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BBE/JIEHHNE

[Ipy wm3ydeHUM SBICHHUN OKPYXKAIOUIET0O MHPA Mbl 4YaCTO CTAJIKHBAEMCS C
IpoleccaMu M SIBJICHUSAMH, MCXOJ KOTOPBIX 3apaHee IpeAcKa3arb HEb3s. JTa
HEIPECKa3yeMOCTh BbI3BaHA BIMSHUEM CIIy4alHBIX (PAKTOPOB, BO3JICUCTBYIOIINX HA
XOJ ITPOLECCa WU SIBJICHUS.

Jns uccrmenoBaHusl CIHOXKHBIX CHCTEM, MPOILIECCOB, SBJICHUM, B KOTOPBIX
ciy4aiiHble (PaKTOpbl UIPAOT CYIIECTBEHHYIO pOJib, OYEHb YacTO HEBO3MOXKHO
NOCTPOUTh  AHAJIMTUYECKYID  MAaTE€MaTUYECKyl0  MOJAENb, IO3TOMY  CTPOAT
MMHUTALMOHHYIO0, TPHU KOTOPOM M3y4yaemasi CHUCTEMa 3aMEHSIETCS MOJECNbI0, C
JIOCTAaTOYHOM TOYHOCTBIO OINKCHIBAIOIIEN PEATBHYIO CUCTEMY, C KOTOPOH IMPOBOASITCA
AKCIIEPUMEHTHI C LIETIBIO MONTy4YeHUsI HH(POPMAILIMK 00 3TOM CUCTEME.

AKTyalbHOCTh 3TOTO METOJa TO3HAHUS 3aKJII0YAEeTCd B BO3MOKHOCTH
IIPOBECTU DKCIEPUMEHT B TE€X Clly4yasX, KOIZla peajlbHOE B3aUMOJICHCTBUE
HEBO3MOXKHO WJIM  HenejaecooOpasHo. Takke CTOUT OTMETHTh, 4YTO IMpHU
UCIIOJIb30BAaHUM HMHUTAIMOHHON MOJAENH, IS TOJydeHUus Hauboyee TOYHOIO
pe3yiabTara HEOOXOAMMO  MPOBECTH  OONBIIOE  KOJIMYECTBO  SKCIIEPUMEHTOB,
CJIEOBAaTEIbHO MPAKTUYECKU 3HAUYMMBIM SBJISICTCS. WCHOJIB30BAHUE BO3MOXKHOCTEH
COBPEMEHHOW BBIYHCIIMUTEIBHON TEXHUKU. MOXHO caenarb BBIBOA - JUISl U3YUYCHUS
CIIOKHBIX CHCTE€M, BKIIIOUAIONIMX B Ce0SI MHOXECTBO CIy4allHbIX (DaKTOpOB
HEOOXOUMO HCIOJIb30BaTh METO/Ibl CTAaTUCTUYECKUX HCIBITAHUN WUMUTAIIMOHHOTO
MOJIEJIMPOBAHUSI, PEAIM30BAHHBIE CPEACTBAMH BBIYMCIUTEIBHON TEXHUKH, TO €CTh
MPOTPAMMHO.

[{enpto 1aHHOW KypCOBOM SIBIISIETCS PEIICHUE 3aJ1a4M O CIy4ailHOM Oy KJTaHUU
MeronoM MoHte-Kapiio B nponecce IMUTAlMOHHOTO MOJIeIMpoBanud. [[ns pemenus
JAHHOW 3aJaud HEOOXOJUMO U3YYHMTh TEOPHIO MO JaHHOMY BOINPOCY, CO3AaTb
IIPOTPaMMy HMUTHPYIOLUIYIO ITPOBEICHUE PEAJBHOIO JKCIIEPUMEHTAa U IPOBECTH
sKkcriepuMeHT. OOBEKT HMCCIENOBAHUS - MPOIECC MUMHUTAIMOHHOTO MOCIUPOBAHMUS,

peIMeT UCCIEN0BaHUs - 33/1a4a O CIIy4aitHOM OJTy>KJIaHUU.



1 UMuTaninoOHHOE MOACITMPOBAHUE

1.1 I/IMI/ITaI_[I/IOHHOG MOACIHUPOBAHNEC KaK MCTO MUCCIICAOBAHUA

Nmutammmonnoe wmoxaenupoBanue (MM) - oaMH ©3 caMbiX MOIIHBIX
WHCTPYMEHTOB aHalin3a MpHU pa3paboTKe CIOXKHBIX CUCTEM M aHAJIM3a MPOILIECCOB UX
dbynkimonuposanus [5]. Mcmonp3oBaHne 3TOro MHCTPYMEHTA TO3BOJIIET MPOBECTH
AKCIIEPUMEHT B TEX CIyyasX, KOTJa peajlbHOE B3aHMMOJCHCTBUE HEBO3MOXKHO WU
HelenecooopasHo.

DTOT METOJ MpeanoiaraeT MCHOAb30BaHUE TEXHOJOTUM MJI1 HMUTALHUU
(GYHKIIMOHUPOBAHUSA HEKOM CHUCTEMBI, ONMHCAaHHOM MpPH IMOMOIIM MaTeMaTUYeCKHUX
3aBUCUMOCTEN. YHallle BCEro MareMaTu4eCKUE MOJIEIN TAKUX CUCTEM SIBJISIFOTCS OUEHB
CIOKHBIMM W  HE TMOAJaloTcs  00paboTKe  aHATUTUYECKUMH  METOJAMH.
MonenupoBaHue IMO3BOJIIET coOpaTh HEOOXOMUMYIO HH(OpMaIMIO O MOBEICHUU
CHCTEMBI IIYTEM CO3JaHUSI €€ KOMIBIOTEPU30BAHHOW MOJEIM M J1aThb OLECHKY
(GYHKIIMOHAIBHBIM XapaKTEPUCTUKAM HCCIIEAYyEeMOro 00ObEeKTa.

