MoaenupoBaHue (pyHKLMOHUPOBaAHUSA

cuctem N-cxem n A-cxem

NMpumeHeHue annapata N-cxemM no3BonseT OCYLWECTBUTb
CTPYKTYPHbIM noaxon K MNOCTPOEHU UMUTALUOHHOM MoAaenu
CUCTEMbl S, NMpPU KOTOPOM obecneyumBalOTCA HarnasgHOCTb MoAaenwm,
MoAyfbHbIXM NPUHUUN ee pa3padboTkn (COOpPKKU), BO3MOXHOCTb
nepexoga K aBToMaTU3MpPoOBaHHOU MHTEPaKTUBHOMN npoueaype.

NMoctpoeHune N-cxembl npoucxogut PoOpMarnbHO: COCTOSIHUAM
CUCTeMbl COOTBETCTBYHOT no3nuumn N-cxembl, COObITUAM — nepexobl.
HaHeceM MapKuMpoBKY, COOTBETCTBYHOLYH TaKOMy COCTOSIHUIO
CUCTEMBbI, MNP KOTOPOM KaHanbl CBOOOAHbI, onepaTopbl He 3aHATbI, B

cucteme HeT 3aka3oB (puc. 1.).

KO-
S8,
Puc. 1.

BuaoHo, 4TO AnsA BbLINOMIHEHUA KaXxpaoro cobbiTusa (nepexopa)
Heo6xoAMMO BbINOJSIHEHUE ornpeAerieHHbIX YCNoBUU. ITU YCIIOBUA B
N-cxemax (cetax leTpu) HasbIBarOTCA npeaycrioBusimu. BbinonHeHue
COObITUAA MOXeT Bbi3BaTb HapylleHuMe npeaycrioBUA U NPUBECTU K
BbINOJIHEHUIO YCNOBUW AN COBEpLUeHUA A[Opyrux coobiTun —
NOCTYCJIOBUM.

NMpouecc mMopaenupoBaHUs 3aKkniyaeTcss B nocrnegoBaTesibHOM
BblYUCIIEHUN MapKUPOBOK, nony4varowmxcs B pe3ynbTaTe

BbINONIHEHNA cobbiTUN (nepexopnoB). CoObITUA, MO KOTOPbIM HET

npeaycnoBun, apnsaoTca Bxogamu N-cxembl. Kaxabin Bxon OOMKeH



ObITb nNpucoeAMHeH K MoAenu, reHepupylouwen 3anyck cobbiTua B
COOTBETCTBMM C YCNOBUSIMM, oOnpeaerniieMbiMU  MoAenupyemon
peanbHOoCTbO. B 4acTtHocTU, 3TO MOXeT ObiTb Apyras N-cxema,
MoaenupyroLwas npouecc nosiBrieHNs1 3 TUX COObITUN.

B N-cxemax ABa nnu HEeCKOJ1bKO pa3pyLleHHbIX
HeB3auMoAeMNCTBYHOLWMNX COObLITUA MOryT NMpPoOUCXoAuTb He3aBUCUMO
apyr ot pgpyra, T. e. N-cxemam u wux wmMogensAsM CBOMUCTBEH
napannenusm, unNM ogHoBpeMeHHOCTb. CMHXPOHM3UpOBaTb COOLITUA,
NokKa 3Toro He TpebyeT moaenupyemas cuctema, HeT HyXAbl. Takum
obpasomMm, N-cxembl yaoOHbI ANA MoOAENMPOBaAHUA CUCTEMbl C
pacnpeaesrieHHbIM yrnpaBrieHueM, B KOTOPbIX HECKOJIbKO NpoLeccoB
BbINOJIHAKTCA OAHOBPEMEHHO.

Opyrasa BaxHaa ocobeHHOCTb N-cxeM — 3TO MUX aCUHXPOHHas
npupopna. BHyTpun N-cxembl OoTCyTCTBYEeT M3MepeHue BpemeHu. Onsa
NPoCTOThl OObLIYHO BBOAAT criegyrolee orpaHuyeHue. 3anyck
nepexoga (U cooTBeTCTBYHOLEro coObITUA) paccMaTpuBaeTCcA Kak
MrHOBeHHoe CcoObiTMe, 3aHuMalllee HyrneBoe Bpems, a
BO3HMKHOBEHME [ABYX COObITUA OAHOBPEMEHHO HEBO3MOXHO.
Mopenupyemoe Taknm obpasom cobObiTne Ha3blBaeTCcH
npUMUMUBHbIM (npyuMUTUBHBbIE cobbITUA MrHOBEHHDbI "
HeoO4HOBPEMEHHbI).

