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“UMHUTAIMOHHOE MOJICIIMPOBAHUE SIBJISICTCS MOIIHBIM
MHCTPYMEHTOM HCCJICIOBAHUSI TTOBEACHUS PEAbHBIX
cuctem.”

Taxa X., 2001 [1]

“Ilo mamHbiM MHCTUTYTa NPUKIAIHOW MaTEMATHKH
uM. M.B. Kenpapiia, sxoHomMuueckuit  3¢@dextT ot
BHEJIPEHUS METOJI0B MaTEeMaTU4YeCKOro
MOJIEJIMPOBAHUSA B 10-100 pa3 npesbimaer
COOTBETCTBYIOIIME 3aTPaThl.”

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

BBEJIEHHE

B yuebHOM mocoOuun paccMaTpuBarOTCS METO/Ibl aHAJIN3A U MPUHATHUS PeIIeHUN
C HCHOJB30BAHUEM MEPCIEKTUBHBIX KOMIIBIOTEPHBIX TEXHOJIOTMI HMHUTAIMOHHOIO
MozenupoBaHus. B nepBoii yactu nocobusi paccmarpuBaercs meron Monrte-Kapio,
KOTOPBIN 00pa3yeT alrOPUTMUYECKYIO OCHOBY JUISI UMUTALMU CIy4YalHbIX SIBJIEHUH B
UMUTAMOHHOM MOJIEIMPOBAHUM U KOTOPBIA MPEACTABISAET COOOM yHUBEpCATbHBIM
KOMITBIOTEPHBIA METOJ PELIEHUs JEeTEPMUHUPOBAHHBIX W BEPOSITHOCTHBIX 3aj]ay
(MMHUTAIIMOHHBIE TMpOrpaMMbl TpejacTaBiieHbl Ha sA3bike VBA). Bo BTOpoil udactu
paccMaTpUBalOTCsI OCOOCHHOCTH MOJCIIMPOBAHUS M ONTHUMH3ALUU PEIICHUN B cpejie
HOBOM mepcrnektuBHOM cuctembl GPSS World (umuTanvoHHbie MporpamMmsl
npezacTasieHbl Ha si3bike GPSS World).

MopenupoBanue mpeacTaBisieT CcoOO0H YHUBEpPCAIbHBIA METOJl HAy4YHOTO
UCCIIEIOBAHNSI, MNPHUYEM CYIIHOCTh METOJA COCTOMT B IIOCTPOEHUM MOJEIHA MU
WCCIIEIOBAHUM  CBOMCTB  MoJenupyemon  cucrtemsl. Ecimm  peanusyercd
MaTeMaTUYeCKOe MOJEIUPOBAHUE, TO MOJIEIb MOXXET ObITh JHMOO aHATUTHUYECKOM,
aM00 HMMHUTALMOHHOHM, JMOO KOMOMHMpPOBaHHOHM. B KOHEYHOM cuere 3TO
KOMIIBIOTEpHAsl mporpamMma. Takum o00pa3oM, pedb HAET O KOMIBbIOTEPHOM
MOJIEJIMPOBAHUM HCCJIEAYEMOM CHUCTEMBI B 33JaHHOM KJIACCE BEPOSITHBIX YCJIOBHIA.
[Ipy sTOM “UMHUTAIMOHHOE MOJEIUPOBAHUE TMPEACTABISET COO0OM JOCTATOYHO
TMOKUN MHCTPYMEHT HCCJEIOBAHMS, KOTOPBIA MOXHO 3(()EKTUBHO HMCIOJIb30BATh
IIPY aHAJIN3€E CIOXKHBIX cucteM” [1, ¢.704].

NmuTanmoHHOE MOAENUPOBAHUE MPEAYCMATPUBAET HMMUTALUIO ITOBEICHUS
UCCIIelyeMOl CHUCTEMbl B 3aJJaHHOM Kilacce BepoATHbIX ycnoBui (Computer
Simulation wim Simulation). UmuTanimonHoe MoaeIUpPOBaHUE MPUMEHSIETCS OOBIYHO
B TeX Ciydyasx, Korja mpobjieMa HE MOJJacTCs aHAJIUTHYECKOMY pEUICHUIo, a
HEINOCPEJCTBEHHBIE JKCIIEPUMEHTHI € cUcTeMOM 1100 HEBO3MOXHBI, JHOO
Helesnecoo0pas3Hbl. IMUTalMOHHAs MOJIENb CUCTEMbI CO3JaeTCsl C HUCIOJIb30BAHUEM
CHEUUAIbHBIX  CPEACTB  IMPOTPAMMHOM  MOJACPKKH. ODKCIHEPUMEHTHPYS C
VMHTALMOHHOM KOMIIBIOTEPHOM ITPOTPAMMOM, HCCIIENOBATENb M3Yy4aeT CBOMCTBA,
3aKOHOMEPHOCTH M OCOOEHHOCTH ITO3HABAEMOr0 OOBEKTa, MPOBEPSET HA MOJIEIH
3p(GEeKTUBHOCTh  MpEeAJaraéMbIX  peIIeHWH, pa3pabaTbiBaeT  pEIICHUs IO
ONTHUMU3ALMU U PAIMOHAIIA3ALINY UCCIIenyeMoil cuctemsl [1-4, 9].



K nepcnekTuBHBIM CUCTEMaM MUMHUTAIMOHHOTO MOJEIUPOBAHUS MPEIbBISIIOTCS
cienyromue TpeOboBaHus: 1) akTUBHOE JUAJIOrOBOE OOIIEHUE TMOJIh30BATENSl C
MOJEJbIO; 2) MPOCTOM SI3bIK OMUCAHUSI MOJENH, JOCTYIHBIA JJIsi TOJb30BaTENS-
HEMPOTPaMMUCTa; 3) BO3MOXXHOCTh  ONEPaTUBHOW MOAu(DUKALIUK MOJEIU U
HACTPOMKM Ha 3aJady mnoJib3oBarensi; 4) BO3MOXHOCTh  HMCIOJIb30BaHMS
WHTEPAKTUBHOIO PENAKTOpa, MO3BOJSIONIETO MOIU(PUIIMPOBATh CHHTAKCHC U
CEMaHTHKY HCXOJIHOIO TEKCTa; 5) BO3MOXXHOCTh KOHTPOJS Mpollecca MMHUTALUMU B
WHTEPAKTUBHOM pPEXHUME; 6) BO3MOXKHOCTh JHAJIOTOBOM pabOThl € apXHUBOM,
COJIEpIKAIllUM TUIIOBBIE MOJIEIH, PE3YJIbTaThl MOACIUPOBAHUS U JIP.; 7) OpraHU3alus
0a3pl 3HAHUKN ISl IOAAEPKKA UMUTALMOHHOTO MOJEIUPOBAHUSA; §) UCIOIb30BaHUE
IPOrpaMMHBIX CPEACTB HMCKYCCTBEHHOI'O HWHTEIUIEKTA JJIs OpraHuM3alMyd BbIBOJA
3aKII0YeHUN; 9) UCTIONb30BaHUE MPOTPAMMHBIX CPEJICTB, 00€CIEUNBAIOIINX PEKUM
peanbHOro BpeMeHd; 10) oTpaxeHue AMHAMUKKA HMMUTHPYEMOTO Mpolecca U
pe3ynbTaTOB UMHUTAIIMN B YA00HOM aiist Boctpusitusi hopme [9-14].

CrpykTypa NepCreKTUBHOW CUCTEMbl UMUTALIMOHHOI'O MOJIEIUPOBAHUS JTOJKHA
MMETh Pa3BUTYIO MNPOrPaAaMMHYIO Cpely HJisl MOJJEPKKU IMPOLECCOB HOO20MOBKU,
mpancaayuu W 6bINOJIHEHUA VIMUTAIMOHHBIX MporpamMM, MpUYEM MPOLECce
NOATOTOBKM  BKJIIOYAET  ONHWCAaHUE  3aJayd  [0JIb30BaTelis,  KOMIIOHOBKY
MOJCHUPYIOIIETO JIropuT™Ma U (POPMUPOBAHUE HUCXOJHOTO TEKCTAa MMUTAIIMOHHOM
nporpaMMbl. B TMEpPCHNEKTUBHBIX CHUCTEMaX HWMUTAIMOHHOTO MOJEIUPOBAHUS
peanusyercsi ujaes «KOHCTPYMPOBAHHUS» HMMUTAIMOHHBIX IIporpaMMm u3 Habopa
TOTOBBIX OJIOKOB, MpUYEM TPYAOEMKOCTh HMHUTALUOHHOTO MOJEIUPOBAHUS
YMEHBIIIAETCS 3@ CYET I[IOBBIIIECHHUS yPOBHS  S3bIKa IPOTrPaMMHPOBAHMS,
aBTOMAaTH3alUd W HHTEJUIEKTyalu3allil THUIIOBBIX MOJEJBHBIX mpouenyp. B
IIPOLIECCE DBOJIOLMU CHUCTEM HWMUTALMOHHOTO MOJEIUPOBAHUSA IOCTENEHHO
CHUXAIOTCA TpeOOBaHHWA K YPOBHIO KBAIM(PUKAIMKA TOJIH30BATENSI B YaCTH
IporpaMMHupoBanus (cucTeMbl MuTarmoHHoro moaenupoBanust GPSS World, Arena
4, Simplex 3 u ap.).

B mepBoii wactu yueOHOro TOCOOHMS paccMaTpuBalOTCA OCOOCHHOCTH
KOMIIBIOTEpHOU peanuzanuu metoaa Monte-Kapno (pasnen 1), anropurmuyeckue
OCHOBBI METOJIa M TEXHOJOTHS PEIICHUS BEPOSTHOCTHBIX M JETEPMUHUPOBAHHBIX
3a/lay C UCIMOJIb30BaHUEM UMUTAIIMOHHBIX KOMITBIOTEPHBIX IIporpaMm (pasziensl 2-4).
Marepuan mnocoOusi 00pa3yeT OCHOBY JJIi  OCBOCHHUSI  INEPCHEKTHUBHBIX
CIICHIMAIU3UPOBAHHBIX ~ MPOTPAMMHBIX  CPEJCTB  MOJJEPKKH  HMHUTALMOHHOTO
MOJIETUPOBAaHMs, KOTOphle OyAyT pacCMOTPEHbl BO BTOPOM YacTH MOCOOMUS.
Pexomennyemass nuTepaTypa BKJIKOYAET MCTOYHMKM IO MATEMAaTHYECKUM U
QITOPUTMUYECKMM  OCHOBaM HMMHUTAIMOHHOrO  MojaenupoBanus [1-12, 15],
MEPCIIEKTUBHBIM KOMIIBIOTEPHBIM CUCTEMaM UMUTAIMOHHOTO MoJenupoBaHus [9-11,
13, 14], meToiaM aHaiW3a W ONTHMH3AIMU PELUICHUN HA OCHOBE aHAJIUTHUYECKUX U
MMUTAIMOHHBIX Mojeneit [1, 7-9, 15, 16].



1. METOA MOHTE-KAPJ10: KOHUEMNTYAJIbHbIE OCHOBBbI
U NMPUHUUIMNbI PEATNTU3ALIUA

1.1. HasHaueHue u npuHUMN paboTbl MeToaa MoHTe-Kapno

Meron Monre-Kapno npexncrasisser co00Oil  yHUBEpPCAIbHBIA  METO[,
IPUMEHSIEMBIN Ul PELICHUS 3a1a4 CaMbIX PAa3JIMYHBIX KJIACCOB: BEPOATHOCTHBIX U
JNETEPMUHUPOBAHHBIX, 3a/1a4 C JUCKPETHBIMA M HENPEPBIBHBIMHA BEJIMYMHAMU, 33/1a4
MOJEIIMPOBAHUS U ONTUMU3ALIUU U T.[I.

Ilon eepoamunocmuvivu 3agavyamu  OyleM IOHMMAaTh JIFOObIE  3aJauH,
CBA3aHHBIE C AaHAJIM30M CJIy4YalHBIX SBJICHUHA (CIy4yalHbBIX COOBITUN, BEJTUYMH,
IPOLECCOB). [emepmunuposanivie 3a1a4i — 3TO 3a7a4, B IOCTAHOBKE KOTOPBIX HET
HUKAKHX CIIy4alHbIX (DaKTOPOB.

Ilon 3amauamu ¢ ouckpemuuvimu genuyunamu OyJeM OHUMATh 3a/1a4H, B
KOTOPBIX BCE AHAIM3UPYEMBIE BEJIMYMHBI MOT'YT IIPUHUMATh 3HAYEHUSA TOJIBKO U3
HEKOTOPOI0 KOHEYHOI'0 MHOKECTBA JIOIYCTUMBIX 3HAYEHUI. 3a1auH ¢
HEeNnpepblGHbIMU 8eIUYUHAMY — ITO 33]1a4, B KOTOPBIX aHAIU3UPYEMBIE BEJIUYUHBI
MOTYT MPUHUMATD JH00bIE 3HAYEHHS U3 HEKOTOPOT'O AMarna3oHa (3TOT Juana3oH
MOKET OBITh KaK OIPaHUYEHHBIM, TAK 1 HEOTPAHUYEHHBIM ).

3anauu mMooenuposarnus — 3T0 3a]a4M, CBI3aHHbIE C UMUTALMEN HEKOTOPOIO
00beKTa (HarpuMep, CI0KHOU TEXHUYECKON CUCTEMBbI) WM SIBIICHUSI (HAIpUMED,
poLecca pa3BUTHs OTPACIIH) C LUENbI0 ONPEIECICHUS UX XapaKTePUCTHK. 3a1auu
onmuMu3ayuy — 3TO 3a/1a4d, B KOTOPbIX TpeOyeTcs BbIOpaTh JIyUIIUA BApUAHT
pelIeHus U3 HECKOJIbKUX BO3MOXKHBIX.

BoapImIMHCTBO MPaKTUYECKUX 3a/1a4 HE MOTYT ObITh OJTHO3HAYHO OTHECEHBI K
OJIHOMY M3 IIPUBEJICHHBIX BBIIIE KJIACCOB, @ CONEPIKAT DJIEMEHTHI, XapaKTepHbIE U1
HECKOJIBKUX U3 DTUX KJIACCOB.

B nanHoM mnocoOuum B OCHOBHOM paccMaTpUBAETCs NPUMEHEHUE METOoja
Monre-Kapiio s pemieHus  3a1ad MOZACIMPOBAHUSA — CIIOKHBIX — CUCTEM
(IpOM3BOJACTBEHHBIX, TEXHUYECKUX, D3KOHOMHYECKMX H T.1.). Kak mpasuio,
(YHKIIMOHUPOBAHUE TAaKUX CHCTEM CBS3aHO C pPa3HOOOpa3HBIMU CIy4YailHBIMU
dakTopamu.

Pemenne 3amau momenupoBaHus Ha ocHOBe meroaa Monrte-Kapno ocHoBaHO
HA MHO20KpAMHOU VWMUTALUUA HUCCIEAYEMOIO SIBJICHUS, T.€. MOJIYYEHUU OOJBIIOrO
Habopa KOHKPETHBIX peaju3auuil 3Toro spieHus. [lomydeHHblil HaOop peanuzanuii
3aTeM 00padaTbIBa€TCsi C LEJIbI0 BBIYUCICHHUS XapaKTEPUCTHK HCCIENLYyEMOTO
SBJICHUS, IPEACTABISIOIINX UHTEPEC B PELIAEMOM 3a/1a4e.

KOHKpEeTHBIN aJITOpUTM pELICHUS 3aa41 C TOMOIIb0 MeTona MonTe-Kapio
IIOJIHOCTBIO 3aBUCHUT OT ITOCTAHOBKU 3a/1a4H.

Bo mHoOrux ciyuasx 3agauu, pemaemblie MeTo1oM MoHnTe-Kapiio, B mpuHuume
MOTYT OBbITh PEIICHbI APYTUMH (AaHAJTUTUYECKUMHU ) METO/IaMHU, T.€. ITyTEM PacueToB
0 ofpeesieHHbIM dhopMysiaMm U anroputMaM. OHAKO TPUMEHEHUE
AHATUTUYECKUX METOOB, KaK MPaBUiI0, BO3MOXKHO TOJBKO JJI 3a/1a4 HEOOJIbIION
pPa3MepHOCTH (C HEOOJIBIIUM KOJMYECTBOM HCCIIeyeMbIX (hakTopoB). s
peaibHbIX 33]]a4 NPUMEHEHUE AHATUTUYECKUX METOJIOB HEPEJKO OKA3bIBACTCS



HEBO3MOYKHBIM HJIA HELIETIECOO0Pa3HbIM U3-3a 0OJIBIIOTO 00bEeMa CI0KHBIX
BbIunciieHUH. [103TOMY BO MHOTHX ciydasix mpuMeHeHue Merona Monre-Kapio
OKa3bIBAETCA €IMHCTBEHHO BO3MOXKHBIM CIIOCOOOM pelIeHUs 3aauHu.

1.2. CnyyanHble paBHOMEPHO pacnpegenieHHble Yyucna

Meton MonTte-Kapio ocHOBaH Ha IPUMEHEHUH CIYYAUHBIX PABHOMEPHO
pacnpedenennsix yucen (CPPY). Pacuer (po3birpsiin) CPPY BeinosiHseTCS 110
CreuaIbHbIM AJITOPUTMaM, MO3BOJISIOLIMM MOJIyYaTh OECKOHEUHYIO
MOCJIEIOBATENBHOCTh TAKMX YUCEN. DTH aJITOPUTMBI pa3padoTaHbl TAKMM 00pa3oM,
yt0o CPPY 6cecoa npuHUMAIOT 3HAUEHUS U3 AUANA30HA om HYJIs 00 eounuysl. Ilpu
stom CPPY o061aaaroT cieayomuMu CBOHCTBaMU:

e paBHomepHOCTh: CPPU Moryr mnpuHMMaTh 3HAYeHUS W3 JIO0O0W dYacTH
nuaraszona (0;1) ¢ onMHaKOBOW YacTOTO;
® HE3aBUCUMOCTh: Jitoboe w3 3HadeHud CPPYU He 3aBucUT OT
npenpiaymmux CPPY;
® CIIy4alHOCTb: B nociaenoBarenpbHocty CPPY  Her  kakou-1nOo
3aKOHOMEPHOCTH.
Otu cBoiictBa CPPY no3BositOT paccMaTpUBaTh UX KakK CIy4ailHbIE BEJIUUUHBI,
pacnpeaeseHHbIE 10 PABHOMEPHOMY 3aKOHY B IUANA30HE OT HYJIS A0 €AUHULIBL.

PaccmoTpum onun u3 anroputMmoB noiyueHuss CPPY — anropurm Jlemepa. [{ns
ATOTO ANTOPUTMA JOJKHBI OBITH 33aHBI TPH MapaMeTpa (HEKOTOPBIE YUCa),
o0o3HauaeMeble Kak R, a, m. 3Ha4eHUs dTUX MapaMeTPOB MOIOUPAIOTCS B
poLecce 0TIIAJIKU AlTOPUTMa TaKUM 00pa3om, 4ToObl osryyaemsie CPPY
COOTBETCTBOBAJIM CBOMCTBAM PAaBHOMEPHOCTH, CIy4YalHOCTH U HE3aBUCHUMOCTHU.
Posbirpeiin CPPY Ha ocHoBe anroputma Jlemepa peanusyercs B CaeayoneM
HOPSJIKE.

1. Beruucinserca npousBeaeHue ak, ;, rae n — Homep passirpeisacmoro CPPY.
2. Boeruncnsiercs BenuunHa R, | Kak OCTaTOK OT JEJICHUS YUCIIA, MOJYyYEHHOTO
Ha mare 1, Ha mapamerp m:

R,=mod(aR,.,/m), (1.1)
r1e mod — OCTaTOK OT JAEJICHUS.
3. Brrunciserca CPPY:

R

R=-1. (1.2)
m

[TpuBenem npumep possirpsiia Tpex CPPY Ha ocHoBe anroputma Jlemepa npu

a=3, m=7, Ry=2.
Po3zviepviw 1. Beruncnsiercs npousseaenue ak, ;=aR,=3'2=6. Boluucnsercs
BenuunHa R,: R,=R,=mod(6/7)=6. Beraucnsercs CPPU: R=6/7=0,8571.

Poszviepviu 2. Beruucnsiercs npousseaenue ak, ;=aR;=3'6=18 (3nech R,.1=R,=6
OBLIIO BBIYKMCIICHO B MPEAbIAYIIEM PO3bITphIiiie). Beiuncnsercs Benuuuna R,
R,=R,=mod(18/7)=4. Beruucnsercsa CPPY: R=4/7=0,5714.



Posviepviu 3. Beruucinsiercsa npousBeaeHue ak, ;=aR,=3-4=12. Beruucnsercs
BenmuuuHa R,: R,=R;=mod(12/7)=5. Beraucnsercs CPPU: R=5/7=0,7143.

JIJ1st MpOBEPKHU U OTJIAJKU aJrOPUTMA BBIIOJIHSAETCS PO3BITPHILI OOJIBIIOTO
konnuectBa CPPY u npou3BoauTCs X NPOBEPKA HA PABHOMEPHOCTb,
HE3aBHCHMOCTb U CIIy4YaHOCTh Ha OCHOBE METOJI0B MAaTEMAaTHYECKON CTAaTUCTUKH.
Hanpumep, nis nposepku cootBerctBusi CPPY paBHOMEpHOMY 3aKOHY

pacrpeneneHus MOKET IPUMEHAThCS KPUTEPUH “XU-KBaApaT , paCCMATPUBAEMbIN
B1.3.2.4.

Nmerotcs u npyrue anroputMsl po3birpsiima CPPY. OnHa u3 BO3MOXKHBIX
peanmuzauuiit CPPY npusenena B nipui. 1.

Anroputmbl 1 nonydenuss CPPY  peanu3oBaHbl NpakTUYECKH BO BCEX
s3bIKaX MPOrpaMMHUPOBAHMS W BO MHOTHMX MNPUKIAIHBIX Iporpammax oOpabOTKH
nanueix. Hanmpumep, B si3pike Visual Basic mns momydennss CPPYU ucnonbsyercs
dbynkuus RND, B s3pike Delphi — dynkuuss RANDOM, B TabnaudHOM mporieccope
EXCEL — ¢ynxiusa CJIUUC.

CPPY npumeHAOTCA i1 MHOTOKPAaTHOW HMMHUTALMM CIIy4YaWlHBIX SIBJIICHMM,
XapaKTEpHbIX [UIsl O0BbEKTa MOJENUpoBaHUs. [Ipumepbl MMUTAUU CIyYalHBIX
siBiieHu Ha ocHoBe CPPY OynyT paccMOTpEeHbI HUXKE.

2. PEILEHWE 3A0AY MOOEJIMPOBAHUA HA OCHOBE
ANrOPUTMOB UMUTALIMN CNNYHAUHDbLIX COBbITUA

2.1. Umutaumsa cnyyvyamHbiX COObITUN

[Tox cnyyaliHbIM COOBITHEM OyJ€M NOHUMATh JIF0OOE COOBITUE, KOTOPOE MOXKET
MPOU30UTH C HEKOTOPOU BEPOSTHOCTHIO P (WJIM HE MPOU30MTH C BEPOSITHOCTHIO 1-
P).

Nvurtanus ciaydaidHoro coObITHA Ha oOcCHOBe wMerojga Monrte-Kapio
BBINOJIHAETCA caenyromumM oopa3om. PaseirpeiBaercs CPPY R. Eciu 0 < R < P (rae P
- BEPOSITHOCTb UMUTHPYEMOT'O COOBITHSI), TO CMOJIECIUPOBAHO MOSBJICHUE JTAHHOTO
coObITHS; eci R>P, TO CMOJIETMPOBAHO OTCYTCTBUE COOBITHS.

O60CcHOBaHKE ATOTO AITOPUTMA CleAyrolIee. MeTogaMu TeOpUH BEPOITHOCTEN
MO>KHO JJ0Ka3aTh, YTO BeposATHOCTH nonaganus CPPY B mo0oi uHTepBal,
uMmeronuit uuHy P (tae 0 < P < 1), paBHa camoii BeninunHe P. Takum oGpazom,
BeposiTHOCTh nonananust CPPY R B untepsan (0; P) paBHa P. [Ipyrumu ciioBamu,
nonananus CPPY R B nuama3on (0; P) mpoucxoasT ¢ TOH K€ 4aCTOTOM, UTO U
UMUTHUPYEMOE COOBITHE, BEPOATHOCTH KOTOPOTO TaKKe paBHa P.

Hanpuwmep, BepositHocTh nnonaganust CPPY B untepnan (0; 0,4) paBua 0,4. 310
o3Hauaet, uto U3 100 pazpirpannsix CPPY npumepno 40 npuHUMArOT 3HAYEHUS U3
untepBasia ot 0 no 0,4. Ilostomy npu nonaganuu CPPY R B untepsan (0; 0,4)
MOXHO CUMTaTh, 4YTO CMOJIEIUPOBAHO COOBITHE, BEPOATHOCTH KOTOporo paBHa 0,4.

[Ipumeuanne. Kak oTMeueHo Bhiiie, BeposTHOCTH mnomnananus CPPU B noboii

uHTepBal, uMmeromuid nuuny P (rne 0 < P < 1), paBna P. Hanpumep, BEpOSITHOCTh
nonaganus CPPY B mo0oii untepsan, umeromuit qiuuny 0,4 (Hanpumep, B UHTEPBa




ot 0,3 go 0,7 wmm ot 0,6 no 1), taxxe paBHa 0,4. [TosToMy mjIsi MOAEIUPOBAHUS
COOBITHSI, BEPOSITHOCTh KOTOPOTO paBHa P, MOXET HCIOJIb30BaThCS HE TOJIBKO
untepsan (0; P), Ho u m000# Apyroi MHTEpBaAI, UMEIONIHNA IHY P (U3 quamna3oHa
or 0 1o 1).

Hpumep 2.1. Ilpennpustue BbIycKaeT HEKOTOpbIe u3nenud. Ha ocHoBe
HaOII0JICHUI U3BECTHO, YTO B 8% m3menuii umeercst Opak. BeImyck rogqHoro u3aeius
JAeT MPEANPUATUIO TPUOBUTH B pa3Mepe 7 JIeH.e]l., BBITYCK OpaKOBaHHOTO U3/IETUS —
yOBITOK B pazmepe 5 aeH.en. Tpebyercst pa3paboTarh aqrOpuTM UMHUTAIIUU BBITyCKa
W3 Ha OCHOBE Metoja MoHrte-Kapiio u peann3oBaTth €ro B BHJAE NPOrPaMMBbI.
OnpeaenuTs CPeAHIO TPUOBLIL MPEANPUATHS OT BBIITYCKa OJTHOTO U3/ICTUS.

B manHOM mpumepe Opak B U3MIETUH - CITy9aifHOE COOBITHE, BEPOITHOCTH KOTOPOTO
paBHa 0,08.

AJITOPUTM UMUTALIUU BBIMYCKA U3/ACJIUN MOXKET OBITh CIEIYIOITUM.
PaswirpeiBaercst CPPY R. Eciu R<0,08, To cMoAenrpoBaH BhITYCK OpakOBaHHOTO
U3JIeus; TPUObUIL NPEANpUsATUsl yMeHbIIaeTcs Ha 5 geH.en. Ecnu R>0,08, To
CMOJIETMPOBAH BBIITYCK F'OJHOTO HW3JEIHs; MPUOBLIb IPEANPHUATHS YBEIUNUUBACTCS
Ha 7 JeH.ell. DTU JEUCTBUS BBINOJHSIIOTCS MHOTOKpaTHO, Hampumep, 100 000 pa3
(Bermostasiercst 100 000 ucnvimanuti).

Takum 00pa3om, KakJ10€ UCIIBITAHUE B 3TOM JITOPUTME MPEJCTABISET COO0M
MMHUTAIIUIO BBIITYCKA OJHOTO U3JIEIHA.

B 1a6:1.2.1 npuBenens! nsATh uctbITanuil anroputMa. Cirydaitasie yncia (CPPY R)

B3ATHI U3 NpuUJ. 1.

3nech, HapUMep, B nepBoM uctbiTaHuu pazbirpano CPPY R=0,0795. Tak kak R<0,08,
CMOJIETTUPOBAH BHIYCK OpPaKOBaHHOTO U3JIENHsl, T.€. YOBITOK B pa3Mepe 5 neH.en. Bo
BTOpOM HcnbITanuu paspirpano CPPY R=0,3780. Tak kak R>0,08, cMoaenrpoBan
BBIIYCK I'OJAHOTO U3/I€NHs, T.€. IPUOBbLUIb B pa3Mepe 7 JeH.e.

Taobmua 2.1
Howmep Nznenne [Tpu6sI
HCIBITAaHU R roJgHoe/OpakoBaHH JIb
s oe (yObITO
K)
1 0,07 bpakoBannoe -5
95
2 0,37 TI'ognoe 7
80
3 0,05 bpakoBannoe -5
93
4 0,76 T'oguoe 7
02
5 0,28 T'oguoe 7
47

[IpuBenem mporpammy Ha s3bike Visual Basic for Applications (VBA),
peATM3YIOINIYI0 aJITOPUTM HMUTAIMU BBIMTyCKa M3/eNui (OCHOBHBIE MpaBuia pabOThl ¢
cucTemoii nporpammupoBanus VBA npuBeneHs! B npui.2).

sub primer21()

' UmuTanus BhIMyCKa U3AETUN
n=100000 : p=0.02 : prib=7 : ub=5
fori=1ton



r=rnd

if r<p then

sumprib=sumprib-ub

else

sumprib=sumprib+prib

end if

next i

sredprib=sumprib/n

msgbox(“Cpensisi mpuObLTH OT BBITyCKa OHOTO u3aenuit “+str(round(sredprib,2)))
end sub

Pe3ynbTaT BBINOIHEHUsI 3TOM MPOTrPaMMBbI J0JKEH OBITh CIEAYIOIUM: CPEIHSSI IPUOBLTL OT BBITYCKA OJHOTO
W3IIENHsl - IPUMEPHO 6,76 NeH.e.

[MpuMevaHnue. ANTOPUTM UMHUTALIMHU BBITYCKA U3/ICITUI MOKHO OBLJIO pean30BaTh U MO-
npyromy: eciu R<0,92, To cMOAENMPOBaH BBITYCK 200H020 U3Aenus, eciau R>(0,92 - BbITyCK
OpaKOBaHHOTO WU3JIEIIHSI.

PaccmoTpum nmuTaIyio moHoM rpynnbl coobsituii. [lonmHas rpynmna coObITHi
Ay,47,...,A, - 2TO COOBITHS, KOTOpPBIC SIBISIOTCS HECOBMECTHBIMHU (T.€. HE MOTYT
NPOU30MTH HUKAKUE JBa COOBITHS BMECT€), HO OJHO U3 HHUX HPOUCXOIUT
oOs3aTenbHo. CymMMa  BEpOATHOCTEH  TakuMX  COOBITMI  paBHAa  €IMHMIIE:
P1+P2+...+Pn:1.

[lonmnast rpynma cOOBITUH HMMHUTHUpPYETCS CIEAyomuM oOpa3oM. Jluama3oH
(0; 1) pasbuBaercss Ha wuntepBanbl (0; Pp), [Pi; P1+P;), [P1+Py; Pi+PytP3),...,
[1-P,;1). PaseirpeiBaetcs CPPY  R. Omnpenensiercs uHTEpBan (C  HEKOTOPBIM
HOMEDPOM /), B KOTOPBIX MONAIAET 3HaUeHUE R, U PUKcUpyeTcs j-e coObIThe (4;).

Ipumep 2.2. IIpennpusiTie N0 PEMOHTY OBITOBOM AJIEKTPOHUKH BBINOJIHSAET
PEMOHT PaAUONPUEMHHUKOB, TEIEBU30POB, MarHUTOPOHOB U TenedoHoB. M3BecTHO,
yTo npuMepHO 20% 3aKka30B, MOCTYNAKIINX HA MPEANPUATHE, COCTABIISIIOT 3aKa3bl HA
PEMOHT paauonpueMHuKoB, 40% - 3aka3bl HA PEMOHT TEIEBU30pPOB, 15% - 3aKka3bl Ha
peMOHT MarHuTo(oHoB, 25% - 3aka3el Ha peMOHT TejaedoHOB (OyJeM CUHTATh, YTO
M0 KaXJIOMYy 3aKazy TpeOyeTcsi pPEeMOHT TOJbKO ofHoro wusjaenus). IlpuObuib
NpPEANpPUATUS OT PEMOHTA OJHOTO pPaJUONpPHEMHHUKA cocCTaBisieT 35 JeH.en,
teneBusopa — 60 nen.ex., Mmarautopona — 40 aeH.en., Tenedona — 25 aeH.en.

TpeOyeTtcst pazpaboTaTh aNrOPUTM UMHUTAIIMHN PA0OTHl PEMOHTHOTO MPEATPUSTHS
Ha OcHOBe MeTona MoHTte-Kapio u peanu3oBaTs €ro B BUJI€ IPOrpaMMBl.
OnpenenuTs CpeIHIO0 MPUOBLIL IPEANPUATHS OT BBIIOIHEHUS OJHOIO 3aKas3a.

B nannom npumepe BUJIbI 3aKa30B (3aKa3bl HA PEMOHT PaJAMONPUEMHUKOB,
TEJICBU30POB, MATHUTO(GOHOB ¥ TeJIe(HOHOB) COCTABIISIOT MOJTHYO TPYTIITY
COOBITUI. AJITOPUTM UMHUTALIMU PAOOTHI IPEANPUITUS MOKET OBIThH CICAYIOIINM.
PaszeirpsiBaercss CPPY R. Ecniu R<0,2, TO cMOAENIMPOBAHO MOCTYIUICHUE 3aKa3a Ha
peMoHT paauonpuemHuka. Ecnu 0,2<R<0,6, TO cMOAEIMPOBaH 3aKa3 HA PEMOHT
TeneBu3opa, eciu 0,6<R<0,75 — 3aka3 Ha peMOHT MarHuTodoHa, eciu 0,75<R<1 —
3aKa3 Ha peMoHT TenedoHa. [Ipudbuls npeanpusTUs yBEIMUUBACTCS Ha
COOTBETCTBYIOIIYIO Bennuuny (35, 60, 40 wiu 25 neH.ea.). DTH N1eUCTBUS

MIOBTOPSIIOTCS MHOTOKpaTHO, Harpumep, 100 000 pas.
B Ta6:1.2.2 npuBeneHs! AT UCTIBITAHUHN aITOpUTMA.



Taobnuua 2.2

Home
I/ICHLHI“)aHI/I R 3aka3 Tproer
4 b
1 0,07 Pannonpuemuu 35
95 K
2 0,37 TeneBuzop 60
80
3 0,05 Panuonpuemun 35
93 K
4 0,76 Tenedhon 25
02
5 0,28 TeneBuzop 60
47

[IpuBenem mporpammy Ha s3pike VBA, peanusyrollyro aJrOpUTM UMHTALUHU
paboThl PEMOHTHOTO IPEANPUATHS.

sub primer22()

¢ Umutanust paboThl pEMOHTHOTO MPEATIPUATHS
n=100000

fori=1 ton

r=rnd

if 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
if r>=0.75 then sumprib=sumprib+25

next i

sredprib=sumprib/n

msgbox(“Cpenssisi mpuObLIL OT peMOHTA OHOTO u3aenus “+str(round(sredprib,2)))
end sub

Pe3yanaT HUMHUTALIUU JOJI’KECH 6])ITI) Cﬂe[lyIOHJ,l/lMZ CpeﬂHHH HpI/l6])IIl]) oT peMOHTa OOHOIo u3acius - anMepHo
43,28 nen.en,.

[Ipumedanue. AITOPUTM UMHUTAIIUU PaOOTHI MPEANPHUATUS MOKHO OBLIO pEain30BaTh U TO-
npyromy. Hanmpumep, moxxHo pa3outs auamna3oH (0; 1) va uarepsans (0; 0,15), [0,15; 0,4),

[0,4; 0,8), [0,8;1). B aTom ciyuae, eciiu R<0,15, To cneayer cuutaTh, 4TO CMOACIUPOBAH 33aKa3
Ha peMoHT MarHuTodoHa; eciu 0,15<R<0,4, TO cMoAeIUPOBaAH 3aKa3 Ha PEMOHT TenedoHa, eciu
0,4<R<0,8 — 3axka3 Ha peMOHT TeneBu30pa, ecau 0,8<R<1 — 3aka3 Ha PEMOHT paJUOIIPUEMHHUKA.

2.2. Ilpumepsnl penieHus 32124 HA OCHOBE

AJITOPUTMOB MMHUTAIUN CJOYYAHHBIX COOBITHI

Mpuwmep 2.3. [Ipu BEITyCKe HEKOTOPBIX JeTajci TpedyeTcs mocienoBaTelibHas 00paboTka Ha IBYyX
CTaHKax: CHayaJjia — Ha TOKapHOM, 3aTeM — Ha numdoBaikHOM. Marepuai, u3 KOTOpOro
W3rOTaBIIMBACTCS JIeTalb, cTouT 20 JeH.e/l. 3aTpaThl, CBSI3aHHBIC C 00paOOTKOM JAeTaliu Ha
TOKapHOM CTaHKE, COCTABIISAIOT 5 JICH.¢/I., Ha NUTU(OBaIBHOM — 4 JICH.C]I.



