A13dTb A1 Yero Hy>XXHbl MaTemMaTnieCckme Mmoaernu,
bIOTEPHbLIE MaTEMaTUYEeCKUe Mmoaesu,

Takoe MMUTaLUMOHHOEe MoaenupoBaHue

@ MNO3HAKOMUTBLCH U OCBOUTHL OTAeNbHble CNocobbl NOCTPOeHUs
Pa3nu4YHbIX MHPOPMALMOHHbLIX MOoAeNen Ha KoMnbloTepe;



0 - 10 T2K0C MHPOopMaLMOHHOE
MoaenunpoBaHue ?




COBpeMeHHbIM MHCTPYMEHTOM AnA I/IH(bOpMaLIMOHHOFO
MoAerinpoBaHuUA ABNAETCA KOMMbIOTEP.

Mopenb — 3710 ynpoweHHoe nopobue pealibHOro obbekTta. Mogenb
oTpaxaert Jinlib HEKOTOPLbIE CBOMCTBa 0ObEKTA, CywleCTBEeHHbIE OJ1A
AOCTUMXEeHUA uesin moaernnpoBaHng.

[1ns1 CNOXHbIX 0OOBLEKTOB B HAyKe UCNOMb3yeTCHA TEPMUH «CUCTEMAY.
Mopenb ncnonb3yeTcsl Kak 3aMeHUTeslb peanbHON CUCTeMbl ANA
BOCrNpou3BeneHus otaenbHbIX ee PyHKUUN, ANS NPOorHo3a ee
noBeaeHUs B onpeaeneHHbIX YCIOBUSX.

dopmanusaums. VIHdopmalnoHHasi Modenb OnNuUcbiBaeT 00bLEKT
ModennpoBaHusa B opMe Kakux-nmbo 3HakoB: BykB, umdp,
KapTorpadmnyeckmnx afieMEHTOB, MaTteMaTU4ECKUX UNU XUMUYECKNX
doopmyn u T.n0.

dopmanusauma ectb pesynsrart nepexoaa OT pearibHblIX CBOUCTB O6beKkTa
MOAENNPOBaHMA K UX dbopmansHOMY 0603Ha4YEHNIO B onpeaeneHHom
3HaKOBOW CUCTEME.



Aurhanstaniianul

‘| S PAE VO LUVIVTITTIVUS VY

Yro TaKoe MOJeIHPOBAHHE.
HatypHble Mogean. MaTepHaTbHEIE MOJSTIH — HATVPHEIS

YepTexH H cxeMbl. UepTeX JOLKEH OBITH
o4eHb TouHEIM. CxemMa — 3710 rpadHyeckoe

MozemH. Moaens BOCHPOH3BOAHT TOJMBEKO T€ CBOHCTBA Q o 0TOOpaK eHHE COCTABa H CTPYKTVPEI CIIOKHOH
OpHTHHATA, KOTOPEIS MOHAN00ATCA 9e7I0BEKY IIPH & . - cucTeMBl. CTPYKTYpa — 3T0 QUPEASICHEEE

= Kapta mMecTHOCTH.
HCIOMB30EaHEHE. CBOMCTBAa MOJEIH 3aBHCAT OT LeIH

NOPANOK 00BEJHHEHHA JIEMEHTOR CHCTEMEI B
eHHOE IeJI0e.
I'paduk — Mogeas mpouecca.

MOJe/ITHpOBAaHHA.

TabamgHBIe MOJeTH

HuadopmannoHHbIe MogeaH. 117 HHQOPMATHKH OHH

5 2 Tabanus! THOA ; «QBEKT- 4
NpeACTaBITI0T HanOobImHE HETepec. HaTypHas Moaens — 310 2 ..

T°C

CBOHCTBO»
tr3zpgeckoe nogodre. MHpOpMAHOEHAT MOJETE - 3TO ee
< : ITpmvoyroaeHas Ta0HNa —
onucanHe. CriocoOEl OMHCAHHA | CIOBECHOE HA eCTECTBEHHOM : %
2 topmMa HHPOPMATHOHHOH
A3BIKE, MaTeMaTH4YecKoe, rpadudeckoe H ap. O0BEKT o n
Sk

MOIETTHPOEAHHA. Ma'repummw‘i 00BEKT; ABTICHHE IIPHPOIEL

nponecc. MoaeHpoBaHHE — 3TO JeATEIEHOCTE YE&I0BEKA IO Tabamna 1. Jomammusas Bpems
CO3JaHHIO MOASTH (HaTypHOH HiIH HH(MOPMAITHOHHOH). oubamoreka >
I'papuk Ha3MeHEHHA TEMIEpaTypEL

