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OBIIUE YKA3ZAHUSA

KypcoBoil mpOoeKT mNOCBSIIEH NPOCKTUPOBAHUID HMHUTAIMOHHOW MOJIEIU
paboThl COPTHUPOBOYHOW CTaHIMM C 3aJlaHHBIMU MapaMeTpaMu, a Takke
CTaTUCTUYECKOW 00pabOTKOM pe3yIbTaTOB MOJCIUPOBaHMs. BaprHaHThI HCXOTHBIX
JAHHBIX K 3aja4aM CTYACHT BBIOMpAET MO JIBYM MOCIEIHUM LH(paM CBOETO
yaeOHoro mudpa.

K BBIMOJIHEHHIO KYpPCOBOTO MPOEKTa PEKOMEHIYETCs MPHUCTyHaTh MOCIe
U3YYEHUS! TEOPETHUYECKOM YacTH Kypca B 1LeloM. [Ipu BBINOIHEHUH KYpPCOBOTO
IpOeKTa CJeIyeT MPUBECTH HCXOJHBIC AaHHBIE B COOTBETCTBUU C BapHAHTOM,
KpaTKHE TOSCHEHHsI, PacdeThl W CXEMbI, MPEAYCMOTPEHHBIC METOAMYCCKUMU
yKazaHusiIMU. Bce cxembl TOJKHBI ObITh BBIMOJHEHBI B IPaUYECKUX peaKkTopax.
Pe3ynbrarhl pacdeToB MpPEACTaBISIIOTCS B TaOIMYHON (opMe, B COOTBETCTBUU C
METOJMYECKUMU YKa3aHUSIMHU.

OdopmieHre KypcoBOro IPOEKTa BBIMOJHAETCS Ha OJHOM CTOpOHE
CTaHJAPTHBIX JUCTOB A4, C WCHOJIB30BAaHUEM TEKCTOBBIX pEIaKTOPOB, B
COOTBETCTBUHM C TpeboBaHusi 1o odopmieHuio (14 wmpudt, NOTYTOPHBIM
MEKCTPOUHBIA WHTEPBAJ, MOJIA CIpaBa — 3 CM, ClieBa — 3 CM, CBEpXY M CHU3Y — 2
cM). Jluctel MOMKHBI OBITH COPOIIIOPOBAHBI M TMPOHYMEpPOBaHBL. B KoHIE
KOHTPOJIbBHOM  pabOThl HEOOXOJMMO TPHUBECTH CIIMCOK  HCIIOJIb30BAaHHOMN

JUTEPATYPHI.



3AJAHUE HA KYPCOBOM IIPOEKT

[IpoBecTH WMHUTAIIMOHHOE MOJEIUPOBAHUE PAOOTHI KEIIE3HOIOPOKHOM
COPTHUPOBOYHOM CTaHIIMM, B KOTOPOl MPOU3BOJAUTCS pachOpPMUPOBAHUE COCTABOB
Ha €JUHCTBEHHON COPTUPOBOYHOHN TOpke. B mapke mpuOBITHS COPTUPOBOYHOM
craHIMl UMEETCH Nipuewmn. nyreiis, Hd KOTOPBIX COCTaBBI OXKMIAIOT pocmycka. IIpu
3TOM CTaHIUS JOJKHA BBIIIAYUBATE IUTPAQ) B Pa3MEPE Sypag 38 OAMH YaC IIPOCTOS
OJIHOTO cocTaBa. Eciu 3T TyTH 3aHATHI, TO MPUIICAIIANA MOE3]] BBIHY>KICH
MOKUHYTh 3Ty CTAHIIMIO.

Bpewmst monenupoBanust T,,,, IpUHUMAETCSI paBHBIM 24 yacam.

3Ha4YCHUsT MHTEPBAJIOB MEXAY NPUXOIAIIMMHU TO€3laMHd Ha CTaHIIUIO,
KOTOpbIE HEO0X0auMO pacopMHUpOBaTh, a TAKKE BpPEMsl POCIyCKa COCTaBa Ha
COPTHPOBOYHON TOPKE SABJSIOTCS CIyYalHBIMA ULEJIbIMH  4YHCJIaMHU, BHUJ
pacripefielieHuss KOTOPbIX M TapaMeTpbl 3TUX PACHpPEACIICHUI BBIOUpAIOTCS W3
Tab. 1 u 2 cornacHoOi BapuaHTy.

OcranbHble UCXOAHBIC TaHHBIC MPUBECHBI B TaOIHIIE 3.

[To pe3ynpraraM UMUTAIITMOHHOTO MOJIEIUPOBAHUS HEOOXOAMMO MPOBECTH
WX CTATUCTUYECKYIO 00pabOTKY M ONPEIEIIUTD:

- BEPOSITHOCTh OTKa3a B POCIYCKE IMOE3ay, MPHU 3aHATOCTU BCEX MPUEMHBIX
IyTEW;

- cpenHee BpeMs MpeObIBaHUs COCTaBa Ha MYTSX MapKa NMpUeMa U CpeIHee
KBaJpaTUYHOE OTKJIOHECHHUE;

- CpellHee YMCJIO COCTABOB, OXKHUIAIOIIUX Ouepear Ha pachOpMHUpPOBAHUE H
CpeaHee KBaJApaTUIHOE OTKJIOHECHHUE;

- CYMMAapHBIA CyTOUHBIX IITpad, KOTOPBIM MPUIETCS 3aIaTUTh CTAHIIMM 3a
MPOCTOM COCTABOB HA MIPUEMHBIX MyTSIX.

MopaenupoBaHue CIy4allHbIX 4HCEI C [apaMeTpaMHu paclpeeicHus,
3aJIaHHBIMU COTJIACHO BapUaHTY, MIPOBOJIUTCA HA OCHOBAHUM reHepaTopa 0a30BBIX
ClIydalHbIX 4Yuced. Takke JO0KHO OBITh MPUBEACHO CpaBHEHHE GYHKIMI

IUNIOTHOCTU PpPacClpCACICHUA CﬂyqaﬁHBIX YKUCCJI, IIOJYUYCHHBIX B PE3YyJbTaTc



YKa3aHHOTO MOJETUPOBaHMs, ¢ (PYHKIMEH TJIOTHOCTH ITOTO K€ pacrpeneseHus

CIIy4alHbIX YHCEJ, MOJIYYeHHBIX BCTPOCHHBIMH (DYHKIHUSAMU MTPOTPAMMHOM CpeIbl

MOACIUPOBAHUA.

Tabmuua 1. Buag u mapameTpbl pacnpenesieHus: 3HAYCHU WHTEPBAJIOB MEXKIY

BXOAAIIIMMHA Ha CTAHIIUIO ITOC31aMU

Ne nmpennocnennen

nudps! mudpa Bun pacnipeneneHus

[TapameTpsl pacnpeneiaeHus

0 YKCIIOHEHIINAIBHOE

UHTEHCUBHOCTD:
A =0,03 moe3ma/MuH

1 HOPMAJIBHOE

MaT. OJKHJIaHHUE:
M, = 30 Mmuu
JTUCTICPCHS:
D,=10

2 PaBHOMEPHOE

MHUHUMAILHOE 3HAYECHHUE:
a =20 Mun
MAaKCHMAaJbHOE 3HAYECHUE:
b = 40 Mmun

3 SKCIOHEHIIUAIBLHOE

UHTEHCUBHOCTD:
A= 0,02 moe3ma/MuH

4 HOPMaJIbHOE

MaT. O’KHJIaHUE:
M, = 40 muu
JACTICPCHS:
D,=15

5 PaBHOMEPHOE

MHUHUMAIBHOE 3HAYEHHUE:
a = 30 MuH
MAaKCHMAaJbHOE 3HAYECHHE:
b =50 Mun

6 DKCIOHEHIIUAIBLHOE

MHTEHCUBHOCTD:
A=0,025 moe3ma/Mua

7 HOPMaJIbHOE

MaT. OKHIaHUE:
M, = 50 MuH
JTUCTICPCHS:

D, =20

8 paBHOMEPHOE

MHUHHAMAJIbHOE 3HAYECHUE:
a = 30 MmuH
MaKCUMaJIbHOE 3HAUCHUE:
b = 60 Muu

9 HOPMaJIbHOE

MaT. 0’KUJIaHuE:
M, = 60 mMun
TUCTIEPCHS:
D,=5




Tabnmuna 2. Bung u mapaMerpsl pacmpeneneHus BpeMeHH pacQopMHUpOBaHUS
OJIHOT'0 COCTaBa Ha COPTUPOBOYHOM IFOpKE

Ne mociiequeit
udpsl mudpa

Bun pactipenenenus

[Tapametpsl pacnpeneneHus

paBHOMEpHOE

MHUHHAMAJIbHOE 3HAYECHUE:
a =10 mun
MaKCHUMaJIbHOE 3HAUCHUE:
b=15Mun

paBHOMEpHOE

MHUHHAMAJIbHOE 3HAYCHUE:
a =10 mun
MaKCHUMaJIbHOE 3HAUCHHE:
b =20 mun

PaBHOMEPHOE

MHUHHAMAJIbHOE 3HAYECHUE:
a =10 mun
MaKCUMaJIbHOE 3HAUCHHE:
b =25 Mun

PaBHOMEPHOE

MHUHHAMAJIbHOE 3HAYECHUE:
a =15 mun
MaKCHUMaJIbHOE 3HAUCHHE:
b =20 mun

paBHOMEpHOE

MHUHHAMAJIbHOE 3HAYECHUE:
a =15 mun
MaKCHUMaJIbHOE 3HAUECHHE:
b =25 mun

HOPMAJIBHOE

MaT. OJKHJIaHHUE:
M, = 12 muu
JTUCTICPCHSL:
D,=5

HOpMAaJIbHOE

MaT. OKHUIaHUE:
M, = 15 mun
JIACTICPCHS:
D,=5

HOpMAaJIbHOE

MaT. OKHJaHuC:
M, = 20 muH
JUCTICPCHSL:
D,=5

HOPMaJIbHOE

MaT. OJKHJIaHHUE:
M, =20 mMun
JUCTICPCHSL:
D,=10

HOPMAJIbHOC

MaT. OJKHJIaHUE:
M, = 25 mun
JUCIIEPCHUSL:
D,=5




Tabmuua 3. OcTanbHble HCXOAHBIE JaHHBIE

Ne nmocneguen
udpsl mudpa

Yucno nyTen B apke npuema,

(N MPUEMH. nyTeﬁ)

[lITpad 3a wac nmpocros
01HOTO 103712 (Sympag), PYO.
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TEOPIIETUYECKAA YACTb

KonuenrtyajJbHasi M aJITOPUTMHYECKAS MO/IeJIb Pa00Thl COPTUPOBOYHOM
CTAHIUU
COopTUpPOBOYHYIO CTAHIIMIO B paMKaxX IMOCTaBICHHOW 3aJaud MOXKHO
MPEACTaBUTh B KAYECTBE CHCTEMBI MAacCOBOTO OOCTY>KMBAaHHS C OXHAaHWEM. B
ATOM ClIydae KaHajJoM OOCITYKHMBAaHUS SIBJISIETCS COPTUPOBOYHAS rOpKa, a Oypepom

JTaHHBIX — IIYTH HapkKa npuema (puc. 1).

BxogHowm noTok MyTu napka BbixogHon
noesnos - nprema N Fopka NnoToK noesp,o:a
~|  (Bydbep Ha " | (kaHan oBecnyKmMBaHUs) g
MoOTOK OTKA30B B Nrpuems. nyrei)
obcnyxmBaHun

Pucynok 1. KonnenryanbHast Mojiesib pabOThl COPTUPOBOYHOM CTAHIIUU

[ToTok 0TKa30B B OOCITYy)KMBaHWW BO3HHMKAeT B TOM CJIy4ae, €CIIA BCE
MIPUEMHBIC ITyTH 3aHATHI TTOE€3/1aMH (TO €CTh Bce MecTa B Oydepe 3aHATHI).

C y4YeroM TMPUHATOTO JOMYIICHUS MOXHO COCTaBUTh OJIOK-CXEMY
UMUTAILIMOHHOM MOJIEITH pabOThl COPTUPOBOYHBIN CTAHIMH (pHC. 2).

Jlns yrpoIeHus: HalMCaHusl MpOorpaMMbl HIMUTAIIMOHHOTO MOJCITUPOBAHUS
paboTBl COPTHPOBOYHON CTAHIIMK COCTABMM Ha OCHOBAHHMH OJIOK-CXEMBbI (pHC. 2)

COCTaBHUM CJICAYIOIIUH MOMIArOBbIA aJITOPUTM 3TOM UMUTAIMOHHON MOJIEIIH.

[llae I: BBECTH HaYaJIbHBIE NTAPAMETPHI MOJEIIH
Bun u mapamerpsl pacupeneneHus CllydYalHbIX 3HAUYEHU HHTEPBAJIOB
MEXKY BXOSIIUMU MMOE3/IaMHU;
Bun m mapamerpsl pacrpenesieHusi CIIy4alHbIX 3HAYCHUN BPEMEHHU
pPOCITyCKa Ka)XJI0T0 COCTaBa;
Bpems monenupoBanus: T, = 1440 MuH.;

Konuyectso myteii B mapke npueMa: Nypuev. nyreit = 3,



[Itpad 3a omuH yac MPOCTOST OJTHOTO MOE3/a HA MyTIX MapKa MpuemMa:
Sunpaga = 1000 py6.;

Pa3smep (uHAHCOBBIX MOTEpPh 3a OTKa3 B pachOpPMUPOBAHUU OIHOIO
H0€371a: Syoreps = 9 000 py06.;
YCTaHOBKA CYETYUKOB:

KomanuectBo otka3zoB Ny = 0;

MoMeHTBI BpEMEHH OCBOOOXKICHHUS TyTed B TMapKe mpuema:
TOCBo6.HyTH [k] = 09 1pua k=112- X3 NKaH;

MoMeHT  BpeMeHM  OCBOOOXJCHUSI  COPTUPOBOYHOM  TOPKHU:
TOCBOG. TOPKH = 01

CueTunk HOMEpa BXOJAIICTO moe3aa: | = 1;

CueTunk HOMepa MUHYTHI MojenupoBanus: CurrentMinute = 0;

CyeTyrK KOJMYECTBA [MOE3/10B B oyepean Ha ropky: Ochered = 0.



