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NPEAUCNOBUE

B HacToAwee BpemA B cBA3W C WHUPOKUM UCNONL3OBAHUEM MaTEMaTUYECKOro
MOAENNPOBaHUA NPU UCCNeaOBaHUM U pa3paboTke GONbLIMX CMCTEM Benuka no-
Tpe6HOCTL B METOAWYECKON NMTEpaType N0 CO3ABHWI0 WMUTALMOHHLIX MOAENEH.
Mpy OTCYTCTBUM ONLITa B CO3RAHMM U UCNONLIOBAHWM MoOgenei GOMBbLINX CUCTEM
Pa3paboTyMK MOXKET NoNacTL B BECtMa 3aTpyAHUTENsHOE NonoweHve. He HaxoAA B
nuTepaType MeToAUYeCKUX peKoMeHpauni No paspaboTKe MOAENEN, 38 VCKIYeHU-
eM NOoruYecKu MOCTPOEHHLIX PETPOCNEKTUBHBLIX UX ONUCaHWA, UCCrenoBaTeNlh MO-
WET MPeanonoxuTs, Y4To 3To — aeno npoctoe. Koraa e oH yBexxpaeTcA, 4To Ha
NpakTuike BCe He TaK, KaKk rOBOPUTCA B 3TUX ONUCAHMAX, OH WUCMbITLIBAET pPasaua-
poBaHue.

B naHHOM nocobuu ocHoBHOE BHMMaHMe YAenAeTcA npobneme nocTpoeHwA
MMUTALMOHHLIX MOogeneit 6onbwux cucTem. B oTaudue OT 6ONBLWMHCTBA KHUC Mo
MOAENNPOBaHWIO B AaHHOW PaboTe He NPUBOAATCA MHOT OMUCTIEHHLIE NPUMEPB! MO-
Aenen. BecbMa TPyAHO HayYWTL CTPOUTH UMWTAUMOHHBIE Moaenu Bonbunx cuctem
Ha MHOXeCTBE NPUMEPOB NPOCTeux Moaeneid. 103TOMy aBTOpP OrpaHUMMNCA UR-
NOCTpauMen paccMaTpuBaeMsiX B KHUMe BONPOCOB HA OAHOM AOCTATONHO CAONHOM
Moaenw,

MNpeanonaraetcA, 4To YyuTaTens 3HaKOM C Teopuen BEepPOATHOCTER, MaTemaTu-
YECKOW CTaTUCTUKOW 1 OCHOBaMM fporpammupoBaHua Ha 3BM. AeTop npeanaraet
PAL pexomeHaauwii no dopManusauny Bonbuwiol cucTembl. B KavecTpe MerToaono-
rvieckon 6asel ANA onwucaHWA CUCTEMBbI BuI6paH NpoueccHbI NOAXOA, NO3BONAK-
WKW HEMOAr OTOBNEHHOMY YNTaTeNlo nerye OCBOUTS Nepexon OT ONUCaHUA K UMUTa-
UMOHHOW Nporpamme. 3Ta MeToaANKa MNACTPUPYETCA Ha NpUMepe MoAenUposaHuA
BbI4UCINTENLHOW CUCTEMDbI.

MNpeanaraemoe nocobue npeacrasnAer NONLITKY NMOMOYbL CTyAEHTaM, cheuma-
AnsnpylowmnMca B 06nacTy MMUTaUUOHHOrO MOAENUPOBAaHUA, OCBOUTH Heobxoau-
MbI1 MUHUMYM HaBbIKOE NO OPraHW3auvu MoaenbHOro akcnepuMmerTa Ha IBM. Mo-
cobuve npenHasHayeHo ANA CTYAEHTOB BY30B cneyvaneHoctel “‘MpuknagHan marte-
MaThia' 1 "ABTOMaTUYECKUE CUCTEMbI YrIpaBneHuA' . QHO 6yner Takke noneaHbim
aCNuUpaHTam, nHXXeHepam W Hay4yHbIM pabBoTHuKam, pabaTarowumM B 061acTm npoekx-
TUPOBAHUA BONLWKUX CUCTEM.

ABTOp BbIDAKAET WCKPEHHIOW NPU3IHATENLHOCTH peueH3eHTaMm — O-py TexH.
Hayk, npod. .U.Hosukosy, a-py TexH.Hayk, npod. 10.M.3akveHko 1 konnekTu-
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1. MATEMATUMECKOE MOAENWUPOBAHUE HA 3BM

1.1. XAPAKTEPHbIE OCOGEHHOCTH 5OMNb KX CUCTEM

B peayneTaTte HAYYHO-TEXHWUYECKOW pesonouvu B03pacTaeT CNOXHOCTL MHXKE-
HeprIX CUACTEM, noebliuaeTca 6bICTpOAeﬁCTBMe TexHonor niecKmnx arperaTtos, pac-
TeT ypoBeHb MexaHnu3auuu Tpyaoemknx pabot v agTomarv3auuy ynpasnenus, pac-
WUPAIOTCA Cheuuanu3aunn U KOoOnepuposaHne npeanpuATWA, CO3AAIOTCA aBTOMa-
TU3NPOBaHHBLIE CUCTEMbI ynpasneHuA (ACY) Ha 6a3ze aBTOMATUKWN, TenemMexaHukm,
3NeKTPOHUKWA W 3NEKTPOHHBIX BblYNCNUTENbHBIX MalWnH (3BM) . Mpwn npoeKTUpo-
BaHWW YNOMAHYTbIX CROXHBIX 06beKTOB BO3HUKAKT 3aaadu, Tpebytowme uccneao-
BaHWA KONWYECTBEHHbIX 3aKOHOMepHOcTel (BYHKUMOHNUPOBAHNA 3Tnx 06beKTOoB.
B apcexane co3naTteneh HOBOW TEXHUKU AfA pelweHnA Takux 3aaau UMEIOTCA pacueT-
Hble ¥ 3IKCNEPUMEHTaflbHbie METOAbI. Do nocneaHero BPEMEHW K pacyeTam He
npeABbABAANNCH Tpe6oBaHnA ocobeHHo BLICOKOW TOYHOCTW, NOCKOALKY nOrpeL:-
HOCTb BLIYACAEHUA KOMNeHcupoBanach yBenuueHnem obnema HaTypHOro akcnepu-
MeHTa, CO3adHUeM PAAE ONbITHbIX 06pa3uoB8 NPOEKTUPYEMOra vagenua 1 'nosoa:
KOiA” ero B pe3ynsTaTe MHOMOKPaTHbIX popaboTok.

Mepexoa K HapOAHOXO3ANCTBEHHBLIM, Komnnekcam Gonbworo macwraba KO-
AM4ECTBEHHO MEHAET OTHOLIeHWe MEXIY pacueTHbIMY METOAAMW ¥ HaTypHbIM 3KC-
nepumenToM. Ucnone3oseanie HaTypHOro 3KcnepumenTa AnA noBOAKKN' NPOEKTH-
pyeMbix 06beKTOB CTAHOBUTCA HeBO3MOXHbIM M3-33 KONOCCAnbHOro pocTa 3aTpar
BpeMeHW 1 CPeacTB. 370 TpebyeT He TONbKO NOBbILLIEHUA TOYHOCTH N3BECTHLIX NPK-
eMOB MHXEHEpHOr 0 pacyera, HO U aHAYUTENLHOr O PaclimpeHinA Kpyra ucnonb3ye-
MbiX METOAO0B, 0COBEHHO MaTeMaTuiecKkoro MOAENUPOBaHWA.

OTMETMM HEKOTOpbIE XapaKTepHbIe 0cOBEHHOCTU BOMbLIMX CUCTEM: Hanuiue
60nbWOro Yucna 3NeMeHTOB; CNOXKHBIM XapaKTep CBA3eN MeXXAY 0TAENbHbIMU ane-
MEHTaMy; CNOXHOCTb IYHKUUA, BBINONHAEMBIX cUCTeMOi; Hanuuue ynpasBneHuA,
KaK NPaBUno, CNOXKHO OPraHM30BaHHOTO; HeobXxoaANMOCTb y4eTa B833aMMOAENCTBUA
C OKpYy)Xatowen CpeAoi 1 BO3AEHCTBUA cnyualiHbix hiaKTOpOB; BbLICOKAA cTeneHb
asTomarusauvun paboT B cucTeme U npumenerne IBM 8 kavecTae OCHOBHOr O ynpas-
nAioWeEro 3seHa. 3T ocobeHHocTH Gonbwmux cuctem TpebytoT n,nnl UX UCNONbL3OBa-
HUA ¥ pa3paboTKn NPUMEHEHNA MaTemaTMuecKoro MoaenupoBaliA Ha 3BM. Umn-
TUpYA noseaeHne wacTei cnoxHoro obvexkTa ¥ Mx B3aMMOAENCTBUE C YUETOM BAN-
AloUMX (GaKTopoB K B YCNOBWAX, Bavakux K peanbHbiM, IBM BbiHucnAeT nmobbie
xapaKTepucTukn 06beKTa, npeaycMOoTpeHHb1e Nporpammon UccnepoBaHuA. Mare-
MaTHHeciKoe MOAENUPOBaHVe NO3BONAET pewaTs WCK MOYNTENBHO CAOXHbIE 334a4K,
TaK KaK WCCrNeayemaR cuUCTema MOXKeT COAepXaTh anemeHTbl HENPEPbIBHOrO W AUC-
KpeTHOro AeNCTBUA 1 NOABEPraeTCA BAVAHWIO MHOMOYUCAEHHBIX cny4aiHbix dakTo-
pos.

1.2. KNACCUOUKAUUA MATEMATUYECKWKX MOAENEA

MaTemMaTudeckue MOAENA MOXHO KNaccnUMpOoBaTh MO PA3NVNHLIM NPUIHA-
xam. Ecnn ucxoants w3 COOTHOLLIEHNI, KOTOpbIE BbIPAKAOT 3aBUCUMOCTH MEXAY
COCTOAHUAMU ¥ NapameTpamn 60nbLION CUCTEMbI, TO Pa3NU4aI0T MOAENN:

1) derepMuHuCTUYECKUE — KOTAa NpW COBMECTHOM PacCMOTpeHUW 3TUX CooT-
HOLLEHWA COCTOAHWA CACTEMbI B 33/1aHHBIA MOMEHT BPEMEHU OAHO3HAYHO onpeae-
NAIOTCA 4epe3 ee NapaMeTphl, BXOAHYIO uHoPMaLMI0 U HawanbHbIe YCNOBWA;
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2) sepoATHOCTHbIE (cToxacTuveckue) — KOrAa ¢ NOMOLLLIO YNOMAHYTbiX COOT-
HOLWEHUA MOXKHO onpeAenuTy NULWLL pacnpepaeneHuA BepOATHOCTEW ANA COCTORHWA
CUCTEMbI, eCNU 3aAaHbi pacnpeseneHNA BePOATHOCTEW ANA HayanbHbIX YCNOBWM, ee
napameTpos u BXOAHOW wHdopMaunn. :

Ecnn npn knaccudmkaumn McxoanTs M3 cnocoba AansHelwero uCNonbaoBaHnA
MaTemMaTH4ecKon MoAenn AnA N3yvyeHuA 6onbion CUCTEeMbl, TO MOoAenn MOXHO
pasaennTe Ha aHaNUTUYECKNEe N UMUTaLWOHHbIe. ’

AnA ananutudeckux modenel xapakTepHo, 4TO npoueccsl iyHKUMOHUPOBaHUA
3NeMeHTOB CIOXHON CUCTEMBI 3aNUCBIBANTCA B BUAE HEKOTOPLIX (PYHKUNOHANbHBIX
COOTHOLWEHWA (anreGpaMyeckux, uHTerpoautdgepeHuManbHbix, KOHE4YHO-Pa3HOCT-
HBIX U T.N.} WNWM NOrMYECKWX yCnoBU. AHAaNUTUYECKAR MOLENb MOXET WCCNENO-
BaTbCA OAHMM U3 CREAYIOWNX CNOCOGOB: aHaMUTUYECKUM — KOrAa CTPEMATCA NoAy-
YnTb B 06LLEM BUAE ABHBIE 3aBUCUMOCTM ANA WCKOMbLIX BEMWMUH, YUCAEHHBIM —
KOraa, He nMeA BO3MOXHOCTM pellaTs UMeoLLMECR ypaBHEHNA B o6wem Buae, Bce
XK€ MOXHO MOoNy4YuTb YUCNOBbLIE PE3YNbTaThl NPU KOHKPETHBIX HauanbHbIX AaHHbIX;
KayeCcT8eHHbIM — KOrfaa, He UMeA pelueHWA B ABHOM BUAE, TeM He MEHee MOXHO
HalTW HeKOTOpble CBOWCTBA PelEeHNA, HanNpUMep OUEeHWUTL YCTOWYUBOCTL ero.

B nocneaHee BpemA LUMPOKOe pacnpocTpaHeHve AOAY4UNO MOAENUPOBaHME
npoueccos Ha 3BM. 3Tu MeToAbI MMEIOT CBOW OCOBEHHOCTN: BMECTO aHaNWTUYECKO-
ro cnoco6a WCCNEAOBAaHUA MOAENN WCTIONL3YETCA anrOPUTMUYECKOE OnvIcaHUe Npo-
uecca ee yHKUMOHUPOBAHWA.

Hanbonee nonHoe, a B HeKOTOPbLIX CNYYaAX W UCHEPNLIBAKOWEE UCCNEAOBaHME
MOXHO NPOBECTU B TOM CNy4vae, eCAM NOMYYeHb! ABHbIE 3aBUCUMOCTY, CBA3bIBa0-
wre UCKOMbIe BENUYUHLI C NapameTPaMu CUCTeMb! U HavyanbHbIMU ycnosuamu. Og-
HaKO X YAAETCA NONYYUTb UL ANIA CPABHUTENLHO MPOCTLIX cucTeM. MocKonbKy
06lWan cMCTeMa OCTaTONHO CNOXKHAE, aHANUTUYECKOE MCCAea0BaHMe HAaTaNKUBAeTCA
Ha 3HauYMTENbHbIE, a 3a4acTylo M HeNPeoAonUMble TPYAHOCTW. MoO3ToMy, CTpemMACh
BCe XKe NONy4nTh aHaNUTVYECKOEe PeLUeHWe, HEPEAKO WAYT Ha YMbILWEHHOe YNpo-
WeHWe NepBoHa4anbHoON MOAeNH, YToBbl UMETb BO3MOXKHOCTb M3Y4UTb HEKOTOPbIe
obume cBOACTBA CUCTeMBbI. B OTAENLHBIX CAYYaRX WCCNEAOBATenA MOryT yaoBneT-
BOPUTL W Te BblBOALI, KOTOPLIE MOXHO CAENaTh NPW KavecTBEHHbIX METOAAX aHanu-
3@ Marematnyeckoin Moaenn. A NONYYEHUA aHaNUTUYECKOrO PELLEHUA Pa3ANYHBIX
TUNOB YHKUNOHANbHLIX YPAaBHEHWA CO30aH MOLWHBIA MaTemaTuyecKui annapart
(anrebpa, dyHKUMOHANbHBLIA aHanu3, TEOPUA U MeToabl pewweHuA auddepeHLnans-
HbiX, UHTErpanbHbIX W PAa3HOCTHLIX YpaBHEHU, TEOPMA BEPORTHOCTHLIX NPOUECCos
MT.A.). .

Ecnu uccnenyeman cuctema noctatouHo crokHa, To Paaun NONyYeHUA aHaNUTU-
YECKOro peleHunn 3afia4y Mbl BbIHYXAEHbI HAaK NaAbIBATL KECTKUE OrpaHUYeHNA Ha
ee Mmogent U npuberath K ynpouieHUAM. Mpu 3ToM NPUXOANTCA npeHebperarb HeKo-
TOPLIMY OCOGEHHOCTAMM CUCTEMBI, OTYErO CO3AaHHaA MOAENb yXe nepectaer 6biTh
CPEACTBOM u3y4eHUA paccMaTpuBaemoil Gonbwoit cuctembl. U Bee e 4acTo cTpe-
MATCA K NOCTPOEHUO TaKOW aHaNUTMMECKOW MOAenM, KOTOPaA o6ecrneynBaeT XoTHA
v rpyGoe, HO NPOCTOe U ROCTATOYHO yAO6HOE pelueHue paccmaTpuBaeMon 3apayun.
OHO 06LIMHO MCNONL3YETCA KAK OPUEHTUPOROHOE A0 nonyvexuA Gonee TouHbIX pe-
WeHWA ApYTrvMKY MeTOAAMWN. YHUCNIeHHbIe METOALI NPUMEHUMBLI K 3HauuTensHo bonee
WUPOKOMY Knaccy iyHKUMOHAaNbHLIX YpaBHEHWH, OAHAKO MONyYeHHble peweHun
HOCAT YacTHLIN XapaKTep, M He BCErAa ecTb BOIMOXKHOCTL N3BAEYL U3 HUX BbIBOAbI
obwero xapaKkTepa.



B 3aBUCMMOCT® OT UCNONL3Iyemoro MaTemMaTHecKoro annapara u npumMense-
MbIX METOAOB (hopmanusauni pasnuyaoT CNEAYIOLME BUABI aHANNTUHECKUX mope-
neii: marematuyeckou Pu3uKu, MaTeMaruyecKo20 Npo2pamMupOBaHun, ceTeaozo
nnaHuposaHur, Maccoeozo 06CyMUBAHUA, U2p0OBbLIE, KOHEYHbLIX aeTomaroe  wm
T.4.

B uMUTayUOHHBIX MOOENAX MOAENUPYIOWNA anr OpUTM npubanxeHHo BOCNPO-
W3BOAWNT Cam MPOLECC-OpMFVHAn 8 CMbicne ero hyHKUMOHUPOBaHWA BO BpeMeHH,
NPUY4EM MMWTMPYIOTCA 3NeMeHTapHbIe ABNEHWA, COCTABNAtOULIME NPOLLECC, C COXpa-
HEeHWEM KX NOrM4ECKOW CTRYKTYPbI U nocneaoBaTeNbHOCTN NPOTEKaHWA BO Bpeme-
. CyLLHOCTs PaccMaTpuBaemMoro mevoaa MOAenUpOBaHnA COCTONT B peanvsauuu
Ha JBM cneuunansHoro anropuTMa,KOTOPbIA BOCNPOM3BOAWT thopmanusoBaHHbI i
NPOUECC CNOXKHON CUCTEeMb. Mogaenvpylowmnin anropuTm No3sonAeT no NCXOAHBIM
A2HHLIM, COAEPXaunM’ cBeleHnA o HauanbHOM COCTORHWUK Npouecca (BXORHOW WH-
cdopmaunu) 1 ero napameTpax, NONYYUTL UHHOPMALWIO O COCTOAHWAX npouecca B
NPoVW3BONbHbIE MOMEHTbI BPEMEHN.

B mopenupyiouiem anropuTMe MOXHO BblAENWUTL TPW OCHOBHbLIX Tvna noaan-
FOPUTMOB, BbINONHAICUIMX OAHY W3 cneayrowmux hyHKuMA: MOAeNUpoBaHUe KaKo-
ro-nmbo 3nemeHTapHoOr o noanpouecca uccneayemoro npouecca; y4er B3aUMOAeN-
CTBUA 3fEMEHTapHbIX NOANPOLECCOB U o6beAMHEHNE UX B EAUHbIA NPOUECE; o6ec-
MevyeHve COrNacoBaHHOW paboTsl OTAEMbHbIX NOAANrOpUTMOB NpU peanvuaaunun mo-
aenv Ha IBM.

BnuAHue cny4anHbix (pakTOpOB Ha TeveHme npouecca MMUTUPYETCA C NOMOLLLIO
CriydaiHbiX Yucen C 3aAaHHbIMU UK gbipabaThiBaeMbiMi B MpoLUecce MoAenupoBa-
HUA BEPOATHOCTHBIMYW XaPaKTepUCTUKAMU.

WUHdopMaurR 0 COCTORHWAX NPOLUECCa, nonyyaeman B pe3ynbTaTe paboTtel MO~
AENVPYIOWEro anfopuTma, AOMKHEIM obpazom obpabateigaetcA U ncnons3yevca
ANA peLLeHWA NMPaKTU4ecKnx 3anad. NieR WMUTALUOHHOrO MOAENUPOBaHWA BecbMa
npvenexaTensHa 6naroaapA ceoen npocTtoTe. [10aTOMYy METOA WMUTAUNOHHOMO MO-
AeNVMPOBaHUA CTPEMATCA NPUMEHATL ANA pelleHMA WUPOKOro CrexTpa 3aaay, oco-
6eHHO B Tex Cny4aAx, Korpa apyruve cnocobbl HeadeKkTuBHBI. PaccMOTpUM Npume:
pbt Haubonee ynoTpeBuTtenbHbix aHaNUTUUECKNX U UMWUTAUMNOHHbIX mopener u Ha
3TON OCHOBE OMpPEeAeniM CYLLHOCTb MOAENMPOBaHUA HA ABM npw uUcnosib3oBaHuK
0BOMX TUNOB MaTEMaTUYECKUX MOAETIEA.

1.3. AHANUT UMECKUE MOAENHK

1.3.1. Moaenv hH3avueckux ABJEHWA

Mpu v3yueHun (BUIMYECKONO ABMEHMA C NOMOUILIO METOA3 MaTeMaTUYECKOr O
MOLENVPOBaHNA HEOBX0AMMO B NEPBYI0 O4epeab CO3AaTL Ero mMaTemarnyecKkoe onu-
CaHNe — MATEMAaTMYECKYH MOAENb, MaTeMaTnieckan MOAENL NO3BONAET nopo6patsb
anA AaHHoro ABNeHnA Ha OCHOBaHUN n3igecTHbIX aHaﬂOFMﬁ COOTHOLUEHWA B8 ABHOM
aune (uaue Bcero auddepeHumnansHsie ypaBHEHWA) MEXAY XapaKTepuCTUKaMK AB-
nerua. pUMepom TaKoM aHanor U MOTYT CNYXUTh rapMoHnuecKue KoneatuA. B
camom faene, nycTe £ (t) — OTKNOHeHWe LEHTPa MacC NPYXMHHOMO ManTHUKa oT
NONOXKEHWA PABHOBECUA B MOMEHT Bpemenu [ ; /M — ero macca; WE(t) — cuvna,
AEVICTBYIOWIAR HA MAATHUK CO CTOPOHBI NPYXWUHbI (¥ — %ecTKOCTb NPYXKWHbI) .
Toraa ypaBHeHne KonebaHnA MaRTHUKA UMeeT BUA md2£(t) Jdt 2= ¥ (t).
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O6o3nauve ¥/m = wg m £(t) =z , moxem 3anucatb ero B o6wen opme
ypaBHeHuA cBOGOAHLIX KoneGaHui: d?2/d? - wgz =0.

PaccmoTpum Tenepb cBo60AHLIE KoneBaHVWA B aNeKTPUYECKOM KOHType. Ecnu
0603HauYNTL eMKOCTE KOHAEeHCcaTopa Yepe3s C , ero 3apRil 8 MOMeEHT BpeMeHu I ue-
pes g (t), a HAYKTUBHOCTL KaTywwsKu Yepez L , To ypaBHeHune konebaHuid 6yaet
MMeTb BUA Ldzq(t) /dt? + q(t)/ C = 0. Beean o6osHaveHua: 1/(LC) = wg ;q(t)=
= Z , Mbl NpUAEM K ypaBHeHuto cBoBOAHLIX KonebaHwni.

WTaK, 3aKOHOMEPHOCTH, CBOMCTBEHHbIE KOonebaTensHOMY KOHTYpy (Hanpumep,
3aBUCUMOCTb aMNIMTYALI U HacToTbl KoneGaHwi o1 ero napametpos L v C ), Mox-
HO 13yyaTe Ha MOAErH, NPEACTABNAKLWEN NPYXUHHBIA MaATHUK. B MoaenAx aaHHo-
ro Knacca npouecc, KakK MpaBuvfo, OnNMcbiBaeTCA cucTemon AuvddepeHuuansHbixX
ypasHeHui. B 3aBMCHMMOCTH OT CNOXHOCTU MOAENMPYEMOro npouecca ANA pa3nuy-
HbIX BapvaHTOB8 MOAENNPOBaHWA MONYYaloT peweHve Nubo aHanuTudeckoe, nubo
yucneHHoe. B OCHOBHOM 3TV MOAENU NPUMEHAKITCA NPY BbINONMHEHUW TEXHUYECKKUX
pacueTos.

1.3.2. Mogenn maTemMaTMHeCKOro NporpaMmMmpPoOBaHUA

B camom o6wem cnyvyae Mogeny 3anay MatemaTMHecKOro NporpaMmupoBaHnA
WMEIOT_creayrownA BuA: HallTu maxE = f(x,y) npw orpaHwienwrx: g, (x,y) <b,,
i=1,m,rpe £="f(xy) — uenesan cyHKumA (Noxaszarens 3PPeKTUBHOCTU) Cu-
CTEMbI; X, Y — BEKTOpPbI COOTBETCTBEHHO YNPaBfAeMsIX W HEeyNnpaBNAeMbIX nepe-
MeHHbIX; g, — MyHKUWA noTpebneHwA /-ro pecypca; b; — sennuwHa /-ro pecypca.
AnA HaxoxaeHMA ONTUMAaNsHOrO peLleHWA A3aHHON 33ayn B 3aBUCMMOCTU OT BYAa
CTPYKTYPb! Ueneson pyHKUNMU U OrpaHUYEHNIt UCMONB3YOTCA:

AuHeldHoe npozpammuposarue, ecnn f(x, y), q.(x, y), i = 1, m, nvHeliHbl oT-
HOCUTENBHO NEPEMEHHbIX X |

HenuHedHoe npozpammuposarue, ecan f (x, y) nnu q; (%, y) HenuHe#Hbl OTHO-
CUTENBbHO MEepPEMEHHBIX X ;

Quramuveckoe npozpammuposarue, ecnn uenesan pyHkuma f(x, y) umeer
CneuuansHy CTpYKTYpY, ABNARCL aAAUTMBHOW UK MY NLTUNIMKATUBHON PyHKUM-

et oT nepemMeHHbIX x (yHKumA apavTusHa, ecnu fix. . ..., X, ) = Zfl. (x’.);
GYHKUMA MYNLTUNUKATMBHAE, ecnv (x1 e Xy ) = nfl. (xi ));
260METPUYECKOE NPOZPAMMUPOSAHUE, ECTIM UENEBaR MYHKLWA f(x) y orpanu-
ueHnR g, {x) npeactaBnAOT hyHKUWM-NONUHOMBI q,(x) =% cl.x1’1. ...-xn'” . Ma-
TeMaTU4eCKan MOAEeNb 3a4aiv B 3TOM Cny4ae 3aNuCLiBaeTCA B Buae
; %1 %2 %n
min ¥ X' xy S X
ielfoy ' n
npv ycnosuax:
— a. a. aQ,
g, x)= 2 i %2 in s T
k et k%1 KXo e e X S k=1.p,

rae 0] = (m0 , m0+1, no); k)= (mk, m+1, .., nk) ; mk+1=nk+1; m0='1 :
n =n,
P
Croxactuyeckoe  Npo2paMmupoeaHue, KorAa BeKTOp HeynpasnAeMeIX nepe-
MEHHBIX Y CAyyaeH: '

max M E=M {f(x y}



npu orpaHudeHuAx: M {qi (x,y)} <b,, i =1,m, uwm BEPORTHOCTHbIX OFpaHnye:

wwax: p(q; (x, y) <biy} 21-¢ , i = 1,m,rpe M_— matemaruyeckoe 0OXuAa-

Hve no y ; p{q; (x) < b} — BepPOATHOCTL TOrQ, 4TO BLINONHABTCA YCNOBWE §; x) <
<b;;

OUCKPETHOE NPO2PaMMUPOBEHUE, ECAIN Ha NepemMeHHbie X, HanoxeHo ycnoeve
AUCKPETHOCTW (Hanpumep, UEAOUNCABHHOCTH) : X, — Uenoe 4ucno; j = T_n1 <

38PUCTUYECKOE NPO2PAMMUPOBAHUE, NPUMEHREMOE ANA pelseHuA 3anad, B KO-
TOPLIX ‘TOUHBIA ONTUMYM HEWTU aNFOPUTMUYECKUM nyTeM - HEBO3MOXHO U3-38
OrPOMHOFO Y¥CNa BapvaHToB. B Takom cnyyae OKa3wiBaloTcA OT NOMCKa ONTUManb-
fioro peuseHNA v OTBICKUBAIOT AOCTAaTOYHO YAOBNETBOPUTENEHOE. Mpwn 3TOM nonk-
3YIOTCA CNeuManbHbIMY NPUEMaMN — 3BPUCTUKAMU, O3BONRIOLINMU CYLLECTBEHHO
COKpPaTUTh YUCNO MPOCMATPUBAEMbIX BapUaHTOB.

Pas6epem ABa NpUMEPa MOJLENel 3aAa4 MaTemaTN4eckKoro NporpaMMupoBaHUA:
pacnpeaeneHuA PecypcoB M HaXOoXAEHWA anropuTma Habopa BbICOTbl U CKOPOCTU
CaMONETOM.

MNepBan Mopens NPEACTaBRAGT 3aAa4y NUHEAHOro NPOrpaMMMpOBaHUA, nocta-
HoBKa KOTOpPON hOPMYNUPYETCA Cneaylownm o6pasom: npeanpuaTve BbiNycKaeT
HEOAHOPOAHYIO MPOAYKUVIO, PYKOBOAWTENL ONPEAENAET YPOBHU NPOU3BOACTBA B
TeyeHne HeKOTOPOro Hanepea 3anaHHor o nepuoaa.

O6bemM NPoAyKuvM 0603HAYWMM 4epes X, ; AOXOA C eAVHULL! NPOAYKLWAW (s
py6.) uepes c; . MpeanpuATHe BbINYCKaET ABa TUNA NPOAY KUWK: A unB , KaKAbIH
U3 KOTOPbIX MOXET 6biTh MOAY4EH C NOMOLLLIO OAHOMO U3 ABYX TeXHONOrM4eCKNX
npoueccos j . Pacxofbl, CBA3aHHbIE C KaXALIM TEXHONO MMECKUM npoueccom, onpe-
AeNAIOTCA: TpyAo3aTpatamu a; , KONW4ECTBOM Kunorpammos b, notpebnremoro
Marepuana y , KOMVMECTBOM eAVHWLl dj notpebnaAemoro matepuana z . Bcero B
HANWYUN UMeeTCA: TPyAO3aTpaT — A , MaTtepwana y — B, matepwana Z — D . ¢op-
ManLHO 3a4aya 3aNuChiBaeTCA Creaytolmm obpasom:

max(c,x, + CoXy + CaXg+ c4x4)
NpY Or paHUUEHWUAX:

8 Xy +8yXy ¥ 83X3 + 34X,y <A ;

b1x1 + b2x2 + b3x3 + b4x4‘<B :

dyxq + d2x2 + d3x3 + d4x4 <D;

x1>0; x2>0; x3>0; x4>0.

[NA peleHVA 3afa4y MAaKCMMU3aLMK C NOMOLLbIO NMHEAHOW MOAENW MCNONb-
3yeTcA CneuwansHan Npoueaypa — CUMMNNeKc-meToa, CYLIECTBEHHO COKPAaLIaIOLLUA
uncno nepebopoe. fuHerHble ONTUMU3AUUOHHLIE MOAENH NpeacTaBNAOT MaKPOMO-
Aeny NPOU3BOACTBA U CNyXaT ANA CTpaTernuecKoii oueHKky BoI6opa PyHKUUMOHWPO-
BaHWA OTPacnNU UAK rpynnel npeanpuATWA. OcoBoe pacnpocTpaHeHne OHW nony4nu
8 3KOHOMMKeE. ONbIiTHLIA PYKOBOAUTENb, HCNONB3YIOWMIA NPU PelleHuy 33434 opra-
HU3aUWOHHOr O YNPaBNEHUA NUHEAHbIE MOAENH, PEAKO NOBONLCTBYETCA NUWb 3HA-
YeHWAMW YNPaBNAEBMbIX NepemeHHbIX, NPU KOTOPbIX pocTuraetcA onTumym. Ouers
4acTO OH XOMET 3HaTb, B KaKOM WHTepBane MOXHO MeHATL BXOAHbIE napameTpo) 6e3
CYLLECTBEHHOr O OTKNOHEeHUA OT HaigenHoro ontumyma. O6b14HO pewaloTea cneay-
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ouMe BOMNPOCh!: OCTAHETCA NK pelleHWe ONTUMAaNbHbIM, €CNKU YMEHLLLUUTCA yAenb-
Hbi BKNag B8 Npubbinb OAHOW M3 NEPeMeHHbIX MOAENM; K KaKuMm MOCNeaCcTBUAM
npuBeneTr COKpaweHue obhema pecypcoB; 4TO NPOW3OMAET C ONTUMYMOM, ecnu
BBECTV B MOAeNb HOBYHO yNpaBAAeMYyo NepemeHHyw. UccnepoBaHve Ha mMopenw,
NO3BONAOLLEE OTBETUTL Ha 3TU BOMPOCHI, HOCUT Ha3BaHWe aHa/u3a Ha 4yeCcTeUTeNs-
HOCTs. MHOrue MawmnHHbIe NporpaMMbl Ha 6a3e CMMNNeKCc-MeTOAa aBTOMATUNECK U
06ecNe4UBalOT BbINONHEHWE aHanW3a Ha YYBCTBUTENbHOCTb NWHEWHbIX MOAENei.

BropaA Mogens npeacTasnAeT 3agady AUHAMUNECKOrO NPOrPaMMMUPOBaHWUA, NO-
CTaHOBKa KOTOPOA hOpMYNUPYETCA CREAYIOWUM 06pa3oM: CaMOoneT HaxOANTCA Ha
BbiCOTE HO U NeTUT CO CKOPOCTBIO V  , HYXHO NMOAHATLCA HA BhICOTY Hk " ao
CTW4b NPU 3TOM CKOPOCTU ¥, ; MONHO NOOYEPEAHO MeHATh NWBO cKOpoCTs, NGO
BbIcOTY. Mpn 3TOM W3BECTHbI PacXOph ropioHero, Tpe6yemMblit ANA NOAbEME HA BbICO-
TY Hi npu v = const , a TaKxe pacxof roprouero, Heobxoaumel anA Habopa cko-
poctu v, npu H = const . 3apaHa maTpuua pacxoaa ropiovero || c’.I.II pa3mMepa
n, X N, NPy NOCTOAHHbIX 06beme u ckopocTh. Kaxabli war ysenuunsaer nubo sbi-
coTy, nnbo ToNbKO CKOPOCTb camoneTa. Pacxoa roprovero, KotTopsin 0603Ha4MM ve-
pe3 W, HeoGxoauMO MUHUMKW3WPOBATL. lllar MamMeHeHUA caMoneToM BbICOThI U CKO-
POCTW ONPeAeNUTCA U3 CooTHOWeHWA: AH = (H, — Ho) Ing: v = (v, —v o In,.
O6lee KonuyecTBO Waros npouecca Habopa BbICOTbI CaMONeTom M = ng+ny.

Ha puc. 1.1 npeacTaBneHa ceTKa BO3MOXKHbLIX 3MEHEHWI BbICOTBI. U CKOPOCTH
camoneTa 8 ocAX KoopavHat HOv n yKa3aHsl COOTBETCTBYIOWME 3HAYeHUA KO3d-
duumneHTOB MaTpULLI c,: - Mokasarens achdekTBHOCTM (B paccmarpusaemMol Mo-
aenv W) cKknapbiBaeTCA W3 CaraembiX, NONYYEHHbIX Ha OTAENLHbIX 3Tanax. Heo6-
XOAWMO HaATH ONTUManbHbie ynpasneHUA War 3a waroM. Npouecc AMHaMUMECKOro
NporpaMMHpPOBaHWA Pa3BOPaYMBAETCA OT KOHUA K Havany. PaHblwe Bcero nnanupy-

"

Scl )
AL (el 5O N0 N 8 N 2N 8
gk V{fﬂ W38 W28 W=z Al Wro
|
g w0 74 n 12 £ w
§1 .\ 7% 17/ B (7N 14N 0
T West)—w ;I8 —=\ W=28—={ W= 14 =10
3‘ 12 12 § 8 0 8
-~ 0 [ N 200 N 8T NS [
A =56 p W15 W-2 W=23 Ws=18
fg 2 2 1% 10 2 &
8 0 6 2 2
- (=72 {20 —m{ = 52} Wy 30— - 36) (- 24
8 0w 0 0 0 0
2\ 2 [ N5 (0 o B
%-L W=81 W78 — W55 W4 p W46 W-34
Houll)
9 v, | ar % 7, unmepbanod '}

Pue. 1.1. Npumep pacieTa ONTHMANLHOrO PACXOAA FOPIOYEro B 38846 O HB60PE BalCOTLI M CKO-
POCTH CAMONETOM.
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eTcR nocnepHwit (m—1)-it war. 3aTeM ANR KaXAOro M3 npeAnonOXeHnA HaxoaART
yCNOBHKIE OMNTUMankHLIE YNPaBNeHWA Ha waxaom ware. Hanpumep, onpeaenAeTcA
ynpaeneHue {(m — 1)-ro wara nnwc YCNOBHbIM ONTUMANbHEIA BbIMIPLIL HA OCTaB:
\IUXCA ABYX Larax. flanee onNTUMW3APYIOTCA YNpaBieHue Ha (m — 2)-m ware u
YCMOBHbBIA BbIMMPLIL HA OCTAaBLWMXCA TPex Liarax u Tak panee, NoKa He AOXOART
A0 NepBOr o Wara.

Pacxog FOPHYEro ANA NEPeMEULEHVA CaMONETa U3 TOUKN / B KOHEYHYIO TOou-
Ky S, OnNpeaenmeTcA w3 PEeKYPPEHTHOrO COOTHOLIEHWA Wi = min(ci. + W’..); i =
=01, ...m  rae W‘._1 — ONTUManLHbIN PacxoA ropioye o Ha {/ —1)-m ware.
DnR KaxAOK TOUKK B, ONpeaenAlTCA 3Ha4eHne W' ¥ HanpasneHue NepeMelteHuna
8 BUAE CTPenKu. PeaynbTaTel pacuerta npeacrasneHsl Ha puc. 1.1. Mpouecc nocrTpae-
HWA YCNOBHLIX YNPaBMeHWil 3aKaHYMBAETCA TOMbKO B .S‘0 . NocneaHee 3HayeHue
W, 8 Touke S0 03HauaeT MWHWUManbHLIA pacxos ropiodero. 3aTemM NPOUECe onTu-
MMW3aUMKW NOBTOPAIOT OT Ha4ana AG KoHUa No HanpasneHwulo CTPENoK B K&HKAOW
Touke. B pesysbTaTe HaxogAT wiar08oe ynpasneHue, obecneunsatoliee ONTUMYM B
uenaom.

Moaenu AMHAMUYECKOr O NPOrPaMMUPOBaHUA B BonblInHCTEE cnyuaes UCNone-
3yI0TCA B NPOMbILWINEHHOCTI ANA NPUHATUA KPYNHOMACLUTabHbIX ANaHOBbLIX peiile-
HUA B CNOXHbIX CUTyauuAX. B 170 e BPEMR OHU 066I14HO MPUMEHAIOTCH NPU pelue-
HWM MMKPO3IKOHOMUYECKUX 3apa4. Bo MHornx peanbHo QYHKUMOHUPYIOULNX CUCTE-
Max eXxeaHeBHo TpebyeTcA NpUHUMAaTL ThICAYU TaKnX peLLeHui.

1.3.3. CeteBuie mopennu

Cetenble MOLENY NO3BONAIT 0To6paIuTe 06bem NPEACTOAUMUX a3zanmoobyc-
NOBNEHHBIX PaBoT,NOCNEA0BATENLHOCTE X BbINONHEHUA, 8 TAKXKE norwyecKyo B3au-
mocBAss. CeTeBaA MoaeNs W30BpaXKaeTCA B BUAE €AUHOMO CETEBOTO rpadiMka, Ko-
TOPbIA COCTOUT U3 CTPENOK, 0603HaUAoWMX TE NIk WHbIE paboTbl, U KPYXKOB, KO-
TOpbiE XapaKTEPU3YIOT CBEPWIEHUE OTAENbHLIX KOHKPETHLIX cobbiTuid, OTpaxao-
LMX pe3ynbTaT sbiNoNHeHnA pabor.

Mpouecc pa3paboTKyu ceTeBoro rpaimka MOXHO pasnenuTs Ha ABa 3Tana: noa-
rOTOBKY MCXOAHBIX A3HHBIX M NOCTPOEHWE CeTeBoro rpacmka. MocTpoenve ceTeso-
ro rpaduKa CBOGUTCA K HaHeceHwo Ha 6ymary o603HaueHui paboT v K nocneayo-
{eMy pacueTy W aHanu3y napameTpoB CeTeBOr 0 rpadnKa ANA BbIRBNEHUA KPUTW-
YecKoro nNyTu U pe3epBOB BPEMEHW ANA pa6oT, PaCNONOXEHHBIX Ha APYruX NyTAX
ceTeBOro rpadmKa, v BKMKYAeT: pacuet Havbonee paHHUX W Hanbonee NO3AHUX CPO-
KOB 3aBepWeHnA COBbITUN, a TaKxKe pe3iepsoB BpeMeHn ceepLIEHUR CO6bITUNA Ri .
Onpeaenexne KPUTUYECKOrO MYTY B CETEBOM rpadvke (Bce R,. = Q) neabxoanmo
ANA Toro, 4Tobb! BbIABUTL PaboThbi, MOCNEAOBATENLHOCTE BbINONHEHWA KOTOpbiX
onpeaenAeT ob6WMIA CPOK OKOHYaHUA NPOU3BOACTBEHHOTO npouecca, ¥ cocpeaoTo-
YWUTb BHUMIHME Ha MX CBOEBPEMEHHOM OCYULECTBEHWM, NOCKONbKY yBenuieHne
BpemEeHU BbINOAHEHNA No6oi u3 paboT NPUMBOAWT K YBENUYeHUo CPOKOB 3aBepuie-
HUA BCEro KoMMneKca. Bo3MOXHbI CReayioLLne NOCTaHOBKM 33434 CETEBOTO NNakn-
POBAHNA N YNPAaBNeHWA:

1) 3agaHa NPOACHKUTENbHOCTL BCErO KOMMnewca paboT; Heob6xoaumo onpeae-
NUTL CPOKYW Hauana Kaxaon paboTel, NPU KOTOPbIX MWHVMW3NMPYETCA OANH U3 Cne-
Aylowmx Kputepues: obuwe 3aTpaTel Ha BbINONHeHWe Bcero Komnnexca paboT;
CpeAHeKBaapaTMMHLIA NOKa3aTens HEPABHOMEPHOCTH noTpebnAemMeIxX pecypcos;
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BEPORTHOCTL HEBLINOMHEHUA KoMnnekca pabor 8 AUMPEKTUBHLIW CPOK; CpeaHe-
KBaapaTut HOe OTKNoHeHUe TpebyemMbix PecypcoB OT HanU4HbIX;

2) 3apaHbl obuine pecypcbl; CReAyeT OnpeAenvuTh CPOKMW Havana Kaxaoin pabo-
Tbi, NPY KOTOPbIX MUHUMU3MPYETCA NPOAOMKMUTENRHOCTE BEINONHEHWA BCEro Komn-
nekca pabor.

1.3.4. Mopenu maccosoro o6cnyxuBaHuna

C nomouwpeio Mogeneir MaccoBOro obCny}MBaHWUR U3y4aeTcA W aHanu3MpyeTch
AOCTATOYHO LWMPOKUA KNAcC CUCTEM, B OCHOBY KOTOPbIX NONGKEHbI OAHOTUMHbIE
AEACTBYA ANA MaccoB80ro notTpebuTens u noAeneHve odepenein TpebosaHUIA HA 3TO
o6cnyxusavrive. Quepean o6pasyloTCA M3-3a TOro, 4TO NOTOK TpeGoBaHuil Ha obicny-
VBaHve HeynpasnAeM v cnyvaeH. £Ecnu KonuuecTeo Npubopos 06cnyuBaHuA A0-
CTaTOMHO BeNVKO, TO a4depeab 0Bpa2yeTcA peaKo, OAHAKO HEN3BEeXHbI ANNTENbHbIE
npoctoun obopyaosaHva. Mpu manom KonuiecTse NPpUBOPOB CO3AAIOTCA 3HAYUTENL-
Hble oYepean ¥ BO3IMOXHbI 6OMblIMe NOTEpK U3-3a OKMAaHMA B ouepeanx. Mo3tomy
3a4aCTyl0 CTABMTCA 3aAaya MacCOBOI0 OBCNY>KMBAHMA: ONPEAennTb, Kakoe Konumde-
cTeo npubopos obcRyxuBaHnA HeOBX0ANMO, YTOBbI MUHUMUIUPOBAETL CYMMapHbIE
OKMABEMBIE NOTEPN OT HECBOEBPEMEHHOro obcnyxuBaHuA W npoctoes obopyao-
BaHUA.

OCHOBHble TUNbI CUCTEM MaccoBsoro obcnyxueaina (CMO) onpeaenAlTca no-
BeaeHneM TpeboBaHWA: ecnn Bce NPUGOPLI 3aHATLI, OHO NMBO OxuaaeT 8 ovepean
noRBReHWA ceoBoaHoro obcnyxvBatowler o npubopa (cucrema ¢ owudanuem) , nubo
noxkuaaet ee He obcnyxerHeiM (CMO ¢ oTkazamu) . UHoraa Hak NaasIBaloTCA Orpa-
HU4MEHWA: Ha BPEMA OXUAaHWA TpeGoBaHWA B OYepeaun, NOCNE Yera OHo nokuaaet
cuctemy He oBCnyxeHHbiM, Ha oBuwiee BpemA npebbiBaHMA TpeOOBaHWAR B cucTeme,
Ha ANWHY oYepeaun Ha oBcny>KUBaHMeE.

OcHOBHbIM 3nemMeHTOM Kaxxaoi moaenn CMO RBRAeTcA 06CnyUBaOWMA Npu-
60p, OCYLLECTBNAKWKN onepaunio 3aaepxKu Bo speMmeHn. Moaens CMO moxer co-
AEpKaTe OAWH WAW MHOXeCTBO 06Cnyxusawwux npubopoe (oaHOKaHaneHaa n
MHorokaHaneHaa CMOQ). AnutensHocTs 06CnyKuBaHWA pa3nnyHelx TpeBoBaHMiA
MOXeT 6bITb NOCTOAHHOW, Cly4YalHOW WU ynpaeBnAemoi. Mepemeuienue TpebosaHWi
BHYTPM MOAENM OT 0AHUX 0Bcny>kuBalowux NprBOPoB K APYIrUM NPOUCXOAUT Ha
OCHOBAaHWK CheunanbHbiX NpaBun (GyHKUMOHWPOBAHWA CUCTEMBI, BXOAALUX B €€
onucaHue.

Npumepom CMO moxer 6biTe CTaHOYHAR NUHMA. Kakabld CTAHOK Takown nv-
HUN MOXKHO paccmaTpmBaTh kKak obcnyxusaowmii npubop, BeINGNHAKLWMUA COBCT-
BEHHYIO onepauwo 06cnyxuBaHuA. Matepuansl, 3arotosku, nonycgabpukarst, no-
CTyNaiowme Ha NUHWIO M3BHe, 06pa3yloT COBOKYNHOCTL BXOAALMX NOTOKOB CHCTe
Mbl. Bpema 06paboTKK AeTanu Ha CTaHKe MHTEPNPETUPYETCA Kak BpeMA ob6cny»xu-
BaHMA. 3anac 3aroTOBOK, noanexawmx obpaboTke, obpasyer ovepeas. Beixoas-
wMmu notokamu CMO ABRAlOTCA NOTOKW rOTOBbIX Aevaned, npoweawnx obpa-
60Tky. pynna CTaHKOB, OCYWECTBNRIOWNX BbINONHEHWE OAHOM M TOW XXe Npou3-
BOACTBEHHOI ONepaunn ANA paznmdHeIX AeTanen, obpasyeT mHorokaHansHyilo CMO.
M#orodaasan CMO — 3To rpynna CTaHKOB, NOCNEAOBaTENIbHO BhiNONHAKWMX pa3-
nuuHbie onepaumm obpaboTku oaHMX U Tex e AeTanein. Wccneposate 3Ty CMO
MOXHO, HanpUMep, C LeNbI0 ONPeaeneHnA Taknx NapameTpos CUCTEMBI, NPU KOTO-
PbIX MaKCMMYM NPOAYKLUM BbINYCK3ETCA 3a (PUKCUPOBAHHOE BPeMA UNUW 3aTPaThl
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Ha ee BbINyCK MuHWMansHsl. ONpeaenAloTCA NOKa3aTenu adexTusHoctu CMO,
KOTOpbIe UCNONBL3YIOTCA B X0Ae aHanu3a 60nblwon cucTemsl. iHTepec B OCHOBHOM
NPeACTaBAAIOT BPEMA OXMAAHWUA TpeGoBaHueM 06CNYXWBAHWA, YNCHO Tpe6oBaHWih
B CMCTeMe, ANWHa Nepuoaa 3aHATOCTW obcnyxunearowmx Npnbopos, anvHa cBoboa-
HOrO NMEPUOAA, BPEMA XKM3HWU TPEGOBaHUA, XapaKTepPUCTUKK obcnyKuBaHWA ovepe-
Aen. :
Kak npaBuno, mMofenn MaccoBOro ofCny)XVBaHWA CUNLHO YNPOLLAKT peans-
HYI0 CUTYauUMIo, NOCKONbKY BBOAUTCA OrpaHyyeHve Ha XapakTep NocTynneHuA n 06-
CNY)KuBaHWA TpeBoBaHWii B cucTeme (Hanpumep, NoABneHne CcobbITMA  CYMTAETCA
CTAUMOHAPHBIM NYACCOHOBCKUM, 3KCMOHEHUWANbHLIA XapaKkTep BpemeHu obcnysku-
BaHWA Tpe6oBaHWA) . Pe3ynbTaTom pellieHuA NOCTABNEHHON 3aAavu C NOMOLUBIO MO-
aenv CMO o06b1vHO ABNAIOTCA aHaNUTUMECKWE 3aBUCUMOCTU XapaKTEPUCTUK CuCTe-
MbI OT ee BXOAHbIX NapamMeTpos.

1.3.5. Mopenn Teopyn urp

Mpv peweHuM PRAA MPAKTUMECKUX 33aaay (B IKOHOMUKE, BOEHHOM aene) npwu-
XOAWTCA aHaNW3MpoBaTb CUTyaumm, rae Ase (unu Gonee) CTOPOHLI NPecneayoT Npo-
THBONONOXKHbBIE UeNW. PesynuTaT AEWCTBUA KaXKAOWK M3 CTOPOH 3aBUCUT QT TOro, Ka-
Kol o6pa3 JAeiicTBMIA BbiGepeT NPOTUBHUK. Takue CUTYauWU Ha3blBaKOTCA KOH-
NUKTHBIMU.

Heo6X0AUMOCTE aHanuMaupoBaTh NOAOGHbLIE CUTyauMW Bbi3Bana K >XU3HW Cne-
UManbHbI KN3ace UIPOBLIX MOAENeR, C NOMOLLLI0 KOTOPhIX BbipaGaTeIBalOTCA peKo-
MEHAALUWM ANA AENCTBUI KaKAOTO M3 NPOTUBHMKOB B X0Ae KOH(NUKTHOW cuTya-
uvn. CTPOMTCA. ynpouleHHan MOAens CUTyauuh 6es: NpuBXoaAwWwMx (akTopoB —
u2pa, KOTOpaA OT peansHoi KOHANUKTHON CUTYaLUN OTNVHAETCA Tem, YTO BEAETCA
10 BnonHe onpeaeneHHsIM NpaBunam. CTOPOHLI, y4acTBYHLWWE B UIPE, UMEHYIOTCR
U2pOKSMU, 2 Pe3ynbTaT CTONKHOBEHWA — 6b/U2PbiLieM OQHON W3 CTOPOH. KakabIv
WrPOK NPUAEPKUBAETCA OAHOM UMK HECKONbKUX cTpaterwi. CTpaTe2ueld nrpoka Ha-
3bIBAETCA COBOKYNHOCTL NPaBWA, onpeaenfAlouimx BbiGOR NPYU KaXKAOM XOAE AaHHO-
ro UrpoKa B 3aBUCMMOCTW OT CUTYalUMU, CNOXMBLUIEWCA BO BpemA urpbl. Buibop
CTpaTervii NPOTUBHUKAMK OnpeaenAeT BbIUMPbILW &, . 3HauenuA 2, 3apaloTCA 3apa-
Hee B8 Buae maTpuub! | al.,.II (nnatexran mMaTpuya wnn mMaTpuya u2psi) . OnTumans-
HoU cTpaTeauell u2poKa Ha3biBAaeTCA TaKan NOCNeAOBaTeNLHOCTH XOAOB, KOTOPaA
NPYW MHOrOKpPaTHOM MOBTOPEHUW Urpel obecneunmBaeT UrPOKY MaxKcumansHo BO3-
MOXHbIW CPEAHWIA BLIMIPbILL. '

B kavyecTee npumepa WrpoBOK MOAENU PacCMOTPUM 3aaavy, KOTOpaA HasbiBa-
eTcA "'nonuueiickue U Bopbl”. B yHMBEPCANbHOM Mara3uHe UMEloTCA ABe 30HbI A U
B . B nepBoit 30He U3-338 UMEOLLLErOCA TaM acCOPTUMEHTA TOBapoB Beeraa Gonbiuan
TONNa NOKynaTenei, Torga KaKk BO BTOPOW 30He WX ropasao MeHswe. B pacnopR-
WEHUN AAMUHUCTPALUN ABOE NONNUEHACKNX B LITATCKOM, KOTOPLIE MOTYT HaX0AWUTb-
cA B 30He A nnu B 3oHe B . Kpome Toro, B MarasvHe yCTaHOBNEHbI TENEBU3UOHHbIE
Kamepsl, KOTOpLIe NO3BONAIOT HabnloaaTs 3a 3oHamn A u B ¢ mecta T, rae Haxo-
AATCA Tenesn3opbt, TakuM 06pasom, NONWUEACKME MOryT HaXOAMTLCA B 30Hax A, B
wam T, Toraa Kak Bopsi MOryT 6biTe Nu60 B 30He A , 6o B 30He B . MNonuueiickne
CMOr ¥ YCTaHOBUTH HEKOTOPbIE 3HAYeHWA aeponTHogTeﬁ P;; 06HapyXeHnA n noum-
KW BOpa B CAyvae UCMONb3OBaHWA UMK cTpaterun / , a BOpamun — cTpaTernu/ .
[Boe nonuueicKUX UMeIoT WwecTs cTpateruit nogeaeHnA (/< 6) : oba HaxoaRTCA B
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TeneauavonHon 6yake (TT); 06a HaXOARTCA B Pa3HbiX 30HaX marasuda (AB); oba
HaxXOAATCA B OAHOM 30He (AA, BB); HaxOAATCA B ORHOW W3 30H U 33 TENEBU30POM
(TA, TB). '

0603HauMM WX CTPaTerunm COOTBETCTBEHHO Yepes X, , ..., Xg - OanH BOp MoXeT
WMeTb ABe CTpaTerum: KpacTtb B 3oHe A (y1) WNK KpacTb B 30He B (y2). Nonwuueir-
CKWe M BOpbl B PaBHOW CTENEHW yMHbI W ocTopaxkHbl, Monnueickue uwyT Takyio
CTparTeruio (x1 . xG) , 4T06bI 0BecneynTh 3aaeprxaHve Bopa C BEPOATHOCTLIO ¥,
He3aBUCHMO OT NOoBeAeHWA BOPOB. AHaNOTMYHO BOP WWET TaKyl0 CMELWaHHYHo CTpa-
Terno (y.,, y2) , 4TO6LI BEPOATHOCTb €ro 3aAepXKaHvA He NpeBbiwana ¥, Kak Gbl HKU
nocTynanu NncnuuencKue.

MoaenupoBaHne CBOAUTCA K MOANYYEHUIO YACTOT Xq v oner Xo ny,,Y, . AaOWKNX
ontumanbHeie cTpaTerun. MycTh 3anada cneaylowan MaTpuka urpbl h aiiﬁ
A B
TT- 051 075 x,
AA 064 036 x,
BB 019 091 ]
TA 058 060 x,
T8 037 08 xg
AB 046 076 xg

Y4 Y2

Toraa AnA NOAUUENCKNX COOTHOLEHNA UMeoT BUA:

Xy +Xg ¥ Xg+ Xy +Xg f Xg = 1;

0,51x, + 0,64x, + 0,19x, + 0,58x, + 0,37xg + 0,46xg Zv;

0,75x, + 0,36)(2 + 0,911(3 + 0,60x4 + 0,85x5 + 0,7!:‘ox6 Zv.
Ana BOpGB:

yit¥y=1:

0,51y1 + 0,75y2 <y,

0,64y, + 0,36y, <yp;

0,19y1 + 0,91)/2 <v;

0,58)/1 + 0,(:‘>0y2 <v;

0,37y, + 0,85y, <v;

0,46y, + 0,76y, <v.

M3-3a 6onblioro Yucna nepemMeHHbIX ypaBHeHWA W HepaBeHCTBa ANA cTpaTerwu
NONMUENCKNUX TPYAHO PaspellMbl, 3aTO HepaBeHCTBa ANA . CTpaTeruv BOpos, KOTO-
pbie COAepXar TONbKO ABE nepemMeHHble, Nerko pewunTs rpadMuecKuM MeTOAOM.
NoacraBum y, = 1 — y, BO BCe HEPABEHCTBA CTpaTerui BOPOB 6yaem paccmar-
pvBaTh MX Kak ypaBHeHuA. Torpa NoAydYMMm LIECTb NPAMBbIX B o6nactn O <y1 <1:

v=20,75— 0,24y1 — npAman 7 ;.
v=036- 0,28y1 — npAmMan 2 ;
v=091-0,72y, — npAmana 3;

13



v=060-0,02y, —npAManA 4.
v= 0,856 0,48y, — npAman 5 ;
v= 0,70 — 0,30y, — npAman 6.

HayepTum 3TW LWECT6 NPAMBIX B CUCTEME KOOpAUHAT oY, (puc. 1.2) . Kaxaan
TOYKaA 3aWTPUXOBAHHON 06nacTu onpejensAeT BO3MOXHOE pelleHue, 160 oHa ypos-
neTBOPAET Ternepb BCEM PAcCMOTPEHHbLIM HEPaBEHCTBAM ANA CTpaTerun Bopos. 7]
puc. 1.2 BMAHO, YTO HaUMEHbLLAA BENUYMHA HAXOAWTCA Ha MepeceyeHinu NPAMbIX
2 n 4, n60 npAman 4 UMeeT OTpULATENbHbIA HAKNOH. WUrar umeem 0,36 + 0,28y, =
= 0,60 - 0,02y, ,oTKynay, = 08, y,= 0,2.

Takum 06pa3om, BbiGUpaA cTpa-
Terwo y, C BEPOATHOCTLIO 0.8, a cTpa-
g 7 Ternio y, C BEPOATHOCTbIO 0.2, sop
/ / UMeeT MUHUMAanNLHYI0 BEPOATHOCTL 3a-
LY L aepxanvA, pashyio v = 0,5684. Mono-
% KUM X, = X3 = Xg = X =0 u, noa-
CTaBvB 3HaueHue 1 = 0,§84, U3 cooT-
U——C————+ HOWeHWA ANA MNOMAVUEACKWX HaXo-
* amv: x, = 1/15ux, = 14/15. B uto-
04 ! JN re, ecnu oba NOnMUEACKNX NPOBOAAT

5 1/15 csoero Bpemenn B 30He A , a

02 Ly 14/15 spemenn OQWH M3 HUX NPOBC-

0 4z o4 85 08 10y, avT B 30He T, a Apyroii — B 30He A,

TO BEpPOATHOCTb NMoWmkK Bopa Gyaer

Puc. 1.1. TEOMETPUYECKBA UHTEPNPETauUA makcumaneHoi v pasHon 0,584, ka-

3834y ''NONMUEACKME M BOPBI™. Kyto 6bl CTpaTerwio Hu BbiGupanu
BOpbI.

1.3.6. CYWHOCTE MOAENUPOBAHNA HA AHANNTNYECKUX MOAENAX

MOXHO GbIN0 Bl NPUBECTH Ellle NPUMEPLI aHANUTUY4ECKNX MOAENe!, OAHAKO
PacCMOTPEHHbIE AOCTAaTOYHO NOMHO XapaKTepU3yIoT KNace 3Tux Mojenen u onpeae-
NAOT CNELUBUKY MX UCNOML3IOBAHUA NPU MaTEMaTUMECKOM MOAENMpoBaHnv 6onb-
wux cucteM. B Tex cnyyaax, xkoraa He yAaeTcA npeofpa3oBaTb MaTemMaTUYECKYIO
Mopenb B MNOAXOAALLYIO CUCTEMY YPaBHEHWA, a YNPOLWEeHWA 3ala4k NPUBOAAT K He-
AONYCTUMO rpy6BbiM pe3ynbTaTaM, OT aHaNUTUMECKON O UCCNEA0BAHNA OTKAa3bIBatoT-
CA ¥ NEpexOAAT K APYruM cnocobam WCNonb30BAaHWA MaTeMaTU4ECKON MOAENY.

Bonee WUPOKYH Chepy NPYMEHEHVA WMeeT Uccneaosanue npoueccos Ha IBM
C NOMOLLBIO YMCNeHHbIX MeToaos. ConepxxaHue paboTbl NPY YNCAEHHOM UCCEAOBa-
HUW NPOLIECCOB OCTaETCA B OCHOBHOM TaKyM Xe, Kak 1 Npv UCNOMb30BaHUK aHanu-
TUYECKMX METOLOB. PasHWLA 3aKMOYaeTCA B TOM, YTO nocne rnpeobpasoBaHuA mare-
MaTUYECKOV MOAENU B CUCTEMY YPaBHEHU!, AONYCKawoWwyto 3diheKTUBHOE peuleHne
YUCNEHHbIMU MeToAaMu, Heobxoanmo nposecTu pacyeTbl Ha IBM AnA peanusauwu
YMCAEHHOrO MeToaa. YacTo matemaTvyecKue MoZeny CNnaXHbIX NPOUECCoB AaneKo
He Bcerpa 0OKasblBalTCA NPUTroAHbLIMU ANA APUMEHEHUR 4YUCNEHHbIX METO0AO0B, a
npeoBpa3oBaHNA MaTeMaTUYECKNX MOAENei OCTATCA CTOMb Xe CNOXKHLIMMU, KaK ¢
B CNy4ae aHaNUTUYECKOr 0 UCCNEADBaHUA.

Kak BUAHO M3 NpPVBEAEHHbIX NPUMEPOB, CYLWHOCTL MOAENMPOBAHWA HA aHanu-
TUYECKUX MOAENAX COCTOMT B cneaylouleM. Kak npaBuno, MaTeMaTtuyeckan MoAens
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B CBOEM MepBOHa’YanbHOM Buae He MOXET BbiTb UCNONL30BAHA ANA aHANUTUMECKOra
uccneaoBaHvA 6oNbLIOW CUCTEMbI. B 4acTHOCTK, OHa MOXKET He COAepXaTb B ABHOM
BULe UCKOMBbIX BenuiuH. HeobxoanmMo npeobpa3oBaTe MAaTEMaTUYECKYIO MOAaens B
TaKyl CUCTEMY COOTHOWEHWIA OTHOCUTENBHO UCKOMbIX BENWMYMH, KOTOPaA AONYCKa-
€T NONYMEHUE HYXXHOro pe3ynkTaTta aHanUTUMECKUMKU METOABMMU. 3710 npeobpaso-
BaHuwe ABNRETCA HauBonee CyLUECTBEHHbIM U B TO )X€ BPEMA 4acTo Haubonee Tpya-
HbIM LLArOM NPY aHaNUTMYeCKOM MCCNeAOBaHWM NPOUECCOB.

Mon nonyveHuem pesynsTata ByAem NOHUMAaTb NOCTPOEHME ABHbIX (HOPMYS
ANA UCKOMbIX BENWYUH, NBO NPUMBEAEHME YPaBHEHUA K BUAY, ANA KOTOPOTO peLue-
HWA U3BECTHbI, NMBO MCCNEAOBaHNE YPaBHEHUIA Ka4eCTBEeHHbIMKU MeToAaMu (Hanpu-
Mep, OLEHKAa aCUMMTOTHUYECKMX 3HAYEHUA UCKOMBIX BEMUHMUH WIM OLUEHKA YCTOWYY-
BocTh pewennn) . [onydyeHue peaynsTatos Takoro XapaxkTepa o6blYHO . ABNAETCA
HAaCTONbKO NOMHBIM PELEHWEM 33aAaul, UTO K aHaNUTUYECKOMY WCCNefOBaHuto
6ONbWMX CUCTEM Ha NPaKTUKe CTPEMATCA B NepByio odepeds. OaHaKo BocnonL3o-
BaTbCA aHaNUTMYECKUM MCCnefoBaHWeM YAaeTCA CPaBHUTENbHO PeAKOD, TaK Kak
npeoBpa3oBaHWe MaTeMaTUueCKUX MOAENeN B CUCTEMY YPaBHEHWNA, LOMYCKAOLWLYI0
3thIeKTUBHOE pelueHWe, ABNAETCA TPYAHOWA 3aAaved, a ANR GONBLUNX CUCTEM 3TU
TPYAHOCTY 3a4aCTyI0 OKa3biBaKOTCA HEMpPeoLoNUMbIMK. TeM He MeHee ncnons3osa-
HWe aHanuTUMECKUX MEeTOAOB CTONb 3aMaH4YuWBO, YTO NPU PeLeHUUn MHOrux npwu-
KNafHbLIX 33434 MAYT HA YMbILLAEHHOE OTCTYMNEHUEe OT MEPBOHAYansHOW MOAENN W
orpy6GneHue ee pagu BOSMOXHOCTU MONY4UTb XOTA Bkl NpUBNWkKeHHOe pelueHue.

1.4. AMUTALUUOHHbLIE MOAENN
1.4.1. MpuMep MMHUTAUMOHHOK MofeNK

Mpu MoaenuposaHuM npoueccos He o6A3aTensHO Npeo6pa3oBLIBaTL MaTeMaTu-
YeCKyI0 MO/eNb B CreurantHyio CMCTEMY ypaBHeHWd OTHOCUTENbHO UCKOMbIX Benu-
uuH. B pape cny4aes OCTaTOMHO MMUTUPOBATL CaMU ABNEHUA, ONUCHIBaEMble MaTe-
MaTU4ECKOW MOAENBIO, C COXPaHEHWEM UX NOrU4eCKOR CTPYKTypbl, NOCNEAOBATefb-
HOCTW YepefoOBaHMA BO BpPeMEHW, a WHoraa n GmanuecKkoro coAaepxaHua, ¢ Nomo-
WbI0 MOAEANPYIOWKUX ycTaHoBOK unu 3BM. B npoTUMBONONOMWHOCTb aHaNUTUYECKO-
MY ¥ YMCNEHHOMY METOAaM COAep)KaHWe Orepauni, OCyLEecTBNAEMbIX MPU UMUTE-
UMOHHOM MOJIENMPOBaHUKM, ChaBo 3aBUCUT OT TOro, Kakue BenuuuHbl BbiGpaHbl B
Ka4yecTBe UCKOMbIX.

B xavecTBe NpUMepa pacCMOTPUM MOZENb CTpaTeruy oBcnyxmBaHuA aBTobyca.
MycTe £ — ocHoBHOe cocToAHve aBToByca (oM ucnpaseH W ocyulecTBnaet N pei-
COB 33 CMeHY) , A — COCTOAHWe, Koraa aBTobyc HYXXAaeTcA B MeNKOM npodunaxkTy-
4eCKOM peMOHTE B NPOACIKEHUE BPEMEHW OAHOrO peica, B — COCTORHWE, KOraa
aBTOBYC HYXA3ETCA B HeMeANeHHOM TeKYLUeM pPeMOHTE ANUTENbHOCTLIO B OAHY
CMEHY.

MpennonoxuMm, 4To @ — BePOATHOCTL Nepexoaa aBTobyca U3 cocToAHWA £ B
cocToAHue A, b — BepoATHOCTL nepexoana aBTofyca U3 cocToAHUA A B COCTORHUWE
B . Mbi xoTuM BbiBpaTh OAHY U3 ABYX CREAYIOWMX cTpaTeruid obcnysxuBaHuA. CTpa-
TE(MA @ : KaK TONbKO aBToByc nepexoavT B cocToAHwe A , OH PEMOHTWUPYETCA.
Cipateruna §: aBTobyc paboTaer A0 Tex Nop, NOKa He nepeideT B cocToAHMe B. fyu-
Wel CYMTAeTCA Ta CTpaTerwA, KOTOpaR aaeT Hawbonbluee CpeaHee YUCNO PEMCOB B
AeHb. Hakonew, Mbl npeanonaraem, 470 Kaxabii fieHb aBToBYC BbIXOAUT HA AUHWIO
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8 coctoaHuu £, T.e. npu noBoit cTpateruv asTobyc, aaKaHYusaloumia NV pevcos B Co-
CTOAHUU A unu B, HOULIO PEMOHTUPYETCA,

Mpwu MoaenuposaHun OPMUPYETCA BblGopKa Cny4anHoro uucna £ 1 C NOMO-
wbro coorae‘rc*rsynou.teﬁ Tabnuubl MMUTUPYETCA COCTOAHME, B KOTOPOM HaxXo0AWNCA
aBTo6yC B KoHue peiica. BHauane uMWTUPYeTCA OAWH peic Npy CTPaTervi a U 3aTem
npu ctpateruu § . Nocne aToro UMUTUPYETCA CReAyYtOLLNiA PEHC: BHavane npu cTpa-
Ternv a , a 3aTem npu cTpaterumu ﬁ n T.4., Nocne 4Yero NOACYUTHLIBAOTCA cpeaHee 4mc-
fi0 peiicoB B AeHb, HAKTUYECKK BbINONIHBHHbIX aBTOBYyCOM Npw CTpaternAx a u 8.
N UX pasHOCTb. Me‘rop, uMUTaUUMM no3sonAer NPOM3BOAUTHL n3MeHeHVA B Moaenn
NPOCTLIM U3MEHEeHWEM CXE8Mbl anropurmMa. MonyueHHble pe3ynbTaThl obpabarbiBa-
I0TCA CTaTUCTUYHECKUMMU MeTofaMM 1 Ha ocHOBe CTaTUCTUMEeCKUx AaHHbIX npuHUMa-
eTCA pewleHne 0 NpenmyuiecTee oAHOM CTpaTerun nepea ApPYroW.

1.4.2. CYWHOCTs MOAENWPOBAHNA Ha NMUTALUONHHEIX Mofenax

MockonbKy pesynbTaTtbl, Nony4yeHHble npu BOCNPOV3BEAEHUN HA MMUTaUMOH-
HOW MOAenu pPaccMaTpUBaeMoro MpoLecca, ABNAIOTCA peanu3auMAMu CRyyanHbIX
obbexToB (BenuunH, yHKUWIA) , TO ANA HAXOKAEHUA 06BEKTUBHBIX U YCTONYUBbLIX
XapaKTepucTUK npouecca TpeGyeTcA ero MHOrokpatHoe Bocnpov3sgeaeHne ¢ nNo-
cneaytouteil CTaTUCTUYECKOR 06paboTKON NOMY4EHHBIX AAHHBIX. UMEHHO NO3TOMY |
uccnenoBaHue GONbLINX CUCTEM C TOMOLLBLI0 UMUTALLUOHHLIX mopaenei NPUHATO Ha-
3b1BaTh CTATUCTUYECKUM MOOEMUPO8aHuemM, XOTA, Pa3yMeeTca, WMUTALMOHHbIE MO-
AeNV NPUMEHUMBI U B AETEPMUHUCTCKOM Criyyae, rae Hev HUKAKNX CTaTUCTUYECKMNX
3apav.

C NOMOUWLI0 CTaTUCTMHECKOFO MOAENMPOBAHWA MOXHO BbIMUCIUTL 3HauyeHue
no6oro hyHKUMOHANA, 3alaHHOrO Ha MHOXeECTBe peanusauumii npouecca GyHKumo-
HUPOBAaHWA U3y4aeMOoi GONbLLIOA CUCTEMDI, ECAM TONLKO cooTBeTCTayIowmMe Noanno-
rpaMMmbl NpeaycMOTpeHb! B NOCTPOEHHON MMUTAaUMOHHON MOAENW.

Hau6onee BawHbIM, MHTEPECYIOLWMM WUCCNEAOBaTENA B NEpBylo odepead yHK-
uuoHanom AsBnAeTcA OBbIMHO NoKasaTtens 3heKTUBHOCTN CUCTEMBI, NOHUMaeMbi i
B WMPOKOM CMbicnie cnoBa. MeR BO3MOXHOCTb HaXOAWUTH 3Ha4YeHWA nokasatens
3¢hheKTUBHOCTM, Mbi MOXEM C NOMOLLLI0O MOAENY peLlaTe uenbli pAA 3afiay, B HUCNO
KOTOpbIX BXOAAT: OUEHKa 3PeKTUBHOCTH PAa3NUYHbLIX NPUHLWMNOB YyNpaBneHun;
OUEHKa BapWaHTOB CTPYKTYPb! GONLLWON CUCTEMbI; OUEHKA BNWUAHWA N3MeHeHniA
pasnnYHBIX NapameTpoB GONbLIOK CUCTEMbI UNU €€ OTAENbHBIX 3NeMEeHTOB, a TaKxe
HavyanbHbIX YCMOBWA. JTO 3aAa4yu aHanusa fonbwmnx cvcrem. He meHee BakHbl, HO
ropasao TpyAHee 3afa4y CHHTE3a 6GonbLIMX cUCTeM, Koraa TpebyeTcA co3aath CUC-
Temy C Harepea 3afaHHbIMUK CBONCTBAMU W B HEKOTOPOM CMbICAE ONTUMAaTbHYIO.
PeaynbTaThi MOAENNPOBAHWA YacTO OKa3bIBAIOTCA none3HbIMK NpU CUHTE3e CUCTe-
Mbl ANIA OUEHKM KayecTsa Tex WAW ApYruX ee BapuaHToe.

