MeToauka mocTpoeHus1 MPOrpaMMHOM MO eI

Jis  pa3paboTKe TMPOrpaMMHON MOJAENM UCXOAHAs CHUCTEMa JIOJDKHA OBITh
npencTaBieHa kak croxactTuueckass CMO. DTo o0BsCHSETCS CeayomuM: nHpOpMaIus Ot
BHEITHEH CpeIbl MOCTYIaeT B CIyYailHbIE MOMEHTHI BPEMEHH, JJIUTEIHLHOCTh 00paboTKH
pPa3NUYHBIX TUIOB WHGOpPMAIMK B OOIEM cCllydae TakKe SIBISETCA PA3TUYHON. Takum
00pa3oM, BHEIIIHSIS cpeia MOXKET ObITh OTOOpakeHa KaK TeHepaTop COOOIIEHUM, a KOMILIEKC

BC — o0cnykuBaronmMu yCTpOMNCTBAMH.
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UM — ucrounuku nHGOpMaluKu — BBIAAIOT HA BXOJ OypepHON maMaTu He3aBHUCHMBbIE
JPYT OT JIpyra cOOOIIeHHs. 3aKOH MOSBICHUS COOOIIEHUIN - TPOU3BOILHBIN.

B BII (OydepHoit maMaTu) COOOIIEHUS 3aMMCHIBAIOTCS «B HaBal» M BBIOUPAIOTCA T10
oJHOMY B 00ciy>xkuBatouuii annapat no npunuuny FIFO/LIFO.

B OA (oOcnmyxuBaromuii anmnapar) JIUTEIbHOCTh 00paOOTKU OJAHOTO COOOIIECHUSI B
0011IeM citydae MOXET OBITh CIy4ailHOM, HO 3aKOH 00paOOTKH Bceraa JOMKEH OBITh 3aJ/1aH.
T.x. OpicTponeiictBue OA orpannyeHo, To Ha Bxoje cuctembl B BII BO3MOXHO cioxeHue
JTAHHBIX, OXKUIAIOMNX 00paboTKY.

INBCCt - mnporpamMMmHbIi ONOK cOopa CTaTUCTUKH. BJIOK CHHXpPOHHM3AIUM

HE0OX0uM, 4YTOOBI cucTeMa 3apabdorara.



MoaenupoBaHue MOTOKA COO0IIeHUi

[ToTok cooOmmeHnii OOBIYHO MOAEIHUPYETCSI MOMEHTAMHU IMOSIBICHHS O4YEpPEeIHOr0

coo01IeHus B TOTOKe. TeKyIuiit MOMEHT BPEMEHHU MOSBICHUS 0YEPETHOTO COOOIICHNUS:
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TToka3aTelBHBIH 3aKO0H:
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TpeyTONBHEI 3aKOH:

Oynxnni pacnperenenns: Fo (X )=/
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MopeaunpoBanue padorsl O0cay:KuBamOLIero Anmnapara.

IIporpamma —

UMUTATOp  pabOThI

OA

pEACTaBIISICT

co00lf  KOMILJIEKC,

BbIpA0AThIBAIOMIMI CIydyallHble OTPE3KH BPEMEHH, COOTBETCTBYIOIIME JJIUTEIBbHOCTSIM

oOcnyxuBanus TpedoBanuil. Hanpumep, ecnu TpeOoBaHUs OT HCTOYHHUKA 00pabaThIBAIOTCA B

OA 1o HOpMaJIbHOMY 3aKOHY C mapamerpamu Mx v Ox, TO JJIUTEIBHOCTh 00pabOTKHU 1-0T0

TpeOOBaHHUS:

12

tOBP:MX+(Z Ri'6)°ax

i=1

Cxema ajiropuT™Ma MMHUTATOPA.

R; — cityuaiiHO€ 4MCI0 C pABHOMEPHBIM 3aKOHOM PACTIPEACICHUS

Tosp — BpeMst 00pabOTKH OYEPETHOTO COOOIICHUS

T — Bpems ocBoboxkaeHus OA

XM — Mar oxxumanue AJist 3aJJaHHOTO 3aKOHa 00paTKu

DX — CKO a5 3a1aHHOTO 3aKOHA 00paTOKH

Topp=XM+(S-6)*DX

MoaenupoBanue padoTbl A00OHEHTA

AGoHeHTa MOXHO paccmarpuBath kak OA, mNoTOK uH(OpMaIMM Ha KOTOPBIH

MOCTyMaeT OT Tpoleccopa.

Jns  mMomenupoBaHusi pabOTHI

a0OHEHTOB HEOOXOIUMO



BbIpa0aThIBaTh JIUTEILHOCTH OOCIyX uBaHUs TpeOoBaHui. Kpome TOoro, aboHEHT cam
MOXKET OBITh MCTOYHUKOM 3asBOK, MPETEHAYS Ha T€ WM HHBIE PECYpPChl BBIUUCIUTEIbHOU
CUCTEMBI. DTH 3asiBKM MOTYT HMHUTHPOBATHCA C TOMOIIBIO TE€Heparopa COOOIIEHUH IO

Hanepe] 3aJlaHHOMY 3aKkoHy. Takum oOpa3zom, aboHEeHT 6o umutHpyercs kak OA, n1bo Kak

TeHeparop.
MopeaunpoBanue padorbl Oy(pepHOil MaMATH

bnok OydepHoi maMaT TOJKEH MPOU3BOJUTH 3alIUCh U CYMTHIBAHUS YUCIIA, BHIIABAaTh
CUTHAJIbl MEPETONHEHUSI U OTCYTCTBUS JaHHBIX. B 11000 MOMEHT BpeMEHHM pacrojiaraTh
CBEJICHUSIMU O KOJIMYECTBE TpeOoBaHMil B Ooke. Cama 3allOMUHAIONIAS Cpela UMUTUPYETCS
HEKOTOPBIM OJHOMEPHBIM MacCHMBOM, pa3mep Kotoporo ompenenser pazmep bII. Kaxnwrid

9JIEMEHT PTOT'0 MacCHBa MOXKET OBITH JINOO CBOOOACH, TMOO 3aHAT.
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NPOS=NPOS-LM+1

NPER=NPER-LM+1

Beixof,




P MacCHB COOOIICHUH LM o0beM OyhepHOi mamsITn

WYB MpHU3HAK oOpaiieHus K Oyd. maMsatu NPOS HOMEp MOCIIETHET0 COOOIICHHUS,
=1 — pexxuM BBIOOPKH COOOILIEHU T MOCTYNHBIIETO B MaMATh

= 0 — pexuM 3arucu

NP YHCII0 COOOIIEHNN B TaMSITH NPER HOMEp TIEPBOTO COOOIICHUS B
TAMSATH
POLN IIPU3HAK NEPEIIOIHEHUS aMITH PUST MPU3HAK OTCYTCTBHS COOOIICHUN
= | — HeT cBOOOIHBIX STUEEK = | — B mamMsTH HET COOOUIeHNH
NPOS =NPOS + 1, ecmru NPOS<LM NPER =NPER - 1, ectu NPER <1
=NPOS - LM + 1, unaue =NPER - LM + 1, unaue
X STYEHKa I COOOIIEHUS

Pa3paboTka nporpaMmsbl cO0pa CTATUCTUKH

3ajaua OJioKka CTaTHCTHKW 3aKJIIOYAeTCs B HAKOIUIGHWM YHCIICHHBIX 3HAYCHUH,
HEOOXOAUMBIX JUIsl BBIUYMCICHUSI CTAaTUCTUYECKUX OLIEHOK 3aJaHHBIX IapaMeTpoB
MOJICITUPYEMOM CHCTEMBI.

[Ipu monenupoBanuu pabotbl mpocteiiimeir CMO 00bIYHO MHTEpEC MNpPEACTaBISET
cpemHee BpeMs OKHIaHus B ouepenu. JIJis KaKI0To COOOMICHMS BpeMs OJKUJaHUS B OUepeu
PaBHO Pa3HOCTU MEXKy MOMEHTaMU BPEMEHH, KOTJia OHO ObLIO BBIOpaHO Ha 00paboTky OA,
Y1 MOMEHTOM BPEMEHHU, KOTJ]a OHO MPUIILJIO B CUCTEMY OT UCTOYHUKA UH(POPMAITUH.

Cymmupys 3HaueHus KoimuwdecTBa coodOmennii B bII uepe3 HeOombme mpoMexyTKH
BPEMEHM U PA3[EeIUB HA YNCIIO CYMMUPOBAHUM, MTOJIYYUM CPEHEE 3HAUCHUE JJIMHBI OUepeIn
B MaMSITH.

Kosgpgpuyuenm 3aepysku OA onpenensercss Kak OTHOIIECHHUE BpeMeHH paboTrel OA K

00111eMy BpeMEHU MOJICIUPOBAHUSI.

Pa3pa0oTka ynpasisiioneid nporpaMMbl HMHUTAIIHOHHOM MOJIeJIH

Ecnu mporpamma - umutatop pabOThl UCTOYHHKA OOCIIYKHBAIOIIETrO ammapara Wid
namsITH MOJAETUpPYeT paboTy OTAENBHBIX YCTPOWCTB, TO YHpAGIAIOWAs NpoOcpamMMda
UMUTHPYET AJITOPUTM B3aUMOJACHCTBUS AJIEMEHTOB CHUCTEMBI. YIpaBISOLIAs IporpaMmma
peanu3yeTcss B OCHOBHOM I10 JIByM IPUHIIUIIAM:

1. NPUHIHUI At
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2. COOBITMMHBIN MPUHIUI

Hpunnun At.

[IpyHUMIT 3aKiIrO4aeTCss B IOCIEA0BAaTEIbHOM AaHAJIM3€ COCTOSHUN BCEX OJIOKOB B
MOMEHT #+Af 10 33JaHHOMY COCTOSIHUIO OJIOKOB B MOMEHT Z. IIpu 3TOM HOBOE COCTOSIHHE
OJIOKOB OIpenesieTcsl B COOTBETCTBHUM C WX QJITOPUTMUYECKHM ONHCAaHHUEM C YYETOM
JENCTBUSA CIy4dalHbIX (PaKTOpPOB, 3aJ]aBA€MbIX pacIpeieIeHueM BepoaTHOCTel. B pesynbrare
3TOT0 aHalIW3a MPUHUMAETCS PEIIEHHE O TOM, Kakue OOIEeCHCTEMHBIE COOBITHUS JOJKHBI
UMUTHUPOBATHCS B IPOTPAMMHON MOJEIH Ha JAHHBIM KOHKPETHBI MOMEHT BPEMEHU.

OCHOBHOW HENOCTATOK B TOM, YTO IPOMCXOIAT 3HAYUTENIBHBIE 3aTPAThl MAIIUHHOIO
BPEMEHM Ha peaau3anyio UCCIEN0BaHUA CUCTEMBL. [Ipu HEAOCTAaTOYHO MaIOM Af MOSBIIAETCS
OMACHOCTh IPOIYCKAa OTAEIBHBIX COOBITUM B CHUCTEME, YTO MPUBOAUT K IOIYYECHHIO

HEIPAaBWIIBHBIX PE3YJIBTATOB.

CoObITHITHBIA PUHITUATL

XapakTepHOE CBOMCTBO MOJEIUPYEMBIX CUCTEM — COCTOSIHUE OTAEIbHBIX YCTPOICTB
U3MEHSETCS B JIUCKPETHbIE MOMEHTHI BPEMEHH, KOTOpPHIE€ COBMAAAIOT C MOMEHTaMH
NOCTYIUIEHUSI COOOIIEHUN B CHUCTEMY, MOMEHTAMHU OKOHYAHHS PELICHHs 3a7a4d, MOMEHTaMH
BO3HUKAIOLUX AaBApUMHBIX CUTHAJIOB U T.JA. IloaToMy, MonenupoBaHHE M NPOJIBHKEHHE
TEKyIIIETr0 BPEMEHH B CUCTEME YIOOHO MPOBOAUTH MCIIONB3YIO0 COOBITHIHBIN MPUHIUI, TPU
KOTOPOM COCTOSTHHE BCEX OJOKOB CHCTEMbI aHAJU3UPYETCs JIUIIb B MOMEHT HACTYIUICHMS
KaKoro-mu0o coObITuss. MOMEHT HACTYIUICHUS CIIEAYIOIIET0 COOBITUSL OIpeAesieTcs
MUHUMAJIbHBIM 3HAQU€HUEM M3 CHOUCKa OyAylIuX COOBITHI, MPEeICTaBISIOMMX COOOi
COBOKYITHOCTh MOMEHTOB OJIMKalIIero M3MEHEHUSI COCTOSIHUM Ka)KJJ0ro U3 OJIOKOB CUCTEMBI.

ti, t;; — MOMEHTHI TOSBICHHS COOOIIEHWN Ha BBIXOAE TeHeparopa (MCTOYHHKA
uHbOpPMAIIHH)

b; — uHTEpBaN BpeMeHU 00CTyKUBaHMsI IEPBOTO COOOIIEHUS

3, — MOMEHT cOOpa CTATUCTUKH

t4/— MOMEHT OKOHYAHUS MOJACIINPOBAHUSA



MeToauka peajau3anuu cCOOLITUHHOM MO

1. JIyist Bcex akTHBHBIX OJ0KOB (OJIOKOB, TOPOXKIAIOIINX COOBITHSI) 3aBO/ISI CBOM JIEMEHT
B OJITHOMEPHOM MAacCCHUBE — CIHCKE OyAylIUX COOBITU.
2. B kadecTBe MOArOTOBUTENIBHOM OMEpalii B CIUCOK Oyaymux coObiTuit SBS 3anocAT
BpeMsi OnpKauiero CoOBITHSI OT JIFOOOTO AKTUBHOTO OJIOKAa. AKTHUBU3UPYS MPOrpamMmy-
umurarop, MM BeipabarbiBaeT MCEBAOCIYYalHYIO BEIUYUHY ), ONPEICISIONIYI0 MOMEHT
MOSIBJIEHUS TIEPBOTO COOOIICHHUS #;;. DTy BETUUHUHY 3aHOCST B CIIUCOK OyIyIIMX COOBITHH.
AxtuBu3upysa nporpammy-umutarop, OA  BbIpaOaThiBaeT  ICEBIOCITYYalHYIO
BEJIMYMHY by, ONIPEACIISAIONLIYI0O MOMEHT BPEMEHMU £;, KOTOPYIO TaKxke 3aHOCAT B SBS.
MowmeHT BpemeHH f3; (1blii cOOp CTaTUCTUKHU) ONPEAEseTCS PaBHBIM CTaHJAPTHOMY
mary coopa fczar, ¥ 3aHocuTcs B SBS
B SBS 3anocurcs ¢4, — BpemMsi OKOHYaHUS MOJIEIIUPOBAHHSI.

