JIEKIIUU 11O JUCHUIIJIMHE «MOJAEJIUPOBAHUE CUCTEM
YIIPABJIEHU S

JJISl CTYAEHTOB 4 Kypca
HaINpaBJIeHUA «YNpaBjieHHe B TEXHUYECKHX CHCTEMAaxX»
npoduis: «CucremMbl 1 TEXHUYECKHE CPeICTBA ABTOMATH3ALMHU U

ylpaBJIeHUS»

Jleknus 1. OcHOBHBIE IOHATHS TCOPUMN MOJCJIUPOBAaHUA, COBPEMEHHOC

COCTOSIHHE M 0011asl XapaKTePUCTHKA MPO0JIeMbl MOIeJTUPOBAHUS CUCTEM.

OO0beKkT - BCce TO, Ha YTO HalpaBlieHA 4YeJIOBEeUecKasl NesITeNbHOCTh. [lox
O0OBEKTOM MOXXET IMOHUMATHCA TEXHUYECKOE YCTPOWCTBO, €ro 4acTh, CHUCTEMa
YCTPOKCTB, TIPOIIeCC, SBJICHNUE.

AHAJIOTUSE — CXOJACTBO JBYX OOBEKTOB B KaKUX-THOO CBOMCTBax.
YMO3aKIIIOUCHHE 110 aHAJIOTHHM — 3HAHWE, MOJIYYCHHOE M3 PACCMOTPEHHUS KaKOTO
I1M00 00bEKTa, MEPEHOCUTCS Ha MEHEe M3yYEHHbIH, CXOAHBIA MO CYLIECTBEHHBIM
CBOMCTBaM, KadecTBaM OOBEKT. Takue YMO3aKIIOUEHUS SBISIIOTCS OJHUM W3
HUCTOYHHUKOB THITOTE3.

I'mnmore3a - mnpeamnosioKeHWEe O CBOKMCTBAX OO0BEKTa, BBIABHTAEMOE IS
OOBSICHEHUS Kakux Ju00 (PaKTOB, OCHOBBIBAIOIIMECS HA HEIOCTATOYHOM
KOJMYECTBE JAaHHBIX HE IMO3BOJIIOIIEM MPU3HATH TUIIOTE3Y JOCTOBEPHON HAydHOM
Teopueil. JI7s MpoBEepKH TOCTOBEPHOCTH THUIIOTE3bI MPOBOSATCS IKCIICPUMEHTHI,
94acTO CHaJaya ¢ MOJACIISIMH, a 3aTeM B C CAMUMH 0OBCKTaMHU.

Mopgeab - 00beKT-3aMeCTUTENb OOBEKTa, O0O0ECIEeUMBAIOIINI H3yUYEeHHE
HEKOTOPBIX CBOWCTB oOpurvuHaiga. Mojenb MO3BOJSET YNPOCTUTH MPOBEIACHUE
WCCJICTOBAHMS HEKOTOPBIX CBOMCTB 00BEKTa- OPUTHHAIA.

MartemaTuyeckasi MojeJdb — COBOKYIMTHOCTb MaTE€MaTHYECKUX (POpPMYII,
YCTAHABJIMBAKOIIMX B  OOIEM  CiIydyae CBA3b  MEXKAY  BbIXOOHbIMU
xapaxmepucmurxamu (ceoticmeamu) 00bEKTa MOJICIIUPOBAHUS, €TO NAPAMEMPAMU,

6X0OHBIMU 8030EUCBUIAMU U 8030€UICMBUAMU BHEUIHEl CPeObl.
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MopenupoBaHue - 3aMellIeHUE OTHOTO 00BEKTa IPYTHM C LENbIO TOTYyYEHUS
uHGOpPMaIIMU O BAKHEHIIINX CBOMCTBAX (XapaKTEPUCTHKAX) 00BEKTa - OpUTHHATA C
NOMOUIbI0 O00BEKTAa-MOJEIMN (Jlajee 3aMEHSETCSl TEPMUH OOBEKT-OpUTMHAJ Ha
TEPMUH OOBEKT, & 00BEKT-MOENb - HA MOJIENB).

Bepudukanmsa — KOHTPOJIb NPABWIBHOCTH pabOThl MOJEIM Ha OCHOBE
CpPaBHEHHUs pe3yibTaTa MOJCIUPOBAHMUS C APYTMMH JaHHBIMM, MOJYYEHHBIMU B
pe3ynbTare NPOBEACHUS IKCIIEPUMEHTA WIIH UCIIOIb30BaHUS IPYTUX MOJEIEH.

HNuTepnperanmmsa — uctoiakoBaHue (0OBSICHEHHE) pe3yibTaTa UCCIEIOBAHMS

MaTEMAaTUUYECKOU MOJIEITH.

OcHoOBHBIE CBOIiCTBa MojeJIeH
— AJIeKBaTHOCTb  MOJeJH  O00beKTy -  COBIAJACHHEC  PE3yIbTaTOB
MOJICIUPOBAHUS U PE3YIbTATOB IKCICPUMEHTOB ¢ 00BEeKTOM. Ecim pe3ynbrarhl
MOJICTTUPOBAHUS  TOATBEPXKIAIOTCSI W MOTYT  CIY)KUTh ~ OCHOBOM  JIJIs
MIPOTHO3WPOBAHUS TPOIECCOB B UCCICAYEMBIX 00BEKTAX, TO TOBOPST, YTO MOJEIb
DKBUBAJICHTHA 00BEKTY. Mojaenu MOKHBI OBITh aJEKBATHBI COOTBETCTBYIOIIUM
CHCTEMAaM HJIM TEXHOJIOTHYECKUM 3a7JauaM.

— TouHoCTh MOJ€JIHU — KOJIMYCCTBCHHAA XaPAKTCPUCTHUKA aJCKBATHOCTH, CM.

TaKXxe.

— PobGacTHOCTH — YCTOWYHMBOCTH MOJEIM K IIOIPEHTHOCTA B HCXOJHBIX
JTAHHBIX.

— IlpocroTra (B TpakTOBKE aBTOpa) — CBOMCTBO MOJEIH, OTpa)karoliee

OTCYTCTBHE Yy4ye€Ta BTOPOCTETICHHBIX (PAKTOPOB JJI PEIICHUS paccMaTpUBAECMOU
3aJ]a4H.

— IloJsHOTa — CBOMCTBO, 3aKJIFOYAKOIIEECA B YUETE B MATEMATUUYECKON MOJIEIHN
0COOEHHOCTEW O0BEKTa, CYIIECTBEHHBIX C TOYKH 3PEHHS TOCTABIECHHOM IIEeTU
uccnenoBanus. st pemieHus 3aauyu MaTteMaThyeckasi MOJICb SIBJISIETCS TTOJTHOU
(B TpaKTOBKE aBTOpA), €CJIM OHA MO3BOJISIET OMPEACIIUTH C IPUEMIIEMON TOUHOCTHIO

BCE XapAKTEPUCTUKN 00BEKTa MOJICIMPOBAHUS, MHTEPECYIONIHE €€ IMOIh30BaTEIIs.



— IIpoayKTHMBHOCTBH (B TPAaKTOBKE aBTOpAa) CBOMCTBO MOJEIM, OTPaKaroOIIee
e€ criocOOHOCTD OBITH UCIIOJB30BAaHHOM [T pelleH s IIMPOKOIo Kiacca 3ajad.
— HarasgHocTb — CBOMCTBO MOJIEIM, 3aKIIOYAIOIIEecsl B TOM, 4TO MpH €&

IMPOCMOTPC IOJB30BATCIIO ITIOHATCH CMBICJI OTACIIBHBIX €€ DJIEMECHTOB.

TpeboBaHus K MOAEJITUPOBAHUIO

— MOJEJIM JOJKHBI OBbITh aJ€KBAaTHBI COOTBETCTBYIOLUIUM CHCTEMaM MWJIU
TEXHOJIOTHUECKUM 3a]ladyaM;

— JI0JKHA 00ecreynBaThCsl HE0OX0AUMasi TOUHOCTb;

— JIOJKHO 00€eCTeurBaThCsl yJI00CTBO PadOTHI MOJB30BATENSl — CIEIMAINCTA
10 TEXHOJIOTMH WK 110 00paboTke HH(popMaluu (yIpaBICHHUIO);

— MOHSTHBIN UHTEp(EIC yIpaBIeHUs MOJICIMPOBAHUEM;

— JIOCTaTOYHasi CKOPOCTb PadOThI;

— HarJIiJHOCTb PE3yJIbTaTOB;

— mpuemJieMass CTOMMOCTb  pa3pa0OTKM U HCIOJIb30BAaHUS  CPEJCTB

MOJIETTUPOBAHUSI.

IMoaxoabl K MCCIETOBAHUIO CHCTEM YIIPaBJIeHUS
Knaccuueckuii (unoyxmugnulii) nooxo0 — pacCMaTpuUBaeT CUCTEMY IyTEM
nepexoja OT YaCTHOTO K 00IIeMy U CUHTE3UPYET (KOHCTPYHUPYET) CUCTEMY ITyTEM
CIHSTHUS €€ KOMIIOHEHT, pa3padaThIBaeMbIX Pa3eiIbHO.
[Ipomecc cuHTE3a CUCTEM YIpPaBJICHHS HAa OCHOBE KJIACCHYECKOTO IMOAXO0Aa

MIPEACTABIICH Ha puc. 1.



Puc. 1. HpOHGCC CHHTC3a MOACIIN HAa OCHOBC KJIACCHYCCKOI'O ITOAX0Ja

PeanbHblii  00BEKT pa3dbuBaeTcss Ha OTACIbHBIE TOJCUCTEMBI. ITHU
MOJICUCTEMBl TIPEJICTABIISIIOT COOOW BbIOpAaHHBIE HCXOJHbIE JaHHbie J| U
noctaBiieHHble 1enu I, oToOpaxkaromue OTHeIbHbIE CTOPOHBI Ipoliecca
MoJienmupoBanud. [lo OTHEeNbHOM COBOKYIMHOCTH JaHHbBIX J[ CTaBUTCS 1EIb
MOJICIUPOBAHUS OTAEIHLHON CTOPOHBI PYHKITMOHUPOBaHUS cucTeMbl. Ha 6ase atoit
uenu Gopmupyercs HekoTtopas komroHeHTa K Oyaymieit moaenu. COBOKYITHOCTh
KOMITOHEHT OOBEMHSIETCSI B MOIeNIb M.

Takum o0pazom, paszpabotka mojenu M Ha 6a3e KIACCHYECKOTO MOAX0Ja
O3Ha4aeT CYMMHPOBAHUE OTHACJIbHBIX KOMIIOHEHT B E€IUHYI0 MOJIEb, MpUYEM
KaKJas U3 KOMIIOHEHT peIliaeT CBOM COOCTBEHHBIC 3a/1aud W HW30JUPOBaHA OT
apyrux 4acted wMogenu. IlodTomMy KIIacCMYECKUM TOAXOJ MOXET ObITh
UCIIOJB30BaH [JIs peaiu3allid CPAaBHUTEIIBHO MPOCTBIX MOJIENEd, B KOTOPBIX
BO3MOYKHO pPAa3lE€iI€HUE M B3aUMHO HE3ABUCUMOE PACCMOTPEHUE OTIEIbHBIX
CTOPOH (DYHKIITMOHUPOBAHUS PEATBHOTO OOBEKTA.

OTanyuTenbHbIE CTOPOHBI KJIACCUYECKOTO MOAX0/1a:

— HaOJIIoAaeTCss JBIKEHUE OT YacTHOrO K 0OIIeMy, co3jaaBaeMas MOJCIb
(cucteMa) oOpa3yeTcst MyTeM CYMMHPOBAHUS OTACIBHBIX €€ KOMIIOHEHT,

— HE YYHUTHIBACTCS BOSHUKHOBEHHE HOBOTO CUCTEMHOTO A dekTa.



Cucmemmbiii no0xo0 TpeaArnoaraeT Nocjae10BaTebHbIN Iepexo/] OT 00IIero
K YaCTHOMY, KOTJIa B OCHOBE PACCMOTPEHHS JICKHUT LIeJIb, IPUYEM HCCIETyeMbIi
OOBEKT BBIACTSAETCS U3 OKpYXKaroled cpeabl. B OCHOBE CHCTEMHOTrO MOIX0Aa
JEKUAT PACCMOTPEHHE CHUCTEMBbl KaK WHTETPUPOBAHHOTO IIEJIOTO, MPUYEM HTO
paccMOTpeHHe TpH  pa3paboTKe HauumHAeTcs ¢  (QOPMYJIHMPOBKH  IIEJH
(YHKIIMOHUPOBAHUSI.

IIponecc cuHTe3a momenmn M Ha OCHOBAHMM CHCTEMHOTO IOAXOAA

MpPEe/ICTaBIICH Ha puC. 2.
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Puc. 2. [Iponecc cuHTE3a MOAENN HA OCHOBE CUCTEMHOTO MOAXO0AA

CHauana GOpMYIUPYIOTCS UCXOJHBIC TpeOoBaHUS 1 K MOACIHA CHCTEMBI S
Ha OCHOBE:
— HCXOJHBIX JIaHHBIX /[, KOTOPbIEC U3BECTHBI U3 aHAJIN3a BHEITHEH CUCTEMBI,
— OTpaHWYEHUH, KOTOPHIE HAKIAABIBAIOTCS HA CHCTEMY CBEpXY JTHMOO HCXO.s
U3 BO3MOXKHOCTEH ee peann3alu,
— Ha OCHOBE 11eJI1 (DYHKIITMOHUPOBAHUS.
Ha 6aze stux TpebGoBanuii (HOpMUPYIOTCS OPUEHTUPOBOYHO HEKOTOPHIC
nojicuctemsl /7 1 sneMeHTsl J. 3aTeM OCYLIECTBIsIeTCsl HauOoJee CI0XKHBIN 3Tarl
CHHTE3a — BBIOOp B COCTaBISIIONIMX CHCTEMBI, [JISI YEro WCHOJIb3YIOTCS

crieruanbHble Kputepuu Beibopa KB.



Kanaccupukanus BUA0B MOJETHPOBAHUSA CHCTEM

B ocHOBE MOAENMpPOBAHUS JIGKUT TEOPHS MOAOOUsS, KOTOpas yTBEPKIACT,
4T0 a0COIIOTHOE MOJ00ME MOXKET UMETh MECTO JIMIIb MPU 3aMEHE OJIHOTO 00bEKTa
JIpYruM TOYHO TakuM xe. [Ipu mMopenupoBaHuu aOCOMOTHOE MOA00ME HE MMEET
MECTa U CTpPeMATCs K TOMY, 4TOObI MOJENb JOCTAaTOYHO XOPOIIO OTOoOpakania
UCCIIEYeMYIO CTOPOHY (DYHKIIHOHUPOBAHUS O0BEKTA.

B 3aBucuMoOCTH OT XapakTepa M3y4aeMbIX MPOIIECCOB B CHCTEME BCE BUJIBI
MOJICIMPOBAaHUSI  MOTYT OBITH  pasfefieHbl Ha JIETCPMUHHUPOBAHHbIE U
CTOXaCTHYECKUE, CTATHYCCKHE W TUHAMHUYCCKHE, JUCKPETHBIC, HEMPEPBIBHBIC U

JTMCKPETHO-HENPEphIBHBIE (pUC. 3).
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Puc. 3. Knaccudukanus BUA0B MOJACIUPOBAHUS CUCTEM

Jlemepmunuposannoe moodenuposanue OTOOpaXKaeT IECTCPMHUHHUPOBAHHBIC
MPOIIECChI, T. €. MPOLECChl, B KOTOPBIX MPEAINOJIaraeTcsi OTCYTCTBHUE BCSKUX

CIIy4alHBIX BO3JICUCTBUM.