BBOA MCXOAHBIX AaHHbIX

v

YcTaHoBKa HavanbHbIX NapamMeTpoB
Mozenu

v

'eHepaumsa cny4YanHbIX BEMUYNH:
MHTEPBAarnoB Mexay noesgamu,
BPEMEHU pocrnycka C ropKu

q>0pMVIpOBaHVIe mMaccuea c
MOMeHTamMu BpeMeHun npmuxoaa
noes3aos Ha CTaHUMo

v

[Ons kaxaon MuHyTbl OT 0 A0 Tyop,
BbINOMHATb:

Y

MHYTa COOTBETCTBYET MUHYTE
npuxoAa ovepeaHoro noesaa

MpoBepka Hanuuus cBO6OAHOro NyTH
B Nnapke npuema

OA

MeeTcsi CBOGOAHBIN NyTh
npvema l

YBenuyeHve cyeTymka
OTKa3oB Ha eanHuUy

lopka cBo6oaHa

Y

YBenuyeHve ovepeamn Ha

OnpepeneHve BpemeHu OANH noesA
pocrycka 3Toro noesga ¢ v
ropkm OnpegeneHne BpemMeHn
oXuZaHus noesaa B
dukcauus BpemeHu o1epean
0CBOGOXAEHUS FOPKY )
OnpegneneHne BpemMeHn

pocrycka 3Toro noesaa ¢
ropKu

dukcaumsa BpemeHn
0cBOGOXAEHMS roOpKu

v

YBenuueHne cyeTumnka
HOMepa BXOASLLMX Noe3aoB
Ha eguHULy
[

MWHyTa COOTBETCTBYET MUHYTE
0CBOGOXAEHUS NMPUEMHOTO NYTU U
oyepefpb He Hynesas

OA

YMeHbLLeHre ouyepeamn Ha
oavH noess,

v

BbiBoA pesynbTatoB
MOZENMPOBaHUs

Puc. 2. brnok-cxema UMUTallMOHHON MOJIENH paboThl COPTUPOBOYHOM CTaHLIUU



lllae 2: reHepauusi 3HAYEHUS HMHTEPBAJIOB MEXKIY BXOJAIIMMHU TOE3JaMH U
(dbopMUpOBaHHS MaccuBa ¢ 3TUMU 3HadeHuUsIMH IntervalR.
lllaz 3: T'eHepanis BpeMEHH pOCIyCKa KaXKJOro cocTaBa W (OPpMHUPOBAHUS
MacCHBa JIaHHBIX 3TOro 3HaYeHus TimeRospuskaR.
lllaz 4: ®opmupoBaHHE MacCMBa C MOMEHTAMHM BPEMEHHU MPHUOBITHUS KaXJI0ro
roesaa Ha cradmuio TimeLineR.
Lllaz 5: IlpoBepka HE OKOHYEHO JIU MOJIETUPOBAHUE:
€CJIM TeKyIas MUHYTa MOJECIUPOBAHUS OOJBbIIE BPEMEHH MOICIMPOBAHUS
(CurrentMinute<T,,,),
TO Tepexoy Ha mmar 23.
MHAYe YBEIMYMBAEM CUCTUMK HOMEPA MUHYThI MOJICTUPOBAHMS HA €IUHUILY.
(CurrentMinute = CurrentMinute+1).
lllaz 6: IlpoBepka, Ha TPHUOBITHE TMMOE3[]a HA CTAHIUIO B TEKYIIYI0 MUHYTY
MOJICITUPOBAHUS:
€CIM 3HA4YeHHE TEKylUled MHUHYTBl MOJIEJIUPOBAHMS HE COBIAJAET C
npuobITHEM I-T0 Moe3aa, CurrentMinute # TimeLineR [i],
TO mepexox Ha mar 19.
Lllaz 7: TlpoBepka HaM4Yusi CBOOOTHOTO MYTH B MapKe MpueMa:
ecu (CurrentMinute < Toepos nyr [K]) 015t Beex K= 1,2,..., Nupuewn. nyreii »
TO mepexo K mary mar 16,
MHaue 3aMKCUPOBATH HOMEP CBOOOAHOTO MyTH K.
llaz 8: TlpoBepka CBOOOJHOCTH TOPKHM B MHUHYTY NpPUOBITHS I-TO TOe3ma Ha
IIPUEMHBIH I1yTh:
eciu ( CurrentMinute < Tocsos. ropiu)
TO TIepexo]] Ha mar 12.
Illaz 9: 3adukcupoBaTh MOMEHT BPEMEHH OCBOOOXKIEHHUS K-ro myTH W Havaja
pocmycka i-ro cocTasa:
Tocsos myma [K] = CurrentMinute

T, poenyexa = CUrrentMinute

10



Illaz 10: OnpeneneHusi BpeMEHH POCITyCKa 1-To cocTaBa M (UKCalUs MOMEHTa
BPEMEHU OCBOOOXKACHUS TOPKU:

Tocsos. ropxn = CUrrentMinute + TimeRospuskaR([i]
Llae 11: Tlepexon Ha miar 17.
Llae 12: YBenuueHHe CUETUNKA OUEPEIA HA OUH MOE3/1:

Ochered = Ochered + 1
Illaz 13: OnpeneneHre BpeMEHU OXKUIAAHHS B OYEPEIU I-TO cocTaBa W (hUKCAIHS
MOMEHTa BPEMEHHU OCBOOOXKIICHHsI K-TO MPUEMHOTO MyTH M Hadyajia poCIycka I-ro
COCTaBa!

Touepenli] = Tocaos. ropxa — CUFTENtMinute,

Tocsos nym [K] = CurrentMinute + Toucpeu[i] = Tocsos. ropin

Thau. pocnyexa = T ocrod myrn [K]
[llaz 14: OnpenesneHus BPEMEHH pOCIycKa I-ro cocTaBa W (PUKCalus MOMEHTA
BPEMEHU OCBOOOKICHUS TOPKHU:

Tocsos. ropin = Tocnos. roper + TiMeR0spuskaR(i]
Ilaz 15 Tlepexon Ha miar 17.
Llaz 16: YBenn4yeHrue CUETYMKA OTKA30B B POCIYCKE HA €IUHUILY:

Norx = Nome + 1
Ilaz 17: ®ukcanys s I-ro moe3jaa MOMEHTa BPEMEHHM NMPHUXO0Ja Ha CTaHIHIO,
MOMEHTa BPEMEHH Hayaja pOCIyCKa cocTaBa C TOPKH, BPEMEHHM POCIyCKa cOoCcTaBa
1 MOMEHTa OKOHYAHUS POCIYCKA COCTaBa C TOPKU:

Tex mcr [1] = CurrentMinute

Thas. poenyexall] = Thas. pocnyca

Tpoenyexal1] = TimeRospuskaRl[i]

Toxors. poenyexal 1] = Tocsos. rop
lae 18: YBenuueHne cueTunKa HoMepa BXOSIIET0 MOe3/1a Ha eIUHUILY:

i=i+1
Illae 19: IIpoBepka Ha COOTBETCTBHE TEKYIIEH MUHYTHI MOJICIMPOBAHUSI MOMEHTY
BPEMEHH OCBOOOXIEHUS MPUEMHOTO NyTH TMPU HATWYUM B OdYEpeaU Ha

pachopmupoBaHue X0Ts Obl OJTHOTO Toe3/a:
11



eciu (CurrentMinute = Tocuo nyreii [K], TipH Beex K =1, 2, ..., Niupue. nyreir) Y
( Ochered # 0),

TO TIEPEXO/I K cleayromemy mary 20,

WHa4e mepexo/ K mary 21.
Llae 20: YMeHbIICHHE CYETYMKA OYEPEaN HA OJMH MOE3/;

Ochered = Ochered — 1
llaz 21: ®uxcanus KOJIMYECTBA MPOE3JAOB B OYEPEAH B TEKYIIYIO MUHYTY
MO/ICJIUPOBAHUS:

Ochered[CurrentMinute] = Ochered
Llaz 22: YBenuueHne TeKyIIe MUHYTHl MOICTUPOBAHUS Ha €IUHUILY U TIEPEXO0]T K
mary 5:

CurrentMinute = CurrentMinute + 1

Lllae 23: BeIBOJ pE3yJABTATOB MOJEIUPOBAHUS.

MopeanpoBaHue CJIy4ailHbIX HeMPePbIBHBIX YK Ce ¢ 32IaHHBIMU

napamMeTpamMu pacrnpeejaeHust

3HauUEHUsSI UHTEPBAJIOB MEXAY BXOIALIMMHU MOE3IAMH, a TAKXKE 3HAUCHHE
BPEMEHHU POCIyCKa COCTaBa C TOPKU I10 YCIOBHIO 33JaHUS ABJISIFOTCS CIy4YallHBIMU
BEJIMYMHAMU, KOTOPBbIE UMEIOT 3aJJaHHBIE 3aKOHBI pacIlpeacsieHNs (PaBHOMEPHBIN,
HKCIIOHEHUMAJIbHBIM WM  HOpManbHbI). [lpm 3TOM mpeamonaraeTcsi, YTO
MHCTPYMEHT MOJEIUPOBAHUSA HMEET BO3MOXKHOCTb T'€HEPUPOBATH CIy4YalHBIE
yucina B npegenax or 0 g0 1, KOTOpble MOAYMUHSIIOTCS PAaBHOMEPHOMY 3aKOHY
pacnpenenenus. CoBokymHocTh {Ri}, mpu | = 1, 2, ... HE3aBUCHUMBIX PaBHOMEPHO
pactipeneneHHbix Ha oTpe3ke [0,1] caydallHBIX BEJIMYMH  HA3bIBACTCS
MOCJIEIOBATEIBLHOCTHIO OA30BBIX CITyYaHHBIX YUCEN.

HeoOxoaumo npoBecTH MOAETUPOBAHUE CIIyYalHBIX YHCEN C MapaMeTpaMu
pacnpeneneHus, 3aJaHHbIMM COIVIACHO BapuaHTy, Ha OCHOBaHUM TE€HEpPATopa
0a30BBIX CITyYalHBIX YUCEN.

JUtst OOJBIIMHCTBA pAacHpeleleHU CIyYalHbIX YUCEN CIYy4YaeB pelIeHUE

3aJa41 OCHOBBIBACTCA HA METOAC PIHBGpCI’Iﬁ.
12



Teopema: ecnu cinydaiiHas BeJIMuuHa & UMEET IUIOTHOCTH pacipenesneHus P(X), To

pacnpeneneHre CIIy4alHOW BEJTMYUHbI
4
n=[p(x)dx, ()
0

ABJIgE€TCS] paBHOMEpHBIM B nHTepBase (0,1).

JlormycTuM, 4TO TpeOyeTCsl MOMYyYUTh 3HAUYCHUS CiTydaiHoW BenmuuHbl { &},
pacrpezelieHHOW B MHTepBajie (2, b) ¢ 3amanHOi mIoTHOCTRIO BeposTHOCTH P(X).
Torma cormacHO MeETOAy WHBEPCHI 3HA4YeHHS & MOXKHO ONpEACHITh W3

CICAYIOIICTO HHTCIPAJIBHOI'O ypaBHeHI/IH:
¢
[p()dx =R;, )
a

rae R — 6a3oBoe ciryyaiiHOE YuCIIO.

MoaeanpoBanie PaBHOMEPHO pacnpeleJeHHON Cay4YailHOW BeJMYHHbI HA
oTpe3ske (a,b)

[Iycte X — 3TO cilydallHOE 4YHUCJIO, PAaCIpPEIeSICHHOE II0 PAaBHOMEPHOMY
3aKOHY B nHTepBaie (a, b). DyHKIMS MWIOTHOCTH pacnpeeNICHHsI TOW CITy4aliHOM

BCJIIMYUHBI UMCCT BHU.
1
PO == - 3)
—a

MaremaTuyeckoe OXHAAHUE W JUCIEPCHUS PABHOMEPHOTO pacCIpeeieHUs

COOTBCTCTBCHHO PAaBHLI:

M, =222, (4)

()

[Ipenmonoxkum, YTO HaM HEOOXOAMMO COCTaBUTh MpOTpamMMmy Jjs
MOJICJIMPOBAHUSI BXOAHOTO MOTOKA 3asiBOK PACHpPENEIEHHOIO M0 PaBHOMEPHOMY
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3akoHy B mHTepBayie (4, b). Torma ypaBHeHHWE MeToJa WHBEPCUH (2) BBITJISIAWUT
CJIETYIOITUM 00pa3oM:
Y odx
" _R. (6)
sb—a
PelienneM 3TOro MHTETPAIBLHOTO YPABHEHHUS SIBIISICTCS:

y-a
— =R, 7
b a (7)

Torna uckomoe citydaifHOE YHCIIO oTpeensieTcs no Gpopmyie:

y=a+R€-a . (8)

MopaeanpoBaHie IKCIIOHEHIMAJIBLHOU CJIYYailHOM BeJIUYUHBI
Ciny4yailHasg BeIWMYMHA, MOJUYUHAIOMASACA OSKCIIOHCHIMAIBHOMY 3aKOHY,
pacnpeneneHa B uHTtepBasie (0, o) U uMeeT (QYHKUHUIO TUIOTHOCTH BEPOSITHOCTU
BUJIA:
p()=2-e, (9)
r7e A — napameTp SKCIOHEHIHUAIBHOTO pacipeeeHusl.
Marematnueckoe oxkunanue M, u aucnepcus Dy skcnoHeHUMaIbHOTO

pacipeneiaceHusa COOTBETCTBCHHO pPaBHBI.

