUKCHPOBaHHBIX
3HAUCHHUSAX JAPYTUX apTyMEHTOB.

Mepa Bapuanuu pe3yJbTaTHBHOTO MPHU3HAKA 33 CYET M30JIUPO-
BaHHOTO BIUSHUSA (pakTopa xK:

2

9k =k -

[Tokazarens cucreMHOro 3ddexra (HakTopoB MOKa3bIBAET 00-
niee BiusiHUE (aKTOPOB Oe3 ydeTa BHYTPEHHUX CBS3CH:

_Rz—iﬂz
s = j-
=

7.4.8. Humepnpemauyus cucmemot
Pe3ynbTaThl perpecCHOHHOTO aHaIN3a CPAaBHUBAIOTCS C TUITOTE-
3amMH, c(hOpMyTUPOBaHHBIMA Ha TIEPBOM 3Tale HWCCIIECIOBAHUS, H
OILICHHUBACTCA UX HpaBHOHOHO6I/Ie C TOYKH 3pCHUA MMOBEACHUA CUCTEC-
MBI

7.4.9. IIpoznosuposanue HeuzgecMHbIX 3HAYEHUIL 3A6UCU-
MOl nepemeHHoll
[lomydaeHHoe ypaBHEHHE PErpecCHH HaXOAWT TPAKTHUIECKOe
MIPUMEHEHUE B IMPOTHOCTHYECKOM aHanu3e. [IporHo3 mosyyaror my-
T€M IMOJCTAHOBKH B PETPECCHIO UMCIEHHO OLIEHEHHBIX 3HA4Y€HUI
(hakTOpoB.
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JIEKIIMA 8. IPO'HO3UPOBAHUE ITAPAMETPOB
CUCTEMBI

[Tporuo3 ocymiecTBIseTCs sl OLICHKH HEM3BECTHOTO MapaMeT-
pa B OymaymeMm meprojie BpeMEHH WM B HEWCCIIEJOBAHHOW YacTH
MIPOCTPAHCTBA.

[Ipu mpOrHO3UPOBAHNH UCIIONB3YIOT ABA TOHITHS:

1) TIpeackaszaHue — Cy)XAeHHE O OYIyIIEM COCTOSIHUHU TIPOIeC-
ca (WM COCTOSTHUM IPOIeCca B HEUCCIICAOBAHHONW YacTH MPOCTpaH-
CTBa), OCHOBAaHHOEC Ha CYOBCKTHBHBIX OIICHKAX KAYCCTBECHHBIX U KO-
JINYECTBEHHBIX (PAKTOPOB.

2) TIporHo3upoBaHHe — OICHKA Mapamerpa B OyayIiem Ie-
pHoOJie WK B HEUCCIIEAOBAaHHOW O0JIACTH MPOCTPaHCTBA Ha 0ase 3B-
PUCTHUYECKUX U MATEMAaTHYECKUX METOJIOB.

OBPUCTHUYECKUE METOJIbI 0A3UPYIOTCS Ha UCIIOJIB30BAHUU TPYI-
HO (hOpMaTM3YEMBIX WM HE (HOPMAIU3YEMBIX SBJICHHI HIIM MPOLIEC-
coB. B maremaTnuecknx MeTomax OCYIIeCTBIsIeTCS oAa0op U oboc-
HOBaHHME COOTBETCTBYIOIIEH MOJEIH HCCIEeIyeMOoro Ipolecca, a
TaK)Ke CIIOCOOOB ONpeJeNieHHs] HEW3BECTHBIX MapaMeTpoB. 37ech
3ajJlaya MPOTHO3UPOBAHMS CBOIAMTCS K PEUICHUIO YPABHCHHIA, OTIMCHI-
BaIOIIUX JAHHYIO MOJIENb IS 3aJaHHOTO MOMEHTa BPEMEHH.

st SKOHOMHYECKHUX CHCTEM HauOojee MOMYJISPHBI METObI
AKCTPAIOJISAIAN, KOTOPBIE OTIIMYAFOTCS MPOCTOTOM, HATIISTHOCTHIO H
JIETKO peanu3yroTcss Ha OBM. DKCTpanoisiquoHHbIE METOIBI IIPe-
TIOJIATaf0T, YTO CYIIECTBYET CBS3b MEXKAY IMPOILIBIM, HACTOSAIIUM U
Oyaymmm. Koryma peds WaeT 0 BPEMEHHBIX Psijiax, TO CYIICCTBEHEH
MOPSIIOK, B KOTOPOM OCYILIECTBIISIOTCS HAOMFOICHHUS.

Bpemennoii pan Y, t=1Nn Moxer ObITh HMpeICTaBIEH B cle-
JLYHOLIEM BUJE:
Y =% + &,

TIae Xy — IECTEepMHUHUDOBAHHASIA KOMIIOHEHTA IIpoI1iecca.
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& — cTOXacTHYecKas (CaydaiiHas) KOMIOHEHTa Ipolecca.
JleTepMuHUpOBaHHAs KOMIIOHEHTA, UHAYE €€ HA3bIBAIOT TPCH-
J0M, X; XapaKTepu3yeT OOLIyI0 TeHICHLUIO U3MEHEHHS U3y4aeMoro

nokazareis. CToxacTudeckas KOMIIOHEHTA &t OTpaXacT CJ'Iy‘IafIHI;IC

KOJIeOaHUs WITH IITyMEI.
OTtpe3ok BpeMeHH K, oTMepsieMblii OT MOMEHTa BpeMeHH t,
T.e. TOUkH N+21 N+2,...,N+K, HA3BIBAIOT MEPHOJIOM YIIPESIKICHUS

WJIM TIPOTHO3HBIM TEPHOAOM. Eciu mepuos ynpeskaeHus] HaXOauTCs
B IpejieNiaX TPeX JIET, TO MPOTHO3 HA3BIBAIOT KpaTkocpouHbiM. Korna
MbI IPOTHO3UPYEM Ha MEPHOJ OT TPEX JIO MATH JIET, TO BBIMTOIHICM
CPEIHECPOUHBIN MPOrHO3, a MPHU MEepUojie OoJiee MATH JET — JOJTO-
CPOYHBIN ITPOTHO3.
[Ipu mporHO3MPOBAHKUH OICHUBACTCS MAaTEMATHUECKOE OXHJIa-
HUE HCCIICAYeMOro mporiecca (TOUYeUHbIH MPOTHO3) U BEJTMYNUHA WH-
TepBaya, B KOTOPBIH C 33JJaHHON BEPOSTHOCTHIO MOMAJIET MPOTHO3U-
pyeMoe 3HaueHHe Tporiecca (MHTEPBANTbHBIN TPOTHO3).
OCTpanoNisaiuOHHbIE  METOJBl MOXXHO  KJIacCH(HUIIUPOBATh
Ha CJICAYIOUIUE TPYIIIbI:
1) ™eTomBI aBTOpETpECCHH;
2) MeTO/bl, OCHOBaHHBIC HA PAa3JI0KEHHH BPEMEHHOTO psjia
Ha KOMITOHEHTHI;
3) MeTombl, TO3BOJAIOIINE YYECTh HEPABHO3HAYHOCTH HCXOI-
HBIX JaHHBIX;
4) MeTOBI MPSAMOI SKCTPATIOISIINH;
5) Meroabl, OCHOBaHHBIE HA IMOCTPOCHHH MHOTO()AKTOPHBIX
KOPPEISIIIHOHHO-PErPECCUOHHBIX MOJIEIEH.
JanuM KpaTKyr XapaKTEpUCTUKY BBIIIETIPUBEICHHBIM TPYII-
T1aM.
ABTOpPErpeCCHOHHBIC MOJEIM HMCIIONB3YIOT B Cllydae, Koria
BIUsHUE (HAKTOPOB HA MCCICAYEMbIH IMapaMeTp YeTKO He ompejerie-
HO, T.€. HEBO3MOYXHO BBIJICJIUTH CTAOUJIBHBIC BO BPEMEHHU IIPUIHHHO-
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JUTSI CUJIBHO aBTOKOPPEIUPOBAHHBIX JTUHAMUYECKUX PSIOB.
[Ipu moctpoeHuM Mojneneil aBTOperpeccud MpeArnoiaraeTcs,

YTO BO BPEMEHHBIX PsIax CYLIECTBYET CBSI3b MEXKIY HEJABHO peaju-
30BaHHBIMU 3HAYEHUSMH W 3HAY€HHEM, KOTOpOe HACTYHHT B OyIy-
eM, T.€. UMeeTCs Koppendiusi. Mojiesb aBTOPErpeccuy UMEET Clie-
JIYIOIIAN BUA!

Yt =89 t&Yt1 t Y2 t...t8nYit-m-
rae a;, | =0,m — mapameTps! ypaBHEHUS perpeccuu, Y; — 3Ha4YeHHE

MoKasaTesst B Mporuo3nom mepuoae (t=n+1,n+Kk).

[Ipu cocraBieHNH NAHHOTO YPaBHEHMS YacTO OCYIIECTBIISIOT
AIIMMUHAPOBAHHUE MYJIBTUKOJUIMHEAPHOCTH B MaTPHIIE IPUBEACHHBIX
PSLIOB TaHHBIX (N—mM > 2):

Ym+1 Ym+2 0 Yn
Ym  Ym+1 0 Yna
Y1 Yo = Yn-m

Jns ynydmieHuss CBOWCTB HMPOTHO3HOM MOJENIM B HEE BBOIST
(dakTop BpEMEHHU B BUJIC CAMOCTOSTEIBHOW MepeMeHHou t. YBenu-
YEHWE TOYHOCTH NPOTHO3HMPOBAHMSA B Psifie CIIyyaeB JIOCTUIACTCS
3a CUeT yueTa JIMHEHHOro TpeHIa.

MeTo/1pI TPOTHO3UPOBAHNS, OCHOBAaHHBIE Ha PA3JIOKEHUH BpeE-
MEHHOTO psAJa Ha KOMIIOHEHTHI — TJIaBHAsl TEHACHIINS, CE30HHBIE KO-
neGaHus ¥ ciy4aiHasi COCTaBISIOIIAs, — MTO3BOJISIIOT OMUCATH MHO-
rue (MpakTU4YeCKU JII0ObIe) SKOHOMHYECKHE MPOLECChl HE3aBUCHMO
OT UX Xapaktepa. [Ipu agIuTUBHOMN CBA3M KOMIIOHEHT MOJIENb UMEET
BHI:

[l
Yi=¥ + W
rae yt/ — TPEHA0Basl COCTABIIAIOIAs, yt” — CEe30HHBIE KOJeOaHud U

cnyqaﬁHaﬂ COCTaBJIAIOIIAsd.
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IIpu 3TOM mocnenHss (yt// =V — Yt/ ) MOXKeT OBITh pa3lioKeHa Y

B psig Dypse:

m

y{' =ag+ > (ajcosity +bysinit, )+ &.

i=1

CMbIc nepeMeHHON {; M mpaBmia BBIYUCIECHUS] KOAPPULIECH-
TOB &g, &, bj, I zl,_m MPUBECHBI B padoTe [3].

KauectBo IMPOrHO3UPOBAHUA HAIPAMYIO 3aBUCUT OT Ka4€CTBa U
IIOJIHOTbI HCXOAHBIX OAaHHBIX. BI)IHICHPHBCI[CHHLIC METOJAbl MOT'YT
JaBaTh COOM MPU HEPABHO3ZHAYHOCTU UCXOHBIX JAHHBIX (HATpUMep,
pa3HbIe Pa3MEPHOCTH U TIOPSIKHA 3HAYSHHH (DaKTOPOB).

[Mpeonmonets MaHHYO MPOOIEMY MOXKHO C TOMOIIBIO COOTBET-
CTBYIOIIMX METOAOB:

1) Merom aBTOpErpeccHd ¢ TOCIEAYIOIIEH amanTaiue Kodd-
(UIMEHTOB YpaBHEHMUSI,
2) MeTO/I B3BEIICHHBIX OTKJIOHECHHH.

MBI pacCMOTPUM OJIMH M3 TIOJXOJIOB aJanTanun ko3¢ GuIreH-
TOB.

Hns agantanuu Kod(GUIMEHTOB MOJEIH aBTOPETPECCHH MO-
KET 6BITB HCIIOJIb30BaH MNPHUHIMUIT METOAA TI'padvC€HTHOI'O (HaI/ICKO-
peHInero) cimycka:

8y =2 —k—grad(Z ), (10)
r7ie &, — BEKTOP HOBBIX KO3 (HINEHTOB,

8y — BEKTOP CTapbIX KO3((HUINECHTOB,

k >0 — ynpasnsiembrii ko3 durmeHr,

i, — ommOKa mpor€o3a B MOMEHT BpeMeHH t+7 .

Ilocne mMaTemaTndecKux MpeoOpa3OBaHUI MOIYYHM OTKOPPEK-
TUPOBAHHBIE OLIEHKH KOAPPHUINEHTOB:

an =ag + 2kl % .

Jdns HaxoxpaeHus koddunmenta K MOKHO MCIOIB30BATh
UTeDATURHEVIO TTHOTIeTVhV. OTNVMCAHHEVIO B haboTe 41
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8.1. IIporuo3upoBanue ¢ MOMOINLID METOJ0B JKCTPANOJISA <
UH

[IporHo3upoBanue C TOMONIBIO METOAOB 3KCTPAIOJISIIHN

BKJIIOUAET B ce0s CIEAYIOIIHE 3Tallbl:

1) ompenencHue e U 33/1a4U HCCIICIOBAHKS, aHAIU3 TIPOTHO-
3UPyeMOro 00OBbEKTa;

2) TNOArOTOBKA HCXOJHBIX JAHHBIX;

3) (QuIbTpaIHs HCXOIHOTO BPEMEHHOTO PsJIa;

4) noruyeckuii 0TOOp BHIOB ANMPOKCUMHUPYIOIIEH (IPOrHO3-
HOM) QyHKIHH;

5) oreHka MaTeMaTHYeCKOil MOJENM MPOTHO3UPOBAHHS (BbI-
YrcIeHne KOAQPHUINEHTOB MPOrHO3HON PYyHKIHN);

6) BBIOOpP MaTEMaTHYECKOH MOJEIH POrHO3UPOBAHHS.