[Ipu 006paboTKe Ha TOKAPHOM CTaHKE B 8% CITy4aeB TONIIMHA IETATH OKA3bIBAETCS MCHbIIIE
3agaHHOM, B 12% city4yaeB — O6osbliie 3aJaHHOU, B ocTainbHbIX 80% cilydaeB — HOpMaJIbHOM.
Jletanu, TONIIMHA KOTOPBIX OKa3bIBACTCS MEHBIIIE 3aIaHHOM, OpaKyIOTCS U HE MOCTYMAIT Ha
JTanpHENTIy0 00paboTKy (T.€. Ha nuTM(OBaTBHBIA CTAHOK). JleTanu, TONIHA KOTOPBIX O0IbIIe
3a/IaHHOM, UCTIPABIIAIOTCA. 3aTpaThl HA UCIIPABICHUE OJHOM JeTalu — 3 JCH.e/.

[Tpu o6paboTke Ha mTMOBaTLHOM CTaHKE BO3MOXKHBI I€(EKTHI ABYX BHJIOB: HEKA4eCTBEHHAS
00paboTKa BepxHel min HIKHEH nmoBepxHocTu. HekadecTBeHHast 06paboTka BepXHei
MOBEPXHOCTH Jomyckaetcs B 3% ciydaeB, HUxkHeH — B 6% ciayuaeB. Jlehekt MoxeT ObITh
JIOTIYIICH KaK Ha OJHOM M3 IOBEPXHOCTEH, Tak U Ha 00eux. Ecnu umeercs nedekT TOIbKO OTHOM
MOBEPXHOCTH, TO OH yCTpaHsieTcs. 3aTpaThl Ha yCTpaHEHHE J000ro JedeKTa COCTaBISAIOT 2
neH.en. Ecnu nonyieHs! AeeKThl 00eUX MOBEPXHOCTEH, TO OHU HE YCTPAHSIOTCS, a IeTalb
Opakyercs.

l'otoBbIie AeTanu npoaaroTcs o 35 neH.e.

TpeOyetcst pazpaboTaTh aarOPpUTM UMHUTAIIMN TPOU3BOCTBA JACTAJICH Ha OCHOBE MeTo1a MOHTe-
Kapo u peanuzoBats ero B Bujie nporpaMmsl. ONpenennThb: a) BEPOATHOCTD BbITyCKa FOJHOM
JeTand; 0) CpeHIOI MPUOBLTL IPEANPUITHSI OT BBIITyCKa OJHOW JETAJIH; B) ONPEACIUTb,
SBJISICTCS JIM BBITOJHOM 3aMEHa TOKapHOI0 CTaHKAa HA HOBBIW, €CJIA IPU TAKON 3aMEHE Ka4ECTBO
JieTajeil MOBBICUTCSA (TOJIIIMHA JAeTa OyAeT MEHbIIE 3aJaHHON B 2% ciydaeB, 00JIbIIe
3agaHHol — B 3% ciryuyaeB), HO 3aTpaThl Ha 00pabOTKy JeTany Ha TOKApHOM CTaHKe OyIyT
COCTAaBJIATE 6 IeH.€e/.

PazpaboTaem anroputM HMHUTAIIMU BBHIMyCKa AeTaned (s ciydasi, KOrja
UCIIOJIb3YETCS CTAphlii TOKApHBINA cTaHOK). [Ipu pa3paboTke anropurmMa HEOOXOAMMO
YUUTBIBaTh, YTO IOCJIE€ 0OpabOTKM HAa TOKAPHOM CTaHKE JETallb MOXKET OKa3aTbCs
HOpMalibHOH (B 80% cityyaeB), UMETh TOJIIIMHY MEHbLIE 3aJaHHOM (B 8% ciydaeB)
i Oonbiie 3agaHHoi (B 12% ciiyyaeB). O4eBUIHO, YTO OJHA U Ta K€ JETajlb HE
MOKET MMETh TOJIIMHY W Oombiie, u MeHblue 3amaHHoOW. [locie oOpaboTku Ha
nuM(OBATBHOM CTaHKE J€Tallb MOKET HE MMETh JAC(PEKTOB, MOXKET UMETh Je(eKT
OJIHOM U3 MOBEpPXHOCTEN Win AedeKT 00eux MmoBepxHocTed. ['0AHBIMU SBIISIIOTCS BCE
JETaJId, MPHU BBITYCKE KOTOPHIX HE OBLIO OMYIIEHO HUKAKUX AEPEKTOB, WIH ITH
ne(deKTbl ObLII YCTPAHEHBI.

HpI/IBCI[eM AJITOPUTM UMUTALUU ITPOU3BOACTBA z[eTaneﬁ.

1. Umutnpyercs 00paboTKka Ha TOKaApHOM CTaHKe. JlJist 3TOro paspirpbIBaeTCs
CPPY R,. Eciu R;<0,08, To cmonenupoBaH Opak (TOJIIMHA JETald OKa3ajlach
MEHbIIIE 33JJaHHOW) U BhINOJHsIETCs nepexoa K mary 3. Eciu 0,08<R<0,2, To aeTanb
TpeOyeT wucrpabiieHus (TOJIIMHA JAETAJM OKazajach Oouibllie 3amaHHoi). Ecnu
R>0,2, TO HAa TOKapHOM CTaHKE BBINYIIEHA JETalb HOPMaJIbHOMN TOJIIUHBI.

2. Umutupyercs oOpabotka Ha uwmudoBanbHOM cTtaHke. Jus  aToro
passirpeiBatotcs déa CPPU: Ry u Ry,. Eciiu R»1<0,03, To nonyiieH aedeKkT BepxHen
nosepxHoctu. Eciu R»><0,06, To gomymieH aedexkT HMKHEH MOBEPXHOCTH. Takum
obpazom, ecim R,;<0,03 u R»><0,06, To neranb OpakyeTcs, TaK KaK MMEIOTCS JBa
nedexra. Ecou R»1<0,03 wunu R»<0,06 (Ho e mo u opyeoe émecme), TO UMEETCS
TOJILKO OJWH JedeKT, OH YCTPaHSCTCS, U BBIMYCKACTCS 200Has neTanb. Ecnm
R>1>0,03 u Ry>>0,06, To nerans HE UMEET NePEKTOB, T.€. IBISICTCS TOTHOM.

[ITaru 1-2 noBTopsitoTCS MHOTOKpaTHO, Hanpumep, 100 000 pa3. [To okoHYaHUM

UCIIBITAHUM OIpEAeIAeTCS BEPOSATHOCTh BIMYCKa I'OJHOM JIETal KaK OTHOILICHUE
KOJIMYECTBa TOAHBIX JIeTaliell kK o0memMy koiaudectBy aetaneit (100 000).



OmnpenensieTcs: TakKe CpeAHsIs TPUObUTH OT BBITYCKa OJTHOM JEeTalu KaKk
OTHOIIEHUE CYMMapHOW MPUOBUTH K O0IIIEMY KOJIMYECTBY JI€TaJICH.

PaccmoTpuM /1Ba UCTIBITAHUS AITOPUTMA.

Ilepsoe ucnvoimanue. 1lycte R1=0,0795. Tak kak R;<0,08, Ha TOKapHOM CTaHKE

JOTyTIeH Opak: TOJIIMHA IeTall OKa3ajach MEHbBIIE 3aaHHou. [{eTans He

MOCTYIAET Ha AaJIbHEHIYI0 00paboTKy. YObITOK coctaBut 20+5=25 nen.en., rue

20 — cToMMOCTh MaTepualia, 5 — 3aTpaThl HA 00pabOTKy Ha TOKAPHOM CTaHKE.

Bmopoe ucnvimanue. Ilycts R1=0,3780. Tak kak R;>0,2, Ha TOKAPHOM CTaHKE

BBIITYIIEHA JI€Talh HOpMaJIbHOUM ToMIIMHBL. OHa MOCTynaeT Ha 00paboTKy Ha

numdoBanbHbIl cTaHoK. PaspirpeiBatorcst CPPY Ry u R,;. [lycts Ry=0,0593,

R»,=0,7602. Tak kak R,;>0,03 u R»>0,06, Ha nuindoBaIbHOM CTaHKE HE

nomyuieHo nedexroB. Takum oOpazoM, BeiMylleHa rogHas aetaib. [Ipudbiib

coctaBuT 35-20-5-

-4=6 neH.e.

[IpuBenem mporpammy Ha si3pike VBA, peanusyrollyro aJrOpUTM UMHUTALMU

BBIITYCKA JIETAJICH.

Sub primer23()

 ImuTanust BbIyCcKa JeTayeii, 00padaThiBaeMBbIX Ha JIBYyX CTAHKaxX
n = 100000

pbl1=0.08: pb12=0.12

pb21 =0.03 : pb22 =0.06

material =20 : obrl =5:o0br2 =4

zul = 3: zu2 = 2: cena = 35

Fori=1Ton
zatr = zatr + material + obrl
rl =Rnd

If r1 <pbll Then GoTo kon

If (r1 > pbl1) And (r1 <pbll + pbl12) Then zatr = zatr + zul

zatr = zatr + obr2

r21 =Rnd : 122 = Rnd

If (121 <pb21) And (122 < pb22) Then GoTo kon

If (121 < pb21) Xor (122 < 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 roHoi aetanu: " +str(round(pgodn,4)))
MsgBox ("Cpennsist mprOBLTH OT BBITyCKa 0JTHOM aetanu: "+str(round(sredprib,2)))
End Sub

Pe3ynbraThl uMuTanMu OyAyT NPUMEPHO CIAEAYIONMMU: BEPOSITHOCTh BHIMTyCKA
roaHou neranu — npumepHo 0,9183 (T.e. mpoueHT rogHsix aeraiei — 91,83%),
cpenHssi NpuObLIb OT BBIYCKa OJTHOM AeTajnel - mpuMepHo 2,94 neH.en.

YToObl OnpeenuTh, BHIMOJHA JIM 3aMEHA TOKAPHOT'O CTaHKA Ha HOBBIH,
JOCTAaTOYHO 3aMEHUTH B IPOrpaMMe Jisi ipumepa 2.3 ciaeAyrolme nepeMeHHbIE:
pb11=0,02, pb12=0,03, obr1=6. Pe3ynbpTaThl BHIIOJIHEHUS TPOrPAMMBI Oy IyT
IPUMEPHO CIEAYIOIIMMU: BEPOSITHOCTH BBIITYCKA FOJHOM AETAIN — IPUMEPHO



0,9779 (T.e. mpoLeHT TOAHBIX AeTanei — 97,79%), cpenHsst npuObLUIb OT BBIITYCKa
OJTHOM aetanu - okoJo 4,05 nen.en. Takum 00pa3om, 3aMeHa CTaHKa SBIISIECTCS
BBITOJIHOM, TaK KaK OHAa MPUBOAUT K YBEITUUYEHUIO TPUOBLIH.

IIpumep 2.4. [Ipennpusarue BbIMTYCKAET JIEKTPONPUOOPHI, COCTOSIIHNE U3 TPEX
osokoB (A,B,C). IIpubop mpomomkaeT padboTaTh, TOKa UCIpPaBeH OJOK A U XOTS OBl
onuH u3 OmokoB B wmiu C. M3 ombiTa 3KciulyaTald NpuOOpPOB HM3BECTHO, YTO
BEPOSITHOCTh 0O€30TKAa3HOM pabOThl KaXIOT0 U3 00KO8 B TEUEHHUE TapaHTUMHOTO
cpoka coctanisgeT 90%.

3arpaThl NPEANPUITHS HA BBITYCK OJHOTO MpHOOpa CIEAYIOIIHNE: CTOUMOCTD
Kaxjoro 6imoka — 10 aen.ex., mpouune pacxonabl — 20 nen.en. [IpubGopsl mpogaroTcs mo
neHe 65 gen.en. B ciayudae orkasza mpuOopa A0 OKOHYAHMSI TapaHTHUITHOTO CpOKa
IpeanpusTre OECIIaTHO BBIMOIHSIET €0 PEMOHT. 3aTpaThl MPEANPHUSATHS, CBI3aHHBIC
C TapaHTUWHBIM PEMOHTOM OTKAa3aBIIEro MpuOOpa, MOTYT OBITH Pa3IUYHBIMUA B
3aBUCHUMOCTH OT CJIOXKHOCTHM PEMOHTA, PacXOJO0B Ha €ro JoCTaBKy W T.A. M3BecTHO,
yTo npumepHo B 60% ciiydaeB 3aTpaTbl Ha TapaHTUWHBIA PEMOHT COCTABIISIOT
25 nen.en., B 30% ciyuaeB — 40 nen.en., B 10% cnyvaeB — 50 geH.en.

TpeOyercst HaillTu: a) BEPOSATHOCTh OTKa3za MpuOOpa 1O OKOHYAHMS
rapaHTUWHOTO CpOKa; 0) CpPeAHIO MPHUObUIL MPEANPUSITHS OT BBIMYCKA OJHOIO
npubopa; B) ONpPEACNUTb, BBITOJHO JIM [UISl TPEANPUSATHS HCIOJNb30BaTh B
KOHCTPYKIIMU MpuOOpa HOBBIM, OoJjiee HANEKHBIM OJIOK A, CTOUMOCTH KOTOPOIO
cocraBisier 12 JneH.el., a BEpPOSITHOCTh O€30TKAa3HOW paboThl B TEUYCHHE
rapaHTuHOrOo cpoka — 98% (mpW 3TOM TMOBBIIIEHUE IIEHBI Ha MPUOOPHI HE
IJIAHUPYETCS ).

Jnist perieHus 3Toi 3a1aun pa3paboTaeM UMHTAIMOHHYIO MOJIENb HAa OCHOBE MeTo1a MoHTe-
Kapmo.

[IpuBenem aaropuT™M UMHUTALIMHU BBITYCKA U MPOJAXKU IPUOOPOB MPU HCIIOIB30BAaHUU
MMEIOIICHCS] KOHCTPYKITH Tpubopa (T.e. 6€3 3aMeHbI 0JI0Ka A Ha HOBBIN).

1. Umutupyetcst pabota mpubopa B T€UEHHUE TApaHTUMHOTO cpoka. J[Jist aToro
pasbeirpeiBatorcsi Tpu CPPY: Rp, R, Rc. Eciam Bemmonnsiercs ycnmoBue Rp<0,1

(otkazan 0610k A) mmm ycnoBusi Rg<0,1 m Rc<0,1 (otkazaim 6moxku B u C), TO
CMOJICTMPOBAH OTKa3 MpuOOpa; B STOM cliyyae BBIMOJHIETCS ClIeAyromui mar. B
MIPOTUBHOM CJTy4dae BBITIOJIHSAETCS MEPEX0.1 K mary 3.

2. UmuTupyeTcsl TapaHTHIHBIN peMOHT mpubopa. s 3Toro pasbirpbiBaeTcs

CPPY R,epn. Ecmu R;e;<<0,6, TO 3aTpaThl Ha PEMOHT COCTaBJISIOT 12 neH.eid., eciu

0,6<R;em<0,9, To 3aTpatsl cocTaBistoT 20 neH.ex, eciu Ry.,,>0,9, To 35 nen.en.

3. Boruucnsiercss npuObuib (MM yOBITOK) OT BBIIYCKa MPUOOpa C YYETOM
3aTpaT Ha €r0 W3TOTOBJICHHE, IIEHBI, a TAK)KE 3aTpaT Ha TaPAaHTHIHBIA PEMOHT (eCiu
OH MOTpedoBaCH).

[ITaru 1-3 moBTOpsitoTCS MHOTOKpaTHO, Hanpumep, 100 000 pa3. [To okoHyaHUM
UCIIBITAHUM OTpeIeIIeTCS BEPOSTHOCTh OTKa3a Mpruodopa 10 OKOHYAHUS
TapaHTUIHOTO CPOKA KaK OTHOIICHHE KOJMYECTBA CIy4aeB OTKA30B K 001IeMy
KOJIMYECTBY BhITyIIeHHBIX TpuOopoB (100 000). Onpenensercs Takxe cpeaHsis
IpUOBLTH OT BBIITYCKA OJTHOTO MPUOOpa KaK OTHOIIEHUE CYMMAapHOU MPUOBLIN K
o0I11eMy KOJIMYeCTBY MPUOOPOB.



PaccmoTpuM 1Ba UCTIBITAHUS AITOPUTMA.

Ilepsoe ucnoimanue. 1lyctb Ry=0,0795, Rg=0,3780, Rc=0,0593. Tak kax R5<0,1,
Rp>0,1, Rc<0,1, cmonenupoBan oTka3 0yioka A (a takxke 010ka C). Takum
o0pazom, NpubOp OTKa3a 10 OKOHYAHUS TapaHTUUHOTO CpoKa. PassirpeiBatoTcst
3aTpaThl Ha ero peMoHT. [lyctb R, =0,7602. Tak kak 0,6<R..,<0,9, 3aTparsI
coctaBisitoT 40 nen.en. Takum oOpa3om, NPEANPUATHE TTOHECIIO YObIMOK B
pasmepe 65-30-20-40=-25 nen.en. (3aech 65 — uena npudopa, 30 — CTOMMOCTb
osmokoB A,B,C, 20 — nmpouune pacxozsl Ha BbITycK pubopa, 40 — 3aTpaThl Ha
rapaHTUUHBIA PEMOHT).

Bmopoe ucnoimanue. Ilycts Ry=0,7602, Rg=0,2847, Rc=0,6133. Tak kak R >0,1,
Rg>0,1, Rc>0,1, cmonenupoBana HopMasibHas paboTa npudopa B TEYEHUE BCETO
rapaHTUHHOIO CpoKa (HU OAMH U3 OJIOKOB He oTKazan). [Ipennpusitue nomyvaer
npuObUTH B pazmepe 65-30-20=15 nen.ex.

[IpuBenem mporpammy Ha si3pike VBA, peanu3yrollyro aJrOpUTM UMHUTALUU
BBIITYCKA ¥ TAPAHTUHHOTO PEMOHTa TPUOOPOB.

Sub primer24()

‘MImMuTanus Bollycka MpUOOPOB € YYETOM rapaHTUHHOTO 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 ("BeposiTHOCTh 0TKa3a 40 OKOHYaHUS TapaHTHitHOTO cpoka: " + Str(Round(potkaz,4)))
MsgBox ("Cpennsist mpuOBLTb OT BBITTycKa ofgHoro mpubopa: " + Str(Round(sredprib,2))
End Sub

Pe3ynbraThl IMUTAITNH CIIETYIONTUE: BEPOSITHOCTH OTKa3a MpuOopa 10 OKOHYAHUS
rapaHTuHOTO cpoka — nmpumMepHo 0,1095 (T.e. okomo 10,95%), cpenusis mpuoObLIL
OT BBIITYCKa OAHOTO Npubopa — okojo 11,5 nen.en.

UTOoOBI OIIEHUTBH 11€J1€CO00PA3HOCTh UCTIOIB30BaHU Oosiee HaJeKHOTO (U OoJiee
Jopororo) 6y0ka A, 10CTaTOYHO BHIOJIHUTH UMUTAIIMIO CHOBA, U3MEHUB B
nporpamMme cliieayrpouue nepeMennsie: sta=12, pa=0,02. Pe3ynbrarsl umutauu
CJIeIyIoIMe: BEPOSITHOCTh OTKa3a MprOopa 10 OKOHYAHUS FApAHTUMHOTO CPOKA —



npumepno 0,0298, cpenusis npuObLIL OT BBITYCKa OJHOTO prubopa — okojo 12,04
neH.en. Takum 06pa3om, HUCTIOIB30BaHUE HOBOTO OJIOKA A MO3BOJISIET TOBBICUTH
npUOBLTH 33 CUET CHIDKEHUS 3aTpaT HA TapaHTUHHBIE peMOHTHI. KpoMme Toro,
pEe3K0e CHUKEHHE KOJIMYECTBO OTKA30B B TEUEHUE FapaHTUHHOIO CpOKa
0JIarOompUsITHO CKAXKETCs Ha penyTanuu npeanpusitus. [loatoMmy ucnonas3oBanue
HOBOT'O OJIOKA CJIEAYET NPU3HATh BHITOJHBIM.

Ipumep 2.5. [Ipeanpusrue BolTyCKaeT JaTYUKU YeTbipex TUnoB (A,B,C,D) nns
aBTOMAaTU3UPOBAHHBIX CUCTEM YIIPABJICHUS TEXHOJOTMYECKUMHU MPOLIECCaMHU.

W3 onbiTa paboThl IpEeANpUsATUS U3BECTHO, YTO puMepHO 30% Bcex 3aka3zoB
COCTaBJISAIOT 3aKa3bl Ha gatyuku tuna A, 20% - B, 15% - C, 35% - D. Bce natuukmn
MOTYT BBIITYCKAThCS B OOBIYHOM UCIIOTHEHUH (7151 pabOThI B OOBIYHBIX YCIOBHUSX)
WIH B CHEIMAIBHOM HUCIIOTHEHUH (JIJ1s1 paOOThI MPU BBHICOKOM BJIaKHOCTH, BO
B3PBIBOOIIACHOM Cpeie MU MPU BBICOKOW TeMIIepaType).

U3BecTHO, uTO ipumepHO B 40% Bcex 3aka30B TpeOyeTCst AaTUMK 7151 pabOThI MPU
BBICOKOH BJIAXKHOCTH, B 15% 3aka30B - 1151 pabOTHI BO B3PBIBOOIIACHOM Cpejie, B
25% 3aka30B — U1t paboTHI IPH BBICOKOM Temmeparype. [Ipu 3Tom k onHOMY
JTATYUKY MOXET MPEAbSIBIATHCS HECKOJIBKO JOMOJHUTENbHBIX TPEOOBaHUMN
(HampuMep, MOKET OBITh 3aKa3aH MATYUK IS paOOTHI TPU BHICOKOW BIIAXKHOCTH H
TeMIeparype).

3aTpathl NPEANPUATHS HA BBIITYCK OJTHOTO JaTYUKa B OOBIYHOM HCIIOJIHEHUU
cienyromue: natuuk tuna A - 25 nen.en., B — 15 nen.en., C — 35 ngen.en., D —

30 nen.en. JlonmonHUTENbHBIE 3aTPaThl MPEANPUITHS MIPU BBITYCKE AaTUYUKA JIJIs
paboThI IPU BHICOKOM BIQKHOCTU COCTABJISIOT 8 JIEH.€/I., BO B3pHIBOONIACHOI
cpene — 12 nen.ex., npu BbICOKOM TemnepaTtype — 10 neH.en. (3Tu 3aTparhbl HE
3aBUCST OT TUIIA JATYHUKA).

JlaT4uku, BRIMYIIEHHBIE B OOBIYHOM UCIIOJIHEHUHU, TTPOJIAIOTCS 110 CIIEAYIOIIUM
neHaM: A — 45 nen.en., B — 35 nen.en., C — 60 gen.en., D — 50 gen.en. 3a kaxmoe
JOTIOJIHATEIIbHOE TpeOOBaHME IIeHa JaTYrKa mopbimaercs Ha 20% oT HCXOHON
LCHBI.

Hampumep, ecnu Oyet 3aka3zaH qaTauk TUNA A 1Jist paboThI MPU BEICOKOM
BJIQYKHOCTHU Y TEMIIEPATYpPE, TO 3aTPaThl HA €T0 BBITYCK COCTaBAT 25+8+10=

=43 nen.en. On Oyner npoaad no neHe 45+0,4-45=63 neun.en. (T.€. MO LEHE,
noBbIieHHON Ha 40%, Tak Kak MpU BBIMTYCKE JaTYMKA BBIMOJHEHBI JBa
JOTIOJIHUTENIbHBIX TpeOoBaHust). [[puObUIL OT BBIIMYCKa TAKOTO JaTYMKA COCTABUT
63-43=20 neu.en.

TpeOyetcst pazpaboTaTh alropuTM MMHTAIMKM BBIMYCKAa JTaTYUKOB HA OCHOBE
merona Monrte-Kapno u peanuzoBaTh €ro B BHA€ NporpaMmmbl. OmpeaeiuTb:
a) CPEAHIOI0 MPUOBLIb MPEANPUATHS OT BBIITYCKA OJIHOTO JAaT4YMKA; 0) MOJII0 TaTYUKOB
CHENUATBHOTO MCTIOTHEHUS (T.€. XOTS Obl C OJIHUM JOTIOJHUTEIHHBIM TPEOOBAHHUEM )
B 00111eM 00beME 3aKa30B.

[IpuBeneM anropuTM UMHUTAILIUM BHIITYCKa JATYHUKOB.

I. Mmutnpyercs tan parumka. g storo passirpeiBactcs CPPYU R. Ecim
R<0,3, To 3aka3zan pgatuuk Tmmna A, ecau 0,3<R<0,5 — pgaruuk Ttuna B, eciu
0,5<R<0,65 — natuuk tina C, eciim R>0,65 — matuuk tuma D.



2. UmutupyeTcs HCHOJHEHHE AaTdyuka (OObIYHOE WM crernuainbHoe). Jlns
storo passirpeiBatorcst mpu CPPU: Ry, Ry, R3. Eciin R<0,4, To 3aka3aH AaTYUK I
paboThI IPH BBICOKOM BiakHOCTU. Ecim R»<0,15, To 3aka3aH gaTdmK Jjis paboThI BO
B3pBIBOOIIacHOU cpere. Ecau R3<0,25, To 3akazaH JaTyuK Jyisi pabOThl IPU BBICOKOM

temnieparype. Ecim R1>0,4, R»>0,15 u R3>0,25 (T.e. BBINOJHAIOTCS BCE TpPH
YCJIOBHUSI), TO 3aKa3aH JATYUK B OOBIYHOM HCITOJIHEHHH.

[Maru 1-2 mnostopsitorcss 100 000 pa3. Omnpenensercss cpedHsis NPUOBLIL
IPEANPUATHS OT BBIMYCKa OJHOTO JAaTYUKA: OTHOUICHHWE CYMMapHOW HpPHOBUIM OT
BBIIIyCKA JIATYMKOB K OOIIEMYy KOJWUYECTBY BbIMymeHHbIX aaTaukoB (100 000).
OmnpegensieTcss TakyKe A0Js JaTYUKOB CIELHAIBHOTO HMCHOJHEHHS KaK OTHOIIEHHE
KOJIMYECTBa CIIy4aeB, KOTJAa K JIaTYUKy MPEABIBISUIOCH XOTA Obl  OJHO
JOTOJIHUTENIBHOE TPEOOBAHHE, K O0IIEMY KOJUYECTBY BBITYIIEHHBIX JATUUKOB.

PaccmoTpum /1Ba UCTIBITAHUS AITOPUTMA.

llepsoe ucnvimanue. Ilycte R=0,0795. Tak kak R<0,3, 3aka3aH gaTyuk Tuma A.
[Tycts R1=0,3780, R,=0,0593, R;=0,7602. Tak kak R,;<0,4, R,<0,15, R;>0,25,
3aKa3zaH JaT4MK il paboThl IPU BHICOKOM BJIAYKHOCTU U BO B3PHIBOOTIACHOM
cpene. 3aTpaThl Ha €ro BBIMYCK cocTaBAaT 25+8+12=45 nen.eq. OH Oyner npoaaH
o 1iene 45+0,4-45=63 nen.en. (T.e. Mo 1eHe, noBeimeHHON Ha 40%, Tak Kak Mpu
BBIMTYCKE JIaTUYMKa BHITIOJTHEHBI JIBA JOMOJHUTEIbHBIX TpeOoBaHus). [IpuObLIb OT
BBIITYCKa JJaTuuKa cocTaBUT 63-45=18 nen.en.

Bmopoe ucnoimanue. Ilycts R=0,2847. Tak xak R<0,3, 3aka3aH gaT4uK TUIa A.
ITycts R=0,8197, R,=0,6133, R;=0,5766. Tak xak R;>0,4, R,>0,15, R;>0,35,
3aKa3aH JaTYMK B OOBIYHOM MCIIOJIHCHUH (T.€. K HEMY HE MPEIbSIBICHO KaKUX-
100 JIOMOTHUTEIBHBIX TPeOOBaHMI ). 3aTpaThl HA €0 BBIITYCK COCTABST

25 neH.en., a uena — 45 nen.en. [pudsins coctaBut 45-25=20 neu.en.

IIpuBenem mporpammy Ha s3plke VBA, peanusyroulyro aJrOpUTM UMHTALUHN
BBIITYCKA TaTYUKOB.

sub primer25()

‘ UmuTanwmst BRITyCKa TaTYMKOB OOBIYHOTO U CHEIMATILHOTO HCIIOTHEHUS
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: 2t =10

ca=45:cb=35:cc=60:cd=50

n = 100000
Fori=1Ton
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: r2 =Rnd: r3 =Rnd
If r1 <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 (r2 <pvz) Or (r3 < pt) Then spec = spec + 1



Next i

sumprib = sumvir — sumzatr

sredprib=sumprib/n

procspec = (spec / n) * 100

MsgBox ("Cpenusis mpuObLTb OT BBITyCKa OAHOTO Aatyuka: "+str(round(sredprib,2)))
MsgBox ("IIponienT cnen.ucnonuenus: "+str(round(procspec,2)))

End Sub

Pe3ynbTaThl BHITOIHEHUS STOM [TPOrPaMMBbI JJOJDKHBI ObITh IPUMEPHO CIICAYIOIIMMU: CPE/IHSIS IPHOBLIb OT BBITYCKa
oxuoro marurka — 20,77 neH.en., T0os JaTYNKOB CIIENHAIBHOr0 UcrnojHeHus — 61,46%.

3. PELLEHUE 3A0AY MOOENIMPOBAHUA HA OCHOBE

ANTOPUTMOB UMUTALIUN CITYYAUHbIX BENUYMH

3.1. UMnTaumsa AUNCKpPETHbIX CryYanHbIX BeSIMYMH

[Tox cayuaiiHOil BenWYMHON OyneM MOHUMAaTh BEJIMYMHY, TOYHOE 3HAYCHUE
KOTOPOW HE MOXKET ObITh TOYHO U3BECTHO 3apaHee.
JAuckpernas ciay4yailHasg BeJaIMYMHa X - OTO BEIMYMHA, KOTOpas MOXKET

NPUHUMATh HEKOTOpbIe (UKCHUPOBAHHBIE 3HAYCHUS X{, X2,...,X; C BEPOATHOCTIMHU

P,Py,...,.P,, tne P|+Py*+...+P,=1. Konu4ecTBO BO3MOXXHBIX 3HAYEHUN IUCKPETHOM

CIIy4ailHOM BEJIMYMHBI (YUCTIO 71) MOKET OBITh KaK KOHEUHBIM, TaK U OECKOHEUHBIM.
Ecnu Koia1uecTBO BO3MOXKHBIX 3HAUEHUI JUCKPETHOM CllyyaliHOW BEJIMYHMHBI HEBEJIUKO, TO €€ UMHUTALUs
BBITTOJTHSAETCS TaK )K€, KaK IMUTAINS NOJTHOM rpynmbl coObiThii (cM. moapaszen 2.1). Tak, B npumepe 2.2 npuObUIb
OT PEMOHTA OJJHOT'O M3JE/IHs MPEACTABIISIET COO0M TUCKPETHYIO CITYYaiHYIO BETHYHHY, KOTOpPas MOXKET IPUHUMATh

3nayeHus 35 (¢ BepositHocThio 0,2), 60 (¢ BepositHOCThIO 0,4), 40 (¢ BepostHOCTRIO 0,15) miu 25 (¢ BEpOATHOCTHIO
0,25).

JUisi UMUATaUKU JUCKPETHBIX CIyYailHBIX BEJIMYMH, UMEIOIUX OoJblioe (WU
OECKOHEYHOE) KOJMYECTBO BO3MOXKHBIX 3HAuYeHM, Tpedyercs pa3pabaTbiBaTh
CHenuaibHbIC AITOPUTMBI. TaKue aaropuTMBbI pa3pabaThIBalOTCSl HA OCHOBE METOJIOB
TEOpUU BepoATHOcTel. Huke npUBOAATCA alrOpuTMbl HMHUTALMA HEKOTOPBIX
JUCKPETHBIX CIyYalHBIX BEJIMYUH, YACTO IPUMEHSIEMBIX B IPAKTUYECKUX 3a/1auax.

Nmuranuys TUCKpETHOM paBHOMEPHOM CIIy4alHOW BEJIMYHHBI

JluckpeTHas paBHOMEpHasi CliydaiiHasi BEJIMUMHA — ATO ClydaiiHas BEJIWYHHA,
MPUHUMAROIIAs JIFOOBIC 1IETOYMCIICHHBIC 3HAYeHUs Ha oTpeske [4; B] (tne A u B —
1[EJIbIC YKCJIIa) C PAaBHOM BEPOSITHOCTHIO.

[Mpumeyanune. HeobxoaumMo pa3nuyaTh OUCKPEMHYI0 PABHOMEPHYIO CLYUAUHYIO
genuyyHy, TPUHUMAIONIIYIO MOAbKO Yel0YUCTIeHHble 3HAYEHUS B HEKOTOPOM
3aJJaHHOM JIMAlla30HE, U HEeNpepvbi@HYI0 PAGHOMEPHYIO  CAYYAUHYIO GEeIUYUHY,
NPUHUMAIOLYIO J1f00ble 3HAY€HWs B 3aJaHHOM jauana3oHe. Kak mnpaswiio, ecnu
TOBOPUTCS O “pABHOMEPHOU CIYHUAUHOU 8eUYUHE”, TO UMEETCA B BULY HENpepvleHasl
BEJINYMHA.

Jnda  AMUTAIMM  OUCKPETHOW  PaBHOMEPHOM  CIy4YallHOW  BEJIWYUHBI
puUMeHsieTCs caeayromas Gopmyna:

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



rae R — CPPY;
[ ] — BBIACICHUE 1IEI01 YaCTH YHCIIa.

Ipumep 3.1. [IpennpusArve BbIIYCKAeT KHWKHBIE ITOJNIKM IO 3akasaM. s
KPYIHBIX 3aKa30B IPEIyCMOTPEHAa CKHUJAKA: 3a U3MOTOBJIIEHHE OJHOM IOJKH
npeanpusatue Oeper ¢ 3aKa3uuka 25 JEH.eH., €ClId 3aKa3 COCTAaBJISET OT OJHOW 10
necsatd moJiok, u 20 peH.en. — ecau 3aka3 npesBblmaer 10 monok. 3arpartsl
NpEeANPUSTHS Ha BBIMYCK OJHOW MOJKU cOCTaBisitoT 12 neH.en. M3 ombita paboThI
NPEANPUSATHAS U3BECTHO, YTO 3aKa3bl OOBIYHO COCTABJISIOT OT OAHOWM 10 40 mMmoiok
(3aka3bl Ha u3rorosiyieHue cpbilie 40 noaok kpaiine peaku). [IpepiaraeTcs OTMEHUTH
CKUJIKY I KPYIHBIX 3aKa30B, T.€. OpaTh ¢ 3aKa3zuuka 25 AeH.ell. 32 KaXAYIO MOJIKY,
HE3aBUCHUMO OT pa3mepa 3aka3za. OgHAaKo B ATOM Clly4ya€ MOYKHO OXKHMAATh, YTO
KOJIMYECTBO KPYIMHBIX 3aKa30B YMEHBIIHUTCS, M 3aKa3bl OyAyT COCTaBISATh, Kak
npaBuwio, or oxHoi 1m0 20 monok. TpeOyercs ompenenuTh, BHITOAHA JIA JUIS
NpEeANpUsATUS OTMEHA CKUJIKH.

Jliist periieHust 3Toi 3a1auu pazpaboTaeM UMUTAMOHHYIO MOJIENTh HA OCHOBE
meTona Monte-Kapino. Mcnoinb3ys Takyro MOJI€Nb, ONPEAEIUM CPEIHIOK TPHObUIb
NPEANPUSATUS OT BBITIOJHEHUS OJHOTO 3aKas3a.

[IpuBeneM anroput™M WMUTAUHA PAOOTHI MPEANPUSTHS TPU HUCIOJIH30BAaHUU
CKUJIKHU.

1. Pa3pirpeiBaercst pazmep 3aka3a X (KOJIMYECTBO 3aKa3aHHBIX IOJIOK) IO
dopmyie (3.1) npu A=1, B=40.

2. Onpenensiercss npuObUIL MOPEANPUSATUS OT BBHIMOJHEHUs 3akaza. Eciu
3aKazaHo He Ooisiee necsaty nosiok (X<10), To mpuObUIL NPEANPHUSATUS OT BBIMYyCKa
OJIHOM TOJIKU OyAeT cocTaBisaTh 25-12=13 neH.en., a mpuObLIL OT BBIMOJHECHHS
3akaza B 1einoM — 13X. Ecnu 3akazano Oomnee necaru moisiok (X>10), To mpuObLIb
NPEANpUATAS OT BBIMYCKA OJHOW TOJKH Oyaer coctaBisaTh 20-12=8 nen.en., a
npuOBUTH OT BHITIOJIHEHUS 3aKa3a B 11eJ10M — 8.X.

[Taru 1-2 noBTopsArOTCA MHOTOKpatHO, HarpuMep, 100 000 paz. Briuucnsercs
CpemHsisl MPUOBLTb PEATPUSTHSI OT BBITIOJHEHUS OJHOTO 3aKa3a (KaK OTHOIIICHUE
CyMMapHO! MPHUObUIN K KOJTHYECTBY 3aKa30B).

PaccmoTpuM /1Ba UCTIBITAHUS AITOPUTMA.

llepsoe ucnvimanue. Ilycts pu ucnoas3oBanuu Gopmyisl (3.1) pazsirpano CPPYH
R=0,0795. Torma X=[1+(40-1+1)-0,0795]=4, T.e. cMoAeIMPOBaH 3aKa3 HA BBITYCK
YEeThIpEX MOJIoK. B 9TOM ciydae npeanpusitue 6epeT ¢ 3akazuuka 25 JaeH.ell. 3a
KaKyI0 TIOJIKY. 3aTpaThl NPEINPUSATUS HA U3TOTOBJICHHE KAXKI0M MOJIKH —

12 nen.en. Takum oOpazom, mpuObLTL cocTaBUT (25-12)-4=52 nen.e.