HO,Z[FOTOBI/ITGJIBHaﬂ 4aCTb Ha 3TOM 3dKOHYCHA M HAYMHACTCA IIPOTAKKA MOICIBHOI'O

BPEMEHU.

3. B SBS onpenensercss MUHUMaNbHO YUCIOBOE 3HAUEHHUE U €r0 HOMED.

4. Peanusyercsi coObiTHEe, TOpOXKIaeMoe OJOKOM C COOTBETCTBYIOIIMM HOMEPOM, T.€.
MoJieIbHOE Bpemsi = f;. [lanee peamusyercsa coObITHE C HOMEpoOM 1, CBs3aHHOE C

MosiBJICHHEM HOBOro coooOmenus B M. Peann3arus 3Toro coObITHS 3aKJIFOYAETCSA B TOM, YTO
caMoO COOOIIIEHHE 3aIMChIBACTCS B aMATh, a ¢ TTOMoIbio umMutaropa MU, BeipabarsiBaeTcs
MOMEHT MOSIBJICHUSI CIEAYIOIIET0 COOBITUS £;2. DTO BpeMs TOMENIAETCS B COOTBETCTBYIOIIYIO
saueriky SBS mecro #;;.

3areM BHOBb OpPraHU3yeTCs IMOMCK MHHMMAaJbHOro 31eMeHta B SBS. Jlns manHOro
npuMepa peann3yercs coObITHE 3, MOCTEe Yero BRIPAKEHHE MOMEHTa BPEMEHU t;; — HOBOE

BpCMA c60pa CcTaTUCTUKHU. Tak J0 T€X MOp, IOKAa MUHUMAJIbHO BPEM: HE CTAHET PABHBIM 4.

dunocodckue acCMeKThl MOIETUPOBAHNS

O0BbeKTOM HA3BIBAECTCA BCE TO, HA YTO HAIIPABIICHA YEJIOBEUYECKAs JEATEIbHOCTD.
B HayuyHoM wcciiemoBaHMHM OOJIBIIYIO pPOJIb WrpaeT IOHATHE THNOTEe3bl —

OIIPCACICHHOC IPEACKA3aHNC, OCHOBAHHOC Ha HEOOIBIIIOM KOJWYECTBE OIBITHBIX JaHHBIX,



HaOTIONEHUSX, JOTraJkax. beicTpas mpoBepka THMOTE3bI MOXKET OBITh MPOBENEHA B XOJC
CIEIUAIBHO MMOCTABICHHBIX SKCIIEPUMEHTOB.

[Ipu ¢opMupoBaHMM ¥ TPOBEPKE MNPABWIBHOCTA THUIOTE3bl B KA4eCTBE METOIA
CYXJICHUS HWCIONBb3yeTCS aHalo2us. AHAJOTHeH Ha3bIBaeTCs CYXKICHHE O KaKoM ITH00
YaCTHOM CXOJICTBE JIByX OOBEKTOB.

CoBpeMeHHbIE Hay4HbIE THUIIOTE3bl CO3MAIOTCS Kak TMPaBUIIO 10 AaHAJIOTUU
IIPOBEPEHHBIM Ha MPAKTHKE MOJIOKECHUSIM. TakuM 00pa3oM, aHAJIOTHS CBS3BIBACT TUIIOTE3Y C
AKCTIEPUMEHTOM.

['mmore3pl W aHAIOTHUH, OTPAXKAIIINE PEATbHBIM OOBKTUBHO-CYIICCTBYIOIIMA MHD,
JOJDKHBI  0071a7aTh HAIISTHOCTBIO WM CBOOUTHCA K YAOOHBIM IS HCCICAOBAHMS
JOTUYECKUM CcXeMaM. Takue JIOTUYECKHE CXEMbI, YIPOIIAIONIUe PACCYXKICHUS W
TIO3BOJISIIONINE MPOBOAUTH AKCIEPUMEHTHI, YTOUHSIONINE MPUPOAY SIBICHUN, HA3BIBAIOTCS
MOOEIAMU.

Monenab — 0OBEKT - 3aMECTUTENIb 00BEKTa OpUTrHMHaja, 00ECIICUNBAIOIINN U3yUCHUE
HEKOTOPBIX CBOMCTB OPUTHHAIA.

3amMmeleHne OMHOTO 00BEKTa IPYTUM C TETBIO MOTyYeHUST HHOOPMAITHN O BaXKHEUIITUX
CBOWMCTBax  OOBCKTa-OpHTHHANA  C TIOMOIIIBIO 00BEKTa-MOJICITH Ha3bIBACTCS

MOAECJIUPOBAHUEM.

Knaccudukanusi BUA0B MOJeJTUPOBAHUSA

B 3aBucuMoOCTH OT XapakTepa U3y4aeMbIX IIPOLECCOB B HEKOTOPOU CIIOKHOW CHUCTEME
BCE BUJIbI MOJECTTUPOBAHUS MOYKHO Pa3/ICIIUTh.

JlerepmunupoBanHOe CTOXaCTUUYECKOE

Crarnyeckoe JlnHaMu4eckoe

Juckpetnoe HenpeprsiBHOE

JIuCKpeTHO-HENMPEPHIBHOE

Maremarnueckoe Ouznyeckoe

Ananutnyeckoe MimutanmonHoe B peanbHOM mMaciiTabe BpeMeHn

KomOunupoBannoe B HepeanbHOM MaciiTabe BpeMeHU
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. Jlemepmunuposannoe MONETUPOBAHUE OTOOpaKaeT ETEPMUHUPOBAHHBIE MPOLIECCHI,
T.€. TaKUE, B KOTOPHIX OTCYTCTBYIOT BCSIKUE CITydailHbIe BO3JEHCTBUS.
. Cmoxacmuueckoe  MOAETUPOBAHUE OTOOpa)kKaeT  cllydallHble, BEpPOATHOCTHbBIE

IMPOLCCChI U COOBITHS.

. Cmamuyeckoe CHYXUAT NJISONUCAHUS CIIOXKHOM CUCTEMbI B KOHKPETHBIH MOMEHT
BPEMEHH.

. Jlunamuueckoe oTpaxkaeT MOBEJEHNUE CUCTEMbI BO BPEMEHHU.

. Jluckpemnoe  MOIENUPOBAHHME  HWCIOJNB3YETCS Uil  ONHCAHMS  MPOLECCOB,

IPOUCXOMSIINX B JUCKPETHBIE MOMEHTHI BPEMEHH.
. Henpepuvigrnoe ncnionb3yercs s ONIMCAHUE HETPEPBIBHBIX BO BPEMEHU IIPOLIECCOB.
. Luckpemno-nenpepviénoe WUCHOIB3YETCA IJIA TEX CIy4aeB, KOIZA XOTAT OTPa3UTh
HaJIMYKE KAK AUCKPETHBIX, TAK U HENIPEPBIBHBIX IIPOLIECCOB B CUCTEME.
. Ilon mamemamuueckom mooenuposanuem OyneM MOHUMATh IPOLECC YCTAHOBICHMS
JAHHOMY peajJbHOMY OOBEKTY HEKOTOPOro MAaTeMaTH4YEeCKOro OOBEKTa, Ha3bIBAEMOI0
MamemMamu4eckou MoO0enbl0 W UCCIEAOBAHUE HTOM MOJENH, IO3BOJIOLIEE IOIYYUTh
XapaKTEePUCTUKH peanbHOro oobekra. JIrobas MaTemaruieckasi MOZeNb, Kak U BCSAKas Apyrasi,
OIHCHIBAET peabHbIN OOBEKT JIMILb C HEKOTOPOU CTENEHbIO MPUOIMKEHHUS.
. Ji  ananumuueckoeo mooenuposanusi XapaKTEPHBIM SBISAETCS TO, YTO IPOLECCHI
(YHKIIMOHUPOBAHUS ~ DJIEMEHTOB  CHCTEMbBl  3allUCHIBAIOTCS B BHJAE  HEKOTOPBIX
(YyHKLIIMOHAJIBHBIX COOTHOLIEHUHN (anredpanyeckux, HHTErpagbHO-IUPPEepeHInaIbHbIX,
KOHEYHO-PA3HOCTHBIX U T.JI.) UJIH JIOTUYECKUX YCIOBUH.

AHanUTUYECKHUE MOJEIU MOTYT OBbITh UCCIIEIOBaHbI TPEMS CIIOCOOAMU:
l. Ananumuuecxkum. Ilonydenue B 00111eM BUE 3aBUCUMOCTH BBIXOIHBIX XapaKTEPUCTUK
OT UCXOJHBIX.
2. Yucnennvim. Henb3si pelnTbh CIOXKHBIE YpaBHEHMs B oOumeM Bujae. Pesynbrars
MOJIYYarOT JJI1 KOHKPETHBIX HAYJIbHBIX JAaHHBIX.
3. Kauecmeennvim. Her BO3ZMOXKHOCTH IIOJIyYEHHsT KOHKPETHBIX DPELICHUM, HO MOXHO
BBIJICJIUTh HEKOTOpPbIE CBOMCTBA OOBEKTOB WJIM PEIIECHUN YpaBHEHH, HapUMep, OLEHUTb
YCTOMYHMBOCTD PELICHUS.
. [lpu  wumumayuonnom  modenuposanue  aNrOPUTM,  peATUIYIOIUNA  MOJENb,

BOCIIPOM3BOJIUT Tpouecc (yHKUMOHUPOBAHMUS CHUCTEMBI BO BpeMeHU. Mmutupyrorcs



AJIEMEHTAPHBIE SIBJICHUS, COCTABISIONINE MPOIECC, C COXPAHEHUEM JIOTHUYECKONU CTPYKTYpPHI
00BbEKTa M MOCIEAOBATEILHOCTH MPOTEKAaHUsl Ipoliecca BO BPEMEHU. IJTO MO3BOJISIET IO
VCXO/HBIM JTAaHHBIM IOJIYYUTh CBEICHUS O COCTOSTHUU IMPOIIECCA B OMPEACICHHBIE MOMEHTBI
BpeMeHHu. [IpenMyliecTBOM HWMHUTALMOHHOTO MOJETUPOBAHMS SIBISIETCS BO3MOXKHOCTD
pernieHus 0osee CI0KHBIX 3a/1a4.

NMutanroHHbie MOJIENN TTO3BOJISIIOT T0CTaTOYHO MPOCTO YUUTHIBATh Takue (aKkTOpHI,
KaK HaJIMYME JTUCKPETHBIX M HEMPEPBIBHBIX DJIEMEHTOB, HEIMHEHHBIE XapaKTePUCTHUKU
CHUCTEMbl, MHOTOUHCIICHHbIC Ciy4yaiiHble Bo3AeicTBUs. Korma pesynbrarbl, MOTYy4YE€HHbBIE
UMUTALMOHHON MOJIETIBIO, SIBJISIOTCSA pean3alueil CyqdailHbIX BEeTMYUH U QYHKIUHN, TO JUIs
HAXOXKJACHUSI XapaKTEPUCTUK Tporecca (PyHKIIMOHATBLHON CHUCTEMBI HEOOXOIMMO €ro
MHOTOKPaTHOE BOCIIPOU3BEIEHUE C TIOCIEAYIOIIEH CTaTUCTUYECKON 00pabOTKOM.
. Kombunuposannoe modenupoganus TpPU aHATU3E CIOKHBIX CHCTEM TO3BOJIAET
00BEIMHUTH TOCTOMHCTBA OT/ACJIBHBIX METOMOB. B HEM MPOBOJSAT JEKOMMIO3UIIUIO MTPoIlecca
(bYHKITMOHUPOBAHUS CJI0KHOM CUCTEMBI Ha TTOJIITPOIIECCHI U JUISI TE€X, I7I€ MOXKHO HCIIOJIb3YIOT

AHAJIMTUYCCKUC MOACIIN, I'I€ HEJIB3A — MMHUTAIMOHHOC MOACIIMPOBAHUC.

TexHu4yeckue cpeacrsa MaTeMaTU4€CKOro Moae/JimpoBanus

udposast TexHnka

[udpopas TexHuka sBIseTcs NUCKpeTHOH. OCHOBHAs MpobiieMa — OBICTPOACHCTBUE
(He TOTHATh peanbHOE BPEMSI) CIUIIKOM CIOKEH MEXaHU3M.

AHaJjioropasi TeXHHKa.

B omimune OT JUCKPETHOM TEXHUKHA B OCHOBE AHAJIOTOBOM JICKUT MPUHLIMIT
MOJICTUPOBaHMS, a HE cuera. [Ipu MCMOJb30BaHUM B KaYE€CTBE MOIEIW HEKOTOPOM 3ajaqyu
ANEKTPOHHBIX [ENEH, KaXI0W TMEPEeMEHHOM BEJIWYMHE CTAaBUTCS B COOTBETCTBHUE
ONPEACIECHHYIO TMEPEMEHHYIO0 BEJIMYMHY DJJEKTpUYeckod nenu. Ilpm 3TOM OCHOBOU
MOCTPOCHUS TaKOM MOJEIU SBISICTCA uzomopguzm - TOA00ME HCCISAYEMOM 3aIaud H
COOTBETCTBYIOIIEH dnekTpuueckod wMoxaenu. Ilpu ompeneneHun KpuTepuss TOH00uUs
UCIIOJIB3YIOT CIENHaIbHbIE MPUEMbl MAaCIITAOMPOBAHUSA, COOTBETCTBYIOIIHME 3aJaHHBIM

napameTpam.



CornacHO CBOMM BBIYHMCIUTEIBHBIM BO3MOXKHOCTSIM ABM Haubonee nmpucnocoOieHbl
JUISL  UCCJENOBaHUs OOBEKTOB, JMHAMHUKA KOTOPBIX OIKCHIBAETCA OOBIKHOBEHHBIMHU
muddepeHIanbHBIMI YPABHEHUSIMU U YPAaBHEHUSIMU B YACTHBIX IMPOHM3BOMHBIX, PEXE -
anredpanyeckuMu, cienonaresibHo, ABM MOXXHO OTHECTH K KJIacCy CIeMadIbHbIX MalIUH.

B oOmem cinydae nog ABM moHuMaeM COBOKYNHOCTBH 3JEKTPUYECKUX JIEMEHTOB,
OpraHU30BaHHBIX C CHUCTEMY, [O3BOJISIONUX HM30MOPGHO MOJCIUPOBATh JIUHAMHKY
nzydaeMoro ooOnekra. DyHkimoHandbHble 00k ABM n0mKHBI peanu3oBBIBaTh BECh
KOMIUIEKC apU(PMETHKO-IIOTUYECKUX OTMEPALIUA.

