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U.Uwlgppuir
nracuyp puSE UL UNSUYNL ZUTYNRUL
bPUPSUSPNUL UNMELUYNLUUL UGN MY

Uwptdunhluyh [hpwnnijpnibibpnid
oqumuugnpénnlibpp  hwdwp  pwhn/nid ki wbnpno
hlnkgpuybibph hwojwplpdwh, wjuhlpl ' ngws $niblghuyh
bwhimwip qunikint jpigph hkwn:

Piwnkgpuwul gnpénnnipiniip puw nipjudp punn wykih
pwpn b pwl phpbpkighul gnpénnnijpniiap: Upowr sE np
panbgpdwl phinpywd Sswiwwuphp dhown E b uyl phpnid E
Juimph inisdwbp:

QnpStwuind winpny htwnkgpuybkph hwsjuplydwi
dudwbwl] ognnugnpsynid ki wnwupplkp wknklunnt gppkp,
dwubwynpuybu whnpny  hbwnkgpuybbph wpyniuwlakp:
bunbgpuwl JEkpmswlwl Jdbpnpibkpp swwn phuyplkpnid
hbwpunnpnipini B wughu quubly Ghpwhinbgpuyuyhb
Pnibljghuyp hwpubwfuip:

Uwptdunhlulwb Ybppniénipyuill . nuupbpuigphg
huywnth F, np wipbnphun  $niblhghuyh hwdwp dpon
goynipnilh nioh bwpbwlwbp: Ujh pkypnid, Epp npno
nuppuiul wipinhwwn  $niblhghugh f(x) bwpbwlubp
inybwku nwppulul $niblghw b, wwyw wumd ki, np
J f(x)dx plunkqpuyp «plping b, wyupliph. plnkgpuyp
himupwynp E hwoyky: Cpbk hbwnbkgpuyb hiwpuwynp  sE
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wpunwhuynky nuppulwl pniblghwbbkpny, wwyw wunid
ki, np uyn hbwbkgpuyp ©pbpynn b, uguhbpb. wyh
htuupunjnp sE hwoiky:

Uwpbdunhululb JEpnidnipjul  puupbpwughg  [1]
huynih E bwl, np npnpwlh pbwbqpuyh hwoyuplnidp
hwdwduylh  Yninnb-LEphhgh pwbwdlp hwbqbgininid
Ff(x) ¢nmihghuyh  bwjubwlubp F(x) quubkne jubnphb
(F(x)' =f(x)).

b

= F(b) — F(a);

b

J F()dx = F(x)

a

a

Uwluyl, wiphnhuwwn $nialghuyh bwpbmlubp quniaknt
Juighpp  Eppbdl pwwn pdjwp E U npny wipinhwwn
Ppnbjghwbbph  hwdwp  Gwpbwlwbp  sh Jwpng
wpunwhuynyl] nuppulul pniafghwbbpny: Quplkih E ok
odwl JUp pwlbh Pnibfghwbbp,phnnpnid hktg wyn
Pnilljghwtibph npnpuilh htinkqpuybkpl &b, npnbp hwdwp
oquuuugnpsiynid ki ghwinyequl U wpwlwhlugh wnwppbp
ninpubbpnid; Ldwl pbkypbpmd  Ghpunynid ki npnpuifh
plwnbgpuyh huopyjupldwl pyuyhl dnuinun]np dkpnnihkp:

Uppiuwnwnwbipnid phunwplymd F kY wnpwyuyhl npnowlih
ptwnbgpuyh  Unwwynp  hupdupiuwl  dnpljuynpdwb
Ukpnnp (Unbwnk Yupmh dbkpnn) [2] @ Uju  dbpnnp
Jppunynid E hwoynpulul  dJwpbdunhlugh  wwppbp
ninpunbkpnid:

Uppiwwnwbipnid  wnwowplyng wmhwyuyhl  hplunkgpuyp
oginipjudp, hwdwyuwunwuuwl [Epynyd phunpkiny f(x)
Ppnibghwl, Guplkp F uwmwbwy wwppbp  «pbpynn»
hbawnbgpuybbp:

