
[image: image1.png]18.1. YTO0 Takoe NMUTaUNOHHOE
mogenuposaHune

Hmnraunonuoe MOAENUPOBAHHE ABNAETCH MOLIHEIM HHCTPYMEHTOM HCCACAOBAHHS 110~
BEICHHUA PCANBHBIX CHCTEM. MeTons EMUTAIHOHROTO MOIeNHPOBAaHHA MO3BONAOT CO-
(»parb H€06XOHHMYIO HHqJOpMﬂLlHIO 0 MOBEICHUH CHCTEMBI TIYTEM CO3JaHMSA €€ KOMIBIO-
TCPH3OBAHHOM Moae . JTa HHPOPMALUA UCTIONB3YETCA 3aTEM AN NPOSKTUPOBAHUS CHC-
1eMBl. FIMUTalHOHEOS MOJEIUPOBAHHE HE PEUIACT ONTUMHU3ALNOHHBIX 3aJad, a CKopee
npeaCTaBASET cOBOH TEXHNKY OlEHKH 3HAYEHMN (YHKUNOHANBHBIX XaPAKTEPUCTHK MOne-
THPYyeMOif CHCTEMBI.

HmurannonHoe MOJIENIUPOBARHE [PUMEHASTCA B PASNUYHLIX ofaacTax HayKd, TEXHUKH,
IKOHOMMKH ¥ T.1., O MeM CBHIETENLCTBYET NPSICTABACHHAIA HWKE KPATKOH CIIUCOK PEIIaeMbIX
C IOMOMIBIO HMHTAUHOHHOTO MOJEIMPOBAHUA 3akaY.

1. 3anauu B pa3TMIHBIX OGNACTAX €CTECTBEHHSIX HAYK (MATeMaTHKa, (PU3HKa, XUMIA):

a) BEIYMCIEHHE TUIOWanel GUryp, OTPaHNYEHHBIX KPUBLIMA, WiH, B Gonee obimeM ciry-
vae, BHIMUCHICHUE KPATHBIX HHTEMPAnos;

b) BHIUMCAEHHE KOHCTAHT (Harphmep T, paBHol 3.14159...);
c) ofpauIeHNe MATPHIL;
d) msyderve nu(pdy3HOHHBIX TTPOLECCOR.





[image: image2.png]2. TIpakTHYecKKe 3aKaTH:

2) TIPOMIBO/ICTBEHHO-TEXHONOTHYECKHE 3aJaUH, BOIHMKAIOMHE B TpOLlecce CO3IAHMS
CHCTEM MACCOBOTO OBCITY:KHBARNA, CHCTEM CBA3H, B Chepe yNpaByeHis 3anacamu, a
TAKKE IPH GHATH3E XMMIHECKHX [IPOLIECCOB;

b) 3KOHOMUUECKME ¥ KOMMEpUECKUE 3aa4k, BKTouas OUCHKN IOBeReHU MoTpebure-
JIs1, OTIPENIETICHHE TIeH, SKOHOMUHECKOE IPOTHO3MPOBAHKE AEATENLHOCTH BHPM;

€) CcOUMaNsHblE M COUMATEHO-NICHXOMETPHYECKUE 3a1ayH, HanpHMep Npoiems! Tuna-
MHKH HAPOJOHACEACHHSN, BNHAHHUA 3KOJOTMH Ha 3/0POBbe, SITHACMHONOTHIECKHX
MCCIIENOBARMM, A TaKKe NPOrHO3UPOBARKE IPYNNIOBOrO TOBEACHHS;

d) 3amaun GHOMENMLIMHCKKX CUCTEM, HaMpuMep Mpoliema GanaHca XUAKOCTH B Opra-
HU3ME 4EJI0BEKA, PA3MHOKEHUA KACTOK KPOBH, IEATETLHOCTH MO3ra)

€) 34144y aHATU3a TOM MM MBOM BOGHHOM CTPATErHH H TAKTHKH.





[image: image3.png]Buruucneste pesynsTaToOB HMETALUH GasHUpYeTCs Ha cayyainol gebopke (MONOOHBM of
Pa3oM MBI TIOCTyMaeM U TpU Hab/uOIeHHY pealsHOH CHTYaLMH). DTo 03HauaeT, 310 moboi pe-
IYNLTAT, NONYIEHHEIA MYTeM HMHTALMOHHOMO MOIETHPORAHYA, TOABEPEH IKCICPHMEHTAID
HBIM OLIMGKAM W, CIICIOBATENEHO, KK B JIOGOM CTATHCTHYECKOM SKCMEPHMEHTE, JOMKEH 0¢-

HOBBIBATHCSA HA Pe3ylIbTdTaX COOTBETCTBYIOLIAX CTATHCTHIECKHX MPOBEPOK. ITO BAXKHOE 3
MedanHe Mbl IONYEPKUBACM HA MPOTHKEHKM BEeHf IIABEL

18.2. Metop Monte—Kaprno

OcHoBHas ¥ieA NAHHOTO METOAA COCTOMT B HCTIONB30BAHMH BEIGOPKU CIYHaMHbIX hCel
JUIS ONY4CHUS MCKOMBIX OUEHOK. DTOT METOA B H3BECTHOM CMBICIE ARMAETCH NPEUISCTBEH-
HUKOM COBPEMEHHOIO HMHTALFIOHHOTO MOJICIIMPOBAHAS.

Jns aemosctpaunu Metona Monte-Kapno paccMorpum cnenylomuil npusep. B atow
npumepe 0cob0 NOTYEPKHYTA CTATUCTHYECKAA IPHPOAA MMHTALMOHHOTO SKCIEPUMEHTA.





[image: image4.png]Fpuvep 18.2-1
Hcnonssyem meton MonTe-Kapio 1is oUeHKH MnOWAM KpyTa, YPaBHEHUE OKPYK-
HOCTH KOTOPOrQ UMEET BHA
=17+ (-2 =25.
Kpyr umeet panuyc r = 5 ¢M, 1 €10 UEHTP HAXOAMTCA B TOUKe (x, ¥) = (1, 2).
TIpoueaypa OUEHKH IOUaKE TPeGyeT 3aTOUEHIA KPyra B OMUCAHHLIA OKONO HEro

KBAfPAT, CTOPOHA KOTOPOT0 PABHA AWAMETPY KPyTd, KaK 3To I0Ka3aHo Ha puc. 18.1. Bep-
IIKHHLI KBaJpaTa ONPEAeIIIOTCA HEMOCPENCTBEHHO U3 FEOMETPHUECKHX cBojicTa (bl/t rypsl.