ABM nenstcs mo MontHoCTH (cTernenb g GepeHInaIbHbIX YPAaBHEHHMN ):
. Mmassie (n< 10)

. cpeanue ( 10 <n< 20)

. oompiue (n > 20)
I1. V.

Cucrema Cucrema Cucrema

MacIITabMpOBaHUS VIIPaBIICHAS KOMMYTaIlHH
OneparnoHHbIe OJIOKH
JIunelinbie Henuneiinbie

Cucrema ympaBieHuUs brox omeparmoHHBIX

(xoHTpOINIA) yCUIIMTENEH

I'nopuansie BM

[Hupoxun knacc BC, ucronb3yromuid KaKk aHAJIOTOBBIM, TaK U JUCKPETHBIA METOJ
npe/iCTaBlIeHus U 00padOTKN HHGPOPMALIUU.

[Toaxnaccel rubpuaHbix BM:



A O i

ABM c uu$ppoBbIMU METOIJaMU YUCJIIEHHOTO aHAIN3a
ABM, nporpamMmmupyemsle ¢ nomoisio [[BM
ABM c mu¢poBbIM yrpaBIeHUEM U JOTUKOU

ABM c nudpoBsiMu 351eMeHTaMu (1 (PPOBBIE BOJIBTMETPHI, TAMSITH)

IBM
[IBM c aHanoroBbIMu apu(pMETHIECKUMH YCTPOUCTBAMHU
[IBM, nomyckaronye nporpaMMUpPOBaHUE aHAJIOTOBOIO THIIA.
AT AL
B ABM HakaapIBatOT U CKJIAAbIBAIOT CUTHAJIBIL. cxeMa
cormacoRaHudg
ABM < cucrema conpsbkenuss ABM —1[BM.
[IBM < anexTpuueckas CUCTEMA COTTIaCOBAHUS ABM
CpaBHureabHas xapakrepuctuka ABM u [IBM
IMoka3zaresanb ABM BM
Tur uapOpMATIH HenpepbiBubii JuckpeTHblit

H3meHeHne 3HaYCHUMN

BenuuuHolt HanpsbkeHUs

YucaoBEIM 3HAYCHHUEM

bazoBbie onepanun

ApudmMeTnieckue onepanun u

ApudmMeTnieckue onepanuu

HMHTETPUPOBaHHE
IMocnenoBarensHO-
IIpuHIUD BEIYUCIIEHUS BricokonapasuienbHbli
napaselbHbIN
Pexum peanbHOro BpeMeH! bes orpannyenuii OrpannyeH

ﬂI/IHaMI/I‘IeCKOG HU3MCHCHHC

peLHaCMOﬁ 3aJa4u

HOCpe,I[CTBOM CUCTEMBI

KOMMYTallun

B JANaJI0OrOBOM PEIKUME

IIpodeccronanbHbIC 3HAHMUSA,

TpeOoBaHuUs K TONTB30BATEIIO 3nanue ocHos [10 DBM
METOJMKa MOJACTINPOBAHUA
OrpaHnyeH MOJIEIBIO perraeMon
VYpoBeHb hopManTu3aiy 3aaum Bricokuit
3a7a4u
CrocoOHOCTh K PEIICHHIO
Orpannyena Bricokas

JIOTMYCCKHUX 3a71a4

TounOCTH

Orpannuena (10%)

Orpannyena pa3psAHOCTHIO

(10

I[I/IaHa30H peaACTaBJICHUS

qucel

1...10*

3aBHUCUT OT pa3psAHOCTU

10 ... 10°

Kunacc pemaemslx 3anad

Anrebpanyeckue u nudd.

yYpaBHEHHUS.

JIro6n1e

CrienpanbHble QYHKIMN

OrpannyeHHbIH HabOp

Heorpannuenssiii Habop




ypOBeHL MHUHHUATIOpU3aluu

OrpannyeH

Bricokmit

Cdepa nmpumeHeHUs

Orpanuyena

[MpakTryecku modas

[onp30BaTenbCKUi HHTEPDEIC

Huskuii ypoBenb

Bricouaiimumii ypoBeHb

=]




OcHOBHBbIE NOHSITHS TEOPUH MO/IEJTUPOBAHUSA
[lycTh 3agaHa cioxHas TUCKpPETHAs cucTema S.

ﬁv
X Y

— S—>

As
X €X,i=Ln,  x(t) ={x,0),x,(0)...x, ()}

MHoxecTBO BXOJHBIX IMAPAMETPOB

hj (- H, ] :E % :{h1 (t), h2 (t),..., hnh (Z)} MHOKeCTBO BHYTPEHHHUX apaMeTpOB

v, € V, k :m @ :{Vl (f), v, (t),..,, v (Z)} Bremmnee BosneiicTere

MHoxecTBO BBIXOAHBIX MTApaMETPOB

v, €Ym=Ln,  y(t) ={y,0),y,) v, 0}

3akoH (PyHKIIMOHUPOBAHUSI HEKOTOPOU CIIOKHON CUCTEMBI B OOIIIEM BUJIC:

y(t):F3(;(,i:l,{;’t)

Ay, — anropuT™M (QYHKIMOHMPOBAHUS — METOA MpeoOpa3oBaHMsl 3K30TE€HHBIX

XapaKTEPUCTUK B SHIOTCHHbIC (HE3aBHCUMBIE B 3aBUCHUMBIE).

Cucrema Takke IMEST MHOXKECTBO COCTOSIHHI B OIIPCACICHHBIC MOMCHTEI BPCMCHHU

z,€Z,m=1,n,

z,(t)=2,(t),2,(t),... 2,,(t)]

HauansHoe cocTosHuE:



ITon Maremarnyeckol MOJACNIBIO pEaTbHONM CHUCTEMbl TMOHHMAEeTCS KOHEYHOM
MHOXXE€CTBO MEPEMEHHBIX X(1), /i(t), V() BMECTE C MaTEMaTUYECKUMHU CBS3SIMU MEXKIAY HUMU U

XapaKTEPUCTUKAMU BBIXOAHBIX [TAPAMETPOB CUCTEMBI )(7).

TunoBble MaTeMaTH4YeCKHeE CXeMblI.

B mpakTtuke MopenupoBaHMsS Ha IMEpPBOHAYAJIBHBIX ATanax (opmanuzanuu oObEKTa

HCITIOJIB3YIOT TAdK HA3bIBACMBIC THIIOBBIC MATCMATHYCCKUC CXCMbI, K KOTOPBIM OTHOCATCA

XOopouio HpOpa6OTaHHBIC " IIPOBCPCHHBIC MATCMATHUYCCKHUC OOBCKTHI.

npouecc GyHKINOHNPOBAHUS THIIOBAsi MATeMaTHYecKast o0o3HavYeHUeE

CHUCTEMBI cxema

HenpepsIBHO- 1€ TEpMUHUPOBAHHBIIH cranfaptasie 1Y D-cxema
MOJXOJ

JIMCKpeTHO-IeTepPMUHUPOBAHHBIH KOHEYHBIC aBTOMATHI F-cxema
MOJXOJ

JMCKpPETHO-CTOXaCTUUECKUI TOAXO] BEPOSTHOCTHBIE ABTOMAThI P-cxema

HenpepbiBHO-cTOXaCTHUECKUI CHCTEMa MacCOBOTO 0OCITY)KUBaHUS Q-cxema
MTOJIXOJT

O060011cHHEBIC (YHUBEPCATBHBIN) arperaTuBHas cUCTeEMa A-cxema

CIIOXKHOCTh BO3pACTa€T CBEPXYy BHH3Y. B arperarmBHbIX CXeMmax HCIOJIb3YETCS

VEPAPXUUECKHUMN TTOAXO/I.

(I)OpMaJII/I3aIII/Iﬂ H AJIropuT™MM3alud Ipouecca q)yHK]_[I/IOHI/IPOBaHI/IH CHUCTEMBI

CylHOCTh MAalIMHHOTO MOJAEJMPOBAHUS HEKOTOPOM CIIOKHOM CHCTEMBI COCTOUT B
MIPOBEJICHUU JKCIIEPUMEHTA C MOJEJBIO, KOTOPAs MPEICTABISAECT IMPOTPAMMHBIN KOMILJIEKC,
OMKCHIBAIONIEH (HOPMAIBHO WM QJITOPUTMUYECKH TIOBEJACHHE OHIIEMEHTOB CHUCTEMBI B
npouecce e€ PyHKIHOHUPOBAHUS, T.€. B3aUMOJICUCTBHS IPYT C APYTOM U C BHEIIHEN Cpelo.

OcHoBHBIE TpeOOBaHUS, MPEIBIBISEMBIE K MOJICIIH:

1. IHonHoTra Momesu — MOAENb JOJDKHA MPEAOCTABISITH IMOJIB30BATEN0 BO3MOXKXHOCTD
MOJTyYCeHHUs] HEOOXOAMMOTo Ha0opa XapaKTepUCTHUK, OIEHOK CHCTEMBI C Tpedyemoi

TOYHOCTBIO U NOCTOBCPHOCTHIO.



2. I'mdkocTtb MoOgeJm — MOJENb JOJKHA JaBaTh BO3MOXKHOCTh BOCIHPOHU3BOAUTH
pa3JIMuHbIe CUTYallMM MPU BapbUPOBAHUU CTPYKTYPhI, AJITOPUTMOB U TTapaMETPOB MOJIEIH.
[Ipuyem, cTpykTypa [0KHA OBITH OJOYHOM, T.€. JOMYyCKaThb BO3MOXKHBIE 3aMEHBI,
n00aBNIEHUS U UCKITIOYEHUSI HEKOTOPBIX YacTel 6e3 nepenenku BCeil MOeH.
3. KomnbloTepHasi peanu3anusi Mojaead J0JKHA COOTBETCTBOBATH HMeEKINMMCS
TeXHUYECKH pecypcaM.

[Iponiecc MoaenupoBaHus, BKIFOUAOIIUN Pa3pad0TKy U KOMITBIOTEPHYIO pPeaTu3alifio
MOJI€NIU, SIBIISIETCSI UTEPALMOHHBIM. DTOT UTEPAIMOHHBIN MPOLECC MPOJIOJIKAETCS 10 TeX
nop, Moka He Oy/leT MmojdydyeHa HEKOTopask MOJelb, KOTOPYIO MOXHO CUMTATh aJ€KBAaTHON B

paMKax pelleHus MOCTaBICHHOH 3a1auu.

OcHOBHBIE 3TaNbl MOJACJIUPOBAHMS 0OJIBIINX CHCTEM

1. IlocTpoeHue KOHIENTYAJbHOM (ONKMCATEIHLHOM) MOIEJIM HEKOTOPOiIl CHCTEMbI M €€
popmanuzauus

2. AJITOPUTMHU3ALUSA MOJE/IHN U €€ MPOrPAaMMHAs peajin3auus

3. IHonyyeHue ¥ HHTEpNpeTALNS Pe3yJIbTATOB MOAEJTUPOBAHUA

Ha mnepBom »srtame dopmyaupyercss Moaelnb W CTpouTcs e€ dopmanbHas cXxema.
OCHOBHOE Ha3HAUCHHE JAHHOTO 3Tara — Mepexoa OT COASPKATSIHLHOTO OMUCAHMS 00bEKTa K
€ro  MareMaTHYeCKOM  MOIeaIu. 10  Hambojiee OTBETCTBEHHBIA YW HaUMEHEE

dbopManuzoBaHHbIN dTan. Mcxomuslii Marepuan JaHHOTO 3Tarna — COAepPKATeIbHOE OMTUCAaHUE

oOBeKTa.
1. [IpoBenenue rpanui] MEX1y CHUCTEMOM U BHEIIHEN CPEAOM.
2. UccnenoBanne moaenupyemMoro OObEKTa € TOYKH 3pPEHUS BBIJIEICHUS OCHOBHBIX

COCTaBJIAIOLIMX TMpolecca (YHKIMOHUPOBAHUA CUCTEMbI ([0 OTHOIICHHIO K LEJAM
MOJIEJTUPOBAHUS )

3. Ilepexon OT comepKaTeNnbHOIO ONMUCAHUS CUCTEMBI K (POPMAIN30BAHHOMY OIHCAHUIO
CBOMCTB mpouecca (pyHKIIMOHUPOBAHUS CHUCTEMBI, T.€. K KOHIENTyaabHOU Mozaenu. [lepexon
OT COJEP)KATEIBHOIO OMMCAHUS CUCTEMBI K €€ MOJEIHW B JAHHOW CUTyallUd CBOIUTCA K

HNCKIIIOYCHHUTIO HCKOTOPBIX BTOPOCTCIICHHBIX 2JICMCHTOB OIMMCAHUS. HpeI[HOJ'IaFaCTCSI, 9qTO OHH



HE OKa3bIBAIOT CYILIECTBEHHOIO BIUSHHS Ha XOJ MPOLIECCOB, UCCIEAYEMBIX B CUCTEME C
MTOMOILBIO MOJIEIIH.
4. OCHOBHBIE DIIEMEHTBHl MOJEIN TPYNMUPYIOTCs B Onoku. bioku [-ofi rpymmbl
MPEACTABISAIOT COOOM HWMHUTATOpP BO3JACHCTBHUS BHEMmIHEW cpenbl. bioku Il-oif rpynm
ABIIAIOTCS COOCTBEHHO MOAENbl0 (QyHKUMOHUpoBaHUs. bnoku Ill-eit rpynmel HOCAT
BCIIOMOTATENIbHBIA Xapaktep i peanusanuu [-oit u Il-oif rpynn u s dukcanmu
pE3yNbTATOB MOAECIUPOBAHMUS.
5. [Ipouecc (GpyHKIMOHMPOBAHUS CHUCTEMBI pa30MBaeTCs Ha MOAMPOIECCHl TaK, YTOOBI
MOCTPOCHHUE OTACJIbHBIX MOJIEJIEH MOMAMPOIIECCOB OBUIO AIIEMEHTAPHBIM U HE BBI3BIBAJIO
TPYAHOCTEM.

Ha Bropom sTamne monenvupoBaHusi — 3Tane aaropuTMU3alUA MOJEIN U €€ MAIIMHHON
peanuzanuu, copMUpOBaHHAs HA MEPBOM 3Talle MaTeMaTH4ecKas MOJENb peanu3yercs B

BU/JIE IporpaMmbl. MIcXoIHbII Matepuai — OJI0uHast JOTHYEeCcKas cXxema.

