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HNPEANCJIOBHUE

VYyebnas auciurmHa « MoeaupoBaHue CUCTEM» U3Yy4aeTCsl CTYJIEHTaMH HalpaB-
nenust «MHpopMaTrKa U BHIYMCIHUTENbHAS TEXHUKA» Npo¢uieil MoAroToBKU «ABTOMa-
TU3UPOBAHHBIE CUCTEMbI 00pa0OTKN MHGOPMALIUU U yIpaBiIeHUs», « CHCTEMHBIN aHAN3
u ynpasieHuey, «MupopmaTika U BRIUUCIUTENbHAS TEXHUKA» C IEJNbI0 YCBOCHUS TEO-
pUU W OBJAQJCHHS TEXHOJIOTHSIMH KOMIIBIOTEPHOTO MOJEIMPOBAHUS CIOXKHBIX CHUCTEM.
BripabatbiBas MHAMBHUAYyaJIbHBIE MPAKTUYECKUE YMEHHUS MO MOJEIHPOBAHHUIO, TIO 3(-
(GeKTUBHOMY PEIICHHIO 3a]a4 aHaJlh3a M CHHTE3a WH(OPMAIIMOHHBIX M OPTaHU3aI[MOH-
HO-TEXHUYECKUX CHUCTEM, CTYACHTHI 3aKJIAaJbIBAIOT OJWH M3 KpAaeyroJbHBIX KaMHEU
B (hyHIaMeHT cBoel Oyayuieit npodeccnoHanbHON KBATU(PUKALIUH.

Teoperuueckoe coaepkaHue JUCIHUIUIMHBI, MPEAYCMOTPEHHOE JEUCTBYIOIIUM TO-
CYJIapCTBEHHBIM 00pa30BaTENIbHBIM CTAH/IAPTOM, OXBATHIBAET JBE TPYIIIbI BOIPOCOB,
TpeOYIOLINX OT CTYJICHTOB YCUJICHHOU MOATOTOBKU. K mepBoi U3 HUX OTHOCSTCS BOMPO-
Chl, IJIsl YCIICUTHOTO M3YYEHUSI KOTOPBIX CTYACHTY HEOOXOIMMO, KaK MHHHUMYM, 3HATh
OCHOBBI TEOPUHU BEPOSITHOCTEH M MATEMAaTUYECKOW CTAaTUCTUKU U UMETh HABBIKU IPO-
rpaMMHpOBaHUs (Ha JIFOOOM sI3bIKE) UM HaBBIKH paboThl ¢ Ms Excel. OTu Bompocsl oT-
HOCSITCS K CTaTUCTUYECKOMY MOJEIMPOBAHUIO M BKJIOYAIOT IOCTPOEHUE JATUYMKOB
MICEBJIOCITYYaHBIX BEJIMYMH, MOJECTUPOBAHKUE CIyYalHbIX (DAKTOPOB, pacu€T MHTErpa-
0B MetojioM MonTe-Kapio u cratuctudeckoe MoenupoBaHue HaAEKHOCTH. B yueo-
HOM TIOCOOUU AT TPAJUIIMOHHBIE TEMBI PACIIMPEHBI MATEPHAIIOM, TTOJTyYEHHBIM B COaB-
TOPCTBE CO CTYACHTaMM, KOTOPBIH OTHOCUTCS K TEOPUHU MEPKOJSIIIUN U K MOJICIUPOBa-
HUIO CIIy4alHbIX (paKTaioB.

Jlpyras rpynmna BOMNPOCOB OTHOCUTCA K TEME HMMTAIMOHHOTO MOJEIUPOBAHUS
(MUM) cucrem. Ux BkitoueHue B yueOHOE 1TocoOUe OO0YCIIOBICHO TE€M, YTO IMIMPOKO HC-
noJib3yeMasi B yueOHOM Ipoliecce KIAacCUYecKas CUCTEMa MMHUTAIIMOHHOTO MOJEIHPO-
Bauusa GPSS/PC B mociiequue roapl moBcemMecTHO 3aMensercs cuctemorr GPSS World,
opueHTHpoBaHHOW Ha Windows. IIpu aToMm ctynenudeckas Bepcuss GPSS World pacmpo-
cTpansercs depe3 MurepHer OecruiatHo. [loaTomMy B mocobuu ga€rcss TOT MUHUMYM
pEKOMEHIAINI, KOTOPBIA MO3BOJUT MpakTuyecku ucnonb3oBate GPSS World B maGopa-
TOpHBIX pabdoTax. bypHbiM pazButueM MM, u 0COOCHHO MOSBICHUEM YHHUBEPCAIHLHOTO
nakera MojaenupoBaHus AnylLogic, cBoadiiero Ha OJHY IJIaT(GOpMy BCE YETHIPE
napaaurmel UM, 00ycnoBieHO HanmucaHue pasjena, YTOUHSIIOMIEro O0IIyI0 KOHIEIINIO
UM (7. 6).

MeTtonaM CTaTUCTUYECKOTO U UMUTAIIMOHHOTO MOJCIUPOBAHUS B TIOCOOHUH yAEIs-
eTcsi 00JIbIIIe BHUMAHUS, YEM IIPOYUM METOJIaM, IMTOCKOJIbKY OHU MEHEE MPOYUX METO/IOB
WCIIOJIB3YIOTCS B IPYTUX AWCIMIUIMHAX HampaBieHus «MHpopMaTuka U BEIYHCINUTEIb-
Hasg TeXHUKa». B TO e Bpemsi JJIsi BCECTOPOHHETO CHUCTEMHOrO aHajih3a IMPEIMETOB
npoecCHOHaIbHON AeSTENbHOCTH HEOOXOJUMO CIIELIUaIbHOE N3YUYEHUE U UCIO0JIb30Ba-
HUE COOTBETCTBYIOUIUX YHUBEPCAIBbHBIX MOAXOAOB K MOJACIUPOBAHUIO CUCTEM U yHH-
BEpCAIbHBIX TEXHOJOTUN MojenupoBanus. K 4uciy Takux MOaXO00B U TEXHOJOTHH B
MEPBYIO OYepeb MOXKHO OTHECTH CTATUCTUYECKOE W MMHUTALMOHHOE MOCIUPOBAHUE.
Bwmecte ¢ Tem, B TocOOMU OCBEMIAIOTCS U APYTHE BOMPOCH! AUCIUILTUHBI « Moaenupona-
HUE cucTeM». Marepuan nocoousi OCHOBaH Ha U3BECTHOM KIJIACCUUYECKOU JUTEpaType 1no
MozenupoBanuio cucteM [1-13] u Ha Metoguyeckux pazpadborkax [14-21]. B nanHom
BTOPOM H3JlaHUU JabopaTopHblid npakTukyMm 1o MM (uwacte 3) pacmupen pabotoit 5,
MOCBSIIICHHOM ONTUMU3AIINU CETE MAaCCOBOTO OOCTY>KUBAHMUSL.
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YACTDH 1. METOABI CTATUCTUYECKOI'O U UMUTAIIMOHHOI'O
MOIEJUPOBAHUA

1. CtarucTu4eckoe MOaAeJIMPOBAHUE

[IpumMeHeHrne CTaTUCTUYECKOTO MOJICTUPOBAHMS IIMPOKO PACIPOCTPAHEHO
B 33Jla4ax aHaju3a M MPOCKTUPOBAHMS aBTOMATU3UPOBAHHBIX CHCTEM, MH(pOpMAIIH-
OHHO-BBIYHMCIIUTEIbHBIX CETEH U JAPYTHX CIOXKHBIX OPraHU3allMOHHO-TEXHHUYECKUX
O0OBEKTOB.

CratucTryeckoe MOJICIIMPOBAHUE — 3TO METOJI PEIICHHs] BEPOSATHOCTHBIX U Jie-
TEPMUHUPOBAHHBIX 3aJ]a4, OCHOBAHHBIN HAa d(PPEKTUBHOM HCIOIB30BAHUU CIy4ai-
HBIX YUCEJ U 3aKOHOB T€OpPUU BeposiTHOCTEH. CTaTUCTUYECKOE MOJICIIMPOBAHUE IKC-
IUTyaTUPYET CIIOCOOHOCTh COBPEMEHHBIX KOMIBIOTEPOB MOPOXKIaTh U 00padbaThiBaTh
32 KOPOTKHUE MIPOMEKYTKH BPEMEHU OTPOMHOE KOJIMYECTBO CIYyYAHBIX YUCET.

[TomaBast mocne0BaTENBHOCTD CIYyYalHBIX YHCEN HA BXOJl UCCIEeNyeMOil (PyHK-
MU WIK MOJIENIH, Ha €€ BBIXOJIE MOIYYaloT MPeoOpa30BaHHYIO MOCIEI0BATEILHOCTD
CIIy4allHBIX BETUYHUH — 6b100pKy. Ilpu npaBUIbHON OpraHu3anuu Mog00HOTO CTaTH-
CTUYECKOTO PKCIIEPUMEHTa BHIOOPKA CONEPKUT LIEHHYI0 HH(pOpMaIUio 00 Hcciemye-
MOH (PYHKIIUU WIIA MOJIENH, KOTOPYIO TPYAHO WJIM MPAKTHUYECKH HEBO3MOXKHO TOJTY-
YUTh IpyrumMu cnocodbamu. MH(opmaius usBiiekaeTcss u3 BRIOOPKH METOJaMU MaTe-
MaTUYECKON CTaTUCTUKU (pa3/ied TEOPUH BEPOSITHOCTEN).

Meto CTaTUCTUYECKOTO MOJCIUPOBAHUS (CUHOHUM 3TOrO Ha3BaHUS — METOJ
Momnte-Kapio) mo3Bossier, TakuMm 00pa3oM, ONMHUPAasCh Ha CTPOTHUE 3aKOHBI TCOPHH
BEPOSITHOCTEM, CBECTU IMIMPOKUHN KJIACC CIOKHBIX 3a3/71a4 K OTHOCHUTEIIBHO MPOCTHIM
apuPMETHKO-JIOTHIECKUM TIpeoOpa3oBaHusiM BeIOOpOK. [loaTomMy Takoit meTon Tmo-
Jy4WuJI BEChMa IIMPOKOE pacHpoCcTpaHeHUE. B 4acTHOCTH, OH MOYTHU BCEr/a UCHOJIb-
3yeTcsl NPy UMUTALIMOHHOM MOJICTMPOBAHUM PEATIbHBIX CIIOKHBIX CUCTEM.

2. [TocTpoeHne U TeCTUPOBAHUE TATYNKOB
0a30BOM CJIy4aHON BeJIMYUHbI

2.1. Jatunku BCB

bazoBoii ciyuaiinoii Benuuunoit (BCB) B cratucTuyeckoM MOJEIMpOBaHUN Ha-
3BIBAIOT HEMPEPHIBHYIO CIYYallHYI0 BEJIWYUHY Zz, PAaBHOMEPHO PpACIPEICICHHYIO
Ha uHTepBasie (0 <7< 1). E€ mioTHOCTh pacmpeieneHus BEpOATHOCTEH (I1. p. B.) 3a-
naércst popmysion

f(=1, 0<t<). (1.1)

Marematudeckoe oxuganue (M. 0.) M(z) u nucnepcust D(z) 6a30Bo# ciaydaitHOM

BEJIMYMHBI z UMEIOT cleaytouue 3HaueHus: M(z) =% u D(z) = Y. Herpynno omnpe-
JETUTh U HadalbHbBIH MOMEHT #-ro mopsaka: M(z")=1/r+1), (r=1,2,...).

BCB monenupyrores Ha O9BM ¢ nomonipto nporpaMMmHbix aatunkoB bCB. Jlat-

yuk BCB — 310 nporpamma, BelAarolas mo 3anpocy ogHoO cirydaitHoe 3Hauenue bCB

ze {O <t< 1}. [IytéM MHOrokpatHoro ooOpaimieHusi k naruuky bCB monydaroT BbI-
OOpKY HE3aBUCUMBIX CIIyYaWHbIX 3HAYCHUH 21, 25, Z3, ... , Zp.



[Tporpammusiii gatunk bBCB 00bIYHO BBIYUCSET 3HAYCHUS Z|, 22, Z3, ... IO Ka-

KOH-1100 peKyppeHTHOM GopMyIie Buaa
zin = f(z;) (1.2)

MIpY 3aJJaHHOM CTapTOBOM 3HAYECHUHU Z).

3ajlaHHOE 3HAYEHHE Zz( MOJIHOCTBIO ONpenenseT nocpeactsoM (opmyinst (1.2)
BCIO MOCJIEIOBATENIBHOCTD Z|, Z3, Z3, ... , IOATOMY BEIIMUYMHY Z Ha BBIXOJE aTyMKa
BCB Ha3bIBalOT ncesdocryyaiinol BENMYMHOW. B mpakTHyeckoM NMpUMEHEHWUU JaT-
yukoB bCB crarnctuueckue cCBOKWCTBA MCEBAOCIYYAaWHOW MOCIIEIOBATEIIBHOCTH YH-
cel B LIMPOKUX NIpeAesiaX UACHTUYHBI CBOMCTBAM «YHUCTO CIy4ailHOI» IOCIeAoBa-
TEJIbHOCTHU.

[Iporpammusbie naturiku BCB o06manaroT, 1o CpaBHEHHUIO C anmapaTHbIMU JaT-
YUKAMHU, CIECAYIOINMU JOCTOMHCTBAMM:

— MIPOCTOTOM CO3/IaHUS JATYMKOB;

— MIPOCTOTOU PUMEHEHUS,

— IPOCTOTOU TUPAKUPOBAHUS JaTUUKOB;

— HaAEKHOCTBIO;

— OBICTPOJICHCTBUEM;

— KOMITaKTHOCTBIO;

— BBICOKOW TOYHOCTBIO JOCTHMIKEHHUS HEOOXOJIMMBIX CTATUCTUYECKUX CBOMCTB,
CPaBHUMOU C TOYHOCTBIO MPEACTABICHUS BEIIECTBEHHBIX YHCEII,

— BO3MOXHOCTBIO TOBTOPHOTO BOCIIPOU3BEICHUS, KOTJIa 3TO HY>KHO, JII0O0U M0-
CJIEIOBATEILHOCTH CIIyYalHbIX 3HAYEHUI 0€3 UX MPEeABAPUTEIHLHOIO 3alIOMUHAHMSL.

[Tyrém mpeobpazoBanuss BCB M0XHO moiy4yaTh MOJENbHBIE peau3allid MHO-
IUX JPYTUX CIIy4alHbIX 0OBEKTOB, BKJIIOYAs JIOObIE HEMPEPHIBHBIC WU TUCKPETHHIE
Clly4daiiHble BEJIMYMHBI (KaK MPOCThIE, TAK U MHOTOMEPHBIE), CIIydyalHbIE COOBITHS,
cily4aiiHele mpouecchl, rpadel, cxemsl U T. 1. Iloatomy BCB z Ha3sbiBatoT 6a30e60ii
CIIy4YallHOW BEJIMYMHOM.

2.2. MeToa cepeauHbl KBAIpaTa

Merton ceperHbI KBajpaTa MPeIOKEH IS MOTyYCHHUS TICEBIOCTyIaiHbIX YH-
cen o o6memy npaBmiy (1.2) JI. don Heilimanom B 1946 1. BoT ouH U3 BapuaHTOB
ATOTO METOJIA:

1) BO3bMEM NpoU3BOIBHOE 4-3HAYHOE YHCIIO;

2) BO3BENEM MOJyYeHHOE 4-3HAYHOE YUCIIO B KBaJpaT M, €CIM HEOOXOJUMO,
100aBUM K Pe3yJIbTaTy CJIeBa HYJIU 10 BOCBMU3HAYHOTO YUCIIA;

3) Bo3bMEM ueThipe UGPHl U3 cepearHbl BOCBMU3HAYHOTO YHUCIIA B Ka4eCTBE
OYEpPETHOTO MCEBAOCIYYaNHOIO 4-3Ha4HOTO YHCIIA;

4) ecnu HY’KHBI €11I€ [1CEBI0CTYYalHbIE YHCIa, TO BEPHEMCS K 2);

5) KOHel| aJiropuTMa.

Hanpumep, ecnu B KadecTBE HAYAIBHOTO 4-3HAYHOTO 4ucia B34ATh 1994, To
W3 HEro MOJIyyaeTcs CIEAyrlas MOCIEA0BATENbHOCTh ICEBAOCITYYANHBIX YHUCEIL:
9760, 2576, 6357, 4114, 9249, 5440, 5936, 2360, 5696, 4444, 7491, 1150, 3225,
4006, 0480, 2304, 3084, 5110, 1121, 2566, ...
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Cam 1o cebe MeTo[ cepelMHbl KBapaTa He MOJIYYMI IHUPOKOro pacpoCcTpaHe-
HUS, TaK KaK BBIJAET «OO0JbIIE YeM HYKHO MaJibiX 3HadeHui» [9]. Ho ucnonas3oBan-
HbI B HEM NPUHIMI NPUMEHSETCS BO MHOTHX, €ClId HE BO BCEX, Oojee MO3AHUX
natunkax bCB. DTOT mpUHIUI COCTOWT B BBIPE3aHHM W/WJIHM TEPEMEIINBAHUN He-
CKOJIbKMX LU(p B YUCIOBOM pe3yjbTaTe KakKOH-THOO MpOoCTOM apupMeTHdecKon
OIlEepaLUH.

2.3. MyJbTHIVINKATHBHBII KOHIPYIHTHBIH METO/

Tak Ha3bpIBa€MbIN MYJIbTUILUIMKATUBHBIM KOHTPY3HTHBIM AaTuuk bCB onHO3HAU-
HO 3a/1a€TCsl IBYMsI IapaMeTpaMu: mooynem m u muodxcumenem k. OObIYHO 3T Ta-
pamMeTpbl PEACTABIAIOT COO0M TOCTATOUYHO OOJBIINE IIEIIbIC YHUCTA.

[Ipu 3amaHHBIX M, k TICEBIOCTyYallHbIC YHCIIA Z; BEIYUCISIOTCS MYJIbTHUILUIHKA-
TUBHBIM KOHI'PYIHTHBIM JIaTYUKOM IO PEKYppPEHTHOM popmyiie

A;=(k - A1) mod m, i=1,2,.. (1.3)
z;=A;/m,
r7ie m — MOAYJb; k — MHOXUTENb; A9 — HavanbHOE 3Ha4YeHHE; mod — omeparusi Bbl-
YUCJICHUs OCTaTKa OT JesieHus pousBeneHusi(k -+ A1) Ha m. 3aMeTUM, 4TO BBIYUCIIE-
HUE OCTaTKa OT JEJICHUS SKBUBAJICHTHO BHIOOPY MIIaIIeH U pbl 4aCTHOTO B CUCTE-
M€ CUHUCIIEHHSI C OCHOBAHUEM 711.

Hatuuk (1.3) naet nepuoouyeckyro NMCEBIOCIYUYaHYIO TOCIEI0BATEIHHOCTh Z1,
Z, ..., ¢ mmuHOU mepuoga 7' < m — 1. Uto0sl qnuHa neproga 7' Obl1a MaKCUMaTbHOM,
MOMYJIb m OepyT OMM3KUM K MaKCUMAJIbHOMY MPEJACTABUMOMY B KOMIIBIOTEPE 11€J10-
My yuciy. [ns ynpoineHus: onepauuid 1eI€HUs] U BBIYUCIEHUS OCTaTKOB B IBOMYHBIX
DBM uacto 6epyt m = 2". PekoMeHyeTCs Tak:Ke OpaTh JOCTATOYHO OOJIBIION MHO-
KUTEJb k, TPUYEM B3aMMHO IIPOCTOH C m.

B [22] moxHO HaiiTh 60jee moapoOHbIe peKOMEHIAIMHU TT0 BEIOOPY MMapaMeTpoB
JaT4YMKa. 3aMETUM, OJIHAKO, YTO HE CYIIECTBYET PEKOMEHJALUW, rapaHTHUPYIOLIUX
BBICOKO€ KaueCTBO JATYMKOB JI0 TOTO, KaK Oy/JeT MPOBEJEHO UX CHELUaTIbHOE TECTH-
pOBaHuUE.

B 3akmouenue naparpada npuseaém TadbIuIy napaMeTpoB JaTYMKOB, PEKOMEH-
TyeMbIX B myOnukanusx [2, 9, 10] u B psaae S36IK0B nmporpamMmmupoBanus (Tadm. 1.1).

Tabnuya 1.1
PexomeHayemble mapaMeTpbl JaTYNKOB
Hcrounnk Mopyis m MHuoxurens k

A3bik MmopenupoBanuss CUMVYITIA 2% 516
bubmmorexa AJIT'OJI-ipoueyp 2% 5
[Takerst LLRANDOM, IMSL 2*'_ 1 (mpocroe amcio) 16807
A3pik MogenupoBanus SIMSCRIPT 2’1 63036001

[2, 10] 2% 517

[10] 36 NE

9] %2 517




2.4. TecrupoBanue papHomepHocty bCB

O06o03HauMM paBHOMEPHOE pacrpejeeHue BeposTHocTe Ha uHTepBase (0, 1)
yepe3 R[0,1]. Toraa yrBepxaenue, utro bCB z umeet pactipenenenue R[0,1], MmoxHO
KpaTKo 3anucath B Buje z ~ R[0,1].

C nomoIblO CTaTUCTUYECKUX TECTOB MPOBEPAIOT JIBa cBoKcTBa gatunka bCB,
JENAKMNUX €ro TOYHOM MOZENbI0 HIealbHOM Marematuyecko bCB: Bo-mepBbIX,
MIPOBEPSIOT PABHOMEPHOCTb PACHpeOeieHusi YUCEN, BbIIaBaeMbIX JaTYMKOM Ha HMH-
tepBaisie (0, 1), 1, BO-BTOPBIX, UX CTATUCTUUYECKYIO He3agucumocms. Ilpu 3ToM mo-
CJIEI0BATENBHOCTD MCEBAOCIYYalHbBIX YHUCEI Z; HA BBIXOAE AATUMKA pPacCMaTpPUBAIOT
KaK CTaTUCTHYECKYIO BEIOODKY.

IIpoBepka paBHOMepHOCTH pactpeneneHus bCB cBOAUTCS K MOCTPOCHUIO AM-
MUPUYECKUX BEPOSITHOCTHBIX XapaKTEPUCTUK (MOMEHTOB U PACIPEIEIICHHI) Cilydaii-
HOI BeJIMYUHBI (C. B.) Z 1O BBIOOPKE Zz1, 23, Z3, ... , Z, 1 X CPABHEHHUIO C TEOpETUYE-
CKUMH XapakTepuctukamu pacrnpezgenenust R[0,1]. B cuiy 3akoHa 00abpImIMX YHCelN
C POCTOM JJIMHBI BBIOOPKH 7 SMIIMPUYECKUE XaPAKTEPUCTUKU JOJHKHBI MPUOIMKATh-
csl K TeopeTudeckuM. [Ipu 3TOM, NOCKOJIBKY KOMIIBIOTEDP MO3BOJISAET JIETKO MOJYy4YaTh
BBIOOPKH BeChbMa OOJIBIION JJIMHBI, TAaKOE COJNIMKEHHE AMIIUPUUYECKUX U T€OpeTHYe-
CKUX XapaKTEpUCTHUK MOKHO HaOJI0AaTh HENOCPEACTBEHHO, O€3 HCIOJIb30BaHUs
CHeUaIbHBIX CTATUCTUYECKUX TECTOB.

B nacTosiee Bpems, Kak MpaBuiio, JIIOObI€ A3BIKM IPOrPAMMUPOBAHMS U TTaKe-
Thl MOJICJIMPOBAHUS COAEpKaT BCTpoeHHbIe AaTuuku BCB 1 HeobxoaumMocTh B caMo-
CTOSATENbHON pa3paboTKe WM TECTUPOBAHMM JAaTYMKOB BO3HUKAET peako. Tak,
B Ms Excel umeercs pynkuus CJIYUC(), Bo3Bpamatonias 3Hauenue bCB.

[Mpumep 1. Coznaiire daitn «CaBeanunnsbl.xls». HazoBure nepBwiil JTUCT
CaB. Beemute B sueiiky Al dopmyny =CJIIUUC(). Cxonupyiite e€ B Auamna3oH
A1:A100. Bl BuguTe B 3TOM aAuamna3oHe BbIOOpkY u3 n = 100 3nauenuit BCB.
[Tpu Haxxatuu Ha KiaBuily F9 ciydaiiHble 3Ha4€HHUSI B CTOJI0LE A MEHSFOTCS.

Haiinure cymmbl A-X cTeneHer 3Tux ciydainbix uncen (s k = 1, 2, 3, 4) u 1o-
nenure 3T cyMMbl Ha 100.

[Ilpumeyanue: cymmy KyooB (M OJIOOHO UM — JIPYTUX CTENEHEN) Yncel aua-
nazoHa Al1:A100 MOXHO BBIYMCIHTH B JIO0OW sdYeiike nucta 1o (opmye
=CYMM(A1:A100"3), kotopyto mociie e Habopa clielyeT BBOAUTh HaXKATHEM
Ctrl+Shift+Enter. [lony4yennsie 3HaUeHUsI MPEACTABIAIOT cO00I AMIUPHUUECKUE HA-
YaJlbHbIE MOMEHTHI k-ro nopsiika. CpaBHUTE UX C TEOPETUUECKUMHU 3HAYEHUSIMHU MO-
MeHTOB. [locMOTpHUTE, HACKOJIBKO M3MEHSIOTCS SMIIMPUYECKNE MOMEHTHI B Pa3HbIX
OMbITaX, OCYUIECTBIsIEMbIX HaxkaTueM kiaBuiu F9. UtoOwl yio0Hee ObLIO CpaBHU-
BaTh AMIIUPUUYECKUE U TEOPETUUECKHE 3HAYEHMSI, OrPaHUYbTE TOYHOCTh UX OTOOpa-
YKEHUS JBYyMS 3HAKAMU TIOCJIE 3aIsITOM.

[IpoBeauTe Takoil ke pacuéT NMpu JUIMHE BHIOOPKHU, YBEIUYCHHOW HA JIBA TIOPS/I-
ka, T. €. ipu n = 10 000. CpegHue OTKIOHEHUS SMIUPUUYECKUX MOMEHTOB OT TE€Ope-
TUYECKUX YMEHBIIATCA MPU 3TOM MNPUOIMU3UTENHHO Ha mopsafok. Takum oOpazowm,
C POCTOM 1 HaOJIIOAAeTCs SIBHAsI CXOAMMOCTb SMIIUPUYECKUX MOMEHTOB MCEBIOCITY-
JaliHON TOC)IeIoBaTeIbHOCTH, BhIaBaeMold B Excel matumkom BCB, k Teopernue-
CKMM MOMEHTaM paBHOMEpHOro pacnpeaenenus R[0,1].




IIpumep 2. Ha nucre CaB ps-
JIOM CO CTOJOIOM A, coJepKalluM
10 TeICcAy 3Hauenuy bCB, 3anummure 08 -
B ctosibne B uncna 0,0001, 0,0002, ...,
1,0000. DT0 nerko caenarb, BBeAA JBa
NEPBBIX YHCIIa ATOW apudMeTHuuecKou 0,4
nporpeccun B sueiiku B1 u B2, Beine-

0,6 -

v . 0,2 -
JIMB MX 00€ U MIEJIKHYB IBOMHBIM IIEITY-
KOM MBIIIN 110 «MapKepy 3aIlOTHEHHD 0 ‘ ‘ ‘ ‘
B MPAaBOM HIDKHEM YIJIy BBIIEJIEHHOTO o 02 04 06 08 1

Anara3oHa u3 NByX KICTOK. Puc. 1.1. Dmmupuueckue ¢. p. B. 6a30BbIX

YT06k mOCTpOUTH TPAUK SMIIN- cinyuaiHbIx yrcen B Excel
puYecKol (pyHKIMHU pacipeacsieHus! Be-

positHOCTEH (. p. B.), OCTAa€TCcs YIOPSAIOYHMTH CIIydaliHbIE dYHclia B CTONOIE A
1o Bo3pacTaHuto. YToObl 1MOCiie COPTUPOBKUA OHU HE MEPECUUTHIBAIUCH, MOCTYIHUTE
cieayromuMm obpazoMm. Ckonupyiite auanaszon Al:A10000 (B O6ydep) u cHOBa
BCTaBbTE€ HAa MECTO, HO YX€ IIOCPEICTBOM MEHIO ...CHeHuaJbHasi BCTaB-
ka/3navenus. [locne atoro orcoprupyiite nuamnazon A1:A10000 mo Bo3pacTaHuro.
Teneps B quamazone A1:B10000 nporaOynupoBana smanupudeckas ¢. p. B.; BbIICIH-
T€ ATOT AWana3oH, BHIOEPUTE B MEHIO MacTepa JuarpaMm THUIl JUarpaMMbl «TOYeU-
Has» ¥ OCMOTPUTE Ha MOJYyYEHHbIN Tpaduk: oH OyAeT Mallo OTIMYaThCs OT rpaduka
TeopeTudeckon (. p. B., onuceiBaemoi ypaBuenueMm F(f)=¢ (0 <t¢<1). Ha puc. 1.1
MOKa3aHbl 06e MOJIYYEHHbIE TAKMM CIIOCOOOM 3MIupHuueckue ¢. p. B.: 0JHa MOJyYeHa
npu anuHe BblOOpku n = 100 (Oonee MCKpUBIEHHBIA Tpaduk), Apyras — OpH
n =10 000. HarnsiaiHo BUgHA cXx00umocms SMIUPUUECKON (. p. B. K TEOPETUUECKOI
&. p. B. F(¢) =t ¢ poctom n. Coxpanute daiin « CaBeJanunHbLxIsy.

2.5. TecrupoBanue Hezapucumoctu bCB

[Ipocreityto npoBepky craTucTudeckol HezaBucuMmoctu BCB MoxxHO ocytie-
CTBUTh, OLICHUBAs JIMHEWHYIO KOPPEIALIMI0O MEXIY YHUCIAMHU Z; U Zj+5, OTCTOALIMMU
JIpYyT OT Apyra B TCEBIOCIYYAHOW MOCIIENOBATEIHFHOCTH HA (PUKCHPOBAHHBIN IIar
s > 1. Jlns BeIBoa (hOPMYJIBI, C TIOMOIIBIO KOTOPOH MOYKHO IO BBIOOPKE pacCUUTaTh
OILICHKY KO3((HUIIUEHTA KOPPEIISINH TAKOH Mapbl YHCEI, PACCMOTPUM TEOPETUUECKOE
omnpeneneHre Ko uirenTa Koppesiuu AByX MPOU3BOJIbHBIX C. B. X U . Koaddu-
[UEHT KOPPEJSILIUU ONIpeIesieTcs 111 HUX (HopMyioi

M(x-y)-M(x) M(y)
1.4
D(x)-D() o
Ecmu x ~ R[0,1] u y ~ R[0,1], TOo M(x) = M(y) = 1/2 u D(x) = D(y) =1/12,
u ¢popmyna (1.4) npuHUMAET ClenyoMuid BULL:
R(x,y) =12 -M(xy) — 3. (1.5)

R(x,y)=



VYcnoBumMcst paccMaTpuBaTh B BEIOOPKE BCSIKYIO Mapy uducel (z;, zi.) Kak pea-

JIU3aIMio mapsl ¢. B. (x, v). Torma Bo Bceit BBIOOPKE zy, 23, ... , Z, UMEEM CIEAYIOIINC
n—s peanu3anuii napsl (x, y):
(Erzies ) (22:2205) oo S(Znmgozn). (1.6)

[To aTuM peanuzanusiM MOKHO paccuuTaTh OLUEHKY R KoadduirmenTa Koppes-

~

1 R(x,y). @opMyiy [UIsi BBIYMCICHHUS OIEHKM R MOXHO BBIBECTH M3 PaBEHCTBA
(1.5) cnenyromum ob6pazoM. 3amenss B (1.5) crpaBa M. 0. M(xy) COOTBETCTBYIOIIUM
IMIUPUIECKUM M. 0. (CPEAHUM apUPMETHUECKUM BHIOOPOYHBIX 3HAUECHUI), a CIeBa —

A

ob6o3HaueHue R(x,y) kodddunnrenTa Koppersiuu 003HaueHHeM R €ro OICHKH, I10-
JTydaeM:

R 1 n—s
R=12 D ZiZiss |3 (1.7)
5=l

KoadhdummenT koppensiiiuu 1ByX C. B. XapaKTepU3yeT CTETICHb JTUHEHHOMN 3aBU-

CHMOCTH MeXTy HuMH. [103TOMy ¢ POCTOM JUIMHBI BEIOOPKH 71 OIEHKa R JIOJDKHA
npUOIMXKATECA K HYNIO (T. €. MOJDKHO ObITh R(x,y) = 0, nuHEiHas 3aBUCHUMOCTH
JOJKHA OTCYTCTBOBaTh). B mpotuBHOM cinyudae natuyuk bCB He oTBedaer TpeboBa-
Huto HezaBucumocTu BCB. B 10 ke Bpems, eciau R(x,y) = 0, To 3TO ellle HE rapaHTH-
pYET HE3aBUCUMOCTH Cy4yalHbIX ynced. Ho Bce ke 0JIMH 13 TECTOB — TECT Ha JuUHel-
HY'10 3aBUCHMOCTb — MOYKHO CUHUTATh YCIEIIHO IPOUIEHHBIM.

Crnenyer oOpaTuTh BHUMAHHE, YTO CXOJUMOCTh OLIEHKU KO3 duimenTa koppe-
JSALUUHU, KaK U CXOAUMOCTh OLIEHOK M. O. U JPYTMX 3MIMPUYECKHUX MOMEHTOB, OTHO-
CUTCSl K KJIacCy cxooumocmeti no eeposimuocmu. llocnenoBaTenbHOCTh 3HAYEHUN

~

OLICHKH R TpU pa3ivYHBIX # MPEACTaBISET CO00M ClydalHbIA Mpouecc. 3HaYEHUs

A

OLICHKH R ¢ poCcTOM 7 CIIOHTAHHO TO pPaCTyT, TO YMCHLIOANOTCH. CtabuiipHO

YMEHBIIACTCA JIUIIb 8EPOAMHOCHb TOTO, YTO OTKJIOHEHHUE ‘R - R(x, y)‘ OLICHKH

A

R 0T npenenpbHOro TOYHOro 3HaueHus R(x,y) npeB30oMaET 3a7aHHyo (1100y10) puk-

A

CUPOBAHHYIO BeJMYMHY. IIpy 5TOM R ¥ OLEHKM APYruX MOMEHTOB, KakK IIPaBHIIO,
CXOIATCS el€ U 6 cpeoHem, MPUYEM C POCTOM 71 CpeAHEee OTKIOHEHHE OIIEHKU
(o aOCoJIIOTHOW BEJIMYMHE) OT TOYHOIO MpEJebHOro 3HadeHus R(x,)) yObIBaer
TPOHOPLHOHAIBHO 71 .

[TpoBeputh HezaBucuMocTh BCB B Ms Excel MOHO Takke ¢ TTIOMOIIbIO UMEIO-
LIErocs B HEM ITaKeTa aHAJIN3a JaHHBIX.

[Mpumep 3. Otkpoiite daiin «CaBeauunHsbl.xIs», CO3JaHHBIN TPHU BBITIOTHE-
Huu npuMepoB 1 u 2. [lepeiigute Ha HOBBIM JUCT U Ha30BUTE ero Beidopka. Beeau-
te B sueiiky Al ¢opmyny =CJIIHUC(). Cronupyiite e€ Ha nuamazon Al1:B10000.
Haxxmurte Heckonbko pa3 kimod F9, urobbl yoenuTbes B MpaBUIBHOM MEpecyETe mo-
JYYEHHBIX CTOJIOLIOB CIy4YalHbIX YUCE.

Koaddunment koppensiuu Mexay AByMs YMCIIaMHU B CTPOKaxX Juara3zoHa MOX-
HO BBIYMCIHUTH C MOMOLIbI0 MEHIO CepBHC/AHANN3 JaHHBIX/KOPPeJslUs, BblIat0-
uiero auanorooe okHo «Koppensiuusy» (ecnu onuusi AHAJAU3 JAHHBIX OTCYTCTBYET,
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To HykHO BHadajie B CepBuc/Haacrpoiiku... BbiOpaTh myHKT Ilaker aHaam3a
n Haxate OK). B nmanoroBom oxHe «Koppensuus» ykaKnTe BXOIHOW HHTEPBAI
A1:B10000, Be16epuTe rpynnupoBaHue («pagloKHOMOYKY) MO CTOJ0IAM U YKaXKH-
Te JI000W BBIXOJHOM HHTEpBA pazMepoM 3%3 sUeiiku (WM ero BEPXHIOKI JIEBYIO
aueiiky). Haxmure OK. B yka3zanHOM BaMu BBIXOJHOM JIMAIla30HE sYEEK JIUCTA MOs-
BATCS pe3yJIbTaThl aHanu3a KodduimenToB Koppensiuuu. OleHKa KOppelsiuu Me-
KTy YUCIIAMH TEPBOTO W BTOPOTO CTOJIONA OyaeT HaxoauThes B mpenenax 0,01 wm
HeMHorum Oosee. [lepecunTaiite ciyvaitHpie yncia mno kiouy F9 v moBTOpUTE OIBIT.
[IpoaenaiiTe 3TO HECKOJIBKO pa3. Pe3ynbraT aHanusa Bcerna OyJIeT JIeKaTh B yKa3aH-
HBIX MPEJIeNIaX U UMETh PAa3HbIC 3HAKU. Y CPEIHSIS PE3yJIbTaThl BCEX OIBITOB, MOIyYa-
eM OJIM3KUI K HYJI0 pe3yJbTaT W MPUXOJUM K BBIBOIY, YTO 0a30BbIC CIIy4ailHbIC
YyuCia HE KOPPEIHUPYIOT.

K Gosiee MOUTHBIM TecTaM, MPOBEPSIIONIUM HATMYUE PABHOMEPHOCTH U HE3aBU-
CUMOCTH, OTHOCSITCSA:

— TECT «TUMEPKYOOB)» HAa PABHOMEPHOCTH 3aMOJHEHUS] N-MEpHBIX KyOOB TOUYKa-
MU C KOOpAUHATAMH (Z1, ... , ZN), (ZN+1s --- 5 Z2N), --- » OIUCAHHBIN B [2, 22];

— TECT «CepUi» Ha JUIMHY MOANOCIEA0BATEIbHOCTEN (HanpuUMep, Ha JITMHY Ce-
puil 4ncen z;, KOTOpbIe HAUMHAIOTCS OJIMHAKOBOU mudpoit) [2];

— T€CT «KMAKCUMYMOB U MUHUMYMOB» U JPYyTHE.

[Ipu N = 2 cmbIch TecTa «rUNepKyOOB» MOKHO HATJISAHO MPOJAEMOHCTPUPOBATH
B Ms Excel.

IIpumep 4. Ha nucre BeiOopka, NoJy4yeHHOM B NpUMeEpE 3, BBIACIUTE Aua-
na3oH A1:B5000 u B macTepe quarpamMm BBIOEpUTE TUIl AMArpaMMbl TodeuyHas, BU
auarpaMMmbl - 0€3 JIMHMMA (cocTaBisieMoil Toibko u3 MapkepoB). Haxxmure I'oToso.
N3-3a 607BI110TO YKClIa MAPKEPOB HA MOJTYYEHHON AMarpaMMe OHU MOJIy4aroTCs IUI0-
X0 pa3znuyuMbIMU. [1o3TOMY IIENKHUTE MPaBOX KHONKOW MBIIIN [10 MApPKEpaM U BbI-
OepuTe B KOHTEKCTHOM MEHIO omniuio dopMart psiioB JaHHBIX... . B auanoroBom
OKHE Ha BKJajike Bun BbiOepuTe pasmep
Mapkepa 2 NT U TUI MapkKepa — B BUIE
MajieHbKOTO Kpyxkka. Haxmure OK.
Huarpamma  1mpuoOpetér  npuoIu3u-
TEJIbHO TaKOW BHU/I, Kak Ha puc. 1.2.

Kaxpnas Touka auarpamMmbl HMEET
napy KOOpAMHAT, B3ATYK0 U3 CTPOKH
nuamnazona A1:B5000. BugHo, 4yTo TOY-
KM PacIpeliesieHbl B €IUHUYHOM KBa/Jl-
paTe ClIydaillHO W IUIOTHOCTh pacmpese-
JIeHUs paBHOMEpHas. BuaHo taxxke, 4to
TOYKHU HE CTYIIAIOTCS BJOJIb KAKUX-TH00
JIMHUM, 4TO TOBOPUT 00 OTCYTCTBUU BHU-
JUMBIX 3aBUCUMOCTEA MEXKIY HUMH.
B o0mem clydae TeCT FI/IHGPKY6OB, qa- Puc. 1.2. Pacnipenenenue cirydaiHbIx
CTHBIM CJIy4ae€M KOTOPOTI'O SBJISETCSA TECT TOYCK B CIMHNYHOM KBaJIpaTe
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KBaJIpaToOB, WCIOJB3yeT JUIsl MPOBEPKH CBONCTB PaBHOMEPHOCTH pacHpeIeICHUs
u HezaBucHMOCTH BCB KonM4ecTBeHHbBIE CTaTHCTUYECKUE KpuTepuu. Haxxmute He-
cKoJIbkO pa3 F9 u monabmonaiiTe, Kak MpU CIIYyYaiiHOM BBINMAJCHUN TOYEK MPOSIBIIS-
IOTCS PABHOMEPHOCTh MX PACIPEEICHUS U OTCYTCTBHE BUANMBIX CBS3CH MEXIy HU-
mu. Coxpanure aiin.

2.6. IIpoTuBOpeYnBOCTHL TPEOOBAHMI K MPOrpaMMHbIM gaTunkam BCB

B HacTosiiee BpeMsi CyILIECTBYIOT JECITKH CIEHUATBHBIX METOJIOB TECTUPOBA-
HUs nporpamMMHubix AaTunkoB BCB. [Ipu HeoOX0oaMMOCTH TIIy0XKe U3YYUTh 3TOT BO-
MPOC MOXKHO BOCIOJIb30BaThCs paboTamu [2, 16, 22]. OnHaKo Npexk/Ie 4eM CepbE3HO
YIIIyOIsThCA B TECTUPOBAHUE JATYMKOB, CJIEIyET 3aMETUTh, UTO MPOoOJieMa UX TECTU-
POBaHHUS UMEET B LIEJIOM HE MATEMATUYECKYIO0 IPUPOY, U BOIPOC O MPUEMIIEMOCTH
J000r0 MPOrpaMMHOTO JaTYMKa HE UMEEeT 0e3ynpeyHOoro (C MO3MLMA «YUCTON Ma-
TEMAaTUKN) PEIICHHUS.

Tak, nns BCB z; Ha BbIXOJE MYJBTUIUIMKATUBHOIO KOHTPYIHTHOI'O JAaTYUKA
(1.3) Hanuuue CBOMCTB paBHOMEPHOCTH U HE3aBUCUMOCTH HE MOXKET OBITh JI0Ka3aHO
8 npunyune, MOCKoJIbKy 3Tux cBoUcTB y BCB z; mpocto HeT. Yucna z; B (1.3) He ume-
I0T paBHOMEpPHOM II. p. B. (1.1), MOCKOJIBKY JUCKPETHBI U, KaK JIIOObIE TUCKPETHBIC
C. B., HE UMEIOT HU PAaBHOMEPHOM, HM BOOOIIIE KaKoi-1100 apyroii m. p. B. Kpome To-
ro, yucia z; B (1.3) Bcerja 3aBUCHUMBI: 3aBUCHMOCTh MEXK]y HUMHU JIa€TCSd CamMoi
dbopmyioii (1.3), u3 KOTOpOH CiaeAyeT, uyTo

z; = [(km-z;,_)mod m]/m (1.8)
T. €. 4TO Kaxzjoe ciepyroniee 3HayeHne bCB oIHO3HAYHO ompenesieTcss Npeablay-
M. [Ipuuém npu s = T, rae T — nepuoa nocie10BaTeIbHOCTH, Iapa YNUCEIL Z; U Z;4g
CBSI3aHA MTPOCTOM JIMHENHON 3aBUCUMOCTBIO Z; = Zj .

Ho npu tectupoBanuu HezaBucumoct bCB z; MBI Kak Obl «3a0bIBaeM», 9TO
B JICUCTBUTEIBHOCTH 3aBUCUMOCTh UMEET MECTO M3HAYAIBHO, MPUUYEM 3aBUCUMOCTD
3Ta MAKCHUMAaJbHO XECTKasl, MOJHOCTBIO JIETEPMUHHUpPOBaHHAS. [IoHATHO, YTO Takoe
Hallle TECTUPOBAHHE HE3aBMCHUMOCTH MOXET YCTAaHOBUTh HE He3aBUCUMOCTH BCB,
a JMIIb HEKOTopoe ee nogooue. OHAKO MapaJoKC COCTOUT B TOM, YTO B IIMPOKHUX
npejenax NpUMEHEHUs JaTYMKOB 3TO MOJI00ME OKa3bIBACTCS BeChMa OJM3KUM K TOX-
JIECTBY: JUCKPETHAS U JACTEPMUHUPOBAHHAS BEJIMUMHA OKa3bIBAETCS BeChMa OJIM3KOM
K HY’>KHOU HaM HEIPEPBIBHOMN U CIIy4yaliHOM Benu4uHe. [Ipu KOMIIbIOTEpPHOM MOJEIHN-
POBAHUU MPOTUBOIOI0KHOCTH CXOISATCS.

Kak sBHas muckpetHocTh BCB z;, Tak u sBHas ux (yHKIMOHAJIbHAs 3aBUCH-
MOCTh JIOTHYECKH HECOBMECTHMBI C TPeOOBAHUSMU HENMPEPHIBHOCTH M HE3aBUCHUMO-
CTH, HO Ha MPAKTUKE ATO MMEET OrpaHUYCHHOE 3HAYeHUE — He Ooiiblee, yeM, Ha-
npUMep, 3HAYCHHE HETOYHOCTH BBIMOJHEHUs apu(METHUECKUX Oorepaiuil ¢ mia-
BalOUIEH TOUKOU. B TO ke Bpems CAEeNnaHHOE 3[E€Ch 3aMEYaHUE O MPOTHBOPEUYHBOM
xapakTtepe TpeOoBanmii k ngaTtunkaM bCB yka3biBaeT Ha HEKOTOpBIE «IIOJIBOJHBIC
KaMHU» CTAaTUCTHUYECKOTO MOJEIMPOBAHHUS, HA BAXXHOCTh XOPOLIErO0 3HAHHUS OCHOB
TEOPUH BEPOSTHOCTEN M HA HEOOXOUMOCTh MPUMEHEHUS TOJIBKO TeX naTyukoB bCB,
KOTOpbIE pa3paboTaHbl M TIIATEIFHO BHIBEPEHBI KOMIBIOTEPHBIMU MaTeMaTHKaMH-
npodeccruonanamu.
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3. MoaeaupoBaHue CJIy4alHbIX (PAKTOPOB

CnyudaiinpiMu akTopamMu OyJeM Ha3blBaTh CIy4yalHOE COOBITHE, CIyYalHYIO
BEITMYMHY, CIIyYalHBIN MPOIECC M BOOOIIE JIF0ObIE OOBEKTHI, CIIy9ailHBIA BBHIOOP KO-
TOPBIX ONPENESETCS COOTBETCTBYIOIIUMH BeposiTHOocTsMU. [log peanuszanueit ciy-
yaitHoro (akrtopa OyJeM MOHUMATh CaM aKT CIIy4alHOTO BBIOOpa OJHOTO TaKOTro
00BEKTa U3 33JJaHHOT0 MHOKECTBA, HAaJIEJIEHHOTO BEPOATHOCTHON MEpOH.

[TocTpoenue monenu a000ro ciaydyaiHoro (akTopa CBOJUTCS K MOJIXOASIIEMY
(yHKIHOHAIBHOMY IpeoOpa30BaHUIO 0a30BbIX CIy4alHbIX BeJMYWH z;. [Ipu Moze-
JUPOBAHUM CIy4alHBIX (AKTOPOB OyZeM HCXOIUTh M3 TOTO, YTO MMEIOIIUNCS B Ha-
nieM pacropsbkeHuH Jatuuk bCB uaeanieH, T. €. BEJIMYUHBI Z; HA €r0 BBIXOJE — PaB-
HOMEpHO pacmpenenénnbie (z; ~ R[0,1]) u He3aBuCHMBIE. DTO MO3BOJIUT HAM CBOOO/I-
HO KOHCTPYUPOBATh MOJIETH Pa3HOOOPa3HbIX CIy4YailHbIX ()aKTOPOB M YCTAHABIIMBATh
UX CBOMCTBA, ONMUPAsCh TOJIBKO HA MOJOXKEHHSI TEOPUH BEPOSITHOCTEN U HE Mpuoeras
K TPOMO3JIKMM NPOLEAYpaM CTaTUCTUUECKOTO TECTUPOBAHMS.

B 10 xe Bpems B LIENIAX HAIJISIIHOCTU MPEACTABICHUS PE3yJIbTaTOB OyJIeM MoO-
JIeNIA CIIy4aHbIX ()aKTOPOB MILTIOCTPUPOBATH MPUMEPAMU IMIPOCTONM CTATHCTUYECKOM
00pabOTKHU BBIOOPOK, MOTYYAEMBIX C TOMOIIBIO ATHX MOJICICH.

3.1. MoaeaupoBaHue CJIOy4YailHbIX COOBITHII W JUCKPETHBIX CJAY4YailHbIX
BeJIMYHH

3.1.1. Mooenuposanue ciyuatinvix coovimuii
[TycTh 3a1JaHO HEKOTOPOE MHOKECTBO 3JIEMEHTAPHBIX UCXOIO0B {A, ... , A,} € UX
BEPOATHOCTSIMH Py, ... , P, COOTBETCTBEHHO ( p| +...+ p, =1).

UToOBI MOCTPOUTH MPOTPAMMHYIO MOJIEIb, «OXKHUBIISIIOUIYIO» TaKyl COBOKYII-
HOCTb MCXOJIOB, pa300béM MbIcieHHO MHTepBai 3HaueHuit bCB (0 < ¢ < 1) Ha n oT-

PE3KOB JUIMHOU Py, P2, ... , Pp. ITO BCETAA BO3MOXHO, TaK Kak pj +...+p, =1. Ha-
pUMep, MOKHO OINPEJETUTh OTPE3KH TaK:

a1 =(0, p1),

& =(p1, pitpa) (1.9)

o= (p1+p, pitp2tps),

oy = (pl+p2+ +pn-1, 1)

ANropUTM MOJEIMPOBAHUS CIyYalHBIX UCXOA0B A; COCTOUT B TOM, YTOOBI, 00-
patuBmuch k natuuky bCB, onpenenuTs, B Kakoil U3 UHTEPBAIOB &, @, ... , O, TO-
namo 3HauyeHne BCB. ®axkt ero mnomagaHuss B KOHKPETHBIA HWHTEpBal
05 IPEAONPEEIIAET IEPEXO] AIrOpPUTMa K IIPOLEAYPE UMUTALIUU COOTBETCTBYIOIIIE-
r0, UMEIOLIETo TOT e HoMmep, ucxona A;. Tlockoneky BeposTHOCTh nonaxanus bCB
B MHTEPBAJ @) PaBHA €TO JUIMHE pj, TO ¥ BEPOATHOCTH MCXoza A; OyneT paBHa p;.

[Ipumep 5. Ha crobonnom nucte Ms Excel B sueliky Al BBenute Gopmyiy
=CJIUUC(). B cocenntoro siueitky B1 BBenure =ECJIN(A1<0,5;0;1). Ota Gpopmyna
BbIIAET 0, eciu BCB B saueiike Al naxoaurca mexay 0 u 0,5, u Beigaér 1, ecau bCB
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B siueiike Al Haxomutcsa mexay 0,5 u 1. Takum oOGpazomM, B sueiike B1 umutupyercs
pe3yabTat BeIOpackiBaHus MOHETHI. HaxkMuTe HeCKOJIbKO pa3 kiaBuiny F9.
Cxonmpyiite coaep:xkumoe ctpoku Al:B1 B nuanazon A1:B20. [IpaBeiM menu-
KOM MBIIIH BBIJIETTUTE CTOJOEI] A M BBIOEPUTE B OTKPBIBIIEMCS KOHTEKCTHOM MEHIO
onuuio CkpbITh. OcTaBmIniicsS BUAUMBIM cTONOEl] B uMuTHpyeT pe3ysibTaT BhIOpa-
ceiBanus 20 monet. Ilonoxkum, enuHuna B ctosidiie B o3Havaer BhimageHue repoa.
[TpomonenupyiiTe HeCKoIbKO BeIOpackiBanuii 20 MoHeT HaxkatueM kiroda F9. Brige-
aute auanazoH B1:B20, yToObl Ha HWIKHEW cepod WHIWKATOPHOW IAaHENIU JIUCTa
YBUJIETh CYMMY JTOrO JAMana3oHa, PAaBHYIO YHUCIY BbINABIIMX €auHUI] (repOoB).
[ToBTopsist Haxkatus F9, mpoBepbTe, 4acTO JM MPOUCXOJUT CIIy4allHOE COOBITHE, OT-
penensieMoe ClIeAYIOIUM BbICKa3biBaHUEM: «UHMCIIO BBIMABIIUX TepOOB MEHBIIIE 7.

3.1.2. Mooenuposarnue OuckpemHuvix Ciy4aHbiX eIUYUUH

[IpyHUIMO MOAENMPOBaHUSA AWCKPETHBIX C.B. HE OTJIMYAETCS OT MPHUHIMNA
MOJICJIMPOBAHUSL CIIy4allHBIX cOOBITHI. JlMCKpeTHass c. B. X 3a/aéTci KOHEYHBIM
WU CUYETHBIM MHOKECTBOM BO3MOXHBIX 3HAYEHUH X|, X7, ... U UX BEPOATHOCTSIMU
P1, P2, ... . OHA peanusyercs 10 TOMY K€ HNPHUHIUITY, [0 KOTOPOMY MOIEIUPYIOTCS
ciyvaiineie coObitusi. Mutepsan (0, 1) npensapuTenbHO pa30uBaeTcs Ha OTPE3KH,
JUINHBI KOTOPBIX PABHBI BEPOATHOCTSM P, P2, ... OJIEMEHTapHBIX MCX0H0B A;. Ilpu
ATOM Ka)KJblii KOHKPETHBIM MCX0A A; pacCMaTpUBAETCs 3/1€Ch KaK BBIOOp Cilyd4alHOH
BEJIMYMHON COOTBETCTBYIOLIETO 3HAUYEHHS X = X;.

B AaByX "acTHBIX ciydasx 3TOT OOIIUIA alrOpPUTM pealiu3allii TUCKPETHOH C. B.
1€71eCO00pa3HO YIPOCTHUTD.

Ilepsviu cnyuati — 3T0 Ciiy4dail LEJIIOYUCICHHON C. B. X, IPUHUMAIOIIEH 3HAYEHUS
0,1,...,n—1 ¢ OIMHAKOBBIMH BEPOATHOCTSIMH, paBHBIMU 1/n. Takyi JUCKPETHYIO
C. B. MOKHO MOJIy4uTh ¢ noMouipto bCB z ogHUM onepaTopoM NpucBauBaHUs, pea-
JTU3YIOMUM (HOPMYITy BBIYUCIICHUS TIEI0N YaCcTH:

x=|n-z]. (1.10)
®opmyiy (1.10) MOKHO JI€TKO MPUCTIOCOOUTD U K IPYTUM OJIM3KUM CUTYAIIHUSIM.

Hampumep, mis MOIEIMpPOBAHMS UIPAJIBHOM KOCTH C YMCIOM O4YKOB X OT 1 1m0 6
MO>KHO Pe3yJIbTaT €€ BBIOPACHIBAHUS IPOMMUTUPOBATH 1O (hopMyJie

x=[6-z]+1. (1.11)

Bmopot cryyau, xoraa anroputM peanusalyu JACKPETHOU C. B. CIEAYET yHpo-
aTh, 3TO CiIy4daid AUCKPETHOM C. B. C OECKOHEUYHBIM (CYETHBIM) MHOKECTBOM BO3-
MOYKHBIX 3HAYEHHU. B TakoW CHUTyaluy 4acTO MOKHO MOCTPOUTh KOMIAKTHYIO IPO-
rpaMMy, JUIIb TPUMEHSSE PEKYpPCUBHBIM BapuaHT obuiero Meroga. CyTh mpoOaeMbl
COCTOUT B TOM, YTO Mepe]l MporpaMMUpoOBaHuEM anroputma pazouts uarepsai (0, 1)
Ha 0ECKOHEYHOE YHMCIIO BEPOSTHOCTHBIX OTPE3KOB C JUIMHAMMU P, P2, ... HEBO3MOXKHO.
[TosTomy B mporpamMme cHauana peanusyercs 3HaueHue bCB z, a 3arem BbINoHIETCA
IIOCTPOCHUE M OJHOBPEMEHHO — IPOBEpPKA BEPOSITHOCTHBIX OTPE3KOB HMHTEpBaja
(0, 1), mo ogHOMY (TIOCIIEIOBATENBHO, OJTHOTO 32 IPYTUM), 10 TEX MOP, MOKa HE OyaeT
MOCTPOEH M MPOBEPEH OTPE30K, B KOTOPOM IPHU €ro MPOBEpKE OOHAPYKUTCSA peau-
3oBaHHOE 3HaueHue bCB z. [locne 3Toro ciyyailHON BEIWYMHE X NIPUCBAUBAETCS CO-
OTBETCTBYIOLIEE HAWJCHHOMY OTpPE3Ky 3HadcHHE X;. biaromaps TakoMmy IocienoBa-
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TEJIbHOMY TOCTPOCHHUI0O M TPOCMOTPY BEPOATHOCTHBIX OTPE3KOB ISl peaau3aluu
M000ro 3HA4YEHHs X; IPUXOAUTCA CTPOUTH JIMIIL KOHEYHOE MX 4uciao. KoHKkpeTHbIN
MIPUMEP UCIOJIb30BAHUS 3TOTO METO/Ia ISl peaau3ali MyacCOHOBCKOM C. B. IIPUBO-
nutcsi B [16].

[Ipumep 6. IlycTs TpeOyeTcss peanus3oBaTh TUCKPETHYIO C.B. X, MPUHUMAIO-
uryto 3HaueHus 2; 5; 15; =30 u 3,14 ¢ BepositHoctamu 0,1; 0,15; 0,45; 0,2 u 0,1 coot-
BETCTBEHHO. Eciu OTpe3ku ¢ JiIMHAMU, PaBHBIMHU TMEPEUUCICHHBIM BEPOATHOCTSIM,
OTKJIAJbIBAaTh HA YMCIOBOM OCH BIPABO OT HYJIS, TO UX MPABbIMU IpaHULIAMHU OYIIyT
touku 0,1; 0,25; 0,7; 0,9 u 1. 3anumure Ha yuctoMm mcre Ms Excel B nuanasone
B1:F2 Tabnuuky uncen:

0,1 0,25 0,7 0,9 1
2 5 15 =30 3,14

B sueiiky A3 nns nonydenust BCB BBenute dpopmyny =CIIHUC(). Teneps s
peaM3alnu JaTYNKA HYKHOM JUCKPETHOM C. B. OCTAETCS ONMPENECIUTh, MEXKIAY KAKU-
MU TpaHUIIAMH, YKa3aHHBIMU B BEPXHEU CTpoke TaOauyku, nomnaaaeT 3HaueHue bCB,
1 BBIOpaTh COOTBETCTBYIOIIEE 3HAUCHUE C. B. U3 HUXKHEUW CTPOKH TaOJIMUKH.

[Tockonbky B Excel momoOHble yCIOBHBIE ONEpalid OPraHU3YIOTCS HE CaMbIM
OYEBHJIHBIM 00pa3oM, MPUBEAEM MOAPOOHYI0 MHCTPYKIHMIO, MOSICHSIONIYIO, KaK 3TO
CHENATh.

B sueiiky B3 Bemure dopmyny =ECJIN(($A3<BS$1)*($A3>AS$1);1;0). Dra
dbopmyna Beinaér 1, ecnu 3HaueHue sueriku A3 (3to BCB) HaxoauTcs B mepBOM Be-
POSITHOCTHOM OTpe3ke, yKkazaHHoM siuerikamu Al u B1, 1. e. ot 0 10 0,1 (sueiika Al
JnoJbKkHA ObITh TycToi). Cronupyiite B3 BripaBo Ha quanazod B3:F3. B uém nosisius-
€TCA CTPOKa U3 HYJIEW U OJTHOW €IMHULBI, YKA3bIBAIOIIEH CBOUM MOJIOKEHUEM HA TO
3HaYEHWE W3 TaOJIMYKH BBEPXY, KOTOPOE JOHKHO OBITH BHIOPAHO B Ka4€CTBE peaju-
3allMM C. B. X. ABTOMAaTHUYECKUI BBIOOP 3TOro 3HauY€HUs Oopranusyiite B siueiike G3.
Jiis atoro 3anumute B He€é popmyny =CYMMITPOU3B($B$2:$F$2;B3:F3). Haxu-
Mmas kimod F9, yoenurech, uto B G3 Tenepb MOSABIAIOTCS ClydalHble 3HAUYEHUS Ha-
IEW JUCKPETHOM C. B.

Teneps ckonupyiite cTpoky A3:G3 BHU3 HA 10—20 CTPOK, BBICIUTE U CKPOUTE
cton6O1pl A-F. OcraBmiuiics BUAMMBIM cToi0er] G COAEpKUT TOJIBKO BBHIOOPKY 3Ha-
YeHUH 3a1aHHOM aucKpeTHoH c. B. [1o kimouy F9 aTu 3HaueHus 0OHOBIISIOTCS.

3.1.3. Bcmpoennvle ecenepamopwl CLy4aunblx 8eIUYUH

MHorue mnakerbl W S3bIKH MOJCIUPOBAHUSA MMEKOT BCTPOCHHBIE T'€HEPATOPHI
Pa3IMYHBIX JAUCKPETHBIX M HEMPEPBIBHBIX C. B. X HCIONB30BaHUE MMEET OmMpere-
JNEHHBIE JOCTOMHCTBA U HEJIOCTATKHU, C KOTOPBIMHU 11€JIECOO00Pa3HO O3HAKOMUTHCS /10
MPUHATHS PEIICHUS O TOM, HYXHO JIM pa3padaThiBaTh COOCTBEHHBIN JATYUK.

B Ms Excel B MeHio CepBuc/AHanu3 naHHubix/['eHepanus caydyaiHbIX YnceI
MPENIOCTABISAETCS BO3MOXKHOCTh T€HEpPALMKU BBIOOPOK M3 CIEAYIOIIEro CHHUCKa pac-
npenenenni: PaBHomepHoe, HopmansHoe, bepnymum, bunomuansHoe, IlyaccoHa,
MopensHoe u JluckpetHoe. PekoMeHayeTcsl mO3KCIEpUMEHTUPOBATh C 3TUMH T'€He-
paTopaMi, Tak Kak OHU JOCTaTOYHO yAOOHBI B MCMOJb30BaHUM. VX HeqoCcTaToOK CO-
CTOUT JIMIIIb B TOM, YTO JJIT OOHOBJICHUSI BIOOPOK TpeOyeTCsi MOBTOPHO MPOXOIUTh
MEHIO.
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3.2. MoaenupoBaHue HeNpepbIBHBIX COY4YailHbIX BeJTHYUH

JI71st moCTpOeHUs JaTYMKOB HETPEPHIBHBIX C. B., UMEIOIINX 3aJlaHHOE pacripe/ie-
JIEHUE BEPOSITHOCTEH, pazpaboTaHo OOJIBIIIOE YHCIIO aNropuTMOB [2, 6-15]. B coBpe-
MEHHOW YyueOHOH JuTepaType MO MOJACIUPOBAHUIO METOJbI MOCTPOCHUS JaTYUKOB
HEIPEPHIBHBIX C. B. HanboJsiee MojaHO pazOuparorcs B KHUre [8]. OCHOBHBIE METO/IbI
peanu3aliy HENPEPhIBHBIX C. B. pa3bsACHSIIOTCS Takxke B [16]. BmecTe ¢ TeM, BO MHO-
IUX S3bIKaX M MaKkeTax MOJEIMPOBAHUS MMEETCs OOJIbIIOE YUCIIO yIAOOHBIX JUIsSl UC-
MOJIb30BAHUSI BCTPOCHHBIX JAaTYMKOB HEMPEPHIBHBIX C. B.

C yué€ToM CKa3aHHOTO HUXE MPHUBOMAATCS JIMIb AJITOPUTMBI U (POPMYIIBI IS
peanu3aiuu HanboJee 4YacTO BCTPEYAIOUIUXCS HEMPEPHIBHBIX C. B. U HEKOTOpbHIC
npuMepbl ux peanusauuu Ha Excel.

3.2.1. Mooenuposarnue pagHomepHoU CIYUAlIHOU GEIUYUHBI

C. B. x ~ R[4, B], paBHOMEPHO pacrpeaeiacHnyo Ha unreppaiie 4 < ¢ < B, MOX-
HO peaJIn30BaTh MyTEM JIMHEHHOTO TTpeodpazoBanus bCB z:

x=(B-A)yz+A. (1.12)
ITpu sTom u3 (1.12) nomyyaem

M(x)=A4+ (B-A4)/2, (1.13)

D(x) = (B —A)*/12. (1.14)

3.2.2. Mooenupogarue 3KChOHEHYUANbHOU CIYYAUHOU BENUYUHDL
OKCIOHEHIIMAJIbHAS C. B. X UMeeT ¢. p. B.

Fiy=1-e ™, (1.15)
rae t> 0, mapamerp 4> 0 . E€ M. 0. u nucnepcus
Mx)=1/A, D(x)=1/2" (1.16)

OKCHOHEHIMAIBHYIO C. B. MOKHO PEJIM30BATh C IMOMOIIBIO CIEAYIOLIETO Ipe-

obpazoBanust bCB z:
x=—(1/2)In(z2). (1.17)

[Ipumep 7. Ha uucrom mucre Ms Excel B nuanazone A1:A1000 ¢ momortisro
bynkuun =CJIUNUC() cosznaiite BiOOpKy u3 1000 3nHauennit BCB. Ilomaras A = 1,
B cootBeTcTBUM ¢ (1.17) 3ammmmre B siueiike B1 dopmyny =—Ln(Al). JIBoitHbIM
LIETYKOM 0 MapKepy 3arnoiHeHus ckonupyure e€ B nuanazoH B1:B1000. B stom
JMana3oHe MOoJydeHa BBIOOPKA C. B. X C KCIMOHEHIMAIBHBIM pacnpenenaeHuem (1.15)
mpu A= 1.

[IpoBepbTe BHUA paclpeaeieHus MOIYyUYeHHOU C. B. TyTEM MOCTPOCHUS €€ dIMIIU-
puueckoil ¢. p. B. [{ns atoro ckonupyiite nuanazon B1:B1000 B 6ydep u BcTaBbTE B
C1 nocpenctoMm MeHIO ...CniennajibHas BCTaBKA/3HAYEHMS, TIOCJIE YEr0 OTCOPTH-
pyite nuanazon C1:C1000 no Bospactanuto. B sueiiku nuanazona D1:D1000 3a-
numuTe apupmerndeckyro nporpeccuro 0,001, 0,002, ... , 1,000 u nmoctpoiite aua-
rpammy Toueunas no nuanazony C1:D1000, xak B 1. 2.4. Jluarpamma OyAeT BbITJIS-
JeTh TPUMEPHO Kak Ha puc. 1.3 («apoxamas» KpuBas JTuUHUSA, (parMeHT KOTOPOM
CIIpaBa yBEJIUYCH).
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Puc. 1.3. CpaBHEHHE SMIUPHUUECKON U TEOPETUUECKOH (. P. B.
AKCIIOHEHIIMAJILHOM C. B.

['maaxyro TeopeTHYeCKyr0 KpUBYIO, IPUBEAEHHYIO Ha puc. 1.3, MOXKHO 100aBUTH
K Bamieil quarpamme, eciu B siueriky E1 BBectu popmyiy (1.15) anst Beraucienus teo-
petrueckoro 3HaueHust @. p. B. B Buge =1-exp(-Cl); 3areM e€ Hag0 CKONMPOBATH Ha
Bech nuanazon E1:E1000. [loGaBnenue 3Toro nuana3oHa JaHHBIX K Auarpamme mpo-
W3BOJUTCS 4Yepe3 KOHTEKCTHOoe MeHo juarpammbel HMcexomnble panHble.../Psan/
/1o0aBUTH.

3.2.3. Mooenupogarue 3pnaneo8cKoll CyYauHOU 8elTUUUHbL

OpaaHrosckas c.B. x nopsaka k > 1 umeer ¢. p. B.

e t>0, (1.18)

U 1. p. B.

k-1
R
(k-1)!
rae mapametp A > 0 . E€ M. 0., mucniepcus U Ha4aJlbHbIE MOMEHTBI 7-TO MOPSIKa Ta-
KOBBI:
Mx)=kKA1, D(x) = kI, M(xX") = k(k+1) - (ktr-1)/1". (1.20)
[TockonbKy pacripeneneHreM DpiaHra o0nanaeT cyMMa k HE3aBUCHUMBIX IKCIIO-
HEHIIMAJbHBIX C. B., UIMCIOIIMX OJHO M TO K€ 3HAYCHHE Mapamerpa A, To, ¢ y4ETOM
(1.17), crenepupoBaTh SPIAAHTOBCKYIO C. B. X MOKHO MPOCTO KaK CyMMY:
S| 1
x = Z—Zlnzi = _Zln(zlmzk)’ (1.21)

i=1

>0, (1.19)

rae z; (i=1, ..., k) — He3aBucumbie peanmsaiuu bCB.

3.2.4. Mooenupogarue HOpMANbHOU CIYYAUHOU BETUYUHDL

YTBepKIACHHE, YTO HEKOTOpas C.B.X HMEET HOPMAJIBHOE pACIpEICICHHE
o 2
¢ M. 0. M(x)=u u nucnepcueit D(x) = ¢°, 3anuckiBatoT B Buse x ~ N(u, o). I1. p. B.
3TOM C. B.
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NEns
()= —L—e 207 (1.22)
270

E€ ¢. p. B. F(¢) He BhIpakaeTcs B 3JE€MEHTAPHBIX (PYHKIMSIX B BHJIE KOHECYHOMN

¢dopmyinbl. s peanuzanuu Jr000H HOPMAJIbHOW C. B. IOCTATOYHO MMETh JATUUK

CTaHAAPTHOM (T.€. HOPMHUPOBAHHOW U ILIEHTPUPOBAHHON) HOPMAJIBHOW C. B.

x ~ N(0,1). UroGsl peanuszosars c. B. x ¢ pacupejaenenuem (1.22) UCIONB3YIOT Clle-
Jyrolliee JIMHEHHOe Npeo0pa3oBaHKe CTaHAAPTHOW HOPMaJIbHOM C. B. X!

