Практическая работа №1. Моделирование дискретных случайных событий
1. Цель работы
Практическое освоение метода моделирования на ЭВМ дискретных случайных величин и событий.
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6. Контрольные вопросы
1. В чём заключается сущность метода, реализующего случайную величину на ЭВМ?
2. Привести алгоритм моделирования дискретной случайной величины на ЭВМ.
3. Какой алгоритм используется для моделирования закона Пуассона на ЭВМ?
Практическая работа №2. Обработка результатов моделирования
1. Цель работы
Исследование достоверности и точности имитационного моделирования. Практическое освоение методов обработки результатов машинных экспериментов с моделями систем.
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4. Подготовка к работе
1. Ознакомиться с основными типами распределений случайных величин и методами их моделирования на ЭВМ.
2. Подготовить и иметь в распоряжении датчик случайных чисел с равномерным законом распределения, написанный на выбранном языке моделирования.
3. Ознакомиться с методами оценивания эффективности системы.
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6. Контрольные вопросы
1. Что такое критерий эффективности системы?
2. Почему говорят об оценки показателя эффективности, а не о его точном значение?
3. Что такое точность и достоверность показателя эффективности?
4. Какую интерпретацию может иметь показатель эффективности?
5. Какие понятия математической статистики лежат в основе получения оценки показателя эффективности системы?
6. Каким образом определяется необходимое число машинных прогонов модели для достижения заданной точности и достоверности оценки показателя эффективности?
7. Что такое квантиль распределения и как он оценивается?
8. Дать интерпретацию результатов имитационных экспериментов с моделями, исследуемыми в работе.

image6.png
OBuio0 @ ~ manoe wicno: a = 0,05 u a = 0,01, 370 CooTHOWEHWE W MCNONB3YETCR ANA ONPERENEHMA KOMMIECTEA HensiTakiii ' Takoro
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B bopuyny EXORMT HEISECTHAR BEPORTHOCTS , KOTOPYK0 OMPERENAOT CEAYOLIM 0BPEI0M
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PuicynoK 2.2~ Cxeta anZOpUITM OUEHUISEHUS CPEOHEE0 SHENEHUS IOKB3AMENS JPEKTUEHOGM CUCITENS

Ouenka p - keanTWnA pacnpenencaun

TIYCTs & MPOLECCE MOAENMPOBAHH HEKOTOPOT! CHCTENSI MOACHITLIBAETCR SHAYEHWE NOKASETENR SbAeKTHEHOCTA X, KOTOpLi npeanonaraeTca
nyuaiinoii senvaoi. Ecu chyweyno pacpeeneria 0GosuawTs F(x), To p — KeauTvnets pacnpedenekin Flx) Has-EaI0T WICTo X, RENAIOLESCH
pewenmem cuctems:
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awaesun vepes X Toraa
XXy
8 570 nocnenoaaTensioCT s N WUCeN KaXORM SHCO, Howep KOToporo pazer: Lienos (V). Ecn, wanpuvep, N = 1000, a p = 095, To
enoe () = 950. 310 1 npusvaet 2a ouesey p — keasTuns. Tariht oBpazon, X, = Xy
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3. OGBeKTbI M CPEACTBa UCCNEROBaHNS

OBexTam uccnenoBaKwA & AarHOA PaGOTe AENAOTCA MOREMN WHDOKO PACTPOCTPHEHHSIX ABMEHMi M MDOUSCCOB & MPAKTIKE uenosexa:
OTPaXEHHE PAMONOKALHIOHHLIX CHTHNOE OT OGEKTa, EIBELUIMEAHVE TeN Ha AHAMHTHIECKAX BECAX, NEPEAG|H CATHANOE N0 KaHANAM C MOMEXENM

OueHra WCOMBIX WHCTIOBSIX XBPAKTEPHCTVK, YKG3aHHLX © Saawan Wa  Pabory, MPOMSEOMMTCR Ha SBM METOZOM MMUTALMOHHOTO
"MOZENMPOEAHHR C YCONS30BEHHEN YHABEPCANSHORD A3SIKA NDOTPAMMIPOEAHIS.