1
M, ==, 10
K= (10)
1
D, = ? : (11)
JIJ'ISI HaXOXICHUA aJIropuTMa NUMUTAIIUA OKCIIOHCHIIMAJILHO
pacinpCacaCHHbIX YHUCCII IPUMCHACTCA MCTOJ MHBCPCHUU
y
[A-e%dx=R, (12)
0
1-e =R, (13)
1 -
y=—zm(—R, (14)
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[Tockonbky cnydaitHas BenuunHa (1-R) pacnipenenena ToO4HO Tak ke, Kak R

Ha otpeske (0,1), To popmyiy (11) MOKHO 3aMEHUTH:

yz—%lnR | (15)

MopenupoBaHue HOPMAJBHOM  CJIYYaWHOW  BeJHYHMHBI HA  OCHOBE
LEHTPAJIbHOU Npeae/IbHON TeoOpeMbl

HopmaibHoe (rayccoBo) pacmpeesieHiue — 3T0 OJWH U3 HauOoJiee BaKHBIX U
4acTO HKCIOJIb3YEMBIX B HUMUTALUMOHHOM MOJEIMPOBAHUU BHUJIOB HEIPEPHIBHBIX
pacnpeeneHun.

@OyHKIMS  IUIOTHOCTH  BEPOATHOCTH  HOPMAJIBHOIO  PacCIpelelICHUs
CIIy4ailHOM BEJIMYMHBI UMEET CICTYIOIINN BU!
] M

20°

p(X) =me ,

rae M, — MmateMaTHYECKOE OXKHJIaHHE,

(16)

G - CpellHE KBaJIpaTUYECKOE OTKIOHEHHUE.

Meton MHBEpCUHM HE MOXKET OBITh UCTIOIB30BaH I GYHKIUNA HOPMATHHOTO
pacrpeneneHus, TaKk KaKk HE HMEIOT aHaJUTUYECKOro BblpaxkeHud. llosTomy
JITOPUTMBI MOJICIUPOBAHUSI HOPMAJIbHBIX CIIy4allHBIX 4ucen Oa3upyroTcs Ha

LIEHTPAJILHOM MPEICIIbBHON TEOPEME TEOPUU BEPOSITHOCTEN.

Teopema:  Tlycts coBokynHocth {Xj}, mpu i = 0,1, ..., 0oIMHAKOBO
pacnpeneNieHHbIX CIIy4allHbIX YHCENI C MaTeMaTH4YeCKuM okuaanuem M, wu

mucniepeneii Dy = 6°. Eciu cnyuaitisie Benmmunmst {Xi} HesaBucHMBI i Dy < o0, TO
i-n+n-1
IPU JOCTATOYHO OONBIIOM N 3aKOH pachpeieieHus cymm S, = » X, Oyxer
k=i-n
CKOJIb YTOAHO OJM30K K HOPMaJIbHOMY 3aKOHY paclpeeIeHUus ¢ MaTeMaTHYeCKUM
oxkuaanueM N-M, u nucnepcueit n-Dy.
Torna ucmone3ys 0azoBbie umcia {Rj}, ompenenuM HOBYIO CIy4ailHYIO

BCIIMIMHY:
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S,=R +R,...+R. (17)

Torma, coriacHo BhIIICyKa3aHHOH Teopeme U ¢opmynam (4) u (5)

MATEMATHYCCKOC OKNAAHUC U JUCIICPCHUA BCIINYHNHBI S PaBHBI:

n
M, =—, 18
=3 (19)
n
D,=—, 19
=15 (19

Torpa ciy4aiiHas BEIMYWHA Z, PACIIPEICIICHHAs 10 HOPMAIBHOMY 3aKOHY C

HYJICBBIM MAaTCMATUYCCKUM OKXKNIAAHHUCM H GIIHHH‘{HOﬁ HHCHCpCHGﬁ, paBHa:

(S__;j _ (20)

=

IIycte Yy sBIE€TCA CIy4YallHOM HENPEPBIBHOM BEJIMYUHOM, KOTOpas
pacnpezencHa 10 HOPMaJbHOMY 3aKOHY, M C MaTEMaTHYECKHM oxuaanueM My n

aucnepcueir Dy. Torma B COOTBETCTBHMM C YKa3aHHBIM BbIIIE N 0a30BbIM

n

CIIy4YalHbIM YHCIIAM:

3
-M

y=M +\/Hy(s n) =M, + Oy (iR ——j (22)

n n i=1 I 2

12 12

CornacHo npeesibHON TeopeMe, HOPMAIbHOCTh JIOCTUTAeTCS OBICTPO AaxKe
IIPY CPaBHUTEIHLHO HEOOJBITUX 3HAUCHUAX N. B mpakTudeckux 3amadax N 0OBIYHO

MIPUHAMAETCS PaBHBIM 12.
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METOINYECKHUE YKA3ZAHUA

ITosryyeHnue MJIOTHOCTH pacipeae/ieHUs1 CIy4aiHbIX YHCe ¢ HCIO0JIb30BAHHEM
BCTPOCHHBIX (PyHKUMI NPOrPAMMHOM cpelbl MOJACTHPOBAHUSA

IIpr MopenupoBaHWM CIy4aMHBIX YHUCEN C 3aJaHHBIM DPaCIpeAcIeHUEM
HEOOXOJUMO  YAOCTOBEPUTHCSA, YTO CilydailHble 4YHCla, TOJY4YEHHbIE C
UCIIOJIb30BaHUEM  0a30BBIX  CIy4YallHBIX  YHUCEJ, MOJYUHSIOTCS  3aKOHY
pacnpenenenus ¢ 3alaHHbIMM MapameTpaMu. i 3Toro cpaBHUBAIOTCA (PYHKIMU
IJIOTHOCTU PACIPENENICHNs] CIIy4YalHBIX YHCEN, IIOJIYYEHHBIX B PE3yJIbTaTe
YKa3aHHOTO MOJIEIHMPOBaHMs, ¢ (PyHKLIUEH IUIOTHOCTH 3TOTO K€ pacHpelesIeHus
CJIy4allHbIX YMCEJI, TOJIyY€HHbBIX BCTPOEHHBIMU (DYHKLUSMH MIPOrPaMMHOM Ccpebl
MozenupoBaHusa. llpumep Takoro cpaBHEHHMS U1 OKCIIOHEHIIMAIBHOTO
pacnpeeneHus ¢ napaMeTpoM A=2 IpUBEJIEH Ha puc. 2.

MapameTp: x=2

KonuuecTeo cnyvalHE YMCen: N = 4000
Mutepean ot0 go M interval = 0. H

ToMHOCTE NOCTPOEHWA By HKLMK: Mk ey = 01 interval
(eHepaUMA CAYYAAHBIX YMCEN Yepes -1
CNyfHEEe G320BEIE YMCNE randl el :mﬂmd{l))

CEHEpaUMA CNYYaAHEX YHCEN Yepes

BCTROEHHEIE §IYHKLMK randZ = rexp(H . 3)

histint, randl)

DYHELAW NNOTHOCTH BEPOATHOCTH  pl = ———————~
CNyYaRHOA BEENUYMHE H

P2 = hist(m;,ranﬂj

Puc. 2. IIporpamMmmMHast peanu3aiysi CpaBHEHUsI PYyHKIIUHU TIJIOTHOCTH

pacnpeneNneHus CIy4YanHbIX YUCET

I'padux mnoTHOCTEH pacnpelneneHud yKa3aHHBIX CIy4YalHbIX YHCEN

MpUBECH Ha puc. 3.
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0.2

0.15

pl
0.1

p2

0.05

0 1 2 3 4

int
Puc. 3. I'paduk mmoTHOCTEN pacnpeaeieHUi CIydYaiHbIX YUCE

HKCTIOHEHIINATIBHOTO PACIPEeIICHNUs C TapaMeTpoM A=2

MopaenupoBanue paboTbl COPTHPOBOYHOM CTAHIIUU

MopenupoBanue pabOThl COPTHUPOBOYHOM CTaHUMU B JAaHHOM paboTe
npoBOaUThCS B mporpammuoit cpexe MathCAD. TpeOyercs peanu3oBaTh
QIrOpUTM pabOThl COPTUPOBOYHOW CTAaHIIMM, NPHUBEACHHBIA B maparpade 3, B
CHUHTAKCHCE MTPOrPaMMHOM CpEJIbI.

JlommycTuM, 4T0 y’Ke ObLIM CPOPMUPOBAHBI MACCUBBI 3HAUCHUN WHTEPBAJIOB
Mexay BxoasmuMmu moesaamu (IntervalR) u BpemeHun pociycka Ka)aoro cocrasa
kaxaoro cocraBa (TimeRospuskaR). B cooTBeTcTBHU € alropuTMoM TpeOyeTcs
copmupoBarh MaccuB TimeLineR 3HaueHWii MOMEHTOB BPEMCHHM NPUOBITHS Ha
CTaHIMIO KaXJ0ro moe3aa. IT0 MOKHO peau30BaTh C MOMOILIBIO MOANPOrPaMMBI,

OTJICJILHOM OT OCHOBHOM MTPOTpamMMbl, IPUBEICHHOMN Ha puc. 4.
TimeLineR := M0 “— IntervaIR0

for k e 1.. (rows(IntervalR) — 1)
M, <M, _; + IntervalR,

M
Puc. 4. Tlognporpamma asist GopMupoOBaHHs MaCCUBA 3HAYCHU MOMEHTOB

BPEMEHM MPUOBITHS HA CTAHITUIO KaXKI0TO Moe3/1a
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B pamkax ocHOBHON mporpammbl, HEOOXOJUMO MPHUBECTH MOACIUPYEMYIO
CHUCTEMY K HCXOJHOMY COCTOSHHUIO. J[JIi 3TOro ycTaHaBIMBAIOTCS HaudalbHbBIC
3HAYCHUS TICPEMCHHBIM, UCTIOJIb3yEMbIM B CCTeME (pHC. 5):

Notk = 0 — cueTdymk KOIMYECTBAa OTKA30B B OOCIHY)XMBaHHH, KOTJIa Ha
MOMEHT MPHUOBITHS IMO€3/]a Ha CTAHITUIO BCE TIPUEMHBIC ITyTH 3aHSITHI;

TimeOsvobPriemPut[k] = 0, s Bcex kK = oT 0 10 (KOJHYECTBO IMPHUEMHBIX
nyteit — 1) — maccuB, B KOTOpoM HHJIEKCOM (K) sSIBIsIeTCS HOMEp MPUEMHOTO Ty TH,
a 3HAYCHHEM SIBJISICTCS MOMEHT OCBOOOKIACHUS K-r0 IyTH (HOMEp MUHYTHI);

TimeOsvobGorki = 0 — MOMEHT OCBOOOXIACHHS TOPKH JUIS POCITyCKa
CJIEAYIONIETO cocTaBa (HOMEp MUHYTHI);

ochered = 0 — KOJIMYECTBO 3aHATHIX MPUEMHBIX MMyTeH HA TEKYIIYI0 MUHYTY
MOJICTTUPOBAHUS;

CurrentMinute = 0 — HoMep TeKyIel MUHYTBI MOJICIIMPOBAHUS;

I =0 — cueTunk I1I0C340B HpH6BIBaI-OIIII/IX Ha CTAaHIIHIO.