1.  Pa3paboTka cxeMbl MOAETUPYIOLIETO aJIrOpUTMa.

2. Pa3paboTka cxembl IpOrpaMMBl.

3.  BoIOop TeXHHUECKOTO CpeACTBa AJIs pean3alui KOMIIbIOTEPHONW MOJIEIH.

4. Oran nporpaMMHUpPOBaHUsS MOZENHU (IIPOrpaMMHUPOBaHUE U OTIAIKA).

5. IlpoBepka JOCTOBEPHOCTH MOJENIN HA PA3JIMYHBIX PAOOTAIOIIMX TECTOBBIX IPUMEPAX.
6. CocraBieHre TEXHUYECKON AOKyMEHTAlMM (JJOTUYECKUE CXEMBbI, CXEMbl MPOTPAMM,

crienuguKaIum)

Ha Ttperbem orame (momydeHWEe W WHTEPIPETAIUS PE3YJIBTATOB) KOMITBIOTEP
UCIIONIb3YETCSL NIl TPOBEACHHUS pabO4YMX pacyeToB IO TOTOBOM MPOTPaMME MOJIEIH.
PesynmbraT d3THX pacdyeToB TMO3BOJSICT IMPOAHANIM3UPOBATH U CJAEJaTh BBIBOABI O
XapaKTepUCTUKAX Tporiecca GYHKITMOHUPOBAHUS MOICITUPYEMOI CUCTEMBI.

1. [InaaupoBaHKe MAIIMHHOTO SKCIIEPUMEHTA C MOJCIBI0O CHCTEMbl (aKTHUBHBIA H
MIACCUBHBIN AKCIIepuMeHThI). HeoOXoaumo cocTaBieHue TUTaHa POBEASHUS SKCIIEPUMEHTA C
yKa3aHHeM KOMOWHAIIMKM TEPEMEHHBIX M MapameTpoB, I KOTOPBIX JOJDKEH MPOBOIUTCS
SKCIIEpUMEHT. [TaBHas 3amada — JaTh MaKCUMalbHBI 00beM uH(popmanuu 00 oOBeKTe
MOJICTTUPOBAHUS NP MUHUMAJIBHBIX 3aTpaTax MalTHHHOTO BPEMEHH.

2. [IpoBenenne pabounx pacueToB (KOHTPOJIbHAS KAIMOPOBKA MOJIEIIH )

3. Craructuyeckas 00paboTKa pe3ylibTaTOB pacueTOB.



4. NHTepnperanus pe3yIbTaToB MOACIUPOBAHUS, IIOJBEACHUE UTOTOB
S. CocraBneHne TEXHUYECKON TOKYMEHTALNH.

Paznuuue cmpamecuueckoco U MAKMUYECKo20  NIAHUPOSAHUA  MALIUHHBIX
JKCIIEPUMEHTOB 3aKJIFOYaeTCs B TOM, YTO B IIEPBOM CJIydae CTABUTCS 3ajada IOCTPOCHMS
ONTUMAJIBHOIO IUIaHA DJKCIIEPUMEHTA JUId JOCTYDKEHHs LENIH, ITOCTABICHHOM Iepen
MOJIEJIMPOBaHUEM (ONTHUMH3aLKs CTPYKTYphbl aJrOPUTMOB W IApamMeTpOB cHUCTeMBI). Bo
BTOPOM ClIy4ae, IpECIEAyIOTCs 4YacTHbIE LM ONTHUMAJBHON pealn3aluu KaKJIO0ro
KOHKPETHOIO 3KCHEPHUMEHTA U3 MHOXKECTBA HEOOXOJUMBIX 3KCIEPHUMEHTOB, 33JJaHHBIX IPH
CTPAaTEern4eCcKOM IJIAHUPOBAHMH.

Tpu 0CHOBHBIX Kj1acca OIIMOOK:

1. Ommbka popManuzauu — HEAOCTATOYHO MOAPOOHOE ONMCAHUE MOJICITH

2. OmmbKka pemeHnss — HEKOPPEKTHBIN WIIM CIUIITKOM YIPOIIEHHBIM METO MOCTPOSHUS
MOJIEITH

3. Ommbka 3a7aHus TapaMeTPoB.

IIpoBepka ageKBaTHOCTH MO/ EJIN.

IIpoBepka afeKBaTHOCTH MOJIEN 3aKJII0YAETCS B AaHAIN3E €€ COPAa3MEPHOCTH, a TAKKe
PAaBHO3HAYHOCTH CHUCTEMBI. AJIEKBAaTHOCTh HAPYIIAETCA U3-3a HJEaJU3alMi BHEIIHUX
YCJIOBUHM U IPEHEOPEKEHUSI HEKOTOPBIMU CITyYallHBIMU (haKTOpaMH.

Cunraercs, 4TO MoOenb adeKk8amHa ¢ CUCMEMOU, €CIIM BEPOATHOCTb TOTO, 4TO
OTKJIOHEHHE TapaMeTpOB Ay HE IMPEBBIIIAET HEKOTOPOW MpeneNbHON BEIMYMHBI § OOJIbIIe

JOITyCTUMOM BEPOSITHOCTH.

Ay =|yo= ¥
8=|yo=yul! o

Ha nmpakTuke ucnosiib30BaHUE TaHHOTO KPUTEPHSI HEBO3MOXKHO, T.K.:
1. Jl7is IPOEKTUPOBAHMSI WM MOJCIHUPOBAHUSA CHUCTEMBI OTCYTCTBYET HHGOpMAIUs O
BBIXOJITHOM XapaKTEPUCTHUKU ).
2. Kak npaBuiio, cucrema OLEeHUBAETCS HE M0 OJHOM, a IO MHOXKECTBY XapaKTEPUCTUK

3. XapakTepUCTUKHA MOTYT OBITh CTy4YaHBIMU BETUYMHAMH WA QYyHKIIUSIMH.



Ha npakTtuke orieHka aJiekBaTHOCTH OOBIYHO TIPOBOAMUTCS MMYTEM SKCIIEPTHOTO aHAIM3a
Pa3yMHOCTH pE€3yJIbTaTOB MOAEINPOBAHUSI.

BI)II[BI/IFaIOTCH CICAYIOIINEC BUABI ITIPOBCPKU:

1. [IpoBepka MOAEIMPYEMBIX DJIEMEHTOB

2. [IpoBepka BHEMIHUX BO3ACHCTBUM

3. [IpoBepka KOHLIENTYyaIbHOM MOJEIN

4. [IpoBepka popmManu3oBaHHON MaTeMaTHYECKON MOIEIU

3. [IpoBepka nmporpaMMHON MOAETHU

6. [TpoBepka cioco0OB U3MEpPEHUS U BEIYUCIICHUS BHIXOJHBIX XapaKTEPUCTHK

Ecnu Mmozenb HeaieKkBaTHA OOBEKTY, TO BBIIBUTAIOTCS CIETYIOUINE TUIIbI U3MEHEHHUS:
. IobanvHble — BO3HHMKAIOT B Ciydae OOHApyK€HHS METOAMYECKUX OHIMOOK
KOHIIENITYaIbHOM UJTM MaTeMaTu4eCcKON MOJEH
. JlokanvHble — CBSI3aHBI C YTOYHEHHEM HEKOTOPHIX MAapaMeTpOB U aJTOPUTMOB.
BbInomHAIOTCS yTeM 3aMeHbl BHEIIHUX BO3/ICHCTBHI Ha HSKBUBAJICHTHBIE, HO O0JIee€ TOYHbIE.
. [TapameTprueckue U3MEHEHUS! HEKOTOPBIX CIELMAIbHBIX MapaMeTpoB, Ha3bIBa€MbIC
KanubpoB8oOUHbIMU.

3aBepiiaeTcs JaHHBIA ATanm ompeaesieHneM W (dUuKcaluen obracmu npucooHoCmu
MoOenu - MHOXECTBO YCIIOBUSA, NpHU COONIONEHUH KOTOPBIX TOYHOCTh pPE3YJIbTaTOB

MOACIUPOBAHUA HAXOAUTCA B JOIIYCTHUMBIX IIPCACIIAX.

Cxema B3aHMOl[eﬁCTBHH TEXHHYECCKHUX ITAlOB MOACINPOBaAHUA



COCTaBJ/iIeHHE

BLIOOD sI3bIKA

T

KOHIIen

COCT. Il/IaHa e ———— | dbopmanbH IIOCTpOeHUEe
] IIporpamMmHa nporpamMmup. [OHI/ICEIT.
IpoBesieHue 3aJaHue BepudUKar] | e —————————
pu—
KOHTPOJILHEI IIPOBEPKa pe3yibsTar
.
KambpoB UccefoBaH
KOppPEKTUPOB pesy/bTar
pe3yibT SKCIITyararl IJIaHUP.
HWHTepIpeTarj [pEKOMEH,E[aLU/I] |’ ———————— _| KOH




BoiunciauTeabHble CHCTEMBI KAK 00bEKT MOACJINPOBAHUA

YPpOBHU TPOEKTUPOBAHHUS:

1. CucreMHO€E IPOEKTHPOBAHUE

Ilenrp — omnpeneneHne  NPOU3BOAWTEIBHOCTH.  BplumcinrTenbHas  cUcTeMa
paccmarpuBaeTcs uenukom. OtaenbHbie e€ a3neMenTsl — L1, maMsTh u T.4.

BC :=<llII, OI1, ...><0C>
2. DYyHKIUOHAJIBbHO-JIOTHYEeCKHU YPOBEHDb MPOEKTHPOBAHUSA
a. IlogypoBeHb perucTpoBbIX Mepeaad.

HccnenoBanne KoMaHbl.

b. Jlornyeckoe npoeKTupoBaHue.
HccnenoBanne Ha ypoOBHE JJOTHUECKUX DIIEMEHTOB.
3. CxeMOTeXHUYECKHH YPOBEHb.

Bomnpocsl koHKpeTHOM peanu3anuu (HampuMep, Kak MCKa)KaeTcsl CUTHAM).
4. KoHcTpyKkTOpCKHi yPOBEHD.

OnrtumMuzanus pa3sMemieHni (HampumMep, TErI000MeH ).

[IpoekTrpoBaHre IPOUCXOOUT CBEPXY BHU3.

MoaeapoBaHie Ha CHCTEMHOM YPOBHe.

[Ipu ™MopenupoBaHMM HOBOM WM MoAepHU3anuu AeictBytomeidd BC u cereit
HEOO0XO/IMMO TPEBAPUTENBHO OIEHUTh 3PPEKTUBHOCTh UX (YHKIMOHUPOBAHUS C YUETOM
Pa3IMYHBIX BAapUAHTOB CTPYKTYPHOM OpraHW3aluu. OTH BapUAHTBI MOTYT OTJIMYAThCA
COCTaBOM U  XapaKTepUCTHKaMH MoAayler (Momesied  yCTpPOWCTB), CTPYKTypou
MEXKMOAYIBHBIX CBSI3€H, peXKMMaMu palbOThl, aJITOPUTMAMHU yIpaBieHUus U T.a. VIMEHHO B
TaKuX ClIy4asx ucrnonb3ytorcs moaenu BC.

[lon Bweiuucaiumenvnvim  Cpeocmeéom  TIOHUMAeM  KOMIUIEKC — allllapaTHBIX U
MPOTPAMMHBIX ~ CPEICTB, KOTOPbIE B COBOKYIIHOCTH  BBINOJHSIIOT  ONPEACICHHBIC
00paboTouHbIe PYHKIIHH.

Onepayuonnas Cucmema — HaOOp PYyYHBIX M aBTOMATHYECKUX MPOLEIYp, KOTOpHIE
MO3BOJISIIOT TpyMnMe Jitoie 3PPEeKTUBHO UCTIOIB30BATh BHIYUCIUTEIBHYIO YCTAHOBKY.

Konnexmue nonvsoeameneti — coOOIIECTBO TaKUX JIOJEH, KOTOpbIe HCIonb3yroT BC

JUTSl YIOBJIETBOPEHHUS CBOMX HYXJ 10 00paboTKe HH(pOpMaIuu.



BXOI[HI)IC CHUTI'HAJIbI (HpOFp dMMBbI, JAaHHBIC, KOMaHI[I)I) ,  KOTOpBIC CO3HAK0TCA

KOJIJIEKTUBOM TOJIb30BaTEIIeH, Ha3bIBAIOTCS paboueli Hacpy3Kou.

paboyast Harpy3Ka

KOJ/IVIEKTHUB

MIPOU3HOIH-
TEJIHHOCTh

Hnoexc  npouszsooumenvHocmu —  ONUCATENb, KOTOPBIA  HCIONB3YETCS  JUIs
NPEICTaBICHUs  MPOU3BOIUTEIBHOCTH  CHCTEMBbl.  Pasnuyaior  koruuecmeenHvie W
KauecmeeHHble UHJIEKChl IPOU3BOJUTEIBHOCTH.

Kauecmeennuvie:

. JIETKOCTh WCITOJIb30BAHUS CUCTEMBI
. MOIIIHOCTh CUCTEMbI KOMaH/T

Konuuecmesennvie:
. MPOITYCKHAsI CIOCOOHOCTh — 00beM uH(pOpMary, o0padaTbiBaeMbIil B €AHHUILY
BPEMCHH.
. BpeMs OTBeTa (peakIuu) — BpeMs MEXKIy TNPEAbSIBICHHEM CHCTEME BXOIHBIX

JAQHHBIX Y TIOSIBIICHUEM COOTBETCTBYIOIIECH BBIXOIHON MH(pOpMAIIHH.

. KOO (UITMEHT  WCMOJIB30BaHUS  OOOpPYIOBAaHUS —  OTHOIICHHE  BpPEMEHH
UCIIOJIb30BaHMS YKa3aHHOM 4acTu 00OpYyJOBaHUS B T€UEHUE 3aIaHHOTO MHTEpBajia BPEMEHU
K JUIMTEIIbHOCTH 3TOr0 MHTEPBAJIA.

Konyenmyanvnas mooens BC BKIIOYaeT CBEJIGHUE O BBIXOAHBIX U KOHCTPYKTHUBHBIX
napaMeTpax CUCTEMBI, €€ CTPYKType, OCOOCHHOCTSIX padOThl Ka)KJI0TO 3JIEMEHTa U pecypca,
MOCTaHOBKA MPUKIAIHBIX 33/1a4, ONPEACICHUE 1IN MOACITUPOBAHHUS.

