JIABOPATOPHAA PABOTA Ne3

«MOJIEJIY, UCTIOJIb3YEMBIE JIISl BBIYMCJIEHUS
IUIOLAJIE»

Heau padoThI

HayauTbcst BBIUMCIATH IJIOMAAL IJIOCKOW  (PUTYpBI, OTrpaHUYCHHOU
KPUBOJMHEUHBIM KOHTYPOM HUCIIOJIb3YS TPU MOAXO0/IA.

1. Yucnennoe  uHTerpupoBanHue.  [IpuOMMKEHHBIA  METOH  CPEIHHX
IpsMOYroJIbHUKOB. OcHOBHble Mozenun Merona: Cerka, OnHOMEpHBIE
JUCKpPETHBbIE MHOXKECTBA, I [pIMOYTroJIbHUK.

2. Meton Monte-Kapmo. Takke OTHOCUTCA K NpHOIMKEHHBIM MeETOJaM
uHTerpupoBaHusi. OCHOBHBIE MOJEIM MeTona: JIMCKpeTHbIe MHOKECTBA,
Cnyyaiinbie yncia, CTaTUCTUYECKUI aHAJIN3.

3. AnanuTuyeckud MeroA. BeluucieHue omnpeneia€HHbIX HMHTETPAIOB IO
dbopmyne Hrrotona-JIeitonuna. OcHOBHBIE MOJienu MeToja: HenmpepbiBHBIC
MHOXeCTBa, OnpeaenEHHbIN HHTErPAIL.

PA3JIEJI 1. 3BAJJAHUE K JABOPATOPHOM PABOTE (OBIIAS
HOCTAHOBKA)

BbIYMCIUTD TUIOMIA(h (PUTYPBI, OTPAHUYCHHOW YETHIPbMS JIMHUSIMHU:
1) x=1.0,

2) x=3.0,

3) Al(x)=sin(W1-x) u

4) A2(x)=2.0+cos(W2-x)

TpeMsi METOIAMH.
1. YucneHHOE MHTETPUPOBAHUE (10 CXOAUMOCTH).
2. Mertox MonTte-Kapio (10 cxonumocTn).
3. AHAIUTHYECKHH.

3Hauenus yactor W1 u W2 B3sate u3 JIaboparopHoit padotsl Nol.

Pe3ynpTaThl MHTETpUpOBaHUs 3anTUChIBaiTe B Tabuuibl 1-3.

ITnan Bemmonuenust JJaboparopHoi paboThI H310KeH B Pa3zaere 7.

PA3JIEJ 2. MOTUBALIUA

B JlaGopatopHoif paboTe pacCMOTPEHBI CaMble PACIPOCTPAHEHHBIE MOJIEIH,
KOTOpbI€  IIMPOKO  HUCIOJB3YIOTCA JUISl  BBIYMCIEHHUS Iulomianad  Quryp
POU3BOJIBHOM (POPMBI (B TOM YHCIIE U TaK HA3bIBAEMBIX HEMPAaBUIIBHBIX QUIYD).




TunoBsie xapakTepucTuku (uryp (IUIomaab, MEPUMETP, HMEHTP MacC, MOMEHT
WHEPIUU U T.J.) MOTYT ObITh BBIYHMCIIEHBI C MOMOIIbIO OJHON (OPMYINBI TOJBKO
JUIsl BeCbMa OrPAHMYEHHOTO MHOXKECTBA THUIOB (GUTYyp. OTU (POPMYIIBI MOKHO
HAalTH B MHOTOYMCIICHHBIX MaT€MAaTHMYECKHX W WH)XCHEPHBIX CIpaBOYHHKax. B
oOmieM ciay4yae i BBIYUCICHUS IUIOWAAN (UTYp, OTPAaHHUUYEHHBIX KOHTYPOM
MPOU3BOJIBHOM (POPMBI MPUXOAUTCS TMOJB30BATHCA CHEIUAIBHBIMUA MO/IEISIMH,
U3y4YeHHUE KOTOPBIX U SIBIIsIETCA cofeprkanueM JlabopaTopHoit paboThl.

C Ttakoil 3amaudeild, KaK BBIYMCIICHHE IUIOIIAIN MPUXOJUTCS BCTPEYAThCS HE
TOJBKO NPHU PELICHUM T'€OMETPUYECKUX 3a7ad, HO U B PA3IMYHBIX IPUIOKEHHUIX
CBA3aHHBIX  C  MOJECIMPOBAHHEM  MEXAaHHYECKUX,  TEIJIOTEXHUYECKUX,
ANEKTPOTEXHUYECKUX U MHOTHX APYTUX MPOLIECCOB.

B MexaHuke B ciydae NPsSMOJIMHENHHOTO JBUKEHUS WIH JIBU)KCHUS 110 €CTECTBEHHOMN
TPAEKTOPUU €CIM HU3BECTHA (YHKIMOHAJIbHAsl 3aBUCUMOCTb CKOPOCTH OT BpPEMEHH
U=U(t), To mmHy L myTH MOKHO BBIYHMCIIUTH KaK IUI0IIaab Gurypsl moxa kpusoi (U, t);
AHAJIIOTMYHO 3HAas 3aBHCHUMOCTb YCKOpeHHs OT BpemeHH a=a(t) MOXHO BBIYHCIHTH
ckopocTh U; a 3Has 3aBHCUMOCTb CHJIBI OT KOOpauHatThl F(X), MOKHO HalTH padoty A,
Kak miomans Gurypst noa kpusoi (F, X) u T.11.

B Temmorexnuke pa60Ty TEIJIOBOM MAIITMHEI 34 OAHH IMKJI MOXHO BBIYMCIIUTH KakK
wiomanab (Urypbl, OrpaHUYEHHOW KOHTYPOM KpHBOW B ()a30BOM IPOCTPAHCTBE
nasnenne—o0bém (P, V).

B onexTpoTexHHMKE AN ONpENEeNeHUs pEeXUMOB paboTel TpaHchopMaTopa B
3aBUCMMOCTH OT Pa3HbIX YacTOT M AaMIUIUTYAbl TMEPEMEHHOTO TOKa HEO0OXOJAMMO
BBIUUCIIATh TaKyl0 XapaKTEpPUCTUKY CEpACYHUKOB Kak BelWuYMHA (IUIOL[a/b) METIU
rucTepesuca.

C npyroi#t CTOpOHBI, aHATUTUYECKUN U YUCICHHBIA METOJIbI MHTETPUPOBAHUS,
paccMOTpeHHbIE (B JOCTAaTOYHO MPOCTON MOCTaHOBKE) B nMaHHOM JlaGopaTopHoii
paboTe MPUMEHSIOTCS MPU PEIICHUH OOIIMPHOTO KJlacca 3ajad.