Notk « 0
for ke 0.. (N_priem_put — 1)
TimeOsvobPriemPutk «0

TimeOsvobGorki < 0
ochered < 0

CurrentMinute < 0

i< 0

Puc. 5. [IpuBeneHune cucTeMbl K HICXOHOMY COCTOSIHUIO

[Iporpammuas peanuszanus mwaroB Ne5 u Ne6 npusesnena Ha puc. 6. B atom
cily4ae JUisi TPOBEPKH Ha OKOHYaHUE MojenupoBaHue (mar NeS) u opraHuzaluu
UTEPALIMOHHOTO Tpollecca MOACTMPOBAHUS MCIONB3YETCS LUKI C MapaMeTpoM
(omeparop for), B KOTOPOM MOCJIEIOBATCIIbHO H3MEHSETCS HOMEpP TEKyIeH
MUHYTBI MojenupoBanus (CurrentMinute) wHa eamHUIly TOCIEe KaXI0ro

BBIITOJIHCHUA TCJIa 3TOI'O NUKIIA.
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for CurrentMinute € 0.. Tmod

if CurrentMinute :TimeLineRi

marNg7

| nrarNel 8
maruNel9 — 22

Puc. 6. [Iporpammuas peanusanus maros Ne5-6

[TporpammHasl peanu3aius MPOBEPKH Ha HAIWYKE CBOOOJHOIO MPHEMHOTO
IyTH B MOMCHT MPHOBITHS MMO€3/1a Ha CTAHIIMIO ITPUBEIeHA, Ha puc. 7. [lepemenHas
free_priem_put sBmsercs (¢aroM HaaWUYMs HIM  OTCYTCTBHS CBOOOIHOTO
OPUEMHOr0 TyTH. TO €eCTh TIOCIe BBIMOJHEHHS MPHBEACHHOrO (parMeHTa
IPOrpaMMbI 3Ta IIEpeMEHHas MPUMET 3HaueHUE 1 ecliu uMeeTcss CBOOOIHBIN MyTh,
uHave nepeMmenHas npuMer 3HaueHume (. Ilepemennas K _put_zanyatiya Oyner

coJepkaTh HOMep CBOOOIHOTO myTH, ecau free _priem_put=1.

k<0
k_put_zanyatiya <« 0
free_priem_put « 0
while (free_priem_put =0) A (k < N_priem_put)
if TimeOsvobPriemPu‘( < TimeLineRI
free_priem_put « 1

k_put_zanyatiya <« k
ke k+1

Puc. 7. IIpoBepka Hanuuusi CBOOOAHOTO MPUEMHOTO TyTH B MOMEHT NMPUOBITUS

OUCPCAHOIO II0OC34a Ha CTAHITUIO

CornacHo aJropuTMy €cCid TIPUEMHBIC IYyTH 3aHATHl, TO HEO0OXOIUMO
YBEIMYHUTHh CYETYHK KOJIMUYECTBA OTKA30B Ha eauHUILy (puc. 8). s sToro ciydas
(buKCUpYIOTCA CIEAYIOIINE MEepEMEHHBIE: MOMEHT BPEMEHHU Mepexoja Mmoe3aa Ha
coptupoBounyro  ropky (T_per_na gorku=0), Bpems pacdopmupoBaHus
(T_rasform=0) um MOMEHT BpEeMEHH BBIXOJa U3 COPTUPOBOYHOW TOPKHU

(T_vyhoda_iz_gorki=TimeLineR[i]). VYka3aHHble mepeMEHHbIC B JaJIbHEHIIEM
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noTpeOyroTcss Juisi  (OPMHUPOBAHUS MacCHBa JAaHHBIX C  pe3yjbTaTaMu
MOJICIUPOBAHUsA, KOTOpbIE OyAyT MCHOIB30BAThCA JJISI  CTaTUCTUYECKOU

00paboTKH.

if free_priem_put=1

T _per_na_gorku <« TimeLineRI if TimeLineRi> TimeOsvobGorki

otherwise
|T_per_na_gorku <« TimeOsvobGorki

|ochered < ochered + 1

TimeOsvobPriemPu&( .« T _per_na_gorku
_put_zanyatiya
T_rasform « TimeRospuskaRi

T_vyhoda_iz_gorki < T_per_na_gorku + T_rasform
TimeOsvobGorki<— T_vyhoda_iz_gorki

otherwise

Notk « Notk + 1

T_per_na_gorku <« 0

T _rasform « 0

T_vyhoda_iz_gorki « TimeLineRi

Puc. 8. Ilporpammuas peanu3zarus maro NoNe7-16

Ecnu xe xoTst ObI OIMH MyTh HA MOMEHT MPUOBITHS TMOe3/1a CBOOOACH, TO
CHaJajia TPOBOAMUTCS MPOBEpPKa Ha CBOOOJHOCTH COPTHPOBOYHOM TOPKH IS
pocCITyCcKa TPHUILIEIIIETO COCTaBa B ATOT K€ MOMEHT BpPEMEHU (COMOCTABJICHHE
nepemenubix TimeOsvobGorki u TimeLineR[i]). Eciu ropka B paccmarpuBaeMbIii
MOMEHT CBOOOJHa, TO B MEepeMeHHYI0 T_per_na_gorku 3amuchiBaeTcsl 3HAYCHHE
paBHOE MOMCHTY BpeMEHH NpUOBITHS moe3aa Ha craniuio (TimeLineR[i]). Munaue
9Ta TIepeMEHHas TPHUMET 3HAYe€HHWE PaBHOC MOMEHTY BPEMEHH OCBOOOXICHHS
coprupoBounoii ropku (T_per_na_gorku=TimeOsvobGorki).

3areM GUKCUPYIOTCS 3HAYEHUS TEPEMEHHBIX: BpeMs pachOpMHUpPOBAHUS
(T_rasform=TimeRospuskaR[i]) © MOMeHT BpeMEcHH BBIXOJa U3 COPTHPOBOUHOM
ropku (T_vyhoda_iz_gorki = T _per_na_gorku + T _rasform), xoTopbiii Takxe
paBeH MOMeHTy ocBoOokIeHus ropku (TimeOsvobGorki=T_vyhoda_iz_gorki).

[locme 3TOrOo  cuuTaeTcs, 4YTO  MOJEIMPOBaHHWE  OOCITY)KHBaHWE

COPTHUPOBOYHOM CTaHIIMEH OJHOro I-ro Ioe3Jja OKOHYEHO, W JIOMOJHSAETCS
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UTOrOBOM MAacCUB JJAHHBIX KJFOUEBBIMU BPEMEHHBIMH MMapaMeTpaMH 3TOr0 Moe3/a
(MOMEHT BpE€MEHHU MPUOBITUSI HA CTAHIIMIO, MOMEHT BPEMEHHU Nepexo/ia moe3/ia Ha
ropky, ¢hakTudeckoe Bpemsi pachOpMHpPOBAHUS COCTaBa Ha TOPKE, MOMEHT BbIXOJIa
1oe3/la ¢ COPTUPOBOYHON ropku). Takxke yBEIMUMBACTCS HAa €JUHUILY CUETUHK
HOMEPOB BXOJISIIUX MOE3/I0B HA CTaHIUIO (puc. 9).

Mi, 0¢ i+1

Mi,l « TimeLineRi

Mi, 5 T_per_na_gorku

Mi 3¢ T _rasform

>

Mi 4 T_vyhoda_iz_gorki

i<—i+1

Puc. 9. Ilporpammuas peanu3arus maro NeNel7-18

B kxoHIle Kaxmoi uTepanuu MUKIa MHUHYT MOJIEIUPOBAHUS HEOOXOIUMO
(bUKCUpPOBATH KOJUYECTBO MOE3/I0B, OXKHUAAIOIIMX B ATy MUHYTY Ha MPUEMHBIX
myTsX cBOe ouepenu Ha pachopmupoBanue ¢ ropku (maru NeNel9-21). Cravana
MPOBOAMUTCSI MPOBEPKA HAa COBMAJECHUE MUHYTHI OCBOOOXKJICHHS MPUEMHBIX MyTen
KaKHUM-JTH00 10e310M (HOMEpP KOTOPOI0 MEHbIIIE I-T'0) ¢ HOMEPOM MOIEIHUPYEMOM
MHUHYTHI. [Ipryem, ecau Takoil COBIIaJIEHUE UMEET MECTO, TO 3HAUEHUE HE HYJIEBOU

ouepeau (ochered) ymenbmaetcs Ha equnumiy (puc. 10).

for je 0..(rows(M) — 1) if ochered > C

ochered <« ochered — 1 if CurrentMinute = Mj 2

OCheredCurrentMinute <« ochered

Puc. 10. ITporpammuas peanu3zanus 1maro NoNel9-21
Ha »TomM mporpammHasi peanuzaiys ajaropuTMa MOJEIUPOBAHHS PaOOThHI

COPTUPOBOYHOM CTaHIIMU OKOHYEHA. [10JIHBIN JIUCTUHT ITPOrpaMMBI IIPEICTABIIEH B

MPUIOKEHUH 1.
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CraTtuctuyeckasi 00padoTKa pe3yJibTaTOB MOAEJTMPOBAHUS

BbIXO/HbIE [aHHBIE WMHUTALMOHHOIO 3KCIEPUMEHTa MPEACTABIISIONINE
co00M, KaK MpaBUIJIO, MACCUBBI CIIYyYalHBIX YHCEIl, ONMKUCHIBAIOT COOTBETCTBYIOIIHE
ONEpPAllMOHHBIE XapaKTEPUCTUKH Mojeiad. Kak H3BECTHO, HCYEPIBIBAIOIICH
XapaKTePUCTUKON CIy4yallHOW BENWYMHBI X SIBISIETCS €€ 3aKOH paclpeieieHus
BeposiTHocTet F(X) — mpaBwio, MO3BOJISAIONICE ONPEACIATh BEPOSITHOCTD
MONAaJJaHusl 3TOM BEJIMUUHBI B JIIOOYIO 3aJTaHHYIO 00JIaCTh €€ 3HAYCHUM.

UToObl HANTH 3aKOH pACTIPEICICHHS] HKCIIEPUMEHTAIbHBIM IyTEM, HYXHO
pacnoJyiaraTh JOCTaTOYHO OOLIMPHBIM CTAaTUCTUYECKUM MAaTEpHAIOM: MOpPSIKa
HECKOJIbKMX TBICAY OMBITOB (MM HaOMIOAEHUM, 3KcnepuMeHToB). Ha mpaktuke
peaKo ynaercssi coOpaTh TaKOe KOJMYECTBO SKCIEPUMEHTAIbHOIO MaTepuania, a
MHOTJIa 3TO U HE TPeOyeTCss — JOCTATOYHO ONPEAEIIUTh TOJIBKO OLUEHKH HEKOTOPBIX
OCHOBHBIX XapaKTEPUCTHUK (MapaMEeTpoOB) 3aKOHA pACIpEAENeHUs, TAKUX Kak
MaTeMaTHUeCKoe OXHaaHue, nucnepcuro. [loaromy HeoOXoauMo yMeTh MoJIy4ath
CTATUCTUYECKHUE OLICHKU IIPU OIPAHUYEHHBIX OINBITHBIX JTAHHBIX.

3ajaul CTaTUCTHUECKONM OOpabOTKM HSKCHEPUMEHTAIbHBIX JaHHbBIX, Kak
NpaBWiIO, pEIIATCS B  YCIOBMSX, KOIrJa BHUJ 3aKOHAa paclpeleieHus
aHAMM3UPYEeMOW  CiIy4allHOM BenuuuMHbl He wu3BecTeH. OpHako OBIBAIOT
UCKJIOUeHUsA. Tak, ecnu BUJ 3aKOHA pacnpeicsCeHus CIy4YalHOW BEJIIMYHUHBI
W3BECTEH 3apaHee, TO 3ajJada CTaTUCTHYECKOM 0OpabOTKM yIpolaercsa u
3aKJII0YAETCS  TOJIBKO B  HAXOXKIEHWH HEKOTOPBIX IapaMeTpOB  3aKOHA
pacrnpesiesieHds, KOTOpbI€ TMOJTHOCTBbIO ONPENESIOT COOTBETCTBYIOIIMI 3aKOH
pacrpeeneHus.

Hanpumep, eciin anpriopyn U3BECTHO, YTO 3aKOH PACIPEICICHUS CIIy4YallHOU
BEJMYMHBI X HOpMaJIbHBIHN (TayCCOBCKHIA), TO 3a7a4a 0OpabOTKN JaHHBIX CBOIUTCS
K OIpPEICIICHUIO JBYX €ro MmapaMeTpoB: MaremaTuueckoro oxwumanus (M),
CpEIHE KBaIPATUIYECKOTO OTKIOHCHHS ( O%).

B HekoTophIX 3ajadyax KMHUTALMOHHOTO MOJEIUPOBAHUS BHUJ 3aKOHA

pacnpeacicHusd HECYHICCTBCHCH, a Tpe6yeTc51 3HAaTh TOJBKO €0 YHCIIOBBIC

23



XapakTepucTuku (mapamMerpsl). 3ajadyd TaKOTO pPOJia Ha3bIBAIOTCS 3ajayaMu
MapaMeETPUIECKON OLICHKHU.

Cnenyer OTMETHTh, 4TO JiI0OO€ 3HAYEHHUE MCKOMOIrO IMapameTpa,
BBIYMCJIEHHOE HAa OCHOBE OTPAaHUYECHHOTO 4YHCJIa HKCIEPUMEHTAIBHBIX JTaHHBIX,
Bcerga OyJeT coaepaTh SJEMEHT CIy4yalHOCTH, a 3HAuuT U omuoOky. Takoe
npUOJIMKEHHOE, ClIy4yallHOe 3HaueHue OyJieM Ha3blBaTh OIIEHKOM mapameTpa.
Hanpumep, onieHKo#l Ajisi MaTEMAaTHYECKOTO OXUJAHUS CIy4allHOM BEJIMYUHBI X
MOXXET CIY>KUTb CpeaHee apudMeThuyeckoe HaONIOJACHHBIX 3HA4eHU B N
HE3aBUCUMBIX OMNbITaX. [Ipy oOyeHb OOJBIIOM KOJUYECTBE OMBITOB CpEIHEE
apupmMeTruecKkoe OyaeT ¢ OOJIBIIONW BEPOSITHOCTHIO BeChMa OJM3KO K UCTUHHOMY
3HAQYEHUI0 MAaTEMATUYECKOrO OXHUAaHus. ECau e 4ucio OMBITOB N HEBEJIHMKO, TO
3aMEHa MAaTEeMaTUYECKOTO OXXHUAaHUS CPEeIHUM apuPMETHUYECKUM MPUBOAUT K
HeKkoTopor omuoOke. To ecth 3Ta ommOKa OOpPaTHO MPOMOPLUOHATBHA YHUCITY
ONBITOB. AHAJIOTMYHAs CUTyalus W C OLEHKAMH JIPyTHMX HEHU3BECTHBIX
IIapaMeTpOB.