1.4.3. YCROBWA NCNONE3IOBAHMA UMUTALNOHHBLIX mogpenei

WccnenoBatenb MOXET NbITaTbCA UCMIONLIOBaTL MMWTAUMOHHYIO MoAent 6ons-
LLOW CHCTEMbI PV PEWEHNM 38434 NPOEKTHPOBaHWVA B CNeayloLlmMx cny4anx:

1) He CyllecTBYeT 3aKOHYEHHON MaTEMaTYecKoi NOCTaHOBKW AaHHOW 33aa4V
Av6o ele He pa3paboTaHbl aHaNWTMYECKMWE METOALI pellieHun chopMynupoeaHHom
MaTeMaTUNECKOA Moaenwv;

2) aHanuTMYeCKWe MeTOAbl UMEIOTCA, HO MaTemaTiMeckue npoueaypb! CToNb
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CNOXHbI U TPYAOEMKU, HTO UMUTALUOHHOE MoaenuposaHue aaet 60nee NpocTow
cnocob pelweHuA 3agayu;

3) KpoMe oueHKU BbIXOAHBIX N3pamMeTpOB, >KenaTenbHO OCYLWECTBUTb HA UMU-
TaUWOHHON MOAenu HabriogeHUe 3a XoAoM npouecca 8 TeweHwe ONpeAeneHHOro
nepuoga;

4) umuTauMoHHOE MoaenupoBaHue MOXET OKa3laTbCA eUHCTBEHHON BO3IMOMX-
HOCTI0 BCNEACTBUE NOCTAHOBKM 3KCNEPMMEHTOB W HaBNIOALHUA ABNEHIA B peans-
HbIX YCNOBWAX (U3yveHWe NOBEHEHWA KOCMUMECK X Kopabnei# B yCNOBUAX Mex-
NnaHeTHbIX NOMeETOB) ;

8) AnA ponroBpemeHHOro aeMCTBUA CuCTeM wnu NPOUECCOB MOET NOHano-
6UTbCA CaTue BPeMEHHOWN LKanbl. UmuTaunoHHOe MoaenupoBaHUue fRaeT BOIMOXK-
HOCTb NONHOCTLIO KOHTPONMPOBaTh BPEMA W3Y4aeMOoro npouecca, nockonbKy ABNe-
HWe MOXeT BbiTh 3aMeLNEHO MU YCKOPEHO MO XKeNaHumo:

6) aononHuTeNbHBIM NPEMMYLLECTBOM  UMWUTAUMOHHOING  MOAENWMPORAHMWA
MOXHO CYMTaTh LWUPONAALLINE BOSMOXKHOGTW €r0 NPUMEHEH WA B ccepe obpa3osaHuA
W NpodheccMoHansHoM NOAroTOBKW. Pa3paboTka u vcnons3osaHue MMUTaLUOHHON
MOAfeni NOIBONAIT IKCMEPUMEHTATOPY BUAETL W “'Pa3birpbIBaTh” Ha MOAENK pe-
aNbHble NPoUecCs! U CUTYaunn. ATo AOMKHO NOMOYL EMY MOHATH U NpoYyBCTROBATL
npobnemMy, 4To CTUMYAMPyeT NPOLECC NoMCKa HOBOBBeAEHUN B BONbLUON CHUcTeMe;

7) MMUTaUMIO MOXHO MCMONLIOBATHL ANA W3YYEeHUA HOBbIX CUTYaUMUK, OTHOCK-
TENbHO KOTOPbIX Mano 4TO U3BECTHO MNW He U3BECTHO HUYErs. ITO faeT BOIMOXK-
HOCTb NOArOTOBUTLCA K Byaywemy. Umutauma MmoxkeT CNY>XUTb ANA NpejsapuTens-
HOW NPOBEPK W HOBLIX CTPaTerui 1 npasun NPUHATUA peLleHnid Nepea NPoOBeAEHUEM
IKCNENDUMEHTOR Ha peansHOi cucTeme;

8) ANA HeKOTOPLIX TUNOB CTOXACTUMECKUX Mopeneid ocoboe zHaveHue UMeet
NocnNeaoBaTeNtHoCTb COBbITUA. [laHHble TONLKO 06 OXKMA3EMbIX 3HAYEHUAX U MO
MEHTax MOryT OKa3aThCA HEAOCTATO4HBIMU ANA ONUCAaHWA npouecca. B 3Tux ycno-
BUAX €AWHCTBEHHBLIM YA40B/ETBOPUTENLHLIM CIOCOBOM NOMYYEHUA HYXKHOM urdop-
MaLnuu MOXET CNYXNTb UMUTAUMOHHaR Moaens. UMUTaumi MOXHO Mcnonb3oBaTh
ANA NPeACKa3aHUR Y3KNX MECT U APYFUX TPYAHOCTEH, 0BHapyKUBaIOWUXCA B Noge-
AeHun 60NbLIOA CUCTEMBI NPY BREIEHUM B HEE HOBbIX ANEMEHTOR.

OnHako MMMTauMoHHbIe Mogenu o6nanaioT PAOOM CYLECTBEHHLIX HeaOCTaT-
KOB. Pa3paboTka XOpOLWed UMUTAUUOHHON MOZENK YaCcTO obxoauntcA agoporo u Tpe-
6yer MmHoOro BpemeHu. UHorna moxer fIOKa3aThCA, YTO UMUTAUMOHHAA Moaenb OT-
PaxcaeT peanbHoe NONOXKeHUWE Bewlel, XOTA B AENCTBUTENBHOCTY 3TQ He Tak, Ecnu He
YUUTbIBaTb 3TOTO, TO HEKOTOPbie CBOWCTBEHMHBLIE UMWUTAUUM OCOBEHHOCTM MoryT
NPUBECTY K HEBEPHOMY peweHuio. IMUTAUNOHHAR Moaens B NPUHUMNeE HEToYHa, N
Mbl He B COCTOAHWWN U3MEPUTb CTerneHb 3TON HETOYHOCTW. 3TO 3aTpyAHeHne MoxeT
6hiTb NPEOAONEHO NUILL YACTUYHO NyTeM aHanuaa YYBCTBUTENbHOCTU MoAenn K u3-
MEHEHWI0 onpeaeneHHbIX NapameTpos. Becoma cywiecTeeHHO To, 4To Ha MMUTALUNOH-
HOW MOAENU UCCEAOBATeNL MOXET NONY4UTL OTBET TONbKO MOCAE QYEPEAHOr0 UMN-
TaUMOHHOrO IKCNEPUMEHTA U BO3MOXHOCTM NPOrHOIUPOBAHWA UMUTALMOHHOrO MO-
AENVPOBAHUA 3HAYMTENLHO MEHbLLE, YeM aHANMTUMECKOr O MOJLENUPORAHUA,

Tem He MeHee MMUTauMOHHOE MoAenMpoBaHue ABNAETCA OAHUM M3 HambBonee
WMPOKO UCMonb3yeMbix METOAOB, MPUMEHAGMLIX NPW DEWeEHWM 3aaady CUHTe3a
6onbwmnx cucrem. Boicokuii YpoBeHb AeTanu3dunu cuctem noboro yposHA CROXHO-
CTY, BO3MOXHOCTb WUCCNEAOBAaHWUA AWHAMWKW Pa3BUTMA Npouecca obecneyusaloT
umuTauMoHHoMy MeToay 60NbLYI0 NepCNeKTUEY PacNPOCTPaHEHNA.

2 3ak. 6265 a1



2. MATEMATU4ECKHE OCHOBbI MOAENWPOBAHWA
5ONbWKUX CUCTEM

2.1. UCNONb3OBAHMUE METORA CTATUCTUMECKNX UCNLITAHVA
nPU UMUT AL

2.1.1. CyuwHocTh MeTOA3 CTaTUCTMHECKUX MCNbLITAHNA

Mpu peannaauvy NPOUECCOB B UMUTaUNOHHBIX MOAENAX BonbLINX cUCTEM He-
oBX0ANMO WUMUTUPOBATH BO3AeACTBNE MHOr O4NCABHHEIX cny4aitHbix akTopoB
cnbKHOM NPUPOABI Ha pa3nunuiHble KOMNOHEHT bl UMATAUNOHHBIX mogpenen. Kaxaoe
TaKoe BO3feACTBMe Ha npouecc B Mogeny npeactasnaer “posbIrpbi’’ cny4aidoro
ABNEHUA C MOMOLULIO HeKOoTOpPON NPoueaypsbl, paloLed crywaiiibii pesynbTar. Oc-
HOBHbIM 3NEMEHTOM, U3 COBOKYMHOCTW KOTOPLIX CKNaabiBaeTcA CTaTNCTUYECKAR
Mo/enb, ABNAETCA OAHA cAyuaiHaR peanu3auuf MOAENMPYEMOro ABNEHNA. MHuoxe-
CTBO TaKuX peanusauui ABNEHWUI B XOJe OAHOrO BapuaHTa UMMTaLUKU faeT OAHY U3
peanu3aumin npouecca. 3atem npeaycMarpvBsaeTca npoueaypa CTAaTUCTNUECKOM
OUEHKU 3ThX peanu3aumi AnA nony4eHUA NpMENKeHHbIX XapaKkTepucTUK npouec:
ca. Mpwn Gonbwom uucne peanu3auuii yAaeTcA NONy4uTb CTaTUCTUIECKNE OLEHKH
MoAenupyemor o npouecca. ’

[na nocTpoeHuA MMUWTALMOHHBIX Moaenei wccneaoBaTenb AOMKeH 3HaTb: Cyul
HOCTL METOA3 CTaTUCTUMECKUX vCAbITaHWA; cnocobbl pacyeTa HeoBXoaUMOoro u1cna
peanu3ali; anroputms! UMUTaLMM NCEBROCMYUaNHBIX Yncen, UMEIOLLNX TUNOBLIE
pacnipeaeneHuA.

CywHOCTb MeTOAa CTAaTUCTUYECKUX UCTIbITaHNIA PACCMOTPUM Ha nNpumepe 3aaa-
UM O MOopaKeHWW 1 paKeTamu CNOXHOW uenu. 30Ha paspyuieHun OAHON paKeTbl
npeacTasnAeT Kpyr paanycom - . B pesynuTate /1 BICTPENOB GyaeT nopaxeHa Ka-
Kan-TO uacTe S Nnowaan uemm Su , COCTaBNAIOLIAA HEKOTOPYHO ACNKO nnowaan ue
mU= Sn/Su . YT106b1 M3BEKaTL HEHYXKHbBIX nepeKpLITU 30H NOPaXKEHWA, npous-

BOAMTCA Mpuuenuearue no n pa3NIMUHLIM TOUKAM (puc. 2.1): Oy, -l Ok . 3apaHb
XapaKTepUCTUKN PacCenBaHNA paxer: CcpeaHeKBaapaTUiHbie OTKNOHEHNA no Koop-
avHatam G WV O . Cucremartuueckve omnbKu oTeyTCTBYHOT. KOopauHaTsl X U y
K@KAO0H TOMKM NONafaHuA He3aBMCMb! ADYT OT Apyra v OT KOOPAUHAT APYTUX TO-
yek nonagaHuA. TpeGyeTcA Npw 3aQaHHOM PacnonoXxeHuu TO4EK NpUUENUBaHUA

- 0, BbiuMCAUTS cheayloiuue XapakTepucTuKy ahheKTUBHOCTH ONEpauni:

CPEAHION AOMO nopaxeHui nnowaau
uerm m ,; AMCREPCUI0 npomm D ,; ee-
POATHOCTb MOPaXeHWA_He meHee 3a
panHoi ponm p (U > U); matemaTti-
4ecKoe OXUAAHWE Yncna paKeT, KoTo-
pble NPONETalnT MUMO  Lenw, Fo.
Mpu pewexnn 3aA3a4N METOAOM
MouTe-Kapno = Kaxaan peanv3auun
npencTasnAeT oGCTPen uenw /7 paKera-
MM, PN KQTOPOM TOUKH nonaaaHuA pa-
KeT pasbirpatbl no xpebuto. Taxwum 06-
pa3oMm, MoaenupoBanmne KaKAoh pea-
Puc. 2.1. Tlpumep NOpaxeHnA PaKeTaMu AM3aunn GyaeT COCTOATE U3 /7 eAUHMY-
ANOWAAY Lenw. mempeﬁueanmocpacqe'rnopaxeuuoﬁ
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uenwm S B kaxaoM eauHUYHOM Hpebun Pa3birpLIBAaETCA TOYKA NONafaHnA j-W  pa-
KeTh) (x ¥;) , KoopauHaTbI KOTOpOK pacnpegeneHbl NO HOPManbHOMY 3aKOHY
/V(m 0, ) u Nlim Py oy) 3aece m_, . — KOOPAWHATBI TOMKM NpUuLenNUBa-
HuR Oj Mpeanonaraem, yto Koadncéuuwem KoppenAuvt r,_ = 0, nocKonbKy
X. 1 y. Heszasucumbl. KoopavHaTe! f-i TOYKU nonagaHuA paCC‘M‘lI{bIBaIOTCﬂ no dop-
Myfnam:

6 N
= 0,2 (2 g -3 vm,;

j
= o3 12
¥, = q,v2 (k575k—3) tm.,

rae £, — 12 HE3aBUCUMBIX 3K3EMNAAPOB CRy4aiiHOM BenuumHbl £ (0 1) .
MpeanonoxuM, 4TO 3TOT 3Tan BLINOAHEH M Mbl MONYYUM 71 TOMEK MONAKAHMUA B
AaHHOI /- peanusaumn (cm. puc. 2.1). Teneps HyXHO NOACYNTATb NOPANEHHYIO
nnouwaas .S‘ﬁ ANA - peanu3auun. BoKpyr Kaxaoi TOYKW ONULWLEM KPYT paanycoMm
I 1 NOACYMTAEM NAOWAAL TOW YacTU Luenu, KOTOPaA NOKPLITa XOTA 6bl OAHUM U3
Kpyros. BcA uenb paszgenneTca Ha pAA 3NeMeKTapHeIX NAOLWAROK ds . JLnA Kaxaoi
NAOWAAKK ONPERENAETCA PacCTOAHUE 0. OT TOYKW NONaAaHuA j-i paketsl (j =
= 1 n’). Ecnun xoTA 6bl ANA OAHON U3 TO'-IlEK nonNaaaHuA 310 PacCTOAHUE 0Ka3anoch
MeHbLWe 7 , TO NAotaaKa ds c4MTaeTCA NOPaXeHHOW, NOCNe Yero NpPoU3BOAUTCA
CYMMUpOBaHUE NOPaXKeHHbIX NNOWAAOK NO BCEW Uenu: Sn = Zds . [AnA i-h peanw-
3auuu onpenenAloT AOMK MOPAaXEHHOW nnow,agy B AaHHOW peanusayuu (' =
= S’n /S . ORHOBpEMEeHHO ANA KaxAoN i-i peanu3auuv BbIYMCAAKT KOMUYECTEBO
PaKeT, PacCTORHME OT TOYeK NONaNaHWA KOTOPLIX A0 LENW ripesbiluaeT s {yncno
npomaxos) . Beinonnue N peanusaumii, BoINMCNAIOT TpeGyemble XapaKTepUCTUKH, a
WMEHHO cpeaHee 3HadeHue U aucnepcuio (' . _
BepoATHOCTL TOFO, YTO AONR NOpaweHUA nnowaau Gyaet He MeHbwe U, onpe-
AenReTCcR cneayownm obpasom. C Kaxaoh peanu3auveil CBA3bIBAETCA_YUCNO 2;
KOTOpoe MOXeT 6biTb nuéo 1 (ecnu vV=>uU ), nu6o O (npwm Ui < U) Torna

plU= U) fc’—\: X Z, . Yucno paxer, He NpuMMHUBLUKX yulep6a, onpegenAeTcA No
i=1

. — 1 ;
Gopmyne ry = N 'JO'
2.1.2. PacyeT He06X0AMMOroO YKCNa peanulauun

MeToa cTaTUCTUYECKNX WUCNBITAHW OCHOBAH Ha NpeAenbHbIX TEOpemax Teopuu
aepomuocr‘gﬁ, YTBEPXAAOWMUX, 4TO Npu 6onbwioM uYucne peanusaumin NV yactora
CObLITUA p  NpUBNKaETCA K ero BepOATHOCTU O , a CPpeAHee apudIMeTHYecKoe X —
K ero maremaruyecKkomy oxupaHuio m, . Kakosa 6yaet owunbka oT 3amerbl p *>
>p, x> m, ? Heobxoaumo onpenenvm. TaKoe yucno peanuzaumn N, utoBel 3Ta
ownbka npu 3apaHHOWM pocToBepHocTM [ He NpeBblwana 3afaHHelie npeaensi. Co-
rNacHo UeHTPanbHOW NpeaenbHOW Teopeme, Npu Gonbluom 3HaveHun N UmeeT mecTo
aCMMNTOTUYECKAR HOPMAanbHOCTL CPEAHEr O 3HAYeHWA U 43CTOThi COBbITUIA.

PaccmoTpum cnywai NV He3aBMCUMbIX ONbITOB, B KaXAOM M3 KOTODBIX: COBbI-

Tve A NOABNARETCA C BEPOATHOCTLIO P U 4YacvoTta cOobbITUA p "umeeT HOpManbHoe pac-
p(1-p

npepeneHve ¢ napamerpamu (o, N ) ; cnyvaiHan senuumHa x NpuHUMaEeT

3JHavYeHuA )t'1 rorene XN n cpearee aHaueHue X uMeer HOPpManNsLHOE pacnpegeneHye ¢ Na-



pametpamu (m_ .. G/ v N), raem ug — cOOTBETCTBEHHO MaTemaTuiecKoe

OXUAAHME U CPRAHEKBAAPATUIHOE OTKNOHEHNE BENUYNHbBI X .
W3 Teopuu BEPOATHOCTEN U3BECTHO, 4TO [ 0BEpUTENbHAA BEPOATHOCTE [ nona-
pavua p e vnTepsan (p—€,p* € ) onpegsenAeTCA W3 BbipaXEHNA

€
) -1=0,

P(l p*—pl <e) =20 (- —
p{1-p)
rae @ — HOpMansHaA GyHKUMA pacripeaeneHuA. AHaROrU4HO PaccyuTLIBaeTCA A0BE-
puTenkHan BEPOATHOCTbL 8 nonagaHuA X B uxTepsan (m, ~€,m, +€):

eN

Tx

P(X-m, [<e) =20 ) —1= 8,

Ha npaKTniKe WCCNEeAOBATEN0 HEM3BECTHDI WCTUHHBIE 3HauennA p nm, . [lo abl-
6opke obbema N on orpenenAeT 3HaueHUA p*n X W peiuaer ofHy M3 Cneaylowmx
3afav.

1. OueHuyb BEPOATHOCTE OTNNUKA WCTUHHOW BEPOATHOCTK p OT 4acToTh! cobhi-

THA p‘, ecnv uaBecTbt N n € :
e N

Plip*—pl <€) =2@ |(
Verii-p*

2. OnpenenuTe YUCNO OMbITOB N , HeoBx0auMbIX ANA obecneyeHnA 3apaHHoON
TOMHOCTW € APY AOCTOBEPHOCTU [ OTKIOHEHWA HACTOTbI p " OT NCTUHHOW BEPOATHO-

CTnp: 11— +1
sz( p1[¢_1((3 12
€2 2

) — 1.

rge o' - dyHKuuA, obpaTHan HOPManbHOM hyHKUMM pacnpeaenesiuA ¢.
3. QueHuTb BEPOATHOCTb OTKNOHEHUA CPEAHEro 3HAYeHUA X OT ero MaremaTwv-
4BCKOrO OXMAGHWA, ecni nagecTHel N, ena, :
- eVN
Pl x—mx|<e)= 20 (—— ) — 1.
4. OnpeaenwuTs YACNO ONbLITOB, HeoBX0AMMbIX ANA TOro, 4Tobbl € 3aAaHHOM 8-
POATHOCTLIO 3 OXWAATb, 4TO X OTKNOHWTCA OT M, Ha BENVHMHY, HE npesocxoan-

wyto € . g, 2 ,, 182
N=(Z) [o ' ( —)]
€ 2

2.1.3. AMUTAUNA PaBHOMEPHO pacnpeaeneHHbIX NceBAOCNYHARHbIX Yucen

Mpu NOCTPOEHWM CTOXACTUYECKON Moaeni CnyJaiAHele BO3AEWCTBUR MOTyT BBO-
AUTLCA B HEe B BrAe Tabnuu IKCMEPUMEHTANIbHBIX AaHHBIX nMBO NCKYCCTBEHHO BOC-
NPOV3BOAMTLCA MPOrPaMMHEIMU VAN dm3nueckumm faTunkamu. B Kadectee duan-
YeCcKOro AaTuiia uCronL3yeTca, Hanpumep, 3NeKTPOHHBIN MMMy NbCHBLIW FEHEPaTOoP,
YNPaBNAEMbIA NCTOYHWKOM WYMA.

Ouanueckve AaTuvKy oOpPMAITCA B BUAe NPUCTABKK K 3BM w obnaaaiot
BLICOKOW CKOPOCTbIO MOAENNPOBaHWA PaBHOMEPHO pacripefeneHHbix BennuvH Ha
untepeane (0; 1). ®opmupoBsanue CcRy4aiHbIX BENWYMH £ OCYUIECTBNRETCA B BUAE
3NEMEHTAPHON MALLIUHHOW KOMaH[bl. OAHaKO cepbe3Hble 3aTPYAHEHWA BOIHWUKAKOT
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NpW CTaHAAPTU3aUMM XAPAKTEPUCTUK IN3NYECKOr0 AaTHUKa CIyYalHBIX YUCen W3-3a
CXEMHOW HeCTabUNLHOCTY ero paboTsl, 3aBUCUMOCTW OT TEMMEpPaTyps! U BABKHOCTH
OKpyxalowen cpeasl. KpoMe Toro, ToMHOE MOBTOpeHUE peanu3aunm Moaenupye-
MbIX NPOUECCOB BO3MOXHO NUWbL C MOMOLWLK Mepe3aniucu CnyvaitHbIX YMcCen BO
BHewwHow namate IBM. MoaroMy cneuranuctel nownu no Nyt dbopmuposaHua
3HA4EHWUIA CAYHaRHbIX YNCEN C MOMOLLLI0 PEKYDPEHTHLIX MaTEMAaTUYECKWUX METOAOB.
PeannioBano 6onblwoe YMCNo anropuTMoB reHepupoBaHWA MCceBAOCNYYaMHbIX YM-
cen. 3T 4ucN3 ABNRIOTCA MONHOCTHIO AETEPMUHVPOBAHHBIMM, 4TO O3Ha4YaeT BO3-
MOXHOCTb NOBTOPEHUA UMK EHEPATOPA C OAHNMM M TEMM XKE MCXOAHBIMM AaHHbI-
Mu. B pesyneTate Ha Bbixoge reHeparopa MOXHO NONy4uTb OAUHAKOBLIE NOCNERO-
BaTeMbHOCTY Yucen. KoHeuHo, 3aTPaTbl Ha MMUTaUMIO BO3PACTalAT, NOCKONLKY ANA
reHepaumu NCeBAOCNYYaWHOro umcna £ BbINONHAETCA Uenam nporpamma Ha IBM.
Kpome Toro, HaunHan ¢ HEKOTOPOro MOMEHTa NPOUCXOAMT ABTOMATUMECK 08 NOBTO-
PeHWe UUKNa reHepaumnm Yncna, YTo 3acTaanAeT NPUHMMAaTL CreunansHele Mepsl npe-
AOCTOPOXHOCTW ANA NPEAOTBPALLEHUA BO3HWUKHOBEHWA 3TOW CUTYauum Npu UMWTa-
UMK CNYYarnHbIX ABNEHWA.

TpaguuMoHHbIi CNOCO6 NPOFPaMMHON MMUTAUNK CRYYaiHBIX byHKkuuin nto6on
COXHOCTWU CBOAWUTCA K reHepupoBaHuio 6a30BbIX NOcneaosBaTenbHOCTEA U WX NO-
cneaytouwemMy yHKumMoHansHoMy npeobpasosanmnio. Yawe Bcero B kavecTse 6a3o-
BOW WCMONL3YETCA NOCNeA0BaTeNLHOCTh YMCEN, NPEACTABNAIOWAR PEANU3aUMU pas-
HOMEpHO pacnpeaeneHHbix Ha nHTepsane {(0; 1) cnyvaiHbix Benuaun E 51
EI. T.6. NOBTOPHYIO BbIGOPKY Ha paBHOMEPHO pacnpeaeneHHOM reHepaanou coBO-
KYMHOCTH 3HaueHnt BeNUuuHe! § . MpakTtuyeckwu a CUNY ANCKPETHOCTYU NpeacTaBne-
HUA uncna 8 IBM mMoxHo onepuposaTte c M= 2k pasnUYHbIMN BO3MOXKHBIMW 3Ha-

YeHuAMN uucen x, = xi/M, rae X;  — peanusauus cnyqawnou Benu4uHel § ,
nmetouen paaHomepHoe pacnpeneneHue C BEPOATHOCTAMMU p(g’ xl') = 1/M,
0 </ <M-1; k — paspagHocTs koaa IBM. [luckpeTHslii xapaKTep 5 BecbMa

cywectseH, HO npw 6onbwom M E npeacTaBnAIOT Kak HernpepbiBHbIE cnyuaﬁﬂhle
BenuuuHel. flna ynoaneTaopuTeanoro PeweHnA 338a4v yKa3aHHan nocneaosaTens-
HOCTb YuCen AOMKHA UMETb CTATUCTUYECKYIO CTPYKTYPY, COOTBETCTBYIOULYH0 BEpO-
ATHOCTHLIM CBOWCTBAM PRAA HE3ABUCWUMBIX CNYUYaliHbIX BENWYUH C KBA3UPaBHOMED-
HbIM pacnpegeneHuvem.

CywecTByeT pAL TUNWYHBIX OTKNOHEHUIA OT CTATUCTUNECK Ol NOCNEA0BATENbHO-
CTU CRyYaliHbIX 4YMUCEN: NEPUOAVMHOCTL MOBTOPEHUA OTAENLHLIX HUCEN WAM FPYNN;
KOppenAunA mMexxay OTAENbHbIMW Pa3PAAAMU UM NOCNEAOBATENEHLIMU YNCRAMU;
OTAWuYMe 3aKOHA pacripefeneHUA CNYYaiHbIX Yncen, OPMUPYEMbIX AaHHBLIM reHe-
PaTOpOM, OT KBa3NPABHOMEPHOr0; OTNWYME NaPAMETPOB 3aKOHA PAaCNPEAENeHUA OT
Tpe6yemoro 3HayennA u T.4. Mo3TOMy B apceHane MOAENUPOBAHMA WMEIOTCA Crie-
uuaneHbie TeCTbi, NO3BONAIOLUME OCYLIECTBUATL CTaTUCTUHMECKMIT aHANW3 KA4ecTBa No-
CNEAOBATENLHOCTW CNYYalHbIX Yncen, DOPMUPYEMbIX BbIGPAHHLIM reHepaTopoM,
BbLIABUTL WMeloWWecA OTKNOHeHUA. CyTb NPOBEPOK 3aK MOYAETCA, KaK Npasuno, 8
OnpeaeneHnd ANMTENLHOCTW NEPEXOAHOrO NPoLecca, Nocne KOTOpPoro NPoOUCX0AUT
NosTOpeHue uncen (OTpesKa anepuoAMYHOCTY) , NPOBEPKE CNyYalHOCTH OPMUPY-
emMOW NOCNefoBaTENbHOCTU NCEBAOCAYUaMHbLIX YUCEN M ONpeseneHmu napamMeTtpos
pacnpeaeneduA NCeBAOCHYYalHbIX YuCen, hOPMUPYEMbIX IeHEPATOPOM.

B renepatopax ncesaocnywaitHbix uucen Ha 3BM chakTuueckm peanuayroTca

GopMynui BHAS:
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Puc. 2.2. Qnarpamma uMutaumu ncesAoCnyvanHslX 4ncen:
a—xg ~0,67; 6 — X ~0,71.

X=lx_, LX) mod M X =x"M.

Peanusaumn Xx; MONY4aKOTCA BHYTPU anropuTMa ¢ NOMOLLLLI0 NpeoBpa3osaHunA
@ U3 paHee UMWUTMPOBAHHbLIX cnysaiiHeix uvcen. 3aece xl.* NPeACTaBnAIOT 4MCAa
Gonbwe eanruusl. MoatoMy Heobxoauma HOPMUPOBKA UX senuuvHon V1 , onpeae-
nAemoit paspAaHoi ceTkon (M = 2° . s — pa3pRAHOCTb Cnoaa 3BM), anA KoTO
poil peanu3oeaH anropuT™m Fexepatopa. Haubonee pacnpocTpaHeH KOHFPYIHTHBIV
METOA FeHepaumy NCEBAOCIYYaNHbIX YMCen:

xi* =Ax;_,+C; mod M ; x; =xl.*/M.

PaGoTy TaKOFO anroOpuTMa MOXHO APEACTaBMThL Ha UTEpauUOHHOW NNOCKOCTH
()rl._1 . X. ) ¢ NoMOLLbIO AUarpaMMel ANA Cny4an A = 2n C=0.Kax BuaHO »3
puc. 22, 3anaBan paanquble Ha4yanbHblie 3H3aYEHUR XO , MOXHO nony4ntb pa3nui-
Hble PEXUMbI PaBOTL! anropuTMa. MepexoAHbIi PEXUM MO3BONAET NONYYUTL NCes-
AOCNyvaliHble MOCNeaoBaTeNbHOCTH. MOXHO OXWAATL, HTO npu COOTBETCTBYIOWEM
noa6ope napametpos A, C 1 X, 3TOT PEXUM OKaXeTCA AOCTaTOYHO ANUTENbHBIM,
a reHepupyemMan NocneaoBaTenbHOCTb {xi}syp.eT UMETH CTOXaCTUYECKNE CBOWCTBA.

KpoMme 'paccMarpnsaeMoro MeToaa, cyliecTayer SonbLOoe YUCno anropuTmoB
UMUTaULMM NCEBROCNYHAWHBIX YUCEN C PABHOMEPHBIM pacnpeaeneHviemM Ha uHTepeane
{0; 1). Hanbonee paHHWM ABNAETCA METOA CpPeAVHHbIX KBaAparos, CyTh KOTOPOro
3aKNIOYaeTCA B cneaytowem: 6epyT Npou3BonsHoe M-pa3pAAHOe uvcno x, , 803-
BOAAT YMCNO B KBajApaT, U3 pesynsTara gbiBupaloT cpearue mMumndp M nonyvaoT
Hosoe 4ucno x,. flanee npoueaypa NOBTOPAETCA NPW HaYanbHOM 3HAYEHUU X, ¥
T.4.

CMewaHHbIll KOHrPY3HTHLIN MeTOA npeanonaraet ABOWHOE 0OpauleHme K MeHE
patopy, hopMmupytoLemy NCeBAOCY aNHbIE YUCNA KOHMPY3IHTHBIM cnocobom, #
nocneayowee npeobpasosanue nNo topmyne

Xip = % +x;_q); mod M.
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Aﬂﬂ yBenuyeHunA uHTepBana anepuoanudHOCTU ncea}.\ocnyqaﬁnblx yucen ucnanb:
3yeTCA METOA BO3MYLLEHUA OCHOBHOrO anroputma. CyTh ero 3aKmovaeTca 8 cfe-
aywouem. OcHOBHaA NPOrpaMMa UMUTUPYET YKUCna No anropuTmy x/.; =@y (X9 4
B KaYecTBe HauanbHbixX 3HaYeHui 3a1al0TCA Yncna, oRMUPYEMbIe N0 BTOPOMY anfo-
putMy X;5 = @9y (x5 _q).

2.1.4. AnropruTMbl UMWUTAUVWN PA3AUYHBIX CAYYaAHBIX BO3AEMCTBUR

HopmaneHoe pacnpepeneHue. UmuTaumAa HOpManbHO pacnpefencHHelx eenu-
YMH ) MOXeT NPOBOAWTLCA MHOTMMMK cnocobamu. Mel paccMoTpum HanbGonee yno-
TpeBUTENLHLIA aNroOpuTM UMUTAUMW HOPMAnbHO pacnpegeneHHbiX BEIUYKH, OCHO-
BaHHbLIN HA LEHTPanbHO# NpefensHoO Teopeme Teopvu BepoATHocTed. CornacHo
3TOiA Teopeme, Mpv CAOKEHUM AOCTATOMHO GONBLUOTO YUCNA HEIABMCUMBIX CNyvai-
HbIX BENWYMH, CPaBHUMBIX NO CBONM AUCNEPCMAM, NONY4aeTCA CNyyaiHan Benuyw-
Ha, pacnpefeneHHan NPUBNU3UTENLHO NO HOPMafnkHOMY 3aKOHY, NpuYem 3TOT 3a-
KOH TeM GIVIKE K HOPMAanbHOMY, Yem 6onbtie cry4aiHbix BENMYNH CKNAAbIBAETCA.

OKa3bIBaETCA, YTO NPU CAOKEHUN HE MEHee LECTKU CyYaliHblX BENMYMH C paB-
HOMeEpHBIM pacnpeaeneHuem e untepsane (0; 1) nonyvaeTcA criyvaviHan BenudWHa,
KOTOpaA C TOYHOCTBIO, AOCTAaTOUHON ANA GOMbWMHCTBA NPaKTUYECKUX 3aQa4, MO-
eT c4uTaTLCA HopmanbHoi. OTcloga creayet crocab {CyMMbl), COrnacHo KoTopo-
My Heo6X0ANMO BbINONHUTL NPe06pa3oBaHNA 12 3HaueH it g/.

/12 n n
ne ,_;—[ £1E’__2]'

B paae cnyuaes orpaHuuvsatoTcA N = 6 obpaweHnAmMn K 6a30BOMY reHeparo-
py ncesaocny4aitdbix uncen. Toraa ana oBecneveHnn Tpebyemon 6a1M30CTU K HOP-
ManbHOMY pacnpefeneHuio  HeoBXOAMMO OCYWECTBUTL MONPaBKy COrnacHo

tbopmy ne

1 3
*
n'=n - —[3-7n"],
20n

rae 7 onpepenAercA Mo npeabipywen Gopmyre.

3KCI’IOH&H“H8]‘IbHO& pacnpepeneHue. SKCI'IOHEHuVIaanOe pacnpepeneHue wupo-
KO ucnonbayeTca NpU MOAENUpoBaHumn Bonswmnx cuctem. Hambonee pacnpocTpaHe-
Hbl crieaytowine aoBa cnocoba UMUTAULNN IKCNOHEHUMaNbHO pacnpeaeneHHel X ncesno-

cnyyaitHbIx BenuuvH ¢ dyrkumenn nnotHocTn fix) = Ae ™, x >0. Mepsbiit n3

HWUX OCHOBaH Ha MeToae o6paTHol dyHkuum F{x) = 1 — e ., O6paTHOM No OT-
_ 1 1

HoweHuo K F BGyper dyHkumn e M = §—-1.Torpax = —-—i In(1—¢ ) = —)\—-Ing-

BTopoit cnocob OCHOBaH H3 METOAE KOMNO3uuMW. 3aAaBLUINCh BENMYUHaMKN T v 0
MOAenuUpyIT ¢ NOMOLLLI0 6a3080ro0 reHeparopa § paBHOMepHO pacnpeaeneHHelX Be-
nvuuH £ . 3aTeM OCyWeECTBNAOT nepepacyeT No ¢dopmyse x = 7 — max (21 Ve
26 ). O6biuno 33pa0T 7= 4 1 @ = 4 1 NoNyualOT NOCneAOBaTENLHOCTb YUCEN, pac-
npeaeneHHbIX NO 3KCNOHEHTE C TOMHOCTLIO, I0CTATOMHOM ANA NPAaKTUKY MOAENUpo-
BaHuA GONbLLUX CUCTEM.

B pAne cnydaes 4enNOYUCAEHHAA CNy4YailHan BENUYMHA XapaKTepU3YeT 3a0aHHbIA
Npouece CAYYaNHLIX UCNBITAHUA U MOXET UMUTUPOBATLCA MNOITOMY NYTEM NPAMOTO
BOCNPOMU3BEAEHUA U aHanNW3a aTora npouecca.
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[uckpetHsle pacnpeaenenun. Muorue AMCKpeTHbie pacnpefeneHun CBA3aHbI
CO CXEMOW HEe3aBACUMBIX WUCNBITAHUA W NErKO MOAENMPYIOTCA NYTEM MMWTALUV NO-
cneaosaTensbHOCTH COBLITUIA A, = g <p Y, i=1,n.

BbiBOpKa U3 BUHOMUANLEHO20 PACNPEOENEHUA NONYYIETCA NDAMEIM NOACHETOM
4MCNa eAMHIAL B N pa3pAAax clyuaitHoro koaan” = 0, £5rs .. r

LN UMUTaUMM CNYYaRHbIX BENWYUH U, NOAYUHAIOLLUXCA 260METPUYECKOMY
pacnpedenequo p (v = y) = pi1 —p) V'1, y = 1,2, ..., oNpeaenanT Homep 1cnbi-
TaHWA, NPUHECLIEro NepshLIf yenex {(uCcTUHHOCTM cobbITUA AI. ).

flpu MoaenuposaHnn GONbLIMX CUCTEM BECbMa PAcNpPOCTPAHEHO ucnone3oBa-
HUE AMCKPETHbIX BeNUMUH, pacnpeaengHHeix no 3aKoHy Myaccora. O6bIMHO UCMONL-
3y10T CreAYyOLLNA anropuTm “po3bIrpbilwa’’ NCceBAOCHYYaNHbIX BENMYAH, pacnpeae-

A

feHHbIX No 3aKkoHy [Nyaccona c napametpom X : p (k) = ﬂe . Nocnegosarens-

HO MOAENUPYIOT 3HAYEHUA Ei [0 Tex nop, noka He ByAeT BbINONHATLCA COOTHOWE:
k ___)\ k+1

Hne I E'. Ze >n 2’. . Torpa BenuumHa m = EEI. 6yaet umeTb pacnpeaene-
i=1 i=1

rue MyaccoHa c napameTpom A.

“PozbIrpbitl’’ HE3aBUCUMbIX COBLITWA NO BeKTOPY BepoATHocTel. MNycTb 3apaHa
BEPOATHOCTL P MOABNEHUA CoBeITWA A . OBpauseHnemM K redeparopy paBHOMEPHO
pacnpefeneHHsix uucen Ha wHtepsane (O 1) (Ba3zoBoro reHepaTopa) HaxoART
nceBaocnyuaitHoe wicno £ . Ecnu §<p, TO cuuTaoT, 4To cobbiTe A NPOM30WNO;
8 NPOTUBHOM Cly4ae — He NpoU3oLINo.

3agaHbl BEPOATHOCTH Py , ..., Py MOABNEHWA COOTBETCTBEHHO HECOBMECTHbBIX

cobBbITuiA A1 e Ak . HeoBxoaumo onpenenvTb, KaKoe U3 BO3MOXHbIX co6bITUA
Ai noneunoce. Pasgenaiot untepean (0; 1) Ha k y4acTKos ANWHOM Pysoe Py
C nomowblo 63a30BOro reHepatopa NCEBAOCHYYaNHBIX uncen topMupytoT £ . Echn
£ nonano Ha /-v yyactok (f = 1., k), TO cumTaloT, uTO NoABMNocL cobeiTne A, .

Po3birpbiw’’ NCEBROCAYHANHLIX BenUYKWH N0 NPOU3BOALHOMY 3aKOHY. Ecnun
X — AMCKPETHAA BENUYNHA M NPUHUMAET 3HAYEHUA X, , ... x# COOTBETCTBEHHO C BE-
POATHOCTAMUW NOABMNEHUR P , ..., Py , TO €€ “pa3sbIrpbiBatdT”’ aHanoru4HO NPeabiay-
et 3a8a4eT X T X0 X = Xop i X T X Ecnu »xe x — HenpepbIBHAR BENUYUHA U
“MeeT NPOM3BONLHYIO QYHKUMWIO NIOTHOCTY BepOATHOCTU pacnpeaeneHun f{x), 10
nepexoanT K dyHKuuKM pacnpeaenednA F (x) = [ f(x)dx . O6pawance K 6a3oBo-

MYy TeHepatopy, HAXOAAT £ U BLIMMCNATY X = ¥ (§) , rae ¥ — dyHKumA, obpaTtHan
F . Ecnn ke F {x) TpyaHO NnpeaCTaBWTbL aHa/IMTUYECKHK, TO ee anNPOKCUMMUPYIOT
B0 CTYNEHYaTOoN, NMBO KYCOMHO-NMHENHOA hyHKLMEN 1 3aTeM RO 3HaveHmo & Ha-
Xx0AAT 06paTHOe 3HaYeHWe annpPoOKCUMUPYIoWeAd PyHKUUK.

B TOM cnyuae, ECIN HEOGXOAUMO ONPERENMTH, KaKyio COBOKYMHOCTL 3HaueHi
NPVHANG CACTEMA CIYYaHHbIX BEAIMMUH X, , ..., X, , NOCTYNAIOT CREAYIOLHUM obpa-
som. Ecom x, , ..., X, HE3aBMCMMBI, TO "'pasbIrpsIBAIOTCA’ K pa3 3HaveHuA X,
aHanorv4Ho npeasiaywemy cnocoby. Ecnu ke oHW 3aBUCUMBI, T0,"'pasbirpas’’ oa-
HY U3 HUX, Hanpumep X, , Hapo "pa3birpaTh”’ BTOPYH X, COTMIACHO ee yCNOBHOMY
pacnpefeneqHuio ¢ y4eToM yxke M3BeCTHOro x,. TpeTHo BeNUYUHY x3 HeobX0aAUMO
"’pa3kirpbiBaTh’’ NPU ABYX YCNOBUAX.

MonenupoBanue mapKkoBckux uenewt. B ceoeit npakTUyecKoin pa6oTe pa3pabort-
YMK BONMbLUMX CHCTEM YacTo UCMONb3yeT MaTemaTHYeCK it annapat ueneid Mapkosa.
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K MapKOBCKWM UeNAM MOryT 6buiTh CBEAEHBI MHOrMe MPOLECCH! B Pa3nuyHbix 06-
nacTAx HayKu v TexHuxku. Hanpumep, ¢ nomouio ueneid Mapkosa onvuchiBalOTCA
HeKOoTOpbLle BONPOCL! NepeAayu CoobuieHnd, pAA TEXHONOF UMECKUX NPOLECCOB, NPO-
ueccbl KOHTpONA paboTocnoco6HOCTU U NOWCKA HEeUCNPaBHOCTEH B CNOXHBIX TeX-
HOMOrMYeCKMNX cUCTEMAX.

MapKoecxue npoyeccs: NpeacTasnAoT CﬂeuMaﬂbelﬁ TAN Cnv‘laﬁHle npouec-
COB, XapaKTepU3IYIUWMXCA TEM, Y4TO BEPOATHOCTHAA 3aBUCMMOCTb MEXAY COCTORHMK-
AMW Npouecca PacnNpPoCTPaHAGTCA TONbKO Ha BNU3KME COCTOAHMUA U He NPOABNAETCA
MeXAy AOCTaTOMHO AaneKumy COCTORHUAMMU. 3Ty 0COBEHHOCTL Ha3biBalOT C8OUCT-
80M OTCYTCT8UA NOCNEOelcTEuUA, TaK KakK ANA NpeacKa3aHWA BEPOATHOCTHOrO Xa-
paxTepa npouecca B 6yaylLieM AOCTaTOMHO 3HAaTh COCTOAHMWE NPOLIEcca B HACTOALLMIA
MOMeHT. MapKoBcKaA Lenb ABNAEGTCA YacTHLIM CAYYaEM MapKOBCKWX NPOUEccos
CO CYETHLIM YUCNOM COCTORHWIA,

PaznuualoT MapKoBCKUe UeNn ¢ QUCKPETHLIM VY HENPEPLIBHLIM 8pemeHem. [lnA
NPOCTOM MapKOBCKOW UENW XapaKTepHbIM ABJIAETCA TO OBCTOATENLCTBO, YTO 3aBK-
CUMOCTL MEXAY COCTOAHWAMMW PacnpocTpaHAETCA TONbKO Ha ABa PRAOM pPacnono-
EHHBIX COCTOAHWA. U3 KawAoro cocToAHWA S CUCTEMA MOXET NEepPeinTH B COCTOR-
HUe S, C BEPOATHOCTLIO p;; . YcnosHeie aeponmocm p;; Ha3b1BAIOTCA 8EPOATHOCTA-
MU népexoda v oaHauaror BEPOATHOCTL TOFO, 4TO cvncrema HaxoOAMTCA B COCTOAHUK
S. Ha (k + 1)-m ware npy ycnosum, 470 oHa HaxoaUnacb B COCTORHUM .S‘i Ha K-M
wiare.

Kaxpgoit nape coctoAHun ( S S.) cooTseTcTBYET CBOR YCNOBHAA BEPOATHOCTL
P Ecnv 3HaueHUA p;; He 3aBuCAT of BpeMeHH (pj = const), TO TaKune uenn Hassl-
BabOTCFI opdunapnbmu [nA nonHoro onpeaeneHWA MapKOBCKOW Lenu Heo6X0AUMO,
KPOME BepORTHOCTEN P;j» 33AaBaTh COBOKYMHOCTL HauaNbHbIX Bepomnocrenp 0,
03Ha4a W mx BepOHTHOCTb TOro, 4TO B Ha4vaslbHbIW MOMEHT BPEMEHM CUCTeMa 6yAer
HaxXOAWTLCH B COCTORHWK /

AnA ycTaHOBNEHWA 3aBUCHMMOCTEW, CBA3LIBAIOWMNX KaXKAYH Napy COCTORHWUA
(SI. , .S‘j), COCTaBNAETCA MaTpuua BepOATHOCTEN Nepexona:

P11 - Pin

I Pin -+ Ppn
rae rlepBbIﬁ nHAEeKC O3HavYaetr HOmep CTpOKW, a BTOpOﬁ — HOMEpP cmnﬁu.a, npuyem

0 <pl <1 anA Bcex ij,a E Pi; =1 pnaBcex/ .Marpuua P, obnagawowan yka-
j=1

3aHHbIMIW BbIWE CBOWCTBaMW, Ha3bIBAETCA CTOXaCTUYECKOU W C BEKTOPOM Hauyafb-

HbIX BEDORTHOCTEN {p,.(O)} NMONHOCTBI) ONPeAenAeT NPOCTY MapKOBCKYK Uefb.

AnA onpepeneHvn BEPOATHOCTW TOroO, Y4TO cucTeMa Ha (& + 1) -M ware HaxoautcA 8

COCTOAHUN S/‘ , MOXXHO BOCMOMbL30BaTLCA (POPMYNOR BEPOATHOCTH:

n
pj(k+1) = /‘:21p’.(k)pl.j, /=012, ..

TexHWKa MOAENMPOBAHUA MAPKOBCKMX LENeid COCTOMT B NONyYeHUN NOCNERO-
BaTeNbHOCTHU COCTOAHUA 31 L e Sn B COOTBETCTBUM C 3allaHHOW MaTpUuer nepexo-
Aa P . B MapKOBCKOW Uenn UCX0A KaXAOro NOCNEAYIOLEr 0 UCNbITaHWA 3aBUCUT OT
pesynbTata npeabiaywiero. JinA atoro Beibepem n otpeskos (0; 1), kaxablid ua
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KOTOpLIX pa3obbeM Ha 11 y4aCTKO8 B COOTBETCTBUM ¢ matpuuen nepexona P . Pa3-
GueHMe KaXAOrO OTPEIKa Ha YYacTKW BbINONHAETCA NO CTPOKaM Marpuupl: yvacr-
kun nepeoro otpeaka (0; 1) paBHbl aneMeHTaMm NepBoW CTPOKK [ ;; Y4ACTKY 870
poro OTPe3Ka paBHbi 3NemMeHTam BTOPOA CTPOKW o, ¥ T.A. MNpoueaypa nony4eHnA
NOCNEeAOBaTENLHOCTU COCTORHWIA aHanoruyHa BTOpoMYy BUAY e4UHUYHOro xpebuA.
Mpw 3TOM nepen Tem, KaK ONpeAesnnT, UCXOA vcnbiTanua, Heo6xoaumo BeibpaTsb co-
oTaeTcTaytowmit oTpesok (0; 1), a umeHHo cTpoKy maTpuubl nepexoaa P . 3toT
BLIGOP NPOM3BOAWTCA Ha OCHOBaHWW pelynerara npeabIAYLLErO VCnbITaHuA, T.e.
K@K10€ AaHHOe COCTOAHME CTaHOBUTCA NPeAbIAYWIVM, ¥ HOMED COCTOAHUA YKa3bl-
BaeT HOMep CTPOKM, NO KOTOPOR 1 BeAETCR "po3birpbiw’’ CAEAYIOLLErO COCTOAHUA.
HauanbHulii BbIGOp ONpEAENAETCA COBOKYMHOCTBIO  HAYanbHbIX BEPOATHOCTEN

{p; (0} .

2.2. CTATUCTUYECKUE METOAbI OEPABOTKU PE3YMIbTATOB
MOAENUPOBAHUA

2.2.1. GUKCaUNA 1 HaKOMNEHNe CTATUCTMKIU MOAGNNPOBAHWA

Npu mo6om wccneaoBaHuU GonNbLIOK CUCTEMBI Heob6xoaum CTaTUCTUHECKNIA
aHanua pesyneTatoB akcnepumMenTa. OBeluHO Tpe6yeTcA W3BNeuL BCHO UMEIOLLYIOCA
8 aKcnepuMeHTe UHAIOPMAUMIO 1 BbIABUTL OFPaHUYEHUA B BbIBOAAX, KOTOPbIEe OCHO-
BaHbl HAa CTaTUCTUKe MoaenupoBaHuA. 3anaya OPMYNMPYETCA CNEAYIOWUM obpa-
30M: W3Y4UTb CNyHaiHbIe ABNEHWA, KOrAa OTCYTCTaYIoWaA vHcopmauma o pacnpe-
AeNeHUAX BEPOATHOCTEN CAYUYaWHBIX BEMMYUH, NOPOXKAAOWNX 3TW ABNEHWUA, MOXeT
6bITh NONY4YEHa W3 3KCMEepUMeHTa Ha MoaenaXx.

Kak npasvno, uccneaosaTeny NpuHUMaloT paj NpeanoKeHwid: HeKOTOPaA cny-
yaiHas BenuuuHa pacnpeAeneHa No HOpManbHOMY 3aKOHY N(a, 0 ) »n n3BecTHO ee
MaTeMaTU4ecKOoe OXufaHue m wivu AucnepcwA o ABe cnyvaitHble BENU4MHBL X W
y VMeroT OAMHaKoBble MUy o2 . Yawe Bcer o Takve NpPeanocs NKV NPU UMUTAUNCH-
HOM 3KCNepuMeHTe He BbINONHAIOTCA. [INA GonblMX CACTEM W GonLworo 4ucna
peanu3auvii NPU MOAENMPOBaHUM 06LEM VH(OPMaUUK O COCTOAHUAX CUCTEMbI
MOXKET 6bITh HACTONBKO 3HAYMTENLHBIM, YTO 3aNOMUHaHWE ee B NaMATH 3BM Becbma
saTpyaHeHo. M03TOMY B OfHWX CNy4aAX BaXHO OpPraHW3oBAaTb dvKcaumo 1 obpa-
60TKY pesynsTatos MOAENUPOBaHWUA TakuMm o6pa3oM, 4TOGbI OUEHKW ANA MCKO-
MbIX XapaKTepucTuk (HOPMMpOBANMCH MO X0A4y MOAENNPOBAHUA 6e3 cneunanbHoro
3aNOMUHaHWA BCeW MHGOPMaUUN O COCTOAHMAX CUCTEMbL. B Apyrux cny4aax moae-
AMPOBaHMe BEAERTCA Ha BECbMA AETanbHOM YPOBHE, 3aHUMaeT MHoro BpemeHu pabo-
ot 3BM, 1 noatomy Ha 06paboTKy pe3ynsTaTtos 8 LMKNE MOAeNnMpoBaHnA BapuaH-
TOB CHUCTeMs! YyiKe HeT BpemeHv. 103TOMy UCNONL3yeTCA ABYXCTYMNeHuatan obpa-
6oTKa: UKCaLVA Pe3yNbTaToB B LUKNE UMUTaUMK W NOCNeaylollee copmupoBaHue
CTaTUCTUK NO OKOHYAaHWUU LMK Na MMuTauuv.

HaKonneHue N xpaHeHne CTaTUCTMKU MOAENMPOBaHWA NDUMEHAETCA B Tex CNy-
yaAx, KOrAa rnasHbiM hakTOPOM 3KCNEPUMeHTa ABMAETCA BPEMA MO ENUPOBaHUA
BapuaHTOB GonbLUoN cucTeMbl Ha IBM. Ecnun mecTa B NaMATU 3BM pgocraTouHo, TO
pe3ynbTaThi UCNLITAHWA KOMMOHYIOTCA B BWAE MacCUBOB. Npw 3T0M BLINONHABTCA
TONbKO (IMKCAUMA CTAaTUCTUK MOABNUPOBAHMA 6e3 KaKou-nbo obpaboTku. B Tex
CIYY43RX, KOTA3 WMEIOTCA OFpaHv4ernA Ha Pasmepbt NamATy 3BM, orsoaumoit noa
MacCUBb! CTaTUCTUK, UCTIONb3YIOT Gycepusaumio i opmanum BO BHELWHEN NaMATH.
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DonrospeMeHHOe XpaHeHue CTATUCTUKW B NePBUYHOM Buae O6LIYHO HE NPaKTUKY-
€TCA. Ha MarHUTHOM MEHTE, KAaK NpPaBuno, XPaHATCA YXKE Pe3ynbTaTbl NepBUYHON
cTaTucTMueckoi 06pabotku. K nepeuyHoi 06paboTke OTHOCAT Takuve ONepalqu,
KaK COPTMPOBKA U 06beAHeHne AaHHLIX, NPeACTaBNeHne UX B BUAE, yao6HOM AnA
AanbHewe paboTel, 0T6PaKoBKa aHOMAaMbHbIX Pe3ynbTaToB MOAENNPOBAHHA.
BropwiHaa obpaboTka npeacTaBnAeT NpoBeAeHUe HENOCPEACTBEHHbIX BbIYUCIEHUIA
XapaKTepUCTMK, MHTEPECYIOWNX uccneposaTenn. Bcem cToxacTuieckum moaenAm
npucywwa GNyKTYyauuA pe3ynsTatos, NOITOMY ANA AOCTKEHUA 3alaHHOW TOYHOCTH
pe3ynsTaToOB MOAENMPOBAHMA HEOGXOAMMO MOBTOPATL JIKCMEPUMENHT. JKenaemyto
TO4HOCTL MOAENMPOBaHUA MOKHO 33aBaTk B BWAE AONM CTAHAAPTHOrO OTKAOHe-
HWA, B NPOLLEHTAX OT Benu4mHbl CPeAHEro,B a6CoMOTHLEX 3HAYEHUAX. )

BONbWMHCTBO UMWUTALUOHHBIX MOZened WCNosib3yeTcA AMA U3YYeHWA yCTaHo-
BUBLUErocA (paBHOBECHOr0) ycnoBuA, T.e. ANA U3YYEHNA CUCTEMbI B TUNUYHBIX ANA
Hee ¥ NOBTOPAIUIMNXCA W30 AHA B AeHb ycnoeuax. Ho noutu ace MoJzilenun UMeKaT ne-
pexofiHble COCTOAHWA, U TpeGyeTCA ONpeAeneHHoe BPEMA ANA AOQCTUXEHUA MO-
AeNbI0 YCTaHOBMBLIEr OCA COCTOAHUA. [AnA TOro 4Tobbl YMEHbLWUTL BO3MOXKHOE BNU-
AHWE HaYaNLHOr o NEpMOAA Ha CTaTUCTUKY MOAENUPOBaHWUA, UCNONL3YHTCA CAEAYHO-
ule Npuembi: BbIGOP ANUHHBIX BbIYUCNUTENLHBIX NPOrOHOB W YMEHbLLEHUE AOMK
AaHHBIX MEPEXOAHOro NEpUoAa; WCKIIYEHNE U3 PaCCMOTPEHWA Ha4anbHOro Nepuo-
Aa NPoroHa; BbIGOP TaKOro Ha4anbHOr o YCNOBUA MOAENUPOBAHWUA, KOTOPOE YMEHbL-
LWaeT Neproa pasr oHa MOJeNu.

OaHuM M3 cnocoBOB YMEHbLLEHMA epeX0AHOro NpoLecca ABNAETCA BbiGop Ha-
YanbHLIX YCNOBWA Ha OCHOBE anpuopHo# MHdopmaunn. BTopeim Crnocobom yaenu-
YeHUAR TOYHOCTM MOLENUPOBAHWA ABMAETCA 06bem BbiIGOPKU. YTOBLI A0CTUYL Gonb-
WWx 06HEMOB BbIGOPKM 8 MOAENMPYEMOM IKCNEPUMEHTE NMUMEHAIOTCA YMeHbLLe-
HWe WHTepBana TaKTUPOBaHWA NO BPEMEHW, NOBTOPEHME NPOroHOB NPY MOAENWPO-
BaHvn, npoaneHve UMUTAUNOHHLIX 3KCNepumMeHTORB. TaKTMpOBaHMe 10 BpemMeHn
npeacTaeBnAeT pasaeneHye Nepuosa MOAENUPOBaHUA TMOA Ha Manble MHTepBankl, B
KOHLE KOTOPbIX (DUKCUPYETCR CTaTUCTUKA MOAEBRVPOBaHWA. Pasmep Bbibopku Mo-
*eT onpegenaTbCi NGO anpuopHo, NMB0 B NPOUECCe UMUTALMK HA OCHOBE NONYteH-
HbIX C MOMOLLBIO MOgenu pel3y NbTaTos.

2.2.2. Onpegenenne AOBEPUTESIbHBIX UHTEPBAN OB

B pAge cnyvaes wccnedoBaTenb 3a/laeT AOBEPMTENbHbIE UHTEPBAk! ANA BbIXOA-
HBIX BEAWYUH MOAENMPOBAHMA W NOCNE AOCTUNEHUA 334aHHOM0 AOBEPUTENBHOMO UH-
TepBana_OCTaHaBNWBaeT nporoH moaenu. Hanpumep, ecnu wuccheposatens umeer
OUEHKW ¥ UCTUHHOrO CPeAHero i M Sy WCTUHHOW AUCNepcun ¢° , Nony4eHHble No
Boibopke oTknuka ¥ o6vema N , TO BEPXHAA U HWKHAA MPaHWUUL) ONREAENAIOTCA
Takum 06pa3om, 4TOBblI BEPOATHOCTbL NMONAfaHNA BHYTPL 3TWX rpaHul * d UCTuH-
HbIX 3HaYeHNIA paBHANace Benuunte 1 —a.

Mpu oyeHusaruu cpedHezo Y HanBonee 4aCTO BCTPEYAOTCA Credytowme cny-
Yan.

1. Y WMeeT HOpManbHOe pacnpefeneHve, ( M3BECTHO, o6beM Buibopkk man
(N < 30). CocranAaeTcA cratnctuka t = VN= Y — ) /SY , AmerouLan pacnpe-
aenenmne CTbiofenTa, U No TabnuMuam HaxoAUTCA KPUTUYECKOE ee 3HavyeHne I, 1pu
N — 1 crerienAax ceoBoAsl M 3a2aHHOM YPOBHE 3HaYWMOCTW & . TOraa AoBepUTEND-
Hbill MHTEPBAN MOXXHO 3anncaTs B BUAe
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yrd=Yt, S /NVN-1,
a Tpebyemuiit o6bem BbI6OpPKYU OTKNUKa ByaeT paBeH

thSy

N> ( 2 +1.

2. ¥ uMeeT HOpMansHOe pacnpeaeneHue, 4 M3BecTHo, 06bem BbIGOpPKU BeANK

(N > 30). OnpepenAeTcR ABYCTOPOHHAA CTATUCTUKA Z, , NPW 338AaHHOM ypoBHE
3HAYUMOCTU Q. Torp.a AOBEDMTeﬂbeIﬁ nHTEepBan MOYXHO 3anwucath B BUAe

y

a2 T —

VN

a TpeByembiii 06vem BbiGOpKU OTKNUKa GyAeT paBeH

Y+d=VY+tz

.

SyZai2 2
Nz (—).
d
3. HopmanbHocTs ¥ NPEANONOXUTL HENb3A, HO U3BECTHBI LW T, obbem BbIGOP-
kv Benuk (N> 30) . Ucnone3yeTcA HepaBeHCTBO Yebbiluesa

- 1
PHY—ul 2 k—f<—.
N K2

Torpa AOBepUTENbHBIA UHTEPBAN MOXHO 3anucaTh B Bude
— — ko — o
Ytd=¥Yt — =Yt ——0m7m ——,

VN VN(1=a)

a Tpebyemulit 06bem BbIGOpK K OTKNMKA GyaeT paBeH

N> —2
d“(1—a)
Hanpumep, npu d = a/4 u poctoseproctn 0,95 obrem sui6opku N = 320.
MNpw oyernueanuu ducnepcuu 3apava OTbICKAHWUA OUEHKM S";, C AOCTOBEPHOCTbIO
1 — a umeet BuA

Pll-—ao®<s2 < 1+d)?}= 1-a,
1 UMeeT CMBICA ee peLlaTs TONbKOo Npu 6onbuwom uucne oneito V . B atom cnyuae
yaobHee mcnonk3osate X< -CTaTMCTMKY (n — 1)52102 ¢ N—1 crenenAamu ceoboasb!,
KOTOpPan NO3BONART ONPefenATh AOBEPUTENLHYIO BEPOATHOCTL, HE 33BUCALLYIO OT
o“. Mockonexy N AOCTaTOMHO BENMKO, TO 3Ty CTAaTUCTMKY anNPOKCMMUPYIOT HOP-
ManbHbIM pacnpeaeneHeM W NONy4aoT credylowyto GopMyny AnA pacyeta Tpeby-
emoro o6bema BbIGOPKM OTKANKa:

Zar2 ,
N2 1+2( T) .

an MOAENUPOBAHUN GonbINX CUCTEM UMEETCA HEKOTOPEA HaAEeXAa, 4To o4-
HoBpemMeHHoe AencTBue GonNbWOro 4Yucna Menkux ¢8KTOPOB MOXeT NOopoXK-
path 6NU3Kue K HOPMaNLHOMY pacripeaeneHnA OTKNUKOB 3TUX moaenen.
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2.2.3. Npasuna 3aBTOMaTHYECKOTO OCTaHOBA

WHoraa wccneaoBaTens NPeABapUTENBHO OPraHn3yeT MHOrONPOroHHLIS 3Kcne:
PUMEHTbI € MCNONB3OBaHWEM NPaBWA aBTOMATU4ECKOrO OCTaHoBa. CyuiecTBYIOT AB8
cnocob6a BKNIOYEHUR B MOAENE NPaBUN aBTOMATUMECK OO OCTaHOBA:

1) NpoBOAWTL NPOroHbI Moaenu B ABa 3Tana. CHauana BeiNONHUTL N NporoHos
M MCNOMb30BATh NONY4EHHYIO BbIBOPKY OTKNUKOB ANA OUEHUBAaHUR HeobxoauMoro
o6bema BbLIGOPKHU N1. Ecnun N1 < N , TO 3aKOHUYUTL IKCNEPUMEHT, B NPOTUBHOM
cnyvae NPOACMXaTh IKCNEPUMEHTEI HA MOAENN A0 NONY4YEHUA HEAOCTAIOWUX N1 -
~ N BbiGOPOUYHbIX 3HAYEHWN;

2) ucnons3oBaTh NOCNEAOBATENbHYIO BbIGOPKY ANA OnNpefeneHUA MUHUMAanL-
HOM BenuuuHb! N , NO KOTOPO MOXHO C ROCTATOMHOW TOYHOCTHIO ONPeAenATh
CpeAHeKBafpaTMMHOE OTKNOHeHWe S, , @ 3aTeM CPaBHWUBATL  BENUUWHY
Syt (1—a, n—1) /N ¢ 3agaHHbIM YPOBHEM ¢ 4 OCTaHaBNMBaATL NPOrOHbI B TOT MO~
MEHT, KOrAa 3Ta BeNnuuHa CTaHOBUTCH MeHbLUE a .

2.2.4. ANNpOKCMMALKA Pe3ynsTaToB MOACNUPOBBHUA

Bo MHOrMX CuUCTeMax umeeT MecTo (PYHKUMOHaNbHaA CBA3L MEXAY ABYMA W
Gonee NepeMeHHbIMK, M KenaTeNbHo 3Ty CBA3b BbIABWTL. [INA onpeaeneHuA 3ToM
CBA3W UCMONb3YETCA PErpecCUOHHbIN aHaNWU3, KOTOPLIA AaeT BO3MOXHOCTL NOCTPO-
MTh ypaBHeHue ucxoaR u3 BbiGopku. O6bIMHO aHaNUTUK BbINONHAET Cneaylowre
NPOUECChI: M3MEpeHUe; NonyyeHwe BLIBOPKY; HaHECEHWe 3TUX To4eK (x; . yi) Ha
rpagMk B NPAMOYTONLHOA CUCTEME KOOPAWHAT (KOPPenAUMOHHOe none) ; BeiBop
NNaBHOW KPWBOW ANA NOflyYEHUA WHIOPMauun O BUAEe 38BUCUMOCTH; MNOATOHKY
KpMBBIX MO 3IKCNepMMeHTanbHbIM Toukam. Ha puc. 2.3 npeacTaBneHbl Hawbonee

a J
¢ ¢
70
g <o
g ] ]
I 2
v a,<y Y a0
Puc. 2.3. Hambonee 4acTo ynotpebnAemee
BUALI KPUBLIX U COOTBETCTBYIOWME an- apu R
NPOKCUMUPYIOLUE BbIPEKBHMUA ‘ 4
8 — NPAMAR fIUHWAR: ¥ = ao + a4x; 6 — f‘ A'—Eu 3
norapudgimuveckan Kpuean: y = 3g + ¥ v
+ a1lgx; 8 — KBaApaTHaR naps6onar y =
= ao + 31)( + B?X ; & - 3KCﬂOHEHTB:|gy =
=agtax 0- ,Kyﬁuuecakaﬂ napa6ona: e a0
y = ao+a1x +32x2+a3x ;8 — KyOuue-
CKaA norapuMuUYecksA Kpusar: Ig y =
g X d X

=a0+a1 lg x.
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yacto ynatpe6nAemMsie BUAbl KPWBLIX U COOTBETCTBYHOWME UM aNMPOKCUMUPYIO-
wme BoipakeHuA. MOryT HaATM npuMeteHve v KpWBbie MHOMUX APYrux BUA08.

WHOra nonesHo uccrneaoeats auarpammy pasbpoca, npeoGpa3oBas nepemen-
Hble. [JNA 3TOFO MOXHO BOCMONb3OBATHCH CneuvmansHoW nonynorapudmuyeckon
CeTKOM ¢ norapudmuueckum macutabom Ha ofHOW unu ofieux OCAX KOOPAWHAT.
Mpw atom, ecnu, Hanpwumep, AMarpamma pa3bpoca B cMCTEME KOOpAWHAT X —lg y
OKa3biBaeTCA nvmeﬁuoﬁ, cneayert BOCNOMb30BaTbCA YpaBHEHUEM 3KCNOHEeHTLI. AHa-
NOFMYHO, ECAV AWMArpaMma fNvHerHa B macwTabe lg x — lg y , cneayet B3ATL an-
NPOKCUMUpYOLLEE ypaBHEeH e norapudmMu4eck ol KpUBOW.

3afaua COCTOMT B TOM, uTOBbI NO aHHLIM 3KCNEPUMEHTaNLHBIM TOUKAM npo-
BECTV KPWBYID, KOTOPaA NpoxoaKna Bbl KaK MOXHO 6nuKe K UCTUHHOW (DyHKUNO-
wansHol 3asucumoctu vy = f (x) . Hawbonee vacto LANA 3TOW Leny CNOMbL3YyeTcA Me-
TOA HAMMEHbLLINX KBaApaTos. CYTb ero cocTouT B CneayoLlemM. ﬂpennono»(vnM, yYTO
MCKOMaR 33BUCMMOCTb BbipaxaeTca dyHkuuen y = f(x, Ag v Anl.raeA; —
napamerpul. 3HaueHUA 3TMX NapamMeTpPoB ONPEReNAKTCA TaK, uToGb! ¥; Ppacnonara-
nuch No obe cTopoHbl Kpuaoi y = f (x) Kak MOXHO 6nwxke K Hen, T.e. 4Tobbl cym-
Ma KBaApaToB OTKNOHeHuA y = f {x) 6b1na HauMeHbLeW. ITO COOTBETCTBYET NPeA-
NONOXKEeHWto, YTO pa3bpoc ToMeK OTHOCUTESNbHO kpwsoin y = f (x) noaunHAeTcA 3a-
KOHY HOPManbHOro pacnpeAeneHuA. Mepoir aTOoro pasbpoca ABNMAETCA cpenHuin
KBaApaT OTKNOHEHWUH

1 n
2 _ _ 2
AS) = ,”521 (yl- y(xl-)) .

u TpefoBaHMe MUHUManLHOro pasbpoca cOOTBETCTBYET Tpe6oBaHWMIO MYHUMANBHOM O
anaueHuA AS; . B pesyneraTe nonyuum cuctemy ypaBHeHWiA ANA onpeneneHuA Hau-
NYHLWIMX 3HAYEHWIA NapameTpoR

8, 2 %y, - ))af/xi)O' Tm; m<
= — — y. —flx.)) — =0,/=1,m; m<n.
0A; n j=1 "' 1 0A,;
OB6biuHO hopMy 3aBucumocTu y = f(x, Al Am) sanaoT nubo B BuAE nomm-
m .
noma f (x) = _§1Aix’ , m< n—1, nubo 8 enae nobon APYTrOil CUCTEMBI NINHERHO

HE3aBUCHUMBIX (DYHKLWIA:
flx) =Aj0 x) +.. +A o, (x) ., m< n,

AOCTaTOMHO XOPOLWO Nepefaloilled 0BuiMiA X0A 3aBUCUMOCTH y = f{x) . kotopbiin
MOXHO YCTaHOBWTb M0 pacnpeaeneHunio Touek (x; , ¥; }. B cnyuae Bbibopa f (x,A, ...
« A, ) B BUAE NONMHOMA MMEEM CUCTEMY ypaBHEHWUA:

z L o i

z A, 2 x: = Yyx! ,i=01,...m m+1<n.
k=0 =1 ] i=1 17

Ecnv ke UCNOML3YETCA Pa3noXeHWe Ha MMHEWHO He3aBncCumble yHKUMK, umeem

CUCTEMY YpPaBHEHWIA:

m n n
k§1A“/-§1¢* (x,.)so,- (xl.) ,=j§1yi¢,. (xl.),/ =0,1,..mmn,
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Pewierie 3TUX CUCTEM NUHEAHbIX YpaBHEHUWW NO3BONAET OAHO3HAYHO OrMpeAenvTh
K03¢¢uuueﬂruA pasnoxenuna y = ¢ (x}.

NanoxeHHbiM Bbie CNOCOB HaUMEHLLLMX KBAaAPaTOB MOXHO 0606WUTL U Ha
HEKOTOpbIE CAyYan HenuHeHbIX 3aBucumoctei f (x, A1 y eees Am) OT NapameTpos.
Hanpumep, ana y = a € ¥ uenecoo6pasHo UCKaTb MUHUMYM OTKNOHEHWA Nora-
pUGMOB 3TUX e PYHKUUIA

5 [Iny, —in lae™7%i )12,
=1
YTO NPUBOANT K YpaBHEHWAM:
1

n
- 2 (Inyi—lna+1x‘)
a j=1 /

I
(=)

.

n
/‘E‘l (Inyj— Ina +7xl.)xl. =0.

B cnyuae fIMHEWHOW 3aBUCUMOCTU iy = &, + @,X BbluMCNEHNE Ko3agdrumneHToB
N0 MeTOAY HaMMeHblLUX KB3APaTO8 BbINOMHAETCA NO CNEAyloWwnM (HOopMynam:

Cy) Ex?) - (Zx) (Exy)

n (Zx2) — (Ex)2
_n (Zxy) — (Zx) (Zy)

n(£x?)—(Zx)?
2.2.5. UnenTndunkauva 3aKoHa pacnpeaeneHun No rucrorpamme

Mpu mogenupoBaHuyM GOMbLIKMX CUCTEM, KaK Npasuno, (UKCHMPYETCA MHOro
CTAaTUCTUYECKMX AaHHbIX, U 334acCTYI0 Uefbld UMUTALMKU ABNAETCA NONyYeHUe aHanu-
TWYECKOrO BuAa pacnpefeneHuA HeKOTOPOM CTaTUCTUMKKU ¢ Nomoleio mopeny. lo-
3TOMY BaOXHO YMETh KaueCTBEHHO pelsats 3agavy MAaeHTMGUKauMu 3aKoHa pacnpe-
aAeneHuAa no umewwedica ructorpamme. uctorpamma xapaKTepuayercn LBYMA
MaccMBamMu: VHTEpBanos rpynnuposaHuAa (" ’macwtabos”) {x } 1 W vactotel no-
nagaHuA B UHTepBanbl rpynnupoBaHvA {y } K (3[.160!: k — uncno WHTEpBanos rpyn-
nMpoBaHuA) .

CyuiecTByeT HeCKONLKO cnocobos dJopMMpoaava rucrorpamm. Mpu hopmu-
POBaHMK N0 METOdYy MacwTaboe Maccus {x} 1 n3BecTeH, BuIGOpKa X, ..., X,, 32
AaHa. ﬂﬂﬁ Ka)KnOFO O‘lEpeAHOI’O XI u3 {X ,[ 1, n , nposepnAercA Bh||10ﬂHEHVIe
yCcnosua: ecnux <x<x Tov,:=vl+1i=1,_k,unaqei r=47 +1,
satemj :=f+ 1, npu/ = nq:opmupoaanue MaccuBa 4acToT 3asepuieHo. [0 oKoH-
YaHWW NOACYETa Y4acTOT NonagaHuAa X, B UHTepBansbl rPYNNUPOBAHNA BLIYUCNAKITCA
COOTBETCTBYHIUWIHE YACTOThI pi. = vl. n.

BTopbiM cnocobom ABAAETCA (hOPMUPOBaHUE TUCTOrPamMMbl No merody pas-
Hbix uHTEpeanos. (IpocMaTpuBsaeTcA BbiGopKa X, , ..., X, W HaXOAATCA X, W

Xenax Onpeaennetca anuHa uHTepsana A/ = (xmax - xmin) /k . 3atem opmupy-
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eTCA MACCUB VUHTEPBAanos rpynnMpoBaHuA. 91 = Xmin* N Q’. = 5?/. 1t N, =
= 2, ..., k. lanee (hopmuposaHne Maccuaa 4acToT {_v; } OCYLLECTBNABTCA NO METO-
Ay maciutabos.

Tpetnit cnocob npeaycmaTtpueaeT GOPMUPOBAHUE MUCTOrPaMM merodom pae-
Hblx v3cTOT. 334at0TCA YMCNOM MHTepBanos k . O6vem BoIBOPKM 11 N3BECTEH. Bbiumc-
naetca senuumna § = [ n/k ]. Mo 3HaueHMAM BENNYUHLI X; YTIOPARAOUYABAETCA Bbl-
6opka {xj};' . BoiBOpKa AENNUTCA Ha K MHTEPBANoB, B KaXAbl# U3 KOTOPbIX BKIO-
YaeTCA HE MeHee & 3HaueHWi. PaBHble 3HAYEHWA BKIIOYAIOTCA B OAMH MHTepsan
(cnesa) . OnpenenAOTCA 3HaYeHUA WHTEPBANoB rpynnupoBaHuA ;?'. , KOTOpbLIe pas-
Hbl NOCNEAHEMY 3HAYEHMIO X, B i-M WHTepBane. Maccus 4acToT COCTONT, Kak npa-
BUNO, U3 OAMHAKOBLIX 3HaYEHUA L, = §.

Kom6urupogaHHbit MeToo OPMUPOBEHMA MUCTOrpaMm COCTOMT 8 CReAyio-
wem. Brauane opmupyeTca mManan Belbopka obbemom n, u no HEW MeTOAaMu paB-
HBIX YacTOT UAW PaBHLIX MHTEPBanoR OPMUPYETCA Maccus WHTepBanos rpynnupo-
8aHUA {;?l. }'1‘ . 3aTem (hOpMUPORAHUE MCTOrPaMMbl MPOAOMKAETCA NO METOAY Mac-
wTa6os.