OcCHOBHBIE 3a1a4H:

1. Onpenenenue npuHuunoB opranusanuu BC.
2. Bri6op apxutektypsl, yrounenue ¢ynkiuii BC u ux pasnenenue Ha noadyHKIIUH,
peann3anus anmnaparHbiM U MPOrPaMMHBIM ITyTEM.
3. Pa3paboTka CTpyKTYypHOW CXEMbI — ONpe/IeJIeHHe COCTaBa YCTPOMCTB M CIIOCOOOB HX

B3aUMOJICHCTBU.



4. Omnpenenenue TpeOOBAHUM K BBIXOJHBIM TMapamMeTpaMm YCTPONCTB U (HOPMHUPOBAHUS
TEXHUYECKOTO 3a/IaHUs1 Ha pa3pabOTKy YCTPOUCTB /ISl HyHKIIMOHAIBHO-TIOTHYECKOTO YPOBHSI
MPOEKTUPOBAHUS.

HenpepbiBHO-cTOXacTHYecKHE Moaeau (Q-cxeMbl).

OcobeHHoctu HEIMPEPHIBHO-CTOXAaCTUYECKOTO MOIX0/1a B JaabHeuIeM
paccMaTpuBaeTCsi TOJBKO Ha TMpPUMEpPE HCIOIb30BAaHUS B  KAYeCTBE  THUIIOBBIX
MaTeMaTHYeCKUM MOJEJIEH CHUCTEMBI MacCOBOIO OOCITYy>KHUBaHUsS. XapakTepHbiM s CMO
SIBIISIETCS CITy9aifHOE TIOSIBJICHHUE 3asBOK HA OOCTY)KMBaHUS U 3aBEpIlIeHHWE 00CTY>KUBAHUS B
ClIy4ailHble MOMEHTBI BPEMEHH.

OCHOBHbIE MOHATHSA TEOPUU MACCOBOT0 00CTYKMBAHUS.

Ilomokom cobbimuii Ha3bIBAETCS MOCIENOBATEIHHOCTh COOBITHM, MPOUCXOSAITUX OHO
3a IpyTUM B CIyyaliHble MOMEHTBI BPEMEHH.

[ToTok COOBITHII HA3BIBACTCA OOHOPOOHLIM, €CIU OH XapaKTEPU3ZYETCA TOIBKO
MOMEHTaMHU TOCTYIUICHUS 3TUX COOBITUH (BBI3BIBAIOIIMMH MOMEHTAMH) M 3aJaeTcs
ClelyIoUIel MOCIeI0BaTeNbHOCTHIO:
t,|=10<t,<t,..<t, <.,

7€ 7, — MOMEHT IOCTYIUJICHUS 7-0TO COOBITHSI.

[ToTok CcOOBITHII HEOOHOpPOOHBIL, €CAN OH 33JaeTCsl HE TOJbKO BbI3bIBAIOIIUMHU
MOMEHTaMH, HO U (yHKuHeH f(n) — HaOOp MPU3HAKOB COOBITHA (HAJUYHE MPUOPUTETA,
IPUHAJIEKAIIETO K KAKOMY-JIMOO0 TUITY 3asiBKH, KJlacca U T.11.).

Ecnu nHTEpBaNBl BpeMEHH MEXKTy COOBITHSIMU HE3aBUCUMBI MKy COOOU U SBIISIOTCS
CIIy4yallHBIMM BEJTUYMHAMH, TO TaKOW TIOTOK HA3bIBACTCS HOMOKOM C O2PAHUYEHHbIM
nocneoelcmeauem.

[ToTok COOBITHIT HA3BIBACTCS OPOUHAPHBIM, €CIIM BEPOSTHOCTH TOTO, YTO HA MAaJbId
WHTEpPBaJl BPEMEHU Af, IPUMBIKAIONIMNH K MOMEHTY BpPEMEHH {, Tormajaer 0oJjiee OIHOTO
COOBITHSI, TPEHEOPEIKUMO Maja MO CPABHEHHIO C BEPOATHOCTBHIO TOrO, YTO Ha ATOT K€

WHTEPBAJ BPEMEHH TOMAJAaET POBHO OJJHO COOBITHE.



[ToTox cmayuonapmuwlii, eciiv BEPOATHOCTH MOSBJICHUS TOTO WJIW WHOTO COOBITHUS Ha
HEKOTOPOM HMHTEpPBaJie BPEMEHU 3aBUCHUT JIUIIbL OT JJIMHBI 3TOr0 UHTEPBAIa U HE 3aBUCUT OT
TOTO, TJIe Ha OCH BPEMEHHU B3ST ATOT MHTEPBAJI.

JI71s1 OpIMHAPHOTO TOTOKA CPEJIHEE YHMCIIO COOOIICHUM 3a UHTEPBAJI BPEMEHH Af PaBHO
P, (t, AY), ToTmA

P,(t,At)
1m T:)\- UHMEHCUBHOCNb OPaMHClpHOZO nomoka.
At -0
JIJIst CTalMOHAPHOTO MOTOKA UHMEHCUBHOCHb HE 3aBUCHT OT BPEMEHH U TPEICTABIISACT
co00l MOCTOSIHHOE 3HAYEHUE PABHOE CPEIHEMY YHCIY COOBITHI, HACTYNUBIIUX B €AUHUILY
BPEMEHH.

B nro0om sneMeHTapHOM akTe OOCIYKMBAaHHMSI MOXHO BBIIEIUTh 2 OCHOBHBIC

COCTABJISIOLIHE:!
1. cOOCTBEHHO, 00CITyKUBaHHE
2. OKuJaHue oOCITyKUBAaHUS 3aBKU

Ki

K — xanan, H — nakonurens, I1 — npubop oOcaykuBanus

B i-om npubope o6ciy>k1UBaHUSI UMEEM:
. W; — IOTOK 3aBOK T.€. UHMEPBAlbl 8peMeHU MEXIYy MOMEHTaMU IOSBICHUS 3asiBOK
(BBI3BIBAIOIIME MOMEHTHI) Ha BXoJie KaHaia Ki.
. Ui — MOTOK OOCIY>KMBaHUSI — WHTEPBaJbl BPEMEHH MEXAYy HauajJoM W OKOHYaHHEM
00CITy>KUBaHHS 3aIBOK.

3asBKkH, OOCTY>KEHHbIE KaHAJIOM, W 3asBKH, IIOKMHYBIIWE I1-blii TpUOOp He
00CITy’)KEHHBIMH, O0pa3ylOT 6blX0OHOU NnOmoKYi, T.e. uUHmMepsaIvbl 6peMeHu MEXKITY

MOMCHTAaMMH BBIXOJa 3as1BOK.



[Ipouecc dynkimonuposanus npudopa I[Ii MOXHO TpencTaBUTh Kak MpoIece
M3MEHEHHUS COCTOSHUM €ro JJIEMEHTOB BO BpeMeHHu. llepexom B HOBOE COCTOSHHE st

an60pa O3HA4YaCT U3MeHeHue Kojiuvecmeda 3aA60K, KOTOPBIC B HCM HAXOOATC.

7=(21,,2,)2,= (0,11 2,2 e
1 - kaHan

3aHAT

rae Z — 3asgBKa, L — eMKOCTh HAKOIUTEIA

B mpaktuke monenupoBaHue 3neMeHTapHble Q-cxembl 0ObIYHO oObenuHsroTcs. [lpu
ATOM, €CJM KaHaJlbl Pa3IMYHBIX MPUOOPOB OOCTYKMBAHUS COCIUHEHBI MapaUIebHO, TO
UMEET MECTO MHO2OKAHAIbHOE O0CITY)KUBaHUE, a €CIIH MOCIeI0BaTEIbHO — TO MHO20(a3Hoe.
CnenoBarenbHo, 1S 3aaHus Q-cXeMbl HEOOXOJUMO MCIOJB30BaTh HEKOTOPBINA Oreparop -
R-omneparop conpsikeHust, OTpaxaromnil B3aMMOCBS3b AJIEMEHTOB CTPYKTYPbl MEKy COOOM.

Paznuyator pa3oMKHyThIE U 3aMKHYTbIe Q-CXeMbl. B pa30MKHYTBIX CX€MaX BBIXOJHOMN
MIOTOK HE MOYKET MOMNACTh Ha BXO/I, @ B 3aMKHYTBIX CXEMaxX KOJIMYECTBO 3asiBOK MOCTOSIHHO.

Cobcmeennvimu eHympeHnumu napamempamuQ-cxemsl OyIyT SBISTHCS:

. KomnuaecTto ¢a3

. KonnuecTBO KaHAIOB B KaXI01 (haze

. KonuaecTBo HakonuTesnel B kakaon (asze
. EMKOCTB 1-0r0 HaKOMUTEIS

B 3aBUCHMMOCTH OT €MKOCTH HaKOIIMTEIs B TECOpUKU MACCOBOIO O6CJ'Iy)KI/IBaHI/I51

NPUHSATO:

. Emkocth 0 — cuctemMa ¢ moTepsiMu.

. EMKoOCTB —o0 - cCTEMa C 0KUJITAaHUEM

. EMKOCTH KOHEYHA — CHCTEMa CMEIIAHHOTO TUIIA

Jlis 3ananust pyHKIMOHUPOBaHUS (Q-CXeMbI TaK)Ke HEOOXOAUMO OMUCATh AJITOPUTM €€
(GYHKIIMOHUPOBAHUS, KOTOPBINA OmpezesnseT Habop MpaBUil MOBEACHUS 3a8BOK B Pa3IUYHbIX
CUTyaIUsIX.

HeonHoponHOCTE 3asBOK, OTpakaromas peajbHbIl MIPOLECC YUUTHIBAETCA BBEICHUEM

KJIaCCOB IIPUOPHUTCTOB. C.]'IGI[OB&TGJ'IBHO, Q-CX@Ma, OITINChIBArOIIas Impouccc



q)YHKHHOHI/IpOBaHI/IH CHCTCMBI MaCCOBOI'O 06CJ'Iy}KI/IBaHI/IH T000M CJIOKHOCTH, OJHO3HA4YHO
3a4ac€TCA.
Q=W,U,R,H,Z,A)
. W - ITOAMHOXKCCTBOM BXOAHBIX ITIOTOKOB

U - NOAMHOXECTBOM MOTOKOB 00CITY>KHBaHUS

H - mogMHOXXeCTBOM COOCTBEHHBIX ITapaMeTPOB

7. - MHOXXECTBOM COCTOSHUU DJIEMEHTOB CUCTEMBI

1
2
3
4. R - oneparopoM comnpsiKeHus 3JEMEHTOB CTPYKTYPbI
5
6

A - omIepaTopoM aIrOPUTMOB OOCTY>KUBAHUS 3asIBOK

JInss  nosiydeHHWsT COOTHOLICHWH, CBSI3BIBAIOIIMX  XApPAKTEPUCTUKHA  OMUCAHUS
byHKIIMOHNPOBaHUA (Q-CXeMBl BBOMSTCS HEKOTOPBIE MOMYIIEHUS OTHOCHTEIHHO BXOIHBIX
MOTOKOB, (PYHKIMI pacrpeneneHus napameTpoB, JUIMTEIbHOCTH OOCITY>KUBAHMS 3aIIPOCOB,
JTUCHUIUIAH O0CTY>KUBaHUS.

JIJist MaTeMaTuyecKkoro onucanus GyHKIIMOHUPOBAHUS YCTPOIMCTB, Pa3BUBAIOIIETOCS B
dbopme ciydallHOrO mpollecca, MOXKET OBITh HCMOJIB30BaH MaTeMaTHYEeCKHil ammapar,
KOTOPBIA HOCUT Ha3BaHUE MapKOBCKOIO CIIy4alHOTrO Ipolecca.

CiyyaiiHblil mpoliecc, MPOTEKAIOIINI B HEKOTOPOU CUCTEME Ha3bIBaeTca Mapkosckum
CIYYAUHbIM NPOYECCcOoM, €CIIM OH 00JafaeT CIEAYIOIIMM CBOMCTBOM: JJI Ka)KJI0TO MOMEHTA
BPEMEHHU ¢y BEPOSTHOCTH JTFOOOTO COCTOSIHUSI CUCTEMBI B OyyIieM (IIpu ¢>1)) 3aBUCUT TOJIBKO
OT COCTOSIHMSI CHUCTEMBbI B HACTOSIIEM W HE 3aBUCUT OT TOro, KOTJAa M KakuM oOpa3oMm
CHCTEMA MPHUIILIA B 3TO COCTOSIHUE.

B wmapkoBckoMm ciydaiiHOM mporiecce Oyayliee pa3BUTHE 3aBUCUT TOJBKO OT
HACTOAIIETO COCTOSIHUSI U HE 3aBUCUT OT NpeAbIiCTOpuM. J[JIsi MAapKOBCKHX CIIyYalHBIX
MIPOLIECCOB OMNPEIECIAECTCA BEPOSITHOCTH HAXOXKJICHUS CUCTEMbI B TOM WJIM MHOM COCTOSIHUU
ucronb3ys ypaBHeHus Konmoroposa:

F=(p'(t),p(t),A),

IJIe p(t) — BEpOSATHOCTD IOIAIaHHs B KAKOC-THOO0 COCTOSIHHE

A - MHOXECTBO OIpPEAeNIEHHbIX KO (UIIUEHTOB

JI1st CTalOHApHOTO NOTOKA:

®=(p(t),A)=0

Y=Y(P(A))- 6a3ucHas MoIeib



Y=Y(V,X,H)- uarepdeiicHas MoaeIb

MaremaTnueckas MOJEIb HEKOTOPOM CIIOXKHOW CHUCTEMBI CTPOUTCSI KAK COBOKYITHOCTh
0a3uCcHOM Mojaenn W WHTep(EeHCHON MOIENIH, YTO MO3BOJISET HCIIOIL30BaTh OJHH M TE XKE
O0a3uCHBIC MOJENM JJIS Pa3HbIX 3a7ad IMPOSKTHUPOBAHMS, OCYIIECTBISAS HACTPOMKY Ha
COOTBETCTBYIOIIYI0 KOHKPETHYH 3a/ady, MOCPEACTBOM HW3MEHEHUS TOJIBKO IapaMeTpOB
UHTEPPEHCHON MOIEIIH.

MaremaTuyeckass MoJelb CIOXKHONW (Q-CXeMbl JObKHA OOCCIeurBaTh BBIUHMCICHHE

BPCMCHH PCAKIIMHU Ha 3alIpOC U IMMIPOU3BOAUTCIbHOCTh CUCTCMBI.