X =o0x+u. (1.23)

[Ipu >TOM CTaHIAPTHYIO HOPMaJbHYIO C.B. YacTO PEAU3yIOT MPUOIMKEHHO, KaK
CyMMY JIPYTHX C. B., OCHOBBIBAsICh Ha IICHTPAILHOMN MpEeILHON TEOpEME TEOPUH Be-
positHocTed. Hanpumep, €€ MOXKHO pean30BaTh B BUAE TaKOW CyMMBbI JIBEHAIIATH
He3aBHCHMBIX 3HaueHnii bCB:

12
x=Yz,-6. (1.24)
i=1

OnHako TakoM MOJaXo/1 1aéT MI0X0e MPUOIMKEHUE ISl OOJbIINUX YKIOHEHUH OT
CPEIHETO, MPEBBIIAOIINX 20.
Meron bokca u Mrosiepa mo3BojisieT MOJYyYUTh JIBa HE3aBUCUMBIX 3HAYCHHUS X,

U X, CTAaHJAPTHON HOPMAaJIBHOM C. B. U3 IByX HE3aBUCUMBIX 3HaueHUil z; U z; BCB o

dbopmynam:
X, =+/—2Inz sin2xz,),
X, =4/—2Inz cos(2zz,).

DTOT METOJ TOUHBINA, HO CUUTAETCA TPYA0EMKUM [8]. OlIHaKO, KaK MOKa3bIBAIOT
HKCIIEPUMEHTBI, TO MHEHHUE YCTapesio BBUAY TOTO, YTO COBPEMEHHBIE IEPCOHATIBHBIC
KOMITBIOTEPHl OCHAIEHBI apU(YMETHUECKUMH COIporieccopaMu. TOYHBIA METOJ
(1.25) B NEeMCTBUTEIBLHOCTH OKa3bIBACTCS TAaKXKe M Oojiee OBICTPBIM, YeM MPUOIIH-
)KE€HHBIN MeTox (1.24).

[IpuBeném emé Qopmyny st 4ETHBIX HAYaJIbHBIX MOMEHTOB 7-TO TOpPsJIKa
C.B. X:

(1.25)

M()'czk) =2k = 2k-1)(2k-3)- ... -1. (1.26)
Bce e€ MOMEHTBI HEYETHOTO NOPSAJIKA PABHBI HYJIIO.

3.2.5. [Ipumenenue cucmoepamm u noJUcOHO8

B [22] npuBOAATCS aNropUTMbl pealii3aluy Te€X C. B., Y KOTOPBIX II. P. B. HMEIOT
dbopmy rucrorpammsl (puc. 1.4, a) unu nonurona (puc. 1.4, 6). Takue 1. p. B. OSBJISA-
IOTCSI OOBIYHO JTUOO Kak pe3ysnbTaT 0OpabOoTKH SMIUPUYECKUX JaHHBIX, OO0 KaK pe-
3yJbTAT aNMpOKCUMAIIMU TEOPETUYECKUX pachpenenenuid. OOmas miomas, 3aKiro-
4YEHHAs BHYTPHU FMCTOIPAMMBbI MJIM MIOJIMTOHA, paBHA €IMHULE (CBOKCTBO II. P. B.).

Peanuzanuio c. B. mMo 3aAaHHONW THMCTOTPaMME MOKHO OCYHIECTBUTH ITYyTEM CIIy-
YailHOro BbIOOpa HOMEPA MHTEPBAJIA IOCTOSTHCTBA II. P. B. (BEPOSITHOCTh KaXI0ro Ta-
KOr'0 MHTEpBaja rMCTOrpaMMBbI paBHA IUIOIIAIA MOCTPOSHHOTO Ha HEM MPSMOYTOJb-
HUKA) ¥ MOCJIeIYIOIIEeH pealn3aluyd Ha 3TOM UHTEpBajie paBHOMEPHOII C. B.
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Puc. 1.4. I'uctorpamma (a) 1 HOAUTOH (6)

Eciu 1. p. B. f{f) 3anana B BUe MOJIMTOHA, TO MOXHO MepelTH oT He€ K . p. B.
F(¢) u paspirpath c. B. x MeTojioM oOparnienus [16]. [Tockonbky F(f) siBI€TCS UHTE-
rpajoMm OT TII. p. B.:

F()= [ f(s)ds, (1.27)

TO 37ech F(f) mpencraBiger co00i KyCOUHO-KBaAPAaTUYHYIO 3aBUCHUMOCTb, U €€ Tpa-
¢buK arperupyercst U3 OTPE3KOB Pa3HbIX MapabOJMYECKUX Ayr. TeM He MeHee U3 He-
npepsIBHOCTH f(f) cnenyeT, uto rpadux ¢yHkuuu F(f) — rmaakuii, 6e3 uznomos. Ilo-
CTPOEHHBIN METO/I0M OOpalieHust TON . p. B. TEHEPATOP C. B. X JTOJDKEH COEPKATh
poleypy, KoTopas mo passirpanHomy 3Hadenuto bCB z onpenenser Ha ocu opau-
HaT rpaduka F(¢) TOT MHTEpBaI 3HAYEHUH, HA KOTOPBINA MPOCIIUPYETCS OJHA U3 arpe-
TUPOBAHHBIX IyT U B KOTOPBIA MONaio 3HadeHue z. [lociae 3Toro x MOXKHO BEIYUCIIHTH
KaK 3Ha4eHHEe OOpaTHOM OT z QYHKIUHU

x=F7(2) (1.28)

110 KBaIPAaTHOMY YpPaBHEHHIO 3TOTO OTpE3Ka TyTH.

[Mpumep 8. Ilpeanonoxum, rpaduk f(¢) npencrapisieT coboi 1Be OOKOBBIC
CTOPOHBI PaBHOOEIPEHHOT'O TPEYToJbHUKA C OCHOBaHWEM Ha otpeske (0, 2). M3 pa-
BEHCTBAa IUIONIAJM TPEYroJbHUKA EJIMHHIIE CJIEIYyEeT, YTO €ro BhICOTAa paBHa 1.
N3 (1.27) mo aToit f{¢) onpenemnsieM:

0, t<0,

F() = t*/2, 0<r<l, (1.29)
2t —1%/2—1, 1<t<2, '
1, 2<t.

[Ipumenenue k 3tor . p. B. oopamenus (1.28) npuBoAUT K cleayroneid KOMOMHU-
POBaHHOU opMyIie s TeHEepaIu X:

N2z, z<1/2,
X = (1.30)
2—A2-2z, 1/2<z.

B cBsI3u ¢ pacCMOTPEHHBIM NPUMEPOM 3aMETHM, YTO ONUCAHHYIO B HEM «Tpe-
YTOJIBHYIO» II. p. B. UMEET TakXke cymma JAByxX He3aBucuMbix bCB. CnenoBarenbHo,
BMmecto (1.30) mst reHeparuu X MOXKHO HMCIOJIB30BaTh 0oyiee MPOCTYIO (OopMyITy
xX=2ztz.
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D710 HaOIIOACHHUE MMO3BOJISICT MPEATOI0KUTH, UTO JIJISi TEHEPAIUH C. B., KOTOPHIC
3aJaI0TCSl KyCOYHO-JIMHEHHBIMH TI. P. B. — TIOJJUTOHAMH, MOKHO HalTH METOJ, Ooee
3¢ deKTUBHBIN, YeM METO]] 0OpalleHus, €ClIi HCIOJIb30BaTh CYMMHUPOBAaHHUE PaBHO-
MEPHBIX WJIM KyCOYHO-PAaBHOMEPHBIX CIydaiiHbIX BeauuuH. [1o Bcelr BuammMocTH, Ha-
pSy C Omepanuel CyMMUPOBAaHUS B ’TOM METOJIE 1e1ecO00pa3Ho ObIJI0 OBl UCTIONb-
30BaTh OMEPAIUIO CTYYalHOTO BBIOOpPA (T. H. CMEIIMBAHUE) CIIyYailHBIX BEJTUYHH.

[TpoBepKy 3TOTO MPEATOTIOKESHUS OCTABIISIEM YUTATEITIO.

3.3. MoaenupoBaHue cJIy4ailHbIX IPOLECCOB

Beskuit cinyyaliHbIN POLECC — JUCKPETHBIA WM HEMPEPBIBHBIA — MOJCIUPYIOT
MOCJIEIOBATEIHHOCTBIO C. B., KOTOPbIE TEHEPUPYIOTCS JINOO KaK CTATUCTUYECKU HE3a-
BUCHUMBIC, JIMOO KaK B3aWMO3aBUCUMBIC BEIMYUHBI. [IpU 3TOM MPUMEHSIIOT pa3HbIC
CIocoOBl peanu3alii 3aBUCHMOCTA MEXIy C. B. Yale BCero, MmocKOJIbKY MOJEIb
BCETIa UMEET KaKOU-TN00 «(U3MUECKUI CMBICIT», CIIOCO0 peaanu3aiuy 3aBUCUMOCTH
MEXIY C. B. ONPEAENSACTCS MPUYUHHO-CIEACTBEHHBIMU CBS3SIMH, JNEHCTBYIOIIUMHU
B MOJEIUPYEMON cucTeMe. Bo MHOrMX cilydasx uMIean3anusi U yIpOUIEHUE MOJIe-
JMPYEMBIX MPUYUHHO-CIEICTBEHHBIX OTHOLICHUW NMPUBOAUT K THUIUYHBIM MaTeMa-
TUYECKUM CXEMaM OMMCAHMS CIy4YallHbIX mporeccoB. K unciny Takux TUMUYHBIX Ma-
TEMaTUYECKUX CXEM OTHOCSITCA MapkoBckue mporecchl, ['ayccoBsl mponeccsl, bpo-
YHOBCKOE JIBUKEHHUE, ClydaitHoe OyKaaHue Ha psMoi U 1p. [23, 24].

CBoiicTBa MPOLIECCOB, OMUCHIBAEMBIX MOJOOHBIMU CXEMaMU, XOPOILIO H3yUYEHBI
METOJaMH Teopuu BeposiTHocTe. Ho B Tex ciywasix, Korja B OTHOLLIEHHUH 3THUX IPO-
LIECCOB PEMIAKOTCS 3a/1a4, OTJIMYAOIINECS OT KJIACCMYECKHUX 3aad, WU KOrJa camu
HCCIIEyEMBIE TIPOLIECCHI HE BIIMCBIBAIOTCS B U3YYEHHBIE MATEMATUUYECKUE CXEMBI, UC-
MIOJIB3YIOT CTATUCTUYECKOE MOAEIUPOBaHue. B kauecTBe nmpuMepa Takoro CTaTUCTUYe-
CKOr'0 MOJICJIMPOBAHUS PACCMOTPUM MOAEIUPOBaHNE BpOYHOBCKOTO JBUKEHUSL.

3.3.1. bpoyHnosckoe 0sudiceHue Ha HeoePaHUYEeHHOU NI0CKOCU

[Tponiecc BpoyHOBCKOTO ABMKEHHS HA TJIOCKOCTH MOXHO MPHUOJIMKEHHO TMpe/I-
CTaBUTh B BUJIE MOCJICIOBATEIBHOCTH CIyYaAUHBIX NEPEMEIICHU TOUCUHON YaCTHUIIbI,
BBITIOJIHSIEMBIX B IMCKPETHBIE MOMEHTHI BpeMeHu =0, 1, 2, ... .

bynem nosarathk, 4utTo B MOMEHT ¢ = () yacTuIla HAXOJAUTCA B Hayajie CUCTEMBbI
koopauHaT. Ilepemenienne JacTuibpl B JIFOOOM M3 CICAYIOIIUX MOMEHTOB BPEMECHHU
peaausyercs BBIOOpOM CIIy4alHOIro HampaBjieHus B npenenax oT 0 go 2z paauaH
Y CMEILIEHHEM YaCcTHUIbl B ’TOM HAIMPaBJICHUU HA 1Al €UHUYHON JTUHBI.

Mopens Takoro bpoyHOBCKOTO JIBMXKEHUS JIETKO MOYKHO PEAIM30BATh CPEICT-
Bamu Ms Excel.

[Mpumep 9. Otkpoiire uncteiii muct Excel, BBegute B siueiiku Al, B1 u C1
Tpu 3aroyioBka Yeon, X, Y u nog HUMU (COOTBETCTBEHHO B siueiikax A2:C3) BBeaute

bopMyIIbI:

Yeon X Y
=2*TTN()*CJIUNC() =COS(A2) =SIN(A2)
=2*TTN()*CJIUNC() =B2+COS(A3) =C2+SIN(A3)

HerpyaHo BuaETh, YTO HEMOCPEICTBEHHO I10JT 3ar0JIOBKAMHM ITOJTYyUYCHHOM Tal-
JIMYKU BBIYMCIISICTCS TOJIOKEHUE YacTUIbl B MOMEHT BpeMeHu ¢ = (. B nepBoii ko-

20



JIOHKE pean3yeTCsl CIy4ailHOe HaIpaBJICHHE BEKTOpA IIEPEMEIICHUS YaCTHUIIbL,
BO BTOPOU — a0cIucca KOHIAa BEKTOpa (MMEIONIETO eAMHUYHYIO JJIMHY ), B TPEThEeH —
ero opaunara. [locnegnsisi crpoka Tabnuuku — A3:C3 — hopmupyer cnegyroliee mo-
JIO’)KEHUE 4YacTUlbl (B MOMEHT BpeMeHHU ¢ = 1), onpezaensemMoe pacy€éToM CMEILECHUS
YaCTULBI OTHOCUTEIBHO MPEABIAYIIET0 MOJOXKEHUS (CPOPMUPOBAHHOTO B SUCHKaAX
B2 u C2). Oty crpoky A3:C3 moxHO KonupoBath BHU3. Ckonupyite e€ g0 1001-i
CTpOKM JiucTa. B pesynbrare B konoHkax B n C nosBISIETCS MOCIEI0BATENBHOCTD U3
1000 nonoxxeHuii (KOOpAMHAT) YaCTHILIbI, COBEpIIaroNIeil bpoyHOBCKOE ABMKEHUE HA
IIJIOCKOCTH.

Brigenure nunanazon B2:C1001 u nocTtpoiite no Hemy Auarpammy tumna Toueu-
Has BuAa JluarpamMma co 3HAYEHUSMH, COCIMHEHHBIMU OTpe3KamMHu 0€3 MapKepoB.
Peanuzylite HECKONBKO HE3aBUCUMBIX BpOYHOBCKHMX JIBUKEHHH ITOCPEACTBOM Ha)Ka-
tus kiasuiu F9. Ha puc. 1.5 nokaszanel Tpu peanuzanuu bpoyHOBCKOro mnporecca,
MOJIyYEHHbIE OITMCAHHBIM CIIOCOOOM.

40. 40

20 40

Puc. 1.5. Peanmzanum BpoyHOBCKOTO JBUKEHHUS HA INIOCKOCTHU

Onenure Ha I1a3 paccTOsHUE, Ha KOTOPOE YacTHULlAa YJAJIIeTcs OT CBOEro Ha-
yasibHOro nojioxenus 3a 1000 mwaros. TeopeTnuecku OHO B CPEAHEM JOHKHO OBIThH
IPUMEPHO PABHO KBAJPATHOMY KOPHIO M3 4YMCJIA 1IaroB (T. €. COCTABIIATH OKOJIO
32 enuHMIL).

3.3.2. bpoyHnosckoe 0sudicenue 8 3aMKHYmMou obaacmu

[Ipu uccinenoBannu bBpoyHOBCKOTO JIBHXKEHHS, B KOTOPOM HY>KHO YUYUTHIBATH
KaKhe-Tu00 OrpaHUYUBAIONINE (PAKTOPhI, AaHATUTUYECKAE METOIbI MaTEMaTHKU OKa-
3bp1BalOTCS Manod(PexTuBHbIMUA. CTaTUCTUYECKOE MOJEIMPOBAHUE MO3BOJIAECT YUH-
TBIBATh MOJI00HBIE (haKTOPhI 6€3 0c0O0Tro Tpyaa.

IIpumep 10. Ha puc. 1.6 npuBenena tpaexkropusi bpoyHOBCKOTO JABUKEHHUS
B KOJIbIIE, MOJTYUYEHHOTO MyTEM HEOONBIION MOAU(PUKAIIUA MOJAEIH, PACCMOTPEHHOM
B 1. 3.2.1. CnpaBa Ha puc. 1.6 moka3aH yBEeJIUYCHHBIA (PparMeHT ITOM KE€ TPACKTO-
puun dactuipl. Mogenb BpoyHOBCKOTO ABUXKEHUSI B KOJbIE OTIMYAETCS OT MOJIENU
BpOyHOBCKOro JBM)KEHMSI HA HEOIPAHUUYEHHOM IUIOCKOCTH TOJIBKO TEM, YTO IOCPEN-
cTBOM yciioBHOTO oneparopa =ECJIU... BeInonHsIeTCA MPOBEPKA, HE BHIXOUT JIU HO-
BOE CIIy4ailHO€ IMOJIOKEHUE YaCTHIIbl 3a MPEJeNbl KOJIbLA, U €CJIU BBIXOJIUT, TO pac-
YETHBIE KOOPAMHATHI ONPENENAIOTCA KaK KOOPAMHAThl «OTPAKEHUSD YaCTULIBI OT
JOCTUTHYTOM TpaHUIbl KOJIbIIA. BBIMOIHUTE CaMOCTOSTENbHO yKa3aHHYIO HECIIOXK-
HYI0 MOJAM(PUKALNIO MOJIETH BpOyHOBCKOTO IBUKEHHSI HA MJIOCKOCTH.
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Puc. 1.6. Peanu3zanusi BpoyHOBCKOTO JBUKEHHS B KOJIBIIE

[Tpu HEOOXOAMMOCTH HETPYAHO BBECTH B MOJENb U JPYTrHE JONOJHUTEIIbHbIC
(dakTopsl — MeMOpaHbl U (PUIBTPHI, BIUSAIOIINE HA MEPEMEIICHUE YACTHULIbI, AaHU30-
TPOIMIO HAIIPABJICHUH, YUIMHSIONIYIO CMEIICHUE OT LEHTpa [0 CPaBHEHUIO CO CMe-
IICHUEM K LIEHTPY (3TUM CHOCOOOM MOKHO NMPOMOEIMPOBATH BpalllaloIuecs Iu-
JUHJPBI cenaparopa) u T. J.

3.3.3. DpaxkmanvHble neuzaxicu

B marematuueckoM 3cce [25] mpuBoAUTCS 0030p Pe3yIbTaTOB OTHOCUTEIBHO HO-
BOM MaTE€MaTUYECKOM T€OPUH, OCHOBAHHOW HA TEOPUU MHOYKECTB U TEOPHUH pa3MeEp-
HOCTEM, KOTOpas IO3BOJSET IMPOCTBIMU CPEACTBAMU ONUCBHIBATH W HCCIEA0BATH
OO0JIBIIOE YKCIO MPOCTPAHCTBEHHBIX (T€OMETPUUYECKUX) 3aKOHOMEPHOCTEN CTPYKTY-
PUPOBAHUs KUBOW M HEKMBOM MaTepuu. B OCHOBE 3TOM TEOPUM JIEKUT MOHATHE
¢dpakTara — MHOXKECTBAa TOYEK, 00JaJarolIer0o CBOMCTBOM HArJIsiIHOTO WM a0CT-
paktHoro (puc. 1.7) «camononodbus» (MacTaOHOW MHBAPUAHTHOCTH) U XapaKTepH-
3yeMoro Hapsiay ¢ oObiuHOM 1enoi (EBkiInaoBoil) pasMepHOCThIO IpOOHOM pa3zmep-
HOCTBIO Xaycaopda — besukouya.

BbpoyHoBcKkoOe nBM)KEHHE MPECTaBIsieT cO00W OHY U3 Pa3HOBUIHOCTEH (pax-
TaJoB.

Puc. 1.7. Cnyuaiinbie nierizaxu (rpaduku moctpoensl B Ms Excel)
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Ha puc. 1.7 npuBeneHsl nBe quarpaMMsl, Ha KaXJI0W U3 KOTOPBIX BEPXHUM I'pa-
buk (nec) mpeacTtaBiseT coOOW 3aBUCUMOCTh aOCOJIOTHOM BEIWYHUHBI OPJAMHATHI
BpoyHOBCKOI 9acTUIIbI HA MIIOCKOCTU OT BpeMeHHU (Homepa mrara). Hukuamii rpaduk
(oTpakeHue B 03epe) MoIy4yaeTcs yMHOKEHUEM BepxHero rpaduka Ha (—0,5).

[TocTpoiiTe Takue TrpaduUKd CaMOCTOATENBbHO, 3TO HECIO0XkHO. WHTepecHoit
($pakTaJbHON OCOOEHHOCTBIO TaKUX IpaUMKOB SBISETCS TO, YTO IPU PACTITUBAHUU
pPHUCYHKa ¢ TpapuKOM IO TOPU3OHTAIN B JII00O0E YUCIO pa3 OCTAIOTCS HEM3MEHHBIMU
BCE CTATUCTUYECKHE XapaKTEPUCTUKH «KPOMKH JIECA», BOCIIPUHUMAEMBIE BU3YaJIbHO.
OT10T 3(pPeKT BHI3BIBACT BIECYATICHHUE, YTO MPOUCXOAUT HE PACTATMBAHUE PHCYHKA,
a MHOTOKpaTHOE NpUOIMKEHUE K pealbHOMY TOpPH30HTY nei3axa. [lpu pactsarusa-
HUU PUCYHKA MEXIY BEPXYIIKAMHU JI€PEBbEB MOSIBISIOTCA BCE HOBBIE U HOBBIE BEp-
XYHIKU. YKa3aHHOE (paKTabHOE CBOMCTBO rpaduka MpOsBISETCS YK€ IPU UCHOIb-
30BaHUM NPUOTMKEHUS, TOCTPOEHHOTO HA OJHOM — JIECATH ThICAYaX NEpPEeMEIICHHM
Omy>xaaromieil yacTuilbl (TOYHOEe MaTeMaTHueckoe bpoyHOBCKOE MBUKEHHE CKIIAIbl-
BaeTca U3 OECKOHEUHOI0 MHOXECTBA OECKOHEYHO MaJiblX nepemernieHuil). Haxxumas
knaBunry F9, MOXXKHO 32 HECKOJIBKO CEKyHJ CreHEepHpOBaTh JAECATKH TakuxX (pax-
TaJIbHBIX MEN3aXKEN.

4. Pacuét unrerpasos meronom Mounre-KapJio

4.1. OcHoBHaa nuaes

OcHOBHBIE BEPOSITHOCTHBIE XapaKTEPUCTHKU HETIPEPBHIBHOM C. B. X OMPEACIISAIOT-
Csl MHTETpaiaMu, CBsI3aHHBIMHU ¢ €€ 1. p. B. f(f). K ux 4ucity oTHOCATCS cieayromue
XapaKTePUCTUKHU:

— BEPOSTHOCTD IIOTA/IaHUS X B UHTEpBaJI (a,b)

b
Pla<x<b}=[f()dt, (1.31)
— MaTeMaTUYECKOE 0KHIaHUE X
M= [r-f(eyde (132)
— MaTEMaTUIECKOE OXKUAHUE JTIFOOOH (DYHKINH ¢ OT C. B. X
Mip@1= [o ) f(0ds (133)
¥, B YaCTHOCTH, MaTeMaTHIECKOe OKHAaHue X (7-if HadaabHBIA MOMEHT)

M"Y = [t f()dt. (1.34)

YacTo 3TH UHTETpasbl CIOXKHBI JJis BbluMcieHus. [Ipu craTuctuueckoMm Moje-
JUPOBAaHUU BMECTO TOUYHBIX 3HaueHHH (1.31)—(1.34) MOXKHO BBIUUCIATH U UCIOIB30-
BaTh COOTBETCTBYIOIIME MPUOIMKEHHBIE YMIUPUUYECKUE OLICHKH, JIETKO PAaCCUUTHI-
BaE€MBbIC 110 BBIOOPKE X1, X2, ..., Xy

23



— OLICHKY BEPOSATHOCTH TIOMA/IaHus X B UHTEpBai (a,b)

P{anSb}z—Z[[aniSb]’ (1.35)
nio
rae pynkuus I [A] — unaukaTtop coowiTust A — paBHa 1, Korza coobiTue A UMeeT Me-
CTO, U paBHA HYJIIO B IPOTUBHOM CITy4ae;
— OIIEHKY MaTeMaTUYeCKOT0 OXKHIAHUS X

M(x):%lZ::xi; (1.36)

— OLIEHKY MaTeMaTHYECKOTO OXHUIaHUS 000U QYHKITUU ¢(X) OT C. B. X
M[¢(X)]=%§(p (x), (1.37)
H, B HaCTHOCTH, OHCHKy MATEMATHUYCCKOT'O OKUAaHUA Xr (I"-FO HadYaJIBbHOTI'O MOMCHTa)
M(x”)%gxi’. (1.38)

Onenku (1.35)—(1.38) J1erko BBIYHMCIISIIOTCS, M TMOTPEITHOCTH, ¢ KOTOPBIMUA OHH
MPUOMKAIOT TOYHBIE 3HAYCHUSI XapaKTEPUCTHUK, JIETKO KOHTpOJIUpyroTcs. [lelcTBu-
TEJIbHO, KaK CYMMBI OOJIBIIIOTO YKCIIa HE3aBUCUMBIX C. B. OHM MMEIOT HOPMaJbHOE
pactipeneneHue. [Ipu 3ToM M. 0. OIIEHOK XapaKTEPUCTUK COBIIAJIal0T ¢ TOUYHBIMU 3HA-
YEHUSIMU XapaKTEPUCTUK, a (PaKTUUECKHE OTKJIOHEHUS OLIEHOK OT TOYHBIX 3HAUCHHI
XapaKTEePUCTUK MOJAUYMHAIOTCS U3BECTHOMY MPABHILY «TpEX cUrM» [16] u MOTYT OBITH
C/IeJIaHbl CKOJIb YTOJTHO MaJIBIMU MyTEM YBeIUYeHUsT 00bEMa BHIOOPKH 1.

Bbonee noapoOHbIe cBeNleHUS O CTATUCTUYECKUX OLIEHKaX, BKIIIOYAsk TEOPUIO CO-
CTOSITEIbHOCTH, HECMEMIEHHOCTH M 3(P(HEKTUBHOCTH OIICHOK, MOKHO HaWTH B yueO-
HHUKaX M0 MaTeMaTUYECKOM cTaTucTuke [23, 24].

OcHoBHast unaest Mmeroga Monte-Kapiao cocTouT B TOM, 4TOOBI MCIOJIB30BATh
pacy€T SMIUPUUECKUX OIICHOK B KaueCTBE CIOCO0a BBIUMCIICHUS OMpPEAEIEHHBIX UH-
terpanoB Bujaa (1.31)—(1.34). [TockonbKy K TakOMy BUIY JETKO CBOJSITCS IMpaKTU4e-
CKU JtoObIe ompeneiéHHble UHTerpaibl, MeToa MoHTte-Kapio oka3biBaeTcs nocTa-
TOYHO YHUBEPCAIbHBIM METOIOM.

[IpenmyiectBa metona Monrte-Kapiio u yciioBus, B KOTOPbIX OHU MPOSIBIISIOT-
Csl, MOKHO YBUJETh, PACCMOTPEB HEKOTOPBIE TPUMEPHI €70 TPUMEHEHHMUS.

4.2. CBeneHue HHTErpajia K BepoOsTHOCTH

Haunbonee mpoctoit cnoco0 BbIUMCIEHUS ONPENEIEHHOTO MHTErpaia METOJ0M
Momnte-Kapiio — 310 cBeieHne nHTerpaina K BepoaTHocTU. CyTh 3TOro crnocoda Jerko
MOHATH U3 CIEAYIOLIETO IIPUMEPA.

ITpumep 11.Paccunraem metonom Monte-Kapno onpenen€Hubiii HHTErpal

1
S =[1-dr, (1.39)
0
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KOTOpBI TpEACTaBIseT COOOM IUIOMA[L YeT-
BEPTH Kpyra €MHUYHOIO pajguyca ¢ UEHT-POM B
Hayasie koopauHat (puc. 1.8). Ecnu B enu-
HUYHBIM KBaJpaT, OrpaHUYEHHBIA HAa puc. 1.8
KOOPJWHATHBIMU OCSIMHA M IITPUXOBOM JIMHHEM,
OpoCUTh CIydallHyl0 TOYKY, TO OHAa MOMAAET
B KPYT C BEpOATHOCTHIO p = S/Sy, rae Sy — 1io-
maab KBajgpara — u3BecTHa. OTcroja cienyer,
4TO HCKOMOE 3HAYCHUE UHTErpana 0 1
S = pSo) OIHO3HAYHO BBIPAXKAETCS YEPE3 BEPO-
ATHOCTh p. B nanHOM ciywae Sy = 1, 3HauuT
S = p. BepoATHOCTb p JIETKO MOKHO OLIEHUTh
MeToaoM Monte-Kapio, BeiOpackiBasi B KBaApaT JOCTATOUYHO OOJIBILIOE YUCIIO 71 CITy-
yalHbIX ToueK. OLEeHKa P BEPOATHOCTH p BBEIMMCISETCS IIPU OTOM 110 (GopMyJie

.
>

Puc. 1.8. K pacuety unrterpana

f?=%il(/1,-), (1.40)

r7ie coObITHE A; — 3TO COOBITHE MONAaHUS TOUYKH B KPYT.

CityyaiiHble TOYKH JTOJ>KHBI UIMETh PABHOMEPHOE PaCIIpEEICHNE BHYTPU KBaj-
pata. Takue TOUKU MBI YK€ «BbIOpackiBain» B npumepe 4 (cMm. puc. 1.2). Ux xoop-
TUHATHl 3anucanbl B (aitne «CaBeauuunbl.xls» Ha nucre BuiGopka B nuama3zone
A1:B10000. OTtkpoiiTe 3TOT (aiiia uiau 3amoaHuTe Ha JJr000oM HoBoM jucte Ms Excel
yKa3aHHbI auanazoH 3HadeHusMu bCB ¢ momombio ¢pynkuun =CJIYNUC(). UToOsl
BBIYUCIIUTD OLICHKY (1.40), BBEIUTE B suenky Cl1 bopmyiy
=ECJIN((A1"2+B172<1);1;0). Ota popmyna Bei1aéT 3HaUeHUE 1, ecim cymMMa KBaJI-
paToOB KOOPAWHAT CIyYaWHOW TOYKHU HE MPeBOCXOAUT 1, U BhIAAET 0 — B MPOTUBHOM
ciydae. Takum oOpa3om, BBenEHHas (opMmysia BBIUMCISET WHAUKATOP TOTATAHUS
Touku B Kpyr. Cxonupyiite €€ B auana3zoH C1:C10000 nBoiiHBIM MIETYKOM MO Map-
Kepy 3amnojiHeHus BbiAeneHHoM sueiiku Cl. B sueitky D1 BBeaute dopmyny
=CYMM(C1:C10000)/10000, Beraucastontyto omnenky (1.40). B atoii sueiike 3aBep-
maeTcs: pacy€T NpuOIMHKEHHOTO 3HAYEHHS MCKOMOTO OINpPECTIEHHOTO0 HMHTerpaina S
MetonoM Monte-Kapio.

B sueiiky E1 BBeguTe TOUHOE 3HAYEHUE BEIUYHUHBI S, COCTABIISIIOIEE, OUEBU/I-
HO, S = /4 = 0,785398, B sueiiky F1 — dopmyny =D1-El, Beruncnstonryto paxruye-
CKOE OTKJIOHEHHE MPUOIMKEHHONW OLIEHKH OT TouHOM. [locne 3aBepuienus nepecuéra
JMCTa HECKOJIBKO pa3 HaXMHUTE (QyHKIMOHANBHBIN Koy F9 u monabnronaiite 3a Be-
JUYUHOM norpemHocTy B sueiike F1.

VY6enurech, YTO MOTPENIHOCTh HE BBIXOAMUT 32 MPENEIbl, ONpeeIEHHbIE TPaBu-
JaoM «Tp€x curm». CorimacHo 3ToMy npaBuily, ¢ BepoaTHocThi0 1-0,0027 morpem-
HOCTb A SMIIUPUYECKOMN OIIEHKHU M (x) JIEXKUT B IpeaeIax

A = ‘M(x)—M(x) <30 . (1.41)

rae o, =+/D(x)/n — cpennee KBagpaTHIHOE OTKIOHEHHE O1ieHKU M (X);

D(x) — nucniepcust ycpeaHseMoi BBIOOPOUYHOH C. B. X;
n — 00bEM BBIOOPKHU.
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®dopmyna (1.41), onuparomascs Ha 3HadeHue aucnepcuu D(x) ycpeaHsemoit
C. B. X, SIBJISIETCS OCHOBHOM (DOPMYJIOHN TUIAHUPOBAHMSI CTATUCTUUECKUX IKCIIEPUMEH-
TOB.

[Ipu BBIUKCICHUH YMIUPUYECKON BEPOATHOCTH yCpEeAHseMas C. B. X SBISETCS
UHAUKATOPOM TOTO CIIY4alHOTO COOBITHS, BEPOSITHOCTh KOTOPOTO HY)KHO OLIEHUTD,
nostomy xe€{0,1}. Jlerko ycramoButh, uro mucmepens D(x) = p(1-p),

rae p = P{x = 1} — BEPOATHOCTh MHAMLIMPYEMOro coObITHs. B Hamem ciywae p
u3BectHa: p =S8 = /4 =0,785398, otkyna D(x) = p(1-p)=0,168548. Tlockonbky
n =10 000, To u3 (1.41) nonyuaem o, = 0,004, 30, = 0,012. Haxxumass MHOTOKpaTHO
knaBuiry F9 nns mepecuéra nmucra, MOXKHO yOEIUTHCS, YTO abCOMIOTHAS BEIMYMHA
MOTPEIIHOCTA B Aueiike F1 NelcTBUTENbHO NMPAKTUYECKU HUKOTJA HE IMPEBBIIIACT
0,012.

Crnenyet 3aMeTuTh, YTO Ha MPAKTUKE, Koraa npumensaercs meroq Monte-Kapio,
TOYHOE 3HAUEHHE BEPOSITHOCTH p, KOHEYHO, HE ObIBaeT u3BecTHO. [loaTOMYy BeposT-
HOCTb p Tipu pacuére D(x) ompenensercs NpUOIUKEHHO, YKE B XOJIe TPUMEHEHUS
MeTo/na. B paccMOTpEHHOM TOJIBKO YTO CiIy4yae 3Ta MpuOImKEHHAs BEPOATHOCTH Ha-
xoautcd B stuerike D1. E€ ncnonb30BaHWE BMECTO TOYHOW BEPOATHOCTH HE U3MEHSIET
CYILIECTBEHHO BBIBOJOB O MOTPEMIHOCTH Pacyéra.

IIpumep 12. CpaBHUM NOTPEUIHOCTh PACCMOTPEHHOrO BapHaHTa METOAa
MomnTe-Kapiio ¢ morpenHocTsio MomaroBbIX METO/1I0B UHTErpupoBanus. [lockonbKy
MOTPENTHOCTh UHTETPUPOBAHUSI 3aBUCHUT OT YHMCJIa TOYEK B 00JIACTU MHTETPUPOBAHMSI,
M0 KOTOPBIM MPOBOJUTCS BHIYUCIICHHE, CPAaBHEHUE Oy/eM MPOU3BOIUTH MPU OAUHA-
koBoM ynciie Touek 7 = 10 000. Pacuér unrerpana kak BEpOSITHOCTH OyJeM CpaBHU-
BaTh C IETEPMUHUPOBAHHBIM PACUYETOM METOJOM CETOK [26].

Bnauvane cpaBHuM pacu€t momaau S (puc. 1.5), yxe npoBenéHHBIN METOI0M
Momnre-Kapio, ¢ pacu€éTomM 3TOW K€ IUIomaad MeToaoM ceTok. Ha ductom mucre
Ms Excel BBeném koopaunarel 10 000 Touek, 3amoiHSAIOMIMX €IUHUYHBIA KBaJpaT
C MOCTOSHHBIM IIAaroM IO BEPTUKAINW W MO ropu3oHTanu, paBHbiM 0,01. KBagpat
noikeH ObiTh 3amoHed 100 psgamu Touek o 100 Touek B kakmom psiay. Hambonee
OBICTPO 3TO MOYKHO CJIeNIaTh CJIEAYIOIUM 00pa30M.

B nuanazon A1:A10000 3anecute apudmeruueckyto nporpeccuto ot 0 10 9999
c warom 1 (s sroro 3anummute yucio O B siueiiky Al u ucnone3yiite meHto Ilpas-
ka/3anoannth/IIporpeccus...). Jlanee ucnonaszyem, ¢ HeOOIBIION MOaU(DUKAIUEH,
CTaHJAPTHBIN MPOTPAMMUCTCKHUI TPUEM MPeoOpa3oBaHUS aapPECOB AIEMEHTOB JIH-
HEWHOr0 MacCHBa B aJipeca 3JIEMEHTOB JIBYMEpHOro MaccuBa. B sueiiky B1 3anumu-
te ¢opmyny =LEJIOE(A1/100)/100, a B suetiky C1 — dopmyny
=0OCTAT(A1;100)/100. Cxonmupyiite B1 u C1 BHu3 Ha Bce 10 000 ctpok. Takum 06-
pazom, Terepp B auanazoHe B1:C10000 mocTpodHO 3amucaHbl KOOPJAMHATBHI BCEX
10 000 Touek, peryasipHOM CETKOW NMOKPBIBAIOIIMX €AUHUYHBIN KBagpaT. JTy CETKY
MO>HO YBHJIE€Th, ocTpouB 1o auamnazony B1:C10000 guarpammy tumna Toueunas.
YtoObl Mapkepbl Ha HEM HE CIMBAIUCH, MPUXOJUTCS YMEHBIIATh pa3Mep MapKepoB
710 2 NIT, pacTATUBATh AUArpaMMmy, U/WIH YBEJIUUYUBATh MAcIITad OTOOpaKEHUS JTUCTA.

Jlns BeIUMCIIeHUsT MHTErpana B siuekiky D1 BBeguTe dhopmyity, onpeaesonyro,
HaxOJWTCS JIM TOYKa peryinspHoid cetku B kpyre: =ECJIM(B1"2+C172<1;1;0),
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U CKONUpYyHTE €€ BHU3 METOJ0M JIBOMHOrO mendka. B sueliky F1 BBenute dhopmyny
=CYMM(D1:D10000)/10000. 3necy momydeH pe3yabTaT pacdéra MHTETpajia METo-
nom cetok. OH coctaBisger 00,7949 m ornmyaercs oT TouHoro 3HadeHus Ha 0,0095.
[Torpemnocts MeToga MonTe-Kapno, mpuMeHEHHOTO HaMu Bbilie, cocrtasuna 0,012.
Takum oOpa3zom, o0a CpaBHHMBAaEMBIX METO/Ia XapaKTEPU3YIOTCS 3/1€Ch COMOCTaBH-
MBIMU MOTPEIIHOCTSIMHU.

Tenepb cpaBHUM BO3MOXXHOCTH pacué€Ta 3TUMU METOJIaMH KpPaTHBIX HHTErpa-
JIOB, peras 3a/1a4y, NOJOOHYIO TOIBKO YTO PACCMOTPEHHOM. B ueTbipéxMepHOM mpo-
CTPAHCTBE TOJOKUTEIbHBIM TUNEPOKTAHT COAEPKUT 1/16 yHacTh YeTHIPEXMEPHOTO
niapa eIMHAYHOrO pajanuyca, C IEHTPOM B Hauaje koopauHaT. O0bEM V 3TOM yacTu
runepiiapa meJMKoM 3aKI0u€H BHYTPH €IMHUYHOTO TUIIEPKYOa.

Pacuér oO6béma V' mecTHaanaTtod yactu rumepiiapa Metogom Monte-Kapio
MOYTH HE OTJIMYAETCSI OT BBIMOJHEHHOIO BBIIIE pacuéra iomaand S 4eTBEpTH Kpyra.
OTanuust COCTOAT JUIIb B TOM, YTO YETHIPbMS KOOPAMHATAMHU CIyYalHBIX TOYEK
=CJIYUC() 3anonnstotcs yerbipe cTondna A1:D10000, a hopmyia nHIUKATOPA T10-
IaJJaHdsl TOYKU B THUIEPIIAP, KOTOPYK0 MOXHO 3anucarh B suenky El, nmeer Bun
=ECJIIN(A1"2+B1"2+C1"2+D172<1;1;0). Tlocne e€ komupoBaHUSI B CTOJOEI]
E1:E10000 1 pacuéra 00bEMa V' kak cpeHEro 3Ha4€HUsI B 3TOM CTOJIOIE MOTydaem
OLIEHKY 00BbEMa, cocTaiisitolyto npumepHo 0,31. OreHka NorpenHoCcTH o ITpaBuily
Tpéx curm coctanisiet 0,014,

Tenepb npoBenéM pacyér 00bE€Ma V' MEeTOI0M CeTOK. JlecaTh ThicsU TOYEK B pe-
TYJISIPHOM CETKE, 3amlOJHAIONICH €IWHUYHBIN TUMEPKYO, MOJDKHBI CIEeIOBaTh APYT
3a APYroM BJOJb KaXKJIOTO M3 YETHIPEX KOOPAMHATHBIX HampaBieHui ¢ marom 0,1.
Ha uncrom nucte Excel B ananazon A1:A10000 3anummre yucna ot 0 10 9999 — sto
HOMepa Touek. Ux yeTwipe koopaunatel HaiauTe B crosbduax B1:E10000 monudu-
HMPOBAaHHBIM CTAHIAPTHBIM MTPUEMOM MIPOTPAMMUCTOB, UCIIOJIB30BAHHBIM BBILLIE IS
JBYXMEpHOTO ciiy4asi, a UMeHHO BBeaute B sAueliku B1, C1, D1 u E1 cinenyromue yge-
ThIpe (HOpMYIIBI:

‘ =[IEJIOE(A1/1000)/10 | =IIEJIOE(OCTAT(A1;1000)/100)/10 ‘ =IIEJIOE(OCTAT(A1;100)/10)/10 ‘ =0OCTAT(A1;10)/10 ‘

B sueiiky F1 BBeagute hopmyity, ONpeaessonyo, HaX0IUTCS JTU TOUKa PETyISIpHOM
cetku BHyTpH Tunepmapa: =ECJIM(B1"2+C172+D172+E172<1;1;0). Cxonupyiite
Bce mATh Gopmyn sueek B1:F1 BHM3 meTtogom aBoiiHoro mendka. B mone G1 pe-
3yabTaT pacuéra onpeaenure mo Gopmyine =CYMM(F1:F10000)/10000. On cocrtas-
aser 0,4213.

Urak, meron Monte-Kapno man ouenky V' = 0,31 £ 0,014, momaroBelii METO,
CETOK IIPH TEX K€ 3aTparax KOMIBbIOTEPHOIO BPEMEHU (IIPU TOM K€ KOJIUYECTBE BbI-
yucienuit n = 10 000) moka3siBaeT pe3ynbTaT V' =~ 0,4213. [TocKoJIbKY 371€Ch BBIYHC-
JISIETCSI HECJIOKHBIM MHTErpall, MOXXHO HAaWTU M TOYHOE ero 3HadeHue. Onpenensis
MOCPEICTBOM TOYHOTO MHTEIPUPOBAHUS 00HEM YETBIPEXMEPHOTO THUIIEPIIIApa paany-
ca R, cocTaBisOmMl 7r2R4/2, HaxXoauM, 4To mpu R = 1 ero mecrtHaguaras 4acThb
V=n"R*/32 = 0,308425. Takum 06pa30M, IpH BEIYMCICHHH KPATHOTO MHTETpasIa Me-
ton Monte-Kapno okazancs Oonee TouyHbIM. [lorpemHocts MeTojga CETOK
(0,4213-0,308425) = 0,113 oxa3zanach NpuOIU3UTEIHLHO Ha TMOPSAIOK OOJIbIIE IO-
rpemHocT Metoaa Mounre-Kapio.
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YToObl 3aBEPLINTh XapaKTEPUCTUKY JOCTOMHCTB MeToga Monrte-Kapio, npen-
MOJIOKUM €II€, YTO MOTPEUTHOCTh BBHIMOJIHEHHOTO pacyéTa HEOOXOIMMO YMEHBIIHUTD
B k pa3. [Ipu ucnonb3oBanuu meroga Monrte-Kapiio nmorpemHocts yObIBaeT npumep-
HO ITPONOPIMOHAIBHO KBAaJPATHOMY KOPHIO M3 YMCJIA OIBITOB 71, TO3TOMY 71 IPUAET-
Cs YBeIMYMTh B kK pa3. IIpH MCIIONB30BAHMM METOA CETOK MOTPENIHOCTh yObIBACT
IPUMEPHO IPONOPLUUOHAIBHO IIAry MEXAYy TOYKaMM CETKHU, ITOATOMY YHMCIO TOYEK
NPUAETCS YBETMUUTH B & pa3. Hanpumep, 4To6E B paCCMOTPEHHOM MPUMepe pacué-
Ta MOLIArOBBIM METOJI CETOK AOCTUI TOYHOCTH MeTojga Monte-Kapio, T. €. uyToOBbI
CHU3UTH MMOIPEIIHOCTh METOJIa CETOK Ha MOPSIIOK, HY>KHO YUCJIO TOYEK B PETYIISIPHOU
CeTKe yBEINUUTh NpUOIm3uTensHo 10 # = 10 000x10* =100 000 000.

4.3. CBegeHue HHTErpPaja K MATEMATHYECKOMY O0KHIAHUIO

[TycTh TpeOyeTCs BBIYMCINTEL ONPEAEIEHHBIN MHTErPajl BUAA
b
1= h(t)dt (1.42)

C KOHEYHBIM WM OECKOHEYHBIM UHTEPBAJIOM UHTErpupoBanus (a, b). YToObI mpume-
HUTH MeToa MonTe-Kapio, nepenuiem unterpai (1.42) B popme (1.33) M. 0. hyHK-
MU U PACCUUTAEM 3TO M. 0., UCHOJIb3Ys O1leHKY (1.37).

Bnauasne BBeiéM 1oJ1 3HaK UHTETpajia Kakyo-1u00 (Mpou3BOJIbHYIO) 1. p. B. f(f):

b b h(?)
1= j h(t)dt = J T (1.43)

OueBuaHO, BeIOpanHas GyHKIMs f{¢) HE JOKHA OBITH paBHA HYJIIO B TOYKaX WHTEP-
Bajla uHTEerpupoBanus (a, b). Teneps s npuBeneHus: uHrerpaiga k dopme (1.33)
ocTaéTcs, HE MEHSS 3HAYEHUs WHTErpaja, MepeiTH K OCCKOHEUHBIM Tpe/eaM HH-
TErpUPOBAHUSI.

Jl1st aTOTO OmpeaeIuM BCIIOMOTaTelbHYI0 (QyHKIMIO H(f) yepe3 3aJaHHYIO I10-
JOBIHTETpaIbHYI0 (PyHKIMIO A(f) Tak, uyToObl H(f) coBmagana c A(f) Ha UHTEpBaie
(a, b), HO ObLIA paBHA HYJIIO BHE 3TOT0 MHTEpBAJIa:

H(t):{h(t) nput € (a,b), (1.44)
0 B IPOTHBHOM CIIydae.
Torna npeodpazoBanue (1.43) MOXKHO IPOJIOTKUTH TaK:

N LOPAVES £ (O PRV (0

= j f(t)f(t)dt _£ f(t)f(t)dt = L f([)f(t)dt. (1.45)

[Ipencrasnenne (1.45) unterpana (1.42) ssnsercs M. o. byHkuuu [H(x)/f(x)]
ot C. B. x ~ f(t) (cpaBHute (1.45) ¢ hopmynoii (1.33)). Takum oOpa3om, UICKOMBINA HH-
Terpant

I = ih(z)dt - Mﬁf (x)} , x~Ab), (1.46)
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T. €. MOXET ObITh paccuuTaH MeroAaoM MoHte-Kapno ¢ ucnosib3oBaHUEM OLEHKU
(1.37). dna takoro pacuéra HYyKHO TOJBKO CT€HEpHUPOBATh BHIOOPKY C. B. X, UMEIO-
el m. p. B. f(¢), BBIUUCIUTD U ycpeauuTh GyHkiuto [H(x)/f(x)] BBIOOpOUHBIX 3HAYE-
HUU X.

3aMeTuM, 4YTO €CiHM BbIOMpaeTcsl Takas f(f), KOTopas paBHA HYJIO MPH BCEX

t ¢(a,b), o B npencraBnennu (1.46) BMecto H(x) MOXKHO HCIOIB30BATh HETOCPEI-
CTBEHHO (DYHKITHIO /(X), TOCKOJBKY B 3TOM Cllydae B F€eHEpUPYEeMOil BBIOOPKE X BCe-
rja nomnajaaer B (a, b).

4.4. Ilpumepsbl pacyeTa HHTErpaja KAk MaTeMaTHY€eCKOT0 OKUIAHUS

Ipumep 13. IlpencraBum unterpain (1.39) B popme M. 0., BeIOUpas 1. p. B.
A(¢) paBaomepHoro pactpeaenenust R[0, 1], T. e. monaras f{t) = 1 mpu 0 < ¢ < 1.
[TockonpKy MHTEpBAN paclpeeleHHs 3[1eCh COBNAAAeT C MHTEPBAJIOM MHTETPHPOBa-
HUS, TO HET HEOOXOJMMOCTH HCIOJIb30BaTh BCIOMOTaTeNbHYIO GyHKIMIO H(X),
u (1.46) 3anuchiBaeTCs B BUJE

1 / 2
S:j\/l—tzdtle_—x:M\/l—xz, x~R0,1]. (147
1 (1.47)
0

Ha unctom mucte Ms Excel B quanazone A1:A10000 crenepupyiite BHIOOPKY

sHaueHuit bCB x. B sueiike B1 peanusyiite ycpennsemyto B (1.47) c. B. V 1-x? ,
ucnonws3ys st 3roro ¢opmyiny =KOPEHbB(1-A172). 3arem 3anoyiHuTEe BBIOOPKOM
ycpeaHsieMblx 3HaueHui c. B. nuana3zoH B1:B10000, konupys siueiiky B1 meTonom
JIBOMHOTI'O IIEITYKA.

B sueiixe D1 Boruuciaute ouenky =CYMM(B1:B10000)/10000 unTterpana S,
B siueiike D2 — onenky =CTAHIOTKIIOH(B1:B10000) cpennekBaapaTU4HOTO OT-
KJIOHEHUS yCPEHAEMOMH C. B., HEOOXOJUMYIO JJII KOHTPOJISI TOYHOCTU. DaKTUUECKYIO
norpemHocTs pacuéra =D1-I11()/4 BBenuTe B stueiiky F1, a popmymny nmpeneiabHOro
pasmaxa morpemnoctu =3*D2/100 BBenute B sueiiky F2. Ilone3Ho orpaHuyuTh
IIpEACTABICHUE Yucna B suerke F2 Tpems 3Hakamuy mociie 3amsaTo. BeIYuciaeHHbINn
pa3max ¢akTHdecKux norpemnocrei cocrasisiet 0,007.

[Tockonpky S BbIUMCISETCS KaK MHTErpajl (PYHKUHMHU 0OHOU TIEpEMEHHOU (pasz-
MEpHOCTh MHTerpana r = 1), To 31aech Oyner crnpaBennuBo metoj Monrte-Kapio
CpPaBHMBATh C IOIIArOBBIMM METOJAMHM Ha NPHUMEpPE METOAa NPSIMOYTOJbHUKOB.
[Ipumensis MeToJ MPSMOYTOJILHUKOB (OCHOBAHMS KOTOPBIX 3aJal0TCS HAa OTpe3Kax
Mexay toukamu 0,0000, 0,0001, ... 0,9999), mnonyyaeM OLIEHKY HWHTErpajia
S = 0,785448. Ilorpenrnocts 310l onieHku coctasisieT Bcero 0,00005. Takum o6pa-
30M, IpeumyniecTsa Meroga Monre-Kapino nepen nomaroBsIMi METOAaMU HauMHa-
10T MPOSIBISATHCS JIMILB HPU Pa3MEPHOCTH MHTErpana r > 2. 3aMeTUM, 4TO MpU pa3-
MEPHOCTH 7 > 2 OH CTAHOBUTCS MPAKTUYECKH €IMHCTBEHHBIM METOJOM, IIPUTOJHBIM
JUTA YUCIIEHHOT'O pacu€ra UHTErPaAJIOB.

B To xe BpeMs u npu pazMepHoOCTH ¥ = 1 — B TeX cllydasx, Koraa o0jJacTb WH-
TErPUPOBAHUS UMEET CIOXKHYIO0 KOH(puUrypauuto, — Mmeroa Monre-Kapno moxer oxa-
3aThCs CYIIECTBEHHO 0oJiee MPeANOYTUTENbHBIM, YEM MOIIarOBbIE METO/IBL.
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I[Ipumep 14. Ilycts TpeOyeTcs BHIYUCIUTD ONPEAEIEHHBIN HHTETpal

1, =[h@de=| (tizjdt , (1.48)

A

y KOTOpOro o0JacTh MHTETPUPOBAHMS A OINpEeNIeHa KaK COBOKYITHOCTh TaKUX He-
MPEPHIBHBIX MHTEPBAJIOB Ha OcHU ¢ > 0, B KOTOPBIX 3HAUEHUSA ¢ (B JECATUYHOM Ipea-
CTaBJI€HUMH) HMEIOT CyMMY § NEpBBIX TpEX UUdp mocie 3amsaTol B mpenenax
3 < s < 18. Hanpumep, mepBblii U3 HHTEpPBAIOB 00JacTM A — 3TO HHTEPBaI
0,004 <¢<0,010, Bropoii uatepan — 0,013 <¢< 0,020 u T. 1.

OO6nactb UHTErpUpOBaHUs A MPEACTABISIET COO0N OECKOHEUHYIO COBOKYITHOCTD
pa3eN€HHBIX MPOMEKYTKAMU HHTEPBAJIOB PA3HOW JJIMHBL, KOTOPYIO TPYIHO IO-
KPBITh CETKOM PAaBHOOTCTOSIIMUX TOYEK C IIAroM JOCTATOYHO MajbIM, YTOOBI MOYKHO
OBLJIO MMPUMEHUTH TOIIATOBBIC YHCIICHHBIE METOJIbI UHTETPUPOBAHUS U TIPOKOHTPO-
JUPOBATh TOYHOCTH pacu€ToB. ['opazio ynoOHee B MOTOOHBIX ClydyasX HCIOIb30BaTh
meto Monte-Kapiio.

BriGupast U IpuMeHeHns MeToza B dopme (1.46) m. p. B. f{£) = 0,001/¢t°, ans
¢t > 0,001, MpI MOXKEM pa3bITPBIBATh C. B. X, UMEIOIIYIO 3Ty . P. B., MO (opmyIe
x =0,001/z, tne z — BCB [16, c. 42-43]. Ilpu nomaanuu c. B. X B 0071aCTh 4 UHTET-
pupoBanus umeeM H(x) = h(x) = 1/x°, U, clie0BaTEIbHO, yCpPeAHACMAs IO METOLY
(1.46) c. B. H(x)/f(x) B obmactu A pasra (1/x%)/(1/x*) = 1. Bue obmactu 4 umeem
no onpexaenenuto H(x) = 0. Pa3wpirpeiBas c. B. x u ycpennsisi H(x), Mbl IOJTy4YHUM OIICH-
Ky UCKOMOTO UHTerpana /;. 3To MOKHO CIeNaTh CIEAYIOIUM 00pa3oM.

Ha ugnctom nmucte Ms Excel B nuanazone A1:A10000 chopmupyiite BIOOPKY
c. B. x: BBeaute B sueiiky Al dopmyny =0,001/CIITYUC() u ckonupyiiTe e€ Ha BeCh
yKa3aHHBIM auamna3oH sueek. B cocegnem cronbdiie B sueiiky B1 BBenute popmyny
=A1-IIEJIOE(A1), BeIuucCHsIONIyI0 APOOHYIO YacTh X, U CKOMHUPYHTE HA TAaKOW XKe
Jrara3oH siueek. B cnenyromux Tpéx cronduax Beeaute B sueiiku C1, D1, E1 u ana-
JIOTUYHO PA3MHOXKBTE (DOPMYJIBI
=HEJIOE(10*B1), =LHEJIOE(100*B1-10*C1), =[HEJIOE(1000*B1-100*C1-10*D1),
KOTOpPBIE BBIACISAIOT COOTBETCTBEHHO MEPBYIO, BTOPYIO U TPETHIO LU(]PHI 1OCIE 3arsi-
TON y yncna x. OHM HY>KHBI JIJIS1 TOT'O, YTOOBI ONPEAEIIUTh NPUHAIEKHOCTD YUCIIA X
obnactu unterpupoBanus 4. B cronbue F Beenure B sueiiky F1 ¢popmyny Beiuucie-
Hus H(x) (ycpeansiemoti ¢. B.) =ECJIU((C1+D1+E1>3)*(C1+D1+E1<18);1;0) u cxo-
nupyire e€ Ha nuana3zoH F1:F10000. Onpenensas nanee e€ cpeaHee m pa3max Mo-
IPEIIHOCTEN MO MPaBWIIy TPEX CUIM, HAMAUTE OLIEHKY MCKOMOro nHrerpana. OHa Ta-
koBa: [; =0,22 +£0,01.

CepbE3HblE TEXHUUECKNUE TPYAHOCTH, K KOTOPBIM MPUBOJUT B PACCMOTPEHHOM
puUMepe MPUMEHEHHUE MOIIArOBBIX METOJOB U KOTOPBIE CBSI3aHBI C BBHIOOPOM IIIara
VMHTETPUPOBaHUs, 111 MeTojia MoHTe-Kapio He CBOMCTBEHHBI, TOCKOJIBKY B HEM OT-
CYTCTBYET CaMO MOHSTHE 1Iara UHTErPUPOBAHUSL.

4.5. YnpasBieHne CKOPOCTbIO CXOAMMOCTH

Ot BbIOOpa QyHKUIMU f(f) 3aBUCUT CKOPOCTb CXOJMMOCTH OLIEHKH MHTErpaia
K €ro TOYHOMY 3HayeHH10. CKOPOCTh CXOJMMOCTH ONpEIENsIeTCs IJIaBHBIM 00pa3oM
nucnepcueil ycpennsemon B (1.46) c. B. y = H(x)/f(x). Uem menbe D(y), TeM MEHb-
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e pa3Max MOTrPEIIHOCTEN OLIEHKU U T€M MEHBIIEEe YHUCIO OMBITOB 7 TpedyeTcs
JUTSI OTIpEICNICHUs UHTETpalia ¢ TpeOyeMoil TOUHOCTHIO.

B [16] natoTcsa pekoMeHAanuu Mo YCKOPEHUIO CXOAUMOCTH PAacdyE€TOB U MPUBO-
JTUTCSI TIPUMEP BBIUMCIICHUSI MHTErpajla Ha MOTyO0eCKOHEYHOM MHTEpBaJIe, I1e 3a CUET
MPaBUIILHOTO BBIOOPA TUIOTHOCTH f{f) 00BEM pacd€TOB COKpAIIAETCS MPUMEPHO B ThI-
csivy pas.

5. CrarucTuyeckoe MOACJIUPOBAHUE HAAECKHOCTH

5.1. Knaccnueckast 3a1a4a HaAE€KHOCTH

B xnaccuueckoit 3a1aue Hag&KHOCTH PacCMaTPUBAIOTCSA CUCTEMBI CIEAYIOLETO
BUJIA.

Cucrema coctouT U3 N 3J€MEHTOB, KOTOpBIE CIy4ailHO M HE3aBUCUMO, C H3-
BECTHBIMU BEPOSTHOCTSAMH, MOTYT OTKa3biBaTh. COBOKYIMHOCTh COCTOSIHUW DJIEMEH-
TOB Oy/eM IPEACTaBISTh JBOMYHBIM BEKTOPOM X = (X1, X, ... , Xy), [J€ X; — COCTOS-
HUE [-TO DJIIEMEHTAa CUCTEMBI — PaBHO 1, KOT/Ia 3TOT 3JIEMEHT HaXOJIUTCSl B COCTOSTHUU
OTKa3a, U paBHO 0, KOrza 3J€MEHT HaXOAUTCS B pPabOTOCIOCOOHOM COCTOSIHUU
@i=1,..,N).

3akoH pacnpeseneHus c. B. X OJTHOCTBIO ONpeeNsieTcsl BEpOSTHOCTIMH OTKa3a
aneMeHToB p; = P{x; = 1}. O003HaunM HabOp 3TUX BEpOSTHOCTEH uepe3 P:

P= (pl,pz, ,pN). (149)

N3 TOro, 4To 37IE€MEHTHl OTKA3bIBAIOT HE3aBUCUMO, CIEIYET, YTO BCE C. B. X; He-
3aBUCHUMBI U YTO BEPOSTHOCTh PeaIu3aliu JII0OOr0 KOHKPETHOI'O ABOMYHOTO Habopa
COCTOSIHMH 3JIEMEHTOB () = ®, M, ... , ®y COCTABIISIET

N
P{X=Q} = P{Q} = P{xi=0, t)=0s, ..., xy=0w} = | | P}’ (l—pi)(l_a’f).(l.SO)
i=l1
Tak kak BekTop P BepostHOocTel (1.49) MOMHOCTHIO ONpeeNseT 3aKOH pacipe-
nenenus (1.50) BepositHOCTEH €. B. X, TO Oyem nucath X ~ P.
Cuctema B 11€JIOM Takke 00 padoraer, MO0 HAXOIUTCS B COCTOSTHUM OTKa3a.
B xiraccuueckon 3azaue HaAEKHOCTA COCTOSIHUE Y € {O, 1}, XapakTepusyroliee padbo-
TOCIIOCOOHOCTh CHCTEMBI B 1I€JIOM, OJTHO3HAYHO OMPEACIISIETCS COBOKYITHOCTBIO CO-
cTossHUKA X e€ SJIeMEHTOB M B IPUHIIMIIC BCErJa MOXKET OBITh 3aJaHO JIOTHYECKOM
(dyHKUMEN BHIA

y :y(X) :y(xbx29 9xN)a (151)

rje 3HaueHue y = | o3Ha4yaeT COCTOSHHE OTKa3a CUCTEMBI B 1esoM, y = 0 — e€ pabo-
4yee COCTOSTHUE.

O603HaunM uepe3 O BepOSTHOCTh OTKa3a CUCTEMBI, T. €. O = P{y=1} = M(y).

B kmaccuueckoii 3amaue HaAEKHOCTH TpeOyeTcss HAWTH BEPOSITHOCTH OTKasa
cUCTeMBI () TIPU U3BECTHBIX BEPOSITHOCTSAX OTKAa3a AJIEMEHTOB.

Takum oOpaszoM, QopManbHO KiIaccuueckas 3afada HaAEKHOCTH CBOJMTCS
K OmpenesieHuto M. 0. pyHKiuu y(X) caydyailHON BETMYHUHBI X.

Orta 3a/1aya MOXKET peliaTbesi Kak (popManbHbIMU, aHATUTUYECKUMU METOAAMH,
TaK U METOJaMH CTAaTUCTHUYECKOTO MOJICITUPOBAHMSI.
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5.2. AHaTUTHYECKHE U CTATUCTHYECKHE METOAbI pacuyéra HaAEéKHOCTH

5.2.1. Ilpeocmasnenus HadéxcHoCMHOU CMPYKMYPbl CUCHIEM

Onuncanue aHaTUTUYECKUX METOJOB PEIICHUS KIACCUYECKOW 3aJa4d HaJEXKHO-
CTH B HAYYHO-TEXHUYECKOH JUTEpaType TPAIULUOHHO OMMUPAETCS HAa MPEICTaBIICHUE
MOJIEIMPYEMOM CHUCTEMBI B BUJIe HaA&KHOCTHOTO rpada. Kak nmpaBuio, Han€KHOCT-
HBIN rpad — 3TO ABYXIOMIOCHBIN rpad, péOdpa KOTOPOro COOTBETCTBYIOT 3JIEMEHTAM
CUCTEMBI U H300paXaroTCs MOJAOOHO COMPOTHUBICHUSIM Ha 3JIEKTPUUYECKON CXeMme,
npsMoyroibHukaMu (puc. 1.9). Takoe
n300pakeHne HaJEKHOCTHON CTPYKTY-
pbl CHUCTEMBI HATJIHO U YAOOHO IS
WHXEHEPOB — CIECIUAIMCTOB C TEXHUYE-
CKUM OOpazoBaHueM. MHTeprpeTupyer-
Csl HaJIEKHOCTHAsI CTPYKTypa CHCTEMBbI,
npejacTaBisieMas MOJ0OHBIM — Tpadom,
cienyromum obOpa3zom. CuuTaercs, 4To
OTKa3y i-r0 3JIEMEHTa CHCTEMbI COOT-
BETCTBYET  BbIMajicHUe U3  rpada
i-ro pedpa. Cucrtema B 1I€JIOM CUMTAETCS] OTKA3aBIIEH B TEX CIydasiX, KOTJa M3-3a OT-
Ka3a 2JIEMEHTOB MEXKy noirocaMu rpada 4 u B He ocTaeTcs HU OJHOTO My TH.

Takum oOpa3zom, HAAEKHOCTHBIN Ipad SBISETCS HE YEM HHBIM, KaK OAHUM U3
crioco0oB mpeacTaBieHus jorudaeckort ¢pynkuuu (1.51). OueBuaHO, UTO OO0 Ha-
NEKHOCTHBIM Tpad MOXKHO TMPEACTaBUTh JIOTHYECKON (IBOMYHOM) (yHKIHMEH
(X)) = y(x1, X2, ... , Xy) TAOJIUYHO, WU B BHUJIE COOTBETCTBYIONICH JIormueckoi (op-
MYJIBI, WJIA aATOPUTMOM | T. 1. Hanpumep, rpad, nzo0paxkEéunspiii Ha puc. 1.9, MoxHO
MPEICTaBUTh JoTW4deckor QyHkiuerd p(X), KoTopas HWKE OINMucaHa TaOIUIHO
(Tabm. 1.2).

Onnako oOpaTHOE HEBEPHO, T. €. HE JII0OYI0 Jornueckyro GpyHkuuwo y(X) MOKHO
MpeACTaBUTh B BUAE HaEKHOCTHOTO rpada. Hampumep, eciu 1y1st paboTocriocoOHO-
CTU CHUCTEMBbI JOCTATOUYHO UMETh JIUIIb HEKOTOPOE MUHUMAIIHLHOE YHCIIO UCIPABHBIX
AJIEMEHTOB, KOTOpOE OTan4aeTcsa or 1 u ot N, To €€ HagEKHOCTHYIO CTPYKTYpy — 3a-
BUCUMOCTH J(X) — HEBO3ZMOXKHO U300pa3uTh HAAEKHOCTHBIM Irpadom. B To ke Bpems
OHa JIETKO 3aAaéTcs Jiornueckoi pyHkiueil. B kauecTBe mprumepa MOXKHO MPUBECTU
TaKyl0 CHUCTEMY M3 TpPEX 3JIEMEHTOB, KOTOpas pabOTOCIOCOOHA MpU YCIOBHH, YTO
YUCJIO OTKA3aBLIMX 3JIEMEHTOB HE MPEBBIIIAECT €AUHULIBI. JTa CUCTEMA JIETKO OMHUCHI-
BaeTCAd JIOTMYECKON  (yHKIMEW, 3aJaHHOM, HampuMmep, C TOMOIIbI0 (HOPMYJIBI
Y = X|X) V X|X3 V XpX3, HO HE MPEJICTABISAETCA HAEKHOCTHBIM IpadoM.

Puc. 1.9. Tlpumep Haa&xHocTHOTO Tpada

Taxum 00pa3om, sI3bIK JOTHYECKUX (PYHKIMI MEHee HarjsieH, HO Oojee YHU-
BEpcaJieH, YeM SI3bIK HaI&KHOCTHBIX TpadoB. Ero yHuBepcanibHOCTh 3/1€Ch Jake He-
CKOJIbKO M30BITOYHA, TaK KaK He JIF00ast Joruyeckast PyHKIUs UMEeT pa3yMHYI0 HH-
TEPIPETANMIO B KAYECTBE MOJAEIN HAAEKHOCTHOU CTPYKTYpHI. 1 Takou UHTEpIIpe-
Tanuu QyHKIUS TOJDKHA emé o0JaaaTh CBOWCTBOM MOHOTOHHOCTH B TOM CMBICIIE,
4TO eciu Y(Xy, ... , Xjy ... , Xy) = 1 ipu x; = 0, TO MPU U3MEHEHUU 3HAUCHHUS APTYMEHTA
x; (tonpko ero) ¢ 0 Ha 1 momkHO OBITH V(X1, ..., X;, ... , Xy) = | HenmpeMeHHo. HbIMU
CJIOBaMH, €CIIM CHCTeMa He paboTaeT Mmpu paboTaroleM 3JIEMEHTE X;, TO MIPU OTKa3e
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ero (Mpu TeX K€ COCTOSIHUSAX OCTaJIbHBIX JIEMEHTOB) CUCTEMa HE MOXET CTaTh pado-
tatomeid. O6pa3HO TOBOPS, BCE «YaCTHBIE MPOU3BOMHBIC» MYHKIUU V(X1, X2, ... , XN)
JOJIKHBI ObITh HEOTPUIIATEIHHBI.

OCHOBHBIC METOJbl AHATUTUYECKOTO U CTATUCTUUECKOTO PEIICHUs KJIaccuye-
CKOHM 3a/auu HaJE&XHOCTH OMHUCAHBI B yuyeOHOM mocobuu [16]. Jlns mampHeimero
Pa3BUTHS TEMbI IIEPEUMUCIUM OCHOBHBIE BBIBOJIBI 3TOTO MOCOOMS, KOTOPbIE KaCarOTCs
ATUX METOJIOB Pacu€Ta HAAEKHOCTH.

5.2.2. Pacuém Haoéxchocmu npusoouMblx cucmem

Cucrema Ha3bIBaeTCS MPUBOJMMOM, €CIM €€ HAIEKHOCTHAA CTPYKTypa MIpei-
CTaBJISIETCS TapaJUICIBLHO-TIOCIEA0BATEeIbHBIM Tpadom. Hawmmydmmm meTomom pac-
yéTa HAAEKHOCTU TPUBOJUMOM CHUCTEMBI ABJIACTCS aHAIUTHYECKU meron. Ilo eé
rpady MOXHO cpa3y HamucaTh (GOpMYJTy, BBIPAXKAIOIIYI0 B OyKBEHHOM BH/IE 3aBUCH-
MOCTh BEPOSITHOCTH OTKa3a CUCTEMbl () OT BEPOATHOCTEW OTKa3a >JIEMEHTOB
P1, P2, - » Pn- B 2TOM opMyIie o003HaueHUE KaK10i U3 N BepOsITHOCTEH BCTpeUaeT-
Csl POBHO OJIMH pa3, M CIOXKHOCTb ()OPMYJIbI (UMCIIO BBIMOIHSAEMBIX ONepaluil npu eé
MCIIOJIb30BaHUHU ) TPUOIU3UTEIIBHO PaBHO M.