Cmoxacmuueckoe mooenuposanue 0TOOpakaeT BEPOSATHOCTHBIE MPOLIECCH U
coObITUs. B 3TOM cilydae aHanu3upyeTcs psijJ peain3aluil cliy4ailHOTO Mmpoiiecca,
U OLICHUBAIOTCS CPEHUE XAPAKTEPUCTUKH, T. €. HAOOP OJTHOPOJAHBIX peanu3aliuii.

Cmamuyeckoe mooenuposanue CIyX UT JJI1 ONIMCAHUS [TOBEECHUS 00bEKTa B
KaKo-TnO0 MOMEHT BPEMEHHU.

Jlunamuueckoe moodenuposanue OTpaxkaeT MOBeJIeHHE 00bEKTa BO BPEMEHH.

Jluckpemnoe moodenuposanue CIy)XKUT IJIsl OIMUCAHUS MPOLIECCOB, KOTOPHIE
MPEANnosaraloTcsi AUCKPETHBIMH, COOTBETCTBEHHO HenpepuleHOe MOOeNUpo8aHue
MO3BOJISIET OTPa3UTh HENPEPBIBHBIE TMPOIECChl B CUCTEMax. Jluckpemmo-
HenpepvieHoe MoOenuposanue WCIONb3yeTCsl ISl ClIy4yaeB, Korjga Tpedyercs

BBIACIUTD HATNYHC KaK MUCKPCTHLIX, TAdK U HCIIPCPBIBHLIX IIPOLICCCOB.

B 3aBucumoctu ot (opmbl npeacTaBiIeHUS OOBEKTa (CUCTEMBI) MOMKHO
BBIICJIUTH MBICJICHHOE U PEAIbHOE MOJICIIUPOBAHUE.

[Ipu pearvrom mooderuposanuy UCTIONB3YETCS BOZMOXHOCTh MCCIICAOBAHUS
pPa3TUYHBIX XapaKTEPUCTUK MO0 HA pPeaIbHOM OOBEKTE IEIMKOM, JHOO0 Ha €ro
yacTu. Takue ucciaem0BaHms MOTYT NMMPOBOJUTHCS Kak Ha 00BEKTaX, pabOTAIOIINX B
HOPMAJIHBIX PEKUMAaxX, TaK W TPU OpPraHU3aIMU CHEIUATbHBIX PEXUMOB IS
OIICHKH HHTEPECYIOIUX HMCCIEIOBATENS XapaKTEPUCTHK (TMPU JPYTUX 3HAUCHUIX
MEPEMEHHBIX M TapaMeTpoOB, B JIPYyroM maciiradbe BpeMeHW W T. 1A.). PeambHOe
MOJICIUPOBAHUE ABJISICTCS] HanboJiee aIeKBaTHBIM, HO TIPH 3TOM €ro BO3MOKHOCTHU
C y4eTOM OCOOCHHOCTEH pealbHBIX OOBEKTOB OrpaHUYCHBI. Pa3HOBHIHOCTSIMU
peaIbHOTO MOJICTUPOBAHMS SIBJISIOTCS HATYPHOE U (DU3UIECKOE.

Hamypuvim mooenupoeanuem Ha3bIBAIOT TPOBEACHHUE HCCIEAOBAaHUS Ha
pealbHOM OOBEKTE C MOCJEayIoNe 00paboTKOM pe3ysbTaToB SKCIEPUMEHTA Ha
OCHOBE TEOpUU TOM00MS (HAy4YHBIA ¥ TPOU3BOJCTBEHHBIN OSKCIEPUMEHTHI,
KOMILJIEKCHBIE ucTibITanus). [Ipu dyHKIMOHNpOBaHUM 00BEKTa B COOTBETCTBUU C
TIOCTABJICHHOW IIEJIbI0 YAACTCS BBIIBUTH 3aKOHOMEPHOCTH IIPOTEKAHUS PEaTbHOTO

npoiiecca.



JpyrumM BUIOM PpeaTbHOTO MOJCIUPOBAHUS  SIBIACTCS  (usuyeckoe,
OTIMYAIONIEeCss OT HATypHOTO TEM, 4YTO WCCICIOBAaHUE TMPOBOAMUTCS Ha
YCTaHOBKAX, KOTOPBIC COXPAHSIOT MPHUPOAY SIBICHUNA W 00JamaroT (HU3HUECKUM
nomobuemM. B mporecce (HU3MYIECKOTO MOJETUPOBAHMS 3a7AIOTCA HEKOTOPHIE
XapaKTePUCTUKH BHEIIHEH Cpefpl W HCCICAYEeTCs TMOBEACHHE MO0 pealbHOTO
00BeKTa, JUOO €ro MOJENH MpH 3aJaHHBIX WM CO37aBA€MBIX HCKYCCTBEHHO
BO3JCHUCTBUSX BHEUIHEW cpenibl. PU3NYECKOE MOACTUPOBAHUE MOXKET IMTPOTEKATh 8
peanvHom u HepeanvHom (TICEBAOPEATLHOM) Macuumabax epemeHu, a TaKxKe MOXKET
paccMaTpuBaThCs 0€3 ydeTa BpeMeHH. B mocnenHeM ciydae W3ydeHHIO MMOJIeKaT
TaK Ha3bIBAEMBIC «3aMOPOKCHHBIC» TPOIECChI, KOTOpPhIE (UKCUPYIOTCS B
HEKOTOPbIH MOMEHT BpeMeHH. Haubosbiime CI0KHOCTh W HMHTEPEC C TOYKHU
3pEHHsST BEPHOCTH TONYYaeMBIX PE3yNbTaTOB TPEIACTaBIseT (pu3ndeckoe
MOJICIMPOBAHUE B PEAIbHOM MaciiTabe BpeMEeHH.

Mpbicnennoe modenupoganue 4YacTO SIBISIETCS €IMHCTBEHHBIM CIIOCOOOM
MOJCIUPOBAHUS OOBEKTOB, KOTOPBIE JHOO TPAKTHUYECKH HEpean3yeMbl B
3aJlaHHOM MHTEpBaJie BPEMEHH, TUOO CYIIECTBYIOT BHE YCIOBUM, BOZMOXHBIX JIJIsI
ux ¢uzndeckoro co3mganus. Hampumep, Ha 0a3e MBICIEHHOTO MOCIHPOBAHUS
MOTYT OBITh TMPOAHAIM3UPOBAHBI MHOTHE CUTyalldd MUKPOMHUPA, KOTOpbIE HE
MOAJIAI0TCS (PU3UYECKOMY IKCIIEPUMEHTY. MBICIIEHHOE MOJEIMPOBAHUE MOKET
OBITH peaTM30BaHO B BUJIC HATJISAHOTO, CHMBOJUYECKOTO U MAaTEMAaTUYECKOTO.

IIpu wHacnsonom moldenuposanuu Ha 0aze NPEACTABICHUN dYeEIOBEKA O
peaTbHBIX 00BEKTaX CO3MAFOTCS pPa3UYHBbIC HATJISIHBIC MOJIEIH, OTOOpaXKaOIINe
SIBJICHHSI M TIPOTICCCHI, TPOTEKAIONTUE B 00BEKTE.

Cumsonuueckoe Mmooenuposarue TPEACTABIIET COOOW WCKYCCTBEHHBIN
MPOIIECC CO3JaHMs JIOTHYECKOTO OOBEKTa, KOTOPBHIM 3aMmellaeT peajbHbId U
BBIPQ)KAET OCHOBHBIC CBOWCTBA €ro OTHOIICHUN C TOMOIIBIO OIPEACICHHON
CUCTEMBbI 3HAKOB WUJIU CUMBOJIOB.

[lon  mamemamuueckum  Mmooeruposanuem  TIOHUMAETCS  TPOIIECC
YCTAaHOBJICHHSI COOTBETCTBUS JTAHHOMY pEalbHOMY OOBEKTY HEKOTOPOTO
MaTEeMaTHYECKOTO OOBEKTa, Ha3bIBAEMOIO0 MaTeMaTHYeCKOW MOJENbi0, |
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WCCIICIOBAHUE 3TOM  MOJENMW, IIO3BOJISIIOLIEE IMOJNy4aTh  XapaKTEPUCTUKH
paccMaTpuBaeMoOro pearbHOro 00BEKTA.

PaccmoTpum apyroit cioco0 kjaccuukanmu mMojaesiei, mpeacTaBICHHBIN
B BH/E¢ HENPEePbIBHOIO CHEKTPA, MPOCTUPAIOMIECTOCA OT TOYHBIX MOJEIECH M0

COBEPIIICHHO aOCTPaKTHHIX (puUcC. 4).

Duzudeckue Macwimabupo- AHanozosgkle YrpasneH- ModenupoeaHue Mamemamudyeckue
modenu gaHHLIe Modernu modeny yeckue uapsl Ha 3BM modenu
ToyHocmE AbcmpakmHocme

Puc. 4. Cxema kinaccudpukanuu MOJIEJIEH B BU/I€ HETIPEPHIBHOTO CIIEKTPa

Mogenu, HaxoislMecss B Haydalle CIEKTpa, Ha3bIBAIOT @usuuecKumu WU
HAMypHuiMU, TIOTOMY 4YTO OHU BHEIIIHE HAIIOMHUHAIOT U3y4aeMyI0 CUCTEMY. Takue
MaKeThl BBIMOJHSIOTCS JHOO B HATypaJbHYIO BEJIWYHHY, JHOO SIBJISIOTCS
YMEHBIIIEHHBIMU ~ MOJIENIAIMHM  OOBEKTa B OMNPEACJIICHHOM  Maciitade
(macumabuposanmvie).

AHnanocosbimu MOHEISIMUA  SIBIISIFOTCS  MOJEIH, B KOTOpPBIE CBOMCTBO
peagpHOro  O0OBEKTa  NPEACTABIACTCS  HEKOTOPBIM  JIPYTUM  CBONCTBOM
aHAJIOTMYHOTO TI0 TIOBEJSHUIO 00BEKTAa. 3ajjaya MHOT/IA PEIIaeTCs MyTeM 3aMEHBI
OJIHOTO CBOMCTBA JPYTMM, TMOCJIE€ YEro IMOJYYEHHbIE pEe3yJbTaThl HAMO
HCTOJIKOBBIBaTh NMPHUMEHUTEILHO K HMCXOIHBIM CBOMCTBaM 0OBekTa. PaszmuuHoro
pola CTPYKTYPHBIE CXEMBI SIBJISIFOTCS MOJIE3HBIMU aHAJIOTOBBIMU MOAEIISIMU.

B Tak Ha3wpiBaeMbIX ynpasieHyeckux (ACNOBBIX) uepax  UeJIOBEK
B3aMMOJICUCTBYET ¢ WH(pOpMaImen, MoCTynarmeld ¢ BBIX0JIa BBIYUCIUTEILHON
MallliHbl (KOTOpas MOJEIUPYET BCE Jpyrue CBOMCTBA JCJIOBOM WUIpHI), U
MPUHUMAET pPEIIeHWe Ha OCHOBE MOJy4deHHON uHbopmanmu. PemieHus yenoBeka
3aTe€M CHOBa BBOJSATCS B MAIlIMHY B KaueCTBE BXOJHOW WHOOpMaIMH, KOTOpas
VICIIOJIB3YETCSI CUCTEMOM.

[Ipomomxkass mporecc YyCIOXKHEHUST OOBEKTOB MCCIENOBAHUS JAJbIIIe,

NPUXOAUM K MAUUHHOMY MOOEIUPOBAHUIO.
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K mamemamuyeckum (aHATUTUYECKHUM ), MOJEISM OTHOCSITCS T€, B KOTOPBIX
JUIsL TIPEACTABJICHUS IMpollecca WM CHUCTEMBl HCIOIb3YIOTCSA CHUMBOJIBI, a HE
busnueckue yctpoictBa. OOBIYHBIM MPUMEPOM MPEACTABICHUS CUCTEM B STOM

cllydae MOKHO CUMTaTh CUCTEMBI MU pepeHIINaIbHBIX YpaBHEHUH.
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Jlekuus 2. MeToabl MATEMAaTHYE€CKOT0 MOJAEJIMPOBAHUA

I[lon  mamemamuueckum  mooenuposanuem  TOHUMAETCS  MPOIECC
YCTAHOBJICHUsI COOTBETCTBHUS JAaHHOMY pEaIbHOMY OOBEKTY HEKOTOpPOTO
MaTeMaTUYEeCKOro OOBEKTa, Ha3bIBAEMOI'0 MAaTEMAaTHYSCKOM MOJENbI0, U
HCCIICIOBAHUE OTOM  MOJCIM, TIO3BOJISIONIEE IOJIy4YaTh  XapaKTePUCTHKU
paccMaTprBaeMOro peajbHOTO 00BheKkTa. Buj mMaTeMaTHuecKoil MOJEIu 3aBHUCHUT
KaK OT TPHUPOIBI PeaTbHOTO OOBEKTa, TaK M 3a/1ad HCCIEAOBaHHMS OOBEKTa U
TpeOyeMoil JOCTOBEPHOCTM M TOYHOCTH pelieHus d3Tod 3amaud. JlroOas
MaTeMaTH4ecKash MOJeNib, KaK M BCSAKas Jpyras, ONUCHIBACT pPEAbHbIA OOBEKT
JUIIb C  HEKOTOPOM  CTENEHBIO TNPUOMMKEHUS K  JIEMCTBUTEIBLHOCTH.
MareMaTr4yeckoe MOJACIMPOBAHUE MJISI UCCIEAOBAHMS XapaKTEPUCTUK ITpolecca
(YHKIIMOHUPOBAHUS CUCTEM MOXKHO pa3/ieliuTh Ha  AHAJIUTHUYECKOE U

HUMHUTAlIMOHHOC.

AHAJIUTHYECKHI METO MOIETUPOBAHNS

JUJIsi  aHATUTUYECKOTO MOJECIUPOBAHUS XAPAKTEPHO TO, YTO TIPOIECCHI
(GYHKIIMOHUPOBAHUS DJIEMEHTOB CHCTEMBI 3aIUCBIBAIOTCS B BHJE HEKOTOPHIX
(GyHKIMOHATBHBIX COOTHOIICHUN (anredpandeckux, HHTErpoaudhepeHnuaIbHbIX,
KOHEYHO-PA3HOCTHBIX U T. I1.) UJIHM JIOTHUECKUX YCIOBUMA.

AHamuTHYeCKass MOJCIh MOXET OBITh HCCJICNIOBaHA  CIACAYIOIIUMH
METO/IAMH:

a) aHAIMTHYECKHM, KOTJA CTPEMSTCS TOJyYHTh B OOIIEM BHJIC SBHBIC
3aBUCUMOCTH JIJIS1 HCKOMBIX XapaKTECPUCTHK;

0) YuCICHHBIM, KOTJa, HE yMes pellaTh YpaBHEHUU B OOIIEM BUJE,
CTPEMSTCS TOJYYUTh YHCIOBBIC PE3yNbTaThl TPH KOHKPETHBIX HaYaIbHBIX
JaHHBIX;

B) KQ4eCTBEHHBIM, KOT/Ia, HE UMesl PEIICHUSI B SBHOM BHUJE, MOKHO HAUTH

HEKOTOPbIE CBOICTBA pellieHUs (HallpuMep, OLEHUTh YCTOMYMBOCTh PEILICHU).

BI)I,IICJ'II/IM YCTRIPC ClIy4dasi, Koraa 0OBIYHO HCIIOJB3YCTCA 3TOT MCTO/.
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1. JIns HaxoxAEHUS KaXJ0M HCKOMOW BEIWYUHBI HCIOIB3YETCS, MJIs
ynoOCTBa pPY4YHBIX pacu€TroB, oOTAeNbHAs (opmysa, B OOImEM SBHOM BHIIC
CBS3bIBalOIAsl €€ C MCXOJHBIMU JaHHBIMU, TpudeM ¢GopMylia MOXKET, Kak
CoJlep KaTh JIOTHYECKHE YCIOBHS, TaK U OBITh O€3 HUX.