4,7 6,7

(-4,-3) 6,-3)
Puc. 18.1





[image: image5.png]Otienxa MOWATM KPYTa OCHOBAHA HA TWPEINIONOKEHHUM, HTO BCE TOUKH KBAnpara
paenoBepoATHBL ITPEATonokuM, 4T0 kbIGOPKA COCTONT M3 HaGNIONEHUIA /1 TOUEK KBAA-
PAaTa U /1 M3 HUX IIOTIATH BRYTPb KPyTa Wik Ha OKpY)KHOCTE. Torna

niomazs kpyra = (1irouans keagpara) = (10x10).
n n

3mecs K0OpAMBATEL X M y TOYEK KBAApaTa NPEACTABIIEHE! KAK PABHOMEPHO pacmpe-
JleNeHHbIE CITydaiiBsle BeTHIMHDI ¢ ILIOTHOCTAMH BEPOATHOCTEH
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Obe hysxuns pasbl HYMO BHE YKA3AHHBIX HHTEPBAIOB.
Myctk Ry 1 R, — pasmiuHbe CayyaiiHbie wkena w3 muTepsana {0, 1]. Toraa koop-
JVHATH (X, ) TOUEK KBAIPaTa MOXKHO BEIPAIMTE HEPe3 OTH CITyHaiiHbie uncra:

x=—4 4 [6— ()R =—4 + 10R,,
y=~3+[7-(-3)R,=~3 + 10R,.

B 1abn. 18.1 npusenen HeGoNbILO CIACOK CIyHaliHLIX 4Kcen 3 MuTepeana [0, 11,
DTU YHCIa CTEeHEepPUPOBAHE) C HCTIONB3OBANHEM CREIHANbHBIX METONOB, KOTOPBIE OIK-
canbl B paznene 18.5.
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[image: image8.png]Hcrnonb3ys NpHBENEHHBIE (OPMYIIBL, MBI MOXEM CFeREPHPOBATH PABHOMEPHO pac-
TIPEAENEHHYIO Cydaftiyio TouKy (x, y) KBajapata JUls Kaxmol mapbl cIysaiHbIX yHces
(R},Ry). CrenepuposaHHan To4Ka (x] y*) Nonazaet BHyTpb Kpyra, ecau

-1+ (-2 <25
Hanpumep, ecit R, = 0.0589 u R, = 0.6733, 10

x"=—4 + 10R, =—4 + 10 X 0.0589
3= =3 + 10R; = -3 + 10 X 0.6733

Tax kak senuamna (-3.411 — 1)* + (3.733 - 2)° = 22.46 menbiute 25, CIEAORATENBHO,
TouKa (x, y) Honajaer BHYTPb kpyTa. ,

Hccnenyem Teneps BAMsHME Cyvaluoil BEIGODKH Ha TOYMHOCTh OLEHKM [UIOMAN
xpyra. Ha puc. 18.2 nokasaHbl OLEHKH IUIOIAAN KpyTa AR PasNU4HEIX O0BEMOB Bbi-
Gopky, n3MensomExes ot 22 = 100 a0 7 = 10 000. Nipk XamAOM 71 IKCTEPAMENT TIOBTO-
pancs 10 pas, npu 3TOM ACTIOB30BANUCE PANIYHEIC TTOCACAOBATCHBHOCTH ClIy aiHbIX
qucen w3 wkTeprana [0, 1]. Ha pucynke nokasakbl OueHKM NICMAIR NHIUb NS IEPROTO
H BTOPOTO KCIEPUMEHTOB (IIPOTOHOB) BMECTE CO CPEOHHMH U CTAHIAPTHEIMH OTKIIO-
HeuusMu s eex 10 nporoHos.





[image: image9.png]Hicxons U2 pe3ynbTaTos SKCNEPUMEHTA, MOXKHO CAEATE CACAYIOUIME BRBOLL.

3. OneHka ruroIanu Xpyra yIyMmaeTcs ¢ YBeNHIEH’EM YHCNA TeHePHPYEMBIX To-
gek (C ysenmyeHneM o6heMa BHIGOPKH), O UeM CBHACTERBLCTBYIOT PE3YAbTaTH
nporoxos 1 1 2 Ha puc. 18.2.





[image: image10.png]2. VcpenHenue pesynsTaToB 10 NpOrOHOB WA KaxaoH BIGOpKE 0OBEMOM n aeT
Go7ee TOWHYIO OLEHKY TLIOMaAY, YeM nioboit u3 nporosos, Ha puc. 18.2 suwo,
470 cpearee 10 skCnepHMEHTOB Gi1MKe K TOYHOMY 3HAYEHHIO ILIoWamy (= 78.54
oM?), ueM OLeHKH, TOTYHEHHbE B KAKIOM OTHEALHOM NPOroHe.

3. YMeRbIIEHHE BENNYUHBI CTRHIAPTHOMO OTKAOHEHMS CHHICTENBCTBYET O TO,
YTO “TOQUHOCTE” CpeHero 10 KCNEPHMEHTOR MOBLIIACTCA C YBENHYCHHEM 061-
enMa spiGopKY 7.





[image: image11.png]CrannapTHoe
oTKNoHeHue CpenHes
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Tporor 2

Tounoe suatenue Miomam = 78,54 cu?