HenpumumueHbIMU Ha3bIBalOTCA Takue COObITUA, ANUTENbHOCTDb
KOTOPbIX OTMIMYHA OT HynA. Jlloboe HENPUMUTUBHOE COOLITUE MOXeT
ObITb NpeacTaBneHoO B BuAe ABYX NPUMUTUBHBLIX COObITUM: «Ha4varno
HENPUMUTUBHOIO COOLITUAY, KKOHEL, HeNPUMUTUBHOIO COOLITUA» — U
cocTosiHuA (yCcrnoBus) «KHEMPUMNTUBHOE COObITUE MPOUCXOAUTY.

PaHee ynomuHanocb, 4to B N-cxemax BcCe pa3pelleHHble

nepexoabl cpabaTbiBalOT OOHOBPEMEHHO M He3aBucumo. OgHako ¢



nomowbio N-cxemM MOXHO MogenupoBaTb W TakKue cCUCTeMbl S, B
KOTOPbLIX MOPSAAOK 3arnycka B paspelleHHbIX nepexogax wumeet
cywecTtBeHHoe 3HavyeHue. Cutyaumsi, B KOTOPOM HEBO3MOXHO
OAHOBpPEMEHHOe BbINOJSIHEHMEe [ABYX pa3pelleHHbIX nepexonos,
nsobpaxeHa Ha puc. 2., rae ABa paspelleHHbIX nepexopa dj n di
HaxoaAaTcAa B KOHUKTe. MoxeT ObITb 3anyleH TOSIbKO OAUH U3 HUX,
TaK KaK npu 3anycKe OH yaansieT MeTKy M3 obLiero Bxoaa v sanpewaetr

Apyromn nepexoa.

Puc. 2

BO3MOXHOCTb MoaesrnimpoBaHusAa napannerimamMma U AOO0BOJIbLHO

npocTtble npoueaypbl 06 bLeAUHEeHUs noacucTeMm, npeactaBreHHbIX N-
cxemMamMu, penarwT UX BeCbMa MNOJie3HbIM  UHCTPYMEHTOM
MoaenupoBaHus CIOXHbIX annapaTtHO-NMporpaMMHbIX
MHPOPMALNOHHO-BbIYUCTIUTESNIbHbLIX KOMIMJIEKCOB U CeTen, COCTOALLUNX
M3 60MnbLIOro Konnm4yecTtsa OAMHAKOBbLIX KOMMNOHEHT.

N-cxema npepcrtaBnser cobou c¢opmanuaoBaHHOe onucaHue
npouecca )yHKLMOHUPOBAHUA CUCTEMDbI S, npnyemMm cTpyktypa N-cxem
oTpaxaeT NMPUYUHHO-CNeACTBEeHHbIe CBA3U B cucteme S, a COBMECTHO
C HavanbHOM MapKUPOBKOU — MNpoLecCbl, KOTOpble B 3TOU CUCTEMe
npoucxoaaTt. Takum obpasom, nepexon ot N-cxem K moaenupyroLlen

nporpamme MOXeT nNpoun3BoauUTbLCAHA (bOpMaanblM nyTtem, T. e.



aBTOMaTU4YeCKU, C UCNOSIb3OBaHUEM cCheuuanbHOro sfA3blka M
TpaHcnAaTopa.

Onsa MoAenupoBaHuA KOHKPEeTHbIX cucTtem S B
y3Kkocneuyvanm3ampoBaHHOM  0OnacTU  KONMUYECTBO  BO3MOXHbIX
cobObiTUN-nepexonoB orpaHn4yeHo. MoOXHO cocTaBUTb CMMUCOK
CTaHAapHbIX COObLITUA U COOTBETCTBYHOLLMMA eMy Habop nNporpamMMHbIX
moaynen. Bmecte co cpeactBamm onucaHus CTPYKTypbl N-cxembl,
NOACHAKOLWEN B3auMOOENCTBUA, TaKoOM Habop cCcocTaBUT nakeT
MoaenupoBaHuUs CUCTEM B cneuyuannampoBaHHon obnactu. U3BeCTHbI
CUCTEMbI, MOCTPOEHHbIEe MO TaKOMy MpPUHUUNY ANS MoaenupoBaHUSA
annapaTtHbIX U MPOrpaMMHbIX CPeACTB BbIYMCIIUTESIbHbIX CUCTEM, ANSA
MoaerniMpoBaHUS TMPOTOKONMOB CBA3U. M3BeCTHblI TakXke npumMepbl
ycnewHoro npumeHeHuss N-cxem (ceten leTtpu) ana uccnepgoBaHus
couMmanbHbIX, 3KOHOMWUYECKUX CUCTEM, CINOXHbIX (PU3NYECKUX WU
XUMUNYECKUX NpoLecCcoB.