JIaHHBI UHCTPYMEHT MPUMEHSETCS B PA3IUYHBIX 00JACTAX HAYKHU, TEXHUKH U
DKOHOMUKH, HAllpUMEP MPU PEUICHUU IMPOU3BOACTBEHHO-TEXHOJIOTMUYECKUX 3a/ad:
CO3JJaHUU CHUCTEM MAacCOBOTO OOCTY>KMBaHHUs, pa3pabOTKe CHUCTEM CBS3H,
AHAIM3UPOBAHNN XUMHUYECKHX MPOLIECCOB.

CymiecTByeT ABa TUIIA UMUTAMOHHBIX MOJEIEH:

1. HenpepbiBHBIE MOAENM - MCHONB3YIOTCS [JI1 CHUCTEM, TNOBEICHUE
KOTOPBIX U3MEHSETCS HEMTPEPHIBHO BO BPEMEHU.

2. JIMUCKpETHBIE MOJENN - UMEIOT JEJN0 C CUCTEMaMHM, OBEAECHUE KOTOPBIX
V3MEHSETCS JIMIIb B 3aJJaHHBINI MOMEHT BPEMEHH.

MoMEHTBI BpEMEHM B KOTOPbIE B CHUCTEME MPOUCXOIAT U3MEHEHHS,
ONPENENAIOT COObITHS Mojenu [2]. MHTYUTHBHO MOHATHO, YTO [JIsi IPOTHO3Q
3HAQUEHUI XapaKTEePUCTUK, PA3BUBAIOLIETOCS BO BPEMEHM IMpoliecca, HEOOXOAUMO

3HATb 3HAYCHUA 3THUX XAPAKTCPHCTHK B HGKOTOpLIﬁ «Ha4aJIbHbIN» MOMEHT BpPECMCHHMU.
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Ha camom nene HEOOXONMMOCTh MMETh 3HAYEHMsI BHYTPEHHHUX XapaKTEPUCTHK B
HayaJbHbII MOMEHT BPEMEHHU AJI TOrO, YTOOBI C MOMOILBIO MOAENN JaTh MPOTHO3 UX
3HAYEHUH B NOCJIEYIOUIME MOMEHTHI BPEMEHMU.

NMutanrioHHble MOJENH OTHOCSTCA K KJaccy MOJIeei, KOTOpbIE SBISIOTCS
CUCTEMOI COOTHOUIEHUH MEXJy XapaKTEepUCTHUKaMHU OMKMCBIBAEMOIO Ipoliecca. JTu
XAapaKTEPUCTUKH MOIPA3JAEISIIOTCA Ha BHYTpEHHUE U BHelHue. [Ipeanonaraercs, 4To
BHYTPEHHHE XapaKTEPUCTUKHU - TO T€, 3HAYECHMsI KOTOPhIX HAMEPEBAIOTCS y3HATh C
noMmouisto cpeacts MIM; BHEIIHME - TaKKe, OT KOTOPBIX BHYTPEHHUE XapaKTEPUCTUKU
CYILIECTBEHHO 3aBUCST, HO 0OpaTHasl 3aBUCUMOCTh HE UMEET MECTa.

Mogenb A0mKHA OBITH 3aMKHYTA, COOTHOUIEHHUS €€ XapaKTEPUCTHK JOJKHBI
ONpENENATh BHYTPEHHHE IapaMeTpbl, NpH U3BECTHBIX BHemHUX. llpouenypa
OTIpEJICIICHHS] BHEIITHUX XapaKTePUCTUK HA3bIBACTCS €€ MACHTHU(UKALIUECH.

DTanbl TEXHOJIOTUA UMUATAIIMOHHOTO MOJIEIMpOBaHus [6]:

l. COCTAaBJICHHE MOJIEIIH MPOLIECCa;

2. IpPOBEpKA 3aMKHYTOCTH M pa3pabOTKa MpOLEIypbl BBIYUCICHUS
BHYTPEHHHUX XapaKTEPUCTUK MO W3BECTHBIM BHEUIHUX XapAKTEPUCTHKAM;

3. pa3paboTKa KOMIBIOTEPHOU MPOrpaMMbl JUIsl BHIYMCIICHHS] BHYTPEHHUX
XapaKTEPUCTHUK MO U3BECTHBIM BHEITHUM XapaKTEPUCTUKAM;

4. OIPEJEIICHNE 3HAYEHNI BHEIIHUX XapaKTEPUCTHK;

5. BBITIOJTHEHUE UMUTALIMOHHBIX HKCIIEPUMEHTOB.

Takum 00pa3oM, TEXHOJOTHS WMHUTAIMOHHOTO MOJAETUPOBAHUS 3TO CIOCO0
U3BJICYCHUS] HOBOM MH(GOpMAIIMM, & UMEHHO 3HAYEHUN BHYTPEHHUX XapaKTEPUCTHK
MOJENIA, W3 TOW, KOTOPOM YK€ pacmojaraéM — 3HAYEHUW BHEIIHUX
XapaKTEepPUCTHUK[6].

Ecin B Mogenu wuMeroTcs cliydailHble BHEIIHHE XapaKTEPUCTUKHU, TO H
BHYTPEHHHE XapaKTEPUCTUKH, U CaM MPOLECC SIBIAIOTCS CIy4YalHBIMU: B JIIOOOH
MOMEHT BPEMEHH €r0 XapaKTEPUCTHKU 3TO CilydailHble BEJIMYMHBI. MIMUTanmoHHBIE

OKCIICPUMCHTEI TOrAa BOCIIPOU3BOAAT pCain3aliun CJ'Iy‘I&fIHOFO mponecca.