Tl MOCTDOSHMA MMMTALYIOHHLIX MORENEIl YACTO BOSHUKAST HEOBXOMMMOCTS & MOnyueHVe PEANHIaLyi PAIHOTO POA CYUaliHLIX BEnu
MIDOMEXYTKOE EpEMeHN MEXDy HEKOTODSIMM COBLTUAMM, E03IHCTBA HEKOTOPLX QUMMECKAX BEMVMMUH Ha CUCTEMY YTIDABNEHAR, PaSMEPOs
obpabaTieauix geTaned u T

11757 chOPMMPOEEHHR BOIMOXHSIX SHAUSHUR CRYUATHX BEMUHH C 3AR3HHLIM 3AKOHOM PACTIDERENEHAR HCXORHEIM MATEDHANOM CTYXET 0BLHO
CnyuaiiHLIe SenItuMHL, MMEILIE PAEHOEDHOR pacTpeaenenvie & uwTepeane [0,1]

[In nonyuenA peanvizauyih HENpepsIEHOi Cnywalioi seniuis X ¢ 3aaHHOR MMOTHOCTSf0 PACTpeneneHnA BeporTHOCTel /1) CyuecTayeT

HeMAND UCKYCCTEEHHSX TPHEMOB. W3 STHX METOLl08 BECMa PACTPOCTPEHEH WETOLL HENVHEHOT0 IDEOBPA308aHIR, HaSLIEASHIM METOROM OBPaTHON
pyHKLM. 3TOT METOZ OCHOBEH Ha UCTIONL30EEHHH COOTHOLLEHWR

& sdr=ry,  i=12,

& KOTOpOM ; ~ I-A PEANUSALIAR CYSaiHOi Benuie) U, PASHOMEDHO PaCTpeaensHHoi & ukTepeane [0,1]; x; ~ -7 peanuaauy cryuaHoi et
X, onvicuieaenoii nOTHOCTL0 BepoATHoCTH ).

TIpi HCTOn30EaHMA WHTErPaNHOT (hyHKLYM paCTpeRenekitA BeposTHOCTEl Plx < J=F(x;) nonyuaeu ypasesie

2.3,

Flx)=1,i
PellieHie KOTOPOrD OTHOCUTENSHO x; ABET ABHYIO chyHKUMOHANEHYIO CaRas Mexay x, W i x~F(u;).

B HexoTOpLX CyuaRX METOn OBPETHOM QoyHKLUM NETKO ANTOPUTUMIDYETCA W AGET AEHOS BLDAXEHWE ANA PACHETE UCKOWOR CryuaiHon
eNUHLI C 3/AHHEIM 33KOHOM PACTIDENENEHIR BEPORTHOCTEN

PagromepHoe pacnpegenetme

1A% WMITaLYA PABHOMEPHOTO ACTDEAENEHWA Ha UHTEpEANe O @ A0 b MCnoni3yioT o6paTHoe Mpe0Bpas0saKue CooTBeTCTay el hyHKLM
paCTpeAenentA, KOTOpO NPHEOINT K SEpaXeHo

x=atb-au

e 1~ cnyuaiiveie wicna, nonyuenssie of [ICH.
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JxcnonenumansHoe pacnpeaenenme

Korgia 8epoRTHOCTS HACTYnnesMs COBSITHA & MANOM WHTEpEane Bpewieku A7 OueHs MaNa U He 33BUCHT OT HACTYANEHWR APYTVX COBSITT, TO
VHTEpEAS! BPEHEH MEXAY NOCTEN0BATENLHSIMI COBSTUAMM PACTIDERENAIOTCR 10 SKCTIOHEHLAGNSHOMY JaKOHY C NNOTHOCTSH0 BEPORTHOCTEN

FO=M <t <o, (m= const)

30y saKOHy PACTPSAENeHIA MORWHATCA NHOTe ABNEHNA, HNDAEP, ATVTEBHOCTS TeneboHHLIX PasrOSOPOE, CPOK CryxGel IHOTX
MEKTPOHHLIX ASTANGH, BPEMA NOCTYMNEHA 3aKa308 Ha NPSADHATHE A T4

175 MMUTBLIAN SHCTIOHEHLMENHOO PACTIDEENeHY MCTION3yoT OGPATHOS NPE0BPa30saHE GyHKLIM MNOTHOCTA
T==(U Dl utm
e 1~ cnyuaiivsie wicna, nonyuaemsie or [ICH.