B rCOMETPUICCKUX  TIPUIIOKCHUAX, HEMHOI'O YCOBCPHICHCTBOBAB MCETO/BI,
HUCIIOJIb30BAHHBIC B Ha6ODaTODHOI\/'I Da6OTC, MOYKHO BBIYUCIUTH OOBEM TCJIa, MJIUHY
TPACKTOPHH, TIOIIAAb IMMOBEPXHOCTHU, HEHTP MACC, MCXaHUYCCKHNEC MOMCHTEI.

dusnueckue, UH)KEHEPHBIE, HYKOHOMUYECKHUE, TEJICKOMMYHUKALIMOHHBIE
NPWIOKEHUA: BOT JAJIEKO HE IIOJHBIA IEPEYEeHb NPWIOKEHUH, B KOTOPBIX
HCIIOJIB3YIOTCSA METObl aHATUTUYECKOTO U YUCIIECHHOTO HHTETPUPOBAHMSL.

K pasnenam Hayku, rie Bce B Ooibliell Mepe ucmonb3yercss Metos Mounte-Kaprio,
ClIeAyeT OTHECTH 3aJauyd TEOPUM MaccOBOrO OOCIyKMBaHMs, 3aJaud TEOPUH UTP U
MaTeMaTHYeCKOM SKOHOMHUKHM, 3aJlaud TEOpHM Iepelaud COOOINEHUH Npu Halu4uu
IIOMEX U psAJ APYTHX.

PA3JIEJL 3. YACJEHHOE UHTET'PPUPOBAHUE. METO/
CPEJHUX ITPAMOYT'OJIBHUKOB

W3y4yenne MeETOMOB, WCIONB3YEMBIX ISl BBIUMCICHUS TUIOmMAanu (Guryp,
HAYMHAEM MMEHHO C METOJa CPEIHMX MPSIMOYTOJILHUKOB MOTOMY, YTO OH OoJjiee
HarJISIIGH C TOYKM 3PEHHUS TEXHOJOTHUH MOJETUPOBaHMS. BbhrunciuTeabHbIE U
rpaduueckue Bo3MoxkHOocTH Tmaketa MATLAB  mnosBomsitor 3 dexkTuBHO



MPOU3BECTU HATJIAIHOE MOJICIMPOBAHKUE MPOIECCAa U3MEPEHHUS IUIOMAAN JaHHBIM
METOIOM.

[Tnomans durypsl B Hacrosmeld JlabopaTopHoi paboTe MOCTATOYHO JIETKO
BBIYMCIIUTh aHanuThuecku (Pazgen 5), ogHako M B 3TOM cllydae peanu3anus
METO/Ia YHUCJIEHHOTO0 HWHTETrpUpOBaHUsA OyJeT TO0JIe3HOW B KadyecTBE TecTa
peanu3anuu alroputMa. B ciiydae yioBIE€TBOPUTEILHOIO COBMHAICHUS PE3YJIbTaTa
C aHAJIMTHYCCKUM pelieHueM (B mpeaenax HeOonpmon morpentHocty & =0.001),
MOXHO CHEJIaTb BBIBOJ, YTO QJITOPUTM COCTaBJIEH W pEaJTN30BaH BEPHO.
ComocTaBieHusl Pe3yJbTaTOB, IMOJYYEHHBIX pa3HBIMH METOJaMHu, OyayT
npousBenieHsl B Tabnuie 3.

MeTon mpsSMOYrOJPHUKOB OCHOBAaH Ha TOM, 4YTO (urypa, OrpaHUyYeHHas
KPUBOJMHENHBIM KOHTYpPOM 3aMeHseTCd (anmpOKCUMHUPYETCS) COBOKYITHOCTBIO
(MHOK€CTBOM) MPSAMOYTOJIBHUKOB (IUVIOIIAAb KOTOPBIX BBIYMCISETCS OYEHb
npocto). OCHOBaHMS MPSIMOYTOJBHUKOB MapajuleNIbHbl OCH X WUJIM HAXOJSATCA Ha
ocu X. BeicoTa mpsimoyrojibHUKa omnpesensieTcss 3HadeHusaMu QyHkiui. [lnomans
burypel TIpPOM3BOJILHOM  (OpPMBI  aNMpPOKCUMHUPYETCS CYMMOM  IUIOIIajei
NpsIMOYTOJIbHUKOB. VHade roBops, KpUBOJMHEHHas ¢urypa 3aMmeHsieTcs Ha
CTYIIEHUYaTYIO.

MGTO,I[ HCCIICOOBAaHUA, HpI/IMeHHeMLIﬁ B JaHHOM Pa3g!ene, OCHOBAH Ha TaKOM IIOHATHH

TEOpUU MOJEIMPOBAHUS KaK “allpOKCUMAlLUS’, ¢ KOTOPbIM Mbl YK€ ITO3HAKOMMIIUCH
1pu BeinosHeHnH JlaGopartopHoii paGoTel Ne2.

B umcneHHOM WHTETPUPOBAHWHU HCIIONB3YIOT TaKXKe TaKHe aNpOKCHMAIUU, Kak
Tpaneuus (B METOJe Tpamenuii) u gurypa ¢ mapaboIndeckoil BepxHel rpanunei (B
MeTone cumicoHa). [lmomamu 3TuX (UTyp AOCTATOYHO JIETKO BBIYHCIUTH, YTO
MO3BOJISIET COCTABUTH HECJIOKHBIN AJITOPHTM.

[leHTpanbHBIMM TIOHSATUSAMU B YHUCICHHOM HHTETPUPOBAHUM TAKUMH
METOJIaMH, KaK METOJI MPSIMOYTOJbHUKOB, TPANICHMl U CUMIICOHA SIBJISIETCS CETKa,
CETOYHBIN apTryMeHT U ceToYHasi yHKIIHS.

CeTku MOXHO KJacCU(UIIUPOBATH IO TUITY pa30MEHUS HA OTPE3KU:
1) CeTka ¢ MOCTOSTHHBIM I1IarOM;
2) CeTrka C IEPEMEHHBIM IIArOM.

B nacrosment JIabopatopHoit pabore OyIeT MCIOab30BaH NEPBBIN THIT CETKU
(c marom hp).

Cemkxa  sBAsieTCA  OCHOBOM  MOCTPOEHUS  MOJEIM  YHCICHHOTO
uHTerpupoBanusa. (OCHOBHOM OTpE30K [a,b] (ABISAIOUIMICA HENPEPHIBHBIM

MHO>KECTBOM 3HAYCHHUH HE3aBHCHMOTO apryMeHTa) pa3OMBaeTcsi Ha KOHEYHOE
MHOYKECTBO OTPE3KOB (JIEMEHTOB — pEOEp).