Bmopoe ucnoimanue. Ilycts pazsirpano CPPY R=0,378. Torga
X=[1+(40-1+1)-0,378]=16, T.e. cMozeTupOBaH 3aKa3 Ha BHITyCK 16 moyiok. B aTom
citydae mpennpusitue 6eper ¢ 3akazuuka 20 neH.ef. 3a Kaxayro noiky. [IpuOsuis
coctaBut (20-12)-16 = 128 nen.ex.

[IpuBenem mporpammy Ha si3pike VBA, peanu3yrollyro aJrOpUTM UMHUTALUU
paboThI MPEATPUITHS.
Sub primer31_1()

'"Mmurarus paboTsl C HCIOIB30BAHUEM CKHIOK
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 i
sredprib=sumprib/n
MsgBox ("Cpennsis mpuObLTb OT BEIOTHEHHS 3aka3a: " + Str(Round(sredprib,2)))
End Sub
[To pe3ysibpTaTaM UMUTALMK CPEIHSS TPUOBLUIL OT BBIMIOJIHEHHS OJJHOTO 3aKa3a cocTaBUT okoJio 170,5 nen.en.
Brinomaum UMUTaAIIUIO pa6OTBI IMPpCAIIPUATHA 0€3 UCII0JIL30BaHUS CKHUAKMU. I[JIH
UMHTAlUU pa3Mepa 3akasza OyneT ucnoib3oBarbes ¢opmyna (3.1) npu 4=1, B=20.
[IpuObUIh TpeAnpHUATHS OT BBIMYCKAa OJHOM IOJKH OyJIeT BCerga COCTaBIIATH
25-12=13 nen.en., a mpuOBUIL OT BHIIOJHEHUS 3aKa3a - 13X, roe X — pa3mep 3akasa.
[Tporpamma st umMuTanmu pabOTHI TPEANPUATHS 0€3 UCTIOIB30BAHUS CKUIKA UMEET
CIEIYIOIINN BU.
Sub primer31_2()
'MmuTanus paboThl 6€3 CKUIO0K
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 i
sredprib=sumprib/n
MsgBox ("Cpennsis mpuObLIb OT BEIOTHEHH 3aKka3a: " + Str(Round(sredprib,2)))
End Sub

ITo pe3ynpTaTaM HMHUTAIMHU, TPUOBLTH OT BBHITIOJTHEHUS OHOTO 3aKa3a COCTaBUT B 3TOM ciiydae okoiio 136,55
JIEH.€e/I.

Takum 00pa3oM, OTMEHY CKUIKU CIEAYET MPU3HATh HEBBITOJIOM, TAK KaK OHa
IPUBOJUT K CHUYKEHUIO IPUOBUIN U3-3a COKPALEHHS pa3MEpPOB 3aKa30B.

NMuTanust myacCOHOBCKOII c1y4aiiHOM BeJTHYNHBI

[TyaccoHOBCKas cityyaiiHasi BEJIMYMHA — 3TO BEJIMYMHA, IPUHUMAIOLIAasi 3HAYEHUS
m=0, 1, 2,... ¢ BEpOITHOCTIMH, OIIPEACISIEMBIMH I10 CICAYIONICH dhopmyIie:

m
P, = %!e‘ﬂ : (3.2)
rze A — mapameTp pacupenenacHus (T.e. HEKOTOPOe YHCIIO).
Taxum 06pa3om, myaccOHOBCKas CllydaiiHas BEJIMUYKMHA MOKET IPUHUMATh JII0ObIe
HEOTpHIIATEIbHbIE EIOYUCIECHHbIE 3HaUeHUS (OT HyJIsI 10 OECKOHEUHOCTH).
Hampumep, myacCOHOBCKOMY 3aKOHY pacIpeAesIeHUsl COOTBETCTBYET KOJIMYECTBO
COOBITHI B TyaCCOHOBCKOM MOTOKE [15, 16], mpoucxoasuiux 3a HEKOTOPbIi
UHTEpBaJ BpeMeHH ¢. B aToMm ciyuae A=Af, rae A — HHTEHCUBHOCTb ITOTOKA
coObITUH (T.€. CpeIHEE KOJUYECTBO COOBITHIM, TPOUCXOASIINX B EUHUILY
BPEMEHN).



JIns iMuTanu 1mmyacCOHOBCKOM CIIy4alHOW BEJIMYMHBI IIPUMEHSETCS CIIEIYIOIIUN
AJITOPUTM.

1. 3HaueHne MonenMpPyEMON BEIMYMHBI IPUHUMAETCS PaBHBIM HYII0: m=0.

2. Beruncnsiercs 3Ha4€HUE BCIIOMOTaTeNIbHOM NepeMeHHou Py: Fy = e’

3. BcnomorarensHas nepeMeHHast O MpUHUMAETCS paBHOM enuaune: O=1.

4. PazpirpsiBaercs CPPY R.

5. BeruucngeTcss HOBO€ 3Ha4€HUE BCIIOMOrartelibHOM nepemeHnon Q: O=0-R.

6. Ecnu O>P,, TO 3Ha4Ye€HHE MOJECIUPYEMOU BEJIMYHMHBI YBEIUYUBACTCS HaA
eaunully (m=m+1), u BbonHseTcss Bo3BpaT kK wmary 4. Eciu Q<P,, TO aJroputMm
3aBepmaeTcsa. CMOAEIMPOBAHHOE 3HAYEHUE ITyaCCOHOBCKOW CIIyYalHOW BEJIWYUHBI
paBHO m.

IIpuBeneM NpOrpaMMHYIO pEaM3alUI0 PACCMOTPEHHOI'O AJITOPUTMA B BUJE
MOAIpOrpamMMBbl Ha si3bike VBA.

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

r=Rnd

qQ=q*r

If @>=p0 Then
m=m+1

Goto povtor
End If

End Sub

3necy nepeMeHHas | — mapaMerp IyacCOHOBCKOIO pachpefesieHus. Jra
BEJIMYMHA JI0JKHA 33/1aBaThCsl TP BBI30BE MOMPOTrPaAMMBI.

[IpumeHeHne paccMOTPEHHOrO  aNropuTMa HMMHUTAIMM  [yaCCOHOBCKOM
CIIy4aillHOW BEJMYMHBI I0KA3aHO B npumepe 3.9.

3.2. UMmuTaumsa HenpepbIBHbIX CITyYaUHbIX BENTMYUNH

[Ton HempepbIBHOM ciay4yaiiHOW BeJUYHHOH OyjeM MOHMMATh CIyYalHYIO
BEJIMYHMHY, KOTOpasi MOXET MPUHUMATH JIIOObIE 3HAYEHUsS] B HEKOTOPOM JIMAaIa30He
(a; b). DTOT AMaNa30H MOKET OBITh KaK OTPAHUYEHHBIM, TaK M HEOTPAHUYEHHBIM.

JIyisi omvcaHus HENPEPBIBHBIX CIYYaHBIX BETUYHH OOBIYHO HMCHOJB3YIOTCS
nBe Gyukuuu: GyHKIUS pacnpeneneHus F(x) U MIOTHOCTh pacupenencHust (Wim
IJIOTHOCTH BEPOSITHOCTH) f(x). CMbICH 3TUX PYyHKIMM OKa3aH B MpuUI. 3.

[Ipunnun paboThl BCEX METOJAOB HMHTAIMM HENPEPHIBHBIX CIIyYalHbBIX
BenuuuH  caenyromuii. Haxg CPPY R (T.e. choyyailHBIMU  BEJIMYMHAMH,
pacrpe/ieJIeHHBIMU 0 PAaBHOMEPHOMY 3aKOHY B auana3zoHe ot 0 10 1) BBINOTHSAIOTCS
OTpEe/ICJICHHbIE MaTeMaTUYeCKue NMpeoOpa3zoBaHusl, TO3BOJISIONIUE MTOTYUYUTh APYTUe
CllyyallHble BEJIMYMHBI C 33JaHHBIM 3aKOHOM pACIpENeNeHMs, T.€. C 3aJaHHOU
dbyukiuen pacnpeaeneHus F(x) win mIOTHOCTbIO pacnpeacsieHus f(x).



3.2.1. AMnTaumsa HenpepbIBHbIX CNy4YauHbIX BENUYUH
Ha OCHOBe MeToAa obpaTHbIX PYHKLUN

Meron o00paTHbIX (YHKIHMI NpUMEHSETCS, €CId M3BECTHA (DYHKIHUS
pacrpeneneHus UMATUPYEMON HENPEPBIBHOW CIydailHOW BeNWYUHBI F(X), © MOXKHO
HaiTH oOpaTtHyro K Hedl ¢yHkumio F (R) (cMbicn aprymenTta R OyaeT moka3aH B
OMHMCAaHUU METOJIA).

Meton o0paTHbIX (YHKIIMII OCHOBBIBAETCS Ha CIEIYIOUIEM YTBEPKICHUH,
JIOKa3bIBAEMOM MeTOoJaMu Teopuu BepositHocTted. I[lycts F(x) - dyHKuus
pacnpeaeeHusi HEKOTOpOW HEMPEPBIBHOM cityuyaitHo# BennmuunHbl, a R - CPPY. Toraa,
ecnu 3anucatb ypaBHeHue F(X)=R u Bblpa3uth u3 Hero X, To X OyneT NnpeacTaBisiTh
co0o¥i ciy4aitHy10 BEIMYHUHY, UMEIONTYI0 (YHKIHIO pactpenaenenus F(x).

[TocTpoenue anropurma (T.e. BBIBOA (POpMYIT) IS UMHUTAIIMH HETPEPHIBHBIX
CIy4YalHBIX BEJIMYMH METOJOM OOpATHBIX (PYHKIIMI BBIIOIHSAETCS B CIEAYIOIIEM
HOPSIAKE.

1. Haxonutesa QyHKIus pacupeneneHus cirydyailHol BelMuuHbl F(x).

2. 3anuceiBaetcs ypaBuenue F(X)=R.

|
3. U3 ypaBHenus F(X)=R mnaxomutcs Belpaxenue mig X: X=F (R). OnHo
IOpeacTaBigseT Cco0OMl  alropuT™M Uil UMUTAUMKA HENPEpPhIBHOW  CilydyailHOM
BEJIMYMHBI X.

[Ipumevanne. B HekoTOpbIX ciydasx ¢GyHKmus F 1(R) OKa3bIBACTCSI HEOJHO3HAYHOU
(HampuMep, eciu B BbIpaxkeHUn F(X) mmeercs kBajpat). B Takux ciyuyasx TpeOyercsi mpOBEpUTh
BCE BO3MOJKHBIC BapHAHTEI £ (R) ¥ BHIOPATh TOT M3 HEX, IIPH KOTOPOM MMHTHpyeMas CiIydaifHas
BeJIMYMHA X IPUHUMAET 3HaYeHU B 3aJJaHHOM Jarna3oHe (a; b).

[pumeuanue. IIpumenenune werona oOOpaTHBIX (YHKIMA B HEKOTOPBIX Cly4asx
OKa3bIBA€TCSl CJIOXKHBIM, TaK KakK HE JUISl BCEX HENPEPBIBHBIX CIyYalHBIX BEJIWYMH MOXKHO
AQHAIUTUYECKH (T.€. B BUJE (GopMyJibl) 3anucath QyHKLUUIO pacnpeeseHus F(x); B Ipyrux ciaydasx,
naxe ecnu (pyHKuus F(x) U3BECTHA, OKA3bIBAETCS HEBO3MOXHBIM 3alucaTh OOpaTHYI0 K Hel
¢yuxuto. [Ipumep takoro ciydas paccMmarpuBaetcs B 1.3.2.3. B Takux ciayyasx NPUMEHSIIOTCS
Jpyrue€ METOAbl MMMTALIMK HENPEPBIBHBIX CIyYaWHBIX BEIMYUH, WIN i1 pealn3allid METona
00paTHBIX (PYHKLIMH UCHOB3YIOTCS YHCIEHHBIE METOIBI.

Ipumep 3.2. [Ipu U3roTOBIEHUHU IUIACTMACCOBBIX IUIUT BBIMOJHAIOTCS JBE
orepalyy: BHECEHUE B IJIACTMACCY YIPOUYHSIOMIUX J00OABOK M OXJIAKECHUE TUIUTHI B
dopme. M3 HaOmoaeHW 32 MPOM3BOJCTBEHHBIM IMPOILIECCOM H3BECTHO, YTO BpEMS
BHECEHUS J00aBOK — Ciy4yailHas BEJIMYMHA, TUIOTHOCTH PacHpeleNIiCHUsT KOTOPOi
MOXKET OBITh 3a/maHa TpaduxkoMm, NpUBEACHHBIM Ha puc.3.l1. Bpems oxnaxaeHus
IJIUTHL B popMe — ciiyyaiiHas BeJIMUMHA, KOTOPYIO MOKHO CUMTATh pacIpeeaeHHON
M0 JKCIOHEHIMAIBHOMY 3aKOHY; B CPEAHEM OXJIAXJEHUE IUIUThl 3aHuMaeT 30
MUHYT.



f(x)

0,15

0,1
0,05 |

X, MUH

Puc.3.1. IlnoTHOCTE pacnpeneneHust BpeMeHU BHECEHUS J00aBoK (iis mpumepa 3.2)

TpeOyercst pa3paboTaTh aIrOPUTMBI HIMHUTAIMN CIyYaiHbIX BEJIMYHH, HCIIOJIB3yEMBIX B 33/1a4€, U IIPOTPAMMHYIO
pean3aIuio 3THX AITOPUTMOB.

[pumeuanue. [IpumeHeHune pa3pabOTaHHBIX AJTOPUTMOB UMHUTALMM OYyJET IMOKa3aHO B
npumepe 3.6.

B nannoO# 3a7aue UCTIONIB3YIOTCS JIBE CIIyYaiHbIC BEIWYHHBI: BPEMsI BHECEHUS
00aBOK ¥ BpEeMS OXJIQXKICHUS TUTUTHI.

PaccmoTpum pazpaboTKy aneopumma umumayuu épemenu eHeceHusi 000a80K
Ha OCHOBE METOJa OOpaTHBIX PYyHKIHUH.

[To rpaduky, mpuBeneHHOMY Ha puc.3.1, 3amuiieM ypaBHEHHE IUIOTHOCTU
pacmpesiesieHns BpeMEHH BHECEHUS J00aBOK:

-

0, x<3;
01, 3<x<6;
f(x)=40]15 6<x<10; (3.3)
0,05, 10<x<12;
0, x=>12.

\

Ucnonb3ys  ¢opmyny (I13.3), Haxonum BelpaxkeHue s (QYHKIUU
pacnpeneneHus:

X
® Ha uHTEepBajie x < 3: J.de =0;
—00
3 X
e Ha uHTepBaje 3<x<6: Ide + jO,ldx =01x-0,3;
—0 3
3 6 X
e Ha uHTepBajie 6<x<10: Ide + jO,ldx + IO,I 5dx=0,15x-0,6;
—o0 3 6
3 6 10 X
e Ha uHTepBaie 10<x<12: Ide + jO,ldx + '[0,1 Sdx + I0,0de =0,05x+0,4;
—0 3 6 10
3 6 10 12 X

e naunTepBane x > 12: [Odx + [0,ldx + [0,15dx + [0,05dx + [0dx=1.
—00 3 6 10 12



Taxum o6pa3oM, GYHKIVS pacHpeeeHIs BpeMEHH BHECEHUS 100aBOK HMEET CIeAYIOINH BH:

0, x<3;
0lx—-03, 3<x<6;
F(x)=4015x-0,6, 6<x<I10; (3.4)
0,05x+04, 10<x<12;
I, x>12.

3anuceiBaeM ypaBHeHus F(X)=R:
01X -03=R, 3X<6;

015X -0,6=R, 6<X<I10;

005X +04=R, 105X <12

U3 ypaBHenmit F(X)=R HaxoauMm BblpaxeHne X = F 1(R), T.e. (Qopmyiy
(ayiropuTM) IJI1 UMUTAILIMU CITy4YailHON BETUYUHBI X:

(R+03)/01, 0<R<03;
X={(R+06)/015 03<R<09; (3.5)
(R-0,4)/0,05 09<R<l.

['panunibl JIarna3oHOB 3HA4YCHUU R MOJIyYECHBI IIOJICTAHOBKOM
COOTBETCTBYIOIIMX 3HaueHuil X B ypaBHenue F(X)=R. Hampumep, npu 3<X<6
ypaBuenne F(X)=R wumeer cnenyromuii Bua: 0,1X-0,3=R. IloacrtaBusast B 3TO
ypaBHEHHE 3HAue€HHUs TrpaHull auamnazoHa X (T.e. 3 u 6), NMOJIYyYUM TpaHUILIbI
nuana3ona R: 0 u 0,3.

BrimonHuM OHO UCHBITAaHUE MOJYy4YeHHOTO airoputMa. IlycTh passirpano
snauenne CPPU R=0,8197. Torma X=(0,8197+0,6)/0,15=9,465. Takum oGpa3omM, B
JTAHHOM HCITBITAHUHM CMOJICTMPOBAHO 3HAUYCHHE BPEMEHU BHECEHHUS T00ABOK, paBHOE
9,465 mMuH.

[IpuBenemM mporpaMMHYIO peaau3alfio pa3pabOTaHHOTO AJIropuTMa B BHUIE
NoANporpamMMebl Ha si3bike VBA.

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 >=0.9 then x=(r-0.4)/0.05

end sub

PaccMoTpuM nosyuyeHue areopumma umMumayuu 8pemeHy OXaAadcoeHus naum
Ha OCHOBE MeToja o0paTHbIX (yHKIMI. COriacHO MOCTaHOBKE 3aJaud, MOYKHO
CYMTaTh, YTO 3Ta BEIWYMHA paCIpeleeHa II0 HKCIOHEHUMAJIbHOMY 3aKOHY C
MaTEMaTUYECKUM OKuJaHueM (cpeaHum 3HadyeHueM) 30 muH. PopMyiia MIOTHOCTH
paclpeneienus U1 CIIy4alHOU BEJINYUHBI, pacrpeneneHHon 1o
DKCIIOHEHIIMAJIbHOMY 3aKOHY, N3BECTHA U3 TEOPUHU BEPOSATHOCTEH:

0, x<0;

(3.6)
Ke_M, x>0,

f(X)={



rae A — mapaMmeTp pacnupenenenus; A=1/X, rne X - mMaTeMaTH4ecKoe OXXKHJIaHHUE
(cpenaHee 3HaYCHHE) HKCTIOHEHIIMAIBHOM CITy4YailHON BEJIMYUHBI.

Takxum o6paszom, B tannom npumepe A=1/30.
CnyyaiiHasg BeNWYWHA, PACHPENENICHHAs] IO HSKCIOHECHIHAIbHOMY 3aKOHY,
MOXKET IPUHUMATDH (TEOPETUUYECKH ) JIFOObIE HEOTPULIATEIIbHBIC 3HAUCHUS.
Io ¢popmyne (I13.1) Haiigem BoipaxkeHue i GYHKIUN paCTIPEeICHUS KCIIOHCHIIMAIbHON CIIy4YaiHOIl BEIINYHHbI:
X
e Ha uHTepBaie x < (: dex =0;

—0o0
0 X e I
e Ha uHTepBaje x > 0: '[de + .f/le_ dx=1-e ™.
—© 0
TaxuMm 00pazoM, GpyHKIUS pacipeeTeHuUs SIKCIIOHEHIIAIBHOM CITy4ailHOI BENMYMHbBI UMEET CIIETYIOIINI BUJI:
0, x<O0
l-e ™, x20.

3anuceiBaeM ypaBHeHue F(X)=R:
1—e ™ =R,

N3 ypaBuenust F(X)=R BblpaxkaeM X, T.e. HaXoauM (Gopmyiy (anroput™m) Juist
HUMHUTALMH IKCIIOHEHIIHAJIBHOU CJOYYallHOU BeJIMYUHBI X'

X:—%ma—Ry (3.8)

Tak xak BenmnuuHa 1-R, kak u R, npencrasiser cooot CPPY, s umutanum
AKCIIOHEHIIMAJIbHON CIy4YallHOM BEJIWYHUHBI MOXHO HCIIOJb30BaTh CIIECAYIOIIYIO

popmyy:
1
X=——1InR. 3.9
P (3.9)

Tak xak A=1/.X , 3Ty GOpMyITy MO>KHO 3aIHCaTh HO-IPYTOMY:
X=-XhR. (3.10)

Jlns manHOTO MpuUMepa (GopMyia JIJIT UMATAIIMN BPEMEHN OXJIAXKICHUS TITATHI
Oyner uMmeTh cienyromui Bua: X=-30-In R.

BpImonHrM OZHO MCHBITAaHHE MOJYy4eHHOTO anroputMa. Ilycts paseirpano
snauenne CPPU R=0,0795. Torma X=-30:In 0,0795 =75,96. Takum oGpa3om, B
JAHHOM HCIBITAHUM CMOJCIMPOBAHO 3HAYEHUE BPEMEHU OXJIAXKICHHUS IUIMTHI,
paBHO€E 75,96 MUH.

[IpuBenem IIPOTrPaMMHYI0 peanu3aruio aNropuT™Ma MMHTAUU
JKCIIOHEHIIMAJIBHOW CIIy4ailHOM BEJIMYUHBI B BUJIE ITOAIIPOrpaMMBbl Ha sA3bike VBA.

sub expon(xsred,x)
r=rnd
x=-xsred*log(r)
end sub



3neck xsred — cpepHee 3HAYCHHE UMHUTHPYEMOU CIIy4ailHOW BEIWYWHBI. JTa
BEJIMYMHA JIOJDKHA 3a/1aBaThCs IPU BBI30BE MOANpPOrpaMmsl. JlJIsi JTaHHOTO mpuMepa
3Ty NOANPOTPaMMY CJIEAYET BbI3BIBATH M3 OCHOBHOW MPOrpaMMbl CIIEIYHOIIUM
OIEPATOPOM:

call expon(30,x)

[IpuBeneHHy0 MOAIPOrpaMMy MOKHO HCIIOJIB30BaTh IS UMUTALUU JIIOOOH
CIy4ailHOW BEJIWYUHBI, PaCHpEeAeICHHON M0 SKCIOHEHUMAJbHOMY 3aKOHY (a He
TOJIBKO BPEMEHM OXJIAKIEHUS IUIMTBI B paccMaTpuBaeMoM npumepe). s 3Toro
JIOCTaTOYHO 3aJaTh 3HAUYE€HUE TIMepeMeHHOW Xxsred, paBHOE MaTEeMaTHYECKOMY
0’KMIAHUIO UMUTUPYEMOMN BEIIUYUHBI.

Takum o0o0pa3oM, anropuTMbl Uil HMHTAIUU  CIy4YalHBIX  BEJIWYHH,
UCTIONB3yeMbIX B mpumepe 3.2, monydeHol. VX mnpumeHeHne OyIeT MOKa3aHO B
npumepe 3.6.

[IpuBenem (6e3 BbIBO/JA) aNTOPUTMbl MMHUTALMU HEKOTOPBIX HEMPEPBIBHBIX
CIy4YalHBIX BEJMYMH, 4YacCTO NPUMEHAEMBIX B 3aJa4aX MOJCIHUPOBAHUA. OTH
JITOPUTMBI TaKK€ MOTYT ObITh IIOJIY4€HbI HA OCHOBE METO/[a OOpaTHBIX (QYyHKLIUM.

PaBHOMepHOe pacnipenesieHue:

X=a+(b-a)R, (3.11)
Iie a U b — rpaHMIBl IUMana3oHa BO3MOXHBIX 3HAUEHUH PaBHOMEPHOH ciydyaifHOU
BEITUYHMHBI.

Pacnpenesienue IpJanra k-ro nmopsjika:
X=——)>R;. (3.12)

rJie A — mapameTp pacupeesieHus.

Cnenyer oOpaTuTh BHHUMAHHME, YTO JUISI WMHUTAIMU KaXXIOrO 3HAYCHUS
CIIy4yallHOM BEJNMYMHBI, PACIPEJCICHHOW TI0 3aKOHY OJpiiaHra k-ro mopsijika,
TpeOyeTCcs UCIoIb30BaTh HE 0j1HO, a k CPPY.

TpeyroabHoe pacnpenesienue:

3 a++R(b-a)c-a), 0<R<(c-a)/(b-a); 5
b—JA-R)b-a)b—c), (c—a)/(b—a)<R<],

r7ie a U b — rpaHuIlbl IUana3oHa BO3MOXKHBIX 3HAYEHUI TPEYToJbHON CIy4daitHOM
BEJIMYUHBI;
C — MOJa TPEyrojbHOW CIy4ailHOM BeIWYMHBI (T.€. TOYKA MaKCHUMyma
IJIOTHOCTH PACHPEICICHUS 3TOU BEJIUUUHBI).

3.2.2. MeTtoa ucknroYeHus

DTOT METOJ IPUMEHSETCS Il UMUTALUHA HENPEPBIBHBIX CIyYalHbIX BEJIUYMH,
NPUHUMAIONIUX 3HAYCHHS B HEKOTOPOM OrpaHHUYECHHOM puana3zoHe (a; b). s
NpPUMEHEHUsT MeToJla JOJKHAa OBbITh M3BECTHA IUIOTHOCTh  pacIpeiesieHUs



HEMPEPHIBHON CIIy4yalHOW BeIMYMHBI f(X), a TaKkKe MaKCUMaJbHOE 3HA4YCHUE
IUIOTHOCTH PACTIPEACIICHHUS fiax.

MeTon MCKITIOYEHUSI OCHOBBIBAETCS HA CIEIYIOLIEM YTBEPXKACHHH (Teopema
Helimana): ecnu B3sTh 1Ba CPPY R 1 Ry ¥ ¢ X NOMOIIBIO MOJYYUTh CIydailHbIE
yrcina R'=a + (b - a)yRy 1 R"= frax'Ro, TO, eciu Beinojnsercs yciosue R"< f{(R"),
cirydaiiHoe 4nciio X= R’ uMeeT 3aJaHHyO0 TNIOTHOCTD pacipeacaeHus f(x).

ANTOpPATM HMUTALlMA HENPEPHIBHOM CIIyYalHOW BEJIIMYMHBI C IIOMOILIBIO
METO/a UCKIIFOUEHUS PEATU3YETCsl B CIAEAYIOLIEM MTOPSAIKE.

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

2. Beruucnstores aBa cinydaiusix yucna: R’ =a+ (b - a) Ry v R"=fpax'Ry.

3. Tlposepsiercst ycmoue: R"< f{R'). Ecinu 3TO yciaoBHE BBIMOJHACTCS, TO
OIpEe/ICSICTCSl 3HAUCHUEe UIMUTHPYEeMOU ciiyvaiiHol BenmuuHbl: X=R'. Eciu yciosue
R"<f(R") He BBINOIHSETCS, TO MPOUCXOAMT BO3BPAT K Iary 1.

Mpumep 3.3. Ucnonb3yst MeTOJ UCKIIOUEHUS, 1Sl ipuMepa 3.2 pa3paboTaTh
QITOPUTM UMUTAIIMM BPEMEHH BHECEHUS JOOABOK.

Bpemss BHecenust 100aBOK MOXET COCTaBIATH OT 3 10 12 MUHYT.
MakcuMalibHOE 3HAY€HUE IJIOTHOCTH paclpelesieHus U3BeCTHO; oHO paBHO 0,15.
Takum oOpa3om, AJiT UMUTAIIUU BPEMEHU BHECEHUS! OOABOK MOXXHO HCIIOIb30BaTh

aJIrOPUTM, IPUBEJICHHBIN BbIILIE, TIpU a=3, b=12, f,.,=0,15.

HpI/IBGHGM JBa UCIIbITaHUS aJITOPUTMA.
llepsoe ucnvimanue. PaszpirpbiBatoTcsi aBa CPPY. Ilycte pasbirpassl

R1=0,0795, R,=0,3780. Torma R'=3+(12-3)-0,0795=3,7155, R"=0,15-0,3780 =
0,0567. Beruucoum f{R'): £(3,7155)=0,1. Ycnosue R"< f{ R") BoInoOHSETCSA. 3HAYMT,
OIpeIeNIsIeTCs 3HaUeHUE MIMUTUPYEMOM ClTydaiiHoi BenmuuHbl: X=R'=3,7155. Takum
o0pa3oM, B JaHHOM WCIBITAHUU CMOJICIMPOBAHO 3HAYCHHUE BPEMEHH BHECCHMUS
n00aBok, paBHoe 3,7155 muH.

Bmopoe ucnvimanue. PaspirpeiBatorcst aBa CPPU. Ilycts pasbirpassl
R1=0,0593, R,=0,7602. Torma R'=3+(12-3)-0,0593=3,5337, R"=0,15-0,7602=
=0,11403. Boeraucium A R'): f(3,5337)=0,1. YcnoBue R"< f(R') He BBIMONHSIETCS.
Takum o00pa3oMm, B JaHHOM HCHBITAHUM 3HAYEHHE HMMHUTHPYEMOHN Cily4ailHOM
BEJIMYMHBI HE MTOJTYYEHO.

[IpuBenemM mnporpaMMHYI0 pealu3alyi0 aIrOpuTMa HMUTALUMKA BPEMEHU
BHECEHHUS I00ABOK B BUJIE OANPOrpaMMebl Ha si3bike VBA.

Sub iskl()

nach: r1 =Rnd: r2 =Rnd

rls=3+9*rl: r2s=0.15%r2

If (r1s >=3) And (rls <= 6) Then fr = 0.1
If (rls > 6) And (r1s <= 10) Then fr=0.15
If (r1s > 10) And (r1s <= 12) Then fr = 0.05
If r2s <= fr Then x =rls Else GoTo nach

Cnenyer oOpaTuTh BHHMMAaHHME, 4YTO MPUMEHEHHE METOAAa HCKIIOUEHUs
BO3MOXKHO HE€ Bcerna. Hampumep, 3TUM MeETOIOM HENnb3s BOCIOJIB30BATBCSA JUIS
VMHUTALMH CIIy4alHON BEJIMYMHBI, PACTIPEIEICHHON 0 YKCIIOHEHIIMAIbHOMY 3aKOHY,
TaK KaK TakKas BEJIMYMHA MOXKET IPUHUMATh JHOObIE HEOTPULATEIbHBIE 3HAYCHHUS, a



MCTOA HCKIIOUCHHUA MOKCET IPUMCHATBCA TOJBKO I HMHATAIMHA BCJIIMYMH,
IMPUHUMAIONINX 3HAYCHUA B HCKOTOPOM O0Z2paHU4Y€HHOM JUAIIa30HC.

3.2.3. AMmnTaumsa rayccoBCKOro pacrnpegeneHuvs

Crnyyaiinas BeJIMYMHA UMEET T'ayCCOBCKOE (HOpMaIbHOE) pacipeiesieHUe, €Cu
€€ IJIOTHOCTh PaCIPEICIICHHUS 3aIa€TCsl CIEAYIOINM BhIPAKCHHEM:

(x —m)*

(3.14)
20'2

exp| —

1
f(x)_—a\/ﬂ

A€ M - MATEMATHYECKOE OXKHUIAHUE TayCCOBCKOW CIIy4allHOM BEJIMYMHBI, 4 G - €€
CpellHee KBaJpaTUYECKOE OTKIOHEHHE (CTaHJAPTHOE OTKIOHEHHE).

lMayccoBckas ciiywaliHasi BeJIMUMHA TEOPETUUECKU MOXKET NMPUHUMATh JTHOObIE
3HaYeHus1 (0T -0 Jg0 +oo). OmgHako ¢ BeposTHOCThIO 0,997 Takas BeaudYMHA
NPUHUMAET 3HaYeHUs B [uana3one (m-3G; m+3c); 3T0 CBOMCTBO MOJYYHIIO HA3BAHUE
“mpaBmwiia Tpex curMm'. IlodToMy rayccoBckas ciydaiiHas BEJIMYMHA MOXKET
UCIIOIb30BaThCA 11 UMUTALMK JIIO00N BEJIIMYUHBI, O KOTOPON H3BECTHO, YTO OHA
00BIYHO TPUHUMAET 3HAYEHUS, OJTU3KHE K HEKOTOPOMY CpeHEMY 3HAUCHUIO.

Hcnonb3zoBanne Meroga oOpaTHBIX (YHKIMM A8 MMHUTALMH TayCCOBCKOM
CIy4yalHOW BEJIMYMHBI 3aTPYJHEHO, TAK KaK JJI1 TAaKOW BEJIMYHMHBI HEBO3MOMKHO
3anucarb  GopMyidy (QYHKIMH  paclpeleseHusi: HHTerpall OT  IUIOTHOCTH
pacnpenenenus (3.14) - nebepymiuiics.

ANTOpPUTM MUMHUTAIMU TayCCOBCKOM CIIy4YallHOW BEJIMYMHBI BHIBEJIEH HA OCHOBE
CIEAYIOUIEr0 YTBEPKICHHUS, JOKa3bIBAEMOTO METOJaMHU TEOPUU BEPOSTHOCTEM:
cymma k CPPY R (mpu moctaTouHO OOJBIIOM k) UMEET pacmupeeneHue, OJu3Koe K
rayCCOBCKOMY, C MAaTEMAaTHYECKUM OXXHJaHUEeM k/2 W CTaHJAAPTHBIM OTKJIOHCHHEM

N k/12. V3 3TOTO yTBEp>KIEHUSI MOKET OBITh BBIBEACHA Cleayromas Gopmyna as
UMUTAIIN TayCCOBCKOW CITyYaiHOW BEIIMYWHBI C MATEMAaTHYECKUM OXKHJIAHUEM M W
CTaHJAPTHBIM OTKJIOHEHUEM O

k
)(:I’}’I-I-O'\/E ZRZ'—E R (315)
Kl =2

/i€ k - KOJIMYeCTBO UCTONIb3yeMbIxX nipu umutanuun CPPY.

Yem 6ompime CPPY R cymmupyetcst (dem Ooibiie k), TEM BBIIIE TOYHOCTH
UMUTAIIN, T.€. TEeM OJWXKEe paclpefeicHne BEIWMYMHBI X K TayCCOBCKOMY
pacnpeneneHuto. J[s mpakTHYeCKuX 3a/1ad T0CTaTOYHAs TOYHOCTh JJOCTHTACTCS TIPH
k=6. B aTom cirydae popmyiy (3.15) MOKHO 3amucaTh B CICAYIOIIEM BUJIC:

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

Kak BuaHO, npu ucnonb3oBaHuud (GopMyisl (3.16) mig UMUTALUU KAHCO020
3HAYEHUs1 TayCCOBCKOM CIy4YallHON BEIWYMHBI TpeOyeTcs pas3bIrpbIBATH wiechib
CPPY R.

[IprBeneM MporpaMMHYIO peaIn3alyio aropuTMa HMHUTAIMU TayCCOBCKO CITydailiHON BETMYMHBI IO opMyIIe
(3.16).



Sub gauss(m, sigma, x)
k=6 : rsum=0
Fori=1Tok
r=Rnd
rsum =rsum +r
Next i
x =m + sigma * Sqr(12 / k) * (rsum - k / 2)
End Sub
3nech IMepeMeHHass m — MaTEeMAaTHYeCKOe OXUJaHUE (CpelHee 3HAYCHHE)
UMUTUPYEMOW CJIydyalHOM BEJIMYMHBI, Sigma — €€ CTaHJapTHOE OTKJIOHEHHE.
[IpuMepsbl UCIIOIB30BaHUS ATOM NOANPOrpPaMMBbI IPUBEEHBI B oapas3.3.3.

JInge  WAMUTanMM  TayCCOBCKOM  CIIy4alHOM  BEJIMYMHBI MOXKET  TaKXKe
MIPUMEHATBCS METOJI WCKIIOUEeHUsA. B KauecTBe auana3zoHa 3HAYEHUW CIIy4alHOU
BEJIMYMHBI B ATOM Clly4ae MCHOJIb3yeTcsl auana3zoH (m-3c; m+3c), Tak Kak, IO
MpaBwIy “TpeX CUIM~, MOYTH BCE 3HAYEHUS] TayCCOBCKOW CIy4YallHOW BEIWYUHBI
MOMNAIal0T B ATOT Juana3oH. MakcuMallbHOE 3HAYEHUE TUJIOTHOCTH PaCIpeIesICHUs

(3.14) cnenyromee: [ = 1/ (ow/ 2 ) Takum oOpa3om, ISt UMUTAIIUN TayCCOBCKOM

CIIy4ailHOW BEJIMYHMHBI MOKET HCIOJIb30BAaThCSl aITOPUTM, MPUBEACHHBIN B 11.3.2.2,

npu a=m-36, b==m+3c, f . = 1/(6@)

3.2.4. lpoBepKa anropuTMOB UMUTALIMU CITyYaMHbIX BESIUYUH

IIpoBepka ajropuT™Ma UMUTALMUA CIIYYaWHOU BEJIWYHMHBI COCTOUT B IIPOBEPKE
COOTBETCTBMSI BEJIMYMH, II0Jy4YaeMbIX IIPU HCIOJb30BAHUUA DOTOr0 AJITOPUTMA,
3aJJaHHOMY 3aKOHY pacupeesieHus] MOACIMPYEMOMN BelnyuHbl. Eciu pacnpenenenue
BEJIMYMH, II0JIy4a€MbIX IPU HCIOJb30BAHUU ANTOPUTMA HMMMTALUHU, OJIM3KO K
3aJIJaHHOMY 3aKOHY DPacIpeeiICHUsA, TO MOXXHO CUMUTaTh, YTO AJITOPUTM HMUTALUU
MIPABUJIbHBIN.