Meron ofpaTHbix chyHKit NO3E0NAET hOPMANEHO SEMCATS DOPHMYs! ANA MORENMPOSAHIA M0G0l CyualiHOM Senusl. ORHaKO AOEONEHO
UACTO HEBOIMOXHO BHATVTIMECKOE Onpeaenenvie OBPATHO yHKLUM. B MOROGHLIX CryuasX HCTIOM3YKIT CTUHANHEIE METORS! MOENMPOSHUR
Vcnonsayior nuBo crieuiansHsle 3aKoHs! TEOpHM BEPORTHOCTER, TG0 OCOBEHHOCTH MOAETMDYEHOTO 33KOHA PACTPEAENeHR BepORTHOCTeR. K wicny
1030BHSIX NOAX0R08 OTHOCHTCA  MOMXO MPH MOAETUPOEAHHN HOPIANSHO PACTDEAENEHHOR CIyJaHOR BEMUMHEL

HopwmankHoe pacnpenenetme
HopansHoe, 1ni rayCCoo pacnpeneniene — onuH 3 HauGONee BAXHLIX 1 YACTO UCTONL3YEMX BNA08 PaCTpeaeneHis

Boe WIBECTHLIE METORS! TEHEPUDOSAHWA HODMANHO PACTPEAENEHHSIX CTYUaTHLIX UACEN OCHOEaHS Ha npeopadoeannn Z=(X-a)o, me a —
MATETINECKOS OXHNEHE,  — CPEHEKSAZPATIMECKOe OTKIOHeHe. B 3TOM Cnyuae Cnyualivan BemunHa Z PAcTDEfeneHa HODMANeHO C
MATEMATHNECM OXWTGHUEM PaBHSIA 0 1 CDEIHEKEAIPATUECKIM OTKTIOHEHHEN PABHSIM 1 (68 HASHBIOT CTaHAAPTHON CryalHOA BenMuMHOF,
OMUCLEaEION ANOTHOCTS0 pacTpenenerun

2

)= e 2
10 g

TMepexon k TpeGyetomy HOpMaHOMy PACTPEAENEHIO OCYLIECTENRETCA COOTHOLEHEM X=a+Z )

TlocTaTouso 3chpexTUEHSIM NOLXOROM K MOENVPOEAHO CTEHIBDTHOT HOPMANSHO PACTIDERENSHHOT CYJaITHOT BEMUUIHS ASTAETCR aNTOpHTM
Mapcansi-Bpen, GuicTpo Aatouwi Touksie pesynsTaTs. Mo STOMy ANTODUTMY TEHEDUDYIOTCA AgA CRyuaiMsix WAcna uy W up. flanee nonaran

V14200 7,

14215, encnior S=V,2+7,2. Tipn S 21 HaumHaloT Lkn cHosa.
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Mpu S <1 ssruvcnsioTea

% revepuposara 100 2D HOPMANSHO PACTPEAEEHHAX CnYJAHLIX YACEN NOHAZOGUTCH & CpeaHen 127 nap cnysaisix ucen (U1 1 L2).

ASIODHTM F€HEPHPOEAHH CTaHAAPTHIX HOPMANISHSX CTYaHLIX SENIuUH MPUEEEH Ha PUCYHKE 2.3, ANTOpHTA MOXeT GiiTs chopnes & siae
fpouenypu! ¢ hopuanswy napawerpami (EX, SKO, X1, X2).

npoyecypaNORMAL (EX,SKO, X1, X2)
1 V1=2%RANDOM - 1
V2=2*RANDOM - 1
S=TITIHT2 T2
Eonu(S 2 1.0) udmu x 1
SQ= SQRT(-2*ALOG(S))/ 5)
RI=V1%50
R2=V2%5Q
X1= EX+RI*SKO
X2= EX+R2*SKO
Bosepam s mowxy susosa
Koney
PuGyHOK 2.3 ~ AnI20pUMI 2EHEPaMOpa HOPMENHO PACTIDEdEnEkHLIX CRyWATHLIX eenuu

Vicxogsim RakHuim 30ecs RENAOTCA MaTemaTnueckoe oxvnase EX W cpeamexsagpamiieckoe orknonese SKO. 3a oawo obpauienme k
IDOTpaIME NONYUEHOTCH A28 HOPANSHO PACTPEAENEHHSX CryuaiiuX uca X1 1 X2

Tloraphdmmsecku-HopMan&Hoe pacnipemenetme

Cryuaiikan senuna X MMeeT NOrapHEUUECK-HOPMANSHOE pacpeaeneswe, eci senvuna ¥ = In(X-4) pacnpenenena no HopmansHomy
3aKovy. Benvuia A AENAETCA NBPaMETPOM 3TOTO SaKOHa PACTPEAENEHHR BUECTE C NAPAMETDaMN & U G HOPMANsHOTO 3akowa AnA T TnoTHocTs
pacnpenenenA cryaiion Benvul X 3a138TCA hopuynoii