CoBpeMeHHBEIM HHCTPYMEHTOM A1 HH(OPMAIHOHHOIO
MOJeIHPOBAHHSA ABIAETCH KOMIBIOTeEP. Homep ABTOp Hazpanne T'og | IToaka
Mogems — 370 VOPOIMEEHOS MO0 0He PeaTEHOr0 00BeKTa. 01 Typrersee .C. | IToBecTH H paccKaszkl 1982 | 2
Mogens 0TpaxaeT JIHIIE HEKOTOPEIE CEOHCTEA 00BEKTA, 02 Tonctoit JI.H. | BoliHa B MHp 1980 | 3
CYINECTBEHHEIE 714 JOCTHXEHHA METH MOJSTHPOE aHHA.
JI719 CII0XHEIX 00BEKTOE B HayKe HCIIOMBE3YeTCA TePMHHE
«cucTeMay. Moeah HCMOIB3YeTCH KaK 3aMeHHTelb Tabanue! THNA ; «OBeKT- 06bexT» Tabamma 2. VenmepaeMocTs.
PeaIBHOIl CHCTeMBI 315 BOCPOH3BeTeHHs 0TAebHEIX ee Yyenuk Pycckmii | Anrefpa | Xuvna | ®mnka | Heropns
G yHKINIT, 115 NPOTHO3a ee MOBeIeHHS B OMpele] eHHbIX Ilymxknan (S 4 4 5 5
YCI0BHAX. Anlexcangp

= JlepnoHTOE | 5 5 4 5 5
Popmanmanua. MadopManHoEHAT MOJETH OMHCEE 38T Muxana
00BEKT MOJSTHPOBAHHA B (POpMe KaKHX-THOO0 3HAKOB: OVKE,

mH}p. KapTorpapHYecKHX 37IEMEHTOB, MaTEMaTHYECKHX HIIH
XHMHYECKHX QOpMyI H T.I.
PopMaTH3anHA €CTE Pe3yIBTaT NepPexoa 0T PeATBHEIX

Jeomgabie MaTpuub! (0 ram 1), IIpavoyroasEas TabnHna . COCTABICHHAT H3
YHCET HaskBaeTcqd MaTpHneH. TaOmuna 3. PakyIsTaTHEEL

CBOHCTE 00BEKTa MOJETHPOBAHHA K HX (opMaTEHOMY

= < r VYaeHHK Teoxorus IIBetoBoacteo | TaHme!
0003HAYEHHIO B ONPEIeTeHHOH 3HAKOBOH CHCTEME. Tl0GpOHpaB0E 1 0 1
| Haxayroea 1 1
Ilanamee 1 1 0

nl



OCHOBHOE IIPEeUMYLIECTBO
KOMIIbIOTEPA Mepel YeJI0BeKOM

COBpeMeHHbIM MHCTPYMEHTOM A1A I/IH(*)OpMaLI,I/IOHHOFO
MoAeJsimpoBaHuA sAABJNIAeTCA KOMIMNbHOTEP.

CoBpemMeHHble cynepdBM 3To MHOronpoueccopHble KOMMJIEeKCbl,
KOTOpPbIe NO3BONAIOT AO0OUTLCA OYeHb BbICOKOW
Npou3BoOAUTESNIbLHOCTU U MOTYT NPUMEHATLCA AJ1A pacyeToB B
pearibHOM BpeMeHU B MeTeoposiormm, BOEHHOM Aere , Hayke un T.n.

maBHOe NpeuMyLLECTBO KOMMNbIOTEpPA Nepea Yeri0OBEKOM —
CNOCOBGHOCTBb K ObIcTpOoMy cueTy. CoBpeMeHHble KOMNbITEPDI
CUMTAIOT CO CKOPOCTAMM B COTHU ThICAY, MUJIJIMOHbI M AaXe
MUnnMapabl onepauuv B cekyHay!

YuunutbiBas, YTO pacyeTbl NPON3BOAATCA Ha4 MHOMO3HAYHbIMU
yuncnamm (10-20 gecATUYHbIX UU(P), BbIYUCIIUTENbHbIE
CMOCOOHOCTU YernoBeKa Hernb35 Aaxe cpaBHMBaTb C
KOMMNbIOTEPHbLIMU. ATU PeHOMEeHarnbHbIe BbIYUCTIUTESIbHbIE
BO3MOXHOCTHU NMPOSIBMSAKTCA, Npexae Bcero, B KOMNbLIOTEPHOM
MaTeMaTU4eCKOM MoaeriupoBaHUMN.



C

1 aman modesniuposaHusi.
lMMocmaHoeka 3adayu.