8.1.1. Onpeodenenue yenu u 3a0auu uccied06anus, AHAIU3
HPOZHO3UPYEMO20 00beKma
JlaHHBII Tan nmpexycMaTpUBaeT AETAIBHOE JIOTHYECKOE U3yde-
HUE CHCTEMBI U ()OPMYTHPOBAHIE B3aNMOCHCTBUN €€ KOMITOHEHT.

8.1.2. Ilo0z0mo6Ka ucxoOHvIX OAHHBIX

Ha JaHHOM 3TaIl€ yCTaHaBJIMBACTCA MOJHOTA UCXOAHBIX PAT0B
JAaHHBIX. HeI[OCTaIOIHI/Ie 3HAYCHUS BBIYUCIAKOTCA C IOMOIIBKO METO-
JIOB HHTEPIIOJIALINY.

Hampumep, eciu 3Hadenue Y, K =1n B ITOKBapTAILHOM psizie
OTCYTCTBYET, TO €0 MOXHO BBIYUCJINUTH (OHCHI/ITB) C IIOMOIIIBKO CJIC-
nyromed GopMyJIbL:

Vi = (Yot + Yiear)—K=4—— (11)

Yk-5* Yk-3
BrrurcieHre HegocTaromiero 3HaueHus mo ¢opmyie (11) mo-

3BOJIACT YUCCTh COCCAHHUE 3HAUCHHUA W MNPOIIOIOJHIO0 TCHACHIIUIO
HU3MCHCHUA psaaa.
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8.1.3. @uavmpayusn epemennozo psoa
Ha maHHOM 3Tame OCYIISCTBISETCS BBISABICHHUE aHOMAJbHBIX
3HAYCHWH W 3aMeHa WX 3HAYCHUSMHU, COOTBETCTBYIOIIUMHU TCHICH-
IUSIM TUHAMUKH POTHO3UPYEMOTO TIapaMeTpa.

AHOMANBHBIM 3HAYCHUEM HA3bIBAIOT TAKYIO0 BEIHYWHY 4JICHA
psiia, KOTopasi CyHmIECTBEHHO OTKIIOHSETCSI OT 3HAYEHUH OJVKHHIX
JIIEMEHTOB.

YCTpaHeHI/Ie aHOMAJIBHBIX SIBJICHUH OCYLICCTBIIACTCA OBYMS
CHOCO63MI/I, KOTOPBIEC MOT'YT 6LITL HUCIIOJBb30BAaHBI 110 OTACJIBHOCTH
WM TIOCJICAIOBATEIHHO: CTIIAXKMBAHKUE U BEIPABHUBAHUE.

CriaxvBaHue NPUMEHSETCS JUIS YCTPAHEHUS CIyYalHBIX OT-
KJIOHEHWH (IIlyMa) W3 3KCIEPUMEHTANBHBIX 3HAYCHHH HCXOIHOTO
psna.

CraaxuBaHue MIpOBOAUTCA C IMMOMOUIBIO MHOTOWICHOB, IIpH-
6n14>1<a}01111/1x Tpymnbl ONBITHBIX TOYCK (MeTOI{OM HANUMCHBIIINX
KBaJ[paToB). Yaie Bcero MpUMEHSIOT JIMHEHHYIO 3aBUCUMOCTD. [IpH
CTJIOKUBAHUM MEpPecUeT BENETCS HEe TOJIBKO I TeKYIUX 3HAUCHUH

Yk, K=1n, HO 1 U1 COCETHUX.

Jnst Tpex TOYeK MCHONb3YeTCs ClleaAyonme GopMyIibl:

1
y|/< = g(yk—l + Yy + Yk+1)1
/ 1
Yk-1= E(5yk—l + 2k = Yis1),

/ 1
Yis1 =g(— Vi1 + 2Yk +5Yki1)-

Jlis IISITH TOYEeK UCTIOJIB3YIOTCS Cllefytonue (OpMyJIbl:

;1
Yk = g(yk—Z +Yk1t+ Ykt Ykt Yk+2):
1
Vio1= E(4Yk—2 +3Yk_1+ 2Yk + Vis1)s

/ 1
Yk+1 = E(yk—l + 2k +3Yki1 +4Yk12),
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1
Yio =§(3yk—2 +2Yk + Ykt — Yki2)s

/ 1
Yi+2 = g(— Yk_2 + Yo + 2¥ks1 +3Yks2)-

CrinaxuBanue (Iake B MPOCTOM JTUHEHHOM BapHaHTE) SBISICTCS
BO MHOTHX cllydasx 3((eKTUBHBIM CpEelICTBOM BBISBICHUS TPCHIA
MPHU HAJMYUH B DKCIIEPUMEHTAIBHBIX TOYKAX CIyYalHBIX MOMEX M
OIIMOOK U3MEPEHHUSI.

BpraBHI/IBaHI/Ie IMPUMCHACTCA IJId MPEACTABJICHUA HCXOOHOI'O
pdaaa 663 M3MEHEHHMS €0 YHCIOBBIX 3HAYCHUH. I[J]SI 9TOIr0 UCXOJHYIO
SMIIUPHYECKYIO popMyny Y = f(t,a,b), rae t — MOMEHT BpeMeHH,
a, b — mapaMeTpsl, TPUBOIST K CICAYIOIEMY BHIY:

Y = alT + bl

35ech UCMONB3YeTCsl IBYyXIapaMeTpuieckas 3aBHCUMOCTh, KO-
TOpas IUPOKO PACHPOCTPaHEHA U MPOCTA B MoJydeHnu. Vcmoinb30-
BaHME OOJIBILICTO YKCJIa MapaMeTpPOB BJICYET 3a COOOW MOJTydeHHE
TPOMO3AKHUX QOPMYI H, 324acTyI0, HeyJjauy B BBIPABHUBAHHH.

Hawubonee 4acTo mpu BhIpaBHUBAHUU HCIIOJIB3YeTCs Jorapud-
MUPOBAHUE U 3aMEHY MEPEMEHHOM.

Huxe npuBonsTCS IpUMEpPHI BbIPAaBHUBAHUS I HEKOTOPBIX
SMIIUPHYECKUX POPMYIL.

ITpumep 1:

y=at’.

Jlorapudmuposanme: Ilgy=Iga+blgt. 3amena mepemeHHBIX
T=Igt, Y=Igy, b=Iga, g =b.

ITpumep 2:

y =ae’.

Jlorapudmuposanue: lga=Iga+Dbtlge. 3amena mepemeHHBIX

& =blge, b =lga, T =t.
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BripaBauBanue: Y =1, T :e_t, a=b,b=a.
y

C moMOIIBI0 BHIpaBHMBAaHUS MBI UMEEM JIMHEHHYIO 3aBUCH-
MOCTB, ISl KOTOPOW 3HAYUTEIILHO TPOIIE ONPENeUTh KO3 PHINeH-
Thl. [locie mpOrHO3MPOBaHMS TOJyYEHHBIE 3HAYEHHE HEOOXOIUMO
mepecyuTarb mo ¢GopmynaMm, oOpaTHBIM HCXOZHOMY IpeoOpa3zoBa-
HUIO.

Ha npakTike MeTo/1 BRIpaBHUBaHUsI UCIIONB3YETCs ATl OTpee-
JIeHUs] TPUOIMKEHHBIX 3HAYEHUH MapaMeTpoB anmnpoKCUMUPYIOLIEH
(dhyHKIIH.

8.1.4. Jlocuueckuit omoop annpoxcumupyrouwieii (pyHKuuu
Ha nmanHOM 3Tame OCyIIECTBISETCS aHAIU3 MCXOAHOTO psAna
JaHHBIX Ha MNOpeIMET HU3MCHCHHA €TO0 3HAUYEHUH BO BpPEMCHU.
[Ipu 3TOM YYMTHIBAIOTCS YCIOBHS MPOTEKAHHS PacCMaTPUBAEMOTO
mpoliecca U TpeboBaHus, MPEIbABIIEMbIe K MaTeMaTHIeCKOH MOJIe-
JU. DTar MpeaycMaTpUBAET PACCMOTPEHHE W PEIeHHE CIETyFOIINX
BOIIPOCOB:

1) kakoit (DyHKIMH COOTBETCTBYET IOBEICHHE 3HAYCHHUH HC-
ClIeIyeMoro mapaMerpa (MOHOTOHHOM, CTaOMIILHO MOHOTOHHOH, Tie-
PHOAMYECKOH, MMEIOIIEH OJJMH MM HECKOJIBKO 3KCTPEMYMOB, (PyHK-
LMY IETEPMUHAPOBAHHOTO Xa0Ca);

2) UMEIOTCS JTU OTPAHUYUCHHUS JJIs TOKA3aTessl CBEPXY U CHHU3Y,
CBSI3aHHBIE C IOCTAHOBKOM 3aJa4H;

3) wuMmeer mau (GYHKIUS, OMPEAEIIAIONIas MPOIEeCce, TOUKH Tepe-
ruoa;

4) obGmamaer nu aHATU3UpyeMas (GYHKIUS CBOHCTBOM CHMMET-
PUYHOCTH (TaKWE€ CIIy4ad MOTYT MPOSIBIATHCS, HApUMED, MPH pac-
CMOTPCHHH XKU3HESHHOT'O IIMKJIa TOBapa);
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5) HaxmTaABIBAIOTCS JIM Ha MIPOLIECC OTPAHUIEHUS BO BPEMEHH.
Hwxe npuBeneHpl Kiacchl HauOoJIee YacTO MCIIOJB3YEMBIX

GyHKUIHH.

CTeneHHOU TTOTHHOM:

y(t)=ag + iaiti ;

y(t)=exp a+ i“aiti ;

mnep6onnqec;1ﬁ TTOJTMHOM:
1

y(t)=29+ %E :

r7e Y — MpOTHO3UPYEMBIi IToKa3aTeb,

t — MOMEHT BpeMeHH,

ag, a,...,&y — HapaMeTpsl (KOA(PQUIMEHTI) SKCTPANOIH-
pyromux QyHKIUH.

Ha mpakTukm Xopomme pe3yiabTaThl IMOKa3bIBAIOT JIMHEHHA,
KBaJIpaTUYHas M CTEIICHHAs (y(t):atb) ¢bynkmmu. OHM copepxar
MaJjioe KOJMYECTBO MapaMeTpoB U B IPOTHO3HOM IEPHOAE MOKa3bl-
BalOT OOJIBILIYIO TOYHOCTb.

Taxoke XOpoIIne pe3ylbTaThl MOIYyYaroTCs, KOTJa UCTIONb3YI0T-
s cremyronue QyHKITHH:

DKCIIOHEHIINAIbLHAS:

y(t)=ae™;

MOU(QHUIIMPOBAHHAS KCITOHEHIINAIbHAS:

y(t)=k —ae™®*;

runepOoIyecKast:

b .
y(t)=a+m’
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JIOTUCTHYECKAS:
y(t)= L_et :
1+Dbe

IIpu BBIOOpE BWAA ammpOKCUMHUPYIOMIeH (GYHKIINU, KOT/Ia €CTh
BO3MOXXHOCTh, MpHOeraloT K TpadudecKoMy crmocody mnoadopa
Mo BUAY TOYEK BPEMEHHOTO psiaa. MHorma BMecTo 3HaueHHWH psiaa
UCIIONB3YIOT UX NEPBBIC Pa3HOCTU Zy = Yy — Yk_1, K = 2,n wmn npo-
M3BOJHYIO alllPOKCUMUPYIOMIEH (yHKITHH.

Jns mporpaMMHOI peanu3aliui BIOOpa ammpOKCUMHPYIOMIEH
(YHKITMM OCYIIECTBISIOT BEPU(PHUKAIUIO MPOTHO3a IO PETPOCIIEK-
TUBHOMY TIEpHOTY, B KOTOPOI HCTIONB3YIOTCSI OCTATKH:

& =vi—fat),
rae tj — i -if MOMEHT BpeMeHH, | =1,_n :

f(a,ti) — 3HaYeHHE DKCTPAINONHUPYIONIed (GYHKIUH B MOMEHT
BpEMEHH {;;

a — BEKTOp MapaMeTpOB 3KCTPaIoIUpyIoiel GyHKIUY,

Yi — GakTHueckoe 3HaUCHHE TapaMeTpa B MOMEHT BPEMEHH {;.

Korga cpenHsisi BenM4YrHa OCTATKOB paBHA WM OJIM3Ka HYIIIO,
TO (D)YHKIIHSI MOKET OBITh BHECEHA B CIIMCOK MPOTHO3HBIX (DYHKIIHH.
OOBIYHO TIPH TPOTHO3MPOBAHMH BBIOMPAIOT Cpa3y HECKOJBKO al-
MPOKCUMHPYIOMKX (HyHKIUH. OKOHYATENbHBIH BBIOOP OCYILECTBIIS-

eTCsl IyTEM CPABHEHUS TOYHOCTU IIPOTHO3UPOBAHMS II0 PETPOCIIEK-
THUBHOMY IIEPHUOAY.

8.1.5. Ouenxa mamemamuueckoit mooenu
HPOZHOZUPOBAHUA
Ha manHOM 3Tame ompenensroTcs MmapaMeTpbl pa3IMYHbIX all-
MPOKCUMHPYIOMIHX (QyHKIWMA. J1st 3TOro MCImonb3yeTcsl MeTo]| Hau-
MeHbIux kBaaparoB (MHK) u ero moaudukamnmuu, METo ] 3KCIIOHEH-
[MANTBHOTO CTIIAXUBAHUS, METOJ BEPOSITHOCTHOTO MOJEIUPOBAHMUS,
METO/T aIalITUBHOTO CTIIA)KHBAHUS.
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Mps1 onpo6HO paccMoTpuM 2 Metona: Monudukammo MHK <
METO/T IKCIIOHEHITMAILHOTO CTJIAYKHBAHMUS.

MeTo1 HAUMEHBIIIUX KBAJIPATOB, KAK MBI YK€ 3HAEM, CBOJIUTCS
K MUHHMU3AIMHA KBaJPaTOB Pa3HOCTH PACUYCTHOTO 3HAYCHHUS Tapa-
MeTpa u (I)aKTquCKoro Ha PETPOCTICKTUBHOM TIEpHOJIE:

S = Z 2, min, (12)

rac yi — paCyYC€THBIC 3HAYCHUA UCXOAHOI'O pAaa,
- q)aKTI/I‘-IGCKI/Ie 3HA4YCHHUA MCXOAHOIO psnga, N — YMCIIO Ha-

Ot IEHMIA.
MHK c¢ cootHomenuem (12) Ha3pBaroT kimaccmueckum MHK.
B atom cmydae mpezmnonaraeTcs, 4TO BCE 3HAYSHHS PSAA SIBISIOTCS
paBHonpaBHBIMU. Eciii 3TO HE Tak, TO KaxJoe cllaraeMoe YMHOXa-
o
ercst Ha Koo duimeHT nuckonTupoBanus fi <l i=1n; Z Gi=1
i=1
Takas moaudukanuss HocuT Ha3BaHue «MeTo/ B3BEIICHHBIX HaU-
MeHpux kBaaparoB» (MBHK). B manHoM metose COOTHOIIEHUS
(12) HpI/IHI/IMaeT BUJI:

Zﬂ, xi )2 — min.