B nBymepHbIX U TpEXMEpPHBIX 3aJayax NpU IOCTPOCHUM CETKH 00JacTb TOXe
pa3buBaeTcst Ha 3JeMeHThl. TpEXMepHbIe JIEMEHTHI, B 3aBUCUMOCTU OT MX TOIOJIOTUU
(Tuma MHOTrOTpaHHMKa) OBbIBAlOT TPEX BUJOB: MpHU3Ma, MNHpPaAMHUAA, TETPadJp.
JIByMepHBIE 3JIeMEHTHl Ha3blBaloTCs TrpaHsamu. OpHomepHble — péOpamu. Cerka
Ha3bIBAaeTCsl KOH(MOPMHOM, €CIM COCEeIHHE DIIEMEHTHl ‘‘TIPpaBMWIIBHBIM 0OOpa3zom”



NpUJIETaloT APYr K Jpyry: TO €cTh 0e3 mepeceyeHWid W MmycToT. BHyTpu mim Ha
MIOBEPXHOCTU 3JIEMEHTa BBIOMpAETCs OJHA TOYKa Ha3blBaeMmas y3ioM. VIMeHHO 3Ta
TOYKA U €€ KOOpAMHATHI SBJSIOTCS Oa30BBIMU IPU COCTABICHUM BBIYMCIUTEIBHBIX
CXEM B MOJIEIbHBIX 3a7a4ax.

CymMMa JUIMH CETOYHBIX OTPE3KOB paBHA JIJIMHE OCHOBHOIO OTpe3Ka (CeTka
KoH(opMHas). BHyTpu Kaxxaoro oTpe3ka pa3OMEeHHs WM Ha €ro TpaHulax
pacrnioyiaraercsi y3ein. MHOXKECTBO Y3JIOB CETKM (MX KOOPAMHAT) SIBIISETCS
cemounviM  apeymeHmom (TO €CTb JUCKPETHbIM MHOXECTBOM 3HAau€HUU
HE3aBUCHMOI'0 apI'yMEHTA).

HpI/I YUCJICHHOM HUHTCTPHUPOBAHHUH, B 3daBUCHUMOCTHU OT BLI6paHHOFO MCTOJa
Y3CJI MOKET IIPUHUMATL OJHO U TpéX MIOJIOKECHM U

1) B merome mpaBoro MpSMOYTOJIbHHKA Y3JIbI PACIONATAIOTCS HA JIEBBIX
rpanunax péoep (a OCHOBaHME NPSIMOYTOJIbBHUKA HAXOAWTCSA CIIPaBa).
DTOT MeTo1 HanboJiee pacHpoCTpaHEH B JIMTEpATypeE.

2) B Mertonme 5eBOro MpsSMOYIOJbHUKA Y3JIbI pacrojaraloTcs crpaBa (a
OCHOBAHHME MPSMOYTOJIbHIKA HAXOIUTCS CIICBA)

3) B Merone cpemHero mpsiMOyroJbHHUKA Y371kl PACIIONIaratoTcs B cepeInHax
(menTpax) oTpe3koB. DTOT MeTOA OyJIeT UCIOoJb30BaH B JlabopaTtopHoit
pabore.

Cemounas qbyHKLﬂ/l}l — 9TO MHO>KECTBO 3HAYCHUM (1)YHKI_[I/II/I, BBIYHCJICHHBIX
JJI1 3HAYCHUN CETOYHOTO 4dprymcHTa.

3HauYE€HHE pPE3YJIbTaTa YHUCIEHHOIO WHTEIPUPOBAHUS MOJKET CYIIECTBEHHO
3aBUCETh OT mara cetku hp. [loatomy pacuér mioniaau ¢purypsl B JlaboparopHoi
paborte OyJaeM MPOBOIMTH HA HOCIE008AMENbHOCIU GIONCEHHbIX cemoK (CMBICI
aTOro TepMuHa packpoercs paidee B Pasgene 7 (IINIAH BBIIIOJIHEHUA
JJABOPATOPHOW PABOTEHI)).

PA3JIEJ 4. IPUBJINKEHHOE BBIUVCJIEHUE IUIOIIAJIEA ®UT'YP
METOAOM MOHTE-KAPJIO.

Meton Monre-Kapio, wim MeToA CTaTUCTUYECKUX HCOBITAHUWA, — 3TO
YUCJIICHHBIM METOJI, OCHOBAaHHBIM Ha MOJECIMPOBAHUU CIYYaHBIX BEJIUYUH M
MMOCTPOCHUM CTATUCTUYECKUX OLEHOK IS UCKOMBIX BEJIMYMH.

CyTbh MeTOZa COCTOUT B clieaytomieM. st BeIYMClIeHrs TUIoN[aan HEKOTOPOi
burypsl, IpoBeeM SKCIIEPUMEHT: MOMECTUM JIaHHYIO QUTYpy B KBajJpaT U Oyjaem
Hayrajg OpocaTh TOYKM B ATOT KBaApar. EcCTeCTBEHHO mpesamnonararb, 4ro 4eMm
OoJipllle TUIOMIAAL (UTYpHI, TEM dYalle B Hee OYyIyT MoMaaarh TOYKU. Takum
o0pa3oM, MOXHO CHeNaTh JOMYIICHHE: MPH OOJBIIOM YHCIIE TOYEK, Hayraj
BBHIOpPAHHBIX BHYTPH KBajpaTa, JOJs TOYEK, COJAEpKaIMXCsi B JaHHOU ¢urype,
NPUOIMKEHHO paBHA OTHOIICHUIO IO 3TON (PUTYPHI U TUIOIIAIU KBapaTa.



[Ipumep. Boruucnenue uncna 7 metogom Monte-Kapio.

Ilocmanoéxka 3adavu: njisi  BBIUMCIEHUST uHcia 7w MetonoM Monrte-Kapio
paccMoTpuM Kpyr paauyca 1 ¢ neatpom B Touke (1, 1). Kpyr Bnucan B kBajapar,

CTOpOHAa KoToporo, a =2. Toraa miomaab KBajapara Squad = a2 = 22 =4,
Pewenue.

Breibupaem BHyTpu kBagpata N cioyyailHbIX Touek. BpiOparh TOUKy oO3HaA4aeT
3a]1aTh €€ KOOPJMHATHI — YUCJIa X U Y.

O6o03Ha4MM Ny, — YHCIO TOYEK IONABIIMX IPU 3TOM
BHYTpPb Kpyra.