\ )

OnucaHue 3adayu.
UccnedoeaHue xapakmepucmuk obbexkma .Kakoe Hado

npouseecmu eo3delicmeaue Ha 06bLekm, YmobnI e20
napamempsbl yooesiemeopsisiu 3a0aHHOMY yCJ108UIO.
Llenb MmodenupoeaHusi : co30aHue o6 bekmoes ¢ 3adaHHbIMU

ceolicmeamu.

2 amarn mMooesiupo8aHuUsl.
Pa3pabomka uHghopmayuoHHOU modesniu

MaTemaTniecKkasa Mogenb — 3TO onucaHune
MoZenupyemoro npotecca

Ha A3blKeé MaTeMaTUukKu.




KomnbloTepHas
Moaenb

Ewe e XVIII-XIX sekax y4yeHble-MameMamuKu Ha4dyasnu
uszobpemamb MemoObI peweHuUs1 makux MamemMamu4ecKux
3ada4y, komophble He ydaeasioCb pewumb MOYHO,
aHaJlumu4ecku.

Hanpumep, ebl 3Haeme, 4mo KeadpamHoe ypasHeHuUe
eceada MOXXHO pewumb MOYHO, a 80M Kybu4yeckoe — yxe
He eceza0da. Takue MemoObI Ha3bl8aKOMCS1 YUCJ/IEHHbIMU
mMemoodamu. OHU ceodsim peweHue s1robol 3adaydu K
nocriedoeamesibHOCMuU apugpmemuyeckux onepayuu. Ho
ama uyernoYyka apugmemu4yecKux ebI4YUC/IEHUU MOXXem
6bImb 04YeHb ONTUHHOU. N YyeM moYHee MblI XOMUM
noJsiyy4ums peuweHue, meM oHa OJIUHHee.

Mo)xem okazambcsi mak, Ymo OJisi peweHUsi CJI0XHOU
3adayu 4YucrieHHbIM MemoooM y4eHoMy nompebyemcs ecs
JKU3Hb. A MO)XXem u amoe2o He xeamumb! Hanpumep, kakou
CMbICJ1 HAYUHamb pac4em rnpo2Ho3a rno2oobl Ha
3aempauwHuli 0eHb, ecsiu 05151 amo2o nompebyemcsi
HeCKOJIbKO Jsiem pabombi?



KoMIiproTepHass MaTeMaruyecKas
MOJIEITb

lNosiennieHUe KOMMNbLOMEPOB CHSIJI0 3Mmu rnpobrieMsl.
CmaJsio 803MOXHbLIM NMPO80AUMb pac4yemabl CJI0OXKHbIX
MamemMamu4eckux modesiel 3a npuemsieMoe spemsl.
Hanpumep, paccyumamp no2ody Ha 3aempawiHuUl
deHb 00 e20 HacmyrJieHuUsi. Y4eHble nepecmairsu
cebs1 oepaHuU4YuU8amb 8 CJ/IOXKHOCMU co30asaeMbixX
Mamemamu4ecKux mooesieu, nosia2asicb Ha
6bicmpodelicmeue KOMNbLOMepPOos.

KoMmnbloTepHaa matemMaTn4yeckas mogenb — 3TO
nporpamma, peanusyroLwjas pacyeTbl COCTOAHUSA

MoaenupyemMon cucteMbl No ee MaTeMaTU4eCKoun
moaenu. [lpumep matemaTnyeckou

Mopaoenw.



Cuctembl HepaBe 3YMS NEPEMEHHbBIMY

Y

Puc.7

MHOXXeCTBO peLleHni h

JAaHHON CUCTEMBI

HepaBEeHCTB -- MONyKpyr F———
J

X2+y2=2
>
X

2x+3y=0



3 3Tan moaenupoBaHuUA

YTO TAKOE BBIYMCIIMTEIbHBIN SKCTIEPUMEHT?

KomnbromepHoe MmodennupoeaHue — OCHOBA NpeacTaBrnenHns 3HaHum B OBM.
[Mporpecc mogennpoBaHna cBA3aH C pa3paboTKon CUCTEM KOMIbIOTEPHOIO
MOAENMPOBAHNA, a Nporpecc B MHPOPMaLMOHHON TEXHONOIMMMN — C akTyanmsaumeu
onbiTa MOAENMPOBAHNSA Ha KOMMNbIOTEPE, C co34aHnemM BaHKOB Moaernen, MeToaoB U
ApPOrpamMMHbIX CUCTEM, NO3BOMAIOLLMX cOBMpaTh HOBbIE MOAENN U3 Moaernen baHka
Ucnonb3oBaHMe KOMNbLOTEPHOU MaTEMAaTUYECKOU Moaenu ANA uccnenoBaHus
noBeneHus oo6bLeKTa MoaenMpoBaHNA Ha3biBaeTCA BbIYUCTIUTESIbHbLIM
3KCnepuMeHTOM. [0OBOPAT TaKXkKe: «KYUCIIEHHbIN 3KCMEPUMEHT» .T. €. SKCNEPUMEHT,
OCYLLECTBIIAEMbIN SKCNEPUMEHTATOPOM Hag

uccneayemom CUCTeMou 1nm NpoLeccoM C NOMOLLLIO Opyaus dKCNepuMeHTa —
KOMMbOTEPA, KOMMbLIOTEPHON Cpeabl, TEX-