2
1 o s[lnG=A-a
f(x),imdxd)exp{ 05[ = } },(nA)
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MaTemaTuueckoe OXUAaHME W AUCTIEPCHA ONPEAENAIOTCA 1o hopMyan
M[X])= Atep(0? 12 +a), D[X] = (exp(0?)-1) exp(c? +2a).
Venonsays canas X'u ¥, nonyuaem crieaylowmii criocob MMUTaL NorapuciMSectst — HOPMansHO pacnpeaenaHHoi cryuaiinoli Benvuuksl X:

1. MMUTHPYETCA CTaHAGPTHR HOpMANKHaR senaika -
2 ssumcnrerca X=4 + exp(T).
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5. Mporpamma paGoT

51 B paGoTe SuMICTASTCH XBDaKTEpHCTIFA MOREH HEKGTOPOro TPOLISCCa, YKE3aRHON BApHaNTON 3aRARVR. B COOTBSTCTENE C SaRaHen
‘cocraguTs anropuT, nporpaniy 4n JBM U OLEHUTS ¢ TOUHOCTLO £=0,01 1 A0BEPUTENLHO BEPORTHOCTS0 0,95 OZHY U3 CREAYILIX XapaKTEpHCTHK

1. BeposmHocTs cobemia oK.
2. Maremamusectoe oxuganvie X.

3. MaTematnseckoe oxuaasite X2
4.0,95 ~ kearTuns pacnpenenenna X.

5.2. 17 010/ 43 CrEayOLYX MOZENEH! BLMHICTUTS YKASaHHY0 B NYHKTe 5.1 XapaKTepnCTHKy.
Mogens 1

HauWHaeTCh CTpOTEnsCTE0 HOB0ro npeanpusTs. PeAeapHTEHLIE PACHETSI MOKAIANM, TO MpHBEIN MDANPHATHA GyaET CHILHO 32BUCeTs
OT BKCNYaTaLOHHEIX PACKO0B, UKOCTW PLikka W AOTM MDENPHATWA Ha Pekke. [ITA OLIEHK BOSWOXHOR AOTH MPEANDUATUR C AOCTATOUHOR
TOUHOCTHIO MOXHO UCTON30EATS SKCTIOHEHUMANHLI 3aKOH PACTERenenUA CrysaiiHoli Bemwanisl X (10mA npeanpusmia & obued macce
ronKyperTos)

7(2) = (1B)emp(-x/K)
rae K — cpeawAn 40nA npeanpuATHA.
Mopens 2

M fycxe HOBOTO MDEANPWATAR VCTWMHSE OKCTIATALOWMIE PACKORSl OCTATCA MOKA HEM3BECTHuMA. OUSHKA  BOSMOXHSX
HCNNYBTALMOHHLX PACXO08 OCYLIECTENANACk & NPETIONOKEHNH O HODIANEHOM 3AKOHE WX PACTDENENEHUR C NAPAMETPAMM' METEMATUMECKOS

oxuaanme K v cpeaHereagpaTieckim oTknoxennen o=10"1K
Mogens 3

Teno sasewnEactcA Ha aanUTUECKX BECaX. VICTUHHOS, HEWIBECTHOE Hal JHaueHne seca Tena pasvo K. BCneacTeme Wamuuns owmbox
peaynsTaT Kaxa0ro seewmBaKWA X CnyuagH 1 PACTIDEAENEH 0 HODMEEHOMY 3aKOHY C NapaMeTpami K 1 CpeliHe KEampaTHIecim OTHIOHEHHEM
=102

Mogens 4

Tlo WHbOpMBLOHHOMY KaKany nepeaaioTcs cooBluenns. BO Speits X Nepeaad & kanane HaGIoAa0TCA MMMYALCHEKLIE nowexn, Vktepsan
EPEMEHN MEXIY HAMGMLHSIMM MOMEHTEMA MORENIGHWA MOMEX RENAETCA CnyalHOA Beraumdol X, pacrpemenésoil no norapuimseci-

HOPIaNsHOY 320HY 3aKOHY, OMVCHIBaEHOY faa — pacrpenenenvient ¢ napaneTpany a=K, o=10-1K. 4
5.3, KoHKpETHSi SaPUaHT 3a0aHHA OMPEASTIACTCA HOMEPOM MOAET 1 HOWEPOM OLISHHEEMOR SEnMuuHS .