Cpeantee (10 mpororos)






 EMBED PBrush  [image: image13.png]O6zem sIbopxu 1
Puc. 18.2

BB!‘IRy TOT'0, MTO OUEHKH [I0MaTH UMEHT pa:Gpoc. BAXHO, 9T06B pe3y/bTaThl 3KC-
NEPHMEHTA, CBA3AHHOTO ¢ MONENMPOBAKHEM, GbIIH BLIDAKEHB! B BILE AOBEPUTENBHbX
MHTEPBAJIOB, NOKA3BIBAIOIINX BETHIHHY OTKIOHEHHA OT TOYHOTO 3HAYEHHA. B paccmar-
PHBAEMOM TNPUMEpE, €CiIi A NPEncTaBnAeT cobOH TOUHOE IHAUCHNE TIOUIANY, 2 A
$£— cpennee u aucnepeuio N Habmonerni, To 100(1 — &) %-it noBepuTEEHbI HHTEP-
BAJ AN A 3a13eTCs B BUIE






[image: image14.png]TAE 1,y 4o, — (1000/2)%-s ToUKa t-pacnipenenenia (pacnpenenenus CoiofenTa) ¢ N —

1 crenensmu cBoGozs! (¢M, Ilpunoxenue J). 3amernm, 9To N 0003HAYAET YHCIO Ha-
6moseHuit (MPOrOHOB), U €FO CHEAYCT OTANYATE OT A, KOTOPOe 0BOIHAUAET OGbLEM BhI-
Gopku (IPOJOKUTENBHOCTL IPOToHa MOJENN). B paccMaTpiBaeMoM IpUMepe Mbl 3a-
HHTEPECOBAKB! B YCTAHOBIEHUH JOBEPUTENLEOTO UHTEPBana, NONY4eHHOTe ans BHGOP'
i HauGoNsLIero obLema (T.e. n = 10 000). Tipu N = 10, A =78,57 cm’ u s=0.47 em’,
Pe3YNLTHPYIOUHM 95%-M IOBEPHTEAbHBIM HHTEPRAIOM ABeTCE 78.23 A < 78.9.

PaCCMOTPeHHHﬁ OPHMED CTABUT JBA BOMNPOCA, XapaKTepHbIE NI moboro AKCIEPH-

MEHTa, CBA3ZHHOIO ¢ MONSNMPOBAHIEM.





[image: image15.png]1. Kakum zonzen 6uiTh 00beM BRICOPKH /1 LISl AOCTIDKEHUA HEOGXOOHMOro 3HaueHUsA
JIOBEPUTENLHEIX MHTEPBANOB?

2. Ckonbko 1id 3T0r0 Tpedyercs nporoHen N?

OTBETHI 3aBUCAT OT TIpAPOASI IKCTIEPUMEHTA, CBA3AHHOIC ¢ MOJEITHPOBAHHUEM. Kax
U B MOGOM CTATHCTHIECKOM 3KCNEepUMeHTe, SoMbline 3Havenus n n N ofecneunsaor
Gosee HaleKHbIE Pe3yAbTaTh. l'[pensrrc'mueM MOXKeT GbiTh CTOUMOCTh DPOBEACHUA
3KCMePUMEHTa, KOTOPas BO3pacTaeT PONOPLMOHANEHO YBEIHHEH IO i v N.!






[image: image16.png]! Onpezenerime JoCTATONHBIX IHAueHH 0GeMA BRIGOPKA 1 1 KONUMECTRA NPOTOHOB N B OBIEM CITyNac SBNfeTcs
HeTpUBHATEHOI 3a1a4efi. MHOTOE OTipeaeNneTes BIGPAHHOI METOAMKON MOCTPOEINS OBEPHTENBHAIX HHTepranos. Ha-
TIDMCD, SIOBEPHTELHSIE WHTEPBAIB) JAKHOTO TIDHMEPA MOCTOEHb B IPEITIONCIKEHAH, UTO BHGOPOUHAR OLENK HCCTe-
JYEMOrO TapareTpa (31€ch — MUIOUAS KDYTE) iMeeT NPHGNIDKEHHO HOPMATbHOE pacripeaetienke. JU 3100 B IaKHOM
CITyaE JOCTATONHO, HTOGH OFBEM RHOODKH Ghin ke Metee 100, BMECTE ¢ Tem CYILECTBYIOT HCCHENORARHA, TOKEBIBA0-
e, TO €CAH PACTIPEAETENHE BbIGOPOSINON OLCHKH OHOBSPLINHI, TO YK ph O0SCMC B8I6OPKH, MpepuaiouieM 20,
MOAHO FIOCTPOHTS 95%-if JOBEPUTEIL LI HHTepBaN N0 “Npasiy 35” (ananor “npasuna 30°).





[image: image17.png]18.3. Tunbl MMNTALUNOHHBIX Mogenen

WCnonk3oBanne COBPEMEHHBIX MMHMTALMONHMX MOJIENeil OCHOBAHO, B OCHOBHOM, Ha Hie¢
MeTOAA MOHTC—KEPRO, OT/IR4NE COCTOMT B TOM, YTO UMUTALHOHHAS MOAEHb OGBIMHO CBS3aHA
¢ W3yYeHHEM peankHO CyIeCTBYIOWeHf CHCTEMBI, NMOBeNeHUE KOTOPOH ABIAeTcs QyHKumek
spemeHM. CyIUIECTBYET JIBa THITA MMHTABOKHBIX MOJSH.

1. Henpepsirubie MONeH HCROML3YIOTCH Ui CUCTEM, OBEICHUE KOTOPHIX H3MEHAETCH
HENpepbIeHG BO BPEMEHH. THRMIHBIM TIpUMEpOM HCnpepMBHOﬁ HMHTAlHOHHOMH MOZETH ABAS-
€TCH M3YUEHne NWHAMNKM HApOAOHACEIEHHA Mupa. HEHPEPHBHL)C HMHTAUMOHHLIE MOASHH
00BIMKO NMPEACTABIRIOTCA B BHAC PA3HOCTHO-MHGQEPEHIMATLHSIX YPaRHEHUH, KOTOPbIE ONH-
CHIBAIOT B3aUMoOJeHCTBHE MEKITY PA3TMYHBIMH IEMEHTAMY CUCTEMBL.

