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“UMHUTAIITMOHHOE MOJICIIMPOBAHUE SIBIISCTCS MOITHBIM
WHCTPYMEHTOM HCCJICIOBaHUSl TOBEJACHUS PEeaTbHBIX
cucreM.”

Taxa X., 2001 [1]

“Ilo panubiM MHCTHUTYyTa TPUKIAAHON MaTeMaTUKHU
uM. M.B. Kennpiira, skoHoMuueckuit  3¢p@dexT ot
BHEAPEHUS METOJIOB MaTE€MaTH4YECKOTO
MO/JIEJIMPOBAHUS B 10-100 pa3 mpesblmIaeT
COOTBETCTBYIOIIIUE 3aTPaThl.”

XapuH FO.C. u np., 1997 [2]

BBEJAEHUE

B yue6HOM mocoOum paccMaTpuUBaIOTCS METOJIbI aHANM3a U MPUHATHS PEIICHUM
C HCHOJB30BAHUEM TMEPCIEKTUBHBIX KOMIBIOTEPHBIX TEXHOMOTMM MMHMTALIMOHHOTO
MojenupoBaHus. B nepBoit ywactu mocobusi paccMmarpuBaercs meroa Mounrte-Kapio,
KOTOpBIN 00pa3yeT aJropuTMUYECKYIO OCHOBY JJII UMUTALIMU CITy4alHbIX SIBICHUH B
MMUTALMOHHOM MOJIEJIMPOBAHUM U KOTOPBIA MPEACTABISIET COOOM YHUBEpCATIbHBIM
KOMITBIOTEPHBIA METOJ PpEUICHUs JETePMUHUPOBAHHBIX M BEPOSTHOCTHBIX 3ajad
(MMHUTALIMOHHBIE TpOrpaMMbl TpelcTaBleHbl Ha s3bike VBA). Bo Btopoil uactu
paccMaTpHUBalOTCd OCOOCHHOCTH MOJIETUPOBAHMUS M ONTUMU3AIMU PELICHUN B cpesie
HOoBoM mepcnektuBHOM cuctembl GPSS World (uMuTanmonHble mporpammbl
npenacrasiieHbl Ha si3bike GPSS World).

MopenupoBaHue TpPEACTaBISET -~ COOOM yHUBEpPCAJIbHBIH METOJ] HAay4HOIO
UCCJIEIOBAHMSI, MPUYEM CYIIHOCTh METOJIa COCTOMT B MOCTPOCHUU MOJACIHU H
UCCJEeIOBAHUM  CBOWCTB . MOJeidupyeMod  cuctembl. Ecoum  peanusyercs
MaTeMaTUYeCKOe MOJEIMPOBAHUE, TO MOJENIb MOXET ObITh JUOO aHATUTHUYECKOM,
aMb0 HWMUTALMOHHOM, NGO KOMOMHMpOBaHHOW. B KOHeyHOM cuere 3TO
KOMIIbIOTEpHAsi TmporpamMma. Takum o0Opa3oM, pedb HJAET O KOMIIBIOTEPHOM
MOJICJIUPOBAHUM HCCIEIYEeMON CHUCTEMbI B 3aJJaHHOM KJIACCE BEPOSITHBIX YCIOBHIA.
[Ipy »TOM -~ “UMHUTAMOHHOE MOJEIUPOBAHUE TMPEACTABISIET COOOM JOCTATOYHO
rMOKUN MHCTPYMEHT HCCIIEIOBaHUSA, KOTOPBIH MOKHO 3(P(EKTUBHO HCIOIB30BAThH
MIpY aHAJIM3€ CIOXKHBIX cucteM” [1, ¢.704].

NMuTalmoHHOE MOJEIMpOBAaHUE MPEAyCMATPUBAET HWMUTALMIO TIOBEICHHUS
UCCIeyeMON CHUCTEMbl B 3aJaHHOM KJlacce BeposATHbIX ycnoBui (Computer
Simulation unu Simulation). UMuTanimonHoe MojenrpoBaHue IPUMEHSIETCS OOBIYHO
B TEX cCiyyasx, Korma mpobjieMa HE MOJIJAeTCs aHAIUTUYECKOMY pEUICHUIo, a
HEMOCPEJICTBEHHbIE HAKCIIEPUMEHTHI  C CUCTEeMOM JHOO0 HEBO3MOXHBI, JIHOO
HerenecooOpasHbl. MiMuTanmonHas MoJeinb CUCTEMBI CO3[Ia€TCsl C MCIOJIb30BAaHUEM
CHEIUANbHBIX  CPEACTB  MPOTPaMMHOM  MOAACPKKU. IKCICPUMEHTHUPYS  C
MMUTAllMOHHOM KOMIIBIOTEPHOW IIPOrpaMMOM, HCCIEAOBATENIb U3Y4aeT CBOWCTBA,
3aKOHOMEPHOCTH M OCOOEHHOCTH MO3HABaeMOro OOBEKTa, MPOBEPSIET HAa MOJAENU
3G (PEeKTUBHOCTh  NpeajaraéMbiXx  pelIeHUud, pa3pabaTbiBaeT  pelIeHHs] 10
ONTUMM3AIIMU U pAlIMOHATU3AIUN UCCIeyeMOn cuctemsl [1-4, 9].



K nepcnekTuBHBIM cUCTEMaM MUMHUTAIIMOHHOTO MOJCIIMPOBAHUS MPEIBSBIISIIOTCS
cienytonie TpedoBaHusi: 1) akTUBHOE JMAJOroBO€ OOIIEHUE IMOJIb30BATENS C
MOJIEJIbIO; 2) MPOCTOM $3BbIK ONHUCAHMS MOJENH, AOCTYHHBIM [JIs TOJIb30BaTEIs-
HEMPOrpaMMUCTa; 3) BO3MOXKHOCTb ~ ONEpPAaTUBHOM MoJIu(dHUKALMKU MOJETU U
HACTPOMKM Ha 3a7ady [oyb3oBatTensi; 4) BO3MOXHOCTb  HCIIOJIb30BaHUSA
MHTEPAKTUBHOIO PEJAKTOpPa, MO3BOJISIONIET0 MOAUPUUIMPOBATH CUHTAKCUC U
CEMAHTUKY HMCXOJHOTO TEKCTa; 5) BO3MOXHOCTh KOHTPOJIS Mpollecca MMUTALUUA B
MHTEPAKTUBHOM peXuMe; 6) BOBMOXHOCTh JUAJIOrOBOM pabOThl C apXHUBOM,
coJiep KallluM TUIIOBBIE MOJIEIIH, PE3yIbTaThl MOJCIUPOBAHUS U JIp.; 7) OpraHu3anus
0a3bl 3HAHUM ISl TOAJIEPKKA UMUTAIMOHHOTO MOJEIUPOBAHUS; 8) UCIOIb30BaAHUE
MPOrPAMMHBIX CPEJCTB HMCKYCCTBEHHOTO HMHTEJUIEKTa JJIi OpraHu3allid BbIBOJA
3aKJIIOYEHUH; 9) UCIoNb30BaHUE MPOTPAMMHBIX CPEJCTB, 00ECIEUUBAIILIUX PEKUM
peanbHOro BpemeHHu; 10) oTpakeHWe JHMHAMHKKA HMHUTHPYEMOTrO  IIpolecca Hu
pE3yNbTaTOB UMHUTALIMK B yA0OHOU At Boctipustus popme [9-14].

CtpykTypa NEpCIeKTUBHON CUCTEMBI HMUTAIIMOHHOTO MOJIEIMPOBAHUS JTOKHA
MMETh Pa3BUTYIO NPOrPAMMHYIO Cpely AJIsI MOIJIEPKKH IMPOLECCOB HOO2OMOBKU,
mpanciayuuw W 6blNOJHEeHUs VIMUATALlMOHHBIX IIPOrpaMM, MPHUYEM MPOLECC
MIOATOTOBKM  BKIIOYAET  ONWCAHUE  3aJadyd - TOJIb30BaTENsA, KOMIIOHOBKY
MOJICJIUPYIONIETO aaroputMa U (GOpMHUPOBAHME HCXOAHOTO TEKCTa MMUTAIMOHHOU
nporpaMmbl. B MEpCHEeKTUBHBIX CHUCTEMax HWMUTAMOHHOTO MOJEIMPOBAHUS
peanusyercss uaes «KOHCTPYUPOBAHMS» HWMUTALMOHHBIX TNpOrpaMMm u3 Habopa
rOTOBBIX OJIOKOB, TPUYEM TPYAOEMKOCTh HMHUTALMOHHOTO MOJEIMPOBAHUSA
YMEHbBIIAeTCSI 32 CYET TOBBIIEHUS = YPOBHS  SI3bIKa  MPOrpaMMHPOBAHUSA,
aBTOMAaTH3allMd M WHTEJUIEKTYaJu3allMd THUIOBBIX MOJENbHBIX Tmpouenyp. B
MIPOLIECCE  DBBOJIOLMU CHUCTEM HUMHUTALIMOHHOTO MOJEIUPOBAHUS IOCTEIEHHO
CHI)KAIOTCA TpeOoBaHUS K YPOBHIO KBaJIM(HUKAMK TOJIb30BaTENsi B YacTu
MPOrpaMMUpOBaHus (cucTeMbl MuTanmonHoro moaenuposanus GPSS World, Arena
4, Simplex 3 u ap.).

B nmepBoit wact y4eOHOro mocoOHsi paccMaTpUBAIOTCS OCOOEHHOCTH
KOMIIbIOTEpHON peanu3anuu Mmeroga Monrte-Kapno (pasagen 1), anroputmudeckue
OCHOBBI METOJIa W TEXHOJOTHUSl PEIICHUS BEPOSTHOCTHBIX M JIE€TEPMUHUPOBAHHBIX
3a/lay C MCMOJIb30BAHNEM UMHUTALMOHHBIX KOMIBIOTEPHBIX MPOTrpaMMm (pasaeinsl 2-4).
Marepuan mocoOus  00pa3yeT OCHOBY JUIi  OCBOCHHSI  TNEPCHEKTUBHBIX
CHEIUATU3UPOBAHHBIX ~ MPOrPAMMHBIX  CPEACTB  MOJACPKKHM  HMMHUTALIMOHHOIO
MOJICJIMPOBAHMS, KOTOphle OyAyT paccMOTPEHbl BO BTOPOM YacTH MOCOOMS.
Pekomennyemas nureparypa BKJIIOYAeT HCTOYHHUKM 1O MaTEMaTUYECKUM H
ANrOPUTMUYECKMM  OCHOBAM  HMMHUTAIMOHHOrO  MoaenupoBanus [1-12, 15],
MEPCHEKTUBHBIM KOMIIBIOTEPHBIM CHCTEMaM MMHUTAIIMOHHOTO MojienupoBanus [9-11,
13, 14], MeTonamM aHanM3a W ONTUMH3AIMHU PELUICHUN HA OCHOBE AHAJUTUYECKHUX U
WMUTAIMOHHBIX Mojeneit [1, 7-9, 15, 16].



1. METOO MOHTE-KAPIO: KOHLUENTYAJIbHbIE OCHOBbI
Y NPUHLUUINbI PEAITU3ALUA

1.1. HasHa4veHue u npuHUMN paboTbl MeToaa MoHTe-Kapno

Meron Monre-Kapino mnpencrabinsger coOOll  yHUBEpPCAJIbHBIA — METO/,
MPUMEHSEMBIIN ISl pelleHus] 3aJlad CaMbIX PAa3JIMYHbBIX KJIACCOB: BEPOSITHOCTHBIX W
JIEeTepPMUHUPOBAHHBIX, 33/1a4 C JUCKPETHBIMU M HENPEPHIBHBIMU BEJIMYMHAMU, 33124
MOJICJIMPOBAHUS U ONITUMM3ALUU U T.]I.

Ilon eeposmunocmubivu 3amavyamu  OyJneM IOHMMAaTh JIOObIE 3ajayd,
CBS3aHHBIE C aAHAJIM30M CIIy4alHBIX SIBIICHUN (Cy4allHBIX COOBITUHM, BEIMYHUH,
IIPOLIECCOB). [emepmunuposantbvie 3a1a4l — 3TO 3a7a4H, B IOCTAHOBKE KOTOPHIX HET
HUKAKUX CIy4aiHbIX (PaKTOPOB.

ITon 3apayamu ¢ ouckpemuvimu enuuunamuy OyaeM NOHUMATh 3a]1a4Hl, B
KOTOPBIX BCE aHAJIU3UPYEMbIE BEJIMUUHBI MOTYT IPUHUMATH 3HAYEHHUS TOJIBKO U3
HEKOTOPOI0 KOHEYHOT0 MHOKECTBA JIONMYCTUMBIX 3HAUYEHUH. 3a1auu ¢
HeNnpepbl8HbIMU eIUYUHAMU — 3TO 3aa4H, B KOTOPHIX aHAIU3UPYEMbIE BEITMUNHBI
MOTYT IPUHUMATH JII0ObIE 3HAYEHUS U3 HEKOTOPOIo IManazoHa (3TOT Juana3oH
MOKET OBbITh KaK O'paHUYEHHBIM, TaK 1 HEOTPAaHUYEHHbBIM ).

3amauu mMooenuposaHnus — 3TO 3a]ja4M, CBI3aHHbIE C UMUTAIIUEN HEKOTOPOTO
oOBeKTa (Hanmpumep, CI0KHON TEXHUYECKOW CUCTEMbI) WU SIBJICHUS (HAapUMeD,
mpoliecca pa3BUTHSI OTPACIIH) C LENbIO ONPEIEACHUS X XapaKTEPUCTUK. 3a1auu
onmumusayuyu — 3TO 3aJ1a4u, B KOTOPBIX TPEOYETCs BHIOPATH TyUlINil BapuaHT
pEUIEHNs U3 HECKOJIBKUX BO3MOKHBIX.

BonpmumHCTBO pakTHYECKUX 3a7a4 HE MOTYT OBITh OJJHO3HAYHO OTHECEHBI K
OJIHOMY M3 NPHUBEACHHBIX BBIIIEC KJIACCOB, a COAEPKAT AJIEMEHTHI, XapaKTepHbIe s
HECKOJIbKHUX U3 3TUX KJIACCOB.

B nanHoM mnocoOMM B OCHOBHOM paccMaTpHUBaeTCsl NMPUMEHEHHE MEeTojAa
Monte-Kapno  nns  peumieHuss 3aa4  MOJCIMPOBAHUS  CJIOXKHBIX  CHUCTEM
(IpOW3BOACTBEHHBIX, TEXHUYECKUX, DJKOHOMHUYECKMX H T.A.). Kak mpaBuio,
(YHKIIMOHUPOBAHUE TaKWX CHCTEM CBA3aHO C pPa3sHOOOPa3HBIMH CIIyYalHBIMU
dhaxTopamu.

Pemenue 3aga4 MonenupoBaHus Ha ocHoBe MeTona MonTte-Kapio ocHoBaHO
HA MHO20KPAMHOU VUMUTALUU UCCIEIYEMOIO SBJICHUS, T.€. MOJYy4YE€HUU OOIBIIOro
HaOopa KOHKPETHBIX peaiu3auuii 3Toro siBieHud. [lonydeHHsld HAOOp peanu3anui
3areM oOpabaThiBaeTCsl C ILENbI0 BBIUMCICHUSA XAPAKTEPUCTUK HCCIEAYyEeMOro
ABJICHUS, IPEACTABIISIIONINX HHTEPEC B pelllaeMoi 3a/1aye.

KoHKpeTHBIN anropuT™ pelieHus 3ajadu ¢ MmoMoIiso Metoga Monte-Kapio
MIOJTHOCTHIO 3aBUCHUT OT MTOCTAHOBKH 3a/1a4H.

Bo mHorux cnydasx 3agauu, penraembie MetosioM Monrte-Kapio, B mpuniune
MOTYT OBITh PEIICHbl IPYTUMHU (AHATTUTUYECKUMH) METOJIaMHM, T.€. IyTEM PacdeToB
1o onpeneneHHbIM Gopmynam U anropurmaMm. OIHAKO MPUMEHEHUE aHATUTUYECKHUX
METOJI0B, KaK IIPaBHJIO0, BO3MOXKHO TOJBKO Ul 3ajady HEOOJIbLIOW pa3MEPHOCTH
(c HEOONBIIUM KOJIMYECTBOM HccleqyeMblx (akTopoB). s peanbHBIX 3aaad
MPUMEHEHUE AHAJIUTHYECKUX METOJOB HEPEIKO OKa3bIBA€TCS HEBO3MOXKHBIM HIIU



HeleaecooOpa3HbiM H3-32 0OJIBIIOTO 00beMa CIIOKHBIX BbluMcieHUl. [loaTomy BO
MHOTHX CIIy4asX NpuMeHeHHe Merona MoHTe-Kapimo oxasbIBaeTCsi €IUHCTBEHHO
BO3MOXHBIM CIIOCOOOM PELICHUS 33JauH.

1.2. Cny4yanHble paBHOMEPHO pacnpeaeneHHble Yyucna

Meron Monte-Kapio OCHOBaH Ha MNPUMEHEHUU CAYYAUHLIX PABHOMEPHO
pacnpeoenennvix uucen (CPPY). Pacuer (posbirpeiin) CPPY  BeimomHseTcs 1o
CIielIMaIbHbIM aJropuTMam, MTO3BOJIAIOLIUM MOJIy4aTh OECKOHEUHYIO
MOCJIEIOBATENBHOCTh TAKUX YHCENl. DTU aJIrOPUTMbI pa3paboTaHbl TAaKUM 00pa3oM,
yro CPPY 6cecoa nmpuHUMAalOT 3HAYEHUS U3 JUanazoHa om Hyasa 00 eounuysl. [lpu
stom CPPY o6nagarot cieayomyuMi CBOMCTBAMMU:

e paBHoMmepHOCcTh: CPPY MoryT npuHuMaTh 3HaueHHs W3 JIIOOOH Yactu
nuana3ona (0;1) ¢ oaMHAKOBOM YaCTOTOIA;

® He3aBUCUMOCTH: Jitoboe w3 3HaueHut CPPY  He 3aBucur ot
npeasinynux CPPY;

® CIIy4aulHOCTb: B OCJIEA0BAaTCIbHOCTHU CPPY HET  Kakou-mmubo
3aKOHOMEPHOCTH.

Otn cBoiictBa CPPYU mno3BonsloT pacCMaTpuBaTh HX Kak CiydaiiHble
BEJINYUHBI, PACIpPEECICHHBIE 10 PABHOMEPHOMY 3aKOHY B JMama3OHE OT HYJS 10
€UHULIBIL.

Paccmotpum onmH u3 anroputmoB mojiydyenuss CPPU — aaroputm Jlemepa.
Jl1st 3TOrO anropuTMa JOJDKHBI OBITh 3aJaHbl TPU MapaMeTpa (HEKOTOphIE YHCHA),
o0o3HauaeMble Kak Ry, a, m. 3HaUe€HUS dTUX MMapaMeTpPoOB MOJOUPAIOTCS B Mpoliecce
OTJIAJIKK aJITOpUTMa TakuM oOpa3zoM, uToObl mosydaembie CPPUY cooTBeTCTBOBAIM
CBOWMCTBAM PAaBHOMEPHOCTH, CIAY4aWHOCTH W He3aBUCUMOCTU. Po3birpeiin CPPY Ha
OCHOBE aJiropuT™Ma Jlemepa peanusyercs B CICAYIOLIEM ITOPsIJIKE.

1. Beruucnsgercs npousBeieHue ak, i, rae n — Homep pasbirpeiBaemoro CPPY.
2. Beruncnsercs BeNMYMHA R, | KaK OCTaTOK OT JEJIEHUs YHCIIA, MOJTYYEHHOIO
Ha mare 1, Ha mapamerp m:

R,=mod(aR,.,/m), (1.1)
riae mod — OCTaTOK OT JEJICHU.
3. Beruncnsaercsa CPPY:

R=—. (1.2)
[IpuBenem npumep possirpeima tpex CPPY Ha ocHoBe anroputrma Jlemepa npu

a=3, m=T7, Ry=2.

Poszviepouu 1. Beruucnsiercss npousBeneHue ak, =aR,=32=6. Beruucnsercs
BenmmunHa R,: R,=R,=mod(6/7)=6. Beruncnsercs CPPU: R=6/7=0,8571.

Pozviepviuu 2. Breruucnsiercs  mpousBeneHue  aR,=aR,=3'6=18 (3:ech
R,1=Ri=6 O0ObUIO BBIYUCJICHO B MPEABIAYIIEM pO3BITphINIE). Bbruucisercs
BenmuuuHa R, R,=R,=mod(18/7)=4. Beruucnsercas CPPU: R=4/7=0,5714.



Po3zvieporu 3. Beruucnsiercss npousBeneHue ak, =aR,=3-4=12. Bsruucnsercs
BenmmunHa R,: R,=R;=mod(12/7)=5. Beruncnsercs CPPU: R=5/7=0,7143.

JUiss mpoBepKM M OTJIAJAKU QJITOPUTMA BBIMOJHSIETCS PO3BITPHIII  OOJBIIOTO
konuyectBa CPPY u npon3BoAUTCS UX IPOBEPKA HA PABHOMEPHOCTh, HE3ABUCUMOCTD
U CIYy4YallHOCTh Ha OCHOBE METOJOB MaTeMaTH4eCKOW cTaThCTHKU. Hampumep, mis
npoBepku cooTrBeTcTBUsI CPPY paBHOMEpHOMY 3aKOHY paclpeleieHUs MOXKET
MIPUMEHSTBHCA KPUTEPHUM ““XH-KBaapatT’, pacCMaTpUBaeMbIi B 11.3.2.4.

Nmerorcss u apyrue anroputmbl possirpbiia CPPY. OgHa W3 BO3MOKHBIX
peanuzanuiit CPPY npusenena B npui. 1.

Anroputmbl s nonydeHuss CPPY peanu3oBaHbl NPAaKkTUYECKH BO BCEX
A3bIKaX MPOrPaMMHUPOBAHMS W BO MHOTHMX MPUKIATHBIX HporpaMmax o0paboTKu
nanHbeix. Hanpumep, B s3bike Visual Basic nns nmonydenuss CPPY mcmnonwsyercs
¢byukuusa RND, B s3pike Delphi — ¢pynkuus RANDOM, B TaGiau4HOM mporeccope
EXCEL — ¢pynxuusa CJIUUC.

CPPY npumeHsIOTCA 718 MHOTOKPAaTHOM HMMUTALUN CIy4YalHbIX SIBJICHUM,
XapaKTepHbIX g O0beKTa MoenupoBaHusA. llpuMepbl HMUTALMMU CIy4YalHBIX
aBiieHuid Ha ocHoBe CPPY OynyT paccMOTpeHbI HUXKE.

2. PEWUEHME 3A0AY MOAEJNIMPOBAHUA HA OCHOBE
ANropMTMoOB UMUTALUN CNTYYAUHDBLIX COBbITUA

21. WUmutaumsa cnyvyamHbIX COObITUN

[lon cnyuyallHbBIM coObITHEM OyleM NOHUMAaTh J000e coObITHE, KOTOpOE
MOXXET TPOU30HUTH C HEKOTOPOM BEpPOSATHOCThIO P (WA He TNPOU30UTH C
BEPOSITHOCTHIO 1-P).

Nmutanus cay4yailHoro coO0biTH Ha oOcHOBe Meroga Monte-Kaprio
BBITIOJIHSIETCA cieaytomum oopa3oM. PasbirpeiBaercss CPPY R. Eciiu 0 < R < P (rae P
- BEPOSITHOCTh UMUTHUPYEMOTO COOBITHSA), TO CMOJEIMPOBAHO MOSBIECHUE JAHHOIO
coObITHS; eciii R>P, To cMOJEIMPOBAHO OTCYTCTBUE COOBITHS.

OO0ocHOBaHKE = 3TOr0  alropuT™Ma  cleaymoliee. MeTogaMu — TEOpHUH
BEPOATHOCTEN MOXHO JI0Ka3aTh, 4TO BeposTHOCTh mnomnaganus CPPY B mroboi
uHTepBall, nMmeromuii nnuHy P (rae 0 < P < 1), paBHa camoii Benuuune P. Takum
o0Opazom, BepostHocTh nonananus CPPYU R B untepsan (0; P) paBua P. [Ipyrumu
cinoamu, nonaganus CPPY R B amanazod (0; P) mpoucxXoAsT C TOM K€ 4acTOTOM,
YTO U UMUTUPYEMOE COOBITHE, BEPOSATHOCTH KOTOPOTO TaK»Ke paBHa P.

Hanpumep, BepositHocTs nonaganuss CPPY B untepnan (0; 0,4) pasna 0,4. 3to
o3HayaeT, 4yTo u3 100 paspirpanaeix CPPY npumepno 40 npuHHMAarOT 3HAYEHHUS U3
untepBaia or 0 go 0,4. [lostomy npu nomamanuu CPPYU R B unrepsan (0; 0,4)
MOHO CUHMTaTh, YTO CMOJICTUPOBAHO COOBITHE, BEPOSATHOCTH KOTOpOTO paBHa 0,4.

[Ipumeuanue. Kak oTMeueHo Bbiiie, BepossTHOCTH nonananuss CPPY B nroboti
uHTepBa, uMmetonuii nuuny P (tne 0 < P < 1), paua P. Hanpumep, BEpOSATHOCTh
nonananus CPPY B mo0o#t unTepBan, umeromuii jyuHy 0,4 (Hampumep, B MHTEpBa
or 0,3 no 0,7 wiu ot 0,6 no 1), Takxke paHa 0,4. [loaToMy T MOJETUPOBAHUS




COOBITHSI, BEPOSITHOCTh KOTOPOrO paBHa P, MOXET HCIOIb30BaThCA HE TOJBKO
unrepai (0; P), Ho u m000H Apyro UHTEpBaAI, UMEIOIUNA JIMHY P (M3 auama3oHa
ot 0 1o 1).

Ilpumep 2.1. Ilpenmpustuve BbITYCKaeT HEKOTOpble u3aenus. Ha ocHoBe
HaOJII0/ICHUI U3BECTHO, YTO B 8% m3nenuii umeercst Opak. Brimyck rogHoro usnenus
JaeT NPeaNpUsTUIO MPUOBLIb B pa3Mepe 7 JeH.€/., BHITYCK OpaKOBaHHOTO U3/eNus —
yObITOK B pasmepe 5 neH.en. Tpebyercs pazpaboTarh alropuT™M UMHUTALMK BBITYCKa
U3J1eNIMi Ha OCHOBE MeTtoja Monte-Kapno u peann3oBaTh €ro B BUAE MPOrPAMMEI.
OnpenenuTs CPEeIHIO MPUObUTH NPEANPUATHS OT BBIITYCKA OJHOTO U3JEIHSL.

B nanHom mpumepe Opak B U3JIETUU - CIydallHOE COOBITHE, BEPOATHOCTH KOTOPOIO
pasna 0,08.

AJNropuT™M HMMHUTAlMU BBINyCKa U3JEIUH MOXET OBbITh  CJIEIYIOUIUM.
PaszwirpeiBaercst CPPU R. Ecium R<0,08, To cMoaenupoBaH BHIIYCK OpakoBaHHOTO
u3zienus; npuObUTh MpeanpusaTuss ymeHblnaetcs Ha 5 gen.ex. Ecimu R>0,08, To
CMOJIEJTMPOBAH BBIITYCK TOJHOTO M3JENUs; NPUObUIb MPEANPUATHS YBEITUUMBACTCS
Ha 7 AeH.el. DTH JEWCTBUSI BBINOJHSAIOTCS MHOTOKpaTHO, Hampumep, 100 000 pa3
(BeimonHsieTcst 100 000 ucnvimanuii).

Takum 00pa3om, Kaxa0€ UCIBITAHUE B ATOM QJITOPUTME TMPECTaBIseT co00M
MMHTALUIO BBIITYCKA OJHOTO U3JIEIIHS.

B Ta6n.2.1 mpuBeneHsl nath ucnbiTaHuil anroputMa. Cnyuaiineie uncia (CPPY R)
B3ATHI U3 NpUJL. 1.

371ech, HalpuMep, B nepBoM ucnbeiTanuu pasbirpano CPPYU R=0,0795. Tak xak R<0,08,
CMOJICTUPOBaH BBITYCK OpaKkOBaHHOTO W3Aeius, T.e. yOBITOK B pasmepe 5 men.ex. Bo
BTOpOM ucnbiTanuu paspirpano CPPY R=0,3780. Tak xak R>0,08, cMoaennpoBaH BBIMYCK
TOJTHOTO M3JIETIHS, T.€. IPUOBbLIL B pazMepe 7 JIeH.e.

Tabnuma 2.1
Howmep N3nenune [TpuObI
WCIIBITAaHU R rojiHOe/OpaKoOBaHH b
Py oe (yOBITO
K)
1 0,07 bpakoBanHOE -5
95
2 0,37 T'ognoe 7
80
3 0,05 bpakoBanHoe -5
93
4 0,76 I'ognoe 7
02
5 0,28 T'ogHoe 7
47

[IpuBenem mnporpammy Ha s3bike Visual Basic for Applications (VBA),
peaIM3yIONIYI0 aJTOPUTM HMUTAIMU BbITyCKa H3AeNui (OCHOBHBIE MpaBuiia paldOThl C
cucTemMoi nmporpammupoBanusi VBA npuBenens! B npui.2).

sub primer21()

' UmuTanus BBITyCKa U3ICIIUNA
n=100000 : p=0.02 : prib=7 : ub=5
for i=1 ton

r=rnd



if r<p then

sumprib=sumprib-ub

else

sumprib=sumprib+prib

end if

next 1

sredprib=sumprib/n

msgbox(“Cpennss npuObUIb OT BBIITyCKa OJHOTO u3Aenuil “+str(round(sredprib,2)))
end sub

Pe3ynbTaT BBIOIHEHHS STOM MPOrPaMMBbI JOJDKEH OBITh CICTYIOUIUM: CPEIHSSA MPUOBLIL OT BBHIITYCKA OJHOTO
U3JIeNHs - IpUMepHO 6,76 neH.en.

[Ipumeuyanue. AITOPUTM UMHUTALIMU BBIITYCKA U3JIEIUA MOXKHO ObUIO peaIn30BaTh U MO-
npyromy: eciau R<0,92, To cMOIeIMPOBaH BBIIIYCK 200H020 U3Aenus, ecau R>0,92 - BeImyck
OpaKOBaHHOTO U3JICTIHSI.

PaccmoTpum uMuTaIuio moJiHOM rpynnbl coosiTuii. [loHas rpymma coObITHiA
A1,42,...,A, - 2TO COOBITUS, KOTOpBIE SBISIOTCS HECOBMECTHBIMHU (T.€. HE MOTYT
MPOU30UTH HUKAKME JBa COOBITHS BMECTE), HO OJIHO W3 HHUX MPOUCXOAUT
oOs3aTenbHO. CyMma  BEpOSITHOCTEM  TakuX  COOBITUM ~ paBHA  €IUHUIE:
Pi+Py+..+P,~=1.

[lonnast rpynma coOBITUH HMMUTHUpYETCS cileayromuM obpasom. Jluamazon
(0; 1) pazouBaercs Ha wuHtepBaibl (0; Py), [P1; Pi+P,), [P1+Py; Pi+PytP3),...,
[1-P,;1). PazprpeiBactcs CPPYU  R. Omnpenensiercss uHTepBan (C  HEKOTOPBHIM
HOMEPOM j), B KOTOPbIH TONaJaeT 3HaYeHue R, ¥ QUKCHPYETCs j-€ COObITHE (4)).

Ipumep 2.2. [lpeanpusrtue mMo peMOHTY OBITOBOM 3JEKTPOHUKU BBIIOJIHSIET
PEMOHT PaJMONPUEMHHUKOB, TEJIEBU30POB, MarHUTOPoHOB U TenedoHoB. M3BecTHO,
yT0 npuMepHo 20% 3aKa30B, NOCTYNAOLIMX HAa MPEANPUITUE, COCTABIISAIOT 3aKa3bl HA
PEMOHT paguonpueMHUKOB, 40% - 3aKa3bl Ha pEMOHT TEJIEBU30POB, 15% - 3aka3bl Ha
PEMOHT MarHuTo(oHOB, 25% - 3aKa3bl HA PeMOHT TenePOHOB (OyAeM CUUTATh, YTO
M0 KaXIOMY 3akazy TpeOyeTcssi pPEeMOHT TOJIbKO oaHoro wusnenus). I[lpuObuib
NPEeANpUATAsS OT PEMOHTAa OJHOrO0 pPAJAMONPUEMHUKA COCTaBiIsieT 35 JeH.ef,
teneBu3opa — 60 nen.en., Maruutoona — 40 nen.en., tenedona — 25 neH.e .

TpeOyercs paspaboTaTh  aNrOpUTM  HMHUTAIMU  PAOOTBI  PEMOHTHOIO
NpeanpusTds Ha OcHoBe Meroaa Monte-Kapino u peanu3zoBath €ro B BHIE
nporpamMmbl. OnpeienuTh CPeaHIO NTPUObLIL NPEANPUITHS OT BBHIIIOJIHEHUS OJHOTO
3aKasa.

B nanmHoM mpumepe BUABI 3aKa30B (3aKa3bl HA PEMOHT PAJAHONPHUEMHUKOB,
TEJIEeBU30POB, MATHUTO(OHOB U TeJe()OHOB) COCTABIISIIOT MOJIHYIO TPYIITY COOBITHIA.
AJTOPHUTM UMUTALIUUA PAOOTHI MPEATIPUATHS MOKET OBITh CIICTYIOIIUM.

PazeirpeiBaetcss CPPY R. Ecniu R<0,2, TO CMOAETMPOBAHO MOCTYIUICHUE 3aKa3a
Ha peMOHT panuonpueMuuka. Eciu 0,2<R<0,6, To cMOAEIUPOBAH 3aKa3 HA PEMOHT
teneBu3opa, ecau 0,6<R<0,75 — 3aka3 Ha peMOHT MarHuTodoHa, eciau 0,75<R<1 —
3aka3 Ha pemoHT Tenedona. I[lpuOblIp mnpennpuaATHsS yBEIUYUBACTCS Ha
COOTBEeTCTBYIOMYI Benuuuny (35, 60, 40 wim 25 geH.en.). OTH  JeucTBUA
MOBTOPSIOTCS MHOTOKpaTHO, Hanpumep, 100 000 pas.

B 1a651.2.2 npuBeneHsbI MITh UCTIBITAHUN aJTOPUTMA.



Taonura 2.2

Howme
I/ICHBI"ll?aHI/I R 3aka3 TTpuoer
;[ b
1 0,07 Pagnonpuemun 35
95 K
2 0,37 Tenesuzop 60
80
3 0,05 Pagnonpuemun 35
93 K
4 0,76 Tenepon 25
02
5 0,28 Tenesuzop 60
47

IIpuBenem mporpammy Ha si3blke VBA, peanusyromlyro ajlrOpuTM UMHUTALUU
paboThl PEMOHTHOTO MPEATPUSITHSI.

sub primer22()

‘ UmuTanuust paboThl pEMOHTHOTO MPEANPUATHUS
n=100000

fori=1 ton

r=rnd

1f r<0.2 then sumprib=sumprib+35

if (r>=0.2)and(r<0.6) then sumprib=sumprib+60
if (r>=0.6)and(r<0.75) then sumprib=sumprib+40
1f r>=0.75 then sumprib=sumprib+25

next 1

sredprib=sumprib/n

msgbox(“Cpennss npudbUIb OT peMOHTa OAHOTO u3aenus “+str(round(sredprib,2)))
end sub

PesynbpTaT wMMUTAIMU  JODKEH OBITH CIEIYIONUM: CpeAHsis NpUObUIbL OT
PEMOHTA OJTHOTO U3Jenus - pumepHo 43,28 neH.en.

[Ipumeuanue. AJNTOPUTM HMMHUTAMK PAOOTHl MPEANPUATHS MOXKHO OBLIO
peanu3zoBath U mo-Ipyromy. Hampumep, MoxxHo pazouth auamazoH (0; 1) Ha
unrepBaisl (0; 0,15), [0,15; 0,4), [0,4; 0,8), [0,8;1). B aTom cnydae, ecniu R<0,15, To
cleayeT CYWTaTh, 4YTO CMOJICIIMPOBAH 3aKa3 Ha PEMOHT MarHuTo(doHa; eciu
0,15<R<0,4, To cMoaenupoBaH 3aka3 Ha peMoHT TenedoHa, ecnu 0,4<R<0,8 — 3aka3
Ha peMOHT TeneBu3opa, eciim 0,8<R<1 — 3aka3 Ha PEMOHT paJAUOTIPUEMHHKA.

2.2. Ilpumepsl pelieHNUs 32124 HA OCHOBE AJITOPUTMOB MMHUTAIUN CJOYYAHHBIX

COOBITHI

Ipumep 2.3. Tlpu BbITyCKE HEKOTOPBIX JAeTalied TpeOyercs MocienoBaTeIbHas
0o0paboTKa Ha JBYX CTaHKaX: CHayajga — Ha TOKAPHOM, 3aT€M — Ha HUIM(POBAIHHOM.
Marepuan, U3 KOTOPOrO HW3rOTaBIMBAaeTCs JeTainb, cToUT 20 neH.el. 3arpartsl,
CBsI3aHHbIE ¢ 00pabOTKOW JeTall Ha TOKAPHOM CTaHKe, COCTaBJISIOT 5 JIeH.el., Ha
nutdoBaTbHOM — 4 JIeH.e]1.



[Ipu o00paboTke Ha TOKapHOM cTaHke B 8% cCiydaeB TOJIIMHA JACTaIH
OKa3bIBACTCSl MEHBIIE 3aJlaHHON, B 12% ciaydaeB — OoJiblie 3aJaHHOM, B OCTaIbHBIX
80% cnyyaeB — HOpMaJIbHOM. [leTanu, TONIIMHA KOTOPBIX OKAa3bIBAETCSI MEHBIIIE
3a/IaHHOM, OpaKkyroTCs W HE IMOCTYyNalT Ha JalbHEHIIyr0 o0paboTky (T.e. Ha
nundoBaIbHBI  CTaHOK). [leranmu, TOJIIMHA KOTOPHIX OOJIBIIE  3aJaHHOM,
WCIIPaBIIAIOTCA. 3aTpaThl HA UCIIPABICHUE OJHOM JAeTau — 3 ACH.C/.

IIpu 06paboTke Ha NUTU(POBATLHOM CTaHKE BO3MOXXHBI I€(PEKTHl JBYX BUJIOB:
HEKa4YeCTBEHHas 00paboTKa BEpPXHEW WM HUXKHEW MOBEpXHOCTH. HekauecTBeHHas
00paboTKka BEepXHEW MOBEPXHOCTU JomyckaeTcss B 3% ciydaeB, HWXKHEH — B 6%
ciny4aeB. JledekT MOKeT OBIThH JOMYIIEH KaKk Ha OJHOM M3 MOBEPXHOCTEH, TaK U Ha
obeux. Ecnu umeercs nedekT TOIBKO OJHOW TMOBEPXHOCTH, TO OH YCTpaHSIETCS.
3aTpathl Ha ycTpaHEHUE JI000ro AedeKTa COCTaBIAOT 2 JeH.en. Eciau JomymieHsl
nedexTl 00eux MOBEPXHOCTEH, TO OHHU HE YCTPAaHSIOTCS, a JAeTaib Opakyertcs.
['oToBbIe neTanu mpoaroTes 1o 35 JeH.e.

