Nekuunsa Ne3
Ctatuctnyeckue metoabl pac4yéToB

bpocas kaMeliku B BOLY,
CMOTpHU Ha KPyTd, UMU 00pazyeMsble.
Nuaue Ttakoe 3aHsTHE OYyIET IMyCTOM
3a0aBoI0.

(Kozpma IIpyTKOB)

1. UcTopuyeckasi cipaBKa

[lepBble TOMBITKA TPUMEHEHHUS CTATHCTHYECKMX METOJOB pacy&éToB
CBsI3aHBbl C TPOBEPKOW OCHOBHBIX IOJOKEHUW Teopuu BeposiTHocTel. Ecnu
noa0packiBaTh MOHETY MHOTO pa3, TO BEPOSITHOCTh BbINAJACHUS €€ OJHON U TOM
ke cropoHod BBepx paBHa 0,50. Hamo oTmare JgomKHOE — TMEPBBIM
HKCIIEPUMEHTATOPaM, MPOBEPUBIIUM ITO MPEICKa3aHUE TEOPUU: (PPaHIy3CKOMY
ecrecTBoucbITaTeli0  bropdony (18 Bek) ©  aHIIIMHCKOMY  CTATHCTHUKY
K.ITupcony (19 Bek). Pe3ynbrarsl X ONBITOB NMPEJCTaBICHBI B TAOIHIIE

broddon ITupcon
YHCIIO 4040 BEPOSAT- 12000 | BeposiT- | 24000 Beposit-
WCTIBITAHUI HOCTh HOCTh HOCTh
"open" 2048 | 0,507 6019 | 0,502 12013 | 0,501
"pemetka" | 1992 | 0,493 5981 0,498 11987 | 0,499

2. CoBpeMeHHbIE TPOOIEMBI

Takue MeETOJbl CTAaTUCTHUYECKUX MWCHOBITAHUN (MM Kak UX Tenepb
Ha3bIBalOT MeToAbl  MoHTte-Kapno) mnodyduwnu  JOCTaTOYHO — IIMPOKOE
pacrpocTpaHEHNE UMEHHO B HACTOSIIEE BpEeMsl IO PsAly TPUUMH.

Bo-niepBbix, mosBuiauck OBM, u sTa BecbMma pyTHHHas paboTa MOXKET
OBITH IOpYUYEHa UM. BO-BTOpBIX, yU€HBIC TTOHSIU, YTO HE BCET/Ia 3a1a4d MOXKHO
pemath "cTporo" B MEXaHHUCTHYECKOM cMmbicie. Hampumep, mns GOJbIIOTO
YyCclia YacTHIl, B3aUMOJCHCTBYIOIIUX MEXIy COOOM, YHCIO YypaBHEHHIA,
OMMMCHIBAIOIINX TUHAMUKY TaKOW CUCTEMBI, CTAHOBUTCS CTOJIb OOJIBIITUM, YTO HE
noa cuiay naxe coBpemeHHo OBM. B-tperbux, ectb 3amaum, BooOIE HE
pelmaeMble TPaJUWIMOHHBIMM MeToJaMH. Hampumep, MnoJacuuTarh IJIOIIAb
obnaka Ha oTorpaduu, MOIYyICHHONU U3 KOCMOCA.

TpaauuoHHble CrocoObl Mojacuéra MIomaad QUrypsl (BbIYUCICHUE
ONPEJEICHHOr0 HHTErpajia) 37ech HE TOASTCS, TaK Kak KOHTYpbl oO0Jaka
HEBO3MOXHO OIKCaTh KakoW-11m00 (yHKIMer. MOXXHO KOHEUHO, 3a/JaTh 3Ty
byHKIUI0 TabIUIIeH 3HaYEHUM, OJTHAKO, ONSATh-TaKh, KOHTYPHI 00Jlaka OCTAIOTCS
HESIBHBIMU WJIU Pa3MbITHIMU.

B MaremaTuke TMOSBUIOCH HOBOE HAIPaBICHHE «TEOPHUS HESBHBIX
(pa3mbIThIX) MHOXECTBY». [lo-anrnuiicku, «fuzzy set» - mymmcroe MHOXKECTBO.
AHaJIOTUYHBIE 33]1a4¥ BOZHUKAIOT [IPU ONPEICIICHUHN Pa3MepPOB TaIaKTUK U T.J.
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3. UuTterpupoBanue MmetogoM Monrte-Kap.io

PaccmoTpum 0AMH U3 IPUMEPOB, @ UMEHHO, BBIYUCIIEHUE OMPEACIEHHOTO
uHTerpana merogoM Monrte-Kapio.