1.2 N3yueHue citydaliHbIX NPOLIECCOB C MpUMEHEeHHeM MeTo10B MoHTe-Kapio

Metonel MoHTe-Kapino - MeTombl CTaTUCTHYECKUX HCIIBITAHUM, Tpymnna
YUCJIICHHBIX METOJOB PELICHMS 3aJay, UCIONb3YIOIINX MOJEIUPOBAHUE CITyYalHBIX
BEJIMYMH M CIyYalHBIX IPOLECCOB M IOCTPOCHHE HA UX OCHOBE CTAaTUCTUYECKHX
OIIEHOK MCKOMBIX BesnuuH [10].

OcHOBHasi Hzied COCTOUT B MCIOJB30BAHMM BBIOOPKH CIyYaWHBIX YUCEN IS
IIOJIyYeHHUsI HMCKOMBIX OLIEHOK. OJTOT METOJ B HW3BECTHOM CMBICIE SIBIISETCS
IpeIECTBEHHUKOM COBPEMEHHOTO UMUTAILIMOHHOTO MOJEIHPOBAHUS.

PaccMmoTpum kakoil-HHOyAb €CTECTBEHHBIE MPOLIECC, HA MPOTEKAHNE KOTOPOTO
BIMSIIOT pa3jinyHble Cilay4ailHble (DakTopbl. 3aKOHBI paclpenencHus 3TuX (HakTopoB
OyIeM CUMTATh W3BECTHBIMHU: MHOTAA 3TH 3aKOHBI MOKHO BBIYMCIUTH TEOPETHUECKH,
yaile - JKCHEPUMEHTAIbHO. TaK KaK KOMIIBIOTEPHBIE MOIIHOCTH IO3BOJISIIOT HaM
HAXOJIUTh 3HAYEHUS CIIyYallHBbIX BEJIUYMH C JIIOOBIMU 3aKOHAMM pacIlpeesieHus, To,
pa3birpaB KOHKPETHbIE 3HAUYEHHUS CIy4YalHbIX (DAKTOPOB, MBI CMOXEM pacCUUTaTh
KOHKPETHYIO CJIYy4YailHyl0 peaJn3aluio npouecca. Takol pacdyeTr Has3bpIBalOT -
UMUTalMed U OONBIIMHCTBO peanu3auui metoga Monte-Kapino cBsi3aHO MMEHHO ¢
THUM.

Pa3Butuio meTomoB crnocoOcTBoBajo OypHoe pa3Butue OBM. Anroputmsl
Mounrte-Kapio cpaBHUTENBHO JIETKO MPOrPaMMUPYIOTCS U MO3BOJISIOT PACCUYUTHIBATH
MHOTHE 3a/a4¥, HEIOCTYIIHbIE Ui KJIACCHYECKUX YHCIEHHBIX METOJOB.
CoBpeMeHHBIN BapuaHT MeToja chopMHpoBajcs B pamMkax MaHX3TTEHCKOTrO
IPOEKTa, TAE OH MPUMEHSUICA JJI1 MOJEIMPOBAHUS PACCTOSHMM, KOTOPBIE MOTYT
IIPOWTH HEUTPOHBI B DPA3JIMYHBIX Marepuaynax. Maes MoaenupoBaHUs Ha OCHOBE
reHepalunyd Ha0opa CIy4alHbIX 3HAaYEHHUI CyLIECTBOBaJa YK€ B TEUEHHUE HEKOTOPOTO
BpEMEHH, HO O0CO000€ pa3BUTHE TMONy4YWIa TPH CO3JAaHUU AaTOMHOW OOMOBI,
pacupoCTPaHUBILIUNICS 3aT€M BO MHOTMX JPYTHX 00JacTsIX 3HAHUMH.

Ob6nacTpio TpUMEHEHHUs Tpynmbl MeTonoB Monrte-Kapno sBnsercss cmoco0

OOCHKH BJIMAHUSA HCOIIPCACICHHOCTH ITapaMCTPOB CHUCTCMbI B IIMPOKOM AHUAIIA30HC
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cutyauuii. MeToq OOBIYHO HCHONB3YIOT JUIsl OIEHKHM JHuarna3oHa W3MEHEHHS
pe3yabTaTOB M OTHOCUTEIBHOW YacCTOThl 3HAYEHUW B HTOM JHMANa30HE IS
KOJIMYECTBEHHBIX  BEJIWYMH, TaKUX KaK CTOMMOCTb, MPOJAOJLKUTEIBHOCTD,
MPOU3BOAUTEIBLHOCTH, cripoc [1].

BxonnpiMu naHHBIMU Uit MoAenUpoBaHus MeTogoM MonTte-Kapno seisrorcs
XOPOIIO MPOopadOTaHHAsT MOJAENb CUCTEMbI, HH(OpMAIUs O THUIIE BXOIHBIX AHHBIX,
HMCTOYHHUKAX HEOIPEACTICHHOCTH U TpeOyeMbIX BBIXOJHBIX TaHHBIX. BXOaHbIC TaHHBIC
YU COOTBETCTBYIOIIYK) MM HEOIPEICICHHOCTh PACCMATPUBAIOT B BUAE CIy4YaWHBIX
MEPEMEHHBIX C COOTBETCTBYIOUIMMHU pacnpeleneHusMu. Yacto s 3THX Lelel
UCIIONIB3YIOT PABHOMEPHBIE, TPEYToJibHbIC, HOpPMaJIbHbIE U JIOTapU(PMUUYECKU
HOPMAaJIbHbIE PACTIPEAECICHUS.