/-"' —\‘". Touka npuHamIeKRuT KBaapary, ecain 0<x<2 u 0<y<2,

1
I\_\_! _F‘_,-’I Ecmu (X —1)2 +(y —1)2 <1, TO TOYKa IOMAZACT B KpYT,

i ,  MHaye OHa HaXOJIUTCS BHE Kpyra.

Sprea _ Nprea

N

FCOMCTpI/ILIeCKI/I O4YCBUAHO, UTO
Keaopama

. Skeadpama ’ Nprza
Kpyea — N

Otcroma S

. NprZCZ
To ectb Wi Kpyra €IMHUYHOIO pajauyca: SprZCl:4T’ HO Uil Kpyra

N Kpyea

€AUHUYHOTO paauyca S = 7T, CTIeJI0OBATEIIbHO, TToJTyyaeM: 7 =4

Kpyea

HNannas dopmyna maer oneHky uucia n. Uem Oomnbmie N, Tem Oosblie
TOYHOCTh 3TOW OlleHKU. CleyeT 3aMeTHTh, YTO JAHHBIA METOJ]l BBIYHUCICHUS
TIomaan OyJaeT CIpaBeIMB TOJIBKO TOTAa, KOT/a CIydaiHble TOYKH OyIyT HE
IIPOCTO CIYYailHBIMU, a elle ¥ PaBHOMEPHO pa30pOoCaHHBIMU IO BCEMY KBaJparty.

Kak moxkaspiBaeT MpakTHKa, UCMOJbB3Yys B PEAIbHOM XKU3HM MeToa MoHTe-
Kapno, MoxHO Hayraj MHOro pa3 mnepeOuparbh BCE BO3MOMXHOCTH, MPH 3TOM
COXpaHssl OJJMHAKOBBIE XapaKTEPUCTUKH paclpeesieHns. B pesynprare noaydurcs
MCKYCCTBEHHO BOCCO3/1aTh BCIO KapTHHY JIaHHOI'O IpoLecca. 3aTeM, MOBTOPSS 3Ty
KAPTUHY BHOBB, K&JK/bII pa3 U3MEHSS YCIOBUS, MOKHO MOJIYYUTh CTATUCTUYECKUE
JaHHbIe, OyATO OHU OBUIM COOpaHBI B peajbHOM BpeMeHU. Takum xe obpazom
MO>XHO BHOBb HECKOJIBKO pa3 BOCCO3[1aBaThb HMCKYCCTBEHHYIO KapTHHY paOOThI



IPaKTHYECKH JII0OOTO Mara3uHa, IMpUMeEHss Ha mpakTtuke meton Monrte-Kapio.
I/IMI/ITaHI/IOHHOC MOJACIUPOBAHHUC B I3TOM ClIydac 6y,Zl€T INIOBTOPATL PCAJIbHEBIC
JaHHBIC. HOJIyanCH OIIATH IBa BBIIMICOIIMCAHHBIX CTOXACTHUYCCKHUX IIpOoLeCcCa. Hx
IMOIICPEMCHHOC B33PIMOI[€I?ICTBPIG B KOHCYHOM pE3yjabTaTC CHOBA BbIIACT
«OUCpCaAb» MPAKTUUICCKU C TAKMMH KC IMIOKA3ATCIIIMHA, YTO U B peaanoﬁ KU3HU. —
Yuraiite nogpodunee na FB.ru: http://fb.ru/article/62591/chto-takoe-metod-monte-
karlo

CrnenoBatenbHo, MeToq MonTe-Kapino B Hayke COCTOMT B MCKYCCTBEHHOM
MOJCIUPOBAHUU TOCPEACTBOM MHOTOKPATHBIX IMOBTOPEHHA B  CIIy4ailHBIX
peanu3anusax. BakHO OTMETHUTH, YTO TaK Ha3bIBaCMbIC CIMHHYHBIC peaTn3aliu
WHAYC HWMEHYIOTCS CTaTUCTUYCCKUMU WCHBITAHUSAMHU. YTOOBI TOHSTH, 4YTO
ojApa3yMeBaeT MoJi COOOM MEXaHU3M CIIy4alHOTO BBIOOpaA, CIEAyeT MOMPOCTY
BOCIIOJIb30BaThCS CaMbIMH OOBIYHBIMM HUTPAIBHBIMH KOCTsMH. OJIHaKO Ha
MpaKkTHKE, KaK MPaBUJIO, MPUMEHSIOTCS TaOIUIbI ClIydaiiHbIX uncesl. Kpome Toro,
Ha HACTOSANIMH MOMEHT OCO0OW TMOIYJSIPHOCTHIO TIOJIB3YIOTCS W CHCIHATbHBIC
MPOTpaMMBbI  JUIsl KOMIIBIOTEPOB, KOTOPBIC CPEIH CICIUATHUCTOB HMEHYIOTCS
reHepaTopamMu cCiy4dalHbix uyucen. Ha camom gnene wmeron Monte-Kapiio
JIOCTATOYHO TMPOCT, 3PGDEKTUBEH M YI00€H, YTO W O0OYCIaBIMBAeT €ro
MTOBCEMECTHOE MCIIOJIb30BaHUE, KaK B SKOHOMHKE, TaK U B IPYTUX TOUHBIX HayKaXx.
— Uwraiite mnompobuee Ha FB.ru: http://fb.ru/article/62591/chto-takoe-metod-
monte-karlo

[lepBonauanbHo MeTog MoHTe-Kapio ucnoas30Baics riaaBHbBIM 00pa3oM IJis
pereHust 3a1a4 HEeUTPOHHOW (U3MKHU, TJe TPAJUIMOHHBIE YHUCIEHHBIE METOIbI
OKa3aJNCh MaJONpUroAHbIMU. Jlamee ero BIMSHUE pPACOpPOCTPAHUIOCH Ha
MIMPOKUM KJIacC 3a/lad CTaTHUCTUYECKOW (DM3UKU, OYEHb PAa3HBIX IO CBOEMY
conepxkanuto. K paznenam Hayku, rje Bce B OOJIbIIIEH Mepe UCIOJIb3YeTCS] METO/T
Momnte-Kapno, crnemyer oTHecTH 3ajadyd TEOPHUHM MAaCCOBOTO OOCITY>KUBaHUS,
3a/1aud TEOPUU UTP M MaTEeMAaTHYECKOW SKOHOMMKHU, 3a7adydl TEOPUM Mepenadu
COOOIIEHUM MPU HAJIMYUHU TTOMEX U P APYTHUX.