TpeOyercs pa3paboTaTh aaroOpuT™M HMHUTAIMM TIPOU3BOJICTBA JeTajeld Ha
ocHoBe MeToaa Monte-Kapio u peannzoBath €ro B Bujie nporpaMmbl. OnpenenuTh:
a) BEPOSITHOCTh BBIMYCKA TOAHOW JAeTain; O) CPEeTHIOW NPHUOBLIb NMPEANPUSITUS OT
BBITTYCKA OJIHOM JIeTalii; B) ONPENEIUTh, SIBJSETCS JIM BBITOJHON 3aMeHa TOKAPHOTO
CTaHKa Ha HOBBIM, €CIIU TIPU TaKOW 3aMEHE KayeCTBO JIeTajieil MOBBICUTCS (TOJIIHMHA
neTanu OyneT MeHble 3aaHnHoi B 2% ciiydaes, 0oJbIle 3agaHHoi — B 3% ciydaeB),
HO 3aTpaThl Ha 00pabOTKY JeTadu Ha TOKAPHOM CTaHKE OYJIYT COCTaBIATH O JIEH.C/I.

Pa3paboTtaem airoput™M HMMHTALMK - BBITyCKa AeTaned (anas ciydas, Koraa
UCIIOJIb3YETCsl CTaphlii TOKapHbINA cTaHOoK). [Ipu pa3paboTke anropurMa HEOOXOAUMO
YUUTBHIBATh, YTO MOCJE OOpabOTKM HA TOKAPHOM CTAaHKE JETallb MOXET OKa3aThCs
HopMmasibHOU (B 80% ciydaeB), UMETh TOJIIMHY MEHbIIE 3aAaHHON (B 8% ciydaeB)
nunu Oonbine 3aganHo (B 12% cnywaeB). O4eBUIHO, YTO OJHA M Ta K€ JETajb HE
MOXXET MMETh TOJIIMHY W Goibliie, U MeHble 3anaHHoi. [locme o0paboTku Ha
NUI(OBAILHOM CTaHKE AETalb MOXET HE MMETh Je(PEKTOB, MOXKET UMETh ACHEKT
OJIHOM M3 MOBEpXHOCTEH Wiu AedekT 00enx noBepxXHOCTe. ['oAHBIMU SBISIOTCS BCE
JeTalii, TPU BBITYCKE KOTOPHIX HE OBUIO JOMYIIEHO HUKAKUX JE(PEKTOB, WIU ITH
nedeKThl ObLITN YCTPAHEHHBI.

[IpuBenem anropuTM UMHUTAIIUU TTPOU3BOJICTBA JICTAIICH.
1. UmutupyeTcss 06paboTka Ha TOKapHOM cTaHke. JlJis 3TOro pas3birpbiBaeTCs

CPPY R;. Eeau R;<0,08, To cmonenupoBaH Opak (TOJIIMHA JeTajud OKa3ajlach
MEHBIIIC 3aJJaHHON) U BBIMOJIHAETCS nepexoa k mary 3. Eciu 0,08<R<0,2, To aetaib
TpebyeT wucmpaBieHus (TOJIIMHA JeTaIM OKaszajlach Ooiblie 3anaHHoi). Eciu
R1>0,2, To HAa TOKapHOM CTaHKE BBIMyIIIEHA JeTalh HOPMAIbHOU TOJIIIUHBI.

2. UmutHpyetcsi o00paboTka Ha nuindoBaibHOM cTaHke. [ aToro
passirpeiBatotcst 06a CPPU: Ry u Ryy. Ecniin R»1<0,03, To momyieH aedext BepxHei
noBepxHocTH. Eciin R»»<0,06, To momyiieH aedeKT HIKHEH MOBEpXHOCTH. Takum
obpaszom, eciu R»1<0,03 u R»»<0,06, To aetans OpakyeTcs, TaKk KaK UMEIOTCS JBa
nedexra. Ecom R»1<0,03 wiu R»><0,06 (o me mo u opyeoe émecme), TO UMEETCS
TOJIBKO OJMH Je(eKT; OH YCTpaHSETCS, W BBIMYCKACTCS 200Has nAeTanb. Ecnu
R>1>0,03 u R»>>0,06, TO neranb He UMeeT AePEKTOB, T.€. SIBISETCS TOTHOM.



[laru 1-2 mnoBTOpsAIOTCS MHOrokpatrHo, Hampumep, 100000 pa3. Ilo
OKOHYAHUW UCIIBITAHUN OMpPEACISIETCS BEPOSTHOCTH BBITYCKa TOAHOW JETaIM Kak
OTHOIIIEHUE KOJMUYECTBA TOJIHBIX JeTanel k obmemy konudecTBy aeraneid (100 000).
OmnpenensieTcs TakXe CpeliHsIsl TPUOBLIL OT BBITYCKA OJTHOW JETalN KaK OTHOIIEHUE
CyMMapHOU pUOBLIN K 00IIIEMY KOJTUYECTBY JeTajleH.

PaccmoTpuM /1Ba UCTIBITAHUS AJITOPUTMA.

llepsoe ucnvoimanue. Ilycts R1=0,0795. Tak kak R;<0,08, Ha TOKApHOM CTaHKE
JOMyIIeH Opak: TOJIIMHA JeTaJM OKas3ajlach MEHbIe 3agaHHou. [leramb He
MOCTYMAET Ha JajdbHelyo o0padoTky. YObiTok coctaBut 20+5=25 nen.en., rae 20
— CTOMMOCTb MaTepualia, 5 — 3aTpaThl Ha 00Pa0OTKY Ha TOKAPHOM CTaHKE.

Bmopoe ucnetmanue. 1lyctes R;=0,3780. Tak xak R;>0,2, Ha TOKAPHOM CTaHKE
BHITIYIIICHA JeTajdb HOpMaidbHOM TommuHbL. OHa TOCTymaeT Ha 00paboTky Ha
nudoBanbHbii  cTaHoK. PaszeirpeiBatorcs CPPU R, u Ry, Ilyets R;1=0,0593,
R»=0,7602. Tak kak R,;>0,03 u R,,>0,06, Ha mmnudoBaI-HOM CTAaHKE HE JOMYIIECHO
nedexroB. Takum 00pa3om, BeIyIIeHa ToiHast AeTaib. [Ipubsuis coctaBut 35-20-5--
4=6 neH.en.

[IpuBenem mporpammy Ha si3bike VBA, peanusyromyro alropuTM UMUTAIUU
BBIIYCKa JETAJIEH.

Sub primer23()
‘ ImuTanus BelllycKa JeTaieid, o0pabaThIBaeMbIX Ha IBYX CTaHKaX
n= 100000
pbl1=0.08 : pbl2=0.12
pb21 =0.03 : pb22 =0.06
material = 20 : obrl =5 : obr2 =4
zul = 3: zu2 = 2: cena = 35
Fori=1Ton
zatr = zatr + material + obrl
rl =Rnd
If r1 <pbll Then GoTo kon
If (r1 > pbl1l) And (r1 <pbll + pbl2) Then zatr = zatr + zul
zatr = zatr + obr2
r21 =Rnd : r22 = Rnd
If (r21 < pb21) And (r22 < pb22) Then GoTo kon
If (r21 < pb21) Xor (r22 < pb22) Then zatr = zatr + zu2
prib = prib + cena
godn = godn + 1
kon: Next 1
pgodn = godn/n
prib = prib — zatr
sredprib=prib/n
MsgBox ("BepositHOCTb Bbiycka rojHoit netanu: " +str(round(pgodn,4)))
MsgBox ("Cpennsisi npuObLIb OT BBIITyCKa OJHOMN AeTanu: "+str(round(sredprib,2)))
End Sub

Pe3ynbTaThl iMuTanuu OyayT IPUMEPHO CISAYIOIIUMU: BEPOSITHOCTH BBITTYCKA
rogHou neranu — npumepHo 0,9183 (t.e. mpoueHT romubix aetaneit — 91,83%),
cpeaHsis MpUObUTH OT BBIITYCKA OJTHOM JeTajiell - mpuMepHo 2,94 neH.ej.

UYroObl ompenenauTh, BBIFOJHA JU 3aMEHAa TOKAapHOrO CTaHKa HAa HOBBIH,
JNOCTaTOYHO 3aMEHUTh B IpOrpaMMe Uil Ipumepa 2.3 CIELyHoLMe IEPEMEHHbIE:



pb11=0,02, pb12=0,03, obrl=6. Pe3ynbTaThl BBHINOJIHEHUS MPOrpaMMbl OYIyT
MPUMEPHO CIIEAYIOIMMH: BEPOSTHOCTH BbIITyCKa IOJHOM neranu — npumepHo 0,9779
(T.e. mpoueHT TroAaHbIX naetane — 97,79%), cpeaHss npuOBUIL OT BBHITyCKa
ofHOM netanmu - okono 4,05 nen.en. Takum o00pa3oMm, 3aMeHa CTaHKa SIBIISETCA
BBITOJIHOM, TaK KaK OHA MIPUBOJUT K YBEITUUCHHUIO MPUOBLIH.

Ipumep 2.4. [IpeanpusaTre BbITyCKaeT 3JIEKTPONPUOOPHI, COCTOSIINE U3 TPEX
osokoB (A,B,C). IIpubop mpomomkaeT padoTaTh, OKa UCIpPaBeH OJIOK A U XOTS ObI
onuH u3 OnoxoB B wmmm C. M3 ombiTa sKcmiyatanuu MpUOOPOB HM3BECTHO, YTO
BEPOSITHOCTh O€30TKAa3HOM pabOThl KaXAOro U3 00KO8 B TEUEHHE TapaHTUMHOIO
cpoka coctaBisieT 90%.

3aTpaThl NpeANpUsITHS Ha BBITYCK OJHOTIO MpubOopa CleAyoliue: CTOMMOCTb
Kaxxaoro 6yoka — 10 nen.ex., npoure pacxoasl — 20 nes.en. [Ipubopbl npoaatoTces mo
neHe 65 gen.en. B cimyuyae orkaza mpubopa A0 OKOHYAHMSI TapaHTUHHOTO CpOKa
npeanpusTie 0ecryIaTHO BBIMOIHIET €ro PEMOHT. 3aTpaThl NPEANPUATHS, CBI3aHHbIC
C TapaHTUHHBIM PEMOHTOM OTKa3aBUIEro NpuOopa, MOLYT OBITh PA3IUYHBIMU B
3aBUCUMOCTH OT CJIO’KHOCTH PEMOHTA, PAcXOJI0B Ha €ro JOCTaBKy W T.1. M3BecTHO,
yTO0 npuMepHO B 60% ciydaeB 3arparbl Ha TapaHTUUMHBIA PEMOHT COCTABJISIOT
25 nen.en., B 30% ciyuaeB — 40 nen.en., B 10% ciaydaeB — 50 aen.en.

TpeOyercs HailTH: a) BEpOSATHOCTH OTKa3a mnpubopa [0 OKOHYAHUS
rapaHTURHOTO CpOKa; 0) CpeAHIO MNPHUOBLIL NMPEAUPUITHS OT BBITYCKA OJHOTO
npubopa; B) ONPEACNINUTh, BBITOJHO JIM JUISl NPEANPHUSATHS HUCIOJIb30BaTh B
KOHCTPYKIIMM MpuOOpa HOBBIM, Oojiee HAACKHBIM OJOK A, CTOMMOCTH KOTOPOIO
cocraBiger 12 geH.ed., a BepOSITHOCTh O€30TKa3HOM paboOThl B TEUEHHUE
rapaHTUiHOTO cpoka — 98% (IpH 3TOM TIOBBIMICHUE II€HHI Ha TPUOOPHI HE
TUIAaHUPYETCS ).

Jlnist pereHust ATON 3aAadu pazpaboTaeM WMUTAIIMOHHYIO MOJENh Ha OCHOBE
Metosa Monte-Kapiio.

[IpuBeaeM anropuT™M HWMHTAIMM BBITYCKA W TPOJAXH NPHOOPOB IpHU
HCIIOJIb30BaHUU UMEIOIIEHCs KOHCTPYKIUU Tpubopa (T.e. 0e3 3aMmeHbl Oj0Ka A Ha
HOBBIN).

1. Umutupyetcst pabora npubopa B Te€UEHUE TapaHTUMHOTO cpoka. JJjist 3Toro
paseirpeiBatorcsi Tpu CPPU: Rp, R, Rc. Ecnm BeimosiHsieTcs: yciaoBue Ra<0,l1
(otkazan 6ok A) wim ycioBus Rg<0,1 u Rc<0,1 (otkazamu 6moku B u C), To
CMOJICTUPOBAH OTKa3 MpUOOpa; B ATOM CJIy4yae BBIMOJHSACTCS Cleayronui mar. B
MPOTHBHOM CJTy4ae BBIMOJHICTCS MEePexol K mary 3.

2. ImutupyeTcs rapaHTUWHBIA peMOHT npubopa. JlJist 3TOro pasbpirpbiBaeTCs
CPPY Riepn. Ecmu Rien<0,6, TO 3aTpaThl Ha PEMOHT COCTaBISIOT 12 neH.ed., eciu
0,6<R;em<0,9, TO 3aTpathl cocTaBisatoT 20 neH.ex, eciu Ry, >0,9, T0 35 nen.en.

3. Beiuncnsiercss mpuObUIb (MM YOBITOK) OT BBINTyCKa mpubopa C ydeToM
3aTpaT Ha €ro U3rOTOBJICHHE, IIEHBI, a TAK)KE 3aTpaT Ha FapaHTUUHBIA PEMOHT (eCiH
OH MOTpeboBasCs).

[Ilaru 1-3 mnoBTOpAIOTCS MHOrokpatHo, Hampumep, 100000 pa3. Ilo
OKOHYAHUW HUCTBITAHUHN OIpEeseTCs BEPOSITHOCTh OTKa3a mpubdopa 10 OKOHYAHUS
rapaHTUHHOTO CpPOKAa KaK OTHOIIEHHWE KOJMYECTBA CIy4aeB OTKA30B K OOIIEMY



KOJUYEeCTBY BbINyIIeHHBIX MpuoopoB (100 000). OmnpenensieTcss TakkKe CpeaHsS
MpUOBUIb OT BBINTYCKA OJHOTO MpuOOpa KaKk OTHOIICHHWE CyMMapHOW MPUOBUIA K
o0111eMy KOJIMYECTBY MPUOOPOB.

PaccMoTpyM J1Ba HCTIBITAaHUS aaTOPUTMA.

llepsoe ucnvimanue. Ilycte Ra=0,0795, Rp=0,3780, Rc=0,0593. Tak kak
RA<0,1, Rg>0,1, Rc<0,1, cmonenupoBan oTka3 6yioka A (a takxe Omoka C). Takum
oOpa3oM, MpuOOp OTKa3ajl 0 OKOHYAHMS TapaHTUHHOTO Cpoka. Pa3wIrpeIBaroTCs
3aTpaThl Ha ero peMoHT. Ilycth R.n,=0,7602. Tax kak 0,6<R.,<0,9, 3arparsl
cocTaBistoT 40 neH.en. Takum oOpa3om, IpeANpPUSITHE TTIOHECTO YObIMOK B pa3Mepe
65-30-20-40=-25 nen.en. (3aech 65 — nena npudopa, 30 — croumocts 670K0B A,B,C,
20 — mpoure pacxobl Ha BBIITYCK MpHOOpa, 40 — 3aTpaThl Ha TApAaHTUHHBIA PEMOHT).

Bmopoe ucnvimanue. Ilycts R =0,7602, Rp=0,2847, R=0,6133. Tak kak
RA>0,1, Rg>0,1, R>0,1, cMonenupoBana HopMmajbHas pabora mpubopa B TeueHHUE
BCEro TrapaHTHHOro cpoka (HM oauH U3 O1okoB He oTkaszan). [lpennpusitue
noJiy4aet npuosLIb B pazmepe 65-30-20=15 gen.en.

IIpuBenem mnporpaMmy Ha s3bike VBA, peanu3ymollyr ajlroputM HMHTAIUU
BBINTyCKa M TapaHTUHHOTO peMOHTa MPUOOPOB.

Sub primer24()

‘UmuTanus Beiycka NpuOOpPOB C yU€TOM TapaHTUHHOTO pEMOHTA
n= 100000

sta = 10: stb = 10: stc = 10: proch = 20: cena = 65
pa=0.1:pb=0.1: pc =0.1

preml = 0.6: prem2 = 0.9

zreml = 25: zrem2 = 40: zrem3 = 50

Fori=1Ton

sumprib = sumprib - sta - stb - stc - proch + cena
ra = Rnd: rb = Rnd: rc = Rnd
If (ra < pa) Or ((rb < pb) And (rc < pc)) Then
otkaz = otkaz + 1
rrem = Rnd
If rrem < prem1 Then zrem = zreml
If (rrem >= prem1) And (rrem < prem2) Then zrem = zrem2
If rrem >= prem2 Then zrem = zrem3
sumprib = sumprib - zrem
End If
Next i
potkaz = otkaz / n
sredprib=sumprib/n
MsgBox ("BeposiTHOCTb 0TKa3a 10 OKOHUaHuUs rapanTuitHoro cpoka: " + Str(Round(potkaz,4)))
MsgBox ("Cpennsist npuObUTH OT BBITTycKa ogHOTO Mpudopa: " + Str(Round(sredprib,2))
End Sub

Pe3ynpTaThl UMHUTALIMK CIEAYIONINE: BEPOSTHOCTh OTKa3a Npubopa 10 OKOHYAHUS
rapaHTuitHoro cpoka — npumepHo 0,1095 (1.e. okono 10,95%), cpenusst npuObUIH OT
BBIITyCcKa OJIHOTO Tiprbopa — okoso 11,5 nen.en.

YToOBl OLEHUTH LEJIECO00PA3HOCTh MCIOJBb30BaHUS Oojiee HajexxHoro (u Ooiee
gopororo) ©Oyioka A, JOCTaTOYHO BBIINOJHUTH HMHUTAIMIO CHOBAa, W3MEHUB B



nporpaMMme cleaywniue mnepemeHnssie: sta=12, pa=0,02. Pe3ynbTaThl MMUTALUU
CJIEIyIONINE: BEPOSITHOCTh OTKa3za MpuOopa 0 OKOHYAHHUS TapaHTUWHOTO CpOKa —
npumepHo 0,0298, cpennsisi npuOBLIL OT BBITYCKAa OAHOrO mpubdopa — okoio 12,04
neH.en. Takum 00pa3oM, HCMOIB30BaHHE HOBOTO OJIOKa A TMO3BOJISIET HOBBICUTH
npuObUTH 32 CUET CHMXKEHMSI 3aTpaT Ha rapaHTHiiHbie peMoHThl. KpoMe Toro, pe3koe
CHI)KEHHE KOJIMYECTBO OTKa30B B TEYEHUE TapAHTUHHOTO CpoKa OJIarompusTHO
CKaXkeTcsi Ha penyrauuu npeanpuatrus. [loaTomy ucnonab3oBaHHE HOBOTO OJi0Ka
CJIelyeT MPU3HATh BHITOAHBIM.

Ipumep 2.5. Ilpennpusitie BbITYCKAET AaT4YUKH yeThipex TunoB (A,B,C,D) mnsa
aBTOMATU3UPOBAHHBIX CHCTEM YIPABJICHUS TEXHOJOTMYECKUMH  IPOIECCAMH.
W3 onpiTa paboThl mpeanpusaTHsS H3BeCTHO, 4Tto npumepHo 30% Bcex 3aka3oB
COCTaBJISIOT 3aKa3bl HA gaTuuku tuna A, 20% - B, 15% - C, 35% - D. Bee natunku
MOT'YT BBIITYCKAThCA B OOBIYHOM HCIOJHEHHH (I1s1 pabOThl B OOBIYHBIX YCIIOBHSIX)
WIM B CHCIUAIbHOM WCIOJHEHUU (I paboThl MPU BBHICOKOW BIAXKHOCTH, BO
B3PBIBOOIIACHOM CpeJIe UK TIPU BBICOKOW TeMIepaType).

N3BecTHO, uTo puMepHO B 40% Bcex 3aka3oB TpeOyercs AaTYUK 1Ji1 paboThl PU
BBICOKOM BJIAXKHOCTH, B 15% 3aka30B - it pabOThI BO B3pBIBOOMACHOM cpene, B 25%
3aKa30B — JJIsi paObOTHI MPHU BBICOKOW Temmeparype. [Ipn 3ToM K OJHOMY HaT4YHMKY
MOXET MPEIBABIATHCS HECKOIBKO JIOMOJTHUTEIBHBIX TPEOOBaHUN (HAIPUMED, MOKET
OBITH 3aKa3aH JaTYUK JJI1 paOOThI MPU BHICOKOM BIAXKHOCTH M TEMIIEPATYPE).

3aTpaThl TPEANPHUATHS HAa BBIMYCK OJHOrO JaTdhKa B OOBIYHOM HCIIOJTHEHUU
cieayromue: natauk tuna A - 25 pen.em., B — 15 gen.en., C — 35 nen.en., D —
30 nen.en. JlomogHUTENbHBIE 3aTPaThl HPEANPUATHS TPU BBITYCKE JaTuydKa IS
paboTHI MPU BBICOKOH BIIAYKHOCTH COCTABJISIIOT 8 JICH.€JI., BO B3PHIBOOTIACHOM cpejie —
12 neH.en., pu BbICOKOW TemmepaTtype — 10 gen.en. (3TH 3aTpaThl HE 3aBUCSIT OT
THMA JaTYNKa).

JlaTuuky, BBIMYIIEHHbIE B OOBIYHOM MCIIOJIHEHUH, MPOJAIOTCA IO CICAYIONTUM
neHaMm: A — 45 nen.en., B — 35 nen.en., C — 60 gen.ex., D — 50 nen.en. 3a kaxmgoe
JOTIOJIHUTENIbHOE TpeOOoBaHWE IIeHa AaTdyuka moBbimaeTcss Ha 20% OT HMCXOMHOM
IICHBI.

Hampumep, ecimu Oyaer 3akazaH JaTyuk Tuma A st paboOThl TPU BBICOKOMU
BJIQXXHOCTH W TEMIIepaType, TO 3aTpaThl Ha €ro BBIMYCK COCTaBIAT 25+8+10=
=43 nen.ea. Ou Oynmer mpoman mo uneHe 45+0,4-45=63 nen.en. (T.e. MO IICHE,
noBbiieHHOM Ha 40%, Tak Kak TIpU BBINYCKE JaT4YMKa BBHITIOJTHEHBI JIBa
JOMOTHUTENbHBIX TpeOoBaHus). [I[puOBLUIb OT BBIITYCKA TAKOTO JAaTYMKA COCTAaBUT 63-
43=20 neH.ex.

TpeOyercs paszpaboTaTh aJIropuTM HMMUTALUM BBITYCKA JAaTYMKOB Ha OCHOBE
Merona Monrte-Kapino u peanuzoBarh ero B BuAe MOporpamMmbl. OmnpenenuTb:
a) CPEIHIOI MPUOBLTH IPEANPUATHS OT BBIITYCKa OJTHOTO JIaTurKa; 0) TO0JII0 JaTYUKOB
CIIEIUAJIBHOTO UCTIOJNHEHHUS (T.€. XOTsI OBl C OJJHUM JOTIOJIHUTEIIbHBIM TPEOOBAHUEM )
B 00111eM 00beMe 3aKa30B.

[IpuBenem anropuT™M UMHUTALIUMU BBITYCKA TATUYUKOB.
1. Umutupyercs tan paruuka. [ns storo passirpeiBactcss CPPU R. Ecin
R<0,3, Tto 3akazan nmatumk Tmna A, eciau 0,3<R<0,5 — pgatuuk Tuna B, ecau
0,5<R<0,65 — gatuuk tuna C, ecimu R>0,65 — natuuk tumna D.



2. UmuTupyeTcs HCHOJHEHHE aaTdyuka (OObIUHOE WM creluaibHoe). s
storo passirpeiBatorcst mpu CPPU: Ry, Ry, R3. Ecnu R;<0,4, To 3aka3aH JaTYUK JJIs
paboThI Mpu BICOKOW BiaxHOCTU. Ecnu R»<0,15, To 3akazaH gaT4yuk sl pabOThl BO
B3pbIBoonacHoi cpene. Eciau R3<0,25, To 3aka3aH JaT4MK JJisi pabOThl MPU BBICOKOU

temneparype. Ecou R1>0,4, R»>0,15 u R3>0,25 (T.e. BBINOJHAIOTCS BCE TpH
yCJIOBHS), TO 3aKa3aH JaTYUK B OOBIYHOM HCIIOJTHEHUHU.

[MMarn 1-2 moBtopsitorcs 100 000 pa3. Omnpenensiercss CpeaHsss NPUOBLIH
MPEANPUATHS OT BBIITYCKAa OJHOTO JaTyMKa: OTHOIIEHWE CyMMapHOUW MPUOBUIH OT
BBITTYCKA JAaTYUKOB K OOIIEMY KOJIMYECTBY BBINYyIIEHHBIX gaTdrkoB (100 000).
OnpenensieTcs Takke M08 AATYUKOB CHEHUAIBHOTO MCIOJHEHUS KaK OTHOIICHUE
KOJMYECTBA CJIy4yaeB, KOIJa K JaTdyuKy MPEeIbSBISIIOCh XOTS OBl OJHO
JOTIOJTHUTENIbHOE TpeOoBaHUe, K 001IeMY KOJTUYECTBY BBITTYIIICHHBIX IaTYUKOB.

PaccmoTpuM /1Ba UCTIBITAHUS AJITOPUTMA.

llepsoe ucnvimanue. Ilycts R=0,0795. Taxk kak R<0,3, 3aka3aH JIaT4yuK
tuna A. ITycts R;=0,3780, R,=0,0593, R;=0,7602. Tak kak R<0,4, R,<0,15, R:>0,25,
3aKas3aH JaT4YUK i1 paOOThI MPU BBICOKOW BIAKHOCTH M BO B3PBIBOOMACHOM Cpejie.
3aTpaThl Ha €ro BBIMYCK cocTaBAT 25+8+12=45 nen.eq. OH Oyner npoaaH Mo LeHe
45+0,4-45=63 neHn.en. (T.e. mo 1eHe, MoBbIlieHHOW Ha 40%, Tak Kak MPU BBHITYCKE
JaTYMKa BBITIOJIHEHBI JIBA JOMOJHHUTEIBHBIX TpeOoBaHMs). [IpuObUIL OT BBHITyCKa
IaTynka coctaButT 63-45=18 nen.ex.

Bmopoe ucneimanue. Ilycts R=0,2847. Tak kak R<0,3, 3aka3aH JIaT4yukK
tuna A. ITycts R;=0,8197, R,=0,6133, R;=0,5766. Tak kak R;>0,4, R,>0,15, R;>0,35,
3aKa3aH JaTYMK B OOBIYHOM HMCIOJHEHHUU (T.€. K HEMY HE MPEIbIBICHO KAKUX-THOO
JOTIOJIHUTEIIBHBIX TPEOOBaHMUI). 3aTpaThl HA €T0 BHIITYCK COCTaBAT 25 JI€H.€]., a IleHa
— 45 nen.en. [Ipubsuib coctaBut 45-25=20 neH.ex.

[IpuBenem mporpammy Ha si3blke VBA, peanu3yroulyr aJlroputM UMUTALMHU
BBIITYCKA TaTUYHUKOB.

sub primer25()

* ImuTanwmst BEITyCKa TATYIUKOB OOBIYHOTO U CIIEIUAIBHOTO UCTIOTHCHHS
pa=0.3:pb=0.2: pc=0.15: pd =0.35

pvl=0.4: pvz=0.15: pt =0.25

za=25:zb=15:zc=35:zd =30

zvl=8:zvz=12:z2t =10

ca=45:cb=35:¢cc=60:cd=50

n= 100000
Fori=1 Ton
r=Rnd

If r < pa Then sumzatr = sumzatr + za: cena = ca
If (r > pa) And (r < pa + pb) Then sumzatr = sumzatr + zb: cena = cb
If (r > pa+ pb) And (r < pa + pb + pc) Then sumzatr = sumzatr + zc: cena = cc
If (r > pa+ pb + pc) And (r < pa + pb + pc + pd) Then sumzatr = sumzatr + zd: cena = cd
sumvir = sumvir + cena
rl =Rnd: 12 =Rnd: r3 = Rnd
Ifr1 <pvl Then sumzatr = sumzatr + zvl: sumvir = sumvir + 0.2 * cena
If r2 < pvz Then sumzatr = sumzatr + zvz: sumvir = sumvir + 0.2 * cena
If r3 < pt Then sumzatr = sumzatr + zt: sumvir = sumvir + 0.2 * cena
If (r1 <pvl) Or (12 <pvz) Or (13 < pt) Then spec = spec + 1



Next 1

sumprib = sumvir — sumzatr

sredprib=sumprib/n

procspec = (spec / n) * 100

MsgBox ("Cpennsis npuObLIb OT BBIITyCKa OJHOTO Aatymka: "+str(round(sredprib,2)))
MsgBox ("[Iponent crien.ucnoaenus: "+str(round(procspec,2)))

End Sub

Pe3ynbTaThl BRIMOJHEHUS 3TOU MPOTPAMMBI JTOJIKHBI OBITH IPUMEPHO
CIICAYIOIMMMU: CPETHSSI TPUOBLIL OT BRIMYyCKa OAHOTO AaTtyuka — 20,77 aeH.e., 10
JIATYMKOB CHEUaIbHOro ucnojHeHus — 61,46%.

3. PELLEHUE 3AO0AY MOOENNMPOBAHUA HA OCHOBE

ANrOPUTMOB UMUTALIUM CITYYAUHbIX BENTUYMH

3.1. UMuTauma ANCKpeTHbIX Cny4YauHbIX BeNNYUH

[Tox cnmyvaitHOW BenMYMHOM OyJeM MOHMMATh BEIMYHUHY, TOUHOE 3HAUCHHE
KOTOPOM HE MOXKET OBITh TOYHO U3BECTHO 3apaHee.

JAuckperHass cayyadHas BeJuM4YuHa X - 3TO BEIWYMHA, KOTOpPAS MOXKET
MPUHUMATh HEKOTOpble (PUKCUPOBAHHBIE 3HAYEHUS X[, X2,...,X; C BEPOATHOCTAMHU

P,Py,...,P,, tne Pi+Pr+...+P,=1. Konu4ecTBo BO3MOXHBIX 3HAYEHUU IUCKPETHOU

cnyqaﬁHoﬁ BCJIINMYNHBI (‘{I/ICJIO l’l) MOXET OBLITH KaK KOHCYHBIM, TaK 1 OECKOHEUYHEBIM.
Ecnu xonmuecTBO BO3MOXKHBIX 3HAUEHUH JUCKPETHOM Cly4aifHON BEIMYMHBI HEBEJTUKO, TO €€ UMUTALIUSA
BBINOJHSETCS TAK XKe, KaK IMHUTAIHsI TIOJTHOM Ipynmbl co0bITHi (cM. moapasaen 2.1). Tak, B npumepe 2.2 npuObUIb
OT PEMOHTa OJTHOT'O M3JIEIIHsI IIPEACTABISET COO0H TUCKPETHYIO CIyYaliHYIO BEJTMYMHY, KOTOPas MOXKET IPUHUMATh

sHaueHus 35 (¢ BepostHocThIO 0,2), 60 (¢ BepositHOCTEIO 0,4), 40 (¢ BepositHOocThIO 0,15) miu 25 (¢ BEpOSTHOCTHIO
0,25).

JUisi UMHUTaIUKA AUCKPETHBIX CIYYalHBIX BEJIMYUH, UMEIOUUX OoJiblioe (MiIH
OECKOHEYHOE) KOJMYECTBO BO3MOXHBIX 3HAa4eHMH, TpeOyeTcs pa3padbaTbiBaTh
CHELMATIbHBIE AITOPUTMBI. Takue allropuTMbl pa3padbaThIBalOTCS HA OCHOBE METOJI0B
TEOpUU BEPOATHOCTEH. Huke mNPUBOASTCS aNTOPUTMbl HMMHTAIMM HEKOTOPBIX
JTUCKPETHBIX CITYYalHBIX BETUYNH, YACTO MPUMEHIEMBIX B IPAKTUYECKUX 3a]a4ax.

NmMuTanus AMCKpEeTHOW paBHOMEPHOU CIIy4aiiHON BEJIMUUHBI

JluckpeTHass paBHOMEpHAs cllydailHas BEJIWYMHA — 3TO CiIy4yaliHas BEJIIMYHHA,
MIPUHUMAIOIIAs JIFOOBIC 11EeTOYMCIICHHBIC 3HAUeHUs Ha oTpeske [A; B] (tne A u B —
1eJIbIe YHCIIa) C PABHOW BEPOSITHOCTBIO.

[Mpumeyanue. HeoOXxouMo paznuyaTh OUCKPEMHYI0 PAGHOMEPHYIO CYUAUHYIO
geuyuny, TPUHUMAIOIIYIO MOAbKO UYelo4UucCieHHble 3Ha4yeHUuss B HEKOTOPOM
3aJlaHHOM JIMANa30HE, W HEenpepvbleHYI0 PAGHOMEPHYIO CIAVYAUHYIO BEIUYUHY,
MPUHUMAIOUIYIO J1/00ble 3HAUEHHs B 3aJaHHOM auana3oHe. Kak mpaBumiio, eciu
TOBOPUTCA O “pABHOMEPHOU CYyHaUHOU 8euduHe’”, TO UMEETCS B BUY HEnpepul8Hasl
BEJIMYHMHA.

Jnsg  AMUTAIMM  OUCKPETHOM  PAaBHOMEPHOW  CIIyYallHOM  BEJIMYMHBI
IpUMEHsETCs cienyomas popmyna:



X = [A+(B-A+1)R], (3.1)

rae R — CPPY;
[ ] — BBLACIEHHUE 1IET0M YaCTH YHUCa.

Ipumep 3.1. Ilpenmnpusarre BbINyCKAaeT KHWKHBIE TMOJKUA MO 3akazaMm. Jljis
KPYIIHBIX 3aKa30B TMPEAyCMOTpEeHa CKHJIKA: 3a M3rOTOBJICHUE OJHON IOJIKH
npeAnpusTae OepeT C 3akazuuka 25 JIeH.eN., €CIU 3aKa3 COCTABJISET OT OJHOW 0
necsatd mojiok, u 20 peH.en. — ecau 3aka3 npesBbimaer 10 mosok. 3atpatsl
MIPEANPUATHS HA BBITYCK OJHON TOJIKM COCTaBIsAOT 12 nen.en. M3 ombiTa paGoThI
NPEANPUATHS U3BECTHO, YTO 3aKa3bl OOBIYHO COCTABIISIIOT OT OJHOM 10 40 moJIoK
(3aka3bl Ha U3roTorieHue cphimie 40 Mook kpaitHe penaku). [IpemaraeTest OTMEHUTD
CKHMJIKY JIJISl KPYIHBIX 3aKa30B, T.€. OpaTh ¢ 3aKa3uuka 25 JMeH.ell. 32 KAKIYIO TOJIKY,
HE3aBUCHUMO OT pa3Mmepa 3akaza. OgHako B ITOM cliydae MOXKHO OXHIaTh, YTO
KOJIMYECTBO KPYMHBIX 3aKa30B YMEHBIIUTCS, M 3aKa3bl OyIYT COCTaBIATH, Kak
npaBuiio, ot oxHoMl n0 20 mosok. TpeOyercs ompeAenuThb, BBITOAHA U IS
MPEANPUATHS OTMEHA CKUJIKH.

Jliist petieHust 3Tol 3a1aun pazpaboTaeM UMUTAIMOHHYIO MOJIENh HA OCHOBE
Merona Moute-Kapino. Mcnonb3ys Takyto Mojielb, ONPEIEINM CPETHIO MPUObLIb
MPEANPUATHS OT BHIMOJIHEHUS! OJTHOTO 3aKa3a.

[IpuBegemM alropuT™ UMHUTAUUU PAOOTHI MPEANPUATHS MPU HCIOIB30BAHUU
CKUJIKH.

1. Pa3pirpeiBaeTcsi pasmep 3akaza X (KOJMYECTBO 3aKa3aHHBIX IOJIOK) IO
dbopmymne (3.1) mpu A=1, B=40.

2. Onpenensiercss npuObUIL NPEANPUATUS OT BBINOJIHEHUs 3akasza. Eciu
3aKazaHo He Ooisiee necsaty noyiok (X=<10), To nmpuObUIL MpeANpPUATHS OT BBITYyCKa
OJIHOW TOJIKM OyaeT cocTaBisATh 25-12=13 nen.en., a npuObUIL OT BBINOJTHEHUS
3akaza B 1enom — 13X. Eciaum 3akazano Oonee necartu mojok (X>10), To npuObLih
NpEeANnpusATAs OT BBITYyCKa OAHOW ToOJIKM Oyaer coctaBisaTh 20-12=8 nen.enm., a
pUOBUTH OT BBIIOJHEHHU 3aKa3a B 1esoM — 8X.

[Iaru 1-2 noBTOpsAOTCS MHOrOKpaTHO, HarpuMmep, 100 000 pa3. Beruncnsercs
CpelHssl NpUOBLIb IPEANPUATHS OT BBIMOIHEHHUS OJHOIO 3aKa3a (Kak OTHOLIEHUE
CYMMapHOM MPUOBUIH K KOJIMYECTBY 3aKa30B).

PaccMoTpuM JIBa UCTIBITAHUS AJITOPUTMA.

Ilepsoe ucnvimanue. Ilycts pu ucnoiabzoBanuu Gopmyisl (3.1) pazeirpano CPPYH
R=0,0795. Torna X=[1+(40-1+1)-0,0795]=4, T.e. cMOoAeIMpPOBaH 3aKa3 Ha BBIMTYCK
YeThIpex MoJIoK. B aToM ciyuae npeanpustre 6epet ¢ 3akazuuka 25 AeH.el. 3a
KKIYIO TOJIKY. 3aTpaThl MPENPUATHS HA U3TOTOBICHUE KA IO MOJIKH —

12 nen.en. Takum oOpazom, MpUOBLIL COCTABUT (25-12)-4=52 nen.en.

Bmopoe ucnvimanue. Ilycts pazsirpano CPPY R=0,378. Torna
X=[1+(40-1+1)-0,378]=16, T.e. cMoenUpOBaH 3aka3 Ha BHITYCK 16 mosiok. B aTom
cily4ae mpeAanpusitTiue 0eper ¢ 3akazuuka 20 1eH.el. 3a Kakayro noyiky. [Tpuosiib
coctaBuTt (20-12)-16 = 128 nen.en.

[IpuBenem mporpammy Ha si3blke VBA, peanu3yrollyr0 aJlropuTM UMHUTALUU
paboThl NPEaNPUATHS.

Sub primer31 1()



"MmuTanus paboThl ¢ UCIOJIB30BAHUEM CKUJOK

n = 100000

min_zakaz = 1: max_zakaz = 40 : zatr = 12: platal = 25: plata2 =20
Fori=1Ton

r=Rnd

x = Int(min_zakaz + (max_zakaz + 1 - min_zakaz) * Rnd)

If x <= 10 Then prib = (platal - zatr) * x Else prib = (plata2 - zatr) * x
sumprib = sumprib + prib

Next 1

sredprib=sumprib/n

MsgBox ("Cpennsist npuObLIb OT BbIOJHEHUS 3aka3a: " + Str(Round(sredprib,2)))
End Sub

[To pe3ynbTaTaM UMHUTAIIUU CPEHSIS TPUOBLIL OT BBITIOJIHEHMS OJTHOTO 3aKa3a
cocTaBuT okoJio 170,5 nen.exn.