2. Ilpy KOMIBIOTEPHBIX pacueTax 4acTo yAoOHEe B BBINIEC MPHUBEACHHOM
Cllydyae MCIOJIb30BaTh HEKOTOPYIO COBOKYITHOCTH (OpPMYJI  COJEp Kallux
MPOMEKYTOUHbIE  pe3yJibTaThl.  Mcmosib30BaHMEe  3THUX  JBYX  BAapHUAHTOB
MpEeIoaraeT CyleCTBEHHOE YIPOIICHUE MOJEIEH, YTO MOXXET IPUBECTH K
MOJYYEHUIO PE3YIBTATOB, UMEIOIINX HEYAOBIECTBOPUTEIBHYIO TOUHOCTD.

3. B Tex caywasx, Korma He yaaeTcs pelIuTh ypaBHEHHS B OOIIEM BHIE,
WCTIOJIB3YIOTCA YHUCIICHHBIE METOJbl WX PEIICHHUS, IMO3BOJISIONIAE HCCIEN0BATH
0oJiee MUPOKUIN KJIACC CUCTEM, MOJYYUB YHCIIOBBIC PE3YJbTAThl TP KOHKPETHBIX
HayaJbHBIX JaHHBIX. [IpyM HMCIOJIB30BaHMHM YHCIECHHBIX METOJOB IICIECO0O0Pa3HO
npuMeHenne DBM, B BUYy UX TPYJOEMKOCTH MPU PYUYHBIX pacyeTax

4. TlpoBoauTcsi KayeCTBEHHOE MHCCIECIOBAHHWE, TO3BOJISIONIEE  MpHU
OTCYTCTBUH pelIeHUs B OOIEeM BHAC HaWTH HEKOTOPbIE CBOWCTBA PEIICHUSA,

HarIpuMcEp, OUCHUTD SABJIACTCA JIM PCIICHUC yCTOfI‘IHBBIM.

HNmMuTtanuoHHBbIA METOX MOACJITUPOBAHUS

AJITOpUTM, peATU3YIOMINNA UMHUTAIUOHHYKD MOJI€NIb, BOCIPOU3BOIUT
nporiecc (QYHKIIMOHUPOBAHUS pEaTbHOM MOACIM BO BpPEMEHH, HMHUTHPYS
AJIEMEHTAPHBIE SIBJICHUS, COCTABIISIIOIINE MPOLIECC, C COXPAHEHUEM UX JIOTHYECKOU
CTPYKTYPBI M MOCJIEAOBATEIBLHOCTA MPOTEKAHUS BO BPEMEHU. DTO MO3BOJISIET 1O
VMCXOJHBIM JIAHHBIM ITOJYYUTh CBEIACHHS O COCTOSIHUM MPOLIECCA B ONPEAECIECHHbIE
MOMEHTBI BPEMEHH, JTAIOIINE BO3MOXXHOCTh OIIEHKH XapaKTePUCTUK (ITOKa3aTelei)
PEATBHOM CUCTEMBI.

[IpencraBum MMUTAIHOHHYIO MOJICIb B BUJIC HEKOTOpPOTO

anropuTMudeckoro mpeobpasoBanus A, £ BekTOpa BXOJHBIX ITApaMETPOB

X = (X, ..., Xn ) B BEKTOp BBIXOAHBIX mapameTpoB Y = (Yi, ..., Ym):

Y= A, &, (1)
12



rne £=€,¢&,,...,& — BEKTOp, XapaKTepHU3YIOUIMi «CIydaiiHble BO3ICHCTBHS»
BHEIIHEW CPEJIbI.

®opmyiy (1) MOKHO HHTEPIIPETUPOBATH B BUJIE CXEMBI, IPEACTABICHHON Ha

puc. 5.
Bekmop & cnyvaiHbix eozdelicmeut
eHelHel cpeds!
Bexmop Xy ——————m V1 Bexmop
K=(xy, %) Xz > A(x o ) Y2 Y = (Y1, Yo, -, Yu)
I
8xX00HbIX .. EbIXO0HbIX
napamempos Xy 7 Vg napamempos

Puc. 5. ®opmanbHOE TIpeICTaBIEHUE UMUTAIMOHHON MOJIEITN

OcCHOBHBIE KJIacChl 3aJiay, KOTOpPbIC CTaBATCA TEpe]l HMHTAIMOHHOW
MOJICTIBIO:

1. Cmamucmuueckas oyenka 6bIXOOHbIX NAPAMEMPOs8  (ONepPayuUOHHbIX
Xapaxmepucmuk) mooeiu ¢ 3a0aHHOU Cmenenvio mouHocmu u Haoedxchocmu. K
TaKMM XapaKTEPUCTHUKAM MOXHO OTHECTH OIICHKY BEpPOSTHOCTCH COCTOSHHUMN
CUCTEMBI, CPEIHIOI JUIMHY OYepeI, CPEeIAHEee BpeMs OOCTY)KUBaHUS 3asBKH,
CpellHee BpeMs MPOCTOs KaHajia OOCIyKUBaHHS | T.J. B 3TOM ciydae HE0OX0uMO

BBIYHCIIATb OYEHKU Xapaxkmepucmuk (cmamucmuku). I[&HH&)I 3aJada 3aKJIII4acTCsa

B OIIPECIICHUN 3HAYCHUH oyernok Y BeKTopa Y BBIXOJIHBIX MapaMETPOB:

Y=6€. Y, Y, 2)

K »sromy xe Kiaccy 3agad OTHOCITCS 3aJaud  OLUEHKU paclpeeleHUs
BEPOSTHOCTEH YKa3aHHBIX BBIXOJIHBIX MTapaMeTPOB MOJIEIH.

2. Onpedenerue u UCCIEO08AHUE 3ABUCUMOCTMU MENHCOY BEKMOPOM BXOOHLIX

napamempos Mooeau U  BeKMOPOM  BbIXOOHLIX NAPAMEmMpPOs, d MAaAKiCe

CMamucmu4eckou 3HaAYUMOCMuU 2mMou 3asucumocmu. ITa 3ajadya peIIaeTca C

IIOMOIIBI0 METOAOB perpeccuoHHoro ananmuza. C mosunuii (HopMaIn30BaHHOTO
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NpEJCTaBICHUS O5Ta 3ajaya 3aKIlo4aeTcs B HAaXOXICHUH (PYHKIMOHAIBHOU
3aBUCHMOCTH:
Y = AX). (3)
3. Ilouck onmumanbHuIX 3HAYEHUl BLIXOOHLIX NApPaAMempos8 Mooenu Ha
HEKOMOopoM OONYCMUMOM MHOICECMBE 3HAYCHUL 6XOOHbIX NApaAMempos MoOelu.
Oro Haubojee ClOXKHasg 3ajJada CHHTE3a CHUCTEMBI, KOTOpas HOCHUT
ONTUMHU3ALUMOHHBIN XapakTep. PopmMaabHO B 3TOW 3aJa4€ HYKHO HAUTU TaKHE
3HAYEHUsI NTapaMEeTPOB X CUCTEMBI, KOTOPbIE ONTUMU3UPYIOT 33JIaHHBIA KpUTEpU
kauyecTBa F(X) paboThI CHCTEMBI:

F & > extremum
XeB

rac B — ob6macTh AOITYCTUMBIX 3HAYCHUH [mapaMcTpOB X CHUCTEMEL.

(4)

OcHOBHBIE CBOMCTBA MMHUTAIIMOHHOT0 MO/IeJIMPOBAHNS

1. Uucnennsli Meroa pemieHus 3anad. MMuUTalMOHHOE MOJCIUPOBAHUE
UCIIOJIb3YETCSl, KOTJJa HET aHAIUTUYECKUX CIIOCOOOB MCCIIEI0BAHUS 3TOM MOJIEIH.

2. IMuTaninoHHOE MOJIETUPOBAHUE SABIISIETCS] SKCIIEPUMEHTOM.

3. IMUTaniMOHHOE MOJENIMPOBAHWE TIO3BOJIIET HCCIEAOBAaTh TOBEICHUE
MOJIEJIH, KaK B OINpe/eIeHHbIE MOMEHThI BpEMEHH (CTaTUuecKas UMUTAIUs), TaK U
B TEUEHHE NPOJOJLKUTEIIBHBIX TEPUOJAO0B BPEMEHH (TMHAMUYECKAs] UMUTALINS).

4. IMuTalluoHHOE MOJEIUPOBaHUE U TPOTPaMMHOE peaiu3alus dSTOTo
MOJICIIMPOBAHUS SIBJIIETCS HE PA3CIIUMbIMU.

5. mMuTanimoHHO€ MOJIETUPOBAHWE B OOJBIIMHCTBE CIydyaeB SBISETCS

CTOXaCTHYCCKHUM.

Metox MonTe-KapJjio kak 0CHOBA HMUTALIMOHHOT0 MOAEJIUPOBAHUA
B ocHoBe ucciienoBaHusi CTOXaCTUYECKUX MPOIIECCOB JISKUT MeTod MoHTe-
Kapno, «xoropeii omnpenensiercas  Kak  «YHUCIEHHBIA  METOJ  PEIICHUsA

MAaTCMaTUYCCKUX 3a41a4 IIPpU IMIOMOIIH cnyqaﬁHbe BCIIMYHH).

14



Ilpumep mooenuposanus memooom Monme-Kapno: oqHUM U3 CaMbIX IPOCTBIX H
MOHATHBIX NMPUMEHEHUN MeTtona MoHte-Kapno SABiIIeTCS BBIYMCICHHE IUIOLIAIN
HEKOTOPOW MPOM3BOJIBHON (UIYpbl Ha IJIOCKOCTH. ODTO MOXKET OBITh COBCEM
POU3BOJIbHAS (UTYpa C KPUBOJIMHEHHONW TpaHUIICH, 3adaHHas TpaduuecKu WIn
AHAJIMTHYECKH.

Hanpumep, HeoOxogumo c¢ mnomompbio Mmetoga Monrte-Kapio oueHutsb
IUIOIIAAbh TUIOCKOW (urypbl, smmrca S (puc. 6). s mpuMeHeHUs MeTojaa

OIIMIIICM BOKPYT 3JIJIMIICA S C,Z[PIHI/I‘{Hblﬁ KBaJpar.

$ - McKkoMag nnowade annunca

0 1

Puc. 6. Pemenue 3anaun orieHku miomaan Gurypsl merogomM Monte-Kapiio

Wnest oueHKH MCTUHHOTO 3HAYEHUS IUIOLIAH, 3aKII0YaeTCs B CIEIYIOIIEM.
[Ipennonoxxkum, YTO KaKUM-JIMOO CHOCOOOM MBI PaBHOMEPHO «pa30pocaim
BHYTpH eIMHUYHOTO KBaapara N ciayyailinbix Todek. O6o3Haunm yepe3 N’ yucio
TOUYEK, IOMAaBIIMX BHYTPh W Ha rpanHuny obsactu S. Torma reoMmerpuuecku

OUYEBMJIHO, YTO OyeHKa S’ UCTUHHOM Iiomaau S npubmmxkenHo pasHa S” = N7/ N.

OcoOennoctu metoaa Mounre-KapJio

e [lpocras cTpykTypa BBIYHCIMTEIBHOIO alroputma. B paccmarpuBacMoM
IIpUMepe II0 CYIIECTBY IPOBOAWIICSA BBIYMCIUTEIBHBIM JKCIIEPUMEHT 110
«OpOoCaHuIO CIy4alHBIM O00pa3oM TOYKW» B €IWHUYHBIN KBagpar. Takoi

9KCIICPUMCHT UMCECT JIBa HUCXOOa: TOYKa 0o IIo1aja, anbo He momaja B 00JacTh
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S. Ilostomy mHoraa meto MouTe-Kapiio Ha3bIBalOT MemooomM cmamucmuiecKux
ucnoimanuu. KOHEYHO, HEOOXOAMMO BBIYHMCIATH KOOPAWHATHI PABHOMEPHO
pacrpeiefieHHbIX TOYEK, MOCKOJbKY OT KauyecTBa 3TOr0 paclpe/eieHUs] 3aBUCUT
TOYHOCTbH JAHHOTO METOJ1a OLICHKHU IIOLIAIH.

e [lpu yBenuueHun urcina onbITOB N ommOKa OleHKH MIOMAAN YMEHbIIIAETCA.
Orta ommbKa, Kak MpaBWUiio, MPOMOpHIUOHaNbHAa +D/N, tame D — HexoTopas
noctosiHHas, a N — uucno wucnbiTanuii. COrjaacHO COOTHOIICHHIO, YTOOBI

YMEHBIINUTH OmMUOKY B 10 pa3, HyHO yBeIM4IUTh 00beM BerunciieHuit N B 100 pas.

TunuuHass OTHOCUTENbHAA TOYHOCTb, JocTUraemas MetoaoM Monte-Kapio,
coctaBisieT 5-10%. OnHako oAHY M Ty K€ 3aJjadyy MOKHO peliaTh Pa3IMYHbIMU
BapuaHTamu metoaa Moute-Kapiio, KOTOpbIM OTBEUAIOT paszinuHble 3HaueHust D
(mpy  MOMOIIM  MOJEIUPOBAHMS  CIy4YalHBIX BEJIMYMH C  Pa3IMYHBIMU
pacnpenenenusmu). Kak mnpaBmiio, moctosHHas D paBHa Tak Ha3bIBaeMOM
6b100pOUHOU Oucnepcuy OLCHKU. B HEKOTOPBIX 3a/1auyax Mpu OJUHAKOBOM OOBEME
WCIIBITAHUA YJAeTCs 3HAYUTEJIBbHO YBEIWYHUTHh TOYHOCTH, BHIOpAB CHEIUAJIbHBIN

croco0 pacuera, KOTOPOMY COOTBETCTBYET 3HAUMTEILHO MEHbIIee 3HaueHue D.

JTanbl MOIETUPOBAHUS

B npornecce pa3paboTku MOJEIM MOXHO YCIOBHO BBIJICIUTH TaKUE JTallbl
ONMCAHUS, KaK KOHUENTYAJIbHbINA, MAaTEMATUYECKUN U ITpOrpamMMHbIi. Kpome Toro,
KpOM€ COOCTBEHHO Ppa3pa0OTKH MOJCIH HEOOXOJMMO BBIIIOJIHUTH €IIE PsI
NelcTBUl, 0€3 KOTOPBIX MOJICTMPOBAHUE HE MOXKET MPUBECTH K TpeOyeMomy
pesynbrary. PekomeHmyeMblii TOpsAIOK pabOT B paMKaxX CTaTUCTUYECKOTO
MOJICTTUPOBAHUS

1) co3manuwe koHIENTyalibHON Monenu. KoHuenTyaibHass MoJ€lb — 3TO
abCTpakTHasT MOJeNb, OMPEIENSIoONas COCTaB W CTPYKTYpY HCCIEIyeMOi
CHUCTEMbI, CBOMCTBa JJEMEHTOB M CBsizel. CTpoUTCS OOBIYHO B CIIOBECHO-
rpaduueckoii popme;

2) MOATrOTOBKA MUCXOJIHBIX TAHHBIX. DTOT ATAl BKJIOYAET B CeO04 :
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e cOop (akTuyeckux MaHHBIX (WM3MEpPEHUs, aHaIW3 JOKYMEHTOB, METOJ]

AKCHEPTHBIX OIEHOK);

® [OA00p 3aKOHOB pacHpeieNieHUs CIy4YalHbIX BEIWYUH (MO0 YMCIECHHBIM
3HAYEHUSIM IMapaMeTpa CTPOUTCA TMCTOTpaMma pACHpEIESICHUs], 3aTEM OHa
aIMpOKCUMUPYETCS KPUBOW, IMOTOM 3Ta KpHUBas CPABHUBAETCS C KPUBBIMU

IUIOTHOCTH  PACHpENECHUs  Pa3IMYHbIX  TEOPETHUUYECKUX  3aKOHOB,

BBIOMpaeTCs HauboJee MOAXOAIIMN U3 HUX U TPOBOAUTCS OIEHKA CTENEHU

COBIIAJICHUS SMIIUPUUYECKOTO U TEOPETUUECKOTO PaCIPEACIICHUS).