Meton Monte-Kapno okazanm u mpoAoDKAET OKa3blBaTh CYIIECTBEHHOE
BIIMSHUE HA pPa3BUTHE METOJIa BBIYUCIUTEIBLHON MaTeMaTUKU (Hampumep,
pa3BUTHE METOJOB YHMCICHHOTO MHTETPUPOBAHUSA) U MPU PEIICHUH MHOTHUX 3a]a4
YCIEIIHO COYETACTCs C JIPYTMMHU BBIYUCIUTEILHBIMU METOJIAMHU U JOTIOJIHSET UX.
Ero npumeHeHue omnpaBaaHO B IMEpPBYIO OdYEpedb B Te€X 3aJayax, KOTOpbIE
JOTTYCKAlOT ~TEOPETHUKO-BEPOSITHOCTHOE OMUCAaHUWE. JTO OOBICHSIETCS Kak
€CTECTBEHHOCTBHIO TOJIyYEHHUsI OTBETA C HEKOTOPOW 3aJaHHOW BEPOSITHOCTHIO B
3a/layax C BEPOSITHBIM COJIEPKAHMEM, TaK M CYIIECTBEHHBIM YIPOIIEHUEM
NpoleAyphl pelieHus. TpyaHOCTh pelleHus TOW WM WHOW 3adaun Ha OBM
ONPENENATCS B 3HAYUTEIBHOW MEPE TPYIHOCTHIO IMEPENIOKEHUS €€ Ha «SI3BIK»


http://fb.ru/article/62591/chto-takoe-metod-monte-karlo
http://fb.ru/article/62591/chto-takoe-metod-monte-karlo
http://fb.ru/article/62591/chto-takoe-metod-monte-karlo
http://fb.ru/article/62591/chto-takoe-metod-monte-karlo

MaiuHbl. Co3gaHue A3bIKOB aBTOMATUYECKOTO MPOTrPaMMUPOBAHUS CYIIIECTBEHHO
YOPOCTUIIO OAMH U3 3TAanoB 3Tol padboThl. Hanbomnee CloxkHbIMU 3TaiaMu MO3TOMY
B HACTOSIIEEe BpeMsS SBISIOTCS: MaTeMaTUYeCKOe OIKUCAHUE UCCIIEeAyeMOTo
SBJICHUSI, HEOOXONMMbIE YIPOINECHUS 3a/layd, BHIOOP MOJXOJSAIIETO YHCIEHHOTO
METO0/1a, UCCJIEJOBAHUE €ro MOTPEUIHOCTH U 3alKCh alroputMma. B Tex ciyuwasx,
KOI/Ia HMMEETCSl TEOPETUKO-BEPOSITHOCTHOE OIMMCAHWE 3aJauM, HCIOIb30BaHUE
Merona  Monte-Kapiio  MoOXeT  CYIIECTBEHHO  YIPOCTUTh  YIOMSHYTHIE
MPOMEXKYTOUHbIE 3Tanbl. Bripouem, kak OyAeT ciienoBaTh U3 JalbHEWIIEr0, BO
MHOTHX Clly4asix T[OJIe3HO W ISl  3a7ad CTPOro JAETEPMUHUPOBAHHBIX
CTPOUTH BEPOSITHOCTHYIO MOJIeb (PaHIOMHU30BaTh HCXOAHYIO 3aJlayy) C TEM,
4yTOOBI Jajiee UCIoiab30BaTh Metoa MonTte-Kapio.

PA3JIEJL S. AHAJII/ITI/I‘IECKI/Iﬁ METO/JA. ®OPMYJIA HBIOTOHA-
JIEUBHUIIA.

AHaNUTUYECKUA METOJI BBIYMCIICHU TIOWAAel PUryp uMeer aBa OCHOBHBIX
PEUMYIIECTBA Mepea IBYMs OCTAJIbHBIMU, PACCMOTPEHHBIMH B JlabopaTopHOU

paborte:
1. Jlug mmpoKoro Kijacca JIMHAWA, OTPAaHUYUBAIOIIUX (DUTYPY MOXKHO HAWTH

TOYHOE 3HadeHHe Iuiomanau (0e3 MOMOJHUTEIBHBIX HCCICIOBAaHHMI Ha
CXOJUMOCTb).

2. Jlns HEKOTOPHIX KJIACCOB JIMHHWM, OTPAHHYUBAIONINX (PUTYPY MOXKHO
ObICTpO (IPUMEPHO 32 MUHYTY) HAWTH TOYHOE 3HAYEHHUE IUIONIA/U, HE
npuberas K COCTaBJICHUIO AJITOPUTMOB M HAMUCAHUA KOMIBIOTEPHBIX
IPOTPaMM.

OCHOBHOM MOJICTIbIO, Ha KOTOPOM Oa3upyercss JaHHBIA METOH, SIBIISICTCS
HEIPEPHIBHOE OJTHOMEPHOE YMCIIOBOE MHOXKECTBO (UMCIIOBASI OCh).

JlelicTBUS, KOTOPbIE MOYKHO HMPOM3BOJIUTH C 3TUM MHOXECTBOM, C(OPMYJIMPOBAHBI B
psae akcuoMm (yTBEpKIeHUM, He TpeOyroImMX JJoKa3zaTenbcTBa). Jlanee, 1o mnenouyke, Ha
OCHOBE aKCHOM BBIBOJATCA U JI0KA3bIBAIOTCS TEOPEMBI, HA OCHOBE JJOKA3aHHBIX TEOPEM
(bopMyIHpYIOTCS M JIOKa3bIBAIOTCS APYrHe TEOpEMbl, W Tak ganee. UwcioBas oOCh,
aKCMOMBl M TEOpEMBbl MPEJCTABISAIOT CcO0OH 007acTh 3HAaHUM, Ha3bIBAEMYIO
MaAaTEMATHYCCKUM aHAJIN30M.

Ecian uMeroTcs ABe HENpEephIBHBIC BEIUYMHBI U IIPU 3TOM 3HAYEHHUs OJHOU
BEJIMUYMHBI 3aBUCAT OT JAPYroM, TO Takas 3aBHUCHUMOCTh Ha3bIBaeTcid (pyHKLUEH.
HccnenoBanre (yHKIMI SBISIETCS OOHUM M3 NPEIMETOB MaTEMaTUYECKOTO
aHanu3a. OCHOBHBIMM  METOJAMM  MCCIIEJOBAaHUSA  (PYHKIUH  SBISAIOTCS
muddepeHranbHOe HCYUCICHUE W MHTErpajbHOE HUCYHUCIEeHHE. Pe3ynbTarhl,
MTOJIyYEHHBIE Ha OCHOBE ATUX METOJO0B, UMEIOT IIHUPOKOE TPUMEHEHUE BO MHOTHX
3a/1a4ax, CBSI3aHHBIX C MOJCIMPOBAHUEM ITPOIIECCOB.