Pacuétnas dbopmyna ocHOBaHa Ha MpEACTaBICHUHN MPUBOIUMOTO Tpada B BUAC
CYyHEPHO3ULIUH CTPOrO MOCIEAO0BATEIbHBIX U CTPOTO MapaUIENbHBIX JABYXIIOJHOCHU-
KOB, BEPOSITHOCTh OTKa3a KOTOPBIX OMHCHIBACTCS MPOCThIMU (hopmyiamu. JIByxrio-
JIFOCHUK, COCTOAIIMN U3 IMOCIEI0BATEIRHO COCIUHEHHBIX K 3JIEMEHTOB, OTKa3bIBAECT
IpU OTKa3e XOTsd Obl OJJHOTO U3 HUX, TTO3TOMY BEPOATHOCTH OTKAa3a TaKOro JABYXIIO-
mocHuka cocrapiuser Q' =1-q19, ...q, , rae q; = (1— p;) — BepoATHOCTHL pabOTOCIIO-
COOHOTO COCTOSIHUSA i-TO 3JIEMEHTa B MOCJIEAOBATEILHOM COEIMHEHUU. JIByXmotoc-
HUK, COCTOSILIANA W3 MapajuIeIbHO COCAUHEHHBIX K 3JIEMEHTOB, OTKA3bIBAE€T TOJIBKO
IIpY OJTHOBPEMEHHOM OTKAa3€ BCEX 3JIEMEHTOB, IO3TOMY BEPOSITHOCTh OTKa3a TaKOTO
AByXmomocHuKa coctapiusier Q"= pips...px, TAe p; — BEPOATHOCTh OTKA3a i-TO
AJIEeMEHTa B MapajyiebHOM coenuHeHuu. [lockonbKy mpuBOoAMMBIN rpad mpencTas-
aseT coO0OM CyNEepIO3UINI0 MOCIEIOBATEIBHBIX U TMapalIeTbHbIX MOATpadoB, TO
dbopmysa BEpOATHOCTH OTKa3a BCEW CHUCTEMBI MPEJCTaBIsieT COO0H COOTBETCTBYIO-
HIYIO0 CYNEPHO3ULIKI0 POPMYIT IPUBEICHHOTO BU/IA.

[IpenmyniecTBaMu TakKOro0 aHAIMTUYECKOTO PELICHHUS SIBISIOTCS €r0 TOYHOCT,
Tak Kak B OyKBeHHOM Bujie (popMyiia ToOuHa aOCOIOTHO, U OOITHOCTh, TAK KaK BhIpa-
’KEHHUE BEpOSITHOCTU OTKa3za cuctemMsl O = Q (py, pa2, ... , Py) YE€PE3 BEPOSTHOCTH OTKa-
3a 3JIEMEHTOB OXBATBIBAET CPa3y BECh JIMANA30H BO3MOXHBIX 3HAUEHUN MapaMeTpPOB

P1, P25 -+ 5 PN-
5.2.3. Ananumuyeckuii pacuém HA0E*CHOCMU HeNnPUBOOUMBLX CUCTIEM

Ecnu cuctema HempuBoauMa, TO B OOLIEM cliyyae aHAJIMTUYECKUM pacuér eé
HaJEKHOCTU TpeOyeT pa3ioKEeHUs MHOMKECTBa MCXOJI0OB (MHOXECTBAa HaOOpOB co-
CTOSIHHIT 57IEMEHTOB) Ha Bce 2 BOBMOXHBIX SJIEMEHTAPHBIX HCXOJ0B M CyMMHpPOBA-
HUSI BEPOATHOCTEUW TEX M3 HUX, NPU KOTOPBIX CUCTEeMa OTKa3biBaeT. HamMeHbInii
HEMPUBOJIUMBIA HaAEKHOCTHBIN Tpad n300pakéH BeImie Ha puc. 1.9. B Tabm. 1.2
npuBeAEH pacu€r 3Toro rpada. ITOT MpUMEpP HATJIAIHO JEMOHCTPUPYET, KaK MOMKHO
OCYIIECTBUTH aHATUTHYECKUN pacuéT HaAEKHOCTH JIF0OOTO APYroro HEMPUBOIUMOTO
HaJEKHOCTHOTO rpada.
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Tabnuya 1.2
IIpumep TAaOJUYHOI0 aHAJIN3A HAXEKHOCTH CHCTEMbI

3HadeHu C. B. BeposTHOCTH 3HadeHu C. B. BeposTHOCTH
X (X) HCXOJIOB X (X) HCXOJIOB
X1 X5 X3X4 X5 sy =1 X1 X5 X3X4 X5 sy =1
00000 0 10000 0
00001 0 10001 0
00010 0 10010 1 P.49,9:P445
00011 0 10011 1 P149,9:P4Ps
00100 0 10100 0
00101 0 1orot | 1| pg,rq.ps
00110 0 10110 1 P.9,PP.9;s
00111 0 Lottt | 1| pg,pp.ps
01000 0 11000 0
01001 1 | 91P29394D5 11001 1| PP,9:9.D;s
01010 0 11010 1 P P,495P.9s
01011 1 | 91P293P4D5 11011 1| p,p,q;P,Ds
01100 0 11100 0
01101 1 | 91P2P394P5 11101 1 | pP,P:9.Ps
0r1ri1o 1 | q1P2P3P495 11110 1 P1PrP3P4Ys
01111 1 | q1p2P3P4Ps5 11111 1 | PiP,PsP.Ds

Tak, ncxonq X = 01001 B Taba. 1.2 0o3HayaeT, YTO OTKA3AJIM BJIEMEHTHI 2 U 5, T. €.
x1=0,x=1,x=0,x3=0,xs = 1. U3 puc. 1.9 BugHo, 4T0 Npu yaajeHHbIX pédpax 2
u 5 momocel A u B HecBsa3HBL. ClaenoBaTelIbHO, I JaHHOTO MCX0Ja X COCTOSHHE
cucreMsl y = 1.

CyMMHpyst BEpOSTHOCTH BCEX MCXOJOB ¢ ¥ = 1, mepeunciaeHHbIX B Ta0. 1.2, mo-
Jy4daeM I HaiéKHOCTHOTO rpada Ha puc. 1.9 crenyromnryio pacueTHy Gopmyiy:

O =M(©y)= q1029394P5+q1P293P4P5+q1P2P394P5 T 91P2P3P495+
Tq1P2P3P4P5 T P19293P495T P19293P4P5+ P192P394P5 T P192P3P445 T
T P192P3P4 P51 P1P29394P5 T P1P243P495T P1P293P4P5T P1P2P3q4P5 T
T P1P2P3P4q5+ P1DP2P3P4ADS,
WJIY, TIOCJI€ YIPOUICHHUS:
O =pipstpaps(1 = p1ps) + p3(q1p2paqs+ p1g2q4ps). (1.52)

Camoii CIIOXKHOHM YacThIO aHAJIMTUYECKOTO pacyeTa HaAEKHOCTH B IOJOOHBIX
Cllydasx sBJISETCS BHIYMCICHHE y Juist BeeX 2" 3HaueHmii X, Beb [ 3TOTO HYXKHO,
BOOGIIE TOBOPA, 2" pa3 MpoaHANM3MPOBATH CBA3HOCTH IONMOCOB Tpada. Mimm, eciu
3aBUCUMOCTh )(X) 3amana He rpadom, a, Hampumep, HEKOTOPHIM aJITrOPUTMOM,
TO HyXHO 2" pa3 BBIIONHUTE ATOT aNropuTM. JlaXke IPH OTHOCHTEIBHO HEGOIBIINX
3HAYCHHSIX 71, PAaBHBIX HECKOJIKHM JIECATKAaM, TAaKOM pacdy€T CTAaHOBHUTCS BO MHOTHX
CITy4yasiX MPaKTUYECKH HEBO3MOKHBIM.
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5.2.4. Cmamucmuueckutl pac4ém Ha0EéICHOCmuU

HenocpencTBeHHbIN CTATUCTUYECKUH pacy€T HAIEKHOCTH MPECTABISET COOOi
MHOTOKPATHYIO pealn3aluio c. B. X — Habopa COCTOSIHUI 3JIEMEHTOB CUCTEMBI, BbI-
qycieHue 3HaueHuH y(X) Uil Kaxaoi peanusanuu (Ul KaXI0ro onsima) U UX yc-
pEIAHCHHUE.

B pe3ynbTaTe NPOBEICHHS 71 OIBITOB OLIEHKa Q BEPOATHOCTH OTKA3a CHCTEMBI

onpeensercs 1no Gopmyiie
A 1< Motk :
Q:M(y):;Zyi: ” 5 l:1...7’l’ (153)
i=1

IJI€ ); — COCTOSIHUE CUCTEMBI B i-M OIIBITE; My — YUCIO OTKA30B, T. €. YUCIO OIBITOB,
B KOTOPBIX MPOUCXOAMI OTKa3 cuctemsbl. [lorpemnocts onenku (1.53) B cooTBeTCT-
BUHU C npaBuiioM Tpéx curM (1.41) naxonurcs ¢ BepositHocThio 1-0,0027 B mpeaenax

A < 3o—nz3-‘/¥=3-1/@. (1.54)

C yuérom TOroO, 4T0 OOBIYHO BEPOSITHOCTH OTKa3a CHUCTeMbl () OIu3Ka K HYJIIO,
MOXXHO npeHeopeub MHOxHTENeM (1 — Q), onu3kum k eaunuiie. Kpome Toro, mo Toit
e mpuyruHe Manoctu Q, ot abcomoTHOM norpemHoctd A B (1.54) nepexoasT K oOT-
HOCHUTEJIbHOW MOrpemHocTy 0 = A/Q. B pe3ynbpTaTe 3TUX 3aMEH HEPaBEHCTBO MpPH-
HUMAET CJIECIYIOIINN BUL:

3

ﬁ, (1.55)

rae v, = o, /Q — ko3hOUIMEHT BapHaIlK OIICHKU 0 npu n onsiTax. Hakonen, mo-

‘5‘ <3y, =

CKOJbKY TouHOE 3HaueHue ( B (1.55) HeusBecTHO, €ro 3aMEHSIOT OLEHKOM

Q _ Motk
T, OTKyJia

3

ﬁ. (1.56)

DTO HEpaBEHCTBO MO3BOJIAET JIOCTATOYHO JIETKO KOHTPOJIUPOBATH OTHOCHUTEIHHYIO
OITMOKY B XOJIe¢ CTATUCTUYECKOTO IKCIIEPUMEHTA 10 YUCITY 7o HAOTFOTaeMBIX OTKa-
30B CUCTEMBI.

Ecmu B (1.55) 3adukcupoBaTh pazMax OTHOCUTEIBHON MOTPEIIHOCTH, TOJjaras
3V, = dy, ¥ BBIPA3UTDH YEPE3 HETO YUCIIO OIBITOB /1, PU KOTOPOM OH JOCTUTAETCS, TO-
JTyuuM TpeOoBaHUe

6] <

9
— =
Q‘é‘o
3aBUCUMOCTbh YHUCJIA OTBITOB, T. €. 3aTPAT KOMIBIOTEPHOIO BPEMEHU OT IOTrpell-
HOCTH CTAaTHCTHUYCCKOW OILICHKU 0, OIMHMCHIBACTCS 3aKOHOM OOpAaTHBIX KBaJIpaTOB.
Pa3max d, Ha mpakTHKe 3a1ar0T B quana3zone ot 1 o 0,1.

Merton CTaTUCTUYECKOr0 MOJEIUPOBAHUA HALEKHOCTH IPOCT B HCIIOJIb30Ba-
Huu. Kak BuaHo u3 (1.57), Tpyno€MKocTh pacué€ra, BbIpakaeMasl YHCIOM OIIbITOB,

n (1.57)
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IIPY 3TOM HHUKAaK HE 3aBUCHUT OT 4HcCia N AJIEMEHTOB B CUCTEME, B TO BpPeMs Kak MpH
AHATHTUYECKOM pacuéTe OHa pacTéT Kak 2.

®opmyna (1.57) packpbIBaeT, 0AHAKO, CEU(UYECKYIO0 TPOOIEMY HEMOCPEICT-
BEHHOT'O CTaTHUCTUYECKOTO MOJICTUPOBAHUS, COCTOAIIYIO B OOJBIINX 3aTpaTax KOM-
MBIOTEPHOTO BPEMEHHU, HEOOXOMMBIX JJI pacyéTa BRICOKOHAEKHBIX CTPYKTYp. [1pu
MaJioil BEpOSITHOCTU OTKa3a (J, KOTOopas Ha MPAaKTUKE MOXET JOCTUTraTh 3HAYCHUU
O =~ 10°-10"", uncno omsIToB n, kak BuaHO u3 (1.57), CTAHOBHTCS UYPE3MEPHO
OOJIBIIIKM.

5.2.5. Ananumuxo-cmamucmuyeckue mMemoovl MOOEIUPOBAHUS

MHoOTOKpaTHOE, OCTUTAIOIIee HECKOJIbKUX TMOPSAKOB, COKpaIleHUE 3arpaT
BPEMEHU Ha MOJIEIMPOBAHUE BHICOKOHAIEKHBIX CTPYKTYPHO CIIOKHBIX CHCTEM JIOC-
TUTaeTcs MyTéM A(PPEKTUBHOTO HCIIOJIB30BAHUS B CTATUCTUYECKOM JKCIEPHUMEHTE
M3BECTHBIX OOIIMX 3aKOHOB TEOPUU BEPOATHOCTEH M MAaTEMaTUYECKOW CTAaTUCTUKH.
3amava MOJETUPOBAaHMS MTPeoOpa3yeTcs B aHATMTUKO-CTATUCTUICCKUX METOAaxX Ta-
KM 00pa3oM, 4TO CpeaHee 3HAueHUE OICHKH HE M3MEHSETCS, HO PE3KO CHIDKACTCS
e mucnepcus. [103TOMy aHaTUTUKO-CTAaTUCTUIECKUE METOBI MOJICTUPOBAHUS YaCTO
HAa3bIBAIOT TAKXKE METOAAMU MOHUKEHUS qucnepcuu [6].

[Ipu mMonenupoBaHuM HAAEKHOCTH CUCTEM B TEPMHHAX KIJIACCUYECKOW 3aJauyu
HaJEKHOCTH HAanboJIee 4acTO UCIOJIb3YIOT METO] B3BEIIMBaHUs (METO/ CYIIECTBEH-
HOW BBIOOPKH), METOJl pacciloeHus (MEeToa CTPaTHU(UIMPOBAHHOW BBHIOOPKH) WU
UX KOMOWHUPOBAHHBIC BApHAHTBHL. ODTH METOJBI JOCTATOYHO TMOAPOOHO U3Jara-
10TCs B [16].

5.2.6. [I[pyeue mooenu naoéxcuocmu

B npyrux, 6oiiee c0XXHBIX U YHUBEPCAIBHBIX MOAX0JaX K MOJEIUPOBAHUIO Ha-
JNEXKHOCTU YUYUTBHIBAIOTCS BEPOSITHOCTHBIE XapaKTEPUCTUKU IMOTOKOB OTKA30B U BOC-
CTaHOBJICHHI. DTHU MOAXO/bI B HACTOSIIEE BPEMsI TAKKE€ MOXKHO Ha3bIBATh KJacCUYe-
ckuMH. CpaBHHUTENBHBIE JOCTOMHCTBA U HENOCTATKH AHAJIUTHUYECKOrO, CTaTUCTUYE-
CKOI'0 M aHAJIUTUKO-CTaTHCTHYECKOIO MOAECIMPOBAHUSA B 3THX NOAXOJAX TAKXKE CO-
XPaHSAIOT CBOM OOIINIA, PACCMOTPEHHBIH BBIIIE XapaKTep.

JI1st M3y4eHHsl aHATUTUYECKUX METOJIOB pacuéra HaIEKHOCTH PEKOMEHIYIOTCS
KHUTH [27-29]. MeToabpl UMHUTAIITMOHHOTO MOJACIMPOBAHUS U AHATUTUKO-CTATUCTH-
YyecKkrue MeTofbl paspabateiBatorcsa B [30]. 3aech uccneayroTcss MOAEIN TOCTaTOYHO
oOWIero BHAa, B KOTOPHIX KOMIUIEKCHO MPEJICTABIEHbI KaK acleKThl OTKAa30B M BOC-
CTAHOBJICHUW 3JIEMEHTOB, TaK M aCIIEKThI IPOU3BOAUTENIBHOCTH BOCCTAHABINBAOIIUX
cucTeM (peMOHTHBIX Ipytil). COOTBETCTBYIONIME MAaTEMAaTHYECKUE MOJIEIN OpraHny-
HO COYETAIOT MOAXOAbl TEOPUM HAIEKHOCTH M TEOPHUH MACCOBOTO OOCITY>KHMBAHMSL.
B xnure [31] nns MogenupoBaHus HaAEKHOCTH CUCTEM HCTOJIb3YETCS MOLIHBIN SI3BIK
nepekirovaTenbHbix npoueccoB (I1I1) Ha HempepbIBHOM BpEMEHU W ypaBHEHHUM Iu-
Hamuki [111, Bkimrogarommx, Hapsay € JIOTHYECKUMU ONEPATOPAMH, PA3IUYHOIO POIa
OIIEPATOPHI 3aIa3bIBAHNUS.

5.3. Ilpenesa bpemepmana — Jmon

HpI/IHIII/Il'[ HCOIIPCACIICHHOCTHU Feﬁ3eH6epra YKa3bIBACT HAa CCTCCTBCHHBLIC IIPC-
ACJIbI MUKPOMUHHUATIOPHU3AITUU YCTpOﬁCTB, NpCAHA3HAYCHHBIX JIA O6pa6OTKI/I TCX-

36



Huyeckod nHpopmanuu. OmmnbKka B U3MEPEHUH KOJIMYECTBA ABUKEHUS (PU3MUECKOM
YaCTHULbI, TO €CTh UMIIYJIbCA, U MOTPEIIHOCTh U3MEPEHUS €€ KOOPJAWHATHI CBA3AHBI
noctosHHOM [lnanka Tak, 4To JM100bIE MONBITKH MOBBICUTH TOYHOCTH U3MEPEHUS M-
MyJibca MPUBOJAT K POCTY MOTPEIIHOCTU OMpeAesieHus KOOPAMHATBI, U HA00OPOT.
Y4uThIBasi KOHEUHYIO CKOPOCTh Mepenadn nHpopMaIuy B MPOCTPAHCTBE — CKOPOCTh
CBETa, U TOYHBIC MPEAEIbl MPOMYCKHON CMOCOOHOCTH KaHAJIOB C NTOMEXaMH, yCTa-
HOBJIeHHbIE [IIeHHOHOM, MOHO BBIUYUCIIUTD npeoesl CKOpOCmu, TOCTUKUMON TEXHU-
YeCKUMH CpelIcTBaMU 00paboTKu MH(GOpMalMU. DTOT Mpee Ha3bIBAeTCs MPEAeIoM
bpemepmana wnm mpenenom bpemepmana — DmiOu U COCTaBISIET MPUOITH3UTEITHHO
10 6um/> B cexynmy. CaMblii COBEpPIICHHBIH KOMITBIOTEpP HE MOXET BBITOIHATH
B OJJHOM TpaMMe CBOEro Berectsa 6osee uem 10* GUTOBBIX omeparuii B CeKyHLY.

B03M0KHOCTH COBpEMEHHBIX KOMITBIOTEPOB €I1I€ OUEHb JAJIEKU OT ITOT0 Teope-
TAYeCcKoro mnpenena. OJHAKO caMO €ro CyIIECTBOBAHME YKa3bIBa€T Ha OTCYTCTBHUE
MIEPCIIEKTUB Y MHOTMX HAIlpaBJICHUN Pa3BUTHS KOMIIBIOTEPHON MAaTeMaTUKH, yIU-
paroluxcsi, HanpuMmep, B HEOOXOAUMOCTh Iepebopa OOJBIIOTr0 YHCiia BapUAHTOB
pELIEHUM.

[Ipenen bpemepmana — Dm6u MOKHO TIepeOpPMYIUPOBATH U B BUJIEC 02paHUYe-
HUs 00véMma TeXHUYECKON MHGOpMAINN, KOTOPBIM MOXKET ObITh 00padoTaH B MPHUH-
uume. Eciu npeanonoxuTe, 4To BCE BELIECTBO 3€MHOr0 IIapa Mbl CyMEeM IpeBpa-
TUTh B COBEPILICHHBIH KOMIIBIOTEp C MapajuieNbHOM 00paboTkoW MH(OpMAaLUU, TO
3a BpeMsl, paBHOE CETOIHSIIHEMY BO3PAcTy 3eMJIH, TAKOW KOMITBIOTEP CMOT OBbI BbI-
MoJHUTH He Goitee 10”7 GUTOBBIX onepaunil. YUUThIBas TO, IPU KAKKUX MPEAITOI0XKE-
HUSX TOJYYEHO ATO YHCJIO, MOKHO OOOCHOBAaHHO YTBEPXKJaTh, YTO BCSKas 3ajauya,
TpeOyrolas BBIMOJIHEHUSI OOJBIIEro 4ucia OMTOBBIX omepaluil (Hampumep, IpocTo
3aMUCH UJIU YTEHUS TaKOTO KOJUYECTBA OUT), TEXHUYECKHU HEpealn3yema.

B kauecTBe mpumepa TOro, Kak ObICTPO B psiJie CIy4daeB alTOPUTMBbI PEIICHHUS
3aJlay yIUPAIOTCs B 3TOT Mpeiesl, PACCMOTPUM TaK Ha3bIBaeMyI0 MaTpuily Duidu, co-
crosmyto u3 20x20 knerok. Kaxkmass kiaeTka MOXKET HaXOAUTHCS B OJHOM M3 JIBYX
COCTOSIHUM, HAIPUMEP, B COCTOSIHUH, MPOBOISIIEM WM HE MPOBOISAIIEM DIIEKTpUYE-
CcKkHil TOK. OT COCTOSIHUM KJIETOK 3aBUCHT COCTOSIHUE CHUCTEMBI B IIEJIOM, HAIIPUMED,
OyIeT 1 MpOXOJIUTh TOK OT JIEBOW TPaHUIIBI MATPHUIIBI K €€ mpaBoil rpanure. [Ipes-
MOJIOKUM, TOK MEXIY COCEIHHMH KIIETKAMH MOET MPOXOJUTh KaK MO BEPTHUKAJH,
TaK Y 10 TOPU30HTAJIM, HO HE N0 AuaroHaiu. [Ipeanonoxum takxe, 4To sl KaKI0u
KJIETKM U3BECTHA BEPOATHOCTh, C KOTOPOl OHA HAXOJUTCSA B MPOBOJALIEM TOK CO-
CTOSIHUU, W YTO HY>KHO OINPEJETUTh BEPOSITHOCTH MPOBOSIIETO COCTOSIHUS MaTPUILBI
B 11e710M. Kak BUHO M3 TOCTAaHOBKM ATOM 33J]a4i, OHA SKBUBAJICHTHA 33a/1a4€ pacyéra
HaJIEKHOCTH, €CJIU KJIETKH MAaTPUIIbl pacCMaTPUBATh KaK CBS3aHHBIE 110 BEPTUKAIUA U
M0 TOPU3OHTANIM AJEMEHTHl HAJEKHOCTHOTO Tpada CUCTEMBbl. DTOT Tpad HEMPHUBO-
JIUM, TaK KakK €ro 3JEMEHTBI HE SBJISIIOTCS IBYXIIOJFOCHUKAMM.

Ecnu pemats 3Ty 3a7a4y TOYHBIM aHAJIUTHUYECKUM METOJIOM, OCHOBAaHHBIM Ha
Pa3NOKeHUH MHOKECTBA MCXOJIOB HAa 3JIEMEHTapHbBIE UCXONbl ¢ (PUKCHPOBAHHBIMU
COCTOSIHUSIMH DJIEMEHTOB, TO YHCJIO OTJEIbHBIX HCXOJIOB, NepeOrupaeMbIX MO aHAJIO-
TUU C TIPUBEICHHOM BhIIe Tabi. 1.2, cocTaBUT 2V e N = 20%20 = 400. Takum 06-
pasom, obmiee urcio ucxomoB cocrapisier 3aeck 2 = 2% = 10 ¥ = 10", i ono
3HAUUTEIBHO TpeBbImaeT npenen bpemepmana — Jmbu. CinegoBaTesbHO, PacCMOT-
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PEHHBIM AHATMTUYECKUNA CIOCOO pEIIeHMs] 3TOM 3aJayl TEXHUYECKH HEpeaan3yeM,
Jaxke ecnu Bbrauciienne y(X) /Uit KakIoro ucxoqa X CBECTH K OJHOW OMTOBOM ore-
paunu. B NEWCTBUTENBHOCTH ke I KaXJAOr0 KOHKPETHOIO MCXOJa HYKHO eIlé
IPOBEPSTh, CYLIECTBYET JIU B HEM MYTh U3 CBSI3aHHBIX MEXAY COOOW MPOBOAALIUX
KJIETOK, KOTOPBIM COEAUHSET JIEBYIO U IIPABYIO I'PAHULIBI MATPHULIBI.

MeTo CTaTUCTUYECKOTO MOJIEIMPOBAHUS TIO3BOJISIET 00XOIUTH B MOAOOHBIX 3a-
navax npenen bpemepmana — Ombu 1 00HapYKUBATh BaKHbIE 00IME 3aKOHOMEPHO-
CTH U 3aKOHbI ()YHKIMOHUPOBAHUSI CIOKHOU TEXHUUYECKOMN CTPYKTYpbI, HE HCCIEAys
CUCTEMATUYECKH BCEX €€ BO3ZMOKHBIX COCTOSTHUM.

IIpeumyiiecTBa CTaTUCTUYECKOTO MOJEIMPOBAHUS CIIOXKHBIX TEXHUYECKUX
CTPYKTYp PacCMOTPUM Ha MPUMEPE MCCIEAOBAHMS SBJICHUS NEPKOJSIIUU (IIpOTEeKa-
HUA).

5.4. Moaenu Teopuu NPOTEKAHUS

5.4.1. Cmamucmuueckoe mooenuposarue mampuysbt Juou

[Ipexne yeM paccMaTpUBaTh MOJENIN MEPKOJISIIIUHU, BBIIIOJIHUM HECKOIBKO JKC-
NEPUMEHTOB C MaTpULel D1Iou.

IIpumep 14. B suetiky Al Ha yuctom jucte Ms Excel BBeaute uncino 0,675.
OT0 uucno OyAeM HCHOJIb30BaTh KaK BEPOSITHOCTH p MPOBOJAIIETO COCTOSHUS
(BKIIFOUEHHS) DJIEMEHTOB MaTpuilbl Jumon. Beeaure B siueiiku 11000ro cBOOOJIHOTO
nuamnaszona, wumeromero pasmep 20 crpok Ha 20 cronbmoB, dopmyry
=ECJIN(CITYNUC()<$AS$1;1;0). Cnenaiite mmpuHy sU€eK ATOrO JUAra3oHa pPaBHOM
MX BBICOTE U MPUMEHUTE K HUM McHI0O @opMat/¥Y ciioBHOe (hpopMaTHPOBAHME, YTO-
Obl pe3ynbTar 0 BEIBOAMWIICA O€IbIM LIBETOM Ha OeioM Qone, a 1 — yépHbIM Ha 4€p-
HoM. Torma BKIIOUEHHBIC KJIETKHM MATPHUIIBI OyIyT M300pakaTbcs B BUAE YEPHBIX
kBagpaTukoB. C nomompio MeHto CepBuc/IIapamerpsl Ha Bkiiagke Bua oTkimrounre
omuio ceTka. Obpamurte rpaHuIlsl auana3ona pamkoi. Haxxumas kmrou F9, crene-
pUpYHTE M PACCMOTPUTE HECKOJBKO peaM3alil MOCTPOEHHONM MAaTpulbl OuIOu.
Ha puc. 1.10 moka3aHbl moixy4deHHbIE TaKUM 00pa3oM CIEAYIOIIME OJHA 3a JIPYTroi
MOAPSI YeThIpe peanu3anuu. Bo Bcex ueThIpéXx UMeeTCs MyTh U3 YEPHBIX KIETOUEK,
COCIMHAIONINK OOKOBBIE TPAHUIIBI MaTpullbl. HamoMHHMM, YTO CMEXHBIE KIIETKU
M0 IMaroHaJIid HE COEMHSIOTCA.

Puc. 1.10. Peanuzanuu matpuilsl Dmou npu p = 0,675

Ecnu 3aMeHUTh 3HAYEHUE BEPOATHOCTH BKIIIOUEHHUS JJEMEHTa B sueiike Al
Ha 0,525, To moay4aroTcs peanu3aldd MaTPUIlbl, B KOTOPBIX CBA3b MEXKIY €€ OOKO-
BBIMU I'paHUIIAMH, KaK MPaBUII0, OTCyTCTBYET (puc. 1.11).
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Puc. 1.11. Peanuzanuu Matpuiisl Dmou npu p = 0,525

BOmu3u 3navuenus p = 0,6 pe3yabTaThl SKCIIEPUMEHTOB HAYMHAIOT KOJIeOAThCS:
CBsI3b TO TIPUCYTCTBYET, TO HET. [Ipy ymameHun OT 3TOT0 3HAUCHHUS Pe3yJIbTaT dKCIIe-
pUMEHTa CTAaHOBUTCS TpEJCKa3yeMbIM BcE Ooiiee 0 HO3HAYHO. [103TOMYy BO3HHMKAET
IPEIIONOKEHUE, YTO 3HAYECHHUE Pypyr =~ 0,6 IPEACTABISIET COOOM HEKOE KPUTHUECKOE,
MIOPOTOBOE 3HAYCHHME BEPOSATHOCTH BKIFOUCHHS DJIEMEHTA, KOTOPOE JIOCTATOYHO XKE-
CTKO OIPECIISICT CBOMCTBA MPOBOAMMOCTH MATPHIIBI B IICIIOM.

DKCIEPUMEHTBI ¢ TTIOMOIIBIO MTPOTPAMMBbI, BBITIOIHSIOIICH 3aJaHHOE YHCIIO JKC-
MIEPUMEHTOB C MAaTPUIIAMHU PA3HOTO pa3Mepa M IPH Pa3HBIX 3HAUCHUSAX p, MTOATBEP-
KIAI0T ATy THUIIOTE3Y W MOKA3BIBAIOT, YTO C YBEIMYCHHUEM Pa3MEpPOB MATPHUIIBI CKOJIb
YTOJHO MaJible OTKJIOHCHHSI BEPOSITHOCTU BKJIIOYEHUS AJIEMEHTOB OT KPUTHYECKOM
KECTKO OMPEEIAIOT MPOBOIUMOCTh MAaTPHUIlLL. TakuM 00pa3oM, MOKHO ChHOPMYJITHU-
pOBaTh TEOPEMY: KOTZIa pa3Mephl MATPHUIBI CTPEMSATCS K OSCKOHEYHOCTH, HaJTUYHE
y Heé MPOBOAAIIEIO COCTOSHUS ONpPENEISIeTCs JIUIIb 3HAKOM Pa3sHOCTU (P — Pipur)-
[Touck mokazaTenbCTBA TEOPEMBI M OIPEICICHHE TOYHOTO 3HAYCHHS BEPOSTHOCTH
Dxpur €LIE HE 3aBEPILEHBI, U YUTATENIO IPEIAraeTcss UCIBITATh 3/1€Ch CBOU CIOCO0-
HOCTH.

PaccMoTpeHHBIN MpUMep MOKAa3bIBAaET, YTO B PAAC CIIyYacB IMIPH MOJICTUPOBAHUH
CIIOXHBIX CTPYKTYP MOKHO M3BJICKAaTh BaXXHYIO MH(POpMAaIUIO 00 MX CBOHCTBax Ha
OCHOBAHHUHU TOJIbKO BU3yaJU3aIliy M HAOIIOICHHS X04a dKCIIEPUMEHTA, Jaxke 0e3 Je-
TaJbHON KOJIMUYECTBEHHON 00pabOTKH €0 Pe3yIbTaToB.

5.4.2. Cmamucmuueckoe mooenuposanue peutémox bepuyniu

[Tpu pemennu 3ana4 GU3NKH PEeHIETOK pacCMaTPUBAETCS TaK Ha3bIBaeMas «Iep-
KOJISILIMSL CKBO3b DEpHYIUIMEBBI PEIIETKM» M HUCIOJB3YETCA IOHATHE KOHTAKTHOTO
kiacrepa. [IpuBenéM nosicHeHne 3TUX TEPMUHOB, UCIIOJIB3YS CICIYIONIYIO IUTATy W3
[25, c. 184]. «IIpocTeiiieit 3agaueit 0 NEPKOJIALUY ... SIBISACTCSA NEPKOIALUSA MO CBS-
35IM Ha KBaJpaTHOM pemérke. JlJig ynpoleHusi KapTUHBI IPEICTaBUM cede OOIbIIYIO
KBaJpAaTHYI PELETKY, COCTABICHHYI U3 JABYX BUIOB CTEPXKHEU: OJHU CJIEJIaHbI
U3 U30JUPYIOLIEro BUHWIA, IPYIUe — U3 JJIEKTPONPOBOAHON Menu. Takas pemérka
MOJKET CUUTAThCs pewémrot beprynnu, €l Kaxblil CTEpKEHb BEIOPAH COBEPILICH-
HO CJIy4aiiHO, HE3aBHCHUMO OT JPYIHX CTEp>KHEH, MPUUEM BEpOSATHOCTH BbIOOpa Mpo-
BOJSILEIO CTepkKHs paBHa p. Hambonblline CKOIUIEHUS CBSA3aHHBIX MEXAy COOOM
MEJIHBIX WJIM BUHUJIOBBIX CTEP’KHEN HA3BIBAIOTCSA COOTBETCTBEHHO MEIHBIMU WIIU BU-
HWIOBBIMHU K1acmepamu. ECny pemérka coaep uT XoTs Obl OJHY HEIPEPHIBHYIO Ii€-
IIOYKY MEIHBIX CTEpPXKHEH, DJIEKTPUYECKUH TOK CMOXET Mpoumu BCIO PEIIETKY
HACKB03b, OT ONHOIO Kpas A0 ApYyroro. B Takux ciydasx roBOpAT, YTO pEIIETKa
nepxoaupyem. (OT JTaTUHCKOTO per «CKBO3b» U colare «Teub».) Bee crepxHu, Haxo-
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JSIIAECS] B HEPA3pbIBHOM D3JIEKTPUYECKOM KOHTAKTE OJHOBPEMEHHO C BEPXHUM
U HIOKHUM KpasiMU PEIIETKH, 00pa3yloT «IEepKOJSUHUOHHBIN KiIacTep», a CTEpP)KHH,
HEIMOCPEACTBEHHO YYaCTBYIOIIUE B MEpeIaye, COCTABISIOT TaK Ha3bIBAEMYIO «Maru-
CTpaJib» KjiacTepa ...

... Hanbonee 3aMeuaTenpHas Haxo/ika XaMMEPCIN UMEET OTHOIIIEHHE K 0CO00i
POJIM HEKOTOPOUW MOPOTOBOM BEPOSATHOCTU WJIU, KaK OH €€ Ha3Ball, KpUMUUECKOU Ge-
POAMHOCMU Pypyr. ITA BEIMYMHA TOSABIACTCSA HA CLEHE, KOTAa pa3Mep pemeTkn bep-
HYJUTU (M3MEPSIEMBIA YUCIIOM CTEP)KHEH) CTpeMHTCsl K OeckoHedHocTH. OKa3bIBacT-
Csl, KOTZIA P > Pypur, BEPOSTHOCTD CYIIECTBOBAHUS MEPKOJALMOHHOIO KlacTepa BO3-
pacTaeT ¢ pa3MepoM PEIETKU U CTpeMHUTCS K eaunuue. Korga xe p < pipur, BEPOAT-
HOCTb MEPKOJIALNHN YCTPEMIIICTCS K HYJIIO.

ITockoJsibKy B cllydae MEPKOJISIIIMU IO CBS3SIM Ha KBAJAPATHBIX PEHIETKAX JIEJIO0
O0OCTOUT TakUM 00pa3oMm, 4YTo JHOO MeAb, JUOO BUHUI JIOJDKHBI MEPKOJIUPOBATD,
TO Prpur = Uo».

I[Tpumep 15. Ponb KpUTHYECKOW BEPOATHOCTH Pipur = '/, B MIEPKOJIALUN
CKBO3b bepHyIUTHEBBI pEMIETKM MOKHO YBHUJIETh B SKCIIEPUMEHTAX YXKE C I0CTATOYHO
HEOONBITUMHU pEeHIETKaMU. 3aMeTUM, YTO NpeNelbHbIE TECOPEMbl HE YKa3bIBAIOT
Ha pa3Mepbl PEeIETOK, MPU KOTOPBIX 3TH TEOPEMbI MOTYT UCIIOJIB30BATHCS HA IMpaK-
tuke. CTaTUCTUYECKOE MOJIETUPOBAHHUE IMO3BOJSET BOCIOJHATH MOIOOHBIE HEIOC-
TaTKU TEOPUH.

Otxkpoiite uncthrit uct Ms Excel, Beigenute ero u cienaiTe mmpruHy CTOIOIOB
paBHOUM BbIcOTE. Bhinenure nuana3on u3 10x10 kneTok M CKOMUPYMTE BO BCE €O
saueiiku oaHy dopmyny =CIIYUC(). Crayana juist Bcero nuara3oHa ¢ IOMOUIbIO Me-
Hi0 @opmat/SAyeiikn... Ha Bkiaake WpudTr 3axaiite Oenpiii uBeT mpudTa, 4TOOHI
B sYelKax HE OTOOpaXKaloCh MX COACPKHUMOE. 3aTeM ¢ TNOMOIbl0 MeHIo Dop-
Mat/YcaoBHoe (OpMATHPOBAHUE. .. 33/1aITE A1 3TOTO AUANIA30HA CIECAYIOIINE TPH
YCJOBHBIX (popMata JUisi BBIBOJIA COIEPKUMOTO STUCHKH.

VYcnosue 1 3nauenue meocoy 0,36 u 0,6 (namee kHomka dopmar... /BKIIajka
M pudT), nBet denviti (nanee Bkiaaka ['panuina), 3Ha4oK epanuya cHu3)y.

Ycnosue 2 3unadenue wmeaxcdy 0,6 u 0,84 (nanee kaorka dopmar... /BKiaaka
M pudT), nBet denviti (nanee Bkiaaka ['panumna), 3Ha4oK epanuya cnpasa.

Ycnosue 3 3Hauenue mexcdy 0,84 m 1 (manee xHomka dopmar... /BKiagka
M pudT), et denviti (nanee Bkiaaaka ['panumna), 3Ha40K epanuya cCHU3y U Cnpasa.

Otu dopMmaThl 3aJaI0T YCIOBHS TOJBKO JUIS BHIBOJIA HM)KHEW W MPaBOM TpaHUIL
KJIETKH, TTOCKOJIBKY COCTOSIHUE JIEBOU €€ T'paHUIbl ONPENeIUTCs KIETKOM, pacioio-
JKEHHOW JIEBEE, & COCTOSIHUE BEPXHEU TPAHULIbI — KJIIETKOM, PACIIOJIIOKEHHOM BBHIIIIE.

[TockonbKy cCay4yaWHbBIE 4YHCIA B SAYEHKE pACIHPENEIIEHBl PABHOMEPHO Ha
unrepBaiie (0, 1), To ¢ BepositHocThIO 0,6 — 0,36 = 0,24 (1m0 ycnoBuio 1) B suelike
MOSIBUTCSI TOJBKO JIMHMS BHU3Y. AHAJIOTMYHO ¢ BepositTHOCcThIO 0,84 — 0,6 = 0,24
(ycrmoBue 2) MOSIBUTCSI TOJBKO JIMHMS crpaBa, ¢ BepositHOcThio 1 — 0,84 = 0,16
(ycmoBue 3) mosiBATCSL 00€ JTMHUM, U ¢ BepoATHOCTHIO 0,36 — 0 = 0,36 (IpomyIeHHbIHI
B YCJIOBHSIX CIIyd4ai, ompejessieMblil 3aJJaHHBIM paHee 0e3yClIOBHBIM (hopmaToMm) He
OyZneT BBIBEICHO HU OJHOW JIMHUUA. OTH BEPOSITHOCTU TOYHO COOTBETCTBYIOT
BEPOSITHOCTSM COOTBETCTBYIOIIUX COOBITUI B pemérke npu p = 0,4. [leficTBUTENTBHO,
BEPOSITHOCTh HEMOSIBIICHUS HH OAHOW JuHUM u3 AByX ectb (1 —p)(1—p),
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BEPOSITHOCTh TOSBICHUS POBHO OJIHOM JHMHUM BHU3Y ecTh p(l —p), TakoBa ke
BEPOSITHOCTH TMOSIBJIEHWS POBHO OJIHOM JIMHUM CIIpaBa, U, HAKOHEL, BEPOSITHOCThb
OJIHOBPEMEHHOT0 MOSBIICHHS 00ENX JINHHUI eCTh p°.

C noMmouipr0 KHONKM ['paHMIBL... 3a7aiiTe UId BCEro AMANa3oHa TOPU30HTalb-
Hbl€ TUHUU cBepXy U cHu3y. C nomomibio MeHio CepBuc/IlapaMerpsl... Ha BKIaaKe
Bua caumute Quiaxkok cetka. Pactupaxkupyiite mOCTPOCHHBIN Tuana3oH MOCPE/CT-
BOM KonupoBaHus. [lepen BaMu — roTOBBIM CTEHA Ul IPOBEACHUS DKCIIEPUMEHTOB
OTHOBPEMEHHO C HECKOJBKMMM peanusauusaMu bepHyimmeBon pemérku. [t
peanuzanui pem€Tku ¢ p = 0,4 npencrasneHsl Ha puc. 1.12. XoTs peméTkn HEBEMKM,
IIPENCIIBHBIA 3aKOH KPUTHYECKOW BEPOSITHOCTH CKAa3bIBAETCA HA HUX YKE OLIYTHMO.
Hu B onHOM U3 peanusanuil NEPKOJBSINUSA — COCAUHEHUE BEPXHEH U HWKHEN T'PaHULL
peméTKH — 3JIECh HE UMEET MeCTa, NOCKONBKY p = 0,4 < pypur =

IR e FERE TLs puRl
DR T p SEhE e

| [ I [T 11

Puc. 1.12. bepHyJIIreBbl PEIETKHU TIPU p = 0,4 < Pupur

Ha puc. 1.13 mpuBenens! peanusanuu pemeTku npu p = 0,5 = pypur. IIpumepHo
B MOJIOBUHE U3 HUX MOSIBIISIIOTCS MEPKOJISIIMOHHBIE KJIACTEPHI.

ooy SR 3N R O
T S0 By 4

Puc. 1.13. BepHYJIJII/IeBBI pewéTku npu p = 0,5 = Prpur

Ha puc. 1.14 npusenensl peanusauuu pemwi€Tku npu p = 0,6 > pyour. 1lepromsanms
MIPOU30IIUIA BO BCEX PEATH3ALMIX PEIIETKU.
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Puc. 1.14. bepnymmensl pel€TKU npu p = 0,6 > pipur

5.4.3. Onpedenenue Kpumuueckou 8epoOIMHOCMU 8 PeULEéMKAX Pa3HO20 MUna

Ecnu HeoO6xoaumbl pa3HooOpa3Hble TOYHBIE KOJIMYECTBEHHBIE PEIICHUS, TO IS
CTaTUCTHUYECKOTO MOJCIUPOBAHUS 11€J1eCO00pa3HO MUCATh CHEIUalIbHbIE MOJIEIH-
pYIOIIHe MPOTPaMMBI.

Tax, ayist Oosiee MOTHOTO M3YYECHHS SIBICHUS MEPKOJSAIUU B PEMIETKAX Pa3HOTO
tuna (puc. 1.15) cryaentamu B pamkax YHMPC nHanncana nporpamma, Mmo3BOJISIFO-
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mask MOJAENMPOBaTh PEmETKH OoJblIoro pasmepa. [lporpamma BHU3yanusupyer pe-
3yJbTaThl UCIBITAHUN U MYTEM MHOTOKPATHBIX OMBITOB PACCUUTHIBACT IS KaXI0TO
THUIA PEIIETKU €€ KPUTHUECKYIO BEPOSITHOCTb.

Il KBanpaTHas pemeérka n3 IIOCKUX dJIEMEHTOB,

[ ] | ] y Ka)XkZI0ro ayeMeHTa 4 cocena
KBagparHas pemérka U3 INIOCKUX JIEMEHTOB,
y Ka)KJI0ro 3JIEMEHTa 8 cocenent

L . .

A1 KBagpartnas pemérka u3 eIMHUYHBIX pEOEp

AL
KoMOunupoBaHHas KBaJpaTHas peléTka U3 MIOCKUX
3JIEMEHTOB, COEAUHEHHBIX pEOpamMu

... [lTectuyrosnbHas peIIETKA U3 INIOCKUX DJIEMEHTOB

:8: [ectuyronbHas peméTka u3 peoep

Puc. 1.15. llecTb TUMOB PEMIETOK, UCCIEAYEMBIX Ha MEPKOISALIIIO

Ha puc. 1.16 npeacrtaBieHbl pe3yiabTaThl IPOBEACHHBIX C MOMOUIBIO 3TOW MPO-
rpaMMbl uccieaoBaHuii. Kakaerii cTomber auarpaMMbl H300pakaeT OIEHKY KPUTH-
YECKOW BEPOSATHOCTH OMKA3A DJIEMEHTOB JJIsI PEIIETKU OJHOTO KOHKPETHOTO THIIA;
MOPSIAOK CTONOOB Ha puc. 1.16 (cieBa HampaBO) COOTBETCTBYET MOPSAKY THUIIOB pe-
mETOK, MPUBEACHHBIX Ha pHUC. 1.15 (cBepxy BHU3). [lorpemHocTs NpUBEACHHBIX OIle-
HOK cocTaBiisieT okoJjio 0,05.

-
0.50

0.00
Puc. 1.16. Kputnueckas BEPOATHOCTD Gypur = 1 — Prpur

CamocTosTENbHBIN UHTEPEC MPEACTABISET UCCIEAOBAHUE PA3MEPOB KOHTAKTHBIX
KJIACTEPOB B pelIETKaX. B kauecTBe npuMepa UCHOIb30BAHUS CTATUCTUYECKOTO MO/IE-
JUPOBaHUSL JJI PEIICHUs MOJOOHBIX 3a/ad YIOMSHEM MporpamMMmy, HalMCaHHYIO
1oJl PyKOBOJICTBOM aBTOpa cTyaeHTamu B pamkax YHUPC. Ilporpamma B mporuecce
CTaTUCTUYECKOTO MOJCIUPOBAHUSA OOJBIINX bepHYJUIMEBBIX PEMIETOK BBIIEISICT
OTJICJIbHBIC KOHTAKTHBIC KJIACTEPHI, PaCKpallMBacT U BU3yalu3upyeT ux (puc. 1.17),
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a TaKXXe BBIYUCISIET pa3JIMYHbIE CTa-
TUCTUYECKUE XapaKTEPUCTUKH, BKIIIO-
yasi SMIIMPUYECKUE DPACIIpEIEIICHUs Be-
POSITHOCTEMN Pa3MepPOB KJIaCTEPOB.
Teopuss mnepkonsUUU NPUMEHUMA
B Pa3IMYHBIX 00JIACTAX HAyKU. TepMuH
MEPKOJISIAS, O3HAYAIOIIUN HnpomeKa-
Hue, OTPaXKaeT COOTBECTBEHHO U BO3-
MOKHOCTb MOJEIUPOBAHUS MMPOTECKAHUS
YKUJIKOCTH, HAIlpUMEP BOJbI WU HEPTH, I

Bucora [T .

B MOYBEHHBIX cpenax. B ¢usuke treopus s | e | [Eomeve] (i

[ e

MEPKOJISIIAN TPUMEHSIETCS TIPU PACUETE e
pacupoCTpaHEeHUs! TOKOB B CIy4alHOMN Puc. 1.17. 'eoMeTpus KOHTaKTHBIX
CEeTKE MPOBOJHUKOB. B pa3znene mare- KJIACTEPOB

puasioBenieHus «Teopus paspylieHuiD»

OHA HCMOJIb3yeTCs ISl M3y4EeHHUs pac-

MIPOCTPAHCHUS TPEIIUH NpH AedopMaluy MaTepraioB. B Meauimue Teopuro nepKo-
JSAA UCTIONB3YIOT JUIsl MOJCITUPOBAHUS paclpocTpaHeHus] HHPEKIui mpu 3a0oJie-
BaHUSX OpPraHU3Ma.

HerpynHo oneHuTs M XOpOIIME NEPCIEKTUBBI MTPUMEHEHUS 3TOW TEOPUU B WH-
(dbopmaTUKe W BBIUUCIUTENIBHOW TexHUKe. Eciu, Hanmpumep, HEOOXOAUMO OTpPaIUTh
TJI00ABHYIO CETh OT KOMIBIOTEPHOTO BUPYCA, TO MOCTATOYHO, YTOOBI KaXKIBIM OT-
JIeTBHBIN y3€7 3TOW ceTH ObUT HENOCTYIIEH JUIsi BUPYCa C BEPOSITHOCTBHIO, XOTS OBl
HEMHOTO MPEBOCXOISINIEN KPUTUUECKYIO BEPOSITHOCTh. B 3TOM ciydae ceTh B LIEJIOM
OyJZleT rapaHTUPOBAHHO OCTABATHCS CBSA3HOM M paboTocnocoOHOM. YacThuuHbIe TOTE-
pu QYHKIIMOHATBLHOCTH CETH (HampuMep, MOoTepHu €€ CyMMapHON MPOU3BOIUTEIBHO-
CTH) ONPEACISIIOTCS MPH 3TOM PACHPEACIICHUEM Pa3MEPOB KJIACTEPOB, MOPAKAEMbBIX
BUpycoM. J[Jis onpenesieHnsi KpUTUIECKOM BEPOSTHOCTU B TIOJOOHBIX HEPETYISIPHBIX
CeTSAX W JUISl YCTAHOBJICHUS 3aKOHOB paclpe/ie/ieHUs] KOHTAaKTHBIX KJIacTepOB TpeOy-
€TCS MPOBOJUTHh CTATUCTUUYECKOE MOJCIMPOBAHUE PEUIETOK C Hepe2YIAPHOU CMPYK-
mypoti. I3 IpUBEIEHHBIX MPUMEPOB BUIHO, YTO MEPKOJISAIIMOHHBIE MOJIETHU SIBIISIOTCS
MIEPCIIEKTUBHBIMH «HEKJIACCUYCCKUMMI» MOJICISIMHA HaJIEKHOCTH CIIOKHBIX HH(pOpMa-
IIMOHHO-BBIYNCIIMTEIHLHBIX CUCTEM.

= |7

6. UmuTanmoHHOE MOJACJIUPOBAHME

[TepBonauansno UM ompenensnocs Kak Crnoco0 OMMCaHWS W MOJCIUPOBAHUS
OUCKPemMHO-COObIMULHBLIX TIPOIIECCOB, MPUCYIIUX CHUCTEMaM MacCOBOTO OOCITY>KHUBa-
HUS, CHCTEMAaM C OTKa3aMHU U BOCCTAHOBJICHHEM BJIEMEHTOB, JUCKPETHBIM ITPOU3BO/I-
cTtBaM u T. 1. [12, 13]. KoMmnbroTepHOe MoieTMpOBaHNEe TTOJOOHBIX CUCTEM HauboJiee
7b(HEeKTUBHO pealin3yeTcs MOCPEACTBOM MPOrPaMMHUPOBAHUS CUMYJISITOPA — <«JIBUXK-
Ka», BOIUIOUIAIOUIETO JEHCTBHE MEXaHWU3Ma MPUYMHHO-CIEACTBEHHBIX cBsized. [Ipu
HAJIMYUKA CUMYJISITOpA MOJICTUPOBAHUE CBOJIUTCA K 3a/IaHUI0 HAYAJIbHOTO COCTOSIHUS
CUCTEMBI, TTyCKy CUMYJISTOpPA M HAOIIOACHUIO 32 MOCIEAYIONINM Pa3BUTHEM IPOIIEC-
COB B CHCTE€ME, KOTOpOoe O0e3yNnpeyHO KOPPEKTHO BOCIPOU3BOAMUTCS CUMYJISTOPOM.
C TOuYKM 3peHUs JIOTMKHA MOJEIMPOBAHUS 3/IeCh HAMOoJiee CYMIECTBEHHO TO, YTO
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OT TEKYyIIETO MOMEHTa BPEMEHH M MU3BECTHOIO B HEM COCTOSHMSI CUCTEMBI IIEpeMe-
LICHUE BIEPEN, K HOBBIM MOMEHTaM BPEMEHU U HOBBIM COCTOSIHUSIM CHUCTEMBI, IIPO-
U3BOJIUTCA IyTEM NPOAYLHMPOBAHUSA BBIBOJHOIO 3HaHUA. CHMYJISATOp LHKIHYECKU
MOBTOPSIET 3aJI0KEHHBIN B HETO CIOCO0 pacCy KIeHHUs], T. €. CII0CO0 BbIBOJIA U TOUHO-
IO BBIUMCIICHUS CJEJICTBUN O OnmkaiiieM OyayleM U3 mapaMeTpoB COCTOSHUS, U3-
BECTHBIX HA JJaHHBII1 MOMEHT MOJEIBHOTO BPEMEHH.

[Ipn MoaenupoBaHWM, YUUTHIBAIOIIEM BIUSHUE CIy4YalHBIX (DAKTOPOB, 3BOJIIO-
U1 CUCTEMBbI BOCIPOU3BOJIUTCS MHOTOKPATHO, U BBIYHMCIIAIOTCS HEOOXOAUMBIE CTa-
TUCTHUYECKHE TIOKa3aTelll, XapaKTepu3yIolie Habo1aeMble Iporiecchl. Takoe MHO-
TOKpaTHOE BOCIIPOU3BE/ICHUE 3BOJIIOLMH HE SABIIAETCS COOCTBEHHBIM aTpudyToM MM,
HO NpuHamIexuT merony Monte-Kapno, kotopsiid ucnons3yerca B MM kak meton
BBIYMCJIEHUS BEPOSITHOCTHBIX XapaKTEPUCTUK CUCTEMBI. [Ipm MoaenupoBaHuH Cily-
YaHBIX (PAKTOPOB MHOI'OKPAaTHOE BOCIPOU3BEIECHHUE BO3MOXKHBIX BapUaHTOB pa3BU-
THUSl IPOLIECCOB TO3BOJISIET MOJIYUYUTh MOJIOCY HAauOoJjee BEPOSATHBIX TPAEKTOPUM H3-
MEHEHHS [T0KA3aTeNeH, HAUTH TPACKTOPUHM MATEMAaTUYECKUX 0XKUAAHUM IOKa3aTeseH,
HAaUXyAUW YW HAWIyYIIMd CUEHApUM pPa3BUTUA mpoueccoB. Ho y4ér ciydalHbIX
dakTopoB He o0s3arenbHO npucyTcTByeT B MMM. Tak, npu mMoaenupoBaHuud TpouU3-
BOJCTBEHHBIX CHCTEM MeECTa JUIsl MMHUTALMM CIy4ailHOCTEH OCTA€TCsl TEM MEHBIIIE,
YeM BBIIIIEC CTEIICHh aBTOMAaTHU3allMU dTHX cUcTeM [32].

CoBpeMeHHbII ypoBeHb TeopuH U npakThuku MM [4] oxBaTbiBaeT yeTbipe napa-
JUTMBbl, B YHUCJIO KOTOPBIX, HapsAy C PAacCMOTPEHHON MapagurMoul OuckpemHo-
CcOOBIMULIHO20 MOJICTUPOBAHUS, BXOJAT CICAYIOUINE TPU: MOJCIUPOBAHUE OUHAMU-
yecKkux cucmem, cucmemHnas ounamuxa B cmbicie @oppecrepa [33] u mHocoazcenm-
HbI N00X00. AHAIN3 UCTIONB3YEMOUM B HUX JIOTMKM MOJIEIMPOBAHUS TOKA3bIBAET, YTO
BCE 3THU MapaJIUrMbl, KaK U JIUCKPETHO-COOBITUITHOE MOJIETUPOBAHNE, OCHOBAHBI HA
IIPUYUHHO-CIICICTBEHHOM MEXaHM3MeE MPOIBUKEHUS IIPOLECCOB BO BpeMeHH. Pas-
JUYUs B NIepeuncieHHbIX napagurmMax UM oTHocATCs uiib K CIOcO0y MHTEpIpeTa-
11U (T. €. K CEMaHTHKE) OCHOBHBIX CTPYKTYPHBIX KOMIIOHEHTOB UMHUTALIUOHHBIX MO-
JIeJIEN; HO JIOTMKA UMUTALIMU IPOLIECCOB OCTAETCS €AUHOM.

Tak, j10oruKka MOAENUPOBAHUS HEMPEPBIBHBIX OUHAMUYECKUX CUCHEeM B YacTH
MEXaHU3Ma IPOJBM)KEHUS BO BPEMEHM COBHAAAET C JIOTHKOW JIHCKPETHO-
coOBITUHHOTO MozenupoBanus. E€ A3bIkoBas peann3anus MOXKET ObITh CBE/I€HA, Ha-
npUMep, K OMHUCAHUI0 MOAETUPYEMBIX HENPEPBHIBHBIX MPOILECCOB AU(epeHInaIb-
HbIMH ypaBHeHussMH (1Y), npencraBiennbiMu B popme Komm [33], koTophle pemia-
I0TCS YHCJIEHHBIMU METOJaMH C aBTOMAaTHYECKUM oAO0poM I1ara BpemeHu. 11ono0-
Hasl A3BIKOBAsl peanu3alus MpeacTaBisieT co00M cBOe0Opa3HbId, HO BHELIHUN aTpH-
OyT mapaaurmMbl MOJAEIMPOBAHUSl TUHAMHYECKUX cucTeM. Beap ananutuueckas dop-
Mma 1Y ucnonszyercs B UM nuiiib B Ka4eCTBE KOMIIAKTHOU npomedcymounou popMel
ONMCAHMS IIPUYNHHO-CIIEICTBEHHOIO MEXaHNU3Ma Pa3BUTHUS MPOLIECCOB, HO CaM ATOT
MEXaHU3M B KaueCTBE JEHCTBUTEIBHOM JIOTMUECKOW OCHOBBI MOJEINPOBAHUS MC-
H0JIb3yeTCs, (PAKTUUECKH, HAaUMHAs yKe ¢ 3Tana cocraByieHus Y.

Cocrasienue /1Y, ONUCHIBAIOIIMX JUHAMMUYECKYIO CHUCTEMY, €CTh (pUKcarus
JNEUCTBYIOIMX B CUCTEME NMPUUYMHHO-CIIEACTBEHHBIX CBA3€il. MBI BBIpa)kaeM HOBBIE
3HAYEHUS MEPEMEHHBIX B KOHIIE MHTEpBaia BpeMeHHU (Z, ¢ + df) uepe3 U3BEeCTHbIE 3Ha-
YEeHUs B €r0 Hadaje, ONUpasiCh MMEHHO HA 3HaHHWE NTPUYMHHO-CJIEJICTBEHHBIX CBS3EH
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(cwi1, 3aKOHOB, MPUHITUIIOB), NEUCTBYIOMUX B cucteme. M Ha aTane uMuTanuu JuHa-
MUYECKON CHCTEMBI, KOT/Ia OECKOHEUHO MaJible MPUPAIICHUS BPEMEHH df 3aMEHSIOT-
Csl B YPAaBHEHUAX KOHECUHBIMU MPUPAIICHUSIMU Af, UMUTAIMsI BHOBb Pa3BOPAYUBACTCS
KaK NEpEMEIIECHHE BO BPEMEHH, IMOCIEAOBATEIbHO pPEAIHU3YIOLIEE 3aJaHHbIE HAMU
MPUYUHHO-CJICICTBEHHbIE CBSI3U. 3/1€Ch MpU OoJiee NEeTalbHOM PAaCCMOTPEHUU MOXK-
HO, KOHEYHO, YBUJIECTh OTIWYUE OT MOJEIUPOBAHUS JAUCKPETHO-COOBITUHHBIX IMPO-
IIECCOB M B Crioco0e BrIOOpa 1rara Af, HO ¢ TOUYKH 3PCHHUSI JJOTUKH MOJCIUPOBAHUS U
ATO OTJIMYME — BHEIIHEE, YUCTO TEXHUYECKOE. JIOrMKa HCIOJIb30BaHUs W3BECTHOTO
MPUYUHHO-CJICJICTBEHHOI0 MEXaHU3Ma KaK «JIBMKKa» MMHUTAIIUU COXPAHSIETCS HEU3-
MEHHOM.

Yro kacaeTcs mapagurMbl TaK Ha3bIBAEMOU cucmemHot OuHamMuKu, TO OHa C ca-
MOTO Hauaja MpearnojaraeT OlnucaHue HEMPEepPhIBHBIX MPOIECCOB (ITOTOKOB U YPOB-
Hel) B opme, OMM3KONW K KOHEYHO-PA3HOCTHBIM YPAaBHECHHSIM, T. €. OTIMYACTCS
OT MOJEIMPOBAHUA JUHAMHYECKHX CUCTEM JMIIb BHEWHE. IIpu 3TOM mpuymHHO-
CJICJICTBEHHAsI JIOTUKA MPOJIBIKEHUS TTPOILIECCOB BO BPEMEHHU 3]1eCh Oosiee 04eBUIHA,
YeM MPU UMUTAIMU JUHAMUYECKUX CUCTEM, MOCKOJbKY B MOAXOJaX CUCTEMHOM Ju-
HAMUKH OTCYTCTBYET MPOMEXKYTOYHas ¢a3a OMUCAaHUS CUCTEMBbI Ha si3bike mudde-
PEHLHUAJIOB.

Hakoneu, B mnocoacenmnou napagurme MM 1eneHanpaBiI€HHOE MOBEJICHHE
B3aMMOJICHCTBYIOIIUX «ar€HTOB» TAKXKE PeaM3yeTCs MPUUYMHHO-CIIECTBEHHBIM Me-
XaHU3MOM IPOJIBIXKCHHS BO BpEMEHHU. ATEHTHI — 3TO 00BEKThI MOJIEIIH, HHTEPIIPETH-
pyeMbIe KaK HE3aBHCHUMbBIC aKTHBHBIC CYIIHOCTH, KOTOPBIE HE YMPABJISIIOTCS U3 €I1-
HOTO I[EHTPa, UMEIOT OTPAHUYCHHYIO HH(OPMAITUIO O CUCTEME B LIETIOM U, TIPECIIEIy I
KOKJbIA CBOU 1IENH, MPEANPUHUMAIOT COOTBETCTBYIOIIHUE JEWUCTBUS, BBHIOMpacMbIe
U3 OrpaHUYEeHHOro mnepeyHs. MHTeprnpeTalus MmpaBuil BbIOOpAa MOXKET OMHUPATHCS
Ha KaxyIeecss oOpaleHue BPEMEHHU: JKellaeMas IeNIb CIYKUT areHTy OTHpPaBHBIM
MyHKTOM, IPUYMHOMN AJi BBIOOpA, JexKallen B Oyay1ieM, a caM BbIOOp — CIIEJICTBUEM,
OCYIIECTBISIEMBIM B HacTtosimeM. OqHako ¢ (popMaabHO-TOTUYECKONW TOYKH 3PEHUS
BBIOOpP, OCYIIECTBIISIEMBIN JIFOOBIM areHTOM, MPEAONPENeEH TOCTUTHYTBHIM Ha MO-
MEHT BbIOOpa COCTOSIHHEM CUCTEMBI M 3HAYCHUSIMU NTapaMETPOB, U3BECTHBIX arcHTY.
[ToaTOMy nefcTBHSI ar€HTOB UMUTHUPYIOTCS B MOJENIM TOYHO TakK K€, KaK U JIoObIe
JIpyrue cOOBITUSI, — KaK MPSIMbIE CIIEJICTBUSL U3 JOCTUTHYTOI'O COCTOSIHUSI CUCTEMBI.
N MopenbHOE BpeMsi MPOJBUIAETCS CUMYJISITOPOM CTPOrO BOEPED, B TOYHOM COOT-
BETCTBUU C MEXaHU3MOM MIPUYUH U CICIACTBUM.

B ceMaHTHYeCKOM IJIaHE KOHIEMIIMS areHTOB KaK CaMOCTOSITEIbHBIX, aKTUBHO
JEUCTBYIOLIUX CYIIHOCTEW OKA3bIBAECTCSA YPE3BBIYAMHO IOJIE3HOU IPU MOJEIUPOBA-
HUU CUCTEM, B KOTOPBIX COBOKYIHOE JEHUCTBUE MOJOOHBIX CYIIHOCTEH MPUBOJIUT K
HBOJIIOIUH, HEMPEICKa3yeMOM C TOYKU 3PEHHs OTJEIbHBIX areHTOB M MHOTAa Ooee
«pa3zyMHON», 4eM IMOBeJeHUE JII000ro OTIAENbHO B3SITOTO areHTa. JTa KOHUEMUUs
CYIIIECTBEHHO pacmupsieT cdepy MpaKTUYECKOro HCMoyib3oBaHus MM, TOCKOIBKY
MPUBOJIUT K HOBBIM CMBICTIAM MPU UHTEPIIPETALUA MOJCIICH, U OHA TMOJIEPKUBACTCS
HOBBIMH SI3BIKOBBIMU U rpadudeckumu cpeactBamu UM [4, 34]. Kpome Toro, MHOTO-
areHTHBIN MOAX0]] MOXET ObITh UCTOJIb30BaH HE TOJIbKO B cucTteMax M oOiero Ha-
3HaueHus. Hanpumep, oH BecbMa d3(PPEKTUBHO peann3yeTcs B aHATUTUIECKUX MOJIe-
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JISIX 9KOHOMUKH, pa3zpadaTeiBaeMmbix Ha B[ PAH noxa pykoBonctBom akanemuka PAH
A.A. Ilerposa [35].

Bo scex uemwvipéex sepcuax UM cuMynaTOp-ABUKOK ITPOJABUTAET BIEPE «HE CO-
BCEM MTHOBEHHBIID» TEKYIIUI BPEMEHHOMN Cpe3 CUCTEMBI. DTOT CPE3, a TOUHEE — Bpe-
MEHHOW CJIOM, UMEET MUHUMAJIbHYIO «TOJIIMHY», HEOOXOAUMYIO ISl IPABUILHOTO
onpenesieHuss OMmKalMX MPeACTOAIUMX H3MEHEHUW W JUIsl MPABUIBHOTO PEKYp-
PEHTHOTr0 mepecuéra MoKazaTesied, TPeOYIONIEro MOMHUTh MOMEHTBI TMOCIETHUX
MPOU30LIEAININX U3MEHEHUNH. MHUHUMAaIbHAas TOJIIMHA BPEMEHHOI'O CJIOS CUCTEMBI,
HaXOJISIIETOCs B IMOJI€ 3PEHUS CUMYJISITOPA, MO3BOJISIET €My MPU OTPAaHUYEHHBIX pe-
Cypcax KOMIIbIOTEpa NMEPEMEIIATHCS B MOJIEIbHOM BPEMEHHM CKOJIb YTOJHO JAJEKO,
0e3011M004YHO, 3a CEKYH/Ibl MPOABUTasl BOEPE ITO CBOE IMOJIE 3pEHUS BJIOJIb MUJLIIUO-
HOB (DaKTOB OTCIIEKUBAEMOW UM NMPUYUHHO-CIICJCTBEHHON LENU U JIOCTUTas 3ajaH-
HbIX JIITP pyGexeil.

N3BectHpiMU JocTOMHCTBaMU MM SIBIISIIOTCS THOKOCTH M BO3MOKHOCTH MO/Ie-
JUPOBAHMS CUCTEM Ha JIOOOM YpOBHE JeTanu3aluy uiu adcTtpakiuu. Hemocpenct-
BEHHO B XOJI€ MMUTAIMOHHOTO JKCIIEPUMEHTa MOKHO BBOJUTBH JIOMOJTHUTEILHBIC
TaHHBIE, KOHCTPYUPOBATh HOBbIE MHPOPMATHUBHBIC MMOKA3ATENH, HAOMI01aTh TpaduKu
M3MEHEHHUsI TOKa3aTesiel U MepeMEeHHbBIX, UCIIOJIb30BaTh BUEO WM aHUMAIIUIO B pe-
aIbHOM MacIiTade BpeMEHH M KaueCTBEHHO (HE KOJIMYECTBEHHO) OIICHUBATH MPOIIeC-
Chl HA OCHOBaHUU TOJIbKO HAOJIOJICHUS aHUMAIITMOHHOW KapTHUHBI. DTU JIOCTOMHCTBA
UM 1o3BOssit0T 3(DPEKTUBHO HKCIONB30BATh €0 M ISl PEIICHUS TEOPETHUYECKUX
npo0iem, B cUMOMO03€ ¢ aHAIMTUYECKUM MojenupoBaHueM. [Ipu pemieHun npakTu-
YeCKUX MpoOJeM yIpaBieHUS U TPOSKTHPOBAHUSA B TOCJIEAHHE TOAbl B Poccum
(Bcaex 3a CIIIA u EBpomnoii) UM Bc€ Gosiee MIMPOKO UCHOJIB3YETCS KaK CUCTEMOO0O-
pasyroliee U HanboJiee IICHHOE 3BEHO MPOIIECCOB MPHUHATHS peteHuit [36].

7. HoBble Bo3MmokHOCTH GPSS

7.1. UcxoaHbIe MOJTOKEHUS

[IpakTrueckue y4deOHBIC 3aHATUS MO AUCHUILIMHE «MOJETUPOBAHUE CUCTEM
MPOBOJATCSL C MCIIOJb30BAHUEM SI3bIKA HMMUTAIMOHHOrO MojenupoBanus GPSS
[8, 13, 37—40] Ha ocHoBe yueOHOr0 nmocodus [15]. B atom mocobuu naércs BBeAcHNE
B TeopeTuyeckue ocHOBbI MM, mpuBoasTCsS HEOOXOAMMBIE TPUMEPHI pa3pabOTKu
porpaMM U MOJICTIMPOBAHUSI KOHKPETHBIX CHCTEM, a TaKXKE COOOIIAIOTCS CBEICHMUS
CIIPAaBOYHOTO XapakTepa, JOCTATOYHBIE [IJII CaMOCTOSITEIbHOTO HCIOJIb30BaHUS
GPSS B npyrux 3agauax MoaenupoBaHus. MIMerOTCsl 3JIEKTpOHHBIE BEPCUU 3TOTO TO-
coOusi, MO3BOJISIIONINE BO BpEMS 3aHATUNA 00€CTIEYUTh HEOOXOAUMBIM METOANYECKUM
MaTepUaioM Ka)KJIOr0 y4Yallerocs, BKJIOUYas T€X, KTO UCIOJIb3YET AUCTAHLIMOHHYIO
dopmy 00yUeHusI.

OpmHako co BpeMEHM u3JlaHus 1ocoOust [15] BBINLIO MHOXXECTBO HOBBIX BEPCHIA
cucrembl MozaenupoBanus GPSS. B nactosiee BpeMsi HanOosee pactpoCTpaHEHHOM
pycckosizbruHoi Bepcueit sBisiercst GPSS World — coBpemennas Bepcust GPSS nnis
nepconanbHbx DBM 1 OC Windows. B cBs3u ¢ 3TiM BO3HHKIIAa HEOOXOJUMOCTH MPH-
Bectu ocHOBHBIe oTimuust GPSS World or cucremsr GPSS/PC, ommcannoii B [15].
OTU OTIWYMS TIEPEUUCTISIOTCS HUXKE C UCIOIb30BAHUEM TEPMHHOJIOTUU, U3BECTHOMN
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nons3oBaresiMm GPSS/PC. [puBenenHoro 37ech MaTepuaia TOCTaATOYHO ISl TIEPEX0-
na B yueOHoM mporiecce k nmpuMmenennto GPSS World, nmockonbky KOHIENIHS sI3bIKa
GPSS B nenom He m3MmeHunachk. Eciau uurtatensaMm notpedyercs pa3paboTKa CI0KHBIX
MojieJiell He y4eOHOro, a MPOM3BOJCTBEHHOIO MM HAYYHO-HCCIIEI0BATEIb-CKOTO Ha-
3HAUCHHUSI, PEKOMEHAYETCS UCIOJIb30BaTh yueOHble mocodus [37] u [38], B KOTOPBIX
JOCTYIHO M TIOJIHO OMMCHIBAIOTCA BCE TEOPETUYECKHE U MPAKTUUYECKUE ACTIEKThI UC-
nons3oBanus GPSS World, unn pupmennyto nokymenrarmro [39, 40].