C reoMeTpuyeckol TOYKH 3PEHHUS HYKHO OINPEAECIUTh IUIOLIAb IO
rpadukom QyHKIUU. BynemM XaoTH4ecku cTaBUTh TOUKHU Ha 1iockoctd XOY u
MOJICYMTHIBATh YUCIO MonajaHuid moj rpadguk Qynkuuu. OTHOIIEHHE YKCIla
nonagaanii Ns kK o0memMy ancity 6pockoB N, yMHOKEHHOE Ha OOIIYO IUIONIA b
pucynka SO u OyzeT 3HaueHHEeM HHTErpaa.

b
N
S =£f(x)dx =S,

PaccMoTpuM [1OCTaTOYHO MPOCTYIO (PYHKIMIO y=sin(X) Ha HUHTEpBaie
[0;7t]. Pe3ynbraT 1OCTATOYHO JICTKO BBIYUCIISICTCS aHAJTMTUYCCKH, TaK YTO €CTh,
C YEM CpPaBHUBATb.

S= jsin xd x =—cosx|; =—cos(z) +cos(0) = 2,00
0

ANTOPUTM H TEKCT MpOorpaMmbl TMpuUBEACHBI HIbke. [Iporpamma
BBITIOJIHSJIACh C MOMOIIBI0 KoMmuiasitopoB ~Power Basic v.2.0 ”, “MS DOS
Quick Basic v.1.17, “Visual Basic”. Pe3yabTaThl BBITIOJIHEHUSI MIPEACTaBICHBI B
TabnuIe.

Yucno ucnplTaHui PBASIC | QBASIC |VBASIC
50 2.07 1.69 1.69

100 2.13 1.82 2.20

500 2.02 2.12 2.07
1000 2.06 2.02 2.019
10000 2.0091 2.01 2.013

KoneuHo, npu Ka70M UCIBITAHUM PE3YJIbTaThl MOJIYYalOTCs HECKOJIBKO
OTJIMYHBIMU. Pa3HUWIIa B BBHINOJHEHUH CBsi3aHA C TEM, YTO TEHEPATOPHI
CIIy4yalHBIX YHCENl B JaHHBIX KOMITWISITOpPAX, SIBJSIOTCS CKOpPEE reHepatopamMu
«TCEBAOCITYYaHBIX) YHCEII.

Koneuno, korga peur uaeT o0 OJHOMEPHOM UHTErpaie, yaoOHee
UCIIOJIB30BaTh OOBIUHBIE H3BECTHBIC METOJIbI, HO KOTJa HYXKHO, HampuMmep,
CUMTATh MHOTOMEPHBIM uHTerpain, TOo MeTtoa Monte-Kapno Beirmsaaut
MPEANOYTUTENIBHEE.

[Torpemnocts Metoga MonTe-Kapio

0 _~—

VN
[ToaTOMY POCT YMCIIa UCTIBITAHUIN HE MPUBOJUT K CYLIECTBEHHOMY POCTY
TOYHOCTH. ODTO TOJBKO OJWH U3 mpuMepoB. Ha HEM oOCHOBaHBI 3amayu

CIIly4ailHbIX ONy>XAaHui u T.71. (cM., Hanpumep, ['yna, TobouHuk)
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4. Aaroputm
QJITOPUTM MPOTPAMMBI BBITJISIAUT TOCTATOYHO MPOCTO

Brruncnenue OIpPCACIICHHOT'O
HHTErpaia MmerogomM Monre-Kapio

Beon ¢yukimu f(X) 1 rpaHuI] mpsMoyroabHUKA

Y
Brruucnienue oouieii momaan Sy
Y
[TocTpoenue rpaduka GpyHKIUN
Y
3amanune oomero uncia ucneitanuii N
Y
I'enepanus citydaliHbIX 4ucel X,y B 1Halla30He <
HET
Ns=N+1
' Ja
5| I=I+1
aa
HET

IMoacuer unterpana S=SoNg/N

|

BriBoa Ha meyaTh

Y

Koner nmporpammsl

5. IIporpamma
[Iporpamma HamrcaHa Ha BecbMa apeBHeM auajnekte BASICa

REM "JOTo nporpamMMa IOJig BBUMCIIEHMA OIpPeNeJIeHHOT'O
REM mHTerpasna MeromoM MoHTe-Kapio"