Paccmorpum naBa cmoco0a NpPOBEpPKH aJITOPUTMOB HMMUTALUMU  CIIyHYaWHBIX
BEJIMYMH: C [IOMOLIBIO TUCTOrPAMMBI U HA OCHOBE KPUTEPHUS “‘XU-KBaapar .

Ilposepka anzopummos umumayuu Ha OCHOBE ZUCMOZPAMMBbL

I'ucrorpamma pacnpeneneHuss npenacrasisier cobod  rpagpuk (B BUIe
CTOJIOMKOB), OTpaKarOUIMI YacTOTy MONAJaHUM CIIy4ailHOW BEJIMYMHBI B pa3IMYHbIC
VMHTEPBAJIBI 3HAYEHUH. | ICcTOrpaMMa CTpOUTCA B CIIEAYIOIIEM HOPSIIKE.

1. HaxonsTcss TpaHuUbl Juana3oHa BO3MOXHBIX 3HAUYEHUW  CIIy4alHOM
BEJIMYUHBL: Xpin, Xmax. ECJIM 3TH TpaHULIBI TOYHO HE WM3BECTHBI, TO OHM 3aJAIOTCS
IPUOJIMKEHHO U MOTYT OBITh CKOPPEKTUPOBAHBI 110 PE3YyJIbTaTaM MOIEIUPOBAHUS.

2. /lnana3oH 3HaYeHUNd MOJAEIUPYEMOW BEIMYMHBI pa3OuBaercs Ha k
uHTepBanoB. KoinuecTBo MHTEPBAJIOB k 00BIYHO cocTaBisieT oT 5 1o 25. OHo, Kak
MPaBUJIO, MOJ0UPAETCS TaKUM 00pa3om, 4yToObl JyinHa uHTepBana d=(Xpax-Xmin)/k, a
TaK)K€ TPaHUIIBI MHTEPBAJIIOB MPEACTaBILIN CO00M “ymoOHbIe” uncna (Hampumep,
1eJbIe).

3. BeinosiHsieTcst 00JIbIIOE KOJUYECTBO (77) UCHBITAHUN alrOpUuTMa UMUTALIUH.
[Ipy 53TOM MOJACYMATHIBAKOTCA YACTOTHl IOMAJAHUNA HMMUTHPYEMOM CIy4alHOU

BEJIMYMHBI B KXl U3 UHTEPBAIIOB: m;, i=1,....k, m;+my+...+m;=n.



4. BEIYUCHSIOTCS.  OTHOCHUTENIbHBIE  YAaCTOThl  MOMAJaHUN  UMUTHUPYEMOUN
CIIy4ailHOM BEJIMYMHBI B KaXKbII U3 UHTEPBANOB: = m;/(n-d), i=1,...,k.

Cama rHcTOrpaMma CTPOMUTCS CJEAYIOIMM o00pa3oM: MO oOcH abcIuce
OTKJIQ/IBIBAIOTCS] MHTEPBAJIbl 3HAYCHUN CIy4yallHON BEJIMYMHBI (3aJJaHHBIC Ha mare 2),

¥ Ha K&XJOM HHTEPBAJIC CTPOUTCS CTONOUK (IIPSIMOYTOJIBHUK) BBICOTOH f;.

Ecnu anroput™M MMHUTAMKM CIIy4alHOW BEIMYMHBI pa3padOTaH MPaBUIBHO, TO
rUcTOrpaMMa JIOJDKHa OBITh ONM3Ka K 2pauky HIOMHOCMU PAChpedeleHUs.
MMUTUPYEMOU CIIy4alHON BEJIUYHHBI.

IIpumep 3.4. TpeOyeTcss NpPOBEPUTH AITOPUTMBI HMUTAIUU CIIyYaHBIX
BEJIMYMH, pa3paboTaHHbIE B IpUMepe 3.2, UCIONb3YS THCTOIPAMMBI.

BrinonHuM NMpoBepKy aJropuTMa MMUTAIIMUA BPeMEeHH BHECEHUS T100aBOK.
Ota ciyyailiHas BeIWYWHA 3aJlaHa TUIOTHOCTBIO pacIpesiesieHus, rpaguk KOTOPOu
npuBeaeH Ha puc.3.1. Bpems BHeceHus: 700aBOK MOXKET MPUHUMATHh 3HAYEHUS OT 3
1m0 12 MuHyT; TakuM o0pazoM, Xnin=3, Xmax=12. PazodbbeM 3TOT Auanazon Ha k=9
uHTepBanios: (3; 4), (4; 5),...,(11; 12). Inuna uareppaia d=1.

[IpuBenem mporpammy Ha si3bike VBA 117151 OTydeHUs! JAaHHBIX, HEOOXOAMMBIX
JUISL TIOCTPOEHUS THCTOTpaMMbl. B 93TOH mporpaMMe BBITIOJNHSAETCS OOJBIIOE
konudectBo (1000) ucnpiTaHMii aropUuT™Ma UMHUTAIIMN BPEMEHU BHECEHUS T0OABOK,
noiydeHHoro B 1.3.2.1 (mommporpamma vnesdob). ITloacYuThIBarOTCS HYaCTOTHI
NONaJaHui UMUTUPYEMOW BEIUMYMHBI B KaXKJbIH W3 HUHTEPBAJIOB U BBIYUCISIOTCS
OTHOCHUTEJIbHBIE YacTOThI. ['paHUIIbI HUHTEPBAIOB 3aJ]aHbl B MaccuBe gran. YacToTbl
NoNaJaHuii B UHTEPBAJIbI MOJCYUTHIBAIOTCSA B MaccuBe m. OTHOCHUTEIbHBIE YaCTOTHI
BBIYUCJISIOTCS 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 (“YacToTsr’)

Fori=1Tok

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

MsgBox (“OTHocuTeNbHbIE 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



Pe3ysbTaThl BEITOIHEHHS IPOrPaMMBI IIPUBEICHB! B Ta01.3.1.

Taomuma 3.1
OtHOCUTEIbHAA OtHOCUTENbHAA
WNurepBan | Yacrora, m; NHm epe Yacrora, m;
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 pwc.3.2,a npuBenena rucrorpaMma, MOCTPOEHHAsT 1O 3HAYEHUSIM
OTHOCUTEJIBHBIX 4YacTOT. BusHO, 4TO rucrorpamMma Oimn3Kka K rpaduky IUIOTHOCTH
pacnpeneneHuss HMMHUTHPYEMOH BeIWYMHBI, MpuBeaeHHOMY Ha puc.3.1. Takum
o0pa3oM, MOXXHO TMpejmnoiaraTh, 4TO aJrOPUTM HMUTALMKM TNpaBWIbHBINA. bonee
cTporasi mpoBepKa aJroputMa (C UCIMOJIb30BAaHUEM KpUTEpHUs “XU-KBajpar’) Oyaer
paccMOTpEHa HUKE.

AHaIOrMYHO BBINOJHUM MNPOBEPKY AJrOPpMTMAa HMHUTALMM BpPEeMEHH
OXJIAJKIeHMs  IUIMTBI. OTa  CiydailiHas  BEJIMYMHA  paclnpeleseHa 1o
DKCIIOHEHIIMAJIBHOMY  3aKOHYy C Maremartuyeckum  oxupanueM 30  MuH.
OKCHOHEHIMAJIbHASI Clly4aiiHash BEJIMYMHA MOXET MPUHUMATHh (TEOPETHUUYECKH)
a00ble HeoTpuUaTeNbHble 3HaueHUs. [103ToMy TOUHO 3amaTh JUJIi HEE BEPXHIOKO

rpaHully (Xmax) HEBO3MOKHO. [lombiTaeMcs HCHONB30BaTh B KadyeCcTBE BEpPXHEH

rpanunbl 3HadueHue 120. Takum oOpazoMm, Xpin=0, Xpnax=120. Pa3obbem »sTOT
nuara3oH Ha k=12 wuntepBanos: (0; 10), (10; 20),...,(110; 120). Jnuna uHTEpBana
d=10.

Bruecem HeoOxomumple W3MEHEHUS B MPOrpaMMy JUIsl  TIOCTPOCHHS
THCTOTpaMMbl. VIMUTAIUsT BpEeMEHH OXJIAXJACHHS IUTUTHI OYJET BBIONHITHCS C
MOMOIIBIO MOAIPOrpaMMbl €xpon, NpuBeaeHHOW B 1.3.2.1. ['paHuIlbl UHTEPBAIOB
3a/atoTcsl B MaccuBe gran. TpelyeTcst TakkKe M3MEHUTH MepeMeHHbIe k (KOTUYECTBO
WHTEpBAJIOB) U d (nnuHa uHTepBana). Kpome Toro, Tak kak BepxHss rpanuia (120)
3a/laHa NpUOJIMKEHHO, CIEAyeT MPEeayCMOTPETh MOJACUYET 3HAUCHUM, MPEBBIIIAIOIIUX
ATy TPaHMUILY; JIJIsl 3TOTO UCTOJB3YyeTCs IepeMeHHast 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 (“YacToTsr”)
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),4)))

Next I
MsgBox (“IlpeBsimaroT BepxHIOI0 TpaHuily: ~+Str(zaverhgran))
End Sub
Sub expon(xsred, x)
r=Rnd
x = -xsred * Log(r)
End Sub
Pe3ynbTaThl BRIMOTHEHHUS TPOTPaMMBbI IIPUBEICHBI B Ta01.3.2.
Tabnuna 3.2
OtHOCUTENbHAS OtHOCUTENbHAS
Untepsan | Yacrota, m; WUnmepe Yacrora, m;
4acToTa, 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 bonee 120 13 -
60— 70 29 0,0029

Kak BugHO, mOYTH BCe 3HAUCHUS, TOJTyUYeHHBIE ITPH MOISIMPOBAHIH, TTonafaioT B quamaszoH (0; 120); 3a mpexeraMu
9TOro Juana3oHa 0Ka3ajioch TONbKO 13 3HayeHuit. [I03TOMy MOXKHO MCIIONIL30BATH MOJTYUYEHHbIE Pe3yIbTaThl IS
MOCTPOCHHUS THCTOrpamMMmsbl (prc.3.2,0).

[pumedanue. Ecnu Obl KOTUYECTBO 3HAYCHMIA, BEIXOASIINX 32 YKa3aHHBIN AUANA30H (Xoin; Xoax)s
0Ka3aJI0Ch OOJIBIITUM, TO MOTPEOOBATIOCH OBl PACIIMPUTD ATOT JIUAIA30H (B TAHHOM CITy4yae —
YBEIUYUTH BEPXHIOIO IPAHMUILY ).

I'ucrorpamma npusegeHa Ha puc.3.2,06. BugHo, uto oHa Onn3ka K rpaduky
IUIOTHOCTUA PAaCHpPENeNICHUsT JKCIOHEHUMAJIbHOW CIy4alHOM BEJIMYUHBL. Takum
0o0pa3oM, MOXKHO Mpeanosiaratb, 4ro ajiropuTM HMHUTAIMUd BPEMEHU OXJIaXKJICHUS
IJIATHI TAKXKE MPABUIIbHBIN.

H[)I/IMG‘-IaHI/Ie. OCHOBHOE Ha3HAUYEHHE TUCTOT'paMMBbI paCIIpCACICHUA COCTOUT HC B IIPOBCPKE
MMPaBUJIBHOCTH HMHUTAIUN cnyqaﬁﬂoﬁ BCJIMYMHBI, a B HarIAHOM IIPCACTAaBJICHUHA 3HAYCHHI
cnyqaﬁHofI BCINYHHBI U 4aCTOT HUX ITOABJICHHA.
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Puc.3.2. 'uctorpamMmsl 1J1 MPOBEPKHU aJIrOPUTMOB UMUTAIMH, TTOJTYUYCHHBIX B puMepe 3.2:
a) U1 BpeMEHH BHECEHHsI T00aBOK; 0) /Il BpEMEHU OXJIAXKICHUS TUIUTHI.

Ilposepka ancopummos umumayuu Ha OCHoOge Kpumepusa “xu-keaopam”

Kputepuit "xu-xBaapat" (Xz) IpeACTaBIsieT Co00M OJUH W3 METOJ0B
MaTEMaTH4YEeCKOW CTAaTUCTUKU. OHA M3 BO3MOXHOCTEM €ro MPUMEHEHUS COCTOUT B
cieaytonieM. [lycte umeercs HaOOp 3HAYEHUNW HEKOTOPOH CllydyalHOM BETUYUHBI.
Kpurepnii "xu-kBagpatr" mHO3BOJSET NMPOBEPUTH T'MIOTE3Y O TOM, YTO CIIy4dalHas
BEJIMYMHA, JUIsl KOTOPOW IOJIy4eH STOT Halop, pachpenerneHa M0 HEKOTOPOMY
KOHKpETHOMY 3akoHy. Takum oOpazoM, KpuTepuil "Xu-KBaapatr" MO3BOJIAET
IIPOBEPUTH, COOTBETCTBYIOT JIM 3HAYECHUS CIyYAHON BEIMYUHBI, TIOJIyYEHHBIE B XOE
UMUTAIMU, TOMY 3aKOHY pacipeeseHus, KOTOpbIi TpeOoBajIoCh UMUTHPOBATS.

[Ipumeuanue. "Xwu-kBaapar" - 3TO Ha3BaHHME OJHOIO M3 pacCHpeleNieHUH HeNpephIBHBIX
CIIy4ailHbIX BEJTMYMH, UCIIOJIb3yEMOTO IIPH MPOBEPKE 10 TaHHOMY KPUTEPUIO.

ITIpoBepka COOTBETCTBHUA CIy4YallHON BEJIMUMHBI 33ITAHHOMY 3aKOHY
pacnpeaesieHrsl Ha OCHOBE KPUTEPUS “XH-KBAAPAT BBIMIOJHICTCS B CIEAYIOIIEM
MOPAJIKE.

1. OnpenensieTcss auana3oH 3HaYeHUM ciiydyalHOM BeMUYUHBL (Xpmin; Xmax)-
DTOT Juama3oH pa3OuBaeTcs Ha k WHTEPBAIOB M TOACUYHUTHIBACTCS KOJIMYECTBO
MOMAJaHU MMUTHUPYEMOW CIIYYaWHOW BEJIIMYMHBI B KAXKABIM U3 ITUX HHTEPBAJIOB
(uactoTsl m;, i=1,...,k). CM. anroput™m noctpoeHus rucrorpamMmmsl (11.3.2.4), maru 1-3.

2. 1o 3agaHHOMY 3aKOHY PacIpeIeICHUsI UMUTUPYEMOM CIIy4ailHOW BEIUYUHBI
BBIUUCIISIIOTCSL  meopemu4eckue BEPOATHOCTH €€ TMONAaJaHusd B KaXKIBIA U3
uHTepBaNOB: P;, i=1,....,k. {1 3TOrO0 MOXET HCIOJIb30BaThCs, Hampumep, Gpopmyia
(I13.4) wnm (113.5).

3. Beluucnsiercst 3HaueHue KpuTepus “Xu-KBaapar 1Mo popMmyiie

k .2
=xH
i=1"" Pj

rac n - KOJIM4CcCTBO 3HAYCHUM cnyqaﬁﬂoﬁ BCJINYNHBI (KOJII/I‘IGCTBO PICHI)IT&HHIZ).

—n, (3.17)

4. ITo Tabnuuam pacnpeneneHus “Xu-KBajapaT’ OMNpeaessseTcs KBAHTHUIb ITOTO

pacnpeneneHus ;(025 ¢- 3JECh O - YPOBEHb 3HAYMMOCTH. BenmduHa o, Kak IIpaBuUIIo,



3agaercsa 3 guana3ona ot 0,01 mo 0,1. Uem MeHbIIEH 3amaeTcsl BEIWYHMHA O, TEM
Oonee crporor sBisieTcss mpoBepka. OObIYHO wucHoNb3yeTcs 3HadeHue o=0,05.
Benmnunaa s — 49mciao cTemeHed CcBOOOABI pacHpeiesieHHs ‘‘XH-KBajapaT’ . ITa
BEJIMYMHA OIPEICIIACTCS CISayIOMUM o0pa3oM: s=k-1.

Ksantuiap ;(02( ¢ MOXKHO TaKK€ HaWTH C MOMOLIBIO TAOJMYHOIO IpoLeccopa

Excel, ucnonssys pyukuuo XHM20BP ¢ aprymentamu BeposaTHOCTb — a, CTeneHun
cBoboabl — s.

5. 3HaueHne KpUTepus “‘XH-KBaapaT CPaBHHUBAETCA C KBAaHTUJIIEM ;(02( s- Ecim

2 2 e, W
X <Za,S’ TO MOXHO YTBCPXKIAAaTb, YTO 3HAYCHUA CIIYHAaWMHOHW BCJIMWYHNHEI,

IMOJIYUYCHHBIC IIpu MOACIIMPOBAHNUN, COOTBCTCTBYIOT 3aJaHHOMY 3aKOHY
pPacipcaciacHusd. B »stoMm ClIy4ac¢ MOXHO CUMTATb, 4YTO aJI'OPUTM HMHUTALIUHU

npaBWwiIbHBIA. Ecnu  ycnoBue ;52< ;(02( ¢ HE BBIIOIHAETCA, 3TO O3HAYAET, YTO

3HAYEHUs, IMOJYYEHHbIE IpPU MOJEIUPOBAHUM, CYLIECTBEHHO OTKJIOHSAIOTCS OT
3aJIaHHOTO 3aKOHA paclpe/iesieHrs. DTO MOXET YKa3blBaTh Ha OLIMOKY B aJITOPUTME
UMUTALUH.

Ipumep 3.5. TpeOyercss npoBEepUTh AJITOPUTMBI HMHUTALUU CIIyYalHBIX
BEJIMYWH, pa3paO0oTaHHbIE B IpUMepe 3.2, UCTIOJb3Ys KPUTEPUH “‘XU-KBajpat’ .

BbINOMHMM NPOBEPKY anroputmMa MMUTauumn BpeMeHn BHeCEeHNsi 4OOaBOK.

YacToTbl m; nony4yeHbl paHee (cM. Ta6n.3.1). Ucnonb3ysa NNoTHOCTL
pacnpegeneHnus (3.3) unu dyHkumio pacnpeaenenus (3.4), ykazaHHble B
n.3.2.1, Hangem TeopeTU4eCKne BepOATHOCTU NonagaHUs BpeMeHN BHeCEHUs
no6aBoK B MHTepBanbl (3; 4), (4; 5),...,(11; 12). ina aToro Bocnonb3yeMmcs
cdopmynon (M3.4) unu (M3.5). Hanpumep, ncnonbays popmyny (M3.5),
BEPOATHOCTb NonagaHus B uHTepsan (3; 4) MOXXHO HaMUTU Tak:

4
P, = [0,ldx=0,1.
3
AHAJIOTHYHO BBIYUCIISIOTCS OCTAIbHBIE BEPOSITHOCTH P>, ...,Py. OHM npuBeneHbI B Ta0I. 3.3.
Ta6muma 3.3
WurepBan | 3 -4 4-5 5-6 67 7-8 8—-9 9-10 [ 10—-11 | 11-12
]:Teiop"imo o0 | o1 | 01 | 015 | 015 | 015 | 015 | 005 | 005

Haiinem 3nauenue kputepus “xu-kBaapar” no ¢popmyie (3.17):
5 932 902 532

= + +ott

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

L 2
Halinem KBaHTWIb paclpenciieHus “‘XHU-KBaapar Y, ¢. 3aJauM YPOBEHb
b

—-1000=13,01.

3HaunMocty 0=0,05. Yucno creneneit cBOOObI OIPENENAETCS CACAYOIUM 00pa3oM:
s=k-1=9-1=8. Ksantuip Z(%,OS;S MOXHO HAaWTH M3 TaONuL paclpeneneHus ‘“Xu-

KBaJpar”’ WIK ¢ NMOMOINIbI0 TabiauyHoro mpoieccopa Excel, ucnons3dys ¢yHkuio
XHN20BP ¢ aprymentamu BepostHocTb — 0,05, CteneHu csoboabl — 8. B nanHom




IpuMepe ;(025,S=;(g,05;8=15,507. Tak xkak ;(2<;(02[,S, MOJXHO YTBEP)KIaTh, 4YTO

CIIy4aifHble BEIUYMHBI, MOJIydaeMble C TMOMOINBIO aJIrOpUTMa MMHTALUU BPEMEHU
BHECEHUsI J100aBOK (M BBIYMCISIEMBbIE C MOMOUIBIO MoAnporpamMmsl  vnesdob),
COOTBETCTBYIOT IIOTHOCTU pacmnpenenenus (3.3). Takum o0pa3oM, alropuTm
UMUTAIMA BPEMEHHU BHECCHHSI T0OABOK MOXKHO MPU3HATH MPABUIIBHBIM.

BbIinonHum NPOBEPKY anropntMma MmMmTaumnn BpeMeH oxXnaKaeHmnaAa ninThbl.

YacTtoTbl m; npuBeaeHbl B Tabn.3.2. Ucnonb3ysa NNOTHOCTbL pacnpeneneHus
(3.6) unu cpyHkumio pacnpeneneHus (3.7), Hangem TeopeTnyeckue
BEepPOSITHOCTU NonagaHusa BpeMeHU oxnaxaeHus nnutbl B uHTepBanbl (0; 10),
(10; 20),...,(110; 120). Hanpumep, BepoATHOCTL NonagaHua B uHtepsan (0; 10)
MOXXHO HanTu no cdopmyne (M3.5) cneayrowmm ob6pasom:

10 1.
A=]—e 30 dx=0,283.
) 30

AHaNOrM4YHO BBIUUCIIAIOTCA OCTalIbHBIE BEPOATHOCTU: P),...,P12. OHM npuBeseHs! B Ta0i. 3.4.

Tabmnua 3.4

Wnteppan | O0- | 10- | 20— | 30- | 40- | 50- | 60— | 70- | 80- | 90- | 100- | 110-
10 20 30 40 50 60 70 80 90 100 | 110 | 120

BepositHo
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;

Hatinem 3nauenue kputepus “xu-kanapat’ mo Gopmyie (3.17):
5 2852 1922 2%
= + + ...+
1000-0,283 1000-0,203 1000 -0,0007

% —1000 =4,778.

Haiinem KBaHTHIIb paclpeleNieHus “XU-KBaapar’ : ;(0255 == ;((%905;11219,675. Tax

KaK ;(2< ;(02(’ ¢» MOXHO YTBEP)KIaTh, YTO CIIyYalHBIC BEIWYMHBI, IOJIy4aeMbIE C

MOMOIIBIO0 AJTOPUTMA HMMHTAIIMM BPEMEHHM OXJIAKJCHHUS TUIMT (M BBIYUCIISIEMBIE C
MOMOIIIBIO0 TOANPOrPAMMBI €Xpon), COOTBETCTBYIOT INIOTHOCTHU pactnpeneneHus (3.6).
Takum 00pa3zoM, aJIrOPUTM HMUTALUU BPEMEHHU OXJIAKJICHUS IUIUT TAKXKE MOXKHO
PU3HATH MTPABUIIBLHBIM.

[Tocne mnpoBepkH aarOpUTMOB HMUTALMM OHH MOTYT TPUMEHSATHCS IS
pEeIeHHs TPAKTUYECKUX 3a/1a4 aHaJu3a U ONTUMHU3ALNHN 00BEKTOB MOICTIMPOBAHUSI.

3.3. NMpumepsbl peweHnsa 3aaa4y Ha OCHoOBe
anropMTMoB UMUTaALUM CNYYaNHbIX BESIUYMH

IIpumep 3.6. Ilo nanueiM mpumepa 3.2 Tpebyercs pa3paboTaTh alIrOPUTM U
nporpaMmy I MMUTAIlMM  Tpollecca MPOM3BOJCTBA IJIACTMACCOBBIX — ITUIMT.
OmnpenenuTs CpeHee BpeMs U3TOTOBJICHUS OJTHOM TUTUTHI.

[Ipu paspaborke mMomenu OyneM CUYHTAaTh, YTO BPEMSI M3TOTOBJICHUS TUIMTHI
CKJIQJIBIBACTCS U3 JIBYX CIIYYAHBIX BETUYNH: BPEMEHU BHECCHHSI T00ABOK U BPEMEHH
OXJIQXKICHHSI TUTUTHI B (hOpME.

[TpuBeneM anropuT™M UMHUTAITUHN TIPOU3BOJICTBA TIJTUT.




3. BeinosiHsieTcs: UMHUTAIUMs BPEMEHU BHECEHUSI HOOABOK (fyyec). st 3TOrO
ucronb3yercs ¢popmyna (3.5).

4. BelnonHseTcsl UMUTALUS BPEMEHH OXJIAXIEHHs IUIUTBI B QopMe (foxnan):
AKCIIOHEHIIMAIbHAS CITydaliHas BEIMYMHA CO CpeHUM 3HadeHueM 30 muH. [[1s aTOTro
ucnonssyercs Gpopmyaa (3.10) mpu X =30.

5. Onpenensiercss BpeMst U3TOTOBIICHUS IUIUTBL: 1= tyyee T Loxmanca-

[Maru 1-3 noBTopsitoTcss  MHOTOKpatHOo  (Hampumep, 100000 pa3).
Omnpenensiercss cpeHee BpeMsl BBIITYCKAa 0OHOU TUIATHI: OTHOLIEHUE CYMMbl 6pEeMEHU
8bINYCKA 8CEX NAUM K KOAUYeCcma)y dTUX IUIUT (T.€. K KOJIMYECTBY UCIIBITAHU ).

PaccMoTpum 01HO MCTIBITAHHE aNTOPUTMA UMUTAITUH.

Breinmonusercss umurtaiusi BpeMeHUW BHeceHusi a00aBok 1o (opmyne (3.5).
[Tycts paspirpano R=0,0795. Toraa tzue.=(0,0795+0,3)/0,1=3,795 muH.

Brinonusercss umuTanys BpeMEHM OXJIaxaeHus minthl o dopmyne (3.10).

ITycts pasbirpano R=0,3780. Torna #oxpans=-30-1n(0,3780)=29,186 mu=H.
Takum 00pa3om, B JaHHOM HCIBITAHHUH CMOJICIUPOBAHO BPEMs M3TOTOBJICHUS
MTHI =3,795+29,186=32,981 mum.

[IpuBenem mporpammy Ha si3pike VBA, peanu3yrollyro aJrOpuTM UMHUTALUU
ITPOU3BOJCTBA IUJIUT.

Sub primer36()

'MmuTans BBITyCKa MJIACTMACCOBBIX IIITUT

n = 100000

tzs = 30

Fori=1Ton

t=0

Call vnesdob(tvnes) ‘Umutanust BHeCEHUS T00ABOK
t=t + tvnes

Call expon(tzs, tohlazd)  ‘Umwuranms oxnaxaeHus

t =t + tohlazd

tsum = tsum + t

Next i

tsred = tsum / n

MsgBox ("Cpennee Bpemst u3rotoBieHus miuThl " + 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) Thenx = (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

Cpennee BpeMst M3TOTOBIICHUS TUIUTHI, OJTYYEHHOE IO PE3YIIbTaTaM MOJICTUPOBAHNS, COCTABIISET OKOJIO 37 MUHYT.

Ipumep 3.7. B peMoHTHOMI city>)k0€ MpeanpusTHs BBIIOJHIETCS Halaaka u
PEMOHT HEKOTOpBIX pubopoB. Kaxnplil mpubop cocrout u3 naru cxem. Kaxnas us



CXEM MOXET OKa3aThCsli HeucrnpaBHOU ¢ BeposTHOCThIO 0,1 (T.e. B 10% cmyuaes).
Hananka u peMOHT npubopa BKIIOYAET CIEAYIOIINE ONepaliu:

- OCMOTP: OT 2 10 5 MHH Ha KaXIyl0 CXEMY;

-3aMEHA HEHUCIIPAaBHBIX CXEM: BpEMs 3aMEHbl OJHOW CXEMBbI - IayCCOBCKas
CllyyailHasi BEJMYMHAa CO CpPEJHUM 3HA4Y€HUEM S5 MHH U CTaHJIApPTHBIM
OTKJIOHCHHEM | MMH;

- Haaaka. Eciu B mpubope He moTpeboBasiach 3aMEeHa CXEM, TO BBITIOIHSETCS
MeJKas HallaJKa; €ciii Oblia 3aMEeHEeHa XOTs Obl 0JIHa CXeMa, TO He0OXoAruMa MOJIHAS
Hajaaka. Bpems Hanagku MOXHO CUMTATh CIy4anHOU BEIWYMHOW, paCIpEAcICHHOU
[0 SKCIOHEHUHUAJIbHOMY 3aKOHY. Menkas Hanaaka 3aHuMaeT B cpeaHem 10 muH,
nosiHas — 15 MuH.

Tpe6yeTC${ pa3pa60TaT}, AJITOPUTM U TpOrpaMMy UMUTAIUN HAJIAAKU U PEMOHTA HpI/I60pOB Ha OCHOBC MECTOAa
Mownre-Kapio. OnpenenuTs: a) cpeHee BpeMsi HATAIKU B PEMOHTa OJJHOTO MPHOopa; 0) MPOLEHT CITy4aes, KOoraa
Tp€6yeTC$I IIOJIHAasA HaJlaaka, B) Cp€aHEC KOJINICCTBO CXEM, 3aMCHIACMbBIX B OAHOM HpI/I60p€.

[Ipu pazpaboTke mojenu OyaeM cyuTaTh, YTO BpeMs HAJAJKU M PEMOHTA
npubopa CKIaAbIBACTCA U3 HECKOJIBKUX CIIYYalHBIX BEJIMYHMH: BPEMEHH OCMOTpa BCEX
CXEM, BPEMEHM 3aMEHbl HEHCIPABHBIX CXeM (€CIM TaKUe CXEeMbl €CTh), BPEMEHH
HaaaKu npudopa.

[TpuBeneM anropuTM UMHUTALIMU [TpoOLIECca HAJIAAKU U pEMOHTA PUOOPOB.

1. BoimonHsieTcss uMHUTAaMsg OCMOTpa MATH cxeM mnpubopa. Bpemst ocmoTtpa
Ka)KJIOM CXEMBI - CllydaiiHasi BEJIMYHMHA, pacIpe/ie/IEHHas 10 PABHOMEPHOMY 3aKOHY B
uHTepBane (2;5). Jns uMuTanmu TakoW BENWYUHBI HCTonb3yercs dopmyna (3.11),
npu a=2, b=5. Kpome TOro, uMuUTUpyeTci pe3yJbTaT OCMOTpa (MUCIPABHOE WIH
HEUCIIpaBHOE COCTOsIHME cXxeMbl). [[ns atoro paseirpeiBaetcss CPPY R; ecnu R<O0,1,
TO CX€Ma HEHCIpaBHA, B NMPOTUBHOM Ciy4yae — ucopaBHa. [leficTBus 3TOro mara
HOBTOPSAIOTCS MATH pa3 (1715 KaXKI0M CXEMBI).

2. Ecnu na mare 1 Oblla cMOJEIMpPOBAHA HEMCHIPABHOCTH XOTSI Obl OJIHOM
CXEMBbI, TO BBIMOJHSETCS 1Iar 3, B MPOTUBHOM clly4ae — mmar 4.

3. BeinosiHsieTCT MMHUTALMS  3aMEHbl  HEUCIpaBHBIX cxeM. Jlig  3toro
UMUTHPYETCS TayCCOBCKas ciydaifHas BenuuyuHa 1o dopmyie (3.16) npu m=5, o=1.
JleficTBUS 3TOTO 11ara MOBTOPSIIOTCS CTOJIBKO pas3, CKOJILKO HEMCIPABHBIX CXEM OBLIO
CMO/IeJIUpOBaHO Ha mmare 1.

4. BeimonHseTcss MMMTAaIMs Halaakud npudopa. s 3TOro ucnosnb3yercs
dopmyna (3.10) mpu X =10, eciu Ha mare 1 He GBLIO CMOJEIUPOBAHO HH OIHOMN
HEMCHPaBHOM cxembl, miu X =15, eciu Ha mare 1 Gblna CMOJETMPOBAHA XOTS ObI
OJIHA HEHCIIPAaBHAs CXEMa.

5. Beruucnsiercst Bpemsi HajaJKd W PEMOHTAa Mpubopa: cymMMa 3HAYCHHM
BPEMEHHU, CMOJICJIMPOBAHHBIX Ha miarax 1,3.4.

[MTaru 1-5 noBTopsitoTcst  MHOTOKpatHO  (Hampumep, 100000 pa3).
BbluucnstoTcss BEJNWYMHBI, KOTOpbIE TpeOyeTcs OIpeAeuTh [0 pPe3yJbTaraM
monenupoBanusi. Cpeonee 6pemsi HANAOKU U peMOHmMA O00HO20 npubopa
onpeensieTcss Kak OTHOLIEHHWE CyMMbl BPEMEHHU HaJIaJIKU U PEMOHTa BceX MpuOOpoB
K KOJMYECTBY 3TUX NpUOOPOB (T.€. K KOJIMYECTBY UCHBITaHUN). [Ipoyenm cnyuyaes
NOJHOU HANAOKU BBIYUCIAETCS KaK OTHOILIEHHWE KOJIMYECTBA CIy4yaeB IOJHOU
HaJaJKd K KojinuecTBy ucmbiTaHui (ymHoxkeHHOoe Ha 100). Cpedwnee xonuuecmeo



cxem, 3AMEHAEMbIX 68 OOHOM npubope, ONPENENSeTCs KaK OTHOIICHHE OOIIero
KOJINYECTBA HEUCIIPABHBIX CXEM K KOJIMYECTBY UCIBITAHUM.

[IpuBenem mporpammy Ha s3plke VBA, peanusyromyro aJrOpUTM UMHTALUHA
HaJaJKd U PEMOHTAa MPUOOPOB.

Sub primer37()

* UmuTanus Hanaaku ¥ peMOHTa IpuOOpOB

n = 100000

tpoln = 15: tmelk = 10

Fori=1Ton

kolneispl =0:t=0

Forj=1To 5

Call ravn(2, 5, tosm) ‘IMuTanmsi OCMOTpa BCEX cXeM Mpuodopa

t=1t+tosm

r=Rnd

If r <0.1 Then kolneispl = kolneispl + 1 ‘[loacder komudyecTBa HEUCIIPABHBIX CXEM B MPUOOpE
Next j

kolneisp = kolneisp + kolneispl ‘Iloacuer konnyecTBa HEUCIIPaBHBIX CXEM BO BCeX MpuOopax
If kolneisp1l > 0 Then ‘IIpoBepka: ecTh i B IpUOOpE HEUCTIPABHBIE CXEMBI
Forj=1 To kolneisp1 ‘ImuTanus 3aMeHbl HEUCIIPABHBIX CXEM

Call gauss(5, 1, tzam)

t=t+ tzam

Next j

Call expon(tpoln, tnal) ‘UmuTanus moJHON HaTaIKH

t=t+ tnal

kolpn = kolpn + 1

Else

Call expon(tmelk, tnal) ‘UmuTanus MEIKOW HAJIaIKU

t=t+ tnal

End If

tsum = tsum + t

Next 1

tsred = tsum / n

ppn = (kolpn / n) * 100

kolzamsred = kolneisp / n

MsgBox ("Cpennee Bpems Hanaaku u peMmoHTa nmpuodopa: " + Str(Round(tsred,2)))
MsgBox ("IIpomenT cimydgaeB nonHou Hamaaky: " + Str(Round(ppn,2)))

MsgBox ("Cpemnee KOMMYECTBO 3aMEHsIEMBIX cXxeM Ha ofuH mpuoop: "+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 i

x =m + sigma * Sqr(12 / k) * (rsum - k / 2)



End Sub

3nech moAmporpaMMa ravn peajiM3yeT ajirOpuTM HMUTALUM PaBHOMEPHOM
ciryyaiiHoi BenuuuHsbl (popmyna (3.11)).

Pe3ynbTaThl MomenupoBaHMS CICAYIOIIUE: CpeAHEe BpeMs PEMOHTa — OKOJIO
32,07 MuH, mpoleHT ciaydaeB nojiHoW Hamaaku — 40,79%, cpegHee KOJIMYECTBO
3aMEHSEMBIX CXeM B OJIHOM Tpudope — 0,5.

IIpumep 3.8. Hekotopele u3aenus U3roTaBIMBAIOTCS IIyTEM HAJOKEHUS JBYX
nacTuH. HomMuHanpHasi TONIMHA MEPBOM IMJIACTUHBI — 6 MM, BTOpoil — 4 mMm. Tak
KaK B IPOU3BOACTBEHHOM IIpoliecce HEM30€KHbI OTKIOHEHUS, (DAKTUUYECKU TONIINHA
IEPBOM IUIACTUHBI IPEIACTABISIET COOOM rayCCOBCKYHO CIIy4allHyH BEJIMYUHY CO
CPEHMM 3Ha4eHHEM 6 MM U CTaHAapTHbIM oTkJIoHeHueM 0,2 mm. Tonmmuaa BTOpOi
IUTACTHHBI — TAK)KE TayCCOBCKAsl ClIydaiiHasl BEJIMYMHA CO CPEIHUM 3HAYE€HHEM 4 MM
U cTaHaapTHeIM OTKIOHEeHHeM 0,1 MM. ['0TOBOE M3IenMe CUMTAETCSA TOAHBIM, ECIIH

ero ToJIIMHA cocTaBisgeT ot 9,7 no 10,3 mm.
TpeOyercst pa3paboTaTh ajJropuTM U NPOrpaMMy UMUTALIMK BBIITYyCKa M3/IeHi Ha 0OCHOBe MeToa MonTe-Kapsio.
OnpenenuTb CPeTHIO TOJIIMHY TOTOBOTO M3/EIHsI U BEPOSITHOCTH BhIITYCKa T'OJTHOTO W3EIHSI.