C wucnonb3oBaHnem N-cxemM OCYLWECTBIIAETCA CTPYKTYPHbIN
noaxon K MOCTPOEHU UMMUTAUMOHHOM MoAaesiu, NpPU  KOTOPOM
obecneuynBarOTCA HarnAOHOCTb MoAeriu, MoAyJfibHbIX MPUHUMN ee
pa3paboTku (c6opku), BO3MOXHOCTb nepexoaa K
aBTOMaTU3NPOBAHHON MHTEPAKTUBHOM npoueaype NpoeKTUpOBaHUS.

Ewe OonbliMe BO3MOXHOCTA ANIA MOAENIUPOBAHUA CIIOXHbIX
cuctem pawT Takume pacwumpeHua N-cxem, kKak E-cemu, KoTopble
0603HauYuM Kak Ng-cxembl. B oTnnyuue oT BpeMeHHbIX ceten B E-
cemsix onpeneneHo AONOJIHUTENbHO YeTblpe TUNa nepexoaos:

e pa3BeTBIieHMUe,
e 00ObeauHeHue,

* ynpaBnsiemMmoe pa3BeTBlieHUe,



* NpuopuTeTHoe oobeanHeHue.

OOHMM M3 OCHOBHbLIX BOMPOCOB, KOTOPbIM HaAo pewuTb
pa3paboTuynKy MMUTaALUMOHHOM MoAaenu npouecca, chopmanmsyemoro
Ha 6a3e N-cxeMm, sABnsAeTcA BbIOOP fA3blka NpPOrpaMmMmMpoBaHUS.
Peanunsauua moaynen Ne-cxem Ha MalLMHHO-OPUEHTUPOBAHHOM Ai3blKe
UMM Xe fA3blkax oobuero HasHavyeHUs1 NO3BOJSIAeT CHU3UTbL 3aTpaThbl
MaWWHHOro BPEeMEeHM MU onepaTUBHOM NMaMATU NPU MOAENUPOBaAHUMU
CUCTEM, HO NMpU 3TOM crieayeT Y4YnTbiBaTb BbICOKYH TPYAOEMKOCTb
pa3paboTkm OUONMOTEKM Mogenupywwumx nognporpamm. ITOT
HeJoOCTaTOK yCTpaHsieTCs NpU MCNOSIb3OBaHUU ANA MoAeriupoBaHUA
cuctembl S, ¢dopmanmzoBaHHOU Ha ©Oa3e N-cxem, £A3bIKOB
MMUTALUOHHOIo MoaesIMpoBaHus.

NMporpammHana peanu3auma mMogenenm cuctem S Ha Oase
pacwunpeHHbiXx N-cxem (Nge-cxem) Gonee cnoxHa NO CpaBHEHUK C
nporpaMMmmpoBaHnemM mopaerien Ha OCHoBe OObIYHbIX ceTen lletTpu.
Ona ynpoweHna nepexoga K MogenupyrwLwien nporpamme
paunoHanbHO MCNnonb30BaTb A3bIKU UMUTALUOHHOrO

MoaeJsfimpoBaHUA.

A-cxeMbl NpeacTaBlATCA B BUAE KYCOYHO-IIMHEMHbIX arperaTtoB
(KNA) n nossonaT onucatb AOCTAaTOYHO LWMPOKUN Knacc npoueccoB
AarLlWnX BO3MOXHOCTb MNOCTPOEHUA Ha UX OCHOBE He TONbKO
MMUTALUUOHHbLIX, HO W  aHanuTU4yecknx wmopaenen. A-cxembl

paccmaTtpmBaeTcs KaKk O0OBbeKT, KOTOPbIU B KaXAbli MOMEHT BPEMEeHMU

XapakTepusyeTcsi  BHYTPEHHUMM  cocTosHuamu  z(1)eZ; B

n3onnpoeaHHblie MOMEHTbl BpeéMEeéHU Ha BXOo4 arperarta A MOryT

noctynatb BXOAHblI€e CUIrHanbl x(t)eX,a C ero BbiXxoaa MOryT



CHUMaTbLCA BbixogHble curHanbl y(7)eY. Knacc KIA Bbigensietcs c

NOMOLLBLIO KOHKpeTu3auum CTPYKTypbl MHoxectB Z, X, Y, T. e.
NMPOCTPAHCTB COCTOAHUA, BXOAHbIX H BbIXOAHbIX CUrHaroB
COOTBETCTBEHHO, a TakKxe onepartopoB nepexoaosB V, U, W n Bbixogos
G.