OmHUM Y3 MHOTOYHUCJIEHHBIX TNPUIOKEHUNW HWHTETPAIbHOTO HWCUYUCICHUS
SBJISIETCS BRIYMCIICHUE TUIONIAIeH “‘HeTPaBUWILHBIX QUTyp”.

OCHOBHBIM MOHITHEM HHTCIPAJIbHOI'O NCHHUCIICHUA ABJIACTCA HepBoo6pa3Ha;1.


http://pandia.ru/text/category/veroyatnostnaya_modelmz/

Ilepsoobpasnoti  HyHKIAH f(X) Ha3bIBaeTCA Takas (PyHKIUS F(x),
npou3BoaHas kKoTopoii paHa f(X). To ecTh

FLI_ ) ®

[Tpu sToM 115t MI060# KOHCTAaHTHI C MMEET MECTO CIIEAYIOIIEee BIPAKEHHE

d[F(x)+C] dF(x)
dx ~dx =),

W3 KoTOpOTO ClleyeT, 4To A KaXA0H (GYHKIUU MOKHO HAUTH OECKOHEYHOE
MHOKECTBO MEPBOOOPA3HBIX, OTIUYAIOIIUXCS JIPYr OT JApyra Ha KOHCTaHTY. JTO
MHOYKECTBO (COBOKYITHOCTh) Ha3bIBACTCS HEONPEOECNEHHBIM UHMESPANOM.

[ f(x)dx=F(x)+C

3amaua HaxXOXKJIEHUs MEPBOOOPA3HOM B 00IIEM BUJE CYIIECTBEHHO CIIOXKHEE
HaxOXJeHUs MNpou3BogHOW. C  TOYKM 3pEHUST METOJOB  HAXOXKIACHUS
nepBooOpa3Hoi, PYHKIIMK MOKHO Pa3eUTh Ha TPH Kjlacca:

1. dbyHkuMHM, y KOTOPHIX HEBO3MOXKHO HAWTH MEPBOOOpa3HYIO B
AHATUTHUYECKOM BHJIE;

2. (YHKIHH, Y KOTOPBIX CJIO0XHO HaliTH mepBooOpasHyto (MoTpedyeTcst Win
BBITIOJITHUTH MHOTO JCUCTBUH WM TPUMEHHUTH CIICIUAIBHBIC MPUEMBI
WHTETPUPOBAHUA);

3. (GyHKIMH, y KOTOpPBIX JIETKO HaWTH MepBOOOpa3Hylo (moTpedyercs
OCHOBHAsl TaONWIla HWHTETPAJIOB W, BO3MOXHO, HECKOJBKO TPOCTHIX
JEeNUCTBUIN).

B MHOTOYMCIEHHBIX CIIpaBOYHHKAX CYHICCTBYIOT, TaK K€ paCIIMPCHHBLIC Ta6J'II/IIII)I

WHTETPAJIOB, B KOTOPBIX YAaCTUYHO TMPEACTaBICHBbl (DYHKIMU, OTHOCSIIHECS KO
BTOPOMY KJ1accy.

B 3aganuu k JlaGoparopHoii pabore GurypupyroT GyHKIIMH, OTHOCSIIHECS K
TpeThbeMy Kiaccy. 3ajgada HaxXOXXJICHHS TepBOOOpPA3HOM JIETKO CBOJMTCS K
OCHOBHOM Ta0JIMIIE HHTETPAJIOB.

HaxoxaeHue HeonmpenenéHHOro HWHTEerpaja sBISETCS OJHHUM M3 JTaloB
BBIYHCIICHUSI ONIPEAEIEHHOTO HHTErpaa.

Brruncnenue, KpuBOJMHEIHOTO, TOBEPXHOCTHOTO, 00BEMHOTO U T.II. UHTEIPAJIOB TOXKE
CBOJATCS K HAXOKIEHHUIO HEONPENEIEHHOrO nHTerpana. JlelicTBus, HalpaBJIEHHbIE Ha
HaXO0XKJICHHE JII000r0 U3 UHTErPAIOB HA3bIBAIOTCS UHMESPUPOSAHUEM.

OHpCI{GJ’IéHHBIM HHTCI'PAaJIOM Ha3bIBACTCA BCIICCTBCHHOC qHucCJIo,
OoIIpCACIACMOC U3 BbIPAKCHHUA

? f(x)dx=F(b)-F(a). (2)



Bripaxxenue (2) naspiBaeTcsi popmynori Hetorona-JIeitOnuia. 3ta Gopmyia
ABJISIETCA cojepkaHueM TeopeMbl HproToHa-JleliOHMIIa (OCHOBHOM TEOPEMBI
aHanmu3a). BerecTBenHble uncia a u b HaspIBaroTCS NpesieiaMi HHTETPUPOBAHUS.

3ameydarenbHbIM CBOMCTBOM, KOTOPBIM 0O0JaJaeT ONpeNeiaEHHbIA HHTErpal,
SBJIIETCS TO, YTO OH PaBEH IUIOWAAN (DUTYPBI, OTPAHUYCHHON YETHIPbMS TUHUSIMU
B JIBYMEPHOM JIEKAPTOBOM CHCTEME KOOPAMHAT:

1) x=a,

2) X=Db,

3) y=0mu
4) y=f(x).

OTO CBONCTBO MOKHO MPUMEHUTD JJIsI BBIYUCIEHUS QUTYDP, OTPAHUUEHHBIX C
OJIHOM M3 CTOPOH KPUBOH JIMHUEW, 3alaHHOM B Buae ¢GyHkuuu. Ecnm durypa
OTPaHMYECHA C JABYX CTOPOH TAKWMHM JIMHUSAMH, TO MOKHO HCIIOJIb30BATh OJUH W3

JIBYX TIOJIXOJIOB:
a) Opun pa3 wucnons3oBath Gopmyiny Herorona-JleiOnuma st
NOJBIHTETpaNIbHON (QyHKIMH f (X) = A2(X) - Al(X)
06) Hcnonws3oBath ¢dopmyny Hpiorona-JleiiOnuma mis Kaxaod H3 ABYX
MOJIBIHTErPATBHBIX (DYHKIIHIA: Al(x) u A2(X) otnensHO. [loToM BhIUECTh U3
BTOPOTO IEPBBIN.
Meton o0oOmiaercsi Tak e M Ha Ciaydad TpEX W UYETHIPEX KPUBBIX JIMHHM,

orpaHuYMBarOKX (UTYpy, HO B Hacrosmieid JlaGopaTopHoW paboTe ATOT METO.
paccMarpuBaTtbcs HE OyIeT.