DEF fnf (x) = SIN(x) 'onpenesieHre QyHKUUU
INPUT "umciyio mcnelTraHum=", N 'YMCJIO MCIHETAaHUM
'3amaHMe I'paHUI] paccMaTpMBaeMoM oOJjacTu

ax = 0 'HUXHSA TpaHulla no X

bx =4 * ATN(1) 'BepxHAS TIpaHuua no X

ay = 0 'HUXHAA TpaHulla 1o Y

by =1 'BepxHAS I'paHula 0o Y
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ploshad=(bx - ax)*(by - ay) 'BeUMCIeHMe o0OOwWelM IJolann

'pacuéT ¥ 3anMchk 3HAYEHMM IJi8 NOCTPOEHMA Ipadmra

M = 100 'yycyo Touek rpadmka

shagx=(bx - ax)/M 'mar no x g IOCTPOEHUS OYHKLUU

OPEN "montel.dat" FOR OUTPUT AS #1'oTkpeTre o®alma »nomag 3amnucu
OYyHKLIUM

FOR 1 = 1 TO M 'Hayayio LMKJa OJ4 pacuéTra OGOyHKUUM
xx = shagx * 1 'onpeneneHue X
yy = fnf (xx) ' BEIUMCJIEHMEe OYHKLUM

PRINT #1, USING "#####.###"; xx; vyy'meuars B O(aij KOOPIMHAT
TOUKU

NEXT 1 'KOHel LUMKJa OJg pacuéeéTra QYyHKUUM
CLOSE 1 '3akpHTHE Odaliia
sum = 0 !

OPEN "monte2.dat" FOR OUTPUT AS #2'oTkprTHE  balyia nis
IIOCTPOEHUS TOUEK

FOR 1 = 1 TO N 'HavaJyio LUMKJa
x=ax+ (bx—-ax) *RND '3amaHMe CcJyyamMHOTI'O umcia X
y=ay+ (by-ay) *RND '3amaHMe ciydYaMHoOTO 4mcja Y

PRINT #2, USING "#####.###"; x; y 'meuars B OGain KOOPAMHAT
CJIy4aMHOM TOYKU
IF y < fnf(x) THEN

sum = sum + 1
ELSEIF y = fnf (x) THEN
sum = sum + 1
ELSE
PRINT "mMmmo"
END IF
NEXT i 'KOHeL LMKJIAa
CLOSE 2 '3akpEITHE balnia
integral=ploshad * sum / N 'BrUMCJIEHVE MHTeTpaJa
PRINT "3HaueHMe uHTeTpasia ="; integral
INPUT "HaxMm Ha kHonky ENTER", fff
END 'KOHEeLl IPOoI'PaMMEl

6. IIpoBepka
BrionHe yaoBiIeTBOpHUTENBHBIE PE3YyJIbTaThl MOJYYAOTCS HPU IPOBEPKE
YCJIOBHSI HOPMUPOBKHU pacupeaeneHus: MakcBeia no npuBeIeHHbIM CKOPOCTSAM

4 0, % [2kT
u)=—=e‘'u-, 20e u=—»\, v, =.[—

eep
Hamomuaum, uto uHTerpan (mioniaas noja rpadukom) B 3TOM cliydae JOJKHA
MOJTy4aTbCsl PAaBHOM €UHULIE.
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Pe3ynbTarsl OnbITOB:

N=50 | N=1000 | N=1050
1 10939 |0,965 1,011
2 1,147 0,997 0,992
3 1,095 1,027 1,026
4 1,043 0,996 1,008
5 1,251 [0,991 1,043
6 (0,834 [1,061 1,008
7 1,199 |1,017 0,994
8 1,251 0,970 1,011
9 10,938 10,983 0,989
10 11,043 |1,069 1,008
cp 1,074 [1,0076 |1,0048

ﬁ l'padmx: DYHKUMIA ¥ pacyET onpeaenéHHoro uxTerpana metogom MorTe-Kapao oo |5

Qaiin  Momowe
4

E(xT)=Af(x), I= T f@dx= ’1’—5 = 6,494

x? hv 2mkiT?
s = ==
e —1 kT hc

f) Ymax=1.421

f(x)=

|Ma&ceenn -~ | .01 | 14 iI |2000 i|
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