Metoauka BeiBoaa ypaBHenuil Kosimoroposa

A=|}; -MHTEHCUBHOCT TIEpPEXo/a
P,-?
1. Haitnem BEpOsITHOCTh TOTO, YTO B MOMEHT BPEMEHU { CHCTEMA
HaxoauTcs B coctostHuu S1. [Tpuganum ¢ Mmanoe npupaiieHue At u
OMpEeIeNIUM, YTO CUCTEMA B MOMEHT BPEMEHU {+Af HaAXOAUTCA B COCTOSAHUM S1.
pl(t+At)=p1(t>(1-)\12At)+p3(t))\3lﬂt

lim p1<t+At)_p1(t)
At -0 At

p1'(t>:'p1(t))‘1z+p3(t))‘31

:_pl(t))\12+p3(t))\31

2. Haiinem BepOSTHOCTb TOTO, YTO CUCTEMA HAXOJUTCSI B COCTOSTHUM S2:

P,(t+At)=p,(t)(1-4,,At-2,5 At )+ p,(t) A, At+ p,(¢) A, At

i pZ(t+At)-p2(t)
1m
At -0 At

p2'(t):—pz(t))\24—p2(t))\23+p1(t)A12+p4(t)7\42

Z-pz(t))\24—p2(t))\23+p1(t)A12+p4(t))\42

3. Hai’meM BEPOATHOCTD TOI'O, YTO CUCTEMA HAXOAUTCA B COCTOAHHUHA S3:



Ps'(t)=-ps(t) A3 = ps(t) Agu+ po(t) Ay

4. Haiinem BEpOSTHOCTB TOTO, UTO CUCTEMA HAXOIUTCS B COCTOSIHUU S4:
Pa'(£)=-py(t) Aot po(t) Ayt ps(t) As,

B pesynbrare nonydaem cucreMy ypasHeHni Koiamoroposa:

pi'=-piAn+pidy
P>'=-PrAyu—DaAytPiAntpady,
P3'=-P3As— Pyt Pady
Ps'=-PyApt Pyt psdg,

WNHTerpupoBanrue TaHHOW CHCTEMBI J1aCT HMCKOMBIE BEPOSTHOCTH COCTOSHHM, Kak
dbynkuit BpeMenu. HawanbpHbie ycrnoBusi OepyTCs B 3aBUCUMOCTH OT TOTO, KaKOTO OBLIO
HayaJIbHOE COCTOSHUE CUCTeMbl. Ecnmu mpu =0 cuUcTema HaxOAWTCs B cocTossHMH S1, TO
HavallbHbIe ycnoBus Oynyt p,=1, p= ps= p~0. Kpome storo, x cucreme A00aBISIIOTCS

YCJIOBUSI HODPMUPOBKHU:

Zpi:]'

i=1

Bce ypaBHeHHs cTpOATCS MO ONPEACIEHHOMY ITPABUILY:
1. B neBoi1 yacTu Ka)0ro ypaBHEHHS CTOUT MPOU3BOAHAS BEPOATHOCTU COCTOSIHMS, A B
IIPaBOM YaCTHU COJEPIKHUTCS CTOIBKO YJIEHOB, CKOJIBKO CTPEJIOK CBSI3aHO C 3TUM COCTOSIHHEM.
2. Ecnu cTpenka HampasieHa «u3» COCTOSHHS, COOTBETCTBYIOIMN WIEH UMEET 3HaK -,
€CJIN «B» COCTOSHHE, TO 3HAK “+”.
3. Kaxnplii uineH paBeH MPOU3BEACHUIO IUIOTHOCTH  BEPOATHOCTH  IEPEXOJa

(MHTEHCUBHOCTH), COOTBETCTBYIOIINM TaHHOW CTPEJIKE, U BEPOSITHOCTH TOTO COCTOSIHMS, U3

KOTOPOTI'O BBIXOAUT CTPECJIKA.

IIpumep.



PaCCMOTpI/IM MHOI'OKaHAaJIbHYIO CMO C OTKa3aMu. CocrosiHue CHCTCMBI

XapaKTCPU3yCTCs IO YUCITY 3aHATBIX KaHAJIOB, T.C. 110 YHCJIY 3as4BOK.

SO — Bce kaHajbl CBOOOIHEI
S1 — 3aHAT OIMH KaHAJI, OCTAJIbHEIC CBOOOTHEI
Sk — 3ansaTo k kaHaoB, ocTanbHbIE CBOOOIHBI

Sn — 3aHATHI BCE N KAHAJIOB.

® & © ©) ©)

u 2u 3u ku (k+Du nu

Pazmerum rpad, T.e. MpocTaBUM Yy CTPEIOK HHTEHCHUBHOCTU COOTBETCTBYIOIIMX
noTokoB coObiTuii. [lycTh cuctema Haxomgutcs B coctossHuu S1. Kak TOabKO 3aKOHUHTCS
o0OCny’>KMBaHHME 3asBKH, 3aHUMAIOLIEH ATOT KaHal, CMCTeMa NepexoAuT B cocrosiHue SO,
MHTEHCUBHOCTH Tlepexoaa u. Eciu 3aHsATO 2 KaHama, a He OAWH, TO MHTEHCUBHOCTH MEPEX0/1a

COCTaBHT 2.

Po'=-PoAtpp
pi'=-pA-p Ut pyA+p,2p
py'=-p,A-p,2pu+p A+ p3p
P =-DPiA-pyku+ py Aty (k+1)p
Pyw'=PaaA-pynp

[IpenenbHbIE BEPOSITHOCTH COCTOSHUM PoU P, XaPAKTEPU3YH) YCTAHOBUBIIUMICS PEXKUM

paboThl CUCTEMBI MACCOBOTO OOCITYKUBAHUS MIPH [—o0.




(M)
k!

D= Do

7\/#=p— cpeaHec 4YucCjI0 3as4ABOK, IMIPUXOAJAIIMX B CHCTEMY 3a CpCIHEC BpPEMi

00CITy’KUBaHHS OJTHOM 3asIBKHU.

2
DPo= 1+ P+ Py 4P

112! " nl
pk
P= Kl Po
3Hast Bce BEPOATHOCTH COCTOSIHUM Py, ... , Pn, MOXKHO HaiTH Xapakrepuctuku CMO:
. 8EPOAMHOCMb OMKA3A — BEPOATHOCTH TOTO, YTO BCE N KAHAJIOB 3aHATHI
pn
_ _ 0
Pork=Pn= nl p
. OMHOCUMENbHASL NPONYCKHASL CHOCOOHOCMb — BEPOATHOCTH TOTO, YTO 3asiBKa OyJeT
MPUHATA K 00CITYKUBAaHUIO
q=1-p,
. CpeIHee YHCIIO 3aBOK, OOCITYKCHHBIX B €IMHUITY BPEMEHU
A=Aq

[TonyueHHbIE COOTHOIIEHUSI MOTYT pacCMaTpUBaThCA Kak Oa3ucHash MOJCNb OICHKH
XapaKTePUCTUK MPOU3BOAUTEILHOCTH CUCTEMBI. BXoasmmii B 3Ty Moxens napametp A = [ /
tospasorkm, SIBISIETCS YCPEIHEHHOM XapaKTEPUCTUKOW mosib3oBarens. [lapamerp w sBisiercs
byHKIMEH TEXHUUYECKUX XapaKTEPUCTHUK KOMITbIOTEpa U PeIIaeMbIX 3ajau.

OTa CBS3b MOXKET OBITh YCTAaHOBJIEHA C IIOMOIIBIO COOTHOIICHWH, HAa3bIBAEMBIX
uHTepPeiicHoi Mmonenbio. Eciau BpeMs BBo/a/BbiBOAA MHGOPMALIMK TI0 KaXI0M 3aa4M MaJjio
[0 CPABHEHUIO CO BPEMEHEM PEIICHUS 3aJaud, TO JOTUYHO IMPHUHATH, YTO BPEMS PEIICHUS
paBHO 1 / w ¥ paBHO OTHOIIEHUIO CPEAHETO YMCIIa ONepaIii, BHIOJTHEHHBIX MPOIIECCOPOM

U pEeUIeHUH OJHOM 3a/1a4M K CpeTHEMY OBICTPOIECHCTBHUIO MPOIIECCOpa.



Ha mnpakTtuke ganexko He BCE€ CIydailHbIE MPOLECCHI ABISIIOTCS MapKOBCKUMH WM
onuskumu kK HuM. B CMO notok 3asBok He Bceraa [lyaccoHoBckuid, emié pexxe HaOmoaaeTcs
NoKa3aTeabHOE WM OIHU3KOE K HEMY paclpeziesieHue BpeMEeHU 00CTy KUBaHHUS.

JUiss  TpOU3BOJIBHBIX TOTOKOB COOOIIEHUHM, MEPEeBOAAIINX CHUCTEMY M3 OJHOTO
COCTOSIHUA B APYTo€, aHATUTHYECKOE PEIICHUE MOJYyYE€HO TOJBKO JJIsl OTIEIbHBIX YACTHBIX
ciaydaeB. Korma mocrpoeHue aHaauTHYECKOM MOZJENW IO TOW WIM MHOW NPUYUHE TPYIHO
OCYILECTBUMO, MPUMEHSETCS IPYrol METOJ MOAEIUPOBAHUS — Memoo CMamucmuyeckux
ucnoimanui  (Moume-Kapno). 1llupokoe  pacmpocTpaHEHHE METOJa CBSA3aHO C
BO3MOXHOCTBIO €r0 Peaan3ali Ha KOMIBbIOTEPE.

Nness meroma: BMECTO TOro, 4TOObl ONUCHIBATh CIYYAHOE SIBICHHE C MOMOIIbIO
AHAJIUTUYECKOW  3aBUCUMOCTM  IPOU3BOJIUTCA  «PO3BITPBIND,  T.€.  IPOUCXOAMT
MOJICJIMPOBAHUE CIyYaHOTO SIBJIEHUS C IOMOIIBKD HEKOTOPOM MpOLEaypbl, Aarollen
Cly4dalHbId pe3ynpTaT. [IpomsBens TakoW pO3BITPHII N pa3, MOJy4aeM CTATHCTUYECKUHN
MaTrepual, T.€. MHOXXECTBO peaJM3alUil CIy4alHOIO SBIICHHS, KOTOPOE IIOTOM MOXHO
o0paboTaTh OOBIYHBIMM METOAAMHU MaTemMarnueckod cratuctuku. Meron Monrte-Kapio
npemioxun Pon-Heliman B 1948 romy, Kak METOJl YMCIEHHOTO PEIICHUSI HEKOTOPBIX
MaTEeMaTUYECKUX 3a/1a4.

CyTb MmeTona:

1. BBonuM B HEKOTOPOM €IMHUYHOM KBaJIpaTe JIFOOYIO0 MOBEPXHOCTH S.

2. JItoOpiM monyyaeM 2 4yucaa Xi, Yi, HNOJYUHSIOIIMECS PABHOMEPHOMY 3aKOHY
pacrnpeesieHus Clly4yalHoW BeanyrHbl Ha uHTepBase [0, 1].

3. [Tomaraem, 4TO OJHO YMCIIO ONPEEISAET KOOPANHATY X, BTOPOE — KOOPIAUHATY y

4. AHanu3upyeM NpUHAJIEKHOCTh TOUKH (X, y) urype. Ecnu nmpuHaanexurt, TO
YBEJIMYHMBAEM 3HAUCHHUE CUETUHKA Ha 1.

5. [ToBropsieM n pa3 mnpoueAypy TE€HEpaluu 2X CIy4alHbIX YHCEN C 3aJaHHBIM
3aKOHOM pacrpe/iesIEHUs] U IPOBEPKY NPUHAAIEKHOCTH TOUKH OBEPXHOCTH S.

6. OnpenenseM miomanb GUIypsl Kak KOJIWYECTBO MOMABLIMX TOYEK, K KOJUYECTBY

CrE€HEPUPOBAHHBIX.
o 1

®oH-Heiman 10ka3ain, 4To MOrpemHOCTb € <4/ —.
n

Hpeumyu;ecmea METOAa CTAaTUCTHYCCKUX HUCIBITAHUNM B €ro YHUBCPCAJILHOCTH,

06YCJ121BJ'H/IBEIIOH_IGI\/II BO3MOXHOCTb BCCCTOPOHHECTO CTATUCTHYCCKOI'O MCCICAOBAHUA O6’beKTa,



OAHAKO, JIA pCain3alluiu ATON BO3MOXKHOCTH HYKHBI JOBOJIbHO IIOJHBIC CTATUCTHUYCCKHUC

CBEJICHHUS O IMapaMeTpax JIEMEHTOB.

K neoocmamxam otHOCHTCA O0JBIIION 00bEM TpeOyeMbIX BBIYMCICHUN, pPaBHBIN
KOJMUYECTBY oOOpamieHnii kK Moxaenu. [loaTomy Bompoc BbIOOpa BENMYMHBI N HUMEET
BaXHEHIIEEe 3HAYCHHE. YMEHbIIas N — TOBBIIIAEM HSKOHOMUYHOCTh pPacueToB, HO
OJTHOBPEMEHHO YXY/IIIAeM HX TOYHOCTb.

Cnoco0bl MoJIy4yeHusi MoCjae10BaTeIbHOCTEN CIYyYalHbIX YU e

Ha mpakTuke ucnonb3ytorcsi 3 OCHOBHBIX CIIOc00a reHepaluy CIy4YalHbIX YUCe:

1. annaparHbii (pusnyeckuii)
2. Ta0JMYHbIH (PaliI0BBIN)
3. AJITOPUTMHUYECKHUI (IPOrpaMMHBI)

AnnaparHslii cnocoo.

CnyudaiiHple uKclia BbIpaOaTHIBAIOTCS CIEUUAIBHON DJIEKTPOHHOW IMPUCTABKOM
(reHepaTopoM ciydailHbIX uncen). Peanuzaius 3Toro cnocoda He TpeOyeT JOMOJIHUTEIIBHBIX
BBIYHMCIUTEIBHBIX OIEpaldid 10 BBIOOPY CiaydalHbIX 4Yucen. Heobxomumo ToibKo
orneparuBHOE obOpaieHue kK BY.

B kauectBe (usmueckoro s¢dexra, Jexamero B OCHOBE I'€HEpaTopa, ydalle BCEro

UCIIOJIb3YIOT IITyMY B AJIEKTPOHHBIX MPUOOpax.



IIpocTeiimue aJropuTMbl FeHEPANUU MOCIACA0BATEIBHOCTH IMCEBIO0CTYYANHbBIX

YHuCeJl

O,Z[HI/IM N3 ICPBBIX CIT0CO00B MMOJYUCHUA ABJIACTCA BBIACIICHHUC 3HAYCHUA ,Z[pO6HOI>i

4aCTU Y MHOI'OYJICHA nepBoﬁ CTCIICHU.

y,=Ent(an+b)

Ecnu n npoOeraer 3HaueHUs] HATypaJbHOTO PsAJa YKCIE, TO MOBEACHUE Yy BBIVISLAUT
BeCbMa XaOTHYHO.