BrinomauM umMuTaiuo paboTel NpeanpusTus 6€3 UCIoab30BaHu CKUIKHU. J1Jis
MMUTAIIMU pa3Mepa 3akaza Oyner ucrnojb3oBaThes popmyna (3.1) mpu 4=1, B=20.
[IpuObu1b TpeaAnpusITUS OT BBIMYCKAa OJHON TMOJKU OYAET BCErja COCTaBIATH
25-12=13 nen.en., a npuOBUIL OT BHITIOJIHEHUA 3aKa3a - 13X, rae X — pasmep 3akasa.
[Iporpamma fj1st UMuUTAIUU pabOTHI NPEANPUATUS O€3 UCHOIB30BAHUS CKUJIKU UMEET
CIEIYIOLIAMN BUJL.

Sub primer31 2()
"MmuTanust paboThl 6€3 CKUIOK
n = 100000
min_zakaz = 1: max_zakaz = 20 : zatr = 12: plata =25
Fori=1Ton
r=Rnd
x = Int(min_zakaz + (max_zakaz + 1 - min_zakaz) * Rnd)
prib = (plata - zatr) * x
sumprib = sumprib + prib
Next 1
sredprib=sumprib/n
MsgBox ("Cpenusst npuObutb OT BbITIOJIHEHMS 3aka3a: " + Str(Round(sredprib,2)))
End Sub

[To pe3ynpTaTaM UMHUTAIUHU, TPUOBLIb OT BBHITIOJTHEHHUS OJHOTO 3aKa3a COCTAaBUT B
3TOM ciiydae okoJio 136,55 nen.en.

Taxkum 00pa3omM, OTMEHY CKUIKH CIIEIyET MPU3HATH HEBBITOJION, TaK KaK OHA
MPUBOIUT K CHIKEHUIO IPUOBUIN K3-3a COKPAILIEHHS pa3MEPOB 3aKa30B.

NMuTanusi myacCOHOBCKOI c1y4ailHOM BeJIUYHHBI

[lyaccoHoBcKas cityyaiiHasi BETUYMHA — 3TO BEJIMYMHA, IPUHUMAIOLIAsl 3HAUYCHUS
m=0, 1, 2,... ¢ BEpOSATHOCTIMH, OIPeACIIIEMbIMHU IO CIENYIOIei popMmye:
A",
P,=—e ", (3.2)
m!
rJie A — apameTp pacrpeaesieHus (T.e. HEKOTOPOe YKCIIO).
Takum 00pa3oM, ImyacCOHOBCKas CilyyaiiHas BeJIMYMHA MOKET IPUHUMATD JTH00bIE
HEOTpPULIATETbHBIE 1IEJIOUUCICHHbIE 3HaYeHUs (0T HYJSI 10 OECKOHEYHOCTH).
Hanpumep, myacCOHOBCKOMY 3aKOHY pacIpeeeHHs] COOTBETCTBYET KOJIMYECTBO
COOBITHI B ITyaCCOHOBCKOM MOTOKE [15, 16], mpoucxoAsux 3a HEKOTOPHIi



WHTEpBal BpeMeHu ¢. B aTom ciydae A=Af, riae A — THTEHCUBHOCTH IMTOTOKA
COOBITHH (T.€. CpeTHEEe KOTUIECTBO COOBITUMN, TPOUCXOAAIINX B SAUHHILY
BPEMEHN).

JI “IMUTAIMKU TYaCCOHOBCKOW CIIy4YalHOM BEJIMYUHBI IPUMEHAETCS CIIEIYOLIUN
aITOPUTM.

1. 3HaueHne MoeNMMPyEMOI BETUYMHBI IPUHUMAETCS PaBHBIM HYIIO: m=0.

2. Beruncisercs 3Ha4eHHEe BCIIOMOTaTeNIbHOM epeMeHHon Py: Fy = et

3. BcriomorarenbHas nepeMeHHas () NpUHUMAaeTcs paBHOU enuHuue: O=1.

4. PazeirpeiBaetcst CPPY R.

5. BriunciseTcss HOBOE 3HaUYCHHE BCIIOMOTaTeNbHON nnepemeHHon O: O=0R.

6. Eciu O>P,, TO 3Ha4Y€HHE MOJACIUPYEMOW BEJIMYMHBI YBEIUUMBAETCI HA
eauHuly (m=m-+1), u BbIONHAETCS BO3Bpar K mary 4. Eciu Q<P TO anroputm
3aBepmiaeTcsa. CMOAEIMPOBAHHOE 3HAYEHUE MYaCCOHOBCKOM CIIYYaWHOU BEJIMYHMHBI
PaBHO m.

IIpuBeneM mporpaMMHYyI0 peajd3aluil0 PacCMOTPEHHOIO AJITOPUTMAa B BHJIE
MOANpPOrpaMMBbI Ha sA3bike VBA.

Sub puasson(l, m)
pO=exp(-1)
g=1 : m=0
povtor:

r=Rnd

q=q*r

If @>=p0 Then
m=m+1

Goto povtor
End If

End Sub

3nech mnepeMmeHHas -l — mapameTp MyacCOHOBCKOIO paclpejielieHus. JTa
BEJIMYMHA JIOJDKHA 3a]1aBAThCS MIPU BBI30BE MOANPOTPAMMEBI.

[IpuMeHeHue = pPacCMOTPEHHOTO  aJIrOpUTMa HMHTAIIUM  ITyaCCOHOBCKOM
CIIy4ailHOW BEeJIMYMHBI MOKa3aHo B pumepe 3.9.

3.2. UmuTauma HenpepbIBHbIX ClTyYauHbIX BENUYUH

[lon HenpepbIBHON ciay4aiiHOH BeJUYMHOH OyleM MOHUMATh CIyYailHYIO
BEJIUYMHY, KOTOpask MOXET MPUHUMATh JI0ObIe 3HAUYECHUS B HEKOTOPOM JUalNa3oHe
(a; b). OTOT TMana3oH MOXKET OBITh KAK OTPAaHUYEHHBIM, TAK U HEOTPAHUYEHHBIM.

Jlist onucaHusi HEMPEPHIBHBIX CIYYAMHBIX BEJIMYUH OOBIYHO MCHOJIB3YIOTCS
nBe (QyHkumu: GyHKOUS pacnpeacsieHus F(x) M IJIIOTHOCTH pachpenesieHus (Win
IJIOTHOCTh BEPOSITHOCTH) f(x). CMBICT 3THX (PYHKIIMI MOKa3aH B MpHIIL. 3.

[IpuHuun paboThl BCEX METOJOB HMUTAIIMU HENPEPHIBHBIX CIYYaWHBIX
BenuuuH cinenytomuid. Ham CPPY R (T.e. chaydalHBIMM  BeJMUYHMHAMH,
pacrpenerIeHHbIMU 110 PABHOMEPHOMY 3aKOHY B auana3zoHe oT 0 1o 1) BBINOJIHSOTCS
OIpeJIeIeHHbIE MaTeMaTUYeCKUe MpeoOpa3oBaHusl, O3BOJISIIOLIUE TONYYUTh APYTHE
ClIy4yaliHble BEJIWYMHBI C 3aJaHHbIM 3aKOHOM pacIlpeleseHus, T.€. C 3aJaHHOU
dbyHkIuen pacnpeaeneHus F(x) Wi mIOTHOCTBIO pacupeaeieHus f(x).



3.2.1. UMmnTaumsa HenpepbIBHbIX Cly4YanuHbIX BeNUYUH
Ha OCHOBe MeToAa obpaTHbIX PYHKLUN

Meton o00OpaTHbIX (YHKIMIA [PUMEHSAETCS, €CIU M3BEeCTHAa (QYyHKUHS
pacnpenefieHuss IMUTHPYEMOM HENPepbIBHOM ClydyailHON BENWYUHBI F(X), © MOXKHO
HaliTH 0OpaTHyio K Hel ¢yHkmuio F (R) (cMmbica aprymeHta R OyaeT Ioka3aH B
OTIMCAaHUHU METOJIA).

Meton 00paTHbIX (YHKIMI OCHOBBIBAETCS Ha CIEAYIOUIEM YTBEP>KICHUH,
J0Ka3bIBA€MOM MeToAamMu Teopud BepostHocTed. Ilycts F(x) - QyHKuusa
pacrpeneneHus HEKOTOPOM HENPEPhIBHOM ciiydaiiHOW BennuuHsbl, a R - CPPY. Torna,
eciu 3anucarh ypaBHeHue F(X)=R u BbIpa3uth u3 Hero X, To X OyneTr npeacTaBisaTh
co0oli cITydaiHy10 BeJIMUMHY, UMEIOITYI0 (DYHKITUIO pacupeneieHus F(x).

[TocTpoenue anroputma (T.€. BBIBOJ (HOPMYJ) s UMUTALUMU HEMpPEPbIBHBIX
CIIy4ailHbIX BEJIIMYMH METOAOM OOpaTHBIX (DYHKIMHA BBHIMIOJHSAETCS B CIEAYIOLIEM
MOpSJIKE.

1. Haxonurcsa QyHKIMS pacnipeeneHus ciydailHol BenuyuHbl F(x).

2. 3anuckiBaetcs ypaBHenue F(X)=R.

3. U3 ypaBHenuss F(X)=R HaxoauTcsi BhIpakeHue i X: X =F'1(R). Ono
NpeAcTaBisgeT co0Oil alroput™M JJis UMUTALUU  HENPEPHIBHOW  CIIy4aHOU
BEJIMYUHBI X.

[pumeuanre. B HexkoTopbix cioydasx (yHkmus F(R)  OKa3bIBAeTCS HEOTHO3HAYHOM
(Hanpumep, ecnu B BblpakeHuu F(X) umeercs kBagpar). B Takux cimydasx TpeOyercs MpoBEpUTH
BCE BO3MOJKHBIC BapHaHTHI F~'(R) ¥ BBIOPATh TOT M3 HUX, IPH KOTOPOM MMHTHpYyeMas CiydaifHas
BeIMYMHA X TPUHUMAET 3HAYEHUS B 33/IaHHOM JHamnaszone (a; b).

[Ipumeuanue. [Ipumenenue wmetoga - oOpaTHbIX (QYHKUMI B HEKOTOPBIX CIydasx
OKa3bIBA€TCSl CJIOXKHBIM, TaK Kak HE UL BCEX HENPEpPBIBHBIX CIyYalHBIX BEJIUYMH MOXHO
aHAJIMTUYECKH (T.€. B BUJE GopMyJbl) 3anucath QyHKIUIO pacnpeneneHus F(x); B Apyrux ciydas,
naxxe ecnu (GyHKus F(x) WM3BECTHA, OKa3bIBACTCS HEBO3MOXKHBIM 3alKcaTh OOpPAaTHYIO K HEH
¢dbynakuuro. IIpumep Takoro citydas paccmarpuBaercs B 1m.3.2.3. B Takux ciydasix MpUMEHSIOTCS
Apyrue MeTOJAbl UMHUTALMKM HEMpPEpPBhIBHBIX CIy4aWHBIX BEIMYMH, WIM JUIsl pealnus3alid MeToja
00paTHBIX (PYHKUMN HCHOJB3YIOTCS YUCICHHBIE METOIBI.

IIpumep 3.2. Tlpym M3roTOBIEHHH IUIACTMACCOBBIX IUIMT BBINOJIHSIOTCS JIBE
olepaluu: BHECEHUE B IJJACTMACCY YIPOYHSIOMUX J00ABOK U OXJIAXKIECHUE TTUTHI B
dbopme. M3 HabmoneHuil 3a MPOU3BOACTBEHHBIM IMPOLIECCOM H3BECTHO, YTO BpEMs
BHECEHUs J00aBOK — CiyyaliHasi BEJIMYMHA, TUIOTHOCTb pPAcCHpeleieHus] KOTOPOu
MOXKeT ObITh 3ajaHa rpadukoM, NpuBeAeHHBIM Ha puc.3.l1. Bpems oxmaxaeHus
IUIUTHL B OpMe — cilydyaiiHasi BEIMYHMHA, KOTOPYIO MOKHO CUMTATh PAaCTpPECICHHON
[0 DKCIOHEHIMAIBbHOMY 3aKOHY; B CPEIHEM OXJIAXIEHUE IUUTHl 3aHumaer 30
MHUHYT.
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Puc.3.1. IlnoTHOCTE pacnpeneneHus BpeMEHU BHECEHHS J00aBOK (1715 ipumepa 3.2)

TpeOyercs pa3paboraTh aIrOPUTMbI UMUTALIUU CITyYalHBIX BEJIMYMH,
HCIIOIb3YEMBIX B 3371a4€, U IPOrPAMMHYIO peajin3aliio dTUX aIrOPUTMOB.

[Mpumevanue. [IpumeHeHne pa3pabOTaHHBIX AITOPHUTMOB HMHTAIUK OyAeT MOKa3aHO B
npumepe 3.6.

B manHOI 3a1aue MCTIONB3YIOTCS BE CIIydaiiHble BETMYHMHBI: BpEMs BHECECHUS
100aBOK M BpeMsI OXJTaKICHUS TUTUTHIL.

Paccmotpum paszpaboTKy aneopumma umumayuu eépemenu 8HeceHusi 000a8oK
Ha OCHOBE METO/la OOpaTHBIX (PYHKIUH.

[lo rpaduky, mpuBemeHHOMY Ha puc.3.1, 3amuiieM ypaBHEHHE IUIOTHOCTHU
pacmpeseieHus: BpeMEHH BHECEHUS T00aBOK:

0, x<3;
01, 3<x<6;
f(x)=<0]15  6<x<10; (3.3)
0,05, 10<x<12;
0, x=>12.

Ucnonb3ys  dopmyny ([13.3), HaxoguM BblpakeHue Uil  (QYHKLIHUH
pacnpeeseHus:

X
e Ha uHTepBaye x < 3: dex =0;
—00
3 X
e Ha uHTEpBaye 3<x<6: j Odx + j 0ldx=01x-0,3;
—o0 3
3 6 X
e na maTepBane 6<x<10: [0dx + [0,ldx + [0,15dx =0,15x - 0,6;
—00 3 6
3 6 10 X

e Ha uHTepBayie 10<x<12: dex + jO,ldx + jO,l Sdx + j0,0de =0,05x+0.4;
—0 3 6 10



3 6 10 12 x
® Ha MHTEpBaJC X > 12: dex+IO,1dx+ jO,lde+ j0,0de+ dele.

—0 3 6 10 12

Takum oOpazom, QyHKIIHS pacpeiesieHUs] BpeMEHHU BHECEHUsI T00aBOK UMEeT
CIEIYIOIINUMN BU:

0, x<3;
0Ix-03, 3<x<6;
F(x)=<015x-0,6, 6<x<10; (3.4)
0,05x+04, 10<x<12;
I, x>12.

3anuceiBaem ypaBHenus F(X)=R:
01X -03=R, 3<X<6;

015X -06=R, 6<X<I0;

005X +04=R, 10X <12

N3 ypaBHenuit F(X)=R HaxoauMm BbIpakeHue X = F'I(R), T.€. (opmyny
(asiropuT™) JJISI UMUTAILIMU CITYYailHOM BETUYUHBI X'

(R+03)/01, 0<R<03;
X={(R+0,6)/015 03<R<09: (3.5)
(R-04)/0,05 09<R<l.

['panubr JINAIIa30HOB 3HAYCHUM R [MOJIYYEHBI MOJACTAHOBKOM
coOoTBeTCTBYIOIIMX 3HaueHuil X B ypaBHenue F(X)=R. Hanpumep, npu 3<X<6
ypaBHeHue F(X)=R wumeer cneayromuii Bua: 0,1X-0,3=R. IloactaBisis B 3TO
ypaBHEHHE 3HaueHWsI TpaHul] AuanazoHa X (t.e. 3 u 6), MOJyYUM T'pPaHUIIBI
nuana3ona R: 0 u 0,3.

BbINOJIHUM OJHO HCHOBITAHUE MOJYYEHHOTO airoput™ma. IIycTe pasbirpaHo
sHauenue CPPU R=0,8197. Torma X=(0,8197+0,6)/0,15=9,465. Takum oGpazoM, B
JTAHHOM HCIBITAaHUU CMOJICITMPOBAHO 3HAYEHUE BPEMEHU BHECEHHMS J100aBOK, paBHOE
9,465 MuH.

[IpuBenemM mporpaMMHYIO peaM3aliio pa3pabOTaHHOTO aJroOpuTMa B BHJIEC
OJIPOTpaMMBbl Ha si3bike VBA.

sub vnesdob(x)

r=rnd

1fr<0.3 then x=(r+0.3)/0.1

if (r>=0.3)and(r<0.9) then x=(r+0.6)/0.15
1f r>=0.9 then x=(r-0.4)/0.05

end sub

PaccMoTpuM TMONy4YeHUE aneopumma umMumayuu 8pemeHu OXAadHCOeHUs NAUm
Ha OCHOBe MeTona oOpaTHbIX (yHKuMi. COINIacHO MOCTaHOBKE 3aJadyd, MOXKHO
CUMTaTh, YTO OTa BEJIWYMHA paclpeiesieHa MO HKCIOHEHIUAIbHOMY 3aKOHYy C
MaTeMaTH4YeCKUM OkujaaHueM (cpenHum 3HadeHueMm) 30 muH. DopMyna MIOTHOCTH



pacnpeeneHus INIE: CIIy4alHOU BEJIMYMHBI, pacupeneeHHOU o
AKCIIOHEHIIMAJIbHOMY 3aKOHY, U3BECTHA U3 TEOPUU BEPOATHOCTEM:

0, x<0;

Ke_M, x>0,

f(x)= (3.6)

rae A — mapaMmerp pacnpenenenusi; A=1/X, rne X - Maremaruueckoe OXUAaHHUE
(cpenHee 3HaUCHUE) SKCIIOHEHITUAIBHON CITy4ailHOW BEJTUYUHBI.

Taxum oOpaszom, B nanHoM nipumepe A=1/30.
CnyvailHass BeNWYMHA, PACHPENEIICHHAs 10 SKCIIOHEHIHAIBHOMY 3aKOHY,
MOKET MPUHUMATD (TEOPETUUYECKHU ) TH0ObIE HEOTPUIIATENbHBIE 3HAYCH U
ITo dhopmyne (I13.1) Haitnem BoipaxeHue s QYHKIIUU pacripeeieHus
AKCIIOHEHIIMAJIBbHON CIIy4YaiiHON BEJIMYUHBI:

X
e Ha uHTepBae x < 0: dex =0;

—00
0 X

e Ha mHTEepBase x > 0: dex + J'ﬂe_’bcdx —l-e
—00 0

Takum o0pasom, GyHKUMS —pacnpefesieHds] HSKCIOHEHIMATbHOM cily4yaiiHOM
BEJINYMHBI UMEET CIIECTYIOIINNA BU:
0, x<0;

l—e_M, x>0.

F(x)= (3.7)

3anuceiBaeM ypaBHeHue F(X)=R:
1-e ™ =R.

N3 ypaBuenus F(X)=R Bbipaxkaem X, T.e. HaxoquM (opmyny (aJroput™) s
HMHUTALHMH IKCIIOHEHIHUAIBHON CJOYyYaHHON BeJIMYNHBI X:

X:-%ma—Ry (3.8)

Tak xak BenuuuHa 1-R, kak u R, nipeacrasisetr coboit CPPY, nns umutanuu
AKCIIOHEHILIMAJIbHOM CIIy4YalHOM BEJIWYMHBI MOXHO HCHOJIB30BaTh CJEIYIOLIYIO

hopmyy:

1
X=-—IR. 3.9
) 3.9)

Tak kak A=1/ X , 5Ty opMyily MOKHO 3aIHCaTh HO-APYTOMY:
X=-XhR. (3.10)

Jlnst manHOTO MpUMepa hopMmyIia Jjisi UMUTALIMK BPEMEHU OXJIaXICHUS TITUTHI
Oyner umeTh cieayromuit Buma: X=-30-In R.



BpInoJIHUM OHO HCHBITAHHWE MOJYYEHHOTro ajropurMma. llycTe paseirpano
sHauenue CPPY R=0,0795. Torma X=-30-In 0,0795 =75,96. Takum oOpa3om, B
JAHHOM MUCIIBITAHUM CMOJEJIIMPOBAHO 3HAYCHUE BPEMEHHU OXJIAXKICHUSA IUINUTHI,
paBHoe 75,96 MuH.

IIpuBenem [IPOIPAMMHYIO peanu3anuio ajnropuTma VMUTALUU
AKCHOHEHIMAIBHOM CIy4YailHOW BEJIMYMHBI B BUJE MTOAIPOrpaMMBbI Ha sA3bike VBA.
sub expon(xsred,x)
r=rnd
=-xsred*log(r)
end sub

3necek xsred — cpenHee 3HAUECHHWE UMHUTHUPYEMOM CIlydyalHOW BEIWYUHBI. OJTa
BEJIMYMHA JI0JDKHA 3a7aBaThCs IIPU BBI30BE MOANPOrpaMMbl. il JTaHHOTLO mpuMmepa
3Ty MOANPOrpaMMy CIEAYET BbI3BIBATH U3 OCHOBHOM NPOTPAMMBL CHEAYIOLIUM
OIepaToOpPOM:

call expon(30,x)

[IpuBeaeHHYI0 MOANPOrpaMMY MOXHO HMCIOJIb30BaTh ISl UMUTALUU JIIOOOH
CIIy4ailHOW BEJMYMHBI, pacHpe/leICHHOM MO SKCIOHECHIMAIBHOMY 3aKOHY (a He
TOJIbKO BPEMEHHM OXJIAXKICHUS IUIMTHl B paccMarpuBaeMoM mnpumepe). s sToro
JOCTaTOYHO 3aJlaTh 3HAYEHUE TIEpeMEHHOW xsred, paBHOE MAaTeMaTHYECKOMY
0XXUJAHUIO UMUTUPYEMOW BEITUYUHBI.

Takum oOpa3om, aIrOpuTMbl JJif ~HUMHUTAIlMA  CIyYallHBIX  BEJIMYMH,
UCIIOIB3YeMbIX B mpumepe 3.2, moaydeHsl. VX npumeHeHwe OyAeT MOKa3aHO B
npumepe 3.6.

[IpuBenem (06e3 BBIBOJA) aNTOPUTMbl MMUTAIMM HEKOTOPHIX HEMPEPBIBHBIX
CIy4YalHBIX BEJIIMYMH, YacTO MNPHUMEHAEMBIX B 3a/JadyaxX MOJEIUPOBAHUA. OTH
AJTOPUTMBI TaK)K€ MOTYT OBITh MOJIYYECHBI HA OCHOBE METO/1a OOpaTHBIX (PYHKITUH.

PaBHOMepHOe pacnpeiesieHue:

X=a+(b-a)R, (3.11)
r€ a U b — rpaHulbl JUana3oHa BO3MOXHBIX 3HaYE€HUU PABHOMEPHOM CllydailHOM
BEJINYUHBI.

Pacnpenesienue Jpiaanra k-ro nopsjka:

1k
X=-—YR;. 3.12

r7ie A — apameTp pacrpeaesieHuUs.

Cnenyer o0paTuTh BHUMAaHHE, 4YTO JJIS HMMHUTAIMU KaXJIOTO 3HAYCHHS
CIIy4ailHOW BETUYMHBI, PACIPEACICHHOM MO 3aKOHYy OpjaHra k-ro mopsaka,
TpeOyeTcsl UCIoNIb30BaTh HE 0J1HO, a k CPPY.

TpeyrosbHoe pacnpesejieHue:

Y a++R(b-a)c-a), 0<R<(c—a)/(b-a); G.13)
b—JA-R)b-a)b—c), (c—a)/(b—a)<R<],




rie a u b — rpaHullbl JUana3oHa BO3MOXKHBIX 3HAUEHHMU TpPEeyroiabHOM ciydaiHOU
BEJINYUHBI;
¢ — MOJAa TpPEeYyrojibHOM Ciy4yalHON BeNWYMHBI (T.€. TOYKA MaKCHUMyMa
IJIOTHOCTH paclpeiesIeHUst 3TON BEJIMYUHBDI).

3.2.2. MeToa NCKNOYEHUSA

DTOT METOI MPUMEHSICTCS JUISl UMUATAIIMA HENPEPHIBHBIX CIYYalHBIX BEJTUYHH,
NPUHUMAIOUIMX 3HA4YCHHs] B HEKOTOPOM OrpaHMYEHHOM auanazone (a; b). s
NPUMEHEHUSI METOoJa JIOJDKHAa OBITh HM3BECTHA IUIOTHOCTH — pacIpeIe/ICHUS
HEMPEPBIBHON ClIydyallHOW BeMWYMHBI f(X), a TakkKe MaKCHUMaJbHOE 3HAYCHHC
TUTOTHOCTH PACIIPENCTCHHS fiax-

MeToa UCKITIOYCHHS OCHOBBIBACTCS Ha CIIEAYIONIEM YTBEPKACHHH (Teopema
Heiimana): ecnu B3a1h aBa CPPY R| 1 R, U ¢ UX MOMOUIBIO TOJIYYUTh ClIy4ailHbIe
yucina R'=a+ (b - a)Ry 1 R"= frax'Ry, TO, ecin BeInonHseTcs yeaosue R"< f(R'),
ciydaiiHoe ynciio X= R'vuMeer 3alaHHyI0 TUIOTHOCTh pacipemeneHus f(x).

ANTOpUTM HWMHUTALIMA HEMPEPHIBHON CIydalHOW BEJIMYMHBI C ITOMOIIBIO
METO/1a UCKITFOUCHUS PeaTu3yeTCs B CIEAYIOMIEM TOPSIKE.

1. PaswirpeiBatorcst 1sa CPPY: Ry u R».

2. Boruncisrores aBa ciaydaiubix yncna: R’ =a +(b - a)Ri v R"=fax'Ro.

3. IIposepsercs ycaosue: R"< f{R'). Ecnm 3T0 ycloBHE BBIIOIHSIETCS, TO
OmnpeeseTcs 3HaUeHHEe UMUTHPYEMOM Cilydaiifoi senuunnsl: X=R'. Eciu yciosue
R"<A{R") He BBIIONHAECTCS, TO IPOUCXOAUT BO3BPAT K miary 1.

Ipumep 3.3. Ncnons3ys MeToa MCKIIOYEHUS, sl ipuMepa 3.2 pa3paboTaTh
aJTOPUTM UMHTAIIUU BPEMEHHU BHECCHUS IOOABOK.

Bpemss BHeceHust 1100aBOK = MOXET COCTaBIsATH OT 3 g0 12 MUHYT.
MakcuManbHOe 3Ha4YeHUE TIJIOTHOCTH pachpelesieHus u3BecTHO; oHO paBHO 0,15.
Taxkum 00pazom, Il UIMHTAMU BPEMEHU BHECEHHS J00ABOK MOXKHO HCIIOJIb30BaTh

aJTOPUTM, IPUBEICHHBIN B, IPU a=3, b=12, f,.,=0,15.

[IpuBenem ABa UCTIBITAHUS AITOPUTMA.

llepsoe ucnvimanue. PaszpirpbiBatorcsi aa CPPY. IlycTe pa3birpaHbl
R;=0,0795, R»=0,3780. Torma R'=3+(12-3)-0,0795=3,7155, R"=0,15-0,3780 =
0,0567. Berauciaum f{ R"): £(3,7155)=0,1. Ycnosue R"< f{ R") BuimonHsercs. 3Hauurt,
OIpPeAENsSeTCs 3HaYeHUE MMUTHPYEMOH ClTydaiHoi Bennuuubl: X=R'=3,7155. Takum
o0pa3oM, B JaHHOM HCIBITAHUM CMOJEIMPOBAHO 3HAYEHHE BPEMEHU BHECEHUS
n106aBoK, paBHoe 3,7155 muH.

Bmopoe ucnvimanue. PazpirpeiBatorcss nBa CPPY. Ilycte passirpaHbl
R;=0,0593, R,=0,7602. Torma R'=3+(12-3):0,0593=3,5337, R"=0,15-0,7602=
=0,11403. Beruucoum f{ R'): f(3,5337)=0,1. Ycnosue R"< f{R') He BbIIOIHIETCS.
Takum o00pa3om, B JaHHOM WCIBITAHUU 3HAYECHHWE HMMUTHUPYEMOH CIydaiHOM
BEJINYMHBI HE MTOITYUYEHO.

[IpuBenemM mpoOrpaMMHYI peaau3aluio alropuTMa HMUTAUAA BPEMEHHU
BHECEHHUS J100aBOK B BUJIE OANPOrpaMMbl Ha si3bike VBA.

Sub iskl()
nach: rl = Rnd: r2 = Rnd



rls=3+9*rl: r2s=0.15%2

If (r1s >=3) And (rls <= 6) Then fr = 0.1
If (r1s > 6) And (r1s <= 10) Then fr = 0.15
If (r1s > 10) And (r1s <= 12) Then fr = 0.05
Ifr2s <= fr Then x =rls Else GoTo nach

CJICIIyeT O6paTI/ITB BHUMAHHC, 4YTO MPUMCHCHHC MCTOAAd MCKIIOYCHHA
BO3MOXHO HE€ BCCraa. HaHpHMep, 9THUM MCTOAOM HCIIB3d BOCIIOJNIB30BATHCA OJIA
HMHUTalluU cnyqaﬁﬂoﬁ BCIINYHNHBI, paCHpCHCHCHHOﬁ 1O 3KCIMIOHCHIUAJIbHOMY 3daKOHY,
TaK KaK TaKas BCJIMYHMHA MOXCT IIPUHHUMATH JII00BIE HCOTPHUIATCIBHLIC 3HAYCHUS, A
MCTOA HCKIIOUCHUA MOKCT MNMPUMCHATBHCA TOJIBKO JII HWMHUTAIIUKW BCJIIMYHH,
MNMPUHUMAIOMIHUX 3HAYCHUS B HCKOTOPOM OZcpaHUYE€HHOM JUAIIA30HC.

3.2.3. AMuTauma rayccoBCKOro pacnpepaerneHus

CrnyuaiiHasi BeIMUMHA UMEET rayCCOBCKOE (HOPMAJILHOE) paclpeesieHue, eciiu
€€ IJIOTHOCTb PacIpeeNICHUs 3a1a€TCsl CIEAYIOLIUM BbIPAXKEHUEM

(x — m)*

, (3.14)
202

exp| —

1
T= o

I m - MaTeMaTHYeCKOe OXKMJIaHWE TayCCOBCKOW CIy4yalHON BEJIMYMHBI, a G - €€
CpellHee KBaJApaTUYECKOe OTKJIOHEHUE (CTaHAAPTHOE OTKIIOHEHHE).

["ayccoBckas cinydaiiHas BeJIMYMHA TEOPETUUYECKHM MOKET NMPUHUMATh JII0ObIe
3HaueHus: (0T -0 A0 +o0). OpHako ¢ BepoATHOcThIO 0,997 Takas BenMYMHA
MPUHUMAET 3HaYEHUs B [uamnaszone (m-3c; m+3G); 3T0 CBOMCTBO MOTYyYMII0 Ha3BAHUE
“npaBuna Tpex curm". IlosToMy rayccoBckas ciaydailHass BEJIMYMHA MOXKET
MCIIOJIb30BAThCS ISl UMUTALMU JI000il BETUYHHBI, O KOTOPOH H3BECTHO, YTO OHA
OOBIYHO IPUHUMAET 3HAYEHUS, OJIU3KKE K HEKOTOPOMY CpPEIHEMY 3HAUCHUIO.

Hcnonb3oBanue merona oOpaTHbIX (GYHKUMNA [JIs1 UMUTALUMU TayCCOBCKOM
CIIy4ailHOW BEJIWYHMHBI 3aTPYIHEHO, TaK Kak JJIs TAaKOW BEJIMYHUHBI HEBO3MOXKHO
3anmucarb  QopMyny  (YHKIMM pacrpeieieHus: MHTerpail oOT  IUJIOTHOCTHU
pactipenencHus (3.14) - HebepyIuiics.

AJTOPUTM UMUTAIIUM TayCCOBCKOM CIIy4aiHOW BEJIMYMHBI BBIBEJEH HA OCHOBE
CJIEIYIOIIETO - yTBEPKJAEHUS, JOKa3bIBAEMOr0 METOAaMU TEOPUU BEPOSITHOCTEM:
cymma k& CPPY R (mpu noctatoyHo OOJBIIOM k) UMEET pachupeneneHue, 0Ju3Koe K
rayCCOBCKOMY, C MAaTeMaTHYECKUM OXXHMJIaHWEM k/2 W CTaHAAPTHBIM OTKJIOHEHHEM
~Jk/12. 13 3TOor0o yTBEpXkKACHUS MOXET OBbITh BbIBEJCHA cieayromas dhopmyna s
MMUTAIMU TayCCOBCKOM CIydailHOW BEJIMYMHBI C MATEMATHUYECKUM OXKHUJIAHUEM M U
CTaHAAPTHBIM OTKJIIOHEHUEM G

ko k

12

rze k - KOJIM4ecTBO UCIONb3yeMbIX npu umutanuu CPPY.

Yem Oomnpmie CPPYU R cymmmupyercst (dueM OoJbIle k), TeM BBIIIE TOYHOCTh
HMUTAIMK, T.€. TeM OJIbKe pacupeneieHue BeauduHbl X K TayCCOBCKOMY



pacnpeneneHuto. [ IpakTHYECKUX 3a/1ad JTOCTATOYHAS TOYHOCTH JTOCTHTaeTCs MPH
k=6. B aToMm ciiydae ¢opmyiy (3.15) MOKHO 3amucarth B CJICAYIOIIEM BUIE:

6
X=m+0o~2| YR;-3]|. (3.16)
i=1

Kak BunHo, mpu ucnosibzoBaHuu Gopmyinsl (3.16) I UMHUTALMHU KAHCOO20
3HAUEHHUsI TayCCOBCKOM CilyyallHON BeIWYMHBI TpeOyeTcs pas3bIrpbIBATh wWechb

CPPY R.

IIpuBeneM nporpaMMHYIO peain3aluio alropuTMa UMUTALMU TayCCOBCKON
cly4yaliHOM BeIM4UHBI 110 hopmyiie (3.16).
Sub gauss(m, sigma, x)
k=6 :rsum=0
Fori=1Tok
r=Rnd
rsum=rsum +r
Next 1
x=m+ sigma * Sqr(12 /k) * (rsum - k / 2)
End Sub
3nech MepeMeHHas m — MaTeMaTH4YecKoe OKHUAaHue (CpelHee 3HaueHUE)
UMUTUPYEMOW CIydyalHOM BEJIMYMHBI, Sigma — €€ CTaHJapTHOE OTKIOHEHHE.
ITpuMepbl UCITONB30BAHUS ATOM MOANPOrPaMMBI IPUBEAEHBI B IToApas3n.3.3.

Jnd u“MHATAaUMM  TayCCOBCKOM  CIYYAaWHOM  BEJIMYMHBI MOXKET  TaKXKeE
NPUMEHATBCA METOJ HUCKIOYEHHs. B KaudecTBe nuama3oHa 3HAYEHUH CIy4YalHOU
BEJIMYMHBI B ATOM Clly4ae HCMOJIb3yeTCsl auana3zoH (m-3c; m+30), Tak Kak, 10
MpaBUJly “Tpex CUIM’~, MOYTH BCE 3HAYECHUS TayCCOBCKOW CIIyYallHOW BEJIMYHHBI
MOMaJarnT B ATOT AUANA30H. MaKCUMaIbHOE 3HAYEHHUE IUIOTHOCTHU PAaCIpPEAEICHUS

(3.14) cnenyromee: f . = 1/ (G\/ 2r ) Takum 06pazom, AJisE UMUTAIIMHN TayCCOBCKOM

CIIy4aifHOW BEJIMYMHBI MOJKET HCIIOJIb30BATHCS AJITOPHTM, NMPUBEICHHBIN B 11.3.2.2,
npu a=m-36, b==m+3c, f . = 1/ (G\/ 2 )

3.2.4. lpoBepKa anropuTMOB UMUTALIUM CNyYaUHbIX BENMUYUH

IIpoBepka anroputMa MMUTALMU CIY4alHOW BEJIMYUHBI COCTOUT B IIPOBEPKE
COOTBETCTBHS BEJIWYMH, IIOJIy4ae€MbIX IIPU MCIIOJIB30BAHUU DSTOrO aJITrOpPUTMA,
3aIaHHOMY 3aKOHY PAacIpenesIeHUs. MOAEIUPYyEeMON BeMunHbl. Eciu pacnpeneinenue
BEIMYMH, IOJy4aeMbIX IPU HCIOJIB30BAHUM aIrOpUTMa HMUTALUU, OJU3KO K
3aJJaHHOMY 3aKOHY pacIpelesieHusi, TO MOKHO CYUTaTh, YTO AJTOPUTM UMHUTALUU
IIPaBUJIbHBIN.

PaccmoTpuMm n1Ba cmoco0a NpPOBEPKH AJTOPUTMOB HMUTALUUA CIyYalHBIX
BEJINYMH: C IOMOIIBIO THCTOTPAMMBI U HA OCHOBE KPUTEPHS “XU-KBaApaT .

Ilposepka anzopummoe umumayuu Ha OCHOBE ZUCMOZPAMMDbL

['ucrorpamma pacmpeneneHuss Tmpenactasiser cobOoit rpaduk (B BUIE
CTOJIOMKOB), OTPaKAIOMINI YacTOTy MoNagaHuil cllydailHOW BETUYMHBI B pa3IUYHbIC
MHTEPBAJIBl 3HAYECHU. [ IcTOrpaMmMa CTPOUTCS B CIENYIOIIEM MOPSJIKE.



1. HaxoasiTcs TrpaHWibl AWana3oHa BO3MOXXHBIX 3HAUYCHUN  CIy4alHOU
BEJIMYMHBL: Xpnin, Xmax- ECIM 3TH TpaHULBl TOYHO HE M3BECTHBI, TO OHHU 3aJaI0TCS
MPUOJIMKEHHO Y MOTYT OBITh CKOPPEKTUPOBAHBI IO pe3yJibTaTaM MOICITUPOBAHUS.

2. JInana3oH 3HaYE€HUM MOJACIHPYEMOW BEIWYMHBI pa3OuBaeTcs Ha Kk
uHTepBaioB. KonnuecTBo MHTEPBAJIOB k& 00BIUHO cocTaBisgeT oT 5 1o 25. OHo, Kak
MPaBUJIO, MOJOUPAETCS TaKUM 00pa3oM, 4ToOb! JuinHA UHTEepBaTA d=(Xmax-Xmin)/k, @
TaKKe TPaHUIIbl MHTEPBAJIOB MPEACTABISLIM CO00M “ymoOHBIE” uucia (Harmpumep,
1eJIbIe).

3. BeinosiHsieTcst 60JIbIIOe KOJIUYECTBO (71) UCIIBITAHUNA aJropuT™Ma UMUTAIIMH.
I[Ipy >TOM MOJCYUTHIBAOTCS YAaCTOThl MONAJAHWM HWMUTUPYEMOU CIyYaWHOMU
BEJIMYMHBI B KQXKIBIA U3 UHTEPBAIIOB: m;, i=1,....,k, mi+my+...+m;=n.

4. BbIYUCIISIIOTCSL  OTHOCUTEINIBHBIE  YacCTOThl  MOMAJaHUNA  UMHUTUPYEMOM
CIIy4yallHOW BEJIMYMHBI B KQXJbIM U3 UHTEPBANIOB: fi= m;/(n-d), i=1,...,k.