Crucox apuasos: 1.1,12,13,14,2.1,22,23,24,3.1,32,33,34.41,42,43,44,
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2. OcHoBbI Teopun

Micxogrem matepnanom Ana chopumposasia Ha SBM peanusauyii Cnyualiveix BeNMuMH C DASHOMEDHSIM 32KOHAMM pACTpEeneHnA &
wirepeane [0.1]. 374 uncna eLpaBATHIEAKITCA AaTuMKaMY CnywaliHeix wncen (ICH)

B aansefiwen cunmaen, uTo [ICH 8 Halwem PaCTORHEHIN MHEETCA

YT WMEETCR AUCKDETHAR CyualiHaR BEMHHA C 3ANGHHSIM 33KOHOM PACTPEAENIEHHA BEPORTHOCTEN

f2mes

Te. BEPOTHOCTL TOTO, TO CrYaiaR BenMHa X TIDHIET HaUEHHE X, PAEHA Dy 3HAUEHUE CTY|aiTHOT SNl X MOXHO UHTEPTPETHPOSATS Kak
2...m)

HexoTopsie cOBLTUR, 0GpasyIOLLIE MOTHYO TPYNY W HACTYNIOLLYE C COOTBETCTEYHOUMM BEPORTHOCTAMN Py (k =

Peanusauy Takoi cyuaiioii et X Ha SBM OCyUECTENAETCA Beckia MDOCTO. MTepsan onpenenchias PasHOMEpHO pacnpeaengHon
enyuaiioii senvumksl U10.1] AERUTCR Ha nomuTepeans A, Takwe, uTo Annea 4 pagka py (cu. prcykox 1.1).

fix)
a8 Ay

0 pioprioz - 1w
Pucynox 1.1~ Cobbimue Xy vacmyneem, ecnu u € Ay

Torna 8epOATHOCTS NonagawuA cysaiikoil senukl U & WHTepsan 4y okasieasTcs paswon oy P(U € Agi=py v antopuTa mogenuposasia

enywaiioi senvuiul X ONpeAeNAETC POCTLIM NpHCeansakmem Y=g npi u € Ay,

PaccuoTpun npocTol npamep. VMATUpyeTch Gpocakie WpanHOR KOCTH (yGUKa, Ha rpaHAX KoToporo usoGpaxersi idpst o 1 o 6)
AsropaTi wwTaLM GyaeT CocTOATS & crieayiowen. Otpesor [0,1] pasBHEaETeR Ha 6 OIMMAKOBLIX YACTEN! (SPORTHOCTI BLINAZEHA MoGO rpaH
ouaxozs). Mpn nonagasm crysaiikoro wicna U ot [ICH & i W<Tepean CTaem, 4To npi GpOCaku kyGHKa Bsmano  0uKos (c. picyox 1.2)

1 4,56
01/6 1/3 1/2 2/3 5/6 1

"PucyHo 1.2~ Y10 04K08 agHO HOMEDY UAMIEPSaIna Mpu Mondanuy & Hezo wuona U

AHaNOTI4HO CTPORTCA CXEMS! WMMTALIM U AN Gonee CroXHeiX CoBLTil
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3. OGBeKTbI M CPEACTBa UCCNEROBaHNS

B naopaTopHoii paGoTe MCCRERYITCA CIyualiHLIE BENMUMHSI, CHASAHOM C GPOCaHHEM CHUMETDHIHOR MOHETS!, WTDANSHOM KOCTH, 1 HEOKTOpaR
Cnyuaiian BeniuHa, MIORENEHH KOTOPOM MOAMMHAETCA 3aKoHy Myaccona:

X023 ko

P:po.p1. P2 P3. Pk

e a ~ waTemamniecroe oxuaarue (a > 0). Ha NPAKTUKE YaCTO WIBECTHA UHTEHCHEHOCTS A NORBNEHWR TEX WnW whuix coBsimwi. Ecam 4 = const, To
wicro coBbimii 32 Bpent £ GyneT @ = 1.