Ecnn Mbl XoTUM onucartb npouecc PyHKLUMOHUPOBaAHUA npubopa
oocnyxuBaHma kKak KJIA, TO OCHOBHOe CcoOCTOsIHMe Oyger
cooTBeTCTBOBaTb 4ucny 3asaBoK B npubope (I1) [B HakonuTtene (H) n
kaHane (K)], a Bektop gononHuUTenbHbLIX KOOPpAUHAT OyaeT coaepaTb
uHopmaumr O  ANIUTENbHOCTM  MNpebbiBaHUA  3asiBKU, ee
NPUOPUTETHOCTM U Ap., T. €. TY MH(popmMaUMIO, 3HaYeHUEe KOTOpPOW
HeobxoauMo AnAa onucaHusa npouecca z(t).

OcHOBHbIEe MnpeumyLlecTBa arperaTMBHOro nogxoga COCTOAT B
TOM, YTO B PYKM pa3paboTyMKOB MopaesrieM U nosnb3oBaTerien gaeTcs
oAHa M Ta Xe dopmanbHaa cxema, T. e. A-cxema. JTO NO3BONAET
Ucnosnb30BaTh pe3ysibTaTbl MaTeMaTU4eCKuUxX uccrieqoBaHum nNpoLeccos,
onucbiBawwmMx QYHKUMOHUpPOBaAHME arperatMBHbIX CUCTEM, TpuU
co34aHUM  MoAenupyrLwumx anroputTMOB UM UX  NpPOrpaMmmMHOM
peanusaumn Ha IABM. B HacTtosilee BpeMsA MMeKTCA pa3padboTKu
MaTemMaTuyeckoro obecne4yeHusi, B OCHOBY KOTOPOro rmoOJsiIOXeH
arperatuBHbIM noaxon. Ho npu aTom y nonb3oBaTenia Bcerga AOSMKHA
ocTaBaTbCsl cBOO6oAa B nepexoae OT KOHUeNnTyarnbHOU K ¢popmaribHOMn
moaenn. Takum obpasom, uMeeTcA BO3MOXHOCTb MHOroBapuaHTHOrO
npeactaBrieHns npouecca (pyHKUMOHMPOBAHNA HEKOTOPOU CUCTEMbI S
B Buage moaenu M, noctpoeHHOM Ha OCHOBe A-cxem.

B ocHoBYy wMmogenupylwwero anroputma A-cxeMbl NOJIOXEH

NnPUHUMNN NPOCMOTpPa COCTOSSHUUA MoAesiM B MOMEHTbl CKa4KoB, T. €.



«npuHUMn 6z» («NPUHLUUN O0COObIX COCTOSIHUNY). PaboTa Takoro 6roka
cBoAUTCA K BbIGopy Tuna arperarta (A5, A¥, A", NP u A°), ona KoToporo
peanusyeTcs AarnbHenwee «nNpoaBMXKeHUe» Npu MoaesriIupoBaHUMN.

B cxeme Mmopgenupylowero anroputma, UMUTUpPYHOLLEro
BO34EeMCTBME Ha cuctemy S BHelHen cpeabl E, onpegensiercs, Kakoe
cobbiTMe UMeno MecTo, MNOCTyMfeHue WnM Bblgaya CcuUrHana w3
BHEWLHEU cpenbl, T. €. 3asABKM BXOAHOro notoka B A-cxemy. [lpwm
HacTynrfieHUM BpPeMeHU BblAa4yMm 3afsBKU OHa BblgaeTcs B A-cxemMy U
reHepupyeTcsi MHTepBan BpeMeHU MeXxay MOMEHTOM MNOCTynJsieHus
HOBOW 3asiBKU, MPU I3TOM YUYMTbIBAOTCA CXeMbl MOAENUpPYHOLWNX
anropuTtMoB, MMUTUPYHOLLUMX paboTy Bcex arperatoB. Paborta atux
cxem NONTHOCTbLIO COOTBETCTBYEeT ONMUCcaHuio npouecca
¢pyHKUMOHMpPOBaHNA arperaTtoB. A TakKxe y4yuTbiBaeTcsi paboTta cxem
arperatoB BbINOJIHAKLWMUX BCNOMoraTtenbHble (PYyHKUUU COMpPSHKEHUNA
Bcex arperatoB. OHM peanu3yrT B3auMOAeUCTBME OCHOBHbLIX
arperatoB, pa3pewiasi Unu 3anpewas nepegavyy CMrHanoB Mmexay HUMMU
B 3aBUCUMOCTU OT CUTyauuun C y4eTOM npaBun obmMeHa curHanamum B
A-cxeme. lpun 3TOM B cxemax npeayCcMOTPEHO TeCTUpoBaHUe OLUNOOK,
CBA3aHHbIX C HapylleHUueM Mnpu 3aAaHUU UCXOAHbIX AaHHbIX 3TUX
npasun oomMmeHa curHanamum B A-cxeme.