7.2. Oomue ceeaenusi o GPSS World

GPSS (General Purpose Simulation System) — oO1eneneBasi cucreMa MOJCIH-
POBaHUsI CIOXKHBIX CHCTEM, pa3padoTtanHas xedhdpu ['opaonom B 1960 r. B komma-
nuu [BM. IlepBoHavanbHO pa3pabaThiBasiach U MOJep)KuBaiachk kommnanueir IBM.
B Hacrosimee BpeMs MMEIOTCS BEpCHUU PA3NMYHBIX pa3zpaboruukoB. B HuTepHeTe
OOIIMPHYI0 UH(OPMALIMIO O CHCTEME MPEAOCTaBISIOT CIEAYIOLIUE PYCCKOS3bIUYHBIC
WUCTOYHUKHU:

http://www.gpss.ru — nopran GPSS.RU, mocBsiimeHHbIi IMUTAITMOHHOMY MO/Ie-
JMPOBAHUIO ¢ ucnonbzoBanueM GPSS u npyrux cpencrs;

http://gpss-forum.narod.ru — caiit FOpust HockoBa o GPSS.

[Ipenmaraemoe HUXke onucaHue HOBBIX Bo3MoOxkHOCTe GPSS mpencrasnser co-
0o¥ uH(bOpMAINIO, TTOTYYSHHYIO C TTIOMOIIBIO dTUX UCTOYHUKOB U QIalITUPOBAHHYIO
K Y4eOHBIM TJTaHaM CTICITUATBHOCTH.

Cucrema GPSS World, paspaborannas kommanumeir Minuteman Software
(CIIIA), — 510 MOIIHAs Cpella KOMITBIOTEPHOTO MOJISTUPOBAHUS OOIIEr0 Ha3HAUCHHS,
paspaboTaHHas i npodecCHoHanoB B obmactu MoaenupoBanus. OHa OXBaTHIBACT
00J1aCTH KaK TUCKPETHOIO, TaK U HENPEPHIBHOTO KOMITBIOTEPHOI'O MOJIETUPOBAHMSL.
GPSS World — sTo mpsimoe pasButue si3bika moxaenupoBanusi GPSS/PC, oxnoit u3
nepBbIX peannzanuit GPSS nis nepcoHanbHbIX KOMITBIOTEPOB.

Hcnonb3oBaHne MeXaHU3Ma BUPTYyaJIbHOM mamsaTH mo3Bosisier mogensm GPSS
World peanvHo nocturath pasmepa Muudapia OalT. BeITecHstomas MHOT03a/1a4-
HOCTh ¥ MHOTONOTOYHOCTH OOECIIEYMBAIOT BBICOKYIO CKOPOCTb PEAKIMH Ha YIpaB-
JstoIIMe Bo3ecTBUS U 1aioT Bo3MoxkHOcTh GPSS World onnoBpeMenHo BbImod-
HSITh MHOXECTBO 3a]1a4.

Bo3mokHOCTB Iepexojia u3 JUCKPETHOU (a3bl MOJAECTUPOBAHUS B HETIPEPHIBHYIO
(dazy u 00patHO 00ECleUrBAET TECHYIO CBSI3b C HEMPEPBIBHBIM MOJICIUPOBAHHUEM.
B nenpepbiBHOI (ha3ze MOTYT OBITh YCTaHOBIIEHBI MOPOTOBBIE 3HAUYECHMS, YIPABIISIO-
HIMe CO3JaHHEeM TPAH3aKTOB B AUCKPETHOM (asze.

Ha ypoBue unrepdeiica GPSS World npencrasnsier coboi peanuszaiuio apxu-
TEKTYPbI «JIOKYMEHT-BH]», OOIICH 7Sl BCEX MPHUIOKEHUN OMEPAIMOHHONW CHCTEMBI
Windows. O0BEKTBI MOTYT OBITh OTKPBITHI B HECKOJIBKHX OKHAX, U3MEHEHBI M COXpa-
HEHbl Ha TIOCTOSIHHBIX HOCHUTENSAX HWHGOpMaruu. Peann3oBaHO NPHUBBIYHOE MEHIO
IJIaBHOTO OKHA C OJIOKMPOBKOM HEIOCTYIHBIX KOMaH MEHIO.

GPSS World coxpaHsier u pa3BUBaeT BBICOKMA YPOBEHb HHTEPAKTUBHOCTH
BO BpeMsi Iipoliecca MojenupoBanus, nocturayteiii B GPSS/PC.

GPSS World otnuyaetcsi BHICOKUM YPOBHEM BU3YaJIW3alMH BBITOIHSIONIECTOCS
npoliecca MojaenupoBanus. st HaOMIOACHUS U B3aMMOJEHCTBUS C MPOIIECCOM MO-
JAEeTMPOBAHUS UCTOIB3YIOTCS JIBaALATh Pa3IMYHBIX OKOH, COOTBETCTBYIOLIUX OOJb-
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meit yactu oobekToB GPSS. s monyuyeHus, coXpaHeHUs W MedYaTH BU3YalbHOTO
IPEJICTaBICHUS COCTOSHUS Mpollecca MOACTUPOBAHUS HE TPeOyeTCsl JOMOIHUTEIb-
HBIX yCWJIHH, KpoMme oreparuii ¢ okHamu. B GPSS World Bctpoena ¢ynkius xom-
MJIEKCHOM CTUJIM30BAaHHON aHMMauuu. JTa QyHKUUS oOecreyruBaeTcs OONbIIUM KO-
JUYECTBOM OKOH, KOTOpbIE JUHAMUYECKHA OToOpaxaroT o0hekThl GPSS B mpomecce
MOJEIUPOBAHUS IO MEPE U3MEHEHUS UX COCTOSIHUA. J{J1 co3qaHus Tako aHUMAIUU
He TpeOyeTcs MOMOJHUTEIbHBIX ycwiuil. I'paduyeckue n3oOpakxeHUs MOTYT OBITh
COXpaHEHBI JIsl BKIIFOUCHHUS B OTYCTHI U/WJTU pacliedyaTaHbl.

GPSS World sBnsercs Bepcueit GPSS, yiydiieHHOW BCTPOCHHBIM SI3BIKOM
nporpamMmmupoBanus PLUS — a3b1k0M IporpaMMUpOBaHusl HU3KOTO YPOBHS MOJEIH-
poBanus. Ota Bepcus GPSS Brimtouaer B cebs 53 Tuma 6J10KOB U 25 KOMaH/I, a TaKKe
0osee yem 35 CHCTEMHBIX YHCIIOBBIX aTpUOyTOB, KOTOPhIE OOECIEUNBAIOT TEKYIIIHE
NIEPEMEHHBIE COCTOSHUSA, JOCTYIHbIE B TIOOOM MECTE MO/IEIH.

PLUS — »T0 HE6OmBI1I0M, HO 3 (HEKTUBHBIN MPOIIETYPHBINA S3bIK MPOTPAMMHPO-
BaHWUs, CO3JaHHbIN u3 12 Tunos oneparopos. Ero a¢dextuBHOCT, BO MHOTOM 00Oec-
neyuBaeTcss OoNbIION OMONIMOTEKON TMpoleAyp, COAepKalleil MaTeMaTUYeCKue
byHKIMKA U QYHKIIMA MAaHUTYJISINA CO CTPOKaMHU M oOecrieunBaroiieil 6oraToiii BbI-
O0p BEPOATHOCTHBIX pacipenesieHui A1 TeHepaluy CIy4ailHbIX BEJIUYHH.

B GPSS World Moxens onpenensieTcss Kak MOCIEI0BATEIHFHOCTh OMEPATOPOB.
Oto omneparopel GPSS, oneparopsr PLUS-nipouenyp win oneparopsl PLUS-3kche-
pumenToB. Bce omepatopel GPSS (3a uckitoueHHMEM CHUCKOB AAHHBIX (PYHKIUH)
JIOJDKHBI COCTOSATh M3 OJHOM TEKCTOBOHM CTPOKM IHHOW 10 250 cumBojOB. JlroOoi
onepatop GPSS MoxkeT BXOAUTH B MOJIENb M COXPAHATHCS B (aiiie MOAeIn WIH MO-
eT OBITh NIEPE/IaH MPOLIECCY MOACIUPOBAHUS B UHTEPAKTUBHOM PEXUME.

7.3. OcHOBHBIC HOBOBBE/ICHUSA

B si3pike MoJienupoBaHusl ObUT ClIeNIaH psii U3BMEHEHUN. BbUI0 UCKITI0UeHO MOHS-
THE€ YIPABISIIOLIUX OnepaTopoB. Teneps Bce ONMepaTophl, HE SBIISIIOLIMECS OMEPATO-
pamu 6510k0B GPSS, Ha3bIBatoTCA pocTo KoMaHAamMu. Homepa cTpok UTHOPUPYIOTCS
B GPSS World. Ecnu ke oHM HCMONB3YIOTCA, TO TOJDKHBI HAYMHATHCS B TIEPBOM
CTOJIOIE TEKCTOBOM CTPOKH.

Taxxe B GPSS World He mpuMensercs aBToMaTH4eckoe OKpyrieHue. Temnepb
HE0OXOJMMO SIBHO HMCMOJB30BaTh TMpouenypy Int() umm xakoi-nubo npyroit Metos,
eciu TpeOyeTcsi OKPYIJIATh MPOMEKYTOUHBIE YHCIIOBBIE PE3YNbTAThl. DTO CHpaBe-
JMBO ISl BCEX BbIpakeHMi, a Takxke ais oneparopoB VARIABLE u BVARIABLE.
Tenepp 3HaueHHs, BO3BpallaeMble CHUCTEMHBIMU YHUCIOBBIMU aTpubytamu (CYA),
B 3aBUCUMOCTH OT KOHKpeTHOro CYA MoryT OBITh 1I€JI0r0, BEUIECTBEHHOTO WIIH
ctpouyHoro tuna. Jlaxxe CHA, Bo3Bpanaromye 3Ha4eHMs B THICIYHBIX JIOJISIX, BBINOJ-
HSIOT 3TO € MOMOILBIO BEIIECTBEHHBIX YMCEI JBOMHOW TOUYHOCTH, JIEKAIUX B UHTEP-
Basie oT 0 no 1000 BrmounTenpHO. «CTappie» OKpyrieHus U uenouncieHHsile CUA
MOTYT OBITh UCIOJIb30BaHbI B kKomMmepueckor Bepcur GPSS World B cnenmansHOM
pexumMe — pexkume coMmectumoctu ¢ GPSS/PC.

PLUS-onepatopsl, B omiimune ot omepatopoB GPSS, moryt 3anumars Jiro6oe
KOJIMYECTBO TEKCTOBBIX CTPOK. MaTeMaTuuecKre BbIPAKEHHUSI, 3aKIIFOUEHHBIE B CKOO-
KM, TETIEpb MOTYT MCHOJIb30BAThCS MOYTH Be3AE, rae ucnonb3dyrrcs CUHA. Beipaxe-
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HUS SIBJISIIOTCSI HEOTheMJIeMOW 4acThio si3bika PLUS, HO oHM TakXke HCHOJIb3YIOTCS
JUISl paclIMPEeHHs] BO3MOXKHOCTEN onepanaoB B oneparopax GPSS. Ecnu BeipaxkeHus
HCIIOJIB3YIOTCS B omepannax omneparopoB GPSS, To orm A0mKHBI OBITH 3aKITIOUEHBI
B cKOOKH. Takke ObUTH J00aBJIEHBI HOBBIE TUITBI ONIEPATOPOB.

7.4. HoBble onepaTtopbl U TUNBI JaHHBIX GPSS

B GPSS World no6GaBnensl cienyrorire HOBbIE OJIOKU:

— ADOPT — u3meHsieT HoMep CEeMENCTBA;

— DISPLACE — mensieT TpaH3akTy CIeAYIOLUI o MOPsAKYy OJOK B MOCIEI0Ba-
TEJIBHOCTH OJIOKOB;

— PLUS — Bbuncnser 3Hauenne PLUS-BbIpaxeHHSI U COXpaHSET pE3yabTatr
B [1APAMETPE;

— INTEGRATION - Bk/IIOYaeT/BBIKIIOUAET WHTETPUPOBAHUE TEPEMEHHOU
II0JIb30BATEIIS;

— OPEN — nHMIManu3upyer nNoToK JaHHbIX;

— CLOSE — 3akpbIBaeT NOTOK JaHHBIX;

— READ — cuuThIBaeT CaeAyrony0 CTPOKY AaHHBIX U3 TOTOKA JAaHHBIX;

— WRITE — nepenaer 3HaueHUE BEJIMYUHBI B IOTOK JTAHHBIX;

— SEEK — n3MeHseT yKa3arenb CTPOKH B IIOTOKE JTaHHBIX.

JloGaBiieHbl onepaTophl, 00ecIeYnBaIOLINe YIIPaBI€HUE WHTEIPUPOBAHUEM He-
IPEPBIBHBIX NEPEMEHHBIX, IPUMEHEHUE COCTaBHbBIX (HaJIOB MOAEIU U OUOIHOTEK
npoieayp, a Takxke Boi30B PLUS-3kciepuMeHTOB:

— CONDUCT - Boinonnsiet 3apeructpupoBanblii PLUS-3kcniepuMenr;

— EXIT — 3aBepmaet ceanc pabotsl ¢ GPSS World, mpu 3ToM MOXKeT COXpaHATb
OOBEKTHI;

— INTEGRATE — aBTOMaTH4€CKH BBIYUCIISIET UHTErPajl JUIsl IEPEMEHHOM MOJIb-
30BaTeNs;

— INCLUDE — cuuThIBaeT 1 TpaHCIUPYET JOMOTHUTEIbHBIC (haliIbl MOJIEIIH.

HoBblli cucTeMHbIN 4yrciIOBOM aTpuOyT Al Bo3BpaliaeT cCeMeUCTBO aKTUBHOIO
TpaH3akTa. Ero yno0HO ucCHoiap30BaTh COBMECTHO ¢ HOBbIM O10koM ADOPT, koto-
PBIil TO3BOJISIET U3MEHSATh CEMEUCTBO AKTUBHOTO TPAH3AKTA.

IlepemeHHBIE MOTYT NPHUHUMATh 3HAYEHUs OJHOIO M3 4eTbIpex TUHOB. Ilepe-
MEHHBIE, YNPABISIEMBIE MOJIB30BATEIEM, TAKAE KAK SYEHKH, DJIIEMEHThl MATpHII, Ta-
paMeTpbl TPAH3aKTOB U IIEPEMEHHBIE ITOJIB30BATEIS], MOT'YT IPUHUMATh LEJOYNCIICH-
HOE, BEIIECTBEHHOE, CTPOKOBOE M HEOIPEIECICHHOE 3HAYEHUE. 3HAYCHHS BPEMEHU
MOTYT OBITh HEJIBIMU HJIN BEIIECTBEHHBIMH IBOWHOM TOUHOCTH.

[IpeoOpa3oBaHre TUIOB HPOUCXOAMT aBTOMaTHdecku. [Ipomenypbl, KOTOpbIE
TpeOyIOT B KaYECTBE apryMEHTa 3HAUYECHHUE ONPENEIEHHOTO TUIa AaHHBIX, IPUHYIU-
TEJNBbHO NMpeoOpa3yroT apryMeHT K COOTBETCTBYIoLeMy Tuly. Hanpumep, ecnu nepe-
JTAETCsl CTPOKA MpoLeype, KOTopasi TpeOyeT YMCIOBOE 3HaYEHUe, TO OyJeT UCHOb-
30BaH YHCJIIOBOM SKBUBAJIEHT 3TOW CTPOKU. TOYHO TaK ke, €CJIM NONBITAThCS BBIBECTH
(WRITE) uucnoBoe 3HaueHue, oHO OyJeT aBTOMaTUYECKU MPeoOpa3oBaHO B TEKCTO-
BYIO CTPOKY.

CTpoKOBBIE BENWYHMHBI UMEIOT MHOTO BAapUaHTOB MCMOJIb30BaHHUS. OHU MOTYT
MCIIOJIb30BaThCS B IMOTOKAaX JAHHBIX JJIS CO3/IaHUs OTYETOB U (aillioB ¢ pe3yJibTaTa-
MH, a TAaK)Ke I MPSMOTro JOCTyIa K BHYTPEHHUM JaHHbIM. CTPOKOBBIE KOHCTAHTHI
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0003HAYAIOTCS 3aKIIFOUEHUEM CTPOKH MEXAy Mapoil JABOMHBIX KaBbluek. J{ms mpen-
CTaBJICHUS IBOMHBIX KaBbIYEK BHYTPU CTPOKH HCIIOJb3YETCS Napa JBONHBIX KaBbl-
yek. Hampumep, nist mpeacTaBiaeHus OHON CTPOKU BHYTPU APYTOW CTPOKH HEO0OXO-
JTUMO HCIIO0JIb30BaTh 6 CUMBOJIOB KaBblu€K. BHyTpeHHss1 CTpoka (MOJCTpOKa) 3aKiIIO-
YaeTcs MEXAy ABYMsS MapaMmH JIBOMHBIX KaBbIUEK, a UTOTOBAsl CTpOKa OyAET 3aKiio-
4yaThCsl MEX]Iy €llle OJHOW Mapol JBOMHBIX KaBblueK. bubnnoreka npoueayp coaep-
YKUT MHOT'O CTPOKOBBIX MPOLIENYP, KOTOPbIE MOTYT HCIOIB30BATHCS JIJISl CO3AAHUS U
MaHHITYJINPOBAHUS CTPOKOBBIMU JAHHBIMH.

Temepp sueiikamMm ¥ MaTpuaM MOXET OBITh TNPUCBOCHO 3HAYCHHE
UNSPECIFIED (neonpenenennbii tun nansabix). Komanpma INITIAL no3Bonsier
MPUCBAaMBATh ATO 3HAUCHHUE SUYEHKaM, DJIIEMEHTaM MAaTpULbl U JAaKe LEIbIM MaTpH-
naMm. Eciu anement nanubix UNSPECIFIED Obut ucnosns30BaH B onepaiuu, KOTopast
TpeOyeT HEKOTOPOIo 3HAUEHHUS, TPOU30MIET OCTAHOB MO OIIHOKE.

Matpuiisl MOTyT UMETh 10 6 u3mepenuil. lunamudeckue okHa «Matrix» («Ma-
TPUILa») MO3BOJISAIOT MPOCMATPUBATH JIFOObIE NONEPEYHbIE CEUCHUsI MATPHIIbI, OJHO-
BPEMEHHO MOYKHO OTKPBITh JI000€ KOJIMYECTBO TaKUX OKOH. JJi MCHOJIb30BaHUS BO
BpeMsi MCHOJHEHHUs NpOUEaypbl MOTYT OBITh CO3/1aHbl BpEMEHHbIE MaTpuubl. Jlis
WHUIIMATIN3alUA MATPUIIBI C TpeMsl U 00jee M3MEPEHUSIMH UCTIOIb3YIOTCS MPUCBau-
Batomne PLUS-onepartopsr.

GPSS World nognepxuBaer mmpokoe UCIOJIb30BaHUE BhIpakeHUil. OHU MOTYT
ucnois3oBathcs B PLUS-npouenypax win B oneparopax GPSS (ecnum 3axitoueHbl
B CKOOKHM). DTO 03HAUYaET, YTO B ONEpaHiax OJOKOB U KOMaHJ MOTYT MPOU3BOJAUTHCSA
s dexTuBHbIE BhIYKCIICHUS. BhipaxkeHuss MOTYT MPOU3BOIUTH MPOCTHIE BHIYUCIICHHUS,
BBI3BIBaTh MPOLEAYPHI, BBHITOTHSIONINE MATEMATUYECKUE WIIM CTPOKOBBIE OMEpaIlni,
MPOU3BOJAUTH BHIOOP BEPOSTHOCTHOI'O PACIPECICHHS] WM BBINOJHATH 3aJaHHBIC
MI0JIB30BATENIEM AJITOPUTMBI, BKJTIOUast (haliJIOBBIA BBOJI-BBIBOI.

7.5. CoBmecTumocthb ¢ GPSS/PC u oT/INYHA OT HEro

GPSS World coBmectum ¢ GPSS/PC u 00b14HO BBIAAET pe3yibTaThl, KOTOPHIC
CTaTUCTUYECKU HEOTIIMYUMBI OT pe3ynbTaToB, BeigaBaeMbix GPSS/PC.

Kpome Toro, nocrynen emé Oojiee BHICOKMN ypOBEHb COBMECTHMMOCTHU, Ha3bl-
BaeMblil pexxumom coBmectuMocTu ¢ GPSS/PC. B GonpmmHCTBE CilydaeB MOXKHO
JOCTUTHYTh TOYHOT'O TTOBTOpeHUs pe3yiabTaToB. Tem He meHee GPSS World ucnomns-
3yeT HOBYIO HCIOJIHAEMYIO Oubmmnoteky. [Ipumensembiii B HEM METOJ OKPYIJICHHUS
Yucell ¢ IJIABAIONIeH 3amsaTol HEMHOTO OoTiinyaeTcs oT ucnosbdyemoro B GPSS/PC.
Ho maxe B 3ToM ciyuae 6ombimuaCcTBO Moaeneir GPSS/PC ¢ neGonpmmmu n3meHe-
HUSIMA MOTYT JaBaTh WJACHTHYHBIE PE3YyJbTaThl MPU BHITIOJHEHUU IO/ YIIPABICHUEM
koMmMepueckoit Bepcuu GPSS World B pexume coBmectumoctu ¢ GPSS/PC.

[Iporpammuposanue B GPSS World nmeer MHOTO OT/iHMuMii OT pOrpaMMHpO-
Banus B GPSS/PC. ITaker GPSS World ocHOBEIBaeTcs Ha uaee, YTO TEKCTOBBIN 00b-
exT «Moaenb» hopmupyercs u/wim MoauPUITUPYETCs, a 3aTeM TPAHCIUPYETCS C I1e-
b0 co3paHus oObekTa «lIpouecc monpenupoBaHHs». OTUM OH OTIMYAEeTCs OT
GPSS/PC, B KOTOPOM UCHIOJIB3YIOTCS MOHATHS (haiiyia MporpaMMBbl U Mporiecca Moje-
JUPOBAHMSL.

B GPSS World Obia momHOCThIO 3aMEHEHaA omepaius 3arpy3kd MOJEIH, HC-
nonb3yemas B GPSS/PC. BmecTo mocnenoBaTenbHOr0 BBOJA U MPOCMOTpPA KaXKI0M
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CTpOKH, ofHOM 3a npyroi, B GPSS World npuMeHsieTcsi MOJTHOAKpaHHBIM TEKCTOBBIM
penaktop. JIroObie ook, 0OHapyKEHHbIE BO BpeMs TPAHCISAIUH 110 KOMaHJIE Me-
Hi0 Create Simulation, coxpaHstoTcs B ouepeau cooOIeHni 06 omuodKax, Mo3TOMY
OHHM MOTYT OBITh JIETKO HaWJE€HbI U UCIIPaBJICHbl. bhICTpOACICTBHE TpaHCISITOpA ra-
pPaHTHPYET, YTO OOHAPYKEHHE U HCIPABJICHUE OMIMOOK MPOUCXOAUT OUYEHBb OBICTPO.
Omnbku, oOHapyKUBaeMbl€ B T€UCHHUE TPAHCISALUU, MOTYT OBITh UCIPABIICHHI C TO-
Moo koMan bl Next Error (Cnenyromas omuboka) u3 Mmento Edit (IIpaBka) rinaBHo-
ro okHa. Kypcop aBromaruyecku mnepemeraercsi K omuoKe, a B CTPOKE COCTOSHUSA
BHU3Y IJIABHOTO OKHA TMOSBIISIETCS] COOOIIEHHE 00 3TOM ommnoKe.

3ameTHbIM U3MeHeHneM 1o cpaBHeHuto ¢ GPSS/PC saBnsercst orcyTcTBHE HEOO-
XOJUMOCTH B HYMEpAIMH CTPOK, KoTopas ¢akrtudecku wurHopupyrorcs B GPSS
World. Pacnionoxenue 06710k0B 0oJibIlie HE OMPEEISIETC HOMEPOM CTPOKH OTepaTo-
pa OJioka, a OmpeAensercs TOJbKO OTHOCHTEJbHBIM IOJIOXKEHUEM 3TOM CTPOKH
B (ailne mMozenu, neperaHHoM TpaHcasaTopy. Tak kak HoBbl omepatop INCLUDE
MO3BOJIIET 00BheKTaM «MoJieby» cofiepkaTh B ceOe apyrue ¢aiabl TeKCTOBOTo (hop-
MaTa, 00beKThl «Moenpy» MpeACcTaBiIsioT cOO0M CUUTHIBAEMYIO TPAHCIATOPOM IIO-
CJIEI0BATEIBHOCTh ONEPATOPOB, KOTOpask ONPEIEseT pacloiloKeHne OJIOKOB B MPO-
L[ECCEe MOJIEINPOBAHUS.

[lepeuriciuMm emi€ HEKOTOpbIE U3MEHEHUS, 11eJ1IeCO00Pa3HOCTh KOTOPBIX MPH Tie-
pexone Ha margopmy Windows mpakTHUECKU OYEBUIHA.

1. biioxk HELP Gosbiie ve ucnonb3yercs. Ero 3amenunu 6moxom PLUS, koto-
PBIN TOAJIEP)KUBAET BIIOKEHUE B MOJIENb 3aKOHYEHHBIX MPOLEAYP, a TaKKe OJI0KaMu
MIOTOKOB JaHHBIX, KOTOPBIE MOJJACPKUBAIOT CBSI3b C BHENIHUMHU (ailmamu U mpo-
rpaMMaMH.

2. VYnpapmaomuii  oneparop MICROWINDOW  6bul  3aMeHEH OKHOM
«Expression» («BbIpaxkeHUs»), KOTOPOE MOXKET ObITh OTKPBITO C IMOMOIIBIO MOAME-
a0 Window (OxkHO).

3. Vopasnstomuii onepatop PLOT Obut 3amenen okHoM «Ploty («I'paduxy),
KOTOPOE MOKET OBITh OTKPHITO ¢ oMol noameHto Window (OkHO).

4. Yapasnstomuit oneparop END 06bu1 3amenen komanaoit EXIT, koropast mo-
KeT 3aBepiath ceanc pabotel ¢ GPSS World. Tennepp END — kiroueBoe ¢iioBO sI3bI-
ka PLUS.

5. Ynpasnstomuid oneparop WINDOW 06bu1 3aMeHeH crielUaibHbIM MOJIMEHIO
Window (OxHO) B MEHIO TJIaBHOTO OKHA.

6. Yopasnswonuit oneparop ANITRACE u 6aoxk MOVE 6osbiiie HE UCTIONB3Y-
torcsa. Aaumarus B GPSS World oGecrieunBaercss moTokamu JaHHBIX W TIOCTIIPOTIEC-
copamMH CTOPOHHHX pa3paboTyukoB. [1o Toil ke npuunHe O00bllle HE UCIOIB3YIOTCA
okHO «Positions» u daitn POSITION.GPS.

7. CumBoOI «(@», 0003HaYaBIIMKA BIOXEHHUE (HailioB, ObUT 3aMEHEH OIEPaTOPOM
INCLUDE, koTOphlii HCHOJIB3yeT B KadyecTBE OINEpaHJa MOJIHBIA IMyTh JOCTyNa
K (aiiny, 3aKII0YEHHBIN B IBOMHBIC KaBBIUKH.

8. CucreMHbIN 4HCIIOBON atpuOyT Z1 OGonbiie HEe oToOpakaeT obmuii 0ObeM
dbusndeckoit mamaru. Tenepb OH BO3BpaIlaeT 3HauYeHUE MaKCUMAaJILHOTO o0beMa Ta-
MSTH, KOTOPBIH MOKET OBITh BBIJICIICH, BO3BPAIIAEMOE OTIEPALIMIOHHON CUCTEMOIA.

9. Cnenyromue pyHKIUU YIPaBICHUS UCXOJHBIM TEKCTOM, IPUCYTCTBOBABIIIME
B GPSS/PC, 6putn 3amMeHeHbl TpaduyeckuM UHTEpPEHCOM TOoJIb30BaTeNs, MOTHOIK-
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paHHBIM penakTopoM u coorBeTcTByrommMu onuusamu: DELETE, DISPLAY, DOS,
EDIT, RENUMBER u SAVE.

10. 3sMeHWIHCHh PHOPUTETHI ONIEPATOPOB. ECIM BOZHUKAIOT KaKue-Tn00 mpo-
0JieMbl, HEOOXOJUMO BBIICIIUTh CKOOKAMU BCE ONEpAIldi B BBIPAKCHHUSAX W3 IPO-
rpammuBbIX ¢aitnoB GPSS/PC.

8. Ilpumep mogeaupoBanus Ha GPSS World

PaccmoTrpum HekoTopbie BoamoxkHocTH GPSS World Ha npumepe ogHoit 3anaun
ONTHMM3AIMKA TIPOU3BOJACTBEHHOro mpoiiecca. B [15] aTa 3amava pemraercs Ha
GPSS/PC.

8.1. 3agaya onTUMM3aNMU NPOU3BOACTBEHHOI0 NMPoLEcca

[MIpumep 16. 3amaua ontumm3anuu crtaButcsa B [13, 15] ciexyrommum o6pa-
30M.

Ha tpukoraxunoit ¢abpukxe 50 mBeit paborator Ha 50 MammHax 1Mo § 4acos
B JICHb U MO 5 nHel B Hedento. JIto0as U3 3TUX MallvH B JIEOOOM MOMEHT BO BpeMmsi
paboThl MOXKET BBIMTH U3 CTPOsi. B 3TOM ciydae ee cpa3y 3aMEeHSIOT pe3epBHON Ma-
mHOM. Eciii pe3epBHBIX MallMH HET, TO IIBEs MPOCTAUBAET 10 MOSIBICHUS PE3EPB-
HOM MAIlIMHBI, TIPUYEM HOYACOB0U YObIMOK OT MPOCTOSI OAHOM IIBEU COCTABIISET
20 mommapoB. TeMm BpeMEHEM CIIOMaHHYIO MAlIMHY NEPEAAIOT B PEMOHTHYIO MacTep-
CKYIO, TIE YMHAT B T€UYCHUE 7 T 3 4 U BO3BPAILAIOT B 1IEX.

N3BecTHO, UTO 8pems Hapabomku Ha omka3 AJisi MIBEWHOW MaITUHBI COCTaBIISICT
157 £ 25 4. Omiara ogHOro pabo4ero B peMOHTHOM mactepckou — 3,75 moinmapa
B Hac.

Jlis co3paHus 3amaca pe3epBHBIX MAIMH MPEIaraeTcs KpoMe COOCTBEHHBIX
50 MallMH apeH10BaTh €111€ HECKOIBbKO 10 1eHe 30 101apoB B I€Hb.

Yupasistomuii JIOJKEH

@ MaIuHe B iexe:  PEHIMTh, CKOJIBKO paboduXx ciie-
~ JyeT HaHATH JJIsi paboThl B Mac-
\?j 1574254 TEPCKOW M  CKOJBKO MAalIUH
Pe3epBHbIE MaIUHBI
. apeHJ0BaTh, 4YTOOBI CpeaHUE
> 1] . g €KEIHEBHbIC W3ACPKKU IPOU3-
L)
BOJICTBA ObLIIM MUHUMAJIbHBI.
) ’
(50) Cxema onMcaHHOTO MpOolIeC-
| ca, mpencrasieHa Ha pwuc. 1.18.
Pemont 7+ 3 4 ITockonbKy pa3bop dToi 3amauu
0 MOPOOHO HW3JI0KEH B TOCOOMU
MalnHbl, 0KUIAF0IT1E
PeMOHTa [15] mo MMUTALIMOHHOMY MO/IE-
(1] < mupoBannio Ha GPSS/PC, 1o nma-
jgee OyneM OTMedYaTh JHIIb TE
@ WU3MEHEHHUSI, HA KOTOpbIE CIEIy-
eT 00paTuTh BHUMAaHUE TPH Tie-
Puc. 1.18. Cxema nepemenieHust pexojie k ucnonbzoBanuto GPSS
IIBEMHBIX MAILIUH World.
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8.2. Moaesupywias nporpamma

3anyctute nporpammy GPSSW, co3naiite uepe3 Mento File HOBBII TOKyMEHT
(New) tuma mozaens (Model). UmuTtanmonnass monaens, npuBeaeHas B [15], moxer
owITh TIepeHeceHa B GPSS World nmpaktuuecku 6e3 uzmeHenuit. E€ MOXHO BBeCTH
3aHOBO WM BCTaBUTh (knaBuiiamu Ctrl-V) B OKHO Mozenu MyTéM KONMHUPOBAHUS Ye-
pe3 Oydep u3 TekctoBoro daiina. PekomeHayeTcsi cpa3dy OTKa3aTbCsi OT HOMEPOB
CTPOK, TaK KaK MOJIHOAKpaHHBIN TekcToBbIM penaktop GPSS World aenaer stu Ho-
Mepa U3IUIIHUMY. BBenénnas Moenb uMeeT BUI, IpeicTaBlIeHHbIN Ha puc. 1.19.

Ota MoJiedb OTJIMYaeTCs OT MPUBEAECHHOM B [15] TOJNBKO OTCYTCTBHEM HOMEPOB
cTpok u ynpasistomiei komauasl START. OGpartute BHUMaHue: Py BBOJE U PEJlak-
THUPOBAHMHM MOJCIH YJIOOHO IOJIb30BaThCs KiaBuined Tab s TOro, 4ToOBI TEKCT
MIPOrpaMMBbl pacrojarajics NPUBBIYHBIMU KOJIOHKaMH. EII€ 0JIHO OT/IMYME COCTOUT B
IMPOKOH cBOOOAE BhIOOpa mpudTOB. B yacTHOCTH, Bceé KOMMEHTapHH MOXKHO TH-
caThb Ha pycckoM s3bike, uero GPSS/PC nenaTth He MO3BOJISIL.

[Toce BBoma monenu BeiOeputTe B MeHIO Command ommmro Create Simulation.
B pesynpTaTe OyAeT co3maHo OKHO KypHajia C TIEPBBIMH CTPOKAMHU MIPOTOKOJIA MPO-
1iecca MOACIMPOBAHNUS B Clenytomiei Gopme:

04/15/06 21:54:51 Model Translation Begun.

04/15/06 21:54:51 Ready.

Tenepr BwriOeputre B MeHto Command ommuio Retranslate. Mopens Oyner
TPaHCIMPOBAHA, M B JKypHAJI 3aMUIITYTCs Takue ke cTpokd. OHU 03HAYAIOT, YTO MO-
JIeJTb HE COJEPKUT CUHTAKCUYECKHUX OIMMOOK. B ciydyae Hammums ommOOK OyJIeT BbI-
naHa nHGOpMaIIKs, MO3BOJISIONIAsS X HAUTU U UCTIPABUTb.

2 GPSS World - CEH M=E3

File Edit Search Miew Command window  Help

D | &|60@l & 7%

VARIAELE S000-3#3RECEH JCpEenHME MEOep®RM 28 OeHE H3-34a OpoCTOoA WEEH
VARTAELE SD#(3+3] !HAaTpaTH HAa IapafoTHYID OIATY W ApeHIY MSIUMH
VARIAEBLE VECOITI+VECOSTE ; CyMMapHHE cCpPelHHME MSIEPXREM 33 ISHB

STORALGE 50 BMECTHMMOCTE WEEHHODO IEXA (UHCOD WMBEH)
3TORLGE k1 PEMECTHMOCTE PEMOHTHODO VUACTEA [WUHCOI0 pafoums)
GENERLTE P JTEHEpAITHA TPAH:AKTOE - IEEHHBI MAIITHH

ENTER CEH ;BEOOD MeaWMH B IeX

ADVANCE 157,25 ;SamepsxKra MaMH B LSXe OO0 MOMEHTOER IIOJOMREM
LELVE CEH ;BHEOD MsuIMH M3 Lexa

ENTEER HMEN ;BROOD MaME B DEMOHT

ADWVANCE 7.3 ;PeMoHT

LELVE HMEN ;sBHEOD M= peMoHTa

TELNSFER ,PUSKE ;lepemstia MsUUMHE B LEX

GENERLTE o240 ;TeHepanua "THEA"™ TaiMepa SabPeplIeHMA
TERMIMNATE 1 sHogougr "rrroe™

Far Help, press F1 307. 7043315 Clack,

Puc. 1.19. Bung monenu B GPSS World
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CaoBa Bouaute B MeHI0 Command u BeiOepute onmuio Start 1. IIpemmaraemoe
HayaJIbHOE 3HaUYeHHe | B OKHE ATOW KOMaHAbl MOKHO MeHATh. [locne crapra u 3a-
BEPIICHUS MTPOTrOHa MOJIENIM aBTOMATUYECKH CO3AAETCSI OKHO C OTYETOM, OJIM3KUM TI0
cTpykType K hopmarupoBanHomy oT4éTy B GPSS/PC. B Mmenro Command umerorcs u
JIpyTHue JOCTYIHBIC ONIIMU, UMeroIue HauMeHoBanue komana GPSS/PC. Bribepure,
Hanpumep, omuuto SHOW... m 3ampocute B e€ okHe mnepemeHHyto V$COST.
Ha HwxHell (cepoil) MHAMKATOPHOW NaHenu mnosBuTcs 3HadeHue 307.7043815
(cm. puc. 1.19), koTopoe umeer 3anpolilleHHas nepeMeHHas. J[poOHoe 3HaueHne 3Toro
pe3yibTaTa HEMHOIO OTIMYaeTcss OT mesnoro yucia 308, KoTopoe ObUIO MOITYYEHO
B [15] mpu TakoM xe cuétunke koManael START, paBuom equnune. B GPSS/PC kak
BpeMs, Tak U K03 duieHT ucnoib3oBanus namsatd RSCEH (cMm. mepByio CTpoky
MOJIENIN Ha puc. 19) MOTYyT IpUHUMATDH TOJIBKO IEJIbI€ 3HAUCHUS, U 3TUM OOBSICHSIOT-
csl TIOJIy4eHHbIe pacxoxieHus. Beimoanennas komanna SHOW u oTBeT Ha He€ peru-
CTPUPYIOTCS TAKXKE U B KypHaJle ceaHca MojaenupoBanus. JKypHai, MOJEIb U OTYETHI
MO>KHO COXPaHSTh JUIsl BO30OHOBIIEHUSI pabOThI C HUMH B MOCIEAYIOIIMX CEaHCaX.

DTOro omnbITa MOJCIMPOBAHUS JTOCTaTOYHO, 4TOOBI pemath Ha GPSS World 3a-
Jladyd ¥ UCIOJIb30BaTh PEKOMEHIALNH, pUBeIeHHBIE B [15]. MHOIrOOKOHHBIN UHTEP-
delic cucTeMbl UHTYUTHUBHO TIOHSITEH M COOTBETCTBYET CTAHIAPTHBHIM COTJIANICHUSM
onepannonHoi cucrembl Windows. Kpome »Toro, nMeercs BCTpOeHHasi B CUCTEMY
nomomts Help. Jletanpapie omucanus Bo3moxkHoctedt GPSS World mpuBomstes
B [37-40].

8.3. PesyabTaThl pemieHnsi ONTUMHU3ALMOHHOM 3a1a4u

C nenbro npoBepku BiusiHUSA, KoTopoe B GPSS/PC oka3spiBana uckyccTBeHHas
JTUCKpPETU3aIMs BPEMEHH U TTOKa3aTeliel 3arpy3ku 00opynoBaHus (mamMsTd) Ha pe-
3yJbTaThl ONTUMU3AIINH, TPOBEAEM pellieHNEe TTOCTABICHHON 3a/1a4u J0 KOHIIA.

Ucnonp3ys o6ocHoBaHHOE B TocoOuu [ 15] HauanpHOE 3HAYeHUE 20 1l CHETUn-
ka 3aBepuieHnid komanasl START, npoBeprM nosiydeHHbIE TaM K€ OLEHKH CPEIHUX
U3JICPKEK TIPU PA3TMUHBIX 3HAYCHHSIX yncia Np pabounx u yucia Ny apeHIyeMbIX
JUIsl pe3epBa mamuH (Tabnuia Ha puc. 1.20 cieBa). PekomMeHayeTcst mocie KakI0ro
M3MEHEHHUsI TTapaMeTPOB MOJETH BBIMOJIHATH COPOC HAKOIJICHHOW CTaTUCTUKU (KO-
manna Clear B mento Command) u petpancisiuio (komanna Retranslate B MeHro
Command). BBINOTHUB COOTBETCTBYIOIME YETHIPE SKCHEPUMEHTA, MOJIy4aeM
Ha GPSS World nannsie, npeacraiennbie Ha puc. 1.20 B mpaBoit Tabiauie (¢ OKpyr-
JICHUEM JI0 OJHOU IIU(PHI TOCIE TOUYKH).

Np Nwm: 3 4 5 Np Nwm: 3 4 5
3 276 ¥ 258¢ 264 3 2714 252.3 260.2
4 264 4 262.6

Puc. 1.20. Pesynbratsl ontumu3zanuu Ha GPSS/PC (cnea) u na GPSS World

[IpumeyarenbHO, YTO BapUaAHT C TpeMsl padOYMMHU U YETHIPbMSI apeHyEeMbIMU
MalIMHAMU TO-TPEKHEMY OIICHMBAaeTCs Kak ONTHUMalbHbIM. B TO e Bpems abco-
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JIOTHBIC KOJMYECTBEHHBIC OICHKHU cpenHux usnepkek VSCOST, momydeHHbIe pas-
HbIMH BepcusiMu GPSS, cymiectBeHHO paznuuarorcs. YuciaoBas CTpyKTypa MoKas3are-
ast VSCOST rtakoBa, uro B GPSS/PC BOIM3HM TOYKU ONTUMYMa €0 3HAUCHHE MOXKET
WU3MEHSTHCS TOJIBKO C I1arom, KpaTHeIM 6. CTOJIb OOJIBIION MIar JUCKPETU3ANHA 00b-
SCHSIET OOHAPYKEHHOE PACXOXKICHHUE Pe3yJbTaTOB, KOTOPOE, B CBOIO OUYepe/b, MO/I-
yépkuBaeT obocHoBaHHOCTH niepexona B GPSS World k BemectBeHHOMy THITYy Bpe-
MEHU U K BemecTBeHHbIM CUA.

8.4. AHa/1u3 MOTOKA PEMOHTHPYEMbIX MALLIUH

Mopenupyemasi cuctema NpecTaBisieT cO00M 3aMKHYTYIO CETh MaccoBOTO 00-
ciyxuBanus. [IpoxoxaeHne MalH yepe3 Kakyo-1100 GUKCHPOBAHHYIO TOUKY CETH
(Hampumep, Touky A Ha puc. 1.18) 0Opa3yeT MOTOK clydallHbIX COOBITHH, MPEICTaAB-
JSOMWUNA co00i cymMMy OOJIBIIOrO Yuciaa APYruX MOTOKOB. B kauecTBe OTAENBHOrO
CJIaraéMoro CyMMBbI MOTOKOB 3/IECh MOTYT pacCMaTpUBATHCS, HANPUMEp, ITUKINYe-
CKHE TEepPEMEICHUs Yepe3 BRIOPAHHYIO TOUKY KaKOW-TO OJHOM, (PMKCHUPOBAHHON Ma-
mHbl. COOTBETCTBYIONIASI MpeebHas TEOpeMa TEOPHH BEPOSITHOCTEW MO3BOJIAET
IPEINONIOKUTh, YTO CYMMAapHBINA MOTOK 37€Ch OJM30K K IyaCCOHOBCKOMY, T. €. YTO
MHTEPBaJbl BPEMEHH MEXAYy IBYMs OMMKallIMMHU ITPOXOKIECHUSMHU MAIIUH 4Yepes
TOYKY /A UMEIOT pacrpesielieHne, 0JIM3K0e K IKCTIOHEHIIUATEHOMY.

YtoObl IPOBEPUTH 3Ty THIOTE3Y, N00AaBUM B HCXOIHYIO MOJENb (3TO BapUaHT
TpEX pabouux, TpEX apeHIyeMbIX MaluH, kKak Ha puc. 1.19) oobekt s3pika GPSS
tuna TABJIMIIA (TABLE). [{ns aToro 106aBbTe B Ha4ajao MOJEIH CIETyIOIINE ABE

CTPOKH:
TIMEINT VARIABLE C1-X1
STAT TABLE VS$TIMEINT,0,0.5,40

[TepBast cTpoka BEIYHCIISET HHTEPBAT MEXKIY TEKYIIUM BpeMeHeM (3T0 OyIeT Mo-
MEHT TPOXOXKICHHSI aKTUBHOTO TpaH3aKTa 4yepe3 TOUKY A ) U COXpaHEHHBIM B s4e-
ke X1 BpeMeHeM IPOXO0KISHHUS MPEABIYIIero TpaH3akTa. BTopas cTpoka onuchiBaeT
TaONHIly, COOUPAIOIIYI0 CTATUCTUKY MO 3TUM HMHTEpPBAJIaM IMPOXOXKICHUS TpPaH3aK-
TOB.

B GPSS-momenn Touke A coorBeTcTByeT BbIXOA mepBoro Omoka LEAVE.
BcraBbTe mocne 3Toro 610Ka cleAyonue 1Be CTPOKH:

TABULATE STAT
SAVEVALUE 1,C1l

311ech nepBasi CTpOKa MHULMHMPYET BBIUMCIIEHHE U YUYET OYEPEIHOr0 MHTEpBaja Bpe-
Menu B Tabmune STAT, Bropas coxpanser B Aueiike X1 Tekyluee 3HaUYE€HUE BpeMe-
HU JJIS €r0 HCIOJB30BaHMS CIEAYIOUIMM TpPaH3aKTOM, KOrja OH OyAeT NMPOXOIUTh
TOUKY A.

Perpancnupyiite moniens u BoinonHuTe komanay START co cuérunkom, umero-
UM J0CTaTO4HO Oosibiioe 3HadeHue, Harpumep START 50. Ilocne nosiBieHus: ot-
yéta BoriauTe B MeHIO Window/Simulation Window/Table Window, BeiGepuTe Tab-
mury STAT (npyro#t TaGauisl Mbl He co3naBanu), Haxmutre Ok. B oTkpeiTOM Bamu
okHe Ta0nuubl (puc. 1.21) nosiBUTCS 4acTOTHAsA TUCTOIPaMMa paclpeiesIeHUs: HHTEP-
BAJIOB BPEMEHM C OLIEHKOM Mean cpenHero MHTEpBasia BpeMEHM M oueHkou S.D.
CPEIHEro KBaJpaTU4HOI0 OTKJIOHEHHS UHTEPBAJIa BPEMEHHU.
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OTMeTuM, 4TO HaWJACHHOE MYyTEM MOJAECIUMpPOBaHUS 3HaueHue Mean = 3,175
Oomu3ko K mosywaemod u3 [15, c. 34] npuOMMkEHHONW TEOPETHUUECKON OIEHKE
1/A = 157/50 = 3,14. biu3ocTh pemeHni, MoTy4yaeMbIX pa3HbIMA METOJIaMU, eIié pa3
MOATBEPKAACT HAAEKHOCTD U KauecTBO cucTteMbl Moaenupoanus GPSS World.

2 GPSS World - [CEH.2:11 - TABLE WINDOW] =3
0 File Edit Search View Command Window Help - ax

D|@|@| ¢|5le] 8/2(w)

STAT

Mean: 3.175 5.0, 3.109

16000

0 - 4H[lﬂﬂﬂﬂ|_|ﬂl_h—u—u—ﬁﬁlﬁlﬁl_l

IBI I?I IBI Igl I

For Help, press F1 Report is Complete, Clock

Puc. 1.21. Dmnupudeckoe pacnpeesieHue BeposTHOCTE HHTEPBAJIOB

Cyns mo ¢gopMe THCTOTpaMMBbl M MO MPUOIU3UTEIIBHOMY PaBEHCTBY BEIUYHH
Mean u S.D., pacnpenelieHU€ UHTEPBAJIOB BPEMEHU MEXAY MallMHAMHU, MOCTYIAI0-
HIMMHU Ha PEMOHT, I€UCTBUTENIBHO OJIM3KO K SKCIIOHEHIIUAILHOMY paCIpeIeNICHHUIO.

Ecnu umeronuecs B MOCIEIHEM BApUAHTE MOJIEIIN CTPOKH

TABULATE STAT
SAVEVALUE 1,C1

nepeMecTuTh U pacnonoxutsb nocie crpoku LEAVE MEN, to Tabnuna Oyzaer co-
OMpaTh CTAaTUCTUYECKHUE JTAHHbIE 00 MHTEpBajaX BPEMEHU MEXAY BbIXOJAaMHU MAILVH
u3 peMonTta. [Iponenatite aTo nmepemenieHue 610koB. Ilepen ctaprom Mojenu HE 3a-
OynpTe cOpocuth crapyro cratuctuky (CLEAR) u meperpanciupoBaTh MOAEINb
(Retranslate). Boimonaure komangy START 50 u npocMoTpute HOBbIE pe3yiabTaThl
B okHe Tabiuubl STAT. BuaHo, 4TO U 1OC/IE pEMOHTAa MalllMH UHTEPBAJIbl BPEMEHU
B IIOTOKE, XOTS U C HEKOTOPOH HATSKKOM, MOKHO CUMTATh PaCIpPEICIICHHBIMU IPU-
OJIM3UTENLHO PKCIIOHEHITMAIBHO (puc. 1.22).

DTO NO3BOJISIET MPUMEHATH VISl PEIIEHUs TOCTaBICHHOM 3a1aun MPUOINKEHHBIE
AHAIMTUYECKUE METOAbl MojenupoBaHusd [41]. B 3akmroueHue 3aMeTuM, OJHAKO,
YTO MPUMEHEHHE BMECTO MMHUTAIIMOHHOTO MOEIMPOBAHUA NMPUOTIKEHHBIX aHAIH-
TUYECKHUX MOJIEJTIEN CBSI3aHO C ONACHOCTBIO HEKOHTPOJIUPYEMOIO BBIXOJA ONITUMH3H-
PYEMBIX IMapaMeTpPOB CHUCTEMBI 3a MpeAesibl 00JIaCTU aJeKBATHOCTH YIPOILIAIOIINX
JIOIYILICHUM.
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Mean: 3.17b 5.0 2.728

16000

; Hﬂﬂﬂﬂﬂﬂmmﬁm

l]l 1II2II3II4II5IIEII?IIBIIQIIIIIIIIIIIIIIIIIIIII-Ig

Puc. 1.22. PactipenieneHne HHTEPBAIOB NOCTYTUICHUS
OTPEMOHTUPOBAHHBIX MAIIUH

B kaudecTBe npumMepa, WILTIOCTPUPYIONIETO 3TO 3aKIIOYUTENbHOE 3aMEUYaHue, Bbl-
MOJIHUM €1 OJIUH IKCTIEPUMEHT.

[Ipumep 17. U3menute B ctpokax ¢ metkamu COST2 u MEN uucno pabounx
¢ 3 na 2. COpockTe CTapyro CTaTUCTUKY, MEPETPAHCIUPYHUTE MOJIETb, BHIOIHUTE €€
u nocmotpute nuarpammy tadmauiel STAT (puc. 1.23).

Mean: 3.497 5.0.02.129

10000

; Hﬂﬂﬂm

|]I12I345IEII?IIBII'_Q;IIIIIIIIIIIIIIIIIIII-Ig

Puc. 1.23. Pacipeenenre HHTEPBAJIOB
MocJie YMEHBIIEHUS YKciia paboynx

Kaxk BHUAHO M3 qUarpaMmbl, MUHHUMAJIbHOC U3MCHCHUC OAHOI'O IIapaMcTpa IIpUBC-
JIO K TOMY, 4TO pacCIpCaAcJICHNC NHTCPBAJIOB CTAJIO ABHO HC SKCIIOHCHIINAJIbHBIM.

bubauorpaduuecknii cnucok K yactu 1

1. bycnenko, H. I1. MonenupoBanue cnoxubsix cucrem / H. I1. bycnenko. — M. :
Hayxka, 1988. — 600 c.

2. EpmakoB, C.M. Cratuctuueckoe wmoxaenmupoBanue / C. M. Epmakos,
I'. A. Muxaiinos. — 2-e u3g., non. — M. : Hayka, 1982. — 296 c.

3. [Monsik, FO. T'. BepositHocTHOE Moaenupoanue Ha OBM / 1O. I'. TTonsak. — M. :
Cos. paauo, 1971. — 400 c.

4. Kapnos, 10. I'. UmuTanmonHoe MoaenupoBaHue cucteM. BBenenue B Moienu-
poBanue ¢ AnyLogic 5/ 1O. I'. Kapnos. — CI16. : BXB-Ilerepoypr, 2005. — 400 c.

5. Kunnnep, E. S3bixku monenupoBanus / E. Kunmiep. — M. : Dueprus, 1985. —
288 c.

57



6. Knetinen, Jx. CtaTUCTHUYECKUE METOAbl B UMUTAIIMOHHOM MOJIETUPOBAHUM :
nep ¢ anri. / JIx. Kneitnen ; mog pen. FO. I1. Axnepa u B. H. Bapeiruna. — M. : Cra-
tuctuka, 1978. — Beim.1 — 221 c.; Beim. 2 — 335 c.

7. Heitnop, T. MamHHbIE UMATAIMOHHBIE YKCIIEPUMEHTBHI C MOJAEISAMHU SKOHO-
mudeckux cuctem / T. Heitmop. — M. : Mup, 1975. — 502 c.

8. Perxukos, 0. . Umurtanmonnoe monaenupoBaHue. Teopus U TEXHOIOTUU /
1O. U. Proxukos. — CII6. : KOPOHA npunt; M. : Anbstekc-A, 2004. — 384 c.

9. Cobonb, U. M. Yucnennsie Meroasl Monte-Kapno / M. M. Cobons. — M. :
Hayxka, 1973. - 212 c.

10. Co6onb, . M. Metoag Monte-Kapno / . M. Cob6ons. — M. : Hayka, 1978. —
64 c.

11. Cogeros, b. . MoaenupoBanue cucteMm : yueO. 1y By30B / b. SI. CoBetos,
C. A. fIxoBieB. — M. : Bricm. mk., 2001. — 343 c.

12. lllernon, P. IMutarmoHHOe MOJEIMPOBAHUE CUCTEM — MCKYCCTBO M Hayka /
P. lllennon. — M. : Mup, 1978. — 418 c.

13. llpaii6ep, T. Ixx. MonenupoBanue Ha GPSS / T. [Ix. Llpaiibep ; nep. ¢ aHr.
B. U. T'aprepa, U. JI. HImyitnoBuua ; pen. M. A. ®aiinbepr. — M. : MamuHocTpoe-
Hue, 1980. — 592 c.

14. Kyty3o0B, O. . UMuTanimoHHoe MOJEIUPOBAHUE CETEH MacCOBOTO OOCTYXKH-
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YACTD 2. TIPAKTUKYM 1O CTATUCTHYECKOMY
MOJAEJIUPOBAHUIO

O0mue ykazanus

PekomennyemMoe pacnpesienieHre BpeMEHH Ha MOJATOTOBKY U BBIITOJIHEHHE OJTHOM
JIByX4acoBOM pabOThI MPUBOAUTCS B Ta0M. 2.1.

Tabnuya 2.1
PexkoMenayemoe pacnpeneieHue BpeMeHH HA OJHY padoTy
Otan paboThI TpynoEMKOCTb, MuUH
1. TeopeTudeckas MOATOTOBKA K padboTe 45
2. BeimonHenne paboThl HA KOMIIBIOTEPE 60
3. OdopmieHne oT4éTa U 3alUTa PabOThI 30

ITo Bcem paboTam KaXKIblil CTYJICHT BBITIOIHSET CBOM YHUKAJIBHBIM BapHaHT 3a-
TTAHUS.

OT4€THl MO BBHIMOJHEHHBIM paboTaM OGOPMIISIOTCS U CHAIOTCS B YCTAaHOBJICH-
HOM mopsizike. s paGoThl Ha KOMIIBIOTEPE PEKOMEHAYETCSI UCTOb30BaTh MpOrpam-
My Ms Excel. OcHoBy oTuéta — ¢aiin tumna .XIs — pekoMeHayeTcsi COXpaHsITh B JINY-
HBIX apXHUBax JI0 3aBEPIICHUS aTTECTAINH 110 JUCITUTUIHHE.

[Ipumeuanue. Pemaemsie B 1abopaTopHbIX paboTax ydeOHBIC 3aJa4M MPU-
3BaHBI JaTh MaKCHUMYM TOJIC3HOW MH(OpMAIMu Npu yMEpeHHOU ciaokHOoCcTH. [Ipo-
rpamma Ms Excel okaspiBaeTcs 3/1ech HanbosIee MOAXOAAIIUM pabouyuM HHCTPYMEH-
TOM, o0ecreurBaIIMM 6€3 TPOrpaMMHUPOBAHUS BHICOKYIO HATJISAIHOCTh U THOKOCTh
AKCIIEPUMEHTOB [5].

JlaGopaTopHnasi padora 1
PA3BPABOTKA MYJIBbTHIIVIMKATUBHOTI'O JATYUKA BCB

Ilenv pabomel. PazpaboTka U TECTUPOBAHUE KOHTPYIHTHOTO MYJIbTUIUTHKATHB-
HOTO JaTynka 6a30BoH ciydaitHoi BenuuuHbl (BCB).

Cooepircanue pabomel.

1. Bribop mapamerpoB matunka bCB (Momyssi, MHOKUTENS M HAYaJIbHOTO 3Ha-
YCHUA).

2. Peanmm3zanus natunka bCB Ha komnbroTepe.

3. TectupoBanue JiuHbl nepuoaa narunka bCB. [Inuna nepuona 7' 10J’KHA OT-
Beuath TpedoBanuio 7> 10000.

4. TectupoBaHue JaTYMKA HA PABHOMEPHOCTh pacipeaeieHusI.

5. TectupoBanue naTdynka Ha He3aBucUMOCTh bCB.

IosicHeHUsI K BBINOJIHEHUIO Pa00ThI
1. ®opmysnia MyIbTUILNTMKATUBHOTO KOHTPY3HTHOTO narunka bCB umeer Bua

zi=A,/m, A;= kA, mod m,  i=1,2,.. 2.1)

rjae z; — ouepennoe 3HaueHue bCB (0 <z; < 1); m — Mmoxyns (60JIbIIIOE 11€JI0€ YUCIIO);
k — MHOXWUTEIb (OOJBIIOE IIEJI0€ YUCIO0); Ay — 3aJJaHHOE HadaJIbHOE 3HaueHHue (Ie-
7oe); mod — ornepanys BEIYUCICHUS OCTaTKa (OT AeiaeHus kA,.; Ha m).

Pexomenmanmu 1mo BEIOOpPY mapaMmeTpoB m, k, Ay IpUBEIEHBI B y4eOHOM TI0CO-
oumu [2].
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2. Jlns BBOJA 3HAUYECHWUN MapameTpoB m, k, Ay OTBEAUTE TPU SUYCUKH JHCTA
Ms Excel. IlociaegoBaTenbHOCTh 4Hcen A;, BBIYUCIsAEMBbIX 1mo (opmyne (2.1) mis
i=1,2,.., 10000, cbopmupyiite B cBOOOTHOM CTOJIOIE, a PSIOM C HUM — CTOJIOCI]
U3 JIECSATU ThICAY yucen z, DopMar sueek ¢ YnuciaMH z; PEKOMEHAYETCs 3a/1aTh KaK
Yuca0BOM C YETHIPHMSI IECATUYHBIMU 3HAKAMHU MOCJIE 3aISTOM.

3. OueHKy JUIMHBI IEpUOa JaTYMKa MOKHO OCYIIECTBUThH IIYTEM CPaBHEHHUS Ha-
YJaJIbHOTO 3HA4YeHUs A, cO BceMHU Tnocienytomumu yuciamu A; (i=1, ..., 10000).
Jlns atoro ymo6Ho ucnonb3osath (Gyukuuo CUETECJINM. Ecnu umcio oGHApyskeH-
HBIX C €€ TOMOIIBIO COBNazieHui A; ¢ Ay OKa3bIBaeTCs OOJIbIIIE HYJIS,, TO 3TO O3HAYAET,
gyro 7'< 10000, 1 MOCKOJIBKY Takas JJMHA MEpHoJia He OTBEYAET 3aJaHHBIM TpeOOBa-
HUSIM, TO MOJTYJIb AaTYUKA /M W/WIHA €r0 MHOXKUTENb k ClIeTyeT CKOPPEKTUPOBATb.

Ecou xe coBmanenuss A; = Ay HE OOHAPYXHUTCS, TO ITO €IIe HE 3HAYUT, YTO

T> 10000, Tak KaK MOCIEAOBATENBHOCTD A, A1, ... B 00meM cirydae umeeT Gopmar
BHJIA

a,b,....d e, ...g e .. ., € .9 ..., (2.2)
T. €. MOXET UMETh HApSAY C EPUOJIOM ¢, ..., g eUIE U HAYaJIbHYIO HEeMEPUOANUYECKYIO

4acTh a, b, ..., d, BKItodaronly yucio Ay = a. C yuérom dopmara (2.2) mus mpa-
BWIBHOM OIICHKM JUIMHBI TEpHOJia ClIeayeT TakXke TMpOBEepUTh (71 BCex
i=1,...,9999) uucno coBnanenuii Buaa A; = Ajggoo. XOTS U OTCYTCTBHE TAKOT'O COB-
najeHus emé He gokaxet, uro 7 > 10000 (nbo He HCKITIOYEHO, YTO JIMHA HavyaabHON
HETIePUOIUICCKON YaCTH MOKET 0Ka3aThCsl OOJIbIIE JIECSITH THICSAY), HO 3TO, IO Kpak-

HEW Mepe, rapaHTUPYET, 4TOo Bce uucia Ao, ..., Ajpooo (4, CIEAOBATEIBHO, BCE UUCIIA
Z1y eees Z]()o()()) Ppa3HBbIC.
4. TecTupoBaHME MOTYUYECHHOU BBIOOPKHU MCEBIOCITYUYAUHBIX YUCEI Z1, ..., Z10000

Ha PaBHOMEPHOCTh UX paclpeie]ICHUs] MPOBEIUTE ABYMS METOJAMH: METOJIOM MO-
MEHTOB U METOJIOM TMOCTPOCHMSI SMIUPUYECKON (YHKIIMU pacrpeeseHus BEeposiT-
Hocre#t (¢. p. B.) [3].

Memoo momenmog 3aKIIO4aeTCs B BBIUUCICHUU SMIIMPUYECKUX MOMEHTOB pac-
npeeNeHns CIy4aifHONW BEJIMUMHEI (C. B) MO €€ BHIOOPKE U UX CPAaBHEHUU C TEOPETH-
yecKMMU MoMeHTamH. [Ipu goctarodHo OobIION JIMHE BBIOOPKH SMIUPUUYECKHE
MOMEHTHI C. B., KOTOPbIE SIBISIOTCA NPUOIUNCEHHBIMU OYEeHKAMU MOMEHTOB, MPUOITH-
YKAIOTCS K TOYHBIM, HICTUHHBIM 3HAYEHUSIM MOMEHTOB €€ pacipeieICHusl.

OMIOUPUYECKHE MOMEHTHI (CHHOHUMBI: SMIIUPUYECKUE OLICHKH MOMEHTOB) BCS-
KO C. B. X OIPEaestoTcs IO €€ BBIOOPKE X, ..., Xy C IOMOIIBIO CIEAYIOMUX (HOpMYIL.

DMIUpHYecKas OLEHKa M MaTeMaTHYecKOro oxkuaanus M(x) ompemensercs
Kak cpeqiHee apupMeTnyecKoe BHIOOPOUHBIX 3HAUCHUH X; :

M=—> x.
4A/;§; ) (2.3)

Ouenky D mucnepcun D(x) OyneM OnpenesiaTsh M0 BEIOOPOYHBIM 3HAYCHHSAM
COOTBETCTBEHHO KaK «CpeHEee KBaJApaTa MUHYC KBAJIpaT CPETHErON:
L1 & .
D=—3%x-M". (2.4)

i=1
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Cy11ecTBYIOT U JipyTrue (He SKBUBAJICHTHBIC MPUBEIECHHON) (POPMYIIBI 1JIs OLICH-
ku qucnepcur. Ho, MOCKOIbKY BCE COCTOSITENbHBIE OLEHKU JAUCIIEPCUU PABHOIIEHHBI
B TOM OTHOIIIEHUHM, YTO C pOCTOM N CXOJATCS K TOUHOMY 3HadyeHHuto D(x), ocTaHo-
BUMCS Ha camoil mpoctoii u3 Hux oneHke (2.4). B Ms Excel ata onienka Beraucisercs
¢ynkuuein [JUCIIP.

Onenka M (x") mauampHOro MomenTa k-ro mopsiaka M(x") ompenemnstercst Kax

cpenHee apuPpMETHYECKOE 3HAYEHHE COOTBETCTBYIOIIMX CTEIEHEH 3JIEMEHTOB BBI-
OopKuU:

M(x*) = %fo , (2.5)

Briuncnure olleHKM HayajdbHBIX MOMEHTOB (1ipu k£ = 1, ..., 4) U SMOUPUYECKYIO
JTUCIIEPCHIO 110 BHIOOPKE U3 JIECATU ThICAY CreHepupoBaHHbIX 3HaueHuit bCB u cpas-
HUTE HallJICHHbIE OIIEHKH CO CIEAYIOIUMU TEOPETUUECKUMU 3HAUYEHUSIMU MOMEHTOB,
KOTOPBIE JI0J>KHA UMETH C. B. Z, pABHOMEPHO pacnpenenénnas Ha otpeske (0, 1):

M(z)=l- D(z)=i- M(z")=L- k=1,2,...) (2.6)
2’ 12° 1+k° T '

OMIUPUYECKUE MOMEHTHI IOJKHBI OBITh OJIM3KU K 3TUM TE€OPETHUYECKUM MOMEHTAM.

OMIUPUYECKUE MOMEHTBI SIBISIIOTCA CIYYalHBIMU BEIMYMHAMH, IOCKOJIBKY
MPEICTABIAIOT 000 (QYyHKINU CIIy4alHbIX BennuuH. CreHepupyiTe HOBYIO BBIOOD-
Ky u3 10 teicsiy 3Hauenuit bCB z;. 3amertbTe: ecnn Haxath ko4 F9, Hudyero He usz-
MEHUTCS, TaK KaK BCsl BBIOOpKA OJHO3HAYHO OIpe/eieHa MapaMeTpamMu m, k 1aTdyuka
¥ HadYaJIbHBIM 3HaueHueMm A,. HoByro He3aBHCHMYIO BBIOOPKY MOKHO TMOJIYYHTD,
BBO/Is Ipyroe 3HaueHue 4, (pekoMeHayercs BBOAUTH HedETHOoe uncio). [Ipu renepa-
IIUU Pa3HBIX BBIOOPOK SMIUPUUYECKHE MOMEHTHI JOJDKHBI MEHSTHCS, HO OCTAaBaThCA
OJU3KUMH K COOTBETCTBYIOLIUM TEOPETUUECKUM MOMEHTAM.

Memoo nocmpoenus aomnupuueckou @. p. 8. Cxonupyire 10 ThiCS4 3HaUYECHUN
BCB z; 1 BcTaBpTe MX B CBOOOJHBIN CTOJIOEIL] IMOCPEACTBOM MEHIO ...CHEIHAJbHASA
BCTaBKa/3Ha4yeHus. [locie 3Toro oTcopTupyiTe NOJIyYEHHBIN AHaNa3oH MO BO3pac-
TaHUIO.

3anummrTe B cocemHeM cmpaBa croibme yucma 0,0001, 0,0002, ... , 1,0000.
OT0 JIeTKO c/enaTh, BBOJS JBa MEPBbIX YKCIIA JaHHON apu(MeTUUeCcKOl Mporpeccuu
B MEpPBbIE JIBE SUEUKHU CTOJIOLA, BBIAEISS MOTOM MX 00€ M 3aTeM MIENKas JBONHBIM
IIEJTYKOM MBI MO MapKepy 3allOJHEHUs B MPABOM HUKHEM YIIIy BBIICIICHHOTO
JIMara3oHa u3 JIByX KJIETOK.

Tenepr mocieqnue ABa MOCTPOCHHBIX CTONOLA coAepKaT TaOIHILy SMIIHMpHYE-
ckoit ¢. p. B. BCB. Brigenure quamna3oH U3 3TUX JIBYX CTOJIOIIOB, BEIOEpUTE HA MaHe-
JM MHCTPYMEHTOB MacTep JuMarpamMm, B €ro JHAJOrOBOM OKHE — THIl JHArpamMMbI
«TOYCUHAS», HAOKMUTE MBIITKONH ['0TOBO 1 TOCMOTpHUTE Ha MONTy4YeHHBIN Tpaduk. OH
JOJKEH MaJIo OTIMYaThCsl OT Tpaduka TeopeTudeckoi ¢. p. B., OMUCHIBAEMOU ypaB-
HenueM F(f) =t (0Lt <1).

5. IIpocrenmyo NpoOBEpPKY HE3aBUCMMOCTH IICEBIOCIYyYaWMHBIX YHUCEN Zj, ...,
Z10000 MOYKHO OCYILIECTBUTH, OLICHUBAsI KOA(M(ULUEHT KOPPETSAIUN MEXAY IABYMS TO-
CJIEI0OBATENBHO BBIIABAEMBIMH TATYUKOM YHCIIAMM.
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JlJig 3TOro peKOMeHIyeTcs BOCHOJIb30BaThCsl craructuueckor ¢ynkiueir KOP-
PEJI, aprymMeHTbl KOTOPOI JOJKHBI OBITH 33J]aHbl B BUJIE JIBYX MHTEPBAJIOB SYEEK CO
3HAUYCHUAMU. B KadecTBe MepBOro MHTEPBAJIA YKAKUTE IUAMIA30H STUYEEK, COACPKAIUN
qucliia zi, ... , Zgg9g9, B KAUCCTBC BTOPOI'O — AJHUAIIA30H Z3, ... , Z10000 (Ha JIUCTC BTOpOﬁ Jua-
Ma30H — 3TO MEPBbIH, CABUHYTHIA Ha OJHY siueiiky BHU3). DyHkims KOPPEJI Berunc-
aseT KOIPOUIUEHT KOPPENSIIMKA, pacCMaTpuBas KaXIyIO IMapy COOTBETCTBYIOIIUX
AJIEMEHTOB B YKA3aHHBIX MACCUBAX KakK OJIHY W3 PEANM3alMi Mapbl KOPPEIUPYIOIINX
c. B. PeanmuzanusimMu mapbl KOppeIHpYOMUX ¢.B. OynyT uucna (zi, z3), (z2, z3), ... »
(29999, Z10000). TakM 0Opa30M, BBIUUCISEMBIN 371€Ch KOA(D(DUIIMEHT KOPPENAIUN TPeI-
CTaBJIAE€T cOOO0M Ty K€ OLIEHKY, KOTOpas MpeJiaraeTcs B KOHCIEKTe JIeKIHi [3, c. §].