Koaq)(bHuHeHTLI fi Moryt ObITb 3aaHbl B 4HCIOBOI (opme

win B BuJie GyHKIUU. OOBIYHO CTPOSIT BO3pACTAIOIIUE TTOCIIEI0BA-
TEIHHOCTH, TIOKa3bIBasA, YTO Oy/IyIiee MOBEIEHUE CHUCTEMBI B 0OJb-
miel CTEeMeHu OmNpeAeNseTcs MO3JHIUMU HaOJI0JEHUSAMH, YeM paH-
HUMU.

MeTolT HaUMEHBIIMX KBaJApaTOB SBISETCS OJHUM M3 CaMbIX
MIPOCTBIX C TOUKH 3peHus peanuzanuu Ha 9BM. 3a sToil mpocToToii,
K COXKaJICHUIO, CTOSIT TPU CEPbE3HBIX HEJOCTATKA:
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1) Moaenb TpeHaa KECTKO HHUKCUPYETCSI, ¥ C MOMOIIBIO MHEK <
MO>KHO TOJTyYHTh MPOTHO3 HA HeOonbIIoi neproa. M3 atoro crneny-
eT, yto MHK oTHOCST K MeTonaM KpaTKOCPOYHOTO MPOTHO3UPOBa-
HUSL.

2) BriOop BuIa MOJETHM BeCbMa 3aTpyIHHUTENCH. TaKKe CI0XK-
HO 00ocHOBaTh BEIOOp BecoB B MBHK.

3) Merox MHK xoporio peanusyercs Uit JMHEHHBIX H peajiu-
3yeMbIX 3aBHCUMOCTel. B 3TOM ciydae HaxosxaeHue kol uImeH-
TOB MOJICJI CBOAMTCS] K PEIICHUIO CUCTEMBbI JIMHEHHBIX YPaBHEHUH.
3amaya 3HAYUTENHHO YCIOXKHAETCS, €CIU IJIs1 POTHO3a UCITONIB3YeT-
cs1 PyHKIIMOHAIIbHAS 3aBUCUMOCTh, HE CBOIMMAs K JIMHEHHOM.

MeTon 3KCHOHEHIMAILHOTO CIIIAXHBAHUS SBISIeTCS dPdek-
THUBHBIM H HaJIS)KHBIM METOJIOM CPEAHECPOYHOTO TIPOTHOZUPOBAHUSI.

B nmanHOM Meronme mpeAdrmoyiaraeTcs, YTo 4eM OJNMKE TOdYKa
(3HaueHHE MO BpEeMEHH) K MPOTHO3HOMY MEPHOJY, TEM BBIIIE HX
[IEHHOCTh. Takoe IMOJIOKEHUE JISKUT B OCHOBE METO/a IKCIIOHEHITH-
QIBHOTO CTJIAKUBAHUSI.

CymHOCTh METO/Ia 3aKJIIOYaeTCs] B CrIaKWBAaHUH HMCXOIHOTO
JIMHAMUYECKOT0 psAJia B3BEIIEHHON CKONB3SIIEH CpelHeil, Beca Ko-

Topoi (Wi, i=1N) NOAYMHSIOTCS OSKCIOHEHIHUAILHOMY 3aKOHY

(puc. 9).
ITycTh MCXOIHBIM JTUHAMHYECKUN DS OMHCHIBACTCS IMOJHMHO-

MOM CJIYIOIIETO BHJIA:
y; = by +b1t+%t2 +...+%tp +é&,
rae by, by, ..., bp — K03 PUIMEHTHI OJUHOMA,
P — nopsIoK (CTEeneHb) NOIMHOMA,
&t — CllydaifHast COCTaBIISIOIIASL.
Bennunna Stk (y) Ha3bIBACTCSl DKCIIOHCHIUAIBHOW CpeaHeil

K - ro mopsinka st papa Vi .



http://www.pdfxviewer.com/
http://www.pdfxviewer.com/

I t f, i, f.. !

Puc. 9. Koa¢p¢punueHT 3KCIOHEHIIMATEHOTO CTIIa)KHBAHUS

[TapaMeTp CriaXuBaHUS « ONPEACNISCT BIUSHUE HCXOIHOTO
psina HaOmoaeHui. Yem Oonblie « , TeM OoJiblIe BKIAJ MOCICTHUX
HabmroieHui B GopMUpoBaHUE TPEHA, a BIUSIHUE HAYalbHBIX YCIIO-
Bui yObIBaeT ObicTpo. [Ipu manoM 3Ha4eHWHM Tapamerpa o Mpo-
THO3HBIC OLICHKU YYUTBIBAIOT BCC HaGJIIOILeHI/ISI, IIpr 5TOM YMCHbIIC-
HUE BJIMSHUSA 00Jiee paHHeH HH(POPMAIMK TPOUCXOIUT MEJJICHHO.

B pacuerax sKCHOHEHIHMANbHAs CPEAHSS ONpenelsieTcs C Io-
MOIIBIO PEKYPPEHTHOH (opMmyibl bpayHa:

St(y)=ast Hy) +L-a)staly). (13)
Juist Toro 4ToOBI HCNOIB30BaTh cooTHOIeHue (13), HeoOxou-

MO 3aJaTh HaYaJbHBIE YCIOBHUS S(I), =1k mo ¢opmyne Bpayna-

Meiiepa:
n ~ o0
I N i B e@=a) N ng i (=14 )
SO_Z( Y nt (1-1)! ZJ 1-a) j! - (14)
i=0 j=0
rue 6i, izﬁ — OLIEHKH KO3 (PHUIMEHTOB.

OrneHKy K03()(PHUIIMEHTOB MPOTHO3UPYIONIETO TIOJMHOMA OTpe-
JEISIOT Yepe3 SKCIOHEHIMAIBHBIE CPEJHUE 10 (YyHIaMEHTaIbHOM
teopeme bpayna-Meiiepa.
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PaccMOTpHM TPHMEHEHHE METOA SKCIOHEHIHUAILHOTO CIia ¥
JKUBAHUS ISl JIMHEHHOTO M MapaboJIMYecKoro TPEeHJa, KOTOphIC

Han00JIee MOIMYJISIPHBIL.

8.1.6. JIuneinas mooenv bpayna
OHa uMeeT clIenyouui BUI;
Vi =bg + bt + & . (15)
Hauanbneie mpubnvkeHust (yciaoBus) Il ciydas JTHHEHHOTO
TpeHza paBHsl (1o Gpopmysie (14)):
SKCTIOHCHIIMANTLHAS CPEHSS IEPBOTO MOPSIIKA!

1 l-a, .
Si(y)=bp—=—hi;
a
9KCIIOHEHIHABHASI CPEIHSS BTOPOTO MOPSIIKA:
2 2l-a .
S2(y)= o~ 2=y,
a
DKCIOHEHI[HAIIbHBIE CPEIHHE IIEPBOrO M BTOPOrO MOPSIKOB
B MOMEHT BpeMeHu t (cMm. popmyay (15)):
1 1(\,)-
S3(y)=ay1 +(1-a)si(y);

$3(y)=aS3(y)+@-a)s{(y).
Jna t>2:

St(y)=ay; +(1-a)sta(y);

SE(y)=ost(y)+@-a)staly).
Ouenkn K03()PUIMEHTOB IMHERHOIO TPEH/IA:

bo =25¢(y)-S¢(y).
b =" sty)-s?2v)]
-a
ITpornos Ha M maroB (B MOMeHTHI BpeMeHHu t =ty 1,1, n ) pa-

BEH Y; = 60 + Blt. [Ipu 3TOM oueHKa omMOKKM porHo3a OyneT paB-
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— \/ﬁb+4(l—a)+5(l—a)z + 2083y + 202

8.1.7. Hapabonuueckuii mpeno
Yyt =bg + byt +%b2t2 + &t
HauanbHbie npubImKeHus

s%(y>=bo—1;“bl+(1‘“)(2‘“)b -

20° 2
Sg(y):bo—z(l;a)bl (1 aZ)S 2a)b2;
30y -ty - Xy (ke 3y,

DKCIOHEHIHAIbHBIE CPETHHE:
St(y)=a y; +[1-a)Sia(y);
st(y)=ast(y)+@-a)st(y);
sP(y)=a st (y)+@-a)sta(y).

Onenkn  ko3((puIMeHTOB  MapaboIM4YecKO  3aBUCHUMOCTHU
JUTS TPEH !

t3o=3[81(y)—8t2 )|+ s3(y)

= a) l6-5)st(y)- 26 - 4a)52 (y)+ (4~ 3a)s2(y)];

b= _[s(y)- 252(y)+ s2(y)].

- a)
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[Iporro3 Ha M maroB (B MOMEHTHI BpeMeHH t =11, m ) Pa-

e
BeH Y; =bg + byt +Eb2t2. IIpu 3TOM OlEHKa OMMOKM MPOTrHO3a

Oyner paBHa: 0"; o, \/ 20 +3a% + 3a3t1 .

Jns MeToja SKCIOHEHUMAIBHOTO CIVIAXKUBAHHUS OCHOBHBIM H
HanboJiee TPYAHBIM MOMEHTOM SIBJISIETCSI BRIOOP MapaMeTpa Crilaxu-
BaHUs « . OH ompenenseT OUeHKU Ko3pPULueHToB Moaeny, a, clie-
JI0BaTEIbHO, U PE3YJIbTATHI IPOTHO3A.

[TpubnmkeHHas OolleHKa MapaMeTpa METOJla & OCYIIECTBISETCS
JIBYMSI Cliocobamu:

1) Coommnowenue bpayna, BbIBEIGHHOE U3 YCIOBHUS PaBEHCTBA
CKOJIB3SILIEH U SKCIIOHCHLIMAIBHON CpeHEN:

o= m , TJIC N — 4mcio Todek pdaaa, 1l KOTOPhIX JUHAMHUKA
+

CUYMTAETCS] OJTHOPOJIHON M YCTOWYMBON (YHMCIIO TOYEK B UHTEpPBa-

ne criaxuBanus). Maorma o = , TIe N — guciao Habromde-

HUH (TOYEK) B pETPOCIEKTUBHOM MEPUOIE.

2) Coomnowenue Meiiepa:
o

o =—, Ile¢ Oy — CpelHssa KBaJpaTHuecKas OmMOKa MOJEIH;
O¢

Op — CPEeAHss KBaipaTudecKas OINOKa UCXOIHOTO psja.

OueBuAHO, UTO BHIOOp MapamMeTpa @ HYXKHO CBSA3BIBaTh C TOY-
HOCTBIO TIporHo3upoBaHud. s Oonee 000CHOBaHHOTO BhIOOpa o
MOXKHO HCIOJIb30BaTh Mporenypy O0OOOIIEHHOTO CriiaKHBaHUS,
B pe3ynbTare KOTOPOH MONY4YarOTCsl COOTHOICHHS, CBS3BIBAIOIIUC
OLICHKY OIINOKHU IIpOrHo3a o " napamMeTp CriiaXKuBaHUA:

JUTsl TMHEWHON MOZIETN:

2 a

7 :Wb+4ﬁ+5ﬂ2+20!(1+3ﬂ)f+2“273]“§;
J’_
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1Sl KBaIPATUYHOM MOJIEIIH:

ol = 082(261 +3a + 30527),

rae f=1-«,

T — FOPU30HT NIPOTHO3UPOBAHMS,

O, — JAUCIIEpCHUs OCTATKOB HA PETPOCTIEKTUBHOM JIHAMA30HE.

Od4eBHIHO, UTO TMPU YMEHBIICHUH TTapaMeTpa CTIIKUBAHUS
CHIDKAETCS OIeHKA OIMMOKHU MPOTHO3a, HO TPU 3TOM yBEITUYHBAETCS
PHCK TIONy4YeHVsI HeKaYeCTBEHHOM SKCTPATIOISIIHOHHON MO/IEIH.

KauecTBo mporaoza Bo MHOTOM 3aBHCHT OT BBIOOpa TOpsAKa
nonuHoMa. M3BECTHO, YTO MPEBBIIIICHUE BTOPOTO MOPSAKA MOJICTH
HE TPHUBOJUT K CYIIECTBEHHOMY YBEIMYCHHIO TOYHOCTHU IPOTHO3a,
HO 3HAYUTENILHO YCIOXKHSIET pacuer.

B zakmroueHwe OTMETHM, 4YTO METOH OSKCIIOHCHIHAIIBHOTO
CTTIQ)KMBAHUS SBJSETCS OJHUM U3 Hambosiee 3P(EeKTUBHBIX, HAIEK-
HBIX ¥ IIMPOKO MPUMEHSEMBIX METOJOB MpOrHo3upoBanus. OH mo-
3BOJIICT MOJYYUTH OIEHKY MapaMEeTPOB TPEHIA, XapaKTEPU3YIOIIUX
HE CpeIHUN YPOBEHb IMpoIlecca, a TCHACHIINIO, CIIOXKHUBIITYIOCS K MO-
MEHTY TOCIIEHETO HAOIIOIEHNUS, U TIPH 3TOM OTINIAETCS MPOCTOTOM
BBIYHCIUTEILHBIX OTIEPAITHil.

[IponmmtocTprpyeM NpUMEHEHHE METO/a SKCIIOHEHIMAIBHOTO
CTTIQ)KMBAHUS HA KOHKPETHOM TIpUMEpe.

Hwxe, B Tabnuiie 3 npuBeIeHB HCXOIHBIE TaHHBIC.

Tabuuua 3.