HOMOrnn.

BbluMCnnTENbHLIN SKCMNEPUMEHT CTAHOBUTCS HOBbIM MHCTPYMEHTOM, METOAOM HAay4YHOro
NO3HaHWS, HOBOW TEXHOMOIMMEN Takke U3-3a Bo3pacTtatolen HeobxoammMmocTu nepexoaa
OT UccrnegoBaHUsa NMMHENHbIX MaTeMaTUYECKUX Modernen CUCTEM K MCCnegoBaHuIo
CNOXHbIX N HENMUHENHBIX MaTEMaTUYECKUX MOAENEN CUCTEM (aHanNM3 KOTOPbIX ropasgo
CNnoXxHee).BbluncrnnTenbHbIN 3KCNEPUMEHT NO3BOSISIET HAXOAUTb HOBLIE 3aKOHO-



Paccmotpum npumep BbIYNCIUTENBHOIO
don3n4ecKkoro sKkCcnepmmMeHTa.

MomeHT nHepuun. B «OTkpbITON pusmke» (2.6,
Y. 1) eCTb WHTEPECHbLIN BbIYUCIIUTENbHbIN

JKCOEPpUMEHT NO HAXOKNEHO MOMEHTA UHEePIIAIA

TBEPAOro Tena Ha NnpuMepe CUCTEMbI, COCTOALLEN
N3 YETbIPEX LIApPOB, HAHMU3AHHbIX Ha OLHY CruLy.
MOXHO WN3MEHATb MOSIOXKEeHMe STUX LIAapoB Ha
cnuue, a Takke BblOMpaTb MOSIOKEHNE OCU
BpalleHNs, NpoBOAA €€ KaK yepe3 LEeHTP cnuubl,
TaKk U 4Yepe3 ee KOoHubl. [Ona kKaxpgoro
PAacrofioXKeHNA LWapoB yyallmecs BbIYUCAAKT C
NOMOLLbLI0 TeopeMbl LLTenHepa o napannensHOM
NepeHoce Oocu BpalleHUA 3HavyeHne MOMEHTa
nHepumn. [aHHble Ona pacyeToB coobLiaer
yuntenns. [ocrne BblMMCNEHNS MOMEHTa MHepuun
OaHHble BBOAATCA B NporpamMmy U npoBepsitoTcA
pesyrnbraTbl, NONyYeHHble yYalnmMuncs.[2]

¢ Ocs cnesa

(" Och B yentpe

(" Ocs copasa
L Ag-(rf +r§ +r§+ri JHly 121 5600wt
= TMR=0 000wt L=1w M=la

J




BbluMCNUTENbHbIN 3KCMEPUMEHT B HEKOTOPbIX Cry4vasX
MOXET 3aMeHUTb peanbHbIN PUINYECKUN IKCMTEPUMEHT.

BnevaTtnawowmum npumep Mcnosrib30BaHUA TaKou
BO3MOXHOCTU — MNpeKpaLlleHne ucnbiTaHMnM A0epHoro
OPYXUSA, KOTOPbIe CONMPOBOXAANMNCb 3HAYUTENbHbIM
3KOnorn4yeckum yuwepoom. bnaropaps o4eHb TOUYHbIM
MaTeMaTU4YeCKUM MOAEeSNIAM U MOLLUHbLIM KOMMNbOTEpPaM
cTaryio BO3MOXHO NpocYMTaTb BCe NOCNeACTBUA, K KOTOPbIM
NPUBOAUT U3MEHEHNEe B KOHCTPYKLUU saepHON 60OMObI.
OGpa3Ho roBops, yaanocb «B3opBaTb OOMOY» BHYTpU
KOMMNbIOTEpPa, HUYEero He paspyLUUB.



Buszyanusanus pe3yJbTaroB pacyera

BaXHbIM CBOMCTBOM KOMMNbIOTEPHbLIX MaTeMaTU4YeCKUX
Moaenen ABNsieTcA BO3MOXHOCTb BU3yanu3auum
pe3ynLTaTtoB pacyeToB. ATUM LeNsAM CIYXUT
ncnosib3oBaHue KOMNbLIOTEePHOW rpadukm.