[IpuBeneM anropuT™M UMHUTAIIMU IPOLECCA U3TOTOBJICHUS U3/1CIUN.

1. BeimoniHsieTCsT MUMHTAIMs TOJIIMHBI TEpBOM T1iacTuHbl (X;). s storo
UMUTUPYETCS TayCCOBCKas ciy4yaiiHas BenuuuHa no (opmyne (3.16) mpu m=6,
6=0,2.

2. BeimosiHsIeTC MMUTAIMS TOJIIUMHBI BTOPOM IuiacTuHbl (X3). s storo
UMUTHUPYETCS TayCCOBCKas cCiyuyaiHas BenuuuHa 1o (opmyne (3.16) mpu m=4,
c=0,1.

3. Onpenensiercs Toaumua uaaenus: X=X;+X,.

4. Eciin 9,7<X<10,3, To uznenue roaHoe, B MpOTUBHOM CiTyyae — OpakoBaHHOE.

[Maru 1-4 noBTopsitoTcss  MHOTOKpatHo (Hampumep, 100000 pa3).
Beruucnsirorcss BeNUYWHBI, KOTOpBIE TpeOyeTcs OINpeAeluTh IO pe3ysibTaram
mozaenupoBaHusi. CpeOHAss MOMWUHA 20MO06020 U30eus ONPENeNseTcs Kak
OTHOILIEHUE CYMMbI 3HAaYE€HUM TOJIIMHBI BCEX U3JIENUNA K KOJIMYECTBY ITUX HU3IEIUI
(T.e. K KOJMYECTBY HWCHObITAHUN). Beposamuocmsb 6blnycka 200HO20 U30€nus
BBIYUCIISICTCA KAaK OTHOUIEHHWE KOJIMYECTBA TOJHBIX U3ACIUA K KOJIUYECTBY

VCTIBITAHU .
IIpuBenem nporpammy Ha si3bike VBA, peanu3yronlyro aaroput™M UMUTALMKA U3TOTOBIEHUS U3AEIUH.

Sub primer38()

¢ UmuTanust u3roToBiICHUS U3ETUN U3 ABYX IUIACTUH

n = 100000

Fori=1Ton

Call gauss(6, 0.2, x1) '"MMuTanus TOAMMHBI IEPBOM MIIACTUHBI
Call gauss(4, 0.1, x2) '"MIMuTanys TOMIIUHBI BTOPOU TIIIACTHHBI
x=x1+x2 ‘OnpenenieHre TOJIIUHBI U3ACTUS

If (x>=9.7) And (x<=10.3) Then kolgodn=kolgodn+1 ‘Wmuranus npoBepku u3aenus
Xsum=xsum-+x

Next 1

xsred = xsum / n

pgodn = kolgodn / n

MsgBox ("Cpenusis Tonmmna uznenus: " + Str(Round(xsred,2)))

MsgBox ("BepostHocTh Bbiycka rogHoro usaenus: " + Str(Round(pgodn,4)))

End Sub



Sub gauss(m, sigma, x)
k=6
Fori=1Tok
r=Rnd: rsum = rsum +r
Next i
x =m + sigma * Sqr(12 / k) * (rsum - k / 2)
End Sub
Pesynbrarel MOAEnMpOBaHUS CIHEAYIOLIUAE: CPEOHSA TOJNIIUHA MU3HEIUS —
npuMepHoO 10 MM, BEpOATHOCTH BbIITyCKa rogHoro usaenus — 0,82.

IIpumep 3.9. B aBTOMaTn3upOBaHHONW CUCTEME YIIPABICHUS TEXHOJIOTUUECKUM
IPOLIECCOM TEPEIal0TCsl CUTHANIBI OT MPOU3BOACTBEHHOTO 00OpyJoBaHUs (0OBEKTa
YOPABJICHUS) K YIPABISIOUIEMY KOMIbIOTEpY. JIMTENbHOCTh MEpeiaund CUrHajia -
Cly4aiiHas BEJIMYMHA, PACIPEEICHHAs 110 KCIIOHEHIIMAIIBHOMY 3aKOHY CO CPEIHHM
3HaueHneM S5 Mc. B kanane cBsA3M BO3MOXHBI noMmexu. WHTEpBaimbl Mexnay
MOMEHTaMM  IIOMEX -  CIy4YallHble  BEJIIMYMHBI,  PACHPEACICHHBIE IO
AKCIIOHEHIMAJIbHOMY 3aKkoHy. [loMexu Bo3HHMKaiOT B cpeaHem 20 pa3 B CEKyHIy.
Eciam Bo BpeMsl mepenayu CUrHalla BOZHMKAET XOTs Obl OJHA MOMEXa, TO CUTHaJ

HCKaXacTcs.
TpeOyercst pa3paboTaTh ajJrOpUTM U MPOrpaMMy UMUTALIMK [IEPEIaul CUTHAIIOB Ha OCHOBE MeToaa Monre-Kapiio.
OnpenenuTh BEpOSTHOCTh Tiepeadn CUrHaa 06e3 HCKaKeHU .

Tak kak ummepeanvt 6pemenu MEXAY NOMEXaMH MPEACTABISIIOT COOOM
HKCIIOHEHIMAJIbHBIE CIIy4ailHble BEIMYMHBI, KOAUYECMB0 TIOMEX 3a HEKOTOPBIH
MHTEpPBaJ BPEMEHH ! MPECTABIACT COOOH CIy4ailHyIO0 BETUYHMHY, PACIPEACICHHYIO
M0 IMyaCCOHOBCKOMY 3aKOHY C mapameTpoMm A=Af, rnie A — UHTEHCUBHOCTh MOTOKa
nomex. B nannom npumepe A=20 nomex/c, nnu 0,02 nomexu/mc.

[IpuBeneM anropuT™ UMHUTAIMHU POLECCa IEPEIaYn CUTHAIIOB.

1. BeimonHsieTcss uMHUTalMs BpeMEeHM Tnepenaun curhHana (7). ns storo
Pa3bITPhIBAETCS DKCIMOHEHIMAIbHAS Cily4yaiHas BenuuuHa 1no ¢gopmyne (3.10) mpu
X =5.

2. Pa3pirpeiBaeTcsi KOJIMUECTBO TToMeX (m) 3a Bpems mepenayu curuana f. J{us
ATOT0 HCIOJIb3YETCS AITOPUTM HMMHTAIMKM ITyaCCOHOBCKOM CIIy4ailHOM BEJIMYWHBI,
PUBEICHHBIN B mojpasa. 3.1, mpu A=0,02z.

3. Ecniu m=0 (3a Bpems Iepenayu CUrHajia He ObLJI0O HU OJIHOM MOMEXH), TO
CUTHAJ HE UCKAXXEH.

[Maru 1-3 noBTopsitoTcss  MHOTOKpatHOo  (Hampumep, 100000 pa3).
Boeluucnsiercs: BEpOSITHOCTh IEpefadyd CHUrHaja 0e3 HCKaKEHMH KakK OTHOIICHHE
KOJIMYECTBA CHUTHAJIOB, NEpeJaHHBIX 0e3 HCKaKEHUH, K OOIMIeMy KOJIUYECTBY
CMOJICTUPOBAHHBIX CUTHAJIOB (KOJWYECTBY UCIBITAHUI).

IIpuBenem nporpammy Ha sizbike VBA, peanu3yonlyro aaroputM UMUTALMK [IEPENaYl CUTHAJIOB.

Sub primer 39()

¢ Umuranus nepegauu curHaioB B ACYTII

n = 100000

tsred = 5 : intens = 0.02

Fori=1Ton

Call expon(tsred,t) ‘HMMuTanus BpeMeHHU Mepenadu CUrHaia

I=intens*t ‘BprunciieHne napaMeTpa ImyacCOHOBCKOTO paclpeaesIeHUs

Call puasson(l, m)  ‘Po3bIrpsiin KoM4YecTBa MOMEX 3a BpeMs Mepelayn CUrHala

If m=0 then kolnorm=kolnorm+1 ‘Ecnu nomex He ObUIO, TO CUTHAN MepeaH 0e3 NCKAKEHUM



Next i
pnorm = kolnorm / n

MsgBox ("BepositTHocTh HOpManbHOU niepenaun curaana: " + Str(Round(pnorm,4)))
End Sub

Sub expon(xsred, x)
r=Rnd

x = -xsred * Log(r)
End Sub

Sub puasson(l, m) ‘IlognporpamMmMa HUMHUTAIMH ITyaCCOHOBCKOW CITy4aifHON BEJIMYHMHBI
pO=exp(-1) ‘Ha OCHOBE JITOPUTMA, IPUBEJICHHOTO B moApas. 3.1
g=1 : m=0
povtor:

r=Rnd

qQ=q*r

If @>=p0 Then

m=m-+1

Goto povtor

End If
End Sub

I[To pesynbraTaM MOJEIUPOBAHUSA, BEPOSTHOCTH IIepelaud CcurHaiza 0e3

UCKakeHui coctapiisgeT npumepHo 0,909.

Ipumep 3.10. [IpeanpusiTe BBITYCKAET 3JIEKTPONPHUOOPHI, COCTOSAIIUE W3
yeTelpex OsiokoB. [Ipubop mpogoikaer paboTarh, MOKa UCHPABEH XOTS Obl OJUH
omok. Bpemss 0e3oTkazHON pabOTBI KaXkaoro OJoOKa - CcIydaifHas BEIMYHMHA,
pacnpenereHHass M0 3KCIOHEHIMAIbHOMY 3aKOHY; CpeaHee BpeMsl Oe30TKa3HOM

paboTel 610Ka — 1Ba rona. Cpok ACHCTBUS TapaHTUH HA TIPUOOP - OJMH TO/I.
TpebyeTcs pa3paboTaTs aTOPUTM H IPOTPAMMy UMUTAUK paboThl Mpubdopa Ha ocHOoBe MeToma MonTe-Kapio.
OnpenenuTh: a) cpeaHee BpeMs 0€30TKa3HO# paboThl Mpudopa; 0) BEpOATHOCTH O€30TKa3HOM paboThl mpubopa B
TEUEHHE rapaHTUITHOTO CpoKa.
IIpu pa3paboTke anropuTMa pemieHns 3ToH 3a1a4n o BpeMeHeM 0e30TKa3Ho# paboTsl mpubdopa OyieM MOHUMAaTh
BpeMsi, B TEYEHHE KOTOPOTO MPUOOP IPOJ0InKaeT paboTaTh (JjaXke eciii HEKOTOpbIe U3 OJIOKOB, BXOAAILIMX B COCTaB
npubopa, 0TKa3ajm).

[IpuBenem anroput™ UMHUTAIIMKN pabOTH TPHOOPA.

1. Pa3pirpeiBatoTcss 3HAUYE€HUS BpPEMEHHM O€30TKa3HOW padOThl KaXAoro W3
O10KOB (4,41, b2, brp3s Lrpa) — YETHIPE CIYYAWHBIX BEIMYWHBI, PACIpEICICHHBIE TI0
OKCMIOHEHIIMATHPHOMY 3aKOHY, CO CpPEIHMM 3HadeHHeM 2. [ 3TOro Hmcmonb3yercs
dopmyma (3.10) mpu X =2.

2. Ompenensiercst Bpemsi 0€30TKa3HOW padOThl MpuOOpa — MaKCUMalbHAs M3
BEJIMUWH, Pa3biTpaHHBIX Ha mare | (Tak Kak mpuOOp MPOAOIDKAeT padoTaTh, MOKa
WICTIPABEH XOTS OBl OJIMH U3 OJIOKOB): 1,,=mMax(trp1, L2, trb3s Lrbd)-

3.Ecmn f,>1 (T.e. He MeHee OAHOro roxa), TO mnpubop orpaboTan
rapaHTUUHBINA CPOK 0€3 OTKa3a.

[MMaru 1-3 mnoBTopsitorcss MHOTOKpatHO (Hampumep, 100000 pa3). Ilo
OKOHYAHHWH HCIIBITAHUN BBIYUCISIOTCS BEIIMYUHBI, KOTOPBIC TPEOYEeTCS OIMPECIIUTh
o pesyibTaTaM MojenupoBaHus. Cpednee spems Ge3omkazHou pabomsl npudopa

onpeaensieTcss Kak OTHOLIEHHWE CyMMbI 3Ha4Y€HUN BpeMeHU 0e30TKa3HOli paboThl Bcex

npubOpPOB (T.€. CYMMbI BEIUYMH f,,) K KOJMYECTBY ITUX NPUOOPOB. Beposamuocmo
Oe3omKasHot pabomel 6 MmeyeHue 2apaHmuliHo20 CpOKA BBIYUCISIETCS Kak



OTHOIIICHHE KOJMYECTBA MPUOOPOB, OTPAOOTABIINX TApAaHTHIHBINA CPOK O€3 0TKa3a, K
00111eMy KOJIMYECTBY TPUOOPOB.

[IpuBenem nporpamMmy Ha si3bike VBA, peanusyronlyto aropuTM UIMUTalLUU pabOThl IPUOOPOB.

Sub primer310()

' Umutanus padboTsl pruOOpPOB B TEUEHUE TAPAaHTUIHOIO CpOKa

Dim trb(1 To 4)

n = 100000

tsred =2

Fori=1Ton

Forj=1To4

Call expon(tsred, trb(j)) ‘MmuTanus BpeMeHu 0e30TKa3HOM paboThl OJIoKa

Next j

trp=0

Forj=1To4 ‘Onpenenenre BpeMeHH padoThl Tpudopa -

If trp < trb(j) Then trp = trb(j) ‘MaKCHUMaJIbHOTO M3 3HAUEHHUI BpeMEHHU paboThl OJIOKOB
Next j

tsum = tsum + trp

If trp >= 1 Then bezotk = bezotk + 1 ‘Tlomcuer mpubGopoB, 0TpabOTABIIUX TapaHTHIHHBIN CPOK
Next i

trpsred = tsum / n

pbezotk = bezotk / n

MsgBox ("Cpennee Bpems 6e30Tka3zHOl paboTel mpubdopa: " + Str(Round(trpsred,2)))

MsgBox ("BepositHocTh 6€30TKa3HO# paboThl B TeUeHUE rapaHTuitHoro cpoka: " + Str(Round(pbezotk,4)))

End Sub

Sub expon(xsred, x)

r=Rnd
= -xsred * Log(r)
End Sub

[To pesynbratam MoOJEIUMPOBaHUSA CpeAHEE BpeMs 0e30TKa3HOW paboOThI
npubopa cocrapisieT npumepHo 4,17 rona, a BEpOATHOCTh 0€30TKa3HOM pabdOTHI B
TE€YEHNE rapaHTUUHOrOo cpoka - 0,9754.

3.4. MWHTepBanbHble OLEHKN B UMUTALMOHHbIX MOAEnNAX

Bennunnsl, onpenensieMsle 0 pe3yIbTaTaM HMHTAIMOHHOTO MOJICIUPOBAHHS, HE MOTYT OBITh a0COJIFOTHO
TOYHBIMH. BEITIOTHNB NIOCIEI0BATEIEHOCTE HCITBITAHII HMUTAITMOHHON MoJenu (Hanpumep, 1000 mwru 100 000
UCTIBITaHMH) U TTOJyYMB 3HAYCHUS HCCIIEyEMbIX BEIMUUH (HAPUMED, CPEIHIOIO IIPUOBLUTH OT BBITYCKA M3AEITHS

X' ¥ BepOsTHOCT BBIIyCKa FOQHOrO M3/e/Hs P), BaXHO IOHUMATB, YTO 110 Pe3yJIbTATaM Opy2oli
MOCJICTIOBATEIEHOCTH MCIIBITAHUIA OBUTH OBI ITOJTyYeHBI Opyeue 3HAUCHUSI STHX BeNUYrH. [ NOMYICHUS UCMUHHO20
(aOCONIOTHO TOYHOTO) 3HAYEHHS TOTPEOOBATIOCH OBI (TEOPETUIECKN) OeCKOHeUHO 00abuioe KOTNMIECTBO UCTIHITAHUH.
[To3TOMY MPEACTABNISIOT HHTEPEC OLICHKH, MOTYUYEHHBIE C 33aHHOI TOYHOCTBIO, & TAK)KE HMHTEPBAIbHBIC OLCHKH.
KoHkpeTHbIe 3HaYeHHsI UCCIIeYEMbIX BEJIHMYHH, TOJYYESHHbIC N0 pe3yIbTaTaM HMUTAIHOHHOTO MOJICIIMPOBAHUS,
MPEJICTaBISIIOT CO00i TOUeUHbIe OlleHKH. Bce pe3ylibTarhl, oJy4YeHHbIe B PACCMOTPEHHBIX BBIIIE MPUMEpax,
SIBJSIFOTCS] TOYSYHBIMHU OIICHKAMH.

[Mox mounocmuio ouleHKN OyAeM MOHUMATh €€ OMKIOHEHUe OM UCTHUHHO20 3HAYeHUsl NCCIEyeMOi BENNYnHBbI (T.€.
Pa3HOCTh MEX/Y IOJIy4YEHHOH OIIEHKOW 1 UCTUHHBIM 3HAYEHUEM), & MT0Jl OMHOCUMENbHOU MOYHOCHbIO OLIEHKU — TO
KE OMKIOHeHUe, BRIPAKEHHOE 8 npoyenmax (W B IOJSIX) OT MAKCUMALLHO 803MONCHO20 omKionenusi. bynem

0003Ha4YaTh TOYHOCTH KaK gﬂ , 4 OTHOCUTCIIbHYIO TOYHOCTb — KaK gﬂo (CMLICJ'I 0003HaYECHUS B 6y;[eT IIOKa3aH

HI/I)KC). HpI/I 9TOM BaXHO IIOHUMATh, YTO HICTUHHOC 3HAYCHHUEC PICCJIe,I[yCMOﬁ BEJIMYUHEI HE MOJKET ObITh U3BECTHO
TOYHO.

[Ipumeyanue. MakcuMaibHO BO3MOKHOE OTKJIOHEHUE MTOTYYEHHON TOUEUYHOW OLIEHKU OT
MCTUHHOTO 3HAUYEHHUSI UCCIIETyEMOU BEJIMUMHBI ONPEAENSIETCS I0-Pa3HOMY B 3aBUCUMOCTH OT
TOTO, KaKyI0 BEJIMYUHY TpeOyeTCs ONpeneNuTh Mo pe3yJibTaTaM MojenpoBanus. Hampumep,



MOYKHO JI0Ka3aTh, YTO MAKCUMAaJIbHO BO3MOKHOE OTKJIIOHEHUE MOYEUHOU OYEeHKU CPEOHE20
3HAYeHUs NCCIIEAYEeMON BEeIMUMHBI OT UCIMUHHO20 3HAYEHUsS. CPEOHe20 MOKHO CUUTATh PABHBIM
30, Tl1e 6 — CTaHIapPTHOE OTKJIOHEHHUE JJaHHO! BEIMYMHbL. MakcuMaibHO BO3MOKHOE
OTKJIOHEHUE MOYEYHOU OYEeHKU 6ePOSAMHOCY HEKOTOPOTO COOBITHS OT UCTMUHHO20 3HAYEHUS]
9TOU BEPOSATHOCTU PABHO €IUHULIE.

B npaktiyeckux 3agaqax 0OBIYHO TPEOYeTCs OIyYeHHE TaKHX OLECHOK, YTOOBI HX OMKIOHeHUe OT UCTHHHOTO
(TOYHO HE M3BECTHOTO) 3HAUCHMUSI He NPesblulaio HeKOMOPYH NPeoeibHYI0 8eTUtUHRY ¢ 3a0aHHOU (Z0CTaTOYHO
BBICOKOMW) 8eposamHocmbvio. DTy BEpOSITHOCTE OyneM 0003Ha4aTh Kax .

Jnst peieHust Takol 3agauy HEOOXOAUMO 3a/1aTh TPeOyeMyI0 OTHOCHTEIbHYIO TOYHOCTh OLIEHKH, T.€. BEIUYUHY

& 50> 00BIYHO BRIpaXKaeMyIo B mpoleHTax. Kak npaBuio, Tpedyercs 3HaueHne & 30 Ha yposHe 3-5%. Hanpuwmep,

€CJIY 3aJlaHa OTHOCUTEJIbHAs TOYHOCTh & ﬂO =5% u noBepuTeNbHAs BepOSITHOCTE [3=0,995, 3T0 3HAYHUT, YTO

TpeOyeTcs MONYUUTh OLIEHKY, OTKIIOHEHUE KOTOPOM OT HCTHHHOT'O 3HAYEHHS UCCIICAYSMOM BETUUUHBI C
BeposATHOCTHIO 0,995 OyneT coctaBisITh He 6ojee 5% OT MaKCUMaJIbHO BO3MOXKHOTO 3HAYCHHS TAKOTO OTKJIOHEHHS.

Yka3aB 3aJaHHYI0 OTHOCUTEIBHYIO TOYHOCTh & 30 ¥ AOBEPHUTEILHYIO BEPOATHOCTE [3, MOXHO OTIpEeNeTUTh

KoJudyecmeo ucnblmaHuzZ, HeO6XO[lI/lMOG JIIsL obecrieueHus 3aJIaHHOM OTHOCHTEJIbHOM TOYHOCTH. O‘-IGBI/I[[HO, 4qTo
YC€M BBILIC Tp€6y€Ma$I TOYHOCTb, TCM OoJiblIe HCO6XOI[I/IMO€ KOJIMYECTBO MCIBLITAHUM.
Kak BUAHO U3 MPUMEPOB, pACCMOTPCHHBIX B NPCABIAYIIUX IMOJApa3aeiax, B 3aJa4ax MOACINPOBAHUS 00BIYHO

TpeGyeTCs ONPENeNSTh OLEHKH CPeOHe20 3HAeHs HEKOTOPOl BEMUUHbl X HITH 6epOAMHOCU HEKOTOPOTO
co0ObITHst P. MOXHO JJ0Ka3aTh, YTO KOJIMYECTBO MCIBITAHUN /1, HEOOXOJUMOE JUIS TIOJIyUeHHUS 3THX OLICHOK C
3aJ]aHHOH OTHOCHUTEIBHON TOYHOCTBIO IIPU JOBEPUTEIbHOM BeposaTHOCTH 3=0,995, onpenensercs Mo caeayomum
¢dhopmynam:

® ISl CPEJHEr0 3HAUCHHS:

_ 1 . 1
n= 7 (3.18)
‘9,30
° JUJIA BepOHTHOCTI/IZ
e’
n= T 4 (3.19)
5,30

rae gﬂo - 3aJaHHasA OTHOCUTCJIbHAsA TOYHOCTH OLICHKU.

Brimonaus HCO6XOI[I/IMOC KOJIMYECTBO MCIIBITAaHUHA n, MOXXHO OIIPpEACINTb TOUYHOCTDb HOHy‘IeHHOfI OLICHKH gﬂ C

3aJaHHOH TOBEPUTEIHHOI BEPOATHOCTHIO 3.
st cpeiHero 3Ha4eHHs1 TOYHOCTH OLIEHKH ONIPEIEIIETCS 0 ClieAyouel popmyIe:

£p :3550 -o. (3.20)

31ech G — CTaHAapPTHOE OTKIIOHEHHUE, BBIYHCIIsIEMOE 110 (opMyJie

1 & =2
o= —IZ(x,-—X) , (3.21)
- ri=l

rae xj, izl,. .., —3HAUYCHUA PICCJ'IG}.'[yeMOﬁ BCJIMYMHBI, TOJTYYCHHBIC B KAXKIOM U3 1 HCIBITAaHUH B X04€ UMHUTAIMOHHOI'O
MOACINPOBAHUS;

X - Cp€aAHEC 3HAYCHHUE, BBIYUCIICHHOC 110 PE3YyJIbTaTaM # HUCIBITAHUH.



Jist nporpaMMHO# peanusaiuu 6onee ynoOHa cinenyromas Gpopmyia 17 BBIYUCIEHHUS CTAaHAAPTHOTO OTKIOHEHH,
KOTOPYIO MOXKHO BbIBeCTH U3 (hopmyisl (3.21):

L )
in
o= | M=l ¥y2 - (3.22)
n—1 n

JIJis BepOSITHOCTH TOYHOCTH OIICHKH OTIPENIENISICTCS 110 CIenyroeii Gpopmyie:

P(1-P)
ep=28—7, (3.23)
n
rac P — 3Hauenue BEPOATHOCTH, BBIYMCIICHHOC 110 pe3ynLTaTaM 71 UCIIBITAaHUN.

Kak nokazaHo B mpuMepax BbIIlIe, BEPOSTHOCTh HEKOTOPOTO COOBITHS P BBIYHUCIISETCS 10 pe3yIbTaTaM
MMHUTAIMOHHOTO MOJICIUPOBAHUS KaK OTHOIIICHHE KOJIMYECTRA CIy4aeB, KOraa ObUIO CMOJICIIMPOBAHO HACTYILICHHUE
3TOr0 COOBITHSI, K 00IIeMY KOJIMYECTBY UCIBITAHUH (7).

Brruuciaus TodHOCTH gﬂ ,» MOYKHO IOJYYHUTb UHTCPBAJIbHYIO OLICHKY HCCJICZ[yeMOﬁ BCJIMYMHEI. I/IHTepBaJII)Haﬂ

OLIEHKA HEKOTOPOW BEJIMYMHEI — 3TO YHCIOBOW HHTEPBAJI, COACPIKAIIUN ucmuHHOe 3HAYCHHE STOM BETMYHUHBI ¢
3a0anHol (IOCTATOYHO BBICOKOW) 008epUmenbHOl 6epOosmHOCIbIO.

IIpumeyanue. BaxxHo NOHUMATB, UTO MOCTPOEHUE UHTEPBAIILHOM OLEHKHU C JOBEPUTEIBbHOU
BEPOATHOCTHIO, PABHOM €TMHUIIE, HEBO3ZMOXKHO: I TOr0 TpeOyeTcst 06CKOHEUHOE KOTNYECTBO
WCTIBITAHH.

I/IHTepBaHLHaH OLICHKA IJIfl CPEAHEr0 3HAYCHHUHA OIPCACIICTCA CIICAYIOIUM 06pa30M:

X+ B, (3.24)

e & IB - TOYHOCTH OICHKH, HaiineHHas o ¢opmyde (3.20).

WHTepBasibHast OLIEHKA AJIs1 BEPOATHOCTH OINPEACISETCS CIeLYIOUIMM 00pa3oM:

P+ £p. (3.25)

rae & [3 - TOUHOCTE OLEHKH, HalineHHas o popmyse (3.23).

Takum 00pa3oM, HHTEPBaJIbHBIC OIIEHKH MOTYT OBITh TIOJTYYEHBI C MCIIOF30BAaHHEM HMHUTAIIHOHHOTO
MOJICIIMPOBAHIS B CIIEAYIOMIEM MOPSIIKE.

1. 3amaercs TpeOyemasi OTHOCUTEIbHAS TOYHOCTD OIEHKUA & ,BO'

Onpenensiercss HCOOX0IUMOE KOJIHMUYSCTBO HCTbITaHui 7 110 popmyiie (3.18) wiu (3.19).
Brimonusercs n ucnpITaHUN UMUTAIIMOHHON MOJENH.

ITo pe3y/IbTaTaM MMHTALHOHHOTO MOAEIHPOBAHHS BBIYHCISIOTCS TOYCUHBIC OLCHKH X i P.
OmnpenensieTcs TOYHOCTH MOIYYCHHBIX OIEHOK 1o ¢opmynam (3.20) wm (3.23).
OnpenenstoTcss HTEPBAIbHBIC OLICHKHU 110 Gopmyiiam (3.24) wiu (3.25).

Sk wh

IMpumep 3.11. B ycnoBusx npumepa 3.8 TpeOyeTcst OnpeeuTh CPEIHIOK TONIIIMHY TOTOBOTO H3/CTIHS U
BEPOSITHOCTH BBIITYCKA TOAHOTO U3JIENHUS C OTHOCUTENHLHON TOYHOCTHIO 5%.
Hatizem HE0OX0MIMOE KOJTHMYESCTBO HCITBITAHMA. KOTMYECTBO UCTIBITAHUI [T OTIPENICIICHUSI cpedHetl TONIIUHBI

TOTOBOTO M3/AeNHs BEaucisieTcs mo ¢popmyde (3.18): n=1/0,05 =400. KomudecTBO UCTIBITAHUI I OTIpeIeIeHUS

6eposimHoCcmuU BBITTyCKa TOJHOTO M3Jeusl Beraucisercs no gpopmysie (3.19): n=2/0,05 =800. Tak kak He0OX0AUMO
o0ecreunThb 33/IaHHy 0 TOYHOCTD JUIsi 00eNX BEJMUYHH, TOTpeOdyeTcst BHIIOIHUTE 800 HCTIBITAHUN.

[pumevanue. Ecnu 651 B 3a1a4e TpeOOBAIOCH ONPEACTUTH C 33aHHOM OTHOCUTEIBHOM
TOYHOCTBIO TOJBLKO CPEIHIOIO TONIIHUHY, TO Ob1IO Ob1 JocTaTOo9HO 400 UCTIBITAHUIA.

B nporpamme, peanuzyomnieli HIMUTAIIHOHHYIO MOJIEIIb, HEOOXOIUMO MPEIyCMOTPETh BHIUUCICHUE BEITNYNH
TouHOCTH 110 popmynam (3.20) u (3.23) 1 HHTEPBANTBHBIX OICHOK 10 opmynam (3.24) u (3.25). UToObI BEIYUCITUTH
TOYHOCTB OLICHKU CPEJHEN TOJIIUHBI U3EHs, TOTPeOyeTCs TAKXKe IPElyCMOTPETh BBIYHCIICHHE CTaHJapTHOTO
oTKJIOHeHus 1o popmyie (3.22). [Iporpamma Oyner UMETh CIIEAYIOIUHA BUI.



Sub primer311()

¢ UmuTanust n3roToBJIEHUS U3ETUN U3 ABYX IUIACTUH

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 i

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 ("Cpenusis Tonmmna uznenus: " + Str(Round(xsred,2)))

MsgBox ("UnTepBanpHas orenka cpenneit Tommmasl: " + Str(Round(xniz,2))+” — “+ Str(Round(xverh,2)))
MsgBox ("BepositHocTh BhIycka roguoro m3aenus: " + Str(Round(pgodn,4)))
MsgBox ("UntepBanbHas oneHka BeposaTHocTh: " + Str(Round(pniz,4))+” — “+Str(Round(pverh,4)))

End Sub

Sub gauss(m, sigma, x)

k=6

Fori=1Tok

r=Rnd: rsum = rsum +r

Next i

x =m + sigma * Sqr(12 / k) * (rsum - k / 2)
End Sub

3nech mepeMeHHas Xsum?2 UCIONIb3YeTCs ISl BRIYUCICHUS CYMMBI KBapaTOB 3HAYEHUH TOJIIUHBL DTa CyMMa
TpeOyeTcst Ulsl BBIYUCICHUS CTaHJAPTHOTO OTKIOHEHHs 10 Gpopmysie (3.22). CMbICT OCTaNbHBIX IEPEMEHHBIX,
JI00aBJICHHBIX B IpOTrpaMmy, cieayronmii: epsb0=0,05 — 3ajaHHas OTHOCUTEIbHASI TOYHOCTh; Sigma (B OCHOBHOM
mporpaMMe) — CTaHJAapTHOE OTKIIOHEHHUE, BhIuucisieMoe o gopmyiie (3.22); epsb_sred, epsb_ver — 3HaueHwUsI
TOYHOCTH OIICHOK CPEIHEH TOJIIMHBI U BEPOSITHOCTH, BhIUUCIIsieMbie 110 opmynam (3.20) u (3.23) cOOTBETCTBEHHO;
XNiz, xverh — rpaHuIBl TOBEPUTEIBHOTO HHTEPBAIA IS CPEIHEH TONIIMHBL, BIYHCIseMbIe o Gopmyie (3.24);
pniz, pverh — rpaHUIIBI TOBEPUTEIHHOTO HHTEPBAJIA U BEPOSTHOCTH, BRIYHCISIEMBIE 10 (hopmyre (3.25).

PesynbraTtel MopenupoBaHusi OyAyT NPUMEPHO CICAYIOIIUMH: CPEIHSISA
TonmuHa wu3nenus — 9,99 MM, uHTepBambHas oreHka — (9,96; 10,02) ww;
BEpPOSITHOCTD BbIITycKa rogHoro usnenus — 0,8338, unrepBanbHas ouenka — (0,7969;
0,8706). 910 03Hauaer, yTo ¢ BeposATHOCTHIO 0,995 (umm 99,5%) uctuHHas cpegHss
TONIIHMHA U3JeTus OyaeT cocTaBisaTh oT 9,96 mo 10,02 MM, a BEepOSTHOCTH BBIITyCKa
roaHoro maenust — ot 0,7969 no 0,8706. C BepositHOCThIO 0,995 pasHOCTH MEXIY
TOYEYHOW OLICHKOW CPENHEMN TOJIIMHBI, TOJYYEHHOM B PE3YyJbTaTe MOACIMPOBAHUS
(9,99 MM), U UCTUHHBIM (TOYHO HE HU3BECTHHIM) 3HAUYEHUEM CPEIHEH TOIIIUHBI
cocTaBiisieT He Oonee 5% OT MakCMMaJabHO BO3MOKHOI'O 3HAYEHHUS! TAKOW Pa3HOCTH.
AHanorn4Ho, ¢ BepoATHOCTBIO 0,995 pa3HOCTH MEXIQy TOYEUHOW OLEHKOU
BEeposITHOCTU Bbiycka roaHoro wusaenus (0,8338) u UCTUHHBIM (TOYHO HE
W3BECTHBIM) 3HAYEHUEM OTOW BEPOATHOCTH CcoOCTaBisieT He Oonee 5% OT
MaKCHUMaJIbHO BO3MOKHOTO 3HAYEHUSI TAKOU pa3HOCTH.



Omnpenenenrne TOYHOCTH OLEHOK NMPH 3aJAHHOM KOJIMYeCTBE MCIBITAHMI.
Ecnm 3a7aHO KOJIMYECTBO MCHBITAHUM HMMHUTAUMOHHOM MoAENH (7), TO MOXKHO
ONpPEEIUTh OTHOCUTEIBHYIO TOYHOCTh OLIEHOK, IOJYYEHHBIX MO pe3yJbTaram
mozaenupoBanusi. U3 popmyn (3.18) u (3.19) BUIHO, YTO OTHOCUTEIIBHYIO TOYHOCTh

OLICHOK MO’KHO OIPEAEIIUTh CAEAYIOIHUM 00pa3oMm:
® JUIA CPEAHETO 3HAYCHUSA:

1
SBO :E;

® I BEPOATHOCTH:

€ —\/Z (3.27)
BO =1/, .

Ipumep 3.12. HaliTh OTHOCUTENBHYIO TOYHOCTH OLICHOK CPEAHETO BPEMEHH
0€30TKa3HON padOThl MPUOOPA U BEPOSITHOCTH €ro 0e30TKa3HOM paboThl B TEUCHUE
rapaHTUHHOIO CPOKa, IMOJy4YeHHBIX B mpumepe 3.10.

(3.26)

Ouenku (cpenHee BpeMs Oe30TkazHOWM paboTel mnpubopa - 4,17 ropa,
BEPOSITHOCTh 0O€30TKa3HOW pabOThl B TEUYEHHME TapaHTUHOTrO cpoka - 0,97) Obuin
nony4deHsl no pesyiabtatam 100 000 ucnbiTanuii. OTHOCUTENIBHYIO TOYHOCTh OLIEHKU
CpeaHero BpeMEHM O0e30TKa3HoW paboTel Hahgem 1o dopmyne (3.26):

Eg0 = 1/100000=0,0032, wmu 0,32%. OtHOCUTENLHAs TOYHOCTH OLIEHKHU

BEPOSITHOCTU 0€30TKa3HOUM pabOThl B T€UECHUE TAPAHTUIMHOTO CPOKA OIPEACIACTCS 110
dopmyie (3.27): €pg =+/2/100000=0,0045, wmmu 0,45%. IOrt0 oO3HAYaer, 4Yro ¢

BeposATHOCTBIO (0,995 pa3HOCTh MEXIYy OILICHKOH CpeaHero BpeMeHH O0e30TKa3HOM
paboThI, MONYYEHHOW TO pe3yibTaram MozenupoBanusi (4,17 roga), ¥ MCTUHHBIM
(TOYHO HE U3BECTHBIM) 3HAYEHHEM CpPEIHEro BPEMEHU O€30TKa3HOU paldoThI
coctaBisieT He Oomnee 0,32% 0T MakCHMaJIbHO BO3MOJKHOI'O 3HAYEHHUS TaKOH
pazHoCTH. Pa3HOCTh MeXay OLEHKOM BEpOSTHOCTH O€30TKa3HOM padoThl,
MOJIy4YEHHOU MO pe3yibraram mopenupoBaHusi (0,9754), 1 UCTUHHBIM (TOYHO HE
W3BECTHBIM) 3HAYEHUEM BEPOSTHOCTU 0€30TKa3HOM paboThl ¢ BepoATHOCTHIO 0,995
coctaBiager He Ooimee 0,45% oT MakCMMaJIbHO BO3MOKHOI'O 3HAYEHHSI TaKoOM
Pa3HOCTH.