B 3aBepuieHue criegyer OTMETUTh, 4YTO JJIi  BBIIOJHEHHUS  3aJaHMs
noTpeOyroTCs, Takke (opmysa sl UHTETpalia CyMMbI IBYX (pyHKIuM, Gopmyra
WHTETPUPOBAHUS CIOKHOM (PYHKIIMU U OCHOBHas (0a3oBas) TabJIMIla UHTETPAJIOB.
"OcCBeXNUTh" 3HaHUS 110 UHTETPATBHOMY UCYUCIEHUIO MOXKHO BOCIIOJIb30BABIINCH,
Harpumep, yueOHukom http:// www.iprbookshop.ru/6298.html.

PA3JAEJL 6. IPEUMYIIECTBA U HEAJOCTATKA METOOB,
PACCMOTPEHHBIX B JIABOPATOPHOM PABOTE

AHaNUTUYECKUN METOJI BBIYMCIIECHUS TUIOMAAeil puryp nMeer aBa OCHOBHBIX
IpeuMyIIecTBa NEepe] ByMsl OCTalbHBIMH, PACCMOTPEHHbIMU B JlaGopaTopHoi

paborTe:

1. Jlnst mmpoKoro Kiacca JMHUAN, OTPAaHWYUBAOIMX (DUTYpY MOKHO
HAaWTH TOYHOE 3HAUYeHWe Tuiomanau (0e3  JIOMOJHUTEIBHBIX
MCCIIEIOBAaHUM Ha CXOJJUMOCTD).

2. JIJ1s1 HEeKOTOPBIX KIJIACCOB JIMHUM, OTPAHUYUBAIONINX (QUTYPY MOKHO
ObICTpO (IPUMEPHO 32 MUHYTY) HAWTH TOYHOE 3HAYCHHUE TUIONIA/U, HE



npuberas K COCTaBICHUIO AJITOPUTMOB M HAMUCAHUS KOMIBIOTEPHBIX
porpamm.

MCTOI[ MPpAMOYTOJIBHUKOB HMCECT CICAYIOHNICC IIPCUMYINCCTBO IICPCH
AHAJIMTHYCCKUM MCTOAO0M BBIYHMCIICHH HJ'IOIHa,ZIeI‘/’I (1)I/Il“yp:

Peanuzanuss meTona YHCICHHOTO HMHTETPUPOBAHMS B MEHBIIEH CTENEHU
3aBUCUT OT THUINA JMHUN, OrpaHuuuBaronmux Qurypy (B cMbIcie
Ki1accupukanuu GyHKIUi, KoTopas Oblia npuBeaeHa B Pazmene 5).

B cBoro ouepenr (M 3TO MOKHO 3aMETHTHh B (DOPMYIUPOBKE MPEABIAYIIETO
MPEIOKCHUS) Y METOJla €CTh HEKOTophle (00mme ¢ aHAIUTUYECKUM
METO/I0M) OTPaHUYEHHS IO CPAaBHEHUIO ¢ MeTooM MoHTe-Kapio.

OcHoBHOE npeuMyIecTBo MeToaa Monte-Kapiio nepen 1ByMs OCTalbHBIMH,
u3N0KeHHbIMUA B JlabopaTopHOi paboTe 3aKiIoYaeTcss B TOM, YTO OH MO3BOJISET
paboTaTh ¢ 00nacTsIMu, coaepxanuMu "myctoThl". Hemoctatkom e MEeToJia B €ro
peanuzannu Ha OBM sBIsieTCsl 3aBUCUMOCTD TOYHOCTH PE3YJbTaTa OT TEXHOJIOTUN
IOJIYYECHUS TIOCIIEA0BATEIIBHOCTU CIIyYalHbIX YUCEN.

AHQINTUYECKUA METOJl M METOJ MPSMOYTOJbHHUKOB OCHOBBIBAIOTCA Ha
JETEPMUHHPOBAHHBIX Mozeisix. Meron Monre-Kapino ocHoBbIBaeTcs Ha
CTOXACTUYECKOM MOJENHU U MO3TOMY PE3YJIbTAThl B KAXKIOM SKCIIEPUMEHTE MOTYT
CYLIECTBEHHO OTJIMYaThbca Jpyr oT japyra. CrenoBareiabHO, HEOOXOIUMO
MpPOBOAUTh  CEpPUM  DKCHEPUMEHTOB, A  pPe3yibTaTbl  “TIOJIBEPTHYTH
CTaTHCTUYCCKOMY aHaJN3y (HalpUMep, BBIYUCIHTD cpeaHee apupmerndeckoe). C
POCTOM KOJIMYECTBA CIIYYaHBIX YACEN TOUHOCTh METO/Ia BO3PACTAET.

PA3JIEJI 7. TIJTAH BBITIOJTHEHUSA JABOPATOPHOM PABOTHI

1. TlepBblii MyHKT TIaHa BBITIONHSIETCS aHajmornyHo 1.1 JlaGopaTopHoit

pabothl Ne2 ¢ TOH pasHHIICH, YTO BMeCTO onHON GyHKIHU A(t) TODKHO OBIThH JBE
bynaxun AL(t) u A2(t).

2. Bo BTOpOM myHKTE Tak ke, Kak W B m.2 JlaGopaTopHoi paGoThl Ne2
dbopmupyercss nuanazoH ¢ maroMm hp=0.4. OmgHako y3/1bl CETKH JOJDKHBI
pacrosaratbCsi B CepellMHaxX OTPEe3KOB (AJIEMEHTOB ceTku). Jluama3oH 3ajmaiiTe B
BUAE tp=[ap:hp:bp], BEIYACINUB NIPEABAPUTEILHO MPEACIIBI ap U bp UCXOAd
U3 TPUHLUMUIIOB NOCTPOCHUSA CETKU I METOJAa CPEAHUX MOPAMOYTOJIbHUKOB.
Cdopmupyiite cetounble GyHKIMU Apl U Ap2.

3. Iloctpoiite B oaHO#l rpaduueckoil obimacTu (KaHBE) THUCTOTpamMMmy U
rpauK BOCIIOJIb30BABILINCH CIEIYIOIINUM KOJOM:

hold on

bar (tp, Ap2-Apl, 1)

plot (t,A2-Al, 'LineWidth', 3)
grid on



[lepBasg KOMaHJa JUCTUHIA 3aMPELIACT MPU KaXKIOM MOCIEAYIOIIEM BbI30Ba
bynkun plot () yaauare Openblayline NOCTPoeHus u3 rpaduueckoil odmactu.
[TapameTp “1” BO BTOpOMl CTPOKE JIMCTUHTA HY>KEH JJIi TOTO, YTOOBI 3alliBKa
pacmpocTpaHsjiach Ha BECh NPSIMOYTOJIbHUK 0e3 mpomexyTkoB. Coxpanute (B
oTuéTe) U 3aKpoiTe rpaduk.