Cama rucrorpamMma CTPOMUTCS CIEIYIOIMMM O0pa3oM: TO OCH abcIuce
OTKJIaIBIBAIOTCSI MHTEPBAJIBI 3HAUYCHUM CITy4ailHOM BEeUUYMHBL (3aaHHBIC Ha I1are 2),
Y Ha KaXXJIOM UHTEPBaJe CTPOUTCS CTOJIOUK (TPSIMOYTOJIBHUK) BBICOTOMH f;.

Ecam anroputM uMuTalMM CIydaifHOM BEJMYMHBI pa3paOOTaH MPaBUILHO, TO
TUCTOTpaMMa JIOJDKHA OBITh ONM3Ka K 2paguxy WIOMHOCMU pacnpeoeieHus.
MMUTUPYEMOU CIIyYaWHOW BEJIUYHUHBI.

Ilpumep 3.4. TpeOyercss NPOBEPUTH  AITOPUTMBI HMUTALUU CIyYaHHBIX
BEJIMYWH, pa3paboTaHHbIE B MpuMepe 3.2, UCHOJIb3Ys TUCTOTPAMMBI.

BpinosiHMM mpoBepKy aJropuTMa HMUTALMM BPeMEeHH BHeCeHHs 100aBOK.
Ota ciyyaiiHas BeJIMYMHA 3ajlaHa TJIOTHOCTBIO pacrlpeseneHus, rpad@uk KoTopoi
npuBenieH Ha puc.3.1. Bpems BHeceHus 100aBOK MOXKET MPUHUMAThH 3HAYCHUS OT 3
10 12 MuHyT; TakuM 00pa3zoM, Xnin=3, Xmax=12. PazoObem 3TOT nuama3zoH Ha k=9
uHtepBaiios: (3; 4), (4; 5),...,(11; 12). Inuna untepBana d=1.

[IpuBenem nmporpammy Ha si3bike VBA 17151 MOydeHHs JaHHBIX, HEOOXOIUMBIX
JUISL TIOCTPOEHHUS THUCTOIpaMMbl. B 93TOl mporpaMme BBIMOJTHSAETCS OOJBIIOE
koinuectBo (1000) ucnbITaHMid aNropuTMa UMHUTALIMM BPEMEHU BHECEHHS J00aBOK,
nonydyeHHoro B 1m.3.2.1 (moamporpamma vnesdob). IloacuuThiBaroTCs YacTOTHI
MOMNAIaHUN  UMUTUPYEMOUN BEIWYMHBI B KaXIblil W3 WHTEPBAJIOB U BBIYUCISIOTCS
OTHOCHUTEJIbHBIE YacTOThL. [ paHuIIbBI HMHTEPBAJIOB 33/laHbl B MaccuBe gran. YacToTsl
MOMNAIaHUM B MHTEPBaJIbl MOJICUUTHIBAIOTCS B MaccuBe m. OTHOCUTEIbHBIE YaCTOThI
BBIYHCIIAIOTCS B MaccuBe f.
Sub primer33  1()
Dim gran(1 To 10), f(1 To 10), m(1 To 10)
gran(1) = 3: gran(2) = 4: gran(3) = 5: gran(4) = 6: gran(5) = 7: gran(6) = 8
gran(7) = 9: gran(8) = 10: gran(9) = 11: gran(10) = 12
k=9:n=1000:d=1
Fori=1Ton
call vnesdob(x)
Forj=1Tok
If (x > gran(j)) And (x <= gran(j + 1)) Then m(j) = m(j) + 1
Next j
Next i

MsgBox (“Hactotsr”)
Fori=1Tok



MsgBox (Str(gran(i)) + "-" + Str(gran(i + 1)) +": " + Str(m(i)))

Next i
MsgBox (“OTHocuTeNnbHbIE YaCTOTHI )
Fori=1Tok

f(i) = m(i) / (n * d)

MsgBox (Str(gran(i)) + "-" + Str(gran(i + 1)) + ": " + Str(Round(f(i),3)))
Next i

End Sub

Sub vnesdob(x)

r=Rnd

if r<0.3 then x=(r+0.3)/0.1

if (r>=0.3)and(r<0.9) then x=(r+0.6)/0.15
if r>=0.9 then x=(r-0.4)/0.05

End Sub

Pe3ynbpTaThl BHINOIHEHUS IPOTPaMMbl TpUBEEHBI B Ta0.3.1.

Tabmnma 3.1

Virepsan | actora, m; OTHOCHUTEIbHAS UHmMe pe Yactota m; OTHOCHUTEIbHAS
4acToTa, f; an 4acToTa, f;
3-4 93 0,093 8-9 137 0,137
4-5 90 0,09 9-10 140 0,140
5-6 113 0,113 10-11 38 0,038
6-—7 175 0,175 11-12 53 0,053
7-8 161 0,161

Ha pwuc.3.2,a npuBeneHa TUCTOIpaMMa, TMOCTPOCHHAs MO 3HAYCHUSIM
OTHOCHUTEJIBHBIX YacTOT. BUIIHO, 4TO THCTOrpamMMma Oym3ka K rpaduky IJIOTHOCTH
pacnpeneneHuss HWMHUTUPYEMOW BEJIMYMHBI, MNpUBEACHHOMY Ha puc.3.1. Takum
o0pa3oM, MOXHO TpeAroJiarath, YTO ajJrOpUTM HMHUTALMU TpaBUIbHBINA. bonee
CcTporas MpoBepKa ajlropuTMa (C HMCIOJb30BAaHUEM KpUTEpHUS ‘‘XH-KBajpatr’) OyneT
paccMOTpEHA HUKE.

AHaJIOTUYHO BBIMOJHMM MPOBEPKY aJropuT™Ma HMHUTALUM BpeMeHH
oXJaxJAeHMsl  IUIATHI.  OJTa  ciydailHas  BeJIMYMHA  paclpejiesieHa 10
OKCTIOHCHIIMATBHOMY 3aKOHY ¢ MaTeMaThdeckuMm oxuaanueM 30  MuH.
OKCNOHEHNUAJIbHAS ~ClydaiiHash BeJIMYMHA MOXKET NPUHUMATh (TEOPETUUYECKH)
mo0ble HEOTpULaTelbHble 3HaueHUs. [loaToMy TOUHO 3amaTh ISl HEE BEPXHIOIO
rpaHuly (Xmax) HEBO3MOXKHO. [lombiTaemcsi HCHOJIB30BaTh B KAadeCTBE BEPXHEH

rpanuiel 3HaueHue 120. Takum oOpazoM, Xpin=0, Xmnax=120. Pa3obsem »sTOT
nuaria3od Ha k=12 wunTtepBanos: (0; 10), (10; 20),...,(110; 120). Jnuna uHTEepBaia
d=10.

BHecemM HEOOXOOWMBIE UW3MEHECHHS B IPOrpaMMy JUIS  TOCTPOCHHSI
TUCTOTpaMMbL. MMuTaIus BpeMEHHM OXJIXIACHHUS IUIUTHI OYIET BBIOIHATHCSA C
MOMOIIBIO MTOATPOTPaMMBI €Xpon, MpuBeAeHHOW B 1.3.2.1. ['paHMIIBI MHTEPBAIOB
3a/1at0TCsA B MaccuBe gran. TpeOyeTcs TakyKe WU3MEHUTh MepeMeHHbIE & (KOJTMYECTBO
WHTEpBaJIOB) U d (niuHa uHTEepBasia). Kpome Toro, Tak kak BepxHss rpanuia (120)
3a/1aHa PUOJIMKEHHO, CIEyeT MPEeIyCMOTPETh MOJACYET 3HAUCHUH, TPEBBIIIAIOITAX
ATy TPaHUILy; JJIsl ’TOTO UCIIONIb3YyeTCs nmepeMeHHast zaverhgran.

Sub primer33_2()




Dim gran(1 To 13), f(1 To 13), m(1 To 13)

gran(1) = 0: gran(2) = 10: gran(3) = 20: gran(4) = 30: gran(5) = 40: gran(6) = 50 : gran(7) = 60
gran(8) = 70: gran(9) = 80: gran(10) = 90: gran(11) = 100: gran(12) = 110 : gran(13) = 120

k=12:n=1000:d =10
Fori=1Ton
Call expon(30, x)

Forj=1Tok

If (x > gran(j)) And (x <= gran(j + 1)) Then m(j) = m(j) + 1
Next j

If (x > gran(k+1)) Then zaverhgran= zaverhgran + 1

Next i

MsgBox (“HacToTb!”)

Fori=1Tok

MsgBox (Str(gran(1)) + "-" + Str(gran(i + 1)) +": " + Str(m(1)))
Next i

MsgBox (“OTHOocHTeNbHbIE YaCTOTHI )

Fori=1Tok

f(1i)=m(1) / (n * d)

MsgBox (Str(gran(i)) + "-" + Str(gran(i + 1)) +": " + Str(Round(f{1),4)))
Next I

MsgBox (“IlpeBsimaroT BepXHIOO TpaHuily: ~+Str(zaverhgran))
End Sub

Sub expon(xsred, x)

r=Rnd
x = -xsred * Log(r)
End Sub
Pe3ynbTarhl BEINOIHEHUS TPOTPaMMBbl IIpUBEACHBI B Ta01.3.2.
Tabmuna 3.2
O
Virepsan | actora, m; THOCHTENBHAA | |4 ma Pe | actora, m; OTtHocurenbHas
4acTora, f; an 4acToTa, f;
0-10 285 0,0285 70 - 80 30 0,0030
10 —-20 192 0,0192 80 -90 27 0,0027
20-30 149 0,0149 90 — 100 13 0,0013
30-40 108 0,0108 100-110 9 0,0009
40— 50 88 0,0088 110 - 120 2 0,0002
50-60 55 0,0055 Bbonee 120 13 -
60— 70 29 0,0029

Kak BuiHO, MOYTH BCE 3HAUCHUS, MIOITYYEHHBIE IPH MOJEIUPOBAHNH, NonaaatoT B auanasoH (0; 120); 3a npenenamu
9TOro Auamna3oHa OKa3ajoch TONbKO 13 3HaueHuit. [Io3TOMy MOKHO HCIIONB30BATh MONYUYEHHBIE Pe3YIbTaThl IS

MOCTPOCHHUS THCTOrpaMMBI (puc.3.2,0).

[pumeuanue. Ecnu ObI KOJIMUECTBO 3HAYCHUM, BHIXOIAIINX 3a YKa3aHHBIA TUATIA30H (Xpins Xinax)s
0Ka3aJIoch OOJIBIIMM, TO MOTPEOOBAIOCH ObI PACIIMPUTH 3TOT JUANa30H (B JaHHOM CiIydae —

YBEITUYUTH BEPXHIOIO TPAHUILY).

I'ucrorpamma mpuBenena Ha puc.3.2,6. BumHo, yto oHa Onm3ka K Trpaduky
IUIOTHOCTHA PACHPENCIICHUsS SKCIOHEHUHUATbHOW CIYy4YalhHOU BEJIMYUHBL. TakuMm
0o0pa3oM, MOXKHO Mpearoyiararb, 4ro aJirOPUTM HMHTAIUU BPEMEHU OXJIAXKICHUS

IINIMTBI TAKXKC HpaBHJIBHBIﬁ.




[Ipumeuanue. OCHOBHOE HA3HAYECHHE TUCTOTPAMMBI PAaCIpEIeTICHUSI COCTOUT HE B MPOBEPKE
MPaBUIBHOCTH HMHTAlMH CIy4ailHOM BEJIMYMHBI, @ B HArJISJHOM MPEACTaBICHUM 3HAYCHHI
CIIy4alHOM BEJIMYMHBI U YACTOT UX MOSIBIICHUSL.
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Puc.3.2. I'uctorpammsl 1151 IPOBEPKU AITOPUTMOB UMUTALUH, [IOJIYYEHHBIX B IpUMepe 3.2:
a) IJIsi BPEMEHU BHECEHUS JO00ABOK; 0) I BPeMECHH OXJIAXKICHUS TTATHI.

Ilposepka ancopummoe umumayuu Ha 0CHoge Kpumepusa “xu-keaopam”

Kpurepnii "xu-xBagpat" (Xz) npeacTaBisieT coO0OW OJAMH M3 METOJI0B
MaTeMaTH4eCKOM CTaTUCTUKHU. OJIHA U3 BO3MOYKHOCTEW €ro MPUMEHEHHS] COCTOUT B
cinenytomem. [lycteh umeercs HaOoOp 3HAYECHUW HEKOTOPOUM CIydallHOW BEIUYUHBI.
Kpurepunii "xu-kBagpat" mo3BoisieT MPOBEPUTH THIOTE3y O TOM, YTO CllyyalHas
BEJIMYMHA, JUIsI KOTOPOM TMOJY4YEeH ATOT Habop, pachpeiesieHa MO HEKOTOPOMY
KOHKpETHOMY 3akoHy. Takum oOpazom, Kputepuil "Xu-KBaapat" MO3BOJIAET
IIPOBEPUTH, COOTBETCTBYIOT JIM 3HAUYECHUS CIyYalHOW BEIUYUHBI, IOJYYEHHBIE B XOJIE
MMUTAIMU, TOMY 3aKOHY pacupeieJeHus, KOTOpbIi TpeOoBanoch UMUTUPOBATH.

[Ipumeuanue. "Xu-kBazgpar" - 3TO Ha3BaHUE OJHOTO U3 pacHpeesieHUN HenpepbhIBHBIX
CITyJaifHBIX BEJIMYUH, UCIIOIB3YEMOTO MIPH MPOBEPKE N0 JAHHOMY KPUTEPHIO.

ITpoBepka COOTBETCTBUSA CIIy4YalHOW BETMUYMHBI 33ITAHHOMY 3aKOHY
pacnpeiesieHus. Ha OCHOBE KPUTEPHUS “XU-KBAApaT BBIMOIHACTCS B CIEAYIOLIEM
MOPSIJIKE.

1. OnpenensieTcss auana3oH 3HAYEHUW cilydailHOM BeTUYUHBI (Xpin; Xmax)-
OTOT auarna3oH pa30uBaeTCs HAa k WHTEPBAJIOB M TOJCUUTHIBACTCS KOJIUYECTBO
MOMaJaHU UMHUTHUPYEMOW CIIyYaWHOW BEJIIMYMHBI B KaXKIBIM W3 3TUX WHTEPBAIOB
(dactoThl m;, i=1,...,k). CM. airoput™ nocTpoeHus rTuctorpammsl (1.3.2.4), maru 1-3.

2. Ilo 3amaHHOMY 3aKOHY pacHpeaeIeHUs] UMUTUPYEMOM CIIy4ailHON BEJIMYMHBI
BBIUUCIIAIOTCS  meopemu4eckue BEPOATHOCTH €€ TIONaJaHusi B KaXIbld U3
uHTepBaNOB: P;, i=1,....,k. JI;a 3TOr0 MOXET UCIOJB30BaThCs, Hanpumep, Gopmyna
(I13.4) wnm (I13.5).

3. Boluucnsiercs 3HaueHue KpuTepus “Xxu-kBaapar’” 1no ¢popmyse

2

k
x2=2—nm; —n, (3.17)
i=1""r



IJI€ /1 - KOJMYECTBO 3HAYCHU N CITydyaiiHON BETMYHMHBI (KOJUYECTBO UCTIHITAHU).
4. Tlo TabnuuaM pacnpenenaeHus “Xu-kBaapatr” ONpeeseTcs KBAaHTUIb 3TOTO
2
pacnpenencHus yq - 31ech o - YpOBEHb 3HAUMMOCTH. BenuuuHa o, Kak mpaBuiio,

3amaeTcs m3 auamnaszoHa oT 0,01 go 0,1. YUem MeHbIIEH 3a7aeTcsd BEIWYHHA O, TEM
Oosee crporoi sBisieTcsi mpoBepka. OObIYHO wHcmoJb3yeTcss 3HaueHue o=0,05.
Benmuunna s — uyuciao creneHedl cBOOOABI pacmpeiesieHus ‘‘Xu-kBajapar’ . ITa
BEJIMYMHA OIpeeseTcs CIeayomuM oopazoM: s=k-1.

2 o
KBanTunp ZOC,S MOKHO TaKXK€ HaHWTHU C IIOMOIIBIO Ta0IUYHOTO mponeccopa

Excel, ucnone3ys ¢pyuakimo XM20BP ¢ aprymentamu BepoaTHocTb — a, CTeneHun
cBoboabl — s.

2
5. 3HauCHUE KPUTEPHs “XH-KBAJpaT  CPaBHUBACTCS C KBAHTHIEM X, . Ecin

2 2 - .
X <ZOC,S9 TO MOXHO YTBCPKIOAaTb, 4YTO 3HAYCHUA CIIYHAHWHOH = BCIIMYHNHEI,

IMOJTYUYCHHBIC nmpu MOACIMPOBAHUHN, COOTBCTCTBYIOT 3aJ1aHHOMY 3dKOHY
pacipcaciicCHus. B »Tom ciIydyac MOXHO CUUTATb, 4YTO aAJITOPUTM HMHUTAIIUU

. 2 2
NpaBuibHbIA. Ecnu  yenoBue y“ <y, ¢ HE BBINIOJHSIETCS, 3TO O3HAYAET, YTO

SHA4YCHUS, IIOJYYCHHBLIC IIpH MOACIUPOBAHUH, CYIICCTBECHHO OTKIOHAIOTCA OT
3aIaHHOT'O 3daKOHaA pPacCIIpCacCICHUA. 9TO MOXKET YKa3bIBaAThH Ha OI_HI/I6Ky B aJITOPHUTMC
HMHUTaUU.

Ipumep 3.5. TpeOyeTcss nNpoBEpUTH AITOPUTMBI HMHUTALMHU CIyYalHBIX
BEJIMYMH, pa3paboTaHHbIE B TpuMepe 3.2, UCTIONB3Ys KPUTEPHM “Xu-KBajapat .

BBITOJIHUM TIPOBEpPKY aJIFOPATMA HMMHTAIIMM BPEMEHH BHECEHHUS J00aBOK.
Yacrorel m; momydeHel paHee (cMm. Tab6m.3.1). Hcmonme3ys  IIIOTHOCTH
pacrtipenenenus (3.3) wm dyHkuo pacnpenenenust (3.4), ykazanneie B 1.3.2.1,
HalJeM TEOPETHYCCKUE BEPOSTHOCTU IIOIMAJaHUs BPEMEHU BHECEHHUs JT00aBOK B
untepBaibl (3;4), (4;95),...,(11; 12). Hnsa sroro Bocmosb3dyemcs dopmynoi (113.4)
wmu (I13.5). Hanpumep, ucnons3ys popmyny (I13.5), BeposTHOCTh momagaHusi B
uHTepBai (3; 4) MOXKHO HAWTH TaK:

4
P = [0,1dx=0,1.

3
AHaJOTHYHO BBIYHUCIISIOTCS OCTAIBHBIEC BEPOSTHOCTH P>, ...,Py. OHM puBeneHbI B Ta0I. 3.3.
TaOmuma 3.3
WNurepBan | 3 -4 4-5 5-6 67 7-8 8-9 9-10 | 10—-11 | 11-12
B
CPOATHO |1 0,1 0,1 | 015 | 0,15 | 015 | 0,15 | 005 | 0,05
CTh, P;

Haiinem 3nauenue kputepus “xu-kBaapat’ 1o ¢opmyne (3.17):
» 932 90° 532

= + +..+—

1000-0,1 1000-0,1 1000 - 0,05

o 2
Haiimem KBaHTWIIb pacmpelefeHusl “XU-KBAAPAT Yo ¢ 3alaJUM YPOBCHb

X -1000=13,01.

3HaunMocTH 0=0,05. Yucno creneneid cBOOOIbI ONpEEsIeTCs CIEeIYIOIIUM 00pa3oM:




s=k-1=9-1=8. KBanTuiap Z(%,OS;S MOKHO HaWTH W3 TaOaul pacnpeiesieHus ‘‘Xu-

KBaJpaTr’ WIA C TOMOIIbI0 TabiauuHoro mpoieccopa Excel, ucnonb3ys (yHKIHIO
XWN20BP ¢ aprymentamu BepoaTtHocTb — 0,05, CTeneHn ceoboabl — 8. B nanHoM

npuMepe %§,S=;¢02,05;8=15,507. Tak xak ;(2<)(02[’S, MOXHO YTBEDPKIaTh, YTO

CIIy4aiiHbIe BEJIWYHMHBI, TOJydaeMble C ITOMOIIBbIO AJTOPUTMa UMHUTAIMA BPEMEHU
BHECEHHUsI J100aBOK (M BBIYUCIISIEMbIE C TIOMOIIBIO MOJNporpaMmel  vnesdob),
COOTBETCTBYIOT IUIOTHOCTH pacnpeneneaus (3.3). Takum o0pa3oM, anroputm
UMUTAIIM BPEMEHU BHECCHHS T00AaBOK MOYKHO MTPU3HATH MPaBUILHBIM.

BBITIOJIHUM TPOBEPKY aJrOpUTMa MMHUTAIIUUA BPEMEHU OXJIAXICHHS ITUTHTHI.
YacTotsl m; npuBeaeHsl B Ta01.3.2. Mcnonb3ys mIoTHOCTE pactpeaeiacuus (3.6) wiu
byHkmo pacnpenenenus (3.7), HalieM TEOPETUYECKHE BEPOSATHOCTH IOTMAaHUs
BpeMEHHM oOxXJaxaeHuss 1iuTthl B uHTepBaisl (0; 10), (10;20),...,(110; 120).
Hanpumep, BeposiTHocTh nonaganus B unrepsai (0; 10) MoxxHO HaliTH 1o Gopmyiie
(I13.5) cnenyrommm 06pa3om:

10 1
P=]—e 30 dx=0,283.
5 30

AHaIOrn4HO BBIYUCIAIOTCS OCTAIbHEIC BCPOATHOCTHU: Pz,. . .,Plz. Oun IMPUBCACHBI

B Ta0. 3.4.
Tabmuma 3.4

Wntepan| 0- | 10- | 20— | 30- | 40-- 50- | 60— | 70- | 80- | 90- | 100- | 110-
10 20 30 40 50 60 70 80 90 100 | 110 | 120

Beposrno
0,283 | 0,203 | 0,146 | 0,104 | 0,075 | 0,054 | 0,038 | 0,027 | 0,020 | 0,014 | 0,010 | 0,007

CTh, P;

Haiinem 3nauenue kputepus “xu-kBajapat” no Gopmysne (3.17):
» 2857 192° 2?

= + +...+ —1000 =4,778.
1000-0,283  1000-0,203 1000 - 0,0007

X

Halinem kBaHTUIB pacnpenerncHus “Xu-KBaapar : )(02[’ ¢= )((%’05;11=19,675. Tax

2 2 o
KaKk Yy <ZOC,S’ MOXHO YTBCPKOATb, YTO CIYYAdHUHBIC BCIIMYHNHBI, IMOJYYdCMBIC C

IIOMOLIBIO AJITOPUTMAa HMMHUTAIIMH BPEMCHH OXJIAXKIACHHA ILIIUT (I/I BBIYUCIIACMBIC C
IMOMOIIBIO MOAITPOrpaAMMBI CXpOl'l), COOTBCTCTBYIOT INIOTHOCTH PACIIPCACICHUA (36)
Takum 06pa30M, AJT'OpUTM HMMHUTAIIMH BPCMCHHU OXJIAKIACHUA IUIUT TAKXKEC MOKHO
IIPHU3HATDL IPAaBUJIbLHBIM.

ITocne IMPOBCPKNU AJITOPUTMOB HMHUTAIUMU OHHU MOTYT IMPUMCHATHCA IOJIA
peHICHUS MPAKTUYICCKUX 3a/1aY aHaJIN3a U OIITUMU3ALUH 00BEKTOB MOACIIMPOBAHMUA.

3.3. Mpumepsl pelieHUsa 3agay Ha OCHoBe
anropMTMoB UMUTALIMU CITyYaWHbIX BENUYUH

IIpumep 3.6. [lo nanapiM npumepa 3.2 TpeOyeTcs pa3paboTaTh aJrOPUTM H
nporpaMMy [Jis MMHTAlMM TIpollecca MPOM3BOJACTBA IUIACTMACCOBBIX  IIJIUT.
Onpenenuts cpeHee BpeMsi U3TOTOBICHUS OJTHOM TUIUTHI.




[Ipu pa3paboTke Mozaenu OyaeM CUHMTaTh, YTO BPEMs WM3TOTOBJICHHS ILIUTHI
CKJIaJBIBACTCS M3 JABYX CIYYalHBIX BEJIMYMH: BPEMCHH BHECEHUS J0OABOK M BPEMEHU
OXJIQXKJICHUS TTUTHI B (hopme.

[TpuBeaeM aNropuT™M UMHUTAIMH IPOU3BOJICTBA TIIHT.

3. BeinosiHsieTCst UMHUTAIMs BPEMEHU BHECEHHS J00aBOK (fyyec). s aTOTO
ucrnonb3yercs ¢popmyna (3.5).

4. BhINoNHsAETCSI UMUTALMS BPEMEHHU OXJIXKICHHS IUIUTHL B GopMe (foxnann):
OKCIIOHEHITMATbHAS ClydaliHas BEJIMYMHA CO CpeaHMM 3HadeHueM 30 muH. [[1s aToro
ucnonssyercs popmyina (3.10) mpu X =30.

5. Onpenensiercss BpeMsi U3TOTOBICHUS TUIUTHL: 1= fyyec T Loxnas-

[MMaru 1-3 moBTOpsAtOTCA MHOrOoKpatHo (Hampumep, 100 000 pa3).
Omnpenensercs cpeaHee BPeMs BBITYCKAa 00HOU TUIATHI: OTHOIICHHUE CYMMblL 8peMeHU
8bINYCKA BCEX NAUM K KOJUYeCcma)y dTHX TUTUT (T.€. K KOJMYECTBY UCITBITAHHM).

PaccMoTprM OJTHO MICTIBITAHHE aATOPUTMa UMHUTAITHH.

BrinonHsieTcst uMuTanus BpeMeHU BHeceHusi A00aBok 1o (opmyne (3.5).
[TycTe pasbirpano R=0,0795. Toraa ftgyec=(0,0795+0,3)/0,1=3,795 muH.

BrinonHsieTcs uMuTaIMsg BPEMEHHM OXJIaXKJAeHHUs IUUTHI TIo dopmyne (3.10).
ITycth passirpano R=0,3780. Toraa toxpaus=-30:1n(0,3780)=29,186 muH.

Takum 00pa3oM, B JTaHHOM HCIBITAHHH CMOJETUPOBAHO BPEMs M3TOTOBIICHHUS
IUTUTHI 1=3,795+29,186=32,981 mun.

[IpuBenem mporpammy Ha s3blke VBA, peanu3yromyr alropuTM UMHUTALUU
ITPOU3BOJCTBA IUIHT.

Sub primer36()

'HMI/ITaHI/Iﬂ BBIITYCKaA IJIaCTMACCOBLIX IIJIUT

n= 100000

tzs = 30

Fori=1Ton

t=0

Call vnesdob(tvnes) ‘MImutanus BHeCeHUs 100aBOK
t=1t+tvnes

Call expon(tzs, tohlazd)  ‘UmwuTamnms oxmaxaeHus

t =t + tohlazd

tsum = tsum +.t

Next 1

tsred = tsum/ n

MsgBox ("Cpennee Bpems usrotosnenus mmThl " + Str(Round(tsred,2)))
End Sub

Sub vnesdob(x)

r=Rnd

Ifr<0.3 Thenx=(r+0.3)/0.1

If (r>=0.3) And (r <0.9) Then x = (r + 0.6) / 0.15
Ifr>=0.9 Thenx=(r-0.4)/0.05

End Sub

Sub expon(xsred, x)
r=Rnd

x = -xsred * Log(r)
End Sub



CpeL[Hee BpCMA HU3IOTOBJICHU A IIJIMTBI, IMMOJIYUYCHHOC I10 pe3yiibTaTaM
MOACIMPOBAHUA, COCTABIISICT OKOJIO 37 MUHYT.

Ipumep 3.7. B pemMoHTHON cnyx0€ NMpEeanpHUsATHs BBINOJHAETCS Halajaka U
PEMOHT HEKOTOPBIX MpUOOpoB. Kaxaplii mpubop cocTouT u3 nsatu cxeM. Kaxnas us
CXEM MOXET OKaszaTbCsi HeucnpaBHOM c BeposiTHOCThiO 0,1 (T.e. B 10% ciydaes).
Hananka u peMOHT npr0opa BKIIIOYAET CIIeAYIOUIME ONepallin:

- OCMOTp: OT 2 10 5 MUH Ha KaXIYIO CXEMY;

-3aM€Ha HEUCIIPAaBHBIX CXEM: BpPEMs 3aMEHbl OJIHOW CXEMbI - TayCCOBCKas
ClIyyaiiHas BEJIMYMHA CO CPEAHUM 3HAUYEHHMEM 5 MHUH U CTaHAApPTHBIM
OTKJIOHEHHUEM | MMH;

-Hanagka. Eciu B mpubope He nmoTpeboBanach 3aMeHa CXEM, TO BBITIOJHAETCS
MeJIKas HallaJKa; ecyid Oblia 3aMEeHEeHa XOTs Obl 0JHa cXeMa, TO HeoOXoAuMa MoJTHas
Hatagka. BpeMs Halagku MOKHO CUMTATh CIYYaMHOW BEJIIMYMHOM, PACHPENCICHHON
[0 SKCIOHEHUHUAJIBHOMY 3aKOHy. Menkas Hanaaka 3aHuMaeT B cpenHem 10 MuH,
nojHas — 15 MuH.

TpebGyetcst pa3paboraTh aqropuT™M M NOPOrpaMMy HMHUTAIMU HaJaAKd MU
peMoHTa TpubOpoB Ha ocHOoBe Merona Monrte-Kapno. Omnpegenuts: a) cpeaHee
BpeMsl HAJIaJIKH ¥ PEMOHTa OJHOTO MpuOopa; 0) MpOILIEHT cllydaeB, Korja Tpedyercs
MOJIHAS HaNlaJKa; B) CPEAHEE KOJMYECTBO CXEM, 3aMEHSAEMBIX B OJJHOM MPUOOpE.

[Ipu pazpabotke monenu OyleM CUYUTATh, YTO BpeMsl HaJaJKd U PEMOHTA
npudopa CKIaAbIBAETCSA U3 HECKOJIBKUX CIYYaWHBIX BEJIMUKH: BPEMEHH OCMOTpa BCEX
CXEM, BPEMEHHU 3aMEHbl HEUCIIPAaBHBIX CXeM (ECIM TaKhe CXEMbl €CTh), BPEMEHU
HaJaJKu mpudopa.

[IpuBeaem anroput™M UMHUTALMK MpoOIiecca HAIAKK U pEMOHTa MpUOOPOB.

1. BoimonHsieTcss uMuUTalMs OCMOTpa MATH cXeM mpubopa. Bpems ocmotpa
KaXKJI0M CXEMBI - cllydaiiHasi BeJTMYMHA, paclipe/ielieHHas 110 PABHOMEPHOMY 3aKOHY B
uHTepBasie (2; 5). Jnga uMuTalMu Takod BeTWYUHBI HCHoJb3yeTcs: ¢opmyna (3.11),
npu a=2, b=5. Kpome TOro, uMutupyercs pe3yJbTaT OCMOTpa (HCHpaBHOE WIU
HEUCNpaBHOE COCTOsTHUE ¢xembl). [yt aToro paswsirpeiBaetcst CPPY R; ecnu R<O0,1,
TO cXeMa HEHCHpaBHa, B MPOTUBHOM ciyyae — HcrnpaBHa. [leficTBUs »TOro mara
MOBTOPSAIOTCS ST Pa3 (151 KAKI0M CXeMBbl).

2. Ecnu na mare 1 Oblma cMOJETMpPOBaHA HEHUCIPABHOCTH XOTS Obl OJHOM
CXEMBbI, TO BBITIOJIHSETCS 1Iar 3, B MPOTUBHOM cllydae — 1ar 4.

3. BoimosiHsieTcs:T WMHTAIMs  3aMEHbl HEHCHpaBHbIX cxeM. Jlias astoro
UMUTUPYETCS TayCCOBCKas cilyyaiiHas BeiauduHa 1o gopmysie (3.16) npu m=5, o=1.
JIeliCTBUS 3TOTO 11ara MOBTOPSIIOTCA CTONBKO pa3, CKOJBKO HEUCIIPABHBIX CXEM ObLIO
CMOJICIMPOBAHO Ha mmare 1.

4. BeimonHseTcsT MMUTalMs Hamajaku npubopa. s 3TOro ucmoisb3yercs
dopmyna (3.10) mpu X =10, eciu Ha mare 1 He GBUIO CMOJETHUPOBAHO HU OIHOM
HEMCHpaBHOM cxeMmbl, mmu X =15, ecu Ha mare 1 Gblia CMOJAETMPOBAHA XOTS ObI
OJIHa HEUCIIpaBHas CXeMa.

5. Boruncnsiercst BpeMsl HalaJKd W pPEMOHTa Mpubopa: cymMma 3HAYEHUU
BPEMEHH, CMOJIEIMPOBAHHBIX Ha marax 1,3.4.

[Maru 1-5 mnoBTOpsAtOTCA MHOroKpatHo (Hampumep, 100 000 pa3).
BbruncnsioTcss BENWYMHBI, KOTOpbIE TpeOyeTcss OmpelneauTh MO0 pe3yibTaTaM



MoaenupoBaHusi. Cpednee e6pems Hanaoku u peMOHmMA O0O0HO20 Npubopa
omnpejensieTcss Kak OTHOIIEHHE CYMMbI BpeMEHH HajlaJKu U PEMOHTA BCeX MPUOOpPOB
K KOJMYECTBY ATUX MPUOOPOB (T.€. K KOJIMYECTBY UCHBITaHUM). [Ipoyenm crnyuaes
NOJHOU HANAOKU BBIYHUCISAETCS KaK OTHOIIEHHWE KOJMYECTBA CIydaeB IOJTHOU
HaJaJKud K KoJudecTBY ucnbiTanuil (ymHoxkeHHoe Ha 100). Cpeodnee ronuuecmgo
cxem, 3AMEHAeMblX 8 O0OHOM npubope, ONpeNeNseTcs KaK OTHOIIEHHE OOIIEero
KOJIMYECTBA HEHCIIPABHBIX CXEM K KOJMYECTBY HCIIBITAHHIA.

IIpuBenem mporpammy Ha s3blke VBA, peanusyromlyr0 aJlropuTM UMHTALUU
HaJaJKd U peMOHTa IprOOpPOB.

Sub primer37()

¢ UmuTanms HaJaiku ¥ peMOHTa MPUOOPOB

n = 100000

tpoln = 15: tmelk = 10

Fori=1Ton

kolneispl =0:t=0

Forj=1To 5

Call ravn(2, 5, tosm) ‘MIMuTanust o0cMOTpa Bcex cxem mpubopa

t =1+ tosm

r=Rnd

Ifr <0.1 Then kolneispl = kolneispl + 1  ‘[loacder kosm4ecTBa HEUCTIPABHBIX CXEM B pubOpe
Next j

kolneisp = kolneisp + kolneispl ‘Iloacuer konuuecTBa HEHMCIPABHBIX CXEM BO BCeX MpHOOpax
If kolneispl > 0 Then ‘IIpoBepka: ecTh 14 B IpUOOpE HEUCIPABHBIE CXEMBbI
Forj=1 To kolneispl ‘UmuTanus 3aMEeHbl HEUCITPABHBIX CXEM

Call gauss(5, 1, tzam)

t=t+ tzam

Next j

Call expon(tpoln, tnal) ‘IMuTanus mMOJTHOM HAJIAIKU

t=t+ tnal

kolpn = kolpn + 1

Else

Call expon(tmelk, tnal) ‘Umutaniis METKOM HalaIKu

t=t+ tnal

End If

tsum = tsum +t

Next 1

tsred = tsum/ n

ppn = (kolpn /n) * 100

kolzamsred = kolneisp / n

MsgBox ("Cpennee Bpemst Hamaaku U peMoHTa nmpudopa: " + Str(Round(tsred,2)))
MsgBox ("IIporenT cnyyaeB nonHoi Hanagaku: " + Str(Round(ppn,2)))

MsgBox ("Cpennee KoIn4ecTBO 3aMEHAEMBIX cxeM Ha ofuH npuodop: "+Str(Round(kolzamsred,2)))
End Sub

Sub ravn(a, b, x)
r=Rnd
x=a+(b-a)*r
End Sub

Sub expon(xsred, x)
r=Rnd

x = -xsred * Log(r)
End Sub



Sub gauss(m, sigma, x)
k=6
Fori=1Tok
r =Rnd: rsum = rsum + r
Next 1
x =m+ sigma * Sqr(12 /k) * (rsum - k / 2)
End Sub
37aech MOANpOrpaMMma ravn peaju3yeT alfrOPUTM HMUTAIMHA PABHOMEPHOM
ciyvaitHoi BenuuuHsl (hopmyna (3.11)).
Pe3ynbpTarhl MOJEIMPOBAHUS CIEAYIOIIME: CPEIHEE BPEMSI PEMOHTa — OKOJIO
32,07 MuH, TPOLIEHT ciaydaeB nojdHoW Hanagku — 40,79%, cpegHee KOJIMYECTBO
3aMEHSAEMBIX CXEM B 0JJHOM Tipudope — 0,5.

IIpumep 3.8. Hekotopele u3aenuss U3roTaBIMBaIOTCS NMYTEM HAJTOKEHUS ABYX
rmactuH. HoMuHanpHasi ToNKMHA MEPBOW IMIACTUHBI — 6 MM, BTOopor — 4 mm. Tak
KaK B ITPOU3BOJICTBEHHOM IIpoliecce HEM30€KHbI OTKIOHEHUS, (PAKTUUECKH TOJIIMHA
MEpPBOM IJIACTUHBI MPEACTABISIET COOOM TayCCOBCKYIO CIyYaWHYH0 BEJIMYHUHY CO
CpPEIHUM 3HAUYECHHEM 6 MM M cTaHAApTHBIM OTKJIOHEHHEM (0,2 MM. TonmmuHa BTOpOH
IJJACTUHBI — TAK)KE€ FayCCOBCKAas ClIydaliHasl BEJIMYMHA CO CPEAHUM 3HAUYCHUEM 4 MM
U cTaHaapTHeIM OTKJIOHEeHHEM 0,1 mm. ['oTOBOE HM31enaMe cUMTaeTCs TOAHBIM, €CIIH
ero TOJIIMHA cocTaBisgeT ot 9,7 no 10,3 mm.

Tpebyetcs pa3paboTaTh aITOPUTM U NMPOrpaMMy MMUTALUU BBIITyCKA M3JENUN Ha
ocHoBe Metoga MonTe-Kapio. OnpenenuTs ¢peaHIO TONINHY TOTOBOTO U3EIUS U
BEPOSTHOCTH BBIITYCKa TOJJHOTO U3ENHS.

[IpuBeneM ainropuT™M UMHUTAIIMU MPOHECCa U3TOTOBJICHUS U3ICIIHIA.

1. BeimosiHsieTcss MMHTaIMs TONIMMHBI MepBOM T1uiacTuHbl (X). s storo
HMUTHPYETCS TayCCOBCKas clydaiHas BenuunHa mno Qopmyne (3.16) npu m=6,
6=0,2.

2. BeimosiHsIeTC MMHUTAUUs TOJIIUHBI BTOPOM TuiacTuHbl (X3). s aToro
UMUTUPYETCS TayCCOBCKas ciyyaiiHas BenuuuHa no dopmyne (3.16) nmpu m=4,
o=0,1.