2. JIMCKPETHRIE MOTEH HMEIOT JENO C CHCTEMAMH, MOREJCHHE KOTOPHIX M3MEHSETCH
Jidlis B 3aJaHHBEIE MOMEHTHI BPEMECHH. THITHYHBIM TIpBMeEpOM Tako# MOXENH ABMAETCH OHe-
Pelb, KOraa 3ajaya MOJECIMPOBAHHUA COCTOMT B OLEHWBAHHH ONCPAaUUOHHBIX XapaKTEPHCTHK
Oﬁcﬂyﬂ(mmmeﬁ CHCTEMBI, TAaKUX, HanpHMep, Kak CpeAaHee BPEMA OXKUIAHUA HIH CpeHAS
Jnupa ouepe. Taxie XapakTepHCTHKM CHCTEMbl MACCOBOTO OBCTYKMBAKUI U3MEHAIOT CBOH
3HAYEHKA AMGO B MOMEHT TIGABIEHMS KIHEHTA, MAGO MpH 3aBepuIeH iy o6CTyxuBanus. B apy-
THX Clly4asX B CHCTEME HMYErO CYIMECTBEHHOTO (C TOUKM 3PEHNT UMHTALHOHHOTO MONEIHPO-
BaHNA) HE IPOMCKORHT.





[image: image18.png]Te MOMEHTBI BPEMEHH, B KOTOPHIE B CHCTEME MPOMCXOJAT HIMEHEHHS, OTIPENENAIOT cobbi-
THA MOREH (HampuMep, MPHUXOA Wit YXOA KmuenTa). To, YTO 3TH COBBITHA npoMCXomaT B
IMCKPETHBIC MOMEHTb!, YKA3KIBAET, ITO NPOLECC TPOTEKACT B AMCKPETHOM BPEMEHH, OTKY/I2 K
NOSBEAIOCH HA3BAHKE AUCKPETHOE MOACTHPOBAHKE.

HecmoTpa Ha TO MT0 Kax HENPEPBIBHIE, TAK H RUCKDETHbIE HMHTALHMOHHBIEC MOJETY ABIA-
J0TCSA BAKHBIM HHCTPYMEHTOM PEICHRA NPAKTHIECKHX 3311, B MCCIIEOBAHHN ONEPALHt BCe-
I'1a HCMIOJb3YETCA AMCKPETHBIE THIT HMHTALMOHHBIX MOKENCH. 31O OGBACHAETCS, B YACTHOCTH,





 EMBED PBrush  [image: image19.png]TEM, 4TO BUCKpETHass UMATAIMOHHAs MOS/Ib OUeHb TECHO CBA3AHA ¢ MOLEIIZMHU MaccOBOro o6-
ciykuBanua {cM. rnaey 17). Ha caMoM Hen¢ ecTh BCE OCHOBAHMS CHUTATh, YTO MPAKTHYECKH
BCE AHMCKPETHBIE HMHTALHOHHBIE MOICIH B TOjt MNH UHOIH (]JopMe MOryT BBITS OTIHCAHbI, Kak
MOJENH MACCOBOTC OGCIYKUBRHUA,

B HacToselt rmaBe OCHOBHOE BHUMAHHE YAeneHo DSCyﬂ(HSHPﬂo ‘OCHOB JIHCKPETHOFO MOje-
nuposakud. HadueM ¢ onyucanus CoBRITHH M TOTO, KaK OHK MOTYT ObITh CreHepHPORadEl B
MMUTAUHOMHON Mojeny. Jianee PaccMOTPHM MPOUEMYPH cHOpa CTATHCTHYECKIX NAHHBIX Ha
OCHOBE MMUTALMOHHON MOZENH K OBCYIIM CTATUCTHYECKME ACHEKTHI MMHTAIMOHHOTO IKCMeE-
pumenTa. Mui TaKxe TNORUEPKHEM BAKHYI0 POllb KOMILIOTEPA M A3LIKOB MMUTANHOHHOTO MO-
JCTHPOBAHIA TIPH PEANTU3AUMH UMUTAUHOHHBIX MO/,





[image: image20.png]18.4. OnemMeHTbl ANCKPETHOro
MogenuposaHus





[image: image21.png]Bce MMHTALHORHBIE MOAE: N C ICKPETHBIMM COSBITUAMM ONKCHIBAKOT NPAMO MITH KOCBEH-
HO CHTYaLUH ¢ OYEPelbio, B KOTOPYIO KIHEHTL! NPUGHIBAIOT, NPH HeOOXOXMMOCTH MKHIAIOT B
Helf, MOTOM OGCTYKHBAIOTCA NIEPES TeM, KaK OCTaBMUTh CHcTeMy. B ofiem cnyyae mobas Mo-
Defh ¢ THCKPETHBIMU COBLITHAMY COCTOMT U3 CETH B3AMMOCBA3AHHBIX Ouepeaeh.





[image: image22.png]HMmuTallHOHHAA MOIENE ¢ JHCKPETHBIME CODBITHAMEA B JCHCTBHTEISHOCTH ABNACTCA KOM-
nozuumMeH ovepenei. B uemax c6opa CTATHCTHYECKHX JaHHbIX (NoKasaTeedl (yHKIMOHMpPORa-
A CMCTCMM) 3aMETHM, YTC M3MEHEHMA B CHCTEME (HanpnMep, M3MEHEHHE IIKWHBI OYEpenn
HIM COCTOSHUA CPEACTR OGCIY)KMBRHUA) MOFYT MMCTb MECTO JMIb B Cllyvae, KOTHa KNUeHT
NOCTYNAET B OHEPEb MIH KOTAa IIOKHAAET CUCTEMY ITOCTE OSCHY)I(HBBHPDI. Oro 03HayaeT, MT0
IBYMA [IABHBIMH COGHTUAMY B 0G0H IHCKPETHONH HMUTALBOKHONR MOACNH ABIAIOTCA TIPHGHI~
THE B YXOI KITHEHTOR. DT0 eAMHCTBEHHLIC TIOKA3aTCIH, MG KOTOPBIM HeoOX0IMMO KCCAeaA0BaTh
CHCTEMY. B ApYTHE MOMEHTH! BDEMEHH HHUKAKUX H3MEHEHHI, BAMAIOIMNX Ha CTATHCTHUECKME
JAHHBIEC CHCTEMBL, HE [IPOMCXOAHT.