MatemaTrdeckoe OKHIaHuEe M, ciaydaiHon BenuuuHbl X = { X, Xo, ..., Xy }
HA3bIBACTCA CyMMa IPOU3BEICHUN BCEX N BO3MOXKHBIX 3HAYCHUHN CIIy4alHOU

BCJIMYHUHLBI HA BepOﬂTHOCTH pi ITUX 3Ha‘leHI/Iﬁ:
n
mx = ZXI pi ' (23)
i=1

B cimydae rayccoBCKOro (HOPMAaJIBHOTO) paclpeneieHus IUisi UCTUHHOTO

MaTEeMAaTU4YCCKOIro OXHIAaHH My CYIIECTBYET €ro OLICHKA anlx, BbIYHCJEICMAs I10

BbIOOpKE 00BbeMa N cirydaiiHOW BeTMIUHBI X = (X1, X, ..., Xp):
- 1y
m = HZ X, . (24)
i=1

Jlns uctuHHOM aucnepcun Dy (xapakTepucThkKa pacceMBaHUs CIy4yalHOU

BCINMYHUHBI OKOJIO €€ MaTEMATUYCCKOI'O O)I(I/I)IaHI/ISI) €€ OIICHKa 5x IIpHU U3BCCTHOM

MAaTEMAaTUYICCKOM OKUJAHUU My BBIYUCIIICTCA TaK:

SXZUSZLZ((i_mxj’ (25)
n-1%=
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A€ Oy ABIIACTCA CPCAHC KBAAPATHUICCKHUM OTKIOHCHHUCM.

~

B Cllydya€ HEHM3BECTHOI'O MATEMAaTHYCCKOTO OXHWIAAHUI JUCHEPCUI0 D

X

HY>KHO BBIYHCIIATH 11O (hOpMYyJIE:
_ 1 n 1 n 2
D =—" x?——( x.) . 26
“ n-1 21: N 21: ' (20)

[lo mnpuBeneHHBIM (GoOpMyIaM  TPOUZBOJIUTCS  pacueT TpeOyeMbIX
napaMeTpoB MOJIeNH (pabOThI COPTUPOBOYHOMN CTAHIINN).

I[Tyctb B MaccuBe janHHbiXx ResultModel comepxarcs BpeMeHHBIC
XapaKTePUCTHKH BXOJSAIINX Ha CTAHIIMIO TOE3I0B 3a BPEMsl MOCIMPOBAHUI.
Torna BepoSTHOCTH OTKa3a B POCITYCKE IMOE3AY, MPHU 3aHATOCTH BCEX MPUEMHBIX
IyTEN:

Notk
rows (ResultM odel)

Potkaza :=

Jlist onpenienieHusl CpeHEro0 BpeMEHH MPeObIBAHMSI COCTaBa Ha MYTAX MapKa
IpUeMa U CPEIHEro KBaJPATUYHOTO OTKJIOHEHUSI MPUMEM Ngps) — YUCIIO COCTABOB,
KOTOpbIE 32 BpeMsl MOJEIUPOBAHMS ObUIM pachOpMHUPOBAHBI C COPTUPOBOYHOMN
TOPKH:

Nobsl := rows(ResultModel) — Notk

Mvremya_prebyvaniya:=

rows(ResultM odeh-1

Nobsl' ResultM odelk’2 — ResultM odelk’1 if ResuItModeIk’2 >0 )

| k=0 \
1 "rows(ResuhM odel)-1

z

0 otherwise ]

Nobsl —l'

L

ovremya_prebyvaniya:=
mya_prebyvanty j Nobs

. 1 .
ResuItModeIk 2~ ResuItModeIk 1 2 if ResuItModeIk 2> 0 ~‘ - —I»(NobsI~Mvremya_prebyvan |ya)2

L

0 otherwise |

CpenHee Yuciio COCTaBOB, OKUIAIONINX OUepeIr Ha pacOopMHUPOBaHUE U €€

Cpe€aHCC KBAAPAaTUIHOC OTKIIOHCHHUC!

rows(TimelineOchered)—-1

Mchislo_sostavov .= ——- z TimelineOchered,
Tmod '
i=0

1

Tmod — 1

rows(TimelineOchered)—1
ochislo_sostavov =

L 1 .

Timelin eOcheredi‘\ 2_ ﬁ.(Trnod-Mchlslo_sostavov)z—l
‘ | mo

i=0 |
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CyMMapHbIil CyTOUHBIX IITpad, KOTOPBIKA MPHUAETCS 3aIIaTUTh CTAHIMH 32
IIPOCTOM:

Mvremya_prebyvaniyaS_shtraf
60

Mshtraf :=

1€ Sshiraf — CTOUMOCTbD 32 Yac MPOCTOs OJHOTO MOE3/1a.

3akjIouyeHne
ITo pe3ynbpTaTam CTaTUCTHYECKOH 00paboTKH HEOOXOIUMO
chOpMYIMPOBATh 3aKITIOYCHUE O BO3MOXKHOW HEOOXOJMMOCTH YBEIIMYEHUS WIIH
YMEHBIIICHUSI MPUEMHBIX MyTeH, 0 BO3MOKHONW HEOOXOAMMOCTH YBEIIMUCHHS WIIU
YMEHBIIICHUSI WHTEpBaJla MEXJy TMoe3daMHu I yBeIudeHUs SOQPEKTHBHOCTH

COPTUPOBOYHOM CTAHIIWH.

CnMcoK HCnoJib3yeMbIX HCTOYHUKOB
1. CogetoB b.A., SIxoBneB C.A. MoaenupoBanue cucteM. Yuel. 1Jid By30B —
M.: Bricmas mxkouna, 2007. — 343 c.
2. Jlynun-bapkosckuit W.B., CmmpuoB H.B. Teopust BeposTHocTEl WU
MaTeMaTU4ecKasi CTATUCTUKA B TeXHHKE (0011as yacthb). ['octexuzaar, 1955.
3. Tropun IO.H., MakapoB A.A. Craructuueckuil aHamu3 JaHHBIX Ha

komnbetotepe. M., UH®OPA., 1998.
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TimeLineR =

IModelZonst =

Hpuaoxenne 1

[Iporpamma MOAEIMPOBAHUSI COPTUPOBOYHOM CTAHIIUU

M «— IntervalR

1

1

for ke 1. (rows(Intervall) — 1)

M, «— M

+ IntetrvalR

k k-1 k
I
Motk <0
for ke 0. (N_priem put - 1)

i1

fre

Ti:c‘maClsvu:u‘r:uPrinam.l:'u,t.k — 0

TimeOswohCGorkd < 0
achered «— 0

Currenthlinate < 0O

for Currentblinute = 0. Tmod

if Currenthlimnte = Ti.meL:ineRi

k<10
E_put zanratiya <— 0

e priem put 0

while (free_priem put=0) ~ (k< N_priem put)

if Ti.ﬂ'uaI:ls‘vu:u‘r:ul:‘r!iern.l:'utk < TimeL:ineRi

free priem put <1

k puat zaryrativa < k

ke—k+1

free priem put =1

T per na gotky Ti.meL:ineRi if Ti:meL:ineRi = TimeD swobGorki

otherwise
T per na gotlas « TimeOswobGorki

achered «— ochered + 1

Time SVDanemPutk_put_zanyatiya — T per na gotkn
T rasform « Ti.meRDspuskaRi

T wyhoda iz gotki « T per na gotln + T rasform

TimeOavobGorki «— T wyhoda iz gold
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othetaise

Motk « Motk + 1

T per na gotka <0

T rasform « 0

T wyhoda iz gorki < TimeL:i:ael:-’_i
I'u'Ii ' i+1

Mi,l — TiInEL:inERi

E

I'u'Ii 5 T per na gotlm

M. o~ T rasform
1.3 —

E

I'u'Ii P T wyhoda iz gotk

ie—i+1
for j = 0. (rows(II) - 10 if ochered >0
ochered «— ochered — 1 if Currenthlinate = I'u'Ij b
OCherEdCun'enthnute & ochered
|
Oichered
Motk

Fesulthlodel = Wodel3 u:urtStD
TimelineOchered = ModeldortSt
Motk = hodeld u:urtSt2

1
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IIpunoxenue 2
IIpuMep BbINOJIHEHHSI KYPCOBOI0 MPOEKTA
1 ITocTanoBKa 3a1a4u ¥ BHIOOP HCXOAHBIX TaHHBIX

[IpoBecTH WMHUTAIMOHHOE MOJEIUPOBAHUE PAOOTHI KEIE3HOIOPOKHOM
COPTUPOBOYHOM CTaHIIMM, B KOTOPOW MPOU3BOIUTCS pacGhOpMHUPOBAHHUE COCTABOB
Ha €IUHCTBEHHOW COPTUPOBOYHOU Tropke. B mapke NpuOBITHS COPTUPOBOUYHOM
craHiMl UMEETCH Nipuewn. nyreiis Hd KOTOPBIX COCTaBbI OXMIAIOT pocmycka. IIpu
3TOM CTaHIUS JOJKHA BBIIIAYUBATE IUTPAQ) B Pa3MEPE Syypag 38 OAMH YaC IIPOCTOS
OlHOrOo cocTaBa. Eciu 3TU MyTH 3aHATHI, TO MNPUIICANIMA MOE3]] BBIHYXIACH
MOKUHYTh 3Ty CTAHIIMIO.

Bpewmst monenupoBanus T,,,, IpUHUMAETCSI paBHBIM 24 yacam.

3HAYEHUS WHTEPBAJIIOB MEXIY MPUXOASIIMMHU [O€3JaMyd Ha CTaHIIMIO,
KOTOpbIE HEOOX0aUMO pacopMHUpOBaTh, a TaKKE BpPEMs POCITyCKa COCTaBa Ha
COPTUPOBOYHON TOpKE SBJSIOTCA CIYYaMHBIMHA LEJBIMM  YHUCIAMH, BHU/I
pacripesiesieHuss KOTOPbIX M TMapaMeTpbl 3TUX PACHpPEACSICHUI BBIOUpAIOTCS U3
Tabn. 1 u 2 cornacHoi BapuaHTy.

OcranbHble UCXOAHBIC TaHHBIC MPUBECHBI B TAOIHIIE 3.

ITo pe3ynpraraM UMHUTAITMOHHOTO MOJICIUPOBAHUS HEOOXOAMMO IPOBECTH
WX CTATUCTUYECKYIO 00pabOTKY U ONPEECIIUTD:

- BEPOSITHOCTh OTKa3a B POCIYCKE MOE3dy, MPHU 3aHATOCTU BCEX MPUEMHBIX
IyTEW;

- cpeaHee BpeMsl MpeObIBaHUS COCTaBa Ha MyTSAX IMapka MpueMa U CpeaHee
KBaJpaTUYHOE OTKJIOHCHHUE;

- CpeIHEE YHCJI0 COCTaBOB, OKHJIAIOIIUX odepeard Ha pachOpMUPOBAHHE U
CpeaHee KBaJApaTUIHOE OTKJIOHECHHUE;

- CyMMapHbI CyTOYHBIX IITpad), KOTOPBIM MPUACTCS 3aIUIATUTh CTAHIIUU 32
MPOCTOM COCTABOB HA IPUEMHBIX MYTSIX.

MopaenupoBaHue CIy4ailHbIX 4YHCEI C [apaMeTpaMHu paclpeeicHus,
3aJIaHHBIMU COTJIACHO BapUaHTY, MIPOBOJIUTCS HA OCHOBAHHWH TeHEpaTopa 0a30BBIX

Cly4ailHeIX uucesl. Takke HTOJKHO OBbITh NPHUBEACHO CpaBHEHUE (DYyHKIIMIA
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IJIOTHOCTH PpACTpPENICNICHHUs] CIIy4alHbIX YHCEN, IIOJIYYEHHBIX B pe3yJbTare
YKa3aHHOTO MOJICIMPOBaHMs, ¢ (PYHKIMEH TUIOTHOCTH 3TOTO K€ pachpeesieHus
CIIy4ailHBIX YHCEJI, TTOJYYEHHBIX BCTPOECHHBIMU (QYHKUIUSAMH MPOTPAMMHOMN CpPEJIbI
MOJICJIUPOBAHUSL.

Bun u napameTpsl pacnpeienieHus 3Ha4eHUH NHTEPBAJIOB MEXKTY BXOASAIIMMH Ha

CTAaHIUIO IIOC3JaMH

Bun pacnpenenenus [TapameTpsl pactpenencHus
WHTEHCUBHOCTb:
SKCIOHEHIIHAIBLHOE
A =0,03 moe3na/MuH

Bun u napameTpsl pacnpeeneHusi BpeMeHH pac(popMUpOBaHUs OJJHOTO COCTAaBa

Ha COpTHpOBO‘IHOﬁ TOPKC

Bup pacnipenenenus [TapameTpsl pactipeaeneHus

MUHHUMAJIBHOC 3HAYCHUC:

a =15 mun
paBHOMEpPHOE
MAaKCHMaJIbHOE 3HAYCHUE:!
b =20 mun
Huco nmyrer B mapke npuema, [tpad 3a yac mpocrost
(NHpI/ICMH. nyTeﬁ) OJTHOT'O Imoe3a (SmTpa(’p)a py6
3 3500
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3 KonuenrtyajabHasi 4 aJrOpUTMHYECKAast MOJeJb padoThl COPTHPOBOYHOM
CTAHIUU
COopTUpPOBOYHYIO CTAHIIMIO B paMKaxXx IMOCTaBICHHOW 3aJaud MOXKHO
IPECTaBUTh B KAa4eCTBE CHCTEMbI MAacCOBOTO OOCITY>KMBaHUS C OXHAaHueM. B
ATOM CJIy4ae KaHaJoM OOCITYKMBAaHUS SIBJISIETCS COPTUPOBOYHAS rOpKa, a Oypepom

JIAHHBIX — ITyTH Mapka npuema (puc. 3.1).