3. OnpenenseTcs: ToauMHa unenus: X=X;+Xs.

4. Eciu 9,7<X<10,3, To uznenue rogHoe, B IPOTUBHOM ClIydae — OpaKOBaHHOE.

[Marn 1-4 mnoBTOpsAOTCA  MHOrOokKpatHo (Hampumep, 100 000 pa3).
BoluncnstoTess  BEIMYMHBI, KOTOpbIE TpeOyeTcss OmpeAesuTh 10 pe3yjbTaTaMm
MoaenupoBaHusi. Cpeouss moawuna 20mogoco u3oeauss ONpPEeAeseTcs Kak
OTHOILEHKWE CYMMBbI 3HAYEHUM TOJIIUHBI BCEX U3JEIUNA K KOJUYECTBY ATUX W3ACITUN
(T.6. K KOJHMYECTBY HCIBITaHUN). BeposmHocmb 6vlnycka 200H020 U30eUs.
BBIYUCIIAETCA KaK OTHOIIEHHME KOJIMYECTBA TOAHBIX W3AEIUNA K KOJHUYECTBY
HCIIBITAaHU M.

[IpuBenem mporpamMmmy Ha s3bike VBA, peanusymoliyr aaroputM HMHTAIUU
M3TOTOBJICHUS U3/ICIIHIA.
Sub primer38()
¢ UMuTanusi U3roTOBJICHUS U3JIETTUNA U3 ABYX IUIACTUH
n= 100000

Fori=1Ton
Call gauss(6, 0.2, x1) '"MMuTanus TOMIIMHBI IEPBOH TUTACTHHBI



Call gauss(4, 0.1, x2) '"MmuTanust TOMIMIUHBI BTOPOU TIJIACTUHBI

x=x1+x2 ‘OnpeneneHne TOIIIUHBI H3ICIHsI

If (x>=9.7) And (x<=10.3) Then kolgodn=kolgodn+1 ‘Mmuranus npoBepku uzaenus
Xsum=xsum-+x

Next 1

xsred = xsum/ n

pgodn = kolgodn / n

MsgBox ("Cpennsst Tomuna uznenus: " + Str(Round(xsred,2)))

MsgBox ("BepositHocTh Bbinycka rojgHoro usgenus: " + Str(Round(pgodn,4)))

End Sub

Sub gauss(m, sigma, x)
k=6
Fori=1Tok
r=Rnd: rsum =rsum +r
Next 1
x=m+ sigma * Sqr(12 /k) * (rsum - k / 2)
End Sub
Pe3ynbTaTel MOIENUPOBAHUS CIEAYIOIIME: CPEAHSSA TOJIIMHA W3ACHUA —
npuMepHo 10 MM, BEpOATHOCTH BbIITycKa rogHoro uzaenus — 0,82.

IIpumep 3.9. B aBTOMaTH3MpOBaHHOW CUCTEME YIIPABICHUS TEXHOJIOTMYECKUM
MPOLIECCOM TEPENAI0TCs CUTHANIBI OT MPOU3BOACTBEHHOT0 00OpyAoBaHUs (0OBEKTa
yIpaBJICHUS) K YIPaBISIONIEMY KOMIBIOTEPY. [IUTeAbHOCTh mMepenadyud CurHaia -
Clly4aiiHasi BeJIMYMHA, paclpeesieHHasl M0 SKCIOHEHIMAIbHOMY 3aKOHY CO CPEIHUM
3HaueHneM 5 Mc. B kanane cBsi3M BO3MOXKHBI ToMexu. HMHTepBanbl MexAy
MOMEHTaMH  TOM€X -  CJIydYailHble -~ BEJIUYMHBI,  paclpelleieHHbIe  TI0
HKCIIOHEHIIMaTbHOMY 3akoHy. Ilomexu Bo3HuKaioT B cpenHeM 20 pa3 B CEKYHIY.
Ecnu BO Bpems mepelnayu cUrHajia BO3HHMKAeT XOTd Obl OJHA MOMeXa, TO CUTHAJ
HCKa)KaeTcs.

Tpebyetcst pazpaborarh aIrOpuUTM M MPOTpaMMy UMHTALMM TMEepeayd CUTHAJIOB
Ha ocHOBe Metoaa Mourte-Kapino. Onpenenuts BEpOSTHOCTh NEpeiayu CUTHaNa 0e3
HACKAXKEHUM.

Tax kak wunmepeéanvi 6pemeHu MEXAY TOMEXaMH MPEACTABIAIOT COOOi
HKCIIOHEHIMATbHBIC CIIy4ailHble BEJIMYMUHBI, KOAUYEeCMm80 TIOMEX 3a HEKOTOPBIH
MHTEPBAJI BPEMEHH  MIPEACTABISIET CO0O0M CilyyallHyr0 BETMUYUHY, pacipe/iesIeHHYIO
M0 MyaCCOHOBCKOMY 3aKOHY ¢ mapameTpoM A=Af, rae A — MHTEHCUBHOCThH MOTOKa
nomex. B mannoMm npumepe A=20 nomex/c, wiu 0,02 momexu/mc.

[TpuBenem anropuT™ UMHUTALIMK MpOIEcca NIEpeladyu CUTHAIIOB.

l. BeimoninsieTcss umuTanus BpeMeHU Tniepenauu curHana (¢). us atoro
pasbIrphIBaCTCSl SKCIOHEHIMANbHASA clly4aiiHas BenuuuHa 1o ¢opmyne (3.10) npu
X =5.

2. Pa3pIrpeiBaeTcsi KOJIMUECTBO NIOMeX (m) 3a Bpems mepenayu curuana f. Jns
ATOTO UCIOIB3YETCS AJTOPUTM HMUTAIMU IMyaCCOHOBCKOM CIy4ailHOM BETWYHWHBI,
npuBeAeHHBIN B moapasa. 3.1, mpu A=0,02z.

3. Ecnmu m=0 (3a Bpems mepenayu cuUrHajga He ObLIO HM OJHOW MOMEXH), TO
CUTHaJI HE UCKAXKEH.

[MMaru 1-3 moBTOpsAtOTCA MHOrOKpatHo (Hampumep, 100 000 pa3).
Breruncnsiercst BepOsSTHOCTh Mepelaud CUTHaia 0€3 HCKaXEHUHM KaK OTHOIICHHE



KOJIMYECTBA CHUTHAJIOB, MEpeJaHHbIX 0e3 HCKaxeHUi, K OoOIleMy KOJIHYECTBY
CMOJIETMPOBAHHBIX CUTHAJIOB (KOJIMYECTBY UCIIBITAHUM).

[IpuBenem mporpammy Ha si3blke VBA, peanu3yronlyro aJlroputM UMUTALMHU
repesayu CUrHaJIOB.

Sub primer 39()

* Umutauus nepenaun curiainos B ACYTII

n = 100000

tsred =5 : intens = 0.02

Fori=1Ton

Call expon(tsred,t) ‘MMuranus BpeMeHU Nepelauu CUrHaia

|I=intens*t ‘BplunciieHre TapaMeTpa MMyacCOHOBCKOTO paclpeIesICHUS

Call puasson(l, m)  ‘Po3sIrpslim kKoaMYecTBa IOMEX 3a BpeMsl TIepeladil CUTHAJIA

If m=0 then kolnorm=kolnorm+1 ‘Ecnu nomex He Obl10, TO CUTHAJ IlepeiaH 0e3 UCKaKEHU I
Next 1

pnorm = kolnorm / n

MsgBox ("Bepostaocts HOpManbHOM niepeaaun curnana: " + Str(Round(pnorm,4)))

End Sub

Sub expon(xsred, x)
r=Rnd

x = -xsred * Log(r)
End Sub

Sub puasson(l, m) ‘TloamporpamMma UMHUTAIIMK MTyaCCOHOBCKOM CITy4altHON BETUYMHBI
pO=exp(-1) ‘Ha OCHOBE AJITOPUTMA, MPUBEACHHOIO B oApasa. 3.1
g=1 : m=0
povtor:

r=Rnd

q=q*r

If @>=p0 Then

m=m-+1

Goto povtor

End If
End Sub

IIo pe3yiibTataM MOJACIHUPOBAHHA, BCPOATHOCTL IIE€pCAadrd CHUTHAlla oe3

HCKakeHu# coctasisier npumepHo 0,909.

IIpumep 3.10. IlpenmnpusTue BBIMYCKAET 3JIECKTPONPHUOOPHI, COCTOSIINE W3
gyeTbIpex 0JIokoB. [Ipubop mpomomkaer paboraTh, MOKa HCIpaBeH XOTsA OBl OJHMH
Osok. Bpems 6e30Tka3zHON pabOTHl Kaxaoro OJioka - CciydailHas BeJIMYMHA,
pacmpesieieHHas M0 AKCIOHEHIIMAJbHOMY 3aKOHY; CpelHee BpeMs Oe30TKa3HOM
paboThl 0710Ka — aBa roja. Cpok JAEHCTBUS rapaHTUX Ha MPUOOP - OJUH TO/I.

Tpebyercst pa3paboTaTh anTOPUTM U MPOTPAMMy UMHUTAIMU pabOTHI pudopa
Ha ocHOBe Merona MonTte-Kapno. Ompenenuth: a) cpeaHee Bpemsi 0€30TKa3HOU
paboTel mpubopa; ©) BEPOATHOCTH OE30TKa3HOM paboThl mpubopa B TEUCHHUE
rapaHTUMHOTO CpOKa.

[lpu paszpaboTke anropuT™Ma peIICHHs OSTOW 3a7add IMOJ BpPEMEHEM
0e30TKa3HOoi paboThl MpubOopa OyaeM MOHUMATh BPEMsl, B TEUEHUE KOTOPOT0 MpUoop
MpoJIoHKaeT padoTaTh (ake eclid HEKOTOphle W3 OJIOKOB, BXOJMSIIMX B COCTaB
npubopa, OTKa3ain).

[IpuBeneM anropuT™ UMHUTAUKA PabOTHI IpUOOpA.



1. Pa3pIrpeiBatoTCsl 3HAYCHUS BpPEMEHHM OC30TKAa3HOW pabOThl KaXKIOro U3
0JIOKOB (%51, b2, b3, trpa) — YETHIPE CIYYAWHBIX BEIMYHHBI, pacrpeeseHHbIE 10
OKCIIOHEHITUATLHOMY 3aKOHY, CO CPEIHUM 3HadeHHeM 2. J[Ji1 3TOro MCmojb3yeTrcs
dopmyna (3.10) mpu X =2.

2. Onpenensiercss BpeMs 0e30TKa3HOM paboOThI MpubOpa — MaKcUMalbHas U3
BCJIMYMH, pa3bIlPaHHBIX Ha mare 1 (Tak Kak mpuOOp MpoaonKaeT padoTaTh, MOKa

VICIIPABEH XOTs OBl OJIMH M3 OJIOKOB): f,,=max(typ1, trp2s brb3s Lrba)-
3.Ecmn t,>1 (T.e. He MeHee OAHOrO roja), TO NpuOOpP oOTpadoTal

rapaHTUUHBIN CPOK 0€3 OTKa3a.

[IMaru 1-3 mnoBTOpsroTcs MHOTOKpatHo (Hampumep, 100 000 pa3). Ilo
OKOHYaHWH WCTIBITAHUN BBIYUCIAIOTCS BEIUYHMHBI, KOTOPhIE TPeOyeTcs OMpeacinuTh
o pesynbTaTaM MojenupoBaHus. Cpednee epems Ge3omkasznou pabomsl npubopa
OTIpeIeTIsIeTCs KaK OTHOLIEHNE CYMMBbI 3HAUCHHI BpeMEHHU 0€30TKa3HOM paboThl BceX
pUOOpPOB (T.€. CyMMBI BEIUYHH #,,) K KOIMYECTBY DTUX NPUOOPOB. Beposmuocmo
bezomkasnol  pabomvl 6 meueHue 2ApAHMUUHO20 CPOKA BBIYHCISETCS Kak
OTHOIIIEHUE KOJIMYECTBA MPHUOOPOB, OTPaOOTABIINX TapaHTHIHBIN CpPOK 0e3 0TKa3a, K
o011eMy KOJIMYECTBY NPHOOPOB.

[IpuBenem nmporpammy Ha si3pike VBA, pean3yoonyo allrOpATM UMHUTAIIMH padOThI TPUOOPOB.

Sub primer310()

' Umutanust paboTsl IprOOPOB B TEUEHHUE TAPAHTUIHOIO CpOKa

Dim trb(1 To 4)

n= 100000

tsred =2

Fori=1Ton

Forj=1To 4

Call expon(tsred, trb(j)) ‘UmuTanus BpeMeHu 6e30TKa3HOM paboThl Osi0Ka

Next j

trp=20

Forj=1To 4 ‘Onpenenenue BpeMeHH padboTsl pudopa -

If trp < trb(j) Then trp = trb(j) ‘MaKCUMAaJIbHOTO U3 3HAUYEHUHN BpeMEeHU paboThl OJIOKOB
Next j

tsum = tsum + trp

If trp >= 1 Then bezotk = bezotk + 1 ‘Iloacuer npudopoB, 0TpabOTABIINX FrAPAHTUHHBIN CPOK
Next 1

trpsred = tsum / n

pbezotk = bezotk /n

MsgBox ("Cpennee Bpemst 6e30Tka3Hoi padboTel mpubopa: " + Str(Round(trpsred,2)))

MsgBox ("BeposiTHocTs 6e30TKa3HOI paboThl B TedeHne rapanTuitHoro cpoka: " + Str(Round(pbezotk,4)))

End Sub
Sub expon(xsred, x)
r=Rnd
x = -xsred * Log(r)
End Sub
[To pesynbraram MOACIUPOBAHUS CpEHEE BpeMsi OE30TKa3HOW paboThI
npubopa cocrapisieT mpumepHo 4,17 rona, a BepoSATHOCTh 0€30TKa3HON pabOTHI B
TE€YEHUE rapaHTUHHOrO cpoka - 0,9754.



MHTepBaanble OUEeHKN B UMUTAUMNOHHbLIX MogensXx

Benuuunsl, onpezensemMpie 0 pe3yibTaTaM UMUTAIIMOHHOTO MOJEIIUPOBAHUS,
HE MOryT ObITh aOCOMIOTHO TOYHBIMU. BBINOJHUB TOCHEI0BATEILHOCTh
UCIIBITAHUI UMUTAMOHHON Monenu (Hanpumep, 1000 wim 100 000 ucnbiTaHuil) U
MOJIYYMB 3HAYEHUS HUCCIIENYEMbIX BEJIMYMH (HApUMeEp, CPEIHIO MNpUObUIb OT
BHITyCKA M37eus X M BEPOATHOCTH BBHIMYCKA TOMHOTO H3eNus P), BakHO
MOHUMAaTh, YTO MO pe3yjibTaTaM Opyeol TMOCIEN0BAaTEIbHOCTH HCHBbITAHUN ObLIN
Obl MONy4YeHBbl Opyeue 3HAYEHUS O3TUX BeIW4yuH. 11 MOJIy4YeHUs ucmuHHO20
(aOCOIIOTHO TOYHOT0) 3HAYECHHSI MOTPEeOOBAIOCH OBl (TEOPETUUECKHU) OECKOHEeUHO
Oonbuioe KOMMYECTBO UCHbITaHUM. [loaToMy mpencTaBisitoT MHTEPEC OLIEHKH,
MOJIYYEHHbIE C 33JITaHHON TOYHOCTBIO, a TaK)K€ HHTEPBAIbHBIEC OI[CHKH.

KoHkpeTHble 3HaUeHUsI UCCIIENYEMbIX BEJIUYUH, TIOJYUYEHHbIE TI0 Pe3yibTaTaM
MMUTALMOHHOTO MOJIETMPOBAHUS, IPEICTABIAIOT CO00I TOUeUHbIe oleHKH. Bce
pe3yNbTaThl, IMOJYYEHHBIE B PACCMOTPEHHBIX BBIIIE MPUMEpPAX, SBISIOTCS
TOYEYHBIMU OLICHKaMHU.

[lon mounocmuio oueHKU OyneM NOHUMATh €€ OMKIOHEHUe Om UCMUHHO20
3HaueHuss UCCIIETyeMO BETUYUHBI (T.€. PA3HOCTh MEXIY MOJYyUYEHHON OLIEHKOW U
WCTUHHBIM 3HAYEHUEM), a TOJ| OMHOCUMENbHOU MOYHOCMbIO OLEHKU — TO XKe
OMKJIOHeHUe, BBIPAXKEHHOE 6 npoyermax (WIA B JOJAX) OT MAKCUMATbHO
603MOJKCHO20  OmKIOHeHus. bBynem o0003Ha4aTh TOYHOCTH Kak £g, a

OTHOCUTCIIbHYIO TOYHOCTh — KaK &g - (CMBICH 00OO3HaueHUs [ OyxeT mokasaH

Hwke). [lpu 3TOM BakKHO TOHUMATh, YTO HCTUHHOE 3HAYCHHE HCCIIEeTyeMOMn
BEJIMYMHBI HE MOXKET OBITh U3BECTHO TOUHO.

[Ipumeuanne. MakcuMaabHO BO3MOXKHOE OTKIIOHEHHE MOJYYEHHOH TOUYEYHOM
OLICHKM OT HMCTUHHOIO 3HAYEHUS HCCIIEIYEMOM BEJIMYHMHBI ONPENENAETCS IO0-
pa3HOMY B 3aBHCHMMOCTH OT TOTr0, KaKyl0 BEJIMYUHY TpeOyeTcsl ONpenesuTh IO
pe3yapTataM MojJenupoBaHus. Hampumep, MOKHO A0Ka3aTh, 4TO MAaKCUMAaJbHO
BO3MOXHO€ OTKJIOHEHUE MOUYeyHOU OYeHKU CpeoHe20 3HaueHus: WCCIeAyeMOoun
BEJIUYMHBI OT UCMUHHOSO 3HAYEHUs CPeOHe20 MOKHO CUUTATh PaBHBIM 3G, Ie G —
CTaHJApPTHOE « OTKJIOHEHWE JAHHOM BEJIMYMHBL. MaKCUMaJIBHO BO3MOXHOE
OTKJIOHEHHUE MOYEeUHOU OYEeHKU 8ePOSIMHOCU HEKOTOPOTO COOBITUS OT UCMUHHO2O
3HauyeHus YTOW BEPOATHOCTH PABHO €IUHHIIE.

B mnpaktuyeckux 3amadax OOBIYHO TpPeOyeTCsS IMOIyYeHHUE TAaKUX OIICHOK,
YTOOBl MX OMKIOHeHue OT WCTUHHOTO (TOYHO HE HW3BECTHOTO) 3HAYCHHS He
NpesblULaI0 HEKOMOPYIO NPEeOeibHYI0 GelUYUHRY ¢ 3a0aHHOU (JOCTATOYHO BBICOKOM )
8eposmMHOCMbI0. ITY BEPOSITHOCTh OyeM 0003HavYaTh Kak [3.

JUis pemieHus TakoW 3aJadyd HEOOXOAMMO 3alaTh TPeOyeMYI0 OTHOCUTEIBHYIO
TOYHOCTb OLCHKH, T.C. BEIHYUHY £p(, OOBIYHO BbIpaKaeMylo B IpOLEHTax. Kak

MpaBUiIo, TpeOyerTcs 3Ha4YeHHE &g HA ypoBHE 3-5%. Hampumep, eciu 3agaHa
OTHOCHTEJIbHAS TOYHOCTh &3)=5% U JIOBEPUTEIIbHAS BEPOATHOCTH B=0,995, sto

3HAYUT, YTO TpeOyeTcs MOJNYyYUTh OIEHKY, OTKIOHEHHE KOTOPOH OT UCTUHHOTO
3HAYEHUS UCCIEeAYeMON BENIMYMHBI ¢ BeposATHOCTHIO 0,995 Oyner cocTaBisiTh HE
6onee 5% OT MaKCUMaJIbHO BO3MOHOTO 3HaYEHUSI TAKOT'O OTKJIOHEHHUS.



Vkazan 3a1aHHYI0 OTHOCHUTCJIBbHYIO TOYHOCTL €& ﬁO U JOBCPUTCIIBHYIO

BEPOSITHOCTD [3, MOKHO OMNPENETUTh KOAUUEeCME0 UCNbIMAHUL, HEOOX0IUMOe IS
oOecrieueHusi 3aJaHHOW OTHOCHTENIbHOM TOYHOCTU. OUYEBHUIHO, YTO YEM BBIIIE
TpedyemMas TOUHOCTb, TeM OOJIbIIIE HEOOX0IUMOE KOTMYECTBO UCIIBITAHUIA.

Kak BHIHO U3 NMpUMEpOB, PACCMOTPEHHBIX B MPEABIAYIIUX IMOJpa3ieiiax, B
3a/layax MOJEIHUPOBaHUSL OOBIYHO TpeOyeTcs ONpeNessTh OLEHKU cpeoHe2o
3HAYeHUs HEKOTOPO BeTMUMHBI X WM 6epOSmMHOCMI HEKOTOPOTo COObITHS P.
MOXHO J10Ka3aTh, YTO KOJMYECTBO MCIBITAHUN 71, HEOOXOJUMOE ISl MOTYUYEHUS
TUX OIIEHOK C 3aJlaHHOM OTHOCHUTEIbHOW TOYHOCTBIO MPHU JOBEPUTEIHbHOMN
BeposiTHocTU =0,995, onpenensercs no cienyronum Gopmysam:

® ISl CPETHETO 3HAUCHUS:

_ 1 . 1
n= 5 (3.18)
& ﬂO
® ISl BEPOSITHOCTH:
B 2
n= 5 (3.19)
& ﬂO

I1e €pg() - 3a/laHHasi OTHOCHUTENbHAS TOYHOCTh OLICHKH.
BrInonHuB  HEOO0XOAUMOE KOJIMYECTBO ~HCTBITAHUN 7, MOXHO OIpPEIeTUTh
TOYHOCTb IOMYYCHHOM! OLCHKU &g C 3a/[AHHON J1OBEPHTEIIBHOI BEPOSITHOCTHIO .

Jliss cpeaHero 3HaYeHHsI TOYHOCTH OIICHKH OIPEACNICTCS 0 CICAyIomeh
bopmyie:
£p =38ﬁ0 ‘O (3.20)

3II€CB 0 — CTaHAApPTHOC OTKJIOHCHHNEC, BBIYUCIIICMOC 110 q)OpMYJ'IC

1 & =2
o= |— > (x=X)", (3.21)
n-1;5

rae Xx;, i=1,...,n — 3Ha4EHUs KCCIEAYEMON BEIWYMUHBI, TOJYYCHHbIC B KaXKJIOM U3 N
WCTIBITAHUN B X0J1€ UMUTAIMOHHOTO MOJEIUPOBAHUS;
X = cpenHee 3HaU€HUE, BBIUUCICHHOE 10 PE3YJIbTaTaM 7 UCIBITAaHUM.

st mporpaMMHOM peanuzanuu  Oosiee yaoOHa crepyromas Qopmyna s
BBIUMCIICHHUST CTAHIAPTHOTO OTKJIOHEHHS, KOTOPYIO MOXXHO BBIBECTH W3
dbopmynsl (3.21):

n

3 xf

n i=1 2. (3.22)
n-—1 n



J1Jisi BepOSITHOCTH TOYHOCTH OLIEHKHU ONpeJIeNseTcs Mo clieayomieit popmyie:

£p =28 Pa=p) (3.23)
n

Tac P — 3nauenue BCPOATHOCTH, BBIYUCIICHHOC 110 PC3yJIbTAaTaM 71 WCHBITAaHUM.

Kak mnoka3aHo B mnpuMepax BbIlI€, BEpPOSTHOCTb HEKOTOPOro coObiTHS P
BBIUMCIISIETCA IO pe3yibTaTaM HMHUTAIMOHHOIO MOJEIIMPOBAHUS KaK OTHOILIECHUE
KOJINYECTBA CJIy4aeB, Korjaa ObUIO CMOJEIMPOBAHO HACTYIUIEHUE ITOTO COOBITHS, K
o011eMy KOJIMYECTBY UCTIBITAHUM (7).

BBI4HCIINB TOYHOCTE &g, MOXKHO IONY4YHTh HHTCPBATIBHYIO OLEHKY HCCICAyeMOi

BenuurHbl. WHTepBajJbHAasi OLEHKA HEKOTOPOW BEJIMYMHBI —  3TO HUCIOBOU
UHTEpBAN, COAEpPXKAIIMN ucmuHHoe 3HAYEHHE OTOW BEIWYUHBI  C  3A0AHHOU
(oCTaTOYHO BBICOKOMW) 008epUmenbHoU eposiImHOCIbIO.

[lpumeuanne. BakHO TOHMMAaTh, YTO TIOCTPOSHUE HMHTEPBAJIBHOW OICHKH C
JOBEPUTEIBHON BEPOSTHOCTHIO, PABHOW E€IWHHIIEC, ~HEBO3MOXKHO: JJIsI ATOTO
TpeOyeTcsi OECKOHEUHOE KOJNYECTBO UCTIHITAHHM.

WuTepBanbHas OIEHKA [JIsi CPeAHero 3HAa4eHHsl OMPEACIseTCs CIeAYIOUUM
o0Opazom:

Xzteg, (3.24)

I1e &g - TOYHOCTH OLCHKH, HaifieHHas 110 popmyre (3.20).
HHaTepBanpHas OlleHKA AJs1 BEPOATHOCTH OIPEIETSETCs CIEAYIONIM 00pa3oM:
Pte B> (3.25)

I1e &g - TOYHOCTH OLCHKH, HaiiieHHast 110 popmyre (3.23).

Takum 06pa30M, HHTCPBAJIbHBIC OLOCHKH MOI'YT OBITh MMOJYUYCHBI C
HCIIOJIBb30BAHNEM UMUTAIUOHHOI'O MOJCIINPOBAHMA B CICAYIOIIEM ITOPAIKE.

1. 3azaeTcs TpeOyeMast OTHOCUTEIbHAS TOYHOCTh OLCHKH & 3.

2. Omnpenensiercs He0OX0IUMOE KOJIMYECTBO UCTbITaHUU 1 110 hopmyne (3.18)
uu (3.19).

3. BrinonHsieTcst n uCpITAHUNA UMATAIUOHHOW MOJIEIIHN.

4. [To pe3ynbpTaTaM UMUTAIMOHHOTO MOJEIUPOBAHUS BBIYUCIISIOTCS TOUCUHBIC
oneHkn X wmu P.

5. Ompenensiercss TOYHOCTh TOJYYEHHBIX OICHOK 1o ¢opmynam (3.20)
uin (3.23).

6. OmnpenenstoTcst UHTEpBalIbHBIC OlIeHKH 110 dhopmyiam (3.24) unu (3.25).

IIpumep 3.11. B ycnoBusx npumepa 3.8 TpeOyeTcss ONpeneauTh CPeaHIO0
TOJNIIMHY TOTOBOTO M3JENIUs W BEPOSATHOCTH BBIIIYCKAa TOAHOTO U3JEIUS C
OTHOCHUTEJIBHON TOYHOCTBIO 5%.

Haiinem Heobxoaumoe KoandecTBO UcbiTanui. KonnuecTBo ucnpiTanuii ass
ONpEJCNICHUs]  CpeOHeli  TONIIMHBI TOTOBOIO  W3JENUS  BBIUMUCISAETCA IO
dbopmyne (3.18): n=1/0,05°=400. KoandyecTBO HCIBITAHWH IS ONPEHCICHHUS
geposimuocmu BBIMIyCKa TOJHOTO u3Aenust Bbrumcisgercas no dopmyne (3.19):



2
n=2/0,05"=800. Tak xakx HEOOXOAMMO 0OECIIEUNTD 3aJIaHHYI0 TOYHOCTH JJI1 00X
BEJINYUH, MOTPeOyeTcst BEINOJHUTEL 800 UCTIBITAHU.

[Ipumeuanue. Eciu Obl B 3amaue TpeOOBaIOCh OMNpPEACIUTh C 3aJaHHOMN
OTHOCHUTEJIbHOW TOYHOCTBIO TOJIBKO CPEIHIO0 TOJIIUHY, TO ObLUIO OBl JOCTATOYHO
400 ucnpITaHUN.

B nporpamme, peanusyromieii HMMHUTAIHMOHHYIO MOJENb, HEO0XOIuMO
MPEAYCMOTPETh BBHIYUCIICHUE BEJIMYMH TOUHOCTU 1o dopmynam (3.20) u (3.23) u
UHTEPBAIbHBIX OLEeHOK 1o ¢dopmyram (3.24) u (3.25). UToObl BBIUKUCIUTH
TOYHOCTh  OIIGHKM CpEeIHEH TONIIWHBI  HW3MIETHs, MOTpedyeTcss  Takke
MPEeIyCMOTPETh BBIUUCIEHUE CTAHIAPTHOTO OTKIOHEHHs 1o Qopmyne (3.22).
[Iporpamma O6yaeT UMETh CIEYIOUUI BU/I.

Sub primer311()

¢ UmuTanus M3roToBJIEHUS U3ICJINI U3 ABYX IUJIACTUH
n = 800 : epsb0=0.05

Fori=1Ton

Call gauss(6, 0.2, x1)

Call gauss(4, 0.1, x2)

x=x1+x2

If (x>=9.7) And (x<=10.3) Then kolgodn=kolgodn+1
Xsum=xsum-+x

xsum2=xsum2+x"2

Next 1

xsred = xsum/ n

pgodn = kolgodn / n

sigma=sqr((n/(n-1))*(xsum2/n-xsred”"2))
epsb_sred=3*epsb0*sigma

xniz=xsred-epsb_sred : xverh=xsred+epsb_sred
epsb_ver=2.8*sqr(pgodn*(1-pgodn)/n)

pniz=pgodn-epsb_ver : pverh=pgodn+epsb_ver

MsgBox ("Cpennsst Tomuna uznenus: " + Str(Round(xsred,2)))
MsgBox ("HuTepBanbHas oneHka cpennei tonmmabl: " + Str(Round(xniz,2))+” — “+ Str(Round(xverh,2)))
MsgBox ("Beposataocts Bitycka roaaoro u3aenus: " + Str(Round(pgodn,4)))

MsgBox ("HutepBaibHast omieHka BepostHocTH: " + Str(Round(pniz,4))+” — “+Str(Round(pverh,4)))
End Sub

Sub gauss(m, sigma, Xx)
k=6
Fori=1Tok
r = Rnd: rsum = rsum +r
Next 1
x =m+ sigma * Sqr(12/k) * (rsum - k / 2)

End Sub

31ech mepeMeHHas Xsum?2 MCIOJIb3YEeTCs JJIsi BBIYMCICHHUS CYMMBI KBaJIpaTOB
3HAQYCHUN TONIIMHBL. JTa CcymMma TpeOyeTcs Mg BBIYUCICHHUS CTaHAApPTHOTO
otkioHeHus no dopmye (3.22). CMbICT OCTalIbHBIX NEPEMEHHBIX, TOOABICHHBIX B
nporpammy, cienyromuii: epsb0=0,05 — 3aganHas OTHOCUTENbHAS TOYHOCTH; Sigma
(B OCHOBHOHM TIporpaMme) — CTaHJApTHOE OTKIOHEHWE, BBIUYUCIAEMOE IIO
dbopmyne (3.22); epsb sred, epsb ver — 3HaueHHUS TOYHOCTH OIIEHOK CpEIHEH
TOJNIIMHBI M BEPOSATHOCTH, BbIUHCIsieMble 1o dopmyram (3.20) u (3.23)



COOTBETCTBEHHO; XNniz, Xverh — rpaHullbl JOBEPUTEIHLHOTO MHTEpBala sl CPEIHEH
TOJILMHBI, BbIUKCHsieMble 10 ¢dopmyne (3.24); pniz, pverh — rpaHULBI
JOBEPUTETILHOTO MHTEPBAJIA JIJIs1 BEPOATHOCTH, BhIUuncisieMble 1o Gopmyiie (3.25).

PesynpraThl MonpenupoBaHUs OyAyT MPUMEPHO CIEAYIOIIUMH: CPEIHSSA
tonmuHa u3nenus — 9,99 MM, uHTepBaibHas oreHka — (9,96; 10,02) wwm;
BEpPOSITHOCTH BbITycka rogHoro uzaenus — 0,8338, unrepBanbhas ouenka — (0,7969;
0,8706). D10 03Hauaer, uTo ¢ BeposITHOCTHIO 0,995 (umu 99,5%) uctunHas cpeaHss
TOJIMHA U3Jeaus OyJeT cocTaBisTh OT 9,96 no 10,02 MM, a BeposSTHOCTH BBIITyCKa
roaHoro uznenus — ot 0,7969 no 0,8706. C BepostHOCTBIO 0,995 pa3zHOCTH MEXIY
TOYEYHOU OIIEHKON CpeJHel TOJIIMHBI, MOJYYEHHON B pe3yJibTaTe MOJEIUPOBAHUS
(9,99 MM), U UCTUHHBIM (TOYHO HE HM3BECTHHIM) 3HAUYCHHEM CpEIHEN TOJIINHBI
cocTaBiiseT He Oosiee 5% OT MaKCMMaJIbHO BO3MO>KHOTO 3HAUYEHHUS TaKOW Pa3HOCTH.
AHaJIOTUYHO, C BepoATHOCTBIO 0,995 pasHOCTh MEXAYy TOYEHHOW OLECHKOMU
BEpPOSITHOCTU Bbiycka roaHoro wusaenus (0,8338) u uUCTUHHBIM = (TOYHO HE
M3BECTHBIM) 3HAUEHHWEM JTOM BEPOATHOCTU coOCTaBisgeTr He Oonee 5% ot
MaKCHUMaJIbHO BO3MOYKHOT'O 3HAYEHUsI TAKOU Pa3HOCTH.

OnpenesieHde TOYHOCTH OLEHOK MPH 32JaHHOM KOJHYECTBE HCTBITAHMIA.
Ecnu 3amaHo KONMMYECTBO MCHBITAHWA WMHTAMOHHOW MOJenu (n), TO MOXHO
ONPEJCINTh OTHOCHUTEIBHYIO TOYHOCTH OIICHOK, ITOJIYYEHHBIX IO pe3yJibTaTaM
mozaenupoBanus. M3 gopmyn (3.18) u (3.19) BUAHO, YTO OTHOCHUTEIBHYIO TOYHOCTH
OLIEHOK MOKHO OTIPEJICIUTh CICIYIOIINM 00pa3oM:

® ISl CPEITHETO 3HAYCHHUS:

1

epo =7 (3.26)
¢ JJIAA BCPOATHOCTH!
SBO = % (3.27)

Ipumep 3.12. HaliTh OTHOCUTENBHYIO TOYHOCTh OLIEHOK CPEIHETO BPEMEHHU
0e30TKa3HON palbOThI MPHUOOPAa U BEPOATHOCTH €ro OE30TKa3HOW pabOThl B TEUEHUE
rapaHTUINHOI'O CPOKa, MOITYYEHHBIX B IpuMepe 3.10.

Ouenku (cpenHee BpeMs 0Oe30TkazHOM paboTel mpubopa - 4,17 rona,
BEPOSATHOCTh 0E30TKa3HOW PadOTHl B TEUEHHWE TapaHTUUHOTO cpoka - 0,97) Obuin
nosydeHsl no pesynbratam 100 000 ucnbitanuii. OTHOCUTENBHYIO TOYHOCTh OLEHKH
cpeaHero - BpeMEHHM 0e30TKa3HoM paboTel Hahgem 1o Qopmyne (3.26):

€30 = 1/100000=0,0032, wmu 0,32%. OrtHOCHTEIbHAsI TOYHOCTHb OIICHKHU

BEPOSATHOCTH 0€30TKa3HON pabOTHI B TEUCHUE TAPAHTUMHOTO CPOKA OMPEISISIETCS 110
dopmyne (3.27): gy =+/2/100000=0,0045, nmm 0,45%. Drto o3HaUaer, 4YTO C

BeposiTHOCThIO 0,995 pa3HOCTh MEXIy OLICHKON CpeaHero BpeMeHU Oe30TKa3HOM
paboThI, MOJYYEHHON MO pe3yibTaTaM MojenaupoBaHus (4,17 roma), ¥ UCTHHHBIM
(TOYHO HE WU3BECTHHIM) 3HAYEHHUEM CpPEIHEro BpeMeHU O€30TKa3HON pabOoThI
coctaBisieT He Oonee 0,32% OT MakCHMaJbHO BO3MOKHOT'O 3HA4YE€HUS TaKOM
pasHocTH. Pa3HOCTP MeXJy OIEHKOM BEpOATHOCTH 0€30TKa3HOW paboThl,
MOJIy4YeHHOU MO pesyiabratam mozenupoBaHus (0,9754), u UCTUHHBIM (TOYHO HE



M3BECTHBIM) 3HAYEHUEM BEPOSITHOCTH O€30TKa3HOM paboThl ¢ BeposTHOCTHIO 0,995
coctaBisier He Oonee 0,45% oT MakKCHMMaJIbHO BO3MOYKHOTO 3HAYE€HHUS TaKoOM
Pa3HOCTH.

3.5. CpeactBa uMMTaLMOHHOIO MoaenupoBaHua B Excel

Hns nonydenus CPPY B Tabmuunom mnponeccope Excel wucnonb3yercs
¢bynkus CJIMUC (u3 kateropun MatemaTtunyeckue).

Kpome Toro, B Excel umerorcs cranmapTHble CpeacTBa i HMUTAIUU
HEKOTOPBIX CIIy4allHbIX BEJIWYMH, 4aCTO NPUMEHSAEMBIX B NPAKTUUYECKUX 3aJadax
MoAenupoBaHus. MMeercss BO3MOKHOCTh PO3BITPBIIIA YHCEN, PACHPEACHAEHHBIX IO
rayCCOBCKOMY (HOpPMaJIbHOMY), PaBHOMEPHOMY, ITyaCCOHOBCKOMY, OMHOMHUATBLHOMY
¥ HEKOTOPBIM JPYyruM 3akoHaM. [ 3TOro mcmonb3yercs WHCTpyMEHT [ eHepaums
cnyyanHbix ymcen (menro CepBuc — AHanu3 gaHHbIX).

Ipumep 3.13. Pemuts B Excel 3agauy u3 mpumepa 3.8. Bomonanuts 100
HCTIBITAHU .

3agayva pemaercs B CAEAYIOIIEM MOPSIAKE.

1. Betopats u3 mento Excel xomanny CepBuC — AHanNM3 [aHHbIX —
['eHepauusa cnyyanHbIX Ynucen.

2. B mone Yncno nepemeHHbIX BBecTH 1; 3TO O3HAYaeT, YTO CO37aBacMbIe
CllyualilHble€ YHWCJIa JIOJDKHBI BBIBOAUTHCS B OAMH croinbern. B mome Yucno
cnyydyamHblx 4ucen Beectd 100; 5T0 ©O3HAUaeT, dYTo TPeOyeTCS MOMYUUTH
100 ciyuaitabix yucen. B mome PacnpegeneHue seiopars 3Hauenne HopmanbHoe.
B mone CpeaHee BBectu 3Hauenue 6, B mojge CTaHOapTHOE OTKMIOHEHWE —
snauenue 0,2. [lome CnyyanmHoe pacCemBaHWE MOKHO OCTaBUTh IYCTBIM (€ro
CMBICII TIOKa3aH HIKE). YCTaHOBWTH IEpeKiouaTeah BbIXOOAHOW MHTepBars, u B
COOTBETCTBYIOILIEM II0JI€ BBECTU 3HaueHHE Al; 5TO O3HayaeT, 4TO 3aJaHHOE
konudecTBo uucen (100) OyaeT BeIBeieHO B cToJIOel, HaunHas ¢ sueiiku Al. Haxarts
OK. B sueiiku A1:A100 BeiBogutTcst 100 ciydaiiHBIX YHCEN, paclpeIeCHHBIX I10
rayCCOBCKOMY 3aKOHY C yKa3aHHBIMU TMapamMeTpaMH. OTH 4YHUCIa HMHUTHPYIOT
TOJIIIMHY MEPBOU IUTACTUHBI.