Pacnpenenchuem lyaccowa, HanpAMEp, OMUCHEITCH MHOTUE AEMEHUA HA OMPEAENEHHOM OTDEGKE BPEMEH KOMUMECTEO NOXEPOE,
‘asuaxaTacTpoc, oTkaaoe JBM, KpywweHl MOPCKHX CYAOE, YDAraHOE U T BSCTPL ANTOPHTI MOZENMPOEaHIR WACEN, PACDEENEHHLIX 10 JaKOHY
Myaccosa, coctonT & creayouiem

TeiepupyioTca cryuaiivsie aHauewin nepewenoll U paskoMepHo pacripenenéoi s wkrepsane [01], g0 Tex nop, noka we craer
cnpaseaMBRM CReayiolLee COOTHOWeHHE:

E

I«
-0

¢
[T 2e
0

AsropaTi, peanvayioui STOT METOD, NPASEAeH Ha prcydke 13. ATTODHTI MOXHO OPOPMATS & SWIS MPOUEAYDS! C popansHM
napawerpan (4, K).

Benuiuba MATEMETIECKOT OXanw3 A 33128TCH Ha EXOE OAPOrpaNIASL
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4. MoaroToBka k paGote

1. OSHAKOMMTLCA C MPHLIANAMY MIAUTALYIM AVCKDETHLIX CryaliHeIX SEMUdWH 1 UX peanusaLpeii Ha SBM.
2. TosTopiTs OnepaTops! BL6paHHOT A3iKa MPOTAMIMMPOBEHUR

@opuanshsie napaweTpsi (4, K)

5=10

15= §*RANDOM
Eenu (S-E<0), mo 3
2K = K+1 Homu x1

3 Basepam s mosky svsosa
Koney

"PucyHox 1.3~ Aneopurm eeHepamopa crywalinsix senuuuy, PaCTpedendiHeix M0 3akony ITyaceona G Mamemamuseckum oxudasuen A
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5. Mporpamma paGoTe!

51 ViwmuposaTs GpocaHie CHMMETDWAHOR MOWETs. Pesynrarei nepesx 100 Gpocawwii BNBECTA Wa meuaTs B CTPOKY & SHae
nocnenoeatentHocT Gyks "0 u "

‘Cocras#Ts anropuTM 1 MPOrpaMMY MOACIETa HaCTOTH, C KOTOPOJi & NIOCNER0EATENLHOCTA 3 N GPOCaHMA ECTDEUGETCH SaaHHaR KoMBHHALAA
opnos u pewex

10 5P0  9CPO 13 PPO
2P 6FP  10.0PP 14.PPP
3.00 7.000  1LPOO
4.0p 8.00P 12 FOP

Pesynitatei ans N = (100, 200, 300, .., 1000) SLISECTH Ha NIEYaTS 1 CPAEHUTS C TEOPETHIECKOH BEPORTHOCTS.
TIporpatiiy COCTaENTS AnA S8A8HHOT HOWEpa EapHaKTa.
5.2. Mmvruposars Gpocatiue urparn+oi KocTy. PeaynisTars: nepewix 100 6pOCakwi SLisecTi CTPOKOi Ha nevars.

‘CocraHTs anFopuTM 1 MPOTpaMMY PACHETa YACTOTS! COBSITHA, COCTORUEND B TOM, 4TO CYMMA ONKOE NPH ASYX NOCTENOEATENSHX GPOCaHHAX
paswa 3ananHomy K. (K npusaeT savesus or 2 A0 12. Yucno Gpocarii pasko 1000).

‘CpasKHT: PACCUUTaHHYIO HaCTOTY C TEOPETHNECKO/i EEPORTHOCTE.

5.3. Mpu paGore BV Epen OT SPEiEHN EOSHUKAIOT HEHCTDaEHOCTH (cBOv). EXeaHeBHOe KONMUECTEO CB0es OnMCHIBAETCH Kak Cryuaiinan
senana X, pacnpenenshean no akowy lyaccowa c napamerpon @ = 15

‘CocraswTs anropyTh 1 nporpaniay WwTaLyM CGoes 5 JBM & Teueniie 365 AHER 1 BHMIHCTIEHUR YGCTOTH! COBLITUR CylMa WiCna CB0SS B AyX
nocnenoeaTentHsix AHAx paska K. (K — HOMep CTyieHTa no ciucky rpynne). Yncno cSoes 3a kaxasii ua nepssix 100 awelt suiseci Ha nevars &
cTpoky.
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MpakTuyeckas pabora Ne2. O6paboTka pe3ynsTaToB MOAENMpPOBaHUA