MpeacraBneHne pesynbTaToB B Harns4HoOM Buae —
Ba)KHeuNLlee ycrioBue A UX Jyywero NOHMMaHusI.
Hanpumep, pesynbrathl pac4yeToB pacnpeneneHus
TemMnepaTtypbl B HEKOTOPOM OOBLEKTe NpeACcTaBNAIOTCA B
BUAe ero pasHoUuBeTHOro M3o0paxeHus: y4acTKku ¢ caMmou
BbICOKOW TeMrnepaTypomn OKpalUMBalOTCA B KPaCHbIN LiBET, a
B CaAMOM XONOOAHOU — B CUHUWN. YYACTKMU C
NPOMEXYTOYHbIMM 3HAYEHUSIMU TeMnepaTypbl
OKpaluMBalTCA B LiBeTa CreKTpa, paBHOMEpPHO
nepexoasiive oT KpacHoro K cuHemy (puc.2.7).
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Puc. 2.7. 'padpuyecKoe NpeacTaBlesye pPe3ayiIbTATOB

pPacyeToB paclIpegesnleHus TeMaeparTyp
II0 CeYEHHIO TEEePAOTOIIHBHOINO PAKETHOro ASMUraTens




KomnerorepHas rpadurka

KomnbroTepHasa rpadouka no3BoSigeT YEenoBeKY B
npoLecce nposeaeHns YNCNeHHOro 3KCnepnmeHTa
«3arnsHyTb» B HeOOCTYMHbIe MecTa nccriegyemMoro
obbekTa. MOXXHO nony4nTb n3obpakeHune nboro
cevyeHns obbeKTa CroXXHom doopMbl C OTODpaKeHnem
paccynTbiBaeMbIX XapakTePUCTUK: TeMnepaTypHbIX
nonew, oaeneHna u np. B peanbHOM pr3n4ecKom
9KCrnepuMeHTe Takoe MOXHO caenaTb Oarneko He
Bcerga. Hanpumep, HEBO3MOXHO BbIMOSTHUTL
N3MepPEHNS BHYTPM paboTatollen JOMEHHOMN Meyn
UNn BHYTpW 3Be34bl. A HA Moaenu 3To caenartb

moxHo [pumep KOMNbLIOTEPHOU rpadUuKku




HayuHasa rpacuka

f(z) = 2*

* CoBpeMeHHas
Hay4Has
KOMMNblOTEpPHas
rpadomka naet
BO3MOXHOCTb

NPOBOANTb
BbIYUC/IUTENBHbIE
3KCMEPUMEHTBI C
HarnsaAHbIM
npefcTaB/eHNEM UX
pPe3ynbTaToB.




KomnbrorepHast rpaduka

B Hacrosimee BpemMsi IIHPOKOE

pPacIpOCTpaHEHHe IIOJIyYrJI HOBBIH
BHAI I'padHKH- KOMILIOTEPHAS
RoMnboTepHas rpaduka
II03BOJBIET BEIIONHATE KOMITO3HITHIO
H3 CIIOXKHBEIX  II€PECEeKAFOIIHXCS
JIHHHH, OOBEMHBIX B3JIEMEHTOB H B
AAJIGHEHIIIEM BBIBOAHTL PHCYHOK HA
IIPHHTEP. A IJIABHOE KOMIILIOTEPHAS
rpaduka  TIO3BOJBIET  BBIIOIHATE
PHCYHOK C HCIIOJIE30BAHHEM
OOJBIIOr0  KOJNHMYECTBA  IPajlalliii
I[BETA X TOHA.




KoMnblOTEpHbIE MOAENN

YncnieHHbIe METOAbI:
apuhmeTnuyeckue cnocobbl pelieHus nioboin apumeTUHecKoin 3agaqm

]

BblYMCIMTENbHbINA 3KCNEPUMEHT
PacuyeT cocToaHuAa obbekTa MOZENMPOBaHWS NO MaTeMaTU4ecKon MoZenn

HarnagHoe npeacTaBneHne pesynbTaTa:
cnonb30BaHUE KOMMNbIOTEPHON rpachukn U My bTUMEAMA ANA
npeacTaBNeHuns pesynbTara

KomnbroTepHan
MATEMATUUECKAA MOMENL

YNpaBneHue B peanbHoOM BPEMEHN:
BbICTPbIE KOMNbIOTEPHbIE MOAENN, paboTaLME CO CKOPOCTbLIO
thu3anyeckoro ynpasnseMoro npouecca