Ton 1997 1998 1999 2000
t 1 2 3 4
Vi 40 43 46 48

OueBUIHO, YTO TPEACTABICHHBIN P UCXOAHBIX 3HAYCHUU

MOKHO alIlpOKCUMHUPOBATL C IMMOMOIIBIO JIMHESHHOMN (I)YHKI_[I/II/I. Ee

KO3(1)(1)I/II_II/I6HTI>I, BBIYHMCJIICHHBIC C INIOMOIIBIO MCTOAAa HAMMCHBIINX

KBaapaToB

OymyT

CJICOYIOIIHnC:

a=27;

b=375,

T.C.
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o, =03.
[Tapamerp crmaxuBanusi npu N =4  Oymer paBeH

a:i:0,4.
4+1

Haiinem skcioHeHIIMaIbHbBIE CPEAHUE.
Havanbnsie ycroBus:

s%=315—519517=334&
0,4

2@—04)

S7 =375- 2,7=294.

BeluncnuM 3KCIOHEHUIMAIbHBIE CPEIHHUE, HAYMHAsE ¢ MOMEHTA
BpeMeHH t =2 (MBI JeaeM MpOrHO3 Ha PETPOCIIEKTHBHOM MEPHO/IC
it M=1 npu t=2) u ¢ WCMoIb30BaHUEM BBILICTIPUBEICHHBIX Ha-

YaJIbHBIX YCIOBHH.
S% =0,4-40+0,6-3345=36,07,
S2=0,4-36,07+0,6-294=3207.
COOTBETCTBEHHO MEPECYUTHIBAIOTCS KOXPPUIIMEHTHI PETPECCHH

aub:

A 4

a2=—9——@697—3zoﬂ=2ﬁ7,

1-0/4

b, =2-36,07—32,07=40,07,
a TporHoszupyemoe 3HaueHue pasHO Y, =40,07+2,67-1=4274.
MBI yMHOXKaeM Ha €IMHHUIY, T.K. OCYIIECTBISIEM MPOTHO3 Ha OJUH
nepuon m=1.

AHaJIOTHYHBIM 06p330M BBIYUCIAIOTCA HCO6XO)II/IMBIC BCJINYU-

HBI UIA t:ﬁ.
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B Tabnuie 4 cBelEHbI MCXOIHBIE, TPOMEKYTOUHBIE U PE3YJIb: S
TUPYIOIIME 3HAYCHUS] IPOTHO3UPOBAHUS C TIOMOIIBIO METOJIa HKCIIO-
HEHIUANBHOTO CTIaKUBAHUS.

Tab6ymma 4.
t Yt SP] SP] ay by Yo | YtV
1 40
2 43 36,07 32,07 40,07 2,67 42,74 -0,26
3 46 38,84 34,78 42,90 2,71 45,62 -0,38
4 48 41,71 37,55 45,86 2,77 48,63 0,63
5 - 44,22 40,21 48,23 2,67 51,89 -
(I=1)

OxoHuaTenbHast MOJEJIb MPOTHO3UPOBAHUA
Yiem=2,67m+48,23.

OreHka OITMOKK MPOrHO3a
c=0,46.

8.1.8. Bvioop mamemamuueckoii mooenu
HPOZHOZUPOBAHUSA

Br16op Moneneii mporHo3upoBaHus 0a3UpyeTcs Ha OIEHKE HX
kadecTBa. KauecTBo Mojienu onpenensieTcss ux TOYHOCTh U aJIeKBaT-
HOCTBIO. AJIEKBaTHOCTh XapaKTEPU3YETCS HAIMYHUEM M YIETOM OII-
pEIIENIEHHBIX CTaTUCTUYECKUX CBOMCTB. TOYHOCTH MOJEIU Ompee-
JIIETCS CTETICHBIO €€ OJIM30CTH K (PAKTHUECKUM JTaHHBIM.

AJIeKBaTHOCTH MOJ e

Mopenb TMPOTHO3WPOBAHMS CUUTACTCS aJICKBATHOM, €CIM OHa
YUIUTHIBAET CYIIECTBEHHYIO 3aKOHOMEPHOCTh UCCIIEIYEMOTO TIPOIIec-
ca. B uHOM citydae ee Henb3s1 IPUMEHSITh.

3aKOHOMEPHOCTh UCCIEAYEMOTr0 MPOLIECCa HAXOAUT OTPAKEHUE
B HaJIMYUU OIPEICICHHBIX CTATUCTUUYECKUX CBOHCTB OCTAaTOUYHOM
KOMITOHEHTHI. VX Bcero Tpu:

1) He3aBHCHMOCTH OCTATKOB;

2) CIay4ailHOCTh OCTAaTKOB M MOJYUHEHHE MX HOPMAILHOMY 3a-
KOHY pacIpeeiICHNUs;
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3) pPaBEHCTBO CyMMBI OCTaTKOB HYJIIO.
He3aBucuMocTh 0CTaTOYHONH KOMIIOHEHTHI O3HAYaeT OTCYTCT-

BHE aBTOKOPPEIALMU MEXIy ocTaTkamu € =VYj— Vi, 1=1n. Ha-

JUYHAE aBTOKOPPETSAINH MOXKET MPUBECTH K CIEIYIOIINM MOCIIENCT-
BHSIM:

1) nucnepcus OCTaTKOB perpeccuu OyAeT He0OIEHEHHOI,

2) BBIOOpPOYHAS AMCIIEPCHS MAPaMETPOB perpeccuu OyAeT pac-
CUMTaHa C OLIMOKOW, YTO CTaHET MNPEMSITCTBUEM K KOPPEKTHOMY
npumeHeHntro MHK npu noctpoeHnn Moaenn UCXOAHOrO JUHAMU-
YECKOTO Psijia.

Jns uaeHTudUKAIUN HANWYKST aBTOKOPPEISIIUN OCTaTKOB HC-
MoJIb3yeTcsi kputepuid JlapOuHa-YoTcoHa, B COOTBETCTBHH C KOTO-
PBIM BBIYUCTIACTCA d - CTaTUCTHUKA:

2[ ylt ~(Yia - yit—l)]2

d= . ,
2
> (vi - vit)
i=1
rae Vi, i=1n — dakruueckue 3HAYEHWS MCXOMHOTO psina, Yit,

it =1,n — TeopeTryeckue 3HAUCHHUS psizia, N — 00HEM BHIOOPKH.
VYCTaHOBIEHO, YTO 00JIaCTh 3HAYCHMH BENMYMHBI O sBIsieTCs
OTPE30K [O, 4]. Cormracao Merony JlapOwHa-YoTCcOHA CYIIECTBYIOT

HwkHui d,, u BepxHumii d, mpenensl 3Hauenuit cratuctuku d . Ta-

KM€ 3Ha4Y€HHs, 3aBUCHMBbIEC OT YPOBHS 3HAUMMOCTH, 00beMa BBIOOPKH
U 9HciIa OOBACHSIONUX MTEPEMEHHBIX ((PaKTOpOB), HA3BIBAIOT KPUTHU-
yeckumu. C HUMH CpaBHHMBAeTCs MOJydeHHas BenuunHa d .
[Ipu cpaBHEHNM BO3HUKAET OJMH U3 YETHIPEX HUKE MEPEUHCICHHBIX
ciydaeB (cM. Tabnuna 5, puc. 10).
Kpurepuii Jlabpuna-YoTcoHa o0ramaeT AByMsI HETOCTATKAMU:

1) mammuue oOIACTH HEONPENECIEHHOCTH, B KOTOPOH HEIb3s

HPUITH HU K KAKOMY BBIBOLY;
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2) mpu 00beme BHIOOPKHM MeHee 15 s cratnctukn d He Cy S

IIECTBYIOT KpuTHueckue 3HaueHus d,, u d,.

Tab6ymma 5.
Ne i/ Cayuaii IIpuaumaemoe pelieHue
NPUHAMACTCS TUIIOTE3a OTCYTCTBHS
! dg <d<4-d, ABTOKOPPEISIMH OCTATKOB
NPUHAMAETCS THIOTE3a CYIECTBO-
2 0<d<d, BaHUsI MOJIOXKHUTEIEHON aBTOKOppe-

JIAIIMH OCTAaTKOB

IIpU BHIOPAHHOM YPOBHE 3HAYMMOCTH
d,<d<d, uwm

3 HEJIb3S NPUITH K OIIPEeICHHOMY
4-d,<d<4-d,
BBIBOZAY

IIPUHUMACTCA TUITIOTE3a O CYIICCTBO-

4 4-d,<d<4 BaHHM OTPHIIATEILHON aBTOKOppe-
JISAY OCTaTKOB
Crydan:
2 3 1 3 4
o NN .
0 dy d, 4-d, 4-d, 4 d

Puc. 10. Bo3MoxHbIe Cityuan s 3HadeHus cratucTika 0

B stom ciIydac sl OLCHKHU HE3aBUCUMOCTU OCTATKOB MOXKHO
HCTIONB30BaTh KO3()(PUIUMEHT aBTOKOPPEIIALINH:
d
rp=1-—.
2

PacuetHoe 3HayeHue I, CpaBHMBAeTCs C TaONMYHBIM Iy .
I1pu 3ToM crenens cBoboxs! f paBHa n. Ecmu ry <ry7, TO ocTaTkn

HC3aBUCHMBI.

HpOBepKa CJ'Iy‘IafIHOCTPI OCTATKOB OCYIICCTBIIACTCA C IOMOIIBIO
pacucTa KOJHUYCCTBA TAaK HA3bIBACMbBLIX TOYCK IMOBOPOTa (KpI/ITepI/Iﬁ
IIMKOB U BHaI[I/IH). 3,Z[CCI> KaXa0€ 3HAYCHUC pAfa OCTAaTKOB CpaBHU-
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AaHHas TOYKa psaja ABJIACTCA HOBOpOTHOﬁ.
HYCTI) BCETO MMOBOPOTHBIX TOYCK K. TOI‘I[&, €CJIN OCTATKU CIIy-

YaliHBI, TO TOJDKHO BBIIIOJIHSTHCS CIIEAYOIEe CTPOroe HEPABEHCTBO:
2n-1 29
<) @Yy 16y 2
3 90

CooTBeTCTBHE psijia OCTAaTKOB HOPMAaJILHOMY 3aKOHY pacripeze-
JICHUSI MOXKHO TIPOBEPUTH C TIOMOIIBbIO Kputepus Kommoroposa-
CmupaoBa. Taxke TaKylo MPOBEPKY MOKHO BBIITOJIHHUTH, HCHOIB3YS
K03(duIneHTs acuMMeTpud — A. (Mepa «CKOIIEHHOCTH») U JKC-

necca — Ep (Mepa «CKy4eHHOCTH»):

1 3
n S

13 2 °
n S
1L 4
P e.
niz"

2
19 2
P e.
né'

I[aHHBIe KOB(l)(l)I/IL[I/ICHTLI OICHHUBAIOTCA Ha 0JIM30CTh K HYJIIO.
I[J'Iﬂ 9TOT'O BBIYHUCIIAOTCA CPEAHCKBAAPATUICCKUEC OTKIIOHCHU:

-3.

g . 60n-2)
& (n+1)n+3)’
_ 24n(n-2)n-3)
(n+1P(n+3)n+5)

Ecan BBITTOHSIOTCSI COOTHOIIIEHHUS
A <15S,;
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Ex <15S,,
TO CUHMTAETCS, YTO PacIpeeleHue psiaa OCTaTKOB HE MIPOTHBOPEUHT
HOpPMaJIbHOMY 3akoHy. B cimyuae A. >2S, wm E, >2S,, 10 pac-
HpeJeNeHne psfa He COOTBETCTBYET HOPMAIbHOMY 3aKOHY pacIpe-
JeNeHUs, U MOCTPOCHHE MPOTHO3a M €r0 JOBEPUTENIBHBIX MHTEPBa-
10B He npaBoMoyHo. Ecimn 1,5S,; < A, <25, mm 155, < B <25,
T.€. K03()(OUIUECHTHI MONAAIOT B 30Hy HEONPEICICHHOCTH, TO MOX-
HO HCIOJIb30BaTh RS - kpurepwmii:

RS = (Epax — Emin )/ S

rae Eng =maxej, Epnjn, =minegj, S — cpeaHexBagpaTHyeckoe
N

i=ln i=1
OTKJIOHEHHE OCTaTKOB.

Ecnu 3nauenne RS momamaer mexmy TaOymupoOBaHHBIMHU Tpa-
HUIIaMH C 3aJlaHHBIM YPOBHEM 3HAYMMOCTH, TO T'HMIIOTE3a O HOp-
MaJIEHOM PacHpe/ielIieHuH psiJia OCTaTKOB IPHHUMAETCSI.

PaBeHCTBO HyJIO cpeqHEN OMIMOKH MOXHO NMPOBEPUTH C ITIOMO-
b0 Kpurepus CThIOACHTA:

1n
tp=—Zei g

Nia
Ecmu t, Gosmblie TaOIMYHOTO 3HAYCHMUsS MPU YHUCIIC CTEMCHEH

CBO60,I[BI cratuctukn t f=n-1u 3aJaHHOM YPOBHC 3HAYMMOCTHU

a , TO TUIIOTE3a paB€HCTBA HYJIIO Cpe}lHeﬁ OIIMOKH OTKIJIOHSETCS.
OHeHKa TOYHOCTH MOICIIN f BeImONHsETCH C IMOMOUIBIO psia

xapakTtepucTuk. Hike mpuBeneHsl Hanbosee 4acTo MCIMOJIb3yeMble
MOKa3aTeu:
1) omueHka cTaHAAPTHOH OLIMOKH;
2) cpenHss OTHOCHTEIbHAS ONIMOKA MOJIEIH;
3) cpenHee TMHEWHOE OTKIIOHEHHE;
4) mMpUHA TOBEPUTEIHHOIO HHTEPBAIIA.
OreHKa CTaHAAPTHOM OLIMOKH OCYIIECTBIISIETCS MO GopMyJIe:
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rae N — 9uciio HaOMIOACHWH, P — YHCIIO OmpenenseMbix Kodddu-
LIUECHTOB MOJICIIH.