K. Slkobu noka3zai, 4To mpu paruoHaIbHOM KO3 (UIIMEHTE a MHOXXECTBO Y KOHEUHO, a
IPY UPPAITMOHAIIBHOM — O€CKOHEUHO M BCIOAY TUIOTHO B MHTepBase [0, 1].

Kpumepuii  pasnomeprnocmu  pacnpedenenuss  a060u  @yHKyuu:  CBOWCTBO
APraMUYHOCTH — CpPEJHEE MO peaau3alusM ICEBAOCIYyYalHOE YUCIO PAaBHO CPEIHEMY IO
BCEMY UX MHOXECTBY C BEPOSITHOCTHIO 1.

1. 1946 roa, ®on Heiimam.

Kaxmoe mocnenmyromee cimydailHOE 4YHCIO oOpa3yeTcsi BO3BEICHHEM B KBajpar
peIbIIyIero 1 oTopacbiBanue udp ¢ o6oux koHIOB. Crioco0 oKazalics HEeHaIeKHBIM.
2. Jlemep.

9g,.1=kg,*(cmodm). JIns moa6opos ko3hdunueHtos k, ¢, m GbIIM MOTpayeHbl AECATKN
net. [TonGop nouTu upparmoHaabHbIX YACE]I HUYETO HE JIaeT.
3. Pa3zymHee BBECTH BBIUUCIICHHUS C LIEJIBIMHA YHACIAMH.

npu ¢ = 0 u m = 2" HaubobImMi nepuog gocturaerca npu k=3+81 niau k=5+81 u npu
HEYETHOM HAYaJIbHOM YHCIIE.

Jliss uMuTalMM paBHOMEPHOTO pacrmpezeneHus Ha [a, b] ucnonb3yercss oOpaTHOE

npeobpazoBaHue PyHKIIMU IIOTHOCTH BEPOSITHOCTH.

r1ne R — paBHOMEpHO pacnpeaesneHHoe ncepaociayyainoe uncio Ha [0, 1].



B ocHOBe mnocTpoeHus IporpamMMbl TE€HEpAUMU CIIyYaMHOM 4YHCIA C 3aKOHOM
pacrpeneneHusi, OTJIMYHBIM OT PaBHOMEPHOTO, JIEKUT METOJ MpeoOpa3oBaHMs
MOCJIEIOBATEIIBHOCTA CIIyYaWHBIX YHUCEN C PABHOMEPHBIM 3aKOHOM pACIIpPENICIICHUS B
IIOCJIEIOBATEIIBHOCTD CIIYYalHBIX YHUCEN C 3aJaHHBIM 3aKOHOM PacCIIpeIeICHUS.

Meton OCHOBaH Ha TOM, YTO CiIy4dailHas BEJIMYMHA X NPUHUMAET 3HAYCHUS, PABHBIC

KOPHIO YpaBHEHUS
F(t)ZJ' f(x)dx=R

, UMEeT IUIOTHOCTh pacmpeneneHus f(x). R — ciywaitHas BenudymHa, paBHOMEPHO
pacnpenenenHas Ha [0, 1].
3HaUCHUE CIIy4aiiHON BEJIMYUHBI, PACIIPEICIICHHOM 10 MOKA3aTeJIbHOMY 3aKOHY MOXKET

OBITH BBIYKCIICHO U3 JAHHOTO YPaBHEHUS CIEAYIOIUM 00pa3oM:

1-e™=R
x=(->)In(1-R)

Pacnpeoenenue Ilyaccona OTHOCUTCA K YHUCITY JUCKPETHBIX (MEpEMEHHAsT MOXKET
IMPUHUMATH JIUIIb LIEJIOYUCICHHbIE 3HaUeHHUs], BKIto4yas 0, ¢ MaTeMaTU4eCKUM OXKUJAHUEM U
nuctiepcueit 2> 0). Jlnsa renepanuu [lyacCOHOBCKUX MTEpPEMEHHBIX MOXKHO HCIIOJIb30BaTh
METOJI TOYEK, B OCHOBE KOTOPOTO JIEKUT TEHEpUPyeMOe CiydyallHOe 3HaueHue R,

paBHOMEpPHO pacnpeneneHHoe Ha [0, 1], 1o Tex mop, moka He CTaHEeT CIpaBeJIUBbIM

X x+1

R=e’>[]R,
[IRze">]]

i=0 i=0

[Ipn mnomyyeHuu ciaydyalHOW BEJNMYMHBI, (YHKLIMS pacnpeneieHus KOTOpOou He

ITO3BOJISIET HAWNTHU PELICHUE YPABHECHUS



B SIBHOM (hopMe, MOKHO IPOM3BECTH KYCOYHO-THHEHHYIO allpPOKCHUMAIIMIO, a 3aTeM
BBIUMCJIMTh TPHOJIMKCHHOE 3HaueHUEe KOpHsA. Kpome Toro, mpu Mmoiy4eHHH CITydaiiHOM
BEJIMYHMHBI YaCTO UCIOJIb3YIOT T€ WM MHBIC CBOMCTBA paCIpeCIICHUIA.

Bocmone3yemcst 3THM METOAOM, YTOOBI CIrEeHEpHUPOBATh CIAYYAHYI0 BEIMUYUHY C
3aKOHOM pacrpezelieHus: Dpianra. Pacnpedenenue Dpranea XapaKTepu3yeTcs mapameTpaMu
ruk.

[Ipy BBIYKCIIEHHMH CJIy4YaiHO BEJIHMYHMHBI BOCIOJB3YyeMCsS TEM, YTO IIOTOK OpJiaHra
MOXeT OBITh MOYYCH IyTeM IpopemuBanus moroka [lyaccona k pas. [Toatomy, qocratouno
HOJIY4YUTh K 3HAYEHHH CIy4YailHON BEJIMYMHBI paclpeIe/IEHHOM 10 I0Ka3aTeIbHOMY 3aKOHY U

YCPEIHUTD UX.

1w, 1 1y
x:ﬂ;(-K)m(l-m):-ﬁz1n<1-Ri>

1

HopmanbHoe pacnpeneneHue Ciy4ailHONM BEIMYMHBI MOXET OBbITh MOIYYEHO Kak
CyMMa OOJBIIOTO YHCJIAa CIyYalHBIX BEIWYMH, PACIPEACIICHHBIX [0 OAHOMY M TOMY K€
3aKOHY pacIpeiesIeHUs ¢ OMHUMH U TEMU KE ITapaMeTpPaMH.

CnyvaiiHasg BenmnunMHa X UMeERONIas HOPMAJIbHOE PAaCIpENCIICHUE C MAaTEMaTUYECKUM
oXujgaHueM Mx M CpeIHEKBAaJpaTUYHBIM OTKJIOHEHHEM Ox MOXKET OBITh MOJy4Y€Ha IIO

cienytouiei hopmyre:

JInst cOKpallleHHsI BBIYMCIEHUN Ha NpPaKTHKE NpuHHMar0 N=12, 4TOo maer BHOIHE

OTHOCHUTELHO XOPOIIlee MPUOIMKEHIE K HOPMAILHOMY Pacipe/IeIeHHIO.
HemapkoBckue ciydyaiiHble MPOLECCHI, CBOASIINECH K MAPKOBCKUM

PeanbHbie ImpouecCbl 4acCToO O6H3,I[3IOT IMOCIICACTBUCEM M IIO3TOMY HC ABJIAIOTCA
MapKOBCKHMMU. I/IHOFI[a IIpHU HCCIICAOBAHHNUN TAKHUX IPOLHCCCOB YAACTCA BOCIIOJIb30BaTHCA
MCTOAaMU, p33pa6OTaHHI>IMI/I JJI1 MapKOBCKHUX ITPOICCCOB. Hau6Gonee pPacipoOCTPaHCHBI IBa

criocooa;



1. MeTtoa pa3jioxkeHusl CJIy4alHOIO nmpouecca Ha (pa3bl (METOI NCEeBA0COCTOSTHIH)
2. Metoa BJ10:keHHBbIX Heneii MapkoBa

MeToa nceBa0COCTOSAHUI

CyTbh M€TOZIa COCTOUT B TOM, YTO COCTOSIHUSI CUCTEMBI, IOTOKU MEPEXOJIOB U3 KOTOPHIX
SIBJISIFOTCSI HEMAapPKOBCKUMHM, 3aMEHSIOTCSI SKBUBAJICHTHOW TPyNmnoil (UKTUBHBIX COCTOSIHUM,
MOTOKH MIEPEXOJIOB U3 KOTOPHIX SIBIISFOTCS MAPKOBCKHUMH.

VYcnoBue  CTAaTUCTHUYECKOM ~ HSKBUBAJIGHTHOCTH  PEANbHOTO  COCTOSHUSL U
COOTBETCTBYIOIIUX €My (PMKTUBHBIX COCTOSTHUHN B KaKIOM KOHKPETHOM CIIy4ae BHIOMpPAETCs
no-pazHomMy. B KkauecTBe OIHOTO M3 KPUTEPUEB SKBUBAJICHTHOCTH MOXKHO TMPUHSATH

CJICIYIOIIEe YCIIOBHE:

, THE A »6(T) — DKBUBAJICHTHAS MHTEHCUBHOCTh MEPEX0Jia B i-TOM I'PYIINE MEPEXOJIOB,
3aMEHAEeMON pealibHbIN nepexo]] 001a1aro1Iei HHTEHCUBHOCTBIO A{T).

3a cyeT paclIMpeHUs 4YHucia COCTOSHUM CHUCTEMbl, HEKOTOPBIE IPOLIECCHI YIAETCs
TOYHO CBECTH K MapkoBckuM. Co3gaHHas TakuM o00pa3oM HOBas CHCTEMa IO CBOUM
XapaKTepUCTUKAM CTAaTUCTHUYECKM SKBUBAJICHTHA WM ONHM3Ka peallbHOM CcHCTeMe, HO OHa
JOJDKHA OBITh 00s3aTE€NIbHO TMOABEPrHYTa OOBIYHOMY HCCIEAOBAaHUIO Ha aJICKBAaTHOCTh, C
MOMOIIBI0 XOPOIIO MPOPaOOTAaHHOTO MaTEMaTHYECKOIro amnmapara ¢ HCHOJIb30BaHUEM
ypaBHeHui Kommoroposa.

K uucny mnporieccoB, KoTopbie BBeIEHHEM (UKTHUBHBIX COCTOSHUM MOXHO TOYHO
CBECTH K MapKOBCKHM, OTHOCATCS MPOLIECCHI, IPOUCXOSIINE B CUCTEME TIOJT BO3JICHCTBUEM
MOTOKa JpJiaHra.

B cnyuyae nmoroka Opnanra k-ro mopsiaka MHTEpBaJ BPEMEHU MEXAY COOOLIEHUSMU
MpeICTaBIsIeT co00i cyMMy k HE3aBHCHMMBIX CIIy4ailHBIX WHTEPBAJIOB PACTIPEICICHHBIX IO
nokazareJibHoMy 3akoHy. IloaToMy cBeneHue TmoTOoKa OpnaHra Kk-ro mopsiika K

[TyacCOHOBCKOMY OCYIIECTBIISIETCS BBEICHHEM K TICEBIOCOCTOSIHUM. HTEHCUBHOCTH



nepexoa MEXAy IICEBIOCOCTOSHUSIMU PaBHbI COOTBETCTBYIOLIEMY IapaMeTpy MOTOKa
DpnaHra.

[TonyyenHass TakuM 00pa3oM SKBUBAJCHTHBIM CIIy4allHBIA TPOIECC SIBISIETCS
MapKOBCKMM, T.K. HMHTEpBaJbl BPEMEHH HAXOXKICHHUS €ro B Ppa3JIUYHBIX COCTOSHUAX

NOJYMHEHBI [T0KA3aTEIbHOMY 3aKOHY PacIpeAeIICHHUS.

[Tpumep.

HexoTopoe ycTpoiCTBO S BBIXOJUT W3 CTPOSI C UHTEHCHUBHOCTHIO A, IPUYEM IMOTOK
orkazoB IlyacconoBckmii. Ilocne oOTkasza yCTpOWCTBO BOCCTAaHABIMBACTCA. Bpems
BOCCTAHOBJICHUSI PACIIPEIEICHO MO 3aKOHY ODpiiaHra 3-ro mopsjaka ¢ (pyHKIuen mioTHOCTU
f(t)=0,5u(p-t)e*". HaiiTu mpenenbHble BEPOATHOCTH BO3MOKHBIX COCTOSHUM CHCTEMBI.

Cucrema S MOXET NPUHUMATH JIBA COCTOSIHHUS:

SO — ycTpoiicTBO UCTIpaBHO

S1-— YCTpOfICTBO O0TKa3aJI0 1 BOCCTaHaBJIMBACTCs

SO > S1 — ITyaccoHOBCKHI1 TOTOK ( > ( >

S1 > SO — notok Dpnanra

[IpencraBum ciryyaliHOE€ BpeMsl BOCCTAHOBJIEHHS B BHAE CYMMbl 3X HWHTEpBAJIOB,
pacnpenesieHHbIX 0 MOKAa3aTeIbHOMY 3aKOHY C MHTEHCUBHOCTBIO W:
t=t,+t,+t,

S1 3ameHsieM SKBUBAJIEHTHOM IIEITOYKOM M3 TPEX MCEBI0COCTOSHUM.

po'(t)=y°p13( ) A Po )
pu)=suepul0) 270 \@ @\
plzy(t):ﬁ"pu( ) M- p12 ‘

p13'(t>=y'p12( ) He p13
potp, =1
Pi=PutPitPis

IIo CJIICAHUC 2 YPaBHCHUA  ABJIAIOTCA  YCJIOBHCM  HOPMHUPOBKHM W YCIOBHCM

SKBUBAJICHTHOCTH 3aMEHBI COCTOSHUS S 1 IICECBAOCOCTOAHUAMMU.



MeTto BIOKEHHBIX LieTier MapkoBa.

BroxkeHHble MapKOBCKHUE LIEMH OOpa3yloTcs CIEIYIOIMUM 00pa3oM: B HCXOIHOM
CIIy4YalHOM IIpOIleCCE BBIOMPAIOTCS TAaKWe MOMEHTHI BpeMEHH tk, B KOTOPBIX 3HAYCHUS
XapaKTEePUCTUK TIpoliecca 00pa3yeT MapKOBCKYIO Ienb. MOMEHThI BpPEMEHH f; OOBIYHO
SIBISIFOTCA CIIyHYallHBIMM W 3aBHUCAT OT CBOWMCTB caMoro mnpouecca. VcxomHslii mporecc
uccaeayeTcs B BRIOpaHHBIE MOMEHTHI BPEMEHH C TTOMOIIBIO CTaHIAPTHBIX METOJIOB TEOPUHU
MaccOBOT0 00CITy>KHUBaHUS.