3.5. CpeactBa nmmntaumoHHoro moaenupoBaHus B Excel

Jns nonyuenus CPPY B Tabmmunom mponeccope Excel wucnomszyercs
¢ynkmus CJIUUC (u3 kateropun MatemaTunyeckume).

Kpome Toro, B Excel umeroTcss crangaptHbie CcpeAcTBa i UMUTALUMU
HEKOTOPBIX CIIyYalHBIX BEJIWYMH, YACTO MPUMEHSEMBIX B IMPAKTHYECKHX 3a1a4ax
MOJenupoBaHusa. Mmeercss BO3MOXKHOCTb PO3BITPHIIIA YHCEN, PACIPEACIICHHBIX I10
rayCCOBCKOMY (HOpPMaJIbHOMY), paBHOMEPHOMY, IyaCCOHOBCKOMY, OMHOMHUAIILHOMY
¥ HEKOTOPBIM JPYyTUM 3aKoHaM. i 3TOro Mcmosib3yercs HHCTpYMeHT [ eHepauuns
crny4vanHbix yncen (mexro CepBuc — AHanNn3 gaHHbIX).

Ipumep 3.13. Pemmutes B Excel 3agauy u3 npumepa 3.8. Bemoanuts 100
VCTIBITAHU .
3ajada pemaercs B CIEeAYIOIIEM OPSAKE.



1. Betopate u3 menro Excel komanay CepBuc — AHaANM3 [OaHHbIX —
["eHepaunsa cnyvyamHbiX Yncen.

2. B mone Yncno nepemeHHbIX BBecTH 1; 3TO O3HAYaET, YTO CO3aBAEMbIC
CJIy4aifHbIe YHCIa JOJ/DKHBI BBIBOJUTHCS B ofuH croiben. B mome Yumcno
cnyydyavHbix 4ucen Beectu 100; 5To o3HauaeT, 4YTO TpeOyeTcs MOIYyUUTh
100 cayuaitaeix uncesn. B mone PacnpeneneHue Beidpars 3Hauenne HopmarbHoe.
B mone CpenHee BBectn 3Hauenwe 6, B mone CTaHOApPTHOE OTKIIOHEHME —
snayenue 0,2. [lTone CrnyyanHoe paccevMBaHWE MOXXHO OCTaBUTh IYCTBIM (€ro
CMBICJT TIOKa3aH HIDKE). YCTaHOBHUTH TNepekiodaresib BbIXOOQHOW WHTepBan, u B
COOTBETCTBYIOIIEM TI0JIE BBECTH 3HaueHue Al; 3To oO3Hadaer, 4YTO 3aJaHHOE
koamdectBo uncen (100) OyaeT BbIBeIeHO B cToJiOel, HaunHas ¢ ssueiku Al. Haxars
OK. B sueiiku A1:A100 BeiBoguTcs 100 cilydaliHBIX YHCEI, PACIPEACICHHBIX IO
rayCCOBCKOMY 3aKOHY C YyKa3aHHbBIMU MapaMeTpamMu. OTH 4YHC]Ia HUMHUTUPYIOT
TOJIIIUHY MEPBOU IJIACTUHBI.

3. AHajlornyHbIM 00pa3oM moyiyuuTh B ctojione B 100 ciyyaiiHbIX 4Yucen,
UMUTUPYIOIIMX TOJIIMHY BTOPOM IutacTHHBL. [[J1s1 3TOro CHOBa BBHIOpATh KOMaHIY
CepBuc — AHanua pgaHHbIX — [eHepauusi crnyvanHbIX 4ucen. YCcTaHOBUTH
napaMmeTpel: YMCro nepemeHHblx — 1, Yucno cnyyauHbelx uyncen — 100,
PacnpenenexHne — HopmansHoe, CpeaHee - 4, CTaHOapTHOE OTKMOHEHMEe —
0,1, BeixogHon nHtepsan - B1. Haxats OK.

4. B crono6ie 100 BEIYUCIUTH 3HAYCHHS TOJIIUHBI TOTOBOTO U3JEHUs (CyMMBbI
CIIy4alHBIX YHCENl, MOJIy4eHHBIX B cTonOuax A u B). [lns storo B stueiike C1 BBecTH
dopmyny: =A1+B1. PacnpoctpanuTts ee Ha stueiiku C2:C100.

5.B sueirike C101 BBIYMCINTE CPEOHIOD TOJIIMHY TOTOBBIX H3ACIHM IO
pesynbratam 100 ucnoeitanmid. [ns 3toro ucnonwszoBath ¢ynkuuo CP3HAY c
aprymentom C1:C100.

6. B sueiike D1 BBectn ¢dynkumio WM (u3 xareropuum Jlormyeckme). B mone
Jlormyeckoe1 BBectn ycimoue C1>=9,7, B mone Jlormyeckoe2 — ycioBue
C1<=10,3. Haxarp OK. Pacnpoctpanuth comepxkumoe sueiiku D1 Ha sueliku
D2:D100. B pesynbrate B siueitkax D1:D100 6ynyT nonydenst 3nauenuss UICTUHA,
eciu Beinoausiercs yenosue 9,7<C1<10,3 (t.e. uznenue roauoe), wim JIOKb — ecnu
ATO YCJIOBHE HE BBITIOIHSIETCS (M3esIne OpaKOBaHHOE).

7.B sueiike D101 mojacuyuTarh KOJIWYECTBO TOJHBIX wu3aeiauid. Jlis sToro
BBectr QyHkiuio CHETECIIN (u3 xateropun CTaTUCTUYECKUE) CO CIICTYFOIIUMU
aprymentamu: [uanasoH — DI1:D100, Ycnosne — WcTtuHa. IloacuuthiBaercs
KOJIMYECTBO ciy4daeB, korga B sderkax D1:D100 umeercsa 3nauenne MCTUHA, T.e.
KOJIMYECTBO CMOJIETIMPOBAHHBIX TOJHBIX U3IEIHI.

8. B stuelike D102 BBIYMCIUTH BEPOSITHOCTH BBINYCKAa TOJHOrO u3nenus. s
ATOTO pa3ACIUTh KOJIMYECTBO TOJHBIX W3JAEIMNA Ha KOJMYECTBO WCIIBITAHUM:
=D101/100.

Pesynbratel, monyuenneie B Excel, MOryT HecKoibKO OTIHYATBCS OT
NoJIy4eHHBIX B mpuMepe 3.8. TouHOCTh pe3ynbTaToB, MoidydeHHbIX B Excel, Huxe,
TaK Kak OHM IMOJIYYEHBI 10 pe3yJibTaTaM MEHBIIEro KOJIu4ecTBa ucnbiTanuid. OaHako
MoaenupoBanue B Excel MoXHO cuMTaTh mNpUEMIEMBIM CHOCOOOM MOMYYEHHS
NPUOIMXKEHHBIX OLEHOK JIJIs1 HECJIOAKHBIX 3aja4.



[pumeuanue. [Tone CriyyanHoe paccenBaHNE MOXKHO UCTIONb30BATh ISl HEOOHOKPAMHO20
HOJIy4EHHS 00HO20 U MO020 dice Habopa ciay4aiHbIxX uucen. s storo B mojie CriyyanHoe
paccenBaHNe HeoOXOIMMO yKa3aTh HEKOTOPOE MPOMU3BONIbHOE unciio. Eciu 3aTeM cHOBa
BBITIOJIHATH TCHEPAIHIO CITyYailHbIX YUCeI, YKa3aB mo Jice 9ucio B noje CriyyanHoe
paccevBaHune, To OyIeT MOoJTy4eH TaKou ke Ha0op CilydyaifHbIX yrcen. KoHedHo, it 3Toro Bee
ocTaJbHbIC TapaMeTphl MojeaupoBanus (UMCo cnyyanHblx Yncen, Pacnpegenenue u t.1.)
TaK)KE JTIOJDKHBI OBITh TPEKHUMU.

Ipumep 3.14. Pemuts B Excel 3amauy u3 npumepa 3.10. Brmonnuts 100
VCTIBITAHU .

B paccmarpuBaemom npumepe Bpemsi 0€30TKa3HOM pabOoThl 0JI0KOB, BXOSAIIUX
B COCTaB MpuOoOpa, MPeCTaBIACT COO0H CIy4ailHyI0 BEIUYUHY, paclpeaeeHHYO 10
IKCIIOHEHITMATbHOMY 3aKoHYy. B Excel HeT craHmapTHBIX CPEIACTB JISI UMHTAIHH
TakuX BeJIMYUH. [103TOMY 11 pO3BITpHIIIA CITyYalHBIX YHCENl, UMUTHUPYIOIINX BpPEMsI
paboThl OJIOKOB, MOTPEOYETCsl BOCMOb30BaThes opmysioi (3.10). Jlns possirpsiiia
CPPY Oynet ucnonwizoBatbes Gynknus CJIYUC.

3aaua peaercs B CIEIYIOIEM HOpsIKe.

1. Bsectu B siueiicy Al ¢popmyny =-2*LN(CITUNC()). Takum 06pa30oM BBIIOIHIETCS PO3BITPHILI CITyYaiHOTO

YKCIIa, PACTIPENENEHHOTO 110 SKCIOHEHIMATBHOMY 3aKOHY, CO CPEIHMM 3HaueHueM X =2, T.e. HMHTAlUs BPEMEHH
0e30TKa3HOM PabOTHI 00HO20 OI0KA.

2. Pacmpoctpanuth (GopMmyiy, BBeleHHYIO B sueiiky Al, Ha nuanason siueek A1:D100. Takum oGpazom
UMHTHpYeTCsl Bpemsi 0e30oTkasHol paborel 400 GiiokoB, Bxomsmmx B 100 mpubopos. Uerblpe ciyudaifHbIX 4wMCIa,
pas3bIrphIBa€MBIX B KaXKOW CTPOKE, MMUTHUPYIOT BpeMsi 0€30TKa3HOW pabOThI YeTHIpeX OJIOKOB, BXOISIIUX B OJHUH
npudop.

3. B cron6ue E nHaiiTi 3HaueHuss BpeMeHH 0€30TKa3HON pabOTHI KaXKIOro U3 MPHOOPOB (MaKCHMAIbHOE W3
3HaYeHHH BpeMeHH 0e30TKa3HOi paboThl OIOKOB, BXOAMmuX B mpubop). Jms storo B sueiike E1 BBectn dopmymy:
=MAKC(A1:D1). Pacpoctpanuts ee Ha staeiiku E2:E100.

4. B sueiixe E101 BprumcnuTh cpemHee BpeMs 0e30TKa3HON paboTel mpubopoB mo pesynsTatam 100
ucnbitanuii. st aToro ucnons3osath pynkuuo CP3HAY ¢ aprymentom E1:E100.

5. B cronbue F nonmyunts 3nauenus UCTUHA mns cmywaeB, korga cMojeinnpoBaHa Oe3oTkasHas paboTa
npubopa B TeUeHHE rapaHTHiiHOro cpoka, u 3HaueHus JIOXKb — ans cinydaeB, korja cMoJeIMpoOBaH OTKa3 mpuoopa.
Hust atoro B siueiike F1 BBectn dynkumio ECJIM (u3 xareropum JlOrmMyeckue) co ciienyromuMu apryMeHTaMu:
Jlornyeckoe BblpaxeHne — E1>=1, 3HayeHme ecnum uctuHa — UCTUHA, 3HaveHue ecnm noxb — JIOXKb.
Haxars OK. Pacripoctpanunts comepskumoe siaeiiku F1 Ha saeiiku F2:F100.

6. B sueiike F101 moacuntaTh KOIUYECTBO MPUOOPOB, OTpaOOTABIINX TapaHTUHHBIN Cpok Oe3 oTkasza. Jlis
storo BeectH QyHkunio CHETECIIU (u3 kateropun CTaTUCTUYECKME) CO CITEMYIOIMMHI apryMeHTamu: [JuanasoH —
F1:F100, Ycnosue — UctnHa. TloncuuThiBaeTcss KOIHUYECTBO CiiydyaeB, korja B sueiikax F1:F100 umeercst 3HaueHue
NCTHUHA, T.e. KOTUYECTBO CIy4aeB, KOTJa CMOAEIMPOBaHA HOpMallbHas paboTa mpuOopa B TEUCHHE TapaHTUHHOTO
CpOKa.

7. B stueiike F102 BBIYHCINTD BEPOSATHOCTh OS30TKAa3HOM pabOTHI MpHOOpa B TEUCHHUE TaPAHTHHHOTO CPOKa:
=F101/100.

4. AHANU3 U ONTUMU3ALNA PELLEHUA B QETEPMUHUPOBAHHbBIX
3AAAYAX HA OCHOBE METOOA MOHTE-KAPJIO

4.1. NpumeHeHue metona MoHTe-Kapno ansa peweHus

AeTepMUMHNPOBAaHHLIX 3aga4y oNnTUMU3auun



Xots merox MoHTe-Kapiio 0CHOBaH Ha UCHOJIb30BAHUM CIIyYalHBIX BEJIUYNH
(CPPY), on moxeT 3(h(PeKTUBHO IPUMEHSATHCS JUIsl pEIICHUS JETEPMUHUPOBAHHBIX
3a/ay, T.€. 3aJla4, B IOCTAHOBKE KOTOPBIX HET HUKAKUX CIIy4allHbIX (pakTopoB. MeToj
MomnTte-Kapiio MoxkeT TpuMEHSThHCS JIsl PEIICHUS] KaK BHIYUCIUTEIbHBIX 3a/1a4
(pellieHKHE YpaBHEHUM U CUCTEM YpaBHEHUM, BHIYMCIICHUE UHTETPAJIOB), TaK U 3a7a4
ONTUMU3AIMH, T.€. 33]1a4, B KOTOPBIX TPEeOyEeTCsl BHIOOP JIYUIIIETO U3 HECKOIbKHUX
BO3MOKHBIX BAPUAHTOB PEILICHHUS.

Pewenue 3anau ontumuzanuu merogoM Monte-Kapiio B 00JabIIMHCTBE
CJIy4aeB OCHOBAaHO Ha MHOTOKPAaTHOM CIIy4ailHOM BbIOOPE BapUAHTOB PEIICHUS U UX
cpaBHeHUU. [Ipu 10CTATOYHOM KOJIMYECTBE UCTIBITAHUH (T.€. BADUAHTOB PEILICHUS,
BBIOpAHHBIX CITy4aiiHBIM 00pa30M) HAXOUTCS PellieHne, OJIM3KOe K ONTUMAIBLHOMY,
a B HEKOTOPBIX CIy4asx - ONTUMAJIBHOE.

JUIss MHOTOKpPaTHOI'O CIIy4ailHOrO BbIOOpa BapHAHTOB PEIICHUS 3a/a4u
npumensitorcs CPPY. U3 BapuaHTOB penieHuii, BEIOPAHHBIX CIy4allHBIM 00pa3oM,
otOupaercst gydmmii. YToObl HAWTHM BapUaHT pEUICHUS, JOCTATOYHO OJM3KUN K
ONTHUMAJIBHOMY, OOBIYHO TpeOyeTcsi BbHIOpaTh MHOIO BapUaHTOB pelIeHHus (OT
HECKOJIBKUX JECATKOB 10 Thicad). [loaTomy npumenenue meroga Moure-Kapio
BO3MO’KHO TOJIBKO C HCIIOJIb30BAaHUEM NPOIPAMMHBIX CPEJICTB.

Bo mHOrux cimywasx 3ajaud ONTMMH3ALHM, pElIaeMble METOAOM MOHTe-
Kapno, B npuHIune mMoryt ObIThb pelieHbl JPYTrUMHU (aHATIMTUYECKUMH) METOAAMH,
NO3BOJISIIOLIMMU HAWTH TOYHOE ONTUMAJIbHOE PEIIEHHE. JTO MOTYT OBITb METO[bI
JMHEWHOrO0 MPOrPAMMHUPOBAHHUS, JWHAMUYECKOIO IPOrPAMMHUPOBAHHUS, IIOWCKA
IKCTPEMYMOB (PYHKIIMHA MHOTHUX MEPEeMEHHBIX U T.. OJHAKO NMPUMEHEHHUE TOYHBIX
AHAIUTUYECKUX METOJIOB, KaK MPaBHJIO, BOZMOXHO TOJBKO JUIsl 3a7a4 HEOOJIbIION
pa3MepHOCTH (C HEOONBIIUM KOJIUYECTBOM OTPaHUYCHHH, MEPEMEHHbIX U T.1.). Jis
peanbHbIX 3a7a4 IPUMEHEHUE aHAJIUTUYECKUX METOJOB HEPEAKO OKa3bIBACTCS
HEBO3MOXKHBIM WJIM HELEJNecOOOpa3sHbIM U3-3a OOJBLIIOT0 00beMa  CIOKHBIX
BblunciicHUU. [loaTOMy BO MHOrumx ciydasx npuMeHeHue meroaa Monte-Kapio
MO>KET 0Ka3aThCsl €AMHCTBEHHO BO3MOKHBIM CIIOCOOOM PELICHHUS 3aJa4H.

ANTOpPATM NIOMCKA pPEIIEHUS HAa OCHOBE Merona MoHte-Kapno moJIHOCTBRO
3aBUCHT OT KOHKPETHOM 3aJ1a4u.

4.2. NMpumepbl pelieHUs 3agay onTUuMmU3aLum

Ha ocHoBe metoaa MoHTe-Kapno

IIpumep 4.1. [Ipennpusatrie UMeeT BO3MOKHOCTb 3aKIFOYUTh KOHTPAKTHI Ha BBIITOJIHEHUE
HECKOJIbKUX 3aKa30B. B Tab.4.1 nmpuBeneHbl XapaKTePUCTUKN BCEX KOHTPAKTOB, KOTOPBIE MOTYT
OBITh 3aKJIFOYEHBI IPEANIPUATUEM: CPOKH, HEOOXOUMBIE MPEATIPUATHUIO AJIS1 BBITOJIHEHUS
Ka)JIOTO U3 KOHTPAKTOB, U OKHaeMast TPUOBLIb.

Tabmnuua 4.1
Howmep koHTpakTa 1 2 3 4 5 6
CpoK BBINIOJIHEHHUSI, THEN 15 20 10 8 12 5
[TpuOBLIb, THIC.JICH.C]I. 25 32 20 14 23 7




Hanpumep, ecnu npeanpusTHe 3aKJIFOUUT NIEPBBIA KOHTPAKT, TO JUIS €70 BBIIIOJHEHUS
noTpedyetcs 15 gueit (cneayeT oOpaTuTh BHUMaHUE, 9TO 15 THEH — 3TO UMEHHO CPOK,
HeoOX00uMblll npeOnpusimuio s BHITIOTHEHUS] KOHTPAKTA, a HE YCTAHOBIICHHBIN 3aKa3UYUKOM).
[TpuOBLTE IPEIPHUATHS B pE3yJIbTaTe BHITOJHEHNSI KOHTPAKTa COCTABUT 25 THIC. JIEH.€/I.

OnHOBpEMEHHO MPEANPHUITHE MOKET pPaboTaTh TOJBLKO HAJ OJHUM KOHTPAKTOM (TIapasuieinbHast
paboTa HaJl HECKOJILKIUMH KOHTPAKTaMU HEBO3MOKHA). Bce KOHTpaKThI, KOTOphIE Oy Iy T
BBINOJIHATHCS IPEIPUATHEM, JOJDKHBI OBITh BHITIOJHEHBI HE OoJiee ueM 3a 49 nHei.

Tpebyetcs onpeaenuTs NepedyeHb KOHTPAKTOB, KOTOPBIE CIEAYET 3aKII0YUTh MPEANPUITHIO,
YTOOBI MOTYYUTh MAKCUMATHHYIO PUOBLTH IPU CBOEBPEMEHHOM BBITIOTHEHUH BCEX KOHTPAKTOB.

[IpuHnun pa®oThl mpengaraeMoro ajropuTMa peleHus 3a7adu CIeayOIIHi.
JIns KaXJa0ro KOHTpakTa CIAydaHbIM 00pa3oM NPUHUMAETCS PELICHHE O TOM,
cleAyeT M 3aKiovaTh ero. BeiOpaHHbII HAO0Op KOHTPAKTOB MPOBEPSETCS Ha
JOTYCTUMOCTB: ONpeesieTcs, OyayT U BCE 3aKIFOYECHHBIE KOHTPAKTHI BBHITIOJHECHBI
3a 49 nueit. Takoil BBIOOP KOHTPAKTOB BBIMOJHAECTCS MHOTOKpaTHO. M3 Bcex
JOMYCTUMBIX HaOOpPOB KOHTPAKTOB BBIOMpAeTCs TOT, KOTOpPHIA oOecrneunBaeT
IPEANPHUATHIO MAKCUMATIbHYIO IPUOBLIH.

[Ipennaraemsliii arOpuT™M peasiu3yeTcsl CISTYIOIINM 00pa3oM.

1. PassirpsiBatorcs mects CPPY (1o uuciny koHTpakToB): Ry, R»,...,Re.

2. OnpenensieTcss HAOOp KOHTPAKTOB, 3aKIIOYaeMbIX mpeanpustaeM. s

aToro TpoBepstoTcs ycnopus R;<0,5, i=1,...,6. Eciu R;<0,5, To cnemyer 3aKIIOYHUTh
COOTBETCTBYIOLMN KOHTPAKT.
3. Jlnst BBIOpaHHBIX KOHTPAKTOB HAXOAUTCS OOIIMI CpOK uX BeInosHeHUs (7).
4. Ecnu T<49, To BbIOpaHHBIN HAOOP KOHTPAKTOB SIBIISETCS JOMYCTUMBIM (T.€.
IPEANPUATHE BBINOIHAET BCE 3aKJIIOYEHHBIE KOHTPAKTHI B CPOK). B 3TOM citywae miis
BBIOpPaHHOI'O HA0Opa KOHTPAKTOB PACCUUTHIBAETCA CyMMapHasi npuobUib (P).
[ITaru 1-4 BeINOMHSIOTCS MHOTOKpaTHO. W3 Unciia 1omycTUMbIX HAOOpOB
KOHTPAaKTOB BbIOMpaeTcs Habop, 00€CIeUnBAIOIIMI PETPUATHIO MAKCUMAIbHY IO
pUObLIb.

B 1a01.4.2 npuBeaeH npuMep AECATH UCIIBITAHUM TaHHOTO alropuT™Ma. 3HaUeHUs
CPPUY B3sthl u3 npui.l. Cienyer oOpaTtuTb BHUMaHUE, YTO IIPHU MPOTPAMMHOMN
peanuzaruu 3HaueHuss CPPY, a 3HauuT, 1 BapuaHThI pelIeHU MOTYT OBITh
JOPYTUMH.



Tab6muna 4.2

Habop
Howmep uc- R, R, R, R, R; R, | xomrpakto | 7| A
IObITaHUA 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 35

of 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

4l

5 0,3716 | 0,3549 | 0,0112 | 0,8438 | 0,3233 | 0,5052 |  1,2,3,5 5| A
7

6 0,0644 | 0,7612 | 0,5707 | 0,2759 | 0,8396 | 09127 | 1,4 2| 3

309

7 0,7195 | 0,1977 | 0,2245 | 0,3979 | 0,0652 | 0,0136 |  2,3,4,5,6 Al &
5

8 0,5994 | 0,8691 | 0,0564 | 0,9681 | 0,7945 | 0,1137 | 3,6 | 2

5|7

9 0,9561 | 0,2147 | 0,9299 | 0,1944 | 0,0147 | 0,1935 |  2,4,5,6 4] 7

51 6

10 0,4403 | 0,1689 | 0,0453 | 0,1344 | 0,5162 | 0,0540 |  1,2,3,4,6 =
8

31ech, HanpuMep, B epBoM ucnsiTanuu R1<0,5, Rp<0,5, R3<0,5, R4>0,5, R5<0,5, Rg>0,5. Taxum obpazom, 1t
3aKJIIOUCHHUS BBIOPAHBI IEPBBIH, BTOPOW, TPETHI M NATHIA KOHTpaKThl. OHAKO 3TO pElIeHHE HEAOIYCTUMO, TaK KaKk
CPOK BBINOJIHEHHS 3TUX KOHTPAKTOB (57 JHEl) MpeBbIIaeT A0IMyCTUMbIi (49 nHeil).

ITo pe3ynbpTaTram necsatu UCHbITaHUI HanOoee 3 QEeKTUBHBIN BapUAHT JEHCTBUI MPEIIPUATHS CIICTyFOIIUH:
3aKJIFOYUTh BTOPOiA, YETBEPTHIM, MATHINH U IECTON KOHTPAKTHI. DTH KOHTPAKTHI OYIyT BBITOJIHEHBI PEAIIPUATHEM
3a 45 nueit. [IpuOBLTE cocTaBUT 76 THIC IeH.€].

[IpuBenem mMporpaMMHYIO peaTn3aIfio MPeIIoKeHHOTo anropuT™a Ha si3bike VBA, Bemomnasronryro 1000
WCIBITaHUH.

Sub primer41()

' Be16op 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

For j=1 To kol

r=Rnd
Ifr <0.5 Then
vybor(j) = 1 ‘Ecnu j-i1 3aka3 BeIOpaH, TO j-My 2JIEMEHTY MaccuBa vybor npucBauBaercs |

tsum = tsum + t(j): psum = psum + p(j) ‘Iloacder 3arpat BpeMeHU U MPUOBLICH

Else

vybor(j) =0 ‘Eciu j-# 3aka3 He BBIOpaH, TO j-My JIEMEHTY MaccuBa vybor npucBauBaetcs 0
End If



Next j

If (tsum <= tdop) And (psum > pmax) Then
pmax = psum ‘3amoMuHaeTCs TydIIuil BApUaHT U3 PACCMOTPEHHBIX
Forj=1 To kol

opt_vybor(j) = vybor(j)

Next j

End If

Next i

MsgBox ("BbiOpanbl KOHTpaKkTH'")

Forj=1 To kol

If opt_vybor(j) =1 Then

MsgBox (j)

End If

Next j

MsgBox ("TIpubsuib: "+Str(pmax))

End Sub

1o pe3ynbraraM BHIIOIHEHMSI IPOrPaMMBI IIOJIYUEHO CIEAYIOLIEE PELICHUE: IPEITPUITHIO
CJIeMyeT 3aKII0YUTh TIEPBBINA, TPETHH, YeTBEPTHIN U MATHIA KOHTPAKThl. OHU OYIyT BBITOTHEHBI
3a 15+10+8+12=45 nueit, T.e. cBoeBpeMeHHo. [IpuObuIb TPEeAIPUATHS COCTAaBUT
25+20+14+23=82 TBIC.ICH.€E.

[Mpumedanue. DTO pelIeHHE COBMAACT C TOYHBIM ONTHUMAILHBIM PEUICHUEM, HallIeHHBIM
METOZOM JIMHEHHOTO MEIOYMCICHHOTO TporpaMMupoBanus. Ciemyer oOpaTUTh BHUMaHHE, YTO
MPEUIOKEHHBIA allTOPUTM pelIeHus 3amauu MeToqoM Monte-Kapio, a Takxke ero mporpaMMHas
peanu3anys 3HaYUTEIBHO TPOIIE, YeM AITOPUTM H IMPOrpaMMHasl pean3aiisi METO0B JIHHEHHOTO
[EJOYHCICHHOTO TPOTPaMMHUPOBaHUs (CUMILIEKC-METO/I, METOI BeTBei u TpaHull). Clieqyer Takxke
o0paTuTh BHUMaHHE, YTO pEIICHHE, HAWJICHHOE IO pe3yJbTaTaM BCEro MAECATH WCIBITAaHUN
(Tabm.4.2), oKa3anoch T10CTATOYHO OJU3KHM K ONITUMAIBHOMY.

IIpumep 4.2 (3amada o Ha3HaueHHsX). TpedyeTcss pa3MecTUTh Ha YEThIpeX
npeanpusituax (111, 112, T13, [14) 3aka3bl, CBSI3aHHBIC C BBIOJTHEHHUEM YETBHIPEX
pabot. Kaxaoe mpeanpusiTue MOKET BBIMOJHUTH JIIOOOM W3 3aKa3oB, HO TOJBKO
oauH. 3aTpaThl (B JEHEKHBIX €MHUIIAX), CBS3aHHBIC C BBIMOJHEHUEM 3aKa30B Ha
KKJIOM U3 IPEANPUITUNA, TPUBEACHBI B Ta01.4.3.

Taobnuua 4.3
[Ipennpusitus 3aka3bl
1 2 3 4
I11 5 8 12 7
112 8 9 7 14
113 8 12 10 13
14 15 12 9 10

Tpebyercst pa3MeCTHTh 3aKa3bl TAKUM 00pa30M, YTOOBI 0011ast CTOUMOCTh MX
BBITTOJTHECHUS ObLTa MUHUMAIJIBHOM.

ANTOpATM pelIeHUs TakoW 3axadyn Ha oOcHoBe Merona Monre-Kapiio
peanu3yeTcs B CIEIYIOLIEM OPSJIKE.

1. PaspirpeiBaercsi (T.e. ciyuyallHbIM 00pa3oM BbIOMpaeTcs) 3aka3 Jyis
npeanpusitus I11. Jlns storo nuamazon (0;1) pazbuBaeTcsi Ha YeThIpE MHTEpBaa:
(0; 1/4), (1/4;1/2), (1/2;3/4), (3/4;1) (KOAUYECTBO HHTEPBAJIOB PABHO YHUCITY
3aKa30B, U3 KOTOPBIX BBIOMpAETCs 3aKa3 /il IEPBOro npeanpusitus). PassirpeiBaercs
CPPY R,. Homep 3akaza, BwiaenseMoro npennpustuio I11, mpuHumaercss paBHbIM



HOMEpY MHTEpBaja, B KOTOPHINA nomaaaer yucio R,. Hampuwmep, eciu 1/4<R,<1/2, T0
npeanpustuio 11 Beiaensercs BTopoil 3akas.

2. PasbirpsiBaeTcs 3aka3 s npeanpusitus 112. [{ns storo nuamazon (0; 1)
pa3zOuBaetcs Ha Tpu unrepana: (0; 1/3), (1/3; 2/3), (2/3; 1). KonuuecTBo MHTEPBAIOB
pPaBHO TpeM, TaK Kak JJisi BTOPOrO MPEANPUSITUS BbIOMpAETCS OJUH 3aKa3 U3 Tpex
octaBmuxcs. PaseirpeiBaercss CPPU R,. [lo HomMepy MHTEpBaia BhIOMpAeTCs 3aKas
s mpeanpustus [12 (u3 mpex octaBmmxcs 3aKazoB).

3. PaswirpeiBaercs 3aka3 s npeanpusitus [13. Jlna storo muamnazon (0; 1)
pazouBaercs Ha naBa uHTepBaina: (0; 1/2), (1/2; 1). PaseirpeiBaetcss CPPU R3. Tlo
HOMEpY MHTepBaJia BbIOMpaeTcs 3aka3 Jyist npeanpustus [13 (u3 0yx octaBmmxcs

3aKa30B).
4.  OcraBuuiics (€AMHCTBEHHBIN) 3aKa3 BeIAENAETCS MpeanpusTuio [14.

5. Tlo pesynbratam maroB 1-4 um mo Tabn.4.3 ompenenstorcs CyMMapHBIE

3aTpaThl HAa BBIIIOJIHCHHUC BCCX 3dKa30B.
[aru 1-5 moBTopsitoTcst MHOTOKpaTHO (Hampumep, 1000 pa3). BeiOupaeTcs BapuaHT pacrpeIe/ieHus 3aKa3oB, s
KOTOpOT0 00LIKeE 3aTpaThl MUHUMAIIBHBI.

B 1a6:11.4.4 npuBeneH npuMep IECATH UCTIBITAHUI JTAHHOTO ajJropuTMa.

Tabnuua 4.4

Howmep uc- R; 3aka3 R, 3aka3 R3 3aka3 | 3aka3 3aTpaThl
OBITAHUSA s 111 s 112 st 113 | ma 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

3nech, Hamnpumep, Bo BTOpoM wucnbitTanun 0,75<R;<1 (mpennpusaruto 111
BbIIEIIAECTCS YeTBEpThIN 3aKka3); 0<R,<0,33 (mpenmpusituio 112 Beiaensercs nepsblii

3aka3); 0,5<R3<1 (mpeanpusaruro [13 BelaensieTcss TpeTuil 3aka3); npeanpusturo 114
OCTaeTCsA BTOPOU 3aKa3.

Takum 006pazom, Mo pe3ynbTaTam ACCITH UCTBITAaHUM Hanbosee 3PpGHEeKTUBHBIM
pelIeHrnEeM SIBIIAETCS CIeayrolee: BpIAeIuTh npeanpusatuo [11 nepssiid 3akas, 112 -
tpetuid, I13 - Bropoii, 114 - yerBepThiii. OOIIME 3aTpaThl Ha BBIMOJHEHHE BCEX

3aKa30B COCTaBAT 34 NeH.ef.
IIpuBeneM mporpaMMHYIO peaau3aluio aJropuT™Ma pelIeHus JaHHOH! 3a/1a41 Ha s3bike VBA.

OcCHOBHBIC KOHCTaHTHI U TIEPEMEHHBIC TTporpaMmbl: kol - konmmuecTBo npeanpusTaii (1
3aKa30B); Mz - MaTpuua 3aTpar (Tabn.4.3); spis_zakaz - CHHMCOK 3aKa30B, KOTOPHIE €IIIe
HE pacrpeziesieHbl (CHayaia B HeM HaXOJITCsI BCE 3aKa3bl); nerasp - KOJINIECTBO 3aKa30B,
KOTOpBIE €Ile HE pacIpe/ieNICHbl; NaZn - MACCUB I XPAHEHUSI Pa3bITPhIBAEMBIX
BapUAHTOB PEIICHHI (AJIEMEHTHI 3TOI'0 MACCHBA - HOMEpa 3aKa30B, BBIJCISIEMBIX
NPEINPUATHSIM); SUm_ zatr - CyMMapHBIE 3aTPaThl, COOTBETCTBYIOIIHNE PA3BITPAHHOMY
BapHaHTYy; Opt_nazn - MacCHB JJIsl XpaHEHHUs ONTUMAILHOTO BapuaHTa pacipenecHus
3aKa30B; Min_zatr - MUHIMAJIbHBIE 3aTPAThI (COOTBETCTBYIOIINE ONTUMAIIBHOMY



pemieHuio); interval - BenmuurnHa HHTEpBaa, a U b - rpaHuIsl nHTepBaia (cM. maru 1,2,3
alIropuTMa).

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(1, 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 ‘CocraBiieHHE CIIKUCKA, IEPBOHAYAIBHO COJEPIKAILEr0 HOMEpa BCEX 3aKa30B
Next k

Forj=1Tokol -1

interval = 1 / nerasp : r = Rnd ‘Brruucnenue auHbl HHTEpBasia U po3sirpsim CPPY
For k=1 To nerasp

a=(k-1) *interval : b=k * interval

If (r > a) And (r <= b) Then 'Onpenenenrie MHTEpBalia, B KOTopbii nonagaer CPPY
nazn(j) = spis_zakaz(k) ‘Brimenenue 3akaza j-My IpeIIpUsSTHIO

If k <nerasp Then

For jj =k To nerasp - 1

spis_zakaz(jj) = spis_zakaz(jj + 1) 'UckiitoueHne BhIIETICHHOTO 3aKa3a U3 CIHUCKA 3aKa30B
Next jj ‘IyTeM CABHUTA 3TOTO CITUCKA

End If

For jj = nerasp To kol
spis_zakaz(jj) =0

Next jj

nerasp = nerasp — 1 ‘KonnuecTBo HepacnpeeIeHHbIX 3aKa30B YMEHBIIMIIOCH Ha |
GoTo met

End If

Next k

met: Next |

nazn(kol) = spis_zakaz(1) ‘[TocnenneMy NpeANPUSITHIO BBIACIISICTCS OCTABIIUIACS 3aKa3

sum_zatr = 0
Forj=1To kol

k = nazn(j)

sum_zatr = sum_zatr + mz(j, k) ‘Bbruncnenue 3aTpat B COOTBETCTBHH C paclpeesieHUEM 3aKa30B
Next j

If sum_zatr < min_zatr Then ‘3anmoMHuHAETCS JIYUIINN BapHAHT U3 PACCMOTPEHHBIX

Forj=1 To kol

opt_nazn(j) = nazn(j)

Next j

min_zatr = sum_zatr

End If

Next i

MsgBox ("OntumansHoe penieHue")

Forj=1 To kol

MsgBox ("IIpeanpusitue " + Str(j) + " Beimonnset 3aka3 " + Str(opt_nazn(j)))
Next j

MsgBox ("Munumanbhbie 3aTpathl: " + Str(min_zatr) + " gen.en.")
End Sub



[pumeuanue. [TonydeHHoe pernieHre OJU3KO K TOYHOMY ONTHMAILHOMY PEUICHUIO 3a/1a4u.
OnTumanbHOE pellieHre, HalJJIeHHOe CIelUaibHbIM METOJOM JJIS pelIeHHsl 3aJaul O Ha3HAYeHHSIX
(meTon Maka), cienyromee: npennpustuio [11 Beiaensercs yerBepthiil 3aka3, [12 — Bropoi, 13 —
nepBeiii, [14 — Tpermit. OOmme 3arpaTel mpu 3ToM coctaBsaT 33 neH.ed. [Ipu mcmonb3oBaHUM
IPOrpaMMHOM peanu3alvy IPEeAJoKEHHOro anropurMma (cM. Bbllle), rnae BbimoaHsercs 100
UCIIBITAHUH, ONpeNIesieTCs U TOYHOE ONTHUMAaJIbHOE pEIIeHHUE.