B ciyyae HeoOXoAMMOCTM Ha STOM JTale BO3MOXHBI ANMMPOKCUMAIIMS
(GYHKIUH, OMUCHIBAIOIIUX CBSI3U MEXKIY JIEMEHTAMH U BBIJIBUKEHUE TUIIOTE3 IO
3HAYEHHIO HOBBIX 3JIEMEHTOB WJIM aPaMETPOB;

3) pa3pabotka wmatematudeckoil Mozenu. Co3gaHue MaTeMaTH4YeCKOM
MOJIEIM TIpECieAyeT JIBE€ OCHOBHBIE IENU: JaTh (OpPMAIU30BAaHHOE OMHCAHUE
CTPYKTYpbl U mporecca (DyHKIIMOHUPOBAHUS CHUCTEMbI JUISI OJIHO3HAYHOCTH UX
MOHUMAHUS; TIOMbBITAThCA TMPEACTABUTHh Tpoliecc (YHKIMOHUPOBAHHUS B BHUJIE,
JIOMYCKAIOIIEM aHAJIUTUYECKOE UCCIeOBaHUE CHUCTeMbl. Pa3paboTka enuHOu
METOJIMKH CO3JaHHSI MATEMATHUYECKUX MOJEJIEN HE MPEACTABIIETCS BO3MOXKHOM;

4) BeIOOp MeTO 12 MOJieTupoBanus. PazpaboTanHas MmaTeMaTuueckas MoJIelb
MOKET OBITh HCCIIEIOBAaHA AHATUTHYECKH M CTATUCTUYECKH.

5) BBIOOp CpENCTB MOJCIUPOBaHUSA. PeKoMeHIyeTcs  ciemyromas
MOCJIeI0BaTEILHOCTh BEIOOpA:

® [IPUMEHUTH TOTOBBIC CIICLIUAJIBHBIE IPOTPAMMBI, 3]IECh - HX OCBOECHUE,

MOJATOTOBKA JAHHBIX, aHAIIU3 PE3YyJIbTAaTOB. DTU CPENCTBA JOJDKHBI OBITh

KOPPEKTHBIMH.

ABnsiercs rpy6eiimiei omuOKol KEPTBOBATh aJCKBATHOCTHIO MOJEIH C IEJBIO
MIPUMEHEHUSI TOTO WJIM WHOTO CPEICTBA MOJECIMPOBaHUA. ECIM rOTOBBIX CPEACTB
HET, TO

® MPUMEHHTH CPEACTBA XOPOIIO 3apEKOMEHOBABIIMX ce0s TMaKeTOB

MporpamMM, JIy4lll€ - OPUEHTUPOBAHHBIX HA MOJEIMpoBaHue. B naHHOM
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cllydae TPUAETCS HU3ydaTb BO3MOXKHOCTH M TOPSAIAOK pabOThl, TOTOBUTH

JaHHBIE B CHICIIU(PUUECKOM BUJIC;

e pa3palaThiBaTh CBOE NPOrPAMMHOE CPEACTBO, UCIOJIB3YS T€ WM HHBIC

Cpeabl IPOTPaMMUPOBAHUS.

6) TmpoBepka aJEKBaTHOCTH M KOppekTupoBka wmozenu. [IpoBepka
aJICKBaTHOCTU MOJIEJIM HEO0XOoJuMa, TaK KakK [0 HEBEPHBIM pE3yJbTaTam
MOJICJIMPOBAaHUSI MOTYT OBITh NMPHUHATHI HEBepHbIe pemeHus. [IpoBepka Moxker
IIPOU3BOJUTHCS IIyTEM CPAaBHEHUS IIOKA3aTENCH, ITOJIYYECHHBIX Ha MOJEIH, C
pealbHBIMHU, a TaKXe IYTeM OJKCHEPTHOro aHanu3a. Eciu 1mo pesyiapraram
IIPOBEPKH AJEKBATHOCTU BBIABILIIOTCA HEIOIMYCTUMBIE PACXOXKICHUS MEXKIY
CUCTEMOH U €€ MOJIETIbIO, B MOJIENIb BHOCST HEOOXOAUMbIE U3MEHEHMS,;

7) TpoBeACHUE OSKCIEPUMEHTOB C MOJICNIbI0. OJTOT ATam CBsI3aH C
BBINIOJIHEHUEM TMPEABIAYIIETr0 3Tana, a TAKXKEe C ONpelesieHueM HeoOXOIUMOMn
TOYHOCTH M, KaK CJIEICTBHUE, YHCIA POTOHOB NporpaMMel Mozenu. Kpome Toro,
PEKOMEHAYETCSl HE BKJIKOYATh B CTATUCTUKY PE3yJIbTAThl Hadajla MOJAEIUPOBAHUSA,
II0Ka MOJEIb HE BOWJET B CTALUMOHAPHBIM pEXKUM. Takke 3TOT 3Tall CBSI3aH C
MOJIYYCeHUEM CTATUCTUYECKUX OIEHOK (PYHKIIMOHUPOBAHUS CUCTEMBI B PE3yJIbTaTe
BBITIOJIHEHUS TMPOrpaMMbl Mozenn Ha OBM; aHanu3oM H HCIOJIb30BaHUEM
pE3yNbTATOB MOJAEIMPOBAHUA. IDTO LEIUKOM 3aBHCHT OT TOrO, ¢ KaKOW LENBIO

IMPOBOJNIIOCH MOJCIINPOBAHUC.
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Jleknust 3. AHaTUTHYeCKOEe H MMUTALIMOHHOE MO/IeJIUPOBAHNE CHCTEM
MaccoOBOro 00CITy:KUBAHUS
AHanu3  OOJBIIOrO YUCIA TEXHUYECKMX CHCTEM U IPOIIECCOB,
NPOUCXOSIINX B HHUX, MOKA3bIBAET, YTO OOJBIIMHCTBO W3 HUX MOXET OBITh

MIPECTABIICHO B BUJIC MOOeell MACCO8020 0OCIYHCUBAHUSL.

OcHOBHBIE 3JIEMEHTBI CHCTEM MACCOBOT0 00C/IY:KUBAHMS
Cxemarnuecku cuctema maccoBoro oOcmykuBaHusi (CMO) MoxeT ObITh

Ipe/ICTaBIIeHA B BUJIE, M300pakEHHOM Ha puc. 2.1.

Momok
KHEMepnenuaslx»
38RAE0K
fucyunnuHa 4
BxodHoi obcnyxueaHus > +1 I
1
MOMOK 38A80K i BoixodHod
—| 4-2 —
1 5 2 |—> | rMomok
1
! ; \ 0OCyHeHHLIX
1 1
1
Hemoyruk ' bygpep i | o 4n H& 38A60K
1
3an80K i I ! |
. ; ! i
14 = :\. >\
! 1 1
i
MMomok omkazoe Ouepeds | ! Kanans! \
| | 1
i Ha m mecm | : obcnyxusaHus '

Puc. 7. O6001menHas CTpyKTypHasi cxeMa ogH0(ha3HOM CUCTEMBI MaCCOBOTO

00CITyKUBaHUS

CMO pabotaer cunenytomum obpazom. U3 ucmounuxa 1 3asBku (Wnu
TpebOBaHMsI) TOCTynaroT B Oydep 2, KOTOPBI MOXKET HMETh OTPaHUYCHHOE
KOJMYECTBO MecCT okumanust M. Ecimu Bce mecta B Oyghepe 3aHATHI, TO 3aIBKU
MOJTy4aroT OTKAa3 U MOKUIAIOT CUCTEMY, OPTaHU3Ysl nomok omkasos. Ecinu Bpems
oxuganus B Oydepe NPEBBIMIACT 3aJ[aHHYI0 BEJIMYHUHY, TO 3asSBKH TaKkKe
MOKUIAIOT cucTeMy U3 Oydepa, opraHusys nomox «Hemepneausvixy 3as8ok. 13
oueper 3asgBKA BBIOMPAIOTCA B COOTBETCTBHM C HEKOTOPHIM TPABHUIIOM,

Ha3bIBAEMBIM OUCYUNIUHOU 0OCTyHcusanus (HalpuMep, «HIEpBbIM IPUILET —
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MEPBBIM  OOCITY)XK€H») ¥ TMIOCTYMAalOT HAa OJAWH W3 N CBOOOIHBIX KAHANO8
oocayacusanus. OOCITYKEHHBIE 3aBKH 00Pa3YIOT 8bIX0OHOU NOMOK.
Temeps Oonee mompoOHO OCTaHOBHMCS Ha (OPMaIbHOM MPEACTABICHUH

BCCX 2JICMCHTOB CUCTCMbBI MaCCOBOI'O O6CJ'Iy)KI/IBaHI/I$I.

ITapameTpbl cucTEM MaccOBOro 00CTy:KUBAHUS
Kaxnas cucrema maccoBOoro oOCIIyKHBaHMs, KPOME CBOEH CTPYKTYpbI
XapaKTEepU3yeTCs YHUCICHHBIMM 3HAUYEHUSMHU ONPEEIIEHHBIX BEJIMYMH, KOTOPbIE
Ha3bIBAIOTCS NapaMeTpaMH CHCTEMbl. JTO BHYTPEHHHE IapaMeTpbl CUCTEMBI U
OHM, KakK IIpaBUJIO, SBISIOTCS  HCXOJHBIMU  XapaKTEpUCTUKAMHU  IIPU
MOJICJIMPOBAHUMU.
K ocnoBHBIM nmapamerpam CMO OTHOCATCSA Cleayromue:
® BXOJSIIMHI NOTOK TpeOOBaHUM (WIIH 3asIBOK);
® YHCJIO KAHAJIOB;
® JUCIUIUIMHA OOCTY>KUBAHUS,
e BpeMs OOCTYKMBAHUS 3a9BKU KaHAJIOM OOCTY>KUBaHUS;

® BBHIXOJISAIINKI TTOTOK TpeOOBaHUIA.

Bxooawuit (unu 6xo0noit) nomok mpedoosanuil

Bxoasmumii motok mpeacTtaBisieT coO0N COBOKYMHOCTh TpeOoBaHUMN (WM
3a5BOK, KJIHMEHTOB), KOTOpbIE TMOCTYMAalOT B CUCTEMY M HYXKJIAIOTCI B
oOcnykuBanuu. Camo TpeOOBaHME paccCMaTpHBAeTCs Kak 3ampoc  Ha
YIOBJIETBOPEHUE KaKoH-1100 MOTPEOHOCTH. OO6bI4HO TpeboBaHue
OTOXKJIECTBIISIETCS. ¢ €ro Hocutenem. [lpuMepamu BXOASIIMX TOTOKOB CITyXKarT:
MOTOK 3aJlaHU#, MOCTYIMAIOIIMX Ha CEPBEP B CETU KOJUIEKTUBHOTO MOJIb30BAHMS,
MOTOK KJIMEHTOB, MPUXOIAINIMX B MAPUKMaXEPCKYI0; OOJBHBIX, MOCTYIAIOIIUX B
OONBHUILY, TTOMUKINHUKY; TPUXOSIINE B TIOPT Cy/a U T.1I.

BxoaHoli MOTOK MOXET OBITh JETEPMUHUPOBAHHBIM (PETYISIPHBIM) WIIH

CIIy4alHBIM.
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PerynsapHbiii mOTOK TpencTaBiseT cO0OM TOCIEIOBATEIHHOCTh COOBITHIA,

pa3lIeeHHBIX CTPOr0 OJAMHAKOBBIMU MHTEPBAJIaMH BpEMEHH (puc. 2.2):

coObITHe 1 coOBITHE I
t1 / iz t tr'+1/
{ A L o o L A o
0 THT T‘E }T BpeMd, t
T T

Puc. 8. PerynsipHblil BXOJHOW MOTOK 3asIBOK

O4eBUIHO, YTO AJIS1 PETYISIPHOTO MOTOKAa MAaTEMATUYECKOE 0KUIAHUE PABHO
UHTEpBANY 7, a IUCIIEPCUs — HYJIIO.

Teopuss CMO 0CHOBHOE BHUMaHUE YAEISAET CIIy4alHbIM BXOJHBIM IOTOKAM,
IOCKOJIBKY HMMEHHO (DaKTOp CIy4alHOCTH SIBJISIETCSA TUIUYHBIM OTPakKEHUEM
JNEUCTBUTEIBHBIX  YCIOBHM (yHKIMOHUPOBAHUS CUCTEM MaccoBOTO
00CITy>KUBaHUS.

JIist popManbHOTO OMpENEeHHs CIIyYaitHOTO BXOJHOTO TOTOKAa 00paTUuMCs

K puc. 9.
(£] tz L Ti1
| N 1 . o _
T el F L=
T
0 0 Bpems, ¢

Puc. 9. CnyuaitHblil BXOJHOM MOTOK 3asIBOK

[Tycte B cucTeMy MaccoBOro OOCITY)KMBaHHWSI 3asBKH TOCTYIAIOT Yepes3
clly4daifHble MHTEpPBaIbI BpeMeHu 7, | = 1, 2, ... . Torma MOMEHTBI MOCTYIUICHUS {y
KaX10# K-t 3asiBKM OnpeaesisiioTes o hopmysie:

K
t, = Zri 1)
i1

O003HaUMM Yepe3 7 MPOMEXKYTOK BPEMEHU MEXKIy MOCTYIUICHUSAMHU I-M H

(i + 1)-M coObITHEM:



i =t,-1 (2)

Ecim wnTepBaner 7 (I = 1, 2, ...) HE3aBUCUMBI MEXIy COOOW, TO B ITOM
clly4ae MOTOK COOBITUN HA3BIBAECTCS NOMOKOM C OZPAHUYEHHBIM NOCIE0etuCmeuem
Wi nomokom llanvma.

[ToTok COOBITHII Ha3bIBACTCS OPOUHAPHBIM, €CIIH BEPOATHOCTH Psi(t, At)
TOTO, YTO HA MaJIblii MPOMEXYyTOK BpemeHu At (puc. 2.4), NpUMBIKAOMMA K
MOMEHTY BpeMeHH t, momanet OOoJbIIe OJJHOTO COOBITHS, MPEHEOPEKUMO Maja 1o
CpaBHEHHIO ¢ BeposTHOCThIO Pi(t, At) TOro, 4to Ha TOT kK€ MHTEPBAJ BPEMEHU

momnaacT poBHO OAHO COOBITHE:

P1(t, At) > P.4(t, At). (3)

CmayuonapHolmM NOMOKOM CcOObImuli HA3BIBAETCS TOTOK, IS KOTOPOTO
BEPOSTHOCTH MOSIBJICHUSI TOTO WJIU JIPYTOTo YKciia COOBITUN HAa Y4aCTKE BPEMEHU T
3aBUCUT JIMIIb OT JUIMHBI 3TON0 y4aCcTKa M HE 3aBUCUT OT TOrO, II€ Ha OCHU
BPEMEHH B3ST 3TOT y4aCTOK.

OueBUIHO, pETYJSPHBIA TOTOK C OJWMHAKOBBIMM HHTEPBAIAMU MEXKITY
COOBITHSIMH, a Takxke TmoTok [lalbmMa ¢ OJMHAKOBO pacmpeeeHHBIMU
WHTEpBaJIaMH BPEMEHH 7j PEJCTABIISIOT COOOM CTAallMOHAPHBIE TTOTOKH.