Uy wpwuhli  plkgpuyn  quplh E o Yppunky
Jppunwlul dJwpbdunpluyh  wwppkp nppubbpnid,
dwuluynpugbu qubgywéughl  uwuuwplwh ]
gnpénnnuanibikph  hEkwnwgnuinippul  wkunipmnibbbpnid:
Zkhg  ppwing P wuydwbwynpyuwés  wppiwunwiph
wpphwlwinieinibp:

Pwbhuyh  pwpkp”™  npnpwlh  phwbgpuy, bwpbwlwb
Pnrlljghw, wbpinhwwn $niblghw, Unnbjuynpnid, Unwnnuynp
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hwpynid,wuwnmwhwlwb Ukénipmnil, Jwpblwnhjulub
uwunid, phuykpupw, dhohll pYwpwiwlwb, Unwnwynp
hwpyuply, hwjwbwluwbnijemnii:

B npunoowcenusx  mamemamuxu  noavzosamenu - 4ACMo
CMANKUBAIOMCSL C BbLIYUCTICHUEM HEONPeOeleHHbIX UHMeSpaios, mo
ecmb ¢ 3a0auetl HaxodicOeHUs nepeooodPA3HOU.

Onepayust uHmezpuposanusi QYHKYUll 3HAYUMENIbHO CLOJNCHEee
onepayuu oug@epenyuposarnus ynxkyuil. He éceeoa evlOpanHblil
nyms UHMeSPUPOBAHUs AGIIEMC S NPAGUTLHBIM, HE CLONCHBIM.

Ha npaxmuxe npu eviuucienuu HeonpeoeieHHbIX UHMeSpanos
UCNONIL3YIOM  PA3IUYHbIE CHPABOYHUKU 6 HACMHOCMU MAadaIuybl
HeonpeoenNeHHblX — uHmeepanos.  Ananumuueckue — memoowl
UHMe2PUPOBAHUSL  NO36OAIOM 60  MHOSUX — CAYHASX — HAUmMu
nepeoodpasHyo QyHKYur 051 NOOLIHMESPATbHOU PYHKYUU.

H3 Kypca mamemamuyeckoeo aHAIu3a U36eCMHO, YMO Ol
HenpepuvleHOU DYHKYUU Cyuecmayem

nepeoobpasnas. B mom cayuae, Kozda nepgoobpasHas
Hekomopou snemenmaprou  gyukyuu  f(Xx) seisemcs makdice
anemenmapnoii pynxyueii, mo 2osopsm, umo unmezpan | f(x) dx
«bepemcsa» m.e. unmezpan eviuucisiemcs. Eciu odce unmeepan e
BbIPAIICACTNCSL Yepe3 dNeMEeHmapHble (YHKYyuu, mo 2080psm, 4mo
UHmezpa KHe Oepemcs» m.e. e20 Haumu Helb3si.

U3 xypca mamemamuueckoeo ananuzall] maxowce uzeecmmo,
Umo GbIYUCIEHUE ONPEOeNIeHHO20 UHMe2PAd CO2NACHO Gopmyne
Hviomona-Jletionuya  ceéooumvcsi kK  3a0aue  HAXONCOCHUS

nepsoobpaznoil F(x) ¢ynxyuu f(x) (F(x)' = f(x)),
b

b
[ r@dx=rea| =Fe) - Fea

a
O00HAKO 3a0aya HAXONCOEHUsT NEP8O0OPA3HOU OM HENPEPbIGHbIX

GyHKYUIL UHO2O0A 6eCOoMA CLOACHA, A OJisl HEKOMOPLIX HENPEPLIGHBIX
Qynkyull  ee  nepeoobpazHas — He  GbIpAdCAeMCs  yepes3
onemenmaphvie Qyukyuu. MOodcHO YyKkazame HECKOIbKO MAKUX
GDyHKYULL, NPUMOM UMEHHO MU ONPedeieHHbLe UHMESPAbl YACTO
NPUMEHSIIOMCSL 8 PA3HLIX 001ACMAX HAYKU U npakmuku. B maxux
CYHAsX pazpadamvl8aromcs NPUOIUNCEHHbIE MEMOObL GbIUUCICHUSL
oOnpeoeeHH020 uHmezpad.