Tipumep 18.4-1

MeTanioo6pabaThBalOMWMiT X NOTY4aeT ABa BHAA PaGoT: OOKUHYI0 # CPOUHYIO.
Bee paGoThl BRIIONHAKTCA MOCHEAOBATENLHO Ha ABYX 0OPaCaTHBAIOMIMX LIEHTPaX C
oGmupHEIME GydepHsiMy 30aMi. CauTaeTca, YTO cpoumle paboThl BCErAd MMEIOT
MPROPHTET TepeX 05LIuABME: OXapaKTepH3yeM COOLITHA B ONUCAHHON CHTYALHIH.

PaccMaTpUBAEMas CHTYAUMA COCTOMT M3 JIBYX CABOEHHAIX oMepeied, cooTBeTCT-
BYIOIHX JBYM 00pabaThBatomuM LeHTpas. Ha IepBblit BILIAL MOKHO COTBACHTECH €O
CHeRYIOLIMM OUpeResernieM coOsTHI B ONUCaHHOMN CHTYaIiY,





[image: image23.png]Al11: ofbraHast padoTa MocTyNAET B HeHTp 1;
A21: cpounan padora nocTynaer B ueHTp 1;
JI11: oOhmHan pa0oTa yXOIHT U3 teHTpa 1;
JI21: cpounas pabora yxouMT U3 ventpa |;
Al2: 0BeraHas paboTa NOCTYNACT B HEHTP 2;
A22: cpounan paGoTa NOCTYRACET B LEHTP 2;
J12: ofbryras paboTa yXOIUT M3 LeHTpa 2;
J122: cpounas paGoTa YXOKMT U3 HEHTpa 2.

B 1elCTBUTEABHOCTH Mbl TOUHO HMEEM JWIUb [Ba COOBITUS: NpuOsITHE (HOBCI) pa-
GOTbl B HeX ¥ BLIXO {BBINONHEHHOH) paBoTe! M3 Liexa. 3aMeTuM CHa%asa, 4To CobbITHA
111 u AI2 coBmanaioT 1 ABIAIOTCA HEPAITIMHMBIME. 3TO0 XKe 3aMEUAHHE TPUMEHHMO K
coObrtusm J121 u A22. Jlaree B MUCKPETHOH MMUTAUMOHHON MOIEAH Mbl MOKEM MC-
TI0MNB30BATh OIHO CoGEITHE (NPHGBITUE MK yxO1) Ang 000ouX THIOB paboT, NPOCTO MpH-
nuCsIBast COGBITHIO “PALIK”, aTpUGYT KOTOPOro yxkasbiBaeT TUn paoTel. (B nammoMm
CITY9ae MOXHD PacCMATpUBaTh B KANECTBE arpnbyTa nepconanbiolii udenmupurayion-
notll wosmep pabome:.) [IpHEHAMAs 9Ty apryMEHTALIO, TPHXOIHM K BEIBOIY, YTO cOGBI~
THS B MOJENH CBOATCS K 1) noctynnesmio A (B nex) u 2) yxony JI (3 Kawaoro neH-
‘Tpa). JIHCTBHSA, CHAZAHHBIE C YXOHOM, GYNyT 3aBUCETh OT 0GPaGaTHIBAIOMIETO LIEHTPA,
Ha KOTOPOM 3TO IPOHCXOANT.





[image: image24.png]Oﬂpe].lEJ'lMB OCHOBHBIE COOBITAS HMMHTaUHOHHOH MOIEIH, NTOKAXKEM TENEPD, Kak MO-
Beib QYHKUMOHUpYeT. Puc. 18.4 maet cXeMaTHYECKOe NPENCTABNEHHE THIHMHBIX Me-
cToHaxoxkaenuil cobbiTuit Ha Mkane BpEMEHH HMMHUTAUHH. Ilocne BBINOMHEHUA BCEX
ZeHCTRHUIT, CBA3AHHBIX C TEKYLIMM COOBITHEM, MMHTALHOHHAA MOENE “IePENPhIrHBAET”
X IPYToMy cOOBITHIG, KOTOPOE HEHOCPENCTREHHO 3a HUM ciiefyeT. ITo cyTH, mMaTaums
HMeeT MECTO B T€ MOMEHTBI, KOTAd IIPOUCXQIAT COBBITHA.

Kak MMUTaUUOHHOE MOAEIMPOBAHIE OTIPEAEIACT BPEMA HACTYMeHUs codpnii? B
CUCTEME COGHTH}{, CBS3AHHBIE C HPHSBITMGM, OMNPERELIAIOTCA BPEMEHEM MEXAY MOCTYI-
JIEHHAMH KIIHERTOB, & COﬁMTPlS{, CBA3AHHBIC C KX YXOOOM, — BpPEMEHEM OGCH)/)KHBBHI/H.





[image: image25.png]Bpems HacTymnesus 31X COOBITHH MOKET OblTh JETEPMUHUDOBAHHEIM (HanpuMep,
NpUObITHE TIOE30B METPO HA CTAHUMIO KaX(Able WATH MMHYT) HIM  CIYdalHbIN
(Hanpumep, TpubLITHe KINEHTOB B GanK). Ec/u BpeMsa MeXILy HACTYTICHHIME COGRTHI
ABNAECTCA NeTePMHBEMPOBAHHBIM, TO NpOUEayPa OfIPENEIEHIHA BPpeMEHU X HACTYIUIEHHA
npocTa. Ecnu xe VKa3aHHOE BDEMS ABNACTCA C!ly‘iaﬁHblM, TO KCIOJIB3YETCS ChielManh-
Has nPOLeypa AN OTY4eHUs BLIGOPOUHBIX 3HAYCHHI BPEMEHU MEXTY COOBITHAMH 8
CHCTEME, COOTBeTCTH}"O“.lCﬂ 3aJIlaHHOMY BEPOSATHOCTHOMY PacCrpee/ICHuUI0. COHEPX\'E-
Hue TAKOR MPOUENYDH PACCMATDUBAETCH B CHEAYIOMIEM pasene,