Turm BXOAHOTO IMOTOKA OMNPENEIISIETCA BUIOM PACHPEACICHUS CIy4YanHBIX
uHTepBaIOB 7. CiydailHble HWHTEPBAJbl BPEMEHU 7; MEXKAY HACTYIUICHUSIMU
COOBITUI B MOTOKE MOTYT MOJYUHATHCA PA3IUYHBIM 3aKOHAM pacHpeaesICHUS,
HafpuMmep, PaBHOMEPHOMY WM HOpMalIbHOMY. OJHAKO B MOJABJISIOUIEM
OOJBITMHCTBE padOT MO TEOPHH MACCOBOTO OOCTY>KMBAHHS pacCMaTpPUBACTCA, Kak
MIPABUIIO, NYACCOHOBCKULL (NpoCcmeliuiuLl) NOMoK.

Pacripenenenne IlyaccoHa wumeer BaXXKHOE CBOMCTBO, KOTOPOE WIPaET
OTPOMHYK) pPOJIb B HMHUTAallMOHHOM MOJICIMPOBAHUU: BCSIKUM pa3, Koraa
KOJIMYECTBO  TOCTYIUICHUW  TpeOOBaHUW B  CHUCTEMY  XapaKTepHU3yeTcs

IIyaCCOHOBCKNM pacupeaciiICHUCM, TO HHTCPBAJIbI BPCMCHH MCIKIY
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MOCJIEI0BATEIbHBIMU NOCTYIJIEHUSIMU TpeOoBaHMIA pacrpeneneHbl
HKCMOHEHIIUATIBHO, U HA00O0POT.

Ba)xHON XapaKTEPUCTHKOMN MOTOKA SIBISIETCS €r0 UHMEHCUBHOCMb, KOTOpast
OTIpE/IETSAETCS KaKk MaTeMaTHUeCKOoe 0XKHMIaHUE YKciia TpeOOBaHU, OCTYMAIOIINX
B €JJUHUILY BPEMEHH.

Bo MHoOrmx mnpakTHueckux 3adadax (U3MUECKHE YCIOBUS IOSBICHUS
TpeOOBaHUI TaKOBBI, YTO MPEAINOJIOXKEHUS 00 MX OPAMHAPHOCTU U OTCYTCTBUU
IIOCJICICHCTBASL  BIIOJHE IpUeMIEMBl. B TO ke BpemMsa MNpeanoyIokKEHUE
CTal[MOHAPHOCTH BHYIIAET OOJIbIINE COMHEHHUS, & MHOTJA 3aBEJAOMO OIIMOOYHO.
Takue NOTOKM Ha3bIBAKOTCS HECMAYUOHAPHBIMY TIPOCTEUIIMMHU TOTOKAMH.

JInsi TIOTOKOB 3TOTO THIIA BEPOSTHOCTH MOSIBIICHUs K TpeOoBaHUIT 3a Bpemsl
At 3aBUCUT HE TOJBKO OT BEeIW4MHBI A, HO U OT MOMEHTa ty, KOTOPHBIN SABIAETCA
HavajmoM »Toro mpomexyTtka. Ha puc. 10 mano rpaduyeckoe mpeacTaBiIeHHE
UHTEHCUBHOCTH A JUI CTAIIMOHAPHOTO M HECTAIIMOHAPHOTO TIOTOKOB.

[IpumMepoM HeCTaMOHAPHOIO MOTOKAa MOXET ObITh MOTOK MAcCaXXUpOB B
MeTpo. 34€Ch U3MEHEHHE MHTEHCUBHOCTH IOTOKA CBSI3aHO CO BPEMEHEM CYTOK,

HaIlpyuMep YTPEHHUE U BEUEPHUE YaAChI «ITUK.

HHTeHCHUBHOCTE, A(f)

A=const

N
N —

2(6)

Bpems npouecca, t

Puc. 10. InTeHCHBHOCTH A CTAIIMOHAPHOTO W HECTAIIMOHAPHOTO ITOTOKOB

TpeOOBaHUIMA
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[Ipaktrueckue 3agaun aHanuza CMO 1npu HeCTallMOHApPHBIX BXOJHBIX
NOTOKaX MOKHO pelaTh, Kak NPaBWIO, TOJBKO € MOMOIIBIO HUMHUTALHOHHOTO

MOACIUPOBAHUA.

Pasznosuonocmu  exoosiueco nomoka. Buag uW  mapaMerpbl  3aKoHa
pacrmpesiefieHdss BXOJSIIEr0 IOTOKA OMNpeNeNsieTcs XapakTepoMm (U3HYEeCKUX
MIPOIIECCOB, MPOTEKAIOIINX B MOJACIUPYyeMOM 00bekTe. OCHOBBIBAsICh HA TIPAKTUKE
UMUTALMOHHOTO MOJICIMPOBAHUS, CUYUTAETCS, 4YTO JUIsl MOJEJed JOCTaTOYHO
WCITOJIB30BATh CIICAYIONINE PACTIPEISICHIS BXOISAIIETO MOTOKA!

® TI0KAa3aTeNbHOE;

e pacrpezaencHue Jpianra K-ro mopska;

e pacnpeneneHue Penes;

® HOPMAaJILHOE PACIIpPEICIICHNCE;

® paBHOMEpPHOE pacipe/ecHre Ha uaTepBaie [a,b].

Bxoasmue mNOTOKH, OMUCHIBAEMbIC TEPECUMCICHHBIMH PACIPEACIICHUSIMH,
JIOJDKHBI  OBITh PACHIMPEHBl BKIIOYEHHUEM BXOJSIIETO IMOTOKAa C TPYMNIOBBIM
MOCTYIIJICHUEM 3asBOK. B TocienHeM cirydae MpearnojaracTcs, 4To 3asBKH MOTYT
MOCTYIAaTh TPyNIaMHu, MPUYEM MPOMEKYTOK BPEMEHH MEXAY MOCTYIICHUSIMU
TPpyNIn  3asBOK MPEJCTaBIseT COOOW CIydaliHyl0 BEJIMYMHY C OJHUM W3
MIEPEUYNCIICHHBIX BBIIIEC 3aKOHOB pacrpeaeneHus. Uncio 3asBOK B TPYIIIE TaKKe
SBJISICTCS CyYaliHOM BEJIIMUMHOM CO CBOMM 3aKOHOM pacrlpejefieHus] OOBIYHO M3

TOTO e Habopa.

Yucno kananoe odcnysicueanus

Yucno KaHamoB  OOCITY)KHMBAaHMSI  SIBJISIETCS OJHOM U3  OCHOBHBIX
xapaktepuctuk CMO. Kananom o00ciy>KMBaHUSI Ha3bIBa€TCS BCA COBOKYMHOCTH
TEXHUYECKUX YCTPOMCTB, 00ECIEUUBAIOMINX OOCIYy>)KMBAaHUE OAHOTO TpeOOBaHUS
WJIU 3a51BKU.

ITo yncny kaHanoB 0OCTYKUBAaHUS CUCTEMBI IIOAPA3AEISIOTCA:

® OJHOKAaHaJIbHBIC CUCTEMBbI MaCcCOBOI'O O6CJIy)KI/IBaHI/I$I;
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® MHOTOKAaHaJIbHbIE CUCTEMBI MACCOBOTO OOCTYKUBAHUSI.

B cBowo ouepenb, MHOTOKAHAJIBHBIE CHUCTEMBI MOIYT COCTOATH U3
OJTHOTUITHBIX ¥ Pa3HOTUIIHBIX 110 IPOU3BOAUTEIBLHOCTH IPUOOPOB.

JUIMTeNnbHOCTh OOCIIY)KMBaHHS 3asBKM B KaHalle, KaK IPaBWIO, SBIAETCA
cllydailHOM BenuuuHOM. [l MoIenupoBaHUS BPEMEHHU OOCITY>KUBAHHUS OOBIYHO
UCIIOJIb3YETCSI TOT 7K€ HAOOp pacHpeesIeHni, Kak U JJi1 BXOJHOTO ITOTOKA.

Pabota kaxxgoro KkaHajla XapakTEPU3YyeTCS TEM BpPEMEHEM, KOTOpOE
3aTpadrBaeTcs Ha 0OCIy>KMBaHUE OJHOW 3asBKU. BpeMs oOcCiTyXKUBaHUS SBISAETCS
BaKHEHIIEH XapaKTepUCTUKOW KakJoro kaHana (mpuOopa, amnmapara, JIMHUN)
0OCITy’KMBAaHUSI CUCTEMBI U OIPEIEISIET €€ MPOMYCKHYI0 CIIOCOOHOCTh. B 00miem
cillydae 3TO BpeMs sBIISIETCS CiydailHblM, U B Teopun CMO 0HO, Kak mpaBuiIo,
MMEET HKCIIOHEHIIMAJIbHOE PACIIPENEIIEHUE C TapaMETPOM LL.

OngHa W3 BaXHEHIIMX XApaKTEpPUCTUK KaHala OIpPENeNsercs €ro
HAJIeKHOCThIO. ByZieM paznuyaTh cucTeMbl ¢ a0COIOTHO HA/IEKHBIMU KaHAIaMHu U
CUCTEMBI C HEHAJEKHBIMU KaHajgamMu. B mocienHux cucremax, JJIATEIbHOCTb
0e30TKa3HOM pabOThl KaHalla SBJSETCS CIy4yalHOW BEIMYMHON C 3aJaHHBIM
3aKOHOM pacipeieseHusl.

Kpome Toro, CymecTByOT CUCTEMBI, B KOTOPBIX HEHA/IEKHBIE KAHAJIBI MOTYT
OBITh BOCCTaHOBJIEHBI B IpOIECCe PAaOdOThl CUCTEMBI, a B JPYTOM KJIACCE CHCTEM

KaHaJIbl HC BOCCTAHAaBJIMBAIOTCA.

Hucyunauna oécnyxncusanusn
JucrumnHa ~ OOCHY)KMBaHUS ~ SBISICTCS  HaWOoJiee  CYIIECTBECHHBIM
MPU3HAKOM KJIacCU(PUKAIMK CHCTeM oOciyxuBanus. [lo sTomMy KpuTepuio Bce
CHUCTEMBI MOXKHO Pa3OUTh HA TPH OOJIBIIINE TPYIIIIHI:
® CHCTEMBI C OTKa3aMH;
® CHCTEMbI C HEOTPAHUYCHHBIM BPEMEHEM OXUIAHUS;
® CHCTEMbI CMEIIAHHOTO THUTIA.
B cucremax ¢ oTkazamu (KOTOpBIE TaK)K€ HA3BIBAIOTCS CHCTEMaMH C

NOTEPsIMU) BCSIKOE BHOBb IIOCTYNHUBIIEE TpeOOBaHUE, 3acTaB BCE KaHaJbl
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3aHATHIMHM, TOKUAAET CHUCTEMY HEOOCIYy)XeHHbIM. OTH HEOOCTyXEHHbIE
TpeOOBaHUSI COCTABISIIOT BBIXOJHON TOTOK, TaK HAa3bIBAEMBIX, HEOOCHYIHCEHHbIX
mpeboBanuil.

[IpOTHBOMONIOKHBIMU CUCTEMAMU SIBJIIOTCS TAKHE, B KOTOPBIX TPeOOBaHUS
MOTYT OXHJAaTb MOMEHTa CBOETO OOCIy)KMBAHMSI HEOIPAaHUYEHHOE BpeEMs, T.€.
TpeOOBaHUS «TepHeNUBbIeY). Takue CUCTEMBl KIACCU(DULUPYIOTCS KaK CUCTEMBI C
O’KHJIaHUEM, ¥ OHH COCTaBJISIIOT HanOoyiee MHOTOUUCIeHHYIO rpymmy CMO.

CucreMpl CMEUIaHHOTO TUIIA 3aHUMAIOT IPOMEKYTOUHOE MOJIOKEHNUE MEXKTY
CMO ¢ orkazamu u CMO ¢ HEOrpaHMYECHHBIM BPEMEHEM OXHUIAHUS.
[locTynuBIIee B CHCTEMY CMEIIAHHOIO THUIA TPeOOBaHUE, 3aCTaB BCE MPUOOPHI
3aHATBIMHM, CTAHOBUTCA B ouepenb. Ho B HE OHO MOXKET HaXOOUTHCS
OTpaHUYEHHOE, KaK MPAaBHIIO, CIy4ailHOE BpeMs, IMOCIE YEro, He JI0XKIABIIKMCH
oOCITy)KMBaHUs, IOKUJAET €e.

KoHeuHo, kpome nepednciieHHbIX pasHoBuaHoctedd CMO Ha mnpakTuke
MOTYT BCTPETUTHCA M OOJ€€ CIOKHBIE CUCTEMBI, JJI1 HCCIEJOBAaHUS KOTOPBIX
IPUMEHSIOT KOMOMHUpPOBaHUE nepedyrcieHHbIx TunoB CMO.

B psne ciydaeB MUMTENBHOCTh OXHUAAHHUS, KaK U BOOOIE BO3MOXHOCTb
[omnacTb B OuYepeAb Ha OOCITy)KMBaHWE, 3aBUCUT OT TOTO, HAJOKEHBl JIU
OrpaHMYeHMs Ha JIMHY ouepead. B coorBerctBun ¢ 3tiM CMO  MOXKHO
NOJpa3IeNUuTh Ha CUCTEMBbl 0O€3 orpaHuyeHus Ha JuMHy ouepean u CMO c
OrpaHMYEHHMEM IO JJIMHE odepeau. B mepBoM cilydae 3asBKa MOXET CTaTh B
ouepesib B JII000 MOMEHT, B TO BpeMs KaKk BO BTOPOM OHA BBIHYKJI€HA TTOKUHYTh
CUCTEMY, €CIIM OuYepe/ib MPEBBIIIACT 3aJaHHYIO JJIMHY B MOMEHT NPHUXO0Ja 3aBKU
WJIM B IIPOLIECCE OKUAHUS.

JucuumuinHa OOCTY)KHUBaHUS — OTO TMPAaBUIO OOpabOTKH  OYEpPENIH.
OCHOBHBIMH TUCHUIUIMHAMU OOCTYXKUBAHUS SIBJISIOTCS TaKHUE:

® IEPBBIM IPHUIIEN — IEPBBIM 00CITYKEHY;
® IOCJHEIHUM MPUIIEN — IEPBBIM 0OCITYKEH;

® CIIy4ailHbIN BHIOOP 3aIBOK U3 OUEPE/IH.
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CylecTBEHHBIM  TPU3HAKOM, ONPENESIONMM  OpraHu3alydio  camoi
ouyepenu, T.e. AUCHUIUIMHY OKHUJAHUS SBISETCS CTENEHb PAaBHO3HAYHOCTH BCEX
3a8BOK, [TOCTYNAIOUIMX B cucTteMy. Eciii 3asiBKM HE OJMHAKOBBI 110 BaXKHOCTH, TO
TOBOPST, YTO MMEET MECTO MPEUMYIIECTBO WJIM MPUOPUTET B MOCTYIUICHUU HA
obciyxuBaHue. C 3TOM TOUKM 3pEHMsI CUCTEMBI PA3JEISIFOTCS HAa CHCTEMBI C
IpUOpUTETaMU U 0€3 PUOPUTETOB.