[

|

MMuTauma cocTtoaHna peafleOﬁ CMCTEMDBI CO CﬂyqaﬁHblM
noBegeHNeEM ee 3/1EMEHTOB

CUCTEMbI MAccoBOro OﬁCﬂY)KHBaHMSI

KomnbTEPHAEN
MMUTALNOHHAES
MOgens

TpPaHCNOPTHbIE CUCTEMBI

|

T R — |
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YnpaBrieHne Ha OCHOBE MoJenen

Ewe oaHO BaxHoe HarnpaBJieHne KOMMNbHTEepHOro
MaTeMaTn4deCckoro moagesimpoBaHumsA CcBA3aHO C
ncnonb3oBaHnMemMm KOMNbIOTEPOB B yNnpaBJIEeHUMN.

KoMnbroTEpPbI UCNOAbL3YIOT ANA YNpaBJaeHus paboTtoun
XUMUNYECKUX peaKTopoB Ha 3aBOAaX, aTOMHbIX peaKkToOpoOB Ha
3NeKTPOCTaHUNAX, YCKOPUTENEeU 3rieMeHTapHbIX YacTul, B
cdnsnyecknx nadboparopumax, nosieta aBToMaTU4EeCKUX
KOCMMWYECKUX CTaHLUUN U T. A.

YnpaBnasa npon3BoaACTBEHHON UK NabopaTOPHON YCTaHOBKOM,
KOMMNbIOTEP AOSMKEH MPOCYUTLIBATbL €€ XapaKTepUCTUKN Ans
TOro, YToObl BOBPEMSl CHATb NOKa3aHUA C AaTYMKOB UNKn
oKasaTb yrnpasBnsiouiee BO3AeNCTBME: BKIIOYNTb pene,
OTKPbITb KflanaH u T. n.

Bce pacuerbl Npon3BOAATCA MO 3aJ/10)X€HHbIM B
nporpamMmy ynpaBJiIeHUsI MaTeMaTnyeCKUM MOAEJISIM.
Ba>kHoO, 4TObbI pe3yibTaTbl 3TUX PacyeToB
noJsiy4asincb B pe)xxmnme peasibHoro BpeMeHu
ynpaB/isieMoro npoyecca.



ViIMMTaumoHHoe moaennpoBaHue

UMmunTaumoHHoe mogenvpoBaHue — ocobasi pa3sHOBUAOHOCTb
MoaenupoBaHUs Ha KoMnbloTepe.

UMmuntaumoHHaa mogesib BOCNpPoOM3BOAUT NoBeaeHUe CroXXHOMU
CUCTEMbI, ANIeMEeHTbl KOTOPOM MOryT BECTU cebsl crnyYyauHbIM
obpa3om. NHaye roBops, noBeaeHUe KOTOPbIX 3apaHee
npeackKkasaTb HENb3A.

Takoe noBegeHue B MaTeMaTuUKe Ha3biBaeTCHA CTOXaCTUYECKUN.
U3 kypca ou3nkmn Bam 3HaKoMoO iBrieHue 6poyHOBCKOIo
ABMXEHUSA: XaOTNYECKOro nepemMeLleHus nerknx 4yactmy Ha
NOBEPXHOCTU XNAKOCTU N3-3a HEPpaBHOMEPHbIX yaapoB
MOJIEKYJ C pa3HbIX CTOPOH. Henb3s TOYHO paccunTaTb
TPaAeKToOpnO OPOYHOBCKOM YaCTULbl, HO €e MOXHO
CbIMUTUPOBATbL Ha 3KpaHe KomnbloTepa. OTcroga u npoucxoauT
Ha3BaHue — MMUTALMOHHaA Moaesb.




ViIMMTaumoHHoe moaennpoBaHue

K MMUTaLUMOHHbIM MOoAE/ISIM OTHOCATCA MOoAeNnn CUcCTem
MacCOBOro oocnyXuBaHus: Hanpumep, CUCTEMbIl TOProBJU,
aBTOCepBMUCa, CKOPOU NMOMOLLM, B KOTOPbIX MNOABNEHNE 3aABOK
Ha obGcnyXXuBaHue U AJNIUTESNIbHOCTb OOCIYy>XXMBaHUSA O4HOM
3asiBKW — COObLITUA CrlyYyauHble.

3apauun, pewaemMbie C NOMOLWbLIO UMUTALMOHHbLIX MoAernen
CUCTEM MAacCOBOro oocnyxmBaHus, 3aKnNO4arOTCA B NOUCKE
pexnmoB paboThbl CnyX6 cepBuca (MarasmHoB, aBTO-3anpaBoK
N Np.), YMEeHbLIAKLWNX BPEMSA OXNAAHUA KITUEHTOB.