ECNV HEeKOTOPLIE U3 3NEMEHTOB CUCTEMbI BeAyT cebA cToxacTudecky, T B Npo-
uecce MOAENUPOBaHWA BO3HMKaeT NpoBnema NpoBepKn COBMECTUMOCTW 3KCnepu-
MEHTaNbHBIX AaHHLIX C HEKOTOPbIM TEOPETMYECKMM pacnpeaeneHuem. Bosxnkaet
BONPOC: COOTBETCTBYET N 4acToTa HabrioAaeMbIX BLIGOPOYHBLIX 3HAYEHUW TOW vac-
TOTe, C KOTOPOIA OHU AOMKHBLI 6b1NN b1 NOABMTLCA NPY HEKOTOPOM BEPOATHOCTHOM
pacnpeieneHuu, OTBEYAIOLLEM ONpefeneHHOMY TeopeTUYeCKOMY 3aKkoHy? Ecnu vac-
TOTa HABMOAIEMBIX 3HAYEHUIA 3MEPAEMON BeNW4UHbI BIN3KA K NPEACKA38HHOW Te-
Opweil, TO B AanbHeWweM Mofesls CTPOAT Ha OCHOBE TEOPETUYECKOro pacnpeaene-
HYA. Ha NpaKTUKe anNPOKCUMUPYIOT TMCTOrPaMMbl OAHOMOAANkHEIMU pacnpeaene-
HWAMW raycCOBOTO TWNa, NOCKOMbKY Takue pacnpeaeneHuA MOAENUPYIOTCA yA0B-
NeTeopuUTENbHO. [ANA MyNbTUMOAANLHLIX pacnpeaeneHuid Npu NoCTPOeHUU ueneco-
06pa3Ho NONL3OBAaTLCA HENOCPEACTBEHHO rucTorpaMmamu. O6eivHo uccneposarens
npu nNoucke BWAa pacnpefeneHA pPYKOBOACTBYETCA Cheayloleil MeTOAWKOWM,

1. UcX0AA M3 anpyOpHBIX COOBPaXKEHWHA, 3aAa10TCA HEKOTOPbIM pacnpeaeneHu-
€M, KOTOPbIM MOXHO YAOBNETBOPUTENEHO aNNPOKCMMNPOBATL AAHHYIO 3MAUpUe-
CKYIO QYHKUMIO MNOTHOCTW pacnpeaeneHuA.

2. OnpeAenABTCA MOMEHTLI 3MMMPUYECK OO pacnpeaeneH A

12 =/
M= x, —x)", I<4.
ni=1
3. 3Mnupuueckne MOMEHTbI NPUPABHNBAIOTCA MOMEHTaM seiBbpaHHoOro pacnpe-
AeneHWA, KOTOophie BbIPaXeHbl Yepe3 NapameTpbl pacnpeaeneHuA.
4. NonyyeHHble ypaBHEHWA Pa3peLLaloTCA OTHOCUTENEHO HEeW3IBECTHBIX NapaMmerT-
pOB TEOPETWYECKOro PacrpeAeneHvA W HAXOAATCA WMCKOMble DacnpeaeneHun.
5. BbIYMCNAIOTCA YacTOTkI NONaZaHUA COTNacHo annpoKCUMUpYOLWEeMy pacnpe-
AENEHNIO B MHTEPBaNkl COOTBETCTBEHHO 3HaYeHUAM MaccuBa MacluTabos amnupuye-
CKOW PYHKUMW NNOTHOCTH pacnpeneneHnA. MNpakThiecky, Kak Gul yaauHo Hu Bbino
BLIP@KEHO IMMMPUYECKOE pacnpeaeneHue, MeXAy HUM 1 TEOPeTUYECKWUM pacnpene-
neHvem Hewu3bexHbl HEKOTOpPble PacXxOXAEHWA, KOTOpblE MOXHO OB BACHUTL Unw
CNy4aitHbIMU OBCTORTENLCTBAMM, CBA3AHHLIMK C OMPaHUYEHHBIM YMCNOM Habmoae

HMIA, UM Tem, 4TO BLIGPaHHAA KPWUBAA pacnpeaeneHiA He COOTBETCTBYET AaHHOMY
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3MnupuyecKomMy pacnpegeneHuio. [InA KonMuecTBeHHOW OUEHKU COTNACOBAHHOCTU
3MMUPUYECKOro U TEOPeTU4ECKOro pacnpeaeneHwin UCMONL3YIOTCA KPUTEPUU CO-
FnacuR, palouwme xopowive pesynbTaTul B CNy4ae FpYNNMPOBaHHbLIX Bbibopok, B
TOM uucne kputepuu cornacun Mupcora, Konmoroposa, npasuno “'Tpex curm’’ Po-
MaHOBCKOI 0.

6. 3anal0TCA HEKOTOPLIM ypPOBHEM IHAUMMOCTU 8 v no kpurepuio cornacun
Mupcona x2 NPOBEPAIOT COOTBETCTBUE MUMOTETUHECKOrO PAaCNpPeaeneHnA IMIUPY-
YeckoMy. XapakTtep KpuTepun x2 TpebyeT, yTo6bl HaBnAaGEMbIE YaCTOTLI He Gbinu
MankimMu. ECAu e 4acToTbl Manbl, OCOBEHHO Ha XBOCTax pacnpeaenguwid, Heobxoau-
MO 06beauHNTL HecKonbKo MHTepBanoe. Mocrne 06beANHEHNA UHTEPBANos BHOBL
BbIYUCNAKOTCA TeOpeTUYECKUE YaCTOTeI M UCTUHHOE 3HaYeHUe xg . FpaHunuHoe sHave-
Hue x2 HaxXoAAT no Tabnuuam. Ecnu xg < xé . TO CYUTAIOT pacXorkAeHUe Mexay
IMMUPUYECKUM U TEOPETUMECKHUM PACNPERENEHUAMK cayyaikbiM. MunoTesa H0 o
CoBnafjeHu1 pacnpefeneHud COFNacyeTcA C  3KCMEPUMEHTAaNbHLIMU aHHbLIMMW.

7. Ecnv nposepAeMaRr runoTesa OTKNOHAETCA, TO Bb1BUPaeTCA B KavecTBe ru-
MOTETUYECKOro APYroe pacnpeaencHWe, W MPOLECC NOArOHKN HAYMHAETCA 3aHOBO.
Noav6HeiM  06pazom paccMaTpuBaeTCA BeCb KNacC pacnpefeneHuid rayccoeoro
Tuna.

2.3. AHANMU3 PE3YNTbTATOB MOAENUPOBAHUA
2.3.1. OueHKa TOYHOCTH UMWUTALMOHHOTO 3KCNEPUMEHTA

WccneaoBaTtent 4omKeH YMETh OLEHUBATE TOYHOCTL NpoBeAeHWA UMUTALMOHHO-
F'O 3KCNepuMeEHTa U BbINUCNATL [OBEPUTENbHLIE UHTEPBANbI nepeMeHHOW OTKNWKa
MMWTAUMOHHOW MOAENM, YMEHbLIATL YMCno haKTOPOB MOAENM U 8bI6upate UHTEp-
Bansi UX M3MEHEHWA, HaXOAWTh WUCTOYHUKN OLIMBOK MOAENMPOBAHWA, MCKNOYATL
U3 PAacCMOTpEHWA PE3KO OTKAOHAKLLMECA 3HAYEHMA, BbLIGUPATL CHCTeMbI Koopau-
HaYT NpU MHTEPNIPETALMW U aHaNU3e NONYYEHHbIX PErPECCHOHHBLIX YPaBHeHWI. Jkcne-
PUMEHTBI C MOAENAMU CROXHbIX CUCTEM 3aKaHYMBAOTCA 3HANUIOM pesynLTartoe u
WX wHTepnpeTauneid anA notpebutens. Mpexae scero Heo6X0AUMO OUEHWUTL TOY-
HOCTb NMPOBEAEHWA MOAENLHOrQ 3IKCMEpUMeHTa. PaanuualoTcA Tpu Tvna ownbok:
2py6bsie, cucTemaruveckue, cayvaldnsie, Hanwunme cucremarmyeckmx owunbok BuiAB-
NAETCA CneayowmnmMn cnocobamu: nsMepeHMeM ofHOMI U TOM e BENUYUHLI pasHbIMKU
MEeTOoAaMUW; UCNONbL3OBaHUEM 3TaNOHHLIX 3HAYECHWA U KanuwbpoBKOW Moaenu; Bbi-
YucneHveM nonpaBoK ANA UCKIIOYEHWUA OWNBOK.

CyluecTBYIOT TpU MCTOYHMKAE NOABNEHUA CUCTEMaTUYECKUX OWKBOK: owubKy
$opmMynupoexu, obycnosneHHble OWUGOYHOI UKW HEeNONHOW, UNN HEeAOCTaTOYHO
noapoGHON Mopenbie; owubKu pewerus, 06yCcnoBneHHbie HEKOPPEKTHLIM UnW
Ype3MepHo ynpolueHHbIM METOAOM PELEHUA MOAENW; OWUGKY 33danus napamer-
poa, obycnosneHHble NCNONL30BaHVEM HeBepHbIX 3HaYeHUt NapamMeTpos.

Ecnu TouHocTe Mogenu HEYAOBNETBOPUTENLHA, TO MOAENL AONXHA GbiTh U3Me-
HEeHa, a fpouecc NpoBepkU NOBTOPEH. 3Ta ONepauMA Ha3wiBaeTc Kanubposxod.
Llent kanubpoBku cocToMT B AMKBUAAUMK Man YMEHbLUEHUN HETOYHOCTeW (hopmy-
npoBku. OAHAKO TOYHAR MOZens MOMET nasats HEREPHLIE Pe3YyNLTaTHI Aae B
npouecce KanMGPOBKHK, ecnv METOA PeLUeHUA. UAK 3HAYEeHURA napameTpos Moaenu
HesepHbl. Mogens Henb3A oTkanubpoeaTs ANA Beex 3KCNEPUMEHTANbHBIX YCNOBUMA,
B KOTOPbIX OH3 QOMKHA WCRONBLIOBATLCA. 3TO NPAKTUYECKU HEBOIMOXKHO WS-3a
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GONBLIOTO YMCNA TaKWX YCROBUA W WX nenpeackasyemoctu. Ecnm 6oina 6b1 NpoAe
naHa wcYepnbiBalowan KanubposKa ¢ AaHHBIMM N3IMEPEHUH, MoAenb okasanacb 6l
GecnonesHol, nocKoneKy Gonbule He Tpebosanock Gbl NpeAcKasbiBath noseAeHue
 cucrembl. N03TOMY MOfeNb UCNONL3YeTcA B ycnosuAx, B KOTOPbIX €8 TOYHOCTD He
Gbina npoeepeHa. Taxkum obpaiom, KanWGpPOBKa OBBIYHO OrPaHU4EHa HECKONLKUMU
KOMBUHAUMAMW NapaMeTpos MOAENY. Ecnu cUCTemMa CyLeCTBYET U ee MOXHO U3ME-
pUTb, TO 3TW KOMBUHaUWMN cneayet BbIGPaTL TaK, 4T06bI IKCNEPUMEHTD Bb1NK NOR-
HOCTbIO BLINOAHWUMBI U MO BO3MOXHOCTY APOCTHI. Mogens BO BpeMA Kanubposxw
AOSHKHE YNPaBNATHCA BXOAHBIMW NEPEMEHHLIMY, NpeAcTaBARIOWNMY BblIBpaHHbIE
KOMBWHALNM CUCTEMHBIX NapameTpoe W NapameTpos B8XOAHLIX BO3AENCTBUA Ha MO-
AeNb. 3a4acTylo MOXHO AOONpEAENUTL NapameTph! MOENN Ha OCHOBAaHUW NOAYyUeH-
HBIX 3HAYEHWI OTKMWKA C MCNONb3oBaHNeM (hyHAAMEHTaNbHbIX XapaKTepucTuK Teo-
pun.

CnyYaiHhie OWMBKN HEYCTPaHUMBI, HO WX MOXKHO oueHnTb, OueHikn 6asupytoT-
CA Ha NPeanockiNKax, 470 CPEAHUE 3HANEHWA 1 aucnepcum owmboxk HopMankLHO pac-
npeaeneHsl. [103ToMy ANA OUEHKW TOYHOCTU mMogenuposaHuA TpeByeTcA HaxoXAe-
HWe AMCNEPCHMU 0° OTKNWKA v 3aTeM yxe nepecyeT 3HaYeHnn BEPOATHOCTHON OLAUG-
KW p , CpeaHen aBGCONOTHON OWWBKN V' 1 MEPbI TOUHOCTH R no dopmyne: p =
=0670; v. =0,800; R=0,71/0. -

Ecnv OTKNMK ABAAETCA (PyHKUMeVH NapameTpoB MOAENnw X; W “3BecTHa TOY-
HOCTb NPeACTaBNeHWA NapameTPOB MOAEM S, . B pAgje cny4aes vwccnepoBsaTene

j
MOXKET paccunTaTh TOMHOCTb pesyneTata. MNpotile BCEro BLIYACARETCA TOYHOCTL pe-
3ynuTata R, eCM OH ABNAETCA Npou3BeAeHVeM (haKTOPOB X; WM HaCTHbIM oT ux
Aenexun. MoKasaTens TOYHOCTW B NPOUEHTAX S R/R onpenenVITCA B 3TOM cnyuae U3

BbipOKEHVA
s2 Sy
R i 2
— =2 | ), R = Nx. ,
2 i X . i /
R ¢l
rpe Sx — cpeAHeKBapaTUYHOE OTKNoHEeHWe gaxtopa xl.; Xej ~ TOYHOE 3HaveHue

¢ar<'rof)a x. | R — TouHOe 3Ha4eHue OTKNnKa, 7.€. KBaapar OTHOCHTENbHOI OWNOKK
NPOM3BEAEHUA UNU YaCTHOrO PaBen CyMMe KBaapatos OTHOCUTENbHLIX OWNBOK OT-
AenbHbIX U3MepeHWA.

B cnyuae Npou3BOneHOW GyHKUWA R = f(x1 e X ), iMetowen vacTHble
NPOW3BOAHbIE, AUCTIEPCHA pe3ynkTaTa paBHa CyMMe pucnepcuin hakTopoB, HopMu-
POBaHHOM KBaApaTamy YaCTHBIX NPOM3BOAHBIX:

OR
§2 =3 (—1) §?
R i (axl_) xj

Takum 06pa3oM, WCCNEAOBATENb AOMKEH YBEAUTLCA B TOM, 4TO pacnpepenexve
oWMBOK MOAENMPOBaHNA ABMAETCA HOPMAfnbHLIM UAM XOTA 661 CUMMETPU4HBIM,
OUEHUTH 3Ty OWWBKY N0 KOXAOMY (aKTopy v onpeaenuts BoipaXeHine ANA OWwnb-
K OTKNUKA, €CAM W3BECTHA (DYHKUMOHANBHAR 33BUCAMOCTL pesynbTara ot napa-
MeTpOB MofenupoBaHuA. onyyeHHbie BhIPDKEHUA NO380NAIOT BbIBMPaTL Takwe
3HAYeHVA (PAKTOPOB, KOTOPbIE MUHUMUINDYIOT HEONPEARNEHHOCTL pesynLTara Mo-
ASNVUPOBAHUA,

34



Bo MHOrux 3kcrnepumeHTax YA3ETCA TaK OpraHv3osaTh MOAeMMpoBaHue, YTo
OCTaeTCA TOMLKO HeONPEAeneHHOCTb, MONMHOCTLI0 OGYCNOBNEHHAR OWNEKaMK
OKPYFrAeHUA W NOrpewiHoOCTAMY rpadmuecKux NOCTPOeHUH NPU MHTepNpeTauun pe-
3yneTatoB moaennposaHuA. HeT cMbicna R061BaTLCA YMeHbleHVA OlIUBKYU UNU He-
ONpPeAeneHHOCTH pe3ynbTata MOAENMPOBAHMA 3HAYUTENLHO HMKE 3TOW OCHOBHOMR
ownbku, ecnu uccneaoBatens He cCMoXKeT nocTpoutk 6onee TouHbIe rpaduky.

‘.

2.3.2. YmeHsluenne uucna napameTpos mogenu

Mockonsky uncno napametpos mopenu CYWEeCTBEHHO BNUAET Ha NPOAOMKK-
TENbHOCTE MMUTAUNOHHOMO 3KCNEpUMEHTa, HeOGXOAUMO CTPEMUTLCA K yMeHbLue-
HUIO KOonW4ecTBa napameTpos. [1NA 3TOro MOXHO npuberHyTe K merody cryyadro-
20 6ananca. OBbINHO NPU MOAENNUPOBaHMM BONLLLUX CHCTEM mccneaosatenu CTPOAT
CBEpXHacbIWeHHble MNaHel, B KOTOPLIX YACIO OMbITOB MEHbLUE YUcha napameTpos k,
NEPBEOHAYaNLHO BKIOUEHHBIX B paccMoTpenme. MocTynupyertca cneaytowee: ecnu
3thheK Th), OTRETCTBEHHbIE 338 NPOLUECE, PACNONCKNTL B nopaAake ybnIBaHUA BHOCHU-
MOro UMU BKNaja B OTKMWMK, TO NONYYUTCA AMarpaMma 3aTyXaHun, Hanpumep 3kc-
NoHeHuransHoro Tuna. Uccneaosarens 3apaHee He aHaeT, Kak pPaHXupyroTcA napa-
MeTpbi. Ero 3anava cocTouT B TOM, 4TO6bI BOCNPOU3BECTH 3TO PaHxxupoBaHue ¢ no-
MOLLLI0 OTCenBalOWEro aKcnepumeHTa. Ha puc. 2.4 npeacTasneH NpUMepPHLIR BUg
AWarpaMMbl PaHXMPOBAHWA BKNAAOB MapaMeTpPoB B CYMMapHYI0 AUCREpCUI0 OT-
Knuka moaenu. 3erTbl B NPaBbIX YacTAX PaHXMPOBaHUA OTHOCATCA K LUYMOBO-
MYy MONI0, Ha thoHe KOTOPOro HYXKHO BLIAENWUTL aHAYUMBbIE acexTel, Nonaswue B
NeBYyI0 4acTb AUArpPaMMbi.

MycTe uayvaotca & e ToB, CO3naBaCMbIX NUHEIHHBIMY unieHaMu ¥ NapHebl-
Mu B3aumonedcTamamu. Mpeanonoxum, yto HekoTopuie x; =xl.x/ M € — ownb-
Ka oneita. Toraa MoXHo 3anucate cneayiowee COOTHOLWEHME:

N=Bg+ Byxy + Byx, + "'+ﬁk-—/xk—l+ﬁ1lz1 MR +3/'21 te=
=Bo + Byxy + Byxy + By _pxp_, *a,

rae , /
a=(2,+.. +ﬁ,’z,+ e; o?(a) = (B1)202(Z1) +..

vt (81262 (z) + 0% (e) .

% 8nnada

j—l_l—}—-,_,

0A56‘DEFG/1/(LMNﬂ¢alm
P

Puc. 2.4, Anarpamma paHxupoBaHnA BKNaao08 GaKTopoB B cymmapHyo ANcnepcuio onsITa.

35



W3 obuiero uucna k napameTpos BbiAeneHo k — | 3HauvMblx NapaMeTpose, a
ocTanbHbie / NapameTpoB OTHeCeHb! K WYMOBOMY nomo. 3aTem oleHWBAETCA OCTa
TOuYHaA AncnepcuA 02 (a) . Tak AOBUBAIOTCA HE3HAYMOCTU 02 {a), yto nossonAeTv
onpenenuTh FPaHNUHYI0 INHUKO /I (cm. puc. 2.4) ANA HaXOXAEHWA 3HayYMMBbIX Na-
pameTpoe. [lanee nepemMeHHbIe BapLUPYIOT Ha ABYX YPOBHAX. MaTpuuy nnaHuposa-
HWA CTPOAT C NOMOLLbK Tabnuub! cAy4aliHbIX YMCEN ANA pacnpepeneHun YpPOBHeW
no cron6uam. Takum cnoco6om nony4aeTcA cny4aiHo c6anaHcupoBaHHaR MaTpuula
{mMeToa cny4aaHoro 6ananca) .

Anoraa MOXHO BOCNONML30BAaTLCA cnyqaﬁHmM cMewmnBaHvemM pennvuk. D.HH
orpanuveHun nepebopa adpeTOB NPpK NOCTPOEHNN MaTpulbl, BKMKOUYaKOULER BCe AO-
MuHupytowme 3tgexTsl, MCNORBL3YIOTCA AMarpamMmbl pacceAruA. Mpumep NocTpo-
EHWR AWarpamMMbl PacCeRHWRA ANA NATH napameTpos MpeacTasneH Ha puc. 2.5. Mo
OCU OpAVHAT OTKNaALIBAKITCA 3HAYEHWA OTKIMKa MOJENY NPU BEPXHEM N HIKHEM
YPOBHAX COOTBETCTBEHHO napametpos A, B, ¢, D, E, noocu abcumcc — 3Ha4eHuA
napameTpoB Ha BepxHeMm {(+) u HkHeM (—) YpOBHAX. [lanee NpUCTynalwT K aHa-
nW3y AMarpamMmbl PaCCeAHWUA. [na aToil uenu ucnons3yioT cneayoLiuit BU3yanbHbIW
npueMm, KOTOpbI NO3BONAET NO Avarpamme pacCerHvA ANA nuHeliHbIX 3dhexTOB
BbiAenuTb Te NapHbie B3aNMOAENCTBUA, KOTOpble MOAneXat uccneposaruto. Mpu
60NbWOM 3HaYeHUN HEeKOoToporo apheKTa BIANMOAEHCTBUR [OMKHbI NOABUTHLCA
TOUKM KaK Ha ypoBHe +x2, Tak W Ha ypoBaHe —xz . B nepeom cny4ae ofie He3aBUCHK-
Mbie nepeMeHthe AOMKHbBI umMeTh OANHaKOBbIE 3HaKW, Bo BTOPOM cnyvae — pa3Hbie
3HaKW. 3HaYUT, HYXKHO paCCManMBaTb TONBKO B3aVIMOp.eI7ICTBMH TaKwux He3aBwucn-
MbIX I’IepeMEHHbIX, KOTOopble uwmvetoT Bbmenmoumem TOUKW KaxK Ha OnMHaKOBbIX,
taK 1 Ha pasHeix yposHax. locneaxee ycnosue @bINONHAETCA, KOr ia BepxHue nnn
HIDKHME 4acTy AWarpaMmbl pacCeRHWA ANA nepemeHHLIX X U Z 0BpasyloT 3epKane:
Hble oToGpaKeHuA. B pesynbTare BbIAENAKATCA Toukn Ha oboux ypoeHax. faxe ec:

Y
1 m 4
IR R TR T I S
mT f ]
myom 4 Y
] K
m[r
+ - - - y Z, - - ¥ 7 2Z,-
7 v g, v A7 ; v A7, 77,
a ) ¢ a b b

Puc. 2.5. Nprmep NOCTPOBHUA AWArpaMMe! pacceAHuUA:

a-— CYU.\OCTBGHHOB OTKNOHEHWE MeauaH; b— HECYUWlecTBEHHOE; ¢ — 3epKaneHoe o-roﬁpa)xauue;
d — oauHaxkosoe OTKNOHEHHe.
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NM KaxAbId U3 oTAeNbHLIX APEeKTOR HE3HAYUTENEH, B3ATbIE BMECTE OHU A3I0T 3Ha-
YuTensHein 3diexT. Mpouecc KOPPEKTUPOBKKM NPOAOMKAETCA A0 Tex nop, noka
pacceAHve pPe3ynLTaTOB HabMOAEHMA HE CTaHET CPBBHUMbLIM C OLMBKON ONbITa.

AnA nuneiinbix 3diheKTOB CPaBHWUBAIT MeaNaHbl OTKNUKOB. MNpu cunsHOM OT-
KNoHeHUM MeanaH Npu nepexoae M3 ypoBHA +1 Ha ypOBEHs —1 MOXHO BbIAENUTS
3HaYMMble nuHeliHble 3hdekTol. IteKTel, NpUaHaHHbie YCAOBHO 3HaYUMBbiMy,
BKNIOYAIOT B MATPULY HE3aBUCMMbIX NEPEMEHHBIX U 33TeM NPOBOAAT OB6bIYHbIN pe-
FPECCHOHHbIN aHanu3. 3atem Te actheKThb!, 3HAYUMOCTb KOTOPbLIX NOATBEepKAZETCA
PEerpeccuoHHLIM aHaNU3OM, UCKMIO4aIT U3 PaCCMOTPEHMA.

KoppekTuposky pesynuraros U3MepeHuii NPOBOAAT cheayicuwM 06pa3om.
Ecnit HekoTopelin agibeKT A okasancA 3Ha4YMMbIM, TO BbIYMTAIOT CBA3AHHYIO C HUM
BENMYMHY U3 PE3yNbTaTOB TeX ONMbITOB, B KOTOPLIX COOTBETCTBYIOWMIA NapaMeTp Ha-
XOAWNCA Ha BepxHeM ypoBHe. [ocne WCKMO4YEHWA NEPBON FPYNMbI 3HAYMMBIX ac-
theKTOR CHOBa CTPOAT AWArpaMMmbl PaccermHnA, npoueaypa cny4aiHoro 6anaxca
NOBTOPRETCA 3aHOBO.

ApyrduM MeTOAOM yMeHbLUEHMA KonWuyecTBa napameTpoB MOAENUPOBaHUA AB-
NABTCA METOd ucnoNbL308aHUA 6e3pa3MEpPHbIX KOMOUHayUL napamerpos maodenu.
CyTs ero 3akniovaetcA B cneaylowem. Bce aeiicTBMA vccnenosaTent BeiNONHAET B
Heckonbiko 3Tanos. Ha nepsom atane BLIGUPAIOTCA TONLKO Te NEPeMeHHbie, KOTO-
Pblé OKa3kLlBalOT BO3feicTBue Ha cucTemy. [pu aTOM Heo6XxoaMMO paccmatpusare
Takxe pasHble KOIPGHUUMEHTBI U (U3NYECKNE KOHCTaHTBI, ECIN OHW UIPAIOT BaXK-
Hylo ponb. Ha BTOpom aTane BeIGUPaETCA CUCTEMa OCHOBHbIX pa3smepHoOCTeiA, yepe3
KOTOpYIO MOXHO BhIPa3nThL eAMHWUUY BCex BbiGpaHHLIX nepemeHHbIX. Ha Tpetbem
aTane 3anuCbiBalOTCA Pa3MepHOCTU BbIOGPaHHbLIX HE3aBUCMMbLIX NepeMeHHBbIX U CO-
CTaBnAoTCA Ge3pasmepHiie KOMGUHaUMK. Peluenne GyaeT NpaBUunbHbLIM, eCAN Kaxk-
AaA kombuHaumA ABNAETCA 6e3pa3MepHOil BENWYMHOW, Yicno KoM6uHauni He
MEHbLLLE NPeACKA3AHHOrO  T-TEOPEMOW U KaXAaR nepeMeHHan BCTPEYaeTCA B KOM-
6UHAUWAX XOTA 6bl oAWK pa3. HanomHum hOpMYNMPOBKY 7-TEOpeMbI: ecnu Cyuwe-

CTBYeT 04HO3HaYHOe COOTHOLWeHWE u,a(A1 Ve An } = 0mexay nduanueckum
BEMYNHAMK, ANA ONUCAHNA KOTOPLIX UCMONL3YIITCA K OCHOBHBLIX EAMHWUL, U3Mepr
HWA, TO CYULECTBYET TaK)Ke COOTHOLIEHME ¢ (1r1 rrn_k) = 0 mexay n—k Gespas-

MEpHLIMU KOMBMHaUMAMMK, COCTaBNEHHLIMMU U3 3TUX (U3NYECKUX BenuumH. Ha veT-
BEPTOM 3Tane nonyyeHHele GespasmepHole KOMGUHALMW NPOBEPAIOTCA C TOMKM 3p&
HWA Ux nprnemnemocTu u usmyeckoro cmeicna. Ecom nonydeHHsie KOMBUHALMMK
HENPUEMNEMBI C TOYKU 3PEHHUA WX MHTEPNPeTaLUM, TO MOXHO: NOMYYUTL ApYroe pe-
LueHue, 4To6bl HaNTU HaUNYYLIWIA BLIGOP KOMGUHALMA; BblBpaTh APYryIo CUCTEMY
OCHOBHbIX pa3sMepHOCTe# W npogenate paboTy € CaMoro Hawana; NPOBEPUTH npa-
BUNLHOCTL BbIGOpa NapameTpoe mMoaenu. Ha nATom 3tane, Koraa Gyaet nonyyex
YAOBNETBOPUTENLHLIA HAbOop Ge3pasMepHbiX KOMBUHAUMM, MOXHO NPUCTYNUTL K
COCTaBNEHMIO NNaHa WMWUTALMOHHOrO IKCNEPUMEHTA W USMEPEHUA 3HAYEHWUMN 3THX
KOMOGUHaLWA Ha Mogenu.

PaccMoTpum asa HanGonee ynotpe6uTensHsix cnocoba nocrpoeHun Gespasmep-
HbIX KOMOWHaUMIA: cOCTaBNeHUe ypaBHeHWIn ANA nNokasaTeneli crenexel Yy OCHOB-
HBIX AUHNL M3IMEPEHWA N NOCNeAOBaTENbHOE UCKMIoYeHUe napameTpoB. CyTs 06o-
ux cnocobos nponnnocTpupyem Ha npumepax. MycTe B KavecTBe OCHOBHBIX pas3-
MepHOCTen BbIGpaHbl: macca M , BpemA T v anunHa L . 3anaHa HeKOTOpan thyHKUUA

=, 0P, V¢, u?,p,e, q9).
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MycTes opMyna pasmepHOCTEA HMeET BUL,
L=g?, L, (wme, wan, mady, L, wr.

410661 aaHHOE ypaBHeHME 6b1N0 OAHOPOLHLIM, AOMKHbLI BbINOIHATLCA CNREAYIO-
LMe COOTHOLIEHNA MEeXAY NoKasaTenAamu cTenenen: anaM d +/ =0; anA T—e—
—d—29 =0: anal a+b+c—d-3/ +f+qg =1 Vmeem ypaBHEHNA C CEMbIO
HensBecTHbIMU. YTIPOCTUM UX, UCKNtovan e, ¢, b1 e = —d;c=-d-2q, b= 1-—
—a—d+q— f.Torpa o[ H?, p\—e—d+q-f —d-2q pd, p—d, e, q7]=AP.

Oﬁ}aeﬂMHMB yfieHbl ¢ OAMHAKOBLIMU NOKAa3aTenAMun cTeneHn, MoXem COCTasuTh
6e3paamepHble KoMmBuHauun:

o (HD)? , (vDp W~ , /D), (Dq/V? )] =AP/D.
WUTak, soceMb napamMeTpoR 334a4n Aa0T NATL He3pasMepHBbIX KOM6UHaUWA.
Myctb 3agaHa apyran pyHKUMA:

AP=f(Q,N,p D).

YpaBreHue Pa3MepHOCTeit B TOW e CucTemMe UMmeeT BUR

ML = F(L3/T, T, M/L3, L),
SVAGM ucnonb3oBaTh METoA NnocneaoBaTenbHoOro UCKMYEHUA napamMeTpoB.
Nexkmounm M , ncnons3ynA napametp p :
AP/p=FflQND).
CocTaBvMM HOBOE YpaBHeHWe PasMepHOCTH,

L2/m2=f(L3/T, T, L).

Uckmouum T, ucnonkays napametp V:

AP/pN2=f(Q/N,D).

YPaBHeHMe pa3mepHOCTU umeeT Bua

L2=F(L3, L).
WUcnonb3ya napameTtp D, uckmouum L :
AP (2,
N2 pD? ND3
B pesynsTate nonyuum 6Ge3pasmepHyro yHKUMIO f(O/(NDs)). MpumeHeHue
aHanM3a BecbMa CyW(eCTBEHHO NPW OPraHM3auny 3KCNEPUMEHTOB. Y MeHbLUIEHUE KO-
NUYeCTBA NapamMeTPOB 3aBUCMT OT 4MCNa BbIGPAHHBIX OCHOBHLIX Pa3MEPHOCTeM.
AHanus pasmepHOCTei He NO3BONAET ONPEeAenuTh TUM hYHKUMM, CBA3LIBAIOLWLEN 0
Hy Ge3spa3mepHylo KoMBuHauuio C ApYroi. Bo MHOrMX UMUTALMOHHBIX 3KCnepu-
MeHTax 3Ty (PyHKUMIO @ MOXHO MPeACTaBUTh KakK CTENEHHON PAA C ABYMA OCHOB-
HbIMK YneHamut, B 60NbLUMHCTBE CnyYaes ANA HaXOXKAEHWA COrnacyowmx NocToAH-
HbIX MCNOMb3YETCA rPynna YMCNOBbIX 3HaueHni. Ha rpachuk HaHOCUTCA HEeKOTOpaA
COBOKYMHOCTb IKCNEPUMEHTANBHLIX TOUEK, MO KOTOPLIM CTPOUTCA Hanny4iLaA Kpw-
BaR. 3aTem 3Ta KpYBaA MCNOJNb3YeTCA ANIA NONYYEHNA COrnacytowmnx NOCTOAHHLIX U
onpefeneHnA HeoBxoaNMBIX noKkasatenei creneHu. Mpudem 6espasmepHbre Kombu-
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Hauuu Heobxoanmo BbIGHpaTL TakuM 06pazom, 4Tobbl Bce ownBKY BbiNKU CKOH-
UEHTPUPOBaHbLI B OAHON U3 NEPEMEHHLIX.

2.3.3. Onpeaenerue uHTepBaNnoB H3IMeHEHWA napamerpos

B no6oM UMUTaUMOHHOM 3KCNEPUMEHTE BaXKHO OMPEAENWTE HEOBXOAMMbIE MH-
TepBansl N3MeHeHUA NapamMeTpoB Moaeny. [lo Hayana UMUTaUMK cneayeT HainTu npe-
AenbHbIe 3HAYEHUA CTaTUCTUK MOAENUPOBaHMA. CYLIECTBYIOT ABA OCHOBHBIX KpUTe-
PYA ANA BbIGOPA MHTEPBANOB M3MEHEHUA NaPaMETPOR MOAENN: OTHOCUTENBHAR TOY-
HOCTb NOAYYEHUA CTaTUCTUK Ha PasHbIX y4acTkax o6nacTu MapaMeTpoB MOAENU U
XapaxTep yHKUMN OTKNUKaE. Ecnn aHanua ownBoK noKassiBaeT, YTo Ha KAKOM-TO
y4acTKe MOAENUPYEMOro Npouecca AaHHbIe Bbi3bIBAOT COMHEHUe, TO YBENUYMBAET-
CA 4acTOTa CLeMa AaHHbIX B X0ae MUTaumn. HeobxoanMO cTpeMuTLCA K ToMYy, uTo-
6b1 B MO60OK YacT KPUBOW (IYHKUMUM OTKNMKA MMETb OHY U Ty e TOYHOCTb.

BosHukaer npoGnema, Kakve U3 BOZMOXHBIX NNAHOB IKCNEPUMEHTOR UCNONb-
30BaTb B KaXXAOM KOHKPETHOM cnyyae. Ecnm n3BecTHO, YTO 3KCNEPUMEHT HeBOC-
NPOU3BOAMM AMGO MMEOTCA 0COBEHHOCTU, KOTOPbIE MOXKHO OBHAPYXUTL NALWL NPU
MONYYEHUN A3HHbIX B PerynApHOA MOCNEAOBAaTENLHOCTW, UCNONLIYIOT KilacCuye-
CKUA NOCNEAOBaTENbHLIA NNaH: BCe NapameTpsl MOAENYW NONaratloT NOCTORHHBIMM, a
OAWMH MapameTp W3MEHARTCA BO BCEM MWHTepBane 3HaueHui; BuIGOp WHTEpPBAanoB
MexAay COCeAHVWMMW 3HaYeHWAMU BeAeTCA MeTOAOM BanaHca TOYHOCTel, 3aTemM aHa-
MOrMYHO M3MEHAETCA BTOPOW napameTp. Ecnn oTknuk npeactaenAeT dyHKUMO
ABYX TUMOB OT BXOAHbIX NapaMeTpoe Mogenn: R = f1 (x) + f2 (y) + f3 (z); R =
= f1 (x)+ f2 (y) * f3 {z), cnonbaytoTca dakTopHble akcnepumenThl. OCHOBHOE Npe-
UMYWEeCTBO (haKTOPHOM O NNaHa COCTOUT B TOM, 4TO ANA KaXA0N KPUBOMR MCMONbL3Y-
€TCA BCA COBOKYNHOCTL AdHHbLIX U NO3TOMY TOYHOCTb PE3YNLTATOB MaKCUManbHa.

2.3.4. OnpepenexHne HCTOYHUKOB OLINGOK

Npu ananu3e peaynbTaToB UCCNefOBaTENb AOMKEH 3aNnNaHMPOBaTh OAHY VMK He-
CKOfibKO NPOBEPOK TOYHOCTW U NPUEMMEMOCTU pe3yNbTaToB MOAeNnUpoRaHuA. AnA
onpeaeneHNA UCTONHUKOB OWKGOK 4acTO MCNONb3YTCA ypaBHeHus BanaHca. CyTs
MeTOANKU UCNONb30BAHUA ypaBHeHWA GanaHca pacCMOTPUM Ha Cneayiowlem npu-
mMepe. B MopensHOM aKcrnepuMeHTe WM3MepAoTCA nepemMeHHbie A, B, X, Y, koto-
pble CBA3aHbI MEXAY COB0M ypaBHEHUEM coxpaHeHuAa A<B = X Y.

Mycte A = const , a OCTanbHbie MepeMeHHbIe USMEHUNCL cneaytowmm obpa-
3oM: m«X ; n«Y ; m.nB.YpaHeHue 6anaHca npu 3aTUX YCNOBMAX MMEeT BUA
A:m.n-B=m-.X.n.Y . Ucnonssyerca cneaywowee NPaBnuno: ecnv oaHa u3 . nepe-
MeHHbIX B ypaBHeHuu 6anaHca MMeeT CUCTEeMaTMYecKylo ownbKy TunacymMmel (A +
+ f(A)), TOo 3Ty NnepemMeHHYI0O MOXHO 0BHapYXXWUTh, paccMaTpuUBanA Noo4YepeaHo cny-
4an c hUKCUPOBaHHLIM 3HAYEHWEM KAXKAOW nepemeHHoin. MepemeHHan, anA KoTo-
po# nNpun GUKCUPOBAHHOM ee 3Ha4YeHUM OTHOCUTEeNbHaA ownbKa He NaMeHAETCA, Co-
AEPXKUT CUCTEMATUYECKYI0 OWUOKY. EAMHCTBEHHBIM WCKIIOMEHMEM ABMAETCA Chny-
Yail, KOrAa NepeMeHHOMW, conepxalieit owunbky, asnaetcA (A + kA). B atom cny-
Yae OWKUBKY HEBO3MOXHO OBHapYXUTb C NOMOLLLIO AAHHOMO0 METOAA.

Yacto ucnons3syeTcA nposepka ownBoK NyTem 3KCTpanonAuuv rpadmvkos. Uc-
chepoBatenb cTPoMT rpaduk 3aBucMMoctu y = f (x) . CucTema KoopauHaT unu ca-
Ma PYHKUUA BbIGUPAOTCA TaKuUMMK, YTOBbI rpadmnk Gein AUHERHLIM Krn XOTA Bbl He
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uMen 60oNblioi KpUBW3Hb!I BEAU3N Hayana KOOPAWHAT. O6bINHO UCNONL3YIOTCA Ni-
WeiiHble, NonynorapudmMuyecKkue u norapndmMuueckue LKanel, NO3BONAWNE NO-
cTpouts npAMyto, Ecnn B 06nacTu Manbix 3HaYeHU MMeeT MecTo pe3rKoe OTKNoHe-
HUe OT NWHEHHOro BMAA, 3KCTPANONALUKD AaHHLIX NPOBOAUTE HENL3A. MNoaromy mc-
_cnepoBarent JOJDKeH CneawTs 3a aToit cuTyaumed. WUHoraa emy U3BECTHO,
YTO OAMH W3 NWHERHbIX rPaduKoB OTKNMKA MOgenM wmen cuctemaruue-
cKyio ownbky. Heo6xoaumo ONpeaenuTs, KaKoW 13 rpaduKoB BEPeH, U OLUEHUTb
BENMYMHY CUCTEMATUHeCKOH owmbKuy. Hanpumep, KaxKAblA HABOP AaHHLIX XapaKTe-
PU3YeTCA NOMTW OAMHAKOBbLIM NOKasaTenem CTeneHu, HO rpacmku Heé COBNAAatoT.
W3BsecTHO, 4TO B 06NacTU Manhix 3HaYeHU 3aBUCUMOCTb MPOXOAUT uYepe3 Hauano
koopavHat. [AnA uaeHTuduicauum CMCTEMATUNECKOM OWUGKK CTPORT NUHEAHbIA
rpaduK AaHHbIX B 06nacTu Manbix sHaveHnin. TOT rpacdvk, KOTOpbLIA He YAOBNET-
BOPAET YCMOBMIO NPOXOXKAEHWA YEPE3 HAYano KOOPAWHAT, UMEeeT CUCTEMaTUYECKYHD
owuBKY, a 3HaYeHNe OPANHATHI NPU X = 0 1 paeT BenUuMHy 3TOH owmBKn.

2.3.5. ick nioYenne pe3Ko OTKNOHAKWNXCA 3HaueHUN

B prae cny4aeB Heo6X0ANMO yMETh 060CHOBAHHO UCKAIOYNTL 3HAUEHWUA, Pe3Ko
OTKNOHAIOWMECA OT cpeaHero. [ANA 3TOW uenn UCMONbL3YETCA aHanus rpacvKoB.
Ha puc. 2.6 nokasaH NpUMep 3aBUCMMOCTH ¥ = f (x), conepxauieit HECKONbLKO pe3-
KO OTKNOHAIOWMNXCA OT CpeaHuX 3Ha-
y yeHunir. Kakue e U3 HUX MOXHO Cuu-
8 TaTb rpy6biMn OWWGKaMKU ONbITa U

A WCKAIYUTL K3 JarsHeidllero paccMoT-

penvA? BecbMa BEPOATHO, YTO TO4Ka

7 A ABNAETCA COMHUTENbLHOW, NOCKONb:

] i KY W ANA MeHbWMX, W ANA Bonbiinx

3HauyeHW X OPAWMHATbLI BNU3KK K NpA-

MOt nvHun. Touka B Moxer ObiTb

Puc. 2.6. Npumep 3sencumocTn y = f (x), ownGONHOR,  HO, BO3M0)|5H0, OHa3

CORepWawWei  PeKD  OTKNOHAKWIMECA AenAeTcA Hanbonee BaXHOW W Npead-

3HBYEHUA. CTaBNAET peanbHulil Gmandecknii ag-

dexT (nepexoa cucteMbl B 0O6nacTs

;. ApYrax coctonumii) . Touky C Takxe Cneayer COXpaHUTb AO TeX Nop, nNoka He 6y-

AYT NOMyUeHbl AOMNOMHUTENEHBIE TOYKN B 06NacTh Marbix 3HaueHui X . TaKkum obpa-

30M, MOXXHO ChOPMYNMPOBaTL NPaBMANO OTEPaKOBKW: OTKIOHAIOWUECA TOYKU cre-

Oyer UCKMIOYUTh, NOMb3YACH CTATUCTUYECKUMU KPUTEPUAMU, U TONILKO 6  TOM cny-
yae, ecnu OHU HaxoO0ATCA & cpedHed vactu zpaguka.

' 2.36. Be160p CHCTEMb) KOOPAUHAT

B akcnepyMeHTansHoW paboTe 4acTO BO3SHWUKAET U oBpaTHan cMTyauuna. UMerT-
CA NaMHble, KOTOpbIE B ONPEAENEHHON CUCTEME KOOPAUHAT MOryT BuiTe NpeacTas-
NeHbl B BVAE NPAMOM, W HYXHO HailTu ee ypasHeHue. Torpa ocHOBHOI 3aaauei AB-
nAeTcA BbIGOp U NpeoGpasoBaHne CUCTEMbI KOOPAMHAT TaKUM obpa3zom, 4Tobbt non-
Heifl HaBOp AaHHBIX A3Ban NO BO3MOXHOCTU NPAMYIO NUHWIO. AnA 3Tol uenv nbi-
TaTCA CTPOMTL rpaMK B norapuhMUyecKux KoopawHartax {y = kx® nmeer Bua
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logy =log k + aiog x} nu6o B nonynorapucpmuuveckux (logy =logk + ax ; wka-
na y — norapudmuueckan, x — nuHenHan) . MHoraa runep6onuyeckyio yHKUWO
y = x/{a + bx) MOXHO npeacTasnTs B BUAE NPAMON, NOCTPOWB B NUHENHLIX KOOP-
AWHATaX 3aBUCMMOCTL X/ OT X unu 3asucumocTts 1/y ot 1/x .

Fpacdhvku no3sonAlT npeacTaBuTe AaHHbIe B HarNAQHON dopme MpyU MUHK-
MansHoW 0bpaboTxke Matepuana. Kak cpeaCTBO Bblfaun MaKCMMyMa WHOPMaLUK
npu MUHUMANBHOM NpOCTpaHCTBe rpadMkn HesameHUMsl. PaccMoOTpUM rpaduye-
CKW#M cNocob NOCTPOeHWA NPAMbIX METOAOM HaUMeHbNX KBaapatos (puc. 2.7).
CyTe MeTona cocTouT B crneaytowenm. Coeamnnm touxu 7 u 2. [1BUraAch B CTOPOHY
TOMKK 2, NpoiAAeM BAONL 3TCrC OTpe3ka 2/3 paccTOAHUA U caenaeM oTMeTKy, Co-
E€AMHNM NOMYYEHHYI0 OTMETKY C Toukon 3 . [lBuraAch B CTOPOHY TO4KM 3, cHOBa
npoWinem pacCTORHWe, COOTRETCTBYIOWee 2/3 3TOro OTPe3ka, U CAenaem HOBYIO OT-
meTKy. MoBTOpAem aTy npoueaypy A0 Tex Nop, noka He ByaeT nonyyeHa nocnea-
HAA Touka. OHa NeXxuT Ha Haunyullield NPAMON, T.€. Ha NPAMON HauMeHLLINX KBaa-
patoB. Tenepb HauHeM MOCTPOEHWE C APYrOro KOHUA aHanoru4Hbim obpasom u no-
BTOPUM Bech MNpouecc, ABUraAcs B NPOTUBONONOXHOM HanpaBneHun. Haihpem BTO-
PYI0 TOUKY, NeXalwlyto Ha Haunyuywen NPAMOW, N COEAMHUM ABE TOYKWU NUHWER,
Heapoctatkn aaHHOro meToja: TONbLKO NepeMeHHaR Yy MOXET WMeTb ownbky; Bce
DaHHbIE AO0MKHbI UMETb OAMHAKOBYIO TOYHOCTb U3MEDPEHWUA; MOXHO CTPOUTH TOfNb-
KO NuHeiHbIn rpacdmuk. JloctouHcTBo
€ro COETOUT B ONepaTUBHOCTWU NONyYe- 7
HWA rpadivka.

-Mpu rpadhuieckoM ananuse pad-
HbIX MOAENWPOBAHUA MOFYT WMeTb
MecTo cneaylolumne BuAbl Heorpeae-
NEHHOCTU: MMHUMAnNbLHOE jaeneHwe
wKanb! rpadgvyeckon 6ymaru A0MKHO
COOTBETCTBOBaTbh NPVMEPHO BePOAT- g
HOW ownbKe U3mepAEMON BeNMYVHBLY,
ecnu >ke BepoATHAaA owwubka paBHa
DECATU ManbiM AENEHUAM, TO MOXeT Puc. 2.7. Mpumep UCcNONL30BaHNA rpadunye-
6bITb HacTONbKo 6GONbLWON pa3bpoc CKOro cnocoba NOCTPOEHWA NPAMON Me

TOAOM HaUMeEHbLLINX KBEAPATOB.
AaHHBIX, YTO HE YAacTcA 'ynosuts oc-
HOBHOW XapaKTep KPWUBOW MU yCTa-
HOBWTb 3aKOHOMEPHOCTb e W3MEeHEeHEHWR, ecnv BEepPOATHaA owubika pasHa 0,1
HavVMeHbLUIEro feneHuA, BCE CNydYaiHbie OTKNOHEeHWA CrNagATCA v Henb3Rr Gyaer no-
Ny4YuTb KaKOW-NM60 NOKa3aTenb TOYHOCTH.

Heo6xoaMmO NpUaepKUBATECA TPEX MPOCTLIX NpPaBwuil, KOTOPbIE MO3BONAIOT
nonyunTs rpathMKu ¢ MMHUManLHOW HeonpeneneHHoCTwLio: 1) BEPOATHOCTHAA Owub-
Ka B AaHHON TOYKE A0MKHa GbITb NPUMEPHO paBHa NONOBUHE HaUMeHbLIero aene-
HMA WiKkans! rpadvka; 2) No BOIMOXKHOCTH ANA MobbiX AaHHbIX CREAYeT NbITaTb-
CA CTPOMUTbL NUHENHbIN rpacduk; 3) ANMHA WKank! AONKHAE BbIBUPATLCA U3 YCNOBUA
MaKCUManbHOor 0 UCNoNe30B8aHuA iopmara rpaguueckon bymaru,

2.3.7. Ananua hyHKuuM OTKIMKA

Monyuus perpeccMoHHY0 MOAenb NOBEAeHWA OTKNMKA B 33BUCUMOCTH OT W3-
MEHEeHWA NapameTpPOB MOAENK, MOXHO NPUCTYNUTL K aHanuay ee. KoadduumenTs!
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NONUHOMA RBAIOTCA 4aCTHLIMKU NPOU3BOAHBIMK YHKUUM NO COOTBETCTBYIOLLAM
nepemerHbIiM. [eomeTpuiecKn KOIDUUMEHTBI MOXHO NPEACTaBUTL TaHreHcamu
YrNOB HaKNIOHa rMNePNNOCKOCTM K COOTBETCTBYIOWEN ocn. Bonbwuin no abconioT-
HOW BenuunHe KO3PUUMEHT COOTBETCTBYET 6OMLLIEMY YI Ny HaKNOHa U, creaoBa-
TenbHO, 6onee CyLleCTBEHHOMY U3MEHEHWI0 NapameTpa ONTUMKU3aUNM NPU U3IMeHe-
HUK aaHHoro gaxkrTopa.

AHanua ypaBHeHWA perpeccun oCyllecTBnAeTcA B Tpi 3Tana. Ha nepsom atane
YCTaHaBNUBAETCA, B KaKOW Mepe KaXAbIA U3 haKTopoB BSIUAET Ha NapamMeTp oNTu-
Muzaumm. BennuuHel K03hdUUMEHTOB perpeccun NPeACTaBnAKT KOAUYECTBEHHYO
Mepy 3TOro BIMAHUA: YeM 6onbule KOIDHULMUEHT, TEM CunbHee BriMAHKWe dakTopa.
O xapaKTepe 3TOro BNWAHMA FOBOPAT 3HaKW KO3A((dUUMEHTOB: NpH 3HaKe NNOC ¢
pPOCTOM thakTOpa PACTeT BenMYMHa OTKNWKA; NPV 3HaKe MUHYC OTKNUK y6biBaeT. Ha
BTOPOM 3Tane COBOKYNHOCTb (haKTOpPOB pacnonaraeTCA B PAA NO CUNe UX BIUAHUA
Ha OTKNUK. PaKTOpkl, Y KOTOPbIX KO3thpULMEHTRI HE3HaYUMb!, HE UHTepnpeTupy-
wot1cA. OBbIMHO cneayoT NpaBuny: ecnu Ko3ahduuneHT perpeccun oTpuuartened, 1o
ANA YBENUYEHUA NnapameTpa ONTUMWU3ALUUKN HAAO YMEHbLIUTL 3HaYeHue (PaKTopa; ec-
N OH NONOXMUTENEH, TO HeO6XOAUMO YBENWYUThL 3HaveHue daxKTopa. Npu MUHUMKU-
3auMmM NapameTpa oNTUMU3ALUUN MOXKHO U3MEHUTL 3HAKU Ko3aduumeHTOB Ha obpaT-
Hble (Kpome bo) ¥ 3aTemM NOCTYNaTh TaK XXe, KaK W B C/lyyae MaKCMMMU3auun napa-
MeTpa onTumusauuu. Ha TpeTbemM 3tane npousBOAUTCA oueHKa 3atbekToB B3aUMO-
AeiictBuA hakTopos. HeoBXOANMO NPUAEPKUBATLCA CNEAYIOWIEro Npasuna:  ecnu
apdeKT B3aUMOAENCTBUA UMEET NONOXKUTENbHbIN 3HAK, TO ANA YBENWYEHWA Napa-
MeTpa onTumMMusauun TpeGyeTCcA OAHOBPEMEHHOe yBeNuYyeHWe WNK yMeHbLUeHWue
3HaveHuW hakTopoB. [lnA ymeHblIeHUA NapamMeTpa ONTUMU3auun aKTopbl AOIK-
Hb) OAHOBPEMEHHO U3MEHATLCA B Pa3HbiX HanpaBnenuAax. Ecnu xe adgekT Blaumo-
AEACTBMA WMeeT OTPUUATeNbHbIA 3HAK, TO ANA YBENUYEHUA NapameTpa ONTUMMU3a-
uvu haKTopbl A0MKHLI OAHOBPEMEHHO U3MEHATLCA B pa3HbIX HanpasneHwAX. AnA
YMeHbLIEHWA MNapameTpa ONTUMMU3auMKM TpebyeTcA O0AHOBPEMEHHOE yMeHbLUeHUe
uwnu yeenuueHue hakTopoB. B Kaxaom cnyvyae uMeeTcA aBa BapuaHTa. Kakomy u3
B3pUaHTOB OTAaTh NpeAnouTeHue? Mpexae BCEro HYXHO Y4eCTb 3HAKW NUHENHBbIX
3dhexToB cooTBeTcTBYIOWMNX hakTopoB. Ecnu adbekT B3anmoaedcTeMA umeeT
3HaK NMOC U COOTBETCTBYIoWME NUHeWHble 3dhtheKTb! OTPULATENBLHLI, TO BhIGOP OA-
Ho3HaueH (—1, —1); ecnu xe 3HaKW PazNU4HbI, TO NPUXOLUTCA YUUTLIBATH YHUCNEH-
Hble 3Ha4eHUA b/. M XXepPTBOBaTL ManbiM 3 eKTOM.



3. OPTAHU3ALUMNA MOAENUPOBAHWUA BEOMbILIWX CUCTEM

3.1. ®A3bI PAIPABOTKU MOAENEA BONbWUX CUCTEM

Nockoneky nocTpoeHne UMUTaUNOHHBIX MOAEnei BoNLWNX CUCTeM NOA cuny
TONLKO KPYNHbIM KOAMEKTUBAM CNEUManucTos, BOMPOCAaM OPraHu3auuM Moae-
NYPOBaHWA crneayeT yAennTb MHOro BHWMaHWA. [poexTuposaHne CNOXHOW CUCTe-
MbI NpeAcTaBnAeT BeCbMa TPYAOEMKMW NPOLECC, B KOTOPOM y4yacTaytoT cneuvanm-
CTbl Pa3nuyHbiX nNpodeccuin. Gonbiwune pazMepsl CUCTEMBI, CROXHOCTb NOBEAE-
HWR ee KOMMNOHEHTOB, BbLICOKAA CTOMMOCTL Pa3paboTKM — BCe 3ITO HACTOATENbHO
TpebyeT MCNONL3OBaHNMA METOAOB MaTeMaTUYECKOro MOAENMPOBaHUA Ha BCex aTa-
nax NpoeKTUPOBaHWA Takoi cucteMbl. MNoaTomy mMopenupoBaHue cONpoBOXAaeT
M NPOeKTUPOBaHWE, M MCNbITaHMe, U 3KCNAyaTauuo 6onbw ol cucTemsl. BelaenatoT
wecTb a3 NPoOeKTUPOBAHWA GONLLWIOW CUCTEMbl: Hayano paboTbi, OpraHu3aumKo
paboTbl, NpeaBapMTenbHOE NPOEKTUPOBaHWE, OCHOBHOE NPOEeKTUPOBaHWe, KOHCT-
PYMPOBaHMWe ONbITHOr 0 06pasua, UCNbITaHUe CUCTEMBI.

FOCTamun Ha co3naHwe NporpaMMHbIX NPOAYKTOB NPeaycMaTpuBalOTCA NATh
aTanoe ux pa3paboTku: hoOpMynNVMPOBKa TeXHUYECKOrO 3aAaHuA, pa3paboTka TexHu-
YeCKUX MPesnoXEHWA NO CO3AaHWMI0 NMPOrPaMMHOro NPOAYKTa, pazpaboTka TexHu-
4ecKOro npoekTa, pabouee NPoOEKTUPOBaHUE, UCTbITAHWE NPOrpaMMHOr 0 NPOAYKTa.
MoXHO NpOoBecTH COOTBETCTBUE MEXAY YKa3aHHbIMU da3amu NPOeKTUPOBaHWA W
3Tanamu pa3paboTKy NPoOrpaMmMHeIX NPOAYKTOB, onpeaeneHHbIMU EAvHON cucTe-
MOi* MpPOrpamMMHON AoKyMeHTauumn. Ha Bcex cTaauAX NpOEKTUPOBAHMWA Crieunanu-
CTaMm MPUXOAUTCA PacCMaTPuBaTh ABe CTOPOHbI 06beKTa NPOEeKTUPOBaHNA: Tpebo-
BaHUA K CUCTEME CO CTOPOHbI BHELUHEW cpeas! (BHewHee NpoeKTUpoBaHue) U opra-
HU3aUUI0 - QYHKUMOHUPOBAHUA CNIOXHOW CUCTEMbI (BHYTpeHHee NPoeKTUpPOBaHMe) .

Havano paboTsi Haa NPOeKTOM BONBLLWOW CUCTeMbl UMeeT Lenbto ChopmMynupo-
BaTh 334a4N NPOEKTUPOBaHUA (TeXHWUECKOro 3afaHWA)} M OpraHusoBaTb pabouue
rpynnsl ANA peLeHUA NOCTaBNeHHbIX 3aaa4. BHavane co3naeTcA HeGonbLWaA MHUUK-
aTWBHaA rpynna cneuuanucToB, KOTOPaA Ha OCHOBE BCECTOPOHHUX O6CYXAeH NN Bbi-
pabaTbiBaeT OTYETHbIA AOKYMEHT (4aule BCero TeXHUYeCKue NpeanoxeHuA) , KoTo-
pPbIA AOMKEH comepKaTh Creaytoulyo uHdopmauuo: GopmynmpoBKy npobnemsi
(pesynbTaThl 06Cy>KaeHuA ) NPEAnaraeMbie BapuaHTbl pewerni (c yxazaHwem npe-
WMYLIECTB KaxAoro U3 HUX); NpeanoeHnWA O HeoGXOAUMOM COCTaBe creuwnanu-
CTOB, KOMMNNEKTOBAaHWU U CPOKaAX MOAKNYEHUA paGounux rpynn; rpybyw OueHKy
BPEMEHU U AEHEeXHBIX CPeACTa, HeoBXOAUMBIX ANA 3aBeplieHWA NpoeKTa. B peaynb-
TaTte cosfaeTcA 6puraga CneyumwanucToB-NPOEKTHUPOBWMKOB, MMEKLUAA YeTKOo No-
CTaBNEHHY0 3ajavy NPOEeKTUPOBaHMA CNROXHON CUCTEMBI.

Opaaxusayus paboTsi Ha0 npoexTom GONbLUOKN CUCTeMbl NpeanonaraeT pa3sep-
ThiBaHWe 6pUrafbl NPOEKTUPOBUIMKOB CUCTEMbI A0 NOMNHOrO COCTaBa, COCTaBneHue
nnaHa scex paboT Hag npoexToMm, BoiGop Haunyuwero peweHua (paspaboTKy Tex-
Huueck ux npeanoxerdui) . Kak npasuno, 6puraga coctont us 512 venosex. Gonee
KPYNHbIM Gpuragam rpoanT ONacHOCTh PasaennTbCA Ha PaKunK, YTO CYLLECT BEH-
HO 3ameanuT TemMnbl paboT. YacTb CUR M CPeACT B HaNpPaBAETCA Ha NONCK anbTepHa-
TUBHbLIX peWeHWH C NOMOLLBIO 3HANNTUYECKUX U UMUTALMOHHBLIX Moaenei. 3atem
HacTynaeT MOMEHT Bs160pa peleHuA, Npu 3TOM CYUTaeTCR, YTo noboe NpyUHATOE pe-
LWeHMe Bce XKe Nyuwe, YeM ero otcytcTBue. MHorokpatHO nepecmatpusaerca op-
MYIMPOBKa 3afaum.
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OCHOBHbIM CPEACTBOM UCCNEAOBLHWA ABARAIOTSA MaTemMaTtvyeckue Moaenu nNpo-
eKTUpyemoro obbekTa. Mpy 3TOM WWPOKO UCNONL3YIOTCA Cneaytolme acnexKTbl
YaCTMMHOrO0 MOAENTUPOBAHNA: NPOEKTUPOBaHWE EAWHUYHOW HUTW, NPOEKTUPOBaHWe
60NbLIONA Harpy3KK, COCTA3aTeNbHOe NpoeKTUpoBarue. B nepsoM cnyyae npopaba-
ThIBAIOTCA BONPOCHI BbINOMHEHWA OCHOBHbIX QYHKUWA: CNOXHAA CUCTemMa AOMKHA
$UKCMpOBaTh, YTO CO BXOAAMW KaXAoro TUNa NPOUCXOAAT HYXHbuIE npeobpaso-
BaHWA ANA nonyyeHuA TpeByemoro Beixoaa. Bo sTopom cny4ae NpocmarpuBaloTcA
AGHCTBMA CUCTEMbI NP MHOXECTBEHHbIX BXOAAX, KOTOpbIE 3a4acTylo cny4alHo pac-
npeneneHtl BO BpemeHu. COCTA3aTenbHOe NPOEKTWPOBaHWE MMEST Uennlo Npoay-
MaTh OTBeTHble AeCTBUA CUCTEMbI B TOM CRyuae, KOrAa BXoAbl CTPEMATCA pa3py-
WWTb cucTemy. ITH TpY Buaa paboT AOMKHBI OCYLLIECTBNATLCA OAHOBPEMEHHO B-XO-
Ae BCEro Mpouecca NPOeKTUPORAHWA. B TeyeHne naHHOM adbl Wiew MSMEHRKOTCA
o4eHb BLICTPO, M UX HEOGX0ANMO AOKYMEHTUPOBATL B BuAe pabounx 3annCoK unu
oTyeTOB, YTO6LI AepXKaTh BCeX pa3paboTuMKOB B8 KypCe HOBbIX npopaboTok no 4acT-
HbIM BOMNPOCaM Kaxaoro HanpasnexwA. Ha 3Toi diase COCTaBNAETCA NnaH pabotbi
Hag npoexTom, OPMYNUPYIOTCA NpodneMa 1 NpPeAnoOXeHHOE pelleHke aToi npo-
6nembl. MOCTOAHCTBO cocTaBa 6pUraabl B NPouecce NPOEKTUPOBaHUA CNOXHON Cu-
cTembl 06A3aTensHO.

MnaH BbINONHEHWA NPOEKTA CUCTEMBLI AOMKEH CofepXaTh: rpadvk pacnpeaene-
HWA BpeMeHU Ha 3Tanbl paBoT W pocTa AeHEXHbIX CPEACTB, 8 TaK»e COCTaBa ucnon-
HWTENeIH; KOHCYMBLTAUMM KPYMHBIX CNELManuUcTos No CAOXHbLIM BOMPOCaM; 33RBKU
Ha NepcoHan ANA VCCNeAOBaHWA W 3KCNNyaTaunn (Kak ANA HAaTypHOro, Tak U Mo
LENbHOTO 3KCNEPUMEHTOB) .

llpedaapurensHoe NPOEKTUPOEaHUE HAYUHAEeTCA C TOro, 4To pa3spabarsiBaeTcA
Nepsblil BapuaHT cUCTeMb! (3CKM3HBIA NpoeKT) . [ANA NpOBEAEHUA 3KCNEPUMEHTOR
Tpe6yeTcA Gonblwoe YACNO OBCNYXKMBAL WX TPYNN. JKCNEPUMEHTBI MOCTaBNAIOT
AaHHBie, NO3BONAIOWME CO3AaTh NYYIWIYI0 MATEMaTUYECKYIO MOAEeNh CROXHOW CUC-
TeMbl U OAHOBPEMEHHO BbIPaboTaTh Yy NPOEKTUPOBUWIMKOB HEOBXOAUMYIC UHTYW-
umo. Bca dasza npeaBapuTenbHOro NPOEKTUPOBAHWA ABNAETCA TaKOW cTaaued pas-
paboTKyM, KOrAa pewanTcA BOMPOCh!, AONYCKAOWWE MHOM03Ha4YHbIe OTBEThI Ha MO-
aenAx. PesaynbTathl paBoThl AOMKHBI COAepKaTb NOCNeAOBaTeNbHbie (OT 3Tana K
3Tany) paccyXaeHvA, NOATBEPKAAIOLLME NPABNUNBHOCTb NPOEKTUPOBAHWA CNOXHON
cucTembl. OTYETHOCTb AOMKHA COAEPXaTh: NOAPOBHOe onucaHue paBoTel BCeH CUC-
TemMb! B LLENOM: YeTKOe onucawve nogcuctemol (hopma, YnCno n BpeMA NOABREHUA
CUIHanNoB Ha BXOAE W BbIXOAE MOACUCTEMbI, aNrOpUTM ee thyHKLMOHUPOBaHWA) ;
NepeseHb AONYCTUMbIX XapaKTEPUCTUK CUCTEMbI; XOTA Gbl oAWK MeTon divanue-
CKOW peanusauMyu fpeANOXEeHHOro cnocoba yHKUNOHUPOBAHUA CNOXHOW cHcTe-
Mbl; nobyo uHpopmauuio o6 uccnepoBaHWAX, NOCBAWEHHBIX APYTUM METOAaM.

OcHOB8HOE NPOEKTUPORaHUE 3aKAHYNBAETCA CO3AaHWeM TEXHWYECKOoro (poeKTa
cnowHoi cuctembl. Cuctema yxe ''3samopaxena’’ no coctasy 06opyAaoBaHuA U Bbl-
NONHAEMbIM (DYHKUMAM, ¥ UaeT OTNaaovuHan paboTta. [leTanmsupyroTcR anropuTMel
DYHKUNOHMPOBAHMA KOMMNOHEHTOB CNO¥.AOW CUCTEMbI, lyHKLUMOHaANbHOE Ha3Have-
HWe KOTOPbLIX NPOBEPAETCA Ha UMUTAUMOHHBLIX MoaenAx. NMpoexTHoe 3apaHne AOMX-
HO YAOBNETBOPATL TPeGOBaHUAM 3aKa3yuka, PyKOBOACTBA pa3paboTKu WU M3roTo
BuTenn 060pyA0BaHNA. Ha 3TOM 3Tane HapAAY CO MHOXECTBOM NOAMOAENeN KOM-
NOHEHTOB CUCTeMbl 06A3aTeNnbHO co3aHue 0606LeHHON MMUTaUUOHHO Moaeny ca-
MO CUCTEMbBI, € NOMOLLBI0 KOTOPOW PeLialoTCA BCe BOMNPOChH! BHELLHEro ¥ BHYyTpeH-
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Hero NPoeKTUpoBaHuA. OTUETHOCTH (haaki aHANOTUNHA OTYETHOCTY NpeabiayLued da-
3bl, HO 60onee AETAaNU3MPOBAHO ONUCaHWE CUCTEMbI U €€ KOMMNOHEHTOB.

KoHcTpyuposarue onsiTHo20 06paiya (paboyee nNpoexTuUpoeaHue) ABNAETCA
AOCTATOMHO CNOXHBLIM U eMKum 3tanoM. Co3aaeTcA ONbITHeIW o6pa3leu, roToBbii
ANA UCNbITAHWA CBOWCTB cucTeMbl. Kak NpaEvno, OH COAEPXUT OAHY NONHYIO eau-
HUYHYIO HUTb CUCTEMbI, CHaBXeHHYo YCTPOMCTBaMKU ANA MOAENUPOBaHWA aonon-
HUTENbHbIX BXOAOB, @ TAKXXe OTAENbHbIE KOMIMOHEHTLI annapaTtypsl ANA WMUTauUU
60nbLION HArpysKK Ha cuctemy. OnbITHBIA 0Bpasey AOMKeH CoAePXaTh KOHTPONL-
HyI0 annapatypy. 3a4acTyi0 NpU KOHCTPYUPOBAaHWM KOHTPONLHOW annapaTtyphbl uc-
nonbayioTcA 3BM, rossonAlolme 3aMeHNUTb PAL WMMUTaTOPOB-YCTPOUCTB COOTBET-
CTBYHOWUMM NPOrpPaMMamMu-MMUTaTOPaMKU M TakWM cNocobom asTomarusMpoBaTe
npoUecc MCCNEAOBAHWA CBOWCTB CUCTEMbI C NOMOLLBIO OMbITHOrO ob6pasua. B xone
CO3JaHWA OMbITHOro obpa3ua AomkHa 6biTh pa3paboTaHa TeXHMYECKanA AOKYMEHTa-
UuA, BKAIOYAOLWAA TEXHU4ECKHEe PYKOBOACTEE NO ero 2KCnyarauuMm v nonHoe onw-
caHue BCeX TEXHWYECKUX pelleHUi, 3anoxXeHHbiX NPY ero co3aaHuu.

UcnsiTaHue, 0TNadKa U OUEHKA NPUHATHLIX NPOEKTHbLIX PeweHul 3aBepLialoT
YCUNUA NO CO3AaHWI0 NPOEKTa CNOXKHOW cucTemMbl. ECTb HECKOMNbKO BUAOB UCNbITa-
HWA: naBopaTopHbie, 3aBOACKWE, 3aKasuvka. OCHOBHaA uenb 3Tux vCNbITaHWA co-
CTOWUT B NONYYEHWA NOATBEPKAEHWA, YTO annapaTypa B CoCTaBe CUCTEMBbI pabortaer
TaK, KaK NpefycMaTpvBanach npv npoexTuposaHuu. B xone UCMbITaH A NMKBUAK-
PYIOTCA HeusBexHble TEXHUYECKWE AedeKThbl CUCTEMBI. COCTABAAIOTCA NNaHbI KOHT-
PONbHBLIX MCMbITaHWA. KaxAbiA BUA UCNBbITAHNA YCAOKHAET YCNOBMA paboTbl ONbIT-
Horo o6pasua v npotokonupyercA. Ha ocHOBE NPOTOKONOB COCTABNAIOTCA OTYETH!
O pe3ynbTaTax UcAbiTaHUA. B 3Tux oTyeTax AOMKHLI COAEPXATLCA PeKOMeHAauun
N0 YNYYLLEHMIO UCMONL3OBAHWA CUCTEMbI B NPOUIBOACTBEHHLIX YCNOBUAX W aHanu3
pasnuuuin Mexxay nosefileHWeM peanbHo YHKUWOHUPYOLLEro obpa3sua cMCTeMbl W
ee mogenu. B xone pabot Ha aToi ¢ha3e NPOEKTUPOBAHUA UCNONLIYETCA 6onbLioe
YUCNO Mogeneil, AOMONHAKLLMX MCMbITaHWA W 0BccneuuBaoimx HYHKUUOHWPOBAE-
Hue obpasua.

Kak yKa3biBanoch Bbllle, MaTeMaTUYecKUe MOAENW UCNONL3YIOTCA Ha BCeX tha-
3ax NPoeKTUPOBaHWA BonbLOi cucTemsl. Heaasucumo ot ¢hasbl NPOEKTUPOBaAHUA W
Ha3HaueHWA MOAENUPOBaHWUA, MOXXHO BbIAENWUTL Cliefdylolive 3Tanbl CO3AAHUA U UC-
fONb30BaHMA MaTeMaTHMMECKUX MOAesen: onpejeneHWe CUCTeMbl, YCTaHOBNeHue
rpaHvu, OrpaHudeHwi W noxasareneh 3QpeKTUBHOCTW CUCTEMbI; thopmynupoBKy
3aMbICNa MOAENU, NEPEXOA OT PEanbHOW CUCTEMBI K NOTMUeCKOii cxeme ee dyHKuu-
OHWPOBaHWA; PEanu3auvi MOAENK; NPOrpaMMUPOBaHWE U OTNAAKY CROXHbIX CUC-
TEeM; OpraHu3auMIo MOAENLHOrO 3KcnepumeHTa Ha IBM; wHTepnpeTaunio pesynb-
TaTOB M X UCNOMNb30BaHWe B X0Ae NPOEKTUPOBaHUA CNOXHON CUCTEMbI.

3.2. DOPMYNUPOBKA 3AMbBICIIA MOAENW

Mpu hOpMYNUPOBAHUM 3aMBICNIA MOAENM UCCNEAOBATENO OBLIYHO NPUXOANTCA
nocneaoBaTenbHO BbINONHATE CNEAYIOLLME AEUCTBUA.

Brauane onpedennerca 3adaya modenupogarud. Paboyan rpynna cocTasnAer
AOKYMEHT, B KOTOpom (hOpMY/MpYeTCR 3aAaua MOAENUPOBAHWA, ONnpejenAloTcA
npoueaypa v rpadivk pewleHnA 3aaaun. JLOKYMEHT 3TOT LOMKEH COAePXaTL Onuca-
‘HUe METOLMKHU MMUTAUNOHHON O IKCMEPUMEHTa, NepeYncneHme HaniHelX pecypcos,
BbIlENeHHBIX ANA MOAENMPOBaHWA, pasBueHne obliel 3apa4n MOAENUPOBaHUA Ha
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PAA YacTHbIX NoA3afav. Bonswoe BHUMaHWe AONXHO 6bITh yaeneHo MeToaonoru-
YECKWM BOMPOCAM PELLEHWA NOCTaBNEHHBLIX 3afa4 C NOMOLLI0 MATEMATUYECKUX MO-
neneii, HaNnpUMep yCTaHOBKE NPUOPUTETOB pewleH/ NOA3aAaHUA MOAENWUPOBAHWA,
ONpefeneHUio METOAOB PewweHnA 3aaav, 060cHOBaHUI0 TpebosaHuin B paboueit cune
1 BbigeneHuwio pecypcos IBM, rpagmky BeinonHeHna 3Tux pabor.

3ateM NPOBOAMTCA TLWATENbHbIA ananu3 3adadu modenupoearud. Cropa BXOANT
BbINONHEHWe TaKux pabot, Kak BuIBOP napaMeTpOB K NepeMeHHbIX CUCTeMbI, Npea-
CTABNAIOWNX WHTEPEC ANA MOAENUPOBAHWA, onpeAneHue Kputepues 3ddheK TUBHO-
€71 PYHKUMOHUPOBAHUA NPOEKTUPYEMON CUCTEMBI, BbIBOp TUNOB annpoKcumMatni
OTaeNbHBIX KOMNOHEHTOR Moaenw. MpeaBapuTensHo aHanuaupyroTcA TpebosaHuna K
MOAENN CNOXHOM CUCTEMbI: ONPEAENATCA HeobXoAUMbIE MaTemaTuyecKue ypae-
HEHMA, ONUCHIBAIOLME PeanbHbie NPOUECCh!; BbtbupatoTcR Tun IBM un cucteme! npo-
rPaMMMUPOBAHWA WMUTALMOHHON MOAENY; PacCMaTPUBAOTCA BO3MOXKHbie METOALI
NpPOBEPKU NPaBuALHOCTM (PYHKUMOHMPOBAHUA Modenw; ONPEAENAIOTCA METOAbI
NpoBepKU NPOrPaMMHOA peanvu3aumnyM MOAENnu CUCTEMbI M TEXHUYECK e Tpe6oBanua
K NPOrpaMMUpPOBaHUI0 Moaenu,

OueHMBAETCA TaKKE W KOHEUYHbI Pe3ynsTaT moAenwposanua. [inA atoro Twa-
TENbHO M3YYalTCA 3KCMNEPUMEHTaNbHbIA BapuaHT NpoeKTa, BO3MOXHOCTL NpUMeHe-
HUA MeTOAOB 0BpaboTKU 1 aHanu3a pesaynbTaTos, cnocobei NPeACTaBNEHNA 0Xuaa-
eMbIX pe3ynbTaToB MOAENMPOBaHUA, BO3MOXKHOCTb ONUCAHNA (PU3NYECKNX ABNEHNI
NOBEPXHOCTAMM OTKNMUKA.