-

Cobsmne | Cobsrnie2 CoGrie 3 Cofume4 Cobumaes DR
Puc. 18.4





[image: image26.png]18.5. leHepupoBaHue cny4yanHbiX Yncen

PapuomepHO pachpezesneHsble CilyualiHble qucna u3 wHtepsata [0, 1] urpawT Kmouesyo
POJTB B MOMYHEHHU BEIBOPOK U3 JIKOGOTO BEPOATHOCTHOTO PACIPENENCHIA, MCTHHHEIS CIyHalt-
Hble YHCIa W3 uHTepBana [0, 1] MOKHO reHepupoBaTs UL C TIOMOLIBIO JIEKTPOHHEIX ApHGo-
PoB. Tak KaKk UMHTALUUOHHEIE MOJECTH PEATU3YIOTCA Ha KOMIIBIOTEPE, WCHOALIOBAHHE SJIEK-
TPOHHEIX MPHGOPOB ANA TEHEPALMHM CRyHafiHbIX ¥HCe CAMWKOM Gbl 3aMETMIO NpoLeAYpY
MMHTAUMOHHOTG MOJENHPORaHus, KpoMe TOro, SMEKTpOHHEIE MPHGOPE! AKTHBHIUPYIOTCA CY-
uaitibiM 06pasoM. CreROBaTEABHO, HEBOSMOKHO NO KEMAHMIO BOCIPOUIBECTH OXHY H Ty Ke
TOCIEAOBATENIEHOCTh Cﬂy‘{ai’lHHX upcen. 3T10T q)al('l' qpeanuqaﬁﬂo BaXEH, TAK KaK ANf OTIax-
K, MPOBEPKH 1 YTREPIKACHAST HMUTALMORHOR MOfeNH 4acTo TpeGyerTes gyGNMpoBanue ook
¥ TOH e NOCNEI0BATENBHOCTH CITyHaHHEIX THCE.

B HMMTALMORHOM MOIEAMPOBAHMA CUMHCTBEHHBIM MOAXOIAIIMM METONOM FEHEPALMH
cayqa¥inprx wpcen u3 WHtepana [0, 1] ABNAETCA MeTON, OCHOBaHHBI Ha apudMeTmyeckux
ONEepaLAX. Takue 4KCIa He ABIAOTCH MCTHHHO cnyqaﬁm,mn, TakK KaK OHH MOTYT BBITD onpe-
neneHkl 3apaHee, MO3TOMY MX Ha3bIBalOT ﬂCeBﬂOU‘ly‘laﬁHblMH<





[image: image27.png]HauGosee 4acTo MCTIONBIYETCA MY/bLTHINIHKATHBHLIA METOX CPABHeHUH, KOTOPBIH re-
HepHpYeT clydaiiksie yncna w3 naTepsana [0, 1] ¢ ucnone3opankeM apudMETHIECKUX orepa-
Lwit. B COOTBETCTBHH C STHM METOJIOM NCEBJOCITyHaliHOe YUCTIO R, MPH 3aNaHHbIX 3HAYSHUAX
[APAMETPOR i, b, ¢, ¥ 11 MOXHO BEIMMCIHTE IO CIEIyIoueH GopMyne:

= (b +cYmod(m), 1=12.,






[image: image28.png]Hawaneroe 3naueHHe rlapaMeTpa ug OOBIMHO HA3BIBAIOT HAYAJABHBIM YHCJIOM TeHeparopa
CoydafifbIX $HCEIL. -





[image: image29.png]Mprvep 18.5-1

Hcrons3ys MyJIbTHIMMKATABHLIA METO] CPABHEHMH, CTEHEPHPYEM TPH CIyJaHHEIX
UHCNA NPH CEAYIOUIHX HATANBHEIX JaHHEIX: b= 9, c =5, up=11um =12,

u, = (9x11+5)mod12 =8, R, :% =0.6667,

u, =(9x8+5)mod12 =5, R, x% =04167,

u; = (9x5+5)mod12=4, R, =% =0.3333.





[image: image30.png]KoHkpeTHBIH BLGOD IApaMeTPOR i, b, ¢, u m ABAAETES pelAlomuM GakTopoM, of-
PpeaeoINM CTATUCTHYECKKE KauecTBa reHepaTopa cnyqain-mx YHUCEJI, 2 TAKKE AITHHBL
€ro UKKIa (I'IO OKOHYaHHH LIUKIIA FeHepHpYeMan roclIeA0BaTeRbHOCTE HAYNHAET NOBTO~
pats ceGq). Mcnons3oBanne napaMeTpor, BeiGpadHslX “HaoGyM”, He Oael XOpowero
TenepaTopa CIIyHainbx yncen. HanekHbie reHepaTopht, HapAIy ¢ A0CTATOYHO GOMbIIoH
ANHHOM LKA FEHEPUPYEMBIX ClyualfHbiX YHCEN, AOMKHE! IPOHTUH COOTBETCTBYOMUE
CTaTHCTHYECKHE [IPOBEPKH, 9TOGBI TapaHTHPOBATk PABHOMEPHOE paclpeJeNeHne Ha HH-
Tepeane [0, 1] nonyuewnolt nocnesosatemsuoctH. Ha 310 ycoBue Hyxkuo ofpanars
BHHMMAaHHC [PH HCIIOJIB30BAKHH HENPOBEPEHHOIO IPOrpaMMHOIO ofecnedeHns B Kade-
CTBE reHepaToPa CIyHaiHBIX HHCeN.





[image: image31.png]18.8. A3bIKN NMNTALMOHHOIO
mopenuposaHmns

Peandzalnsl WIMUTAIMORHEIX MOJENEl BreTeT 32 cob0il Ba PasMiHbIX THTA BHIYUCTEHHH:
1) MaBHMY/AUMA PETHCIPAUHEH, KOTOPBIE UMEIOT AENO ¢ XPOHOROIUYECKHM HAKOIIICHAEM H
obpaboTkolt coGLITRIE MO M 2) BEINHCICHUS, CBA3AHKBIC ¢ TEHEPUPOBARMEM CTyJafiHbX
yucen 1 cGOPOM CTATUCTUYECKUX NAKHBIX, OTHOCAIUMXCH K MOfemH. Bolunciers nepsoro Th-
N2 OCHOBBIBAIOTCA HA PA3NHYHBIX NOTMYECKMX METOIAX 06paloTKH CHHCKOB, @ BL{UHCHCHMT
BTOPOTO TUNA OGBITHO OUCHE TPOMO3IKH H 3HHMAEOT MHOTO BpeMEHH. TIpHPONa ITHX BEMUC-
TICRHH JI€TaCT KOMITBIOTED BAKHBIM HHCTPYMEHTOM B DEATH3AUMH HMHTAUKOHRBIX MOLENEH 1,
B CBOWO O4EPElh, CTUMYIHPYET CO3NAHHE CTIENHANMIHPOBAHHBIX A3BIKOB NPOTPAMMHPOBAHRS,
YTO NO3BOJIAET BHUIONHATE 3TH BHYHMCIIEHHS G0siee YIOGHHM h 3Q(EKTHRHEIM CIOCOGOM.