Ilo pe3ylibTaTaM BBIIIOJTHEHHA NPOrpaMMBbl IMOJTYUCHO CICAYIOMIEC PCUICHUC: NIPCAITPUATUTIO I11 BBIICISACTCA

4yeTBepThIi 3aka3, [12 — Bropoii, [13 — nepssiid, [14 — Tpernii. OOmme 3aTpaThl Mpu 3ToM cocTaBsT 33 neH.en. JTo
pelIeHne COBNAIACT C TOYHBIM PEICHHEM, HalIeHHBIM MeToIoM Maka.

Ipumep 4.3. Mexnay tpems npennpusitusimu (I11,I12,113) pacnpenensiercs
cymma B pasmepe 5 MiH jieH.ell. CpelicTBa BBIIEISAIOTCS B pa3Mepax, KpaTHbIX 1 MIIH

nen.ea. [IpuObuib, KOTOpast MOXKET OBITH MOJTyYEHA MPEANPUATUSIMH B 3aBUCUMOCTH
OT BBIJICJICHHBIX CPEJICTB, IpUBEcHa B Tab1.4.5.

Tabnumna 4.5
BiiokeHHbIE cpeCcTBa, MIIH JIEH.E/I. 1 2 3 4 5
[TpubOsLTE IpeATIPUATHSI, I11 2 4 7 9 10
MJIH JI€H.e]. 112 2 3 6 8 11
I13 3 4 5 9 11

Hampumep, ecnu npennpusituto 11 Oyner BbiaeneHo 2 MITH JA€H.€1I., TO €ro
NpUOBLIb OT UCIIOIb30BaHUS ATUX CPEACTB COCTABUT 4 MITH JIEH.€]I.

TpebOyetcs pacupenenuTb UMEIOIIYIOCS CyMMY TakKUM 00pa3om, 4ToObl 0011as
PUOBLTH, TOTYYEHHAS IPEANPUIATHSIME, ObLTa MAKCUMATHLHOM.

g Tako# 3aa4i MOKHO HAWTH TOYHOE PEIIEHUE, UCTIOIb3YS METOI
JUHAMUYECKOTO IporpammupoBanusi. O1HaKo npu OOJBLION pa3MEPHOCTH 3a]1a4H,
T.€. pU OOJILLIOM KOJIMYECTBE MPEANPUATHIA U OOJIBIIOM 00BEME
pacrpenensieMbIX CPEACTB, IPUMEHEHHUE 3TOI0 METO1A CTAHOBUTCS JOCTATOYHO
CJIOKHBIM.

PemuM pannyro 3amady, ucnoibdys meton Monte-Kapio. st ciyyaidHOro
BBIOOpA BEJIMYUHBI CPENICTB, BBIICTSEMBIX MPEANPUATHIO, OYIET HCIOIb30BATHCA
dbopmymna (3.1).

AJITOpUTM pEILIeHHs pacCMaTpUBAaEeMoOi 3aj1auu Ha ocHOBe MeToj1a MounTe-Kapiio
peanusyercs B CIEAYIOIIEM OPSIAKE.

1. Pa3pirpeiBaercs (T.€. ciydailHbIM 00pa3oM BbIOMpAETCs) BEJIMYMHA CPELCTB,
BBLICIIIEMbIX NIEPBOMY MPEANPUATHIO. J[JI1 3TOr0 paspIrpbIBA€TCs CIy4ailHOE YMCIIO

R n ucnonszyercsa popmyna (3.1) mpu A=0, B=5: S;=[0+(5-0+1)-R;].

2. Ecnu mepBoMy NpeanpHsITHIO BBIIEIEHBI HE Bce cpeactna (T.e. S <5), To
Pa3bITPHIBAETCS BEJIMUMHA CPEACTB, BBLACIAEMbBIX BTOPOMY MPEANpUATHIO. J{J1s 3TOTr0
paseirpeiBaetcss CPPU R, um wucnmonwsyercs dopmyna (3.1) mpu A=0, B=5-S,
SH>=[0+(5-S;-0+1)-R;].

3. OcraBuimecss cpeactsa (€cau  OHHM  €CTh)  BBIJCNSIIOTCS  TPEThbEMY
npeanpusITuio: S3=5-51-5,.

4. ITo BenmuuMHAM BBIIEIEHHBIX CpeACTB (51, S, S3) U N0 COOTBETCTBYIOIINM
3Ha4YCHUSAM NpUObUH (Tabi1.4.5) onpenenseTcss cymMMapHas NpuObUIb TPEAIPUSTUH.



[aru 1-4 moBTopsroTcsi MHOTOKpaTHO (Hampumep, 1000 pa3). BwiOupaercs
BapUAHT PACTPEICIICHHS] CPEJCTB, JJII KOTOPOTO 3HAYCHHE CYMMApHOW NpPHObLIH

MAaKCUMAJIBHO.
IIpuBeaem nmpumep AeCATH UCTIBITAHUNA JAaHHOTO anroputMa (1adm.4.6).

Tabmuma 4.6
sommns | B Si R $ | & | Mpubum

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 7+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 0,06458 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

3nech, HampuMmep, B nepBoM ucnblTanun S;=[0+(5-0+1)-0,0795]=0,
S>=[0+(5-0+1)-0,3780]=2, S3=5-0-2=3. B »Tom wucneitanuu npeanpusaruo I11
CpeacTBa HE BBLACHAIOTCA, mpeanpusturo [12 Beimensercas 2 MiIH  JIeH.eq.,
npeanpustuto 113 — ocraBmmecs 3 muH neH.en. M3 tadin.4.6 BUIHO, 4TO IPU TaKOM
pacnpenenenun cpencts npeanpusatue 111 He nomyunt npubsuim, [12 — momyuut
npuObUIb B pa3Mepe 3 MIIH JieH.el., [13 — mpubsuib B paszmepe S mutH JieH.en. Takum
o0pazom, ol1ias NpuobUTs IPEANPUITUN COCTABUT & MITH JIEH.E]I.

Kak BumHo u3 Ta61.4.6, mo pe3yibTaTaM ACCSATH HUCIBITAHWNA HaWJICHBI JBa
BapUaHTa PEIIeHUs, 00ECIeUYnBarOe MaKCUMaIbHYI0 TPUObLIL. [IepBhIil BapuaHT -
BbiIenUTh npeanpuaruto 111 3 mun pen.ex., 112 - 1 mun, 113 - 1 maH. BTopoi
BapuaHT — BbACHNUTH nipeanpustuto [11 4 mun nen.ex., 113 - 1 muH (mpeanpusTrio
[12 cpencrBa He BbiAenstoTcs). O6mIas mpUObLIL MPEANPUATHNA (I TFOOOTO U3 ITUX
BAPUAHTOB PEILICHHMS) COCTaBUT 12 MIIH JIeH.€e.

H[ZHMC‘I&HI/IG. 910 pemCHUC COBIMAAACT C TOYHBIM ONTHMAJIBHBIM PCUICHUCM, HaﬁILCHHLIM
METOJOM NUHAMHUYECKOT'O ITPOrpaMMHUpPOBaHN.

[IpuBeneM mporpaMMHYIO peaan3aluio pACCMOTPEHHOIO aarOpuTMa Ha S3BIKE
VBA. OcHOBHbIE KOHCTaHTBI M IEpeMEHHbIe Mporpammbl: kol - KoIW4YecTBO
NPEANPUATANA;, pp - NPHUOBUTH TPEANPHUSATHH, KOTOPYIO OHH MOTYT IOJIYYUTH B
3aBUCUMOCTH OT BBIJICJICHHBIX CpeACTB (Tabm.4.5); s - MacCUB IJIsl pa3bIrPhIBAEMBIX
BApUAHTOB pPEIICHUH (3y1eMeHThI 3TOoro MaccuBa s(1), s(2), s(3)- senuuunst S, S, S3
COOTBETCTBEHHO); prib - cymmapHas TpHObUIH MNPEINPHUSTHH, COOTBETCTBYIOIIAS
pa3bITPaHHOMY BapHaHTy; S _Opt - MacCuB ISl XpaHEHHUS ONTHUMAJILHOTO BapUaHTa
pacmpeneneHus CpelcTB; max_ prib - MakcuMalibHasi MPUOBLIL (COOTBETCTBYIOIIAS
ONTUMAJILHOMY PEIICHUIO); a U b - UMEIOT TOT K€ CMBbICI, 4TO B popmyre (3.1): a=0,
b — umeromascs (moajexanias pacrupeeIeHruI0) CyMma.

Sub primer43()

‘Pacnipenenenue cpeicTB MEKIY NPEATPUATUIMU
Dim pp(1 To 3,1 To 5), s(1 To 3), s _opt(1 To 3)
n= 1000



kol = 3: sredstva =5

pp(1, 1) =2: pp(1, 2) = 4: pp(1, 3) ="7: 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

Forj=1 To kol

Ifb>0 Then ‘IIpoBepka: ecTb Jiu €111e HepaclpeaeIeHHbIE CPEICTBA
sG)=Int(a+ (b-a+ 1) * Rnd) ‘PO3BITphILI CPEACTB, BHIACIAEMBIX j-MY MPEANPUITHIO
b=b-s(j) ‘Mmerommecs cpeacTBa yMEHBIIAIOTCS HA BEJIMYNHY, BBIACICHHYIO j-MY MPEIPUATHIO
Else

sG)=0 ‘Ecnu Bce cpeacTBa pacrpeiesieHbl, TO j-My MPEeINPUITHIO HUIYETO HE BhIACIACTCS
End If

Next j

Forj=1 To kol

k=s())

If k > 0 Then prib = prib + pp(j, k) ‘Brruucnenue npuObu B COOTBETCTBUH C pacIpeieieHueM
Next j

If prib > max_prib Then ‘3anmoMHUHAETCS JTYUIINi BapHaHT U3 PACCMOTPEHHBIX
For j=1 To kol

s_opt(j) = s(j)

Next j

max_prib = prib

End If

Next i

MsgBox ("Pacnpenenenue cpeacts: ")

For j=1 To kol

MsgBox ("IIpeanpusitue " + Str(j) + ": " + Str(s_opt(j)) + " maH nen.exn.")
Next j

MsgBox ("MakcumanbsHast npuObLIb: " + Str(max_prib))

End Sub

Ipumep 4.4. /Ipa peunsix cyaHa (C1 u C2) ucnonb3yroTcst i MEPEBO3KU
rpy3oB B aBa HaceleHHbIX myHkTa ([I11 u I12). B TeueHue roma B HaceleHHbIN
nyHKT [11 HeoOXoaumMo MOCTaBUTH HE MEHEE 3 THIC.T Ipy3a, B MyHKT [12 — He MeHee
4 teic.T. Cynno C1 nepeBo3ut 3a oguH peiic 12 T rpysa, cynno C2 — 15 T. 3arparsl,
cBsa3aHHble ¢ ogHMM percom cynHa Cl B myskr II1, cocraBmsaror 400 nen.en.,
cyaHa Cl B myHkT 112 — 150 nen.en., cyana C2 B myskr I11 — 500 nen.exn., cyana C2
B myHKT [12 — 300 nen.en. Kaxxmoe cyHO MOXKET BBIIIOJIHUTH B TEYEHUE roAa HE
6omnee 300 pelicos.

TpeOyeTcss cocTaBUTh ONTUMAlbHBIM IJIaH TEPEBO30K, T.€. ONPENEIUTb,
CKOJIBKO PEMCOB JIOJKHO BBIMOJHUTH KAKJ0€ CYJHO B KaXKIblii HACENEHHBIN MYyHKT,
YTOOBI I0CTaBUTh HEOOXOAMMOE KOJMYECTBO IPy3a C MUHUMAIbHBIMU 3aTPATAMH.

Pemum nmannyro 3amady, ucnonb3dys Mmeton Monte-Kapmo. Jlns BbiOGopa
KOJIMYECTBA PEHCOB KaXIOTO CyJAHAa B KaKIbIM HACEICHHBIM IyHKT Oyzaer
npuMeHsThcs popmymna (3.1).

ANropuTM pelIeHHs paccMaTpuBaeMoil 3ajaun Ha ocHoBe MeTozia MonTe-Kapno peanusyercs B cienyromem
MOPSJIKE.



1. Pa3birpsiBaercss konuuectBo peiicoB cyaHa Cl B mynkrt II1. J{ma storo
pa3bIrpbIBaeTCs CciydailHoe 4yucio Ry u ucnosb3yercs ¢opmyna (3.1) mpu A=0,
B=300: Nc1m=[0+(300-0+1)-Ry].

2. PaspirpeiBaerca konudectBo percoB cynHa Cl B mynkr I12. lnsg storo
pasbITphIBaETCs cllydailHoe uucio R, u ucnons3yercs dopmyna (3.1) mpu A=0,
B=300-Ncim1: Neim=[0+(300-Ncm1-0+1) Ry].

3. PaspirpeiBaeTca koiaum4ecTtBo peiicoB cynna C2 B myHKT A. s sToro
pa3bITPhIBAETCS CIy4ailHOe 4ucio R3 u ucnonb3yercs dopmyna (3.1) mpu A=0,
B=300: Nco1=[0+(300-0+1)-R3].

4. PassIrpeiBaerca konuuecTBO pevicoB cynHa C2 B myHkT B. [nsa storo
pasbIrphIBaeTCA CilydailHOe 4uciio R4 W ucnosb3yercs dopmyna (3.1) mpu A4=0,
B=300-Ncami: Neame=[0+(300-Ncorri-0+1)Ry).

5. BeruncisieTcss KOJMYeCcTBO rpy3a, nepeBo3umMoro B IyHKTHI [I1 u 112 mpwu

BBIOpaHHOM TuTaHe TepeBo3oK (G U Grpp). Ecimm Grp>3000 u Gp>4000, To
BEIOpAHHBIN IUIaH TIEPEBO30K SIBISETCS JMOMYCTHUMBIM W JJII HETO BBIYUCIISIOTCS
3aTpaThl.

[ITaru 1-5 BBIMOJHAIOTCS MHOTOKpaTHO (Hampumep, S MilH pa3). BeiOupaercs
TJ1aH IEPEBO30K C MUHUMAJIbHBIMU 3aTpaTaMH.

HpI/IBe,HeM MMpUMEP OAHOI'O UCTIBITAHUSA JAHHOI'O aJIrOprUTMa.

Pazpirpaem xommuectso peiicos cyana Cl B myskr I11. ITycts paseirpano CPPY R1=0,0795, Torna

NC1111=[0+(300-0+1)-0,0795]=23 peiica. Tak xak cynHo C1 moxeT BbnoaHUTS He 6onee 300 pelicos B rof, B
nyHKT [12 oHo MoxeT BbimonHUTh He 6osee 300-23=277 peiicoB. Pa3pirpaem kommuectBo peiicoB cynHa Cl B myHKT

I12: mycts R>=0,378, Toraa NC 1112=[0+(277-0+1)-0,3780]=105 peiicos.

Pasbirpaem xonuuectso peticos cynana C2 B myHkT I11. ITycts paseirpano CPPY R3=0,0593, Torna
NC2111=[0+(300-0+1)-0,0593]=17 peiicos. Pa3birpaem xonuuecTBo peticos cyaua C2 B myHkrt I12: mycTs
R4=0,7602, Torna NC2112=[0+(283-0+1)-0,7602]=215 peticos.

BriunciiuM KOJIM4YECTBO Irpy3a, JOCTABISIEMOI0 B KKl U3 MyHKTOB. B myHkT I11 nocraBnsercs 12-23+15-17=531
T Tpy3a, B myHKT 112 - 12-105+215-17==4915 1. Tak xak B myHKT I11 nocraBmsercs meree 3000 T rpys3a,
MOJTy4EHHBIN IIJIaH IEPEBO30K HEJOMYCTHM.

[pumeuanue. J{ns pemeHns TaHHON 3amadu TpeOyeTcst OONbIIOe KOJIWYECTBO MCTIBITAHUI
aIropuT™Ma, TaK KaK OYEHb MHOTME U3 DPAa3bIlPAHHBIX BAapUAHTOB PEIIEHUS OKa3bIBAIOTCS
HEJI0MYyCTUMBIMH (HE YJIOBJIETBOPSIIOT OFPAaHUYEHUSIM HAa KOJIMUYECTBO MEPEBO3UMBIX TPY30B).

[IpuBenemM mporpaMMHYIO peanu3aliio PpacCCMOTPEHHOTO aIrOpUTMa.

Sub primer44()

'CocTaBiieHHE TUIaHA NIEPEBO30K B JIBa HACEJIIEHHBIX TyHKTa

n = 5000000 ‘KonuyecTBO MCbITAHUN

potr_pl =3000: potr p2 =4000 ‘IloTpeOHOCTH HACETEHHBIX TyHKTOB
gcl =12:gc2 =15 ‘BmMecTUMOCTB CyJ10B

zclpl =400: zc1p2 = 150: zc2pl = 500: zc2p2 =300 ‘3arpaThl Ha OAMH peKc

minzatr = 1000000

Fori=1Ton

reis = 300

r=Rnd: nclpl = Int((reis + 1) * r): reis =reis - nclpl  ‘Pospirpsim konmvectsa peiicos mst Cl
r=Rnd: nclp2 = Int((reis + 1) * r)

reis = 300



r=Rnd: nc2pl = Int((reis + 1) * r): reis = reis —nc2pl  ‘Posbirpsim konudectsa peiicos mist C2

r = Rnd: nc2p2 = Int((reis + 1) * r)

zatr =nclpl * zclpl + nclp2 * zclp2 + nc2pl * zc2pl + ne2p2 * zc2p2 ‘3aTpaThl HA EPEBO3KU

gruzpl =nclpl * gcl +nc2pl * gc2: gruzp2 =nclp2 * gcl + nc2p2 * gc2 ‘KonmdecTtBo rpy3a,
‘noctasisiemoro B I11 u I12

If (gruzpl >= potr pl) And (gruzp2 >= potr p2) And (zatr < minzatr) Then

minzatr = zatr ‘3anmoMuHAETCS JIyUIIUi BapUaHT U3 PACCMOTPEHHBIX

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

End If

Next i

MsgBox ("Cynuo C1: IT1 - " + Str(nclplopt) + " I12 - " + Str(nc1p2opt))

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

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

End Sub

[To pe3ynbraram BBIIIOJTHEHUS MPOrpaMMBbl MOJIYUYEHO CIIEIYIOIIEE PEIICHUE:
cyaHo Cl Bemmonusier 4 peiica B myHKT II1 u 289 pelicoB B nyHkT 112; cynno C2
BhInIoNIHSAET 197 peiicoB B myHKT 111 u 36 peiicoB B nyHKT [12. 3atparsl Ha nepeBO3KU
coctaBsT 154 250 nen.en.

IIpumep 4.5. Kpynnoe npeanpusitTue Npearionaraer IMOCTPOUTh HECKOJIBKO
JKUJIBIX JOMOB JUUISl CBOMX COTPYIHMKOB. Bcero Ha crpouTenscTBo BbAeneHo 10 MiH
neH.en. merotes Tpu npoekra xxuibix gomos (I1P1, TTP2, I1P3). Ux xapaktepucTuku
npuBeAeHbI B Ta01.4.7.

Tabmura 4.7
ITpoekt I1P1 I1P2 I1P3
Kunas maomans, TeIC M 2,5 2 4
CTOUMOCTD, MITH [CH.CI. 2 1,5 2,8

TpebyeTcs onpenennuTs, CKOIBKO TOMOB CIIEAYET MOCTPOUTH MO KaXKIOMY H3 IIPOSKTOB, YTOOBI UX 00IIast Kujiast
[UIoMmaas OblIa MAKCUMAJIEHOM.
ANTOpUTM peElIeHUs Takou 3axadyn Ha oOcHoBe Meromna Monre-Kapiio
peanusyeTcs B CIEIYIOLEM OPSIKE.
1. OnpenensieTcss MakCUMalbHOE KOJMYECTBO JIOMOB, KOTOPOE MOKHO

IIOCTPOUTH I10 KaXKJIOMY IIPOEKTY B COOTBETCTBUU C BBIIEJIECHHBIMU cpeacTBamMu: Ni=
=[10/2]=5, N,=[10/1,5]=6, N3=[10/2,8]=3.

2. Pa3pIrpeIBaeTCcsi KOJIMYECTBO JOMOB, KOTOPBIE CIEAYET IIOCTPOUTH IIO
npoekty [IP1 (Nppp). Aung aroro ucnonb3yercss ¢popmyna (3.1) npu A=0, B=N;=5
(Tak Kak 5 - MaKCUMaJIbHO BO3MOKHOE KOJIMYECTBO JIOMOB I10 IAaHHOMY IIPOEKTY).

3. Pa3pIrpeiBaceTcsl KOJIMYECTBO JOMOB, KOTOPBIE CIELYET IIOCTPOUTH 11O
npoekty [1P2 (Npp;). g atoro ucnosnesdyerca Gopmyia (3.1) npu 4=0, B=6.

4. Pa3pIrppIBaeTCsl KOJIMYECTBO JOMOB, KOTOpPBIE CIEAYyET MOCTPOUTH [0
npoekty [1P3 (Npp3). s atoro ucnonszyercs Gopmyina (3.1) npu 4=0, B=3.

5. Haxondarcst oOuiue 3arpaThl Ha MOCTPOMKY BCEX JIOMOB, BBIOpDAHHBIX Ha
marax 2-4. Eciu 3T 3aTpatbl He NpeBbIaOT 10 MIH JI€H.€/., TO BHIOpAHHBIN IUIaH
CTPOUTEIBCTBA SBJIAETCS JIOIYCTUMbBIM; BBIYUCISETCS 00LIas Kuiasl III0IIAlb JOMOB,
BbIOpaHHBIX Ha marax 2-4.

[aru 2-5 noBTOPSIOTCS. MHOTOKPAaTHO. BoIOMpaeTcs mian cTpouTenbeTBa, 1S
KOTOPOT0 00111as1 KMJ1asi IUIOIIA b HIOCTPOEHHBIX JOMOB MaKCUMAaJIbHA.



le/IBeI[eM MMPpUMEP OAHOI'O UCTIBITAHUA JAHHOT'O aJIrOprUTMa. PaSbleaeM KOJIMYECTBO IOMOB, KOTOPLIC CICAYCT

noctpouts 1o npoekty [1P1. ITycts paseirpano CPPY R1=0,0795, Torga N p1=[0+(5-0+1)-0,0795]=0, t.e.
TIpeJuIaraeTcs He CTPOUTH JoMa 1o Tipoekty [IP1. AHaorudHO pa3sirpaeM KOJIHYECTBO JOMOB JUISI TIOCTPOIKH 110

npoekTam I1P2 u IIP3. ITycts Rp=0,378, Torna N[jp2=[0+(6-0+1)-0,3780]=2 noma. ITycts R3=0,0593, Toraa

N11P3=[0+(3-0+1)-0,0593]=0. 3atpats! Ha cTpouTensCcTBO cocTaBaT 0-2+2-1,5+0-2,8=3 mnn nen.en. Tax kak
3aTpaThl HE MPEBBINIAIOT BBIICIEHHBIX cpeacTB (10 MIIH aeH.e1.), TUIaH CTPOUTEIbCTBA SBISETCS JOIYCTUMBIM.

JKunast utomaab JOMOB, IOCTPOCHHBIX 10 STOMY IDIaHy, cocTaBuT 0-2,5+2-2+0-4=4 Teic M .

[Ipumeuanue. Kak u B mpenpiayieM npuMmepe, I perieHus JaHHOW 3amadu TpeOyercs
0OJIBbIIOE KONWYECTBO HUCHBITAHUM, TaK KakKk 3HAYUTENbHAs 4YacTh DPAa3bITPHIBAEMBIX BapHAHTOB
pGIHeHI/Iﬁ OKa3bIBArOTCA HEAOITY CTUMBIMHU.

Sub primer45()

‘CocTtaBieHre ONTUMAIBHOTO TJIaHA CTPOUTEIHCTBA

nl=5:n2=6:n3=3

n = 5000000 ‘Konu4ecTBO UCTIBITAHUMN

zatrmax = 10

plmax =0

Fori=1Ton

rl =Rnd: nprl = Int((nl + 1) * rl) ‘Po3bIrpsim KoIMYeCTBa JOMOB IO K&KIAOMY U3 IPOCKTOB
r2 = Rnd: npr2 = Int((n2 + 1) * r2)

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

pl=2.5 *nprl + 2 * npr2 + 4 * npr3 ‘BpIuucieHue Xuioi mionaam
zatr =2 *nprl + 1.5 * npr2 + 2.8 * npr3 ‘Beruucnenue 3arpar

If (zatr <= zatrmax) And (pl > plmax) Then ‘3amomuHaeTCs TydlINil BApUAHT U3 PACCMOTPEHHBIX
plmax = pl: zatropt = zatr: nprlopt = nprl: npr2opt = npr2: npr3opt = npr3
End If

Next 1

MsgBox ("Iloctpouts no npoekty 1: " + Str(nprlopt))

MsgBox ("Tloctpouts mo mipoekty 2: " + Str(npr2opt))

MsgBox ("Iloctpouts mo npoekty 3: " + Str(npr3opt))

MsgBox ("YKunas turomans: " + Str(plmax) + " 3atpatsr: " + Str(zatropt))
End Sub

ITo pe3ynbTaTaM BBIMOJIHEHHS IIPOrPAMMBI TIOJIyYEHO ClieAytolee pelieHue: 1o npoekry [1P1 crpouts noma He
cienyer, mmo npoekty I1P2 — moctpouts onuH 10M, o npoekty [1P3 - Tpu moma. O6mas sxnnas iomanb

MOCTPOCHHBIX JOMOB — 14 ThiC M . 3aTpaThbl HA CTPOUTENBCTBO COCTABAT 9,9 MIIH JeH.e.

Ilpumep 4.6. Jlns TpaHCHOPTUPOBKKM HEKOTOPOrO XHUMHKaTa TpeOyeTcs
U3TOTOBUTH KOHTEHHEpHl. TpeOoBaHMs K KOHTEWHepaM cleayromue: 1) eMKoCTb

KOHTEeIHepa - 6 M3; 2) BBICOTa MOXET COCTaBIATH OT 1 1m0 3 M; 3) ocHOBaHHE
KOHTEHHepa JOJDKHO OBbITh  KBajgpaTHbIM. JIHO M CTEHKM KOHTElHepa,
HEMOCPEICTBEHHO CONPHUKACAIOIINECS C XUMUKATOM, JIOJKHBI OBITh U3rOTOBJIEHBI U3
Oojee CTOMKOro Marepuana, 4eM KpblllKa KoHTelHepa. lleHa marepuana gHa u
CTEHOK KOHTEHHepa — 6,IICH.€,ZI./M2, EeHa MaTepuaia Kpbllkd - 4 ILGH.GIL./Mz.
TpeOyercsi HaiiTu rabapuTHbIE pa3Mepbl KOHTEHHepa (pa3Mepbl OCHOBAHHUS H
BBICOTY), IPX KOTOPBIX €r0 CTOUMOCTB OY1€T MUHUMAJIbHOM.

0O0603Ha4MM BBICOTY KOHTEWHEpa Kak H, pa3Mepsl ero OCHOBaHUS (AJTHHY U NIMPHHY) - KaK L, CTOMMOCTh MaTepuaiia
Juist KoHTelHepa — kak C. Toraa auist TaHHOM 3a/1a4i MOYKHO ITOCTPOUTH CIIEAYIOIIYI0 MaTEMaTHYECKYIO MOJIEIb!

H>1;
H<3;

L=+6/H;



2 2 .
C=6L"+24-HL+4-L” - min.
3mech mepBoe M BTOPOE OTpaHIUEHHSI YCTaHABINBAIOT, YTO BBICOTA KOHTEHHEpa JOIDKHA COCTABIATH OT | 10 3 M;

TpeThe OrpaHWYEHHE YCTaHABIUBAET pa3Mep OCHOBAHMS (M3 YCIIOBHS, UTO EMKOCTh KOHTEIfHEpa paBHa 6 M ).
Lenesast ¢pynkimst C BeIpakaeT CTOMMOCTh KOHTEHHEpa (TIepBOE ClIaraeMoe - CTOMMOCTh MaTepHaina OCHOBaHUS,

BTOpOE - CTOMMOCTh MaTeprana CTEeHOK, TPEThe - KPBIKH). JlaHHas 3a1a4a mpeacTapisier co0or 3aaady
HEJIMHEITHOT0 POrpaMMHUPOBaHUs (B HEil HETMHEHHBIMU SIBIISIFOTCS 1ieNeBasi QyHKLUS U OJHO U3 OIPAHUUCHHUH ).
TOYHBIX METOMOB I pelIeHHs TaKuX 3afad HeT. Haiinem npubmmkeHHOe perieHue, UConb3ys MeTox MoHTe-
Kapro.
1. Onpenensercst (BpIOMpaeTCsi CIIy4yallHBIM 00pa3oM) BBICOTA KOHTEWHEpa.
Jns storo pazeirpeiBaercss CPPU R, Tak kak BbIcOTa KOHTEWHEpa OJKHA
NPUHUMATh 3HAY€HUE B 3aJlaHHOM auamnas3oHe (ot 1 go 3 M), g ee po3bIrpbliiia
BocnoJib3yemcs popmysoit (3.11) npu a=1, b=3: H=1+(3-1)R.
2. Haxonutcs pa3mep ocHOBaHUs KOHTeHHepa: L =+/6/H .
3. [ns BbIOpaHHBIX pa3MepoB KoHTeiHepa (H u L) HaxoAUTCS CTOMMOCTH
2 2
marepuana: C=6-L" +24-H-L +4-L" .
[laru 1-3 noBTOPSIIOTCSI MHOTOKpaTHO. BeIOMpatoTCst pa3Mepbl KOHTeHHepa, IPU KOTOPBIX CTOMMOCTh MaTepHaa

MHUHHWMaJIbHA.

B 126:1.4.8 npuBOauTCS IpUMEP IECATH UCTIBITAHUI TaHHOTO aJrOpUTMa.

Tabmuua 4.8
Hortep R H L C
HCIIBITAHHS
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 06pa3om, IO pe3yIbTaTaM JIECATH UCTIBITAHWH MUHUMAJIbHAst CTOMMOCTb KOHTEIHEpa 00eCIIednBaeTCs pH
CIIEIYIOUINX pa3Mepax: BBICoTa - 1,57 M, pazMep ocHOBaHUA - 1,96 M. Takum 0O6pa3oM, ClienyeT BHITYCKATh
KOHTelHephI pasMepamu 1,96 x 1,96 x 1,57 m. CTouMOCTh MaTepHalia JJis TaKOTo KOHTelHepa cocTaBuT 111,88
JEH.ell.

IIpuBenem nporpaMMHyI0 peajli3alyio alropuTMa peLeHus 3aJauH.
Sub primer46()

‘OnpenesieHre ONTUMAIIBHBIX Pa3MEPOB KOHTEMHEPa
hmin = 1: hmax =3

n=5000000 ‘KomnuecTBO HCHLITAaHUHU

cmin = 1000

Fori=1Ton

r=Rnd

h = hmin + (hmax - hmin) * r ‘PO3BITpHIIT BEICOTHI

1=Sqr(6 / h) ‘Beruncnenue pasmMepa OCHOBaHUS

C=6*|"2+24*h*[+4*]"2 ‘Brruncienne cTOUMOCTHA



If ¢ < cmin Then ‘3anoMuHaeTCs JIy4lInil BApUaHT U3 paCCMOTPEHHBIX
cmin=c:lopt=1:hopt=h

End If

Next 1

msgbox(“OnTumanbsHble pa3Mephl:
“+Str(Round(lopt,2))+"x+Str(Round(lopt,2))+”x+Str(Round(hopt,2)))

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

ITo pe3ynbTaTtaM BBIMOIHEHHS IPOrPAMMBI TIOJIyYCHO CIEAYIOIIEe PEIICHHE: MUHIUMAJIbHAsE CTOMMOCTh KOHTEHEpa
obecrneunBaeTcs npu pasmepax 1,93 x 1,93 x 1,61 m. CTouMocTh MaTepuana Jjisl TAKoro KOHTeHHEpa COCTaBUT
111,86 nen.exm.

[IpumMeyanue. DTO pellIeHHE COBMATAET C TOYHBIM ONTUMAJIBHBIM pPELICHUEM, HAMIEHHBIM
METOJIOM HEJIMHEWHOTro mporpaMMmupoBanusa. CrnemyeT oOpaTUTh BHHMaHUE, 4YTO pEIICHHE,
Hal{lecHHOe 10 pe3yJbTaTaM BCEro JEeCSATH HUCHbITaHui (Tabia.4.8), MpakTHYEeCKH COBIAAAET C
ONTUMAJIBHBIM. AJITOPUTM PEILICHUS TAaHHOW 3aJ1a4yi Ha OCHOBE MeToJa MoHnTe-Kapio 3HaunuTenbHo
MPOILE, YEM AJITOPUTM PEIICHUS HA OCHOBE METO0B HEJIMHEMHOTO MPOTPaMMUPOBAHUS.
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INPUJIOKEHHUE 1

CJ/1YYAUHBIE PABHOMEPHO PACIIPELEJIEHHBIE YACIIA

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




INPUJIOKEHHUE 2

PABOTA C CUCTEMOI NPOT'PAMMUPOBAHMUS
VISUAL BASIC FOR APPLICATIONS

PaccMoTpuM OCHOBHBIE ATambl MOATOTOBKH IMporpamMM (MakpoCOB) B cpefe
cucrembl nporpammupoBanusi VBA (Visual Basic for Applications). S3bix
nporpaMmupoBanusi  VBA  sABIseTcs  AMAJIEKTOM — YHHBEPCAJIBHOTO  SI3BIKA
nporpammupoBanus Visual Basic. fI3pik VBA BcTpoeH BO Bce MPHIIOKEHHUS MaKeTa
Microsoft Office (TekcToBbrit pexakTop Word, Tabnuunsiit mpoueccop Excel u T.11.).

1. 3arpy3ute Word unu Excel. Coznare (aitn. CoxpaHuTh €ro Ioj; KakKuMm-
100 UMEHEM.

2. Beiopats komanay Cepsuc — Makpoc — Makpochl.

3. B mnosBuBmemcs oxdHe Makpoc B mome Makpocbl 13 (Word) wnm
Haxogutca B (Excel) BeiOpaTh uMs (haiina, CO3TaHHOTO Ha mare 1.

4. B none Nma (Word) wim ims makpoca (Excel) ykazath ums co3naBaecMoi
IPOTPAMMBL.

5. Haxate kHonky Co3gaTb. Ha »dkpaH BBIBOOUTCS OKHO CHCTEMBI
nporpamMupoBanusi VBA.

6. BBecTH MCXOHBIN TEKCT MPOTPAMMBI.

7. CoxpaHuTh (ailyl ¢ CO3MaHHOW MPOrpaMMOM, UCTIONB3Ysl kKomaunay dann —
Coxpanutb (File - Save).

8. UTOoOBI 3ayCTUTh TPOrpaMMy Ha BBITIOJHEHUE, BBIOpATh KOMaHIy 3anyCcK —
3anyck nognporpammbl (Run — Run Sub/UserForm).

[Ipu pabote ¢ mporpamMmamu, MPEACTABISAIONUMU COOON HMHUTAIIMOHHBIC
MO/, 0OBIYHO KeJaTeIbHO, YTOOBI B KXKJIOM CceaHce padOThl C MpOrpaMmoit (T.e.
P KXKJOM €€ 3aIyCKe Ha BBITIOJHEHNE) UCIIOIH30BAINCH OJHH U TE KE CITyJailHbIC
yuciaa (CPPY). Jlns 3TOro HEOOXOAUMO neped KaxicoblM 3anyCKoMm NpocpamMMbl
BBIMOJIHATH KoMaHay 3anyck — Copoc (Run — Reset).

9. Ilo okoHUaHUM PabOTHI C MPOTPAMMON 3aKPHITH OKHO VBA.

10. Boriit u3 Word wmm Excel.

Urto0bl BOCTIOIB30BATHCS MPOTrPaMMOM, CO3JaHHOM paHee, HEOOXO0MMO BBIIIOJIHHUTD CJIEYIOLICE.

1. 3arpy3uts ¢aiin Word wmmm Excel, B koTopoM OblIa IOATOTOBIICHA
nporpamma.

2. Briopats komanny CepBuc — Makpoc — Makpocsl.

3. B mnosBuBmemcs okxHe Makpoc B mone Makpocbl n3 (Word) wnm
Haxogutca B (Excel) BeiOpath nMs 3arpyxeHHoro (aiina.

4. B mone Wma (Word) mwimm Wma wmakpoca (Excel) BoiOpaTh uMs
IPOrpaMMbI, KOTOPYIO TPEOYEeTCs 3aIyCTUTh Ha BBIMOJIHEHNE WIIM U3MEHHUTD.

5. Haxartp kHONKy W3MeHUTb. Ha »3kpaH BBIBOAUTCS OKHO CHCTEMBI
nporpammupoBanust VBA ¢ TekctoMm mporpammebl. [lociae 3TOro MOKHO BHECTH B
IporpamMMmy JKeTaeMble H3MEHEHHSI HITH 3aITyCTUTh €€ Ha BBITIOJTHEHHUE.