B xope paboT Ha AGHHOM arane pa3paboTyMK MOAENU AOMXKEH MONy4uTb OTBET
Ha CReayIoWMe BONPOCh!: KaKylo MH(OPMAUMWIO CNeayeT cunTaT HeoBGXOANMON ANA
NOCTPOEHMA MOJENU; FAE MOXHO NONYyHUTh 3TY MHGOPMaUUIo N KaKUMU MeTOAaMM
cneayeT Npovu3BoAauThL ee 0bpaboTky.

BechkMa BakHO NpPeRyCMOTPETh BOIMOKHOCTL 3aMEHb! TDYAHOAOCTYNHOW WH-
hopMauMM UNK Apyrye BapuaHTbl PeleHWA NOCTaBNeHHOW 3aAa4n NOCTPOEHUA MO-
aenn. TpebyeTcA TakKe OUEHWUTh HEOBXOAUMOCTE NpoBeaeHVA NabopaTopHbIX Mnu
HaTypHbIX uccnepoBanuid. B page cnyyaes GuiBaeT NONE3HO MCMONLIOBaHWE aHanw-
TU4ECKMX MOAEeneil NPOLECCOB ANA 3aAaHUA HEAOCTAIOWEN MCXOAHOH WHOPMaLUK
Npu NOCTpOEHMM Mogenei cnoxHbiX cuctem. Mpu cBope WCXOAHON UHopMaunu He-
06X0AMMO NPOCMOTPeTh nuTepaTypy, COCTaBUTh BubGnuorpaguueckue cnpaexw,
NpoaHanM3upoBaTh AOKYMEHTbI W OTYeTbl, NPOBECTU KOHCyNbTauun CO cneuuanw-
CTaMW M 3KCNEpPTaMKU ANA NOATOTOBKYW anpvopHbiX AaHHbIX. Mo cobpanHon ucxoa-
HOW MHOPMaLWKN COCTABNAIOTCA KapTOTEKWU i NPOBOAUTCA aHanu3 aton uHpopma-
uum Ha 3BM. 3aTeM NpUCTYNaKOT K COCTABAEHUIO YCNOBHBLIX ONUCaHNIA (cuenapmes)
NpoBedeHNA 3KCNEPUMEHTOB. ITU OMUCAHNA COAePKAT NOCNeAOBaTeNnsLHOCTL cobbI-
TUI, UMEIOLLUX OTHOWEHWE K CUCTEME, UCCEAYEMON Ha UMMWTALMOHHOA Moaeny.
YCnoBHblE ONMUCAHVA UCNONL3YIOTCA ANA OUEHKU KOHKPETHOW cUcTemMbl B ONpeje-
NEHHbIX OKWAAEMbBIX PeanbHblX CUTYAUMAX W AT BO3IMOXKHOCTL wuccneaosarento
NPOBEPUTH PEAKLMIO CUCTEMBI Ha peanbHble CUTYaUun.

Cneaylowum warom npu paspabotie moaeny 60NbLIOA CUCTEMbI ABNAETCA Gbi/-
deumerue 2unoTes u npednonoxenul. B Kaxaom KOHKPETHOM CRyuae npu BbiABK-
KEHUU rUnoTe3 HeOGXOAMMO yuMTbIBaTL Cneaylowee: obveM uHGOpMaunm, umelo-
WMIACA ANA PeLIEHUA 3a0a4K; COCTaB 3aaY, ANA PELIeHNA KOTOPbIX 3Toi Hopma-
UMK HEQOCTATONHO, HanVuHbie PECYPCbi BPEMEHK W NamMATH 3BM, Ha KoTopo# Byaet
OCYUIECTBNATLCA MMUTALMA; OXUAAEMbIe PE3YNbTaTbl MOAENVUPOBAHHUA, MNpogepana
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BbIABUHYTbIE FMNOTE3LI B 3KCNEPUMEHTaX, nonyyaT 6onee nonHoe npeacTasneHue
0 peLeHvK 3aaaun.

Danee NPUCTYNAIOT K YCTaHOBMEHUIO OCHOBHOU CTPYKTYpsi Modenu. MNpv 3TOM
HEeO6XOAMMO Y4YUTLIBaTL OBCTAHOBKY, CNOXUBLUYOCA K MOMEHTY Havana NpoeKTu-
POBaHWA 60OMLWIONA CUCTEMbI: COCTOAHMWE Cpefbl, B KOTOPoW 6yaeT diyHKuUNOHNPO-
BaTh cuctema; coctae QyHKUWA, K BbINONHEHWIO KOTOPLIX OHa NpeAHa3Ha4eHa; Ha-
NW4Me B3aUMOCBA3eid Mexay venoBeKoM W cucTemoi. lMpexae Bcero HyXHO patb
OTBeTh! Ha cnedylowme BONPOCHI: Kakue PyHKUWY AOMKHA BbINOSIHATL CUCTEMA U
KaKoBbl CNOCO6bI UX peanu3aunn; KakoB COCTae AeTepPMWHWPOBaHHbIX U HegeTep-
MUWHWPOBaHHLIX QYHKUWA; KaKOBa annpoKcuMaumA 3TMx QyHKUUi B Mogenu; Ka-
KOBO BnuAHWe (haKTOpPOB BHELWHEX cpeabl Ha paboTy CNOXHON CUCTEMBI; KaK 4Yeno-
BeK ¥ CMCTeMa B3aUMOCBA3aHbl M KaKMM 06pa3oM OHU anNMPOKCUMUPYIOTCA B MO~
aenu. Pe3ynbTaTsl OTBETOB NPEACTaBNAIOTCA B BMAE ONUCaHWA peanbHbIX Mpouec-
COB 1 0BOCHOBAaHWA NPUYUH BLIGOPa UX anNPoKcUMaun B Moaenn. OTMeTum, uTo B
UTOFe WCCNeaoBaTenb COCTaBNAET cogepXkaTesnibHoe onvcaHve obwekTa moaenupo-
BaHWUA.

3atem HeoBXOAUMO onpedeneHue NapameTpo8 Modeny. Y CTaHaBnNMBalOTCA BaX-
HOCTb U BAMAHME KAKAOrO U3 NapamMeTpoB Ha pewweHue 3agaun. Heobxoanma ouen-
Ka UX OTHOCUTENbHOro BNAWAHWA Ha cucTeMy B uenom. B obuiem cnyvae onucaHwe
napamerTpa AO/MKHO COAepXaTe cneaylowlyto nHdopmauuio: onpeaeneHve v UAeH-
TnhmKaTop NapameTpa, eAMHULY M3MEPEHUA, ANanasoH ero N3MeHeHWR, xapaxTepu-
CTUKMN {0AHO3HAYHBIH—MHOrO3HauHbIN, Peryupyemblit—Heperynupyemslii) , mecto
NPUMeHeHUR B MOAENK, UICTONHUK NONYYEHWA.

Cneayioumm warom Gopmanusauun ABNAETCA OnpedeneHue Kpurepuee 3¢-
PEKTUBHOCTU CUCTEMBI. 33Aa4a CBOAUTCA K MONyYeHWI0 Bbip@kKeHNA ek TUBHO-
CTW Kak (hyHKUuM OT NapameTpoB W NepeMeHHbIX cUCTeMsl. B pesynbTarte nccneno-
BaTenNb KOHCTPYWPYeT NOBEPXHOCTb OTKNMKa B 06nacTW MaMeHeHWA NapameTpos,
C NOMOWBIO KOTOPON OH MNOMYyYaeT BO3MOXHOCTb ONPEAenUTL PeaKLUUto CUCTEMBI.
AnA noHWMaHWA NPeACTOALMX 33Ja4 WCCNEeAOBaHWA BAXKHO NONY4YWUTb aHanuThde-
cKkoe unu rpadudeckoe NpeacTaBneHve 3TON NOBEPXHOCTY OTKAMKAE. ATO MOryT
6biTb NMG0 GeapasmepHbie ‘nokasareny addexTnerocth or 0 po 1, nubo BepOATHO-
CHble (PYHKUMUM, NMBO BeKTOPbI, KOMNOHEHTbI KOTOPbIX M3MEHAIOTCA B HEKOTOPOH
¢ ‘nactu.

[Nlanee cnepyet npoyedypa annpoKCUMayUU peanbHolX NPOUeccoB, KOTOPaA 3a-
P*'CUT OT TUNA MOAenu: AeTepMUHUPOBaHHAaA OHa MNW BepOATHOCTHaA. B nepsom
C..yyae uccneaoBaTenb 3HAET BUA (YHKUNOHANLHON 3aBUCUMOCTUY NPOUECCoB, NPo-
WUCXOAAWMX B MOAENW, OT 3HaueHW’ NapameTpoB CUCTEMbl, BO BTOPOM CAyuae uc-
NOMb3YeTCA METOA CTaTUCTMYECK X UCTIbITaHUA.' PeaynbTaTbl MOAGNVPOB3HNA KaXK-
A0 CUTYaUMK YHMTHIBAIOTCA NPY MOACYETE YCNA YAA4HBIX Peannaaunn, u Tpebyerca
noBTOpeHMe ONbITOB AC NONYYEHWA pe3ynbTata ¢ Tpebyemoit AOCTOBEPHOCTBIO. B
3TUX CAYYaAX B KadyecTBe BLIXOAHLIX NoKalaTenen CMCTeMbl BbICTYNAIOT Takue Xa-
PaKTEPUCTUKY, KaK HaeXHOCTs U APPeKTUBHOCTL, BEPOATHOCTL peanuaauvmn co-
6bITUA B Te4eHNe 3a1aHH Or 0 BpemeHu yH KUMOHUPOBaHWA CUCTEMBbI.

HakoHeu, NnpucTynawoT K onucaHuio modenu B aBCTPaKTHBIX TepMUHax. WUccne-
Aosatens GoOpMynupyeT MaTeMaTU4MeCKOoe onucaHue 6oNLLWION CUCTEMBI Halle BCero
8 BuAEe aNropUTMMYECKOro NPeAcTaBneHWA NpoTeKalowux B He# npoueccos. Mpu
3TOM HEOBGXOAMMO NPOBEPUTL AOCTOBEPHOCTb HEKOTOPLIX KOHUENuMiA Moaeny
cucTemsl. PeKomeHAyeTCA NPOBECTW LENOYKY Pa3MbILLNIEHNIA OT KOHUA K Havany:
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NpoBepKY U PacCMOTPEHWe 3aMbiCna U 11enecoobpa3HOCT NOCTPOEHUA MOAENU,
YCTaHOBKY CBA3W 3aMmsicna u uenecoobpasHoCTM NOCTPOEHUA MOAENU C AETEpMU-
HUPOBAHHBIMW W CPEAHWUMW 3HAYEHVUAMU XapaKTEpUCTUK Moaenw, uceneaoBaHve
BhILUENPUHATBLIX anfPOKCUMALMUI peanbHbix MPOLECCOB B CUCTEME, PacCMOTpeHue
KpuTepues 3heK TUBHOCTU NapameTpoB W NepeMeHHbIX; uccneposaHne NPUHATBLIX
NPeANOXEHNA U FUNOTE3; U3YYEHWUE CMCTEMbI, BO3MYLIAIOUINX thakTOpOB U B3aUMO-
CBA3U MeXAy HUMW, NPOBEpPKY AOCTOBEPHOCTY uexoaHom uHoOpMauUnn U ee UCTON-
HWKOB; PacCMOTPeHMe NOGTaHOBKM 33aaun. KenaTeneHao, yTO6LI Takne NPOBEPKH
NPOBOAUNK CMELUANUCTbI, He NPUHUMABLLIWE Y4aCcTUA B ee pa3paboTke.

NocneaHum peicTBYeM ABNAGTCA OOKYMEHTUPOBaHUE Pe3ynsTaTos. CocraBna-
eTCA VTOrOBLIN AOKYMEHT (3CKU3HLIA NPOEKT MOAENM) , KOTOPbI AOMKeH BKIIO-
yaTb CReayrouwyo WHdOpPMaumio: NoapobHYe NOCTaHOBKY 3aAadw, aHanua 3afayu
fPOEKTUPOBaHUA, CMMCOK NapameTpoR, NEPEMEHHBIX U KPUTEPUER 3chpeKTUBHOCTU
cucTeMbl. JomkHbI BbITh NEpeyncneHsbl runoTessbl U NPEAnOnoKEHUA. Heobxogumo
060cHOBaTL LenecooBpa3sHocTs NOCTPOEHUA MOAENU W NPEACTaBUTL ee onucaHve B
0BWMX TEPMUHAX W MOHATUAX. B 3aKkmioveHvie B UTOTOBOM AOKYMeHTE (chopmans-
HOM OMWCaHUM CUCTEMbI) A3eTCR MepevvcnieHne OXWAAEMbIX Pe3ynsTaToB MOAENW-
pogaHuA u onpesenAeTcA obnacTs NPUMeHeHA MOAeNW.

3.3. PEANU3ALUA MOAENU

Ha atom aTane 3ambicen moaenu u3obpaxxaeTCA B BUAE CXeMbl anr 0pUTMa. Bei-
BOAATCA AETamnbHbie MaTemaTUMeCKue ypaBHeHWA W (DOPMYNUPYIOTCA anropuTMb!.
B pesynbTaTe uccnefAoBaTens nony4yaer MOAeNb 60nbLLWOI cucTembl Ha Bymare. [inA
peanu3auvu Moaeny TpebyloTcA cneaylolwmne AEWCTBUR.

Mpu nocTpoenuu cxemsi anzopurmMa mModenu VCnonb3yeTca MOAYNbHLIA NPUH-
uMA, T.6. MOAENb CTPOWUTCA U3 CTaHAAPTHbIX 6NOKOB, UMEIOUIMXCA B PaCNopAXkeHUu
NpoeKTUPOBWMKOB. Kaxabi u3 3Tux 6110KOB BbINONMHAET CBON dyHkumnn. Bnokun
nenATcA Ha noa6noku. Ha puc. 3.1 NoKasaH NpvMep COCTaBEHUA CXeMbl anropuT-
Ma mMoaenu cnoxHon cucremsl. O6paTum BHUMaHWE Ha cnocob Hymepauuu oTAensb-
HbiX BNOKOB Ha KaX[OM ypOBHE AeTanusauvu CXeMbl anroputma mMojeny. C no-
MOLWBI0 YKa3aHHOr0 cnocoba HyMepaumm MoxHO 06LeAUHUTL OTAENbHbIE MOAYIW.
TNocTeneHHO YBENWYMBAR YPOBEHb IETANM3auMK Ha CXeMe anropuTMa, NpUxoanMm K
MaTeMaTUYecKoW (UNu anropuTMyMecKOW) 3anucy npoueccos B NpoeKTUPYyEeMon
CNOXWHOW cUCTeME.

OCHOBHbIE MPaBUNa COCTABfIEHWA CXEeM anroputMOB COCTOAT B CNEAYIOWEM:
ONMCaHUe BCEX MOAYNEN C MaKCUManbHO BO3MOXHOW NoApoBHOCTLIO; NpUcBOEHWe
MOAYNAM NPaBUNbHBLIX HaUMEHOBaHWiA 1 coBnroAeHWe HYMEPauMn MOAYfeid; ACHOe
OTpa)KeHWe NOrMKW Moaenu W HanpasneHue BeTBei CXembl anropvTMa; 3aaaHve
BCeX MaTemMaTU4ecKMWX ypaBHeHui. 3aTem nony4aloT BbipaXeHUA ANA yHKUNN nn-
60 aHaNUTUYECKWM MyTem, AVBO NOCPEeACTBOM PErpecCUOHHOrO aHanusa Mnupu-
YeCKUX AaHHBIX W ONpefeneHuA NOPAAKA U KoadihpuuneHToB NONNHOMMUANLHOM pe-
rpeccuoHHoi 3asucumoctun. o mepe BbiBOA3 MaTemMaTU4ecKMUX YPaBHEHWA OHM
BHOCATCA B CXeMy anroputma. BecbMa CytuecTBeHHO NpuY 3TOM cobniofeHue B MO-
Leny CUHXPOHU3aLUWKM TIPOLLECCOB CUCTEMEI. O710 o3Hauaer, YyTo uccnegosatens AoN-
}eH MpeaycMoTpeTs 06paboTKy BO BpeMeHu Tex cobbITYiA, KOTOPblE NPOTEKAT B
cucTeMe 0fiH OBpemMeHHO.

3aTtem npuctynalnT K npoeepke docroseprocTu mopenw. [nA obecnevenvn
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KOHTPONA BBOART KNAacCU4eCKME MOABNY, [ OCTOBEPHOCTL KOTOPLIX AOKa3aHa. du-
FypUpYIOT TaKUe MOAENW B BUAE COCTaBHbIX 3NEMEHTOB B Pa3fiiHbIX 4acTAX Cxe-
Mbi anroputma. Ecnu Takow 3anemenT npu npoBepke OKKETCA HEAOCTOBEPHBIM, TO
BCA MoAenk TaKXe HeaoCTOBepPHaA. B npouecce NpoBepKu AOCTOBEPHOCTN HeobXoAn-
MO MOCTEMEeHHO OTBETUTL Ha CNEAYIOUME BONPOCH!: AdeT N BO3MOXHOCTb 3ambicen
MOAENN pelunTs NOCTaBMNEHHbIE 3aAa4U MOAENMPOBAHWA; TOYHO N OTPaXKeH 3ToT
3aMbICEN B CXEMe anfopuTMa; MOnHa NW MpeanoxeHHan cxeMa anropurMa u obna-
A3ET NV OH3a HEOBXOAUMOW NOCNEA0BATEeNbHOCTHI0 pasBUTUA peanbHbix NpoUeccos
B CUCTEME; MPABWAbHBI MK UCTIONL3YEMbIE MaTEMATUYECKNE YPaBHEHWA.

B xone MPOBEPKM HYKHO NONyYUTh TONLKO YTBEPAUTENbHbIE otseTbl. Heobxo-
AVMO NPOBECTW aHanu3 KaXAoh QyHKUWA MOAEny W y6eauThCA B TOM, 4TO OH3
Hawna npaswibHOE OTpaxKeHue B nOrMYECK O CXeMe anroputMa. Ecnn ypaBHeHuA
noNyYeHbl Ha OCHOBAHWM aHaNU3a ONbITHbIX A3HHbLIX, cnejyeT NpoBecT! Bbi6OPOY-
HY!0 NpOBEPKY COOTBETCTBUA YPAaBHEHWA UCXOAHOW UHDOPMauun, No KOTOPOW OHM
nonyueHel. [ANA ypaBHeHUA, NONy4eHHbIX TEOPETMYECKUM NYTEM, HYXHO MPOBECTH
BLIYMC/IBHUA B HECKOMbKMWX KOHTPOMbHbIX TOMKEX C UENbIO onpeaeneHuA npuemne-
mMocTM peaynbTatos. [AnA AOMONHUTENLHOW NPOBEPKHY ypaBHEHUN XenaTensHo Npo-
BeCcTM aHanv3s pasmepHOCTWU. BaxHa vakoke nposepka MacliTabupoBaHWA NepemeH-
HbIX CUCTEMbI.

OaHUM 13 cnoco60B NPOBEPKYN MPABUNLHOCTH NpUMEHEHWA ypaaHeHud B
CXemax anropUTMOB ABINAETCA MCMONb3OBAHWE UIBECTHbLIX pesynbTatos, [1pU KOHT-
pone AOCTOBEPHOCTH NOrMYECKOV CXEMbl anropuTMa MOJAENU MOXHO PEKOMEHAO-
BaTh TaKylo NOCNeAO0BaTensHOCTL AENCTBUA: CPaBHUTL KAXAYI0 QyHKUWIO MOAENU
¢ ee peanu3auveit B CXeMe anropuTMa MOAENW; NpOBEpuTL. NOMHOTY CXEMbl anro-
puTMa (He OTCYTCTBYIOT N Heo6xoaumMbie HYHKUNU CUCTEMBI) ; NPUCYTCTBUE B
CXEME HENPEeABUAEHHbIX LWKNOB; NPOCMOTPETh BCE BETBU CXEMbI anroputma npu
ABIKEHWM N0 NPEAYCMOTPEHHBIM B HEW HanNpaBneHuAM; NPOBEPUTL: Y3/0Bbie TOY-
KW MPUHATWR PEWIEHNi U NPaBUNLHOCTL UX OMMCAHUA, NPaBUNLHOCTL CBA3EN U ne-
pexoaoB; ACHOCTb OFIMCaHWA W TOYHOCTb npeacTaBNeHuA anropuTmos 6noKOsB;
NONHOTY ONUCaHWR 6NOKOB U NOAGMOKOS; NPaBULHOCTL Wepapxu4ecKo# paccra-
HOBKMW 3NEMEHTOR CXEMbl anrOpUTMa; MMEIOTCA NU BXOA U BeIXOA U3 cXembl anro-
puUTMa; NPOCMOTPETL BCE NOTUYecKue LWUKNbl U yBEeANTLCA, YTO KaXAbIA U3 HUX
UMeeT BXOA W BbiXOA; NPOBepuUTs: fIpaBUNLHOCTL mMoavduKaumu haKTopoB BO BCeX
Gnokax npuW MHOrOBapUaHTHOM MOAENVUPOBaHUW, NPaBUNLHOCTL MPUMEHAEMOr O
cnocoba Hymepauwn GMOKOB; CPaBHUTL aKTUYECKME 3HAYEHWR BbIXOAHbIX Benu-
WMH MOZenv ¢ NpeanonaraemMbimit, MPOBEPUTEL. npasunbHOCTb ypasHeHuin B 60Kax,
BKQuan paSMepHOCTM Bcex BenudiuH B ypaBHEHVIFlX; MCNoMNb3oBaHWUe BbiXOAHbLIX
BENVMUH BO BCEX YPABHEHWAX; MPaBUNbHOCTb 331@HWUA BCEX KOHCTAHT B ypaBHeHU-
AX; NPaBUNLHOCTL MONyYeHWA NapameTpoB M nepemeHHbiX; ynoTpebneHne Beex
MATeMaTUMECKUX M NOMMMECKUX CUMBOSIOB; MNPaBUNbHOCTL pacueta Npou3BOAHBIX
B 6NoKax; WCNONb3OBaHWE WHAEKCOB; BCE CKaNApPHbIE U BEKTOPHbIE BENU4UHbI;
NPaBUMbHOCTL 3aAaHUA CMNELUabHBIX hyHKuMi; paBoTy BCEX AATYMKOB CNy4aAHbIX
BENWUMH; MPABUMLHOCTL 3a3AaHWA HaYanbHbIX 3HaueHUiA BCEeX NnapameTpoB W nepe-
MEHHBIX MOAEnK; OLEHUTs NOMHOTY Tabnuu napameTpoe Mogenn; nposepuTs npa-
BUNLHOCTb peanu3atiny B 6nokax BCeX MaTemaTiecKmux BbipaXKeHUiA.
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3.4. NPOFPAMMUPOBAHUE MOAENEM EOMNbWMX CUCTEM

JTan nporpaMMUpoRaHUA MOfeneil 6ONbLLLUX CUCTEM ABNAETCA Havu6onee Tpy-
AOEMKUM 1 TpeByeT UCNONBb30OBAHWA COOTRETCTBYIOLINX TEXHONOr MY ECKMUX cpeacra.
BaxHo npasunbHo 8b16pare @siyucnuTensHbie cpedceTaa, KoTopbie obecneyunu 6ol
NPOCTOTY NPOrpamMMUPOBaHUA, MUHUManbHbIE 3aTPaThl Ha Mojenvposanue, A0CTyn-
HOCTL BbIBpanHon IBM, GbicTpoe nonyuexue pe3ynbtaToB. Ha npakTuke HauuHaio-
ume uccneposatenu nubo us-3a cnewku, NM6o us-3a TPYAHOCTE# NonyveHwA gocTy-
na K cooTeeTcTBytouled IBM 3a4acTyi0 HeROOUEHUBAIOT BaXHOE 3HAYEHME nNpasuiib-
Horo Bwi6opa 633080l IBM, Ha KoTopoi um NPUAETCA NPOBOAUTL IKCNEPUMEHTDI.
Huskan TexHonoruveckans ocHacTka CPeAcTs MOAENUPOBaHMA Ha BbIGpaHHoN 3BM
MOXET Bbl3BaTh OrPOMHLIE NOTEPU MaTepUaNLHLIX PECYPCOB M TPYAd UCCNegoBaTe-
nA. Beipabarate o6wmne pekoMeHzaummn no BbI60py IBM n matemaTuueckoro obec-
NeYeHNA MOAENVPOBAHUA YPe3BLIYaWHO TPyAHO. OCHOBOW AONXHO 6biTh HanWuue
cpeacrn aneparueHoro NOCTPOeHUR N UCNLITAaHWUA Moaenw.

3aTem HeOBXOAUMO COCTA8UTH NAAaH NPOrPAMMHOrO MOAENUPOBAHMUA, KOTOPLIIA
BKRo4aeT ykazanue tuna IBM un cpeacts asTromarusayum MOAENNPOBaHUA CNOX-
HbiX cucTem. Heo6xoaumMo paccuntats ApuMepHbie 3aTpaTtel namaTu 3BM Ha cosga-
HWe NPOrpamMMHON MOfenn W ee pabouUx MacCUBOB. BaXHO OLLEHUTS 3aTpaTtbl Ma-
WWHHOrO BpeMEHU Ha OAMH LUK PaGOTLI MOAEGNM CUCTEMbI U CONOCTAaBUTL UX C 3a-
Tpatamu BpemeHn Ha NPOrpaMmMupoBaHue M oTnagky moaenu. O6eIuHO UCXOAAT K3
TOrO, 4TO 373N OTNAfKW MOAENN 3aHUMAET B ABa pa3a GOfbLUe KaneHpapHoro epe-
MeHn u pecypcos IBM, yem co6creenHo 3KCNEPUMEHTbI C rOTOBOW MOAENDIO.

Aanee npuctynaior k npozpammuposaruio modenu na 3BM. Cneundimka pador
N0 NPOFPaMMUPOBAHWMI0 MOAENW 33BMCUT OT CPEACTB aBTOMAaTM3auWu MOAenupoBa-
HUWA, KOTOpLIe AOCTYNHLI nccneaosatento. CyLLecTBeHHbIX pa3nuymii npyu aBTOHOM-
HOW OTNafKe MOAEneil U NPOrpaMMHbIX MOAYy nei 6onblod NPOrpaMmMel UNK NaKera
Nporpamm Het. B cooTBeTcTBMM ¢ TekcTOoM Mogenu npomcxoanT aeneHue Ha Gnoku
W noa6noku. INorwveckan cxema anroputma Moaenu TpaHchOPMUPYETCA B CXemy
nporpammel. 3Ta TpaHcOPMaLWA 3aBUCUT OT BbIGPAHHOr 0 A3bIKa MOABNUPOBaHUA
M CpEACTB OTNaAKW CUCTEMBI, Peanunayiowel aToT A3bIK.TpK aBTOHOMHOI OTnagke
6nokoB u noabnokos NPOrpaMMHON mofenu o6bem paboT cywecTBeHHO Gonbue,
YeM Npu oTnagke o6bIYHBIX MPOrpamm, NOCKONbKY ANA KaXAOro MoAyNnA Heobxo-
AUMO CO3AaTk M OTNAAMUTL ELLE U UMUTATOP BHELLHEr O OKPYXeHUA, B KOTOPOM a0n-
XeH PYHKUMOHMPOBATL NPOrpaMMHbIiA MOAY b MOAENU CIOXHOW cucTemnl. BechMa
CYWECTBEHHO BLIBEPUTL PeanU3aumio yHKLui MOAYNA B MOAENHOM BpPEMEHU U
OUEHUTL 3aTPaThl MaLIMHHOMO BPEMEHU Ha OAWH LUKN PaBOoThl MOAeNU Kak hyHK-
UMIO OT 3HaueHwi ee napameTpos. 3asepLalTcA paGoTsl No aBTOHOMHOW OTnagKe
KOMMNOHEHTOR MOZeNU NOArOTOBKON GIOPMbI MpeaCTaBNEHNA BXOAHLIX U BbIXO4-
HbIX AAHHbIX.

Aanee nepexopar k npoeepre 30cTo08EPHOCTU CXEMDbI nporpaMMHOn Mmogenu
CnoxHoW cuctemsl, 3Ta BTOpan NpOBepKa AOCTOBENHOCTU YPE3BLINAMHO BaHa, He-
06X0AUMO YCTaHOBUTL COOTAETCTBUE Onepaumnii B CXEMe MPOrpamMel M B NOrUye-
CKOW cxeme mopenu. 3atem NpUMeHReTCA 06paTHLINW NEPeBog CXeMbI nporpaMmul
B cxemy mogenn (pyvHan “NPoKpyTKa" noruku thyHKUMOHUPOBaHMA mogeny) ,
YTO NO3BONAET HaNTK rpybuie OWKUEKKM ‘cTaTUKK' nporpamMmesl. Hexotopsie 6noku
u nogbnoxu obvepuHAlOTCA, M HaYMHAETCA KOMMNEKCHAA OTNagKa MOZENU c
UCNONbL30BaHUEM YECTMYHBIX U KOMMNNEKCHBbIX TecTos. B ator npouecc BoBneKaercA
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ace Gonbliee yucno Hnokos MoAeny. OTMETMM, 4TO KOMMNNEKCHaR OTnajKa npo-
FPaMMbl MOAENU HAMHOFO COXHEe OTNanKMu NaKeToB NPUKNaaHbLIX NPOTPaMM, no-
CKONbKY OWUBKY " AUHAMUKK' MOAENUpOBaHNA HaTH 3HaYUTENEHO TPyAHee 13-3a
KBasunapannensHoi paboTbl Pasnu4HbIX komnoneHTos Moaenv. Mo 3asepiueHni
KOMMNAEKCHOW OTNaaKu NporpaMmmbi HEOBXOAUMO NOBTOPUTE OUEHKY 3aTpaT Ma-
(WMHHOrO BPEMEHM Ha OAMH UMK PacyeTos Ha mopenu. MonesHo Npy 3Tom nony-
YUTH aNNPOKCUMALUI0 BPEMEHW MOENMPOBaHWA Ha OAUH LUKI UMUTALUN.

Cneaytowmm aeictBueM ABNAETCA coCTagneHue TEXHUHECKOU 00KymMeHTayuu
Ha mo/ent 6onbLIOI cucTembl. K MOMERTY OKOHYAHUA KOMMNEKCHO oTnaaKkn Npo-
rpaMMbl MOAENU AOMKHBI fuITh pa3paboTaHel cnefylouine AOKYMEHThI: MONHaA
NOFUYECKaR CXEMa anropuTma Moaenu, B KoTopyl BKNIOYEHbI NOAPODBHbIE MaTema-
THYECKME BbIPDKEHMA; YAOCTOBEpeHUE O LOCTOBEPHOCTHU NOr MECKOM Cxembl ¥ Ma-
TeMaTUYeCKUX BbipaxeHud (pesynsTatsl nepeoit NpoBepKHU Mmoaenu) ; onucaHue
NPOrpaMMBl C yKa3aHUem CUCTEMBI NPOrpaMMMUpPOBaHUA 1 NPUHATBLIX 0603HaYeHni;
NONHAA cxema NPOorpaMmbl MOAenu; nonHan 3anuck NPOrPaMMHONA MOAENM Ha A3bI-
Ke MOAEenNUPOBaHuA; YAOCTOBEpEHNE O [AOCTOBEPHOCTH NpOrpamMmHOI MoAenu {pe-
3yNbTaThl KOMMNNEKCHON OTNaAKK nporpamMmel monenu) ; onucaHue BXOAHbIX U Bbl-
XOQHbIX BENWYUH C NOACHEHUAMU (pa3MepHOCTM, maclTabbl, AnanasoHsl usMmeHe-
HUA BENWUWH, 0603HaYeHA) ; UHCTPYKUMA O pabote C NPOFrPaMMOi MOAENH; OleH-
Ka 3aTpaT MaLIUHHOrO BpeMeHu Ha OANH UMK N MOAENUPOBaHUA,

3aTeM COCTaGMAETCA NAaH 3KCNepuMeHTa na Mopenu, KOTOpbiv AOMKeH A3BaTb
UCCNEAoBaTENo MaKCUMyM WHGOPMAaLUn Npw MUHMMAaNLHBIX 33TPaTax Ha Bbluunc-
nerun, OBA3aTeNLHO CTaTUCTUYECKDE oBocHOBaHue NnaHa IKCNepUMeNHTa. Nnanupo-
BaHWe IKCNepUmenTa npeacTaBnAeT npoueaypy BbIGOpa YMCNa U ycnosuit nposeae:
HWA ONbITOB, Heo6XxoANUMBIX 1 JAOCTaTOMHLIX AJIA peLleHun focTaBneHHON 3aAauun C
TpeByemoit TouHOCTbi0. Mpy 3TOM CylieCTBEHHO: CTpeMnenne K MUHUMM3aLMK 06-
Wlero Yucna OfbiTOB; BO3MOXHOCTbL OAHOBPEMEHHOr O BapLUPOBaHWUA BCeMU Nepe-
MeHHbIMY, OMPEAENAIOWVMY COXHYI0 CcUcCTemy no chneuManbHbIM NpaBunam —
anropuTmMam; ucnonb3osaHue MaTemMaTHyecKoro annaparta, hopManmayoulero MHo-
rve NeiicTBUA IKCNepUMEHTaTopa; BLIGOp YETKON CTpaTeruy, no3apnmou.|.e|71 NpUHK-
MaTh OBOCHOBaHHbIE pelueHuA nocne K@KA0A CepuM 3KCNENUMEHTOB Ha MOAENN.

CneayioluMm AenCTBUEM ABMAIOTCA KOHTPOIBHLIE pacyerTsl. Moaenb AOMKHA
BLITh MCMBITAHA W ONpejeneHa YyBCTBUTENLHOCTL pe3ynbTaToOB Ha M3MEHeHue uc-
x0aHbIX AaHHbIX, [lpoBepKa NpPOrpaMMHOi MOAENV 03Ha4aeT, YTO MCCfleAoBaTeNk
YAOCTOBEPAETCA B TOM, 4TO OHA cooTBeTCTBYeT NPEeANnonNOXKeHNAM. CyuwectayeT
MHOXECTBO cnocobos npoBepkn. OAHaKO ANA mo6oit moaenn Heobxoaumo npoae-
CTU KOHTPOMNbHbIE PacyeTel: TOYHOCTU UMUTELNN ABNEeHMII, yCTOWYNBOCTU pesynbTa-
TOB MOAENUPOBaHMNA, CTALNOHAPHOCTH PEXUMA, 4y BCTBUTENLHOCTU KPUTEPHEB Kate:
©TBa K W3MEHEHWI0 NapameTpoB MOAENA U afleKBaTHOCTU Moaeny peanbHoMy 0bb-
eKTy.

TOYHOCTb MMUTALMUN ABNEHNIA 03HAYAET OUEHKY BAWAHUA CTOXACTUYECKUX ane-
MEHTOB Ha (YHKUMOHMPOBaHWe Moaeny CNOKHOI cucTembi. Tloa YCTOMMMUBOCTLIO
pe3ynbTaros MOAENUMPOBaHUA MOHUMAKT CXOAUMOCTD KOHTPONMPYEMOro napamet-
pa K OnpeaeneHHON BennuuHe Npu yBenuueH M1 BpemeHy MOfIENUPOBAHKMA BapHMaHTa
CROWHOW cucTembl. CTaUNOHAPHOCTE peXxuma npeanonaraeT AOCTWKMMOCTb TAKOrO
COCTORHUA, KOraa Npouecchl 8 MoAeNnupyeMoil cucteme ¢ pocTom MOofensHOro Bpe-
MeHM MPaKTUYECKN HE MIMEHRAIOTCA. YyBCTBUTENLHOCTL KPUTEPHER KayecTBa Ha us-
MeHeHWe NapameTpoe Moaeny — 3710 -BENWYUHA €r0 NPUPALLEHUA B NPOLEHTaX NPU
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u3MeHeHUU (haKTopa C HWXKHEro yposHA a0 sepxHera. [10f anekBaTHOCTbIO NPoO-
rPaMMHON MOfeny peansHOMY OBBLEKTY NMOHUMaT COBNAAEHUE C 33AaHHON TOY-
HOCTbIO BEKTOPOB XapaKTepUCTUK nosefneHUA obbekTa M moaenu. MepeuncneHHote
cnoco6si npoeepKun moaenun 06H3aT9anbI, npu X _OTCYTCTBUU HWN Yy 3aKaA34NUKa, HU
Y uccneaoBarenen Hert AOBEPUA K pe3ynbTaram MoAaennpoBaHnA.

3atem uccneaoBatenb NPUCTYNAET K rpoeederuro paboyux pacyeros Ha mMoge-
nu. 3T0 BecbMa TPYAOEMKWIA Npouece, Tpebyoumi 60NbLNX 3aTpat pecypcos IBM
n 6onblioi KauuenAapckoii paboTel. Uccneposatens pomked yMeTb UHTEPNPETUPO-
BaTb pe3ynbTaThl MOAEGNUPOBAHUA. Y)Ke Ha PaHHUX 3Tanax CO3faHWA MOAENny HeoB-
XOAUMO TlaTensHo NPOAYMBbIBATL COCTAaB U 06beM MHAOPMaunU MOAENUPOBAHUA,
4TQ6bi CYLIECTBEHHO OBNErYnTh AaNbHEMWI WA aHanM3 BeIXOAHON UHAOPMaLUU.

3.5. MEXAHU3M NPEACTABNEHNA CUCTEMHOIO BPEMEHN

MNockonsKy B GONBWWHCTBE UMUTAUMOHHBLIX Moaenei BGOMbLUIMX CUCTEM MOae-
NUPYeTCcA noBeAeHWe CUCTEMbl Ha HEKOTOPOM OTPE3KE BPEMEHU, OAHOW U3 BaX-
HenWwunx MeTOAONOrnYecKuX NpobremM ABMAETCA OpraHW3alMA KBa3unapannensHo
peanusaunn NnpoueccoB B cUCTeMe AUCKPeTHbIX cobbiTMR.QCHOBY 3TON peanuzauun
COCTaBMAET MEXaHU3M pernameHTauuu NpoLeccoB B MOAENN CROXHOW cuUcTeMbl. B
thyHKUMM pernameHTauMn BxoaAT ‘npoaBukerHve’”’ BpemeHu, T.e. KOppeKTUpPOBKa
BPEMEHHON KOOPAMHATLI COCTOAHUIA CUCTEMBbI, U OBECheYeHUe COrNacoBaHHOCTM
pa3nuyHbIX COBLITHIA B CUCTEME.

MockonbKy AEACTBMA, BLINONHAEMbIE Pa3NUYHBIMK BNOKAMIK UAW 3NEMEHTaMU
MoAaenu, 3aBACAT OT AEWCTBUIA M COCTOAHWIA APYrUX ee 3MEMEHTOB, OHU AOMKHbI
6bITb COrNacoBaHb! BO BpeMeHU (CUHXPOHW3WPOBaHLI) . 3TO 03HavaeT, 4To MOAEND
AOMKHA hYHKUMOHMPOBATL B UCKYCCTBEHHOM BpemeHNn, oGecneunsan HacTynneHme
CO6BITMI B HAANEXKALLEM NOPAAKE N C HAANENKAWMMU ANA UMUTALNN VHTepBanamm
MeXay HUMWU. XOTA KOMMOHEHTLI PeansHoi cucTemMbl (YHKUUOHUPYIOT oaHoBpe-
MEHHO, KOMMOHEHTb! UU(POBOKA MMUTAUMOHHONW MOJENU AeRCTBYIOT NOCNeaoBa-
TeNbHO, NOCKONbLKY B COBPeMeHHbIX IBM B Kaxabii MOMEHT BpeMeHU BbINONHAET-
CA NUWbL OAHA KOMaHAa U MoxeT 06pabaThiBaTbCA TONLKO OAWH U3 KOMMOHEHTOB
mMopenu. Tak KaK B pasNuUMHbIX YaCTAX PEaNnsHON CUCTEMbI COBLITUA MOryT BO3HU-
KaTb 0AHOBpemMeHHO, HeO6XOAMMO BLIGpaTh MeXaHUsM 3a4aHUA BPEMEHW ANA CUH-
XPOHU3aUMU NEACTBUI KOMMNOHEHTOB CUCTEMbI B MOAENM Ha AaHHOM BpeMeHHdM
uHTepBane. UHeIMW cnoBamu, peds MAET O KBasWMapannensHoW OpraHU3aLuu npo-
UECCOB B CUCTEME ANCKPETHLIX COBLITUIA.

EcTh nBa METOAa 33A3aHWA MOAEGNLHOrO BPEMEHU: C MOMOLLbIO durcupoaar-
HbIX N NEPEMEHHbBIX UHTEP8ana8 epemeruy. VX VHOrAa HasbiBalT TaKXKe COOTBET-
CTBEHHO MeToaaMU PUKCUPOBAHHO20 Wa2a U wa208 00 cnedyrowezo cobsrrua. Mo
METOAY hNKCUPOBAHHOMO BPEMEHHOIrO Liara oTcyeT MOAENLHOMO BPEMeH! BeAeTCA
Yepe3 3apaHee ONpeneneHHble BPEMEHHbIE WHTEPBaNkl NOCTOAHHON ANWHLI. MNpu nc-
NONL3OBaHWM MeTOAA Waroe A0 Creayiowero cobbiTUA COCTOAHWE MOAENNPYEMOH
CMCTeMbl OGHOBNAGTCA C HACTYMNNEHUEM K@XAOrO CYLLECTEEHHOrO COBLITUA HE3aBU-
CMMO OT NHTEPBANORB BPEMEHU MEXAY HUMW.

WUHorpa umutaumontsie mopenn yaobree KnaccnuuMpoBaTh Mo ABYM KaTero-
PURM: MOGEMU C HENPEPLIBHBIM UIMEHEHUEBM COCTOAHURA cucTems! w modenu ¢ duc-
KpeTHbIM UIMEHEeHUEM COCTORHUU CucTems!. B Mofenax nepsoi KaTeropum ncnons-
3YIOTCA MeXaHU3Mbl (DUKCUPOBAHHLIX NDUPALLEHUI BPEMEHHBIX UHTepeanos. Mmu
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Puc. 3.2. Epemennén AuvarpamMma MoaenupoBaHuA cO6hi THA:

a2 — MEeToAOM (UKCUPOBAHHONQ BpeMeHHAro wara; 6 — METOAOM LIAros 40 CNeayrwero cobbl-
TwA.

YAOBHO ONUCLIBaTL MOBEAEHWE CUCTEM, MPEACTABNAEMbIX HenpepbIBHLIMU NOTOKA-
MU MHDOPMaLMN UMM MaTepUanbHLIMU NOTOKAMU, COCTORLUMMN HE 13 EAVHWNYHBIX,
a u3 rpynnoBeix 3nementos, Moaenn BTOPON KaTeropuu NPUMEHAKOTCA B TEX Cny-
4aAX, KOrAa WCCMEAOBATenA WHTEpecyeT roBedeHne OTAENLHLIX INEMEHTOB B cme-
Teme.

Ha pwc. 3.2 npeactasnedsl BpemeHthe AVarpaMmmel MOAENUPOBaHMA cobbiTHUi
nNpu o6evx Kareropuax mopenen. 3aeck /’. 7] S,. 03HaYalT NOABNEHUE COOTBETCTBEH-
HO cOBbITHIA /I. 1 S. v peakumio CUCTEMbI MOAENMPOBAHWA Ha aTW cobbITUA. B nep-
BoMm cnyvae (puc. 3.2, a) mofensHOe BPEMA NMONy4aeT Npupallenne Ha 3apaHee Bbl-
GpaHHyto BenuunHy /f ; MOMEHTLI NORBNEHWA cOBLITHiA /; He CBA3aHbLI C MOMEHTa-
MW pearupoBaHWA CUCTEMbl MOAENVPOBAHWA Ha 3TW cobbiTuA S. . Moaromy obpa-
60TKa cOBLITUI OCYLIECTBNAETCA yNpaBAAiowwen NporpaMmMoV MOAENUPOBaHWA NO
rpynnam cobbiTvin. TOUHOCTb MOAENVPOBAHNA cobbITWIA paBHa Wwary n3MeHeHua mMo-
pensHoro spemenn /At . Benmuuna At OKkasbiBaeT pewuaioiee BNVAHKE HA NPOUECC
MOOeNUPOBaHMA, MOCKOMbKY BCAKOE MONOXWTENbHOe Npupaluediue MOAENBHOr O
BpeMeHM 3acTaBNAET NPOUECC MOAENMPOBaHUA ABWraTLCA BMeEpea. Ecnu BennumHa
wara At Bbi6paHa HENpPaBWUNbLHO, Pe3yNbTaTbl NMONYYATCA TaKKe HEBEPHLIMU, Tak
Kak Bce cobbITWA 6yAayT HacTynarte B TOYKeE, COOTBETCTBYIOWEN BePXHeN rpaHuvue
uHTepBana moaenvposaHva. Bo BTOpOM criyuae {puc. 3.2, 6} obpaboTia cobbiTuii
UaeT NOCnenoBaTensHO, ¥ MOAENbHOE BPEMA KaXAbI Pa3 CMELLAETCA BNEPe/ Ha Ha-
4ano cneaywollero cobeitTuA. Boce cobeITHA NpU 3TOM obcnyxuBaloTcA 1o ovepean.
He TpebyercA BuIGOpPa NPOU3BONBHOMO MCKYCCTBEHHOTO NMPUPALLEHUA BPEMEHU. JT10
NO3BONAET MPEAOTBPATUTL BOIMOXHOCTb TOFO, YTO Bbi6paHHan Npu peanusaunu
CUCTEMBI MOJENVPOBAHMA BENWYMHA NPUPAaLLEHHA MOAENLHOrO BpemMeHu At w3me-
HUT Pe3ynbTaTel MOAENMPOBAHWA,

Co6bITWA PaCcCMaTPUBAIOTCA U OBCNY>KMBAOTCA OAHOBPEMEHHO TONLKO B TOM
Chyyae, ecnv BpemMA WX HacTynNneHnAa 0auHaKoBoe. 370 03HavaeT, YTO OAHOBPEMEH-
HOCTh B MOZENU wMeeT MECTO NMWL TOrAa, KOraa OHa ecTb B peantHOMi cucTeme. MNo-
206HLIA NOAXOA K peanusauuy ob6cnyXuBaHWA coBbeITHi n3basnaeT oT Heobxoawn-
MOCTV BBENEHMA B YNPABNAIOLLYI0 CUCTEMY MOAENUPOBAHWA NpaBuna, Kotopoe
onpeaenano 6bi, KaKOe N3 OAHOBPEMEHHBIX c0oBbITHN CYnTaTh NepBbIM. Mpn gmKen-
POBAHHOM M3MEHEeHWUN MOAENLHOIO BPEMEHU fe3 aToro npapuna He oboiTucs, He-
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BepHbIA BbIGOP MeTOAa 3aaHVA MOENLHOro BPEMEHH MOXET CYLLECTBEHHO yBenu-
YWUTh 3aTpaTbi MaWIKMHHOIO BPEeMeHU TM Ha oTCnexMBanve COBLITUIN U KOPPEKTUPOB-
Ky MOAENLHOrro BpemMeHut to .

loctouncTBa 1 HepocTaTku 060UX METOAOB MOABNUPOBAHUA OBYCNOBUNU 06-
nactu ux npumeHeHunn. Metoa ¢uxkcupoBaHHbIX LWaroB paboTaeTr nyqwe, ecnu: co-
6bITUR MOABNAKTCA perynApHO WU pacnpepesieHbl BO BPEMEHW AOCTaTOMHO PaBHO-
MEpHO,; B TeveHWe UnKna MOAEBNUPOBAHWA MNOABNAETCA MHOro cobbiTUM W MaTema-
TUYECKOE OXUAAHWE UX MNPOLOMKUTENLHOCTM Mano; TOYHaA MPUPOAA CyLLECTBEeH-
HbIX COBLITUA He ACHA3, YTO UMeEeT MEeCTO Ha HavaflbHbiX 3Tanax UCCNegoBaHuA.

B oCTanbHbIX CNyYaAx MeTOA 33a4aHWA Lara 40 cneayoLero cobbITUR ABIAETCA
6onee BbIrOAHBIM, MOCKONbLKY: NO3BOMALT IKOHOMUTL MALLMHHOE BPEMA B Chyyae
MOABNUPOBAHUA CTaTUNECKMX CWCTEM, B KOTOPbIX CYLLECTBEHHbIe COBLITUA MOryT
ANUTENbHOE BPEMA He HacTynath; He TpeByeT BbiGOpa BENUYMHLI NPUPALLEHUA Bpe-
menn At n obocHosaHWA aTOroO Bbl6Opa; MOXeT ahheKTUBHO UCMONL30BATLCA NPK
HEepPaBHOMEPHOM pacnpeneneHun cobbiTMA BO BpemMeHU unu npu 60NLWOM MaTema-
TUYECKOM OXUQaHUU UX NPOAOMKUTENLHOCTH.

TexHuka peanuszayum o6CryXUBaHUA ITUX COBLITUIA B OBOUX CIyYaAX 3aBUCUT
OT KOHKPETHON peanusauvun yNpaBnALWEd NpOrpamMmbl MOJENVPOBaHWA, obecne-
YMBaKOLLEN YKa3aHHbie NPUHLUMMLI 06CNYXMBAHWA COBLITUA.

3.6. CPEACTBA ABTOMATU3IALUN MOAENNPOBAHUA

3.6.1. l0CTOMHCTBA M HEROCTATKYN A3LIKOB MMHUTALNOHHOT O
MOAENUPOBaHMA

Ana toro 4ToBbl cMoAenuposaTe Ha IBM noeegeHue 6onbLION cUcTembl, Hy-
XeH annapaTt NporpaMMuUpPOBaHUA, KOTOPbIA B GONMbWHUHCTEE CYLLECTBYIOWMNX YHU-
BepcanbHbiX anropuTMUYECKUX CPEACTB NPOrpaMMUpOBaHUA OTCYTCTBYET UMM He-
AocTaToyHo passut. B Hem pomxubi GLITe NpeaycMOTpeHsl cNocobbl OpraHMsauMu
AaHHbIX, oBecneunBaolme NPocToe M adiheKTUBHOE MOAENMPOBaH e, YAOBHbIe
cpeacTsa opManu3auMu U BOCMPOW3BENEHUA AWHAMMYECK UX CBONCTB moaenupye-
MOiA CUCTEMBI, @ TaKXKe BOIMOXHOCTM UMUTAUMUK CTOXACTUYECKMX cUcTem, T.e. Npo-
UEAYPbl FEHEPUPOBAHUA W aHANW3a CNYYaiHbiX BEMMYUH U BPEMEHHBIX PAAOS.

Peanuaauueit Takoro annapara ABNAIOTCA CNeUNaNN3UPOBaHHbIE CPEACTEA aBTo-
MaTusaumu moaenupoBanuA. B cocTae cpeACTB aBTOMaTtU3auMM MOLENMPOBAHMA
06bI4HO BXOAAT A3bIK ONWUCaHUA OBBLEKTAa MOAENVPOBAHWA, CPEACTBa obpaboTku
A3LIKOBbLIX KOHCTPYKUMA (KOMNUAATOP, TPAHCAIATOP UMK MHTEPNPETUPYIOWAR Npo-
FPaMMa), cuCTeMa BbIMOMHEHUA MMUTAUMOHHOrO NPOLECca BO BpemMeHn n Habop
CMeuransHblX NPOrpaMmMHbIX CPEACTB, Peanu3youinX AONONHUTENbHbIE BO3MOXHO-
CTWU OpraHusauum mopensHbIX akcnepumentos Ha IBM. MpumeHenmne yHusepcans-
HbIX A3LIKOB NPOrpPaMMWUPOBaHWA MNPENOCTaBMAET MPorpaMmucty Bonblive BO3-
MOXHOCTWU B CMbICne rubKoCTU pa3paboTKKu, OTNaAKKM U MCNONbIOBAHUA MOMENU.
Oaxako rubkocTb 3Ta NpuobpeTaeTcA LEHOH BONLWMX yeunuii, 3aTpaymBaemMbIX Ha
NporpaMMUpoBaHue. ﬂoaTOMy NPUMEHAIOTCA Creunann3MpoBaHHbie CPeacTBa Mo-
AENUPOBaAHUA, KOTGPLIE NO CPaBHEHWNIO C YHMBEPCanbHbIMU 0GNaAaloT HEKOTOPbIMK
NPENMYLLECTBAMU, K YUCAY KOTOPbIX OTHOCATCA: MEHbLUME 3aTpaThi BPeMeHW Ha
nporpaMmupoBanune; 6onee apdeKTMBHLIE BOZMOXHOCTH ANA BbIABNEHMA OWNBOK
UMUTaUMUKN,; KpaTKOCTb, TOYHOCTb BLIPKEHUA MOHATUA, XaPaKTEPU3YIOWNUX WMUNTE-
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UKOHHbIE MPOLECcChl; BO3MOXHOCTb 33paHee KOHCTpyWpoBaTL ANA nonb3osarenen
CTAHAAPTHBLIE NPOUECCHI, KOTOPbIe MOryT NPUMEHATLCA B MoBON UMUTALUOHHON
mogeny; aBToMmaTtndeckoe opMUpOBaHWe ONpeaeneHHbIX TUNoB AaHHBIX, Heobxo-
AVMBIX ANA UMUTAUMOHHOrO MOAENNPOBAHURA, yAOBCTBO HAKOMNNEHWA U NPEACTAB-
neHUA BbIXOAHbLIX AdHHBIX; ynpasneHune M KOHTpOMbL 33 paCHDEAEDEHMEM namAaTH
5BM B npouecce MMUTAUMOHHOr O 3KCNEpUMEHTa.

3.6.2. OcHOBHbIE BUAbI A3LIKOB MOAENUPOB3HUA

CneunanvsvMpoBaHHble A3bIKU LUMGPOBOr0 MMUTALMORHOMO MOAENMPOBaHUA Ae-
NATCA H3 ABe CAMOCTORTENbHbIE rpynnbl, cooTeeTCTBYIOWME ABYM BMAAM MMWTA-
UMM: HenpepbiBHbIX YU AWCKPETHbIX NPOUECCOE. Mpynna A3bIKOB HENPepPbIBHOro
UMUWUTaLMOHHOrO MOAENUPOBaHWA B CBOKD O4YEpEAb AENUTCA Ha TPW TUNa: A3bIKK
aHanorOBOFO MOAENMPOBaHUA, A3bIKW, NPUMeHAEMbIe ANA peleHWA cucTem Auc-
thepeHumanbHbIX YpaBHEHWH, ONWUCHIBIKLLNX AETEPMUHUPOBAHHbIE 3aMKHYTbIE He-
NpepbIBHbIE CUCTEMbI; A3bIKU ypaBHeHwi. MepBbie ABa TMNA paccyMTaHbl Ha 6nou-
HOe NOCTPOEHME MOJAENeA, A3biKW TPETBEro Twna onepupyloT ¢ YPaBHEHUAMU.

B A3bIKax aHaNoroBoro MOAENMPOBAHWA MCMONL3YETCA NOKOMMNOHEHTHaA
3IMYNALUMA NOBEAESHWA aHanorosbix U rubpuaHbix DBM, Hanpumep cymmarop 3ame-
HAETCA KOAOM ONepaumv CYMMMWPOBaHUWA, UHTErpaTtop — KOAOM onepauun uHTerpu-
pOBaHWA U T.A. B3aumoaeiACTBMA MEXAY 3TVMK AONONHEHUAMU (DYHKLMOHANbHLIX
KOMMNOHEHTOB ONUCLIB3IOTCA C NOMOLULIO 6104HO-OPUEHTUPOBAHHOM O A3bIKE TOYHO
TaK ke, KaK KOMMYTaUUOHHaA nadens aHanorosoi 3BM cBA3LIBaET KOMNOHEHTbI
aHanoroBO BbIYUCIUTENLHOW NPOTrPaMMBl. 3MynUpYIOTCA W CTPYKTYPa, N ANeMEH-
Thl aHAaNOr o8OI MK rubpuaHoit 3BM.

[lnA MopenvpoBaHuA NepeMeHHbIX, HenpepbiBHbIX no AvanasoHy CBOWX 3Haue-
HMWI, HO AVCKPETHbIX NO BPEMEHW, ya06eH A3bIK ANHAMO (anHamuueckue MoAe-
fn) . OH NO3BONAET aNNPOKCUMNPOBaTL HENPEPbIBHbIE MPOULECCSH, vcnonb3ya aud-
thepeHuManbHele YPaBHEHVA MEPBOroO NOPAAKaA. MepemeHHbie COCTORHWIA U BbIXOA-
Hble NepeMeHHble OMUCHIBAOTCA B A3bIKE ANHAMO ¢ nomouubto ypaBHeHU ypoB-
Hell W cKopocTeil cooTeeTCTBEHHO. lMepemenHbie COCTOAHUM (YPOBHM) ONWUCLIBAIOT
COCTOAHWE UNM YCNOBWE BHYTPY CMCTEMbI B A@HHbI MOMEHT BpEMeEHH, NepemeHHble
CKOPOCTH OMNMCLIBAIOT, KaK MEHAETCA 3T0 COCTOAHUE 33 HeKOTOpbIH OTpe3oK
BpemMeHMu.

Mo cnocoby peanuaaunu Pasnu4aloT cUCTeMbl MOAENUPOBAHIA, vcnone3yowue
yHWBepcanbHylo 6a30BYl0 CUCTEMY NPOFPaMMUpPOBAHWA, U cneumansHO NOCTPOEH-
Hble CMCTEMbI, OPUEHTUPOBaHHbIE HA MOAEAVPOBAHWE KNacca CNoXHbLIX cucTem. B
nepBoM Cny4ae CMCTEMA MOAENMPOBAHMA PaCIUUPAET BO3MOXKHOCTY YHUBEpPCanbHOW
cucTembl nporpammuposaHia. O6bIYHO B KauecTse 6a30B0r0 A3biKa NPor paMMupo-
HUA ncnonbayloTcA A3k AJIFON, ®OPTPAH, PL/1. Anrononoao6Hyto 6a3y pea-
NM3auMv MMeloT Takue A3bIKM MOAENUPOBaAHWA, Kak ASPOL, SOL, SIMULA,

CNAHI. Ha 6aze nAswika GOPTPAH peanusoBaHbl A3bIKW SMPL, GASPII,
SIMSCRIPT, Ha 6a3e Asbika PL/1 — PLSIM u MPL/1 . W3 cneunansHO CO3AaHHbLIX
A3bIKOB MOAEAUPOBAHHA MOXHO OTMETHTD GSL, GPSS, ACUM.

Hezasucumo oT 6330BOM CUCTEMbI NPOr PAMMWPOBAHUA 6yaeM pa3nuyaThb 4eTbi-
pe TUNa A36IKOB MOAEBNWUPOBAHUA ANCKPETHBIX CMCTEM, Pa3NUYaIoLLNXCA CNOCoGoMm
ONWUCAHWA B WMMTALUMOHHOW MONENM peanbHuix NPOUECCoB B 6onbMX cucTemax.
B 33aBMCMMOCTM OT NOAXOA3 K ONUCAHWIO paccmartpuaaembix 06beKTOB UMUTaLUK
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1 MeToAa OpraHM3auun KeasunapannenmiMa B MOAENU PasnuYaloT A3bIKU, OPUEHTU-
POBaHHbIE Ha NPOCMOTP aKTUBHOCTU, COCTaBNAIOUUE pacnucaHue cobeiTul, op2a
HU3yIOWUe 833uM0O0eUCTBUE TPAH33KTO8 W yNpaanAowWULe NPoYeccamu.

3.6.3. A3bikK, OpMeHTUPOBaHHLIE HA NPOCMOTP aKTURHOCTH

AﬂrOpVITM (byHKLIMOHMpOBaHMH cucTemMbl NpeacTaBnAETCA NMocneaoBatTenbHbiM
BbIMONHEHWEM aKTuBHOCTeW. Cama aKTWBHOCTb ABMAETCA HaWMeHbLleW eguHUUeN
p360Tbl B CUCTeMe U paccmaTpuBaeTcA Kak EAVIHbIﬁ AVICerTHbIﬁ war namMmeHeHuA
COCTORHWA CUCTEMbl. XOTA B peankHoi cucTeMe [EWCTBWA, ABNAIOLWIMECA peanna-
UMen KaKoW-nmbo aKTUBHOCTM, MOTYT NPOUCXOAUTL B MoGoe BpemA, Npu Moaen-
pPOBaHWK NPEANONAraeTcA, 4TO OHW COBEPLUAIOTCA MFHOBEHHO, B MOMEHTb! Bpeme-
HW, COOTBETCTBYHOWIME Hadany Mnu KOHLY aKTUBHOCTU. BCe u3MeHEeHUA .COCTOAHMUIA
B MOAeanYEMOﬁ cUcTeMe NpoNCxXoAAT B MOMEHTbI BpemMeHU, COOTBETCTBYHIUHNE
3aBepweHui0 aKTUBHOCTMU. MHMUMMDOBEIHVIQ aKTUBHOCTK COBepLIaeTCA KakK pe3yfb-
TaT 33BepWeHWA paHee BbIMOMHABWENCA aKTUBHOCTW. Byay4u vHULUMPOBAHHOW,
AKTUBHOCTb MOXKET HayaTeCA HEMeaAneHHO nnu 3aaep»XaTtbCA 10 NOABNEHUA onpeae-
NeHHbIX VCHOBMﬁ MAN COCTOAHUN 06BeKTOB cucTeMsbl. COCTOAHMA W3MEHAIOTCA 8 pe-
3ynbraTte neﬁcrsuﬁ, coBepltaeMbiX APYruMU aKTUBHOCTAMUW KakK B Havyane, Tak v B
KOoHUe UX BbINONMHEeHUA. XotA B peaanoﬁ cucTteme AeﬁCTBMH MOryT cogeplwaThCA
ORHOBPEMEHHO, UX UMUTALLUA Ha MOAENM MPOUCXOAUT CTPOro NocNeAoBaTeNbHO.

C KaKAOA aKTUBHOCTBIO CBA3aHO BPEMA BbLINOAHEHWA. B cucTeMe vMuTauuu
Mozenu BO BpeMeHW NpeaycCMOTPeH MeXaHWu3M MNaHWpOoBaHWA, KOTOpbLIi obpaba-
TbIBaeT YNOPAAOYEHHbIN BO BPEMEHK CMUCOK MOMEHTOB 3aBepLleHUA aKTUBHOCTMW.
Koraa Ha4MHaeTcA BbIMNONHEHWe HEKOTOPOW aKTUBHOCTM, B 3TOT CNWCOK 3aHOCATCA
COOTBETCTBYHOLLEe BpeMA 3aBepLUeHWA U TOYKa BO3Bparta B ynpasfAKOWY MNpo-
rpammy. Mocne BeINONHEHWA NPOrPaMMON-MOAENLID BCeX ONepauuit, KOTopkle Co-
OTBETCTBYHT OnpenpeneHHomy MOMEHTY BpemeHn, BO35Y)KA89TCH MexXaHU3M Bpe-
MEHHOro nnaHvuposaHuA. OH BbI4EPKUBAET U3 CNUCKA 3NEMEHT, COOTBETCTBYIOLLWA
nepBaoMy NO BpemMeHU 3aBepLIeH D aKTUBHOCTU, yCTaHaBnuBaeT 3HaYeHmne nepemMex-
HOW, oToBpaxaioweln BpeMA MOAENMPOBAHWA, PaBHbIM BPEMEHW 3aBepLUEHNA COoT-
BETCTBYIOLIEN aKTMBHOCTU W NepeAaeT ynpaBneHue B yKasaHHyIo TOYKY yNpaBnaio-
uwein nporpammel. 3aBeplieHne aKTUBHOCTU MOXET MPUBECTU K UHULUWMDOBaHMIO
HOBOW aKTUBHOCTM U T.A.

MNporpaMmupyAa Ha A3bIKaX, OPUEHTUPOBAHHLIX Ha NPOCMOTP aKTUBHOCTW
{CSL u GPS), Mbl He pernameHTupyem cobbITUA B MPOrpaMMe, a NULLbL Y Ka3blBaeM
YCNnosuA, Npu KOTOPbIX OHW MOTYT NPOU3OWTU. B 3TUX A3bIKax NPUMEHAIOTCA WC-
NONHUTEenNbHbLIE nporpaMmmsel, NpocMaTtpusaldwme HBﬁOp BCeX YCJ’IOBMﬁ nepea cagwm-
roMm w™moaenbHoOro BpeMmenun Ha oqepenHoﬁ UHTepBan, YToO NO3BONAET ONpeaenvTe,
MOryT nv Npou3onTH Kakue-nu6o cobbiTuA. Nporpamma-Mogens cocTOUT U3 ABYX
4acTel: nepsan obecneunBaeT NPOBepKY, BTOPaA — peanu3auvio akTueHocTy. Me-
pea ouepeAHLIM CABUMOM MOAENBHOrO BPEMEHW MPOMCXOAMT CKaHMPOBAaHWE BCeX
NporpaMM no aKTUBHOCTAM ANA OfpeaeneHnA, KaKaA M3 HUX BKMOYeHa B paBoTy.
UcnonHenne KOMaHA M3MEHEHWA COCTOAHWA M CABMra BPEMeHW B TOM YacTu npo-
rpaMmel, Kotopar obecredMBaeT peann3aumio aKTUBHOCTHW, paspeluaeTcA Toraa,
KOrAa BbiNOMHAKTCA BCe KOHTPONuUpyeMble yCNoBuA. ECNM XOTb OAHO M3 HUX OCTa-
NOCb He BLINONHEHHbIM, KOMaHAbl aKTMBHOCTU NponycKaloTcA. Linknuieckoe cka-
HUPOBaHWE BCEX MPOrPaMM WMUTAUNMK aKTWBHOCTW AAET BOIMOXHOCTb YYUTLIBATH
BEPOATHOCTb BKMIIOYEHUA KAKAOK U3 HUX U BCE BOIMOXHBIE B3aUMOAEHCTBUA.
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3.6.4. A3bikK, COCTaBNAKOLWME pacnucaHme coBbiTuit

WHoraa onpefieneHHyto 3afavy yAobHee NporpamMmMuposaTte Ha A3bike, OPUEH-
TUPOBaHHOM Ha COBLITUA. B A3bIKAX, OPVEHTUPOBEHHLIX HA coboitA  (GASP,
CUMCKPUNT wunu SMPL), Moaenupytowaa nporpaMmma OpraHu3oBaHa B BuAe
COBOKYMHOCTM Npouedyp cobbiTwit. Mpoueaypa cobbiTUA COCTOUT K3 Habopa onepa-
UK, KoTopble B OBUIEM CNyyae BINONHAKTCA nocne 3asepuieHnA KaKon-nn6o ak-
TUBHOCTY. BhinonHeHne npoueaypbi CUHXPOHU3UPYETCA BO BPEMEHW CMUCKOBLIM
MexXaHM3aMoM fnaHupoBanvA. Kaxkablii anemeHT CNWCKa OMpeAenfeT BpemA cobbl-
TWA, NPEACTABNAIOWErD 3aBeptueHite BbINONHAEMONW aKTUBHOCTU, N UMA UNKU HOMED
npoueaypbi, KOTOpana AoMmKHa BbINONHATBCA Noche 3aBepiueHnA 3IToro cobbITUA.

B Hauane npoueaypbl BbINONHATCA Tpebyemeie ANeWcTBUA, OTHOCALWMECA K 3a-
BEPLUEHWIO aKTUBHOCTU. B pe3dynsTaTe 3TUX AEACTBUA MOrYyT M3MEHWTHCA COCTOA-
HWA Pa3NU4HbIX OBBEKTOB CUCTEMBI, 4TO MO3BONAET BO30GHOBWTL BLINONHEHUE Pa-
Hee WHWUMMPOBAHHLIX AaKTUBHOCTEN, 3a4epXaHHbiX AO MOABNEHWA ONpEAEnEHHLIX
YCNOBWiA, BO3MOXHO OKa3aBLUIMXCA Tenepb BbINONHEHHBIMU N3-3a NPOUCLISALINX U3-
MeHeHuid cocToAHMIA. Mpoueaypa cobbITUA NPOBEPAET, BO3HUKNA NW TaKan cuTya-
UWA, W, eCAN 3TO TaK, OCYLLECTBNAET AEACTBUA, NEPEBOAALLME 3aAePKaHHbIe AKTUB-
HOCTK B COCTOAHME BLINMONHEHWA, U NNAHUPYET BPEMA UX 3asepweHus. B obuiem
cnyyae 3agepuieHue OAHOW aKTUBHOCTH UHULMMDYET BbiNONHEHWe APYr ol aKTUBHO-
CTW, CBA3aHHOW C NepBEOV NOPAAKOM BbIMONHeHWA. B 3TOM cuTyauunm npoueaypa co-
6bITUA ONPEAENAET, CYWECTBYIOT N YCNOBWUA ANA 3anyCKa AaHHOW aKTWBHOCTH, a
NPU WX HanNUMYMU BLINONHAET HEOBXOAUMbIE ANA 3anycka AeVCTBUA W MnaHupyet
BPEMA ee 3aBeplieHvA. MOCne BLINONHEHUA BCEX AEWCTBUIA, COOTBETCTBYHILIUX Te-
KyuleMy BpeMEHU MOAENUPOBaAHUA, aKTUBU3NPYETCA MEXaHNU3M NNaHMPOBaHMA, KO-
TOpbiN BLIGUPAET HOBYIO NPOUEAYPY COBBLITHA.

Al3biK, OPUEHTMPOBaHHLIW HA COBLITUA, NOIBONAET NPEACTABAATL CNCTEMY TNO-
6anLHO Ha OAHOM ypoBHe. [lelcTewA, Bbi3biBaeMble n3MeHeHneM COCTOAHUA cucTe-
Mbl, AOMKHBI BbITh 33AaHblI NoNL3oBaTenem. M03TOMy B paMKax 0AHOW NPOLEAYPbI
MOryT 6bITb OrMMECKM He CBA3aHHbIE APYr C APYTOM aKTWBHOCTM. B pesynbrate
60nblan MOAENVUPYIOLLAA NPOrpPaMma, ofMcaHHan B TepMUHax cOBbITUWHO-OPUEHTH-
POBAHHOrO A3bIKA, MOXET NOTEPATL BCAKOE CXOACTBO CO CTPYKTYPOH peasibHoM cu-
CTeMb! ¥ 3aTPYAHUTD €€ MOANDNKALNIO.

3.6.5. A3nikuK, opraHnsyoulMe B3aUMOAEACTBNE TPIH3AKTOB

B A3bike ModenvpoBaHuA GPSS B KauecTee AUHaMUYECK X 06BEKTOB UCNONbL-
3yl0TCA TpaH3aKTbl {3aABKM Ha oBcnyxueanue) . KaxaoMy TpaH3akTy cooTBercT-
BYeT oOnpeaeneHHLIW HaBop NokanbHsIx aTpubyTos. fporpaMma-Monent Ha A3biKe
GPSS paspabatbiBaeTcA B aBa atana. Ha nepsom 3atane moaent NpeacTaBNAETCA B
Bude CxeMbl, OTOBPAXalOWed NPOCTPAHCTBEHHOE NepemelteHue o6bexToB (TpaH-
3aKToB) B8 cucTeme. A3bIK COAEMKMT WMPOKMIA HaBop cTaHAapTHeIX 6NOKOB, € no-
MOLLbIO KOTOPbIX NPEACTaBNAKTCA ASNCTBUA Mo 0BPa3oBaHMI0 U UCKNOUEHWUIO 061
eKTOB B MOAENM, YNPAaBNEHMIO ABWXKEHVEM OGBEKTOB, 3aHATUIO K OCBOBOXKAEHUIO
PECYPCOB Pa3NUYHBIX TUMOB, UMUTAUNK 3a4EePXKEK B NPOABIDKEHWUN 0BLEKTOB U T.A.
B o6weit CNOMHOCTU B COCTaB A3bIKA BXOAMT Bonee Tpex AeCATKOB pa3nuyarownx-
cA rpadumyecku BNOKOB, NO3BONRIOWMX B Har NAAHOW opMe NpeacTaBNATL anro-
PUTMbI YHKUMOHVUPOBAHNA CROXHbIX CUCTEM C AUCKDETHLIMM cobeITUAMU poCTa-
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TOYHO WNPOKOro Knacca. Ha BTOPOM 3Tane OCyLeCTBARETCA cUMBONUYeCKOe KOoaANn-
poBaHue Cxembl, NP KOTOPOM KaxAOMY Bnoky CcTasutTCcA - B COQTBETCTBUE CTPO-
Ka CUMBONOB, 06pa3yrownx TeKCT nporpaMmei. Mporpamma Ha A3svike GPSS pea-
NU3YeTCA B pexxumMe uHTepnpetauumn. Moaenupylowan nporpamma co3aaer TpaH-
3aKTbl, NepeaBvraeT Ux NO onpeaeneHHbiM BNoKam W NPOW3IBOAUT AEKCTBUA, CBA-
3aHHble ¢ KaxasiM 6noxkom. Mo mMepe npoxoaa TpaH3akToB Yepe3 6N1OKKU Npoucxo-
AUT CABUI MOAENBHOI O BpeMEHN.

3.6.6. Assikn, ynpasnAlowne NpouLeccamm

C03AaHVIe A3bIKOB, yNpasnAtlownx npoueccamu, NpeactaBnAeT NOoNbITKY 0bb-
eAUHNTbL KpaTKOCTb A3bIKOB, OPUEHTUPOBRAHHbLIX HE NPOCMOTP aKTMBHOCTeﬁ, c 3¢-
$eKTUBHOCTLIO A3bIKOB, COCTAaBNAKLWMUX pacnucaHue cobbiTun. B A3ssikax, ynpas-
nawowmx npoueccamun (ASPOL, SIMULA, SOL, MPL/1, PLSIM), moaenupytowan
nporpamMmma opraHuiyeTcA 8 Buae HaBopa onvcaHwiA, Kaxkaoe U3 KOTOpPbIX ONUCKI-
gaeT oauH Knacc npoueccos. OnvcaHwe npouecca ycrtaHasnueaeT aTpubyTbl ¥ aK-
TUBHOCTW BCeX NPOUECCOB AAHHOIMO Knacca v umeeT GopmMy NOANPOTrpPaMMbl UK
npoueaypbi, KOTOPaA BbiNOMHAEGTCA OAHOBPEMEHHO ANA BCex NpeacTaBUTenen 3To-
ro Knacca, CyUWecTBYHOWMX B CUCTEMe B TeKyulee BpeMA. dakTudecku 310 onuca-
HWe ABMIAETCA peeHTepabenbHOW NPOrpaMMON, BbINONHAEMOW B KBa3sunapannens-
HOM peXxume, KOrAa ynpaeneHue NepeaaeTch B Pa3nuyHble TO4MKWU NPOrpaMmMmsl No
Mepe TOro, Kak NPOUCXOAUT WHUUMUANM3ALMA, BbINONHEHWE W 3alePXKKa BbINOJIHE-
HWA pa3nuuHbIX NPoueccoB. TakuM o6pa3om, BCe NPOLECCh! AAHHOTO Knacca onwu-
CLIBAIOTCA OAHUM HaBOPOM NPEANOKEHUA A3bIKA, OAHAKO KAaXAbIW NPOLECC Onepu-
pyeT co6CTBeHHBIMU AaHHBIMM.