CpenHsisi OTHOCUTENIbHAsT ONIMOKA OICHKU  BBIYHCIISAETCS
o popmyie:

- —z Yi= 106, 006,

CpeaHee JTMHEHHOE OTKJIIOHEHUE BBIUUCIISETCS N0 (hopMyIIe:

n
D lyi - f(x
SR S
N ni n-— 1i
[ITupuHa JOBEPUTENBHOIO UHTEPBAJIA B TOYKE NMPOrHO3a
JaHHbI MOKa3arelb MO3BOJISIET ONPENENUTh, B KAKOM JHara-
30HE€ MOXXET HaXOJIUTbCS MPOTHO3HOE 3HaueHue. [Ipu BeuncIECHUN
LIMPUHBI JOBEPUTEIBLHOIO HHTEPBaAJIa OLICHUBAIOT BEPXHEE U HUKHEE
3HAYEHHE TIOCPEICTBOM OTPENeICHHUS CTaHJAPTHBIX OIMNOOK KO3(d-
(PUITUEHTOB MO/ICIIH.
Jns perieHus 3aj1a4 UCIOJIb3YIOTCSI MHTEPBAJIbHBIE OLEHKH KO-
3G HUIMESHTOB MOJICIIH:

ai' = itpSai , (16)

rne i, 1=0,m — xoadduipenTsr Monenu (NMpeanonaraeTcsi, 4YTo
B HEll TPUCYTCTBYET CBOOOTHBIN UjIeH, B MPOTHBHOM CiIydae i W3-
MEHSIETCSI OT SAMHHUIIBI 0 M), Sai , 1=0,m — cranmapTHOE OTKIIO-

HeHne Kod(hdupenTa (CM. CTaTUCTUYECKYIO 3HaYMMOCTh K03 ¢u-
LMCHTOB perpeccuu), tp — TEOPETHYECKOEe 3HAYCHUEC KPUTEPHsL
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ael fp=n—-m-1.
Ecnu pabora Benercs ¢ anmpokcuManued Buaa Vi =aX+ag,

TO CTaHJApTHBIE OTKJIOHEHHUS BBIYHCIIOTCA MO cieaylommM (op-
MyJIam:

rIe ol - CpeIHEeKBaIpaTHIeCKoe OTKIOHEHHE HCXOIHOTO pSIa.

Cnenyet oOpaTuTh BHUMaHHUE Ha TO, YTO Sao IUIs. MHOTO(DaKTOPHOH

MOJICJIN BBIYUCIISETCS TOYHO TaKXKe Kak JJisl BBIIIEYKa3aHHOW am-
MPOKCUMAIINH.
HecmenieHHas olieHKa JUCIIEPCUU CIy4ailHOM COCTaBJISAIONICH:
1<
6° ey (vi —vit)*.
=
Hcnonw3ys cootHomeHue Buaa (16) BBIUUCIAIOTCS BEPXHSIS U
HIDKHSS TPAaHULIbl IOBEPUTENIBbHOrO UHTEpBana Y, Yq :

Y, = f(a“,x); Yq = f(ad,x),
rae aj' =g +1pSq, aid =8 —1pS, . X — BekTop (aKTopos, Hc-

[IOJIb3YEMBIN JUIsl IPOTHO3UPOBAHUS.

Ilo HaliieHHBIM rpaHULaM BBIYMCISECTCS IIUPUHA JOBEPUTENb-
HOTO MHTEpBaJIa:

A=Y, Yy .

W3 BBINIECKAa3aHHOTO CIENYeT, YTO IIMPUHA JOBEPUTEIHHOTO
WHTEpBaja 3aBUCHT;

1) or umcia creneHeii ¢cBOOOIBI, U KakK CIEICTBHE, OT 00BeMa

BBIOOPKH, T.€. UeM 0OJIbITlie 00hEM BBIOOPKH, TEM, TIPH MPOYHNX PaB-
HBIX YCIIOBUAX, MEHBIIIE IUPUHA JOBEPUTEILHOIO HHTEPBAJIA,


http://www.pdfxviewer.com/
http://www.pdfxviewer.com/

2) OT BETMYUHBI CTAHOAPTHOTO OTKIOHEHMS Sai ,1=0,

0oJIbIIe JaHHAS BEIMYMHA, TEM IIFpPE HHTEPBAIL.

Htorom paboT mo BEIOOpY BHIAa MaTeMaTHYECKOH MOJETH HpO-
rHO3a SIBJIsETCS (OpPMHUpOBaHHE €€ OOOOIICHHBIX XapaKTEPHUCTHK.
B HUX TOTIKHBI BXOJWTH:

1) BuA ypaBHEHHS MOJCIU U 3HAYCHHS €r0 MAPaMETPOB;
2) OIleHKA TOYHOCTH U aJIeKBATHOCTH MO/ICIIH;
3) TOYCUYHBIC U MHTEPBAIbHBIC TPOTHO3HBIC OLCHKH.

8.2. Mogeanb XoJbTa-YHHTEpPCa

Mogenp XonpTa-YUHTEpCca OTHOCUTCS K KJIACCy MYJIbTUILIAKA-
THUBHBIX MOJIEJICH C TMHEHHBIM POCTOM H MO3BOJISIET IPOBOJUTH DKC-
TPAINOJISIHOHHBIA MPOTHO3 C YYETOM CE30HHOTO CIEKTPa UCXOIHOTO
psAna U oOIiel TeHICHIIMU MOoBeJeHus napamerpa. [Ipu sTom mpen-
MoJlaraeTcs, YT0 BPEMEHHOH psAJ pa3OUT Ha paBHbIC MHTEPBAJIBI, KO-
TOpBIE HA3bIBAIOT CE30HAMH.

IMycts psim Y paszour Ha K ce3onoB mo L 3Hauenwii. Bcero
psn conepkut KL 3nauenuit. Moaens XonbTa-YuHTepca JUisl TAKHX
0003HaYCHUH UMEET CIICAYIOUINI BH/I:

yi(t+7)=[a(t)+bt)]F(t+z-L),
rae y(t +r) — NPOTHO3HAs OLEHKA, 7 — NEepUOJ YHpeXIeHus (uar
npornosuposanus), a(t),b(t), F(t+z—L) — amantupyemsie kod¢-
(UIMEHTH MOJICIIH.

IMocnennuit MHOKHTEIb MOJCM F Ha3bIBAIOT KOA(PGHHUIMEH-
TOM ce30HHOCTH. Bee koadduimenTsr agantupyrores (T.e. epecyu-
THIBAIOTCS) TIPH TIEPEXOJIE MEXKIy CE30HAMH, T.e. OT WICHOB DS
c Homepom t—L Kk t.

3amaga MPOTHO3WPOBAHWS TapaMeTpa C IOMOIIBIO MOJAETH
XonbTa-YHUHTEpCa CBOAMTCS K HAXOXKACHUIO €€ KOd((HUIHMEHTOB,
KOTOPBIEC BEIYUCISIOTCS MO CIEAYIOIINM PEKYPPEHTHBIM (OpPMYJIaM:
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y(t)

o) =1 10+ 0ol it 3],
a(t)=ay[o(t)-b(t—1)]+ L- ey Jalt-1), (18)
FO)=as XV 4 (- F e -L). (19)

b(t)

B nanHbIX popMynax IpUCYTCTBYIOT IEPEMEHHBIE @, Qp, 3.
Takue mepeMeHHbIC HA3BIBAIOTCS MapamMeTpaMu criaxuBanus. OHH
3aJ]aI0TCS CTICIIMATMCTOM B JIMANa30He OT HyJS J0 eAWHUIBL. VX Ha-
XOXKJICHHE JJIT MOJICNTH, OMKCHIBAIONICH TOT WJIM WHOW TPOIECC —
OT[ebHas 3a/1aya.

O4YeBUIHO, YTO JJI BBIYMCIICHHUS HEOOXOIUMBIX KO3(PQUIIHCH-

TOB HaM TOTPeByeTCsi BBIMMCIMTh HX HauaibHble 3Hauenns a(0),
b(0), F(-3), F(-2), F(-1), F(0).

Besmunnst a(0) u b(0) sssroTCst KOdDDUIMERTAME STHHEHHOI
ANMPOKCUMAIINH HCXOTHOTO BPeMeHHOTo psa Y = (Y1, Yo,..., Vi )-

O0o3HaUUM qgepe3 yt| 3HA4YCHUA alIllpOKCMMAallUM B MOMCHT

pemenn t=1kL, T.e. vy =a(0)t+b(0). Torma ocrasmmecs Ha-

YaJIbHBIC 3HAUCHHA BBIYUCIIAIOTCA 110 CIICAYIOIIUM (I)OpMyJ'IaMZ

K .

F(- pﬁiﬂ%, p=0,L-1,rne z;=iL-p.

HNmMmest HavyanbHBIC KOi)(i)(i)I/IIH/IeHTBI, MBI MOXXEM BBIYHCJIIATH KO-
3(1)(1)I/ILII/ICHTBI MOACIN OT CE30HAa K CC30HY U nepeﬁTH, TEM CaMbIM,
K NPOTHO3UPOBAHULO. O‘IGBI/IZ[HO, YTO TOPHU3OHT HNPOTHO3UPOBAHUA
KpaTeH BennuuHe ce3oHa L. Ilpm 3TOM peKoMeHIyroT OCyIIecTB-

JIATH TIPOTHO3 TOJIBKO HA OMH ce30H 7 =1,L .

O1eHKY aJeKBaTHOCTH MOJEIH MOXKHO OCYIIECTBUTEH C ITOMO-
b0 paHee MPUBEACHHON METOIUKH (CM. MPOTHO3MPOBaHUE C IIO-
MOIIBIO SKCTPATIOJISALINN ).
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Jns mmmrocTpanym paboTel Mozenn XobTa-Y HHTepca HpI/IBe'

JIEM TIpUMeEp.

[lanbl crienyronue 3HaueHus mapamerpa y (cM. tadnuia 6).
Tabauma 6.

t) 1| 2| 3| 4 5| 6| 7| 8| 9| 10| 11| 12

y |49 78|84 |94| 65|99 | 111|142 | 103 | 189 | 152 | 181

Ilycte ce3oH cocrouT W3 ueThlpex 3HaueHudd L =4, Torma
k =3. Anmpokcumanus i JaHHOTO Psia UMEET CIIeTYFOIIHI BHIL:

Y1 =10,98t +40,86.

Orciona a(0)=10,98; b(0)=40,86.

BbruuciauM HavanbHbIC 3Ha4YCHUS KO3(duIMeHTa ce30HHOCTH.

J1st 5TOro paccuuTaeM 3Ha4yeHUs anmpokcuManuu Yy, t=1128 ka-

KB MOMEHT BPEMEHH HCTOPHYECKOTO meproa (cM. tadbmuma 7):

Tabmmma 7.
t 1 2 3 4 5 6
Vi 51,79 | 62,72 73,65 84,58 95,51 | 106,44
t 7 8 9 10 11 12
Vi 117,37 | 128,3| 139,23 | 150,16 | 161,09 | 172,02

Orciona |:(—3)=l 49 | 65 , 108 J=0,79,
3(5179 9551 13923
F(-2)=114, F(-1)=1,01, F(0)=109.

HYCTL 3aJaHbI CJICAYyrOIune napaMeTpsbl CrJIaXKUBaHUA:

=04, oy =03, a3=0,6. Torna no popmynam (17)—(19) mox-

HO TTOCIIEIOBATENEHO HAXOAUTh KOI(GUIIMEHTH MOJETH (CM. TabIu-

a 8).
Tabuuua 8.

t a(t) bi(t) Fi) | vy | x)

ad B - |o0787091| - -

-2 - - 1,141154 - -
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t at) bit) FE) | vl
-1 - - 1,007124 - ~
0 10,98 40,864 | 1,086843 - -
18,276464 | 42,83221 | 1,001236 49 | 40,22719
2 | 7,366116 | 48,07418 | 1,429957 78 | 67,76762
3 | 8,070179 | 57,78718 | 1,275015 84 | 68,14361
4| 7,640718 | 64,42582 | 1,310162 94 | 82,53274
5 | 4,032448 | 60,03897 | 1,050072 65 | 64,50543
6 | 3,200137 | 61,29705 | 1,541034 99 | 103,0521
7 | 4,755359 | 69,68126 | 1,465787 111 | 101,628
8 | 7,117056 | 82,30894 | 1,559189 142 114,44
9 | 5594413 | 84,35052 | 1,152686 103 | 93,90377
10 | 7,504419 | 96,31162 | 1,793842 189 | 148,7762
11 | 4,788733 | 94,76375 | 1,548708 152 | 151,9436
12 | 5,048805 | 100,4194 | 1,70514 181 | 172,7226
Iporuosueie 3Hauenns Y;(12+7), 7 ~14 HPUBEJIECHBI B TaOIH-
e 9.
Tabmuua 9.
T 1 2 3 4
%A2+7) | 115750 | 1891933 | 1711586 | 197,0559
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JIEKIIUA 9. ITAPAMETPbBI M XAPAKTEPUCTHUKH  CUCTEM
MACCOBOT'O OBCJIY/KUBAHUA

CnyyallHbI XapakTep TMOCTYIUIEHUS 3asiBOK U MPOJOJDKUTEIBHOCTH UX
o0cy)KMBaHUsl MPUBOIUT K Tomy, uTo B CMO mpotekaer cayuatinviti npoyecc. Jis
s dextuBHON opranuzanuu padotel CMO HEoO0XO0IMMO M3Y4YUTh JaHHBIM MpoIllecc,
OMKCAaB C HCIOJb30BAHHEM allllapaTa TEOPUU BEPOSITHOCTEW W MaTEMaTUYECKOU
CTaTUCTHUKHU.

PaccmoTpum ocHoBHBIE XapakTepucTuku CMO.

1. Bxoomuoii nomok 3a:1680K, ROCHYRawuwiux Ha 00cayxcusanue.

Jist Haubosee TouHoro pacuera xapaktepucTuk CMO 00bIYHO HCTIOIB3YETCS
IIPOCTENIINI ITyaCCOHOBCKUM ITOTOK 3a5BOK.

Ilpocmetiwium Ha3bIBAETCS TMOTOK COOBITUH (B JAHHOM CiIy4ae MOCTYIUICHHS
3as1BOK), O0OJIAaIOlIMid CBOMCTBAMHU CTAllMOHAPHOCTH, OPAMHAPHOCTU, OTCYTCTBUS
IIOCJIEAECHUCTBUS.

CmayuonaprHocms TOTOKa O3HAYAET, YTO BEPOSTHOCTHBIE XAPAKTEPUCTUKHU
TaKOro MOTOKA HE JOJIKHBI MEHATHCS B 3aBUCUMOCTH OT BpeMeHU. B yacTtHOCTH, Tak
Ha3bIBa€Masi HHTEHCUBHOCTH (MJIM «IUIOTHOCTBY») MOTOKA COOBITHI — CpellHee YuCiIo
COOBITUN B €AMHUILYy BPEMEHU — JJisi CTAIIMOHAPHOTO MOTOKA JOJIKHA OCTaBaThCA
ITOCTOSTHHOM.