4. Bprunciure Mmiomaap CTyneH4aTod (pyHKUuuW Ui mara cetku hp=0. 4
(3HAYEHUSI CETOYHBIX (PYHKIMN U 1IAr CETKU HM3BECTHBI) U 3aMUIIUTE PE3yJIbTaT B
Tabnuiy 1 ¢ TOYHOCTBIO JO MSATH 3HAKOB TOCHE 3amsaToi. B Tperheit cTpouke
MIOCTaBbTE MPOYEPK — MOKA HE C YEM CpaBHUBATh. Jlanee, KaXKIplil pa3 yMEHbIIAs
hp B ABa pasa, coxpassiite rpaduk, 3HaUCHUE TUIOIIATU, a TakKe aOCOIIOTHOE
U3MEHEHHE IUIONIAM B TPEThel KOJOHKE Mo (opmyse, YKa3aHHOW B 3arojOBKE.
[Ipouecc 3aBepmute, korga BbeimonHUTCS ycioBue A <0.001. Iloctpoiite
TOUEYHBIN Ipapuk KPUBOM CXOAMMOCTH B Jorapudmuueckom macirade. Ha ocu
abciuce oTMeYaeTcs MOPSAKOBBIA HOMEP CETKH (K3 mepBoro crosiona Tadmauibl 1
HayMHasi CO BTOPOrO), HA OCH OpPJAMHAT BEIWYMHA W3MEHEHHS IUIoWAaan (U3
YETBEPTOU KOJIOHKH).

Tabuuua 1. Metop cpeqHux npsMOyroibHUKOB

Ne | hp s A=|S; - Sj4|
0.4 —
0.2
3 0.1

[Tocneqnee 3HaYeHUE TUTOMIAAN 3anuIuTe B Tabauiy 3.

5. Bbmuuciure mmomans ¢urypel ¢ Merogom Monte-Kapno. lns atoro
chopMupyiiTe JBa MHOXKECTBA CIyYalHBIX YHCEN pasMepoM (MOIIHOCTHIO) B
N=100 snemenToB B unteppanax [1.0,3.0] u [-1.0,3.0] ¢ momorpro KOMaHI:
xm=2*rand (1,100)+1.0;

ym=4*rand (1,100)-1.0;

[Mocrpoiite rpaduxu nuuuit AL(t) u A2(t), orpannuuBaromux QGUTYpY, C
"pazbpocaHHBIMH" TOYKaMH. MHOKECTBO TOUEK M300pa3UTe C MOMOIIBIO KOMaH/IbI

plot (xm, ym, '.k")

Beruucnure konnyectBo Touek M, pacnonoxeHHbIX Mexay duHusMu Al(t) u
A2(t) u oLeHUTE IUIOMIAAh TI0 METOIUKE, IPeIoKeHHOMH B Pasmene 4. J{as pacuéra
noTpedyercss yMeHue paboTarb ¢ IUMKIaMH W yCJIOBHSIMH. HaBbiku
nporpammupoBanuss B cpene MATLAB  Bbel MoxkeTe  MOJIYYHUTb,
BOCIIOJIL30BABIIMCH JiuTeparypoit mo cucreme MATLAB, nanpumep, u3 crnucka
JUTEpaTypbl MPUIIOKEHHOTO K TUCHUIUIMHE. Pe3ynbrarsl 3aHOCUTE B Tadauity 2.

Ocob6ennocteio MeTona Monte-Kapio sBiasercss TO, 4YTO Jaxke TIpU
OJIMHAKOBBIX yuciax N, pe3yabTaTsl MOTYT CYIIECTBEHHO MeHAThCs. [loaToMy mipu



kakaoM N mpoBenure cepuro W3 IMATH 3KCOEPUMEHTOB. Brlumciaure cpenHee
apupmeTndeckyto miomaas npu kaxaom N. Ouenurte pazdpoc 3HaueHH A npu
KakIoM N Kak pasHUIly MEX]Iy MaKCUMaJIbHbIM MU MHUHUMAJIbHBIM 3HAYCHUEM

IUTOILAN,

[ToBTOpHUTE PKCIIEPUMEHT, YBEIMYMB KOJIMYECTBO TOUEK B JIBa pa3a. [Iporecc
POAOJDKANWTE 0 TeX IMOp, MoKa He OyAeT obecreueHa CXOAMMOCTh C TOYHOCTBIO
A <0.001. IMoctpoiite ToueuHbId TpaduKk B KOTOPOM Ha OcCU abcumcc OymyT
HOMepa cepuid skcniepuMeHToB 1=1,2,... (cM. Tabnwmy 2), a Ha OCH OpJAHHAT
3HaueHus Twiomanu. IlocTpoliTe KPUBYIO CXOOUMOCTH B JOTapUDMUYECKOM

maciuiraoe.

Tabmuma 2. Meton MonTte-Kapio
N jIM|MIN|S S |A= max(sizconst, j )— min(si:const, j )
100 1
2
3
4
5
200 1
2
3
4
5

6. Bbruncnure miomanb aHATUTUYECKUM METOJOM NO gopmyne Hviomona-
Jletibnuya. Bee Beikiaaku opopmure B MS Word.

Ta6nuna 3. ToroBbie pe3ynbTaThl BEIYUCICHUS TIIOIIAIH

Metoa

I[nomaas purypst S

AHaITUTUYECKUH

PA3JIEJ 8. OTUET IO JJABOPATOPHOM PABOTE




Otuer o JIaGopaTtopHoii paboTe JOKEH COEPKATH CICTYIOIICE.

1. TUTyNbHBIN JIUCT.

2. llens JlaGopaTopHOI paOOTHI.

3. Bapuanrt 3ananus.
4., TlonHBI KOMOUIMPYEMBIN JTUCTUHT PEaTu30BaHHOMN IPOTrpaMMBEI.
5. I'padukm.

6. BEIBOIBL.

PA3JIEJI 9. KOHTPOJIBHBIE BOITPOCHI

1. Kakue Mozenu JiexxaT B OCHOBE AaHAIMTUYECKOIO METOJA BBIYMCIICHHS
wionaay GUryp mpou3BOJIbHON QPOpMBbI?

2. B uém 3akmrouaeTcs METOI CpeHUX MPSIMOYTOJTBHIUKOB?

3. KakoBbl ocoOenHoctu mnpumeHenuss meroga Motre-Kapio npu
BBIUMCIICHUH IIJI0AaAu puryp?