B pabome paccmampusaemcs  memood  UMUMAYUOHHOO
mooenuposanus (memoo Monme-Kapno) [2] ons npubnusicennozo
BLIYUCTEHUSL  ONPEOeNeHHO20 — uHmezpana.  dmom — Memoo
NPUMEHSIeMCsL 6 CAMbIX PA3HLIX  00ACMAX — GbIMUCIUMETHOU
MAMeMAmuKu.

C nomowplo npeonazaemo2o 6 pobome muna UHmMe2paid



Flhwlwb ghunnipinibibp

evibupas  pynxyuio  f(x)  nooxooswum  06pazom  MONCHO
ROYYUMb PA3IuYHble KHe bepyujuecs» unmeepanvl. JJanuvii mun
unmezpana umeem 0O0IbUIOE NPUTONCEHUE 8 DA3HBIX O00IACMAX
NPUKIAOHOU MAMeMAmuKy, 6 YACMHOCMU Meopuu Macco8020
obcnyxcuganus U uccredoganus — onepayuu. B osmom u
3aKOUACMCs AKMYATbHOCHb PAOOmbL.

Kniwouesvie cnosa: onpedenennviii unmezpan, nepeooopasHasl
yHKYUS, HenpepbIBHAsT PYHKYUSL, MOOETUPOBAHUE, NPUDIUNCEHHOE
BbIUUCTICHUE, CYYAUHAS 6EUYUHA, MAMEMAMUYecKoe 0XCUOaHUe,
oucnepcusl, cpednee apupmemuueckoe, NPUOTUNCEHHBIU pACUem,
8EPOSIMHOCHTb.

S.Sandryan
APPROXIMATE CALCULATION OF A DEFINITE INTEGRAL
BY SIMULATION MODELING

In applications of mathematics, users are often faced with the
calculation of indefinite integrals, that is, with the problem of
finding the antiderivative.

The operation of integrating functions is much more
complicated than the operation of differentiating functions. Not
always the chosen way of integration is correct, not difficult.

In practice, when calculating indefinite integrals, various
reference books are used, in particular tables of indefinite
integrals. Analytic methods of integration make it possible in many
cases to find the antiderivative function for the integrand.

From the course of mathematical analysis it is known that for a
continuous function there is

primitive. In the case when the antiderivative of some
elementary function f(x) is also an elementary function, then we
say that the integral [ f(x)dx is “taken”, i.e. the integral is
calculated. If the integral is not expressed in terms of elementary
functions, then they say that the integral is "not taken™ i.e. it cannot
be found.

It is also known from the course of mathematical analysis [1]
that the calculation of a definite integral according to the Newton-
Leibniz formula is reduced to the problem of finding the
antiderivative F(x) of the function f(x) f(x) (F(x) = f(x)),

b

b
j F(x)dx = F(x)

a

however, the problem of finding the antiderivative of continuous
functions is sometimes very difficult, and for some continuous
functions its antiderivative cannot be expressed in terms of
elementary functions. Several such functions can be indicated, and
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it is precisely these definite integrals that are often used in various
fields of science and practice. In such cases, approximate methods
for calculating the definite integral are developed.

The paper considers the simulation method (Monte Carlo
method) [2] for the approximate calculation of a certain integral.
This method is used in various areas of computational
mathematics.

With the help of the type of integral proposed in the robot, by

choosing the function f(x) in an appropriate way, one can obtain
various "not taken" integrals. This type of integral has a great
application in various areas of applied mathematics, in particular,
queuing theory and operation research. This is the relevance of the
work.
Key words: definite integral, antiderivative function, continuous
function, simulation, approximate calculation, random variable,
mathematical expectation, variance, arithmetic mean, approximate
calculation, probability.