BxogHowm noTok MyTu napka BbixogHon
noesnos - nprema N Fopka NnoToK noe3,u,o:3
"~ (6ydbep Ha " | (kaHan oBecnyKmMBaHUs) -
MOTOK OTKA30B B Nrpuens. nyrei)
obcnyxmBaHun

Pucynok 3.1. KonuentyanbHas MOJ€1Ib pabOThl COPTUPOBOYHOM CTaHIIMU

[loTok 0TKa30B B O0OCIy>KMBaHMM BO3HUKAaE€T B TOM CJIy4ae, €CJId BCE
MPUEMHBIE ITyTH 3aHATHI TT0€37]aMU (TO €CTh Bce MecTa B Oydepe 3aHsThI).

C ydeToM MOPUHATOTO JOMYIIEHHUS] MOXKHO COCTaBUTh OJIOK-CXEMY
UMUTAIMOHHOMN MOJIeNId pabOThl COPTUPOBOUHBIN cTaHIUU (puc. 3.2).

JIns ynpouieHus: HalMCaHusl MporpaMMbl HMUTAIMOHHOTO MOJIEIUPOBAHUS
paboThl COPTUPOBOYHOM CTAHIIMM COCTAaBUM Ha OCHOBAHUM OJIOK-CXeMHbI (puc. 3.2)

COCTaBHUM CJICAYIOIIUH MOMIArOBbIA aJITOPUTM 3TOM UMUTALMOHHON MOJIEIIH.
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BBOA MCXOAHBIX AaHHbIX

v

YcTaHoBKa HavanbHbIX NapamMeTpoB
Mozenu

v

'eHepaumsa cny4YanHbIX BEMUYNH:
MHTEPBAarnoB Mexay noesgamu,
BPEMEHU pocrnycka C ropKu

q>0pMVIpOBaHVIe mMaccuea c
MOMeHTamMu BpeMeHun npmuxoaa
noes3aos Ha CTaHUMo

v

[Ons kaxaon MuHyTbl OT 0 A0 Tyop,
BbINOMHATb:

Y

MHYTa COOTBETCTBYET MUHYTE
npuxoAa ovepeaHoro noesaa

MpoBepka Hanuuus cBO6OAHOro NyTH
B Nnapke npuema

OA

MeeTcsi CBOGOAHBIN NyTh
npvema l

YBenuyeHve cyeTymka
OTKa3oB Ha eanHuUy

lopka cBo6oaHa

Y

YBenuyeHve ovepeamn Ha

OnpepeneHve BpemeHu OANH noesA
pocrycka 3Toro noesga ¢ v
ropkm OnpegeneHne BpemMeHn
oXuZaHus noesaa B
dukcauus BpemeHu o1epean
0CBOGOXAEHUS FOPKY )
OnpegneneHne BpemMeHn

pocrycka 3Toro noesaa ¢
ropKu

dukcaumsa BpemeHn
0cBOGOXAEHMS roOpKu

v

YBenuueHne cyeTumnka
HOMepa BXOASLLMX Noe3aoB
Ha eguHULy
[

MWHyTa COOTBETCTBYET MUHYTE
0CBOGOXAEHUS NMPUEMHOTO NYTU U
oyepefpb He Hynesas

OA

YMeHbLLeHre ouyepeamn Ha
oavH noess,

v

BbiBoA pesynbTatoB
MOZENMPOBaHUs

Puc. 3.2. brnok-cxeMa IMUTalIMOHHOW MOJIETH pabOThl COPTUPOBOYHON CTAHIIUU
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[llaz I: BBECTH HayaIbHbIE TApAMETPBI MOJIEIIN
Bua 1 mapameTpsl pacpeaesieHus CIIy4alHbIX 3HAYEHUH UHTEPBAJIOB
MEXKy BXOJSIINMH NOE3/IaMH;
Bua u mapameTrpsl pacrpenencHus CIy4aHbIX 3HAYEHUN BPEMEHU
pPOCITyCKa Ka)XI0r0 COCTaBa;
Bpems monenupoBanus: T, = 1440 MuH.;
KonuyecTso myteii B mapke npueMa: Nypueym. nyreit = 3,
[tpad 3a oMH yac MPOCTOSI OJHOTO MOE3/1a Ha MyTAX MapKa mpuema:
Sumpaga = 3500 py6.;
YCTaHOBKA CYETYUKOB:
KomanuectBo otka3zoB Ny = 0;
MoMeHTBl BpeMEHU OCBOOOXIEHHS TNyTel B Mapke MpueMa:
Tocsos.nyru [K] = 0, mpn k=1,2. .., Nay;
MoMeHT  BpeMEHHM  OCBOOOXKIEHHS  COPTUPOBOYHOM  TOPKH:
TOCB06. TOPKH = 01
CdeT4nk HOMepa BXOJIIero moesna: i = 1;
CueTurk HOMepa MUHYTHI MojenupoBanus: CurrentMinute = 0;
CyeTyrK KOJUYECTBA [MOE310B B odepean Ha ropky: Ochered = 0.
Illaz 2: reHepanusi 3HAYEHUS WHTEPBAJIOB MEXKIAY BXOIAIIMMH I0€31aMH U
(dbopMUpOBaHHS MaccuBa ¢ 3TUMHU 3HaYeHusMH IntervalR.
llaz 3: T'enepanusi BpeMEHHM pOCITyCKa KaKIOro cocTaBa U (OPMHUPOBAHUS
MacCHBa JIaHHBIX ATOro 3HaueHus TimeRospuskaR.
llaz 4: ®opmupoBaHHE MacCMBa C MOMEHTAMHM BPEMEHU MPHUOBITUS KaXI0TrO
noesaa Ha ctannuio TimeLineR.
Lllaz 5: IlpoBepka HE OKOHYEHO JIU MOJICIMPOBAHUE:
€CJIM TeKyIllas MUHYTa MOJEIMPOBAaHUS OOJbIlle BPEMEHU MOJEIMPOBAHMUS
(CurrentMinute<T,,,.),
TO IIEPEXO] Ha mar 23.
VMHaYye YBEJIIMYMBAEM CUYETUYMK HOMEPA MUHYThHI MOJEIUPOBAHUS HA €IUHULLY.

(CurrentMinute = CurrentMinute+1).
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llaz 6: TlpoBepka, Ha mpuOBITHE MMOE3[a HA CTAHLUUIO B TEKYUIYI0 MHHYTY
MOJICITUPOBAHUS:

€CIM 3HAYeHHE TEeKylIed MHUHYTHl MOJICJTUPOBAHMS HE COBIAJACT C

npuObsITHEM I-TO TIoe3a, CurrentMinute # TimeLineR [i],

TO Tepexo] Ha miar 19.
Lllaz 7: TlpoBepka HamM4usi CBOOOTHOTO MYTH B MapKe MpueMa:

eciu (CurrentMinute < Toepos mym [K]) 01t Beex kK= 1,2,..., Nipuewn. nyreii »

TO MEepexo]l K mary mar 16,

WHave 3aUKCUPOBATH HOMEP CBOOOHOTO MyTH K.
llae 8: TlpoBepka CBOOOIHOCTH TOPKHM B MHUHYTY NPHUOBITHS I-TO TOe3qa Ha
MPUEMHBIN MyTh:

eciu ( CurrentMinute < Tocso6. ropiu)

TO Tepexo] Ha miar 12.
[llaz 9: 3adukcupoBaTh MOMEHT BPEMEHH OCBOOOXKICHHS K-ro myTH W Havajia
pocITycKa i-ro cocrasa:

Tocsos myra [K] = CurrentMinute

Thau. poenyexa = CUrrentMinute
Ilaz 10: OnpeneneHus BpEMEHH pOCIycka I-ro coctaBa W (DUKcalus MOMEHTa
BpPEMEHU OCBOOOKICHHS TOPKHU:

Tocsos. ropxn = CUrrentMinute + TimeRospuskaR([i]
Ilae 11: Tlepexon Ha miar 17.
Llae 12: YBenn4eHre CUeTUNKA OUepPeId Ha OJIUH TTOE3/;

Ochered = Ochered + 1
[llaz 13: Onpenenenne BpeMEHH OKHIAHHUS B O4Yepeau I-ro cocTaBa U (DUKCAIHS
MOMEHTa BPEMEHHM OCBOOOXKICHHUsS K-ro MpueMHOro MyTH M Havajia pociycka i-ro
COCTaBa:

Touepennli] = Tocsos. ropxs — CUIrENtMinute,

TOCB06 My TH [k] = CurrentMinUte + Toqepenn[i] = TOCBO6. TOPKH

THaq. pocrmycka = TOCB06 yTH [k]
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Illaz 14: OnpeneneHusi BpeMEHH pOCIycka I-To coctaBa M (UKcalus MOMEHTa
BPEMEHU OCBOOOXKACHUS TOPKU:

TOCBo6. TOpKH = TOCB06. TOPKHI + TimeROSPUSkaR[i]
llae 15: Tlepexon Ha miar 17.
Llae 16: YBennueHne CUETUNKA OTKA30B B POCITYCKE HA CIMHUILY:

NOTK = NOTK + 1
Illaz 17: ®ukcanus i I-ro 1Moe3jla MOMEHTa BpEeMEHH NPUX0Jia Ha CTAHIIMIO,
MOMEHTa BPEMEHH Hayaja POCIIyCKa COCTaBa C TOPKH, BPEMEHHM POCITyCKa COCTaBa
Y MOMEHTA OKOHYaHHUsI pOCIYCKa COCTaBa C TOPKHU:

Tox macr[1] = CurrentMinute

THa‘-I. pocr[yCKa[l] = THa‘I. pociyCcka

Tpoenyexal1] = TimeRospuskaR[i]

Toxors. poenyexall] = Tocsos. roprr
Llae 18: YBennueHne cueTYnKa HOMEpa BXOISIIETO MOE3/1a Ha EIUHUILY:

i=i+1
Llae 19: TlpoBepka Ha COOTBETCTBHE TEKYIIEH MUHYTHI MOJICIMPOBAHUSI MOMEHTY
BPEMEHU OCBOOOXJCHUS TMPUEMHOr0 TMyTH TMpPU HAIMYUM B OYEpead Ha
pacopMupoBanue X0Ts Obl OJTHOTO MOEe3/a:

eciu (CurrentMinute = Tocpos nyrein [K], i Beex K =1, 2, ..., Nipuews. nyreir) Y1
( Ochered # 0),

TO TIEPEXO/I K clieayromemy mary 20,

WHa4e Tepexo K mary 21,
Llaz 20): YMeHblIIEHHE CYETYMKA OUEPEAN HA OJUH MOE3/;

Ochered = Ochered — 1
Hlae 21: ®duxcauusi KOJIMYECTBA MPOE3AOB B OYEPEAM B TEKYIIYID MHUHYTY
MO/JICJIMPOBAHUS:

Ochered[CurrentMinute] = Ochered
Llae 22: YBenuueHue TEKyIIEH MUHYTBI MOJAEIUPOBAHUS HA €IUHUILY U IIEPEXON K
mary 3S:

CurrentMinute = CurrentMinute + 1

[llae 23 BbIBOJ pe3yabTaTOB MOJICTUPOBAHUS.
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4 MoaeaupoBaHue CIYy4YalHbIX HeMPePbIBHBIX YHCEJ € 32JaHHbIMH
napaMeTpamMu pacrnpeejaeHust
DKCIOHEHIMaJIbHAs Cily4aiiHasi BEIMYMHA MOJAEIUpPYETCs Mo (GopMyJie:

1
=——InR
y A

I[Mpumem N = 3000 — uucno touek, Nm = 30 uuciao uHTEpBAIOB IIA

MMOCTPOCHHUS TJIOTHOCTH PACTPEAECTICHUS CTyYalHOM BEJTUYUHBL.
VHTepBank My EXOIAIIMI Ha CTAHIMIO OS2 TaMH
JKCNOHEHUMANEHOE A =003
N=3000 kk=0.N

Nm = 30 - YUCNO WHTEpanoe mm = 0. Nm
ARt

300
Mm

Maccue wHTEpEANOE: h= =10 intmm = hmm

[eHepaumA cAyYaifiHeX YMCen Yepes cAydaiiHele ba3oBke yucna:

randl

-1
e = o Inmd (1)

MeHepaunA CNyYaiHbX YUCEn Yepes BCTPORHHLIE diyHKLMA:
randll = rexp(IV, X)

DYHELWMKY MACTHOCTH BEPOATHOCTH CAYYAHHOA BENWYMHEI

hist{int, randl) 1 hist{int, rand11)
= Ij = —

1
P hN hN

I'paduix cpaBHeHUsT QyHKIMI MIIOTHOCTU pacipeieNICHUs CIIy4alHbIX YUCEl,
MOJyYEHHBIX B pe3yJibTaTe YKa3aHHOTO MOJEIUPOBAHUA, ¢ (YHKIUEH TUIOTHOCTU
OTOIO0 K€ pAaCIpENCNICHUs] CIy4YauHbIX YMUCEJ, IOJYYECHHBIX BCTPOCHHBIMU

GYHKIHUSIME IPOTPAMMHOM CPEIbl MOICITUPOBAHUS:
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0.02
pl
pll

0.01

0 100 200 300
int

PaBHOMEpHas ciyuaiiHas BeIMYMHA MOJIeTUpyeTcs 1o hopmysie:
y=a+R@-a_

ITpumem N = 3000 — uucno Touex, Nm = 50 uncio uHTEPBAIOB 111 IOCTPOEHHS

IUIOTHOCTH PACIIPCACICHUA cnyqaﬁﬂoﬁ BCJINYUHBI.