CucreMpl ¢ TpUOPUTETAMH B CBOIO OYEpeAb JEIATCS Ha CHUCTEMBI C
aOCOJIIOTHBIMU M OTHOCHUTENbHBIMH mpuopureramu. B CMO ¢ a0contoTHbIMU
IPUOPUTETAMHU TIPOUCXOIUT MPEPHIBAHUE TIPOIecca OOCTy )KHBaHU 3as5BKH, €CITU B
TEYCHHE STOTO TMepHoJa OOCTYXKHBAaHUS TOCTYNHT 3asiBKa ¢ 0ojee BBICOKUM
npuoputreroM. Takue cuCTEMBbl €lle Ha3bIBalOTCS CHUCTEMaMHU C MPEpPbIBAHUEM
oOcimyxuBaHUs. B TpPOTHUBOMONOXKHOCTE MM B CHCTEMax C OTHOCHUTEIHHBIMHU
IPUOPUTETAMHU IIpoLecC OOCIYKHMBaHUA 3asBOK He mpepbiBaeTcs. HyxkHo eme
N00aBUTh, UTO B CUCTEMAX C IIPEPHIBAHUSIMU BO3MOKHO J[Ba CiIy4asi: IpepBaHHas B
oOCIy’KMBaHUM 3asiBKa JIMOO BHOBb CTAHOBUTCA Ha OOCHyKMBaHHUE, JUOO OHa

BBIOBIBACT U3 CUCTEMBI HEOOCTY)KEeHHOM JI0 KOHIIA.

Boixooawuit nomok

Beixogsmuii moToK MOXKET UrpaTh BeCbMa Ba)KHYIO POJib, OCOOCHHO KOTJa
OH caM 00pa3yeT BXOASIIMA TMOTOK AJIA JPYruX MNpUOOpPOB, PACIOIOKEHHBIX
NIOCJIENOBATEIBHO C MEPBBIMH. OJTO OYEHb BAaAXXHO IPU PACCMOTPEHUU
MHOTO(Ma3HbIX CMO, KOTOpBIE COCTOSAT M3 IOCJIEAOBATEILHO PACHOJIOKEHHBIX
rpynn npuOopoB (MM OJUHOYHBIX MPUOOPOB).

Bxoasmuii moTtox TpeOoBaHMI ODKEH 00s3aTEIBLHO IMPONTH dYepe3 BCe
MOCJIEIOBATEIBHO PACIOJIOKEHHbIE NMPUOOPHI. ECTeCTBEHHO, YTO 3TOT MOTOK,
IPOXOJS Uepe3 KXyl rpymnmny npudopos, usmeHnsiercs. i3aMeHeHrne npoucxoaut
IpU MPOXOXKIACHUH MOTOKA TPeOOBaHUM Yepe3 MOC/IeJOBATEIbHO PACIIONOKEHHbIE
npuOOphl, A1 KOTOPBIX BXOIAIIMM TOTOKOM SIBIISIETCA BBIXOISIIMI TOTOK

HEOOCITy)KEeHHBIX TPpeOOBaHU Ha TIPEIbIAYIIEM Iprbope (rpyIine mpudopoR).
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Hanpumep, eciau cucreMa COCTOMT U3 N MOCIEI0BATEIBHO PACIIOIOKEHHBIX
prOOPOB, MPOBEPSIONINX Ka4eCTBO MPOIYKIIMH, ABMKYIICHCS MO KOHBEHepy, Ha
KOTOPOM OHa pACIOJIOKEHA B TMPOM3BOJBHOM MOPSAAKE, TO Ui I-ro mpudopa
(2 <1 £n) BXOAAIIMM ITOTOKOM OYAET IMOTOK HelpoBepeHHOU npoaykuuu (i-1)-m
aBTOMATOM.

Bo Bcex 3amauax C [OCIEIOBATENLHO CBS3aHHBIMH  CHCTEMaMH
0OCITy’)KUBAaHUSI BXOJSINMN B I-F0 CHCTEMy IIOTOK IO CBOEH CTPYKType Oyaer
OTJIMYAThCS OT MOTOKA, BXozsmiero B (i + 1)-fo cuctemy obciyxuBanus. [TlosTomy,
€CJIM BXOJSIIIUN MOTOK MPOCTEUIINM, TO BBIXOJAIINN MTOTOK U3 3TOW CUCTEMBI HE
Bcerjga OyJeT MpoCTEeHIMM T.K. eMy OyJIeT MpHCyIle MocieaeicTBue. B cBoro
oyepenb, HaJMYUC IOCIACACHCTBHS OyIeT yBEIWYHMBATh BEPOSTHOCTH OTKasa B

00CITy>KUBaHUH.

Ileap ucciaenoBaHusi CHCTEM MacCOBOI0 00C/Ty:KHBAHUSA

OCHOBHBIMH ~ 33/layaMU  MAacCOBOTO OOCIYKMBaHUS SIBJSIOTCS  3ajada
aHanu3a v 3ajada cuHmesa.

3a0aua  aumanusa:  ONpeAENeHHE  KOJMYECTBEHHBIX  IIOKa3aTesed
(YHKIIMOHUPOBAHUS CHCTEM MacCOBOTO OOCIY)XMBaHHS M UX 3aBUCUMOCTU OT
CTPYKTYpbl COOCTBEHHO CHCTEMBbI (€€ cocTaBa U (PYHKUHMOHAIbHBIX CBS3EH) U
[apamMeTPOB BXOJSAIIET0 MOTOKA.

K konnuecTBeHHBIM MOKa3aTeiasiM (QYHKIIMOHUPOBAHUS OTHOCATCA TAaKUE,
KaK, HalpuMep, cpeaHee BpeMsl MpeObIBaHUs 3asBKU B OYEpPENIU, CpeHEee Bpems
3aHATOCTH KaHaJla 00CIIy>KUBaHHsI U MHOTHE JAPYyTHUE.

Pemenue 3amaum aHanm3a JAaeT BO3MOYKHOCTh HAWTU B CUCTEME claOble
3BEHbsI, ONPEJICIUTh UX BIUSHUE HA 3)(PEKTUBHOCTD OOCITYKUBAHUS U HAUTU MyTH
UX YIy4IIeHUS.

TUOUYHBIM METOJOM aHalIM3a CIOXKHBIX CHUCTEM 00pabOTKM HMH(OpMaLuu
sBisieTcss mMozenupoBanue ux Ha OBM. OcoOeHHO XapaKTepHO HCIIOJIb30BAHUE
METOJla MOJICIMPOBAaHUS Ha 3Tane IPOEKTUPOBAHUS HOBOW CHUCTEMBI, KOrna

NPEACTAaBICHHE O €€ DJJIEeMEHTaX U CTPYKTYPHBIX CBA3fAX €€ BECbMa
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MOBEPXHOCTHOE, M B MOJEISIX OHHU OOBIYHO 3aMEHSIOTCS YIPOIIEHHBIMU
SKBUBAJICHTHLIMH CXEMaMH.

3aoaua cunmesa:. TpU 3aJaHHBIX XapaKTEPUCTHKAX BXOJHOTO IIOTOKa
TpeOOBaHM, BpEMEHH OOCITYKUBAaHUS M KPUTEPUU KadueCcTBa OOCITYKUBAaHUS N1aTh
MPEUIOKEHUST TI0  CTPYKTYpe CHCTEMBI, KOTOpas O0OECIEYUT BBITIOJTHEHUE
MOCTABJICHHOW TIEpel HEW 3a1a4cHl.

Ota 3a/7a4a HOCUT ONTHMM3AIMOHHBIA XapakTep, Korja TpedyeTcs HalTH
HauOonee AG(PEKTUBHBIM BapHaHT CHCTEMbI M3 MHOXXECTBA BO3MOXKHBIX
anpTepHaTuB. [lpy >TOM UMHUTAIIMOHHOE MOJCIMPOBAHUE JIOHKHO OBITh
OpPraHMW30BaHO B BHJIE HEKOTOPOrO MOUCKOBOTO Mpoiecca. B aTtom ciydae ocoboe

SHAYCHHUC UMCIOT MCTObI INTAHUPOBAHWA UMHUTALITMOHHOI'O SKCIICPHUMCHTA.
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Jlekuus 4. KosmmuecrBeHHble noka3zareau GpyHkuuoHuposanuss CMO

KonnuectBennsie mnokaszarenu ¢yHkinuonupoBanuss CMO — 53710, 1O
CYLIECTBY, MOKa3aTenu 3 (HEKTUBHOCTU OOCITY)KMBAIOIINX CUCTEM.

I[Ton  s¢ppexmusnocmero  0OOCTY)KMBAIONIEH  CHUCTEMBI  TOHUMAIOT
XapaKTEPUCTUKY YpPOBHSA (WM CTENEHU) BBINOJHEHUS OSTOM CHCTEMOM Tex
(GYHKIMH, JU1s1 KOTOPBIX OHA MIPEIHA3HAYEHA.

Breibop moxkasarenst 3(h(QEeKTUBHOCTH 3aBUCHUT OT TOM 3aJayu, KOTOpas
nocrasjieHa nepej uccienoBareneM. [lokazarenu 3 PexKTUBHOCTH 3aBUCST OT TPEX
rpyni (haKTopoB:

e 1-g rpynmna ¢akTOpoB BKIIIOYAET XAPAKTEPUCTUKH KayecTBAa M HAJECKHOCTHU
CUCTEMBI 00CITy>KUBaHMS;

e 2-5 Tpymma COCTOUT W3 PKOHOMHYECKHX IOKa3aTelieil, XapaKkTepu3yoIux
paboTy cuctemMbl (€€ CTOMMOCTH, TPYIOBBIX 3aTparT OOCIYKUBAIOLIETO
nepcoHaa, yObITKOB, CBA3aHHBIX C HECBOEBPEMEHHBIM 00CITYKUBAHUEM WIIH
OTKa30B B 00OCITy’)KHUBAaHUH, U T.11.);

e 3-1 rpynmna (aKTOpoB OTpaKaeT OCOOCHHOCTH CHUTYyallud, B KOTOPOU
IKCIUTyaTUpyeTCsl cuctema (mapaMeTpbl MOTOKAa TpeOOBaHUN, OrpaHUYECHUS
Ha JJIMHY OYepeir U BpeMsl 0KUJIaHus U JIp.).

Mopenb cucteMbl BHIOUPAETCS B 3aBUCUMOCTH OT YCJIOBUHM 3KCILTyaTalMH
CUCTEMbl M TMPHUHATOrO MOKazareias wiu Kpurepus spdexrtuBHocTd. [Ipu sTom
BBIOpAaHHBI TIOKa3aTellb WM KPUTEPUH JOJDKEH ObITh YYBCTBUTEIBHBIM K
M3MEHEHHIO BapbupyeMbIx napamerpo CMO.

OddexkTuBHOCTH CUCTEM 00CTY>KUBAaHUSI MOKHO XapaKTepU30BaTh OOJIBIIIUM
YHUCJIOM PA3IMYHBIX KOJUYECTBEHHBIX MoKazarenei. PaccMoTpumM Hambosiee yacto
npuMmeHsieMble Tokazarenu dddextuBHocTH CMO. 3ameruMm, OJHAKO, YTO
npeajiaraeMblii MepeyeHb IOKa3aTelel AalleKo He MOJHBbIM, WU MNpU peuIeHUuu
MPAKTUYECKUX 3a/1a4 MOXKET MOSIBUTHCA HEOOXOUMOCTh B MCIOIB30BAHUU JIPYTUX
ToKa3aTesiel Wi X KOMOWHAIIHAN.

K wuucny HauOonee dYacTo NpPHUMEHSEMbIX KOHKPETHBIX IOKa3aTesen

sabdextuBHOCTH DyHKIMOHUPOBaHUS CMO OTHOCSTCS CIIETyIOITHE.
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BepositHocts P, moTepu TpeOoBaHMS B cHUCTeMe. OJTa OLIEHKA paBHa
BEPOATHOCTH 3aHATOCTH BCEX N KAaHAJIOB CHCTEMBI U paBHA BEPOSITHOCTH OTKa3a B
o0CITy>KUBaHUU P .

BeposiTHOCTH TOTO, YTO B CHCTEME HAXOMATCS HAa OOCITY)KUBAHUU POBHO K
TpeboBanui, paBHa Py, (K =0, 1, ..., n). D10 Hauboee MOIHAS XapaKTCPUCTHKA
CUCTEMBI, YACTHBIMU CIy4YasiMU KOTOPOM SIBIISIIOTCS YK€ M3BECTHAs BEPOSITHOCTD
Pn 1 Py (BEepOSTHOCTH TOrO, YTO BCE MPUOOPHI CBOOOJHBI, T.€. BEPOSTHOCTH
IPOCTOS] CUCTEMBI).

Cpennee uymcino 3aHatbix npubopoB N, XapakrepucTuka IOKa3bIBaeT

crerneHb 3arpy3ku CMO:

N =>k-P. (4)
k=1

Cpennee unciio cBOOOAHBIX OT oOciyxuBaHus npudbopoB No. [lokazatensb

IPSIMO MPOTUBOIIOJIOKHBIH (4):

N, =S (n-k)R. (5)

KoaddummenT nmpoctost kaHaioB o0ciyxuBanus K, sBISeTCS MPOU3BOIHBIM

OT BBIIICYKA3aHHOI'O ITOKAa3aTCJIA:

K,=— (6)

K =—2. (7)

Cpennee Bpems OxujaHus TpeOOBaHMM B oOdYepead JIO Hayaja
oOCTy>KMBaHUS MPU HATUYUU N KaHAJIOB B CUCTEME (JIJI1 CUCTEM OOCITYKUBaHUS C

OKHJIaHUEM):

0K

T =M [m:=—?t-dﬁ(m>t:, (8)

rne RC, >t =R -p, [, >t
k=0
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P, Im >t — yciaoBHas BEPOSTHOCTH TOI'O, YTO BpeMs OXKHIAHMA Ly, > t 1ipu

YCJIOBUHM, YTO B MOMCHT IOCTYIUICHUS TpeOOBaHHS B CHCTEMY B HEH yiKe
oOcirykuBanock K TpeboBaHuUM.

Cpennsasa nimmnHa odepenu Q.p:
Q,=> €-nZR npuk=>n, (9)
k=n

riae Py — BepoSTHOCTH TOTO, YTO B CUCTEME HaXOIUTCs pOBHO K TpeOOBaHUIA.
Cpennee yncno tpeboBanuil K., HaXONAIIMXCA B CUCTEME, TECHO CBA3aHO

CO CpEeHEW NIMHON OYepeIn:
ch:kZ:;k-Pk =Q, +N.,. (10)

BeposTHOCTB TOT0, YTO YKCcI0 TPeOOBAaHUI B OUEPEAH, OKUJAIOIINX Hayala
oOcity’)kMBaHHs, OOJbIIE HEKOTOPOro uuciaa M (3TOT MOKazaTreiab OCOOEHHO
HEOOXOJMM TIpH OLIEHKE BO3MOYKHOCTEH pa3MelleHuss TpeOOBaHUU IpuU

OT'PaHUYCHHOCTH BPCMCHHU JIA O}KI/IIIaHI/IH):
Pn=2FR . (11)

Kpome mnepednciieHHbIX KpHUTEpUEB MpU OIeHKEe (PPEKTUBHOCTH CHUCTEM
MacCOBOTO OOCITYXUBaHHUSI MOTYT OBITh HCIOJIB30BAHBI JIKOHOMUYECKUE WIIN
cmoumocmuble okazareau. K HUM OTHOCATCS CIIEAYIOIINE OCHOBHBIE TTOKA3aTelH.

So6c — CTOMMOCTB 00CITYKUBAHUS KaKI0T0 TpeOOBaHHS B CHCTEME.

Sgx — CTOMMOCTH TIOTEpPb, CBS3aHHBIX C MPOCTaWBAaHWEM TpPEeOOBAaHUU B
CIMHMITY BPEMCHH.

Sy — CTOMMOCTB YOBITKOB, CBA3aHHBIX C yXOJOM TpeOOBaHMI U3 CHCTEMBI O€3
00CITyKUBaHUSI.

Sy — CTOMMOCTD 3KCILTyaTallMi Ka)xaoro K-ro nmpudopa CHCTEMbI B €AHMHHILY
BPEMEHU.

Sik — CTOUMOCTb €IMHUIIBI BPEMEHU MPOCTOs K-To Mprudopa CUCTEMBI.