3. AHQJIOrMYHBIM 00pa3oM mosyduTh B cTojioie B 100 ciyualiHbIX uwmcenn,
UMUTUPYIOIIMX TOJIIMHY BTOPOW IUIacTUHBI. JIJisi 3TOro CHOBa BbIOpaTh KOMaHAY
CepBuc — AHanu3 fOaHHbiIX — [eHepaumsa criyvyarHbIX Yucen. YCTaHOBHTH
napameTpbl: YMCno nepemMeHHblx — 1, Yucno cnyyamHbix 4mcen — 100,
PacnpegenexHvne — HopmansHoe, CpegHee - 4, CTaHOapTHOE OTKIOHEHue —
0,1, BeixogHon nHtepsan - B1. Haxats OK.

4. B ctonbue 100 BBIYMCIUTD 3HAYEHUS TOJIIMHBI TOTOBOTO M3AENUS (CYMMBI
CIIy4ailHBIX YHuCel, NOJy4YeHHbIX B cTo0max A u B). Jlns storo B sueiike C1 BBecTu
bopmyny: =A1+B1. Pacnpoctpanuts ee Ha stuetiku C2:C100.

5.B sueiike C101 BBIYMCIUTH CPEAHIOK TONIIMHY TOTOBBIX H3IEIUN IO
pesynbratam 100 wucnbiTanuid. Jns storo ucnonb3zoBath (yskinuio CP3HAY c
aprymentoM C1:C100.

6. B sueiike D1 BBectn dpynkumo W (u3 xareropum Jlornyeckue). B mome
JNTornyeckoe1 BBectm ycnopue C1>=9,7, B mome Jlormdeckoe2 — ycrmosue
C1<=10,3. Haxatp OK. Pacnpoctpanuth comepxxkumoe sueiiku D1 Ha sueliku



D2:D100. B pe3ynbtare B stueitkax D1:D100 6yayt nonydens! 3nHauenuss MCTUHA,
eciu BeinoHsAeTes yenoBue 9,7<C1<10,3 (1.e. u3aenue rogaHoe), wim JIOXKD — eciu
ATO YCIIOBUE HE BHIMIOJIHSAETCS (U3/1e/Iie OpaKoBaHHOE).

7. B sueiike D101 moacuutaTh KOJIHMYECTBO TOMHBIX H3aenuid. J{as sToro
BBecTH (ynkio CHETECIIN (u3 kareropun CTaTtMCTUYECKUE) CO CIEAYIOIIMMU
aprymenTamu: [uanaszoH — DI1:D100, Ycnosue — WctuHa. [loacuuthiBaeTcs
KOJIMYECTBO ciy4daeB, koraa B suerikax D1:D100 nmeercsa 3nauenne MCTHUHA, T.e.
KOJIMYECTBO CMOJACIUPOBAHHBIX TOJIHBIX U3ACIIUMA.

8. B saueiike D102 BBIYMCANTH BEPOSTHOCTH BBINYCKAa TOJHOrO m3aenus. [ns
ATOrO0 PAa3ACNUTh KOJIMYECTBO TOJHBIX W3JEIUA HAa KOJIMYECTBO MCIBITAHUM:
=D101/100.

PesynbpraThl, mnonydeHHele B Excel, MOryr HECKOJIbKO OTIMYATHCS OT
MOJIy4eHHbIX B npumepe 3.8. TouHOCTh pe3yibTaToB, MonydeHHBIX B Excel, Huxe,
TaK KaK OHM IOJIYYEHBI 110 Pe3yJIbTaTaM MEHBILIEro KOJIMYeCTBa UCbITaHuN. OIHaKO
MozenupoBanue B Excel MOXHO cuMTath MNpUEMIIEMBIM CIOCOOOM MOJTy4YEHUS
MpUOTMKEHHBIX OLICHOK JIJIsi HECJIOKHBIX 3a/ad.

IIpumeuanue. Ilone CﬂyqaﬁHoe paccenBaHME MOXHO « UCIIOJIb30BATh JJIsd
HEOOHOKpamHOo20 TIONYUYEHUsI 00H020 U mo2o e Habopa ciydalHbix uucen. Jlis
9TOIro B IIOJIC Cnyt-la|71Hoe paccensaHmne H€O6XO,[II/IMO YKa3aTb HCKOTOPOC
IMPOU3BOJIBHOC YHUCIIO. Ecnu 3atemM cHOBa BBINOJHUTH I'CHCpaAlIO CﬂyqaﬁHBIX YHUCCII,
yKazaB mo oce uncio B noje CriydyanHoe paccevBaHue, To OyJeT MOoJdydYeH Takou
KC Ha6op CﬂyqaﬁHBIX YUCCII. KOHG‘IHO, AJIs1 OTOTO BCC OCTAJIBbHLBIC IMapaMCTPhI
monenupoBanus (HYMCNo cnydamHbiX ‘4Yucen, PacnpegeneHve um T.1.) TaKke
JOJIXKHBI OBITD MMPCIKHUMU.

Ipumep 3.14. Pemuts B Excel 3amauy u3 mpumepa 3.10. Boimonnuts 100
HCTIBITAHU .

B paccmarpuBaemMoM npumepe Bpemsi 0€30TKa3HOM paOOThl OJIOKOB, BXOJSIIUX
B COCTaB NMpudopa, NpeACTaBIseT co00H ClIy4yallHyI0 BEITUYUHY, PACIIPEACICHHYIO TI0
HKCIIOHEHIIMaNbHOMY 3akoHy. B Excel HeT craHmapTHBIX CpeACTB sl UMHUTALMU
TakuX BeNU4YuH. [103TOMY 11l pO3BITpHIIIA CITyYalHBIX YUCE, UMUTUPYIOIIHUX BpEeMs
paboThl 0JI0KOB, TTOTPeOyeTCs: BOConb3oBaThest popmysoit (3.10). s po3sirpeiiia
CPPY 6ynet ucnonb3oBathest pynkuus CIIYUC.

3ajaya pelraercs B CIeIyIOIIeM MOpsIKe.

1. BBectu B sueiiky Al dopmyny =-2*LN(CJIYUC()). Takum oOpazom
BBIMIOJIHSICTCST ~ PO3BITPBII  CIOy4yallHOTO  4YWclia,  paclpeieNieHHOro 1o
9KCTIOHEHI[HAIBHOMY 3aKOHY, CO CPETHHM 3HAueHHEM X =2, T.€. HMHUTALUS BPEMEHH
0e30TKa3HOM PabOTHI 0OHO20 OlOKA.

2. Pactipoctpanuth (GopMyily, BBEICHHYIO B siueiiky Al, Ha quama3oH sueeK
A1:D100. Takum o6pa3zom uMUTHUpYETCs BpeMsi 6e30TKazHoi padoTel 400 6110KOB,
Bxosmmx B 100 mpubopoB. UeTsipe cydallHBIX YHCIa, pa3bITPhIBAEMbIX B KaXKIOU
CTPOKE, UMHTHPYIOT BpeMsi 0e30TKa3HOW pabOThl YeThIpeX OJIOKOB, BXOASIIMX B
OJIUH MPUOOP.

3. B cronbue E HaiiTh 3HaueHus BpeMeHU 0€30TKa3HOM paboThl KaXJA0ro U3
npuooOpoB (MakCUMalibHOE W3 3HAYEHUM BpEeMEHU O€30TKa3HOW paboThl OJIOKOB,



BXoAsAmuX B npudop). s storo B siueitke E1 BBecTn dhopmyny: =MAKC(A1:D1).
Pacnpoctpanuts ee Ha ssueliku E2:E100.

4. B sueiike E101 BbruncnuTh cpennee BpeMsi 6€30TKa3HONW pabOThl mprOOPOB
no pesyiaprataM 100 ucneiranuil. J{ns storo ucnonszoBath Qynkiuio CP3HAY c
aprymentoM E1:E100.

5.B cronbue F mnonyunts 3Hauenus UMCTUHA nans ciydae, koraa
cMojzieNIMpoBaHa Oe30TKa3Hasi paboTa mpubOopa B TEUEHHUE TapaHTUHHOrO Cpoka, U
3nauenus JIOXKD — nns cinyyaes, korja cMoJeIMpoBaH oTka3 npudopa. s 3Toro B
sueiike F1 BBectn pynkiuto ECJIN (u3 kateropuu JIorMyeckme) co ciaeayromuMu
aprymentamu: Jlormyeckoe BblpaxeHue — El1>=1, 3HadyeHne ecnu uUcCTMHa —
NCTUHA, 3HadveHne ecnu noxb — JIOXKb. Haxare OK. Pacmpoctpanuthb
conepxkumoe sueiviku F1 Ha aueiiku F2:F100.

6. B sueiike F101 mnoacuurarh KomuyecTBO NPHOOPOB, OTPabOTABIINX
rapaHTuiHbIA cpok Oe3 orkasza. [[ns atoro BBectu ¢yHkumo CHETECIIA (u3
kareropur CTaTUCTUYECKME) cO CleaylolmMMH apryMmeHtamu: [QuanasoH -
F1:F100, Ycnoeue — WcTtuHa. IlomcuuThiBaeTcss KOTUYECTBO CIydaeB, KOTJga B
aueiikax F1:F100 umeercs 3nauenue MCTHUHA, T.e.  KoJM4ecTBO CiydaeB, KOrjaa
CMOJIETMPOBaHa HOpMaJsibHas paboTa npudopa B T€UEHUE TAPAaHTUHHOTO CPOKa.

7. B saueiike F102 BbIYMCIUTH BEpOSTHOCTH 0€30TKa3HOM paboThl mpubopa B
TedeHue rapantuiinoro cpoka: =F101/100.

4. AHANN3 N ONTUMU3ALUNA PELLEHUA B AETEPMUHUPOBAHHbBIX
3A0AYAX HA OCHOBE METOOA MOHTE-KAPJ10

4.1. NMpnumeHeHne metoaa MoHTe-Kapno ansa peleHus

AeTepMUHUPOBAHHLIX 3aAad onTuMn3auummn

Xots Meto MoHTe-Kapino oCHOBaH Ha MCIOJIb30BAHUU CIyYaiHbIX BEINYNH
(CPPY), on MmoxeT 3()pEKTUBHO TPUMEHSATHCA JIJISl PEIICHUS JETEPMUHUPOBAHHBIX
3azay, T.€. 3a/1a4, B IOCTAHOBKE KOTOPBIX HET HUKAKKUX CIy4alHbIX (pakTopoB. MeTon
MomnTte-Kapiio M0KeT IpUMEHATHCS ISl PEILICHHS KaK BBIYMCIUTENBHBIX 3a1a4
(peuieHue ypaBHEHUM U CUCTEM ypaBHEHUH, BRIUMCICHUE UHTETPAJIOB), TaK U 3a/1a4
ONTUMU3ALINY, T.€. 33]1a4, B KOTOPBIX TPEOYETCsl BEIOOP JIyUILEro U3 HECKOIbKUX
BO3MOKHBIX BAPUAHTOB PEIICHMUS.

Pemenue 3aJga4d olITuMu3anumym METOA0M MOHTC-KapJIO B OOJBIINHCTBE
CJIy4acB OCHOBAHO Ha MHOTOKpPAaTHOM CﬂyqaﬁHOM BBI60pC BAPHUAHTOB PCUICHUA U UX
CpPaBHCHHU. HpI/I JOCTATOYHOM KOJHUYCCTBC WCHBITAaHUM (T.e. BAPHAHTOB PCIICHH,
BBI6paHHBIX CﬂyqaﬁHBIM 06p330M) HaXOJUTCs PCIICHUC, OIM3KO0E K OIITUMAJIBHOMY,
d B HCKOTOPLIX CJIy4asaX - OIITUMAJIbHOC.

JUIss MHOTOKpATHOTO CIy4ailHOro BbIOOpa BAapUAHTOB pELICHUS 3aJauyd
npumensitorcs CPPY. U3 BapuaHTOB pelieHuil, BEIOpAHHBIX CIy4ailHBIM 00pa3oM,
orOupaercs nydmdid. YToObl HAWTH BapuaHT pEHICHHs, JOCTATOYHO OJU3KUI K
ONTUMAJILHOMY, OOBIYHO TpeOyeTcsi BbIOpaTb MHOTO BapHAHTOB pelIeHUs (OT



HECKOJIBKHUX JIeCITKOB 110 Thicsay). [loaTomy npumenenue metoga Moute-Kapio
BO3MOKHO TOJIBKO C UCIOJIb30BaHUEM MPOrPAMMHBIX CPEJICTB.

Bo MHOrux cnywasx 3agaud ONTHUMHU3ALHM, pELIaeMble METOAOM MoOHTe-
Kapno, B npuHiune mMoryr ObITh pelieHbl APYTMMHU (QHAJTUTUYECKUMU) METOJIaMH,
MO3BOJISIIOLIMMU HAWTH TOYHOE ONTHUMAJIbHOE pelIeHre. JTO MOTYT OBITh METObI
JMHEWHOrO0 MPOrPaMMHUPOBAHHUS, JIWHAMUYECKOTO MPOrPAMMHUPOBAHHUS, IIOUCKA
HKCTPEMYMOB (PYHKIMH MHOTHX MEpPEeMEHHBIX U T.J. OJIHAKO MPUMEHEHUE TOYHBIX
aHAIMTUYECKUX METOOB, KaK MPaBHIJIO, BOZMOXHO TOJBKO ISl 3a7a4 HEOOJbIION
pa3MepHOCTH (C HEOOJIBIIUM KOJUYECTBOM OTPAaHUYEHUM, MEPEMEHHBIX U T.A.). s
peanpHbIX 3aJa4 MPUMEHEHHE AaHAIUTUYECKUX METOIOB HEPENKO OKa3bIBAECTCS
HEBO3MOXHBIM WJIM  HElEeNeco0Opa3HbIM H3-3a OOJIBIIOrO O0BEMa CIOXKHBIX
BblUMCIeHUN. [loaTOMy BO MHOrmx ciy4asx npumeHeHne Mmeroga Monte-Kaprio
MOKET 0Ka3aThCsl €JUHCTBEHHO BO3MOKHBIM CIIOCOOOM pEIICHHUS 3a4a4H.

ANTOpUTM TIOWCKa pelIeHHs Ha OCHOBe Merona Moute-Kapiio moaHoCThIO
3aBUCUT OT KOHKPETHOM 3aJa4Mu.

4.2. Illpumepsl peuieHUs 3a4a4 ONTHUMHM3ALUM HA OCHOBe MeToga MoHTe-

Kapao

IIpumep 4.1. Ilpennpustue MMeEEeT BO3MOXKHOCTb 3aKIIOYUTh KOHTPAKThl Ha
BBITIOJIHEHHUE HECKOJIbKUX 3aka3oB. B Tabn.4.1 mpuBeaeHbl XapaKTEpUCTUKU BCEX
KOHTPAKTOB, KOTOpPbIE MOTYT OBbITh . 3aKIIOYEHBI MPEANPUITHEM: CPOKH,
HEOOXOUMbIE MPEANPUATHIO JJIS BBINOJHEHUS KaXIOro M3 KOHTPAKTOB, U
OKujJaemMas puObLIb.

Tabnuua 4.1
Howmep konTpakTa 1 2 3 4 5 6
CpoK BBINOJHEHUS, JHEH 15 20 10 8 12 5
[TpuObLIb, THIC.JEH.E1. 25 32 20 14 23 7

Hampumep, eciv npeanpusTHe 3aKIIOYUT TEPBBIA KOHTPAKT, TO JUISI €T0
BBITIOJTHEHUSE TOTpeOyeTcs 15 nuel (cnemyeT oOpaTUTh BHUMaHHE, 4TO 15 THEH — 3TO
UMEHHO CPOK, HeoOXooumvlli npeonpusmuto ]IS BBITIOJIHEHUS KOHTpPAaKTa, a HE
YCTAaHOBJICHHBIN 3aka3uukoM). IIpuObUTE MpeAnpUsTHS B PE3yJbTAaTe BBITOTHCHUS
KOHTPAKTa COCTABUT 25 ThIC. JCH.C]I.

OHOBPEMEHHO MPEANPUATHE MOXET padoTaTh TOIBKO HaJ OJHUM KOHTPAKTOM
(mapaymenbHass paboTa HaJl HECKOJIBKMMH KOHTpaKTaMu HEBO3MOXkHa). Bce
KOHTPAKThl, KOTOpbIe OYAyT BBHINOJHATHCS NPEANPUATHEM, JOHKHBI OBITH
BBIIOJIHEHBI HE O00Jiee yeM 3a 49 nHeil.

Tpe6yeTc51 ONPCACINTL IICPCUCHb KOHTPAKTOB, KOTOPBLIC CJICAYCT 3aKIHOYHUTH
MMpCaIpuATHuIO, YTOOBI MMOJIYYUTb MAKCHMAJBHYIO HpI/I6BIJ'IB nmpun CBOCBPCMCHHOM
BBIIIOJIHCHUH BCCX KOHTPAKTOB.

[TpuHIMI paboThI MpeAsaraéMoro ajJropuTMa peleHus 3aladu CIeAYHONIUH.
JUIs KaXXJ0oro KOHTpakTa Cly4allHbIM 0Opa3oM NPUHHUMAETCS PEIICHHE O TOM,
clelyeT JIM 3aKiodaTh ero. BplOpaHHbIE HaOOp KOHTPAKTOB MPOBEPSETCS Ha



JOMYCTUMOCTh: OTNpeaeNsaeTcs, OyIyT JIM BCE 3aKJIIOUCHHBIC KOHTPAKTHI BHITIOJIHEHBI
3a 49 nueit. Takoil BBHIOOp KOHTPAKTOB BBIMOJHSETCS MHOTOKpaTHO. M3 Bcex
JOMYCTUMBIX HA0OpOB KOHTPAKTOB BBIOMpAETCA TOT, KOTOPBIM OOecreuyrnBaeT
MPEANPUATHIO MAKCUMATIbHYIO PUOBLTH.

[Ipenaraemsiii aITOPUTM pEATU3YETCS CIASTYIOITAM 00pa3oM.

1. PaspirpeiBatores mects CPPY (1o yuciny koHTpakToB): Ry, Ry,...,Re.

2. Onpenensiercss HaAOOp KOHTPAKTOB, 3aKIIOYaeMbIX mpeanpustueM. s
aTOoro mpoBepstoTcs ycnoBus R;<0,5, i=1,...,6. Ecou R;<0,5, To clienyeTr 3aKiItounTh
COOTBETCTBYIOIIUMN KOHTPAKT.

3. Jlnst BBIOpaHHBIX KOHTPAKTOB HAXOAUTCS 001U CpoK X BeiosHeHUS (7).

4. Eciiu 7<49, To BhIOpaHHBIN HAOOp KOHTPAKTOB SIBISETCS JIOMYCTUMBIM (T.€.
MIPEANPUATHE BBITIOJHIET BCE 3aKIIOUCHHBIE KOHTPAKTHI B CPOK). B 3TOM ciyuae miis
BBIOpPAHHOTO HA0Opa KOHTPAKTOB PACCUUTHIBAETCA CyMMapHasi npuObLTh (P).

[IMarn 1-4 BHIMOMHAIOTCS MHOTOKpaTHO. M3 ducia JgONMycTUMBIX HaOOpOB
KOHTPAKTOB BhIOHMpaeTcst Habop, 00eCTIeYMBAIOIIHNKN PENPUATUIO MAKCUMATLHYIO
PUOBLIb.

B 1a6:1.4.2 npuBeneH npuMep AECATH UCIBITAHUI TAHHOTO alropuT™Ma. 3HAYeHUs
CPPY B3satel u3 npuin.l. Caexyer oOpaTuTh BHHUMaHUE, YTO MPHU MPOTrpaMMHOM
peanuzanuu 3HadyeHus CPPY, a 3HauuT, W BapuaHThl pEHIEHUN MOTYT OBITH
IPYTUMHU.

Tabnuia 4.2
Habop
Howmep uc- R, R, R, R, R, R KOHTPAKTO T K
IIBITAHUSA B
1 0,0795 | 0,3780 | 0,0593 [ 0,7602 | 0,2847 | 0,8197 1,2,3,5 5 —
7
2 0,2410 | 0,5962 | 0,2978 | 0,6458 | 0,9762 | 0,0523 1,3,6 3 5
0 2
3 0,8754 | 0,5900 | 0,3421 | 0,7919 | 0,1204 | 0,7492 3,5 2 4
2 3
4 0,6058 | 0,5321 | 0,8064 | 0,0540 | 0,9046 | 0,5778 4 8 1
4
5 0,3716 | 0,3549]0,0112 | 0,8438 | 0,3233 | 0,5052 1,2,3,5 5 —
7
6 0,0644 | 0,7612 | 0,5707 | 0,2759 | 0,8396 | 0,9127 1,4 2 3
3 9
7 0,7195 | 0,1977 | 0,2245 | 0,3979 | 0,0652 | 0,0136 2,3,4,5,6 5 —
5
8 0,5994 | 0,8691 | 0,0564 | 0,9681 | 0,7945 | 0,1137 3,6 1 2
5 7
9 0,9561 | 0,2147 | 0,9299 | 0,1944 | 0,0147 | 0,1935 2,4,5,6 4 7
5 6
10 0,4403 | 0,1689 | 0,0453 | 0,1344 | 0,5162 | 0,0540 1,2,3,4,6 5 —
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3aech, HanpuMep, B nepBoM ucnbiTanuu R1<0,5, R,<0,5, R3<0,5, R4>0,5, Rs<0,5,
R¢>0,5. Takum o0pa3om, JUIsl 3aKJIIOUEHHs] BBIOpaHbI MEPBbI, BTOPOM, TpeTUH U
MATHIN KOHTpaKThl. OHAKO 3TO PEIICHHE HEIOMyCTHUMO, TaK KaK CPOK BBIMOJHEHUS
ATUX KOHTPAKTOB (57 qHEl) nmpeBbIIaeT N0MycTUMbIN (49 nHel).

[lo pe3ynbraTtaM JecaTu UCTIbITAHUN HamOoJiee Y(PPEeKTUBHBINA BapuUaHT JAEHCTBUN
MPEANPUATUS  CIEAYIOIIMM: 3aKIOUYUTh BTOPOM, YETBEPTHIM, IIITBIA WU LIECTOU
KOHTPAKThl. DTHU KOHTPAaKThl OYIyT BBINOJHEHBI MpeanpusitueMm 3a 45 gHeil.
[Tpu6bLIL cOcTaBUT 76 THIC ACH.E]I.

IIpuBeneM NPOrpaMMHYI0 pPEANU3ALMIO IMPEMIOKECHHOIO AJTOPUTMA Ha S3BIKE
VBA, Bemnonssomyo 1000 ucnsiTaHui.

Sub primer41()

' Be10op Habopa KOHTPAKTOB

Dim t(1 to 6), p(1 to 6), vybor(1 to 6), opt_vybor(1 to 6)

n = 1000: kol = 6: tdop = 49

t(1)=15:t(2)=20:t(3)=10: t(4) = 8: t(5) = 12: t(6) =5
p(1) =25:p(2) =32: p(3) =20: p(4) = 14: p(5) =23: p(6) =7
Fori=1Ton

tsum = 0: psum =0

Forj=1 To kol

r=Rnd
Ifr <0.5 Then
vybor(j) = 1 ‘Ecnu j-ii 3aKa3 BeIOpaH, TO J-My 3JIEMEHTY MaccuBa vybor npucBauBaercs 1

tsum = tsum + t(j): psum = psum + p(j) ‘[loacuer 3aTpar BpeMeHH U MPUOBLICH
Else

vybor(j) =0 ‘Ecnu j-i 3aka3 He BBIOpaH, TO j-My JIEMEHTY MaccuBa vybor npucBanBaetcs ()
End If

Next j

If (tsum <= tdop) And (psum >Ppmax) Then

pmax = psum ‘3arnoMuHaeTcs Jy4Inid BApUAHT U3 PaCCMOTPEHHBIX

Forj=1 To kol

opt_vybor(j) = vybor(j)

Next j

End If

Next 1

MsgBox ("BblOpaHbl KOHTpaKThI'")
Forj=1 To kol

Ifopt_vybor(j) = 1 Then

MsgBox (j)

End If

Next j

MsgBox ("[Ipu6suib: "+Str(pmax))
End Sub

1o pe3ynpTaraM BBIIOJIHEHUS IPOTPAMMBI IOJYYEHO CIEAYIOIIEE PEIIEHUE: PEIIPUATHIO
CIIETyEeT 3aKJIIOUUTh NEPBBIN, TPETUHN, YUETBEPTHIN U MATHII KOHTPAKThl. OHU OYyT BBIIIOJTHEHBI
3a 15+10+8+12=45 nneil, 1.e. cBoeBpeMeHHO. [IpubbLIb IpeAnpUsITUSI COCTABUT
25+20+14+23=82 TBIC.AEH.EI.

IIpumeyanue. DTO pPELICHUE COBIAIAECT C TOYHBIM ONTUMAJIBHBIM PEIICHUEM,
HalJICHHBIM METOJOM JIMHEHHOrO WEJIOYUCIEHHOTO MHporpamMmmupoBanud. Cremyer




o0paTuTh BHUMAHHE, YTO TMPEJIOKCHHBIN aJIrOPUTM pEIICHUs 3aJa4dl METOJIO0M
MonTte-Kapno, a Takke ero nporpaMmHas peajau3anus 3HAYUTEIbHO MPOIIEe, YeM
QITOPUTM U TIpOrpaMMHAas peaju3aius METOJ0B JMHEHHOIrO IeJIOYUCICHHOTO
MPOrpaMMHPOBaHUS (CUMILIEKC-METO/I, METOJ] BeTBe W Tpanuil). Cieayer Takke
o0paTuTh BHUMAaHHUE, UYTO pEIICHUE, HAWJEHHOE IO pe3yJbTaTaM BCETO JIECITH
ucrnbITaHui (Ta671.4.2), 0Ka3anoch 10CTATOYHO OJU3KUM K ONTUMAJIbHOMY.

Ipumep 4.2 (3agava o Ha3zHaueHUAX). TpeOyeTcss pa3MECTUTh Ha YETbIpEX
npeanpustusax (111, T12, T13, [14) 3aka3wl, CBS3aHHBIC C BBHITIOJHEHHUEM YEThIPEX
pabot. Kaxmoe mpeanpusiTie MOXKET BBIMOJHUTH JIFOOOW M3 3aKa30B, HO TOJIBKO
onuH. 3aTpathl (B JACHEXKHBIX €IMHUIIAX), CBSI3aHHBIC C BBIIIOJHEHHUEM 3aKa30B Ha
Ka)XJIOM U3 TIPEANPUSITUH, TPUBEICHBI B Ta01.4.3.

Tabnuna 4.3
[Ipennpusarus 3akassbl
1 2 3 4
IT1 5 8 12 7
112 8 9 7 14
113 8 12 10 13
14 15 12 9 10

TpebyeTtcs pa3MecTUTh 3aKa3bl TAKUM 00pa30M, YTOOBI 00IIasi CTOUMOCTh UX
BBITIOJTHEHUS ObLlIa MUHUMAJIBHOM.

ANTOpUTM pelIeHHs TakoW 3aJayd ~Ha ocHoBe wMertoaa Monte-Kapio
peanu3yeTcs B CIEIYIOUIEM TOPSJIKE.

1. PazpirpeiBaetcs (T.e. ciiygaliHbIM 00pa3oM BBIOMpAeTCs) 3aKa3 s
npeanpustusa I11. Jns storo auanazon (0;1) pazObuBaeTcss Ha 4yeThbpe MHTEpBAJA:
(0; 1/4), (1/4; 1/2), (1/2;3/4), (3/4;1) (KOIUYECTBO HWHTEPBAIOB PABHO YHUCITY
3aKa30B, U3 KOTOPBIX BRIOUPAETCS 3aKa3 JJis MEPBOro npeanpusTus). PasbirppiBaercs
CPPY R,. Homep 3aka3a, BelaeisieMoro npeanpustuto I11, mpuHuMaeTcss paBHBIM
HOMEpPY MHTEpBaja, B KOTOPHBIH nomajnaer yucio R,. Hampumep, eciu 1/4<R,<1/2, T0
npeanpustuio 111 BelenseTcs BTopoii 3akas.

2. PasmbirpeiBaeTcs 3aka3z mig npennpustus [12. Jlns storo amanaszon (0; 1)
pazouBaetcs Ha Tpu untepaina: (0; 1/3), (1/3; 2/3), (2/3; 1). KonuuecTBo HHTEpBAIOB
paBHO TpeM, TaK Kak JJisi BTOPOTO NPENINpHUSATHS BBHIOMpPAETCS OJUH 3aKa3 U3 Tpex
octapmuxcs. PaspirpeiBaercas CPPU R,. Ilo Homepy uHTepBana BbIOMpaeTcsi 3aka3s
st npeanpustus 112 (u3 mpex octaBmnxcs 3aKa3oB).

3. PaszweirpeiBaercs 3aka3 juis npeanpusitus [13. J{ns storo amanaszon (0; 1)
pazouBaercs Ha nBa uHTepBana: (0; 1/2), (1/2; 1). PasweirpeiBaetcst CPPU Rj3. Ilo
HOMEpPY MHTepBaJia BblOMpaeTcs 3aka3 st npeanpustus 113 (U3 0syx ocraBmMXCA
3aKa30B).

4. OcraBuuiics (eAMHCTBEHHBIN) 3aKa3 BbIEsAETCA peanpuaTuio [14.

5. Tlo pesyapratam maroB 1-4 u mo Ta6m.4.3 omnpeaensioTcss CyMMapHbIe
3aTpaThl Ha BBITTOJIHEHHE BCEX 3aKa30B.

[IMaru 1-5 moBTopsitoTcst MHOrokpatHo (Hampumep, 1000 paz). Bwibupaercs
BapUaHT paclpeesieHHsl 3aKa30B, AJI1 KOTOPOro 00IIKe 3aTpaThl MUHUMAJIbHBI.

B 1a611.4.4 npuBeseH npuMep JAECATH UCTIBITAHUNA TAHHOTO aJITOPUTMA.



Taonua 4.4

Homep nc- | R, 3aka3 R, 3aka3 R; 3aka3 | 3axa3s 3aTparsl
TIBITAHUS ot I11 st [12 st 113 | nois 114
1 0,0795 1 0,3780 3 0,0593 2 4 5+7+12+10=34
2 0,7602 4 0,2847 1 0,8197 3 2 7+8+10+12=37
3 0,6133 3 0,5766 2 0,9595 4 1 12+9+13+15=49
4 0,0981 1 0,2410 2 0,5962 4 3 5+9+13+9=36
5 0,2978 2 0,6458 3 0,9762 4 1 8+7+13+15=43
6 0,0523 1 0,4523 3 0,8153 4 2 5+7+13+12=37
7 0,4286 2 0,8400 4 0,8754 3 1 8+14+10+15=47
8 0,5900 3 0,3421 2 0,7919 4 1 12+9+13+15=49
9 0,1204 1 0,7492 4 0,3792 2 3 5+14+12+9=40
10 0,7198 3 0,4822 2 0,8215 4 1 12+9+13+15=49

3nechb, Hampumep, Bo BTopoM ucnbiTaHuu 0,75<R<l (mpennpusituto 11
BbIICNIAETCS YeTBepThIM 3aka3); 0<R,<0,33 (mpenmpustuio 112 Beinensercs nepBbii

3aka3); 0,5<R3<1 (mpeanpustuio [13 BeigensieTcss Tpetuil 3aka3); npeanpustuio 14
OCTaeTCsl BTOPOM 3aKas.

Takum oOpazom, 1o pe3ysbTaTaM JeCITH UCTIbITaHUuW Hanbosee 3(PpheKTUBHBIM
pelIeHneM SBIISIETCS CEAyronlee: BoIIennuTh npeanpusatvio 111 nepseiil 3akas, I12 -
tpetuit, 13 - BTOpoii, 14 - uerBepThii. OOIIKE 3aTPaThl HA BHINOJHEHUE BCEX
3aKa30B COCTaBAT 34 AcH.ex.

[IpuBenemM mporpaMMHYIO peajau3alvio ajiropuTMa pElIeHUs AAaHHOM 3aJadyd Ha
a3bike VBA.

OcHOBHBIC KOHCTAaHTBI M TICPEMCHHBIE TmporpamMmbl: kol - KoOJIWYECTBO
npeanpusTuid (M 3aka3oB); mz - matpuia 3arpar (tadn.4.3); spis zakaz - crnmcok
3aKa30B, KOTOpBIC €Ille HEe paclpeiclieHbl (CHauamza B HEM HaxXOISITCS BCE 3aKasbl);
nerasp - KOJMYECTBO 3aKa30B, KOTOPHIE €Il HE paclpeaesieHbl, hazn - MacCUB JIs
XpaHEHHUS Pa3bITPhIBACMbBIX BAPHAHTOB PEIICHUH (3JIEMEHTHI TOTO MacCUBa - HOMEpa
3aKa30B, BBIICISAEMBIX = MPEANPHUATHAM); Sum zatr - CyMMapHbIC 3aTpaThl,
COOTBETCTBYIOIIIME pPa3bIlPaHHOMY BapHWaHTY; Opt Nazn - MAacCUB IS XpaHCHUS
ONTUMAJIBHOTO BapHaHTa paclpe/IeiICHUS 3aKa30B; min_zatr - MUHUMAaJIbHBIC 3aTpaThl
(COOTBETCTBYIOUINE ONTHMAIBHOMY PEIICHUIO); interval - BeMUWHA WHTEpBaia, d U
b - rpaHuIkl HHTEpBaia (cM. maru 1,2,3 anroputMa).

Sub primer42()

Dim mz(1 To 4, 1 To 4), opt nazn(1 To 4), nazn(1 To 4), spis_zakaz(1 To 4)

n=100: kol =4

mz(1l, 1) =5: mz(1, 2) =8: mz(1, 3) =12: mz(1,4)=7

mz(2, 1) =8: mz(2, 2) =9: mz(2, 3) =7: mz(2, 4) = 14

mz(3, 1) =8: mz(3, 2) =12: mz(3, 3) = 10: mz(3, 4) = 13

mz(4, 1) = 15: mz(4, 2) = 12: mz(4, 3) =9: mz(4, 4) = 10

min_zatr = 1000

Fori=1Ton

nerasp = kol

For k=1 To kol

spis_zakaz(k) =k ‘CocTaBiieHHE CIIICKA, IEPBOHAYAIBHO COJIEPKAILEro HoOMepa BCeX 3aKa30B
Next k

Forj=1Tokol-1

interval = 1 / nerasp : r = Rnd ‘Bpruncnenue IMHbI HHTEpBaa v po3sirpbii CPPY



For k=1 To nerasp
a= (k- 1) *interval : b=k * interval

If (r > a) And (r <= b) Then 'Onpenenenre uHTEpBaa, B KoTopblil nonagaer CPPY
nazn(j) = spis_zakaz(k) ‘Beraenenue 3akasa j-My OpeInpUsITHIO

If k <nerasp Then

For jj=k To nerasp - 1

spis_zakaz(jj) = spis_zakaz(jj + 1) '"McknroueHre BbIIETICHHOTO 3aKa3a U3 CIMCKa 3aKa30B
Next jj ‘MyTeM CHIBUTA 3TOTO CIIHCKA

End If

For jj = nerasp To kol

spis_zakaz(jj) =0

Next jj

nerasp = nerasp — 1 ‘KonmdecTBO HepacpeaeIeHHbIX 3aKa30B YMEHBIIUIOCH Ha |
GoTo met

End If

Next k

met: Next |

nazn(kol) = spis_zakaz(1) ‘[locnenHeMy NpeANPUITHIO BBIICISETCS OCTABIIMICS 3aKa3
sum_zatr =0

Forj=1 To kol

k = nazn(j)

sum_zatr = sum_zatr + mz(j, k) ‘Bslunciienue 3aTpat B COOTBETCTBUU C pAaCIPEICICHUEM 3aKa30B
Next j

If sum_zatr <min_zatr Then ‘3arnoMuHaeTcs JyqIui BApUAHT U3 pAaCCMOTPEHHBIX

Forj=1 To kol

opt nazn(j) = nazn(j)

Next j

min_zatr = sum_zatr

End If

Next 1

MsgBox ("OntumanbsHoe pelieHue')

Forj=1 To kol

MsgBox ("[Ipeampusitue " + Str(j) + " Bemmosiasier 3aka3 " + Str(opt_nazn(j)))
Next j

MsgBox ("Munumanbsbie 3aTparsl: " + Str(min_zatr) + " gen.exn.")
End Sub

[Ipumeuanue. [lomyuenHnoe pemrenne 0JIM3KO K TOUHOMY ONTUMAIBLHOMY PEIICHUIO 3a/1a4H.
OnTuManbHOE pelIeHre, HAlICHHOE CIEeUaTbHBIM METOJIOM JIJIsl PEIISHUs 3a]a4i O Ha3HAYEHHUIX
(meton Maka), cnenytomee: npeanpustuto [11 Beigensercs yerBeptoiii 3aka3, [12 — Bropoit, [13 —
nepBbi, 114 — Tpermit. O0mue 3aTparbl mpu 3TOM cocTaBaT 33 npeH.en. Ilpu wcmosb3oBaHUM
MPOTPAaMMHOM  peayin3allii TMPEUIOKEHHOTO airoputMa (CM. BbIme), rae BbeimomHseTcs 100
UCIBITAHUMN, ONPENESIeTCS] U TOUYHOE ONTUMAIBHOE PELICHHE.

Ilo ‘pe3ynpraTaM BBIIIOJHEHMsI MPOrPaMMBbl IOJIYYEHO CIEAYIOIIEE PpELICHUE:
npeanpustuio 111 Beimensercs yerBepThiil 3aka3, [12 — Bropou, [13 — nepssiid, 114 —
Tpetuil. OO1IME 3aTpaThl NPU 3TOM COCTABAT 33 JeH.e[l. DTO peleHnue COBMAIAET C
TOYHBIM PEIlIEHHEM, HaliJIEHHbIM MeTO/IoM Maka.

Ipumep 4.3. Mexny tpems npeanpustusmu (I11,112,I13) pacnpenensercs
cyMMa B pa3Mmepe 5 MJH JieH.ea. CpeacTsa BbIAEISIOTCS B pa3Mepax, KpaTHeIX 1 MitH
neH.ea. [IpuObuIb, KOTOpass MOXKET ObITh MOJIyYeHa MPEANPUATUIMU B 3aBUCUMOCTHU
OT BBIICJICHHBIX CPEJICTB, IpUBeieHa B Ta01.4.5.

Tabmnuma 4.5



BitoxeHHbIe cpencTBa, MIIH JIEH. €I 1 2 3 4 5

[TpuObuIb NpeaAnpusTHUS, 111 2 4 7 9 10

MJIH JI€H.€]. 112 2 3 6 8 11
113 3 4 5 9 11

Hanpumep, ecaum npegnpusituto I11 Oyner BbimeneHo 2 MIH J€H.€A., TO €ro
npUOBUTH OT UCIIOJIB30BAHUS ATUX CPEACTB COCTABUT 4 MIIH JICH.E]I.