Ipumeuanue. 110CTOSSHCTBO MHTEHCHUBHOCTH HE O3Ha4acT, 4TO (paKTI/I‘IeCKOC

YUCJIO COOBITUH, MOSABISIIONIMXCS B €AMHUILY BPEMEHH, MOCTOSIHHO — HET, MOTOK
MO>XET UMETh MECTHBIE CTYLIEHUS U pa3pexeHus. BaxxHO, 4TO M CTalMOHAPHOIO
MIOTOKAa 3TH CTYIIEHUS W Pa3peKEHUS] He HOCAM 3AKOHOMEPHO20 Xapaxkmepa, a
CpelHee YUCIO COOBITHI, MOMagalouMX Ha €AMHUYHBIM yYaCTOK BPEMEHHU, OCTAeTCs
NOCTOSIHHBIM ~ JUII  BCEro paccMarpuBaeMoro nepuoaa. Ha mnpakrtuke yacto
BCTPEYAIOTCSA IMOTOKM COOBITUH, KOTOpble (MO0 KpailHed Mepe, HA OrpaHUYEeHHOM
y4acTKE BPEMEHHM) MOTYT pacCMaTpUBAThCS Kak cTalMoHapHble. Hampumep, moTok
BBI30BOB, MOCTYMAOIINUX Ha TeJle(OHHYIO CTAaHIIMIO, CKaXXKeM, Ha UHTepBajie oT 12 1o
13 4acoB MOXET CUMTAThCA CTAMOHAPHBIM. TOT K€ NMOTOK B TEYEHHE LEIBIX CYTOK

YKC HC 6y1[eT CTallTMOHAPHbIM (HO‘-IBIO HHTCHCUBHOCTH IIOTOKa BBI3ZOBOB I0pasao
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MEHbIIIE, YeM JHEM). 3aMETHUM, YTO TaK K€ OOCTOUT JIeJI0 U C OOJBIIUHCTBOM (DHU3HU-
YECKUX TIPOIECCOB, KOTOpPHIE MBI HA3bIBAEM «CTAIlMOHAPHBIMU» — B JICUCTBU-
TEJILHOCTH OHH CTallMOHAPHBI TOJBKO Ha OrPAaHMYEHHOM YYacTKE BpPEMCHH, a
pacrpocTpaHeHHe ATOr0 ydacTKa 10 OECKOHEYHOCTH — JIMIIb YJOOHBIA IPHUEM,
MPUMEHSEMBIN B IEJISX YIPOIICHUS.

JIss TOTOKa XapakKTepHO omcymcmeue Nociedelcmeus, €CIIi COOBITHS,
oOpasyionyue TOTOK, TOSBISIOTCS B TOCJIEIOBATEIbHBIE MOMEHTHI BpPEMEHH

HE3aBUCUMO JIpYT OT JIpyra.

IIpumeyanue. TIOTOK TaCCa)KUPOB, BXOMAIIUX HA CTAHIUIO METPO, MOXKHO
CYUTATh TOTOKOM 0€3 MOCIEACUCTBUS, IOTOMY UTO MPUYNHBI, 00YCIOBUBIINE MPUXO]T
OTJIETHPHOTO TACCaKHpa NMEHHO B JIaHHBII MOMEHT, a HE B APYroi, KaKk MpaBmiIo, HE
CBSI3aHBI C AQHAJOTMYHBIMU TPUYWHAMHU IS JAPYTUX MaccakupoB. Ecmm Takas
3aBUCUMOCThH TIOSIBIIIETCSI, YCJIOBHE OTCYTCTBHSI TOCJIEACHCTBUS OKA3BIBAETCS
HapyIICHHBIM.

OpounaprHocms TIOTOKAa O3HAYaeT, YTO COOBITUS B TIOTOKE MPUXOJMAT

IMOOJAWMHOYKE, a HC ITapaMu, TpOfIK&MI’I UT. O

Ilpumeuanue. ~ Hampumep, TOTOK  KIWMEHTOB,  HANpaBISIONIMXCS B
NapUKMaxepCcKylo, MPaKTHUECKU MOXKHO CUYUTATh OPAMHAPHBIM, YETO HEb3s CKa3aTh O
MOTOKE KIMEeHTOB, Hampasisttomuxcst B 3AI'C mnsa peructpauun Opaka. Ilorokx arak
uctpebutenei mo OOMOAPAMPOBIINKY, HAXOIAUIEMYCsl HaJl BPaKECKOU TEPPUTOPHEH,
OpAMHAPEH, €CJIM OHU aTaKyIOT IeJIb MOOJUHOYKE, M HE OPJMHAPEH, €CJIM OHU UIYT B
aTaKy mapamu Wil TPOHKaMHu.

JU1s TpOCTEHNIIIETro MyacCCOHOBCKOTO MTOTOKA BEPOATHOCTH MOCTYIIIICHUS K 3asiBOK

Ha 00CTy>KMBaHHUE B TEUCHHE MHTEpPBAJIa BPEMEHH ¢ oTpeessieTcs o popmyie:

!
P = Q‘/_ﬁl ™ k20, £20,
el

9.1)
/A - THTEHCUBHOCTbH NOTOKA 3asBOK (KOJUYECTBO 3asiBOK, KOTOPbIE MOCTYIHIIN

B CUCTEMY 32 €/IMHUILy BPEMEHHU).
[InoTHOCTH pacmpeneieHus HHTEPBAJIOB BPEMEHU MEXAY COOBITHSIMH B 3TOM

IMOTOKEC OIPECACIACTCS 11O SKCIIOHCHIUAIIBHOMY 3aKOHY (BTO 03HA4YacT, YTO MHTCPBAJIbI
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BpEMCHHU MCXKAY 3asiBKaMHM MOIYT OBITh KaK OYCHb KOPOTKUMH, TdK H OYCHb

JUTUHHBIMU )

JEEN SN o o Sl (92)

IIpumeuanue.

PaccMoTpuM camblii mpOCTONM TOTOK C HMHTEHCUBHOCTHIO | U 0003HAYMM
MOMEHTBI MOCTyIUIeHUs] TpeboBanuii Ha oce (0, t)» kak moka3ano Ha puc. 9.1.
OmnpenenumM, Kakoe pacopefeieHue HMEIOT NPOMEXYTKH BpemMeHu T Mexay

MOMCHTaMM MOCTYIINICHUA JIBYX COCCIHHUX Tpe6OBaHI/H7L

Puc. 9.1. MomeHTBI OCTYIUIEHHs TPEOOBAaHUM JJIs TyaCCOHOBCKOTO IOTOKA

O4eBUIHO, YTO MPOMEXKYTKH BpeMeHH T- ciaydalinble BeanunHbl. Halinem 3akoH
ux pacnpenenenus. OyHkuus pactpeneneHus F(t) ompenensier BEpoOsSTHOCTb TOTO,

qTo cnyqaﬁHa;I BCJIIMYMHA HpI/IO6peT€T 3HAUYCHHC, KOTOPOC MCHBIIC 3a t, TO €CTh

F@)=P, T <t.

ITycts t0 - Havyano npomexytka BpemeHnu T. Haiinem BeposSTHOCTb TOTO, 4YTO
ciydaiiHas BennuuHa T Oyaer mesblie 3a t . Jlig 3TOro Hy»KHO, 4TOOBI Ha
IPOMEXYTOK JUIMHOM t, KOTOpBIM HaumHaeTcss ¢ Touku t0, momaso XOTs Obl OAHO
TpeOoBanue. Bprunciaum ¢ynkuuio F(t) uyepe3 BepoOATHOCTh MPOTHUBOIIOJIOKHOTO
COOBITHSA, TO €CTh Yepe3 BEPOATHOCTb py TOI'O, YTO 332 IPOMEKYTOK BPEMEHHU t K

CUCTEME HE TIOCTYITUT HU OJTHOTO TPEOOBAHMS:
F(t) =1-P,.
3Hadenue BeposaTHocTH PO Haiiaem 3a ¢popmyioit (9.1) npu ycinoBuu, uto 1t= 0:
F)=1-e™, t>0.

Torma ¢dyHKUUMA pacnpeaeneHus ciydaiHoil BennyuHbl T Oynetr uMeTh BUA:
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UtoOb! HATH (QYHKIIMIO IJIOTHOCTH pacipeaeieHus f(¢) ClydaiHOW BETMYMHBI
T, mponuddepenmpyem QyHkmuio F(?) 3a t:
SOy s desn it >0,
Otr0 wu  sBhusgerca  (QYHKUMEW  IUIOTHOCTHM  [OKA3aTeIbHOTO  WJIU
AKCIIOHEHLIUAILHOTO 3aKOoHa pacrnpeneneHus, ee rpadukd u Tpaduku (QyHKIUH

pacmpenenenus npu ycinosuu | = 1 m3o6paxeHo Ha puc. 9.2.

/(1) F(®) DyHKList po3oaiay
1

A

Oynkiis missHOCTI

t, 9ac 0 t, yac

a (]
Puc. 9.2. TIpaduxa ¢ynkuuit mnmotHoctn (a) u pacnpeneneHus (0)
AKCIIOHEHIIMAJIBHOTO 3aKOHA!
A=1;p=05
CrnenoBaTeNnbHO, YTOOBI MMOTYYUTh ITyaCCOHOBCKHUI TTOTOK BXOHBIX 3asIBOK,
KOTOPBIE MOCTYNAIOT K CUCTEME, IOCTATOYHO BBIUUCIUTD CIYyYalHYIO BETUYHHY C
AKCIIOHEHIIUAJIbHBIM PaCIpPeICTICHUEM.
2. Bbixoonoii nomok 00cnysceHHbiX 3a5860K.

Beixogno#t morok TpeboBanuit i CMO ¢ mpocTeMInnM MOTOKOM BXOJHBIX
3asIBOK TaKKe SIBIIAETCS MpocTermmmM. Bpemsi oOcmy kuBaHusl 3asBOK, OTPEICIISIONICE
UHMEHCUBHOCTb 8bIXOOHO20 NOMOKA J, TAKXKE PACIIPEACIICHO M0 AKCIIOHEHIIUATBHOMY
3aKOHY:

f(0)= e (¢ > 0) ©3
3. Opzanuzauyusa paoomer CMO

OO0cnyXUBaHUE OCYUIECTBISETCS C MCHOJIb30BAaHUEM OJHOTO WJIM HECKOJIbKHX
UJICHTUYHBIX MPUOOPOB — KAHAJIOB OOCITYyXKMBaHM. B COOTBETCTBUU C KOJMYECTBOM
KaHaJIOB (m) BBIJICTISIOT:

e onHokaHansHbIe CMO;
e MHorokanaibHsie CMO.

Kpowme Toro, paznuyaror n8a tuna CMO:
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® CHUCTEMBI C OTKa3aMU — B TaKMX CHCTeMax 3asBKa, MOCTYNHUBIIAs B MOMEHT,
KOTJIa BCE KaHAJIbI 3aHSThI, MOJy4aeT «0TKa3» u nokuaaet CMO;

® CHCTEMBI C OKHJIaHUEM (0Yepe/bi0) — B TAKUX CHUCTEMaXx 3asBKa, MOCTYIHUBIIAS
B MOMEHT, KOIJla BCE€ KaHallbl 3aHSAThl, CTAHOBUTCS B OYEpelb U OXKUAACT
0CBOOOXKICHHS OJJHOTO U3 KaHAJIOB.

Cucremsl ¢ ouepebIo JEATCS TaK)Ke Ha JIBa THIA:

® CHUCTEMBbl C HEOTPAHWYEHHBIM OXHJaHMEM — 3asBKa, noctynuBmas B CMO
Bcerja OyieT o0CIyKeHa;

® CHCTEMBI C OTPAHMYCHHBIM OXHJIAHHEM — Ha MPeObIBAaHWE 3asBKU B OUYEpEaH
HAKJIQJbIBAIOTCA OrpaHUYeHHs (HAampuMep, AJMHA OdYepenu, BpeMsl NpeObIBaHMS
3asBKH B OYEPEIN).

Paccmompennvie xapaxmepucmuxku omnocamcsa x Mapkosckum CMO, m.e.
CMO muna M/M/m.

Ouenka 3¢ ¢exTuBHoctu padorst CMO

Jnsa ouenku 3¢ pexktuBHOCTH padboTsl CMO Hcnonb3yercs psiji CTaTUCTHIECKIX
Y DKOHOMHYECKUX BEJIMYHH.

Cmamucmuueckan ouenka Ippekmuenocmu

1. Beposmnocms npocmoss CMO (P,) noka3pIBaeT, Kakyl0 4acTh OT OOIIEro
BpemeHu padboTel CMO Bce ee kKaHallbl CBOOOIHBI, T.€. MPOCTAUBAIOT U3-3a OTCYTCTBUSA
3asIBOK.

2. Beposmnocms  omxasa (P,,) Xapakrepu3yeT, Kakas JOJsi BceX
MOCTYTAIOIINX 3aIBOK HE 00CITYKMBAETCSI CHCTEMON M3-3a 3aHITOCTU €€ KaHAJIOB WIIH
OompiIOoro KosmyecTBa 3asBok B odepenu. Jns CMO 6e3 orpanuveHuid Ha ovepenb
P = 0.

3. Beposmnocms  obcnyocusanusn (P,g.,) TOKa3bIBaeT, Kakas OIS BCEX
MOCTYTAIOIINX 3asIBOK 00CITYKMBAETCSI CUCTEMOM.

OueBuaHO, UTO P50y = 1 — P,ypye.

s CMO 6e3 0Tka30B P, = 1.
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4.  Beposmuocmu cocmosnuii OOBIYHO  HCIOJIB3YIOTCSI B KadecTBE
MIPOMEXKYTOUHBIX BEJTUYUH ISl BBIYUCIIEHUS Apyrux xapakrepuctuk CMO (nanpumep,
P; — BepoarHocTh npedbiBanusa B CMO pOBHO j 3asBOK).