JIOCTYNHEIe S3BIKH AWCKPETHOTO. HMHTANMOHHOTO MORENHPOBARMA JENATCA Ha 5BE OOMS-
I KATETOPHH.

1. Ai3bIKA, OPHEHTHPOBRHKBIE HA MIAHKUPOBAHNE COGRITH.
2. Slabiky, OPHEHTAPOBANHEIE Ha 00paGoTKy IpoLeccos {TIPoneayp).





[image: image32.png]TIpH MCTIONE3OBAHME A3BIKOB, OPHEHTHPOBAHHEIX HA IIAHMPOBAHME COGLITHI, TIONB3OBATEMO
HEOGXONUMO yKa3aTh JSHCTRHA, CBA3AHHBIE C KAXKIBIM COBLITHEM, NPOHCXOAAUIM B CHCTEME,
QAHANOTHRHO TOMY, Xak OHM OmlM TpencTaBNeds! B nprmepe 18.6-1. Ochobhas ponk mpo-
TpaMMbl B 3TOM Clydae CEOOATCS K ABTOMATHIALMH NMPOLECca NOMYYeHUR ChyHakHbX 3navue-
Htl, HMEIOUNX COOTEETCTBYIONEE PACAPENCNCHNE, XPOHOJOTMIECKOMY BAKOILIEHHIO, 06pa-
BoTke COOBITHIE M COOPY AAHHBIX, OTHOCAIIMXCSA K MOJEITH.

[TpoLEAYPHO-OPUCHTHPOBALHKIE S3BIKH MCMORL3YIOT GNOKH (UM Y3/1bI), KOTOPBIE MOKHO CO-
CHHEATH JNA POPMUPOBAHAS CETH, KOTOPAs OTIHCHIBACT MBMKCHNE TPAH3AKLR WK 06LeKTOB
(T.e. KIMeHTOB) B cucteMe. Hanpumep, HauGolee MRBECTHBIMM THIIAMH Y3MOB B MOOOM A3BIKE
HMMUTALKOHHOTO MOAENMPOBAHUA ARJIAIOTCH UCHMOYHUK, B KOTOPOM TPAH3aKLUU CO3NAIOTCA, Oye-





[image: image33.png];#208, THE NPN HEOOXOAMMOCTA OHH MOTYT OKHIATh, W Cepauce:, TS BHITOAHAETCS obcnyxusa-
Hue. Kacmpiii 13 5THX Y3108 IPH €10 ONpeaeNeHiy ofecreurBacTes Beeit HeoGXonsMol HEdop-
Mallbiel, 03B0NOWE BHITIONHAT: HMHTAIHIO ABTOMATHUECKH, Hanpuvep, eclu BpeMs Mexmy
fOCTYIUIEHHAMHU 3aKa30B JUTA HCTOMHUKA OTIPEENEHO, MPOLETyPHO-OPHEHTUPOBAHHBI A3LIK AB-
OMATHUCCKH “3HAET”, Koraa OYRYT UMeTh MeCTo CoDBITHA, CBA3AKHbIC C TPHOLITHEM 3aKa3a. B
TeHCTBHTENTLHOCTH Kak/lbli Y31 MMEET YCTAHOBICHHEIC MHCTPYKLWH, T.6, TOUHO ONPEfeNsicT Kax
1 K020a TPAHIAKHUUH [IEPEMELAIOTCS (10 HMUTAUMOHHOM CETH.

TIpotie IyPHO-OPUEHTUPOBAHHbIE A3BIKH YNPABIAIOTCA TEMA XKe ASHCTBAAMHE, STO M S3BIKH,
OPUEHTHPOBAHHbIE Ha IUIaHUpoBaHue cobwiTuil, OTANYKE COCTOHT B TOM, 4TO 3TH AeHCTBUA
2BTOMATHIHPOBAHL! 1% OCBOBOMICHUA OJB30BATENA OT YTOMMTCIILHBIX BHUHCTHTENEHBIX 1
IOrHYECKRX  JeTalcl. B HEKOTOPOM OTHOWEHUH MOXHO PAacCMAaTPHBATG NPOLEIYPHO-
PUEHTAPOBAHHBIE AILIKM KAX OCHOBAHHBIE HA KOHUCHIMH “9epHOTO SUMKa”, HMEIOLIEro 3a-
AHHbIE “BXOL ¥ “BBIXOA”. DTO 03HAYAET, YTO APOLELYPHO-OPHEHTHPOBAHHBIC A3BIKU IPOCTHL
4 IeTKH B MCTO/B30BAHMM G1aroaaps rHGKOCTH MPOLECC MOXEIKPOBAHMS,

Hanfoaee n3BecTHLIMHA A3LIKAMH HPOTPAMMUPOBAHMA, OPHEHTHPOBAHHBIMH Ha MIIAHHPO-
sarne coOsrThil, senmorcs SIMSCRIPT, SLAM u SIMAN. PasBurue 3THX s3blKOB HA IPOTA-
ACHMH MHOUMX N€T {IPHBENO K TOMY, YTO OHH BEJIOHAKOT W BOIMOMKHOCTH IPOUEAYPHO-
OPHCHTHPOBAHHBIX A3BIKOB. BCe 3TH A3bIKY NO3BONAIOT HOMB3OBATENIO CO3IABATE MOREMH (JIH
X OTHENBHBIE HaCTH) HAa A3BIKAX BHICOKOTO ypOBHA, Takux kak FORTRAN u C, 3r0 Heobxo-
TUMO 118 TOrO, 4TOGEI JaTh BOIMOXHOCTS FOALIOBATENO MPOIPAMMIPOBATE CIOKHBIE JOH-
UeCKHE ONEPAIHK, KOTOPHIE HEBOIMOXKHO HITM TPYIHO OCYIIECTBHTh OGBIMHLIMU CPENCTBAMU

(HX 2361K08, [NABHOM NPWIKHON 3TOrO ABASETCHA OFPAHHIUTENLHAR 1, BO3MOKHO, 3aryTaHHaA
APOUEAYpA, ¢ MOMOMIBLIO KOTOPOW AAHHBIE A3LIKA NEPEMEMIANT TPANIAKLMH (MM OGBEKTH)
MEKTY OYEPEIBIO U CepBUCAMHU, TIPHCYTCTBYIOUIMMHU B MOJIEITH.