Bpema pacdopMHUpOBAHWA ogHOTO COCTAEA HA COPTHPOBOMHOMN TopEe

PagHomepHoe a=13 bB=20 MUHYT
Nm = 350 - JUCNO UHTepanoB mm = . Nm
. b—a :
Maccue MHTepBanoE: h = =01 mt =a+ hmm
At Nm m

[eHepauna cnyJyaiHelx YWCen Yepes cnydaliHele bazoBele uncna:

randlkk =a+ md{l)-{b - a)

MeHepauua cnydaiiHel} YWCEn Yepes BCTPOSHHLIE fyHKLMK:
rand?? = mnif (W _a b}

DYHKLMM NAOTHOCTH BEPOATHOCTH CAYYARHOA BEMWYNHEI:

- hist{int_rand2) _— hist{int, rand22)
a hN P h'N

I'paduix cpaBHEeHUs QYHKIMI MIIOTHOCTH pacIipeiesieHus CydyalHbIX Ynce,

MIOJIYYCHHBIX B PE3yibTaTe YKa3aHHOTO MOJEIHPOBAaHUSA, ¢ (PYHKIMEH TJIOTHOCTH
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9TOro K& pacrupecaciCHu;d CJIy‘-IElﬁHBIX YUCCJI, MOJYYCHHBIX BCTPOCHHBIMH

(GYHKIIUSMU IPOTPAMMHOMN CPEIbl MOACTUPOBAHUS:

0.3

0.25

-

e A
= T IVVAAM
0.15 z v
01
15 16 17 18 19 20

int

[TockoJIbKY HaTbHEUIIUKA aJTOPUTM HCIIOIb3YET LEIOYUCICHHBIA CUYETUHK
BPEMEHHU TMpPHUOBITUS TMOE3J0B Ha CTaHIMIO, TO HEOOXOAUMO OKPYIJIUTh
c(hopMUPOBAHHBIE MACCUBBI CITyYalHBIX YHUCE.

IntervalR := ceil(rand1)

TimeRospuskaR := ceil(rand2)
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5. MoaeanpoBanue padoTbl COPTHPOBOYHOM CTAHIUH

MopenupoBanue pabOThl COPTHPOBOYHOM CTaHUMM B JAHHOM pabote
npoBoauThCcs B mporpammuoii  cpexe MathCAD. Tpebyercs peann3oBath
aJITOPUTM PAOOTHI COPTUPOBOYHON CTaHIMM, NPUBEACHHBIN B maparpade 3, B
CUHTAKCHUCE NMPOTPaMMHOM CpeIbI.

JlommycTuM, 4To y’e ObLIM CPOpMUPOBAHBI MACCUBBI 3HAUEHUW WHTEPBAJIOB
Mex Iy BxoasmuMmu moesnamu (IntervalR) m BpemeHu pocirycka Ka)aoro cocraBa
kaxxaoro coctaBa (TimeRospuskaR). B cooTBeTCTBHM C alropuTMoM TpeOyeTcs
copmupoBath MaccuB TimeLineR 3HaueHWit MOMEHTOB BPEMCHH NPUOBITHSA Ha
CTaHIMIO KaXJ0ro moe3aa. IT0 MOXKHO peaju30BaTh C MOMOILIBIO MOANPOrPaMMBI,

OTZIEJIbHOW OT OCHOBHOM MPOTrpaMMBbl, IPUBEACHHON Ha puc. 5.1.
TimeLineR := M0 “— Inter\/aIR0

for k e 1.. (rows(IntervalR) — 1)

M, <M, ; + IntervalR,

M

Puc. 5.1. Iloanporpamma jyist popMUpOBaHUSI MACCHBA 3HAYEHUIT MOMEHTOB

BPEMEHHU MPUOBITUS HA CTAHIUIO KaXXI0T0 Moe3/1a

B pamkax ocHOBHON mIporpamMmbl, HEOOXOJUMO MPHUBECTH MOJAEIUPYEMYIO
CUCTEMY K HMCXOJHOMY COCTOSIHMIO. [[Ji 3TOro ycCTaHaBIIMBAIOTCS HadaJlbHbIE
3HAYCHUS TTIEPEMECHHBIM, HCTIOJIb3YEMbIM B cucTeme (puc. 5.2):

Notk = 0 — cuerywk KOJMYECTBA OTKA30B B OOCIY)KHBAaHHH, KOIJa Ha
MOMEHT HPUOBITHS TO€3/]a Ha CTAHIIMIO BCE IPUEMHBIE ITyTH 3aHATHI;

TimeOsvobPriemPut[k] = 0, mst Bcex k = ot 0 10 (KOJHUYECTBO MPHUEMHBIX
nyteit — 1) — maccuB, B KOTOpoM HHJIIEKCOM (K) sSIBISICTCS HOMEp MPUEMHOTO TIYTH,
a 3HAYCHHUEM SIBJISICTCS MOMEHT OCBOOOKIACHUS K-Tr0 IyTH (HOMEp MUHYTHI);

TimeOsvobGorki = 0 — MOMEHT OCBOOOXIEHHUS TOPKH i1 POCIyCKa
CJIEIYIOLIEr0 COCTaBa (HOMEpP MUHYTHI);

ochered = 0 — KOIMYECTBO 3aHATHIX MPUEMHBIX MYTEH HA TEKYIYIO MUHYTY

MOJCIUPOBAHUA,
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CurrentMinute = 0 — HOMep TeKyIIeld MUHYTBI MOJICIINPOBAHUS;

I = 0 — cueTunK MOE3710B MPUOBIBAIOIINX HA CTAHIIUIO.

Notk « 0
for ke 0.. (N_priem_put — 1)
TimeOsvobPriemPutk «0

TimeOsvobGorki < 0
ochered « 0
CurrentMinute < 0

i< 0

Puc. 5.2. HpI/IBeIleHI/IG CUCTEMBI K HICXOOJHOMY COCTOAHUIO

[Iporpammuas peanusanus maros Ne5 u Ne6 npusenena Ha puc. 5.3. B atom
cllydae JUIsl IPOBEPKU HA OKOHYaHME MojenupoBaHue (mar NeS) um opraHuszaiuu
UTEPALIMOHHOTO TMPOLEecca MOJCIHPOBAHUSA HMCIOJIb3YETCd LUKI C HapamMeTpoM
(omeparop for), B KOTOpOM MOCJIENOBAaTEILHO W3MCHSETCS HOMEp TEKYIICH
MUHYTBI MozenupoBanus (CurrentMinute) Ha exuHUIy TIOCIIE  Ka)JI0TO

BBIITOJIHCHUA TCJIa 3TOI'O NUKJIA.

for CurrentMinute € 0.. Tmod

if CurrentMinute :TimeLineRi

marNe7

marNel 8
maruNel9 — 22

Puc. 5.3. [Iporpammuas peanuzanus maroB Ne5-6

[IporpammHas peanuzaiusi NPOBEPKUA Ha HaJUYHE CBOOOJHOIO MPHUEMHOIO
OyTH B MOMEHT MpUOBITHS MOE€3/[a Ha CTaHIMIO TpUBEJEeHa, Ha puc. 5.4.
[lepemennast free_priem_put sBisercs ¢raaroM HamUuus WM OTCYTCTBUS
CBOOOJHOTO MpPUEMHOro mnyTh. To ecTb MOcCie BBINOJHEHUS] MPUBEIECHHOTO
¢parmMeHTa mporpamMmbl 3Ta TNEpeMEHHas MpPUMET 3HaueHue | ecnu umeercs
CBOOOJHBIN MyTh, HHaue TMepeMeHHas mnpumer 3HadeHue 0. Ilepemennas
k_put_zanyatiya Oymer coaepXarb HOMEp  CBOOOJHOTO  IYTH,  €CIH

free_priem_put=1.
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k<« 0
k_put_zanyatiya <0
free_priem_put « 0
while (free_priem_put =0) A (k < N_priem_put)
if TimeOsvobPriemPu‘( < TimeLineRi
free_priem_put « 1
k_put_zanyatiya « k
ke k+1

Puc. 5.4. [IpoBepka Hanu4yusi CBOOOTHOTO MPUEMHOTO IMTyTH B MOMEHT MPUOBITUS

O4YCPCIHOTO IMOC3/1da Ha CTAHIIUIO

CornacHo ajaropuTMy €cCiu TPUEMHbIC IYTH 3aHATHl, TO HEOOXOIUMO
YBEIMYUTh CUETYMK KOJIMYECTBA OTKa30B Ha eauHuiy (puc. 5.5). [ns storo
ciydass (UKCHUPYIOTCA CIEAYIONIUME TEpEeMEHHbIEe: MOMEHT BpEMEHH Iepexoja
noe3aa Ha coptupoBouHyto ropky (T_per_na_gorku=0), BpeMs pachopMupoOBaHUs
(T_rasform=0) um MOMEHT BpEeMEHH BBIXOJlda H3 COPTUPOBOYHOW TOPKHU
(T_vyhoda_iz_gorki=TimeLineR[i]). VYka3aHHble mepeMEHHbIC B JaJIbHEHIIICM
noTpeOyroTcss Uit  (OpPMUPOBAHUS MacCUBa JIAHHBIX C  pe3yjibTaTaMu
MOJICIUPOBAHUS, KOTOpble OyAyT HCHOJB30BAThCS IS  CTATUCTUYECKOMN

00paboTKH.

if free_priem_put=1
T_per_na_gorku <« TimeLineRI if TimeLineRi> TimeOsvobGorki

otherwise
T_per_na_gorku <« TimeOsvobGorki

ochered <« ochered + 1

TimeOsvobPriemPuE( .« T _per_na_gorku
_put_zanyatiya
T_rasform « TimeRospuskaRi

T_wyhoda_iz_gorki <~ T_per_na_gorku + T_rasform
TimeOsvobGorki« T_vyhoda_iz_gorki

otherwise

Notk «— Notk + 1

T_per_na_gorku « 0

T_rasform « 0

T_vyhoda_iz_gorki <« TimeLineRi
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Puc. 5.5. Ilporpammuas peanmzarus maroB NeNe7-16

Ecnu xe XoTst OB OMH MyTh HA MOMEHT MPHUOBITHS TMoe31a CBOOOICH, TO
CHayajga MPOBOJMTCA TPOBEPKa Ha CBOOOJHOCTH COPTHPOBOYHOM TOPKHU IS
pOcCITyCKa TPHIIEANIErO COCTaBa B JTOT X€ MOMEHT BPEMEHH (COIOCTAaBJICHHE
nepemennbix TimeOsvobGorki u TimeLineR[i]). Eciu ropka B paccMarpuBaeMblii
MOMEHT CBOOOJ[Ha, TO B MEepeMeHHYI0 T_per_na_gorku 3amuchiBaeTcsl 3HAYCHHE
paBHOE MOMCHTY BpeMeHH MPHOBITHS moe3fa Ha cradiuio (TimeLineR[i]). Muaye
3Ta TIEpEeMEHHas MPUMET 3HAYCHHE pPaBHOE MOMCHTY BpPEMEHH OCBOOOXKICHUS
coptupoBounoi ropku (T_per_na_gorku=TimeOsvobGorki).

3areM (DUKCHPYIOTCS 3HAYCHHS TICPEMEHHBIX: BpeMsl pachOpMHUpPOBAHHSI
(T_rasform=TimeRospuskaR[i]) # MOMeHT BpeMecHH BBIXOJia U3 COPTHPOBOYHOM
ropku (T_vyhoda_iz_gorki = T_per_na_gorku + T_rasform), xkoTopbiii Takxe
paBeH MOMEHTY ocBoOox aeHus ropku (TimeOsvobGorki=T_vyhoda_iz_gorki).

[locne  a3TOoro  cuuTaercs, UYTO  MOJEIUMPOBAaHUE  OOCITYKHBAHHUE
COPTHPOBOYHOM CTaHIMEH OJHOTO I-T0 TM0e31a OKOHYCHO, W JOMOJHSCTCS
UTOTOBOM MAacCCHB JIAaHHBIX KJIFOYEBBIMH BPEMECHHBIMH ITapaMeTpaMH 3TOTO Moe3ja
(MOMEHT BpeMeHU MPHUOBITUS Ha CTAHIIMIO, MOMEHT BPEMEHH TIepexo/ia rmoe3a Ha
TOPKY, (pakTHYecKoe BpeMsi pacOopMHUpPOBAHUS COCTaBa Ha TOPKE, MOMEHT BBIXOJIa
noe3/la ¢ COPTUPOBOYHOUN Tropku). Takxke yBEIMUMBAETCS HAa €JUHUIY CUETUHUK
HOMEPOB BXOAIINX IMOE370B Ha CTAHIIUIO (pHC. 5.6).

Mi, 0€ i+1
Mi,l « TimeLineRi
Mi, 5 < T_per_na_gorku

Mi 3¢ T_rasform

5

Mi 1< T_vyhoda_iz_gorki

i—i+1

Puc. 5.6. Ilporpammuas peanmzarus maroB NeNel7-18
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B koHme kaxmaoil wrepanuy NUKJIA MHHYT MOJACIHUPOBAHUS HEOOXOAMMO
(bUKCUPOBATh KOJMYECTBO IMOE3I0B, OXKHUIAOIINX B 3Ty MUHYTY Ha TPUEMHBIX
nyTsX cBoed ouepenu Ha pachopmupoBanue ¢ ropku (maru NeNel9-21). Cravana
MIPOBOJIUTCS MPOBEPKA HA COBMAJICHUE MUHYTHI OCBOOOKICHUS MPUEMHBIX MyTeH
KaKHM-JIU0O TI0e3/I0M (HOMEpP KOTOPOTO MEHBIIE I-T0) ¢ HOMEPOM MOJICITUPYEMOM
MUHYTHL. [Ipudem, eciii Takoii COBMaIEHUE UMEET MECTO, TO 3HAUCHHE HE HYJIEBON

ouepenu (ochered) ymenbpmaetcst Ha equHHIY (pUc. 5.7).

for je 0..(rows(M) — 1) if ochered > C

ochered <« ochered — 1 if CurrentMinute = Mj 2

OCheredCurrentMinute <« ochered

Puc. 5.7. Ilporpammuas peanmzarus maroB NeNel9-21

Ha »stom IIporpaMMHas pcajlnu3alusd aJIr'OpuTMa MOICIUPOBAHUA pa6OTBI

COPTUPOBOYHOM CTAHIIMY OKOHYEHA.