[Ipu orcyrcTBUM 3aBHcUMOCTH Mexay bCB ounenka koddduimenta koppens-
nuu Oyner cpaBuuma ¢ 0,01. Eciu ona mpeseimaer 0,1, TO 3TO CBUAETENHCTBYET
0 3aMETHOM JIMHEWHOW 3aBUCUMOCTH MEXIy AByMs mnocienoBareabubiMu bCB. Cko-
pee BCEro NpUYUHOW TaKOM 3aBUCUMOCTH SIBJISIETCS HAIMYKUE KOPOTKOTO MEPHUOJIA JIN-
00 CIMIIKOM MaJjloe 3HaU€HHE MHOXKUTENS k. B m000M ciydyae Takoil JaT4yuK HENpH-
rOJIeH JUIsl MPAaKTUYECKOTO MCIOJIb30BAHUSL U €ro MapaMeTpbl — MOAYJb W/UIU MHO-
KUTEJb — CIIEAYET U3MEHUTb.

N3menuTe HECKOIBKO pa3 Ay U MOHAOII0JANTe, KaK B Pa3HBIX BBIOOpKAX H3Me-
HsieTCA olleHKa kKodddurmenta koppessiuu. Coxpanure daii.

BapuanTsl 3axanni

VY Bcex CTyIEHTOB 3HAYEHHSI MOJIYJISI U MHOXKUTENSL TOJKHBI OBITh YHUKAJIbHBIMHU.
[Tpu 3amuTe paboThI MPEnoIaBaTeslb PETUCTPUPYET UX B )KypHAJIE.

dopma oTuéTa

Jluctel B ¢aiine Ms Excel cinenyer opopMiisiTh ¢ MOSACHEHUSIMU U 3aroJIOBKaMH,
MUHUMAJIbHO HEOOXOAUMBIMHU JJI1 TOHUMAaHUS CMbICHA MPEICTABIIEMONU STUMHU JIUC-
TaMu HMH(OpMaIMH, i1 OOCYKIEHUs paboThl M A NPOBEPKU €€ IPaBUIBHO-
CTH BO BpeMmsl 3aiuThl. [Ipumep Takoro opopmienus (pparMeHT jaucTa) npeacTaBiIeH
Ha puc. 2.1.

: arial 10 - | K K U | === 5 e 0 % BEIH B A d
H12 - A =KOFPPEN(ET:E9993; E2:E10000)
A | E [ C] D | E | F G | H I
1 i 4294967296 2599051 0.0005 FOMEHTEI
2 k 371293 2936768639 0.6333 Gmnup. | Teop.
3 Ao 7 3931106339  0.9153 0.502 0.50
4 3464955575 08067 0.335 0.33
5 |CoenajeHdi a 3541431931 0.8245 0.252 0.25
B 353319087 0.0323 0.202 0.20
7 IF17BA7763)  0.8B56
8 2821409895 06569 Hucnepcua
9 1450846059 03378 Gmnup. | Teop.
10 1302618079 0.3033 0.0335  0.0333
11 1002170383 0.2333
12 247005463 00575 [Koppen-a || III.EI1151]l
13 9B2702171 0.2241
14 218934793 0.0510 w
M 4+ Whn1-5/ Smnp. dupe 4 Mact3 [/ | ¢ »]

Puc. 2.1. ®parment aucrta Tabauisl K 1abopatopHoil padote 1 (mpumep)
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KoHTpoJsbHbIe BONPOCHI

1. Yto Takoe QyHKuMs pacmnpezeneHusi BepostHocted (¢. p. B.) F(f) u mior-
HOCTb pachupeiesieHus: BepoaTHocTel (1. p. B.) f(¢) ciyvaiinoi BennuunHbl? [loscaure
BEPOSITHOCTHBIN CMBICIT KKJI0M U3 ATUX (PYHKIUH.

2. 3anummuTe GopMaiabHble COOTHOIICHMS, BhIpaXkarolue m. p. B. f(f) uepes
&. p. B. F(¢) u, HaoOopot, F(¢) uepes f(¢) nus mo0O0i HEPEPHIBHOM C. B.

3. Kakoii Bug umeroT ¢. p. B.  I1. p. B. uaeaidbHol (MaTeMarndeckoi) bCB?

4. I[louemy uucna zy, z,, ... Ha Beixojie AaTurka bCB Ha3wsIBalOT ncesdocayuati-
HolMU?

5. KakuM OCHOBHBIM [IByM TpeOOBaHMSM JOJKHA OTBEYATh IMOCIEAOBATEIb-
HOCTb Zy, 23, ..., Zj, ... HA BBIXOJI€ JIaTYMKa, YTOOBI OBITH XOpOILIEH MOJENbIO Healb-
Hoi1 BCB?

6. Kakumu pexomMeHmanusMu cieAyeT IMOJIb30BaThCs MPU BBIOOpPE MapameTpoB
m ¥ k MyJIbTUIIIIMKATUBHOTO KOHTPY3HTHOTO JaTurka bCB?

7. IloueMy MyJnbTUIUIMKATUBHBIA KOHIPY3HTHBIN gaTuuk BCB Henz0exHO BbI-
TAET MEPUOIUYECKYI0 TOCIEA0BATENbHOCTD Zi, Z2, ..., Zj, ... KakoBa MaKCHUMAaJbHO
BO3MOXHAas JUIMHA Nepuoja 1 Mpu 3aJJaHHbIX MOAYJIE m U MHOXKUTENE k?

8. Jlokaxkute, UCXOIs1 U3 NpeacTaBieHus (2.2), uto ecinu A; # Ay st Becex i < N,
TO BCE YHCHA Z1, ..., Zy Pa3HBIE.

9. Kak MOXHO BBIYMCIIHTH BEPOSTHOCTh HHTEpBaia p(a, b) = P {a <x< b}, €CIIH
U3BECTHA 1. P. B. f(f) cIydyailHOM BETMYUHBI X7

10. BeiBequte GopMyiy aiisa onpeeseHus: BEepoITHOCTH p(a, b) monananus Oa-
30BOM CITy4alHOU BEJIMYUHBI B UHTEPBAI (a, b).

11. Kak MOXHO BBIYMCIHTH M. O. CIIy4ailHOW BETWYUHBI 1O €€ 1. p. B.? Beruuc-
aute M. 0. BCB 1o e€ 1. p. B.

12. Kak BBIYMCIUTH JUCHEPCHUIO CIy4YalHON BEIUMYMHBI IO €€ M. p. B.? Berumc-
mute aucnepcento bCB no €€ 1. p. B.

13. BeiBeaure Gopmyiy A BBIUKMCIEHUS HAYaJbHOTO MOMEHTa k-ro mopsjka
0a30BOM CITy4aitHOW BETUYUHBI.

14. JlaiiTe omnpezaesieHHe CTATUCTUYECKOW HE3aBUCHMOCTH C. B. YKaXXHUTE HEOO-
XOJIMMBIE U IOCTATOYHBIE YCIOBUS TaKOH HE3aBUCHUMOCTH.

15. BeiTekaer 11 u3 paBeHCTBA KOd(PUIMEHTa KOppensiuu Hymao p(x, y) =0
CTaTUCTHYECKasi HE3aBUCUMOCTH C. B. X U ))?

16. BeiTekaer a1 U3 CTATUCTHUYECKOW HE3aBUCHMOCTH BEJIMYUH HE3aBUCUMOCTD
¢dbyHkIMoHaNbHasA? BeiTekaeT aM U3 (YHKIMOHAIBHONW 3aBHCHUMOCTH BEJIWYUH HX
CTaTUCTHYECKAs 3aBUCUMOCTb?

17. Kak BbUuCAUTh KOA(OUIUEHT KOPPEISAUU CIydYalHBIX BEJIUYUH X, ), €CIH
JlaHa UX COBMECTHas II. p. B. f(t, 1,)?

18. B kakux mpeaenax MOXET HaXOAUTHCSA 3HaUYeHUE KOdPPUIIMEHTa KOppes-
nuu? KakoBo ero 3HaueHue B Ciiyyae HE3aBUCUMOCTH BEIWYHUH X, y? KakoBo ero 3Ha-
YeHHe, €CIH X, V JuHelno 3aBUcuMbl? Kakyro nHpopManuoo o 3aBUCUMOCTH BEJIUYHH
X, y 1aét 3HaK ko3 uimenTa Koppeasiuum?
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JlabGopaTopHas padora 2
MOJIEJJUPOBAHME JJUCKPETHBIX CJIYYAWHBIX BEJIUUUH

Ilenv pabomwr. PazpaboTka qaTyuka TUCKPETHOM C. B. M €TI0 UCTIBITAHUS.

Cooepirrcanue padbomel.

1. Pa3paboTka mporpaMMHOro AaT4Mka 3aJaHHOW TaOJIUYHO JUCKPETHOM C. B. X
u rerepanus Bbioopku u3 10000 3HaueHui c. B. X.

2. Pacuér smmupuyeckux OIEHOK M. 0. U JUCIEPCUU U UX CpaBHEHHUE C Tpelye-
MBIMH TEOPETUUECKUMU 3HAUECHUSMH.

3. IlocTpoeHne TruCTOrpaMMbl PACHPENEIICHUs] M CPaBHEHUE JMIMPUYECKUX
BEPOATHOCTEW 3HAYEHUH C. B. X C TpPeOyEeMbIMU TEOPETHUECKUMHU BEPOSITHOCTSIMH.

4. I'enepanyisi IyaCCOHOBCKOM C. B. C IOMOIIBIO BCTPOEHHOT'O F€HEpaTopa.

5. CpaBHEHHUE SMIIUPUUYECKUX XAPAKTEPUCTUK MTyaCCOHOBCKOM C. B. C TEOPETH-
YECKUMHU.

IlosicHeHNs1 K BbINOJTHEHH IO paﬁoTbl

1. B nmanHoO# pabote, Kak U BO BCEX MOCIEAYIONINX, B KauecTBe naruynka bCB
ucrnoibszyercs BcrpoeHHas B Ms Excel dpynkius CJITHUC.

Bcsikast muckpeTHas €. B. X ONKMCBIBAETCA KOHEYHBIM WA CYETHBIM MHOXECTBOM
BO3MOJKHBIX 3HAYE€HUH X|, X2, ... , Xj ,... © UX BEPOATHOCTAMHU D1, P2, - 5 Pj 5 ov -
st Toro 4ToOBl CreHEPUPOBATH JUCKPETHYIO C. B., IPUHUMAIOIIYIO 3a/IaHHBIC 3HA-
yeHus ¢ TpeOyembIMu BeposiTHocTsaMHU, uHTepBan (0, 1) 3nauenuit bCB mnpensapu-
TEJbHO pa30MBaETCsl Ha OTPE3KH, JJIMHBI KOTOPBIX PaBHBI BEPOSITHOCTSM py, P, ... ,
Dj, ... . 3aTteM peanusyercsa bCB (1. e. Berunciserca Gpynkuusa CJIYUC), onpenenser-
CsL HOMEP j OTpe3Ka, B KOTOpbIi nomnajno 3HaueHne bCB, u cooTBeTCcTBYIOIIEE ATOMY
OTpe3Ky 3HAa4€HHE X; BBIOMPAETCS B Ka4€CTBE CT€HEPHUPOBAHHOIO BBIXOJHOI'O 3Haye-
HUS C. B. X.

[TycTh, Hanpumep, TpeOyeTcst peain30BaTh JUCKPETHYIO C. B. X, IPUHUMAIOIIYIO
3HAYEHUs X1 =2; X, =35; x3=15; x4,=-30 u x5=3,14 ¢ BepostHocTsmu p; =0,1;
p2=0,15; p3=0,45; p,=0,2 u ps =0,1 coorBeTcTBEeHHO. ECIM OTpE3KH C JIMHAMH,
PaBHBIMH TIEPEUYUCIICHHBIM BEPOATHOCTSIM, OTKJIAJbIBaTh Ha uucioBod ocu (0, ¢)
BIIPABO OT HYJIA, TO UX MPaBbIMHU T'paHunamu OyayT Touku t=0,1; t=0,25; t=0,7;
t=10,9 ut=1. 3anummure Ha ynctoM Jucte Ms Excel B quanazone B1:F2 cienyro-
Y0 TaOJUYKY YHUCEI:

0,1 0,25 0,7 0,9 |
2 5 15 -30 3,14

B sueiiky A3 ms nmonyuenus BCB Beenute popmyny =CJIUUC(). Teneps mis
peanu3anuy JaT4uKa HY)KHOW JUCKPETHOM C. B. OCTAETCS ONPENEIUTh, MEXIY KaKu-
MU TpaHHIIAMH, YKa3aHHBIMU B BEPXHEH CTpoke Tabmuyku, nmonagaet 3Hauenue bCB,
U BbIOpATh COOTBETCTBYIOIIECE 3HAUCHHE C. B. U3 HIXKHEW CTPOKHU TaOJIMYKH.

[Tockonbky B Excel momnoOHble yCIOBHBIE ONEpalid OPraHU3YIOTCS HE CaMbIM
OYEBHMJIHBIM 00pa3oM, MpUBEAEM MOAPOOHYI0 MHCTPYKLHMIO, MOSICHSIONIYIO, KaK 3TO
CHENATh.
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B sueiiky B3 Begutre ¢dopmyny =ECJIM(($A3<B$1)*($A3>AS$1);B$2;0).
Ota dopmyrna BEIAAET MEpBOE BO3MOXKHOE 3HAYEHUE C. B., €CIIM YUCIO B sueiike A3
(3tro bCB) HaxoauTCs B IEPBOM BEPOSATHOCTHOM OTpE3KE, YKa3aHHOM suerikamu Al
u B1, 1. e. or 0 no 0,1 (sueiika A1 moimkHa ObITH TycToi). Cromupyiite B3 BmpaBo
Ha nuana3oH B3:F3. B HEéM mosBisercs CTpoka U3 HyJEHd W OJHOI'O 3HAYCHWS, BbI-
OpaHHOrO U3 TaOJIMYKH B KAUECTBE peajn3alliu C. B. X. ABTOMaTHUYECKUN BHIOOP 3TO-
ro 3HayeHus opranmzyite B sueiike G3. J{nsg storo 3amummute B He€ Qopmyiy
=CYMM(B3:F3). Haxumas xmou F9, ybemutech, uro B G3 Teneph MOSBISIOTCS
BO3MOYKHBIC 3HAUYCHUS HAIIEH JUCKPETHOM C. B.

Teneps ckonupyiite cTpoky A3:G3 BHU3 Ha 10—20 CTPOK, BBICIUTE U CKPOUTE
cton6O1el A-F. OcraBmmiics BUAUMBIM cTOJ0eT] G COMEPKHUT TOJIBKO BBHIOOPKY 3Ha-
YeHUH 3a1aHHOM aucKpeTHoH c. B. [1o kimouy F9 aTu 3HaueHus: 0OHOBIISAIOTCS.

Ha ocHOBe BBINOJIHEHHOTO MpUMEpa, MYTEM KOPPEKTUPOBKHU HCIOI30BAHHBIX
B HEM JAHHBIX, HETPYJAHO MOCTPOUTH JATUYUK JUCKPETHOM C. B., YKa3aHHOW NJis Ba-
IIeT0 KOHKPETHOTO BapuaHTa 3amaHuii. [loctpoiite TpeOyeMblil TaTYMK U CreHEpH-
pyiite BbiOOpKyY 13 10000 3HayeHUi C. B.

2. YToOBI paccuuTaTth MO BHIOOPKE AIMIUPHUUECKOE M. O. U IMIIUPUIECKYIO JHC-
nepcuto, ucnonp3yte Pynkuun CP3HAY u JIUCIIP. CpaBHuTe HalijiecHHbIE JIBE
AMIIUPUYECKUE XAPAKTEPUCTUKU C TOUHBIMH TEOPETUYECKUMU 3HAYEHUSIMH M. O. U
JTUCIIEPCHUH, ONIPEAEIIIEMbIMU IO (pOpMyIam:

K
MW= Y pp @)
j=1
£ 2 2
D(x)= D p;xj—M*(x), (2.8)
j=1

rje B HameM ciaydae K =7. Jlns Beruucienus cyMmm B opmynax (2.7) u (2.8) uc-
nonb3yire Pyukiuio CYMMITPOU3B.

Haxxumas xnaBumy F9, monaGmronaiite, Kak 3HAYEHUS] SMIIMPUUECKUX OIEHOK
CP3HAY u JVCIIP usmeHstoTCs B pe3ysibTaTe M3MEHEHHs BCel BHIOOPKH, HO OCTa-
I0TCSl OJIM3KMMM K TOYHBIM TEOPETUUYECKUM 3HAUYEHUSIM OIICHHMBAEMBIX XapaKTEpH-
CTHK.

3. [l momy4deHust TuCTOrpaMMBbl SMIMPUYECKOTO PACIIPENEICHUs] BOCIOIb3yH-
Tech KoMaHJ0i MeHI0O CepBHC/AHANIU3 TaHHBIX... (€CITU OMIUA AHAJIU3 JaHHBIX
B MEHIO OTCYTCTBYET, TO HY’KHO BHavasie B MeHI0 CepBuc/HaacTpoiiku... BEIOpAThH
nyHkT [laker anamm3a u Haxath OK). ChopmupyiiTe Ha CBOOOJHOM MecTe CTOJ-
Oel] BO3MOXHBIX 3HAUYEHUN Balied C. B., YNOPSAJOYCHHBIX IO BO3PACTAHUIO,
TaK Ha3bIBaEMbI€ «KapMaHb» (YaCTOTHBbIE WMHTEpBajbl), U BouauTe B MeHi0 Cep-
BUC/AHau3 JaHHBIX.../['HcTOrpaMma. B OTKphIBIIEMCS] 1MAIOTOBOM OKHE YKaXH-
Te B Ookce BxomHoii MHTepBaJ JIuamna3oH sSyeeK, COAEpXKAIIUX Ballly BBIOOPKY,
B Ookce UHTepBaJl KAPMAHOB YKa)XUTE TUAIa30H KapMaHOB, 3aTeM B oOiacTu Ila-
paMeTpbl BHIBOJA 3TOT0 JUAJIOTOBOI0 OKHA BHIOEpHUTE oMK BbIX0aHOW HHTEp-
BaJI U yKaXuTe B €€ OOKCe HYKHOE BaM IOJOKEHHE TaOIHIIBI JIJIi THCTOTPAMMBI
(MOHO yKa3aTh TOJIBKO €€ BEPXHIOIO JIeBYIO siueliky). Haxxmute OK.
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B ykazanHOoM BamMu MecTe NOSIBUTCS TaOiMlia W3 JBYX CTOJOLOB Kapman
u Yacmoma. B 370l Tabnuie, HEMOCPEICTBEHHO MPOTHB YKa3aHHBIX BO3MOKHBIX
3HAYEHUH BallIeH C. B. HAXOAATCS SMIIUPUUYECKUE BEPOATHOCTU (OTHOCUTEIbHBIE Yac-
TOTHI BCTPEUAEMOCTH) 3TUX 3HAUYCHUN B CT€HEPUPOBAHHOU BbIOOpKE. CpaBHUTE ITH
AMITUPUYECKUE BEPOSITHOCTH C TPeOYEMbIMU TOUYHBIMH BEPOSTHOCTAMHM, 3aJaHHBIMU
JUTS Balllero BapuaHTa padoThl.

['ucrorpaMmy pacnpenesneHruss MOXHO MOCTPOHUTh MO BBIACICHHOW TaOnuIle
KapMaHOB M YacTOT ¢ IOMOIIbI0O MAacTepa auarpaMMm. MOXKHO, HAlIpUMEpP, B MacTepe
nuarpaMm Ha Bkiaake Hecranpaprabie BeiOpaTs THI I'pauk | rucrorpamma.

4. B Ms Excel B mento CepBuc/Ananu3 nanabix/I'eHepanus cjay4aiiHbIX YM-
ceJl TPEOCTABISAETCS BO3MOXHOCTh I'€HEpallid BBHIOOPOK M3 CIEAYIOUIETO CIHUCKa
pacnpenenenuii: PaBaomeprnoe, Hopmansnoe, bepnyiun, bunomuansnoe, [lyaccona,
Mopensnoe u Jluckpernoe. PekoMenayeTcst mo3KCIIEpUMEHTUPOBATh C 3TUMH TI'€He-
paTopaMu, Tak Kak OHU JOCTATOYHO yJAOOHBI B MCHOJb30BaHUH. VX HeqoCcTaToK co-
CTOUT JUIIb B TOM, YTO i1 OOHOBJIEHUS HCIIOJIb3YEMBIX BBIOOPOK TpeOyeTcs mo-
BTOPHO IIPOXOAUTH MEHIO.

IIyaccoHOBCKas C. B. X SBIISIETCA IUCKPETHOM C. B. U MOXKET NMPUHUMAThH 3HAYe-
Husa 0, 1, ..., k, ... C BEpOSTHOCTSMHU
ake @

k!

rae a > 0 — napameTp pacupeneseHus, paBHbIil M. 0. (M OJHOBPEMEHHO IUCIIEPCHUN)
IIyaCCOHOBCKOM C. B. X:

Pk = , (2.9)

M(x)=a, D(x)=a. (2.10)

AJITOpUTM peanu3aliii IMyacCOHOBCKOM €.B. Ha ocHOBe natuunka BCB npuBenen
B [2].

Ho 3xech, s Toro uto6sl crenepupoBath 10000 3HaYeHUH MyacCOHOBCKOM C. B.,
ucnoJib3yiTe BcTpoeHHbld B Ms Excel reneparop. Boiigute B menio CepBuc/Anaan3
naHHbIX/I'eHepanus cay4ailHbIX 4uces. B OoTKphIBIIEMCS JUaIOTOBOM OKHE BBE-
JIMTE YUCIIO TIepeMeHHbIX 1, unciio ciyyaiiabix uncen 10000 u BeiOepute B pa3Bopa-
yuBaroleMcs cnucke pacnpejaenenue Ilyaccona. Begute 3nauenue JIsmoOma (tak
3leCh HMMEHYeTCs MapaMmeTrp da), pasHoe HoMmepy  eaule2o  eapuamwmad,
3aJlaiiTe TaK Ha3bIBAEMOE «CIy4ailHOE pacceMBaHKe» (Ha caMOM Jelie 3TO HauyajJbHOe
3HaueHue JoKaibHOro Aarynka bCB) m BbIXOAHONM MHTEpBan (JOCTATOYHO YKa3aTh
BEPXHIOIO KJIETKY cToJiona). Haxxmute OK.

5. ITocne Toro, kak Excel crenepupyer BRIOOpKY 3HAUEHU ITyaCCOHOBCKOH C. B.,
HaWJINTE€ SMIMPUUECKOE M. O., IMIUPUUYECKYIO TUCIEPCUIO U MTOCTPOUTE THCTOrpam-
My pacmnpezaeineHus. CpaBHHUTE MOJYYEHHBbIE pe3yibTaThl (BKIIIOYas BEPOSTHOCTH
3HAYEHUU C. B.) C TOUYHBIMU TEOPETUUECKHUMH MOKA3aTENIIMH, ONPEICIISIEMbIMUA 10

dbopmynam (2.9) u (2.10).
Bapuanrtsl 3ajaHuii

BapuanTtel mabauynoti TUCKPETHON C. B. 3aJaHbl B TaOu. 2.2. BapuaHThl myac-
COHOBCKOM C. B. ONpPEAENSAIOTCS NapaMeTpOM @: OH JIOJKEH ObITh paBeH HOMEpY Ba-
pHUaHTA.
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BapuanTtsl 3ajaHuii K J1abopaTtopHoi padore 2

Tabnuya 2.2

X J

N 1 2 3 4 5 6 7
| X; 7134 707 515 439 133] 73.0] 738
»; 0241 0,023] o0,166] 0078 0272] 0,192] 0,028
) X; —50,7] —218] -144] 235 347] 550 853
»; 0,159 0,157] 0,166| 0,089] 0,136] 0,137] 0,156
3 X; 933 -7132| -702] -s556| —203| 388] 498
»; 0,099 | 0,061] 0,160] 0,159] 0,171] 0,176| 0,174
A X; 80,1 -772| -116| -113] 362 424 791
»; 0079 0122 0116] 0205] 0164] 0158 0,156
5 X; 4] —685] —684| -435] —65 12] 310
»; 0,005 0240 0251 0003] 0271 0049] 0,181
] X; 21,4 46 171 200 371 391 934
»; 0,137 0,098 | 0,065 0240| 0258| 0,108] 0,094
; X; 401 -129] -88 3,6 74| 372 591
»; 0,128 | 0,157] 0,185 0,014] 0217] 0,056] 0,243
. X; 969 —874| 557 —s545| 597] 835 993
»; 0,114 0,09]| 0270 0,192] 0,086] 0242] 0,006
0 X; 978 —80,7| -164 421 266 712] 775
»; 0,050 | 0248| 0206| 0,124] 0,127] 0,186| 0,059
0 X; 582 577 473 302 -131] 200] 76,1
; 0,005 0091 0220] 0052] 0271 0,124 0,137
0 X; 823 43| 1] 282 351 553 921
»; 0,285| 0,152] 0,070| 0,056| 0288] 0,126| 0,023
1 x, |-88,0] —665] —262] 45| 03] 650] 658
»; 0,186 | 0246] 0,139] 0157] 0207] 0015] 0,050
3 X; —87.8| —86,6| -157 411 221 714] 988
»; 0,044 | 0,017] 0,140] o0,162] 0,153] 0246] 0,238
M X; 486 —341| 319 -165] -158] 212] 386
»; 0,95 0,089] 0,020 0,139] 0,198] 0244] 0,115
s X; 133 139] 478 550 657] 955] 961
»; 0,062 0201] 0,136] 0221 0,110 0,070] 0,100
6 X; 810 430 —412] -15] 245] 387 853
»; 0,093 | o161 0274] o0010] 0234] 0021] 0207
- X; 693 —495| 250 376 73| 72| 992
»; 0,93 0,085] 0,003] 0,057] 0,037] 0265 0,360
s X; 572 361 164 24| 300] 342] 551
»; 0255| 0,183 0028] o116] 0294] 0046] 0078
I X; 493 26| 127] 266| 368 446] 962
»; 0,159 0,078] 0218] 0,186 0,093] o0,108] 0,158
20 X; 885 —474| 459 273 00 581 931
»; 0248 | 0,155 0,110 0,009] 0,125] 0,148] 0,205
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®opMma oT4éTa

JIuctel B daitne Ms Excel cnexyeT opopMIIsITh C TOSICHEHUSIMHA M 3aTrOJIOBKaMH,
MUHHAMAJILHO HEOOXOAMMBIMHE JJII TOHUMAHUS CMBICIIA TIPEICTABIIEMOM YTHMH JIHIC-
TaMu UH(pOpMaIUH, st 00CYKJIeHUs pabOThI U JUIsl TPOBEPKH €€ MPAaBUILHOCTH (CM.
puc. 2.1).

KonTpoJibHBIE BONIPOCHI

1. Kakoe MHOECTBO 3HaUYE€HUN MOXKET MPUHUMATh IUCKpeTHas c. B.? Kak 3ana-
€TCsl pacIpeeieHue BEpOSTHOCTEN TUCKPETHOM C. B.?

2. Kakoe MHO€eCTBO 3HAYEHUI MOXKET MPUHUMATh ITyaCCOHOBCKas C. B.?

3. Kak BBIYUCISAETCS M. 0. U JIUCHEPCUA JUCKPETHOM C. B. MO €€ PaCIpeICIICHUIO
BEPOSITHOCTEN?

4. Kakue M. 0. U AUCTIEPCUIO UMEET IyacCOHOBCKas ¢. B.? BoiBeaure hopmybl
(2.10) u3 pacnpenenenus (2.9).

5. Kakoill Bua nmeet rpauk pacnpeesieHus: BEpOATHOCTEN ITyaCCOHOBCKOM ¢. B.?

6. [Ipu xakoMm 3HaY€HUU k BEpOSITHOCTh P, B opmyie (2.9) nocturaer Makcu-
Myma?

7. Kaxoit Bug umeeT ¢. p. B. AUCKPETHOM C. B.?

8. [losicaute oOIIMiT METO MOCTPOSHUS JaTUNKOB IUCKPETHBIX C. B. HA OCHOBE
BCB.

9. Kak 1o pacnpeneneHnro TUCKPETHOM C. B. BBIYUCIUTh BEPOSATHOCTD €€ IOoMa-
JaHUs B 3a/IaHHBINA UHTEpBa (a, b)?

10. Jokaxwute, uto B pacnpeneneuuu [lyaccona (2.9) cymma BeposiTHOCTEH py
BCEX BO3MOXKHBIX 3HaUeHui k=0, 1, 2, ... paBHa eAUHUILIE.

JlaGopaTopnas padora 3
MOJIEJTUPOBAHUE HENPEPBIBHBIX CJOYYAWHBIX BEJIUUYUH

Henv pabomwr. Pa3paboTka qaTunKa HEMPEPHIBHOM C. B. U €r0 UCIIBITAaHUSI.

Cooeporcanue pabomot.

1. Pa3pabGoTka mporpaMMHOTO JaTYWKa 3aJaHHOW TAOJMYHO HETPEPBHIBHOU C. B.
x u reHeparnus Beioopku u3 10000 3nayeHwuii c. B. x.

2. Pacu€t sMnupuuecKux OLIEHOK M. 0. M JUCIIEPCUM U UX CPaBHEHHE C TOUYHBI-
MU TEOPETUUYECKUMU 3HAUCHUSIMH.

3. I[Toctpoenue ammupudeckoit @. p. B. C. B. X U €€ cpaBHEHHUE C TCOPETUUECKOM
¢. p. B.

4. Peanuzanus cTaHIapTHOM HOPMaJIbHOM C. B. MeTOA0M bokca — Mromtepa.

5. CpaBHEHHE YMIUPUYECKUX XAPAKTEPUCTUK HOPMAJIBHOU C. B. C TEOpETHYEC-
KUMH.

IosicHeHHsI K BHINOJIHEHUIO PA0OTHI

1. @. p. B. F(¢) TabnuyHO 3aJ]aHHON HEMPEPHIBHOU C. B. X MPEJCTaBIISIET COOOM
KYCOYHO-JTHHEHHYI0 GyHKIH0. B Tabm. 2.3 Ay kak10ro BapuaHTa 3aIaHAi YKa3aHbI
KOOPJAMHATBl Y3JIOBBIX TO4eK A; rpaduka 3Toil ¢. p. B. B BHIE Iap 4ucenl f; ),
rae ¢t — abcuucca TOUkH A;, y; — opauHaTta. Ha rpaguke ToYku A; COETUHAIOTCSA OT-
pe3KaMU MPSIMBbIX JTUHUM.
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JlJis peanu3aiyi . B. X BOCIOJIB3YHTECh TEM, UTO €€ MOKHO paccMaTpHUBaTh Kak
CMECh CIy4YalHBIX BEJIMYWH, paclpelel€HHbIX paBHOMEpPHO Ha HHTepBalax (f, f),
(2, 13), 1 T. 1. IIpn 5TOM BEPOATHOCTH NONAJaHUA X B HHTEpBA (), 4;+1) paBHa F(#1) —
F(t) = yj11 — yj, T. €. onpenensdercs U3 Tadi. 2.3 Kak pasHOCTb OPAMHAT TOYEK A+
U A;. OTO NO3BOJAET UCIONIB30BaTh Ul PEANM3ALUU X TIPOCTOM aIrOPUTM, I10JIydae-
MBI TyTéM HEOONBIION MOAM(PUKAIMKA AITOPUTMA pean3allii JUCKPETHOU C. B.,
MPUMEHSEMOTO B TIpeablaymel padore. Moaudukaius CBOIAUTCS K TOMY, YTOOBI,
BeIOpaceiBass bCB Ha 0Ch OpAMHAT M ONpENEIsisi BEPOSTHOCTHBIM UHTEPBAN (), Vj+1),
B KoTopblii nonagaer bBCB, paspirpeiBaTh (B KayecTBE 3HAYEHHs X) HA COOTBETCT-
BYIOIIIEM UHTEPBAJE (4, #;+1) PABHOMEPHYIO C. B.

[TycTb, Hanipumep, TpeOyeTcsl peann30BaTh HEMPEPHIBHYIO C. B. X, KOTOpast UMe-
€T KyCOuHO-IuHelHyo ¢. p. B. F(f), 3alaHHYI0 CIEIYIOMUMH Y3JIOBBIMH TOYKAMH:
A=(-1;0), 4,=(1;0,2), A;=(3;0,6), 44=(10; 1). Ecnmu opauHaThl mepeynCiIcH-
HBIX TOYEK OTKJIaJbIBaTh Ha ynciaoBoit ocH (0, y) BBEpX OT HYJISA, TO MOJYUYUM TOUKH
y1=0;»»=0,2; y3=0,6 ny,=1. AGcuuccamu Touek A; SABIAOTCA TOYKHU f; = —1;
t,=1; =3 n t, = 10. Ilocne BeiOpaceiBanuss bCB u onpexnenenus orpeska (3, Vi),
B KOTOPBIM OHa Tomnajia, MOKHO IIPOCTO Pa3bIrparh X Kak C. B., pPABHOMEPHO pacripe-
IEeNEHHYIO0 HAa UHTEpBAe (4, ¢;+1), T. €. BBIYMCIUTH €€ 110 (opMyJie

x =1t + (t—t)z, (2.11)
r/ie z — HoBasi He3aBucuMas peanuzanus bCB.

Urak, 3anummre Ha yuctom aucte Ms Excel B stueiiky Al popmyry =CJTUUC().
B sueiiku B1, C1, D1 BBequTe cneayromue Tpu GOpMyJIb:

=(A1<0,2)*(2*CITINC()-1)|=(A1>0,2)*(A1<0,6)*(1+2*CITUNC()) |=(A1>0,6)*(A1<1)*(3+7*CITIIC())

B stux gopmynax HepaBeHCTBa B CKOOKaX MPUHUMAIOT apu(pMETUIECKHUE 3HA-
yeHus | wim 0 B 3aBUCUMOCTH OT TOTO, BBITIOJTHSIOTCS OHU WU HET. Takum oO6pazom,
B ojHOM U3 TpEx siueek B1, C1, D1 peanusyetcst 3HaUeHUE C. B. X, B IBYX JIpyTrux Oy-
net 0.

B sueiixy E1 pana ¢Qukcanmu paspirpaHHOW €. B. X BBEOUTE (POpMyITy
=CYMM(B1:D1). Tenepy mis renepanuu BeIOOpKM ckomupyite auanazon Al:E1
Ha 1000 ctpok BHU3. Ckpoiite cTtondibl A-D. Ocrapmmiics BuaumMbiM ctosioer E co-
JEP>KUT TOJIBKO BBIOOPKY 3HaU€HUH C. B. x. [1o kimouy F9 3Tu 3HaueHus: OOHOBIISIOTCA.

Ha ocHoBe paccMOTpeHHOro npumepa, ImyTémM KOPpPEKTUPOBKU UCTIOJIb30BAHHBIX
B HEM JAHHBIX, HETPYAHO MOCTPOUTH JIaTUUK C. B., YKa3aHHOU JIJIsl Balllero KOHKPET-
HOTO BapuaHTa 3ajanuii B Tad. 2.3. [loctpoiite TpeOyemblil JaTYUK U CTEHEPUPYUTE
BbI0OpKY 13 10000 3HaueHwii c. B.

2. DMIIUPUYECKOE M. 0. U JIUCTIEPCHSI ONIPEAEISAIOTCS MO BhiOOpKe. ToyHbIE 3HA-
YeHHUS M. 0. U JUCTIEPCUH HEMPEPBIBHOM C. B. ONMPEACISIOTCS CleayomuMu Gopmy-
JaMH:

M(x)= [tf(0)dt; 2.12)
D(x)= [¢* f(O)dt =M (x). (2.13)
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[Tpumenenue dopmyi (2.12) u (2.13) k ciaydar KyCOUHO-TUHEHHOU (. p. B. ¢ y3II0-
BBIMH TOYKaMU A; IPUBOJUT K CJIG,ZIYIOHII/IM pacu&THBIM BBIPAKEHUSM:

M(x)= E Vi —¥,) G * t), (2.14)
0 JIN ﬁ e
D(x )—3§(y,-+1 y;) Pa— M~ (x) (2.15)
= jr T

rae K — uducio y3noBbix Touek. [Ipumenenue stux pacué€tHsix (opmyn B Excel
HE TPEJACTABIAECT TPYJa, €CIM OPAUHATHI }; U a0CIIMCCHI ¢ BBECTU B JIBA COCEIHHX
cTos0La sSYeeK.

3. I'paduk smmupuyeckoit @. p. B. CTpOUTCA IO BHIOOPKE TaK ke, Kak B Jiabopa-
TopHO padote 1. Ha puc. 2.2 nmokazan rpaduk sMmnupudeckoi . p. B., MOCTPOCHHBIN
JUISL paCCMOTPEHHOr0 B IMyHKTEe 1 mpumepa o Beioopke n3 N = 1000 3HaueHuii c. B. x.
Ha rpaduk smnupuueckoir ¢. p. B. HajokeH rpauk 3aJaHHOTO TOYHOIO pac-
npenenenus BepositHocTed. [Ipu N = 1000 nBa rpaduka emeé 3aMeTHO pa3InyaroTCs.
IIpu N = 10000 oHuM y BaC mpakTU4ECKH COBIAAYT.

-

-

— Psan1

D oD
[e)

— Psap2

\

D
[\ IS

D

-2 0 2 4 6 8 10 12

Puc. 2.2. 'papuku sMIUpUIECKON U TEOPETHUECKOH . p. B

4. Peanmu3anys cTaHIapTHOW HOPMAJIBHOM C. B., UMEIOLIEN HyJeBoE M. 0. £ =0 u
€IMHUYHOE CPEeIHEKBAJAPATUYHOE OTKIOHEHHE G = |, OCHOBaHa MpPH HCIOJIb30BAHUU
Meroaa bokca — Mroiepa Ha clieyromieM npeoopa3oBaHuu:

x, =cos(27z,)-4/—2Inz,
x, =sin(27z,)-4/-2Inz,

[IpeoOpazoBanue (2.16) peanusyer JABa HE3aBUCUMBIX 3HAYEHUS X| U X, CTAH/IaPTHOM
HOPMAJIBHOM C. B. yepe3 JiBa HE3aBUCUMBIX 3HaueHus z; U z; BCB.

Beeaute na uncrom nucre Ms Excel popmyny =CIITUUC() B sueiiku Al u Bl
JUTSL peau3aliviy B HUX JIBYX HE3aBHCUMbBIX 3HAUEHUH Z| U z; U CKOMTUPYWUTE HA quara-
30H A1:B5000. B sueiikax C1 u D1 3anumunre GopMysabl A1 BEIYUCIECHUS BEITUYHH
X| ¥ X, o dopmynam (2.16) u ckomupyite WX BHU3 METOJOM JBOWHOTO IIEITYKA.

(2.16)
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Tak B n1Byx ctonbuax C u D peanuzyercs
BbeIOOpka u3 10000 3HaueHuit cTaHmApT-
HOW HOPMAJIBHOMU C. B.

5. DMnupudeckoe M. 0. ¥ IMIIHpUYE-
CKasl IUCTEpCHsi, ONpeaesieMble O JTha-
nazony C1:D5000, nomkHbI OBITH ONTU3-
KUMHU K TEOPETUYECKUM 3HadeHUusM u = ()
o= 1.

[To cronbny C unu D (ucnonw3ys
€ro KOMMpoBaHUE, CIEIHATbHYIO BCTaBKY
U COpPTUPOBKY IO BO3pacTaHUIO) IIO-
cTpoiTe rpaduk SMIUPUYECKON ¢. p. B.,
KOTOpasi B KaXkJ0M TOUKe X; Bo3pactaeT 31ech Ha 1/5000 = 0,0002. Hanoxxute Ha He-
ro rpauk TeopeTuyeckor ¢. p. B., BBIUUCIAEMON B 3TUX K€ TOYKAaX X; C TOMOIIbIO
dbyukiun HOPMCTPACII. BuzyansHo o6a rpaduka coBnaayT MpakKTUUECKH MOJTHO-
CThIO (puc. 2.3).

-_
o

-

P

D
» Q

— Paa1
/ —Pap2

D

i\&;

-4 -2 0 2 4 6

Puc. 2.3. I'paduxu ¢. p. B.
CTaHJIAPTHOU HOPMAJIbHOU C. B.

BapuanTsl 3axanuni

Tabnuya 2.3
BapuanTtsl 3ajaHuil K J1abopaTtopHoi padore 3

Ne A, A, As Ay Ne A A, A Ay
1 0,7; 0 2:0,1 5;0,6 52;1 11 2,50 | 2,6;0,7 | 3,6;0,8 4;1
2 2,2:0 3,2;0,3 | 3,7;0,7 8,3; 1 12 | -1,5;0 | 1,9;04 | 2,2;1 -

3 2,1;0 3,1; 0,7 7,3;1 - 13 7,6;0 | 79,04 99;1 -
4 43:0 6,2;0,7 9,8;1 - 14 | 4,6;0 | 48;03 149,08 | 55;1
5 1,3; 0 3.4;0,7 54;1 - 15 | -0,6;0 | 2,6;0,8 | 9,6;1 -
6 3,6;0 5,8;04 9,3;1 - 16 6,7,0 | 7,2,;0,8 | 7,7;1 -
7 | -0,7,0 | 3,2;0,3 6,4; 1 - 17 | -0,3;0 | 0,3;0,3 | 0,8;0,7 | 0,9;1
8 34,0 | 5,8;0,3 6,9; 1 - 18 850 |89,01]91,04]| 9,51
9 08,0 | 64,04 ]| 7,4,0,6 8,4; 1 19 | 4,1;0 |48;03 55,05 58;1
10 55,0 | 79,06 | 81;0,8 8,4; 1 20 1,§;0 | 1,9;0,7 | 2,6;0,8 3;1

dopma oTuéTa

JIuctel B paitie Ms Excel crnenyer opopMisiTh ¢ OSICHEHUSIMU M 3ar0JIOBKaMH,
MUHHMAJILHO HEOOXOAMMBIMHU JJII TOHUMAHUSI CMbICIA TIPEICTABIIEMONM dTUMH JIHC-
TaMu UH(pOpMaIUH, st 00CYKJIeHUs pabOThI U JUIsl TPOBEPKH €€ MPAaBUILHOCTH (CM.
puc. 2.1).

KonTpoJibHBIE BONIPOCHI

1. 3anummure BhIpakeHUE IJs M. p. B. f(f), KOTOpas COOTBETCTBYET BallleMy Ba-

puanty ¢. p. B. F(2).
2. BeiBenute popmynel (2.14) u (2.15).
3. [osicHuTe CMBICT SMIUPUIECKON (. p. B. 1 METO/ €€ TIOCTPOCHUS IO BEIOOPKE.
4. CpaBHHUTE METO]I peaIu3alliu C. B. C KyCOUHO-TUHEUHOU (. p. B., UCIOJIB30-
BaHHBIN B JaHHOU paboTe, ¢ MmeTogoM oOpamieHus [2]. Yem otnuyanace Ob1 peanusa-
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1[Ms1 METOoJ1a OOpalleHHs] BMECTO METO/1a, UCIIONIb3yeMoro B padote? 3anummmure Gop-
MYyJly JJis BBIYMCIICHUS X TI0O METOAY OOpalleHus MOocje TOro, Kak yCTaHOBJIEH BEpo-
ATHOCTHBINA UHTEPBa ()}, Vj+1), HA KOTOPBIN nonano 3HadeHne bCB.

5. Kak Ha OCHOBe JaTuuKa cmaroapmuol HOPMAJIBHOH C. B. X pEa30BaTh APY-

I'YI0O HOPMaJIbHYIO C. B. Y, UMCIOIIYIO 3aJaHHOE HEHYJIEBOC M. 0. i # 0 M JTUCIICPCHIO
p)
o #1?

JlaGopaTopHnasi padora 4
MOJEJUPOBAHHUE CJIYYAWHBIX BEJIJMYHUH METO/JOM PEXEKIINH

Iens pabomel. PazpaboTka gaTYMKa C. B. METOJIOM PEKEKITUH.

Cooepircanue pabomei:

1. PazpaboTka nmporpaMmMHOTO JaT4uKa C. B. X, UMEIOIICH 3aJaHHYIO II. P. B. f(f).

2. Peanuzanmsi BBIOOPKH, Pacy€T SMIIMPUYECKUX BEPOSTHOCTHBIX XapaKTepH-
CTHK C. B. 1 IX CPAaBHEHHE C TOUHBIMHU TCOPETUICCKUMH XaPAKTEPUCTHKAMHU.

IosicHeHHsI K BHINOJIHEHUIO PA0OTHI

1. Meton pexekiuu (METOJI UCKJIFOUEHHUS) U3JI0KEH B OOIIeM BHJIEC B YUeOHOM
nocoduu [2]. Ilpu ero ucnosib3oBaHUU B JAaHHOU pabOTE pEeKOMEHAYETCS OMUPATHCS
Ha Maxxopupytomryro Gyuknuio g(f) = G = const (puc. 2.4). Koncranta G nomxHa oT-
BeuaTh ycioBuio G > f(t) mns Beex t € (a,b), tne (a,b) — obmacTe onpeacIeHUs
1. p. B. f(?).

[Ipu Takom BbIOOpE pyHKIMH A
g(t) anropuT™ AaT4HMKa C. B. X CO-
CTOUT U3 JIBYX IIIaroB.

llaez 1. B npsamoyroibHuK G |----- :
¢ BepumHamu (a, G), (b, G), (a, 0), !
(b, 0) 6pocaetcs ciyvaitHasi TOUKa,
KOOPJIMHATHI KOTOPOM paBHOMEPHO
pacmnpeienieHbl B €ro npejenax.

Llae 2. Ecnu 3Ta cimydaHas
TOYKA TIOTAJAaeT HIKe rpaduka
bynkuun f{f), To e€ abcuucca BbI- , ,
na€Tcsi B KayeCTBE pealTU3aIliH a b
C. B.x. llHaue HYXHO BEPHYTbCA
K mary 1.

/gm

M)

Puc. 2.4. K merony pexekuun

Peanuzammrio c. B. MmeTomoM pexeknuu B Excel paccMoTpum Ha ciemyroriem
npumepe. Ilycte TpeOyeTcst crenepupoBath C. B. X, II. p. B. KOTOpOH 3a/1aHa B cle-
JTYIOIIEM BUJE:

(0———J_ 0<r<1, (2.17)

OueBUIHO, YTO 371ECh B KaYeCTBE Mamopnpy}omeﬁ KOHCTaHThl G MOXXHO B3SITh
BermmunHy G =5/3. CnenoBaTensHO, BbIOpachiBaeMasi HaMU CilydaiiHas Todka (X, )
JIOJDKHA MMETh KOOPJIMHATHI, MMEIOIIME PABHOMEPHOE pPACHpPENENICHUE B Ipeaesiax
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0<x<1, 0<y<5/3, u ux MOXHO pasbirpath B siueiikax Al u Bl mo ¢dopmymnam
=CJIUYNC() u =CJIMUC()*5/3 coorBercTBeHHO. [locme aToro Ham ocTaércs B sIMCHKE
C1 npoBeputh, MONaJIoO JU 3HAYEHUE ) HUXKE TOUKH f(X) KpUBOM rpaduka I. p. B., U
MPUHSTH WIM OTBEPTHYTH pa3birpanHoe 3Havuenue x. s storo 3amumute B C1 ¢op-
myiry =ECJIM(B1<5/3-KOPEHb(A1);A1;""). OTta dopmyna Beinact B sueiike C1 mbo
3HAYEHUE X, JIMOO HUYEro, «IIyCTOM CUMBOJ». Eciii BbIIaéTcs mycras siuerika, Hy>KHO
Haxkatb Kiou F9. Jlarumk paspaboran. Ilo aHamoruu ¢ paccMOTpEeHHBIM ITPUMEPOM
MO>KHO MOCTPOUTH U TaTYHK C. B. ISl TOM II. P. B., KOTOpas 33/1aHa B BallIEM BapHUaHTE.

2. Cxonmpyiite siueiiku Al, B1 u C1 Bau3 Ha 10000 cTpok, u B cronbie C mos-
BUTCS BEIOOpKA 3HAUYEHUH C. B. X C 3aJJaHHBIM pacIpejeieHueM BeposaTHocTel. Yucno
N peanu30BaHHBIX 3HAUCHUN OyJE€T MEHbIIE IECATH ThICAY U3-3a UCKIIOUEHUS YaCTU
peanuszanuil.

Cxonupyiite nuanazon C1:C10000 u BctaBbTe B ctonbelr E1 ¢ moMoIso MeHIo
CneuuajibHasi BCTaBKA... /3HavyeHusl. OTCOPTUPYNUTE BCTABJICHHBIN CTOJOEI Yucen
1o Bo3pacTaHuio. Bee ero mycrelie siueiiku cMecTsATCsl B KOHell. PekoMenayercs: Bblje-
JUTh UX U yIAJIUTh (WM OYUCTUTH ¢ TOMOIIbI0 MeHI0 IIpaBka/Ouucturs/Beé), uro-
Obl ObUTO ynOOHEe MepeMelarbes Mo CToyoIy KypcopHbiMu KiaBumamu (Ctrl +
«CTpeJKa BHU3/BBEPX)).

[IpoBepky mMpaBUIBLHOCTH Pa3paOOTAHHOTO JAaTYMKA MOXKHO BBITIOJHUTH, pac-
CUMTBIBASI IO BHIOOPKE AMIIUPUYECKUE M. O. U JUCIIEPCUIO U CPABHUBASI UX C TOYHBI-
MU TEOPETUYECKUMH 3HAUYCHUSIMH, ompenensieMbiMu 1o popmynam (2.12) u (2.13).
[TocTpoiiTe Takxke rpadux sMmoupudeckor ¢. p. B. U 100aBbTe K HEMY (ITOCPEACTBOM
KOHTEKCTHOTO0 MeHI0 auarpammbl Ucxoanbie nanuble.../Psa/JlodaButh) rpaduk
Balllei TEOpETUYECKOu (. p. B.

BapuanTsl 3axanuni

BapuanTe! 3ananuii npuBosatcs B Taou. 2.4. Oyuknus f(¢) BHe uHTepBana (a, b)
paBHa HyIIO. 3HAYCHHE HOPMHUPYIOIIEH KOHCTAaHTBI ¢ CIEIyeT OMpEeACIUTh CaMo-
CTOSITENIbHO, UCXOS1 13 HOPMUPYIOLIETO YCIOBHUS:

o0 b
[rwdi=1 = [fodi=1 = F@)=1. (2.18)
—0o0 a
Tabnuya 2.4
BapuanTsl 3agaHnii k J1abopaTopHoii padore 4
Ne f(1) (a, b) Ne f(1) (a, b)
1 c-(l-e™) (0, 1) 11 c/t (1, e)
2 c-(I+e') 0, 1) 12 c/t’ (1,2)
3 c-(e'+e™) (-1, 1) 13 et (0, 3)
4 ¢-cost 0, 1) 14 T (-1, 1)
5 ¢-cost (-7/2, 0) 15 c|t] (-1, 1)
6 c-cost (—7/2, 7/2) 16 c-(1-7) (0, 1)
7 c-(cost+l) (—7z, ) 17 c-t’ (-1, 1)
8 c-sint (0, 7/2) 18 c-(1-t%) (-1, 1)
9 c-(sint+1) (0, 27) 19 c-(I-]z]) (-1, 1)
10 /Nt (1, 10) 20 c || -1, 1
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®opMma oT4éTa

B nmucter Ms Excel nepen chadeit pa®oTel cienyeT 100aBIsATh HEOOXOAUMBIC
MOSICHEHUS U 3ar0JIOBKH, KaK IMOKa3aHo Ha puc. 2.5.

J7 - £ =[0WCNP(E2-E5894)
A B C D E F G H | | |
X y X xi (copt.) Fi =i/N [ Freop. a=0, b=1
0.042269 0298133 0042269 51E-05 0.00017 8.48E-05 fit)=5/3-t10 5
0783876 1543655 0,000135 0,000339| 0.000225 Fit)=(5/3)t-(2/3)t"(3/2)
O 2270073 i T il o i | N 22370072 i O L O o O O 0 s I i} r.ﬂ:13.||'3[]: 0433
M= 0 436

D=17/63-M"2= 0,082
1 D"=|U.084 1
038 — N=5893
I / — Pag1
0,6
/ —— Pag2
04

Puc. 2.5. Pe3ynbTaThl BRIMOJHEHUS J1aOOpaTOpHOUM paboThl 4 (TIpuMep)

KonTpoJsibHbIE BONPOCHI

1. Hapucyiite npubnusutensubiii rpaguk Bameit ¢pynkun f{r). U3BectHo, 4To
ecnu f(t) paccMaTpuBaTh KakK paclpeiiesieHHe €IMHUYHON Macchl BIIOJNb CTEPIKHS
(a, b), TO LEHTP TAKECTU CTEP>KHSA COBMAJET C M. 0. M. P. B. f{f). Onupasich Ha TOT
dakT, oleHnTe Ka4eCTBEHHO MOJI0KEeHNE IIEHTPa Macc Ha BaleM oTpeske (a, b) u co-
MOCTAaBhTE Ballly KAYECTBEHHYIO OLICHKY C BHIYMCIICHHBIM 3HAUEHHEM M. O.

2. Jlucrepcnsi paBHOMEPHOTO pactpenenenust Ha (a, b) cocrasmser (b—a)*/12.
[To rpaduxy Bameit m. p. B. f(f) olleHUTE Ka4YECTBEHHO, HE Oy/AeT Jiu e€ AUCTepCUs
SBHO OOJIbIIIE WJIM SIBHO MEHbIIIE, UEM y PaBHOMEPHOro pacmpeneneHus c. B. Ilpo-
BEpPhTE, COTJIACYETCS JIU OICHKA C YHCJICHHBIM COOTHOIICHWEM IHUCIIEPCUN BaIleu
1. p. B. f(f) ¥ paBHOMEPHOI.

3. O600muTE METOJI PEKEKIIUA TaK, YTOOBI €r0 MOKHO OBLIO MPUMEHSITH JJIs
MOCTPOCHUS TaTYMKA IBYXMEPHOM C. B. (X1, X;) Mo €€ 1. p. B. f{#1,1,), 3aIaHHON Ha OT-
PaHUYCHHOM IIOCKOM 001acTH.

JlabopaTtopHnas paGora 5

PACYET KPATHOI'O MHTEI'PAJIA METOJ0OM MOHTE-KAP.JIO
Ilenv pabomui. Berancienne 1BOMHOTO nHTErpana meronoM Monre-Kapiio.

Cooepircanue padbomel.

1. Pacuér unrerpana merogom Monte-Kapio.

2. OueHkKa MorpenHoCcTH pacuéra NyTéM ONpeleseHUsl JOBEPUTEIBHOIO HHTEP-
BaJIA.

3. Pacu€r unTErpana no peryaspHON CETKe.
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IHosicHeHHsI K BBINIOJTHEHUIO PA0OTHI
1. ITyctb TpeOyeTcs BBIYMCIAUTh 3HAYEHUE ABOMHOIO HHTETpalia

I= jh(t1at2)dt1dt2 , (2.19)
4

rae A — 3ajaHHasl Ha IIOCKOCTH 00J1acTh UHTErpupoBaHus (puc. 2.6).
t 4

O t4

Puc. 2.6. Ilpumep o6s1acTii HHTETPUPOBAHUS

Ucnonb3ys u3noxxeHHbl B [2, 3] cnoco0 CBeleHHUs] UHTErPaJIoB K opme M. 0.,
npeodpazyem unrterpai (2.19) ciaegyronmum oopazom:

h(t,,t,) el Ht,ty)
I=|—L2f(t,,t,)dtdt, = — L2211 (1, )dt,dt 220
Tyt = || Z fentde, - .20)
rae f(t,,t,) — nobas 1. p. B. IBYXMEpPHOH C. B., HE paBHas HYJIO B 00JIACTH UHTETPU-
poBanus 4, a pyuxkuust H(t,,t,) onpenensercs cieayromum oopa3om:

h(t,,t,) npu (t,,t,) € 4,

H(t,t,)=
(1) { 0npu (t,,t,) & A.

U3 Beipaxkenus (2.20) BUAHO, YTO UCKOMBIM UHTETpa MPEACTaBISET COOO0MH M. O.
(yHKLIHH ABYX C. B. X| U X, PACHPEIEIEHHBIX B COOTBETCTBUU C COBMECTHOM II. p. B.
f(t1,t2), a UMEHHO:

H{(x,,x,
IZM{%} (x1,x2) ~ f(t1,12). (2.21)

Ecau B popmyrie (2.21) ucnonb30BaTh HE3aBUCUMBIE C. B. X| U X, C TUIOTHOCTAMH f/(f)
U f,(¢) COOTBETCTBEHHO, TO UX COBMECTHas 1. p. B. f(¢1,¢2) = f1(t1)f>(¢2), u Torna

1=M{ Hx,%) } X1~ filt); x2 ~ fo(0). (2.22)
S (x) f1(x,)

B dopme (2.22) uHTErpan paccuUTHIBAETCS CTATHCTHUYECKUM METOJOM IpOIIIE,
yeMm B (opme (2.21), Tak Kak JaTYUKHU AJI1 OJHOMEPHBIX HE3aBUCHUMBIX C. B. X| U X
peaNn3yroTCs JIerye, 4YeM JUIsl IByXMEPHBIX 3aBUCUMBIX C. B.

B nannoii mabGopatopHOoii paboTe TpeOyeTcsi BBIYUCIUTH JABOWHOM HHTETpal
B KOHEYHOU 00J1acTH A, TOATOMY B LIEJISIX YNPOIICHUS pacuéTOB MOXKHO HCIOJIb30-
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BaTb PaBHOMEPHO pacmpenenéHHele c. B. x|~ R[a, b], x,~ R[c, d], rae uHTEepBaIbI
(a, b) u (c, d) 3amanbl Tak, YTOOBI OXBATUTH BCIO 00J71acTh A (puc. 2.7).

B sTom cnyuae BelpaxkeHue ais M. 0. (2.22) ynpomtaercs. [IockonbKy npu Takux
PaBHOMEPHO pacHpeieEHHBIX X| U X; UMEET MECTO

[ =1Ab—-a), te(a,b) (2.23)

H(O=1/d-c), te(cd), (2.24)
TO, MOJICTABIASA II. P. B. (2.23) u (2.24) B popmymny (2.22), HaxoauM:

1= (b—-a)d-c)M[H(x1,x)]. (2.25)

Pacuér unrterpana, ocHoBaHHbIM Ha Gop- !
Mmyne (2.25), cBOIUTCA K TOMY, 4TOOBI OLEHUTh
M. 0. M[H(x1,x,)] dbyukuu H(x,,x,) o gocrta-
TOYHO OOJIBIIIOMY YHCITY CIy4YalHBIX TOYEK
(x1,x2), paBHOMEPHO pacIpeesieHHbIX Ha JABYX-
MepHOM uHTepBasie (a, b)x(c, d). Hamomuum,
yTo ycpeausemas ¢yuknus H(x;,x,) paBHa
h(xy,x;) TIpY MOIMAaHUU TOYKHU (X,X;) B 00JIaCTh

A ¥ HyJTIO — B IPOTUBHOM CJTy4ae. o —n.

Koopaunatel Touek (xi,x;) JIETKO MOXHO (y a b .
pas3eIrpath B IBYyX CcTONOIax Ha mcte Ms Excel, Puc. 2.7. K Bri60opy
ucrionb3ys  ¢yukmuo  CJIIUMC.B  cocennem uHTEpBaoB (4, b) 1 (¢, d)

CTOJIOIIE TaK)K€ HETPYIHO BBIUUCIUTH 3HAYCHUS

dbyukuu H(x,,x;), KOTOpbIe OHA UMEET B 3THX ToUKax. /lanee, ucmoap3ys aMmnupuye-
CKO€ M. 0. 3TOH (PYHKIIUM BMECTO TOYHOT'O, OCTAETCSI BHIYMCIIMTH, B COOTBETCTBHH C
bopmyioii (2.25), npubamkEéHHOE 3HAUSHNE HCKOMOTO HHTerpasa:

I =(b-a)d-c)M[H(x,x,)]. (2.26)

2. O1ieHKa MOTPEITHOCTH pacuéra UHTErpalia CBOJUTCA K ONPENIETICHUI0 BHIOO-
poYHOI nucnepcuu D 1o cTonbiy 3HaueHUH QYHKIMU /H; TOBEPUTENbHBIN HHTEPBAT

JUIsL TOYHOTO 3HA4Y€HUs MHTerpana / nmpu AjguHe BBIOOPKHU N TaKOB: C BEPOSTHOCTBHIO
1-0,0027

|1-1|<3-AD/N +(b-a)(d-c). (2.27)

t,
d

['panuna ans norpemHocteit 3-vD/N (b —
a)(d—c) yObIBaeT NTPOMOPLUUOHAIBEHO KOPHIO
KBaJIpaTHOMY U3 JITMHBI BEIOOPKH N.

3. PeryssipHy1o CETKy Ul pacyeTa UHTErpa-
Ja ONpeleiuM Kak MHOXKECTBO TO4eK 1;;
C KoopaumHataMHu (Xx;, ;) = (atiA;, btjA;), Toe

c

ol @ Oty A =(b-a)/100, Ay=(d—)/100; i=1, ..., 100,
Puc. 2.8. K pacuery unrerpaia  j=1, ..., 100 (puc. 2.8). Takum oOpa3om, ceTka
10 PETYJIAPHOM CETKE coaepxut Bcero N = 100x100 = 10000 Touexk.
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Ecnu 3nauenne @ynxuum H B Touke 7;; 0003HAUNTH 4epe3 H;;, TO CETOYHYIO
OLIEHKY /¢ omnpeieI€HHOr0 HHTerpaia / MOXKHO BBIUUCIUTH 110 (opMyJie

Ie=(b-a)d =) T Hyy (2.28)
Lj

Koopaunats! To4ek 7;; MOKHO OBICTPO IOITYYHTh C MIOMOILBIO IPUEMA, ONUCAH-
HOTO B KOHCTeKTe Jieknuii [3]. B cTtonmber; A BBeauTe apuMETHIECKYIO MPOTPECCUIO
0, 1, ..., 9999 nocpencteom mMenrwo IlpaBka/3anonnurs/IIporpeccus... . B Aueiiky
B1 3zanumumre ¢opmyny =LEJIOE(A1/100)/100, a B sueiiky Cl1 — dopmymny
=0OCTAT(A1;100)/100. Cxonupyiire stueiiku B1 u C1 BHu3 Ha 10000 ctpok. Tenepb
B quamnazone B1:C10000 nmoctpouno 3anucanbl koopaunatel 10000 Touek, perymsp-
HOM CEeTKOW MOKPBIBAIOIIMX €IMHUYHBIN KBagpaT. C MOMOUIBIO JIMHEHHOTrO mpeodpa-
30BaHMsI MOJIYYEHHBIX BeIUYUH chopmupyite B cocequux cronodnax D u E xoopau-
HAaTel TOYeK 7;;, TIOKPBIBAIOIIMX PETYJIPHOM CETKOM TpeOyeMblii HHTEpBa
(a, b)x(c, d). Yepe3 3TH KOOPAMHATHI YK€ HETMOCPEJCTBEHHO OIPEACIAIOTCS 3HaYe-
Husa H;; ¥ ceToyHas OLEHKA MHTEerpaa (2.28), COOTBETCTBYIOIIAs BalleMy BapUaHTY
3aJIaHHUs.

BapuanTtsl 3ajaHuil
B nanHoi1 1abopatopHoii padote TpeOyeTcsh BBIYUCINUTD KPAaTHBINA HHTErpal

I = Jh(x, y)dxdy
A

B KOTOPOM

siny/(x+7)> + > +sin4/(x —r) + »*
J : I , (2.29)

h(x,y) = P

a 00JacTh MHTETPUPOBAHUS A OMNpeEJeieHa KaK YacTh TUIOCKOCTH, JieKalas BHYyTpU

Kpyra x*+y* <(2r)?, npu4éM TOJILKO B TEX ero nomodaactsx, rae A(x,y) = 0.
[TapameTp 7 onpezensercs B 3aBUCUMOCTU OT HOMepa BapuaHTa N o ¢popmyiie
r=MN+10, M=1,...,20). (2.30)

Ha puc. 2.9 uzo6paxkena TunuuHas KoHpUrypamus rnogodiacte HMHTETpUPO-
BaHMA, OmpeleisaeMbiXx ycioBueM /(x,y)=0 (ma pucyHke OHM 3aIITPUXOBAHBI).
Anamus ycnosust h(x,y) >0 nokaseiaer, uto Touka F; ¢ koopaunaramu (—r, 0) u
touka F, ¢ xoopaunaramu (r, 0) sBisroTcs pokycamu THUNEpOOT U IJUIMIICOB, 00pa-
3YIOIIMX TPaHUIbl 3alITPUXOBAHHBIX TMoaoOnacTeid. YacTh 3TOM 3alITPUXOBaHHOMN
TUIOLIAM, 3aKII0YEHHAs! B KPYre C 3aJIaHHBIM PAINyCoOM 27 U C LEHTPOM B Touke O,
SBJISIETCS] 00JIACTHIO UHTETPUPOBAHUS A.

I'padux nmoasiHTErpasibHOM (QyHKIMU (2.29) mmeeT BUJ, NMPEACTaBICHHBIA Ha
puc. 2.10. Ota ¢yHKIUSA SBIAETCS «MTHOBEHHBIM CHHUMKOMY» HWHTEPHEPHUPYIOMUX
BOJTH, TIOJHSTHIX BYMS KaMHSIMH, OJHOBPEMEHHO YITaBIIMMH Ha TIOBEPXHOCTH BOJIBI
B Toukax F u F,. «®uznueckuil CMbICID PACCUUTBIBAEMOTO HHTErpaJIa — 3TO CPEIAHSA
BBICOTA, HA KOTOPYIO MOJHSUIMCH BOJIHBI B (DUKCUPOBAHHBIA MOMEHT BPEMEHHU B TIpe-
Jienax Kpyra paguyca 2r.
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Puc. 2.9. Koudurypanus obnactu, 3aaHHON ycioBueM A(x,y) > 0
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Puc. 2.10. Tpéxmepnsliil rpaduk NoAbIHTETpaIbHON PYHKIIUU /(X))

®opMma oT4éTa

B nmucter Ms Excel nepen crnadeit paboThl ciieryeT 100aBiIaTh HEOOXOAUMBIE T10-
SICHEHUSI U 3aroJIoBKU (Kak Mmoka3aHo Ha puc. 2.11). B uensax KOHTpoJsi MpaBUIbHO-
CTU BBITIOJHEHUsS] PabOThl PEKOMEHYETCs HMCIO0JIb30BaTh uMeromuecs B Ms Excel

yA0OHBIE CPEICTBA TOCTPOCHUS JUATPAMM.

Ha nucre Ms Excel, npencrasiennoM Ha puc. 2.11, nocrpoena TtouyeuHas aua-
rpamMma, oToOpakarouasi Te cilydyailHble TOYKH, KOTOPbIE MONaJalT B 00JacTh MH-

TErpupoBaHus 4.
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: Arial -0 Kk U EEEEDy m BB ES|H-0-A-B
G2 - A =3°F200.5/100°20°20 ,
."I:‘\ | B | C | D | E | F | ¥MEHBLMTE |:InI?I3|:IF|ﬂ.HDETb | | | | 7

1 X i h H ! AucipH | Morp-cTe Ona guarpam
2 | 591677 245384 -0.0011 0 0109142 204370E-07 00051 0

3 | 126918 390505 -0.00144 0 0

4 | 692003 £.920037 13.
& | -17.121 0

B | 15.3579 0

7 | -4.1458 -4.14583 1.
a3 | -0.4333 0

9 | -10.352 103623 -1
10| 1.98761 1.987614 0.6
11| -18.14 0

12| -11.624 0

13| -1.0600 -1.06006 11
14 | 19.2572 0

15| -19.473 0

16 | 15,4811 0

17 | -9.1680 0

18 | 13.0495 0

19| -AE752 95 0

20| 867045 0 v
4« v wlucTl W M-Kapno / Cetka / |« 2l

Puc. 2.11. llpumep opopmieHus aucTa Jist 0OT4€Ta o JaboparopHoit padore 5

KoHTpoJsbHbIe BONPOCHI

1. O6061muTe hopmysl (2.19) — (2.27) Ha caydait n-MEpHOTO HHTETpaa.

2. Kakwue 1. p. B. fi(¢) u f5(¢) BbI MOTIIH OBI TPEIIOKUTE 111 hopmyisl (2.22),
eciu Obl 00J1acTh UHTETPUPOBaHUS A Obl1a 6eckoHeuHOH? (3aMeThM, YTO paBHOMEP-
HOTO pacrpesiesieHnsi Ha 0eCKOHEUHBIX MHTEpBajaxX He CyIIEeCTBYET.)

3. O600umMTEe pEeKOMEHAAIMU 0 YCKOPEHUIO CXOJMMOCTH MeToja MoHTe-
Kapio, u3noxeHnnsie B [2], Ha CiIy4dail BBIYUCICHUS IBOMHOTO MHTErpasa.

4. Kak 3aBHCHT TOYHOCTb OLEHKH / OT JJMHBI BHIOOPKU N?

5. OnummmuTe B OOIIMX YepTax MPUMEHEHUE METOJIa PETYJISIPHON CETKU ISl H-
TEerpupOBaHUs (DYHKITH 7 TIEPEMEHHBIX.

6. MOHO JI1 UCIIOJIB30BaTh METOJ PETYJISIPHOM CETKH B Cllydae, KOorja o0acTb
UHTErpupoBaHus A OeckoHeuHa?

7. B 4em cOCTOUT NMpUHUHUIIKUATIBLHOE OoTin4Yue Meroaa Mourte-Kapio ot moma-
TOBBIX METOJIOB pacuéTa WHTErPaIoB?

8. Kak mpu paBHBIX TpeOOBaHUSX K TOUYHOCTH 3aBUCAT 3aTPAaThl MAIIUHHOTO
BpEMEHU (T. €. YHCIIO IIUKJIOB pacyéTa) OT Pa3MEPHOCTH MHTErpajia: a) IpH HUCIONb-
3o0BaHuM Metoga Mounre-Kapio; 0) mpu UCOIB30BaHUH METOJIA PETYJIAPHON CETKU?

9. Paccmorpure puc. 2.9-2.11 u HalguTe Ha HUX IMOJOXKEHHUE SIHUIECHTPOB
F1 u Fz.
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JlaGopaTopHnas padora 6
PACUET HAJEXKHOCTH METOJOM MOHTE-KAPJIO

l[eﬂb paéombt. Pacuer Haﬂé}KHOCTI/I MCTOJIOM CTATUCTUYCCKOT'O MOACIIMPOBAHUA.

Cooeporcanue pabomot.
PacuéTr Han€XHOCTH CHUCTEMBI aHAJIUTHUYECKUM METOJOM M METOJO0M CTATHUCTH-
YECKOr0 MOJICJIUPOBAHUS.
IosicHeHUsI K BBINOJIHEHUIO Pa00ThI

HanéxHocTh cHCTEMBI, MNpPEACTABIEHHOM B BHUAE HAAEKHOCTHOTO rpada
(puc. 2.12), cienyer paccuyuTaTh aHAJIUTUYECKUM METOJOM M METOJIOM CTaTUCTUYE-
CKOro MoJieanpoBanus. Heooxoaumsie Al 3TOr0 peKOMEHAALMH U3JI0KEHBI B IOCO-
ousix [2] u [3].