[Ipeumymiecrna:

1. METO/I MOXET OBbITh aJanTUPOBAH K JIFOOOMY paclpeieieHUI0 BXOAHBIX
JAHHBIX, BKJIOYas OJMIIMPUYECKUE PACHPEHECICHUs, IOCTPOCHHBIE HA OCHOBE
HaOJIIO/ICHH 32 COOTBETCTBYIOIIUMHU CUCTEMAMU;

2. MOJIETTH OTHOCHUTEIBHO TPOCTHI 1Jsi PabOTBI W MOTYT OBITH TpHU
HEO0OXOIMMOCTH PACIIHPEHBI;

3. METO]1 TTO3BOJISIET YUECTh JII0ObIe BO3JIEUCTBUSI U B3aUMOCBSI3H, BKIIOUYas
TAKHE TOHKHUE KaK YCJIOBHBIE 3aBUCUMOCTH;

4. Ui WACHTU(UKAIMA CUJIBHBIX M CJla0BbIX BIUSHUNA MOXET OBITh
MIPUMEHEH aHAJIU3 YYBCTBUTEIBHOCTH;

5. MOJZIENIA SBIISIFOTCS TIOHSTHBIMH, @ B3aMMOCBS3b MEXKIY BXOAaMU H

BBIXOJIaMH - IIPO3PAvYHONM;

6. METOJ] IO3BOJIAET JOCTUYb TPEOYyEMOI TOUHOCTH PE3YJIBTATOB.
Henocrarku:
I. TOYHOCTh PELICHWN 3aBUCHUT OT KOJWYECTBA UTEPALMU, KOTOPHIE MOTYT

OBITH BBITTOJTHECHBI (BTOT HCIOCTATOK CTAaHOBUTCA MCHCC 3HAYMMbIM C YBCIIMUCHHUCM

OBICTPOAECHCTBUS KOMIIBIOTEPA);



2. OoJbIIME W CIOKHBIE MOJAEIW MOTYT MPEACTABISATh TPYIAHOCTH IS
CIIECIMAIIUCTOB MO MOJAEIUPOBAHUIO M 3aATPYAHSITH BOBJICYEHUE 3aMHTEPECOBAHHBIX

CTOpPOH.
1.3 Knaccuyeckas 3a1a4a o ClydyaiiHOM Oy K TaHUH

Ucnbrtanuem bepHymium  Ha3bIBAlOT  CIyYalHBIA OKCIIEPUMEHT C JIByMS

BO3MOXHBIMHU JJICMCHTApHBIMHU HCXOAaMH: W W 2" PaCCMOTpI/IM CJ'Iy‘-IElfIHOG

1!
Ony>kaaHue, KOTopoe Mopokaaerca cxeMod ucnbeiTanuii bepuymmu. [Ipeamnonoxum,
YTO YacTULI@ BBIXOAUT W3 Hadyaja KOOpPAMHAT M 4Yepe3 EIUHUIY BpPEMEHU

MEPEMENIACTCS HA €AUHUIY BBEPX C BEPOATHOCTHIO p,0 < p < 1, Wwin HaA eAUHUILLY

BHH3 C BepOATHOCThIO ¢ = 1 — p (puc. 1).

/J\O/p\ h

o -

Pucynok 1. HecummeTpruuHoe OyKJaHUE YaCTHUIIbI
B kaxnapii mocienyrommi MOMEHT BPEMEHHM MOBTOPSIETCS Ta K€ HCTOPHS
HE3aBUCUMO OT MPEIBIIYIIEr0 MOJOXKEHUsI YacTulbl. TakuMm oOpas3oM, 3a Bpems n

YacTUI[a TPOXOJUT HEKOTOPBIA MyTh, KOTOPBIA MOXXHO H300pa3uTh TIpapUUECKH.

Bcero myrelt nBm>keHMsI 4acTUIBI 3a BpeMs n Oyaer 2 ", onnaxo TENeph 3TH MYTH
HEJIb351 CYNTATh PABHOBO3MOKHBIMHU.

[TocnenoBarenbHOCTh MEPEMENIEHUN YacTUIbI 32 BpeMS N MOXET OBITh
paccMOTpEHa Kak TIOCIIEIOBAaTEIbHOCTh N HE3ABUCHMBIX HWCIBITAHUM C JBYMS
MCXOAMU: JBHKEHHE BBEPX HA €AUHULLY - ‘17, NIBH)KEHHME BHU3 HA €IUHULY - -1

Jna wnmmoctpaunu Meroga Monte — Kapimo paccMoTpuMm  KIaCCHYECKYHO
3ajady o ciayyaiHoMm OnyxaaHuu: “B ropoge B mojHOUb U3 300MapKa cOexal

KPOKOJIWJI, HAIIPaBJICHUE MEPE/IBMKEHUSI OH BhIOMpAl CIydallHbIM 00pa3oM, Tak Kak



€My BC€ PaBHO Ky/la UATH. 3a 4ac OH MPOXOAWJI OJUH KBapTai, OMyKIajd OH A0 5
4acoB yTpa, MMOTOM HA4yajJoCh JBIKEHHE TPAHCIOPTA, W KPOKOIWUJ CIPATAICS.
OnpenenuTs pailoH NOKCKa KpOKoaAUIa™ .