M3 xypca wMmaTemarudyeckoro asanusa[l] wu3BecTHO, YTO BBIYHCIEHUE
OIIpeZeIeHHOTO MHTeTpasa coraacHo ¢popmyne HelotoHa-Jleli6HNIIA CBOAUTECS
K 3a/laue HaXOXJeHus nepBoobpasHoit F(x) dyukuuu f(x) (F(x)' = f(x) ),

b

b
[ r@ax=rea| =Fe) - Fea

a
OJHAKO 3a7ayYa HAXOXJEHUsI IIepBOOOpAasHOI OT HeIpephIBHBIX byHKIMH

MHOTAA BeCchbMa CJOXHA, a /MAJMI HEKOTOPHIX HeIpepHIBHBIX (yHKIUN ee
mepBoOOpasHas He BBIPAXKAETCA 4dYepe3 dJIeMeHTapHble QYHKIUU. MOXHO
yKaSaTB HECKOJIBKO TaKHuX (byHK].[HfI, IIpUTOM HMEHHO 3STHU OIIpeeseHHbIe
MHTeTPAIbl YacTO IPUMEHSIOTCA B PasHBIX OOJIACTAX HAYKM MU IPAKTHKU. B
TaKHNX C.JIY‘IEI}IX PaBpaGaTBIBaIOTC}I HPI/I6JII/I)K€HHBIQ METOAbI BBIYMCIICHUHA
OIlpeie/IEeHHOTO MHTerpaa.

B paGore paccmaTpuBaercs MeTOJ, UMUTALOHHOTO MOZEIUPOBaHU (METOZ
MomnTe-Kapi0) a1 mprGImKeHHOTO BRIYUCIEHHUI OIpeieIeHHOTO HHTerpaa.

O6mee omucanue merosa Moute-Kapiao [3].PaccmoTpum mpousBosibHyIO
BeIMYMHY «. UYTOOBI OIpemeNnuTh BeJIUYUHY « MOJEIHPYETCA TaKylo
CIy4aiiHyI0 BEeIUYHHY §, Y KOTOpOiHl CylecTByeT MaTeMaTHdYecKoe

oxupanue M[E] u

M[E] = a. (1)



Flhwlwb ghunnipinibibp

11 OlleHKNM HeW3BeCTHOHM BeIWYMHHI @, coriaacHo Mmeroxy Monre-Kapio
mpoBogutsca N peammsanuit &1, ¢,.., ¢y CIy4aWHONH BeIWYMHBI( U

BBIYMCIIETCS ux cpenHee apudmeTmyeckoe
N
_ 1
Ev = N & -
=1

B Teopuu BepoATHOCTH yCTaHOBJIEHA 3aKOHOMepHOCTb:IlocenoBaTeIbHOCTD
$1,€2,...,§y ONWHAKOBO pacIpefleJIeHHBIX CIy4YailHbIX BEIWYMH y KOTOPBIX
CYIIECTBYIOT MaTeMaTHYeCKue OXUIAHMI KOHEYHasd AMCIIEPCUA, TO CpefHee
apudMeTrIecKoe STUX CIydYailHBIX BEJIWYUH CXOAUTCSI IO BEPOATHOCTH K

MaTeMaTH4eCKOMY OXHAAHUIO [2]:

mpi N > o0, &y = M[&]

CoryjacHO BBINIEYKAa3aHHOMY 3aKOHY OOJBIIMX 4HCeJI, KaK OIeHKAa It
HEU3BECTHON BenWuuHBl « npu Oombmux N  BeIOMparoTcs cpenHee
apudMeTHUeCKOe PeTM30BAHHBIX 3HAUeHH I CIyJaliHbIX BeJTUIHUH ¢;

a=éy )

M3 xypca Teopum BepOATHOCTEH M3BECTHO TaK JKe, YTO KOIja ClydaifHas
BeJINYUHA { MMeeT KOHeuHyIo Auctepcuio D[], To BepoATHOCTH HOTpenrHoCTH
B (2) ¢ moBepuTeTPHON BePOSITHOCTHIO f IPUOIN3UTENHHO paBHa [1]