OnwucaHne npouecca COCTaBNAETCA M3 NpPeaNnOXeHWid: OB6bABNEHUA, BblYwucCne-
HWR, ynpaBneHuA, cneaosaHuA. OaHUM 13 BUAOB NPeANOXEHWUW CNefoBaHUA ABNA-
totcA onepatopbl HOLD(t) unu WAIT(t) , KoTOpble BbI3bIBAKT 3aAEPKKY BbINOMN-
HEHUA TOro Npouecca, B KOTOPOM OHU BCTPEYatoTCA, BNAOTb A0 YKa3aHHOr o B Kave-
CTBe NapaMeTpa MOMeHTa BpemeHWU. 3aTem onucaHne BO30BHOBNAETCA ¢ NpeanoXMe-
HUA, cneayowero 3a npeanoxednem WAIT unn HOLD. Koraa BeinonHenue ogHo-
ro npouecca 3ajep>KUBaeTCA, BLINONHAKTCA ApYFUe MpPOUecchl, NMPeacTaBfeHHble
AaHHBLIM UK APYTr MW ONWUCAHUAMU. BhiNnonHeHWA NPOUECCOB CUHXPOHUIUPYIOTCA
C NOMOLULLID ONWUCAHHOT O Bbite MEX3HW3Ma NNaHUPOBaHUA, OAHAKO 3N1IeMeHT CNUCKa
CcOBLITUW COQEPXKWUT Tenepb He yKa3saTens NpoOUeAypbl, 8 TO4KY Bo306HOBNEHUA B
ONUCaHWUM, COOTBETCTBYIOLLYIO BbhINONHEHUI0 KOHKPETHOro npouecca. AnA Toro yro-
6bl BHOBb aKTUBU3UPOBATh MPOLECC, HAAO BO3BPAaTUTL YNpaBfleHUe B YKa3aHHy B
CNUCKEe TOYKYy BO30GHOBNEHWA B NPOrpamme, ONUCbIBAOLLEH MPOLECC, M yCTaHo-
BUTb YyKa3aTenb Ha CNWCOK NEpeMeHHbIX, COOTBETCTBYHUWUA A3AHHOMY Nnpoueccy.

BwinonHeHue npouecca B 3aBUCUMOCTHU OT YCNOBMA UMM COCTORHUW 0OBEKTOB
CUCTEMbl CMHXPOHM3UDYETCA NpeAncXeHWAMU CNeAoBaHWA Apyroro Tuna. B npo-
rpamMMmax, HanMCcaHHbIX Ha A3bIKaX MOAENUPOBaAHUA, BO3MOXHO AOCTaTao4HO Bnuako
otobpa)kaTb NoBeaeHWe peanbHOW cucTeMbl. BnMsocTs Moaenu K aTo6Gpaxaemon cu-
cTteme obnervaeT 0603peHne NPUHATLIX NPeANONOKEHWA M YNPOLLEHVWA U ABNAETCA
HacyWwHON HeO6XOAMMOCTLIO B 3afaYax MOAENUPOBAHWA NPOEKTUDYEMBEIX CUCTEM,
Koraa 8 npouecce NPOEKTUPOBAHWUA 4acTO NPUXOAUTCA BHOCUTL B MOAeNb U3Me-
HeHnA. A3eIKW MOAENUPOBaHWA, yNpaBnRIOWKE Npoueccami, obnaaaoT 6onee pas-
BUTLIMK, YeM APYT1e A3bIKKU, 306pasTENbHBIMKU CPEACTBAMMU W TYNLLUUMU BOSMOXK-
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HOCTAMM ANA OCYWIECTBNEHUA MHOMOYPOBHEBOrO U MOAYNLHOrO NOAXO0AA K MOAE-
NUPOBaHWIO cuCTeM. 3TU NpeuMyLLecTBa CTBHOBATCA BECbMa CYLUIECTBEHHbIMW o
Mepe yBenuueHwA paamepoe moagenu. MoaTomy, ecnu cyluecT8yeT BO3MOXHOCTh
BbI6OPa W NAaHWUPYETCA MOCTPOEHWE GONMbMX MOAENEW, NyHle OCTAHOBUTLCA Ha
A3biKe, YIPABNAOLULEM NPOUECCAMU.

3.7. NPUMEP OPrAHU3AUUM KBASUNAPANNENLHOW PEANU3ALUN
NPOLECCOB B CUCTEME AUCKPETHbIX COBbITUA

PaccmoTprm 0auH U3 BO3MOXHbIX BapuaHToOB KBa3vnapanneneHOW OpraHn3a-
UMK 06CNYHUBaHWA COBLITMA B MOAENM ANA CAyYaA 3afaHWA wara A0 cneayloulero
co6biTvA. B KasecTse npumepa BbiGepem MpPOUECCHBIA CNocob opraHusauun moae-
NUPOBaHWUA, PEanu3oBaHHbIA B MOAENVPYHILLEM KOMMeKce PLSIM . Moa npoyec-
COM TIOHVUMAETCA NPOrpPaMMHbLIA aHanor nboro akTUBHOTO KOMMNOHeHTa NpoeKkTH-
pyemoM CUCTEMbI, KOTOpPbI# 06afaer COBCTBEHHBIM anr OpuTMOM ¢yHKUUOHUPOBa-
HWA W NepexoAuUT U3 OAHOF O COCTOAHWA B ApYroe. Kaxapit TaKoN Nepexoa conpo-
BOXKAAETCA aKTMBM3aLMeDh NMPOLECC Y HA3bIBACTCA AKTUGHOCTsI0. Takum obpasom,
npouecc — 3TO CBA3aHHbLIA HaGOP aKTUBHOCTEN, PEANU2aUUI0 KOTOPbIX MHULLWMPYeT
ynpaBnAWan NporpaMmMa MoAeMpoBaHuA (YNm).

Co3paeTcA Maccue CocTOAHMA npoueccos (MC). Kaxabiit anement MC npea-
CTaBnAeT napy 3HaueHud (f, ) ,rpej — HOMep npouecca; t; — MOMEHT K-l aKTu-
BU3auWM Mpouecca B Byaywem B Apyroe cOCTOAHMe. Anroputm sbifiopa akTUBHO-
CTW MCNONBL3YeT 3HaueHWe MOAENLHOrO BpEMeHU t, v Tabnnuy COCTOAHWM Npouec-
cos (TC). 3nemeHTamu 3TOit Tabnuubl ABNAIOTCA NapameTpel Npouecca. Tak, j-My
npoueccy COOTBETCTBYET CTPOKA, B KOTOPOW yKa3aHbl NapameTpot /,, . tnnj xs
rae jik — cocToAHue npouecca (06bIYHO 3TO agpec nepeaayw ynpaBneHWA nNpo-
rpamMMe j-TG NpoOLIECCa ANA o4epeaHalt K- ero akTueM3aumy) ; M, — npvopwTet jro
npouecca; 1, ; — BPeMA, KOTOpOE OCTanoch HaxoAWTLCA B COCTOAHUM OXugaHuA
j-My npoueccy B cnyuae ero 0CTaHoBa Apyrum npoueccom. Bee anemenTsl MC yro-
PAAOUYEHBI TIO BO3PACTAHUKD 3HA4EHUA . Ecnu Kakoii-nubo j-i# Npouecc ocTaHos-
NeH, TO BpeMA aKTUBU3aLUM 6eCKOHEYHO BENNKO (tf =09 u anemeHTt MC HaxoauT-
cA 8 koHue MC.

KoHhnMKTHaA CUTyauua 8 CUCTEME AUCKPETHbIX COObLITUA BO3HWKaEeT Toraa,
KOrAa HeCKONbKO COBLITWMIA B pa3nuyHbIX NPOUEccax NPOUCXOAAT OAHOBPEMEHHO U
Tpe6yoT OHOBPEMEHHOIO OBCNYKUBAHUA YNpaBnAoLLed NPOrpamMMON {Hanuive B
MC HeCKONbKKUX 3NEMEHTOB C OAHVIM U TEM Ke 3Ha4YeHnem t/?) . Yuetr KOHQNUKTHBIX
CUTYyauuviA NpPOU3BOAUTCA C MOMOLLLID CNVUCKa OAHOBPEMEHHO aKTUBU3UPYEMBbIX
npoueccos JJ . B 3ToM cnucke HaxoaATcA HOMepa BCEX NPOLECCOB, KOTOPbiE Heob-
XOAWMO 8KTUBM3NPOBaTe B OAHO M TO Xe MCAeNkHOE BPemA t, . 3anuch HoMepos
npoueccos j; B cnucke JJ/ 1 ux BeI6OP U3 3TOro cnNucka ocyulecTenAawTcA YIM co-
rnacHo ux npvioputetam T, . O6cnyxueanue YTM ovepegHoro anemenTa cnucka JJ
COCTOMT B aKTWBM3aUWM BbINONHEHUA anr opuTMa COOTBETCTBYHILLEr O Mpougcca, Ko-
TOpoe NPOACMKAETCA A0 MOABNEHWA B aNrOpuMTMe oyepeaHOr o onepartopa CMHXPO-
Hu3auuu npouecca WAIT (Tik) .

PaccmoTpum npumep, Koraa Moaenb COCTOUT u3 Tpex Npoueccos. BpemeHHa/n
Anarpamma nepexoaa NpPoLeccoB U3 OAHOr0 COCTOARHMA B APYroe NpeacTaBneHa Ha
puc. 3.3. NycTh Kaxabin M3 NPOUECCOB K MOMEHTY OKOHYaHWA MOAeNvpoBaHuA
ToK NepexoanT W3 OAHOrO COCTORHWA B Apyroe Tpu pasa u Gonee. CTpyKTypa
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Puc. 3.3. MNepexoa npoueccos u3 0aHOro COCTORHWA B fpyroe:
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a — BpeMeHHan anarpaMmma; 6 — Tabnuua COCTORHMWIA; 8 — Maccue COCTOAHUA.
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Puc. 3.4. CTpyxTypa Baaumoceaau npoueccoe u YIM.

B3aUMOCBA3K npoueccoB moaenu n YMM npeactasneHa Ha puc. 3.4. YIM o6cnyxu-
Baer npoueccel COrfacHO cneayouwemMy anroputmy. HYCTb B HauyanbHbIA MOMEHT
MOAENUPOBaHUA (t = 0) cnUCoK aKTWUBU3aUMK NPOLECCOB JJ nyCT Jlnﬂ BCex Npo-
LIeCCOB Ha3HaueHb! MOMEHTb! aKTUBM3aunu B Maccupe MC (t = t = t ).

W ar 1. Nockonbky cnucok JJ nyct, 1o ocyw.ecrannercn npouenypa CMeHbI
MOAENbHOMO BPEMEHW KaK Bbi6Op MUHUMANbHOW Y3NOBOW TOMKW U3 Maccusa co-
CTORHUA (to = min{ 1} ).
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War 2. dopmupyerca cnucox JJ cneaytoumm 06pa3om: Bce Npouecest, y Ko-
TOPbIX < to 8bi6rpatoTcA 13 MC, u nx HoMepa 3aHOCATCA B CNCOK JJ cornacHo
NpUopPUTETaM NPOLECCOB T, , KOTOPbie ONPEAENAIOTCA N0 TC.

Il ar 3.BbiBupaeTCA NepBbIA INEMEHT CNNCKa JJ (nomep npouecca j = 1),
KOTOpbIti HEOBXOAMMO B MOMEHT Iy = Iy akTuBu3uposaTte. Mo TC onpenenAevcA
aapec, W ynpasneHue nepeaaeTcA ot YTIM Ha 3ToT npouecc No BoibpaHHOMY aapecy
/i1 {cm. puc. 3.4) . lanee BLINONHAETCA anrOpUTM Npouecca 1 A0 MOMEeHTa noAsne-
HWA OMepaTopa OXWAAHWA ero CNeayiowen aKTUBUIALUW. 3awTpUXOBaHHbIE YHaCcT-
KW NpOLECCOB Ha puc. 3.4 COOTBETCTBYIOT anr OPUTMUYECKUM ONepaTopam A3blKa
PL/1. B xon€ BbINONHEHWA 3TUX ONEpaTopoe MoryT nNubo 3aAaBaTbCA, nub6o BbIYUC-
NATLCA OYePEAHbIE 3HAYEHNA T, , UCNONLIYEMbIE B JansHerWweM onepaTopamu CUHX-
poHusauuu. NoABneHne B anropuTMe npouecca 1 oneparopa oXxuiaHuA WAIT (‘r1 1)
go3gpaluaeT ynpasneHue YTIM, KOTOpaR BINONHAET Crneafylollne newcTBuMA: dop-
MUpYeT HOBbI 3NEMEHT U 3aHOCUT €ro B MC cooTBETCTBEHHO 3HaYEHWtO tf (obcny-
wuBaHue onepatopa WAIT (1'12) ) ¥ MoauduuvpyeT TeKyliee COCTORHWE Npouecca
B TC.

W ar 4.MNposBepReTCA, UcuepnaH N CNCoK JJ . Ecnu B cnucKe ecTb eule 3ne-
MeHTbI, T0 NepexoaAT K wary 3. B NpoTUBHOM cnyuae BbINONHAETCA Luar 5.

Il ar 5. MNpoBepAeTCA MOMEHT OKOHYaHWA MOAENNPOBAHUA ( 0 ’>Tox) . Ec-
NV 3TO HEpaBEHCTBO He BbiNOMHAETCA, TO 3TO O3Ha4aeT Heo6X0ANMOCTL NPOAONKE-
HUA UMuTaumm ¢ wwara 1. B npotuBHOM cnyuyae MOAENb NEPEXCAWT B ¢ha3y OKOH4a-
HWMAR BapwaHTa MOAENVPOBAHWUA.

MpoaoMmKUM paccMOTpeHUe NPUBEAEHHOTO NpUMeEpPa, UCNonk3yA BpeMEHHfro
AWarpaMMy nepexoaa NPoLEeccOB U3 OAHOTO COCTORHWA B ApYroe {cm. puc. 3.3} w
CTPYKTYpPY B3aUMOCBA3M Mpoueccos (cm. puc. 3.4) v YMM. Mpu umutaumm npo-
WeCCOB BBOAMTCA CMEAYHLLEe AONYlLEeHWe: MIHOBEHHO B MOAENbHOM BpemeHn
t’é BbINONHAIOTCA anr opuUTMUYeCKue yHKUWKW NPoLECCOB CUCTEMbI, a 3aTeM Yxe
NPOUCXOAUT OTPaBoTKa 3Tux (hyHKUMIA BO BPEMEHU C NOMOLULI COOTBETCTBYHOLWMNX
onepaTopoB CUHXPOHWU3aUMK WAIT (1',. ).

Wrak, nepBOHaYanbHo B CMUCKE Jj HaxoAATCA ABa npouecca (f = 1; 7 = 2),
KOTOpbIE PACNONOXeEHbI B COOTBETCTBUM C UX NPUOPUTETaMU (1r1 2 m, >113). No-
atomy BHauane YMM nepenaetcA ynpaBnexue no aapecy /'11 . BbinonHeHve y4acTKa
nporpamMmel npouecca 1 3aBepLUaeTCA NOABMEHWEM ONepaTopa WAIT (1'1 }, m
ynpasneHve nepeaaeTcA NOANPOrpamme obcnyxveannA oneparopa WAIT ?TA ).
37a noanporpamMma hopMUpYeT HOBbI MOMEHT aKTUBW3auMu npouecca 1 (tfd =
= tz) + 1'12), 8 TC mMoanduumpyeT HOBbIA aapec NPoAOIMKEHWA npouecca /12 ,
thopmmpyeT HOBYH CTPOKY WU 33aHOCWUT ee B MC 8 COOTBETCTBWMU CO 3HaueHuem 13
(Bce cTpoku MC ynopAgoueHel NO 3HaHEHWAM BPEMEHU aKTUBU3aLWK npoueccos
#).
Danee no anroputmy (cnucok JJ/ He nyct) npoucxoauT BeIGOp Npouecca 2,1
aHanor viHsIM o6pasoM ynpaBfieHue nepenaeTcA no appecy /21 . BeinonHAeTCA yua-
CTOK NporpaMm rpouecca 2, KOTOPbI 3aBepLLaeTCA ONepaTopom WAIT (1'2 ), m
ynpaenexune NepeaaeTcA MoanporpaMmme obcnyxueaHua onepatopa WAIT Tik).
dOpMUpYETCA HOBbBIA MOMEHT aKTUBM3aUWW npouecca 2 (t% = tg) + 1'22) . TC mo-
AndUUUPYeT HOBbIW aAPEC NPOACIKEHUA Npouecca (i ,,), hopmupyerca HOBaA
CTPOKA U B COOTBETCTBMM CO 3Ha4eHUEM 3aHOCUTCA B I\i%

3atem no anroputMmy (cnucok JJ nycT) npoucxoant cMeHa MOAenbHOro Bi)e-
MeHn (tg = t;), a B cAvcok JJ 3aHOCWTCA Homep npouecca 3, W, NOCKONbKY ty <
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<rT o + YNPaBneHue nepenaeTch Ha NPOBEPKY CNUCKa JJ . MockonbKy cNncok JJ
He NycT, BbiIGupaeTcA anA o6cnyxmearHna npouecc 3. Cornacto TC, ynpasneHue ne-
peaaeTcA no agpecy / , W panee BLIMONHAETCA YYacTOK NPOrpaMMbl npoyecca 3
AO NOABNEHUR onepaTopa WAIT (1 ) dopmMUpyeTCA HOBbIA MOMEHT aKTUBU3aLUK
npouecca 3 (t tg + 732) TC Mo.u,mbuunpye'r HOBbIK afpec NPOACMKEHWA Npo-
uecca, u CbOpMMpyeTCFl HOBaA cTpoka MC. Cornacuo anropwrmy YNM (cnucok JJ
nycT) , NPOMCXOANT CMEHa MOAENLHOr O BPEMEHU (t =1 2y & cnncok JJ 3aHocuTCA
HOMep npouecca 1, U, NOCKONLKY t < T o ,ynpaaneuue nepeaaeTcA Ha nposep-
Ky cnucka JJ.

AHanoruyHo oﬁcnymmeanue 1poLECcCoB W CMeHa MOAENLHOM O BPEMEeHIA npop.on-
WAOTCA COrNAacHO BPEMEHHOW avarpaMmme (cm. puc. 3.3) : npouecc 2 u o = T”
npouecc 1, npouecc 2 n t5 3= =t3. npouecc 2 n tg =ty npouecc Wity =
= t3 ; npouecc 1n to 3'I’OT MOMEHT BbINONHAETCA YCNOBWE to = T ,
¥ npouecc Monenupoaauun 3aaepmae7ca Nopo6HbiM o6pazom ocyu.tecmnﬂercn
KBa3unapannensHas peann3auna NPOLECCOB B CUCTEME ANCKPETHbIX CO6bITUA (Ha-
3HaueHMe MOMEHTOB aKTUBW3aLWK, OTPaBoTKa OXUAGHWA NPOLECCOB U U3MEHEeHUe
MoaensHoro BpemeHu). OTMETUM, YTO NMpU aKTUBU3AUWKU NPOLECCOB MOAENLHOE
BPEMA He W3MEHRETCA, XOTA MAaLIMHHOE BPEMA BbINOMHEHWA anrOPMTMOB BO3pac-
TaeT NPONOPUHOHANBLHO CROXHOCTA UX peann3ayuu.

3.8. OPFAHU3AUMA MOAENUPOBAHWA BONbLUINX CUCTEM

MMuTauMOHHbIE | 3IKCNEPUMEHTLI OBbIYHO CYMTAKT CBOEOBPAa3HON 3aMeHOon Ha-
TypHbix. B npocTerwmx cnyYasx MallMHHaA MOLens PpacCMarpueaeTcA B Buae ~'yep-
HOro AWMKa'' 1 BbIBOALI O CBOWCTBAX MOAENW AeNAIOTCA HAa OCHOBE NONYYaeMblX Ha
9BM cooTHoweHnuin “Bxoa—Bbixoa”. Mpu uccneaoBaHWW wnn NPOEKTUPOBaHUM
60nbLUOK CUCTEMbI TaKoe NPeacTassieHUe Moaeny mano vwHgopmatmeHo. O6uIYHO
Moaens 60MbLIOIH CUCTEMbI ABNAETCA YNPOLWEHHbLIM anropuTMUYeckum otobpaxe-
HWeM peanbHOW cuCTeMbl. BOnNbWAaA CUCTEMA PacyNeHAETCA Ha KOHEYHOE YUCAIO Yac-
Teil, COXPaHAA NpU 3ITOM CBA3W, obecreynBarowine Ux B3aMMoaencTene. ITn vactu
npyu HEO6X0AMMOCTY BHOBb PacyfIeHRIOTCA 40 Tex Nop, NoKa He NoNy4YaTCA 3f1eMeH-
Thbl, YAOGHbIE ANA MaTeMaTU4ECKOro UMM anropuTMUYECKOro onucaHuAa. B pesynsb-
TaTe TaKOro “MEHEeHWA CUCTeMa NPEACTABNAETCA B BUAE MHOMOYPOBHEBOW KOHCT-
PYKUWM M3 B3aUMOCBA3aHHLIX INEMEHTOB, OGLEAUHAEMbIX B NOACMCTEMbI pa3nuy-
HbiX YpoBHe#d. [1pu 3TOM 06bIYHO CTPEMATCA K TOMY, YTO6bI NOACUCTEMbI OTBEYANU
peanbHO CyuwecTsyWMM (bparMeHTaM CUCTeMbl, T.e. 4ToBbl CTPYKTypa nonyvae-
MOW MaTeMaTU4ecKoW MOAENW UMUTUpOBana CTPYKTypy peanbHOW 60nbLLIO cuc-
TeMbl.

Ecnu npw npoeKkTUpoBaHWM 6ONbWON CACTEMbl Ha MOAENAX OTpabaTLIBalOTCA
BONPOCbl ONTUMU3ALUU aPXUTEKTYPbl U B MOLENWU BENUK YAeNbHbIA BEC CTOXacTy-
YECKWX 3INeMEHTOB NPWU AOCTaTONHO MPOCTOM anroputMe pyHKLMOHUPOBAHUA KOM-
NMOHEHTOB CUCTEMbI, B OCHOBE MMUTAUMMN NEXUT METOA CTaTUCTUYECKUX UCNbITaHWHA;
€CNu XKe OCYULLEeCTBNAETCA NOUCK Y3IKNX MECT B CUCTEME, TO 60NMbLIOE MECTO B MOAE-
NK 3aHUMAKT aNTOPUTMHUMECKUE KOMMOHEHTBI.

Y3KUM MeCTOM B CUCTEME CYMTAETCA TaKan CUTYaLUMA, KOrAa 3anpock! Ha HEKO-
TOPbIA pecypc NOCTYNaloT 4aule, YeM cUcTeMa cnocobHa X yAOBNeTeopuTh. Toraa
K 3TUM pecypcaM BbICTPaNBAlOTCA ANUHHbLIE O4epean, a Apyrve pecypcbl OCTalOTCA
He MCNoNb30BaHHbIMU. TpebyeTCA CMCTEMHLIA NOAXOA K NOCTPOEHUIO Modenu o6 b-
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eKTa U NPOBEAEHUIO UCCMEAOBAHMIA C ee MOMOLLbIO. OcHoBbl TaKOro CUCTEMHOro
noaxoAa K Moenuposannio GbiniM 3aN0XeHbl H.N.Bycnesiko. MpeanoxenHsi UM
nyTe npeanonaraet 6azupoBaHue BCero npouecca MOAENMPOBAHWA Ha hOPManbHBIX
MaTeMaTHYECKUX KOHCTPYKUWAX, KOTOPble AOMKHbI ABNATHCA. MareMaTU4eCKUM
ONUCaKNEM AOCTATO4HO WWPOKON0 KNacca MoAennpyembIX 06bEKTOB; OCHOBOW Ma-
WWHHOW nporpaMmbl yHKUMOHUPOBaHUA MOAENW, Tol (POPMAnNbLHON CXEeMOW, Ha
KOTOPYIO OPVEHTUPYIOTCA UMMUTAUNOHHbIE IKCNEPUMEHTDI.

B pesynbTaTe MOAENWPOBaHne 6onLLUIOW CUCTEMbl CTAHOBUTCA CPEACTBOM W3Y-
4eHVA ee NyTem 3ameHbl 6onee yfO06HOW ANA 3KCNEPUMEHTANLHOTO MCCNefoBaHnA
cucTeMol (Moaensio) , COXPAHAIOLLEN BCE YEPTbl OPUTMHana, U UCMLITaHKA moaenu
metonom npob. OTnpasHoi TOYKOW NpU NOCTPOEHWKA MOAENK 60MbLWOA CUCTEMBI
ABNAETCA ONUCAHUE — COBOKYMHOCTL CBEAeHWA 06 wccneayemom CUCTEME 1 yCnoeu-
AX, NPWU KOTOPbIX HEoBX0AMMO NPOBECTH uccneposanue. OnucaHue, npeacTasnne-
Moe B BUAE CXeM, TeKCToB, hopmyn, Tabnul IKCNEpUMEHTANbHbIX JlaHHbIX, XapaK-
TepU3yIOLLNX NPEAnoNaraemyro CTpYKTYpy ¥ yHKUUOHUPOBEHUE CUCTEMBI, COAEP-
KUT Taroke XapakTepucTUKK BHeLWHUX BO3AGICTBUIA U OKPYXKaOWeEA cUcTemy cpe-
abl. Takum obpaszom, onucakue 3anaet npeanonaraeMelil anr opuT™ paBoTel cucTe-
Mbt. Mogenb BOCNPOV3BOANT CNOXHYIO CUCTEMY C BOMbLUMMY Unu MEHbLLIMMIK YNpo-
\LLIEHWAMM, 33BUCALLMMM OT HaMepeHWid uccnenosaTenn u 9BM, nmeloWwencA B ero
pacnoprxeHuv. 370 03Ha4aeT, 4To Npu MOAENMPOBaHMIA OCYLLECTBNABTCA annpoK-
cumaumA dyHkumu-onucaHua Bonee npoctoit u yaoBHoW ANA pacyeToB Ha IBM
byHKUMEN-MOAENLIO.

Ha puc. 3.5 npeacTasneHa ynpolieHHan cxema anroputMa rnocneAoBaTeNbHOo-
CTU [eiACcTBWi NpKU OpraHWM3aunK HanpasneHHbIX 3KCAEPUMEHTOB B CNy4Yae NPOeKTH-
poBaHuA B0NbLIOK CMCTEMBI C MCNONb30BAHUEM MMUTAUMOHHBIX Moaene.

Mepen Ha4anom MOAENWPOBAHWA MCcrnejosarens COCTaBNAET COOEPHMETENbHOE
onucaHue cuctemsi. 3 sceil nHdopMauum 06 06beKTe MOAEeNMpOBaHUA BbIGNUpalOT-
CA NaHHbIE, OTHOCALLIMECA K LEeJIM MOAENWPOBAHWA. ConeprraTenibHoe OnucaHue
06bI4HO NPeACTaBNAET TEXHWHECKOE OnUcaxne 0b6beKTa MOAENMPOBAHNA, ' onncaHne
BHELLHEN cpellbl, C KOTOPOW OH B3aumoaeicTeyeT, BDEMEHHy’I'O anarpammy 3Toro
B3auMoaeicTenA. PesynsTaTtom ABNAETCA COAEPXKATeNkHOE onucaHue 60NbLIOA CUC-
TeMbl. Bcro 3Ty mHdopmauuo HeoBxoanmo npeo6pa3oBatb, 4T0BbI OHa umena cTpo-
ro maremMaTudeckuil sua. JnA 3TOF0 B PacNopAXeHUn NCcnenosarenn DOMKeH BbITh
A3bIK hopManu3aummu obbexTa.

BropbiM 3TaNOM ABNAETCA COCT38/IEHUE POpMansHO20 ONUCAHUR CUCTEMb!. B
3aBUCUMOCTH OT CNOXHOCTM OBbeKTa MOAENVPOBaHWA U BHeWHeW cpeabl MOTYT 1C-
NoNbL30BaTLCA TpW BuAa (popMann3auuu: annpoKCMMauuA ABNEHMA B BUAE PYHK-
LLMOHaNbHbIX 3aBUCUMOCTEH, anropuTMuieckoe onucakne Npoweccos W CMeLlaHHoe
fnpeacTasneHve B BUAE NOCNEAOBATENLHOCTH thopMyn ¥ anropuTMUYECKUX 3anuced.
Pesynetatom pa6oTb! uccneaoBaTena ABNAETCA ¢opmansHoe onucarue obbeKTa Mo-
AENVPOBaHUA, BHELLIHENR cpeabl cnocoba ux B3aMMOAEACTBUA.

3aTeM uccnenoBaTens npeobpasyer HopMansHOe ONUCaHUE 8 MATeMAaTUYECKYI0
modens. Crona OTHOCATCA AEACTBWA MO pEanu3auuv MoAaenu: neKomno3uumnA obu-
@K Ta Ha COCTaBNAKLLVE N POPMNpPOBaHre NpOYECccoB, oTpaboTKa BONPOCOB CUHXPO-
HM33UWMW B3AUMOQEMCTBUA NPOLECCOB B MOAENLHOM BPEMEHM, opraxu3auva cBopa
CTaTUCTUKIA MOAENUPOBaHWA, 33AaHWE HAuanbHbIX yCnoBWil MOAENVpOoBaHnA, nna-
HUpOBaHWE MOAENbHOrO IKCMEPUMEHTA, npoBepKa YCMNOBWA OKOHYaHWA MoOAenu-
poBanna, o6paboTka pe3ynbTaTos. 370 4pe3sLINAAHO TPYAOEMKUWE U OTBETCTBEH-
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Hble AECTBUA, WX YCNEX 3aBUCKT OT UCKYCCTBE, ONbITa M MHTYMUMM NCCNeAoBaTENA.
Pe3aynbTaToM ABMAETCA MaTeMaTWECkan MoAesb BoNbLIOM CUCTEMbI "'Ha Bymare".

Mocne 3Toro UccneaoBaTens NPozpaMmupyer MOOEns Ha A3bIKE Modenuposa-
HuA. BaHO NpaBunbHO BbibpaTk CpeAcTBa aBTOMaTM3auunu MOAENNPOBAHKWA, o6ec-
neungatoliue Tpebyemsiil ypoBeHb TexHONorud NPoOBEAEHWA WMUTALUDHHbBIX IKCNE-
pumenToB. lporpammupoBaimne Ha A3bIKE MOAENMPOBaHWA 33BepLIaeTCR 3Tanom
aBTOHOMHOW OTNaAKY KOMMOHEHTOB MOAENK. B pe3ynbTate CO3AAETCA NPOFpaM-
MHaA Moaenb 06beKTa Ha Bo1iBpaHHOM R3bIKE MOAENMPOBAHUA.

33TeM MCCNENOBATENb NepexoanT K KOMNAEKCHOU 0TnadKe v TpaHcaAyuU ro-
ToBOI Moaenu. ATO BecbMa TPYAOEMKUA U OTBETCTBEHHbI 3Tan, TpeGyoLmvi 60nb-
wux 3arpaT pecypcos 3BM wu YyCWAWiA MCCNEAOBaTENA. MNpu 3arom Benuka ponb
CpeacTs aBTOMaTv3auuu MOAEfMpOBaHiA C BbICOK Vi YPOBHEM TEXHONOrUn UX Npu-
MEHEHUA W Pa3BUTbLIMKM CPEACTBAMU OTNAnKK Gonbwmx nporpamm. B nocneaHee
BPEMA 3TOT 3Tan paboT 3a4acTyto BbINONHAEGTCA B AWaNoroBoM peXxume o6WweHnA
uccnegosatenda ¢ 3BM. Pe3ynsTaTom paBoT Ha 3TOM 3Tane ABAAETCA MallWHHaA pea-
nW3aunA moaenu (nporpamma, NpoTpaHcAMpoBaHHaA U oTpefaKkTMpoBaHHaA B Ma-
wvHHOM Koae IBM, Ha KoTopoi ByaeT oCYWeCcTBNATLCA MoAenupoBaHue) .

Cneaytolinin 37an — UCNbITaHUE ceolicTe MOOENU W OUEHKA 88 XapaKTEPUCTUK.
MpoBepAIOTCA TONHOCTE UMUTALLUMK, HaM4ue CTaULMOHApHOCTU MOAENUPYEMOrO AB-
fleHWA, YCTOWYUBOCTb WMWTaLMOHHOW MOAEeNM, afeKBATHOCTL mozenu obbeKTy,
OUEHKa YYBCTBUTENBHOCTU lyHKUWM OTKnMKa Ha U3MEeHeHWe napameTpoB MOAENN.
B WTOre UccneaoBaTens nojsyuaeT pesynbTatel ucnbiTaHuit. JinA NnpoBepKy aneksat-
HOCTU MaTemaTuyeckoi moaenu o6BEKTY uccneposarent cocTagnAeT NnaH npose-
AEHUA HAaTYpHbIX IKCMEPUMEHTOB C npoToTMnom cucTembl. CornacHo aTomMy fnaxy,
napannensHo ¢ OTNaAKon MoAaenv OCYLECTBNAETCA CEPUA HATYPHBLIX aKcnepumeH-
TOB Ha peansHOW CUCTEME, B X0AE KOTOPLIX HaKannMBalTCA KOHTPONbHLIE Pe3yhb-
Tarbl.

3atem WcCneaoBaTeN BbINONHAET KOPPEKTUPOBKY modenu no pe3yfbratam
CPaBHEHUA KOHTPONbHBIX AdHHbIX HaTypHOr 0 3KCNepumMenTa U UCMIbITaHWIA Moaenw.
B 3aBUMCMMOCTM OT CTEMeHU PacxOXxAeHuA (cTeneHn HeadeKBaTHOCTU) mozenwu u
peanbHoW CUCTEMbI BO3MOXHLI PasHLIE LUMKNbl 3TOW KOppeKTUpoBKW. Hanuuue
ownBoK BO B3aMMOAEACTBUM NPOUECCOB BO3BPALLAET wccnegoBaTenAa K 3tany
KOMMNEKCHOM OTNAaAKK NPOrPamMMHOA MoAenK. OwubKMU B NPEACTaBNEHUN IYHK-
LWOHUPOBaAHUA OTAENbHBIX KOMMOHEHTOB TpeByIoT BO3BPaTa K 3Tany NporpaMmu-
pOBaHWA Ha A3bIKE MOAENVDOBAHUA. OwunBKN B CUMHXPOHWU3ELMK NPOLLECCOB BO3-
8palLal0T UCCMepoBaTenA K NpeoBpazoBaHNio ONNUCAHUA 061bEKTA CMCTEMbI B MaTe-
MaTW4eCKYlo Mofens cucTemsl. WiHoraa 8 npouecce chopManuaaunn uccneposarent
CIMWKOM ynpolwaeT (Qu3nvecKng RBNEHUA, UCKAKOYAET M3 PacCMOTPEHWA HEKOTO-
pble BaXHble CTOPOHb! yHKUMOHUPOBAHWA CMCTEMBI, YTO NpMBOAUT K HeaaeKBaT-
HocTu moaeny obbexTy. B atom cnydae cneayeT 3aHOBO OCYULECTBUTDL dopmanusa-
umto cuctemnl. HaxoHeu, Koraa y WCCnenoBaTenA HeAoCTaTouHO WMHGOPMaLUN o6
o6beKTe, OH AOMKeH BEPHYTLCA K 3Tany COCTAaBNEHUA COAEPKATeNbHOro onucaHuA
CHUCTEMBbL U YTORHWUTL Ero € Y4EeTOM pe3ynbTaros WCNbITaHWA Moaenun.

Mocne nonyvyeHWA yA08NETBOPUTESbHBIX pe3yneTaToB VCNbiTaHWA Mopenu uc-
cnenosatens NEpeXOANT K Op2aHusayuu MalUHHBIX IKCNEPUMEHTOS. B CoOTBETCT-
BUW C NNAHOM 3KCMEPUMEHTA BbINONHAETCA CEpMA' NPOroHOB MOAENU CUCTEMBI U
06pa6aTbiBatOTCA pe3ynbTaTsl WMUTauWW. MTorom paBoT Ha 3TOM 3Tane ABNAIOTCA
peaynbTarsl MOARSIUPOBAHUA, ¢ VCCNEN0BaTENb MOXET NPUCTYNUTL K seibopy B8apu-
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anToB. 3aech BO3MOXHLI ABA so3BparTa (ABa uukna or6opa BapuarTos Moagenupo-
BaHuA) . B nepeom uukne 8 Moaenu 3apaHee NpeAyCcMOTpeH BLIGOD BAPUAHTOR wC-
CNEeAOBaHWA NYTEM 334aHWA HakanbHbIX YCNOBMIA MOAENUPOBAHMA ANA MaLLUHHON
peanusauuu moaenw, Bo BTOPOM UuKne MOANGDUUMDYETCA MOJIENL HA YDOBHE A3bI-
Ka MOARENMPOBaHWA, 1 NMO3ITOMY TPEGYIOTCA NOBTOPHLIE TPAHCNALUN K PeaaKTUpo-
BaHue Nporpammel Moaenu. MNpu BeiGope BapuaHTOB MoaenvpoBaHUA vate Bcero
MCNONbL3YeTCA TeXHWKa NocneaoBaTeNsHOro ANaHUPOBaHWA IKCNEPUMEHTA Ha MOfe-
nu. Peaynaetatom BbiGopa BapuaHTOB ABMAIOTCR PEKOMEeHAALUWMM MO npoeKTupoaa-
Huio cucremsot. iMen B ceoem PAacnopRXeHun peKomeHaauumn, uccneaosartens npu-
CTynaet k dynaameHTansHomy AHanuU3y pesynLTaToB MOAENMPOBAHMA U NPUHATHUIO
NPOEKTHLIX peweHuin. B HexoTopsix cnyvarx mowmeT fioTpeboBaTbCA AONOAHUTENL-
HaR UHOPMaLUA O YHKUMOHUPOBaAHMM peansHoW cucTems! (NpotoTuna moaenu) .
Moatomy uccneposarens MOANULUPYET NMNaH NPOBEAEHWUA HATYPHOrO 3Kcnepu-
MEHTa, NOBTOPAET CaM 3KCMEPUMEHT Ha PEaNbHOW CUCTEME, XapaKTepu3yeT MOAens,
NOBTOPAET MALLIUHHLIR 3KCNEPUMEHT U NOBTOPHO aHanuaupyeT pe3ynbTaTel Moge-
NUPOBaHKA.

Wnorpa BoamoxHocTen AsbiKa hopmanusaumn HegocTaTouHo. Torga Ha ocHoge
HaKONNEHHONW WH(OPMAaUUK NPU MOAEAVPOBAHWUA BOMNMbLLON CUCTEMbI OCYWECTBIIA-
€TCA MOOUPUKAYUA A3bIKA POopmansHo20 0NUCaHUA CUCTEMbBI W BEChH npouecc uc-
NeiTaHUA MOadenu NOBTOpRETCA. B pAase cnyyaes MoxeT 0KasaThes HeYAa4YHbIM Camo
UCNONb30BaHMe A3bIKA MOAENVUPOBaHWA. PeyfbTaTel 3KCNEPUMEHTA Ha MOAENK Bbl-
ABWraloT TpeGoBaHWe YBENMYMTE ONUCATENbHLIE BO3MOXKHOCTH A3blKa MoaenupoBa-
HUA. [InA 3TOro cnyxaT MoawhuKauuA A3biKa aBTOMaTM3auUu MOJeNUPOBaHWUA M
BO3BPAT K 3Tany npeoGpa3oBaHUA OMMCAHWUA BONLLLIONK CUCTEMEI B MatemaTudecKyto
Moaens. B KoHue koHUOB nocne Bcex NEPEUNCAEHHbIX BbHUE NTEPALMOHHLIX NpoLE-
Ayp uccneposatenk NGO OKaMeTCA yAOBNETBOPEHHLIM pesyfnbTaTamu MOAENUPO-
BaHUA ¥ BypeT ux MCNonb3osaTts Npu NpoexTuposaHun, nubo 3abpakyer npoekTu-
PYeMYyI0 cucTemy U cthopMynupyet TexHudecKoe 3agaHue Ha paspaboTKy HoBsoii ap-
XUTEKTYPbl 6ONbLIOW CUCTEMBI.

3.9. UCNBITAHUE MOAENEN BOMbWUX CUCTEM

3.9.1. 3rane! ucnbiTauun

Mocne Toro kak mogens GONLWOI CUCTEMBI nocTpoeHa, Heobxoanmo noasepr -
HYTb ee ucnbiTaHuAm. Bo-nepebix, BaxHo onpeaenuTs ee coiicTea. 3atem NPOBOG-
AUTCA ee BepudukaumA. HakoHel, yaoCTOBEpUBLLMCE, YTO MOJEeNMPYeTCA UMEeHHO
T0, 4T0 6biNO 33aYMaHO, NPUCTYNAIOT K CReayioLmm ABYM 3Tanam ucnsITaHUA: Npo-
BEPKE aAeKBATHOCTM MOAENM M OLEHKE YYBCTBUTENLHOCTU OTKNUKOR Ha U3MeHeHue
ee napamMetpos. lMpu aTom umeet Gonbuwioe 3HaueHMe onepaTtuaHaa anpobauvA moae-
v, 41066l He 3aHMMaTLCA NPOrPaMMUPOBAHMEM CMELUMaNbHBIX MPOUEAYP ANR MC-
NbITAHUA TaKUX ee CBOMCTR, KAK OLEHKA TONHOCTH UMUTAUWU, AHANWU3 CTauMOHapHO-
CTW NonyueHHbIX Pe3yNnbTaToB, OMpefeneHne yeToiinsocTy pe3ynbTaToR Moaenu-
POBatHuA.
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3.9.2. OnpepeneHue TOMHOCTH UMUTAUUN

TouHOCTE MMUTALIUM HEOBXOAUMO OnpeaenATL W3-3a HANU4YWA B MOAENU MHOXKeE-
cTea obpalieHui K reHepatopam ncesaoCcNyYdanHbix Yucen. Kaxabit TakoW reHepa-
TOp ABNAETCA MCTOYHUKOM OTKNOHEHUA NPYU UMUTALUK PA3ANUHBIX 83pUaHTOB MO-
genn. (oatoMy BecbMa CYLIECTBEHHO BbIMCNEHNE AUCTIEPCUM OWNBOK UMUTAUUK.
Kak nokaszana npaKTuKa WCCNEAOBAHWUIA BbIMUCMTENBHBIX CHUCTEM, DOCTaTo4Ha
OUeHKa Ancnepcuuy OTKNOHEHWI NOoKa3aTenen KadecTea Pa3snNUuHbIX BapuaHToB MO-
nenei No METOAMUKE, peanu30BaHHOW B MOAENUpYIoLLLEM KOoMmNneKce (MK) PLSIM.
B cpeavHHOW TOuKe 061acTH N3MeHeHNA NapameTpoB Moaenu opraHu3yeTCA AecA-
TOK APOFOHOB MOAENH C OAHUMY W TeMU e HauanbHbIMY 3HaYeHNAMU ANA reHepa-
TOpOB NCeBAOCAYaiHbIX 4nces. BbIYMCNAETCA MaTeMaTUYEcKOoe OKUASHUE nokasa-
TenA KavecTBa MOAENVUPOBaHWUA U C ypostHeM AGBEpHA g = 0,95 onpeaenAloTcA A0
gepuTensHble WHTEPBanb!. OTMeTM, 4TO NpKU UCMONL30BAHUN HECKONbKMUX reHepa-
Topos nceBAoCNyYairtHbiX uvmcen HEOBXOAUMO XPaHWTb HauanbHbie 3HaYEHWR anA
KaKAoro reHeparopa.

B.B.KanawHuKoBbIM NpeanoxeHa bonee COBepLLEeHHan MeToanKa onpeaeneHuA
TOMHOCTH (MHANBHBIX XapaKTepuCTUK. Myctb z(t) — COCTOAHWE CCTEMbI B MOMEHT
spemenn t,a Q, — 8epOATHOCTHOER pacnpepeneHve gennuutb 2 {t) . Yacto y cny-
yaliHoro Npouecca Z CylecTeyer duHansHoe pacnpeaeneHne O=litm gt.XapaK'repu-

»

CTUKMW 3TOrO CTauMoHapHoro CAy¥aiHOFO Npoluecca, onpeaenAembe vepes pacnpe-
penexve Q , HA3LIBAOTCA HUHBALHBIMU. OBbiMHO OHM 33A3I0TCA NyTeM yCpepHeHun
no pacnpeaenexwio Q HekoTopoi dyHKuum f, 3aflaHHOM Ha NPOCTpaHCTBE COCTOR-
MW npoueccaz :
1 T 17

= lim - J flzin) dt= — { fz{t)dt.

Too 0 T o
70 03HauaeT, 4To hUHANbHAA XapaKTepucTuka NONy4aeTCA KaK CpeAHee NO Bpeme-
tiv. OAHAKO TOMHOCTh YKAa3aHHOTO NPVGNVKEHHOTO PABEHCTBA HEN3BECTHA. Ecnn
npouecc Z MOXHO NPEACTaBUTL COCTORUINM W3 HE3EBUCMMBIX W OAWHAKOBO pac-
NpeAeneHHbIX UMKAOB, wHTerpan CBOLMTCA K CYMMe 0AUHAKOBO pacnpeseneHHbix
BENWYMH, W BONPOC O TOMHOCTW petlaeTca nyTem npumeHeHvA UeHTpanbHon npe-
AensHON Teopembl. TaKkum o6pa3om, NOMb30BaTENb YKa3biBaeT BPEMA UMWUTAUWK
T, 1 ycnosus, npu KOTOPbIX NPOUECC MOXHO Pa3AenUTh Ha COCTaBNAKILMNE KOMNO-
HeHTbi. Takux YCRosui MOXeT HbiTh Heckonsko. Mpu HacTynneHuu yKa3aHHbIX
YCNOBUiA BbINONHAETCA BbluuCnenne BsenNUYKHLI E’of (i — NOpRAKOBLIA HOMEp Bbl-
NONHEHHOTO ycnosvAa) . 3aTem B8 MOMEHT BPEMEHU T, NO MHOXecTBY aHaueHUH
E’o,} CTPOMTCA  AOBEpUTENbHbIA  VHTEpBaN ANA  MCKOMBbIX  hUHaNbHbIX
XapaKTepucTuK.

EOf

3.9.3. OnpeneneHne ANUTENLHOCTH NepexofAHOro pexuma

[inA oTAeneHnA NEepeXOAHOTO peXMMa OT CTaunoHapHOro uccnefoBaTent Aon-
WeH MMETb BO3MOXHOCTb aBTOMATUHECKOro HabnIOJEHVA 32 MOMEHTOM BXOA3
KOHTPONUPYEMOr O NapameTpa 8 CTaUMOHApHBIA PEXUM, HAanpUmep 3a cpeaHei ann-
HOI odYepeawn 3aKasos K naubonee 3arpyXeHHOMY Npoueccy. KoHTponmpoBsaTb yKa-

3aHHYI0 BENNUNHY MOXHO NpK noboM npouecce, BXOAALLEM B COCTaB Moaenn 6one-
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WON CUCTEMbI, O KOTOPOM WUCCNeAOBaTenL NPeanoNaraeT, Y4TO OH NO3KEe BCEX BXO-
AUT B CTaUMOHApHbLIN pexxum. Heo6xonWMo 33aaTh BPEMEHHOI UHTepBan, Yepes Ko-
TOPbIA BLIYMCNAGTCA OUEHKA CpeaHeil AnuHsel ouepean. [POBEPKY MOXKHO Bbinon-
HUTb NO KpuTepuio BunkokcoHa, KOTOPLIA TpeByeT 3aaaHMA YPOBHA 3HaYUMOCTH.
AnA pocTwkeHVA HEO6X0AMMON HAREXHOCTHU 3aKNOYEHUA O CTaBMNN3ALUM OUEHK Y
CPEAHER ANWHBLI O4EPEAN MOXHO BBOAWTb KO3MMDULMEHT NOATBEPKAEHWA, KOTOPLIN
NO3BONAET BPEMEHHO OTNOXWUTL 3aKNIOYEHME O AOCTMIKEHUWU CTaLUOHApHOTO COCTO-
AHWA.

Cnepyet o6paTTe BHMMaHWe Ha TPYAHOCTb BbiGOpa KOHTPONMPYEMOro napa-
MeTpa, NOCKONbKy 3Ta Npouedypa umeer HedopmanbHbii xapakTep. B page cny4a-
€B YAAETCA ONPeaenuTh CTAUMOHAPHOCTb NONYYEHHbIX PE3IYNbLTATOB Ha Moaeny ny-
Tem MCCNeaoBaHWA 3aBUCUMOCTH 3HAYEHUA KOHTPONIMPYEMOro napamMeTpa oT Bpeme-
Hu MoaenupoBaHUA. HeKoTopseie CpeacTBa aBTOMaTU3aUUKM MOAGNUPOBaHMA NO3BO-
NAIOT ANA ONpejeneHA MOMEHTa BX0Aa MOAENKU B CTAUMOHAPHbIR PEXUM UCNONb3O-
BaTb CNeuMantHbie NPOLLECChI-KOHTponepbl. ATn npouecch! GyHKUUMOHUPYIOT NO pas-
NUMHBIM aNrOPUTMaM, 33aBAEMbIM CaMUM NOMb3IOBATENEM U PEANU3YEMbIM B BUAE
cneuuanbHbix npoueayp. C MOMeHTa BXOAa MOAenu B CTAUMOHAPHLIA PEXUM NPy
BbINONHEHNN 33AaHHbIX YCNOBMIA B 3TUX Npoueiypax ynpaBnAuWand nporpamma
OCYLLECTBNACT aBTOMATUYECKWA 3aNyCcK c60pa CTaTUCTUKU, KOTOPLIA NpoAomKaeT-
CA A0 3aR3aHHOTO MOMEHTAa BPEMEHW MOAENUPOBaHWUA UNKW BbLINOAHEHUA YCIOBWUIA.

B peanbHOW cuCTeMe CTaUMOHApHLINA peXXUM MOXEeT OTCYTCTBOBaTh. BosHukaeT
80NpOC, HACKONLKO COOTBETCTBYIOT CTaUMOHAPHbIE XapaKTepUCTUKMW, HaWdeHHbIe
npu MoaenupoBaHuK, peanbHbiM. OBbINHG COOTBETCTBUE MeX Ay HUMU UMEET MeCTO
TOMbKO TOrAa, Korfa CKopoCTb CXOAMMOCTH K CTaUMOHAPHOMY DPEXUMY B MOAEnmn
HAaMHOr o0 60nbwe CKOPOCTW M3MEHEHWUA TIapaMeTPOB MOAEAWUPYEMON cucTeMbl. Mpy
3TOM B peanbHOWM CMCTEMeE CO3/JAETCA PEXUM, KOTOPbIA MOXHO Ha3BaTb KBa3ucTa-
WMOHAPHLIM 1 XapaKTepUCTUKKW KOTOPOro 6MM3KKM K CTauMOHapHbIM, NONy4YaeMbiM
B pe3dynsTate mogenuposaHuA. OAHAKO 3TU XapaKTepucTUKWM MOTyT BbiTb BeCbMa
A3NEeKH OT peanbHbiX, ECNIN CKOPOCTb CXOAMMOCTH K CTaLMOHZPHOMY PEXUMY B MO-
Aenn cousmepuma €O CKOPOCTbIO W3MEHeHWA ee napameTpos. Takum oBpasom,
OoueHKa ANUTENLHOCTM NEPEeXOAHOro pPeXXuma NO3BONRET CYAWUTL O BO3MOYKHOCT#
WCMONb30BaHWA CTAUWOHAPHbIX XapaKTEePUCTUK ANA NONYYeHWA NoKasatenei pabo-
Thl peanbHOW CUCTEMBI.

3.9.4. Onpenenenne yCTOMYNBOCTH WUMUTALUK

CyWecTBYIOT pa3nuiHbie ONPeAEeNeHNA YCTORMMBOCTI Pe3ynkTaToB MOAENUpo-
BaHWA. [pakTUKa MOAENMPOBAHWMA BbIYMCMMTENbHLIX CMCTEM NOKa3ana AoCTaTou-
HOCTb ONpeAeneHUA MOHATWA YCTOMYMBOCTM MOAENM KaK NOCTOAHCTRBO AWCMEPCUY:
NOKa3aTenA KuyecTBa (MNM e ee YMeHbWEHWE) NPy YBEMAYEHUN BPEMEHU MOAE-
NIMPOBAHWUA, KOTOPOE ONpeAENAETCA CNEAYIOWMM 06pa3oM. 3aaat0TCA Liai KOHTPO-
NWPOBaHMA NoKa3zaTenA kavectsa At , 4MCnO WAroB vV ANA KOHTPONA W 3KCMepT-
HOE 3HauYeHMe W3IMeHeHWA Komponnpyemoro napametpa A/ . Mpu gocTikednu
CTAUMOHAPHOTO COCTOAHWA OLEHUBAETCA amMnauTyAa NaMEHEHUI KOHTPONKUPYEMoro
napamerpa [ W BBIMMCNRETCA MOAYNbL NPUPALLEHUA AMNANUTYALI KaK (YHKUMA OT

Kaxabiit pa3s npu 3TomM NPOBEPAETCA BLINONHUMOCTL HepaseHcTBa | A/ | <
<AI - Ecnm Ha Bcem uHTepBane uccnenoBanun | HaxoauTcA B npegenax / ¥
t Al , TO CYMTAeTCA, YTO COCTOAHME MOAENK ycTowumsoe. Poct aMﬂnMTynbl, Py
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pa3bpoca, KOHTPONUPYEMOro NapameTpa No CPasHeHWto C HavanbHLIM 3HauYeHuem
yKa3bIBAET Ha HEYCTOWYUBbLIA XApPaKTEp MMWUTAUAU UCCNEAYyeMOro npouecca. AnA
pPeanu3auMn yKasaHHOro anropuTMa MOXHO UCNONL30BaTL MHOTOBapWaHTHbIW pe-
XUM MO/JENMpPOBaHWA.

3.9.5. Bepudmauua moaenu

Mocne onpeaeneHnA OCHOBHLIX CBOWCTB MOAEnu BonbLIOH CUCTEMBbI NPUCTYNa-
10T K BepnUKaUMy ee NoseaeHuA. NiccnenoBaTens AOMKEH NONyYuTL rapaHTHio, 4T0
MOLeNis BeaeT cebA AUMKHBIM oBpa3um. OCHOBHOE BHUMaHue yAENARTCA NPOBEpKe
COOTBETCTEMA 3aMbILNa MOAENN eF 0 peannaaumu.

Mpemic BCEry OUEHMBAETCA BO3MOXHOCTH AOCTWKEHWA BCEX PEXVMOB UMUTa
LM, COUTGETCTBUE MOAENW OBBEKTY NO anropUTMUYECKUM KOMMOHEHTaMm, HO yxe
C NPUBA3KOW PasnWiHbIX POXUMUB UMHWTaLUWu NOBEACHWA cuctemsl Apyr K Apyry
8 MUAEITLOM BpemMeru. Yaule BCero ncnons3yercn cneayrowmi npuem. finA mone-
N YCTaHaBNWBAOTCA TaKWe peXMMbI paboTel, ANA KOTOPbLIX TEOPETUYECKU n3gecT-
Hb) paciipeaenerma OTKNKKa RO (7). Mo60oI OTKNNK UMUTALLMOHHON MOABTIU MOX-
HO NPEACTaBUTbL B BAAE COOTHOWEHWA! R (T) = ry (e xp) +1; (x1,...,xp,S ) .
rpe ro (x1, xp) — CPeAHWIA OTKNMK UMUTALMORHO! MOAENH; Iy (x1 L Xp S) -
OwWNBKa OTKMMKA NPM 33AaHHOM Ha4yanbHOM 3HaYeHWUM T eHepaTopa CNy4anHbIX 4u-
cen S.

B xoae MMWUTALMOHHONO 3KCNEPUMeHTa (nkcnpyeTeA BpeMeHHG pAN 3Have-
wait {RAT)} , KOTOpbIA 33Tem WCCMeAyeTCA Ha HAnWIWe TpeHaa, CTPOATCA KOBapK-
aLMOHHbIE MaTpULbl, CNEKTPanbHbie NNOTHOCTU. Mo 3Toi uHhopMauMy ¥ 3aKno4a-
{07 O COOTBETCTBMM pacnpeaeneHuit. Hanpumep, Ha OCHOBaHWMM MHOXECTBA 3aMEPOB
otknuros {R® (T}} nposepAtoT runotesy E[R*(N] = ry . HenpoTueopeynsocTs
37O runoTessl NOATBEPKAAET BepuduKauuo Moaenn. Boobuie sepudualna mo-
aenu, oCOBEHHO MMUTaLMOHHON, ANA 60NbLION CUCTEMBI — AEN0, AOCTaTO4HO CNOX-
noe. He cyuecTeyeT JopMankHeIx NPasun ee NPOBEAEHNA, MOXKHO AWLWb BOCNONb-
30BaThCA pPE3ynbTaTaMu U METOANKaMU gepubKauMn NpoCThIX MoAenei. Hos
K@XAOM KOHKPETHOM CAy4ae ycnex 3aBucuT B OCHOBHOM OT KBanUuQUKaLUWK U HH-
TYyununm ncenepoBarTenA.

3.9.6. OnpeneneHune aneKBaTHOCTY (A0AENU

dopManu3alkA ONPEENeHUA aneKBaTHOCTU Moaenn ofbeKTy TaKke He Npea-
CTaBNAETCA BOIMOXHOW. B 3aBUCMMOCTH OT TOrO, KakKue CBEAEHWA npeobnapatwoT B
ONUCaHUN MOAGNMUPYEMOi CHCTEMbI, Pa3nuuaoT MoAemu (yHKUMOHUDYOLMX 1
NpoeKTUpyeMbIX cucTem. B nepsom cnydyae CTPYKTypa cUCTEMbI 06bIMHO Mano nay-
4eHa 1 3aYaCTYI0 MOXKET CUMTATBCA HEWSBECTHOM, HO MOBEABHWE CUCTEMbI NPW 3aAaH-
HBIX BHEWHUX BO3AEMCTBMAX AOCTYMHO ANA IKCNEPUMEHTANLHOrO MCCNEAOBAHMUA.
Bo BTOPOM Cry4ae M3BeCTHbI NPEAnonaraeran cTpykTypa NPOEKTUPYEMON CUCTe-
Mbl W AaHHble O ByHKUMOHWPOBAHKKA €2 OTASABHEIX A7eMEHTOB, HO OTCYTCTBYIOT
naHHbie 0 PYHKUMOHUPOBAHNN CUCTEMbY B LIEIOM.

B kauyecTBe npumepa PaccMoTpum MOAent NPOMbILWNEHHOr 0 061eKTa, UCNOoNb-
3yeMYyH ANIA Pacyeta ONTUManbHOrO YMpaBneHuA ITum o6beKToM. [1peanonoxuMm,
4TO BbIx0a 06bEKTa CKANAp y CBA3aH C BXOAHbLIMU go3aencTBUAMMK (BeKTOp X) u
BO3MYLLAIOLWMMM BO3AEACTBMAMM Z COOTHOLUEHNEM Y =g(X,z ), rney — dyHK-
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uMA, onpeaenAeMan 'CprKTypoﬁ obbveKTa U, Kak Npasuno, He W3BECTHaR BCAEACT-
BWe CNOXHOCTM W MaNoW M3y4eHHOCTW NpoTeKawlwmx B o6bekTe npoueccos. Mo-
Aenb NpPEACTaBAAET aNNPOKCUMALMI0 UCTUHHOW 3aBMCHMOCTM NO Pe3ynbTaTam Ha-
6nopeHnit BbIXOAA Y; (/f =1, M) or BxopHLIX BO3AEHCTBUMN X; , NOAY4eHHBIX B XO-
Ae 3kcnnyatauuu o6vexTa: y = ¥ (X, a), rae ¥ — 3agaHHbIn BUA dyHKuMM: a =
= ay, ... a, || — wemasecTHble NnapameTpbl. ‘
OTnuune Moaenu OT ONWUCAHWA PeantHOro 06BLEKTa MOKHO OXapaKTepu3oBaTh

BENWYNHOW N
ple. W)= X Iy, —¥i(x;a))?.
i=

MocrpoeHve mogenn ¥, Haunyywwm o6pa3om COrnacoBaHHOW C onNUcaHMeM
peanbHoro o6wvekTa u obecneuynBaoLleil MUHUMYM pasnuuuA p (¢, ¥), cBOANTCR K
peweHno MartemMaTudecKon 3afadn oueHK napamMeTpoB ¢ MeTOAOM HaMeHbLWnNX
KBaapartos. OTMETMM, 4YTO HAaX0XAeHue pasnwuuv'l AROCTUraeTCcA C NOMOLLLIO pe3ynb-
TaTOB HaTYpPHbIX NCAbITaHWNA peanbﬂoﬁ CUCTeMbl. STO XapaKTepHO UMEeHHO ANnA MO-
AenupoBaHunA CbVHKLI,MOHHp\/IOLLWIX CUCTemM, B Xoae KOTOoporo d)OpMMp\/eTCH mMoae-
nupytowan CTPYKTYpa, COrNacyluwancA ¢ HabmoaaemsiM NOBEAEHUEM CUCTEMb!.
MNoatomy nposepka apeKkBaTHOCTU MOAEMM COXHOM CUCTEMBI NEPBOro TUNa 06b-
eKTY BO3IMOXKHa NYTEeM BbIYUCNEHMA OTKINOHEHWA BeSIMYUHbI p ((p . ‘I/) OoT Aonycrtu-
MOro 3Ha4eHunA p,, .

B oTnmune OT PYHKUMOHUPYIOULEN CUCTEMBI ONUCAHUE NPOEKTUPYEMOIt CUCTe-
Mbl 3apaeT ee npeanoNaraeMyr0 CTPYKTypy € NOMOLWLLIO CXEM, TEKCTOB, NOruye-
CKHUX U MaTemMaTUuvecKunx COOTHOLLIEHMﬁ, MOogenupyrowunx pa60Ty GraefibHbIX 3ne-
MEHTOB CUCTEMbI W BO3AIENCTBUE OKPYXKaloLlei cpeabi. ITW COOTHOLIEHUA MOryT
6bITb NOMYYEHbI AHANMTUMECKW MM NOCPEACTBOM 3KCMEePUMEHTANbHOM G MCCNeA0Ba-
HUA DYHKLUNOHUPYIOLMX NOACUCTEM — 31EMEHTOB NPOEKTUPYEMON cucTemsb. Ta-
KuM 06pa3om, NocTpoeHUe MOAENIN CBOANTCA 3eCk He K NoAGOPY MaTeMaTUYecK X
chopmyn, cornacylowmxcA ¢ HabniopaeMbiM noBeseHWEM CUCTEMLI, a TONLKO K
YNPOLEHMIO HAMEYEHHOW NPOEKTUPOBLUMKOM CTPYKTYpPbl CHMCTEMbl AO TaKoit cTe-
neHn, 4TO6bI caenatb BO3IMOXHbLIM €€ 3KCNnepumMeHTanbHoe nccnénosauue Ha JBM.
Ocuosuue TPYAHOCTH NpH npoBepKe aaeKBaTHOCTU MOoAeNTIM U ONUCAHWMA BO3HMKA-
0T KU3-3a TOrO, YTO HeNb3A TOMHO pPaccyuTaTh pasnuunA Mexay MoAenso u npoeKTn-
pyemMbIM 06BEKTOM. AZleKBaTHOCTb OMUCaHWA annpPOKCUMUPYIOWeER ero Moaenu
NPOABNAETCA B CXOACTBE NOBEAEHWA MOAENM U ONWUCLIBaEMON cucTembl. OgHako
CucTema etlle He CYWIECTBYET U, MOXeT BbiTb, He ByAeT CyuecTBOBATb, €CAK Pe3ynb-
Tarbl MOAENUPOBAHWA He YAOBNETBOPAIOT NPOEKTUPOBLIMKA. MO3TOMY CPABHUTL
noeeaeHve Mogenu He ¢ 4em. Takum OGDBZOM, d:opMaanoe peweHne 3afauv nNpo-
BEPKW 3fleKBATHOCTH Moaeny 06BLEKTY HEBO3MOXHO, U NPUXOAWTCA OrpaHUYUTLCA
ABPUCTUYECKUMN peweHnAMA.

MoxHo BbifennTs NATL KpUTEpuee adeK8aTHOCTY MOOenU O6beKTY: 1) BHYT-
PEeHHAA AOCTOBEpPHOCTL Moaenn — o6bIYHO COCTOMUT B npoBepKe aucnepcun ee OT-
KNMMKOB U3-3a CTOXAaCTUYHOCTH reqeparopos cnyuafmblx yucen, 2) BHEWHARA A0OCTO-
BepHOCTL — vaule BCero NPeACTaBNAET CYGbeKTUBHOE MHEHWE MCCNeAOBaTeNA unu
3aKa3vnKa o 6nu3octn Mogenu nubo nporotuny, nubo 3aMbicny NPOEKTUPOBLLK-
Ka; 3) AOCTOBEPHOCTb NapaMeTPOB W NEPEMEeHHbIX — BBLIPDKAETCA B NpOBEPKE
YYBCTBUTENLHOCTM BbIXOAA K W3MeHeHwo BxoAaa; 4] noctoeepHOCTs coBbITHA B
Mofenu u B peanbHON CUCTeMe — HanpuMep, WHTepRansl 06CNYXKUBaHNA 3aaaHuii B
6onbuwioit BLMMCANTENLHOM cuCTeMe; 5) AOCTOBEPHOCTb MMNOTE3bl — CBOAMTCA K
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MCCNeNOBAHNIO CBA3EH MEXAY INeMeHTamun 60NbLIONA CUCTEMBI U CPAaBHEHUIO XapaK-
TEPUCTVUK NOBEAEHWA OTAEMbHBIX €6 KOMTMOHEHTOR C napameTpamu hyHKUUOHWPO-
BaHWA NPOTOTUNOB 3TUX KOMMOHEHTOB.

He3aBuCUMO QT BbIGPaHHOro KPUTEPHA NPOBEPKY aABKBATHOCTU MOAENRU 60nb-
LUOWN CUCTEMbI 0OBEKTY MOXXHO NPOBOANTL PA3NNYHLIMK cnocobamu: Habnoaedvem
33 ahPEKTMBHOCTLID CUCTEMBI yo NpM KOHKPETHOM PeXuMe, onpeaeneHrem 7 He-
33BMCHMBbIX PEanv3auui MOAEnM; NPOBEPKOA rUNOTesbl O CPeAHEM 3HaYeHUn OT-
Knuka Yy = E(R(x))}; raeY, — v3BecTHoe 3HayeHue thyHKUUM QTKNINKA peanbHow
CUCTEMBDI,

Ecnv ™Mbl MMEEM Aeno C NPOEKTUPYEMOI CWCTEMON, He MMeloLLLEr NPOoTOTUMA,
NpoBepKY aAeKBAaTHOCTM MOAeNU 06BeKTy NPOBOAUTL HEBO3MKHO, U 0BbIYHO
Or paHW4MBalOTCA BepvMKaumein Moaen Unm xoTA 661 NpOCTeViwen Kanubpoekown
BbiGpaHHoro macwrtaba mMoaennpoBaHuA 60NbLUONA CUCTEMbI, T.8. YCTaHOBNEHUEM
cooTBeTCTBUR MacuiTabos BpeMEHHb/IX XapaKTepUMCTUK KOMMNOHEHTOB MOAENW #
W3BECTHBIX 3HAYEHVUN, BLIYUCIAEMbIX NPU UCNbITAHWAX thyHKUHMOHUPOBAHWA NPOTO-
TUNOB peanbHON CUCTEMBI NPU OCHOBHbIX P&XUMAX.

3.9.7. lyBcTBMTENBHOCTLE MOAENMN

MNocneaHUM 3TaNOM UCMLITAHUA MOAENU 60MbLUIOKA CUCTEMbI ABNAGTCA onpeae-
NeHve ee 4yBCTBUTENLHOCTU, Haxoaum BenuuuHy OTKNWKOB Ha W3MEHeHne napamer-
pos moaenu. OBbIMHO NPOCTPaHCTBO 3HaYeHU NapameTpoB MOAeNy 3aAaHo U 3aBu-
CWT OT ueneit UCCNEeAOBaHWA 1 CTENeHn UHAOPMaLWK O KOMNOHEHTAX obbeKTOB MO-
AenupoBaHuvA.

MpupalleHve YyBCTBUTENLHOCTA OTKNNKOB NPU U3MEHEHN napameTpoB MoAe-
NU nerye BCero onpeaenATh B UEHTPankHOW To4YKe NPOCTPaHCTBA 3HaueHw napa-
MeTpoB. Bbi6op LeHTpanbHOW TOUKW OCYWECTBIABTCA, Kak nNpasuno, Ha OCHOBaHWW
anpUOpHBIX CYXAEHUA N HOCUT HedbopmanbHbii xapakTep. B pAae cnyyaes AnA 3TON
Uenu MCMONbL3YITCA MPOUEAYPbl BbIYUCNEHNA BENUYWHLI OTKNAWKA, ONuUCbIBaeMble
CaMUM NONb30BaTeneM Ha A3biKe MOAEGNUPOBAHWA, Pe3ynbTathl paboThl 3aTem yxe
WICNONb3YIOTCA CTaHAapTHOW NpoLeAYPOi OUEHKN YYBCTBUTENBHOCTU MOAENN. Ha
OCHOBAHWW TEX KE anpuopHbIX CBEAGHVIA fONb30BaTeNb A0MKEH 33AaTh vHTepBan
M3MEHEHWUA KaXAOFO KOMNOHEHTa BEKTOPa NapameTpoB MOAENU.

CneumwanbHaA CTaHAAapTHaR Npoueaypa onpeaenAet obnacTb n3MeHeHWA NoKasa-
TenA KaYecTBa MOAENW cneaylolumm obpasom. HaxoauTca senvuvHa OTHOCHTENbLHO-
ro OTKNIOHEHWA NOKa3aTeNnA KavecTea anl. Npy OTKSIOHEHUW /- O NapameTpa Moae-
NV OT 3HaYeHWA LEHTPanbHOW TOYKWU Ha BenuuuHy ebiGpaHHoOro wHTepeana 8 obe
cTopoHbi. QcTankHbie 3HaY4eHUA NapameTpos MOAEMM OCTalOTCA HEM3MEHHbBIMW W CO-
OTBETCTBYHT UEHTpanbHoi Touke. Takum 0o6pa3omM, NOOYEPEAHO ANA KaXAOro
napameTpa MOAENN ONpeAenAeTcA MHOXECTBO 3HaueHWH {6/7/.} , U3 KOTOPbIX Bbl-
GupaeTcA MaKcumanbHoe, NpeacTasnAloulee KpuUTepuii 4yBCTBUTENLHOCTW wCCne-
Ayemoii Moaeny 6onbLIOA CUCTEMbI. Ecnu uccneagosaHue obbeKTa Ha moaenu Beget-
CA N0 HECKONMbKUM KPUTEPVMAM, MOXXHO UCMONL30BaTL pa3nuuitbie npoueaypbl Bbi-
YWCNEHWA YYBCTBUTENLHOCTM Modenw. 3710 3a4acTylo No3sonAeT BbiBpaTL cooTBET-
CTBYHOLWWA KpUTEPUIA OLEHKW BapWaHTOB MOAENUPOBaHUA NPU HanU4uu HeCKOfb-
KUX aneTepHaTuBHbIX nokasaTteneu Ka4ecTsa Mogenu.
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4. PASPABOTKA MOAENEA BONbIUUX CUCTEM
4.1. COCTABNEHUWE COAREPXATENBHOIO OMUCAHWUA CUCTEMbI

OTnpasHoi TOUKON NPU NOCTPOEHUU MOAENU CHWTAETCA UCXOAHAA AOKYMEHTa-
UWMA HA CYLLECTBYIOLLYIO CUCTEMY UNU TEXHUYECKOEe 3aJaHue Ha NPOeKTUPYEMYIO.
Kak npasuno, uccnepoBarens o6nagaeT 04HOBPEMEHHO U3BLITKOM M HEROCTaTKOM
uwHdopmauun o cucteme. CoOBOKYNHOCTL cBedeHUh 06 06bexTe MoAeNvMpoBaHWA
NpeACTaBNAETCA B BWAE CXeM, TEKCTOB, Tabnuu 3KCNepUMEHTaMbHLIX AAHHLIX, Xa-
paKTepuaylowmx fpeanonaraemyro CTpyKTypy CUCTeMbl U ee hyHKLUOHUPOBaHMe,
MmeeTcA yacTuHan MHGOPMAaUUA O BHELWHNX BO3AEHCTBUAX OKPYXKAIOLWEN Cpeas!,
0aHaKo ee 6biBaeT HEAOCTATOMHO ANA ONUCAHWA BONLLWIOK CUCTEMbI U3-33 cneundu-
KW MCCReayeMbiX CTOPOH ee, NOBeAEHWe KOTOPbIX WHTepecyeT paspabotyuka. [o-
3TOMY HeoBX0AUMO 4ETKO OnpeaennTs LUens Byaywero nccneaoBaHuA Ha MOAENy,
B COOTBETCTBUM C 3TOM Uenbio nepepaboTats Beck 06beM UCXOAHOW WHOPMaUUKU 1
NPOBECTU AONONHUTENLHYID PaBoTy NO YTOMHEHUIO HEROCTAOLWMNX AAHHBIX. TaKoW
npouecc nepepaboTKW UCXOAHOW MHOPMAaUUWM HaA3LIBAETCA COCTABACHUELM COOep-
HATENIBHO20 ONUCAHUA BOMbWOU CUCTEMBbI.

MNpu cocTaBneHnn copepKaTensHoOro ONUCaHnA GonbLION CUCTEMBI PEKOMEHAY -
eTCAR TaKaA NoCneAOBaTeNnbHOCTL AENCTBMI: BbiGOp UeNW MOAEBNUMPOBAHUA, onpeje-
NeHUe YNPaBNAIOW KX NEPEMEHHLIX CUCTEMbI, BbIGOP COCTaBa KOHTPONIUPYEMLIX Xa-
PaKTEpPUCTUK MOAENMPOBAHUA, AeTanM3aumA ONUCAHUA PEXKUMOB (YyHKUMOHUpORa-
HWA, aononHedwe MHIOpPMauun O BHewHed cpeae. Ha atom 3tane uccnepoBaTtens
WHPOKO NPUMEHAET ONPOC WMHXEHEPHO-TEXHWMECKOTr O NepcoHana unv cneyuanic-
TOB, UMeEtOLMX OnbIT paboTel C NPOTOTUNOM NPOEKTUPYEMOW UM peansHo CYLLECT-
BYHLLEA CUCTEMBI.