DTO YMCTO MaTeMaTHyecKas 3ajauda, ee pelieHHeM siBisieTcs yucio. Eciu Obl
KPOKOJIWJI, BB/ U3 300IapKa, BCE BpeMs IIe] B OJHOM HaIPaBJICHUM, TO OH YIIEN
Obl Ha pPacCTOSIHUE IMATH KBapTaJOB OT 300MAapKa, B ATOM Clydae perieHue 3aaadu
HaxoauTcs cpasy: «Kpokomuia HyXKHO HMCKaTh B MATH ONMVIKaWIIUX KBapTajax OT
3oomapka». Ho Kpokomui BhIOMpaJl HANpaBleHUE JBYXKCHHS CITydailHBIM 00pa3oM,
MIOATOMY, HEU3BECTHO, KAK JAJI€KO OH MOT YWUTH.

bynem pemares a1y 3amauy meromom Monte — Kapno. Mckomoi BenmmunHon X
SIBJISIETCA YMCJIO KBApPTAJIOB IS MOWCKA KPOKOAWIA, 3TO YMCIIO 3aBUCUT OT TAKOIO
ciyyaiiHoro (akTtopa, Kak BBIOOp HampaBlieHUs 4Yepe3 KaKIbI yac OyKIaHUU.
OKCIIEPUMEHTOM WJIM HUCIBITAHUEM B JAHHOW 3ajaue SIBISETCS MOOer KpOKojuia,
OYEBUJIHO, UYTO TPU KAXKJIOM MoOEre KPOKOAMI MOXKET CIPSATAThCS B Pa3HBIX MECTax
ropojia, nmosromy 3HadeHue X OyneT pa3HbiM. M yem OoJibliie YMCIIO UCTIBITAHUM, TO
€CTh, UeM O0JIbIlle MOOETOB MBI OTCIEAUM, TEM TOUHEE OyAET OTBET.

JIJisi ICTIOIb30BaHUS 3TOTO METOJIa HYXKHO MOJyYUTh HA0Op CIy4aHBIX YUCEN
U CBs3aTh C KaXJbIM YHCIIOM Takoe cliydaliHoe coObITHE, KaK BHIOOP HaIpaBiICHUS
NBIKEHUS. bynem omnpenensats ciydaHble 4YHMClIa IPU TOMOIIM TIeHepaTopa
CIIy4aiiHBIX YUCEJ C JIarna30HoM 3HadeHuu oT 1 10 36 U mMoCTaBUM B COOTBETCTBHUE

KaXKJIOMY YHUCIY, YYaCTBYIOIIEMY B PO3BITPHIIIE, KAKOE-TUOO0 HANPABICHUE ABUKEHUS

(Tabmuma Ne 1).

Tabmuna Nel
CrenepupoBaHHOE YHCIIO Hampasnenune
1 5 9 13 17 21 25 29 33 Cesep
2 6 10 14 18 22 26 30 34 {0)y
3 7 11 15 19 23 27 31 35 3aman
4 8 12 16 20 24 28 32 36 Bocrtok




Crenepupyem 6 HaOOpPOB MO 5 3HAYEHUI M COMOCTABUM YKCJIAM HAIPABIICHHS

nerxeHus (Tabnuma Ne2).

Ta0mmma Ne2
Ne | CrenepupoBaHHbIe HA0OOPHI Hanpasnenus: ABUxeHUs
1 9,15,12,8,6 CEBEP, BOCTOK, BOCTOK, BOCTOK, FOT
2 134,11,4,5,7 10T, 3amaJi, BOCTOK, CEBEP, 3amaj
3 14,29,9, 6,8 10T, CEBEP, CEBEP, 0T, BOCTOK
4 122,31,32,12,1 IOT, 3araji, BOCTOK, BOCTOK, CEBEP
5 16, 20, 32,22, 18 BOCTOK, BOCTOK, BOCTOK, FOT, FOT
6 |[3,13,36,11,6 3amnaji, CeBep, BOCTOK, 3ama, or

B tperbem cronbue Tabmuibr No2 cocTaBieHa CIIOBECHAs, COCTOSIIAs W3
HANpPAaBJICHUN JIBM)KEHUS, MMHTAIIMOHHAS MOJENb IIECTH BapUaHTOB OyKIaHUN
KpOKOJIUJIA. YK€ M3 HEe SCHO, YTO KPOKOJAWJIAa HaI0 HCKaTh B Ommkanmumx 3
KBapTajax OT 300MapKa, TaK KaK CaMbIi «IMHHBIIN» MPOOET KPOKOAMIIA «BOCTOK-

BOCTOK- BOCTOK» MMCCTCA B IICPBOM U IIATOM HCIIBITAHHUAX.
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2 KomnprorepHasi MoJiesh OMy>KIaHu

2.1 PazpaboTka mporpaMmbl [Tl pEIICHUS 3a1a9u

Co3ganuM  mporpamMmy, B OCHOBE KOTOpOM  OymeT JexaTb METo.
CTAaTUCTUYECKUX UCTIBITAHUM, C UCMIOJIb30BAHUEM I'€HEepaTropa ClydaiHbIX YHCedl.

[IpencraBuM ¢opmanbHOE OMHCAHHE AalrOpuTMa pabOThl MPOTPAMMBI:
MOJIb30BaTEIb 3arpy’kaeT BXOJHBIE [aHHBIE - BpeMs, Mpolieamnee ¢ mnobdera
KUBOTHOTO M3 300MapKa U KOJIMYECTBO MPOBOAUMBIX IKCIEPUMEHTOB, 3aITyCKAETCS
LUKJI OTCUUTHIBAIOIINN KOJIMYECTBO 3KCIEPUMEHTOB, 3aT€M 3allyCKAaeTCsl aJITOPUTM
MIPOBEACHUS KaXKI0TO OTAEJIBHOTO UCIIBITAHUS.