Ewe ogHMM nonynsipHbIM 06bLEKTOM AJiI1 UMUTALMOHHOTO
MoZeNnUpoBaHNs ABNAIOTCA TPAHCMNOPTHbIE CUCTEMbI: CeTb
ropoAcKkux gopor, nepekpecTkn, ceBetodopbli, aBTOMOOUNMN.



« ELye ogHum riornyispHbIM 06bEKTOM /[1/151
UMUTALIMOHHOI0 MOAEJSIMPOBaAHMS SIBJISIKOTCS
TPAHCIMOPTHbIE CUCTEMbI: CETh MOPOACKUX OPOr,
[MepPEKPECTKN, CBETOOPbLI, aBTOMOGUIIN.

« Moaesnb UMUTUPYET ABUXXEHUE TPaHCINOPTHbIX
[TOTOKOB 10 ropoAckum yauuam (puc. 2.8).
IKCrepuMeHTbl Ha TaKkou MOAESIN MO3BOJISIOT
HanTu pexxuMbl yripasrieHus ABuxeHnem (paborta
CBETOQ®OPOB), YMEHbLUANOLUINE BO3MOXXHOCTb
BO3HWKHOBEHMUS rpobok. Pabora mMutaymnoHHoOu
MOAEJIN BCerAa BU3yasan3mpyercs Ha 3KpaHe
KOMIMbIOTEPA.



ViIMMTaumoHHoe moaennpoBaHue

Foras Pnwron  Drostarems VS TETS
s

- - PP i -
. L B

-
-;;";g_l,'l l j 'v;; ’
t e i

%,.'&

Puc. 2.8. OxHO nporpaMmbl, HNETHPYIONEH ABMIKeHHEe ropoiACKOoro
Tpa"acnopTa




AHanus pe3yribtatoB MoAaeJsimpoBaHus

KoHe4Has1 yenb MoaennupoBaHUsa — MNPUHSTUE PELLIeHNS, KOTOPOE A0MKHO ObITb
BblpaboTaHO Ha OCHOBE BCECTOPOHHENO aHannaa Nnofy4vYeHHbIX pesynsraTtoB. OTOT
aTan pelwlarowmn — nnbdo Bbl NpoaomKkaeTe nccnegosanme, nmbo 3akaH4YnNBaEeTe.
Bo3MOXXHO, BaM U3BECTEH OXMOaeMbl pesdyrnbsrar, Toraa HeobxXxoaAnMMo CPaBHUTL
NOSTyY4EHHbIN N OXXUAAeMbIN pe3ynbTaThl. B cnyvyae coBnageHnsa Bbl CMOXeETE
NPUHSATL peLleHne.

OcHoBoM Ans1 BbIpaboTKM peLleHnst cny»Xat pesyrnbraTbl TECTUPOBAHUA U
9KCNepMMeEHTOB. Ecnun pesynbraTbl HE COOTBETCTBYHOT LIENSIM MOCTaBEHHOM
3agayun, 3Ha4nT, OONyLWEHbI OLLINOKM Ha NpeablayLnX atanax. ATo MOXeT ObITb
NGO CrNLLKOM YNpOoLEHHOE NOCTPOoeHNE NHGOPMaLIMOHHON Mogenu, nMbo
HeydadHbIN BbIOOP METoAa U cpedbl MOAENMPOBaHUA, MO0 HapyLLUEHME
TEXHOSTOMMYECKNUX MPUEMOB MPU NOCTPOEHUN Mmoaenn. Ecnn Takne owmbkm
BbIABNEHbI, TO TpeEbyeTCcs Koppekmupoeska Modesiu, T. €. BO3BpaT K OAHOMY 13
npeablaywmnx atanos. [Npouecc moemopsiemcsi 4O TeX NOpP, Noka pesynbraThl
aKcnepuMeHTa He ByayT oTBeYaTb yesisM modennpoBaHusa. [naBHoe, Haao Bceraa
NOMHUTb: BbIsIBNEHHasi olunbka — Toxe pesynsrar. Kak roBoput HapogHas
MYyOpPOCTb, Ha OLLUMOKax y4aTcs.



DYME@HTbI fipor poBa
norpayj QOYKTE g pyHKUMKM pacye OrHO3Q

o M OVH U3 [BaXKHENLLNK BMOOB OeS OCTWn ¢
eB,El,eBHI/I Bpe eHa porH Q3BOIS
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PDIO OYKU MageHyd cHapaaa Hg 0. Takon Buj

OFHO3 BaeTC uyec FHO3O CTBy OCHOB




KopomKo 0 2/1a8HOM

KoMmrnboTepHas mateMatnyeckasl MoAesib — 3TO [porpaMma,
peannsyrouas pacyeTbl COCTOSIHUA MOAE/INPYEMON CUCTEMbI
10 ee MaTeMaTu4ecKon MOAESN.