3. Hazepyska na CMO onpenenseTcs Kak OTHOIIEHUE HWHTEHCUBHOCTH

MOTOKA 3asiBOK K MHTEHCUBHOCTH, ¢ KOTOpoit CMO MokeT ux 00CTyKUBaTh:

A
T um (9.4)

rie A — MHTEHCUBHOCTD MOCTYIJICHUS 3asBOK;

/L - THTEHCUBHOCTb 00CITY>KMBaHUS 3a51BOK;

M - KOJIMYECTBO OOCTYKUBAIOIINX KaHAJIOB.

JIro6ass CMO 6e3 orpaHnyeHU Ha o4yepeb MOXKET HOpMallbHO paboTtarth (T.e.
o0CITy>KUBaTh BCE MOCTYMAIONTUE 3aSBKH) TOJIBKO MPHU yCIOBUH, uTO p < 1. Benmunna
p > 1 o3HauaeT, YTO KOJIMYECTBO 3a4BOK, noctynaromux B CMO B enquHuUIly BpeMEHU
(A), mpeBBIIIaET KOJUYECTBO 3asBOK, KOTOpble CMO MOXET OOCIyXUTh B €IUHHILY
BpeMenu (mp). B takux ycnoBusax B8 CMO 06e3 orpaHM4eHHil Ha ouepeb KOJIUYECTBO
3as1BOK, OKMJIAIOIIMX OOCITyKMBaHUs, OyJI€T MOCTOSHHO BO3pPACTaTh, TAK KakK 3asiBKU
Ooynyt moctynate B CMO ObicTpee, ueM oHa MoxeT ux oocmyxuBath. st CMO ¢
OTpaHUYCHUSIMU Ha OYepeb U 0e3 ouepenn BO3ZMOXKHBI JTIOOBIC 3HAUCHHS P, TAK KaK B
takux CMO yacTb 3asiBOK MOJIy4aeT OTKa3, T.€. He Jomnyckaercs B CMO.

Koaddumuent 3arpyzxku CMO:

U=p(1-F,,) 9.5)

1. CpenHee yncio 3aHATHIX KaHAJIOB:

S=mU (9.6)
2. Cpennee uncio 3agaBok B CMO:

k=qg+S§ 9.7)
I7I€ ¢ — CPEIHss JUIMHA OYEPEIH.
3. IIpomyckHas cnioco6Hocth CMO:

Yy =usS 9.8)

VTN

Y =MI-F,,) (9.9)
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4. Cpennee Bpems npeObIBaHMS 3asiBKU B odepeau (popmyna Jlutria):

w=4 (9.10)
Y
5. Cpennee Bpems nmpeObiBanus 3as8ku B CMO:
f=w+x 9.11)
17001
=k 9.12)
Y

®opmyibt (9.5)—(9.12) MOTyT IPUMEHSITHCS 711 pacdeTa XapaKTePUCTHUK J1700bIX
pa3oMkHyTbIXx CMO, HE3aBUCHMO OT KOJIMYECTBA KAHAJIOB, MOTOKA 3aiBOK, 3aKOHA
pacnpeneneHds BpeMeHH oOcimyxxkuBaHuss W T.10. s pasomkuyTteix CMO 6Ge3
02panuyeHUll Ha oyepedb BEPHBI CICTYIONIIE (POPMYIIHL:

k03 durment 3arpysku: U = p;

* MPOITYCKHAs CIIOCOOHOCTh: ¥ = A.

Ipumeuanue. It HOPMYIBI IPEACTABISIIOT COOOM YacTHBIEC Ciy4a st P, =

Beposmnocms npocmos (Py), eepoamnocms omxasza (P,,) u cpeonsas onuna

ouepeou (q ) paccuumuigaromces no-pasHomy 6 sagucumocmu om muna CMO.

IKonomuueckasn oyenka Ipgpexmusnocmu
1. Bripyuka ot o6cinyxuBanus 3asBok B CMO B Teuenue Bpemenu 7:
V =yCT (9.13)
rae Y — npomyckHas cnocoonocts CMO;
C — BBIpyUKa OT 00CITy>KUBaHUS OJTHOM 3asBKH.
2. 3arpartsbl, CBsI3aHHbIE ¢ 00cTy)krBaHueM 3asiBOK B CMO B TeueHnue Bpemenu 7-
Zps =1C, T (9.14)
rne  Cogc — 3aTpaThl, CBSI3aHHbBIE C OOCTY>KUBAHUEM OJIHOM 3asBKHU.

3. 3arpatsl, cBI3aHHbIE ¢ 3KkciuTyaTanuein CMO B TeueHne BpemeHu 1+

Z,..=(SC,,+(m-8)C, )T (9.15)

pab

rIe m — KoJImdecTBO KaHajioB B CMO;
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S— cpenHee YMCIO 3asABOK Ha OOCITYXMBaHHM (B KaHANax), WIK CpelaHee
YHCIIO 3aHATHIX KaHAJIOB;
Cpas — 3aTpaThl, CBA3aHHbIE ¢ pa0OTON OJHOIO KaHala B TEUCHUE €MHHILIb
BpPEMEHU;
Cnp — 3aTpaThl, CBSI3aHHBIE C IIPOCTOEM OJHOIO KaHajla B TEUYCHHUE
eIMHUIIBI BPEMEHHU.
4. YOBITKH, CBA3aHHBIC C OTKAa3aMH B 0OCITYy>XKMBaHHUH 3a BpeMs 7:

Z =\C, P T (9.16)

OmK

r1€ A — MHTEHCHUBHOCTH MIOTOKA 3a5BOK;
Corx — YOBITKH, CBSI3aHHBIE C OTKa30M B OOCITY>KHBAHUH OJTHOM 3asBKU;
P,,.x — BEPOSITHOCTH OTKa3a.
5. YObITKM 32 BpeMms T, cBsi3aHHBIE ¢ peObiBaHueM 3asBok B CMO (kak B oduepenu,

TaK U Ha 0OCITY>)KUBaHHH):

Z, =kC, T (9.17)

rie  k — cpeanee uucno 3asBok B CMO;
Cywp — YOBITKH, CBsA3aHHBIE C IpeObiBaHueM 3asiBku B CMO B TeueHume

€MHULIBI BPEMEHH.
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JIEKIIUA 10. OTHOKAHAJIBHBIE CUCTEMbI MACCOBOT'O
OBCJIY/ KUBAHUSA (CMO)

Paccmorpum CMO Ttuna M/M/I ¢ onHUM KaHajaoM OOCIyXuBaHUs S H

ouepenibio kK Hemy ¢ (puc. 10.1).
QQPra : Buxigaui
[ OTIiK

+——— IIpucrpiit——

l

Bxigauit
noTiK

L

q Y

Puc. 10.1. CMO ¢ ogauM KaHajoM 00CITy>KUBaHUS

Onenka 3¢ dexTuBHOCTH paboThl oHOKaHATLHOH CMO MapkoBcKoOTo THIA 0€3
OrpaHUYEeHUI Ha OYepe/ib OCYIIECTBIISIETCS C UCIOIB30BAHUEM CIIETYIOIINX (POPMYIL.
1. BeposiTHOCTB IPOCTOSI:
F,=1-p (17)
rae p - Harpyska Ha CMO.
2. BepositHOoCTh OTKa3a: P, = 0.
3. BepostHOCTh 0OCTYy)KUBaHUS: Py, = 1.

4. Cpenusist IIMHA OYEPEAU:

- p’vi+e?)
= (10.1)

rae v —ko3(hdUIHEeHT BapHallui HHTEPBAIOB BPEMEHU MEXY 3asIBKaMU;

& — K03 (HUIIMEHT BapHUaIliy BpEMEHH 00CTY>KMBAHUS.

Jlis  TIyacCOHOBCKOTO TIOTOKa 3asBOK HHTEPBAJIBI BPEMEHH MEXIYy UX
MOCTYIJICHWEM, a TaKXe TMPOAOKUTEIBHOCTh OOCITYy)XHBAaHUS  — CIIyYailHbIC
BEJIMYMHBI, PACHpPEIETICHHbIE TI0 JKCIOHEHIMAIbHOMY 3akoHy. Koaddumment
BapHallMi SKCIIOHEHIIMAIBHOTO 3aKOHAa pachpeneneHus paBeH 1, orcioma ¢dopmyna

(18) mokeT OBITH MpeCTaBICHA B YIIPOIIEHHOM BHJIE:

p

2
q= (10.2)
1-p
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IIpumeuanue. ®opmyna (10.1) Mo3BoJIIET TOYHO PACCUUTATH CPEAHIOIO JJIUHY

ouepenu Tonbko st CMO tuna M/M/1. Jns apyrux CMO BenndunHa a, HalieHHas

no popmyze (10.1), ssBasieTcst npUOIMKEHHOM!.

5. BepositHocTu nipedsiBanus B CMO £ 3asBOK:
P =p*(1-p), k=12..

1. BepositHocTs TOrO, uTOo BpeMms npeObiBaHus 3asiBku B CMO mpeBbicHUT

HEKOTOPYIO 3a/IaHHYIO BeJIMUUHY 7"

P(t<T)=e*("

OCHOBHBIE XapaKTCPUCTUKU pa6OTI>I OJHOKaAHAJIbHBIX CMO CBCICHEI B Ta6JIHHy
Onnoxanansaasg CMO

(10.3)

(10.4)

XapaKkTepuCTUKH

C OXKHMIAaHUEM M OTPaHUICHHON
oYepeIpo

m

C OXKUJIAHHEM U HEOTPaHUYCHHOM
ouepebio

A wm

KomnaecTBo kaHanoB

VHTEHCUBHOCTD — CpeliHee KOJIMYECTBO
3a5BOK, nocTymnatonux B CMO B equHUITY
BpEeMEHHU

7\,:1—1
(t1+t2)5

, €CJIM UHTCPBAJIBI MEXTY MOMCHTAMHU ITOCTYIIJICHUA

Jietasedl Ha 00paboTKy COCTaBISIIOT OT ¢/ 10 ¢2 MUHYT

Cpennee BpeMst 00CITy)KUBaHUSI 3aIBKH B
KaHaJIe

HHTEeHCHBHOCTH 00CTYKHBaHUS 3a5BOK -
CpeaHee KOJUYECTBO 3asABOK, KOTOPOE
MOJKET OBITH OOCITY)KEHO OJTHUM KaHAJIOM

CMO B equHMITy BpeMEHH

Harpyska sa CMO

12 —1tl

KoaddunmenT Bapuainu HHTEPBAIOB
BPEMEHHU MEX[y 3asiBKAMH MIPH

Vo (11+12)4/3
(¢}

PaBHOMEPHOM pacHpefeIeHuu

Koa¢ppuunent Bapuaiyy BpeMeH!
00CITy)KUBaHHS

&€ ==

X

O — CTaHIAapTHOE OTKIIOHEHUE
CIIy4yallHOW BEITMYUHBI

BepOHTHOCTL IpoOCTOA

1-p
F=—"7

I-p

p=ln=1.N

b

F=1-p

_p"(1-p)

PomK:()

BeposiTHOCTB OTKa3a i
p OmK (1 _ p N+2)
BeposTHOCT 00CITy)KUBaHUS P =1- P Pooer = 1- Poy=1
2 N 2 _ 2 2 2
_ —N— — vV +¢g

Cpennsis ImuHa odepean q= p (1 s (Np N]+V2 1)) q= P q= P ( )

(1-p)lt-p"?) (1-p) 21-p)

P=p"P,n=12,.,N,p=#1

3as1BOK

BepostHocTn npedsiBanus B CMO n

n

1

p=1

P, = ,
N +1

P =p"P,n=12,.N

n
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JIEKIIUA 11. MHOT'OKAHAJIBHBIE CMO

Ananmu3 mHorokaHaiabHbIX CMO (puc. 11.1), B oTau4Me OT OJHOKAHAIBHBIX,
3HAUUTENBHO cJllokHee. C TMOMOIIbI0 TEOPUHM MACCOBOTIO OOCTY>KUBAHUS MOKHO
MoJIy4aThb AHAJIMTUYECKHE 3aBUCUMOCTM B 3aMKHYTOM BHUJAE [UIl pacyeToB
XapaKTEPUCTUK paboThl MHOrokaHaabHOH CMO B CTallMOHApHOM pEXHUME PadOoTHI,
OfHAKO JuIb ani Mmoxaenu tuna M/M/m. Jngs CMO c jnpyrumu  3akoHaMu
pacnpesiesieHdss BPEMEHM MOCTYIUIEHUS W OOCTy>KUBaHUSI TPeOOBAaHUU HCHOIB3YIOT

YHCJIICHHBIC MCTOBI.

i — P, t— . "
Bximuuit [ Buxirmit
notixk T ‘ = NoTiK

> | P,,,,‘ = z e

.;__‘Inpm|,_.
=]

Puc. 11.1 bararokanansaa CMO

g onenku 3¢ (GHeKTUBHOCTH pabOThl MapKOBCKOM MHOrokanansHoit CMO 6e3
OrpaHUYEHUH Ha OUepeIb HCIIONIb3YIOTCS CleaAytomue (GopMyIbl.

1. BeposiTHOCTB IPOCTOSI:

m—1 k m -1
P = Z(mp) " (mp) (111)
o k' ml(-p)
ra€¢ m — KOJIUYCCTBO KaHAJIOB (T.e. KOJIUYECTBO 3asiBOK, KOTOpBIe MOI'yT

oOciyxuBaThcsi BCMO 0JHOBPEMEHHO).

2. BepositHOoCTh OTKa3a: P, = 0.

3. BepositHOCTh 00CTy)kuBanust: Py, = 1.

4. Cpenusist IIMHA OYEPEAU:
pmp)”_p, (112)
ml(1-p)

5. BepositHocTu nipedsiBanus B CMO £ 3asBOK:

q=
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OQ

v 9
L70c 1o

(mp)kpo, k=lm (11.3)
R=y ©

(mp)"
ey Fos o> m (11.4)

®dopmyna (11.3) mo3Bosisger HailTu BeposiTHOCTU cocTossHU CMO, pu KOTOPBIX
ouepeqb OTCYTCTBYET (KOJIMUYECTBO 3asiBOK, 0OcmyxkuBaeMbix B CMO, He MpeBbINIaeT
KoJM4yecTBa KaHajioB), a ¢opmyna (11.4) — BEpOSITHOCTH COCTOSIHMM NMPU HATUIUHU
ouepean.