Coznaercs nepeMeHHasi XpaHsAIas KOOPAHHATHI >KUBOTHOTO B KaXAblii MOMEHT
BPEMEHH, N0 YMOJIYAaHHUIO, HA MOMEHT CTapTa Ka)KJI0r'0 U3 MCIBITAHUN KOOPAUHATHI
YKUBOTHOTO, COOTBETCTBYIOT KOOpANHATaM 300mnapka X, y = 0, 0.

Jlanee 3amyckaercsi (QyHKIHS CIIy9ailHOTO BbIOOpa JajbHEHIIEro HallpaBICHUs
JIBUKEHUS, HUCIONIb3YSl TOJIyYEHHOE CIIy4allHOe 3HaueHue (PYHKIHMH KOOPIWHATHI
KUBOTHOTO MEHSIOTCSA, MOCJI€ OKOHYAHMSI E€JAMHUYHOIO HCIBITAaHUS Mbl HMEEM
KOOPJIMHATHI TOUYKH B KOTOPOM OKa3aJcsi KPOKOAMII HA TEKYIIMI MOMEHT BPEMEHHU.

Mexay KoopauHaTaMu MO X W y BBIOMpaeTcsi aOCOJIIOTHOE MaKCUMAaJbHOE
3HAYEHUE M 3alKCHIBAETCA B IMEPEMEHHYIO CYETUMK, IIOCJIE€ I[OBTOPEHHUS
AKCIIEPUMEHTA 3aJaHHOE KOJIMYECTBO pa3, CYETUUK XPAHUT CyMMYy 3HAYCHUU
MaKCHMaJIbHOTO yaJleHUs cOeXaBIIEro >KMBOTHOTO OT 300MapKa, pa3JeIuM 3HaueHHE
NEPEMEHHON CUETYMKA HA KOJUYECTBO HCIBITAHUM, OKPYIJIUM 0 LEJIOr0 U MOJy4YUM
YHUCJIO KBAPTAJIOB Ha KOTOPOE B CpeHEM YOerasl KpOKOAUI 3a 3aJJaHHOE BPEeMsi, 3TO U
OyIeT pe3yabTaToM padoTHhl.

JIns KOMIBIOTEPHOM peajnu3aldd HCHOJIb3YEM  SI3BIK Python v3.8 wu
OubnuoTekn AaHHOro s3blka: “random” - s BbIOOpa CIy4ailHOTO HarpaBieHUS

aBwkeHusa, “matplotlib” - ans  cozmanus rpaduka  (KapThl)  OMy>KIaHHM,
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“PySimpleGUI” - ana co3ganust uHTepdeiica MOIb30BATEIBCKOTO TMPUIIOKEHUSI.
JIucTUHT KOJla MporpamMMBbl MPUBEJEH B puiiokeHuu 1.

Tak kak gaHHas mporpaMmma, MoApa3zyMeBaeT BBOJ| MOJIb30BATEIEM 3HAUCHHIA,
HEOOXO/IMMO  CO3/laTh  MOJIb30BATENbCKUM  uHTepdelc, MakeTr uHTepdeiica

MIPEJCTABJIEH HA PUCYHKE 2.

0 CKonbKO BpeMeHH Npomno?

Kapra c HanpaBieHusIMHU
Yacos: O MWHYT: O

O CKOIBKO pa3 Bbl XOTHUTE
IIPOBECTH 3KCIEPUMEHT?

[ToBTOPUTH O pas.

Pucynok 2. MakeT nojb30BaTesibCcKoro uHTepdeiica

PesynbTaT akcnepuMeHTa

2.2 IIpoBenieHNE BBIYMCIUTEIBHOTO SKCIEPUMEHTA

PemuMm 1nocTaBieHHYIO 3ajady, 3alyCTUM IpOrpaMMy M BBEIEM BpeMs
OmyxaaHus S5 4YacoB, M3HAYAJIBbHO 4YMCIO HchHblTaHuM Oyner paBHo 100. M3yunm
NOJTyYEHHBIN Pe3yIbTaT Ha PUCYHKE 3.

B xone nposenenus 100 skcriepuMeHTOB, IyTEM CTaTUCTHUYECKUX HCHBITAHUS
BBISICHWIM, YTO BEPOSTHEE BCEI0, KPOKOAWJ CIpSTalCi B paguyce 2 KBapTaloB OT

300M1apKa, 3TO U €CTh UCKOMBIN OTBET.
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Pucynok 3. Pemienue 3agauu

[Iporpamma “Wandering model” cTpouT KOMIBIOTEPHYIO MOAEIb OMyKIaHUI
KPOKOJIWJIa, OCHOBBIBAsACh Ha JAHHBIX BBEACHHBIX IMOJb30BaTenaeM. PesynpraToMm
paboThl MporpaMMbl SIBISIETCS Tpauueckas MoOjAeNIb, B KOTOPOM CXEMaTUYHO
M300paXeHbl «TPACKTOPUM» ONy>KJIaHUM KPOKOAMWIA MO KBapTajiaMm ropoga. Kaxnas
TPAEKTOpUs 3aJaHa IMYHKTUPHOM JIMHUEH OIpEIEICHHOIO IIBETa, KPYKKOM
0003HauUeHBl MeECTa, TJ€ KPOKOAWI MEHSJI HampamieHue OmyxkaaHus. TouedHoi
KpacHOU JuHUEH 00BEJCH KBaIPAaTHBIN paiioH MOMCKA KPOKOAMIA. YNCTIO UCTIBITAHUN
B IporpaMmMe MOXHO 3ajaBaTh JiI00O€, HO Ha MOJAENTU Uil HaDISIAHOCTU
0TOOpaXaroTCsl «TPACKTOPUU» TOJBKO TMepBbIX 10-TM OnyxaaHui, YTOOBI HeE
neperpyxarb puUCyHOK. He Bce Mecra OnmyknaHuii TOMAmarOT B KBaJpar, 3TO
€CTECTBEHHO, Tak kak MeToJ MounTe-Kapno o6pabarbiBaeT JaHHBIE CTATUCTUYECKU U

palioH TIOMCKa OTIpeeNsieTcs Kak cpeiHee 3HaYeHNe BCEX BApUAHTOB MOOETOB.