Tpebyetcst pacnpenenutTb UMEIOLIYIOCS CYMMY TakuM 00pa3oM, 4ToObl 001as
MPUOBLIb, MOJTyUYCHHAS IPEATPUATUIME, OblJIa MAKCUMAJIBHOM.

JInsg TakoM 3aJadyd  MOXKHO HAWTM TOYHOE pEHIEHHWE, WCMOJb3ysd METO.
IUHAMUYECKOTO IporpamMmmupoBanusi. OHAKO MpU OOJBIION pa3MEpHOCTH 3aJayH,
T.€. Ip¥ OOJBIIOM KOJUYECTBE MPEANPUATUNA U OONBIIOM 00beMe pacCHpeAesieMbIX
CPEICTB, IPUMEHEHUE ITOT0 METOJA CTAHOBUTCS JOCTATOYHO CIIOKHBIM.

PemmMm nmanHyro 3agauy, ucnoiib3ysa meroa Mourte-Kapno. [ns ciaydaiiHoro
BbIOOpa BEJIMYUHBI CPEJICTB, BBIIEISEMBIX NPEINPUSATHIO, OYIET HKCIONIb30BATHCSA
dbopmyna (3.1).

AJNTOpPUTM pelIeHns paccMaTpUBaEMOM 3a7a4u Ha OCHOBE MeTtoga MonTe-Kapio
peanusyeTrcs B CIEAYIOMIEM MOPSIAKE.

1. Pa3pirpsiBaeTcs (T.e. ciaydyailHbIM 00pa30oM BBIOMPAETCS) BETUUYMHA CPEJACTB,
BBIJICTISIEMBIX TIEPBOMY MPEANPUATHIO. J{J7Is1 3TOr0 paspIrphIBAETCs CIIydallHOE YMCIIO
R u ucnonpzyetcs popmymna (3.1) npu 4=0, B=5: §;=[0+(5-0+1)-Ry].

2. Ecniu mepBOMy TpeanpUATHIO BBIIETIEHBI HE Bce cpenactBa (T.e. S <5), To
pa3bIrPhIBAETCS BEJTMUMHA CPEJICTB, BBIICTSIEMbBIX BTOPOMY NMPEANPUATHIO. [l 3TOTO
paseirpeiBactcsi CPPU R, um wucnosnw3yercs ¢opmyna (3.1) mpu A=0, B=5-Si,
$2=[0+(5-51-0+1) Ry].

3. OcraBuivecs cpencrtBa (eciii  OHHU  €CTb)  BBIACISAIOTCS  TPEThEMY
npeanpusaTuio: S3=5-51-57:

4. Ilo BenmuurMHaM BBIJICIICHHBIX CpeACTB (S1, S, S3) U MO COOTBETCTBYIOIIUM
3HaYeHUsAM NpuoObLUTH (Taba.4.5) onpenenserca cyMmapHas IpuObUIb NPEAIPUSITHIA.

[Ilaru 1-4 moBTopsitorcsi MHOTOKpatHO (Hampumep, 1000 pas). BeiOupaercs
BapHaHT PACTIPEACIEHUs] CPEACTB, JUIsI KOTOPOTO 3HAYCHHE CyMMAapHOW MpHOBLIH
MaKCHUMaJbHO.

[IpuBeaem npumMep AeCATH UCTIBITAHUM TaHHOTO anropuTMa (1ab:mn.4.6).

Tabnumna 4.6
II/_II(?I'IIVII,IefaHI/Iﬂ R, 5 Ry 52 53 TpuGeim,

1 0,0795 0 0,3780 2 3 0+3+5=8

2 0,0593 0 0,7602 4 1 0+8+3=11

3 0,2847 1 0,8197 4 0 2+8+0=10

4 0,6133 3 0,5766 1 1 7T+2+3=12

5 0,9595 5 - 0 0 10+0+0=10
6 0,0981 0 0,2410 1 4 0+2+9=11

7 0,5962 3 0,2978 0 2 7+0+4=11

8 0,6458 3 0,9762 2 0 7+3+0=10

9 0,0523 0 0,4523 2 3 0+3+5=8

10 0,8153 4 0,4286 0 1 9+0+3=12




3necb, Hampumep, B nepBoM ucnbitanuu - S1=[0+(5-0+1)-0,0795]=0,
S»=[0+(5-0+1)-0,3780]=2, S§3=5-0-2=3. B »ToM wucneiTanuu npeanpustuo 11
CpelcTBa HE BBIIENAIOTCS, npennpusituto 112 Beigensercs 2 MAH JAeH.el.,
npeanpustuio 113 — ocraBmuecs 3 muH nes.en. M3 ta6in.4.6 BUIHO, 4TO MPU TAaKOM
pacnpeneneHun cpeiactB npeanpustue I11 He momyuut npubsuin, 112 — nmomydut
npuoOBLUIb B pa3Mepe 3 MJIH JeH.el., [13 — mpubsuib B pazmepe 5 MiIH 1eH.ea. Takum
o0Opazom, oO1ias npuobLTh MPEANPUITHI COCTABUT § MITH JIEH. /.

Kak BunHo u3 1a01.4.6, Mo pe3ynbTaTaMm JECATH MCIbITAHUN HAMIEHbI JBa
BapuaHTa pelleHus], 00ecreynBaollie MakCUMalibHYI0 NpuObLib. [lepBoiil BapuaHT -
BbIeUTh npeanpusturo 111 3 mun nen.en., 112 - 1 mun, 113 - 1 maH. Bropoit
BapuaHT — BblAeNUTh npeanpustuio 111 4 man gen.ex., 13 - 1 muH (IpeanpusTuio
[12 cpenctBa He BbiAenstoTCs ). O01Ias MPUObLIL MPEANPUATUHN (1S JIHOOOT0 U3 ITUX
BapUAHTOB PEIIICHUsI) COCTABUT 12 MIIH JIeH.€]I.

H[!I/IMe'-IaHI/IC. 910 PEHICHUC COBIAAACT C TOYHBIM OITHMAJIBHBIM PCUIICHHUEM, HaﬁﬂeHHBIM
MCTOJAOM AMHAMHWYCCKOI'O ITpOrpaMMHUpPOBaHM.

[TpuBeaeM MPOrpaMMHYIO peaTH3aIlii0 PACCMOTPEHHOTO aJITOPUTMA Ha SI3BIKE
VBA. OcHOBHBIE KOHCTaHTBI M IIE€PEMEHHBIC IporpamMmbl: kol - KOJHWYECTBO
NPEANPUATAN; PP - TPHOBUIb TPEANPHUATHH, KOTOPYIO OHH MOTYT IIOJIy4YUTH B
3aBUCUMOCTH OT BBIJICJICHHBIX CPeACTB (Ta0i.4.5); S - MAcCUB JJIs Pa3bIrPhIBAEMBIX
BapUAHTOB peIICHU (3JIeMeHThI 3Toro Maccuna s(1), s(2), s(3)- Benuuunst Sy, Sy, S3
COOTBETCTBEHHO); prib - cymmapHas NpHOBLIb MPEANPHUITHH, COOTBETCTBYIOMIAS
pa3pIrpaHHOMY BapHaHTY; S _Opt - MAacCHB IS XpPaHCHHUS ONTHMAJIBHOTO BapHaHTa
pacnpenesieHuss CpeJCTB; max prib - MaKCHMaJlbHass NMPHOBUTH (COOTBETCTBYIOIIIAS
ONTUMAJIBLHOMY PEIICHHUI0); a U b - UMEIOT TOT e CMBICI, uTo B hopmye (3.1): a=0,
b — umeromasics (moaiexaiiasi pacupeiesIeHu0) CyMmma.

Sub primer43()

‘Pacnipenenenue cpencTs MEXAY NPEeAIPUATUIMHA

Dim pp(1 To 3, 1 To 5), s(1 To 3), s opt(1 To 3)

n= 1000

kol = 3: sredstva=15

pp(1, 1) =2:pp(1, 2)=4:pp(1, 3)="T: pp(1,4)=9: pp(1, 5) =10

pp(2, 1) =2: pp(2,2) =3: pp(2,3) = 6: pp(2,4) =8: pp(2,5) =11

pp(3, 1) =3:pp(3,2) = 4: pp(3, 3) = 5: pp(3, 4) = 9: pp(3, 5) = 11

max_prib =0

Fori=1Ton

a=0: b= sredstva: prib=0

For j=1 To kol

Ifb> 0 Then ‘ITpoBepka: ecTh JIM €1lle HepacIpeIeTIeHHbIE CPEICTBA
s(j)=Int(a+(b-a+1)* Rnd) ‘PO3BITpHILI CPEACTB, BBIACIAEMBIX j-MY HNPEAIPUATHIO
b=Db-s(j) ‘Vmeromuecs cpercTBa yMEHbIIAIOTCSA HA BEJMUUHY, BBIICTICHHYIO J-MY IPEIIPUITHIO
Else

s(jg)=0 ‘Ecnm Bce cpencTBa pacipeaeieHbl, TO j-My IPEANPUITHIO HUUETO HE BBIICISICTCS
End If

Next j

Forj=1 To kol

k =5(j)

Ifk > 0 Then prib = prib + pp(J, k) ‘Brruncnenue npudbuin B COOTBETCTBUHU C paCIIpeieICHUEM
Next j



If prib > max_prib Then ‘3aroMuHaeTCs Ty4IIUA BapUaHT U3 paCCMOTPEHHBIX
Forj=1 To kol

s_opt(j) = s(j)
Next j
max_prib = prib
End If

Next i

MsgBox ("Pacnipenenenue cpencts: ")

Forj=1 To kol

MsgBox ("[Ipeampusitue " + Str(j) + ": " + Str(s_opt(j)) + " man gen.ex.")
Next j

MsgBox ("MakcumanbsHas npuObuib: " + Str(max_prib))

End Sub

IIpumep 4.4. /IBa peunsix cyana (Cl1 u C2) uCmonab3yrOTCs sl EPEBO3KH
rpy30B B naBa HaceneHHbIX nyHkTa (I11 u I12). B Tedyenune roma B HaceIeHHBIH
nyHKT [11 Heo6XxoAMMO JOCTaBUTH HE MEHEe 3 ThHIC.T Ipy3a, B MyHKT I12 — He MeHee
4 teic.T. Cygno C1 nepeBo3ut 3a oauH peric 12 1 rpysa, cyano C2 — 15 T. 3aTpartsl,
cBa3aHHble ¢ ogHuUM peiicom cyaHa Cl B myHkT IIl, cocrtaBastor 400 nen.ex.,
cyana Cl B myHkr 112 — 150 nen.en., cyana C2 B myHkT 111 — 500 nen.ex., cyana C2
B nyHKT [12 — 300 nen.en. Kaxaoe CyaqHO MOXKET BBIIIOJHUTH B T€UEHHE To/a HE
6omee 300 pericos.

TpeOyeTcst cocTaBUTh ONTUMANbHBIA TUJIaH [EPEBO30K, T.€. OMNPEICIUTH,
CKOJIBKO PEHCOB JTOJKHO BBIMOJHUTH KaXKJ10€ CYJHO B KayKJbI HACEJICHHBIN IYHKT,
YTOOBI IOCTABUTh HEOOXOIUMOE KOJIMYECTBO [PYy3a C MUHUMAJIbHBIMU 3aTPaTaMHU.

Pemum pmanHnyio 3anmady, wucmosisdys metox Monrte-Kapno. Jlns BwiOopa
KOJIMYECTBA PEHCOB KaXIOTO CyAHA - B KaXABIH HACENEHHBIA MYHKT Oyner
npumeHsaTbes Gopmyna (3.1).

AJITOpPHUTM pelIeHus: paccMaTpUBaeMOoH 3a1a4u Ha OCHOBe MeToja MonTte-Kapio
peanu3yeTcs B CIeAyIOIeM HOpsiIKe.

1. Pa3birpeiBaeTcst konmuectBo peiicoB cygHa Cl B mynkr IIl. [ns sroro
pasbIrpbIBacTCsl cliydaiiHoe uuciao R u ucnonsdyetrcs (opmyna (3.1) mpu A=0,
B=300: Nc1m1=[0+(300-0+1)-R;].

2. PasbirpsiBaercs konnuectBO peiicoB cyaHa Cl B mynkr II12. [Insg sroro
pasbIrphIBaeTCs ciaydaiiHoe yucio Ry u ucnonbdyercs ¢opmyna (3.1) npu A=0,
B=300-Ncim1:Ncim=[0+(300-Ncim1-0+1) Ry ].

3. Pa3birpeiBaeTcss KoaumyecTBO peiicoB cyaHa C2 B myHkT A. g 3toro
pasbIrpbiBaeTCcsl ciaydaiiHoe ymucio Rz u ucnonbdyercs dopmyna (3.1) npu A=0,
B=300: Ncom1=[0+(300-0+1)-R3].

4. Pa3pIrpsiBacTCs KoJHW4YecTBO peiicoB cynHa C2 B myHkr B. Jlig a3toro
pasbIrpbIBacTCsl cliydaiiHoe uucio R4 u ucnoiszyercs (opmyna (3.1) mpu A=0,
B=300-Ncami: Neame=[0+(300-Ncorri-0+1)-Ry].

5. BelunciseTcss KOJMYECTBO rpysa, nepeBo3uMoro B nmyHKTH [11 m 112 mpum
BbIOpaHHOM T1uIaHe mepeBo3ok (G u Grpp). Ecimm Grp>3000 u Gp>4000, To
BbIOpAHHBIN IJIaH TMEPEBO30K SABISIETCS JOMYCTUMBIM M JIJIi HETO BBIYUCIISIIOTCS
3aTparTshl.



[Ilaru 1-5 BBITIOJTHSAIOTCS MHOTOKpPATHO (Hampumep, S MIIH pa3). BeiOupaercs
IUIaH MEPEBO30K C MUHUMAJIbHBIMHU 3aTPATAMMU.

HpI/IBCIICM MpUMEP OAHOIO UCIIBITAHUA JaHHOT'O aJITOpHUTMaA.

Paspirpaem xonmuectBo peiicoB cyana Cl B myHkrt II1. Ilycte passirpano CPPY
R1=0,0795, Torna Ncim=[0+(300-0+1)-0,0795]=23 peiica. Tak kak cyaHo C1 moxer
BbINONHUTE He Oosiee 300 pelicoB B roja, B MyHKT [12 OHO MOKET BBIMOJIHUTH HE
6onee 300-23=277 peiicoB. Pa3birpaem komudectBo peiicoB cyaHa Cl B myHkt [12:
nycth R,=0,378, Torna Ncim=[0+(277-0+1)-0,3780]=105 peticos.

Paspirpaem xonunuectBo peiicoB cyana C2 B nmyHkr II1. Ilycts paseirpano CPPY
R3=0,0593, torna Ncom=[0+(300-0+1)-0,0593]=17 peiicoB. Pa3pirpaeM KOAUYECTBO
pericoB cynma  C2 B nyHkTt  [I2: nycte  R4=0,7602, Toraa
Neom=[0+(283-0+1)-0,7602]=215 peiicos.

BblunciauM KoJIMYeCTBO Irpy3a, JOCTaBISEMOro B KK /IbIM U3 NyHKTOB. B myHkT 111
noctaisierca 12:23+15-17=531 T rpy3a, B nyHkT [12 - 12:105+215-17==4915 1. Tax
kak B nyHKT IIl1 mocraBnsiercss menee 3000 T rpy3a, MOJYYECHHBIN IUIAH MEPEBO30K
HEJOITyCTUM.

[Ipumeuanue. [ns pemeHus naHHOW 3amaun TPEOYETCs OOMBIIOE KOJIMYECTBO HCIBITAHUN
aNropuTMa, TaK KAaK OYE€Hb MHOTME W3 pa3bITPAaHHBIX BAPUAHTOB PEIICHHUS OKAa3bIBAKOTCA
HEJIOTTYCTUMBIMHU (HE yIOBJIETBOPSIOT OTPAHUYCHUSIM Ha KOJMYECTBO MIEPEBO3UMBIX TPY30B).

[TpuBeneM mporpaMMHYIO peanu3aliio pacCMOTPEHHOTO aJrOPUTMA.

Sub primer44()

'CocraBiieHue 1mjiaHa MepeBO30K B JIBa HACEIICHHBIX MYHKTA

n = 5000000 ‘KosinuecTBO MCHBITaHUI

potr pl =3000: potr p2 =4000 ‘IlorpeOHOCTH HACcEIECHHBIX MYHKTOB
gcl=12:gc2=15 ‘BMecTUMOCTBH CyJIOB

zclpl =400: zclp2 = 150: zc2pl =500: zc2p2 =300 ‘3aTparbl Ha OJUH peiic

minzatr = 1000000

Fori=1Ton

reis = 300

r=Rnd: nclpl = Int((reis + 1) * r): reis = reis - nclpl  ‘Po3sirpsim kommuectBa peiicos s Cl

r = Rnd: nclp2 = Int((reis + 1) * 1)

reis = 300

r = Rnd: nc2pl = Int((reis + 1) * r): reis = reis —nc2pl  ‘Po3birpsim konmyecTsa peiicos st C2

r = Rnd: ne2p2 = Int((reis + 1) * 1)

zatr=nclpl * zclpl + nclp2 * zclp2 + nc2pl * zc2pl + nc2p2 * zc2p2 ‘3aTparhl Ha EPEBO3KU

gruzpl =nclpl * gcl + nc2pl * gc2: gruzp2 =nclp2 * gcl +nc2p2 * ge2 ‘KonmuectBo rpysa,
‘nocrasysiemoro B I11 u I12

If (gruzpl >= potr_pl) And (gruzp2 >= potr_p2) And (zatr < minzatr) Then

minzatr = zatr ‘3aroMHuHaeTCs Jy4IIni BapUaHT U3 paCCMOTPEHHBIX

nclplopt =nclpl: nclp2opt = nclp2: nc2plopt =nc2pl: nc2p2opt = nc2p2

End If

Next i

MsgBox ("Cymuo C1: I11 - " + Str(nclplopt) + " I12 - " + Str(nc1p2opt))

MsgBox ("Cymuo C2: I11 - " + Str(nc2plopt) + " I12 - " + Str(nc2p2opt))

MsgBox ("3atpatsl: " + Str(minzatr))

End Sub



Ilo pe3ynpTaTaM BBINOJHEHUS MPOrPAMMBI MOIYYEHO CIEAYIOUIEE PEUICHUE:
cynHo Cl Bemmonnsier 4 peiica B nyHKT 111 m 289 peiicoB B nmyHkT I12; cynHo C2
BbITONIHAET 197 pelicoB B myHKT 111 u 36 peiicoB B nyHKT 112. 3aTpaThl Ha IepeBO3KH
coctasaT 154 250 nen.en.

IIpumep 4.5. KpynHoe mnpeanpusatve MPEAIonaraeT NOCTPOUTH HECKOJBKO
KUJIBIX IOMOB ISl CBOMX COTPYAHUKOB. Bcero Ha cTpouTenbcTBO BbleNeHO 10 MitH
neH.en. imerotcst Tpu mpoekta xkuibix 1omoB (ITP1, TIP2, T1P3). Mx xapakTepucTHUKH
npuBeAeHbI B Ta01.4.7.

Tabnuma 4.7
[Tpoext I1P1 I1P2 I1P3
Kumas mnomanb, ThIC M2 2,5 2 4
CTOMMOCTb, MJIH JCH.€CI. 2 1,5 2,8

TpeOyercs ompenenuTh, CKOJIBKO JOMOB CJIEAYeT MOCTPOUTh MO KaXIOMy H3
MIPOEKTOB, YTOOBI UX 0OIIasH KKUJIasl TUIONIAb ObllIa MAaKCUMAaTbHOM.

Anroput™m peuieHuss TakoW 3ajadyd Ha oOcHOBe Merona Monrte-Kapro
peanu3yeTcs B CIEIYIOUIEM MOPSJIKE.

1. OnpenensieTcss MakCUMaJIbHOE KOJMYECTBO JIOMOB, KOTOPO€ MOKHO
MOCTPOUTH MO KAXKJIOMY IPOEKTY B COOTBETCTBUU C BBIJIEJICHHBIMU CpeACcTBaMu: Ni=
=[10/2]=5, N,=[10/1,5]=6, N3=[10/2,8]=3.

2. Pa3pIrppiBaeTCsi KOJMYECTBO JOMOB, KOTOpBIE CIIEYeT MOCTPOUTH IIO
npoekty I[IP1 (Nppp). Husa storo ucnons3yercs ¢opmyna (3.1) nmpu 4=0, B=N=5
(Tak KaK 5 - MaKCUMaJlbHO BO3MOKHOE KOJIMYECTBO JIOMOB IO IAHHOMY MPOEKTY).

3. Pa3pIrppiBaeTcsi KOJMYECTBO ~JIOMOB, KOTOpBIE CIEAYeT MOCTPOUTH IO
npoekty [1P2 (Nppy). i atoro uenomaszyercs hopmyna (3.1) npu 4=0, B=6.

4. Pa3pIrppiBaeTCs KOJHMYECTBO JOMOB, KOTOpBIE CIIEyeT IOCTPOUTH IIO
npoekty [1P3 (Npp3). Jus atoro ucnonszyercs hopmyina (3.1) npu 4=0, B=3.

5. Haxoastca obuiue 3aTpaThl Ha MOCTPOMKY BCEX JOMOB, BBIOpaHHBIX Ha
marax 2-4. Eciu Ty 3arpatsl He npeBbimatoT 10 MIH JIeH.el., TO BHIOpaHHBIN TUIaH
CTPOUTENBCTBA SBIASCTCS JOMYCTUMBIM; BEIYUCIIIETCS O0IIas sKuiias Momab JOMOB,
BBIOpaHHBIX Ha marax 2-4.

[laru 2-5 MOBTOPSIIOTCS MHOTOKPATHO. BbIOUpaeTcs mian CTpoOUTENbCTBA, IS
KOTOpOTO. 001112 >Kujasi Iiouaab NOCTPOCHHBIX IOMOB MaKCHUMAJIbHA.

[IpuBegeM TpUMEp OJHOTO UCHBITAHUS JaHHOrO anroputMa. Passirpaem
KOJMYECTBO JIOMOB, KOTOpbIE cieayer mnocTtpoutb mno mnpoekry IIP1. Ilycts
passirpano CPPU R=0,0795, torna Npp;=[0+(5-0+1)-0,0795]=0, T.e. npennaraercs
HE CTPOUTH JoMa 1o TpoekTy [1P1. AHAJIOTHYHO pa3bIrpaeM KOJIMYECTBO JTOMOB JJIS
noctpoiikn 1o mnpoektam I[1P2 u TIP3. Ilyctes R,=0,378, Torma Npp,=[0+(6-
0+1)-0,3780]=2 noma. Ilycts R3=0,0593, Torna Npp;=[0+(3-0+1)-0,0593]=0. 3aTpaTsI
Ha CTpoUTeNbCTBO cocTaBAT 0-2+2-1,5+0-2,8=3 mnH neH.en. Tak kak 3aTtparbl He
MIPEBBIIIAIOT BBIJIENEHHBIX cpencTB (10 MIIH JIeH.e.), TIaH CTPOUTEILCTBA SIBISETCS

nonycTuMbIM. JKunasi Tiomaab IOMOB, MOCTPOCHHBIX IO 3TOMY IUIaHY, COCTABUT
2
0-2,5+2-2+0-4=4 tHIC M".



IIpumeuanue. Kak u B mpeasiaynieM npumepe, i perieHusl JaHHOM 3aj1ayu
TpeOyeTcsi OOJIbIlIOe KOJWYECTBO HCMBITAHWM, TaK Kak 3HAYUTEIbHAas YacTh
Pa3bIrPHIBAEMBIX BAPUAHTOB PEIICHUN OKa3bIBAIOTCA HEAOMYCTUMBIMHU.

Sub primer45()

‘CocTaBlieHUE ONTUMAJIBHOTO IIJIaHA CTPOUTEIHCTBA
nl=5:n2=6:n3=3

n = 5000000 ‘KomuuecTBO UCIBITAHUU

zatrmax = 10

plmax =0

Fori=1Ton

rl =Rnd: nprl = Int((nl + 1) *rl) ‘Po3bIrpeiu KoJinyecTBa JOMOB 0 KaXXI0MY U3 ITPOEKTOB
r2 = Rnd: npr2 = Int((n2 + 1) * r2)

r3 = Rnd: npr3 = Int((n3 + 1) * r3)

pl=2.5*nprl +2 * npr2 + 4 * npr3 ‘Berumnciienye KuIon ioniaau

zatr =2 *nprl + 1.5 * npr2 + 2.8 * npr3 ‘Beruncienue 3arpar

If (zatr <= zatrmax) And (pl > plmax) Then ‘3anmomuHaeTcs Jy4nnii BapuanT U3 pacCMOTPEHHBIX
plmax = pl: zatropt = zatr: nprlopt = nprl: npr2opt = npr2: npr3opt = npr3

End If

Next i

MsgBox ("I[loctpouts 1o nmpoekry 1: " + Str(nprlopt))

MsgBox ("I[loctpouts 1o mpoekry 2: " + Str(npr2opt))

MsgBox ("[loctpouts 1o mpoekry 3: " + Str(npr3opt))

MsgBox (" Kunas mmomane: " + Str(plmax) + " 3arpatsi: " + Str(zatropt))

End Sub

IIo pesynbraTaM BBIIOJIHEHUS MPOrpaMMBbl IOJYYEHO CIEAYIOLIEE PELICHHUE: IO
npoekty IIP1 ctpouts noma He cnenyert, no npoekrty [1P2 — mocTtpouts 0IMH 10M, 11O
npoexty ITP3 - Tpu soma. OGLIas HKAIAs TUIOMIA (b TOCTPOSHHBIX JJOMOB — 14 ThIC M’
3aTpaThl Ha CTPOUTEIBCTBO COCTABAT 9,9 MIIH neH.ex.

Ipumep 4.6. JIns TpaHCHOPTUPOBKM HEKOTOPOro XUMHUKATa Tpedyercs
U3rOTOBUTH KOHTEHHEphl. TpeGoBaHMs K KOHTEWHepaM cleayromue: 1) eMKOCTb
KOHTEWHepa - 6 M3; 2) BBICOTa MOXET CcoCTaBiAThL OT 1 a0 3 M; 3) ocHOBaHHUE
KOHTEHHepa JOJOKHO ~ OBbITh  KBagpaTHbIM. JIHO © CTEHKM KOHTeiHepa,
HENOCPEACTBEHHO COMPUKACAIOIINECS C XMMUKATOM, JIOJIKHBI OBITh U3rOTOBJIEHBI U3
Oonee CTOMKOTO Marepuana, 4eM Kpbllika KoHTelHepa. llena marepuana gHa u
CTCHOK KOHTEHepa — 6IICH.CII./M2, LIEeHa MaTepuaja KpblIkd - 4 I[CH.CIL./MZ.
TpeOyercst HaiiTu TrabapuTHBIE pa3Mepbl KOHTeWHepa (pa3Mepbl OCHOBaHUSA U
BBICOTY ), IPY KOTOPBIX €r0 CTOUMOCTH OYJI€T MUHUMAJIBLHOM.

O603HauMM BBICOTY KOHTEHHepa kak H, pa3mepbl €ro OCHOBaHHS (IJIUHY H
HIMPUHY) - Kak L, cToMMOCTh maTepuana Jjsi KoHTeiiHepa — kak C. Torma s
JAHHOM 3a7a4Xd MOXKHO ITOCTPOUTH CIEAYIOIIYI0 MaTEMAaTUYECKYO MOJEIb:

H>1;
H<3;
L=+6/H;

C=61I%+24-1.L + 4L° — min.



31ech IEepBOE U BTOPOE OTPAaHUYEHHUS YCTAHABIMBAIOT, YTO BBICOTA KOHTEHHEpa
JOJDKHA COCTaBJIATH OT 1 10 3 M; TpeTbe OrpaHMYCHHUE YCTaHABIMBACT pasMep
OCHOBaHH (M3 YCIOBHS, YTO €MKOCTh KOHTeiHepa paBHa 6 M°). IleneBas dynkiuus C
BBIpAXKaeT CTOMMOCTb KOHTEHHepa (IIEpBOE cjaraéMoe - CTOMMOCTb MaTepuala
OCHOBaHHUS, BTOPOE - CTOMMOCTh MaTepualia CTEHOK, TPeThe - KpbIKHK). [laHHas
3a/laya TpeACcTaBiIsieT co0O0il 3adadyy HEJIMHEWHOro MpPOrpaMMHUpPOBaHUS (B HEH
HEJIMHEHHBIMU SABISIIOTCS 1eieBas (QYHKIUS M OJHO M3 orpaHudeHuii). TouyHbIX
METOJIOB JJIsi pelIeHus TakuxX 3anady Her. Haiinem npuOanmxeHHOE pellieHue,
ucnoisb3ys mero Monre-Kapiro.

1. OnpenensieTcst (BbIOMpAETCsl CIy4allHBIM 00pa3oM) BBICOTa KOHTEHHEpA.
Hns storo paseirpeiBactcss CPPY R, Tak kak BbICOTa KOHTEHWHEpa JOJKHA
MPUHUMATh 3HA4YCHUE B 3aJlaHHOM jauarna3oHe (ot 1 g0 3 M), st ee po3bIrphllia
Bocnionszyemcs hopmynoi (3.11) npu a=1, b=3: H=1+(3-1)R.

2. Haxonutcs pa3mep ocHOBaHUS KOHTeHHepa: L =~/6/H .

3. Jns BbIOpaHHBIX pa3MepoB KoHTeiHepa (H u L) HAXOJUTCS CTOMMOCTD
Marepuana: C = 6-L2 +24-HL+4-L° .

[laru 1-3 NoBTOpsIIOTCSI MHOTOKpAaTHO. BriOupaioTcs pazmepsl KOHTEHHEpa, MpH

KOTOPBIX CTOUMOCTh MaTepHajia MUHUMAaJbHA.

B 1a611.4.8 npuBOaUTCS MpUMED E€CSATH UCTIBITAHUN JJTAHHOTO aJIfOPUTMA.

Tabmuna 4.8
Howmep R H L C
HUCIIBITAHUA
1 0,0795 1,16 2,28 115,06
2 0,3780 1,76 1,85 112,07
3 0,0593 1,12 2,32 115,81
4 0,7602 2,52 1,54 117,14
5 0,2847 1,57 1,96 111,88
6 0,8197 2,64 1,51 118.24
7 0,6133 2,23 1,64 114,67
8 0,5766 2,15 1,67 114,13
9 0,9595 2,92 1,43 120,99
10 0,0981 1,20 2,24 114,46

Takum o0pazom, Mo pe3yibTaTaM JECSATH HCIBITAHUNA MHHUMAaJbHas CTOMMOCTH
KOHTEWHepa oOecreunBaeTcs Mpu CICAYIONIMX pa3Mepax: Beicota - 1,57 M, pasmep
ocHoBaHuA - 1,96 M. Takum 00pa3zoM, ciedyeT BBITYCKAaThb KOHTEHHEpHI pazMepaMu
1,96 x 1,96 x 1,57 m. CtroumocTh MaTepuaia JJs TaKOro KOHTEWHEpa COCTaBUT
111,88 nen.exn.

[TpuBenem nporpaMMHYIO peau3alyio AIrOpUTMa PEIIeHUs 3a1a4H.

Sub primer46()

‘Onpenenenre ONTUMAIIBHBIX Pa3MEPOB KOHTEHEpa

hmin = 1: hmax =3

n=>5000000 ‘KommuecTBO HCIILITAHUN

cmin = 1000



Fori=1Ton

r=Rnd

h = hmin + (hmax - hmin) * r ‘PO3BITpHIII BBICOTHI

1=Sqr(6 /h) ‘BplunciieHre pa3Mepa OCHOBaHHUS
C=6*1"2+24*h*]1+4*["2 ‘BpruncieHre crTouMocTu

If ¢ < cmin Then ‘3aroMuHaeTcs Jy4IIUi BapUaHT U3 pACCMOTPEHHBIX

cmin=c :lopt=1:hopt=h
End If
Next 1

msgbox(“OnTumansHele pa3Meph:
“+Str(Round(lopt,2))+”x”+Str(Round(lopt,2))+"x+Str(Round(hopt,2)))

msgbox(“Croumocts: “+Str(Round(cmin,?2)))
End Sub

[To pesynbTaram BBINOJHEHUS MPOTPAMMBI MOJYYEHO CIIENYIOUIEE pEIICHUE:
MUHHMaJbHasi CTOMMOCTh KOHTEWHepa oOecrneyuBaeTcss TMpU  pa3Mepax
1,93 x 1,93 x 1,61 m. CtoumocTh Martepuana il TaKOro KOHTEUHEpa COCTABUT
111,86 nen.en.

[IpuMeuanue. JTO pelIeHHE COBMAJAET C TOUYHBIM ONTHMAJIBHBIM PEIICHUEM,
HAlJICHHBIM METOJIOM HEITMHEWHOro mporpammupoBanus. Cienyer oOpaTUTh
BHUMaHHUE, YTO pEIICHWE, HAWIEHHOE IO pPE3yJbTaTaM BCEro JECATH HCIIBITAHHUMA
(Ta6n.4.8), MpakTUYECKH COBIMAJAET C ONTHUMAJIbHBIM. AJTOPUTM pEUIeHUs AaHHOU
3ajjaun Ha oOcHOBe Merojga MonTe-Kapino 3HauMTeNnbHO Tpole, YeM alropuTM
peLIeHHs HA OCHOBE METOI0B HEIMHEHHOTO MPOTrPaMMHUPOBAHHUS.
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HHPUJIOKEHHUE 1

CJ1IYYAUHBLIE PABHOMEPHO PACIIPELOEJIEHHbIE YUCJIA

0,0795
0,2410
0,8754
0,6058
0,3716
0,0644
0,7195
0,5994
0,9561
0,4403

0,3780
0,5962
0,5900
0,5321
0,3549
0,7612
0,1977
0,8691
0,2147
0,1689

0,0593
0,2978
0,3421
0,8064
0,0112
0,5707
0,2245
0,0564
0,9299
0,0453

0,7602
0,6458
0,7919
0,0540
0,8438
0,2759
0,3979
0,9681
0,1944
0,1344

0,2847
0,9762
0,1204
0,9046
0,3233
0,8396
0,0652
0,7945
0,0147
0,5162

0,8197
0,0523
0,7492
0,5778
0,5052
0,9127
0,0136
0,1137
0,1935
0,0540

0,6133
0,4523
0,3792
0,0043
0,7647
0,7652
0,2148
0,3537
0,1453
0,2084

0,5766
0,8153
0,7198
0,6218
0,2125
0,5576
0,8663
0,8137
0,2754
0,3725

0,9595
0,4286
0,4822
0,0563
0,6382
0,2914
0,7802
0,8484
0,0517
0,3741

0,0981
0,8400
0,8215
0,5934
0,5239
0,5682
0,9190
0,4385
0,7645
0,2042

0,2058
0,5869
0,3931
0,7759
0,8090
0,4983
0,4122
0,3483
0,3178
0,1757

0,0720
0,5937
0,0718
0,5792
0,4302
0,8773
0,4560
0,5023
0,5673
0,2741

0,2383
0,3465
0,7680
0,0555
0,6869
0,4004
0,2445
0,4718
0,8289
0,5951

0,7248
0,9940
0,9890
0,6824
0,4293
0,2839
0,9876
0,5838
0,7917
0,0243

0,2661
0,1708
0,0435
0,2781
0,9700
0,1111
0,3876
0,5971
0,3653
0,4258

0,1888
0,3062
0,9811
0,5160
0,2145
0,6815
0,1894
0,1554
0,8804
0,4118

0,8946
0,1309
0,5677
0,6977
0,2849
0,6258
0,1342
0,5865
0,0996
0,9968

0,1636
0,6818
0,5516
0,1059
0,8945
0,8406
0,6081
0,8211
0,4143
0,7917

0,9949
0,9790
0,0583
0,5570
0,7895
0,8576
0,1433
0,5267
0,7519
0,6760

0,3229
0,7400
0,5912
0,6978
0,3605
0,4549
0,6191
0,0068
0,4857
0,7910

0,6016
0,5291
0,4291
0,9220
0,3362
0,2861
0,7993
0,2886
0,1792
0,6629

0,2608
0,7498
0,9307
0,9723
0,8619
0,1074
0,6758
0,2257
0,4387
0,2038

0,2722
0,4549
0,8907
0,3733
0,7735
0,8348
0,1273
0,8240
0,6405
0,0407

0,4435
0,8937
0,4776
0,3401
0,7002
0,1517
0,5915
0,6699
0,7603
0,4089

0,3890
0,9365
0,1691
0,8118
0,4086
0,0206
0,0321
0,2291
0,1866
0,0196

0,8999
0,1678
0,6589
0,0978
0,6974
0,2963
0,0516
0,5493
0,4258
0,8947

0,8378
0,6006
0,9766
0,0913
0,6014
0,6904
0,6761
0,5030
0,3329
0,4352

0,0933
0,1885
0,8555
0,7856
0,3553
0,0079
0,0542
0,6703
0,2838
0,1265

0,0203
0,5667
0,2026
0,6641
0,5268
0,5070
0,5205
0,3374
0,8122
0,2156

0,5364
0,5623
0,5771
0,5063
0,4749
0,3674
0,2080
0,8210
0,2138
0,4300




HHPUJIOKEHUE 2

PABOTA C CACTEMOU TPOTPAMMMPOBAHMUSI
VISUAL BASIC FOR APPLICATIONS

PaccMOTprM OCHOBHBIE 3Tambl MOATOTOBKU IMporpamMM (MakpocoB) B cpeje
cucteMbl nporpammupoBanus VBA (Visual Basic for Applications). 3bik
nporpamMmMupoBaHuss VBA  gBisieTcsl  AMAneKTOM — YHUBEPCAJIBHOTO  SI3bIKa
nporpammupoBanus Visual Basic. SI3pik VBA BcTpoeH Bo Bce MpHIIOKEHHS MaKeTa
Microsoft Office (TekcToBsIil penakTop Word, Tabnuunsiii npoueccop Excel u 1.11.).

1. 3arpy3uts Word unu Excel. Co3nats ¢aiin. CoxpaHuTh €ro moja KaKhM-
MO0 UMEHEM.

2. Beibpate komanny CepBuc — Makpoc — Makpochil.

3. B mnosBuBmemcs oxkdHe Makpoc B mome Makpocbl 13 (Word) wnm
Haxoauntcsa B (Excel) BeiOpats ums (haiina, co3gaHHoro Ha mmare 1.

4. B moite Ima (Word) unmu ima makpoca (Excel) ykazath uMs co3gaBaeMoit
IPOTPaMMBI.

5. Haxatp knHonky Co3gaTtb. Ha »dkpaH BBIBOAWTCS OKHO CHCTEMbI
nporpaMMupoBanusi VBA.

6. BBecTH MCXOMHBII TEKCT MPOTPaMMBEI.

7. CoxpaHuTh (aiyl ¢ CO3JaHHOW MPOrpaMMOM, UCIOIL3Ys Komanay dann —
CoxpaHuTthb (File - Save).

8. UTOoOBI 3amyCTUTh IPOTPAMMY Ha BBITIOJIHEHHUE, BRIOpATh KOMaH1y 3arnycK —
3anyck nognporpammbl (Run — Run Sub/UserForm).