HemnocpecTBeHHas CTATHCTUYECKAs OLEHKa () BEPOATHOCTH () OTKA3a CUCTEMBI
OIpeseNseTCs] MpU OOLIEM YHUCie ONBITOB N MO YUCHY Ny TEX OIBITOB, B KOTOPBIX
IIPOM3O0IIEN OTKA3 CUCTEMBI, CIEAYIOLUIUM 00pa3oM:

O = Ny /N. (2.31)

B KauecTBe 10Ka3aTeNsi TOYHOCTH OLEHKH Q OyJeM MCIONb30BaTh «Pa3Max» eé
OTHOCHTEIIFHOM MOTPEITHOCTH O, BBEJIEHHBIN B KOHCIIEKTE JICKIIUH [3, c. 32]:

5] <——=—.
N,

OTK

(2.32)

HepasenctBo (2.32) npeacraBiser co60i AOBEPUTENbHBIM MHTEPBAI U BBITIOJI-
HAETCS ¢ BepossTHOCTHIO 0,997, BecbMa OJIM3KOM K €TUHUIIE.

Kaxxnp1it u3 N ONBITOB MOKHO peain30BaTh B OAHOU cTpoke Tabiuibl Ms Excel.
CocTosiHUS 5TIEMEHTOB Pa3bITPHIBAIOTCS KaK JUCKPETHHIE C. B., KOTOPHIE TPUHUMAIOT
OJIHO U3 ABYX 3HaueHuil: 0 (3meMeHT padoTocnocodeH) u 1 (anement otkaszan). Co-
ctosiHie cuctembl B 1enom (0 — cucrema padotaet, 1 — cucrema oTkasana) MOXKHO
BBIYKCIIATH KaK 3HAYEHHUE JIOTUYECKOTO BBIPAKEHHUS, TOJKHBIM 00pa3oM codeTarolie-
ro MUHUMAJIbHBIE CEUeHUSI HaIEKHOCTHOTO rpada CUCTEMBI [3].

BapuanTsl 3axaHuni

B 1abn. 2.5 npuBeaensl 20 BapHaHTOB PacCUUTHIBAEMBIX HAJIEKHOCTHBIX CXEM
cUCTeMBI. BeposATHOCTH p; OTKa3a 3JIEMEHTOB JUIsl KaKJIOTO BapHaHTa CUCTEMBI IIPU-
BeZieHbl B Ta0u1. 2.6. [Ipennonaraercs, 4To Ha Kaxa0il cxeme B Ta0a. 2.5 Hymepauus
AJIEMEHTOB I = 1, ..., 7 BeNETCS «IOCTPOUYHO» (Uepe3 LEHTPhI JIEMEHTOB), ClIeBa Ha-
IIPaBO U CBEPXY BHU3.

Tabnuya 2.5
BapuaHTbl HAIEKHOCTHBIX CXeM

(0l A

Bapmuanr 1 Bapuant 2 Bapwuanrt 3
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Oxonuanue maon. 2.5

e N

Bapuant 4 Bapuant 5 Bapuant 6
Bapuant 7 Bapuant 8 Bapuant 9
—— H 1 [:I | ‘
Bapuant 10 Bapuant 11 Bapuant 12
1 B H :H j—
— —H
Bapuanr 13 Bapuanr 14 Bapuanr 15
1 1
o O O O i
1 T 1 1
=
Bapwuant 16 Bapwuant 17 Bapuant 18
‘|< |—|H H
I J
Bapuant 19 Bapuant 20
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Tabnuya 2.6
BeposiTHOCTH 0TKa3a 3JIeMEHTOB

Ne 12 §2 D3 Ds Ps Ps P17
1 0,05 0,01 0,04 0,06 0,09 0,03 0,04
2 0,04 0,08 0,01 0,08 0,08 0,06 0,02
3 0,01 0,03 0,03 0,09 0,02 0,03 0,03
4 0,09 0,04 0,04 0,05 0,03 0,07 0,02
5 0,09 0,02 0,02 0,09 0,02 0,09 0,09
6 0,06 0,05 0,06 0,08 0,05 0,09 0,01
7 0,07 0,05 0,02 0,04 0,07 0,09 0,06
8 0,04 0,02 0,07 0,02 0,02 0,06 0,02
9 0,07 0,09 0,08 0,05 0,05 0,07 0,08
10 0,06 0,01 0,03 0,08 0,09 0,02 0,04
11 0,05 0,07 0,07 0,05 0,06 0,09 0,02
12 0,07 0,07 0,07 0,07 0,06 0,03 0,01
13 0,09 0,05 0,05 0,06 0,04 0,04 0,06
14 0,05 0,09 0,01 0,02 0,09 0,07 0,08
15 0,01 0,09 0,06 0,06 0,06 0,01 0,03
16 0,09 0,02 0,03 0,02 0,08 0,03 0,01
17 0,07 0,03 0,01 0,05 0,02 0,06 0,08
18 0,09 0,05 0,07 0,02 0,04 0,09 0,09
19 0,06 0,04 0,01 0,06 0,07 0,04 0,04
20 0,06 0,04 0,06 0,09 0,08 0,04 0,09

®opMma oT4éTa

Ha puc. 2.12 npuBoautcs npumep odopmiieHus iucta Ms Excel ¢ pacuérom
IIPOCTOM MOCTHKOBOM CXEMBI, COCTOSIIEN U3 IATH 3JIeMeHTOB. Hapsay co cratucru-
4ecKol OleHKOH O BeposATHOCTH () OTKa3a CUCTEMBI 371€Ch MPHBOAUTCA TOYHOE 3HA-
yeHue (J, paCCIUTaHHOE T10 Ciienyromiel GopMysie U3 KOHCIIeKTa JIekuii 3, c. 32]:

Q =p1patpaps(1 —p1ps) + p3(q1p2paqs+ P1 4294 ps). (2.33)

B Bamem 3amanuu 31y (HopMyiy MOXKHO KCIOJIB30BaTh, PEAYLUPYS 3aJaHHYIO
CXeMYy K MOCTUKOBOM CX€M€ ITyTEM 3aMEHbl COOTBETCTBYIOIIUX MapaslIeNIbHBIX U I10-
CJIEIOBATEIbHBIX MOArpa(OB IKBUBAJIEHTHBIMU MM IO HAJEXKHOCTH MPOCTHIMH 3JIe-
MeHTaMu. Tak, B Bapuante 1 (cMm. Tabmn. 2.5) mapamienbHo coequHEHHBIE 1-1 1 3-if
AJIIEMEHTBl MOXHO 3aMEHUTh OJHUM 3JIEMEHTOM C BEPOATHOCTBIO OTKa3a p'=p; p;
Y TOYHO TAaK K€ MapajuleJIbHO COCAUHEHHBIE S5-U U 7-1 3JIIEMEHTHI 3aMEHUTH JJIEMEH-
TOM C BEPOSITHOCTBIO OTKa3a p" = ps p;. IIOCKONBKY MpH 3TOM MCXOJHAsl cXema Ipe-
BpaIlaeTCs B MATHAJIEMEHTHYI0 MOCTHKOBYIO CXEMY, TO JUIsl JaJbHEHIIEro pacdyéra
ucnosb3yiite popmyny (2.33), yuuTeiBas, 4To HyMmepalus apryMEHTOB B HEHW COOT-
BETCTBYET pucC. 2.12.

Hekoropble 0cCOOEHHOCTH BO3HUKAIOT MpHU pacuére BapuanTa 3aaanus 20. Ero
paccuMTaTh OpoLIE, NOCKOJIBKY MOCTUKOBAsI CXEMa BXOJHUT B HEIO B FOTOBOM, SIBHOM
BUJIE.
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B3 Microsoft Excel - Metoa ne nocp
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Puc. 2.12. Tlpumep opopmienus aTucTa Jyist OT4€Ta o JabopaTtopHoit padore 5

Pacuér nagéxuoctu Mmetonom MonTte-Kapiio cieayeTr BhINONHATH JJIs OJTHON
UCXOJIHOM cXeMbl (He peaylIMpOBaHHON), T. €. Ha Jucte Ms Excel nomkHbl pa3bIrpel-
BaTbCs COCTOSTHUSL CEMU DJIEMEHTOB CXEMBI.

KonTpoJibHbIE BONIPOCHI

1. YUem omiM4aeTcsi aHAIUTUYECKUN pacuy€T HENPUBOAMMON HANEKHOCTHOM CXe-
MBI OT pacuéra NpuBOAUMON cxeMbl? Kak 3aBUCUT TPyIOEMKOCTh pacuéTa OT Yucia
AJIIEMEHTOB CHUCTEMBI B K&KJIOM M3 3TUX JIBYX CIIy4aeB?

2. Ilpu kakoM 4YHCJIE PJIEMEHTOB (B CHUCTEME C HEMPUBOJIUMON HaAEKHOCTHOM
CXEMOM) aHAJIMTUYECKHE METObl pacu€ra CTAHOBSTCS TEXHUUYECKH HEpeaTnu3yeMbl-
MU, T. €. IpUOJIMKAOTCA K Tipeaeny bpemepmana — Smiou?

3. ConocTaBbTe aHATUTUYECKHUI U CTATUCTHYECKU METOMIBI PACUETA HAIEKHOCTU

C TOYKHU 3pCHUA UX OCHOBHBIX JOCTOMHCTB 1 HCAOCTATKOB.
4. Kak 3aBUCUT pr,ZLOéMKOCTB pacqéTa Haﬂé}KHOCTI/I OT 4YucCJjia 3JICMCHTOB B CHUC-

TE€M€ MPU UCTO0JIb30BaHNH MeToaa Monrte-Kapno?
5. [louemy npu pacyé€re BBHICOKOHAAEKHON CUCTEMBI TPYI0EMKOCTh MeTOAa MOH-

te-Kapiio Bo3pacraet?

JlaGopaTopHnasi padora 7
PACYET HAJEXXHOCTU METOJIOM PACCJIOEHUS

Ilenv padomwi. Pacuét BEpOSITHOCTH OTKA3a BBICOKOHAIEKHON CUCTEMBI METOJIOM
paccioeHus (METOJIOM CTpaTU(DUITUPOBAHHON BHIOOPKH).

Cooepoicanue padomeui.
1. BeiBox pacu€THOil GopMysbl JIJIi PACCIOCHHOTO CTaTUCTUYECKOTO JKCIEpH-

MEHTA.
2. Pac4€t Han€KXHOCTH METOAOM PACCIOCHHS.
3. AHanu3 TOYHOCTH pacyéra.

84



IlosicHeHNs1 K BbINOJTHEHH IO paﬁoTbl

1. B nanHoit paboTe HEOOXOAUMO paccUUTaTh HAJEKHOCTb TOW K€ CHUCTEMBI,
YTO M B TIpeAbIAyIel paboTe, HO IPU MaJbIX (M OJIMHAKOBBIX) BEPOSITHOCTSIX OTKa3a
aneMeHToB: pr=p=2-10" (k=1,...,7). [IoCKOIbKY CHCTEMa OTKA3bIBACT TOJIBHKO
IpU OJHOBPEMEHHOM OTKAa3e MUHHUMYM JIBYX DJIEMEHTOB, TO BEpOSTHOCTh () OTKa3a

CHCTEMBbI MMEET MOPSI0K BETHUMHBI p°, H TIOTOMY JUIS BHIYHCIICHHS OICHKH 0 Ipu-
NETCA MMPOBOAUTD OIIBITHI, YACIO KOTOPBIX COCTABIISAECT COTHA MUJJIMOHOB.

Yto0Obl COKpaTUTh HEOOXOUMOE YHCIIO OTBITOB, YCOBEPIICHCTBYEM CXEMY CTa-
TUCTUYECKOI'O DKCIIEPUMEHTA. B COOTBETCTBUM C METOINOM paccioeHus [2, 4] pac-
CMOTPHUM MHOXECTBO {2 BCEX BO3MOKHBIX 3HAUEHUN BXOJHOM C. B. X.

B ncxonHOM (HENMOCPEACTBEHHOM) CTAaTHUCTHUYECKOM HKCIIEPUMEHTE BXOJHAS
C. B. X ompeieisieTcs: B BUAE

X=(x1, . X7), (2.34)

rje KOMIIOHEHTHI X, ..., X7 € {0, 1} 0003Ha4ar0T COCTOSHHS DSJIEMEHTOB CHCTEMBI
(0 — anmement paboraer, 1 —s5eMeHT oTKazan). BeposTHOCTH O0TKa3a AJIE€MEHTOB U3-
BecTHBI: P{x; =1} =2-10". Boixognas c. B. (cocrosinue cucremsl) y € {0, 1} sBiser-
cs onpeniennéHHoi GyHkiuei ot ¢. B. X: y = y(X). FMickoMast BeposITHOCTb OTKa3a CHUC-
teMbl Q = P{y=1} = M(y). Insa BXxonHo# c. B. X NpOCTPAaHCTBO BO3MOKHBIX HCXO-
0B Q cocrouT n3 2’ = 128 3HaueHuil TBONYHOTO BeKTOpa X:

Q = {(0000000), (0000001), ..., (1111110), (1111111)}. (2.35)

YToOB!I BBIIOIHUTH 3(P(PEKTUBHOE pacCIOCHHUE IKCIEPUMEHTa, cioi €2, < Q om-
peneauM Kak MOJAMHOKECTBO TaKMX 3HA4YEHUH C. B. X, KOTOpPBIE COJAEP’KAT POBHO j
enquHul. OnpenenseMblii TAKMM 00pa3oM CIioi €2; CONEPKHUT T€ UCXObI, B KOTOPBIX
OTKa3bIBalOT POBHO j 35ieMeHTOB cucteMsbl (j =0, 1, ..., 7). Uckomoe m. 0. M(y) BbI-
XOJTHOM C. B. ¥ MOKHO BBIPa3UTh YEPE3 YCI0GHbIE M. O. CIEAYIOIINUM 00pa3oMm:

M(y) = WOM0 + W1M1 +...+ W7M7, (236)

rae M; = M(y|X € €);) — yCIIOBHOE M. 0. BEINYHHBI  (T. €. YCIOBHAsI BEPOSITHOCTH OT-
Ka3a CUCTEMBI) B co€ 2;; W, — BEPOATHOCTh €O L) (T. €. BEPOATHOCTH TOTrO, YTO
B CUCTEME OTKaXXyT POBHO j JIEMEHTOB).

®opmyna (2.36) onpenensier oOLIyI0 CXeMy pa3JeleHHs] UCXOIHOTO CTaTUCTHU-
4EeCKOro SKCIEPUMEHTa Ha JKCIEPHMMEHTBI B OTIEIbHBIX cinosx (). Paccmartpusas
claraemble B mpaBoil 4actu ¢opMyibl (2.36) O OTAEIBHOCTH, €€ MOXHO CYLIECT-
BEHHO YIIPOCTHUTb.

N3 nanéxHocTHBIX TpadoB cuctemsl (Tabi. 2.5) BUAHO, UYTO CUCTEMA MOXKET OT-
Ka3aTh TOJIBKO TOI'/Ia, KOI/la OTKaXyT JBa Wiu Oosiee anemenTa. [loatomy B popmyiie
(2.36) 3aBenomo M, = 0 (BepOATHOCTh OTKa3a CUCTEMBI IIPU YCIOBUH, YTO OTKa3aso ()
AJIEMEHTOB, paBHA HYt0) U M| = 0 (BEpOSTHOCTh OTKa3a CUCTEMBI IIPU YCIOBHHU, UTO
OTKa3as poBHO | 3ieMeHT, Toxke paBHa HYJH0). C yuéroM 3Toro cootHoiienue (2.36)
IPUHAMAET BUJ

M(y) = W2M2 +...t W7M7. (237)
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Breraucnum nist BeipaxkeHus (2.37) BEpOATHOCTH C W, TIO Wy:
wy = P{Q,} = C2p*(1-p)’° = 21'0,0002*'0,9998° = 8,3916'10 /;

ws = P{Q3} = Cp’(1-p)* = 350,0002°:0,9998* = 2,7977°107'%; (2.38)
ws = P{Q,} = Cip*(1-p)’ = 350,0002%0,9998> = 5,5966'10 '*.

BepositTHOCTH W; OBICTPO YOBIBAIOT C HOMEPOM CJIOS j, IOITOMY B IIPaBOM 4acTH CO-
oTHoIEeHus (2.37) MOXKHO, BUAMMO, BCEMH CIIaraéMbIMH, KPOME BYX-TPEX MEPBBIX,
npeHeopeyb. YToObl YTOUHUTH 3TO MPEANOI0KeHne, Haném emé (a1 nepBoro cia-
raemMoro) rpy0yro OIleHKY YCJIOBHOM BEpOSTHOCTH M,.

VY4uTsIBasi, 4TO B CUCTEME UMEIOTCS 1B KPUTUUECKUX IJIIEMEHTA, IIPU OJHOBpE-
MEHHOM OTKa3€ KOTOPBIX CHCTeMa 00s3aTeIbHO OTKAXET, 3aKII0YaeM: BEPOSTHOCTD

M, (ycoBHas) OTKa3a CHCTEMBI HE MOXET OBITh MEHbIIE BEpOATHOCTH 1/C3 =~ 0,05

(YCITOBHO#) TOT0, YTO OTKaXET UMEHHO 3Ta Tapa KPUTHYECKUX DJIIEMEHTOB. TakuMm
obpazom:

M, > 0,05; waMs > 0,05w, ~ 4,2'107, (2.39)

Ortcroia BUIHO, 4TO ciaaraeMoe w,M, B BbipaxkeHUU (2.37) mpeBOCXOIUT BEJH-
yuHy cinaraeMoro wsM, (naxe ecnu My = 1) npuMepHO B MWUIUOH pa3. OUEeBUIHO
Takxke, 4YTo ciaraembie wsMs, ..., w;M; ellie MeHee 3HaYMMBI U, CJIEIOBATENbHO, BbI-
paxenue (2.37) MOKHO MepenucaTh B BUAEC MPAKTUUECKH TOYHOTO PaBEHCTBA!

M()/) = W2M2 + W3M3, (240)

B KOTOPOM, KCTaTH, BTOPOE ClIaraeMoe TOKe, KAk MUHUMYM, B CTO pa3 MEHbIIIE Tep-
BOTO.

3ameHsst B paBeHCTBe (2.40) MaTreMaTUYECKHE OKHIAHUS UX CTaTUCTHYECKUMHU
OLIEHKAMHU M, M M5, TIOJy4aeM CIIeAyIoIy o GopMyIly mis pacuéra BepOSTHOCTH OT-

Ka3a CUCTEMBI uepe3 €€ yCIOBHbBIE BEPOSTHOCTH OTKa3a B CIIOSAX (2, U (23:

A

Q= wyM, +w3Ms5. (2.41)

DTO0 OCHOBHAS ()opMyaa paccioenHo20 IKCnepuMenma sl Halleil CUCTEMBI.

W3 npoBen€HHOro pacy€ra MOKHO CIenaTh OOUIMH BBIBOJ, YTO YeM HaAEKHEe
AIIEMEHTHI CUCTEMBI, TeM ObIcTpee yObIBAIOT BEPOSITHOCTH CIOEB B Gopmynax (2.38),
TEM MEHbIIIEe OCTAETCs CIOEB B BhIpaxkeHUU (2.37) U, cieoBaTelIbHO, TEM MEHBIIE UX
octaétcsi B popmMmysie paccioeHHOro skcnepumenTta (2.41). Tem cambiM BbICOKasi Ha-
NEKHOCTh CHCTEMBl — MPUYHMHA, YCIOXKHAIONIAS MPUMEHEHHE HETMOCPEICTBEHHOTO
CTaTUCTHUYECKOTO MOJEIUPOBAHUS, — CTAHOBUTCS (PAKTOPOM, MOBBIIIAIONUM I hek-
TUBHOCTh METO/Ia PACCIOCHHU.

B ¢opmyne (2.41) ycnoBHas BepOATHOCTb M, IUIs closi {2, OIpeseseTcs B OT-
JICJIBHOM CTaTUCTHYECKOM JKCIIEPUMEHTE, B KOTOPOM Pa3bIIPhIBAIOTCS TOJILKO TaKHe
UCXOJIbI X, KOTOPBIE COOTBETCTBYIOT OTKa3aM POBHO JIBYX KaKWX-HUOYIb 3JI€MEHTOB.
[TockonbKy BEpPOATHOCTH OTKa3a y BCEX JJIEMEHTOB OJMHAKOBHI, TO B KaXKJIOM U3
OIBITOB MPOCTO CIydyailHO BBIOMpaeTcs Jr00as U3 35 paBHOBEPOATHBIX Map 3JIEMEH-
ToB. O01IIeE YMCIIO OTIBITOB B ciioe (2, 0003HaUUM yepe3 N,.
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AHAJIOTMYHO yCJIOBHAS BEPOSATHOCTh My Ul ciosi (23 ONpPENENsIeTcs B DKCIIe-

PUMEHTE, KOTOPBIM BKJIIOYAET /N, ONBITOB U B KOTOPOM PAa3bITPHIBAIOTCSA UCXOABI X,
COOTBETCTBYIOILIME OTKa3aM POBHO TPEX KaKUX-HUOYAb 3JIEMEHTOB.

2. TakuM o6pasom, B mporpamme (B Tabmune Excel) mns pacyera O Ha oCHOBe
pacciioenus (2.41) cieayeT nmpeaycCMOTPETh BBITIOJHEHUE CTATUCTUUECKUX DKCIEPH-
MEHTOB B JIBYX CJI0sX: B c10e 0, Oy/leM PacCUUTBIBATEL OLEHKY YCIOBHOIO M. 0. M,
B cioe ()3 — oLeHKy M. 1o onpenenenuro:

Wy = Noma ¥y = Noms (2.42)
N N3
rae N, — o0lee 4uciIo OmbITOB B ciioe (); N3 — YHCIO OHBITOB B CI0€ €235 Ny —

YHUCJIO OTKA30B B clI0€ {2; Ny3 — YHCIIO OTKA30B B ciioe ;.
Hucna N, u N3 peKOMEHAYETCs ONPENEIATH 110 IMIPUHLIKITY PAallMOHAJIBHOTO pac-
npeneneHus o01Iero yucia onbIToB N 1o CIosIM:

N

Ny = —r2 . (2.43)
Wy + W3
Nw

Ny = ——— = N-N,, (2.44)
Wy + W3

[Ipumem obiiiee unciio onbITOB Bo Beex cnosix N paBHeiM 10000. Torga mo dopmy-
naMm (2.43) u (2.44) c yuérom (2.38) onpenensieM, uto N, = 9997, N; = 3. U3BecTHO
[1], 9TO pacmpeneneHre YKciIa OMBITOB MO CJIOSAM 1o npuHuny (2.43) u (2.44) ra-
PAHTHUPYET OTCYTCTBHE IOTEPU TOYHOCTH: CPEIHSAS KBaJApPaTHUYHAS MOTPEIIHOCTH
OLICHKH 0€3yCJIIOBHOI'O0 MAaTeMaTHYECKOro OXuAaHus (Mpu J000M criocode paccioe-
HUS1) HE MOKET MOJIYIUTHCS OOJBINEH, UeM TMPH HEMOCPEACTBEHHOM CTAaTUCTHYECKOM
HKCIEPUMEHTE C TE€M K€ OOLIUM YMCIOM OmNbITOB N. J{ns ynobcTBa HEMHOIO CKOp-
pPEKTHUpyeM HaWJIEHHOE paclpelleIeHue YKcia onbiToB U npumem N, = 10000,
N3 =10. TouHOCTB pe3yJIbTATOB OT 3TOTO HE YMEHBIIUTCS, & TPYAOEMKOCTh MPAKTH-
YECKH HE BO3PACTET.

Ha nepBom nucre Ms Excel, npeaHaznaueHHOM [J1s1 ONIBITOB B ciioe €),, MpoBe-
ném N, = 10000 onbiToB 1 paccuutaeM M, mo gopmyne (2.42). Ha stom nucTe B Ka-
KJIOM OIbITEe OyJeM CiIy4yallHO BBHIOMpATh JBa HOMEpa OTKa3aBIIUX JJIEMEHTOB k|
U k, a COCTOSTHUE CUCTEMBI ) ONIPEENISITh TaK ke, Kak B Mpeablayiiei padore. Takum
00pa3oM, TOT JHUCT OYJET OTIIMYAThCS OT MPEIbIIYIIEro MPaKTUYECKH TOJIBKO CIIO-
co00OM, KOTOPBIM Pa3bIrPbIBAIOTCS COCTOSHUS 3JIEMEHTOB.

[TockonbKy 31€MEHTBI CHCTEMBI PABHOHAJEKHBI, TO HOMEpPA k| U k, OTKa3aBIINX
AJIEMEHTOB MOKHO I'€HEPHPOBAThH MPOCTO KaK LIEJIbIE PABHOMEPHO paclpe/ieICHHbIE
ciyvaiiHble unciia B quarna3one ot 1 go 7. Takoro poja menoe ciydailHoe 4ucio k
JIeTKO TeHepupyercs npeodpazopanueMm bCB z Buna

k=]7-z]+1, (2.45)
I PsMBbIE CKOOKH 0003HAUal0T B3sATHE 1eIoi JacTu. OHAKO MIPH TeHEPAIUU IBYX
Clly4aifHBIX HOMEPOB ki U k» mo dopmymam ky =|7-z; |[+1 u ky =|7-z5 |+1 moryr

IMOJIYYHUTHCA OAMHAKOBBIC 3HAYCHMUA kl )41 kz, H 3TOT cnyqaﬁ HYXHO HCKIIIOYHUTD.
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Hckitouenne paBeHCTBA k; = k, JIETKO peain3yeTcsl B MporpaMMmax ¢ MOMOIIBIO [HK-
J1a, BKJIIOYAIOILIEro MPOBEPKY ATOTO PABEHCTBA U MPH HEOOXOJUMOCTH BO3BpAT K re-
Hepaiuu k. Ho B Ms Excel peanuzanust 1ukiioB ¢ HeonpeaeaEHHbIM YHCIOM MOBTO-
peHull 3aTpyHEHa, TO3TOMY CIeAyeT U300pecTr Kakou-To Apyrou cnocod. OauH u3
MyTel — 3TO MPOCTOE MCKIIOUYEHHE U3 PAacuETOB TE€X CTPOK C OIMBITAMHU, B KOTOPBIX
MOJIyYarOTCsl OJAMHAKOBbIE HOMepa k| U k,, MO0 aHAJOTUU C TE€M, KaK HCKIIIOYAETCs
4acTh OIBITOB B JIAOOPATOPHOI paboTe 4 B METO/IE PEIKEKITUH.

Ho mb1 Bocmonb3yemcst ApyruM, MEHEe OYEBUIHBIM M JTAIOIIUM Cpasy JBa pas-
HBIX HOMEpa, «KPYTrOBBIM» crocoboM. OH COCTOMT B TOM, YTOOBI pas3wIrpaTh ki
OOBIYHBIM 00pa3oM, a k, BHIOpATh U3 OCTABIIUXCS «CISAYIOMINX 10 KPYTy» HOMEPOB.
Takoit BIOOp HOMEpa k, peanu3yeTcs MyTEM MpudaBiIeHUs K HOMEPY k| 1IEJI0TO CIy-
yaiiHoro uucina u3 uarepsaia ot 0 1o (7 — 2) = 5; ganee pe3ynbTaT onepanuu Cloxe-
HUS IOJDKEH OBITh MPEJCTABICH B BUJIE OCTaTKa OT €ro JeJCHHS Ha 7 M yBEJIMYEH Ha
1. OTOT cnocob reHepanyy AByX HOMEPOB BBIPAKAETCS CIEAYIOIUMU (POpMyIIaMH:

ey =172 ]+1; (2.46)
k2 Z(kl +|_6-22J)mod7 +1. (247)

Ha nucre, nzo6paxénnom Ha puc. 36, B OKHE BBOJIa JIJIsi BBIJICJIICHHOU SYEHKU
B16 noxazana ¢popmyina, Beiuucistomas Meroaom (2.47) 3Hauenue k, (TOIbKO HE IS
7, a 115 5 3IeMeHTOB B cucteme). Jlajgee Ha JIUCTE BBIYHCIISIOTCS COCTOSIHUS DJIEMEH-
TOB X; YEpe3 JBa BHINABIIUX HOMeEpa (3TO JIEJAETCs ¢ MOMOIIBIO JIOTHYECKON (yHK-
i NJIN). Yepes cocTosiHus AIeMEHTOB (Kak U B JabopaTopHOil paboTe 6) omnpene-
JISIETCSL COCTOSIHUE Y BCEM CUCTEMBI.

Ha BTopoM nucte Tabnuisl ais cinost €23 ananoruyHo nposeaute N; = 10 onbl-
TOB U BBIYUCINTE M. B 5TOM 4acTh mporpaMmel B KaxaoM u3 10 OIBITOB reHepu-
PYIOTCSI TPU Pa3HBIX HOMEpa OTKA3aBIIMX AJEMEHTOB. UTOOBI clenaTh 3TO, MOXKHO
BOCIIOJIB30BaThCA METOJOM (2.47) mBaXKIbl, HapuMep, Uil OnpeaeaeHus ky u kz C
y4€TOM pa3bIrPaHHOIrO 3HaueHUus k. CTPOKH C ONBITaMH, B KOTOPBIX COBIAJAIOT ky U
k3, MOXKHO YIQJIUTh BPYYHYIO.

Hrorosas onenka Hanéxuoctd O Berumcsercs mo gpopmyie (2.41). Kak BugHo

u3 puc. 2.13, onbIThl, TPOBEAEHHBIE B cllo€ (23, MPAKTUYECKH HE OTPAa3UINCh HA UTO-
roBoi onienke. [Ipu nepecuérax nucra o kirouy F9 HarmsaHo BUIHO, YTO ClaraeMoe
w3M; 3aMETHO YCTyNaeT BeJIMYMHE CTATUCTHYECKMX OMIMOOK pacyéra, MOATOMY

OMBITHI B cj0€ (23 MOXHO OBUIO JUIsl PACCMOTPEHHOM MSATUANIEMEHTHOW CHCTEMbI HE
MPOBOJIUTE.

3. Tounoe 3nauenue Q paccuuraite 1o Gpopmysie, BHIBEICHHON JJIs Balllel cxe-
MbI B IpeIBIAYyIICH padoTe, 3amaBasi Bce py paBHBIME p = 2-10 *. Onpenenure abco-

JFOTHYIO IOTPEITHOCTE & OleHKH O :
=10 -0l
B mpumepe Ha pmc. 2.13 mmeem O =8,0016:10", O= 8,09-10 ", orkyxa
£~8,8-107".
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B3 Microsoft Excel - MeTtop paccnoeHmMA

'3_11 ©aiin  Mpaeka Bua Boraska ©opwar  Ceperc  Qandbie  Oxdo  Crpaexa BeeawTe Bonpoc - .8 X
B16 - f =0CTAT(A16+UENOE4*CIHC)):5)+1
AlB|] ¢ | b | E | F [ 6 [HI[I]J ]| K | L [|ZF
2 x1 x2
3
4
5
6 A x3 B Miy) =Wolo+W1M1+...+Wshls =
7 =\Wa2Mz2+W3M3
8
9 xd x5 W2=PloTk. 2 3n.) = 3.9976E-07
10 W3=P{oTk. 3 an.) = 8.00E-11
il
12 Ouenka ona Mz= 02024
13 WalMz= 38,091E-08
14 Ouenka ona Mz= 0.2
15| Oeanomepa] x1 | x2 | x3 | x4 | x5 | ¥ | |WsMs= 1.60E-11
6] 2 [ 3 1 0 1 1 0 00 Q~= §09E-08
17 1 3 1 0 1 0 00 Qro4Ho §,002E-08
18| 3 2 0 1 1 0 0o 0
1] & 7 n 1 n n 1 b/
M o« » »]\Cnoii 2 Cnoi 3 4 Mnerl / T< Sl
i Deficrana ~ L | Astodwrypeir N\ W [JO A Al G (& & - - A-==7 @ j!
loToB0 MM

Puc. 2.13. Tlpumep k nadopaTopHoi padote 7

Pa3ymeercs, Ha TpakTHKE METOJ| PACCIOCHHUS MPUMEHSIETCS MPU HEU3BECTHOM
tounoM 3HaueHun Q. Ilpu stom ymnpoménnyo dopmyny (2.32) mist onpeaeneHus
«pa3zMaxa» OTHOCUTEIBHON MOTPEIIHOCTU 37EeCh TaKXKEe MPUMEHSITh HEKOPPEKTHO,
MTOCKOJIbKY OHA BBIBEJICHA B MPEIIOJIOKEHHH Majioil BEPOSTHOCTU OTKa3a CUCTEMBI,
KOTOpoe B cinosix (), u Q3 He BeINoMHsAeTcs. [109TOMY KOHTPOJIb TOYHOCTH OLIEHKH O
PEKOMEHAYETCSl OCYILECTBIISITh, UCIOIb3YSd OOBIYHBIC JTOBEPUTEIbHBIC WHTEPBAJbI,
OCHOBAHHBIE HA CTATUCTUYECKOW OLICHKE DQ nucnepcuu D(Q).

Pacuérnyro dbopmyiy 11 BBIYKCTIEHUS DQ MOHO TIOJIYYUTh CIETYIOUIUM 00-

pazom. Onpenernsis AUCIIEPCHUIO JICBOUM M MpaBoil yacTeil paBeHcTna (2.41), HaxoauM:
D(Q)=w;D(M, )+w; D(M, ). (2:48)

[ToCKONbKY M, W My €CTh OLEHKH M. O. 060UYHOII C. B., TO

- My(1-M . 1.(1-M
paty) < M202M) ) M1, (2.49)
Ny N
3
3ameHsisi Aucnepcuu B paBeHCTBE (2.44) TUMHU UX OIIEHKAMH, MTOTy4YaeM:
2 2
~ WS A ~ wW. A ~
Dy == My(1=M, )+ My (1= M, ), (2.50)

2 3

rne M, u My usBecTHBI u3 popmyn (2.42). CornacHo «IpaBHily TPEX CHIM» abco-

A

JFOTHAS IOTPENTHOCTD OlleHKH O ¢ BepossTHOCTBIO 0,997 He PEBOCXOAUT TPEX KBaJI-

paTHbIX KopHed u3 aucnepcuu (2.50). Jns paccmarpuBaemoro ciydas (puc. 2.13)
BTOpOE ciaraemoe B opmysie (2.50) MOKHO OTOPOCUTH BBHUIY €r0 OTHOCHUTEIHHOU
MaJIOCTH, U «TPEXCUTMOBAsH TpaHMIIA JJIsi aOCOTIOTHON MOTPEIIHOCTH TOIydaeTCs
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PaBHOM MEPBOMY CJIara€MoOMYy, COCTaBJISIOLIEMY 3w,'0,4:107%, a U1 OTHOCUTENBHOI
MOTPENTHOCTUA COOTBETCTBEHHO paBHOM 3w, 0,4 lsz/wz-Mz =610

3amMeTuM, 4TO TakKasi OTHOCUTEIBHO BBICOKAsi TOUHOCTh pacuéra HaJ&KHOCTH J10C-
TUTAETCS HAaMH B METOJIE PACCIIOEHUS, MO CYILIECTBY, 32 CUET TOTO, YTO Mbl HE MTPOBO-
JTUM OTIBITHI B MAJIOMH(OPMATUBHBIX CIOSIX UCXO/0B. B ciosix Q) u 2; OnbITH HE MPO-
BOJISITCSL IOTOMY, YTO MX PE3YJbTaThl U3BECTHBI 3aBEJOMO: BEPOATHOCTh OTKa3a CHUC-
TEMBI B 3TUX CJIOSIX paBHA HYJI0. Mexay TeM, eciu MPOBOAUTh HEMOCPEICTBEHHBIH
CTaTUCTUYECKUN SKCHEepUMEHT (0e3 pacclioeHus), TO MOJABJISIONIEE YKCIO OIBITOB
BBINA/Ia€T HAa ATH J[Ba 3aBEAOMO HEHH(DOPMATUBHBIX MHOXKECTBA UCXOA0OB. B cpeaHem
U3 JICCSITH MUJUTHOHOB OTBITOB JIMIITh YE€THIPE COMIEPKaIH ObI MOIE3HYI0 HH(POPMAITHIO.

BapuanTtsl 3ajaHuii

H€O6XOI[I/IMO pacCUnuTaTh Haﬂé}KHOCTL TOI'O K€ BdpHAHTAa CHUCTCMbI, YTO U B

npespIymeii paboTe, HO TpPH BEPOATHOCTSAX OTKa3a 3IEMEHTOB py;=p=2-10"
(k=1,...,7).

dopma oTuéTa

OTYET AOMKEH COOTBETCTBOBATH OOIIMM (YCTAaHOBJIEHHBIM paHee) TPeOOBaHUSM.
[Tpumep oTu€Ta MPUBOAUTCSA BBIIIE HA puc. 2.13.

KOHTpOHl)HbIe BOIIPOCHI

1. Kak onpenensitoTcst Ciou UCXOJI0B B JaHHOU padoTe?

2. Ilouemy B cooTHomeHuu (2.36) Benuuunbl My u M, paBHbI HYJIIO?

3. Ha xakomM OCHOBaHHMH B COOTHOIIEHUH (2.36) MOTyT ObITH OTOPOIIICHBI Cllarae-
MBIe ¢ WsM, 1o wiM7?

4. Beiegure 001Iyr0 (hOpMyy s BBIYMCIEHHS BEPOATHOCTEH CIOEB W; B CIy-
yae, KOI/la CUCTEMa COAEP>KUT 7 PABHOHAIEKHBIX JIEMEHTOB.

5. Ilouemy mMeTOA pacciaoeHUs MO3BOJISIET CYHIECTBEHHO MOBBICUTH TOUHOCTD pac-
4yéTa HaIEKHOCTH 10 CPAaBHEHUIO C HEMOCPEACTBEHHBIM CTATUCTHUYECKUM MOJAEIUPO-
BaHUEM?

6. O6ocnytite hopmynsl (2.48) u (2.49).

7. CKOJBKO ONBITOB MOTPEOOBAJIOCH OBI JIJIsi pacyéTa Balllero BapuaHTa CUCTEMBbI
C MTOMOIIbIO HETIOCPEACTBEHHOTO CTATUCTUYECKOTO MOJICTUPOBAHUS, YTOOBI JOCTHYb
TOH 7K€ TOYHOCTH, KOTOpas MOIy4YuIach B METOJI€ paccioeHus?

bubauorpadguuecknii CMUCOK K 4acTH 2

1. bopoBkoB, A. A. Maremaruueckas ctaTucTuka : y4eOnuk / A. A. bopos-
koB. — M. : Hayka, [POMII, 1984. — 472 c.

2. 3agopoxnbiit, B. H. Cratuctudeckoe wmonmenupoBanue : y4eb. mocooOwue
/ B. H. 3apopox#sriif. — OMck : U3a-Bo OMI'TY, 1996. — 92 c.

3. 3apopoxusiii, B. H. MonenupoBanue cucteMm : KoHcnekT Jiekiuii / B. H. 3a-
nopoxxkHbIN. — OMck : M3n-Bo OMI'TY, 2006. — 56 c.

4. Kyty30B, O. 1. AHAIIUTUKO-CTaTUCTUYECKUN METOJ JUIsl pacu€ra BBICOKOHA-
néxubix cucrem cBsizu / O. U. Kyrysos, B. H. 3agopoxusiit // Texauka cpeacTts
cBa3u. Cep. Texnuka npoBoanou cesasu. — J1., 1990. — Bem. 1. — C. 121-130.

5. Makapoga, H. B. Craructuka B Excel : yue6. mocoobue / H. B. Makaposa,
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YACTD 3. [IPAKTUKYM 110 UMUTAIIMOHHOMY MOAEJIUPOBAHUIO

JlaGopaTopHnasi padora 1
MOIEJNPOBAHUE OJHOKAHAJIBHBIX CMO

Ilenv padomor. VimuraninoHHOE MOJCITMPOBAHNE OJHOKAHATHLHOW CHCTEMBI Mac-
coBoro obciyxuBanus (CMO).

Cooepoicanue padomuwi:

1. Uzyuyenne oObpexTa MmoenrpoBanus (ogHokananbHoii CMO).

2. TlpenBaputensHoe aHanuTudeckoe uccienoBanne CMO ¢ npumenennem Ms
Excel.

3. PazpaboTtka u otnaaka numutanmonHoi moaenu CMO na GPSS World.

4. BeINOJTHEHNE UMUTAITMOHHBIX SKCIIEPUMEHTOB U aHAJIN3 PE3yJIbTaTOB.

KpaTKaH TCOPHUS U MECTOAUICCKHUE YKA3aHUA

1. OnHoKaHaNbHAsA CUCTEMa MAacCOBOTO OOCIY)KMBAHHS XapaKTEPU3YETCs Clie-
nytomumu ceoiictBamu. CMO unmeer kanan. B CMO npuxonar zasaexu. Eciu CMO
mycTas (HeT 3asBOK), TO MPUXOsIIas 3asgBKa 3aHUMAET KaHaJ. 3asBKa, MPUXOIsIIas
B HemmycTyto CMO (kaHan 3aHsT), CTAHOBUTCSA B odepeb K KaHamy. JlroOas 3asBKa,
3aHsBIIAs KaHall, 00CIyXUBaeTcs, 0cBOOOXaaeT kaHain U yxoauT u3z CMO. Ecnu B
MOMEHT yX0Jia o4Yepe]b He MycTasi, TO MepBasi B HEU 3asBKa BBIXOJIUT U3 OUepeau U
3aHMMAaeT KaHall.

CumMBoJIMYeCKOE HU300paKeHUE OJHOKaHAIbHOU
CMO mnpuseneno Ha puc. 3.1. Kpyxkom o6o3HaueH r X
KaHajl, NPSMOYTOJIbHUKaMH — OYepelb K KaHamy. —»D]:]—O—r
Ctpenku yKa3blBalOT HAIpPABICHUE JABUKEHUS 3aBOK.
BbykBoii 7 0003HaueHO BpeMsi MEXKIy MPUXOJAMH 3as-
BOK (CllyJaifHasi BeIMunHa), OyKBON X — BpeMsi 00CITy-
JKWBaHUS 3as1BKU.

Puc. 3.1. OnnokaHajgbHas
CMO

Oonokananvuas 3xcnonenyuarvras CMO

B sxcnonenyuanvnoti CMO npuxo/ibl 3asiBOK 00pa3yroT MyacCOHOBCKUM MOTOK
COOBITHI. DTO 03HAYAET, YTO BPEeMs T MEXKIYy NMPUXOJaMHU JHOOBIX ABYX IOCIIEIOBA-
TEJIbHBIX 3asBOK €CTh TaKas He3aBUCHMas Clly4yaliHasi BeJIMurHa (C. B.), KOTOpas UMEET
AKCIIOHCHIIMAJIBHOE paclpeielicHue BeposiTHoCcTeENn. Kpome Toro, B 3KCIOHEHIIMATTbHOU
CMO Bpems 00CTYKUBaHHS 3aIBOK X TAKKE PACIIPEACIICHO YKCIIOHEHITUATBHO.

Taxum o6pazom, B skcnioHeHITHaTbHON CMO QyHKIMH pacmpeneraeHust BeposiT-
HocTel (¢. p. B.) CllydalHBIX BEJIUYUH 7 U X UMEIOT CJICIYIOIINI BU/I;

F,()=1-e*, Fo(t)=1-eH (t>0), (3.1)

rac A— InapameTp, Ha3bIBACMbIA UHMEHCUBHOCMbIO nocmynieHusd 3aABOK Ha BXOI

CMO; y — UHTEHCUBHOCTD 00cydcusanus 3as1Bok kanaiom CMO.
[TapameTp «MHTEHCUBHOCTBY JJIsl SKCTIOHEHITMAILHO pacmpeaeiEéHHOM C. B. 00pa-
TeH e€ MaTeMaTU4ecKoMy OKuIaHuio (M. 0.). O003Hayast M. 0. CIIy4ailHOW BEIMYMHBI

HaT4EPKUBAHIEM, MOXKHO 3arucatb: A= 1/7 u u= 1/X . NurencuBHoCTh A HOCTYILIC-
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Hus 3asBOK B CMO — 3T0 cpe/iHee Ynciio 3asBOK, MOCTYIAIIINX B €IUHUILY BPEMEHHU.

Ecnu cpepnuit mHTEpBa MOCTYIUICHUA 3asBOK 7 HU3MEpPSETCS B CEKyHAax (c), TO UH-
= o -1

TEHCHBHOCTb A = 1/7 U3MEPSIETCS B CEKYHaX B MUHYC MIEPBOM CTENEHH (C ).

AHAJIOTHYHO MHTEHCHBHOCTH OOCITYKMBAHHS 3asBOK 1= 1/X — 310 cpemnee umc-
J10 3as1BOK, 0OCTY)KMBAaeMbIX KaHAJIOM B €IUHHILY BpeMEHH. 3/1eCh IMEETCS B BUILY, UTO
KaHaJl 0OCTYXHBAeT 3asBKH C MHTEHCHBHOCTBIO f/, KOTJAa OH 3aHST, HE MPOCTANBaeT.
Korna 3asiBok B cucteMe HeT, HHTEHCUBHOCTh UX 0OCTYKUBaHHSI paBHA HYJIIO.

Ilapamempul A My TOTHOCTBIO 33/1al0T OJAHOKAHAJIBHYIO SKCIIOHEHIMAIbHYIO
CMO u Tem cambIM OJHO3HAYHO OMPEACIISAIOT CISAYIONINe MMOKa3aTeu (xapakmepu-
cmuxu) 3pPexTuBHOCTU €€ (PYHKIIMOHUPOBAHUSL:

£ — Kod(phULMEHT 3arpy3KH;

L — cpenHsis iuHA ouepeau;

N — cpennee uucio 3assB0k B CMO;

W — cpennee Bpems 0KUIaHUS 3asIBKOM 00CITY KUBAHUS;

U — cpennee Bpems npeObiBanus 3asBku B CMO.

[IpuBeném 6e3 BbIBOJIA XOPOILIO U3BECTHBIE POPMYIIBI ISl pacuéTa ITUX MOoKa3a-
TEJIEH.

Koaddunment 3arpy3ku p paccuutbiBaetcs 1o hopmyie

pP=Alu=x=X/T7. (3.2)

Ecnu BeIMONHAETCA yCIOBUE

p<1, (3.3)
TO CYIIECTBYET cmayuoHapHuiti pedcum pyakiuronupoBanuss CMO, B KOTOpoM cpe/l-
HSIS ITMHA ovepenu L He 3aBUCUT OT BpemeHu. Kak BumHO U3 omnpeneneHust kodddu-
nuenTa 3arpy3ku (3.2), B cmydae (3.3) umeem A < 4, T. €. CpelHEe YUCIO 3asBOK A,
MOCTYNAIOIIUX B CUCTEMY 3a €AUHUIY BPEMEHH, HE MPEBOCXOIUT CPEAHErO 4ucia
3asIBOK /I, KOTOPBIE 32 €IUHUILY BpeMEHHU 00cTykuBatoTcsa kaHaioM. CienoBaTeiabHo,
KaHaJl CIpaBIsieTCa C MOCTyMawlie padoToil. THTEHCMBHOCTh MOTOKAa 3asBOK Ha
BbIx0j1e CMO paBHa MHTEHCUBHOCTHU A BXOJHOTO MOTOKA.

Hapsny ¢ p u L B cTaliuoHapHOM pPEKHUME TaKKe HE 3aBUCST OT BPEMEHH, T. €.
SBJISIIOTCS IOCTOSIHHBIMY BEJIMYMHAMU, U BEPOSITHOCTHBIE Xapakrepuctuku N, W, U.
Camu nipoucxoasamue B CMO mporiecchbl, CpeITHUMU 3HAYEHUSIMH KOTOPBIX SIBIISIFOTCS
TH XapaKTEPUCTUKH, OCTAIOTCS CIydalHbIMM BeluuuHamu. Tak, N =n,,

W=w,, U=u;, rae n, — 4ACIO 3asiBOK B cuUcTeMe (B ouepeIud M KaHajJe BMECTE)

B CIIy4aiiHO BHIOPAHHBI MOMEHT BPEMEHH / B CTALIMOHAPHOM PEKUME, W;, U; — BPEMSI
OKUJaHUS B OYE€pPEU U, COOTBETCTBEHHO, BPEMS MPOXOXKJICHUS YEpe3 BCIO CUCTEMY
(uepe3 ouepenb M KaHa) 3asBKM CO CIIyYallHO BBIOPAHHBIM HOMEPOM I, OCTYIIA0-
1IE B CUCTEMY B CTALIMOHAPHOM pPEXHUME.

[Ipu p > 1, HaoOOPOT, CTAIMOHAPHOI'O pEXKUMA HE CyllecTByeT. [lefcTBUTENb-
HO, eci p > 1, To A > 1 u pabota noctynaetr B CMO B cpeaHem OwicTpee, YeM BbI-
nonHsgercs. IloaTtoMy juiMHA ouepeAr BO3pacTaeT KaXKIyl0 €IWHUIY BpPEMEHH
B cpenHeM Ha (A — ). Ouepeap ¢ X0A0M BPEMEHH HEOTPAaHUUEHHO PACTET, U CTAlUO-
HapHOW cpefHell JJIMHBI OYepelHd HE CYIIeCTBYeT. Takke He CYyIIEeCTBYET CTaluo-
HapHBIX TToKazarenen N, W, U.
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B cmayuonapnom peoscume cpennee uucio N 3agBok B CMO mNOCTOSIHHO.
[ToaToMy cpeanee uucio 3asBoK, nocrynaromux B CMO B equHUIly BpEMEHH, PABHO
CpEHEMY YHCIy 3asBOK, B eAuHULy BpeMeHH u3 CMO yxonamux. CieroBarenasHo,
B CTallMOHAPHOM pEKUME HHTECHCHUBHOCTH IOTOKA YyXOMAAIIMX 3asBOK paBHA A.
OTa BeIMYMHA MEHbIIE, YeM UHTEHCUBHOCTh OOCTYKMBAHUS L/, TAK KaK KaHaJl B CTa-
LIMOHAPHOM DPEKHMME OIPEAEIEHHYIO OO BPEMEHH NPOCTAMBAET. DTa J0JIS BpeMe-
HU paBHa (1—p) — koadppunuenty npocross CMO. NHTEHCUBHOCTH BBIXOJHOTO TIOTO-
Ka 3a8BOK paBHA MHTEHCUBHOCTU OOCITYKMBAaHHMSI, KOT/la KaHaJ 3aHAT, U paBHa HYIIIO,
KOI'/Ia KaHajl cBoOoOJieH. B cpeHeMm ke oHa paBHA MHTEHCUBHOCTU MOCTYIUICHUS 3asi-
BOK. [ToaTOMy cpeanee uncio 3as1B0k B CMO B cTaliluOHApPHOM PEXHUME CO BPEMEHEM
HE U3MEHSIETCS, T. €. OCTAETCS IIOCTOSTHHBIM.

Tpebosanue (3.3) sBisIETCS YCIOBUEM CTAllMOHAPHOCTU HE TOJIBKO JUIS 3KCIO-
HeHIManbHbIX CMO, HO 1 1718 M00BIX IpyruX. « PU3NYECKU CMBICI» 3TOro Tpedo-
BaHUSl COCTOUT B TOM, YTOOBI «CKOPOCTh MOCTYIUIEHUSI PaOOTBI» B CUCTEMY HE IIpe-
BBIIIIAJIA KCKOPOCTH €€ BBINIOJHEHUS» CUCTEMOM.

KoadduimenT 3arpy3ku p B CTaIlMOHAPHOM PEXHMME MOXKHO MHTEPIPETUPOBATH
CJIEIYIOLIMMU TPEMS CIOCOOaMU:

— KaK CPEJIHIO0 JI0JII0 €JUHULIBI BPEMEHH, B TEUEHUE KOTOPOM KaHaJl 3aHsIT;

— KaK BEPOATHOCTD 3aCTaTh B CIIy4aiiHbI MOMEHT BPEMEHU KaHAJI 3aHSTBIM;

— KaK CpeJlHee YMCIIO 3asBOK B KaHAJIE.

[Ipumeuanue 1. Ecnu peus uaer 06 sxcnonenuuaibHon CMO, To korddu-
LIMEHT 3arpy3KH O paBeH TaK)Ke BEPOSITHOCTU TOTO, YTO 3asABKa, npuxoasauias B8 CMO
B CTAlIMOHAPHOM PEXHUME, 3aCTaHET KaHaJl 3aHATHIM. JTOT CHOCOO MHTEPIPETALNUU
nokasatens p i He 3KcnoHeHmanbHbix CMO B 00meM ciydae HE UMEET MecTa.
Hampumep, ecim nHTEpBan T NOCTYIUIEHUS 3asIBOK M MHTEPBAI X UX OOCITyKUBaHHUSA
UMEIOT TaKOE pacipeiesieHue, Py KOTOPOM OHU MaJI0 OTKJIOHSIFOTCSL OT CBOUX Cpe-
HUX 3HAYE€HUH, TO, KaK JIETKO BUJIETh, AaKe NP 00abINX P (o < 1) BEpOATHOCTH TO-
0, YTO NMPUXOAAIIas 3asiBKa 3aCTaHET KaHaJl 3aHATHIM, MOXKET OBbITh PaBHA HYJIIO.

Jlanee B m1aHHOM IMKJIE JJAOOPATOPHBIX pabOT peub OyJeT UATH TOJBKO O CTa-
[IMOHAPHBIX 3HAYCHUSIX XapaKTEPUCTHUK, OTpeesieMbIX Tpu p < 1.
Cpenuss pyinHa ouepenu (CpeaHee YUcio 3asBOK B

ouepeqr) B OAHOKAHAIBHOW 3KCMOHeHIManbHoit CMO L [
paccuMThIiBaeTcs 1o popmyJie |
E |
L=L =
exp (P) - (3.4) 1
['paduk 3aBECUMOCTH L OT p IpUBEJICH Ha puc. 3.2. ]
Cpennee uncino N 3asBok B CMO paBHO cymme /
cpemHero uncia L 3asBOK B OYEPEIH M CPEIHETO YHCIia /
0 3aBOK B KaHaJe: r P
N=L+p. (3.5) 0 1

JlecTBUTENBHO, KaK BUAHO U3 PHUC. 3.2, YUCIO 3aIBOK Py 3.2, 3aBHCHMOCTE L(p)
B CMO cknaapIBaeTCs W3 YHCIA 3a8BOK B OYepeau
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Y YHucJa 3asBOK B KaHaze. OTcrofa, NOCKOJIbKY CpEIHEE 3HAYEHUE CYMMBbI YHCEN PaB-
HO CYMME€ UX CPEJIHUX, BBITEKAeT cooTHoIeHue (3.5).

3Has cpeoHee yucao 3a1BOK B KaKON-TMOO 4acTU CUCTEMBI, MOXKHO JIETKO OIIpe-
JIEJIUTh U cpeoHee pems TIpeObIBaHUS 3asBOK B 9TOM yacTu. HasBaHHbIE 1B cpeqHue
BEJIMUMHBI CBSI3aHBI 3HAMEHUTOU opmynou Jlummaa, KOTOpas MPEACTABISIET COOOM
CBOCOOpPa3HBIN «3aKOH MPUPOJIBD ISl CHCTEM MAacCOBOTO OOCITY>KHBaHHMS JIIOOOTO BH-
1ia, He 00513aTeITLHO TOJIBKO AKCITOHEHITMATBHBIX. DTa (popMysia TO0CTaTOYHO MPOCTa:

ncp = i@x tcp ’

rie Ag — HMHTEHCUBHOCTb IIOCTYIUIEHHS 3asBOK B BBIICJICHHYIO 4YacTh CHCTEMBI,
t,, — cpenHee BpeMs IpeObIBaHMsA 3a8BKU B DTOW YaCTH, M., — CPEIHEE YUCIO 3aABOK
B HEW.

@opmyna Jlurria cnpaBennuBa Uisl CTAlMOHAPHOTO pexuMa. E€ yHuBepcaib-
HOCTb MOYKHO ITOHATH C IIOMOILNBIO CIEAYIOLIEro paccykiaeHus. Ilockonpky B cra-
LIIOHAPHOM PEKUME CPEIHEE YUCIIO 3aBOK 7., B BBIIEIECHHON 00JaCTH CHCTEMBI T10-
CTOSIHHO, TO CpEHEE YUCIIO 3asBOK, IOCTYNAIOIINUX B HEE B €MHUILY BPEMEHH, T. €.
Agxs PABHO Agyy — CPETHEMY UHCITY 3a5IBOK, BBIXOJSIIUX U3 HEE B €UHUILY BPEMEHH.
[Ipy >TOM MHTEHCHUBHOCTH BBIXOJIa 3aSIBOK A, CKJIAIbIBAETCA W3 MHTCHCHUBHOCTEM
BBIXOAA KaXIOU U3 N, 3a8BOK, T.€. Agu =g (1/t,,). OTcrona nomydaeM A, =
ne(1/t,), T. €. popmymy Jlurrna.

[Ipumensia popmyny Jlutrna k ouepenu B CMO, HaxoauM cpeHee BpeMs OxKu-
JaHust 00CIy>KMBaHUS Yepe3 CPEHION AJTMHY OUYEPEIn:

W=L/A. (3.6)
AHanOruyHO BBIYUCISETCS CpeliHee BpeMs npedbiBaHus 3aaBku Bo Beeid CMO:
U=N/A. (3.7

Cpennee Bpemsi mpeObIBaHUSI MOYKHO BBIYUCIIUTH U Yepe3 CPeJHHE €ro ciarae-
MBIX:
U=W+ Xx.

Xapakrepuctuku (3.2)—(3.7) paroT ueHHYI0 HUHPOPMAIUIO O CUCTEME, MOIEIH-
pyemoii B Bune CMO.

3ameTuM, 4To TOJIbKO (popmyia (3.4) it cpeaHelt JUIMHBI Ouepeu CBsi3aHa 3/1eCh
c npeanosioxkeHruemM o ToMm, 4to CMO nskcnoHeHuumanbHass. OcTayibHble (HOPMYIIbI
cnpaseuBbl 11t 100bix CMO.

Ob6o3navenus Kenoanna — Fawapuna

Jlia ykazanusa tuna CMO ucnonb3yroTcst ycioBHble 0003HaueHusa Kengamna —
bamapuHa, B KOTOPBIX THII CHCTEMBI YKa3bIBAa€TCS €€ OCHOBHBIMH CTPYKTYPHBIMU
napameTpamu B popmare:

A|B|K|m.

K OCHOBHBIM CTPYKTYpHBIM IapameTpam, onpenenstommm tuin CMO, oTHocsTCS:

— BH/JI 3aKOHA paclpe/eiieHus UHTEPBAJIOB MOCTYIICHUS 3asiBOK (A);

— BUJI 3aKOHA pacmpeiesieHus: BpeMeHH 00cTykuBaHus 3asiBok (B);

—yucno kaHanos (K),

— YUCJI0 MECT B ouepenu (m).
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[TepBas mo3unus (A) conepkuUT OyKBEeHHOE 0003HaUYE€HME BHJIA 3aKOHA pacrpe-
neneuus F () mist BpeMeHH T MEXIy MOCTYIUICHUSAMH 3assBOK. Bropas mo3unus (B)

yKa3bIBaeT BHJ] 3aKOHA pactpeneneHust Fy(f) st BpeMeHU x 00CITy)KUBaHUS 3asIBKH

KaHajioM. B o0Oo3HaueHMsIX BHJa 3aKOHa pacrpeneieHus OykBa M cOOTBETCTBYyeT
HKCIIOHEHIIMAJIBHOMY pacmpeneneHuio (0T cioBa Maprosuan), 6ykBa E — pacnpene-
neHuo OJpnaHra, R — paBHoMepHOMY pacnpeneneHuo 1 D — neTepMUHUPOBAHHON
BenuuuHe. [1opsIoK 3pIaHrOBCKOro pacupeieseHusl YKa3bIBaeTCs B BHJIE BEPXHEIO
unjekca npu OykBe E. PaBHOomepHoe pacmpenenenume R 3amaércss Ha uHTEpBaie
OT HYJISl 10 IByX MareMatuuyeckux oxumanuii. O6o3nauenuem RT Oynem ykasbiBath
PaBHOMEPHOE pacIpe/iesieHHe Ha MHTEPBAJIE OT MOJOBUHBI M. 0. IO MOJIyTOpa M. O.,
obo3HauenneM H' — THIICPIKCIIOHCHIIMATBHOE paCIpeeeHHe BTOPOTO IMOPSIKa
¢ mapaMeTpoM r (7 — k03D OHUIUEHT BapHaLMHy, 7~ — KBAJPATHUHEIH KO3 (HUINEHT Ba-
puarun), HB® — orpannyenHnoe rumnepOoIMYecKoe pacipeieieHiue ¢ mapaMeTpoM &.
CrpaBouyHast nH(OpMAIKA 1O MEPEUUCTICHHBIM PaclpeeIeHUsIM MPUBOJAUTCS B TIPH-
noxxenuu. byksoit G (general) 0603HaualOT pacupenesieHre NPOru3BOIbLHOTO THUIIA.

Tpetbst mo3unus (K) 3amaér uncio kananoB B CMO. Yersépras mo3unus (m)
ONPENEIAET YNUCIO MECT B OYEPEOH, T. €. €€ MAKCUMAJbHYIO JUIMHY. 3asBKa, PUXO-
Js1asi B CUCTEMY, KOTJJa BCE MECTa B OUEpEAU 3aHAThI, TEPSAETCS.

PaccMoTpenHas Bbllle oJHOKaHalIbHAs dKcnoHeHanbHas CMO sBisieTcst cuc-
temoit Tuna M|M|1. B 3ToM 0003HaueHun yeTBEPTask MO3UIIMS OIMYyIIeHA. JTO O3Haya-
€T, YTO YHUCIIO MECT B 0Uepe I OECKOHEYHOE, T. €. IPUXOASAIINE 3a9BKU HE TEPSIIOTCS.

2. IIpenBapuTenpbHOE aHATUTHYECKOE HCCIIe0BaHne ogHOKaHanpHoM CMO pac-
cMoTpuM Ha npumepe cuctemsl R|R|1. IIpome Bcero npuOamxEHHbIN pacuér xapak-
TEPUCTHUK BBIMOJIHUTH C MOMOIIbI0 porpamMmMbl Ms Excel. OcHOBHOM XapaKkTepucTu-
kot CMO siBnisieTcs 3aBUCUMOCTD L(p) cpenHel IIMHBI odepenu oT KoddduireHTa
3arpy3ku. s cuctembl M|M|1 ata 3aBucuMOCTbh, omnpenensemas dopmyinoi (3.4),
MOXET ObITh paccunTana TouHo. J[iis CMO apyrux TUIOB, 32 pEAKUM UCKITIOUEHHUEM,
MOJOOHBIX TOYHBIX AHAIIMTUYECKUX pEUICHUN He cyimiecTByeT. Ecnu ucxoauth u3
npeanoyioxkenus, 4to cucreMy R|R|1 moxxHO anmpokcumupoBath cuctemoit M|M|1,
TO TpUOMIKEHHOE TIpecTaBiIeHne 0 Xapakrepuctuke L(p) cuctembl R|R|1 MoxkHO

TIOJTyYHTh, UCTIOJb3Ysl XaPAKTEPUCTHUKY Lexp(p) cuctembl MM 1:

2
L(p) = Lexp(p)zlp—, 0<p<l. (3.8)
—p
[TorpemHocty npubmmkenust (3.8) HaM HEW3BECTHA, TaK KaK Mbl HE 3HAeEM,
KaK CHUJIBHO Ha XapaktepucTuke L(p) ckaszpiBaeTcs nepexoa B CMO oT 3kcnoHeHIu-
aJbHBIX 3aKOHOB PacIpeIeICHUs] K PABHOMEPHBIM.
Hpyroii pacnpoctpaH€HHbI MeTon mpubamxénHoro anammza CMO cocrout
B HCIOJIb30BaHWU BEPXHEMN OLIEHKU ISl CPEIHEN JUIMHBI OUepean, HaieHHOM KuHr-
MaHoM U Kémnepcrpémom:

_Cr+pCy

Lp) < L (p==5

(3.9)
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rae CT2 uC )‘z‘ — KBaJpaTHU4Hble KOd(PPUIIMEHTHI BapUallUU C. B. T U X — ONPEIIEIISIOT-

Csl, KaK OOBIYHO, Yepe3 UX IUCTIEPCUU 0'72 u 0')% :
2 2
C2 _O¢ CZ _ Oy
T 5 X~ 5 -
=2 -2
T X

JloctonHCTBa BepxHeit rparuiml L' (p) Kuarmana — Kémneperpéma (3.9) B Tom,
4TO:

— HepaBeHCTBO (3.9) mmeer mpoOCTOM BHUJ U BBINOJHSAETCA B JHO0OM cucTeme
G|GIK;

— npu Gonblioil Harpyske p — 1 ¢yukuus L'(p) aBasercs XOpoLIUM IIpHOIH-
KEHUEM HCKOMOM XapaKTEepUCTUKU L(p).

Pacuér mpubnmxénnbix xapakrepuctuk (3.8) u (3.9) mns cucremsl R|R|1 mpu-
BeJieH Ha puc. 3.3. KpuBas ¢ MapkepaMu Ha PUCYHKE MPEACTABISIET XapaKTEPUCTUKY
L'(p). JleiicTButensHas xapakrepuctuka L(p) cucteMsl R|R|1 IexuT meamkoM mon
KpHBOii L'(p): oHa MoKasaHa >KMpHOI nuHHeH. KpnuBas Hambomnee OBICTPO pacTymiei
dyHKIMH — 9To xapaktepucTuka p’/(1 —p) odepenu B SkcnoHeHManbHONH CMO.
JleficTBUTENbHAS XapaKTepUCTUKA L(p) MOMydYeHa IMyTEM MOJAEIUPOBAHUS CUCTEMBI
R|R|1 ma GPSS World.

: Arial -0 LK K YUES = EE| D % m G5 E

c2 - A =(3G51+A2*5G52)/2/(1-A2)

A [ B [ ¢ | b [ E [ F | 6 [ H ] | J | KR

1 p L exp L+ip) Lip) Cr2 tau = 0.333333
2 [ 000 0.000_0167]  0.000 Cr2 x = 0333333
3| 005 0.003 0176  0.001
4| 010 0.011 0187  0.004
E| 015 0.026 0200  0.009 9.000
6| 020 0.050 0217 0016 5 000 ,
7| 025 0083 0236 0026 )
8| 030 0.129 0260  0.040 7.000
g | 035 0.188 0288  0.058 i f
10| 040 0267 0322  0.081 5000 [
11| 045 0.368 0.364  0.110 5000 L exp
12| 050 0500 0417 0149 / —a—L={p)
13| 055 0.672 0.482 0.201 #.000 / Y
14| 060 0.900 0567  0.269 2 000
15| 065 1207 0677  0.365 / j
16| 0.70 1633 0828 0497 2.000
17| 075 2 950 1042 0683 1 000 /
18] 080 32000 1367 0.99% =
19| 085 4817 1.914 1549 0.000 . . —//
20 0.90 a3.100 3.017 2 BET 0.00 0.20 0.40 0.80 0.20 1.00
21| 095 18.050 6342 5682 2
M o4 v Wi ucr 1 ANucr 2% Xapakrepncrikn R|R| 1/ | < * |
HE | o " o B 1 gl -~ [ rer I B ] A _— — —* [ = .

Puc. 3.3. Peaynbrarsl npuOanxEHHOro pacuéra U MojieaupoBanus cuctemsl R|R|1

3. Pa3zpabotka u omnanka umutanmonHo monenu CMO nHa s3pike GPSS World
BBITIOJTHSETCSI B COOTBETCTBUU C PEKOMEHIAIMSIMHE, U3JIaraéMbIMHU B Kypce JICKIIUN U
B yueOHbIX mocobusx [2, 7, 8, 9]. Moaenp cucrembl R|R|1 Ha s3pike GPSS (mipu
p =0,5) umeer crneayromuii BUA;
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GENERATE
QUEUE
SEIZE

10,10
1
1
DEPART 1
)
1

ADVANCE

RELEASE

TERMINATE

GENERATE 5000000

TERMINATE 1

3neck Bpems oociyxkuBanus 3asBku 3anaHo B 01oke ADVANCE kak c. B., paB-

HOMEPHO pactpenenénnas Ha uareppaiie S+ 5 (T. e. ot 0 1o 10) exn. Bpemenu. [1oato-
My cpeiHee Bpemsi OOCITy>KHBaHUSI COCTaBJsIeT 5 €. BpeMeHH. MHTepBan mocryrmuie-
Hus 3asBoK 3amaH B Onoke GENERATE Ttak ke, kak paBHOMEPHO pacmpeneinéHHas
C.B., HO co cpennuM 3HaueHueMm 10. CrnemoBarenbHO, KOA(D(OUIMEHT 3arpy3Ku
p=Xx/7T =5/10=0,5. Ha puc. 3.4 npuBeicH pe3y/bTaT MPOroHa MOEIH 110 KOMaH/Ie
START 1. 3aBucumocts L(p), mokazaHHas Ha pucC. 3.3, MOJIy4YeHA B 3KCIIEPUMEHTAX
C 3TOM MOJIEIIBIO MPU pa3HbIX p. s 3Toro Mensuiuch napamerpsl 610ka ADVANCE.

»O

Wednesday, June 07, 2006 15:22:36 -
START TIME END TIME BLOCKS FACILITIES STCRAGES
0.000 5000000.000 9 1 Q
LABEL LOC BLOCE TYPE ENTRY COUNT CURRENT CCUNT RETRY
1 GENEERATE 499594 0 Q
2 RQUEUE 499694 0 o]
3 SEIZE 4996594 0 4]
4 DEFLET 499594 0 Q
5 ADVLNCE 499694 0 Q
6 RELEASE 4996594 0 4]
7 TERMINATE 499694 0 a
8 GENERATE 1 0 0
9 TERMINATE 1 0 4]
FACILITY ENTRIES UTIL. AVE. TIME AVAIL. CWHMER PEND INTER RETRY DELAY
1 499694 0.500 5.005 1 4} Q 4} Q Q
QUEUE MAX CCONT. ENTEY ENIRY (0) AVE.CCNT. AVE.TIME ALVE. (-0) RETRY
1 8 0 435634 338347 0.145 1.483 4.624 4]

Puc. 3.4. ®aiin otuéra (REPORT), Beimannoro GPSS World
MOCJIe MIPOTroHa UMUTAITMOHHOM Mojienu cuctembl R|R|1 ipu p = 0,5

4. BBITIONTHASI UMUTAIIMOHHBIE SKCTIEPUMEHTHI U aHAJIU3 UX PEe3yJIbTaToB, HEOOXO-
JUMO 00€CTIeUUTh TOJYYCHHE CTATUCTUYECKU JTOCTOBEPHBIX JAHHBIX O CBOMCTBAx
mozaenupyemoir CMO, NpOUHTEPIPETUPOBATH CMBICI ATUX JaHHBIX (M3BJIEYh HOBBHIE
3HAHUS O CUCTEME), a TAKXKE ClIeJIaTh OOIIHe BBIBOJBI 00 OCOOCHHOCTSIX MMHTAI[HOH-
HOT'O MOJICTUPOBAHUS KaK HHCTPYMEHTA UCCIEOBAHUSI CIIOKHBIX CUCTEM.