13



3AKJIITOYEHUE

B xome pabotel ObuTa peanu3oBaHa IMporpamMma, MOICIHUPYOMIAs CIOKHBIN
POLIeCC HECUMMETPUYHOTO OJTy>K/IaHUsI, B OCHOBY peaju3aluy ObLI MOJIOKEH METO/T
cratucTuueckux ucnsitannii Monte-Kapno. B nponecce Obu1a nosydyeHa quckperHas
MMUTAIIMOHHAS MOJIENb, TaK KaK IMOJPa3yMEBAJIOCHh IMPOBEIACHUE SKCIEPUMEHTA Ha
ONPEICIICHHOM OTpPE3KEe BPEMEHH, a HE MOCTOSTHHOE HAOIIOIEHHUE.

N3nauanpHO OBUTM  WACHTH(UITMPOBAHBI BHYTPEHHUE XapPAKTEPUCTUKH
CUCTEMBI - BpeMs ONy>KJIaHWS U 4acTOTa CMEHBI HAINpaBICHUS JIBUKEHUS, BHEITHUE
XapaKTepUCTUKN HEO0OXOIMMO ObUIO BBISICHUTH B XOA€ peuieHus 3anadd. Ilocne
MPOXOXKJIEHUSI BCEX OTAlOB TEXHOJIOTHU HMMHUTAIMOHHOTO MOJEIMPOBAHUS Oblia
COCTaBJIEHA MOJIENb, KOTOPas JIEMIa B OCHOBY MPOIPAMMHOM peaInu3aluu.

CnenyromuMm 3tanioM paboThl cTaja peanusanus metoga Monte-Kapio,
HE00X0IMMO ObUTO CIIy4ailHBIM 00pa3oM OMpeeNsITh HallpaBiICHUE, YUYUTHIBATH 3TU
JaHHBbIE HAa OOJIBILIOM KOJMYECTBE paclpe/lejIeHU U BbIIaBaTh CpEeIHEE 3HAUCHUE OT
o0IlIero KOJIMYECTBA MCHBITAHWM, peain30BaB JIaHHBIA METOA, MEpenuid K
MOCTPOEHUIO Tpaduka (KapThl) OIyKIaHUM.

[Io urory ymamoch COCTaBUTh KOMIBIOTEPHYIO MOJENb UCIbITaHUsA bepHymn,
BMECTO KJIACCMYECKHX 2-X UCXO/A0B (BMPaBO, BJIEBO), MOJyUYEHHAsT MOJENb o0Onamana
4-ms ncxogamu, a 4aCTULA MEPEMEIIAETCS Ha IJIOCKOCTH X).

beim  mpoBeeH  BBIYMCIUTEIBHBIA  AKCIEPUMEHT €  MPUMEHEHUEM
BO3MOXKHOCTEW BBIUYMCIUTENBHOW TEXHUKH, TaK KaK B PEaIbHOM KU3HH IMOIOOHBIN
OMBIT peaan3yeM MaJOBEpPOATHO. B Xoje mpoBeneHus: SKCIepuMeHTa ObLI0 HalAeHO
pEIIEHHE TTOCTABICHHOM 3aa4H.

B nanbHeiiiemM BO3MOXKHO JOpaOOTKa MO/IeNU, 100aBICHUE TaKUX BHYTPEHHHUX
apaMeTpOB KaK: CKOPOCTb ABMKEHHUS YACTHUIbI, YCIOKHEHUE MOBEAEHUs, (PakTop

COCTOAHUA CUCTCMBI B KOHerTHBIfI MOMCHT BPCMCHHM.
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N ABNAETCA NPEAWECTBEHHUKOM

¥ Ytocpenatb

[ns unnioctpaumnm Metoaa MokTe — Kapno
PaccMOTPMM KNaccMUeckyio 3apady o
cnyyaiHoM 6nyxaaHuu: “B ropoae B NONHOYb
13 300MapKa c6exan KpOKOAWN, HanpaeneHne
nepeaByKeHIs OH BbIGUPan CrlyyaitHbIM
o6pa3oMm, Tak Kak eMy BCe paBHO Kyaa uatu. 3a
Yac OH NPOXOAWN OAVH KBapTan, 6ny>kaan oH
[0 5 4acoB yTpa, MOTOM Ha4anoch ABUKEHMe
TPaHCNOPTa, U KPOKOAMN CrpsTancs
OnpenenuTb paitoH Noucka Kpokoawna'.