Ilpumeuanue. llpuBenenuoie GOPMyNIbBI MOTYT MHPUMEHITHCS W JUIS

OpUOIMIKEHHOTO  pacueTa XapaKTepUCTUK HEMApKOBCKMX MHOrokaHaipHbIXx CMO
(1.e. CMO tuna M/G/m, G/M/m nma G/G/m).
I[Ipu p = 1 pacder BepOATHOCTH MPOCTOS M CPENHEH IUIMHBI OYEPEAU

BBITIOJIHAETCS 110 CIENYIOUUM (hopMyiam:

po{gmif) \ 2 } , (115)
q= (mp)™P, .n(n+1). (11.6)

m! 2
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JIEKIIUA 12. MOJAEJIb OBCJYKUBAHUA MAIIMHHOT'O ITAPKA

Mogaenb 00cTy>KMBaHUSI MAIIMHHOTO NTApKa MOXKHO OMKUCATh UCIIOJIb3Ysl, TEOPUIO
MacCOBOTO 00CITy>)KMBaHUs, CUNTAsl IaHHBIN MPOLIECC 3aMKHYTOM CUCTEMOW MacCOBOTO
o0CITy>KUBaHUSI.

3amkHyThle CMO — 310 CMO C (QUKCUPOBAaHHBIM KOJIMYECTBOM 3asIBOK,
MIEPUOTUYECKH TPEOYIOITNX 00CITy)KHBAHUS.

bynem o603HauaTh KoJIMUECTBO 3asBOK B 3amMkHyToM CMO kak N, a cpeaHee
BpEMsI MEXIY OKOHYaHHEM OOCITYKUBaHUS 3asBKU U €€ CJIEeAYIOIIUM OOpalieHueM 3a
oOciyxuBaHueM (Bpemsi Mexay oOpamenusmu) — kak 7. Kak u mus gpyrux CMO,
KOJIMYECTBO KaHaJoOB OyneM 00O03HayaTh Kak m, a CpellHee BpeMs OOCIyKHBaHUs
3a9BKH — Kak X .

TouHbIll pacueT XxapakTepucTuk 3aMKHYThIX CMO BO3MOKEH TOJIBKO B cllydae,
€CJIM U BpeMsl OOCITYyKHBaHUS 3a8BKH, U BpeMs MEXIy OOpalleHUsMH MPEACTABISAIOT
co0o¥i city4aiiHble BEJIMYMHBI, paCIpe/IeNICHHbIE TI0 SKCIIOHEHIIMAIIbHOMY 3aKOHY.

Xapaktepuctuku 3¢ (HeKTUBHOCTH pabOThl 3aMKHYThIX CMO B OCHOBHOM T€ XK€,
yT0 U A pasoMKHYThIX CMO. OpgHako pacyeT XapakTEpHCTHK JUIsl 3aMKHYTBIX U
Pa30MKHYTBIX

CMO cy1iecTBEHHO pa3InyaeTcs.

Jlns pacuera xapakTepucTuK 3aMKHYTBIX CMO mnpuMEHSIOTCS Cleayrolue
hopMyJIBL.

BepositHOoCT TIPOCTOS:

m '~ J N (¥ J
P |1 N.(x/.T)' .S N.('x/T) _
T (N= DY S (N = ) mlm! (12.1)

rae P, — BEpOSITHOCTb  IPOCTOS;

N - KOJIM4eCTBO 3a4BOK B 3aMKHyTOM CMO;
T — Bpemst mexay obpamenusmu B CMO;
m - KOJIMYECTBO KaHAIOB 00CTY>KUBAHUS;

CpeILHee YHKCJIO 3asBOK B OUCPCAN — CPCAHAA JJIMHA OUCPCAN:
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_ S N\(x/T)’
=P E — -
720 2 M (12.2)

e g — CpeaHsasad AJIMHA OYEPCOH.

CpeILHee YHUCJIO 3asABOK Ha O6CJ'Iy}KI/IBaHI/II/I — CpC€AHCEC YHCJIO 3aHATBIX KaHAJIOB!

=5, m=1 (12.3)
§ = m—1 &3 J
m-mp, =B (m= I
= (n= !
rae S — CpeHee YKCIIOo 3asABOK Ha 0OCITYKUBAHUH.
Cpennee uncino 3asBok B CMO, T.e. Ha 00CITy)KHBaHUH U B OUEPE/IH:
k=g+58 (12.4)

rae k — cpeaHee umcio 3asBok B CMO.
Cpennee Bpems npeObiBanus 3asBku B CMO, T.e. B ouepead W Ha

00CITyKUBaHUU:

_ kT
t=—-—= 12.
Yy (12.5)

rae ¢ — cpeanee BpeMs npedriBanus 3asBku B CMO.
Cpennee BpeMsl IpeObIBaHUS 3asiBKM B OUEPEIU — CPEIHEE BpPEMs OKHUIAHUS

o0CITy>)KUBaHUSI:

wW=t+X (12.6)

IJIe W — CpeaHee BpeMs OKHIaHUs OOCTYKUBAHUS.
Koaddunment 3arpyzkn CMO. DTta BelMurMHA TMOKAa3bIBaeT, KaKyK 4acTh OT
oOmero BpemeHu cBoel paboTei CMO  BbINONHSIET OOCTY>KMBaHHE 3asBOK,

pacCUUTBIBACTCS TAK:

U:E (12.7)

m

rae U - Koaddumument 3arpyzku CMO.
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HpOHYCKHaH CITOCOOHOCTH — Cp€aHCC KOJIHMYCCTBO 3as4ABOK, O6CJ'Iy}KI/IBa€MI>IX B

€VHUIY BPEMEHU:

S
Y =— (12.8)
X
rae y — npomyckHas cnocodbnocts CMO.
BepostHoctu npebriBanust B CMO j 3as1BOK:
(¥ J
NGB, f—
p o) (V=D
g \(x/T) 12.
N&IT)” _p j=m+l.,N (129)
(N - m!m”™ >

rae P, — BeposTHOcTH npedbiBanus B CMO j 3asBok

®opmyina (10) mo3BoasieT HaWTH BEpOATHOCTH cocTossHuiE CMO, pu KOTOPBIX
ouepeslb OTCYTCTBYET (KOJIMUYECTBO 3asiBOK, oOciyxkuBaeMbpix B CMO, He npeBbllIacT

KOJIMYCCTBA KaHaJ'IOB), U — BCPOATHOCTH COCTOSIHUM ITPpHU HAJIMYHNH OYCPECIH.
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JIEKIIUA 13. CMO C IPUOPUTETAMUA

[Ipn oOciyx’uBaHUM C TPUOPUTETAMHU OO0JIE€ BBHICOKUNA MPUOPUTET JIOJKHBI
UMETh CHUTHAJIbI, TpeOyIolHe MEHBIIEro BpeMeHu oOpaboTku. TpebyeTcsi BbIOpaTh
OUCHUIUIMHY OOCITYyXUBaHUS, O0O0ECIEYMBAIOLIYI0 MHUHUMAIbHOE CpEAHEE BpPEMs
00pabOTKM BCEX CUTHAJIOB.

B CMO c npuopureraMu Kaxa0W 3asiBKE HA3HAYAETCS HEKOTOPBIA MPUOPUTET.
Ecnu B ouepenm HaxonsTcsl 3asBKA C pa3sHbIMU NPHOPUTETAMHU, TO NEPBBIMU Ha
oOcy’>KUBaHUE MOCTYNAIOT 3asiBKU C 00Jie€ BBICOKUM MPUOPUTETOM.

Jjis TakoW TUCHUIUIMHBI OOCTYKHUBaHUS 3asiBOK TOYHBIM pacyeT XapaKTepUCTUK
BO3MOKEH TOJIBKO MPH CJIEAYIOIINX YCIOBUSX:

MOTOK 3asIBOK SIBJISIETCS] TyaCCOHOBCKUM;

CMO sBisteTcst OTHOKaHAIBHOM;

HET OrPAaHUYECHUIN HA OUYEPEib.

Hpyrumu crnoBamu, tun CMO — M/M/1 wnu M/G/1 Ge3 orpaHuyeHuil Ha
odepeib.

[TpuopuTeThl 3aIBOK MOTYT ObITh OTHOCUTEIBHBIMH HJIU a0COIIOTHBIMH.

B CMO c¢ ommnocumensvnvimu npuopumemamu OOCIYyXUBA€TCI B TEPBYIO
ouepeb 3asiBKU ¢ 0osiee BBICOKUM MpuopUTeToM. OOCITyKUBaHHUE 3asBKU JOBOJIUTCS
710 KOHIIa, JaXKe B CIIy4yae MOCTYIUICHUS 3aBKU C 00Jiee BBICOKHUM MPUOPUTETOM.

B CMO ¢ abcontomnvimu npuopumemamu OOCITyXUBaHHUE 3aiABKU
pephIBaeTCsA, €Clu MOCTyMaeT 3asiBKa C 0ojiee BBHICOKUM MPUOPUTETOM. 3asiBKa,
oOcCiTy’KMBaHUE KOTOPOH OBLJIO MpepBaHO, BO3BpAILAETCsA B OUepedb U MOCTYyMaeT Ha
J000CITy’KMBaHUE TOJBKO TOT/A, KOTr/la B OYepelrd HE OCTAHETCS HU OJHOW 3asBKHU C
0oJs1ee BHICOKUM MPUOPUTETOM.

[Tycts B CMO umeercst R 3Hauenuii (ypoBHeil) npuopurera. byem o603Ha4aTh
HOMEpOM | BBICHIMM TPUOPHUTET, a HOMEepoM R — Hu3mwmi. bynem o0o3Ha4aTh
XapaKTEPUCTUKU

CMO nns 3asiBOK C i-M YpPOBHEM IPUOpPUTETAa HHIEKCOM, O0003HAYAIOIIUM
OpUOpUTET (Hampumep, — cpeaHee Bpemsi npeObiBaHus B CMO 3asiBOK ¢ THEPBBIM

YPOBHEM MPHOPUTETA).
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Cpenuue xapakrepuctuku CMO 1 3as1BOK BceX ypOBHEH mpuopurera Oyaem
yKa3bIBaTh 0€3 MHAEKCOB (Hampumep, ¢ — cpennee Bpems npebsiBanus B CMO Bcex
3a5BOK).

B pacuerax xapakrepuctuk CMO ¢ mpuopuTeTaMu HCHOJIB3YIOTCS BEIMYUHBI

Harpy3ku Ha CMO, co3naBaemMoil 3asiBKaMu KaXJ0r0 YPOBHS IPUOPUTETA!

A
p,=—, (13.1)
W,

r7ie A;— MHTEHCUBHOCThH IMOTOKA 3a5BOK C i-M YPOBHEM IIPHOPUTETA,;

W, — UHTEHCHUBHOCTh OOCTY>XMBaHUS 3asBOK C i-M YpPOBHEM IPUOPUTETA,

ompenensieMas Kak M; = , TI€ X; — CpelHee BpeMsl OOCTY>KWBAaHHS 3asBOK C i-M

1
)_Ci
YPOBHEM MPUOPHUTETA.

Harpyska nHa CMO, co3naBaeMasi BCeMH 3asiBKaMHU, OTPEACIISETCS CICTYIOIINUM
obpazom:
R
p=p, (13.2)
i=1 °
Pacuer xapaktepuctuk CMO c mpuopuTeTamMH BO MHOTHX CIy4asx ymoOHO
HAYMHATh C BBIYUCIICHHSI CPEIHETO BPEMEHU NPEOBIBAHMS B OYEpPEIU JJISI 3aSBOK C
paznuyHbIMH YpoBHsIMU nipuoputeTa. s CMO ¢ 0THOCHTEILHBIMHM NPHOPUTETAMHU

9TH BCIIMYHHBI BEIYUCIIAIOTCA CICAYIOIIUM 06p330M2

1) s 3a9BOK C BBICIIMM IIPUOPUTETOM (C IPUOPUTETOM 1):

R
20,5, (1+e))
— _
= (13.3)

rae € — KOd(QQHUUUEHT Bapualud BPEMEHH OOCIY)KMBAaHHUS 3aiBOK C j-M

YpOBHEM NPUOPUTETA;

2) s 3asiBOK € IpHopuTeTamu 2, 3, ..., R:

R

lejfj(naj)
W, = —

20-Yp,)0-Yp,)"

i=2, .., R (13.4)
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s CMO ¢ a0coJIIOTHBIMM NMPHOPUTETAMM CPEJHHE BpeMeHa NMpeObIBaAHUS
3asIBOK B OU€PEI PACCUUTHIBAIOTCS MO CIEAYIOMUM (popMyram:

1) 1u1st 3asBOK C BBICIIUM MTPUOPUTETOM (C PUOPUTETOM 1):

plfl(l"'slz)
E 13.5
21-p,) (132
2) nis 3asBOK € IpuoputeTamu 2, 3, ..., R:
i—1
%, p]- Zp]x]ms )
w, = —= i=2,..,R  (13.6)

I—Zp‘,- 2(1- Zp)(l Zp)

Hpyrue xapaktepuctukun CMO onpenesistores no ciaeayromum hopmynam (s
CMO kak ¢ OTHOCUTENbHBIMHU, TAK U C A0COIIOTHBIMU IPUOPUTETAMH).
Cpennee Bpems ipeObIBaHMs 3asBKH B OUEPEIH:
R
D w,
w=-2 o (13.7)
17001
R
EED WA (13.8)
i=1
rIe A — MHTEHCUBHOCTD MOTOKA BceX 3aIBOK B CMO: A=A+ A, + ... + Az
P; — ons 3asiBOK ¢ i-M ypOBHEM NPUOPUTETA B MOTOKE 3asBOK, NOCTYNAIOIIUX B
CMO,P1+P2+...+PR: 1.

Cpennee Bpems npeObiBanus 3as8ku B CMO:

t,=w+Xx,, i=1,..,R, (13.9)
R
S
7= 13.1
o (13.10)
niin
p— R p—
i=> Pi. (13.11)

k.=nt,i=1,..,R, (13.12)
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p— R_
k=>k .

i=1

(13.13)

CpenHee 4nCIo 3asIBOK Ha 00CITIYy>KMBaHUH (CPEIHEE YUCIIO 3aHITHIX KAaHAJIOB):

S, =p,,i=1,..,R,
S=p.

CpCI[HeC YHKCJIO 3asBOK B OUCPCAM:

=1, ..

(%)

q,=k, -

<
I
M=
S|

(13.14)
(13.15)

(13.16)

(13.17)

(13.18)
(13.19)

(13.20)

(13.21)
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