JI71st TOrO 4TOOBI TaHHBIE UMUTAIIMOHHOTO AKCIEPUMEHTA UMETH MPUEMIIEMYIO
CTAaTUCTHYECKYIO IMOTPEUTHOCTh, HYKHO BBIITOJHUTH JOCTATOYHO JJIUHHBIM MPOTOH
mozenu. Ha puc. 3.4 nmokazad oT4€T 00 SKCIEPUMEHTE, B KOTOPOM CHUCTeMa HaOJIo-
Jlajach B TEUCHHUE 5 MJIH €7l. BpeMEHHU. 3a 3TO BPEeMs 4epe3 CUCTEMY IMPOIIIO OKOJIO
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500 Teicsiy 3asBOK. Takoe Bpemsi MOJETUPOBAHUS AJIs 1esieil 1abopaTopHOM padOThI
HECKOJIbKO M30BITOYHO; 1OCTaTOuHO MojaenupoBath CMO B TeueHue 6oJiee KOpOTKO-
ro BpeMeHHU, 00eCIeynBaoIIero NpoxoxaeHue okosio 100 ThicsSY 3asBOK.

Kpowme toro, Ha puc. 3.3 rpadux xapakrepuctuku L(p) moctpoeH mno 20 paBHO-
OTCTOSIIIUM 3HAYEHUSIM p, 4TO MOTpedoBano npoBeaeHust 20 mporoHoB MOAEIU IpU
pa3HBIX 3HAYEHUSX CpeaHero BpeMenu oociyxuBanus B 01oke ADVANCE. B na6o-
paTopHO#l pabdote goctaroyHo npomoaenupoBate CMO npu 10 3HaueHusix p, cie-
nyromux ¢ marom 0,1.

PesynbraThl, IpuBeneHHBIE HA pUC. 3.3, MO3BOJISIIOT CAETIATh BBIBOJX O TOM, YTO
cuctema M|M|1 mpexacraBisier coOoi MIOXyr amnmpokcuMmanuio cucteMbl R|R|1.
[IpuHsATHE NPEANONOKEHUSI O BO3MOKHOCTHA 3aMEHbI PABHOMEPHBIX PACIIPEIEICHHIMA
HKCIIOHEHIMAJIBLHBIMU B JAHHOM CITy4ae MPUBENO Obl K MHOTOKPATHBIM OIIMOKaM IpH
pacuére OCHOBHOM XapaKTEPUCTUKHU L(p) CUCTEMBI.

[IprunHoi Bo3HUKHOBEHHUs ouepeneid B CMO sBisieTcs HECOTJIACOBAHHOCTH I10-
CTyIUIEHUs 3asBOK. Ecnu Obl Bce 3asBKM MOCTYMNalIM 4Yepe3 MOCTOSHHbIE MHTEPBAJIbI
BPEMEHU U OOCIY>KHUBAJIKUCh TAKXKE 3a MOCTOSHHOE JIETEPMUHUPOBAHHOE BpPEMS, TO
npu 1o0oM p < 1 ouepeneil B cucteMe He BO3HHMKANO Obl. M TOCKOJIBKY Mepoit pas-
Opoca 3Haue€HUH ISl THTEPBAJIOB MOCTYIICHUS 3aBOK T U MHTEPBAJIOB UX OOCIIYKH-
BaHUS X SIBJSIFOTCSI COOTBETCTBYIOLIME KO3(PPUIMEHTHI Bapualuu (MU KBaapaTHy-
Hble KOA((UIMEHTHl BapHallMH) ATHX C. B., TO YeM 3THU KOI(PPUIUEHTH BapHalUU
0oJbIIe, TEM OOJBLIErO 3HAYEHUS CPEAHEN MJIMHBI ouepenu L(p) clenyeT 0KHUIaTh
npu (PUKCHPOBAHHOU HATPY3KeE p.

[Tockonbky B cucteme R|R|1 o0a kBaapaTuuHbix KO3 (ULIMEHTAa Bapualuu sz

nuC f COCTaBIISIIOT Jiuib 1/3, B TO BpeMs Kak B cuctreme M|M|1 onu paBHbI 1, TO U

xapakrepuctuka L(p) nns cuctembl R|R|1 oka3zamace CyiiecTBEHHO MEHBIIEH, YeM
st MM 1.

[Ipr ucnonb30BaHUM AHATUTUYECKUX METOJOB uccienoBanuds CMO ortka3z or
DKCIOHEHIMAJIBHBIX PACIpENCICHUN NMPUBOJUT K KOJOCCAIBHBIM MaTeMaTHYECKUM
TPYAHOCTSIM, KOTOpBIE Yallle BCEro He yaa€rcs mpeononeTsb. [[loaToMy Hcnosib30Ba-
HUE€ YIPOIIAIONIUX MPEANOI0KEHUN O «IIyaCCOHOBOCTH IIOTOKOBY», «IKCIOHEHIU-
aIbHOCTH PACHPEACIICHUIN», «OTCYTCTBUM MOCIEICUCTBUS» U T. . 4aCTO CBS3aHO
JUIIb C JKEJIAHUEM MOJYYUTh XOTh KaKHe-TO pe3yJsbTaThl. IIpy MMHUTAaIMOHHOM MO-
JEIUPOBAHUH CHUCTEM, HANPOTUB (KaK BUIAHO U3 MIPUMEPOB MOIECIUPOBAHUS, BBIIOJI-
HSIEMBIX B JJAHHOW JIabopaTOpHOU padoTe), 3aMEeHa OJHUX PACTIPEICICHUN APYyTUMH
IpEJCTaBIsIeT COOOM YMCTO TEXHUYECKUIH BOMPOC U PEIIACTCs MPOCTO MPaBUIbHBIM
WCIIOJIb30BaHUEM I'€HEPATOPOB CIIyYaWHBIX YUCEL.

JleiicTBUTENbHAS XapaKTepUCTUKA L(p), HailIeHHAs] ¢ TOMOILBIO UMHUTALIMOHHO-
r0 MOJEIUPOBAHUs, ONPEAEIAETCA ¢ TOYHOCTBIO 10 CTATUCTUYECKUX MOTPEIIHOCTEN
(B HalIeM NMpuUMepe OHM COCTABJSAIOT OKOJIO OJHOTO — JIBYX MPOLEHTOB), KOTOPHIE
KOHTPOJIMPYIOTCS ITOCPEACTBOM ITOBTOPA WJIHM YJUIMHEHHs 3KCIIEPUMEHTAa M MOTYT
ObITH CHEJIaHbl, B MPUHIMNIIE, CKOJIb YrOJHO ManbiMU. MIMes xapakTepuctuky L(p),
ocTalibHbIE OCHOBHBIE MokazaTesi CMO MOXKHO paccuuTaTh MpHU JOO0M 33JJaHHOM p
1o pocthiM popmynam (3.5-3.7).
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[Ipumeuanue 2. Jlng yckopenus Habopa moxaenu B GPSS World pekomen-
nyertcst Bocmoib3oBaThest MeHIo Edit/Insert GPSS Blocks... .

IIpumevanue 3. Ilocne u3MeHeHWs Kakoro-nuoo mnapamerpa B GPSS-
MOJIeNHN €€ HYKHO peTpaHCIupoBaTh (koMaHa Retranslate) u TOJbKO MOTOM BBIMOJI-
Hath START.

BapuanTsl 3axanuni

BapwuanTsl 3ananuii npuBoasTcs B Tabi. 3.1. PekoMennanmu mo ¢opMUpOBaHHUIO
C. B. C YKa3aHHBIMU B Ta0J. 3.1 pacnpeaeieHusIMU MPUBOIITCS B TIPHIL. 1.

Tabnuya 3.1
BapuanTtsl 3a1anuii K saboparopHoi padore 1

Ne Tun CMO M(7) | | Ne Tun CMO M(7)
1 RT|R|1 10 | |11 M|H?|1 10
2 R|RT|1 10 | |12 E°[R|1 10
3 H[M|1 10 | |13 E’[M|1 10
4 MI|E’|1 10 | | 14 E’D|1 10
5 E’[E’|1 10 | |15 E'R]1 10
6 M|R|1 10 | |16 H°[R|1 10
7 H’|D|1 10 | |17 D|E’|1 10
8 R|D|1 10 | |18 D[E’|1 10
9 R|E’|1 10 | |19 D| H’|1 10
10 RIM|1 10 | |20 DM|1 10

®opMma oTyéTa

Jliis 3ammThl 1abopaTopHOl paboThl HEOOXOAMMO MOATOTOBUTH OTYET, odop-
MUTh €r0 U MepelaTh Ha MPOBEPKY B YCTAHOBIEHHOM mopsiake. daitn, moAroToBieH-
Heiii B Ms Excel (cm. puc. 3.3), u GPSS-moznens Bamero Bapuanta CMO pekoMeHTy-
€TCSl XpaHUTh B JIMYHOM apXWBE JI0 3aBEpIICHUS aTTECTAllUMU MO AUCIUILIHHE «Mo-
JETTUPOBAHUE CUCTEM).

KoHTpoJsbHbIe BONPOCHI

1. Kakumu ocHOBHBIMU (haKTOpaMu ONpeEeNsseTcsl BeIMUnHaA CpeHel odepeau
B CUCTEME MacCOBOI0 00CITyKHBaHUs?

2. BelBenute BBIpaXEHUs U1 IUIOTHOCTH PACHPENEIICHHUS BEPOATHOCTEU
(. p. B.) U3 ykazaHHbIX B (3.1) BelpakeHuit st ¢. p. B. Micronb3ysi BeIpakeHUs s
1. p. B., BRIBEAUTE (POPMYJIBI UISI M. 0., TUCIIEPCUU U KO3(P(UILIMEHTA BapUaLIUH.

3. Kakoit ¢u3udeckuii CMbICT IMEET MapaMeTp «MHTEHCUBHOCTHY IKCIIOHEHIIHU-
QJIBHOTO pacIpeesIeHUs] BEpOSITHOCTEN?

4. Tlepeuncnure OCHOBHbIE TMOKa3zaTenu 3(P(HEKTUBHOCTH (PYHKUHOHUPOBAHUS
CMO.

5. Kak unTtepnpetupyercs 3nauenune koddduimenta 3arpysku p? Kakue 3naue-
HUS MOXKET IPUHUMATH O B CTAlMOHAPHOM PEXUME?

6. 3anuiuTe BhIpaKEHUE AJIs CpeHEN NIIMHBI ouepenu B cucteme M|M| 1.

7. 3anuimute B oO1eM Buae dhopmyiny JIuttia u odocHyiTe eé.

8. [losicaute cuctemy obo3Hauenniit Kenganna — bamapuna.
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9. VkaxuTe 3HAUEHUS OCHOBHBIX XApPAKTEPUCTUK (TpaHUIlbl JUANa30Ha BO3-
MOJKHBIX 3HAUEHMH, AUCTIEPCHIO U KOA(P(UIUEHT Bapualii) paBHOMEPHOIO pacrpe-
JICJICHUS BEPOSATHOCTEH Tuma R nipu 3amanHoM M. 0. X . O0OCHYHTE OTBET.

10. YkaxuTe OCHOBHBIE XapaKTEPUCTUKU paBHOMepHOro RT-pacnipenenenus u
000OCHYWTE OTBET.

11. Ilepeuncaure OCHOBHBIE XapaKTEPUCTUKU PACIPEACICHUS DPJIaHra.

12. Ilepeuncnure OCHOBHBIE XapAKTEPUCTUKU T'HIIEPIKCIIOHEHIMAIBHOIO pac-
MIPEAEIICHUSI BEPOATHOCTEN BTOPOro MOPsJIKA.

13. Kak u3MEHSI0TCS OCHOBHBIE XapaKTEPUCTUKH CIy4YalHOW BEJIMYMHBI IIPU €€
MaciTabHOM MpeoOpa3zoBaHuM (MIPU YMHOKEHHH Ha TTOCTOSIHHBIN KOA(DPUIiueHT)?

14. Tlosicaute, kak no Bame GPSS-monenu nepeMemaroTcsi TPaH3aKThl, Kak
bopMHpYIOTCA CTAaTUCTHUYECKHE IMOKa3aTeNM O MOJENHU, KaK M KOrJa 3aBepllaeTcs
CTaTUCTUYECKUI IKCIIEPUMEHT.

15. Tlokaxute Bam daiin GPSS-otuéra (REPORT) u noscHute gaHHbIE, CO-
JIepKalluecs B HEM.

16. C yem 0OBIYHO CBSI3aHO BBEJEHUE YIPOLIAIOIIUX AOMYUIEHUI TPU aHATUTH-
yeckoM MojienupoBann CMO?

17. Kak npu cpeaHeM HHTEpBAJE MOCTYIUIEHU 3asBOK, paBHOM 10, BeI onpene-
JseTe cpelHee BpeMs 3aiepKku TpaHzakta B 0moke ADVANCE, uToObl cuctema
nMesa Tpedyemoe 3HaueHue KodduimenTa 3arpys3ku o?

18. Kak Bbl HM3MeHsieTe cpeAHee BpeMsi 3aiepKKH TpaH3akTta B Oioke AD-
VANCE, He MeHsi1 Impu 3TOM 3aJaHHOTO BHJA 3aKOHA PACHPEACIICHUS BEPOSTHO-
cren?

19. IlosicauTe mipuMep, MPUBEACHHBIN B NMPUMEUaHU | TaHHOM J1abopaTOpHOM
padoTHL.

20. ITpuBeaute onenky Kunurmana — Kémuiepctpéma 1 MosiCHUTE €€ CMBICI.

JlaGopaTopHas padora 2
MOIEJNPOBAHUE MHOI'OKAHAJIBHBIX CMO

Ilenwv padomer. iMuTalnoHHOE MOJIETMPOBAHNE MHOTOKAHAJIBHON CHCTEMBI MaC-
COBOT'O OOCITYKUBaHHUSI.

Cooepoicanue padomor:

1. U3yuenue oObekTa MoaenupoBanus (MHorokaHainbHo CMO).

2. TlpenBaputensHoe aHanuTudyeckoe uccienoBanne CMO ¢ npumeHnennem Ms
Excel.

3. Pa3paboTka u otnagka nmutanuonHoi mojaenn CMO na GPSS World.

4. BeINOJTHEHNE UMUTAITMOHHBIX SKCIIEPUMEHTOB U aHAJIN3 PE3YJIbTaTOB.

KpaTkasi Teopusi 1 MeTOIMYECKHE YKAZAHUS

1. MuorokananpHags CMO otinuyaetrcs oT oaHokaHaibHOH CMO creayromnmMm.
Yucno kaHanoB B Heil Ooniee onHoro. Ilpuxondimas 3asgBKka CTAaHOBUTCS B OYEpEb,
€cJIi BCe KaHallbl 3aHATHL. B MPOTHBHOM cilydae 3asBKa 3aHUMaET CBOOOIHBIN KaHaJI.

VYcnoBHoe n3obpaxenre MHorokanaiabHoit CMO npuBezeHo Ha puc. 3.5.
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Muocoxkananvnas skcnonenyuaivrnas CMO

MHorokaHanbHas 3kcnoHeHuuanbHass CMO 3a-
JNaércst TpeMs mapamMeTpaMu: HHTEHCUBHOCThIO A T
NpUX0Ja 3asBOK, CPEIHUM BPEMEHEM X 00OCITy)KHBa-
HUS 3a8BKH U YHUCIIOM KaHayoB K.

@opmMysbl I pacdy€ra MHOTOKAHAJIBHOM JKC-
noHeHIanbHo CMO He HaMHOTO clIoKHEE POopMYIT
(3.2-3.7).

Koaddunuent 3arpy3ku muorokanansnoit CMO onpenensiercs B BUje

=(Ax)/K=(Xx/T)/K. (3.10)

Ero 3nauenue nomwkHo oTBeuatTh ycnoButo (3.3), uro6sl MHOTOKaHATbHAsE CMO
uMesa crauuoHapHsiid pesxkxum. @opmyina (3.10) cpaBeayivuBa U AJid HE SKCIOHEHITH-
anbHbIXx CMO.

Cpennsist yIMHA OYEPENH B IKCHOHeHYyualbHou MHOrokaHanbHo CMO Bbrumc-
JISIETCSI C TIOMOILBIO JOCTATOYHO TPOMO3/IKOTO BHIPAXKEHUS:

K K+1
A C.0) R 3.11)

K/K(1-p)?

Puc. 3.5. MHorokanajipHas
CMO

B KOTOPOM 77y — CTallMOHAapHAasi BEPOSTHOCTh TOro, yTo B CMO HeT 3asBOK;

Ty = 1 (3.12)
(Kp ) Z (K,O)

KI(-p) " 5

[Ipu K = 1 muorokananenas CMO mnpeBpamiaercsi B 0JJHOKaHaJIbHYI0, BEpOSIT-
HOCTH 7 B (3.12) craHoBuTCs paBHOi 1— p, u dhopmyna (3.11) npespamaercs B hop-
Mmyiy (3.4).

OcranbHble XapakTepUCTUKU MHOTrokaHainbHONM CMO, paccyxaas o aHaJOTUH
co cinydaeM oaHokaHanbHOU CMO, MOKHO BBIUUCTATH CIEAYIOMIUM 00pa3oM:

N=L+Kp, (3.13)
W=LI/A, (3.14)
U=W+X. (3.15)

®opmyisl (3.10) u (3.13-3.15) crpaBennuBbl a1 MHOTOKaHaIbHBIX CMO ¢ He-
OTPaHUYECHHOU OYepe/Ibl0 HE3aBHUCHUMO OT MPEANOJ0XKEHHUS 00 3KCIOHEHIIMAIbHOM
pacmpeieieHuu HHTEPBAIOB MOCTYIUICHUS M OOCITyXKUBaHUs 3asiBOK. Ecnm n3BecTHa
3aBUCUMOCTb L(p) — OCHOBHAsI XapakTepUCTHKAa MHOrokanaiapHoil CMO, To pacuér
octanbHbIX Mokazateneir CMO He cocraBnser Tpyna. [loatomy B manHOU nabopa-
TOpHOU paboTe, Kak U B MPeAbIAyIed, OyJeM onpeaessiTh s 3aJaHHOTO BapuaHTa
CMO xapakTtepuctuky L(p).

2. TlpensaputenbHoe aHanmuTuueckoe wuccienoanue CMO paccmoTpum Ha
npumepe cuctembl R|R|3. TIpubnuxEHubll pacdy€T XapaKTEPUCTUK BBITTOJIHUM
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B Excel. IlpubnmxénHoe npeacTaBieHUEe O XapakTepUCTHKE L(p), KOTOPYIO HMEET
Hamma cuctema R|R|3, MokHO mony4uTh AByMsl ciocob6amu, MOJJ0OHO TOMY, KaK 3TO
JIeJanoch MpU MOJISTUPOBAHUU OJTHOKaHAIBHOM cucTeMbl. [IepBbIit crmoco0, xapakTe-
PU3YEMBIM HEONpeACIEHHON BEJIMUMHON OIMMOKH, COCTOUT B pacuére XapaKTepUCTHU-
ku (3.11) skcnonenmansHolt CMO (C TakuM K€ YUCIOM KaHAJOB) KaK HEKOTOPOTO
NpUOIMKEHUSI K UCKOMOU XapakTepucTuke L(p) 3aJaHHOIN CHCTEMBbl, B JaHHOM CITy-
yae — cucteMbl R|R|3.

Hpyroii crioco6 npubamkEHHOro pacyéra COCTOUT, KaK U B JaOOpaTopHOi pado-
Te 1, B ucnonp3oBaHuM BepxHeil orneHkn Kunrmana — Kémnepcrpéma (3.9). [Ipu uc-
noabp30BaHuu (3.9) HyKHO UMEThH B BH]LY, YTO B MHOTOKaHAJIBbHOH cucTteme Koahhuim-
€HT 3arpy3Ku p, onpesensemblii popmynoi (3.10), 3aBUCUT OT yuciia KaHaJIOB K.

[Ipumep pacuéra paccMaTpUBaEMBbIX IBYX NMPUOTMKEHHBIX XapaKTEPUCTHK JUIS
cuctembl R|R|3 mpuBenen Ha puc. 3.6. Ha rpaduke kpuBasi ¢ Mapkepamu MpeacTaB-
nser oneHKy L '(p) Kunrmana — Kémnepcrpéma. JlelicTBUTEIbHAS XapaKTEpPHUCTHKA
L(p) cuctemsl R|R|3 nexut 1enukoM 1oj KpuBoii L' (p) ¥ mokaszaHa sKUPHOI THHUEH.
XapakTepucTuKa ouepean B TpEXKaHAIBHOM 3KcnoHeHIanbHou CMO 31ech Takxke
OKa3bIBaeTCsl pacTylLIel CIUIIKOM OBICTPO — B HECKOJIBKO pa3 ObIcTpee JeiCTBH-
TEJIbHOM XapaKTEpPUCTUKU L(p), HAAECHHOW C MOMOIIBI0 UMHUTALIMOHHOTO MOJIEIUPO-
BaHMs cuctembl R|R|3.

D2 - f =1/(B2+C2)
A b | E | F | 6 | H | v | 3 | ¥

1 p Mo L exp L+(p) Lip) Cr2 tau = 0.333333
2 000 [ 1.00 =! 0.000 0167 0.000 Chd w = 0333333
3 010 0.74
4 0.20 055 2.000
5 0.30 0.40 > 000 ;
6| 040 029 | f
7| 0A0 021 | &o00 ,{
i 0.60 015 | 5000 / L exp
9] 070 | 010 g o)
10 0.80 0.06 Lo}
11| 0.90 0.02 | 2000 //' o
12 2,000 i
14 d—H—M
12 0.000 3 : : —""//
6 000 020 040 080 080 1.00
1F
40 b
W4 v W[y ncr 1% RIR|3 4/ Xapaktepucrman RIR|1 /| ¢ ¥ |

Puc. 3.6. PeaynbTaTel npubamkEHHOT0 pacuéra u MojienpoBanus cucteMbl R|R|3

3. Umutanmonnass Mojenbs MHOTOKaHAIbHBIX CMO ctpoutca Ha si3bike GPSS
World ¢ ucionszoBannem 00bpekToB THNIA namams STORAGE tpebyemoro o0béma.
Mopnens cucremsl R|R|3 Ha s361ke GPSS 1iput p = 0,5 M0XXHO HamucaTh Tak:
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CHAN STORAGE 3
GENERATE 10,10

QUEUE 1
ENTER  CHAN
DEPART 1

ADVANCE 15,15
LEAVE CHAN
TERMINATE
GENERATE 5000000
TERMINAT 1

3nech BpeMs oOcayxuBaHus 3asBKH 3amaHo B 0imoke ADVANCE kak c. B.,
PaBHOMEPHO pacrpeenéHHas Ha uatepBaie 15 £ 15 en. Bpemenu. CrenoBatenbHO,
ko3 dunment 3arpysku p = (Xx/7)/K=(15/10)/3 =0,5. B pe3ynbrare BBIIOJHCHHUS
nanHot mogenu no komaHae START 1 monydeHbl naHHblE, NpPEICTaBICHHBIE
Ha puc. 3.7.

LAEEL LOZ  EBLOCE TYPE ENTRY COUNT CURRENT COUNT RETREY -~
1 GENERLATE S00357 u] u]
z QUEUE 500357 u] u]
3 ENTER 500357 u] u]
4 DEPLRET 500357 u] u]
5 LDVANCE 500357 1 u]
& LEALVE EO0O356 u] u]
7 TERMINATE EO0O356 u] u]
] CEMERATE 1 u] u]
=] TEEMINLTE 1 o o
QUEUE MAX CONT. ENTRY ENTEY (0] AVE.CONT. AVE.TIHE LVE. (-0) RETRY
1 7 0O 500357 448603 0.05z2 0.520 5.0z29 o
SITORLGE CAP. REM. MIN. HM&X. ENTRIEZ AVL. AVE.C., UTIL. RETEY DELLY
CHAN 3 2 ] 3 S00357 1 1.501 0.500 ] u]
Lv
For Help, press F1 Report is Complete, Clock,

Puc. 3.7. ®parment otuéta (REPORT) GPSS World, Beinannoro mocie nporosa
UMUTAITMOHHOM Mojenu cucteMbl R|R|3 mpu p = 0,5

4. [Ipu BBINOJIHEHUU UMUTALIMOHHBIX SKCIIEPUMEHTOB, KaK M MPEXK/e, PeKOMEH-
nyercst mojenupoatb CMO B TeueHue BpeMEHHU, 00ECIEeUMBAIOIIETO MPOXO0KACHHUE
npuMepHo 100 Teicsy 3asBOK (Ha puc. 3.7 MpUBEIEH MPUMEP MOJICTUPOBaHUs ¢ 00-
Jiee BBICOKMM 3allacoM BpEeMEHU cOopa CTaTUCTHKHU, OXBATHIBAIOLIUM IMPOXOXKIACHHUE
500 TBIC. 3a5BOK).

I'paduk xapakrepuctuxu L(p), mpuBeAeHHBIN Ha puc. 3.6, moctpoeH no 10 pas-
HOOTCTOSIIIUM 3HAYEHUSIM p, YTO MOTpeOOBano BhIMOIHEHUS 10 MPOroHOB MOJEIH
MIPU Pa3HBIX 3HAUCHUAX CPEIHETO BpeMeHH oocyxuBanus B 61oke ADVANCE.

Pe3ynbraTel MoxenupoBaHus (puc. 3.6) MO3BOJISIIOT 3aKIOYUTh, YTO CHCTEMA
M|M|3 npexacraBisier co0oil TIOXYI0 anmpokcuMaruio s cuctembl R|R|3, Tak kak
B IIOCJIEJHEH OCHOBHAs XapakKTEpHUCTHKA L(p) pacTET B HECKOJIBKO pa3 MeEJJICHHEE,
yeMm B cucteme M|M|3. B nanHoMm ciiydae, Kak U IpU MOJICIMPOBAHUM OJHOKAHAb-
Hoit CMO, mposiBIsieTcs] TO OOCTOSATEIBCTBO, YTO KOI(PPUIIMEHT BapUaAIlMN PaBHO-
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MEpHO pacmpenenéHHon C. B. (3amatomeil mHTepBaiibl B cucteMe R|R|3) 3HaunTensHO
MeHbIIe Kod((uIMeHTa BapHallK SKCIIOHEHIIMAIBHO paclpenenéHHon c. B. (3a-
Jaromiei naTepsaisl B cucreme M|M|3).

[To-BumuMoMy, B TeX BapuaHTax JabopaTopHOW paboThHI, Tae KOIPPHUITUSHTHI

2
BapHUaIliu CT2 u Cy OoJblle eTUHUIIBI, MOXXHO, HA00OPOT, OKHUIAAThH 00Jiee OBICTPOTO

pocTa xapakTepucThku L(p), yem B skcnoHeHHaibHo CMO ¢ TeM ke 4uciom Ka-
HaJIOB.

BapuanTtsl 3ajaHuii

Bapuante! 3aganuit npuBoasTcs B Tadu. 3.2. Hapsiny ¢ panee mpuMeHsBIIUMUCS
0003HaUYEHUSIMU paCIIpeIeIIEH i, 3/1eCh HCIONb3yeTcs oOo3nauenne HB® orpanu-
YeHHOro runepOonnueckoro pacnpenenenus ¢ mapamerpom ¢ (mpu & =0,01
u ¢=0,001). Pexomenaaruu no ¢opMUPOBAHUIO C. B. C pacHpeeICHUSIMHU, yKa3aH-
HBIMH B Ta0J1. 3.2, MPUBOJATCS B IPUIIOKEHUU.

Tabnuya 3.2
BapuanTtsl 3a1anuii K J1abopaTtopHoii padore 2

Ne |  Twun CMO M(7)| | Ne| Tun CMO M(7)
1 | RTHB")2 10 | [11] MH]2 10
2 | HB™™|RT]3 10 | [12| E’R3 10
3| HMR 10 | [13| E’|H2 10
4 | MIE3 10 | | 14| HDP 10
5| EJE’J3 10 | |15 HRR2 10
6 | MRJ4 10 | [16] D|HB™'|2 10
7| HD]3 10 | [17] HB"™E2 10
8 | R[D|4 10 | |18| DJE'4 10
9 | RIE’]3 10 | |19 HRTR2 10
10| R|M4 10 | [20| DM4 10

dopma oTuéTa

Jliist 3ammTel 1abopaTopHOl paboThl HEOOXOAMMO MOATOTOBUTH OTYET, odop-
MUTB €T0 U TepelaTh Ha IPOBEPKY B YCTAHOBJICHHOM Topsiake. Daiil, moaroToBicH-
Heiii B Ms Excel (cm. puc. 3.6), u GPSS-moznens Bamero Bapuanta CMO pekoMeHTy-
€TCS XpaHWUTh B JIMYHOM apXHBE JO 3aBEPIICHHS aTTECTAIlMU MO AUCHHUIUTMHE «Mo-
JETUPOBAHUE CUCTEM.

KOHTpOHLHbIe BOIIPOCHI

1. Kak onpenensiercst BenuunHa Ko3GGUIMEHTa 3arpy3kd © B MHOTOKaHAJIbHOM
CMO?

2. Kak MOXHO MHTEpIIPETUPOBATh 3HaUCHUE KOd(dUIreHTa 3arpy3ku B MHOTO-
kaHanbHOU CMO?

3. [lepeunciure OCHOBHBIE XapaKTEPUCTUKU OTPAHUYEHHOTO TUIEPOOTUIECKO-
ro pacupeaeaeHus] BEpOATHOCTEN.

4. Tlokaxute, 4To QOpPMYJIBI IS pacuéra OJHOKAHATIHLHON AKCIIOHEHIIUAILHOM
CMO sBasitOTCS 4aCTHBIM ciiydaeM (opMyJi, IPUBEIECHHBIX BBIIIE JJIsI pacuéTa MHO-
rokaHallbHOM 3KcnoHeHuanbHo CMO.
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5. Iosicaure, kak no Bamed GPSS-Monenu nepeMeraroTcs TpaH3aKThl, Kak Ghop-
MUPYIOTCSl CTATUCTUUYECKHE TMoKazaTenu o pyHkiumonupoBanuu CMO, kak U koraa
3aBEPIIAETCS CTATUCTUYECKUN SKCIIEPUMEHT.

6. Iokaxute Bam (aiin GPSS-otuéra (REPORT) u mosicaute naHHble, coiep-
JKaluecs B HEM.

7. Kak pu cpegHeM HUHTEpBaje MOCTYIUICHUS 3asBOK, paBHOM 10, BbI onpenerse-
Te cpenHee BpeMs 3anepkku Tpanzakta B 011oke ADVANCE, uro6s! cuctema nMena
Tpedyemoe 3HaueHue ko3 duimenta 3arpy3ku o?

8. Kak BbI u3MeHsieTe cpeHee BpeMs 3ajiepKku Tpan3akTta B 61oke ADVANCE,
HE MEHSIS TIPU ATOM 3aJIaHHOTO BU/IA 3aKOHA PACIpPEAEIICHUS BEPOATHOCTEMN?

9. Kakas u3 popmyin (3.13-3.15) sBasiercs hopmyinoit Jlurtina? O60cHyHTE OTBET.

JlaGopaTopnas padora 3
OINNPEAEJIEHUE JTIOKAJIBHBIX XAPAKTEPUCTHUK CeMO

Ilenv pabomel. IMutaiimoHHOE MOJECIUPOBAHUE CETH MAacCOBOTO OOCIIy»KHBa-
Hus (CeMO) u onpenenenue e€ TOKaIbHBIX XapaKTEPUCTHK.

Cooepirrcanue pabomui:

1. U3ydyenue oobexta MmoaenupoBanus (CeMO).

2. IlpeaBapurenpbHoe aHanuTH4eckoe uccienopanue CeMO ¢ npumenennem Ms
Excel.

3. Pa3zpabotrka u otnagka umutanumoHHo moxaenu CeMO nHa s3eike GPSS
World.

4. BeimoyiHeHue HMHTAMOHHBIX 9KCIICPUMCHTOB U aHAJIN3 PC3YJIbTATOB.

Kpartkasi Teopusi u MeToan4ecKre YKa3aHUA

1. Cerbto MaccoBoro oociyxuBanusg (CeMO) B 0011emM citydae Ha3bIBalOT COBO-
kynHoctb CMO, B KOTOpO# 3asiBKM C BbIX0JI0B ogHux CMO MoryT mocTynaTth Ha
BXx0Jibl ipyrux CMO. BxoansiMu oTokamu 3asiBok B CeMO Ha3bIBalOT MOTOKH 3as-
BOK, IPUXOAIINUX HA BX0bl OTAeIbHBIX CMO u3 BHEUIHEHN cpebl CETH, HO HE C BhI-
xoja kakux-mu60 CMO, BXOASIIUX B TaHHYIO CETh.

Ecnu 3asBKU IpUXOJAT B CETh U YXOIST U3 HEE, TO CETh HA3BIBACTCS PA3ZOMKH)-
mot. Eciu 3asBKM HE MPUXOMAIT B CETh U U3 HEE HE YXOMAST, TO CETh HA3bIBACTCS
3amxHymoti. Yucno 3asiBOK B 3aMKHYTOM CETH IMMOCTOSTHHOE.

Xapakrepuctukn CeMO nensTcs Ha JOKAIbHBIE U CUCTeMHBIE. K JTOKalIbHBIM
xapaktepuctukaM CeMO OTHOCSTCS XapaKTEPUCTUKHU OTIEIbHBIX BXOJAIIUX B Hee
CMO. CucrteMHbIe XapaKTEPUCTUKUA OTpaxkaroT cBoiicTBa Bcell CeMO kak eIMHOTO
LEJIOTO.

Pazomknymasn skcnonenyuanvuas CeMO

Oxcnonenyuanvrou 0ynem HazbiBaTh CeMO, xoTopas o0nagaeT cleayomuMU
CBOMCTBaMHM:

— BXOJIHbIE MOTOKH, nocrynatomue B CeMO u3 BHENIHEN Cpefbl, MyaCCOHOB-
CKHE;

— Bo Bcex n CMO BpeMms oOcnyKUBaHUS 3asBOK B KaHalaX UMEET IKCIIOHEHIIN-
albHOE PACTPEICIICHUE BEPOSITHOCTEM;
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— nepexoy 3asiBku ¢ Bbixona i-it CMO nHa Bxoj j-ii CMO sBIIsIETCSI HE3aBUCUMbBIM
CIy4aliHbIM COOBITHEM, MMEIOIIUM BEPOATHOCTB p;; (BO3MOXKHO, HYJIEBYIO), U3BECT-
HYO 1715 BceX i, j =1, ..., n. [Ipu 3TOM BBITIOJIHSETCS YCIOBUE p; | + ... + p;in = 1 — p;o,
T7I€ p;o — BEPOSATHOCTh yXOJa 3adBKH, okuaaromiei i-ro CMO, Bo BHEIIHIOIO Cpeay
CETH.

PazomMmkHyTas sxcnioneHnaibHas CeMO 3amaeTcs cleayonMey napaMeTpaMu:

1) yucnom n CMO;

2) uucnom K, ..., K, xananoB B CMO ¢ Homepamu 1, ..., n;

3) matpuneii P = || p;; || BeposTtHOCTEH nepenay, i =1, ...,n; j=0, ..., n;

4) wunTeHcuBHOCTSIMU A, ..., /A, BXOJHBIX MOTOKOB 3asBOK, MOCTYIAOIIUX

u3 BHelHen cpeapl B CMO ¢ Homepamu 1, ..., # COOTBETCTBEHHO;

5) cpeIHMMH 3HAYEHUAMH X|, ..., X; BpeMeHH oOCIy:xuBaHus 3asBok B CMO
c HOMepamu 1, ..., n.

Hanpumep, CeMO, nzobpaxxénnas Ha puc. 3.8, UMeeT CIeayolue napaMeTphl:

1) yncno CMO B cetu n = 3;

2) yucno kaHanmoB B CMO c¢ Homepamu 1-3 coorBerctBenHo K; =1, K, =1,
Kg = 2,

3) MaTpuila IEPEXOTHBIX BEPOSITHOCTEN

0o 1 2 3

0,1 0 05 04
P= 20 10 0 |
310 10 0 |°

[

4) NHTEHCUBHOCTU BXOJHBIX ITOTOKOB 3asBOK U3 BHemIHeH cpenbl CeMO A, = 1,
A, =0, A;=0;
5) cpennue 3HaueHuUs BpeMeHn obcyxkuBanusa X| = 0,07, X, = 0,06, x3 =0,35.
B Buge CeMO MOXHO MOJETUPOBATh, HampuMep, HHHOPMAIIMOHHO-
Borurcnurenbubie cuctemMbl (MBC). Torma Bxomauesie motoku 3asBok CeMO Oymyt
n300paxaTh 3ampochl, MOCTyHarollue Ha

A, X pio  BXOABI NBC, otaensabie CMO — mpouecco-

pel U mepudepuitupie ycTpoiicTBa, 00pabda-

; THIBAIOIIME 3alPOCHl, BBIXOJIHBIC 3asIBKU
CeMO — pe3ynbTaThl 00pabOTKH 3aIPOCOB.

P13 B CeMO moTok 3asgBOK Ha BXone I-U

- CMO cknagsiBaeTcs B OOIIEM cilydae H3

BXOJHOTO IIOTOKa /l;, TOCTYIAIOIIEro u3

BHEIITHEH CPeNbl CETH, U U3 TIOTOKOB, MOCTY-

] MAOMX C BBIXOHOB oOTHeiabHBIX CMO.

Bxonnoit motok CMO B dKCIIOHEHIIMAJIbHON

CeMO B o0meM ciyyae mMoJy4aeTcs

Puc. 3.8. Tipumep CeMO He NYyacCOHOBCKUM. 9VTO O3HAYyaeT, 4YTO OT-

nenbHble CMO B Heil B oOiieM ciy4yae He
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AKCTIOHEHITMaIbHbIE. TeM He MeHee Joka3aHo (Teopema [[xekcona), uto CMO BenyT
ceOs1 B HEMl BO MHOTMX OTHOIICHUSX KAK 9KCHOHeHYUalbHble. B 4acTHOCTH, XapaKTe-
puctuku oTaenbHbIXx CMO Moryt ObITh paccuuTanbl 1o dopmynam (3.2-3.15).
Otcrona cienyer, 4to il X pacyéra B SKCroHeHImanbHoit CeMO nocTaTo4HO Haii-
TH HUHTEHCUBHOCTH A, ..., A, BXOJHBIX TOTOKOB OTIeNbHBIX CMO.

Pacuém 6xo0uvix unmencusHocmeti
u xapakmepucmuk omoenvnovix CMO

Haxoxaenue MHTEHCUBHOCTEH Ay, ..., A, OCYILIECTBISETCS HA OCHOBE VPABHEHULL
bananca nomokos B cetu. Ilpu coctaBieHnn ypaBHEHUMN OajaHCca YYUTHIBAIOTCS MPO-
CTBIE€ CBOMCTBA CJIIMSIHUS U PA3BETBJICHUS TOTOKOB.

Ecnu npoucxoauT ciusuue HECKOJBKUX MOTOKOB 3asBOK, TO 00pa3yeTcs OJUH
OOIIUIA TMOTOK, MHTEHCUBHOCTh KOTOPOT'O0 paBHa CyMME MHTCHCHUBHOCTEH BCEX CIIH-
BaIOIIMXCS ITOTOKOB.

Ecnu notok pazeemensiemcss Ha HECKOJIBKO HAIpaBJISHUM, TO 00pa3yrOTCs MOTO-
KM, CyMMa HWHTEHCHUBHOCTEM KOTOpPBIX paBHA MHTEHCHUBHOCTH HCXOJHOI'O IOTOKA.
[Ipu 3TOM eciu pa3BETBICHHUE MTOTOKA MPOUCXOIUT MyTEM CIIy4ailHOTO BHIOOpA 3asiB-
KaMU OJIHOTO W3 HaIpaBJIEHUW, TO UHTEHCUBHOCTh MOTOKA HA KaXKJIOM HaIpaBJICHUU
paBHA MPOU3BEICHUIO WHTCHCUBHOCTH WCXOIHOTO TMOTOKA W BEPOSTHOCTH BHIOOpA
JTAHHOTO HAMPABJICHUS.

B crauuonapsnoii CeMO cpeaHee 4uciao 3asiBOK B JII0OOW €€ (pUKCHUpPOBAHHOMN
YacTU HE MEHSAETCS BO BpeMeHHU (CBOMCTBO cTanMoHapHocTh). OTCIoa CleyeT, 4To
CyMMapHasi HHTEHCUBHOCTh BXOJSIIUX B 9Ty 4YacTh IMOTOKOB paBHAa CyMMapHOM WH-
TEHCHUBHOCTH BBIXOJIAIINX MOTOKOB. 3aIllUCh ATOTO 3aKOHA B MaTeMaTH4YecKou (hopme
MpeCTaBIIsAeT CO00M ypaBHEHHE OajlaHCca MOTOKOB.

Boigensas B CeMO pa3nuyHble YaCTU M COCTABJISAS I KOKIOW YacTH YpaBHEHUE
OaslaHca, MOYKHO TIOJyYHTh CHCTEMY YPaBHECHUM, CBS3BIBAIOITYI0 MCKOMbBIC HHTCHCHB-
HOCTH Ay, ..., 4, C U3BECTHBIMU HHTEHCUBHOCTSIMU A;, ..., A,. OOBIYHO TIpU 3TOM
B KadecTBe oTnenbHbIX yacteit CeMO BoiensatoT otaenbabie CMO. B atom cioydae
JUISl 1 HEU3BECTHBIX TMOJIy4YaeTcsl 7 ypaBHEHU. MOXKHO 100aBUTh K HUM ypaBHEHUE
OajaHca, COCTaBJICHHOE JIUIS BXOJHBIX M BBIXOAHBIX MOTOKOB Bcer CeMO. Tornma mo-
ayuutces n+ 1 ypaBHeHHE, U OJTHO (J11000€) U3 HUX MOXKHO JIMOO UCKITFOYUTh, KaK JIH-
HEWHO CBSI3aHHOE C OCTAJILHBIMU 71 YPaBHEHUSAMH (BBIBOJAMMOE U3 HUX), TUOO MCIIOJIb-
30BaTh B KauyeCTBE IPOBEPOYHOTO Do
ypaBHEHHSI JJIsi KOHTPOJS TPaBUJIb- >
HOCTH PacCU€ETOB.

2. YpaBHeHus OajaHca HWHTCH- V4K
CUBHOCTEH B CETH, M300paKEHHOU Ha
puc. 3.8, cocrtaBum, 0OO3HaA4asl WH-
TEHCHUBHOCTH Ha BXOJlaX M BBIXOJax
CMO u CeMO Tak, Kak mokKa3aHO Ha
puc. 3.9. 9tu o6o3nauenus (puc. 3.9)
YUYHUTBIBAIOT, YTO BXOJHBIE M BBIXOJI- Puc. 3.9. K cocTaBiieHUIO0 YpaBHECHUI

HBIC HWHTCHCHUBHOCTHU OTACIBbHBIX Oajmanca
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CMO onunakoBbl. [IpuMeHss cBOWCTBa CIUSHUS U Pa3BETBICHUS IOTOKOB K BXOJ-
HOMY U BBIXOJHOMY MOTOKY nepBoii CMO (oHa oOBefeHa IITPUXOBOW JUHHUEH), 3a-
MUIIEM CIIETYIOLIYI0 CUCTEMY YPaBHEHUM:

A=A+ A, + 44

4, = ph

Ay = Pty (3.16)
Ay = pidy

Btopoe B (3.16) ypaBHeHue OajlaHCa YUYUTHIBAET, UTO BBHIXO/IHASI MHTEHCUBHOCTD BCEl
CeMO paBHa BXOJJIHOW MHTEHCUBHOCTH /.

ITpu 3amannbix mapamerpax A, =1, p;p=0,1, p;» = 0,5 u p;3 = 0,4 U3 nocaeaHUx
TpéX ypaBHeHu# B (3.16) Haxoaum, uto A4, =10, A, = 5, A3 =4. Teneps nepBoe ypan-
HeHue B (3.16) MOKHO KCIIONB30BaTh ISl MPOBEPKU HalJeHHBIX pemienuil. [ToacTas-
75 B HEro IIOJy4YEHHbIE 3HAYEHUS WHTEHCUBHOCTEM, IIOJY4YaeM TOXKJIECTBO
10=1+ 5+ 4. 310 moaTBEpKAAET MPABUILHOCTH IPOU3BEAEHHBIX HAMU BBIYMCIICHH.

Pacuér BXOAHBIX MHTEHCUBHOCTEM CIENYET 3aBEpLIaTh MPOBEPKOU BBIITOIHEHUS
ycioBuii cranuoHapHoctu CeMO. Cethb crainmoHapHa, €Clu CTallMOHApHBI Bce €€
CMO, T1. e. ecu

,OJ':?SI, j=1,...,n. (3.17)
J
[IpoBepHTh 3TH yCIIOBHSA MOCIIE TOTO, KAK ONPEAEIECHBI BCE A;, HE IPEICTaBIIAET
tpyaa. Hanpumep, nis CeMO (puc. 3.8) Haxoaum:
p1 =10-0,07=0,7<1,
2 =50,06=03<1,
p3=40,352=0,7<1,
T. €. YCJIOBHS CTAllMOHAPHOCTH (3.17) BBITIOJIHSIOTCS.

Ecnu 651 ycnoBus cranuonapHoctd CeMO He BBINOJHSUIMCH, TO 3TO O3HAYaJI0
Obl, 9T0 pacuér BXOAHBIX MHTeHCUBHOCTEH CMO A; BBIONHEH HEBEPHO, TAK KaK
ypaBHeHUs1 OajaHca MOTOKOB CIpaBeUIMBBI TOJBKO Juisi cranumoHapHoi CeMO.
B sTOM ciyuae ciieqyeT Ucrosib30BaTh METOJIbI pacy€éTa HECTAlMOHAPHBIX PEKUMOB.
3amMeTuM, 4TO BO MHOTHX ClydasiXx ycTaHOBieHHE ¢akta HectarronapHoctu CeMO
MIPUBOJUT K 3aBEPUICHUIO PACUYETOB, TAK KaK CBUAETENBCTBYET O HEMPUTOAHOCTH MO-
JIeIUPYEeMOi CHUCTeMBbI (HEXBAaTKE PECYpPCOB JJisl BHIMOJHEHHs TpeOyeMbix padoTt). B

TaKUX CIIydasX MPUHUMAIOT pellieHre 3aMEHUTh B peasibHoi cucreme te CMO, y ko-
TOPBIX KOAPDUIIUEHT 3arpy3Ky MPEBHIIIACT SANHUILY, 00JIee MOIIHBIMHA CHCTEMaMH.
[Ipumeuanue 1. CocraBneHue u penieHue ypaBHeHuil Oamanca CeMO
HE CBSI3aHO C MPEIOJIOKEHUIMU 00 3KCIIOHEHIIMAIBHOCTH pacipe/iesieHrus NHTepBa-
JIOB MOCTYIIJICHUS] M MHTEPBAJIOB 00CITyXUBaHUsI 3asBOK. [103TOMY npojieMoHCTpuUpO-
BaHHBIM METOJ pacyéTa HHTEHCUBHOCTEH A; U K03(p(PUIUEHTOB 3arpy3Ku p; OTIAEIb-
HbIX CMO MOXHO UCIOJIB30BaTh U JIJISl MPEABAPUTEIILHOIO aHaJIM3a BaIllero BapuaH-
ta CeMO. Onpenensgemple TaKUM 00pa3oM IOKA3aTeIN A; U p; ABIAIOTCS TOUHBIMH.
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s craumoHapHol axcnonenyuanvroti CeMO ¢ N3BECTHBIMU MHTEHCUBHOCTS-
MH A; pacu€T JOKAJIbHBIX XapaKTEPUCTHK BXOAAIMX B HEE CHCTEM CBOIMTCS K IpU-
menennto Gopmyn (3.2)—(3.15). Hampumep, mns paccmarpuBaemoirr Hamu CeMO
(puc. 3.8), mpuMmeHss 3TH pacu€THbIC (HOPMYIIbI, HAXOIUM:

p1 =07, L =1633, N =2333, W;=0,163, U,=0,233,

=03, L[,=0,129, N,=0,429, W,=0,026, U, = 0,086,

3 =07, Ly=1345 N;=2]745, W;=0,336, U; = 0,686.

Bce npuBeneHHbie pemieHus i SKcroHeHImanbHot CeMO SBISIOTCS TOYHBI-
mu. Ha puc. 3.10 npuBoautcst mpumep odopmiienus sucra Ms Excel ¢ pacuérom xa-
pPaKTEePUCTUK KCIOHEHIMANbHBIX CMO ceTu Mo uX HalIeHHBIM BbIIE KOdPPuIu-
eHTaM 3arpy3ku. IlycTeie cTOJIOUBI TAOMUIBI MOATOTOBIEHBI [JISl MOCIETYIOLIErO
BHECEHUSI PE3yJIbTaTOB UMHUTALIMOHHOTO MojenupoBaHus uccieayemoir CeMO (kak

Ha puc. 3.14).

: Arial 10 - KK Y| EEE Sy o0 % EH D A ﬂ

G3 - & =B32/(1-B3)
A | Bl F e H [T ] J ]kK[ L |IM[N]

1 INokansHele XapakTepucTHEN oTAensHe CMO

2 |Ne CMO] p pacy o | Lexp L Mexp|l N |[Wexp] W L exp 9]

3 1 0.70 1.631 233 0.16 0.23

4 2 0.30 0.13 043 0.03 0.09

5 3 0.70 1.35 275 0.34 0.69

6

ri W
M 4 » " CeMO RIR|Z / Xapaktepucrukm R|R[1 / | ¢ 5|

Puc. 3.10. TIlpumep odopmiieHus pacu€ra XapaKTepUCTUK dKCOHEHITHAIBHBIX CMO

3. Pa3pabotka u otnaaka umutannonHo moaenu CeMO Ha s3eike GPSS World
3J1eCh HE COCTaBIISIET 0COO0T0 TPY/1a, MOCKOJIBKY MOJEIUPYIOIIAs NpOrpaMMa MpocTo
COCTAaBJIIETCSI U3 HECKOJIBKHUX YacTeil, KOTOPbIE COOTBETCTBYIOT OoTneabHBIM CMO n
coeuHsOTCS Mexay coooit 6imokamu TRANSFER, npegnazHaueHHbIMU I TIepe-
a4y TPAH3AKTOB.

B kaudectBe nmpumepa npuBenéM sl paccMaTpuBaeMoil cetu (cM. puc. 3.8) Mo-
JETUPYIONIYI0 Mporpammy, n3oOpaxénnyro Ha puc. 3.11. IIporpamma coctout us
OJHOTHUIIHBIX 4acTeil, cooTBeTcTBYOIMXx CMO ¢ Homepamu 1-3. Tpetes CMO mo-
nemupyercs namaTeio STORAGE ¢ émkoctsio 2 enunauIbl. MIHTEpBan nmocTyrieHus
Tpan3akToB 3a7aH B 6Joke GENERATE OnGnuoTedyHbIM reHepaTopoM CIyHyaiHbIX Yu-
cell, UMEIOIMX 3KCIOHEHIIMAJIbHOE pacupesieneHne BeposiTHocTed. [lockonbky UMs
oubnnoreunol npoueaypsl Exponential siBiisieTcst BepakeHUEM, TOMEUIEHHBIM B 11OJI€
010Ka, T0 oHO, coriacHo cuHTtakcucy GPSS World, 3akntoueno B ckoOku. Tpu apry-
MeHTa npoueaypsl Exponential — 370 HoMep reHepaTopa CTaHAAPTHBIX CIyYalHbBIX
YKCell, CMEILIEHUE T€HEPUPYEMOM C. B. OTHOCUTENILHO HYJISI U M. O. TEHEPUPYEMOH C. B.

B 610xax ADVANCE cnyyaitnas 3aep)kka TpaH3akTa 3aJaéTcs aHaJIOTMYHBIM
oOpa3zoM. CpenHee 3HAYEHUE SKCIOHEHIIMAIBHON 3aJep>KKH Be3Z€ yKa3aHO B COOT-
BETCTBUU C 3aIaHHBIMU NlapameTpaMu mozenupyemoit CeMO.
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Chan STORAGE 2
GENERATE (Exponential (1,0,1))

cMO1 QUEUE 1
SEIZE 1
DEPART 1
ADVANCE (Exponential(1,0,0.07))

RELEASE 1
TRANSFER .1,,Exit_
TRANSFER .4444,CMO2,CMO3

CMO2 QUEUE 2
SEIZE 2
DEFART 2
ADVANCE  (Exponential(l,0,0.06))
RELEASE 2
TRANSFER ,CMO1
CMO3 QUEUE 3
ENTER Chan
DEFPART 3
ADVANCE  (Exponential(l,0,0.35))
LEAVE Chan
TRANSFER ,CMO1
Exit | TERMINATE

GENEEATE 1000
TEEMINATE 1

For Help, press F1 Report is Complete, |Clodk

Puc. 3.11. UmutanmonHast moaeis CeMO

Tpan3zaktel Ha Beixoge CMO | nepenanpasisitoTCs B Apyrue 4acTH MOJEIM IMa-
poii conpskéHHbIX 010k0B TRANSFER, paboTamomux B CTATUCTUYECKOM PEXKUME.
[TocKoJIbKY TpaH3aKThl pacrpeAesItoTCs 3/1eCh 00Jiee YeM IO JIBYM HaIlpaBJICHUSIM,
noHagoobmiock Oosiee omHoro Onoka TRANSFER. bmok TRANSFER .1, Exit
(cm. puc. 3.11) mepemnpaBnser TpaH3akThl ¢ BeposTHOCThIO 0,1 mo merke Exit (Ha
BBIXOJI U3 CHUCTEMBI) JIMOO (C JOMOJHUTENIbHOW BeposaTHocThio 1 — 0,1 =0,9) k cre-
TyroIieMy 1o TekcTy 0i0ky (T. e. k 0i1oky TRANSFER .4444,CMO 2,CMO 3). [la-
Jee TOT TpaH3aKT, KOTOPBIA TMOMaJl BO BTOPOW OJIOK COMPSHKEHHOM MaphI
TRANSFER, c BepositHocThO 0,4444 nepexoaut no merke CMO 3. Ho nepex tem
KaK HampaBUTLCSA Tyda, OH JIOJDKEH ObUT emié BOWTH B 3TOT BTOPOW OJIOK Maphl
TRANSFER. ITocnenoBaTenpHbIi BHIOOP 000MX pacCMaTPUBAEMBIX TIEPEXOO0B MPO-
ucxoaut ¢ BepostHocThiO 0,9 - 0,4444 =0,4. Takum obOpazom, ¢ Beixoga CMOI
TpaH3aKT ¢ BepOoATHOCTHIO 0,4 mepenaércs mapoii conpspkEHABIX 6;10k0B TRANSFER
no metke CMO 3. Ananoruuno ¢ BepostHocthio 0,9 - (1 —0,4444) = 0,5 on nepena-
érca no metke CMO 2.

Ha puc. 3.12 npuBoautca TpaccUpoBKa OJIOKOB — (pparMeHT pe3yiabTaTOB BbI-
MoJHEeHUsT Mojenu, 3anmynieHHo koManao START 50. Cuéruuku BXon0B Entry
Count moka3zpiBaroT, uto B 6;10k CMO 1 Bomwio okoso 100 TeIC. TpaH3aKTOB, B OJIOK
CMO 2 - okoiso 50 tbic., B 6110k CMO 3 — okoso0 40 Teic. U B 610Kk EXit — okoJo
10 TBIC., UTO COOTBETCTBYET 3aAaHHBIM BEpOSITHOCTAM Ha Bbixoge CMO 1. OTkione-
HUSI TIPONIOPUMKA CYETYMKOB OT TOYHBIX OTHOLIEHHU BEPOATHOCTEU CBA3aHBI CO CIy-
YallHbIM XapakTepoMm mpoieccoB. Uem nonbiie moaenupyercs CeMO, Tem MeHblIe
3TU OTKIJIOHEHUS.
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LAREL LOC BLOCE TYPE ENTRY COUNT CURRENT COUNT EETRY 5
1 GENERATE 10131 a a
CHO1 2 QUEUE 100287 a a
3 S5EIZE 100287 a a
4 DEFART 100287 a a
5 ADVANCE 100287 a a
6 RELEASE 100287 a a
7 TRANSFER 100287 a a
8 TRANSFER 90164 a a
CHG2 k] QUEUE 49906 4 a
10 S5EIZE 49902 a a
11 DEFART 49902 a a
1z ADVANCE 49902 1 o]
13 RELEASE 498901 4] 4]
14 TRANSFER 498901 4] 4]
CHO3 15 QUEUE 40258 1 4] B
1a ENTER 40257 4] 4]
17 DEFARRT 40257 4] 4]
18 ADVANCE 40257 2 4]
13 LEAVE 40255 4] 4]
20 TRANSFER 40255 4] 4]
EXIT_ 21 TERMINATE 10123 4] 4]
22 GENEERATE 10 4] 4]
23 TERMINATE 10 4] 4] v
IFor Help, press F1 Report is Complete. Clock A

Puc. 3.12. ®parment otuéta GPSS World — TpaccupoBka 6;10K0B Moaenu

Hpyroil (hparMeHT MOJIy4eHHOTO OTUéTa — CTATUCTUYECKUE 3HAYEHUS MTOKa3are-
JIed yCTPOMCTB, NaMATH U ouepenel — npuBoAauTcs Ha puc. 3.13. Ha HéM BuaeH Tak-
*e (parMeHT OKHa ¢ MPOrpaMMOil U (hparMeHT OKHa KypHauna (Iporecca MOAEIHpPO-
BaHUA).

2! GPSS World - TestExpSeM0.11.1 - REPORT:3
File Edit Search Wiew Command Window Help

D S|E %@ &2/

& TestExpSeMO.11.sim - JOURNAL
STORAGE 2 = o

GENERATE (Exponential(1,0,1)

QUEUE 1 06}09}06 18:41:16 Model Translation Begun.

SEIZE 1 06/09/06 18:41:16 Ready.

DEPLRT 1 06/09/06 18:41:37 START 50

LOVANCE (Exponential(1,0,0./ 06{/08{06 18:41:37 Simulation in Progress.

RELELSE 1 0609406 18:41:48 The Simulation has ended. Clock is 50000.0

| TestExpSeM0.11.1 - REPORT

FACILITY ENTRIES TUTIL. AVE. TIME AVAIL. OWNER PEND INTIER RETRY DELAY
498021 D.8%6 0.070 1 50210 8] 0 Q
24BTE3 0.28%9 0.080 1 0 8] 0 Q

MRX CONT. ENTRY ENTEY (0) AVE. AVE.TIME RVE. (-0) EETERY
29 4 4958025 151103 1. 0.163 0.234
9 0 248783 174533 0. 0.026 0.0B6
28 2 193086 £4945 1. 0.345 0.801

STORAGE . REM. MIN. MARX. ENTRIES AVL. AVE.C. UTIL. RETRY DELAﬂ
CHRN 0 0 2 195084 1 1.396 0.8%58 0 2

lFor Help, press F1 Report is Complete, | Clock v

Puc. 3.13. OcnoBnsie okHa GPSS World nmocne Tpancasiiuu u mporona Moaenu

Kypnan JOURNAL (puc. 3.13) coaepuT CTPOKH € JaTON U BpEMEHEM BBIMNOJI-
HEHUS Olepalfii IMHTAIIMOHHOTO dKcrepruMenTa. [1o maHHBIM XypHajga MOXHO Cy-
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JUTh, HAIIPUMEP, O TOM, YTO BBINOJHEHHE UMUTAUUOHHON Moaenu CeMO mpopod-
xanock 11 cekynz.

[Tonmy4yeHHBIE B UMUTAIIMOHHOM 3KCIIEpPUMEHTE KO3(PPUIIMEHTHI 3arpy3Ku, Cpe/l-
HUE JUIMHBI OYepeiel U CpeHUE 3HAUYCHUSI BPEMEHU OKUIAHUSA B OUE€pPE/IsiX, BbIIaH-
Heie B okHe REPORT (puc. 3.13), neperecém B paHee MOATOTOBJICHHYIO TaOIHILY
MsExcel (puc. 3.10), monyuas Tabnuiy (puc. 3.14) ansg ux cpaBHEHHUS C TOYHBIMH
(TémHBIC CTONONBI) PACUETHHIMU TOKA3aTeIsIMU. ODKCIIEPUMEHTAIbHBIC 3HAYCHUS
cpeaHero uucia N 3asBOK B KaXKJIOH CUCTEME U CpeAHEro BpeMeHu U MpOXOkKICHUS
3asIBKU 4epe3 KaXIyl0 CUCTEMY PacCUUTaHbI uepe3 JAPYTrUe dKCIEPUMEHTAIbHBIC MO-
Ka3aTesii Kak COOTBETCTBYIOIINE CYMMBL.

: Arial - 10 v|£ q |

J3 - B =F3+H3
A [ B[ F e[ H [V [ J K[ L [M[N] cZ
IlokankHeIe XapakTepucTikn otgensHex CWVO

] | B oy o B 50

1

2 | Ne CMO] p pacy p L exp L Nexp| N |Wexp W LU exp LU

3 1 0.F0( 0.70 1.63| 1.62 233 _2.32 016 0.16 0.23| 0.23

4 2 0.30( 0.30 013 0.13 0.43) 0.43 0.03| 0.03 0.09] 0.09

b 3 0.70( 0.70 1.35] 1.37 275 2.07 0.34] 0.35 0.69] 0.70

6 v
4 4 » WNCeMO/ RIR|3 / Xapaktepucrwwn RIR[1 / | < ¥

Puc. 3.14. CpaBHeHue pe3yIbTaTOB MOJICIMPOBAHUS C pACUETHBIMHA 3HAYEHUSIMU

Brinmonnennoe Ha puc. 3.14 cpaBHeHUE MOKA3bIBAET, YTO MPU UMUTALTUOHHOM
mogaenupoBanuu CeMO B TedeHHE MOCIBHOTO BPEMEHHU, 00ECIIEUUBAIONIETO MPO-
xoxJieHne yepe3 kKaxayro CMO OKoJIO COTHM ThICSAY 3asBOK, OTHOCUTENbHAS IO-
TPEUTHOCTh PE3YJIbTATOB MOJICTUPOBAHMS HE BBIXOJIUT OOBIYHO 3a MPEIENbl JIBYX-
TPEX MPOLIEHTOB.

[Ipumeuyanune 2. B BapmanTax 3ajaHuil, ykazaHHbIX B Ta0’a. 3.3, ceTh B Ie-
JIOM HE ABJISIETCSA SKCIMOHEHUHaIbHOU. [lo3TOMy pacu€THbie mokaszarenu, Mmoiydae-
MbI€ B MPENOI0KEHUH, YTO TOT WJIM MHOW BapUAHT CETH MOKHO MPUOIMKEHHO pac-
CMaTpUBaTh Kak sKcnoHeHIMaabHyo CeMO, MOryT 3HaYUTEIbHO OTANYAThCA OT pe-
3yJbTaTOB UMUTAIIMOHHOTO MOJEIUPOBaHUs. J{Jis1 TOCTUKEHHS JOCTATOYHO BBICOKOM
TOYHOCTH PE3YyJbTaTOB MOJICTUPOBAHMS PEKOMEHIYETCS OOCCIEUYUTh MPOXOKICHHEC
yepes ceTb 0KoJIo 100 ThICSY 3asBOK.

BapuanTsl 3axaHuni

Ha puc. 3.15 uzobpaxena pazomknytas CeMO, umeronas ciaeayroume napa-
METpBHI:
1) n=
2) K= 1]{2 I,K;=2,K4,=1,Ks=1,K¢=1;
3) Pao = 03 , Pas = OSI/Ip46 02
4) A, =1/100, A, = 1/70, A;=1/50 (¢ ");
5) X, =50, x, =35, Xx; =90, X, =7, X; =15, X, =40 (¢).

Bce Bxoanbie notoku CeMO nyacconoBckue. HTepBaibl 00CTy)KUBaHHUSI UMEIOT
pa3HbIE paclpeesICHNs B pa3HbIX BapuaHTax paOdOTHI.
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Puc. 3.15. Cxema CeMO
(B cMMBOJIax KaHAJIOB YKa3aHO Cpe/HEe BpeMsi 00CITyKUBaHUs)

Onpenenum npaBuia ynanenuss CMO u3 cetu (puc. 3.15) cienyromum oGpa-
3oM. Ecnu ynangercs CMO ¢ HomepoMm ot 1 10 3, TO ygansercsi TakKe COOTBETCT-
BYIOIIMKA BXOJIHOM notok. Hanpumep, npu ynanennun CMO 1 ynanserca €€ BXOIHOU
MOTOK ¢ UHTEHCUBHOCTHIO A;. CMO 4 He ynansercsa. Eciu ynansercas CMO 5, To Be-
POSITHOCTb psy cTaHoBUTCA paBHOU 0,8, a mpu ynaneHun CMO 6 BEpOSTHOCTB pag
crtaHoBHTCS paBHOM 0,5.

B 1abn. 3.3 onpenenensl 20 BapuantoB CeMO, KOTOpbIE MOIY4YarOTCS U3 3TOM
cetu (cM. puc. 3.15) nyrém ynanenus CMO, nmox HOMepaMHu KOTOPBIX B TabOJIHIle
CTOUT 3HaK «—». g ocraromumxcs CMO B Tabnuile 3aJjaHbl TUIIBI BEPOSITHOCTHBIX
pacnpeneneHuil BpeMeHu oO0CIyKUBaHUs 3aiBKU. Mcnonb3yemble 0003HaUYE€HHS BBE-
JICHBI B MPEBIIYIINX paboTax.

Tabnuya 3.3
BapuanTtsl 3ajanuii K J1abopatopHoi padore 3

No Homepa CMO

"l 2 3 4 5 6

1 | M M - | Y] - E’

2 | M M — | g* ] R R

3 — — M | HY | - E’

4 — H* — | HY® | - E’

5 — H* - | HY | R R

6 | H — — H* R R

7| M M — | g | B —

8 — — M | H* | E —

9 — H* — | g* | B —
10| M M - | H* | - H*
11| R R - | H® | - H*
12| R R —- | H* | M M
13| — — M | HY H*
14 - H* — | g - H*
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Oxonuanue maobn. 3.3

No Homepa CMO

B 1 2 3 4 5 6
15| - H? ~ H> | M M
16 | B _ - u’ M M
17| R R _ g | B2 _
18| — _ M | B | H? _
19| — H? _ o> | o _
20| R R _ 0 | M M

®opMma oT4éTa

JUist 31U Thl 1a00paTOPHOI pabOTHl HEOOXOIUMO MOATOTOBUTH OTYET, OHOPMUTH
ero W mepeaaTh Ha MPOBEPKY B YCTAHOBJICHHOM mopsake. Daiipl, MOTyYeHHbIE TPU
BBITIOJIHEHUH Baliero Bapuanrta pabotsl B Ms Excel (cMm. puc. 3.14) u 8 GPSS World
(cm. puc. 3.11-3.13), pekoMeHyeTCsl XpaHUTh B JINUHOM apXUBE JI0 3aBEPIICHUS aT-
TECTAINH 110 TUCHUTUTHHE «MOJeIUPOBAHUE CUCTEM.

B oTuére cnenyer 00BACHUTH IPUYUHBI PACXOXKICHUS WA, HA000POT, OJIM30CTH
pe3yIbTaTOB UMUTAIIMOHHOTO MOJICTUPOBAHUSI U PE3YJIbTaTOB pacuéTa.

KoHTpoJsbHbIe BONPOCHI

1. Yem oTnn4yaroTcs pa3oMKHYThIe U 3aMKHYyThie CeMO?

2. Kak (1 nns ompenesneHusl KakuX HEU3BECTHBIX) COCTABIISIOTCS U PEIIAIOTCS
ypaBHeHUs OanaHca pazoMkHyTo CeMO?

3. CocTaBbTE YpaBHEHUE, [0 KOTOPOMY MOYKHO PAaCCUMTHIBATH APTYMEHT IOJSA A
BO BTOpoM Osioke comnpsikéHHoi mapbl 010koB TRANSFER (nHa puc. 3.11 oH paBen
0,4444). UcxonHble yCIOBUS TAKOBBI: TPAH3aKThI JOJKHBI CIIyUYaifHO pacipeeasiThes
Mo TpEM 3aJaHHBIM HAMNPABJICHUAM C 33JaHHBIMH BEPOATHOCTSIMU Py, Di, P3
(mnst py + pp + p; = 1). Ilpu 3TOM cunTaeTCs, 4TO BEPOSATHOCTH p; yKa3aHa B moje A
nepBoro 6moka TRANSFER, Tak uTo TpaH3akT mepexoauT KO BTOpOMY OJIOKY C Be-
positHOCTBIO (1 — p;). BeposTHOCTB p; — 3TO TpeOyemasi BEpOsITHOCTh, C KOTOPOH Ta-
pa CONpsKEHHBIX OJIOKOB JOJDKHA OTHPABIISITH TPAaH3aKT 1Mo MeTke moiis C BTOpOro
oimoka TRANSFER.

PemuTe cocTaBieHHOE ypaBHEHUE OTHOCUTEIBHO HCKOMOIO apryMeHTa moJist A.

4. IlpoumTaiite ¢ momomrsio koManasl Help GPSS World, xak ucnomssyercs
pexuM Pick 6i1oka TRANSFER. MosxHo 51 B Moaenu Ha puc. 3.11 BMecTo nmapsl co-
npsok€HHBIX 0510koB TRANSFER, mepeBondmux TpaH3akT (B CTaTUCTUYECKOM pe-
KUME) M0 OJHOMY W3 TpEX HampaBlieHUW, ucnoiab3oBath oauH 010k TRANSFER
B pexume Pick?

5. Ilosicaute HazHaueHue aprymeHToB A, B u C dyunkiuu Exponential(A, B, C)
B GPSS World.

6. Yxaxure B okHe REPORT Ha puc. 3.13 ko3¢ duiiueHTs 3arpy3ku o JHOKaHa-
JbHBIX W MHOrokaHaibHOM CMO, cpegHue JUIMHBI Ouepelie U CpelHHE BpeMEHa
OKHJaHUS 3a5IBOK B OUEpEsX.
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Jlabopatopnas paGora 4
OIIPEJAEJIEHUE CUCTEMHBIX XAPAKTEPUCTHUK CeMO

Ilenv pabomer. VIMuTaninoHHOE MOJEIIMPOBAHUE CETH MAcCOBOIO OOCITYXKHBa-
Hus (CeMO) u onpeneneHne e€ CHCTEMHBIX XapaKTEPUCTHUK.

Cooepirrcanue pabomei:

1. IlpeaBaputensHoe aHanutuueckoe uccnenoanne CeMO ¢ npumeHenuem Ms
Excel.

2. Momudukanus u oTinanka umutarmonHon moaenun CeMO nHa s3eike GPSS
World.

3. BrinosHeHre UMUTAIMOHHBIX 3KCIIEPUMEHTOB, OINpPEEICHNE CUCTEMHBIX Xa-
paktepuctuk CeMO, BKIIIOYasi TUCTOTpaMMBbl paclpeiesieHud, U aHallu3 pe3yJibTa-
TOB.

Kpartkasi Teopusi u MeToan4ecKkne yKa3aHus

1. Eciin nokanbHbie Xapaktepuctuku CeMO otHocsTes K €€ oTaenbbiM CMO,
TO CHUCTEMHBIE XapaKTEPUCTHKU OTPAX,arOT CBOWCTBA CETHU B ILIEJIOM, paccMaTpUBae-
MOH Kak eJMHasl, He JIeJIuMasi Ha YaCTU CUCTeMA.