32



[Tpu BBIOOPE onTUMabHBIX MapameTpoB CMO uHOTAA MOJIE3HO MPUMEHSTH
UHTETpaJIbHbIE TMOKa3aTenu paboTel. Hampumep, MOXHO MHHHUMH3UPOBATH

q)YHKHI/IIO Fn IIOTCPb N-KaHaJIbHON CUCTEMBI C OXKHUITaHUCM, KOTOpasd UMCCT BUJI:

F=6,Q, +S, N,+S N, T. (12)

rjae T — uHTepBaj BpeMEHU PadOThl CUCTEMBI.
AHaJIOTHYHBIN TTOKAa3aTeb AJIsl CUCTEM C OTKa3aMu:
F=6-N+S,P-1:T. (13)
JI71s1 CMeIlIaHHBIX CUCTEM MAacCOBOTO OOCITYKUBaHUS:
F=6,Q, +S, N,+S N +S P-4 :T. (14)
[Ipu perieHUr HEKOTOPBIX 3a/ad 11€JIECO00PA3HO MOJIB30BATHCA KPUTEPUEM
PKOHOMHYECKOH 3 (HEKTUBHOCTH CUCTEMBI MaCCOBOTO OOCITYKUBAHUS F o
E P.-4A-c-T—-F,. (15)

cMO o6c

€ ¢ — DKOHOMHYECKUH 3(PQeKT, MOoJydeHHbId Npu OOCITYKMBAHUU KaXXIOTO

TpeOOBaHMS.

Kaaccuduxanusi cucteM MaccoBoOro o0CIy:KuBaHUusA

CucTeMbl MAacCOBOT0 ﬂﬁCJI}"}KHBEIH HA

CMO cnotepamMu CMO c oxugaHHeM CmemanHsle CMO

( c oTKazamHu)

Puc. 11. Knaccugukanus cucteM MaccoBOro 00CITy>KUBaHUS

B cBoto ouepens, knacc CMO ¢ nomepsimu (MU ¢ OTKa3aMHU) COCTaBIISIET:

— MHOTOKaHaibHas ojHOo(a3zHas CcUCTEMa C OTKa3aMH W3-3a 3aHATOCTH
KaHAJIOB (oMo Kiaccuyeckas cucmema dpranea),

— MHOTOKaHaJbHas MHOTO(a3HAasI CHCTEMa C OTKa3aMHu.

Ot1u ocHoBHBIE TUIIBI CMO BKIIIOYAIOT B C€0s1 MacCy BapUaHTOB, HAIIPUMED
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— CHUCTCMBbI C OTKa3aMH U HCAOCTOBCPHBIM 06CJIy)KI/IBaHI/ICM;

— CHCTEMBI C OTKa3aMu U MOJHOMU B3aMMOIIOMOIIBIO MCIKAY KaHAJIaMU,

— CHCTE€MBbI C OTKa3aMH U YaCTUYHOM B3aUMOIIOMOIIBIO MCKAY KaHAJIAMH,

— CHCTCMBI C OTKa3aMH, B3aWMOIIOMOIIBIO W OTCYTCTBUCM I/IH(I)OpMaHI/II/I 0

pe3ynbTaTax 00CIIy)KUBaHUS.

Knacc cucmem maccosoeo oocnyscusanus ¢ odxcudanuem COCTaBIISCT:
— kJaccuueckasas CMO ¢ oxumanueMm;
— CMO c oxugaHreM U MOJHOM B3aUMOITIOMONIBIO MEXIY KaHAJIaMu;

— CMO c oxugaHeM U IPUOPUTETOM B 0OCITYKUBaHUU.

Ha npaktuke Baxnoe Mecto 3amumaror CMO ¢ pa3nuyHbIMU
OTrpaHUYEHUSAMH Ha BpeMs IpeObIBaHMs 3asIBKU B cucteMe — cueutannvie CMO:
— CMO c orpaHnYeHUEM BpEMEHHU NTPEOBIBAHUS B OUEPE/IH;
— CHCTEMa C OTPAaHUYECHHBIM BpEMEHEM IMPeObIBaHUS Ha 0OCITYKUBAHUU.
[IpuBenenHas knaccuukanusi BKIOYAaeT B ce0d TOJIBKO Pa30OMKHYThIE

CHUCTCMBHI.

MopneanpoBanue CMCTEM MACCOBOI0 O0CIY:KUBAHHUSI ¢ OTKa3aMu

B xauecTBe 5s1MeMeHTapHOW MOJENW TMPUHUMACTCA MOJEIb OJHO(]a3HOMN
CMO c¢ ogHUM BXOJSAIIMM MOTOKOM M OJHUM KaHaloM OOcCHyXuBaHus (puc. 12),
KOTOPBIN SIBJSIETCS AOCOJMIOTHO HAACKHBIM. Eciu 3asBka MPUXOIUT B MOMEHT,
KOI'JIa KaHajl 3aHSAT, TO OHa HEMEJICHHO IOJY4YaeT OTKa3 U IMOKHIAET CHCTEMY
HEOOCTY)KeHHOU (TepsieTcs). DTa MOJIeNb NEUCTBUTEIBHO AJIEMEHTapHas T.K. OHA

SBJISIETCSI CAMOM MTPOCTON MOJICNTBIO CHCTEMBI 00CITY>)KHBAHUS.
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Bxoduotl Buixoduotl

NOMOK 34d480K nomokr GﬁCﬂyJ:‘CBHHb!X SAAE0K

Kanan

>

obcnyxHBaHUSA

IMomok HeobCAYHCEHHbIX

3aseok (omkazoe)

Puc. 12. CrpykrypHas cxema snemeHTapHoi Mmoaenu CMO

JIsT MMHUTAIMOHHOTO MOJICIMPOBAaHUSI CHayajga HEOOXOJIHWMO OIpeaeTUTh
HCXOJHbBIC JJAHHBIC:
— BHUJ M TapaMeTpbl pPacCIpeieICHUsT BPEMEHU IIOCTYIUICHUS 3asBOK, T.C.
napaMeTpbl BXOJIHOTO MOTOKa,
— BHJ M MIapaMeTpPhl paclpeieiieHus BpeMeHNU 00CTy)KUBaHUS,;

— MJIMTCIBbHOCTH OAHOTIO IIPOroHa MOJCJIN U KOJINYCCTBO IIPOrOHOB MO/JICJIN.

brok-cxema anroputmMa MMHUTALMOHHOTO MOJAEIMPOBAHUS 3JIEMEHTAPHOU
CMO wu3o0paxena Ha puc. 13.

Takum oOpa3om, »3JeMeHTapHasi MOJEIb COOTBETCTBYET OAHO(pA3HON
OJTHOKaHAJIbHOM cuctemMe 00CITy>)KHBAaHUS C OTKa3aMH.

MOHO COrIacuThCs ¢ TEM, YTO ITO JAOCTATOYHO MPOCTasl cXema IMpolecca
oOCITy’)KMBaHHs, HO, HECMOTPSl Ha CBOIO MPOCTOTY JOTMYECKOM CTPYKTYpHl, OHa
COJEP)KUT OCHOBHBIC TMPOILEAYPHl HWMHUTAIMU AUCKPETHOTO CTOXACTUYECKOTO

mpoiiecca, coopa U CTAaTUCTHIECKON 00padoTku nH(POpMaIUy.
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1. Beogu
VHULManusauns
UCXOOHbIX AaHHbIX ANs
MOZenupoBaHus

J

"
2. Beog n

MHUUManusauus
HayarnbHbIX OaHHbIX
moaenn CMO

l«

v

3. Onpegenexne BpeMeHu npuxoaa
o4yepenHou 3asBku

4. KaHan cBoboaeH

5. PacuyeT BpemMeHU OKOHYaHUs
obcnyxunBaHusi 3asBku

6. YBenuuyeHne cyeTymka 0TKasoB

HET

7. MporoH okoHYeH

HET 9. Bce NporoHbI

OKOHY€HbI

OA

10. BeiBOg pesynbTaToB
MOJennpoBaHus

Puc. 13. Anroput™ HMHUTAIIMOHHOTO MOACIUPOBAHUS dJICMEHTAPHONW MOACIIN

CMO

MuorokanaiasHasg CMO ¢ oTtka3amu (cucremMa JpJiaHra)

JloGaBUB K 3JIEMEHTApHOW MOJENH N MapauieNbHO (PYHKIIMOHUPYIOIIUX
KaHAJIOB OOCITY)KMBaHUs, TOJyYUM MOJIeih MHOTOKaHambHOH CMO ¢ oTkazamu,
CXeMa KOTOpoWM ToKazaHa Ha puc. 14. [lnd mnpoBenaeHUS HWMHUTALMOHHOTO
MOJICIIUPOBAHUS HAJ 3TOW MOJCIIBI0 HY>KHO MOAU(PUIIMPOBAThH OJIOK 3 airoputMa
Ha puc. 13 Tak, yToOBI MOCJE MOCTYIUICHUSI OYEPEAHOM 3asIBKU MOCIIEI0BATEIIHHO
MpoBepsjach 3aHATOCTh KaHalioB. I[lpum 2TOM, Kak TOJNBKO OyaeT HalaeH
CBOOOJHBIN KaHajl, (UKCUPYETCS HOMEpP STOTO KaHajla U 3asBKa CTAaHOBHUTCS Ha
oOcnyxkuBanue. EctecTBeHHO, 4TO B OJoke | HYXHO NpPEIyCMOTPETh BBOJ

KOJIMYCCTBA KaHAJIOB.
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Kanaaw obcayxusanua

L4

Bxoduoil nomox Brixodnoil

>- HDmGKGECﬂjMBHHHK

SAAE0K

Momox omxazoes

L 4

11T

J

Puc. 14. MuorokasainsHas moaeias CMO

Takasa mHorokananbHas CMO Ha3wIBaeTcs cucmemou Ipianed, MO0 UMEHU
WH)KEHEpa OJHON u3 Tene(OHHBIX KaMIaHWUW, KOTOPBIM BIIEPBBIC MMOTYUMII
AQHAJIMTUYECKYIO MOJIENIb TAKON CUCTEMBL.

[IporpaMmHy0 peaJn3aldi0 MHOTOKAHAIBHOM HMHMTAlMOHHOM MOJENN
CUCTEMBI MAaCCOBOT'O 0OCITY>KMBaHUS PACCMOTPUM B BHJI€ CIIOBECHBIX aJITOPUTMOB

[Iyctp  nmnst  ONPEAECNIEHHOCTH  BXOJHOM  MOTOK  3asBOK  Oyjer
OKCIIOHCHIIMATLHBIM C WHTCHCHBHOCTBIO A, a BpeMs OOCITY)KWBaHUS KaKIOTO
KaHaja OJIMHAKOBOE M PACHPEAEIICHO SKCHOHEHIUAIBHO C WHTEHCHUBHOCTBIO LL.
Tpebyercs HalTH OIEHKY BEPOSTHOCTH OTKa3a B 00CITYKUBaHUU Py

[llaz 1. BBecTr HayajabHBIE TAPAMETPbI MOJIEIIN:

KOJIMYECTBO KaHAJIOB 00CTYKUBAHHS: Nqy;
JUTATEIIBHOCTD MPOTrOHA! Thpors
napaMeTp BXOJHOTO MOTOKA: A,
napameTp BpeMEHU OOCITYy)KUBAHUS:  LL.

Y CcTaHOBUTH CUETUUKU:

KOJNYECTBO OTKA30B: Ny = 0;
MOMEHTBI 0CBOOOKIeHMS KaHaIoB: T,(K) =0 (mpu k=1, 2, ..., New);
CUETYHK HOMEepa TpeOOBaHUS: 1 =0.

llae 2. BprucauTh BpeMs IMOCTYIUIEHHS B CHUCTEMY OYEpPEIHOTO

TpeOOBaHMUS:
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TBx = TBx + AT]_,
1 ~ o
rac AT;Z'—ETIH(Q‘ — OKCIIOHCHIHUAJIBbHO pPACIpPCACIICHHAA CIy4dYanHaA

BEJIMYMHA ¢ TpeOyeMbIM mapameTpoM A, a R — 6a3oBoe cirydaitHOe 4ncIo.
Llae 3. IIpoBepuTh, HE UCUEPITAHO JIK BPEMSI ITPOTOHA:
eciH Toy = Tppor, TO TIEpelTH K mary 10;
lllae 4. YBenu4yuTh CYETYMK KOJUYECTBA TPEOOBAHUM, IMOCTYNUBIIUX B
CUCTEMY:
=i+l
Illae 5. TIpoBepuTh HaIMUKUE CBOOOHOTO KaHajaa 00CITy)KUBaHUS:
ecm Ty < Tep(K), mmgBeex mms K =1, 2, ..., N,
TO Now = Norx + 1 11 TIEpeliTu k miary 2;
WHave 3aUKCUPOBATHL HOMEP CBOOOIHOTO KaHaua K.
Illaz 6. BeIYUCINTE MOMEHT OKOHYAHMS OOCIY:KMBaHMS I-i 3asBKH Ha K-M

KaHaJie.

Tea(K) = Tea(K) + AT,

rae AT, = 1 In (2: — BpeMsi 00CTy>KUBaHUS.

Llaz 7. IIpoBepuTh, HE UCUEPIIAHO JIK BPEMSI IIPOTOHA:
ecat Tep(K) > Topor,
Tol=1-1.

Llae 8. Ilepetitu k miary 10.

gz 9. YBeIUUNTh 3HAYEHUE CUETYMKA KOJIMYECTBA OTKA30B HA CIMHUILY:
Nowx = Now T 1, ¥ mepeiiTu k mary 2.

[llaz 10. BryuciuTh OLEHKY BEPOSITHOCTH OTKa3a B 00CTY>KUBaHUHU:

Illaz 11. BeiBecTH Ha Ie4YaTh PE3yJIbTaThl U 3aKOHYUTh MOJIEITUPOBAHHUE.
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CraTtuctuyeckasi 00pad0TKa JaHHBIX MMHUTAIIMOHHOI0 IKCIIEPUMEHTA
OcHoBHbIE 321a4M 00pPa0OTKH JAHHBIX IKCIIEPUMEHTA
[Ipexxne 4em mpucTynaTh K OKCIUIyaTallid WMHUTAUMOHHONW MOJENN
HEOOXOJMMO SICHO TPEACTaBIATh ce0e IeNib WM 3a/a4yd dKcrnepuMeHTa. HyxHo
pasnuyaTh CeIyIOUMe TUITUYHbIE 33/1a4l 00pabOTKH JAaHHBIX SKCIIEPUMEHTA.

1. Ouenka napaMeTpoB UMUTAIMOHHOM MOJIETIN: MaTEMAaTUYECKOTO OXKUIAHUS,
JUCIIEPCUH, CPEIHEKBAJAPATHYECKOrO0 OTKJIOHEHUS W JPYrMX MOMEHTOB Ooiiee
BBICOKOTO TOPSAJKA. DTU OIEHKH SBIISIOTCS ONMPEIEIsIonUMU i Ooliee oOiei
34141 — OLIEHKH PACTPEIEIICHHS BEPOSITHOCTEN ITApaMETPOB MOJIEIH.

2. TlpoBepka cratuctuuecknx TumoTe3. CpaBHEHHE CPEIHUX W JUCIIEPCHIMA
Pa3JIMYHbBIX aTbTEPHATUB WIIA TUIIOTE3.

3. Jlucnepcuonusiii ananu3. CyTh JAMCTIEPCHOHHOTO aHAIW3a 3aKJIFOYACTCS B
pa3niokeHUH 001Iel Bapuanuu (aucrepcun) Habto1aeMo CIIy4ailHOM BETMYMHBI
Ha HE3aBUCUMBIE CIIaraéMble, KaXkKJI0€ M3 KOTOPBIX XApaKTEPU3YET BIIMSHUE TOU
WJIA UHOW IPUYMHBI U UX B3aUMOJECHCTBUS.