[image: image34.png]HEpByIM NPOUETYPHO-OPHERTHPOBAHHLIM AILIKOM ObIT LF5.). ITOT A3BIK, NEPBad BEPCHA
KOTOPOTO NOABHYACH B Hauane 60-X TONOB, COBEPIIEHCTBOBAIICS HA MPOTHKEHNN HECKONBKUX
net, 4106bl YAORNCTBOPUTh HOBHIM TPeGOBAHMAM, CBS3ZHHBIM C MOICIHPOBAHUEM CIOMKHBIX
chcTeM. UToGbt 3P PeKTHBRO HCTIONB30BATH ITOT A3BIK, [0M530BATENO HEOGXOAKMO HACTPOUT
UPHMEPKO BOCEMBIIECAT PAMTMUABIX OMOxoB. HECMOTPA HA MHOrHE COMBl MCIONb3OBAHMS
(3PSS, A3bIK BCE EUIC UMECT HCKOTOPRIE TPYAHO OULACHHMBIE OCOGEHHOCTH MONENMPORAHUA.
TIpEMEpOM MOKET CYXHTh HEOOXOAHMOCTE ANMPOKCHMEPOBATH HENPEPhIBHbLIE PAcTIpesene-
HAA BEPOATHOCTe! UX KyCOYHO-THHEHHEIMH 2HANOTaMK. CNPABEANHBOCTY PAIH 3aMETHM, UTO
HEKOTOPHIE TIOCHCAHHE BEPCHH ITOFO A3BIKA OOECIIEYMBAIOT BOIMOXKHOCTH MCNONE3OBAHMA K
RenpephIBHLIX pacnpesereHuit (HANpUMep, 3KCTIOHEHUMANLHOTO M HOPMATBHOTO). ONHAKO ApK
HMEIOUIUXCH TPOMAJHEIX BO3MOKHOCTAX COBPEMEHHBIX KOMITLIOTEPOB TPYAHO MOHATH, TOYEMY
TaKOE MPENATCTRUE NPOJOMKAET TAK JIOJITO CYIIECTRBOBATS.

Jpyro# npoLenypHO-OPHEHTHPORAHKEIH A3bIK IIPOTPAMMUPOBAHMS, UMEHYeMbilt SIMNET
It, pazpaGoTaH ins HeNOCPEACTBEHHOTG MOAEMUPOBAHUA clokHbIX cnTyanuit, SIMNET 1T we~
TIONE3YET TPH THIIA Y3NOB: UCMOUHUK, KOTOPBIH FEHEPHPYET 3aKashl, ovepeds, INie 33Kashl MO-
TYT OXHIATh, U cpedcmeo obcayxcusanus, TAE BHINONHACTCS oBcayxkuBanue. B 3T0M azbixe
BMEETCI €LIe 9eTBEPThI donorHumensreiid T y30a, KOTOPBIHA paccMaTpUBaeTcst Kak CpencT-
BO OBC/TYKMBAHHA HEOTPAHKMCHHON EMKOCTH, 4TO NMPH3BAHO YCHIUTH MOJENUPYIOUIME BO3-
MOMKHOCTH S3bIKa.





[image: image35.png]18.9. 3aknioueHne

HMuraunonioe MOREIHPOBAHUE NPEACTARNACT COGOH ROCTATOURO THOKUH HHCTPYMEHT HC-
CenOBaHNA, KOTOPBIN MOKHO 3(dEKTHRHO UCIOIb30BATH fPH aRANH3E CTOKHBIX cHcTeM. Ero
HENIOCTATOK COCTOHT B TOM, 4T JEOGOH Pe3ynsTaT, NOMyHERHEN NPY UMHTALHOHHOM MOJENH-
POBAHMH, NOABEPKEH IKCICPUMESHTATDHEIM omubKam M, CJIEA0BATENLHO, JNOJDKCH BHTEpIIpe-
TUPOBATLCA YEPE3 MPH3MY HALICKAIMX CTATUCTHYECKHUX TECTOR. B cuay cneuuquecl(oﬁ
npHpOAb HMUTALIMOHHOTO MOJENNPOBAKNSA 32Ja4a TOMyMeHHS HalmoneHHl, KOTOpsIe ABas-
HOTCH OAHOBPEMEHHO HE3ABHCHMBIMU M PEIPEIEHTATHBHLIMMY B CTALHOHAPHBIX YCNOBKAX, A0C-
TATOUHO Tpyana, TeM He MeHee, HCDOMb30BAKKE CISHUHANBHBIX METOAUK cO0pa NAHHBIX f03B0-
NAET CMATIHTD 3TH TPYAHOCTU.

Bee A3LIKH NPOTPAMMUPORAHNA, OPHEHTHPOBAHHBIC HA DEINCHHE 3aad MMUTALMOHHOTO
MONENTYPOBAHNA, OIEPHPYIOT NOHATHEM COGBITHR TIpH MOCTPOEHHH MMHTAUHORHOM MoJeH.
SA3BIKH NPOTPAMMUPORAHHAS, OPHEHTHPORAHHEIE HA TUIAHHPOBAHME IUCKPETHBIX COOBITHI, Go-
Tie€ CROXKHBI B MCHONb3OBAHMH, YEM MPOLIETYPHO-OPHEHTHPOBAHHDIE AIBIKH.
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