2. OcHoBbI Teopu

B o6iien Cryuae WMUTALYIONHOS MORERMDOSaHHE BCETA IDOSOANTCA C LSS OMPEAENEHIA HEKOTODSIX OLISHOK NOKasaTens (Wik nokasatened)
dpepexTueHoCTA cuCTelb. TIDOSOMHTS MMWTALIONHOS MOZENMPOEAHYE LENECOOGPEHO ML B CTYWARX. KOTIE WHTEDECYIOUM UCCTEa0BaTenA
nOKa3aTent SQEKTUSHOCTA CACTEMS! HEEOSMOKHO WI CTIOXHO OMPEREMUT aWamiTueckn. TMpOLece MOREMUDOBaKWA TPEYeT, KaK npaeuno,
GOMLLIX 32TPAT MAILIMHHOTO BPEMEHH T BECoHa BHICTDORSTICTEYIOLLYK0 BLIACTIATENLHYIO Texkutry. KPOME TOrD, UMITALYIOHHOE WOENHPOSaHME-3TO
€B08r0 ORa HCHYCCTREHHEI SHCNIEPAMEHT C LDPOBOT MORENLO CHCTEMs!, OBPaBOTKa PEsyMTaTOR SKCIEPUMERTA MDUHLIMMANEHO HE MOXET AaTs
TOuHLIX SHaueHWi MOKaSATENA SEKTHEHOCTH CCTEMS, & NYWLUEM CyUaE MOXHO MOCTDOWTS XOPOLUYIO OLSHKY TaKoro nokasatens. Mpn 3Tom
HeUSBEAHO BOSHAKEIOT BOPOCH TONHOCTH W AOCTOBSPHOCTH OlSHK NOKasaTens SbexTeocTu. Mpojenae Gomsuioe KOMUMECTED OMTOS
(TPOrOHOB) © MOAENSH0 CYCTEMS, MONYUAKIT SKCTEPHMEHTANHLI MATEHAN, KOTOPLI ANA MONYUEHNA HCKOMBIX OUSHOK oBpadaTeaeTes Aanee
METORAMM ATEMETI|ECKOR CTATHCTIKI. PaCCMOTpHM MpoLeayps 0BpaBOTKH A3 HAHONIEE PACTPOCTDHEHHSX THTOS KDHTEPHA SEKTHEHOCTA

OueHKa HEW3BECTHOM BEPORTHOCTH

TIonyCTvM, 4T Uens MOAETHPOBAHHA COCTOMT B OLIEHKU BEPORTHOCTH  KaKOTO-TIMGO COBLITHR A, CER3AHHOTO C aBoTof cuctems. Cobumue A
HaNDAED, MOXET 0503HAUATS EO3HUKHOSEHME ABAPUITHO CHTYALYN B CHCTENMe, OTK3 AMEMEHTOB CHCTEMS! 1 2D

B pesyLTaTe MPOTOHOS MOREMW BSIACHAETCA, MPOSOLUND fin CoBirTie A W He TycTs 38 N NporoHos Mogen coBimue A 3adkCHposaHo &
M nporoviax. OenKoii HEUIBECTHO BEPORTHOCTH 5 = F[A] CY#OIT 8 3Tom Cnyua uacTora

=MV
37 UBCTOTa I AENAETCR OUEHKOT HCHOMOTO KPUTEPUA SApepeKTUEHOCTH .

Pasniualor aCOnoTHYHO TONHOCTS £ KDTEPUR WHTEpDETALIK (N0Ka3aTeNs SxbexTuEHoCTH) 7

Borlse

W oTHOCHTERHYI0

Ok caRsaHsI NOCTSIM cooTHOWeHMeM: £=[y|8

TaK KaK neBkie YACTH NPUSEAGHHLIX HEPABEHCTS Cryualikel MO Ca0eH MDAPORE, TO /A OAHOMAUHOTO OTIDEAENEHIR KaHECTEa MORETHOBAHIHA
820ATCA NOKATHE AOCTOREPHOCTU. [lOCTOBEDHOCTS MOREMM 1-0: (HAAEHHOCTS, A0BSPUTENEHAR BEPORTHOCTS) ECTS BEPORTHOCTS TOTO, UTO PEayNSTTS
MOZENMPOEAHHA YAOBNETEOPAIOT 33GHHOT TONHOCTI

Plr-rze)=1-a