Pacuém cucmemnvix xapakmepucmux pazomxnymuvix CeMO

K nHanbosnee BaKHBIM CHCTEMHBIM XapaKTepUCTHKaM pasoMKHyToi CeMO Mox-
HO OTHECTH CJIEAYIOIINE TOKA3ATEINH.

1) Cpennee BpeMs £ npeObIBaHMS 3asIBKH B CETH

BpemeneM npeObiBaHMS 3asBKM B CETH HA3bIBAETCA BPEMSI MEXKJIY MOMEHTOM
MPUXO0/1a 3asBKM B CETh 1 MOMEHTOM €€ yXOJla U3 CeTH. JTO BpeMs ciiydaitHoe. Ero
cpeaHee 3HaueHue (Mo BCEM 3asiBKaM) U €CTh MoKa3artelb E.

2) BxonoBoe cpennee Bpems F; npeObIBaHUs 3asIBOK B CETH

Bennuuna F; onpenensieTcss Kak cpeiHee BpeMsl NpeObIBaHUS B CETH TAKOM 3a-
SIBKH, KOTOpas MOCTYIMAET U3 i-r0 BXOJHOT0 NoToka (i = 1,..., n).

3) AGconroTHas MPOMYCKHAs CIOCOOHOCTD A;

IIpennosioxkum, 4To B 3ajaHHOW cranumoHapHo CeMO HMHTEHCHUBHOCTH BCEX
BXOJIHBIX IOTOKOB, KPOME i-TO, MBI 3aMEHsieM Ha Hynesvle. lociie 3TOro MHTEHCUB-
HOCTb i-TO BXOJIHOT'O TTOTOKA /1; MOXKET OBITh YBEJIIMUEHA JO HEKOTOPOTO MaKCHUMaJlb-
HO BO3MO>KHOT'O 3HaU€HUS A;, IPU KOTOPOM CETh €UIE CTAllMOHAPHA. JTO 3HAYECHUE A;
OyzeM Ha3bIBaTh a0COFOTHOM MPOMYCKHOM CIIOCOOHOCTHIO CETH TI0 i-MY BXOJY.

Ecmu caoemate A; > A;, TO C€Th CTAaHOBHUTCS HE CTAIIMOHAPHOW, KaKOBBI OBl HH
OBLJIM MHTEHCUBHOCTU OCTaJIbHBIX BXOJIHBIX TTOTOKOB.

4) YcII0BHBIC MMPOMYCKHBIE CIOCOOHOCTH By, ..., B,

Ecnu B 3amannoi craunnoHapHoit CeMO MHTEHCMBHOCTH BCEX BXOAHBIX IMOTO-
KOB, KpOME i-T0, (huKCcupoBamvl 8 3a0AHHbIX 3HAYEHUSX, TO UHTEHCUBHOCTH /; MOYKHO
YBEIIMYMBATh 0 HEKOTOPOTO MAaKCHUMAaJIbHOI'O 3HAYEHHUS B;, MPU KOTOPOM CETh €IIE
CTallMOHapHa. JTO 3HaueHHe B;, B 0011IeM ciiydyae oTyindaronieecs ot 4;, OyaeM Ha3bl-
BaTh YCJIOBHOM MPOITYCKHON CITOCOOHOCTBIO IO i-MY BXOJY.

s puxcupoBaHHbIX Ay (k # i) ceTh cTalmoHapHa Mpu JiIoobIX A; < B;.
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5) 3anacwl Dy, ..., D, no nponyckuvim cnocoonocmsm

3anac D; onpenensiercs B Bujae D; = B;— A; (i =1, ..., n). 3anac D; moka3bIBaeT,
HACKOJIBKO MOXKET OBITh YBEJIWYeHAa MHTEHCUBHOCThH NPHUXO/A 3asSBOK IO i-My BXOIY
B ceTh (IIPH 3aJlaHHBIX OCTAJIBHBIX WHTEHCUBHOCTSX) 0€3 HAPYIICHHs yCIOBUS CTa-
[IUOHAPHOCTH.

Ecu B Buge CeMO moaenupyeTcs HeKoTopas peajibHas CUCTeMa, TO Tepeduc-
JICHHbIE CHUCTEMHBIC XapaKTEPUCTUKU CETH MOTyT JaTh LEHHYI HWH(OpMAaIHIO
0 CBOMCTBax 3ToW peanbHOM cucteMbl. Hanpumep, ecniu CeMO uzo0paxaer undop-
MallMOHHO-BBIYUCIIUTENIbHYIO CETh, TO Cpe/lHee BpeMsl TpeObiBanus £ XapaKkTepusyer
CpeHee BpEMs OTBETA CHCTEMBI Ha 3aIpOChl, a 3amachkl [); BBIPAKAIOT TOTOBHOCTH
MOJIEJIUPYEMOM CETH MPOIOJIKATh YCTOMUMBOE (PYHKIIMOHUPOBAHUE MPU YBEITUUCHUU
Harpy3ku (MHTEHCUBHOCTH 3aIIPOCOB) MO TOMY MJIM UHOMY BXOJY.

Cpeonee spems E npebbiBanus 3asiBok B CeMO paccuutbiBaeTcs mo gopmyiie
JlutTna

E=N/A, (3.18)

rae N =N, + ... + N, — cpennee uucio 3asiBok B CeMO, A = A, + ... + A, — cymmap-
Has UHTEHCUBHOCTb MOCTYIUICHHS 3asiBOK B CETh 110 BCEM BXOJIaM.

Pacuér cuctemubix xapaktepucTuk CeMO BBINOIHSAETCA MOCIE ONPEAEIICHUS €€
JIOKAJIbHBIX XapakTepucTHk. Tak, B popmyie (3.18) ucmnonb3yrorcs JT0oKanbHBIE TTOKa-
3aTenu N,.

st paccMoTpeHHOTO B mpeabiayiieit padore npumepa CeMO (cm. puc. 3.8)
CpeHee BpeMs MPOXO0KICHUS 3asIBKH YEPE3 CETh COCTABIISIET

E=(2,333+0,429 +2,745)/(1 + 0 + 0) = 5,507. (3.19)

Bxooosvie cpeonue spemena F, ..., F, onpenenstoTcs ¢ IOMOIIbIO YpaBHEHUH,
KOTOPbIE MOXKHO COCTaBJISTh, onKpasch Ha KoHpurypauuo CeMO u yuuTbiBasi CBOM-
CTBO CYMMBI U CBOMCTBO CMECH CIIyYailHbIX BEJINYHUH.

CBOICTBO CyMMBI C. B. COCTOUT B TOM, YTO M. O. CYMMBbI CIIyYallHBIX BEJIMYHH
BCETIa PAaBHO CYMME€ M. O. OTHX C. B.

CMmechIo C. B. X, ..., X; Ha3bIBACTCA C. B. Z, KOTOPAs C BEPOSTHOCTBIO p; IPUHUMA-
€T 3HaYEHHE C. B. X, C BEPOATHOCTBIO p; — 3HAUEHUE C. B. X2, ...(M T. [1.)... U C BEPOSIT-
HOCTBIO p; — 3HAUYEHHE C. B. X;. 31AeCh p; + ... + pr=1, U ciaydyaliHbIil BBIOOp U3 CIIy-
YaiHBIX BEJIMYMH X; CTATHCTUYECKN HE3aBUCUM OT UX 3HaU€HUH. CMECh Z UMEET M. O.

Z=DpX +.t DX, (3.20)

Teneprs pacemorpum CeMO Ha puc. 3.8 u mpocieaum, Kak GopMupyercs c. B.
«BXOJIOBOE BpeMs MpeObIBaHUS B CETU» JIJISl 3aIBOK TIEPBOTO MOTOKA.

N3 puc. 3.8 BUIHO, YTO ATO BpeMsi COCTOUT U3 ABYX ciaraembix. [lepBoe cra-
raemoe ecThb BpeMs npeObiBanus B CMO 1, cocraBmusitomee B cpeanem U;. Btopoe
cinaraemoe, (popMupyeMoe B MOMEHT Bbixofa 3asBku 3 CMO 1, ecTb cMech TpEX
C. B.! C BEPOATHOCTBIO P19 OHO PAaBHO HYJIO (KOT/a 3asiBKa MOKHUAET CETh), C BEPOSIT-
HOCTBIO P, pPaBHO BXOJ0BOMY BpeMeHH F, (korja 3asiBka ¢ Beixoga CMO 1 «Bxoaut
B ceTh» uepe3 CMO 2) u ¢ BEpOSITHOCTBIO pj3 — BXOJOBOMY BpeMeHH F5. Otcrona
C y4€TOM CBOMCTBA CMECH BBITEKAET, YTO B CPEHEM BTOPOE CllaraeMoe COCTaBJISIET
BEIMUUHY p1o X 0 + pofs + pi3 F3 = p1oF, + pi3Fs. B 11eom cpeatee BXO10BOE BpeMs
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npeObiBanust F (10 CBOMCTBY CyMMBI) paBHO CyMME CPEIHUX 3HAUYECHUN MEPBOrO U
BTOPOI'0 CBOUX CJIaracMblIX:
F1 U1 +p12F2 +p13F3 (321)
Paccyx1ast aHaJIOTUYHO O BXOJJOBOM CpPEHEM BpEMEHU F, U BXOJOBOM CPEIHEM
BpEMEHU [3, MOKHO 3aIlucath JJI1 HUX APYyTHe YpaBHEHHsI, KOTopbie BMecTe ¢ (3.21)
COCTaBAT CJIEAYIOLLYIO CUCTEMY:

Fy=U, + p,F, + pisF;
=U,+H (3.22)
F,=U,+F.

M3 510i1 cucTeMbl ¢ U3BeCTHBIMH U; (OHM BBIYUCIIEHBI IIPH PACUETE JTOKAIBHBIX
xapaktepuctuk CeMO) HerpynHo Haith pewmenue: F;=5,507, F,=5,593,
F53=16,202 (¢).

[To ananoruum c (3.22) MOXHO COCTaBJIATb YpPaBHEHHUS OTHOCHUTENIbHO F; IS
ar060i sxcnoneHuuanbHoi CeMO.

I[Tpumeuvanue 1. Ecau peus unér o CeMO apyrux TUNOB, TO MPU COCTABJIE-
HUU YpaBHEHUU Il BXOJOBBIX BpEMEH HEOOXOAUMO YOEAUThCS, YTO BBIOOP ouepen-
HOTO cjaraemoro (T. €. BRIOOp MPOJOJKEHHUsT MaplupyTa 3asBKHU) SIBISETCA ClIydail-
HBIM COOBITHEM, HE3aBUCUMBIM OT BbIOMpaeMbIx ciaraembix. B Hamein CeMO u B Ba-
pUaHTax 3aJaHui K J1abopaTOpHOU paboOTe 3TO YCIOBUE BBIMOJIHSAETCS MO OINpeese-
Hut0. Ho oHO He BbINOJIHAETCS, HAIpUMEp, KOrja 3asiBka BeiOupaet nepexonq k CMO
C MUHUMAJIbHOUN OYEpEBIO.

Abconomuyto nponyckHy0 cnocobHocms 10 i-My BXOIy A; MOKHO HaWTH clie-
JTYIOIIAM 00pa3oM.

B ypaBuenusix Oamanca (cm., Hanpumep, (3.16)) Hy>)KHO Bce WUMEIOIIMECS TaM
BXO/IHbIE HMHTEHCUBHOCTHU /l; COXpaHUTh B OYKBEHHOM BHJIE, KaK NepeMeHHble. Perias

CHCTEMY YpaBHEHHH OTHOCUTEIBHO BXOJHBIX MHTeHcuBHOCTE CMO 4, (j =1, ..., n),
HETPYHO BBIPA3UTh UX Yepe3 NepeMeHHbIe /) B BUIE
A=Yl j=1,...n (3.23)
k

ITomydaemble TakuM 00pa3oM YHCIOBBIE KOI(DMUIIMEHTHI 0; UMEIOT CMBICII CPEJIHETO
quciia NpoxoxxaeHui yepes j-to CMO Tol 3asBKHM, KOTOpas BXOJIUT B CE€Th U3 k-T0O
BX0AHOro noroka. KoaddunueHt oy; — 310 K03ppuyuenm nepedaqu MHTEHCUBHOCTH
(ot k-t BxogHo# Toukn CeMO k BxoaHoil Touke j-it CMO). C yuérom (3.23) ycio-
BUs cTallMOHapHOCTU p; <1 (=1, ... n) MO>KHO 3aMucaTh CIeIyIOUUM 00pa3oM:

ﬂ X;
p; = Zak, <1,  j=1,...,n (3.24)

J
B cucreMe nMHENHBIX HEPABEHCTB (3.24), KOTOPOU JOJIKHBI YAOBJIETBOPATH I1€-
peMeHHbIe /;, U3BECTHBI (M HEOTPHUIATENbHBI) BCE BXOSIINE B HEE YUCIOBBIE KO-
¢uuueHTbl. JTa cHCTeMa BMECTE€ C €CTECTBEHHBIMM orpaHudeHusMu A, > 0
(k=1, ..., n) 3a1aéT B EBKJINIOBOM IPOCTPAHCTBE R”" BBIMYKIIbIi MHOTOIPAHHUK —
00JlacTh CTAllMOHAPHOCTU, TOYKU KOTOpou (A, ..., A, ..., A,) COOTBETCTBYIOT J0-
nyctumon it CeMO cranimoHapHON Harpyske.
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[Tocne momyuenust cucrembl (3.24) W3 HeE JIETKO OMpeAenseTcs a0COMIOTHAS
IPOMyCKHasi ClIOCOOHOCTh CETU A; MO0 J1I000MY BBIOpaHHOMY i-My BXxonay. Jljis 3Toro
JIOCTATOYHO B 3TOM CUCTEME HEPABEHCTB 3aMEHUTH BCe i, KpoMe A;, HyJIsIMU U Hal-
TH MaKCUMaJbHO BO3MOXXHOE€ 3HaueHHe A; = A;, Ipu KOTOPOM CHUCTEMa HEPABEHCTB
He Hapymaercs. 13 (3.24) MOXHO BUAETH, YTO MPU ITOM IMOIYyHAETCS CIEAYIOIIEE
peluieHue:

A; = min, (3.25)

K, /%,
a; |

ConepxaTenbHbI CMbICT BbIpaxkeHust (3.25) goctaTouyHo mpocT. Yucautenb
JpoOu — 3TO MHTEHCUBHOCTH OOCTYXKUBaHUS 3as1BOK B j-i1 CMO, koraa oHa paboTaer
0e3 mpocTosi. PasnenuB 5Ty MHTEHCHUBHOCTh Ha INEPEAATOYHBIN KOI(D(OHUIMEHT «;,
MBI OINPEJENSIEM COOTBETCTBYIOIIYI0 MHTEHCUBHOCTh PAacCMaTPUBAEMOIO BXOJHOIO
notoka CeMO. Ilockonpky HU ogqHa CMO He 10JKHA NOJMyYHUTh HAarpy3Ky, KOTOpast
ObLs1a OBI OOJIBITIE IPEACIIBHO JIOMYCTUMOM, MBI BEHIOUPAaEM MUHUMYM.

Hanpumep, ans CeMO, n3o0paxxénHoil Ha puc. 3.8, B KOTOPOIl TOIBKO MEPBbII
BXOJITHOM MOTOK MUMEET HEHYJIEBYI0 MHTEHCHBHOCTh A; = 1, Mbl paHee HallIU, 4YTO
=10, 1, =5, 13=4 (¢ ). IlockonbKy Bce A; 371€Ch NPOCTO NMPONOPUUOHAIBHEI A,
TO MOXHO Cpa3zy ONpeAeNuTh MepeaaTodHblie KodpduuueHtsl: o =10, ap = 5,
a3 = 4. [ToaToMy nanHas ceTh cranmoHapHa, moka A; < 4y, rne A, = min{1/(10-0,07);
1/(5:0,06); 2/(4:0,35)} = min{10/7; 10/3; 10/7} = 10/7(c").

OmHocumenvHas nponyckHas cnocoonocms 1o i-my Bxogy CeMO MoxeT ObITh
HalJIeHa TI0 TAKOMY K€ aJITOPUTMY, KaK U aOCOJIIOTHAS, C TEM JIUIIb OTIMYUEM, YTO B
YCJHOBUSIX CTalMOHApHOCTH (3.24) Bce MHTEHCUBHOCTU A; s k # [ COXpaHSAIOTCA
PaBHBIMM YHUCJIEHHO 3aJIaHHBIM B MCXOIHOW monenu. OTHOCUTENbHAsA MPOIyCKHAas
CHOCOOHOCTH Bj ornpesensercss Kak Haubosbliiee 3HaYeHUe HUHTEHCUBHOCTH /A, YJ10B-
JIETBOPSIIONIEe OJHOBPEMEHHO BCEM HepaBeHCTBaM cucTeMbl (3.24) mpu (uKcupo-
BaHHBIX A; 114 (j # k).

Jlnst paccmatpuBaemoil HamMu B kadectBe npuMepa CeMO (cm. puc. 3.8) oTHO-
CUTEJIbHAs MPOMYCKHAsi COCOOHOCTh By coBmagaer ¢ A;, MOCKOJbKY BCE BXOIHBIC
notoku B CeMO, kpome mnepBoro, HyneBble. CnemoBarenbHo, miua ston CeMO
By =10/7 (¢ ).

3anacvl no nponyckuviM cnocoO6HOCMAM BBIYUCISIIOTCS B COOTBETCTBUU C MX OIl-
peaenenusimMu. [{ns ucnonszyemoro npumepa CeMO (puc. 3.8) 3amac mo €€ mporyck-
HOUM CIOCOOHOCTH JIsi TIEPBOTO BXOAHOTO MOTOKA coctaBiisier Dy = By — A} =
=10/7-1=3/7(cH.

3. B nanHo#t naGoparopHoii paboTe HEOOXOJIMMO pacCUUTATh AHAIUTHYECKH
W/WIHA OTIPENETUTh MyTEM MMUTAIIMOHHOTO MOJIEIMPOBAHUS CUCTEMHbBIE XapaKTepH-
ctuku E, F;, A;, B; u D; nis Bamero koakpetHoro Bapuanta CeMO (cm. tabi. 3.3).

[IyTéM MMHUTALIMOHHOTO MOJEIHMPOBAHUA TPEOyeTCsl TakKe MOCTPOUTH THCTO-
rpaMMBbl paclpeeieHus] BEPOATHOCTEN: a) Il BPEMEHU f IPOXOKJIEHHUS 3asIBOK Ye-
pe3 ceTb; 0) 7S Yncia 71 3aBOK, 3aCTUTAEMbIX B CETU BHOBB NPUXOJISIIEH 3asIBKOM.

Jns onpenenenus mnoxkasarened £ U F; IpU MMUTALMOHHOM MOJEIMPOBAHUU
B GPSS-niporpammy pexomeHayeTcs BBECTH COOTBETCTBYoIHE Napsl 6010koB QUEUE
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(npu Bxoxe 3asBku B ceTh) 1 DEPART (ripu BbIxoze u3 cetn). O/iHa U3 3TUX ouepeaci
OyZeT UMETh COAEPKUMOE, PABHOE YHCITY BCEX 3asIBOK B CETH, IOITOMY €€ MOXKHO OJ-
HOBPEMEHHO MCMOJb30BaTh U JJIsl IOJIYYEHHS TUCTOTPAMMBI PACIPEEIEHUS C. B. 1.

[TocTpoenune rucTorpaMM OCYIIECTBIISIETCS C TTIOMOIIBIO COOTBETCTBYIOIIMX Ta0-
mui; TABLE u 6mokxoB cbopa cratuctuku TABULATE. Hanpumep, B nmporpammy,
JUCTUHT KOTOPOU TpencTaBiieH Ha puc. 3.11, ¢ menbio coopa CTaTUCTUKHU O Cydai-
HBIX BEJIMYMHAX ¢ U 71 ObUTH JOOABIICHBI CIACAYIOIINE OTIEPATOPHI, BHIJCICHHBIC HIDKE
KUPHBIM HIPUPTOM:

Chan STORAGE 2

E time TABLE M1,0,1,20

H:general TABLE Q$general,0,1,20

GENERATE (Exponential(1,0,1))
TABULATE N_general

QUEUE general
CMO1 QUEUE 1

TRANSFER ,CMO1
Exit_ TABULATE E_time

DEPART general

TERMINATE

GENERATE 1000

TERMINATE 1

3neck B ctpoke E time onuchiBaroTCs mapaMeTpbl TaOIUILI (THCTOTPaMMBI) ISt
cOopa CTaTUCTUKU O BPEMEHU MPOXOXkKACHUS yepe3 ceTb. COOp CTaTUCTUKU (PErucT-
pauus BpemeHu M1) ocymectBisiercs 010koM ¢ MeTkod Exit . Cienyromuii 3a HUM
OJIOK pErMCTpUPYET BBIXOJI TpaH3akTa u3 ouepean general. Kaxxapiit TpaH3akT BXOAUT
B He€ B MOMeHT nosiBieHus u3 neproro 61oka GENERATE, Ho nepen Bxomom Tady-
JUPYET YKUCIIO A UMEIOIIMXCS B CETU JPYTUX TPAH3AKTOB (HE cuuTas ceos).

Ha puc. 3.16 npuBeneHbl TMCTOIpaMMbl pacHpeiesieHusi C. B.t (cieBa) U 7
(copasa) qs npumepa CeMO (cM. puc. 3.8), nonydueHHble MoAenrupoBaHueM S0 ThIC.
€AUHULl MOJEIbHOTO BPEMEHHU.

E_TIME N_GENERAL

Mean: 5.493

8.D.: 6.700

Mean: 5.548

§.D.: 4.205

16000 _

Hﬂﬂﬂﬂﬂﬂmmmmmmﬁﬁﬁﬁﬂ

For Help, press F1

o

il

LI B B R

Reportis Complete.

DEERTRILNEEERLBERE

171 hs

Clock:

10000 _

For Help, press F1

L

2 3 4 5 6 7

Reportis Complete.

Hﬂﬂﬂﬂﬂmmmmﬁﬁﬁg

T TN AN ERT T

EFA

Clock

Puc. 3.16. 'ucrorpaMmbl BpeMEHHU MTPEOBIBAHMS B CETH M YMCIIa 3aCTUTHYTHIX 3a5BOK

Ha puc. 3.17 npuBeneHo cpaBHEHUE PACUETHBIX PE3YJbTATOB U PE3YJIbTATOB
MozenrpoBanus. TouHoe pacuérHoe cpefHee BpeMsi £ npeOblBaHUs 3asBKU B CETH,
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HaiienHoe o opmyne (3.18), cocraBuino 5,507c. OueHka 3Toro mnokasaresis, BbI-
JaHHAs MOCJe MporoHa Mozenu (muBIierocs: 50 ThIC. €IMHUI] MOJISTFHOTO BPEMEHH )
KaK CpelHee BpeMsl NMPOXOXKIeHHUs odepenu general, momydwiach paBHou 5,494 c.
Cpenunee BpeMms, BbijanHoe Tabnuueit E time, cocraBuio 5,493 c. Bee aTu 3HaueHus
MOJIYYHJIACH TOCTATOYHO OJM3KUMHU.

! Aril -u - Xk k4| EEEHDemR R En-5-A B
k12 - f =l3+14+15
A | B | F |6 ] H [ 1 ] J ] K] L | M| N | c¢<

1 IokaneHele xapakTepucTukn oTgensHex SO

2 | Ne CMO] p pacy p L exp L Mexp| N |Wexp W U exp U

3 1 070 0.70 163 1.62 233 2.32 0.16| 0.16 023 0.23

4 2 0.30] 0.30 013 0.13 043 0.43 0.03 0.03 0.09] 0.09

5 3 0.70] 0.70 1.35] 1.37 2705 2.77 0.34] 0.35 0.69] 0.70

b

7 CHcTeMHEIE xapakTepucTikn CelMO Pacuy Wwm. mog. Cndkcn.

8 |Cp. epema E = M(t) npebrieaHiA 3anekn B ceTi 5807 549 --

9 |Ero cp.kB.0TENOHEHWE Oft) - 6.70 --

10 |Cp. uncno Miri) 3aRBOK B CETW ANA NPUXOLALLER 3aABKKW - 5.55 --

11 |Ero cp.kB.oTknoHEHWE OfN) — 4.1 --

12 |Cp. uncno M 3aABok B CeTH IE.EU?! 5.51 -

13 Bxopgoeoe cp. BpemA npebrieannA, F1 (5607 5.49 -

14 Bxopgoeoe cp. BpemA npebrieanwA, F2 (5683 5.58 -

15 Bxopgoeoe cp. BpemA npebrieanwa, F3 (6202 6.19 --

16 Abc. nponyckHan cnocobHocTe Al 1.429 - 1.42

17 Ycn. nponyckHan cnocobHocTe B1 1429 - 1.42

18 3anac no npon. cnocobHocTK D1 0429 - 0.42 -
M4y b % CeMO/ R|R|3 / Xapaktepuctukm R|R[1 / | ¢ |

Puc. 3.17. Tllpumep odopmiieHus: TabauLbl ¢ pe3yiabTaTaMu MojenupoBanus CeMO

Pacuérroe cpennee unciio 3asBok N = 5,507 OJIM3KO K CpeHEMY COACPKUMOMY
5,511 ouepenu general. OGa 3Tu uymcia Gojiee 3aMETHO OTIWYAIOTCS OT CPETHEro
3HA4YE€HMS C. B. M1, BhIIaHHOTO Tabnuied N general. Dta pazHuiia oObICHIETCS TEM,
YTO 3/1ECh CPAaBHUBAIOTCS pa3Hble MokazaTesnu. Uncio 3asBOK A, 3aCTUTAEMOE B CETH
KaXJI0W MPUXOIAIIEH 3asiBKOW, — 3TO CIyYalHBIA MPOLECC, OMPEACIEHHBIM HA MHO-
JKECTBE JUCKPETHBIX MOMEHTOB BPEMEHHU, U €r0 CBOMCTBA 3aBUCT OT PACIIOI0XKECHUS
ATUX MOMEHTOB Ha OCH BPEMEHHU. A CpeJlHEee YUCIIO 3asiBOK B ceTU N, ompeaessieMoe
ouepenplo general, Tabnuueit E time win o ¢opmyne Jluttia, — 310 cpeaHee 3Ha-
YEHHE Tpolecca #, pacCMaTPUBAEMOIr0 Ha HEMPEPHIBHOM BPEMEHH, KOTOPBIA UMEET
MHBIE CBOMCTBA, HExeNU npoliecc #. CpaBHUTE ¢ MPUMEPOM aHAJIOTUYHOIO PA3IUdus
CTaTUCTHK B JabopaTopHOil padoTe 1 B mpumevanuu 1.

BapuanTtsl 3ajaHuil

Heobxoaumo paccurTarh aHaTMTUYECKH CUCTEMHBIE XapakTepuctuku E, F;, A;,
B; u D; nns Bamero Bapuanta CeMO (cM. Ta6u. 3.3). [Ipu 5TOM BXOJ0BBIE XapaKTe-
PUCTUKU A;, B; 1 D; 10CTaTOYHO pacCUUTATh TOJBKO JUIsl OJHOTO BXOJHOTO MOTOKA,
HOMEP KOTOPOro I — 3TO HauMeHbIi U3 HoMepoB CMO B BailieM BapuaHTe.

[TyTéM MMUTALIMOHHOTO MOJEIUPOBAHUS HY>KHO MPOBEPUTH PACCUUTAHHBIE 3HA-
yeHus E u F;, a Takxke MOCTPOUTh TUCTOTPAMMbI PaCHpEIEiICHUs BEPOATHOCTEM:
a) Il BpEMEHHU ¢ TIPOXOKIEHHUS 3asBOK Uepe3 CeTh; 0) IJIs Yucia 7 3asBOK, 3aCTH-
raeMbIX B CETA BHOBb NPUXOMIAILIEH 3a1BKOM.
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®opMma oT4éTa

Jis 3amuThl 1a00paTOpHO pabOThl HEOOXOIUMO MOATOTOBUTH OTYET, 0op-
MUTB €r0 U NepeiaTh Ha IPOBEPKY B YCTAHOBIECHHOM Mopsiike. Dailiibl, HOTyUYeHHbIE
npu BeinosiHeHUM paboTel B Ms Excel (cm. puc. 3.17) u B GPSS World, pexomeny-
eTCsl XpaHUTh B JINYHOM apXHBE JI0 3aBEPILEHUS aTTECTAlUU MO AUCHUIIIMHE «Mo-
JETUPOBAHUE CUCTEM.

B otuére HE0OX0nMMMO OOBSICHUTH NPUUYUHBI PACXOKICHUS WU OIM30CTU pe-
3yabTaToB MMUTAMU CeMO u pe3ynbTaToB pacyéra €€ CHCTEMHBIX MOKa3aTese.

[Ipumeuvanue 2. [Ing onpeneneHus MpOMyCKHBIX CIOcOOHOCTEN A; u B; ny-
mém umumayuy HeoOX0IUMO MPOBOJIUTH CHEIMAIbHBINA SKCIIEPUMEHT. Ero ocHOBHas
UJesl COCTOUT B MOJAECPKAHUN MOCTOSHHOTO HAJIWYHUS HEKOTOPOrO YMCJIa BHEIIHUX
3asiBOK Ha BbIOpaHHOM Bxojae CeMO (Hampumep, MyTEM YCTaHOBKH IaKeTa U3 He-
CKOJIBKMX ThICSIY 3a5BOK) U IOCJIEAYoIIeld 00paboTKe CTATUCTUKU MO «y3KUM MEC-
tam» CeMO. OnpenensiTe NponyCcKHbIE CIOCOOHOCTH A;, B; 1 3anackl D; myTéM UMU-
Tauu B Bameil pabore He Tpedyercs (KOJOHKY «CnOKCIl.», MOJ0OHYIO0 IpEeCcTaB-
JeHHo# Ha puc. 3.17, popMHupoBaTH HE HYKHO).

[Ipumeuanue 3. /g onpeneneHus myTéM UMUTALUA CPEIHETO BPEMEHH E
npeObIBaHUS 3asiBOK B CETH CJEAYET BCE 3asiBKH, MPOXOAIIME Yyepe3 ceTh (He3aBu-

CHUMO OT YHCJIa BXOJHBIX ITOTOKOB), TPOBOJIUTH Yepe3 ouepesr general u yepes OJI0K
TABULATE E time.

KonTpoJibHBIE BONIPOCHI

1. Yem oTnnyaroTcs pa3oMKHYThIe U 3aMKHYyTbie CeMO?

2. UeM 0OBSCHAIOTCA BBICTYIIBI HA XBOCTax THCTOrpaMM Ha puc. 3.16?

3. Kakoii u3 aByx nokasareneit (4; u B;) B o0OuieM cinydae 0omblie?

4. OOBsICHUTE HA3HAYEHUE, CHHTAKCHC U CEMAHTHUKY BCEX CTPOK MOJIUDHUIIMPO-
BaHHOW ITPOrPaMMHOM YaCTH, MPUBEJACHHON B JaHHO JTabopaTtopHOi paboTe B 1I. 3.

5. OOBsicHUTE CMBICIT BCEX YHMCIIOBBIX MOKa3aTenel Ha aucte Excel Ha puc. 3.17.

JlaGopaTopHasi padora 5
OIITUMM3BALIUSA OTKPBITBIX MAPKOBCKHUX CeMO

Ienv pabomupr. OnTuMu3anus oTKpbeITON MapkoBckoir CeMO.

Cooepircanue pabomui:

1. IlocTaHoBKa 3a1a4u ONTUMM3ALMH Ul 3aJJaHHOTO B JJabopaTopHOi padote 3
Bapuanta CeMO (tenepsr CeMO cuuTaeM 3KCIIOHEHIUATBHOM, T. €. MApKOBCKOM).

2. Onpenenenue neHTpa o6aacTu AomycTumbix pemennii (O/IP) 3anaun.

3. Pemienue 3anaun Ha Ms Excel. Pacuer a¢dexra ontumuszanuu.

4. IIpoBepka ONTUMAJILHOTO PELICHUS TyTEM UMUTAIMOHHOTO MOJIEJINPOBAHHSL.

Kpartkasi Teopusi 1 MeToan4ecKne yKa3aHUA

Brimonnenue paboThl pacCMOTPHUM IO IMyHKTaM €€ COACp X aHHs Ha MpUMEpeE OIl-
THMM3ALMH CETH, CTPYKTypa KOTOPOM IpeACTaBiIeHa Ha puc. 3.18.
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P01=02, py2=03, py3=0.5, p;4=0,7, p,s=03,
P46=03, Py7=04, Py9=03, psg=09, ps9=0,1.

Puc. 3.18. Ctpykrypa ontumuzupyemoit CeMO

1. Ilpumep MOCTAHOBKHM 32/1a4¥ ONTUMHU3ANMHU. HacTh XapaKTEPUCTUK BaILErO
Bapuanta CeMO yxe paccuuTaHa mpH BbIlosiHeHuH pabot 3 u 4. Tem He MeHee pac-
CMOTPHUM pacueT BceX TPeOyeMBbIX XapaKTepUCTUK Ha MPUMEpE CETH, N300paKeHHOU
Ha puc. 3.18. [Ins Hee ypaBHeHUs1 OajlaHCa OTHOCUTEIBHO YaCTOT ¢; MOCEIICHUS Y3-
JIOB I UMEIOT CIIETYIOIIMMI BUI:

-

a,=0,2¢a,
a, =03,
a; =05,

a,=a,+0,7a, + a, + a,

as =03a, + a; +ag

o, =03,
a, =0,4a,
o =09a;

ay =03a, +0,las.

Ilo ompenenenuro o
4acToT ¢

a=(a,..,00)=(0,2, 0,3, 0,5, 1,3666, 5,9, 0,41, 0,54666, 5,31, 1). (3.26)

1. U3 ypaBHEeHMI1 OamaHca HaXOIWM OCTaJbHBIC 7

Otcrona ¢ yaeToM Toro, 4to A = 1, HAX0IMM HHTEHCUBHOCTH TTOTOKOB Ha BXOJaX Y3-
10B CeMO: A =a,-A=q;, 1. €.

A=(Audo)=(0,2, 03, 0,5, 1,3666, 59, 0,41, 0,54666, 531, 1),  (3.27)
a TaK¥XKE MI/IHI/IMaJ'IBHyIO MHTCHCUBHOCTbH O6CJ'IY)KI/IBaHI/I$I JJIA KaX10TI0 y3Ha:

Himin = ﬂ“i /Ki’
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i =(0,2, 0,15, 0,5, 13666, 5,9, 0,41, 0,54666, 1,77, 1). (3.28)

[ o %
PuUKCUPOBAHHBI CYMMApHBIN pecypc M ompenensercs Kak CyMMa MHTEHCHB-
HOCTEU 00CITy>KMBaHMS BCEX KaHAJIOB U B paccMaTpuBaeMoM Iipumepe cocrasisiet 30:

9
M(@) = ¢ =M" =30,
i=1

/1€ BEKTOP CTOMMOCTHBIX KO3((ULUEHTOB UMEET BU/L:
c=(L 2L L L1113 1. (3.29)

Tenepp, NOCKOJIBKY CETh MAPKOBCKasi, MOKHO B SIBHOM BHUJE BbIPA3UTh CPEIIHEE
BpeMsi oTBeTa E (cpemnee Bpems npeObiBanus 3asBku B CeMO) depes 3amaHHbIC ee
napaMeTpbl U NoTpe0oBaTh MUHUMH3ALUK £ 32 CUET ONTUMAIBHOTO pacipeiesICHUs
pecypca M~ 110 y31aM ceTH. DTy ONTUMH3ALHOHHYIO 33/ady MOXHO 3aIlicaTh B Clie-
YOI, COCTOAIIEH W3 CTaHIAPTHBIX 4acTed, (opme 3amauv HEIMHEWHOTO TPO-
rpaMMUPOBAHUSL:

E(ﬁ)=ia{mw>+i}%mjﬂ, (3.30)
W) o

i=1 i

9 _
M(ﬁ)zzciﬂi :30’ H; 2/uimin’ (i=1,n), (331)
i=1
rjae n = 9, mapaMmeTpsl ¢; iepeducieHsl B popmyie (3.26), mapametpsl ¢; — B (3.29),
napameTpsl ;... — B (3.28), {p;} — Ha puc. 3.18, 1 ABIAIOTCSA BapbUPYyEMBIMHU Hapa-
METpaMH, a BBIpaXXEHUA W;(4;) AN paccMaTrpuBaeMol sKcrnoHeHnuanbHo CeMO
TaKOBBI:

A e 210 (i%2.i28)
w1 —4;)
ﬂQZ .
Wi w;)= , Jor i=2,
(415 =2 ) (332
3
/18 for i=8.

D
Hg My g

OTHU BBIPAXKEHUS JUIsl CPEHEr0 BPEMEHU OXHUAaHUA W (1) B y3nax 1-9 HeTpyaHo
BbIBeCTH U3 (popmyi (3.6), (3.4) (s oJHOKAHAIBHBIX Y3J0B) U COOTBETCTBYIOIIUX
dbopmyi (3.14), (3.11) u (3.12) (a1t MHOTOKaHAIBHBIX 2-T0 U 8-T0 y3110B CeMO).
[Tapametpsl A; ms (3.32) nepeuucnensl B popmyne (3.27).
Takum o0pa3om, 3aadya ONTUMM3AIUMU OTKPBHITOM MapkoBckor CeMO, mpen-
craBleHHOHN Ha puc. 3.18, chopmynupoBaHa Kak 3a/1a4a HETMHEHMHOTO MPOTPaMMHUPO-
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BaHMA. B 3amaue TpeOyeTcst oThICKaTh 3HAU€HUS (f4,..., Ly), NOCTABISAIOIINE MUHU-

myM ¢ynakuuu (3.30), u ynosuetBopsitonue orpanudeHusm (3.31).
2. Ilpumep onpenenenust neHTpa OJP. O61acTh 1OMyCTUMBIX pPEIICHUN 3a/a-
gu (3.30), (3.31) 3amana ¢opmynamu (3.31) u mpeacraBisier co60H KyCOK 7-MEPHOM

9
TUIOCKOCTHU E _Cild; =30, KOOpAUHATHI £4 BCEX TOYEK KOTOPOTO MOJIOKHUTEIIBHBI U
1=

OTPaHUYEHBI CHU3Y COOTBETCTBYIOIUMH KOHCTaHTaMu £, .. (3.28).
Hentpom OJIP HazoeeMm npunamnexamyro OJIP Takyroo TOuky /i, IpencTaB-

JIIeMoe KOOpP/MHATAMH KOTOPOH pacrpesielienne pecypca M 10 y3iam ceTH obec-
MEYMBAET OJIMHAKOBBIE KOA(DPUIIMEHTHI 3arpy3ku y310B. Omyckasi IpocTble MaTema-
TUYECKHE BBIKJIAAKH, Cpazy MHpuBeaeM (OpMYJibl, IO KOTOPHIM MOXHO paccuuTaTh
KOOPAMHATHI LIEHTpA:

=M =4 i=Ln. 3.33
Hei K & a (3.33)
D¢
K
Jns Hamero npumepa ¢; = K; u M " =30, mosTomy u3 (3.33) moydaem:
o, 30 . T
lLlci = — " 5 1= 1,” .

K;
2.9,
j=l1
Nrak, BeruncisieM uentp O/IP:

M=y Hoo) =(0,3862, 0,2897, 0,9656, 2,639, 11,39, 0,7918, 1,055, 3,418, 1,931).

3. llpumep pewmrenus 3axauyu ontumusanun CeMO cpeacrBamu Ms Excel.
[TpuHuMas g, B KaueCcTBE HAYAJIBHOM TOYKH, MOXKHO, JIBUTasiCh U3 HE€ KaKUM-JIHOO

TPaJMeHTHBIM METOJIOM, JI0CTATOYHO OBICTPO MONACTh B UCKOMYIO TOUKY A, , AOC-
TaBJAONIYI0 MUHUMYM LieneBod ¢ynkuuu (3.30). Ucnons3zys Ms Excel, 3agauy ne-
pexona us fi. B fi,,, MOXHO PEIIUTh CIEAYIOIMM 00pa3oM.

Ha nucte Excel copmupyiite nuanasoHsl NaHHBIX C;, O, Aiy M, (HEBaXKHO,
B CTpOKax WM croibiax). /[o6aBpTe nuama3oH ¢ KOOpIAWHATAMU TOYKH [i: OHH
JOJDKHBI OBITH 3HaYeHUsIMU (He hopmyliaMu), Tak Kak OyayT BapbHpoBaThesa. Ha mu-
HUU 3TOTO JWana3oHa B OTJEIbHOM siuedKe 3amuiiute (PopMyiy, BBIYUCISIONIYIO

9 . .

Zi:lciﬂi' HazoBeM 3Ty siueilky MHIAMKATOPOM CyMMapHOro pecypca. Ckomnupyiite

B JMAMa30H KOOpAUHAT TOYKH 4 KOOPAHMHATHI TOYKH £ (B3ATble KaK 3HAYCHHUS);

B pe3yJIbTaTe HHAMKATOP CYMMapHOTO pecypca npuMeT 3HadeHue 30.
Tenepr opranusyem BbIYMCIEHUE CpelHero BpemeHu orBera E(u). Ilapan-

JEIbHO AMAINa30Hy C KOOpAMHATAMHU TOYKHM £ J00aBbTE QUaNa3oH ¢ (opMyiamy,
BpIUUCIAOMUMA W, (4;), 1 HA ONHOHN ¢ HUM JIMHUU B OTAEIBHOHN A4YEHKE 3alMIIUTE
dopmyny s Beuncaenus E(g1). Ota sueiika npumet 3HaueHue 10,759.

JIuct Excel qnis pemienus onTUMHU3AIIMOHHON 3214 TOTOB.
Wrak, B TOUKe I, 3a[al0LIEH «CIIPaBEIJINBOE» PACIPEAEICHUE pecypca Mo y3-

nam Hamiet CeMO, oOecnieunBaroliee paBHYIO UX 3arpy3Ky, CpeaHee BpeMs oTBeTa £
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coctapysier 10,759. Teneps pemmM 3aauyy ONTUMH3ALUU U MPOBEPUM, MOXKHO JIU
yJIydmuTh E( 1) , OTKIOHSACH OT «CIIPABEUIMBOTO» PACIPENEICHUS L. .

JUig pemieHuss ONTUMU3ALMOHHOM 3a/1adu BbiOepuTe B MeHI0O CepBHC OILHUIO
ITouck pemenus... Ilapamerpsl B NOSBUBIIEMCSI OCHOBHOM JAUAJIOTOBOM OKHE OIpe-
JIeJTUTE CIACAYIOIUM 00pa3oMm:

— B MHUKPOOKHE YCTAHOBUTDH LEJEBYI0 A4YEHKY YKOKNUTE SYEHKY, BBIYMCIISIO-
iy E(u);

— Jajniee BbIOEpUTE B ATOM JIMAJIOrOBOM OKHE OIIUI0 MHUHUMAJIBHOMY 3Have-
HHIO;

— B Ookce M3MeHsIsA iYeiiKM YKa)KUTE JTMAIa30H SYEeK ¢ KOOpAMHATAMHU TOY-
KW 4

— B 6okce OrpaHuyenusi HAKMUTE KHOTIKY Jl00aBUTH 1 10O6aBbTE J1Ba OTPaHU-
YEeHUS:

1) B mosiBUBIIEMCSI TIOCJIC HaXKaTHs KHOTIKH J[00aBUTH JHMAIIOrOBOM OKHE chop-
MUpyiTe TpeboBaHue (B BUJE YCIOBUS-PABEHCTBA), UYTO SUElKa C CyMMapHBIM pe-
CypcoM (MHIUKATOp CYMMapHOTO pecypca) A0bKHa ObITh paBHa 30; HAXKMUTE MBbIIII-
ko kHonky OK;

2) B OCHOBHOM JMAJIOTOBOM OKHE €II€ pa3 HAKMHUTE KHONKY J[00aBUTh, B MOs-
BUBILIEMCSI AUAIIOrOBOM OKHE B Ookce CcehbliIKa HA siYeiiKy YKaKUTE cpaszy Bech Jua-
Ma30H Y€K C KOOpJMHATAMHU TOYKHU /I, 3aT€M BBIOEPUTE YCIIOBHE «>» U B OOKCe

OrpanuyeHne yKaXUTe IUANA30H SYEEK C BEIMYUHAMHA Lf; . ; HaxkmuTe OK.

OcHoBHOe quanoroBoe okHO cepBuca Ilouck pemieHusl... TOTOBO JJisI PEUICHUS
Bamei 3amaun. [{eneBas sdeiika ykasaHa, BBIOpaHO TpeOOBaHME MUHUMM3AIIUH, TUa-
Ma30H HW3MEHAEMBIX SYEEK 3aJlaH, JBa OrpaHudeHus cdopmupoBaHbl. Haxmure
KHONKY BbInoJHUTS. [IpakTHyeck MTHOBEHHO MOSBUTCSA COOOIIEHUE, YTO PEIICHUE
Haiijieno. C merajasiMHi 3TOT0 COOOIICHUS JIETKO pa300paThcsl caMOCTOsATEIbHO. Haii-
JICHHOE ONTUMAJbHOE perueHue naet it E(4,, ) 3HaueHue 7,938, 3aMeTHO MeHb-

mee (T. €. Jgydmee), yem pocturaemMoe B nentpe OJ/IP 3mauenue E(u.)= 10,759.
Bapeupyembie mapameTpbl — KOOPAWMHATH TOYKU LI — B MPOIIECCE MOUCKA ONTHUMYMa
M3MCHUIIMCh U TIPHHAIN ONTHMAIbHbIE 3HAYEHMs [ = f,, . CoXpaHHTe peuieHue.
HaliienHple ONTUMANbHbIE 3HAYEHUS KOOPIUHAT TOYKHU fi,,, OYyAyT HYXKHBI P BbI-

MOJTHEHUH TIOCJICIHETO MyHKTa JabopaTopHOi paboThl. B 1anHOM mpumepe 3TH 3Ha-
ueHust Takowel: 4 =p,,= (0,8324, 0,6018, 1,5000, 3,0199, 9,3350, 1,3155,
1,5923, 2,9290, 2,4142). OHu 3aMETHO OTJIUYAOTCS OT HAMJAEHHBIX BBIIIE B 1. 2 KO-
opauHat uenrtpa O/IP 4. .

CaMocCTOSATENbHO OLICHUTE pasinuyue B npoueHtax mexny E(4.) u E(4,,).
BBIYHCINTE CBKIIMAOBO PACCTOSHUE MEXK/LY TOUKAMH fi, M [, .

[TocTpoennsblil Tonbko uto JucT Excel mcnonb3yiiTe, HACKOIBKO 3TO BO3MOXK-
HO, IIpY onTuMu3aluu Bamiero sapuanta CeMO (BbIOpaHHOTO IPH BBIIIOJIHEHUH pa-
00THI 3).

4. lIpumep npoBepku onTumMaJbHOro pewmenus nyrem MM. [Iposepky on-
TUMAJIBHOTO PELIEHUS BBIOIHUM IyTeM MM cetn npu onTHManbHBIX HHTEHCUBHO-
CTSIX 0OCITYKUBaHUS 3asBOK B €€ y3Jax.
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3nech HEOOXOAUMO TOSICHUTH clieytoniee. B KOHTeKkcTe penaeMoil onTuMu3a-
IIMOHHOM 3aJlauM TO0Ji UHTEHCUBHOCTBIO OOCTY>KMBaHUS B y3JI€ MOHUMAETCS] MHTECH-
CUBHOCTh OOCITY>KMBaHUS B OJHOM (JIt0OOM) ero kaHajie. VIHbIMU cllOBaMU, UHTEH-
CUBHOCTH £ OOCIIy’KMBaHUS B y3JI€ — 3TO BEJIWYHMHA, OOpaTHasi CpEIHEMY BPEMEHH
0OCITy>KUBaHUS B y3JI€.

Bamm Bapuantsl CeMO coBmagaroT ¢ TeMH, KOTOpPbIE BbI UCCIIEOBANIN B J1a00-
paTopHbIX paborax 3 u 4. Takum 00pa3om, pacyeT CUCTEMHBIX XapaKTEPUCTUK DKC-
noHeHuanbHoU Bepcun CeMO, Bkitouas BpeMs E, yKe BBIIOJIHEH U poBepeH. Ho
3TO OBLT He onTUMU3UpOBaHHBIN BapuanT CeMO. Tenepb, BBINONIHSS JaHHYIO J1a0o-
paTopHyto paboTy 5, Bl JHOJDKHBI MOJYYUTh ONTUMU3HPOBAHHBIA BapuaHT, B KOTO-
POM CyMMapHBIii pecypc M~ Bamieii ceTH mepepacipeseleH Tak, 4To0s! Bpems E Obl-
JO MUHUMaIbHBIM. Ilo-BHIMMOMY, MOJIy4EeHHOE NpPHU ONTHUMH3ALUU 3HAUYCHHE
E =E(4,,) Oyzner 3aMETHO MEHBLIC PACCYNTAHHOTO B padoTe 4. Jliisi MpOBEpKH 10~

nydeHHoro 3HaveHus E = E(i,,) WUCIONBb3yATe NMHUTALMOHHYIO MOJCIb Ballei

CeMO, nanmucannyro Ha si3pike GPSS B nmabopatopHoit padote 3. B Mmonens HykHO
BHECTU CIEAYIOIIME HM3MEHEHHUS: d) BCE paclpeiesieHuss BPEMEHH OOCITyKHUBAaHMS
CJIEJIyeT ONPEeNIUTh KaK SKCIIOHEHLIMAIbHbIE; 6) BCE HUHTEHCUBHOCTU 0OCITYKUBaHUS
B y3J1aX JIOJKHBI OBITh ONTUMATbHBIMU, MOJTYYEHHBIMU CIIOCOOOM, OMMCAHHBIM BBIIIIE
Ha npumepe CeMO puc. 3.18. [Ins HarnsgHocty npusenem JductuHr GPSS-monenn
stoii CeMO u PparMeHT JTUCTUHTA OTYETA, MOJYUYEHHOTO B PE3YJIbTaTe BBIIIOJIHEHHUS
GPSS-moznemu no xomanne START 1.

1. JTuctuar GPSS-monenu CeMO:
* CymMMapHBMI pecypc M* = 30

TTB TABLE M1,0,2,60

CHAN1 STORAGE 1
CHAN2 STORAGE 2
CHAN3 STORAGE 1
CHAN4 STORAGE 1
CHANS STORAGE 1
CHANG6 STORAGE 1
CHAN7 STORAGE 1
CHANS STORAGE 3
CHANS STORAGE 1
GENERATE (Exponential(1,0,1))
TRANSFER .5, ,SM03
TRANSFER .6,SMO1 ,SMO2
SMO1 QUEUE 1
ENTER CHAN1
DEPART 1
ADVANCE (Exponential(1,0,1/0.83244))
LEAVE CHAN1
TRANSFER , SMO4
SMO2 QUEUE 2
ENTER CHAN2

126



SMO3

SMO4

SMO5

SMO6

SMO7

SMO8 QUEUE

CMO9

DEPART
ADVANCE
LEAVE
TRANSFER
QUEUE
ENTER
DEPART
ADVANCE
LEAVE
TRANSFER
QUEUE
ENTER
DEPART
ADVANCE
LEAVE
TRANSFER
TRANSFER
QUEUE
ENTER
DEPART
ADVANCE
LEAVE
TRANSFER
QUEUE
ENTER
DEPART
ADVANCE
LEAVE
TRANSFER
QUEUE
ENTER
DEPART
ADVANCE
LEAVE
TRANSFER
8

ENTER
DEPART
ADVANCE
LEAVE
TRANSFER
QUEUE
ENTER
DEPART
ADVANCE
LEAVE
TABULATE
TERMINATE

GENERATE
TERMINATE

2
(Exponential(1,0,1/0.60184))
CHAN2

.3,SM0O4 ,SMO5

3

CHAN3

3
(Exponential(1,0,1/1.49997))
CHAN3

, SMO5

4

CHAN4

4
(Exponential (1,0, (1/3.01989)))
CHAN4

.3, ,CMO9

.571429,SMO6, SMO7

5

CHANS

5
(Exponential(1,0,1/9.33498))
CHANS

.1,sSM08,CMO9

6

CHANG6

6
(Exponential(1,0,1/1.31551))
CHANG6

, SMO4

7

CHAN7

7
(Exponential(1,0,1/1.59226))
CHAN7

, SMO4

CHANS

8
(Exponential(1,0,1/2.92903))
CHANS

, SMO5

9

CHAN9

9
(Exponential(1,0,1/2.41417))
CHANS

TTB

1000000
1
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1. ®parMeHT TUCTHUHra OTYETA!

GPSS World Simulation Report - SeMO-9.1.1
Thursday, September 29, 2012 04:24:20

START TIME END TIME BLOCKS FACILITIES STORAGES
0.000 1000000.000 6l 0 9

QUEUE MAX CONT. ENTRY ENTRY (0) AVE.CONT. AVE.TIME
AVE. (-0) RETRY
1 9 0 199729 151882 0.076 0.382 1.594 0
2 7 0 299099 269727 0.032 0.108 1.099 0
3 11 0 499428 332116 0.167 0.334 0.998 0
4 15 0 1361370 747392 0.369 0.271 0.601 0
5 28 0 5894283 2168623 1.082 0.184 0.290 0
6 9 0 408346 281399 0.140 0.343 1.102 0
7 13 0 543744 358092 0.175 0.321 0.941 0
8 23 0 5305311 3394742 0.545 0.103 0.285 0
9 15 1 998252 586012 0.291 0.291 0.705 0

STORAGE CAP. REM. MIN. MAX. ENTRIES AVL. AVE.C. UTIL. RETRY DELAY

CHAN1 1 1 0 1 199729 1 0.240 0.240 0 0
CHANZ2 2 1 0 2 299099 1 0.497 0.248 0 0
CHAN3 1 0 0 1 499428 1 0.333 0.333 0 0
CHAN4 1 1 0 1 1361370 1 0.451 0.451 0 0
CHANS 1 1 0 1 5894283 1 0.631 0.631 0 0
CHANG6 1 1 0 1 408346 1 0.310 0.310 0 0
CHAN7 1 1 0 1 543744 1 0.341 0.341 0 0
CHANS 3 1 0 3 5305311 1 1.812 0.604 0 0
CHAN9 1 0 0 1 998251 1 0.413 0.413 0 1
TABLE MEAN STD.DEV. RANGE RETRY
FREQUENCY CUM. %
TTB 7.918 7.123 0
0.000 - 2.000 115155 11.54
2.000 - 4.000 216396 33.21
4.000 - 6.000 182184 51.46
6.000 - 8.000 132456 64.73
8.000 - 10.000 94162 74.17
10.000 - 12.000 67308 80.91
12.000 - 14.000 48398 85.76
14.000 - 16.000 35421 89.30
16.000 - 18.000 25679 91.88

Kak Bugum u3 pe3ynbTaToB MoaenupoBanus, Tabnuma TTB, Beruucistomas cra-
TUCTHUYECKHE XAPAKTEPUCTUKU BPEMEHU OTBETa [, BbIAAJIA €ro CpeAHee 3HAYCHUE
7,918, koTopoe (C TOYHOCTBIO 0 CTATHCTHYECKUX MOTPEIIHOCTEH 3KCIEpUMEHTA)
COrNIacyeTcst ¢ pacCYMTAHHBIM 3HaueHueM E(4,,) = 7,938.
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BapuanTtsl 3a1aHuii

BelnonnauTe npuBeACHHYIO B puMepax ontuMusanuio CeMO, n3o0paxeHHOM
Ha puc. 3.18, u mpoBepsTe ee pe3ynbrarsl myreM M stoit CeMO. 3atem BBIIOIHUTE
WHUBUyaJIbHbIE BAPUAHTHI 3aJaHUI.

NuauBuayanbHble BapuaHThl 3a1anHuil (Mmonenupyemsle CeMO u ux mapameTpbl)
yKa3aHbl B JJabopaTopHOM padote 3. B HUX U3MEHSETCs TONBKO TO, YUTO MHTEPBAJIBI 00-
CIIy’)KUBaHUS TENEph HYKHO CUUTATh PACIpENEICHHBIMHU 3KCIIOHEHLUAIbHO. JTO I0-
3BOJIUT IPUMEHUTDH MOJIXO/, ONKCAHHBIN BBILIE B IPUMEPE ONTUMU3ALUH, TOCKOIBKY
OH KOPPEKTEH TOJIBKO Uil SKcoHeHIManbHbIX CeMO (Teopema J[xekcoHa).

[Ipumeuanue 1. [Ipu Hanuuuu B BEIOpAaHHOM BapuaHTE IBYX M Oojiee BXOJI-
HBIX IMOTOKOB UX PEKOMEHAYETCS «COoOpaTh» B OAMH BXOJHON MOTOK. Ero MHTEHCHUB-
HOCTh A OJDKHA OBITH paBHA CyMME MHTEHCHUBHOCTEM MCXOJIHBIX TOTOKOB. 1 oH 1011-
KEH Pa3BETBIATHCS Ha BXOABI cooTBeTCTBYyrONMX CMO (kak, Hamp., Ha puc. 3.18).
[TepexoHbIe BEPOSITHOCTUA HA €T0 BETBSIX OMPEACISIIOTCS KakK po; = A/A, por = Ao/A n
T. 1. DTO HE U3MEHUT PACCUUTAHHBIX PAHEE JIOKAJIBHBIX XaPAKTEPUCTUK U BPEMEHHU E,
HO 3HAYUTEJILHO OOJIErYUT COCTaBJICHUE U pellieHne YpaBHEHHM OajaHca.

[Ipumeuyanune 2. Cymmapubeii pecypc M * nns Bamero Bapuanta CeMO
HY’KHO B35ITh TAKUM K€, KaKM OH ObLI B JabopaTopHOil padoTe 3.

[Ipumeuanue 3. KoppekTHoe penieHue 3ajad aHaIN3a U ONTUMHU3ALNN He-
MapKOBCKHUX (He3KCHOHEHIHANBHBIX) CeMO NOMIKHO CYIIECTBEHHO OMUPATHCS HAa UX
MMUTAIIMOHHOE WJIM YHUCJIeHHOe MojenupoBanue [2—6, 10-20]. Ilpu UM CMO u
CeMO BO3HUKAIOT 3aJlayd IUIAHUPOBAHUS UMUTALIMOHHBIX SKCIIEPUMEHTOB, CBSI3aH-
HbIE C aHAJIM30M MEPEXOHBIX MPOIECCOB, KOTOPHIC BhHIIIE B YUeOHOM MOCOOUH TO/I-
POOHO HE paccMaTpUBaIUCh. XOpOIIee MaTEMAaTUYECKOE BBEICHUE B METO/IbI IIJIAHU-
POBAaHUS UMHUTALIMOHHBIX SKCIIEPUMEHTOB AaeTcs B KHUre [13], B METOABI ONTUMU3A-
1uu — B kHuUre [1]. Onun u3 Hanbosee 23(hPEeKTUBHBIX METOAOB ONTUMU3ALIUA HEMAP-
KOBCkuX CeMQO — nBYXYypOBHEBBIM JBYXATalHBI aHAIUTUKO-UMUTAIIMOHHBIA Me-
TOJI — onMcaH B craThsax [10, 11].

dopma oTuéTa

Otyet no nabopaTtopHOil paboTe TOKEH COoJepKaTh OMUCAHNUE BCEX OCHOBHBIX
3TarmoB paboThl U (popMalbHBIE YACTH, OMpPE/EICHHBIE B YCTAHOBICHHOM IMOPSIKE
(TUTYABHBIN JIUCT, pedepaT, OriaBieHue U T. 1.). JlomyckaeTcs: mpencTaBlieHne oTye-
Ta B JIEKTPOHHOM (hopmare.

KoHTpoJsbHbIe BONIPOCHI

1. BeiBegute GOpMyNy fmin = A;/ K; AJ1s MUHUMAJIBHO JOMYCTUMOMN MHTEHCHB-
HOCTHU OOCITYKUBaHUS y3Jia U3 HEPABEHCTBA O; max = 1.

2. BriBenuTe dopMyiy A pacuera CyMMapHOTo pecypca M " Bamero BapHUaHTa
CeMO.

3. BeiBenute Gopmyisl (3.32) nnst pacyera CpeJHEro BPEMEHU OKUJAHUs B y3-
nax CeMO, paccmaTpuBaemMoil B IpuMepe ONTUMHU3ALUH.

4. lokaxwute, uyto B eHtpe OJIP, onpenensiemom popmyoii (3.33), koadduriu-
€HTBI 3arpy3ku Bcex y310B CeMO oauHakoBBI.

5. O0BsACHUTE CMBICI BCEX YHUCIIOBBIX MOKa3areneil Ha aucre Excel Ha puc. 3.17.
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Ipuioxenue
WCIOJIb3YEMBIE TUIIBI PACIIPEJIEJIEHUHA

1. Pacnpeoenenue R pasnomepnoti c. 8.

PaBHoMepHoOe pacnipenenenue R ciaydallHOM BEIMYMHBI X 3aJa€TCA HA UHTEPBA-
ne ot 0 10 2x. OCHOBHBEIE TIapaMeTpsl pacmpenenenus: M(x) = X, D(x) = x° /3,
ct=15.

B 61okax ADVANCE u GENERATE Takas c. B. peaJiu3yeTcsi C TOMOIIbI0 MO-
nudukaropa-unTepasia. EE€ MOXHO Takke pealn3oBaThb BBIPAKCHUEM BHUJIA
2#X #RNj/1000, rie BMecTO X JO/KHA CTOSITh 3aJaHHAs YUCIIOBas KOHCTAHTA (v
BEIpakeHue s3bika GPSS), BMecTo j — HOMep reHepaTtopa CTaHAAPTHBIX CIydalHbIX
quCen.

2. Pacnpeoenenue RT pasenomeproii c. 6.

PaBHomepHoe pacnipenenenue RT ciaydailHOW BEJIMYMHBI X 3a4aETCSl HA UHTEPBA-
ne ot X/2 1o X + X/2. OcHoBHBIE TapaMeTphl: M(x) = X , D(x) = ()?)2/12, C)% = 1/12.

B 610xkax ADVANCE u GENERATE Takas c. B. peaiu3yeTcsi ¢ MOMOIIbIO MO-
nudukaTopa-uHTEpBana. MOKHO peaan30BaTh BRIpakeHUeM Buaa X /2+ X #RNj/1000.

IIpumeuanue 1. Ilpu 3anucu BbIpaKE€HU HEMOCPEACTBEHHO B MOJSAX OIlE-
patopoB ADVANCE, GENERATE u T. A. 3TH BBIpaXX€HHs CIEAYET 3aKIKOYaTh
B CKOOKH.

3. Oxcnonenyuanvrnoe (M) pacnpedenenue c. 6.

. —At
DKCIIOHEHITHAJILHO pachpeaenénHas ¢. B. x uMmeeT ¢. p. B. F'(f)=1—e ™ u coort-

—At

BETCTBEHHO 1. p. B. f(f)=A4Ae ™, (¢ > 0). OcHOBHBIE TTapaMeTPbl IKCIIOHEHITUATHLHO

pacnpenenéHHoii c. B.: M(x) = 1/4, D(x) = 1/22 , C% = 1.

B 610kax ADVANCE u GENERATE »5ta c. B. TpaJUlIMOHHO pean3yeTcs ¢ Io-
MOIIbI0 Moaudukaropa-QPyHKIMU. MOXKHO peaau3oBaTh U BBIPAKEHHEM BHUA
-LOG(RN;j/1000)/A, Ho HY>)HO uMeTh B Buay, uto B GPSS World cranmaptheiii yu-
cioBoit atpuOyT RNj mHOrna npuHuMaet HyseBoe 3HadeHue. Hambosee «opTomok-
CaJIbHBI» BapuaHT — ucnonb3oBath B nojie A 6moka ADVANCE unn GENERATE
OUOJIMOTEYHBIN TeHepaToOp B BUJE BhIpakeHHs B ckoOkax (Exponential(1,0, X)), rae
X — TpebyeMoe M. 0. (4UCII0 MU BBIPaXKEHUE; IPUMeEp cM. Ha puc. 3.11).

4. Dpnanzosckoe (EX) pacnpeoenenue c. s.
Pacnipenenenne Dpnanra k-ro mopsaka ompeaesnsercss Ha moxyocu ¢ > 0 mpu 1ie-

aeIx  k>1.  OnuceiBaercs  (QyHKIMEW — pacupeleieHuss — BEPOATHOCTEM
k-1 i
F =1 (ﬂ“t) —At
(t) =1= Z € u COOTBCTCTBCHHO IIJIOTHOCTBIO pacnpeaciiCHusd

%
i=0

A k-l —a .
A (t)_—(k—l)'t € . OCHOBHBIE TApaMETpPbl SPJIAHTOBCKOM C. B. X CIEIYIOLIUE:
M(x) =k, D(x)= k/A*, C? = 1/k.
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B 61okax ADVANCE u GENERATE »3ta c. B. TpaIMLIUOHHO peaInu3yeTcsl KaKk
CyMMa k HE3aBHCHMBIX SKCIIOHCHIIMAIBHBIX C. B. C OJIMHAKOBBIMU cpeaHumMu 1/4. Ha-
IpUMEDp, CIYyYalHYyIO 33JICPKKy X C IPJIAHTOBCKHUM paclpeeiiCHUEM 2-T0 TOpsIIKa
cpenaum M(x) = 10 MoxHO chopMUPOBATH TaK:

ADVANCE (Exponential(1,0,5))
ADVANCE (Exponential(1,0,5))

[Ipumeuanue 2. B makere GPSS World ects OubmuoTeuHbIit reHepatop
CIydallHBIX  BEJIMYWH, UMEIOIMHUX  TaMMa-pacrnpefelieHue C  IJIOTHOCTBIO
[24

_ AT el —a
f(@) _ﬁt e ™, 1>0, a>0. Ilpu uensix o> 1 0OHO CTAHOBUTCS HY>KHBIM HaM
a
APJIAHTOBCKUM pacmpenesieHneM, Tak kak toraa o =k, [(a) = (k — 1)!. TlosTomy 3p-
JIAHTOBCKYIO0 CYMMAapHYIO 3aJI€pKKY, PEalM30BaHHYIO B MPUMEPE KaK CyMMY JKCIIO-
HEHIIMAJIBHBIX 33JIEPKEK, MOKHO PEain30BaTh U B BUJIC

ADVANCE (Gamma(1,0,5,2))

3nech yncio 5 3amaét cpeaHee, NeIEHHOE Ha MOPSIOK k, YUCIIO 2 — MOPSAOK k
APIAHTOBCKOTO pacIpeieTICHHS.

5. I'unepskcnonenyuanvroe (H") pacnpedenenue smopoeo nopsioxa

['MnepoKCOHEHIIMANBHOE paclpeieliecHHe BEPOSTHOCTEH BTOPOTO TMOPSAKA
UMEeT clydyailiHas BeJIMYUHA X, SBJISIOLIAsICS CMEChIO JIBYX HE3aBHUCHUMBIX SKCIIOHEH-
[IUATBHO PaCIpeleNEHHbBIX C. B. X U X;. C BEpOATHOCTHIO p BETMYMHA X IPUHUMAETCS
pPaBHOM x| JTM00 ¢ BEpOATHOCTHIO g = (1 — p) — paBHOM X;.

C. B. x, umeroryo M(x) = 1 u Tpebyemblii KBaJpaTUYHBIA KOIPPUIIUEHT Ba-

2
puamuu C2 =77 > 1, MOXKHO pealu30BaTh, CMEIINBAs JBE PKCIOHEHIIUATLHO PacIIpe-
JeJEHHBIE C. B. X| U X CO cpeaHuMu M(x,) = m; u M(x,) = m, Ipu CIEayIOUIUX Mapa-

MeTpax:
m; =C, —JC(C, =1, (IL1)
m, =C +,C/(C, -1), (11.2)
_ ol I1.3
L (I1.3)
2
rae C1=1+r )

B kauectBe mpumepa paccmorpuM peanuzanuto Ha GPSS World c. B. x ¢ pac-
npeneneuneM H°, M(x) = 1. 3mech r = 5, M0ITOMY B COOTBETCTBHH C (OPMYIaMH
(IT.1-I1.3) maxonum C, = (1+52)/2 =13,m; =0,51, my, =25,49, p = 0,98.

Hy>xHas c. B. x moxy4aercs myTéM BbIOOpa ¢ BEPOATHOCTHIO p = 0,98 sKkcroHeH-
[UAJIHOM C. B. co cpenuum m; = 0,51 nmu6o ¢ BepositHOCThIO (1 — 0,98) — co cpenHuM
m, = 25,49. B GPSS World sToT cinyuaiinsiii BBIOOp MpoIIe BCErO pean3yeTcs ¢ Mo-
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Mornipio pynkiuu tuna E (cMm. [1]). B manHom npumepe npucBouM 3TON (YHKIIUU
uMst Comp u onuiieM e€ Tak:

Comp FUNCTION (RN1>980),E2
0,(Exponential(1,0,0.51))/1,(Exponential(1,0,25.49))

Teneps 3agannayto TakuM oOpazoM GyHkio FNSComp ynoObHO nmpumMeHsTh B Kade-
cTBe Mou(pUKaTOpa-QYHKIUHU I peaTU3aIiH TUTIEPIKCIIOHEHITHAIBHOMH C. B. C JIFO-
OBIM CpeTHUM 3HAa4YCHHEM, 3aJIaHHBIM B TI0oJie A COOTBETCTBYroIIero Oioka. Hampu-
Mep, 070K

GENERATE 10,FN$Comp

OyJZeT reHepupoBaTh TPAH3AKTHl C MHTEPBAJIOM BPEMEHHU, UMEIOIIUM pacIipe/ieliCHue
5
H” u cpennee 3nauenue 10.

6. Ozcpanuuennoe cunepoonuueckoe (HB®) pacnpedenenue c. 6.

[IpencraBum cebe CMO, B KOTOpO#l «paszMep» z 0OpadaThIBAaEMOMN «IeTaIn
pacnpenenéH paBHOMEpHO Ha uHTepBaiie ot € Ao (1 +¢), roe € > 0. Bpewms x obpa-
OO0TKH JeTanu 0OpaTHO MPOIMOPIMOHANBEHO €€ pazMepy: x = 1/z. Torma x umeer ru-
nepooIMYecKoe pacipeiesieHue, OrpaHMuYeHHOe OYeBUIHBIM yeiaoBueM 1/(1 + &) < x
< 1/e. OcHOBHBIE XapaKTEPUCTUKH C. B. X TAKOBBHI:

M(x)=In(l+¢&)-Ine¢, (I1.4)
2y 1 1
Ma?) =", (IL.5)
o2 =M(x%)-M?(x), (T1.6)
2
2= A‘Z% | (IL7)

Peanuzanus c. B. x Ha GPSS ocy1iecTBiIseTCss HEMOCPEACTBEHHO IO Ompeere-
HUIO, T. €. KaK MpeoOpa3oBaHre paBHOMEPHOI C. B. z (¢ <z < | + ¢). B mabopaTopHbIX
paboTax MpeaIoaraeTcs, 4YTo NOCIEAYOIIMM YMHOXEHUEM C. B. X HA MOAXOASAIIMMA
YUCIOBONW KO3 UIIMEHT obecrieunBaeTcsi TpedyeMoe 3alaHneM 3HadeHHe €€ M. O.
Koadpdunuent Bapuanuu (I1.7), kak 6e3pa3MepHbIii ToKa3aTeNb, OCTaETCA MPU TAKOM
MacmITabHOM MpeoOpa30BaHUH HEU3MEHHBIM.
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