[Ipu pabore c mnporpaMMami, HPEACTABISIIONIMMU COOOM HMMHUTALIMOHHBIE
MO/IeJId, OOBIYHO KeJIaTesIbHO, YTOOBI B Ka)/JI0M ceaHce padOoThl ¢ MPOrpaMmoi (T.e.
P KaXXJOM €€ 3allyCKe Ha BBITIOJHEHKE) UCIIOIb30BAIUCH OJTHHA U T€ )K€ CilydailHbie
gucina (CPPY). Jlng 3Toro. HEOOXOIUMO neped KaxicObiM 3anyCKOM NpocpamMbl
BBIMTOJIHATH KoMaHay 3anyck — Copoc (Run — Reset).

9. I1o okoHuaHUH PabOTHI C MPOTPaMMOM 3aKpbITh OKHO VBA.

10. Berittu u3 Word unu Excel.

UYToOb! BOCHOIH30BAaThCS IPOTPAaMMO, CO3JAHHOM paHee, HE0OX0AUMO BBIIIOJIHUTD CIIEIYIOLIEE.

1. 3arpysuts ¢daitn Word wunu Excel, B koTopoM ObLIa MOJATrOTOBJICHA
nporpamma.

2. BeiOpats komanay CepBuc — Makpoc — Makpocebl.

3. B mnosBuBmemcs oxkHe Makpoc B mome Makpocbl u3 (Word) wim
Haxoautcsa B (Excel) BIOpaTh uMs 3arpykeHHOTO ¢aiina.

4. B mone WNma (Word) mwmm WMma wmakpoca (Excel) BweiOpaTh wums
MIPOrPaMMBbI, KOTOPYIO TpeOyeTCs 3allyCTUTh Ha BBITTOJITHCHUE MM U3MCHHTD.

5. Haxatrp kHOmky W3MeHUTb. Ha »dkpaH BBIBOJUTCS OKHO CHCTEMBI
nporpammupoBanusi VBA ¢ TekcTtoM mporpammbl. [lociae 3TOro MOXHO BHECTH B
MPOrpaMMy XKeTaeMble HU3MEHEHUS WM 3aITyCTUTh €€ Ha BBITOJTHCHHE.



HHPUJIOKEHUE 3

HEKOTOPBIE CBEAEHHS O BEPOATHOCTHBIX XAPAKTEPUCTUKAX
CJIYYAHUHBIX BEJITUWYUH

JlucKpeTHbIe ciaydyaliHble BeJHMYHMHBI 33Jal0TCS TEPEUUCICHHEM HUX
BO3MOXHBIX 3HAYEHUH X1, X3,...,X, U BEPOATHOCTEU ATUX 3HA4YeHUU Py, P»,...,P,.
Ecnm xonmudecTBO BO3MOXHBIX 3HAYEHUM CIyYallHOM BEJMYHMHBI 7 JOCTAaTOYHO
BEJIMKO (WS OECKOHEYHO), TO 3HAYEHUS CIIy4alHON BEJTUYUHBI U UX BEPOSITHOCTH
3aat0Tcs popMmysaMu (3aKOHOM pacIpeesieHUs] CIy4YaliHOW BEJIMYHUHBI).

Jlns onricaHusl HeNMpPePbIBHBIX CJOAYYailHbIX BeJIMYHUH OOBIYHO HCTIONB3YIOTCS
nBe ¢yHKMM: QyHKUIUS pacmpeaesneHus F(x) ¥ IUIOTHOCTh pachpeaeneHus (Win
IJIOTHOCTH BEPOSITHOCTH) f(X).

pumeyanue. CnyuaiiHple BENWYMHBI OOBIYHO O0O3HAYAIOTCS 3ariiaBHBIMHM OykBamu (Hampumep X), a ux
KOHKPETHBIC 3HAYCHHS - TAKMMH K€ CTPOYHBIMH OyKBaMH ().

@dyHkuus pacnpenenaenus F(x) ciydaiiHOW BeNTUYUHBI X UMEET CIEAYIOIIHMA
CMBICIL:

F(x) = P(X<x). (I13.1)

Takum oOpa3zoM, 3HaueHue (yHKUMM pacrpeaesieHus F(x) OoT KOHKPETHOTro
YKclia X — 3TO BEPOSTHOCTh TOTO, YTO ClydailHas BeIM4YMHA X MPUMET 3HAUYCHUE
MEHBIIIE X.

IlnoTHOCTL pacnpenesenns f(x) u GyHKuus pacrpenencHuss F(x) cBsA3aHBI
CIIeIYIOMUMU (HOpMYTIaMu:

S(x)= M; (I13.2)
dx
F(x)= )jc £ (x)dx. (I13.3)

[pumeuanue. DyHknus pacnpenencHus F(x) MoxkeT OBITh 3aJaHa KaK JUIsl HEMPEPHIBHOM, Tak W JUIs
JIMCKPETHOM citydyaiiHon BemmyuHbl X. [IMOTHOCTH pacmpeneneHus OOBIYHO 3aJaeTcs Ul HENPEPBIBHBIX CIy4YalHBIX
BEJINYWH.

3Has (I)YHKI_II/IIO pacopeaciCHrusa HUIW IINIOTHOCTH PaCIIPCACICHUA cnyqaﬁHoﬁ
BCJINYHNHBI ‘Xv, MOKHO BBIYHCIIUTHL BCPOATHOCTH IMOIIAAAHUSA ATOH BEJIIMYMHLI B JIIOO0H
JIMaIia3oH 3HAUYCHUN [Cl; b) I[JISI 3TOI'0 UCIOJB3YIOTCA CICAYIONINC (bOpMy.IIBIC

P(a<X<b) = F(b)-F(a), (I13.4)
nin
b
P(a<X<b) = [ f(x)dx. (I13.5)

a

Takum oOpa3oM, BEpOSATHOCTH TMIOMAJaHUS CIydyalHOW BeJIuuuHbl X B
HEKOTOPBIN Hana3oH [a; b) paBHA pa3HOCTH 3HAUCHUN (QYHKIIMU pacIpeacsICHUs Ha



IpaHUIAX dTOTrO Juaria3oHa, WIW WHTErpaldy OT IUIOTHOCTH PACTIPENCIICHHUS B 3TOM
IMana3oHe.

Ipumep 1I13.1. B ycioBusix mnpumepa 3.2, wucnonb3dys GYHKIHIO
pacnpeniefieHus: BpeMEHU BHECEHHUsl J00aBOK, HAWTU BEPOSITHOCTh TOTO, YTO BpEMs
BHECEHUsI J00ABOK COCTaBUT: a) MeHee 9 mMuHyT; 0) oT 5 10 9 MuHyT; B) Oojee 8
MUHYT.

IMpusenem emie pa3 GYHKIUIO pACIIPEIEICHUsS BpEMEHH BHECEHHS J0OABOK U3 puMmepa 3.2:
0, x<3;

0,lx—-0,3, 3<x<6;

F(x)=10,15x-0,6, 6<x<I10;

0,05x+0,4, 10<x<12;

I, x>12;

b

a) BEpOSITHOCTh TOTO, YTO BpeMsi BHECCHHS JO0ABOK COCTABHT MEHEE 9 MHUHYT,
Haiinem o gopmyse (I13.1):

P(X<9) = F(9) = 0,15-9-0,6 = 0,75;

0) BEpOATHOCTH TOTO, YTO BpEMs BHECEHHUsI NO00ABOK COCTaBUT OT 5 10O
9 munyT, Haitnem o dhopmyie (I13.4):

P(5<X<9) = F(9) — F(5) = (0,15-9-0,6) — (0,1-:5-0,3) = 0,55;

B) BEPOSITHOCTh TOTO, YTO BpeMsi BHECEHHS JOOABOK COCTaBHUT Oojiee 8§ MUHYT,
HaliieM uYepe3 BEpOSATHOCTh MPOTHBOIIOJIOKHOTO COOBITHS (T.e. TOTO, YTO BpEeMs
BHECEHUS T0OABOK COCTABUT MeHee 8 MUHYT), ucnonb3ys popmyny (I13.1):

P(X=8) =1 —-P(X<8) =1 — F(8) = 1-(0,15-8-0,6) = 0,4.
IIpumep I13.2. Haiitu Te e BeposATHOCTH, 4TO U B ipumepe [13.1, ncnone3ys
IUIOTHOCTh PAcIpeieIeHUs] BPEMEHU BHECEHUS 100aBOK.
[IpuBenem erie pa3 IIIOTHOCTh paclpeeieHUs BpEMEHU BHECEHUS 100aBOK U3
npumepa 3.2:
[0, x<3;
0,1, 3<x<6;
f(x)=30]15 6<x<10;
0,05, 10<x<12;
0, x=>12.

J171s1 BBIYKCIICHUS! BEpOSITHOCTEH BocTosib3yeMcest hopmydoit (I13.5):

a) BCPOATHOCTDH TOI'O, YTO BPCMSI BHCCCHUA I[O6aBOK COCTaBHUT MeHee 9 MUHYT:

9 3 6 9
PX<9)= [ f(x)dx= [0dx+ [0,dx+[0,15dx =0,75;

—0 —0 3 6



6) BCPOATHOCTDH TOT'O, YTO BPCMS BHCCCHUA )1063301( COCTaBHUT OT 5 a0 9 MUHYT:

9 6 9
P(5<X<9) = [ f(x)dx = [0,1dx + [ 0,15dx = 0,55;
5 5 6
B) BEPOATHOCTb TOTO, YTO BPEMsI BHECEHHUS 100aBOK COCTaBUT Oojiee 8 MUHYT:
00 10 12 00
P(X28) = [ f(x)dx= [0,15dx+ [0,05dx+ [0dx=0,4.
8 8 10 12

Kpome Toro, B mnpakTH4yecKMX 3ajadax OOBIYHO HCIOIB3YIOTCS HYHCJIOBbIE
XapaKTePUCTHUKM CIIy4yallHbIX BenuuyuH. Yamie Bcero Tpedyercs HCIONb30BaTh
MaTeMaTUYeCKOEe OXKUIAHUE, TUCIIEPCUI0, CTAaHAAPTHOE OTKIOHEHUE, K03 puiueHt
Bapualuu.

MaremaTnyeckoe OKHAAHME XapaKTEPU3YET CpEIHEE 3HAYEHUE CIIy4yalHOU
BeJMYMHBI. OHO BBIYHUCIISIETCS 110 cieayroiel hpopmye:

¢ I JUCKPCTHBIX CquaﬁHBIX BCIIMYHUH.

n
M[X]=) x;P, (I13.6)
i=l1

TJ€ X; — BO3MOYKHBIE 3HAYCHUS TUCKPETHOU CIYYaWHON BEJUYNHBI;
P; — BepoATHOCTH 3THX 3HAYEHNM;

1 — KOJIMYECTBO BO3MOKHBIX 3HAYCHUM JUCKPETHOU CIIy4YaiiHON BEJIMYUHBI;

¢ U1 HCIIPCPBIBHBIX CﬂyqaﬁHBIX BCJIIMYHUH:
o0
M[X]= jx - f(x)dx, (I13.7)
—00

rae f(x) — IOTHOCTh paclpeeieHUs] HEMPEPbIBHOM ClTy4ailHONW BETMYUHBI.

Jlucniepcusi, cTaHAAPTHOE OTKIIOHEHUE U KO3 (DUITMEHT Bapyalliu CIIydyaiHOU
BEJIMYMHBL XapaKTEPU3YIOT Pa30poc €€ 3HAUCHUM, T.€. OTKIIOHEHNE KOHKPETHBIX
3HAYCHHUU CITyUalHOW BEJIMUMHBI OT €€ CPEHEro 3HaueHUs (MaTeMaTHYECKOTro
OXKUIAHHUS ).

,}II/ICHepCHﬂ BBIYUCIIICTCA CICAYIOINUM 06pa30M:

® I JUCKPETHBIX CquaﬁHBIX BCIIMYHUH.

n
2
D[X]=Y.(x; —M[X])"F., (I13.8)
i=1
® JIJIA HerepBIBHBIX CﬂyqaﬁHBIX BCJINYUH:

DIX]= [(x—M[X]?* f(x)dx, (113.9)

—00



rae M[X] — MaTteMaTH4eCKOe OKHUIaHUE CIIyYaliHOW BEJIUYMHBI.

Ha npakTruke BO MHOTHX CITydasx JUCIICPCUS BBIYUCISICTCS TIO CCAYIOIICH
bopmyie:

D[X]=M[X?]-(M[X])>, (I13.10)

2 G .

rae M[X°] —mMaremaThuyeckoe OXHUAaHUE KBajpaTa CIy4ailHOW BEJTUYHHBI (BTOPOM
HayaJdbHBIH  MOMEHT  CJIy4alHOW  BEJIMYMHBI),  BBIYUCIISIEMOE
CJIEIYIOIIMM 00pa3oM:

¢ I JUCKPCTHBIX CﬂyqaﬁHBIX BCIIMYUH:
2. <2
M[X“]1=).x B, (Im3.11)
i=1
¢ I HCIIPCPBIBHBIX CﬂyqaﬁHBIX BCIIMUUH:
2. .2
M[X"]= jx - f(x)dx. (113.12)
—00

CrangapTHOE OTKJIOHEHHE ¢ U KO3 PUIIMEHT BapHalUK € BBIYUCISIOTCA IO
clIeyomuM (hopMyIIaMm:

c=+D[X]; (I13.13)
e= © . (I13.14)
M[X]

IIpumep I13.3. B ycinoBusx npumepa 2.2 HalTH MaTEMAaTUYECKOE OXKUIAHUE
IpUOBLIN OT PEMOHTA OJAHOIO U3/EIIHS.

B mpumepe 2.2 npuObLIb OT PEMOHTa OJHOIO HW3JENUs MPEACTaBlIAeT coOOM
OUCKPETHYIO CIYYaHYI0 BEIUYUHY, KOTOpas MOXET MPUHHUMATh 3HaueHus 35 (c
BeposiTHOCThIO 0,2), 60 (c BepositHOCThIO 0,4), 40 (¢ BepositHOCThIO 0,15) mmm 25
(c BepositHOeThIO — 0,25). s BBIYUCICHHS MaTeMaTUYECKOTO  OXKUIAHHUS
Bocronbzyemcs hopmynon (I13.6):

M[X]=35:0,2+60-0,4+40-0,15+25-0,25=43,25 nen.en.
Taxum 06pa3om, MaTeMaTHUYECKOE OXKUJAHUE MTPUOBUIH (T.€. CpeoHss TPUObLIb) OT

PEMOHTA OJTHOTO U3JeNus cocTaBugeT 43,25 neH.en.

Ipumep 113.4. B ycnoBusix npumepa 3.3 a1 BpeMEHH BHECEHUs! 0OaBOK
HAalTH MAaTEMaTUYECKOE OXUJAHUE, AUCIEPCHUI0, CTAHAAPTHOE OTKIOHEHHE U
K03 (pULIMEHT BapUaLIUH.

Haiinem maTtematuueckoe oxxunanue mo ¢popmyse (I13.7):

3 6 10 12 o0
M[X]= ijdx+jO,1xdx+ jO,ledx+ j0,0Sxdx+ ijdxz
—00 3 6 10 12



2

w26 210 2112
=0+0,1—
213

+ 0,155 40,055 7 +0=7.25 mun.
2|6 2 10

Takum o6pa3om, cpeonee BpeMsi BHECEHHUS 100ABOK IMPU H3TOTOBICHHUU
MJIaCTMAcCCOBOM IIUTHI COCTaBiseT 7,25 MHUH (XOTS 3TO BpEMsl Pa3Iu4HO IPHU
M3TOTOBJICHUU KaXKJI0M KOHKPETHOM TIIUTHI).

UToObI BBIUUCIUTH IUCTIEPCHIO, BocmoybdyeMcst Gopmymnoit (I113.10). dus
ATOTO CHavasa HaiJaeM BTOPOM HadabHBIN MOMEHT 10 dhopmyie (I13.12):

3 6 10 12 0
M[X2]= J'Oxzdx+J'O,1x2dx+ jO,lezdx+ j0,0szdx+ J'Oxzdxz
—© 3 6 10 12
316 3110 312
—0+0,12" 40152 40,052~ +0=57,63 mun’
33 306 310

Boeruncnum nucnepeuro o dpopmyie (I113.10):
D[X]=57,63-7,25%=5,07 mMux’.

Haiinem crangaptHoe oTkiioHeHue o ¢popmyde (I13.13):

o =+/D[X]=2,25 muH.

DTO 03HAYaeT, YTO KOHKPETHBIC 3HAYEHUS BPEMEHU BHECEHHUs J00aBOK
OTKJIOHSIFOTCSI OT MaTeMaTUYECKOro OXKUJaHus (T.e. OT 7,25 MHH) 6 cpedHem Ha
2,25 muH.

Haiinem xoadduruent Bapuatiuum o dhopmyie (113.14):
2,25
7,25

MoxHO CKa3aTb, YTO OTKJIOHCHUA OTACJIIbHBIX 3HAUYCHUM BPCMCHH BHCCCHUA
JIO6aBOK OT MAaTCMATHYCCKOT'O OKUAAaHUS COCTABIIAIOT B CPCIHCM 31%.

€ =0,31.

ITpumeganue. JIJisi MaTteMaTH4eCKOro OXUJIAHUS U TUCIEPCUM BO MHOTHX
CITy4asiX UCTOJB3YIOTCSl 0003HaueHus, oTiudatomuecs ot M[X] u D[X].




[MPUJIOKEHUE 4
ATITOPUTMbI UMUTALIMN HETPEPBLIBHBIX CITYYAWHbIX BE/TYUH

B Tabnuue mnpuBOASATCS aNrOPUTMbl UMHUTALMU HEKOTOPBIX CIyYalHbBIX
BEJIMYMH, YacTO NPUMEHSEMbIX IMpU PEIIeHUH 3a7a4 MOJEIUPOBAaHUS. AJITOPUTM
MMHTALIMM TayCCOBCKOTO pacmpeaencHuss paccMoTpeH B 1.3.2.3. OcTanbHbIE
JITOPUTMBI TIOJTYYEHbl HA OCHOBE METO/a OOPaTHBIX (PYyHKIUH.

Pacnpenene AJTOPUTM UMHTAIUU [Tpumeuanue
HHE
DKCIIOHEHIU 1 A=1/ XSraegX -
X=——IR MaTEMaTHIECKOE
aJbpHOE A
OJKHJIaHUE
m — MaTeMaTHYECKOE
l"ayccoBckoe 6 N\ e
(HOpMaJIbHO X=m+ G\/E(ZRi -3) A ’
o) v CTaHJIaPTHOC
OTKJIOHEHHE
a v b — rpaHuIbl
PaBHOMEpHO .
o P X=at(b-a)R BO3MOXHbBIX 3HAUEHUN
BEJTMYHHEI
a v b — rpaHuLbl
BO3MOXKHBIX
3HAYCHUHU
TpeyrobHo Y= { a+ \/R(b —a)(c—a), 0SR<(c—a)(b-a) BEJIMYUHBIL, ¢ — MOJIA
e b- \/(1 -R)(b-a)b-¢c), (c—a)(b—a)<R<1 (TOYKa MakcHMyMa
IJIOTHOCTH
pacrpeeneHus )
CIIy4alHOMU
BEJTMYHHEI
k _
Dpianra k- Yo 1 A — napamerp
ro mopsKa o 2 j pacmpeeneHus




MMPUJIIOKEHHUE 5
[MPUMEPBbI SAOAY, PELLIAEMbIX HA OCHOBE METOOA MOHTE-KAPJIO

3apaua I15.1. Tlonp3oBatenu paboTaroT ¢ HMHPOPMALKUOHHO-CIIPABOYHOM
cucremori (MCC). KonmyecTBO 3ampocoB, BBOJMMBIX II0JIb30BAaTEJIeM B TECUCHHE
ceanca padotsl ¢ UCC, moxeT ObITh paznuunbiM. B 10% ciyuyaeB 3a Bpems ceaHca
MOJIB30BaTENIb BBOAUT OJIMH 3ampoc, B 50% ciydaeB - aBa 3anpoca, B 30% ciiyyaes -
TpH, B 10% - dyersipe. Kaxkplii 3anpoc BKIIIOYAET CIAEAYIOLINE NEHCTBUSA:

e BBOJ 3arpoca noisibzoBaresieMm (0T 10 1o 20 cekyHn);

e nouck orBera B UCC u ero BbiBoj Ha 3kpaH (o1 5 10 10 cekyHn);

e 00ayMBIBaHME OTBETa IMOJb30BaTENEeM (SKCIOHEHIMANbHAS CiydailHas
BEJIMYMHA CO CPEAHUM 3HAYeHUEM | MUH).

TpebyeTcs pa3paboTaTh aaropuT™M M NMpOrpaMMy Ha OCHOBE MeToja Moute-
Kapno nns ompeneneHus cpeaHedl NIUTEIBHOCTH ceaHca paboOThl MOJIb30BaTENs
c UCC.

3apaua I15.2. B cayx0e KOHTpOdsS KauecTBa MPOAYKIMH NPEANpUSTUS
BBITIOJIHSICTCS TMPOBEpPKa M3JEAUil U (MpU HEOOXOIMMOCTH) HMX MEJIKHA PEMOHT.
W3nenus moctynaroT K KOHTpoJsiepy maptusMu 1030 mryk. CHayana KOHTPOJEP
MpPOBEpsICT BCE M3JEIMS B MAPTUU, 3aTEM - PEMOHTUPYET T€ W3AENus, JUIsl KOTOPBIX
3TO Tpedyercs.

Bpems, HeoOXxomumoe KOHTpOJEpYy JUIsi TPOBEPKH OJHOTO HU3JAEIUs -
rayccoBCKasl cllydailHas BEJIMYMHA CO CPEJAHHM 3HAYCHHEM 5 MUH U CTaHJAPTHBIM
OTKJIOHEHHEM 1,5 MUH.

B 20% cnyuyaeB B mapTuM HE OKa3bIBA€TCS HU OJHOTO U3JEIHs, TPEOYIOLIEro
pemonTa. B 40% ciyuaeB TpeOyeTcsi peMOHT ojaHoro usnenus, B 30% ciydaes -
nByX, B 10% ciydaeB - TpexX u3aenui. bosbliiee KOIUYECTBO U3ETUNA, TPEOYIOITUX
PEMOHTA, OKa3bIBACTCS B HAPTHM KpailHE PEJIKO.

PemonT ogHoro uzaenust 3aHumMaet ot 10 1o 15 MunyT.

Tpebyetcs pa3paboTaTh aaropuT™M M NMpOrpaMMy Ha OCHOBE MeTona MoHTe-
Kapno nis onpegenenus cpelHero BpeMeHr 00paboTKK KOHTPOJIEPOM OJHOM MapTuu
W3EIUN.

3apaua I15.3. IlpennpusTue BBINOIHSAET NEPEBOABI C MHOCTPAHHBIX S3BIKOB.
Pa3mep nepeBosa - cinyyaiiHas BeJIMYMHA, KOTOPYIO MOKHO CUUTATh paCTIpEICIICHHON
110 3KCIIOHEHIIMANIbHOMY 3aKkoHy. CpeaHuil pa3mep nepeBoja - S5 JIMCTOB.

W3 Bcex 3aka3oB mepeBObl C AHTIUKMCKOro si3bika cocTaBisaoT 60%, ¢
HeMenKoro - 25%, ¢ ¢hpaHiry3ckoro - 5%, ¢ Apyrux s3pikoB - 10%.

Kpome Toro, m3BectHo, 4To M3 Bcex 3aka3oB 50% cCOCTaBISAIOT 3aKa3bl Ha
TexHuueckue nepeBoabl, 40% - oskoHOMHYeckHME U ropuaudeckue, 10% -
XynoxxecTBeHHble. Kaxaplli 3aka3 OTHOCUTCS TOJIBKO K OJAHOMY BHUAY (IpYyrUMHU
CJIOBaMHM, TMEPEBOJ HE MOXKET OBbITh, HAPUMEP, OJHOBPEMEHHO U TEXHUYECKUM, U
XYZ05KECTBEHHBIM).

[Inata, xoTopyro Oeper mOpeanpusTHe C 3aKa3uhka 3a OJUH JIUCT
TEXHUYECKOT0 MepeBoJia, CleAyolias: ¢ aHriuiickoro sizbika - 10 neH.em., ¢
HeMerkoro - 12 neH.ex., ¢ ¢ppaHiy3ckoro - 14 neH.en., ¢ Apyrux si3bIKOB - 17



JieH.e/l. 32 SKOHOMHMYECKUU WIM IOPUIUYECKUN TEePeBOJ IulaTa IMOBBIIIACTCS Ha
10% (1m0 cpaBHEHUIO ¢ TEXHUUYECKUM), 32 XYA0KECTBEHHBIN - Ha 25%.

TpebyeTtcs pazpaboTaTh aNropuT™M U MPOrpaMMy Ha OCHOBE MeToja MoHTe-
Kapino nnst onpenenenus cpeaHeit BRIPYUYKU OPEANPUSITHS OT BBIMOJIHEHHUS OJHOTO
nepeBoa.

3anaua I15.4. HexoTopslii MeXaHU3M, MOMEUICHHBIM B 3alllUTHBIA KOXYX,
MoJIBEpraeTcsl yJlapHbIM Harpy3kaMm. KonndecTBo ygapoB B TeUeHHE pabodeil CMEHBI
MOXKeT cocTaBiIaTh oT 40 1o 100.

VY napHas Harpy3ka MOXeT JeicTBoBaTh noja yriaoMm ot 0 1o 90 rpaaycos. Cuia
yIapHOW Harpy3kud - OKCIOHEHIMaJbHAs ClydailHas BeJMYMHA CO CPEIHUM
3HaueHueM 15 kr. Ilpum BO3AEHCTBHM ynapHOW HArpy3ku IOJ yIJIoM MeHee 45
rpaJycoB 3alllUTHBIA KOXKYX MOKET BbIAEPKATh HArpy3Kky cuioit 1o 100 xr, npu yrie
BozzaelcTBud ot 45 10 90 rpamycos - 10 70 kr.

TpeOyercs pa3paboTaTh aaropuT™M U MPOTPaMMy Ha OCHOBE MeToja MoHTe-
Kapno nmnst omnpeneneHus BEpOATHOCTH TOrO, YTO B TeYEHHUE pabodeil CMEHBI
3aIUTHBIA KOKYX HE Pa3pyIIUTCS.

3agaya IIS.5. B coctaB  HEKOTOPBIX -~ MEXaHU3MOB,  BBIITYCKAa€MBbIX
MPEANPUATUEM, BXOAUT IUIUTA C YETBIPbMS KPYTJIBIMU OTBEPCTUSMH U YETHIPE BaJIa;
BaJIbl JIOJDKHBI BCTaBIATHCS B OTBepcTUs. HOMUHANBHBIE (3aJ]aHHBIE B TEXHUYECKOM
JOKyMEHTAIMKM) pa3Mephl JeTajedl Cleayromye: auamerp otBepcTus - 10 M,
auaMeTp Bajia - 9,5 MmMm. J[oIyCTUMBIM CUMTAETCA 3a30p MEXIY OTBEPCTUEM U BaJIOM
or 0,2 no 0,8 mM. UToOBl MeXxaHu3M ObUI TOAHBIM, TPEOOBAHUS K pa3Mepy 3azopa
JOJIKHBI BBITIOJIHATHCS I BCEX YETBIPEX OTBEPCTHUI U BaJIOB.

N3-3a morpemHoctell B paboTe o0OpynOBaHUS pa3Mepbl JeTaleldl MOTYT
OTKJIOHATBCS OT 3aJlaHHBIX. J[MaMeTp OTBEpPCTHS MPEACTABISIET COOON IayCCOBCKYIO
CIIy4YallHYIO BEJIMYMHY CO CpE€AHUM 3HaueHueM 10 MM U cTaHAApTHBIM OTKJIOHEHHUEM
0,2 MM, a OuaMeTrp Bajla - TayCCOBCKYIO CIy4YallHYI0 BEJIUYUHY CO CpPEIHUM
3Ha4eHUEM 9,5 MM U cTaHIAapTHBIM OTKIOHEHUEM 0,1 MM.

Tpebyercs pazpaboTaTh aaropuT™M M MporpaMMmy Ha OCHOBE MeToja MoHTe-
Kapno n1s onpegeneHust BEPOATHOCTH BBIITYCKA T'OJHOIO U3JIEIIH.

3agaua I15.6. Toprooe npeanpusiTUe €XEIHEBHO 3aKyMaeT Yy M3AaTelbCTBA
2000 5K3eMILTAPOB HEKOTOPOU ra3eThl MO LieHe 7 AeH.ea. u mpoaaet o 10 aen.en. 13
ombITa paboThl MPEANPUITHS HU3BECTHO, YTO B YTpPEHHEE BpEeMs CIIPOC Ha Ta3eThbl
00b14HO coctasisieT ot 800 go 1400 sx3emruigipoB. B qHEeBHOE BpeMs cripoc 0OBIYHO
coctaBiseT ot 400 no 800 sk3eMmsApoB. Crpoc B BEYEPHEE BpEMS 3aBUCUT OT TOTO,
HameyaTaHbl JIM B Traszere Kakue-IM0Oo MaTepualbl, BbI3BABIIME IOBBIIICHHBIN
untepec. Ecau B razere onmyOiMKOBaHbI TaKME MaTEPHAIIbI, TO CIIPOC COCTABISET OT
300 mo 500 >K3eMIUISIPOB; €CJIM TAKUX MaTepHUaoB HET, cripoc cocTapiseT ot 100 mo
300 sx3emuispoB. MaTtepuaibl, BEI3BIBAIOIINE MOBBIIIIEHHBIN HHTEPEC, MeYaTaloTCs B
JAaHHOM razere B cpeJiHEM 2 pa3a B HEJIEIIIO.

l'azeTpl, He pacmpojaHHbIE B TEYEHWE JHS, HE MOTYT OBITh MPOJAHBI B
MOCJIETYIOIINE THU.

Tpebyetcs pa3paboTaTh aNroOpuT™M M NMpOrpaMMy Ha OCHOBE MeToja MoHTe-
Kapno mis onpeneneHus caeayronux BeJIUUUH: a) CPeAHss MPUObLTL MPEATPUSTUS



34 JACHb, 6) BCPOATHOCTL TOI'0, 4YTO CIPOC HA Ta3CTbl HEC 6YI[CT YAOBJICTBOPCH
ITIOJIHOCTBIO.

3anaua I15.7. Jlunus snexrponepenaun (JIDII) coequuseT 3MEKTPOCTAHIIUIO €
KpynHbIM TopojaoM. lnmunHa JIDII (paccTosiHue Mexay ropooM U 3JIEKTPOCTAHIIUEH )
— 300 km. CpenctBa aBTOMATUYECKOTO KOHTPOJIS,, KOTOpbIMH oOcHameHa JIOII,
MO3BOJISIIOT B Cllydae aBapuu cpasy K€ ONpeNeIuTh MECTO, Iie OHa MPOU30IILIa, U
OIICHUTH €€ cepbe3HOCTh. [IpumepHo B 80% ciydaeB aBapusi OKa3bIBaeTCs OOBIYHOM,
B 20% cayuaeB - ceppe3Hod. IIpu 0OBIYHOM aBapuu s €€ yCTpaHEHUs
HaIpaBisieTcsl pPEeMOHTHasg Opurajza M3 NyHKTa (ropoja WIM SJIEKTPOCTAHIINM),
Oykalero Kk Mecty aBapuu. (s ycTpaHeHHs! Cepbe3HON aBapuu HampaBlisieTcs
cnenuanbHas PEeMOHTHas Opurajga c 3JIEKTPOCTAHIIMHM, HE3aBUCUMO -OT TOTrO0, TIe
MIPOU30IILIA aBapHsl.

CKopoCTh TPOJBUKEHUS PEMOHTHOM Opuraasl Kk Mecty aBapuu - 100 km/d.
Bpems, HeoOxonumoe A yCTpaHEHHs] aBapuM - cllydailHas BeJIHYMHA, KOTOPYIO
MOXHO CYHMTaTh PACIPEEICHHOW IO HKCIOHEHLHAIbHOMY 3aKOHYy. YCTpaHEHHue
OOBIYHOM aBapuu 3aHUMAET B cpeiHEM 4 yaca, cepbe3HOM - 7 4acoB.

Tpebyetcs pa3paboTaTh aaropuT™M M NMpPOrpaMMy Ha OCHOBE MeTojna MoHte-
Kapno nis onpenenenus cpeiHero BpeMEHU YCTPAHEHUS aBapUu.

3anaua I15.8. Pa3pabateiBaeTcs mian mpous3BoacTBa Tpex neraneu (A1, 12,
J13) Ha paGouwmiti aenn. [lpeanpusitue umeer 20 crankoB tuna CT1 u 30 craHkoB
tuna CT2. Ha xaXXqoM U3 CTaHKOB MOXHO BBINYCKaTh JETald BCEX TPEX THIIOB.
[Tpou3BOANTENLHOCTH CTAHKOB (J€Tasiell/1eHb) npuBeaeHa B Taoi.I15.1.

Taobnwuuya N5.1

CraHok
lMpou3eodumenbHOocmMb, demaret/0eHb
A1 2 3
CT1 20 35 15
CT2 15 30 45

Hannsbie B Ta01.115.1 o3HadaoT, Hanpumep, uto eciu craHok tuna CT1 B Teuenue
BCEro pabouero JHs UCNONb3yeTCs AJIs IPOn3BOACTBa aetanen {1, To 3a neHs Ha
3TOM CTaHke Oyner BbimylieHo 20 Takux JeTajei.

Kaxiplii cTaHOK HACTpamBaeTCs Ha BBITYCK KaKOW-THOO OJTHOM JIeTaiu B
TEUEHHUE BCEro pabouero AHs (TaKUM 00pa3oM, KXl CTAHOK B TE€UYEHUE BCETO
pabouero JHS BHITYCKAET JE€TAIN TOJIBKO OJHOTO BHUJIA).

3a pabouuii 1eHb MpeAnpUATHE TOJKHO BhIyckaTh He MeHee 150 aeraneit /11,
He MeHee 100 neraneit /12 u He menee 150 geraneit J13.

[TpuObuTh MpeaAnpUATHS OT MPOJaXu oaHOM neranu J[1 cocraBuser 6 neH.eq.,
OT mpojaaxu aeranu 2 - 4 nen.en., oT mpoaaxu aeranu /3 - 8 nen.en.

TpeOyeTtcs onpeaenutb, CKOJBKO CTAHKOB Ka)KJI0r0 TUIA JOJHKHBI BBIITYCKATh
B TeueHHE pabdodero IHS JeTaju KaXIOoro BUAA, YTOOBI MPHUOBUIL OT MPOAAXKU
BBIIIYCKaEMBbIX JeTajied Oblla MakcuMalbHOW. JlJis perieHus 3agaduu pa3padoTarthb
ITOPUTM U MIporpamMmy Ha ocHoBe MeTosa Monte-Kapio.



3apaua I15.9. [Ing BbIpamvBaHusl 3€pHOBBIX KYJIbTYp (O3UMBIX U SIPOBBIX)
MOKET MCIT0JIb30BaThesa 0,8 MJIH ra 3eMJId B KIIMMaTudeckou 30He A u 0,6 MaH ra —
B KJIMMaTU4ecKoii 30He B. YposkaitHoCTh 3emenb npuBeaeHa B Tadi.I15.2.

Taonura I15.2

3epHOBBIE YpoxaltHOCTb, 11/Ta

KYJIBTYPBI Knumarnueckas 30Ha A Knumarnueckas 3o1a B
O3umbIe 20 25

SpoBeie 24 15

HeoOxonumo nonyuyuts He MeHee 20 MIIH LIEHTHEPOB O3UMBIX U HE MEHee
6 MJIH EHTHEPOB SPOBBIX.

[IpuObUTH OT MpOJAXXH OJIHOTO ILEHTHEpa O3UMBIX cocTaBiseT 10 nmeH.en.,
OJTHOTO LIEHTHEPA SIPOBBIX - 8 JE€H.EI.

Tpebyercs onpenenuTh, KaKyro MIOMAAb 3€MEJIb HEOOXOAMMO UCIOIb30BaTh
B KOKJOM KIMMATUYECKON 30HE ISl BBIPALIMBAHUS KaXKIOH U3 KYJIbTYp, YTOOBI
npuObUTL OT MPOJAXKU Ypokas Oblla MakcuMaibHOW. Jliid pelieHus 3anayu
pa3paloTaTh aIrOpuUTM U MporpamMmy Ha ocHoBe metoaa MonTte-Kaprio.

3anaua I15.10. ®upma, Braxaeromas asyms npeanpusitusmu (111 u I12),
MMEET BO3MOKHOCTh BBIMONHUTH 4 3aka3a. Kaxablii 3aka3 AOKEH BBIMOJHSATHCS
TOJIbKO OJJHUM TMpEeAIpHUsITHEM (COBMECTHasi paboTa HECKOJbKUX MPEANPUSTUN HaJ
OJIHMM 3aKa3oM HeBO3MOxkHa). Kaxkmoe u3 mnpeAnpusiTuii MOMKET BBIIOJHATD
HECKOJIbKO 3aKa30B. 3aTpaThl NPEANpUsSTUNA, CBA3aHHBIE C BHIMOJIHEHUEM 3aKa30B, U
pa3Mephl IJIaThl 3aKa34MKOB 32 UX BBIMOJIHEHUE MIpUBeAeHBI B Ta0n.115.3.

Taouauua I15.3
3aka3 1 2 3 4
3atpatsl npeanpustys 111, MiaH geH.ex. 4 2 6 3
3atpatsl npeanpusths 112, MmiaH geH.ex. 7 1 2 5
IInara 3aka34ymka, MIIH A€H.€]. 12 4 8 6

Haunbie B Ta0u.115.3 o3HavaroT, HampuMep, YTO 3aKa3UMK IUIATUT GUpME 3a
BBHITIOJTHEHUE TEPBOrO 3aka3za 12 muH aeH.en. Ecium 3ToT 3aka3 OyneT BBIMOJHATHCS
NEPBBIM NPEANPHUATHEM, TO 3aTPaThl HA €r0 BBHINOJHEHUE COCTABAT 4 MIIH JI€H.€].;
TakuM 00paszoM, HpuObLIb GUpMbl cocTaBUT 12-4=8 muH nen.en. Ecam sToT 3aka3
OyZeT BBIONHATHCS BTOPHIM MPEAIPUATHEM, TO 3aTpaThl COCTABAT 7 MIIH JEH.C].
(mpu6bLUIb HpMBI cocTaBUT 12-7=5 MIIH NieH.ex).

Tpebyetcst pacnpenenuTs 3aka3bl MEXKAY NPEANPUITUSIMHU TaKUM 00pa3oM,
4YTOOBI PUObUTL (GUPMBI OblJIa MakcUManbHOU. [ pemieHust 3agaun pa3padoTaTh
ITOPUTM U MIporpamMmy Ha ocHoBe MeTona MonTte-Kapio.



Cs. mnan 2004, mo3.37
YyeOHOE U31aHue

Cmopoannckuii Cepreit CtenaHoBudy,

bamuH Hukonat Bnadumuposuy
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1o Kypcey “MopaenupoBaHue cuctem’”
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" ABTOMaTHU3HPOBAaHHBIE CUCTEMBI 00paboTKU MHpOpMauu"
JTHEBHOM M TUCTAHIIMOHHON popM 00yueHus

B 2-x yactax

Yacte 1

Penaxrop n koppektop T.H. Kprokosa

[Moanucano B meyats 14.10.2004. ®opmar 60x84 1/16.
bymara odcernas. [TeuaTs puzorpaduyeckas. Ycn.meu. 1. 4,76.
VYu.-u31. 1. 4,5. Tupax 150 3x3. 3aka3 223.
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