43



6. Ctatucruyeckass 00padoTKa pe3yJIbTaTOB MOAEIMPOBAHUS

BbIXo/HbIE JaHHBIE WMHUTALMOHHOTO 3KCIIEPUMEHTA MPEACTABIIIONINE
co00M, KaK MpaBWJIO, MACCUBBI CITy4YalHBIX YHUCEJ, ONMUCHIBAIOT COOTBETCTBYIOIIHNE
ONEpPAllMOHHBIE XapaKTEPUCTUKH Mojeiad. Kak H3BECTHO, HCYEPIBIBAIOIICH
XapaKTePUCTUKON CIy4yallHOW BENWYMHBI X SIBISIETCS €€ 3aKOH paclpeieieHus
BeposiTHocTe  F(X) — mpaBwio, mMO3BOJISAIONICE ONPEACIATh BEPOSITHOCTD
MONAaJaHUsI 3TOW BEJIMUUHBI B JIIOOYIO 3aJTaHHYIO 00JIaCTh €€ 3HAYCHUM.

UToObl HANTH 3aKOH pACTIPEICICHHS] HKCIIEPUMEHTAIbHBIM IyTEM, HYXHO
pacnoJyiaraTh JOCTaTOYHO OOLIMPHBIM CTAaTUCTUYECKUM MAaTEpHAIOM: MOpPSIKa
HECKOJIbKMX TBICAY OMBITOB (MM HaOMIOAEHUM, 3KcnepuMeHToB). Ha mpaktuke
peaKo ynaercssi coOpaTh TaKOe KOJMYECTBO 3KCIEPUMEHTAIBHOTO Marepuala, a
MHOTJIa 3TO U HE TpeOyeTCcss — JOCTATOYHO ONPEAEIUTh TOJIBKO OLEHKH HEKOTOPBIX
OCHOBHBIX XapaKTEpPUCTUK (TapaMeTpOB) 3aKOHA pacCIpelesieHHs, TaKhX Kak
MaTeMaTHUYeCKOe OXHJaHue, nucnepcuto. [loaromy HeoOXoquMo yMeTh MoJTydyaTh
CTATUCTUYECKHUE OLICHKU IIPU OIPAaHUYEHHBIX ONBITHBIX JIAHHBIX.

3ajaul CTaTUCTHUECKONM OOpabOTKM HSKCHEPUMEHTAIbHBIX JaHHbBIX, Kak
NpaBWiIO, pEIIATCS B  YCIOBMSX, KOIrJa BHUJ 3aKOHAa paclpeleieHus
aHAMM3UPYEeMOW  CiIydailHOM BenuuuMHbl He wu3BecTeH. OpHako OBIBAIOT
UCKIOUeHUsA. Tak, ecim BUJ 3aKOHA pacHpedcsCHUs] CIy4alHOW BEJIMYHUHBI
W3BECTEH 3apaHee, TO 3ajJada CTaTUCTHYECKOM 0OpabOTKM yIpolaercsa u
3aKJII0YAETCS  TOJBKO B  HAXOXKAEHMM HEKOTOPBIX IapaMETpPOB  3aKOHA
pacnpesiefieHds, KOTOpbI€ MOJHOCTBIO OMPEAENAIOT COOTBETCTBYIOIIUN 3aKOH

pacrpeecHusl.

Hanpumep, eciin anpropu U3BECTHO, YTO 3aKOH PACHPEIACIICHUS CIIy4YallHOM
BEJMYMHBI X HOpMaJIbHBIHN (TayCCOBCKHIA), TO 3a7a4a 0OpabOTKN JaHHBIX CBOIUTCS
K OIpPEICIICHUIO JBYX €ro MmapaMeTpoB: MaremaTuueckoro oxwumanus (M),
CpEIHE KBaIPAaTUIECKOTO OTKIOHEHHS ( Oy).

B HekoTOphIX 3amayax HMMHUTAMOHHOTO MOJEIUPOBAHMS BHJ 3aKOHA

pacnpeacicHusd HECYHICCTBCHCH, a Tpe6yeTc51 3HAaTh TOJBKO €0 YHCIIOBBIC
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XapakTepucTuku (mapamMerpsl). 3ajadyd TaKOTO pPOJia Ha3bIBAIOTCS 3ajayaMu
MapaMeETPUIECKON OLICHKHU.

Cnenyer OTMETHThb, 4YTO JII0OO€ 3HAYEHUWE KCKOMOTO Iapamerpa,
BBIYMCJIEHHOE HAa OCHOBE OTPAaHUYCHHOrO YHCJa IKCIEPUMEHTAIBHBIX JTaHHBIX,
Bcerga OyJeT coaepaTh SJEMEHT CIy4yalHOCTH, a 3HAuuT U omuoOky. Takoe
npUOJIMKEHHOE, ClIy4yallHOe 3HaueHue OyJieM Ha3blBaTh OIIEHKOM mapameTpa.
Hanpumep, onieHKo#l isi MaTeMaTHYECKOrOo OXXUJAHUS CIIy4YalHOW BEJIMYUHBI X
MOXXET CIY>KUTb CpelHee apudMeThuyeckoe HaONIOJCHHBIX 3HA4eHU B N
HE3aBUCUMBIX OMNbITaX. [Ipy oOyeHb OOJBIIOM KOJUYECTBE OMBITOB CpEIHEE
apupmMeTruecKkoe OyaeT ¢ OOJIBIIONW BEPOSITHOCTHIO BeChMa OJM3KO K UCTUHHOMY
3HAYEHUI0 MAaTEMATUYECKOrO OXuAaHusA. Ecau e 4ucio OMbITOB N HEBEIHMKO, TO
3aMEHa MAaTEeMaTUYECKOTO OXXHUAaHUS CPEeIHUM apuPMETHUYECKUM MPUBOAUT K
HeKkoTopor omuoOke. To ecth 3Ta ommOKa OOpPaTHO MPOMOPLUOHATBHA YHUCITY
ONBITOB. AHAJIOTMYHAsl CUTyalus W C OLEHKAMH JIpyTHMX HEHU3BECTHBIX
IIapaMeTpOB.

MatemaTrdeckoe OKHIaHuEe M, ciaydaiHon BenuuuHbl X = { X, Xo, ..., Xy }
HA3bIBACTCA CyMMa IPOU3BEICHUN BCEX N BO3MOXKHBIX 3HAYCHUHN CIIy4alHOU

BCJIMYHWHEI HA BepOﬂTHOCTI/I pi 9TUX 3Ha‘-IeHHﬁ:
n
m =30, (6.)
i=1

B ciyuae rayccoBckoro (HOpMajabHOTO) pacmpenefieHus i HUCTUHHOTO

MaTEeMAaTU4YCCKOIro OXHIAaHH My CYIIECTBYET €ro OLICHKA anlx, BbIYHCJEICMAs I10

BbIOOpKE 00BbeMa N cirydaiiHOW BeTMIUHBI X = (X1, X, ..., Xp):
- 1y
m, :HZ X, . (6.2)
i=1

Jlns uctuHHOM aucnepcun Dy (xapakTepucThka pacceMBaHUsl CIyYalHOU

BCINMYHUHBI OKOJIO €€ MaTEMATUYCCKOI'O O)I(I/I)IaHI/ISI) €€ OIICHKa 5x IIpHU U3BCCTHOM

MAaTEMAaTUYICCKOM OKUJAHUU My BBIYUCIIICTCA TaK:

SXZUSZLZ((i_mxj’ (63)
n-1%=
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A€ Oy ABIIACTCA CPCAHC KBAAPATHUICCKHUM OTKIOHCHHUCM.

~

B Cllydya€ HEHM3BECTHOI'O MATEMATHYCCKOTO OXWUIAAHUI JUCHEPCHIO D

X

HY>KHO BBIYHCIIATH 11O (hOpMYyJIE:
_ 1 n 1 n 2
D =—" x?——( x) . 6.4
“ n-1 21: N 21: ' 4

[lo mnpuBeneHHBIM (GoOpMyIaM  TPOUZBOJIUTCS  pacueT TpeOyeMbIX
napaMeTpoB MOJIeNH (pabOThI COPTUPOBOYHOMN CTAHIINN).

I[Tyctb B MaccuBe jnanHHbix ResultModel comepxarcs BpeMeHHBIC
XapaKTePUCTHKH BXOMAIIMX Ha CTAHIMIO ITOE3JI0B 3a BpPEeMs MOJCITUPOBAHUSI.
Torna BepoSTHOCTH OTKa3a B POCITYCKE IMOE3AY, MPHU 3aHATOCTH BCEX MPUEMHBIX
IyTEN:

Notk
rows (ResultM odel)

Potkaza :=

Jlist onpenienieHusl CpeHEro0 BpeMEHH MPeObIBAHMSI COCTaBa Ha MYTAX MapKa
IpUeMa U CPEHEro KBaJpaTUYHOTO OTKJIOHEHHS MPUMEM Ngps) — YUCIIO COCTABOB,
KOTOpbIE 32 BpeMsl MOJEIUPOBAHMS ObUIM pachOpMHUPOBAHBI C COPTUPOBOYHOMN
TOPKH:

Nobsl := rows(ResultModel) — Notk

Mvremya_prebyvaniya:=

rows(ResultM odeh-1

Nobsl' ResultM odelk’2 — ResultM odelk’1 if ResuItModeIk’2 >0 )

| k=0 \
1 "rows(ResuhM odel)-1

z

0 otherwise ]

Nobsl —l'

L

ovremya_prebyvaniya:=
mya_prebyvanty j Nobs

. 1 .
ResuItModeIk 2~ ResuItModeIk 1 2 if ResuItModeIk 2> 0 ~‘ - —I»(NobsI~Mvremya_prebyvan |ya)2

L

0 otherwise |

CpenHee Yuciio COCTaBOB, OKUIAIONINX OUepeIr Ha pacOopMHUPOBaHUE U €€

Cpe€aHCC KBAAPAaTUIHOC OTKIIOHCHHUC!

rows(TimelineOchered)—-1

Mchislo_sostavov .= ——- z TimelineOchered,
Tmod '
i=0

1

Tmod — 1

rows(TimelineOchered)—1
ochislo_sostavov =

L 1 .

Timelin eOcheredi‘\ 2_ ﬁ.(Trnod-Mchlslo_sostavov)z—l
‘ | mo

i=0 |
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CyMmMapHbIil CyTOUHBIX IITpad, KOTOPBIA MPHUAETCS 3aIIaTUTh CTAHIMH 32
IIPOCTOM:

Mvremya_prebyvaniyaS_shtraf
60

Mshtraf :=

1€ Sshiraf — CTOUMOCTbD 32 Yac MPOCTOs OJHOTO MOE3/1a.

[Ipu oHOM U3 peannu3anuil CIyYalHbIX YUCET MTOTYUYEHBI CIEAYIOIINE PE3YIbTAThI:

Yucno oTkasos:
Notk = ModelSortSt, = 1
BepoATHocTE oTkaza:
Motk

Potkaza = = 0.03
rows({Resulthodel)

Hucno obcny#eHHEX COCTABO0R:

Nobsl = rows(Resulthlodel) — Notk = 32

CpegHee BpemA NpelblBaHWA HA NYTAX Napka Npuéma:

Myvremya_prebyvaniva = 10906 MWUHYT

CpegHee KB34paTMYECKDE OTKNOHEHWE BpEMEHN NpebbIBaHWA HA NYTAX Napka npuéma:
avremya_prebyvamiya = 14072 MUHYT

CDE,D,HEE HYUCNO COCTAaBOB, OMNOIHILLNX OYepeqi:

Mchislo _sostavov = 0.242

CDE,D,HEE KEagpariyecros OTENOHEHWE YACNA COCTAEOB, O MO WX oYepeqn:

ohichislo_sostavov = 0.389

CyMMapHEIR CYTOYHBIR WTpad:

Mvremva prebyvamiya-3_shtraf
60

Mshtraf =

Mshtraf = 636.198
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Takum o6pasom 3a cyTtku OynyTt obOcmyxkeHbl 32 u3 33 mpuOBIBHIMX
COCTABOB, CpeaHEe BpeMs OXuAaHus (IpeObIBaHMS COCTaBa Ha IyTAX Napka

npuemMa) coctaBuT npumepHo 10.9 MunyT.
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3akioueHue
[TockoJibKy BEpOATHOCTh OTKa3a HeOoJbias (0koyo 3%), To peKoMeHAaIus
M0 YBEJIMYEHUIO MPUEMHBIX ITyTel OyJET 3aBUCETh OT CTOUMOCTH €€ peanu3aluu.
B m11060M cioyuae peKOMEHIYEeTCS HEMHOTO YMEHBIITUTh CpeaHEe BPEeMs

pachopMUpPOBaHMS OJJHOTO COCTaBa HA COPTUPOBOYHOU TOPKE.
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