& — a| < x3/DIEI/N (3

Kosddumuenr nosepus f B (3) ycraHaBIMBaeT HCCIeZOBATENb U IIO

CHeIMaJBHON  Tabiuie  HaxoZAT  x.9acTo  HCIOMB3YIOT  3HAYEHUA

koapdunuenta mosepusa S = 0.997, xoropomy coorsercTByer Xg = 3. Kak

TmpaBMIO Ipu npuMeHeHun Meroza Moure-Kapio pna omnpezenenus

OKOHYATeNbHOM oueHku morpemHoctd B (3), 3Hauenwe pgucmepcuu D[E]
HEU3BECTHO.

Paspaborka xopomreit Teopermueckoir oueHku g D[] aro ormenpHas,
caMoCTOATeNbHAd 3afada. B pabore Kak OIeHKAa IJId OUCIEPCUU CIydaiiHOH

BeJINYUHEI { IpuMeHsaeTcsa popmya [2]

DIgl ~ -3 &7 — — 2~ (TX, &) (4)

N(N-1)
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ITocranoBka 3agayu. BeraucianTs TUn HHTETpaza
b

Iigp) = Jf(x)e"lxdx

a
rae f(x) samanHas HempepsiBHast QyHkuusu A > 0.

Jna npubnIKeHHOTO BBIYMC/IEHHUs OIPeeleHHOI0 HMHTEerpaja MeTOLOM
Momner-Kapo 6yzemM MozenupoBaTh CHEIUANBHYIO CIYYalHYIO BeJIMYHUHY & C
IUIOTHOCTBIO BEPOATHOCTEH

_(ce ™ x € [a,b]
Pe(x) _{o, XE [a,b]

A
rae ¢ = (Goa=w)

Torma
MIf ()] = cliap ()
Temeps passIrphIBaeTcs 3HAUEHHWe CJIOXKHOMI CIyYalHON BeJIHMUIUHEL?); =
f (&), rme &; aBnserca cryvatinoil BeruauHO ¢ TIOTHOCTBIO Pg(X).
[anee cornmacumo meromy Monre-Kapio mocTpouM OIeHKY AJA TAaHHOTO

HUHTeTpasa

1N 1
v ~ NE Miulap =My
i=1
KonmuectBo peanuzaruii CIIy4YaliHOM BeJWYMHEI 7); 3aBUCHUT OT 33JaHHOK
TOYHOCTH  TNPUOJIKEHHOTO  BBIYHCIAEHUsS OIpeJeIeHHOTO WHTEerpasa,
KOTOpHIil B paboTe yCTaHABIMBAETCA B IIPOIlecce MOAETHPOBAHUSA HA OCHOBE
dopmyrsr (4).
Teneps cocTaBUM QJITOPUTM AJIsI TPUOIMKEHHOTO BEIYHCIEHUS
OTIpeZeIeHHOTO UHTEeTPpasIa C 3aaHHON TOYHOCTHIO(E).
AJIropuTM™M BHIYUCIEHUS UHTETpaIa
ITar 1. Boguts dyukiuio f(x) , mapameTp A, TOYHOCTD — € U UHTEPBAIBI
MHTeTPUPOBAHUA A U b.

[Tar 2.MozenupoBars CIy4daiiHyI0 BeIUIUHY ¢; 10 hopMmyIre:

1
§ =a—->n()
37leCh Y paBHOMepHas paclpefieJleHHad CIydaliHad BeIWIWHA Ha HHTepBale
[0,8] (rae B =1 — Ae~*%).
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[Tar 3. Beraucanuts cpesHee apubMeTHIECKOe

N
1
v = NZ £

[Tar 4. [TpoBeputs TOuHOCTH IpUGMIDKeHHs ¢ 0 popmyte (3). Eciu He
BBIIIOJTHSIETCS, TO BEPHYTHCS K LIAry 2.

[Tar 5. BeiBecTu 3HaUYeHMe HHTETpasa 10 popmyre:

1_
llap) = Pl
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