Bei6op pyHKUMKM KayecTBa MOJeNMPYyeMoi CUCTEMbI ONPEAEeNnAETCA 3aaadyamum,
4NA peweHnA KOTopbIX CTpouTcA Moaens. Ha 3Tom 3atane otaenAeTtcA rnasHoe oT
BTopocTeneHHoro. Hanpumep, ecnn uccnegosatenn MHTepecyloT BOMPOCL! AWHaMU-
KW nosefleHMA cCTeMsl, To oTBpackisaloTcA npobnemel 3HeprocHabXeHWA, 3KOHO-
MU4eCKMe acneKkTsl ee hyHKUNOHWPOBaHWA. Mpu BriGope hyHKUMIA KayecTBa ycTa-
HaBNVUBAIOTCA XapaKTepUCTUKW, NO3BOMAKLLAE BbIYUCIINTE OTKAUKU CUCTEMBI, NO
KOTOPLIM U onpeaenAeTcA nosegeHne Gonbwoi cucteMbl. B aansHedweM BcA pa-
60Ta CBOAUTCA K BLIABMEHWIO BCEX aCNEKTOB (hYHKUNOHWPOBAHWA CUCTEMBI, UMEI0-
LUMX OTHOLWEHUE K XapaKTepuCTUKaM, BXOAALLMM B COCTaB Ueneson hyHKLUMU MO-
aennpoeaHuA. [pOBOAWUTCA aHaNW3 XapaKTepPUCTMK CUCTeMb! ANMA OnpeaeneHus
YNpaBnRIOLUMX NepemeHHbIX cucTeMbl. [pocnexueaeTcA No Bcei TEXHUYECKOW AO-
KYMEHTaumm WH$opMaumnA, OTHOCALLAACA K YNPaBNAEMbIM NEPEeMEHHbLIM CUCTEMBI.
B cooTBeTCTBUM C ONUCaHWEM KOMMOHEHTOB PeaNibHOM CMCTEMbI-NPOTOTUNE MAK C
TEXHUYECKUM 33laHWEM Ha MPOEKTUPYEMYHO CUCTEMY YCTaHaBNWBAETCA COCTaB
KOHTPONUPYEMbLIX XapaKTepucTuK obrexkTa moaenupoeaHuA. [lanee BbinonHAETCA
NepepaboTika wmetowencA MHGOPMaUNKM ANA ORUCAHNA aNFOPUTMOB DYHKLNOHUPO-
BaHWA Kaxaoro pexuma. Jlio6bie HEACHOCTU AOMKHLI BbiTh YTOYHEHbI. [NA npoek-
THUpyeMoi 60bWON crucTEMbl MHGOPMaUWA O BO3AENCTBMM BHELWHEN cpeasl Heper-
CA 13 TEXHMYECKOr 0 3aaHuA. Takum 06pasom, Npu nepepaboTKe UCXOAHOW MHGOP-
Maunn NUKBUAMPYETCA HEAOCTaTOK CBefeHWW O NOBEAEHWW CUCTEMbI B COOTBETCT-
BUW C MHTEPECYIOWMMH MCCNEAOBaTeNA aCNeKTaMK MOAENNPOBaHWA. PeaynbTaTtom
ABNABTCA cofepXaTenbHoe ONuCaHue GONbLUOIA cuCTemsl B Buae Habopa oTYeTOB,
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BbINONHEHHOE HA PYCCKOM R3btKe 1 COAepXaLLee yxe 136bI1TOK UHEPOPMALLMK MO UH-
Tepecyrowlei uccneposatenn Tematuke. K coxanenno, HEBO3MOXHO AdTb obutero
peuenTa ANA COCTAaBNEHUA COAEPXKATENbHOro OMUCAHWA 06BeKTa MOABNPOBAHMA.
Ycnex 34eCk 3aBMCUT OT UHTYMUMM W NPOIECCMOHANLHON NOArOTOBKY paspaboTuu-
Ka Moaenu.

4.2. ©OPMANBHOE ONUCAHWE CUCTEMbI

Mpouecc hopmanusaunmn BONbLIOA CUCTEMbI TpebyeT oT pa3paboTymka BbINOA-
HEHWA BCEX AGMCTBWIA, OMWCAHHLIX MNPV PaCCMOTPEHWW 3Tanos GOPMYMPOBKH 3a-
MbiCna ¥ peanuaauuv moaenn. B cootsercteum ¢ thyHKUMEH KavecTea Moaenupye-
MOl CMCTEMbI YCTAHaBNWBAETCA ypOBeHb AeTanusauuyt MOAENNpOBaHMA. Bonswan
CMUCTeMa pasfienfeTCA Ha aKTUBHbIe PYHKLWOHANbHbIE ycTpoicTea (dexomno3uyus
cucTemsi) , KaKAOE U3 KOTOPbIX (hYHKUMOHMPYeT HE3aBUCUMO ApYT OT ApYra B CBO-
em BpeMeHHO’M pexume. BbinenaoTcA MeCTa B3aUMOABHCTBUA ADYF C APYTOM KOM-
NOHEHTOB cucTembl. OCHOBHbIE YCMNIWA UCCNEAO0BaTeNA HanpaBnATCA Ha NpeacTas-
NeHue anropuTMa yHKUVOHMPOBAHNA KaXAOrO aKTUBHOTO KOMMNOHEHTA K CocTaa-
neHue cXemMbl B3aMMoaeiNCTBUA 3TUX KOMMOHEHTOB.

OnpedenAtOTCA NapameTpsi PyHKUUOHUPOBIHUA ITUX KOMMOHEHTOB. Cocras-
NAKOTCA AMArPaMMbl YHKUMOHUPOBAaHMA NX BO BPEMEHMU. YTO4HAIOTCA MECTa nepe-
paBoOTKMN MHGOPMALMK aKTUBHBIMU KOMNOHEHTaMU MOAENN, Ha3bIBIEMbLIMU B Aanb-
Heilluem Npoyeccamu cucTemsi. AnA Kaxaoro npouecca 6onbLIOK CUCTEeMbI Onpeae-
NAETCA COCTaB BXOAHOM U BbIXOAHOW MHHOpMaunu. Y TOUHAETCA COCTaB yNpaBnAto-
WKMX NAapaMeTPOoB, BIMAIOWMX HA anropuT™M IYHKUMOHUPOBAHUA MPOUECCOB CUCTE-
Mbl. MpoucxoanT nepepaboTka onMcaHuA (yHKUMOHNPOBAHWA NPOUECCOB CUCTEMDI
€ pyCcCKOro TeKCTa, MPUHATONO Npu onrucaHuu TEXHWHECKOW AOKYMeEHTaunu, Ha an-
rOPUTMMMECK WA A3bIK. BbIBOARTCA YpaBHEHMA K pacieTHble dopmynel. Popma
TaKOro ONUCAHWA ONPEAENAETCA MCMOMb3YEMbIM A3bIKOM (hopmManu3auuu. Baxno
COCTaBUTL CXeMbI MHOPMAUUOHHOM CBA3N MEXAY NPOUECCaMUN CUCTEMBL. [lnA atoi
uenu Ha Bpemenn\ﬁo AvarpaMMy (hyHKUMOHNPOBAHUR KaX/AOro npouecca cneayet
HanoXMTb CBENEHUA O MeCTax WCMOMb3OBAHUA UHthopMauuu, obLied ANR BCex Npo-
Leccoe.

CocragneHue cxem UHEHOPMAYUOHHOU CB8A3U MEXAY NpoLeccaMy BO BpeMeHU
BecbMa CyLLECTBEHHO ANA ONpEAEneHUA Tex MecT B anropuTme npouecca, 8 KOTo-
peIX NPOMCXOAUT NoTpebneHue NPoUECCOM rno6ancHon MHGOPMaLUKN U n3MeHeHne
ee. ConocTasnexne cxeM MHOPMaUUOHHON CBA3U Y BpeMEHHb,lx avarpaMM yHK-
UMOHWUPOBAHWMA NPOLLECCOB NO3BONAET BbiGPaTh y4acTKWU nokanbHoro thyHKUMUOHN-
pOBaHWA NpoUeccoB. [INA K@KAOFO TAKOro /-0 Y4acTKa hyHKUNOHUPOBAHNA onpe-
AenAlTcA PopMy bl ANA BbIMUCANEHWUA BPEMEHN €r0 peannaaunu j-M npoueccom. 3a-
BepuiaeTcA aTan cocTaBrieHmA GopManbHOro onucaHuA 6onbulo CUCTEMbI NpoBep-
KOW AOCTOBEPHOCTMW €e onucaHuA, PedynbTaTom 3Tana ABNAETCA topmanbHoe onu-
caHue GOMbL O CUCTEMbI, CBOBOAHOE OT U3anuLLHeNR nHdIopMaumnu.

4.3. NIPEOGPA30BAHUE ®OPMASILHOIO ONUCAHUA 8 MOAENDL

Mepexon OT hOPManLHOrO OMUCAHNA K MOJENMW Takke OCYLIECTBNRETCA Ha oc-
HOBE AEKOMMA3UUMA ONUCAHWA HA COCTaBHbIE 4acTw. [AnA kaxaoro npouecca 60nb-
WOW CUCTEMBI, KPOME €ro anropuTMUYeCcKnx dyHKUMA, Heo6Xx0AUMO YCTaHoB8UTE
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8pemerHyio KOOpOUHaTy ero pa3suTHA. MpK 3TOM BaXHO 0BECnewnTb BHYTPEHHIONW
M BHEWHIO CHMHXPOHW3AUMIO KOMNOHEHTOB MOAEM 8 MOAENbHOM BpPEMEHMW.

BrHYTpenHAA CuHXpOHU33YUA B3aUMOAENCTBMA Npoueccos O6eCneYnBaeTcA ca-
MHUMK npoueccamu € nomotubio cemaghopos. Mop cemadopom 06bIYHO NOHUMaAKOT
HeKoTopyto rnobansHyo NepemMeHHyY0, 3Ha4veHHe KOTopon Nnbo paspewaeT, nnM6o
3anpewaeT aKTMBM3aumio npouecca. B cny4ae 3anpeta akTMBU3aunn BCe NPOLECCHI
MOAENN BbICTPaWBAOTCA B OMepeab COrnacHo vwx npuopurety. C6poc cemacdopa Bbi-
NONHAETCA OAHWM UMW HECKONbKUMMK NpOUeccaMi U NPUBOAUT K HEMEANEHHON aK-
TUBM3aUMKM BCEX XAYLUMX 3TOro cemadhopa Npoueccos. YcraHoBKa ceMadiopa MOXeT
HEMeANneHHO NopoXAaTe ouepeab Ha aKTHBU3auMo. Cemathopbl MOryT yCTaHasnu-
BaThCA C pasnu4HOi uensio. Hanpumep, npu ucnonszosanuu obuiero pecypca 6onb-
WON CACTEMbI KaKuM-N1BGO NPouUeCCoM BbICTaBnAeTcA cemadiop ANA BCeX KOHTpPO-
nupylowmnx Npoueccos, a nocne OCBoBOXAEHWA 3Toro pecypca cemadop cbpacsiga-
eTcA.

BHewHAA CUHXPOHU3aYUA B3aUMOAEACTBMA NPOLECCOB 4Yaule BCEro BhINOMHAET-
CA CMCTEMOW MOAENNPOBAHUA, KOTOPOW NONL3YeTCA uccneaosatens. AnA atoi uenu
CNyY)Kat oneparopbl CUHXPOHU3aUMK MPOLECCOB B CUCTEME ANCKPETHbIX COBbITHA.
Paanu4aloT ABA TMNA ONEPAaTOPOB CMHXPOHM3EUMMK: HEMELATIEHHOrO NEPeEBOAa RPOLEC-
ca 8 xayuiee coctoArHre (tuna WAIT (1), rae 7 — anuTenbHOCTL 3aaep kK Npouec-
ca B XAylieM COCTOAHWM) Vi Nepesoaa NPouecca B XAyllee COCTORHWE A0 BbINOMHe-
HUA HekoToporo ycnoBuA A (tuna WAIT WHILE (A) }. CocraB, cMHTaKeuc v ce-
MaHTvKa ONepaTopoB CUHXPOHU3aLMKU 3aBUCAT OT UCNONbL3YEMOW CUCTEMbI MOAETK-
poBaHuA. OAHAKO OAHO CyULECTBEHHOE CROWCTBO 3TUX ONepaTopoB ABMAETCA O6-
wumM anA mobbix Moaenen, NOCTPOEHHbIX Ha OCHOBE NPOLECCHOrO NPeACTaBNeHUA
obvexta mopenvpoBaHuA. Peus upget o chakTe AeneHUA ITUMKM onepaTopamu anro-
pUTMa hYHKUMOHMPOBAHUA KOMNOHEHTOB UMUTALMOHHON MOAENW Ha KBaHTh! (aK-
TuBHOCTU) . B pesynsTaTe B COOTBETCTBUM C BbIBPEHHON TOMHOCTBIO UMUTALMN MO-
AenvpoBaHWe KaXAOro TakKoro KBaHTa OCYLIEeCTBNAETCA NOCNeaoBatensHo B ABYX
KO~™ 7fHHaTax: BHaYane MrHOBeHHO B MOAENLHOM BpemMeHU BLINONHARTCA anropnTm
NPOLECCa, 3aTeM NPOVUCXOAUT OXKUAAHME B MOAENLHOM BPEMEHU ANIUTENLHOCTH Bbli-
NONHEHWA 3TOF0 y4acTKa anropuima. Takum o6pa3om, 8s/60p MECT YCTaHO8KU
ONe 1ITOPO8 CUHXPOHU3AYULU NPOLECCOB MOAENN B AaHHBIA MOMEHT pa3BuTHA Teo-
PV U NPAKTUKK MMUTaUUKN ABNRETCA BonbWwKM UCKYCCTBOM. B ocHoBY fieneHuA an-
rOpMTMOB NPOLECCOB Ha KBaHThl HEOGXOAMMO NONOXUTH TOYHOCTHBLIE ACNEKTbI
VMUTAUVK ABNEHWA U NPOLLECCOB.

Ba)kHbIM MOMEHTOM MpW NOCTPOEHWM MOAENei NpoUeccoB BOMbLIOA CUCTEMBI
ABNAETCA CUHXPOHU3BUUA NOAGNEHUA UHEOpMayuu, AOCTYNHON ANA NPOLECCOS.
Wnorpa ceoespemeHHoe 0BHOBNeHWe nHboOpMauwn, obuielt ANA NPOLECCOB, UMeeT
pewaioulee 3Ha4yeHne. Hanpumep, BaxHO, 4TOBbI pesynbTaThl anropuTMa yHKUMO-
HWPOBaHWA /-ro KBaHTa j-ro Npolecca NOABNANKUCL B 06lueM none uHchopMaumm, Ao-
CTYNHOW ANA k-ro npouecca B MOMEHT t,. NoAenenne 3Tnx peaynbTatos paHblie
WY NO3xe MOMeHTa t1 MOXeT CyweCcTeeHHO UCKa3nTb AUHAMNWKY UMUTALLUU B3aK-
MOEACTBMA KOMMOHEHTOB Bonuwoi cucTeMbl. YTobbl obecnevnTs Takyto CUHXPO-
HU3aUMI0 CO3AaHMA NPOLECCOM MHABIOPMAUMK, 4acTO NPUOEraT K CEAyHILLeMy
npuemy. UcnonbaytorcA paBouuii MaccuB, KOTOPbIH AOCTYNEH TONBKO ANA AaHHOrO
Npouecca, n oNepaTop YGNOBHOMO OXWABHWUA MOMEHTa I, (WAIT WHILE L ). Mpwn
HacTy..leHun MomeHTa 1, pabouni Maccus nepenwcsisaeTcA B8 oSulee none wHgop-
Mauum npoueccos moaenu. Takum oGpa3om, nocne YCTaHOBKM OMEPaTopoB BHYT-
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peHHeit 1 BHewHel CUHXPOHW3auWK anropuTMel NPOLECCOB MOAEMW OKa3bIBAOTCA
pa3fAeneHHLIMU Ha KBaHTbl. IMEHHO C NOMOWBK 3TUX ONEPaTopoB B XOAE UMUTA-
Uuv u Byaer npovcxoauTe o6palleHne K YNPasnalouieid Nporpamme Moaenvpoea-
HUR.

CrneaylowmMm warom npeobpasosaHunR GoOpManbHOro onUcaHuA Bonbluon cucte-
Mbl B MOAENb RBNAETCA OTDAMEHUE KOHPAUKTHbIX cuTyayul 8 MOAENM. Mot yxe
paccMaTpuBany cnyvai o6uIero UCNOnb3oBaHWA PecyproB CUCTEMbI pPa3nuuHbBIMHU
NPOLECCaMU U NPUMEHEHWE ANA 3TOM uenn cemadopos. He MeHee Ba>KHbIM MOMEH-
TOM ABNRETCH CMHXPOHWU33UMA B3aMMOAENCTBWA NPOUECCOB C NOMOLUBLIO ONepaTo-
poB 3anycka u ocTaHosa. [oyTU BO BCEX CMCTEMax MOAENMPOBAHNA anrOpuTMutie-
CKOFO TUNa, OCHOBaHHbLIX H3a NPUHLMNAEX NPOUECCHOro NPeACTaBNEHNA 06veKTa MO-
AeNMpOBaHuUA, NPUWCYTCTBYIOT ONepaTopel 3aNycKa U ocTaHoBa. B Takux cny4anx
B MOIENW MOXET NPOUCXOAUTb OAHOBPEMEHHbIM 33NYCK HECKONbKWUX NPOLECCOB.
Kaxk npaswuno, oTpameHvie KOHIMKTHLIX cUTyaumniA Npu OAHOBPEMEHHOM 3anycke
HecKONbKWX Npoueccos GepyT Ha cebA cuCTeMbl MOABNMPOBaHWUA, KOTOPbIE Hawle
BCEro NPV 3TOM UCNOMNbL3YIOT CUCTEMY NPUOPNTETOB CAMWUX NPOLECCOB.

B HEKOTOpPbIX MOAENAX BOMbLIMX CUCTEM 3HEYATENLHYIO PONb UMPaeT OTpaxe-
HWe UHEPBOPMAaYUOHHBIX C8A3ET MEXJyY NpoYeccamu B nHdopmMaunoHHon 6ase moae-
nn. B Tex cay4anx, Korpa obmeH MHGopMaLUWeR MeXay KOMNOHEHTaMMU 6onbuwoi
CUCTEMbI COAEPXMUT MHMOPMALNOHHYIO HArPy3Ky Ha anroputme! (hyHKunoHupoBa-
HUA NpPOLLECCOB, COCTABNAIOTCA MOOEU MACCU808, NPEACT3BNAtOWLME Habop xapak-
TEPUCTUK pasMepa Maccuea W NapameTpoB, Ha KOTOPbIe PearupyloT anfopuTMbi
npoueccos. E¢nu HEOBX0ANMa MMUTAUMA PacnNpeAenieHnA MacCMBOB MEXAY npouec-
camu, TO OHU OGOpMNAIOTCA B BUje “noaKpalleHHbIx’’ TpeGorakuia. “'Moakpac-
KoW” TpeBOBaHMIA ABNAETCA HABOP XapaKTepMCTUK Maccusa, B TO BPEMA Kak no
MOZENW LUPKYNUPYeT TONbKO MAEHTUChMKATOP MoAeNU Maccuea. Mo atoMy UaeHTy-
(huKaTopy ONpeaenAeTCA MEeCTONONOXeHne WHGopmauun 0 Moaenn Maccuea, Ko-
TOpaA MCNONb3YETCA NpW OTPaXeHWn anropuTMa dyHKUMOHUPOBAHUA NPOUECCO8
Mogenm.

CreayioWMM WaroM ABNAETCA 3adaHue UCX0OHOU UHPHOPMaYUU ANR MOAENDO-
BaHuA. Yawe scero Habop AeACTBWiA NO 33A3HNI0 UCXOAHOW MHAOPMaunn ANR NPo-
ueccos odopMnAeTcA B Buae BNOKa 33A4aHWA Ha4anbHbLIX ycnosuit umutauun. An-
roputm aToro 6Groka peanuayetcR B Ha4ane MMWUTauun MrHOBEHHO B MOAENBHOM
BpemMeHun. B xoae 3aA3HVUA HavanbHbIX YCNOBUIA YCTaH3BIMBAIOTCA PEXUMBI MOAENN-
poBaHWA. MHoraa ANA 3TOW LEnW UCNOoNb3yeTcA cneuuanbHbli Apouecc, HasbiBae-
Mbiil  UHUYUATOPOM MOOENU, KOTOPbIA YCTaHaBNMBAET KaXAblA U3 NPOUECCOB MO-
AENV B HaYanbHOe COCTOAHMWE NEPEJ OYEPEeAHbIM MPOrOHOM UMWTAUNOHHOMO JKCne-
pumenTa Ha IBM. B thyHKUMM MHULMATOPa MOAENN BXOAUT Takxke BbIAAYa uccne-
AOBaTENH AOKYMEHTANbHOK WHAIOPMaUMK O HauanbHbIX YCNOBUAX NPOLECCa UMUTE-
uuv. B pRae cnyyaes B diyHK UMM MHALWATOPa BXOART TaKike 3aaaHue 1 moanduka-
uMA napameTpos MoaenuposaHud. OBbINHO NPy peanu3aunmu MHMLMAaTOPa OCYLUECTB-
NReTCR 3aMena opManbHbiX NAPaMETPOB MOAENW haKTUYECKVMK 3HAYEHVAMU ANA
A3HHOMO BapwaHTa umutaumn GyHKUMOHUPOBAHUA 6onbwoii cuctemel. Moatomy B
anropuTMe VMHWLMAaTOpa CneayeT npeayCMOTPETL MOACTAHOBKY (haKTUYECKUX 3HB-
YeHWUIn Ha MeCTo JopManbHbIX NapameTpos,

CneayloWyM MOMEHTOM B pa3paGoTke Moaeny RBNRETCR UKOHYaHUEe UMUTaUuU
ouYepefHOro BapuaHTa MOAENUPOBAHUA B BUAE CNEUManbHOro npouecca, KOHTponu-
PYIOLLErO XOA4 UMUTAUUU U Ha3LIBAEMOTO UHATBHLIM. Anroputm duHansHoro npo-
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yecca OTpaXkaeT NOCNeAOBaTeNbHOCTb AEACTBMA NO KOHTPOSO 3a MOMEHTOM
OKOHYaHWR MMUTauMM M 06paboTKe pe3ynbTaToB MOAENUpoBaHWA. B HexoTopbix
cny4aAx B QyHKUUM PUHANLHOrO MPOLECCa BXOANT Takke NNaHUPOBaHWe o4epen-
HOrO UMUTALUUOHHOrO 3KcnepumeHTa. MHoraa KOHTpONnb 38 MOMEHTOM OKOHY3HUA
UMWTAUMN MOXET BECTUCH C 3aaHHbIM LLIAroM MOAENLHOro Bpemenn. B atn Mmomen-
Tbl NPOLECC aKTUBWU3UPYETCA W MPOBEPRETCA BbINONHEHWE YCMOBUA OKOHYaHWA
vMUTauUMM QYHKUMOHUPOBAHWA 6ONbWOW cucTembl. Ecnu ycnoBwA OKOH4YaHWA
MOAENUPOBAHUA BbIMNONHEHLI, APOLECC WMUTAUVMA 33BEPLUAETCA, MOAENLHOE BPeMA
MKCUpYeTCA M 8 JanbHedllem anroputMm (WMHaNLHOrO Mpouecca peanuayerch
MrHOBEHHO B MOAENbHOM BpeMeHN.

B HekOTopbIX Cny4YaAx UCCneaoBaTento Heo6xoauMo creduTs 3@ xa0oM umuTa-
yuu, 4To6bI ONEpaTUBHO NPUHATL pelleHie O NpexpatieHun ee. [lnA 3Tol uenu cne-
AYET MpeAycMOTPeTh Hannuve NpOLECcca-KOHTponepa 3a XOAOM MMUTauwn. Anro-
PWTM ero 3aBMCMT OT COCTaBa W CTPYKTYpL! Moaeny. Boneluoe 3HaveHve Npu 3TOM
UMeeT TOT (aKT, uYTO B anroputMe NpeaycMaTpusaeTCA aKTUBM3AUMA 3TOFO
npoluecca C 3af4aHHLIM LIaroM, B XOAE KOTOpoi thopMupyeTcA UHHOPMAaunA o co-
CTOAHWMM MOAenv, BhbigaBaeman nMbo Ha NevaTb, NM60 Ha 3KpaH TePMUHANBHOTO YCT-
povictea ucnonsayemoin 3BM. Ecnn npegnonaraeTcA ANWTENsHaA paGota uMuTaum-
oHHOM Mogenu Ha ABM, B hyHKuUMK Npouecca-KOHTPOepa MoXeT BXOAUTE KONUPO-
BaHwe BO BHewuHel NamATU IBM cocToaHUA Mopeny ANA Mocneayowero ee Bo3o6-
HOBfIEHWA C NPEPBaHHOr0 MecTa NPy NOABNEHWM OTKA30B. [lNA 3TOW Uenyu uenofb-
3yl0TCA NUB0 CTaHAapTHble CpPeaCTaa MaTemaruveckoro obecnevedun IBM, Ha ko-
TopoVi peanu3yeTcA Mogens, nu6o cneuvanbHbie cpeacTBa BO306HOBNEHMA UMUTA-
UMK, NPeAOCTaBAEMbIE UCNOMb3YEMON CUCTEMOW MOAENNPOBAHUA,

3aBepLiaeTcA npeobpazoBaHne (hOPManbHOro ONUCaHVA B MOAENL BbIGOPOM
MECT YCTaHOBKW 0neparopoe cbopa craructuxky. AMuTaunoHHaA MOAENbL CO3AaeT-
CA ANA HabnopeHWA 3a NoseaeHnemM 6onbLoi cucTemMebt. Bei6op mecT dhukcauuu no-
BefeHUA OBGbEKTa MOAENUPOBAHWA 3aBUCWMT OT WCKYCCTBa WccneposartenA. [Ana
bMKCauMM CTaTUCTUKU MOAEBNMPOBAHVA CnyxaT '‘HaBmoaatenn’” moanenu. Tpaccw-
pPOBKa anropuTMOB NpPOLECCOB C MOMOLLGIO ‘HabnioAaTenaii’ No3asonAer oTCneXu-
BaTb KaK pa3BuUTMe (hyHKUWA NPOLECCOB BO BPeMeHW, TaK W B3aUMOAENCTBUE Npo-
ueccoe. Kaxaeit Takoi “Habmogatens’’ NOACYUTLIBAET MOMEHThI CBOEA aKTUBU-
3aUMM Y 3aNOMMHAET UX BO BHewWHelW NaMATU. 3Ta uHdopMaumnA obbiYHO ncnons-
3yeTcA MHanbHLIM NpoueccoM npu  06paboTKe CTaTUCTUKU MOAENUPOBAHWA.
WHoraa BaxHO (hMKCMpoBaTe BPEMA XU3HU 06bEKTOB B Moaenu. [inA aTow uenm oT-
Me4aeTCA MOMEHT CO3AaHUA {MnW NepBOi aKTMBKU3auMKM) Npouecca 0 MOMEHTa ero
YHWTOXKEHUA (MnM nocneaHel naccueuaauuv npouecca) . PasHuua mMexay atwmu
MOMeEHTaMu NpeaCcTaBNAeT BPeMA »XU3HU 06beKTOB.

B HeKkoTOpbIX CUCTeMax MOAENUPOBaHWA B PaCNOPAXXEHUN NCCNeaoBaTenA ume-
eTcA HaBop onepaTopos lc6opa CTaTUCTUKW, KOTOPbIE YCTaHaBNUBAOT B BbiGpaHHbIX
MecTax anropuTMOB, Pa3pbiBan SONOAHUTENIBHO KBaHTbl (PYHKUMOHMPOBaHWA NPO-
ueccos, o6pa3oBaHHble ONepaTopamMmm CUHXpoHw3auuu. [pyrue cucTeMbl 0cBO6OX-
0alT MCCNepoBaTenA OT YCTaHOBKWU onepaTopos c60pa cTaTucTukin, obecneuvBan
emy c60p CTaHAAPTHON CTaTUCTUKK O (YHKLLMOHUPOBaHUK Npolieccos. Yaute Bcero
B COCTaB Tako# uHdopMauuv BXOAAT creaylolume XapaKTepucTUKW: YACNO B3aUMO-
AeicTBuiA npoueccos, obluiee BpeMA U KO3dGULMEHT MCNONb30BaHUA NPOLLECCOB,
YWCNO O0TKa30B YHKUMOHWPOBAHWA NPOLECCOB M BPeMA, B TedeHUe KOTOpOoro npo-
LLeCC HaxXO0ANNCA B aBApMUHOM COCTORHUM.
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B pARAe cny4aes CTaHAApPTHOM CTATUCTUKK (YHKUMOHUPOBAHWA NPOUECCOB
HeLOCTaTONHO, Mano WHAOpMauMK AAeT U TPAcCMpPOBKA MOAENU C MOMOLLLIO "Ha-
6nioaateneil’’. No3ToMy NPUXOAUTCA cO3AasaTh CneuMantHble npouecchl, guKcu-
pyloLLME CTATUCTUNECKYIO MHAIOPMAUMIO O MOAENMPYEMOM o6 BeKTe. Taxkue npouec-
Chi MOryT aKTMBW3MPOBATLCA NWGO C 3afaHHbIM BPEMEHEHHLIM LIarOM U3MEHEeHUA
MOAENbHOr G BPeMeHU, TG0 MNP BbINOAHEHWA MOTU4ECKUX YCNOBUA B XOAR UMUTS-
WHOHHOrO 3KcnepuMeHTa Ha 3BM. B 06oux criyuanx B anroputme diMHansHoro npo-
uecca cneayeT NpeAyCMOTPeTb Habop NPOUEAYpP ANA BbI4UCNEHWA CTaTUCTUK Moae-
ANPOBAHKA U Ha KX OCHOBE ONpeAeNeHUA OTKMKOB MMUTALMOHHOK MOAENK B COOT-
BETCTBUU C BbIBPaHHLIMK KPUTEPWAMY Ka4eCTBa BapuMaHTOB MOAENUPOBAHURA.

4.4. PA3PABOTKA NPOrPAMMbBI UMUTALUOHHOA MOAENK

MNMocne co3aaHviA Moaeny BoNbWOo cucTeMbl Ha GymMare MOXHO NpucTynars
K NporpammHoii ee peanusauuu. [pu Hanuauu BoIGOPa Nepea nccnefoBaTenem BCTa-
eT npo6nema nod60pa 8bIYUCUTENbHBIX CPEOCTE, 0BECNEUBAIOWNX NPOT PaMMHYIO
peanusaunio mogenu. B ocroBy noa6opa MOXHO NONOXWUTL TpeGyemeble 3aTpaTbl
pecypcog IBM Ha nocTpoeHue NporpammMel MOAENTM U OpPraHKU3aL Mo MOAENLHOMO
akcnepumeHTa. Heo6xoanMMO y4WTbIBATE KaK pa3Mepbt onepatueHoit namATY IBM,
TpeByemoW ANA peanwsauvMn MOoAenM, TaK v MawvHHOoe BPEMA, Heob6xoauMoOe ANA
TPaHCNAUKUK 1 MOAENVUPOBAHWA OYEPEAHOro BapuaHTa 6onblwon cuctemsl. Hemano-
BaXHYK pOfb NpY BbiGOpe BLIYNCUTENbHBIX CPEACTB WrpaeT AOCTYNHOCTL RaHHOW
3BM anA MCCNenoBaTenA U CTOMMOCTL NPOBEAEHWA Ha Hel IKCNepuMeHTos. Oana-
KO onpeaenAlcwmmM HaKToOpom npu Boibope Tuna 3BM ABnReTCA Hanuuue CPeacTB
aBTOMaTM3aLuu MOAENbHOro IKCNEepPUMEHTa, TaK Kak BONpOCblI OTNaAKMW Nporpam-
Mbl MOAeny 60MbLIOM CUCTEMbI 3aHUMAIOT LIEHTPaNbHOE MECTO.

Mop.enb MOXHO peann3oBaTk Ha nobom yHuBepcanbHOM anr opuTMuU4eckKom
A3bIKE, HO OBbIYHO UCNONL3YIOT A3bIKU MOBE/UPOBAHUA, KOTOPbIE PA3NINYAIOTCA Me-
TOAGMW OpraHu3aumi MOAENUPOBAHMA, HaMMeHOBaHUAMUK K CTpYKTypoit 6nokoBs
MoZeny, crnocob6oM NpoBepKM ONepauuin U YCnoBWH B3aMMOAEWCTBMA 3NMEMEeHTOB
MOLENMPOBAHWA, BUABMMU CTaTUCTUYECKMX WCMbITaHUA, KOTOPbLIM MOXHO NOABEDT-
HYTb UMEIOLLIMECA laHHbIe, NErKOCTLH0 U3MEHEHWUA CTPYKTYPLI MOAENN.

Ha paHH WX 3Tanax MMUTALWOHHOrO MOAENKPOBAHUA CyUleCTBOBANO pasaeneHue
TPyAa. AHanWTMK CTaBun 3aaayy, ONUChIBan ee Ha eCTECTBEHHOM A3bIKE € no6asne-
HUEM TEXHWYECKON TePMUHONOr KU, Ha KOTOPOM Hawbonee TOYHO ONUCHLIBAA 33aavY
(cocTaBnAn copepxaTensHoe onucaHue obbekTa MOJENVPOBAHUAY} , 3aTeM ITO Onu-
caHue nepepabaTeiBanoch (cocTaBnANOCh hopmanbHOe OnucaHue cucTemsi) U nona-
A3aN0 K NporpaMMycTaM, KOTOpbi€ NUCany MallUHHYIO NPOrpaMMy Ha YHusepcanb-
HOM A3biKe. Heo6xoaumocTe B MNporpaMmucTe oTnana nocne Toro, Kak Geunu
CO3AaHbI CNELManU3npoBaHHble A3bIKK, KOTOPbIE YMEHbLIAIOT TPYAOEMKOCTb Hanu-
caHMA nNporpammbl, obecneunsaioT CTPOroe cneaosaHuve BbiBpaHHOW KOHUENuWW No-
CTPOEHUA MOAENW, MOMOTAIOT YeTKO KNaccupuLMpOBaTL IMEMEHTbI CMCTEMLI, obec-
NeYnBaloT rMBKOCTb M3MEHEHWA MPOrpaMMbl, NOMOMaloT Pa3nNnuaTe 3NEMEHThI OA-
HOF O KIacca N0 WX XapaKTepucTMKaM U CBOWUCTBAM, ONUCHIBAIOT CBA3W MEXAY 3ne-
MEHTaMM CUCTEMb] U BHELLIHEW Cpeaow, NO3BONAIDT KOPPEKTUPOBATL YUCNO INEMEH-
TOB MOAENU B COOTBETCTBUY C U3MEHEHMEM ee BHYTPEHHUX ycnosui. Uccneposare-
1 CTanu WCMONb30BaTh A3bIKM UMUTAULMOHHOMO MOAEAMPOBaHWA, 0Bnagatowve cne-
undmyeCKMMN CBOWCTBaMH, CPEAV KOTOPLIX CNEaYyeT OTMETUTL cnocobBHOCTb reHe-
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PUPOBaTL CAyuYailHbie YACNa, CABWIaTh MOAENbHOE BPEMA, HAKANIMBaTh BbiXOAHbLIE
AaHHbIe MOAENUPOBAHUA, NPOBOAUTL CTATUCTUYECKUWA aHaNN3 HaKanIMBaeMbIX AaH-
HbIX, pacnpenenATe BLIXOAHbLIE AdHHbLIE NO 3apaHee 3afaHHbIM OpMAaTam, BbIAB-
NATL U perucTpupoBaTh NOrMYecKue HeCOOTBETCTBUA U Apyrue ownbKu B Moaenu.
AnA KBasvwnapannenbHOro BbINOMHEHWA NPOUECCOB NPW MOAEBNMPOBaHUU HeOBXoAU-
MO OCYWeCTBNATL onpeaeneHue TUNa cobbiTUR Nocne M3BNEYEHNA ero n3 cnncKa co-
6bITUW, BbIZOB CTAHAAPTHLIX NPOrpaMm ANA NPUBEAEHUA NEePEMEHHbIX COCTORHUA B
cooTBeTCTBME C onpeaeneHHbIM COﬁthMeM, MAeHTM(bMKauIMO KOHKPETHbIX COCTOR-
HUW, XpaHeHWe W W3BMEeYeHNe AaHHbIX M3 CNUCKOB, Tabnuuy MNM MaccWBOB, B TOM
yucne U3 cNUcKa cobbiTUA K CNUCKOB COCTOAHUIA Npoueccos Moaeny. Ha Azsike Mo-
AeNUPOBAaHWA NCCNEAOBATENb MOXKET YeTKO U ACHO OMMCLIBaTh MOAENLHbIE NOHATURA.
Takum 06pa3oM, BOIMOXKHOCTH A3bIKA MOAENAPOBAHWA U BIM30CTb €ro K A3biKY
thopManu3aumm 06bIMHO ABMAKTCA ONPEAENAKILLMMMU NMPY BbIBOPE BBIYUCAWUTENbHBIX
CpeacTs ANA peanuM3aunn nporpaMmmsbel Moaenn 60NbLUOK CUCTEMBI.

Yacto npu NOCTpoeHuU nNporpaMmmsi MoAenu CyuweCTBeHHYH NoMollLL Uccneao-
BaTeno MOXeT OKasaTh BO3MOXXHOCTh MCNONL30BaHWA CTaHAapTHLIX 6NOKOB opra-
Hu3aunmM MoaenuposaHuna. B HEKDTOPbIX CpeacTBax aBTOMAaTM3aunM MOAENUPOBAHNA
WMeITCA BUBNMOTEKK CneumnanbHbLIX NPOUECCOB, C NOMOLLLI) KOTOPbIX MOXHO dop-
MUPOBaTL 6MNOKW 3aaaHUA Ha4anbHbIX YCNOBUA, KOHTPONA 33 XOA0M MoAenuposa-
HUA, c6opa ctaTucTuiku. Kak npaBuno, oHW NpeacTasnAKT NpPorpamMMHbie 3aroTos-
Kun Ha 6a30BOM A3bIKe MmoaennpoBaHMA, KOTOpbLIe HaCTpOﬁKOﬁ NapaMeTpoB MOXXHO
npeo6pa3oBate B COOTBETCTBUU C TpeBoBaHWAMUK Mogenu. Takon noaxon CBoauT K
MUHUMYMY YCUNUA UCCNEAOBATENA NO Peanu3auuy B COCTaBe MOAENU CTaHAapPTHLIX
6noxKos MoAEeNUPOBAHUA.

Cneayowmm warom B NOCTPOEHMU MMUTAUMOHHOW MOAENU RBNAETCR Nposep-
Ka 00CTOBEPHOCTU CXeMb! NporpamMmmel moaenu. Metoauka nposepKu paccmaTpusa-
nace paHee NpyU PaccMoTpeHun 06 MX BONPOCOB NPOorpaMMUpoBaHA 6oNbLIKMX CUC-
TeM. Mbl OCTaHOBMMCA TONLKO Ha HEKOTOPbLIX MOMEHTax NpoBepKu Npu npouec-
CHOM MOAXOAE K peanu3auvun Moaenei 6onbwmnx cucTem. B cooTBeTCTBUM C YCNOM
TUMOB NPOLECCOB UCCNEAOBaTENb UMEET AeNO0 C MHOXECTBOM cXeM. BoamMoxHbI ABa
BWAa NPOLECCOB: C UMKNMYECKOW U APEHOBUAHOW CTPYKTypamu. B nepsom cnyyae
anropuTM NpoUecca 3aMKHYT C KOHUa Ha Ha4ano, ero BbiNOfkeHMe npeacTasnAeT
yepeaoBaHWe anNropuTMUYECKUX ONepaTopoB C onepaTopaMu CUMHXPOHWU3auuu. Bo
BTOPOM Chy4ae N0 OKOHYaHWK BbiNOMHEHWA BCEW LLEMOYKKU ONepaTopos CUHXPOHU3A-
UMM npouecc NepexoauT B NacCUBHOe COCTOAHMe. B 3asucuMocTu oT Buaa npouec-
COB rMpoBepKa AOCTOBEPHOCTU CXEMbI NPOrpaMM MOAEN Takixe CyLEeCTBEHHO pas3-
nuyaetcA. [lnA npoueccos ¢ UMKMNUMYECKUM anropuTMOM NpoBepKa AOCTOBEPHOCTU
CXeMbl Ka)AOro OTAENLHOro MPOUECCca He rapaHTupyeT AOCTOBEPHOCTU BCEX MOAE-
nu, 3apava yCnoXXHAETCA, eCNy NPOUECChl B3aUMOAEWCTBYIOT C NOMOLWbI0 ONepaTo-
po8 3anycka W octaHoBa. [lnA nNpoueccoe ¢ APeBOBUMAHOW CTPYKTYpPOIA uccneaosa-
TeNb, NPOCMOTPEB MPOLLECCHI NOOYEPeaHO, MOXKET BbiTb yBepeH B TOM, YTO Mpo-
rpaMmMa Moaenn COOTBETCTBYET 3aMbicny. B oBoux cny4anAx npu npoBepkKe CXeMbl
APOrpaMmMbl MOAENN 3a43CTYH WCMONL3YIOTCA AMarpamMmbl PasBMTUA MpPOLECCOB B
MopensHoM BpeMedn. OTMETUM, YTO NPOBEPKE NO CXeME He NOAAAITCA BONPOCh
MHGOPMAUNOHHOKN CThIKOBKKU Moslenn. U coBcem yxe nnoxo obcTouT aeno ¢ “npo-
KPYTKOi" Nporpammsl Moaenu fo cxeMe ANA CNy4aA, KOr4a anropuTM NOoBeAeHuWA
3aBMCMT OT B3aUMMOAGICTBUA C APYMUMM NpoLeccamu No uHdgopmauuu.

flanee cneayet oyeHb TPYAOEMKMUIA 3Tar a8TOHOMHOU OTNadKu NporpaMMHON
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moaenu. B npuHuMne aBTOHOMHAA OTNAaAKa NPOrpaMMHON MOAEN GOMNBLION cuC-
TeMbl PacnafaeTcA Ha MHOXECTBO OTNAAOK OTAEeNbHbIX NPOUECCOB, KaxAaA "3 Ko-
TOpLIX MOXET BECTUCh NO METOAMKAM OTNaAKM OTAENbHbIX MpoLeayp. OanHako B
OTNAaAKE NPOLECCOB NPOrpaMMHLIX MoAened GOMbLIMX CUCTEM CYLUECTBYIOT HeKO-
TOphle TPyAHOCTH. 3TO Npexae BCero Heo6XOAUMOCTE MOAENNUPOBAHUA BX0Aa ANA
KaXAOrO NpoLEcca BO BpeMeHW. [leno oueHb YCNOXHAGTCA, ECNM YNPaBIAIOWLARA WH-
chopmaliA pacnpeaeneHa no spemeHw. Ecnv B npoueccax monenu MCNONb3YIOTCA
CTOX3CTMHECKME 3NEMEHTI, NPUXOAWTCA 3aTpauueaTb AONONHUTENbHbIE YCUNWA Ha
3aNMUCb BO BHELLUHIOKW NaMATb MOCNEAOBATeNbHOCTH HaYanbHbIx 3HaYeHU reHeparo-
pOB NCEBAOCAYYaMHBIX YWCen, ANR TOro 4T06s) 0GecneYnTh NOBTOPAEMOCTL CTOX3-
CTMMECKMX X3paKTEPUCTUK NpM OTNaAKe PasnuuHbiX BETBEA anroputma npouecca.
MosbIWaloTCA TaKoke TPe6OBaHUA U K KayecTay pa6otbl IBM, Ha KOTOpOW BeAgTCA
oTnagKka moaenu. B csA3u c BonbluvMKW 33TpaTamu MalMHHOTO BPeMeHK Ha opra-
HW3AUMI0 MMMTaUUK HaaexHocTs 3BM, Ha KOTOpOW peanu3yeTcA NporpamMmMHan mMo-
Aenb, AONXHE BbiTh 04YeHb BLICOKOH.

MpurcTynan K aBBTOHOMHOW OTNaaKe NPOLECCOB, pas3paboTynKy NporpaMmMbl MO-
ABNN CTanKWBaIOTCA C €le OAHOW TPYAHOCTbK), KOTOPaR COCTOMT B CREAYIOWLEM.
OTnaakow 06bIMHO 3aHMMaeTCR MHOFO NPOrpaMMKCTO8, paBoTalowux B MyibTv-
NPOrpaMMHOM peXX1Me, NPWU 3TOM MOryT MeHATBCA NPOUecchl U UX pabouue mac-
CMBbI, YTO YBEnM4MBaeT HECOOTBETCTBMA B OTAENbHLIX 4acTAX MpOrpaMMebl 13-3a
pa3o6uleHHOCTM NPOrPaMMUCTOB Npy pa3paboTke Moaenu Gonbwon cucrtemsl. Kpo-
™Me TOro, ANA HEKOTOPbIX NPOrPaMMUCTOB 3T0 MoXeT GbiTb NEPBLIM ONLITOM MO-
AeNUpPOBaHuWA, YTO TaKXKe CO3AaeT AONONHUTENbHbIE TpyAHOCTK. MockonkbKy Ot naa-
Ka OfHMX NPOLECcCOB NPeaWwecTsyeT OTNaaKe ApPYrux nNpoueccos, C KOTOPLIMU OHK
B33UMOSENCTBYIOT, CO3AADTCA NpocTedulve MaKPOKOMaHAbl Ha A3bIKE MOAENWUPO-
BaHWA, KOTOpPbIE B3aUMOAENCTBYIOT C HEOTNakeHHbIMK npoueccamun. WU3-3a atoro
TPyAHO ONpeAenuTh NPaBUMLHOCTb ABACTBMA, @8 MHOMAA UX Aax<e HEBOIMOXHO NO-
8TOpWTL. 3TO 03HaYaeT, YTo HeKoTopble OWWBKW B Npoueccax Moaenu He GyayT
NOCTOAHHLIMY BO BpeMeHH U NO MeCTy NOABNEHWUA.

[nA OTnagkm npoueccoB 0BbIMHO MCNONL3yeTCA CTaHAapTHLIW Habop cpeacTe
oTnaakw, npepocTasnAembix sbiBpaHHon IBM ana peanusaumm MOAENW: pasniuy-
Hble 3arpy34UKU paBbounx NporpamM, BUBNMOTeYHLIE U NOAASHKUBAIOLIME NPOrpaM-
Mbl, FreHepaTopbl AaHHbLIX, NPOTPaMMbl YNPaBNeHA OTNaAKOW, CPeACTBa aBTOHOM-
HOro pefaKTMpOBaHUA NPOrpamMMm.

PasnuualoT ABa BuAa 3arpy3qMKOB — B ONepaTMBHYIO U BO BHELIHIOIO NaMATb.
OCHOBHOE WX HasHa4eHe COCTOWT B NomelteHun “Tena” npouecca n pabouux mac-
CVBOB COOTBETCTBEHHO NMBO B ONEpaTMBHYO, NWG0O BO BHewHwoo nNamATe IBM.
BuBNMOTEKU 1 NOAAEPKMBAIOLWME NPOTPaMMbl UMEOT CPEACTBA ANA NONONHEHWUA W
MCKMoYeHUA MobBoro npouecca, a TakxKe ANA NOAAEP)aHWA MAcCVBOB B 3aAaHHOM
COCTOAHWM NOCNE OKOHYAHMA MMWTaLMKM odepenHon BeTBW anroputma. Becbma cy-
wecTBseHHO ANnA paapaﬁomea nporpamMmbl moaenu UMeTb B UCNONb3YEMOM A3bIKE
MOAENMPOBaHUA CPeACTBa OBHAPYXEHVA OWWBOK: NPOrpaMMel pacnevaTku CoCToR-
HWIA NPOLECcCoB, ONepaTopbl TPACCUPOBKKU anropuTmos, cpeacrsa MrHOBeHHOW ¢ho-
Torpgcpnw passnTuA npouyecca 8O BHewHen namAT IBM. Mporpammel ynpasneHnA

oTnagKkon obecrnevnBarOT TPU BUAA YCNyr: BBeAeHWE BCTaBOK B anropuiM npouec-
Ca, yﬂpaBI‘IEHME 8BOA0OM U BLIBOAOM MHd)OpMalJMVI ANA AaHHOrO npouecca, BKOYe-
HUE OTNAAOYHBIX CPEACTB, CKOHCTPYWMPOBAHHBIX CaMMM pa3paboTyMKom moaenu.
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AnA asToHOMHOro PEAAKTUPOBAHUA AaHHLIX W NPOrPamMM  WCcnenoBaTenb
ADMKEH UMETL pacnevaTKu MHAOPMaUNU € MarHUTHOM NEHTh, pacne4aTtku MaKpo-
KOMaHA, CpeacTBa ANA NPUBEAEHUA UX K Tpebyemomy dopmaty, AnA copTUpoBKK
A3HHBIX, ANA OpraHu3aumn BbIGOPOYHON pacnevaTkum uHopMauum 0 PyHKUUOHU-
POBAHUM NPOLECCOB, ANA aBTOHOMHOI COPTUPOBKU UCXOAMON MHPOPMaLUN Mope-
M, peAaKTAPOBAHNA HE NEHTEe MaCCUBOB ¥ COPTUPOBKM BXOAHBIX M BbiXOAHBIX AdH-
HbIX Moaenn. 3a4acTyio Npu OTnagKe NPOUECCOs Moaenu C APEBOBMAHON CTPYKTY-
POl achexTuBHA TpaccMpoBKa anropuTMoB. BO3MOMHLI TPU B84AA TPAcCMPOBKY
NPOLECCOB: KaXKA0W KOMaHALI, hMKCAUMM NEPEXOAOE B anroputme npouecca u pe-
FUCTPaUMA TONEKO MaKpoKomaHa. Boo6uwe ana aBToHOMHOI OTnaaku npoueccos
fIPOrpamMMUCT AOMKeEH BbLINONHATL 6OMbWKA OBbem paboT no CpaBHeHWIO C OTnaa-
KOW npoueayp paboyux nporpamm. YBenuyeHue o6bema pabor BbI3BaHO Heobxo-
AuMOCTHIO OBecreduTh pearnposaHue “’BHelHel cpeps!” npouecca Ha ero noseae-
Hue. K “BHewHeln cpepe’” npouecca OTHOCATCA UMUTaTOPbLI NOBEAEGHUA APYTMX Npo-
UECCOB 1, BOIMOXHO, BNOKW, UMUTUDYIOLLME BHEWHEE OKPYKeHUe MOoAenNuMpyemMon
60nbLLIOI CUCTEMBI.

OTnagus aBTOMOMHO Kaxabil NPOUECE, UCCNENOBATEND MOXeT NPUCTYNUTL K
KOMNAEKCHOU OTMa0Ke NMUTAUNOHHOM nporpammHov moaenu. Heobxoammo o6b-
8AMHWTL OTAeNkHbIE MPOUECCHI, KOTOpbie Pa3pabaTbiBanuCh NapannensHo pa3nuu-
HLIMU NPOrPaMMUCTamu, B eAMHYIO CIOXHYIO cucTemy. Mpu 06beanHeRUm pasnuy-
HbIX NPOUECCOB, OTNaX«eHHbIX B OTAENbHOCTH, BOIHUKAIOT OLWIMBKMW U3-33 HECOOT-
BETCTBMA WX B AMHAMUKe QYHKUMOHNPOBAHNA U HETONHOCTEN B MepeaaBaeMoii UMu
wHopmauum.

Ha nepsom 3Tane KOMNNeKCHOW OTNaAKM MccnegosaTens ynpouiaet B3aumo-
CBA3b NPOUECCOB NO MHGOPMaUUK (CTaBUT COOTBETCTBYHOLWME "zarnywku” 8 anro-
PUTM npoueccos) . HauyuHaetca oTnanka BaaumopeiicTeuA npoueccos no oneparo-
Pam nycka u octaHosa. Moaenb HapawmBaeTca no MeToay "'ITan 3a atanom’’. Hauu-
HaR C OTNAAKM B3aUMOAEGNCTBMA ABYX NPOUECCOB, UCCNEAOBATENL MOCTENEHHO Ha-
PAWMBAET NPOTPaMMHYIO MOAENb A0 NONHOr0 06bema. 3aTem NPOUCXOAUT Hapawmu-
BaHue ¢GyHKuUin Kaxporo npouecca. Npu ao6asneHun HOBOIro npouecca cnepyer
NPoBEPATL B3aumoaeicTene ¢ “"BHewHel cpegoin’”. Takum obpasom, pazpaboTumku
(PaKTUYECK N CO3AAIOT NOCNENOBATENLHOCTE BAOMKEHHBIX NPOFpaMMHLIX MOAenen, u
OMLIT OTNAAKU OAHOW MOAENU WCNONLIYETCA ANA yRYYLLIEHWA nocnegywwein. Mpu
OTnagKe HOBOW MOAENN B HeW OBHAPYIKUBAOTCA nporpammHsie ownbku n onpeae-
NAKTCA HETOYHOCTU Nepexofa OT GOPManNLHOrO ONUCaHUA K NpoOrpaMMHON peanu-
3aunun Moaenu 6onbLLION CUCTEMBI,

Ha BTopom arane komnnekcHo#t oTnaagku Npor paMMHOW MOAilenNK NPOBEpPAETCA
COOTBETCTBUE MH(OPMAUUK ANrOPUTMY NOBEAEHUA NPOLECCOB. Mpwu aTom wupoko
NPUMEHAIOTCA BPeMeHHE e AMarpamMbl HYHKUMOHWPOBAHUA KOMMOHEHTOB MOaeni.
Ha 3tom 3tane oTnagku B nporpamMml NPOUECCOB BCTaBNAIOTCA ONEpaTopsl BblAaun
COAEMKMMOro ux Tabnuuy 1 OTNagkm, NPeAoCTaBNAEeMbIE CUCTEMO MoAenupoBaHuA,
No okoHyaHum NPOBEepK# 3Tu ONepaTopbl OTNAAKKW UCKNIOYAOTCA U3 “‘Tena’’ npo-
uecco. CylLecTBEHHO MOMOraeT Mpu 3TOM HanuiMe B cUCTeMe MOAENUPOBaHNA
6uGnuoTeKn NPOUECCOB 1 CPEACTE ONEPATUBHON KOMINIOHOBK M Moaenu u3 Hee. Pas-
BUTbIE CPEACTBA aBTOMATM3aUMNM MOAENMPOBAHUA, KaK NPaBuno, NPepoCTaBNAKT B
pacnopaxeHue pa3paboTyMKa LUMPOKMWIA CNEKTP AMArHOCTMYECKUX coobuieHuit o6
OLWKNOKax AUHAMUKW UMuTauumu. ITo oBneryaer NOKann3auuio AMHaMHYECKKUX OLUKN-
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6ok B npoueccax. Boobuie oTnaaKy nporpammel MOAENN MOXKHO cpasHWTL C OTNaA-
KOl BOMBLLMX NPOrPaMM peansHoro BpeMeHu.

3apepLiaeTCA CO3AaHMUE NPOrpaMMbl MOABIHA 60nbLIOW CUCTEMbI COCTasneHUeM
npo2pammnol O0KyMeHTauuU Ha MOAENL. TpaavuMOHHbIE METOALI COCTABNEHWA A0
KyYMEHTauuM HenpuMmeHUMbl Npu NPOeKTUPOBaHAM mopeneil BonbLUUX CUCTEM. He-
o6xoauMbI Bonee TOUHLIE W nofpobHbIe CreumduniKaunu U onucanuA mopeny. OBiy-
HO AOKYMEHTAUWA CO3AAETCA yXe nocne HaMWCaHWA W OTNaAK YW pabounx MporpaMm.
[OKYMEHTaUMA He AOMKHA PacCMaTpuBaTLCA KaK HeYTo AONONHWUTENbHOE, YTO MOX-
1O cAenaTh Nocne COCTaBReHNA NporpamMM. B naHHOM cny4ae AOKYMeHTauUnA nNpea-
cTaBnAeT MHCTpyMeHT, Be3 KoToporo pa3paboTKa Komnnekca B3aVMOCBA3aHHbIX
nporpaMM HPGSBblqaﬁHO 3a'rpyaHvrreana,

OpaHa U3 TPyAHOCTel 3aKnovaeTca B 4acTOM M3MEHEHWUU NoruvecKoro NocTpoe-
HWA npouepypbl, peanu3ytouiei npouecc. Mpu oTnaake Npoueccos nccnepoBarenb
o6HapyXnBaeT HernpeasuaeHHbIe Tpyaroctn. OH NOCTOAHHO v3ameHAeT npoueaypb!.
BcneacTBue OrPaHWMeHWid, Hanaraembix 13-3a toro, 4To ero paboTa AQMKHA CONpA-
raTbCA ¢ paBoToih paspaboTyuKoBs APYrix NpPOUECCOB, eMy MPUXOAUTCA W3MEHATH
cTPYKTYpY uwHdopmMauuu, agnRowWenca oblend AnA MHOrux pa3paboTunKoB., 6e3
KoHCyMbTalUuMu C Humn, Moaramy sce BHOCHMbBIE U3MEHEHUR ROMXHbI TLWATENbHO
AOKYMEHTWPOBATLCA, B NPOTWBHOM cnysae pazpaborka obuelt cucTembl BbIMAET
v3-N0a KOHTPORA, Y OAHW pa3paboTumKin He ByayT 3HaTk, 4TO penaoT apyrue. B
YCNOBUAX MOCTOAHHLIX VN3MeHEeHWA Hajo yCTaHoBUTL KECTKWUIA KOHTPOAb 3a COCTOA-
HNEM v BEAEHWEM, AOKYMEHTALMY, uHave Het HUKaKOW HaaeXAbl Ha TO, 4TO B MO-
MeHT OBBLEAMHEHWUA MPOLECCOB B MOAENb OHU GyayT COOTBETCTROBATe APYT APYTY-
MoatoMy Heobx0aUMO Tak npopaboTaTh CaMy AOKYMEHTAUWK 1 KaHanbi ee pac-
npocTpaHeHur, uToBel By obecreyersl BO3MOXHOCTL BBEABHUA CY LLECTBEHHbIX
MaMeHeHui n 06A3ATeNbHOE O3HaKoMAeHUe C HUMW BCex NPorpamMucToB, KOTOpbIE
AOMKHB! O Hux 3Hath. Oanaxko npw cO343HMN NPOTrpamMMbl MOAENU 6onbuIon
cvCcTeMBbl MOTOK LOKYMeHTauny MoxXeT cTaTb TakuM 60/LWNM, YTO BO3HUKHET He-
06X0AUMOCTE B COKPaLLEHNN M3MEeHEHWl 10 MUHUMYMA MOCNe Havana OTnagku npo-
LeccoB.

Mpu KOMMNNeKCcHOW OTnaaxe NporpaMMHOW MoAaenu MHOYECTBO NPOLECCOB
BLINONHAIOTCA COBMECTHO, M MOTYT BO3HUKATH owunbKK, Bbi3BaHHbIE CAMUM 0bb-

eAnHeHWeM NporpaMm. 3Ti OWNBKM O4eHb TPYAHO NPOCNEAWUTL W UCNPaBnTb. Ha-
AUuMe YNOPAAOYEHHON AOKYMEHTaLAN MOXET CYLLECTBEHHO NOMOHD B 3TOM.
YpogeHs [OKYMEHTaUNK 33B1CUT OT CNOWHGCTM pazpabaTelBaeMoin NPOrpamMMsl
mogenu. finA moaeni 60NLLWIOA CUCTEMbI MPUHATO cocTagnATb NoapobHbie U Twa-
TenbHo npopaboTraHHble cneundgmkaum NpoLeccos. Kakpon cneuncdukaumw npu-
cBauBaeTCA KOAOBbI HOMED, KOTOpPbIA TOYHO OTPAXKEeT TvN cneundukaumn. 3107
HOMep RO/BKEH COAepKaTh, B 43aCTHOCTH, HomMepa Bcex Apyrux cneunduKauui, CBA-
3aHHbIX C A3HHbIM NPOLECCOM, YTOBbI MOXKHO 66110 NPOCNEAUTL BHECEHNE N3MeHe-
HWi B ApYruve npoueccel. B cocTase pa3zpaboTunKos NporpaMMHON MOAENN AOMKEH
6biTb CREUWansHbIN 4enoBeK, ARAAIOWMNCA "EubnuoTeKapem’’, KOHTPOIUPYHWUM
COCTOAHWE AOKYMEHTauuu y ocvanbHbIX pa3paboTYMKOB W permncTpauuto Bcex npo-
UCXOMALLMX U3MereHnid. Cneuudimkaumnu W3IMEHAIOTCA MO Mepe pasBuTVA NpeacTas-
neHwit 0 MORENU CUCTEMBI, W NO3TOMY ANA pervcTpaunm 3Tux NoCTOAHHLIX 3MeHe-
HUiA HEOBX0ANMO NPeAYCMOTpeTs COOTBETCTRYWVE apxvesi. UHdopmauva 06 n3-
MeHeHWAX cpeaw paspaboruvikos MoAeny AOMKHA BbiTh, OAHAKO, MUHWUMAanNbHOM,
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TaK KaK OHW MOryT NpocTo “yTOHYTe'' B Bymarax, KOTophie Hafd0 4UTaTh U OCBAU-
B8atb (Hekoraa 6yaeT OTNHKUBATL npoueccst) .

4.5. PEANTU3ALUA MOLENER C NOMOLLI0 MOAEMUPYHWE MO KOMANEKCA PLSIM

MK PLSIM nocrpoen Ha 6ase YHUBEPCANLHOrO A3biKa NPOrpaMMUPOBaHWUA
PL/1 OC EC v ovnwyaetch ot APYrux CUCTEM MOAEenMpoBaHnuA Ha Gase PL/1.ot-
cyTcTBnem npenpoueccopa. B MK PLSIM ucnonw3oean NPOUEAYPHBIA NpPUHLUN
Peanu3aunm nporpaMmel-Moaeny, 6asUpyrowmMiACA Ha PAAE CONaLIeHuii, KOTOpPbIM
AomkeH cneaosate nonb3osatens. Bee A3bIKOBbIe KoHCTpyKkuun MK PLSIM genAat-
CA Ha ABE TpyNNbi: NPOUEAYPbI-NPOrPaMMbl ¢ npoueaypbi-byHKuun. CuHTakcuc
A3bLIKOBbIX KOHCTPYKUUA UMeET BUA

onepatop :- = CALL <umn onepatopa >[ (cnucok napamerpos)];
dyHkuna 1L = <uma dyHkumm > [ (cnucok napamerpos) |.

Mogens npeactasnAeT B3aMMOCBA3aHHLIN Habop aKTUBHbLIX WU NAacCUBHBIX 06b-
eKToB. O6beKTE! GLIBAIOT YEThIPEX TMNOB: NPOLECCH, ouepeawn, cpeacTea v Tpacchl,

flpoyeccs: nNpeacTaBNAIOT OCHOBHOW M OGA3aTENbHBIN Habop aKTUBHbIX 06b-
eKkToB Moaenu. Moa npoueccom NOHUMaETCA CBR2AHHBIA Habop aKTUBHOCTeN, pac-
CMaTtpueaemelx ynpaenAwuled nporpammoinn MK PLSIM kak oTaensHblit 06bexT.
Pasnuyalor yHukanbHble U pasmMHOXaEeMbl e npoueccel. YHuKanbHo-
MY npoueccy COOTBETCTRYIOT oAHa paBoyan o6nacTe v oaHa Npoueaypa, peanuay-
LiaA anfopuTM ero BbiNoNHeHUA. PasmMHoxaembIit Npouecc ABNAETCA peeHTepabens-
HbIM, N KOXKAOA KONUW COOTBETCTBYET CBOA paoyan o6nacTo.

Ovepedu Toxe GbIBAIOT YHUKANbHBI MU © Pa3MHOMXAaeMblMu.
Mo cnocoBy xpaHeMua u nepepauu MHOPMaUUK Pa3NUYaDT ABa TMNA OYEpPeneil:
6e3 noTepb M C nNoOTepAMM TpeboBaHnit. TpebosaHua UMeroT
¢mKcnpoBaHHbI hopmaT B fipeaenax ogHo oYepeau 1 NPeacTaBnAT CTPYKTypY
A3bika PL/1, nonHOCTbIO ONUChIBaEMY O NoNb3OBaTENEM.

Cpedcrea ABAANTCA WHCTPYMEHTOM CUHXPOHW3aUMN B3aUMOAEUCTBYICLNX
Npoueccos Mogenu. PaanuuaoT YeTbipe TMNa CPeACcTB: yCTPOWCTRa, namaTy, thnary
MCUrHanel. YCTPOWCTBA M NMaMATU BeINOMHAKT Te e dyHKUUK, uTO
U B Npyrux A3eikax moaenvposaHun. f11060e yCTPONCTBO MOXKET BhiTbh 3aXBa4YeHO
¥ NONHoCTLI0 oceo6okaeHo NW6LIM npoueccom. MamATs o6nagaer em KOCTbH), KO-
TOpaA MOXET BbIAENATLCA NpoueccaM U OCBOBOMAATLCA NO YacTAM. B cnyuae 3a-
HATOCTN YCTPOWCTBA, HEXBATKN NaMATU NPOLECCh! BLICTPAMBAOTCA B COOTBETCTBY-
lolwre ovepean nm OXxuAaDT ero ocsoboxaeHnA. iNA MOAENUPOBAHUA MeXaHU3IMOB
CWHXpOHU3auMK Npoueccos Ucnonb3yloTcA ¢ na rv. MNpoueccs! MoryT pearuvpo-
BaTh Ha BbICTaBNeHHLIA Ghnar W MOryT ero urHopupoBate. B cryyae  peakuun Ha
tnar 1 yctaHoBKW dinara Npoueccsl Takxe BbICTPAUBAIOTCA B COOTBETCTBYNOWIME
o4Yepean U 0XKNAAWT MOMEHTa CHATUA cinara. CUrHa nbl ABNAKTCA CpeacTBOM
npepbLiBaHWUA BbINONHEHNA anroputma npouecca. Uccnegosatens ycTaHaBnvBaeT,
Kakue npouecch! 06CNYXUBaOT HerepeceKalwme MHOXECTBa CUrHaANOoB. 06cnyxm-
8atouue NPoUEcce! MOrYT NPepbIBaTLCA NPU BbICTaBNEHNMM “Macku”, 3anpewaioLuen
UX peann3aumio Ha curHanel. Mpoueccel MOryT aK TMBUIUPOBATL W Ae2aKTUBN3INPO-
BaTh curHanet. [pn oTCYTCTBAKM MAaCKMPOBAHKA curHanos YNpasnAwwan nparpam-
Ma aKTUBWM3UPYET O6GCYXMBAIOIME NPOLIECCHI, PEarupyioLume Ha 3TK curHanst, C
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floMolLLi0 curHanoe nonsaosarens. MK PLSIM nony4aeT BO3MOXHOCTL MOAENUPO-
BaTb AMHAMUKY QYHKUMOHWUPOBAHWA CUCTEMbI NPEPLIBAHUA.

Tpaccs! NCNONb3YOTCA ANA M3MEPEHUA XapaK TepucT UK “rpaexTopuu’’ peanvsa-
UMK ANropuTMa 06HLEKT3 MOAENUPOBAHUA. Tpacca npeacTasnaer Habop Tovex puK-
CauvMM MOMEHTOB aKTUBW3aUUW OTAENbHBIX chas paboTbl anroputma ob6beKTa moae-
nAMpOBaHWA. GUKCUPYETCA BPEMA aKTUBUIALAM TO4€K TPacchl.

OnuvcaHue WMWTALMOHHOW MOAENU OCYLUECTBNAETCA C NOMOLLLI ONepaTopos,
onpeaenAruInX KONWYECTBEHHbLIA COCTaB W CTPYKTYDY sceit mogenu. B MK PLISM
MCNONb3YIATCA OMUCaTeny NPoLEeccos, ouepefient, CPeACTB W Tpacc. Mpu onucaxuu 3a-
[ATCA TaKWe XapaKTepuCTWKK NPOUECccoB, Kak TN U npuoputetr. Onucanune ode-
penei copepxuT WHGOPMaLuU o aucuMnnuHax obcny>kusaHun TpeBoBaHWi, CTPYK-
Type Tpe6oBaHWH, pasmMepHOCTH ouepeay. Y KasaHna o KonwiecTae yctpoicts, dna-
rog, curHanos v ofbeme nNamATH AOCTATO4HO AnA AEHTudnKauun cpeacTs. Onuca-
HWe TpacC CBOAWTCA K ONWC3HUI0 WX KONWYECTBA U PasMeLlleHUt0 TO4eK Tpacc B
anroputme Moaenu.

OnucaHue Npoyecca COCTOMT U3 3arONOBKA U ONUCaHUA anropuTMa ero yHK-
wvoHvpoaanuAa. ockonsky npoueccel B MK PLSIM npeacrasnarnT PL-npoueay-
phi, TO 33T ONOBOK MPOLECCA AOMKEH COAEPKATL 3aronoBOK NPOLEAYpbl, ONepaTopkl
ONWCAaHWA NapameTpoB Npouecca CPeACTBaMU A3bIKa PL/1, onepaTop rOTOBHOCTH
npouecca K MOAeNMpoBaHwnio. Mpu onucaHun €amoro anropuTMa NpoLecca ucnon.-
3yI0TCA CpeAcTBa A3biKa PL/1.: Kpome TOro, BO3MOXHO MCNONb30BaHWE cneayw-
WMX ONepaTopoB MOAENVPOBAHNA: CUHXPOHU3ALMUM npoueccoB {0XWAAHWA aKTH-
Bu3auuyM NO BpeMeHn 1 ycroswio) ¥ ynpasneHun obbexTamu (HemeaneHHoro, 3a-
NNaHUPOBAHHOrO NO BpemeHn, no ycnosuie) . YnpasneHve npoueccamu (3anyck,
OCTaHOB, MNaccvBu3auuA, npoaomkerue) v Habop oneparopoB CUHXPOHU3AUNA
YHKUMOHMPOBAHWA NPOUECCOB TPAAUUMOHHSI. PaBoTy ¢ ouepeiRMU NpeayCMaTpu-
BalOT onepaTopbl, ofecneunBatollne 3aNUcs U Bbi6op TpeboBaHwiA W3 ovepean, Ko-
NUPOBaHUE U YHWYTOXEHWe Tpe6oBaHWHA, OHUCTKY gceid ouepeau. Mcnone3osaHue
YCTPOWCTB OCYLLECTBNAETCA ONepaTopamu JaxgaTa W OCBOBOMAEHUA YCTPOMCTB.
[vHamMuUKa M3MeHeHVA paMepoB NaMATu perynupyeTcA onepaTopaMu BblAeneHWA
v 0CBOBOXAEHWA 3aaaHHOro obbvema NamATy. ONA MMUTaUMA CUHXPOHM3aUMW Npo-
ueccos C MoMowbK ¢naroB NONb30BaTeNto NPenocTaBNAETCA CNeaytowmni Habop
onepaTopos: BbICTAaBNEHURA (hnara, HasHavyeHWA W OTMeHbl pearnpoBaHnA npouecca
Ha yKa3aHHbIW dnar. B no6om mecte anropuTMa NpoLecca MoryT BCTPETUTLCA one-
paTopb! YNPasneHwWA curHanamu: aKTUBMUIAUUM U AE3aKTUBM3aUUW, eAUHUMHOTO W
TPYNNOBOro MacKkupoBsaHuA pa3MacK MpoBaHMA UX.

Texnonoz2us uccnedosanua ¢ nomouwsio MK PLSIM npeanonaraeT nocnefoga-
TenwHOe BLINONHEHUE CMEAYIOWMX ITANOB: CUHTE3a MOAENN, UMMTaL MK B3aumonaen-
CTBUA ee KOMNOHeHToB, 06paboTku pe3ynLTatos. AnanorwiHo atum 3tanam PL-
NPOrpaMmMa MMWTAUWMOHHOW MOAENN COCTOUT U3 NocnefoBaTenbHO BbINONHAEMbIX
yacTeli: BHa4Yane peanusyKTCcA onucaHue CTaTU4ECKOM CTPYKTYpbl Moaenw u Habop
OnepaTopoB NNaHMpoBaHWA IKCNEPUMEHTOB, Adnee CNeAyrT ONWCAHUA anropuTMoB
o6 beKToB MoienupoBanua 1 Habop onepaTopos, o6ecnevMBalolLMX yNpasneHue Mo-
nenbio. Yacte PL-Nporpammel, COOTBETCTBYHWAR JTany 06paboTKH, COREPMKMT Ha-
6op OnepaTopoB CUCTeMbI 06paboTKN pe3yneTaToB v ONepaTopoB CUCTEMbI nnaxu-
pPOBaHUA 3IKCNEPUMEHTOB. HanuuMe eAWHOrO R3biKa NO3BONAET OTOXAECTBNATL
KOMMOHEHTLI OBBEKTA MOAENMPOBAHUA C A3bIKOBLIMU koHcTpyKuuaMu MK PLSIM,
ONUCLIBATL MX Ha A3bIKE NPUHATBLIX MOHATWIA 1 YCTaHABNNBaTh COOTHOLWEHUR MEXAY
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obreKTamu, ytro  ofneryaet  chopmanuzayuo UMUTALUMOHHOW  MOAEeNu.
B MK PLSIM noBbiwenue YPOBHA TeXHONOrUN MMUTAUNOHHOW MOZENU BO3-
“MOXHO B Cny4ae NPMMeHEHWA ee AnA yarkocneumansHoi o6nactu uccnegoBaHuA. 3a
CYeT CO3AaHWA W WCMONL3OBAHWA CTAHAAPTHLIX NPOLECCOB W $hopMnpoBaHKA Ha
3Tol ocHoBe GUBNMOTEKM NPOLECCOB YCKOpPAETCA U YNPOUWIAaeTCA OnucaHne MoRenu.
Hanpumep, opueHTauuA Ha MOAENMPOBAHUE BbIYUCAUTENBHOFD fipouecca B BbiYUC-
nuTensHbIX cuctemax (BC) notpeGomana coagaHuA PAAA CTaHAAPTHLIX NPOUECCOB
(renepatopbi 3agav, pewaembix B BC, umuTatopsl o6opyaosaHuna BC, umutatope!
NPOTPa8MMHbLIX KOMMNOHEHTGE MaTtemartiiueckoro obecneveqnna BC) . B rakux cnyua-
AX BO3MOXHO CO3AaHWe HaGopa KOHCTPYKTOPOB AR ONEPaTUBHON c6opku moaenu
BC u3 HaGopa cTaHaapTHbIX npoueccos. OcobeHHO 6onbuloil ahhexT B yCKOpEHUU
noctpoeHuAa mogenw BC pocturaetcA npu Gonblwiom uucne TWNOBBIX NpoLEecCcon.

MK PLSIM ponyckaer ucnons3oeaxue fpoueccoB, KaTanoruMpoBaHHbIX B ero
6ubnuotexe, B KavyecTse CTaHAapTHLIX, Ge3 NPeACTaBNEHNA anropuTMOoB 3TUX Npo-
ueccos Ha A3svike PL/1. B atom cnyuae nons3opaTenio LROCTaTOMHO NEpevyucnuTL B
OnncaHWy COCTaBa MOAENN MMEHA CTaHAAPTHbLIX NPOLECCOB, U CUCTEMA MOz enuposa-
HWA MK PLSIM cama Bbi3oBeT 3Tu ‘PL-npoueayps! n opraHuzyer anA Hux cooTBer-
cTBytowme paboumne obnactu. CnegoBaTensHO, NOABNAETCA BO3MOXXHOCTh OnepaTve-
HOrO NOMONHEeHUA BUBNMOTEKN CTAHAAPTHLIX MPOUECCOB M KOMMOHOBKU Bpyrux
npoueccos-nonytabpukatos AnA 3aaaHHON NpeaMeTHON o6nacTy ucecneaoBaHuUin,
Boo6we mo6oit yHuicanbHLIN NPOLECC NOCNe OKOHYaHUA OTNAAKW MOXKET BbiTh Ka-
TanoruluposaH B 6ubnuoreke npoueccos MK PLSIM u craTe CTaHAAPTHBIM. JTO Cy-
LUECTBEHHO MOBLIWAET YPOBEHL ABTOMATVU3aUMM NOCTPOBHNA UMUTALMOHHBIX MOAE-
. nein 6onbnx cuctem.

Cucrema modenuposaruas MK PLSIM NpeaoCTaBnAeT NONb30BAaTeMO BOMNONHU-
TenbHbIe TEXHONOrMYECKME BOIMOXHOCTY B MOCTPOEHUN MOoAENU: OTRAAKY ANHAMMK U
(DYHKUNOHUPOBAHUA O6BEKTOB MOAENM C MOMOLLbIO CPeACTB TPAacCUPOBKW COCTOA-
HWA O6LEKTOB U BbIAAYY HA NeyaTalowiee YCTPOWCTBO UHAOPMALMU O CMEHE COCTOR-
HUA 06BEKTOB, ANArHOCTUKY O Peanu3auny 3TanoB CUHTE3a W MMuTauuu mopenu.
AnA ynpoweHvn ynpasneMun oTnapkoii Ha aTane cuHTe3a MOAENM BBOAWUTCA Map-
KWPOBKa NPOLECCOB COOTBETCTBYHWNMM OnepaTopamu. JINA MapKWPOBaHHbIX npo-
LECCOB COGMPAETCA CTaHAAPTHAA CTaTUCTUKA, YTO CHUMAET C NOAbIOBATEens 3aboty
06 oprannzauuu c6opa TPagWUMOHHON CTaTUCTUKM MoZenupoBaHWA. Bonbw o Ha-
60p coobeHuit MK PLSIM o6ecneyvsaer WCCNeAOBaTEN0 BO3MOXHOCTL NOKanu-
3aumMmn oWMBOK KaKk CTaTUYECKWX (B Tene onucanus MoAaenu) , Tak U AUHaMUYECK UX
(B xORE NMUTAUMOHHOT O IKCNIEPUMeEHTa) .