4. OpgnodaktopHble 3KcnepuMeHThl. OHHM JOBOJBHO TPOCTHI, U OCHOBHBIC
BOIPOCHI, BO3HUKAIOIIKE Mepe]l SKCIEPUMEHTATOPOM MPHU UX MPOBEAECHHH, — ITO
BOIIPOCHI  OTpPECNICHUs] pa3Mepa BBIOOPKM, 3a/laHus Ha4dalbHBIX YCIOBUUN
MOJEIUPOBAHUS, A TaKXKe  ONpENeJICHHEe  Haluyusg WIH  OTCYTCTBUSA
aBTOKOPPEISALHUU.

5. Koppensiimonnsiii  ananu3. OnpeneneHue  BaxHOCTH — ydera  (Wid
3HAYMMOCTH) BJIMSHUSI TEPEMEHHbIX M OrpaHWYCHUM, HAJOXKCHHBIX Ha JTHU
nepeMeHHble. OTUM HKCIEPUMEHTAM IMOCBAIICHO OOJBIIMHCTBO KHUT TIO
MJIAHUPOBAHUIO SKCIIEPUMEHTOB U aHAJIM3Y UX PE3YJIbTaTOB.

6. PerpeccuoHHbBIli aHaaW3, OCHOBHAs 3ajJadya KOTOPOTO 3aKJIIOYaeTcs B
W3yYeHUU (PYHKITMOHAIIBHONW 3aBUCHUMOCTH MEXIy pEaklued WIM OTKINKOM
MOJIEJIN U €€ BXOJHBIMH MapamMeTpaMHu.

7. OTpICKaHUE ONTHMAJBLHBIX 3HAYEHUU MapaMmMeTpOB MOJIEIU Ha HEKOTOPOM

MHOXECTBE JOIMYCTUMBIX 3HadeHWi. J[aHHBIA THUI SKCIEPUMEHTOB OOBIYHO
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npeamnojgaract  MCIOJIb30BAaHHUC  MCTOJZOB  OINTHMHU3AIMK  OJIA  HAXOXKICHUSA

ONTUMAJIBHOTO PEIICHHS B OTPAHUYEHHON 00JaCTH NapaMeTpOB.

B nanHOM paznene paccMaTpUBarOTCS METObI ONPEEICHHUS] HEU3BECTHBIX
napamMeTpoB 3aKOHA paclpe/iejICHUs] 0 OrPAaHUYEHHOMY YHCIY AKCIIEPUMEHTOB C

AMUTALIMOHHON MOJIEIIBIO.

Ouenka mapamerpos

Cmamucmuxa WVMeEET JAeJI0 C JaHHBIMH, IOJBEPKECHHBIMU CIy4alHON
U3MEHYMBOCTH, M T[O3TOMY OTH JIaHHbIE MOTYT OIMCHIBAaThCA 3aKOHOM
pacnpeneneHns BEpOSTHOCTEH, €CIM OHM SIBJISIOTCS BBIOOPKOH, wiM Oolnee
CIIOXKHBIMH MOJAENIAMH ((PaKTOPHBIMH, PETPECCMOHHBIMUA M T.II.), €CIIM JIaHHbIE
HEOJHOPOJHBI. JTU 3aKOHBI PACHpPENENICHNs BEPOATHOCTEN U MOJEIU COAEpPIKAT
HEU3BECTHBIE BEJIMYUHBI ([TapaMeTphbl) — CpelHEE 3HAUEHUE, AUCIIEPCHUIO, BKIIAJIbI
(bakTopoB, K0O3PPULIMEHTHI (YHKIUOHATBHBIX 3aBUCUMOCTEN U T.II.

UccnenoBatens 0OBIYHO HMHTEpPECYyeT MO0 caMH ST TapameTpbl, JIUOO
HEKOTOpbIE 3apaHee W3BECTHble (PYHKIMU OT HuX. K coxaneHuto, B CHILy
Clly4ailHOM WM3MEHYMBOCTM HAOMIOAAEMBbIX JaHHBIX, a TaKke M3-3a HX
OrpaHUYEHHOrO0 00beMa, HeNb3sl YKa3aThb COBEPIICHHO TOYHOE 3HAauYCHHE
napameTpoB.  lIpuxoauTcss ~ JOBOJILCTBOBATHCSA  JIMIIb  MPUONMKEHHBIMU
3HAYEHUSAMM.

@yH/IaMEHTAJIbHBIMU TOHATUSIMU CTAaTUCTHUYECKOW TEOPUU OLICHUBAHUS
SBJISIFOTCSI IOHSITHUS 2eHEPAIbHOU COBOKYNHOCU Y 8b100DKU.

I'enepanvuas coeokynnocms 0OBIYHO UHTEPIPETHUPYETCS KaK COBOKYMHOCTh
BCEX MBICIUMBIX (BO3MOXXHBIX) PE3yJIbTATOB HAONIOACHUM HaJ CIydyailHOU
BEJMYMHOM, KOTOPbIE B IPUHIIUIIE MOTYT ObITh MPOBEEHBI MPU AAHHBIX YCIOBUSX.

ConepkaTenpHblii  CMBICII  3TOTO TOHATHS COCTOUT B TOM, 4YTO
MpeAnojaraercs CylmecTBOBAHUE HEKOTOPBIX BIIOJHE OIPEIEICHHBIX CBOMCTB,
HECIy4alHbIX 3aKOHOMEPHOCTEH, MNPUCYIIMX JIaHHOW COBOKYIIHOCTH, T.€. Te€X
CBOMCTB, WJIM 3HAYEHUM, KOTOPBIE U JIOJKHBI OBITh BBIICHEHBI HCCIIEI0OBATENIEM.
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[IpakTHuecku 3TU  CBOWCTBAa  SIBIAIOTCS ~ OOBEKTUBHBIM  OTOOpakKeHHEM
BEPOATHOCTHBIX ~ CBOWCTB HM3y4yaeMOro OOBEKTa, KOTOpPbIE MOTYT OBITh
OXapaKTEPU30BAHbl C TIOMOIIBID COOTBETCTBYIOIIMX 3aKOHOB pPacHpeAcIICHUs
BEPOSITHOCTEW WJIM CBSI3aHHBIX C HUMH YHMCJIOBBIX MapaMerpoB. CuuTaercs, 4To
YKa3aHHbIE CBOMCTBA HE W3MEHSIOTCS BO BPEMEHHM U IIO3TOMY NPUCYIIHE
r€HEPaJIbHOM  COBOKYINHOCTM  HECIy4YailHble  3aKOHOMEPHOCTH  COXPAaHSIOT
MOCTOSIHHBIM CBOM XapakKTep, T.€. SBISIOTCA YCTOWYNUBBIMHU.

BriObopka — 3TO0 KOHeuHbIH HaOOp 3HAYCHUN CIIy4allHOW BEJIMYMHBI,
NOJIYYEHHBIA B pe3yJibTaTe HaOMOACHH (3KcrepuMeHTa). YHciio 37JeMEHTOB
BBIOODKHM Ha3bIBaeTCsl €€ pa3MepoM WM o0beMoM. BriOopka Ha3bIiBaeTcs
penpe3eHTaTUBHON  (NMPEACTABUTENBHOM), €CIM OHa JIOCTATOYHO  IOJHO
XapaKTEepU3yeT CBOMCTBA N'€HEPAIBHON COBOKYITHOCTH.

Oyenusanuem B CTATUCTHKE HAa3bIBAETCA YyKa3aHUE MPUOIMKEHHOTO
3HAYCHUsI MHTEPECYIOIIEro napaMmeTpa (Miu GyHKIUN OT HEKOTOPBIX MapaMeTpPOB)
Ha OCHOBE HaONIOAAEMBIX (SKCIEPUMEHTANbHBIX) JAHHBIX, MPEJICTABICHHBIX B
BU/IE BEIOOPKU OTPAaHUYEHHOTO 00BhEMA.

Oyenka (MM cmamucmuka) — 3TO MPABUIO BBIYMCIECHHS MPUOJIMKEHHOTO
3HaueHUd TapameTpa (WM (GYHKIMA OT HEKOTOPBIX MapaMeTpoB) TIO

Ha6J'IIOI[aCMI>IM JaHHBIM.

CrarucTnueckasi 00padoTKka pe3yabTaTOB MOIeJTUPOBAHUS

BpixonHble JaHHBIE MMHUTAIMOHHOTO JKCIEPUMEHTA MPEACTABISIONINE
co0oM, KaK MpaBUJI0, MACCUBBI CIIy4alHBIX YHCEJI, ONMMHUCHIBAIOT COOTBETCTBYIOIINE
ONEpPAllMOHHBIE XapaKTEPUCTUKH MoJeld. Kak u3BECTHO, HCUEpPNBIBAOLIEN
XapAKTEPUCTUKON CIIyYalHOM BEJIMYUHBI X SBJSAECTCS €€ 3aKOH paclpeiciiCHUs
BeposiTHocTe F(X) — mpaBwiio, MO3BOJAIONICE OMNPEACIATh BEPOSITHOCTD
MOTIaIaHK] 3TON BEJIMYHMHBI B JTIO0YIO 3aJJaHHYI0 00JIaCTh €€ 3HaYCHUH.

UtoObl HAWTH 3aKOH pachpeeseHus] YKCIEPUMEHTAIbLHBIM IMyTeM, HY>KHO
pacmosiaraTh JOCTaTOYHO OOIIMPHBIM CTATUCTUYECKUM MaTePHUATIOM: TIOPSIKA

HECKOJIbKMX THICAY OMNBITOB (MM HaOMIOJEHUM, sSKcnepuMeHToB). Ha mpaktuke

41



penaKo ymaeTcs coOpaTh TaKOe KOJIMYECTBO IKCIIEPUMEHTAIBHOTO Marepuania, a
MHOT/Ia 3TO U HE TpeOyeTCsl — I0CTaTOYHO OMPEICIUTh TOJIBKO OIEHKH HEKOTOPBIX
OCHOBHBIX XapaKTepUCTUK (TapaMeTpOB) 3aKOHA pACHpEEICHHs, TaKUX Kak
MaTeMaTU4YeCKoe oxkuaaHue, aucnepcuto. [loaromy HE0OX0UMO yMETh MOIy4YaTh
CTaTUCTUYECKHUE OLICHKU TIPU OIPAaHUYEHHBIX OMBITHBIX JIAHHBIX.

3amauyn CTATUCTUYECKON OOpabOTKH HSKCHEPUMEHTANbHBIX JIaHHBIX, Kak
MpaBWJIO, PEIIAIOTCA B YCIOBUSAX, KOrJa BHJI 3aKOHA pacrpeieicHus
aHANMM3UPYyEeMOM  CilydallHOM BenMuuMHbl He wu3BecTeH. OpHako ObIBAIOT
uckiroueHusd. Tak, ecnd BHUJ 3aKOHA paclpeleieHus CIIydalHONW BeJIMYUHBI
M3BECTCH 3apaHee, TO 3aJadya CTAaTUCTUYECKOM 00pabOTKM ympouiaeTcs u
3aKJIOYAETCSl TOJIBKO B HAXOXKJICHHMM HEKOTOPBIX IapaMEeTpOB  3aKOHA
pacripeieyieHusi, KOTOpPbIE TIOJHOCTBIO OMPEACNISIIOT COOTBETCTBYIOIIUN 3aKOH
pacrpeieNeHus.

Hanpumep, ecnu anpuopu W3BECTHO, YTO 3aKOH PACHpPEACIICHUS CIIy4YalHOU
BEJIMUMHBI X HOpMaJbHBIN (TayCCOBCKHUI), TO 3a/1aua 00pabOTKU JaHHBIX CBOAUTCS
K OIpPEICIICHUIO JBYX €ro IMmapaMmeTpoB: maremaTuueckoro oxumanus (M),
CpeHE KBaPAaTUUYECKOTO OTKIOHCHHS ( Oy).

B HekoTOphIX 3aayax HWMHUTAMOHHOTO MOJEJIMPOBAHMS BHJ 3aKOHA
pacripe/ieJieHusi HEeCyIIeCTBeHEH, a TpeOyeTcsi 3HaTh TOJIbKO €ro YKCJIOBbBIC
XapakTepucTuku (mapaMeTpnl). 3aJayd TAaKOro pPOJA HA3bIBAIOTCS 3aladyaMU
MapaMETPUUYECKON OLICHKHU.

CrnenyeT OTMETUTb, YTO J000€ 3HAYCHHE MCKOMOIO IapaMeTpa,
BBIYMCJIEHHOE HAa OCHOBE OTPAaHUYEHHOrO YHCJa IKCIEPUMEHTAIbHBIX TaHHBIX,
Bcerjga OyneT cojep:kaTh SJEMEHT CIy4YalHOCTH, a 3HA4uT U omuOKy. Takoe
npUOIMKEHHOE, ClIydyailHOe 3HavyeHWe Oy/eM Ha3biBaTh OIEHKOW mapameTpa.
Hanpumep, oreHko#t ajisi MaTeMaTHYECKOTO OXHUJAHUS CIIy4alHOW BEJIMYUHBI X
MOXET CIYXKUTh CpelHee apupMeThuueckoe HAONIOJEHHBIX 3HAY€HU B N
HE3aBUCUMBIX oOImbITaXx. [Ipu oueHb OOJBIIOM KOJIHYECTBE OIMBITOB CpEIHEE
apupmMeTrdecKoe OyaeT ¢ OOJBIION BEPOSITHOCTHIO BeChMa OJIM3KO K UCTUHHOMY

3HA4YCHHUIO MAaTCMAaTHYCCKOI'O OXKHNIaHUA. Ecau >xe unciio onsIToB N HCBCJIUKO, TO
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3aMeHa MaTEeMaTHYECKOTO OXUJAHUSA CPEAHUM apu(PMETUIECKUM MPUBOAUT K
HeKoTOpor ommoOke. To ecTh 3Ta omuOKa OOpPaTHO MPOMOPIHUOHATBHA YHUCITY
ONBITOB. AHJIOTUYHAs CHUTyallMsi W C OLEHKAMU JPYrUX HEU3BECTHBIX
IapaMeTPoB.

MaTtemaTrueckoe OKuIaHue M, ciaydaiHon BenuuuHbl X = { X, Xo, ..., Xy }
Ha3bIBACTCA CyMMa IIPOM3BEICHUN BCEX N BO3MOXKHBIX 3HAYCHUH CIIy4alHOU

BCJIMYMHEBI HA BepOﬂTHOCTI/I pi ITUX 3Ha‘—IeHHﬁ:
n
mx = ZXI pi ' (16)
i=1

B cmydae rayccoBckoro (HOpPMaJIbHOTO) pacrpefeieHus sl UCTUHHOTO

MaTEeMATU4YCCKOI0 OXHIaHUA My CYIIECTBYET €ro OLICHKA nN/lx, BbIYHCJEICMAs I10

BbIOOpKE 00BbeMa N cirydaiiHOW BeTMYUHBI X = (X1, X, ..., Xp):
P R
=3 (17)
(=

Jlist uctuHHOM nucnepcun Dy (XapakTepuCTUKa paccerBaHUsS CIydailHOM

BCINYHUHBI OKOJIO €€ MaTCMATHYCCKOI'O O)KI/II[aHI/Iﬂ) €C OIICHKa 5x IIpU U3BCCTHOM

MAaTEMAaTUYCCKOM OKUIAHUU My BEBIYUCIICTCSI TaK:
=~ 5
Dx_Gx_n 12(( mX/’ (18)

I'AC Oy ABJACTCA CPCAHC KBAAPATHICCKUM OTKIIOHCHHCM.

~

B Cllydya€ HEHM3BECTHOI'O MATEMAaTHYCCKOTO OXHWIAAHUI JUCHEPCUIO D

X

HY>KHO BBIYHCIIATH 110 (hOpMYJIE:

—%1 iznl:xf—%(zn:xi)z : (19)

i=1
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