INPUJIOKEHHUE 3

HEKOTOPBIE CBEJEHHSA O BEPOATHOCTHBIX XAPAKTEPUCTUKAX
CJIYUAWHBIX BEJIUUYVH

I[I/ICerTHbIe cnyqaﬁﬂble BCJIMYHUHBI 3a7al0TCA  IMECPCUYHUCICHHEM  HX

BO3MOXXHBIX 3HAYEHUH X1, X),...,X;; U BEPOSTHOCTEU ATUX 3HaueHuu Py, P,,....P,.
Ecnu KOIMYECTBO BO3MOKHBIX 3HAYEHHM CIIyYallHOM BEJIMYHMHBI 7 JTIOCTATOYHO
BEJIMKO (WJIM OECKOHEYHO), TO 3HAYEHHUS CIy4YalHOW BEJIWYUHBI U UX BEPOSITHOCTH
3aaoTcesa popMynaMu (3aKOHOM pacipeesieHUs: CIy4aitHOW BETUYUHBI).

JIns onricaHusi HeNMPePbIBHBIX CAYYaWHBIX BeJIHYMH OOBIYHO MCIOJIB3YIOTCS
nBe QyHkuuu: QyHKOUs pacupeneneHus F(x) U MIOTHOCTb pacnpeneneHus (Wiu
IJIOTHOCTh BEPOSITHOCTH) f(X).

Hpumeuanne. CirydaifHple BETHYHHBI OOBIYHO 00O3HAYAIOTCS 3arjaBHBIMH OykBamu (Hampumep X), a HuxX
KOHKpPETHBIE 3HAUCHHS - TAKIMH K€ CTPOYHBIMH OYKBaMH ().

dynkuus pacnpenenenus F(x) ciydailHOW BeMYMHBI X UMEET CIICTYIOIIHi
CMBICII:

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

Takum o0pa3om, 3HaueHue (YHKIHMHM pacrpeaesieHus F(X) OT KOHKPETHOTrO
YKClia X — 3TO BEPOSTHOCTh TOTO, YTO ClydailHas BeaudyrHa X MPUMET 3HAUYCHUE
MEHBIIIE X.

IlnoTHoCTL pacnpenenenus fx) u GyHKIUA pacrpeaencHus F(x) cBsi3aHbl
cnenyomuMu (popmynamu:

S(x)= @; (I13.2)
X
F(x)= )jc f(x)dx. (I13.3)

Hpumeyanne. @ynkums pacnpexneneHus F(x) mMoxer OBITh 3ajaHa Kak ISl HENPEPBHIBHOM, Tak W JUIs
I[HCerTHOﬁ cnyqaﬁﬂoﬁ BennuuHbl X. IlmoTHOCTE pacnpeaciacHus 00BIYHO 3a4acTCsd Jid HCHPCPBIBHBIX CﬂyqaﬁHLIX
BCJIMYMH.

3Hast (YHKIUIO paclpeeseHns WU TUJIOTHOCTh paclpeefieHus ClydaiiHoi
BEJTUYHMHBI X, MOXXHO BBIYMCIHUTH BEPOSTHOCTH MOMAJAHUsI 3TOW BETUYHHBI B JIFOOOM
JMana3oH 3HaueHul [a; b). J1ns 3TOro UCoab3yoTCs cleayronme (GopMybl:

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

a

Takum oO0Opa3oMm, BEpOSTHOCTh TNOMaJaHUsl ClOydalHOM BeauyuHbl X B
HEKOTOPBIN Uana3oH [a; b) paBHa pa3HOCTH 3HAYEHUU (DYHKIUU pacmpeesicHus] Ha



rpaHyIlaX 3TOr0 JWara3oHa, WKW WHTETpally OT TUIOTHOCTH PacIpeliesIeHUs] B 3TOM
Mara3oHe.

Hpumep 1II3.1. B ycrmoBusix mnpumepa 3.2, HCHOJIB3YS (PYHKIIHIO
pacrpejielieHus: BpeMEHU BHECEHHs! J00aBOK, HAWTU BEPOATHOCTh TOrO, YTO BpeEMs
BHECEHUs1 J0OABOK COCTaBUT: a) MeHee 9 MuHyT; 0) oT 5 nmo 9 MuHyT; B) Ooisee 8
MUHYT.

[IpuBenem emie pa3 QyHKINIO pacTpeieeHus BpeMEHH BHECEHUS J0OAaBOK U3 mpumepa 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;

a) BEpPOATHOCTh TOTO, UTO BPEMSI BHECEHUS 100ABOK COCTABUT MEHEE 9 MUHYT,
Haiigem o popmyne (I13.1):

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

0) BEpOATHOCTH TOTO, YTO BpEMsI BHECEHMsI J00AaBOK COCTAaBUT OT 5 [0
9 munyT, Haitaem no ¢opmyie (I13.4):

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

B) BEPOSATHOCTh TOTO, UTO BpeMsI BHECEHHsI T0OABOK COCTaBUT Oosiee § MUHYT,
HalileM 4epe3 BEpOSITHOCTb MPOTUBOIOJIOXKHOTO COOBITUS (T.€. TOrO, YTO BpEMs
BHECEHUS JOOABOK COCTaBUT MeHee 8§ MUHYT), Ucnionb3ys popmyy (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 ke BeposATHOCTH, 4TO U B ipuMepe [13.1, ncnonbp3ys
IUIOTHOCTh PACIIPEIETICHUS] BPEMEHU BHECEHUS 100aBOK.

HpI/IBe,HeM CIIe pa3 MJIOTHOCTb pacupeACJICHUA BPpEMCHN BHCCCHUSA HO6aBOK u3 npumMepa 3.2:
0, x<3;
0,1, 3<x<6;
f(x)=40,15 6<x<I10;
0,05, 10<x<12;
0, x=>12.

p

Jlyist BIYUCIICHHS BEPOSATHOCTEH Bocmoib3yemes opmysioi (I13.5):

a) BEPOSATHOCTh TOTO, YTO BPEMsI BHECCHHS J00aBOK COCTABUT MEHEE 9 MUHYT:

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

—o0 —0 3 6



0) BEpPOSITHOCTH TOTO, YTO BPeMsi BHECCHHS T00ABOK COCTABUT OT 5 10 9 MUHYT:

P(5<X<9) = ?f(x)dx = ?O,ldx + _9f0,1 5dx =0,55;
5 5 6
B) BCPOATHOCTH TOI'O, YTO BPpEMA BHCCCHHA 100aBOK cOCTaBUT OoJjiee 8 MHUHYT:
0 10 12 00
P(X=8) = [ f(x)dx = [0,15dx + [0,05dx + [0dx=0,4.
8 8 10 12

Kpome Toro, B mpakTH4ecKux 3a/1auax 0OBIYHO HCIOJIb3YIOTCS YHCI0BbIE XaPAKTEPUCTHKH CITyYaiHBIX BEINYHH.
Yae Bcero TpedyeTcs HCIOIb30BaTh MATEMAaTHIECKOE OXKUIAHUE, TUCTIEPCUIO, CTAHIAPTHOE OTKIIOHEHHE,
KO3 QHUINEHT BapHalny.

MartemMaTHuecKoe 0KUIAHUE XapaKTEPU3YET CPeIHES 3HAUCHHE CITyJaifHO# BeanduHbl. OHO BBIYUCISICTCS 110
crenyomei popmyse:

L4 A TUCKPETHBIX CHy‘IaﬁHbIX BCIIMYHWH:
n
M[X]=) x;P, (I13.6)
i=1

TZI€ X; — BO3MOKHBIE 3HAUYEHHS IUCKPETHOM CIIy9aliHOM BENNYHHBEI;

Pj — BepOATHOCTH STHX 3HAYEHHUH,
71 — KOJIMYECTBO BO3MOXKHBIX 3HAUECHUN JUCKPETHOM CIIy4allHOM BEJIMYMHBI;

o I HENPCPBIBHBIX CJ'Iy‘IafIHLIX BCJIIMYUH:
o0
M[X]= [x- f(x)dx, (T13.7)
—Q0

rae f(x) — IUIOTHOCTH pacipeneIeHNs HeTPEPHIBHOM CIyYaliHON BEINIHHEL.

Jucriepcunsi, cTaHAapTHOE OTKIIOHEHHUE U KOA((UIMEHT BapHaIUy CITyJaifHON BETMYMHBI XapaKTepH3YIOT pazopoc
€€ 3HAYECHU, T.€. OTKIIOHEHUE KOHKPETHBIX 3HAYEHUN CITy4YailHON BEJIMUYUHBI OT €€ CPEIHErO 3HAYECHUS

(MaTeMaTHYECKOTO OXKUIAHUSA).
Jucnepcust BBIYUCIAETCS CIAESIYIOMINM 00pa3oM:

L4 1A TUCKPETHBIX CJ'Iy‘IafIHI:IX BCIIMYHWH:

DLX]= 35 - MIXD2E, a9
i=1

L4 U HEIPEPBIBHBIX CHy‘IafIHBIX BCIIMYHH:

o0

DIX]= [(x—M[X])* f(x)dx, (I13.9)
—0o0

rae M[X] — maTemMaTH4YeCcKOe OXKHIAHUE CITyJYaitHON BETUINHBL

Ha npaktuke BO MHOTHX CITy4asix JUCHEPCHsI BBIYUCIISETCS 10 CIEAYIoNel popmyie:
D[X]=M[X?]-(M[X])%. (113.10)

2
rne M[X ] —maremaTndeckoe OXXHIaHUe KBaaparTa CIy4aiiHOW BEJIMUMHBI (BTOPOH HaYaIbHBIH MOMEHT CITyJaiHON
BEJINYMHBI), BBIYUCIISIEMOE CIIETYIOLIMM 00pa3oM:



L4 IJIA JUCKPETHBIX CHy‘-IaﬂHbIX BCJIMYUH:

n
M{X?*1=Yx*P. (I13.11)
i=1
L4 U HENPEPBIBHBIX CﬂyqaﬁHBIX BCIIMYHH:
o0
M[X?]= [x* - f(x)dx. (I3.12)
—0o0

CraHJapTHOE OTKJIOHEHHE G U KO3 QUIMEHT BapualuK € BEIYUCISIFOTCS 10 CIIEAYIOIMM (OopMyJIam:

oc=+D[X]; (I13.13)

c
E=— (T13.14)

IIpumep I13.3. B ycnoBusax npumepa 2.2 HalTH MaTeMaTHYECKOE 0XKUIAHNE IPUOBUTH OT PEMOHTA OJTHOTO
U3JEIHS.

B npumepe 2.2 nprObUIb OT PEMOHTA OJTHOT'O U3/IEIIHS IIPENICTABISAET COO0H TUCKPETHYIO CIIy4ailHYIO BEJIHYHHY,
KOTOpast MOXET NPUHUMATh 3HaueHus 35 (c BepositHOCTHIO 0,2), 60 (c BepositHOCTHIO 0,4), 40 (C BEpOSTHOCTHIO
0,15) miu 25 (c BepositHOCTBIO 0,25). J{isl BBIYHCIICHHST MaTEMaTHYECKOTO OXKHJIaHUS BOCIIONIb3yeMcs (hopMyIIon
(I13.6):

M[X]=35-0,2+60-0,4+40-0,15+25-0,25=43,25 nen.ex.

Takum 00pa3oM, MaTeMaTHIecKoe OKUIaHNE TIPUOBLTH (T.€. cpedHss IPUOBLIB) OT PEMOHTA OJTHOTO U3IEIIHS
cocrasiser 43,25 ned.eq.

Ipumep I13.4. B ycnosusax npumepa 3.3 a1t BpeMeHN BHECEHUS 100aBOK HAWTH MaTEeMaTHIECKOE
OXKHJIaHUE, IUCIIEPCUI0, CTAHAAPTHOE OTKIIOHEHHE U KO GHUIIUEHT BapHALIH.

Haiinem maremarndeckoe oxunanue o dpopmye (I13.7):

3 6 10 12 ®©
M[X]= _fOxdx+IO,1xdx+ IO,ISxdx+ I0,0Sxdx+ '[Oxdx:
—00 3 6 10 12
26 210 2112

—0+01 40152 40,052 7 +0-7.25 .
213 2 2 10

6

Takum 06pazom, cpeoree BpeMs BHECCHHUS 100aBOK MPH U3TOTOBICHNH IUTACTMACCOBOM IUIUTHI COCTABIISET
7,25 MUH (XOT4 3TO BpeMs pa3IMyHO IPU U3TOTOBICHUHU KaKIONH KOHKPETHOM IIIUTHI).

YToOBI BEIYUCIUTH JUCIIEPCHUIO, BOCIOIb3yeMcs popmytoit (I13.10). Jlist aToro cHavyasna HaijeM BTOPOi
HavalbHbIH MOMEHT 10 popmyie (I13.12):

3 6 10 12 o
M[Xz]: _|.Ox2 dx + J-O,lx2 dx + I 0,15x2 dx + J-O,O5x2 dx + IOxz dx =

—0 3 6 10 12
316 3110 312

0+ 01" 40155 £0,055| 7+ 0-57.63 v
303 306 3

Beruucium nucnepceuro mo popmyie (I13.10):

2
D[X]=57,63-7,25°=5,07 mun .

Hatinem crangaptaoe oTkiioHeHue o Gopmyne (I13.13):



o= w/D[X] =2,25 MHH.

DT0 03HAYAET, YTO KOHKPETHBIC 3HAUCHHSI BPEMECHH BHECEHUS T00ABOK OTKJIOHSIOTCS OT MATEMaTHYECKOTO
oxupmaHus (T.e. ot 7,25 MHH) 6 cpeoHem Ha 2,25 MUH.

Hatinem xosddurment Bapuarmu o popmyie (113.14):

€= =0,31.

MOo>KHO CKa3aTh, YTO OTKIIOHCHHUS OTACIHHBIX 3HAYCHUI BPEMECHH BHECEHUS T00ABOK OT MAaTEMAaTHYECKOTO
0XKHUJIaHUS COCTABJISIIOT B cpeaHeM 31%.

Hpumeuanue. J[71s1 MAaTEMAaTHUECKOTO OXKUIAHHS U JUCIIEPCHU BO MHOTHX CITy4asiX HCIOIb3YIOTCS
o6o3HavYeHMsI, oTiimyaromuecs oT M[X] u D[X].

[MTPUJIOXXEHUE 4
AJTTOPUTMbI UMUTALIMW HEMPEPLIBHBIX CITYHYAWMHbBIX BESINYUH

B Tabnuie mnpuBOASATCS alrOPUTMBI WMUTAIMA HEKOTOPBIX CIIyYalHBIX

BEJIUYMH, YaCTO NPUMEHSEMBIX IMPU PELICHUM 3aJad MOJEIUPOBAHMS. AJTOPUTM
MMHTALIMM TayCCOBCKOIO pacmpeneneHus paccmMorpeH B 1.3.2.3. OcranbHbIe

QJITOPUTMBI TIOJIy4E€Hbl HA OCHOBE METOa OOPAaTHBIX (PYHKLUH.

Pacnpenene AJITOPUTM UMHTAIUN [Tpumeuanue
HUE
DKCIIOHEHIIN 1 \=1/X, tae X -
X=-—InR MaTeMaTHYecKoe
aJIIBHOE A
OKUJIaHHE
m — MaTeMaTHYECKOe
I'ayccoBckoe 6 -
(HOpMaJIBHO X = m+6\/E(ZRl~ -3) ’
¢) = CTaHJIAPTHOE
OTKJIOHEHUE
a v b — rpaHuIBI
PaBHOMEpHO .
. p X =at(b-a)R BO3MOJKHBIX 3HAYCHHI
BEJTUYHHBI
a ¥ b — rpaHUIBI
BO3MO>KHBIX
3HAYCHUU
TpeyromsHo _Ja+t \/R(b —a)(c—a), 0<R<(c—a)(b-a) BEJTMYHHBIL, ¢ — MOJA
. b-\J(1-R)(b-a)b-c), (c—a)(b—a)<R<] (TOUKa MaKcHMyMa
TUIOTHOCTH
pacrpeneneHus)
CIIy4aiiHOM
BEJIMYUHBI
k _
Spnanra k- o 1 ZR- A — mapamerp
ro TOpAKa = i pacnpeneneHus




INPUJIOKEHME 5

NMPUMEPbLI SALAY, PELLIAEMBIX HA OCHOBE
METOOA MOHTE-KAPJIO

3agaua I15.1. Tlomb3oBatenu paboTarOT ¢ HMHPOPMAUOHHO-CIIPABOYHOM
cucremoit (MCC). KonuuecTBO 3ampocCoOB, BBOJMMBIX IOJIb30BaTEIEM B TEUYCHHUE
ceanca pabotel ¢ MCC, moxet ObITh paznuuabiM. B 10% cinydaeB 3a BpeMms ceaHca
M0JIb30BATENIb BBOJUT OAMH 3ampoc, B 50% cioydaeB - ABa 3ampoca, B 30% ciiyyaes -
TpH, B 10% - gersIpe. Kakapli 3anpoc BKIIIOYAET CIEAYIOIINE TEUCTBUSA:

e BBOJ 3arpoca nosb3zoarenem (ot 10 1o 20 cekyHn);

e nouck oTBeta B MCC u ero BeiBoja Ha 3kpaH (o1 5 10 10 cexkyHn);

e 00ayMbIBaHHWE OTBETAa TIOJb30BaTENIeM (IKCIOHCHIMAIbHAS —ClIy4daiHas
BEJIMYMHA CO CPEAHUM 3HAUEHUEM | MUH).

Tpebyercst pazpaboTarh aJrOPUTM M MPOrpaMMy Ha OCHOBE meToaa MoHte-
Kapno anst omnpeneneHuss cpelHed MIUTENBHOCTH ceaHca padoOThl IMOJIb30BATEINs
¢ UCC.

3agaua I15.2. B cayx0e KOHTpOJs KadecTBa MNPOAYKUUU MPEANPUATHS
BBINIOJIHAETCA MPOBEpPKa MU3JEIUd M (MpU HEOOXOAUMOCTH) HMX MEJIKUA PEMOHT.
W3penust moctynaroT K KoHTpoisiepy mnaptusiMu no 30 mryk. CHavana KOHTPOJED
IIPOBEPSAET BCE M3JEIMS B MAPTUHU, 3aTEM - PEMOHTUPYET T€ U3JAeNus, ISl KOTOPbIX
3TO TpeOyeTcs.

Bpemsi, HeoOxoauMoe KOHTpOJEpY sl MPOBEPKHM OJHOTO M3IASIHS -
rayCCOBCKasl cllyyaliHas BEJIMYMHA CO CPEJHUM 3HAYEHUEM 5 MHUH U CTaHIApPTHBIM
OTKJIOHEHHEM 1,5 MuH.

B 20% cnyuyaeB B mapTuH HE OKa3bIBA€TCA HH OJHOTO W3JENHs, TPEOyIOIIEero
pemonTta. B 40% caydaeB TpeOyercss pemoHT oaHoro m3zaenus, B 30% ciydaeB -
nByx, B 10% cmyuaeB - Tpex uznenuid. boiibiliee KOIMYECTBO M3AEINM, TPeOYIOMUX
PEMOHTA, OKa3bIBAETCS B NAPTHH KPailHE PEIKO.

Pemont oxHoOro n3nenus 3auumaet ot 10 1o 15 MunyT.

TpeOyetcs pa3paboTaTh ajJroOpuTM M NpPOrpaMMy Ha OCHOBe MeTona Monte-
Kapno ns onpenenenus cpeiHero BpeMeHu 00paboTKU KOHTPOJIEPOM OJIHOM NapTHH
WU3JICTINH.

3apauva I15.3. IIpeanpustue BBINOIHAET NEPEBOABI C MHOCTPAHHBIX SI3BIKOB.
Pa3mep nepeBojia - ciydaiiHas BEJIMYMHA, KOTOPYIO MOYKHO CYUTATh PaCIpeaeICHHON
10 SKCIIOHEHIIMAIbHOMY 3aKOHY. CpeIHHI pa3Mep MepeBoia - 5 JIMCTOB.

N3 Bcex 3aka3oB IEpEeBOJABI C AHIJIMKMCKOIO $3bIKa COCTaBIsAIOT 60%, ¢
HeMenKoro - 25%, ¢ dpaHiry3ckoro - 5%, ¢ Apyrux sA3bIKoB - 10%.

Kpome Toro, m3BecTHO, 4TO U3 Bcex 3aka3oB 50% COCTaBISAIOT 3aKa3bl Ha
TexHuueckue nepeBonnl, 40% - skoHOMHYeckHMe U ropuaudeckue, 10% -
xynoxectBeHHble. Kaxplii 3aka3 OTHOCHUTCS TOJBKO K OAHOMY BHUAY (Apyrumu
CJIOBaMH, IMEPEBOJI HE MOKET ObITb, HAMPUMEP, OJJHOBPEMEHHO M TEXHUYECKHUM, U
XYJI0’)KECTBEHHBIM ).



[TnaTa, KOTOpyrO OEpeT MpeanpuaATHE C 3aKa3unKa 3a OJUH JTUCT
TEXHUYECKOIr0 MEPEeBOAa, CIAEAYIOIAs: C aHTJIMICKOro sA3bIka - 10 nen.exn., ¢
HEMeLKOro - 12 neH.en., ¢ ¢ppaHiy3ckoro - 14 neH.el., ¢ Apyrux si3bIKOB - 17
JIeH.eJ1. 32 SKOHOMUYECKUN WM IOPUIUIECKHUIN TIEPEBO/] TIaTa MOBBIIIACTCS Ha

10% (1m0 cpaBHEHUIO C TEXHUUECKUM), 32 XYJ0KECTBEHHbIN - Ha 25%.

TpeOyeTtcs pazpaboTaTh aNroOpuT™M U MPOrpamMmy Ha OCHOBE MeToaa MoHTe-
Kapno nis onpenenenus cpeiHel BBIPYUYKU MPEINPUATHS OT BBIIIOJIHEHHS OJTHOTO

nepeBoa.

3apaua I15.4. HekoTopsiii MexaHW3M, MOMEIICHHBIA B 3allUTHBIA KOXKYX,
nojABepraeTcsi yiapHbeiM Harpy3kam. KosndecTBo yapoB B TeueHUE paboyeil CMEHbI
MoxeT coctaBiATh OT 40 10 100.

VY napHas Harpy3ka MOXeT JercTBoBaTh noj yriioMm ot 0 1o 90 rpagycos. Cuna
YIApHOM HArpy3KH - OKCIOHEHIMaJIbHAs ClOy4yalHas BEJIMYMHA CO CpPEAHUM
3HaueHueM 15 kr. Ilpu BO3IEUCTBUM YJIapHOW HArpy3kud Moja yrioM MeHee 45
IpalyCcoB 3alIUTHBIN KOXKYX MOXKET BbIAEPKaTh Harpy3Ky cuioi 1o 100 kr, npu yrie
Bo3zaencTBUs oT 45 10 90 rpamxycos - 10 70 kr.

TpeOyetcst pa3paboTaTh aJropuT™M M MpPOrpaMMy Ha OCHOBe MeTona MoHTe-
Kapno mist ompeneneHus BEpOSTHOCTH TOTO, YTO B TEYEHHE pabouyell CMEHBI
3aIUTHBIN KOKYX HE pa3pyLIUTCS.

3anaua I15.5. B cocTaB HEKOTOPBIX MEXAHU3MOB, BBIITYCKa€MbIX
NpEeANPUSTAEM, BXOJUT IJIUTA C YETHIPbMS KPYIJIBIMA OTBEPCTUSIMU U YETHIPE
BaJia; BaJIbl JJOJDKHBI BCTABJISATHCS B OTBEpCTUsA. HoMHUHaNbHBIC (3aJaHHBIE B
TEXHUYECKOW TOKYMEHTAIIUN) Pa3MeEPhI JieTajel Caeayonue: TuaMeTp OTBEPCTHS
- 10 MM, auameTp Bana - 9,5 Mm. JIonmyCTUMBIM CUUTAETCS 3a30p MEXKIY
otBepcTreM u BajioM ot 0,2 1o 0,8 MM. UToOBI MexaHU3M OBLI TOJHBIM,
TpeOOBaHHUS K pa3Mepy 3a30pa JIOKHBI BBITIOJHATHCS JUIS BCEX YEThIPEX

OTBEPCTUH U BAJIOB.

N3-3a morpemHocTet B pabore 00OpydOBaHMS pa3Mepbl JeTaieil MOryT
OTKJIOHATBCSI OT 3aJaHHBIX. /[naMeTp OTBEpCTHS MPEICTaBISICT COOOM TayCCOBCKYIO



CIy4alHyIO0 BEJIMYHMHY CO CpeAHUM 3HaueHueM 10 MM U cTaHAaApTHBIM OTKJIIOHEHUEM
0,2 MM, a JauaMeTp Bajla - TayCCOBCKYIO CIIyYalHYIO BEJIMYHMHY CO CPEIHUM
3HaYeHueM 9,5 MM u crangapTHbIM OTKI0HEHHEM 0,1 mm.

TpebOyercst pazpaboTarh aJrOpUTM M MPOrpaMMy Ha OCHOBE MmeToaa Moute-
Kapiio nns onpenesieHust BEPOSITHOCTH BBIITYCKa TOJHOTO U3JEIHA.

3amgaua I15.6. ToproBoe npeanpusiTHe €XEIHEBHO 3aKyNaeT y M3aTEIbCTBA
2000 3K3eMILIApOB HEKOTOPOM ra3eThl O 1ieHe 7 JeH.ea. u mpoaaet no 10 nen.en. 13
onbiTa pabOThl MPEANPUSATUS M3BECTHO, YTO B YTPEHHEE BPEMSI CHPOC HA Ta3€Thl
00bryHO cocrtaisier ot 800 no 1400 >x3emiuisipoB. B nHeBHOE BpeMs cripoc 0OBIYHO
coctasisier oT 400 1o 800 sx3eMiuisipoB. Cripoc B BeUe€pHEE BpEMs 3aBUCUT OT TOTO,
HameyaTaHbl JIM B ras3ere Kakue-NuOo Marepuasbl, BbI3BABIIME IOBBIIICHHBIN
unTepec. Eciau B razere omyOIMKOBaHBI TaAKUE MaTEPHAJIbI, TO CIIPOC COCTABJISET OT
300 mo 500 sK3eMIUISIpOB; €CIIM TaKKUX MaTEepUajoB HET, cpoc cocTtaiser ot 100 no
300 sk3eMIuIsipoB. MaTepuabl, BbI3bIBAIOIIUE MTOBBIIIEHHBIA HHTEPEC, IEYATAIOTCS B
JAHHOM razere B CpeHEM 2 pa3a B HEJEIIIO.

["a3eTpl, HEe pacnpojaHHbIE B TEUYEHHE [HS, HE MOrYT OBbITh MPOJAHBI B
HOCJIEYIOIIUE JTHU.

Tpebyercst pazpaboTarh aJrOPUTM U MpPOrpaMMy Ha OCHOBE meToaa MoHte-
Kapno nns onpenenenusi cieAyromMX BEIUYUH: a) CPEAHSS MPUOBLIb MPEANPUITHS
3a JIeHb; 0) BEPOATHOCTb TOTO, YTO CIPOC HA ra3eTbl He OyJeT YIOBIETBOPEH
MOJIHOCTBIO.

3anpauva I15.7. Jlunus snexrponepenaun (JIDII) coequHseT 3IEKTPOCTAHIIUIO C
KpynHbIM ropojaoM. Jmuna JIDII (paccTosiHre MEXy ropoJoM U SJIEKTPOCTAHIINEH )
— 300 km. CpencrBa aBTOMATHYECKOTO KOHTPOJISi, KOTOpbIMH ocHaieHa JIOII,
MO3BOJIAIOT B CIIyyae aBapuu Cpa3y K€ ONPEACNIUTh MECTO, I/IE OHA MPOU30ILIA, U
OIIEHUTH €€ cepbe3HOCTh. [IpuMepHo B 80% ciydaeB aBapusi OKa3bIBa€TCs OOBIYHOM,
B 20% cnydaeB - ceppe3Hoil. [Ipu o0OBIMHON aBapuu Juisi €€ yCTPaHCHHUS
HaAIMpaBJsIETCS PEeMOHTHass Opurama w3 TyHKTa (TOpojia WM DJIEKTPOCTAHIUH),
OJMMKalIIero K MecTy aBapuM. s yCTpaHEHMsI CEpbe3HOIl aBapuu HallpaBJseTCs
crenuaibHas peMOHTHas Opurajaa C 3JIEKTPOCTAaHUMH, HE3aBUCUMO OT TOTO, I/e
IIPOU301IA ABAPUSL.

CKopocTb IPOJBUXKEHUS PEMOHTHOM Opuraasl Kk mecty aBapuu - 100 xkm/u.
Bpems, HeoOxoaumoe il yCTpAHEHHs] aBapuM - CilydailHas BEJIMYHMHA, KOTOPYIO
MOHO CYMTaThb PACHpPEIECICHHON M0 SKCHOHEHUMAJIBbHOMY 3aKOHY. YCTpaHEHHE
OOBIYHOM aBapuu 3aHUMAET B cpe/iHeM 4 Jaca, cepbe3HOM - 7 4acoB.

TpeOyetcst pa3paboTaTh ajJropuT™M M MpPOrpaMMy Ha OCHOBe MeTona MoHTe-
Kapno niisg onpenenenus cpefHero BpEMEHH YCTPAHEHHUSI aBapUU.

3apaua I15.8. Pa3pabarsiBaeTcs miaH npousBojcTBa Tpex neranend (1, 2,
J13) na pabounit gaennp. [Ipennpustue umeer 20 crankoB tuna CT1 m 30 craHkoB
tuna CT2. Ha kaxaoM U3 CTaHKOB MOKHO BBIIYCKaTh JETald BCEX TPEX THUIIOB.
[Tpou3BOANTENBHOCTH CTAHKOB (JI€Taieli/1eHb) puBeaeHa B Tabi.I15.1.

Ta6bnwuua N5.1
CraHok

lMpou3zeodumenbHocmb, demarsnel/0eHb

il | J2 | 13




CTl1 20 35 15
CT2 15 30 45

Janneie B Ta0n.115.1 o3HavaroT, Hanpumep, uto ecnu craHok Tuna CT1 B TeueHue
BCEro paboyero JIHs UCIOJIb3YETCs JIsl TPOU3BOJIcTBa Aetaien J[1, To 3a geHb Ha
3TOM CTaHKe OyJeT BblmylleHo 20 Takux aeTaje.

Kaxxnplif cTaHOK HACTpamBaeTCs Ha BBIMTYCK KaKOW-IMOO OJTHOM JIeTaau B
TE€UEHHUE BCEro pabouero AHs (TakUM 00pa3oM, KaxX bl CTAHOK B TEUEHHUE BCETO
pabouero JHs BBITYCKAET JE€TalU TOJbKO OJHOTO BUA).

3a pabouuii 1eHb NpeaNpUATHE JOJKHO BBITyCKaTh HEe MeHee 150 neraneit JI1,
He meHee 100 neraneit /12 u He menee 150 neraneit J13.

[TpubbuIb MpeanpuaTHs OT NpoAaxku ojaHor aetanu J[1 coctaBuser 6 aeH.en.,
oT mpoaaxu aeranu /12 - 4 nen.ex., ot npoaaxu aeranu [3 - 8 nen.ex.

Tpebyercst onpenenuTh, CKOJIBKO CTAHKOB KaXKJIOTO THITA JIOJHKHBI BBIITYCKATh
B TeUeHHE paboyero JHSA ACTANM KaXJAOr0 BHUJA, YTOOBI MPHUOBUIb OT MPOJAXKH
BBIITYCKAEMBIX JIeTajiell Oblia MakcUMalbHOU. J[ns pemieHus 3agaun pa3padboTarth
QITOPUTM U IIPOrpaMMy Ha ocHOBe MeTona Monre-Kapuo.

3agaua I15.9. /{ns BeIpamivBaHus 3€pHOBBIX KYJbTYp (O3UMBIX M SIPOBBIX)
MO>KET MCII0JIb30BaThes 0,8 MIIH ra 3emMjiM B KJIMMaTU4eCcKou 30He A u 0,6 MJIH ra —
B KJIMMaTU4ecKoi 30He B. YpoxkalitHocTh 3emenb nmpuBeeHa B Taoi.I15.2.

Tao6muma I15.2

3epHOBBIE YpoxkaitHOCTb, 1/Ta

KYJIBTYpBI KnumaTtnueckas 30Ha A Knumaruueckas 30Ha B
O3umble 20 25

SIpoBbie 24 15

Heobxoaumo nonyuuth He MeHee 20 MIIH LIEGHTHEPOB O3UMBIX M HE MEHee
6 MJIH LIEHTHEPOB SIPOBBIX.

[TpuObLIL OT MpOJaXu OJHOIO LIEHTHEpa O3UMbIX cocTaBiseT 10 aeH.en.,
OJIHOT'O LIEHTHEPA SAPOBBIX - 8 JIEH.CI.

Tpebyercs onpenenuTp, KaKyr IUIOIIAAb 3€Melb HEOOXOIMMO HUCII0JIb30BATh
B KaXJ0M KIMMaTHUYECKON 30HE JUIsl BBIPAIMBAHUSA KaXKJIOM W3 KYJIBTYp, YTOOBI
npuObBUIb OT MNPOJAXHU Yypoxkas Oblla MakcUMajdbHOW. Jlis pemieHus 3anayu
pa3paboTarh aJropuT™ U IporpamMmy Ha ocHoBe MeToja Monte-Kapio.

3apaua I15.10. @upma, Bnageromass asymsa npeanpustusmu (111 u I12),
UMEET BO3MOYKHOCTh BBINONHUTH 4 3aka3za. Kaxaplil 3aka3 JOJKEH BBITOJIHITHCS
TOJIBKO OJTHUM MpEAnpHUITHEM (COBMECTHAsI pad0Ta HECKOJBbKUX MPEINPUATUN HaJ
OJIHUM 3aKa30M HEBO3MOkHa). Kaxmoe u3 npeanpusaTuii MOXKET BBIITOIHSTH
HECKOJIbKO 3aKa30B. 3aTpaThl MPEANPUATHI, CBA3aHHBIE C BBITIOJHEHUEM 3aKa30B, U
pa3Mephbl MIaThl 3aKa3YMKOB 3a UX BBINOJHEHUE pUBEAeHBI B Ta0.115.3.

Taoauna I15.3
3aka3 1 2 3 4
3atpatel npeanpustud [11, min nex.en. 4 2 6 3
3arpatsl npeanpusitus [12, MiH fgeH.ex. 7 1 2 5




|HﬂaTa 3aKa34MKa, MJIH JIeH.e]l. | 12 | 4 | 8 | 6 |

Hannble B Ta0n.I15.3 o3HayaroT, HampuMep, YTO 3aKa3uMK IUIATUT pupme 3a
BBINOJIHEHHE MepBOro 3akaza 12 muH feH.en. Eciu 3TOT 3aka3 OyAeT BBIIOIHATHCS
NEPBBIM IPEANPUATHEM, TO 3aTPAThl HA €0 BBINOJHEHUE COCTaBAT 4 MIIH JI€H.€[.;
TakuM 00pazoM, mpuObLb GUpPMBI cocTaBUT 12-4=8 muH nen.en. Ecnm sToT 3aka3
OyZAeT BBINOJHATHCS BTOPHIM NPEANPHUATUEM, TO 3aTpaThl COCTaBAT 7 MIIH JEH.E].
(mpubbLIb pupMBI cocTaBUT 12-7=5 MIIH NieH.ex).

TpeOyeTcst pacnpenennuTb 3aKa3bl MEXIY MNPEIIPHUATHSAMU TakKuM o0pazoM,
yTOOBI PUOBUIL (PUPMBI OblIa MakcuMaibHOM. JlId pemenus 3agaun pazpaboTaTh
QITOPUTM U IIPOrpaMMy Ha ocHOBe MeTona Monre-Kapuo.



Cs. nmnan 2004, mo3.37
VyeOHOE U3nanue

Cmopoaunckuii Cepreit CrenanoBu,

bamu+ Hukonat Bnadumupoegu4

OIITUMUN3ALINA PELLIEHUIA HA  OCHOBE KOMIIBIOTEPHBIX
NMUTALIMOHHBIX METOOB 1 MO/IEJIEU

YUYEBHOE ITOCOBUE
1o Kypcy “MojaenupoBanue cuctem’”
JUISL CTYZICHTOB CHEIIMAIbHOCTH
" ABTOMATHU3UPOBAHHBIE CUCTEMBbl 00paboTku nHOpMauu"
JTHEBHOM M TUCTAHIIMOHHOUN (OpM 00yUueHus

B 2-x gactax

Yacts 1

Penaktop u koppekrop T.H. Kprokona

IMoamucano B neyats 14.10.2004. ®dopmar 60x84 1/16.
bymara ogcernas. [Tewars puzorpadpuueckas. VYcen.neu. 1. 4,76.
Yu.-u3n. 1. 4,5. Tupax 150 3x3. 3aka3z 223.

W3natens u nonurpaduyeckoe UCTIONHEHHE: YUpeKIeHne 00pa3oBaHUs
«benopycckuii rocy1apcTBEHHbIN YHUBEPCUTET HH(YOPMATUKH U PATUOITIEKTPOHUKI

JIuneH3ust Ha OCYIIECTBIICHUE M31aTeNbeKoi faesitenpHocTr Ne02330/0056964 ot 01.04.2004.

JlunieH3ust Ha ocy1ecTBiIeHue nonurpapudeckoit nesreabHocti Ne02330/0133108 ot 30.04.2004.
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