Mockonbky Monens Gonbwoit cuctemsl, Kak npaeuno, npegHazHayeHa 4NA No-
UCKA Y3KUX MECT B anroputme ux yHKUNOHUPOBaHUA, CpeaCTRa OTNaAKu mope-
neit 8 MK PLSIM crieunanuanposambl Ha o6ecnevenue 3TUX (DYHKUMWOHANLHLIX BO3-
MOXHOCTei. [InA 3Tol uenu NonL30BaTens UMeeT 8 CBOEM pacnopAXeHWn LKPOK WA
Habop "“aaMnoB” u BOIMOXKHOCTb axcnpecc-06paboTku pesyneratos mMoaenupoBsa-
HUA Ha nl6om ware uMmuTaumn. Cloga OTHOCATCA BO3MoxkHoCcTU MK PLSIM no Bbi-
Aale BPEMEHHbLIX BMarpamMm NoBeAEHWA NPOUECCOB W BINONHEHWE nNpoBHLIX pacye-
TOB C Bblaauei 00LLIeH 1 CTaHAAPTHOM CTaTUCTUKY. LAnr yrouHenun xapaxTtepuctuk
NPOLECCOB B XORE MOAENMPOBAHUA BO3IMOMHO WCHONLIOBAHME B anroputme npo-
uecca paja onepaTopoB-hyHKUMIA, NO3BONAIOMX ONPeaeniTs HOMep npouecca, ero
NPUOPUTET, COCTORHWME W BenNUuUHY BpPEMEHW, OCTaBLUErOCH RO MoMmeHTa
aKTUBM3aUUU.
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BecbMa CylLECTBEHHO WUCCAEAQBATENKD ONEPaTUBHO opraxusosats anpobayuio
modenu Takum o6pa3om, 4Tobbi He 3a60TUTLCA O NpPOrpaMMUpOBaHUN cneunans-
HbIX MPOLEAYP ANA UCNbITAHWA MOAENHN. ABTOMAaTH3aUuUA 3TOro NpoLecca 3a4acTyto
3HAYUTENLHO YCKOPAET BbiNOMHeHWe 3Tana anpoBauuu moaenn. Cioaa, B 4acTHOCTY,
OTHOCUTCA BBEAEHUE CNeunanbHbiX NPOUEAYP: OUEHKA TOMHOCTH MOAENUPOBAHUA,
aHanWa CTauMoHapHOCTY NOMyYeHHbIX PE3ynbTaTos, onpeAeneHue YCTOWMNBOCTY pe-
3yNLTaTOB MOAENMPOBAHNA, aHanus 4YBCTBMTENLHOCTU MOfieNU Ha U3MeHeHue napa-
METPOB MOAENUPOBAHNA.

ToYHOCTHL MMUTALNM HEOBXOAMMO ONpeAenATL U3-33 HanUuMA B UMUTALMOHHON
MOAENU BONLLWOHA CUCTEMbI MHOXECTBA obpalweHnii K reHeparopam ncesaocny4an-
HbIX 4ucen. Ka)Kﬂbll;l Takomn reHepartop ABNAETCA UCTOYHNKOM OTKnOHeHMﬁ UMWnTa-
LMK BapWaHTOB MOAENY APYT OT ApYra. MoaToMy BECbMa CYLLECTBEHHO Bbl4YnCneHNe
Aucnepcun ownboK nmuTaumu. Kak nokasana NPaKTUKa UCCNeaOoBaHNA BbIMUCIU-
TenwHOW CUMCTeMbl, AOCTATOMHA OUEHKa Ancnepcun OTKNOHEHWIN NokKasaTenein Kave-
€TBa BapWaHTOB MOAENMPOBAHWA APYr OT Apyra no cneayoweit metoavke. B cpe-
AVHHOW TOYKE 0BNACTM U3MEHEHWUA MapameTpos OpraHU3yeTcR AeCATOK NPOroHOB
MOAENN C OAHUM Y1 TEM XKe HavamnbHbIM 3Ha4eHUem 20 ANA reHepaTopos NCesaocny-
4alHbLIX YMCeN. BLIYMCNAETCA MaTEMATUHECKOE OXWABHWE NOoKasaTenn Kawecrea Mo-
NEAMPOBAHWA W C YPOBHEM [LOBEPUA  ='0,95 onpeaenRiOTCA AOBEPUTENBHbIE WH-
repeanbi. B MK PLSIM kaxanaa npoueaypa UMUTALMU peannayeT CBOW reHepatop
nceasgocny4aiteix uucen. Moatomy npu opraHnsauuu MOAENMPOBaAHMA HEA6X0AUMO
XPaHWUTb MAaCCWUB 3HaYeHUIA {20} ANR Kax/oro resepartopa, 6naroaapr YemMy AOCTH-
raeTCA He3aBUCMMOCTh MeHepaTopoB ApYr OT Apyra. [nA yeenM4eHUA NepuoAa ane-
PMOAVYHOCTY UCNONB3YIOTCA MPOLIEAYPEI, B036Y>)KAaI0WME HAYaNbHbIE 3HAYEHUA Eo,..
3T0 NPMBOANT K HEOBXOAMMOCTU 3aNOMNHATEL BCO nocneaoBaTeNbHOCTb HaYanbHbIX
3HAYeHU! U NpU OuUEHKE TOMHOCTW 3aMeHATh obpauieHue K 3TUM NPOUEAYPaM X
3aMNONHEHHbIMMW 3HAYEHNAMM gOi 8 NepBOM NPOTrOHe.

B MK PLSIM ana onpeaeneHWA MOMeHTa BX0AA MMUTAUNOHHON MOAENN B CTa-
LMOHEPHBIA PEXUM UMEETCA BO3IMOXHOCTL WCNOMb30BaHUA CMeumnanbHbIX Npouec-
cOB-KOHTpOMEpoB. 3T  NpPOLECCh GQYHKUMOHUPYIOT MO Pa3nuiHbiM anropuTMam,
3apagaeMbiM NOMb30BaTEIeM U peanu3yeMsiM B guae cneunansHbix npoueayp. C
MOMEHTa BXOAd MOAENM B CTALUOHAPHbINA PEXXUM NpK BbINONHEHWUM 3aAaHHbBIX YCNO-
BuiA B 3TUX NPOUBAYPAX YNPaBnALIUX NPOrpamm MK PLSIM ocyuwecTBnAeT as-
TOMaTUdecKuWit 3anyck cBopa CTaTUCTUKM, KOTOpLIA NPOAOCIIKAETCA A0 3a4aHHOro
MOMEHTE BPEMEHW UNN BbINONHEHNA YCNOBUA.

B MK PLSIM mMoxHO ucnons3oBate NpoOueaype! BbINUCNEHWA 88/TUYUHBI OTKIU-
K&, OrWCbIBaeMble fOMbL30OBaTenem, pesynbrarbl paboThl KOTOPbIX 3aTeM YyXKe uc-
NONb3YITCA CTAHAPTHOWN NPOLEAYPOA OUEHKW YYBCTBUTENLHOCTA. Ha ocHOBaHW®
Tex e aNPUOPHBLIX CBEAEHWIA NONb30BaTeNb AOMKEH 3a0atbh MHTepBan W3MeHEHWA
KaKAOro0 KOMMNOHEHTa BeKTOpa NapaMeTpos UMMUTAULMOHHON MOAeny GONbLIOK CnC-
Tembl. ITa cTaHaapTHaA npoueaypa MK PLSIM onpeaenneT obnacte u3MerHeHnA no-
Ka3aTenA KaYecTea cnedytowmm o6pasom. OnpenenAeTcA BerMymHa OTHOCUTENLHO-
O OTKAOHEHMA NOKa3laTenA KavecTea 8/7/. MpK n3meHeHun i-ro NapameTpa UMuTa-
UMOHHON MOAenu OT 3Ha4eHWA UEHTPaNbHOW TOYKN Ha BENUYMHY BbIGPaHHOr 0 UH-
Tepsana B o6e CTOPOHSI. OcTanbHble 3Ha4eHUA NapameTpoB UMWTaUMOHHOW Moaenu
OCTalOTCA HEN3MEHHbIMU U COOTBETCTBYHOWNMU ueHTpansHoi Touke. Takum cnoco-
60M NOOHEPEAHO ANA KAaXAOr0 Napamerpa Moaenu onpeiaenAETCA MHOXECTBO 3Ha-
yeHui {5/7’.} 4 3aTeM W3 HUX BbIGUPaETCA MaKCMMafbHOE 3Ha4enne 8f1, , xoto-
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poe 4 BblIAAeTCA cTaHaapTHOW npoueaypor MK PLSIM 8 kadectBe KpuTepuA YyBCT-
BUTENLHOCTA UCCREAYEMOW WMUTAUMOHHOW Madenu. B Tex criyyasx, KOrAa uccneao-
BaHue 06BEKTA HA MOAEBNM BEETCA NO HECKONBKWM KPUTEPUAM, 0BLIEA Npoueaypa
No YKa3aHwio NONb30BATENA MOXET 06PaWATLCA K PasHbIM NPoLefypam, BbINUCAA-
OWUM COOTBETCTBYHOLLME NOKA3aTenn KayecrtBa, U 3aTeM yXe NpoOBOANUTL PaHXXK-
POBKY HECKONbKWUX NOKAa3aTeNei KayecTsa No BENMHYMHe YYBCTBMTENBHOCTWM MOAe-
nW. Takon npvem 3a4acTyro NO3BONAET BbIGPATH COOTBETCTBYIOWMIA KPUTEPUIA OLeH-
KW B3apMaHTOB MOAENMPOBAHUA NPU HaNMYMKM HECKONIbKUX anbTePHATUBHLIX NOKa3a-
Tenei KayecTBa MMMUTALMOHHOW MOoAEnK.

Tak 33 CNET WCNONL3OBAEHMA YKA3aHHBIX NPOUEAYP NPU OPraHU3aLuM Mo-
AenLHOTO 3KcnepumeriTa cpeacTeamMn MK PLSIM gocturaercna asTomartusaums pAaa
HedlopManbHbIX AEHCTBUIA UcCneaoBaTenA. B peaynbTaTe COKpawawTCA CPOKK NPo-
BEAEHUA IKCNEPUMEHTOB Ha MMMWUTaLUWOHHON MOAENMW, a TAKIKE 3aTpaThbl PECYPCOB Ha
MOAENUPOBaHWE 3a CYeT CBOEBPEMEHHOro M OGOCHOBAaHHOrO NpeKpauileHUA Moae-
NVpOBaHWA.

OcTaHOBUMCA Ha ABYX Ba)KHbIX BONpOCax, CBA3aHHLIX C aBTOMaTU3auuel 3Kc-
NEpUMEHTa Ha WMUTAUNOHHOW MOAENU: HA OPraHU3auUKM YNPaBNeHUA UMUTaUMEN W
NNaHWPOBaHUN UMUTALUOHHBIX AKCNEePUMEHTOB.

MK PLSIM o6nanaeT Heo6X0AMMbIM HaBopoM cpedcTa ynpasneHus umMurayu-
ed. MNone3oBatesis MOXeET KaTanorM3UPOBaTs B KayecTBe CTaHAAPTHLIX Mo6oe Yucno
NPOUECCOB-KOHTPONepoB, B YHKLUUW KOTOPLIX BXOAWUT yNpaBneHve MOAeNUpOBRa-
Hnem. C NOMOWBIO NPOLECCa-NIMAepa OH MOXET OpraHU3oBaTh NOGOW peXXUM nepe-
X0Aa MOAenu B CTaUMOHapHOe COCTOAHWE. Hanuuue cpeacTe ynpasneHuA cGOpoMm
CTaTUCTUKM NO3BONAET hnKcupoBaTh CTaTUCTUKY NO MOBOMY anropuTmy, BKIWO-
YaA oTAeneHne ee B CTAUMOHAPHOM COCTOAHWUV Moaenn. MockonbKy nporpammHan
peanu3auMA Moaenv npeacTaBnAeT PL-nporpammy, opraHuzauua MHOr OBapUaHT-
HOrO MNN UTepaTMBHOTO MOAENMPOBaHUA 06eCcreYnBaeTCA NPOCTLIM 3aUMKNUBAHK-
€M NporpamMmbl-MOAENM C KOHUa Ha Havyano. MK PLSIM umeer cpeactea ans ocTa-
HOBa UMWUTaUUK W NPOAOIHKEHWA €€ C NPePBaHHOr0 MEeCTa, YTO CYLLeCTBEHHO NPW Op-
raHu3auku MoaentHOrQ 3KCNEePUMEHTa B YCIIOBUAX OrpaHUYeHUA BpeMeHn paboTbl
3BM, nockonkKy NO3BONAET MCCNEAOBaTb AEACTBUTENHHO BONLLIME MOAENM, ANA
paboTkl KOTOPLIX TPEGYETCA MHOFO MAaLWMUHHOT O BpeMeHU U GONbLIOIA 06beM NamA-
Tn. Hannune ycnoeHeix onepatopos 8 MK PLSIM nossonaer 3anporpaMmMupoBaTh
Mo6eie Npoueaypbl ANA yNpaBfeHWA NpOUECcCoM MMWTauuu. MHoXecTBo onepato-
POB ynpaBneHuA 06LEKTaMM MOAeNU CYWeCTBEHHO pacluMpAeT BO3MmKHocTn MK
PLSIM B ynpaBneHun npoueccamu, ycTpoiiCTBamMu, NamATbIO, Tpaccamm, ovepenn-
My, cemacdopamu, CUrHanamm.

Mocne saBepweHnA 3Tana MMUTaUMK OBLIYHO OCYWECTBNAIOTCA 06paboTka cTa-
TUCTUKKU U KOpPPeKTUPOBKA N/1aHa UMUTAUUOHHO20 IKCNEPUMEHTS. ﬂ.l'lFl CTaTUCTHU4e-
CKOro aHanu3a pesynbTatos MoaenuposaHnA MK PLSIM npegocraenrer Tpapwum-
OHHble BO3MOXXHOCTU NO 06paboTKe CMaHMPOBAaHHOMO SKCNEPUMEHTA: anNnNPOKCH-
Maumnio FUCTorpaMMm, pacnpeaeneHi, goluucneHne KBaHTVNEN pacnpegenenuii, npo-
BEPKY runoTes, NOCTPOEHNE BPeMeHHbIX PAAOB. A3bIK NNAHUPOBaHWA IKCNEPUMEN-
Toe MK PLSIM paer uccnegoeatento 803MOXHOCTb MCNONb3OBaTh cneaytouue
CTpaTer i NNaHUPOBaHWA: KOMMNO3ULMOHHYIO CXEMY NNaHNPOBAHMA 3KCTPEManbHO-
ro, nocneaoearensHoro [1-onTUManbHOrO W anNpuopHOro, NNaHUpoBaHMWe ¢ Npeasa-
PUTENbHLIM OTCeUBaHWEM (haKTOPOB, NOCNEAOBATENLHYI0 LAUCK DUMUHALMIO B3aUMO-
AeiicTBuA thakTopos oTknuka. MK PLSIM npegoctasnner 8 pacnopRwenue uccne-
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poBatenA Habop npoueayp, obnersanouix peanaauuto anropuTMOB PerpeccuoHHo-
ro v ANCNepCMoOHHOro aHanu3os. Bectma wupok HaBop Npoueayp 06paboTKu pesynb:
TaTOB aKTMBHOrO ¥ NMacCMBHOrO IKCNEPUMEHTOB. OTMmeTM TecHylo CBA3b CPEACTB
NNaHUpOBaHWA 1 06paBboOTKMN IKCNEPUMEHTOB C TeXHONOrMYECKUMM 3Tanammn Mone-
NVPOBaHVA: CUHTE3OM MOAENM, UMHTaUMER W 06paboTKOW pe3ynLTaTos. Hanwuve B
MK PLSIM onepaTopoB, peanuayiolimx yKasaHHble NpPoUeAYpPbL!, CHUMAET C NONL3O-
gaTenA npobnemy NPOrpaMmMuUpOBaHUA anropuTMOB MNNaHUPOBAHWA 1 06paboTKun
pe3ynLTaTos 3KCNEPUMEHTUPOBAHUA Ha UMHTaunoHHOK moaenu. TexHonorwyeckue
aTanbl MCCNEAOBAHWA Ha UMMWTAUMOHHON MOAENM MOFYT BbiTh o6beauHeHbl UNn pas-
HeceHbl BO BPEMEHW W NPOCTPaHCTEe.

MK PLSIM no3sonAet I(pUKEHPOBaTL ONEPATUBHYHK cTaTtucTuky, obpabatbiBa-
EMYI0 B XOA€ WMUTaUWHK, CTaHAapTHYI0 CTaTUCTUKY, 0BpabaTuiBaemyto N0 OKOHYA-
HUK BapUaHTa MOAEenMpoBaHuA, u obulylo CTaTUCTUKY, obpabaTbiBaemylo B Apyroe
BPeMA CreunansHo HanWCaHHOW ANA 3TOW uenu PL-nporpammoit. Bce 3To obner-
yaeT peweHue npobnembl NOCTPOEHMA moaeneid 6ONbUWKNX CMCTEM MpW Hanuunu
OrpaHuYeHnit Ha ONepaTUBHYIO NamMATbL 3BM.

MK PLSIM peanusosan anAa EC 9BM. CucTema MOAENNMPOBaHUA HaNMCaHa Ha
Aaaeike ACCEMBNEP u conepxut 170 npoueayp. Heobxoanmbi 06Lem onepaTtuve-
HOU NamATV ANA PEANM3auvM ONEPaLUMOHHON YacTH CUCTEMBI MOAENNPOBaHWA COC-
tasnAet 60 K 6antos namatn. MK PLSIM conepxut 19 npoueayp MmuTauunm ncee-
AOCAYYaiHbLIX YWCcen Ha A3bike ACCEMBNEP. Noacuctemsl 06paboTiki n NnaHnpo-
BaHuA skcnepumenToB MK PLSIM peanuaosansi Ha A3bike PL/1.06wee 4ucno cne-
LManbHbIX ONEPaTOPOB A3bIKA, PEANU3YEMbIX ITUMU nomcMcTeMamu, cocrasnner 53.



5. MOAENUPOBAHUE BbLIYUCNTUTENbHbLIX CUCTEM

5.1. COAEPKATENBHOE ONUCAHWE| MHOIONPOLLECCOPHOR
BbIYUCNUTENLHOA CUCTEMbI

5.1.1. Onucaune o6opynosanun

MNpeanonoxum, 41O TpebyeTcA cnpoekTuposaTe BC, KoTopaA mMorna 6b! hyHK-
UMOHMPOBATL B TPeEX peXXwmax: AuanoroBoM, NakeTHOW 06paboTKU U CMeLaHHOM.
B KayecTBe NpoToTUNa NpoeK TUPyeMoii MHororipoueccopHoi BC BuiGpaHa aBToma-
TwieckaR wHGOpMaunoHHaA craHumA (AWUCT-0), paapabotanHam B BL, CO AH
CCCP. B cocTaB cUCTeMbI 4OMKHbLI BXOAUTL CReaylowme yCTpoCTaa.

1. PaBoune npoueccops! (PM), ofuiee Yncno KOTOPbIX He NPeBbilaeT TPeX, Bbi-
NOMHAKOWME TONLKO BbluMCAUTENbHbIE paboTel. OctaHos P nponssoauTtcA npu no-
ABMEHUN KOMaHJ 0B6MeHa C BHELHEW NaMATbIO, 00paLeHu K BHELUHUM YCTPOWCT-
BaM BBOAA-BbIBOAA, aBaPUMHbIX OCTAHOBAX, BbIXOAE Ha NPOrpaMMHbIW OcTaHoB. Bo
B8CeX NepeyUCNEeHHbIX CNYYaAX C NOMOLWbLID KOMaHAbl aBTOPa3pblBa, KOTOPaA reHe-
PUpPYeTCA annapaTtHo, Ha pPerucrpax KOMWPYETCA COCTOAHWE Mpoueccopa W B CUCTe-
MYy MpepbIBaHWUA NOCbINAOTCA COOTBETCTBYOWME CUrHANBI NPepbliBaHUA,

2. YnpaBnawowuid npoueccop (MOHUTOP), peanusylowmnit anroputMm qyHKUMO-
HUPOBaHUA onepaunoHHon cuctembi (OC) W BbINOAHEHME cneuvanbHbIX KOMaHA
3anycka apyrux ycrpoicts BC. [inr ocyuwiecTeneHnA npepbiBaHUA B MOHWTOPE BBe-
AeHbl CXeMbl KOMWPOBaHWAR W BOCCTaHOBNEHWA pervcTpoe. Pabora moHuTOpa MO-
XeT BbITh NpepBaHa TONLKO MOCAe BbINOSIHEHWA o4YepeHON KomaHAsl. Otcuer Bpe-
MeHW B CUCTEMe OCYLLEeCTBNARETCA MOHWTOPOM C NOMOLIbBIO CMEUManbHbIX 3NeKT-
POHHBIX 4acoB.

3. Cucrema npepbieadua (CMNP), pononHAtowan MoHutTop. Boe npudnHel npe-
pblBaHWA Pa3AenAKT Ha TPU ypoBHA. B COOTBETCTBMM C 3TUM NpeAyYCMOTPEHE BO3-
MOXHOCTb Pa3AeNbHOro MacKUPOBaHWA MOHUTOPOM' NPUYUH NpepbiBaHUiA.

4. O6wan onepaTMBHAA NAaMATb CUCTEMbI (OI'II.) , COCTOALLaA W3 pAaa 6nokos.
B kaxaom 6noKe NOMELAETCA TONbKO OAHa PaboyaR NPOrpamma, KOTOPaR MOXeT
BbIMNONHATHLCA TONBKO HA OAHOM U3 MPOLECCOROB.

5. KommyTatop, cneunanbHo pa3paboTanHblil AnA obecnevyeHnA pocTyna npo-
yeccopa K Kaxnon u3 cekunii OFII. npu peweHwun 3aaa4. Ha epemMn peweHnA 3aga4n
KOMMYTaTOp o6ecneYmBaeT ECTKYH CBA3b Npoueccopa c on,. . Yepes kommyTa-
TOp MOHWUTOP W Apyrue CNeunanu3npoBaHHble YCTPOIUCTBE TaKKe MMET AOCTYN K
Tem Ofl; , KOTOpbIE B A@HHBIA MOMEHT HE COeAWHEHbI C KaknM-nnbo npoueccopom.

6. Cenextop BHewHeld namATK (CBM), obecneynsaowuid aBTOHOMHOE BbINOA-
HeHue KOMaHg obMena ON ; € BHewHer NamMATLI0 BC. OH npeacTaBnAeT cneynanbHO
paspaboTaHHoe YCTPOWCTBO YNpaBiieHWA, KOTOPOE WUCMOoNb3yeT ANA OpraHU3auuu
o6MeHOB ofHY U3 /- cekuun ON. CBM moxeT ynpaenATL oaHOBPeMeHHO paboTou
cneaywowux KaHanos obmeHa: ¢ 6apabaHamu (MB), ¢ auckamun (M), nentamu
(M), B kaxaoM ua kaHanoB oBMeHa MOXeT 6biTh HECKOMLKO (PU3IUMECKUX
ycTpo#cTe o6MmeHa.

7. CenekTop BHEWHWX KaHanos {CBK), ynpaenAowmni paboToi BHEWHUX yCT-
porcTB. OH TaKKe NpeAcTaBNAeT CrneunansHo paspaboTaHHOe YCTPOWCTBO ynpaBne-
HWA, UCMONbL3YIOLLEe CeKLUMID Oﬂ,. ANA opranf«sauvm‘MHoroxanaanoﬁ cBA3an BC ¢
BHEWHVMK WUCTOMHUKaMU W NOTpebuTenAMU UHABOPMauMK, B KauecTBe KOTOPbIX

89



UCNONBL3YHOTCA YCTPOICTBa BBOAA MHGOPMaunm ‘c nepdroxapt (YBBK), ycrpoicrea
BuIBOAE MHBOpMaLMK Ha nevats (ALINY) w nepdokapTel (Nd), yaaneHHble nHAN-
BuAyanbHbie NyNeTel NONL3OBaTeNeh ANA ANanorosoro s3anmoaeiictana ¢ BC (TT),

8. Kaxablii Npoueccop CHabXaeTcA CneuuanbHbiM ycTpoicTeoM (TalimepoM},
06ecrneunBallLMM npepsiBaHWe anropuTMa BbiNOMHeHWA 3aAaa4v NO NPOLUIECTBUM
BbIAENEHHOrO ell KBAHTa BPEMEHU . NPU O4EPEAHOM 3anycKe npoueccopa. Tai-
Mep OpraHuayeT asTonpepeiBaHue paboTbl NPOLECCOPA W NOCHINAET B CUCTEMY Npe-
pbiBaHMA COOTBETCTBYIOUMA CUTHanM. CTpyKTypHaAa Cxema CBA3M YCTpoicTs BC
npeacTaeneHa Ha puc. 5.1.
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Puc. 5.1. CTpyKTypHan cxema CBA3K ycrpomcts BC.

5.1.2. Onucanue oNepauynoOHHOW CUCTEMBbI

MaTtemartuyeckoe obecneyeHue BC 4eTKo pa3nenfAeTcA Ha ONepaunoHHYlo Cuc-
Temy (OC) u cuctemHbie NPOrpamMMmel. OC nocTpoeHa No 6NOYHOMY NPUHLANY, Bbl-
MIONHAETCA MOHWUTOPOM W yNpaBnAeT paboToi Beex ycTpoicte BC. Kaxapiit 6nok
OC umeeT cBoe YHKUMOHANLHOE HasHayeHue. B COBOKYNHOCTU 6nokn OC Beinon-
HAKOT TPM YHKUMN: LUK TMYECK A OCMOTP COCTORHUA CUCTEMB, 06paboTKy npepsi-
BaHwWii, NOCTYNAtOWMUX OT YCTPONCTB, M 06paBoTKy CMCTEMHBIX KOMaHA.

BeayluaA nporpamMma Npu OTKMOMEHWH W aKTUBU3AUUM CUCTEMb! OpraHusyert
COOTBETCTBEHHO COXPaHEHWe WAW BOCCTaHOBNEHWE uHgopmaumm u paboty 6a10K0B
OC, npepBaHHY!0 NO Pa3fIU4HBIM NPUYUHAM. B Te MOMeHTbI, Koraa 6noxu OC ceoto
paGoTy BLIMONHUAW W HET 3aNPOCOB B CUCTeMY NpepbiBaHWA  OT yctpoiictea BC,
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BeAylW3A NPOrpaMMa HaxOAMTCA B pexumMe UMKWECKOro CKaHUpOBaHUA peruct-
poB cucTembl nNpeppiBaHuA. MoABNeHVe XOTA Gbl OAHOro 3anpoca of | ycTpoicrs
NpepsiBaeT paboTy Beayuled NPOrpamMet, ¥ ynpaeneHue nepeaaetca Bnoxy o6pa-
60T NpepbiBaHMiA MOHMTOPA. OH OCYWECTENART 33aNOMUHAHME COCTOAHUA MOHU-
TOopa B MOMEHT NpepblBaHUA B COOTBeTCTRYHOWUX “MemMopuanax’’, uaeHTuguumpy-
T TN n HOMep NPUYNHLI NpepbLliaaHuA U NepenaeT ynpasneHue COOTBETCTBYHOWEMY
6noxky OC, rae u 3aBepwaeTcR o6paboTka NpuYUHLI NpepsiBaHuA. 10 OKOHYaHUK
06cnNy>XXUBaHVA NpepbiBaHMA NPOrpaMma 06paboTiu NpepsiBaHui MOHUTOPA € NO-
Moulpld “MeMopuanos” BO306HOBNAET PaBoTy MOHUTOPAa C NPEPBAHHOTO MecTa.
Kaxaeiii w3 6norxos OC obpaGaTuinaeT CBOWA TUM NpepbIBaHNIA.

NopAaok 06paboTku npepsiBaHuiA crieayowmii. N3 OI'I nepenuckIBaeTCA B
Of MoHUTOpa cuCTeMHaR KOMaHAa, BbI3BaBLIAA npepblaanwe, v ynpasneHue nepe-
AaercA Tem Gnokam OC, kaTopeie HEOBXOAMMBI ANA BbINONHEHWA CUCTEMHOW KO-
MaHabl. B dyHKuum 6noka o6paboTku NpepbiBaHUA BXOAUT TaKiKe OpraHW3auun
o6mera Ol ¢-8HetuHen NamMATL0. [LNA 3TOro OH BLIZAET COOTBETCTRYIOLWLME 3aKa3b!
Ha obMer 6noKy opraHusauun gusuyeckux obMeHos. B Tom cnyuae, ecnu npouecc
6Lin NpepeaH u3-3a KOMaH4, BblAaun UHdopMauuv Ha ALUNY vnu M@, ocywecrsnAa-
€TCA npeasapuTenbHaA o6paboTka KOMaHA Bbifa4y M NOCLINKA 3aKa308 Ha BbIBOA
6noky BHewHux KaHanoe. MMocnegHuin obpabaTbiBaeT NpepbiBaHUA BBOAA-BbIBOAA
VHhOpMaurK, NocTynarwen ¢ TepMUHanNoB (3anuce B 6OKCbI) , U YNpaBNAET BblAa-
veil uHdopmMaunu us cuctemei. C NoMows0 BOKCOB OCYLWECTBNARETCA AOCTABKA UH-
thopmauum oT nons3oBaTenA n 06paTHo 6o K OC, nu6o K cucTeMHOl NporpamMme
(CUCN), obecnyxuBaoiuein 3aKasel Nonb3osateneit. Gnok paboTel ¢ GOKCaMK Bbl-
MONHAET CUCTEMHbIE KOMaHAbl paboTel ¢ BOKCaMyU, a TaKKe OBCNYKUBAET 3aKa3b!
Ha paboTy ¢ 6okcamu, nocTynalowue oT apyrux 6nokos OC. Auanor nons3oBaTens
¢ OC unu CUCN ocyuwectanAet 6nok 06paboTku coobuieHuit. B ero dyHKkuum Bxo-
AuT 06paboTKa CUFHANOB BXOA3 NONb30BATeNIA B CUCTEMY, BbINOAHEHWE BCEX CUC-
TeMHbIX KOMaHA Nons30BaTenen, a TaKxe o6CnyxuUBaHWE 3aNpocoB APYrux 6NOKOB
OC, cBA3aHHLIX ¢ OpraHu3aumen KOHTaKTa ¢ NONb3OBaTENAMU. BnoK paboTkl ¢ Mac-
CUBaMU BbINONHAET CUCTEMHLIE KOMaHbl PaboTel C MaccuBamu, a Takke obCnyxu-
BaeT 3anpocCbl HA MaccuBbl, NOCTynaKwwwme or Apyrux 6nokoe OC. Bnok paBoTkl ¢
pecypcamu No CUCTEMHLIM KOMaHAam NONb30BaTenel pacnpeaenneT pecypeCbl CUC-
Temul u o6cnyxusaer 3anpockl Apyrux Bnokos OC Ha BelaeneHue pecypcos BC.

Mo 3axa3am nonu3osateneit OC co3paeT AManorosble NPOrpamMmbl, oBecnedn-
Baloulve BbiMonHeHue 3axasoB (npoueccet). poueccsl MOryT nomewathcA Bo
BHEWHeW NaMATU nnbo B Oﬂ W BbINONHATLCA B MOMEHT KOMMYyTauuu OI'I c oa-
HUM U3 pabounx npou.eccopoa A0 NOABNEHWA QYEPEAHOW KOMaMfbl aBTopaapmaa
Brok paBotbl ¢ npoueccamu BLINOMHART CUCTEMHBIE KOMaHAB!, 8 TaKXKe obcnyxu-
BAET 3aKasel Apyrux 6nokos OC no opraHn3auvMu BbIYMCNEHMIA HAa NpPOUECCOPax.
B ero diyHKuumM BXOAUT CO3AaHME U YHWUTOXEHWE NPOUECCOB NMBO MO PeLIEHMIO
OC, nu6o no xenaHnio nonuL3osatenn. MonL30BaTENU MOryT CO34aRaTh HECKONBKO
npoueccos # OpPraHN3oBbLIBaTL UX B3aUMOAEWCTBUE, 3TV YHKUMK TaKXKe BbiMON-
HAeT Bnok paboTel € NPOLECCaMM C NOMOLLLIO COOTRETCTBYIOWMX KOMaHA. OpraHu-
3auuro pewenA NPOUECCoB, NEPENKch WX W3 BHewHen namATH B O, 1 HaoGopoT
Opranusyer Gnok 3arpy3ku npoueccos. CMeHa Npoueccos B on, , ux axmauaauun
W NpepbiBaHMe OCYWIECTBNAIOTCA MO CUCTEMHbLIM KOMAaHaMm, BblnonHHEMth 6no-
KOM 3arpy3xku Npoueccos.

Opraxusauma ovepeau NPoOLeCccoB OCYWeCTBRAETCA CooTBeTCTBYIOUEW NOANpO-
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rpamMmon “ynopaaodeHun’’, KOTOpaA 8 caoew paboTe UCNONL3YET CUCTeMY Npuopu-
TeToB npoueccos. [puoputer v BoIGOp OYepeAHOro Mpouecca ANA nepenucu ero 8
OM, 3aBuCUT OT CMTYauun B CHCTeMe, COCTORHUA NPOUECCa, 3anpOCOB Ha pecypchbl,
cTOUMOCTH BpeMeH U BbINONHEHUA npouecca. B cnyvae BO3HUKHOBEHUA c60EB NK
aaapvmuux octaHoeos 3BM npv BbINONHEHWW Npoueccod NO 3aKa3lam nonb3ogare-
nA 6noK 3arpy3aKu NPoLeccoB BbiAaeT ‘'cGoiHyio’ nHdopmaunio. Bece obmenbs Mex-

AY CTYNEHAMM NaMATH B CUCTEME OpraHU3yeT BNoK Gu3nyeckoro o6mexa. OH obpa-
6aTbiBaET MOCTYMAOWME B CUCTEMY NPEPLIBAHWUA OT yctponcte obmeHa. Mo sanpo-
cam apyrux 6noxos OC 6nok ¢manyeckoro obmeHa opraHuayeT ouepeas obmeHos
K ycTpoiicteam (MB, MA, MIT) v npu ux oceoboxaeHnm abi6upaeT 3aKasbl U3 3TOW
ouepeav, Opravusaunn ouepeaHoro O6MeHa COCTOWT 8 NOChiNKe MakKpoKOMaHAs!
oBMeHa Ha COOTEETCTBYHOUIeE YCTPOWCTBO U B OTMeTKe 3aToro ¢akrta B Tabnuue
o6meHoB. [lanee ycTpoictBo paboTaeT aBTOHOMHO A0 OKOHMYaHWA obmeHa. PrAg
6nokoe OC BbinonHAeT cnyxebHble PyHKUWA: yaaneHue NoNb3oBatenen U3 cucTe-
MblI, OpraHusaumo paboTel C yacamu, 06paboTKy npepbiBaHUiA Tanmepa.

5.1.3. OnucaHuA matemaruueckoro obecneyenun

MaTtemaTuueckoe obecneverune BC coctout u3 Habopa cMCTEMHbIX NporpaMm
(CUCN). Kaxaar u3 CUCN B pexxume pasaeneHun Bpemedvn obcnyxusaer 3axKasbl
MHOrux npoueccoB. Ha gawHom yposHe Aetanu3auvn BC aonyckaem, 4to cucn
OTNMHAKTCA APYr OT ApYra BpemMeHeM WX BbINONHeHWA Ha npouectope. Mo dyHk-
LUMOHANLHOMY  Ha3Hauenwto  pasnuuaoT  cneaylowwme CUCN:  awanorosoro
B3aumoneiictena ([AWANON), seona wicopmauun c YBBK (®OHYY), pewenun
3afla4 B pexxume naxertHoit o6pabotku (®OH) . Mpu BeoAE HGOPMaUWM ¢ moboro
YCTpPOWCTBA B CUCTEMY MpepbiBaHWA NOAAETCA CUrHan "Bb130B"”. MOHUTOP pearupy-
eT Ha 3TOT CUrHan M B 3aBUCMMOCTM OT COCTOAHUA CUCTEMBI M FOTOBHOCTY AaHHOr o
KaHana K paboTe 3anycKaeT yCTpPOWCTBA UNK 3aMnpeLuaer ux 3anycx.

Pa3nuuatoT ABa BUAa paboT: vHdOpMauMoHHbIe v auanorossie. B nepsom cny-
uae OCYWECTBAAETCA BBOA NPOTrPaMM WU MacCUBOB AaHHbiX, 06BEM KOTOpbLIX MO-
»eT 6biTb 3Ha4YUTENbHBIM. BO BTOPOM cnyyae BBOARTCA ANPEKTUBLI UMK CUCTEMHbIE
KOMaHabl B HeBONbLWOM O6beMe, KOTOpble ONepaTueHO pacwuwpposbisaloTcA OC
nnu CUCN. Beoa wHbOpMaLun HE NpepbLIBaeTcA A0 NONHOrO OKOHYaHUA. Bce oc-
HOBHblE ONEpaL¥ BBOAA BLINOAHAET CENEKTOP BHEWHWX KaHanos. MoHuTop sme-
\UMB3ETCA B NpOLECC BBOAA TONLKO B MOMEHTbI, KOraa HeobxoauMo nepenucats
ovepeaHylo nopunto uHgopmaunu 13 GytepHoN 30HLI AAHHOr 0 KaHana 8 ""ky6e 06-
MeHa'’ Ha BHewWwHWi HaKoNWTens Bo BXOAHOW B6okc. YCTpoicTBO BhiBoaa uHgopma-
LUWM MOXKET OCTaHaBNWBaTLCA M BHOBb 3aMyCKaThbCA B M0G0 MOMEHT N0 YKa3aHuio
0OC. Wndopmauua U3 BxoaHoro 6okca, HAXOAALLAACA BO BHELWHEN NamATH, nepeny-
CbiBaeTCA B COOTBETCTBYIOWYKW BydepHyio 30HY OI'I’. . JanbHenwnM BbIBOAOM WH-
thopmMaumm ynpaBnAeT ceNneKkTop BHELWHWX KaHanoB..

Bce OCHOBHble BuAbl 06paboTku uMthopmauun (cueT, TpaHcnAuwA, paboTa
CWCN) sbinonxAloTcA npoueccopom. B BC oaHOBpeMeHHO HECKONbKO NpoOrpamMm
MOFYT HYXAaThCA B 06paboTke unu yxe HaXOAUTBCA Ha Pa3NM4HbIX ee CTaguAx.
Kaabli pa3, KOrAa KaKoi-nubo U3 NpoLeccopos OKa3biBaeTCA CBO60AHBIM, MOHN-
TOp NOAKNIOYaeT ero K oAHOMY K3 OI'I . OpHoBpEMEHHO C 3TUM MOHUTOP MOXeT
opraHn3oBars nepebpocKy nporpaMMbn v3 Oﬂ Ha BHewlHue HakonuTenn ('‘cao-
mvHr”’) . Bece o6MeHbl, CBA3aHHbIE C oprauusauueu BbINOMHEHUA NpoLeccoB Ha pabo-
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uux Npoueccopax, a TaKe Nepe6pocKa NPorpaMM 1M MacCUBOB MEXAY CTYNeHAMMU
MaMATY WHUUMUPYIOTCA MOHUTOPOM ¥ BbINONHARIOTCR aBTOHOMHO CeNeKTOPOM
BHELWHEeN NaMATW.

6.2 COCTABMEHME ®OPMANLHOI0 ONUCAHUA
BbIMMCNUTENbHOA CUCTEMbBI

5.2.1. dopmuposanue uenesor QyHKLUMK MOALANPOBAHUA

MNpoexTnposaHwe 60NbLWOKW CUCTEMbI HEBO3MOXHO 63 OpraHu3alumn BbiMMCNN-
TenbHoro npouecca (BM). Ha aTanax 3CKU3HOr0 W TEXHUIECKOFO NPOEKTMPOBAHUA
BO3HUKAOT 33fa4n BbibGopa cocTaBa u cTpykTypbl BC. B kavectBe npumepa ncnonk-
30BaHMR MOAENU PAaCCMOTPUM peLleHue 3afaun BbIGopa apxvUTeKTypbl CUCTEMbI U3
Tpex BapuaHTOB: NPU CUMMETPUM CKOPOCTeH 06paGoTKKU NHGOPMaLUUKU 1 OpraHn3a-
UMK YNpaBneHna B cucTeme (NPOLECCOP M MOHWUTOP NPEACTaBNAIT OAHOTUNHbIE
ycTponcTaa) ; npu acummMeTpun Ha 06paboTky (ckopocTe paboTel Npoueccopa Bhi-
i€ CKOPOCTH BbIAONHEHNA OREPaLUIA MOHUTOPOM) ; MPY acUMMeTPUM Ha ynpasne-
Hue (CKOpOCTe PaBoTbl MOHUTOPA Bbilse CKOpOCTU 06paboTku uHhopmaumm Ha
npoueccope} . CpaBHeHue BapuaHTOB opraHusauvv Bl 6yaem nposoawTs Npu no-
CTORHHOW 33aHHOI BHELHel Harpy3Ke M 3afaHHOM cocTase ycTpoicTe BC v none-
3oBaTenei. BapnaHTel OueHMBaeM Ha OCHOBE CREAYWMX KpuTepues 3(deKTUBHO-
CTWU: cpefHeil YAEMsHOW CTOMMOCTH OXMAAHWA aBoHeHTaMn OTBETOB OT CUCTEMBI
/1, v npusepexHoro KoadihuuneHTa 3arpysku npoueccopos r,.

ANA BbIMUCNEHNA YKa3aHHbIX NOKasaTenei 3a/aeMcA CNeAYHUWMKW KOHCTaH-
TaMu: CTOMMOCTLIO ONNAaTb! NONb30BaTENAMU eANHULLI BPEMEHW B3aUMOAEUCTBHA C
CUCTeMOM C,g: BEKTOPaMn BeCoBbLIX KoadhuumeHTOB ¥+ KOMNOHEHTBI KOTOPOro
NPeACTaBNAIOT 3HAYUMOCTb OXXMAAHWA OTBETOB j-My aBOHEHTY; Ko3adduumeHTom
3HAaYMMOCTH LANA NPOEKTUPOBLILMKA 3arpy3KM MPOUECCOpOB &;; Ko3adduuueHTOM
3HaYMMOCTH 3arpy3Ku MOHWTOPA a,. Koadbuumnentsr a, n a, onpesenAnNucL Ha
OCHOBaHWUKM CTOUMOCT U OBCNYXKMBAHUA 4aca MaLLIMHHOIO BpeMeHW npoueccopa ¢,
MoHuTOpa C,. Noka3zaTenn KayecTsa BapMaHTOB BbIYUCNAIOTCA Mo hopMynam :

a6 4
no=—oy3r
1 4Tu j=_7/ =1 omij
{5.1)"
1l _—a1 9 t +._a2 t
27 ~ k ‘
T, k=1 P% T PM

oteij — cpeadee BpeMA
0TBeTa j-MYy NOoNbL30BATENI0 Ha /-4 TMN 3anpoca; tp P obuwee BpemA paboThl k-ro
npoueccapa 3a BpemA TM . obwee BpeMA paboTbl MOHMTOPA 32 BpeMA T";
d0 — uucno nonb3oBaTenei, B3aumoaencTByowmx ¢ BC B pexxume ananora; s 0
obuiee YACNO CUCTEMHbIX MOAYNEN MOHWUTOpA.

PaanuuaioT cneayioulMe TUNbl 3anpocos: i = 1 — peakuwnA BC Ha HaxaTue
KHONKW TepMUHana nonb3osaTenem B Havane CeaHCa B3aUMOAENCTBUA C CMCTEMON;

{ = 2 — peakuuA Ha BBOA-BbIBOJ, OMEPERHOW Mopunu MHGOPMALUKM U3 CUCTEMb! B
6ychepHyw aoHy CBK; /i = 3 — apeMA oxuaaHuA nonbaoeaTenem oteeta BC noc-

rae T”| — ANUTENLHOCTb MOAENWpPOBaHWA BapwanTa BC; T
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ne 06CNYXUBaHVA el0 3aKa3a Ha 06paboTKy AMAnNoroBbiM NPOLECCOM; i =4 —
BPeMA PeaKuWW Ha CUrHan None30BaTeNnA NO OKOHYaHKM BbIBOAA WHGOPMauMM U3
cucTembl. Takum 06pa3om, B X0Ae O4epPeAHOr0 UMUTAUNOHHOrO 3KCNePUMEHTa He-
06x0ANMO onpeAenATL HaBop Tpex Tunos cratuetuk: {T II}; {tpk} ; {tp RE
Mapametpel d0 W 5o CYMTAIOTCA anNpUOPHO 3alaHHLIMMU KOHCTAHTaMU. '

5.2.2. OnpeneneHue CTaTUCTUK MOAENMPOBAHUA

ONA oTnaaku MoAenu U YTONHEHWA pe3ynbTaToB aHanv3a BapuMaHTOB apxXuUTeK-
TYpht 8 MOAENM 33 BPeMA T Heo6X0AUMO MKCHpoBaTL cneaywwmi Habop cTaTuc-
TUK: T)«. 4 — cpeaHee EpEMFl BBOAa UHdopmauun B cucTemy ¢ YBBK; N — KO-
MYECTBO 3anNycKORB NakeTtos WHdopmauun ¢ YBBK; N3 — cpeaHee Konmemao BBe-
AEHHBLIX 3aAaHWi 8 NaKeTe; T . — CPeAHAR ANUTENLHOCTb CEaHCa B3aWMOALACTEUA
¢ BC nonsb3osatena j-ro tuna; 'N — KOJMYECTBO B3aNMOJENCTBUMN f-ro aGoHeHTa
¢ BC'B ceance; ch — 4yucno cechoa B3aumopaeicTeuAa ¢ BC j-ro nonb3oeatens;
le YMCNOo 3anycKoe NPorpamMm MoHuTopa /o YPoBHA npephlaanvm Ha obcny-
XKuBaHue; Nak yKCcno 3anyckos k-ro npoueccopa e pabory; N au n@ . NMS,

NMA' NM — yucno 3anyckos 8 paBoty ALUMY, N®, MB, MA, M1,

5.2.3. 3apanue UCXOAHOR MHDOPMAUVM ANA MOAENNPOBAHUA W BbIGOp
thakTOpoB Moaenu

3apaBaemMbiMU NapaMeTPamMn MOAENH, ONPEABNRIOWNMU COCTAB M CTPYKTYpY
BHEWHEA Cpedbl U TeXHUYECKUe XapaKTepucTMKu UCnonb3yemoro o6opyaoBaHuA,
ABNAWTCA: T ~ DNANTENbHOCTL NOATOTOBKW ONepaTopomM ovyepenHoro nakerta
3apaHMid Ha Y’égK anm obpaborku 8 BC; T a6 — ANMTENBHOCTE NOATOTOBKM NONb-
30BaTeNA, HAXOAAUIErOCA 3a TepMUHAnNoOM, K OYepeaHOMY CeaHCy AWanoroBoro
B3anmopencTenA ¢ BC; Togn — AMMTENLHOCTH 06ayMbIBaHWA Nonb30BaTenem pe-
3YNbTAaTOB CYETA; Ty e . Tpyn - Tpyqp — CPEAHWE 3HAYEHUA ANUTENbHOCTM obmeHoB
wHdopMaumein Ol'l COOTBETCTBEHHO C KaHanamun 6apa6aHoB, AUCKOB 1 NeHT;
T, + Tpr| » TRER — CPeAHWE 3HAYeHWA BpemeHW 3anonHeHWR 6ydepHbIx 30H 0'1{
n.nr-l uHcbopMauumn, nocTynawwen cooTseTcTBEHHO € Tepmunanos, YBBK, AUMY u
1® (nponopunoHansHo obbeMy BydepHbiX 30H U CKOPOCTH paboTbl YCTPOUCTB) ;
Ty . T, . Tq — BIWUTENLHOCTY obcnyxusaowmx nporpamm OC, peanusyemMbix  npwm
" paboTe MOHMTOPA, COOTBETCTBEHHO ANA KAXKAOTO YPOBHA NpepbiBaHui paboTsl Mo-
HUTOPA; R — yucno 6ydepHbix 30H, BBoanMeix CBK Ha oavnH BBOA MHOpMaumu,
R2 - 'mcno 6ythepHbiX 30H, BBOANMbBIX Ha OAWH BbIBOA UHIOpMauMK; H3 — KO-
NW4ECTBO B3aUMOAEHCTBUI nonb3osarennA ¢ BC 3a spemAa oaHOro ceauca; R4 — Yuc-
Nno 30H BBOAA WH(MOPMaLMKM B OAHOM 3afaHWuu; R R — KONMYECTBO 30H MHMOP-
Mauuu Npu BbINOMHEHUM OAHOW KOMaHAb! BbIBOAa COOTBETCTBGHHO Ha AUMNY n
Ne; R R Rg — KonuuecTeo uuknos obmena O c M1 npu 3arpyske coot-

8 [
BeTCTBeHHO npoueccos auanorosoro, POHYY u ®OH; R Ff12 yucno
TWNOB NpepbiBaHUA paboTel Npoueccopa no vHuuMaTuee CMC coomeTcmeHHo
avanoroseolx, POHYY v ®QH; R_, — KONMYeCcTBO 3a4aHNA B 0AHOM NAKeETE, 3anu-

cbiBaembix npoueccopom ®OHYY Ha MJ1 go sanycka s paboty npouecca POH;
I?14 — KONWYeCTBO uMKnos B3aumoaencTeuA npouecca POH ¢ cuctemoit ao oue-
peAHOro 3anycka B pa6oty npouecca ®OHYY; F, (1), F, (t), F (t) — dyHxkuun
pacnpefeneHUA WMHTepsanoe BpemeHn paboTb npoueccopa npwv oﬁpaGOTKe cooT-

94



BETCTBEHHO AVANOroBkiX 3afaHui, aoae wHdopmauun ¢ YBBK (npouecc ®OHYY),
OpraHK3aunm cHeTa 3a3a4 B PeXUMe NaKeTHoh o06pa6oTku (npouecc ¢OH) .

PasnuualoT cneayioLime NpuMKUHBLI NpepslBaHii paboTsl npoueccopa no uH1ywa-
tTuee CUCN: sBoa MHpopmaumu, BuIBOA uHdopMauwu Ha nepdopaumio, OTBET ro-
TOB ANA AWanoroBoro none3oBatend, TpeGyetch “ceonuer’’ wHdopmauum ON ¢
BHEWHe! NaMATLI0, TpeGyeTcA obmeH ¢ M/, opraHusyeTcA o6men ¢ MJ1, 3asepliena
pa6ota npouecca POHYY, 3aKkoHYeH CYeT OYepeAHOW 3aAayun B pEXnMe naKkeTHowu
o6paboTku npoueccom ®OH, Heobxoaum obmen ¢ ML [nA 3anaHy#A BepOATHOCTEIA
8uaa npepuiBanwin p, , | = T,9, MCnonb3yloTCA KOMNOHEHTL! BekTopos R, ,
R15 , R16 , YKa3blBatoLue 4acToTy NOABNEHMA 3TUX NpepbiBaHui npu paGoTe coot-
BETCTBEHHO npoueccoB gnanorosoro, POHYY u ®OH.

Bce 3anaBaemble napameTpel OPMUPYIOTCA Ha OCHOBaHWUM pe3ynbTaToB HaTyp-
HbIX M3MepeHni (hyHKUMOHMPOBaHWA cucTembi-npototuna AUCT-0. Mpu usmene-
HUWM 3NEMEHTHOR 6a3bl HEOBX0AUM COOTBETCTBYIOLWMIA NepecyeT CKopocTei paboTel
YCTPOIACTB cucTeMul. Bce 3apaBaemMbie xapaK TepUCTUK M NPEACTABNAOT CPeAHUe 3Ha-
YeHUMAR dyHKUMA pacnpeneneHvA F1 (t), F2 (t) » F3(t) W 3afaHbl Tabnu4Ho.
B panbHeliuem aenaeTcA AoNyweHUWe O CTaUMOHapPHOCTA NPOUECCOB B CUCTEME U
YaCTOTHbIE NapameTpbl RI. UCNONL3YIOTCA ANA BbIYUCAEHNA COOTBETCTBYHOWMX CTa-
UMOHAPHbIX BEPOATHOCTEW p; = 1/RI. B anropMTmax npoueccos moaenu. Takum
€noco6oM BbIMUCIAIOTCA KOMTOHEHTLI BEKTOPOB: P — NO 3HAYEHUAM KOMIOHEH-
TOB BeKTOpa Rm i Py, — NO 3HA4YEHUAM KOMMOHEHTOB BEKTOpa R” : pg —NO
3HaYEHVAM KOMMOHeHTOB BekTopa A, .

B KauecTBe ynNpasnRemMaro napaMmeTpa MMWUTaUMOHHOA mogenm (dakTopa) uc-
NoMb3yeTCA COOTHOWEHMe CKopocTeil 06paBoTku uHbOpMauMM NPoueccopom v
M MOHUTOPOM v K=V [v .

5.2.4. Boi6op ypoBHA AeTANN33UWA MOASNN CUCTEMbBI

Wexoan v3 ueneBod yHKUWU MOAENUPOBaHWA, 3a4a4n NPOEKTUPOBAHUA U CO-
CTaBa NapameTpoB MOAENMPOBaHUA, MOXHO ONPEAENUTh CMEeAYIOLMIA YPOBEHb AeTa-
nusauwm BI:

1) pecypcHoe npeacTaBneHne B3aUMOAEWCTBUA KOMIMOHEHTOB AMIA 3aaaYn Mo-
AENUPOBAHWUA HeCyLLeCTBEHHO, NO3TOMY AOMYCKaeM, YTO pa3mMepoB BHELLHeR NamA-
™ (MB, MJ, u M) Bcerna xBaTaeT AnA opraHu3auuv Bl1, umeer mecto 6noyHoe
npeacrasneHue OI'II. , He pPacCMaTpUBaeTCA MPOoUecC KOMMYyTauum OI'II, ¢ npouec-
COpaMy, CEeNeKTOPOM BHELHUX KaHanoB W CeleKTOpPOM BHewHen namatu. Moaens
KOMMYTaTOPOB TaK)e He pacCMaTpUBaETCA, KaK HeCcyLLeCTBEeHHaRA;

2) 06wwmit anropuTM hyHKLUMOHMPOBAHWA CeneKTopa BHewHenW NaMATKM pacna-
JaeTCA Ha pAL anropuTMOB OpraHusauun obMeHoB c kaHanamu MB, M4 v M/,
AHanormiHeld NOAxo4 NPUMEHAETCA Npu dopmanuzaumv thyHKUMOHNPOBAHUA ce-
NeKTOpa BHEWHUX KaHANoB: PAaCCMATPWUBAIOTCA anroOpUTMbI OPraHu3auuM BBOA3-
BeiBOna uHoOpMauum ¢ nomowbio yerpoicta YBBK, AUNY, Mo u TT’.,I < <do .
Mopaens CUCTeMbl NpepbiBaHMii NpeacTaBnAeT Habop ovyepelen, B KOTOpbIe NOCTYNawT
Tpe6osaHun TR Ha o6cny:uBaHMe YCTPOWCTB MOHWTOPOM COOTBETCTBEHHO ANA
nepsoro z,; v AnNA BTOPOro x’.l. YPOBHA npepbiaanuﬁ MOHMUTOpA.

PaGoty pabGouero npoueccopa v TaiMepa MOXHO OGLEAMHWTE B OQHOM anfro-
putme dyHKUMOHUpOBaHUA, B anroputmel noseaeHuA TT. U YBBK,. HeoGxoanmo
A0GaBuTb BeTBM, OTpaxaowmne GyHKUMM NONb3OBaTeNled COOTBETCTBEHHO B Awano-
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rOBOM 1 NAKETHOM peXxMMax paBoTel CUCTEMbI. AHANOMMYHO YNPOLUBEM anropuTMBI
npeacTaBnenwa moayneit OC. MocKonbKy pecypcHOro NpeaCcTaBneHnn B3anMoaen-
cTenA kKomnoHentoB BC n 6nokoe OC B Moaenn He NPeayCMOTPEHO, MOXHO MUC-
KMOUUTL U3 PacCMOTpPeHUA cneayiolume 6noku: paboTel ¢ MaccusamK, pabotes
60Kcamn, paboTbl C pecypcamiu, paboTel ¢ “GyaunbHukamu”’. B nonHoMm obneme
NpeACTaBneHbt TONBKO GNOKU BHEWHWUX KaHanos, dusnyeckoro obmeHa v paboTsl
¢ npoueccopamu. PyYHKUNMOHMpOBaHWe ocTanbHbix 6nokos OC OTpaXeHo YacTu4Ho.
CBA3b MOHUTOPA C CENeKTOPOM BHewwHed NAaMATKA, CENEKTOPOM BHEWIHUX KaHanos
u paGoyvwmu npoueccopamu omﬁpa)xeua CUCTEeMOW ouepenen Y, {I <6 — no uucny
TUNOB YCTPOWCTR) .

5.2.5. OnucaHme MHGOPMAUNOHHDBIX CBA3EN B CHCTeME

Cneayrowunm Wwarom ¢dopmannsaumm ‘BN ABnAeTcA onucaHWe WHOPMaUMOH-
HbIX CBA3eW Mexay anemeHtamu BC B Buae mopaenn maccvsa obmenHa TR . AnA
o6ecneueHUA UMUTaUWM Pa3NUYHBIX PEXUMOB NOBEAEHNA j-r0 nons3osatenA ABON.
W ycTpoicTe BBOAa Mg opmaunm ¢ nepcokapt UW, , coaepxaiuux ungopmauuio o
BXOAHLIX MaKerax 3agaHnum, lﬂC‘I’lOﬂbCiy}OTCﬂ UHAMBUlYanbHbIE MEMOpUWanbl 3TUX
KOMNOHEHTOB BHELUHEN cpefbl Kak xpaHunuwa tpe6osaHud TR. YKasaHHbie UMu-
TaTopbl BHELLHe# Cpeabl B MOMeHTbI Havana céaHca (anA ABON.) u Havana eBo-
Aa oMepefHOro 3aaanwA (anA UW,) yHwNTOXEWOT CTapsle W POXAAOT HOBble
Tpe6oBaHUA. icnons3yeTcA yHuBepcanbHar cTpykTypa TR (TpeboBaHvA B Mogenu
WMMEIOT CTaHaapTHbIW hopmat,  NPUMEHAETCA UX NO3UUMOHHERA ‘noAaKpacka’) anm
obMena uHdopmau et Mexkay BcemMu KoMnoHeHTamn BC.

KomnoHenTbl TR umeroT creaylowmii cMbeicn: Tun CUCN (tun); Homep ABON
unu UW (Homep) ; ykasaTens npuopuTetHoro suaa obmena (OBM); yKaaaTenb
Hanwmn npepeiBaHvA (f_ — BPEMA, Ha KOTOPOE NMPOULECC eLe He 3aHAN UeHTpasnb-
Hei npoueccop {(UM) M3 3a npepuIBaHUA No TalilmMepy AO NOABNEHWA KOMaHA aBTo-
pa3pbiBa pabotei Pl ), NpU3HaK yCTPOICTBA BBOAA-BbIBOAA, 0BCYKMBAEMOro Npu
OpraHusaumm anOpMTeTHbIX obmeHoB (PER) NpusHak 3anycka npouecca POHYY
(ZAP) ; MomeHT co3paHuA TpeboBaHWA } ¥ MOMeHT npeabiayulein chukcaunn
CTaTUCTUKK oBcnyxnsaHuWA TpeboBaHWA (t I)l MNocnepHune pBa KomnoHeHta TR
Heo6xoAUMBI ANA BbIYMCNEHWUA CTATUCTUK Mcmenupoaauuﬂ sapvantoBs BC. Cospaor
TR: ABON,, UW, u nonnporpamma OC, 3aBepluatowan paboTy npouecca GOHYY.
Yuunuroxawotr T ABON nporpamma OC, 3asepwawowan paboTy npoueccos
®0OHYY, nporpawvna peanuaynou;an aaBepwieHne o6paboTKu ovepeaHOro nakera
3apaHwvi npoueccom ®OH. Ecnm tH.u = 0, 3TO 03HA4AET, YTO NPU UMUTALNUKU KBaAHTa
pa6oTbi PN He 6bino NpepuiBaHUA MO Takmepy.

5.2.6. Popmanu3auuf BHeLHeR Cpefbl

DanoHenwan dopmanuzaurA BC coctout B paccMoTpeHwv BpemeHnéﬁ Ava-
rpaMMbl GYHKLUMOHVPOBAHUA KaXKAOro KOMMNOHEHTa, BKMQ4aA W NpOrpammHoe
obecneyeHue, M Ha 3TOW OCHOBE B COCTaBMEHUM anropvuTma ee yHKUMOHUPOBaHKA,
MonusosaTens MoxkeT 6T cBA3a# 6o ¢ OC, nubo ¢ CUCI, c koTopon OH Beaet
Avanor. Msl He Gynem paccMaTpuBaTb PEXMMbl B3aMMOAEHCTBHMA NONML30BATENA C
BC (KoMaHAHBIA ¥ MHAOPMAaUUOHHBIN) , NOCKONBKY B CO3AaBaEMOW MOAEN HeT
pecypcHoro npeacTasnedna BMN. fletanu BsaumonencTeuA OC ¢ /M none3osarenem
yepe3 BXOAHOI ¥ BbIXORHOW GOKChI NO TOM XKe MpuinHe HeCYLECTBEHHbI.
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Puc. 5.2, BpemeHHdn anarpamMma yHKUHOHNPOBAHWUA ABONi.

Ha puc. 5.2 npeacrasnena BpemMeHH4A auarpamma dyHKkunoHuposaHnA ABON. .

B Hakafie B3aWMORSHCTEBMA NONL30BATENL NOArOTABNMBRETCA K 04epeAHOMY CeaHcy
CBA3M ANUTENBHOCTBIO T , HOKYMaET Ha COOTBETCTBYIOWYto Knasuwy TT, u B BC

nocrynaer curdan KHOMM. B Tevenve nepuoaa Tgg CUCTEMa pearvpyer Ha 3ToT 3a-
npoc/j-ro NonbLaoBaTenA v BhlgaeT aBOHEHTY pa3peuleHue Ha BBOJ 3aKasos B CUC
temy (MYCK2). flanee 8 coctoArHuu f =1 nons3osarenb opraHvuiyetr BEOA wHdop-
Maumm B cuctemy (nu6o ana OC, nm6o ana CUCN AUANON). C nomouwio CBK
BB0A MHdOpMauuK ocywecTenAeTca GydepHbiMM 30HaMU, YUCNO KOTOPbEX 3aBUCUT
OT BenuuuHbl Napametpa A,. [lnMTensHOCTb BBOAA Ty 3@BMCMT OT CKOPOCTY pabo-
Tol TT ¥ BenuunHbl 6y¢epnom 30HbI OI'I , ucnoneayemoit CBK. B koHue seoaa 6y-
depHon 3omet 8 BC noceinaotcA cmrnanm BY®, o3nadaiowme TpebosaHine k OC ne-

penucaTe uHdopmaumnio u3 BydepHoii 30HLI Ha BHewHuit HakonuTens (M) . B mo-
MeHT OKOHYaHMA BBOAa MHgopmauun CBK noceinaet OC curnan MH®, osHavalowmi
3aaepu.|emae BBOAa W nepexoa aboHeHTa B coctoAHue f = 2. B TedeHue nepmoga

OC opraHuayet a6paborry 3anpoca CACN AUANOTI v Haumnaer BBOA MHhOP-
Mauma nonb3ogarenio (nepexoa B coctoAHne f = 3 no curHany NYCK 2} .

Buieoa vHOpMauuM 3 cucTembl TaKkoke ocyuiectenaet CBK temu xe 6ydep-
HBIMM 30HAMW AAMTENBHOCTLIO Tpp , YUCNO KOTOPLIX 3aBMCUT OT BENWNUHLI NApa-
MeTpa R . B koHue BbiBOAa 6yMepHOH 30Hb1 B BC Takke MocLINAlTCA CUrHans!
BY®, oaﬂaua»oume Tpe6osanue k OC 3anucate uHdopMaumio B GydepHyto 30HY U3
BHewHero Hakonutena (MJl). B momeHT okowuannA Bbisoaa undgopmaumy CBK
nocbinaer OC curnan OUF , o3Havalowmid 3aBepuieHve BbiBOAA WHGIOPMaUMK K3
cuctembl. Nocne curnana NYCK 3 none3oeaTens NepexofuT K aHanway pesynbra-
ToB (f = 4) B Tevenue nepuona To6a’ Mo OKOHYaHUKM aHanNU3a NONYYEHHLIX fAaH-
HbIX OH MOXKET NMG0 NPOROMKUTL OMEPEAHOW UMKA B3aUMOAEUCTBUA AMUTENLHO-
CTbl0 7 , NGO B COOTBETCTBUN C NapameTpOM R, 3aBepWMTL CEaHC BIaMMOAEN-
CTBUA C CUCTEMOW, U TOraa npoecc Baaumoneucmun ABON € CUCTEMOW NOBTO-
PAETCA No paspewalouleMy curnany(NYCK 1) .

U3 Bpemennou Avarpammbs Biaumopaeictems ¢ BC moxHo nocrpown, anro-
PUTM dyHKuKoHuposanua npouecca ABON. (puc. 5.3). inA 3KOHOMUM MecTa Ha
pvc. 5.3 yKa3aH OKOH4YaTeNbHbIA BapwaHT anroputma (nocne 3aBeplwieHnA 3Tanos
nepexoAa OT hopmanbHoro onucasnA K Moaenn ABON.) . Mo3stomy npu dopma-
nu3ayuu oCTanbHbIX VCTpOﬁCTB cCucCTeMbl Ha onepatopbl CUHXPOHU3AUKUK NPOUEecCoB
(WAIT ('r“26 WAIT (7, .), WAIT ('roM )} v onepaTopei c60pa CTAaTUCTUKY MO-

AenvUpoBaHnA (3anucs B ?E napameTpos ... ... th) He 6yaem noka obpa-
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Puc. 5.3. AnropyutMm dyHKUMOHMPOBaHMUA Npouecca ABONI..

warte BHUMaHuA. Kak BuaHo 13 puc. 5.3, B cocTase anroputma nmerotca Tpu obpa-
ueHUMA K npoueaype, obecneuvBarolen PO3ebIrpsity NpusHaka AA B 3aBUCUMOCTH
OT BENUYUHbBI napame‘rpoes‘li‘1 , R, . R3 . B pexxume 1 npovcxoanT YHUYTOXeHUe
CTaporo 3HaveHun TpebosBaHuA 12R ¥ OpMUPOBaHUe HOBOTO 3HaYeHnA. [AnA cBA3N
ABON. ¢ OC ucnone3yioTcAa yeTnipe ouepean. B ouepeas meR nocTynatoT, Koraa
nonL3oBaTent HaxoauTCcA B pexxume 1 (BX0OA NonL3oBaTenA B CUCTeMy) . 3anpocsl
Ha obcnyxuBaHue OC ouepeaHoin BydepHol 30HbI NpU. BBOAE-BbiBOoAe MHGOpPMa-
umn (BY®) B Buae TR nocrynawoT B ovepeab z,. BeipaboTka curHanos UH® un
QUF CBK s3keupanenTHanoceinike TR _ooTBeTCTBEHHO B ouepean Xy noxy . AnA
3aNOMUHAHUA peXXUMa, B KOTOpoM HaxoauTcA npouecc ABON. , ucnoneayercr
yka3atene PEX. Takum obpazom, B cocTas memopuana ABdN. sxoaaT: TR,
PEX, AA. Npouecc ABON. dyHKUMOHMPYET B CTAapTCTONHOM pe)vame:no OKOHYa-
HUW 3anuck B OAHY M3 yYKa3aHHbIX OvepeAelt NPONUCXOANT OCTAHOB W NOCNEAYoLMIt
3anyck ABON; opranuayioT cooTeetcTBylowme 6noxku OC.
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Puc. 5.4. Bpemenuén auarpammMa QyH KUMOH UPOBEH KA UWI.

AHanoruyHo paccmMoTpum apemeHHﬁo avarpaMmy GyHKUVMOHUPOBAHWUA YCT-
pOACTE BBOAA C NEPQOKAPT, COAEPKALLYI0 XaPAaKTEPUCTUKN NOBEAEHUA BHewWHeRn
cpeabl peXxuma nakeTHod o6paBoTKy 3aaaHuiA. He paccMaTpuBarOTCA AeTanv B3au-
moaencTeua OC ¢ UW, yepes 8xoaHoi 60KC no NpuuinHe OTCYTCTBMA pecypcHoro
npeactasnedun BM 8 BC. Ha puc. 5.4 npeacrasneHa BpemeHHa'ﬂ anarpamma yHK-
unoHuposaHua UW,. B Havane B83aMMOEANCTBUA NPOBOANTCA NOAIrOTOBKA K BBOAY
B CMCTEMY OMEpPeAHOrOo NaKeTa 3aAaHuil ANMTENsHOCTHIO T\ )\ . MOCNE yero onepa-
TOp Ha)XMMAeT Ha COOTBETCTBYOWYIO KHonKy YBBK, 1 B cuctemy noctynaer curHan
KHORN.

B TeyeHue neprnopa TSIS cucTemMa pearnpyert Ha 3aToT 3anpoc /-ro nons3oBaTend
v sbigaet YBBK paspeluenve Ha BBOA B CUCTEMY OYEPENHOrQ Nakera 3apaHui
(MYCK 2). fanee B coctoRHun f = 3 npouecc opraHu3yeT BBoA WHGopMauum B
BC noa ynpasnexvem CUCN ®OHYY. C nomouwsio CBK BBOA MHOpMauun ocy Lie-
CTBNAETCA GychepHbIMU 30HaMM, YUCNO KOTOPLIX 3aBUCUT OT napametpa R,. [nw-
TeNsHOCTh BBOAA T, 3aBMCUT OT CKOPOCTH pabotsl YBBK v senuuuHb GydepHoin
30HbI B 'Ky6e obmeHa’”. B koHue BBoga 6GydepHoi 30Hut B BC nockinaoTcA curHa-
nbt KZ , o6o3Havaroume TpebosaHne kK OC nepenucate wHhopmayuto u3 GydepHon
30HBLI HAa BHewWHW HakonuTens (MJ1). B MOMEHT OkoOHuaHWA BBOAa WHhopMaumu
CBK nocsinaer OC curHan KBB, o3Haualowmi 3ageplieHe BBOAA O4epefHOro 3aaa-
HWA NaKeTa B CMCTEMY W Nepexof npouecca UW, 8 coctoAHue f = 4. B TeveHue ne-
puoja Tgg OC opranusyet o6paboTKky atoro 3anpoca CUCM $OHYY n HauuHaeT
BBOA MHDOPMauvn O CneayluwemM 3a4aHun nakera (nepexoA npouecca UW, 8 co-
cTtoAHue f=3 no curHany MYCK 2). MomeHT 3aBepuucHUA BBOAE OYEPERHOrOD Na-
KeTa 3aaaHvid W nepexon npouecca UW, 8 coctoAHue f = 1 onpenensorca CUCN
$OHYY no senuuure napameTpafl ;5. C HACTYNNEHWEM TaKOW CUTYaUMM NPOLECC B3an-
mopeiicteua UW  c BC noBTOPAETCA NO pa3pelalowiemMy curHany (MYCK 1). Ha oc-
HOBaHWUKM pUc. 5.4 MOXKEM NONYYUTL aNropuTM (hyHKUMOHUPOBAHWA Npouecca UWI
{puc. 5.5) . B coctase anropuTMma nmeeTch obpaleHue K npoueaype, obecneunsato-
Weit po3sirpeiw npuiaHaka AV B 3aBUCUMOCTU OT BeNMUMHLI NapaMeTpa R4. A4nA
CBA3MN UWI ¢ OC u CUCN ®OHYY ucnoneayioTca Tpu ouepeau. B ovepeae x,, TR
nocTynawT, Korga npouecc UWI HaxoguTcA B pexxume 1 (noarotoBka K BBOAY
ouepegHOro nakerva 3aaaHwii) . 3anpocsl Ha obcnyxueaHuwe OC ouepeaHon Gydep-
HOW 30HbI Npu BBOAe vHbopmaunn CBK (KZ) B suae TR nocrynaioT B ouepeas
Z4,. BuipaboTka curHanos KBB CBK axkeuBaneHTHa noceinke TR B ovepess Xy -
[nA 3aNOMWHAHWA PEeXHMa, B KOTOPOM HaxXoawuTCA UWI , Ucnone3yertcA yKa3satens
PR . B peaymetare 8 coctas memopuana UW, exopat: TR, PR, AV . MNpouecc
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Puc, 5.5. Anroputm QyHKUNMOHWPOBAHKA Npouecca U W,.

UW’ PYHKUMOHMPYET B CTapPTCTONHOM PEXUME: N0 OKOH4YaHuW 3anucu TR 8 oaHy
“3 YKa3aHHbIX o4epefed NPOWUCXOAWUT ero OCTaHOB, W NOCNEAYIOLWMUA 3anyCK UW,
OpraHu3yloT cooTeercTeytoume 6noku OC.