NMpuMmeHeHUe arperaTMBHOro nogxoga npu MoaenMpoBaHUU
CUcCTeM faeTt psag npeMmyLliectB MO CpaBHEHUKO C OAPYrMMU, MeHee
YHUBepcanbHbIMN NoaxoaamMu.

Tak, arperaTMBHbIM noAxod B CUIlY MOAYNBbHOWU CTPYKTYpbI
Mooenun U LOUCKPETHOro Xxapakrtepa oOMeHa curHanamum pgaet
BO3MOXHOCTb MCMNOMIb30BaTb BHELWHKOW namate IBM gna xpaHeHus
cBeleHUn 0 MoaerniMpyemMbiX 00beKTax, YTO B 3HA4YNTENIbHOWN CTerneHu

CHNXaet orpaHn4vYeHumsA no CJIOXHOCTU, BO3HUKaloLWMe npu nonbiTKe



npeacTtaBuUTb npouecc (pyHKUMOHNPOBAHUA MOAENMPYEMON CUCTEMDI
S B Ueniom Kak nocnegoBaTeNbHOCTb B3aMMOCBSA3aHHbIX CUCTEMHbIX
coObITUX ANSA 3anNUCU ero B Buae Moaesrivpyrowero afiroputMa Umnm Ha
A3blKe UMUTALMOHHOIO MOAENUPOBaHUS.

O6beM nporpamMm wuMUTaUMM Marfio 3aBUCUT OT CIIOXHOCTHU
MoaenupyemMoro oObeKTa, KoTopas onpegensietr JivMllb YUCNO
onepauuu, Tpedyembix AnA peanusauMm MaliMHHOW mogenun M, wu
00bemM namMATU, HeOOXoAMMbIN ANA XpaHeHUA cBeAeHUN 06 arperartax
MU UX CBA3AX.

MNMpu arperatuBHOM noaxofe BO3HUKAKT U HEKOTOPbIE TPYAHOCTMU,
CBfi3aHHble C opraHu3sauuen guanora nonb3oBaTenss ¢ UMUTaUMOHHOM
CUCTEMON, TaK KaK npeactaBfieHne mopenmpyemMom cuctembl B Buae
A-cxeMbl npegnoniaraet U CTPYKTypu3auuio B COOTBETCTBYHLLEM
BuAae BXOAHbIX AaHHbIX. CriegoBaTtesibHO, NOJfib3OBaTeflb, KaK W
pa3paboTunk momenu M, AomkeH BnageTb fA3bIKOM arperaTMBHbIX
CUCTEM ANA peweHns CBOUX 3aaav.

B nepcnekTtuBe arperatMBHbIM noaxon co3gaeT OCHOBY Ans
aBToOMaTM3auuMM MaLUMHHbIX 3KCNepuMeHTOB. Takas aBToOMaTu3auus
MOXeT NMOSIHOCTbI UJSTIM YaCTUYHO OXBaTbIiBaTb 3Tanbl (popManunsaumm
npouecca (PYHKLMOHUPOBAHUA CUCTEMbl S, NMOAroTOBKN MUCXOAHbIX
AaHHbIX AN MoAaeNiupoBaHus, MNJlaHUPOBaHMA WU NpoBeAeHUs
MaLWMHHbIX  3KCMNEePUMEHTOB, o6paboTku n UHTepnpeTauumu
pe3ynbTaToB MoAenupoBaHus. MNMpouecc aBToOMaTmM3auum
MoaenupoBaHusl byaeT NocTeneHHbIM U noaTanHbIM. PelleHne 3agaun
aBToMaTu3auum cospgaeT NepcrnekTuBbl NPUMEHEeHUA MoaenupoBaHuUs
B KayecTBe MHCTPyMeHTa AnA noBceAHEeBHOM paboTbl MHXeHepa
CUCTEMOTEXHUKA B cdepe NPOEKTUPOBAHUA WU IKcnnyaTtauum

MHPOPMALMOHHBLIX CUCTEM, CUCTEM COOpa n 06paboTKkn MHhopmauun,



cucrtem aBToOMatTu3aumMn npoeKkrnpoeaHumsa, cucrtem aBTomMatTuaumnm

HAay4HbIX uccnenoBaHUM U KOMMMEKCHbIX UCMNbITAHUU U T. 4.