Lwekwe 3anaum
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HUX XapaKTep!

epuMenTo

1 viioHa 2021 rop; AgTop: CopokitHa NpuHa

VcnbiTaHyem BepHyNu HasbiBaioT
CNy4alHbIN SKCNEPUMEHT C ABYMS
BO3MOXXHbIMU 3N1l@eMEeHTapHbIMU UCXOAaMMU:
W1, W2. PaccMOTPUM crydaiiHoe 6nyxaaHie,
KOTOPOE MOPOXAAEeTCH CXeMOoM bITaHWUI
BepHynnu. NMPeanonoxXuM, 4o YacTuua
BbIXOAWT U3 Hauana KOOPAMHAT U Yepes
eAuHULY BPeMeHW NepeMeLLaeTca Ha
eAnHULY BBEPX C BEPOATHOCTbIO P,0

Ha eAMHMLY BHU3 C BEPOATHOCTLIO G

2 B npouecce

ByAeM peLwatb 3Ty 3aaavy MeToAoM MoHTe — Kapro.
VICKOMOI1 BeNMUMHOM X IBNSETCA YMCNO KBAPTanos
/NS NOVCKa KPOKOAVNA, 3TO YKCO 3aBUCHT OT

TaKoro cny:
HanpaBneHms Yepes Kax YPKABHMA

SKCNEPUMEHTOM N MCTIbITaHWEM B AaHHOW 3anade

Tca nober Kpe

om nobere Kp
Pa3sHbiM. 1 uem GOrbLIe YMCNIO UCTIBITaHMI, TO €CTb,

uyeMm 6onblue n roB Mbl OTCNIeAnM, TeM TouHee
6yner oreer.
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I[MTPUJIOXEHME B. Kox nporpammsl

®aiin “main.py”

import matplotlib.pyplot as plt

import random

# OyHKIMS BRIOOPA HANPABJICHUS IBMKEHUS

def choosingWay () :

way list = ['north', 'south', 'west',

return random.choilce (way 1list)

# QYHKIMS TOCTPOEHMS IIYTHU

def moving (time) :

Xy

for B

Y

=0, O

in range (time) :

way = choosingWay ()

if way == 'north':

y += 1
elif way ==
y —= 1

elif way ==

'south':

'west':

return max (abs (x), abs(y))

# QYHKIMS HOPOBEOEHMS SKCIEPHUMEHTA

def experiment (numberOfExp, pastTime) :

S:

for N

0

in range (numberOfExp) :

s += moving (pastTime)
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s = round (s / numberOfExp)

result = 'BepodaTHee BCero KPOKOIOWJIa HYXHO MCKaThb B '
+ str(s) + '-x kxBapTanax'
d = []
for  in range(10):
t x, t_y = [0], [O]

x, vy =20, 0
for in range (pastTime) :
way = choosingWay ()
if way == 'north':
y += 1
elif way == 'south':
y —= 1

elif way == 'west':

X += 1

t x.append(x)

t y.append(y)
d.append(t x)
d.append(t vy)

fig = draw map (pastTime, s, d)
# fig.show ()

return fig
def draw map(n, s, d):

fig, ax = plt.subplots(figsize=(5, 5))

ax.plot (*d, marker='o")
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ax.plot((-s, s, s, -s, -s), (s, s, -s, —-s, s),
linestyle="'dotted', color='red')
ax.set xlim(-n, n)

ax.set ylim(-n, n)

ax.set title('CEBEP')
ax.set xlabel ('IOI'')
ax.set ylabel ('3AIIAL")

ax.legend ('0123456789"', loc='upper left')

ax.grid()

ax.annotate ('Z00', xy=(0, 0), xytext=(0.1, 0.1))

ax.text(-s + 0.1, s - 0.4, 'PamoH nowmucka')

ax.text(-n + 0.5, -n + 0.5, 'Kpokommia HYXHO MCKaAThb B
' + str(s) + '-x kBapranax')

return fig

daiin “interface.py”

import PySimpleGUI as sg

import matplotlib

from matplotlib.backends.backend tkagg import
FigureCanvasTkAgg

from main import *

matplotlib.use ('TkAgg"')
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def draw figure (canvas, figure):
figure canvas agg = FigureCanvasTkAgg (figure, canvas)
figure canvas agg.draw ()
figure canvas agg.get tk widget () .pack(side="top',
fill="'both', expand=1l)

return figure canvas agg

def delete fig agg(agg):
agg.get tk widget () .forget ()
plt.close('all")

sg.theme ('Material2"')

frame left = [

[sg.Text ('01'"), sg.Text ('Cxoabko BpeMeHM npouso?')],

[sg.Text ('Yacor:"'), sg.InputText (size=(5, 1),
key="hours'), sg.Text ('MunyT:'),

sg.InputText (size=(5, 1), key="'minutes')],

[sg.Text ('02'"), sg.Text ('CkoJIbKO pPas BH XOTUTE
nIpoBeCcTu skcrnepmuMeHT?', justification='center')],

[sg.Text ('CmemaTrp'), sg.InputText(size=(5, 1),
key="number'), sg.Text ('nmosTopenum') ],

[sg.Submit ('3anycturs'), sg.Cancel ('3akpHTh"') ]

frame right = [
[sg.Canvas (key="'-CANVAS-', size= (450, 650)) ]

]
layout = [
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[sg.Frame ('®opma BBOmA nmaHHHX', frame left),

sg.Frame ('PesyneTare', frame right)],

# Create the Window
window = sg.Window ('Wandering model', layout,

finalize=True, size=(850, 600))

# Event Loop to process "events'" and get the "values'" of
the inputs
fig agg = None
while True:
event, values = window.read/()
if event == sg.WIN CLOSED or event == '3BakpeTb': #
i1f user closes window or clicks cancel
break
if event == 'Banycrturn':
pastTime = int(values]|['hours'])
numberOfExp = int(values]|['number'])

fig = experiment (numberOfExp, pastTime)

if fig agg is not None:

delete fig agg(fig agg)

canvas_ elem = window['-CANVAS-'].TKCanvas
canvas elem.Size = (100, 100)
fig agg = draw figure (canvas elem, fig)

window.close ()
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