5.2.7. ®opmanuzauma GyHKUUOHNPOBAHKA 06OPYAOBAHNA

Paccmotpum  dopmanusaumio  hyHKUMOHUPOBaHWA 06opyaosaHuA. PaboTy
§-ro npoueccopa (PROCS) MOXXHO NPeACTaBUTL 3aAePXKKOR ANNTENLHOCTH To, noc-
Ne KOTOpoW B ouepenb X., nocbinaerca TpeGosaHue TR, o3Havaowee noABnNeHue
KOM3HALI aBTOPa3pPbiBa. 8 3asucumoctu ot Tuna CUCH], peanuiyemoi B AaHHbLINA
MOMEHT Ha PROCS, AMMTENLHOCTL 3aleprKKU T0 Pa3bLirpLIBAeTCA CNEUUanbHoM Npo-
ueaAypoit NO COOTBETCTBYKOWLEN (hyHKUMW PacrpeneneHun: F (t) — ann CUCN
AVANOr, F2 (t) — ana CUCIM ®OHYY un F3 {t}) ann CUCN ®OH. Nockonbky
peweHo obbeauHuTe paboTy Talmepa U npoueccopa, ANA 3TOKM UeNU B Memopuane
PROCS xpaHutca camo Tpebosarue TR. CpabaTeipanue TaliMepa npoucxoauT BCA-
KWW pas, KOrfa 3uavenue napamertpa tru #F08 TR. Npoueccop obenyxusaer TR,
8bI6WPaR uX u3 odepeau ¥,- B TOoM cnyvae, koraa ouepeas y, nycra (npusHak
NY1 = 0}, anA s-ro npouecca ycTaHaBNMBAETCA NPM3HAK ""HEOGX0AUMOCTL 3anycka
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Puc. 5.6. Anropntm dyHKLMOHMPOB3HMA Npouecca PROCS.

npoueccopa’’ (ZPS: = 1), u npoueccop octaHaenueaercA. MoBTOPHLIN 3anycK npo-
ueccopa PROCs ocywecTsnAer coorsetcTByrowmnt moayne OC npu noAasneHuu
Tpe6oBaHnA Ha 06Cny>kuBate ero npoueccopom (3anyck npoueccopa) . Anroputm
¢yHKUuvoHupoBanua npouecca PROC_ npeactasnen Ha puc. 5.8.

dyHKUMOHNpOBaHWE KaHanos CBf'I, opraHusytoumx obmen onepaTMBHOW NaMA-
Tu cooTBeTcTBEeHHO ¢ MB, M/, u MJ1, Takxe MOXHO NPeACTaBUTE B BUAE NPOLIECCOB,
paboTalowmnx B CTapTCTONHOM pexxumMe. 3anycK 3TUX MPOUECCOB OCYLLLECTBNAETCA
cooTBeTcTBYOWMMK MoaynAmn OC B Tex cnyyaAx, Koraa npoueccet Geinu ocra-
HoBnMeHb! U3-3a OTCYTCTBUA TpebosaHuiM TR Ha o6cnymuBaHue COOTBETCTBEHHO B
OYePeARX ¥4, ¥y, ¥y - $yHkuuonupoBaHme npoueccos MB, Ml n MJ1 Takke npea-
CTaBNAETCA 3aAePHKOW ANUTENLHOCTLIO COOTBETCTBEHHO T™™B © "Ma -’ Tmn - CyTb
anroputMa yHKUNOHMPOBaHWA YKasaHHbIX MPOUECCOB CBOAWTCA K Bbibopy TR
COOTBETCTBEHHO U3 Ovepened y,. ¥, , ¥, W nocne 3apepKkn 06CNYXUBaHUA 3a-
nucyw 8 oaHY 13 auepeaeit MoHutopa. [lnA NpuopnTeTHbiX 06MeHoB npouecchl MB U
MJA sanuceiBalor TR cooTsercTtBeHHO B Ovepeau 24 W Z,, . HenproputetHbie
o6menbl (B TR npusnak OBM-0) npoueccamun MB, M[] u M1 3anucsigalotca coor-
BETCTBEHHO B OYEPeAN X, . X, X . TaK UMUTHMPYETCA NOCHLINKA CUrHANOB NpepbI-
BaHMA OT KaHanoB o6MeHa CBFI.

Pabota ycTpoiicTe Boisoaa uidopmauvn ALIMY u Né npeactaeneHa B suae co-
oTeercTBYlOUMX npoueccos PRI u PFR , paGoraowmx B8 craptcTonHom pexume.
Bri6op TR Ha o6cnyxusanve npoueccamu PRI n PFR ocywecrenaerca cooTeetcr-
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BeHHO W3 ovepefen Y. W Ye - dYHKUMOHWPOBaHME NPOLECCOB NPeACTaBNAETCA 33-
AepXKaMn NOCTOAHHOW ANUHBI COOTBETCTBEHHO Tpp W' Tpep C NOCREAYIOWEN 33-
nucelo TR B 0aHy M3 ouepese moHuTOpa. BhiBop ouepenn, B KOTOPYIO 3anuchbiBa-
etca TR no okoHyaHuu 3aaepxkn obenyxueaHun, B npouecce PRI ocyuwecTenAeT-
CA Ha OcHOBE ‘‘pPO3birpbiwia’’ crneunansHoW nNPoUeaypow MCTUHHOCTU NpU3HaKa
AP no 3Ha4eHnAM napamerpa R,. JTOT NPUIHaK XPaHNTCA COBMECTHO C TR 8 me-
mopuane npouecca PRI . Ecnu AP=1,71o TR noctynaer B o4epeab Z,, . B NPOTHB-
HOM Cnyuae — B OYepeflb  Xqqe Ecnnu Bce Tpe6OBaHWA OBCNYXEHbI NPOUECCOM
PRI (npuanax MNY5=0},To npouecc OCTaHaBNWBAETCA U NOBTOPHO MOXET BbITh 3a-
nywern 8 paboTy coovaercraywiinm Snokom OC. AnanoruuHo seiGop ouepenm, B
KOTOpPY!O 3anucbiBaeTcA TR No OKOHYaHMM 32AepKKK 0BCNyXUBaAHWA, B Npouecce
PFR ocyulecTBNAETCA Ha OCHOBE ‘‘PO3bIrphiwa’’ cneunansHon NPoueaypon UCTUH-
HocTu npusHaka AF. MpusHak AF onpepenAeTcA 3HayeHwem napamertpa RG'
3TOT NPU3HAK XpaHWTCA coemectHo ¢ TR B memopuane npouecca PFR. Ecnu
AF =1, 10 TR noctynaet & ovepeab Z,,, B MPOTUBHOM CNy4ae — B O4epeab Xg,.
Ecnu Bce TpeGoBaHua obcnyxeHsl npoueccom PFR (npusHax MYB=0), To npouecc
OCTaHaBNMBaeTCA M NOBTOPHO MOXeT GbiTh 3anyuieH B paboTy COOTBETCTBYIOLUM
6nokom OC.

Cuctema npepeisaHuA perynupyet paboTy COOTBETCTBYIOWMX YpOBHEA fapo-
rpaMm OC ¢ MOMOWBK ABYX Macok npepsiBaHuA. Macka nporpamm OC nepsoro
YPOBHA npepkiBaHni M1 3anpewiaeT Kaxkue 6bl TO HY B6iNO NPepbIBaHWA MOHUTO-
pa. B ato Bpema npouecc MON , uMuTHpyeT paboTy NpUOpUTETHLIX NPOr paMm, ob-
cnyxwueatowmnx paboty CBK u Cbﬂ. Macka M2 3anpewaeT npepbiBaHUA CUrHANaMK,

KOTopbie 06CNYXNBAIOTCA HEMPUOPUTETHBIMM NPOrpaMMamMu, Ho paspelsaeT Npepbl-
BaHUA CUrHANaMK, KOTOphlie OBCNY>XKWBAOTCA MNPUOPUTETHBLIMKA NporpamMmamu. B

Modens CBH

Puc. 5.7. Cxema CBR3NM KOMMNOHEHTOB MOAGAH CACTEMbI.
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3T0 BpeMA npouecc MON2 UMUTUPYeT paboTy nporpamm, obcnyxmBalcmx pabo-
TY YCTPOWCTB M KaHanos 06MeHa, KOTOpbie MOryT XAaTk cBOei ovepean obenyxu-
BanuA. HakoHey, orcyTcTeue macok M1 u M2 osHauaeT paboTy NporpamMm, Beinon-
HeHWe KOTOpblx MOXET NPepbIBaTECA CUTHanamu, nNocTynarwnmMu ot YCTPOWCTB
BC. Bce 3t nporpaMmel 06beanHeHs! B COCTaBe npouecca MON,. Ecnu ycTaHoBne-
Ha macka M1, To npuxoa mo6oro curHana B CIMP (cpabaTeiBaHue nNpoueayps! A)
He Bbi3biBaeT npepbiBaHuA, u CTP BO3BpallaeTcA B peXxvM OXUAaHWA NPUXOAA
HOBOrO CurWana npepbisaHwit. Hanwune macku M2 npy ycnosuu, ecnv pabotaet
npouecc MON , (npusHak 52 = 1}, TaK>e He npepbiBaeT ero paboty. B ocrans-
HbIX CNYyYaAX NPOMCX0AMT OcTaHoB pabotaiowero npouecca MON, uan MON,
v sanyck numbo npouecca MON, , nubo npouecca MON,, . Buinonnue 3tu gyHK-
uum nepekmoveHnA B paboTy npoueccos, CIMNP nepexoaut B peXXMM OXWASHWA
NpUxoAa HOBOMO CUMrHana nNpepbisaHuin paboTel MOHUTOPA.

Ha puc. 5.7 npeacTasneHa CxemMa CBA3V KOMMOHEHTOB MOAEIM CUCTEMBI. B co-
craB CMP sxoauT Habop ouepeaen, cer3biBalowux npoueccsl ABON. u UW/ C MO-
HuTopom. Mogenn CBI, xommyrtatopa u CBK npeactaBnalvcA B suae Habopa
ovepeaein y.. Kak BuaHo u3 puc. 5.7, MOHUTOp yNpaBnAeT 3anyCcKoM BCex npouec-
cOB, peanusyA npu 3tom paBoTy 6noxos OC.

5.2.8. dopmanusauna OC

PaccmoTpuM cdhopmanmaaumio  QYHKUMOHMPOBaHKA GnoKos OC. Mockoneky
NpM MoaenMpoBaHuu He TpeBYeTCA pPecypcHOro NpeactaBlieHnA BbIYMCIUTENEHOrO
npotecca, 6noku paBoTsl CMaccMBom, C HOKCaMu, C PECYPCaMU M C CUCTEMHbBIMW
4acaMM MOKHO MCKAYUTL U3 PacCMOTPEHWA U TemM CaMbiM CYLLECTBEHHO COKpa-
TUTL oBbeM Mogenu u pecypcel IBM, Heobxoammble ANA MMUTELUW BApWaHTOB.
MpeacTaBumM 610K BHEWHWX KaHanoe COCTOALLMM W3 4YETbIpex Moaynei nepsoro
YPOBHA OBCMY»XUBaHWA (CUrHambl NPEpPbIBAHWUA MOHWTOPa MO 3aNONHEeHWo 30H
CBK, oTeegeHHbix AnMA ofcnyxueanua YBBK, ALNY, Né, TT) u cemu moayneu,
06CHYXVBAOWMX NPEPbIBAHMA MOHMTOPA BTOPOrO YPOBHA (KOHely BBOAA C YBBK
" OT aboHeHTa, KOHel BbiIBOAA WHthopmauuu aboHeHTy Ha AUNY u Ha N® u curua-
ner KNOP ot npoueccos UW, u ABONj) .

Bnok dusmieckoro obMeHa € Pecypcamu CUCTEMbl DeanusyeTcR MOAYNIAMM,
06Ccny>KUBaOLMMYU BCE TPW YPOBHA NpPEPbIBAHUA MOHUTOPA: OKOHY3HMA NPUOPK-
TeTHbIX 06MeHos ¢ MB 1 MJ]; OKOHYaHWA HEMPUOPWUTETHLIX OBMEHOB C MEB, M n
MIN; opranusaumm obmeHos camum moHuTopom. OpraHusauuto npepsbiBaHyil Npo-
ueccopa npeacTaBUM OAHUM MOAynem, 06pabaTeiBalOWMM MNPEPLIBAHWA NPOUECCo-
pOB Ha BTOPOM YPOBHE MPUOPUTETA UX OBCNYXUBAHWA, OCTanbHble 6NOKKU — MoAyY-
NAMM, 06CAYXMBAIOWMMM NPepbiBaHUA TPeTbero YPOBHA, paoTa KOTOPbIX MHULM-
upyerca 6nokamu OC. Bnok GyaAMnbHUKOB NPEACTABNEH OAHWUM MOAYMEM, obcny-
KMBAIOLWMM NPEPLIBAHMA NMPOLECCOPa NO CUrHanam TaiMepa. Bnok opraHusaumm
CBA3M COCTOUT W3 ABYX MOAYNeit: OpraHv3auuu npuemMa Hdopmauun ot nonb3osa-
Teneit w (hOPMWUPOBaHMA OTBETOB Nonb3oBaTenAM. Bnok 3arpy3ku npoueccopos
TaK e BKMOYaeT 4Ba MoAyNnA, oBecreynBalolynx opraHu3aunio CBONMHIos Npouec-
cos B ON (3ameny B ONN 0AHNX NPOUECCOB APYTYMU 13 BHEWHEN namATK) U 3anyc-
Ka NOArOTOBMEHHbIX Npotueccos B paboTy. Hakoweu, 6nok paboTei ¢ npoueccamm
COCTOMT U3 BOCBMU MOAyNeit , KaXablit U3 KOTOpbIX obecne4nBaeT BbiNonHeHue
cneaylowmnx QyHKUMA: CO3aaHMe, 3aNyCK U 3aBeplieHne paboTel CUCn o0HYY,
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Puc. 5.8. Anroputm yHKUNOHWPOBAHUA Npolecca MON1.

noarotrosky CUCMN k pa6oTte B ON, noaroToeKy K BbiBOAY MHOPMaLUnK, oOpraHu-
3aumio BbiBoga Ha ALLMY u N&, b6cnyxusaHue KaHanos W KoHeL peuleHun 3a4aHnA
CWCN ®OH.

Mposenem rpynnuposky moayneit OC no yposHAM o6cnyuBaHUA NpepsiBa-
HUA MOHUTOPa W MX NPMHAANEXHOCTU K 6nokam. B pesyneTate anroputMel hyHK-
LUMOHWUPOBAHWUA MOHWTOPa Ha KaXAOM M3 YpOBHeH 0BCnyxuBaHua npepbiBaHUi
moxHo npeactasuts Tpema (MON,, M0N2, MON3) npoueccamu. B no6oi paHHbIA
MOMEHT BpEMeHU MOoXeT paboTaTe TONEKO OAMH U3 3TUX NPOLECCOB.

Anroputm diyHKuuoHuposahuA npouecca MON, npeactasned Ha puc.5.8.
Havyano npouecca cooTBeTcTBYeT MeTKe W0 . Ycranasnueaetca macka M1 n umuru-
pyetcA hyHKUMOHMPOBaHUe anropuTma nboro u3 moaynei OC B ABa 3Tana: BHa-
yane MofienupyeTcA BpemMA paboTbl anropuTMa 3TOro MOAYNA, 8 3aTem cneayer Bul-
nonHeHue ero anroputma. MocKonbKy BpemA paboTkl BCex MOAY Neii NepBoro YPoB-
HA OBCMYXXWBAHWA, COrNacHO HaWMM AONYLUEHNAM, OAUHAKOBOE, TO MOAENHPOBaA-
HWe BpeMeHu paBoThi Gyaer oBWWM ANA BCex MOAYNEH, BXOARWMX B COCTaB Npo-
uecca MON, . 3atem cepuelt NpoBEPOK 3aNONHEHWA ouepenen z,; Ha obcnyxvea-
HWe OpraHW3yeTCA BbiXOA Ha BbINONHEHME COOTBETCTBYIOWEro MOAYNA. Mpwu oTcyT-
CTBMW 3aNpocoB Ha 06CNyXvBaHUe NEPBOTr0 YPOBHA 3aNyCKaeTCA B paboTy npouecc
MON., 1 ocTaHaBnuaaeTcA npouecc MON1 .

!2a|< BnaHo u3 puc. 5.8, npu paboTe nNto6oro M3 MoAyneit OCYLECTBARAIOTCA Bbi-
6op TR u3 cooTBeTCTBYIOLLEA OYepenm Z,. v aHanus copepxumoro TR . Mpwu 3anyc-
ke KaHanos o6merHa MB u M (MeTkn BUF u Z0U) coorsetcTaeHHo B ouepeau
ya " yX 3aHocATcA TR . AHanorudHbie AeCTBUMA BbINOAHAOTCA NpY 3anyCKe BbIBO-
a3 Ha AUNY n N® (Merxu ZOA u ZOP) . OkoHyaHWe NPUOPUTETHOrO OBMeHa (meT-
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Puc. 5.9. AnroputmM QyHKUMOHUPOBAHUR NPOLUECCa MONQ.

«a Z0D) tpe6yer 3anycka npoueccos ABONj € npeagapuTensHou 3anuced TR B
Memopuan npouecca ABON.. Moayns, o6cnyxuaatoumii 3asepweHne obMeHoB ¢
MB (metka ZOB), umeer 6onee cnoxHbin ANropUTM,NOCKONEKY BO3MOXeEH 3aMycK
OAHOr O W3 CreAyrLWUX NPOLUECCos: UW/, PRI,PFR. fo okoHuaHuu obcnyxuea- -
HUA O4epelHOro MOoAynA NEPBOro YPOBHA yNpaBneHuve NepeaaeTcA CHOBA HA MeTKY
WO‘ C 370M ke MeTKM OCYLeCTRNAETCA NOBTOPHbIW 3aNYyCK Npouecca MON1 ChPe
TOM cry4ae, KOraa 3TOT Apouecc Bein OCTAHOBMEH W3-338 OTCYTCTBWA 3aNpPOCOE Ha
06cnyxunBaHue 8 ouepeaAx Z..

Anroputm dyHKUMOHUPOBAHWA npouecca MON2 npeactasned Ha puc.5.9.
Havano npouecca cooTeercTayer MeTke W, . Ycranaenmeaetca macka M2 v 8 aea
3Tana aHanoru4HO NpPoueccy MON1 UMUTUPYETCA thYHKUMOHUPOBAHUE anropuTma
no6oro u3 moayneit. Nockonsky Mel NPEANONOXKUAK, 4TO BPeMA paboTsl Bcex mo-
Aynel 0AWHAKOBOE, UMUTALUNA BPEMEHN UX PaboThl B npouecce MON2 TaKxe eaun-
HaA anA scex moayneir. Cepuein nposepok 3anonHeHus ovepeaen X;; Ha obecnyxm-
BaHWe OpraHv3yeTCA BuIXOA HA BuINONHEHWE COOTBETCTBYIOWero MoaynA. Npu or-
CYTCTBUM 3aNPOCOB Ha 06CNY>KUBAHWE BTOPOrO, 3 3HAYWT, U NEPBOrO YPOBHA 3anyc-
KaeTcA B paboTy npouecc MON ; 1 ocTaHaBnnBaeTcA Npouecc MON2. Anroputmom
no60oro U3 Moayneit BTOPOrO YPOBHA NpepbiBaHui Npeanonar akTcA setbop TR
#3 QYepean X . U dHANW3 ero COAEPXKUMOT 0.

HauBonee cnoxen anroputm moaynAa, o6cnyuBarowwero npepbLIBaHAA Npouec-
copa (metka ANL). Ecnn umeno mecTo npepeisaHue cyeta no Taiimepy (tmJl #0),
70 TR 3anuceisaetca 8 ovepeas M5 anA nocneayrouero 0bCNy>KMBaHUA TakMepoM.
B npoTusHomM cnyuae 8 3asucumocTh oT Tuna CUCH (AUANOT, ®OHYY, ®OH)
COOTBETCTBEHHO MO 3HA4EHWAM BEKTOPOB Pp Py Pr 'pa3sirpptBaeTcA” Homep
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ouepean, B KOTOPYIO 3anWUCHLIBAETCA TR. Kaxxaan u3 ovepenen o3xavaer obcnyxu-
paHue cneaylowmx cutyauun:ana CUCH aAnANor (M —oree‘r/aGoueH‘rvaG — op-
raHu3aymMa CBONUHIa NPOLECCOoB; M7 — opraHusaunA obmeHos C MA; M8 — opra-
Huzauua obmeros ¢ MB; M9 — opraHu3auud ofmetos ¢ MA) ; ana CHUCI SOHYY
(M6, M7, M8 — BbixoA aHanoru4ex awanory; M11 — opranu3auvA AonNoAHUTEND-
woro sBofa wHdopmauvn Ha MI1 esoaa; M18 — aasepweHue paGoTsbt cucn) ;
anA CUCN ¢OH (M6, M7, M8, M9 — BbIXOA aHanoruuex avanory; M11, M2 —
OpraHn3auunA BbiBOAA nHdopMaunmn Ha ALMNY: M16 — 3aBepwenue cueTa ouepen-
Horo 3apaHwAa; MA — opraHusauvA AOMNOMNHNTENBLHOrO BBOAA wHdopmaumm C Mn
B2eoaa) .

PaccMoTpnM (hyHKLUMOHNPOBaHWe GNoKa BHELWHWX KaHanoe AMA BTOPOro ypoB-
HA npepsiBaHwi. [0 OKOHYaHM BBOAA uHgopmaumn (MeTKa STO) TR w3 odyepean
X, NnepenuceiBaeTCcA B O4epenb M2 (3aka3 Ha paboTy 6noka opraHu3auun ceAsn) . B
KOHle BbIBOAA MH(OPMAUUK NOMb30BATEND (merka STR) TR 3aHoCWTCA B MEMO-
pwan npouecca ABON. 1 NpOn3BOAMUTCA 3anyCcK 3TOr0 fnipouecca.

Mpu obcAyXUBaHMM KOHUA BbIBOAA geei vidopmauun Ha ALNY nnm no (met-
«kn KOA v KOP) cooTBeTcTBEHHO #3 ouepenen Xgy M Xgy sbibupaercAa TR un 3a-

HocuTca B ouepens M19 (3anpoc Ha NPOADMKEHWE cueta paHnon CWMCM wa npouec-
cope) . KoHeu BBOAa O4EPEAHOT O 33AaHWA C YBBK (merka KOU) o3Ha4aer Bb1GOp
TR 13 ouepean x., W 3anucb ero B o4epedb M19. OBcnyxuBaHue curHana KHOM ot
UWI {meTka KN’I)J) o3HavaeT Bbibop TR u3 ouepeau X,, W 3anuch ero s M15 anA
coaganun CUCMN SOHYY, O6cnyxusarue curdana KHOM ot ABONI. {merka
KNA) 3aknwuvaercA B Bbhibope TR u2 ouepean X,q W 3anycxe MOHWTOPOM npouec-
ca ABONI..

dyHKUMOHMPOBaHWe 6noKa In3v4eckoro oBMeHa Ha BTOPOM YpOBHeE NpepbiBa-
Hwih BKouaer Tpu moayna. Tpu 3asepuieHinn HenpuopuTeTHOro obmexa ¢ MB
{metka KOB) w3 ouepeaun x, apibupaetcAa TR 1 3anucbiBAETCA B M19, yTO MUTK-
pYeT peaxumnio MOHUTOpa Ha paboTy npoueccopa.

KoHew HenpuoputeTHoro obmeHa ¢ M/} 06CNYKMBAETCA COOTBETCTBYIOWUNM MO-
aynem {merka KOB) . W3 ovepean Xxg sbibupaetrcAa TR, u AanbHewuin MapwpyT
npu oBCNyXnUBaHMN ero MOHNTOPOM aaemneut ot Tuna CUCH, kpoTopaA AOMKHA 06-
cnyxuTe TR. Npu HeobxoanmocTu aanycka CUCHN ®OHUYY TR 3aHoCUTCA B OYe-
peas M10, ¢ KOTOPOW B MOCNEeAylemM MOAYNem "zanyck ®OH4YY" 6yner BHOBb
akTusmaunposana CUCN dOHYY. B ocTanbHbiX cny4aax TpeboBaHne MOXeT nonacte
B oaHy W3 ovepeaen M19 (anA 3anycka npoueccos 8 paboTy) unu M3 (ans noaro-
TOBKW npouecca K aKTuBn3auum) . ANA 3TOW UenM UCMOonb3yeTCA “po3bIrpsiw’’ no
napameTpam R7 , Rg , R8 cooteercreento ana CUCN AUANQC, ®OHYY u ®OH.
Npu 3aBepLIeHU HENPUOPUTETHOTO obmena ¢ MIT (merka KOL) w3 ovepean Xg
BuibupaetcA TR 1 aHanuaupyevcA Tun CUCN. Ana CACN ®@OHYY opraHusyeTch
3anyckK UW/ 8 paboTy, 4TO O3Ha4aeT Havano BBOAA OYEPEAHOr O 33A3aHUA C YBBK
nwa MIT seona. TR ocranbHbIX CWUCI nocTynaloT B ouepenb M19 anA nocneaytoiue-
O WX 3arMnycKa MOHUTOPOM.

Anroputm (yHKUMOHWPOBaHUA nipouecca MON, npeacTasneH Ha puc. 5.10.
Hauano npouecca COOTBETCTBYET METKe W2. YcTanasnueaeTcA Macka M3 v nmutn-
pyeTcA yHKUWOHUPOBaHUE anropuTma noboro w3 moayneh B ABa 3Tana aHano-
rwno npoueccy MON,. MocKOMbKY, COrNacHo HaweMmy Npeanonoxexuio, BpemA
pabovbl BCex MOAYNe 0AHaK0Boe, 3anepxKKa anroputma oBCAYXUB3IHNA BCEX MO-
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Puc. 5.10. Anroputm QyHKUWOHMPOBAHWA NPOLecca MONa.

Aynei TpeTbero ypoBHA OBCAYXUBAaHUA TOe 6yneT OAMHAKOBOW U PaBHOM T3
Cepueit nposepox 3anonHeHus ovepenen M. Ha 0BGCNyKUBaHUE OPraHM3YeTCA Bbi-
XOA Ha anroputm cooTeetcTByiowero moayna OC. Mpu oTcyTcTBUM 3anpocos Ha
oBcnyxxuBaHue TpeTbero ypoBHA MMUTUpyeTCcA pabota Bnoka Bl anutensHOCTLIO
T4 + W YNpaBneHue BHOBb BO3BPALLAETCA HA NPOCMOTP oYepeneit Mi {merka W1) .
Anroputm no6oro U3 moayneil Tperbero ypoeHA npepbiBaHWA Npeanonaraer Bbi-
6op TR us ovepeau M. u awanus ero cogepxmmaro. Mpu obcnymmnsaHun Talme-
pa 6Bnokom GyanneHukos (metka TIM) TR sanucwisarorca 8 M19.

Wnuumanusauma CUCN (metka ZAP) npeacrasnaer nepenuc TR nz M19 g
Yy W 3aNyCK npoueccopos, OXWAAIOWMX NOABNEHUA 3aaaHuil. [INA OpraHusaumm
"cBOnuHra” npoueccos - (MeTka SWO) Heobxoaumo TR nepenucatb 3 M6 8 y
W, ecnu KaHan MJ] npoctausaet u3-3a oTcyTCTBMA 06MeHOE, 3anycTuTb npouecc M[ﬁ

Mpu npueme undopmauuu ot nonb3osarens (merTka BOS) TR nu3z M2 nepenu-
cuieaetcA 8 M3 AnA nocneayloweid NoaroToBKu K pa6ote CUCIN ANAMNOr. Opra-
HW3aaunA oTseTa nonbiosatenn (Metka OTA) cocTouT B 3anycke 6n0Ka opraHuaa-
LWW CBA3M OT cooreercreyowero npouecca ABON.. Opranusaymeis o6MeHoB 3aHu-
mMaeTcA Bnok dusnyeckoro obmeHa. MHUUManmaaums o6meHos ¢ MO (metxa OBA)
¢BOoAUTCA K nepenucn TR us M7 B Yo . W, €Cnn KaHan obmena c M npocraunsaer,
K sanycky npouecca MA. MHnumanmsauma obmeros ¢ MB (meTka OBB) ceoautca
K nepenmcn TR ua M7 8 ¥3 W, ecnu KaHan obmeHa ¢ MB npocravsaert, k 3anycKy
npouecca MB. AHanoruuno nHnumanuaauma obmena c MIT (merka OBC) csogutca
K nepenucu TR us MO & ¥4 W, ecnu KaHan obmena ¢ M npoctausaer, K 3anycky
npouecca Mfl.

OctanbHble MeTKK anropurma MON3 NPeACTaBNAIOT peann3aumio Moaynein,
BXOAAWMX B cocTas 6noka pabotel ¢ npoueccamu. Coznanne CUCT GOH (metka
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SFO) npeacrasnAer nepenuck TR uz M4 B M3. Anxanoruyto npu CO343HWU
CUCN ®OHYY (merka SFN) ocyulecTBNIRETCA nepenuce TR v3 M15 8 M3. Ann
gBoaa 8 aeictene CUCH ®OHYY (metka ZAF) u3 M10 Buibupaerca TR, onpeae-
NAETCA HOMep U 38nyCKaeTcA B paboTy npouecc uw, . MoaroToBKa nNpoueccos K
paboTe (meTka POD} umunTUpyeTcA nepenncero TR u3 M3 8 M7 (anA Henocpeacy-
BEHHOW OpraHu3auunu o6meHa) . [ononHUTENbHLIA BBOA uHdopmaunm ¢ YBBK (merv-
ka INP) B xope peweHuA CUCM ¢®OH 3ameHRETCA Nepenuceio ee ¢ M sBoOAa, U
noatomy TR ua M17 nepenvcbiBaeTca B M9.

(loarotroska npoLecca K BeIBOAY uncopmauuu Ha ALUNY (meTka PRA) wnu
N (merxa PRB) npeacTasneer nepenvck TR u3 ouepeseit M11 v M12 cooTserct-
geHHO B ouepean M13 v M14. Npwn opraHn3auvy 8b1BOAA nncgopmauinm Ha AlNY
{metka PRC) TR sribupaetca n3 M13 1 33NWUCLIBAETCA B ¥, W, ECNW KaHan Auny
npocTaviBaer, OCYLWeECTBNAGTCA 3anyCK npouecca PRI. Ananoruino OpraHnu3yeTcA
8b1BOA MHGOpMauun F1® (meTka PRD) ; TR ebibupaerca 13 M 13 1 3aNWUCLIBAETCA B
Vg « Wi ECTM kaHan N® npocTavaaet, OCYULECTBNAETCA sanyck npouecca PRF . Mpu
3aBeplweHu BBOAA CYepPeaHOro  3alaHuA cuen ¢0OH (merka FIV), cornacHo na-
pameTpy R12,”p33b|rpb|Bal0TCH” OKOH4YaHue BBOAA ' BCErO nNakeTta 3apaHuiA U Heobxo-
anmocTs 3anycka CUCT dOH (TR nepenncbiBaeTcAa 8 o4epeab M4) . B npoTUBHOM
cRyvae 3aryckaeTcA B paBoTy npotecc UW,. Moayns, 06CnyKUBAOWWA 3aBepLle-
HUe PeweHUA OYepeaHOro 3anaHuR cuch »0OH (merka RES), Taxoke Nno 3Ha4eHU0
napameTpa RM ""pazbirpeiBaeT’ OKOHUaHWe peligHuA BCEro nakeva 3anaHnn v He-
0BX0ANMOCTH NMOBTOPHOT O 3aMyCcKa npouecca UW, anA opraxusauuv BBOAA O4YEPEA-
HOro nakera e cuctemy. B npoTueHOM cnyuae ‘IJR nepenucbIBagTCA U3 M16 {ans
nocneayrouLev NOArOTOBK#H cunch @OH Kk paborte) .

5.3. NPEOGPA30OBAHUE ®OPMAMBHOMO ONUCAHUA B MOAENb

B paccMoTpeHHbIX anroputmax Heo6X0AUMO OTpPa3vTb BOMPOCLI CUHXPOHU3E-
yuu NPOYeccog B MOAENbHOM BPEMEHN. [ina 37O uenu UCNONb3YIOTCA CNeayoLUmne
oneparvopsl KBazvnapannenbHoin paboTel NPOUECCOs 8 cuCTeMe AMCKPeTHbIX CoBbi-
Tuit: WAIT{1) — oxupaHuA NO BPemMeHK ANMTENbHOCTHIO T EAUHWL MOAENLHONO
BpeMeHU (MOMEHT aKTUBM3aUMM NPOUECCa, 8 KOTOPOM BCTpEYaeycA 3TOT onepaTop,
paBeH g+ T); PUSK‘(MMH); STOP (umnr) ; CONT (umn) — 3anycka, ocTaHOBa
npoaonxernA paboTel Nnpouecca C'YKa3aHHbIM UMEHEM, WAIT UNTIL(A) — oxuna-
HUA BbIMOAHEHWA YCNOBWA, ONpeaeneHHbiX NPOUEAYPOM C UMeHeM A.

MNockonbKY anropuTMel GyHKUMOHUPOBaHUA MIPOUECCOR 13-38 3HAYNTENLHLIX
ynpoLLeHuit 06BEKTa NONyYnAnCs NPOCTLIMK, yAanocs w3bexars npobnem AeneHva
anropuTMOB TIPOLECCOB Ha 4acTu (aKTUBHOCTW) ANA YCTAHOBKW OMEpaTopas CHH-
XpOHU3aLWWM U COF NacOBAHWA TOYHOCTY umuTauun 80 BpemeHu. Mpu opraHusaunn
UMUTauMM PaBoTel MPOUECcCoB WCMONL3YETCA eAMHCTBEHHOE COrnauleHue: BHa4ane
oTpabaTbiBaeTcA BpemMeHHdn 3aiepxKa Npouecca, a 3avem MrHOBEHHO B MOAEMNEHOM
BpemeHu t, OTpaBaTbiBaeTCA 4acTb anroputma (COOTBETCTBYHOWARA aKTUBHOCTB) .

UHgopMayuoHHyro 633y MOAeNV COCTaB AT 3afaBaemble napameTpbl Moaenu-
POBaHWA: ANUTENBHOCTL 33AEPXKKU fpOLECcoB 7 , 4acToTa NOABMEHWUA cobbiTUN B
npoueccax R/ , hyHKuuA pacnpenaeneHdin ANUTENLHOCTU paboTei NPOUECCOB F/ {t}.
Bce 3TW NepemMeHHble ABNAKOTCA rnoBanbHLIMM XapaKTepucTuKamu MOAENU, KOTO-
pbie cOBMPaDTCA BMECTE B BUAe eanHoro maccusa MZ 33aBa@MoON B MOAENU WH-
thopmaummn. B coctaB maccusa MZ He BXOAAT MapaMeTpbl MOABNWPOBaAHWA V. U
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Vo« NPUHATLIA NpOUECCHBIR NOAXOA K ONMCAHUIO aKTUBHBLIX KOoMNoHeHTos BC as-
TOMaTUYECKM 06eCNeUnn NeKOMMO3NUMIO €8 Ha COCTaBHbIE 4acTU. Takum 06paaom,
OCHOBHaR 4aCTb MMWTauuoHHoW mogenn BC npeacrasnAer onucaHue npoueccos,
BHYTPW KOTOpPBIX YCTaHOBNEHbl ONEPAaTOPbI MX CMHXPOHU3ALWUM B MOAENbHOM Bpe-
MeHU t

CneayiowmnmM warom npeobpazosaHnA OPMankHOro OMUCAHWUA B WMMWTALLMOH-
HOW MOAenu ABNAETCA 861600 MECT YCTaHOBKU OnepaTtopos cbopa cratucTukuy. We-
XOAR W3 UeNeBoN iyHKUUM MOAENUPOBAHVA, HEOBXOAUMO OMpeaenuTs CReaylowme
TUNbI CTAaTUCTUK: KOIMMDUUNEHTBI MCMONL30BAHWA NPOLECCOB 7; » XapaKTepUCTUKY
MCNoNb30BaHUA O4epeaei, CTaTUCTUKW TPacCMpPOBKY chny»(naava TR npouec-
camu cuctemsl. OyeBuAHO, 4TO onepatopsl c6opa CTaTUCTMK NEpBOro TUNa n; Mox-
HO NoMewaTe HenocpeaCTBEHHO 3a OMepaTopamMu CUHXPOHWU3AUUU npou,eccoa Xa-
PaKTEPUCTUKKN UCNONBb3OBaHUA ouvepesen (L. — cpeaHRA annHa /- ovepean TR;
8. — cpeaHee Bpemn npe6sisaHur TR 8 j-it odepean; N. — uucno TR, noBuiBaBLINX
B8 j-A ouepean) MOXHO (UKCMpOBATL B MecTax 3anncu W uTeHus TR vz ouepeneit.
Mpy KaXAOM MHUUMMPOBAHWUM NPOUECCOB B Hadamne Peannaauuu anropuTMa Hakan-
NUBAOTCA 3Ha4E€HNA CYETYMKOB YNUCNA UX 3aNYCK OB (N Nak,NMS NMA'NMn NALL
NﬂO) :

C nomouisto onepaTopos TpaccupoBKM o6cnyxueaHuR TR npoueccamm onpe-
AENAETCA pRA [OMOMHUTENbHBIX CTAaTUCTUK. Tak, nepen MOCLINKOA CUrHanos
KBBAB u BUF cooTercTeylowmMMu onepatopaMu TpacCUpOBKU (IUKCUPYIOTCR
ANNUTENBHOCT OXXMAAHWA aBOHEHTaMu OTBETOB OT CUCTeMb| TOT/.. . Ana dmkcauuu
cratuctnkmn T 4 YCTaHaBNuBalOTCA OMepaTop Hauana Tpacchkl Mpu nocekinke 8 BC
curHana KN\/KB anroputme npouecca UW, u oneparop KoHua Tpaccel NpY NOcbiNKe
B ovepeas M4 B anroputme npouecca (\/I , KOTopbie MKCUPYIOT MOMEHTbI
COOTBETCTBEHHO won / . CpeanAan nnmenwocn, ceaHCca B3aWMOJENCTBUR
/-ro none3oBartena ¢ cucTemoi T . onpeAenAeTcA onepaTopamu 3anucu 8 TR xa-
PaKTepUCTUK t‘ml Mt " JJ,nn onpeaeneHnA ANUTENbHOCTU UMK A B3aUMOBENCT-
BWA /-r0 NONMb3oBaTenA To; B anropuTme npouecca ABON yCTaHaBnumBaerca one-
patop 3anucu B TR napametpa t _ . B atom xe mecTe CbVIKCMpVETCH ¥ YUCNO B3au-
MOAENCTBMIA /-ro Nnonb3osaTtena ¢ éC 3a spemsa ceaHca. Bce onepatopsi c6opa cTa-
TUCTUKU ¥ TPAaCCMPOBKK UCNOMb3YIOT BydiepHyto 3ony BFZN ana Hakonneuua cra-
TUCTUKK MOAENUPOBAHUA BO BHewHew namAaTu 3BM. 3anuce cratuctuku 8 BFZN
ocyliectenaer 610K Hakonnenua ctatucTuku BNST. O6pawenHns k BNST ocywe-
CTBNAIOTCA Npu Kaxkaom 3anonHenun BFZN 8 xoge sbinonHeHuna onepatopos c6o-
pa CTaTUCTMK W,

Ona  koHTpona 3a xodom uMuTayuu nNPOUECCOB WCMONb3YETCA npouecc
CONTROL , xoTopblin ¢ neproaom Toon OMPAWNBAEET COABPKUMOE MaccmBa CTa-
TMcTuk N, v ecnu cuTyaumr NOBTOPAETCA XOTA Gbl ABAaXALI, B PaBOTy BK QYT
ca npouecc FINISH, a npouecc CONTROL ocranaenusaerca. Mpw BbInonHeHuu
YCNOBWA OKOHYaHWUR MOAENMPOBAHMA B paboTy 3anyckaetch npouecc OBKAB. Be-
AeTCA Takxe HaGnwoaeHve 3a N3MeHeHMUEM 3Ha4YeHWIA KOHTPONMPYEMOro NapameTpa,
YKa3biBalOLLEro Ha MOMEHT BXORA MOAENU B yCTAHOBUBLLEECA COCTORHMe. B Kave-
CTBe KOHTPONWPYEMOro napamerpa BbibupaeTcA CpeaHAA AnuHa ouepean M19
/m19 . KOTOP3A 03Ha4aeT YCTaHOBMEHWe B MOAENU CTALUOHAPHOIO pexumMa obcny-
XKWBaAHUA npoueccopamu TR, u ¢ 3TOro MoMeHTa MOXHO HauuHaThL c60p CTaTUCTH-
KW MOAENUPOBaHUA.

Modudiukayua daxTopa Modenuposanun OCyLLECTBNRETCA BAOKOM Ha4aNbHbIx
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YCNOBWit, aNropuTM KOTOPOrO NPeACTasIiAeT AB8e pa3nuuHbIe BeTBW, KAKAER U3 KO-
TOpbIX NPeAHA3HAuEHa ANA PelIeHuA CBOEN 3aAa4Yu MOAENVPOBAHKA. Mo nepsot set-
84 aNFOPUTMa WU3MEHAETCA COOTHOWEHWE ANUTENLHOCTH BbINONHEHNA mMoaynei no
YPOBHAM NpepbiBaHnA ‘r: ’ 7, 'rg . MOAWGDULVPYIOTCA CKOPOCTH PaGoTbl MOHKTO-
pa nepecuetom T, , T, , T3, KOTOPbIA OCYLLECTBNRETCA Ha OCHOBE 3af\aHHON CKO-
POCTY paBOoThl MOHMTOPA V@ Ty =TV, 1'2='r;vM; 1'3=T;VM. OAHOBPEMEHHO  C
3TMM OCYLLLECTBNAGTCA NepecyeT IYHKLWIA PAaCTIPEAENEHNA  ANUTENbHOCTH KBaHTOB
PaboThi NPY 33aAaHHON CKOPOCTU IYHKUWOHWPOBAHUA npou,eccopa:F.I (t) =F? (til.)vn ;
Fyle) = Fylgdv: Falt) = F3lt vy Folo) = Falt v, .

Bropar BeTBe anropuTMa MO3BONAET MOAUDULMPOBATH Da3MeEpbl 6ycdepHbIx
3on CBK Tag« T2+ Tpri+ TpFR VMW e NPy U3MEHEHUW 3NEeMEeHTHOW 6a3b! yeT-
po#cTe BB0oAa-BbiBOAa! MHGIOpMaL K u3 BC. Tak ocyllecTBNAETCA W3MeHeHue COo-
oTHoweHuA K = v /v  TIO CPABHEHWIO C 3TANOHHBIM K,=valv 3 3nauenvem (npu
KOTOPOM OMPEAENANNCh 333aBaAEMble NapameTps! Maccuea I\/&) ah dyHkumn 6noka
HaYanbHbLIX YCNOBUW BXOAWT uMCTKA paGouux nonei BCex MpOUECCOoB, YCTaHOBKA
8cex rnoGanbHuIX NPWU3HAKOB B WCXOAHBIE COCTOAHWA, YCTAHOBKA B MeMophanax
npoueccos  ABON. n UW, ana mogenein ceAsyiowei nHdropmauun TR HauansHbIX
COCTOAHWM, YCTaHOBKA npouecca MON3 B MCXOAHOE COCTORHWE OXWAAHWA, COOT-
seTcTBYlee paboTe Beaywlei NPOrpaMMbl, OCTAHOB BCEX MPOUECCOB ABONJ. 7]
UW. 8 COOTBETCTBMM C MaHOM 3KcnepumenTa. 3anyckaeTcA B paboty Takxke u
npouecc CONTROL.

Bnok 06paboTku pe3ynsTaros HabmoderHull vcnonb3yer CTaTUCTUKY, HaKon-
NEHHYI0 Ha BHELHWX HOCUTENAX, U BblYWCNIAET BCe Heo6x0ANUMBIE CTaTUCTUKY MO-
AGNNPOBaHWA Toraii' tpk i T)«.da..q.’ Ta. . Bbwucneuubuf CTaTUCTUKKN MO-
AENVPOBaHWUA, MCNONb3yemble ANA NOCNEAYIOLLEN CTaTMCTIYECKON o06paboTku pe-
3yNbTaTOB MOAENMPOBAHVA Pa3NUYHLIX BAPUAHTOB BC, onpeaenAloTcA No CNEAYo-
wum dpopmynam: T =t =t 0 Tor i = Tgupij ~ ’osKA@i"' Toji =terii™
- tc”._.”. ; de’.q/ =t o~ teont - 3aechk xe No hopmynam .ll) BbIYUCNAIOT-
CA SHavelvA NOKa3aTenei KauecTsa BapuaHTos MoaenvposaknA N1 N2. B dyHk-
Luu Bnoka 06paBoTKN HaGNIOAEHWIA BXOANT TaK)Ke peanu3alnA NPoUeayp WCNbITa-
HWA CBOWCTB MOAENH.

5.4. NPOrPAMMUPOBAHWUE MOAENU 8bIYUCSINTENbLHOA CUCTEMbI

B KauecTBe A3siKa peanusayuu Moodenu BbiGupaem PLSIM . B nonbay Bbi6opa
MK PLSIM rosopAT Takue ero AOCTOMHCTBA, KaK npoueccHsiil NOAX0A K peann3a-
LMW KOMMOHEHTOB MOAENYW, Hanuuue NPOUEAYP UCNbITaHUA mMojenen, NpocToTa 3a-
AaHUA MHOXeCTBa OAHOTUNHLIX NPOLECCOR ABONI. ,UWI, PROC’ , Hanuuue CTau-
ABPTHBIX CPEACTB (UKCALMU CTaTUCTUKK, BO3MOXHOCTb YCTaHOBKY Tpacce, HanuJue
cpeacTs 06paboTKyn U NNaHMPOBaHUA akcnepumenTos. Kaxapit npouecc oopMna-
efcA B Buae PL-npoueaypbl, VMetowwe# napameTpsl. Dna  wHdopmauvoHHon
CThIKOBKW MPOUECCOB G Momollsto TR ucnonkayloTeA PL-cTpykTypbl. Bo3mox-
HOCTbL OpraHuzauvK ovepened U3 aTUX PL-CcTPYKTYp CcywiecTBeHHO obneruaeT 3ana-
Hvie uHopMaunoHHow Basbl Moaenw. B cooTsercTauv ¢ TpeGopaHuamn MK PLSIM
OnucaHve COCTaBa MOAENW 3aAaeTCA cneunanbHbiM ONepaTopoM, KOTOpbLIN onpeae-
NAET KONWYECTBO OBBEKTOB CUHTE3UPYEMOA MOAENN M COMNAacHO KOTOPOMY OCyuULe-
cTBnAeTcA Boigenedue ON noa npoueccel. B KayecTBe pasMHOXKaeMbiX npoueccos
B8bLICTYNAOT ABONj w UW, , octanbHbie 8 A3HHON MOAENU ABNAKTCA YHUK aNbHbIMU.
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B nponore npu onucaHuu COCTaga MOAENW WAET NepeducneHne UMeH Npoueccos U
yKa3bieaeTcA ux KonudectBo. Oneparopb! ynpaBneHwA c60pPOM CTaTUCTUKK BKSltO-
4alT onucateny TPacc W MapKUpoeKy npoueccos. OnepaTop 3anycka Mogeny nme-
et cuntakenc CALLIMITATE ( < womep npouecca > ), rae < Homep npouec-
ca> — MHULMATOP PA3BUTUA UMUTAUUKN dYHKLUUOHUPOBaHWA BM (B aaHHom cny-
4ae 3T0 6NOK HavanbHbiX YCNOBWIA) .

Mfanee cneayeT onucakuve anropuTMa dyHKULMOHMPOBAHNA KaXAOro TMna npo-
Leccos, U3 KOTOPLIX CKOMNOHOBaHa moaens. Kaxabii npouecc ohopMNAETCA Kak
otaenbHaA PL-npoueaypa, uMerowwan Bbixoabl (Mo YMcNy onepatopoB OpraHW3aumum
KBa3unapannenusma) Ha ynpaBnAOWYI0 NPOrpaMMy MoaenupoBaHwA. loatomy
TENo Kaxaoro npouecca (anroputm ero dyHKUMOHUPOBAHWA, PEanU30BaHHbIA HA
A3biKe nNporpammuposanua PL/1) ¢ ao6aBneHuem pasa maxpopacluvpernin oTae-
NeHo onepatopamm 3aroNoBKa U KOHUa nNpouecca. 3aBepwaeTcA onucaHne UMUTaumn-
OHHOA Moaenn anunorom. 3To, kaK NpaBuno, obbiYHbIA TekcT Ha A3eike PL/1 ¢
Ao6GasneHueM pAfa MaKpopactiupeHui, oGecrednBeaolMx peannsauuio NpoLUesyp
CTaTUCTUYECKOrO aHanMu3a pe3ynbTaToB MOAENUPOBAHWA W MPOLEAYP NNaHWpPOBa-
HUA UMUTAUMOHHLIX 3KcnepumerHTos Ha EC 3BM. OnepaTtop KoHua anMnora ABAReT-
CA OAHOBPEMeHHO 06LLUMM yKa3aTenem 3aBepuweHWA NporpaMmMHON Moaeny.

Nocne okon4auua onucaHua mopenn BC Ha Assike MK PLSIM HauuHaetca dia-
33 aeToHOMHOU OTnadku npoyeccos. [INA yCKOpeHWA 3aBepLueHnA 3Toi daswl oc-
HOBHbIE MPOUECChI MOXXHO OTNAaXXMBaTb NapannensHo. Takoi noaxoa Tpebyet 3asa-
HUA Ka)KAOMY NpOUEcCcYy CBOEro UMWTaTopa BHEWHEro oKpykeHwA. Ha npumepe
npouecca ABON. paccmMoTpum npuHumnel nopo6HOM oTnaaku. Moaens npeacras-
NAETCA Kak Gbl COCTOALWLEW W3 ABYX B3aMMOAENCTBYIOLLMX NPOLECCOB ABON]. "
umutatopa. Umurtarop aomkeH ‘BbinoBuTh’’ mMecTa HepaboTocnocoBHOCTU B anro-
puTMe npouecca ABONI. {ocTaHoB uMuUTaTOpa) M oBecneuuTs 0BpaTHbIA BbIXO/ Ha
anroputm ABON]. ANA NPOBEPKY CNeAYIOLLEro pexxuma ero dyHKuuoHupoeaHua, B
AaHHOM Cnyvae VMMTATOp 3aMeHAEeT B3aWMOAEBUCTBME MOHWTOPE C MNPOLECCOM
ABONj. NpWU MOCTYNAEHUN K HEMY 3anpocoB Ha obcnyxusavue TR . Kpome Toro,
NpU KaXAOM nepexoje C OAHOMO PeXXWMa Ha APYroi Ha nesartaloulee YCTPOWCTBO
3BM BbipaeTcA coaepvMoe MemMopwana Npouecca AnA NPOBEPKU NPaBUMNLHOCTM
¢yukumorunpoeanva npouecca ABON. B aBTOHOMHOM pexxrMe. AHanorMiHo Npo-
BOAWUTCA OTNAAKa OCTanbHbIX NPOLECCOB.

B daze xomnnexkcHol oTnadku CTPyKTYpa MOAENU YCAOXKHABTCA NOCTEREHHO:
BHavane OTNaXuBaeTcA QYHKLWUOHWPOBaHWE ABYX B3aUMOAEMCTBYIOLIMX NPOLECCOB
COBMECTHO C UMUTATOPOM paboTbl OTAENbHbLIX KOMMNOHEHTOB Moaenu. 3aTem go-
GaBnAeTCA elle OAMH NPOLECC, U TaKUM 0BPa3OM HapaLLMBAETCA KaK AMMHA LenoN-
KU B3aUMOZeACTBYIOLMX NPOLECCOB, TaK W YUCO UX, B3aMMOAENCTBYIOWMX Napan-
nenbHo. OTmetum, uTo cpeactsa otnagkn MK PLSIM nossonRwT opraHusoBats
pasnu4Hble BWAbI “AaMnNoB’’ NpW NOABNEHUM OWWGOK MMWUTAUUW, XOPOLIO AOKY-
MEHTUPYHT CUTYauunio 1 NO3BONAIOT NOKaNU3oBaTh OWWEKK AMHAMMKK B3auMO/aen-
CTBWA MPOLECCOB C TOMHOCTLIO A0 OTAenbHbIX onepaTtopoB A3sika MK PLSIM. Mo
OKOHYaHWW OTNaaKW OCHOBHBIX NPOLECCOB NPUCTYNAOT K BKIHOMEHWUIO B COCTaB
moaenu scnomoratensHetx 6noxos. B pe3yneTare 3aBepLueHus KOMNNEeKCHOW OT-
NagKu nNonyvyaem nporpaMmmHyto MMUTAUMOHHYID MOAenb, KOTOPaA HyXaaertca B
UCNbITaHUMU.
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5.5. UCMbITAHWUE MOAENWU BbIMUCNUTENbBHOW CUCTEMbI

OnA nNpoBepKW afeKBaTHOCTU MOAENW peanbHOW  CUCTeme-NpaToTHny
(AUCT-0) 6bina BelBpaHa cucTemMa, COCTOALLEA u3 OAHOrOo NPOUECCOpPa, 0AHOrOo
YBBK, nath aboxenTos, oaroro ALMY v oaHoro nepdopatopa. WcneiTaHne moae-
A NPOBOAVUAOCH NPY COOTHOLIEHMW CKOPOCTEA MOHWUTOPa W Npoueccapa K0 =4n
CneaylouIMx 3Ha4YeHWAX 33[,aBaeMbiX NapameTpos; R =1,66; R =1A43; R =1,66;

R, =1,66; R5=1,66, R6 1,43,R =3,3; /-7 =2,5; R —2 R%_wﬁ
=10; @UW‘—‘3OC; TKaﬁ':GOC; 706n=1c; TMS 21MC ™ MC; T,
=1c; 7T :1C;TPR':0,2C;TPFR 15¢ 1, 002c Ty
=01c, 1, = =0,2c.

Mo 3HaqunﬂM KOMMOHEHTOB BEKTOPA R10 /-71 , R,., yCTaHOBNEHbl  3Ha4eHwA
BeKTopos BepOHTHOCTeM Pp = (0; 0; 0,348; 0,070; 0; 0,157; O, 126‘ 0; 0,142;

z

0,157); = (0; 0; 0; 0,070; 0,142; 0,284; 0; 0,362; 0; 0,142); =(0,06 ;
0,074; 0 0076 0,142; 0,142; 0,07; 0; 0,294; 0142) 6_12 py6/q; N =
= 1 (Bce aBOHEHTbI PaBHO3HaYHbI MO BAKHOCTU) ; =0,5.

BnaroaapA UCNONL30BaHUKO NpY NpoBepke a.quBaTHOCT'A MoJaenu cucteme
AUNCT-0 peansHOW CTaTUCTUKMN hyHKLMOHWPOBaHUA, Nnofiy4eHHOM B XOA€ HaTYpPHbIX
3KCMEPUMEHTOB, UCMLITaHWE MOAeNn NPOBOAMNOCHL NPy BbiGOpKe Manoro obvema.
Mei He 6yAeM 34eCb W3naraTe BONPOCHI Bepudukauwyu moaenn BC, a moaenvposa-
HWE OFPaHUYUM PACCMOTPEHMEM TONBKO OAHOW M3 BO3MOXHBIX 3aAa4 UCCNEAOBAHWA
CUCTEMDI.

BHavane onpeaenAnack paboyas ANWHA pean13aunn MoAenm, AnA Yero 6sino npo-
CUMTAHO CeMb BAPUaHTOB C OAHWMM 1 TEMM Xe NapaMeTpaMu YNPaBneHus MOAENbIO,
HO C Ppa3HbIMW 3HAaYEHUAMU BPEMEHW MOAENMPOBEHUA {vccnenosaHuA) T“. Ha
puc. 5.11 npenctasneHbi rpacukiu 3aBMCUMOCTM NOKa3aTenen KayecTsa v /7
OF BenuuuHbl T . AHanu3 nameHeHuA nokasatenei kauectsa ybexnpaer, uTo anﬂ Mo-
AenvposaHus JJ.OCTaTO‘-!HO sapasate T = 3000 c. B atom cnyuae 06a nokazatenn
Kayecrsa BapuaHToB MOAENUPOBaHUA CT85MnM3MpleTCﬂ YTO O3HaYaeT BXOA Mopje-
AUPYeMOoro npouecca B yCTaHOBUBLUEECA COCTOAHUE.

8t T LT T
| i " |
NP Znndl
18 ~ it T
o Y AT
/ {5 T~ W1 ;
4 |
R | i Puc. 5.11. 3aBucuMoCTL NOKa3aTenen Kaue-
260 300 750 1000 1250 1500 1750 2000 2250 2500 2150 30005288 € 1190 crea 171 7] /72 OT BENM4UHbLI BPEMEHW MOoAae-
o nUpoBaHKA TM

OueHKa TOYHOCTU MOAENWPOBAHUA NPOBOAMNAECE CNEAyIOWLMM o6pa3om. OaunH
1 TOT K& BapWMaHT, HO C Pa3HbIMMN 3Ha4eHMAMM 6a30BOro reHepatopa NCcesaocny4an-
HeIX yncen mogenuposanca 10 pa3. Takum cnoco6om oueHnBanock BAUAHKUE CTOXa-
CTUMECKUX 31IEMEHTOB MOAENUPYEMOro BbiYMcNUTensHOr O ftpouecca. Mo okoHYaHuu
MoaenupoBaHa anAa Kaxaoro u3 10 BapuaHToB BbiNK BbIMUCEHbI 3HAYEHUA BCeX
nokasateneit Ka4ectsa /7 . 3aTeM BbIUCNANUCL CPEAHUE 3HAYeHUA, AUCNEPCUN K
AoBepuUTenbHble MHTepBanbl nokasateneu /7 . Tak 6b1na oueHeHa TOYHOCTb BbIYKC-
nexnuA I7 , KOTOpan 3aTeM ucnonbsosanaCb NpY HaHECEHWU 3Ha4eHWUH l7 Ha rpa-
duKu. PeaynhTaTbl pacueTos npeacTaeneHst B Tabn. 5.1.
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' Tabnuya 5.1

Cpeanee [Auncnep- [foseputens- Makcn- Murumane- 877, ,
Mokazatene aHayeHue CHA HbIt MHTER-  M8NbHOE  HOe 3Haue-
Ban HaveHue Hue %

CpeaHAR Yaeno- 0,72 0,0003 0,7241-0,7151 11,60 0,144 180
HAA CTAMMOCTL QM-
AaHuA 11 1

KoadduumenT 3a- 0,84 0,0005 0,8440-0,8360 0,85 0,266 128
rpy3Ku Npoueccopos
1y

YyBCTBUTENEHOCTE MOAEAMPOBAHWA OLEHUBANack No cneaylowen meroamke. B
pesynuTaTte npo6HOro MoaenMpoBaHWA 6binu BbiGpaHbl Npeaentbl M3MeHeHUA ynpas-
NAKWMX NaPaMETPOB MOMENN Ha OCHOBAaHMM PeanbHbiX BO3MOXHOCTEA U3MEHEHNA
COOTHOLLEHNA CKOPOCTEN npoueccopa 1 MoHUTOpa Ko . Pacyetsi npoBOAUNUCE MO
copmy ne

én, = =2(1.

i max_ i min

Yy, +1, ),

{ min

tpell, . M1, in — COOTBETCTBEHHO MaKCUMaNLHOE U MUHUMANLHOE 3HaYeHUA
floKa3saTefleit KayecTBa MOAeneit. ByeM CYNTaTh, 4TO YeMm Bbitwe 3HaveHnR Koadihu-
uMeHTa YyBCTBUTENbHOCTM /7, , Tem Bonee NPUroaeH 3TOT NOKa3aTens ANA  pewe-
HUA AaHHOW 33aa4n npoeKmposaHuﬂ BecbMa CyLLECTBEHHO paHxupoBatve /1. no
BenuynHe 8/7 . Kak BuaHo u3 1abn. 5.1, Hanbonee npuroneH ANA peweHunA 3a.uau
uccnenoaanuﬂ apxuTekTypsi BC nokazarens /1, (6/1, = 180 %) .

Mposepka aneKBaTHOCTK NPOTOTUMY npoaonmnac» no nepsomy cnocoBy anA
CMELLIAHHOrO PeXMMa OPraHM3auuK BeIMUCANTENBHOr O Npouecca. Peanbhele M3Mepe-
HWA NapamMeTpoB hyHKunoHupoBanna BC aanu cneaytowine pesynbTaThi: nM=0,78;
n,= 0.35; ZT . —69c; T =132c.

ﬂoxaaaTenw Ka4ecTBa peanhHom BC paeHsi:
P = = = .
I =cug (Z?TOﬂa /Tu) 12(69/132) = 6,2 py6/y;

ny =am, +a,n, =1035+ 0,5-0,78 =0,74.

B X..€ UMUTAUMOHHOMO 3IKCNEPUMEHTE ANUTENLHOCTLIO T = 3000 ¢ 6bin0 BbI-
nonHeno 22 cearica paboTei NonL3oBaTenA. 33 OAUH CEaHC OH B cpen.HeM 1,6 pasa
B3aume, “cTeosan ¢ OC. MoaenbHbli akcnepumMeHT (BapuanT N° 13) pan  cneayio-
uiue pe3ynbTarthbi: /7”‘ = 6,7 py6/y; I7M = 0,85. B pesynbTare pacxoxaeHve moae-
nU ¢ peanbHbIM o61.e|<'ro~| m, coc1aauno

An, = (|n“;—n;’ | /rF? ) 100 %.

CpaBHeHue Moaenu 1 peansHoro o6bexTa nokasano wx “6ausocTs’’ B Npeaenax
15% (A N, =8% A 11, = 14,8 %) . PacxoxaeHue B BuI4MCIMTENLHOM NpoLiecce
MOAENU U peanbHON CUCTEMBI MMENO MECTO U3-33 HECOOTBETCTBUA BPeMeH MW aHanwusa
pesynbTaros 7, 8 peansHo cucteme u 8 X0Ae MOAENLHOMO IKCNEPUMEHTA, 4TO
4acTUYHO netbopMMpoBano BpeMEeHHYI0 AvarpaMMy B3aMMOAEACTBIUA YCTPONCTB U B
MOAEenw; 3arpy3Kka MOHUTOPa W NPOLECCOPa OKa3anach Biwe peansHon. Tem He me-
Hee 15 %-HaR ageKBaTHOCTb, moaeny peansHol BC poctatodHa ANA NONy4YeHUA Ha
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MoAenu NPaKTUYECKW 4OCTOBEPHLIX BLIBOAOB NPU PelleHu 3afa4u BbIGOpa apxu-
TexTypel BC.

5.6. PE3YIbTATbI MOAENHUPOBAHUA BbIYUCNUTENLHOA CUCTEMDI

YCTaHOBWB YAOBNETBOPUTENLHYIO afeKBAaTHOCTb MOJENU DPeanbHoW cucTeme,
nepeiaem K sxcnepumerTam. OCHOBHaA 3apa4a CCNeA0BaHUA HA MOAENU — OUEHK3
BNUAHUA apxuTekTyLbl BC Ha opraHusaumio selvvcnnTensHoro npouecca. MposepA-
nace pa6ota BC B cMewaHHOM pexxume o6CnymunBaHuA. bBeinu paccMmoTrpeHn! Tpuy
BapnaHTa apxuTexTypbl: CUMMETPUYHAA, acUMMeTpuyHaa obpaboTku 3apnanHuin LN
¥ acUMMeTpU4HaA Ha oBcnyxuBaHue 3ajaHuii MOHUTOPOM.

B nepsom cnyyae monutop 1 LN umenun oanHakosoe GeicTpoaeicTave. B kave-
ctee napamerpa K, 6bina BeI6paHa OTHOCUTENbHAA NPOMIBOANTENLHOCTL APOLECCO-
pa. AnAn yao6cTBa cpaBHeHWA BapMaHTOB NPOVU3BOAMUTENLHOCTH npoueccopa IBM
""Munck-32” npunata 3a eaunuuy. OcTanbHeie TWNbI NPOLECCOPOB paccMartpuBa-
NNCb C OTHOCWTENbHON MNPOU3BOANTENLHOCTBIO K, (BO CKOMLKO pas ux nNpovu3soau-
TEeNbHOCTbL BbIWE, YeM NMPOU3IBOAWTENBHOCTD 3BN?"MMHCK~32") . Bo sTopoMm cnyvae
npoueccop obnanan Gonee BLICOKUM BuICTPOACACTBUEM, YeM MOHHTOD, U B KayecT-
Be napametpa KO ucnons3osanocks OTHOWeEHWe 6biCTpoaeincTerMA npoueccopa K
6bicTpogencTBUI0 MOHUTOpa. B TpeTbem criyvae MoHutop oBnanan 6onee BbICOKOM
CKOpPOCTLIG, YeM Npoueccop, v napamerp K, NoKasbisas, BO CKONMbKO pa3 CKOpOCTb
BblYyncneHW MoHuTopa 6onblie, Yem npoueccopa. OCcTanbHble XapaKTePUCTUKW MO-
LEeNnv CYUTANNCL 3aAaHHBIMMW U B XOAE IKCMEPUMEHTOB HE MEHRA NUCh.

Tabnuya 5.2
:Iaopm:?na CooTHowweHNe cKopocTen /71 f72
CumMMeTpuYHan CTpyKTypa
1 1,0 11,600 0,593
2 1,8 7,100 0,590
3 4,0 3,450 0,589
4 16,0 1,000 0,578
5 41,0 0,500 0,580
6 59,0 0,264 0,591
7 100,0 0,144 0,588
AcummerpuyHaa Ha 06paborKy
8 15 0,192 0,703
9 20 1,500 0,720
10 25 2,130 0,740
11 3,0 3,920 0,760
12 3,5 5,280 0,841
13 4,0 6,700 0,850
ACUMMETPDUYHAR H8 O6CITYNUBaHUE
14 1,5 0,216 0,456
15 2,0 1,880 0,400
16 3,0 4,420 0,370
17 3.5 6,870 0,281

18 40 9,600 0,266
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8 — cMMMETpUUHOW; 6 — aCUMMETPUYHON
g 10 20 Ja 40 Ha 06pa6oTKY; 8 — aCMMMETPUYHOW Ha 06-
A —— cnyxnBaHue.

3anaua hopMynupyeTCA TaK: ONpesennTh Ha OCHOBE PE3yNbTaToB MOAENWPOBa-
HMA ypaBHeHue, anNPOKCUMUPYIOLLEE 3ABUCMMOCTL NOKa3aTenA KauyecTBa BapwuaH-
TOB I7 ANA KaXXAOro w3 BapuaHToB apxuTekTypsl BC. B paHHOM cnyuae akcnepm-
MeHT OAHOd)aKTOprIM Noatomy ANA ONpeAeneHUA 3aBUCUMOCTER /7 = % (K )
APUMEHUM O6bIuHbIA NOAGOD KPUBLIX C MOCNEAYIOLLVUM HaXO)KIJEHMeM Koatbdmun-
€HTOB per peCCHOHHBIX YPaBHEHWI NO METOAY HaumeHbluvx KBeaapaTtos. AnA c6opa
NaHHbIX, HEOBXOAUMBIX B LENAX NOCTPOEHUA 2aBUCUMOCTEN /7,. =¢; (KO) , UIcnonb-
3YI0TCA pe3ynsTaTel MoAenupoBaHWA BapuadTos BC cooTeeTcTBeHHO ANA KawA0ro
BMAA apXUTEKTYphl. PeaynbTaTel uccnegosaHui OTKnuKoB /1, Ha mopenu BC npu
W3MeHeHnv napamMeTpa K npeacTasneHsl 8 Taén. 5.2.

B pesynwrate MOAeanOI’O 3KcnephmeHTa nonyuyeHbl Tpu BelGopku: n, = 7 ana
apXVTEKTYPbl CUMMETDUYHOM, 11, = = 6 ANA apxvTeKTypbl aCUMMETPU4HOHW Ha obpa-
6orky; n, = 5 anA apXMTeKTyphl acMMMeTpU4HOW Ha obecrymmsaHmne; B KavyecTse
X, M ¥, BbICTYNAOT COOTBETCTBEHHO 3HAYEHUA Kgwll, . 3atem 3ty Touku (x, ,
y) HaHOCMnMCh Ha rpavK B NPAMOYrONbHON cucmme KOOp.L]MHaT {cm. pyuc.5.12),
B pe3ynsTaTe NONY4YUNU avarpammbl pasbpoca. Mo obe CTOPOHb! OT OpAYHAT HaHo-
CUNUCHh 3HAYEHWA OTKIOHEeHWUH l7i . Kak suaHo v3 puc. 5.12, B 6onsunHCTBE CNY-
YaeB 3KCNEepPUMeHTanbHbIE TOHKU XOPOLUO NOXUANCL Ha NPAMYIO NUHWIO.

AnA peweHwA 3aaayd NPOrOHKW KPwBbiX MO TOMKaAM MCMONb30BancA MeToa
HauMeHbLWUX KBaapaTos. [uarpammel pasBpoca nokasanu, 4To NokasaTens l72 .
HE33aBMCUMO OT apxuTeKTypbi BC, MeHReTCA No nuHeiHoMmy sakowy (/1. = ag +
+a, K ). NokasaTtens [1, vamennetcA no NUHENHOMY 3aKOHY TONMbKO ANA acUM-
Me‘rpwmon apxXuTeKTypbt. ,Llnn BbiMMCEHUA KO3thNUNEHTOB 3y U 3, NuHenHoM
annpoKcuMauuu ucnonbayem dopmyner (5.1) . inA CUMMETPUYHON apXUTEKTYPbI

—a, K
nokasarvens I71 U3MEHAETCA NO 3IKCMOHEHUUANbHOMY 3aKOHY (I71 =age 10y,
B AAHHOM Cnyvae uenecooﬁpaano UCKaTb MMHUMYM CyYMMbI KBaApaTOB OTKNOHE-
HWA nor apumMos dyHKUWA
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Pe3yneTaTei pacuera KoaduUUMEHTOB dy W a, npeacTaaneHs! 8 Taén. 5.3.

WccneposavnA TMNOB apxuTeKTypsl OPUEHTUPOBAMNCL Ha BLINUCAUTENLHYIO
TeXHWKY eauwHow cepun. MoseaeHwe MHoronpoueccoproin BC paccmaTpusanack €
ABYX CTOPOH: opraxu3aumn BN n obcnyxmeaHnA aboHeHTOB.

Ananua opraHusaumwu BN (cm. puc. 5.12 n tabn. 5.3) nokasan, 4To npu Cum-
METDUYHON apXUTEKTYpe CACTEMA CYLlecTBEHHO HeaorpymweHa. Moatomy koatdu-
LMEHT 3arPy3KK NPOUECCOpos /7, € YBENUYEHWEM OTHOCMTENbHOM CKOPOCTM O6pa-
60TKUN uRdopMaunmn K npaKTmecr(u He U3MEeHRETCA. JTOro U CneaoBano OXu-
BaTb, NOCKOMbLKY C yeenmeHweM npouzsoauTensHocT BC Npu HeMamMeHRIoWEMCA
BHELIHEM MOTOKE 3aaaHuin ycnosuwA opraHuaauun BN o6nervatorca. Ha ob6enyxuea-

Tabnuya 5.3
Tun apxuTeKTyps! CpeaHARA yaenbHaA cToun- KoadduunenT aarpyakmn
MOCTB OXWUABHWI /71 npoueccopos /72
AcummeTpuuran —0,0197/\’0
11,3e —4,0+2,16Ko
ACUMMETPUYHAEA HA 06paboTKY 0,57 0,55+0,053Ko
AcCUMMETPHIHAEA Ha 06CNY HNBaEHWe 0'71_0'003K0 0,52+0,053K0
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Hve aboHEeHTOB BOMbLLIOE BAMAHWE OKa3blBaET CKOPOCTb 06paboTku nHdopmMaunm 8
LUMN. CpeaHAaAa yaensHaR CTOMMOCT OXMAAHUWA aboHEHTaMW OTBETOB OT CHUCTEMBI
nagaer no 3xkcnoHenTe. MO-BUAMMOMY, C yBenuieHHWeM CKOPOCTM 06paBoTku vH-
dopMaumn K g LN Heporpyska cuctems! euie 6onee yBenuymBaeTcA, 4T0 NpMBO-
AUT K peaKomy CHIDKEHWMIO BPEMEHW OyKuAaHMA aboHenTos. Kak BuaHO u3 puc.5. 12,
NoBbILEHME CKOPOCTH abpaboTku Gonee yem B 16 pa3 No CpaBHEHNID CO CKOPOCTLIO
o6paboTkn IBM “"MuHck-32"' npu 3aflaHHOM cocTaBe aGoHeHTOB HeathheK TUBHO.

Npu acummeTpuun Ha 06paBoTKy C pocTOM CKOpPOCTW Npoueccopa no cpaBHe-
HWIO CO CKOPOCTEHO MOHUTOpa KO3adhMuMEHT 3arpy3Kun npoueccopos I72 yBenuyu-
BaeTCA MponopuroHanbHo. M3-3a Heaorpysku cucTeMsl NpUpauieHue aToro nokasa-
TENA HE3HAYMTENBHO W WUMEET NWHEHLIA xapakTtep. fluHetHO BO3pacTaeT CpeaHAA
yaoenbHan CTOMMOCTb OXWaaHwih aboHeHToB l7 npy yBenuyeHWM COOTHOLWEHWA
CKOpOCTer npoueccopa U MOHUTOPA K MNo- BMAMMQMV, #3-3a HeAOCTaTOYHOWN OTHO-
CUTENLHOW CKOPOCTU peakuvun Monmopa BO3pacTaeT yAenbHaA CTOMMOCTb OXXWAQ-
HUI aBoHeHTOB. MOXXHO KOHCTaTMpOBaTb, 4TO CKOpPOCTb 06paboTiu CyuwiecTBeHHee
BNMAET Ha MAKCHManbHbIe 3HaYeHnA napameTpoe paboTel BC, B To BpemAa Kak cKo-
pocTs 06cnyXMBaHMA 3aKa30B abOHEHTOB PErynupyet cpesHue 3HaueHWA aTux na-
pameTpoB paboTbl CUCTEMbI B PEXUME pa3denieHuA BpeMeHn.

YBenudeHve cTeneH aCUMMETPUN Ha 0Bcny)XuBaHue MPUBOAUT K 3HaYnTenb-
HOMY NUHERHOMY CHWXeHWO KoahdimuymeHTa 3arpy3Ku Npoueccopos I72. 3710 03Ha-
yaeT, YTO NPOLECCOp He yChneBaeT CrpaBnATLCA C 3aKa3amun Ha obpaboTky, cdopmu-
pyemsiMiU MoHuTopom. [pocToun npoueccopoe NPUBOAAT K nUHeMHoMY pocTy cpef-
Heit yaensHOW CTOMMOCTU 0XUAaHMI aboHeHTa l71 .

Takum o06pasom, MOXHO caenaTtk 06U BuIBOA O pevMylilecTBe CUMMETPUN-
HOW apXUTEKTYpPbl MO CPaBHEHWIO € OCTankHLIMKU, 0COBEHHO ecnu B Kavectse pabo-
YMX MPOLECCOPOB M MOHMTOPa ucnonbk3osaTs 3BM knacca EC-1035 n 6onee crap-
wux cepuit EC 3BM. OroBopuMCA Npu 3TOM, YTO BCe BbIBOAbI CNPaBeANnBbl NpK
3aflaHHbIX COCTaBe aBOHEHTOB W CTPYKTYpe NOTOKa 38Ka308 OT HUX. O6Luiunin BeIBOA
OCTAeTCA MPEXHUA: CUCTEMa 3HaUNTENLHO HeAOorpyXeHa, U ARA NonyyeHwA Gonee
CYLLIECTBEHHLIX Pe3ynbTaToB OT MOAENMPOBaHWA HEOBX0AUMO yBennunBaTb YUCNOo
aGOHEHTOB CUCTEMbLI Ha BXOAe. 3aMeTuM, YTO NpvUBeaeHHaA B Npumepe MOAEeNb AB-
ARETCA YCEYEHHOW NO COCTaBy MNPOUECCOB, OAHAKO el MPUCYLLN Ble YepThl mogaeneit
bonbLnUX cUCTEM.
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YCNOBHbIE O6BO3HAYEHUA

ACY — aBTOMaTW3WPOBaHHbLIE CUCTEMbI YNpaBNeHuA.
AUNY— ycTpokcTBO BbIBOAA UHGOPMAELIMK HA NeYaTh.
BN — swmucnutensHsI® npouecc.

BC — BbLMUCNUTENLHEA cucTema,

MB — MmarHuTHoI% 6apaBaH.

MA — MarHuTHbIl ancKk.

MK — moaenupytowunii Komnnexc.

M — marHvwTHanA neHva.

MC — maccHs COCTORHUIA NpoLlecca.

OBM — obmeH.

Ol — onepatvsHam NamATL.

OC — onepaunoHHan cucrema.

® — nepdoxapra.

PA — pa6ouni npoueccop.

CBK — cenexTop BHeWHWUX KaHanos.

CBN — cenexTop BHeWHeN NaMATH,

CUCN — cucTtemHan Nporpamma.

CMO — cucTembl MaCCOBOro 06CNYXUBaHUA.

CNP — cucrema npepeiBaHUA,

TC — Tt86nuua COCTORHUIA O6beKTA.

YBBK — ycTpOi#cTBO BBOAA BHELHUX KBHANOBR,

YNM — ynpasnAwowan nporpaMmmMa MOAenMpoBaHus.
UM — uyeHTpaneHeIi Npoueccop.

3BM — 3n1eKTPOHHEA BLIMUCIMTENLHEA MALLMHE.
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