Bbicokoe 6bICTPOAENCTBUNE KOMIMBIOTEPOB M03BOJISIET BbICTPO
peLlaTtb OCTaTtoO4YHO C/I0XKHblIE MaTteMaTu4yecKkue 3ajaqyu B
rpouecce MoAesinpoBaHMs.

BquMCﬂMTeﬂbI-‘IJbII;I 3KCI7€pI/IMeHTU— UCrioJib30BaHune
KOMlbOTEPHOU MaTGMaTML!JeCKOM Mo4esin AJid UCCJiegqoBaHUs
rNnoBeAEHNA ModeJInpyeMon CUCTEMBI.

KoMrbroTeEpHOE yripaB/ieHNE TEXHNYECKUMU YCTPONUCTBAMMU
rPONCXOANT B MPOLIECCE PACHYETOB M0 MATEMAaTUYECKNM
MOZEJISIM B PEXUME PEASIbHOIO BPEMEHM.

NMuTaymnoHHas MoAeslb BOCIPOMU3BOANUT MOBEAEHNE CITOXHOM
CUCTEMBbI, 3JIEMEHTbI KOTOPON MOryT BECTHU cebs C/1ly4YanHbIM
o0bpa3om.



Bornpochk! U 3ad0aHus

« 1. Y10 obuyero v B 4eM passinyme rnoHSITUNn
«MaremMatunyeckasi MoOA€EJIb» U <KKOMIMbIOTEPHAas
MareMaTmn4decKkasi Mofgesib» ?

= 2. Pacuert nporHosa norofbl Ha COBPEMEHHOM KOMIMbIOTEPE C
b6bicTpoAenNCTBMEM 1 MJIH oriepauni B CEKYHAY AJINTCS B
TeyeHne 1 yaca. OyeHuTe, CKOJIbKO BpEMEHM MOHaA06M/10Ch
Obl 4715 3TOr0 YE/I0BEKY, UMEIOLEMY B CBOEM PACIIOPSIXKEHUMN
apngpmomeTp (MexaHMYeCKNI KaslbKyasTop)?

= 3. B yeM coCcTOUT 0COBEHHOCTb KOMIMbOTEPHOIO
MaTeMaTM4ecKkoro MoAeIMpoOBaHms B MpoLiecce yrnpasaeHns
TEXHUYECKUM YCTPONCTBOM?



« 4. Camonet HaxoamTcst Ha BbicoTe 5000 meTpoB. Ob6Hapy>xusach
HencripaBHoCTb paborsl ABurartesisd. CamoseT Havyas nagarthb.
bopToBou KOMIbOTEP NMPOU3BOANT ANArHOCTUKY HENCIIPaBHOCTU U
coobLlaer nuioTy o HEO6XoANUMbIX AENCTBUSIX. [/1S peLLeHNs] 3TOM
3a4a4n emy Hy>XHO BbIMosIHNTb 108 BbIYUC/TNTE/IbHbIX ONepaLmu.
bbicTpoagencrBmne KomrnbroTepa — 1 MJIH Ori/CeK. Ycrneer /in neTtynK
cractu caMmoJsieT, €C/In MUHMMAasIbHasi BbICOTa, Ha KOTOPOMU CaMoJIET
MOXXHO BbIBECTU U3 nuke, — 2000 MeTpoB?

5. B Kakux cutyaumnsx UCrosib3yercs UMUTaLMOHHOE
MoAesIMpoBaHune?

« 6. [lpuaymanite no ogHomy ripumMepy GopMbl MCrOTb30BaHMS
KOMIMbOTEPHON rpapuKu 4151 BbIYUCTINTEILHOMO 3KCMEPHUMEHTA,
AJ151 KOMIMbIOTEPHOIO YripaB/eHUs n 4151 UMUTaLUNnOHHOU MOAETIN.

« YeMy Bbl AO/IKHbI HAYYUTLCS, N3y4YuB r/iaBy 2 y4ebHUKa.

= o CTpoutb T@b/INYHBbIE MHd)op/vLauMOHHb/e Mozesin rno CJiIoBECHOMY
ONMUCaHUID 06BEKTOB M UX CBOMUCTB.






[lpe3eHTauuns noarotosseHa yuyntenem nHdpopmatmku MOY

coul 15.
ABTOp yuuTenb Bbicwen kateropmmn nywkos H.B.
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