YacTHBIM Cyd4aeM BIIOXKEHHBIX Iened MapkoBa, SBISIOTCA HOIYMAPKOBCKUE
ciaydaiinple mporecchl. Ciay4allHbIM TPOIECC C KOHEUYHBIM WJIM CUYETHBIM MHOXKECTBOM
COCTOSIHMM HA3bIBAECTCS NOTYMAPKOBCKUM, €CIU 3aJaHHBI BEPOATHOCTH MEPEXOIA CUCTEMBI U3
OJTHOTO COCTOSIHHSI B JPYro€ W paclpeseicHne BpeMeHH IpeObIBaHUS Mpoliecca B KaKIOM

cocTosiHuU (B BHUJE (YHKIUU pacripenenieHus F(¢) uian B BUIE IJIOTHOCTU paclpeiesieHUs

1)



Kinaccudukanus cucreM MaccoBOro 00Cay;KuBaHUs

B o6mem ciygae CMO knaccudunupyercs 1mo CieyonuM Ipru3HaKaMm:

. 3aKOHY pacrnpe/e/ieHus BXOJHOr0 MOTOKA

. ymcay 00CTy:KUBAIONIUX MPUOOPOB

. 3aKOHY pacnpeejieHusi BpeMeHHU 00CIYKMBAHHUS B 00C/TyKHUBAIOUIUX MPUOOpax
. YHCJIy MeCT B ouepeau

. AUCUMILIUHE 00CTYKUBAHUS

[Ipu omnpeneneHun r000W CHCTEMBI OOCITYXKMBAaHUS [UJIi COKPAIICHHOW 3alucu
UCIIOJIb3YETCS Cleaylouiasi CHCTeMa KOJUPOBKH, B KOTOpPOMl Ha MecTe OyKB CTaBUTCS

COOTBETCTBYIOMIas xapakrepuctruka CMO:

A|B|C|D|E
A 3aKoH pacIpeeneHss HHTEPBaJIOB BPEMEHU MEXKIY M — 3KCTIOHEHIIUAIbHBIH
MOCTYIIJICHUEM 3asIBOK. E — DOpnanra
B 3aKoH pacrpeelicHus BpeMEHU 00CTyKHBaHUS B H— runepaKCnoHeHInabHbINH
mpudopax CMO. I' — ramma-pacnpeesneHue
D— neTepMUHUPOBAHHOE paclpeacieHUue
G — IPOM3BONIEHOE pacIpeeIeHIe
C Yucno 00CayKUBaIOIIMX MPHOOPOB. 1 — st OJHOKAHATIBHBIX CUCTEM
I- 11 MHOTOKaHAJIBHBIX CUCTEM
D Uucno mect B ouepeau. Eciu uncio mecT He 7 1100 1 — JUIsl KOHEYHOTO YHCIIa MECT
OTPaHUYEHO, TO M0JIE MOXKHO OIYCTUTb.
E  Jucnumimnaa obciyxuBanus. [1o ymomuanuio LIFO — = FIFO, LIFO, RANDOM
B 9TOM CIIy4ae M0JIe MOXKET OIyCKaThCS.

[Tpumepsr.

M|M]|1

CMO ¢ ogHuM  OOCIYyXHUBAOIIUM  NpUOOpPOM, OECKOHEUHOW  OYEepeblo,
HKCIIOHECHIIMAJIbHBIM 3aKOHOM PACIPENEICHUs] UHTEPBAJIIOB BPEMEHU MEXIY IOCTYIUICHUEM
3as1BOK U BpeMeHeM 00CTyKUBaHMS U TUCUUILTMHON oO0ciyxuBanusa FIFO.

E|\H|l|r|LIFO

CMO c HeCKOIBKUMHU O0CITYKHUBAIOIIMMU NPUOOPAMH, KOHEUHOH Ouepe b0, 3aKOHOM

pacrnpeneneHus Opnanra MHTEPBAJIOB MEXKITY MOCTYTUICHUEM 3as1BOK,



TUIIEPIKCIIOHEHIMAIbHBIM 3aKOHOM pAacHpeesIeHUusT BPEMEHHM OOCIYyKUBaHHs 3asiBOK B
npubopax u AucuUIUIMHON oocmyxkuanus LIFO.

G|G|!

CMO c HecKOIbKMMH IpHOOpaMH, OECKOHEUYHOM OYepeqplo, MPOU3BOJIBHBIMU
3aKOHAMHU  PACHPENENICHUs] BPEMEHM MEXJy IOCTYIUIEHUEM 3aiBOK M BpPEMEHH
obciyxuBanus, FIFO.

JUiss MonenupoBaHUs BBIYUCIUTEIBHOW CHUCTEMBI HaumOOJIee YacTO MCIONb3YHTCS

cnenyromue tunsl CMO:

1. OgnoxanaiabHasgs CMO ¢ o:kuaaHueM.

. OJIMH 0OCITY>KUBAIOUTUN MPUOOP ¢ OECKOHEUHOU 0YepeIblo

. ABJISIETCS HanOoJIee pacHpOCTPAHEHHOMN IPU MOJIETUPOBAHUN

. MOJKET 3aMEHHUTh MPAKTHUUECKH JIFOOOU y3es BhIUUCIuTeNbHOM cucteMbl win JIBC
2. OanokanaasHasgs CMO ¢ norepsimu.

. OJIMH 00CTY>KHUBAIOIINKI MPUOOP ¢ KOHEYHBIM YHCIIOM MECT B OUepPeIn

. €CJIM 4YHCJIO 3asBOK MPEBBINIAET YUCIO MECT B OYEPEeAH, TO JIMIIHHUE 3asiBKU
TEPSAIOTCS

. UCIIONIB3YETCS MPU MOJICIIMPOBAHUM KaHaJoB nepenad qanubix B BC u JIBC

3. MuorokanaabHasga CMO ¢ oxugannem.

. HECKOJIbKO TapaijIeIbHO pPabOTaIoMuX OOCTYyKUBAIOIMIUX MPUOOpOB ¢ oOIIei

0ECKOHEUHOU OUepeIbI0

. UCIIOJIb3YETCS  MpPU  MOJEIMPOBAHWM  TPyNIl  A0OHEHTCKUX  TEPMUHAJIOB,
paboTaroMx B AUAJTIOTOBOM PEXUME

4. Muorokanaasnas CMO ¢ norepsimu.

. HECKOJIBKO TapajuiesIbHO PabOoTaIONIMX OO0CIYyKMBAIOIUX NPUOOPOB ¢ oOImei

o4YCpCabro, 4YUCJIO MCCT B KOTOpOﬁ OI'paHHUYCHO

. 4acTO MCMOJIb3YeTCs, KaK U (2), IpU UCCIIeI0BAaHUM KaHAJIOB CBSI3U

5. OnnokanaabHass CMO ¢ rpynnoBbIM NOCTYIJIEHHEM 3aSIBOK

. OJIMH 00CTY>KMUBAIOIIMKI MPUOOP ¢ OECKOHEUHOW OUepeIbio

. nepea oOCITy>KMBAaHUEM 3asiBKM TPYIIUPYIOTCS B MaKEThl MO OMNPEAEICHHOM

IIPU3HAKY WIM IPaBUIaM

b HCIIOJIB3YETCA JJIA MOACIUPOBAHHA IECHTPOB KOMMYTallU



6. OanokanaabHass CMO ¢ rpynnoBbiM 00CIy;KUBAHUEM 3aIBOK

. OJIMH OOCITY>KUBAIOIIUNA MPUOOP ¢ OECKOHEUHOUN 0YepeibIo
. 3as1BKM 00CITY’KUBAIOTCS [MAKETaMU, COCTABICHHBIMU T10 ONPEJAEICHHOMY MPABUITY
. UCIOJIb3YETCS JUIsl MOACIIUPOBAHUS IEHTPOB KOMMYTAIUU

HaumenoBanue Oo6o3nauenue Cxema

OnHokaHanpHas ¢ oxxuanueM | G| G| 1

OpHOKaHATBHAS C TIOTEPSIMH G|G|I|r
1l.r
MHoroKaHnagbHas ¢ G|G|l _III_
I

MpmuorokananbeHas ¢ notepsmu | G| G| 1| r

1 1 14
7
T

1..r

OpHoKaHambHAA ¢ TPyHIOBEIM | Gr | G| 1 I

S
7
T

TIOCTYIUIEHUEM 3aBOK r

OpHokaHanmbHaA ¢ TpynmoBeiM : G | Gr | 1

S

J

O6CJ'Iy)KI/IBaHI/I€M 3as4BOK r

BrruucnurensHbie CETH B 1IEJIOM MOTYT OBITh TipejcTaBiensl B Bujge CMO. Paznuvaror

CICAYIOIINC THUIIbI CETEeH:

1. OTKpbITHIE
2. 3aMKHYyTBIE
3. CMemaHHbIe

Omxpouimoti HazpiBaetcss CMO, cocrosiiiasi U3 m y3J0B, IPUYEM XOTsS Obl B OJIMH U3
y3JIOB CETH MOCTYMAlOT M3BHE BXOTHOW MOTOK 3asBOK M 00sS3aTeNbHOE MMEETCs XOTs Obl
OJIMH CTOK 3asIBOK U3 CETH.

JU1s1 OTKPBITOM CHUCTEMBI XapaKTepHO TO, YTO MHTEHCUBHOCTH MOCTYIJICHUS 3as5BOK B
CEeTh HE 3aBUCHUT OT COCTOSIHUS CETH, T.€. OT YMCJIA 3asIBOK YK€ IMOCTYNHUBIIUX B ceTh. Takue
CETH KaK MPaBHIIO UCMONB3YIOTCS it MoaenupoBanus BC, paboTaomux B HEONEPaTUBHOM

pexuMme.



S1, S2 — MmopenupyioT paboTy y3710B KOMMYTallUU

S3, S4 — MozmenupyroT paboTy cepBepOB

S5, S6 — MonenupyroT paboTy MEXKYy3JT0BbIX KaHATIOB

B ceru mupkynupyror 2 moToka 3asBOK. Kaxkgas 3asBKa IOCTYyHaeT Ha BXOJ
COOTBETCTBYIOILIETO y3Jla KOMMYTaropa, Ije ompenensercs Mecto e€ o0paboTku. 3areM
3asBKa NEpelaeTcsd Ha CBOM cepBep WIM [0 KaHaly CBS3M Ha COCEIHUN cepBep, IIe
oOpabarbiBaercs. [locie uero, Bo3BpamniaeTcsi K UICTOYHUKY U TTOKUAET CETh.

3amxnymoti HazbiBaeTcss CMO ¢ MHOXECTBOM Y3JI0B m 0€3 MCTOYHUKA U CTOKa, B
KOTOPOM HUPKYIUPYET MOCTOSTHHOE YHCIIO 3a5BOK.

3amkayThle CMO wucnonb3yrorcs mig MonenupoBaHus Takux BC, MCTOYHHKOM
uH(pOpPMALIMK JJI1 KOTOPBIX CIy:KaT a0OHEHTCKHUE TEPMHUHAJbI, padOTaIONIME B TUAJIOrOBOM
pexume. B aToM ciyuae kakmasi rpynmna aDOHEHTCKUX TEPMUHAJIOB MPECTABISETCS B BUC
MHOrokaHainbHONM CMO ¢ 0)KHJJaHHEM U BKIIFOUAETCS B COCTAB YCTPOUCTB CETH.

[TpocToit pexxuM paboThl TUATIOTOBBIX a0OHEHTOB: A0OHEHT HE MPOU3BOJUT HUKAKHUX
NEeNcTBUM, KpoMe Mochbutky 3a1annii B BC u o0cmykuBaHMs MOJTYYE€HHOTO OTBETA.

S01, S02 — rpynmna abOHEHTCKUX TEPMUHAJIOB

S7, S8 — xaHaIBI CBSI3U C A0OHEHTAMH

S1, S2 — y31b61 KOMMYyTaLIMU

S3, S4 — ceprepsl

S5, S6 — kaHaJbl MEKY3JI0BOM CBSI3U
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AOOHEHTHI € TEPMUHAJIOB TOCHUIAIOT 3alpoChl, KOTOpPBhIE IO KaHajlaM CBSI3U
NOCTYIAIOT HA y3JIbl KOMMYTATopa, a OTTyJa Ha 00pabOTKy Ha CBOW MJIM COCEIHUI CepBep.

[Ipu croxHOM pexuMe auamora pabota aOOHEHTOB TMPEACTABISIETCS B BUIE
COBOKYITHOCTH OINEPALMI HEKOTOPOIrO TMPOLECCa, Ha3bIBAIOIIUMCS MEXHOA02UYECKUM.
Kaxnasa omepanusi TEXHOJIOTMYECKOTO MPOLIECCAa MOAETUPYETCA cooTBeTcTBytomeit CMO.
[Ipuyem, yacTh omepamuii MOXeT mpexycmarpuBath obpamenue k BC, a apyras dactb
MO>KET 3aMbIKaThCsl caMa Ha ceOsl.

CxeMa nipeficTaBiieHHas! Ha pUcyHKe HaxoauTcst Ha mecte SO1 u S02.

Cmewannou HazpiBaercsi CMO, B KOTOPOMl LUPKYJIUPYIOT HECKOJIBKO Pa3IHUYHBIX
TUINOB 3asBOK (Tpaduka). [IpyueM OTHOCUTEIBHO OJHUX THUIIOB 3asBOK CE€Th 3aMKHYTa, a
OTHOCHUTEBHO IPYTHX — OTKPHITA.

C nomoIpio CMeaHHbIX ceTel MoaenupyroTcst Takue BC, yactb aDOHEHTOB KOTOPBIX
paboTaeT B AMAJIOTOBOM PEXHME, a 4acTh B HEONMEpaTUBHOM. /[l 1MaioroBbix aOOHEHTOB
pa3NMYaloT TaKXe TMPOCTOM W CIOKHBIA pexkuMbl padoTel. Yacto cmemanusie CMO
UCIIONIB3YIOTCSI B CETAX, B KOTOPBIX CEpPBEP JOMOJHUTEIBHO 3arpyaercs 3ajadyaMi,

pentaeMbpIMH Ha (poHE pabOThI caMO¥i CeTH.



